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 • No part of this manual may be reproduced in any form. 
 • The appearance and specifications of this product are subject to change without notice. 
 
The products in this manual are controlled based on Japan’s “Foreign Exchange and 
Foreign Trade Law”. The export from Japan may be subject to an export license by the 
government of Japan. 
Further, re-export to another country may be subject to the license of the government of 
the country from where the product is re-exported. Furthermore, the product may also be 
controlled by re-export regulations of the United States government. 
Should you wish to export or re-export these products, please contact FANUC for advice. 
 
In this manual, we endeavor to include all pertinent matters. 
There are, however, a very large number of operations that must not or cannot be 
performed, and if the manual contained them all, it would be enormous in volume. 
It is, therefore, requested to assume that any operations that are not explicitly described as 
being possible are "not possible".  
 



TABLE OF CONTENTS 

I. AC SPINDLE MOTOR POWER-UP series 
1. GENERAL • • • · • · • • • . 
2. FEATURES · • · · · · 
3. SPECIFICATIONS . 
4. OUTPUT CHARACTERISTICS 
5. ORDER SPECIFICATIONS 
6. CONNECTIONS • · • · • · 
7. PRECAUTIONS RELATED TO USE · • • • 
8. EXTERNAL DIMENSIONS 
8.1 AC Spindle Motor Model 8P 
8.2 AC Spindle Motor Model 15P 
8.3 AC Spindle Motor Model 22P 
8.4 AC Spindle Motor Model 40P • · • • • · · • · 

Il~ AC SPINDLE SERVO UNIT 

I 

1. GENERAL · · • · • • ·· • • • • 
2. FEATURES • · • • • · · • · • • · • • • 
3. CONFIGURATION AND ORDER NUMBER 
3.1 Configuration • • • • · • · 
_3.2 Type of units and combinations 
3.3 Order Number 

4. SPECIFICATIONS 
4.1 Spindle control unit • · · • • • · • • 
4.1.1 Specifications 
4.1.2 Functions • • • • •· • 

4.2 Connectors 
4.3 Fuses • • • • •. 
4.4 D/A Converter(Option) • · • • 
4.4.1 D/A Converter(BCD) • • • • 
4.4.2 DIA Converter(Binary) 

4.5 Spindle Orientation Circuit(Option) • · • · • 
4.6 Velocity Gain Selector Control Circuit(Option) 
4. 7 Power Transformer(Option) • •· • · • • 
4.8 Unit Cover(Option) · · • · 

5. INSTALLATION 
5.1 Environmental Conditions • • · • 
5.1.1 Ambient temperature • • • • 
5.1.2 Humidity • · • • • • • • 
5.1.3 Vi bra ti on • · · · • • • • • • • • 
5.1.4 Atmosphere • • • • • 

5.2 Input Power Supply and Grounding • • • • • • • • · 
5.3 Caloric Value of Units 

6. CONNECTIONS 
6.1 Total Connection Diagram • • • • • • · • • • • • 
6.2 Detailed Connection Diagram 
6.2.1 Connection diagram of the power supply 
6.2.2 Connection diagram of the AC spindle servo unit 

and magnetic cabinet • • • • · · · • • · · • · • 
6.2.3 Connection diagram of the AC spindle servo unit 

and the AC spindle motor • • • • • • 
7. DESCRIPTION ON INTERFACE SIGNAL 
7.1 Interface Signal Standards • • • • • • • • 
7.2 Spindle Control Signals • · • • • • • · 
7 .2.1 Emergency stop signal (ESPL 2) 
7.2.2.Machine ready signal(MRDYl,2) • · • • 
7.2.3 Forward rotation command(SFR) 
7.2.4 Reverse rotation command(SRV) • • • • 
7.2.5 Code signal(Option) • · · · • · • • 

I-1 
I - 1 
I - 2 
I - 3 
I - 6 
I-8 
I - 9 

I - 1 5 
I - 1 7 
I - 1 9 
I - 2 1 

Il - 1 
Il - 1 

Il - 2 
Il-3 
Il-4 

Il-5 
Il-5 
Il-6 
Il-8 
Il-9 
Il - 1 0 
Il - 1 0 
Il - 1 1 
Il - 1 1 
Il - 1 1 
Il-' 1 2 
Il-15 

Il - 1 6 
II - 1 6 
II - 1 6 
Il - 1 6 
II - 1 6 
II - 1 6 
Il-18 

Il - 1 9 
II - 2 0 
Il - 2 0 

Il-21 

II - 2 4 

Il-26 
II - 2 9 
Il-29 
Il-30 
Il-32 
II - 3 2 
II - 3 3 



7.2.6 Analog voltage signal(DA2,E) • • • • • • • • • • • • • • 
7.2.7 +15V power supply(+15,E) · • • · • • · · 
7.2.8 Spindle rotation speed override(OVR1,0VR2) •' • 
7.2.9 Torque limit command signals(TLMH,TLML,OT) 
7.2.10 Alarm reset signal(ARSTl,2) 

7. 3 Ori en tat ion Si gna 1 • • · · · · • • • • • • 
7.4 Spindle control Output Signals • • • • 
7.4.1 Speed arrival signal(SARI,2) · · · · • · · · 
7.4.2 Zero-speed detecting signal(SSTl,2) · · · • • 
7.4.3 Speed detecting signal(SDTl,2) • • • • 
7.4.4 Load detection signal(LDTl,2) 
7.4.5 Spindle alam signal(ALMl,2) • • • • • • · • • · 

7.5 Alarm Contents Signals(AL8,AL4,AL2,AL1) 
7.6 Speed Indication Voltage(SMl,OM) 
7.7 Load Indicator Voltage(LMl,OM) 

8. EXTERNAL DIMENSIONS AND MAINTENACE AREA 
· 8.1 External Dimensions · • • · • • • • 

8.1.1 AC Spindle Servo Unit • • • • 
8 .1. 2 Connector • • • • · • • • • 
8.1.3 DIA Converter • • • • 
8.1.4 Power Transfomer • • • • · • • • ·· 
8.1.5 Unit Cover · • • • • 

8.2 Maintenance Area • • • · • • • • • • • 
8.2.1 Model 8P(A06B-6055-H306) · · · • • 
8.2.2 Model 15P(A06B-6055-H308) · • • • 
8. 2. 3 Mode 1 22P (A06B-6055-H315) • • • • 
8.2.4 Model 40P(A06B-6055-H322) 

9. RIGID TAPPING • · · · • • • • · • • 

fil. SPINDLE ORIENTATION 
1. GENERAL · · • • • · • • 
2. FEATURES · • • · • • • • • • . • • . 
3. SPECIFICATIONS 
3.1 Position Coder Method • • • • • • • • • • • • • • • 
3.2 Magnetic Sensor Method • • • • • 

4. CONFIGURATION 
4.1 Position Coder Type(Stop position internal setting) 
4.2 Position Coder Type(Stop position external setting) 
4.3 Magnetic Sensor Type · • · · • • • • • • • • • • 

5. OUTER DIMENSIONS _ 
5.1 Outer Dimensions of Option PCB • • • • 
5.2 Outer Dimensions of Position Coder • • • • · 
5.3 Magnetic Sensor · • • · · · · • · 
5.3.1 Magnetic sensor type • • • • · 
5.3.2 Magnetizing element outer dimensi6ns ~ 
5.3.3 Magnetic sensor outer dimensions • • • • 
5.3.4 Caution in use • · · • • • • 

6. CONNECTION DIAGRAM 
6.1 Interface(For position coder) • • · • 
6.1.1 Connection when synchronous feed position coder is 

concurrently used for lathes and machining center 
6.1.2 Connection for machining center spindle orientation only • 
6.1.3 Stop position external setting connection • • • • 

6.2 Interface(For magnetic sensor) • • • • • • • • 
6.2.1 Macnetic sensor connection • • • • • • • 

7. SIGNALS 
7.1 Description of Signals 

(In case of up to 2-stage speed change gear spindle) 
7.1.1 Orientation command signal(ORCMI.2) • • • • • 
7.1.2 Orientation completion signal(ORARl,2) · • · • • • 

Il-34 
Il-36 
Il-37 
Il-39 
Il-40 
Il-40 
Il-40 
Il-40 
Il-43 
Il-44 
n - 4 6 
Il-46 
Il-48 
Il-50 
Il-51 

Il-54 
Il-54 
Il-58 
Il-58 
Il-59 
Il-62 
Il-63 
Il-63 
II - 6 3 
Il-64 
II - 6 4 
Il-65 

m-1 
Ill - 3 

fil-4 
fil-5 

fil-6 
m-6 
m-1 
fil-8 
fil-9 
m-12 
m- 1 2 
m- 1 3 
m-16 
fil-17 

fil-18 

m-19 
m-20 
m-21 
m-22 
m-23 

fil-24 
fil-25 
m-26 



7.1.3 Spindle high/low speed signal(CTH) · · · · 
7.2 Description of Signals 

(In case of 3-stage speed change gear spindle) 
7.3 Sequences 

·' . . 
7.3.1 Orientation command issued while stopping • • • • • 
7.3.2 Orientation command issued during high-speed rotation 

7.4 Description of Signals 

ill-27 

m-28 

m-29 
m-29 

(In case of stop position external setting type, ·position coder system) 
(In case of A06B-6041-Jlll) • • • · ill- 3 0 

8. DETECTOR SPECIFICATIONS 
8.1 Position Coder 
8.2 Magnetic Sensor 

9. ORDER SPECIFICATION • · 

N. VELOCITY GAIN SELECTOR CIRCUIT 

fil-32 
Ill - 3 4 
m-42 

1. GENERAL · · • • N - 1 
2. FEATURES · · · • · • • • N- 1 
3. CONFIGURATION · · · • · · · · • · • • • · N- 1 
4. EXTERNAL VIEWS 
4.1 External View of Velocity Gain Selector Circuit · • • • · · · N- 2 

5. INTERFACE • · • · · · · · • · · • • • · · N- 3 
6. DETAILS OF SIGNALS · · · · · · · · · N- 4 
7. SEQUENCE 
7.1 Sequence During Stop · · • • · • • • N- 6 
7 .2 Sequence During High Speed Rotation N- 6 

8. ORDER SPECIFICATION · · · · · • · · • · · · • • · · N- 7 

APPENDIX 
APPENDIX 1 CABLE ROUTING 
APPENDIX 2 CABLE SPECIFICATIONS 
APPENDIX 3 TECHNICAL DATA 

A-1 
A-3 
A-7 





, 

I. AC SPINDLE MOTOR POWER-UP series 
(MODELS BP, 15P, 22P, 40P) 





I 

1. GENERAL 
The AC spindle motor P series is suitable for structural rationalization by 
eliminating the machine spindle gear box. 

2. FEATURES 
1) As the rated output range is wide at 1: 8, a gear box structure for speed 

change is not required, thereby allowing the structure of the machine to be 
simplified. 
Accordingly, vibration and noise caused by the gear box structure is also 
eliminated. 

2) Improvement in efficiency of construction equipment 
In the conventional motor, it was necessary to stop the spindle when 
switching the gear to change the speed. However, the P series AC spindle 
motor reduces unnecessary use of time, other than that needed for machining, 
to a minimum by eliminating gear switching. 

3) Despite a compact configuration, a large low-speed torque can be obtained. 
4) Similar to the standard series, the method of fan exhaust can be selected 

from either a exhaust front type or exhaust. rear type, thus preventing heat 
deformation of the machine. 

I - 1 



3. SPECIFICATIONS 

~' 
8 p 1 5 P' 2 2 P 4 0 P 

I 

Output Conti nuous ra led kW 3.7 7.5 11 18.5 
power output (*1) (HP) (5.0) (10.0) (14. 7) (24.8) 

30-minute rated kW 5.5 9 15 22 
output (*1) (HP) (7.4) (12.0) (20.1) (29. 5) 

50% ED rated kW 5.5 9 15 22 
output (*l.*2) (IIP) (7.4) (12.0) (20.1) (29.5) 

Rotating Base speed rpm 750 750 750 575 
speed 

Maximum speed rpm 6000 6000 6000 4500 

Output torque 
(Continuous rated torque N·m 47 .1 95.4 140 307 
at constant torque range) (kg cm) (480) (974) (1428) (3133) 

GD2 kg•m 2 0.11 0.36 0.51 1.18 

Rotor inertia N·m·sec 2 0.027 0.091 0.126 0.29 
-(kg•cm·sec2 ) (0.28) (0.93) (1.29) (3.0) 

Weight kg 80 llO 143 250 

Cooling system Totally enclosed fan cooled 

Cooling fan w 56 68 84 

I nsta 11 at ion The output shaft should be horizontal 
or·vertically downward. 

Allowable overload capacity (1 min.) 120% of 30 minute-rating 

Insulation Class F 

Ambient temperature o --4o·c 

Vibration VS 

Noise 75 dB (A) 

Painting color Munsell system N2.5 

Accessories Pulse generator and thermostat 

(*l)The rated output is guaranteed at the· rated input voltage (200V/220V/230V). 
If the input voltage fluctuates, it is possible that output cannot be 
obtained even when such fluctuations are within the allowable range, 

(*2)The cycle time is 10 minutes, 50% ED: ON 5 min, OFF 5 min. 
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4. OUTPUT CHARACTERISTICS 

1) Model 8P 

2) Model 15P 

J) Model 22P 

I 

kW 
8 ..----r----r----,,----,--.-----.---.... 

-
JO min., 50'X, EO 01>erating zone 

(5.5 kw) 
&41--.r--+----+---f-------+---"~ 
::i 3.7 
0 Continuous operating zone (J.7 kw) 

-:I 
fr 
:I 
0 

kW 
12 

!) 

6 

3 

kW 

1,000 2,000 :1,000 4,000 5,000 6,000 rpm 
Motor speed 

JO min., 50'X, Im 01,cralin,: zone (9 kw) 

Continuous operating zone 

1--,,-1--+----f----i. (1.5 kw)i----4--~,-1 

7.5 

1,000 2,000 J,000 4,000 5,000 6,000 rpm 
Motor speed 

161---...----.---...... ----.---~--~ 
30 min., 50$ ED operating zone (15kW) 

12--------------------.......-! 
11 

Continuous operating zone (llkW) 

- 9 

~ s--,...,-------------------­:::1 
0 

1,000 2,000 
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3,000 
Motor speed 

4,000 5,000 6,000rpm 



4) Model 40P 

(kW) 
25 

-::, 
0, 

; 
0 

20 

15 

10 

5 

I 

I I I I 
. 22 kW 30 min., 50% ED operating zone 

I I I 
18.5 kW Continuous operating zone" I"""- 18.5 kW . . I . 

:'-..._ 15kW 

575 3450 4500 

l 2 3 4 5 .( x 1000 rpm) 

Motor speed 
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; 

Note) When ambient temperature is high in model .40P servo units, 
continuous usage time of a motor at 30 minutes rated output is shown 
below due to heat limitation of servo units • 

(A) 

. Cooling by (A) 

0 10 20 30 40 

Ambient temperature·(°C) 

Cover 

Fan motor 

Air 

External heat 
radiation fin .______,tt 

(B) Air 

External heat radiation fin cooling method 

60 

Fan motor 

External heat 
radiation fin 

Note 1) In the· case of internal ventilation, the extent of cooling is 
approximately the same as that by (B). 

Note 2) Use the MINEBEA 5915PC-20W-B20-04 or its equivalents as a fan 
motor. 

I - 5 



5. ORDER SPECIFICATIONS 
I 

AC Spindle Motor 

Name Specification Description number 

Model BP Flange mounting A06B-0725-Bl02 6000 rpm, has key, has oil seal, 
exhaust rear 

-Bl03 6000 rpm, has key, has oil seal, 
exhaust front 

-B302 6000 rpm, no key, has oil seal, 
exhaust rear 

-8303 6000 rpm, no key, has oil seal, 
exhaust front 

Foot mounting A06B-0725-B202 6000 rpm, has key, no oil seal, 
exhaust rear _) 

-B203 6000 rpm, has key, no oil seal, 
exhaust front 

-B402 6000 rpm, no key, no oil seal, 
exhaust rear 

-B403 6000 rpm, no key, no oil seal, 
exhaust front 

Model 15P Flange mounting A06B-0727-Bl02 6000 rpm, has key, has oil seal, 
exhaust rear 

-Bl03 6000 rpm,. has key, has oil seal, 
exhaus·t front 

,-,B302 6000 rpm, no key, has oil seal, 
exhaust rear 

-B303 6000 rpm, no key, has oil seal, 
exhaust front' 

Foot mounting A06B-0727-B202 6000 rpm, has key, no oil seal, 
exhaust rear 

-B203 6000 rpm, has key, no oil seal, 
exhaust front 

-B402 6000 rpm, no key,,no oil seal, 
exhaust rear 

-8403 6000 rpm, no key, no oil seal, 
exhaust front 
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I 

Name Specification 
Description number 

Model 22P Flange mounting A06B-0729-Bl02 6000 rpm, has key, has oil seal, 
exhaust rear 

-Bl03 6000 rpm, has key, has oil seal, 
exhaust front 

-B302 6000 rpm, no key, has oil seal, 
exhaust rear 

-B303 6000 rpm, no key, has oil seal, 
exhaust front 

Foot mounting A06B-0729-B202 6000 rpm, has key, no oil seal, 
exhaust rear 

-B203 6000 rpm, has key, no oil seal, 
exhaust front 

-B402 6000 rpm, no key, no oil seal, 
exhaust rear. 

-B403 6000 rpm, no key, no oil seal, 
exhaust front 

Model 40P Flange mounting A06B-07Jl-Bl00 4500 rpm, has·key, has oil seal, 
exhaust rear 

-Bl0l 4500 rpm, has key, has oil seal, 
exhaust front 

-8J00 4500 rpm, no key, has oil seal, 
exhaust rear 

-8~01 4500 rpm, no key, has oil seal, 
exhaust front 

Foot mounting A068-0731-8200 4500 rpm, has key, no oil seal, 
exhaust rear 

-8201 4500 rpm, has key, no oil seal, 
exhaust front 

-8400 4500 rpm, no key, no oil seal,· 
exhaust rear 

-8401 4500 rpm, no key, no oil seal, 
exhaust front 
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6. CONNECTIONS 

U (Z) 

V (X) 

W (Y) 

0 0 

+5V 

ov 

r------ PA 

ll g~~~~~§==---0 
I ..._ _ __, ,.. ______ _, 

RA 

PD 

RD 

ss 

~ ·,----------
: 0111 i 0112 ) 

PMlJ )l 
l·'MV r 
PMW 

, 

Coil. 

... 
connector connections 

@ IJlue @ IJlack © Red 

PD PA +5V 

Pulse 
generator 

@ \Vbite @ Green © Yellow 

- RD RA ov 

® @ (!) 

01-12 ss OHi 

Overheat 
signal. 

Connectors ecifications 
J?an niotorAMP unipulser model mate-n-lock 

Motor side Cable side 
I Housing J50782-l J50720-l' 
I Contact 350706-7 J50689-6 

The pulse generator and overheat signals are connected. to the AMP connector. 
The others are connected to the terminal block. 

Terminal block screw dimensions 

u,v,w,c FMU - FMW 

8P - 22P MS Mli 

40P M8 M4 
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7. PR.ECAUTIONS RELATED TO USE 
1) Terminal box 

I 
The terminal box is made from plastic. Therefore, the metal plate -t-hat was 
attached to both side. faces of the present terminal box have been 
discontinued. Mount the conduit by directly fastening with a nut, as 
shown in the diagram below. 

2) Allowable radial load 

Conduit 
(Elbow etc.) 

, Fasten with a 
pressure nu I 

One side L~ covered 
by a rubber bush 

Use the motor output shaft with allowable radial load shown in the below 
table or less. 

Motor model Allowable radial load. Output shaft bearing 
-

Model 8P 300 kg 6210 

Model 15P JOO kg 6312 

Model 22P 450 kg 

Model 40P 550 kg 6314 

Note) The above-listed allowable radial loads are values obtained when the load 
was applied to the end of the output shaft. In cases when the center of 
belt tension is beyond the end of the output shaft, the values for 
allowable load will be smaller than those given above. 

When using belt to transmit power, adjust the tension so that it does not 
exceed the above allowable value. In case load is applied in the thrust 
direction by helical gears, the shaft will move in the thrust direction. 
Therefore, do not apply thrust load as a rule. 
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. 3) Mount the motor so that cutting oil or lubricating ·oil is not directly 
splashed to the motor main body. ' 

4) Dynamic balance . 
The motor rotor is dynamically balanced with the balancing machine und'er the 
mounting condition of a half key (l/2 the key thickness shown in the outer 
dimensions drawing) keyed on the shaft. 
Since the AC spindle motor is a high-speed rotating motor, its slightest 
unbalance causes noticeable vibrations. Pay particular attention to dynamic 
balance of motor shaft gears and pulleys as well as other high-speed rotating 
shafts. 
For high-speed ~peration, use a keyless motor. 

Half key 

\ -

-

• Motor balance condition 

Ml 

Pulley Full key 

M2 

Motor shaft 

1-12 

ir ( I) 1/2)-: l-1 I • 1' X H l =MI x r I /'; Density 

ir(D2/2F l-12· 1,xn2=M2xr2 

* Balance correction 
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5) An oil seal is mounted to the flange type motor outptft shaft. Keep the 
lubricating oil level lower than the oil seal lip, so that lubricating oil 
will not spill straight on the lip. 
Since the seal effect may be lost with lubricating oil spilled directly on 
the lip even in forced lubrication, mount a fringer as illustrated below. 

Fringer 

---~-
0 

,D 

< 

Fringer mounting example 
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6) Points to be noted when the AC spindle motor is used in a ~ry environment 
The seal ef feet, regarding the oil seal which is mounted in the front flange 
section of the flange type, is activated in the state where the lubricating 
oil is distributed on the flange surface in the same manner as inside an oil 
lubricated gear box. However, if it is rotated at high speed in the state 
where the lubricating oil has not been distributed .by the belt drive, etc. 
(dry state), a shrill sound may be emitted from the contact section of the 
oil seal and the shaft. In this case, the lip section will be damaged, and 
the coil spring tightening th~ lip section will slacken off. 
In order to prevent the above occurrence, when using the AC spindle motor in 
the dry state, detach the coil spring tightening the lip section and use in a 
state of reduced friction between the lip and the shaft. Even when the coil 
spring is detached, there will be rio lessening of the dustproof effect for 
sludge, casting particles, etc. 

Oil seal 
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7) Assembling Accuracy (T.I.R: Total Indicator Reading) 

Vibralion al lho ond ol lho 
oulput shall 

Vibration ol the faucet joint 
lor mounling tho llango 

against U10 core ol tho shall 

Vibration of U10 flange 
mounling surlaco against tho 

core of U10 shalt 

22P or lowor 40P 

20µ or loss 

40µ or loss 601, or loss 

80µ or less 100µ or less 

1121 
--1.. 

I 

Measuring moUIOd 

8) To ensure long-term reliability of each part of the motor, the acceleration of vibration in the 
areas where the motor is mounted must be 5G or less, even when the motor is used lor 
cutting. 

