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Chapter 1
Wiring Considerations

Routing and terminating wires and cables proparleiry important to the reliable operation of yeguipment.
Taking the time to do the jobs correctly, with fireper tools, will save time and aggravation inftltere.

Separation of High Voltage AC and Low Voltage D@r&il Wires

Whenever possible wires and cables that carry Madfage AC (110 Vac, 230 Vac single and 3 phasellshNOT
run beside low voltage DC (5 Vdc, 12 Vdc, 24 Vdignal wires and cables. Electromagnetic noisebeasinduced in
a DC signal wire if an AC line is running paralielit. AC and DC wires can cross at right anglethwi noise
problems. Using wire tracking to hold the cabled @ires in place makes the layout and wiring lbekter, and can
help prevent noise. When used properly, the AC2@dignal wires should not be run in the same tiaek. Also,
the wiring inside of the track must be kept neacdss wire and cable length should be trimmed N@mbled up
and stuffed into the wire track then hidden byttaek cover. Locate the wire track to leave sigfit room to
connect wires to the components.

Quench arcs/Snubbers for all contactors

All contactor MUST have a Quench arc/Snubber ifesfadcross the contactor coil. A Quench arc/Snulsber
capacitor and a resister in series. (100 uf, 6@M&100Q) This absorbs the noise spike that results whasngactor
is activated.

P

Connected Across NN N
Coil of Contactorto Quench Arc
Reduce Switching Noise "@l\l [t N | 1 uF cap. w/ 100 ohm resistor

Marlac Paktron

| ew— | - #104M06QC100
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Proper Grounding Procedures

All AC power cables should have a ground wire. Tdaia be identified by either green insulation, elfow insulation
with a green stripe. These wires must be connexdtbdth ends, the frame ground in the magneticspwirol cabinet,
and the correct ground location for the device thay control, motor, solenoid, etc. Because ditpail, etc., just
bolting a motor or switch body to the machine framay not actually ground it. A good example isifi table. The
table actually rides on a thin film of oil and does#t make physical contact with the mill frame.

All signal cables going from the magnetics, or cohtabinet to the machine must be shielded caBlei®lded cables
have either a braided wire jacket or a foil wraphva drain wire under the outer insulating jacKdiis helps protect
the wires inside of the cable from outside electignetic noise. The shields on the cable MUST bargted at both
ends. If the shields on the cables are not condgetitey can cause noise on the signal wires cadaiithin the
bundle by acting as an antenna. There are exospiiathis rule however, specifically when dealivith motors.

Wire Sizes

All wires and cables are defined by the size ofire and the dielectric strength of the insulatmnaterial. The size
of the wire determines the amount of current thewan handle before overheating. Overheatingllysesults in
the wire or cable being destroyed. The dieledtiength of the insulating material is equally imtpat. If a wire or
cable has a dielectric rating below the voltagdiag@pit is possible that the applied voltage coad through the
insulation and destroy the wire or cable, or wodsenage the machine and the controller. Belowagsiek reference
chart to help determine the proper size wire otecbuse.

Wire sizes
WIRE MAX NORMAL USE
SIZE CURRENT
22 AWG 7A DC SIGNALS
20 AWG 10A DC SIGNALS
18 AWG 13A AC AND DC POWER SUPPLYS SOLENOIDS COI
16 AWG 18A CONTACTOR COILS
14 AWG 25A AUX. MOTORS
12 AWG 30A INCOMING AC, SPINDLE MOTOR!
10 AWG 40A INCOMING AC, SPINDLE MOTOR!
8 AWG 60A INCOMING AC, SPINDLE MOTOR!
6 AWG 8CA INCOMING AC, SPINDLE MOTOR!

« All wires should be sized for the maximum amountwfrent they will carry.
« The insulation on the wires and cables must ba fatethe amount of voltage they will carry.
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Use of crimp on terminals

The use of crimp terminals is very convenient sithey don’t require soldering. However, if cringorhinals are not
used properly a great amount of time can be spaumbleshooting a problem that can be easily avoidedmp
terminals are divided into sizes and color codasrdgned by the size, or sizes, of wire the teriniaa
accommodate. Proper crimp tools are also coloed@¢dd show the user which crimp station to utilideen
performing a crimp. The preferred crimp tool is tatcheting crimp tool. This tool will not allaiwe operator to
under or over crimp the terminal. An under crimpamuhninal can cause an intermittent problem thattevery
difficult to find. An over crimped terminal willherten the life of the connection and lead to asjtibs reduction in

current handling, and a possible break in the cctiorethat can also be very difficult to find.

Use of crimp on terminals

orwWNE

The proper crimping tool MUST be used on crimp teats
Use of the incorrect crimping tool or even the gnojwol in poor condition will cause problems.
The wire to be inserted in the terminal must bipgéd to the correct length.

The correct size wire strippers MUST be used sbribavire stands are cut off.
Care must be taken that the terminal is crimped trg wire and not the insulation.
The proper size terminal MUST also be used.

The diagrams below illustrate several examplestatNMOT to do:

The wire istoo small
for the spade terminal
22 ga.
/

Wi

Red = 18-22 ga.
Blue = 14-16ga.

This wire istoo large
for the spade terminal
12 ga

L

Wrong Spade Terminal

, Selected!

These are focutting
wires, not stripping!

/

Do not cut
strands away!

Selected!

Wrong Spade Terminal

This type of tool is
used forstripping
wires.

on a cable, do

cable

When cutting back the insulation

insulation on the wires inside thd

not cut the

A cutter should not be used t
strip wires! ;
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Hardware Installation
Panel/Cabinet Guidelines

When laying out the electrical components on a pani@ a cabinet, the following guidelines shobklused.
1. Locate components so that high power AC wires anddower DC signal wires are not run next to each
other. See section above on Wiring Consideratfionadditional information.
2. Leave enough room around components to easily masw
3. Locate components to ease troubleshooting.
* Make sure Contactors can be reached easily.
» Make sure LEDs can be seen clearly.
« Make sure fuses are easily accessible.
4. Keep High Power terminals away from componentswlilibe accessed the most.
5. Allow room for the cooling of components.

See the diagram below for an example of a welldaitelectrical panel. Notice how all of the guiides listed above
have been adhered to.

15 PIN TERMINAL STRIP POWER SUPPLY

|
v

| SERVO DRIVE AND PLC BOARD
MOUNT OVERTOP OF THE POWER SUPPLY,

\[, EMI FILTER, CAPACITER AND DIODE BOARD
[+] [=1[=]
E-STOP CONTACTOR——> | [9 |:| S o ) N
clo alo DRIVE ONLINE ok
£ oy
FLOOD o 9| © 5o wg S% -
COOLANT E 59 {1
CONTACTOR 8 3. o a2 8 2
Y& 3 AXIS SERVO
24VAC FUSE +——> 1
DRIVE W/PLC
110VDC FUSEH———> o O O] o 110VDC|NE
Lles 8.
2 2z Ok
= £
S 1
i B o| & _
[@] & 5
9 [
STEPDOWN —1 - @ ® #o|¢
TRANSFORMER E @ = £
g B o [ ug -
= w|2E  SERVO3I0 REV010605
I ég =
y - T T | 0 o s
RELAY BOARD ‘ EMI FILTER
CAPACITER AND
DIODE BOARD

Cabinet Size

We recommend an enclosure measuring at least 28” x 12" in order to properly contain all of thkeetrical
components and the PC. If you are planning to mthinverter inside the cabinet as well, a laxgghinet will be
required.
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Selection of Electrical Components (Board Level)

The following list of electrical components is nssary for the proper installation of the contradteyn. The
components shown in bold at the bottom of thealistoptional.

1. ALL systems
Rotary interlocking door disconnect.
Fuses or breakers for incoming power.
E-stop contactor with quench arc snubber.
Servo PC with CPU10
PLC (see 2 - 6 below)
Servo drive. (see 6-11 below)
Servo motors with encoders and cables.
Console/Jog pendant.
Terminal blocks.
Contactors with quench arcs snubbers for 3 phase nar control.
3
o 110 Vacin.
a 24 Vacin.
o 220 Vac Three-Phase / 110 Vac Single Phase
o 3 fiber optic cables.
3. PLCIO2
o +5,+12 and —-12 Vdc power supply.
a +5, +12 or +24 Vdc power supply for input power.
a 3 fiber optic cables.
4. PLC15-15
a 24 Vacin.
+5 Vdc power supply for input power.
3 fiber optic cables.
Fuses for outputs.
Spinover board for spindle speed control.
+12 and —12 Vdc power supply for Spinover board.
o PWM cable from PLC15-15 to Spinover board.
5. SPIN232
a DB9TXF board.
o 1 fiber optic cable.
o +5,+12 and —-12 Vdc power supply.
6. DC3IO
a +5and +12 Vdc power supply.
O 110 Vdc power supply for servo drive motor power.
a 5 fiber optic cables.
0 Relay boards for outputs.
o Fuses for outputs.
7. DCSINGLE
a +5and +12 Vdc power supply.
0 110 Vdc power supply for servo drive motor power.
o 5/2 fiber optic cables.
8. SD3
a 310 Vdc power supply for servo drive bias and mptower.
o 4 fiber optic cables.

;DDDDDDDDDD

N
Py

ODO0O0O0Oo
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10.

11.

12.

13.

14.

15.

16.

17.

SD1
1 310 Vdc power supply for servo drives biasramdor power.
[0 4 fiber optic cables.
SERVO1
€ 110 Vac input.
o 110 Vdc power supply for servo drive motor power.
o 2 fiber optic cables.
a Cables for drive fault and limit connection to thePLC.
QUADDRIVE
o 110 Vac input.
o 110 Vdc power supply for servo drive motor power.
a 2 fiber optic cables.
o Cables for drive fault and limit connection to thePLC.
OPTIC1
o +5, +12 and —12 Vdc power supply.
a 2 fiber optic cables.
60 CYCLE LOW POWER DC SERVO DRIVE POWER SUPPLY
a Transformer with 83 Vac secondary.
o Full wave bridge rectifier.
a 15 ampinrush limiter.
o 12000 uf 160 V capacitor.
o 6.8 k25 W bleed down resister.
60 CYCLE HIGH POWER DC SERVO DRIVE POWER SUPPLY
o Transformer, 200 Vac with center tap secondary.
0 Dual stud diode assembly.
a 15 amp inrush limiter.
o 12000 uf 160 V capacitor.
o 6.8 k25 W bleed down resister.
50 CYCLE HIGH POWER DC SERVO DRIVE POWER SUPPLY
a 3 phase transformer, 83 Vac secondary.
0 3 phase bridge diode 50 amp 800 V.
a 15 amp inrush limiter.
Qo 12000 uf 160 V capacitor.
O 6.8 k25 W bleed down resister.
230VAC 50/60 CYCLE AC SERVO DRIVE POWER SUPPLY
a 3 phase bridge diode 50 amp 800 V.
a 25 amp inrush limiter.
o 1000 uf 450 V capacitor.
a 50 kQ 5 W bleed down resister.

380/400/415/460VAC 50/60 CYCLE AC SERVO DRIVE POWBRPPLY
3 phase transformer, 230 Vac secondary.

3 phase bridge diode 50 amp 800 V.

25 amp inrush limiter.

1000 uf 450 V capacitor.

50 k 5 W bleed down resister

O

| I |
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Servo Drive Installation
SD1/SD3 Description

The SD Drives are an integral part of the Cent@INLC control solution. Packaged as a complete ndrfee for AC
brushless as well as DC brush motor control, thd &l SD1 can be configured through software foide variety
of applications. The SD3 will drive three motaaay combination of brushed or brushless, and a@ephcoder
input for the control of an external spindle ineert All motors can run off a single power inputcan have separate
input voltages as required. Logic power supplyage is developed from a DC input of 100 volts20 8olts, which
can be the same source as the motor power. Madbé&ek is wired directly to the drive where theémental
encoder is read by an individual processor for exth Fiber optic communications with the drive hi-directional
so that status reporting can be viewed at the R&Copen collector transistor is available for akeran each of the
axes. This can be wired to an external relay iteedany type of motor brake.

An internal fan provides cooling to the main switghIGBT'’s as well as the entire circuit. Thermsahsing will warn
and then shut down the drive in case of an overldfdnotors are protected against over-currentsugh a fuse on
each axis as well as current sensing circuitrywithshutdown and automatically reset on commaRdses are
mounted internally. All safety precautions musfdiowed when replacing fuses.

7.87"

Specifications:
331"
—(84.2mm) —|
3.19" 250"
[ (81.02mm) [7(63.5mm)7]
250" [l ] [o]
(63.50mm) ® ®
— ®
| = —
o— ®
— L [I
E Ig ] .E _E
£ u§ 25 R& °
o ~ZF u 24 29
g 2 ] g8 8
| —
@ D ° @ @ : DOO;
L= | [ ] il .
® ®
7.22" | |

(183.39mm) —

7.85" — (196.85mm)
(199.39mm) 8.50"
(215.93mm)
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Outside Dimensions:

SD3 SD1

13.88 X 8.50 X 3.31 (in) 7.87 X 7.85 X 3.19 (in)

352 X 215 X 84 (mm) 200 X 199 X @im)
Weight:

SD3 51bs /2.3 Kg
SD1 251bs/1.13 Kg

Power Input:
Logic Power 100-340 Vdc
Motor Power 5-340 Vdc 2000 Watts Continuous
240Vac Max 5700 Watts Peak per axis
Encoder Input: Quadrature differential pair imoemtal encoder
plus commutation. 5 V Max voltage. 5 inputs.
Brushless motors are limited to 1024, 2048, 4096 dincoders. Spindle encoder
input is for control of an external spindle driveedugh PLCIO module or equivalent.
Cable Length 15m (50ft) maximum.
Control Interface: Synchronous Serial Communicakah Duplex to CPU9SD or CPU10 only — 4
optical fibers.
Max length 9m (30 ft). SD1 systems
Max length 12m (40 ft) SD3 systems
Motor Output Voltage: 5- 220 Vac AC Brushless
5- 320 Vdc DC Brush (100 -160 Vdc typical)
Motor output peak voltage will be the inputdév
Motor Output Power: 2000 Watts continuous @ Y26

5700 Watts Peak @ 220 Vac, 22 A 3 Phase
3 independent outputs.
Current mode, position commanded

SD1 High Power Model

4000 Watts continuous @ 220 Vac
11400 Watts Peak @ 220 Vac, 45 A 3 Phase

Axis Brake Driver: 50 Volts DC Max. (5 and 24 ¥typical)
0.5 Amps DC Max.
Braking Resistor: 40 ohms min., 200 watt minimum.
Motor cable length: 15 meters (50 feet) maximum
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Installation:

Optimal mounting for the SD drive is vertical ortanetal backing. Note the direction of the airflihnough the drive
must go up. The drive chassis must be electricalhnected to an earth grounded structure. Itae®n the drive
cover should be visible without removing the upit frouble-shooting purposes.

Wiring:

CAUTI BHI:
BUSS OUT BUSS IH WAIT 10 EECOMDS AFTER ALL POWER
DISCCHMEGTED BEFORE REWDVIMNG THI
FOR SERVICIMEG.

i ARIs 1
ot y
FIEER OFTICS EU':'T:L?T
TOCRU W

ToEo ==l

[CHAZSIE GHD)

- ﬂ
O &g | ase U [
| gs |rPoeer vl [fE]
- = ;E QUTRUT w E:
= 3 % [CHASEIZGHO) )y
L) e '
Ok
-
w
CAKIS Y
ciren ot @ 2 g IF 0C BRUSHED USE U¥ ONLY
l:l ARIS3 Ul [ | Iy .""{f
POER W H MOTOR
WTRUT 4y [ LY
YY) [CHASS1S GHD) E: _\T/
e EHCOD'E R E—
L IHPUT BRAKE
RESISTOR % % BRAKING RESISTOR
ENCODER [
DRIVE WM+
3 PONER MOTOR POWER INPUT
2FINDLE .y IKPUT  VME=]
A fchnssis 5a0) o ] TO WRING CABINET
' Losic pover | | T LOGIC POWER
a3 el [ e ]
[ T
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o o
CAUTI ON: com
QI [ TR Ee

FIBERS 7

BUSSOUT __ BUSSIN AXIS u P\
POWER A/
oureur [ A W
BRAKE ° w N/ N
E g . (5580 IF DC BRUSHED USE U,V ONLY
— o 8
o 5¢
= ; g DRIVE VM (+) — MOTOR POWER INPUT
Lt E ; POWER E-STOP SWITCHED
[ INPUT VM) ——
]
23 N0) ) TO WIRING CABINET
-
§ 3 LOGIC POWER LOGIC POWER
==
BRAKE
RESISTOR ) BRAKING RESISTOR

Motor power and encoder cables should not be rgether. Only specified connectors are to be used.

Fiber optic cable connections are as shown. Nhuatethe Data Transmit from the CPU9SD or CPU10 eotato the
Data Receive of the SD drive and the Data Recaimeects to the Data Transmit

p—d 7 7
6 I
5 .
4
FIBER OPTICE CABLES JCPU9 BOARD
e

Input Power.

Power to the drive is DC only. Motor power and$Bjegwer can be from the same source. The Motoepaowst be
run through the E-STOP contactor before connedtirie drive. This voltage should match all theon® being
driven. Motors of different voltage inputs mayused but a special input must be wired at the factagic power
voltage should be wired to come on with the maiwgrodisconnectlf Logic Power is removed the machine power
will need to be cycled to reboot the drive processa

Rev.050808 C:\soft_eng\manualsilhService Manual\Rev 081121\Chapter 1.doc

11/21/2008
10



DRIVE VM (+)
POWER MOTOR POWER INPUT
INPUT VM ()

(CHASSIS GND) TO CABINET GROUND STRIP

LOGIC POWER LOGIC POWER

CICIOIO

Brake resistor

A brake resistor must be installed on every systentigh inertia systems require braking, as in theeaslsere a
motor generates back EMF into a drive and may cdasege. This resistor will help save the drive slow the
system under extreme braking. Braking curreritngéd to 10 A for 5 seconds.

(+)
BRAKING RESISTOR
40 OHM MIN. 3200W <7>

BRAKI NG
RESI STOR

Motor power

Wiring to any motor must be with the approved caioeand cable. The cable must include a shigltlattaches at
both ends. Brushless motors are wired to spirkelee as viewed from the front of the motor whikrfprming the
sync-up operation in the drive menu. Brushed D@nscshould wire the RED lead to the U connectiod the Black
to the V connection. W will remain unconnectedifarshed motors.
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.

AXIS 3
POWER V MOTOR
OUTPUT W

ceee
—— | ——
L~

(CHASSIS GND)

Encoder Input

Incremental encoders are used for either motor iypenust be binary count for brushless motors 412248, 4096
lines). Encoders are wired to the drive only. IEalmmust be shielded with the shield drain attatcbebe drive side
only. DO NOT ATTACH SHIELD AT THE MOTOR SIDE! To check encoder wiring, power up the system and
go to the PID menu. Turn the shaft clockwise asved from the front of the motors; the absolutatfprsshould

count up in positive numbers.

P1

XMOTORTEMP 5 (0 o 15 -CHWO
+CHWO 0] "4
+CHVO 4 o o 14 -CHVO
+CHUO 9 o
+INDEXO 3 o o 13 -CHUO
INDEX0 8 o
+CHBO 2 16 o 12 VCC
-CHBO 7 o
+CHAQ 11ls o 11 GND
-CHAQ 6 \_0//

CONN, HD
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Spindle Encoder Input

This input does not require commutation channelismadmpatible with previous wiring. This spindhgut is always
axis 6 in the setup. Parameter 35 should be $et to

1
— O 6 +Z
GND 2 o
©) 7 +A
3 @]
2 (@] 8 +B
4 O
O 9 +5V
5 0
0]

Axis Brake

A brake output is provided for each motor axiswilt engage whenever the motor drive is activéne Tircuit is an
open-collector transistor that can be wired tolayrevith a DC coil to operate the brake circuithi§ circuit is isolated
from the drive electronics and will need a sepapatger source ranging from 5 to a max. of 24 vDI&s

Brake Circuit:

Drive Power
Axis brake
relay coil
Axis &
249v DC
Power
CNTL Supply
Common
Typical axis brake hookup
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Adding Fourth and Fifth Axis Drives to an SD3 drive

Additional axes may be added using the BUSS OUTheotor, on the front panel of the SD3, and a 2Qripivon
cable. This connects to a SD1 single axis seriw@ dor communications. An addition axis may thenconnected to
the SD1 for up to 5 axes of motion. The SD1 is p@d separately but communicates through the BUSE O
connection of the SD3 back to the CPU9SD. The &i/Es must be configured as the fourth or fifsisavith
internal jumpers. The top cover must be removeattess these jumpers.

4 FIBERS TO CPU

RIBBON CABLE RIBBON CABLE
[ [l | [ [o] [e
B e [IE 2 DIENEIENED || (adieddian
BUSSOUT _ BUSSIN S U BUSSOUT __ BUSSIN s U] BUSSQUT _BUSSIN
|t e e g e [
‘‘‘‘‘‘‘‘‘‘‘‘ Lol ’a "EE o555 OND) |
S|i:
2l e
DRVE (] = 2% [ wo
B P ) H g e,
Eucs»;xésmz 1| E“csgx‘szmg @ 2;; 1 .
® 5 Lo :
== == gg AX\‘SZ
S BRAKE AxXS BRAKE 25 | power
weur | et m g€
2] o @ @ 2] ® 5 ii
g
5 S S S sz £f
= 5T =gY |
s ° 3
AXIS3 M[i
AXIS 5 AXIS 4 OUTRUT | &Y
REFER TO SD1 MANUAL FOR SD1 POWER AND MOTOR HOOKUP
DRVE VM (4)] M|
e
5
=="
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Systems of SD1 drives

The SD1 drive may be used without the SD3 for systeequiring 3 and 4 KW motors. The fiber optic
communications cables connect into one of the SBxitkthe rest connect via ribbon cables for upaaes of motion.
A CPU10 card must be used with these systems.CPRw10 provides the Spindle Encoder connection.SBIL’s are
powered separately and communicate through the BOA$E connection of the first SD1, which in turn
communicates to the CPU10. The SD1 drives musbhéigured for the particular axis with internahjpers. The
top cover must be removed to access these jumpers.

4 FIBERS TO CPU

RIBBON CABLE RIBBON CABLE

[] [e]

LOGIC POWER

);
== ==

AXIS 3 AXIS 2 AXIS 1

@ cemon

REFER TO SD1 MANUAL FOR SD1 POWER AND MOTOR HOOKUP

Jumper setting
To set drive for Axis 1, all jumpers should belie O position. The axis number is a count fromidtihary addition of
the jumpers. Axis 2 would have an axis select jeimipset and so on.

4 21 4 21

0oo- D|:|D:|1
m

1007 [al=.

AXIS 1 AXIS 3

The J16 jumper, when installed, will disable theefioptic components if you have an SD1 that hadiltier optic
components installed but are using the ribbon caieeCOMM IN.
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Operation:

There are no manual adjustments on the SD drivéeed€PU10. The entire configuration setup is dwitle software
via the machine configuration, PID setups, and ®@onfiguration menu. Drive current may be limifedsmaller
motors through the menu setting. The maximum atisetting is 16 amps per axis. Brushless motaslasigned
with multiples of magnetic poles requiring numbefsycles of the sine wave inputs to rotate thdtshéull
revolution. Brushless motors may have 4, 6, apdl8s and must be configured in the DRIVE MENU seiting of O
(zero) poles changes that axis to a Brushed D@ dfRID settings in the drive menu are factoryaset must not be
changed.

Driving brushless motors requires the knowledgehefmotor’s rotational position at all times. Térecoder
commutation channel gives the angular informatthe drive. The drive generates 3 sine wave geigphased
relative to the motor position and the directioa thotor is commanded to turn.

There are two configuration jumpers intended fourfel features on the PCB: J3 to enable the spD8k and J15 to
disable the fiber input. A jumper should be ingglan J3 for the standard setup.

Motor Sync Procedure:

This procedure may be performed at any time tdyére operation of the motor and the encoder faeklb
a) Go to the Drive menu by pressing, <F1> Set#3>~Config, <F4> PID, and <F8> Drive.
b) Press <F2> (Move Sync)
c) Press <F1> (Change Axis).
d) Press <F10> to move the motor, verify that the matms clockwise. Verify also that the encodexdiag
counts up and rolls over at the max line counte Tommutation reading should count sequentialljouf
e) Repeat steps b) through d) 4 times for each motor.

After the procedure is complete back out to th&t finenu by pressing escape four tiniethe encoder has been
repositioned then power must be cycled.
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SD MACHINE CONFIGURATION
WCS #1 (G54) Current Position (inches) Job Name: HCFILES

X +0.0000 recirate: 1002

Spindle: 0

Y + 0 . 0 0 0 0 Feed Hold: OFf
Z +0.0000
B + 0 5 0 0 0 0 ﬁziffm START to start job

Machine Corl'uf'igur‘ation

Axis Slow Jog Fast Jog Max Rate Deadstart Delta Umax Travel (=) Trawvel (+)
(in/min) (in/min)  (in‘min)  (inmin)  (innin)  (inches)  (inches)

1 29 100 400 3.0000 3.0000 0.0000 0.0000
Vi 24 100 400 3.0000 3.0000 0.0000 0.0000
3 24 100 400 3.0000 3.0000 0.0000 0.0000
q 29 100 400 3.0000 3.0000 0.0000 0.0000
Axis Label HMotor Encoder Lash Comp. Limit Home Dir Screw
revssin counts-rev (inches) - + - + FRev Conp
1 X 5.00000 8192 0.00000 0 0 0 0 N )|
z Y 5.00000 8192 0.00000 O 0 0 0 N H
3 Z 5.00000 8192 0.00000 O 0 0 0 ) H
9 B 5.00000 8192 0.00000 0 0 0 ] N N
Find Set

M Comp
i)

Home
Fd

Home
F3

Jog “ﬂotor
F1 F2

Setup notes:

Encoder counts / rev must be a binary count — 20486, 8192, 16384...

This is four times the line count of the encodet Enusually printed on the encoder device. SRedriaccept only
binary count encoders with matching commutatiookisa Brushed motors accept all line count encoaledsdo not
require commutation tracks.

NOTE: If any axis is disabled then enabled using thellahe systems power must be turned off then amag
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SD PID MENU SETUP
WCS #1 (G54) Current Position (Inches) Job Name: DHANDLE . CHC

X +0.0000 recirate: 100"
Y +0_0000 Feed Hold: OFf
/ +0.0000
B

5t d
+ 0 . 0 0 0 0 PFZEI;ECYCLE START to start job

PID Configuration

Axis Kp Ki Kd Limit Kg Kvl Ka Accel (Max.Vel)
X 2.000 0,.01250 10.000 32000 0 10 20 0.400 400.0
Y Z.000 0.01250 10.000 32000 0 10 20 0.400 400.0
Z Z2.000 0.01250 10.000 32000 0 10 20 0.400 400.0
B Z2.000 0.01250 10.000 32000 0 10 20 0.400 400.0
Axis Error Sum Delta PID Out Abs Pos Line PID Collection Progran
X 0 0 0 OFF 0 1 GO1X1F300
Y 0 0 0 OFF o 2
P 0 0 0 OFF 0 3
B 0 0 0 OFF 0 g

PID Collection Axis: ¥ Density: 1 Type(0-4): 0 File:
PID “ Prog. | Collect
F1 F2 F3

Drive
E&

‘ Tune
E5

Drag “ Laser
i juri

Plot ‘
F9

Pressing <F1> PID Key will enable you to adjustdbeve parameters. Ka should be left at zero,ewh# Kg and
the Kvl may be set by observing the PID Out whike dxis is at rest and during a slow jog respegtive
F3 Collect Key
The Data Density can range from 1-32. (It is passe2PU9 as 0-31).
The Data Type can range from 0-4.
0=Collect Error (n), Sum Error (n), Delta Er(a)
1=Collect ADC Input A, ADC Input B, ADC Input C
2=Collect PID Request A, ADC Input A, PID Adjed A
3=Collect PID Request B, ADC Input B, PID Adjed B
4=Collect PID Request C, ADC Input C, PID AdadC

The File Extension should be unique to your coidect

The Drive Configuration Screen (F8) is not modifica by any unauthorized individual.
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SD DRIVE MENU SETUP

WCS #1 (G54) Current Position (Inches) Job !‘Iane: TRYLGHG. PID
X +0.0000 recdrate: 100:
\% +0_.0000 reedton: orr

/ +0.0000

B +0.0000 ™™

Drive Confligur‘ation

Motor Drive Drive Current Feedback Feed Forward Encoder
Axis Poles Curr. Angle Kp Ki Kd “Fixed »~BPH counts- rev
X 8 16 5 0.500 0.01250 1.000 0.25000 0.10000 (8192)
Y 8 16 5 0.500 0.01250 1.000 0.25000 0.10000 (8192)
P 8 16 5 0.500 0.01250 1.000 0.25000 0.10000 (B192)
B 4 8 5 1.000 0.01250 1.000 0.25000 0.10000 (8192)

Axis X Encoder Reading: 0
Commutation: 0
Drive | Move
PID Sync
F1 Tz

This menu will only appear if the control has beenfigured for an SD drive, with a CNC9.hex preserthe CNC10
directory.

F1 DRIVE PID

Motor Polesare 0 for Brush Motors or 4, 6, 8 for BrushlesstiMs.
(For 0, Brush Motors, the Drive Angle and the FEedwvard %'s are all passed to CPU9 as 0§p W, 1 KW, 2
KW, 3 KW, 4 KW, is 8 poles. 400 W is a 4 pole moto

Drive current is scaleable current output from the drive 1 taftfps. A zero setting will give 16 amps. Drive
current directly effects the acceleration of a matad its heatingSmaller motors such as the 750 watt and 1 KW
motor should use a reduced current setting of 8 for50, 12 for 1 KW.

Current Feedback PID and Feed forward— current loop PID parameters use the defaultnpaters for the
application. Consult the factory if you feel itoessary to make a change.

-The Encoder Counts/Rev. parameter is for inforomaginly, in this screen. To modify it you musttgdhe Machine
Configuration Setup Menu.
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F2 MOVE SYNC
Move Synch causes the Axis Motor to move to a SyPwsition and Hold Power, ignoring the Encoder tngtithe
rotor is at the correct Synch Position the Indels@will be at Encoder Position 0 or within 20 ctsu#/-.

Move Synch may be executed several times to Mozébtor to the proper quadrant. It takes four egan an 8
pole motor. This is a good tool for trouble shogtimotor — encoder problems.

This menu shows a standard setup for a three aiXlesith a 4" axis brushed DC motor rotary table.

DRIVE MENU WITH DC MOTOR 4 ™ AXIS ROTARY TABLE

WCS #1 (G54) Current Position (Inches) Job Name:cncl10.m3

X +0.0000 immiict”
Y +0.0000 ™™
Z +0.0000

Stopped

Drive Configuration

Motor Drive Drive Current Feedback Feed Forward Encoder
Axis Poles Curr. Angle Kp Ki Kd %Fixed %/RPM counts/rev

X 8 16 5 0.500 0.01250 1.000 0.25000 0.10000 (8192)
Y 8 16 5 0.500 0.01250 1.000 0.25000 0.10000 (8192)
zZ 8 16 5 0.500 0.01250 1.000 0.25000 0.10000 (8192)
N 0 8 0 2.000 0.00000 4.000 0,00000 0.00000 (8000)
N 0 0 0 0.000 0.00000 0.000 0.00000 0.00000 (8000)

Axis X * Encoder Reading: 0

Commutation: 0

6th Axis Encoder: * 0

Drive current is 16 amps for large DC motors, 1$bmor greater. Drive current directly effectstorcheat and
should be check during normal operation.
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TROUBLE SHOOTING GUIDE

Sympton

Caus:

Corrective Actiol

Logic Power Indicator OF

This indicates the presence
power the logic circuits
internal to the DRIVE.

If this lamp is out and there
power to the Logic Power
input the factory must service
the unit.

Motor turn backwards durin
the alignment procedure.

The motor power wiring mu
be backwards in the cable of

Examine the cable and reve
two of the motor wires.

(message) the motor itself.
Encoder Countsuns The A and B signals from tt | Check encoder cable. Che
backward. encoder may be swapped. | encoder spec- A must lead B

Encoder may operate in the
reverse.

when rotated clockwise as
viewed from the front of the
motor.

Motor jerks when first move

The motor may be wire
backward or the encoder
counts backwards. Motor ma
have lost its encoder
alignment or never aligned.

Go through the motor syr
procedure in the DRIVE men
ywith themotor unloaded

Servo Drive Output errc
(439)

This is a loss of snal coming
back from the drive to the
CPU9SD.

Power the system down a
then back up. Check the
Logic Power indicator. If
illuminated then start the
system. Run through the
motor alignment procedure.

Servo Drive Over voltag
(441)

Indicates the Inpi power has
gone higher than 340 volts af
will shut down the drive and
remove power. The Motor
brake will engage for 5
seconds in this condition.

Check input voltage. It mu
ndbe below 340 volts DC.

Servo Drive Under voltag
(442)

Indicates that the irut voltage
to the supply is less than 80
volts.

Check supply voltag

Encoder connection b
(412)

The DRIVE checks th
encoder line for differential
signals. —A must have the
opposite voltage level as +A.

Check the wiring of th
encoder cable, then the
encoder itself.

Servo Drive Ove
Temperature (444)

There is a temperature sen
mounted on the heat sink
internal to the DRIVE that
detects over temperature.

The drive is being run at ov
capacity. The cooling fan is
not functioning or the inlet or
outlet is blocked.

Over Current. (44!

Individual axis current i
monitored and will shut down
the drive when a level is
measured above the preset
limit.

Try to jog the axis. Th
DRIVE will reset the current
limit and try to move the
motor. If you continue to get
an over current check for a
short in the motor output.

AXis runawa If the motor moves when n | Check that the motor cak
commanded it is possible tha shields are attached. Check
noise is getting on the encodethat the encoder shield is
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line and creating a conste
position error

attached at the drive end onl
Check that the DRIVE is
electrically grounded to the
machine to which the motors
are mounted. Separate the
motor power cables from the
encoder cables and other
power cables.

Encoder Cmmutation Errol
(443)

Control detected invali
commutation zone value

Perform a motor Move Syr

in the Drive menu. A Zero (0
or Seven (7) is an invalid
zone. Check for a wiring
problem in the cable or motof
end cap.
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CENTROID AC MOTOR DATA

October 1, 2004

Motor Working RPN Kv KT Ip ( Peak Peak Torque witl| Constant stal Power

VIKRPM IN/LBS/ | Current) Centroid drive Torque (in.lbs) | Rating
AMP AMPS (in.lbs)

6 in.Ibs AC(SEM 6000 @ 220 Ve 44 4.t 7 31 6@ 1.4}/ 400 W

35 in.lbs AC(LD85 3600 @ 220 ‘ac 48 10 7 60 (11 Amps 35@ 3.5/ 750 W

50 in.lbs AC 3500 @ 220 Ve 48 8.€ 16 137 (16 Amg 50 @ 6 /4 1 KW

(CM1K-0-1)

50 in.lbs AC 2200 @ 220 Ve 79 12 22 264 (16 Amps 50 @ 4 ¢ 1 KW

(CM1K-0-2)

50 in.Ibs AC(SEM 3200 @ 220 Ve 66 6.€ 34 148 (22.'A) 50 @ 8/ 1 KW

100 in.lb: 2000 @ 220 Ve 84 12.¢ 23 280 (225A 100 @ 8 ¢/ 2 KW

(CM2K-0-2)

100 in.lbs (SEM 2500 @ 220 Ve 88 9 33 202 (225A 100 @ 11 ¢4 2 KW

150 in.lbs (CM3}-0-2) 1700 @ 220 Ve 10C 12.¢ 25 288 (225A 150 @ 12 ¢ 3 KW

150 in.lbs (SEM 1350 @220 Ve 13C 13t 42 455 (34 Amps 150@ 11+ 3 KW

200 in.lbs (SEM 1350 @ 220 Ve 13C 13t 70 607 (45 Amps 200 @ 14.8. 4 KW
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Centroid SD DRIVE Brushless Motor Configuration

SD DRIVE Brushless Motor Configuration
PID MENU Drive Menu

MOTOR Motor Kp Ki Kd|Kg* |[Kvl* |Ka*|Accel*| MaxVel** Motor Drive | Drive| Current Feedback Feed Forwald

Power Poles Currgringle| Kp Ki Kd |% Fixed % RPM
HJ130C8 (S) 1 KW 2| 0.0125 100 | 10 | O 0.4 | 3400/ (pitch 8 16 5 0.5| 0.0125 1 0.25 0.1
HJ130ES8 (S) 1.6 KW 2l 0.0125 100 | 10| O 0.4 | 3400/ (pitch 8 16 5 0.5| 0.0125 1 0.25 0.1
HJ130G8 (S) 2 KW 2| 0.012% 100 | 10 | O 0.4 | 2500 / (pitch 8 16 5 0.5] 0.0125 1 0.25 0.1
HJT155B8 (S) 3 KW 2| 0.012% 1200 | 10| O 0.4 | 1350/ (pitch 8 1 2%+ 5 0.5 ]0.0125 1 0.25 0.1
HJT155D8 (S) 3 KW 2| 0.012% 1200 | 10| O 0.4 | 1350/ (pitch 8 16**+* 5 0.5 ]10.0125 1 0.25 0.1
HR70A4 (S) 400 W 2| 0.012% 1200 | 10| O 0.2 | 3400/ (pitch 4 4 5 1 100125 1 0.25 0.1
LD85 750W 750 W 2| 0.012% 100 | 10| O 0.4 | 3600 /(pitch 8 8 5 0.5]0.012% 1 0.25 0.1
CM1K-0-1 1 KW 2| 0.0125 10 0 | 10 | O 0.4 | 3400 /(pitch 8 12 5 0.5]0.012% 1 0.25 0.1
CM1K-0-2 1 KW 2| 0.0125 10 0 | 10 | O 0.4 | 2200 /(pitch 8 16 5 0.5]0.012% 1 0.25 0.1
CM2K-0-2 2 KW 2| 0.0125 10 0 | 10 | O 0.4 | 2000 /(pitch 8 16 5 05 0.0123 0.25 0.1
CM3K-0-2 3 KW 2| 0.0125 10 0 | 10 | O 0.4 | 1700 /(pitch 8 16 5 05 0.0123 0.25 0.1
* Kg, Kvl, Ka, accel are values to be set befot®tame is performed, autotune will then calculakies suited to the application.
** This is the value expected after autotune, ilépendant on the pitch of the ball screw and tignlg.
*** 45 AMP SD1 ONLY
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Servo 1/Quad Drive

Features

* Wide input motor voltage range.

» Optic isolation for operation in high noise envinoents.

e Current matching to application.

» Three (Servo 1) or four (Quad) Brushed DC axisafrign one card.

» Optically isolated limit switch inputs.

» Drive Status LED's.

» Drive Fault output, Optically Isolated.

» Drive Fault relay contact closure output for matoltage contactor control.

e Under voltage protection.

» Third axis brake motor contact closure output,ghad drive also includes a forth axis brake mototact
closure output..

Board Power and Motor Specifications

Symbol | Max Typ Min Unit
Parameter
Motor Voltage Supply Inp! Vm 14C 11C 8C Volts
Motor Voltage Supply Curre Isupply | 3Im(x) 0.2f Amps
Motor Current (Large Mills) *See Note Im(1) 26 25 23 Amps
Motor Current (Medim Mills) *See Note Im(2) 16 14.F 14 Amps
Motor Current (Regular Mills) *See Notte Im(3) 13 12 11 Amps
Motor Current (Tables' Im(4) 10.5 9.t 9 Amps
Motor Current (Small Tables) *See Not Im(5) 6.5 5 4.t Amps
+5V Logic supply inpt [+5v 1 Amp
+12V Logic supply inpt l+12v 0.t Amps
-12V Logic supply inpt l-12v 0.2 Amps

Note 1: Motor Current Set during drive production for fiarlar application.
Ensure that thisis motor continuous stall current and not peak stall current or peak

pulse current.
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Servo 1 Hookup Diagram

Fiber optic cable
from CPU10

No Connecti on
-12 vDC
+12 VDC

Ground
G ound
+5 VDC

PLC /
Ground

Drive

Faul t

PLC +5
Brake rel ay
1

[ TP DA |

Rev.050808
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12 34 56 78
EEEEEEEEEA

X+ X- Y+ Y- Z+ Z- R1 R2

26

—

Heat sink
with

mounting
holes
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Quad Hookup Diagram

/% -t
: o
Fiber optic cable
from CPU10
X_
o \
Y- \
Y+ \
Z- —k%
7+ —
W ——=
G\D
+5 VDC Ell
L ]
L ]
L]
[w]
o]
L]
L]
(]
H
N/ C _\
-12 VDC ——
+12 VDC
G\D
G\D — ]
PLC G ound +5 vDC — | [T
Drive Fault i é
PLC +5 VDC :
PLC G ound
E-stoprelay [
E-stop relay 2 |
Z axis brake [k
Z/W axis brake g
common
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Limit Switch Input and Defeater Switches

7+
G\D Limt
+5v Limt

X- T g1
T d1 The limit switch header is either 8 p Y:r « B
. 012 (servol) or 10 pin (Quad) Molex 7. « s
- 03 connector. 7+ s §6
N W n 7
- B NOTE: Remove the limit switch W = 08
6 header when using the limit switch GND Li mi t - B9
n 8 ) u
n | |
Limit Switch Defeate
Up = On = limits defeated X-
Down = Off X+
Y-
Note: +5 board and GND \Z(J’
board must be on for defeat tb Z;_
work. W
W
G\D Board
+5v Board
Servol Drive Quad Drive

The limit switch header is a 0.1 inch center Maternector. All inputs should be connected to a rdisntlosed limit
switch connected to the GND LIMIT input pin. Arolated +5 Volt supply is needed for limit switchepgtion. The 5
Volt supply should be connected to the +5 LIMIT pimd the GND LIMIT pin.

NC limit switches

Limit switch header

Rev.050808
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GND
5V Supply
+5v
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When a problem with the limit switch wiring is sesped the limit switch defeater can be used toicorthat the
drive board is operating properly and that the [eohis with the limit switch wiring, by bypassiniget limit switch
inputs to the drive.

*Note: The limit switch connector must be discoctee from the drive board when the limit switchess disabled.
For normal operation, the DIP switches should alirbthe off position. Failure to do so might leadmproper
functioning of Drive or PLC.

. Top
Switches Down Up View Dn
L L
Normal Modk TestMode
Side
o 0 - I
Crcurt Board | Qrcurt Board

Switches are shown for the Quad drive, the bariksafitches are opposite the bank of 8 switchesethe bank of
8 switches are in the down position (OFF) the bafrik are up. The Servol does not use the banlsafitzhes

Status LED configuration:
The status LED's can be used to debug any probéenmyght have with the servo drive. The figurevghdhe status
LED configuration. Following is a description ah of the LED's.

Under switcher voltag Under switcher volta¢c (@
Under voltage Over voltage B
Drive Fault @ Under voltage @
Z axis powered g ()
Y axis powered ® e
X axis powered ® Drive Fault @
W axis powered ®
Z axis powered ®
Y axis powered
X axis powered :

Servol drive status LEDs Quad drive status LEDs

Under Switcher Voltage:
ON denotes good gate drive IC supply voltage.
OFF denotes Low Switcher Voltage; self-resetting.

Over Voltage: (Quad drive only)
ON denotes good motor supply voltage.
OFF denotes High motor voltage; self-resetting.

Under Voltage:
ON denotes good motor supply voltage.
OFF denotes Low or No motor voltage; self-resgttin
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Drive Fault:

ON denotes normal operation.

OFF denotes drive fault or Drive-Stop conditionisAmay indicate (DSP, CNC10, or CPU10) drive sbwiu
commands or that no commands are reaching the (@iracefiber optic connection).

Axis Powered: Z, Y, X, (W for quad drive). (Red LED)
ON indicates motors are free or not yet commandegiower applied to motor.
OFF indicates motors are holding or moving as comdad; power applied to motor.

SERVO1/Quad Drive Analog and Digital Power Header:
The power header is a 0.156-inch center Molex octione The servo drive is supplied with a COSELnorpower
supply and cables for connection into this header.

No connectio

-12 vdc Board power head

+12 Vdc H1 on quad drive
Ground H8 on servo 1
Ground

+5Vdc

SERVO1/Quad Drive Analog and Digital Power Requirenents:

Parameter Symbol Min Unit
+5 Vdc Logic supply inpt [+5v 1 Amp
+12 Vdc Logic supplynput [+12v 0.t Amp
-12 Vdc Logic supply inpi l-12v 0.z Amp

Drive Stop Signal and Brake Power Control

The SERVO1 and Quad drive card have a Drive FaliRU Not Ready output to the PLC and contact ciosur
motor power supply contactor control. The DRV FAIUlb the PLC output header also requires an isblatsver
supply. The power supply used for the limit switsland other PLC inputs can also be used for gdaddr.

The contactor relay closure for the Drive FaulPUCNot Ready is accessible at the 10 pin termiloakoH4 pins 7
and 8 on the Servol, and on the 5 pin terminalkjili® pins 1 and 2 are on the Quad drive. Thisuztvsan handle
up to 10 Amps at 250 Vac or 30 Vdc.

In addition to the fault contact there is also aklerrelay closure for the Z, of 3axis for Servol and the Quad drive.
The Quad drive also has a W, & 4xis brake relay closure. The Z brake outpiritended for Mills with heavy
heads or knees that fall when not powered. Theubwtill close an external power supply acrosshitake winding of
a brake motor. The Quad drive’s W, 8t 4xis brake output can be used for a rotary tablgwered knee. The
power supply needed to power the brake windings eisonnected external to the SERVO1/Quad boardgram

2 shows the schematic hookup for the brake motor.
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E-Stop to PLC output header and Brake relay outputerminal strip

CPU7 OK

signal LED [1]
PLC Groun - ®
Drive FaLCJth - CPU7 OK
PLC+5Vdc | a = _J_] signal LED
PLC Ground | = — PLC Groun . o 9
Drive Fault -
H2 PLC+5Vdc |
PLC Ground n
H2
Servo 1 Driw .
Quad Drivt

Diagram 2 Brake Motor Hookup

Brake Relay Out
Motor /4 )
Brake —] N\ .
B - z
Brake Winding Power \_
Supply
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DCSINGLE Installation Guide (Revision 040803)

The DCSINGLE is a single axis DC brush motor dsiith an optional PLC section. This drive is ainadith axis
upgrades to existing three axis systems. The ddawebe ordered as axis 1, 2, 3, or 4, but doealloot for 5th axis
operation. An optional PLC section allows for $agxis applications if necessary. The DCSINGLEsugchnology
from the SERVO3IO drive including the PLC and draextion fiber communications and available curratibgs of
9, 12, and 15 amps. A unique feature of the devhe fiber repeaters. The drive fibers fromiation control card
(CPU10) run to the DCSINGLE and a short set ofrBben from the repeaters to the original drive

Fourth Axis Connection

Typical wiring of the DCSINGLE requires only logiower, motor power, motor, drive fault, and fibgtio
connections. Fiber optics 4 and 5 receive data fitte motion control card. Fiber repeaters 4RRTZRPT chain
drive information to the original DC servo drivBrive fault RLY1 and RLY2 connections are wiredsieries with the
emergency stop power loop to cut motor power incee of a fault. The drive fault signal is padsetthe control
from the original drive, since it runs off the DO&LE fiber repeaters. The limit defeaters are rallyron for rotary
axis use.

Open collector brake and drive fault outputs as&lakle for special applications. The brake outgarnt drive a 5 volt
relay to release a motor brake when the axis ibleda The drive fault open collector output mayeed to an
external PLC to signal a fault condition.
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Internal Circuitry
Drive Fault Relay Output

RLY1

RLY2

Optional PLC

The DCSINGLE can be equipped with a PLC sectidowaihg for single axis applications. Six inputgasix outputs
are available for use on a PLC equipped DCSINGAEK outputs are open collector types suitable fovidg 5 Volt
relay coils. The PLC section requires a motiontimdrcard equipped with a CPU711 compatible (ojdiedtPIC chip.

Internal Circuitry

Sourcing Input o
Internal Circuitry

+5VDC Open Collector Output

+5VDC

|

A 4 Output
A} '<

X
INPUT 4‘(.

INPUT COMMON
?& 5 GROUND 5GROUND
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DCSINGLE 1/O0 MAP

PLC Input |Use PLC Output |Use
1 Genere 1 Generl
2 Genere 2 Genere
3 Genere 3 Genere
4 Genere 4 Genere
5 Genere 5 Genere
6 Genere 6 Genere
7 X+ Limit 7 N/C
8 X- Limit 8 N/C
9 Y+ Limit 9 N/C
10 Y - Limit 10 N/C
11 Z+ Limit 11 N/C
12 Z- Limit 12 N/C
13 Drive Fault (interna 13 N/C
14 W+ Limit 14 N/C
15 W- Limit 15 N/C
16 IOUT16 (internal 16 OUT16 (internal
DCSINGLE Specifications
Characteristic Min. | Typ.| Max. |Unit
5 Volt Supply Current 10| - - A
12 Volt Supply Current 05| - - A
Input Pull up Voltage - 5 -V
Relay Output Current 0.01| - 10 A @ 125 Vac
Open Collector Output Current - - | 500 mA
Open Collector Output Voltage - 5 -V
Input Operating current 9 | 11| 15 mA
Motor Output Current 6 12| 15 |A
Motor Supply Voltage 30 | 115 130 |V
Size: 9 * 6.625 * 1.875 (W*D*H) Inches
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DCSINGLE Troubleshooting

Symptom Possible Cause

Corrective Action

USV LED out No motor voltage

Measure voltage atirerminals, check contactors, wirin
and fuses accordingly

Insufficient motor voltage

Voltage should be over\&ic

Drive Online LED out

Motion control card hasn't ibed up

Start software, wait for the main screelodo

Logic power not applied

Measure +5 Vdc and +12 ¥tithe connector, correct
wiring or supply problems

"Servo Power Removed" due to fe

Restar system to reset runaway or otl
serious fault condition

Fibers 4 and 5 connected incorrectly or faulty

Gheamnections one at a time, swap with a known gog
set of fibers

Secondary drive not working

Fiber repeaters 4 aodrihected incorrectly or fault

Check connections at a time, swap with a known good
set of fibers

LEDs on, but motor doesn't run Fuse F1 blown

ChHiesk with a meter, replace as necessary

Limits tripped

Push down the limit defeat switches

DCSINGLE Connections

aNo 010N
abe)joA 1010

Drive Fault Relay In
Drive Fault Relay Out
N/C

. N/C
Drive Fault Relay Driver
Brake Relay Driver
Limit Common
AXxis - Limit
Limit Common
Axis + Limit

AXis - Limit Defeat Switch
Axis + Limit Defeat Switch

Input Common
+5V

Input Common
+5V

Rev.050808
11/21/2008

OIN

- 1010\

+ I0J0N
AND sisseyd

usv

Drive On Line

+5V

Logi Logic
gfc GND Pogver

Logic GND

+12V

)

Fiber
Repeater

O Connectors

PLC Fiber
Connectors
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DC3IO Revision 040914 User Guide

The DC3IO is a three axis DC brush motor drive withintegrated PLC. A range of motor drive cursenty be
ordered, although 12 and 15 amps per axis configmsaare the most popular. The PLC section iretu@D inputs,
31 digital outputs, and one analog output (sedti@ section for details). The DC3IO is operatecaliyPU10 or
compatible motion control card equipped with anPG@2 The DC3I0 is an upgrade from the SERVO3IQinoiged
for Centroid “S” series control systems.

DC3I0O Features

Drive Application DC Brush Motor

Number of Axes 3

Current rating per axi 3to 15 Amp

Motor Voltage 30 to 120 Volt

PLC Inputs 30

PLC Outputs 31

Spindle Analog resolutio 12 bits

Control Interface 5 fiber optics tt CPU10 compatibl
motion control card with IO2PIC

Dimensions (W*D*H) 16 * 8 * 5.25 inche

Drive Section

The DC3IO drive section is based on Centroid’s pro®C brush motor drive technology. Several bnifeatures
allow for easy integration with a variety of hardea

Each axis can be built with a range of currenhgtidetermined by the windings on the current genSarrent
ratings of 3, 6, 9, 12, and 15 amps can be proviaetthe DC3IO.

Open collector output drivers are provided for @kieron each axis (see “DC3I0 Connections” and “BeCtion” for
wiring details). The brake output drivers can bieed/to a 5 volt relay to release motor brakes werh axis is
enabled.

A drive fault relay output is provided for connextiof the E-stop power loop. The relay contacty stosed as long
as valid data is received on drive fibers 4 andd o serious faults exist.

An analog current request output is provided ordth& on a mill) axis for running third party drive3his feature is
particularly useful for C axis lathe applicationEhe current request signal swings from —10 valts10 volts and is
centered at 0 volts. This signal is used for dpidntrol in positioning mode. See the “DC3I0 Gections” page to
locate the C axis analog and C axis common pins.

Rev.050808 C:\soft_eng\manualsilhService Manual\Rev 081121\Chapter 1.doc
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PLC Section

The DC3IO has 30 inputs, 31 digital outputs, anel amalog output. Some I/O is dedicated to a pdatidunction,
but 21 inputs and 29 digital outputs can be usediig purpose. See the “DC3IO /O Map” for an ei@w.

Twelve inputs are configurable types, 16 are sogrcand 2 are internally wired. The internal driaelt and error
check inputs are dedicated and not user definatleX+, Y-, Y+, Z-, and Z+ limit inputs are not nfigurable for
other uses since they are hard wired to drive itigcthat inhibits axis motion. The emergency sitgput is also
dedicated and has increased pull up current. Ther®aining inputs can be configured for speciappses if
necessary.

Several output types are used on the DC3IO. Rmlgyuts are provided for common functions. Sigeklys are
used on spindle outputs to provide a reliable cotme on low level outputs when connecting an iteter Fused
power relays are provided for the rotary clamp atmer higher level outputs. Outputs that are setuon many
systems are open collector type. These outputsigdblly need to drive an external 5 volt relaynterface with
higher power devices. Check the “DC3IO I/O MaptldBC3I0 Specifications” sections to determine atpot’s
type and capability. The spindle direction outigutot available for other uses. The spindle anakrtion uses this
output to determine polarity when configured agpalar output (-5 to +5 or —10 to +10). Internadoe checking and
spindle speed bits are also dedicated, leavingug®uts definable for custom uses.

The DC3IO analog output for spindle control hahitlresolution. This should not be confused lith C axis
analog output described in the “Drive Section”.uFanalog output ranges can be selected. Se&thirdie Analog
Output Adjustment” section for jumper settings.

Internal Circuitry

Internal Circuitry Configurable Input
Sourcing Input
+5VDC COMMON

3

INPUT INPUT

i& 5 GROUND

174

<

INPUT COMMON

Rev.050808 C:\soft_eng\manualsilhService Manual\Rev 081121\Chapter 1.doc
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Internal Circuitry
Fused SPST Output Internal Circuitry

Analog Output
Output Common +12VDC
/\/ Output
[~ Analog Output
1+
Internal Circuitry ] Analog Ground
SPDT Signal Output
4 ANALOG
Output Common -12vDC GROUND
NC
Y NO
Internal Circuitry
Open Collector Output
Internal Circuitry +5.VDC

Fused SPDT Output

Output Common

Output

NC
4 NO

5 GROUND

Auxiliary Configurable Inputs

Configurable inputs are available through the darxilinput connectors for custom applications. Sehputs can be
used with 5, 12, or 24 Vdc sensors or switchessidRe packs SIP1, SIP2, and SIP3 must be changedtch the
input voltage for auxiliary inputs. Sinking or soiing operation is determined by the wiring confagion.

