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¢ No part of this manual may be reproduced in any form.
e All specifications and designs are subject to change without notice.

In this manual we have tried as much as possible to describe all the various matters.
However, we cannot describe all the matters which must not be done, or which cannot be
done, because there are so many possibilities.

Therefore, matters which are not especially described as possible in this manual should be
regarded as "impossible”.

This manual contains the program names or device names of other companies, some of
which are registered trademarks of respective owners. However, these names are not
followed by ® or ™ in the main body.




DEFINITION OF WARNING, CAUTION, AND NOTE

B-65280EN/05

DEFINITION OF WARNING, CAUTION, AND NOTE

This manual includes safety precautions for protecting the user and
preventing damage to the machine. Precautions are classified into
Warning and Caution according to their bearing on safety. Also,
supplementary information is described as a Note. Read the Warning,
Caution, and Note thoroughly before attempting to use the machine.

/A\. WARNING
Applied when there is a danger of the user being

injured or when there is a damage of both the user
being injured and the equipment being damaged if
the approved procedure is not observed.

/A\ CAUTION
Applied when there is a danger of the equipment

being damaged, if the approved procedure is not
observed.

NOTE
The Note is used to indicate supplementary

information other than Warning and Caution.

- Read this manual carefully, and store it in a safe place.
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B-65280EN/05 PREFACE

PREFACE

This manual describes the parameters and functions of the FANUC
servo amplifier ai/Pi series spindle. This manual is divided into four
parts and appendix. Part 1 describes the oi series spindle, Part II
describes the i series spindle, Part III describes the aCi series spindle,
and Part IV describes the Bis series spindle.

Unless otherwise noted, the parameter numbers for FANUC Series 16i
are used in the text. When using any other model, reference the
corresponding parameter numbers.

The table below indicates the abbreviated model names used with the
parameter numbers.

Abbreviated model | Abbreviated model
Product name . .
name in text name in table
FANUC Series 30i Series 30i
FANUC Series 31i Series 31i 30i
FANUC Series 32i Series 32i
FANUC Series 16i Series 16i
FANUC Series 18i Series 18i 16i
FANUC Series 21i Series 21i
FANUC Series 0i Series 0i
FANUC Series 15i Series 15i 151

For detailed information indicating which model each function
described in this manual can be used with, refer to the manual of each
CNC. For the package specifications, in particular, refer to the CNC
manual.

The manuals related to the ai/Pi series spindle are listed below.

(1) FANUC AC SPINDLE MOTOR ai series DESCRIPTIONS
(B-65272EN)

(2) FANUC AC SPINDLE MOTOR aCi series DESCRIPTIONS
(B-65372EN)

(3) FANUC AC SPINDLE MOTOR i series DESCRIPTIONS
(B-65312EN)

(4) FANUC SERVO AMPLIFIER ai series DESCRIPTIONS
(B-65282EN)

(5) FANUC SERVO AMPLIFIER i series DESCRIPTIONS
(B-65322EN)

(6) FANUC SERVO MOTOR ais/ai series,
FANUC SPINDLE MOTOR au series,
FANUC SERVO AMPLIFIER ai series
MAINTENANCE MANUAL (B-65285EN)

(7) FANUC SERVO MOTOR @is series,
FANUC SPINDLE MOTOR i series,
FANUC SERVO AMPLIFIER i series
MAINTENANCE MANUAL (B-65325EN)
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(8) FANUC AC SPINDLE MOTOR ai/Bi series
PARAMETER MANUAL (B-65280EN)

(9) FANUC AC SPINDLE MOTOR aiB series DESCRIPTIONS
(B-65292EN)
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1.1 START-UP PROCEDURE

A. Check the spindle-related specifications.
- CNC model
- Spindle motor
- Power supply module
- Spindle amplifier module
- Detector system
y

B. Check all connections. (See DESCRIPTIONS (B-65272EN).)

C. Prepare and check the PMC ladder program.

l

D. Check the CNC parameter setting for using the ai series
(Serial) spindle. (See Subsection 1.2.1.)

l

E. Perform automatic ai series (Serial) spindle parameter H. When using a machine in a system
initialization. (See Subsection 1.2.2.) that has already been started, load all
- Set a motor model code and the parameter enabling use CNC parameters for the machine.

of the automatic parameter initialization function, then turn
the CNC off and then on again.

!

F. Change parameter data (when no model code is used).

- For a motor for which there is no model code, perform
automatic initialization by specifying 300 (or 400 when the
speed range switching function is used), then change the
parameter data according to the parameter list for the
motor.

y

G. Set the parameters related to the detectors. (See Section 1.3.)

I. Check the waveforms of the feedback signals from detectors.
(Refer to the MAINTENANCE MANUAL (B-65285EN).)
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1.2 SPINDLE SERIAL INTERFACE

1.2.1 Parameters Related to Spindle Serial Output

This subsection provides a list of the parameters related to spindle
serial output only. For details of each parameter, refer to the
Connection Manual (Function) of each CNC.
(a) For Series 16i/18i/21i
“FANUC Series 16i/18i/21--MODEL B
CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Section 9.2 “SPINDLE SERIAL OUTPUT/SPINDLE
ANALOG OUTPUT.”
(b) For Series 30i/31i/32i
“FANUC Series 30i/31i/32i-MODEL A
CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.2 “SPINDLE SERIAL OUTPUT.”
(¢) For Series 15i
“FANUC Series 15i-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.2 “SPINDLE SERIAL OUTPUT/SPINDLE
ANALOG OUTPUT.”
(d) For Series 0i
“FANUC Series 0i-MODEL C
CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Section 9.2 “SPINDLE SERIAL OUTPUT/SPINDLE
ANALOG OUTPUT.”

Parameter No.

15i

16i 30i Description

Whether to use the serial interface
(Set0.)

3701#1 —

Selection of a spindle (analog/serial)
(Set 1.)

— 3716#0

5606#0

Selection of an interface (serial/analog)
(Set 1.)

3701#4 — Number of connectable serial spindles
(Whether to use the second serial spindle)

— 3702#1 Multi-spindle control function
(Whether to use the multi-spindle control function)

5841

— — Motor number of each spindle

— 3717 Amplifier number of each spindle

5845

— 3718 Spindle indication subscript (main spindle)

5846

— 3719 Spindle indication subscript (sub-spindle)

5850

— — Spindle number selected at power-on/reset time

NOTE
To use the spindle serial interface, the CNC software
option is required.

-5-



1.START-UP FANUC AC SPINDLE MOTOR i series B-65280EN/05

1.2.2  Automatic Spindle Parameter Initialization

(1) Parameter list

Parameter No.
15 16 30i Description
5607#0 4019#7 4019#7 | Function for automatically initializing spindle parameters
3133 4133 4133 Spindle motor model code

(2) Procedure for automatic spindle parameter initialization
Perform automatic spindle parameter initialization by following the
procedure below.

<1> Set the model code for the desired motor for automatic parameter

initialization.
Parameter No. o
15i 16i 30i Description
3133 4133 4133 Model code
NOTE

1 The control method usable with the ai series
spindle is spindle HRV control only. The
conventional control method is not supported.

2 When using a spindle motor that has no model
code, set model code "300" ("400" for a spindle
motor with speed range switching control) for
automatic parameter setting, then manually input
data according to the parameter table for each
motor model.

<2> Set the relevant parameter to enable automatic spindle parameter

initialization.
Parameter No.
15i 16i 30i Description
— 4019#7 4019#7
5607#0 — — 0
NOTE
This bit is reset to its original value after
automatic parameter initialization.

<3> Turn the CNC off, then on again. Then, the spindle parameters
specified with a model code are automatically initialized.
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1.2.3 Diagnosis (Diagnosis Screen)

(1) For Series 16i

(2) For Series 301

(3) For Series 15i

This subsection provides a list of the diagnosis (diagnosis screen)
indications related to spindle serial output only. For details, refer to
the Connection Manual (Function) of each CNC.

(a)

(b)

(©)

(d)

For Series 16i/18i/21i

“FANUC Series 16i/18i/21i-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63523EN-1

Refer to Section 9.2 “SPINDLE SERIAL OUTPUT/SPINDLE
ANALOG OUTPUT.”

For Series 30i/31i/32i

“FANUC Series 30i/31i/32i-MODEL A

CONNECTION MANUAL (FUNCTION) : B-63943EN-1

Refer to Section 11.2 “SPINDLE SERIAL OUTPUT.”

For Series 151

“FANUC Series 15--MODEL B

CONNECTION MANUAL (FUNCTION) : B-63783EN-1

Refer to Section 9.2 “SPINDLE SERIAL OUTPUT/SPINDLE
ANALOG OUTPUT.”

For Series 01

“FANUC Series 0i-MODEL C

CONNECTION MANUAL (FUNCTION) : B-64113EN-1

Refer to Section 9.2 “SPINDLE SERIAL OUTPUT/SPINDLE
ANALOG OUTPUT.”

Address Description
400 Information including spindle control
408 Information about spindle serial output interface communication errors
409 Information about spindle serial output interface activation
Address Description
400 Information including spindle control
408 Information about spindle serial output interface communication errors
Address Description
1500 Information about spindle serial output interface communication errors
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1.2.4 Alarm

This subsection provides a list of the alarms related to spindle serial
output only. For details of each alarm, refer to the Connection Manual
(Function) of each CNC.
(a) For Series 16i/18i/21i
“FANUC Series 16i/18i/21i-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Section 9.2 “SPINDLE SERIAL OUTPUT/SPINDLE
ANALOG OUTPUT.”
(b) For Series 30i/31i/32i
“FANUC Series 30i/31i/32i-MODEL A
CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.2 “SPINDLE SERIAL OUTPUT.”
(¢) For Series 151
“FANUC Series 15i-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.2 “SPINDLE SERIAL OUTPUT/SPINDLE
ANALOG OUTPUT.”
(d) For Series 0i
“FANUC Series 0i-MODEL C
CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Section 9.2 “SPINDLE SERIAL OUTPUT/SPINDLE

ANALOG OUTPUT.”
(1) For Series 161
Alarm No. Description
749 A serial communication error occurred while the system was being activated after power-on.
750 The (serial) spindle amplifier was not activated normally at power-on time.
(2) For Series 15i and Series 30i
Alarm No. Description
15i 30i
Before a spindle to be controlled is set correctly, a command for using the spindle was
PS0223 —
executed.
SP0201 — The same motor number other than 0 is set more than once in parameter No. 5841.
SP0202 — A spindle number greater than the number of spindles is set in parameter No. 5850.

SP0220 SP1220

The cable connected to the serial spindle amplifier is disconnected, or no serial spindle
amplifier is connected.

SP0221 —

The correspondence between spindle numbers and motor numbers is incorrect.

SP0225 SP1225

A CRC error (communication error) occurred in communication between the CNC and serial
spindle amplifier.

SP0226 SP1226

A framing error occurred in communication between the CNC and serial spindle amplifier.

SP0227 SP1227

A receive error occurred in communication between the CNC and serial spindle amplifier.

SP0228 SP1228

A communication error occurred in communication between the CNC and serial spindle
amplifier.

SP0229 —

A communication error occurred in communication between serial spindle amplifiers (between
motor numbers 1 and 2 or between motor numbers 3 and 4).

— SP1229

A communication error occurred in communication between serial spindle amplifiers (between
an odd-numbered amplifier and even-numbered amplifier).

-8-
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Alarm No. i
Description
15i 307
SP0230 — The value set in parameter No. 5841 is not within the allowable range.
SP0970 — Spindle control initialization was not terminated.
SP0976 — No amplifier number could be set for a serial spindle amplifier.
SP0978 — A time-out was detected in communication with a serial spindle ampilifier.
SP0979 — The communication sequence was incorrect in communication with a serial spindle amplifier.
SP1980 to . . e
SP0980 SP1984 The SIC-LSI on the serial spindle amplifier side is faulty.
SP0981 — An error occurred when data was written to the SIC-LSI on the serial spindle amplifier side.
SP0982 — An error occurred when data was read from the SIC-LSI on the serial spindle amplifier side.
SP0983 — An alarm on the spindle amplifier side could not be cleared.
SP0984 — An error occurred during spindle amplifier reinitialization.
SP0985 — Automatic parameter setting failed.
SP1985 to S
SP0987 SP1987 The SIC-LSI on the CNC side is faulty.
SP0996 — The assignment of spindles and spindle motors is incorrect.
SP1245 to _— .
— SP1247 A communication data error was detected on the CNC side.
SP1976 to . .
— SP1979 An error occurred with the spindle control software.
SP1988 to . .
— SP1989 An error occurred with the spindle control software.
o SP1996 Spindle motor assignment is incorrect. Check the parameters indicated hereafter.
(No.3716,N0.3717)
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1.3 PARAMETERS RELATED TO DETECTORS

NOTE
1 Note that the specifications of parameters related
to detectors for the ai series spindle amplifiers
differ from those of parameters for the a series
spindle amplifiers.
The terms "motor sensor" and "spindle sensor"
used in the text mean the speed/position detectors
connected to the connectors described below.
(i) Motor sensor :
Detector connected to connector JYA2
(Mi sensor, MZi sensor, BZi sensor of a built-in
motor, CZi sensor of a built-in motor)
(i) Spindle sensor :
Detector connected to connector JYA3 or JYA4
(oo position coder, o position coder S, separate
BZi sensor, separate CZi sensor, and so forth)

1.3.1

List of Parameters for Detectors

Parameter No. Description
151 161 30i
— 3706#1,0 — Gear ratio of spindle to position coder (x1, x2, x4, x8)
5842 — 3720 Number of pulses of the position coder
3000#0 4000#0 4000#0 Direction of spindle and spindle motor rotation
3001#4 4001#4 4001#4 Spindle sensor mounting direction
3002#3,2,1,0 | 4002#3,2,1,0 | 4002#3,2,1,0 [Spindle sensor type setting
3003#7,6,5,4 | 4003#7,6,5,4 | 4003#7,6,5,4 [Setting of the number of spindle sensor gear teeth
3004#3,2 4004#3,2 4004#3,2 |External one-rotation signal (proximity switch) setting

3006#1 4006#1 4006#1 Gear ratio increment system

3007#5 4007#5 4007#5 Whether to detect disconnection of feedback signals

300746 400746 400746 Whether to detgct alarms related to position feedback signals (on
non-Cs contouring control mode)

3010#2,1,0 4010#2,1,0 4010#2,1,0 |Motor sensor type setting
3011#2,1,0 4011#2,1,0 4011#2,1,0 |Setting of the number of motor sensor gear teeth

301645 401645 401645 Whethe.r to detect alarms related to position feedback (in Cs
contouring control mode)

3016#6 4016#6 4016#6 Whether to detect alarms related to threading feedback

301647 401647 401647 Setting of the fgnction of detectin'g the one-rotation signal again
each time position control mode is set.

3394#2 4394#2 4394#2 Setting of the detection lower limit of the one-rotation signal
330445 439445 439445 Whether to det.ect the alarm related to spindle sensor polarity
erroneous setting

Spindle-to-motor gear ratio data (This data is selected by spindle
3056 10 3059 | 4056 to 4059 | 4056 to 4059 cc?ntrol input signgls CTH1A and(CTH2A.) re
3098 4098 4098 Maximum speed for position feedback signal detection

-10-
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Parameter No.

3171 4171 4171 Esizglzlnator of arbitrary gear ratio between motor sensor and

17 417 417 . . . . .
3173 3 3 (This data is selected by spindle control input signal CTH1A.)
3172 4172 4172 ls\l;nmd(?;ator of arbitrary gear ratio between motor sensor and
3174 4174 4174 (This data is selected by spindle control input signal CTH1A.)
3334 4334 4334 Arbitrary number of motor sensor teeth
3355 4355 4355 Motor sensor signal amplitude ratio compensation
3356 4356 4356 Motor sensor signal phase difference compensation
3357 4357 4357 Spindle sensor signal amplitude ratio compensation
3358 4358 4358 Spindle sensor signal phase difference compensation
3361 4361 4361 Arbitrary number of spindle sensor teeth
3500 4500 4500 Ssigglrzlnator of arbitrary gear ratio between spindle sensor and
3502 4502 4502 (This data is selected by spindle control input signal CTH1A.)
3501 4501 4501 ls\l;nmdiraator of arbitrary gear ratio between spindle sensor and
3503 4503 4503 (This data is selected by spindle control input signal CTH1A.)

-11 -
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1.3.2 Details of Parameters for Detectors

15i 16i 30i
3000 4000 4000

ROTALI

15i 16i 30i
3001 4001 4001

SSDIRC

15i 16i 30i
3002 4002 4002

SSTYP3 to SSTYPO

This subsection details the serial spindle parameters (in the four
thousands for 167, and in the four thousands for 30i, and in the three
thousands for 15i) among the detector-related parameters. For details
of other parameters, refer to the Connection Manual (Function) of
each CNC.
(a) For Series 16i/18i/21i

“FANUC Series 16i/18i/21:-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63523EN-1

Refer to Section 9.3 “SPINDLE SPEED CONTROL.”
(b) For Series 30i/31i/32i

“FANUC Series 30i/31i/32i-MODEL A

CONNECTION MANUAL (FUNCTION) : B-63943EN-1

Refer to Section 11.3 “SPINDLE SPEED CONTROL.”
(¢) For Series 151

“FANUC Series 15i-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63783EN-1

Refer to Section 9.3 “SPINDLE SPEED CONTROL.”
(d) For Series 0i

“FANUC Series 0i-MODEL C

CONNECTION MANUAL (FUNCTION) : B-64113EN-1

Refer to Section 9.3 “SPINDLE SPEED CONTROL.”

#7 #6 #5 #4 #3 #2 #1 #0
| | | | | | | | rotat |

Indicates the relationship between the rotation directions of spindle
and spindle motor.

0: Rotates the spindle and spindle motor in the same direction.

1: Rotates the spindle and spindle motor in the reverse direction.

#7 #6 #5 #4 #3 #2 #1 #0
L [ fssorel | [ | |

Indicates the mounting direction of spindle sensor.
0: Rotates the spindle and spindle sensor in the same direction.
1: Rotates the spindle and spindle sensor in the reverse direction.

#7 #6 #5 #4 #3 #2 #1 #0
| | | | | SSTYP3 | SSTYP2 | SSTYP1 | SSTYPO |

Spindle sensor type
This parameter sets the type of a separate detector to be attached to the
spindle (detector to be connected to connector JYA3 or JYA4).
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SSTYP3 SSTYP2 SSTYP1 SSTYPO Spindle sensor type
0 0 0 0 None (No position control function is used.)
0 0 0 1 Uses the motor sensor for position feedback
0 0 1 0 o position coder
0 0 1 1 Separate BZi sensor, CZi sensor
0 1 0 0 o position coder S
NOTE
When using a rectangular wave phase A/B,
1024-p/rev position coder, set the same settings as
for the o position coder (0,0,1,0).
150 16i  30i #7 #6 #5 #4 #3 #2 #1 #0
3003 4003 4003 | PCPL2| PCPL1| PCPLO |PCTYPE| | | | |

PCPL2, PCPL1, PCPLO, PCTYPE

16i
4004

15i 30i

3004

EXTRF, RFTYPE

4004

Gear teeth number setting of the spindle sensor

This parameter sets the number of teeth of a separate detector to be
attached to the spindle (detector to be connected to connector JYA3 or
JYA4).

PCPL2 | PCPL1 pcpLo | pcTypg | ©earteeth number of
the spindle sensor

0 0 0 0 256)./rev

0 0 0 1 128\/rev

0 1 0 0 512)/rev

0 1 0 1 64)/rev

1 0 0 0 768\/rev

1 0 0 1 10242 /rev

1 1 0 0 384)/rev
NOTE

1 Set"0, 0, 0, 0" when using an a position coder (bits
3,2,1,00fNo. 4002 =0, 0, 1, 0) or an a position
coder S (bits 3, 2, 1, 0 of No. 4002 =0, 1, 0, 0).
When the motor sensor is used for position
feedback (bits 3, 2, 1, 0 of No. 4002 =0, 0, 0, 1),

this parameter need not be set.

#4 #3 #2 #1 #0

|RFTYPE| EXTRF | | |

#7 #6 #5

External one-rotation signal setting

This parameter sets the type of an external one-rotation signal
(proximity) switch to be attached to the spindle (to be connected to
connector JYA3).

External one-rotation signal
RFTYPE EXTRF (proximity switch)
0 0 None
0 1 Detects the leading edge.
1 1 Detects the trailing edge.
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15i 160 30i #7 #6 #5 #4 #3 #2 #1 #0
3006 4006 4006 | | | | | | | cruNiT | |
GRUNIT  Sets a gear ratio setting resolution:
0: 1/100 unit
1: 1/1000 unit
Select a gear ratio data setting resolution from the following:
(a) Resolution based on motor rotation increased by a factor of 100
relative to one spindle rotation
(b) Resolution based on motor rotation increased by a factor of 1000
relative to one spindle rotation
Depending on the setting of this parameter, the increment system of
the parameters indicated in the table below changes.
Parameter No. e
Description
15i 161 307
3056 to 3059 | 4056 to 4059 | 4056 to 4059 | Spindle-to-motor gear ratio data
NOTE
Usually, use the 1/100 unit (setting "0").
15i 160 30i #7 #6 #5 #4 #3 #2 #1 #0
3007 4007 4007 | lpcach| pes | | | | | |
PCLS Determines feedback signal disconnection detection.
0: Performs disconnection detection.
1: Does not perform disconnection detection.
When this bit is set to "0", SPM alarms 27 (Position coder signal
disconnection), 73 (Motor sensor disconnection), and 84 (Spindle
sensor disconnection) are checked.
NOTE
1 Usually, set “0”.
2 When adjusting the waveform of a motor/spindle
sensor feedback signal, set "1" temporarily to
disable disconnection detection. After completion
of adjustment, be sure to return the setting to
"0" to enable disconnection detection.
PCALCH Determines whether to use alarms related to position feedback signals

(on non-Cs contouring control mode).

0: Detects alarms.

1: Does not detect alarms.

When this bit is set to "0", SPM alarms 41, 42, 47, 81, 82, 83, 85, 86,
and 87 are checked.
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15i 16i 30i #7 #6 #5 #4 #3 #2 #1 #0
3010 4010 4010 | | | | | |MSTYP2|MSTYP1|MSTYPO|

MSTYP2, MSTYP1, MSTYPO Motor sensor type
This parameter sets the type of a detector built into the motor (detector

to be connected to JYA2).
MSTYP2 MSTYP1 MSTYPO Motor sensor type
0 0 0 Mi sensor
0 0 1 MZi, BZi, CZi sensor
15 16i  30i #7 #6 #5 #4 #3 #2 #1 #0
3011 4011 4011 | | | | | | VDT3 | VDT2 | VDT1 |

VDT1 to VDT3  Gear teeth number setting of the motor sensor
This parameter sets the number of teeth of a detector built into the
motor (detector to be connected to JYA2).

VDT3 VDT2 VDT1 Gear teeth number of the motor sensor
0 0 0 64\/rev
0 0 1 128\/rev
0 1 0 256\/rev
0 1 1 512)\/rev
1 0 0 192\ /rev
1 0 1 384\/rev
NOTE

When using a sensor with CZi sensor 768 A/rev or
1024 M\/rev, set 0,0,0 in this parameter, and set 768
or 1024 in the parameter specifying an arbitrary
number of motor sensor teeth (parameter No.
4334).

Motor models and corresponding Mi and MZi sensors

Number of gear teeth of the detection
ring on the Mi or MZi sensor

Motor model

0.51 64\/rev
alito a3i 128\/rev
6i to 501
o1 10 0o 256)/rev

a12ip to a60irp

15i 16i 30 #7 #6 #5 #4 #3 #2 #1 #0
3016 4016 4016 |RFCHK3|RFCHK2|RFCHK1| | | | | |

RFCHKI1 Determines whether to detect alarms related to position feedback (in
Cs contouring control mode).
0: Does not detect alarms.
1: Detects alarms.
When this bit is set to "1", SPM alarms 81, 82, 85, and 86 are
checked.
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15i
3394

RFCHK2

RFCHK3

16i 30i
4394 4394

ZPHDTC

A21DEN

Determines whether to detect the alarm related to threading position
detection signal feedback (SPM alarm 46).

0: Does not detect alarms.

1: Detects alarms.

Setting of the function of detecting the one-rotation signal again each

time position control mode is set.

0: The one-rotation signal is not detected each time the operating
mode changes.
Once the one-rotation signal has been detected, it is not detected
again until the power goes off.

1: The one-rotation signal is detected each time the operating mode
changes.

#7 #6 #5 #4 #3 #2 #1 #0
| | | A21DEN | | | ZPHDTC | | |

Sets the detection lower limit of the one-rotation signal.

0: The one-rotation signal is detected when the spindle speed is 10
min™ or more.

1: The one-rotation signal is detected regardless of the spindle
speed.

NOTE

1 This parameter is valid with 9D50 Series E (05)
edition or later and 9D70 series A (01) edition or
later.

2 This parameter is enabled when the spindle sensor
is an a position coder or o position coder S.
When the spindle sensor is the MZi/BZi/CZi sensor,
if the spindle speed is 10 min™ or more, the
one-rotation signal is detected regardless of the
setting of this parameter.

Whether to detect the spindle sensor polarity erroneous setting alarm

(SPM alarm 21).

0: The spindle sensor polarity erroneous setting alarm is detected.

1: The spindle sensor polarity erroneous setting alarm is not
detected.

When the spindle sensor polarity erroneous setting alarm is incorrectly

detected due to the following reasons, set this bit to disable the alarm

detection.

- When the spindle is mechanically separated from the motor.

- When the belt between the spindle and the motor slips.

NOTE
This parameter is valid with 9D50 Series E (05)
edition or later and 9D70 series A (01) edition or
later.
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15i 16i 301
3056 4056 4056
3057 4057 4057
3058 4058 4058
3059 4059 4059

Unit of data :
Valid data range :

Standard setting :

15i

3098

16i

4098

30i
4098

Unit of data :

Valid data range :
Standard setting :

Gear ratio (HIGH) CTH1A=0, CTH2A=0
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1
Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0
Gear ratio (LOW) CTH1A=1, CTH2A=1

(Motor rotation for one rotation of spindle) / 100
(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000)
0 to 32767
100
These data are used to set the gear ratio between spindle and spindle
motor.
Example :
When the spindle rotates once, set "250" as the data when the
motor rotates 2.5 times.
A parameter is selected with the CTH1A and CTH2A input signals.
Set the gear or clutch status to correspond to the clutch/gear signal
(CTHI1A, CTH2A).

NOTE
When an improper value is set in these parameters,
an unexpected operation can occur. For example,
the spindle can continue rotating without stopping at
the time of orientation. So, be sure to set a proper

gear ratio.

| Maximum speed for position feedback signal detection |

Imin™ (Unit of 10 min"" when bit 2 (SPDUNT) of parameter No. 4006
=1)

0 to 32767

0

This parameter sets a maximum spindle speed that enables the
detection of a motor/spindle sensor feedback signal.

When "0" is set in this parameter, up to the maximum motor speed can
be detected.

NOTE
Usually, set “0”.
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15i 16i 30i
Denominator of arbitrary gear ratio between motor sensor and spindle (HIGH)
3171 4171 4171
CTH1A=0
Numerator of arbitrary gear ratio between motor sensor and spindle (HIGH)
3172 4172 4172
CTH1A=0
Denominator of arbitrary gear ratio between motor sensor and spindle (LOW)
3173 4173 4173
CTH1A=1
Numerator of arbitrary gear ratio between motor sensor and spindle (LOW)
3174 4174 4174
CTH1A=1
Unit of data :
Valid datarange : 0 to 32767
Standard setting : 0

15i
3334

16i
4334

30i
4334

Unit of data :
Valid data range :
Standard setting :

These parameters set conversion coefficients (numerator,
denominator) for using the detection arbitrary gear ratio function
(DMR function) by multiplying a motor sensor (Mi or MZi sensor)
feedback signal by a gear ratio to produce a spindle position feedback
signal.

When the spindle rotates Q times while the motor shaft rotates P times
(there is no common divisor other than 1 for P and Q), settings are:

No. 4171 (No. 4173 when CTHIA = 1) =P
No. 4172 (No. 4174 when CTHIA = 1)=Q

When one of these parameters is set to "0", it is assumed to be "1".

NOTE
When using the external one-rotation signal
(proximity switch), use the detection arbitrary gear
ratio function (DMR function) by setting an arbitrary
gear ratio between the motor sensor and spindle in
this parameter.

| Arbitrary number of motor sensor teeth

12/rev (Number of motor sensor teeth)

0,

0

32 to 4096

When the number of motor sensor teeth is other than 64, 128, 192, 256,
384, and 512, set this parameter.

When "0" is set in this parameter, the setting of bits 2, 1, 0 (VDT3,
VDT2, VDT1) of parameter No. 4011 is valid.
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15i 16i 30i
3355 4355 4355
3357 4357 4357

Unit of data :
Valid data range :
Standard setting :

15i 16i 30i
3356 4356 4356
3358 4358 4358

Unit of data :
Valid data range :
Standard setting :

15i 16i 30i
3361 4361 4361

Unit of data :
Valid data range :
Standard setting :

Motor sensor signal amplitude ratio compensation

Spindle sensor signal amplitude ratio compensation

1%

-8t0 8

0

These parameters set an amplitude ratio compensation value for the
sensor feedback signal (phase A/B of the sinusoidal wave).

For details, refer to the Section 1-4.3 “AMPLITUDE RATIO/PHASE
DIFFERENCE COMPENSATION FUNCTION.”

Motor sensor signal phase difference compensation

Spindle sensor signal phase difference compensation

1%

-4 to 4

0

These parameters set a phase difference compensation value for the
sensor signal (phase A/B of the sinusoidal wave).

For details, refer to the Section 1-4.3 “AMPLITUDE RATIO/PHASE
DIFFERENCE COMPENSATION FUNCTION.”

| Arbitrary number of spindle sensor teeth

1M/rev (Number of spindle sensor teeth)

0, 64 to 4096

0

When the number of spindle sensor teeth is other than 64, 128, 256,
384, 512, and 1024 set this parameter.

When "0" is set in this parameter, the setting of bits 7, 6, 5, 4 (PCPL2,
PCPL1, PCPLO, PCTYPE) of parameter No. 4003 is valid.
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15i 16i
Denominator of arbitrary gear ratio between spindle sensor and spindle
3500 4500
(HIGH) CTH1A=0
3501 4501 Numerator of arbitrary gear ratio between spindle sensor and spindle (HIGH)
CTH1A=0
Denominator of arbitrary gear ratio between spindle sensor and spindle
3502 4502
(LOW) CTH1A=1
Numerator of arbitrary gear ratio between spindle sensor and spindle (LOW)
3503 4503
CTH1A=1
Unit of data :
Valid datarange : 0 to 32767
Standard setting : 0

These parameters set conversion coefficients (numerator,
denominator) for using the detection arbitrary gear ratio function
(DMR function) by multiplying a spindle sensor (o position coder, o
position coder S, separate BZi sensor, or separate CZi sensor)
feedback signal by a gear ratio to produce a spindle position feedback
signal.
When the spindle rotates Q times while the motor shaft rotates P times
(there is no common divisor other than 1 for P and Q), settings are:
No. 4500 (No. 4502 when CTH1A=1)=P
No. 4501 (No. 4503 when CTHIA=1)=Q
When one of these parameters is set to "0", it is assumed to be "1".

NOTE
1 This parameter is valid with 9D50 Series F (06)
edition or later and 9D70 series A (01) edition or
later.
2 When this parameter is used in a configuration
having no external one-rotation signal (proximity
switch), set the following parameters.
No0.4007#6=1 : Alarms related to positional
feedback signals (in non-Cs mode)
are not detected.

No0.4016#5=0 : Alarms related to positional
feedback signals (in Cs mode) are
not detected.
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1.3.3  Typical Detector Configurations

This subsection describes typical detector configurations and the
parameter setting procedures for the detector configurations.

With the o series spindle, the detector circuitry hardware is set
according to the parameter setting. For this reason, an alarm such as a
disconnection alarm may be output while parameters related to
detectors are being set.

To initialize the hardware, after setting the parameters related to
detectors, turn the power to the amplifier off once.

(1) When position control is not exercised
[Sample system configuration]

Spindle motor with built-in Mi sensor
O —
JYA2 I: Spindle
SPM L |
TYPE A
Parameter No. Settings Description
4002 #3,2,1,0 0,0,0,0 Does not exercise position control.
4010 #2,1,0 Depends on the Sets the type of motor sensor.
detector.
4011 #2.1.0 Depends on the | Sets the number of motor sensor gear
detector. teeth.
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(2) When the a position coder is used
[Sample system configuration]|

JYA2 |:—

SPM
TYPE A

O

Spindle motor with built-in Mi sensor
(or MZi sensor)

o position coder

JYA3

Spindle

N

Directly connected or connected with a gear or timing
belt at a ratio of 1:1

Parameter No. Settings Description
4000 #0 Depe.nds or'1 the | Rotation directions of the spindle and
configuration. motor
Depends on the . . N
4001 #4 ) . Spindle sensor mounting direction
configuration.
4002 #3.2.1.0 0.0.1.0 Us.es the o position coder as the
spindle sensor.
4003 #7.6.5.4 0.0,0,0 Sets the number of spindle sensor
gear teeth.
4010 #2,1,0 Depends on the Sets the type of motor sensor.
detector.
4011 #2.1.0 Depends on the | Sets the number of motor sensor gear
detector. teeth.
4056 to 4059 Depe.nds or'1 the | Gear ratio between the spindle and
configuration. motor
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(3) When the a position coder S is used

[Sample system configuration]|

Spindle motor with built-in Mi sensor

O

(or MZi sensor)

JYA2 |: Spindle
o position coder S ]
SPM L |
TYPEB
JYA4
Directly connected or connected with a gear or timing belt
at a ratio of 1:1
Parameter No. Settings Description
4000 40 Depepds op the | Rotation directions of the spindle and
configuration. motor
Depends on the . . o
4001 #4 , . Spindle sensor mounting direction
configuration.
4002 #3.2.1.0 0.1.0.0 Us.es the a position coder S as the
spindle sensor.
4003 #7.6,5.4 0,0,0.0 Sets the number of spindle sensor
gear teeth.
4010 #2,1,0 Depends on the Sets the type of motor sensor.
detector.
4011 #2.1.0 Depends on the | Sets the number of motor sensor gear
detector. teeth.
4056 to 4059 Depepds op the | Gear ratio between the spindle and
configuration. motor
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(4) When the MZi, BZi, or CZi sensor is used

[Sample system configuration 1]

SPM
TYPE A

JYA2 l:]

o |

Spindle motor with built-in MZi sensor

| |Spindle

[Sample system configuration 2]
BZi sensor or CZi sensor

SPM
TYPE A

JYAZI:

Spindle +
built-in motor

[Sample system configuration 3]

O lSpindIe motor with built-in MZi sensor

JYA2 Spindle
SPM
TYPE A / '
Directly connected or connected with a gear or timing belt
at a ratio of 1:1
Parameter Settings Description
No.
4000 #0 0 Rotation directions of the spindle and motor
4002 #3.2.1.0 0.0.0.1 Uses the motor sensor for position
feedback.
4010 #2.1.0 0.0.1 Uses the MZi , BZi, or CZi sensor as the
motor sensor.
4011 #2,1,0 Depends on Sets the number of motor sensor gear teeth.
the detector.
4056 t0 4059 | 100 or 1000 ?fee;r ratio between the spindle and motor
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(5) When the separate type BZi sensor or separate type CZi sensor is used

[Sample system configuration]|

Spindle motor with built-in Mi sensor

(or MZi sensor)
(—‘ O i

JYA2 I:]_/ Spindle
SPM
TYPE B
M
Jyaq L BZi sensor or CZi sensor
Parameter No. Settings Description
4000 #0 Depehds 0|'f1 the | Rotation directions of the spindle and
configuration. motor
Depends on the . . o
4001 #4 i ) Spindle sensor mounting direction
configuration.
4002 #3.2.1.0 0.0.1.1 Uses t.he BZi sensor or CZi sensor as
the spindle sensor.

4003 #7.6,5,4 Depends on the | Sets the number of spindle sensor
detector. gear teeth.

4010 #2,1,0 Depends on the Sets the type of motor sensor.
detector.

4011 #2.1.0 Depends on the | Sets the number of motor sensor gear
detector. teeth.

4056 to 4059 Depe.nds oh the | Gear ratio between the spindle and

configuration. motor
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(6) When the external one-rotation signal (proximity switch) is used

[Sample system

JYA2 [

SPM
TYPE A

configuration]|

Spindle motor with built-in Mi sensor

(or MZi sensor)
O I

External one-rotation

Spindle

signal (proximity switch)

-
JYA3 [—‘

Gear or timing belt

Parameter No. Settings Description
4000 #0 Depe.nds oh the | Rotation directions of the spindle and
configuration. motor
4002 #3.2.1.0 0.0.0.1 Uses the motor sensor for position
feedback.
4004 #2 1 Uses the external one-rotation signal.
4004 #3 Depends on the | Sets the external one-rotation signal
detector. type.
Depends on the
4010 #2,1,0 Sets the type of motor sensor.
detector.
4011 #2.1.0 Depends on the | Sets the number of motor sensor gear
detector. teeth.
4056 to 4059 Depehds 0|'f1 the | Gear ratio between the spindle and
configuration. motor
4171 to 4174 Depe.nds or'1 the | Arbitrary gear .ratlo between the motor
configuration. sensor and spindle
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(7) When the axis on which the spindle sensor is mounted is not the spindle

[Sample system configuration]|

Spindle motor with built-in Mi

O sensor
Gear or
timing belt
JYA2 ] | ] Medial
. — — axis
SPM o position coder
TYPE A —
["I n
JYA3 LHDirectly connected or connected |: Spindle
with a gear or timing belt at a LM
ratio of 1:1
Parameter No. Settings Description
4000 40 Depepds op the | Rotation directions of the spindle and
configuration. motor
Depends on the . . L
4001 #4 , . Spindle sensor mounting direction
configuration.
4002 #3,2,1,0 Depe.nds or'w the Type of spindle sensor
configuration.
4003 #7.6,5.4 Depends on the [ Sets the number of spindle sensor gear
detector. teeth.
4010 #2.1.0 0,00 Uses the Mi sensor as the motor
Sensor.
4011 #2.1.0 Depends on the [ Sets the number of motor sensor gear
detector. teeth.
Alarms related to positional feedback
4007 #6 1 signals (in non-Cs mode) are not
detected.
Alarms related to positional feedback
4016 #5 0 signals (in Cs mode) are not detected.
4056 to 4059 Depepds op the | Gear ratio between the spindle and
configuration. motor
4500 to 4503 Depehds 0|"1 the [ Arbitrary gear 'ratlo between the spindle
configuration. sensor and spindle
NOTE
Those functions such as the orientation function that
require a one-rotation signal cannot be used.
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2.1 VELOCITY CONTROL MODE

2.1.1 Start-up Procedure

A. Check that the serial spindle starts up normally and is ready for
operation.

B. Prepare and check the PMC ladder.

)

C. Set the detector-related parameters according to the system
configuration.

D. Setthe parameters related to spindle speed specification.

)

E. Check that the spindle rotates at the desired speed.

)

F. Make a velocity loop gain adjustment as required.
¢ N0.4040, 4041 : Velocity loop proportional gain
¢ N0.4048, 4049 : Velocity loop integral gain

2.1.2 Overview

The velocity control mode is a function for exercising velocity control
to rotate the spindle motor according to a velocity command from the
CNC.