9) The strength or the motor's eyeballs is only suitable lor lilting the motor itself (a gear and 

pulley can be used). Do not use the eyeballs for any other purposes. 
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1 O) Installing a motor with the rront upward I 

The motors described herein_ must be installed within 45° or the horizontal, as shown below. If it is 

necessary lo install the motor sloping upward in oxcoss or 45°, please contact a FANUC sales 

section in charge. 
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8. EXTERNAL DIMENSIONS 

8.1 AC Spindle Motor Model BP 

(a) Flange mounting type 
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8.2 AC Spindle Motor Model 1 SP 

(a) Flange mounting type 
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8.3 AC Spindle Motor Model 22P 

(a) Flange mounting type 
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Model 22P 

(b) Fool mounting type 
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II. AC SP I NOLE SERVO UN IT 





1. GENERAL 
The presents specification describe the AC SPINDLE SERVO UNITs for AC SPINDLE 

MOTOR MODELS 8P,15P,22P and 4OP. ' 

• Comf irming AC SPINDLE ·sERVO UNIT specification 
The spindle servo unit is specified as follows. 

Ex.) AO68-6O55-H3O6 #H536 
(A) (8) 

(C) 
(A) Power circuit and control PCB. 
(8) Control ROM. ROM series is indicated on the ROM label. The lower two 

digits of ROM series show the lower two.digits of (B). 

Ex.) ROM label 

~ 
Spec. (B) 

#H536 

(C) Indicated on the label of the spindle servo unit. 

AC SPINDLE SERVO UNIT 
TYPE AO6B-6O55-H3O6#H536 
NO. 
DATE 

FANUC LTD. 

2. FEATURES 
(1) Improvement of performance 

<= Specification 
<= Manufacturing No. 
<= Manufacturing Date. 

(a) Responce characteristics have been improved for stable, high cutting 
performance. . 

(b) Improvement of tapping performance 
Elongation of tapper can be shortened because of improvement of accele­

ration/deceleration performance in low speed range, It realizes the tap 
machininge of higher speed. 

(c) Improvement of rigidity at orientation 
Stable tool change can be made even though spindle speed is accelerated 

faster than motor speed. 
(d) Reducing of adjustment process 

Adjustment process can be reduced as measurement of spindle rotation 
number is made in digital method without using instruments. 

(e) Improvement of linearity of loadometer 
Load condition on the motor can be accurately checked with the loadometer. 

(2) Improvement of flexibility 
Easy chenge of maximum rotation(revolution) number and output limit value 

can be made with parameter setting system. 
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3. CONFIGURATION AND ORDER NUMBER 
3. 1 Configuration 

AC SPINDLE SERVO UNIT consists of 
(1) Spindle control unit 

the following unit and ~arts. 
(Basic) 

(2) Fuses. 
(3) Connectors 
(4) D/A converter 
(5) Power transformer 

(Basic) 
(Basic) 
(Option) 
(Option) 
(Option) (6) Spindle orientation control circuit 

(7) Unit cover 
(8) Velocity gain selector circuit 

(Option for only MODEL 6S,8S) 
(Option) 

AC SPINDLE SERVO UNIT 
,..................... ,--------------·· .. 

' ' ' ' ' ' 
: I ; ! (Basic) 

·! ! l 1 

i ! l Magnetic : 
! CNC ~----~ sequence ~----, 

I Spindle control unit I ,._~--; / 
AC SPINDLED 

MOTOR ! ' ! control ! 
! 1 1 i 
i . ! ! ! 
j ................................ ! I .............................. _I 

3-phase power supply 
AC200V 
AC220V 
AC230V 

I Fuses I I Connectors I 
(Option) 

I D/A Converter I 
Spindle orientation 
control circuit 

I Unit cover I 

Velocity gain 
selector circuit 

r T 

AC380V ······················ ··········· ' 

' AC415V ······················! Power transformer ------· 
AC460V ; ································ 

(Option) 
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3.3 Order Number 

Class Name Specifications , Remarks 

AC spindle servo unit A06B-6055-H306#H536 Internal ventilation 
for Model 8P (Model 6S unit is same) 

AC spindle servo unit A06B-6055-H308#H531· Internal ventilation 
for Model 15P (Model 8S unit is same) 

AC spindle servo unit A06B-6055-H315#H530 Internal ventilation 
for Model 22P (Model 15S unit is same) 

AC spindle servo unit A06B-6055-H322#H540 Internal ventilation 
Basic for Model 40P (Model 22S unit is same) 

Model 8P A06B-6055-K023 

Model 15P A06B-6055-K024 
Fuses 

Model 22P A06B-6055-K026 

Model 40P A06B-6055-K022 

Connectors A06B-6044-K009 Soldering 
(Common to Model 8P 
15P,22P and 40P) A06B-6044-K034 Crimp style terminal 

A06B-6041-J031 BCD two digits 
D/A converter 

A06B-6041-J032 Binary 12 bits 

Model 8P 
A06B-6044-J006 Primary 

Option Power Model 15P AC380/ 415/ 460V 
transformer Secondary 

Model 22P A06B-6044-J007 AC200V 

Model 40P A06B-6044-J010 

· Unit cover A06B-6044-K030 Special for Model 8P,15P 

Spindle orientation control circuit : Refer to section m. 
Velocity gain selector: Refer to section IV. 
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4. SPECIFICATIONS 
4:1 Spindle control unit 
4. 1. 1 Specifications 

Item 
Motor model 

Unit model 

30-min. rated power source capacity kVA 

Power source (*1) 

Main circuit system 

Feed back system 

Braking system 
(Regenerative energy processing system) 

Speed control range rpm 
(Speed ratio) 

Speed variation 

Ambient temperature (*2) 

Weight kg 

I 

8P 15P 22P 40P 

6S BS 15S 22S 

9 15 22 32 

AC200/220/230V, + 10%/-15%: 50/60Hz ± lHz 

Transistor PWM inverter 

Speed feed back by pulse generator 

Regenerative braking 
(Power source regeneration) 

60-6000 45-4500 
(1: 100) (1: 100) 

Less than 0.1% of the maximum speed 
(Load variation 10 - 100%) 

0 - 55"C 

27 34 43 57 

(*1) If the power source voltage is other than specified herein, a transformer 
is needed. 

(*2) In Model 40P, the continuous operating time of the motor at 30-min. rated 
output is determined as follows by the thermal limitation of the unit. 

(Refer to section 5.3) 
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4.1.2 Functions 
The spindle control unit rectifies three-phase AC inputs, and converts it 

into DC so as to perform the velocity control of the AC sP1ndle motor through 
transistor PWM inverter. 

The spindle control unit is provided with a protective and fault detection 
function as shown in (1) for the purpose of protecting machine, AC spindle 
motor, and AC spindle servo unit, if a trouble occurred, It also provides an 
auxiliary function as shown in (2) for monitoring the operating conditions of 
the spindle. · 

(1) Protective and fault detection functions 

Item Description Display 

Motor overheat An alarm is issued, if the internal Display of seven 
detection temperature of AC spindle motor segments in five 

increases. digits. (AL-01) 

Excessive velocity An alarm is issued, if the AC spindle Display of seven 
deviation motor speed is largely deviated from the segments in five 
detection commanded speed due to an overload, etc. digits. (AL-02) 

Main circuit If the main circuit input current is. Display of seven 
input fuse excessively high due to a ground fault, segments in five 
blown out etc., the fuse is blown out to issue an digits. (AL-04) 

alarm 

DC link fuse If the DC link current is excessively high Display of seven 
blown out due to a fault of the power circuit, etc., segments in five 

the fuse is blown out to issue an alarm. digits. (AL-03) 

Over speed If the AC spindle motor exceeds 100 to 115 Display of seven 
detection % of the rated maximum speed, an alarm is segments in five 

issued. digits. (AL-06,07) 

Over voltage If the AC input power circuit voltage Display of seven 
detection exceeds the rated voltage range, an alarm segments in five 

is issued. digits.(AL-08) 

Main circuit If the temperature at radiation of power Display of seven 
overload detection circuit abnormally increases, an. alarm is segments in five 

issued. digits. (AL-09) 

Undervoltage If the control power voltage abnormally Display of seven 
detection lowers, an alarm is issued. segments in five 

digits. (AL-10) 

DC link If the DC link voltage abnormally Display of seven 
over voltage increases, an alarm is issued. segments in five 

digits. (AL-11) 
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Item Description Display 
I 

Abnormal current If an abnormally large current flows to Display of seven 
detection the main circuit, an alarm is issued. segments in five 

digits. (AL-12) 

Abnormal An alarm is issued, if microprocessor or Display of seven 
arithmetic circuit its pertipheral parts of arithmetic segments in five 
detection circuit is abnormal. digits. (AL-13) 

Abnormal ROM An alarm is issued, if ROM is in trouble. Display of seven 
detection segments in five 

digits. (AL-14) 

(2) Auxiliary functions 
The AC spindle control unit provides the following auxiliary functions. 

Item No. Auxiliary function Description 

1 Loadometer output The 10-V DC meter(one-sided deflection type) is 
connectable. 

2 Speedometer outpur The 10-V DC meter(one-sided deflection type) is 
connectable. 

3 Zero-speed signal It is possible to verify that the spindle motor 
output has stopped. 

4 Speed arrival signal It is possible to verify that the speed of the 
output spindle motor has reached the commanded speed. 

5 Override Override to the command speed (auto) is possible 

6 Speed detection The clutch changeable speed and gear changeable 
signal output speed can be confirmed to be lower than a 

certain speed. 

7 Torque 1 imit The output torque of the spindle motor can be 
temporarily made small and ratated. 

8 Motor speed display The actual motor speed (rpm) can be displayed as 
5-digit, 7-segment. 

9 Selection of output Valious kinds of output limit patterns can be 
limit pattern selected with setting of parameter. 

· No output 1 imit is made. 
• Output limit is made only at acceleration 

/deceleration. 
• Output 1 imi t is made only at normal rotation. 
• Output limit is made for all functions. 

Divide the maximum output by 100 for setting. 

10 Selection of rigid Necessary response characteristics for rigid 
tapping mode tapping can be selected by setting of parameter 

and input of contact signal. 
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4.2 Connectors 

The following specifications table specifies the counter-connectors for 
the connectors mounted on control PCB of basic of the AC spindle servo unit. 
The signal connectors of the motor side are attached to the motor. 

1) Specifications 

Use Name Specifications Qty FANUC's specifications 

For CNl Connector MR -50LFH 1 A63L-0001-0134/01 
with cover 
(50 pin) MRP-50F01 1 A63L-0001~0134/21 

For CN2 Connector MR -20LFH 1 A63L-0001-0134/02 
with.cover 
(20 pin) MRP-20LF01 1 A63L-0001-0134/22 

For CNJ Connector MR-20LMH 1 A63L-0001-0134/12 
with cover 
(20 pin) MRP-20LM01 1 A63L-0001-0134/32 

2) Structure 

MR-SOFH (MRP-SOFOI) 
MR-20FH (MRP-20FOI) 
MR-20MH (MRP-20MOI) 

Soldered/crimp-style 
terminal MR-SOL (MR-SOL) 

MR-20L (MR-20L) 
Cover MR-20L (MR-20L) 

Connector with cover 

MR-SOLFH (MRP-SOLFOI) 
M R-20LFH (M RP-20LFO I) 
MR-20LMH (MRP-20LMOI) 

Remarks 

Soldered 

Crimp style 

Soldered 

Crimp style 

Soldered 

Crimp style 

Specifications shown in parentheses are for crimp-style terminal. 

3) Pin array of terminal 
Refer to Appendix 1 for the pin array of terminal. 

4) Outer diameter of cable 

Connector specifications Outer diameter of cable 

MR-50LFH Max. 9S16 mm 

MR-20LFH Max. 9SlO' mm 
MR-20LMH 
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4.4 D/A Converter(Option) 
4.4. 1 D/A Converter(BCD) 

( 1) This converter converts an 8-bit code signal into, an analog voltage 
when the speed command is input by the BCD code (S 2-digit). 

ov s----------1---
00 .................................. 99 

Code signal (BCD) 

The relation between BCD codes and speed is as shown below. 

Analog output Motor speed Motor speed Motor speed 
BCD code (Max. 8000 (Max. 6000 (Max. 4500 (V) rpm spec,) rpm spec.) rpm spec.) 

00 o.o 0 0 0 

01 0.101 80.8 60.6 45.5 

02 0.202 161.6 121.2 90.9 

. . . . . . . . . . . . . . . 
98 9.899 7919.2. 5939.4 4454.5 

99 10.0 8000 6000 4500 
' 

(2) The input terminals correspond to the BCD codes as shown below. 

Input 
terminal BCD 

ROl 01 

l R02 02 BCD unit digit (4 bitss) R03 04 
R04 08 
ROS 10 

l R06 20 BCD tenth digit (4 bits) R07 40 
ROB 80 

* Input terminals R09 to Rl2 are irrespective of BCD codes. 
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4.4.2 D/A Converter(Binary) 

(1) This converter converts a 12-bit code signal into an analog voltage 
when the velocity command is input as a binary code.' 

I) 
CQ 

!! 
0 
>· 
CQ 
0 
ni 
i:: 
< 

ov ________ ..._ __ 
0 4095 

Code signal (binary) 

The relation between the binary code signals and speed is as shown 
below. 

~otor speed 
Binary number Analog output (Max. 8000 

rpm spec.) 

000000000000 0.0 0 

000000000001 0.002 1.95 

000000000010 0.004 3.90 

. . . . . . . . . 
111111111110 9.99 7998.0 

111111111111 10.0 8000 

4.5 Spindle Orientation .Circuit(Option) 

Refer to section m. 

4.6 Velocity Gain Selector Circuit(Option) 

Refer to section N. 

II - 1 1 

Motor speed Motor speed 
(Max. 6000 (Max. 4500 
rpm spec.) rpm spec.) 

0 0 

1.1,7 1.09 

2.93 2.18 

. . . . .. . . 
5998.5 4498.9 

6000 4500 



4.7 Power Transformer(Option) 
The FANUC AC spindle motor can be operated at 200 - 230VAC input without 

any transformer. ' 
If AC input is other than specified above a power transformer is needed. 
For preparing a power transformer by users, following specifications must 

be satisfied. 

(1) Specifications 

~s 
BP 15P 22P 40P 

I 

Rated 30-min. 9 15 22 32 
capacity 

(kVA) Continuous 7 12 17 26 

Secondary current(A) 26 43 74 110 
(30-min.) 

Secondary tap 200V 
output voltage 

Secondary voltage 5% 
regulation 

Secondary voltage ±3% 
deviation 

Applivcabe unit model 6S 8S 15S 22S 

(2) FANUC Power transformer specifications(option) 
The following kinds of power transformers are available. 
Select them according to the power capacity of AC spindle servo unit within 

the following rated capacity per 30 minutes. 

II - 1. 2 



·~ 6S/8S 15S 22S 
Item (8P/15P) (22P) ' (40P) 

Order specification A06B-6044-J006 A06B-6044-J007 A06B-6044-J010 

Entry drawing No. ABOL-0001-0313 ABOL-0001-0314 ABOL-0001-0352 

30 minutes 20kVA 30kVA 45kVA 
Rated capacity 

Continuous 15kVA 26kVA 40kVA 

380/415/460V +10%/-15%;50/60Hz±1Hz 
Rated primary voltage 230V +10%/-15%;50/60Hz±1Hz 

< (Secondary side is used for auto.transformer) 

·Rated primary current 23A (at 380V) 40A (at 380V) 61A (at 380V) 
(continuous) 21A (at 415V) 36A (at 415V) 56A (at 415V) 

19A (at 460V) 33A (at 460V) 51A (at 460V) 

Rated secondary voltage 200V 

Rated secondary current 43A 74A 115A 
(continuous) 

Secondary voltage regulation 5% 

Secondary voltage diviation ±3% 

Connection Star-star connection .. 

Insulation Class H(Max. temperature 180"C) 

Ambient temperature o - 45·c 

Allowable temperature rise 135 ·c 
of transformer 

Humidity ~ax. 95%RH 

Type All, transformers are dry-type and self-cooling 

Dielectric voltage 2000VAC,1 minute 

Weight Max. 115kg Max. 165kg Max. 260kg 

Outer dimensions 8.1.4co.'IC.P) 8.1. 4-ccxcb 9.1.4Ce)cf) 

R 3 :: 460V 
BIIIELD nov R4 

R2 415V •• • _ 200V 
380V I I~ u RI 

PRI. I 
I B EC'. 0 (Neutral 

Connection diagram );i ~-" Tl 
T2 K· T3· ~ w4 . 
Bl 
S2 
93 

'1' ◄ 
(Prim•ry) (Secondary) 

0 - _o 
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(3) Secondary output voltage 

(4) 

~ 
u .. .. 
"5 .. 
;; 

260 

250 

240 ---------

Voltage fluctuation width ( ■ bout I 0V) when 
load is fluctuated over a range of O to I 00% 
by 380V AC tap. 

460VAC tap 

'2.20VAC 
+10% 
-15% 

Q, 220 ----;; 
0 

~ .. 200 'O 

- -~v~c 

-- ---=-~-=t -~:~ "' 0 u 
u 

V) 180 
-+---t-

160 

u u u u u 
< < < < < 
> > > > > 
0 0 :::? 0 0 
00 0 .. .., ... ... ... .. ... 

320 360 400 •140 

AC input voltage r V ) 

Connection method of transformer 
Connect the transformer to the taps 
according to AC input voltages. 

u 
< 
> 
0 
00 .., 

480 520 560 

given in the following table 

Connect and adjust the selector 
transformer inside the spindle servo. 
table. 

switch for the control power 
unit according to the following 

Nominal AC input voltage Taps employed Control power .transformer 
voltage selector switch 

(5) 

380V +10% Rl, Sl, Tl, G (380V) (200V) side -15% 

400V +10% Rl, Sl, Tl, G (380V) (220V) side (upper) -15% 

41,5V +10% R2, S2, T2, G (415V) (200V) side -15% 

440V +10% R2, S2, T2, G (415V) (220V) side (upper) -15% 

460V +10% R3, S3, T3, G (460V) (200V) side -15% 

480V +10% R3, S3, T3, G (460V) (220V) side (upper) 
-15% 

Cautions on use of transformer 

(a) When mounting the transformer in a loc~er, separate it. so as not 
to give a thermal effect to other unit. 

(b) When mounting the transformer outside, be careful not to expose it 
to cutting chips and cutting oil slash directly. 

(c) If the transformer may fall, fix it with bolts, etc. 
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4.8 Unit Cover(Option) 

A cover may become necessary according to the mounting of the spidle servo 
unit for AC SPINDLE MOTOR MODEL 8P,15P on the machine magnetic cabinet. 

The cover is used when it is necessary to protect the PCB.' 

II-15 · 



5. INSTALLATION 

5. 1 Environmental Conditions ' 
Install the AC spindle servo unit in a place satisfying the following 

environmental conditions. 

5.1.1 Ambient temperature 
Ambient temperature of the unit : 0 to 55 ·c 
Ambient temperature of the storage cabinet Oto 45 ·c 

5. 1 . 2 Hum id ity 
Normally: 95% RH or less, and no dew. 

5.1.3 Vibration 
In operation: 0.5G or less. 

5.1.4 Atmosphere 
No corrosive or conductive mists or drops should deposit derectly on the 

electric circuit. 

5.2 Input Power Supply and Grounding 
(1) Input power supply · 

• Nominal rated voltage : 200/220/230VAC 
• Allowable voltage diviation : -15% to +10% 
• Power supply frequency : 50/60Hz 
• Allowable frequency diviation : ±lHz 
· Power supply impedance According to load (30 min. rating x 1.2),voltage 

fluctuation is 7% or less. 
• Power supply unbalance: The range of voltage fluctuation between eact 

phase of a 3-phase power supply is the rated 
voltage ±5% or less. · 

• Mount the circuit breaker having enough capacity at the input side either 
of the AC spindle servo unit or machine tool. 

• When the AC spindle motor provides most of the power for the entire 
machine, a low.voltage phase advancing capacitor is not required at the 
input side of AC spindle servo unit. 

· Alarm No. 4 may occur at open-phase or temporary power failure. 
· Leakage current when driving AC spindle motor 

Since the drive circuit employs the transistor-drive-pulse-width-modulation­
control system, when the component of high-frequency leakage current flows 
to the earth through the spindle motor and connection cables. 
The 50/60Hz component of leakage current is equal to or less than the non­
operating current(15mA) of the general high-sensitivity, high-speed earth 
leakage breaker for the cables of 50m or less. 

• Radio noise 
Since the drive circuit employs the pulse-width-modulation control, a radio 
near AC spindle motor or drive circuit may be affected by noise due to high 
-frequency current when switching the transistor. The AM radio is interfered 
but TV or FM radio is not. To avoid a noise, mount the unit or install the 
machine tool using following notices. 
1) Mount the AC spindle servo unit in the metal cabinet. 
2) Cable connecting between the servo unit and AC spindle motor is routed 

through the metal duct and ground the duct. 
3) Connect the G terminals(ground) between the servo unit and AC spindle 

motor as specified. 
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(2) Grounding 
The following ground lines must always be connected. 

• Input power supply grounding line. ' 
• Motor grounding I_ine. 

Note) The rotation energy of the AC spindle motor is regenerated to the power 
source by using a thyristor inberter during the deceleration time. 
Accordingly, the following restirction and effect may be prodused, if the 
power line impedance is high. 
Particularly be careful with this caution when a power transformer having 
comparatively small capacity is used or a long power cable is used. 
The power impedanse which may be almost free of the restriction in item(l) 
is within about 7% when the load is the maximum value of overload capacity 
(30 min. rating x 1.2).(*) 
1) If the power line impedance (including the impedance of transformer) 

is high, it may be necessary to reduce the regenerative current and 
increase the deceleration time.(The AC spindle servo unit must be re­
adjusted.) 

2) It is possible that the power voltage waveform is disturbed by a 
commutation change of the thyristor inverter, and such a waveform 
distortion affects other units. 

(*) Example of method of confirming the power impedance 

To AC 1· 
power source 

------~,R Ut>-------1 
-----~us AC Vt>--------1 

spindle 
----1----=:vT servo unit Wo------___,. 
-----if--~OG Go--------

AC voltmeter 

Eo ~ Ei x I 00 (%) < 7 (%) 

E
0

: Voltage during motor stop 
E1: Voltage during motor acceleration or just before the motor speed begins 

reducing with heavy load applied. 
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5.3 Caloric.Value of Units 

Motor model BP 15P 22P 40P 

Caloric value w 
at continuous 420 500 840 1250 
rated output 

Applicable unit 6S 8S 15S 22S 

For Model 40P, when the ambient temperature is high, continuous operating time 
at 30 min. rated value output is restricted as follows. 

(A) 

Ambient temperature (°C) 

Cover 

Fan motor 

Air 

External heat 
radiation fin 

(B) 

Cooling by (A) 

Air 

Fan motor 

External heat 
radiation fin 

External heat radiation fin cooling method 

Note 1) In the case of internal ventilation, the extent of cooling is 
approximately the same as that by (B). 