Jumpers J11 through J14 may be installed to pdveeinputs from the DC3IO’s logic power supply. &xtal power
may be wired through pins 7 and 8 of H12 and H&k#sure there are no jumper blocks on J11, JB20d114
before applying external power or the DC3IO willdemaged.
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Auxiliary Inputs Schematic

DC3I0 Auxiliary Inputs

Sinking (NPN) Sensor Wiring Example H12 11
External Power Supply [] 8 o o tgg:g GSNVD
+
] (o
+24TVDC | 0l siP1 12
Remove jumpers J11
IN28 o
422 VDC [] G_I_Ez} and J12 when using
IN27 - external supply
+24 COM ] L[] B o
IN26 ~cn
Sensor ﬂ D 4_'_*:”}
0| e
L Note: Each half of SIP2
+24 COM |:| Z 2L uses a different common.
_\_Ez} T Use caution when mixing
D 1 input voltages.
L
//\//
1/2 SIP 2
Sourcing (PNP) Sensor Wiring Example H9 J13 LOGIC GND
8 O
External Power Supply D 0o o LOGIC +5V
1/2 SIP 2 J14
7
+24 VDC [] TN Remove jumpers J13
| G_,MEz}—«/v_ﬁ and J14 when using
I D external supply
O e
+24 COM +24 VDC
| e
SensorQ [] L\MEEAM_‘
2
|:| IN8 A
+24 COM 1
[] _\_LM_Ez}_W__
SIP 3

SIP Identification - XXX Indicates Value

4308R-102
XXX

RRRRRRR

SIP Internal Wiring / Pinout

C:\soft_eng\manuals\install Service Manual\Rev @31Chapter 1.doc

39

L

11/21/2008



SIP Input Reference

SIP Input Voltage Selection

SIP Designatt Related Input SIP Value Markin | Resistor Value (Ohm | Input Voltage
SIP1 11,26,27,2 471 47( 5
SIPZ 17,19,20,2 122 1.2k 12
SIPZ 7,8,32,11 222 2.2k 24

Spindle Analog Output Adjustment

Output voltage range can be set to 0 to +5 Vdo,€10 Vdc, -5 to +5 Vdc, or -10 to +10 Vdc by segtiumpers J1,
J2, and J3 according to the diagrams below. Trimgrthie output can be accomplished with VR6 and VR7
potentiometers. See the “DC3IO Connections” diagiar the location of adjustment hardware. Thd@mkevels
are adjusted at the factory for the 0 to +10 Vagea so only slight adjustments should be needeelafch installation.
Only adjust the “OFFSET” potentiometer, VR6, at thiaimum possible spindle speed. This adjustneinttended
only to null the voltage level when 0 RPM is commath. The “GAIN” pot, VR7, should be used at maximspeed
to match actual RPM with commanded RPM. Adjustmémthe analog output should be very minor anechactbe
used to compensate for incorrect inverter or costings.

0 to 10 Vdc Jumper Settings

Ph11@1:j @1:] %
Jz Jz J1

-5 to +5 Vdc Jumper Settings

Pin 1 % % @1:]
Jz Jz Jl

Fast I/O Operation

0 to 5 Vdc Jumper Setts

Ph11@@ij % %
Jz Jz J1

-10 to +10 Vdc Jumper Setta

Pin 1 % @1:] @@:]
Jz Jz Jl

The Fast I/O is a hard-coded function that is exdhlthen output 40 is turned on in the PLC progrEime. Fast I/O
immediately turns off output 31 when a falling edgéetected on input 26. This is done immedidbelpre sending
any data back to the control. The function is sedfetting - after output 31 is turned off, outpOtrdust be turned on
again in order to reactivate the Fast I/O. The F@sfeature was developed to prevent a tool cagbfrom moving
too far due to communication delays. When outfus4ff, output 31 and input 26 work normally. tPut 40 is not
a physical output, since using this output for psgs other than Fast I/O enable could cause confusi
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Timing Diagram - Fast I/O Enabled Timing Diagram - Normal PLC Opeation

OuT40
OuT40

g‘jf;sl INP26 ——
ouT31

6ms 30ms

DC3IO I/0 MAP

Input Specification Input Location Output Specification Output Locatior]
Number Function Type Use Connectgr  Pjn  |[Number Function Type Connectgr  P|n
1 X- Limit Sourcing | Dedicated H14 1] 1] Emergency Stop Open Collector H7 L
2| X+ Limit Sourcing Dedicated H14 2 2 Lube Pump Fused Relay SPST H9 1.8
3 Y- Limit Sourcing | Dedicated H14 4 3 Flood Pump Fused Relay SPST H10 910
4 Y+ Limit Sourcing Dedicated H14 5 4 Mist Solenoid Fused Relay SPS[r H11 78
5 Z- Limit Sourcing | Dedicated H14 7 5| Carousel Direction Open Collector H7 2
6 Z+ Limit Sourcing | Dedicated H14 8 6| Carousel Out Solenoid Open Collectol H7 B
7| W- Limit Configurable General H9 1 7| Tool Clamp Solenoid Open Collector H7 4
8 W+ Limit Configurablg General H9 2 8|  Air Blow Through Open Collector H7 5
9 Range Sourcing Genera| H13 11 9| Carousel In Solenoid Open Collector H7 3]
10 5th+ Limit Configurable General H9 4 10 Orient Open Collector H7 7
11 Emergency Stop Sourcing Dedicated H14 Lo 11 Spindle Chiller Open Collector H7 8
12 Servo Drive Fault Internal Dedicatgd N/A N[A 12| Spindle Cooling Fan Open Collector H6 |
13 TT1 Sourcing General H14 11 13 Spindle Direction Signal Relay SPD[r H10 1,2,3
14 Probe Sourcing Genera H13 | 14 Spindle Enable Signal Relay SPOT H10 45,6
15 Probe Detect Sourcing Genergl H13 2 15 Inverter Reset Signal Relay SPOT H11 1,3
16 Error Check Internal Dedicated N/A N/A 16| Error Check Internal N/A N/A
17 Door Interlock Configurable General H9 5 17, Spin. Speed Bit 0 Internal N/A N/A
18 Low Lube Sourcing General H13 4 18 Spin. Speed Bit 1 Internal N/A N/A
19  Spindle Zero Speed ConfiguralpleGeneral H9 6 19 Spin. Speed Bit 2 Internal N/A N/A
20| Spindle At Speed Configuraljle General H12 1 20 Spin. Speed Bit 3 Internal N/A N/A
21| Spindle Orient Complete ConfiguralpleGeneral H12 2 21 Spin. Speed Bit 4 Internal N/A N/A
22| Tool Clamped Configurable General H12 3 22| Spin. Speed Bit 5 Internal N/A N/A
23 NOT USED N/A N/A N/A N/A 23 Spin. Speed Bit 6 Internal N/A N/A
24 Tool Release Switch Sourcing General H13 5 24 Spin. Speed Bit 7 Internal N/A N/A
25  Spindle Drive Fault Sourcing Generd| H13 7 25 Spin. Speed Bit 8 Internal N/A N/A
26| Tool Counter * Configurable General H12 4 26| Spin. Speed Bit 9 Internal N/A N/A
27| Carousel Out/ TP Up | ConfiguraljleGeneral H12 5 27| Spin. Speed Bit 10 Internal N/A N/A
28 Carousel In/ TP Dwn | Configuraljle General H12 6 28  Spin. Speed Bit 11 Internal N/A N/A
29 NOT USED N/A N/A N/A N/A 29 Gear Change Open Collector H6 p
30| Rotary Home Sourcing General H13 B 30 Rotary Clamp Solenoiq  Fused Relay SPDT H11| 45,6
31 Rotary Clamped Sourcing Genergl H13 10 31 Carousel Enable * Open Collector H6
32 Air Pressure Low Configurable General H9 3 32 Red Light Open Collector H6 4
33 NOT USED N/A N/A N/A N/A 33 Green Light Open Collector H6 5
34 NOT USED N/A N/A N/A N/A 34 Yellow Light Open Collector H6 6
35| NOT USED N/A N/A N/A N/A 35 Work light Open Collector H6 7
36| NOT USED N/A N/A N/A N/A 36 Aucxiliary 1 Open Collector H6 8
37| NOT USED N/A N/A N/A N/A 37| Auxiliary 2 Open Collector H4 1
38| NOT USED N/A N/A N/A N/A 38 Aucxiliary 3 Open Collector H4 2
39 NOT USED N/A N/A N/A N/A 39 Auxiliary 4 Open Collector H4 3
40| NOT USED N/A N/A N/A N/A 40 Fast I/O Enable * N/A N/A N/A
41 NOT USED N/A N/A N/A N/A 41 NOT USED N/A N/A N/A
42| NOT USED N/A N/A N/A N/A 42| NOT USED N/A N/A N/A
43| NOT USED N/A N/A N/A N/A 43 NOT USED N/A N/A N/A
44 NOT USED N/A N/A N/A N/A 44 NOT USED N/A N/A N/A
45| NOT USED N/A N/A N/A N/A 45 NOT USED N/A N/A N/A
46| NOT USED N/A N/A N/A N/A 46| NOT USED N/A N/A N/A
47| NOT USED N/A N/A N/A N/A 47| NOT USED N/A N/A N/A
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48| NOT USED N/A N/A N/A N/A 48 NOT USED N/A N/A N/A
49 NOT USED N/A N/A N/A N/A 49 NOT USED N/A N/A N/A
50| NOT USED N/A N/A N/A N/A 50 NOT USED N/A N/A N/A
51 NOT USED N/A N/A N/A N/A 51 NOT USED N/A N/A N/A
52| NOT USED N/A N/A N/A N/A 52| NOT USED N/A N/A N/A
53| NOT USED N/A N/A N/A N/A 53 NOT USED N/A N/A N/A
54 NOT USED N/A N/A N/A N/A 54 NOT USED N/A N/A N/A
55 NOT USED N/A N/A N/A N/A 55 NOT USED N/A N/A N/A
56| NOT USED N/A N/A N/A N/A 56| NOT USED N/A N/A N/A
57| NOT USED N/A N/A N/A N/A 57| NOT USED N/A N/A N/A
58| NOT USED N/A N/A N/A N/A 58 NOT USED N/A N/A N/A
59 NOT USED N/A N/A N/A N/A 59 Auxiliary 13 Open Collector H4 4
60| NOT USED N/A N/A N/A N/A 60| Auxiliary 14 Open Collector H4 5
61 NOT USED N/A N/A N/A N/A 61 Auxiliary 15 Open Collector H4 6
62 NOT USED N/A N/A N/A N/A 62 Auxiliary 16 Open Collector H4 7
* Fast I/O Related Drive Fault Power Relay SPST H11l 9,
X Brake Open Collector H3 1
Y Brake Open Collector H3 2
Z Brake Open Collector H3 3
DC3IO Specifications
Characteristi Min. | Typ.| Max. [Unit
5 Volt Supply Curret 2 - - A
12 Volt Supply Currel 0.5 | - - A
Input Pullup Voltag - 5 -V
Power Relay Output Curre 0.01| - 10 A @ 125 Va
Power Relay Output Curre 0.01| - 5 |A@ 30 Vd
Signal Relay Output Curre 0.00]] - | 0.E A@ 125 Va
Signal Relay Output Curre 0.007| - 1 A@ 24 Vd
Open Collector Output Curre - - | 50C mA
Open Colector Output Voltag - 5 -V
Input Operating curre 9 | 11| 15 mA
Analog Output Resolutic - 12 | - |bits
Analog Output Voltag 0 - 10 |V
Analog Output Curre! 0 1 | 20 mA
Motor Output Currer 6 | 12| 15 |A
Motor Supply Voltag 30 |11t 13C |V
Dimensions: 16 * 8 5.25 (W*D*H) Inche:
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DC3IO Troubleshooting

Sympton

Possible Cau:

Corrective Actiol

All status LEDs ot

Logic power not applie

Measure +5 Volt and +12 Volt at t|
connector, correct wiring or supply
problems

USV LED ou No motor voltag Meadwre voltage at input terminals, che
contactors, wiring, and fuses accordingly
Insufficient motor voltag \Voltage should be over 30 V
DF LED ou Motion control card hasn't booted |Start software, wait for the main screer

load

Fibers 4 and 'connected incorrectly ¢
faulty

Check connections one at a time, swap !
a known good set of fibers

"Servo Power Removed" due to fe

Restart system to reset runaway or o
serious fault condition

Incorrect .HEX file

Make sure CNC8.HEX is loacg

PLC OK LED ou

Motion control card hasn't booted

Start software, wait for the main screer
load

Fibers 1, 2, or 3 connected incorrec
or faulty

Check connections one at a time, swap !
a known good set of fibers

Incorrect PIC on CPU: Install I02PIC
LEDs on, but motor doesr |Axis Fuse blow Check fuses with a meter, replace
run necessary

Limits trippec

Push down the limit defeat switcl

No analog output or ne-lineat
output

Incorrect Parameter 31 sett

Set P31 t-1

XVCC LED cut

Overload has damaged PLC sec

Return for Repa

+12,-12, or +5 LED ot

Overload has damaged analog se

Return for Repa

Input doesn't work with sens

Incorrect wiring

Correct wiring for sensor type (sinking
sourcing), check that SIP values are
appropriate for the input voltage

\Voltage drop across sensor is too |

Use -wire sensors with lower voltage dr

spec.
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DC3IO Connections

Tug

Flood Pump Out (3)
Flood Pump Common
Lube Pump Out (2)

Lube Pump Commol
Spindle Reset N.O. (15§
Spindle Reset N.C.
Spindle Reset Commol
Spindle Direction CCW (1
Spindle Direction CW
Spindle Direction Commo|

Drive Fault Out

Drive Fault Common

Mlster Out (4)

r Common
Rotary Clamp N.O. (30)

Rotary Clamp N.C.
Rotary Clamp Common
Spindle Enable N.O. (14)
Spindle Enable N.C.
Spindle Enable Commorn

] 2
|:1|:u:u:u:u:u:u:u:u:‘u Tug ‘:u:u:u:u:u:u::u:u:‘J

OANS+
ano 21607
ano a1607
oanzT+

Ef

%) Q8

o 4 28

2 o @
25093
90075838
5552288 %0
2228352509858
90 RpAgB 220
00 £e883388E

DANS+
DANS+

(98) T Arenxny
(S€) Wb oM
(7€) b mojlPA

(g€) 1B usaID
(2€) b1 pay

(1€) a|qeus “red
(62) abueyd reas

(2T) ued Buiooo “uids

19AUQ axeIg X
19AUQ axeIg A
19AUQ axeIg Z

r—r—r .

17 2
5 Ei
"

[z
E
o)) =
EHIE
>0 — |
§n J—
%g » [Olf——F
w [0 f=—r—
o8
30 [@]
RS —
HRE =
F S — -
2
o
Drive Fault LED | = 3
PLCOKLED |3 3
XVCC LED = H
.é
z b3 3
z % ]
5 5 @
2 3
Aux. In. 2 Common S Aux. In.1Common =
Aux.'In.’2 Common 3 Aux.In, 1 Common 3
S 2 : e £
Tool Counter (26 9 Sth-+ Limit (;10 9
Tool Clamped (22) Pn1 3 Air Low (32, Pin1 =
Spin. Orient Com(j) 21 @ W+ Limit (8] H
Spin. at Spd. (2! % W- Limit (7' Q
s < g
+svpc ([0 N I
Range Input (9) | |0
Rotary Clamp Ack. Input (31)| [0
Logic GND |{0
Rotary Home Input (30)| 0
Inverter Fault Input (25)| [0
Logic GND | [0
Tool Release Input (24)| 0
Low Lube Input (18) | |2
Logic GND 0
DP4 Detect Input (15) | |0
DP4 Input (14) |||
2
a—
+svpe |
TT1Input (13) |0
Estop Input {0
Logic GND {0
Z+ Limit Input (6) ||0
Z- Limit Input (5) ||
Logic GND 0
v+ Limit input (4) | |0
Y- Limit input (3) |2
Logic GND |0
X+ Limit Input (2) H . .
X- Limit Input (1 & S Q 3 3 o]
putt) [ NN 8
5 z ]
- m
Ne—— N
> > R =
NN 0K £go2 3 5 SES G gpzzzoo
cooic 228% 8 8 ces S 23°°00%%
3535 3858 mmL h 22 [
EEFEFE! 3t g Q ogdEp o oo o>
099050 8 E @ o 9z s 3
F35882 s > 2 g3 e
FCEC O 2 > 3
gugagse = & 28 e
5 @ >
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PLC Installation
PLC 15/ 15

PLC15/15 is a PLCI/O relay board that providesfitiewing I/O:

a

OO0

15 5 Vdc inputs

14 SPST relay outputs

1 DPST relay output

Optional 0-10 Vdc spindle output

Power Connections

The PLC15/15 requires a 5 Vdc and a 24 Vac powaicgo
PLC 15/15 Hookup Diagram
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m.c
24 VAC
24 VAC
N/C

DC GND
+5 VDC

Conmot
MAC
Input
Conmorn
Input
Input
Conmorn
Input
Input
Conmorn
Input
Input

Conmorn
Input
Input
Conmorn
Input
Input
Conmon
Input
Input
Conmon
Input
Input

15

14
13

1z
11

| ol ]

EEEIEEE]

]

LLLLLEL L EED L o

EEEEEEEC

EEEECEEC -

o(OC

jul jul

Cutput header to
spinover hoard

O o o o O 0

Fiber optic cables
from CRPUY

TS
CES

O3 [R5 0 0000® -

O

1500 %

QO

O

45

=== N

==

futput
futput
futput
futput
futput
futput
futput
futput
futput
futput
futput
futput

futput
futput
futput
futput
futput
futput
futput
futput
utput
futput
futput
futput

15 HO

15 HC

15 Common

14

13,14 Commorn
13

10,11,12 Common
12

11

10

9 Commorn

9

7,8 Common

Commomn

&,

g

7

G

5

5

2,3,4 Commorn
4

3

2

1 Common
1
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Spinover Board

The Spinover board is an optional add-on for th€ RB/15 to provide 0-10 volt output for invertentolled
spindles.

[] []
’ I:I i
I=] I=]
ol [ +12vde
Pt ol | GhD
. [ — ) Laf |12 vde
1 o —
1 -
— —_— a7 | e
— L1 a| | GHDta PLC
— L1 o | PM signal from PLC ™ Connect to PLC15A5
— i — ol | +12 widc to PLC header
+  —1 [ o| [ -12 wdcto PLC
[ . l Lo [ kA
T o
= =
[1h] [ak}
£ £
= =2
=
= ]

Spinover Board Hookup Diagram

PLCIO2

PLCIO2 is a programmable logic controller that pdes:

o 35 Inputs (bipolar, with a choice of 5 Volts or Zdlts)

o 39 Outputs (20SPST, 2 SPDT, 17 open collector)

0 1 Analog output (12 bits for spindle control)
PLCIO2 is compatible with our standard fiber ofg8dibers) interface, but requires a special PI{p ¢RLCIO2 PIC)
on the CPU10 CNC motion control card.

Power Connections

The PLCIO2 requires a 5 Volt logic power sourcanglwiith a +/- 12 Volt analog power source. The gasifrom
each power supply are NOT to be connected togditwéng so would negate the isolation and possiblyse noise
from the spindle speed inverter to be transmittecther parts of the PLCIO2 board.

—
PLCIO2 Logic 4GS :§
Input Power GND
Drive GND| ")
Analog +12V
Input SGND
Power -12V
T

H1 Power Input
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Wiring Inputs to the PLCIO2

The PLCIO2 can accept contact closures, PNP, amdithife inputs. Inputs are grouped into banks of feith the
common for that particular bank on the fifth pifPNland PNP sensors must use separate banks far mogration.
Switches can be wired so they resemble eitherafjgensor so they can share banks with sensoisibfusoperation.

Wiring to the Relay Outputs

The PLCIO2 has a common and a normally open cofdaetach output. Outputs 15 and 32 also haveadaila
normally closed contact in addition to the commod aormally open contacts. The relays on the PLGI@%ated
for:

5A @ 30 Vdc
0.3A @ 110 Vdc
10 A @ 125 Vac
8A@ 277 Vac

Typical PLCIOZ2 Output Relay

SWITCH INPUT
__INPUT

R+
Ny
\ (
CcoM
SWITCH INPUT

o o0—— —INpuT| N
RIS
v

*Note: V is user supplied 5 or 24 volts. (See reedtion)

o—

Determining Input Voltage

The input voltage accepted by each bank, +V, isrdeéhed by the value of the SIP that is associaitddeach bank
These sips are normally in sockets and are loafitedtly above the input headers. To determine whitage a
specific bank is set up for look at the last 3Wdigin the SIP. These numbers are either locateldeotop or the front
of the SIP.

= 471 =470 ohms —> 5 Volt bank
= 222 = 2.2K ohms —> 24 Volt Bank

These resistor values produce about 10 mA acressgtocoupler inputs. Replacing a SIP with a défférvalue SIP
can change the input voltage range that the PLGM&s. If a SIP is not available, four individuasistors can be
used in its place.
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SINKING OUTPUT
(NPN) SOURCIN*G INPUT

INPUT

i¥
A

g

SOURCING OUTPUT

(PNP)
SINKING INPUT
=
| _ _neur]
—t 2
X:(X—X-XXX
duduuduuu | | | |
Typical SIP Internal SIP diagram
SIP1 SIP2 SIP3 SIP4

INP1
NP2
NP3
NP4
com1
NP5
NP6
NP7
INP8
comz
INP9
INP10
INP11
INP12
coms
NP13
NP14
NP15
NP17
coma

{

R e Y e e

BANK1 BANK2 BANKS BANK4

Input SIP Locations
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Limit Switch Power Source

There is a jumper block located above the limittslwheader on the PLCIO2. This is for the limittehiinputs. If the
limit switch cable is not used then no jumpers $théve in place. If the limit switch cable is uséén see the diagram
to the right. Note: it is not recommended thatRe€I02 supply the power for the limit switches,tasill negate the
isolation of the inputs.

Limit Switch External Supply PLCIO2 Supplies
Cable Not Used  Needed for 5 Volts for Limit
Limit Switches Switches

Jumper settings

Analog output for Spindle

The PLCIO2 has a 0-10 Volt analog output for in@est This output is located on the input side efPhCIO2 next to
the power header. These pins get connected @ngileg input of the inverter. Do NOT connect theugrd from this
output to any ground other than the one for whiatiis intended.

Typical DAC output

+12 ANALOG

ANALOG
OUTPUT
TO

INVERTER

ANALOG

—— GROUND

-12 ANALOG TO
INVERTER

(SGND)

12 BIT D/A

INSIDE PLCIO2

Wiring Transistor Outputs

The PLCIO2 has 17 available transistor outputss&lmitputs are to be used with 5 Volt relays teedainy additional
signals required. To hook up the relay simply dttace side of the coil to the 5 volt Vcc output dnen attach the
other side to the output pin. It is not recommenithed these outputs be used for any other purpesause they are
not noise immune, and improper use of these outpatscause the PLCIO2 to function improperly.

VCC Output

5V LOGIC
[e]
4
3
A OUTPUT 1
° 2
- — 4 A
5V RELAY

N

Typical Transistor Output
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Fast I/O

The Fast I/O is a hard-coded function that is eztlthen Out40 is turned on in the PLC program. Rést 1/0
immediately turns off Out31when a falling edge ésettted on Inp26. This is done immediately beferaling any
data back to the CPU10. This function is self-iiirsgt This means that after Out31 is turned off P& 102 needs to
resend Out40 signal in order to reactivate the F@st This function was developed to prevent thegibility of a
carousel moving too far due to communication delays

Note: when Out40 is low the Out31 and Inp26 functio normally. If you don’t want to use Fast I/O simply never
turn on Out40.

Timing Diagrams of Fast I/O

—

OuT40

INP26 f

OuT31

30ms

Fast I/0O Enabled

OouT40

INP26
OuT31

Normal PLC Operation

Power Supply and Input Specs

Characteristic Min. | Typ. | Max. | Unit
Logic Supply Voltage (Vct 4.t 5 5.t \%
Logic Supply Currer O 75 2.€ A
DAC Supply Voltage +11.5| £12 | %15 Vv

DAC Supply Currer O 15C | 30C | mA
Inputs (limit switches) O 5 9 \%
Inputs (others O 24 26 \%

*The normal configuration is the first 8 inputs thre PLCIO2 are set up for 5 Volt limit switches lw#ll other inputs
being set up for 24 Volt inputs.
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Output Specs Fiber Optic
connections to

Characteristic Min. | Typ. [Max. ' fl CPUL(
Relay Output Voltag O 24 271 \%

Relay Output Current @ 277 Vv 0 0 & A

Relay Output Current @ 30 V O O 5 A

Relay Output Curre @ 110 Vd O O 30C mA

Relay Output Current @ 125 v O O 10 A

Transistor Output current sinki O O 40C mA
Transistor Output Voltag O 5 5.5V \%

Analog output Voltag 0 O 10 \%

Analog output Currel O 1 20 mA

PLCIO2 Physical Dimensions

(] o B,

13.875"
352,425 mm
14.500"
368.300 mm

—

@__° cb\— I
L ei D,
£ 5 b & :
s < [ e
s Ac &
o
o] o]
s
Q7
o o o
. g
[ P
2=
=
i 5
C:\soft_eng\manuals\install Service Manual\Rev @31Chapter 1.doc 11/21/2008

51



Limit switch header H5 carries
duplicates to INP1 thru INP8

and drive fault header H10

carries a duplicate of INP62.

(See figure below)

DRVGND—
INP62 ——
COM9 —

DRVGND—

INP1—
INP2——]
INP3—]
INP4—]
INP5—]
INP6——]
INP7——
INP8—]
DRVGND—
COM1 + COM2—

* NOTE: inp26, out31, and out40
have special Fast I/O functions.
See the section dealing with

Fast 1/0 for more
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Drive Fault Cabl

Drive Limit
Switch Cabl

PLCIO2 Hookup Diagram

=

aooaaooonn

VCC
GND
GND
LMT GND
+12V
SGNC
-12v

H1 H9
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OouT1
comi
ouT2
Com2
OouT3
COM3
ouT4
COomM4
OouTS
COMS
OouT6
COM6
ouT7
comz
ouT8
COoM8
ouT9
COoMm9
OUTPC
Com10

ouT11
ComM11
OouT1z
COoM12
OuT1:
COoM1E
OouT14

OUT15 NC
OUT15 N(
13

ouT2¢

COoM2¢
ouT3C

COoM3C
ouT31 *

CcoMm31 *
OUT32 NC
ouUT32 N(
| COM3z

ouT3:
COM33
OuUT34
COomM34
OouT3E
COM35
OuUT3€
OuT37
OouT3¢
OouT3¢
ouT40 *
ouT41
OouT4z
ouT4:
OouT44
ouT4E
ouT4€
ouT47
ouT4¢
RESERVED

OuUTS5¢
ouTeC
ouT6e1
OouT6z

SPARE
GND
VCC

oo Yeorrrorrerreem oo Aoy
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RTKS3 Logic Controller (Revised 11-3-04)

The RTK3 is intended to simplify and expedite cohtriring. Centroid’s PLCIO2 was the starting poior the

RTK3, and modifications were aimed at increasiriigiehcy on standard system configurations. Thalgwere to
reduce the number of connections in the contraihedb Inputs and most output voltages have besrdstdized.
Logic and input power supplies are built in to RIEK3 to further simplify installation. Positivedking connectors on
pre-assembled cables eliminate the need to indillidaonnect each wire to the RTK3.

There are technical similarities between the PLC¥0@ RTK3. The motion control card, CPU10,
connected to the RTK3 must be equipped with an 102Rip, see TB133 for the upgrade procedure. Both
PLC compilers, PLCCOMP or XPLCCOMP, can be usethwie RTK3. The RTKS also retains the Fast
I/O feature, which is now dedicated to a sourciegser input and three-pole relay output.
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There are three layers in the RTK3 to minimize fioiott and maximize cabinet efficiency. Only rarebed
connectors are located on the backside of theaallow mounting against the cabinet wall if neszry. The bottom
board has six mounting holes for direct attachr@standoffs. See the “RTK3 Mounting Dimensionsttgon for
mounting standoff configuration. The bottom, ayitg board is home to the logic controller's praa@sinput
isolators, analog output section, output drivensl power supply section. This is where the fibgticoand almost all
input connections are made. The middle board Baslays, one logic input, and three power inpdtsree large
relays control the flood, carousel direction, aatbasel enable. Remaining relays control varyiolgage and load
levels. The top board is equipped with 110 Vagotg and the 110 Vac power input connector.

RTK3 System Constraints

Carousel motor and flood pump motor outputs arédianio 250 Vac by the on board fuse ratings. Bitthese
outputs use the same voltage. To run higher vedtagpntact Centroid for alternate wiring optio&sngle phase
carousel and flood pump motors can also be usedselcontact Centroid for more information.

The lube pump output must be either 220 Vac or\Md®single phase. In addition, the E-stop powep lmust be 24
Vac, solenoids and lights must be 110 Vac, andmsmsust be compatible with 24 Vdc input when usindRTK3.

Wiring Concept Visual Comparison

Previous ATC Wiring Sample

Transformer

PC

Inverter

I
\. \\\\ / Estop Contactor

[ Intermediate Terminal Strip | ||
Power Supply PLCIO2 /
— % // \ Servo Drive

[ Intermediate Terminal Strip |

Carousel Motor Contactor Flood Pump Contactor \ \

JIW ! AR ARY
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RTK3 Wiring Sample

Transformer
PC

Estop Contactor

N [

Inverter a RTK3 Servo Drive

P——

A
VN AR AN

Note the simplified layout and wiring enabled bg RTK3. Fewer individual wires, represented by tities, are
used and the intermediate terminal block connestire reduced. Cables, represented by thick livigsquick
connect ends replace many individual wires. Irdsgt components and specialized connection pointseoRTK3
reduce the quantity of external hardware requirBdese advantages allow for quick, organized, catrgnad reliable
panel wiring.

Power Connection

Four power connections are necessary on a full Riktllation. Three phase power is connectedudgitia four
position screw terminal strip labeled “3 Phase tripihree phase power is used for the flood pumgtae carousel
motor outputs; this requires these motors to beséimee voltage rating. All other power inputs dregpn connections
using a 5 position plug. Three wires are positibaeiquely in the housing to allow easy identifioatof different
voltages. The 220 Vac input supplies the 220 Vae land spindle cooling fan outputs. The 110 Vipat powers the
on boards supply as well as 110 Vac outputs. Tpoderelay coils and the E-stop output use th¥&@elinput.

Input Wiring

All inputs on the RTK3s are optically isolated é2lVdc powered. Some inputs are sourcing and ®ter sinking,
see the “Input Map” section for details. The tvasic input configurations are shown below.
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Internal Circuitry Internal Circuitry

Sourcing Input Sinking Input
+24 VDC +24VDC
INPUT POWER T

INPUT

3 =

Q
INPUT

INPUT GROUND

% 24 GROUND 24 GROUND

Either type of input may be used with a switch.ui®og inputs may be used with sinking sensorsdhatapable of
sinking 15 mA at 24 Vdc. Sinking inputs may bedugéth sourcing sensors that provide 15 mA at 24.VVGare
must be taken to wire each input correctly, asctige for each input has signals that are not imsall cases. These
include 24 Vdc and Input Ground for powering seasord a shield connection that should normallydmnected
only to the RTK3. The 24 Vdc supply fuse is locate the bottom, or logic, board. The “DIGITIZE BRE"
connector has an additional fuse for the 24 VdgBupin, which can also be found on the logic boafthese fuses
are in series such that the digitizer fuse couldathout affecting other inputs. However, a shiorany other 24 Vdc
circuit will blow the main 24 Vdc fuse, causingoss$ of all input voltages.

Connectors are available on the RTK3 to plug iritland fault inputs from a Centroid DC brushed satvive. The
“DRV FAULT” and “LIMITS TO DRIVE” headers are intated only for allowing straight through cable cortimts
to a drive. Limit switch wiring should be donerfighe “X-/ X+ /Y-/Y+ LIMITS” and “W+ [/ W-/ 54 5- LIMITS”
headers. When using a Centroid DC brushed seive dith an RTK3, the “G” and “5” power DIP switchen the
drive should be turned on.

Output Wiring

Several output types are present on the RTK3 tocedviring time when interfacing with specific coomgnts. These
include 110 Vac, 220 Vac, 3 phase outputs, 24 ¥ad,an analog output. Open collector and relayamboutputs are
also available for more general application. $e€'©Output Map” section for more information.

Each power relay output is protected by a fusee "DOOR FAN” and “CONSOLE” 110 Vac outputs are afase
protected. Fuses are 5x20mm and should be rated ®qor less than the ratings printed on the RTd{3afety.
Signal relays, such as those on the inverter ositpwé not fuse protected.

Internal Circuitry Internal Circuitry
110VAC Output 220VAC Output
110 VACH 220 VAC L1
/\/ Output /\/ Output
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Internal Circuitry
Relay Output

Qutput Common

/\/ Output

Internal Circuitry

Open Collector Output Internal Circuitry
+5VDC Flood Motor Output
l 3PHASELL
T—C_+ Output
Output 3 PHASE L2 VA
T—C_4 Output
—X 3PHASE L3 VA
T—c_4 NN Output
OuT 3
5GROUND %

Internal Circuitry
Carousel Motor Outputs

Direction Relay Enable Relay
3PHASE L1 Y Output
3PHASEL2 | J ¢ 9 2 Output
4
_C_
4 Output
OouT5 %
3PHASEL3 OUT 31

Configurable Outputs

Outputs 11 and 37 may be configured as 24 Vaclay montact outputs. These outputs are routeledAUX 2 /
CHILLER” connector. The configurable output jumpettings must be verified before connecting tleegputs to
prevent damage to the RTK3 or associated hardware.
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Internal Circuitry
Configurable Relay Outputs

OUTPUT
24 AC1 15 C2
JlorJ3
24 AC2 15 o2 OUTPUT COMMON
J2 orJ4
24 Vac Output Setting Relay Contactt@u Setting
Pin 1 Pin 1

Jlor JSJ JlorJ3
J2 orJ4 J2 orJ4
Spindle Outputs

The RTK3 is equipped with an analog output andigfized relay outputs to simplify spindle drive img. The
analog output has a 12-bit resolution and can bégured for 0 to +5 Vdc or 0 to +10 Vdc outputhelanalog
ground should not be connected to other groundh@RTK3. All input and output functions required a standard
inverter connection are located on the 15 pin “ftef@ connector.

Internal Circuitry
Analog Output

+12 VDC
[~ Analog Output
_—
- Analog Ground
A4 ANALOG
-12vDC GROUND
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Internal Circuitry
Spindle Drive Outputs

SPINDLE DRIVE RESET
OuUT 15
SPINDLE DRIVE RESET COMMON
SPINDLE OUTPUT COMMON
'_C_4 SPINDLE ORIENT
OuUT 10 :%
_C_4 SPINDLE ENABLE
OuT 14 :@
15 o2 SPINDLE DIRECTION COMMON
J4 ] SPINDLE FORWARD
1 2 R
0 5 % —f SPINDLE REVERSE
OuUT 13 @
Jumper Setting for Direction Run through Enable Jumper Setting for Direction Pulleddommon
Pin 1 Pin 1
J4 JE J4 JE

Analog Output Adjustment

Output voltage range can be set to 0 to +5 Vdctor€L0 Vdc by setting jumpers J1, J2, and J3 aiegrto the
diagrams below. Trimming the output can be acc@hetl with VR1 and VR2 potentiometers. See theKBT
(Bottom) Board Connections” diagram for the locatal adjustment hardware. The analog levels gestdi at the
factory for the 0 to +10 Vdc ranges, so only sligtljustments should be needed for each installatmy adjust the
“OFFSET” potentiometer, VR2, at the minimum possigbindle speed. This adjustment is intended tonhyll the
voltage level when 0 RPM is commanded. The “GAp®t, VR1, should be used at maximum speed to neatizlal
RPM with the commanded RPM. Adjustments to théagnautput should be very minor and cannot be tised
compensate for incorrect inverter or control sgHin
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Emergency Stop Connector

The E-stop connector has an input and output, emlikst RTK3 connectors. The input notifies thetimmf an
external E-stop press. The output allows an E-&tdye triggered by the PLC program. Because th®f connector
sources 24 Vac, a 24 Vac contactor coil must bd.u3éis reduces the number of connections atdkeaf some

versatility.

Internal Circuitry
24VAC E-stop Output

24 VACH

Output
ouT1

Fast I/O Operation

The Fast I/O is a hard-coded function that is exdhlathen output 40 is turned on in the PLC progrEime. Fast I/O
immediately turns off output 31 when a falling edgéetected on input 26. This is done immedidbelipre sending
any data back to the control. The function is sedfetting - after output 31 is turned off, outpOtrdust be turned on
again in order to reactivate the Fast I/0. UshegRast I/O prevents the carousel from moving &oalfie to
communication delays. When output 40 is off, oti§luand input 26 work normally. In the RTK3 implentation of
the Fast I/O, input 26 is dedicated to a souraid counter sensor and output 31 controls the 8 patousel enable
relay directly. Output 40 is not a physical outmihce using this output for purposes other thast FO enable could
cause confusion.

Timing Diagram - Fast I/O Enabled Timing Diagram -
Normal PLC Operation

OouT40

INP26 INP26 f S

ouTs1 ouT31

6ms 30m¢s

Status Indicator LEDs

Six green indicator LEDs (lights) located on théttm board display RTK3 status. All six LEDs Wbk lit under
normal operating conditions. Five of the LEDs aade the presence of required operating voltages. 110 Vac
input feeds the power supply to generate thesageit The “PLC OK” LED lights when the RTK3 andtioo
control card, CPU10, have a working communicatiok. | This LED will not be lit as soon as powemijsplied. After
the control software, CNC10, has initialized thetimo control card, communication can be establishital the
RTK3, which lights the “PLC OK” LED.

Input Map
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Input Specification Connection Location
Number Function Type Board Connector Hin

1 X- Limit Sourcing |Bottom | X-/ X+ /Y-/Y+ LIMITS 1

2 X+ Limit Sourcing |Bottom | X-/X+/Y-/Y+LIMITS 3

3 Y- Limit Sourcing |Bottom | X-/X+/Y-/Y+LIMITS 5

4 Y+ Limit Sourcing |Bottom | X-/X+/Y-/Y+LIMITS 7

g Z- Limit Sourcing |Bottom | Z+/ Z- LIMITS 1

q Z+ Limit Sourcing |[Bottom | Z+/ Z- LIMITS 3

7 W- Limit Sourcing |Bottom | W+ /W-/5+/5-LIMITS 1

g W+ Limit Sourcing |Bottom | W+ /W-/5+/5- LIMITS 3

9 5th- Limit Sourcing | Bottom | W+ /W-/5+/5- LIMITS 5
14 5th+ Limit Sourcing | Bottom | W+ /W-/5+/5- LIMITS 7
11 Emergency Stop Sourcing| Bottom| ESTOP 1
12 Servo Drive Fault Sourcing| Bottom| DRV FAULT 2
13 TT1 Sourcing | Bottom | TT1/AUX 1
14 Probe Sourcing | Bottom | DIGITIZE PROBE 1
15 Probe Detect Sourcing| Bottom| DIGITIZE PROBE B
14 Error Check Internal | N/A N/A N/A
17 Door Interlock Sourcing | Bottom | DOOR SWITCH ]
19 Low Lube Sourcing | Middle | LOWLUBE 1
19 Spindle Zero Speed Sourcing Botton) INVERTER 10
2(q Spindle At Speed Sourcing| Bottom| INVERTER 13
21 Spindle Orient Complete Sourcing| Botton] INVERTER 11
22 Tool Clamped Sourcing [ Bottom| TOOL CLAMP/UNCLAMP 3
23 Tool Unclamped Sourcing | Bottom| TOOL CLAMP/UNCLAMP 1
24 Tool Release Switch Sourcing] Bottom TOOL REL SW 1
25 Spindle Drive Fault Sourcing | Bottom| INVERTER 1p
24 Tool Counter * Sinking | Bottom | CAROUSEL INPUTS
21 Carousel Out/ TP Up Sinking | Bottom| CAROUSEL INPUTS 2
24 Carousel In/ TP Dwn Sinking | Bottom| CAROUSEL INPUTS 1
29 Aucxiliary 1 Sinking [Bottom | CAROUSEL INPUTS 3
3q Rotary Home Sourcing | Bottom| ROTARY INPUTS
31 Rotary Clamped Sourcing| Bottom| ROTARY INPUTS B
32 Air Pressure Low Sourcing | Bottom| AIR LOW 1
33 NOT USED N/A N/A N/A N/A
34 NOT USED N/A N/A N/A N/A
39 NOT USED N/A N/A N/A N/A
34 NOT USED N/A N/A N/A N/A
37 NOT USED N/A N/A N/A N/A
34 NOT USED N/A N/A N/A N/A
39 NOT USED N/A N/A N/A N/A
44 NOT USED N/A N/A N/A N/A
41 NOT USED N/A N/A N/A N/A
42 NOT USED N/A N/A N/A N/A
43 NOT USED N/A N/A N/A N/A
44 NOT USED N/A N/A N/A N/A
45 NOT USED N/A N/A N/A N/A
44 NOT USED N/A N/A N/A N/A
47 NOT USED N/A N/A N/A N/A
49 NOT USED N/A N/A N/A N/A
49 NOT USED N/A N/A N/A N/A
5( NOT USED N/A N/A N/A N/A
51 NOT USED N/A N/A N/A N/A
57 NOT USED N/A N/A N/A N/A
53 NOT USED N/A N/A N/A N/A
54 NOT USED N/A N/A N/A N/A
54 NOT USED N/A N/A N/A N/A
54 NOT USED N/A N/A N/A N/A
57 NOT USED N/A N/A N/A N/A
54 NOT USED N/A N/A N/A N/A
59 Range 3/ Arm Clamp Sinking [ Bottom| AUX SPINDLE INPS 1
60 Range 2 / Arm Stop Sinking | Bottom| AUX SPINDLE INPST 2
61 Range 1/ Arm Home Sinking | Bottom| AUX SPINDLE INPS 3
62 Spindle Chiller OK Sinking | Bottom [ AUX SPINDLE INPLS 4

* Fast /0O Related
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Output Map

Output Specification Connection Location
Number Function Type Board Connector Pin
1 Emergency Stop 24VAC Bottom ESTOP 4
2 Lube Pump 220VAC Middle 220 LUBE 1
2 Lube Pump 110VAC Top 110 LUBE
3 Flood Pump 3 PHASE Middle FLOOD MOTOR 1,23
4 Mist Solenoid 110VAC Top MISTER 1
g Carousel Direction Internal Middle N/A N/A
q Carousel Out Solenoid 110VAC Top CAR OUT 1]
7 Tool Clamp Solenoid 110VAC Top TOOL CLAMP 1
g Air Blow Through 110VAC Top AIR BLOW 1
9 Carousel In Solenoid 110VAC Top CARIN 1
19 Orient Relay Contact | Bottom INVERTER 3
11 Spindle Chiller Configurable Middle AUX 2 / CHIHR 1,2
12 Spindle Cooling Fan 220VAC Middle SPIN FAN 1
13 Spindle Direction Relay Contact Bottom INVERTER 6,3
14 Spindle Enable Relay Contact| Bottom INVERTER 4
15 Inverter Reset Relay Contact| Bottom INVERTER
14 Error Check Internal N/A | N/A N/A
17 Spin. Speed Bit 0 Internal N/A | NA N/A
19 Spin. Speed Bit 1 Internal N/A | N/A N/A
19 Spin. Speed Bit 2 Internal N/A | NA N/A
2Q Spin. Speed Bit 3 Internal N/A | N/A N/A
21 Spin. Speed Bit 4 Internal N/A | NA N/A
22 Spin. Speed Bit 5 Internal N/A | NA N/A
23 Spin. Speed Bit 6 Internal N/A | N/A N/A
24 Spin. Speed Bit 7 Internal N/A | N/A N/A
2 Spin. Speed Bit 8 Internal N/A | NA N/A
24 Spin. Speed Bit 9 Internal N/A | NA N/A
27 Spin. Speed Bit 10 Internal N/A | N/A N/A
24 Spin. Speed Bit 11 Internal N/A| N/A N/A
29 Gear Change Relay Contact| Middle AUX1/ RANGE 112
3( Rotary Clamp Solenoid 110VAC Top ROT CLAMP
31 Carousel Enable * 3 PHASE Middle CAROUSEL MOTOR 2,3
32 Red Light 110VAC Top RED LIGHT 1
33 Green Light 110VAC Top GRN LIGHT 1
34 Yellow Light 110VAC Top YEL LIGHT 1
35 Worklight 110VAC Top WORKLIGHT 1
34 Auxiliary 1 Relay Contact | Middle AUX 1/ RANGE B,
37 Aucxiliary 2 Configurable Middle AUX 2 / CHILLER K}
39 Auxiliary 3 Open Collector | Bottom AUX DRIVERS 1 01
39 Auxiliary 4 Open Collector | Bottom AUX DRIVERS 1 9
4(Q Fast I/O Enable * N/A N/A N/A N/A
4] Auxiliary 57 Open Collector | Bottom AUX DRIVERS 1 7
42 Aucxiliary 6" Open Collector | Bottom AUX DRIVERS 1 6
43 Auxiliary 7/ Open Collector | Bottom AUX DRIVERS 1 5
44 Aucxiliary 8" Open Collector | Bottom AUX DRIVERS 1 4
45 Auxiliary 97 Open Collector | Bottom AUX DRIVERS 1 3
44 Auxiliary 10" Open Collector | Bottom AUX DRIVERS 2 10
47 Auxiliary 117 Open Collector | Bottom AUX DRIVERS 2 9
44 Auxiliary 127 Open Collector | Bottom AUX DRIVERS 2 8
49 NOT USED N/A N/A N/A N/A
50 NOT USED N/A N/A N/A N/A
51 NOT USED N/A N/A N/A N/A
52 NOT USED N/A N/A N/A N/A
53 NOT USED N/A N/A N/A N/A
54 NOT USED N/A N/A N/A N/A
55 NOT USED N/A N/A N/A N/A
54 NOT USED N/A N/A N/A N/A
57 NOT USED N/A N/A N/A N/A
54 NOT USED N/A N/A N/A N/A
59 Auxiliary 13 Open Collector | Bottom AUX DRIVERS 2 6
6( Auxiliary 14 Open Collector | Bottom AUX DRIVERS 2 5
61 Auxiliary 15 Open Collector | Bottom AUX DRIVERS 2 4
62 Aucxiliary 16 Open Collector | Bottom AUX DRIVERS 2 3

Fast I/O Related
~ Often used to store the tool number
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RTK3 Specifications

Characteristi Min. [Typ.Max. Unit
5 Volt Supply Current (Ex 0|0 |02
Use)
24 Volt Supply Crrent (Ext. | 0.C |0.1]| 0.4 |A
Use)
Input Pullup Voltag 23 |24 | 25 Vv
Power Relay Output Curre |0.01| - | 10 |A @ 250 Va
Power Relay Output Curre  |0.01| - | 5 |A @ 30 Vdc
Power Relay Output Curre 10 | - |40CmA @ 100 Vdi
Signal Relay Output Curre  |0.00] - | 0.E A @ 125 Va«
Signal Relay Output Curre  |0.00] - | 1 A @ 24 Vd«
Open Collector Output Curre| - | 4C | 50C jmA
Open Collector Output Volta| - | 5| - V
3 Phase Output Lo - - | 0.EHP @ 250 Va
110 VAC Input Curret - 9125 A
3 Phase Input Curre - - 8 A/ Phas
Input Operating curre 9 |11] 15 mA
Analog Output Resolutic - | 12| - |bits
Analog Output Voltag 0 10 vV
Analog Output Curre 0 |1](20mA
Size: 12*5*4 (W*D*H) inch

RTK3 Troubleshooting

Symptom

Possible Cause

Corrective Action

JAll status LEDs out

110 Vac not connected

connect 110 Vac supply toip board, check voltage
between 110 ACN and 110 ACH terminals

F1 Fuse on logic board blown

Return for repair

PLC OK LED out

Motion control card not initialized

IStart CNC10 software

Incorrect PIC on motion control card

Install IO2PIC

Fibers faulty or incorrectly connected

Check cotines, inpect or swap fibers

+24 LED out

Fuse blown or poor connection

Check ¥dc fuse and fuseclips on bottom board

No digitizer +24 Vd

connection

If +24 VVdc LED is lit, digitizer fuse blown or poo

Check digitizer fuse and fuseclips on bottom board

No analog output or nelinear output

Incorrect Parameter 31 setting

Sdtte -1

lworking

3PDT Relays and Estop contactor not

24 Vac not connected

plug 24 Vac cable into 24 ipat on middle board, chec
connections and voltage

3 phase fuses blowing

Incorrect PLC program fotaie 3PDT relays

Check for the most current Pt@pam

JAUX2 or CHILLER outputs not working

correctly

Jumpers J1-H@utput (middle) board not set

Refer to page 6 in the manual
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RTK3 Mounting Dimensions

% 4.275
S Q)
12.000
11.800
SV
G
5.450 5.275
! P :
S
0.200 0.475
0.200—> [«—
—> 0.500 <—
4.375
5.000
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RTK3L (Bottom) Board Connections

Rotary Clamped Input

24 Ground

Inverter Reset Comm
Inverter Output Comr
24 VDC

Chassis Ground
TT1/ Auxilaryl Input
24 Ground

24 VDC
Probe Contact Input

24 Ground
Probe Detect Input

Rotary Home Input
24 Ground
Chassis Ground
Chassis Ground
24 Ground
Digitizer 24 VDC
Chassis Ground

E:Esto Input
24 GFr,oured
o

Estop Output
24 AC2

Pin 1
Pin 1
Pin1
Pin1

Chassis Ground

Z- Limit Input
24 Groun

Z+ Limit Input
24 Ground
24 VvDC

Chassis Ground

W- Limit Input
24 Ground
W+ Limit Input
24 Ground

5- Limit Input
24 Ground

5+ Limit Input
24 Ground

24 VDC
Chassis Ground

5VDC X- Limit Input
5 Ground 24 GrouncF
Auxiliary Qutput Driver 9 i Pin1 X+ Limit Input
Auxiliary Output Driver 8 '\'\ 24 Ground
Auxiliary Output Driver 7 Y- Limit Input
Auxiliary Output Driver 6 24 Groun
Auxiliary Output Driver 5 Y+ Limit Input
O 24 Ground
Auxiliary Output Driver 4 24 VvDC
Auxiliary Output Driver 3 \I[ Chassis Ground
svoc Ranges lnout
5 Groun
Auxiliary Output Driver 16 i " gﬁﬂ%??nlnﬁft
Auxiliary Output Driver 15 Pin 1 24 \VDC P
Auxiliary Output Driver 14 24 Ground
Auxiliary Output Driver 13 24 Ground
Auxiliary Output Driver 12 Chassis Ground
o
Auxiliary Output Driver 11
Auxiliary Output Driver 10
Tool Unclamped Input
24 Ground

Tool ClamJJed Input
24 Groun
24 VvDC

Chassis Ground

Tool Release Switch Inf
24 Ground

24 VvDC

Chassis Ground

Programming Header - Do Not Connec] %

Carousel Out Input
Carousel In Input
Auxiliary 1 Input
Tool Counter Input
24 VvDC

24 Ground
24 Ground
Chassis Ground

Jumpers

Analog
Output
Configuration

Analog Offset Pot Air Low Input

24 Groun
24 VDC

Chassis Ground

Mx

R

Analog Gain Pot

Door Interlock Input
24 Ground
Inverter Output Configuration Jump 24 VvDC

Chassis Ground

Pin1

%i
Fiber Optic 3
Fiber Optic 2
Fiber Optic 1

J ’

- ~052053apTase =2
a SoTaz3z5Sacc
2320¢ [} QEBSERSSSE23883
303 a CESFEIQBas-E-322
2=5>0 > 250080692989 3545
0500 0 50E20B 30253580,
T O ) £E50GEC O Q, 7]
JE2J E S3EEos 22BN
o5 5 s50W B QCOC gy
z° e £0008222580EF &
~ DT AR 2™ 9=
e EEE035 w52
FRBLEE TsT&
Ta =
2’0256 3° @
= f=X 2]
2]
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RTK30O (Middle) Board Connections
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[E2—— 24 AC1 Input
[}

T

=1

o
O

24 AC2 Input
Chassis Ground

Chiller Output

Chiller Output Common
Auxiliary 2 Output
Auxiliary 2 Output Comm

3
5
.

Chassis Ground

Range Change Output
Range Change Common
Auxiliary 1 Output
Auxiliary 1 Common

LY
5
.

Chassis Ground

Chiller Configuration Jumper

Lube Low Input
24 Ground

24 VDC
Chassis Ground

Pin 1

Auxiliary 2 Configuration Jumpe
Pin1 Lube Pump 220 AC1

Lube Pump 220 AC2

3
5
.

Chassis Ground

Spindle Fan 220 AC1

Spindle Fan 220 AC2

LY
5
.

T

Chassis Ground

220 AC1 Input
220 AC2 Input

LY
5
.

Chassis Ground

3 Phase L1 Input
3 Phase L2 Input
3 Phase L3 Input
Chassis Ground

m

— Flood 3 Phase L1
Flood 3 Phase L2
Flood 3 Phase L3
— Chassis Ground

— Carousel 3 Phase L1
Carousel 3 Phase L2
Carousel 3 Phase L3
Chassis Ground

ik
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RTK3T (Top) Board Connections

Carousel In Output

Tool Clamp Output
110 ACN

Door Fan 110 AC
110 ACN

110 ACN

Chassis Ground
Chassis Ground
Chassis Ground
Chassis Ground
Air Blow Output
110 ACN

Chassis Ground

Carousel Out Outy
110 ACN

=

Chassis Grou
110 ACN
Console 110 AC

110 ACH
110 ACN

% Pin1
Pin1
Pin1
Pin 1
Pin 1

Pin 1 Chassis Ground

110 Lube Output
110 ACN
Chassis Ground

3
5
=

SRS

Mister Output
110 ACN
Chassis Ground

3
5
=

Worklight Output
110 ACN
Chassis Ground

3
5
=

Rotary Clamp Outp
110 ACN
Chassis Ground

Red Light Output
110 ACN
Chassis Ground

3
5
=

Green Light Output
110 ACN
Chassis Ground

3
5
=

Yellow Light Output
110 ACN
Chassis Ground

)

inl
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Motion Control Card

CPU10

Jog Panel Header Expansiol

\ Headei
— ||;;:;;::;::||||:_;\;‘:;;j e s
, | e
D_rlve S— — i D
Fibers 5 Asis 3
. i
sl — : Axic 2
bLC ]
. : ﬁ" Axis 1
Fiber: z. BEH
: Axi
Connector Encode
Headers

The CPU10 is designed to replace both CPU7 and GRS with a compatible PCI slot version as altresu
elimination of ISA slots from PC motherboards.

1. PCI bus Card will work in PCI slot without manuadigtting address of card. Cards will work withestRCI
cards in use without conflict.

2. Inputs: inputs will include Jog panel, expansioader, PLC header, six encoder inputs. All six eleco
inputs will have polarity check.

3. Fiber optic communication: All fiber optic componemvill be available for both the SD drive systetfiber)
and the brushed system ( 2 fiber ). Software widke the adjustment for the system. PLC fibercopti
communications remain the same as CPU7, CPU9.

4. Card will fit in standard PC case and in the Ceadtfonsole updated for the card.

5. CPU10 will accept spindle input for multiple SDivdyrsystem (3 KW and 4KW motors). SD3 systems must
use the spindle encoder input on the drive.

6. The type of PLC being used will determine whetlher€PU10 will have an I02PIC or CPU711 PIC on
board. DC3I0, PLCIO2 and RTK3 PLCs use the 102PBervo3I0,RTK2 and PLC 15/15s use the CPU711
PIC.

C:\soft_eng\manuals\Install Service Manual\Rev @1Chapter 1.doc 11/21/2008

69



Applications:

SD drive system (Brushless or Brushed motors)

[o]e

% | Drive Fibers

Treee]
Rt gl

PLC

. — i
Fibers
L Gaa 3j2 11F e
(] o @
 E——
@ ® |

Spindle Encoder
(SD1 System)

]

SD3 or SD1 Drive e —

]
LT

SD drive system (Brushless or Brushed motors)

The DC3IO system leaves 2 fiber transmitters guahuses the encoder inputs for all motors. Tduisadso be used
for the Servol and Quaddrv and with any Centroi@ PL

The CPU10 card performs at the same speeds anticfuality as the CPU7 and CPU9, block through mat system
response time are not affected. The CPtétiires the Linux or Windows operating system and diffém@ounting
hardware in the Centroid Console.

Encoder Connections:

H1 J4

GRD 10 9 A vce jlé_j: i%

vee 8 LA 2 PR
RI- 6 ND

+A 6 5 -INDEX bor—4* *[3—cnb
DO- 2 + o+ 1 GND

+B 4 3 GND

+INDEX 2 1 GND TO JOG PANEL

CON10A
Jog Panel Connections:
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Complete Kit Hardware Installation

Mounting the Magnetics cabinet

The magnetics cabinet should be mounted on the drattie right-hand side of the mill. If the maahiwill not allow
the cabinet to be directly mounted, it must be medimo a stationary object such as a wall very treamachine. If it
is to be mounted on the right-hand side of the, ithi# cabinet must be far enough to the rear tlea¥ay covers, the
Table, the Head (on a bed mill), Splash guardsaaryctables or hoses will not hit the cabinet cerifiere with the
ability to open the cabinet door. Also, in mangesmthe top of the cabinet will require spacets\el the cabinet due
to the shape of most machines.