NOTE
On a CNC screen (such as the spindle monitor
screen and the adjustment screen), the velocity
control mode is indicated as "NORMAL
OPERATION MODE".

2.1.3  System Configuration

The velocity control mode is applicable to all detector configurations.
For system configurations, see Subsection 1.3.3, "TYPICAL
DETECTOR CONFIGURATIONS".
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2.1.4 List of /0 Signals (CNC~PMC)

This subsection provides a list of the I/O signals related to the velocity
control mode only. For details of each signal, refer to the Connection
Manual (Function) of each CNC.

(a)

(b)

(©)

(d)

For Series 16i/18i/21i

“FANUC Series 16i/18i/21i-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Section 9.3 “SPINDLE SPEED CONTROL.”
For Series 30i/31i/32i

“FANUC Series 30i/31i/32i-MODEL A

CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.3 “SPINDLE SPEED CONTROL.”
For Series 151

“FANUC Series 15--MODEL B

CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.3 “SPINDLE SPEED CONTROL.”
For Series 01

“FANUC Series 0i-MODEL C

CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Section 9.3 “SPINDLE SPEED CONTROL.”

For details of the I/O signals common to the CNCs, see Chapter 3,
"I/O SIGNALS (CNC «> PMC)", in Part I.

(1) Input signals(PMC—CNC)

(a) Series 16i

Common to all axes

Common to all axes
Common to all axes

Common to all axes

1st-
2nd-

1st-
2nd-

G027

G028
G029
G030

G032
G034

G033
G035

#7 #6 #5 #4 #3 #2 #1 #0
*SSTP2 | *SSTP1 Sws2 | sws1
(*1) *1) (*1) (*1)
GR2 GR1

*SSTP SOR SAR

Sov7 SOv6 SOV5 SOov4 SOv3 Sov2 Sov1 SOvo

Ro8lI RO7I Ro6l RO5I Ro04l RO3I Ro2I RO1I

R08I2 RO712 R0612 R0512 R0412 R0312 R02I2 RO112

SIND SSIN SGN R12I R11I R10I RO9I
SIND2 | SSIN2 SGN2 R1212 R1112 R1012 R0912
NOTE

*1 These signals are valid in multi-spindle control.
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(b) Series 30i
#7 #6 #5 #4 #3 #2 #1 #0
Common to all axes G027 *SSTP2 | *SSTP1 SWS2 SWS1
(*1) (*1) (*1) (*1)
Common to allaxes G028 GR2 GR1
Common to all axes G029 *SSTP SOR SAR
Common to allaxes G030 SOv7 SOV6 SOV5 SOv4 SOv3 SOv2 SOv1 SOV0
1st- G032 RO8I RO7I RO6I RO5I RO4I RO3I RO2I RO1I1
2nd- G034 R08I2 RO712 R0612 R05I2 R0412 RO312 R02I12 RO112
1st- G033 SIND SSIN SGN R12I R11I1 R10I RO9I
2nd- G035 SIND2 SSIN2 SGN2 R1212 R1112 R1012 R09I12
NOTE
*1 These signals are valid in multi-spindle control.

(c) Series 15i

#7 #6 #5 #4 #3 #2 #1 #0
Common to all axes G005 | | | | | | | FIN I
1st- G024 RI7A RIGA RI5A RI4A RI3A RI2A RMA RIOA
2nd- G232 RI7B RI6B RI5SB RI4B RI3B RI2B RI1B RIOB
1st- G025 RISGNA RI12A RI11A RI10A RI9A RISA
2nd- G233 RISGNB RI12B RI11B RI10B RI9B RI8B
1st- G026 GS4A GS2A GS1A
2nd- G272 GS4B GS2B GS1B
(d) Common to CNCs
15i 161 30i #7 #6 #5 #4 #3 #2 #1 #0
1st- G227 G070 G070 MRDYA SFRA SRVA | CTH1A | CTH2A | TLMHA | TLMLA
2nd- G235 G074 G074 MRDYB SFRB SRVB | CTH1B | CTH2B | TLMHB | TLMLB
1st- G226 G071 G071 SOCNA *ESPA
2nd- G234 G075 G075 SOCNB *ESPB
1st- G229 G072 G072 OVRA
2nd- G237 G076 G076 OVRB
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(2) Output signals (CNC—PMC)
(a) Series 16i

#7 #6 #5 #4 #3 #2 #1 #0
FO001 ENB
F007 SF
F022 S07 S06 S05 S04 S03 S02 S01 S00
F023 s15 s14 s13 s12 s11 s10 S09 S08
F024 S23 S22 S21 S20 S19 S18 S17 S16
F025 S31 30 29 s28 s27 S26 25 S24
F034 GR30 GR20 GR10
(*1) (*1) (*1)

FO036 R080O R070 R060 R050 R040 R030 R020 R010
F037 R120 R110 R100 R090

NOTE

*1 These signals are valid with the M series only.

(b) Series 161

#7 #6 #5 #4 #3 #2 #1 #0
FO001 ENB
FO07 SF
F022 S07 S06 S05 S04 S03 S02 S01 S00
FO023 S15 S14 S13 S$12 S11 S10 S09 S08
F024 S23 S22 S21 S20 S19 S18 S17 S16
F025 S31 S30 S29 S28 S27 S26 S25 S24
F034 GR30 GR20 GR10
(*1) (*1) (*1)

F036 R08O R070 R060 R050 R040 R030 R020 R010
FO37 R120 R110 R100 R090

NOTE

*1 These signals are valid with the M series only.
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(b) Series 15i

(c) Common to CNCs

1st-
2nd-

Common to all axes
Common to all axes
Common to all axes
Common to all axes
Common to all axes

Common to all axes

1st-
2nd-

1st-
2nd-

1st-
2nd-

1st-
2nd-

1st-
2nd-

1st-
2nd-

1st-
2nd-

151 16i
F229 F045
F245 F049

F008
F020
F021
F022
F023
F045

F010
F320

F11
F321

FO14
F324

FO15
F325

F234
F250

F235
F251

F341
F342

30i
F045
F049

#7 #6 #5 #4 #3 #2 #1 #0
SF
S7 S6 S5 S4 S3 S2 S1 SO
S15 S14 S$13 S$12 S11 $10 S09 S08
S§23 S22 S21 S20 S$19 S$18 $17 S$16
S31 S30 S29 S28 S27 S26 S25 S24
SRSRDY
RO7A RO6A ROS5A RO4A RO3A RO2A RO1A ROOA
RO7B RO6B RO5B RO4B RO3B RO2B RO1B ROOB
RO15A | RO14A | RO13A | RO12A | RO11A | RO11A | RO10A | RO9A
RO15B | RO14B | RO13B | RO12B | RO11B | RO11B | RO10B | RO9B
MR7A MR6A MRS5A MR4A MR3A MR2A MR1A MROA
MR7B MR6B MR5B MR4B MR3B MR2B MR1B MROB
MR15A | MR14A | MR13A | MR12A | MR11A | MR10A | MRY9A MR8A
MR15B | MR14B | MR13B | MR12B | MR11B | MR10B | MR9B MR8B
SSPD7A | SSPD6A | SSPD5A | SSPD4A | SSPD3A | SSPD2A | SSPD1A | SSPDOA
SSPD7B | SSPD6B | SSPD5B | SSPD4B | SSPD3B | SSPD2B | SSPD1B | SSPD0B
SSPD15A|SSPD14A|SSPD13A|SSPD12A|SSPD11A|SSPD10A| SSPD9A | SSPDSA
SSPD15B|SSPD14B|SSPD13B|SSPD12B|SSPD11B|SSPD10B| SSPD9B | SSPD8B
SRRDYA
SRRDYB
#7 #6 #5 #4 #3 #2 #1 #0
TLMA | LDT2A | LDT1A | SARA SDTA SSTA
TLMB | LDT2B | LDT1B | SARB SDTB SSTB

-33-




2.EXPLANATION OF OPERATION MODES FANUC AC SPINDLE MOTOR o series B-65280EN/05

2.1.5

Related Parameters

Parameter No. Description
151 161 307
— 3705#0 3705#0 Sets SF signal output and the S code for an S command.
— 3705#2 3705#2 | Gear switch method (M series only)
— 3705#4 3705#4 Sets SF signal output and the S code for an S command (T series only).
o 370545 370545 jr?(tjsaSnFSngorg: iosu;rr))l;tc\i/:ir;zn(l\c;logz:iaer:;:I;f;ce speed control is exercised
— 3705#6 3705#6 Sets SF signal output (M series only).
— 3706#4 3706#4 | Spindle gear selection method (M series only)
— 3706#7,6 3706#7,6 |[Spindle speed command polarity (valid when input signal SSIN = 0)
o 370940 370940 grl;;n;err1ogi)sampling operations at spindle speed calculation time (T series
— 3735 3735 Minimum clamp speed of the spindle motor (M series only)
— 3736 3736 Maximum clamp speed of the spindle motor (M series only)
— 3740 3740 Time until the spindle speed arrival signal is checked
— 3741 3741 Maximum spindle speed for gear 1
— 3742 3742 Maximum spindle speed for gear 2
— 3743 3743 Maximum spindle speed for gear 3
— 3744 3744 Maximum spindle speed for gear 4 (T series only)
o 3751 3751 :epriir'necileor:?;)tor speed at the switch point between gear 1 and gear 2 (M
o 3752 3752 S:riir;(ikz:;))tor speed at the switch point between gear 2 and gear 3 (M
— 3772 3772 Maximum allowable spindle speed
2031 3031 3031 Allowable number of S code characters
2003#1 — — Sets an S code polarity.
2204#0 — — Sets the display of an actual spindle speed.
2402#6 — — Sets the S code specified in a block containing G92.
560243 o o WmeWeHop@w?eanmdmmMnﬁxanabnndmededwm1meSMnme
amplifier. (Set "0" usually.)
5611 . o Number of sampling operations when an average spindle speed is to be
found.
5612 — — Unit of spindle speed output with the DO signal
580740 o o EgiﬂiidwabbstheSMnmeabnns(SPxnm)ofaHsMnme&(SeVD“
5842 — 3720 Number of position coder pulses
Number of gear teeth on the position coder side on velocity control (for feed
5847 - 3721 per revolution, threading, etc.)
Number of gear teeth on the spindle side on velocity control (for feed per
5848 - 3722 revolution, threading, etc.)
5850 — — Spindle number to be selected at power-on/reset time
5820#4 — — Sets the method of spindle speed calculation.
3006#5 4006#5 4006#5 | Sets an analog override range.
300944 400944 400944 \;\ét;ztlgreart:;)nc;géité’tl;trwaeﬁlg):d detection signals (LDT1, LDT2) during
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Parameter No. Description
151 16i 307
3009#6 4009#6 4009#6 | Analog override type
3012#7 4012#7 4012#7 | Sets the spindle HRV function. (Set "1".)
5607#0 4019#7 4019#7 Automatic spindle parameter setting function
3352#1 4352#1 4352#1 Sets the peak hold function for load meter output.
3020 4020 4020 Maximum motor speed
3022 4022 4022 Speed arrival detection level
3023 4023 4023 Speed detection level
3024 4024 4024 Speed zero detection level
3025 4025 4025 Sets a torque limitation value.
3026 4026 4026 Load detection level 1
3027 4027 4027 Load detection level 2
3028 4028 4028 Sets an output limitation pattern.
3029 4029 4029 Output limitation value
3030 4030 4030 Soft start/stop setting time
3040 4040 4040 Velocity loop proportional gain on the velocity control mode
3041 4041 4041 (A parameter is selected by the PMC input signal CTH1A.)
3048 4048 4048 Velocity loop integral gain on the velocity control mode
3049 4049 4049 (A parameter is selected by the PMC input signal CTH1A.)
Spindle and motor gear ratio data
3056 to 3059|4056 to 405914056 10 4059 (A parameter is selected by the PMC input signals CTH1A and CTH2A.)
3081 4081 4081 Delay time until the motor power is turned off
3082 4082 4082 Sets an acceleration/deceleration time.
3083 4083 4083 Motor voltage on the velocity control mode
3136 4136 4136 Motor voltage on the velocity control mode (for low-speed characteristics)
3171 4171 4171 De_nominator of an arbitrary gear ratio between the motor sensor and
3173 4173 4173 |spindie , o
(A parameter is selected by the input signal CTH1A.)
3172 4172 4172 Numerator of an arbitrary gear ratio between the motor sensor and spindle
3174 4174 4174 (A parameter is selected by the input signal CTH1A.)
3508 4508 4508 Rate of change in acceleration at soft start/stop

NOTE

1 For the detector-related parameters, see Section
1.3, "PARAMETERS RELATED TO DETECTORS",
in Part I.

2 For velocity loop proportional/integral gain
adjustment, see Section 4.1, "VELOCITY LOOP
GAIN ADJUSTMENT?", in Part .
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2.1.6 Details of Related Parameters

15i
3006

15i
3009

16i 30i
4006 4006

ALGOVR

16i 30i
4009 4009

LDTOUT

OVRTYP

15i 16i
3012 4012

SPHRV

This subsection details the serial spindle parameters (in the four
thousands for 167 , and in the four thousands for 30i, and in the three
thousands for 15i) among the parameters related to the velocity
control mode. For details of other parameters, refer to the Connection
Manual (Function) of each CNC.
(a) For Series 16i/18i/21i

“FANUC Series 16i/18i/21:-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63523EN-1

Refer to Section 9.3 “SPINDLE SPEED CONTROL.”
(b) For Series 30i/31i/32i

“FANUC Series 30i/31i/32i-MODEL A

CONNECTION MANUAL (FUNCTION) : B-63943EN-1

Refer to Section 11.3 “SPINDLE SPEED CONTROL.”
(¢) For Series 151

“FANUC Series 15i-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63783EN-1

Refer to Section 9.3 “SPINDLE SPEED CONTROL.”
(d) For Series 0i

“FANUC Series 0i-MODEL C

CONNECTION MANUAL (FUNCTION) : B-64113EN-1

Refer to Section 9.3 “SPINDLE SPEED CONTROL.”

#1 #6 #5 #4 #3 #2 #1 #0
| | |aLgov] | | | | |

Sets a spindle analog override range.
0: 0to 100% (standard setting value)
1: 0to120%

#7 #6 #5 #4 #3 #2 #1 #0
| |OVRTYP| |LDTOUT| | | |

Whether to output the load detection signals (LDT1 and LDT2) during

acceleration/deceleration

0: Not output during acceleration/deceleration. (standard setting
value)

1: Output (at all times) during acceleration/deceleration if the
parameter-set level is exceeded.

Analog override type
0: Override of linear function type (standard setting value)
1: Override of quadratic function type

#7 #6 #5 #4 #3 #2 #1 #0
v | | | [ [ [ ] |

Sets the spindle HRV control function.

0: Disables spindle HRV control.

1: Enables spindle HRV control. (standard setting value)
Set to “1”".
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NOTE
The control method usable with the ai series spindle
is spindle HRV control only. The conventional control
method is not supported.

16i 30i #7 #6 #5 #4 #3 #2 #1 #0
4019 4019 [prLOAD] | | | | | | |

PRLOAD  Automatic parameter setting function
0: Does not perform automatic parameter setting. (standard setting
value)

1 : Performs automatic parameter setting.

After setting a desired motor model code in parameter No. 4133 and
setting this bit to 1, turn off the power to the CNC, then turn on the
power to the CNC again. The parameters (No. 4000 to No. 4175) for
the i series spindle corresponding to the model code are
automatically initialized. Upon completion of automatic setting, this
bit is automatically set to 0.

NOTE

With FS15i, the parameter address of this function is
different, namely, bit O of No. 5607 is used.
Moreover, note that the meanings of settings are
reversed as follows.

0 : Performs automatic parameter setting.

1 : Does not perform automatic parameter setting.
In this case, set a model code in parameter No.
3133.

15i 16i 30i #7 #6 #5 #4 #3 #2 #1 #0
3352 4352 4352 | | | | | | |PKHALW| |

PKHALW  Sets the peak hold function for load meter output.
0: Does not use the peak hold function. (standard setting value)
1: Uses the peak hold function.

15i 16i 30i
3020 4020 4020 | Maximum motor speed |

Unit of data:  1min™ (Unit of 10 min"" when bit 2 (SPDUNT) of parameter No. 4006
=1)
Valid datarange : 0 to 32767
Standard setting value :  Depends on the motor model.
This parameter sets a maximum spindle motor speed.
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/A WARNING
The spindle motor may rotate at the maximum
spindle motor speed specified by this parameter.
Therefore, this parameter must not be set to a
value greater than the maximum rotation speed
indicated by the specification of the spindle motor.

15i 16i 30i

3022 4022 4022 | Speed arrival detection level

Unit of data: 0.1%
Valid data range : 0 to 1000
Standard setting value : 150
This parameter sets a speed arrival signal (SARA) detection range.
When the motor speed reaches within *(setting data/10)% of a
specified speed, the speed arrival signal (SARA) is set to 1.

151 161 30i
3023 4023 4023 Speed detection level

Unit of data: 0.1%
Valid data range : 0 to 1000
Standard setting value : 30
This parameter sets a speed detection signal (SDTA) detection range.
When the motor speed is (setting data/10)% of a maximum speed or
less, the speed detection signal (SDTA) is set to 1.

15i 16i 30i
3024 4024 4024 Speed zero detection level

Unitofdata: 0.01%
Valid datarange : 0 to 10000
Standard setting value : 75
This parameter sets a speed zero detection signal (SSTA) detection
range.
When the motor speed is (setting data/100)% of a maximum speed or
less, the speed zero detection signal (SSTA) is set to 1.

15i 16i 30i

3025 4025 4025 Sets a torque limitation value.

Unitofdata: 1%
Valid datarange : 0 to 100
Standard setting value : 50

This parameter sets a torque limitation value to be applied when the
torque limitation command HIGH (TLMHA) or the torque limitation
command LOW (TLMLA) is specified.

The data indicates limitation values when the maximum torque is
100%.
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Torque limitation | Torque limitation

command command Description
LOW(TLMLA) HIGH(TLMHA)
0 0 No torque limitation is imposed.
The torque is limited to the value
0 1 o
set in this parameter.
1 0 The torque is limited to a half of
1 1 the value set in this parameter.

15i 16i 30i

3026 4026 4026 Load detection level 1

Unitof data: 1%
Valid datarange: 0to 100
Standard setting value : 83
This parameter sets a load detection signal 1 (LDT1A) detection
range.
When the output of the spindle motor is (setting data)% of the
maximum output or more, load detection signal 1 (LDT1A) is set to 1.

151 16i 30i
3027 4027 4027 Load detection level 2

Unitofdata: 1%
Valid datarange : 0 to 100
Standard setting value : 95
This parameter sets a load detection signal 2 (LDT2A) detection
range.
When the output of the spindle motor is (setting data)% of the
maximum output or more, load detection signal 2 (LDT2A) is set to 1.

15i 16i 30i

3028 4028 4028 Sets an output limitation pattern.

Unit of data :
Valid datarange: 0Oto6
Standard setting value: 0

Select an appropriate pattern from the following:

A : Output is limited only at acceleration time and deceleration time
for gradual acceleration/deceleration, and the rated output is used
for steady-state rotation. (Setting data: 1, 4, or 7)

(Function similar to soft start/stop)

B: Maximum output is used at acceleration time and deceleration
time, and output is limited in steady-state rotation. (Setting data:
2,5,0r8)

C: Using the same motor and amplifier, a machine with a different
output specification is produced. (Setting data: 3, 6, or 9)
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Setting data

Description
Pattern 1|Pattern 2 |Pattern 3
No output limitation is imposed. 0 0 0
A. Output is limited only at acceleration time
S 1 4 7
and deceleration time.
B. Output is not limited at acceleration time
and deceleration time, but output is 2 5 8
limited in steady-state rotation.
C.Output is limited in all operations. 3 6 9

[Output limitation pattern 1]--- Setting data=1, 2, 3 ---

Output
Pm Catalog value
Pout i Limit value
0 Speed
0 Nb Nm
Pout — Setting in parameter No. 4029 <Pm
100
[Output limitation pattern 2]--- Setting data =4, 5, 6 ---
Output
Pm Catalog value
Pout Limit value
0 Speed
0 Nb Nm
Setting in parameter No. 4029
Pout = ginp xPm

100
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15i 16i 30i
3029 4029 4029

Unit of data :
Valid data range :
Standard setting value :

15i 16i 30i
3030 4030 4030

Unit of data :

Valid data range :
Standard setting value :

[Output limitation pattern 3]--- Setting data=7, 8, 9 ---

Output
Pm l l Catalog value
l Limit value
0 Speed
0 Nb Nout Nm
Nout = 100 Nb

Setting in parameter No. 4029 *

Output limitation value

1%

0 to 100

100

This parameter sets a desired limitation value, with the maximum
output (overload tolerance) being 100%.

This setting becomes valid when output is limited by setting parameter
No. 4028.

Soft start/stop setting time

Imin"'/sec (Unit of 10min"/sec when bit 2 (SPDUNT) of parameter
No. 4006 = 1)

0 to 32767

0

This parameter sets an acceleration value (speed change rate) when the
soft start/stop function is enabled (when the soft start/stop signal
SOCNA =1).

NOTE
When 0 is set, the soft start/stop function is disabled.
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15i 16i 30i
3040 4040 4040
3041 4041 4041

Unit of data :
Valid data range :
Standard setting :

15i 16i 30i
3048 4048 4048
3049 4049 4049

Unit of data :
Valid data range :
Standard setting :

15i 16i 30i

3056 4056 4056
3057 4057 4057
3058 4058 4058
3059 4059 4059

Unit of data :
Valid data range :

Standard setting :

CTH1A=0
CTH1A=1

Velocity loop proportional gain on velocity control mode (HIGH)

Velocity loop proportional gain on velocity control mode (LOW)

0 to 32767

10

This data is used to set the velocity loop proportional gain on velocity
control mode.

When the input signal CTHIA = 0, (HIGH) is selected. When the
input signal CTH1A =1, (LOW) is selected.

CTH1A=0
CTH1A=1

Velocity loop integral gain on velocity control mode (HIGH)

Velocity loop integral gain on velocity control mode (LOW)

0 to 32767

10

This data is used to set the velocity loop integral gain on velocity
control mode.

When the input signal CTH1A = 0, (HIGH) is selected. When the
input signal CTHIA = 1, (LOW) is selected.

Gear ratio (HIGH) CTH1A=0, CTH2A=0

Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1

Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0

Gear ratio (LOW) CTH1A=1, CTH2A=1

(Motor rotation for one rotation of spindle) / 100
(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000)
0 to 32767
100
These data are used to set the gear ratio between spindle and spindle
motor.
Example :
When the spindle rotates once, set "250" as the data when the
motor rotates 2.5 times.
A parameter is selected with the CTH1A and CTH2A input signals.
Set the gear or clutch status to correspond to the clutch/gear signal
(CTHI1A, CTH2A).

NOTE
When an improper value is set in these parameters,
an unexpected operation can occur. For example,
the spindle can continue rotating without stopping at
the time of orientation. So, be sure to set a proper

gear ratio.
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15i 16i 30i
3081 4081 4081

Unit of data :
Valid data range :
Standard setting value :

15i 16i 30i
3082 4082 4082

Unit of data :
Valid data range :
Standard setting value :

| Delay time until the motor power is turned off |

10ms

0 to 1000

20 (200ms)

This parameter sets a period of time from the stop of the motor
(detection of the speed zero detection signal SSTA set to 1) until the
power to the motor is turned off if the SFR/SRV signal is off.

NOTE
When a small value is set in this parameter, the
motor can coast after the power to the motor is
turned off.

| Setting of acceleration/deceleration time

Isec

0to 255

10

This parameter sets a period of time in which alarm detection is
disabled by assuming that the spindle motor is being accelerated or
decelerated even if the velocity error exceeds the velocity error excess
alarm (SPM alarm 02) level after start of acceleration/deceleration on
the velocity control mode.

In the velocity control mode, a step-by-step speed command is
specified. So, the spindle motor cannot follow up the command
immediately after start of acceleration/deceleration, and the velocity
error exceeds the velocity error excess alarm level. This parameter is
used to prevent the velocity error excess alarm (SPM alarm 02) from
being  detected incorrectly immediately after start of
acceleration/deceleration.

NOTE
With a machine tool such as a lathe that has a large
load inertia, the acceleration/deceleration time
becomes longer. In such a case, set the value
corresponding to the acceleration/deceleration time
of the machine in this parameter.
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15i 16i 30i
3083 4083 4083

3136 4136 4136

Unit of data :
Valid data range :
Standard setting :

15i 16i 30i

3171 4171 4171
3172 4172 4172
3173 4173 4173

3174 4174 4174

Unit of data :
Valid data range :
Standard setting value :

Motor voltage setting on velocity control mode

Motor voltage setting on velocity control mode (for low-speed characteristics)

1%

0to 100

Depends on the motor model.

This parameter sets the motor voltage under the no-load condition in
velocity control mode.

The motor voltage to be set depends the motor model, the most usual
setting is 30.

If an abrupt application of a heavy load in the no-load condition
lowers the motor speed, adjust this parameter to around 50 to 70 to
improve the torque response characteristic.

Note that, however, setting a large value causes heating and large
activation sound during no-load motor operation.

Denominator of an arbitrary gear ratio between the motor sensor and spindle

(HIGH) CTH1A=0
Numerator of an arbitrary gear ratio between the motor sensor and spindle
(HIGH) CTH1A=0
Denominator of an arbitrary gear ratio between the motor sensor and spindle
(LOW) CTH1A=1
Numerator of an arbitrary gear ratio between the motor sensor and spindle
(LOW) CTH1A=1

0 to 32767

0

These parameters set conversion coefficients (numerator,
denominator) for using the detection arbitrary gear ratio function
(DMR function) by multiplying a motor sensor (Mi sensor) feedback
signal by a gear ratio to produce a spindle position feedback signal.
When the spindle rotates Q times while the motor shaft rotates P times
(there is no common divisor other than 1 for P and Q), the settings are:
No. 4171 (No. 4173 when CTHIA=1)=P
No. 4172 (No. 4173 when CTHIA =1)=Q
When 0 is set in any of these parameters, the setting of 1 is assumed.

NOTE

1 When performing feed per revolution with the
detection arbitrary gear ratio function (DMR
function), set an arbitrary gear ratio between the
motor sensor and spindle in this parameter.

2 Threading using the detection arbitrary gear ratio
function (DMR function) is not supported.
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15i 16i 30i

3508 4508 4508 Rate of change in acceleration at soft start/stop |

Unit of data:  10min™'/sec’
Valid data range : 0 to 32767
Standard setting : 0
This parameter sets the jerk (the rate of change in acceleration) when
the soft start/stop function is enabled (soft start/stop signal SOCNA =

D).
Acce1leration in velocity command
(min"/sec)
N
"""""""""""""""""" A
> Increase in
acceleration
Initial
Y... acceleration
> Time(sec)
< T >
Starts changing velocity command
issued from CNC at this point.
Increase in acceleration = 10 x setting in parameter No. 4508 x T
Initial acceleration = Setting in parameter No. 4030

1 This parameter is valid with 9D50 Series G (07)
edition or later and 9D70 series A (01) edition or
later.

2 If O is set, a liner type velocity command is observed
when the soft start/stop function is enabled.
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2.1.7  Troubleshooting

If the spindle motor does not operate normally, take an action by
referencing the items listed below according to the state of trouble.
For an action to be taken when an alarm is issued, refer to the

maintenance manual.

State of trouble

(i)

When the motor does not rotate

(ii)

When the motor does not rotate at a specified speed

(iii)

When the motor vibrates and makes an abnormal sound when
rotating

(iv)

When an overshoot or hunting occurs

v)

When the cutting capability is degraded

(vi)

When the acceleration/deceleration time is long

(i) When the motor does not rotate

(1) Check the connections. (Refer to Descriptions.)

(a) Motor power line phase order

(b) Feedback signal cable connection

(c) DC link connection between the power supply module and
spindle amplifier module

2

Check the parameter settings.
(a) Parameter data for each motor model
(b) Detector-related parameter data (Refer to Subsec. 1.3.2 in

Part1.)

(c) Setting of a maximum motor speed

15i

16i

30

Description

3020

4020

4020

Maximum motor speed

(d) Parameters related to spindle speed specification
For Series 16i/181/21i
“FANUC Series 16i/18i/21i-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Section 9.3 “SPINDLE SPEED CONTROL.”
For Series 30i/311/32i
“FANUC Series 30i/31i/32i-MODEL A
CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.3 “SPINDLE SPEED CONTROL.”
For Series 15i
“FANUC Series 15--MODEL B
CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.3 “SPINDLE SPEED CONTROL.”
For Series 0i
“FANUC Series 0i-MODEL C
CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Section 9.3 “SPINDLE SPEED CONTROL.”




B-65280EN/05 FANUC AC SPINDLE MOTOR «i series  2.EXPLANATION OF OPERATION MODES

(3) Check the input signals.
(a) Input signals for spindle control (PMC — CNC)

15i 16i 30i #7 #6 #5 #4 #3 #2 #1 #0
1st- G227 G070 G070 MRDYA SFRA SRVA
2nd- G235 G074 G074 MRDYB SFRB SRVB
1st- G226 G071 G071 *ESPA
2nd- G234 G075 G075 *ESPB

(4) Check the feedback signal.

(a) Feedback signal level (Refer to Maintenance Manual.)

(b) Shielding and grounding (Refer to Descriptions.)
(ii) When the motor does not rotate at a specified speed
(1) Check the connections. (Refer to Descriptions.)
(a) Motor power line connection

(b) Feedback signal cable connection point

(2) Check the parameter settings.
(a) Parameter data for each motor model

(b) Detector-related parameter data (Refer to Subsec. 1.3.2 in

Part1.)
(c) Setting of a maximum motor speed
15i 161 30i Description
3020 4020 4020 Maximum motor speed

(d) Parameters related to spindle speed specification
For Series 16i/18i/21i
“FANUC Series 16i/18i/21i-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63523EN-1

Refer to Section 9.3 “SPINDLE SPEED CONTROL.”

For Series 30i/31i/321
“FANUC Series 30i/31i/32i-MODEL A

CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.3 “SPINDLE SPEED CONTROL.”

For Series 151
“FANUC Series 15--MODEL B

CONNECTION MANUAL (FUNCTION) : B-63783EN-1

Refer to Section 9.3 “SPINDLE SPEED CONTROL.”

For Series 01
“FANUC Series 0i-MODEL C

CONNECTION MANUAL (FUNCTION) : B-64113EN-1

Refer to Section 9.3 “SPINDLE SPEED CONTROL.”

(3) Check the feedback signal.

(a) Feedback signal level (Refer to Maintenance Manual.)

(b) Shielding and grounding (Refer to Descriptions.)
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(iii) When the motor vibrates and makes an abnormal sound when rotating

(1) Check the feedback signal.
(a) Feedback signal level (Refer to Maintenance Manual.)
(b) Shielding and grounding (Refer to Descriptions.)

(2) Check the parameter settings.
The velocity loop gain may be too large. Adjust the following

parameters:
15i 16i 30: Description Setting data

Velocity loop proportional gain

3040 4040 4040 (HIGH)

3041 4041 4041 Velocity loop proportional gain .
(LOW) Decrease the setting
Velocity loop integral gain values.

3048 4048 4048 (HIGH)

3049 4049 4049 Velocity loop integral gain
(LOW)

(3) Make a comparison with the case of motor coasting.

If vibration and sound produced when the motor coasts are
extremely smaller than those produced when the motor is driven,
the control circuit is faulty. If sound produced remains
unchanged, the motor or the machine may be faulty. If the
feedback signal cable from the motor is disconnected during
motor rotation, an alarm is issued, and the motor coasts. Before
performing the coasting of the motor, consult with the machine
tool builder for confirmation. Depending on the sequence, the
brake may be applied.

(iv) When an overshoot or hunting occurs
(1) Check the parameter settings.

(a) The velocity loop gain may be too large. Adjust the
following parameters:

15i 16i 30: Description Setting data

Velocity loop proportional gain

3040 4040 4040 (HIGH)

3041 4041 4041 Velocity loop proportional gain .
(LOW) Decrease the setting
Velocity loop integral gain values.

3048 4048 4048 (HIGH)

3049 4049 4049 Velocity loop integral gain
(LOW)
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(v) When the cutting capability is degraded

1st-
2nd-

151
G227

G235

16i
G070

G074

(1)

Check the parameter settings.
(a) Parameter data for each motor model
(b) Output limitation pattern and output limitation value

15i 161 30i Description
3028 4028 4028 Output limitation pattern setting
3029 4029 4029 Output limitation value
(2) Check the input signals.
(a) Torque limitation commands (TLMH, TLML)
30i #7 #6 #5 #4 #3 #2 #1 #0
G070 TLMHA | TLMLA
G074 TLMHB | TLMLB
(3) Check the machine.

(a) Belt tension, and so forth

(vi) When the acceleration/deceleration time is long

1st-
2nd-

151
G227
G235

16i
G070
G074

(1)

Check the parameter settings.
(a) Parameter data for each motor model
(b) Output limitation pattern and output limitation value

15i 161 30i Description
3028 4028 4028 Output limitation pattern setting
3029 4029 4029 Output limitation value
(¢) Regenerative power limitation (Check if the same value as
in the parameter table for each motor model is set.)
15i 161 30i Description
3080 4080 4080 Regenerative power limitation
3166 4166 4166 Regenerative powerllmlmtanon (for
low-speed characteristics)
(2) Check the input signals.
(a) Torque limitation commands (TLMH, TLML)
30i #7 #6 #5 #4 #3 #2 #1 #0
G070 TLMHA | TLMLA
G074 TLMHB | TLMLB
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2.2  POSITION CODER METHOD SPINDLE ORIENTATION

2.2.1 Start-up Procedure

A. Check that operation in the velocity control mode is enabled.

B. Prepare and check the ladder program for spindle orientation.

i
C. Set the parameters related to spindle orientation or detector.

J

D. Check the position detect signal (position coder signal).

l

Tox NG

F. Set and check the direction used for orientation.
- Set the direction of rotation used for orientation.

v
G. Adjust the orientation stop position.
- Detection level for the orientation completion signal
- Orientation stop position shift
- Orientation stop position

E. Check whether orientation is performed.

H. Adjust the orientation speed.
- Position gain for orientation
- Motor speed limit ratio for orientation
- Orientation speed

v

I. Adjust the orientation stop (to eliminate overshoot and ensure stop-time rigidity).
- Position gain for orientation
- Velocity loop proportional gain for orientation
- Velocity loop integral gain for orientation
- Motor voltage for orientation
- Rate of change in position gain upon orientation completion

l

J. Check ATC operation.
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2.2.2

Overview

2.2.3

Feature

Unlike a function for stopping the spindle at a predetermined position
mechanically, for example, by using a stopper, the spindle orientation
function stops the spindle at a predetermined position by directly
reading the position feedback signal from a position detector attached
to the spindle of the machine.

NOTE

To use this function, the CNC software option is
required.

(1)

2)

)

4)

)

(6)

(7

Elimination of a mechanical section used for stopping at a
predetermined position

Only a position detector needs to be connected to the spindle. A
mechanical section (such as a stopper and pin) used to
mechanically stop the spindle at a predetermined position for
spindle orientation is unnecessary.

Reduction in orientation time

A spindle motor attached to the spindle is used. So, orientation is
enabled directly at high speed, independently of gear shifting,
thus resulting in a remarkable reduction in orientation time.
Simplified power magnetic sequence

The required sequence consists of only a command for stopping
at a predetermined position, completion signal, and clutch/gear
signal. No other signals are required. Sequences for an
orientation speed command and torque limitation command are
unnecessary.

Reliability

This function is based on a purely electric method. So, an
external shock does not damage the mechanical section, thus
improving reliability.

High precision and high rigidity

The precision and rigidity of the spindle stopping at a
predetermined position are sufficiently high for tool change
operation (ATC).

Workpiece positioning

On a lathe, a workpiece can be positioned to align the workpiece
attachment/detachment direction.

Reduction in the number of processes in boring

When a boring process ends, the workpiece can be positioned in
the same direction as the direction of spindle rotation. So, the
workpiece is not damaged by the tool tip.

Moreover, the tool tip can be attached or detached in a constant
direction relative to the workpiece, so that a program can be
created easily.
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2.2.4  System Configuration

The system configurations that enable the use of the position coder
method orientation function are shown below.

(1) When the a position coder is used

Spindle motor with built-in Mi sensor
O (or MZi sensor)

JYA2 |: Spindle
o position coder

SPM L
TYPE A

—
L1

JYA3

Directly connected or connected with a gear or timing
belt at a ratio of 1:1

(2) When the a position coder S is used
Spindle motor with built-in Mi sensor
o (or MZi sensor)

JYA2 |: Spindle
o position coder S ]
SPM L
TYPE B
Jyas LY
Directly connected or connected with a gear or timing belt

at a ratio of 1:1

(3) When the built-in motor is used
BZi sensor or CZi sensor

= Spindle+
u Bult-in motor
—
i
SPM
TYPE A
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(4) When the spindle motor with built-in MZi sensor is used
Spindle motor with built-in MZi sensor

O —
JYA2 |: Spindle
SPM L |
TYPE A
Directly connected or connected with a gear or timing belt
at a ratio of 1:1

(5) When the separate type BZi sensor or separate type CZi sensor is used
Spindle motor with built-in Mi sensor

(or MZi sensor)

JYA2 l:]_/ Spindle
SPM
TYPE B
H
Jyaq ] BZi sensor or CZi sensor
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(6) When the external one-rotation signal (proximity switch) is used

Spindle motor with built-in Mi sensor

(or MZi sensor)
O I

SPM

External one-rotation
TYPE A signal switch (proximi
[:-]switch)
Jyas

Spindle

JYA2 [

ty

Gear or timing belt

1

NOTE

For stable detection of the one-rotation signal, fix the
rotation direction (bits 3 and 2 of No. 4003) for
orientation at one direction.

Set the type (bits 3 and 2 of No. 4004) of the
external one-rotation signal (proximity switch).

For stable detection of the one-rotation signal, set an
orientation speed (No. 4038) from 50 to 100 min™
according to the specification of the external
one-rotation signal (proximity switch).

The detection of the one-rotation signal starts after
the orientation speed is reached.

Set the parameters (No. 4171 to No. 4174) for the
numerator/denominator of an arbitrary gear ratio
between the motor sensor and spindle.

2.2.5  Stop Position Specification Method

specification method

Stop position Description

Parameter-based
specification

Set the number of pulses (4095 pulses) from the
one-rotation signal to a stop position (360° = 4096
pulses).

Specify the number of pulses (0 to 4095 pulses)
from the one-rotation signal to a stop position with

External setting for stop [a PMC signal (360° = 4096 pulses). The sum of
position specification the number of pulses set in the parameter and the

number of pulses specified with a PMC signal
represents a final stop position.