Note 2) Use the MINEBEA 5915PC-20W-B20-04 or its equivalents as a fan 
motor. 
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6.2 Detailed Connection Diagram 
6.2.1 Connection diagram of the power supply-

Unit type 

Model 6S 

Model 8S 

Model 15S 

Model 22S 

r--- ----,--, 

I 
I 
I 

No-fuse 
breaker 

I 
I 

T 
I 
I 
I 
,I,. 
T 
I 
I 
I 
I 
i. 

r 
I 

L------- __ _J 

Approved wire 

8 mm 2 or more 

14 mm 2 or more 

22 mm z or more 
(Heat-proof type) 

38 mm z or more 
(Heat-proof type) 

AC Spindle 
200V/230V AC servo unil 

50/60 HZ· 
II 

~ 

1' 

0 

4-core cablire cable 
-

Crimp terminal size 

R,S,T terminal G terminal 

M6 M5 

MB M6 

MS M6 

MB M6 

Il-20 

I 

Applicable 
Motor model 

Model BP 

Model 15P 

Model 22P 

Model 40P 



6.2.2 Connection diagram of the AC spindle servo unit and the magnetics cabinet 

Magnetics cabinet 

Emergency stop when 
contact is open 

Operation ready when 
contact is closed 

Operation ready when 
contact is closed 

Forward rotation when 
contact is closed 

Reverse rotation when 
contact is closed 

It stopps when both SFR and 
SltV contacts are closed al the 
same time 

Give a velocity command 
voltage corresponding to 
the code signal input 
contact closed. The 
optional DA converter is 
required. 

nco Oinary 

ROI I 

R02 2 2 

H03 4 4 

R04 8 8 

R05 JO 16 

H06 20 32 

1!07 40 64 

nos 80 128 

Rl!I 256 

RIO 512 

1111 I 024 

1112 2048 

!l!I 40!15 

II II 

J0V JO\' 

For binary 

ForDCD 
r-------, 

I 

____ _, 

rNI 
1-:s1•1 (-17) 

1•:Sl'2 (48) 

MIWYl (7) 

MRIW2 (8) 

Sl·'I! (•15) 

Sl!V ( 46) 

OS ( 14) 

1!01 (33) 

1!02 ( 3•1) 

ROJ (35) 

R0•I 36) 

nos (37) 

ROG (38) 

R07 ( 3!1) 

1!08 (40) 

1!0!) ( 4 I ) 

11 I 0 (,12) 

I! II (43) 

l?12 ( 44) 

on ( 13) 

) 

AC spind)e servo unit 

·ov 

ov 

ov 

!Spindle control in11ut signal! 

Emergency stop signal 

Forward rotation 
L'Dlllrnand signal 

Reverse rotation 
command signal 

Velocity command code 
signal input 

Fig. 6.2.2 (a) Connection diagram of the AC spindle servo unit and the magnetics cabinet 
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Analog velocity command 
voltage is given • 

VI! 
Override is con linuously 
done with the variable 
resistor. 

Command to make the 
output torque small is 
output when the 
contact is closed. 

n 

Alarm status is released 
with contact open. 

The soft start/stop 
function becomes 
invalid with contact 
closed. 

Low speed gear is selected 
with contact closed. 

Mid-speed gear Is selected 
when contact is closed. 

Orientation command is 
given when con tact is 
closed. 

( 

-

l>A I 

llA2 

I•: 

+15V 

- OVHI 

1.8 k 
I 
I 
I 
1 OVH2 

'l'l.l\11. 

'1'1.1\111 

OT 

AHS'l'I 

AHS'l'2 

SOCN 

rw 

C'l'II 

!'TM 

Ol!CMI 

Ol!CM2 

DA 

converter 
CNI 
(:IO) 

( :11 ) 

( :12) 0V Velocity command 
analog voltage inpu l 

ov 

+15V 
+ISV power supply 

( 2!1) 

(27) 

Spindle rotation 
ov speed oYCrride ov 

( 5) Torque limit command 
signal (Spindle low speed) 

( 21 ) 
(Spindl~ high speed) 

(6) 

ov 
( I !I) Alarm reset signal 

Alarm reset switch 
(20) 

CN3 
ov 

(I) Soft start/stop cancel 
signal (for model 30, 

CN:1 
( 14) 

40 only) 

CNI 
(17) Spindle high speed/low 

speed signal 

(2-1) Spindle rnidium speed 
signal 

(25) Orientation command 
signal 

(26) 

ov 

Fig. 6.2.2 (bl Connection diagram of the AC spindle servo unit and the magnetics cabinet 
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Magnetics cabinet 

Can be used as ready signals 
for forward/reverse 

Can be used at complete 
signal for stop command. 

Can be used as detection 
at gear shift. 

Can he used as a torque 
control command completed 
signal 

Can be used as orientation 
command complete signal 

Can be used as alarm 
signal 

Can be used when detecting 
load size 

Can be used to display the 
.descriptions of alarm on 
the CRT,etc. 

RV 

IW 

SA Ill 

SAR2 

SS'l'l 

SS'l'2 

Sl>'I' I 

Sl)'l'2 

Tl,M5 

TLM6 

OtiAtll 

O1un2 

Al,1\11 

Al.1\12 

LDT! 

LDT2 

At.I 

Al,2 

AIA 

Al,I! 

(;Oi\f 

1.1\11 

Si\11 

01\1 

AC spindle servo uJllt 

<'NI (Spin'dte control output signal! 

(I) 
Speed arrival signal 
Conlact closes when 

(2) arrived. 

(3) 
Speed zero signal 
Con1ac1 closes when 

(•I) speed is zero. 

( 15) 
Speed deleclion signal 
Conlacl closes when ii 

( Iii) is slower than the presel 
speed. 

(9) 

( 10) 
'/ Con act (closed) when torque 
/,{ To':loOoontrol In''°'"",.,.., 

control command is input 

(22) 
Orienlatlon completion 

(23) 
signal Contacl closes when 
orientation is complelion 

(II) 

Alarm signal Contact 

( 12) closes when under alarm. 

(Contact B) 
CN3 
( 1'1 ) 

{ Lo,d "'""'"°" .,.,, 'l Contact {closed) when the load 

(13) 
size is larger than the value set 
by parameters 

CN3 
(K) 

(9) 

[ Alarm descriplions code f signlll 

. ( 10) 

'1/ [ There are alanns No.I to IS . 

(II) 'lf 
( 13) 

'l[ 
CNI 'I'll 
(4!1) :t~J:rfl,M Load meter indicate 

voltage 

·rn 
(50) HJ:rfSM Speed meter indicate 

voltage 

·rn 
( 11!) :t~J:r/O1\1 

ov 

Fig. 6.2.2 (c) Connection diagram of the AC spindle servo unit and the magnetics cabinet 
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6.2.3 Connection diagram of the AC spindle servo unit and the AC spindle motor 

Spindle servo unit 

Overheat signal 

+SV power supply 

Velocity feedback 
signal 

AC Spindle motor 

Primary coil 

Excitation voltage 

Power for fan motor 

~ 

I RV l
1
t---Q Ot-1 I 

(31 

.-------u 0112 
· ~ov 121 

+5V 
03) 

OV 

Ill 

I 
I 
I 
f 

I 

r'-' 
I 

AC Spindle motor 

01-11 

Ot-12 

+5V 

ov 

I " -----~PA--l-f-1,--------o-----, 
U4l I : \ 

PA 

I : : 
• f RA I 

-----~RA--+-~1-------c;J,-----, 
05) ,- ~ 

I A PB -----~p13--+-+:.),..-------c1-----, 
um I , , 

I : : 
-----~nn--+-'4''-+''------Q-R_n __ _, 

,-----(-17)~ s s fl -----
~ (20) 

ss 

~l 
~b-JjL...,-~ 

-----~u 

-----ov 

------v\V 

------vO 

~ 
AC 200V 

V 

u 

X 
\ 

V 

l'ulsc Thermostat 
generator 

J 

(} 
\ 

f'\-.Y~"-1-------
W 

a 

FMU 

0 r:::-71 3-phnse 
-r1_c-;,"T""T_ J 200V AC 

fun motor 

AC Spindle 
motor 

-----vFMU---------<;i>-----

FMV 
-----vFMV---------<;i-------' 

FMW 
-----uFMW---------c1-------
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Unit U,V,W,G terminal FMU,FMV,FMW terminal 
Unit 

, 
Motor 

type Crimp terminal siZ€ Crimp model 
Approved wire Approved terminal 

u,v,w G wire size 

65 8 mmz or more M5 M5 8P 

85 14 mm z or more M5 M6 15P 
2 mmZ M4 

155 22 mmz or more MS M6 22P 
(Heat-proof type) 

' 

225 38 .mm z or more MS M6 40P 
(Heat-proof type) 
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7. DESCRIPTIONS ON INTERFACE SIGNAL 

7 .1 Interface Signal Standards 
I 

For signals to be transferred between the servo unit and the exterior, 
take the following input/out"put signal rat.ing into due consideration. 

(1) Contact input signal A 
This is inputted from the exterior to the servo unit. 

(a) External contact capacity required: Higher than 30V, higher than 
16mA. 

(b) The following· figure indicates the delay time of the receiver 
output signal to the contact input signal. 

~ More than 30 m sec ---i 
Contact input 
signal 

Open -------------, Open 

Receiver output 
signal 

5~20m sec 5~20m sec 

Accordingly, the servo unit receives signals after 5 to 20ms delay 
when the contact input signal was turned on and off. 

(c) For the receiver circuit on the servo unit _ side, refer to the 
following figure when using a no-contact input, etc. 

+24 \' +24 V 

External contact 

ov 

Servo unit 

Signification levels in 
voltage) 

Low level logic "O" 
High level logic 11 111 

case 

Receiver output 
..--Le-v-el--, signal 

converter 
circuit 

of no-contact (at input terminal 

Lower than 2V 
Higher than 20V 
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(2) Contact output signal Al 
, 

This is output from _the servo unit to the exterior. 

(a) The AC spindle servo unit side employs a lead relay. 
The contact rating is lower than 5OV or lower than 5O0mA at 5VA or lower. 
Use it at 24VDC, 2O0mA or lower, or 48VDC, lOOmA or lower, accordingly. 
The chattering time of contact is shorter than 1 msec. 
The related signals are shown hereunder: 

Model Signal name Symbol 

6S 
8S Orientation completion signal ORARI,ORAR2 

15S 
22S 

(b) If an external relay or another inductive load is connected, insert a 
surge absorber in the vicinity of the relay without fail. If a capacitive 
load is connected, insert a current limiting resistor in series, and set 
the power to be lower than 5VA including an instantaneous value. 

(c) If an external lamp is connected, insert a protective resistor so that the 
current becomes lower than 5OOmA including an insatataneous value. 

(3) Contact output signal A2 
This is output from the servo unit to the exterior. 

(a) The AC spindle servo unit side employs a tr~nsistor. 
The output standard is as follows. 

i • Output voltage : max. 48 V 
ii. Output current: max. 2OOmA 

The related signals are shown hereunder 

Model Signal name 

Speed arrival signal 
6S 
8S Zero-speed signal 

15S 
22S Speed detecting signal 

Spindle alarm signal 

Symbol 

SARI,SAR2 

SSTl, SST2 

SDT1,SDT2 

ALMl, ALM2 

(b) If an external relay or another inductive load is connected, insert a 
surge absorber in the vicinity of the relay without fail. If a capacitive 
load is connected, insert a current limiting resistor in series, and set 
the power to be within the output rating including an instantaneous value. 

(c) If an external lamp is connected, insert a protective resistor so that the 
current becomes within the output current including an insatataneous value. 
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(4) Contact output signal A3 
This is output from the servo unit to the exterior. 

I 

(a) This signal is output by the open collector transistor(polarized) from the 
AC spindle servo unit. 
The output standard is as follows. 

i • Rated voltage : Less ,than 30VDC 
ii. Output current: Less than 40mADC 
iii. Saturated voltage : 1.5 or less (Ic=40mA) 

(b) Signal polarity is as follows: 

Polarity 
Model Signal name 

Positive(+) Negative(-) 

Load detection signal LDTl LDT2 
6S 
8S Torque limit signal TLM5 TLM6 

15S 
22S Alarm content signal ALI , AL2 COM 

AL4, ALB 
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7 .2 Spindle Control Signals 

See 7.1 "Interface signal standards" for standards of the signals. 

7.2.1 Emergency stop signal (ESP1, 2) 
, 

(1) When the contact is ON (closed), the spindle motor and the servo unit is 
ready for operation~ . When the contact is off (open), the magnetic 
con tac tor in the servo unit is OFF, and the spindle motor does not 
operate. 

(2) Wh"en the contact · becomes O:fF (open) during rotation of the motor; the 
spindle motor will ftecelerate and stop at once. The magnetic cont~ctor 
will also become OFF after the motor stops. 

(3) When this contact is turned on (closed) again, the spindle motor is 
placed to be ready for rotation. It rotates immediately when the 
rotation command is given. Accordingly, reset the command signals 
(velocity command, forward rotation, reverse rotation commands) to the 
spindle servo unit simultaneously when the emergency stop signal was 
inputted. 

Emergency stop signal 
(Contact B) 

+24V 

CNl 
l 1----E_S_P_l-i. J--------1 Reciver 

(4 7) 

ESP2 

(48) 

ov 

Spindle servo unit 
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7.2.2 Machine ready_ signal (MRDY 1, 2) 

I) Mode set by parameters F-01 and 1F-09 is.shown below. 

Setting 
Mode Contents 

F-01 F-09 ! 
: 

(A) 0 0 Machine ready signal is not used. Input of the 
or emergency stop signal alone will make the spindle 
I motor ready for operation. 

(B) I 0 Machine ready signal .is . When the contact is off 
used to make ari operation the electro-magnetic 
ready status by double contactor will come OFF 
signal. to cut off the motor 

power. 

(C) l I Power is cut off by 
cutting the excitation 
signal of the transistor 
in inverter section when 
the contact is OFF the 
electro-magnetic 
contactor is still ON. 

Note) Contact: Contact of MRDY signal. 

The following 2) to 4) are how to use the machine ready signals in each of 
the above modes. 

2) Mode (A) 
Used to minimize the input signal points. It is not necessary to connect the 
signal line to the contact. 

3) Mode (B) (Standard setting) 
(D Used to control an operation ready status by double signal. For example, 

when it. is necessary to set two electro-magnetic contactor ON/OFF signal 
input terminals on machines where the worker must touch the spindle 
directly for loading and unloading workpieces or tools. 

@ When the contact is ON (closed), the electro-magnetic contactor turns ON, 
and the motor becomes ready for operation. 

G) When the contact is OFF (open), the electro-magnetic contactor turns OFF, 
and the power to the motor is cut off. 

© If the contact is turned OFF (open) during the rotation of the motor, the 
spindle motpr will decelerate to a stop at once, and the electro-magnetic 
contactor will also turn OFF after the motor stops. 
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@ Do not use the electro-magnetic contactor too frequently (some 100 times) 
in a single day, because it. may shorten the electro-ma;netic_contactor's 
open/close life. 

4) Mode (C) .. I 

1 Used in case the .open/close of the electro-magnetic contactor is assumed 
to be frequent. 

@ In machines in which a spindle motor is restricted by the tool unclamp 
signal during operation of the automatic tool change (ATC) orientation, 
·the command of the load meter may become large or large motor current may 
flow because of a small shift from the orientation stop position. In 
this case, cancel an orientation status during tool unclamp by making OFF 
this signal. Orientation status can be made by making ON this signal 
without spindle rotation at tool unclamp ending. 

(]) If the contact of the orientation command signal is still ON (closed) in 
the above @ , the OFF/OF of the contact of the machine ready signal will 
only cause a small shift of the stop position; it is not necessary to 
perform orientation again with another rotation. 

Timing chart 
Use machine ready signal. Condition) Parameter F-01:1 

Parameter F-09:1 . . . . . Cut the motor power using MRDY signal • 

Orientation command 

Orientation completion signal 

Tool change 

:~\\ 
@ 

Tool hold 

dN 

Spindle unclamp OF'F. ______ __. 

Machine ready signal ON.__ ________ __ 

Machine ready signal 

+24 Excitation cut 

MRDYI CNl 
'--------0----.1------1 Receiver 

(07) 
::, 
I Parameter 
I setting F-0 l 

MRDY2 
(08) 

ov 

Spindle servo unit 

II - 3 1 

ON 

r-------, 
1 Circuit 

1 -to-~ 
I L--~ I 
1
1Parameter setting! 
F-09 I 
1:...-----...l 



7.2.3 Forward rotation command signal (SFR) 

(1) The spindle motor will start forward rotation according to the velocity 
command (positive voltage) when the following three conditions are 
satisfied. ' 

(D The contact of emergency stop signal is ON (closed) 

@ The contact of machine ready signal is ON (c"losed) 

{ID The contact of forward rotation command signal is ON (closed). 

(2) During contact on (closed), the spindle motor rotates counterclockwise 
(CCW) as viewed from the shaft side according to the command speed. 

(3) When the contact turns off (open), the spindle motor is stopped by the 
regenerative braking. After stop, the base signal of transistor is 
turned off to interrupt the power _to the spindle motor. 

7.2.4 Reverse rotation command signal (SRV) 

(1) During contact on (closed), the spindle motor turns clockwise as viewed 
from the shaft side according to the command· speed. 

. . 
(2) When the forward rotation command signal and reverse rotation command 

signal are turned on simultaneously, the spindle motor stops. 

+24 

SFR CNJ 
Receiver 

Forward rotation (45)+24 
command signal 

SRV Receiver 
Reverse rotation ( 46) 
command signal 

OS 
(14) 

ov 
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7,2.5 Code signal(option) 

(1) The code signal has the following two types of inputs. 
(D BCD signal input 
® Binary signal input 

(2) AD/A converter(option) must be prepared for code signal input. 
Detailed explanation is given in section 4.4 "D/A Converter" When 
operating with code signal input only, set the parameter F-04 turned 'I'. 
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7 .2.6 Analog voltage signal (DA2, E) 

(1) The velocity command voltage and the motor rotation speed are in linear 
proportion as shown in the following graph. ' 

Maximum speed 

Motor rotation t 
speed I 

ov +l OV command voltage (DC) 

Command voltage 

(2) Normally, command + voltage (O to +lOOVDC). Use the forward/reverse 
rotation command signals to destinguish the direction of rotation. 

(3) The (±) 0 . command voltages (0 to :!:lOVDC) results in the following 
figure. 

Forward rotation (CCW) 

~------
' , Motor 

1 ', rotation 
I ·, speed 
I ' 
I ', 
I ' 

Forward rotation command 
signal.(SFR) ON 

I ' ---+,-_-
1
-0-y----,~,------+--- Velocity command 

+1ov1 
0 V~Itage ', I© Voltage 

I ', I 
I , I 
I ' I 
I ', I 

------~ 
Reverse rotation 
(CW) 

Reverse rotation command 
signal (SRV) ON 

Do not command the 0 0 voltages in machines which tools and workpieces 
break or in machines which safety cannot be guaranteed if rotated reverse 
direction by a forward command. · 

(4) Be careful with wiring so that the velocity.command voltage line is not 
affected by external noises. Use a shielded wire without fail. Connect 
the shield earth to terminal,E. 
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(5) Compose the · velocity command voltage (DC 0 to +l0V) circuit as shown in 
the next. figure. In this circuit, the manual input (analog input) and 
automatic command (DA converted output) are selectable by relay. If the 
velocity' command voltage exceeds +l0V, it is automEJtically clamped to 
max. 10. 7V internally. Be careful since the· motor revolution reaches 
max. 107% of the rated value. 

,., 
. (6) The motor is not rotated when the velocity command voltage only is 

.applied. It rotates when either forward or reverse rotation command was 
given. 

(7) When the velocity command voltage became +l0V or more, it will 
automatically be internally clamped to maximum +10. 7V. However, the 
rotation speed of the motor may rise maximum 107.% of the rated rotation. 

(8) The movement of the. motor will differ according to the ways the 
velocity command voltage and the forward/reverse rotation command 
signals (SFR/SRV) are given. Change the velocity command voltage 
inputs as the following figure, and then set the forward/reverse 
rotation command signals ON (closed)., 

Forward/reverce OPF 

(Wrong way) 

ON 

I 
rotation signal I I 

I I 
I I 

Velocity command I 1 
voltage '7JJJ?f ~. : 

Motor speed 

JJ)lJ?JJlpllll 
I 

OV----'-,;---------1----
I 
I 
I 

r 
I 
I 
I 
I 

\ 0 

OFF 

(Correct way) 

ON 

I I 
l I 

7
: _· I 
I I 

)~)7)777777/Xlllll 
I I 

ov---~,f--------~,-----
1 I 
I I 
I I 
I I 

v \ 

(9)' Example of connection when using the analog output of the NC. 

Velocity command voltage 
CNl 

·, -, DA2 (31) 

: I : I 
I I I I 
I I I I 
I I I I 

Shield I I I I E 
earth ' 1 

1 ________________________ ::.,. 

Connect to the ground . 
terminal of the NC 
system. 

I 
(32) 

ov 
Spindle servo unit 
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(10) Example . of 
comman~ by 
regis~er on 

connection when switching from the 
code signal input to manual velocity 
the machine operator's panel. , 

CNl 
,-, ,-, DAI (30) 

I I 
I I I 

9setting 
I I 
I 

automatic velocity 
command by variable 

I 

DA 
Converter 

Relay- I 
or I I I PAl?AHEll:R 

I 
switch I 

I I Auto 

Manual 

For rotation spee 
djustment 

·1 I DA2 I I 

----------------\ For Max.10.0V 
adjustment 

-, , , +15V 

3k!l 

I 0k!l 

l00k!l 

I I 
I 

3.9k!l I I 
I 

I I I I I I 
I I 
I I 
I I 
I I 

Connect the shield earth 
to terminal E of the spindle 
servo unit 

:..Jfi-ot-
( 31) 

ov I 
+15V 

(29) 

(32) 

ov 

, Spindle servo unit 

(11) The input impedance of the velocity command voltage receiver circuit is 
lOOkrl. 

7.2.7 +15V power supply (+15, E) 

( 1) This power supply is used to give ~nalog velocity command using the 
variable register, from outside the unit in manual input~ 

(2) Maximum 30mA current can be used in this +15V power source. 
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7.2.8 Spindle rotation speed override (OVR1, OVR2) 

(1) This signal is used to override the spindle rotation speed of the 
automatic velocity command, to gain the optimum cutting,condition. The 
NC system also has the spindle speed override function. Use the 
function of the NC system normally. 

(2) When using the speed override function of the spindle servo unit, 
connect the following circuit externally. 

Cancellation resistance CNl 

· ,~--------------.. , OVRl (27) 

,.,_ _________ ----
Shield line 

Override cancel (Short SWl-2) 
Speed override (Short SWI-3) 

I 
I 
I 
I 
10VR2 

OS 

(28) 

(14) 

ov 

AC Spindle servo unit 

ov 

(3) When performing synchronous feed as thread cutting or other external 
manual velocity commands, the override must be cancelled. Switch the 
circuit (short SWl-2) and set the override precisely to 100%. 

(4) Setting on the spindle servo unit for speed override function and range 
of override is as follows. 

Parameter 
Function 

F-02 F-03 

Speed override function not used 0 0 

Speed override function used Override range 
Up to 1207. (upper limit) 1 1 

Up to 1007. (upper limit) 1 0 

II - 3 7 



(5) The override range is determined by the resistance value of R in the 
figure. 

When R = 1.0 KQ 
R = 2.4 KQ 

Override 

% 
120 

100 

80 

60 

T 
0 

60 to 120% 
80 to 120% 

I 
I I 

· I I 
I I 

------~-- -~- -------
1 I 
I I 
I I 

0.2 0.8 

Resistance of between 2 and 3 

I 

R =: 2.4kn 

R = 1.0kn 

(6) If the override range upper limit is set to 100%, short cancel resistor 
1.8 kQ, since this resistor is not needed. 

II - 3 8 



7.2.9 Torque limit command signals(TLHH,TLHL,OT) 
(1) The torque limit is used to temporarity reduce the output torque of the 

AC spindle motor during the AC spindle motor rotation' in case of mecha­
nical spindle orientation, gear shift, etc. 

(2) The machine tool ·builder is requested to set the orientation output torque 
and the revolution at the orientation time for every model so as to reduce 
a shock when the machine stopper operates. 

(3) Adjust the torque at the time of torque limit by parameter F-18. 
The torque limit value is ± (set value of F-18)% of the maximum torque 
when TLMH is ON. When TLML is ON, the torque is about 1/2 of the TLMH:ON. 