The magnetics cabinet should be mounted high entmuglow room for the cabling coming out of thettbm of the
cabinet. If a Rotary table is going to be added tle®m must be left for connection of the rotatyléaconnector. For
most mills mounting brackets will have to be madleminum bar stock ¥4” thick, 1” wide and 18” to 2ng will
normally work quite well. Dimensional drawingstbe two cabinet sizes are shown below.

CCNC NN
O CNC_DNC_DNC—

4122”7 [1047.0mm] 40.40” [1026.2mm]

I O |
o ' L
——1319° [335.0mm]
16.00" [406.4mm]

24.35" [618.5mm]
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35.22” [894.6mm]

o LJ
\——m.oo' [406.4mm}————

e—————24.35" [618.5mm3
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Mounting the console

There are currently three different mounting arrtians available. Each is shown graphically beldver additional
information, reference Tech Bulletin TB132.

(1) - 3/4" X 4-1/2" BOLT
PART# - 2783

OR
MOUNTING OPTION 1 .
PARTH# - 2187

(1) - 5/8" FLAT WASHER
PART# - 2714

(1) - 1/2"-13 X 4-1/2" CAP BOLT
PART# - 1833

(2) - 1/2" FLAT WASHERS (BLK)
PART# - 2764

(1) - PIVOT PIN

\ A PART#-110
o X\U

(1) - L-BRACKET
PART# 2657

©

\

€

o (2) - 3/8"-16 X 1" HEX BOLTS
< } ! PART - 3272
& — ‘: 1
= P ] < (1) - MOUNTING BRACKET
gl "~ PART# -1827

T ~
~ S

~
S ~

™ (2) - 3/8"-16 NYLOC NUTS
PART# - 3271

(1) - M39 CRT/KEYBOARD TRAY
PART# -2658
(1) - 1/2-13 NYLOC NUT
PART# - 1672
~D (1) - CONSOLE ARM
/ PART# -2894
(2) - 3/8"-16 X 1" HEX BOLTS

PART# - 3272
(2) - 3/8" SPLIT WASHERS
PART# - 1957

L.
g

7,
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MOUNTING OPTION 2

LIFTING EYE BOLT

(1) - L-BRACKET (NOT SUPPLIED)
PART# 2657

(1) - CONSOLE ARM
PART# -2894

(1) - MOUNTING BRACKET
PART# - 2142

(2) - 1/2"-13 X 4-1/2" CAP BOLT
PART# - 1833

(2) - PIVOT PIN
PART# -110

(4) - 1/2" FLAT WASHERS (BLK)
PART# - 2764

(2) - 3/8"-16 X 3/4" HEX BOLTS
PART# - 2386

(1) - MOUNTING BRACKET
PART# -1827

(1) - 1/2"-13 NYLOC NUT
PART# - 1672

(2) - 3/8"-16 HEX NUTS

PART# - 1898

(1) - M39 CRT/KEYBOARD TRAY
PART# -2658

4) - 3/8"-16 X 1/2" HEX BOLTS

PART# - 3134

(2) - 3/8"-16 X 1" HEX BOLTS

PART# - 3272
(2) - 3/8" SPLIT WASHERS
PART# - 1957
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MOUNTING OPTION 3 (1) - MOUNTING BRACKET

PART# - 2142

(2) - 1/2"-13 X 4-1/2" CAP BOLT
PART# - 1833

(2) - PIVOT PIN
PART# -110

(4) - 1/2" FLAT WASHERS (BLK)
PART# - 2764

(2) - 3/8"-16 X 1" HEX BOLTS
PART# - 3272

(1) - MOUNTING BRACKET
PART# -1827

(1) - 1/2"-13 NYLOC NUT
PART# - 1672

(1) - CONSOLE ARM
PART# -2894

(2) - 3/8"-16 NYLOC NUTS

PART# - 3271

(1) - M39 CRT/KEYBOARD TRAY
PART# -2658

(4) - 3/8"-16 X 1" HEX BOLTS
PART# - 3272

(4) - 3/8" SPLIT WASHERS
PART# - 1957

Console Installation

To ensure the console is installed in such a wdg asake it comfortable and functional for the yslee following
guidelines should be used.

The correct height of the console is determineguding the middle of the console at eye levele Bkerage height
user should be able to stand at the console akddioectly into the middle of the console withowving to bend their
neck. Itis important to take into account thepphig pallet if present. To adjust for the palignd on an equal
height pallet when checking the console height: éHmnee mill, the bottom of the console shoulschbéower than the
bottom of the spindle when it is fully retractedlantool is not present.

The arm must always put the console at a comfatabight and within easy reach. The arm shoulglaake the
console too far back or too far forward. An easst to determine that the arm length is correathisther or not the
operator has to lean over the table to operatedhsole. The operator should not have to do tlifiia.table guard is to
be mounted on the table later, this should be takerconsideration when testing the arm length.
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The arm should not place the console too far intfad the machine. The arm length of the consbtaikl be such
that the operator can stand close to the machitieuti hitting the table and not have to lean backtep away from
the machine to operate the control. If the opena¢eds to lean back or step away from the mactiieearm is too
long.

Also, use a stop bolt to prevent the arm from siigdnto the head or shop light. Mount the shgption the left if
an automatic tool changer (ATC) is not present.

The following pictures illustrate the guidelinesey previously.

CRI=y

]
Eye Level: Not Too High, Not Too Low

S o
1< 1=

Control Too High Control Too Low

®

<

Control Arm Too Long

Control Arm Too Short
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Servo Motors Installation

Motor Space Requirements and Mounting Bolt Holec8pa
Redcom 17 in-Ib DC Servo Motor

FRONT VIEW SIDE VIEW

3.5300 |—2.0500 [52.07mm]

. — |

DIA. 0.2800 [DIA. 7.11mm]\

DIA. 31460 [DIA. 79.91mm]

— 3.5000 [88.90mm]

DIA. 3.9310 [DIA. 99.85mm]
BOLT HOLE CIRCLE

DIA. 0.4327" [DIA. 10.99mm] MOTOR SHAFT —=[=—0.1183 [3.01mm]
WITH STANDARD 4mm KEY 11640 [29.57mm]

e 7.2100 [183.13mm] ——— =

Redcom 29 in-lb DC Servo Motor

4 HOLES DIA 0.266” (6.7Smm> THRU’
SHAFT SIZE 625" DIA. EQUALLY SPACED ON A

0.50" 7.78" 2.30" 4.95" (125.7mm> BOLT HOLE CIRCLE.

[12.7mm] [197.7mm] [58.4mm] M6 x 059" DEEP HOLE
IN END OF SHAFT ‘

KEY
o 1.50” 0.09"
— [38.0mm] [2.4mm]
rﬂl875 405
] | : KEYWIDTH 0o _ (168 o]
[E“Emm] SQUARE
| \ SLOT DEPTH
. STRESS RELIEF
— b=
0.429" 0.21"
J \*OAZW [Semml 11 RO.357
DRIVE END [R9.0mm]
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SEM 29 in-Ib / 40 in-lb DC Servo Motors

ALL DIMENSIONS IN INCHES

1.378" [35.00mm] DIMENSION A’ 2.05" [50.01mm]

(FOR BRAKE MOTOR ADD 1.77" [44.96mm])

0.105" [2.67mm

I —|— 7 4" [101.6mm] DIA 0.095"[241mm] ||
I [
— — | | —

C

SHAFT SIZE .625" [15.88mm] DIA.
M6 x 0.59" DEEP HOLE
IN END OF SHAFT

4 HOLES DIA. 0.266" [6.76mm] THRU'
EQUALLY SPACED ON A
4.95" [125.73mm] BOLT HOLE CIRCLE.

0.0937" [2.38mm]

/_ﬁ&f @ 1.5" [38.1mm]
KEY

0.1875" [4.76mm]
| KEYWIDTH

| Jr,

1T

T SLOT
0.787" DIA
1 @ { f{lg.ggmm] STRESS RELIEF

} 00922 [2 84—
LOT DEPT

) 2.188" [55.58mm
——I L—0'429 [10.90mm] gy %55.47mm%

0.421" [10.69mm]

4.25" [107.95mm] SQUARE

DRIVE END

— —DIA. 100.0mm BHC

DIA
FRAME DIM ‘A’ in/lb
MTS30M4 | 8.36” [212.34mm]| 29
MTS30U4 [10.12” [257.05mm]| 40
LeeDan 0.75kW AC Servo Motor
40.0mm DIA. 70.0mm
L ! 300 = AL 7.0mm
30'5‘mm 20.0mm
73.0mm U —= [*—3.0mm
/
| —1! /
— - - — |l e= |
\ |
\
M5X0.8020
113mm —/
185.0mm 33.5mm [=—
218.5mm
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LeeDan 1kW AC Servo Motor

M6x1.0Px20
FEEDBACK CONNECTOR: MS3102E-20-29P 7.0mm —=— =—
MOTOR CONNECTOR: MS3102E-20-15P L
{ 22.0mm
i 7.0mm:1
3.5mm
DIA. 135.0mm BHC

42mm
DIA. 152.0mm W
82.0mm DIA, 110.0mm \
- I
- — — B Ne—— {
|
\
[=40.,0mm—==—2.0mm
=—350.0mm —={
S ==
le—56.0mm —=] 19.0Mmm S.0mm [e——120.0mm
206.0mm S56.0mm —=
262.0mm
ADD SOmm TO MOTOR LENGTH FOR BRAKE OPTION
LeeDan 2.2kW AC Servo Motor
M6x1.0Px20
FEEDBACK CONNECTOR: MS3102E-20-29P 7.0mm —= =
/ MOTOR CONNECTOR: MS3102E-20-15P l
{ 24.0mm
93.0mm i 7.0nm—' '[
3.5mmn
@8 dmm I‘ DIA. 135.0mm BHC .
42mm
l DIA. 152.0mm
82.0mm —] | DIA. 110.0mm
—[]
[] /
7I: — -+ AN— ﬂﬂ
E \
— \
— ] = 40.0nn—={{=—2.0nn
-
- —— [=—50.0mm —=
[=—356.0mm —= 19.0mm Fe——5.0mm
266.0mm S56.0mm —=
322.0mm
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Pulley and Belt Selection
A large number of machine tools employ timing baltsl sprockets to transfer motion of the servo nshaft to the

ball screw. This allows the machine tool buildeetsily change the overall turns ratio of the drige system, and
allows the servo motor to be placed in a spaceieffi position.

Although belts and sprockets are available in hogherial and Metric pitch, for best overall perfante and wear
resistance, use 5mm pitch belts and sprockets wnmgachine tool. Use 8mm pitch on a very large rimectool. Two
sources for these belts and sprockets are: GataseRCompany HTD PowerGrip system (distributed &gring
houses world-wide), H. Neuman & Company, Schilleri®®ll.. Voice #847-671-5885, Fax #671-3603. &dditional
information on pitch styles, reference Tech BuliékB003.

ACACAYAYAYVAV,V,V, VN

Metric pitch Inrf)eriol p?tch

Pulley Installation

WARNING : Do not pound pulley onto shaft or use exceskiwee during installation.

Installation Procedure

Polish the motor shaft with a fine abrasive (Scdalght Pad) to remove all burs.
Remove any dirt from the motor keyway.
Remove any burs from the keyways using afflat(see Fig. 1a, 1b).

ote: One or two passes with the file should work.

Remove any burs on the key with a fiiig as well (see Fig. 2).
Test fit the key in the motor keyway.
ote: Key should fit snugly into keyway (no play).

Ream pulley collar to remove burs.

Clean motor shaft, pulley, and key with a solvesatrijuretor cleaner).
Without the key in the keyway, slide the pulleymttie shatft.

Note 1: Pulley should slide on easily by applyingnly hand pressure.

ONO Z0hA ZWDNE

Note 2: Do not use any lubricant on shaft

9. Repeat steps 1-8 if pulley does not fit.
10. Remove the pulley from the shaft and insert theiktythe keyway.
11. Gently slide the pulley onto the motor shaft.
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Note: The pulley should fit snugly on the shaft wiout any play.
12. Align the pulley to the proper position and tightee pulley set screws.
Burs

\P& lZDir‘c
4 mlotor Shaft Maotar Shaft i%

Wrong  Correct
Fig. 1a

Burs LDirt

T

=

M e Filed
Key Key

Wrong Correct -
Fig. 1b Fig. 2

Pulley Alignment

If the pulleys and belts are not properly aligngginage can occur to the machine. See the folloasagple of a
spindle motor and pulley setup. Although a spinsligsed as an example, the same problem can wittuservo /
ball screw combinations as well.

This diagram shows the motor being mounted 0.2&0t than the spindle pulley. This will cause essiee noise
and create heat build up on the spindle pulleytsid The belt would surely become frayed andnretivould
eventually be destroyed.

Mlctor

&

% Sfl:uindle | | %

[

3 / “““““ \ “““““““““““ Removed 0.250"
fromthis side of
0.250" out of alignment pulley so itwould
wotk,
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To fix this problem, you must bring the motor pyliato alignment. One recommendation is removirgy th
pulley from the motor and machining 0.250" from Haekside of the pulley. You will also have to make
new retainer to hold the pulley on

Pulleys on the motor and spindle that are of a poality cast and have numerous voids will alsaeese belt life.
Be sure the belt is the correct multi-groove type.

Direct Drive Transmission Coupling

If using a direct drive system, it is very impottém make sure the coupler is properly alignedmigaligned coupler
can come loose, causing a very noisy racket, wéneimds like a machine gun firing, giving the falspression of a
bad motor.

Realigning the Noisy Coupler

Remove the old coupler from the machine, removesthews on the coupler, place red loctite on the $arews, and
loosely reconnect the couplers. Slide a 5/8" grawacthrough both sections, thereby re-aligningdbplers. Tighten
up the screws, and remove the 5/8" ground rod. Plese the coupler back on the machine.

Replacement Couplers

Should your coupler need replacing; KTR and Zero¢lgian supply you with excellent couplers.
KTR Rotex GS mode]| coupler size 28/38. It is silver in appearanca @ses a red poly coupling. KTR's phone # is
219-872-9100 and their Email: KTRcorp@ktrcorp.comviv.ktrcorp.con

Zero-Max,Inc. Servo Class # SC 050. Their phone # 1-800-533-1731

Splash Shields

The SEM servomotors carry an IP65 rating from tlamufiacturer that means that the motors are liqesttant -
NOT liguid proof. The position of the servomotorsamachine, especially the Y-axis motor on kndkspgan allow
flood coolant or machine way lube to pour directhto the motor. Over a period of time, coolant aywube seeps
into the motor, rendering it totally useless. Théydix is to buy a new motor. Since this kind @frdage is not
covered under any warranty, the end user is fa@@dirchase a brand new motor.

A far easier solution is to install a simple shaetal shield over the motor in order to preventitig and oils from
pouring directly onto the motor. This shield doekave to be anything fancy. It just has to diway liquids or oils
away from the motor, must stay in place, and mastnterfere with the motion of the axes, or caady motor or
limit switch cables. This simple shield will savewor your customer the cost of a brand new sertonas well as
the associated down time.
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Limit / Home Switches

Routing the Control Cables

Depending on the use of the mill protection for¢hbles may need to be provided for. The best gtioteis Sealtite
conduit. Spiral Wrap provides good protection fralbmasion, plus and minus of both.

Cables to the head

Knee mill with a solid ram

If possible the cables to the head should be ratmeadigh the mill casting, picture of cabling thgbua BPBoss,
Rhino.

Knee mill with a movable ram

Enough slack needs to be left in the cables tavaits complete forward and reverse movement of#me, picture of
Gain mill in forward and reverse position.

Bed mill

A flexible wire track should be used, picture ofevirack, manufacturer, where to order from, averaice.

If no wire track is used enough slack needs teefier the cables to allow complete movement ofttbad. Care must
be taken that the cables do not get caught on $itaff switches, Work light, Etc, and that they dot interfere with
the correct operation of the limit switches.

Cables to the table/bed

Knee mill

Slack must be left in all of the cables to allowttee up and down position of the Knee, pictur&afn mill, knee up
and knee down.

Slack must be left in the cables for the X axisangpicture of Gain mill, table completely forwaadd left and table
completely back and right.

Moving limit switches

Bed mill

The Y axis motor usually does not move and is ettt the front of the mill. If possible route thetor cable
through the casting from the back.

The limit switches on a bed mill normally only mdieeward and back with the bed. Slack must beifethe cables
for this movement.
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The X axis motor and Ball screw are sometimes nexlitt the Saddle with the Ball nut connected toTthble. In this
case the X axis motor only moves forward and b@ckother mills the X axis motor and Ball screw argunted on
the Table and the Ball nut is connected to the Badlthis case the X axis motor will move botihviard and back
and left/right. Slack must be left in the cablesltow for this movement.

Cables to the lube pump

The lube pump cable can usually be routed aloniy thié cables to the head or the table dependirigeophysical
location of the lube pump.

Cables to the flood coolant pump

On a Knee mill and a small bed mill the flood covlpump is located in a sump in the bottom reahefmill casting.
There is usually an access panel to this spacelédan be drilled through this panel for a condaitnector or a
strain relief connector. A U shaped slot can beattihe edge of this panel to allow cables to passigh while still
being able to completely remove the panel for ateshe flood pump area.

Cables for an ATC (Umbrella type)

If the cables for the ATC Carousel are run throoghduit the 3-phase power cable and the contrdécstould be in
separate conduits to avoid electrical noise.

Connecting the control cables

Refer to the Schematic Diagram that came with dmérol for all wiring of components. Connectionscomponents
on the machine are shown inside of Thick Dottecekin

Inverter Installation

Inverter and Braking Resister Mounted Inside MaigseTabinet

The inverter should only be mounted inside of tlagnetics cabinet if it is small enough to leavertgpiired space
for cooling as recommended in the inverter mantia braking resister should also be mounted whmenetis
sufficient room for cooling. It should be mounteattically. (Heat rises) Braking resisters can g&THAIl cables
should be kept well away from the braking resister.

Inverter and Breaking Resister Mounted Outside M#iga Cabinet

When the inverter is mounted externally, a separaliénet should be used. A cabinet is much chethperreplacing
an inverter that has been damaged due to chipsrdiuld. The size of this cabinet should be basedhe inverter
manual recommendations. If the breaking resistto be mounted externally, some form of guard hbe used to
keep someone from accidentally coming in contatt Wi Braking resisters can get HOT.

Single Phase operation of Centroid Controls

A phase converter is not recommended or neededriaing most controls using single phase. Most @phmotors
can be operated using a Inverter for less costdhamisy phase converter.

A. Main control
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1. DC servo systems made after January 1 1995 argngekto use single phase to power the main
servo control. The L1 line is not used by the aalntt is only used to power 3 phase motors. For
single phase operation make sure that power isemted to L2 and L3.

2. AC servo systems can also be powered from L2 andirgjle phase operation is not recommendec
for systems using servo motors over 1KW. Systentls arly 2 axis can use up to 2KW motors
although most systems that use larger servo matsosuse larger spindle motors and the use of
single phase for spindle motors over 7.5hp is nattral.

GREEN

SINGLE (s
PHASE | Jack

L1| L2 L3

O, 0,0

O'O'O' =

T1 T2 T3

F1 F2 F3

B. Spindle motor operation with single phase.

1. Spindle motor of 7.5hp or less can be run usinglsiphase power. Spindle motors higher than
7.5hp require to much current (Over 100amps) tprhetically run with single phase.

2. Ainverter is recommended for spindle operationnyerter to replace the reversing contactors is
much less expensive than a phase converter. (Anlepter is around $450) Most controls can be
set up for spindle speed control but the inverder loe used to just turn the spindle on and off. also

3. Ainverter capable of single phase operation maaided. The following inverters will work.

a. Mitsubishi FR-A500 series for ATC units.

b. Hitachi SJ100 series

c. Automation Direct GS1 and GS2
4. For other models consult the manufacturer to findifcthey are capable of single phase operation.
5. Oversize the inverter accordingly.

3 phase Spindl 1.5 Hg 2 Hg 3 Hg 5 Hg 7.5 Hy

motor size

Inverter size 2 HF 3 H 5 Hg 7.5 Hy 10 Hy
C:\soft_eng\manuals\install Service Manual\Rev @31Chapter 1.doc 11/21/2008

85



6. For correct connection of inverter for single phaperation refer to the inverter manual. Different
inverters use different connections for single phgzeration.

C. Torun a 3 phase flood pump using single phaseexpénsive inverter ($100) can be used to run the
flood pump in place of a contactor. The outputhef inverter is set to 60Hz and the output on thé€ PL
is used to turn the inverter on and off. Disconretoriginal contactor control wires and connéet t

inverter control wires as shown.

SPIN FORWARD (3

O OUTPUT PLC
f OUTPUT COMMON

INVERTER COMMON &
INVERTER

3 PHASE
POWER INF2/S O—

L3IT O—
GROUND (O—

TV O—

3 PHASE
POWER OUT

T3IW O—
GROUND(9—

LIR O——

ToN Q——

FLOOD COOLANT OUTPUT

SEE INVERTER MANUAL
FOR CORRECT CONNECTIONS
FOR SINGLE PHASE OPERATION

3 PHASE TO
FLOOD PUMP

D. Torun a single phase flood pump the overload ptoteon the flood contactor must be removed and

replaced with the correct size fuses.

SINGLE PHASE

—] N| ™M
A < <
] N] ™M
Hl H] F

I /Ll

VA L2

G

GND
—_ FLOOD

E. To run a 3phase ATC Carousel motor with a PLCIG8gisingle phase an inexpensive inverter,
around $100, can be used to run the carousel midteroutput of the inverter is set to 60Hz and the
outputs on the PLC are used to turn the invertear@hoff. Disconnect the original contactor control
wires and connect the inverter control wires asvsho
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H7 RL32
32 COM gLt

= 1
32 NC

32 NO T
31 COM 7~ F18
310UT o\

SPIN FORWARD(3
SPIN REVERSKY 1
INVERTER COMMONC3 |

INVERTER 5 5pase L1 O—+—— SEE INVERTER

PN PN N—

POWER L2 (O-—— MANUAL FOR
IN L3 (Q-—— CORRECT SLCIO2 ——
GROUND(9-—— CONNECTION

3PHASE T1 (OH
POWER T2 (OH

ouT T3 G_

GROUND(H

CAROUSEL

F. Torun a 3phase ATC Carousel motor and flood pump aviRTK3 PLC using single phase
an inexpensive inverter, around $100, can be usedttheucarousel motor and another
inverter to run the flood pump motor. The output of theritars is set to 60Hz and the
outputs on the PLC are used to turn the inverters on anBistfonnect the original power
wires and connect the inverter control wires as shown.

G.
L3 L2 L1
| | |
K i K CAROUSEL REVERSING
j FLOOD COOLANT
=g ;\ ;\ :\
3-PHASE
CAROUSEL MOTOR FLOOD MOTOR INPUT
G L3 L2 L1 G L3 L2 L1 G L3 L2 11
SPIN FORWARD(D
SPIN REVERSKY)
INVERTER COMMONC>
INVERTER 5 oase L1 -H—— SEE INVERTER ©) SPIN FORWARD
POWER L2 (QH—— MANUAL FOR —1—&) SPIN REVERSE
N GROUIIII?I’:)g R T oN € INVERTER COMMON
SEEINVERTER — € L1 3 PHASE
3PHASE T1 (G MANUAL FOR © L2 POWER
POWER T2 (O CORRECT —1 13 N
out T3 OH CONNECTION —1 €y grouno INVERTER
GROUND(H
CAROUSEL & T3 ShHasE
T2 POWER
FLOOD S 73 OUT
—€) GROUND
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H. To use a single phase reversing carousel motoraMhCIO2 plc. Connect the incoming
single phase power and motor wires as shown wittloamging the contactor control wires.

_@_SINGLE PHASE
i
® 1) 1)
— ] » -] o] ™
JRN] Q| RN | G
Al | ™ Al & ™
H | - H - -
‘j l\ [
F SINGLE
START CAPE R PHASE
N REVERSING
G MOTOR
GND
- CAROUSEL

I. To use a single phase reversing carousel motosiagte phase flood pump motor with a
RTK3 plc. Connect the incoming single phase powermotors as shown.

CAROUSEL REVERSING
L3 L2 L1
] ] ]

$44

?

FLOOD COOLANT

PP

i
509 R

CAROUSEL MOTOR FLOOD MOTOR

G L3 L2 L1 G L3 L2 L1 3-PHASE
INPUT
|o|o]o]o][o]o]o]o] ¢ & e u
[0]o[o[0]
220VAC
1 PHASE
MOTOR
F SINGLE
START CAP R PHASE
N REVERSING
G MOTOR
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Rotary Tables

Installation steps

7. Remove rust-preventing grease, and then put regdig on the machine table.
8. Connect MS connector and conduit and air line.

9. Align the table to the machine.

10. Clamp the rotary table on the machine table.

11. Make sure the®4axis is turned on.

—
Block| ¢ Q Block
|

Machine table Machine table
Vertical mount Horizontal mount

(3-1)

Notice
Clamping force is driven by air, it is very impantdo install filter, regulator, and lubrication el®se as possible to the
pneumatic equipment for which they are used.

Pressure {

regulator Lubrication

oil inlet

=>Pneumatic
out

Air source in=>

Filter container Lubrication

Water outlet container
[ ereryday )

Filter & Requlator & Lubricator for Pneumatic

A. To protect all components from rust it is necessaiipstall filter, regulator & lubricator for pnenatic
supply.

B. The pneumatic pressure should be set between psi88/hen pressure is under 57 psi, the mechanism’s
clamping accuracy will be reduced.

C. Drain the water inside filter container everydafole operation.
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How to avoid interference between Rotary table i@

Spindle of
machining center

. CNC Rotary Table

Motor cover

< . The most possiblemc
_~ interference spot

A > Width from center of guide-block on the CNC rot&ajle to the end of motor
cover.

B - Height of motor cover.

C = M/C moving to end of the Y axis, the distance lestwlocking center of
CNC rotary table to the safety door.

NOTE: Before you purchase or install the rotary tabteok the width of 'A". It should be smaller thaa th
dimension of 'C'. Also consider the height of tdlele 'B', so it doesn't interfere with the machsueround.

MAINTENANCE & LUBRICATION
Lubrication replacement time and condition

1. Normal operation: Change lubricant every six months

2. Continuous operation: Change lubricant every thneaths.

3. If machine is idle over six months, change theitant oil before use.
Steps to change lubricant

Drain oil by unscrewing oil outlet screw.

Make sure the oil reservoir is clean.

Open the oil inlet cover.

Refill with recommended lubricant into oil resemoi
. Replace the ail inlet cover.

Be sure the lubricant is over center of the oilduaw.

moow>
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Qil inlet

Qil outlet

Worm wheel box Motor gear box

Recommended lubricants:

CPC-HD HD150
Texaco-Meropa 150
Shell-Omela 100
Mobil-Mobilgear 629

Characteristics of recommended lubricants:

Agma grade 4-EP

Flash point 400F

ISO Grade 100-150

SUS Viscosity At 100F, 72.5
At21C F, 75.5

Notes:

() Be sure no chips fall into table body durinfillieg oil.
(2) Fill oil up to middle of the scale window.
3) Clean chips and coolant off of Rotary Tablergwday.
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Rotary Table Parameters

Rotary Mtr/Tb Slow Fast Max Rev/ Encode Limit Home Dir
Table | Ratio Jog Jog Rate degree counts + - + -

Troyke 180:1 360 720 1,200 0.5 8,000 00 ** N
Yuasa 90:1 2,000 3,937 3,937 0.25 8,000 00 B
SUDX

220

w/5.27

Yuasa 90:1 2,000 12,000 12,000 0.25 8,000 00 *ox N
SUDX

220

w/6.00

Yuasa 70:1 2,000 3,937 3,937 0.2 8,000 00 xo*
SUDX

140

w/5.27

Yuasa 70:1 2,000 12,000 12,000 0.2 8,000 00 * % N
SUDX

140

w/6.00

Centroi DC 2,000 9,000 9,000 .25 8,000 00 *ox

d 90:1

RT- AC 5,000 11,500 11,500 25 8192 00 o

200 90:1

Centroi DC 2,000 9,000 9,000 .25 8,000 00 * ok

d 90:1

RT- AC 5,000 11,500 11,500 .25 8192 00 * ok

150 90:1

Centroi DC 2,000 9,000 9,000 .25 8,000 00 *ox

d 90:1

RT- AC 5,000 11,500 11,500 .25 8192 00 *oox

100 90:1
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Centroid
17 in/lb motor

W Red
[ J
Green

Black 093 MALE

Encoder

.062 MALE .062 FEM
— L |

Pressure
Switch — I @] Red
.062 MALE 062FEM| Green
|
~———~ Yellow S Brown
Home 062 MALE
Switch Yellow : .062 FEM Black
DC Wiring
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Cable
Home Flag
Home Flag
Common
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Clamp +
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CONNECTOR, MOLEX PART # 19 - 09 - 1039

.093 MALE PINS, MOLEX PART # 02-09-2103 14 - 2 SHIELDED CABLE
RED D O RED PIN L |
GRN ollo SHIELD PIN J
BLK BLK PIN_K
.O -/
CONNECTOR, MOLEX PART # 19 -09 - 2039
.093 FEMALE PINS, MOLEX PART # 02 - 09 - 2104
CONNECTOR, MOLEX PART # 70107 - 0008 MALE CONNECTOR ON CABLE
PINS, MOLEX PART # 16 - 02 0108 AMPHENOL 97 - 3106E - 28 - 11P

l

p—— - ~ __ BLU PIN_E
ENCODER - - ! BLIGBLY PN_F X o: @ o
- - 3 On UO
BLK/WHT PIN H XX Or *O
- 4 GRN PIN_| Os ® vO
- = 5 BLK/GRN PIN P XX < *O
- m 6 Oc @ wO
- = ; RED PIN C Ow sO
Orp xO
- = 8 BLK/RED PIN D_XX
Y SHIELD PIN U SN ORY
- - 9
1‘ 22 AWG, 4 TWISTED PAIR, SHIELDED CABLE
CONNECTOR, MOLEX PART # 50 -57 - 9409
PINS, MOLEX PART # 16 - 02 - 0103
CONNECTOR, MOLEX PART # 03 - 06 - 1023 €—18-5 CABLE

.062 MALE PINS, MOLEX PART # 02 - 06 - 2103

... YEL ) BLK PN A
CLAMP o
VEL ol BLK PIN B
SOLENOID m N

— GND CONNECTOR, MOLEX PART # 03 - 06 - 2023
- .062 FEMALE PINS, MOLEX PART # 02 - 06 - 1103

T

o

CONNECTOR, MOLEX PART # 03 - 06 - 1023 CONNECTOR, MOLEX PART # 03 - 06 - 2023
.062 MALE PINS, MOLEX PART # 02 - 06 - 2103 .062 FEMALE PINS, MOLEX PART # 02 - 06 - 1103

I

HOME RED ®) RED PIN N
SWITCH BLK @ GRN PIN D

DYNAP AR ENCODER WIRING

GREEN PIN 1 A

RED/BLACK PIN 2 A\

ORANGE PIN 3 B

WHITE/BLACK PIN 4 B\

WHITE PIN 5 z
CONNECTOR, MOLEX PART # 03 - 06 - 2023 BLUE PIN 6 Z\
.062 FEMALE PINS, MOLEX PART # 02 - 06 - 1103 RED PIN 7 +5VDC

PRESSURE \QIS(T \L BLACK PIN 8 5V COMMON
SWITCH o p R SHIELD PIN 9 SHIELD

ED 0)(0 WHT PIN T
Q_ SUMTAK ENCODER WIRING

RED PIN 1 A
PINK PIN 2 A\
OLIVE PIN 3 B
CONNECTOR, MOLEX PART # 03 - 06 - 1023 BLUE PIN 4 B\
.062 MALE PINS, MOLEX PART # 02 - 06 - 2103 YELLOW PIN 5 7
ORANGE PIN 6 Z\
WHITE PIN7 +5VDC
BLACK PIN 8 5V COMMON
SHIELD PIN 9 SHIELD

DC Rotary Table Connections
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Centroid

750W AC motor
Black
Red
White
Shield
Encoder
DB15
O Red B
.062 MALE
Black
n/c L
White
Black
Red B

]_ .062 MALE

I

— @ |

~ . Yellow
r/w Yellow

.062 MALE

AC Rotary Table cable uses two 1/2" conduit lines

I

Motor Power

Encoder .
|: DB15 } Encoder Line

White

Clamp
Acknowledge

Red Home Flag
.062 FEM Green
Home Flag
Common

Brown

Black Clamp +

All wires and connectors indicated in light gray go through encoder conduit
All wires and connectors indicated in dark gray go through power conduit
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AC Rotary Table Connections

11/21/2008

g\manuals\install Service Manual\Rev @31Chapter 1.doc

C:\soft_en

96



Chapter 2
Software Setup

CNC Linux Hardware Requirements
Basic Requirements

« 586 400 MHz Processor (1 GHz recommended)
« 128 MB RAM (1 GB RAM recommended)
« 512 MB Flash Disk (and IDE flash card reader)

Supported Motherboards

The following is a current list of motherboardstthave been tested with CNC Linux. These mothedssohave
network devices that are supported by CNC LinukCQ.inux should work with other motherboards praddhey
satisfy thebasic requirements

Gigabyte GAM61S ME-S2
Gigabyte GAM61P ME-S2
MSI K9VGM-V

MSI MS-6368, MS-6787
VIA Epia M10000 Mini-ITX
« AAeon PCM-6890-B10

Supported Network Cards

« VIA Rhine series

+ RealTek RTL-8139, RTL-8129, RTL-8130

« Intel EtherExpress Pro, EtherExpress Pro 100, Ettpgess 10
« 3com 3c¢509, 3¢529, 3¢579 "Etherlink IIl"

« 3com 3c515 ISA "FAST Etherlink"

« SIS 900, SIS 7016

CNC Linux & CNC10 Board Level Installer CD
What can | do with this CD?

1. Install CNC Linux and CNC10 on a hard drive or fiaksk.
2. Make CNC10 update disks.

How does it work?
This is a bootable CDROM that will boot a disklesssion of CNC Linux. It may be used on the tagyetem itself
or on a different computer. Once booted, the itstgkrogram runs.

Is it safe to use the igtaller on my desktop computer?
If you make only update disks, it is safe.

If you want to use your desktop computer to insEIC Linux on a hard drive or flash disk, you néedbe careful. It
is possible to wipe out any operating system ded fin the computer. Back up your system. Make that you
know how to identify the hard drives by how theg ptugged into the IDE ports and the jumper sedtiog the
drives. The safest way to proceed is to completelgonnect the power cable of any hard drive ¢batains valuable
data. Once you can positively identify the tadygie or flash disk and you are comfortable ushgyinstaller
program, you can reconnect it. This is more coierrif you want a "dual-boot installer system'teat you can
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boot either the hard drive or the installer withclianging cables; however, you still need to befoawhen you use
the installer.

You cannot install CNC Linux on a different padiiion the same hard drive as other operating sys}erhere is
currently no need to support this option.

How do | identify and configure my drives?
Never disconnect or connect any cable until yostesy is safely shut down and the power is off!

Use the following table to cross-reference IDE paitd drive jumpers to names used by BIOS Setup.iand:

IDE Port |Drive Jumper|BIOS Setup Nam¢Linux Name
IDE 1 Maste Primary Maste hde
IDE 1 Slave Primary Slav hdk
IDE 2 Maste Secondary Mast hdc
IDE 2 Slave Secondary Sla hdc

Typical installation configurations:

System Type Device Drive
Target (Contro Target Flash Disk or Target Hard Dr|  hde
CDROM hdk
System Type Device Drive
Dual-Boot Installer (Deskto] CDROM hda or hd
Desktop Hard Driv hda or hd
Target Flash Disk orarget Hard Driv|  hdc

What are the requirements for the installer system?

Processo Pentium (586) 800 Mk
RAM: 128 MB minimun

CDROM: ATAPI IDE CDROM
(Required for installation only)

Video/Display|VESA Compatible XVG/
Disk: IDE Hard Drive or Flasr128 MB Minimun

Mouse PS/@ MS Compatib
(Required for installation only.)

How do | Install CNC Linux?
You may use the installer on the "target systeimé ffontrol system) itself or the "installer systdjatifferent
computer.)

To install CNC Linux and CNC10 directly to a flagisk:

Insert this CD ROM into the CD ROM drive of thetalter computer.

Shut down and power off the installation computer.

Configure, install and identify your hard drivesanding to the tables, above.
Turn on your system.

PobdE
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10.
11.
12.
13.

14.
15.
16.
17.

18.
19.

If necessary, press Del during boot to change tlSBsettings so that your system will boot from @i2
ROM.

At the "boot:" prompt, press Enter. Or simply waaiid CNC Linux will start.

When the Installer loads, click on the "Install CNi@Lix" button.

Under "Flash Card Device" select the target diive,drive on which you want to install CNC Linux.
Caution! Theinstaller will format the drive theinstant that you click the "Install" button. You will not get a
warning. See above: "How do | configure and identify mivels?" Get it right. Now.

Select Install CNC10 Mill, Lathe, or None.

Choose a PLC program from the list on the right.

Choose "DC Brushed" or "AC Brushless", under "Difygpe".

Review your choices, and correct any mistakes nblis is your last chance.

Click the "Install" button. The installer begirsinatting the selected, drive the instant that glak the
button.

If you chose to install CNC10, the software willibstalled according to the selected options imauedy
after the drive has been formatted.

When the "Installation Complete" message appeheg, ‘€lose".

Click "Exit", and "Exit" on the main screen. Thwesfaller automatically begins the reboot process.
When the system nears complete shutdown, it wilspaand eject the CD. Remove the CD and waihfor t
restart.

If this is the target system, it should start upreipoot.

If this is a dual-boot installer system, turn tlwever off when the system reboots, remove the fthsk or
hard drive. Install the drive in the target syst&srLinux drive hda.

From Power Up to CNC10

When CNC10 is installed on a CNC Linux system, CN@&lautomatically started when the system is caerpu
turned on. The following is a step by step desicnipof what happens when the system is powereshdchow
CNC10 is started.

1.

PN

LILO loads Linux kernel - LILO stands for Linux loader. This program isred in the Master Boot Record
(MBR) of the disk containing CNC Linux. Its jobtis load the kernel. The kernel is currently /beotinuz-
2.4.7-10.

Execute /shin/init- This program executes the /ete/inittab file.

Process /etc/inittab file- This file executes startup scripts for the currenlevel and logs in root.

Execute scripts in /etc/rc3.d directory- Theses scripts mount file systems, bring umtttevork, start the
PLC executor, load the driver for the PCI CPU1Qicar

Automatically login root - After executing rc3.d scripts, inittab callscfeiutologin which automatically logs
in the root user.

Execute /cncroot/c/cncl0/.bash_loginThis file is executed whenever root logs in..dash_login is a
command to start X windows.

Execute /usr/X11R6/bin/startx- This script starts the sawfish windows manager.

Execute /cncroot/c/cncl0/.sawfishre This file contains commands to move the mouseteq bind Alt-F6
to the action to launch an xterm and call "/cndi@onc10/bin/runcnc.sh --mill" (mill) or
"/cncroot/c/cncl0t/bin/runcnc.sh --lathe" (lathe).

Execute /cncroot/c/cncl0/bin/runcnc.sh This script replaced CNC7M4.BAT and CNC7T4.BAI starts
CNC10.

CNC Linux file system

Although CNC10 and CNCEDIT maintain the illusionaoDOS-like file system with drive labels, the r€NC Linux
file system is completely different. Linux doed nee drive labels. Disks and partitions may bepeadgdo any
directory in the Linux file system. The followinigt provides descriptions of the main CNC Linuxedtories
contained in the root /' directory.
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« /bin - Contains many of the basic unix programs sudbag cat, cp, less andps

« /boot - Contains the Linux kernemlinuz2.4.7-10

« /cncroot - Directory containing all CNC10 programs anddile

« /dev- Contains devices files. These files are use@donmunicating with hardware.

» /etc- Contains system configuration files and starscippts. Startup scripts are locatedett/init.d

« /lib - Contains basic shared libraries used by most CHGX programs. Kernel drivers are found in
/lib/modules

- /mnt - The floppy disk and windows shares are automitiogounted in subdirectories of this directory.

« /proc - Contains files created by the kernel for drivamsl running processes. These files provide useful
system information. The filgroc/driver/plc exists when the PC PLC executor is loaded.

« [root - Home directory for useoot. When CNC10 is installed, roots home directorgtianged to
/cneroot/c/enc10(mill) or /encroot/c/cncl0t(lathe).

» /shin - Contains system programs suchibgs fdisk, fsck, ifup andifdown.

« /tmp - Temporary directory. Files may be periodicalgjeded.

« /usr - Contains directories for non-essential CNC Lipuagrams and libraries. These programs add to the
functionality of CNC Linux and are required for CMC

- /var - Contains variable data files. These files aeduby some programs such as X and samba.

For more information regarding the standard Linilesfstem, go tdttp://www.pathname.com/fhs/.

/cncroot directories

Since Linux does not use drive letters, CNC10 aN@€EDIT emulate drive letters to provide a familiaok to

current DOS/Windows users. Paths suctt:asncl0\ncfiles\cirpock.cnc are really

/eneroot/c/enclO/ncfiles/cirpock.cnc. The user does not need to be aware of the atlad pf their files unless they use
the Linux command window. The following is a déstion of directories used by CNC10.

« /cncroot - All directories used by CNC10 are subdirectwoéthis directory. This directory contains threeo
letter subdirectoriea andc. More one letter directories are created when Wirglshares are mounted.
These one letter directories are used to emulate tibels in CNC10 and Cncedit.

« /cncroot/c - Contains everything that CNC10 sees as residlintpe c¢ drive.

« /cncroot/a - Directory where the floppy drive is mounted iNC10 and Cncedit. Appearsasin CNC10
and Cncedit.

« /cncroot/x - Directory where the Windows share associateld drive x: is mounted. Windows share drive
letter associations are assignednnl0.net in the cncl0 directory.

« /cncroot/c/cncl0(and/cncroot/c/cncl0) - CNC10 main directory. Similar to C:\CNC7 and@NC7T
directories with Cnc7. Contains ALL CNC10 configtion files. PLC programs and source files are als
found here. CNC10 does NOT have a separate PleCtdiy.

« /cncroot/c/cncl0/ncfiles CNC10 job files directory. Same as C:\CNC7\NICES.

« /cncroot/c/cncl0/bin- Directory containing executables and scriptguseCNC10.

» /cncroot/c/cncl0/doc Directory containing help files used by timtp command.

« /cncroot/c/intercon (and/cncroot/c/icn_lath) - Intercon file directories.

« /cncroot/c/plx - Directory containing PCI Cpu7 card driver.

Important CNC Linux commands:

» |s - List directory contents

« cd - Change current working directory
« cp - Copy file(s)

« mv - Move file(s)

« rm - Remove file(s)

« mkdir - Create directory

« rmdir - Remove empty directory

» less - Display a text file
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« pwd - Print current working directory

« cnclOm4 - Start CNC10 mill

« cnclOt4 - Start CNC10 lathe

« cncedit - Edit a text file

- statplc - Display status of plc executor

« version - Display CNC Linux version number

« cnclOupdate - Install update from floppy disk algsbf CNC10
« install-cncl0 - Install CNC10, Utilities and Confites

« install-config - Only install CNC7 or CNC10 confiides
« 7t010 - Convert CNC7 config files to CNC10 config$
+ exit - Close the command window (xterm)

« help - Displays CNC Linux help information

CNC Linux hot keys

« Alt-F6 - Launch a command window (xterm)

- Alt-Tab - Switch between applications

« Tab - Autocompletes file names at the command line
« Up/Down Arrow keys - Browses command history

Networking CNC Linux
Easier to Use Networking (Zero Configuration)

- Zero Configuration (Zeroconf) is a new, automatiaftiguration protocol

« Any machine honoring the protocol can immediately the network.

« Currently used in wireless LAN's, for example, aitp and Internet cafes.
« Randomly picks an IP address, then checks to seis ih use

« Uses local address range 169.254.x.x -- over 65)066ible addresses

«  Windows uses modified Zero Configuration addressedefault

Default Control Automatic Network Configuration Sequence

1. Tryto find a DHCP (Dynamic Host Configuration Potal) Server:

o Windows machine with Internet Connection Sharirmgéd on, or

o Specially configured LAN server, router, or proxgneer.

o The DHCP server determines complete network cordignn of the control
2. If DHCP search fails, fall back on Zero ConfiguoatiProtocol.

Network Considerations -- What Kind of Network do You Have?

« Simple Network -- a few Windows XP machines coneédty hub or switch
o Run Networking Wizard
o Turn on File Sharing

« Simple Network with Internet Connection
o Run Networking Wizard
o Turn on Internet Connection Sharing
o Turn on File Sharing

« Complex Network with Dedicated Servers
o Consult the Network Administrator
o May need to supply Administrator with control's Hitfdress
o Administrator may require use of a specific DHCRBthame
o In many cases, no special configuration is required
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Accessing Windows Shares

Edit file cnc10.net

Add lines for each share, each containing:
o //I<computer-name>/<share-name> <CNC10-drive-tettégoptions>", for example:
o // winserver/shareddocs e "username=joe,password=

Shares will be mounted at boot.

» Access a share by its "drive" letter from the CN@Gidd menu.

Sharing Control Files

« CNC10 will not share control files directly

« Set up a shared folder on a Windows machine (@bkfgione always turned on)
« Access the shared folder from the control using.Ormeet

» Load and save files to that shared directory

« Other computers will be able to access the files.

Manual Configuration

Edit file /etc/sysconfig/network-scripts/ifcfg-etho manually configure system.
Should only be necessary for complex networks wigystem Administrator
System Administrator will supply necessary data

Ul Configuration for Linux will be available in afure release

Need to specify such things as IP address, masiyvgg, etc.

Networking-Related Console Commands

ifconfig ethO - display network configuration

ifdown ethO - disable network interface

ifup ethO - initialize network interface

mount - display mounted file systems including netwdnkres

« smb-mnt-entry //<computer>/<share> <drive> "username=<username>,password=<password>"
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Configuration
(F3 from Setup)

WCS #1(G54) Current Position (inches) Job Name: _PC_TEST. CHC

X + 0 . 0 0 0 0 ggg]:ir‘ate: {%UZHU Part Cnt: 0

Spindle: 0 Part #+:30

Y +0.0000 Feed Hold: OFf
/ +0.0000

Stopped
Press CYCLE START to start job

Configuration

Contrl
Fi

Mach. H Parms
Ez F3

PID ‘
Fd

General

The first four options, <F1> through <F4>, will diay a set of parameters. Each option is explaimetail below.
The <ESC> key will return you to the previous sorégetup).

The configuration option provides you with a meforanodifying the machine and controller configimat The
majority of information in this section should ragt changed without contacting your dealer. Sontheflata, if
corrupt or incorrect, could cause personal injurgnachine damage.

Password

When you press <F3> from the Setup Screen, youlragrompted to enter a password. This level afrifgds
necessary so that users do not accidentally chataygparameters. The original default passwordissributed in the
documentation provided to the owner of the machihen the control is installed. The default passhean be
changed via Parameter 42. Instructions are givéineg parameters section below.

If you know the password, type it and press <ENTER*he password you enter is incorrect, a messeiti appear
telling you the password was incorrect and thewas prompt will reappear. Pressing <ESC> will cama the
prompt.

If you don't know the password, simply press <ENPER ou will be given access to the configuratignions so that
you can view the information. However, you willthie able to change any of the data.
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Control Configuration
(F1 from Configuration)
WCS #1 (G51)  Current Position (Inches) Job Name: HURCO. CHC

X -0.0707 rechratei 105

: I Spindle: 0 A

Y +0.0667
7 +0.0102 |5iomeed

Stopped

Control Configuration

DRO display units: (Inches ~ Millineters)

Machine units: Inches (Inches ~ HNillimeters)

Max spindle (high range): 60000.0 (1.0 to 500000.0 RPM)

Min spindle (high range): 0.0 (0.0 to 500000.0 RPM)

Machine home at purup:  Ref MarksHS5 (Jog 7 Home Switch ~ Ref Mark-HS)
PLC type: Nornmal (Absent » Normal 7 Lite » Dual)
Console type: N-40

Jog panel required: Yes (No 7 Yes)

Screen blank delay: 10 (1 to 200 minutes)

Remote Drive & Directory: C:~S0FT_ENG~UB00_SRC~CHCY

Press S5PACE to change

Save
Fi0
Pressing <F1> from the configuration screen waitty the Control Configuration screen in the aditdow. The
Control Configuration screen provides you with ahod of changing controller dependent data. Edtheofields is
discussed in detail below.
If you wish to change a field, use the up and dawow keys to move the cursor to the desired fidlgpe the new
value and press <ENTER>, or press <SPACE> to toggiken you are done editing, press <F10> to saye a

changes you have made. If you wish to discard gbanges and restore the previous values, presSx<ES

DRO Display Units

This field controls the units of measure the DREpldiys. The two options are 'Millimeters' andhies.' When this
field is highlighted by the cursor, "Press SPACEhange" appears at the bottom of the screen. riéssage is
explaining that pressing the <SPACE> key will tagtiie value of this field between the two options.

The DRO display units do not have to be the santkeamachine units of measure (explained belowjis field is
provided for users of the G20 & G21 codes so tiney thay view the tool position in terms of job snit

Machine Units of Measure
This field controls which units of measure the miaetuses for each job. The two options are 'Mitiens' and
'Inches'. Press <SPACE> to toggle the field betwvibe two options.

This field determines the default interpretationalif dimensions and feedrates. If 'Inches’ isctetk all feedrates and
dimensions will be interpreted as inches as wellrgsunit dependent parameters.

* NOTE: This field should rarely, if ever, be clygd. If you wish to run a job in units other thha default machine
units, use the G20 & G21 codes.

Rev.050808 C:\soft_eng\manuals\install Service M#ARev 081121\Chapter 2.doc 2-8



Maximum Spindle Speed (High Range)

This field sets the high range maximum spindle dgeethose machines that have a variable frequepimdle drive
controller (VFD). All spindle speeds entered i@MC program are output to the PLC as percentagdgsofnaximum
value.

If your machine is equipped with a dual range dewd VFD, the controller will not exceed the spindpeed set by
this field while in high gear. See the MachinedPagters section below for information on settirggkar ratios for
medium and low gear ranges. If your machine héB@ but is not equipped with a dual range drivés freld
determines the maximum spindle speed.

Minimum Spindle Speed (High Range)

This parameter is used to adjust the minimum spiedeed for the high range. If minimum spindleesiia set to a
value greater than zero, no spindle voltage wilbbput until the commanded spindle speed is gréadm the
minimum spindle speed. The values stored can rianoge0 to 500000.0 RPM.

10%|-------------- . 10w|------ - - - - - = ;

I |

WV | v |

o | o 1

1 ! 1 1

t ! t X

2 : 3 1

| |

O ! O !
Idlin lac: lin Do

Commanded Spin Speed Commanded Spin Speed
Ilimmum Spindle speed = 0 rpm Mimrmum Spindle speed = 0 rpm

Machine Home At Powerup
This field controls how the machine will home atygoup. There are 3 types of machine homing.

Home Switch

This option is to be used when home switches atidhirswitches will set the machine home positmnALL axes.
See the Machine Configuration section below foailled instructions on how to setup the switch taubed on each
axis.

Ref Mark-HS

This option is to be selected when a physical $witidl not set the home position of ALL axes. Cacthk axis that
does not have a physical switch (which can benahe, or any combination of axes), some type ahpeent marks
(see below) must be used by the operator to linthatpaxis. On a knee mill, for example, where gownot want the
home position at the edge of the travel (so thietialnot hanging far off the machine), referen@ks can be used to
center the table to a repeatable position whilbysigal switch can still be used to set the vertieés. See the
Machine Configuration section below for detailestinctions on how to setup the switch or ref. ntarke used on

each axis.
S

I

Jog
This option is to be used ONLY if the following atitions are met:

e There are NO physical switches of any kind on tlaemne

» There is NO need for the operator to consisterdlelthe same machine home position
Note: If this option is chosen, the operator will be riegd to reset each Part Zero upon powerup of thehine.
Also, when using thdog option, the software limits must be closely morgtbto avoid damage to the machine or
operator.
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For Home Switch and Ref Mark homing, the contrdl win the file “CNC10.HOM" to set home. This filraybe
customized for special homing needs. This fileéated in the “CNC10” directory on the controldan created the
first time the control is powered up after the “Mae Home at Powerup” is set to either of the twming methods.

Default contents of the three axes “CNC10.HOM” fie a machine with home switches:

M92/Z : Move Z axis to the plus home switch
M26/Z : Set Z home

M91/X : Move X axis to the minus home switch
M26/X : Set X home

M92/Y : Move Y axis to the + home switch
M26/Y : SetY home

If a 4" axis, such as a rotary table, is added, the CNGAM file must be altered in order to home that agswvell.
Assuming the % axis will be labeled “W”, simply insert the folldmg text at the end of the file and save your cleang
M92/W : Move W axis to the plus home switch
M26/W : Set W home
If you do not have a home switch on theakis, just add the M26/W line.

PLC Type

This field tells the controller which PLC type isstalled. The possible values are 'Absent,' ‘'Nermal,' and 'Dual.'

PLC Type settinc PLC Hardware Installed

Normal PLC 3/3, PLC 15/15, RTK 2, PLCIO2, Servd3,IRTK3, DC3IO0
Lite RTK1, PLC Lite

Koyo, Koyo + PLC 3/3, Koyo + PLC 15/15

Dual

This value should not be changed unless a diffé?eat type is installed.

Console Type
Determines what type of jog panel is installed.
Current Type Notes
Uniconsole-2 Integrated console control panel, Uniconsole’s @nitonsole style pende
** Current Shipping Type** | control panel
T-39 Lathe pendent control par— Old T shaped pende
M-39 Mill pendent control pane Old T shaped pende
Offline Set for offline coversational and demo softw
Keyboar( Setting for no jog panel, <ALT J> displays keyboprgl panel overle

Previous Types

M-10 M-6C

T-4C

M-15 9.4, M-400 9.

M-15 10.4, 400 10.

T-400 9.4, -400 10.

Uniconsolt

Models M10- M60 and T40 were originally CRT based cons
9.4 and 10.4 in the type specify the size of th®LEed on that model
An "M" in the type specifies a mill control pang&l" specifies lathe.

Jog Panel Required
This field tells the controller whether a Jog Panekt be installed in order to run jobs. If se¥Y&s, Cycle Start must
be pressed twice to start a job, if set to No, €gtiart only needs to be pressed once to stalt a jo
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Screen Blank Delay

This field determines the delay used for the sctdanker function. When a value other than zeetsthe screen
will blank after the specified number of minutéhe blanking function only works if no jobs are nimg.

The value you enter is measured in minutes. Thereé value of 5 would blank the screen in 5 naslit no actions
were taken. When the screen is blank, pressindc@yvill restore the screen.

If you do not wish to use this feature, enter augalf zero to disable it. However, if the dispisikept on for long
periods of time without the blanker enabled, thagmof a screen may become 'burned' into the nronitaat is, you
will be able to see this image of the screen omtbaitor whether the monitor is on, off, or in soather screen.

Remote Drive & Directory

This field sets up the remapped default drive arettbry for the <F3> key in the Load Job screghis allows you
to conveniently load files from an attached comput& LAN network (via RJ-45 Ethernet connectioiffe Control
will usually remap the attached computer's C haincedas drive E, depending on the way it was set up

User Specified Paths
Operators can now specify paths for INTERCON fifessted INTERCON files, Digitize files and CAD file These

paths are specified in PATHM.INI. This file is antatically generated by CNC10 if it does not exibhis is a text
file, found in the CNC10 directory, that can betediwith any available text editor. The defaultTPM.INI file is:

INTERCON_PATH=C:\INTERCON\
ICN_POST_PATH=C:\CNC10\NCFILES\
DIGITIZE_PATH=C:\CNC10\NCFILES\
CAD_PATH=C:\CNC10\NCFILES\

Path ta Purpose of pa

INTERCON_PATF | Main directory containing *.ICN file

ICN_POST PAT!} | Directory INTERCON places *.CNC files created whmsting *.ICN files

DIGITIZE_PATH | Directory digitize files are saved tDirectory used by F4 key in Load Job menu w
parameter 4 is set to 2.

