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This manual describes following models.

Series name Model name

FANUC AC SPINDLE MOTOR
S series

MODEL IS, MODEL 1.5S,
MODEL 2S, MODEL 3S,
MODEL 6S, MODEL 8S,
MODEL 12S, MODEL 15S,
MODEL 18S, MODEL 22S,
MODEL 1S/15000, MODEL 2S/15000,
MODEL 3S/12000, MODEL 6S/12000,
MODEL 8S/8000, MODEL 12S/8000,
MODEL 15S/8000, MODEL 18S/6000,
MODEL 22S/6000

FANUC AC SPINDLE MOTOR
P series

MODEL 8P, MODEL 12P,
MODEL 15P, MODEL 18P,
MODEL 22P, MODEL 30P,
MODEL 40P, MODEL 50P

FANUC AC SPINDLE MOTOR
VH series

MODEL 6VH,
MODEL 8VH,
MODEL 12VH

In this manual we have tried as much as possible to
describe all the various matters.
However, we cannot describe all the matters which must not
be done, or which cannot be done, because there are so
many possibilities.
Therefore, matters which are not especially described as
possible in this manual should be regarded as “impossible”.
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I. AC SPINDLE MOTOR S series



1. GENERAL
The FANUC AC SPINDLE MOTOR S series have been specially developed as highly
reliable and high-performance variable-speed AC spindle motors for the most
advanced CNC machine tools.
directly cools the electromagnetic steel sheet, the compact FANUC AC spindle
motor allows high power output and high-speed revolution.

By using the new stator cooling system which

2. FEATURES
Based on the long-time field experience as the spindle motors for CNC machine
tools and accumulated technologies, the FANUC AC spindle motor S series have a
variety of excellent features as shown below.
1) The motor is compact, light-weight and furnished with digital control for

much higher performance.
2) The rotor inertia of the AC spindle motor is made smaller to shorten the

acceleration/deceleration speed. Further, optimum control enables highly
efficient cutting.

3) The motor incorporating the position coder required for synchronous feed of
the spindle and Z axis and machining rigid tapping can be used.

4) Improvement in machining of the motor housing enhances the accuracy of the
mounting part. And improvement of the cooling fan motor and that of the
sealing structure of the housing enhance the reliability and
environment-proof characteristics.
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3. SPECIFICATION

3.1 Specifications

1) AC spindle motor S series

Table 3.1 (a) Specification Table

Models
IS 1.5S 2S 3S 6S 8S 12S 15S 18S 22SItems

2.2Continuous rated
output (*1)

kW 1.5 1.1 3.7 5.5 7.5 11 15 18.5
(24.8)

22
(HP) (2.0) (1.5) (3.0) (5.0) (7.4) (10) (14.7) (20.1) (29.5)

30-minute rated (*1) kW
(15-minute rated) (*3) (HP)

Output
power

2.2 3.7 3.7 5.5 7.5 11 15 18.5
(24.8)

22 26
(3.0) (5.0) (5.0) (7.4) (20.1)(10) (14.7) (29.5) (34.9)

50% ED rated
output (*1,*2)

kW 3.72.2 3.7 5.5 7.5 11 15 18.5
(24.8)

22 26
(HP) (3.0) (5.0) (5.0) (14.7) (20.1)(7.4) (10) (29.5) (34.9)

Base speed 3,000 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500rpm
Rotating
speed 4,500

6,000
4,500
6,000

4,500
6,000

Maximum speed 8,000 8,000 8,000 6,000 6,000 4,500 4,500rpm

Output torque
(Continuous rated torque
at constant torque range)

4.77 6.82 14.0N.m 23.5
(240)

35.0
(357)

47.7
(487)

70 95.4 117.7
(1201)

140
(kg.cm) (49) (69). (143) (714) (974) (1428)

GD2 kg.m2 0.012 0.017 0.031 0.059 0.086 0.11 0.36 0.36 0.51 0.51

N.m.sec2
(kg.cm. sec2)

0.003
(0.03)

0.004
(0.04)

•0.0082
(0.08)

0.015
(0.15)

0.022
(0.22)

0.027
(0.28)

0.091
(0.93)

0.091
(0.93)

0.126
(1.29)

0.126
(1.29)

Rotor inertia

Weight kg 18 24 27 46 60 80 110 110 143 143

Cooling system Totally enclosed fan cooled

The output shaft should be horizontal or vertically downward.Installation

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

Insulation Class F

0 - 40°CAmbient temperature

Vibrations V5

Noise 75 dB (A)

Painting color Munsell system N2.5

Accessories Pulse generator and thermostat

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

(*2) The cycle time is 10 minutes, 50% ED: ON 5 min, OFF 5 min. For model 1.5S: 30% ED, ON 3 min, OFF 7 min.
(*3) For models IS and 2S data is in 15-minute rated output. For model 1.5S data is in 10-rainute rated

output.
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2) AC spindle motor S series (high-speed model)

Table 3.1 (b) Specification Table

is/ 2S/ 3S/ 6S/ 8S/ 12S/ 15S/ 18S/ 22S/
6000

Models
15000 12000 12000 8000 8000 800015000 6000Items

2.2 3.7IcW 1.5 5.5 7.5 11 15 18.5 22Continuous rated
output (*1) (20.1)(HP) (2.0) (3.0) (5.0) (7.4) (10) (14.7) (24.8) (29.5)