(4) When the torque limit command signal turns on(closed), the torque is 
limited.(This signal is effective at once, even if this torque limit com­
mand is given during the motor rotation.) The torque limiting signals 
(TLM5,TLM6) are sent outside, immediately when the torque is limited. 

(5) For executing the mechanical orientation during ATC of a machining center, 
take the following items into consideration when designing the power mag­
netic sequence so as not to damage the stopper. 

1) The output torque is suppressed during orientation so as not to allow 
it to be excessively large. 

2) The revolution is suppressed during orientation so as not to allow it 
to be excessively high, If an excessively high revolution is detected 
by the speed detection signal, take the interlock not to operate the 
stopper. 

3) The stopper should be securely retreated when the torque limit was 
released. 

Commands 

Servo unit 
signals 

Machine 

Torque limit command 
(Spindle low speed) 

(Spindle high speed) 

Tl.Ml, (OS) 

TLMII (21) 

. OT (06) 

➔ 24V 

+24V 

ov 

Example of mechanical orientation sequence 

{ 
Zero-speed . 
signal 

Speed I 
detecting signal 

Motor 
revolution 

(Stop) 
Stopper 

(Retreat) 

Torque limit commands TLMJ. 2 

Orientation speed command 

SFR/SRV 
(forward/reverse rotation command) 

Torque limiting signals TLMS, 6 

OFF ON SSTJ. 2 

Motor slowly rotates 
-----. under the limited 

torque condition 

Limit switch 

ATC 
(Tool exchange) 

\ 

ON at a speed lower than 
than a certain speed 

(Stop) 

(Retreat) 

(Stop check signal) 

If the above conditions are difficult, adopt the electric spindle 
orientation (option) without stopper. 
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7.2.10 Alarm reset signal (ARST1, 2) 

(1) After eliminating causes of alarms such as motor overheat, excessive 
speed deviation, circuit short-circuit, overspeed, overvoltage, 
overcurrent, overload, power drop, etc., input the ,alarm reset signal, 
and the alarm is released to place the unit to be ready for operation. 

(2) . This signal is ineffective, if it is inputted during the absence of 
alarm. 

(3) The servo unit is also provided with a reset switch, which has the. same 
function as this alarm reset signal. 

7 .3 Orientation Signal 

Connected when using the spindle orientation control circuit (opti(!n). 
Descriptions of the signal is mentioned in ID.. 

7 .4 Spindle Control Output Signals 

For the output signal rating, refer to Section 7.1. 

7.4.1 Speed arrival signal (SAR1, 2) 

(1) The contact is turned on (closed) when the actual rotation speed of the 
spindle motor reaches a certain preset range with reference to the 
command speed. 

Detection range (See items (2), (3)) .,, 

Commanded speed -- -

Motor speed 
0 

SARI, 2 

Commanded speed (2) 

Commanded speed (I) - - - -------< 

Motor speed 0 

SARI, 2 

(Closed) 

/ 

' ' 

(Open) 

Detection range 
(See items (2), (3)) 

(2) The preset range is adjustable within a range of ±10% to 50% of the 
command speed; provided that the detection range becomes wider than the 
p~esent range, if the speed is lower than 10% of the maximum revolution 
speed. 
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(3) This detection range of the speed arrival signals is set to +15% as the 
standard setting before shipment. However, it is expanded as illustrated 
below at low speed. 

I 

200 

180 
176% (at 0.1 V /45, 60 or 80 rpm) 

160 

140 

.__!!l 
120 0 "' u;i 

co•-
C"' o/o .,,_ .. "' 100 c-~ 
0 t: = C'O 
0 "C 
~ C) ~ 80 
Q) t.~ Q .,,,_ 

60 

40 

20 
24% (at 0.1 V /45, 60 or 80 rpm) 

0 
0 2 4 6 8 JOY 

Velocity command voltage [VJ 

0 1,600 3,200 4,800 6,400 8,000 rpm 

0 1,200 2,400 3,600 4,800 6,000 rpm 
0 900 1,800 2,700 3,600 4,500 rpm 

Revolutions [rpm) 

If a 45/60/SOrpm velocity command is issued, the arrival signal is sent 
when actual motor revolution reaches 45/60/SOrpm +76%. 

(4) · This signal is not outputted, unless either SFR or SRV is turned on. 
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(5) The reverse rotation at the tapping cycle is controlled by using this 
signal as follows. 

Motor speed 

' 
FIN 

SFR (forward rotation command) 

ON 

0 

SRV (reverse rotation command) 

ON 

ON 
SST (zero-speed detecting signal) OFF 

SAR (speed arrival signal) Minimum 

ON . --j .___z_, __ -+-¾.;;.8m;;;.;0 u.;;.s t-+-~_Y1_ste_h _ _;-------

Normal rotation 

Ti :i-40ms 
OFF 

Note: Ti time is delayed until 
SAR signal turns off. 

Zero-speed detection range 

Speed arrival 
detection range _....____,1-------- Reverse rotation 

When . the reverse rotation command is sent, the spindle motor starts 
deceleration, and the speed arrival signal turns off within 40ms. 
Then, the next turn-on of the speed arrival signal is detected as the 
reverse rotation command end. 

Spindle servo unit 

Speed arrival 
signal 

(1) 

(2) 

SARI 

SAR2 

(6) This signal is· employed a·s the check signal (FIN signal) for forward 
rotation (M03) and reverse rotation (M04) command. 
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7.4.2 Zero-speed detecting signal· (SST1, 2) 

(1) If actual rotation speed of the spindle motor is reduce~ to be lower than 
the zero-speed detection point when the stop command was given, the 
contact is turned on (closed). 

Zero-speed detection point 
(±0.75% of maximum speed as 
the standard) 

SST!, 2 
- (Closed) (Open) 

· (Closed) 

(2) The zero-speed detection point is fixed at 0.75% of the maximum speed as 
the standard. 

(3) 

(4) 

In other words, the zero-speed detection signal turns on when the 
rotation speed is lower than about 33, 45 or 60 rpm. 

This signal is outputted when the above condition is satisfied, 
irrespective of rotation commands (SFR, SRV). 

The minimum pulse width value of this signal is about 40ms. (See item 
7.4.1 (5)) 

Spindle servo unit 

SSTl 
Zero-speed (3) 
detecting signal 

(4) SST2 
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7.4.3 Speed detecting signal: (SDT1, 2) 

1) The contact is turned on (closed) when the actual motor speed is lower than 
the speed being set on Parameter F-17. 

' 2) The detection point is fixed at the maximum speed ·x (set volume of 
F-17/1000)%. 

Spindle servo unit 

CNJ 

(I 5) 
SDT1 

Speed detecting 
signal 

( 16) 
SDT2 

3) This signal is used to detect tpe rotation speed which becomes lower than a 
certain speed set such as clutch selectable speed or gear splectable speed. 
It is usually set to 3% of the maximum speed (standard setting) in case of 
gear change or 307. of the maximum speed in case of clutch change. 
The machine tool builder is requested to set the check terminal voltage to a 
desired value by the variable resistor. 

. Motor speed Speed detection level 

I I 
I I. 

I 
SDTI - 2 I I 1/~47zj ?ci!n)~ ,..,..,.1/...,/...,»...,.7.""7...,~'"'~""'7...,.7...,7...,)' /.'"'7...,.J..,.,7...,?. • 

(Closed) ~'------------.v~ (Closed) 

4) The signal contact is turned on (closed) when the absolute value of the motor 
speed is reduced to be lower than the preset detection level, irrespective of 
rotation commands (SFR, SRV). 

"(Reference) 
Sequence of the gear shift 
The gear shift in the CNC machine tool is one of sequence controls. The 
electric circuit signal on the sequence is used to move the spindle gear, which 
is an important component of the machine. It is then necessary to check that 
the spindle motor revolution is in low speed to switch the gear safely. 
The following is an example of sequence at gear shift~ when the speed detection 
signal (gear selectable signal) was used. This example can be referred to when 
designing.the magnetics sequencer. 
An example of gear shift sequence using speed detection signal 
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(Sequence) 

Gear shift command 

Low speed revolution command 
of the spindle motor 

Speed check 

Shifter moves 

End of gear shift . 

(Check signal) 

' 

Speed detection signal ON 
(Zero-speed signal ON) 
Turns ON when slower than 
the gear selectable speed 

To change the gear safely, ch-eek that the spindle motor revolution is low enough 
before moving the shifter. If the zero-speed signal is also applied, the safety 
can be doubly checked. 

If the shifter moves when the spindle motor is rotating iri high speed, the gear 
will break. 

Spindle motor speed 

Shifter moves 

I 
Gear selectable motor 
speed range 

End of gear shift 

ON 

Spindle motor speed 
at gear shift (Low speed) 

Speed detection signal OFF I · OFF 
(Gear selectable signal) _____ __.T __________ ---------,-----------

Zero-speed detect signal ______ _,! ~ _ _ _ _ _ _ _ _ _ _ _ __ l 
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7 .4.4 Load detection signal (LDT1, 2) 

When the load becomfi!S greater than the set value·· (%) against the maximum 
detection lev.el (10 V) of the load meter, the contact is ON (closed). 

' 
Spindle servo unit 

CNJ 

-----uLDTl 

Load 
detection 
signal 

(17) 

...._ _______ --inLDT2 
(13) 

• Output by an open collector transistor (polarized). 

7 .4.5 Spindle alarm signal, (ALM1, 2) 
1) If the spindle motor operation cannot be continued due to trouble, the 

spindle mot_or power is turned off to stop. the spindle motor. 
An alarm signal is also sent to the exterior concurrently. (The output 
contact is open under an alarm condition.) 

2) The alarm signals employ one contact only. For the alarm contents, refer to 
section 7 .5 · alarm contents signal. 

3) Reset the command signals (speed command, forward rotation, reverse rotation 
commands, and torque limit command) to the spindle servo unit by using this 
alarm signal output without fail (clear all signals from PMC). Otherwise the 
spindle motor may rotate when the alarm of the spindle amplifier was 
released, and a dangerous accident may result. 
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4) Since the spindle motor is decelerated and stopped simultaneously when an 
alarm signal is outputted, it is necessary to set the emergency stop 
condition or feed hold condition on CNC or the power magnet!cs control panel 
side. 1 

5) The contact is open under_ an alarm condition. 
The spindle motor is being· decelerated and stopped during alarm signal off 
(open contact), irrespective of external commands. 

6) The relation between alarm signals and alarm reset signal is as illustrated 
below. 

Commands 

Servo unit 
signals 

Motor 

Speed command voltage 

Forward/reverse rotation 
commands SFR (SRV) 

ARSTl, 2 

(Alarm reset) 

{ 

ALMl,2 
------I 

(Alarm) 

Motor rotation 
speed 

(Open) 

Eliminate a case or 
an alarm 

(Stop) 

Motor does not operate, even 
if a command is given. 

Spindle servo unit 

Alarm signal 

CNl 
.------< I ALM l 

( I I) 

(12) 
ALM2 

II - 4 7 

'\ 

(Closed) 

Usable condition 



7.5 Alarm Content Signals(AL8,AL4,SL2,AL1) 
(1) These signals are provided with the AC spindle servo unit. 
(2) The alarm conditions of the AC spindle servo unit are indicated by seven 

segments five digits on PCB. 
Alarm contents are sent to the exterior by code signals 1oncurrently. 

+s 

_1 .. .----o*ALI -D 

-1~ 
_J~ 
_j~ 

__ .. COM ____ _ 

(3) The correspondence between LED display and alarm signals is as shown in 
the following table. 

Alarm content signals 
LED display 

ALB AL4 AL2 ALl 

AL-01 0 

AL-02 0 

AL-03 0 0 

AL-04 0 

AL-05 0 0 

AL-06 0 0 

AL-07 0 0 0 

AL-08 0 

AL-09 0 0 

AL-10 0 0 

AL-11 0 0 0 

AL-12 0 0 

AL-13 0 0 0 

AL-14 0 0 0 

AL-15 0 0 0 0 

o: Contact ON (closed)• 

(4) Alarm signals can be received at magnetics sequencer and their signals 
can be displayed on the CRT of CNC. These signals can be used to design 
magnetics sequenceby the MTB. 
Alarm contents are shown in the Table 7.5. 
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Alarm No. 

AL-O1 

AL-O2 

AL-O3 

AL-O4 

AL-O5 

AL-O6 

AL-O7 

AL-O8 

AL-O9 

AL-10 

AL-11 

AL-:-12 

AL-13 

AL-14 

AL-15 

AL-16--23 

A 

Meanings Contents 
I 

Motor overheat This alarm is issued when internal temperature 
of motor is higher than the specified value. 

Excessive This alarm is issued when the motor speed is 
deviation of largely deviated from the command. 
speed 

Fuse in DC link This alarm is issued when the fuse in DC power 
is blown out supply is blown out. 

AC input fuse This alarm is issued when the fuse an AC input 
is blown out fuse is blown out. 

A phase of input power is open. 

Overs peed This alarm is issued when the motor speed ex-
(Analog ceeds 115% of the rated speed. 

detection) 

Overs peed Same as described above. 
(Digital 

detection) 

Overvol tage This alarm is issued when voltage largely ex-
ceeds the rated working voltage range due.to a 
tap selection failure, etc 

Overload in This alarm is issued when temperature of the 
main circuit radiator for cooling semiconductor, etc. 

abnormally increases .. 

+15V drop This alarm is issued when the control-power 
detection is lower than the rated range of +15V. 

Overvol tage in This alarm is issued when the DC power voltage 
power circuit of the power supply is abnormally high, 

Abnormal current This alarm is issued when the circuit current 
of DC link is-excessive. 

Defective transistor. 

Defective This alarm is issued when microprocessor or 
arithmetic its peripheral parts of arithmetic circuit are 
circuit abnormal. 

Defective ROM This alarm is issued when ROM is abnormal. 

Defective option Detects defective opt iona 1 circuit and errone-
circuit ous connection to optional circuit. 

Defective peripheral parts of arithmetic circuit. 

Defective ROM 

Table 7.5 Description of Alarm 

II-49, 
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7.6 Speed Indication Voltage (SM1, OM) 

(1) The rotation speed of the spindle motor can be indicated by externally 
connecting a speedometer. 

,.... 
u 
Q 
'-' 
u 
co 
~ 
0 ... -::, 
0. -::, 
0 

+1ov 

OV 
0 4,500/6,000/8000 rpm 

(Forward rotation/reverse 
Motor rotation speed rotation) 

A voltage (DC) proportional to the rotation speed is 
irrespective of the forward or reverse rotation of the motor. 
outputted at the maximum revolution 4,500/6,000/8,000 rpm. 

(2) Use the following speedometer (DC voltmeter) 
o One-sided deflection DC voltmeter 
o DC voltage lOV full scale 
o Internal resistance higher than 10 kilo ohm 

outputted, 
A +lOV is 

(3) The speed indication voltage is used for the speedometer, and the 
forward rotation/reverse rotation output voltages are not calibrated. 
The voltage accuracy is max. +3%. 

Spindle servo unit 

Speed indication 
voltage 

LoaD indication 
voltage 

ov 

SMI 

Speedometer 

Load meter 

(4) SMl, LMl, and OM indication interface can be used from terminal board TB 
as well as connector CNl. 
Use a 2-conductor shielded cable. 
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7.7 Load Indicator Voltage {LM1, OM) 
I 

(1) The load indicator indicates the load factor, which ~s the ratio of the 
load to the maximum output obtainable by the spindle motor at the input 
voltage and working revolutions when the machine tool spindle is 
rotating without load or when cutting is in progress. 

(2) The revolutions-to-spindle motor output relation, revolutions-to-torque 
relation and revolutions-to-indicating voltage relation are as 
iliustrated below approximately when the rated input voltage is applied. 

p 

T 

0 1500 

(Basic speed) 
3000 

I 
I 
I 

I 
I 

L- Maximum output of motor 
c-::=: 30 min. rated output x 120%) 

30 min. rated output 
-7"-~ 

·----: - Continuous rated output 
I 
I 

4500 · 6000 rpm Motor revolutions 

Maximum torque of motor 
. / (-::=: 30 min. rated torque x 1 W%) 

& 30 min. rated torque ---1 --- Continuous rated torque ..._ ____ ,_ ____ ,__ ____ ,__ __ ~---1. 

0 1500 3000 4500 6000 Motor revolutions 

0 1500 3000 4500 6000 Motor revolutions 
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(3) The relation between each spindle motor output and the indicating voltage 
of the load indicator is as shown in Table 7. 7 (a), assuming that the 
continuous rated output ~f the spindle motor is 100%., 

(4) Three types of indications of the load indicator may be considered 
approximately from Table 7.7(a). For the indication of the load 
indicator in this case, refer to examples shown in Table 7.7(b). 

(5) Machine tool builders are requested to prepare a load indicator (DC 
voltmeter) which complies with the following specification. 
o One-side deflecting DC voltmeter 
o DC voltage lOV, full sc~le 
o Internal resistance 10 kilo ohm 

(Example) DC voltmeter LM-80 made by KUWANO DENKI 

Table 7 .7 (a) Relation between each spindle motor output and indicating voltage of load indicator. 

Indicating Ratio Example of load indicator 
Model Output voltage of assuming 

(kW) load indi- that conti- Type of Ratio to 
cator (V) nuous rated applicabl~ full scale 
Note) is 100% (%) load indicator (%) 

3.7 5.6 100 101 

8P 5.5 8.3 148 A 150 

6.6 10.0 178 180 

7.5 7.0 100 105 

15P 9.0 8.3 118 B 125 

10.8 10.0 143 150 

11.0 6.1 100 110 

22P 15.0 8.3 136 A 150 

18.0 10.0 164 180 

18.5 7.0 100 105 

40P 22.0 8.3 118 B 125 

26.4 10.0 143 150 

Note) Accuracy of the load indicator voltage depends upon the speed used or 
the input voltage. The maximum deviation is approximately ± 15%. 
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Table 7 .7 (b) Examples of types of load indicators 

Indication of load indicator I Remarks Type 

Color Yellow Red 
division j White band l band I band I 

I I I I I I I I I I I I I I I ~~ For MODEL 8P,22P 
lndica-
tion 0 50 100 150 180 

A I % 
I 

Corre- I I ., 
I , . I I I 

spond- I I I 
ence ov 5.55V 8.3V 10.0V 
to 
voltage 

·· Color Yellow Red 
division I 

White band I band. l band I For MODEL 15P. 40P 

B I I I I I I I I I I I I I I I 1l1l1l11118 
Indication 0 50 100 125 150 

I % 
I 
I 
I I I I 
I I I I 

Correspond- I I I 

ence to ov 6.66V 8.3V 1 o.ov 
voltage 
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8. EXTERNAL DIMENSIONS AND MAINTENANCE AREA 
8. 1 External Dimensions 
8.1.1 AC Spindle Servo Unit 

0 
0 .,, 

54 200 
0 ... 

I 2-, 10 
I 

~ 11 
'I 
II µ 
I 
I 
I 
I 

I TERMINAL SCREW 
I R,S,T M6x3 

0 I U,V,W,G MSxS 
00 I FMU,FMY M4x3 .... I F11W 

I 
I 
I 
I 
I. 

54 10 200 

COVER (option) 
-.---~ - - - - - (A06B-'044-K030) , 

.,, 
en 
N 

-

I. 

'N 

--

liiiT1 r;::::, 'Tii'"I 

'l'l~RMI NAL OOARD 

·-- -
314 

I 

~ 
r-,-, 
I I I 
I I I 

I I 
I I I 
I I I 
I I 
L J 

12 
CONNECTORS -CABLES· 

CNl R,S,T,G 
CN2 U,V,W,G 
CNJ FMU.FMV,FMW 
TB 

Weight: 27 kg 

Fig. 8. 1. 1(a) Mode_l __ 8P(A06B-6055-H306)(internal vent I lati on) 
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0 200 

0 0 
0 00 
LI) .... 

JI 
II 
JI 
II 
II ,, . ,. 
,1 ,, ,, 
I 
~1 
IJ ,,, 

-,--

LI) 

0 ..., 
I 

I CNI 

'l'JmMlNAL sc1rnw 
R,S,T M8X3 

a M6X2 

u.v.w M5X2 

l•'MU, l•'MV M4X3 
FHW 

'-.COVER( OPT !ON) 
(A06B-6044-K030) 

I I CNJ I ICN2I I 'I'll I 

TERMINAL DOARD 

I 
I 
I 
I 
I 
I 

r, 

L. 

C 

I 

. 

,-----,-, 
I I 

I 

Cl 
I 
I 

IZ. I 
--: I 
0 I 

.:Q I 
I 

-~ I 
I < I 

~ I - I 

::::': I 

IZ I 

1-"1 I 
I E-< I 

I 
L-- ...J 

CONNJ•:cvrons CAULES . 

[

CNI 
CN2 
CN3 
·ru 

Weight: 34 kg 

[

n. s. 'I', a . 
IJ. V,W, 0 
FMu, FMV.'FHW 

c ,-----11----------- --------7-r-- --, 

Fig. 8.1.1(b) Hodel 15P(A06B-6055-H308)(internal ventilation) 
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0 0 "' .., 
00 00 

Fl 

314 
308 

ID I 200 
10 

CNI CN3 CN2 Tll 
~ 

I 2 3 

MR M4 

'1'2 

Screw M8 Weight: 43 kg 

r 
I 
I 
I 
I 
I 
I 
I 

295 1•00 
I 

-1 I 
I I 

I 
I 
I 
I 
I 
I 

-i-

r---1 
I I 
I I 
I .. I 
I ~ · I 
I o I 
I ,,:: I 
I ft I 
I ~ I 
: I 
I I L __ _ 

[!20 2 

Fig. 8. 1. 1(c) Hodel 22P(A06B-6055-H315)(internal ventilation) 
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~ 12X2 

0 0 
<O ('t) 
00 00 

314 

308· 

200 

~ 24 X2 

PCB 

CN3 CN2 TS 

PIIASg 1 

J 

® 0 © © 

~ 
I 2 3 

Power voltage 
change switch 

0 

1\14X3 

~ 12X2 

r- - --., 

I 
I 
I 
I 
I 
I 
I 

L ___ .di 

Weight: 57 kg 

I 

' 3 I 5 

220 

Fig. 8.1.1(d) Hodel 40P(A06B-6055-H322)(internal ventilation) 
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8.1.2 Connector 

Syabol 
No. of 

Spec lf lcations ......__ A (II) C Cll) ter■inala 

HR-S0Lffi 67.9 73.S 44.B 18 so 

® 
I . 

HR-20LFII 
39.3 44.9 39.8 17 20 

HR-20LHII 

Sy■bol Na■e 

I Connector cover uin body. 
MR-( IL 

~o ~£ 
2 Cable cla■p 

3 Connector cla■p spring. 

I. A 

4 Connector. clamp screv. 

s Female connector. 

(I)) 

. Fig. 8. 1. 2 Connector 

8. 1.3 DIA Converter 

I• 30.86mm I A1524mm 
( 1.2 I 5 •) ' ) 

- 110.42mm 
ff I ff ff ff ~ H ff H u u [_ ( 0·" I • ) 

' Fig. 8.1.3 D/A converter 
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8. 1.4 Power Transformer 

+ + 
JOO 

400 

~--

0 

"' ... 

135 

I 

PJax.270 

Fig. 8.1.4(a) For Hodel 8P,15P(A06B-6044-J006)(Nithout cover) 

370 I !II 

© (,<P) -.,. 
I I 

,-,-
,-l i'~ 

.,, -
❖ 

0.., .., ... 