-54 -




B-65280EN/05 FANUC AC SPINDLE MOTOR «i series  2.EXPLANATION OF OPERATION MODES

2.2.6

I/0 Signals (CNC <& PMC)

(1) Address list of Input signals (PMC — CNC)

1st-
2nd-

1st-
2nd-

1st-
2nd-

1st-
2nd-

15i
G227
G235

G229
G237

G230
G238

G231
G239

161
G070
G074

G072
G076

G078
G080

G079
G081

30i
G070
G074

G072
G076

G078
G080

G079
G081

#7 #6 #5 #4 #3 #2 #1 #0
ORCMA CTH1A | CTH2A
ORCMB CTH1B | CTH2B

NRROA | ROTAA | INDXA

NRROB | ROTAB | INDXB

SHAO07 | SHA06 | SHA05 | SHA04 | SHA03 | SHA02 | SHA01 | SHAO00

SHB07 | SHB06 | SHB05 | SHB04 | SHB03 | SHB02 | SHB01 | SHBO00

SHA11 | SHA10 | SHA09 | SHA08

SHB11 | SHB10 | SHB09 | SHB08

(2) Details of input signals (PMC — CNC)
(a) Orientation command (ORCMA)

(iv)

(vi)

This signal is used to stop the spindle at a predetermined position
in order to change the tool or attach or detach a workpiece.

If this signal is set to 1, the spindle, when rotating, is
immediately decelerated to stop at a predetermined position.

(i) If an orientation command is issued for safety, set the

forward/reverse spindle rotation command (SFRA/SRVA) and
the speed command to 0. With these settings, the spindle does
not start rotation even if ORCMA is set to 0 during tool change
operation.

Set this signal to 0 with the tool change completion signal or the
workpiece attachment/detachment completion signal.

At power-on time, be sure to set the orientation command signal
to 0.

If an alarm is issued or an emergency stop operation is performed
during orientation, ensure that the orientation command signal is
reset (to 0). At power-on time, return the ATC arm to a safe
position so that the arm and associated equipment are not
damaged when the spindle and tool rotate.
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(b) Clutch/gear signals (CTH1A, CTH2A)

(1)

(i)

These signals are used to select spindle control parameters
(position gain, gear ratio, and velocity loop gain) when there are
two or more gear change stages between the spindle and spindle
motor.

Make settings as indicated in the table below according to the
state of the clutch or gear. The names such as HIGH GEAR are
given for convenience, and the correspondence to the actual
gears is free.

CTH1A CTH2A
0 0 HIGH GEAR
0 1 MEDIUM HIGH GEAR
1 0 MEDIUM LOW GEAR
1 1 LOW GEAR

(c) Spindle orientation stop position change command (INDXA)

(1)

(ii)

(iii)

(iv)

This signal is used to change to another orientation position after
a spindle orientation operation is performed by stop position
external setting type orientation.

This signal is valid when the spindle orientation command
(ORCMA) = 1.

When this signal makes a transition from 1 to 0, the spindle is
oriented to the position (arbitrary position in one rotation:
absolute position command) specified by new stop position data
(SHA11 to 00) within one rotation.

The direction of orientation rotation is specified by the shortcut
command (NRROA) and the rotation direction command
(ROTAA).

This function is valid when the CNC parameter for the stop
position external setting type orientation function is set.

(d) Spindle orientation stop position change shortcut command (NRROA)

(1)

(i)

This signal is used for shortcut (within £180 degrees) positioning
at the next stop position when a rotation direction is specified to
change the orientation position after a spindle orientation
operation.

When this signal is set to 1, shortcut positioning is performed,
regardless of the spindle orientation stop position change rotation
direction command (ROTAA).

(e) Spindle orientation stop position change rotation direction command (ROTAA)

(1)

(i)

This signal is used to specify a rotation direction when the
orientation position is successively changed to another
orientation position after a spindle orientation operation.

When this signal is set to 0, the spindle rotates CCW and stops.
When this signal is set to 1, the spindle rotates CW and stops.
This signal is valid when the spindle orientation stop position
change shortcut command (NRROA) is set to 0.
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(f) Spindle orientation external stop position command (SHA11 to SHA00)
(1) With the stop position external setting type spindle orientation
function, a stop position is set. A stop position is determined by
the expression indicated below. This command specifies an

absolute position during one rotation.
11

360 ;
St ition (d =— 2" x Pi
op position (degrees) 2096 X ;( x Pi)
Pi=0 when SHAi= 0. Pi =1 when SHAi = 1.
(il) When the stop position external setting type spindle orientation
function is used, the position coder method spindle orientation
stop position setting parameter (No. 4031) is invalid.

(3) Address list of output signals (CNC — PMC)

15i 161 30i #7 #6 #5 #4 #3 #2 #1 #0
1st-  F229 F045 F045 ORARA

2nd-  F245 F049 F049 ORARB

(4) Details of output signals (CNC — PMC)

(a) Orientation completion signal (ORARA)

(1) This signal is set to 1 when the spindle stops in the neighborhood
of a predetermined position (£1°, for example) after an
orientation command is input.

ORARA is set to 1 when the following three conditions are

satisfied:

- ORCMA=“1”

- SSTA(speed zero detection signal)="“1"

- The spindle is in the neighborhood of a predetermined
position.

The condition for the neighborhood of a predetermined position

is set using parameter No. 4075 (orientation completion signal

detection level). Only when all of the three conditions are

satisfied, the orientation completion signal is output. Such a state

that the orientation completion signal is not output when a certain

time has elapsed after the input of an orientation command is

abnormal. In this case, issue an orientation alarm by detecting

this state with a power magnetic sequence.

(il)) When this signal is set to 1, start a tool change operation and
workpiece attachment/detachment operation.
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(iii)) The orientation completion signal is output when the spindle is in

the neighborhood of a predetermined position. This means that
this signal does not represent a complete stop signal. With some
machines, the operation time for the arm to grasp the tool of the
spindle may be short. In this case, insert a time (0.1 to 0.5
second) before operating the arm for ATC so that the arm grasps
the tool when the spindle has stopped completely.

Speed zero detection point

Spindle speed . // Neighborhood of stop position

Y
Orientation completion lHj\
signal ORARA <

ATC arm operation |

start signal

Chattering

4__.>| 0.1to 0.5 sec

(iv) This signal is set to 0, for example, when the spindle is moved

)

out of the neighborhood of a predetermined stop position as in a
case where an external force is applied. In this case, use a
sequence that stops tool change operation. However, do not
cancel the orientation command, but execute a tool change
operation after the orientation completion signal is set to 1 again.
If the ATC of the machine has a structure that can cause a serious
accident such as destruction due to a circuit failure, create a
signal for indicating an automatic tool change enable area by
using a proximity switch to make a double safety check with a
power magnetic sequence before changing the tool.
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2.2.7 Examples of Sequences

(1) Orientation command at stop time

Orientation command -

ORCMA 0 0
|
\ S'°°l Stop
Motor speed CW direction ) r/ \
cow drrecion /11 N\Note /|
e ! =) |-
15~20 ms
1
Orientation completion 0 ' [2
signal
ORARA ggecration
A
ATC operation {f>

n =

Start Completion

NOTE
The rotation direction of the spindle motor can be
selected by parameter settings. By default, the
spindle rotates in the direction specified before the
orientation command signal is issued and then it
stops at a predetermined position.

(2) Orientation command during high-speed rotation

Rotation command 1
SFRA, SRVA 1 0
1
T
Orientation command - 0 : 0

ORCMA High-speed

Deceleration
CW direction ;"\ &~
:: Stop
Motor speed

N
—t "
15~20 ms

CCW direction _’"

Orientation completion signal 0 0
ORARA —

ATC
operation

ATC operation \L%_,
Start Completion
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(3) Stop position external setting type spindle orientation
A

Spindle orientation command
ORCMA ! ,

Ithl |t|t| |t|t|":
| ) D | O - -, it

Spindle orientation stop position

command SHAQ0-11 / N\ / A N / ] N\

ot Cto
€ >y - |

[ ] [

Spindle orientation stop position
change command INDXA

Spindle orientation stop position
change rotation direction command
ROTAA

Spindle orientation stop position

| |
1 1 1 1 \
change shortcut command NRROA : ' : Pt
i | ; o
! : ! P
: ! ! ot
' 1
Motor speed CW direction /—\ Stop <1> l \  Stop <2> Stbp <é,>
CCWdirecion % /i Ly SR
\ ;! ! (] \
vo—a !t ! ] \
] 1 ' 1
\ ! by \
\ \| ! *
Spindle orientation completion signal m
ORARA :
NOTE
Set t = 50 msec or more.
Stop <1>
e  Predetermined stop position based on the normal orientation
command

e  The rotation direction of the spindle motor is determined by
parameter setting.

e  After the power is turned on, the spindle rotates at the orientation
speed and seizes the one-rotation signal before stopping at a
predetermined position for the first time. After the first stop, the
spindle stops at a predetermined position within one rotation.

e  When the stop position external setting type spindle orientation
function is used, the spindle stops at a predetermined position
after shifting by the stop position data read on the rising edge of
the spindle orientation command signal if the data of the spindle
orientation stop position command SHAO00-SHA11 is set after
the first stop.

Stop <2>, <3>

e  Predetermined stop positions based on the stop position external
setting type spindle orientation function
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e The rotation direction of the spindle motor depends on the
spindle orientation stop position change rotation direction
command (ROTAA) and the spindle orientation stop position
change shortcut command (NRROA).

NOTE
The spindle orientation stop position change
command INDXA is valid only when the spindle
orientation command ORCMA is set to 1.
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2.2.8

Related Parameters

Parameter No.

157 16i 307 Description
301540 401540 401540 Specifies whether to us.e the spin(.ﬂe orientation function. (Set this bit to 1.)
(The CNC software option is required.)
Specifies whether to use the spindle orientation function with the stop
5609#2 3702#3,#2 372940 position external setting type. (For 16i, #2: First spindle, #3: Second spindle)
3003#0 4003#0 4003#0 Choice of orientation method (To be set to 0 for the position coder method)
3003#3,#2 | 4003#3,#2 | 4003#3,#2 | Direction of rotation in spindle orientation
3017#7 4017#7 4017#7 Shortcut function when orientation is specified in stop state
Stop position for position coder method orientation
3031 4031 4031 (This parameter is disabled when spindle orientation with an externally set
stop position or an externally set incremental command is used.)
3042 4042 4042 Velocity loop proportional gain for orientation
3043 4043 4043 (A parameter is selected by the CTH1A input signal.)
3050 4050 4050 Velocity loop integral gain for orientation
3051 4051 4051 (A parameter is selected by the CTH1A input signal.)
Spindle-to-motor gear ratio
3056 to 3059|4056 to 4059/4056 to 4059 (A parameter is selected by the CTH1A and CTH2A input signals.)
Position gain for orientation
3060 to 3063|4060 to 4063|4060 to 4063 (A paramgeter is selected by the CTH1A and CTH2A input signals.)
3064 4064 4064 Rate of change in the position gain upon completion of spindle orientation
3075 4075 4075 Detection level for the spindle orientation completion signal
3076 4076 4076 Speed limit ratio for spindle orientation
3077 4077 4077 Spindle orientation stop position shift
3084 4084 4084 Motor voltage for spindle orientation
3038 4038 4038 Spindle orientation speed
3171 4171 4171 Denominator of an arbitrary gear ratio between the motor sensor and spindle
3173 4173 4173 (A parameter is selected by the input signal CTH1A.)
3172 4172 4172 Numerator of an arbitrary gear ratio between the motor sensor and spindle
3174 4174 4174 (A parameter is selected by the input signal CTH1A.)
NOTE

1

3

For the parameters related to detectors, see the Section 1.3
‘PARAMETERS RELATED TO DETECTORS” in the Part I.

2 For velocity loop proportional/integral gain adjustment, see
Section 4.1, "VELOCITY LOOP GAIN ADJUSTMENT", in Part I.
When using the external one-rotation signal (proximity switch), fix
the orientation-time rotation direction (bits 3 and 2 of No. 4003) at
one direction.

When using the external one-rotation signal (proximity switch), set
the type of the external one-rotation signal (bits 3 and 2 of No.

4004).

When using the external one-rotation signal (proximity switch), set
an orientation speed from 50 to 100 min™ (No. 4038) according to
the specification of the used external one-rotation signal.

When using the external one-rotation signal (proximity switch), set
the numerator/denominator of an arbitrary gear ratio between the

motor sensor and spindle (No. 4171 to No. 4174).
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2.2.9 Details of Related Parameters

15i 16i 30 #7 #6 #5 #4 #3 #2 #1 #0
3003 4003 4003 | | | | | bircT2 | DIRCT1 | lpcmasL|

DIRCT2, DIRCT1  Setting of rotation direction at spindle orientation

DIRCT2 | DIRCT1 Rotation direction at spindle orientation

0 0 By rotation direction immediately before
(Itis CCW at the power on.)

0 1 By rotation direction immediately before
(Itis CW at the power on.)

1 0 CCW (counterclockwise) direction looking from shaft
of motor

1 1 CW (clockwise) direction looking from shaft of motor

NOTE

When using the external one-rotation signal
(proximity switch), fix the orientation-time rotation
direction at CCW or CW for stable detection of the
one-rotation signal.

(Bits 3, 2 of No. 4003)=1,00r 1, 1)

PCMGSL  Selects the type of orientation.
Set this bit to 0 (orientation by a position coder).

15i 16i 30i #7 #6 #5 #4 #3 #2 #1 #0

3004 4004 4004 | | | | | RFTYPE | EXTRF | |

EXTRF, RFTYPE Sets the external one-rotation signal (proximity switch).

RFTYPE | EXTRF External one-rotation signal (proximity switch)
0 0 None
0 1 Detects the rising edge.
1 1 Detect the falling edge.

NOTE

When using the external one-rotation signal
(proximity switch), set the type of the external
one-rotation signal (proximity switch) by using this
parameter.
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15i 16i 30i
3017 4017 4017

NRROEN

15i 16i 30i
3031 4031 4031

Unit of data :
Valid data range :
Standard setting :

15i 16i 30i
3038 4038 4038

Unit of data :

Valid data range :
Standard setting :

#7 #6 #5 #4 #3 #2 #1 #0
weroew| | | | | | | ]

Specifies whether to use the shortcut function when orientation is
specified in the stop state.

0: Does not use the function.

1: Uses the function.

When this bit is set to 1, short cut operation is performed when the
following conditions are satisfied:

e  Bit 7 of parameter No. 4016 (RFCHK3) is set to 0.

e  Zero speed detection output signal SST is set to 1.

e  Shortcut command input signal NRROA is set to 1.

Position coder method orientation stop position

1 pulse unit (360 degrees/4096)

0 to 4096

0

This data is used to set the stop position of position coder method
spindle orientation. It can be set at every 360 degrees/4096.

When stop position external command type orientation and
incremental command external type orientation are set, this parameter
becomes invalid.

Stop position command (SHA11-SHAO00) of input signal instructed
becomes valid.

| Spindle orientation speed |

Imin” (10min” when bit 2 of parameter No.4006(SPDUNT) is set to
1)

0to 32767

0

This parameter sets the orientation speed at the end of the spindle.
When 0 is specified for this parameter, the orientation speed is
determined depending on the position gain and the motor speed limit
ratio for orientation.

NOTE
When using the external one-rotation signal
(proximity switch), set an orientation speed from 50
to 100 min™' according to the specification of the
used external one-rotation signal (proximity switch)

for stable detection of the one-rotation signal.
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15i
3042
3043

16i
4042
4043

30i
4042
4043

Unit of data :
Valid data range :
Standard setting :

15i
3050
3051

16i
4050
4051

30i
4050
4051

Unit of data :
Valid data range :
Standard setting :

15i 16i 301
3056 4056 4056
3057 4057 4057
3058 4058 4058
3059 4059 4059

Unit of data :
Valid data range :

Standard setting :

Velocity loop proportional gain on orientation (HIGH) CTH1A=0
Velocity loop proportional gain on orientation (LOW) CTH1A=1
0to 32767
10

This parameter sets the velocity loop proportional gain for spindle
orientation.

When the CTHIA input signal is set to 0, proportional gain for the
HIGH gear is selected. When the CTHI1A input signal is set to 1,
proportional gain for the LOW gear is selected.

Velocity loop integral gain on orientation (HIGH) CTH1A=0
Velocity loop integral gain on orientation (LOW) CTH1A=1
0 to 32767
10

This parameter sets the velocity loop integral gain for spindle
orientation.

When the CTHI1A input signal is set to 0, integral gain for the HIGH
gear is selected. When the CTH1A input signal is set to 1, integral
gain for the LOW gear is selected.

Gear ratio (HIGH) CTH1A=0, CTH2A=0
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1
Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0
Gear ratio (LOW) CTH1A=1, CTH2A=1

(Motor rotation for one rotation of spindle) / 100

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000)
0 to 32767

100

These parameters set the gear ratio of the spindle motor relative to the
spindle.

When the motor rotates 2.5 times, for every rotation of the spindle, for
example, set 250 in the parameter.

A parameter is selected by the CTHIA and CTH2A input signals.

The gear or clutch status must correspond to the status of the CTH1A
and CTH2A input signals.

NOTE
When an improper value is set in these
parameters, an unexpected operation can occur.
For example, the spindle can continue rotating
without stopping at the time of orientation. So, be

sure to set a proper gear ratio.
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15i 16i 30i

3060 4060 4060
3061 4061 4061
3062 4062 4062
3063 4063 4063
Unit of data :
Valid data range :

Standard setting :

15i 16i 30i
3064 4064 4064

Unit of data :
Valid data range :
Standard setting :

15i 16i 30i
3075 4075 4075

Unit of data :
Valid data range :
Standard setting :

15i 16i 30i
3076 4076 4076

Unit of data :
Valid data range :
Standard setting :

Position gain on orientation (HIGH)
Position gain on orientation (MEDIUM HIGH)
Position gain on orientation (MEDIUM LOW)

CTH1A=0, CTH2A=0
CTH1A=0, CTH2A=1
CTH1A=1, CTH2A=0
CTH1A=1, CTH2A=1

Position gain on orientation (LOW)

0.01sec”

0to 32767

1000

These parameters set the position gain for orientation.

A parameter is selected by the CTH1A and CTH2A input signals.

Modification rate of position gain on orientation completion

1%

0to 799

100

This data is used to set the modification rate of position gain on
spindle orientation completion.

Orientation completion signal detection level (limits of in-position)

+1 pulse unit (360 degrees/4096)

0to 100

10

This data is used to set the detecting level of orientation completion
signal (ORARA).

When the spindle position is located within the setting data on
orientation completion, the bit of orientation completion signal
(ORARA) in the spindle control signals is set to "1".

When the orientation command (ORCMA) is turned off (=
orientation completion signal (ORARA) is set to "0".

0), the

Motor speed limit ratio on orientation |

1%

0to 100

33

This data is used to set motor speed limit ratio on orientation.

The value calculated from the position gain (No. 4060 to No. 4063)
and this parameter as indicated below is used as an orientation speed
and reference position return speed on servo mode (rigid
tapping/spindle positioning).

Orientation speed of motor (motor speed)

60 x (Position gain)
100

(Speed limit ratio) = . _;
[min

G .
X ( ear ratlo) X 100

]
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15i
3077

16i
4077

30i
4077

Unit of data :
Valid data range :
Standard setting :

15i
3084

16i
4084

30i
4084

Unit of data :
Valid data range :
Standard setting :

15i  16i  30i
3171 M71 4171
3172 4172 4172
3173 4173 4173
3174 4174 4174
Unit of data :
Valid data range :

Standard setting :

Orientation stop position shift value |

*1 pulse unit (360 degrees/4096)

-4095 to 4095

0

In the position coder method orientation, set this data to shift stop
position.

Spindle is shift numbers of setting pulse in CCW direction, and stops
by data (+).

| Motor voltage setting on orientation

1%

0to 100

30

This parameter sets the motor voltage for orientation. Usually, set 30.
The value may vary, however, depending on the motor model.

Denominator of arbitrary gear ratio between motor sensor and spindle (HIGH)
CTH1A=0

Numerator of arbitrary gear ratio between motor sensor and spindle (HIGH)
CTH1A=0

Denominator of arbitrary gear ratio between motor sensor and spindle (LOW)
CTH1A=1

Numerator of arbitrary gear ratio between motor sensor and spindle (LOW)
CTH1A=1

0to 32767
0
These parameters set conversion coefficients (numerator,
denominator) for using the detection arbitrary gear ratio function
(DMR function) by multiplying a motor sensor (Mi or MZi sensor)
feedback signal by a gear ratio to produce a spindle position feedback
signal.
When the spindle rotates Q times while the motor shaft rotates P times
(there is no common divisor other than 1 for P and Q), settings are:
No. 4171 (No. 4173 when CTHIA=1)=P
No. 4172 (No. 4174 when CTHIA=1)=Q
When 0 is set in any of these parameters, the setting of 1 is assumed.

NOTE
When using the external one-rotation signal
(proximity switch), set an arbitrary gear ratio
between the motor sensor and spindle by using this

parameter.
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2.2.10 cCalculating the Position Gain for Orientation

(1) When the spindle orientation speed (parameter No. 4038) is set

2

3)

to 0, the orientation speed is determined using the following

expression:

Nori = 60 x PG xRori x GEAR

where,

Nori : Orientation speed (motor speed) [min™']

Rori:  Motor speed limit ratio for orientation
(parameter No. 4076)

PG : Position gain on orientation [sec']

(parameter Nos. 4060 to 4063)
GEAR : Spindle-to-motor gear ratio
(parameter Nos. 4056 to 4059)

The position gain for spindle orientation is obtained using the
following expression:

Tm
PG < -
21 X (Jrn + Jl)x Rorix GEAR

where,

PG : Position gain for orientation [sec™]
(parameter Nos. 4060 to 4063)

Tm : 30-min rated torque [Nm] for the motor when rotating
at Nori [min™']

Jm Rotor inertia [kgm?]

1) B Load inertia converted to motor shaft inertia [kgm®]

Rori : Motor speed limit ratio for orientation

(parameter No. 4076)
GEAR : Spindle-to-motor gear ratio
(parameter Nos. 4056 to 4059)

Calculation example when motor model a.6i is being used alone
T — 750(1[W]
1500[min '] 0.1047

=47.8[Nm]

Jm = 0.0179[kgm?]
Rori = 33[%]

PG |[— 48 =35.9[sec']
21x0.0179% 0.33
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2.2.11 Adjusting the Orientation Stop Position Shift Parameter

Adjust the orientation stop position shift parameter by following the
procedure below.

(1) Adjustment using diagnosis screen No. 445 (spindle position data
display) (161, 301)

(a) Specify parameters as follows:

No.3117#1=1 (to enable the display function of diagnosis
screen No. 445)

No.4016#7=0

No0.4031=0 (When external signals are used for setting, set
the SHA11 to SHAOO DI signals to 0.)

No0.4077=0

(b) Enter an orientation command (ORCMA) to stop
orientation.

(c) After orientation is stopped, check that diagnosis screen No.
445 displays 0.

Cancel the orientation command and set the emergency stop
state to deactivate the motor.

(d) Rotate the spindle manually to the position where you want
the spindle to stop then read the displayed value of
diagnosis screen No. 445.

(e) Set the displayed value of (d) as the parameter data for an
orientation stop position shift amount (parameter No. 4077).

Example:

Value displayed in No. 445 Value displayed in No. 445 when

when orientation is stopped = 0 = the spindle is rotated manually in

the emergency stop state = 1024

Value to be specified in the parameter No. 4077 = 1024

1

NOTE

The display function of diagnosis screen No. 445 is a
maintenance function. After completion of
adjustment, return the setting of bit 1 of parameter
No. 3117 to 0.

The FS15i does not have the spindle position data
display function.
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(2) Adjustment using the spindle check board

(a)

Specify parameters as follows:

No.4016#7=0

No0.4031=0 (When external signals are used for setting, set
the SHA11 to SHAOO DI signals to 0.)

No.4077=0

(b) To display the position coder counter under position control,
set the following on the spindle check board:
d-01=295
d-02=0
d-03=0
d-04=0

(c) Enter an orientation command (ORCMA) to stop
orientation.

(d) Once orientation stops, check that 00000 is displayed.
Cancel the orientation command and set the emergency stop
state to deactivate the motor.

(e) Manually position the spindle to the position where you
want the spindle to stop. Then, read the displayed value.

(f) Set the displayed value of (5) as the parameter data for an
orientation stop position shift amount.

Example:

Value displayed when Value displayed when the

orientation is stopped = 00000

spindle is positioned manually
after deactivating the motor =
01024

=

Value to be specified in the parameter No. 4077 = 1024
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2.2.12 cCalculating the Orientation Time

The time required for orientation differs between the first orientation
(before the one-rotation signal has first been detected) and the second
and subsequent orientations (once the one-rotation signal has been

detected).

(1) Before the one-rotation signal has first been detected(first
orientation)
The time, from the input of an orientation command until
orientation stops, is divided into four periods.
In the following figure, A indicates that the motor in the stop
state starts rotating and is accelerated to the orientation speed. B
indicates that the already rotating motor is decelerated to the
orientation speed.

t,:
t,:

Motor speed 4

Nori

—

Time required to achieve orientation speed Nori [sec]

Time from the detection of a one-rotation signal (0 to 1 rotation) after Nori is achieved, until the
number of pulses output before the next one-rotation signal has been checked [sec]

: Time from the completion of the checking of the number of pulses until deceleration starts [sec]
: Time from the start of deceleration until orientation is completed [sec]

'
'
'
'
'
'
'
'
'
L
0

> Time

E t1; te ; t3; ta

(a)

(b)

(c)

Normally, t; is measured on the actual machine.
Orientation speed Nori [min] is calculated from position
gain PG [sec'] and the motor speed limit ratio for
orientation Rori.
Nori = PG x 60 x Rori
t, is the time required for the motor to rotate one to two
turns at orientation speed Nori [min™].
1><69 <ty < ZXGQ
Nori Nori
1 2

-<ty < :

PG xRori PG xRori
t; is the time required for the motor to rotate zero to one
turns at orientation speed Nori [min™'].
0x60 1x60

— <ty < :

Nori ° Nori
_
PG x Rori

L 0<t, <
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2)

)

(d) t41is the time from the start of deceleration until orientation
has been completed.
Let the orientation completion width be within £10 pulses.
Then, t4 can be calculated as follows:
1 4096 x Rori
t, = ——xIn—o 01
PG 10
(e) Therefore, the orientation time t[sec](=t,+t,+t;+t;) can be
expressed as follows:
1 1 4096 x Rori 3
= In— <t <
PGxRori PG 10 PG xRori
1 4096 x Rori

+——1In
PG 10

t

Once the one-rotation signal has been detected (second and

subsequent orientations)

(a) Once the one-rotation signal has been detected, the time
required to detect the signal is no longer necessary.
Therefore, when orientation is started from the rotating state,
orientation time t[sec](=t,+t3+t4) is expressed as follows:
£, :Lln 4096 x Rori <t<t, + 1 . +L1n 4096 x Rori

PG 10 PGxRori PG 10

(b) Whenever orientation is started from the stop state,
orientation must be completed and the stop state entered
within one rotation. In this case, the orientation time t [sec]
is expressed as follows:

1-Rori N 1 0 4096 x Rori
PGxRori PG 10

0<t<

Calculation examples

Time required to achieve the orientation speed t; = 0.5 [sec]
Position gain PG = 20 [sec™]

Motor speed limit for orientation Rori = 0.33 (= 33%)

(a) Orientation time before the one-rotation signal has been

detected
054+ 1. 1,2096x033 . g 3
20x0.33 20 10 20x0.33
1 4096 x0.33
+—><ln—
20 10

2. 0.896[secl < t <1.196[sec]

(b) Orientation time when orientation is started from the
rotating state (once the one-rotation signal has been
detected)
0.5+Lxln4096xo'33£tﬁo.5+ 1 +L><1n4096><0.33

20 10 20x0.33 20 10

. 0.746[sec] <t < 0.896[sec]

(c) Orientation time when orientation is started from the stop
state (once the one-rotation signal has been detected)
1-033 1 n 4096 x0.33
20x0.33 20 10
. Olsec] < t < 0.346[sec]

0<t<
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2.3

RIGID TAPPING

Optional function

2.3.1

Start-up Procedure

2.3.2

A

Check that operation in the velocity control mode is enabled.

B.

Prepare and check the rigid tapping ladder program.

l

C.

configuration.

Set up the detector-related parameters according to the system

Specify to use the spndile sensor and spindle motor.

Specify the rotation direction of the spindle and motor and that of the
spindle and position coder.

Set up the gear ratio between the spindle and motor.

Specify an arbitrary gear ratio (for rigid tapping that uses a signal from
the built-in sensor when the gear ratio between the spindle and motor is

not 1:1).
v

. Adjust the parameters according to the adjustment procedure.

Maximum rotation speed and acceleration/deceleration time constant for
rigid tapping

Position gain for rigid tapping

Velocity loop proportional and integral gains for rigid tapping

Motor voltage for rigid tapping

Motor activation delay

b

. Check the precision by actually performing cutting.

If there is a problem with the precision of the machine, adjust the
acceleration/deceleration time constant and velocity loop gains again.

Overview

Rigid tapping is a function for performing high-precision tapping by
exercising position control so that the spindle rotation is synchronized
with tapping axis feed at all times.

This subsection describes the specifications of the rigid tapping
function related to the serial spindle.

NOTE

To use this function, the CNC software option is
required.
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2.3.3  System Configuration

The system configurations that enable the use of rigid tapping are
shown below.

(1) When the a position coder is used

Spindle motor with built-in Mi sensor
O (or MZi selsor)

JYA2 |:_ Spindle
o position coder

SPM L]
TYPE A

JYA3 |:—

Directly connected or connected with a gear or timing
belt at a ratio of 1:1

(2) When the a position coder S is used
Spindle motor with built-in Mi sensor
o (or MZi sensor)

JYA2 |: Spindle
o position coder S ]
SPM L
TYPE B
Jyas LY
Directly connected or connected with a gear or timing belt

at a ratio of 1:1

(3) When the built-in motor is used
BZi sensor or CZi sensor

= Spindle+
] Bult-in motor
JYA2 |:—| -
|
SPM
TYPE B
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(4) When the spindle motor with built-in Mi sensor (or MZi sensor) is used
Spindle motor with built-in Mi sensor
O (or MZi sensor)

JYA2 I: _Spindle %

SPM L |
TYPE A /
Directly connected at a ratio of 1:1
or
connected with a gear or timing belt at a ratio of m:n
NOTE

1  When performing rigid tapping by using a signal from
the sensor built into the motor as a position feedback
signal, use one of the following functions if the gear
ratio between the motor and spindle is other than 1:1

(a) Detection arbitrary gear ratio function (DMR

function)

(b) Command arbitrary gear ratio function (CMR

function)

2 When using the detection arbitrary gear ratio function
(DMR function), set the following:

- Parameters (No. 4171 to No. 4174) for the
numerator/denominator of an arbitrary gear ratio
between the motor sensor and spindle

3 When using the detection arbitrary gear ratio function
(DMR function) with a motor containing a built-in MZi
sensor, set bit 6 of No. 4007 to 1 so that the alarms
related to the position feedback signal (when non-Cs
contouring control is exercised) are not detected.

4 When using the command arbitrary gear ratio function
(CMR function) with FS16i, set the following:

- Enable the setting of an arbitrary gear ratio between
the spindle and position coder (bit 1 of No. 5200 = 1).

- Enable the setting of the command arbitrary gear
ratio function (CMR) on rigid tapping (bit 7 of No.
4006 = 1).

- Set the parameters for specifying the number of gear
teeth on the spindle side (No. 5221 to No. 5224).

- Set the parameters for specifying the number of gear
teeth on the position coder side (No. 5231 to No.
5234).

5 Reference position return can be performed when the
spindle is directly connected to the motor or when the
spindle is connected to the motor at a ratio of 1:1.
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(5) When the separate type BZi sensor or separate type CZi sensor is used
Spindle motor with built-in Mi sensor

(or MZi sensor)
e O) I |

JYA2 l:]_/ Spindle
SPM
TYPE B
H
Jyaq L BZi sensor or CZi sensor

(6) When the external one-rotation signal (proximity switch) is used
Spindle motor with built-in Mi sensor

(or MZi sensor)
O I

Spindle %
ty

SPM l: External one-rotation -
TYPE A signal switch (proximi
—Ewitch)
L

JYA3 [ Gear or timing belt

JYA2

NOTE

1 When using the external one-rotation signal
(proximity switch), use the detection arbitrary gear
ratio function (DMR function).

2 When using the detection arbitrary gear ratio
function (DMR function), set the following:

- Parameters (No. 4171 to No. 4174) for the
numerator/denominator of an arbitrary gear ratio
between the motor sensor and spindle

3 Set the type of the external one-rotation signal
(proximity switch) (bits 3 and 2 of No. 4004).

4 For stable detection of the one-rotation signal, set a
reference position return speed (No. 4074) from 50
to 100 min™ according to the specification of the
used external one-rotation signal (proximity switch).

5 When orientation based on the external one-rotation
signal is used together, match the reference position
return speed and direction with the orientation speed
and direction.
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2.3.4 List of /0O Signals (CNC < PMC)

This subsection provides a list of the I/O signals related to rigid
tapping only. For details of each signal, refer to the Connection
Manual (Function) of each CNC.
(a) For Series 16i/18i/21i
“FANUC Series 16i/18i/21:-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Section 9.11 “RIGID TAPPING.”
(b) For Series 30i/31i/32i
“FANUC Series 30i/31i/32i-MODEL A
CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.11 “RIGID TAPPING.”
(¢) For Series 151
“FANUC Series 15i-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.8 “RIGID TAPPING.”
(d) For Series 0i
“FANUC Series 0i-MODEL C
CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Section 9.10 “RIGID TAPPING.”

For details of the I/O signals common to the CNCs, see Chapter 3,
"I/O SIGNALS (CNC «> PMC)", in Part I.

(1) Input signals (PMC — CNC)
(a) Series 16i

#7 #6 #5 #4 #3 #2 #1 #0
SWS2 | sws1
co027 ¢ | ¢
G028 GR2 GR1
GR21
G029 (*2)
G061 RGTAP
NOTE

1 The rigid tapping of the second spindle is available
by the multi-spindle control function.
When SWS1 is set to 1 (regardless of whether
SWS2 is set to 0 or 1), rigid tapping is performed
using the 1st spindle. When SWS1 is set to 0, and
SWS2 is set to 1, rigid tapping is performed using
the 2nd spindle.

2 This signal is used when the rigid tapping of the
second spindle.
According to the GR21 signal, the individual gear
parameters for gear 1 or 2, also used for the 1st
spindle, are selected.
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#7 #6 #5 #4 #3 #2 #1 #0
sws2 | sws1

(*1) (*1)

GR2 | GR1

GR22 | GR21

(*2) (*2)

RGTAP
NOTE

1 The rigid tapping of the second spindle is available
by the multi-spindle control function.
When SWS1 is set to 1 (regardless of whether
SWS2 is set to 0 or 1), rigid tapping is performed

using the 1st spindle. When SWS1 is set to 0, and
SWS2 is set to 1, rigid tapping is performed using
the 2nd spindle.

2 This signal is used when the rigid tapping of the
second spindle.

(b) Series 30i
G027
G028
G029
G061
(c) Series 15i
1st- G026
2nd- G272
(c) Common to CNCs
15i 16i  30i
1st- G227 G070 G070
2nd- G235 G074 G074

(2) Output signals (CNC — PMC)

(a) Series 16i

F034

F065

FO75

#7 #6 #5 #4 #3 #2 #1 #0
SPSTPA
SPSTPB
#7 #6 #5 #4 #3 #2 #1 #0

SFRA | SRVA | CTH1A | CTH2A

SFRB | SRVB | CTH1B | CTH2B
#7 #6 #5 #4 #3 #2 #1 #0
GR30 | GR20 | GR10
(*1) (*1) (*1)
RGSPM | RGSPP
*1) (*1)

RTAP
NOTE

*1 These signals are effective when M series.
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(b) Series 30i

(c) Series 15i

2.3.5

Sequence

F034

F065

FO75

F040
F155

#7 #6 #5 #4 #3 #2 #1 #0

GR30 | GR20 | GR10
*1) *1) *1)
RGSPM | RGSPP
*1) (*1)

RTAP

NOTE

*1 These signals are effective when M series.

#7 #6 #5 #4 #3 #2 #1 #0

RTAP

RSPC RSPM RSPP

For a rigid tapping sequence, refer to the Connection Manual
(Function) of each CNC.
(a) For Series 16i/18i/21i
“FANUC Series 16i/18i/21i-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Section 9.11 “RIGID TAPPING.”
(b) For Series 30i/31i/32i
“FANUC Series 30i/31i/32i-MODEL A
CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.11 “RIGID TAPPING.”
(¢) For Series 151
“FANUC Series 15:-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.8 “RIGID TAPPING.”
(d) For Series 0i
“FANUC Series 0i-MODEL C
CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Section 9.10 “RIGID TAPPING.”
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2.3.6

Related Parameters

Parameter No.

157 16 167 Description
- 5210 5210 M code of rigid tapping command
5202#0 5202#0 Whether to perform orientation (reference position return) when starting
5606#6 . . . .
(M series only) | (M series only)| rigid tapping

- 2383218 - Gear ratio between spindle and position coder, 1:1, 1:2, 1:4, 1:8
5842 - 3720 Number of pulse of the position coder

- 5200#1 - Selection of arbitrary gear ratio between spindle and position coder
5852 5221 5221
5855 5222 5222 Teeth number of spindle side at arbitrary gear ratio (command) setting
5858 5223 5223 (16i/30i: No. 5224 is used for the T series only.)
5861 5224 5224
5851 5231 5231
5854 5232 5232 Teeth number of position coder side at arbitrary gear ratio (command)
5857 5233 5233 setting (16i/30i: No. 5234 is used for the T series only.)
5860 5234 5234

5280 5280 Position gain of tapping axis at rigid tapping (16i/30i: No. 5284 is used

3065 to 3068

5281 to 5284

5281 to 5284

for the T series only.)

5605#1 - - Acc/Dec type (Set to 1.)
5241 5241
5711 5242 5242 Spindle maximum speed at rigid tapping (16i/30i: No. 5244 is used for
5243 5243 the T series only.)
5244 5244
5605#2 - -
5757 - -
5886 _ _ Spindle speed for determining an acceleration value for cutting feed on
5889 _ _ rigid tapping
5892 - -
5605#2 5261 5261
5751 5262 5262 . . .
5886 Acc/Dec time constant (16i/30i: No. 5264 is used for the T series only.)
5889 5263 5263
5892 5264 5264
5605#2
5752 i i
5885 i i FL speed for spindle and drilling axis acceleration/deceleration on rigid
5888 i i tapping
5891 i i
5894 i i
- 5200#4 5200#4 Override selection at extracting
5883 5211 5211 Override value at extracting
- 52?12?;1:2274 52?12?;1:2274 Time constant at extracting (No. 5274 is used for the T series only.)
- - 5203#2 Feed-forward function at rigid tapping
1827 5300 5300 In-position width of tapping axis
5875 5301 5301 In-position width of spindle
1837 221(1) 5310 Allowable level of position error of tapping axis at moving
5876 5311 5311 Allowable level of position error of spindle at moving
1829 5312 5312 Allowable level of position error of tapping axis at stop
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Parameter No.