CAD_PATH Directory for CAD files generated with the C->CAD option in the Utility ment
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Machine Configuration
(F2 from Configuration)

WCS #1 (G54) Current Position (Inches) Job I.‘Iane: CONRDD. NC
X -1.6797 e
! pIndle:
Y -0.7869
Z B 0 - 0 0 7 6| Waiting for PLC operation

Stopped
Press CYCLE START to start job

Machine Configuration

Find
Home
E3

Set

Home
Fd

Jog “ﬂﬂtﬁr
Fl Fz

M Comp ‘
ES

Pressing <F2> from the configuration screen wiptlhy the machine configuration screen in thewitidow (see
figure below). The machine configuration screemvjates you with a method of changing machine dependata.

F1 - Jog Parameters(Values should be recorded on the Control Paras\ptge at
beginning of manual.)

Jog Parameters

Axis Slow Jog Fast Jog Max Rate Deadstart DeltaUmax Travel (=) Travel (+)
(in/min)  (in/min)  (in/min)  (in/min)  (in/min)  (Inches) (Inches)

1 200 360 5.0000 5. 0000 0.0000 0.0000
2 24 200 380 5.0000 5. 0000 0.0000 0.0000
3 24 100 290 5.0000 2. 0000 0.0000 0.0000
4 200 330 385 5.0000 5.0000 0.0000 0.0000
5 0 0 0 0.0000 0.0000 0.0000 0.0000

* NOTE: Some of these values are set automatically byAthietune option (See PID Configuration below).
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Slow Jog
Determines the speed of motion on an axis when glgws selected and a jog button is pressed. sldw jog rate
cannot be set to a value greater than the maxinaten r

Fast Jog
Determines the speed of motion on an axis wherjdgds selected and a jog button is pressed. fastgog rate
cannot be set to a value greater than the maxinaten r

Max Rate

Determines the maximum feedrate of each individoa. The feedrate on each axis can never excesdRdte,
even if the feedrate override knob on the frontgb@&turned up above 100%. (See also the Machananketers
section for the "Multi-Axis Max Feedrate" parametait limits the feedrate along move vectors, ost gach
individual axis.). For information about settiridgst parameter automatically, see PID Configurasiection below.
* NOTE: The maximum rate may be set to a smaller valyeufwish to run your machine at a slower rate.

Deadstart

Determines the speed to which an axis decelerafesdistopping or reversing direction. A low saitivill cause a
large slowdown before reversals of direction, aagisiour machine to be more accurate. A high ggttii cause less
slowdown before reversals, but this may cause gmachine to "bang" and you may lose accuracy.

Delta Vmax
The maximum instantaneous velocity change thatheilbommanded on a vector transition. This paranséiould
not be changed.

Software Travel Limits

The following two parameters will create softwamaitls for the machine. This is particularly usefuhere are no
limit switches installed on the machine. The saftviimits are what the control uses to limit tiggical size of a
machined part. If the software limits are set elythe physical limit switch or hard stop, therg tontrol will
attempt to run the job until it hits a physicalstesulting in an improperly machined part.

Travel (-)

This is the maximum distance the axis can travéhénminus direction from the home position. Aueabf 0 entered
in this field will disable the software limit in#hdirection. This will not have any effect on thygeration of the
machine.

Travel (+)
This is the maximum distance the axis can travéhénplus direction from the home position. A eabf O entered in
this field will disable the software limit in thdirection. This will not have any effect on thesogition of the machine.
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F2 - Motor Parameters (Values should be recorded on the Control Parasetage at
beginning of manual.)

Motor Parameters

Axis Label Motor Encoder Lash Comp. Limit Home Dir Screw
revs/in counts/rev (Inches) - + - + Rev Comp

1 %] 5.00000 8000 0.00000 2 1 0 0 H H

Vd Y 5. 00000 a000 0.00000 4 3 0 0 N N

3 l 5.00000 8000 0.00000 & 5 0 0 ) )

9 H 5.00000 8000 0.00000 © 0 0 0 H H

5 N 5. 00000 0192 0.00000 © 0 0 0 N N

«  WARNING : The Motor Parameteshould notbe changed without contacting your dealer. Cdrrup
or incorrect values could cause damage to the magchersonal injury, or both.

Special function indicators

These appear, if present, between the axis nunmaetha label. ‘s’ — axis is the spindle, ‘p$’ —sis paired with axis
‘$’, ‘h$’ — axis is a handwheel paired with axis,'$’ — pairing conflict. See Machine Parametéos more
information on setting up special functions.

Label

The letter you want to use to identify the axidqieTirst three axes should normally be X, Y, andfza fourth axis is
installed, it is usually named W or B. If you clgara label, for example from X to A, the controllell then accept
G-codes for axis A instead of X.

If fewer than four axes are present, the unusetkesrghould be labeled N. If an axis is manuafigrated (it has an
encoder but no motor), it should be labeled M.

For a manual Z axis, thé"axis label should be set to @. This setting alltmswo axes posting in Intercon.

* WARNING: Intercon does NOT post two axis progmifithe ¥ axis is labeled M.

* NOTE: Tool length compensation (G43-G44) andreahdrilling cycles (G73-G89) always affect thedhaxis,
regardless of its axis label. Tool diameter conspéion (G41-G42) always affects the first and sdcores,
regardless of their axis labels.

Motor revs/unit

This field is the number of revolutions of the nratoat results in one unit of measurement of moveniehat is, if the
machine units of measurement are inches, then Metsyinch is the number of revolutions of the mabat results in
one inch of axis movement. If the machine unitmefisurement are in millimeters, then Motor revsfisithe number
of revolutions of the motor that result in one milkter of axis movement Two methods of calculathrymotor
revs/unit are described below.

Current Ratio New Ratio - afte
Motor Rev/In calc. or measure

=

S(N(<X[X
S|IN|<|X

Rev.050808 C:\soft_eng\manuals\install Service M#ARev 081121\Chapter 2.doc 2-14



How To - Measuring, and setting Motor Revs/Unit:
Method 1 - Calculated, assuming ball screw pitch and pulley ratios are known:

Using the following formula, calculate and entex torrect motor revs/inch value in the machine ipatar screen as
shown above.

FORMULAS

tpi = 1/ pitch

ratio = # Teeth on ball screw pulley / # Testbtor
revs/inch = tpi * ratio

KEY:

tpi = Turns per inch of the ball screw @m

pitch = Pitch of the ball screw (given)

ratio = The gear ratio of the pulleys (calcutte
revs/inch = Motor revs/inch (calculated)

Example: See Diagram 2 on next page.
tpi =5
ratio =48/24 =2
Motor revs/inch =pi * ratio
Motor revs/inch=5* 2
Motor revs/inch =10

Note that this method assumes that the pitch aadrgéos are known. It is not uncommon that sligrrections
based upon a measured test produce more accusitieqiaog throughout the entire axis travel. Hoegentering a
Motor revs/in value based upon stated specificat&mould eliminate any gross errors

Timing belt drive - 2 : 1 ratio

_

24 oot g grodet
© g H
=2 revoltions
servo motor - 3600 RPM ~=-fining belt

| revion—a, bal lscrew

E =)
e V_Og 1800 RPM

tooth timig sprocket
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Method 2 -

Measured, assuming you have an accurate measuring method:

(NOTE: This method may also be used if the pulley ratio is unknown.

PwONE

Example:

Finish
1.

2.

Secure a 10" gauge block to the table.

Indicate one end of this block and set a part 2dse. probing cycles if you have this option.
Find (or probe) the opposite end of the block awbrd the distance the DRO displays.
Using the formula below, calculate the new motesfch value:

DRO (displayed distance
_ (displaye ) Current  _  New ratio
Actual distance (measured) ratio setting setling

10.0000 in.
99925in.

A, 5.0000tpi = 500375

From the Machine Configuration, press <F2>Motor asd the arrow keys to change the
values Motor revs/inch. Press <F10> Save to adbepthanges.
Repeat the measurements again to verify that thvese#tings are correct.

Encoder counts/rev
The counts per revolution of the encoders on yewanotors.

Lash compensation
The amount of backlash in the axis. This occuremiine table loses distance due to loose partsgidiiection

reversals.

For additional information, see Techdiin TB037.

How To - Measuring, and setting Backlash:
The example below will be for the X-axis

1.
2.

arw

No

Extend the Quill a few inches.

Set up the dial indicator parallel to the X-axisl gerpendicular to the Z-axis such that the
plunger will come in contact with the quill. Bersuhe quill is free from chips and grease. See
diagram 1.

Slow jog the X-axis until the quill just touche®tplunger on the dial indicator and then stop.
Switch to Incremental Jog mode, and set the incnémoe 01" (press the <x 100> key)
Continue jogging the X-axis, moving the plungereraentally toward the quill three (3) times.
Observe and record the dial indicastart position. DO NOT TOUCH THE DIAL INDICATOR
or the stand.

Continue to jog the X-axis moving the plunger imsentally toward the quill ten (10) times.
Jog the X-axis IN THE OPPOSITE DIRECTION ten (l@)ds. Observe and record the dial
indicatorfinish reading. With no mechanical backlash, $taet andfinish values will be the
same position. SubtraEinish - Start = Lash.

Enter the Lash comp. value for the X-axis and seg changes. Repeat this procedure for all
axes.

Notes
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. Measure the backlash several times until you aehiles same results consistantly.

. Measure backlash where the machine is to be opgrtite most (usually the center of
travels). If the jobs that are being run use nobshe travel envelope, measurements can be
averaged.

. If you measure more than .0015" of lash, the machhould be mechanically adjusted or

repaired. Although the control will attempt to caengate for excessive lash (>.0015"), it
cannot completely eliminate the underlying mechamecoblems that result in unsatisfactory

performance.
001"
Dial Indicator
. Dial
Quill Indicator
- .+ Diagram 1h. Top View
— X axXls — Keepthe dial indicator square to the Quill

Diagram 1a

Note: The following two fields not only tell the contrathich PLC inputs the switches are wired to, bub affect
the way the machine homes upon powerup.

Limit
These fields represent the PLC input numbers qooreding to any physical limit switches that you niiaye on your
machine. If no limit switches are installed, th&stls should be set to 0.

Home

These fields represent the PLC input numbers oftimye Switches you may have installed on your mrechHome
switches are used when you want the machine taoreitcally home to a position other than the trdiveits. If your
machine does not have home switches, however, @anavish to use the limit switches to home the maehihese
fields should be set to the Limit Switch valueGnd home or limit switches are installed, thesdds should be set to

0.

* NOTE: For Reference Mark homing, enter a zero foratkes that have a reference mark, and a nonzere f@lu
the axes that will home to a switch.
* NOTE: If Home Switch has been chosen as the homingadethese fields MUST have a nonzero value inrorde

to home properly.
* NOTE: The Home Switch should never be physically leddieyond the Limit Switch.
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Direction reversed
Used to match the +/- reference of your machirtbeacontrol electronics. Toggle this value if yattually move in

the X direction (reverse) when you jog X+.
X
—>+

You Press X+
U ———9 Apparent Cutter motion = X+

Table

Cutter

Table moves to the left

Screw Compensation
This value indicates whether ball screw mappingmamsation is enabled. When enabled a presetdralvsnap
compensates for error along the entire ball screw.

F3 - Find Home
Press <F3> to move an axis to its plus or minusehswitch. This function will not work if the mactd homing is set
to Jog in the Control Configuration screen.

F4 - Set Home
Press <F4> to set Machine Home for an axis auitgeat position. This is usually performed aftexdHome. This
operation should not be used to set the part zesitign. To set the part zero position, use the Betup screen.

F5 — Manual Ball screw Compensation
This option lets you edit the ball screw compermsatables.

* WARNING : The ball screw compensation tab&m®uld notbe changed without contacting your dealer. Cdrrup
or incorrect values could adversely affect the ey of the positioning of your machine.
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Machine Parameters
(F3 from Configuration)

Machine Parameters

0 0.0000( 20 b5.5000
1 0.0000f 21 0.0200
Ve 0.0000( 22 0.0200
3 0.0000| 23 0.0200
4 0.0000( 24 0.0200
— ] R
? .0000| 27 0.6B00
8 2.0000| 28 0.6800
3 0.0000( 29 115.0000
10 0.0000| 30 115.0000
11 15.0000| 31 0.0000
12 10.0000| 32 19200.0000
13 0.0500f 33 1.0000
14 100.0000 34  8000.0000
15 10.0000| 35 4.0000
16 10.0000| 36 0.0000
17 0.0000f 3¢ 10.0000
18 0.0000| 38 0.0000
19 0.0000| 39 120.0000

e R o o Joo o R ] e R o e - o e

32000

.0008
0394
.0000
.0100
.0010
.0000
.0000
.0000
.1000
.0000
.0000
.0000
.0030
.0100
.0000
.0000
32000.
32000.
.0000
32000.

0000
0000

0000

0.0000
0.5000
115.0000
1.5000
0.0000
1.0000
1.0000
1.0000
0.0000
1.0000
0.0025
0.0000
0.0000
0.0500
4.0000
0.0000
0.0000
0.0000
0.0000
70.0000

.0000
.0000
.0000
.0500
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
0000

O LS D e

=R P P L
Sooooooo

-l
FRALALARI PSS SIS

Auto Tool Changer Installed

Next
Table
F3

Save
Fi0

Pressing <F3> from the configuration screen wilptthy the machine parameters screen. This scregiues you
with a method of changing various parameters treatised by the control.

If you wish to change a field, use the arrow keymbve the cursor and select the desired fielbeTie new value
and press <ENTER>. When you are done editingithesf press <F10> to accept any changes you hade and
save them. Press <ESC> to return to the previcrees (Setup). A short description of the parameti€appear
below the table. In the screen example abovenpetea 6 determines whether an Auto Tool Changestalled.

<F3> Next Table will toggle the display parameteesveen parameters 0-99 and parameters 100-199.
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Bit-mapped parameters

Certain control parameters are defined by bit-mep@dues. In order to change these parameters ystiumderstand
how bit mapping works. A bit-mapped parameterasest as a number, representing a 16 bit valuesicdintrol. If a
certain bit needs to be turned on, that bit's hinexilue must be added to the parameter valuegibthneeds turned
off, its binary value must be subtracted from theameter value. The values for each of the 16 tétrsbe seen in the

table below.
Bit-Mapped Parameter Bit's
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Value | 3276¢ | 1638 | 819z | 409¢ | 204¢ | 1024 | 51z | 25€ | 12¢ | 64 | 32 | 16 | 8 4 2 1
To set bit-mapped parameters simply add togetleebithvalues that you need to have enabled.
Examples:
Parameter Bit number and settings
value 15 | 14| 13 | 12 | 11 | 1C 9 8 7 6 5 4 3 2 1 0
0 X | X ]| X X X X X X X X X X X X X X
1 X | X | X X X X X X X X X X X X X | ON
11<8+2+ | X | X | X X X X X X X X X X |ON| X | ON | ON
24 < 16+ X | X ]| X X X X X X X X X |ON|ON| X X X

The following parameters are currently defined:

Parameter |Definition Default setting

0 E-Stop PLC Bit 0

1 Y jog key orientation 0

2 G-Code Interpretation Control 0

3 Modal Tool and Height Offset Control 0

4 Remote File Loading Flag 0

5 Suppress Machine Home Setup 0

6 Auto Tool Changer Installed 0

7 Display Colors 0

8 Available Coolant System(s) 2

9 Display Language 0

10 Macro M-Function Control 0

11 Touch Probe PLC Input 0

12 Touch Probe Tool Number 0

13 Probing Recovery Distance 0.05

14 Fast Probing Rate n/a

15 Slow Probing Rate n/a

16 Probing Search Distance 10

17 Tool Detector Reference Number 0

18 PLC Input Spindle Inhibitor 0

19 MPG modes 0

20 Ambient Temperature 72

21-24 Motor Heating Coefficients Refer to text

25-28 Motor Cooling Coefficients Refer to text

29 Warning Temperature 150

30 Limit Temperature 180
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31 Spindle Speed Output Port 0

32 Spindle Serial Port Baud Rate 19,200

33 Spindle Motor Gear Ratio 1

34 Spindle Encoder Counts/Rev 8,000

35 Spindle Encoder Input 4

36 Rigid Tapping Enable/Disable 0

37 Spindle Deceleration Time 10

38 Multi-Axis Max Feedrate 0

39 Feedrate Override Knob Limit 120

40 Basic Jog Increment 0.0001"

41 Handwheel 100x Speed, User Jog Increment 0.25"

42 Password for Configuration Menus 0

43 Automatic tool measurement options 0

44 TT1 PLC input # 0

60 Digital Filter Size 1

61 High Power Stall Timeout 0.5

62 High Power Stall PID Limit 115

63 High Power Idle PID Multiplier 1.5

64 Fourth Axis Pairing 0

65-67 Spindle Gear Ratios 1

68 Minimum Rigid Tapping Spindle Speed 100

69 Duration For Minimum Spindle Speed 1.25

70 Offset Library Inc/Decrement Amount .001"/.02mm

71 Part Setup Detector Height 0

72 Data M-Function Options 0

73 Peck Drill Retract Amount 0.05

74 M-Function executed at bottom of tapping cycle 4

75 Axis Summing Display Control 0

76 Manual Input Unrestricted Distance 0

77 Manual Input Movement Tolerance 0

78 Display of Spindle Speed 0

79 Auto Brake Mode PLC Bit for Uniconsole-2 70

80 Voltage Brake Applied Message Frequency 1

81 Air Drill M-Function (executed instead of Z movement in drilling)|-1

82 Spindle Drift Adjustment 108

83 Deep Hole Clearance Amount 0.05

84 M-Function executed at return to initial point of tapping cycle 3

87-90 Autotune Accel Time and ka. 48

91-94 Axis Properties 0

95-98 Autotune Move Distance 2

99 Cutter Compensation Look-ahead 2

100 Intercon comment generation 0

101 Intercon clearance amount 0.1

102 Intercon spindle coolant delay 3.0

103 Intercon corner federate override 50.0

104 Intercon modal line parameters 0

105 Intercon modal arc parameters 0

106 Intercon modal drilling cycle parameters 0

115 Intercon Help 0

120 Probe stuck clearance amount 0.10"

121 Grid digitize prediction minimum Z pullback 0.002"

122 Grid digitizing deadband move distance 0.0002"
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123 Radial digitizing clearance move 0
124-127 |[PLC inputs for jogging 0
128 Handwheel MPG mapping 0
129 Handwheel MPG display control 0
130 Z axis on/off selection 0
131 4™ axis on/off selection 0
132 5" axis heating coefficient Refer to text
136 5" axis cooling coefficient Refer to text
140 Message log priority level 1
141 Maximum message log lines 1000
142 Message log trim amount 1000
143 DRO properties (load meters, 4/5 digits, DTG) 0
144 Comparison rounding 0
145 Advanced macro properties (fast branching) 0
146 Feed hold threshold for feed rate override 0
150 Run-Time Graphics 0
152 5™ axis Autotune accel time and Ka 48
156 5" axis Autotune move distance 2
160 Enhanced ATC 0
161 ATC Maximum Tool Bins 0
166 5" axis properties 0
170-179 [XPLC parameters 0
180 File Transfer COM Port 0
181 File Transfer Baud Rate 19.2
182 File Transfer Data, Parity and Stop bit settings 801
183 File Transfer Flow Control Setting 0
184 File Transfer COM timeout 10
185 File Transfer Serial Port Option 0
188-199 |[Aux key functions 0

Parameter O — E-Stop PLC Bit
This parameter specifies the PLC bit to which thgsical Emergency Stop switch is connected. Itasnhy used for
ATC applications that use custom plc messages.

Examples:

PLC Type | ESTOP Input on PL Parameter Vall
RTK3 Input 11 11

PLCIOZ Input 11 11

DC3IC Input 11 11

Servo3IC Input 1 1

Parameter 1 — Y jog key orientation

This parameter is a 3 bit field where bit 0 is ns¢d in the mill software. Bit 1 sets the directidnmovement that the
Y+ and Y- jog keys would cause and bit 2 will svihp X and Y jog keys. This should always be sé& éxcept for
very special applications.

Bit Function Description Parameter Value
0 Not Used

1 Flip movement direction of Y jog keys? Yes=2, No=0

2 Exchange X axis and Y axis jog keys? Yes=4, No=0
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Parameter 2 - G-code Interpretation Control
This parameter is a 3-bit field that controls opéibinterpretation of several G-codes. The folloyiable shows the
functions performed by the value entered in thimpeeter:

Bit Function Descriptio Parameter Vall
0 Arc centers |, J, K are absolute in G90 mc Yes =
No =0
1 Allow Z being specified alone to be sufficient tmger execution of |Yes =
canned tapping or drilling cycle to be executed? No=0
2 Interpret dwell times associated with G4, G74, G824, and G89 ¢ |Yes = ¢
milliseconds rather than seconds? No =0
3 Slaving rotary axis feedrate to r-rotary axis feedra Yes=¢
No =0
4 Selectshe center for scale, mirror and rotate. By defthdtcente |Yes = 1t
will be 0,0,0. Add 16 to this parameter to make ¢enter of scale, [INo =0
mirror and rotate the current position.

Parameter 3 - Modal Tool and Height Offset Control
This parameter is a 2-bit filed. Bit 1 controlsetiier or not the last tool and height offset atéigiaduring a job run
will remain active after the job is complete aslvasl controling the Tool status display in the @tatvindow.

Bit Meaning Parameter Valt
0 Tool and Height Offset numbers will be modal anuaén active between jol |Yes = (
Tool Status display will remain active even wheln i not running. No=1
Tool Status display will show the current T and tinier.
1 Reference tool position set tchome Yes =
No=0

Parameter 4 - Remote File Loading Flag
This parameter controls the action of the Loadrdehu when CNC job files are selected from drivéels higher
than C. These drives (i.e. drives D, E, F, et@)mesumed to be network, Interlink drives or ektied drives.

Value | Meaning

0 Job files are not copied or cached. They are rum fivhichever drives they reside

1 Job files are copied to the C drive\cncl(ncfiles) when they are loaded. The local cog
used when the job runs.

2 Turn on file caching. Job files are temporarilytead on the C drive. The cached copy is t

while the job is running. The cached copy is deletben the next job is loaded or when

Parameter 4 changes to a 0 or 1.
Digitize files are cached as the machine is digitiz\When digitizing is complete, the resulting
file is copied to the digitize directory specifigdpathm.ini.

File caching is useful for machines with both alfi@ard and a hard drive. By caching job filegiftbe hard drive on
the flash card, the hard drive is not used whiéejttp is running. As a result, the life of theddrive is extended and
the flash card does not fill up with job files.
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Parameter 5 - Suppress Machine Home Setup
This parameter controls machine homing upon startibpe control. The following table details thaétions
controlled by this parameter:

Bit Function Description Parameter Value
0 Suppress the requirement to set machine home Yes=1

before running jobs? No=0
1 Display router bit map at homing screen Yes=2,No=0
2 Disable stall detection when CNC10 first starts. Yes=4,No=0

Bit O suppresses the requirement to set machine t@fore running. If bit 0 of Parameter 5 is Ochiae home must
be set before jobs may be run. If bit 0 of Par@mgtis 1, machine home is not requested or redjuingt Graphing
and running of jobs will not work until the Z axsshomed.

NOTE: Parameter 5 Bit O is separate from the "Maetiome at Powerup" flag in the Control ConfigumatScreen.
Parameter 5 Bit 0 determinefether you must home the machine; the "Machine Home atePagpV flag determines
how you will home the machine, if you must do so.

Parameter 6 - Automatic Tool Changer Installed

This parameter tells the control whether you havawomatic tool changer installed on your machifdais field
affects the action of M6 in your CNC programs. Steunder M functions in Chapter 13. It also affestsether the
ATC key is present in the Tool Offset Setup andtivbeto save the last tool change number in thédilied

Value Meaning
0 Auto Tool Changer NOT Installed
1 Auto Tool Changer Installed

Parameter 7 - Display Colors
This parameter determines what combination of soldll be used for display. If you have a colosmlay, set this
parameter to 0. If you have a monochrome dispapécially a monochrome LCD panel) set this parantetl.

Parameter 8 - Available Coolant Systems
This parameter is used by Intercon to determing wb@lant systems are available on the machinghduld be set as
follows:

Value Meaning

1 Mist Coolant (M7) only
2 Both coolant systems

3 Flood Coolant (M8) only

Parameter 9 - Display Language
This parameter determines what language will be émemenus, prompts and error messages.

Value Meaning

0 English

1 Spanish

2 French

3 Traditional Chinese
4 Simplified Chinese
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Parameter 10 - Macro M function handling
This parameter is a 4-bit field that controls vas@spects of M functions. The following tablewstdhe functions
performed by the value entered in this paramelge default value is 0.

Bit Function Description Parameter Value
0 Display M & G codes in M function macros? Yes=1,No=0
1 Step through M function macros in Block Mode? |Yes=2,No=0
2 Brushless motor option: Decelerate smoothlyto |Yes=4,No=0

stop (pause) on M105 and M106? (Digitizing and
Probing moves.) “Yes” means decelerate
smoothly. Choosing “yes” takes more time on
each probing move and is slightly less accurate.
“No” means hard stop. “No” is faster and slightly
more accurate but can cause excessive vibration
on brushless systems.

3 Move to Z home on M6? No=8,Yes=0

Parameters 11-17 - Touch Probe Parameters
These parameters control touch probe and tool eteperation. Refer to the DP-4 Touch Probe mianua

Parameter 18 - PLC Input Inhibit Parameter (M39 and M400 only)

This parameter stores the input for the contrdl€ FO unit for the Spindle Inhibit feature. A ptige value must be
entered if a "normally closed" probe is to be usét the control. A negative value must be entéfed'normally
open" probe is to be used with the control. Theohlie value of Parameter 18 will directly refldot PLC input the
Spindle Inhibit is wired to. When this parametesét, Digitizing and Probing cycles will not rumess a probe or
touch-off block is connected. This parameter sdu® prevent the tool or probe from crashing thiotable. The
default for this parameter is 0, which disables fhature.

Parameter 19 - MPG modes
The MPG is a hand-held device that is used astamate way of jogging the machine. This paramdéines the
MPG’s mode of operation.

Bit |Function Description Parameter Value
0 Enable MPG when powering up control?|Yes =1, No =0
1 MPG speed limit x100=2,x10=0
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Parameters 20-30 - Motor Temperature Estimation

These parameters are used for motor temperatuneagisin. Parameters 20, 29 and 30 correspond cBgely to the
ambient temperature of the shop, the overheat ngteimperature, and the job cancellation tempexaslirin
degrees Fahrenheit. Parameters 21 through 24eatetting coefficients for each of the four axesaeters 25
through 28 are the cooling coefficients for eackheffour axes.

DC Brush Motors and Drives

Parameter |Axis [Values Values Values Values Values
Servo 8A Drive, 12A Drive, 15A Drive, 15A Drive, 25A Drive,
Drive 15 in/lb motors | 29 in/lb motors |29 in/lb motors |40 in/lb motors |40 in/lb motors
20 N/A |72 72 72 72 72
21 X 0.028 0.02 0.027 0.03 0.04
22 Y 0.028 0.02 0.027 0.03 0.04
23 Z 0.028 0.02 0.027 0.03 0.04
24 4TH [0.028 0.02 0.027 0.03 0.04
25 X 0.68 0.68 0.68 0.68 0.68
26 Y 0.68 0.68 0.68 0.68 0.68
27 Z 0.68 0.68 0.68 0.68 0.68
28 4TH |0.68 0.68 0.68 0.68 0.68
29 ALL [150 150 150 150 150
30 ALL (180 180 180 180 180

AC Brushless Motors and Drives
Parameter |Axis [Values Values Values
SD SD3, SD1 SD3, SD1 SD1
Drive 750 W motors |1,2 KW Motors |3, 4 KW motors
20 N/A |72 72 72
21 X 0.05 0.04 0.04
22 Y 0.05 0.04 0.04
23 Z 0.05 0.04 0.04
24 4TH |[0.05 0.04 0.04
25 X 0.68 0.68 0.68
26 Y 0.68 0.68 0.68
27 Z 0.68 0.68 0.68
28 4TH |[0.68 0.68 0.68
29 ALL (150 150 150
30 ALL (180 180 180

Parameter 31 — Spindle Speed Output Port

Parameter 31 determines the destination for thespamdle speeds generated and output by the Coredbw are the
possible values for this parameter. Note thabifrymachine uses a serial type spindle controltas,should not set
this parameter to 0.

Value Meaning

-1 12 bits to PLCIO2, RTK3 and Koyo via the CPU10
0 8 hits to CPU10 controlled spindle and PLC 15/15
1 12 bits to COM1 serial port

2 12 bits to COM2 serial port

Parameter 32 - Spindle Vector Drive Serial Port Bad Rate
The baud rate (e.g. 9600, 19200, etc.) of thelg@wid at which the control should communicate wiite SPIN232
board. This parameter has meaning only if Paran3dtés set to 1 or 2, for COM1 or COM2 spindleegheutput.
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Parameter 33 - Spindle Motor Gear Ratio (Baldor Vetor Drive Only)

The gear or belt ratio between the spindle motdrtha chuck in high gear range. Should be grebger 1.0 if the
motor turns faster than the chuck and less thaif theé chuck turns faster than the motor. Ndtés value applies to
high range. The ratio between high range and loamges is established by the gear ratio param@e+87).

Parameter 34 - Spindle Encoder Counts/Rev

This parameter controls the counts/revolution fier $pindle encoder. If the encoder counts up whening CW
(M3), the value of this parameter must be positifghe encoder counts up when running CCW (MHg, talue of
this parameter must be negative.

Parameter 35 — Spindle Encoder Input

This parameter specifies the axis input to whiehgpindle encoder is connected. Input from theddpiencoder is
required for the spindle-slaved movements uselerRigid Tapping cycles. So, if Rigid Tapping i®dsthis
parameter must be set to the correct value. OtBeniliis value is generally ignored. A value of@ams the third
encoder input; a value of 3 means the fourth encioget; a value of 4 means the fifth encoder inpuvalue of 5 is
used for the Baxis encoder input, this is used on SD3 base@syst

DC System AC System
Spindle Encoder Plugged into? Value Value
CPU10 Encoder input 1 N/A N/A
CPU10 Encoder input 2 1 17
CPU10 Encoder input 3 2 18
CPU10 Encoder input 4 3 19
CPU10 Encoder input 5 4 20
CPU10 Encoder input 6 N/A 21
SD3 spindle encoder input N/A 5

Parameter 36 - Rigid Tapping Enable/Disable
This parameter is a 3-bit field that enables ocaldiss Rigid Tapping and its options. Bit 1 anca2éhno meaning
unless bit 0 is turned on.

Bit Function Description Parameter Value
0 Enable Rigid Tapping? Yes=1,No=0
1 Suppress sending "Wait for Index Pulse" during Rigid Tapping? [Yes =2, No =0
2 Allow Spindle Override during Rigid Tapping? Yes=4,No=0

Parameter 37 - Spindle Deceleration Time
This parameter is used in conjunction with param@&sewhen rigid tapping is enabled. This setsam@unt of time
required for the spindle to decelerate before itahwes direction during a rigid tapping operation.

Parameter 38 - Multi-Axis Max Feedrate

This parameter is used to limit the feedrate almhgommanded move vectors. This parameter carseé to limit
the speed of multi-axis moves on machines thatmaag enough power to move a single axis rapidlystarve out
of power on 2 or 3 axis rapid moves. A zero is f@rameter will disable this feature.
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Parameter 39 - Feedrate Override Percentage Limit

This parameter is used for limiting the upper efithe Feedrate Override Knob percentage to a vatue 100% to
200%. This parameter can be used to restrict tleelfate Override Knob effect on machines with maginnates
over 200 in/min. The Feedrate Override Knob peagis normally allowed to go to 200%. Howeverpaachines
with high cutting speeds, if the knob is turned@00%, it creates overshoots on corners. Ifhimmeter is set to
something like 110, it will stop the Feedrate OmbBriKnob from exceeding 110% and thus causes thesbgots to
disappear.

Parameter 40 - Basic Jog Increment

This parameter holds the basic jog increment (AL0600.002 mm by default). This value is usedh®y/x1, x10, and
x100 jog keys (0.0001, 0.001 and 0.01 on older @es}. It also specifies the distance per clakifandwheels
(MPG).

Parameter 41 - Handwheel 100x Speed, User Jog Inonent

On newer consoles, this parameter holds the acturalwheel speed in 100x mode. For normal 100xatiperit
should be 100. On some systems 100x is way ta@ifabkthis value is set to a more reasonable valak as 20 or 30.
On older consoles, this parameter holds the ugengrement (0.250" or 1.0 mm by default). Thes0.g key on
older consoles uses this value.

Parameter 42 — Password for Configuration Menus
This parameter determines the password that threnusst enter in order to gain supervisor accedisea@onfiguration
menus.

Value Meaning

54.0 No password required for supervisor access; the user
is not prompted for a password

ABCD.ABCD Password is 4 digits represented by “ABCD”

Any other Password is “137”

number

Parameter 43 — Automatic tool measurement options

This parameter is a 2-bit field that is used toficpme properties of the TT1.

Bit | Function Parameter Value
0 The height of the tool detector (parameter 71) will be subtracted | Yes=1; No=0
from the measured height of the tool.
1 Which PLC input to use for the Tool Z reference measurement Use Parameter 11 =0
Use Parameter 44 = 2

Parameter 44 — TT1 PLC input number
PLC input number that the TT1 is wired into on FHeC. If a shared PLC input is used for the TT1 tredDP4
probe, then the value can be left at zero or séte¢@ame value as parameter #11.

Warning: If using a different PLC input for the TT1 and DRvhen setting the Z reference in the tool libnaith the
DP4 make sure not to use a ruby probe tip. Thei§ Ebntinuity based and the ruby tip is not cornidet
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Parameter 56 — Feedrate Override Display Properties
This parameter is a 3-bit field that is used tardehow the federate override is displayed in tatus window.

Bit Functior Parameter Valt
0 Not usec

1 Display progammed rate not actt Yes=2; No =
2 Display a bar meter of percent Yes=4; No =

Parameter 60 - Digital Filter Size

This parameter defines the PID output filter simethe motor outputs. This parameter is meantawige a software
filter where no hardware filter exists in orderstow down the PID output frequency (normally 40@0ets/sec.), or to
supplement a hardware filter that appears to bdepaate. It is the number of samples to averag@Hth output over.
For example, a value of 2 says to average the Btpubover 2 samples, which would reduce the Pliputu
frequency to 2000 (4000/2) times/sec. The defalite of this parameter is 1 (no averaging).

Parameters 61-62 - Stall Detection Parameters

The M-Series control will detect and report sevetall conditions. The low power stall occurshi¢ tcontrol has been
applying a specified minimum current for a spedifiene, and no encoder motion has been detectkis. niay
indicate a loose or severed encoder cable. Amigter stall occurs if the control has been applgnigast 90%
current for a specified time, and no motion gretdtan 0.0005" has been detected. This may ind&ateysical
obstruction.

Parameter 61 is the time limit, in seconds, foigh ipower stall. The default is 0.5 seconds.
Parameter 62 is the PID output threshold for a pigiver stall. The default is 115.

Parameter 63 - High Power Idle PID Multiplier

This parameter holds the value of a constant usechdétor temperature estimation when an axis ismmting and no
job is running, but there is power going into thetan to maintain its position. The default valaeli5. This
temperature estimation is intended to detect ékaly axis is stopped against some abnormal resistasuch that it
will probably overheat later.

Parameter 64 — Fourth/Fifth Axis Pairing

This feature enables th& 4" or 4" and ' axes motors to be run in a paired fashion withafrthe other axes. This
is intended to drive 2 screws on opposite sidestable (probably a router table or gantry syst&ej.this parameter
to 0 (default) to indicate that no other axis igg@with the 4' or 5" axis. In order to pair both th&'4nd %' axes on
the same system add tHBakis value with the'Saxis value. Example™4axis paired with the X axis and' &iis
paired with the Z axis a value of 21 would be ezdlénto parameter 64.

Value Meaning

0 No Pairing (Default)

1 Pair 4™ axis with X Axis
2 Pair 4" axis with Y Axis
3 Pair 4™ axis with Z Axis
17 Pair 5" axis with X Axis
18 Pair 5" axis with Y Axis
19 Pair 5™ axis with Z Axis
20 Pair 5" axis with 4th Axis
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Parameters 65-67 - Spindle Gear Ratios

These parameters tell the control the gear ratioa multi-range spindle drive. Up to four speadges are supported;
high range is the default. Parameters 65-67 gptwf gear ratio for each lower range, relativhith range. For
example, if the machine is a mill with a dual rasgéndle, and the spindle in low range turns 1fE0dpeed it turns in
high range, then parameter 65 should be set to 0.1.

Parameter 65 is the low range gear ratio.
Parameter 66 is the medium-low range gear ratio.
Parameter 67 is the medium-high range gear ratio.

These parameters work in conjunction with the Pkamm, which uses the states of INP63 and INP&igial to
the CNC10 software which range is in effect, actaydo the table below.

Spindle Rang
PLC INPUT | High Rang | Medium High Rang | Medium Low Rang | Low Rang:
INP6Z 0 1 1 0
INP64 0 0 1 1

Parameter 68 — Minimum Rigid Tapping Spindle Speed

This parameter holds the value that the spindeskiown to from the programmed spindle speed tosvidrel end of
the tapping cycle. The lower the value, the momieately the Z axis will land on target, but at ehgpense of
possibly stalling the spindle motor which in turill wause Z to fall short. If this value is too d@; the off —target error
increases. The suggested starting value is 100 RPM.

Parameter 69 — Duration for Minimum Spindle Speed Mde

This is the duration of time, in seconds, thatabitrol will stay at minimum spindle speed. If thember is too small,
overshoot will occur. If the number is too lardee user waits longer for the hole to be tappeteastow speed
specified by parameter 68. The suggested startihgeus 1.25 seconds.

Parameter 70 - Offset Library Inc/Decrement Amount
Sets the increment and decrement amount used offdet library.

Parameter 71 — Part Setup Detector Height

If this Parameter is set to a non-zero value didates that the F3/Auto feature in part setup khibe available using
the tool detector (TT1) instead of the probe. Véiee in this parameter is the height of the detech value of 0
disables this feature.

When this feature is enabled:

a) Probe detection (Parameter 18) is not checked

b) The tool number and/or edge finder diameterredtby the operator are used; Parameter 12 isegnor

¢) The value from Parameter 71 is added to (oraatetd from, depending on approach direction) tré gosition.

Parameter 72 — Data M Function Options
The setting of this parameter affects the operaifdhe data M functions M122 and M123.

Bit | Function Descriptio Parameter Vall
0 | Suppress output of axis labels by M1 Yes=1,No="
1 | Insert commas between positions/values with M12PNh23" Yes=2,No =
2 | Suppress spaces between positions/values outfiytteld 22 and M122 Yes =4, No =
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Parameters 73, 74 - Canned Cycle Parameters
P74 specifies the number of the M-function thabiscuted at the bottom of the G74 or G84 tappimtecy
P73 specifies the retract amount used during age¢R drilling cycle.

Parameter 75 — Summing Display Control

This parameter indicates which axes are to be suhame how the results are to be displayed on th® DRhe
parameter can contain up to four digits. The pmsiand value of each digit has special signifieaas indicated in
the tables below:

Ilzgrs?trigﬁter Digit Axis Display Controlled glg't Value Zlfr?l?r:?r?g off
1's Column Axis 1 1-4 AXxis to Sum
10's Column AXis 2 5 (reserved)
100's Column  |Axis 3 6 Disable display
1,000's Column |Axis 4 7 Display if moved
8 Display if other moves
9 (reserved)
Here are some examples using the axis summingpglipairameter:
Desired Display Parameter
Sum Z axis (3) with M (4), display sum in Z DRO position 400
Sum Z axis (3) with M (4), display sum in M DRO position. 3000
Sum Z axis (3) with M (4), display sum in Z DRO position, and 6400
suppress M display.
Sum Z axis (3) with M (4), display sum in M DRO position, and 3600

suppress Z display.
Sum Z axis (3) with M (4), display sum in Z DRO position, and 6300
show M only if M moves.

Sum Z axis (3) with M (4), display sum in Z DRO position, show
M if either Z moves.

7400

The DRO will display both labels when displayinguanmed axis. For example, "ZM" or "MZ" dependimgvehere
the sum is displayed.

Parameter 76 — Manual Input Unrestricted Distance

This parameter is intended to be used with Z axismsing. It defines the maximum distance from theamed axis
start of travel in which manual movements can oedgthiout causing a fault. Use a negative valugpecify a
distance from the minus travel limit, a positivdugafor a distance from the plus travel limit.

When used with manual drilling, for example, seftihis parameter will allow the operator to kedmad on the quill
at all times and even begin pulling on the quilaimicipation of a programmed stop.

Setting this value to zero will cause a fault il is any manual movement.

To completely disable manual movement restrictisasthis parameter to a value exceeding the tiatedl of the
summed axis.

Minimum = -99999.9999, maximum = 9999.9999, default, typical = +/- 1.0 inch or +/- 20.0 mm
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Parameter 77 — Manual Input Movement Tolerance

This parameter specifies the manual movement tateravhile a job is running. It is intended for wgth a quill
locking mechanism. It allows the lock to distant#or slip a small amount when under stress. dfghill moves more
than the given tolerance, the job will stop witfaalt. A typical setting for Parameter 77 is 0.00&hes.

Parameter 78 — Display of Spindle Speed

This parameter specifies how the spindle speedterishined and displayed in the CNC10 status windditen set to
1.0, the spindle speed is determined from readiaghcoder feedback from the axis specified acaegrdi parameter
35, which has the number of encoder counts/rexmiwgpecified in parameter 34. When set to 0.0dis@ayed
speed is not measured- the speed is calculated bpsa the set speed, spindle override adjustraadtgear range.

Parameter 79 — Auto Brake Mode PLC Bit for Uniconste-2

This parameter specifies which PLC bit signalsdtiate of automatic brake mode when using the Usiaer?2
console type. For other console types, it hasffieate This parameter can be changed to allowAli® Brake mode
key to be located in different positions on theddmnisole-2 jog panel. The PLC program must be @oldat reflect
any change in this parameter.

Parameter 80 — Voltage Brake Message Frequency
This parameter specifies the number of time th&®“4bltage brake applied message has to occur bef@show it in
the message window and message log. A value pflOnll display the message for every instance ithaccurs.

Parameter 81 — Canned Cycle Parameter
P81 (when not equal to —1.0) specifies the M-fuorctd be called in place of Z axis movement duang81 drilling
cycle.

Parameter 82 — Spindle Drift Adjustment
This value is the number of degrees that the spiwill take to coast to a stop if it is cut off Wit is spinning at the
spindle speed specified by parameter 68.

Parameter 83 — Canned Cycle Parameter
P83 specifies the clearance amount used duringzad&&p hole drilling cycle.

Parameter 84 — Canned Cycle Parameter
P84 specifies the number of the M-function thabiscuted after the return to the initial point @324 or G84 tapping
cycle.

Parameters 87-90 - Autotune Accel Time and Ka

These parameters are used by autotune. Increthsinglue will lengthen acceleration time and redile ka value
given by autotune. Lowering the value will deceettge acceleration time and increase Ka. Firghegparameters
and then run autotune. The default value is 48 Maximum value is 64 and the minimum value is 1.
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Parameters 91-94 — Axis Properties
These parameters may be used to set various aysenties. These parameters correspond to X, Yidatze fourth
axis, respectively.

Bit Function Description Parameter Value

0 Rotary/Linear Axis Selection Rotary Axis= 1, Linear Axis= 0

1 Rotary Display Mode Wrap Around = 2, Show Rotations = 0
2 Suppress direction check when doing Tool Check? [Don't Check = 4, Check= 0

3 Suppress park function? Don't Park = 8, Park =0

4 NOT USED ON MILL

5 Linear Display of Rotary Axis Linear Display = 32, Default Rotary = 0
6 4" Axis works like Z axis Yes= 64No=0

7 NOT USED ON MILL

8 Tilt rotary axis Yes =256; No=0

Notes on Bit 0: Turning this bit on will cause the DRO display the affected axis to be displayed in degreesoAl
this information is used by Intercon to make rotaxis support available (by setting parameter 94 fadicating that
the fourth axis is rotary). This bit is also usdeken performing inch/mm conversions: values footany axis will not
be converted since they are assumed to be in demrgardless of the system of linear units.

Notes on Bit 1: This bit has no effect unless Bit 0 (mentionedvad) is turned on. When this bit is turned onWadp
Around” display is shown on the DRO. A “Wrap AralirRotary Display is a display in degrees withdwe humber
of rotations shown. If this bit is turned off, thember of rotations away from 0 degrees will bevah alongside the
degree display.

Notes on Bit 2: This bit will only affect the Z axis. It contolwhether or not a direction check will be perfodme
when the Tool Check button is pressed. If thisshitirned on, direction checking is turned offd &hus, there is a
possibility for the Z axis to move downward unexgéty, depending on the Z value of Return Poin(@&28).
Therefore, it is best in most cases to leave thisibned off to allow direction checking to bered on (value = 0).
Notes on Bit 5This setting overrides only the DRO display optidor an axis that has bit 0 set (including theaRot
Display Mode — bit 1) so that the display doesrefiect a degree symbol or any indication of thembar of rotations,
but appears as a linear axis.

Notes on Bit 6This bit only works on the in Parameter 9% é&is). Setting this bit will cause th& 4xis to respond
to Z axis only commands just like the Z axis, feample issuing an M25 with this bit set will cadke Z and % axes
to go the home (G28) position.

Parameters 95-98 - Autotune Move Distance
These parameters hold the maximum distance thattteol will move each axis in either directionrr the starting
point when Autotune is executed. The default véduehese parameters is 2.0 inches.

Parameter 99 — Cutter Compensation Look-ahead
This parameter sets the default number of lineoegents for the G-code interpreter to scan akdwsah Cutter
Compensation (G41 or G42) is active. Values af 1G are allowed for this parameter.

Parameters 100-115 - Intercon parameters

These parameters are some of the Intercon setampgers. See Chapter 10 for more information athese
parameters. Changing values will change Interettings and may effect the output of the G-codegam if it is re-
posted.

Parameter 120 — Probe Stuck Clearance Amount

This parameter specifies the distance that digijizir probing functions will move to try to cleastack probe
condition. A stuck probe condition exists when pnebe detects a point and then moves away bytrttee input has
not changed. It is recommended that this parangetet changed from its default value without adtisg a
qualified technician.
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Parameter 121 — Grid digitize prediction minimum Zpullback

This parameter specifies the minimum distance th&i& will move upward when pulling back from afage. The
digitizing function attempts to predict the slofeagart surface because time is saved when thésAlaes not have
to travel upward to the starting Z depth for ewdtigitized point. When probe contact is made trawvey in the XY
plane, this parameter specifies the minimum digtdhe Z axis moves upward before attempting anotiveplane
move. Smaller values are better when the surfaogligitized has smooth curves. Larger valuesatter for
surfaces that have steep walls. It is recommetid®dhis parameter is not changed from its defaallie without
consulting a qualified technician.

Parameter 122 — Grid digitizing deadband move disince
This parameter specifies a deadband distance os@utdrnal calculations when doing a clearanceenttis
recommended that this parameter is not changedifsodefault value.

Parameter 123 — Radial Clearance Move

This parameter only applies to radial digitizinglatetermines what type of positioning move thetigig probe will
make should it encounter an unexpected probe doniticthe surface of the part during Radial Digjitig.
Unexpected probe contact is defined as probe cootaarring while the probe is traversing towartus tiser defined
center point.

With Parameter 123 set to 0: When the probe enecsiah unexpected probe contact, the digitizingnam stops
data collection. The control then prompts the cjger® jog the probe to a clear position. This barany place inside
the digitizing radius and above the part, thatgrebe stylus has a clear path to the defined cguatgtion. To restart
data collection press “Cycle Start”. The probe nsowethe XY plane from the position the operataced it to the
center position defined in the radial setup merfterAeaching the center position, the probe wei#d down to the Z
axis position it was at when the data collectiors weierrupted. The digitizing run will resume witie probe
approaching from the defined center position.

With Parameter 123 set to 1: When the probe eneocsiah unexpected probe contact, it will autombgicaove (with
probe detection turned off) to the maximum Z heigjitn moves the X and Y-axis to the defined cegmbsition. The
probe will then move to the Z position it was atemtthe unexpected contact occurred. It will Thewanfoom the
defined center position, towards the measuremesitipo it was trying to approach when the unexpdgi@be
contact occurred and continue digitizing.

With Parameter 123 set to 2: When the probe eneosiah unexpected probe contact, it will autombgicaove back
to the defined center position (with probe detectiorned off), at its present Z height. It will thenove from the
defined center position, towards the measuremesitipo it was trying to approach when the unexpedgimbe
contact occurred and continue digitizing.

Settings 1 and 2 should only be used with extreamian because probe detection during some posiganoves is
turned off, and damage to the probe or work piecgdcoccur!

Parameters 124-127 PLC Inputs for Jogging

Parameters 124 — 127 allow up to 4 PLC inputs todes for jogging of the first 2 axes on the cdntithe first 2
digits (1's and 10's) of the parameter specifyakis and direction, thé%and 4 digits specify the PLC input being
used.

1's and 10's digit | Function

40 Jog first axis minus

41 Jog first axis plus

42 Jog second axis minus
43 Jog second axis plus

For example: A value of 140 in parameter 124 vallge the first axis to jog minus when the PLC inputosed and
stop jogging when the PLC input is opened, A vali#143 in parameter 127 the second axis to jogusiwhen the
PLC input is closed and stop jogging when the Piylii is opened.
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Parameter 128 — Handwheel (MPG) Mapping

This parameter selects how the axes are pairdtbfuiwheel operation. Each digit in the displayechiber represents
an axis. The first axis is at the far right. Madue of each digit represents the companion dxis,5. A zero digit
means no pairing. The table below shows how thigstire mapped to axes:

AXis: 5 41321
Parameter vall | O 0|0|j0]|O

Axis/Companiol
Example Valug 5 |4 | 3| 2 | 1 | Comments
0.000( No pairing
0.100( 1 4 | Axes 1 & 4 pairec
0.004: 4|3 | Axes 1l &3, 2 &4 pairel
0.210( 21 Axes 1 & 3, 2 & 4 paire
0.002: 2 | 1 | Invalid — does nothing. Axes areired with themselve

Only manual axes that are paired with powered aiéproduce a valid configuration. Manual axegsified by
Parameter 128 must be properly configured as haaelvaxes in the Motor Parameters screen of the iach
Configuration. See the Machine Configuration secgarlier in this chapter.

Parameter 129 — Handwheel (MPG) Display

By default, manual axes paired by Parameter 128atrdisplayed in the DRO. This parameter caodatisplay of
the manual axis in the DRO, if desired. The patanteas the same axis mapping for each digit asrstio Parameter
128. To display an otherwise hidden manual agisthe digit corresponding to the axis number ‘tb"a For

example, “0.1000” would display axis 4, if it isranual axis that is paired with some other powerésl

Parameter 130 — Z axis on/off selectioee Parameter 131)

Parameter 131 — ¥ axis on/off selection (only uses 1's and 10’s g

These parameters control the display of the 3rdddim@xes, respectively. The tens digit of theapwater value
specifies the label of the affected axis when ériabled, with values 1-9 corresponding to axisleBBCUVWXYZ.
The ones digit specifies the label of the axis wihéndisabled, with 0.0 meaning the axis is neitchable, 1.0
meaning it turns off (N), a 2.0 meaning manual (&)d a 3.0 meaning 2-axis Z (@). P130 also suppaiditional
modes depending upon the value of the hundreds digr example, a value of 92 will toggle betweeBrd axis Z
and a 3rd axis M and power off just the Z axisvatue of 192 will toggle the 3rd axis between Z &hdnd power
off all axes. A value of 392 will toggle the 3rgislabel between Z and M and power off all axes aateive its
positions from the axis encoder input. When P130/P131 is configimedxis switching, the Setup menu displays
function keys <F5>/<F6> to switch the axes.

Parameter 130 Options:

Hundred’s Digit Function Description Parameter Value (add
Bitl Axis motor power when switching to two | 1 = power all axes off, 0 = power 3rd off
axis mode. only

Bit2 Use 4™ encoder input for scale input 2 = Use 4™ encoder input, 0 = no manual
input

Bit3 Use 5™ encoder input for scale input 4 = Use 5" encoder input, 0 = no manual
input

Enabled Axis: | A|B|C|U|V|W X |Y|Z

Ten’s Digit 1/2]|3(4|14|6 |7|8|9

Disabled Axis: |[N [M | @
One’s Digit 1/2]3
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Parameters 132 — 8 Axis Heating Coefficient
This parameter sets the heating coefficient forsthaxis. See parameters 20-30 for more information.

Parameters 136 — 8 Axis Cooling Coefficient
This parameter sets the cooling coefficient for3Aaxis. See parameters 20-30 for more information.

Parameter 140 — Message log priority level

This parameter controls the messages that arewtiitthe message log, which can be accessed thtbegF9>
Logs function in the Utilities menu. With the Lagvel set to 1, CNC10 logs numbered error messaggsnost
other messages except "Moving...", "Jogging...topped", etc. At Log Level =9, all messages aggéd including
user prompts. Message logging can be disabledtbagsthis parameter to —1.

Parameter 141 — Maximum message log lines

This parameter is the number of lines that wilkbpt in the message log. If this parameter iscs&0,000, for
example, the newest 10,000 messages will be retai@®C10 will delete the oldest messages, trimrtiiregog file
to the given number of lines at startup and pecaltli while CNC10 is in an idle state. Paramet2 ¢ontrols the
frequency of the log cleanup.

Parameter 142 — Message log trim amount

This parameter is the number of additional linesvatthe minimum that can be added to the log béfiseeduced to
the minimum size. Setting this parameter to a fovedue will cause the log file to be trimmed t® ihinimum size
more often. The higher the value, the less otterdg will be trimmed. The speed of the disk drand total size of
the log file at the time it is trimmed will detema how long the log cleanup takes. Under mostigistances, using
10,000 and 1,000 for parameters 141 and 142 vallige a reasonable and useful log size with naceable effects
on performance. If parameters 141 and 142 ar® setcessively high values, the message "Trimmiogss lines
from log file" will be presented. This message appear at startup and very infrequently when COIGlidle.
Normal operation can proceed after the messagppisas. If the delay is unacceptable, reduce thesaf
parameters 141 and 142.

Parameter 143 — DRO Properties (load meters, 4/5glts, DTG)

This parameter controls the display of the axisl lweeters and 4/5 digit DRO precision.

Bit Function Description Parameter Value

0 Enable Load Meters Enable = 1, Disable =0
1 Load Meter Outline Enable = 2, Disable =0
2 DRO 4/5 Digit Precision 5 digits = 4, 4 digits =0
3 Mini DRO (Distance to Go) Enable = 8, Disable = 0

Use a value of 3 to display load meters with oeslin The axis load meters will be colored greervédues that are up
to 70% of maximum power output, yellow for valuetveeen 70% and 90%, and red for values betweenad@o
100%. The axis load meters appear below the DRR@dch axis (see Chapter 1).

Parameter 144 — Comparison Rounding

This parameter determines the built in roundingtiercomparison operators (‘EQ’, ‘NE’, ‘LT’, ‘GTg&tc.) in
expressions. Rounding of comparison argumentedessary due to extremely small errors that ateopavery
floating point calculation. The result of suchcesris that two floating point values are rarelpetly equal. The
value of parameter 144 represents the precisi@omparison in places after the decimal pointhdf parameter is set
to 9.0, for example, then comparison operatorsdetllare two numbers that differ in value by lés81t0.0000000005
as being equal. The value 0.0 is a special valaettirns comparison rounding off. When comparisamding is off,
it is up to the G code programmer to build the {sien into conditional statements, for example ABS[#A - #B] LT
0.00005 THEN GOTO 100". When comparison roundmgff, the “EQ” usually returns “false”. If paratee 144 is
set to 9, the programmer can shorten the previeaimple to “IF #A EQ #B THEN GOTO 100",
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Parameter 145 — Advanced Macro Properties (Fast Braching)
This parameter turns fast branching on (1) and®)ff The other bits of this parameter are resefeetuture use.

If fast branching is disabled, CNC10 searches falvimthe program for the first matching block nienland resumes
searching, if necessary, from the top of the pnogr&or this reason, backward branches take lahgerforward
branches and backward branch times depend onttiigtogram size. If the program is sufficienéyde, use of the
GOTO statement could introduce temporary pauses.