♦ 
I I --

I+ +I .,, 
: 00 

,.j -- - ).., . 

~ ----- t: _. 

I 
300 I . 

I 
I 

400 

-r-. 1 

I 190 r 
460 310 

Note: All the four side boards are nets, but the top is plate. 

Fig. 8.1.4(b) For Hodel 8P,15P(A06B-6044-J006)(Nith cover) 
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450 . ltil !I~ I 

+ 
300 

480 

Fig. 8. 1. 4(c) For Hodel 22P(A06B-6044-J007)(Without cover) 

450 I 

Co) (,9) -..,. 
--I I 

❖ 
0 ID 

"' .... .., ..,. 

, __ 
I I 

I+ +I "' 00 

I 
300 I 

I 
I 

480 

' 

I. i90 

. ' 

I 
600 350 

Note: All the four side boards are nets, but the top is plate. 

Fig. B.1.4(d) For Hodel_22P(A06B-6044-J007)(With cover). 
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I. 

540 

300 

570 

0 
C .., 

17'0 103 ' 

1!10 

Fig, 8.1.4(e) For Hodel 40P(A06B-6044-J010)(Without cover) 

540 

300 

570 

700 

+ 

I 

C, -
C')"' .... .,, 

C, ... 

103 

J\ H 

♦ 
_,.,j k -

I -, 
-- -- L, 

: : 

I 190 I 
360 

Note All the four side boards are nets, but the top i's plate. 

Fig, 8. 1.4(f) For Hodel 40P(A06B-6044-J010)(With cover) 
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8.1.5 Unit Cover I 
I 310 
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I j I 
I 
h ,, 
" 11 
11 
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~ "1 

I 
I 
I 

r. 
1, 
11 
11 
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AC SPINDLE SERVO UNIT 
I 0 
I O 
I "' I 
1, 
I 

~ 
I 
I 
I 

r J ,, 
i: 
II ,, 
LJ 

] I 
I 
I 
I 
u 

{[ ~ 
-1-12-0 

Fig. 8.1.5 Unit cover 
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8.2 Maintenance Area 
8.2. 1 Hodel 8P(A06B-6055-H306) 

A 

l 
384 

20 314 50 
... 

AC SPINDLE 
SERVO UNIT 

0 
0 
U') 

0 
0 -

8.2.2 Hodel 15P(A06B-6055-H308) 

20 

A 

t 
384 

314 

AC SPINDLE 

SERVO UNIT 

so 

0 

"' 

I 

View from A 

°' .,., 
N 

0 
U') r--
10 

00 .,, 

r--
\0 
M 

View from A 

384 

20 
3 I 4 so 

538 
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8.2.3 Hodel 22P(A06B-6055-H315) 

A 
! 

8.2.4 Model 40~(A06B-6055-H322) 

A 
l 
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View' from A 

AC spindle 
servo unit 

View from A 

AC spindle servo unit 



9.. RIGID TAPPING ) 

Response characteristics needed for the. normal operation mode and the 
rigid tapping mode are different from each other when using AC spindle motor. 
Noise on the spindle may possibly get louder depending on machines when 
response characteristics are improved. Therefore, the parameter for selecting 
rigid tapping mode that improves response characteristics to the extent 
without such a trouble has been set for rigid tapping, according to the type 
of machine. Make setting and control specified as fpllow: 

(1) Selection of rigid tapping mode 

Select the mode number IF-311 to set the display as I 00011 at rigid 
tapping. 

(2) Contact signal TLML-0T 
Apply power sequence to close the contact signal TLML-0T when rigid 
tapping is made. 

+24V 

TLML (5) 
RV 

OT (6) 

ov 

(3) Check of ready signal 
Check the contact point of control output signal TLM5 and 6 is closed as 
ready signal, to start rigid tap machining. 

TLMS (9) 
RV 

TLM6 (10) 

(4) Improvement of response characteristics 

Select the mode number I F-34 I to set the display as I 0100 I when rigid 
tapping is made. 
Lower the setting from 0100, 0099, to 0050 to input proper data, when the 
spindle on the machine makes noise. Possible setting range: 

Cautions on application: 0100 - 0010 

Note that the torque limit command signal TLML can not be used when the 
above mode.is selected. 
Use the torque limit command signal TLMH when torque limit is necessary. 
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Ill.SPINDLE ORIENTATION 





1. GENERAL 

Unlike conventional mechanical spindle orientation using stoppers, etc., 
the electrical spindle orientation stops the spindle at a 'fixed position by 
directly feeding back position signals from the position coder or magnetic 
sensor directly connected to the machine spindle. 

'The electrical spindle orientation comprises the following eight types, 
which are selectable according to uses. 

Type 

Orientation 
A 

Orientation 
B 

Orientation 
C 

Method 

Position 
coder method. 
(Stop position 
internally 
specified·.) 

Position 
coder method. 

.(Stop position 
externally 
specified.) 

Magnetic 
sensor method. 
(Up to 2-stage 
speed change 
gear system) 

Explanation 

Stops at any 
spindle rotation 
point by the . 
setting in the 
printed circuit 
board. 

The stop posi.­
tion, which is 
set in advance in 
the P.C.B can be 
changed to any 
spindle rotation 
point by 
inputting a 12 
bits signal. 

Stops at a fixed 
position using 
a non-contacting 
position 
detector. The 
stop position is 
where the 
magnetizing 
element and the 
magnetic sensor 
face each other. 

m-1 

Use 

- Lathes 
For spindle positioning 
(Work- piece loading and 
unloading). 

- Machining cen~ers 
For spindle orientation. 

- Applicable to the machine 
tool of up to 2-stage 
speed change system. 

- Lathes 
Used for spindle 
posi~ioning (Used for 
spindle index at turning 
centers, provided that 
the spindle is 
mechanically locked for 
the cutting operation) 
Used for po•sitioning to 
align loading/unloading 
direction of workpiece 
using the robot. 

- Applicable to the machine 
tool of up to 2-stage 
speed change system. 

- Machining centers. 
For spindle orientation. 

~ Applicable to the machine 
tools of up to 2-stage 
speed change system. 

- Applicable to the machine 
tool of which spindle 
speed is less than 
8,000 rpm. 



Type 

Orientation 
D 

Orientation 
E 

Orientation 
F 

Orientation 
G 

Orientation 
H 

Method 

Magnetic 
sensor method. 
(3-stage speed 
change gear 
system) 

Position 
coder method. 
(Stop position 
internally 
specified.) 

Position 
coder method. 
(Stop position 
externally 
specified.) 

Magnetic 
sensor method. 
(Up to 2-stage 
speed change 
gear system) 

Magnetic 
sensor method. 
(up to 2-stage 
speed change 
gear system) 

Explanation 

Same as the 
orientation D. 

Stops at any 
spindle rotation 
point by the 
setting in the 
printed circuit 
board. 

The stop 
position, which 
is set in advance 
in the P.C.B can 
be changed to any 
spindle rotation 
point by 
inputting a 12 
bits signal. 

Stops at a fixed 
position using 
a non-contacting 
position 
detector. The 
stop position is 
where the 
magnetizing 
element and the 
magnetic sensor 
face each other. 

Same as the 
above. 

m-2 

Use 
I 

- Machining centers. 
For spindle orientation. 

- Applicable to the machine 
tools of 3-stage speed 
change system. 

- Applicable to the machine 
tool of which spindle 
speed is less than 
8,000 rpm. 

- Lathes 
For spindle positioning 
(Wo"rk- piece loading and 
un-loading). 

- Machining centers 
For spindle orientation. 

- Applicable to the machine 
tool of up to 4-stage 
speed change system. 

- Lathes 
Used for spindle 
positioning (Used for 
spindle index at turning 
centers, provided that 
the spindle is 
mechanically locked for 
the cutting operation) 
Used for positioning to 
align loading/unloading 
direction of workpiece 
using the robot. 

- Applicable to the machine 
tool of up to 4-stage 
speed change system. 

- Machining centers. 
For spindle orientation. 

- Applicable to the machine 
tools ~f up to 2-stage 
speed change system. -

- Applicable to the machine 
tool of which spindle 
speed is 6,000 to 12,000 
rpm. 

- Machining centers. 
For spindle orientation. 

- Applicable t'o the machine 
tools of up to 2-stage 
speed change system. 

- Applicable to the machine 
tool of which spindle 
speed is 8,000 to 20,000 
rpm. 



2. FEATURES 

(1) Mechanical parts are not required. , 
This orientation is accomplished simply by connecting the position coder 
or magnetic sensor to the spindle without any need of mechanical 
orientation mechanism (stoppers, pins, etc.) for spindle orientation. 

(2) Reduction of orientation time 
Since the spindle motor connected to the spindle is utilized and the 
orientation can be done directly from high-speed rotation, irrespective 
of gear shift, the orientation time is largely reduced. 

(3) Simplified power magnetic sequence control 
This sequence consists of the spindle orientation .command, its 
completion signal, spindle high/low speed signal and spindle medium 
speed signal only without any need of other signals. Neither 
orientation speed connnand sequence nor torque limit command sequence is 
needed. 

(4) Low price 
This simplified orientation control circuit designed for the spindle 
orientation only is simplified and low-priced. 

(5) High reliability 
Electrical system assures improved reliability without any damage to the 
mechanical section against an external impact. 

(6) High accuracy and rigidity 
The spindle orientation accuracy and rigidity are enough to execute 
automatic tools exchange (ATC). 

(7) Positioning of workpiece 
Workpieces can be positioned to arrange their loading and unloading 
directions in lathe. 

(8) Reduction of the number of processes in boring. 
Since the spindle orientation can be done in the same direction as the 
rotating direction of the spindle when boring ends, workpieces will not 
be damaged by tool blades. 
Since these fuol blades can be mounted or dismounted in a fixed· 
direction with reference to wor~pieces, programming is easy. 
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3. SPECIFICATIONS 

3.1 Position Coder Method 

No. 

1 

2 

3 

4 

5 

6 

Item 

Position coder 

Detection units 

Stop position 

Precision of 
repeated 
positionings 

Stop position 
external setting 

Operation 

. 
Explanation 

Stop position 
internal setting 

Stop position 
external setting 

Coupied to the spindle one to one ratio. 
1024 pulses/rotation (A-phase and B-phase signals) 
1 pulse/rotation (One pulse/rev. signal) Parallel 

transmission type for 4,000 rpm, 6,000 rpm or 
8,000 rpm. 

One spindle rotation (360°) is divided by 1024 x 4 
(4096) pulses, i.e. 0.088° is made one pulse unit 
(detection unit). 

360°/4096 pulses= 0.088°/pulse 

The distance between the 
point indicated by the 
position coder one pulse/ 
rev. signal and the actu­
al stopping point is set 
for the number of pulse 
(N) using three digital 
switches of 4-bits each. 

±0.2° (spindle angle) 
Machine error factors (for example, the backlash of 
the coupling between the spindle and position coder) 
are excluded. Depending on the fineness of the 
position gain adjustment, the spindle may move for 
one detection unit length (0.088°) after stopping at 
the oriented position. 

m-4 

The stop position can be 
specified by the external 
12 bits (4096) contact 
signal. (M pulses) The 
actual stopping point' is 
the point which is M+N 
pulses from the position 
indicated by the position 
coder one pulse/rev. 
signal. 

When orientation command 
is given, spindle rotates 
1/2 to 2-1/2 turns after 
spindle speed spindle 
orientation speed, and 
stops at the specified 
stop position. No 
incremental positioning is 
possible. 



3.2 Magnetic Sensor Method 

Spped change gear ~ystem 
No. Item 

Up 2-stage speed 3-stage to 

1 Magnetic sensor See item 5.3 of this chapter. 
... 

2 Stop position Stops when the center of the magnetizing 
element faces the center of the magnetizing 
element or the step position check scale. 
The stopping position can be adjusted to a 
fineness of ±1° by the circuit. 

3 Repeatability ±0.2° or less 
Excluding factors from the machine side 
errors, such as setting errors. 

4 Max. Hold torque at Continuous rated torque of AC spindle motor. 
orientating 

5 Range where a spindle Orientation stop position +240°. -can be orientated 

6 Circui.t C Circuit G Circuit H Circuit D 

Allowable High 2000 to 6000 to 8000 to 4000 to 
range of max. speed 8000 rpm 12000 rpm 20000 rpm 8000 rpm 
spindle speed 
(Note 1) Medium - - - 1000 to 

speed 2000 rpm 

Low 400 to 1200 to 1200 to 250 to 
speed 2000 rpm 6000 rpm 6000 rpm 667 rpm 

7 Allowable range of 
.. 

gear ratio 

High s:eeed 2 to 5 2 to 5 2 to 5 
Low speed • 
High s:eeed 

" Medium speed, 
3 to 4 

Medium s:eeed 
Low speed 

(Note 1) If the maximum revolution range of spindle is deviated from the 
above ranges in high speed, medium speed, and low speed gear stages, 
the spindle orientation time becomes longer, and a trouble may arise 
in practice. Observe the above revolution rang~s, accordingly. 
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4. CONFIGURATION 

4.1 Position Coder Type (Stop position internal setting) 

r-~-----, Spindle orienta~ion co~mand 

Ml 9 I 
I . ...------. 

NC 

I 
I 
I 
I 
I r-------7 
1 

I I I I Power magnetic 1 r--i sequence r---
1 I control circuit 1 
I I 1 

Spindle 
servo unit 

CNI 

'----v-.J L ________ J I 

I 

Gear or belt 

I Spindle 
Tool 

I CNB I 
I * \., ___________________ .) Position control t=l=O 

loop 

Orientation circuit A (option) 

I 

Connected directly to gear 
or timing belt ( 1 : 1) 

Position coder 

(Note 1) When a position coder is attached to lathe, e.tc., it can be 
used for this purpose. 

(Note 2) The broken line marked with * is the cable route when the 
position coder attached to lathe or the position coder for the 
synchronous feed for machining center is used concurrently. 

4.2 Position Coder Type (Stop position external setting) 

r-----, 
I 
I 
I 
I 
I 
I 
I r----7 
I I Power 1 
I I magnetic I 
L---1 sequence t--
1 I control I 
I I · · I 

L J L 
c1rcu1t__J 

---C?- -

NC 

I 

: * 

. Spindle 
servo unit 

I 
I 
I '--------- --------J Position 

control 
loop 

'----1-----

Stop position external 
command signal 

(12-bit binary) 
(4096 = 360°) 

m-s 

Orientation circuit B (option) 

Gear or belt 

' Spindle 

~ I 

Tool 

c::::fDim 
Connected directly to gear 
or timing belt ( 1 : 1) 

P o sit ion coder 



4.3 Magnetic Sensor Type 

' Ml9 I 

r--~-7 Spindle orientation command 

I . ------

NC 

1 
I 
I 
I r-------, 
I I I 
I I Power l : I magnetic I 
1---1 sequence I 
I I control . i--
1 I circuit 1 L _____ ..J L _______ J 

· Spindle 
servo unit 

Orientation circuit (option) 

Gear or belt 

l Spindle T l 

PoOHon r~4 
control ~ • 
loop l ~ ~ Magnetizing element 

Magnetic sensor l l" (Directly connected) 
.----.J I Magnetic sensor head 
I I 

'-----'-fl I 
___ ...J 

· Amplifier 

m-1 



5. OUTER DIMENSIONS 

5.1 Outer Dimen_sions of Option PCB 
; 

C7 
I 

r 

CN9 
0 

0 0 !? 
M LI) ... - - "' C. 

i:Q 

u 
i:i.. 

CNC CNB CNA 0 

265 

300 

(1) PCB and fixtures have the same sizes in the position coder system 
and magnetic sensor system. 

(2) Option PCB are mounted to the PCB of the spindle servo unit before 
·shipment. 
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5.3 Magnetic Sensor 

5.3.1 Magnetic sensor type , 

Unit Sensor Sensor Sensor Sensor Sensor Sensor Items 
.N p Q R s T 

Maximum spindle speed rpm 12,000 rpm 20,000 rpm 15,000 rpm 

Magnetizing element 33 14.8 315 460 770 1000 
weight g +l.5 +0.7 +10 +10 +15 +15 - - - - - -
Allowable centrifugal kg 255 130 
force (Note3) (Note3) 

Mounting radius from 
the-spindle center mm 40 to 110 20 25 30 35 to the magnetizing (Note3) element 

Ga_p width from 
magnetizing element mm 1.0 to 2.0 
to sensor (Note l) 

Deviation between the 
magnetizing element mm 0 to +2.0 center and the sensor -
center (Note 2) 

Working temperature oc 0 to +50 range 

(Note l) (Note 2) 

Magnetizing element Center deviation 

-·?+ 
(Note 3) When the mounted radius to the magnetizing element is large, maximum 

revolution is restricted due to allowable centrifugal force. 

(Note 4) It is recommended to mount the magnetizing element using 
high-strength bolt. 

m-12 



5.3.2 Magnetizing element outer dimensions 

(1) Outer dimension of magnetizing element for magnetic pensor N 

SPC 
2.0t 

· Cover 0.St 

Fixing hole 
4-4.3 dia. 

0 
M 

• I 

Marking hole 1.0 dia. 

Cover 0.St 
Cover 0.St 

30 

----50-----

Weight: 33g ± 1.5g (Be careful with the balance of spindle) 

(2) Outer dimension of magnetizing element for magnetic sensor P 

Stainless cover ( t 0.8) 

Mounting plate (Chromating t 1.6) 
40 

50 Name plate (t 0. 1) 

m-13 

SPC 
2.0 I 

Unit: mm 



(3) Outer dimensions of magnetizing element for magnetic sensor Q 

I 

1(1 

ID ~'i' 
ID r,. 
'& :: 

0 
~ 

'& 

RING FEDER 
RFN8006 40X45 

Stop position 
check scale 

4-1\{4 

Stainless steel 
SUS-303 

2-¢5 ±0.15 
on ¢54 circumference 

(4) Outer dimensions of magnetizing element for magnetic sensor R 

~ 

!ll 
~'i' 

'$ r,. 
::.:: 
0 
in 
'$ 

RING FEDER 
RFN8006 50X57 

Stop position 
check scale 

m- 1 4 

4-M5 

Stainless steel 
SUS-303 

ID 
ID 
'$ 

2-¢5 ±0.15 
on ¢79 circumference 



(5) Outer dimensions of magnetizing element for magnetic sepsor S 

~ ...,. 00 
O'> .,. I 

-0. i-

::i: 
g 
-0. 

·RINGFEDER 
RFN8006 60X68 

Stop position 
check scale 

4-MS 

/ 
/ 

Stainless steel 
SUS-303 

O'> 
i-
-0. 

2-if,5 ±0.15 
on if,54 circumference 

(6) Outer dimensions of magnetizing element for magnetic sensor T 

28 

LI) 

0 

~o 
0 + I 

i-
'& ::i: 

0 
i-
'& 

RINGFEDER 
RFN8006 70X79 

Stop position 
check scale 

4-M6 

m- 1-5 

Stainless steel 
SUS-303 

0 
O'> 
'& 

2-if,5 ±0.15 
90 circumference 
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5.3.4 Cautions in use I 

(1) A ringfeder is used inside the magnetizing element. Tighten four bolts 
evenly and securely. 

© 

® 

Tighten bolts gradually and 
repeatedly in the order of 
(D through ® . 

(2) The relation between the decision standard hole and the magnetic polarity 
is as illustrated below. 

Marking 

-$--· 

(3) Utilize the screw fixing holes of magnetic sensors Q, R, S, T and two 
,15 .0 holes on the opposite side faces for the orientation positioning 
jig. 
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6.1.1 Connection when synchronous feed position coder is concurrently used for lathes and machining centers 

; ---------
Oriented spindle 
stop control 
circuit A/B 

+sv 

I Oper ,T+sv 
SH 

+SV power is 
supplied from NC 

To NC via 
connector CNB 

1 CNA 1 
I• 

~HA 

~HB 
I 

(01)(02)(03). OH 

=-==,-::_:-:_=-=-=-=U 5 

=-:,:±-:c=--=-..-0 4 
Manual 

Do 
To 

.____-(>~ 
+l 2N 

pulse 
(04)(05)(06 +SH--+--+_.,+--□ 3 generator 

0 
J 

Proximity switch 
for near zero point 

(Note) 
.. 

-..---+---<~2~0~)-000 
When the manual pulse 
generator and the proximity 
switch for near zero point 
are not used, HA, HB, NZX, 
NZZ and +12N need ,wt be 
connected. 

I Open I 00 
1_ov 
-:;- Shield grounding 

4,000 rpm 
6,000 rpm 
Position coder 
signal input 

K(OV) 

_....:(_l 6--')'--n p A ~c.+-1-1----------l--1.-("\ A (PA) 

17 '--------..;..._.n N (*.PA) 

-..;.--,---,.,,___ ______ __,_..,_n C ( PB) 
Positon 

-~<~1~9 '---<n*PB-.......__, ,__ _______ _,_.._-n R ( * PB ) coder 

-..>..:..14"-'---o SC 
I 

---1--.--A---------~.i--n 8 (SC) 

(1 5) I _.....:.;.~....n*SC--1--1-- ,__ _______ _.._~1---.n P(*SC) ______________ J,.J 
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6.1.2 Connection for machining center spindle orientation only 

Oriented ;pindle stop contr~l circu~t I 
+sv I CNA I ' 

+SV is 
supplied by 
t})e spindle OH 

+.sv co1 )(02)(03 

Jumper, 
t servo unit. 

SH ( 0 4 )( 0 S )( 0 6 ------------u +SH 

(20 
----------~100 

I 

OG 
ov 

Jumper 

Position coder 
signal input 

L_ 

( 16 ) PA 

( 1 7 ) 
*PA 

( 1 8) 
PB 

( 1 9) 
*PB 

SC 

s *SC 

I 

_ _J 

-------

I 

400mA 
or less 

Position coder 

A(PA). 

N(*PA) 

C(PB) 

R( *PB) 

B( SC) 

P.( *SC) 

(Note) The cable between the servo unit and the position coder must not· 
exceed 20 meters. 
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6.1.3 Stop position external setting connection 

Oriented spfndle stop control circuit 

. . I CNA I 
Setting +SV 
by solderi_nr ;::r.; o I ( o 2 ( o 3 ) 

I fo1t s V 
~-•-. I 

! L.J5Hcoocos)(06) 
+SH 

OH 

(20) --,;--____ ..;.... ________ □ 00 

I 

: r· 100 
L--' I 

~ov 

Position coder 
signal input 

( I 6) 

~ 1 7 ) 

( I 8 ) 

( 1 9 ) 

( I 4 ) 

( I 5 ) 

When the synchronous feed control 
is performed, these signals are sent 
to NC via the connector CNB. 
Short circuit +SV -SH, and OG -OV 
to supply +SV from NC 

!CNC! 
( 0 7) 

( 0 6 ) 

I 

( 0 5 ) J 

Stop position 
command signal 

' 

', 0 4 ) 

( 0 3) 

< 0 2) 
1 
I 

r 2 n , j 

l I 9 ) 

I I 8 ) 

( I 7 ) 
1 
I 

L __ 
( I 6 ) j 

( 1 ,; ) 

\ I 4 ) 

-

PA 

>t0 PA 

PB 

*PB 

SC 

*SC 

1101 

HO2 

HO3 

l~O .d 

HOS 

~06 

HO7 

HOS 

l-1O9 

HI 0 

Hl 1 

HI2 

OL 

-------

--- I 

2 

4 

8 

. J 6 

32 

. 1,,1 

. 128 

256 

5 1 2 

1024 . 