151 16 16i Description
5877 5313 5313 Allowable level of position error of spindle at stop
gggg Backlash of spindle
5321 to 5324 | 5321 to 5324 | (16i: No. 5322 and No. 5324 are used for the T series only.
5859 30i: No. 5324 is used for the T series only.)
5862 e v
3000#4 4000#4 4000#4 Reference position return direction on servo mode
300245 400245 400285 Whether to enable the rotation direction signal (SFR/SRV) on servo
mode
300647 400647 400647 Settllng of the command arbitrary gear ratio function (CMR) on rigid
tapping
301644 401644 401644 Setting related to the control characteristics on Cs contouring control or
servo mode
- - 4037 Velocity loop feed-forward coefficient
3044 4044 4044 \C/;arl]ct)gtly loop proportional gain on servo mode/spindle synchronous
4 404 404 i . .
3045 045 045 (It is selected by input signal CTH1A/B.)
3052 4052 4052 Velocity loop integral gain on servo mode/spindle synchronous control
3053 4053 4053 (It is selected by input signal CTH1A/B.)
Gear ratio between spindle and motor
3056 10 3059 4056 t0 4059 | 4056 to 4059 (It is selected by input signal CTH1A or CTH2A)
Spindle position gain on servo mode/spindle synchronous control
306510 3068| 4065 to 4068 | 406510 4068 | ;i sclected by input signal CTH1A or CTH2A)
3073 4073 4073 Grid shift amount on servo mode
3074 4074 4074 Reference position return speed on Cs contouring control/servo mode
3091 4091 4091 Position gain change ratio at reference position return time on servo mode
3085 4085 4085 Motor voltage (for high-speed characteristics) on servo mode/spindle
synchronous control
3137 4137 4137 Motor voltage (for low-speed characteristics) on servo mode/spindle
synchronous control
3099 4099 4099 Delay time for stable motor excitation
3171 4171 4171 Eszgglnator of an arbitrary gear ratio between the motor sensor and
3173 4173 4173
(A parameter is selected by the input signal CTH1A.)
3172 4172 4172 SNF:Jinmdelgator of an arbitrary gear ratio between the motor sensor and
3174 4174 4174
(A parameter is selected by the input signal CTH1A.)
- - 4344 Advanced preview feed-forward coefficient

NOTE

1 For the parameters related to detectors, see Section
1.3 “PARAMETERS RELATED TO DETECTORS”
in the Part I.

2 For velocity loop proportional/integral gain
adjustment, see Section 4.1, "VELOCITY LOOP
GAIN ADJUSTMENT", in Part |.
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2.3.7 Details of Related Parameters

15i
3000

15i
3002

16i 30i
4000 4000

RETSV

16i 30i
4002 4002

SVMDRT

This subsection details the serial spindle parameters (in the four
thousands for 167, and in the four thousands for 30i, and in the three
thousands for 15i) among the parameters related to rigid tapping. For
details of other parameters, refer to the Connection Manual (Function)
of each CNC.
(a) For Series 16i/18i/21i

“FANUC Series 16i/18i/21i-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63523EN-1

Refer to Section 9.11 “RIGID TAPPING.”
(b) For Series 30i/31i/32i

“FANUC Series 30i/31i/32i-MODEL A

CONNECTION MANUAL (FUNCTION) : B-63943EN-1

Refer to Section 11.11 “RIGID TAPPING.”
(¢) For Series 151

“FANUC Series 15i-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63783EN-1

Refer to Section 9.8 “RIGID TAPPING.”
(d) For Series 0i

“FANUC Series 0i-MODEL C

CONNECTION MANUAL (FUNCTION) : B-64113EN-1

Refer to Section 9.10 “RIGID TAPPING.”

#1 #6 #5 #4 #3 #2 #1 #0
| | | | ReTsv | | | | |

Reference position return direction on servo mode (rigid

tapping/spindle positioning)

0: The spindle performs a reference position return operation in the
CCW(counterclockwise) direction.

1 : The spindle performs a reference position return operation in the
CW(clockwise) direction.

#7 #6 #5 #4 #3 #2 #1 #0
L1 evwoed] [ ] ] ]

Whether to enable the rotation direction signal (SFR/SRV) function
on servo mode (rigid tapping/spindle positioning)
0: Enables the rotation direction function.
If a move command from the CNC is positive (+),
(a) The spindle rotates in the CCW direction when the input
signal SFR (bit 5 of G70) = 1.
(b) The spindle rotates in the CW direction when the input
signal SRV (bit 4 of G70) = 1.
1: Disables the rotation direction function.
If a move command from the CNC is positive (+), the spindle
rotates in the CCW direction when the input signal SFR = 1 or
SRV = 1.
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15i 16i 30i #7 #6 #5 #4 #3 #2 #1 #0
3006 4006 4006 |RGTCMR| | | | | | | |

RGTCMR  Sets the command arbitrary gear ratio function (CMR) on rigid

tapping.

0: Disables the command arbitrary gear ratio function.

1: Enables the specified arbitrary gear ratio function.

Set this parameter to 1 when rigid tapping is performed using a signal

from the sensor built-into the motor as a position feedback signal and

the gear ratio between the motor and spindle is other than 1:1.

When using the command arbitrary gear ratio function (CMR

function), set the following as well:

e  Enabling an arbitrary gear ratio between the spindle and position
coder (bit 1 of No. 5200 =1)

e  Parameters for the number of gear teeth on the spindle side (No.
5221 to No. 5224)

e  Parameters for the number of gear teeth on the position coder
side (No. 5231 to No. 5234)

15 16i  30i #7 #6 #5 #4 #3 #2 #1 #0
3016 4016 4016 | | | | ipLPTN | | | | |

IDLPTN  Sets control characteristics on Cs contouring control and servo mode
(rigid tapping).
Usually, set this parameter to 0.
Set this bit to 1 when setting a value less than 100 as the motor
voltage on Cs contouring control (No. 4086) or as the motor voltage
on servo mode (No. 4085).

30i

4037 Velocity loop feed-forward coefficient

Unit of data :
Valid datarange : 0 to 32767

Standard setting value : 0
This parameter sets a velocity loop feed-forward coefficient for using
feed-forward control. Set the result of calculation of the following
expression:

[spindle inertia + rotor inertia](kg-m?)

Maximum motor torque (N-m)

Setting = 214466 x
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15i 16i 30i

3044 4044 4044

3045 4045 4045

Unit of data :
Valid data range :
Standard setting value :

15i 16i 30i

3052 4052 4052

3053 4053 4053

Unit of data :
Valid data range :
Standard setting value :

15i 16i 30i
3056 4056 4056
3057 4057 4057
3058 4058 4058
3059 4059 4059

Unit of data :

Valid data range :
Standard setting :

Velocity loop proportional gain on servo mode/spindle synchronous control
(HIGH) CTH1A=0

Velocity loop proportional gain on servo mode/spindle synchronous control
(LOW) CTH1A=1

0 to 32767

10

These parameters set a velocity loop proportional gain on servo mode
(rigid tapping/spindle positioning) or spindle synchronous control.
When the input signal CTH1A = 0, (HIGH) is selected. When the
input signal CTHIA =1, (LOW) is selected.

Velocity loop integral gain on servo mode/spindle synchronous control (HIGH)
CTH1A=0

Velocity loop integral gain on servo mode/spindle synchronous control (LOW)
CTH1A=1

0 to 32767

10

These parameters set a velocity loop integral gain on servo mode
(rigid tapping/spindle positioning) or spindle synchronous control.
When the input signal CTH1A = 0, (HIGH) is selected. When the
input signal CTHIA = 1, (LOW) is selected.

Gear ratio (HIGH) CTH1A=0, CTH2A=0
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1
Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0
Gear ratio (LOW) CTH1A=1, CTH2A=1

(Motor rotation for one rotation of spindle) / 100
(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000)
0 to 32767
100
These data are used to set the gear ratio between spindle and spindle
motor.
Example :
When the spindle rotates once, set "250" as the data when the
motor rotates 2.5 times.
A parameter is selected with the CTH1A and CTH2A input signals.
Set the gear or clutch status to correspond to the clutch/gear signal
(CTHI1A, CTH2A) in input signals.
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NOTE
When an improper value is set in these parameters,
an unexpected operation can occur. For example,
the spindle can continue rotating without stopping at
the time of orientation. So, be sure to set a proper
gear ratio.

15i 16i 30i

Spindle position gain on servo mode/spindle synchronous control (HIGH
3065 4065 4065 pindie p 9 P y T 2A=0

Spindle position gain on servo mode/spindle synchronous control
3066 4066 4066 (MEDIUM HIGH) CTH1A=0, CTH2A=1

Spindle position gain on servo mode/spindle synchronous control
3067 4067 4067 (MEDIUM LOW) CTH1A=1, CTH2A=0

3068 4068 4068 Spindle position gain on servo mode/spindle synchronous cg:ﬁ:%:?‘év‘}'HZA=1

Unit of data:  0.01sec”
Valid data range : 0 to 32767
Standard setting value : 1000
These parameters set a position gain on servo mode (rigid
tapping/spindle positioning) or spindle synchronous control.
A parameter is selected according to the input signals CTH1A and
CTH2A.

15i 16i 30i

3073 4073 4073 Grid shift amount on servo mode

Unit of data: 1 pulse unit (360 degrees/4096)
Valid data range : 0 to 4095
Standard setting value : 0
This parameter is used to shift the reference position on servo mode
(rigid tapping/spindle positioning).
The reference position of the spindle is shifted in the CCW direction
by the specified number of pulses.
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15i 16i 30i

3074 4074 4074 | Reference position return speed on Cs contouring control/servo mode

Unit of data:  1min™
Valid data range : 0 to 32767
Standard setting value : 0

e  When 0 is set
The value calculated from the position gain (No. 4065 to No.
4068) and orientation-time speed limit ratio (No. 4076) as
indicated below is used as a reference position return speed on
servo mode (rigid tapping/spindle positioning).
Reference position return speed (motor speed) =

60x Posit1i%r(1) gain «Gear ratiox Speed1li)r8it ratio [min ']

e When a value other than 0 is set
The value set in this parameter is used as a reference position
return speed on servo mode (rigid tapping/spindle positioning).

NOTE
When using the external one-rotation signal
(proximity switch), set a reference position return
speed from 50 to 100 min™ according to the
specification of the used external one-rotation signal
(proximity switch) for stable detection of the
one-rotation signal.

15i 16i 30i

3085 4085 4085 Motor voltage (for high-speed characteristics) on servo mode/ spindle
synchronous control

3137 4137 4137 Motor voltage (for low-speed characteristics) on servo mode/ spindle

synchronous control

Unitofdata: 1%
Valid datarange : 0 to 100
Standard setting value :  Depends on the motor model.
These parameters set a motor voltage on servo mode (rigid tapping,
spindle positioning, and so forth). When performing rigid tapping, set
100 usually.
When setting a value less than 100, set bit 4 of No. 4016 to 1 as the
setting of control characteristics on Cs contouring control/servo mode.
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15i 16i 30i
3091 4091 4091

Unit of data :
Valid data range :
Standard setting value :

15i 16i 30i
3099 4099 4099

Unit of data :
Valid data range :
Standard setting value :

Position gain change ratio at reference position return time on servo mode

1%

0to 100

100

This parameter sets a position gain change ratio at reference position
return time on servo mode (rigid tapping, spindle positioning, and so
forth).

NOTE
An overshoot can occur at reference position return
time for a cause such as an excessively high
reference position return speed and an excessively
large spindle inertia. In this case, an overshoot can
be avoided by setting a small value in this
parameter.

| Delay time for stable motor excitation

Ims

0 to 32767

0

This parameter sets a period of time required until motor excitation
becomes stable on rigid tapping or Cs contouring control.

NOTE
In switching from the velocity control mode to rigid
tapping mode, the stop time excessive error alarm
can be issued intermittently.
This is because the excitation state of the spindle
motor changes abruptly, and therefore a transient
state occurs in the motor, thus moving the motor
shaft slightly.
In such a case, set this parameter. In general, set a
value from about 300 to 400 (300 to 400 msec).
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15i 16i 30i

Denominator of an arbitrary gear ratio between the motor sensor and spindle
3171 4171 4171

(HIGH) CTH1A=0

Numerator of an arbitrary gear ratio between the motor sensor and spindle
3172 4172 4172

(HIGH) CTH1A=0

Denominator of an arbitrary gear ratio between the motor sensor and spindle
3173 4173 4173

(LOW) CTH1A=1

Numerator of an arbitrary gear ratio between the motor sensor and spindle
(LOW) CTH1A=1

3174 4174 4174

Unit of data :
Valid datarange : 0 to 32767
Standard setting value : 0
These parameters set conversion coefficients (numerator,
denominator) for using the detection arbitrary gear ratio function
(DMR function) by multiplying a motor sensor (Mi sensor or MZi
sensor) feedback signal by a gear ratio to produce a spindle position
feedback signal.
When the spindle rotates Q times while the motor shaft rotates P times
(there is no common divisor other than 1 for P and Q), the settings are:
No. 4171 (No. 4173 when CTHIA=1)=P
No. 4172 (No. 4174 when CTHIA =1)=Q
When 0 is set in any of these parameters, the setting of 1 is assumed.

NOTE
When using the external one-rotation signal
(proximity switch), use the detection arbitrary gear
ratio function (DMR function) by setting an arbitrary
gear ratio between the motor sensor and spindle with
this parameter.

15i 16i 30i

- - 4344 | Advanced preview feed-forward coefficient

Unitof data: 0.01%
Valid datarange : 0 to 10000
Standard setting value : 0
This parameter sets a feed-forward coefficient for using feed-forward
control. Set the same value as for the servo axis simultaneously
subjected to interpolation.
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2.3.8 Parameter Setting Procedure

(1) Command arbitrary gear ratio (CMR)

(a) For a configuration in which the sensor built into the motor is used for position
detection and the gear ratio between the spindle and motor is not 1:1, as
shown in sample system configuration 2 below, the command arbitrary gear
ratio (CMR) is used.

[Sample system configuration 1]
When the position detector is connected to the spindle at a ratio of 1:1,
the command arbitrary gear ratio (CMR) function is not used.

Motor

Spindle +
built-in motor

Spindle

— BZi sensor

- (directly connected to the spindle)
o position coder

(connected to the spindle at a ratio of 1:1)

[Sample system configuration 2]
When the sensor built into the motor is used as the position detector in
a configuration in which the gear ratio between the spindle and motor
is not 1:1, the command arbitrary gear ratio (CMR) function is used.

CNC SPM O
Arbitrary gear (F;g;i Tiloannd Positi
—p ratio p| Fosiion »  Motor

Spindle [

Position feedback

NOTE
This system configuration also enables the detection
arbitrary gear ratio function (DMR function) to be
used.
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[Sample system configuration 3]
When orientation by the external one-rotation signal is used in a
configuration in which the gear ratio between the spindle and motor is
not 1:1, the detection arbitrary gear ratio function (DMR function) is
used, and the command arbitrary gear ratio function (CMR function)
is not used.

CNC SPM O

Position
command Position
control

> Motor

Arbitrary gear Spindle
ratio ¢
(command)

(b) To use the command arbitrary gear ratio (CMR), set the following parameters:

15i 16i 30i Setting data
3006#7 4006#7 4006#7 1
0: The command arbitrary gear ratio (CMR) is not used.
1: Rigid tapping is performed using the command arbitrary gear
ratio (CMR) with the sensor built into the motor.

(c) Set the parameters to enable the command arbitrary gear ratio (arbitrary gear
ratio between the spindle and position coder).

15i 16i 30i Setting data
- 5200#1 - 1

(d) Set the parameter "the arbitrary gear ratio between the spindle and the position
coder” according to each CNC.

[Series 16i]

(1) Set the gear teeth number of the spindle side.
Each parameter is selected according to the gear selection signal.
Standard machining [M series] : GR30, GR20, GR10
Turning [T series] and machining [M series] with surface speed
constant option : GR2, GR1
Second spindle of turning [T series] : GR21
(Multi-spindle control option is needed)

Turning [T series] and machining [M series] with

Standard machining [M series] surface speed constant

Gear signal Parameter No. Gear signal Parameter No.
GR10 | GR20 | GR30 1st. sp 2nd. sp
1 0 0 5221 GR1 GR2 GR21 T series M series
0 1 0 5222 0 0 0 5221
0 0 1 5223 1 0 1 5222
0 1 - 5223
1 1 - 5224 5223
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(2) Set the gear teeth number of the position coder side.

Each parameter is selected according to the gear selection signal.
Standard machining [M series]: GR30, GR20, GR10

Turning [T series] and machining[M series] with surface speed
constant option : GR2, GR1

Second spindle of turning [T series] : GR21

(Multi- spindle control option is needed)

Standard machining [M series]

Turning [T series] and machining [M series] with
surface speed constant

[Series 30i]

Gear signal Parameter No. Gear signal Parameter No.
GR10 | GR20 | GR30 1st. sp 2nd. sp
1 0 0 5231 GR1 GR2 GR21 T series M series
0 1 0 5232 0 0 0 5231
0 0 1 5233 1 0 1 5232
0 1 - 5233
1 1 - 5234 5233

(1) Set the gear teeth number of the spindle side.
Each parameter is selected according to the gear selection signal.
Standard machining [M series] : GR30, GR20, GR10

Turning [T series] and machining [M series] with surface speed

constant option : GR2, GR1
Second spindle : GR21, GR21

(Multi-spindle control option is needed)

Standard machining [M series]

Turning [T series] and machining [M series] with
surface speed constant

*

Gear signal Gear signal Parameter No.
Parameter No. - -
GR10 | GR20O | GR30 GRs1* GRs2* T series | M series
1 0 0 5221 0 0 5221
0 1 0 5222 1 0 5222
0 0 1 5223 0 1 5223
1 1 5224 | 5223

First spindle: GR1, GR2 / Second spindle: GR21, GR22

(2) Set the gear teeth number of the position coder side.

Each parameter is selected according to the gear selection signal.
Standard machining [M series]: GR30, GR20, GR10

Turning [T series] and machining[M series] with surface speed
constant option: GR2, GR1

Second spindle : GR21, GR21

(Multi-spindle control option is needed)

Turning [T series] and machining [M series] with

Standard machining [M series] surface speed constant

*

Gear signal Gear signal Parameter No.
Parameter No. - -
GR10 | GR20 | GR3O GRs1* GRs2* T series | M series
1 0 0 5231 0 0 5231
0 1 0 5232 1 0 5232
0 0 1 5233 0 1 5233
1 1 5234 | 5233

First spindle: GR1, GR2 / Second spindle: GR21, GR22
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[Series 15i]

Gear signal Parameter No.
CTH1A | CTH2A Gear te_eth number of Gear_tfeeth numbt?r of
spindle side position coder side
0 0 5852 5851
0 1 5855 5854
1 0 5858 5857
1 1 5861 5860

(2) Gear ratio between the spindle and the motor
The loop gain constant (position gain constant) parameter is not used
in the a series (serial) spindle system.
“Gear ratio between the spindle and the motor” parameter should be
set instead of it.
Each parameter is selected according to the gear selection signal
(CTH1A/B, CTH2A/B).

[1st. sp]
Gear signal Parameter No.
CTH1A CTH2A 15i 16i 30i
0 0 3056 (S1) 4056 (S1) 4056 (S1)
0 1 3057 (S1) 4057 (S1) 4057 (S1)
1 0 3058 (S1) 4058 (S1) 4058 (S1)
1 1 3059 (81) 4059 (81) 4059 (S1)
[2nd. sp]
Gear signal Parameter No.
CTH1B CTH2B 15i 16i 30i
0 0 3056 (S2) 4056 (S2) 4056 (S2)
0 1 3057 (S2) 4057 (S2) 4057 (S2)
1 0 3058 (S2) 4058 (S2) 4058 (S2)
1 1 3059 (S2) 4059 (S2) 4059 (S2)
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(3) Position gain

[Series 161]

Standard machining [M series]

In rigid tapping, the tapping axis and spindle are controlled to be
synchronized. So, the position gains of the tapping axis and spindle
must be set to the same value.

The position gain parameter of the tapping axis in the rigid tapping is

selected as follows according to the gear selection signal.

Standard machining [M series]: GR30, GR20, GR10

Turning [T series] and machining [M series|] with surface speed

constant option : GR2, GR1

Second spindle of turning [T series]: GR21 (Multi-spindle control

option is needed)

Turning [T series] and machining [M series] with
surface speed constant

becomes valid.

Gear signal Parameter No. Gear signal Parameter No.
GR10 | GR20 | GR30 1st. sp 2nd. sp
5280 (" GR1 | GR2 GR21 T series M series

1 0 0 5281 5280 "
0 1 0 5282 0 0 0 5281
0 0 1 5283 1 0 1 5282

0 1 5283

1 1 5284 | 5283

NOTE

*1 When this parameter is "0", each gear parameter

When this parameter is not "0", each gear parameter
becomes invalid, and this parameter is always used.

The position gain parameter of the spindle in the rigid tapping is
selected as follows according to the gear selection signal (CTHIA/B,
CTH2A/B). (This is common T series and M series)

[1st. sp] [2nd. sp]
Gear signal Parameter No. Gear signal Parameter No.
CTH1A | CTH2A CTH1B | CTH2B
0 0 4065 (S1) 0 0 4065 (S2)
0 1 4066 (S1) 0 1 4066 (S2)
1 0 4067 (S1) 1 0 4067 (S2)
1 1 4068 (S1) 1 1 4068 (S2)
/\ CAUTION

Take care to input the gear selection signal GR1,
GR2, GR21, GR10, GR20, GR30 and CTH1A/B,
CTH2A/B according to the real gear state in order to
get the same position gain of the tapping axis and
that of the spindle, because GR1, GR2, GR21,
GR10, GR20, GR30 and CTH1A/B, CTH2A/B are
inputted independently.
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[Series 30i]
The position gain parameter of the tapping axis in the rigid tapping is
selected as follows according to the gear selection signal.
Standard machining [M series]: GR30, GR20, GR10
Turning [T series] and machining [M series] with surface speed
constant option : GR2, GR1
Second spindle : GR22, GR21(Multi-spindle control option is needed)
Turning [T series] and machining [M series] with

Standard machining [M series] surface speed constant

Gear signal Gear signal Parameter No.
Parameter No. - -
GR10 | GR20 | GR3O GRs1* GRs2* T series | M series
1 0 0 5231 5280 ‘"
0 1 0 5232 0 0 5281
0 0 1 5233 1 0 5282
0 1 5283
1 1 5284 | 5283

*  First spindle: GR1, GR2 / Second spindle: GR21, GR22

NOTE

*1 When this parameter is "0", each gear parameter
becomes valid.
When this parameter is not "0", each gear parameter
becomes invalid, and this parameter is always used.

The position gain parameter of the spindle in the rigid tapping is
selected as follows according to the gear selection signal (CTHIA/B,
CTH2A/B). (This is common T series and M series)

[1st. sp] [2nd. sp]
Gear signal Parameter No. Gear signal Parameter No.
CTH1A | CTH2A CTH1B | CTH2B
0 0 4065 (S1) 0 0 4065 (S2)
0 1 4066 (S1) 0 1 4066 (S2)
1 0 4067 (S1) 1 0 4067 (S2)
1 1 4068 (S1) 1 1 4068 (S2)
/\ CAUTION

Take care to input the gear selection signal GR1,
GR2, GR21, GR22, GR10, GR20, GR30 and
CTH1A/B, CTH2A/B according to the real gear state
in order to get the same position gain of the tapping
axis and that of the spindle, because GR1, GR2,
GR21, GR22, GR10, GR20, GR30 and CTH1A/B,
CTH2A/B are inputted independently.
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[Series 15i]

In the rigid tapping, the same parameter address data is used for the
position gain of the tapping axis and the spindle.

Each position gain is selected as follows according to the gear
selection signal (CTH1A, CTH2A).

Gear signal Parameter No.
CTH1A CTH2A
0 0 3065
0 1 3066
1 0 3067
1 1 3068

(4) Acceleration/deceleration time constant

[Series 161]

(1) Each parameter can be set for each gear and is selected according
to the gear selection signal.
By setting the following parameter, the different time constant
between the cutting in and cutting out (extracting) becomes

available.
The same time constant between cutting in and out.

(No. 5261 to 5264)

1: The different time constant between cutting in and
out.
Cutting in : No. 5261 to 5264
Cutting out: No. 5271 to 5274

Standard Machining [M series]: GR30, GR20, GR10

Turning [T series] and Machining [M series]| with surface speed
constant : GR2, GR1

2nd. sp of Turning [T series] : GR21 (Multi- spindle control
option is needed)

Standard machining [M series]

Gear signal Time constant Time constant Splncc:letn!a)_((.j
(Cutting in) (Cutting out) spee a_ nat
GR10 | GR20 | GR30 tapping
Parameter No. Parameter No.

Parameter No.

1 0 0 5261 5271 5241

0 1 0 5262 5272 5242

0 0 1 5263 5273 5243
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[Series 301]

Turning [T series] and machining [M series] with surface speed constant

Gear signal

Fst. sp

Snd. sp

Time constant
(Cutting in)

GR1

GR2 GR21

Parameter No.

Time constant
(Cutting out)
Parameter No.

Spindle max. speed at
rigid tapping
Parameter No.

TITT series | M series

0

5261

5271

5241 5241

1

5262

5272

5242 5242

5263

5273

5243 5243

= 10 |—=|O

Al |lOo|lO

5264

5274 1

5244 -

NOTE
*1 This is not available for Machining (M series).

(2) The override at extracting.

0 : The override at extracting is not valid.

1 : The override at extracting is valid.
(Set override value at No. 5211)

(1) Each parameter can be set for each gear and is selected according
to the gear selection signal.
By setting the following parameter, the different time constant
between the cutting in and cutting out (extracting) becomes

available.
The same time constant between cutting in and out.

(No. 5261 to 5264)

1: The different time constant between cutting in and
out.
Cutting in : No. 5261 to 5264
Cutting out: No. 5271 to 5274

Standard Machining [M series]: GR30, GR20, GR10

Turning [T series] and Machining [M series]| with surface speed
constant : GR2, GR1

2nd. sp : GR21, GR21 (Multi- spindle control option is needed)

Standard machining [M series]

Gear signal

GR10 | GR20

GR30

Time constant
(Cutting in)
Parameter No.

Time constant
(Cutting out)
Parameter No.

Spindle max.
speed at rigid
tapping
Parameter No.

0 5261

5271

5241

0 5262

5272

5242

5263

5273

5243
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Turning [T series] and machining [M series] with surface speed constant

Gear sianal Time constant Time constant Spln?ilei;nta:. si;r)‘eed at
9 (Cutting in) (Cutting out) 9 pping
Parameter No.
Parameter No. Parameter No. - -
GRs1* GRs2* T series M series
0 0 5261 5271 5241 5241
1 0 5262 5272 5242 5242
0 1 5263 5273 5243 5243
1 1 5264 " 5274 5244 -

*  First spindle: GR1, GR2 / Second spindle: GR21, GR22

NOTE
*1 This is not available for Machining (M series).

(2) The override at extracting.

0 : The override at extracting is not valid.

1 : The override at extracting is valid.
(Set override value at No. 5211)

[Series 15i]
(1) Acc/Dec type
0 : Exponential type Acc/Dec
1 : Linear type Acc/Dec

NOTE

Usually, linear type acceleration/deceleration (bit 1 of
No. 5605 = 1) is used.

(2) Set Acc/Dec the time constant of the rigid tapping mode.
<1> The time constant is a fixed value if bit 2 of parameter No.

5605 =0.
Acc/Dec time constant 5751
Spindle speed 5757

<2> When bit 2 of parameter No.5605 is set to 1, one of the four
acceleration/deceleration time constants is selected,
depending on the spindle speed.

Spindle speed Acc/Dec time constant
Gear 1 5886 5884
Gear 2 5889 5887
Gear 3 5892 5890
Gear 4 - 5893
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2.3.9  Adjustment Procedure

(1) Parameters used for adjustment

The table below lists and describes the parameters used for adjusting
rigid tapping.

Parameter No. (FS16i)

Description

5241 to 5244

Maximum spindle speed on rigid tapping (Depends on the GR signal. No.5244 is for
the T series only.)

5261 to 5264

Acceleration/deceleration time constant on rigid tapping (Depends on the GR
signal. No.5264 is for the T series only.)

Position gain of tapping axis on rigid tapping (N0.5280 is for all gears. No.5281 to

5280 to 5284 No0.5284 depend on the GR signal. N0.5284 is for T series only.)
4065 to 4068 Spindle position gain on rigid tapping (depends on CTH1A and CTH2A signals)
4044 to 4045 Velocity loop proportional gain on rigid tapping (depends on CTH1A signal)
4052 to 4053 Velocity loop integral gain on rigid tapping (depends on CTH1A signal)
4085 Motor voltage on rigid tapping (for high speed characteristics) (Specify 100).
4137 Motor voltage on rigid tapping (for low speed characteristics) (Specify 100).
4099 Delay time for motor excitation. (Specify a value around 300 to 400).
4016#4 Control properties settings on rigid tapping. (Set "0" as normal.)

NOTE
When the maximum speed for rigid tapping (in terms
of motor axis) is higher than the base speed of the
spindle motor, set a value less than 100 as the motor
voltage (No. 4085, No. 4137) for rigid tapping

according to the following expression:
Motor voltage (%)=

100x Spindle motor base speed
Maximum speed for rigid tapping (in terms of motor axis)

In this case, also set bit 4 of No. 4016 to 1 as the
setting of control characteristics on rigid tapping.
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(2) Spindle data used for adjustment
Adjust the parameters while observing the motor speed, torque
command, velocity error, synchronous error, and other waveform by
using a spindle check board and oscilloscope or SERVO GUIDE. The
table below lists spindle check board settings for observing the

waveform.

Check board setting address Settings Observing data
Output to CH1 |Output to CH2
------ e Velocity error
______ 06 | d10 | 12 +128 min™ at+5V
------ dO7 0] So5Emin at+5 V if d-06 (d-10) is set to 13
d-08 d-12 1
______ a05 | d09 | 90 | Torque command
______ do06 | d10 | 7 | Maximum positive/negative torque command at £5 V
______ doz | d11 | 0 | Maximum positive/negative torque command at £2.5 V
d-08 d-12 1 if d-06 (d-10) is set to 8
d-05 d-09 68 Synchronous error (value converted for the spindle:
""" d-06d-10 0 4096 pulses/rev)
--------------------------------------- +128 pulses at £5 V
______ &-07 e 0 +256 pulses at +5 V if d-06 (d-10) is set to 1
d-08 d-12 1 +512 pulses at +5 V if d-06 (d-10) is set to 2
______ d-05 | ....d09 | .19 _________| Motorspeed
______ do6 | d10 | 18 | +8192min"at+5V
______ 07 | dM11 | 0 | 4096 min” at +5 V if d-06 (d-10) is set to 17
d-08 d-12 1 +2048 min™ at +5 V if d-06 (d-10) is set to 16
NOTE

When observing the synchronous error of Series 16i,
set the following parameters:
No. 3700, #7 = 1:
Uses the synchronous error output (maintenance
function).
(Return the setting to 0 after the observation is
completed.)
No. 5203, #7 =1
Sets a synchronous error update cycle.
(Return the setting to 0 after the observation is
completed.)
No. 5204, #0 =0
Displays the synchronous error on the diagnosis
screen.
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(3) Adjustment procedure

(3)-1 Specifying an acceleration/deceleration time constant (1):
Specifying a provisional value

Before optimizing the acceleration/deceleration time constant, adjust
the gain to improve the response. Following (a) or (b) below, specify a
provisional acceleration/deceleration time constant according to the
target maximum speed.

(a) Specifying a provisional time constant according to the velocity waveform in
actual acceleration/deceleration

Observe the motor velocity waveform (velocity control mode) in
acceleration up to the maximum rigid tapping speed. Specify such a
provisional time constant that the inclination (acceleration) during
rigid tapping acceleration becomes about a half of the inclination of a
tangent to the motor velocity waveform near the location of maximum
speed. See the sample waveform shown below.

Nr.  Maximum rigid tapping speed (No. 5241 to 5244)

4000 min™" in this example
ta: Time of acceleration by the maximum torque at Nr
About 400 ms in this example

Motor speed

4096 min”/ 5V

Nr (No. 5261 to 5264) 800 ms, which is two times fa, in

tr.  Rigid tapping acceleration/deceleration time constant

this example

In this example, the maximum rigid tapping speed Nr is set to 4000
min"'. To determine the acceleration/deceleration time constant, the
motor velocity waveform in acceleration up to 4000 min™ is observed.
If the acceleration is performed with the maximum motor torque at
4000 min™', the acceleration time fa needed to attain 4000 min™' is
about 400 ms, as shown above. This is the minimum value of
acceleration/deceleration time constant #7, which can be specified
without consideration of cutting load. A time constant that can be
specified in consideration of cutting load is usually about 1.2 to 1.5
times this value. As a provisional value for gain adjustment,
approximately double (800 ms) is specified here.

- 100 -



B-65280EN/05 FANUC AC SPINDLE MOTOR «i series  2.EXPLANATION OF OPERATION MODES

(b) Specifying a value calculated from the relationship between the maximum
torque and spindle inertia
Specify an acceleration/deceleration time constant calculated from the
following expression:
Jmlkgm?]+ JLIkgm?] 27

tr(ms] = x == x Nrlmin ™ 1x GR x1000 x 2
T max(Nr)[Nm] 60

tr[ms] : Acceleration/deceleration time constant on rigid
tapping (No. 5261 to 5264)

Nr[min™]: Maximum spindle speed on rigid tapping (No. 5241
to 5244)

GR Spindle-motor gear ratio (Motor rotation per spindle
rotation)

Tmax(Nr) [Nm]: Maximum torque of spindle motor at Nr

Jm[kgm’]: Rotor inertia of spindle motor

JL[kgm®]: Spindle load inertia(converted for the motor shaft)

(3)-2 Specifying a position gain

Specify an initial value of about 2000(20 sec™) to 3000(30 sec™), then
adjust the value as needed. Basically, specify identical values for the
spindle and tapping axis.

After specifying the position gain, check whether the spindle is
operating as designed. For that purpose, check that the position error
(value displayed on the CNC screen) during stable rotation at the
maximum speed is almost the same as the theoretical value. This
theoretical value is calculated as shown below. If the theoretical value
is substantially different, re-check the parameters related to position
gain, gear ratio, and detector.

Perr(Nr)[ pulsel = Nr{min '] x 4096 pulse | rev]x ;7

PGlsec™]
Perr(Nr) [pulse] : Position error in stable rotation at Nr
Nr [min™]: Maximum speed on rigid tapping
PG [sec]: Position gain on rigid tapping

If the gear ratio is 1:1 at N~=4000 min" and PG=3000 (30 sec™), the
position error in stable rigid tapping at Nr is calculated as follows:

Perr(Nr) = 4000
60

x 4096 x % =9102[ pulse]
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(3)-3 Specifying a velocity loop gain
Refer to Section 4.1 “VELOCITY LOOP GAIN ADJUSTMENT” for
details of the velocity loop proportional/integral gain. Adjust the
velocity loop proportional/integral gain so that the velocity error
decreases.
During the adjustment, observe the velocity error and motor speed.
Sample waveforms before and after the adjustment are shown below:

(a) Waveform before adjustment (No. 4044 = (b) Waveform after adjustment (No. 4044 =
10, No. 4052 = 10) 20, No. 4052 = 60)

£ [ : : ]

CH1.: Velo ity eviat : : CHA.: Velocity deviation........ .
12.5 min'/div : : 12.5 min"/div

CH2 : Motor speed : :
2048 min'/div j j

(3)-4 Specifying an acceleration/deceleration time constant (2) :
Specifying an optimum value
Observing the torque command and motor speed, make a final
adjustment of the time constant. Adjust the time constant in
consideration of the actual cutting load, so that the peak torque at air
cut becomes about 70% to 80% (3.5 to 4.0 V) of the maximum value.
Sample waveforms before and after the adjustment are shown below:

CH2 : Motor speed
2048 mi_n'1/div

(a) Waveform before adjustment (No. 5261 = 800) (b) Waveform after adjustment (No. 5261 = 480)

CH1.: .Tbrque command.... M. CHﬁ :Tbrque
50% / div : : 50% / div

CH2 : Motor speed

CH2 : Motor speed
' 2048 min"' / div - \

ZOAB I iy b e A
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(3)-5 Checking the synchronous error

The spindle adjustment ends when the adjustments described in above
procedures are completed. After the spindle adjustment, check the
synchronous error between the spindle and servo axis, which will be
an index of rigid tapping precision.
The synchronous error is a difference between the spindle position
error and the servo axis position error converted for the spindle.

SYNCERIpulsel = PERsplpulsel - PERsv[pulsel

SYNCER [pulse]:Synchronous error

(4096 pulses per spindle rotation)
PERsp [pulse]:Spindle position error
PERsv [pulse]:Servo axis position error converted for the spindle
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2.3.10 Diagnosis (Diagnosis Screen)

This subsection provides a list of the diagnosis (diagnosis screen)
indications related to rigid tapping only. For details, refer to the
Connection Manual (Function) of each CNC.
(a) For Series 16i/18i/21i
“FANUC Series 16i/18i/21:-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Section 9.11 “RIGID TAPPING.”
(b) For Series 30i/31i/32i
“FANUC Series 30i/31i/32i-MODEL A
CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.11 “RIGID TAPPING.”
(¢) For Series 151
“FANUC Series 15i-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.8 “RIGID TAPPING.”
(d) For Series 0i
“FANUC Series 0i-MODEL C
CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Section 9.10 “RIGID TAPPING.”

(1) Series 161

Address Description Unit
0300 Position error pulse of the tapping axis (error) Pulse
0450 Position error pulse of the spindle (error) Pulse
0451 Interpolation pulse of the spindle Pulse
0454 Integrated interpolation pulse of the spindle Pulse

Difference of move command converted for the
0455 Pulse

spindle (instantaneous)

Difference of position error converted for the spindle

0456 ' Pulse
(instantaneous)
0457 (In terms of spindle) Width of synchronous error Pulse
(maximum)
NOTE

The data indicated below is displayed only when bit

0 (DGN) of parameter No. 5204 is set to 0. Usually,

set 0.

0455 : Difference of move command converted for
the spindle (instantaneous)

0456 : Difference of position error converted for the
spindle (instantaneous)

0457 : (In terms of spindle) Width of synchronous
error (maximum)
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(2) Series 30i
Address Description Unit
0300 Position error pulse of the tapping axis (error) Pulse
0450 Position error pulse of the spindle (error) Pulse
0451 Interpolation pulse of the spindle Pulse
0454 Integrated interpolation pulse of the spindle Pulse
0455 leferenc?e of move command converted for the Pulse
spindle (instantaneous)
0456 I?n‘ference of position error converted for the spindle Pulse
(instantaneous)
0457 (In te.rms of spindle) Width of synchronous error Pulse
(maximum)
NOTE

The data indicated below is displayed only when bit

0 (DGN) of parameter No. 5204 is set to 0. Usually,

set 0.

0455 : Difference of move command converted for
the spindle (instantaneous)

0456 : Difference of position error converted for the
spindle (instantaneous)

0457 : (In terms of spindle) Width of synchronous
error (maximum)

(3) Series 15i

Address Description Unit
1600 Position error pulse of the spindle (instantaneous) Pulse
1601 Position error pulse of the spindle (maximum) Pulse

Position error pulse of the tapping axis
(instantaneous)

1603 Position error pulse of the tapping axis (maximum) Pulse
(Value converted for the spindle) Width of
synchronous error (instantaneous)

(Value converted for the spindle) Width of
synchronous error (maximum)

1602 Pulse

1604 Pulse

1605 Pulse
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2.3.11 Alarm

(1) Series 161

This subsection provides a list of the alarms related to rigid tapping
only. For details, refer to the Connection Manual (Function) of each
CNC.
(a) For Series 16i/18i/21i
“FANUC Series 16i/18i/21:-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Section 9.11 “RIGID TAPPING.”
(b) For Series 30i/31i/32i
“FANUC Series 30i/31i/32i-MODEL A
CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.11 “RIGID TAPPING.”
(¢) For Series 151
“FANUC Series 15i-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.8 “RIGID TAPPING.”
(d) For Series 0i
“FANUC Series 0i-MODEL C
CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Section 9.10 “RIGID TAPPING.”