When fast branching is enabled, CNC10 rememben®tations of block numbers as it finds them duipnogram
execution. Backward branches always take placeenhetely. The first forward branch to a block get
encountered will take additional time as CNC10 dleas forward for the block number; however, subsatiforward
branches to that block number will take place imiaitetly. The trade-off for using fast branchingtiat all line
numbers at a given level of program or subprogramtipe unique and programs will use more memory
(approximately 16kilobytes of memory for every 1@80ck numbers in the program.)

Parameter 146 — Feed Hold Threshold for Feed Ratev@rride
This parameter sets the lowest value permittetieafeed rate override percentage before feed b@addaged. Feed
hold will be released when the override perceniaggeater than this value.

Parameter 150 — Run-Time Graphics

This parameter controls the default value of thae-Rime Graphics option in the Run Menu. If thisgraeter is set to
0.0, the RTG option in the Run Menu defaults to @fien CNC10 is started. If the parameter is s&tQ@pthe RTG
option defaults to ON when CNC10 is started.

Parameters 152 — 8 Axis Autotune Accel Time and Ka
This parameter sets the autotune accel time arfdithe 3" axis. See parameters 87-90 for more information.

Parameters 156 — 8 Axis Autotune Move Distance
This parameter sets the autotune move distandadd’ axis. See parameters 95 — 98 for more information

Parameter 160 — Enhanced ATC

This parameter controls enhanced automatic toaigdra(ATC) options. A value of 1 indicates a nawtem type of
ATC and a value of 2 indicates a random type APCralue of 0 disables enhanced ATC features. Animgris
displayed when attempting to enable enhanced Aa@ifes as these features work in conjunction vgttdic PLC
programs. The enhanced ATC option has the followimgyacteristics:

The beginning of an M6 call, whether it be a cusimti CNC10.M6 routine or not, flags the job filefteng the ATC
error flag field to 1.

The end of an M6, whether customized or not, perfothe following:

(a) The atc error flag is set to zero.

(b) The tool number displayed on the screen is tggdand this value is saved in the CNC10.JOB file.

(c) The tool library bin fields are updated in thiganner:

If there was a valid tool in the spindle at thatstdthe M6, then the tool library bin field fdmis tool will be updated
with either the “putback” field for that tool (ifomrandom type) or the current ATC carousel posiffonrandom
type). For both random and nonrandom types, plagback” field is set to 0. The “putback” fieldas internal field
for each tool in the tool library. It can be deytd by using the CNC10CONYV utility with the —dtiop to display
the tool library.

For nonrandom types, the new tool now in the sgimdll have it's “putback” field updated to the cent ATC
carousel position.

For both random and nonrandom types, the new walin the spindle has the bin field set to 0.
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The current ATC carousel position is constantly iteyad. When there is a change, the ATC bin fielthe
CNC10.JOB file is updated and the file is savetie ATC carousel position is read from PLC bits OWTIUT48,
which should be written by the PLC program in apjrformat (not BCD).

At the start of running a job, to include MDI modieg ATC error field is checked. If this fieldisthen a warning
message is displayed with a prompt to either dleafault by entering a ‘Y’ or canceling the job fmessing some
other key.

A tool change is not performed if the requested italready in the spindle.

An M107 command sends the bin number for the sigelcibol number, not the tool number.

For random types, tool changes in Intercon aregploss a tool change (Tnn M6) followed by a prekfetsmmand for
the next tool in the program (Tn2 M107). This akothe PLC program to rotate the tool carousehéoriext tool
while a job continues with the current tool.

For random types, a job search for a tool numb&idaak for lines of the form Tnn M6, i.e., the seh bypasses lines
of the form Tnn M107, which are just pre-fetch coamus.

The tool library allows editing of the bin fields $pecify which carousel bin number the tools soeesd in.

Parameter 161 —ATC Maximum Tool Bins

This parameter sets the number of tool changer(bareusel positions) used with the enhanced ATiomlescribed
above. PLC programs are responsible for readilsg/iiue. The tool library interface uses thisapaeter to validate
bin fields and perform initialization of the birefds.

Parameters 166 — 8 Axis Properties
This parameter sets the axis properties for thaxs. See parameters 91-94 for more information.

Parameters 170-179 — XPLC Parameters
These parameters are accessed by the XPLC thrd®@h LP9 commands. Please see chapter 5 page Bvfer
information regarding these parameters.

Parameters 180 — File Transfer COM Port

This parameter specifies which COM port will bediger file transfer. Accepted values are 0 disdlgled 1-4 for
COM1 — COM4. Setting this parameter to an accepddae other than 0 will provide an <F6> Downloadl @n
<F7> Upload key in the Load Job Menu.

Parameters 181 — File Transfer Baud Rate

This parameter set the maximum file transfer ratesérial communication. The value of this paranitin KBaud
and has a range of 1.2 to 115.2. The default.BKltaud. The longer the serial cable the lowerbiued rate that can
be used for file transfer.

Parameters 182 — File Transfer Bit Parameters
This parameter sets the number of data bits, typarity and the number of stop bits for the sec@hmunication file
transfer. The default value is 801 for 8 data, bitsparity and 1 stop bit.

Digit Function Value

1's Stop hits 1 or 2 stop bits accepted

10's Parity 0 = No Parity; 1 = Even Parity;
2 = Odd Parity

100’s Data bits 5 — 8 data bits accepted

Parameters 183 — File Transfer Flow Control
The setting of this parameter determines the COMfpe transfer flow control.

Value Meaning

0 No Flow Control

1 Software (XON/XOFF) Flow Control
2 Hardware (CTS/RTS) Flow Control
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Parameters 184 — File Transfer Timeout

This parameter is used to the timeout for downloatfeien you press the <F6> Download button in ¢iael [job menu
you have this ampunt of time to start the file sfan or it will timeout. The default value of thggrameter is 10 sec,
but can be set from 6 secs to 600 secs (10 mins).

Parameters 185 — File Transfer Options
This is a 2 bit parameter to set file transfer anmi

Bit Functior Value

0 Ignore CR on downloa 1=Yes; 0 =N

1 Translate NL (new line) to CR ¢ 1=Yes; 0 =N
upload.

Parameters 188-199 — Aux Key Functions
These parameters are used to assign a functiaxtkeys 1-12. The following is the list of possifimctions that can
be executed when an aux key is pressed.

Functior Paramete Functior Paramete
Value Value

No Functiol 0 XYZ Set Aksolute Zer 16
Input X Axis Positiol 1 One Sho- Drill Bolt Hole Circle 17
Input Y Axis Positiol 2 One Sho- Drill Array 18
Input Z Axis Positiol 3 Jog Axis 1 (+ 21
Set Absolute Zel 4 Jog Axis 2 (+ 22
Set Incremental Ze 5 Jog Axis 3 (+ 23
One Sho- Drill 6 Jog Axis 4 (+ 24
One Sho- Circular Pocke 7 Jog Axis 5 (+ 25
One Sho- Rectangular Fran 8 Jog Axis 1 -) 31
One Sho- Frame 9 Jog Axis 2 -) 32
One Sho- Face 1C Jog Axis 3 -) 33
Execute M Code fil mll* Jog Axis 4(-) 34
Free Axe 14 Jog Axis 5 -) 35
Power Axe 15

The Input Axis Position functions must be used wlith Set ABS/INC Zero functions. After entering tthesired value
at the input field provided by the Input Axis Pamit function, press an aux key assigned eithefuthetion Set ABS

Zero or Set INC Zero.

* mis the number of the M code to execute. For exanifthe parameter value is set to 7211, theG@idC10.M72
will be executed when the Aux key was pressed,

All remaining parameters are reserved for furthgraasion.
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PID Configuration

(F4 from Configuration)

WCS #1 (G54)

X
Y
/

Current Position (Inches) Job Name: DEND1. CHC

+ 0 . 0 0 0 0 gggnl:irate: EBQH_"
Spindle: 0

Feed Hold: OFf

+0.0000
+0.0000

Stopped
Press Alt-5 to start job
PID Configuration

Axis Kp Ki Kd Limit Kg Kvl Ka Accel (Max Rate)
X 0.500 0.00391 5.000 32000 0 3 45 0.080 200.0
Y 0.500 0.00391 5.000 32000 0 2 46 0.080 365.0
Vi 0.500 0.00391 5.000 32000 0 2 46 0.080 200.0
) 0.500 0.00391 5.000 32000 0 0 0 0.500 300.0
Axis Error Sum Delta PID Out Abs Pos Line PID Collection Program
X 0 0 0 OFF 0 1
Y 0 0 0 OFF 0o 2
Vi 0 0 0 OFF 0 3
) 0 0 0 OFF 0 4
5
PID Collection Axis: X Density: 1 Type (0-4): 0 File:
PID H Prog. |Collect Tune | Drag H Laser Plot
Fl F2 F3 E5 Fé F7 Fd

Pressing <F4> from the Configuration screen withiprup the PID Configuration screen. The PID Cgufation
screen provides qualified technicians with a metbiochanging the PID dependent data to test anfigroe your
machine. The PID Parameteatsould notbe changed without contacting your dealer. Cdaroafncorrect values
could cause damage to the machine, personal imuiygth.

F1 - PID Parameters AThese parameter values should be recorded onahidC Parameters page at
beginning of manual.)
This option is for qualified technicial®NLY . Altering these values will cauBBRAMATIC changes in the way the
servo system operates, leading to possible mackimage.DO NOT attempt to change these parameters without
first contacting your dealer.
* NOTE: Some of these values are set automatically byAthietune option. (See F5 — Autotune)
Kp, Ki, Kd, and Limit
The chart below lists the optimum value for eatthese parameters based on motor size and driventu
rating. Kp and Ki should NEVER be changed undgrarcumstances. Kd may be changed in some raesca
Contact technical support for your machine befétenapting to change these parameters to avoidusedamage to
the machine.
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Motor/drive amp combination
Ki Kd Limit
0.0039110 |32,00(
0.0039120 | 32,00(
0.0039120 | 32,00(
0.0039115 | 32,00(
0.0039110 | 32,00(
0.0039110 | 32,00(

Redcom 17 in/lb 9A
SEM 29 in/lb 9A
SEM 29 in/lb 12A
SEM 29 in/b 15A
SEM 40 in/Ib15A
SEM 40 in/lb 25A

To check your drive’'s Amp rating, look on the dris@ver for a label with 2T, 3T, or 4T written on it

2T = 25amp 5T =9amp
3T =15 amp 6T =6 amp
4T =12 amp

Kg

Kg is called the Gravity Constant. It indicates mbalance in an axis. A high Kg value means thainlotor is
working harder to move the axis in one directicartithe other. Typical Kg values range from -55%der X and Y-
axis and -10 to +10 for Z-axis.

Causes of high Kg

1) A bed mill with an incorrect weight on the counbaiance.
2) A loose gib. (See TB037)

3) A failing support bearing.

In version 6.0 and above, a drag plot will show tteeidrag in both directions; the "gap" or differerbetween the two
lines in the plot is the Kg value.

Kvl

Kv1 describes the amount of current it takes to stmytie axis. By knowing the amount of currenakes to slow
jog the axis, we can know the amount of frictiomm@chanical resistance that axis has. Common v&tuév1 on a
knee mill are 10 - 20 on the X, 12 - 22 on the Wliler because it carries the weight of the X) ard.@ on the Z.

Software

Version 6.0 and above: You can see a plot of Kudr an entire axis by doing a drag run ("Drag'tia PID screen)
and then plotting it.

5.27 and earlier: Slow Jog the machine and obdbe/@1D OUT parameter in the PID screen and taksual
average of the numbers you see being displayed. nYay get different results depending on the dimacgou are

jogging. (See Kg)

Note: Remember that a Kv1 of 10 on a machine equipptdavl5 amp drive is not the same as a machireavit2
amp drive. To figure out how much current is regdito slow jog the machine, take Kv1 and dividelBg and then
multiply the result by the amp rating of the seavoplifier. Example: Kvl = 35, Servo amp is a 3TLBramp drive
(see Table 1 for turn to amp conversions) there36/&28 = .2734 multiplied by 15 = 4.1 amps! Wag much power
to slow-jog an axis.

Ka

Ka describes the current necessary to acceleratxihi¢o its maximum velocity at the acceleratiote iset by
Autotune.

Example
If Ka is 54, Max Rate is 330, and Accel time isiZgconds, it takes 54/128 times 15 amps = 6.3 afrqmntinuous
current for .245 seconds to accelerate that ax38@inches per minute.
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Accel

Accdl is the time for the axis to reach maximum velacilyis set by Autotune to be as fast as possiBlemetimes a
customer may desire a slower rate. For examplecanl rate of .1 second is very fast and the mahiifl appear to
be "jerky". You can change the Accel rate to avelosetting but Ka must be manually changed aséimee time. If

Autotune produced a .1 second Accel time and afké® @nd you want to increase the Accel time tee@nds you

would manually double the Accel value and divide ida value by 2. The new values would be an Act&? and a

Ka of 30. This will produce a noticeable differenc

Max Rate

Max Rate is 80% of the maximum physical speed on the altis set at 80% to compensate for environmental
changes. For example, without this, on a hot dagnithe lube is "loose" Autotune might find a vatd&00 IPM. In
a few months it may be very cold in the machingpsinad the lube will be like molasses. Now the aamill try to
run at 400IPM and, unable to, will most likely giagosition error message.

*Note: This parameter can only be set by Autotinom the PID Configuration menu. To set this paggen
manually, see Jog Configuration section above.

Deadstart

Deadstart has to do with direction reversal of an axis. dtube does a good job of setting the Deadstare Th
deadstart usually never has to be changed on m$littachine. Sometimes very light wood routingdalwith very
low resistance and low inertia can benefit witheafstart change along with other "hand tuning.!l i€ you have
this case.

WARNING : Improper PID values can ruin the machine, caussopat injury, and/or destroy the motor
drives!!!

F2 - PID Collection Program
This option allows qualified technicians to test #ID parameters by entering up to 5 lines of Gesdd be executed
with the Collect Data command below.

F3 - Collect Data

This option allows qualified technicians to colléletta on the movement of one of the motors. I§ tise values
located in the axis and density fields at the bottd the screen and the PID collection progranoltect the data.
When this option is selected, the controller exestite PID collection program and collects dattherselected axis.
The data is saved using the file name enterecedtlehprompt at the lower right hand side of theegen. The
information in the lower left hand side of the asihdow provides information to qualified technicgaabout the
selected axis.

F5 - Autotune

Autotune automatically sets the following paramet&iy, Kvl, Ka, Max rate, Accel/Decel time, and D&tart. A
full description of these values along with theilationship to the machine and Autotune is givesvab Autotune
characteristics can be changed via Machine Parasnete

Note:

When performing an Autotune on &€ Brushlessmachine for the first time you should set the Aute Move
Distance parameters 95 through 98 for a shortraistahen increase until the Max Velocity levels @tart with 0.5
inches, and then increase the parameter numbéthatlax Velocity does not increase significantButotune will
overshoot this distance by 2 times, so if the distas set to 1 inch expect the movement to gam8tinches. Care
should be used in setting the starting point fotofune so not to crash the machine.
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If the machine has low friction and high mass,dthiee may stop due to overcurrent. If this hapgtesmax velocity
and the jog rates may be set to zero by the AugotiReset these numbers to the previous valuemand back to the
starting position. Decrease the travel distancamater and try again.

F6 - Drag

This feature can be used to determine whethery@ahine is binding anywhere along the axis trathding can
occur as the result of poor lubrication, gibs tgbt debris in the ways, or misalignment in tharirggs. Having the
availability to readily check the drag values giiaplty on the machine allows for preventative meivance to ensure
proper operation of the CNC machine. For additiomfarmation, reference Tech Bulletin TB047.

Steps for the drag test:

(1) First, go to the proper screen as follows: <F1xuetF3> Config, type 137 at the password prompt
and <Enter>; then <F4> PID and <F6> Drag. Choose#is you want to check by pressing <F1>.
Hit the green <CYCLE START> button on the jog patoestart the procedure.

(2) The drag diagnostic program will command the maehingo to a limit switch along the axis chosen.
The machine will reverse direction, moving to tippaosite limit switch and then reverse again
moving to the starting limit switch. Approximate20 torque values for the chosen axis will be
recorded during the drag procedure. Data is semteddRAG_X.OUT, DRAG_Y.OUT, or
DRAG_Z.OUT in the CNC10 directory, depending uploa &xis label for the axis under test.

(3) To display the data, go to the main menu and uge 4<6ad, highlight [CNC10], press <F10> to
enter that directory. Highlight the file for theisyou want. Press <F8> Graph to display data.

(4) Data displayed should remain between the red hoiatdines that bound the acceptable operating
range, which is 25% of the maximum power that casupplied to the motor. If drag exceeds 25%
of the maximum power anywhere in the axis, the amgs$xcessive axis drag” will be displayed on-
screen. Refer to Figure 1.
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Uiew: TOP Graphing Done Job Name: DRAG_X.O0OUT
Y wf
This “Y” for plotting - :
purposes only s
20
g Excessive Drag
Scale %/3.2 tof- 25% of the
C R max. power
— %
oF N
o Distance in
: nches or mm
2D-3D || View || Time ||Redrauw|| Pan ZmIn || Zm0ut || Zm Al || Cancel
F1 F2__Higere (1. Brag|aleng|theX-axisa F9 ESC

F7 — Laser

This option is used to make automated laser memsumts and create or adjust the ball screw comgendables
accordingly. Additional information can be foumdTiech Bulletins TB048, TB070.

It is veryimportant to run Autotune and Drag mapping for checkingdtagus of the machine before proceeding with
laser compensation. Be certain drag and PID valteesvithin reasonable ranges before you contiritlethe laser
mapping procedure.

First, install the laser measurement software separate PC or laptop. The laser equipment sugpbeides the
installation disks. A LDDM icon will be createdtaf complete the software setup. Then, make dlii@Esar cables

are connected and the serial cable is connectgalioPC (laptop) serial port. Turn on the powertfe laser module
and double click on the [LDDM] icon.

Setting up for the X axis

Move the X-axis to Home position. Double clicktbe [Linear] icon and check on the [Intensity] &halign the
laser beam. Set up the laser (with mirror assenalythe table so the beam is aiming in the X+diiom. Adjust the
beam to run parallel to the X-axis. Mount the miron the head in a drill-chuck and set the wing@nrpendicular to
the beam. Move the window into the beam, in thep¥ahe until you see the beam reflecting back tiheolaser.

(1) At the X- end of travel, move in the Y and Z-ax&giluntensity is 100 %.

(2) Begin to move in the X+ direction (do not move irol¥Z) and watch for the beam to move outside
the window.

(3) If and when the beam moves outside of the wind®®,tbe alignment screws on the laser to bring it
back in and maximize the intensity reading. WHemnintensity reading is at 100%, repeat step (2)
until you get 100% intensity at Max X+ travel.

(4) Repeat steps (1) to (3) until a 100% intensity igads measured from both ends of the axis.

Data Collection

On the PC, click Setup. Fill in the identification info. ©bse the X-axis, Set start to 0. For End use Bsitipn off
the Control screen. Number of points is (End Rasit Move Increment)+1 or in our example, (34.5¢B-70. Make
sure the number of runs on the PC matches theatonitake sure the following check boxes are NO&aked:
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Forward only, Positions Shown as below, and botiCAbxes. Click on the Auto button. Set Target Windo 0.1
inch, Trigger Dwell to 0.9 second, and Velocity &$inold to 0.1. Make sure Backlash is not checkaditk save,
then OK to get out of the setup and then Reset.

At the CNC10 control the screen should look like thit:aser Softwareshould be set as Optodyne v2.18 by using
<Space bar>Axis should be X.Laser Units should be inchesEnd Position should be set as your X travel rounded
down to the nearest half inch. (e.g. 34.87 indregel would be 34.5 inchesNumber of runs - use 1 on the first
trial, 2 on second trial, et®well Time should be 3.G-eedrateshould be 20.0, arichser File Nameshould be
KnnnnX.in, where nnnn is the machine serial numl#dter pressing the <Cycle Start>, the X-axis witl to its home
position.

WCS #1 (G54)  Current Position (inches) Job Name: DRAG_Z. OUT

X __________ Feedrate: 100:
Spindle: 0
Y __________ Feed Hold: OFf

Stopped

Laser Measurement

1) Edit Laser Parameters Laser Software: [IFGLANEIREAELE
Z) Press CYCLE START to Move to 0 Axis: X
Laser Units: Inches
End Position: 0. 0000
Move Increment: 0.5000
Number of Runs: 5
Dwell Time (Secs): 3.0000
Feedrate: 20,0000
Laser File Hame: LASER.IN

Press SPACE to change

Floppy Exit
F1 ESC

At the PC, press [Reset] to reset the zero position for therlaClick [Start] after hearing 2 beeps or seailggeen
light on the PC screen, then press <Cycle StarttheiControl. You should hear a beep from the R&\etime the
machine pauses. Watch the PC to verify it is ctilhg all points. When it is finished, click OKeh save as
A:\KnnnnX.in. You may want to also save it on arive with a filename like C:\Iddm\KnnnnX.in ftater analysis.
After LDDM writes the file to disk, take the diskiband put it into the floppy drive of the CNC1htwl. It will

have a message asking for the disk. Press a kthearontrol. After the file is read by the cohtchanges in
backlash and turns ratio values will be display&ten, run the procedure again to verify the pasiticcuracy of the
X-axis.

Repeat the same procedure for the other axes

Printing the Laser Output File

System requirements — CNC10 Windows Demo software,
(1) Set screen to B/W by setting parameter #7 to 1.
(2) Use <F2> Load and <F8> Graph to view the filestigbelow from the CNC10
directory
I. CNC10_X.OUT
i. CNC10_Y.OUT
iii. CNC10_.0UT

Rev.050808 C:\soft_eng\manuals\install Service MARev 081121\Chapter 2.doc 2-45



(3) Press <Print Screen>, putting the contents of ¢hees into the clipboard.

(4) Open Microsoft paint and paste contents of cliptdodnvert the black background
colors to white color.

(5) Print out a hard copy of the Laser file.

F9 - Plot

This option is used by qualified technicians inesrtb plot data.
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Chapter 3

Integration Testing

Integration Testing and Checkout

Electrical cabinet:;

O

O
O
O

Make sure that all holes in the cabinet are pluggethat while in operation no coolant, lube oll

or chips can get into the cabinet or console.

Make sure that all brackets, strain relief's andiare are tight.

Check all wire connections. (Screws tight, not gdachon the insulation, all strands in
connection and not to much bare wire showing)

If the machine was shipped after initial checkoetheck connections for tightness. Some
connections may have come loose during machinsgaatation.

Power up:

O

O
O
O
O

Turn on main disconnech@t the control) check for proper voltage at the control input pow
fuses or circuit breaker.

Power up controlE-Stop pressedl

Enter DEMO code to enable control software

Check for proper voltage at contactor or inventguit

Program inverter (can be done later)

Encoder inputsE-Stop still pressed

O Check axis motor encoder inputs
a. Go to the PID menu by:
Pressing <F1> Setup, <F3> Config, enter <137>4{pasd), then <F4> PID
WCS #1 (GE54) Current Position (Inches) Job Name: 04 4001A.cnc

X
Y
Z

Tool: H---
'0 1308 Feedrate: 1 100%

Splndle 0 A

-0.2010
+0.2468

Stopped L

406 Emergency stop detected =
Press CYCLE START to start job

Configuration

Move axis or spindle to
see the encoder index
pulse, indicated by an **'.

AXis Limit Kg Kvl Ka Accel Max Rate
X Should be SEEN ONCe Pelhnay o 0 0 0.500 300.0
Y motor revolution. 2000 0 1 39 0.050 330.0
z 2000 O 2 38 0.050 300.0
N 00391  5.000 32000 O 0 0 0.100 300.0
N 0.00000  0.000 0 0 0 0 0.000 0.0
AX)‘(S* Sumo De't;‘ PIDS;Ft Abs ?‘5’;33 '-‘lne PID Colled Check for axis or spindle encoder
v 0 0 OFF -8041 movement here t|f using encoder
z 0 2 OFF 9871 3 inputs 1-5. The'Baxis encoder
N 0 0 OFF -16 4 input is under <F8> Drive.
N* 0 0 OFF 23710 5
PID Collection Axis: X Density: 1 Type (0-4): 0 File:
PID Prog. ‘ Collect ‘ Tune ‘ Drag ‘ Drive Plot ‘
Fi F2 F3 F5 F& Fa F9
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b. Manually move each axis in the plus and minus timaavhile watching the “Abs Pos” in
PID menu for plus and minus counts.

O Spindle Encoder (Another method with no check faleix pulse)
a. Go to the Parameters menu by:
Pressing <F1> Setup, <F3> Config, enter <137>, #fe3> Parms
b. Set parameter #78toal
c. Press <Esc> until you are at the main menu.

WCS #1 (G54)  Current Position (Inches) Jobﬂane:TEST.CHC
X Z0.8705 (e loo
! pindle:
Y +0.7132
Z —_ 0 1 9 8 6 g?itingdfor PLC operation
. , oppe

406 Emergency stop detected
Press CYCLE START to start job

Park
Ei0

Setup H Load H MDI H Run H cAM H Edit H Utility H Graph “Digitiz
Fl Fz 3 T4 )] & 7 FS Fo

d. Manually turn spindle and check Spindle in theustarindow for movement.

Air Pressure:
O Check air connections and pressure settings for:
a. ATC systems (If applicable)
b. Spindle brake (If applicable)
Axis Movement and Limit Switches:
O Release E-Stop
O Jog each axis (+/-) check for proper travel diogcti Turn on direction reversal in “Motor
Parameters” menu if necessary. Changes regardiegidn reversal can be found in chapter 2
“Software Setup” page 14
O Limit switches connections:

a. In fast continuous jog move an axis in the - (mjrdisection and manually trip the
corresponding limit switch for that axis. Aftergping the - (minus) limit switch the following
should occur. The axis motor will stop and thelfmit (#_) tripped” message will appear.

b. With the limit switch still tripped try to jog irhe + direction. The axis motor will not move

or will move slightly and the limit tripped messag#l repeat itself.

Switch to SLOW jog mode. The axis will now movetle + direction.
Release the limit switch. Thé&imit switch cleared” message will appear
Repeat for the + direction

Repeat a-e for each axis that has limit switches.

-0 Qo0

3-2



Machine Homing:
O If homing to switches verify they are set in thedtdr Parameters” menu
O Press <Cycle Start> to home the machine.
O The type of homing is found in the “Control Configtion” menu, see chapter 2 “Software
Setup” page 8 for changes.
Machine configuration:
O Verify turns ratio using a dial indicator or otheeasuring device and moving each axis in MDI
or incremental jog. Procedures for modifying turatso can be found in chapter 2 “Software
Setup” page 14
O Verify software travel limits are set, see chatéBoftware Setup” page 12
O Verify Max spindle speed and Min spindle speeceisfsnecessary, see chapter 2 “Software
Setup” page 8 for more info.
O Run Autotune, in the PID menu, to set the Accelfdand Max Rate.
O Run Drag Plot, in the PID menu, to check for smoun#thine travel (No obvious bind points)
Lube pump operation
O Verify lube oil is getting to all parts of the macé.
O Set the lube timer if needed.
Spindle operation:
O Check manual on/off and correct direction CW/CCW
O Use MDI to check M3/M4/M5 automatic spindle opeat(if applicable)
O Use tachometer to set spindle RPM.
O Check high/low range switch operation. (If applieab
O Check spindle brake operation. (If applicable)
Coolant operation:
O Check manual on/off flood and/or mist.
O Use MDI to check M7/M8/M9 automatic coolant opeati
Tool changer operatioiiCarousel StyleNeeds Revised for new PL C programs
O Verify parameters 160 and 161 are set correctBe sdftware section chapter 2 page 38
O Verify parameter 178 is set correctly. Machine Regter 178. This is a bitmapped parameter
that can switch the state of some of the inputse Vialue of these bits determines what the
default state of the input will be. The bits that related to the ATC system are:

AIR_SIGNAL P178 Bit 2 (4) (Setting thidt will make AIR_SIGNAL normally open)
TOOL_COUNTER P178 Bit 3 (8) (Setting this Will make TOOL_COUNTER default state closed).
INV_ZERO_SPEED P178 Bit 5 (32) (Settingsthit will make INV_ZERO_SPEED normally open).
CHILLER_FAULT P178 Bit 10 (1024) (Settinigis bit will make CHILLER_FAULT normally open.

O These settings are configured during control systgegration and should not be changed.

O Using the tool index keys on the jog panel cheek the carousel rotates in the correct direction.
Tool Index + should count up and Tool Index — sbdadunt down

O In the tool library Press <F3> Init and follow insttions.

O Z axis positioning, In MDI enter “M21” and checkatithe Z axis position is correct for a tool

change, then enter “M22” and verify the Z axis e®wup to a clear position for carousel

rotation.

Spindle orient, In MDI enter “M19” and verify th@iadle orients to the correct position.

Carousel in/out operation, With Z axis clear in M&iter “M80” to move the tool carousel in

check position, then enter “M81” to move the casbimmck out.

O Tool release, In MDI enter “M15” to check the toelease and air blow on, then enter “M16” to
clamp the tool and turn off the air blow.
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O In MDI enter “M6 T1”, verify that the carousel ptisns to the correct tool number and the tool
change completes with no errors.

Run System Test

System Test is a new feature released in softwenrsons 8.23 (DOS) and 1.10 (CNC10). The
purpose of the System Test is check basic machimetibnality and to verify key parameters are set
correctly. If the System Test has not run compleded passed, a message will be displayed onctieers at
power up (see below). This message will contimuieet displayed at power up, until the System Tast h
been run successfully.

WCS #1 (G54) Current Position (Inches) Job Name: TEST. CHC

X ______ e — — — Tool TrmsHe==
. Feedrate: 187
Y Spindle: 0 fn
Z ______ i i (OPEN) Error loading job infot
- Using default information

Stopped
Press CYCLE START to start job

WABNING: Hachine Home Not 5et

Press CYCLE START to send machine to home position

FEFEEFFFFEEF XXX TR EEFFEEEF

MACHINE SETUP
WOT COMMPLETED.

MACHINE IS NOT READT SYSTEM ID
TORUN. 0101909999

CONTACT YOUR DEALER.
EREEEEEFEEEEFERRE XX RRERRRELE

Setup MDI Utility
El E7?

E3

Warning message displayed until system test is tetegh before homing

Requirements before running System Test

3. Before running the System Test the control shoelfubly integrated and working correctly. Which
means; the machine homes correctly, autotune reasro@, drag tests completed, travel limits are
set, and spindle and coolant functions are workid@C systems need to have run successful tool
changes as well.

4. Machine table should be clear so it can run thraalgtravel limits without running into anything.

5. The spindle should be empty and the spindle facg mat be able to run into the worktable at the
bottom of its travel.DO NOT START the system test with a tool in the spindle.
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Addition requirements for ATC systems

6.

Position a TT1 on the worktable and connect the @didle. Jog the worktable to position the spindle
over the TT1 then press <F1> Setup, <F1> Part, INES Table and <F1> Return. Enter the X anc
Y values displayed on the screen in return poina#@ set the Z value to zero. Also make sure the
spindle face will not run into the TT1 at the bottof its travel (if it doesn’t clear, ddOT run the
System Test).

Insert at least four tools into the tool caroudadad one into bin #1 and another into the maximum
bin number (ex. Load into bin 16 if a 16 — Tool ATC he other two tools should be loaded into the
carousel to balance it out. In the case of aTéol ATC load bins 5 and 10. The tools must have
lengths that differ by at least 0.010 inches (Or26). DoNOT use fly cutters, diamond tip tools or
none conductive tools.

Running the System Test

3.

To run the System Test, press <F1> Setup, <F3>iGaniter the correct password, and then press
<F5> Test. A message will be displayed promptirguser to press Cycle Start to run the test or
ESC/Cycle cancel to exit without running the Sysiieest. If the test detects an error at any tinee th
program stops and an error on the screen appesdiffsire 3). Load systest.out and edit to see
exactly what failed (See figure 2).

;  Checking travel limits and home set
** FAILURE: AXIS 1 INVALID TRAVEL LIMITS
*% FAILED ***

Figure 2: Systest.out example of failure message

System Test starts by moving the Z-axis to homigenichecks parameter 6 and 160, if P6 is set to 1
and 160 is set to a non-zero value the Systemwi#tstn all tests.
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WCS #1(G54) Current Position [(Inches) Job Name: SYSTEST . CHC

X -3.8811 el
pindle:
+
Y 0 ¥ 0 0 0 0 Pr-:_)c_essing...
Z +0.0000 |faiesiwiassumpyer
Stopped
Press CYCLE START to start job

894. if [#100] then gb5 p9301

g95.

896. goto 10000

89r.

898. n9999 N123 ;=x FAILED ==

SRR RROR FALLED TEST]

900. nl10000 N123 ;% PASSED »x

901. gl10 pl145 r0 : disable fast branching
902. #111 = #1234

903. nl0001

Missing paraneter

Setiig “ Load H MDI H Run H CAM “ Edit “ Utility H Gk H Digitiz| Park
Ei 2 3 Fq ] E& 7 ES 9 Fio
5. The travel limits and machine home are verified thay are set. Travel limits are not tested f@sa
tht%t are labeled as M, N, or S, or that have therydit set in parameters 91-94 (axes 1-4) arltbér

(5™ axis).

Figure 3: Example of what you'll see when a tedsf

6. At this point, if the system is an ATC system amppd will be displayed asking if you want to run all
tests or just a certain one. This way if you faitke test previously and only want to run a certai
test to verify you fixed the problem. It's possblithout running the entire problem and risk
faulting out again.

7. If full test has been selected, the next testaslihl test of ATC systems. If not an ATC system th
test will jump to number 6. After machine home &mel travel limit have been checked the following
G-code message will be displayed on the screen:

5 ; * Connect TT-1 and verify the XY location of thg-1
6. ; *is set in return point #3. Verify that the sgdie

7. ; * face is above the TT-1 when at the Z minusetav
8 ; * limit. After pressing CYCLE START,

9 ; * trigger the TT-1 twice.

10. MO

11. if [#9044 != 0] the #[a] = #9044

12. if [#9044 == Q] the #[a] = #9011

13. M123 L1 ; TT-1 set to be input

14. M123 q0 p#a

15. M101/#e

After pressing Cycle Start, the TT1 needs to beuabyntriggered twice. The best way to do this is
by touching an electrically conductive materiathie worktable and the top of the TT1. A right-
angled allen wrench about six inched long workd.wel
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How to trigger TT1

3. Before triggering the TT1 you will notice in the ssage window the message “Waiting for input
#15 (M101)". If the TT1 parameters are set cotyettte program will stop at a MO after triggering
the TT1. If the program doesn’t reach the seco@dshbrtly after triggering the TT1, stop the
program. Press <Alt + I> to turn on Live PLC debung and trigger the TT1 to see which input is
actually toggling and then change parameter 4hdartput being tripped. If no input is tripped
check the TT1 wiring.

4. The quick home switch test is now run to see ifrttaezhine can be homed reliably and that the
home switches are not too close to the index mfliege motors.

5. ATC spindle test, which is made up of three parts:

6. First parameter 78 (Spindle Speed Display) issét@ to enable live measurement and calculated
spindle speed to be displayed in the CNC statudavin Parameter 36 (Rigid Tapping
Enable/Disable) is set to 1.0 to enable rigid tag@nd parameter 33 (Spindle Motor Gear Ratio)
is checked to see if it's set to 1.0. If not e110, it will be changed to a 1.0 and a warninl e
logged.

7. The program turns the spindle on for a few secamdislooks for any change in the absolute
encoder position of all axes. If no changes ateatied, the test will error out and log the failure
In which case the spindle encoder wiring and conmes need to be checked. If movement is
detected, parameter 35 is verified that it's setestily. A wrong value will result in a failure;eh
failure message in the systest.out file will indécthe correct value. Change P35 and run test
again. A quick check for spindle direction is madbere the spindle is turned on with an M3 to
see in the spindle is counting up or counting doWrtounting up nothing happens, counting down
will result in a minus sign being added or remofredh parameter 34 (Spindle Encoder
Counts/Revolution) and a warning logged.

8. The test now records the average spindle decadaritne from 2000RPM.
Then all spindle speeds from 100RPM up to the marispindle speed set in the Control
Configuration are checked and recorded in sysigst.Bhe spindle speeds are commanded and
then the actual speeds are recorded after sews@hds. The commanded speeds are compared
the actual and must be within 3% to pass. If lfaioccurs check P34 is set correctly and that the
inverter has been programmed for the correct maxiroutput frequency. To check parameter 34
turn the spindle 10 times by hand and divide tlilei@ince in encoder counts by 10. The absolute

Rev.050808 C:\soft_eng\manuals\Install Service M#iRev 081121\Chapter 3.doc 3-7



10.

3-8

encoder position can be read off the PID screen.

The ATC tapping test is a quick and easy testalts at machine home and taps down three inches
at 1000RPM. The Z-axis movement should be veryosmdnowever if you notice a jerky motion

it is probably due to P34 having the wrong sign)(+For example, if P34 is set to 4096 and you
have jerky motion on Z-axis change P34 to —40960tAer problem could occur with a “Z axis
cannot follow the spindle” error. This means yavdrthe wrong number of counts in P34 (i.e.
8000 instead of 4096), although the correct vatwd>B84 should have been determined in spindle
test.

Machine home switch and travel limit test. Firff the way the machine home tests are
conducted and analyzed depends on the values siotteel plus/minus home switch fields in the
Machine Configuration — Motor screen.

There are two checks made before the test bedine.program first checks the “Machine home at
pwrup” setting in the Control Configuration. Iftde “Jog” the test is skipped and a warning is
logged in systest.out. In most cases it shoulselbéo “Home switch” or “Ref Marks”. The second
check looks for any axis that has at least one hewiteh input defined except for, rotary
configured axes or axes with an “M”, “N”, or “S”dal. Reference Mark homing will have both
plus/minus home switches set to zero. So any tetdail this check will generate a warning in
the systest.out file.

Review of homing process when homing to a switch

1.) The axis moves toward the home switch at lihne pg rate until the home switch is tripped.
2.) The axis moves away from the switch until loene switch closes.

3.) The axis moves further away by a small am@@t025 inches).

4.) The axis moves in small increments away frbendwitch until the encoder index pulse is
located.

Axes with a minus home switch defined will have tiplé measurements taken of the home
position (found by using an M91/ command) and thsitpn after step (3) in the homing
procedure. The measurements are logged alongewith measurements and other data. To pass
the test, all home position measurements must thennd.0005 inches of the first measurement. If
the test fails and the error is within 0.0010 irccb&a motor revolution, the follow message will be
logged “SUSPECTED LIMIT SWITCH PROBLEM”. OtherwistSUSPECTED ENCODER
INDEX PROBLEM” will be logged.

Now the distance between the home position andffr@vitch position (position after step 3) are
checked to ensure that they are not within 1/8reatgr than 7/8 of a motor revolution. If within
1/8 or greater than 7/8 of a motor revolution &ufai occurs and a “Home position too close to
encoder index pulse” message is logged. To cotiectailure, move the limit switch or trip dog.
If unable to move, decouple the motor and rotateonshaft 45°.

If an axis has a plus home switch set the sameureragnts and analysis are performed on it.

Once all plus and minus home switch tests are cetepbr every axis the travel limits are
checked. When there are two home switches, thelbweavel defined in the Machine
Configuration — Jog parameters must be less thaqual to the distance between the minus and
plus home positions, but within 1.0 inch (25.4mrRpr example, the distance between the plus
and minus home positions is 24.135 inches, whicAna¢he travel limit must be within 23.135 —
24.135 inches to pass the test.



In the case where there is one or no home switdtefor an axis, two moves are made. One from
the home position out to the minus travel limit amdbther from the home position out to the plus
travel limit. If the travel limits are too londhé test will be stopped by either a “Full power
without motion” or “ limit tripped” message.

After the travel limits are tested and have pasakdxes move to the center of the travel limits.

3. ATC Tool Changing Test starts by performing a seoktool changes. These tool changes are
done in such a way to alternate carousel direcmmasmaximize carousel travel. For example, a
16 — Tool setup would run a series of tool charigest1, T8, T2, T9, T3, T10 etc., and would
continue in this manner until 48 tool changes (B maximum number of bins) have been
completed.

After every tool change, the tool height is checlsohg the TT1. The first time a tool is
measured, the Z-axis machine position is recordaa subsequent tool checks, the machine
position is compared to the initial recorded positi The test will fail if subsequent tool
measurements are not within 0.005 inches of thialposition.

Assuming a few tool changes have been completede possible causes for the wrong tool being
picked up are:

o Parameter 161 (ATC Maximum Tool Bins) is set wrog. P161 = 16 but the tool carousel
holds 20 tools.

* Not using a brake motor for the carousel or ther fiaulty brake motor.

* The state of the tool counter sensor after a thahge is not electrically open. This can be
caused when the wrong type of tool counter ser¢omgally Open or Normally Closed) is
matched to the mechanical setup of the countinghargsm.

» The tool counter sensor or wiring is faulty.

* Electrical noise.

Completed System Test

If the control runs through the complete test aaslsps everything the systest.out file will say gass
and the “Machine setup not completed” messagenwilonger appear at machine power up.

Note: If you run the system test after it's alrepagsed, the systest.out file will be wiped out gredcontrol
will need to be run through the complete test again

Machine run in:
O Run atest G code program for a minimum of 48 hthaswill exercises all machine functions.
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Chapter 4

Troubleshooting and Diagnostics

CNC10 Errors Messages

These error messages are seen in text mode aftev @k tried to start or is exiting. Error inititig CPU7/10...
1. CNC10.PLC file read error...
2. Return code 63
3. Return code 64

CNC7 Abnormal Stops — Faults Error Messages
Abnormal stops are detected in the following ordeL:C, servo drive, spindle drive, lube, ESTOP isTheans
that if both the servo drive and the spindle dheee faulted, the servo drive fault message wopjzbar.
401: PLC failure detected

404: Spindle drive fault detected

405: Lubricant level low

407: limit () tripped

409: _axis lag

410: _ axis position error

411: axis full power without motion

412: axis encoder connection is bad

. 413: CPU Failure #01: power down
10.414: CPU Failure #02: power down
11.420: _ axis motor overheating

12.421: Motor(s) too hot: job canceled

13.422: Jog Panel Offline

14.424: Feedrate Override Offline

15.426: Spindle Override Offline

16.428: MPG Offline

17.430: CPU7 PIC Offline

18.432: External PLC Offline

19.434: _axis idling too high: Releasing power
20.435: _ axis runaway: Check motor wiring
21.436: Servo drive shutdown

22.439: _ axis servo drive processor failure

©CoNoOGORA~WNE

23.441: _axis over voltage AC brushless systems only.
24.442: axis under voltage AC brushless systems only.
25.443: _axis commutation encoder bad AC brushless systems only.
26.444: axis over temperature detected AC brushless systems only.
27.445: axis over current detected AC brushless systems only.
28.446: _ axis synchronization failure AC brushless systems only.
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Problems that do not generate an Error message:
Spindle does not come on.

Hit a limit and | can’t jog off it

Axis jogs the wrong way

Machine loosing position

Machine won’t home out

Won't cut a round circle

Leaves marks on circles

Noisy motors

. Coolant not coming on

10. Control not booting (does not run autoexec.bat)
11.Keyboard or computer lockups

12.Machine not homing in correct direction

13. Spindle running in wrong direction

14.Tool carousel turning in wrong direction.

15. Rigid Taping does not work

CoNoOR~WDNDE
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Error initializing CPU?7.

Hex file CPU10 error identifier for return code 63

Symptoms

Possible Problem

Troubleshoot / Cul

See return code 63

If the error wasin loading the indicated file
the line number that it wastrying to load wil
be displayed

CNC7.PLC file read erro

PLC program error identifier for return code 63

r...

Symptoms

Possible Problem

Troubleshoot / Cul

See return code 63

Return code 63

Exit code from CNC7 because of an error duringtgpar

Symptoms

Possible Problem

Troubleshoot / Cre

CPU10 error loading file

Q

Q

Q

Q

Bad or damaged hex file
being sent to CPU10

CPU10 not seated properlyin 8@ AC Brushless systems use

PCI computer slot.
Bad or damaged PLC progrg
(CNC10.PLC) being sent to
CPU10

Hard drive problems or other|
hardware problems

Replace bad fil
o DC Brush systems use CNC8.HEX|

CNC9.HEX

m
Reinstall PLC program(§ICNC10.PLC)
Reseat CPU7/9 in computer

Missing file

CNC8, CNC9 hex file or PLC
program (CNC7.PLC) not found
while trying to load.

Replace missing fi

0 DC Brush systems use CNC8.HEX|

o AC Brushless systems use
CNC9.HEX

Install PLC program(s)

Return code 64

Exit code from control software to indicate an ilwanath function was trying to be performed.

Symptoms

Possible Problem

Troubleshoot / Cul

File read error

o An invalid value was stored i

one of the control
configuration files (corrupt
file).

Bad hardware (Hard drive,

nBackup and then delete one at a time
following files

a CNC7.TEM

a CNC7.J0B

a CNC7.WCS

memory, motherboard, ect.)
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401: PLC Failure Detected

Input 16 and output 16 are used as a check to edLE operation. Output 16 is set by Input 16f sgout 16
is not correct a401: PLC Failure Detected error is generated.Press E-stop to clear

Symptoms

Possible Problem

Troubleshoot / Cul

Missing Logic power

No 110VAC to logic PS
No 5VDC, 12VDC to PLC

Check voltage

See figure 3 for Servo3l0

See figure 6 for H63 on PLC 15/15
See figure 7 for PLCIO2

See figure 8 for RTK2

See figure 9 for PLC 3/3

Fibers optic cables

Fiber cables plugged in wrong,
broken or not plugged in at all.

heck Fiber cables and connecti
See figure 1/2 for Servo3lO
See figure 6 for PLC 15/15
See figure 7 for PLCIO2
See figure 8 for RTK2
See figure 9 for PLC 3/3

ODo0oO0o0oOoDO0DD0oDO0O0OC

PLC program

PLC program set output 16

Verify that the PLC program is not ng
output 16.

404: Spindle Drive fault detected

If the PLC receives a fault signal from the spinidkeerter or overload contactor output 65 is set ari404:
Spindle drive fault detected error is generated.Press E-stop to clear

Symptoms

Possible Problem

Troubleshoot / Cul

Wrong inverter settings

Inverter has not been seiupas
not programmed properly.

Check inverter manual for proper setti

PLC program

The inverter’s spindle drive fault ot
Is opposite of what the plc program

ItSwitch fault output to othéO or NC fault
icontacts if possible.

expecting. Or
Modify the PLC program
Too heavy of a cut Dull tool or programmed spindle | Replace toc
Or

speed or feedrate is too high

Slow down feedrate and/or spindle speed

Spindle motor

Spindle Motor is miss wired, motor
winding are shorted

Replace motor if bad

Or

See schematic for proper wiring
connections.

Contactor overload
protector tripped (non
inverter systems)

a Dull tool or

o Programmed spindle speed (¢
feedrate is too high

o Overload set too low

o Spindle motor is bad

o Spindle motor is too big for

0 Replace toc

Slow down feedrate and/or spindle
speed

a Check overload setting

o Verify overload rating for motor sizg
o Replace spindle motor

v

contactor
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405: Lubricant level low

If the PLC receives a lube low signal from the lylaenp output 63 is set and 405: Lubricant level low”
message is generated.Press E-stop to clear

Symptoms

Possible Problem

Troubleshoot / Cul

Lube low alarm

Ran out of lube ol

Lube switch wired NO, PLC
program looking for NC
Low lube switch bad

a
a

a

Fill lube pump

Wire low lube switch to NC
contacts. Default for PLC program
NC.

Check lube switch with ohm meter

407: __ Limit (#_) tripped

The limit tripped message is generated when ortleeolPLC inputs set in the motor configuration maesia
limit switch is tripped. The PLC input that wagppred is shown in the parentheses.

Symptoms

Possible Problem

Troubleshoot / Cul

Constant limit tripped
message

An axis has hit a limit switch
o Program exceeds the travel
limits, or the part zero was se
incorrect.
o Soft travel limits not set
properly
Broken limit wire
o Limit switch wires were
secured to tightly and could
not move with the axis to the
full travel and were damaged

Use the slow jog button to move the ax
away from the end.

>t

is

o Reset part zero to a point which
will permit the CNC program
move.

Set soft travel limits in machine
configuration menu.

Ensure all limit wires have enough
length to move the entire axis travsl.

Axis does not home. Limit
tripped message appears i
message window when the
home / limit switch is

Home inputs are not set correctly of
nnot set at all.

reached.

Set input numbers in the “Home —* and

“Home +” columns in the “Machine
Configuration” screen to match the
“Limit = and “Limit +” columns.

409 : _ axislag
If the lag distance (allowable following error)agceeded for more than 1.5 seconti4®: _ axis lag”error
occurs.
Symptoms Possible Problem Troubleshoot / Cul

The machine is doing avety o High drag 0 Look for and clear obstructio
heavy cut o Chip buildup o Install higher power motors, this

o The motors are undersized for may mean installing a higher power

the application drive also
o The maximum rate or 2 Run Autotune

acceleration parameters are

set

too high.
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410: _ Position Error

When the CPU7 (motion control card) is expectirgriotor to turn, and not getting a correct encodgponse
for >.25", a*  410: Position error” results

Symptoms

Possible Problem

Troubleshoot / Cul

Max. rate in the parameters i
set too high

sThe motor may not be capable of
maintaining the maximum rate.

Run Autotune.
Try commanding slower speeds to
check for a rate-related position

error.
Binding or mechanical The CPU7 board has detected o Run drag plot to help find bind poin
problems such as excessive | >.25” error on an axis in axis travel.
lash o Slow down the feedrate and watch
for errors.

Un-belt or uncouple the motor and
watch for errors.

Bad encoder

Coolant, fluid, or dirt penetrating
the encoder housing seal causing
the encoder to give erroneous
encoder counts to the CPU7 card

o Replace motor with a known good
motor
Swap motor from another axes to

verify bad encoder.

Q

Bad encoder cable

Broken wire, or connectionat t
pins of the cable

hMove the suspected encoder cables to
another axis’s motor.

o See figure 3: Servo3l/O drive

o See figure 4: Servol drive

o See figure 5: QUAD drive
NOTE: You must swap motor and encoder
cables together

Encoder connectors are on tf
wrong axis

1®ne motor is turning but the
position displays on another axis

Check for proper encoder hookup.
o See figure 3: Servo3I/O drive
o See figure 4: Servol drive
o See figure 5: QUAD drive

Motor power wiring is
backwards

The CPU7 board is getting
backwards encoder counts

Watch the DRO display. If the DRO is
always increasing or decreasing regardles
the direction jogged, the motor wires at th
drive are reversed.

o See figure 3: Servo3l/O drive

o See figure 4: Servol drive

o See figure 5: QUAD drive

5S of

a)

-

Bad CPU7 board

The CPU7 board is losing enco
counts and giving false DRO

reading (very rare!)

deeplace CPU7

411: _ Full power without motion

When 90% power (PID) is applied to an axis and tion is detected for the time specified in paramétl
(defaultis 0.5 sec.),’d11:  Full power without motion” error occurs.

Symptoms

Possible Problem

Troubleshoot / Cu
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Servo drive logic power
missing DC brush system

Blown fuse, bad connection or no
connection.
No 110VAC to logic PS

Check voltages going to the drive
SERVO3IO see figure 3
o Check H2 or H3 for 5VDC and
12vDC
SERVOL1 see figure 4
o Check H8 for 5VDC, +12VDC
and —12VDC.
Quad drive see figure 5
Check H1 for 5VDC, +12VDC and -
12vDC
See schematic for proper wiring
connections.

Servo drive power missing
DC brush system

o Blown fuse, bad connection ¢
no connection.

Flood or spindle overload
contactor tripped.

E-Stop circuit miss wired or
DC power supply not
working.

Q

Q

pICheck voltages going to the drive
SERVO3IO see figure 3
o Check H16 for ~110VDC
SERVOL1 see figure 4
o Check PIN 9 and 10 of H4 for
~110VDC
Quad drive see figure 5
o Check PIN 9 and 10 of H4 for
~110VDC
See schematic for proper wiring
connections.

AXxis is against a physical
stop.

Program exceeds the mechanical
travel limits, or the part zero was se
incorrect.

Use the slow jog button to move the ax
t away from the end.
o Reset part zero to a point which
will permit the CNC program
move.

is

o Set soft travel limits in machine
configuration menu.
o Check limit switches for proper
operation if installed.
Binding or mechanical o Worn bearings or ballscrew o Check lube system for lube oil
problems o Malfunctioning lube system and plugged lube lines.
o Ballscrew was improperly o Check bearings for excessive
aligned with the axis travels play.
o Run drag plot to help find bind
points in axis travel.
Loose Encoder Set screws loose that hold encoder o Tighten encoder set screws

onto motor shaft.
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Fiber Optic DC brush
systems

Fiber Optic cables were plugged in
wrong, broken or not plugged in.

For fiber optic connections:
o See figure 1 for M39 SERVOS I(
o See figure 2 for Uniconsole
SERVO3IO
o See figure 4 for Servol
o See figure 5 for Quad drive
See schematic for proper wiring
connections.

Limit Switch problem on
DC brush systems

Broken limit switch or wire and the
limit switch inputs are not entered
into machine configuration menu.

o Check limit switches for proper
operation and wire continuity.
Set PLC limit inputs in machine
configuration menu to see limit
tripped message.

a

Servo motor not getting
power from servo drive.

Motor not connected, bad cable or
connection.

Check motor connections and
cables.

See schematic for proper wiring
connections.

Q

Servo motor bad

Servo motor is shorted, coolandén
motor, motor was undersized and
burned up.

s 0 Replace servo motor

Servo drive bad

Servo motor shorted, motor cable
shorted.

o Replace servo drive

412 :

___axis encoder connection bad

If an axis is enabled and CPU7/9 does not detdidtexential encoder signal therf4l2: __ axis encoder
connection bad” error is generated.

Symptoms

Possible Problem

Troubleshoot / Cul

Loose or severed encoder
cable

Broken wire, or connection at the

pins of the cable. Hanging cable w3
caught during machine operation ar
broken or pulled.

Move the suspected encoder cables to
Agnother axis’s motor.
d o See figure 3: Servo3l/O drive

o See figure 4: Servol drive

o See figure 5: QUAD drive
NOTE: You must swap motor and
encoder cables together

Bad encoder

o Coolant or lube oil got into
motor encoder housing.
a

0 Replace encod
o Use quad differential type encoder,
2000 line recommended

Incorrect type encoder

413 : CPU Failure #01: power down
A time out occurred sending a command to the Z80.86) processor on the CPU7

Symptoms

Possible Problem

Troubleshoot / Cul

CPU7 not seated properly.

CPU7 card not screwed int
computenSA slot and came loose in

Reseat and securely fasten CPU7
computer ISA slot.

operation.
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Z80 Processor failure

Exposed CPU7 shorted chips or
coolant.

Replace CPU7 and keep all doors closed
covers on control.

414 : CPU7 Failure #02: pow

er down

Communication with the DSP (2101/2105) on the CIRES been lost.

Symptoms

Possible Problem

Troubleshoot / Cul

Encoder index pulses
flooding CPU7

Bad or noisy index pulse on one of
the axis motors

Disable and then disconnect each axis m
one at atime. See which axis is causing t
problem.
o Check for proper wiring and
grounding on the encoder cable.
o Replace encoder

DSP failure

Exposed CPU7 shorted chips or
coolant.

Replace CPU7 and keep all doors closed
covers on control.

420 . __ axis motor overheating
CNCY7 estimates that the indicated axis motor hashed the warning temperature set in parameter #29

Symptoms Possible Problem Troubleshoot / Cui
Tight or sticky machine Poor lube system, or meatsn 0 Check lube system for prop
adjustment operation

o Have a qualified machine mechani
adjust your machine gibbs.

”

Unbalance Z axis

The Z axis counter balance does 1
match the weight of the Z axis head

néddd or remove weight from the coun
balance to match head weight more closel

closely enough
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421: Motor(s) too hot: job canceled
CNCY7 estimates that an axis motor has reachedhntitedémperature set in parameter #30.

Symptoms

Possible Problem

Troubleshoot / Cul

Tight or sticky machine

Poor lube system, or meatan
adjustment

a Check lube system for prop
operation

0 Have a qualified machine mechani
adjust your machine gibbs.

Unbalance Z axis

The Z axis counter balance does
match the weight of the Z axis head

nédd or remove weight from the coun
balance to match head weight more closely.

closely enough

422 :Jog Panel Offline
CPU7/9 has lost communication with the jog panel.

Symptoms

Possible Problem

Troubleshoot / Cul

Jog cable and/or connecto
loose or broken.

d.oose or dangling cables pulled loo
or broken by machine.

se u

Retighten connector screws to h
cable connectors in place
Replace any damaged jog panel

cables.