2048 

K (OV) 

H (+SV) 

400mA 
or less 

Position coder 

A(PA) 

N(*PA) 

C(PU) 

R(*PB) 

B(SC) 

P(*SC) 

20 Power 
magnetic 

2• sequence_ 
control circuit 

22 Conversion 
circuit 

23 4096 
=3 60° 

2• 2048 
=) 80° 

25 1024 
=90° 

2d 512 
-= 4 5 ° 

21 341 
=30° 

2d 

2v 

210 

2 II . 

Stop position command t 

m-21 



s I 
N

)
 

N
)
 

M
R

-S
0R

M
A

 
C

N
l 

N
C

 o
r 

po
w

er
 

K
S 

D
 

m
ag

ne
ti

c 
,r

eq
u,

no
o 

oo
nu

ol
 

/ 

M
R

-S
0L

F
H

 

M
R

-2
0R

M
A

 
~ 

C
N

A
\ ;° 

S
pi

nd
le

 s
er

vo
 u

ni
t 

5
0

 
49

 
4

8
 

4.
7 

46
 

45
 

4
4

 
4 

:J 
42

 
,i 

I 
40

 
39

 
3

8
 

37
 

36
 

· 
3 

5 
·3

4 
-3

3
7

 
I 

SM
I 

I.
M

l 
E

S
P

2 
E

S
P

I 
SR

V
 

SF
R

 
SF

R
 

R
I 

1 
R

IO
 

R
09

 
RO

S 
R

07
 

R
06

 
R

O
S 

R
04

 
R

03
 

R
02

 
R

O
I 

>
<

 3
2

 
3 

1 
:rn

 
29

 
2

8
 

27
 

2
6

 
2

5
 

2'1
 

23
 

22
 

2 
1 

20
 

I 
9 
[X

 
E

 
D

A
2 

D
A

I 
+

15
\1

 O
V

R
2 

O
V

R
l 

OR
CM

2 
OH

CM
l 

C
TM

 O
RA

H
2 

O
JW

U
 

Tl
.M

-1
 I

A
RS

T2
 A

H
ST

l 

18
 

1 
7 

1 
6 

1 
5 

1 
4 

13
 

1
2

 
I 

1 
1 

0 
0

9
 

08
 

07
 

0
6

 
05

 
04

 
0

3
 

0
2

 
0 

I 

OM
 

C
'T

ll 
SD

T
2 

S
D

T
I 

O
S 

O
R 

A
J.M

2 
A

Ll
\1

1 
TL

M
6 

TL
M

S 
M

RD
Y2

 M
RD

Yl
 

O
T 

TL
M

I, 
S

S
T

2 
S

S
T

l 
SA

R
2 

S
A

R
I 

C
N

9 

r
-
-
-
-

-
-
-
-
-

-
--

--
-·

•
..

..
r:

:-
::

:,
 _

_
_

_
_

 _
 

~
 

-
-
-
-
-
-
-
-
-
-
-
-
-
, 

O
ri

en
te

d 
sp

in
dl

e 
st

op
 c

on
tr

ol
 c

ir
cu

it
 

20
 

1 
9 

1 
8 

1 
7 

1 
6 

1 
5 

l '
1 

0
0

 
O

V
 

+
l 

5V
 

L
SB

 
LS

A
 

M
SB

 
M

SA
 

X
 1 

3 
1 

2 
1 

1 
1 

0 
0

9
 

0
8

 

X
 

07
 

06
 

05
 

04
 

0
3

 
02

 
0 

1 
I 

M
R 

20
L

F
H

 
I 

I 
I 

I 
I 

I 

~
~
-

I 
_ 

I _
_ 

I _
_

 I 
_ 

1 _
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
 j 

_J
 

M
ac

hi
ne

 s
id

e 
G

ea
r 

o
r 

be
lt

 
... 

I : 
. 

T
oo

l 

K
l3

 

M
ag

ne
ti

zi
ng

 e
le

m
en

t 
~
~
 ~
 

M
et

al
li

c 
re

ce
pt

ac
le

 "
'
-

t....
.....

.__
___

 
J
-L

..
. 

M
ag

ne
ti

c 
se

ns
or

 

A
m

pl
if

ie
r 

-
-
-
-
-
-
-
-
-

--
--

--
--

--
--

C
) i-.>
 

::s
 

.+
 

n
, ;, n n
, - "Tl 0 '"
'I 3 I»
 

cc
 

::s
 

n
, 

.+
 

n·
 

"' n, ::s
 "' 0 ~
 



6.2.1 Magnetic sensor connection 

o:,nt,tlon cont,ol '"""~7 
I CNA I I 

Metallic connector 

' 

. 
MSA A 

51-
MSB D 

OQ I 

LSA F 
Magnetic 
sensor 
amplifier 

LSB E 
I 

--'-om'""". --n + 1 s v C 

__ 0_9.;..__] ov 
B 

I 

L __ 
(1) The cable between the- servo unit and the magnetic sensor amplifier 

must not exceed 20 meters. 
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7. SIGNALS 

7.1 Description of Signals (In case of up to 2-stage speed change gear spindle) 
I 

. ~die servo unit - - 7 
I ~. 
~ Orientation command 

r -~ - ~: = ~ _r_:_R:~~ ----=---, 
I ...--,... (J7) I : 

i ! ____ I! -(26) ? CTH - --- ----J --"le.-_ .... :--

~ 0RCM2 

I 

I Orientation 
· completion signal ( 2 2) 

~ 
ORARl 

0RAR2 

L __ 

Spindle High/Low 
speed signals 

Fig. 7 .1 Signals passed between the magnetic cabinet or NC and the spindle servo unit 
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7.1.1 Orientation command signal (ORCM1, 2) 

.(1) This command signal· is used to stop spindle movement to the preset 
position to allow tool change and workpiece loading/unloa,ding. 

(2) When this signal is input while the spindle is rotating, the rotation 
decelerates immediately and the spindle moves to the preset position. 

(3) When the ORCM command is issued, turn off the spindle forward/reverse 
rotation command (SFR, SRV) for safety. In this status, the spindle will 
not rotate if ORCMl, 2 contact is opened during orientation. 

(4) Turn off this signal by the tool change completion signal or workpiece 
loading/unloading completion signal. 

(5). Always set the orientation command signal to OFF when turning on power. 
Sequence 

ON 

Power on OFF '""-
"' ON Spindle servo on -----------

(machine ready signal ___ O_F_F __ _.I \ 
and emergency stop 
signal) 

Orientation 
command ORCM 

40 ms or more 

(6) When an emergency stop occurs during orientation, the orientation command 
signal .must be reset. Return the ATC arm to safe position so that it 
will not be damaged if the spindle or tool rotates when the power is 
turned on. 
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7.1.2 Orientation completion signal (ORAR1, 2) 

(1) 

(2) 

(3) 

(4) 

This signal is issued when 
preset position and stops. 
following three conditions; 
(a) Signal ORCM is ON · 

the spindle moves within about ±1 ° of the 
That is, this signal tu,rns on under the 

(b) Zero speed signal is ON 
(c) The spindle is in the vicinity of the preset position. 

If the orientation completion signal is not issued within a set period of 
time after the orientation command signal is input or if the orientation 
completion signal is issued when the orientation command signal has not 
been input, it is considered to be abnormal. So it should be detected by 
power magnetic sequence and an orientation alarm should be issued. 

Tool change or workpiece loading/unloading operations can be started only 
after the completion signal is on.· 

The spindle orientation ~ompletion signal is issu~d when the spindle is 
within ±1° of the preset position. So it does not always indicate that 
the spindle has stopped completely. Some machine allow a very short 
operation time for the ATC arm to grip the spindle tool. In this case, 
start the ATC arm operation after 0.1 to 0.5 sec so that the arm will 
grip the tool when the spindle has stopped completely. 

Orientation 
completion signal 

ATC arm operation 
st art signal 

0.1 - 0.5 sec 

(5) This signal will turn off during a tool change if the spindle is pushed 
away from the preset position by an external force. 
Design a power magnetic sequence so that the tool change operation is 
interrupted. 
However, don't .release orientation command, and if orientation completion 
signal is issued again, perform tool change_. 

(6) If the automatic tool change (ATC) structure is such that it may cause 
serious damage if a malfunction occurs, install a proximity switch to 
generate a verification signal when the ATC enters an area in which . 
automatic tool change operation can be performed. In addition to this 
the power magnetic sequence should be designed to avoid such damage. 
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7.1.3 Spindl!! high/low speed signal (CTH) 

(1) This signal is used to reduce the orientation time when two gears are 
used between the spindle and the spindle control. 1 

(2) Increase the spindle motor speed in the low-speed gear by the high/low 
ratio so that the spindle orientation time is approximately the same for 
both gears. 

(3) The contact is -open when the high-speed gear has been selected, and 
closed when the low gear is in use. 

(4) Both position coder and magnetic sensor methods are used for the machine 
with spindle change of 2-stage or less. 
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7.2 Description of Signals (In case of 3-stage speed change gear spindle) 

The magnetic sensor system spindle orientation (A06B-6041-J121) 
comprises the following spindle medium speed signal. ' 

jSpin~~ ~-
I ( 25 ) ORCMl ___, 
' 

Orientation command 

I ,, .. j---,j( 24 )~·c·T--M·-··::.:..:.,·...,·..._·,~...._ Spindle medium speed 
signal 

' : ~ CTH : Spindle high/low speed ! l.. n ORCM2-~ --- ' ,;,,n~ 

I Oriont,Uon · i 
I
' comp!o<lonr .(22~0RAR! ----lCJ-

L __ · ___ __ '2~) ORAR2 

Signals between power magnetic control (or NC) and spindle servo unit 

7.2.1 Spindle medium speed signal (CTM) 

(1) This signal is combined with spindle high speed/low speed signal (CTH) 
to reduce the spindle orientation time when the speed change gear stages 
between the spindle and the motor consist of 3 stages; high, medium, and 
low stages. 

(2) Assume the following machine as an example. 

Speed change gear Spindle speed Motor speed Gear ratio 

High gear 4500 rpm 4500 rpm 1 

Medium gear 1500 rpm 4500 rpm 1/3 

Low gear 500 rpm 4500 rpm 1/9 

When the orientation command is given, the motor revolutions are set to 
3 times in the medium gear and 9 times in the low gear during spindle 
orientation, if the motor revolutions are assumed as 1 .in the high gear 
stage. In other words, the operation time is kept almost constant, 
irrespective of each speed gear stage, by keeping the spindle 
revolutions constant. 

(3) Control the contact signals according to each speed change gear stage as 
follows. 

Selection of spindle speed CTH signal contact CTM signal contact change gear stage 

High speed gear stage OFF (open) OFF (open) 

Medium speed gear stage OFF (open) ON (closed) 

Low speed gear stage ON (closed) OFF (open) 
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7 .3 Sequences 

7.3.1 Orientation command issued while stopping 

Orientation command ON (Closed) 
I 

Note 1: 

ORCMI, 2 

CW direction Stop 
Motor speed ------'7""-+~----~-.------------...----1---

CCW di!:_e,:t_!?!!,,/ 

Orientation completion 
signal ORARI and 2. 

ATC operation 

,, 

15 ~ 20 ms 

ON (Closed) 

ATC operation 

Start 

The spindle motor rotation direction can be changed by setting. In 
standard setting, the spindle motor will rotate in the direction the 
spindle motor was rotating before this orientation command signal 
was generated. 

7.3.2 Orientation command issued during high-speed rotation 

Rotation command 
SFR and SRV 

Orientation command 
ORCMI and 2 

M03/M04 

High speed ---cw direction 

Motor speed 

Orientation 
completion 
signal ORARI 
and 2 

ATC operation 

15 - 20ms' ,, ,, 
. ,, 

CCW dire_ptl_o,!1 .. / 

,, 
/ 

ON (Close) 

✓---
.. .. 
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7.4 Description of Signals (In case of stop position external setting type, position coder system) 
(In case of. A0SB-6041 •J 111) 

7.4.1 Orientation command signals (H01 to H12-OL) 
I 

(1) These 12-bit contact signals are used to control the stop position. 

(2) . When these signals are all OFF (open), the spindle is stopped at the 
reference stop position (0°) •. 
This reference stop position can be set by using 3 digital switches on 
PCB. 

(3) Stop position command 
The following stop positions (X 0

) are designated according to ON/OFF 
conditions of HOl to Hl2 contact signals with reference to the reference 
stop position (0°). 

360 [ 1 2 4 8 16 32 64 
X(degree) = 4095 (HOl)+(H02)+(H03)+(H04)+(H05)+(H06)+(ll07) 

128 256 512 1024 2048] 
+(H08)+(H09)+(H10)+(Hll)+(Hl2) 

The numbers corresponding to HOl to Hl2 become effective when contacts 
are turned on and those corresponding to HOl to Hl2 become zero when 
contacts are turned off. 

(Example) HlO contact only is turned on. 
360/4095 X 512 = 45° 

In this case, the spindle stops at the position where it is turned 
clockwise by 45° as viewed from the reference stop position. 

(4) The minimum shift unit is 360°/4095 = 0.088°. 

(5) Positioning time 
The positioning time is usually 1.4 to 20 sec when the speed change gear 
stages are 2 or less. 
It becomes longer as the spindle inertia increases. 

(6) Setting error ~ 
Since the position is set to 'integer times of the minimum shift unit 
(0.088°) in case of 30° indexing, 10° indexing, and 1° indexing, a 
setting error is produced. 

Setting error Max. ±0.044° 
(Example) 
30° indexing command (Min. shift unit) X 341 = 29.974° (Error 0.026°) 
10° indexing command (Min .• shift unit) X 114 = 10.020° (Error + 0.020°) 

10 indexing command (Min.shift unit) X 11 = 0.967° (Error - 0.033°) 

To determine actual accuracy, a setting error is added to the repetition 
positioning accuracy (±0.2°) 

(7) Necessity of mechanical clamp 
A mechanical clamp is required for indexing of the spindle for cutting 
using this system. 
Since the niotor is • displaced when load fluctuates during cutting, the 
spindle must be mechanically fixed, if cutting is made after indexing. 
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(8) Mechanical clamp timing 
Orientation command 
ORCMl, 2 

Spindle motor 
speed 

Orientation 
completion signal 
OHAR 1,2 

MF (Miscellaneous function). 

Machine clamp 

Cutting after 
indexing of spindle 

Completion signal 
FIN 

ON (Closed) 

; 

Unclarnp command 

__ __,'7.__ _ _....;.----1!1.____ 
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8. DETECTOR SPECIFICATIONS 

8.1 Position Coder 

Position coder signals PA, PB 
' The position coder emits square wave voltage signals in numbers 

proportionate to the spindle. rotation angle, and must be attached to the 
spindle one to one gear ratio for fixed position stop usage. 

(1) Kind and specification 

A86L-0027-000l //1~01~ 
Mounting plate 

1: With mounting plate o 160 

2: With mounting plate □ 68 

3: Without mounting plate 

Max. speed 

1: 4000 rpm 

0: 6000 rpm 

2: 8000 rpm 

The following lists the position coder electrical and mechanical 
specifications. 

(2) Electrical specifications 

(a) Number of square waves/rotation 

Channel Signal 

1 ch 1,024 pulses/rotatiop (A, B 

2 ch. l pulse/rotation (C phase) 

(b) Power supply 

Voltage 

+sv, + 5%, -10% 400 

(c) Working ambient temperature range 
0 to 50°C 

(d) Output terminal 

Current 

mA or less 

phase) 

• Cannon connector MS3102A20-29P} Position coder side 
• Cannon connector MS3106B20-29S} Cable side 
• Cable damp MS3057-12A 
The cable side cannon connector and the cable clamp are provided 
with the position coder. 
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(3) Mechanical specifications 

(a) Input axis inertia 

(b) Input ~xis torque 

-3 2 1 x 10 kg.cm.s or less 

1,000 g.cm or less 
at start 

(c) Input axis load tolerance 

When stcipped During 

Thrust 1oad 10 kg or less 5 kg 

Radial load 20 kg ·or less lo kg 

(d) Structure 
Dust-proof and oil-proof struct~re. (IP43) 

(e) Wei"ght About 1 kg (Without mounting plate) 

(4) Storage 
Store the position coder at a place free from moisture. 

; 

operation 

or less 

or less 

Also when transf~rring the product, always put it in a package and do not 
drop or throw down it. 

(5) Notes on installation 

(a) If there is baacklash in the interface between the position coder 
and the spindle, the stop position will vary. Therefore, the 
position coder should be linked to the spindle so as to eliminate 
backlash. If the position coder is installed with a timing beit or 
a gear, check periodically for backlash due to mechanical wear. 

(b) Deviation of the center of axis between the body of position coder 
and the shaft shall be 0.02 mm or less. 

(c) Since the position coder uses a glass plate, do not apply ·a large 
mechanical shock. 
Also, to prevent water or oil intrude from the cannon connector, 
mount the cannon connector downward. 

(d) The position coder shall be apart from the magnetic cabinet more 
than 50 cm. 
Apart from a cable in which a large instantaneous current flows when 
the motor turns ON and OFF more than 30 cm. 
Especially, when a machine such as electric discharge machine, 
electric welding machine which generates a radiation noise is near 
the position coder, make an electric shelding. 
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8.2 Magnetic Sensor 

The magnetic sensor makes sure that the spindle stops at the specified 
position by attaching a magnetizing element to the spindle rot:ation part and 
installing a magnetic sensor at the stop position. 

The magnetic sensor emits.analog signals corresponding to the position of 
the magnetizing element attached to the spindle. 

Control circuit 

Magnetic sensor 
amplifier 

+lSV l00mA 
or less 

Magnetic 

sensor--~ 

---- ,~ 
Mangetizing 
element 

A shielded wire should be used. Shield insulation must be connected to 
OG. The following shows the magnetic sensor electrical specifications and how 
to attach the sensor. 

(1) Electrical specifications 

(a) Number of waves per rotation 

Channel Number of waves per rotation 

1 ch I/rotation (MSA-MSB) 

2 ch I/rotation (LSA-LSB) 
..... 

(b') Power supply 

+15V, +10%, -10%, lOOmA or l'ess 

(c) Maximum number of rotation (Magnetizing element)• 

(d) Working ambient temperature range (Magnetic sensor) 

(e) Output terminal 

8,000 rpm 

0 to 50°C 

Metallic receptacle type. Receptacles for the cable of the magnetic 
sensor amplifier are provided. 
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(f) Output terminal layout (Magnetic sensor.amplifier) 

Terminal Contents 

A MSA 

B ov 
C +lSV 

D MSB 

E LSB 

F LSA 

(g) Weight of magnetizing element 33 g :!: 1.5 g 

• 

• 
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(2) Magnetic sensor mounting method 

The· followings show magnetic sensor mounting examples. 

Gap L = 6mm 

Magnetic sensor 

..... 

Spindle 

0 

I 

(Rotating part) 

----

Amplifier 

.,,. ....-Magnetizing element 

Mounting distance 
H (mm) 
60 to 110 mm 

Pin groove (upper positic:,n) 

Mounting board 
(Thickness 8mm 
or less) 

Metallic receptacle 
20.0 dia. 

0 

Fig. 8.2 (al Magnetic sensor mounting example (1) 
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Mounting distance H 
60~ 110 mm 

I 
Spindle (Rotating part) 

I 
0 

' 

6L = 1.0 to 2.0mm 

sensor 

Mounting board 
(Thickness 
8 mm or less) 

L = 8mm or less 
(6mm: Standard 

value) 

·Note) Gap between mounting board and magnetizing element is 8 mm or more. 

Fig. 8.2 (b) Magnetic sensor mounting example (2) (When mounted on cylinder) 

Mounting 
distance H 
60 to 110mm 

.,,,,.---- ...... , 
/ ' 

/ ' I \ / 8 \ I \ 
I I 
\ ~ R;-

\ I ' / ' .,, , .... ____ .,,, 
Inside wall 
(Be careful not to 
adhere iron dust 
on this pan) 

I 

Center 

Mounting board 
(Thickness 
8 mm or less) 

L= l to 2mm 

Magnetizing element 

Fig. 8.2 (c) Magnetic sensor mounting example (3) (When mounted on disk) 
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Magnetizing element 
polarity indication 

Stop position check 
scale 

Magnetic sensor head 

..... 

I 

Mounting method of magnetic sensor 

Mounting board 
(Plate thickness: Less than 8 mm) 

16 36 

Metallic receptacle \620 

',j . > 
?: z 

> >C Amplifier 
UI on 
--I z 
t"' :,,,;i 

I '"3 

0 0 - 0 0 r.) 

0 
Cl.) 

I :,,,;i 
C z 0 Cl.) w 
--I 0 

:;;:, 

Fig. 8.2 (d) Magnetic sensor 0, R, S and T mounting example (4) 
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(a) Magnetic sensor head pin groove 

When a magnetizing element is mounted to the spindle 'of a machine tool, 
the polarity is produced between the magnetic element and the magnetic sensor, 
and the mounting direction 'differs according to the composition of the spindle 
(belt transmission, gear coupling, etc.) 

For the connection shown in the magnetic sensor interface, arrange the 
relative positions of·the magnetizing element marking hole and pin groove of 
the magnetic sensor as illustrated below. 

If this mounting is wrong, the spindle motor will repeatedly turn in the 
forward and reverse directions without being stopped. 

Magnetic sensor 
head pin groove 

Magnetizing element 
marking hole 

Rotating 
direction 

The spindl"e motor rotates counterclockwise (CCW) as viewed from the motor 
shaft by forward rotation command (signal SFR contact ON (closed), speed 
command VCMD (positive voltage). 

Arrange the magnetizing element marking hole and the magnetic sensor pin 
hole face to face, so that· the spindle motor rotates in the rotating direction 
specified in the figure. 

(Installation example 1) 

Magnelic sensor 
pin groove 

"' ~· 

Magnelizing elemenl 
marking hole 

\ ____ SPINDLE 

MOTOR 

Forward ro1a1ion 
command 
SFR on (closed) 

Gear linkage 

(Installation example 2) 

Magnetic: sensor 
pin groove 

4 Belt linkage 

Counterclockwise 
SPINDLE 

MOTOR 

Counlerclockwise 

Clockwise 
Clockwise 
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(Installation example 3) 

~ 
Magnetic sensor 
pin groove 

Ir 
C) 

Counterclockwise 

SPINDLE 

MO"I:OR 

Counterclockwise 

Gear linkage 

(Installation example 5) 

Polarity 
indication 

N S 

Screw fixing 
direction M11nctizin1 

clement 

Belt llnkaac 

. Counterclockwise 

AC SPINDLE 
MOTOR 

Counterclockwise 

(Installation example 4) 

~ 
Mag~ensor 
pin groove 

I 

Magnetizing element 
marking hole 

Belt linkag~ 

Counterclockwise 

Counterclockwise 

(Installation example 6) 

Polarity 
indication 

1D 
Maanetic sensor 
pin aroove 

Screw fixins 
direction M11nctic 

J clement 

Gear llnkaae 

Counterclockwise 

AC SPINDLE 
MOTOR 

Counterclockwise 
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(3) Cautions on installation I 

(a) 

. (b) 

(c) 

(d) 

(e) 

(f) 

(g) 

Since the magnetizing element is mounted 
the spindle, be careful not to allow the 
detached by.means of centrifugal force. 

onto the rotating body of 
magnetizin' element to be 

Limit the circumferential speed of the magnetizing element to lower 
than 3770 m/min. · 
(Take the depth of the screw holes of M4 x 4 into consideration) 

Mount the sensor amplifier as close to the sensor as possible (cable 
length 500 mm) 

Don't allow a magnetic field producing substance to be close to the 
magnetic sensor, otherwise the orientation accuracy fluctuates. 
Don't arrange any solenoid in the vicinity of the magnetizing 
element, in particular. 