(a) Program error (P/S Alarm)

Alarm number Description
200 S command is over the range or not inputted.
201 F command is not inputted.
202 The interpolation pulse for the spindle is over the range
203 The commanded place of M29 or S command is not proper.
204 The axis move command is inserted between M29 and G84 (G74).
The rigid mode input signal is not ON during G84 (G74) although M29 is commanded.
205 The rigid mode DI signal does not go ON.
The rigid mode input signal goes OFF during the rigid tapping.
206 The plane change is commanded during the rigid tapping. (M series only)
207 In rigid tapping, the lead is too short or too long. (M series only)

(b) Servo alarm

Alarm number Description
410 The position error of the tapping axis or the spindle at stop exceeds the alarm level.
411 The position error of the tapping axis or the spindle at moving exceeds the alarm level.
413 Tapping axis LS| overflow (error counter overflow)
740 Position error at rest on the spindle side is larger than the predetermined value (No. 5313).
741 The positional deviation during movement on the spindle side is larger than the setting of No.
5311.
742 Spindle LSI overflow (error counter overflow)
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(2) Series 30i
(a) Program error (P/S Alarm)

Alarm number Description
PS0200 S command is over the range or not inputted.
PS0201 F command is not inputted.
PS0202 The interpolation pulse for the spindle is over the range

PS0203 The commanded place of M29 or S command is not proper.

PS0204 The axis move command is inserted between M29 and G84 (G74).

The rigid mode input signal is not ON during G84 (G74) although M29 is commanded.
PS0205 The rigid mode DI signal does not go ON.

The rigid mode input signal goes OFF during the rigid tapping.

PS0206 The plane change is commanded during the rigid tapping. (M series only)

PS0207 In rigid tapping, the lead is too short or too long. (M series only)

(b) Servo alarm

Alarm number Description
SV0410 The position error of the tapping axis or the spindle at stop exceeds the alarm level.
SV0411 The position error of the tapping axis or the spindle at moving exceeds the alarm level.
SV0413 Tapping axis LS| overflow (error counter overflow)
SP0740 Position error at rest on the spindle side is larger than the predetermined value (No. 5313).
SPO741 The positional deviation during movement on the spindle side is larger than the setting of No.

5311, or the synchronous error is larger than the setting of No. 5214.

SP0742 Spindle LSI overflow (error counter overflow)

(2) Series 15i
(a) Program error (P/S Alarm)
Alarm number Description
PS0223 An attempt was made to execute an instruction that uses the spindle although the spindle to be
controlled has not been set correctly.
PS0531 When the feedrate instruction contains valid data below the decimal point, the alarm is set and
the F code contains valid data below the decimal point.
When the feedrate instruction contains valid data below the decimal point, the alarm is set and

PS0532 . . ) )
the E code contains valid data below the decimal point.

PS0533 The feedrate for the hole drilling axis calculated from the F and S codes is too slow in the feed
per single rotation mode (G95).

PS0534 The feedrate for the hole drilling axis calculated from the F and S codes is too fast in the feed

per rotation mode (G95).

PS0535 The feedrate for the hole drilling axis calculated from the E and S codes is too slow in the feed
per rotation mode (G95).

The feedrate for the hole drilling axis calculated from the E and S codes is too fast in the feed
per rotation mode (G95).

PS0537 The speed obtained by applying override to the F instruction is too slow.

PS0538 The speed obtained by applying override to the F instruction is too fast.

PS0539 The speed obtained by applying override to the E instruction is too slow.

PS0540 The speed obtained by applying override to the E instruction is too fast.

PS0536

PS0541 "0" has been instructed as the S code.

PS0542 "0" has been instructed as the feedrate (E code).

PS0543 The gear ratio between the spindle and position coder, or the set position coder number of
pulses is illegal in the spindle position function and the rigid tapping function.

PS0544 The value specified with the S command exceeds the maximum spindle speed.
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(b) Spindle alarm (SP alarm)

Alarm number Description
SP0224 The spindle-position coder gear ratio was incorrect.
SP0231 The position error during spindle rotation was greater than the value set in parameter
(No.5876).
SP0232 The position error during spindle stop was greater than the value set in parameter (No.5877).
SP0233 The error counter/speed instruction value of the position coder overflowed.
SP0234 Grid shift overflowed.
SP0235 The orientation (reference position return) speed is too fast.
SP0238 An attempt was made to change the spindle mode during the rigid tapping mode.
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2.4 Cs CONTOURING CONTROL

2.4.1 Start-up Procedure

A. Check that operation in the velocity control mode is enabled.

)

B. Prepare and check the ladder program for the Cs contouring control
function.

C. Set the necessary parameters for Cs contouring control.

l

D. Check and adjust the waveforms on the Cs contouring control detector.

)

E. Check the operation of reference position return.

- Direction of return to the reference position in Cs contouring control
mode

- Maximum speed in Cs contouring control mode

- Feedrate at which return to the reference position is performed in Cs
contouring control mode

- Parameter for the rate of change in the position gain for return to the
reference position in Cs contouring control mode

)

F. Check the stop position when return to the reference position is
performed.
- Grid shift in Cs contouring control mode

)

G. Check the direction of spindle rotation in Cs contouring control mode.
- Parameter specifying the direction of rotation for a positive (+) motion
command

H. Adjust and check the Cs contouring control servo system.
(Check the operation in jog mode, rapid traverse mode, handle mode,
and other modes.)
- Position gain in Cs contouring control mode
- Velocity loop proportional gain in Cs contouring control mode
- Velocity integral gain in Cs contouring control mode
- Motor voltage in Cs contouring control mode
- Disturbance torque compensating constant (acceleration feedback gain)
- Spindle speed feedback gain
v

I. End of operation check in Cs contouring control mode
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2.4.2 Overview

Cs contouring control is a function for exercising position control by
handling the spindle as a CNC controlled axis with an MZi sensor,
BZi sensor, CZi sensor, or o position coder S.

This function enables positioning and interpolation with another servo
axis. This means that linear interpolation, circular interpolation, and so
forth can be specified between the spindle and a servo axis.

NOTE
To use this function, the CNC software option is
required.

2.4.3  System Configuration

The system configurations that enable the use of the Cs contouring
control function are shown below.

(1) When the a position coder S is used
Spindle motor with built-in Mi sensor
O (or MZi sensor)

JYA2 I: Spindle

o position coder S ]

SPM
TYPE B

JYA4 [] \

Directly connected or connected with a gear or timing belt
at a ratio of 1:1

(2) When the built-in motor is used
BZi sensor or CZi sensor

Spindle+
Bult-in motor

JYA2 |:

| I

SPM
TYPE A
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(3) When the spindle motor with built-in MZi sensor is used

JYA2

SPM
TYPE A

Spindle motor with built-in MZi sensor

O

Spindle

Directly connected or connected with a gear or timing belt
at a ratio of 1:1

(4) When the separate type BZi sensor or separate type CZi sensor is used

SPM
TYPE B

JYA4 |:—

JYA2 |:— _)

—

O

Spindle motor with built-in Mi sensor
(or MZi sen_sor)

Spindle

b
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2.4.4 List of /0O Signals (CNC < PMC)

This subsection provides a list of the I/O signals related to Cs
contouring control only. For details of each signal, refer to the
Connection Manual (Function) of each CNC.
(a) For Series 16i/18i/21i
“FANUC Series 16i/18i/21:-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Section 9.9 “Cs CONTOUR CONTROL.”
(b) For Series 30i/31i/32i
“FANUC Series 30i/31i/32i-MODEL A
CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.9 “Cs CONTOUR CONTROL.”
(¢) For Series 151
“FANUC Series 15i-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.7 “Cs CONTOUR CONTROL.”
(d) For Series 0i
“FANUC Series 0i-MODEL C
CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Section 9.8 “Cs CONTOUR CONTROL.”

For details of the I/O signals common to the CNCs, see Chapter 3,
"I/O SIGNALS «> CNC (PMC)", in Part I.

(1) Input signals (PMC — CNC)

(a) Series 16i

(b) Series 307

(c) Series 15i

G027
G028

G027
G028

G067
G071

#7 #6 #5 #4 #3 #2 #1 #0
CON
GR2 GR1
#7 #6 #5 #4 #3 #2 #1 #0
CON
GR2 GR1
#7 #6 #5 #4 #3 #2 #1 #0
SCNTR1
SCNTR2
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(d) Common to CNCs

15i
1st- G227
2nd- G235
1st- G226
2nd- G234

16i
G070
G074

G071
G075

30i
G070
G074

G071
G075

(2) Output signals (CNC —» PMC)

(a) Series 16i

(b) Series 307

(c) Series 15i

F034

FO44
F094

F034

FO44
F094

FO64
F068

FO67
FO71

#7 #6 #5 #4 #3 #2 #1 #0
SFRA SRVA | CTH1A | CTH2A
SFRB SRVB | CTH1B | CTH2B
INTGA
INTGB
#7 #6 #5 #4 #3 #2 #1 #0
GR30 GR20 GR10
(*1) (*1) (*1)
FSCSL
ZP8 ZP7 ZP6 ZP5 ZP4 ZP3 ZP2 ZP1
NOTE
1* These signals are valid with the M series only.
#7 #6 #5 #4 #3 #2 #1 #0
GR30 | GR20 | GR10
(*1) (*1) (*1)
FSCSL
ZP8 ZP7 ZP6 ZP5 ZP4 ZP3 ZP2 ZP1
NOTE
1* These signals are valid with the M series only.
#7 #6 #5 #4 #3 #2 #1 #0
ZP1
ZP2
MSCNTR1
IMSCNTRZ
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2.4.5  Examples of Sequences

Velocity control mode: Cs contouring control mode ¥
> <

y,

_ Velocity control mode

Cs contouring control ON(1)
mode command
FS16i/30i : CON

FS15i : SCNTRx OFF(0) OFF(0)
ON(1)
Spindle rotation
command
(SFR/SRV) OFF(0) OFF(0)
Sxxxxx(#0) v

Spindle speed command *"

SO
ON(1) \4
Cs contouring control mode state
FS16i/30i : FSCSL
FS15i : MSCNTRx OFF(0) OFF(0)
Spindle clamp

Spindle clamped *?

ON(1) \
Velocity integral control signal **
(INTGA) OFF(0) OFF(0)

NOTE

1 In Cs contouring control mode, reset the spindle
speed command (specify S0) for safety.

2 When the spindle is clamped to perform machining
such as drilling after positioning based on Cs
contouring control, the spindle may be clamped at a
position slighted shifted from the specified position.
In such a case, the velocity loop integral function
attempts to move the spindle to the specified
position, so that an excessively high current can flow
through the motor.

To prevent this, turn on (set to 1) the velocity integral
control signal (INTGA) to disable the velocity loop
integral function, or turn off the power to the motor
with the servo-off signal.

3 In Cs contouring control, do not perform spindle gear
switching. Be sure to perform spindle gear switching,
if needed, on the velocity control mode.
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2.4.6

Related Parameters

Parameter No.

15i 16 30 Description
1005#0 1005#0 1005#0 [Whether to use the reference position return function
1005#2 - - Sets automatic reference position return (G28). (Set “0".)
Set workpiece coordinate system preset at automatic reference position
1005#3 - - .
return time. (Set “1”.)
1600#2,#1,#0 1006#2 1006#2 |Sets a linear axis/rotation axis. (Set “1”.)
1600#3 - - Sets a radius for a move command/rotation axis. (Set “0”.)
1804#7 - - Sets a Cs contouring control axis with a serial spindle. (Set “1”.)
2203#1 - - Sets machine position display on the CRT. (Set “1”.)
i 370041 370041 Specifies whether tq enable the r'efe'rence position ret.urn function for the first
G00 command received after switching to Cs contouring control.
- 3712#2 3712#2 |Sets the Cs axis coordinate establishment function.
1012 1004 1013 Increment system
#3,#2 #1,#0 #1,#0 #3,#2 #1,#0 |(Usually, set and use IS-B.)
1020 1020 1020 Program axis name
- 1022 1022 Sets an axis of the basic coordinate system. (Set “0".)
1023 1023 1023 Servo axis number (Set “-1".)
1028 - - Spindle number of Cs contouring control axis
1260 - 1260 Movement per rotation of rotation axis (Set “360.0”.)
1420 1420 1420 Rapid traverse rate
1620 1620 1620 Linear acceleration/deceleration time constant for rapid feed
1820 1820 1820 Command multiplication (Usually, set "2" [= CMR 1].)
5879 1826 1826 In-position width
5880 1828 1828 Position error limit during movement
5881 1829 1829 Position error limit when stopped
5882 - - Position error limit when the servo system is off
Sets a position gain for a servo axis subject to interpolation with the Cs
5609#0 - - contouring control axis.
("0": Automatically set, "1": Not automatically set. Usually, set "0".)
3900 3900
) gg;g gg;g Sgwo axis number subject to interpolation with the Cs contouring control
3930 3930 |
3940 3940
3901 to 3904|3901 to 3904
) 22;1 :2 gg;j: gg;l IZ 23;2 Position g.ain of a servo axis subject to interpolation with the Cs contouring
3031 to 3934|3931 to 3934|CONtrol axis
3941 to 3944|3941 to 3944
5843 - - Number of pulses of position detector for Cs contouring control
300041 4000#1 4000#1 Spindle rotation direction for a positive motion command on Cs contouring
control mode
300043 400043 400043 Direction of reference position return when the system enters Cs contouring
control mode
300244 400244 40024 Whethe.r to use the rotation direction signal (SFR/SRV) function on Cs
contouring control
3005#0 4005#0 - Sets the detection unit for Cs contouring control.
3016#3 4016#3 4016#3 |Sets the smoothing function in feed-forward control.
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Parameter No.

151 16i 307 Description
3016#4 4016#4 4016#4  |Sets control characteristics on Cs contouring control/servo mode.

3021 4021 4021 Maximum spindle speed on Cs contouring control mode

3036 4036 - Feed-forward coefficient

3037 4037 4037 Velocity loop feed-forward coefficient

3046 4046 4046 Velocity loop proportional gain on Cs contouring control mode

3047 4047 4047 (A parameter is selected by the CTH1A input signal sent from the PMC.)

3054 4054 4054 Velocity loop integral gain on Cs contouring control mode

3055 4055 4055 (A parameter is selected by the CTH1A input signal sent from the PMC.)
Spindle-to-motor gear ratio

3056 to 3059 |4056 to 4059|4056 to 4059 |(A parameter is selected by the CTH1A and CTH2A input signals sent from
the PMC.)
Position gain for axes subject to Cs contouring control
3069 to 3072 14069 to 407214069 to 4072 (A paramgeter is selected liy the CTH1A input g;ignal sent from the PMC.)

3074 4074 4074 Feedrate for reference position return on Cs contouring control mode or
servo mode

3086 4086 4086 Motor voltage on Cs contouring control mode

3092 4092 4092 Rate of change in the pogition gain when reference position return is
performed on Cs contouring control mode

3094 4094 4094 Disturbance torque compensating constant (acceleration feedback gain)

3097 4097 4097 Spindle speed feedback gain

3099 4099 4099 Motor excitation delay

3131 4131 4131 Velocity detection filter time constant (on Cs contouring control)

3135 4135 4135 Grid shift on Cs contouring control mode

3162 4162 4162 Velocity loop integral gain for cutting feed on Cs contouring control

3163 4163 4163 (A parameter is selected by the PMC input signal CTH1A.)

- - 4344 Advanced preview feed-forward coefficient
- 4353#5 4353#5 |Sets the Cs axis position data transfer function.
3406 4406 4406 rAe(;?rerlweration/deceleration time constant for Cs control reference position

NOTE

1 For the detector-related parameters, see Section
1.3, "PARAMETERS RELATED TO DETECTORS",
in Part I.

For velocity loop proportional/integral gain
adjustment, see Section 4.1, "VELOCITY LOOP
GAIN ADJUSTMENT?", in Part .
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2.4.7 Details of Related Parameters

15i
3000

16i 30i
4000 4000

ROTA2

RETRN

This subsection details the serial spindle parameters (in the four
thousands for 167, in the four thousands for 30i, and in the three
thousands for 15i) among the parameters related to Cs contouring
control. For details of other parameters, refer to the Connection
Manual (Function) of each CNC.
(a) For Series 16i/18i/21i

“FANUC Series 16i/18i/21:-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63523EN-1

Refer to Section 9.9 “Cs CONTOUR CONTROL.”
(b) For Series 30i/31i/32i

“FANUC Series 30i/31i/32i-MODEL A

CONNECTION MANUAL (FUNCTION) : B-63943EN-1

Refer to Section 11.9 “Cs CONTOUR CONTROL.”
(¢) For Series 151

“FANUC Series 15i-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63783EN-1

Refer to Section 9.7 “Cs CONTOUR CONTROL.”
(d) For Series 0i

“FANUC Series 0i-MODEL C

CONNECTION MANUAL (FUNCTION) : B-64113EN-1

Refer to Section 9.8 “Cs CONTOUR CONTROL.”

#7 #6 #5 #4 #3 #2 #1 #0
| | | | | RETRN | | RoTA2 | |

Indicates the spindle direction by the move command (+). (Only

effective on Cs contouring control)

0: When the value of a move command from the CNC is positive
(+), the spindle rotates in the CCW direction.

1: When the value of a move command from the CNC is positive
(+), the spindle rotates in the CW direction.

Change the setting of this parameter when changing the rotation

direction of the spindle on Cs contouring control.

Indicates the reference position return direction on Cs contouring

control.

0: Returns the spindle from the CCW direction to the reference
position (counter clockwise direction).

1: Returns the spindle from the CW direction to the reference
position (clockwise direction).
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15i 16i 30i
3002 4002 4002

CSDRCT

15i 16i 30i
3005 4005

CS360M

15i 16i 30i
3016 4016 4016

FFSMTH

#7 #6 #5 #4 #3 #2 #1 #0
L 1 1 desorerl [ | ] |

Whether to use the rotation direction signal (SFR/SRV) on Cs
contouring control
0: Rotation direction function enabled

(1) When bit 1 (ROTA2) of No. 4000 = 0, and the value of a
move command from the CNC is positive (+)

(a) The spindle rotates counterclockwise when input
signal SFR(G70#5) is set to 1.

(b) Tthe spindle rotates clockwise when input signal
SRV(G70#4) is set to 1.

(2) When bit 1 (ROTA2) of No. 4000 = 1, and the value of a
move command from the CNC is positive (+)

(a) The spindle rotates clockwise when input signal
SFR(G70#5) is set to 1.
(b) The spindle rotates counterclockwise when input
signal SRV(G70#4) is set to 1.
1: Rotation direction function disabled

The rotation direction function of the SFR/SRV signal is disabled.

Only the function for enabling spindle motor excitation is

available.

(1) When bit 1 (ROTAZ2) of parameter No. 4000 is set to 0
When the value of a move command from the CNC is
positive (+), and SFR/SRV = 1, the spindle rotates in the
CCW direction.

(2) When bit 1 (ROTAZ2) of parameter No. 4000 is set to 1
When the value of a move command from the CNC is
positive (+), and SFR/SRV = 1, the spindle rotates in the
CW direction.

#7 #6 #5 #4 #3 #2 #1 #0
| | | | | | | | csssom]

Sets the detection unit for Cs contouring control.

0: 0.001°

1: 0.0001°

Set 0 usually. When a CZi sensor is used as the position detector and
the setting unit IS-C is used, set 1.

#7 #6 #5 #4 #3 #2 #1 #0
| | | | IDLPTN |FFSMTH| | | |

Specifies whether to use the smoothing function under feed-forward
control.

0: Don’tuse the smoothing function.

1: Uses the smoothing function.

This bit specifies whether to use the smoothing function under
feed-forward control on Cs contouring control mode.
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IDLPTN  Specifies the control characteristic on Cs contouring control mode or
servo mode (rigid tapping mode).
Normally, set this bit to 0.
Set this bit to 1 when setting a value less than 100 as the motor
voltage on Cs contouring control (No. 4086) or as the motor voltage
on servo mode (No. 4085).

15i 16i 30i

3021 4021 4021 | Maximum speed on Cs contouring control mode

Unit of data:  1min™ (10min™ when parameter No.4006#2 (SPDUNT) is set to 1)

Valid data range : 0 to 32767

Standard setting : 100
This parameter specifies the maximum speed of a spindle operating on
Cs contouring control mode.
When 0 is specified as the parameter for the feedrate for reference
position return on Cs contouring control mode (parameter No. 4074),
reference position return is performed at the speed specified as the
maximum speed in this parameter.

15i 16i 30i

3036 4036 - Feed-forward coefficient

Unitofdata: 1%
Valid datarange: 0to 100
Standard setting : 0
Set the feed-forward coefficient when feed-forward control is
executed on Cs contouring control.

15i 16i 30i

3037 4037 4037 Velocity loop feed-forward coefficient

Unit of data :

Valid datarange : 0 to 32767

Standard setting : 0
Set a velocity loop feed-forward coefficient when feed-forward
control is executed on Cs contouring control. Use the following
expression to determine a value to be set:

[spindle inertia + rotor inertia](kg-mz)

Maximum motor torque (N-m)

Setting = 214466 x
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15i 16i
3046 4046
3047 4047

Unit of data :
Valid data range :
Standard setting :

15i 16i 30i
3054 4054 4054
3055 4055 4055

Unit of data :
Valid data range :
Standard setting :

15i 16i 30i

3056 4056 4056
3057 4057 4057
3058 4058 4058
3059 4059 4059

Unit of data :
Valid data range :

Standard setting :

CTH1A=0
CTH1A=1

Velocity loop proportional gain on Cs contouring control (HIGH)

Velocity loop proportional gain on Cs contouring control (LOW)

0to 32767

30

These parameters specify the proportional gains of the velocity loop
on Cs contouring control mode.

When the input signal CTHIA = 0, (HIGH) is selected. When the
input signal CTH1A =1, (LOW) is selected.

Velocity loop integral gain on Cs contouring control (HIGH) CTH1A=0

Velocity loop integral gain on Cs contouring control (LOW) CTH1A=1

0 to 32767

50

These parameters specify the integral gains of the velocity loop for Cs
contouring control mode.

When the input signal CTH1A = 0, (HIGH) is selected. When the
input signal CTHIA =1, (LOW) is selected.

Gear ratio (HIGH) CTH1A=0, CTH2A=0

Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1

Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0

Gear ratio (LOW) CTH1A=1, CTH2A=1

(Motor rotation for one rotation of spindle) / 100

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000)
0 to 32767

100

These parameters set the gear ratio of the spindle motor to the spindle.
When the motor rotates 2.5 times for every rotation of the spindle, for
example, set 250 in the parameter.

A parameter is selected by the CTHIA and CTH2A input signals.

The gear or clutch status must correspond to the status of the CTH1A
and CTH2A input signals.

NOTE
When an improper value is set in these parameters,
an unexpected operation can occur. For example,
the spindle does not stop but keeps rotating at the
time of orientation. So, be sure to set a proper gear
ratio.
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15i 16i 30i

3069 4069 4069 Position gain on Cs contouring control (HIGH) CTH1A=0, CTH2A=0
3070 4070 4070 Position gain on Cs contouring control (MEDIUM HIGH)  CTH1A=0, CTH2A=1
3071 4071 4071 Position gain on Cs contouring control (MEDIUM LOW) CTH1A=1, CTH2A=0
3072 4072 4072 Position gain on Cs contouring control (LOW) CTH1A=1, CTH2A=1

Unit of data:  0.01sec”
Valid datarange : 0 to 32767
Standard setting : 3000
These parameters specify the position gains used on Cs contouring
control mode.
A parameter is selected by the input signals CTH1A and CTH2A.

15i 16i 30i

Speed for return to reference position on Cs contouring control mode/servo

3074 4074 4074 | poge

Unitof data:  1min™
Valid datarange : 0 to 32767
Standard setting : 0
e  When 0 is set
The value set in No. 4021 (maximum spindle speed) is used as a
reference position return speed on Cs contouring control.
e When a value other than 0 is set
The value set in this parameter is used as a reference position
return speed on Cs contouring control.

NOTE
An overshoot can occur at reference position return
time for a cause such as an excessively high
reference position return speed by setting the
parameter No. 4021 (maximum spindle speed on Cs
contouring control mode). In this case, set this
parameter.

15i 16i 30i

3086 4086 4086 | Motor voltage setting on Cs contouring control

Unitofdata: 1%
Valid data range : 0 to 100
Standard setting : 100
Set the motor voltage to "100", when Cs contouring control is in
operation.
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15i 16i 30i

3092 4092 4092

Unit of data :
Valid data range :
Standard setting :

15i 16i 30i

3094 4094 4094

Unit of data :
Valid data range :

Standard setting :

NOTE
When the maximum speed on Cs contouring control
(in terms of motor shaft) is higher than the base
speed of the spindle motor, set a value less than
100 in this parameter according to the following
expression:

Motor voltage (%)=100x Spindle motor base speed

Maximum speed in Cs contouring control
(in terms of motor shaft)

In this case, also set bit 4 of No. 4016 to 1 as the
setting of control characteristics on Cs contouring
control.

The reduction rate of position loop gain in returning to the reference position
on Cs contouring mode

1%

0to 100

100

This parameter specifies a rate of change in the position gain used for
reference position return on Cs contouring control mode.

NOTE
An overshoot can occur at reference position return
time for a cause such as an excessively high
reference position return speed and an excessively
large spindle inertia. In this case, an overshoot can
be avoided by setting a small value in this
parameter.

The constant of the torque disturbance compensating (Acceleration feedback
gain)

0to 32767

0

This parameter specifies the constant for compensating for a
disturbance torque on Cs contouring control mode.

NOTE
By setting this parameter, stability in cutting can be
improved.

In this parameter, set a value from 500 to 2000.
Do not set a value exceeding 4000.
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15i 16i 30i

3097 4097 4097 Spindle speed feedback gain

Unit of data :
Valid data range : 0 to 32767
Standard setting: 0
This parameter is set to feed back spindle speed and compensate for
torque disturbance on Cs contouring control in systems where spindles
and spindle motors are linked by gears or belts.

NOTE
When a belt is used to connect the spindle with the
motor, control stability may be improved by feeding
back the spindle speed.
In this parameter, set about the same value (10 to
50) as specified in parameter No. 4046 (velocity loop
proportional gain), or a smaller value.

15i 16i 30i

3099 4099 4099 | Delay time for motor excitation

Unit of data: 1ms
Valid datarange : 0 to 32767
Standard setting : 0
This parameter specifies the time required to achieve stable motor
excitation on rigid tapping mode or Cs contouring control mode.

NOTE
At the time of switching from the velocity control
mode to Cs contouring control mode, the stop time
excessive error alarm can be issued intermittently.
This is because the excitation state of the spindle
motor changes abruptly, and therefore a transient
state occurs in the motor, thus moving the motor
shaft slightly.
In such a case, set this parameter. In general, set a
value from about 300 to 400 (300 to 400 msec).

15i 16i 30i

3131 4131 4131 | Velocity detection filter time constant (on Cs contouring control)

Unit of data:  0.1ms
Valid data range : 0 to 10000
Standard setting value : 0
This parameter sets a filter time constant for the velocity feedback
signal on Cs contouring control. Usually, set 0.
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15i 16i 30i

3135 4135 4135 | Grid shift amount on Cs contouring control

Unit of data: 1 pulse unit (=0.001°) (0.0001° when bit 0 (CS360M) of parameter No.

4005 is setto 1)
Valid datarange :  -360000 to +360000
(-3,600,000 to +3,600,000 when bit 0 (CS360M) of parameter No.
4005 is set to 1)
Standard setting value: 0

Use this parameter to shift the machine reference position on Cs
contouring control.
The machine reference position of the spindle shifts by the set number
of pulses in the CCW direction.

15i 16i 30i

Velocity loop integral gain for cutting feed on Cs contouring control(HIGH)
CTH1A=0

3162 4162 4162

Velocity loop integral gain for cutting feed on Cs contouring control(LOW)
CTH1A=1

3163 4163 4163

Unit of data :
Valid datarange : 0 to 32767
Standard setting value : 0
These parameters set a velocity loop integral gain for cutting feed
(GO1, G02, GO3) on Cs contouring control.
When the input signal CTH1A = 0, (HIGH) is selected. When the
input signal CTHIA = 1, (LOW) is selected.

NOTE
When 0 is set in these parameters, the values set in
No. 4054 and No. 4055 (velocity loop integral gain
on Cs contouring control) are valid.

15i 16i 30i

4344 | Advanced preview feed-forward coefficient

Unitofdata: 0.01%
Valid data range : 0 to 10000
Standard setting value : 0
This parameter sets a feed-forward coefficient for exercising
feed-forward control when Cs contouring control is used.

15 16i  30i 47 #6 #5 #4 #3 #2 #1 #0
4353 4353 | | | csPTRE | | | | | |

CSPTRE  Sets the Cs axis position data transfer function.
0: Disables the Cs axis position data transfer function.
1: Enables the Cs axis position data transfer function.
Set this parameter to 1 when using the Cs axis coordinate
establishment function.
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15i 16i 30i

3406 4406 4406

Unit of data :
Valid data range :
Standard setting :

NOTE
This parameter is valid with 9D50 series G (07)
edition or later and 9D70 series A (01) edition or
later.

Acceleration/deceleration time constant at return to the reference position in
Cs contouring control

Imsec

0 to 32767

0

This parameter sets the acceleration to be used for returning to the
reference position in Cs contouring control. Use of this parameter can
reduce the shock due to acceleration/deceleration during return to the
reference position. The spindle speed command during return to the

reference position is then given as follows:
One-rotation signal detected

l

Reference
position return
speeg
(min™)
Setting in Setting in
parameter parameter
No. 4406 No. 4406
(msec) (msec)
Start of reference position return End of reference position return
NOTE

1 When 0 is set in this parameter, a velocity command
is assumed as follows.

o Before detecting the one-rotation signal:
Reference position return speed (step-type
velocity command)

o After detecting the one-rotation signal:

Distance to the reference position x Position gain
2 This parameter is enabled when soft start/stop signal
SOCNAis 1.
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2.4.8 Diagnosis (Diagnosis Screen)

Address Description Unit

151 161 30:
- 0418 - Position error value of the first spindle Pulse
1540 - 0418 |[Position error value of the spindle Pulse

2.4.9 Alarm

(1) Series 161

This subsection provides a list of the alarms related to Cs contouring
control only. For details of alarms, refer to the Connection Manual
(Function) of each CNC.
(a) For Series 16i/18i/21i
“FANUC Series 16i/18i/21:-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Section 9.9 “Cs CONTOUR CONTROL.”
(b) For Series 30i/31i/32i
“FANUC Series 30i/31i/32i-MODEL A
CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.9 “Cs CONTOUR CONTROL.”
(¢) For Series 151
“FANUC Series 15i-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.7 “Cs CONTOUR CONTROL.”
(d) For Series 0i
“FANUC Series 0i-MODEL C
CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Section 9.8 “Cs CONTOUR CONTROL.”

Alarm No. Description
194 Cs contouring control is specified in serial spindle synchronous control mode.
197 A move command was issued from a program when the input signal CON (bit 7 of G027) is off.
751 An alarm was issued on the serial spindle amplifier side.
752 Switching to Cs contouring control mode is not terminated normally.

(2) Series 301

Alarm No. Description
PS0194 Cs contouring control is specified in serial spindle synchronous control mode.
PS0197  |A move command was issued from a program when the input signal CON (bit 7 of G027) is off.
SP0752 Switching to Cs contouring control mode is not terminated normally.

(3) Series 15i

Alarm No. Description
PSO571 A move command for Cs contouring control was issued for an axis not placed on Cs contouring
control mode.
PS0572 A Cs contouring control axis command was issued for an axis in motion.
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2.5

SPINDLE SYNCHRONOUS CONTROL

2.5.1

Start-up Procedure

A. Check that operation in velocity control mode is ready.

l

. Prepare and check the ladder programs for the spindle synchronous

control function.

l

. Set the parameters related to spindle synchronous control.

{

. Connect a position coder and check the feedback signal.

l

. Check the spindle synchronous speed.

l

. Check the direction of spindle rotation when spindle synchronous control

is applied.
- Direction of spindle motor rotation when spindle synchronous control is

applied.
v

. Check that errors such as overshoot or hunting do not occur before the

spindle achieves the maximum speed for synchronization.
- Position gain for spindle synchronous control
- Acceleration/deceleration time constant used for spindle synchronous

control control

. Check that the error pulse difference between the spindles is within £5

pulses.

- Position gain for spindle synchronous control

- Spindle-to-motor gear ratio data

- Velocity loop proportional gain for spindle synchronous control

- Velocity loop integral gain for spindle synchronous control

- Incomplete integration coefficient

- Bell-shaped acceleration/deceleration time constant for spindle
synchronous control

- Motor voltage for spindle synchronous control

l

I. Check the operation of spindle phase synchronization control.

- Shift amount for spindle phase synchronization
- Compensation data for spindle phase synchronization

l

J. End the checking of spindle synchronous control operation.
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2.5.2 Overview

When, on a machine (such as a lathe) that has two facing spindles,
workpiece seizure is to be switched from the first spindle to the
second spindle during spindle rotation, or acceleration/deceleration is
performed while the first spindle and second spindle hold a workpiece,
the two spindles must rotate at the same speed.

When the seizure of a uniquely shaped workpiece is to be switched
from one spindle to the other, the two spindles must have the same
spindle rotation phase (angular displacement).

The spindle synchronous control function exercises synchronous
control between two spindles in these cases.

/A\ CAUTION

1 To use this function, the CNC software option is
required.

2 This function cannot be used with FANUC Series
15i.
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2.5.3  System Configuration

The system configurations that enable the use of the spindle
synchronous control function are shown below.

1

2

NOTE

Spindle synchronous control between spindles each
having a different detector configuration is possible.
Spindle synchronous control between different path
is possible. For details, see below:

Section 9.12, "SPINDLE SYNCHRONOUS
CONTROL", in FANUC Series 16i/18i/21i -MODEL
B CONNECTION MANUAL (FUNCTION)
(B-63523EN-1)

Section 11.13, "SPINDLE SYNCHRONOUS
CONTROL", in FANUC Series 30i/31i/32i -MODEL
A CONNECTION MANUAL (FUNCTION)
(B-63943EN-1)
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(1) When the a position coder is used

[ 1t spindle |
Spindle motor with built-in Mi sensor
CNC O (or MZi sensor)
L1 -
—
JA7B M Spi
pindle
JYA2|: o position coder
SPM ||
TYPE A |
JYA3 I:
JATA -
]
L Directly connected or connected with a gear or timing belt
at aratio of 1:1
| 2nd spindle ||
Spindle motor with built-in Mi sensor
(or MZi sensor)
O
—
JA7B Spindle
JYA2 a position coder
SPM ||
TYPE A
JYA3

Directly connected or connected with a gear or timing belt
at aratio of 1:1
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(2) When the a position coder S is used

[ 1stspindle ||
Spindle motor with built-in Mi sensor
CNC O (or MZi sensor)
L1 -
—
JA7B M Spi
pindle
JYA2 |:_ o position coder S
SPM ||
TYPE B |
JYA4 I:
JATA -
L Directly connected or connected with a gear or timing belt
at aratio of 1:1
| 2nd spindle ||
Spindle motor with built-in Mi sensor
O (or MZi sensor)
—
JA7B YA [ Spindle
o position coder S
SPM ||
TYPE B
JYA4

Directly connected or connected with a gear or timing belt
at aratio of 1:1
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(3) When the built-in motor is used

| 1st spindle ||

BZi sensor or CZi sensor

CNC

— Spindle +
——J Built-in motor

]
L1

JATB
JYA2 I:

SPM
TYPE A

JA7A
]
L1

[ 2nd spindle ||

BZi sensor or CZi sensor

Spindle +
Built-in motor

-

L1
JA7B
JYA2 I:

SPM
TYPE A
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(4) When the spindle motor with built-in MZi sensor is used
|| 1st spindle ||

Spindle motor with built-in MZi sensor

CNC O

L1 L

1
JATB o

JYA2 I: | Spindle

SPM |

TYPE A
JATA Directly connected or connected with a gear or timing

— belt at a ratio of 1:1

|| 2nd spindle ||
Spindle motor with built-in MZi sensor
O —

1

L1 |
JA7B Spindle

JYA2 -
SPM |
TYPE A
Directly connected or connected with a gear or timing
belt at a ratio of 1:1
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(5) When the separate type BZi sensor or separate type CZi sensor is used
|| 1st spindle ||

Spindle motor with built-in Mi sensor

~— O (or MZi sensor)

CNC

JATB
JYA2 I: / H Spindle
TYPE B Fl

JYA4 []
JATA BZi sensor or CZi sensor
]
L1
| 2nd spindle ||
Spindle motor with built-in Mi sensor
/_— O (or MZi sensor)
]
L1 -
JA7B YA I::| / Spindle
SPM —

TYPE B Fl
JYA4 [

BZi sensor or CZi sensor

1
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(6) When the external one-rotation signal (proximity switch) is used
| 1st spindle ||

Spindle motor with built-in Mi sensor

CNG O |(or MZi sensor)
L1
— | spindie
JA7B B
JYA2 I: L
SPM External one-rotation
signal switch (proximity
TYPEA 1 switch)
JYA3 |:J Gear or timing belt
JATA
—
L1
| 2nd spindle ||
Spindle motor with built-in Mi sensor
O  |(or MZi sensor)
— | spindle
JA7B B
JYA2 L
SPM External one-rotation
TYPE A signal switch (proximity
M switch)
JYA3 |:J Gear or timing belt
NOTE

1 When using the external one-rotation signal
(proximity switch), use the detection arbitrary gear
ratio function (DMR function).

2 When using the detection arbitrary gear ratio
function (DMR function), set the following:

- Parameters (No. 4171 to No. 4174) for the
numerator/denominator of an arbitrary gear ratio
between the motor sensor and spindle

3 Set the type of the external one-rotation signal
(proximity switch) (bits 3 and 2 of No. 4004).

4 For stable detection of the one-rotation signal, detect
the one-rotation signal by performing spindle
orientation before entering spindle synchronous
control mode.

For orientation based on the external one-rotation
signal, see Section 2.2, "POSITION CODER
METHOD ORIENTATION", in Part I.
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2.5.4 Explanation of Operation

(1)

(i)

(ii1)

(iv)

)

(vi)

If spindle synchronous control is commanded when the two
spindles are rotating at different speeds (including stop state), the
two spindles are accelerated or decelerated to the commanded
speed then enter synchronous control state.

If the synchronous speed command is changed after synchronous
control state is entered, the spindles are accelerated or
decelerated to the new commanded speed with the parameter-set
acceleration while synchronous control state is held. If the
synchronous speed command is 0 min™, the spindles stops in
synchronism.

If spindle synchronous control at a synchronous speed of 0 min™
is commanded when the spindles are in stop state, each spindle
automatically makes two to three turns to detect the position
coder one-rotation signal (as a preparation for spindle phase
synchronous control), then enters synchronous control state.
Next, when the synchronous speed command is changed, the
spindles are accelerated with the parameter-set acceleration while
synchronous control state is held, until the speed command is
changed.

When the seizure of a uniquely shaped workpiece needs to be
switched between the two spindles, the rotation phase (angular
displacement) of one spindle must match that of the other.

If a spindle phase synchronous control command is entered when
the two spindles are rotating in synchronous control state, each
spindle is controlled to have the parameter-set rotation phase (a
momentary speed change occurs at this time), then enters
synchronous control state again.