Q

Job panel dead

Coolant shorted jog panel
Severed cable shorted jog panel

Replace jog pan

The MPG button has been

428: MPG Offline

turned on and the CPUW8aacommunicate with the MPG hand wheel.

Symptoms

Possible Problem

Troubleshoot / Cul

MPG button pressed on jog
panel

o Forgot to plug in the MGP
o Bad MGP cable/connector.

a Plug in the MP(
o Replace MGP

error is generated.

432: External PLC Offline
If the CPU7/9 has lost communication with the K¢ipo.C Direct) PLC then a “432: External PLC offline”

Symptoms

Possible Problem

Troubleshoot / Cul

Duel PLC selected in the
control configuration menu

Wrong PLC type selected in menu.

Select proper PLC type in conti
configuration menu.

Koyo PLC lost power

Blown fuse or broken wire

Check Koyo PLC pow..
See schematic for proper wiring

connections.

434: idling too high: releasing power
The indicated axis is stopped with power on, andrarsually high PID output is required to hold piosi.

Symptoms

Possible Problem

Troubleshoot / Cul

Tight or sticky machine

Poor lube system, or meatsn
adjustment

a Check lube system for prop
operation
Have a qualified machine mechani

adjust your machine gibbs.

Q
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Unbalance Z axis

The Z axis counter balance does 1
match the weight of the Z axis head

nédd or remove weight from the coun
balance to match head weight more closely.

closely enough
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435: _ axis runaway: check motor wiring
The indicated axis was moving more than 120 in/B0#8mm/min) while power was supposed to be off.

Symptoms

Possible Problem

Troubleshoot / Cu

Motor power wiring is
backwards

The CPU7 board is getting backwar
encoder counts

adé@/atch the DRO display. If the DRO is
always increasing or decreasing
regardless of the direction jogged, the
motor wires at the drive are reversed.
o See figure 3: Servo3I/O drive
o See figure 4: Servol drive
o See figure 5: QUAD drive

E-stop was pressed while
doing a rapid

Max rates and and/or Accel value s
too.

dRun autotun

Noisy encoder or cable

Non-shielded cable beind use
Cable shield not grounded properly

a Check for proper wiring an
grounding on the encoder cable.

0 Replace encoder

436: Servo drive shutdown
On DC brush systems, the servo drive has deteatedrar. This error generates a signal from tiecsdrive
to the PLC which will set PLC output bit 6#ress E-stop to clear

Symptoms

Possible Problem

Troubleshoot / Cul

Servo drive detected an
over-current condition

Sudden hard stop
o Ran into machine physical
hard stop
o Z axis rapid into stock or
table
Motor or drive FETs shorted from
o Motor contaminated by
coolant or lube oil
Drive blown by bad motor
Drive blown by chips or
coolant because it is expose
or power cabinet door is ope
while running

a
a

Check and/or veri
o Limit switches
o Soft travel limits
o Part Zero (use backplot)
o Part Program (use backplot)

Replace motor and/or drive

= =

Servo drive detected an
over-voltage condition

Input power spikes

For persistent ov-voltage problem inpt
power should be monitored by your local
electric company

Rev.050808
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439:. axis servo drive processor failure
The servo 4 drive logic power failed or the procedailed.

Symptoms

Possible Problem

Troubleshoot / Cul

Fibers optic cables

Fiber cables plugged in wrong,
broken or not plugged in at all.

Visually check that the fiber cables are
broken and are plugged in.
a See Figure 10 for Drive to CPU9
o See figure 11 for Drive to
Uniconsole panel

No V bias

Broken wire, blown fuse or power
supply not connected.

See schematic for proper wiring
connections.

CNC9.HEX running on a
DC brush/CPU7 system

Update or install put a CNC9.HEX
file on the system

If and only if this is a DC BRUSH/CPU]
system
o Delete CNC9.HEX from the harg

1

)

drive.

seconds

441:  axis over-voltage
AC brushless systems only. Drive input power wetected to be greater than 350VDC for more than 2.

Symptoms

Possible Problem

Troubleshoot / Cul

Input power spikes

Lightning strikes or other weath
related problems

For persistent ov-voltage problems inpt
power should be monitored by your local
electric company

Wired wrong

Replacement drive was not hooked
up the same as original

See schematic for proper wiring
connections.

442:  axis under-voltage
AC brushless systems only. Drive input power wetgcted to be less than 80VDC for more than 2.

Symptoms Possible Problem Troubleshoot / Cui
Input power Brownouts For persistent und-voltage problems inpt
Weather related problems power should be monitored by your local
electric company
443:  commutation encoder bad

AC brushless systems only. Bad connection fronoeerc

Symptoms

Possible Problem

Troubleshoot / Cul

U,V,W lines from encoder
returned a value not in the
range of 1 — 6

o Encoder wiring error
o Bad encoder

Check encoder wirir
Replace encoder

444:  axis over-temperature detected
AC brushless systems only. Sensor on heat sidctiet a temp greater than 160F (71C)

Symptoms

Possible Problem

Troubleshoot / Cul

Tight or sticky machine

Poor lube system, or meaen
adjustment

a Check lube system for prop
operation
Have a qualified machine mechani

adjust your machine gibbs.

Q

Rev.050808

C:\soft_eng\manuals\Install Service M#iRev 081121\Chapter 4.doc

4-13



Unbalance Z axis

The Z axis counter balance does 1
match the weight of the Z axis head

nédd or remove weight from the coun
balance to match head weight more closely.

closely enough
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445:  axis over-current detected
AC brushless systems only. An over-current wasaletl by the drive on the indicated axis.

Symptoms

Possible Problem

Troubleshoot / Cul

Sudden hard stop

o Ran into machine physical
hard stop

o Z axis rapid into stock or
table

Check and/or verit
o Limit switches
o Soft travel limits
o Part Zero (use backplot)
a Part Program (use backplot)

Motor shorted

Replace motc

446:  axis synchronous I/O error
AC brushless systems only. A communication chetkstror was detected between the CPU9 and drive.

Symptoms

Possible Problem

Troubleshoot / Cul

Fiber optics cables

Cables too long
Fiber end not fully polished or dirty

Shorten cabile
Polish and/or clean fiber ends.
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NON-Error message faults

Symptoms

Possible Problem

Troubleshoot / Cul

Spindle does st

A limit switch is tripped or a limit switc
wire is broken and the limit inputs are s
to 0 in the motor parameters

et

Set limit switch PLC numbers
motor configuration menu to get
proper message.

Clear the limit switch.

Spindle starts in manual moc
but not in automatic mode
(M3/M4)

Check for H/Low spindle range il
options menu in the Utilities.

Enter unlock to enable opti

Hit a limit and | can’t jog off i

Fast jog selecte

Slow jog in opposite direction ¢
tripped limit to get off

Axis will not move in slow
continuous jog in either
direction when limit is tripped
(motor may jump slightly).

Drive limits do not match software lim

If software limits are set correctl
swap hardware limit wiring for — an
+. Then change software limit inpy
numbers to compensate for the
wiring change.

—~ O

AXxis jogs toward limit but nc
away (stuck on limit switch).
Limit messages are correct in
the message window.

Limit switch connections to the drive ¢
reversed.

Swap hardware limit wiring fc-

and +. Then change software limit
input numbers to compensate for tf
wiring change.

ne

AXis jogs the wrong we

Direction reversal in the mot
parameters not set properly.

See figure 1 for axis moveme
conventions

Set Direction reversal in motor
parameters for proper direction

Machine loosing positic

Encode slipping on motor sha
Machine is not grounded properly and
noise is getting into encoder cables.
Using unshielded encoder cables.
Encoder loosing counts (bad encoder)
Pulley slipping on motor shaft or ball
screw.

Check set screws on encoder .
tighten if needed

Make sure machine is grounded
Replace unshielded encoder cable
with shielded ones.

Replace encoder

Check that pulleys are keys and se€
screws tight

[72)

—

Machine won't home o

Not all axis being homed |
CNC7.HOM.

Add missing axis in CNC7.HO

Won't cut a round circle ¢
Leaves marks on circles

Turns ratios set wrot
Improper lash adjustment
Improper gibb adjustment
Worn bearings or ballscrew

See chapter 2 Motor Parameters
setting turns ratio

See chapter 2 Motor Parameters fq
measuring backlash

Check for excessive play in bearing
Have a qualified machine mechani
adjust your machine gibbs.

—

S

Noisy motor PID parameters modifit See chapter 2 PID Configuration
Bad motor correct PID settings
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Control not booting

No power to control P

See shematic for proper wirin
connections.

Keyboard or computer locku

Machine not grounde
Loose keyboard cable

Make sure machine is grount

Machine not homing in corre
direction

CNC7.HOM file
Direction Reversal

Switch M91/M92 to home i
opposite direction

See figure 1 for axis movement
conventions

Set Direction reversal in motor
parameters for proper direction

Spindle running in wron
direction

Spindle motor hookt

Reverse 2 of the 3 power leads to
spindle motor

Tool carousel turning in wrol
direction

Carousel motor hooki

Reverse 2 of the 3 power leads to
spindle motor

Limit tripped message do:
not match limit being hit.

Limit switch inputs are not set correc
in the Machine Configuration screen

Correct input numbers in the “Lir
—“and “Limit +” columns in the
“Machine Configuration” screen.

Rigid tapping does not wc

No spindle encoder inf
No index pulse from the spindle encod

19

See chapter 3 Encoder inp
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Z+a

—\ X+

Y+e

X —

i

The CUTTER, not the TABLE, defines the directiomadtion.

Cutter

You Press X+
Apparent cutter motion = X+

Table

—

Table moves to the left

Figure 1: Direction conventions
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Connector

Figure 2 CPU10 Connections
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Chapter 5

PLC Programming Manual
Introduction

This manual is intended for machine builders, téghns, dealers, and others who need to “look
under the hood” of the PLC system.

The PLC (Programmable Logic Controller) is the ortof the control system, which deals with
accessory equipment; that is, anything installethermachine beyond the servo motors them-
selves. Spindle control, coolant control, limitigles, fault signals, pushbuttons, indicator
lights, etc. are all controlled through the PLC.

The PLC system has two possible configurations.fifeeconfiguration consists of a hardware
I/O board which provides the electrical interfagall the switches and relays (RTK3, PLCIOZ2,
RTH2, PLC15/15, ect.), the jog panel with its kaysl LEDs, and a software logic program
which is executed on the CPU10 controller board@QZBLPLC Program).

In the first configuration (see figure 1) the PL@gram, which is executed on the CPU10, is
contained in the file CNC10.PLC. The control sa@ftersends CNC10.PLC to the CPU10 on
startup. Once running on the CPU10, the logic nogreceives inputs from the PLC 1/O board,
from the jog panel, and from CNC programs. It seodtputs back to all three places: for exam-
ple, turning on output relays on the 1/O boardning on LEDs on the jog panel; and sending
signals such as Feed Hold to the CNC processor.

) CPU10
T —

CNC10.PLC program running |+ CNC10 control software
on CPU10 _ | running G code programs
A >
\ IIIIIIIIIIIIIIIIIIIIII?&UIIIIIIIIIII|'|IIIIIIIIIIIIIIIIIIIIIIIII
v alaaa Servo PC Memory
e alaaa
1 Eid -
—— ++
RE3 - D%DD ! Jog Panel
J;I 1
XE3 - 0ood
7] 1O o
PLC

Figurel: PLC I/O Configuration 1

The first PLC configuration, using the CNC10.PL©@gnam only, is limited in size and functio-
nality and cannot control complex machine hardvgaich as a tool changer, which magy1
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require timers, counters, ect. For machines teatirmore PLC program functionality a second
PLC configuration is used. The second configurationsists of all elements of the first configu-
ration plus a second PLC program (PC.PLC) runmninidpé servo PC memory. CNC10.PLC pro-
gram is still running on the CPU10 and is usedamjenction with the PC.PLC. The reason we
need two PLC programs running is the new PC.PL@rara doesn’t have access to all of the
I/0 so the CNC10.PLC program needs to be therertral those I/O bits. A minimal
CNC10.PLC program can be made by echoing memasydithe outputs you need to control.
Then you can control those memory bits in the PC.Ptogram thus making it possible to con-
trol virtually everything needed in the PC PLC pang.

CPU10 CNC10 control software

|
|
running G code program |
|||||”||||”””I."””””””””" N\ A/‘/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'IIIIIIIIIIIIIIIIIIIIIIIIII I
CNC10.PLC program running /
on CPU10 : sgx%gc
D o
<\I\ PC.PLC program running i

| servo PC memory. |
I L ey I
L |

dldaa
e alaaa
”53_ e O [
- "y 000
M & :/_/‘h. O O
ii= ] O 'S ﬁJogPanel
PLC

Figure 2: PLC 1/O Configuration 2

While the PLC program has access to many featurdge gog panel, it has no access to the jog-
ging controls themselves. The axis jog buttonst/Bsoow and Inc/Cont buttons, the jog incre-
ment buttons, and the MPG handwheel are all diéethdled by code on the CPU7.

The first section of the PLC manual will explaimmgramming for the CNC10.PLC program,
then move into more complex issues and the PC.Rle&tended PLC programming.

Language
5-2



The PLC programming language is a simple statemased logic language. At first it may
seem far removed from the ladder logic diagramslianirom other PLC systems. Howev-
er, each assignment statement in a PLC progragquisaent to one rung of a PLC ladder.
One or more inputs are logically combined to predage output.

The PLC supports four logical operators: AND, ORQK and NOT. They may be abbre-
viated using the symbols & (AND), | (OR), and / (NO There is no abbreviation for XOR.
Parentheses may be used for logical groupinghdrabsence of parentheses, the operators
follow normal mathematical precedence: NOT, AND,X@MR.

The “=" sign is used to store a logical result {f@out of combination of inputs) in an output
location.

These operators are used to manipulate 240 data8biinputs, 80 outputs, and 80 memory
locations. Many of the inputs and outputs are pem@ntly mapped to particular hardware
devices. The memory locations are not mappedydardware, but some are reserved for
special purposes.

The data bits are given default names such as INFPR, INP80, OUT1, OUT41, MEM27,
etc..

Typically the first part of a PLC program file agss alternate names to these default tokens.
For example, the line

Emergency_stop IS INP11

tells the PLC program compiler that the name Enmergestop is equivalent to INP11. You
can then use the more intuitive name for the redwiof the program.

It is important to distinguish between “IS”, whielksigns alternate names, and “=", which
actually stores computed bit values. A line usigj doesn’t actually danything in the
PLC program; it simply provides information to tbt@mpiler about the names you will be
using. A line using “=" has a real effect eachdithe program runs.

Let us look at a simple latched input structurgrpsmse that we have a relay connected to
OUT1 which controls a work light. We want the Aukdy on the jog panel to turn the light
on, and the Aux2 key to turn it off. In the defians sections of the program we would
have:

Aux_1 key IS INP49
Aux_2_ key IS INP50

and
Work_light IS OUT1

In the statement section which follows we woulddnav
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Work_light = ( Work_light OR Aux_1_key ) AND / Aux_ 2 _key

This statement says that the relay will be onwfass already on or if the Aux1 key is
pressed, as long as the Aux2 key ispreissed.

In traditional ladder logic this would appear akdes:

AT _key A2 ke Work_light

144 | | — { ouT )

Work_light

The PLC compiler is not case sensitive. Howeves, & good idea to write your PLC pro-
grams using consistent capitalization. This widka them easier to read and easier to
search.

The parser is quite basic. Tokens (names, opsrand parentheses) are separated by white
space (spaces, tabs, or line breaks). Names mégic@lmost any character. However,

your programs will be more readable if you sticlkalphanumeric characters and the unders-
core character. For example, the compiler wilhgiea definition like:

High/Low_range IS INP64
but the slash character (/) in the name is distrgetnd confusing.

All functional statements are assignments, usieg=thsign. The destination bit (e.g. an
output coil) appears on the left side of the ‘grsiin the first column of the program source
file. If a statement is too long to convenienttyoin one line of the program file, you can
break it across multiple lines by indenting eadbsgguent line from the first column (e.g.
by starting the line with spaces or tabs):

Spin_stop = Spindle_stop_key OR
Stop OR Limit_tripped OR
( Auto_spin_mode AND / AutoStar t)

Comments may be included in the program sourcedgdeoff by the ‘;’ character. The PLC
compiler will ignore any text which follows the.';;Comments are useful for explaining the
intent of your PLC logic and for separating differsections of the program for readability.
Comments may be on lines of their own, or may lieddo the end of PLC program lines.



Any bit -- whether physically an input, an outpait,a memory location -- may be assigned
with the “=" operator. You are not limited to justiting to outputs.

PLC program source files are translated into therodis internal format using the PLC
compiler utility, PLCCOMP. PLCCOMP and relatedI®are located in the C:\PLC direc-
tory on the control’s hard drive.

Typically all PLC programming is done at the MS-D@®mpt. The control software,
probably wisely, does not provide any readily asités, user friendly screen to allow you to
change the PLC programming.

Tutorial Example

Suppose you have an M400 control with an inventsedor the spindle, and a spindle air
brake. The default PLC logic will apply the aiake the instant the spindle-run relay is
switched off, in spite of the fact that the invemeeds several seconds to decelerate the
spindle. This leads to a situation where the itarés driving the spindle motor forward
against the brake, in order to maintain the prognachdeceleration ramp.

One way to resolve this problem is to reprogramRbh€ so that the brake is disabled when-
ever the spindle is turned on. The operator wthat have to press the Brake key on the
jog panel after the spindle has stopped if he wanépply the brake.

<Ctrl-Alt-X>

C:\CNC10> CD \PLC

C:\PLC> COPY M400.SRC K6789.SRC
C:\PLC> EDIT K6789.SRC

At the beginning of the file we find a block of camants similar to the following:

rkk kA Ak kA kA Ak Ak Ak dA Ak ok kkkkkk * %
l

; * File:  m400.src

;I* Modifications:

; ¥ 09/10/97 KSD Added Vector drive support by echo ing
;* SpindleRelay and CCW _relay to
;¥ MEM78 and MEM79

rk kA khkkkhkkkhkkhkhkkkkokkkkk ok kk * %
1

Although it is not strictly necessary, it is a vgigod idea to update these comments to re-
flect the changes we are making:

rkk kA Ak kA kA Ak A Ak dA Ak ok kkkkkk * *
l

; * File: K6789.src
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: * Modifications:

; ¥ 09/10/97 KSD Added Vector drive support by echo ing
;* SpindleRelay and CCW _relay to

;¥ MEM78 and MEM79

; * 07/25/01 MBL Revised brake logic to disable bra ke
;¥ mode whenever spindle runs.
;************************* * %

Now page down (or search for “Brake”) to find tleeton of the program which controls
the brake mode and output:

Select Brake Mode

i3rake_key_hit = Brake_key AND / Last_brake ke y
Last_brake _key = Brake_key
Brake_mode = ( Brake_mode XOR Brake_key_hi t)
OR / Already_run
Turn on the brake if spindle not running and in a uto mode
i3rake = Brake_mode AND / Spindlerelay

Spindle_brake LED = Brake_mode

When Brake_mode is 1, the brake is in “Auto” maale] is switched on immediately when-
ever the spindle is switched off. When Brake_miad® the brake is left off.

We can change this so that Brake_mode is set toargrtime the spindle is running. In this
case it is no longer necessary to check for spindiaing before applying the Brake.

Select Brake Mode

i3rake_key_hit = Brake_key AND / Last_brake ke y
Last_brake _key = Brake_key
Brake_mode = ( ( Brake_mode XOR Brake_key hit

) OR / Already_run)

AND / SpindleRelay
Turn on the brake if spindle not running and in a uto mode
Brake = Brake_mode

Spindle_brake LED = Brake_mode

Note the parentheses in the Brake_mode expresSioey are required because AND has a
higher precedence than OR. Note also the spacasdthe parentheses. The PLC compi-

ler needs them to separate tokens. If we wrot®&thke mode expression as:
Brake_mode = ((Brake_mode XOR Brake_key_hi t)
OR / Already_runAND
/ SpindleRelay

the PLC compiler would give us error messagesngdayiat it did not recognize
“((Brake_mode”, “Brake_key hit)” and “Already_run)’in other words, the compiler would
think that the parentheses were parts of the naanelstherefore that the names were



new and different ones from what we had definetiezgan our program. So always put
spaces around parentheses.

File/Save
File/Exit
C:\PLC> PLCCOMP /I K6789

PLCCOMP v. 7.17 - PLC compiler

Compilation successful

C:\PLC> CNC10M4

The /I (install) switch tells PLCCOMP to copy thenepiled PLC program over to the
CNC10 directory as CNC10.PLC.

If we had made any mistakes in our PLC source RleCCOMP would report the errors, and
would not produce any compiled program. For examipwe had left out the spaces around
the parentheses in the example above, we wouldaeething like this:

PLCCOMP v. 7.17 - PLC compiler
Unknown item: ((BRAKE_MODE on line 238
Unknown item: BRAKE_KEY_HIT) on line 238

Unknown item: ALREADY_RUN) on line 238
Missing operator on line 239

PLC Hardware

We have produced a wide assortment of PLC inpyilduioards over the years. Program-
ming is done in the same way regardless of thedbioatalled; the hardware merely deter-
mines which inputs and outputs are physically abdd, and sometimes how you can use
them. You must set the “PLC Type” selection on@C10 Control Configuration screen
to match the PLC hardware, see chapter 1 for Pt@weae descriptions.

Locating Source for Current PLC Program

If you are working on an older control, or one whitas seen custom work, you may not be
certain which PLC program is actually in use.t ks istock” PLC program, or has someone
modified it? Is it based on an earlier versiomastandard PLC program?

Before doing any custom work of your own, you wimbe sure you have the source file for
the PLC program which has been running on the cbn®therwise you risk breaking fea-
tures that are important to the customer.
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Since approximately software version 5.10, the adCNC10.PLC file has contained
comments indicating the source file from which @&sacompiled. The first step, then, is to
look there:

<Ctrl-Alt-X>
C:\CNC10> EDIT CNC10.PLC

; PLC program compiled by PLC compiler PLCCOMP v. 5 .26
; Source file: M400.SRC

; Date: 10 September 1997

: Time: 09:01:23

9B 20 FC 21 FC F2 A2 FC F1 FD
A7 01 FC 00 FC F2 03 FC F2 02 FC F2 05 FC F2 04 FC F2 FD

Note that the date and time listed show when teenfas compiled, not the date and time
when the source file was last modified. More résensions (since approximately software
version 6.03) list the source file date and timeval as the compilation date and time:

; PLC program compiled by PLC compiler PLCCOMP v. 6 .03
; Source file: FASOFTWARE\PLC\CUSTOM\M400B.SRC

; File Date: 9-20-99 11:30a

; Compiled: 7-14-01 3:40p

A5 01 FC 00 FC F2 03 FC F2 02 FC F2 05 FC F2 04 FC F2 FD
A420FC 21 FCF2 FD

File/Exit

If we did not find a useful comment at the begignai the CNC10.PLC file, the next step is
to compatre its file time, date, and size to a céeddPLC file we may find in the PLC direc-
tory.

C:\CNC10> DIR CNC10.PLC

Directory of C:\CNC10

CNC10 PLC 1,675 06-09-94 5:40p
1 file(s) 1,675 bytes

C:\CNC10>CD\PLC

C:\PLC> DIR *.??C

Directory of C:\\PLC

M40-N3B SRC 12,854 06-09-94 5:39p
5.8 M40-N3B PLC 1,675 06-09-94 5:40p



2 file(s) 14,529 bytes

Here we see that there is a file in the PLC dingctgl40-N3B.PLC, which appears to be the
same as the running CNC10.PLC file. We could n@@eain using the DOS file compare
utility FC:

C:\PLC> FC M40-N3B.PLC \CNC10\CNC10.PLC

Comparing files M40-N3B.PLC and \CNC10\CNC10.PLC
FC: no differences encountered

Furthermore, we see we have a matching M40-N3B.8RB@hich was last modified short-
ly before the PLC file was compiled. We can saésgume it is the source of the active
PLC program.

If there are source files in the PLC directory, batcompiled .PLC files, you can always
compile each source file (without installing!), these FC to compare the resulting .PLC
files to the CNC10.PLC file in the CNC10 directory.there are no differences outside of
the header comments, then you have found your sdilec

If all of those methods fail, then the current Pddtirce is not stored on the control. Your
best bet at that point is to catalog the jog p&ype, PLC board type, /O connections, and
control features, then choose the most approgfia program source you can find. Itis a
good idea in this case to preserve the old CNCI1D .fe for reference.

PLC Memory Map

Inputs
1 Physical inputs on PLC board
- (0 =closed, 1 = open)
15
16 Integrity signal (1 = okay)
17 Inputs from PLCIO2, RTK3 or Koyo PLC (oth-
erwise unused)

32
33 M function requests (M94 and M95)

48
49 AUX keys

- (normally 0; 1 when pressed)
58
59 PIC inputs

62
63 Mid range
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64 High/low range
65 CNC program running
66 Jog panel keys
75
77 Pause (Feed Hold) (0 = pause, 1 = run)
78 Block Mode key
79 Rapid Override key
80 Disable spindle override (force 100%)
Outputs
1 Relays on PLC board
- (0 = off, 1 = on)
15
16 Integrity signal (1 = fault)
17 Analog spindle speed
- (8 bits, for use on RTK2)
24
25 Extended resolution analog spindle speed
- (12 bits total, for use by Koyo)
28
29 Used with PLCIO2, RTK3 or Koyo PLC
40
41 BCD tool number
48
49 AUX LEDs
58
59 PIC outputs
62
63 Low lube fault (1 = fault)
64 Servo drive fault (1 = fault)
65 Spindle fault (1 = fault)
66 Jog panel LEDs (1 = on)
73
75 Stop (1 = any fault)
76 PLC operation indicator (1 = busy)
78 Single block mode (1 = on)
79 Rapid override (1 = enabled)




Rev.050808

Memory

1 General purpose

40

41 Messages, or general purpose

48

49 XPLC in use if set

50 Messages, or general purpose

72

73 Reserved

77

78 Copy of Spindle_relay, for PC spindle control
79 Copy of CCW _relay, for PC spindle control
80 M function macro indicator (v5.27 and earlier)
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What does a 1 or 0 mean?

For outputs, the logic is quite simple: if the Pa@put bit is 0, then the output is off (relay
open, LED off, etc.); if the output bit is 1, thiére output is on (relay closed, LED lit, etc.).

For inputs, the logic varies:

For physical inputs (INP1 through INP15), O indesathat the switch is closed (the input
point is being pulled to ground); 1 indicates ttiat switch is open (the input point is main-
tained at 5V by the internal pull-up).

For inputs sent from a Koyo PLC (INP4 through INRts INP17 through INP32), the O or
1 state is as sent by the Koyo PLC program.

For M function request bits (INP33 through INP4904 sets the bit to 1 and M95 sets the
bit to 0.

For jog panel keys, 0 indicates that the key ispnessed; 1 indicates that the key is currently
pressed.

When you name the inputs in your PLC program, kBemormal states in mind. For ex-
ample, if you connect a normally-closed invertedtfaignal to INP14, you might want to
name it "Spindle_fault", because it will be 0 (@d¥if all is well, and 1 (open) in the event
of a fault. If on the other hand you are usingenmally-open fault signal, then you should
name it something like "Spindle_okay", since 0 ¢eld) indicates a problem and 1 (open)
indicates that all is well.

This naming guideline can be a little more awkwiardome cases: notably for "start" but-
tons which are wired to PLC input points. Failesdésign requires that start buttons be
normally open, but that means the inputs will shupnas 1 (open) when idle, and 0 (closed)
when the button is pressed. Strictly speaking,sfmauld name the input something like
"Remote_start_not_pressed”. In such cases, thgughnight conclude that a shorter name,
like "Remote_start", is more readable even if ias literally correct.

Some Special Locations

INP63 - Mid_range
INP64 - High_low_range

These inputs define the current spindle gear radgevo-speed machine need only use
INP64 (0 = high range, 1 = low range). A thredour-speed machine uses both inputs, as

follows:
Range INP63 INP64
Low 0 1

512 Low-Mid 1 1



High-Mid 1 0
High 0 0

Both the CPU7 and CNC10 use these inputs to commpater speed for a desired spindle
RPM, and to compute display RPM from motor spekgpically these inputs are copied
from physical input switches: e.g. a range detedtch under the back gear lever which is
closed (0) in high range and open (1) in low rangkese bits could also be set by internal
PLC logic which is controlling an automatic geaaoger.

INP65 - CNC_program_running

This input tells the PLC program when a job isiagvess. It will be set (1) whenever a
CNC program is running. It will also be set in Mibbde and during homing, digitizing,
probing, and other automatic machine movemenuilllinot be set if the operator is merely
jogging an axis.

The standard PLC programs use INP65 to run thepub® during jobs, and to cancel all
automatic M functions when the job ends or is chatte

INP77 - Pause

This bit reflects the FEED HOLD state. It wouldrnere appropriately named “Run”, since
a value of 0 means the machine is paused, andia g&ll. means the machine is allowed to
run.

Standard PLC programs do not use this bit, buboastpplications can use it to implement
additional FEED HOLD buttons; to activate FEED HOiDen a guard or cover is opened,;
or to allow or disallow certain operations duringgb HOLD.

OUTY75 - Stop

This bit indicates a fault condition. When it &t,she CPU7 will immediately cancel any
running CNC job, and will release power to the sanotors. The standard PLC programs
set this bit in response to the five standard $agkrvo drive fault; spindle fault; PLC fail-
ure; low lube; and emergency stop. Note that alidye fault is held off as long as INP65
(CNC_program_running) is set, allowing the currebtto finish.

Custom applications may set the Stop bit as needfce a fault. The on-screen message
will be determined by four reserved fault bits:

OUT16 - PLC_fault_out

OUT63 - Lube_fault_out

OUT64 - Drive_fault_out

OUT®65 - Spindle_fault_out
If one of these bits is set, CNC10 will displayheit the matching custom message (see Cus-
tom On-Screen Messages below) or the default medsaghat fault if no custom message
is defined.
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If none of the four known faults is indicated, titee control will assume it is just E-stop,
and display “Emergency stop detected”.

If your application requires a special fault comatit but does not require all four standard
faults (e.g. there is no auto lube system) thencasuredefine one of the standard faults (e.g.
set OUT63 in the event of trouble, and define daaanessage to go with it).

If you need a special fault condition, and stiledeo use all four standard faults, then you
will have to live with the display of “Emergencysgtdetected” when your fault occurs. You
can still get a custom message to appear in addhipsetting one of MEM41-MEM72 and
defining a message for that bit.

OUT76 - PLC_op_signal

This bit allows the PLC program to tell the CNC gessor that some PLC-related operation
is not yet complete, and therefore that the CNCsjoduld be paused awaiting completion.

The standard PLC programs set this bit wheneve€M€ program attempts to start the
spindle in automatic mode (using M3 or M4), but ¢tiperator has switched to manual spin-
dle control (using the Spindle AUTO/MAN button dretjog panel). In this case the mes-
sage “Waiting for PLC operation (M3)” will be digpled. OUT76 will be cleared and the
job will proceed only when the operator switcheskdi@ auto spindle control.

OUT76 is set to 1 automatically at the beginningaéh PLC program scan. If there are no
conditions in your PLC program which might needé&» OUT76, you will still need an as-
signment in order to clear it back to O.

PLC_operation = Zero

MEM41- MEM48 and MEM50- MEM72

These bits can be used to trigger custom messagles status window. See Custom On-
Screen Messages below. When not being used foptinpose, they can be used freely like
any other memory bits.

MEM49

MEMA49 is used by the XPLC program to communicattheostandard program that the
XPLC program is being used.

Custom On-Screen Messages
There are several ways you can make custom mesapgear in the CNC10 status window.
In some cases you substitute your message foraalteiessage the control would otherwise

have displayed in the course of its operationother cases you specify a message to be dis-
played “asynchronously”, without regard to what tloatrol is currently doing.
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Custom messages are stored in the file CNC10XMSG®G, TiXthe CNC10 directory. Each
message occupies two lines:

MEM41
“Unplug the probe!”

The first line specifies the PLC bit which triggéin® message; the second line is the mes-
sage itself, in double quotes.

Waits

Whenever the CNC processor is executing an M10@1d1 (waiting for any input) or MO
(waiting for INP75 - CYCLE START) you can substgutour own message by associating
your message with the relevant bit. For example following definitions would cause ap-
propriate messages to be displayed while execMi8@and M81 operations on a tool
changer mill running the ATC6 PLC programs:

INP27

“Waiting for carousel to advance”
INP28

“Waiting for carousel to retract”

Limits
Whenever a limit switch (any switch number spedifom the Machine Configuration

screen) is tripped, the control displays a message as “Y+ limit (#3) tripped”. You can

replace this message with your own by associatimgssage with the limit switch number
(e.g. INP3).

Faults

As mentioned previously, you can associate messaigjesNP16, INP63, INP64, and
INP65 to replace the default messages for PLCrailow lube, servo drive fault, and spin-
dle fault.

Asynchronous Messages

If you want your message to appear whenever a ttonds present, regardless of what the
CNC processor might be doing at the moment, youasanciate it with a memory bit rang-
ing from MEM41 to MEM72. Your message will be deyed any time the bit is set.

Common Expressions
Unconditional Output

It is often useful to set or clear a PLC bit withoegard to any inputs. For example, a PLC
program which does not detect any fault conditi@g. on a machine with no PLC I/O
board installed) might clear the fault indicatottwihe line:
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Stop = Zero

Likewise, a PLC program for a control with no Rafiderride key (e.g. M15 models 1
through 7) might enable Rapid Override mode withlthe:

Rapid_override =/ Zero

Many PLC programs give the name “Zero” to one efitiemory bits (often MEM11).
There is nothing special about this location. Mé@mory bits are initialized to 0 at power up.
If you never change one, then you can use it fepaoditional outputs like this.

If you change PLC programs after power up, it isglole that the earlier program set a
memory bit that the new program would like to assus0. You can explicitly clear or set
bits with lines such as the following:

Zero = Zero AND / Zero ; always cleared
One = One OR / One ; always set

Latched Fault

The latch and reset expression we saw earliereid with fault conditions. If a fault occurs,
we want to catch it and report it even if the pesblwas only momentary. Once we have
seen the error message and fixed the problemwkesan clear the fault by pressing and re-
leasing Emergency Stop.

PLC_fault_out = /PLC_ok OR ( PLC_fault_out AND
/ E_stop)

The PLC fault output will be set if there is a pievh with the PLC integrity signal on
INP16. Once set, it will remain set until the deshb is fixed (INP16 comes back on) and
Emergency stop is pressed.

Detecting Changed Inputs and Toggling an Output

We often want a single input to switch an outpthei on (if it was off) or off (if it was on).
We can do this easily with the XOR operator. Hogrewe need to ensure that the output
changes state only one each time the input isaetiv If we wrote:

Work_light = Work_light XOR Aux_1_key
Then the light would switch rapidly on and off aagd as the key was held down.

To make this work properly, we need to detect wiherkey is pressed and toggle the output
only in that one scan of the PLC program. We aathd by storing the previous state of
the key in a memory location.

Last_aux_1 1S MEM23
Aux_1_hit IS MEM24

]
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Aux_1 hit = Aux_1 key AND /Last_aux_1
Last_aux_1=Aux_1 key
Work_light = Work_light XOR Aux_1_hit

If the key is down now, and was not down in thevfmnes scan, then the “Aux_1_hit” mem-
ory location will be set for this one scan, and dlgut will toggle just once.

Initializing Bits on First Scan

Another common need is to set a bit on the firahsaf the PLC program, then let it change
according to normal logic. We can detect the Brstn by setting a memory location as the
last operation in our program. If that locatiorséd, then we know we have been through the
program at least once. If it is not set, then wevk this is the first scan.

At the end of the program:
Already_run =/ Zero

or
Already_run = Already_run OR / Already_run

Then, earlier in the program, we can refer to wign we want to set some mode explicitly
on startup. We saw this previously in the spirmtlke example, where the automatic brak-
ing mode is set on startup, then toggled with tRARE key on the jog panel:

Brake_mode = ( Brake_mode XOR Brake_key_hi t) OR / Already_run

Application Examples

Remote FEED HOLD

Some operators, particularly those who also user i 0 and M40 controls, find the FEED
HOLD key on M15/M39/M400 jog panels too small, dradd to locate quickly.

It is fairly simple to install an external pushlauttas an auxiliary FEED HOLD button. Un-
like the button on the M40, it cannot latch: it rnbie a momentary button, since CYCLE
START is required to restart out of FEED HOLD.

Assume we have an illuminated red pushbutton witbranally-closed contact block (e.g. a
Cutler-Hammer E22TB2X4B). We wire the switch catsato INP9, and wire the light
through OUTS.

In the definitions section we have:

Remote_pause ISINP9 ;0=idle 1= pressed
and
Feed_hold_light 1S OUT8 ;0 = off 1= on

In the program we have:

Turn on feed hold if remote feed hold button is p ressed
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Pause = Pause AND / ( Remote_pause AND CNC_program_ running ) OR
Cycle_start
Feed_hold_light =/ Pause

Recall that INP77 (“Pause”) is 0 to pause, 1 ta run

The first statement changes Pause to O if the eepexise button is pressed while a job is
running, and changes it back to 1 if CYCLE STARpiliessed. The “OR Cycle_start”
clause is not necessary if we only have the boit-YCLE START button: CPU7 will au-
tomatically cancel FEED HOLD when that button isgged. However, if we have a remote
CYCLE START, as shown below, CPU7 will not autoroallly recognize it as canceling
FEED HOLD. In that case we have to do it explcéts shown above.

The second statement turns on the light any timaneén FEED HOLD.

Remote CYCLE START

Many operators also like to have an additional CEGQTART button in a handheld pen-
dant or mounted on the machine head. If you hastlled a remote FEED HOLD as de-
scribed above, it is particularly convenient todawemote CYCLE START located nearby
for restarting out of FEED HOLD.

Assume we have an illuminated green pushbutton avitbrmally-open contact block. We
wire the switch contacts to INP8, and wire thetitiiiough OUT7. The light will be an in-
cycle indicator, illuminated any time a job or atlagtomatic cycle is running.

In the definitions we have:

Remote_start ISINP8 ;O0=pressed 1= idle
and

In_cycle_light ISOUT7 ;0 = off 1= on
and

Last_remote_start IS MEM30

Fail-safe design demands that we use a normallg-ep&ich contact for any START button.
Unfortunately this results in "reversed"” logic hetPLC program. INP8 will be 1 when the
button is not being pressed, and will change tdh@mthe button is pressed.

The logic for combining the remote start buttonhvitie existing input for the built-in
CYCLE START button is fairly complicated. | willoh attempt to explain here how it is de-
rived. Also, normally-open inputs like this one shusually be explicitly set in the first scan
of the PLC program.

In the program, then, we have:

Set Remote_start to 1 (not pressed) on first pas s through PLC program

Remote_start = Remote_start OR / Already_run
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; Combine Start and Remote_start into Start

bycle_start = (/ Cycle_start AND / Remote_start A ND /
Last_remote_start )
OR ( Cycle_start AND Remote_start A ND /

Last_remote_start )
OR ( Cycle_start AND / Remote_start)
Last_remote_start =/ Remote_start

in_cycle_light = CNC_program_running
The light, of course, is optional.

Remote CYCLE CANCEL

Remote Cancel logic is a little simpler than Rentgiigt, because the result (in INP74) only
needs to stay on for a single scan.

Rem_cancel ISINP9 ;0 =idle, 1= press ed
[---]

ycle_cancel IS INP74 ; 0 =continue, 1 =c ancel

[...]
Last_remote_cancel IS MEM26

Last_cancel IS MEM28
[---]
Combine local and remote cancel into cancel; cle ar after one cycle
bycle_cancel = (/(Cycle_cancel AND Last_cancel
AND Remote_cancel AND / Last_remo te_cancel)
OR ( Cycle_cancel AND / Last_cancel )

Last_remote_cancel = Remote_cancel
Last_cancel = Cycle_cancel

Cycle_cancel will be set if the remote cancel buti@s just pressed, or if the built-in cancel
button was just pressed,; it will be cleared agaiceat has been set for one scan.

AUX key to toggle an output

The standard PLC programs which ships on M39 an@Qwbntrols use the four Aux keys
as on-off toggles. For example, Aux1 normally colstOUT6. Pressing the key switches
the output from off to on, or from on to off.

The code to implement this is as follows:

Aux_1 out = Aux_1 out XOR (Aux_1 key AND /Last_aux_1)
Aux_1 LED = Aux_1 out
Last aux_1 = Aux_1_ key

The output retains its last value unless the key jwst depressed. In that case the output
changes state (1 becomes 0, 0 becomes 1). XOBvisvanient way to achieve this.
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The LED in the Aux key indicates the current staténe output.

The last state of the key itself must be savedrremory location so that changes can be de-
tected.

AUX key for a momentary output

Sometimes you only want the output to remain olo@ag as the button is held down. Sup-
pose you have a knee mill retrofit with the Z arishe quill. You would like to power the
knee, but cannot justify the cost of a full fouisagontrol package. Instead, you install a DC
gear motor as a knee power feed, and use the MukRAax2 keys as knee up/down jog
keys. You install a pair of relays suitable foe thotor load, and wire their coils to OUT6
(knee up) and OUT7 (knee down).

In the definitions, then, you would have:

Knee_up_relay 1S OUT6
Knee_down_relay IS OUT7

In the program, you could write:

Knee_up_relay = Aux_1 key
Knee_down_relay = Aux_2_key

Each relay would close as long as the corresporidiggvas held down, jogging the knee in
the selected direction.

However, you would have to be sure to wire intekfothrough your reversing relays. Oth-
erwise the operator could cause a dead short lsgipgeboth Aux keys at the same time.

A safer solution would be as follows:

Knee_up_relay = Aux_1 key AND / Aux_2_ key
Knee_down_relay = Aux_2_key AND / Aux_1_ key

This has the same effect, but turns off both ostputhe event both Aux keys are pressed.
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Custom M Functions

You can easily create custom M functions for aetsirof applications. Any M function
from MO through M90 can be defined or redefinechveih M function macro file.

Suppose you have a lathe with an air spindle ¥@r tools. You want to use M32 to turn the
air spindle on, and M33 to turn it off.

To do this, you need to find an unused bit in drege INP33 through INP48. These bits are
M function requests, sent by M functions in themmg CNC job to the PLC program. The
first few are usually already in use for spindlé @oolant control, and sometimes for a
clamp or collet closer. For this example we wad$ame that INP38 is available.

The M94 and M95 codes control the M function reqbés. M94 turns the specified re-
qguest on; M95 turns the request off. With M94 Mfb, the M function requests are num-
bered 1 through 16 (even though they are mappegbtds 33 through 48).

Therefore, to turn on INP38 we would execute M94¥6.turn off INP38 we would execute
M95/6.

We create two files in the control software diregt@.g. C:\CNC10T):

CNC10.M32:
; M32 - turn on air spindle
M94/6

CNC10.M33:
; M33 - turn off air spindle
M95/6

This is all that is needed for the control to retag M32 and M33 as valid M functions, and
to execute the command(s) in the files wheneveogram calls on them.

In the PLC program we need to accept and act upmiMtfunction request. Setting INP38
with M94 does not by itself do anything.

In the definitions we have:

Air_spindle IS OUT5

and
M32 IS INP38

In the program, we have

Air_spindle = M32
M32 = M32 AND CNC_program_running
The first line turns on the output whenever itaguested by the M functions. The
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second line is necessary to ensure that the oistpurtned off when the program ends, even
if the programmer forgot to put in a final M33 tbe operator stops the job with CYCLE
CANCEL or E-stop).

Note that there is no definition for M33 in the Ppfbgram. M33 is simply the absence of
M32.

Custom M Function with AUX key toggle (manual overide)

In the previous example, we assumed that the mdigpwould be used only with M func-
tions, and only during a programmed job.

Suppose we would also like to have manual confrtieair spindle, and would like to be
able to turn it on even if no job is running (foaenple, to drill a cross hole using jog panel
controls).

In that case we will need a couple more definiti@glained below):

Last_prog_running IS MEM28
Continue_M_functs IS MEM29

And a little more work handling M32 in the program:

Continue_M_functs = ( CNC_program_running OR / Last _prog_running )
AND / Stop
Last_prog_running = CNC_program_running

M32 = (M32 XOR (Aux_1 key AND/Last aux 1) )A ND Continue_M_functs

Air_spindle = M32
Aux_1 LED = M32

The "Continue_M_functs" indicator says that dualde®! functions (automatic and ma-
nual) should continue to run unless the job justeeor a fault condition is present. This al-
lows the spindle to stop automatically at the ehihe job, while still allowing the operator
to restart it while no job is running.

The M32 request bit will be set and cleared by Nictions as they appear in a job. Howev-
er, the request will also be toggled whenever thrlAkey is pressed. Auxl can then be
used both to control the air spindle when no jotuisiing, and also to override M32 and
M33 during a job.

Deferring Spindle Brake Until Inverter Stops

In the first tutorial example we looked at a waytevent the inverter from fighting the
spindle air brake, by disabling the automatic bradcele whenever the spindle was running.
That solution is convenient because it does natire@ny additional control wiring. How-
ever, it is not ideal. If the operator wants tinakle to be applied whenever the spindle is
5.22 stopped, he always has to press the BRAKE keyjfdrapressed the BRAKE key



immediately after SPIN STOP then the brake wilbpelied, fighting the inverter just like it
did before.

A better solution is to have the inverter inforne fALC when the spindle has decelerated to
a stop. Most inverters have spare programmableutgitand most allow you to program
one of those outputs to be a zero-speed (sometailesl "baseblock™) indicator.

Suppose we program an inverter output to closasttiock, and wire that output to INP8
on our PLC board. We can then write the followmigC program:

Spindle_running IS INP8 ; 0 = stopped 1 = runnin g

Brake = Brake_mode AND / ( SpindleRelay OR
Spindle_running )

We can keep the standard logic for toggling Brakedenon and off with the BRAKE key.

The line above simply inhibits the brake outputiuhe spindle winds down. We might be
tempted to simplify it to:

Brake = Brake_mode AND / Spindle_running

But it is likely that there is a lag between thadithe inverter receives the Run signal (Spin-
dleRelay) and the time the zero-speed output opBasing this lag the inverter would be
trying to start the spindle against the brake. sTihis better to leave both conditions in
place.

Tool Number Feedback

On a machine with an automatic tool changer, thearaen tool number display is driven by
the tool number in OUT41 through OUT48. This prees the last automatic tool change
command (actually the last M107) even if we exi &ter restart CNC10.

However, suppose we implement a manual tool chéogexample, using the Turret Index
key on a T400 to rotate a new tool into positiolm)this case the machine has changed tools,
but there has been no new M107; no new bits in QU T@UT48; and no change in the
screen display.

We would like to have our PLC program override tih@ number bits after a manual index,
without interfering with the tool numbers for autatic tool changes.

Assume we have a 6-station turret controlled byogdPLC. The CPU7 sends the state of

the Turret Index key to the Koyo, and the Koyo agden it to rotate the turret to a new posi-
tion. When indexing is complete, the Koyo PLC ksale new position, and wants to plug

that number into the tool number bits. We provitee bits of tool number information,

plus a strobe bit to indicate that they should dy@ed into OUT41 through OUT43.
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In the definitions section we have:

; Actual tool information from Koyo

Actual_tool 1 IS INP17
Actual_tool_2 IS INP18
Actual_tool_4 IS INP19

Actual_tool_set IS INP20

Tool number for ATC

Tool_BCD_1 IS OUT41
Tool BCD_2 IS OUT42
Tool BCD_4 IS OUT43

And in the program we have:

; Use Koyo signal to force tool number to selected pattern

Tool_ BCD_1=(Tool BCD_1 OR (Actual_tool_set AND Actual_tool_1))
AND / ( Actual_tool_set AND / Actual_t ool_1)

Tool_ BCD_2 = (Tool BCD_2 OR ( Actual_tool_set AND Actual_tool_2))
AND / ( Actual_tool_set AND / Actual_t ool_2)

Tool BCD_4 =(Tool BCD_4 OR ( Actual_tool_set AND Actual_tool_4))
AND / ( Actual_tool_set AND / Actual_t ool_4)

This preserves the state of the Tool_BCD_x bitd éatual_tool_set is selected. Then it
sets or clears each tool bit based on its correBpgrbit from the Koyo.

Switching Optional Stops During Job Run, with Aux Key

Some operators request a more convenient waymhtuon Optional Stops; a way to turn
Optional Stops on after the job is started; an@ptional Stops feature that is not automati-
cally canceled at the end of each job.

We can do this by bypassing the Optional Stopsifeain the F4/Run menus, creating a
custom macro for M1, and assigning control of thpti@al Stops mode to an Aux key.

In this example we use the Aux4 key for OptionaStcontrol. INP38 and MEM32 are
used internally between the M1 macro and the Pld@nam; any other available M function
request and memory bit could be used instead.

The logic is that, whenever an M1 is encounteredyill stop and wait for CYCLE START
if Optional Stops are on. The Aux4 key will tog@ptional Stops. The Optional Stops sta-
tus is both stored and displayed in the Aux key LED

E.04 Edit the PLC program source file as follows:



M1 IS INP38 ;0=idle 1=opt. stop M94/6 M 95/6
; (or any available request bit —
;see M1 macro)

[..]

Aux—4—LED—ISOUTE2——
Optional_stops IS OUT52

[.]

Wait_at_ M1 IS MEM32 ; <-- or any available memory b it -- see M1 macro
[...]
Aux—4—out——=Aux—4—out XOR{Aux—4—key AND/L———————astaux4)—
Optional_stops = Optional_stops XOR ( Aux_4_key AN D /Last_aux_4)

Aux4—1+ED— =Aux4out——
Last_ aux_4  =Aux_4 key

; Handle optional stops whenever an M1 comes in

Wait_at_Ml = (Wait_at_M1 OR ( M1 AND Optional_stop s))AND/
Cycle_start

Create a file CNC10.M1 as follows:

M94/6 ; <-- M1 input bit minus 32
M95/6 ; <-- M1 input bit minus 32
M101/192 ; <-- “Wait” memory bit plus 160

Add an entry to the CNC10XMSG.TXT file similar toet following:

MEM32
"Optional Stop - press CYCLE START"

The M1 macro flashes its M function request on aifid The PLC program takes this as a
signal to set the "Wait_at_M1" memory bit if Optadrstops are enabled. Once the "Wait..."
bit is set, it is not cleared until the operatoegses CYCLE START. Thus the control will
not restart from an M1 just because the operatastaff optional stops; he must also press
CYCLE START one last time.

There is one minor side effect to this change. Sittar a program like the following:

N1 GO X0 YO
N2 G1 F20 X1
N3 M1

N4 X2

With the built-in optional stops feature, if optadrstops are turned off, the X axis will move
continuously from X0 to X2.
5-25
Rev.050808 C:\soft_eng\manuals\Install Service MiRev 081121\Chapter 5.DOC
CNC Services Northwest - PLC Programming Manual gePa



With the macro-based version presented here, éwgtional stops are turned off, the X
axis will decelerate to a stop at X1, then resumeentove to X2.

In most cases this will not matter. M1 codes eaditionally placed at tool changes and be-
tween operations, not in the middle of a cut.

Rapid Override on Early Controls

The Rapid Override feature was added to the costiftlvare in early 1994. Controls pro-
duced up to that time (M10 and M40 family) did hatve a dedicated Rapid Override key on
the jog panel. We modified the standard PLC pnogréo provide Rapid Override control
using the Aux1 key:

Rapid_over_key IS INP49 ; AUX1_key
[F'z'a}]pid_over_LED IS OUT49 ; AUX_1_LED
kz.a]pid_override IS OUT79
[F'e'ai]pid_over_key_hit IS MEM18
I[_a]st_rapid_over_key IS MEM19

Toggle Rapid Override mode with AUX1 key

Rapid_over_key_hit = Rapid_over_key & / Last_rapi d_over_key

Last_rapid_over_key = Rapid_over_key

Rapid_override = ( Rapid_override XOR Rapid_over _key_hit)
OR / Already_run

Rapid_over LED = Rapid_override

Since most operators prefer to have Rapid Oveeatddled, the “OR / Already_run” clause
is used to turn the mode on during the first sdah@PLC program. Thereatfter it is toggled
off or on each time the jog panel key is pressed.

The M400 and M39 jog panels have a dedicated Rapedride key, mapped to INP79. The
LED indicator in this key is mapped to OUT79, seeiiects the Rapid Override mode au-
tomatically, without any assignment needed in th€ Brogram. Otherwise, the logic in an
M39 or M400 PLC program is identical to that above.

Some early M40 PLC programs have Rapid Overridérahriout do not turn it on automati-
cally on the first scan. As a result, operatoesadten unaware of the feature. Itis a fairly
simple matter to edit or replace the PLC prograrmanable the Rapid Override mode on the
first scan.

Some router tables used an M40 style jog panel tedun a walk around pendant. Because
most of these machines did not have PLC boardsthemdfore did not have automatic spin-
dle or coolant control, the pendants cover up igife half of the jog panel with a metal

plate. Often the underlying keypad does not exavelsnap domes installed on that side.
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In that case, there is no Aux1 key to be used &piROverride control. The best solution is
to simply turn the Rapid Override mode on uncondgily. Again, this is a simple edit:

Rapid_override =/ Zero

The jog panels on CNCDROs and M15s through modielvé neither a Rapid Override key
nor Aux keys, so their PLC programs should usestéimee line to turn on Rapid Override
mode unconditionally.

PLC Diagnostics

Press <ALT I> at he main menu of CNC10 to turn &€ Bliagnostics. Red and Green indi-
cators will display the status of the current stdtthe PLC inputs, outputs and memory lo-
cations. Using the arrow keys you can highligffedent PLC bits to show the label given
to the selected bit.

Interfacing with a Koyo DirectLogic PLC

We provide an optional interface which allows yowcbnnect the CPU7 to a Koyo Direc-
tLogic DL205 PLC using a D2-240 CPU. The DL20%isodular PLC system supporting
up to 256 1/O points with a wide array of input andput devices.

The connection between the CPU7 and the D2-240®RQ is via the tiny CPU7ADD
board, plugged into a header on the CPU7, andatiged OPTIC232 board mounted in the
cabinet. OPTIC232 connects to CPU7ADD via threticapfibers; it connects to the D2-
240 via an RJ12 cable and optionally a two-wirefintpt signal from one of the PLC output
modules.

With this system, the CPU7 sends 48 of its outjisttb the Koyo CPU, and receives back
32 input bits (only 29 of which can be used, fas@ns explained below).

Obviously, with perhaps 40 or 50 physical input®, Koyo cannot send every input to the
CPU7. Fortunately, it doesn’t have to. Typicdhg two PLC programs are written so that
the Koyo does all the hard work, and only repadrtalfresults back to the CPU?7.

Consider an automatic tool changer application:

To request a tool change, the CPU7 sends the deéswenumber and a “start tool change”
signal to the Koyo. The Koyo may have to deal waitlarge number of outputs (hydraulic or
pneumatic solenoid valves; carousel motor starécs) and inputs (tool counter switches,
arm position switches, clamp/unclamp switches).etdowever, it only needs to report back
to the CPU7 with one bit indicating that the tobhnge is complete. It is usually not even
necessary to report failure, since a properly @mitbol-change macro will have a timeout on
the CPUY7 side, forcing an error if the completigmnal is not received in the expected
length of time. 5-27

Rev.050808 C:\soft_eng\manuals\Install Service MiRev 081121\Chapter 5.DOC
CNC Services Northwest - PLC Programming Manual gePa



Although the CPU7 sends OUT1 through OUTA48 to thgd and received INP1 through
INP32 back, it assumes that OUT1 through OUT3 &iRilithrough INP3 are part of a 3/3
PLC board used along with the Koyo. Because &f thdoes not update its copies of INP1
through INP3 with data from the Koyo, but insteasles those locations for the 3/3 PLC.

The 3/3 PLC should be used for any inputs wherdigtable timing is important. The lag
time from when an input is actually triggered toantthe CPU7 receives the bit change is
unpredictable. It may be anywhere from 10ms tavi€)0If a Koyo input were used for a
touch probe, this would lead to inconsistent prgland digitizing measurements, as the
amount of movement between the time the probedd@md the time the control stopped
motion would vary.

Therefore you should always connect probe or tet#ator inputs through a 3/3 PLC.

The 3/3 PLC can also be useful for electronic campiy. Its inputs are 5VDC current
sourcing inputs, while Koyo inputs are typicallWIAC sourcing or sinking. The fault out-
put on our servo drive board is designed to conoelgtto a 5V sourcing input. Therefore
you can connect the servo fault directly to a 3/€ fhput, while you would have to use an
intermediate relay if you wanted to connect it tdayo input.