Be careful not to attach iron powder and other substances sens1ble 
·to the magnetism to the magnetizing element. 

If the spindle is provided with a built-in electromagnetic clutch 
for HIGH/LOW selection and other parts which may compose a magnetic 
loop, mount the magnetizing element on a non-magnetic substance 
(aluminum, etc.) without fail. 
The magnetic flux of the magnetizing element is zero at the stop 
position. However, if it is affected by a magnetic loop of the 
electromagnetic clutch, the magnetic flux is added normally when the 
magnetic ·clutch is turned on. It should be carefully noted that if 
the clutch is turned on and off during the stop at the fixed 
position, the stop position changes due to a change of the 
steady-state magnetic flux. 

· Don't contaminate the magnetic sensor- cable. sensor amplifier• and 
connecting cables with lubrication oil.and cutting oil. 

Mount the magnetizing element of the magnetic sensor onto the 
spindle directly. 
If the magnetizing element is mounted by gear coupling or spindle 
coupling• the repetition orientation accuracy may fluctuate by a 
backlash quantity between the spindle and the magnetizing element. 
Examine this accuracy by taking a change due to a secular change 
caused by mechanical abrasion, etc. into consideration. 
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9. ORDER SPECIFICATION 

(1) Orientation circuit 

Name 

Orientation A 
(Position coder type, . -···-··· 

2-stage speed change gear· spindle) 

Orientation B 
(Position coder type, 
2-sta~i speed change gear spindle) 

Orientation C 
(Magnetic sensor type, 
2-stage speed change gear spindle 
spinqle speed: less than 8,000rpm) 

Orientation D 
(Magnetic sensor type, 
3-stage speed change gear spindle 
spindle speed: less than 8,000rprn) 

Orientation E 
(Position coder type, 
4-stage speed change gear spindle) 

Orientation F 
(Position coder·type, 
4-stage speed change gear spindle) 

Orientation G 
(Magnetic sensor type, 
2-stage speed change gear spindle 
spindle speed: less than 12,000 rpm) 

Orientation H 
(~agnetic sensor type, 2-stage 
speed change gear spindle 
spindle speed: less than 20,000rpm) 
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Specification No. Remarks (PCB No.) 

A06B-6041-Jl10 A20B-0008-0240 

A06B-6041-Jlll A20B-0008-0241 

A06B-6041-Jl20 A20B-0008-0030 

A06B-6041-J121 A20B-0009-0520 

A06B-6041-J130 A20B-1000-0460 

A06B-6041-Jl31 A20B-1000-0461 

A06B-6041-J122 A20B-0008-0031 

A20B-0008-0031 
A06B-6041-Jl23 +A06B-6044-J948 

I 



(2) Magnetic sensor 

Name Specification No. Remarks 
' 

Magnetic sensor N . This specification No. is also 
Spindle revolutions A57L-0001-0037/N applicable when /N is not 
12,000rpm or lower specified. 

Magnetic sensor P 
Spindle revolutions A57L-0001-0037/P Compact type 
12,000rpm or lower 

Magnetic sensor Q ,S40 ID cylindrical high-speed 
Spindle revolutions A57L-0001-0037/Q type 
20,000rpm or lower 

Magnetic sensor R ,SSO ID cylindrical high-speed 
Spindle revolutions A57L-0001-0037/R type 
20,000rpm or lower 

Magnetic sensor S ,S60 ID cylindrical high-speed 
Spindle revolutions A57L-0001-0037/S type 
15,000rpm or lower 

Magnetic sensor T ,S70 ·ID cylindrical high-speed 
Spindle revolutibns A57L-0001-0037/T. type 
15,000rpm or lower 

(3) Position coder 

Name Specification No. Remarks 

Position coder C A86L-0027-0001#101 Parallel transimission type 
(4,000 rpm) with 160 flange 

Position coder D A86L-0027-0001#001 Parallel transimission type 
(6,000 rpm) with 160 flange· 

Position coder E A86L-0027-0001#103 Parallel transmission type 
(4,000 rpm) without frange 

Position coder F A86L-0027-0001#003 Parallel transmission type 
(6,000 rpm) without frange 
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IV. V E L O C I T Y G A I N S E L E C T O R C I R C U I T 





1. GENERAL 
I 

The velocity gain selector circuit (option) controls the velocity loop 
gain inside the AC spindle servo unit by selecting the gain according to an 
external signal. 

For the purpose of improving the accuracy and stability in orienting the 
spindle with enhanced velocity loop gain of the A~ spindle servo and also 
reducing the orientation time according to contact signals, this option 
circuit is employed when the orientation control of the spindle is executed 
using the position control circuit other than that of the AC spindle servo 
unit, while receiving a position feedback signal from the position coder 
directly coupled to the spindle of an NC machine tool. 

This circuit is available for spindle position control at NC control 
circuit 

2. FEATURES 

(I) Stable control 
The spindle orientation control is stable with reduced orientation time 
and higher orientation accuracy, even if the position control circuit 
other than the AC spindle servo unit option is used. 

(2) Simple control 
The spindle orientation is easily controllable using a contact signal 
only. 

3. CONFIGURATION 

The velocity gain selector circuit option is composed as shown in the 
following figure. 

,------ ---~ 
I 
I 
I 
I 
I 
I 

I 
I 
I : r-----------, 
1 ....---- t Magnetic cabinet I 
1 Position f I sequence circuit ~~ CN I ! control r-J L ___________ J L__ 

1 circuit 1-------------------

Spindle 
servo unit 

CN9 Gear or belt 

1 I L----r----.J ,.._ ____ .....J I Spindle Tool. 

: Vel~city gain selector circuit ~ c::::IJJ=3 
1 (option) . nLJ 
1 Position control loop D=m Coupling gear 
~- ____________________________________ ';'-\ - or timing belt (I :1) 

Position coder 

Fig. 3.1 
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4. EXTERNAL VIEWS 

4.1 External View of Velocity Gain Selector Circuit 

/{ J\ ,. I I 
CN9 

' 

100 

300 

IV- 2 

, 

,-

0 
0 00 

\0 

I 

I 
I 
I 
I 
I 
I 

50 

0 

-
I... - - ...l::_:r---t 



5. INTERFACE 

The functions of these three 
section II-7. For details, see 11 6. 

signals differ from 
Details of signals". 

thqse 

r---------- - ---------: 
1 

Position control circuit i 
I 

I ~C spindle se~o unit 
I 
I 
I 

Shielded cable 
,-.----DA2 

CNI 

(3 I) 

described 

Velocity command voltage : 
I 
I 

Higher than I 00kn 

-- \ •r------ E 

I~-
I I 
I I L--· ---- . _________ J 

,----- -------------, 
I Magnetic sequence circuit ! 
I I 
1 ..---~¢r-----SFR 
: *P . . . 7J I 0s1t1ve rotation 1 

command signal ! 
'---~¢r-----oR 

I 
I 
I 
I 
I 
I 
I 

~-----,¢r---oRCMl 
Orientation \ I 
command I : 

'---~¢r---oRCM2 
I 
I 

._ __ --- - -- - - -- - ______ j 

(32) 

I 
ov 

I +24V 

~,____I-~45_,,;I - I _ 

·h(I3) 
ov 

i ·r c••l 

? 3.3kn 

h(26) 

11 

L_:_O_V __ _ 

* Negative rotation command signal is not used . 

MR-50RMA CNI 

Position control circuit 
o, mognode< •~b;o~ ~ 
sequence circuit 

/ 
MR-50LFH 

.... 
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Normal rotation (Motor rotates counterclockwise 
Max. speed as viewed from the motor shaft.) 

I 

Velocity command voltage 

Reverse rotation 
Max. speed 

Fig. 6 Relation between Command Voltage and Speed 

..... 
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7. SEQUENCE 

7 .1 Sequence During Stop 

Positive rotation command 
signal SFR, OR 

Orientation command 
ORCMI, 2 

M_otor speed 

ON. (closed) 

CW direction 

I 
I 

I 

CCW direction / _______ J 

Velocity loop gain 

7 .2 Sequence During High Speed Rotation 

Positive rotation command ' ON (closed) 
signal SFR, OR 

Orientation comm'and 
ORCMI, 2 

Stop 

-i 

High speed 

CW direction 

Motor speed 

, 

ON (closed) 

15 - 20 ms 
(Delay time of receiver) 

High 

ON (closed) 

About I /I 00 of the 
maximum speed 

High 

More than 20 ms 

, ,, 
,, 

,, ,, 
,, 

Deceleration 

_ ... -
,--- -------.,,,.. 

About I /100 of the 
maximum speed 

CCW direction ,,/ 
------------✓ 

Velocity loop gain High 
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- 8. ORDER SPECIFICATION 

This option comprises the following type according to the Ac spindle servo 
unit. 

Name Specification number 

Velocity gain selector circuit A06B-6044-J701 

This option is mounted on the AC spindle servo unit PCB. 

N-1 
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APPENDIX 1 CABLE ROUTING 
(1-1) Model BP (A06B-6055-H306) 

PCB 

~ 

To magnetic cabinet 
To motor 

or NC 

(1-2) PCB mount plate is open. 

From AC power To fan 

To motor · 

(2-1) Model_ 15~_(A06B-6055-H308) 

...__, 
To magnetic cabinet 
or NC 

To motor 

(2-2) PCB mount plate is open. 

A-1 

Power line· Fan motor 

To motor 



(3-1) Model_ 22P ___ (A06B-6055-H315) 

PCB 

0 
--To magnetic cabinet To motor 

or NC 

From AC power Power line Fan motor. 

To motor 

(4-1) Model 40P (A06B-6055-H322) 

I 

PCB 

CNI CN3 

To magnetic cabinet 
or NC 

A-2 

From AC power Power line Fan motor 

To motor 



APPENDIX 2 CABLE SPECIFICATIONS 

The cable specifications are as shown below. 
Prepare cables by users. ,, 

1) Power line and motive power line for respective motor models 

Use Symbol 

For MODEL 'aP 
Kl 

(Lower than K2 
16kVA) 

For MODEL 15P 
Kl 

(Lower than K2 
25kVA) 

For MODEL22P 
Kl 
K2 

(Lower than 
30kVA) 

For MODEL 40P Kl 
K2 

(L.ower than 
45kVA) 

Specifications 

Cabtyrc cable 
JIS C3312, 4 conductors 

50/0.45 

Cjfmp style 
terminals . 

(8mm2 ) 

8-6 

Cabtyrc cable 
JIS C3312, 4 cores 

88/0.45 
(14mm2 ) 

. ;24 
Crimp style 
terminals 
14-6 (K2: Motive power line) 
J4-8·(Kl: Power lme) ..... _ ...... 

Heat-proof vinyl 
cabtyre cable 

4 cores · 

7/20/f).4 S • 
\430 Crimp style (~2mm2 ) 

terminals 
22-8 

Heat-proof vinyl 
cabtyre cable . 

4 cores 

. 7/34/0.45 
Crimp style 

.terminals 
(38mm 2 ) \438 

38-8 

A-3 

Crimp style 
ltrmmals 
8-6 

Crimp style 
terminals 
14-6 

Crimp style 
termin11ls 
R22-6S 

Crimp style 
· terminals 
38-8 

FANUC 
specification No. 

· A02B-0008-K854 
7m long 

A06B-6044-K017 
7m long 

A06B-6044-K018 
7m long 

A06B-6044-K019 
7m long 

A06B-6044-K021 
7m long 



2) Common line 

The follow·ing cables are common to each model. 

Use 

Spindle servo-unit 
' t 

AC s.pindle motor 
(Cooling fan) 

Spindle servo unit 
t 

AC spindle motor 
(for signal) 

Spindle servo unit 
t 

Power magnetic 
control (for 
signal) 

Spindle servo unit 
t 

Power magnetic 
control (for 
signal) 

Speedometer 
load meter 

t 
AC spindle servo 
unit (for meter) 

Symbol 

K3 
KlO 

(for 
motor 
MODEL 

30,40) 

K4 

KS 

K6 

K7 

Spindle 
servo 
unit 
side 

Crimp style 
terminals 
T2-S 

Specifications 

Vinyl cabtyre cable 
JIS C 3312, 2 conductors 

37/0.26 
(2mm') 

I 

I ;10.s 

Motor 
side 

Crimp St)·le 
terminals 
T2-S 

Spindle servo unit 
_ option connector 

Attached connector 
of spindle motor 

Less than ¢10 

CN

2 

DShielded 4-paired L3mm' . 
/ cable 

MR•20LFH e made by Honda PVC sheath 
Tsushin Co. shield braided 

conductor 

□ 
Housing 
350720-1 
Contact 
350689-6 

Spindle servo unit Power magnetic control 
connector (basic) 

CNID 
¢12.S 

; @ 

MR-SO LFH Braided shield vinyl cable 
made by Honda SO conductors x 0.2mm' 
Tsushin Co. (7/0.18) made by Sanyo 

Denko 

Spindle servo unit 
connector (basic) ¢10 

CN3D ! 
Shielded 4-paired cable 

~ 
MR-20LMH 0.3 mm• 
made by Honda 
Tsushin Co. 

Vinyl cabtyre cable 
JJS C 3312, 3 cores 

) 

Crimp style 
terminal 
Tl-4 

30/0.18 
( 0.75m~) 

A-4 

J , 
¢9.2 

Crimp style 
terminal 
Tl-4 

' 

-

FANUC 
specification No. 

A06B-6044-K022 
7m long 

A06B-6044-K200 
7rn long 

A06B-6044-K023 
7m long 

A06B-6044-K024 
7m long 

A06B-6044·K201 
7m long 



3) For spindle orientation 

a) For position coder 

Use Name 

Spindle servo unit 
f KIO 

Position coder 

Spindle servo unit 
t KIO 

Position coder 

Spindle servo unit 
t Kll 

NC or position 
coder 

Specification 

. Straight type 

:\IR-20LFH 
cannon connector 
'l\fS3106B20-29S 
1\1S3057-12A 

~JO 

Cabtyre cable. 
I 0-pair, totally shield 

0. 2 mnl ( 7 /0. 1 8 ) 

MR-20LFH 

Angle type 
cannon connector 
!\1S3 J 08B20-29S 
l\1S3057-J2A 

Cabtyre cable 
10-pair, totally shield 

Connector for 
spindle ser\'O unit 

MR-20LFH 

0. 2 mnl ( 7 /0. I 8 ) 

Cabtyre cable 
10-pair, totally shield 

0.2mol ( 7/0. J 8) 

Connector for 
spindle servo unit 

Connector for NC 
or position coder 

MR-20LFH 

Connectors for 
cabinet magnetic 

' 
FANUC 

specification No • 

A06B-6041-K201 
7m long 

A06B-fi041-K204 
7m long 

A06B-6041-K202 
7m long 

MR-20LMH ¢JO MR-20LFH A06B-6041-K265 
Spindle servo unit 

t Kl2 
Magnetic cabinet 

Cabtyre cable 
JO-pair, totally shield. 

0. 2 mo! ( 7 /0. J 8 ) 

A-5 

Shield line is 
connected to 14 

· pin of magnetic 
cnbinet 
connector. 



b) For magnetic sensor 

Use Name Specification FANUC 
Specification No. 

Option connector Connector 
I 3 dia. or less attached to 

amplifier 

D ~ []] 

MR-20LFH 
3-pair cable with braiding shield 

Spindle servo unit (Honda) PVC sheath 0.5 mm2 (Cable C) A06B-6041-K203 
t Kl3 

• 
7m long 

Magnetic sensor 

<Reference> 

Detail of Cable specification 

Electrical 
Conductor Finished characteristics 

Sheath outer Specification 
Name Configu- thickness diameter Conductor Current (Note) 

Diameter ration resistance tolerance 

Cable A 1.05 mm 7 /0 .• 18 L4 mm 10.0 mm 110 S'l/km 1.6A A66L-0001-0041 (10-pair) 

Cable B 1.05 mm 7/0.18 1.5 mm 12.5 mm 106 S'l/km 1.6A A66L-0001-0042 (SO-core) 

Cable C 0.93 mm 45/0.12 1.0 mm 10.B mm 38.7!'1/km 1.6A A66L-0001-0108 (3-pair) 

(Note) Cable length'should be specified separately. 
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APPENDIX 3 TECHNICAL DATA 

1. HOW TO OBTAIN LOAD INERTIA REFLECTED TO MOTOR SHAFT, 

To obtain the load inertia reflected to motor shaft when the spindle holds the 
maximum tool or maximum work, full the procedure described below. 

Spindle speed change gear stage Inertia reflected to motor shaft 

High JH --- kg.cm.s 
2 

Low JL kg.cm~s 2 --

Select the load inertia reflected to motor shaft so that it is less than 3 
times the inertia of the spindle motor employed. 
As the· load inertia is larger, the acceleration/deceleration time becomes 
longer. 

1) Calculation method of load inertia reflected to motor shaft (Example) 

Nm: 

Ra: 

N. 

Clutch 

Maximum speed of motor (rpm) 

Ja SPINDLE 
Workpiece 
or tool 

Jw 

r NL : Max. revolutions at Low 1 Nu : Max. revolutions at High 

Maximum speed when speed change gear stage is low (rpm) 

Maximum speed when speed change gear stage is high (rpm) 

Speed ratio between spe.ed change stages NH/NL 

Ratio of motor revolutions to revolutions when speed change gear 
stage is low NL/Nm 

GH: Ratio of motor revolutions to revolutions when speed change gear 
stage is high NH/N 

m 2 
J 1: Inertia of shaft directly coupled to motor (kg.cm.s) 

J lL: Inertia of gear or pulley when the motor side speed change gear 

stage is low (kg/cm.s 2) 

J lH: Inertia of gear or pulley when the motor side speed change gear 

stage is high (kg/cm.s 2) 

J 2L: Inertia of gear or pulley when the spindle side speed change gear 

stage is low (kg/cm.s 2) 
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. Q) 

Inert.ia of gear or pulley when the spindle side speed change gear 
2 stage is high (kg/cm.s) 

Inertia of spindle (kg.cm.s 2) 
. 2 

Inertia of work (kg.cm.s) 

, 

Calculation formulas when low and high speed change gear stages are 
switched by clutch 
Inertia reflected2to motor shaft when the speed change gear stage is 
low. JL (kg.cm.s) 

Inertia reflected 2o motor shaft when the speed change gear stage is 
high. JH (kg. cm. s ) 

2 2 · 
JH = Jl + Ra x JlL + JlH + GH (J2L + J2H + JB + Jw) •..••• <1- 2> 

@ Calculation formula when low and high speed change gear stages are 
switched by gear shift. 

JL = ·Jl + JlL + JlH + GL
2 

(J2L + J~H + JB + Jw). •••.• •• • ••• • • (1-3) 
2 

JH = Jl + JlL + JlH + GH (J2L + J2H + JB + Jw) ··••••~••••• (l-4) 

The calculation formulas of respective inertia are given below. 

(D Inertia of cylindrical body 

L(cm) 

The inert:i,a produced when a cylindrical body rotates around its 
center shaft is calculated by the following formula. Calculate ball 
screws, gears, etc. by approximating this formula for cylindrical 
body. 

,ry 4 2 ( 
J = 32 x 980 D L (kg.cm.s) •••··••••·••·······•···••·••••·• 1-5) 

This can be approximated in case of steel (y 
follows. 

. -6 4 2 

-3 3 
= 7.8 x 10 kg/cm) as 

J = 0.78 x 10 D L (kg.cm.s) ............................. (1-6) 

Where, J: 
·.y: 
D: 
L: 

. 2 
Inertia (kg.cm.s) 3 Weight per unit volume (kg/cm) 
Diameter of cylindrical body (cm) 
Length of cylindrical body (cm) 
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@ Inertia of cylindrical body having a deviated rotation center 
I 

M 2 2 
J =Jo+, 980 R (kg.cm.s) ··•·•·····••·········••···•··•··· (1-7) 

Where, Jo: 
2 Inertia around the center of cylindrical body (kg.cm.s) 

M: Weight of cylindrical body (kg) 
R: Rotation radius (cm) 

The above formula applies to calculations of the inertia of large 
diameter gears when lightening holes were made for reducing their 
weight. 

@ Inertia of tapered cylindrical body 

L (cm) 

a 2 (cm) 

3 I 

(cm) 

5 5 
1ry (a2 al ) 2 

J = 10 x 980 x ___,.(_a_2 __ a_l~)- x L (kg.cm.s) .................. (1-8) 
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2. HOW TO FIND THE ACCELERATION TIME 

Find the spindie acceleration time in the following manner. 1 

1) Calculate the load inertia for the motor shaft. 

2) Find the value required for calculation based on the spindle motor 
characteristic table. 

3) Find the acceleration time according to the calculation expression. 

1) Motor shaft conversion load inertia 

According to para. 1 above, find the load inertia. When GD
2 

(kg.m
2

) is 
found, convert the unit system according to the following equation. 

2 GD2 (kg.m2) 
J

1 
(kg~m.s) = 4g (m!s2)•·••.···••······•·•··•••·•··•· (4-1) 

. 2 · 2 
Therefore, 1 kg.m = 0.0255 kg.m.s 

2) Spindle motor characteristic ~able 

Output 

Torque 
Pf 
TM .--------1-1 

0 Nb. 

' 

Output 

Nf 

I 
. I 

I 
I 
I 
I 
I 
I 
I 
I 

Nm 

Pm 

Speed rpm N 

The following relation exists among output P, torque T and speed rpm N. 

P (kW) = 1. 0269 x N x T/1000 ••••••••••••••••• · •••••••••• (4-2) 

Characteristics of each model at 30-minutes rating output 

Model JM TM Nb N, Nm P, Pm 
kg•m•s 2 kg•m rpm rpm rpm kW kW 

8P 0.0028 7 .14 750 4500 6000 5.5 3.7 

15P 0.0093 11.69 750 4500 6000 9 7.5 . 
22P 0.0129 19.47 750 4500 6000 15 11 

40P 0.03 37.25 575 3450 4500 22 18.5 
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3) Calculation of acceleration time 

Acceleration curve 

Nm 

Nf 

------------------~-=-=--~------, 

Time 

Acceleration time 

1) Speed rpm Oto Nb (rpm) 

t 1 = JL T + JM x 
2
::b (sec) ••••••••••••••••••••••••••••• (4-3) 

.M 

2) Speed rpm Nb to Nf 

= 

3) Speed rpm Nf to Nm 

(N - N ) 2 
= (JL + JM) x 2n x m f 

t3 60 
(P - p )2 

f m 

Note 1) tn: Natural logarithm 

Acceleration time t 
a_; 

(sec) (4-4) 

ta= t 1 + t 2 + t 3 (sec) •••••••••••••••••••••••• ~ ••••••• (4-6) 

By controlling the deceleration time to nearly the same time as the 
acceleration time, the elongation of the tap during tapping processing 
can be reduced. 
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3. CUTTING AMOUNT OF MACHINE 

' The spindle motor output (HP or KW) of machine tools is specified to 
indicate their cutting amount, in general. 

Regarding the lathing, milling, and drilling, the relation between the 
rate of metal removal and output power will be described by quoting it from 
the followin~ references. 