A rotation phase match can be secured by matching the reference
positions of the two spindles by parameter setting beforehand.

If the two spindles enter synchronous control state at a specified
synchronous speed of 0 min™, and a phase synchronous control
command is then entered, each spindle rotates and stops to
achieve a parameter-set phase. This operation is performed as if
spindle positioning (spindle orientation) is performed while the
spindles are stopped. As a result, the reference position of one
spindle matches that of the other (phase synchronization).

If the synchronous speed command is changed after the two
spindles seize a uniquely shaped workpiece, the two spindles are
accelerated to the new specified speed with the parameter-set
acceleration while synchronous control state is held.

Even in the state where the two spindles are seizing a workpiece
in synchronous control state, constant surface speed control can
be exercised.

However, even if a speed change greater than the parameter-set
acceleration is commanded, the speed changes within the
parameter-set acceleration.

(vii) Do not change the rotation direction command (SFRA, SRVA)

during synchronous control.
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NOTE
For details, see below:
Section 9.12, "SPINDLE SYNCHRONOUS CONTROL",
in FANUC Series 16i/18i/21: -MODEL B CONNECTION
MANUAL (FUNCTION) (B-63523EN-1).
Section 11.13, "SPINDLE SYNCHRONOUS
CONTROL", in FANUC Series 30i/31i/32i -MODEL A
CONNECTION MANUAL (FUNCTION) (B-63943EN-1)
Section 9.11, "SPINDLE SYNCHRONOUS CONTROL",
in FANUC Series 0i -MODEL C CONNECTION
MANUAL (FUNCTION) (B-64113EN-1).

2.5.5 1/0 Ssignals (CNC < PMC)

(1) Address list of input signals (PMC — CNC)

16i 30i #7 #6 #5 #4 #3 #2 #1 #0

Common to all axes G038 G038 SPPHS | SPSYC
Common to allaxes G032 G032 RO8I RO7I RO6I RO5I RO4I RO3I RO2I RO1I
Common to all axes G033 G033 SSGN R12I R11I R101 RO09I

1st- G070 G070 SFRA SRVA | CTH1A | CTH2A

2nd- G074 G074 SFRB SRVB | CTH1B | CTH2B

1st- G071 G071 INTGA

2nd- G075 G075 INTGB

(2) Details of input signals (CNC — PMC)
(a) Spindle synchronous control signal SPSYC

[Function]  Specifies switching to spindle synchronous control mode.
[Operation]  When this signal is set to 1, spindle synchronous control mode is set.
When this signal is set to 0, spindle synchronous control mode is
cancelled.

(b) Spindle phase synchronous control signal SPPHS
[Function]  Specifies spindle phase synchronous control mode (phase matching).

(1) This function is valid when the spindle synchronous control
signal SPSYC is 1.

(i) After the spindle synchronous speed control completion signal
FSPSY is set to 1, specify this signal.

(i) A spindle phase synchronous control operation is performed on
the rising edge of this signal. So, the phase once matched is not
shifted by setting this signal to 0.
However, a phase matching operation is performed when this
signal is changed from 0 to 1 again.

[Operation] When this signal makes a transition from 0 to 1, spindle phase
synchronous control is exercised.
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(c) Velocity integral control signal INTGA

[Function]
[Operation]

Enables or disables velocity integral control.

When this signal is set to 1

= The velocity loop integral function is disabled. This has the same
effect as the setting of a velocity loop integral gain of 0.

When this signal is set to 0

= The velocity loop integral function is enabled.

NOTE

1 When the two spindles seize the same workpiece, a
spindle may be fixed at a position slightly displaced
from the specified position because the two spindles
are mechanically connected.

In this case, an excessively high current can flow
because the velocity loop integral function attempts
to return the spindle to the specified position.

To prevent this, turn on (set to 1) the velocity integral
control signal INTGA to disable the velocity loop
integral function if the two spindles are mechanically
connected.

2 When the velocity integral control signal INTGA is
turned on (set to 1), the velocity loop integral
function is disabled. So, an increased synchronous
error can occur. When the two spindles do not seize
the same workpiece, turn off (set to 0) the velocity
integral control signal INTGA to enable the velocity

loop integral function.
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(3) Address list of output signals (CNC — PMC)

161 30i
Common to all axes F044 F044

1st- FO45 F045
2nd- FO49  F049

#7 #6 #5 #4 #3 #2 #1 #0

| | | SYCAL | FSPPH | FSPSY | |

SARA

SARB

(4) Details of output signals (CNC — PMC)

(a) Spindle synchronous speed control completion signal FSPSY

Posts that spindle synchronous control (speed synchronization) is
completed.

This signal is set to 1 when the following condition is satisfied:

[Function]

[Output condition]

(1)

This signal is output when the two spindles have reached the
speed corresponding to a specified spindle synchronous speed
and the speed difference between the two spindles is equal to or
less than the value set in parameter No. 4033 on spindle
synchronous control mode.

This signal is set to 0 when any of the following conditions is
satisfied:

(1)

(i)

The two spindles have not reached the speed corresponding to a
specified spindle synchronous speed on spindle synchronous
control mode.

The speed difference between the two spindles is greater than the
value set in parameter No. 4033 on spindle synchronous control
mode.

(iii) Spindle synchronous control mode is not set.

NOTE

Even if this signal is set to 1 once, this signal is set
to 0 when the speed difference becomes equal to or
greater than the value set in parameter No. 4033 for
a cause such as cutting load variation.
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(b) Spindle phase synchronous control completion signal FSPPH

[Function]

[Output condition]

Posts that spindle phase synchronous control (phase matching) is

completed.

This signal is set to 1 when the following condition is satisfied:

(1) This signal is output when phase matching is completed with the
spindle phase synchronous control signal (the error pulse
difference between the two spindles is equal to or less than the
value set in parameter No. 4810) after the two spindles have
reached the speed corresponding to a specified spindle
synchronous speed on spindle synchronous control mode.

This signal is set to 0 when any of the following conditions is

satisfied:

(i) Phase matching between the two spindles is not completed on
spindle synchronous control mode. The error pulse difference
between the two spindles is greater than the value set in
parameter No. 4810 on spindle synchronous control mode.

(i) Spindle phase synchronous control mode is not set.

NOTE
Even if this signal is set to 1 once, this signal is set
to 0 when the speed difference becomes equal to or
greater than the value set in parameter No. 4033 for
a cause such as cutting load variation.

(c) Phase error monitoring signal SYCAL

[Function]

[Output condition]

Posts that the error pulse difference between the two spindles is
greater than the parameter-set value on spindle synchronous control
mode.

This signal is set to 1 when the following condition is satisfied:

(1) The error pulse difference between the two spindles after spindle
synchronous control is completed is greater than the value set in
parameter No. 4811 on spindle synchronous control mode.

This signal is set to 0 when any of the following conditions is

satisfied:

(1) The error pulse difference between the two spindles is equal to or
less than the value set in parameter No. 4811 on spindle
synchronous control mode.

(i) Spindle phase synchronous control mode is not set.

NOTE
Use this signal to take an action if an error such as
an excessive synchronous error occurs for a cause
on spindle synchronous control mode.
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2.5.6  Examples of Sequences

(1) While spindle 1 is rotating, spindle 2 is accelerated for synchronization with
spindle 1, and phase matching is performed. Then, the synchronous speed is
also changed for acceleration/deceleration synchronization.

Time

First spindle forward
rotation command
SFRA (Note2)

A
Speed
Spindle 1
| Phase matching
[}
[}
Synchronous 1 Acceleration/deceleration synchronization
speedA  [[TTTTTTTTTTT Tttt |
| |
| |
Synchronous [~77777777777 L L i iy S
speed B !
i
[}
[}
[}
|
|
[}
[}
[}
}

L
]
Second spindle forward '
rotation command |
L
]
]

SFRB (Note2)

Spindle synchronous
control signal
SPSYC

Spindle synchronous i Speed A
speed command signal
R12I-RO1I

Spindle phase synchronous
control signal
SPPHS

S PR g i gy g S

Speed B

U S g g )

(iii)

QR A
| g g g

—
=

Spindle synchronous speed
control completion signal
FSPSY

(Note 1) ' (iv)
Spindle synchronous speed ;

control completion signal
FSPPH

(i) The spindle synchronous speed command signal is input to set the
spindle synchronous control signal SPSYC to 1.

(ii)) The spindle synchronous speed control completion signal FSPSY
set to 1 is awaited.

(iii)) The spindle phase synchronous control signal SPPHS is set to 1.

(iv) The spindle phase synchronous control completion signal FSPPH
set to 1 is awaited.

NOTE

1 When the spindle phase synchronous control signal is input, the spindle synchronous
speed control completion signal is once set to 0, then is set to 1 again upon
completion of phase synchronization.

2 Set the spindle forward rotation command SFR (or the spindle reverse rotation
command SRV) to 1 at all times during spindle synchronous control.
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(2) Spindle 1 and spindle 2 perform phase matching in stop state, then are
accelerated in synchronism.
Next, spindle 1 and spindle 2 are decelerated to a stop in synchronism.
Speed

Synchronous | __ __ o __ Spindle 1, 2
speed

Acceleration/deceleration
synchronization

Time
First spindle forward
rotation command
SFRA

Second spindle forward
rotation command
SFRB -

Spindle synchronous (i)
control signal
SPSYC

Spindle synchronous
speed command signal
R12I-R01I

(viii)

(vi)

1 (i)
Spindle phase !
synchronous control signal
SPPHS

Spindle synchronous speed (i
control completion signal
FSPSY

Spindle synchronous speed
control completion signal
FSPPH

_——rem e — =

First spindle speed
zero detection signal
SSTA

Second spindle speed

zero detection signal
SSTB

—

(vii) 1

(1) The spindle synchronous speed command signal is set to 0, and
the spindle synchronous control signal SPSYC is set to 1.

(i) The spindle synchronous speed control completion signal FSPSY
set to 1 is awaited.

(ii1) The spindle phase synchronous control signal SPPHS is set to 1.

(iv) The spindle phase synchronous control completion signal FSPPH
set to 1 is awaited.

(v) The spindle synchronous speed command signal is input.

(vi) The spindle synchronous speed command signal is set to 0.

(vii) The speed zero detection signal of both spindles set to 1 is
awaited.

(viii) The spindle phase synchronous control signal SPPHS is set to 0
and the spindle synchronous control signal SPSYC is set to 0,
then the forward rotation command SFR of both spindles is set to
0.

2142 -



B-65280EN/05 FANUC AC SPINDLE MOTOR «i series  2.EXPLANATION OF OPERATION MODES

NOTE
If the mode is switched to the spindle synchronous
control mode when a one-rotation signal is undetected,
a one-rotation signal detection operation is
automatically performed. So, the spindle automatically
makes 2 to 3 turns even if such turns are not attempted.
If both spindles are mechanically connected with each
other and one-rotation signal detection operation is
disabled, or spindle phase synchronous control is not
exercised, automatic detection can be disabled by
setting bit 3 of parameter No. 4006.
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(3) When the velocity integral control signal is used

Speed ASpindle 1
> Phase matching
Synchronous |................ ' ' >

speed

Spindle 2 ;

Spindle synchronous
control signal
SPSYC

Spindle synchronous
speed command signal
R12I-R01I

Spindle synchronous speed
control completion signal
FSPSY

Chuck close command signal

Velocity integral control signal
INTGA

v \
Chuck close completion signal Vl Vl |

(Note) (Note)
Spindle phase : :
synchronous control signal I
SPPHS

Spindle synchronous speed :
control completion signal |
FSPPH

NOTE
Turn on (set to 1) the velocity integral control signal
INTGA only when the two spindles are seizing the
same workpiece. If the signal is turned on (set to 1)
in other cases, the velocity loop integral function is
disabled. So, an increased synchronous error can
result.
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(4) When phase synchronous control is performed without automatically detecting
the one-rotation signal (Parameter No. 4006#3=1)

Acceleration/deceleration

synchronization Phase matching

Spindle speed > X

Omin™ 0

First spindle forward

rotation command J
SFRA

Second spindle forward J
rotation command

SFRB

Spindle synchronous speed
command signal
R12I-R01I Omin™

Spindle synchronous command
SPSYC S

iii
Spindle phase synchronous command (i)
SPPHS /
Spindle synchronous completion signal \

FSPSY

Spindle phase synchronous
completion signal
FSPPH

Position coder one-rotation signal
detection status signal for spindle 1 |
PC1DTA (i)

Position coder one-rotation signal
detection status signal for spindle 2 |
PC1DTB

*1  When a spindle synchronous command is input, the one-rotation
signal detection operation is not performed, and the spindle is
stopped.

*2  During rotation at a speed of several ten min' or higher, the
one-rotation signal is detected automatically, and the position
coder one-rotation signal detection status signal is set to 1.

*3  Before inputting the phase synchronous command, check that the
position coder one-rotation signal detection status signals of both
spindles have been set to 1.
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2.5.7 Related Parameters

Parameter No.

161 307 Description
4800#0 - Direction of rotation of the 1st spindle motor while synchronous control is applied
4800#1 - Direction of rotation of the 2nd spindle motor while synchronous control is applied

- 4801#0 Direction of rotation of each spindle motor while synchronous control is applied
Error pulse difference between the two spindles for turning on the spindle phase

4810 4810 . .
synchronous completion signal
Error pulse difference between the two spindles for issuing an alarm on spindle
4811 4811
synchronous control
400246 400246 Whether to enable the rotation direction signal (SFR/SRV) function on spindle

synchronous control
4006#1 4006#1 Gear ratio increment system
Setting for disabling automatic one-rotation signal detection at spindle synchronous

4006#3 4006#3 Lo

control mode switching time
4032 4032 Acceleration used for spindle synchronous control

(The same value must be set for both the 1st and 2nd spindles.)
4033 4033 Spindle synchronous speed arrival level
4034 4034 Shift amount for spindle phase synchronous control
4035 4035 Compensation data for spindle phase synchronous control
4044 4044 Velocity loop proportional gain for spindle synchronous control
4045 4045 (A parameter is selected by the CTH1A PMC input signal.)
4052 4052 Velocity loop integral gain for spindle synchronous control
4053 4053 (A parameter is selected by the CTH1A PMC input signal.)

Spindle-to-motor gear ratio data

(A parameter is selected by the CTH1A and CTH2A PMC input signals.)
Position gain for spindle synchronous control

4065 to 4068 | 4065 to 4068 |(The same value must be specified for both the 1st and 2nd spindles.)
(A parameter is selected by the CTH1A and CTH2A PMC input signals.)

4056 to 4059 | 4056 to 4059

4085 4085 Motor voltage for spindle synchronous control
4171 4171 Denominator of arbitrary gear ratio between motor sensor and spindle
4173 4173 (This data is selected by spindle control input signals CTH1A.)
4172 4172 Numerator of arbitrary gear ratio between motor sensor and spindle
4174 4174 (This data is selected by spindle control input signals CTH1A.)
Magnetic flux switching point used for calculating an acceleration/deceleration time
4336 4336 constant used for spindle synchronous control

(The same value must be specified for both the 1st and 2nd spindles.)
Bell-shaped acceleration/deceleration time constant for spindle synchronous control

4340 4340 (The same value must be specified for both the first and second spindles.)

4346 4346 Incomplete integration coefficient

4515 4515 Excessive speed deviation alarm detection level on spindle synchronous control
4516 4516 Excessive positional deviation alarm detection level on spindle synchronous control

NOTE

1 For the detector-related parameters, see Section
1.3, "PARAMETERS RELATED TO DETECTORS",
in Part I.

2 For velocity loop proportional/integral gain
adjustment, see Section 4.1, "VELOCITY LOOP
GAIN ADJUSTMENT", in Part I.
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2.5.8 Details of Related Parameters

16i 30
4002 4002

SYCDRT

16i 30i
4006 4006

GRUNIT

This subsection details the serial spindle parameters (in the four
thousands for 16i and 30:) among the parameters related to spindle
synchronous control. For details of other parameters, refer to the
Connection Manual (Function) of each CNC.
(a) For Series 161/18i/21i
“FANUC Series 16i/18i/21--MODEL B
CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Section 9.12 “SPINDLE SYNCHRONOUS
CONTROL.”
(b) For Series 30i/31i/32i
“FANUC Series 30i/31i/32i-MODEL A
CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.13 “SPINDLE SYNCHRONOUS
CONTROL.”
(¢) For Series 0i
“FANUC Series 0i-MODEL C
CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Section 9.11 “SPINDLE SYNCHRONOUS
CONTROL.”

#7 #6 #5 #4 #3 #2 #1 #0
| dsveore] | | [ [ ] |

Whether to enable the rotation direction signal (SFR/SRV) function
on spindle synchronous control
0: Enables the rotation direction function.
If a move command from the CNC is positive (+),
(@) The spindle rotates in the CCW (counterclockwise)
direction when the input signal SFR (bit 5 of G70) = 1.
(b) The spindle rotates in the CW (clockwise) direction when
the input signal SRV (bit 4 of G70) = 1.
1 : Disables the rotation direction function.
If a move command from the CNC is positive (+), the spindle
rotates in the CCW (counterclockwise) direction when the input
signal SFR =1 or SRV =1.

#7 #6 #5 #4 #3 #2 #1 #0
| | | | |SYCREF| | GRUNIT | |

Sets a gear ratio setting resolution:

0: 1/100 unit

1: 1/1000 unit

Select a gear ratio data setting resolution from the following:

(a) Resolution based on motor speed increased by a factor of 100
relative to one spindle rotation

(b) Resolution based on motor speed increased by a factor of 1000
relative to one spindle rotation

Depending on the setting of this parameter, the increment system of

the parameters indicated in the table below changes.
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SYCREF

16i
4032

Unit of data :
Valid data range :
Standard setting :

Parameter No.

Description
161 30i

4056 to 4059 4056 to 4059 | Spindle-to-motor gear ratio data

NOTE

1 Usually, use the 1/100 unit (setting "0").

2 When the 1/100 unit is set as the gear ratio setting
resolution (with the bit set to 0), a steady-state
synchronous error may be indicated due to the
fraction of the gear ratio.

In such a case, the synchronous error can be
improved when the 1/1000 unit is set as the gear
ratio setting resolution (with the bit set to 1).

Setting for function performing automatic detection of the

one-rotation signal on spindle synchronous control

0: Automatic detection of the one-rotation signal carried out

1: Automatic detection of the one-rotation signal not carried out.
(When spindle phase synchronous control is not carried out)

When the mode is switched to spindle synchronous control mode after

power-on, the two spindles automatically perform a one-rotation

signal detection operation. So, the spindles automatically make two to

three turns even if such turns are not intended.

This operation is required because the one-rotation signal must be

detected to enable spindle phase synchronous control.

If the two spindles are mechanically connected to disable each spindle

from performing a one-rotation signal detection operation, or if

spindle phase synchronous control is not exercised, the operation

above can be disabled by setting this bit to 1.

When this parameter is set to "1", check that the one-rotation signal

has been detected for both spindles (output signal PCIDTA = 1)

before applying the spindle phase synchronous control signal

(SPPHS).

If the one-rotation signal is not detected, specify a speed of several ten

min™ or higher in spindle synchronous control mode, and wait until

the one-rotation signal is detected. (See sequence example (4).)

Acceleration at spindle synchronous control |

Imin'/sec (when parameter No. 4006#2 (SPDUNT) = 1, 10 min™")

0 to 32767

0

This parameter sets an acceleration value for linear
acceleration/deceleration when the synchronous speed command for
spindle synchronous control is changed.
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NOTE

1 Set exactly the same data for 1st spindle and 2nd
spindle. When different data is set, synchronization
between the two spindles is not guaranteed.

2 When this parameter is set to 0, motor doesn’t
accelerate/decelerate, so, be sure to set proper
value in this parameter.

16i 30i

4033 4033 | Spindle synchronous speed arrival level |

Unit of data:  1min"' (when parameter No. 4006#2 (SPDUNT) = 1, 10 min™)
Valid datarange : 0 to 32767
Standard setting : 10
For the synchronous speed command at spindle synchronous control,
if the error of the respective spindle motor speeds are within the
setting level, the spindle synchronous control complete signal
(FSPSY) becomes "1".

16i 30i

4034 4034 | Shift amount at spindle phase synchronous control

Unit of data: 1 pulse unit (360 degrees/4096)
Valid data range : 0 to 4095
Standard setting: 0
Sets the shift amount from the reference position (one-rotation signal)
at spindle phase synchronous control.

16i 30i

4035 4035 Spindle phase synchronous compensation data |

Unit of data: 1 pulse/2msec

Valid data range : 0 to 4095

Standard setting : 10
This parameter reduces speed fluctuations when aligning phase of
spindles in spindle phase synchronous control.
When this parameter is "0", since the phase alignment amount is only
issued once, the position error quickly becomes large, and there are
large speed changes on phase alignment.
It is possible to perform smooth phase alignments through issuing
separate commands for phase alignment amounts for the number of 2
msec pulses set in this parameter.
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16i 30i

4044 4044

4045 4045

Unit of data :
Valid data range :
Standard setting :

16i 30i
4052 4052
4053 4053

Unit of data :
Valid data range :
Standard setting :

16i 30i
4056 4056
4057 4057
4058 4058
4059 4059
Unit of data :
Valid data range :

Standard setting :

Velocity loop proportional gain on spindle synchronous control (HIGH)
CTH1A=0

Velocity loop proportional gain on spindle synchronous control (LOW)
CTH1A=1

0 to 32767

10

This sets velocity loop proportional gain on spindle synchronous
control.

It is selected HIGH when CTH1A=0 of input signal, and It is selected
LOW when CTH1A=1 of input signal.

Velocity loop integral gain on spindle synchronous control (HIGH) CTH1A=0
Velocity loop integral gain on spindle synchronous control (LOW) CTH1A=1

0 to 32767

10

This sets velocity loop integral gain on spindle synchronous control. It
is selected HIGH when CTH1A=0 of input signal, and It is selected
LOW when CTH1A=1 of input signal.

Gear ratio (HIGH)
Gear ratio (MEDIUM HIGH)
Gear ratio (MEDIUM LOW)
Gear ratio (LOW)

CTH1A=0, CTH2A=0
CTH1A=0, CTH2A=1
CTH1A=1, CTH2A=0
CTH1A=1, CTH2A=1

(Motor rotation for one rotation of spindle) / 100

(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation / 1000)
0 to 32767

100

These parameters set the gear ratio of the spindle motor to the spindle.
When the motor rotates 2.5 times for each turn of the spindle, for
example, set 250 in the parameter.

A parameter is selected by the CTH1A and CTH2A input signals.

The gear or clutch status must correspond to the status of the CTHI1A
and CTH2A input signals.

NOTE
When an improper value is set in these parameters,
an unexpected operation can occur. For example,
the spindle does not stop but keeps rotating at the
time of orientation. So, be sure to set a proper gear
ratio.

- 150 -




B-65280EN/05 FANUC AC SPINDLE MOTOR «i series  2.EXPLANATION OF OPERATION MODES

16i 30i
4065 4065 Position gain on synchronous control (HIGH) CTH1A=0, CTH2A=0
4066 4066 Position gain on synchronous control (MEDIUM HIGH) CTH1A=0, CTH2A=1
4067 4067 Position gain on synchronous control (MEDIUM LOW) CTH1A=1, CTH2A=0
4068 4068 Position gain on synchronous control (LOW) CTH1A=1, CTH2A=1

Unit of data:  0.01sec”
Valid datarange : 0 to 32767
Standard setting : 1000
This sets position gain in spindle synchronous control. It is selected by
CTHI1A or CTH2A of input signal.

16i 30i

4085 4085 Motor voltage setting on spindle synchronous control

Unitofdata: 1%
Valid datarange : 0 to 100
Standard setting :  Depend on motor model.
Set a motor voltage for spindle synchronous control.

NOTE
Usually, set the same value as for the setting of a
motor voltage (No. 4083) on the velocity control

mode.
16i 30i
71 4171 Denominator of arbitrary gear ratio between motor sensor and spindle (HIGH)
CTH1A=0
4172 4172 Numerator of arbitrary gear ratio between motor sensor and spindle (HIGH)
CTH1A=0
4173 4173 Denominator of arbitrary gear ratio between motor sensor and spindle (LOW)
CTH1A=1
4174 4174 Numerator of arbitrary gear ratio between motor sensor and spindle (LOW)
CTH1A=1
Unit of data :

Valid data range : 0 to 32767
Standard setting: 0
These parameters set conversion coefficients (numerator,
denominator) for using the detection arbitrary gear ratio function
(DMR function) by multiplying a motor sensor (Mi or MZi sensor)
feedback signal by a gear ratio to produce a spindle position feedback
signal.
When the spindle rotates Q times while the motor shaft rotates P times
(there is no common divisor other than 1 for P and Q), settings are:
No. 4171 (No. 4173 when CTHIA=1)=P
No. 4172 (No. 4174 when CTHIA=1)=Q
When 0 is set in any of these parameters, the setting of 1 is assumed.
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16i 30i
4336 4336

Unit of data
Valid data range :
Standard setting :

16i 30i

4340 4340

Unit of data :
Valid data range :
Standard setting :

NOTE
When using the external one-rotation signal
(proximity switch), set the detection arbitrary gear
ratio (DMR) between the motor sensor and spindle

by using this parameter.

| Acceleration switch point on spindle synchronous control

Imin™' (when parameter No. 4006#2 (SPDUNT) = 1, 10 min™")
0 to 32767
0
The acceleration for spindle synchronous control changes according to
the speed set in this parameter as follows:
e Area where the spindle speed does not exceed the speed set in
this parameter
The acceleration for spindle synchronous control is constant (as
set in parameter No. 4032).
e Area where the spindle speed exceeds the speed set in this
parameter
The acceleration for spindle synchronous control decreases in
inverse proportion to the speed.

NOTE

1 Set the same data for the first spindle and second
spindle. If different data is set, synchronization
between the two spindles is not guaranteed.

2 When this parameter is set to 0, linear
acceleration/deceleration (constant acceleration) is
performed.

Bell-shaped acceleration/deceleration time constant for spindle synchronous
control

Imsec

0to512

0

This parameter sets a bell-shaped acceleration/deceleration time
constant for spindle synchronous control.

This parameter is applied to the move command after "Acceleration at
spindle synchronous control" (parameter No. 4032) is applied.

When this parameter is set, the spindle synchronous speed control
completion signal (FSPSY), output when the synchronous speed is
first reached after the spindle synchronous control mode is entered, is
delayed by the set time.

NOTE
Set the same data for the first spindle and second
spindle. If different data is set, synchronization
between the two spindles is not guaranteed.
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16i 30i
4346 4346 Incomplete integration coefficient
Unit of data :
Valid data range : 0 to 32767

Standard setting: 0
Set this parameter to use incomplete integration for velocity loop
integration control.

NOTE
Usually, this parameter need not be adjusted.

16i 30:i
4515 4515 Excessive speed deviation alarm detection level on spindle synchronous
control
Unit of data:  1min™ (10min™ when bit 2 (SPDUNT) of parameter No. 4006 is set to
1)
Valid data range : 0 to 32767

Standard setting : 0
This parameter sets a level for detecting the excessive speed deviation
alarm under spindle synchronous control.
If the positional deviation (position error) or the difference between
the speed command for the spindle end calculated from the position
gain and the actual spindle speed exceeds the value set in this
parameter in the spindle synchronous control mode, the excessive
speed deviation alarm under spindle synchronous control (SPM alarm
C8) is detected. When this parameter is set to 0, alarm detection is
disabled.
If the speed integration control signal (INTG) is used, the speed
deviation increases for a cause such as acceleration/deceleration and
cutting load. The spindle speed deviation that causes torque command
saturation is indicated below. Set an alarm level by using a calculated
value as a guideline. (During spindle synchronous control, ensure that
torque command saturation does not take place.)

Spindle speed deviation [min™]=1024 x A/PxB/G

where
No0.4006#1 No0.4009#0 A B
0 0 1 100
0 1 16 100
1 0 1 1000
1 1 16 1000

P:  Velocity loop proportional gain on spindle synchronous
control (N0.4044, 4045)
G: Gear ratip (No.4056 to 4059)
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16i 30i

4516 4516

Unit of data :
Valid data range :
Standard setting :

NOTE
This parameter is valid with 9D50 Series N (14)
edition or later and 9D70 series D (04) edition or
later.

Excessive positional deviation alarm detection level on spindle synchronous
control

100 pulses (weight of 4096 pulses/rev)

0to 32767

0

This parameter sets a level for detecting the excessive positional
deviation alarm under spindle synchronous control.

If the positional deviation (position error) exceeds the value set in this
parameter in the spindle synchronous control mode, the excessive
positional deviation alarm under spindle synchronous control (SPM
alarm C9) is detected. When this parameter is set to 0, alarm detection
is disabled.

As an alarm level, set a value greater than the positional deviation
(position error) equivalent to the spindle speed specified in the spindle
synchronous control mode. The positional deviation equivalent to the
spindle speed can be calculated from the following expression:

Positional deviation [pulse]
= Spindle speed [min™'] / 60 x 4096 x 100 / PG
where
PG: Position gain on synchronous control (Nos.4065 to 4068)

NOTE
This parameter is valid with 9D50 Series N (14)
edition or later and 9D70 series D (04) edition or
later.
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2.5.9 Number of Error Pulses in Spindle Synchronous Control

This subsection describes the method of calculating the number of
error pulses (position error) of each spindle on spindle synchronous
control mode, and also describes the items to be checked when a
calculated value differs from the actual number of error pulses.

(1) Calculating the number of error pulses on spindle synchronous control
When the spindle is rotating at a constant speed, the number of error
pulses is calculated as follows:

Number oferrorpulses(pulse) =

Spindle synchronization speed(min - )

4096(pulse / rev) x
60(sec)
1
X -1
Position gain(sec )

Example :

When spindle synchronous speed = 1000 min™', and position gain

=20 sec”

1000

1
Number of error pulses = 4096 x 0 X 5 = Approx.3413 (pulse)

(2) Checking the number of error pulses on spindle synchronous control

If the number of error pulses on spindle synchronous control checked

by diagnosis (diagnosis screen) differs greatly from the calculated

value, check the following:

(a) Spindle speed (This can be checked using the actual rotation
speed indication of the CNC.)

(b) Motor speed indication on the spindle monitor screen or the
spindle check board

(c) Actual gear ratio between the spindle and motor found from the
spindle speed and motor speed checked by (a) and (b)

(d) Spindle-to-motor gear ratio parameters (Nos. 4056 to 4059)

(e) Position gain parameters (Nos. 4065 to 4068)

(f) How the gear selection signals (CTH1A, CTH2A) are used for
selection (This item can be checked on the spindle motor screen
or the PMC signal status screen.)

NOTE
When the 1/100 unit is set as the gear ratio setting
resolution (with bit 1 of No. 4006 set to 0), the actual
number of error pulses may differ from the
calculated value by several pulses due to the
fraction of the gear ratio.

In such a case, the difference between the actual
number of error pulses and the calculated value can
be decreased when the 1/1000 unit is set as the
gear ratio setting resolution (with bit 1 of No. 4006
setto 1).
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2.5.10 Specifying a Shift Amount for Spindle Phase Synchronous

Control

The following describes an example of determining the shift amount
for phase synchronization in synchronous control of the spindle phase.

(1

2)

3)

4)

)

Apply synchronous control of the spindle phase by setting the
following:

(a) SFR (or SRV)=1 for the 1st and 2nd spindles : M03 (M04)
(b) Spindle synchronous speed command = 0 min™ : SO
(c) For the 1st and 2nd spindles, set 0 in the parameter

(No0.4034) for the
synchronous control.
After establishing spindle phase synchronization, set SFR/SRV
for the 2nd spindle to 0 (to deactivate the motor).
The motor for the 2nd spindle is placed in power-off state at this
time, so that the 2nd spindle can be rotated manually.
Rotate the 2nd spindle manually from the position of (1) to the
position for spindle phase synchronization, then check the
number of error pulses between the spindles (No. 416) on the
diagnosis (diagnosis screen).
This value serves as data to be set in the parameter for the shift
amount used for spindle phase synchronous control.
Set the number of pulses found by (3) as shift amount parameter
data (No. 4034) for spindle phase synchronous control of the 2nd
spindle.
In general, set 0 in the parameter for the shift amount for spindle
phase synchronous control for the 1st spindle.
After canceling the spindle synchronous control command,
perform another spindle phase synchronization operation,
according to the following settings, to check that phase
synchronization has been established as expected:
(a) SFR (or SRV)=I for the 1st and 2nd spindles : M03 (M04)
(b) Spindle synchronous speed command = 0 min™ : SO

shift amount for spindle phase

2.5.11 Diagnosis (Diagnosis Screen)

Address D inti
escription :
16i 30i P Unit
0414 i Position error gn spindle synchronous control Pulse
mode (1st spindle)
0415 i Position error Oh spindle synchronous control Pulse
mode (2nd spindle)
Absolute value of a synchronous error between
0416 i the 1st spindle and 2nd spindle Pulse
) 0418 Positional error of each spindle in spindle Pulse
synchronous control mode
) 0425 Synchronous error of each spindle in spindle Pulse
synchronous control mode
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2.5.12 Alarm

(1) Series 161

(2) Series 30i

This subsection provides a list of the alarms related to spindle
synchronous control only. For details of alarms, refer to the
Connection Manual (Function) of each CNC.

(a)

(b)

(©)

For Series 16i/18i/21i

“FANUC Series 16i/18i/21i-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63523EN-1

Refer to Section 9.12 “SPINDLE SYNCHRONOUS
CONTROL.”

For Series 30i/31i/32i

“FANUC Series 30i/31i/32i-MODEL A

CONNECTION MANUAL (FUNCTION) : B-63943EN-1

Refer to Section 11.13 “SPINDLE SYNCHRONOUS
CONTROL.”

For Series 01

“FANUC Series 0i-MODEL C

CONNECTION MANUAL (FUNCTION) : B-64113EN-1

Refer to Section 9.11 “SPINDLE SYNCHRONOUS
CONTROL.”

Alarm No. Description

Cs contouring control is specified in serial spindle synchronous

194 control mode.

Alarm No. Description

Cs contouring control is specified in serial spindle synchronous

PS194 control mode.
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2.6 SPECIFICATIONS COMMON TO ALL OPERATION MODES

2.6.1 Overview

This section describes the 1/0O signals (CNC <> PMC), parameters,
diagnosis signals, and alarms common to all operation modes.

2.6.2 List of /0 Signals (CNC < PMC)

This subsection provides a list of the I/O signals related to spindle
speed control only. For details of each signal, refer to the Connection
Manual (Function) of each CNC.

(a) For Series 16i/18i/21i
“FANUC Series 16i/18i/21i-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Section 9.3 “SPINDLE SPEED CONTROL.”
(b) For Series 30i/31i/32i
“FANUC Series 30i/31i/32i-MODEL A
CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Section 11.3 “SPINDLE SPEED CONTROL.”
(¢) For Series 151
“FANUC Series 15:-MODEL B
CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.3 “SPINDLE SPEED CONTROL.”
(d) For Series 0i
“FANUC Series 0i-MODEL C
CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Section 9.3 “SPINDLE SPEED CONTROL.”

For details of the I/O signals common to the CNCs, see Chapter 3,
"I/O SIGNALS (CNC <> PMC)", in Part I.
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(1) Input signals (PMC — CNC)
(a) Series 16i

#7 #6 #5 #4 #3 #2 #1 #0
*SSTP2 | *SSTP1 SWS2 SWS1
Common to all axes G027 1) (*1) (*1) (1)
Common to all axes G028 GR2 GR1
Common to allaxes G029 *SSTP SOR SAR
Common to allaxes G030 Sov7 SOV6 SOV5 SOov4 SOvV3 SOv2 SOov1 SOVo
1st- G032 RO8I RO7I RO06I ROS5I RO4I RO3I RO2I RO1I
2nd- G034 R08I2 R0O712 R0612 R0512 R0412 R03I12 R02I12 RO112
1st- G033 SIND SSIN SGN R12I R11I R10l RO9I
2nd- G035 SIND2 SSIN2 SGN2 R12I12 R1112 R1012 R09I12
NOTE
*1 These signals are valid in multi-spindle control.
(b) Series 301
#7 #6 #5 #4 #3 #2 #1 #0
*SSTP2 | *SSTP1 SWS2 SWS1
Common to all axes G027 *1) *1) (*1) (1)
Common to all axes G028 GR2 GR1
Common to allaxes G029 *SSTP SOR SAR
Common to all axes G030 SOov7 SOV6 SOV5 SOov4 SOV3 SOov2 SOov1 SOVo
1st- G032 RO8I RO7I RO6I ROS5I RO4I RO3I RO2I RO1I
2nd- G034 R08I2 R0O712 R0612 R0512 R0412 R03I12 R02I12 RO112
1st- G033 SIND SSIN SGN R12I R11I R10l RO9I
2nd- G035 SIND2 SSIN2 SGN2 R12I12 R1112 R1012 R09I12
NOTE

*1 These signals are valid in multi-spindle control.
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(c) Series 15i

#7 #6 #5 #4 #3 #2 #1 #0
Common to all axes G005 | | | | | | | FIN I
1st- G024 RI7A RIGA RI5A RI4A RI3A RI2A RMA RIOA
2nd- G232 RI7B RI6B RI5SB RI4B RI3B RI2B RI1B RIOB
1st- G025 RISGNA RI12A RI11A RI10A RI9A RISA
2nd- G233 RISGNB RI12B RI11B RI10B RI9B RI8B
1st- G026 GS4A GS2A GS1A
2nd- G272 GS4B GS2B GS1B
(d) Common to CNCs
15i 161 30i #7 #6 #5 #4 #3 #2 #1 #0
1st- G227 G070 G070 MRDYA SFRA SRVA | CTH1A | CTH2A | TLMHA | TLMLA
2nd- G235 G074 G074 MRDYB SFRB SRVB | CTH1B | CTH2B | TLMHB | TLMLB
1st- G226 G071 G071 *ESPA | ARSTA
2nd- G234 G075 G075 *ESPB | ARSTB
1st- G228 G073 G073 DSCNA MPOFA
2nd- G236 G077 G077 DSCNB MPOFB
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(2) Output signals (CNC —» PMC)
(a) Series 16i

#7 #6 #5 #4 #3 #2 #1 #0
F0O01 ENB
F007 SF
F022 S07 S06 S05 S04 S03 S02 S01 S00
F023 §15 S14 $13 S$12 S11 $10 S09 S08
F024 S§23 S22 S21 S20 S$19 S18 $17 S$16
F025 S31 S30 S§29 S28 S§27 S26 S§25 S24
Fos4 o I
F036 R08O R070 R060 R050 R040 R030 R020 R010
F037 R120 R110 R100 R090

NOTE

*1 These signals are valid with the M series only.