When a Koyo PLC is used, it is typically equippeithvan Analog output module (usually
an F2-02DA-2) to control spindle speed. This paesgi 12-bit spindle speed resolution, in-
stead of the 8 bits available with the RTK2 or B5PLC. On the CNC10 Machine Parame-
ters screen, set Parameter 31 to a value of -k8léat 12 bit spindle speed control via the
Koyo. The current spindle speed request will be sat in OUT17 through OUT28.

The F2-02DA-2 module provides two independent apalaput channels. Since only one
is needed for spindle speed control, the secondb@aysed as a convenient solid-state out-
put for the CPU7 interrupt signal mentioned abovVahis is particularly desirable if all your
other Koyo output modules are relay outputs: ayrelaput could quickly exceed its ex-
pected service life if it had to cycle every timgyanput changed.

Limit Switch Interface between PLC and Servo Drive

In most control applications, the axis limit swigshare connected both to PLC and to the
servo drive. Connecting them to the PLC allowsGRJ7 and CNC10 to "see" the switch,
and therefore to know what happened and why axisombas stopped. Connecting them to
the servo drive allows the drive to inhibit motarmnt in the direction of the tripped

switch, ensuring that the move is shut down eveofifivare is misbehaving or the axis is
out of control (e.g. failed encoder).

It is not strictly necessary to connect the limvitshes to PLC inputs. With software travel
limits set, the control will never hit a limit swh once machine home has been set. The
control is even capable of homing to a limit switehich inhibits the drive, but does not ap-
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pear on a PLC input. If you choose not to contfeetimit switches to the PLC, enter zeros
for the limit and home switch numbers on the Maehtionfiguration screen.

You will still be able to jog into a limit switchdfore machine home has been set. If you do,
the message will be “full power w/o motion” or “piogn error”, not “limit tripped”. You
will still be able to slow jog off the switch asua.

If you have an unbalanced axis that tends to tllthe tripped limit switch, and you want
to use that switch as a home, you should connealitch to a PLC input as well as the
drive inhibit. The software logic for homing talave inhibit alone is prone to “full power
w/o motion” stalls if the axis drops back aftetting the switch.

The method for wiring the limit switches to both®@Inputs and drive inhibits depends on
the PLC and servo drive hardware. The most comexamples are as follows:

RTK2 and Servo Drives

The DC servo drives (SERVO1 and QUADDRYV) use 5VD(@-down (current sourcing)
inputs for the limit switch inhibits. Since theme electrically identical to the inputs on our
PLC I/O boards, the limit switches can be connetddabth devices in parallel.

On the RTK2, the limit switches themselves are aviieheaders H1 and H3 on the middle
board (RTK2B). H3 connects the X, Y, and Z limasnputs INP1 through INP6. Internal
connections also pass these signals through tar@yn&0-pin Waldom connector. Fourth
axis limit switches, if any, are wired to H1. Thesgnals are not mapped to any PLC logic
inputs but they are also passed through to the dMalkcbnnector.

A separate cable carries the limit switch signadenfthe RTK2B Waldom connector to the
servo drive's limit switch header. In additiorthe eight switch signals, this cable has posi-
tions for +5VDC and ground, allowing the two dewde match their reference levels. In
current production, only the +5 wire is carriednfrthe RTK2 to the servo drive.

A three axis drive has a bank of eight DIP switchest to the limit switch header. The first
six are limit switch defeaters: if thrown up (awfaym the board), the respective limit switch
is disabled. Motor current will not be inhibiteegardless of limit switch state. In normal
operation these DIP switches should all be throamrd(towards the board) so that limits
are enabled. The remaining two switches, labeBdahd "5" select whether the ground and
+5VDC signals which drive the inputs are taken framboard the drive, or from the PLC
via the limit switch cable. In normal operatiorthvan RTK2 these switches should be
thrown down (towards the board) to select PLC dgna

A four axis drive has two banks of DIP switchebaak of eight which enable or defeat the
eight limit switches, just like on a three axisvériand a separate bank of two which select
+5V and ground reference signals. The latter fondhe same as on a three axis drive, ex-

cept that the switch position is reversed: up afn@y the board for normal (PLC
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driven) operation, and down towards the board &the drive's on board reference signals.

In a three axis control, connections on RTK2B HIndbmatter. In a four axis control,
fourth axis limit switches should be wired to Hithere are no limit switches (e.g. the
fourth axis is a 360° rotary table) then jumpersusth be installed on H1 to simulate closed
limit switches.

Although H1 does not directly control any PLC ingutou could connect one or both fourth

axis limits to a PLC input by jumpering from H1ttee appropriate connector. For example,
you could connect the W+ limit to INP8 (terminalad 8 of H5) in order to use it more re-

liably as a home switch on an unbalanced axis.

15/15 PLC and Servo Drives

The electrical interface between the 15/15 PLCthrdservo drive is identical to that be-
tween the RTK2 and the drive, except that the 1BP1G does not have any pass-through
header.

Instead, the servo drive limit cable connectiorsmggybacked with the physical switch
connections on the input header H1.

In current production, both the +5VDC and grourghais in the limit switch cable are
wired from H3 on the PLC to the limit header on seevo drive.

M15DRV1

Since the M15DRV1 combines PLC and servo drivemmalwoard, the pass-through connec-
tion is made internally. Limit switches act asverinhibits, and also appear on PLC inputs 7
through 12.

Koyo PLC and Servo Drives

Koyo PLC inputs typically operate on 24VDC, eitlearrent sourcing or current sinking.
The 5VDC pull-up, which the servo drive can supEypot enough to maintain a Koyo in-
put.

The solution to this incompatibility is to wire theit switches to the Koyo as 24V current
sourcing inputs, then connect each input to theosérive limit header through a diode. The
diode allows the limit switch input to be pulledgmund when the switch is closed, but pre-
vents the Koyo's 24V from feeding into the drivajsut when the switch is open. For this to
work, the Koyo input and the servo drive grounerefces must be matched (connected).
Typically the servo drive limit switch circuit izigplied by an external DC power supply; of-
ten the same one which powers a 3/3 PLC boardren@®PTIC232 board.
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Koyo
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Servo Drive

a
=
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power
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RTK2 or 15/15 PLC and Yaskawa AC Drives

A similar electrical compatibility issue arises whesing our PLC 1/O board with Yaskawa
or similar AC servo drives. The Yaskawa drivesuieg)24V limit switch inputs, while our
boards operate at 5V.

The solution is likewise similar: wire the limit gshes to the Yaskawa drives at 24VDC,
then connect them to PLC inputs through diodesaigiatch the ground references by
connecting the ground side of the 24V supply toRh€ input common.

24V DC

+24V
power Yaskawa
supply ov ServoPak

— CN1/47 (+V)

CN1/10 (SG)

CN1/43 (N-OT)

Limit Switch
a
1
INCOM  INP 5v cl o‘v 5v
[ ' 5V DC
Centroid 15/15 PLC power
supply

Koyo PLC and Yaskawa AC Drives

Since both these devices use 24V inputs, no diageseeded. Just connect the positive

side of the 24V supply to both the PLC and theafivConnect the negative side to the limit
switches.
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A note on AC servo tuning

With our DC drives, the standard PID parametetsp¥ 1.0, Ki = 0.004, and Kd = 10-20
work quite well in nearly all installations.

These gains are much too high for Yaskawa AC driv@se visible effect is that the axis
will “jJump” or “bang” when moving back off a tripgelimit switch. Since moving on and
off the limit switches is a normal part of machhm@ming, we would like the operation to be
smooth and quiet.

Some retrofitters have reported defeating the dniagits in order to resolve the problem.
They rely solely on the control software to enfattoe limit switches. That is not the best
solution. The best solution is to use lower Plihgaso that movement is smooth even
when a limit switch is inhibiting current in oneelition.

A good starting point for tuning is Kp = 0.2, Ki0s001, Kd = 2.0. The final numbers you
use will vary depending on your installation antvelimotor selection.
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XPLC Programming (PC.PLC)

The XPLC language is an addition to the standarttrGel programming language that provides
more functionality. It must be used in conjunctieith a “standard” program to solve more
complex control applications that may have timing arithmetic requirements, such as automat-
ic tool changers. This manual assumes that oramdiér with the material in the standard PLC
programming manual.

In order to write effective programs one must ustierd the way the standard program and the
XPLC programs interact. When the phrase “standardgram is used, it refers to the program
that is being executed on the motion control bodkthen the phrase “XPLC” program is men-
tioned it refers to the program that is executinglee computer, or PC.

Figure 2 shows the interaction between the stanaladdXPLC programs. Note that all INP,
OUT, and MEM locations can be read in both a stahdeogram and by an XPLC program.

The figure below shows which program has contralitibee or change these bits. There are sev-
eral questions that one may have at this point.

Why would any of the inputs need written or changed by a program? The answer is that not all
of these INP bits are actually physical inputsfalct, INP33-INP48 are actually M-function out-
puts that are controlled by M94 and M95 commandd&® code programs.

How can operations in an XPLC program change or write bits that are controlled by the stan-

dard program? The answer is that the XPLC program must writertohange a location, often a
memory bit, that it, XPLC, has access to. The stesh@grogram must read that location and write
the corresponding bit. For example, suppose theC{grogram wanted to turn on the AUX1
LED on the jog panel when a timer had expired s @dert the operator of a potential problem.
The AUX1 LED is mapped to OUT49, which can onlydh@nged by the standard program. In
this case, the XPLC program would set, say MEM4&mit wanted to turn on the LED. The
standard program would then set OUT49 based uponatue of MEM49. The actual code is
listed below:

The lines common to both programs:

AUX1_LED IS OUT49
XPLC_AUX1_LED IS MEM49

The standard PLC program lines:

AUX1_LED = XPLC_AUX1_LED

The XPLC program lines:

IF T1 THEN (XPLC_AUX1_LED)
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Not every location that can be written by a stadd®tC program can be mapped to another lo-
cation as there are not enough locations. It wbald very desirable goal to be able to map all
these locations as it would mean only one progthenXPLC program, would ever need to be
changed. Not so obvious is that even if there veamigh memory locations to reach this goal,
there are still underlying hardware and softwanedaions that require both programs to be
maintained in certain situations. Later in the oana set of standard and XPLC programs will
be provided that allow most all changes and adwstio be made by changing only the XPLC
program.

Figure 2. CPU7 vs. XPLC write control.

Bit INP ouT MEM

1-8
9-16
17-
24
25-
32
33-
40
41- CPU7
48
*49-
56
57-
64

CPU7

ot CPU7
72

72-

80 CPU7

CPU7 Bit can be written by CPU7 progr:

- Bit can be written by XPLC progre

* MEMA49 is used by the XPLC program to communicateto the standard program that the
XPLC program is being used. Therefore, MEM49 musbe set by the XPLC program for
the programs to work together.
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Compiling and naming of XPLC programs.

The XPLC program, like the standard program, i$ b@sed. The structure is less stringent than a
standard program. In other words, spaces arelyswlrequired and individual lines may be
broken across several lines without problems. IBlares are also permitted.

Just like standard plc programming, an XPLC prognanst be compiled and must reside in a
certain directory and be given a predetermined name

A program is compiled by supplying the name ofXi®.C source program to the compiler,
XPLCCOMP.EXE.

Assuming the XPLC source program was hamed XPLC,$iRCfollowing command would be
used to compile the program, whbldface type indicating what would be typed.

C:\PLC> XPLCCOWP XPLC. SRC

If the compilation is successful, a message siniilahe following is displayed:

XPLCCOMP v. 1.00 - XPLC compiler
Copyright 2001-2003.

Compilation successful
Program size: 1

XPLCCOMP will create the compiled plc file name®PLC.PLC. If the compilation was not
successful, there will be error messages displefyed.the sectioBompilation Errors for more
information.

In order for this compiled program to be used &ydistem, it must be namB&.PLC and re-

side in theC:\PLC directory. The following command can be useddocomplish this:
C:\PLC> COPY XPLC. PLC PC. PLC

The system must be rebooted for any changes in tk&LC program to take effect

The program that executes the PC.PLC program id.BEXE, which is located in the C:\PLC
directory and is automatically called at startupcbynmands in the AUTOEXEC.BAT file.

The XPLC program has the same syntax for definiiioes and comments as a standard pro-
gram. For example:

X_MINUS IS INP1 ;0 = ok, 1 = limit tripped
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XPLC Program lines are of the form
IF <boolean_expression> THEN <actions>
Standard programs are of the form

<plc_bit> = <boolean_expression>

It may be helpful to see how a line in a standacdyram would be written using a standard pro-

gram, an XPLC program, and traditional relay laddgic (RLL).

(1) Standard program

<hit_type> = <boolean_expression >
Lube = CNC_program_running and not Lube_low

(2) XPLC program

IF <boolean expression> THEN <actions>

IF CNC_program_running and not Lube_low THEN (Lube)

(3) Relay Ladder Logic (RLL) program

$oolean_expression> actions>
CNC_program_running Lube_low Lube
X65 X1 Y0

‘ | Lt (ouT)

Note here that an “IF” is represented graphicaly|-- , with THEN being interpreted as
connection at the end —(.

A coil

All three of these examples accomplish the sanmgtmamely that if a CNC program is running

AND the low lube signal is not triggered, the lwd turn on.

The<boolean_expression> is a combination of the AND, OR, XOR and NOT opierss be-
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tween various inputs, outputs, memory locatiomseticontacts, one-shot positive differential
contacts, stage bits, and comparisons betweereintenyd types.

The boolean operators are:

AND or &
OR or |
NOT or !
XOR or N

which are used with bit type operands, and

== (equal)

I'= (notequal)

<less than

<=less than or equal
>greater than
>=greater than or equal

which are used with integer type operands, namelglvnemory and timer current values.
XPLC Bit Types

(the nn represents a number from 1-256):

INPnn - used for inputs

OUTnn - used for outputs

MEM nn - used as a temporary storage location or mebibry

Note that these are the same as used in standagdhprs.

STGnhn - used for stage bits, explained later

PDnn - used for one-shot positive differential e edge one-shot)

Tnn - used for timer contact values

XPLC Integer Types

Wnn - anumber that ranges between -2147488643147483647
TMRnn - how long a timer has been on, measured irsl0mf1sec) increments.

FLT - aninternal fault number can have one of the falhgwalues:
0 = No error

1 = Stack fault

2 = Division by Zero fault

8 = lllegal instruction

<numerical_expression> — can be just a plain number, such as 78, or dur@tion of 5.37
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plain numbers and other integer types using *,dnd +, along with parentheses. For example
W1 + W2/(3*TMRY7), or 5/8, etc.

For those who may be familiar with relay ladderd¢o@RLL) programs, several examples with
equivalent XPLC syntax are demonstrated belowtrase who may not be familiar with RLL
programming, the convention is that

X is used for an input type.
Y is used for an output type.
C is used for a memory bit.

The following XPLC definitions will be used in theeexamples.

X0 IS INP1
X1 IS INP2
X2 IS INP2
YO IS OUT1.

The term9on, set, high, closedandtrue are normally used to denotédogic (1) and the terms
off, reset, low, openandfalseare normally used to denotéogic (0). Whether a bit is “open”
or “closed”, “high” or “low”, etc., depends uponetiparticular bit type. When using the afore-
mentioned terms for logic O or 1, it is mainly d4e differentiate between two different states.

In conventional RLL programming and hardware, atteical input that is closed is a “1” and an
input that is electrically open is a “0”. In thegstem, however, a physical input on the PLC
hardware that is electrically closed is a “0” wteer@ physical input on the PLC hardware that is
electrically open is a “1”. In conventional RLLggramming and with this system, an output that
is “1” is considered on.

In order not be confusing for those who may alrdaelyamiliar with RLL programming, the ex-
planations below will assume conventional industgndard RLL conventions as noted above-
just keep in mind that these industry standard entions are opposite of the actual working in
this PLC system for physical inputs on the PLC ek,

Example 1. A simple one contact statement.

‘ X0 Y0
| (ouT )

IF X0 THEN (YO0)

This is the most basic program statement. Whae#ns is that if X0 is on, then turn on YO. If

X0 is off, turn off YO. There are only two combtimns that are possible using one con-
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tact of logic. These combinations are in the téglow. This kind of table is referred to as a
“truth table”.

Table 1. Truth table for example 1.

X0 YO
0 0
1 1

Example 2. The basic NOT statement.

| X0 Y0
‘ L (ouT)
IF X0 THEN  (YO)

This line of program has the opposite meanings din example of the NOT operation in XPLC
programming. What it means is that if X0 is not, d¢fffen turn off YO. If X0 is off, turn on YO.
Again, there are only two possibilities:

Table 2. Truth table for Example 2.

X0 YO
0 1
1 0
Example 3 — Basic AND statement
‘ X0 X1 Y0
‘ | I | (ouT)
IF X0 & X1 THEN (Y0)

This line of program is the basic AND operationh&Vit means is that if X0 is WND X1 is
on then YO will be on. Otherwise, YO will be off.

There are four different possibilities using logith two contacts. These combinations and the
result of YO are shown in the table 3 below. 5-39
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Table 3. Truth table for example 3 (AND).

X0 X1 YO
0 0 0
0 1 0
1 0 0
1 1 1

Example 4. The basic OR statement

‘ X0 Y0
| (ouT )
|7x1 J
|

IF X0 | X1 THEN (Y0)

This is the basic OR operation. What it meansas ifiX0 OR X1 is on, then YO will be on.
Otherwise, YO will be off.

Again, there are four different combinations tha&t possible. The truth table is in Table 4.

Table 4. Truth table for example 4 (OR).

X
I—‘*I—‘*OOo

X1
0 0
1
0
1

Example 5. A combination of AND with OR
Y0

‘ X0 X1
|l (ouT )
(xz
[

IF X0& X1|X2 THEN (Y0)

This example shows a simple combination of logihen using combinations of AND, OR,
XOR, and NOT, there are rules that determine tderan which operations occur. This is simi-
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lar to the way there are rules when combining nusibad mathematical operations. It is easy to
understand when it is realized that:

AND is like multiplication, OR is like addition, anike math, multiplication comes before addi-
tion. One could also say that multiplication hascedence over addition.

For example, imagine X0 being 2, X1 being 3, ando¥ihg 4. In this scenario, the line above
would be written as 2 x 3 + 4 (= 10). This isgfel when trying to understand and determine
what the result will be.

A program statement composed of three differentamta has eight different combinations. The
table below, often referred to as a "truth" taBlws the outcomes of all these combinations.

Table 5. Truth table for example 5.

X0 X1 X2 YO
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

Example 6. Another combination of OR with AND

x0 X1 Y0
SR R (out)
i
IF X0 & (X1]|X2) THEN (YO)

Using the analogy to math, the way this logic iswaated is similar to the way that

2 * (3 + 4) is calculated. Note that in both theRC program and in the math example, paren-
thesis are needed to override the normal rulest like in math, the result is usually not the
same, see Table 6 and compare it to Table 5.

Table 6. Truth table for example 6.

X0 X1 X2 YO0

0 0 0 0

0 0 1 1

0 1 0 0

0 1 1 1 5-41
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1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1
Example 7. The basic XOR statement
X0 X1 Y0
| = (ouT )
’7xu. X1 J
|
IF  X0~X1 THEN (YO)

This example shows the XOR operation. What it mesuthat if one of X0 or X1 is on (1) , but
not both, then YO will be turned on (set to 1).h@twise, YO will be off (reset to 0). The truth
table is below. Another way of stating this isttiidoth of the inputs do not have the same val-
ue, then the result is true.

Table 7. Truth table for example 7.

X0 X1 YO
0 0 0
0 1 1
1 0 1
1 1 0

Program execution

Before continuing with examples of some of the mamteanced contact types, it will be helpful

to review and understand how a program is execuedgrams are composed of a series of lines
that are executed from top to bottom continuouBhe XPLC execution occurs 256 times a
second, that is, the entire program is executad fap to bottom 256 times a second. Thus, the
first concept to understand is that the progracoisstantly being executed. One execution of the
program from top to bottom is referred to gzaas Further explanations will refer to passes,
such as the first pass of the program, or the skpass of the program, etc.

The second concept to understand is how the inputputs, memory, and other bits are updated
as the program executes As a review a from the
standard ?7?plc manual??, the complete plc pro-
gram execution follows this cycle: Y

Read inputs and outputs

When the inputs and outputs are read, v snapshot

5.4, Of the their current state is made Execute the program and placed

v

Update inputs, outputs

\ 4




into acopy buffer. The copy buffer contains a copy of the input aatput states as they wae
the start of that pass of program execution.

As the program is executingbgolean_expression> that reference the inputs and outputs (INPnn
and OUTnnN) use the value from the copy buffer tewheine what the state of the contact is.

There is another buffer used during execution, twisaeferred to as thmage buffer. The im-
age buffer contains what is going to be the newevalf the input or output after the program has
finished execution. This is the place where, dygrecution of the program, the new values of
the inputs and outputs will be stored.

Most of the problems and errors found when devalpprograms are directly related to these
principles, namely that program execution is cardirs from top-to-bottom and that input and
output states are read from the copy buffer anttemrusing the image buffer.

For other types, such as memory bits, stage bitbyard values, there is no buffer. Program
statements that write these types wilmediately change the value. To better understand this
concept, some timing diagrams are presented belde. first example shows when outputs are
updated. This would be the same if the OUTs widRsl The second example shows the timing
and updating when using MEM bits.
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ouTl
{out)
ouUT?
{out)
oUT3
{ouT)
(OUT1)
(OUT2)
(OUT3)

THEN
THEN
THEN

INP1
INP1

IF OUT1
IF OUT2

IF

Example ??. Timing diagram of writing of outputs.

INP1

OouT1

ouT2

OuUT3

Consider now an example of writing MEM bits. Tlene example would hold true if the MEM

Hopefully this example has demonstrated how thatsypnd outputs are read and written, and
bits were replaced by STG or PD bits or for wordmogy assignments.

the effects this has on when they are updated.
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Example ??. Timing and states when writing MEM bis.

Line 1 INP1 MEM1
| (ouT)
. MEM1 MEM?2
Line 2 || (ouT )
MEM?2 MEM3
Line 2 ‘ || (ouT
IF INP1 THEN (MEM1)
IF MEM1 THEN (MEM2)
IF MEM2 THEN (MEM3)
1 1 1 1 1 1 1 1 1 On
INP1 : : : : i i i
I S N off
MEML i Gl b b bbb
MEM2 i i i i i i i i
MEM3 i i i ! ! ! : :
LINE 12 3 12% 1253 213 12 3 12::% 1253 13‘5
PASS : 1 | 2 | 3 | 4, 5 | 6 | 7 8.

Note that the reason the MEM bit rising and falledpges are slightly skewed throughout pass #3
and pass #5 is to show that they don’t actuallychanged until that particular line of logic is ex-
ecuted.

Example ??. The basic rising edge one-shot or ptge differential PD

| X0 0
| | I (oUT)
IF X0 THEN (PD1L)

IF PD1 THEN (YO0)



This example demonstrates the use of a positiverdiitial, or rising edge one-shot type of con-
tact. What it means is that if X0 is off one pasd then on the next pass, then YO will be turned
on for one pass. Perhaps a timing diagram caerlstbw this.

on

X0

off

YO

T ! [
T e e s

=
Y NG W gt [

UL
[ ) W R

PASSE 1 100 11

Example ??. The basic falling edge one-shot or negee differential PD

‘ >0 Y0
[ {ouT }

IF I1X0 THEN (PD1)
IF PD1 THEN (YO)

on

off

[oe]
..@.-__________________
[
O
[
'_\
..H. -_—— - - - - —— - -_——-——— - -
N

S ——

One-shots are often used to toggle states wittheusitle effect of causing rapid flickering of
outputs. Specific applications of one-shots andmto use them will be covered in a later sec-
tion of manual. One-shots are really nothing ntbean a convenience when writing programs.
The same result can be obtained using just MEMadpitshaving the program keep track of the
last state. Example ?? above can be written usiBlIMits as such:

IF X0 & IMEM1 THEN (YO)
IFX0  THEN (MEM1)
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Note when using one-shots it takes another lin€RIfC program to achieve the same effect as
would be required in RLL programming. The formaéd for XPLC programming was used to
cut down the number of different token types thiatuised. Note that an XPLC program allows
an entire rung of logic to control the one-shotsiilar RLL program in this case would also
require two rungs of logic.

Example ??. Basic comparison statements.

‘ W1 W2 Ryl

‘ | = | (ouT}
IF W1==W2 T HEN (Y0)

‘ Wi W2 Y0

‘ |2 | (ouT}
IF W1Il=wW2 T HEN (YO0)

| w1 W2 Y0

‘ | < | {ouT)
IF W1<W2 TH EN (YO0)

‘ W1 W2 Y0

| | = | {ouT)
IF W1 >=W2 THE N (YO0)

I ne apove examples demonstrate comparisons betieger type operanads. vvnat tney mean
is that if the comparison is true, then turn on Y@therwise, turn it off. In the first programéin
above, if W1 = 3 and W1 = 4, then YO would be taro#.

Example ??. Basic calculations.

XPLC programming of mathematical operations isezasi accomplish than using RLL as it
does not require the use of stacks, accumulatodsyarious math boxes. See below.
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) LDA K3
‘ MULA K4
[ OUTA Wi
IF X0 THEN W 1=3*4
) LDA Wi
{ INCA
[ OUTA Wi
IF X0 THEN W 1=W1+1

When programming XPLC mathematical expressionsplyimrite the expression as it would be
written on paper.

Example ??. Timers

Ixnl TON T
b K100
TA1 K30 ¥1
| = | (ouT)
T Y0
| (ouT)
|

IF  XO THENT1 = 100, (T1)

IF TMR1 >=30 THEN (Y1)

IF T1 THEN (Y 0)

The programs above will turn on Y1 after X0 hasrbee continuously for at least 300 ms (0.3
seconds) in addition to turning on YO after 1.0oset

Timers have four components associated with themghnare:
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(1) A preset value In the example above, the preset value is 100,second. The value is spe-
cified using the syntax Thn =ngmerical_expression> in an action statement. The preset value
only needs to be set once. In a typical programptieset value is set once in the beginning of the
program.

(2) Atimer input which, when switched on, causes the timer to k&eping track of elapsed
time. If the timer input is off, the timer is rége O.

(3) A current value that returns how long the timer has been on. iBhighere the elapsed time
is stored. The syntax for accessing the timer atnalue is to use a TMRnn reference in an in-
teger comparison.

(4) Atimer contact that is on when the current value >= preset valllge syntax for referenc-
ing a timer contact is to use a Tnn reference<balean_expression>.

With XPLC programs there are no accumulating tineergp/down counters. However, the
functionality of these typical RLL elements candoeled using a combination of word memory
and timers with a bit of skill. Examples of up/doweounters and accumulating timers are pro-
vided later in the manual.

Example ??. Executing multiple actions for the samboolean expression.

X0 Y0
| (ouT)

T Y1
{ouT)
T Y3
L _{out)

IF X0 TH EN (Y0),
(Y1),
(Y3)

In this example, when X0 is on, YO, Y1, and Y3 are Otherwise, they are all off.

Understanding Stages

Stages are a feature of XPLC programming that heffie structured programs. Stages also aid
in program development and maintenance. As us®ULC programming, they are closely re-
lated to the RLL programming of master control ysl@MCS and MCR caoils).

Any IF statement of an XPLC program may be precdnjeal STGnn. This marks all program
lines after the STG, until another STG or the ehtthe program occurs, as belonging to
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that stage.

Example ?7?.
STG1

IF INP1 THEN (YO)
IF INP2 THEN (Y1)

STG2

IF INP3 THEN (Y2)
IF INP4 THEN (Y3)

In the example above, lines 2-5 are part of STGlLlaes 7-9 are part of STG2.

A stage can be ON or OFF. It has an associatechatmemory bit that determines whether it is
ON (1) or whether it is OFF (0). This memory ande written (turned on and off) by using
certain action statements and can be read by nefegeit in a v0olean_expression>. For ex-
ample:

IF INP1 THEN (STG1)

This is an example of how the STG status is tuoredr off. If INP1 is on, then STG1 would be
turned on. If INP1 is off, STG1 would be turned of

IF STG1 THEN (YO)

This is an example of reading a stage status. ,He&3&G1 is on, then YO is turned on. If STG1
is off, then YO would be turned off.

How stages work in program execution

When the XPLC program is being executed and it en@ys a STGnn, the executor marks that
stage as thactive stagelf the active stage is ON, then the execution efglogram continues
normally until the next stage or end of progranth¥ stage is OFF, the effect is th#tthe
<boolean_expression> are considered false for that stage

STG1
IF INP1 THEN (YO)

In this example, if STG1 is OFF, then YO would bmed offregardless of whether INP1 was
on or off. If STG1 is ON, then YO would be on if INP1 is and off if INP1 is off.
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STGL1 is ON, by default, when the control system isitialized. STG2-STG256 are OFF at
system initialization. This allows a starting pidior initialization without having to explicitly
turn it ON.

Note that like PD contacts, stages are a featatecdn also be implemented in another way us-
ing MEM bits and additional program lines. Ther@o requirement that stages are even used in
an XPLC program, but experienced PLC programmezghem to make their programs easier
write and easier to understand and maintain.

Specific uses and application of stages are covareéd in-depth later in the manual.

<Actions>

<Actions> are the various commands that can be executezhdeg upon the value of deo-
lean_expression>. So far, most of the examples in this manuakh#sed one specific type of ac-
tion- the output coil. The ones that have not whesbasic calculations and the timer example.
All of the possible actions are explained below.

Output coil ( )

The output coil action has several forms. The mostmon form is used to turn on or off a spe-
cified bit and is used witiNP, OUT, MEM, or STG bits.

IF INP1 THEN (OUT1)
What it means is that if INP1 is ON, then turn od™T. If INP1 is off, then turn off OUT1.
IF INP1 & INP3 | MEM3 | W1 <= 3 THEN (OUT1)

Here, if the entire koolean_expression> “INP1 & !INP3 | MEM3 | W1 <= 3" is true, then
OUT1 is on. Otherwise, it is off.

When an output coil is used witiP® bit, as in
IF INP1 THEN (PD1)
then the meaning is:

if <boolean_expression> is true and on the previous pass it was falss tbrn on PD. Other-
wise, turn off PD.

When an output coil is used withTaor TMR bit, it means to connect the value dibog- 5.51
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lean_expression> to thetimer input. Thus, if $oolean_expression> is true, then the timer up-
dates theurrent value with the elapsed time. Ifboolean_expression> is false the current
value is set to Q

Other actions
All the remaining types of action statements waorkhis way:

if <boolean_expression> is true, therexecutethe command.
if <boolean_expression> is false, themo not executethe command.

SET, RST
These actions turn on and turn BffP, OUT, MEM , andSTG bits.

IF INP1 THEN SET OUT1
If <boolean_expression> is true, then the bit is turned on.

IF INP1 THEN RST OUT1
If <boolean_expression> is true, then the bit is turned off.

Note that in these two examples that if <boolean_expression> is false, nothing happens. Itisa
mistake to think that if <boolean _expression> isfalse, the SET command is turned into a RST
command, or viceversa. The sameistrue for any action that is not an output coil.

The line;

IF INP1 THEN (OUT1)

is the same as:

IF INP1 THEN SET OUT1
IF INP1 THEN RST OUT1

= (Assignment)

The assignment command is used to assignuenerical_expression> to a word memory loca-
tion W or to set a timepreset value provided $oolean_expression> is true. If $00-
lean_expression> is false, no assignment is made.

IF INP1 THEN W1 =60 * 10
IF INP1 THEN T1 = 500

5.57 In the first example, if INP1 is on, then W1 isigeed the value 600 (60 * 10).



In the second, if INP1 is on, then Ppfieset valueis assigned 500 units, or 5 seconds.

JMP STGnhn

The JMP command resets thetive stage and sets STGnn.
STG1

IF INP1 THEN JMP STG2

Here, if INP1 is on, then the IMP STG2 command redlet STG1 and set STG2. Note that if
the active stage is reset execution continues riyrfoa lines in that STG.

WTB Wnn MEMnn
WTB Wnn OUThnn

The WTB commands write the lower eight bits of Yien word to a series of MEM or OUT
bits. The least significant bit is written to nmdethe most significant is written to nn+7

IF 1==1 THEN W1 = 170, WTB W1 OUT41

After the above line is executed,

OuUT48 | OUT47| OUT46| OUT45 0OUT44 OUT48 OUT42 OUT41

1 0 1 0 1 0 1 0

170 (Decimal) = AA (Hexadecimal) = 10101010 (Bijar

BCDWnn
BIN Wnn

The BCD Wnn command converts the value in Wnn taty coded decimal (BCD) format.
The BIN Wnn command converts the value in Wnn t@hby, assuming that it was in BCD for-
mat.

LDT Wnn

LTS Wnn

LMT Wnn

LCP Wnn
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All of the above commands are for support of autmetaol changers.

LDT Wnn will load the value of the last tool nunilieto Wnn. Tool numbers are sent to the
XPLC system when an M107 command is executed M&G code program.

LTS Wnn will load the value of the tool in thamsgle into Wnn. This value comes from the
CNC10.JOB file at CNC10 startup.

LMTWnn will load the value of the maximum numbért@ols into Wnn. This value comes
from CNC10 Machine Parameter 161 at startup.

LCPWnn will load the value of the tool carousespion into Wnn. This value comes from the
CNC10.JOB file at startup.

LSRWnn
This command will load into Wnn a value that carchecked to see if the CNC10 software is
currently running. Its main use is to disable car indexing when CNC10 is not running since

if the carousel position changed, CNC10 would reoaible to monitor the new position and save
it in the CNC10.JOB file.

IF1==1 THENLSR W1
IF W1 == 17 THEN (Disable_Tool_Indexing)

In this example, Disable_Tool_Indexing is a mentatyhat would be used later in the XPLC
program to prevent tool indexing via Aux keys.

LPO Wnn— LP9Wnn
These ten commands are used to load the value GflGWachine parameters into Wnn.

LPO loads CNC10 Machine Parameter 170 into Wnn.
LP1 loads CNC10 Machine Parameter 171 into Wnn.

LP9 loads CNC10 Machine Parameter 179 into Wnn.

Machine Parameters 170-179 can have values befivedb535.

These commands have many applications, includiaggihg XPLC program behavior based
upon certain values and toggling the logic valuarofnput.

Standard and XPLC programs.
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Both the standard and XPLC programs may differ ating to the physical hardware that consti-
tutes the system. Such hardware considerationsairdy:

(1) PLC hardware (PLC3/3, PLC 15/15, RTK2, SERVO3CIO2, RTK3, etc.)
(2) Jog Panel hardware: None, keyboard, M39 pendhmitonsole-2, etc.

A basic set of standard and XPLC source programpr@sented below. These programs are
targeted to a system composed of a SERVO3IO ugbdaviniconsole-2 jog panel.

When listing programs and in order to aid readgbithe Courier typeface

is used for

program lines and\rial typeface is used for the more meaningful comments.

The standard program.

Pk kkkhkkkhkhkkkk ok kkk ok kk ok ok ok ok kK
’
-k

“* File: BASECPUL.SRC
; * Purpose: STANDARD PLC program for SERVO3IO/UNI

Works in conjunction with XPLC program

CNC Configuration Settings
Jog Panel Type: Uniconsole-2
PLC Type: Normal

CNC Parameter Settings
P31 =1 or 2 (for COM1 or COM2 s

P177 =0.0 Normal behavior
=1.0 Fault Override in eff

P178 Bit flags
LubeNONC ; P178 Bit
SpindleNONC  ; P178 Bit
NoReverseSpindle ; P178 Bit
SpinRangeNONC ; P178 Bit

=0 On when running a job
MMMSS Off for MMM minutes,
if SS =0, On for at

¥ P179 Lube timer settings (see be
* () Support for probing and digitizing.
* () Handling of both NO/NC spindle drive fault
* () Handling of both NO/NC low lube faults.
* () Handling of drive faults.
* () Support of two limits switches each for al
* () Support for NO/NC spindle high/low range t
*  optionally reverse direction.
* () Support for drawbar unclamping.
* () Control of flood coolant in both automatic
* () Control of mist coolant in both automatuc
* () Automatic/manual control of a spindle brak
* () Lube pump timing and control.
* () Fault override logic via parameter setting

’
Pkkkkkkkhkhkkkkhkkhk Kk kkk ok kok ok kK
’

By way of standard practice, the definitions for
; grouped together as well as those for OUT, and M

If a bit is unused in the program, it is prefixe

Rev.050808
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CONSOLE-2

BASEXPC1.SRC

pindle control)
ect

0 (1)

1(2

7 (128)

9 (512)

low for full explanation)

On for SS seconds
least MMM minutes

s and automatic reset.

| three axes
hat can

(M8) and manual modes.
(M7) and manual modes.
e.

Kkkkkhkkhkkkkkk*k*

all the INP bits are
EM bits.

dwithau_. 5-55
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INPUT DEFINITIONS

; Remember that for the SERVO3IO that an input tha

E_stop
Probe_input

; closed is a 0. An input that is electrically op

ISINP1 ;0=Normal 1=
ISINP2 ;

Spindle_range_in  ISINP3 ;

Spindle_ok

ISINP4 ;0=fault 1=

Probe_not_detected ISINP5 ;0=probe 1=

Lube_Fault_In

ISINP6

X_minus ISINP7 ;0=o0k 1=
X_plus ISINP8 ;0=o0k 1=
Y_minus ISINP9 ;0=o0k 1=
Y_plus ISINP10 ;0=o0k 1=
Z_minus ISINP11 ;0=o0k 1=
Z_plus ISINP12 ;0=o0k 1=
Servo_fault ISINP13 ;0=Driveok 1=
Tool_Release ISINP14 ;0=pressed 1=
Zero_Speed ISINP15 ;0 = at zero speed
ISINP16 ;0=fault 1=

PLC ok

INP17 - INP32 have no physical mapping for SERVO3

u_inpl7 ISINP17 ;
u_inp18 ISINP18 ;
u_inp19 ISINP19 ;
u_inp20 ISINP20 ;
u_inp21 ISINP21 ;
u_inp22 ISINP22 ;
u_inp23 ISINP23 ;
u_inp24 ISINP24 ;
u_inp25 ISINP25 ;
u_inp26 IS INP26 ;
u_inp27 ISINP27 ;
u_inp28 ISINP28 ;
u_inp29 IS INP29 ;
u_inp30 IS INP30 ;
u_inp31 ISINP31 ;
u_inp32 ISINP32 ;

The lines above define the physical inputs that one would wire to
on the SERVO3IO. The reason that PLC bits are defined in this way
is because it makes the program easier to understand.

tis electrically
enisal.

E_STOP ** HARD CODED **

ok
no probe

Tripped

Tripped

Tripped

Tripped

Tripped

Tripped

Drv Fault ** HARD CODED **
not pressed

ok

The ** HARD CODED ** comment refers to the fact that on the SERVO3IO,

INP1 must be the emergency stop input because the SERVO3IO performs special
processing when it sees the E_stop input. The other ** HARD CODED ** input

is INP13. There is no physical connection to this input as it is internal

to the hardware. The SERVO3IO will, however, cause INP13 to change

to a 1 when there is a fault detected, such a sif the SYNC or DATA fibers

are not connected.

INP16 is reseved for PLC line check. It is an internal signal that has no
physical comnnection. If the PLC fiber connections CLK, RXS, or TXS
are removed then the bit is turned off.

- M4/M95 Mappings

; The M94/M95 mappings are interfaces to M&G code programming.
; Turning on and off these bits is how certain M-functions work.

In M&G code programming, the command

M94/1 turns on INP33
7 M95/1 turns off INP33
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;. M94/2 turns on INP34
;. M95/2 turns off INP34

;. ..andsoo

n

;. M94/16 turns on INP48

. M95/16 turns off INP48

M95/2
M94/1

M95/1
M94/2

M95/1/2

;. M95/3
M94/5

;. M95/5
M94/3

M95/3/5

M94/4

M95/4

M3

M4

M8

M10

M7
M94_M95_6
M94_M95_7
M94_M95_8
M94_M95_9
M94_M95_10
M94_M95_11
M94_M95_12
M94_M95_13
M94_M95_14
M94_M95_15
M94_M95_16

M3 (Spindle CW)

M4 (Spindle CCW)

M5 (Spindle Off)

M10 (Clamp On)

M11 (Clamp Off)

These pre-defined M-functions are:

M7 (Flood Coolant Off, Mist Coolant On)

M8 (Mist Coolant Off, Flood Coolant On)

M9 (Flood Coolant Off, Mist Coolant Off)

This program does not use a clamp but its definition
is included here because it has a predefined meaning.

** Note that M6 (Tool Change) and M39 (Air Drill) commands
** also have pre-defined meanings which affect one or more of these
** pits. See the M-series Operators Manual for more details.

IS INP33 ; Map to M94/1 M95 /1 (Spindle CW)
IS INP34 ; Map to M94/2 M95 /2 (Spindle CCW)
IS INP35 ; Map to M94/3 M95 /3 (Flood On)
ISINP36 ; Map to M94/4 M95 /4 (Rotary Clamp)
IS INP37 ; Map to M94/5 M95 /5 (Mist)

IS INP38 ; Map to M94/6 M95 16

IS INP39 ; Map to M94/7 M95 17

IS INP40 ; Map to M94/8 M95 /8

ISINP41 ; Map to M94/9 M95 /9

IS INP42 ; Map to M94/10 M95 /10

IS INP43 ; Map to M94/11 M95 /11

IS INP44 ; Map to M94/12 M95 /12

IS INP45 ; Map to M94/13 M95 /13

IS INP46 ; Map to M94/14 M95 114

IS INP47 ; Map to M94/15 M95 /15

IS INP48 ; Map to M94/16 M95 /16

Jog panel AUX keys

Brake_key
Aux_2_key
Aux_3_key
Aux_4_key
Aux_5_key

Rev.050808

IS INP49
IS INP50
IS INP51

1 = pressed
;1 = pressed
;1 = pressed

ISINP52 ;1 =pressed
ISINP53 ;1 =pressed
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Aux_6_key ISINP54 ;1 = pressed

Aux_7_Key ISINP55 ;1 =pressed

Aux_8_key ISINP56 ;1 = pressed

Aux_9_key IS INP57 ;1 = pressed

Mist_Key ISINP58 ;1 = pressed

INP59 -INP62 are physical inpus located on the CP u.

; They should not be used.

u_inp59 ISINP59 :

u_inp60 IS INP60 ;

u_inp61 ISINP61 ;

u_inp62 ISINP62 ;

High  Med-High Med-Low Low
Mid_range ISINP63 ; 0 1 1 0
High_Low_Range ISINP64 ; O 0 1 1
INP65 is set by CNC software when running a job o rin MDI mode.
bNC_program_running ISINP65 ;0=stopped 1= running
Spindle control related keys

’Spindle_mode_switch ISINP66 ;0=manual 1= auto
Spindle_Dir_Key ISINP67 ;0=CCW 1= CW
Spindle_start_key ISINP68 ;momentary 1= start spindle
Spindle_stop_key IS INP69 ; momentary 1= stop spindle
Aux_11_key ISINP70 ; Aux_11_Key

Aux_12_key ISINP71 ; Aux_12_key

Coolant related keys

boolant_mode_switch ISINP72 ;0=manual 1= auto
Flood_Key IS INP73 ; Flood_Key

Misc keys

bycle_cancel ISINP74 ;1 =pressed

Cycle_start ISINP75 ;1 =pressed

Tool_check_key ISINP76 ;1 =pressed

Pause ISINP77 ;1=Pause

Block_mode_key ISINP78 ;0=auto 1= block mode
Rapid_over_key ISINP79 ; Not presenton a Uniconsole-2
: OUTPUT DEFINITIONS

Mist ISOUTL ;0=off 1= on

Lube ISOUT2 ;0 =off 1= on ** Hard Coded **
Flood ISOUT3 ;0 =off 1= on

Brake ISOUT4

VFD_reset ISOUT5 ;0=Normal 1= Reset
u_out6 ISOUT6 ;

Drawbar_Sol ISOUT7 ;

OUT8-0OUT15 have no physical mapping for SERVO3IO

u_out8 ISOUT8 ;
u_out9 ISOUT9 ;
u_outl0 ISOUT10 ;
u_outll ISOUT11 ;
u_outl2 ISOUT12 ;

u_outl3 IS OUT13

; OUT14 and OUT15 are used here as memory bits.

; On other PLC hardaware, such as PLC 15/15, RTK2, PLCIO2
; They are the physical ouputs that control spindle

; direction and enable.

Spindle_Enable 1S OUT14 ;
Spindle_Dir_Out IS OUT15 ;
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OUT16 is an internal bit that must be set
; when INP16 (PLC fault INP) is set.

Plc_fault_out

Spindle_speed0
Spindle_speedl
Spindle_speed2
Spindle_speed3
Spindle_speed4
Spindle_speed5
Spindle_speed6
Spindle_speed?7
Spindle_speed8
Spindle_speed9

ISOUT16 ;0=normal 1=

IS OUT17
IS OUT18
IS OUT19
IS OUT20
ISOUT21
IS OUT22
IS OUT23
IS OUT24
IS OUT25
IS OUT26

Spindle_speed10 IS OUT27
Spindle_speed1l IS OUT28

0OUT29-0UT40 have no physical mapping for SERVO3IO

u_out29
u_out30
u_out31
u_out32
u_out33
u_out34
u_out35
u_out36
u_out37
u_out38
u_out39
u_out40

IS OUT29
IS OUT30
IS OUT31
IS OUT32
IS OUT33
IS OUT34
IS OUT35
IS OUT36
IS OUT37
IS OUT38
IS OUT39
IS OUT40

; Reserved for 8/12

; Reserved "

; Reserved "

; Reserved "

; Reserved "

; Reserved "

; Reserved

; Reserved

; Reserved for 12 b

; Reserved for 12 b
; Reserved for 12 b
; Reserved for 12 b

fault

bit spindle speed

it spindle speed
it spindle speed
it spindle speed
it spindle speed

; IF MEM49 = 1 THEN OUT41-OUT48 ARE XPLC PROGRAMMA  BLE

IF MEM49 = 0 THEN OUT41-OUT48 ARE 2 DIGIT BCD TO

u_out4l
u_out42
u_out43
u_out44
u_out45s
u_out46
u_out47
u_out48

IS OUT41
IS OUT42
IS OUT43
IS OUT44
IS OUT45
IS OUT46
IS OUT47
IS OUT48

Jog panel LEDs

Brake_LED
Aux_2_LED
Aux_3_LED
Aux_4_LED
Aux_5_LED
Aux_6_LED
Aux_7_LED
Aux_8_LED
Aux_9_LED
Mist_LED

IS OUT49
IS OUT50
IS OUT51
IS OUT52
IS OUT53
IS OUT54
IS OUT55
IS OUT56
IS OUT57
IS OUTS8

: OUT59 - OUT62 are on the CPU
; They should not be used.

u_out59
u_out60
u_out61
u_out62

i_ubricant_low
Drive_fault_out

Spindle_Auto_LED

ISOUTS9
ISOUT60 ;
ISOUT6L
ISOUT62

ISOUT63 ;0=normal 1=
ISOUT64 ;0=normal 1=
Spindle_fault_out IS OUT65

Spindle_Dir LED IS OUT67

u_out68
u_out69

Rev.050808

IS OUT68
IS OUT69

;0=normal 1=
IS OUT66

;0=manual 1=
;1=CCWwW 0=

OL NUMBER

low lube
fault
fault
auto
CW
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Aux_11_LED ISOUT70 ;

Aux_12_LED ISOUT71 ;
boolant_Mode_LED ISOUT72 ;0=manual 1=
Flood_LED ISOUT73 ;0 =off 1=

Stop ISOUT75 ;0=run 1=

PLC_op_signal ISOUT76 ;0=run 1=
Feed_Hold_LED IS OUT77 ;
Block_mode_LED ISOUT78
Rapid_override ISOUT79 ;

MEMORY DEFINITIONS

ZERO ISMEM1 ; Used as a memory
PC_Brake LED ISMEM2 ;
PC_Aux_2 LED ISMEM3
PC_Aux_3 LED ISMEM4
PC_Aux_4 LED ISMEM5
PC_Aux_5 LED IS MEM6
PC_Aux_6_LED IS MEM7
PC_Aux_7_LED ISMEM8
PC_Aux_8 LED ISMEM9
PC_Aux_9 LED IS MEM10 ;
PC_Mist_LED IS MEM11 ;

PC_Aux_11_LED IS MEM12 ;
PC_Aux_12_LED IS MEM13
Range_reverse IS MEM16 ;
Fault_Override IS MEM17 ;
Lube_fault IS MEM43 ;
Probe_Fault IS MEM44
Coolant_Fault IS MEM47 ;
PC_PLC_RUNNING IS MEM49
Auto_Spin_Mode IS MEM50 ;
PC_Lube_Fault IS MEM51

B

rake_mode IS MEM52 ;

Auto_Coolant_Mode IS MEM53 ;
Man_spin_dir IS MEM55
Man_spin_mode IS MEM56

Spindle_dir IS MEM57 ;

PC_Spindle_Fault IS MEM58
PC_0OUT59 IS MEM59 ;
PC_0OUT60 IS MEM60 ;
PC_0OUT61 IS MEM61 ;
PC_0OUT62 IS MEM62 ;
PC_Stop IS MEM65 ;

PC_Block_mode IS MEM66
PC_Rapid_override IS MEM67
Already_run IS MEM68
Already_run2 IS MEM69
Real_Spin_Dir_Key IS MEM73 ;
Last_Spin_Dir_Key IS MEM74 ;
Spindle_Dir_Change IS MEM75 ;
Last_Spin_Dir IS MEM76 ;
Last_rapid_over_key IS MEM77 ;

MEM78 and MEM79 have pre-defined meanings and are

used for communication between the PLC program
and the CNC software to send the appropriate
commands to a SPIN232, which uses either

auto

on

stop

operation in progress

bit that is always 0

COML1 or COM2 port for communication. When CNC Machine Parameter

31 =1 or 2, the CNC software will look at MEM78 and MEM79
to output the requested direction and enable information.

Note that the SERVO3IO has a built-in SPIN232 interface.

Spin232_Enable IS MEM78
Spin232_Dir IS MEM79 :

’
’
ok

PROGRAM START
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PLC_op_signal must be zero for motion control is to resume.

Here, we halt processing if a spindle command

is being executed (M3/M4) and Auto spindle mode is not selected or
a coolant command (M7/M8) is being executed and Auto Coolant
Mode is not selected.

Setting PLC_op_signal is what causes the

"Select Auto Spindle" or "Select Auto Coolant"

messages to appear in the CNC message window and for
program execution to pause until the signal is 0.

It will be forced to zero if the Fault_Override bit is set.
The XPLC program sets the Fault_Override bit which it
determines from CNC Machine Parameter 177 settings.

i?'LC_op_signaI =(((M3 OR M4 ) AND Man_spi n_mode ) OR
((M7 OR M8 ) AND / Auto_Co olant_Mode ) ) AND
/ Fault_Override

;///////////////// UNICONSOLE-2 SPINDLE CONTROL // M

; A memory bit is used to simulate a "a real spindle direction key".

Most of the jog panel inputs are on when the key is pressed and off
when it is released. On the Uniconsole-2 jog panel,

the spindle direction is composed of two keys that use one input.

The reason that the spindle direction logic is here in the

standard program is because only it can control the spindle

direction input (INP67). Further, this bit cannot be set to a MEM

bit by the XPLC prOgram and written by the standard program because
of timing issues between the running of the XPLC and standard
programs.

The Uniconsole-2 jog panel firmware
sends a message if the spindle direction key (CW or CCW) that is
pressed is different than what was last sent. It initializes to CW.

i:zeal_Spin_Dir_Key = ( Spindle_Dir_Key & / Auto_Sp in_Mode )
This line determines if there is a spindle direction change.
It does so on the following conditions:

(1) The spindle direction key has changed and the mode is manual., i.e,
do not allow the spindle direction key to change the direction in
Automatic spindle mode since the direction in automatic spindle
mode is determined by an M3 or M4 command.

; OR

(2) If in automatic spindle mode there has been a change between M3 and M4.

If one of these conditions is true and the program is not already changing
the direction, the Spindle_Dir_Change bit will flip the direction.

The "OR / Already_run" is used to simulate a direction change at
initial power up to get into a default CW state.

Spindle_Dir_Change = ((((Real_Spin_Dir_Key XOR Last_Spin_Dir_Key ) AND

/ Auto_Spin_Mode ) OR
(Auto_Spin_Mode & ( Spindle_Dir_Out XOR Last_Spin_Dir)))
AND / Spindle_Dir_Change ) OR / Alre ady_run
Last_Spin_Dir_Key = Spindle_Dir_Key
Spindle_Dir_Key = Real_Spin_Dir_Key OR ( Auto_S pin_Mode AND M4 )

Spindle_Dir is the commanded direction.
; Spindle_Dir_Out us the actual direction sent to the hardware.
; These two may be different if, for instance, the
; spindle is being reversed in low range.
; 5-61
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Last_Spin_Dir = Spindle_Dir_Out

Spin232_Dir = Spindle_Dir_Out

The Spindle_Dir_LED is set based upon the commanded direction, NOT
the actual direction output to the hardware. As noted above,

if Spindle_Dir_LED were set to Spinlde_Dir_Out then the LED would

be incorrect if the spindle direction was being reversed because

of being in low range.

épindle_Dir_LED = Spindle_Dir

The XPLC program handles spindle Auto/Man changes and
; whether the spindle is enabled.

SpinZSZ_Enable = Spindle_Enable

Spindle_Auto_LED =/Man_Spin_Mode

Here the signal into CNC software that determines the spindle range
is set. The CNC software uses this bit to determine the proper
speed to display on the screen.

Is is based upon the physical input and the

Range_Reverse bit. The Range_Reverse bit is set by the XPLC

program based upon CNC Machine Parameter 178 settings. Itis used to
set the physical spindle range input to work as either a NO/NC input.
More information is found in the XPLC program.

i—iigh_Low_Range = Spindle_Range_In XOR Range_R everse
SN UNICONSOLE-2 CPU7 COOLANT C ONTROL /i

; The XPLC program is controlling the coolant functions.
; These lines just turn on the LEDs since XPLC cannot set them.

Flood_LED =/ Flood

Mist_LED = Mist

Coolant_mode_LED = Auto_Coolant_Mode

The lines below will turn off the M-function

requests if a programming is not running.

For example, if while running a program with

spindle CW on (M3) and/or Flood (M8),

The spindle and coolant will be turned off

when the program ends, or the CANCEL or ESC key is pressed.

M3 =M3 AND CNC_Program_R unning

M4 =M4 AND CNC_Program_R unning
M8 =M8 AND CNC_Program_R unning
M7 =M7 AND CNC_Program_R unning

The logic below will signal to CNC software (via Drive_fault_out)

a drive fault condition if the Servo_fault bit indicates a fault, or

there already is a fault and the E_stop has not been pressed.

This manner of logic is referred to as "latching” the fault.

Once the fault has been "latched", the E_stop must be pressed AND
the fault bit must indicate a no fault condition before the

fault will be cleared.

This fault can be disabled by setting of the Fault_override bit.

brive_fault_out = (Servo_fault OR Drive_fault_ out AND / E_stop ) AND
| Fault_override

The XPLC program will set PC_Lube_Fault and PC_Spindle_Fault
to signal these faults. Here, the standard program just

reads the MEM bits and writes the actual OUT bits

that signal the fault. These faults will be disabled

if the Fault_Override bit is set.

Lubricant_low = PC_Lube_Fault & / Fault_Over ride
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Spindle_fault_out = PC_Spindle_Fault & / Fault_O

; And the same method of control noted above is used for controlling
; the Stop bit, Block_mode, and the AUX function key LEDs.
; In this way, there are no changes required to the standard

; program to control these states.