References: .MACHINING DATA HANDBOOK AIR FORCE MATERIAL LABORATORY 
(a) Lathe turning 
(b) Machining center, milling using milling machine 
(c) Machining center, drilling using drilling machine 

(a) Turning 

(Cutting 
(1) 
(2) 
(3) 
(4) 

(Cutting 
(1) 
(2) 
(3) 

conditions) 
Spindle revolutions 
Workpiece diameter 
Feed 
Depth of cut 

formulas) 
Cutting ·speed 
Feed rate 
Rate of metal removal 

Ns (rpm) 
Dt (mm) 
fr (mm/rev) 
d (mm) 

Ve= n x Dt x Ns (mm/min) 
fm = ·fr x Ns (mm/min) 

3 Q = d x fr x Vc/1OOO (cm /min) 
= d x fr x n x Dt x Ns/1OOO (cc/min) 

IQ= n x Dt x d x fm/1OOO (cc/min) 

(4) Power required at spindle PS= Q/MRt (kW) 

(5) 

Where, MRt: Rate of metal removal per kW (cc/min/kW) 
. . . i 

Power required at spindle motor PM= - x Q/MRt 
n 

Where, n: Drive efficiency of spindle(%) 
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(b) Milling 

(Cutting 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

(Cutting 
(1) 
(2) 
(3) 

conditions) 
Spindle revolutions 
Diameter of milling cutter 
Width of cut 
Depth of cut 
Number of teeth in cutter 
Feed 

Feed rate 

<C= r. (mm/min) 

Workpiece 

Ns (rpm) 
Dm (mm) 
w (mm) 
d (mm) 
n (pieces) 
ft (mm/tooth) 

' 

formulas) 
Cutting speed 
Feed rate 

Ve= n x Dm x Ns (mm/min) 

Rate of metal removal 
fm = ft x n x Ns (mm/min) 

3 Q = w x d x ft x n x Ns/1000 (cm /min) 

IQ= w x d x fm/1000 (cc/min)I 

(4) Power required at spindle PS= Q/MRm (kW) 

(5) 

Where, MRm: Rate of metal removal per kW (cc/min/kW) 

1 Power required at spindle motor PM= - x Q/MRm (kW) 
. n 

Where, n: Drive efficiency of spindle (%) 

.... 
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(c) Drilling 

(Cutting 
(1) 
(2) 
(3) 

conditions) 
Spindle revolutions 
Drill diameter 
Feed 

(Cutting formulas) 
(1) Cutting speed 
(2) Feed rate 

(3) Rate of metal removal 

Ns (rpm) 
Dd (mm) 
fr (mm/rev) 

. , 

Ve= w X Dd X Ns (mm/min) 
fm = fr x Ns (mm/min) 

w 2 3 Q = 4 x Dd x fr x Ns/1000 (cm /min) 

I Q = ¾ x Dd
2 

x fm/ 1000 (cc/min) I 
(4) Power required at spindle PS= Q/MRd (kW) 

Where, MRd: Rate of metal removal per kW (cc/min/kW) 

(5) Power required at spindle motor PM=.!_ x Q/MRd (kW) 
n 

Where, n: Drive efficiency of spindle (%) 
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Rate of metal removal per kW (cc/min/kW) (average values) 
(when the drive efficiency of spindle is 80%) , 

MR: Rate of metal removal per kW 
(cc/min/kW) 

HARDNESS TURNING MRt MILLING MRm DRILLING MR.d 
(*l) HSS AND. CARBIDE TOOLS HSS DRILLS 

MATERIAL Brinell CARBIDE TOOLS feed feed 
hardness feed 0.127- 0.127 - 0.305 0.05 - 0.203 

0.381 mm/rev mm/tooth mm/rev 
. SHARP DULL SHARP DULL SHARP DULL 

TOOL TOOL TOOL TOOL TOOL TOOL 

85-200(*4) 20 15.7 20 15.7 21. 9 16.8 

STEEL-WROUGHT AND 35-40Rc(*2) 15.7 12.9 14.6 11.5 15.7 12.9 
CAST 
Plain Carbon 40-50Rc 14.6 11. 5 12.2 10 12.9 10.4 
Alloy Steels 
Tool Steels 50-55Rc 10.9 8.7 10.4 8.4 10.4 8.4 

55-58Rc 6.4 5.2 8.4 6.8 8.4 6.8 
(*5) 

CAST IRONS 110-190 31.3 24.4 36.6 27.4 21.9 18.3 
Gray, Ductile and 
Malleable 190-320 15.7 12.9 20 15.7 13.7 10.9 

STAINLESS STEELS 135-275 16.8 13.7 15.7 12.9 20 15.7 
Ferritic, Austenitic 
and Martensitic 30-45Rc 15.7 12.9 14.6 11.5 18.3 14.6 

PRECIPITATION 
HARDENINGS STAINLESS 150-450 15.7 12.9 14.6 11.5 18.3 14.6 
STEELS 

TITANIUM 250-375 18.3 14.6 20 15.7 20 15.7 

HIGH TEMPERATURE 
' ALLOYS 200-360 8.7 7.0 10.9 8.7 10.9 8.7 

Nickel and Cobalt 
Base 

. 
Iron Base 180-320 13.7 10.9 13.7 10.9 18.3 14.6 

REFRACTORY ALLOYS ... 321 7.8 6.2 7.5 6.1 8.4 6.6 
Tungsten (*5) 

Molybdenum 229 10.9 8.7 13.7 10.9 13.7 10.9 

Columbium 217 12.9 10.4 14.6 11.5 15.7 12.9 

Tantalum 210 7.8 6.2 10.9 8.7 10:4 8.4 

NICKEL ALLOYS 80-360 10.9 8.7 11.5 9.1 12.2 10 

ALUMINUM ALLOYS 30-150 87.8 73.2 68.6 54.9 137.2 109.8 
. 500 kg 
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MR: Rate of metal removal per kW 
(cc/mfn/kW) 

HARDNESS TURNING MRt MILLING MRm DRILLING MRd 
(*l) HSS AND CARBIDE TOOLS HSS DRILLS 

MATERIAL Brinell CARBIDE TOOLS feed feed 
hardness feed 0.127- 0.127 - 0.305 0.05 - 0.203 

0.381 mm/rev mm/tooth mm/rev 

SHARP DULL ' SHARP DULL SHARP DULL 
TOOL TOOL TOOL TOOL TOOL TOOL 

MAGNESIUM ALLOYS 40-90 137.2 109.8 137.2 109.8 137.2 109.8 

COPPER 

COPPER ALLOYS 

Notes: (*l) 

(*2) 

(*3) 

(*4) 
(*5) 

500 kg 

80¾. (*3) 21.9 18.3 21.9 18.3 24.4 20 

10-80¾ 34.3· 27.4 34.3 27.4 45.7 36.6 

80-100¾ 21. 9 18.3 21.9 18.3 27.4 21.9 

Brinell hardness, Standard testing method, Steel ball diameter 
10 mm, Load: 3000 kg, Maximum value about 450 
Re: Rockwell hardness, C scale, Measurement of hardness of 
comparatively hard metals 
¾: Rockwell hardness, B scale, Measurement of hardness of 
soft metals 
Corresponds to hardness of general stell S45C 
Carbide 
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Efficiency of spindle drive system 

The efficiency of spindle system can be obtained from the following 
diagram according to the V belt, number of gear stagesn and number of 
bearings. 

NUMBER OP UNITS 
INDEX OPERATING IN SEQUENCE 

POINTS IN TRANSMISSION DRIVE EFPICIENCY 

ANTIFRICTION 
DEARINOS 

SPUR OEARS 
UNDER LOAD 
(PArnS) 

v-nELT 
DRIVES 

EXAMPLE: 

MOTOU 

D 

.75 

.so 

10 
9 - • 85 
8 
7 

-6 

5 

4 

:1 

2 
• 93 

.94 

, 95 

,96 
I v-ugLTDRIVI•: 

/ • 97 -~ ,,,- 8 UEAIUNOS x-<fi- 3 PAIRS OF OEARS 

. ~ :--lt: .•. 
LINE A: 1 V-DELT DRIVE EFFICIENCY~ 

0.95 
LINED: 3PAIRS OF OEARS.EFFICIENCY; 

0.91 . 
LINE C: S"DEAJUNOS EFFICIENCY; 0.9 2 
TOTAL EFFICIENCY=. 95 x. 91 x. 92 = 80o/o=11 
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Data on rate of metal removal 

The rate of metal removal per minute when steel S45C is cut using a new 
tool on a lathe or machining center is obtained within the shadowed range in 
the following figure approximately; provided that noload torque such as 
friction torque, etc. are n•gligible. 

3 70cc 

300cc 

240 
220cc 

160 150cc 

80 

0 
0 4 8 

~ ~ -. It) ... ... 
12 

Motor output P (kW) 
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4. CONSTANT SURFACE SPEED CONTROL 

• Purpose of constant surface speed control in lathe 
(1) Good finish surface 
(2) Reduction of lathing time 
(3) Constant rate of metal removal 
(4) Prolonged lives of tools by setting the surface speed to a suitable 

value 

• Constant surface speed control operation 

X axis 

x, X=O 
Cutting speed; 
Ve [m/min] 

-------1------ Diameter of workpiece 

Spindle revolutions Na 
Ve Na = -2 - [rpm] 
7rr 

Radius r 

Cutting speed Ve 

Radius r 

Rate of metal removal; Q 
Cutting output; P 

Radius r 

0 

Workpiece D, 

N. 

Clamped at maximum 
revolutions of spindle 

X-axis position 

v. 

P,Q 
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• The cutting output during constant surface speed control, or, the output 
required for cutting a-metal during constant surface speed control under 
a certain condition is obtained by the following formula; 

• 

I Po = Hit: ~ d x fr x V c I (kW) ••••••••••••••••••••••• , • • • • • • • • ( 6- I J 

· · Where, Po: Cutting output· (kW) 
MRt: Rate of metal removal per kW (20 usually) (cc/min/kW) 
d: Depth of cut (mm) 
fr: Feed rate (mm/rev) 
Ve: Cutting speed (m/min) 

Motor output required for constant surface speed control 

Both required cutting output and the output for acceleration (or 
deceleration) for increasing (or decreasing). the spindle revolutions are 
required, and the maximum output is required in the vicinity of the 
maximum revolutions of, the motor. 

Radius r 

+ 

r 

r 

Cutting output 

Output for acceleration or 
output for deceleration 

Requir~d output . 

Since cutting speed Ve is kept constant under the constant surface speed 
control, the tool position (radius r) on a workpiece is inversely 
proportional to spindle revolutions Ns. 
Th~s, the feed rate per minute fm (mm/min) becomes faster, as the tool 
advances toward the innermost of diameter. 
Assume that the tool is displaced by -l!.X in the X-axis direction during 
l!it time, and_ a change rate · 

l!iX 
- ll.t represents the feed rate given by the following formula. 

dX = fm = 
- dt 

fr x Ve 
2,rX 

.......................................... 
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From the above formula, the time required for the tool to be displaced 
from radius·x1 > r 1 to x2 = r 2 is obtained by; 

I ta = fr x 'II' (sec) .......................... (6-3) 

(where, r
1 

> r
2

) 

This is the formula for· obtaining the machining time under the constant 
surface speed control. 
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5. TAPPING 

(1) Tapping operation 

The tapping means a work of threading a female screw on a workpiece in 
machining center, 

Workpiece 

Tapping is made by 
follows. 

© 

® 

@ 

To spindle 

controlling 

Forward rota• 
tion of spindle 

N. 

R,p;d j 
traverse 
of Z-axis 

Cutting 

~ feed of 
f. Z-axis 

Tapper (Expansible or contractable 
in the Z-axis by a certain 
quantity) 

Depth of tap hole 

the spindle and Z-axis 

Spindle stop (i) 

r ® 
+R 

' 
® 
+Z 

© 
Reverse rota• 

tion of spindle 
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Spindle movement 

© Spindle revolutions Ns 

Forward rotation 

Reverse rotation 

' 
Z-axis movement -N. 

@ 

-R 
@ 

-z 
+Z 

® +R 

® 

Examine the following items for tapping. 

(a) Depth of tap hole ••••••••••••••••••••• Check if the depth is 
finished as specified. 

(b) Expansion or contraction of tapper •••• This will affect the 
threading accuracy. 

(2) Tapping and cutting speed · 

In tapping work, the cutting speed is generally limited according .to the 
kinds of workpieces and tools. 

Ive=~ x d x Ns/1000 I (m/min) ............................. (7-1) 

Where, d: Tap diameter (mm) 
Ns: Sp:f:.ndle revolutions (rpm) 

Example-of tapping conditions 

• When a steel casting workpiece is tapped by an ordinary tapper; 
••••••• Lower than 8 m/min 

• When a light alloy workpiece is tapped by an ordinary tapper or 
when a cemented carbide tapper is employed; •••••• Lower than 25 m/min 
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The relation between the tap diameter. and spindle revolutions is as 
illustrated below. 

Spindle 
revolu• 
lions Ns 
(rpm) 

1000 

800 

600 

400 

200 

\ ,_ 

Cutting speed 8 m/min. 

A✓ 
j Cutting speed 25 ~/min. ~,r..-..._ 

'//// 

0 L---.....L.._...,__..__ ___ ...___.__....__...,___..____.__~-~-
0 4 6 8 10 12 14 16 18 20 22 24 

(3) Feedrate during tapping work 
Tap diameter d I mm) 

Set the cutting feed rate fm (mm/min) during tapping as follows. 

I fm = Ns x p I (mm/min) ...................................... (7-2) 

Where, p: Pitch of screw 

The relation between the tap diameter (nominal diameter· of sc·rew) and 
pitch is as shown below. 

Normal diameter Pitch (p) Height of engagement 
of screw (d) (Hl) 

M 2 0.4 mm 0.217 mm 

M 2.6 0.45 0.244 

M 3 0.5 0.271 

M 4 0.7 0.379 

M 5 0.8 0.433 

M 6 1.0 0.541 

M.8 1.25 0.677 

MlO 1.5 0.812 

Ml2 1.75 0.947 

Ml6 2 1.083 Height of engagement H1 . 
... 

M20 2.5 1.353 

M24 3 1.624 

M30 3.5 1.894 

M36 4 2.165 
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(4) Tap hole depth control 

The hole depth dp (mm) is given by the following formula. 

I dp = df + R.a I (mm) ~ .. ; ••••••••••••••••••••• ~ •••••. • • • • • • • • • • • (7-3) 

Where, df: Moving distance commanded from a workpiece surface to Z-axis 
R.a: Machining dis.tance of tapper by means of self-propulsion 

until .the spindle is stopped after being dece·lerated (This is 
called flow quantity) 

di 

f. 
Fee d stop 

Flow 
quantity 

e. 

How to obtain flow quantity Qa 

Z axis 

-z 

Spindle 

-

Tapper screw 
pitch p 

Depth of tap dp 

Z-axis stop 

\/-

Linear deceleration is assumed 

T., T•• 

Operation delay time by the time the spindle starts deceleration 
(sec) 

Deceleration time of spindle 

1 
R.a = (Td 1 + 2 Tds) 

(sec) 

(mm) ........................... (7-4) 

To decrease the flow quantity, the operation delay time and deceleration 
time must be reduced. This flow quantity corresponds to the expansion of 
the tapper. It must be controlled to obtain the depth of holes 
accurately. 
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(5) Expansion and contraction of tapper 

For the expansion and contraction of tapper, ref er _ to tools maker's 
catalogues. Contraction is generally less than expansion, and the spring 
pressure increases during contraction. 
Accordingly, the finish accuracy of screws is said to be better when 
threading is made in the expansion direction of the tapper rather than in 

· the contraction direction.· 
The causes of expansion and contraction of the tapper are as described 
below. 
Please examine the motor selection and power magnetic sequence design, so 
that tapping can be done with minimized expansion and contraction. 

(a)· Expansion and contraction caused by the difference between the feed 
rate and actual spindle revolutions Ns 
Expansion and contraction quantity e::

1 
of tapper caused by 

asynchronism between the feed rate and spindle revolutions 

Spindle revolutions N, 

Depth of 
screw hole 
df [mm] 

pNs - fm 
pNs "'.'" fm 

I € 1 = 

= positive 
= negative 

pNs - fm 
fm 

f. Z-axis feed rate 

(expansion of tapper) 
(contractiori·of tapper) 

(mm) ••••••••••••••••••••••••••• 

The above relation is contrary when the tapper is lifted. 
Particularly be careful with this relation when a hole is deep. 

(7-5) 

(b) Expansion and contraction e:: 2 caused by the forward/reverse rotation 
of spindle and Z-axis feed timing 

(D Pattern A 

{. 

Z axis - z 

I +Z 

: - {. 

1 (Assumed as linear 
: acceleration/deceleration) 
Acceleration 

Expansion 
N. 

T .. 

Spindle : time -----¥-<~+-w~~..:;,:..;_ _____ _ 

-N. 
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1 Ns 
E 2a = 2 x 60 x p x (Tds - Tas) (mm) ................ 

Tds ~ Tas usually. 

@ Pattern B (Z-axis instantaneous reverse rotation) 

G) 

Z axis 

Spindle 

f. 

Z axis -z 
+z 

I I 
I I f. 
I I 
l Expansion 1 

-------.. I 
N, 

1 Ns 
E2b =2~60x P X 

Pattern C 

f. 

-z 

N. 

T,, 

Contraction 

Contraction 

I 
I 
I 

(Tds - Tas) 

Expansion 

I ~- +Z 
I I - f. 1.-i T., 
I I 
I I 
I I 
I 
I I 

-N. 

fm 
+wx (Tds + Tas) (mm) 

Tar: Time required until the 
spindle reaches steady-
state revolution after 
generation of speed 
arrival signal 

Speed arrival detection point 

-N, 

1 Ns fm I E2c = 2 x 60 x p x (Tds - Tas) + 60 x Tar . ............. 

(6) Examination to minimize the expansion and contraction of tapper 

(7-6) 

(7-7) 

(7-8) 

(D Synchronize the commanded spindle speed with actual spindle speed. 

@ Control the reverse rotation start time of the Z-axis feed motor as 
shown in pattern C until expansion/contraction t 2 = O. 
Adjust the detection level of the speed arriva<i. signal from the 
spindle servo unit as a.method. 

Q) Shorten the acceleration and deceleration time of spindle. 
Switch gears from low gear to high gear at revolutions lower than 
normal gear switching. point for the purpose of shortening the 
acceleration and de.celeration time of the spindle during tapping 
work only. 
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Motor 
revolutions 
N [rpm] 

Normal gear switching point 

Spindle revolutions Ns [rpm] 
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6. HOW TO FIND. ALLOWABLE DUTY CYCLE 

When the spindle accelerates and decelerates frequently for machining, the 
motor should be used . so that the average output value of ene cycle of 
operation does not exceed the continuous rated output. 

Following is the description of the method of calculating 'its allowable 
duty cycle for a typical AC spindle motor. 

1) Duty cycle and average output 

Motor speed rpm 

L 
1 cycle Dt 

t I ~t2~t3 + t4-+- t5 

P1 

~ I 
P4 

I Motor output 
p3 

Acceleration Deceleration 

Cutting 

Pl, P4: Output at acceleration and deceleration 
(kW)= 3O-minute rated output x 1.2 

P2 Output at no-load rotation (P2 = O) 
P3 Output during cutting (kW) 

L 

I 
Pt 

2 2 2 2 
pl tl + p2 t2 + p3 t3 + P4 t4 

Average output Pav= 
Dt 

(8-1) 

Note) As to output P3 during cutting at motor speed N which is less than 
base speed N-b-;- assuming actual cutting output to be Pc (kW), the 
value is obtained by the following equation. 

Nb P3 = - x Pc (kW) ...................................... (8-2) 
N 

2) How to find allowable duty cycle time Dt: 
From eq. (8-1) above, Dt is determined by: 

Substitute the continuous rated output value of AC spindle motor used 
for Pav (kW). 
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Ex: Find the allowable duty cycle time when acceleration and 
deceleration are repeated at no load (P ~ P : 0) for model 3. 

2 3 

3) 

o Continuous rated.output: p = p 
av cont 

o Output at acceleration/deceleration: 
P1 = P4 = 5.5 kW x 1.2 = 6.6 kW 

o Acceleration time t 1 = 3 sec 

Deceleration time t 4 = 3 sec 

= 3. 7 kW 

Under the aforementioned conditions, Dt is found as follows. 

D = -
1
- x (6.6

2 
t 3.72 

2 
X 3 + 6.6 X 3) 

6 62 
= -•- X (2 X 3) = 

3.7 2 19.08 seconds 

In other words, the allowable duty time when acceleration and 
deceleration are repeated at no load for model 3 corresponds to 3.18 
times the sunnnation· of the acceleration and deceleration times. 

Allowable duty cycle time Dt for repeated acceleration and deceleration 

r' \ L 
~t, ~ ~ t4 ~ 

I 
P1 

I I 
p4 

I I I 
~ Dt ~ 

• • . • • • • • • • • • • • ( 8-3) 

where: P = Continuous rated output cont 
P30min = 30-minute rated output 

t 1 + t 4 = Summation of acceleration time and deceleration time 

2 

(

p X 1.2) Dt = .,...p_30m_i_n __ _ 

cont 

x (t 1 + t 4) (seconds) •••••••••• (8-4) 
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7. HOW TO FIND THE ORIENTATION TIME 

The spindle orientation operation has two .systems: the magnetic sensor 
system and position coder system. Find the orientation time from a stop 
for each system. 

1) Magnetic sensor system 

Orientation speed· 

Nori 

Orientation end signal (ORAR) 

JL + JM 21T . 
tl = T x 60 Nori (sec) •••••••••••••••••••••••• (10-1) 

M 

where: Nori i Nb(= 1500 rpm) 
b) t

2 

t 
2max .. 

1 

Nori 
(sec) •••••••••••••••••••••••••••••••••• (10-2) 

~ 

In this period, the spindle rotates a maximum of one revolution. 

Nori = 55 x K (rpm) .......................•.......• (10-3) p 

·Where, position gain K is nearly 5 to 30 for the spindle. For a 
p 

machine with compact models 1 ·, 2, approx. 30 may be available for 
K; however, K is normally 5 to 15. 

p p 

c) t31 + t33 

t31 + t33 =~(sec) 
K p 

................................ 

For stable control, set this time as follows. 

(10-4) 

t 32 • 0.2 (sec) •••••••••••••••••••••••••••••••••• (10-5) max · 
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The motor operates for nearly the following time before it nearly 
stops after the orientation end signal is given. 

t4 = L (sec) 
K 

p 
....................................... '(10-6) 

Ex: When position gain K = 5, the orientation time t i is as follows p 
2 

or 
at load inertia JL = 0.0022 kg.m.s for model 3. 

l) tl = _JL __ +_J_M = 0.0022 + 0.0022 x 2ff x 55 x 5 = 
TM 0.71 60 

2) t 

2max= 
1 

Nori 
6() 

60 = 55 x 5 = 0.22 sec 

3) t 31 + t 33 = 0.6 sec 

4) t 32 = 0.2 sec 

5) t 4 = 0.4 sec 

0.18 

~ . 

tori =tl + t2max + t31 + t33 + t32 + t4 = 1•6 sec 

sec 

The time when the orientation end signal is issued is t i = 1. 2 sec. 
or . 

Also, the orientation time during rotation is the deceleration time plus 
(t2max + t31 + t33 + t32 + t4)• 

2) Position coder system 

Orientation speed 

Nori 

Orientation end signal (ORAR) 

JL + JM 2w 
T x 60 x Nori (sec) 

M 
........................ (10-7) 
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t 2max .. -N,.,,..!-r_,.i- Note) The motor gives 2 turns maximum. 

60 

Nori= 30 x K 
- p 

Position gain K is 5 to 30, and normally 5 to 15. 
p 

3) t3 

t3 3 (sec) =-
K 

p 

4) t4 

t4 2 (sec) =-
K 

p 
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