(b) Series 301

#7 #6 #5 #4 #3 #2 #1 #0
F001 ENB
F007 SF
F022 S07 so6 | so5 | soa | so3 | so2 | so1 S00
F023 s15 | s14 | s13 s12 | st st0 | sos | so8
F024 s23 | s22 | s21 s20 | st9 | si8 | s17 | st6
F025 S31 s30 | s29 s28 | s27 | s26 | s25 | s24
F034 G(Bf)o G(Bf)o G('311)°
F036 Ro8o | Ro7o | Ro6o | Roso | Roso | Roso | Rro20 | Ro10
F037 R120 | R110 | rR100 | Ro%0

NOTE

*1 These signals are valid with the M series only.
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(b) Series 15i

#7 #6 #5 #4 #3 #2 #1 #0
Common to all axes FO08 SF
Common to all axes F020 S7 S6 S5 S4 S3 S2 S$1 S0
Common to all axes F021 S15 S14 S13 S12 S11 S10 S09 S08
Common to all axes F022 S23 S22 S21 S20 S19 S18 S17 S16
Common to all axes F023 S31 S30 S29 S28 S27 S26 S25 S24
Common to all axes F045 SRSRDY
1st- F010 RO7A ROG6A RO5A RO4A RO3A RO2A RO1A ROOA
2nd- F320 RO7B RO6B RO5B RO4B RO3B RO2B RO1B ROOB
1st- F11 RO15A | RO14A | RO13A | RO12A | RO11A | RO11A | RO10A | RO9A
2nd- F321 RO15B | RO14B | RO13B | RO12B | RO11B | RO11B | RO10B | RO9B
1st- F014 MR7A MR6A MR5A MR4A MR3A MR2A MR1A MROA
2nd- F324 MR7B MR6B MR5B MR4B MR3B MR2B MR1B MROB
1st- F015 MR15A | MR14A | MR13A | MR12A | MR11A | MR10A | MR9A MRSA
2nd- F325 MR15B | MR14B | MR13B | MR12B | MR11B | MR10B | MR9B MR8B
1st- F234 SSPD7A | SSPD6A | SSPD5A | SSPD4A | SSPD3A | SSPD2A | SSPD1A | SSPDOA
2nd- F250 SSPD7B | SSPD6B | SSPD5B | SSPD4B | SSPD3B | SSPD2B | SSPD1B | SSPD0OB
1st- F235 SSPD15A|SSPD14A|SSPD13A|SSPD12A|SSPD11A|SSPD10A| SSPD9A | SSPD8A
2nd- F251 SSPD15B|SSPD14B|SSPD13B|SSPD12B|SSPD11B|SSPD10B| SSPD9B | SSPD8B
1st- F341 SRRDYA
2nd- F342 SRRDYB
(c) Common to CNCs
15i 161 30i #7 #6 #5 #4 #3 #2 #1 #0
1st- F229 F045 F045 TLMA | LDT2A | LDT1A | SARA SDTA SSTA ALMA
2nd- F245 F049 F049 TLMB LDT2B | LDT1B | SARB SDTB SSTB ALMB
1st- F231 F047 F047 EXOFA PC1DTA
2nd- F247 F051 F051 EXOFB PC1DTB
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2.6.3

Parameters

This subsection describes those parameters that are common to all
operation modes by dividing them into several types.

NOTE

For the detector-related parameters, see Section
1.3, "PARAMETERS RELATED TO DETECTORS",
in Part I.

(1) List of parameters specific to spindle motor driving

This item provides a list of the motor parameters specific to spindle
motor driving (with no speed range switching). Usually, the settings of
these parameters need not be changed. Use the values indicated on a
parameter table for each motor model without modification.

Parameter No.

15 16 307 Description

3006#2 4006#2 4006#2 Sets the unit of speed.

3008#4 4008#4 4008#4 Sets the method of output control.

3011#3 4011#3 4011#3 Sets the number of motor poles.

3011#4 4011#4 4011#4 Sets a maximum output for acceleration/deceleration.

3011#7 4011#7 4011#7 Sets the number of motor poles.

3012#2,#1,#0 | 4012#2,#1,#0 | 4012#2,#1,#0 | Sets a PWM carrier frequency.
3012#7 4012#7 4012#7 Sets the spindle HRV function.
3013#6 to #2 | 4013#6 to #2 | 4013#6 to #2 | Sets current dead-band data.

301347 401347 401347 S:;Zj ;\r/:g\: gjvz;;rir:;e'quency in low-speed characteristics area of
3020 4020 4020 Maximum motor speed
3039 4039 4039 Slip compensation coefficient
3080 4080 4080 High-speed area regenerative power limit/regenerative power limit
3083 4083 4083 Motor voltage on velocity control
3084 4084 4084 Motor voltage on orientation
3085 4085 4085 Motor voltage on servo mode/spindle synchronous control
3086 4086 4086 Motor voltage on Cs contouring control
3100 4100 4100 Base speed for motor output specification
3101 4101 4101 Torque limitation value for motor output specification
3102 4102 4102 Excitation voltage saturation speed with no load
3103 4103 4103 Base speed limit ratio
3104 4104 4104 Current loop proportional gain
3106 4106 4106 Current loop integral gain
3108 4108 4108 Current loop integral gain zero speed
3109 4109 4109 Filter time constant in voltage command saturation processing
3110 4110 4110 Current conversion constant
3111 4111 4111 Secondary current coefficient
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Parameter No. Describtion
15i 16i 30i P

3112 4112 4112 Voltage command saturation decision level/PWM command clamp
value

3113 4113 4113 Slip constant

3114 4114 4114 Slip c.:o.mpensatlon coeff|0|§nt for a high-speed areal/slip compensation
coefficient at deceleration time

3115 4115 4115 PWM command clamp value at deceleration time

3116 4116 4116 Motor leakage constraint

3117 4117 4117 Voltage compensation co.e.fflme.nt for a high-speed area in steady
state/motor voltage coefficient in steady state

3118 4118 4118 Yoltage compensation cpgfﬂment fora hlgh-spged area at deceleration
time/motor voltage coefficient at deceleration time

3119 4119 4119 Time constant f(?r gxmtaﬂon current change at deceleration time/time
constant for excitation current change

3120 4120 4120 Dead-band rectangular wave component zero voltage/dead-band data

3127 4127 4127 Load meter indication value at maximum output time

3128 4128 4128 Compens?tlon coefficient between the spemflcatl'orj and true
base/maximum torque curve compensation coefficient

3129 4129 4129 Secondary current coefficient on rigid tapping

3130 4130 4130 Current Ioop proportional gain velocity coefficient/current phase delay
compensation constant

3133 4133 4133 Motor model code

3134 4134 4134 Motor overheat level (2 words)

3169 4169 4169 Temperature monitoring time constant

3362 4362 4362 Load meter compensation 1

3363 4363 4363 Load meter compensation 2

3364 4364 4364 Load meter compensation 3

(2) List of parameters related to alarm detection
This item provides a list of the parameters related to alarm detection

conditions.
Parameter No. o
Description
15i 16i 307
300942 400942 400942 Motor.po'wer turn-off method when SPM alarm 24 (serial data transfer
error) is issued
3087 4087 4087 Excessive speed level
3088 4088 4088 Velocity error excess detection level when the motor is bound
3089 4089 4089 Velocity error excess detection level when the motor is rotating
3090 4090 4090 Overload detection level
3123 4123 4123 Short-time overload detection period
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(3) Other parameters

This item provides a list of the parameters common to all operation
modes except the parameters listed in Items (1) and (2) above.

Parameter No.

15 16 301 Description
— 3706#1,0 - Gear ratio between the spindle and position coder (cases of x1, x2, x4, x8)
560243 L o Whether to indicate an alarm detected by the spindle amplifier (Usually, set 0.)
580740 L . Enables/disables the spindle alarms (SPxxxx) of all spindles. (Usually, set 0.)
5842 — 3720 Number of position coder pulses
5850 — — Spindle number selected at power-on/reset time
3001#0 4001#0 4001#0 [Whether to use the MRDY signal (machine ready signal)
3006#1 4006#1 4006#1 |Gear ratio increment system
3006#2 4006#2 4006#2 |Sets the unit of speed.
3009#0 4009#0 4009#0 ([Velocity loop gain increment system
300944 400944 400944 Whether .to output the.load detection signals (LDT1, LDT2) during
acceleration/deceleration
3012#7 4012#7 4012#7 |Sets the spindle HRV function.
3019#2 4019#2 4019#2 |Whether to perform torque clamping when the speed is zero
3019#7 4019#7 4019#7 |Automatic parameter setting function
3352#1 4352#1 4352#1 |Sets the peak hold function for load meter output.
3395#3 4395#3 4395#3 |Sets parameter transfer from the CNC to spindle software.
3020 4020 4020 Maximum motor speed
3022 4022 4022 |Speed arrival detection signal
3023 4023 4023 Speed detection level
3024 4024 4024 Speed zero detection level
3025 4025 4025 Sets a torque limitation value.
3026 4026 4026 Load detection level 1
3027 4027 4027 Load detection level 2
3056 4056 4056 |Gear ratio (High)
3057 4057 4057 |Gear ratio (Medium High)
3058 4058 4058 |Gear ratio (Medium Low)
3059 4059 4059 |Gear ratio (Low)
3095 4095 4095 Speedometer output voltage adjustment value
3096 4096 4096 Load meter output voltage adjustment value
3122 4122 4122 Speed detection filter time constant
3170 4170 4170 Overload current alarm detection level
3345 4345 4345 Detection level of the spindle motor speed command
3346 4346 4346 Incomplete integral coefficient
3351 4351 4351 Current detection offset compensation
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2.6.4 Details of Parameters

This subsection details the serial spindle parameters (in the four
thousands for 167, in the four thousands for 30i, and in the three
thousands for 15i) among the parameters common to all operation
modes. For details of other parameters, refer to the Connection
Manual (Function) of each CNC.
(a) For Series 16i/18i/21i

“FANUC Series 16i/18i/21i-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63523EN-1

Refer to Section 9.3 “SPINDLE SPEED CONTROL.”
(b) For Series 30i/31i/32i

“FANUC Series 30i/31i/32i-MODEL A

CONNECTION MANUAL (FUNCTION) : B-63943EN-1

Refer to Section 11.3 “SPINDLE SPEED CONTROL.”
(¢) For Series 151

“FANUC Series 15i-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63783EN-1

Refer to Section 9.3 “SPINDLE SPEED CONTROL.”
(d) For Series 0i

“FANUC Series 0i-MODEL C

CONNECTION MANUAL (FUNCTION) : B-64113EN-1

Refer to Section 9.3 “SPINDLE SPEED CONTROL.”

(1) List of parameters specific to spindle motor driving

Usually, the settings of the motor parameters specific to spindle motor
driving need not be changed. Their details are omitted.

(2) List of parameters related to alarm detection

15i
3009

16i
4009

30i
4009

This item details the parameters related to alarm detection conditions.

#1 #6 #5 #4 #3 #2 #1 #0
[ N N R B

ALSP  Motor power turn-off method when SPM alarm 24 (serial data transfer

error) is issued

0: Turns off the power after the motor is decelerated and stopped.

1: Turns off the power to the motor immediately.

Set this parameter to 1 to turn off the power to the motor immediately
when any SPM alarm is issued
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15i 16i 301
3087 4087 4087 | Excessive speed level |

Unitofdata: 1%
Valid datarange: Oto 115
Standard setting value : 115
This parameter sets an excessive speed level.
When the speed exceeds [maximum motor speed (No. 4020) x setting
data (%)], the excessive speed alarm (SPM alarm 07) is issued.

/A WARNING
Make sure this parameter is set to the standard
setting value. Do not change the value.

15i 16i 30i

3088 4088 4088 | Velocity error excess detection level when the motor is bound

Unitof data: 0.01%
Valid datarange : 0 to 10000
Standard setting value : 75

This parameter sets a velocity error excess (SPM alarm 31) detection
level when the motor is bound.

If a velocity error equal to or greater than [maximum motor speed (No.
4020) x setting data (%)] occurs when the motor is bound, for
example, the motor binding alarm (SPM alarm 31) is issued.

15i 16i 30i

3089 4089 4089 | Velocity error excess detection level when the motor is rotating

Unitof data: 0.1%
Valid datarange : 0 to 1000
Standard setting value : 200

This parameter sets a velocity error excess detection level when the
motor is rotating.

If a velocity error equal to or greater than [maximum motor speed (No.
4020) x setting data (%)] occurs, the velocity error excess alarm (SPM
alarm 02) is issued.

15i 16i 30i
3090 4090 4090 | Overload detection level |

Unitofdata: 1%
Valid datarange : 0 to 100
Standard setting value : 90

This parameter sets a condition for detecting the short-time overload
alarm (spindle alarm 29).

If the state where a load equal to or greater than setting data (%)
(maximum motor output [load meter full scale] = 100%) is imposed
on the spindle motor lasts for a specified period (set in No. 4123) or
more, the short-time overload alarm (SPM alarm 29) is issued.
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15i 16i 30i
3123 4123 4123

Unit of data :
Valid data range :

Standard setting value :

(3) Other parameters

15i 16i 30i
3001 4001 4001

MRDY1

15i 16i 30i
3006 4006 4006

GRUNIT

| Short-time overload detection period

Isec

0 to 500

30

This parameter sets the timing for detecting the short-time overload
alarm (SPM alarm 29).

If the state where a load equal to or greater than the value (set in No.
4090) is imposed on the spindle motor lasts for a specified period
(sec) or more, the short-time overload alarm (SPM alarm 29) is issued.

This item details the parameters common to all operation modes
except the parameters listed in Items (1) and (2) above.

#7 #6 #5 #4 #3 #2 #1 #0
AN A N N N AN N 1

Whether to use the MRDY A signal (machine ready signal)
0: Does not uses the MRDYA signal (MRDYA =1 at all times).
1: Uses the MRDYA signal.

#7 #6 #5 #4 #3 #2 #1 #0
| | | | | |SPDUNT| GRUNIT | |

Sets a gear ratio setting resolution:

0: 1/100 unit

1: 1/1000 unit

Select a gear ratio data setting resolution from the following:

(a) Resolution based on motor speed increased by a factor of 100
relative to one spindle rotation

(b) Resolution based on motor speed increased by a factor of 1000
relative to one spindle rotation

Depending on the setting of this parameter, the increment system of

the parameters indicated in the table below changes.

Parameter No.
15i 16i 307
3056 to 3059|4056 to 4059|4056 to 4059 | Spindle-to-motor gear ratio data

Description

NOTE
Usually, use the 1/100 unit (setting "0").
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SPDUNT

Sets the unit of speed.
0: Setsthe 1 min" unit.
1: Setsthe 10 min! unit.

When a type of motor whose maximum speed exceeds 32767 min™ is

used, set this parameter to 1.

The setting of this parameter changes the increment systems of the

parameters listed in the table below.

VLPGAN  Velocity control loop gain increment system

Parameter No. Increment system of
Description parameter
15i 16i 30i 1 min” unit_| 10 min™ unit
3020 4020 4020 |Maximum motor speed 1min™ 10min™
3021 4021 4021 Maximum spindle speed on Cs contouring 1min’! 10min”"
control
3030 4030 4030  |Soft start/stop setting time 1min™/sec | 10min™"/sec
3032 4032 4032 |Acceleration on spindle synchronous control 1min”"/sec 10min”"/sec
3033 4033 4033 [Spindle synchronous speed arrival level 1min™ 10min”
3074 4074 4074 Referen.ce position return speed on Cs Amin” 10min-!
contouring control/servo mode
3098 4098 4098 Maximum speed for position feedback signal 1min™ 10min-!
detection
3100 4100 4100 |Base speed for motor output specification 1min™ 10min™
3102 4102 4102 |Excitation voltage saturation speed with no load 1min™ 10min”
Low-speed characteristics parameters (when the speed range switching control function is used)
3108 4108 4108  |Current loop integral gain zero speed 1min” 10min”
3138 4138 4138 |Base speed for motor output specification 1min™ 10min™
3140 4140 4140 |Excitation voltage saturation speed with no load 1min™ 10min”
3144 4144 4144  |Current loop integral gain zero speed 1min™ 10min™
3160 4160 4160 |Speed detection level hysteresis 1min” 10min”
NOTE
Usually, set the 1 min™" unit (by setting the
parameter to 0).
15i 16i 30i #7 #6 #5 #4 #3 #2 #1 #0
3009 4009 4009 | | | | LoTour| | | lvLPGaAN|

0: Uses ordinary setting.

1 : Divides ordinary setting data by 16 for processing.

NOTE
Usually, set this parameter to O.
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15i
3012

15i
3019

LDTOUT

16i 30i
4012 4012

SPHRV

16i 30i
4019 4019

SSTTRQ

PRLOAD

Whether to output the load detection signals (LDT1, LDT2) during

acceleration/deceleration

0: Does not output the load detection signals during acceleration/
deceleration (standard setting value).

1: Outputs the load detection signals during acceleration/
deceleration (at all times) when the parameter-set level is

exceeded.
#7 #6 #5 #4 #3 #2 #1 #0
| sPHRV | | | | | | | |

Sets the spindle HRV control function.

0: Disables spindle HRV control.

1: Enables spindle HRV control. (standard setting value)
Set this parameter to 1.

NOTE
The control method usable with the ai series spindle
is spindle HRV control only.
The conventional control method is not supported.

#7 #6 #5 #4 #3 #2 #1 #0
|PRLOAD| | | | |SSTTRQ| | |

Whether to perform torque clamping when the speed is zero
0: Performs clamping.
1: Does not perform clamping.

NOTE
Usually, set this parameter to 1 not to perform
clamping.

Automatic parameter setting function

0: Does not perform automatic parameter setting (standard setting
value).

1 : Performs automatic parameter setting.

After setting a desired motor model code in parameter No. 4133 and

setting this bit to 1, turn off the power to the CNC, then turn on the

power to the CNC again. The parameters (No. 4000 to No. 4175) for

the i series spindle corresponding to the model code are

automatically initialized. Upon completion of automatic setting, this

bit is automatically set to 0.
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NOTE
With FS15i, the parameter address of this function is
different, namely, bit O of No. 5607 is used.
Moreover, note that the meanings of settings are
reversed as follows.

0: Performs automatic parameter setting.
1: Does not perform automatic parameter setting.
In this case, set a model code in parameter No.

3133.
15i 16i 30i #7 #6 #5 #4 #3 #2 #1 #0
3352 4352 4352 | | | | | | lPkHALW| |
PKHALW  Sets the peak hold function for load meter output.
0: Does not use the peak hold function. (standard setting value)
1: Uses the peak hold function.
15i  16i  30i #7 #6 #5 #4 #3 #2 #1 #0
3305 4305 4305 | | | | | PriMED | | | |
PRIMED  Sets parameter transfer from the CNC to spindle software.

0: Regards parameters as valid one second after they are transferred
from the CNC. (Standard setting value)

1: Regards parameters as valid as soon as they are transferred from
the CNC.

NOTE
This parameter is valid with 9D50 Series F (06)
edition or later and 9D70 series A (01) edition or
later.

15i 16i 30i

3020 4020 4020 | Maximum motor speed
Unit of data:  1min™ (Unit of 10 min” when bit 2 (SPDUNT) of parameter No. 4006
=1)
Valid datarange : 0 to 32767

Standard setting value :

15i 16i 30i
3022 4022 4022

Unit of data :
Valid data range :
Standard setting value :

Depends on the motor model.
This parameter sets a maximum spindle motor speed.

Speed arrival detection level

0.1%

0 to 1000

150

This parameter sets a speed arrival signal (SARA) detection range.

When the motor speed reaches within *(setting data/10)% of a

specified speed, the speed arrival signal (SARA) is set to 1.
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15i 161 30i
3023 4023 4023 Speed detection level

Unitofdata: 0.1%
Valid data range : 0 to 1000
Standard setting value : 30
This parameter sets a speed detection signal (SDTA) detection range.
When the motor speed is (setting data/10)% of a maximum speed or
less, the speed detection signal (SDTA) is set to 1.

151 161 30:
3024 4024 4024 Speed zero detection level

Unitof data: 0.01%
Valid data range : 0 to 10000
Standard setting value : 75
This parameter sets a speed zero detection signal (SSTA) detection
range.
When the motor speed is (setting data/100)% of a maximum speed or
less, the speed zero detection signal (SSTA) is set to 1.

15i 16i 30i
3025 4025 4025 Torque limitation value.

Unitofdata: 1%
Valid datarange : 0 to 100
Standard setting value : 50
This parameter sets a torque limitation value to be applied when the
torque limitation command HIGH (TLMHA) or the torque limitation
command LOW (TLMLA) is specified.
The data indicates limitation values when the maximum torque is

100%.
Torque limitation | Torque limitation
command command Description
LOW(TLMLA) HIGH(TLMHA)

0 0 No torque limitation is imposed.
The torque is limited to the value

0 1 s
set in this parameter.

1 0 The torque is limited to a half of

1 1 the value set in this parameter.

15i 16i 30:
3026 4026 4026 Load detection level 1

Unitofdata: 1%
Valid data range : 0 to 100
Standard setting value : 83
This parameter sets a load detection signal 1 (LDT1A) detection range.
When the output of the spindle motor is (setting data)% of the
maximum output or more, load detection signal 1 (LDT1A) is set to 1.
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15i
3027

15i 161 30i
3056 4056 4056
3057 4057 4057
3058 4058 4058
3059 4059 4059
Unit of data :
Valid data range :

Standard setting :

15i
3095

Valid data range :

16i
4027

Unit of data :
Valid data range :
Standard setting value :

16i
4095

30i
4027

30i
4095

Unit of data :

Standard setting value :

Load detection level 2

1%

0to 100

95

This parameter sets a load detection signal 2 (LDT2A) detection range.
When the output of the spindle motor is (setting data)% of the
maximum output or more, load detection signal 2 (LDT2A) is set to 1.

Gear ratio (HIGH) CTH1A=0, CTH2A=0
Gear ratio (MEDIUM HIGH) CTH1A=0, CTH2A=1
Gear ratio (MEDIUM LOW) CTH1A=1, CTH2A=0
Gear ratio (LOW) CTH1A=1, CTH2A=1

(Motor rotation for one rotation of spindle) x 100
(When parameter No. 4006 #1 (GRUNIT) is 1, motor rotation x 1000)
0 to 32767
100
These data are used to set the gear ratio between spindle and spindle
motor.
Example :
When the spindle rotates once, set "250" as the data when the
motor rotates 2.5 times.
A parameter is selected with the CTH1A and CTH2A input signals.
Set the gear or clutch status to correspond to the clutch/gear signal
(CTH1A, CTH2A) in input signals.

NOTE
When an improper value is set in these parameters,
an unexpected operation can occur. For example,
the spindle can continue rotating without stopping at
the time of orientation. So, be sure to set a proper

gear ratio.

| Speedometer output voltage adjustment value |

0.1%

-1000 to +100 (-100% to +10%)

0

Set this parameter when making a fine adjustment of speedometer
output voltage.

Positive (+) data increases the output voltage.

NOTE
Usually, this parameter need not be adjusted.
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15i 16i 30i
3096 4096 4096

Unit of data :
Valid data range :
Standard setting value :

15i 16i 30i
3122 4122 4122

Unit of data :
Valid data range :
Standard setting value :

15i 16i 30i
3170 4170 4170

Unit of data :
Valid data range :
Standard setting value :

15i 16i 30i
3345 4345 4345

Unit of data :
Valid data range :
Standard setting value :

| Load meter output voltage adjustment value

0.1%

-1000 to +100 (-100% to +10%)

0

Set this parameter when making a fine adjustment of load meter
output voltage.

Positive (+) data increases the output voltage.

NOTE
Usually, this parameter need not be adjusted.

| Speed detection filter time constant

0.1ms

0 to 10000

0

This parameter sets a time constant for a filter to be applied to the
velocity feedback signal.

NOTE
Usually, this parameter need not be adjusted.

| Overload current alarm detection level

0 to 32767
Depends on the motor model.

NOTE
Usually, this parameter need not be adjusted.

| Specified detection level of the spindle motor speed

1 min”

0 to 32767

0

This parameter sets the detection level of the spindle motor speed
detection function. If the specified spindle motor speed is greater than
the set value, the level of the speed specification detection signal
output from the spindle amplifier to the CNC becomes 1.

If the set value is 0, the level of the speed specification detection
signal is always 0.
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15i 16i 30i
3346 4346 4346 Incomplete integral coefficient

Unit of data :
Valid data range : 0 to 32767
Standard setting value : 0
Set this parameter to use incomplete integral function for velocity loop
integral control.

NOTE
Usually, this parameter need not be adjusted.

15i 16i 30i

3351 4351 4351 | Current detection offset compensation

Unit of data :
Valid data range : 0 to £32767
Standard setting value : 0

NOTE
Usually, this parameter need not be adjusted.
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2.6.5 Diagnosis (Diagnosis Screen)

(1) Series 161

This subsection provides a list of the diagnosis (diagnosis screen)
indications common to all operation modes only. For details, refer to
the Connection Manual (Function) of each CNC.
(a) For Series 16i/18i/21i
“FANUC Series 16i/18i/21:-MODEL B
MAINTENANCE MANUAL : B-63525EN
Refer to Section 1.8 “DISPLAYING DIAGNOSTIC PAGE.”
(b) For Series 30i/31i/32i
“FANUC Series 30i/31i/32i-MODEL A
MAINTENANCE MANUAL : B-63945EN
Refer to Section 1.3 “DIAGNOSIS FUNCTION.”
(¢) For Series 151
“FANUC Series 15i-MODEL B
MAINTENANCE MANUAL : B-63785EN
Refer to Section 1.3 “DIAGNOSIS FUNCTION.”
(d) For Series 0i
“FANUC Series 0i-MODEL C
MAINTENANCE MANUAL : B-64115EN
Refer to Section 1.8 “DISPLAYING DIAGNOSTIC PAGE.”

Address Description
400 Information including spindle control information
401 Serial spindle alarm state of the first spindle
402 Serial spindle alarm state of the second spindle
403 First spindle motor temperature [°C] en
404 Second spindle motor temperature [°C] €0
408 Information related to spindle serial output interface communication errors
409 Information related to spindle serial output interface activation
410 Load meter indication for the first spindle [%]
411 Speedometer indication for the first spindle [min'1]
412 Load meter indication for the second spindle [%]
413 Speedometer indication for the second spindle [min™]
417 Position coder feedback signal for the first spindle [pulse]
419 Position coder feedback signal for the second spindle [pulse]
445 First spindle position data
446 Second spindle position data
710 First spindle error state 1
711 Second spindle error state e
712 First spindle warning state e
713 Second spindle warning state en

NOTE
*1 The indications are provided only when the MODEL

B CNC is combined with the ai spindle.
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(2) Series 30i

(2) Series 151

Address Description
400 Information including spindle control information
403 First spindle motor temperature [°C]
408 Information related to spindle serial output interface communication errors
410 Load meter indication for the spindle [%]
411 Speedometer indication for the spindle [min™"]
417 Position coder feedback signal for the spindle [pulse]
445 Spindle position data
710 Spindle error state
712 Spindle warning state
Address Description
1500 Information about spindle serial output interface communication errors
1504 Spindle motor torque data
1505 Spindle motor speed data
1561 Spindle state error number n
1562 Spindle warning number €0
1563 Spindle motor temperature information 0

NOTE
*1 The indications are provided only when the MODEL

B CNC is combined with the ai spindle.
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3.1/0 SIGNALS (CNC < PMC) FANUC AC SPINDLE MOTOR i series

This chapter explains the functions of the signals directly input from
the PMC to SPM via the CNC and the signals directly output from the
SPM to PMC. For other spindle-related 1/O signals, refer to the

/0 SIGNALS (CNC < PMC)

Connection Manual (Function) of the relevant CNC.

(a)

(b)

(©)

(d)

For Series 16i/18i/21i

“FANUC Series 16i/18i/21--MODEL B

CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Chapter 9 “SPINDLE SPEED FUNCTION.”

For Series 30i/31i/32i

“FANUC Series 30i/31i/32i-MODEL A

CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Chapter 11 “SPINDLE SPEED FUNCTION.”
For Series 15i

“FANUC Series 15--MODEL B

CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.7 “SPINDLE SPEED FUNCTION.”
For Series 0i

“FANUC Series 0i-MODEL C

CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Chapter 9 “SPINDLE SPEED FUNCTION.”
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3.1 INPUT SIGNALS (PMC—CNC—>SPM)

This section describes the functions of the signals directly input from
the PMC to SPM via the CNC and also describes the signal addresses
of the first spindle and second spindle. For other spindle-related input
signals, refer to the Connection Manual (Function) of the relevant
CNC.
(a) For Series 161/18i/21i

“FANUC Series 16i/18i/21i-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63523EN-1

Refer to Chapter 9 “SPINDLE SPEED FUNCTION.”
(b) For Series 30i/31i/32i

“FANUC Series 30i/31i/32i-MODEL A

CONNECTION MANUAL (FUNCTION) : B-63943EN-1

Refer to Chapter 11 “SPINDLE SPEED FUNCTION.”
(¢) For Series 151

“FANUC Series 15:-MODEL B

CONNECTION MANUAL (FUNCTION) : B-63783EN-1

Refer to Section 9.7 “SPINDLE SPEED FUNCTION.”
(d) For Series 0i

“FANUC Series 0i-MODEL C

CONNECTION MANUAL (FUNCTION) : B-64113EN-1

Refer to Chapter 9 “SPINDLE SPEED FUNCTION.”

3.1.1 List of Input Signals

15i 16i 30i #7 #6 #5 #4 #3 #2 #1 #0
1st- G227 G070 G070 MRDYA | ORCMA | SFRA SRVA CTH1A | CTH2A | TLMHA | TLMLA
2nd- G235 G074 G074 MRDYB | ORCMB | SFRB SRVB CTH1B | CTH2B | TLMHB | TLMLB
1st- G226 G071 G071 RCHA RSLA INTGA | SOCNA | MCFNA | SPSLA | *ESPA | ARSTA
2nd- G234 G075 G075 RCHB RSLB INTGB | SOCNB | MCFNB | SPSLB | *ESPB | ARSTB
1st- G229 G072 G072 RCHHGA|MFNHGA] INCMDA | OVRA |DEFMDA| NRROA | ROTAA | INDXA
2nd- G237 G076 G076 RCHHGB|MFNHGB| INCMDB| OVRB |DEFMDB| NRROB | ROTAB | INDXB
1st- G228 G073 G073 DSCNA | SORSLA| MPOFA SLVA

2nd- G236 G077 G077 DSCNB |SORSLB| MPOFB SLVB
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3.1.2

Explanation of Input Signals

Symbol Name Description
Torque limitation These signals limit the output torque of the spindle motor.
TLMLA, B command LOW The limit value is set in spindle parameter No. 4025.
TLML TLMH
0 0 : Torque not limited
TLMHA B Torque limitation 0 1 : Limited to the parameter-set value
’ command HIGH 1 0 : Limited to about half of the parameter-set value
1 1 : Limited to about half of the parameter-set value
These signals set the conditions listed below according to the clutch or gear
status.
The signals can also be used for selecting spindle control parameters.
The names such as HIGH GEAR are given for convenience, and the
CTH1A, B Clutch/gear signal correspondence to the actual gears is free.
CHT2A, B CTH1 CTH2
0 0 : HIGH GEAR
0 1 : MEDIUM HIGH GEAR
1 0 : MEDIUM LOW GEAR
1 1 : LOW GEAR
Reverse rotation These signals set the rotation direction of the spindle motor when viewed from
SRVA, B .
command the shaft side.
SRV SFR
. 0 0 : Stopped
SFRA, B Eg:x:;i;otatlon 0 1 : Forward rotation (CCW: Counterclockwise direction)
1 0 : Reverse rotation (CW: Clockwise direction)
1 1 : Stopped
Spindle orientation This signal is used to perform spindle orientation control.
ORCMA, B 0: Turns off the spindle orientation command.
command . . .
1: Performs spindle orientation control.
MRDYA, B |Machine ready signal |°- Motor excitation is off.
1: Ready for operation
This signal is used to reset spindle alarms.
| [« |
ARSTA B Splndle alarm reset 32 msec min.
signal
“1” An alarm is reset when the signal status changes from "1" to
“‘0” "0".
*ESPA, B Emergency stop signal 0: Emergency stop
’ 1: Normal operation
Spindle switching This signal is used to select a spindle motor in spindle switching control.
SPSLA, B request signal 0: Selects the main spindle motor.
1: Selects the sub-spindle motor.
This signal is used in spindle switching control.
Magnetic contactor 0: The MCC on the sub-spindle motor side is OFF (the main spindle motor is
MCFNA, B [status signal for the selected).
sub-spindle motor 1: The MCC on the sub-spindle motor side is ON (the sub-spindle motor is
selected).
. 0: Disables the soft start/stop function.
SOCNA, B |Soft start/stop signal 1: Enables the soft start/stop function.
INTGA, B Velocity integral control ?: Enables velocity integral control.

signal

: Disables velocity integral control.
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Symbol Name Description
This signal is used to select output characteristics in speed range switching
RSLA B Speed range switching |control.
’ request signal 0: Selects the high-speed range characteristics.
1: Selects the low-speed range characteristics.
Maanetic contactor This signal is used in speed range switching control.
stat%s sianal for the 0: The MCC on the low-speed characteristics side is OFF (the high-speed
RCHA, B low-s eeg d characteristics are selected).
P . 1: The MCC on the low-speed characteristics side is ON (the low-speed
characteristics -
characteristics are selected).
. . This signal is used in orientation with the stop position set
Orientation stop wqn . L
s 1 external setting type. When the status of this signal changes
INDXA, B position change “0” WA 5 wAw o .
from "1" to "0", new position stop data is input, and a
command "
movement to the new position then a stop take place.
Rotation direction This signal is used in orientation with the stop position set external setting type.
ROTAA, B |command at orientation [0: CCW (counterclockwise)
stop position change 1: CW (clockwise)
Shortcut command at  |This signal is used in orientation with the stop position set external setting type.
NRROA, B |orientation stop position |0: The rotation direction depends on the ROTA signal setting.
change 1: Shortcut control (within £180°)
OVRA. B Analog override 0: Disables analog overrlde.
command 1: Enables analog override.
INCMDA, B |Incremental command 1: Incr.ementall command spindle orientation
0: Ordinary orientation
MENHGA. B Z:SP:;C r(:;n:c?ﬁ(r:; 0: The MCC on the main spindle motor side is OFF.
’ . .g 1: The MCC on the main spindle motor side is ON.
main spindle motor
Magnetic contactor
RCHHGA B status signal for the 0: The MCC on the high-speed characteristics side is OFF.
' high-speed 1: The MCC on the high-speed characteristics side is ON.
characteristics
Motor power turn-off
MPOFA, B : 1: Turns off the motor power.
signal
Synchronous This signal requests a synchronous orientation operation.
SORSLA, B |orientation request 0: Cancels synchronous orientation.
command 1: Requests synchronous orientation.
Disconnection detection This signal is used to detach the feedback cable between the amplifier and motor.
DSCNA, B disable sianal 0: Enables disconnection and overheat detection.
9 1: Disables disconnection and overheat detection.
Differential speed mode [0: Disables differential speed mode.
DEFMDA, B . . .
command signal 1: Enables differential speed mode.
SLVA B Tandem operation (1): Disables tandem operation.

command

: Enables tandem operation.
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3.1.3 Details of Input Signals

(a) Torque limitation command signals (TLMLA, TLMHA)

(1) A torque limit is used to rotate the spindle motor by decreasing

Command <

Signals for
spindle <
amplifier

Machine <

N

2)

3)
4)

)

the output torque of the spindle motor temporarily at the time of

mechanical spindle orientation and so forth.

For each machine, the machine tool builder must set the output

torque and speed applied at the time of orientation so that hitting

against the machine stopper produces less impact.

The output torque at orientation can be adjusted with parameter

No. 4025.

If the torque limitation command signals are set to 1, the torque

limitation state is entered. (Even when 1 is specified during

motor rotation, it becomes valid immediately.) As soon as the

torque limitation state is entered, the torque limitation

in-progress signal (TLMA) is output externally.

When mechanical orientation is to be performed at the time of

ATC of a machining center, the power magnetics sequence

design must take the following into consideration not to damage

the machine stopper:

<1> The output torque at orientation time must not be
excessively large.

<2> The speed at orientation time must not be excessively high.
Interlock must be provided so that, for example, when the
speed detection signal detects an excessively high speed, the
protrusion of the stopper is suppressed.

<3> When the torque limit is canceled, the stopper must have
been certainly kept in place.

Example of a mechanical orientation sequence

Torque limitation command TLMLA, TLMHA

Speed command at orientation

SFR/SRV
(forward/reverse rotation command)

't TLMA

{ Torque Timitation in-progress signal /

Zero speed
signal

Speed detection
signal

“1” SSTA

ON when the speed is not
higher than a certain level

Motor speed +~

Rotated SIOWIy 1 the torque
limitation state

v (Stopped)

]
StooparPed) 7 /fotruded 7 (Kept)
(

Kept)

*

Limit switch

ATC
(tool change)

(Stop confirmation signal)

If the above conditions are hard to satisfy, employ purely
electrical spindle orientation (a CNC software option is required),
which does not use the stopper.
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(b) Clutch/gear signals (CTH1A, CTH2A)

(1)

2

When there are two or more gear change stages between the
spindle and spindle motor, these signals are used to select spindle
control parameters (position gain, gear ratio, and velocity loop
gain) for each gear. These signals are also used for a motor
having an speed range switching function to select control
parameters for each winding.

Make settings as listed in the table below according to the state
of the clutch or gear. The names such as HIGH GEAR are given
for convenience, and the correspondence to the actual gears is
free.

CTH1A CTH2A
0 0 HIGH GEAR
0 1 MEDIUM HIGH GEAR
1 0 MEDIUM LOW GEAR
1 1 LOW GEAR

(c) Forward rotation command signal (SFRA) and reverse rotation command

signal (SRVA)
(D

2

)

When the following four conditions are satisfied, the spindle

motor starts forward or reverse rotation according to the speed

command (a positive value):

<1> Emergency stop signal *ESPA is set to 1.

<2> Machine ready signal MRDYA is set to 1.

<3> Forward rotation command signal SFRA or reverse rotation
command signal SRVA is 1.

<4> The contact signal between ESP and 24 V (CX4 of the
PSM) is ON (closed).

While SFRA is 1, the spindle motor rotates counterclockwise as

viewed from the shaft side at a specified speed (a positive value).

While SRVA is 1, the spindle motor rotates clockwise as viewed

from the shaft side according to the speed command (a positive

value).

When SFR =1 When SRV =1
When SFRA is set to 0 or when SRVA is set to 0, the spindle
motor is stopped by regenerative braking. After the spindle motor
is stopped, the power element excitation signal is turned off to
interrupt power supply to the spindle motor.

NOTE
If the forward rotation command signal (SFRA) and
reverse rotation command signal (SRVA) are
specified at the same time, the spindle status error
(error 14) occurs, and the spindle motor is stopped.
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(d) Spindle orientation command (ORCMA)
For details of this signal, see Section 2.2, "POSITION CODER
METHOD SPINDLE ORIENTATION", in Part 1.

(e) Machine ready signal (MRDYA)

(1) This signal is used as follows according to the parameter settings:

Parameter setting |
FS16i : 4001 #0 e
Mode FS30; : 4001 #0 Description

FS15i : 3001 #0

The machine ready signal is not used.

A 0 In this case, the spindle motor is made ready
only by inputting the emergency stop signal.

The machine ready signal is used so that the
spindle motor can be made ready by two signals.
B 1 When MRDYA = 0, the excitation signal for the
power element of the inverter is turned off to
interrupt power.

(2) Mode A
Mode A is used to minimize input signals.
(3) Mode B
<1> In a machine in which the spindle motor is clamped by the
tool unclamp signal during an orientation operation for
automatic tool change (ATC), a slight displacement from
the orientation stop position may increase the load meter
indication, allowing a large motor current to flow.
To prevent this, set MRDYA to 0 to release the orientation
state while the tool unclamp state is present. At the end of
the tool unclamp state, setting MRDYA to 1 can restore the
orientation state.
<2> In the application explained <I1> above, if the orientation
command signal ORCMA is kept 1, setting MRDYA to 0/1
causes a movement just by the amount of the displacement
from the stop position, so another one-rotation operation
and orientation operation need not be performed.