Stop =PC_Stop &/ Fault_Override
Block_mode_LED = PC_Block_Mode
Feed_Hold_LED = Pause
Brake_LED = Brake_mode
Aux_2_LED =PC_Aux_2_LED
Aux_3_LED =PC_Aux_3_LED
Aux_4_LED =PC_Aux_4 _LED
Aux_5_LED =PC_Aux_5_LED
Aux_6_LED =PC_Aux_6_LED
Aux_7_LED =PC_Aux_7_LED
Aux_8_LED =PC_Aux_8 LED
=PC_Aux_9_LED

Aux_9_LED

Aux_11 LED, due to backward compatibility,
; is backwards. (1 = LED off, 0 = LED on)

Aux_11_LED =/PC_Aux_11_LED
Aux_12_LED =PC_Aux_12_LED

; END OF PROGRAM

The XPLC program:

ok kkkkkkk ok kkkk ok ok ok kkk ok ok ok Kk Kk K
- %

;* File:  BASEXPC1.SRC

CNC Configuration Settings
Jog Panel Type: Uniconsole-2
PLC Type: Normal

CNC Parameter Settings
P31 =1 or 2 (for COM1 or COM2 s

P177 =0.0 Normal behavior
=1.0 Fault Override in eff

P178 Bit flags
LubeNONC ; P178 Bit
SpindleNONC  ; P178 Bit
NoReverseSpindle ; P178 Bit
SpinRangeNONC ; P178 Bit

P179 Lube timer settings (see be
=0 On when running a job
MMMSS Off for MMM minutes,

if SS =0, On for at

() Support for probing and digitizing.

() Handling of both NO/NC low lube faults.
() Handling of drive faults.

S5k sk sk ok ok ok 3k ok ok o ok o O ok O ok Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok

() Support of two limits switches each for al | three axes
() Support for NO/NC spindle high/low range t hat can
optionally reverse direction.
Rev.050808 C:\soft_eng\manuals\Install Service MiRev 081121\Chapter 5.DOC
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; * Purpose: XPLC program for SERVO3IO/UNICONSOLE-

Works in conjunction with STANDARD pro

() Handling of both NO/NC spindle drive fault

verride

kkkkkhkkhhkkkkhkkkkk

2

gram BASECPU1.SRC

pindle control)

ect

0 (1)
1(2
7 (128)
9 (512)

low for full explanation)

On for SS seconds
least MMM minutes

s and automatic reset.
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;* () Support for drawbar unclamping.
;* () Control of flood coolant in both automatic (M8) and manual modes.
;* () Control of mist coolant in both automatuc (M7) and manual modes.
;* () Automatic/manual control of a spindle brak e.
;* () Lube pump timing and control.
;* () Fault override logic via parameter setting
*
:************************* khkkkkhkkkkhkkkhkkkkkx

Note: Thelisting for the XPLC program omits the definitions for INP1-INP80, OUT1-OUT80,
and MEM1-MEMB8O since they are identical to the standard program.

Spin_start IS MEM101 ;
Spin_stop IS MEM102 ;
Autostart IS MEM104 ;
Autostop IS MEM105 ;
Limit_tripped IS MEM106 ;
Fault IS MEM107 ;
Halt IS MEM108 ;

Spindle_pause

IS MEM109 ;

Block_mode_key hit 1S MEM110 ;

Spin_dir_key_hit

IS MEM112 ;

Rapid_over_key hit 1S MEM115 ;

Brake_key_hit IS MEM117 ;
LubeTimeExpired 1S MEM140 ;
ManFlood IS MEM152 ;
ManMist IS MEM153 ;
Man_Cool_Type IS MEM162 ;
Coolant_Type IS MEM163 ;
LubeMethod1 IS MEM164 ;
LubeMethod2 IS MEM165 ;
IS MEM166 ;

LubeMethod3

In this program, CNC Machine Parameter 178 has been
pre-defined as a bit mapped parameter that controls
various aspects of the PLC program behavior.

The LubeNONC, SpindleNONC, and SpinRangeNONC bits can be used to flip
the respective switch input behavior between NO and NC. For example,

the lube fault is considered to be a NC input, i.e., if the switch is

electrically closed, then there is no fault. When the switch opens,

then this signals a fault. If the lube fault signal needs to be NO,

then the LubeNONC bit can be set.

The NoReverseSpindle bit is used to indicate whether the spindle
direction outputs should be reversed between high and low range.
The default behavior of this program is to reverse direction as this
convention follows a majority of the spindle gearing systems in use.

LubeNONC IS MEM200 ; P178 Bit 0 (1)

SpindleNONC IS MEM201 ; P178 Bit1 (2)

uP178Bit2 IS MEM202 ; P178 Bit2 (4)

uP178Bit3 IS MEM203 ; P178 Bit 3 (8)

uP178Bit4 IS MEM204 ; P178 Bit 4 (16)

uP178Bit5 IS MEM205 ; P178 Bit5 (32)

uP178Bit6 IS MEM206 ; P178 Bit 6 (64)

NoReverseSpindle IS MEM207 ; P178 Bit 7 (128)

uP178Bit8 IS MEM208 ; P178 Bit 8 (256)

SpinRangeNONC IS MEM209 ; P178 Bit9 (512)

uP177Bit10 IS MEM210 ; P178 Bit 10 (1024 )
uP178Bit11 IS MEM211 ; P178 Bit 11 (2048 )
uP178Bit12 IS MEM212 ; P178 Bit 12 (4096 )
uP178Bit13 IS MEM213 ; P178 Bit 13 (8192 )
uP178Bit14 IS MEM214 ; P178 Bit 14 (1638 4)
uP178Bit15 IS MEM215 ; P178 Bit 15 (3276 8)

' : STAGE DEFINITIONS
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InitialStage IS STG1

MainStage IS STG2
LoadCNC10Parameters IS STG3
Lubemonitor IS STG6

; WORD DEFINITIONS

LubeWord ISW12
LubeOnTime ISW13
LubeOffTime ISW14
;LubeOffX100 IS W15
P178Bits IS W16
P177Bits ISW17
TotalTime ISW18
PresetTime ISW19

; TIMER DEFINITIONS

LubeOffT IS T2
AccumulatingTMR IS TMR3
LubeONnT IST4

: PD (One-Shot) DEFINITIONS

bM_lShot ISPD1 ; Coolant Auto/Man

MK_1Shot ISPD2 ; Mist coolant key
SD_1Shot ISPD3 ; Spindle Directio
BM_1Shot ISPD4 ; Block Mode key p
ATM_1Shot ISPD5 ; Coolant Auto To
ES_1Shot ISPD6 ; E_stop release
M10_1Shot ISPD7 ;M10

M11_1Shot ISPD8 ;M11

FK_1Shot ISPD9 ; Flood

BRK_1Shot ISPD10 ;Auxl
Lube Timing Related One-Shots

PR_1Shot ISPD11 ; started CNC prog
NPR_1Shot ISPD12 ; stopped CNC prog
OffTimerExpired  ISPD13 ;

OnTimerExpired ISPD14 ;

* PROGRAM START

InitialStage

; InitialStage (STG1) is on at PLC initialization.

; Here we set PC_PLC_Running (MEM49) to indicate to
; the standard program that XPLC is being used also.

IF IZERO THEN SET PC_PLC_Running,
SET LubeMonitor,
SET LoadCNC10Parameters,
JMP MainStage

; Here is where the processing of the pre-defined CNC
; Machine Parameters takes place. Note that this STG

; remains on so that changes to the CNC Machine

Rev.050808 C:\soft_eng\manuals\Install Service MiRev 081121\Chapter 5.DOC
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Parameters can take effect without rebooting.

Read the value from P179 in MMMSS format
and break it into separate MMM and SS parts

; Remember that mathematical operations work
; with integers. When dividing, there are no remainders
; and no explicit rounding up.

For example, 5/2=2,100/99=1,99/100=0

; LubeWord =HHHMM
; HHHMM /100 = HHH (LubeOffTime)
; HHH *100 = HHHOO (LubeOffTime * 100)

- HHHOO (LubeOffTime * 100)

: HHHMM (LubeWord)
: = MM (LubeOnTime)
iF IZERO THEN LP9 LubeWord,

LubeOffTime = LubeWord / 100,

LubeOnTime = LubeWord - LubeOffTime *100

Convert LubeOffTime to minutes
and LubeOnTime to seconds
and set timer PRESET values

TMR values are in 0.01 second increments, i.e.,
there are 100 of them in every second.

IF !IZERO THEN LubeOffTime = LubeOffTime * 100 * 60 ,
LubeOnTime = LubeOnTime * 100,
LubeOffT = LubeOffTime,
LubeOnT = LubeOnTime

; Initialize Bit reversals according to param 178
; Memory Bits 200-215 hold the values in parameter 178

; P178Bits P178Bits / 256
, FEDCBA9876543210 00000000FEDCBA98

IF IZERO THEN LP8 P178Bits,
WTB P178Bits MEM200,
P178Bits = P178Bits / 256,
WTB P178Bits MEM208,
LP7 P177Bits

Set MEM bit to communicate with standard PLC whether
; the spindle range input is NO/NC and whether to Override faults.

[= SpinRangeNONC THEN (Range_reverse)
IF P177Bits == 1 THEN (Fault_Override)

LubeMonitor

These Lube pumps are set by CNC10 Machine Parameter 179,
where the value is between 0 - 65535

and is formatted as MMMSS

Where MMM is the Off Time in minutes

and SS is the On Time in seconds.

If SS == 0 and MMM != 0, then Method 1 is used f or control.
; If SS1=0 and MMM != 0, then Method 2 is used f or control.
; If SS == 0 and MMM == 0, then Method 3 is used f or control.
; METHOD 1
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On the start of CNC_program_running,
the lube pump turns on.

The lube pump is turned off when E_stop or
a low lube condition exists or when
a program has NOT been running for MMM minutes.

This type of control is intended

for lube pumps that have internal timers that either

lube immediately when power is applied and then start timing, or

for pumps that wait until power has been on for the set time

before pumping. The former type of pump will run out of lube oil quickly
on short jobs if lube is only applied while CNC_program_running.

The latter type of pump will never lube on short job runs if lube power is
is only applied while CNC_program_running. A short job is defined

; as one which completes in less time than the internal lube timer

is set to.

Example 1.

The lube pump has a timer and it is set to lube every 30 minutes.

Set Machine Parameter 179 = 3500. Note that this time (MMM) should
be longer than the setting of the lube timer.

METHOD 2

The lube turns on for SS seconds every MMM minutes.

Example 2.
To set the lube pump power to come on for 5 seconds
every 10 minutes, set P179 = 1005.

Example 3.
To set the lube pump power to come on for 30 seconds
every 2 hours, set P179 = 12030

METHOD 3

; The lube comes on whenever a program is being run
; (CNC_program_running is on). This includes MDI mode.

; Set MEM bits to indicate the method used

iF LubeOnTime == 0 & LubeOffTime != 0 THEN (LubeMet hod1)
IF LubeOnTime != 0 & LubeOffTime != 0 THEN (LubeMet hod2)
IF LubeOnTime == 0 & LubeOffTime == 0 THEN (LubeMet hod3)

IF Cnc_program_running THEN (PR_1Shot)

IF ICNC_program_running THEN (NPR_1Shot)

; Here the accumulated time that a CNC program has been
; running is programmed. When the Accumulated time

; has reached the OffTime (MMM), then start the On timer.

; The Accumulated time is reset when the On timer expires.

IF NPR_1Shot THEN TotalTime = TotalTime + Accumulat ingTMR

IF CNC_program_running & !'LubeOnT THEN (Accumulatin gTMR)
IF TotalTime + AccumulatingTMR > LubeOffTime THEN ( LubeOnT), (LubeTimeExpired)

IF LubeOnT THEN TotalTime = 0
IF LubeTimeExpired THEN (OffTimerExpired)
IF ILubeTimeExpired THEN (OnTimerExpired)

; Turn the lube pump ON under one the following conditions:

(1) the CNC program has started running and using Method 1 or Method3
; (2) the OffTime is up and using Method2.

IF (PR_1Shot & (LubeMethod1 | LubeMethod3)) |
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(OffTimerExpired & LubeMethod2) THEN SET Lube

When lube is on, start keeping track of the off
; for use in Method 2.

IF Lube THEN (LubeOffT)

Turn the lube pump OFF under one of these conditions:

(1) Method1 and the Off timer has expired and a
CNC program is not running.
(2) Method2 and the On timer expired.
(3) Method3 and a CNC program is no longer running.
(4) A low lube fault has occured.
(5) E_stop is pressed.

[= (LubeOSffT & !ICNC_Program_Running & LubeOnTime ==

(OnTimerExpired & LubeOnTime != 0 & LubeOffTime
(NPR_1Shot & LubeOffTime == 0) |
(Lube_Fault_In XOR LUBENONC) | E_stop THEN RST L

JHUIITITININTT UNICONSOLE-2 XPLC SPINDLE CON

IF IMan_Spin_Mode | !Already_run THEN (Auto_Spin_Mo
IF M3 | M4 THEN (AutoStart)

IF !AutoStart THEN (AutoStop)

; Select between auto and manual spindle mode

IF Spindle_Mode_Switch THEN (SD_1Shot)

IF (SD_1Shot XOR Man_Spin_Mode) THEN (Man_Spin_Mode

(Auto_spin_mode & Autostart & ISpindle_pause) T

IF (Spin_Start & !Probe_not_detected) THEN (Probe_F

IF Auto_spin_mode & ((Spindle_pause & !Spindle_sta

CNC_program_running) | (!Spindle_pause & Spindl
& Spindle_Enable)) THEN (Spindle_pause)

IF Spindle_Stop_key | Stop | Limit_tripped |

(Auto_spin_mode & AutoStop) THEN (Spin_Stop)

IF (Man_spin_mode & Spindle_Dir_key) THEN (Man_spin

IF (Auto_spin_mode & M4) |
(Man_spin_mode & Man_spin_dir) THEN (Spindle_dir

The direction of the physical ouput is reversed if

; the NoReverseSpindle Bit is off and the Spindle_range_in is:

open (1) and SpinRangeNONC is RST (0)
OR

closed (0) and SpinRangeNONO is SET (1)
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NoReverseSpindle and SpinRangeNONC are SET/RST

Note that even if the spindle is NOT to be reversed in low range
that the Spindle_range_in is needed by CNC10 to determine
the correct speed to display on the screen.

Application Requirements:

(1a) The spindle must reverse in low range.
(1b) The spindle must NOT reverse in low range.

(2a) Thereis a NC HI-LO switch connected to Spindle_range_in
(2b) There is a NO HI-LO switch connected to Spindle_range_in

is in the LO position.

is in the HI position.

Application P178 Settings:

i (1a)
; NoReverseSpindle 0
; (1b)
; NoReverseSpindle 1

© (2a.& 3a) or (2b & 3b)
; SpinRangeNONC 0

© (2a & 3b) or (2b & 3a)
; SpinRangeNONC 1

[= Spindle_dir * (INoReverseSpindle &
(Spindle_range_in * SpinRangeNONC)) THEN (Spind

IF (Spindle_Enable | Spin_start) & !Spin_Stop &
Probe_not_detected THEN (Spindle_Enable)

IF ISpindle_Enable & !Tool_Release & !ZERO_speed TH

NI UNICONSOLE-2 XPLC COOLANT CONTROL

Toggle Auto Manual Coolant Mode

IF Coolant_mode_switch THEN (CM_1Shot)
IF Auto_Coolant_Mode » CM_1Shot OR ! Already_run TH

; Flood coolant control
; Toggle flood coolant on and off if coolant mode is manual
;' When switching from Auto to manual mode, turn off flood coolant
IF !Auto_Coolant_Mode THEN (ATM_1Shot)
IF Flood_key THEN (FK_1Shot)
IF (ManFlood » (Auto_Coolant_Mode & FK_1Shot)) & !
IF IStop & ((M8 & Auto_Coolant_Mode) | (ManFlood &
THEN (Flood)

; Mist coolant control
; Toggle mist coolant on and off if coolant mode is manual
;- When switching from Auto to manual mode, turn off mist coolant

IF Mist_key THEN (MK_1Shot)

IF (ManMist ~ (!Auto_Coolant_Mode & MK_1Shot)) & 'A

IF 1Stop & ((M7 & Auto_Coolant_Mode) | (ManMist & !
THEN (Mist)

depending upon the value of P178 in CNC10 Machine Parameters.

(3a) The HI-LO switch is tripped when the gear change lever (or switch)

(3b) The HI-LO switch is tripped when the gear change lever (or switch)

le_Dir_Out)

EN (Drawbar_Sol)

M

EN (Auto_Coolant_Mode)

ATM_1Shot THEN (ManFlood)
Auto_Coolant_Mode))

TM_1Shot THEN (ManMist)
Auto_Coolant_Mode))
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I
. FAULT HANDLING
I

; IfFLT is not zero, there is an internal error
; in the execution of the XPLC program.

IF FLT 1= 0 THEN SET PLC_Fault_Out
If the lube is low set the lube alarm

IF (Lube_Fault_In » LUBENONC) |
(PC_Lube_Fault & 'E_stop) THEN (PC_Lube_Fault)

Check for tripped limits

iF (X_plus | X_minus | Y_plus | Y_minus | Z_plus |
THEN (Limit_tripped)

; Set and clear spindle and servo faults
; The fault is latched and cleared when the fault
; signal is removed and E_stop is pressed.

; The &Already_run2 is used to screen out the intialization passes
; which may initially indicate a fault.

IF (('Spindle_ok ~ SpindleNONC) |

(Spindle_fault_out & 'E_stop)) & Already_run2
THEN (PC_Spindle_Fault)

Check for PLC fault
; The fault is latched and cleared when the fault signal
; is cleared and E-stop is pressed.

IF (PLC_OK | (PLC_fault_out & !E_stop)) & 'Fault_O
THEN (PLC_Fauli_Out)

; If there's a fault condition then Stop

; Arunning program is not stopped because of

; low lube. However, the error will occur as soon
; as the running job is stopped or completed.

IF PLC_fault_out | Spindle_fault_out | Drive_fault_
(ICNC_program_running & Lubricant_low) THEN (Halt

IF (Halt | Fault) & 'E_stop THEN (Fault)

IF Fault | E_stop | Coolant_Fault THEN (PC_Stop)

Reset inverter (VFD) if there is a fault and the

iF ('Spindle_ok XOR SpindleNONC) & E_stop THEN (VFD

SN SINGLE/BLOCK MODE CONTROL

Toggle between single/block mode

IF Block_mode_key THEN (BM_1Shot)

IF ({PC_Block_mode & BM_1Shot & !CNC_program_runnin
(PC_Block_mode & 'BM_1Shot)
THEN (PC_Block_mode)

JHUITIHININTNT AUTO SPINDLE BRAKE CONTROL

; Set auto spindle brake mode
;| !Already_run is used to turn on Auto Brake mode

IF Brake_key THEN (BRK_1Shot)
IF BRK_1Shot ~ Brake_mode | !Already_run THEN (Brak
5-70 IF Brake_mode & !Spindle_Enable THEN (Brake)
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Keep these at the end of the Main Stage and in t his order
; These are used for power up conditions

IF Already_run THEN (Already_run2)
IF Already_run OR ! Already_run THEN (Already_run)

Application Examples

All the examples in the standard manual can beetad to an XPLC program by identifying
which bits the XPLC has control of and convertingge lines of logic to XPLC format. The de-
finition of plc bits should be the same in both s@ndard and XPLC program.

Remember the standard programs follow this pattern:

<pl c_bi t>=< bool ean_expressi on>

To change it into an equivalent XPLC program staterewrite is as

IF < bool ean_expressi on>THEN (< plc_bit>)

and convert any /' (NOT) symbols to ‘I".

As an example, the standard program

Brake_key_hit = Brake_key AND / Last_brake_ke y

Last_brake_key = Brake_key

Brake_mode = ( Brake_mode XOR Brake_key_hi t) OR/ Already_run
Brake = Brake_mode AND / SpindleRelay

would be converted to the XPLC program:

IF Brake_key AND ! Last_brake_key THEN (Brake_key_hit)
IF Brake_key THEN (Last_brake_key)
IF ( Brake_mode XOR Brake_key_hit) OR ! Already_ru n THEN (Brake_mode)
IF Brake_mode AND ! SpindleRelay THEN (Brake)

Using an Aux key to toggle an output.

Assume that for the base programs listed abovenéatish to modify the programming so that
the AUX2 key on the jog panel toggles a light tisatonnected to OUT6. We desire the AUX2
LED on the jog panel to be on when the light islarthis case, we can make all the changes
solely to the XPLC program as such:

Definitions

LIGHT IS OUT6
AUX2_KEY_PRSSED IS PD50
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Program
IF AUX_2_KEY THEN (AUX2_KEY_PRESSED)
IF LIGHT ~ AUX2_KEY_PRESSED THEN (LIGHT), (PC_AUX_2  _LED)

Using an Aux key to momentarily turn on an ouput.

Assume that in the example above, we wish the lagkitLED to be on only while the AUX2
key is being pressed. Here is how it could be done

Definitions

LIGHT IS OUT6

Program

IF AUX_2_KEY THEN (LIGHT), (PC_AUX_2_LED)

Implementing a Hass Indexer

A Haas Indexer can be can interfaced to a CNC syasng one input, one output, and a custom
M-code. The example will use an M12 custom M-fioricto perform the indexing operation.
When the M12 command is executed in an M&G codgnarm, OUT6 will turn on until the

Haas Indexer finished signal (wired to INP6) closes

For this example, there is a need to change tinelatd PLC program so that the M12 command
will be cancelled if for some reason the job stapsing.

Definitions

Index_finished IS INP6
Indexer_Out IS OUT6
M12 IS INP38

Program

IF M12 THEN (Indexer_Out)

Custom M12 (CNC10.M12)

M94/6 ; turn on INP38
M101/6 ; wait for INP6 to close
M95/6 ; turn off INP38

Standard PLC program changes

M12 = M12 AND CNC_Program_running
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This example will add to the above Haas Indexengta by allowing an AUX key to work the
indexer. The AUX key indexing will work providedaha CNC job is not currently running.

In addition to the above XPLC program we need:

AUX1_HIT IS PD1
AUX1_KEY IS INP49
AUX_Index IS MEM20

IF AUX1_KEY THEN (AUX1_HIT)
IF AUX1_HIT & !ICNC_Program_running THEN SET Aux_Ind ex

IF M12 | Aux_index THEN (Indexer_Out)
IF liIndex_finish | Stop THEN RST Aux_index

A Flashing Light

The following example can be used to turn an outpuand off at a certain frequency. We will
assume a light is attached to this output. A mgrbdrwill be used to turn on the flashing light.

LIGHT IS OUT1
DO_FLASH IS MEM10
FLASH_LIGHT IS STG2

IF DO_FLASH THEN (FLASH_LIGHT)

IF IT1 THEN T1=200, (T1)
IF TMR1 < 100 THEN (LIGHT)

In this example, the LIGHT will be on for one sedand off for one second.

Programming UP/DOWN counters

While the XPLC language has no direct support fBrdd DOWN counters, the same functional-
ity can be achieved using the following programmifidgne basic technique is to use a one shot
PD coil to increment or decrement a word memorgtion.

COUNTER_INPUT IS INP1
COUNTER_RESET IS MEM2
COUNT_REACHED IS MEM3
COUNTER_1SHOT IS PD4
COUNTER_VALUE IS W5
COUNTER_LIMIT IS W6
COUNTER_SETUP IS STGY
MONITOR_COUNT IS STGS8

COUNTER_SETUP

iF 1==1 THEN COUNTER_LIMIT =10, JMP MONITOR_COUNT

MONITOR_COUNT
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IF COUNTER_INPUT THEN (COUNTER_1SHOT)

IF COUNTER_1SHOT THEN COUNTER_VALUE = COUNTER_VALUEL
IF COUNTER_VALUE >= 10 THEN (COUNT_REACHED)

IF COUNTER_RESET THEN COUNTER_VALUE =0

This example omits the need to turn on the COUNTHERITUP stage during program initializa-
tion. It also does not show how other parts ofptegram would respond to the
COUNT_REACHED.

Turning a truth table into a boolean expression.

INP1 INP2 INP3 | OUT1 IF
0 0 0 0
0 0 1 1 (INP1 & 'INP2 & INP3) |
0 1 0 1 (INP1 & INP2 & !INP3) |
0 1 1 0
1 0 Q 0 (INP1 & 'INP2 & INP3) |
1 0 1 1 (INP1 & INP2 & !INP3)
1 1 0 1
1 1 1 0 THEN (OUT1)

The example above shows a truth table and the do@epression that would be used in a pro-
gram to implement it. By close examination, one sa@ the pattern that emerges. Every row in
the truth table where OUTL1 is 1 becomes a lin@giclthat is OR’ed with the other rows where
OUT1 is 1. Each row is the ANDing of each INPthé truth table was a O for an INP, then in
the boolean expression it would have a! (NOT) edaay it.

In RLL, the above program would be written as such:

INP1 INPZ  INP3 ouTl
A=A (ouT)
INP1 INP2  INP3
=t =1
INP1  INP2  INP3
= =
INP1 INP2  INP3
= = =

Turning a truth table into a boolean expressioatas/e will often result in an expression that is
more complex than it needs to be. There are tqalsithat can be used to simplify these ex-
pressions but they are beyond the scope of thisiataNote that this particular expression can
be written as:

IF INP2 XOR INP3 THEN (OUT1)
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That's right. In this example INP1 has no effeattioe resulting logic.

Converting a series of inputs to a number.

The conversion of a series of inputs into a useabieber in a program is typically found when
interfacing to an automatic tool changer.

For this example, suppose there are six inputsrépaesent a tool number and we wish to keep
track of the current tool number. The inputs faminary number.

TOOL_INPUT1 IS INP1
TOOL_INPUT2 IS INP2
TOOL_INPUT3 IS INP3
TOOL_INPUT4 IS INP4
TOOL_INPUTS IS INPS
TOOL_INPUT6 IS INP6
TOOL_NUMBER IS W2
TOOL_MONITOR IS STG3

TOOL_MONITOR

IF 1==1 THEN TOOL_NUMBER =0

IF TOOL_INPUT1 THEN TOOL_NUMBER = TOOL_NUMBER + 1
IF TOOL_INPUT2 THEN TOOL_NUMBER = TOOL_NUMBER + 2
IF TOOL_INPUT3 THEN TOOL_NUMBER = TOOL_NUMBER + 4

IF TOOL_INPUT4 THEN TOOL:NUI\/IBER =TOOL_NUMBER + 8

IF TOOL_INPUT5 THEN TOOL_NUMBER = TOOL_NUMBER + 16
IF TOOL_INPUT6 THEN TOOL_NUMBER = TOOL_NUMBER + 32

If the inputs were representing a BCD tool numbentthe last two lines in the
TOOL_MONITOR stage would be

IF TOOL_INPUTS5 THEN TOOL_NUMBER = TOOL_NUMBER + 10
IF TOOL_INPUT6 THEN TOOL_NUMBER = TOOL_NUMBER + 20

Another consideration to take into account whengiiis technique is that PLC inputs are not
received into the copy buffer in parallel from therdware. In other words, they are received one
at a time or one after another. If the snapshth@inputs is taken in the middle of this updating
the calculated tool number will be wrong. For epgeanwhen changing from a 7 (0111 binary)

to 8 (1000 binary), there are four inputs that hetvenged. If a pass of program execution hap-
pens before all four bits have been updated themaimber will be calculated incorrectly.
Whether this will actually be a problem dependsrupther factors of the interface.

One method that can be used as a work-around tabithee problem is to not allow the number
to be updated unless it is within one of the lashber calculated. For example, if the number is
3, do not change the number until it reaches 4jrasg) the numbers were increasing.

Shortest Path Calculation for Circular Indexing
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Automatic tool changers typically consist of a aertnumber of tools arranged in a circular ca-
rousel as shown in the figure below. Often, theesel can be indexed forward and reverse.
The following example shows some programming thatlwe used for calculating the shortest

distance and the direction to index.

This example will assume a motor connected to svgrcontactors. The motor control will be
through a SPST relay that acts as a motor on/attbwhat is wired to a SPDT relay that is wired
to the FWD/REV contacts of the reversing contactdrise example below assumes PLCIO2
hardware is being used. Itis also assumed tkat ik a custom M6 program to send the tool
number (with M107) and turn on INP38 to start thecpss.

M6 IS INP38 ; (ToolChange) Map to M9

MotorOnRly IS OUT31 ;
MotorDirRly IS OUT32 ; off = FWD, on = REV

M6_1SHOT ISPD1 ;

ToolNumber ISW1 ;the current carousel p
WantedTool ISW2 ; the carousel position
NumbeOFTools IS W3 ; the number of carousel
MotorDir ISW4 ; the motor direction (1
Distance ISW5 ; the number of indexes

InitialStage IS STG1 ;
CalcDistAndDir IS STG2 ;
Calc_B1 IS STG3 ;
Calc_B2 ISSTG4 ;
IndexMotor IS STGS
IndexFinished 1S STG6 ;

InitialStage

IF 1==1 THEN NumberOfTools = 16,
ToolNumber =1,
JMP MainStage

MainStage

iF M6 THEN (M6_1SHOT)
IF M6_1SHOT THEN LDT WantedTool
SET CalcDistAndDir

CalcDistAndDir

iF WantedTool == ToolNumber
THEN JMP IndexFinished

IF WantedTool > ToolNumber
THEN Distance = WantedTool - ToolINumber,
JMP Calc_B1

IF ToolNumber > WantedTool
THEN Distance = ToolNumber - WantedTool,
JMP Calc_B2

" Calc_B1

5-76

4/6 M95/6

osition

to index to

positions

= forward, -1 = backward)
required




IF Distance <= NumberOfTools/2
THEN MotorDir =1

IF Distance > NumberOfTools/2
THEN MotorDir = -1,
Distance = NumberOfTools - Distance

IF 1==1 THEN JMP IndexMotor

Calc_B2

iF Distance <= NumberOfTools/2
THEN MotorDir = -1

IF Distance > NumberOfTools/2
THEN MotorDir = 1,
Distance = NumberOfTools - Distance

IF 1==1 THEN JMP IndexMotor

IndexMotor

; It is assumed here that another stage is monitori ng and updating ToolNumber

IF 1==1 THEN (MotorOnRly)
IF MotorDir < 0 THEN (MotorDirRly)
IF ToolNumber == WantedTool THEN JMP IndexFinished

IndexFinished

At this point, the tool carousel has been indexe d to the new location.
; There should be some handshaking with the custom M6 to signal the end of the process

IF 1==1 THEN RST IndexFinished

Accumulating Timers

Like counters, XPLC programs do not directly sup@a@cumulating timers. Accumulating timers
are timers whose current value does not resetrtoifzéhe timer input is false. Accumulating
timers have a separate input that is used to tieseurrent value.

ATIMER_INPUT IS INP1
ATIMER_RESET IS INP2
ATIMER_UP IS MEM20
INPUT_OFF IS PD1
ACCUMTMR IS TMR1
ATIMER_PRESET ISW1
TOTAL_TIME  ISW2
SUBTOTAL IS W3
ATIMER_SETUP IS STG1
ATIMER_MONITOR IS STG2

ATIMER_SETUP

iF 1==1 THEN ATIMER_PRESET = 100 * 60 * 15, JMP ATI MER_MONITOR

ATIMER_MONITOR

IF IATIMER_INPUT THEN (INPUT_OFF)
IF INPUT_OFF THEN SUBTOTAL = SUBTOTAL + ACCUMTMR
IF ATIMER_INPUT & !ATIMER_RESET THEN (ACCUMTMR) 5-77
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IF ATIMER_RESET THEN SUBTOTAL =0
IF 1==1 THEN TOTAL_TIME = SUBTOTAL + ACCUMTMR
IF TOTAL_TIME >= ATIMER_PRESET THEN (ATIMER_UP)

The example above programs a 15 minute accumultingy. Whenever ATIMER_INPUT is
on, the timer will start timing. When ATIMER_INPUS off, the timing stops timing but the
TOTAL_TIME contains the accumulated time. If thtMER_RESET is on, the TOTAL_TIME
is reset. When the accumulating timer reachepitheet value (programmed above as 15 mi-
nutes), the ATIMER_UP bit will be on.

Communication via CNC Machine Parameters

CNC Machine Parameters 170-179 are passed to @@egRigram when they are changed using
G10 codes or when the parameters are saved. Tieeofathese parameters can be read into
XPLC word memory using the LPO — LP9 commands.

IF1==1 THEN LPO W1
IF W1 ==1THEN (OUT1)

In the above program, if CNC Machine Parameter&d® set to 1.0, then OUT1 would turn on.

In a G-code program, P170 could be turned on/o$iuas:

G10 P170R1 ;turnon OUT1
G10 P170 RO ; turn off OUT1

Note that when a G-code program is being run ti@ptogram is actually being parsed ahead of
what is currently executing. Thus, if a line sashG10 P170 R1 were located near the end of the
program, it could happen that the parameter chaogkl take effect almost immediately after
starting a job. The way to halt processing untieetain point is reached is to proceed it with a
read of a PLC bit variable as such:

if #6001 ; do not parse the program any furth er than this line.
G10 P170R1 ; turnon OUT1

In this way, the parameter change will not occuil tine G-code execution reaches this point.
#6001 is a reference to INPL1. It is possible toatker values as well.

A CNC Machine Parameter can also be used to bitmhes. Since the range of valid values in
the Machine Parameters is 0-65535, a single paesiroah be used to turn on and off up to six-
teen different bits. Refer to the program BASEXESRC which demonstrates this technique
and allows a CNC Machine Parameter to configuratemputs to work with either normally
open (NO) or normally closed (NC) switch inputshwitit having to rewrite the program.

578 Using more than 16 custom M-codes



Custom M-codes usually involve using a combinatbM94/M95 commands to turn on/off
INP33-INP48. The PLC program will then look at BERINP48 to turn on/off an output. There
is a problem, however, when more than 16 custonobies are required. Remember also that at
least five are predefined for spindle, coolant, elaghp control. Presented below is a technique
used to get more than 16. The basic idea is teaseany lines to form a binary M-code number
and another to act as a strobe. Then the indiVMuzodes setup the binary number and then
turn on a strobe. The following example outlinesrgthing needed for 32 custom M-codes, us-
ing just six of the INP33-INP48 bits.

MFUN_STROBE IS INP38 ; Set with M94/6
MFUN_BITO IS INP39 ; Set with M94/7
MFUN_BIT1 IS INP40 ; Set with M94/8
MFUN_BIT2 IS INP41 ; Set with M94/9
MFUN_BIT3 IS INP42 ; Set with M94/10
MFUN_BIT4 IS INP43 ; Set with M94/11

MFUN_1SHOT IS PD1
MFUN_VALUE IS W1

DO_M_FUCNTION IS STG2
DO_MFUN_O IS STG100
DO_MFUN_1 IS STG101

DO_MFUN_31 IS STG131

; Locate this code somewhere in the main loop

IF MFUN_STROBE THEN (MFUN_1SHOT)
IF MFUN_1SHOT THEN SET DO_M_FUCNTION

IF 1==1 THEN MFUN_VALUE =0

IF MFUN_BITO THEN MFUN_VALUE = MFUN_VALUE + 1
IF MFUN_BIT1 THEN MFUN_VALUE = MFUN_VALUE + 2
IF MFUN_BIT2 THEN MFUN_VALUE = MFUN_VALUE + 4
IF MFUN_BIT3 THEN MFUN_VALUE = MFUN_VALUE + 8
IF MFUN_BIT4 THEN MFUN_VALUE = MFUN_VALUE + 16

© At this point MFUN_VALUE will be 0-31

IF MFUN_VALUE == 0 THEN JMP DO_MFUN_0
IF MFUN_VALUE == 1 THEN JMP DO_MFUN_1
IF MFUN_VALUE == 2 THEN JMP DO_MFUN_2

IF MFUN_VALUE == 30 THEN JMP DO_MFUN_30
IF MFUN_VALUE == 31 THEN JMP DO_MFUN_31
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; Place actions in here

; Place actions in here

; Place actions in here

The preceding program would be used with the falhgCNC10.M?? codes.

CNC10.M00

M95/7 ;\

M95/8 ;-\

M95/9 ;--> Set up binary pattern 00000
M95/10 ;-/

M95/11 ;/

M94/6
G4 P0.2 ; Trigger MFUN_1SHOT
M95/6 ;

CNC10.M01

MO4/7 )\

M95/8 ;-\

M95/9 ;--> Set up binary pattern 00001
M95/10 ;-/

M95/11 ;/

M94/6
G4 P0.2 ; Trigger MFUN_1SHOT
M95/6 ;

CNC10.M31

MO4/7 )\

M94/8 ;-\

M94/9 ;--> Set up binary pattern 11111
M94/10 ;-/

Mo4/11 i/

M94/6
G4 P0.2 ; Trigger MFUN_1SHOT
M95/6

Note that the actual M-codes used would typicadlyohes that do not already have a pre-defined
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meaning. Some M functions that do not have prézddfmeanings in milling software are M12-
M24, M27-M29, M31-M38, and M40-M90.

Another Way to Control Outputs in M&G code Programs

Another technique that can be used to control Pipuis from within an M&G code program is
to combine the use of a bitmapped CNC Machine Patermwith appropriate subprograms.

Assume that CNC Machine Parameter 170 is usedltbthe states of 16 individual bits. The
XPLC program fragment below maps P170 into MEM10BMNA.15 and then MEM100-
MEM115 are used to control OUT1-OUT15, and OUTZBJT16 was skipped because itis a
PLC fault indicator and OUT17-OUT28 are reservedlf?-bit spindle speed.

IF 1==1 THEN LPO W1, ; Load P170 into W1
WTB W1 MEM100, ; Write the lower 8 bi ts to MEM100-MEM107
W1 =W1/ 256, ; Shift the upper 8 bi ts to the lower 8 bits
WTB W1 MEM108 ; Write the 8 bits to MEM108-MEM115

IF MEM100 THEN (OUT1)
IF MEM101 THEN (OUT2)
IF MEM102 THEN (OUT3)

IF MEM114 THEN (OUT15)
IF MEM115 THEN (OUT29)

And in the NCFILES directory we have the followipgpgrams:

SETBIT

if [#4201 || #4202] goto 1 ; skip if doing sea rch or backplot

if #6001 ; wait until progra m execution reaches this point
G10 P170 R[#9170 or (2~ #B)] ; set the bitin P1 70

N1;end

CLRBIT

if [#4201 || #4202] goto 1 ; ski p if doing search or backplot

if #6001 ;wali t until execution reaches this point
G10 P170 R[(#9170 and ~(2 " #B)) and 65535] ; cle ar the bit in P170

N1;end

Then the individual outputs can be turned on in Mé&dsles like this

G65 “SETBIT” B1 ; turn on OUT2

and turned off with

G65 “CLRBIT” B1 ; turn off OUT2
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Here, B is a value from 0-15.

VOID Program Templates

There are times when it is nice to experiment WitlC programming without having to worry
about fault messages appearing on the screenstahdard PLC program below, VOID.SRC, is
a program that can be used to eliminate all faults.

Pk kkkhkkk Kk hkkkkhkhkhk Kk Kk kk ok kok ok kK * %
’

;* File:  VOID.SRC
; * Purpose: blank program for testing
- %

* Notes: Forces all faults and stop bit off.
PLC_op_signal is forced to zero.

’
Pk kkkhkkkhkhkkkhkkkk ok kk ok ok ok ok kK * %
’

PLC fault_out IS OUT16
Lubricant_low IS OUT63
Drive_fault_ out IS OUT64
Spindle_fault_out IS OUT65
Stop ISOUT75 ;
PLC_op_signal IS OUT76
PCPLC_running IS MEM49
Zero IS MEM73 ;

* Program Start *

Ensure the Zero MEM bit is forced to zero
. In case it had previously been set and the
; system was not powered off.

Zero =Zero &/ Zero
Disable PLC, Lube, Spindle, and Axis Drive faults

PLC_fault_out = Zero
Lubricant_low = Zero
Drive_fault_ out = Zero
Spindle_fault_out = Zero

Prevent the stop bit from being set. Normally,
; the Stop bit would be set by some other fault.

; If a different plc program was running, it may ha ve

; set the fault. We clear the Stop bit here so tha t this

; program can be compiled and installed without reb ooting

; being needed to clear the fault.

’Stop =Zero

Clear the PLC_op_signal so at startup CNC softwar e does not “hangup”
; with a “Waiting for PLC operation” in the message window

; and then waiting for an <ESC> or <CANCEL>.
; If PLC_op_signal is 1, then trying to enter MDI

; mode in CNC software will prevent the Block? prom pt

; from appearing and require the <ESC> or <CANCEL>

; to be pressed a couple of times to return to norm al display.
i?'LC_op_signaI = Zero

End Program
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Troubleshooting and Debugging

It is common during the development of programsi&dke errors. Errors can be viewed as either
syntax errors or logic errors. Syntax errors hosé errors that prevent a program from being
compiled and are generally errors that are fixesilyeal.ogic errors are those errors that occur
when a program behaves differently than expected.

Handling Syntax Errors

Syntax errors are best handled by fixing them endfder that they are output when the program
is compiled. While the compiler will output th@déi number in the program where it encountered
an error, sometimes the error is actually causesbhyething that preceded the displayed line
number. The point here is do not assume that theevays something wrong with the line the
compiler displays.

Handling Logic Errors

Logic errors are typically harder to find. It isgsible that these types of errors are not discovere
for months or even years.

There is a PLC bit watch display in the CNC sofevidrat can be toggled on and off using
<ALT-I>. This will display the states of the lnitmbers for INP1-INP80, OUT1-OUT80,
MEM1-MEMS8O0, and, if there is an XPLC program rumpitsTG1-STG80. These bits can be
watched to help determine the problem.

For bits that are outside the 1-80 range in the Bé&klug display, it is usually best to set one of
the lower MEM bits equal to that bit. For examptemonitor MEMZ200, write in the program:

IF MEM200 THEN (MEM35)

so that MEM200 can be monitored by viewing MEM33%he watch display. The same tech-
niques can also be used for monitoring timers, sirws, or a complete boolean expression.

Common logic errors

There are several common mistakes made that cagiseskrors. One of these mistakes is to ref-
erence a bit in an output coil action twice in aggam. For example,

LUBE_FAULT IS INP1
LEVEL_LOW IS INP2

RED_LIGHT IS OUT1

IF LUBE_FAULT THEN (RED_LIGHT)

IF LEVEL_LOW THEN (RED_LIGHT) 5.83
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In the above example program, it is desired to turia RED_LIGHT whenever there is a
LUBE_FAULT or if the LEVEL_LOW input was on. Whaappens when the program is ex-
ecuted is that the RED_LIGHT is on only when LEVEDW is on. The RED_LIGHT never
comes on when the LUBE_FAULT occurs. The reasdiecause the last statement that refe-
renced RED_LIGHT will overwrite any previous chagsge

The way to find this error is to search throughghegram for all occurrences of the particular
bit. In the example above, the search would balayccurrences of RED_LIGHT and OUTL1.
The reason to search for OUT1 is that it is posgiblvas referenced in the program without us-
ing the defined name, RED_LIGHT. Note there igule that plc bits must be referenced by
their previously defined names.

There is a couple of ways to solve the problem withmost obvious being by replacing the two
lines that reference RED_LIGHT with the following:

IF LUBE_FAULT | LEVEL_LOW THEN (RED_LIGHT)
Now, the program will work as expected.

Another common mistake is forgetting that a prograicontinuously being executed. Consider
a short example where we desire that when the AkBYlis pressed, then an internal counter
will be incremented so as to keep track of the nemalh times the AUX1 key was pressed.

AUX1_KEY IS INP49
COUNTER ISW1

IF AUX1_KEY THEN COUNTER = COUNTER + 1

This program fragment would appear to work coryeotit it does not. What happens is that
COUNTER is incremented 256 times for every secbed®UX1_KEY is held down. The solu-
tion to this problem is to use a one-shot to tigge incrementing of the counter, as such:

AUX1_KEY IS INP49
AUX1_1SHOT IS PD1
COUNTER ISW1

IF AUX1_KEY THEN (AUX1_1SHOT)
IF AUX1_1SHOT THEN COUNTER = COUNTER + 1
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Compilation errors

Many different errors can be displayed when trjtimgompile an XPLC program. The potential errors
are listed below along with some brief source cextEmples that can cause them

General errors

"Memory error."

This error is generated if there is not enough orgravailable to compile the program. It is
not likely that this error will be displayed, btittian be purposely caused by generating a pro-
gram that has many label statements in it, to ektee limit that would be reached by defining
every PLC token once.

"Stack overflow!"
Like the memory error, it is unlikely that thiser will ever be displayed. However, it can be
caused by very excessive nesting within expressions

"Error opening filefilename”

This error is generated when XPLCCOMP cannot @ple namedilename. It is most like-
ly caused by specifying an input file that doesexist, but can also be caused by trying to open
the .PLC file if it already exists and is a readydile.

"Too many errors"
This message is displayed after 19 errors have pererated and displayed on the screen.
This error causes compilation to be stopped.

"Malformed command line"
XPLCCOMP source_file[.ext] [output_file[.ext]]

This error is generated when there are too mamyofew arguments supplied when calling
the program.

Syntax errors

When errors related to the compilation proceseaomuntered, they are displayed on the screen.
The error logic used in the compiler reports onig @rror per line and does make a limited at-
tempt to recover from errors, usually by discardimkens until the next IF, THEN, or STG to-

ken is encountered. Errors are displayed in theviing format:

Error Line ( i ne_nunber): nessage #token_string#

I i ne_nunber is the line number of the XPLC source program Imicly the error occurred

t oken_string is the sequence of characters that the comp#srlaoking at when the error

occurred.
nessage is one of the messages described below. 5-85
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"IF expected"
This error is generated when the compiler expiectee the IF token, but it does not. A pro-

gram such as:
STG1
STG2
Error Line (2): IF expected #STG2#

"End of file expected"

Despite the name of this message, this erroruallysgenerated when the compiler does not
find the start of a valid rung (an IF or STG tokeny then assumes that the next token is the end
of the file.

"symbol already defined."
This error is generated by defining a symbol ntbea once, such as in the program:
X_LIMIT IS INP1
X_LIMIT IS INP2

Error Line (2): X_LIMIT already defined. #INP1#

"Invalid label statement"

This error is typically seen when a label statengees not define a valid PLC bit token, such
as:

X_LIMIT IS WHATEVER
Error Line (1): Invalid label statement #WHATEVER#

"Undefined labeldentifier"
This error happens when, during the compilatiothefprogram, that an identifier has been
found that has not been previously defined.
IF LUBE_LOW THEN (OUT1)
Error Line (1): Undefined label LUBE_LOW #LUBE_LOW#

"STG expected"
There are two cases in which this error will bepthyed, both of which are demonstrated in
the program below:
StageOne IS INP1
StageOne
IF INP1 THEN (OUT1)
IF INP2 THEN JMP OUT2
Error Line (3): STG expected #IF#
Error Line (4): STG expected #OUT2#
Note that in the first case, the error is actuaiiyline 2 but not recognized until line 3.

"THEN expected"
This error is generated when the THEN token isttemhior when there is an error trying to
parse a valid boolean_expression>. The program below demonstrates both cases.
IF INP2 == INP2 THEN (OUT1)
IF INP1 & INP2 JMP STG
Error Line (1): THEN expected #==
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Error Line (2): THEN expected #JMP#

"= expected"
IF INP1 THEN W1
Error Line (1): = expected ##

"W expected"
IF INP1 THEN BCD OUT1
Error Line (1): W expected #OUT1#

") expected"
IF INP1 THEN (OUT1
Error Line (1): ) expected ##
IF (INP1 THEN (OUT1)
Error Line (1): ) expected #THEN#

"Expected OUT token"
IF INP1 THEN WTB W1 INP50
Error Line (1): Expected OUT or MEM token #INP50#

"Invalid action statement”
IF INP1 THEN OUT1
Error Line (1): Invalid action statement #OUT1#

"Invalid numerical expression"
IF INPL THEN W1 =W1 +
Error Line (1): Invalid numerical expression ##

"Relational operator expected"
IF W1 AND INP1 THEN (OUT1)
Error Line (1): Relational operator expected #AND#

"One of INPn OUTn MEMn STGn expected”
This error occurs if one of the expected tokeresdwt appear after the SET or RST com-

mand is parsed.
IF INP1 THEN SET TMR1
Error Line (1): One of INPn OUTn MEMn STGn expected #TMR1#

"One of INPn OUTn MEMn STGn PDn Tn TMRn expastt
This error occurs after an initigl  is parsed as part of an action to denote an buatplin-

struction but none of the expected tokens are found
IF INP1 THEN (W1)
Error Line (1): One of INPn OUTn MEMn STGn PDn Tn T MRn expected #W1#

“Line too long"
This error occurs when a line exceeds 1024 chensat length.

"Integer const too large"
IF INP1 THEN W1 = 2147483647 5.87
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IF INP2 THEN W2 = 2147483648
Error Line (2): Integer const too large #2147483648 #

"Integer constant overflow"
This error indicates that not only is an integemstant too large but also that it overflows
what can be stored in a 32-bit unsigned integer.
IF INP1 THEN W1 = 4294967295
IF INP2 THEN W2 = 4294967296
Error Line (1): Integer const too large #4294967295 #
Error Line (2): Integer constant overflow #42949672 96#

"Token out of range"
There are only 256 of each type of PLC token &eg aire numbered 1-256. Any value not

inside this range causes this error.

IF INPO THEN (OUT1)

IF INP256 THEN (OUT1)

IF INP257 THEN (OUT1)
Error Line (1): Token out of range #INPO#
Error Line (3): Token out of range #INP257#

"Invalid identifier"

This error is generated when an otherwise vakaiifier ends in a character that cannot be
part of a valid identifier.

X_LIMIT@ IS INP1
Error Line (1): Invalid identifier #X_LIMIT @#

"Invalid character"
Whenever a character is found that is not a dahteoXPLCOMP language, this error mes-

sage is generated.
@HOME IS OUT2
Error Line (1): Invalid character #@HOME#



Logic Analyzer

Introduction

There is a basic logic analyzer built into the Xrversions of software since v1.15. The logic ana-
lyzer can monitor up to 32 plc bits from a combioatof INP1-INP80, OUT1-OUT80, MEM1-
MEMS8O0, and STG1-STG80. On every pass of plc pmogeaecution, the logic analyzer checks to
see if any of the monitored bits have changed .stifiteny of the monitored bits have changed state,
the logic analyzer records a time stamp and the sfaall the bits. Internally, the logic analyze

has a circular buffer capable of storing the lasstite change records. The CNC software regular-
ly communicates with the plc to obtain the data kxgdnew records into a text file named
xplclao.out.

Setup

To enable the logic analyzer, create a text filmed xplc.la in the cncl0(t) directory. The format
of the xplc.la file is a list of bits to watch, il one per line starting in the first column. Tbe
mat for the plc bit is a case insensitive charagterQ’, ‘M’, or ‘S’) followed by a number from
1-80. The order in which the bits are specifiedidates the order in which they will be located in
the record and will appear in the output file. 8eeexample below for further details.

Example.

The small program below will be used for demaxt&dn purposes. The behavior of the plc program is
to monitor a fault signal. When the fault signaktbeen closed for at least one second, an error is
flagged using a memory bit and a warning light Wakh (two seconds on and one second off). The er
ror is cleared after the external fault is opened.

External_Fault IS INP1
Warning_Light IS OUT1
Error_Flag IS MEM1
Monitor_Fault IS STG1
Flash_Light IS STG2

Monitor_Fault
if 1==1 then SET mem49
if IExternal_Fault then t1 = 100, (t1)
if t1 then SET Error_Flag, JMP Flash_Light
Flash_Light
if 1t2 then t2 = 200, (t2)
if tmr2 < 100 then (Warning_Light)
if External_Fault then RST Error_Flag, JMP Monito r_Fault
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We want to monitor all the plc program logic we &avritten rm /cncroot/c/s The first step is teate
an xplc.la file with the following contents and &ted in the cnc10 directory (/cncroot/c/cncl0):

11

o1

M1

S1

S2

We start the CNC software. Initially, the exterfallt (INP1) is open. We then toggle INP1 brieflyo
times

Interpreting Output

The output file, xplclao.out, consists of headdoimation, followed by the state change records.
The state change records are listed one per livteirelude a 32-bit hex string time stamp and a 32-
bit binary string representing the states of thaitoeoed plc bits. The following is a sample output
xplclao.out file generated by an xplc.la file adigated in the example above. The plc program
used for this test was

PLC Logic Analyzer Output

Number of watch bits =5

Bit0O 10 EXTERNAL_ FAULT

BitlT OO0 WARNING_LIGHT

Bit2 MO ERROR_FLAG

Bit3 SO0 MONITOR_FAULT

Bit4 S1 FLASH_LIGHT

Time Stamp State

00102E37 00000000000000000000000000001000
00102E9D 00000000000000000000000000001001
00102EF1 00000000000000000000000000001000
00102F6E 00000000000000000000000000001001
00102FBA 00000000000000000000000000001000
001030BA 00000000000000000000000000010110
001031B9 00000000000000000000000000010100
001032BA 00000000000000000000000000010110
001033BA 00000000000000000000000000010100
001034BB 00000000000000000000000000010110
001035BB 00000000000000000000000000010100
001036BC 00000000000000000000000000010110
001037BC 00000000000000000000000000010100
001038BA 00000000000000000000000000010101
001038BB 00000000000000000000000000001001
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PLC Frequently Asked Questions

These are some common questions regarding thaatitean and use of the two PLC programs
that are being used in CNC10 software versions dfsDabove.

Q. Does this FAQ's have anything to do with KOYOGA?

A. No. It has nothing to do with the PLC Direct Kgyo or any software having to do with it.
Q. Do | need to set the PLC type to dual in thefiganation screen?

A. No. That setting is for third party PLCs onlyeerally this should be set to normal.

Q. What are the two PLC programs and where areltiveyed?

A. One is CNC10.PLC which is located in the CNCi@ctory or CNC10t directory for lathes,
the other is PC.PLC and is located in the PLC tiirgc The CNC10.PLC file is the same file
that has been used on our controls for all previ@usions of CNC10 software. The PC.PLC file
is a new PLC file with expanded capabilities.

Q. What's the difference between the two?

A. CNC10.PLC - This PLC file runs on the CPU7 / GRtotion control card. It is limited in
size to 765 tokens (approximately 2,800 bytes)is Tile can control inputs 1-80, outputs 1-80,
and memory bits 1-80. It is the only PLC file tieheeded for the control to function.

PC.PLC — This PLC file runs on the PC. lts fileestcan be much larger than the CNC10 PLC

file. It has features such as stages, times, cmjrdad one-shots. It also has access to 255 inputs
outputs, and memory bits although there are onlgt8@ical inputs and outputs. With versions
8.10 and above, it can also have parameters pas#esiich as number of tools in a tool chan-
ger. To use this PLC program memory bit 49 need®tset to a 1. This tells the motion control
card that the PC.PLC program will be controllingpauis 1-48, 81-255 and memory bits 1-255.
Note that even though the PLC program has accesbsdatputs and inputs it can only write to
outputs 1-48 and 81-255.

Q. How do | compile the PLC files?

A. The PLC programs use different formats and floeeeneed different compilers in order to
work. The CNC10 PLC program uses PLCCOMP and th® BC program uses XPLCCOMP.
Typical usage is as follows:

PLCCOMP [source file] [destination file]  estination file = c:\CNC10\CNC10.plc
XPLCCOMP [source file] [destination file]destiiat file = c:\plc\pc.plc 5-91
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Q. Why is there a need for two PLC programs?

A. The answer is the features in the new PLC progree useful in tool changer and custom ap-
plications, but the new PLC program doesn’t haveess to all of the 1/0 so the CNC10 PLC
program needs to be there to control those I/OGnikimal PLC program for the CNC10 can be
made by echoing memory bits to the outputs you needntrol. Then you can control those
memory bits in the PC PLC program thus making #silale to control virtually everything
needed in the PC PLC program.

Q. Do | have to use both PLC programs?

A. No. You only need to use the CNC10 PLC progrdmst make sure that you don’t have a file
called PC.PLC in your PLC directory.

Q. Do | need to have a PLCIO2 to use the new Plogrnam?

A. No. It can be used with any of our current PLR$K2, PLC15/15, PLC3/3, Servo3IO,
PLCIO2. It's just that the PLC programs will be iied to the physical I/O available on that
PLC.

Q. What would happen if | set MEM49 and didn’t tise PC.PLC program?

A. The motion control card would give up controltbé outputs and memory locations and since
there wouldn’t be a PC PLC program running no otgtpeould ever turn on.

Q. Can | just use the PC side PLC program?

A. No. At this time there are still compatibilitydues that make it necessary to have the CNC10
PLC program.

Q. How do I find out if my system is running both@programs?

A. To find this out all you need to do is look metPLC directory. If there is a file called PC.PLC
then your system is running both.

Q. How do | find out what source code was usedtopile the PLC programs?

A. To do this you need to edit both the CNC10.PL€ih the CNC10 directory and the PC.PLC
file in the PLC directory. At the top of each, thes a header that lists the name of the source
code that each one was compiled from.

Q. Is there more information available about th€Rltograms?

A. Yes. There is documentation on how to use bgikg of PLC programs within this chapter.
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Appendix B

Rotary Table Setup