Timing chart (mode B)
1

Orientation 0_] /4_~
command ORCMA 1 :
Orientation completion OA l_
signal ORARA \ Detach Mount
Leavmg

©
Tool change operation O Move O new OFF

Hold tool \\/ \tool tooI
Spindle unclamp \ ON
Machine ready
signal MRDYA
/ Turn off excitation
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(f) Spindle alarm reset signal (ARSTA)

(1)

2)
)

After the cause of an alarm such as a motor overheat, excessively
large velocity eror, over speed, and overload is removed,
inputting this alarm reset signal releases the alarm, making the
spindle usable.

When no alarm is issued, inputting this signal causes nothing.
Alarms detected in the power supply module and part of spindle
alarms (such as overcurrent) cannot be released by this signal.
(The power must be turned off once.)

(9) Emergency stop signal (*ESPA)

(1)

2)

3)

4)

When *ESPA = 1, the spindle motor and spindle amplifier
module become ready for operation. When *ESPA = 0, the
spindle amplifier module outputs to the power supply module a
signal for turning off the MCC, and the spindle motor does not
operate.

As soon as *ESPA is set to 0 during motor rotation, the spindle
motor decelerates and stops. After the spindle motor stops, a
signal for turning off the MCC is output.

When *ESPA is set to 1 again, the spindle motor becomes ready
for rotation, so the spindle motor will start rotating as soon as a
rotation command is issued. Therefore, when inputting the
emergency stop signal, reset the command signals (speed
command, forward and reverse rotation commands) to the
spindle amplifier module at the same time.

This signal (*ESP) and the emergency stop signal of the PSM
(connector CX4) function as signals having the same meaning for
the SPM.

(h) Spindle switching request signal (SPSLA), magnetic contactor status
signal for the sub-spindle motor (MCFNA), and magnetic contactor status

signal for the main spindle motor (MFNHGA)
For details of these signals, see Section 5.2, "SPINDLE SWITCHING
CONTROL", in Part 1.
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(i) Soft start/stop signal (SOCNA)

(1)

Soft start/stop signal ——

External speed command

I '
1 H
Spindle amplifier internal { '
speed command :
|

2)
)

4)

)

External speed command

Internal speed command
of spindle amplifier

When the soft start/stop signal is set to 1, the soft start/stop
function is enabled, which allows the speed command change
rate at acceleration/deceleration to be set as shown below.

Soft start/stop enabled

< »

1

0 0

The soft start/stop function is valid in the velocity control mode.
When emergency stop signal *ESPA or machine ready signal
MRDYA is set to 0, the soft start/stop function is disabled
automatically.

The speed command change rate is set in parameter No. 4030.
When 0 is set in the parameter, the soft start/stop function is
disabled.

When the rate of the change in acceleration command (parameter
No. 4508) is set, a quadratic function type speed command can
be given in the spindle amplifier (quadratic function type soft
start/stop function).

Use this function when you want to reduce the shock due to a
change in speed specified at the start of acceleration/deceleration.
In this case, the internal speed command of the spindle amplifier
changes as follows:

NOTE
The quadratic function type soft start/stop function
can be used with 9D50 series G (07) edition or
later and 9D70 series A (01) edition or later.
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(j) Velocity integral control signal (INTGA)

(1)

Spindle position

Spindle clamping

Velocity integral control
sianal INTGA

2)

Spindle synchronous
control

Holding workpiece by
two spindles (chuck
closed)

Speed integral control
signal INTGA

When spindle position control (spindle orientation control,
spindle positioning control, Cs contour control, and so on) is
performed, the spindle is sometimes clamped by the brake or the
like. If the spindle is kept clamped with a minute position error,
velocity integral control may allow an excessively large current
to flow into the motor, attempting to eliminate the position error
to zero.

In such a case, use of this signal disables velocity integral control
to prevent an excessively large current from flowing into the
motor even when a minute position error occurs.

Also when two spindles are used to hold a workpiece in spindle
synchronous control, a minute synchronous error generated at the
time of the hold operation may cause velocity integral control to
attempt to eliminate the error to zero, and as a result, an
excessively large current may flow into the motor.

In this case, this signal can be used to disable velocity integral
control and prevent an excessively large current from flowing
into the motor even when a minute synchronous error occurs.

Hold workpiece by
two spindles

Chuck closed

(k) Speed range switching request signal (RSLA), magnetic contactor status
signal for low-speed characteristics (RCHA), and magnetic contactor
status signal for high-speed characteristics (RCHHGA)

For

details of these signals, see Section 5.1, "SPEED RANGE

SWITCHING CONTROL", in Part I.
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(1) Orientation stop position change command (INDXA), rotation direction
command at orientation stop position change (ROTAA), shortcut
command at orientation stop position change (NRROA), and incremental

command (INCMDA)

For details of these signals, see Section 2.2, "POSITION CODER
METHOD SPINDLE ORIENTATION", in Part I and Section 5.3,
"INCREMENTAL COMMAND TYPE SPINDLE ORIENTATION",
in Part 1.

(m) Spindle analog override command (OVRA)

(1)

2)

)

In the velocity control mode, the speed command can be
overridden with the voltage externally applied to the spindle
amplifier directly in an analog form.

The analog override function is valid when this signal is 1. The
function is valid only in the velocity control mode (including the
soft start/stop function).

The upper limit (100% or 120%) of analog override is
parameter-set as follows:

Parameter No.

FS15i | FS16i | FS30i

Description

3006 #5 |4006 #5 |4006 #5 |0 : 0 to 100%

Sets the input range of spindle analog override.

1:0to0 120%

4

The upper limit of analog override input voltages is +4.5 V.
When the speed command value obtained by multiplication by
the override value exceeds the parameter-set maximum speed,
the speed is clamped at the maximum speed.

The override type is parameter-set as follows:

Parameter No.

FS15i | FS16i | FS30i

Description

3009 #6 14009 #6 14009 #6 0: Linear function type override

Sets the override type.

1: Quadratic function type override

<1> Linear function type override
The override value actually used corresponds to the input
override value on a one-to-one basis.

OVRour = OVRIx

<2> Quadratic function type override
The override value actually used corresponds to the input
override value in the quadratic function manner.
When compared with the linear function type, the quadratic
function type has rougher speed resolution for the input
override in the high-speed region and has a finer speed
resolution in the low-speed region.

OVRpy ]2

OVR =0VR —_—
OUT MAX % [OVRMAX
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[%]
100 (120)

Output
override

50 (60)
OVRour

0 50
(60)

Input override

100 [%]
(120)

OVRj

(5) The following shows the system configuration when attention is

focused on the analog override function:

Override analog

) input _
Machine Overrid bl /’ )
operator's verride enable/  |Spindle I | @
panel disable signal amplifier —
A /__A_____\\
Speed ¥
.............. [ owme  \
ove 17— T
ladder CNC Speed command value
(6) The analog override input is connected as shown in the figure
below. The input voltage equivalent to the upper override limit
p g¢ €q pp
(100% or 120%) to OVR2 is 4.5 V. Override values are set in
steps of 1%.
Y1 o
1 1 )
Reference voltage | oyRr1 1—J : Do ) ,
. 2 ' ro Variable resistor
Analog input OVR2 > T — >/Z VR
ov [_ov : Lo
| ]
i 1 | .
Reference voltage output : Lo Resistor R1
value 4.75+0.25V T —
(Spindle amplifier module) Shield wire (Machine operator's panel)

Use resistors so that the total resistance of VR and R1 ranges from 2

KQ to 10 KQ.

(7) Because the hysteresis characteristic is provided to prevent
override fluctuation, an override of 0% is not set even when the
input voltage is 0 V.

(8) When a signal for enabling or disabling the status of the analog
override function is issued, or the setting of the upper override
limit parameter is changed, the motor speed may change largely.
So, before changing the status or setting, stop the motor.
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(n) Motor power turn-off signal (MPOFA)

(1

2)
)

4)

When an abnormality occurs during spindle synchronous control
or during machining with a machine such as a gear machining
tool, this signal is used to immediately turn off the power to the
spindle motor and allow the motor to run freely.

This signal turns off the motor power only.

The motor power can be supplied again after the motor is
stopped (zero speed signal SSTA = 1). Even when this signal is
canceled, the power cannot be supplied while the motor is
rotating (SSTA = 0).

After turning off the motor power, cancel all operation modes to
ensure safety. After the motor is stopped (SSTA = 1), specify
operation modes again.

When the power is turned off during position control, the
position control operation is performed continuously, so an alarm
such as an alarm due to an excessively large position error may
be issued.

Operation mode examples:

- Forward rotation command (SFRA)

- Reverse rotation command (SRVA)

- Spindle orientation (ORCMA)

- Rigid tapping (RGTP, RGTAP)

- Spindle synchronous control (SPSYC, SPPHS)

- Spindle positioning

- Cs contour control (CON, SCNTR1, SCNTR2, and so on)
- Speed difference mode (DEFMDA)

(5) Sample sequence

-«—Freerunning —»

Motor speed
Omin™ K !
II : /I:
Motor power ! 1 / !
1
ON —j’ ' ]
OFF : : 'S
1
Zero speed detection ! " Py
signal SSTA 1 | |
! N
0 I \\ l’
Motor power turn-off H AN !
signal MPOFA ! \ !
]
1 1
Operation mode SFRA, 0 ____r‘\ I\—'
etc. \ U
\ \\ ‘,
\
ON — |
OFF ‘

(6) Ifbit 2 of parameter No. 4009 is set to 1, the motor power can be

turned off immediately when SPM alarm 24 (serial transfer data
error) occurs. Normally, when SPM alarm 24 occurs, the spindle

motor is decelerated then stopped.

(o) Synchronous orientation request command (SORSLA)
For details of this signal, see Section 5.5, "SPINDLE ORIENTATION

DURING SPINDLE SYNCHRONIZATION CONTROL", in Part I.
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(p) Disconnection detection disable signal (DSCNA)

(1)

)

)

(4)

)

Motor speed

This signal is used when the connection between the spindle
amplifier and spindle motor needs to be disconnected
temporarily.

Position coder
Feedback
JYA3 AN ]
SPM
Feedback
JYA2 D D Motor [
Power line

When this signal is used to detach the feedback signal, motor
overheat and the issuance of a feedback signal disconnection
alarm can be prevented.

A motor excitation OFF state confirmation signal (EXOFA) is
provided to confirm that the motor is not excited before the
connected power line is detached.

Before setting this signal to 1 and disconnecting the feedback
signals and power line, set all the SFRA, SRVA, ORCMA,
MRDYA, and *ESPA commands to 0, and confirm that the
motor excitation OFF state confirmation signal (EXOFA) has
been set to 1. After completing re-connection, reset this signal to
0.

Sample sequence

0 min”

SFRA,SRVA,ORCMA, 1

\| Disconnected

MRDYA,*ESPA
1
SSTA
0
1
EXOFA
0
1
DSCNA
0
. Disconnection
Connection
status Connection

(q) Differential speed mode command signal (DEFMDA)

For

details of this signal, see Section 5.9, "DIFFERENTIAL

SPINDLE SPEED CONTROL" in Part I.

(r) Tandem operation command (SLVA)
For details of this signal, see Section 5.11, "TORQUE TANDEM
CONTROL FUNCTION" in Part I.
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3.2

OUTPUT SIGNALS (SPM—CNC—PMC)

3.2.1

This section describes the functions of the signals directly input from
the PMC to SPM via the CNC and also describes the signal addresses
of the first spindle and second spindle. For other spindle-related
output signals, refer to the Connection Manual (Function) of the
relevant CNC.

(a)

(b)

(©)

(d)

For Series 16i/18i/21i

“FANUC Series 16i/18i/21--MODEL B

CONNECTION MANUAL (FUNCTION) : B-63523EN-1
Refer to Chapter 9 “SPINDLE SPEED FUNCTION.”

For Series 30i/31i/32i

“FANUC Series 30i/31i/32i-MODEL A

CONNECTION MANUAL (FUNCTION) : B-63943EN-1
Refer to Chapter 11 “SPINDLE SPEED FUNCTION.”
For Series 15i

“FANUC Series 15:--MODEL B

CONNECTION MANUAL (FUNCTION) : B-63783EN-1
Refer to Section 9.7 “SPINDLE SPEED FUNCTION.”
For Series 0i

“FANUC Series 0i-MODEL C

CONNECTION MANUAL (FUNCTION) : B-64113EN-1
Refer to Chapter 9 “SPINDLE SPEED FUNCTION.”

List of Output Signals

1st-
2nd-

1st-
2nd-

1st-
2nd-

1st-
2nd-

15i
F229

F245

F228
F244

F231
F247

F230
F246

16i
F045

F049

F046
F050

Fo47
F051

F048
F052

30i
F045

F049

F046
F050

F047
F051

F048
F052

#7 #6 #5 #4 #3 #2 #1 #0
ORARA | TLMA | LDT2A | LDT1A | SARA SDTA SSTA ALMA
ORARB | TLMB | LDT2B | LDT1B | SARB SDTB SSTB ALMB

SLVSA | RCFNA | RCHPA | CFINA | CHPA
SLVSB | RCFNB | RCHPB | CFINB | CHPB
EXOFA |SORENA INCSTA | PC1DTA
EXOFB |SORENB INCSTB | PC1DTB
CSPENA

CSPENB
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3.2.2

Explanation of Output Signals

Symbol Name Description
This signal is output when a spindle alarm is issued.
ALMA, B Alarm signal 0: Normal state
1: Alarm state
This signal is output when the actual rotation speed of the spindle motor has
Zero speed detection  [decreased to the zero speed detection level or lower.
SSTA,B . .
signal 0: Rotating
1: Zero speed state
This signal is output when the actual rotation speed of the spindle motor has
. . decreased to a predetermined rotation speed or lower.
SDTA, B Speed detection signal 0: Above predetermined speed
1: Predetermined speed or lower
This signal is output when the actual rotation speed of the spindle motor has
SARA, B Speed arrival signal achieved a prede.termined range for a speed command.
0: Speed not achieved
1: Speed achieved
LDT1A, B Load detection signal 1 |These signals are output when load at a set load detection level or higher is
detected. Different levels can be set for LDT1A and LDT2A.
LDT2A, B Load detection signal 2 |0: Lower than the set load
1: Set load or higher
This signal is output when the torque is being limited by the TLMLA or TLMHA
Torque limitation signal.
TLMA, B in-progress signal 0: Torque not being limited
1: Torque being limited
This signal is output when the spindle stops in the neighborhood of a
Orientation completion |predetermined position after an orientation command is input.
ORARA, B . . .
signal 0: Orientation not completed
1: Orientation completed
Power line switching This signal is used in spindle switching control.
CHPA, B signal 0: Selects the MCC on the main spindle motor side.
1: Selects the MCC on the sub-spindle motor side.
. o This signal is used in spindle switching control.
CFINA, B Sgrl:s::tizvr:l:gl:; 0: Controls the main spindle motor.
1: Controls the sub-spindle motor.
Power line switching This signal is used in speed range switching control.
RCHPA, B signal 0: Selects the MCC on the high-speed range characteristics side.
1: Selects the MCC on the low-speed range characteristics side.
. This signal is used in speed range switching control.
RCFNA, B Coour:]ppl:te;gr:t(;?;]gl 0: Control with high-speed range characteristics
1: Control with low-speed range characteristics
. This signal is used to confirm whether the position coder one-rotation signal is
Position coder
PC1DTA, B |one-rotation signal detectgq or not. L
detection state signal 0: Pos!t!on coder one-rotat!on s!gnal not detected
1: Position coder one-rotation signal detected
This signal is used to confirm whether incremental spindle orientation is being
INCSTA, B Ir?cremental orientation |performed or not.' ' o '
signal 0: Incremental spindle orientation is not in progress.
1: Incremental spindle orientation is in progress.
Synchronous This signal is used to confirm whether synchronous orientation is enabled or not.
SORENA, B |orientation enable 0: Disables synchronous orientation.

signal

1: Enables synchronous orientation.
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Symbol Name Description
I This signal is used to confirm whether motor excitation is off.
Motor excitation off o
EXOFA, B state signal 0: Motor excitation is in progress.
1: Motor excitation is off.
Tandem operation state This signal is used with the spindle tandem function.
SLVSA, B signal 0: Tandem operation is not in progress.
1: Tandem operation is in progress.
This signal is used to indicate whether Cs axis coordinate establishment
Cs reference position processir)g 's possib!e. o . . .
CSPENA. B |establishment state 0: Coordinate establishment processing is impossible (with a reference position

signal

not established).
1: Coordinate establishment processing is possible (with a reference position

established).
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3.2.3 Details of Output Signals

(a) Spindle alarm signal (ALMA)

(1) When continuation of spindle motor operation becomes

Spindle control {

signals

Spindle amplifier

control output signal <

Motor operation

A

4

2)

3)

4)

)

(6)

impossible, the power to the spindle motor is turned off to stop
the spindle motor.

At the same time, alarm signal ALMA is set to 1. For the
meaning of the alarm, check the indicator of the spindle
amplifier.

Use the alarm signal output to reset the command signals sent to
the spindle amplifier (speed command, forward and reverse
rotation commands, and spindle orientation command). Unless
the reset state has been entered (the signals issued from the PMC
have been all cleared), the spindle motor may rotate when the
alarm on the spindle amplifier is released, which presents a
dangerous situation.

At the same time when the alarm signal is output, the power to
the spindle motor is turned off, and the spindle motor coasts.
Therefore, it is necessary to enter the feed hold state by setting
the emergency stop state on the CNC or power magnetics
cabinet.

When the alarm state is entered, ALMA is set to 1. While the
alarm signal is 1, the spindle motor is placed in the coast state
regardless of external commands.

The following diagram shows the relationship between the alarm
signal and alarm reset signal:

Speed command

signal

Forward/reverse rotationT

SFRA (SRVA)

Spindle orientation
command ORCMA

< >
-«

ARSTA [ / / 0 I I 0
(Alarm reset) ] f\
ALMA |__ 0
(Alarm) '
Remove cause of alarm i
i
Motor rotation speed Y '
' t
: !
i (Stopped) :
i Not operated even when commandi
| s issued Vo Usable
1 [
| !
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(b) Zero speed detection signal (SSTA)

(1

2

)
4)

When the actual rotation speed of the spindle motor has
decreased to the zero speed detection level or lower for a stop
command, SSTA is setto 1.

Motor
speed 1 N
h Zero speed detection
[ range (standard setting:
i +0.75% of the .
1 | maximum speed) |1
SSTA ! 0 I

The zero speed detection point is 0.75% (initial standard setting
in the parameter) of the maximum speed. For a motor of which
maximum speed is 6000 min”', for example, the zero speed
detection point is 45 min™.

When the above condition is satisfied, this signal is output
regardless of the rotation command (SFR, SRV).

The minimum pulse width of this signal is approximately 40 ms.

(c) Speed detection signal (SDTA)

(1)
2)

3)

When the spindle motor speed has decreased to a parameter-set
speed level or lower, SDTA is setto 1.

This signal is used to confirm that the speed has decreased to a
predetermined speed such as a clutch changeable speed or gear
changeable speed.

Motor Speed detection
speed
7 SRt g _
1 [
[} t
t !
1 [}
SDTA 1
7.
0
v 7 71

This signal is output regardless of the rotation command (SFR,
SRV).

<Reference> Gear shift sequence

In CNC machine tools, gear shift, which is one of sequence
controls, causes a shift of the gear section of a spindle, which is
an important component of a machine. In this case, to perform
gear change safely, it is necessary to confirm that the spindle
motor is rotated at a low speed.

A sample gear shift sequence using the speed detection signal
(gear change enable signal) is given below. Please use this
sample as a reference material when designing gear shift power
magnetics sequence.
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(Sequence) (Confirmation signal)

| Gear shift command |

v

| Spindle motor low-speed rotation command |

+ Speed detection signal

| Confirm speed SDTA = 1 (or zero speed
+ signal SSTA =1)

| Move shifter |

| Gear shift end |

To perform a gear change safely, confirm that the spindle motor
speed is low by using the speed detection signal before moving
the shifter. When the zero speed signal is also used, duplicate
checking for safety can be made.
(Why the confirmation is required) If the shifter moves while the
spindle motor rotates, the gear is damaged.
Spindle motor Motor speed
speed range allowing

\ gear change

% 7,
omin™ / : é

L A

: : | i | Spindle motor

i R | speed (low
Shifter ; / i speed) at gear
movement i Gear shift E shift

i completed i

| 1 I

0 i ' 1

Speed detection signal —'.

SDTA (gear change enable |
signal) ——L ____________ _I___

Zero speed detection signal SSTA

1
|
]
]
t
|
]
|
I
|
|
|
I
i
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(d) Speed arrival signal (SARA)

(1) When the actual rotation speed of the spindle motor has reached
a predetermined range for a speed command, SARA is set to 1.

Detection range (see (2) and (3))
Specified ____ié_ z

speed f
:

Motor 0 |

|

[P
.

speed
1
SARA AA/‘:EE ﬁ 0
Specified
speed2  po-oom—— -~
|
| |
Specified /.
SFE)eed 1 "TTTTTT AT R Detection range
' (see (2) and (3))
Motor /;[ ;
speed X :
1 0o 1
7z
SARA ¥ 7,

(2) The setting range is £1 to 100% of a specified speed. When a
speed not higher than 10% of the maximum rotation speed is
specified, however, the detection range is wider than the set
range.

(3) The standard setting is £15%. The detection range of this speed
arrival signal widens for low speeds as shown below.

2001
g 180} 177%(at 80min™")
S 160
&
S5 1401
2 120 P 115%
- 3 (]
% o 7. 77777777,
3 100
~ 7 Ll LLL
o 80f 85%
3
5 60}
S 40{ 23%(at 80min™")
(%)
20F
0 i 1 1 1 i
P
333 1000 min

Speed command

(4) This signal is output when SFRA or SRVA is set to 1.

- 198 -



B-65280EN/05 FANUC AC SPINDLE MOTOR ai series 3.1/0 SIGNALS (CNC & PMC)

(5) This signal can be used to control reverse rotation in a tapping
cycle as follows:

SFRA (forward command) FIN

R 0

SRVA (reverse command) /

40 ms
e | o e ke
1
SSTA (zero speed detection) |approx. 0
SARA (speed arrival) 1§25, Minimum

pulse —
ON —>||=—14 width y Note) There is a delay
A

171 =40ms !
I

of 74 until the
OFF SARA signal is
setto 0.

Forward rotation

Motor
speed

o 'f:ffZero speed detection range

.
1
L}
.
)
!
1
;
!
.
.

EREEERE TR

Reverse rotation

Speed arrival T~

detection @ -¥--d-----e----

When a reserve rotation command is issued, the spindle motor
starts decelerating, and 40 ms later the arrival signal is set to 0.
Then, after the speed reaches zero, the speed arrival signal being
set to 1 is detected. This completes the reverse spindle rotation
command.

(6) This signal is used as a confirmation signal (FIN signal) for
forward rotation (M03) and reverse rotation (M04) commands.
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(e) Load detection signals (LDT1A, LDT2A)

(1)

2)
)

4)

LDT2A level
LDT1A level

Load meter output

When the maximum output level (10 V) of the load meter (LM)
is assumed to be 100%, the load detection signal is set to 1 if the
load meter output indicates a parameter-set value (%) or greater.
Two different levels (LDT1A and LDT2A) can be set.

These signals are used in PMC control. For example, to prevent
the spindle from stopping when a cutting overload is applied to
the spindle during cutting, these signals are used to decrease the
feedrate or stop the feedrate.

An application example is given below.

In the following example, two load detection levels are set for
control:

Cutting started Spindle stopped
LDT1A Tr
Decrease feedrate here 5
LDT2A 1

)

(6)

)

Stop feed motor here

The above shows an example of control using two levels. When
the feed motor is to be stopped immediately by using just one
level, control must be provided according to the machine
specification.

These signals are not output in 10 seconds (set in parameter No.
4082) after the status of the speed command signal changes.

(f) Torque limitation in-progress signal (TLMA)
For details of this signal, see Subsection 3.2.2, "Explanation of Output
Signals", in Part I.

(g) Orientation completion signal (ORARA)
For details of this signal, see Section 2.2, "POSITION CODER
METHOD SPINDLE ORIENTATION", in Part 1.
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(h) Power line switching signal (CHPA) and spindle switching completion
signal (CFINA)

For details of these signals, see Section 5.2, "SPINDLE SWITCHING
CONTROL", in Part 1.

(i) Power line switching signal (RCHPA) and output switching completion
signal (RCFNA)

For details of these signals, see Section 5.1, "SPEED RANGE
SWITCHING CONTROL", in Part I.

(j) Position coder one-rotation signal detection state signal (PC1DTA)
For details of this signal, see Subsection 3.2.2, "Explanation of Output
Signals", in Part I.

(k) Incremental orientation signal (INCSTA)
For details of this signal, see Section 5.3, "INCREMENTAL
COMMAND TYPE SPINDLE ORIENTATION", in Part I.

(1) Synchronous orientation enable signal (SORENA)
For details of this signal, see Section 5.5, "SPINDLE ORIENTATION
DURING SPINDLE SYNCHRONIZATION CONTROL", in Part I.

(m) Motor excitation off state signal (EXOFA)

For details of this signal, see (p), "Disconnection detection disable
signal", in Subsection 3.1.3 in Part L.

(n) Tandem operation state signal (SLVSA)
For details of this signal, see Section 5.11, "TORQUE TANDEM
CONTROL FUNCTION", in Part I.

(o) Cs reference position establishment state signal (CSPENA)
This signal indicates whether coordinate establishment processing is
possible when the Cs axis coordinate establishment function is used
with Series 16i-MODEL B/Series 30i-MODEL A.
If reference position return operation is performed in the Cs mode
when bit 5 of parameter No. 4353 is set to 1, this signal is set to 1
from 0 to enable coordinate establishment processing.
This signal is set to 0 when the power is turned off or a spindle alarm
is issued.

NOTE
This signal can be used with 9D50 series G (07)
edition or later and 9D70 series A (01) edition or
later.
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4.1 VELOCITY LOOP GAIN ADJUSTMENT

4.1.1 Overview

4.1.2 Parameters

Optimum adjustment of the velocity loop gain increases the position
loop gain, therefore significantly enhancing disturbance suppression
performance, positioning speed and accuracy. So, the adjustment of
the velocity loop gain is very important in servo adjustments, and it
should be performed first. This section explains the parameters for
velocity loop gain adjustment and the adjustment procedure.

(1) Velocity control mode

15i  16i  30i
3040 4040 4040
3041 4041 4041

Unit of data :

Valid data range :

Standard setting value :

15i 16i 30i
3048 4048 4048
3049 4049 4049

Unit of data :
Valid data range :
Standard setting value :

(2) Orientation

15i 16i 30i
3042 4042 4042
3043 4043 4043

Unit of data :
Valid data range :
Standard setting value :

There are five operation modes in spindle control: velocity control
mode, orientation, servo mode (rigid tapping and spindle positioning),
spindle synchronous control, and Cs contour control. There are
parameters corresponding to each operation mode and to the
clutch/gear signals (CTHIA and CTH2A). The following shows the
parameters for each operation mode.

Velocity loop proportional gain on velocity control mode (HIGH) CTH1A=0
Velocity loop proportional gain on velocity control mode (LOW) CTH1A=1
0to 32767
10
Velocity loop integral gain on velocity control mode (HIGH) CTH1A=0
Velocity loop integral gain on velocity control mode (LOW) CTH1A=1
0to 32767
10
Velocity loop proportional gain on orientation (HIGH) CTH1A=0
Velocity loop proportional gain on orientation (LOW) CTH1A=1
0 to 32767
10
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15i 16i 30i
3050 4050 4050
3051 4051 4051

Unit of data :
Valid data range :
Standard setting value :

(3) Servo mode (Rigid tapping and spindle positioning)

15i  16i  30i
3044 4044 4044
3045 4045 4045

Unit of data :
Valid data range :
Standard setting value :

15i 16i 30i
3052 4052 4052
3052 4052 4052

Unit of data :

Unit of data :

Valid data range :
Standard setting value :

Velocity loop integral gain on normal mode (HIGH) CTH1A=0
Velocity loop integral gain on normal mode (LOW) CTH1A=1
0 to 32767
10
Velocity loop proportional gain on servo mode (HIGH) CTH1A=0
Velocity loop proportional gain on servo mode (LOW) CTH1A=1
0to 32767
10
Velocity loop integral gain on servo mode (HIGH) CTH1A=0
Velocity loop integral gain on servo mode (LOW) CTH1A=1

0to 32767
10

(4) Spindle synchronous control

16i  30i
4044 4044
4045 4045

Unit of data :
Valid data range :
Standard setting value :

16i 30i
4052 4052
4053 4053

Unit of data :
Valid data range :
Standard setting value :

Velocity loop proportional gain on spindle synchronous control (HIGH)CTH1A=0

Velocity loop proportional gain on spindle synchronous control (LOW) CTH1A=1

0to 32767

10
Velocity loop integral gain on spindle synchronous control (HIGH) CTH1A=0
Velocity loop integral gain on spindle synchronous control (LOW) CTH1A=1

0to 32767
10

NOTE
For the velocity loop gain on spindle synchronous
control and on the servo mode, common parameters

are used.
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(5) Cs contour control

15i 16i 30i
3046 4046 4046
3047 4047 4047

Unit of data :
Valid data range :
Standard setting value :

15i 16i 30i
3054 4054 4054
3055 4055 4055

Unit of data :
Valid data range :
Standard setting value :

Velocity loop proportional gain on Cs contouring control (HIGH) CTH1A=0
Velocity loop proportional gain on Cs contouring control (LOW) CTH1A=1
0to 32767
30
Velocity loop integral gain in Cs contouring control (HIGH) CTH1A=0
Velocity loop integral gain in Cs contouring control (LOW) CTH1A=1

0to 32767
50
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4.1.3  Adjustment Procedure

(1) Start of each operation mode

(2) Adjustment

In preparation for the adjustment, settings must be made so that a
stable operation takes place in each mode without overshoot or
oscillation.

See Chapter 2, "EXPLANATION OF OPERATION MODES",
temporarily set parameters (acceleration/deceleration time constant,
position gain, and so on) to make operations stable in each operation
mode, and confirm operations.

NOTE
When a motor with a large torque-to-inertia ratio (for
example, low-speed winding of a motor with an
speed range switching function) is used, or when the
rigidity of the spindle is low, the standard setting of
the velocity loop gain may be so high that oscillation
can occur. In such a case, decrease the velocity loop

gain.

When adjusting the velocity loop gain, check the operation mode and
clutch/gear signal, and modify corresponding parameters. Follow the
steps below to adjust the parameters:

<1> Determining the oscillation limit
Basically, determine the oscillation limit based on torque
commands, position errors, vibration, sound, and so on when the
motor is stopped (for orientation, after completion of the
operation) or when the motor rotates at a certain speed not higher
than the base speed. Normally, increase the proportional gain and
integral gain settings in steps of about 5; for a motor with a large
torque-to-inertia ratio, increase these settings in steps of about 2.
As the settings are increased gradually, the symptoms below start
to appear at a certain setting level. The settings at this level are
determined to be the oscillation limit:
- The machine vibrates or produces large sound.
- Vibration of a torque command becomes large.
- Position errors at stop time vary largely.

NOTE
The oscillation limit varies with the spindle inertia. In
a machine in which the inertia varies largely
according to the tool and workpiece used,
adjustment must be made in the smallest inertia
state.
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<>

<3>

Final settings

Set proportional gain of approximately 70% of the oscillation
limit. As the integral gain, the same value as the proportional
gain is basically set. When increasing the setting, however, make
an adjustment so that the integral gain is typically about twice or
five times as high as the proportional gain.

Elimination of machine resonance

At the time of velocity loop gain adjustment, the gain cannot
sometimes be increased because of machine resonance. In such a
case, the machine resonance elimination function (a torque
command filter and HRV filter) described in the next section can
be adjusted to increase the velocity loop gain while avoiding
machine resonance. See Section 4.2, "MACHINE RESONANCE
ELIMINATION", and make adjustments as necessary.

4.1.4  Additional Information (Position Gain Adjustment)

Although the limit value of the position gain is determined basically
depending on the velocity loop characteristics, the setting standards
may vary depending on the operation mode. See Chapter 2,
"EXPLANATION OF OPERATION MODES", and make
adjustments accordingly.
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4.2 MACHINE RESONANCE ELIMINATION

4.2.1 TCMD Filter

(1) Overview
The torque command filter applies a primary low-pass filter to torque
commands. When the machine system resonates at frequencies as high
as several hundreds Hz or higher, this function can avoid such
high-frequency resonance.

(2) Series and editions of applicable spindle software
Series 9D50/A(01) and subsequent editions
Series 9D70/A(01) and subsequent editions

(3) Details
Fig. 4.2.1 shows a velocity loop configuration including the torque
command filter.
When the machine system has a high resonance frequency, the speed
feedback may include a resonance component, and this component
may be amplified by the proportional gain (Kp).
The torque command filter prevents machine resonance by applying a
primary low-path filter to the proportional of the torque command to
remove high-frequency components of the torque command.

Velocity

command + K +
A \ —p»O—p Ktldms

+
Motor

Torque command filter

Ki/s

Velocity feedback

Fig. 4.2.1 velocity loop configuration including the torque command filter

(4) Setting parameters

15i 16i 30i

3121 4121 4121 Torque command filter time constant

3157 4157 4157 Torque command filter time constant: for low-speed characteristics

Unitofdata: 0.5msec
Valid data range : 0 to 32767
Standard setting value : 5

Basically, use the standard setting value 5 (time constant: 2.5 ms).
When a value greater than the standard setting value needs to be set,
make an adjustment and typically set a value not greater than 15.
When a value greater than 15 needs to be set, decrease the velocity
loop gain.
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4.2.2 HRV Filter

(1) Overview

The HRYV filter can attenuate signals which are in certain frequency
band. When a strong resonance point is present in an area not lower
than 100 Hz, and it is impossible to increase the velocity loop gain,
the velocity loop gain can be increased by using this filter.

NOTE
For machines in which the rigidity of the part
connecting the spindle and motor is considered to
change with time, or for machines whose spindle
inertia changes largely depending on the tool or

workpiece used, do not use the HRV filter.

(2) Series and editions of applicable spindle software

(3) Details

Series 9DS50/E(05) and subsequent editions
Series 9D70/A(01) and subsequent editions

Fig. 4.2.2 shows the HRYV filter configuration.

The HRYV filter is applied to the proportional (the value immediately
after the torque command filter in Fig. 4.2.1) of the torque command
after the command is passed through the torque command filter. The
HRYV filter attenuates signals in a set frequency band to avoid machine
resonance.

Four filter stages in total can be applied. For each stage, filter
characteristics are set by using three parameters including the center
frequency, band width, and damping.

Torque command

(proportional) + To motor
—Pp —»

Torque
command
HRYV filter (integral term)

Fig.4.2.2 HRV filter configuration
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(4) Setting parameters
15i 16i 30
3391 4391 4391 HRYV filter 1 - attenuation center frequency
3392 4392 4392 HRYV filter 1 - attenuation bandwidth
3393 4393 4393 HRYV filter 1 - damping
15i 16i 30
3416 4416 4416 HRYV filter 2 - attenuation center frequency
3417 4417 4417 HRYV filter 2 - attenuation bandwidth
3418 4418 4418 HRYV filter 2 - damping
15i 16i 30
3419 4419 4419 HRV filter 3 - attenuation center frequency
3420 4420 4420 HRYV filter 3 - attenuation bandwidth
3421 4421 441 HRYV filter 3 - damping
15i 16i  30i
3422 4422 4422 HRYV filter 4 - attenuation center frequency
3423 4423 4423 HRYV filter 4 - attenuation bandwidth
3424 4424 4424 HRYV filter 4 - damping

Attenuation center frequency :
Unit of data :

Valid data range :
Standard setting value :

Attenuation bandwidth :
Unit of data :

Valid data range :
Standard setting value :

Damping :
Unit of data :
Valid data range :
Standard setting value :

1Hz
96 to 3000
0

1Hz
10 to 3000
0

1%

0 to 100

0

For each filter stage, set three parameters including the attenuation
center frequency, attenuation bandwidth, and damping. When a filter
stage is not to be used, set 0 (standard setting) in all the three
parameters.
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(5) Adjustment

The disturbance input function (see Subsection 4.2.3) is used for
adjustment. After increasing the velocity loop gain until oscillation
disappears, use the disturbance input function to observe the
frequency (FNCFRQ) and gain (TFUNCG: ratio of the amplitude of
the torque command before disturbance application to the amplitude
of the disturbance torque command). When there is strong resonance,
the gain near the resonance point increases abruptly. So, set the
frequency around the peak as the attenuation center frequency, and
adjust the attenuation bandwidth and damping. To minimize
influences on other bands, make adjustments and set an attenuation
bandwidth value as small as possible and a damping value as large as
possible.

An example for adjusting the HRV filter using the disturbance input
function is given below.

A spindle check board and oscilloscope are required for the
adjustment.

CH1: Frequency of a disturbance
torque command
(167.0.0.1, 64Hz/div)

Resonance point : 550Hz

| CH2:Gain
(168.7.0.1, 50%/div)

Fig.4.2.3 Before application of the HRYV filter

CH1: Frequency of a disturbance
torque command
(167.0.0.1,64Hz/div)

CH2:Gain
(168.7.0.1,50%/div)

Fig.4.2.4 After application of the HRYV filter

(Attenuation center frequency = 550Hz, attenuation bandwidth = 40Hz, damping = 0%)

*  Adjustment without the disturbance input function
When adjusting the HRV filter without the disturbance input
function, increase the velocity loop gain until oscillation occurs,
observe the vibration of a torque command, set its frequency as
the attenuation center frequency, and adjust the attenuation
bandwidth and damping.
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4.2.3 Disturbance Input Function

(1) Overview
This function is used to measure the gain of the frequency response of
a torque command to a disturbance torque command by applying the
disturbance torque command in form of a sine wave to the torque
command.
With this function, the HRV filter can be adjusted easily.

(2) Series and editions of applicable spindle software
Series 9DS50/E(05) and subsequent editions
Series 9D70/A(01) and subsequent editions

(3) Details
Fig. 4.2.5 shows the configuration of the disturbance input function.
A disturbance torque command (DTQCMD) in form of a sine wave is
applied to the torque command (TQCMDB), which is the output of the
velocity loop controller (including filtering), and the input frequency
is increased step by step. While the frequency of the disturbance
torque command is being increased, the frequency and the ratio of the
amplitude of the torque command to the amplitude of the disturbance
torque command (TQCMDB/DTQCMD) (the gain) are observed
simultaneously. By doing this, the gain of the frequency response of
the torque command to the disturbance torque command can be
measured.
If there is strong resonance, an abrupt increase in the gain is observed
near the resonance frequency. So, by observing this phenomenon, the
HRYV filter can be adjusted easily.

Disturbance
DTQCMD
Velocity i
Velocity loop + N
command * controller
————p» O——P| Kildms
Torque
command TQCMDF
TQCMDB Motor

Speed feedback

Fig.4.2.5 Configuration of the disturbance input function
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(4) Setting parameters

15i 161 30:
3395 4395 4395

DTQFNC

DTQTRG

15i 16i 30i
3410 4410 4410

Unit of data :
Valid data range :
Standard setting value :

15i 16i 30i
3411 4411 4411

Unit 