2.2 1130-minute rated
(15-minute rated) (HP)
(*1, *2, *5)

kW 3.7 5.5 7.5 15 18.5
(24.8)

22 26
(3.0) (5.0) (7.4) (10) (14.7) (20.1) (29.5) (34.9)Output

50% ED rated out¬
put (*1, *2, *5)

2.2 3.7 7.5 11 15 18.5 22 26kW 5.5
(29.5) (34.9)(HP) (3.0) (5.0) (7.4) (10) (14.7) (20.1) (24.8)

15003000 3000 1500 1500 1500 1500 1500 1500Base speed rpm
Rotation
speed

15000 8000 8000 8000 6000 6000Maximum speed 15000 12000 12000rpm

Output torque (*6) 4.77 7 23.5 35.0
(357)

47.7
(487)

70 95.4 117.7
(1201)

140N.m
(kg.cm) (49) (71.4) (240) (714) (974) (1428)

GD2 kg.m2 0.012 0.086 0.360.031 0.059 0.11 0.36 0.51 0.51

N.m.sec2
(kg. cm. sec2)

0.003
(0.03)

0.008
(0.08)

0.015
(0.15)

0.022
(0.22)

0.027
(0.28)

0.091
(0.93)

0.091
(0.93)

0.126
(1.29)

0.126
(1.29)

Rotor inertia

Weight 46kg 18 27 60 80 143110 110 143

Allowable radial load 40kg 50 100 150 200 250 450

Vibration V5

Noise 75 dB

Cooling system Totally enclosed outer fan type

Cooling fan 56 W 68 W

Installation The output shaft should be horizontal or vertically downward.

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

Insulation Class F

Ambient temperature 0 - 40°C

Painting color Munsell system N2.5

Accessories Pulse generator, thermostat

No. of built-in sensor pulses
(optional) 512 p/rev 1024 p/rev

Bearing lubrication Grease

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

(*2) Models IS and 2S are 15-min. rated.
(*3) With a cycle time of 10 minutes and 50% ED: the ON period will be 5 min. and the OFF period 5 min.
(*4) The servo unit is not equipped with the cooling fan for the radiator.
(*5) Guaranteed when separately stipulated thermal conditions for the servo unit are satisfied.
(*6) Output torque is expressed as "Continuous rated torque in the rated torque range."
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3.2 Output/Torque Characteristics

1) S series

MODEL 1S

Torque
kgm

Output
kW

1.03

2.5
0.8

2.2kW IS min, 50% ED
\/operating zoneX2

15 min, 50% ED operating zone
1.5kW I

0.6 \

\ 0.4 \Continuous
operating zone1

/
/ Continuous

operating zone
0.2

0.5

0
0 1000 2000 3000 4000 5000 6000 7000 8000 rpm

Motor speed

0 1000 2000 3000 4090 5000 6000 7000 8000

Motor speed

MODEL 1.5S

Output Torque
kg.mkW

4 3
3.7 kW

/
10 min, 30% ED operating zone

\
10 min, 30% ED operating zone

2.2 kW
2

V1.1 kW 1

T /i

Continuous operating zone

Continuous operating zoni

0 1000 2000 3000 4000 5000 6000 7000 SOOOrpm

Motor speed

0 1000 2000 3000 4000 5000 6000 7000 8000rpm

Motor speed

MODEL 2S

Output Torque
kgmkW

4 33.7kW

\
15 min, 50% ED
operating zone -3

2
15 min, 50% ED
operating zone

2.5kW
2.2kW

52
\ 1.8kW
Continuous
operating zone V\1

1

Continuous /
operating zone

0 1000 2000 3000 4000 5000 6000 7000 8000rpm 0 1000 2000 3000 4000 5000 6000 7000 SOOOrpm

Motor speed Motor speed
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MODEL 3S

Torque
kg-m

Output
kW

6 4

5.5kW

\\
30 min, 50% ED
operating zone 3

30 min, 50% ED
operating zone

4
3.7 kW 3.7 kW

\ \Continuous
operating zone 2

\
2.5kW

2

1
Continuous
operating zone

o rpm 0 rpm
0 1000 2000 3000 4000 5000 6000

Motor speed

0 1000 2000 3000 4000 5000 6000

Motor speed

MODEL 6S

Torque
kg-m

Output
kW

8 5
7.5 kW

\\
30 min, 50% ED
operating zone 4

30 min, 50% ED
operating zone

6
5.5 kW

5.5 kW

\\
Continuous
operating zone

3

4
3.7 kW

Continuous
operating zone

2
l

0 arpm rpm
0 1000 2000 3000 4000 5000 6000

Motor speed

0 1000 2000 3000 4000 5000 6000
Motor speed

MODEL 8S

Torque
kg-m

Output
kW

l 2 8
1 1 kW

\ V 30 min, 50% ED
operating zone30 min, 50% ED

operating zone

7.5 kW --
\

8

\ \
\

Continuous
operating zone \

Continuous /
operating zone

4

0 0rpm r pm
0 01000 2000 10003000

Motor speed

20004000 4500 3000

Motor speed

4000 4500
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MODEL 8S

Torque
kg-m

Output
kW

10

1 2
11 l:W

830 min, 50% ED
operating zone 30 min, 50% ED

operating zone\:
/8 67.5 kW

\
Continuous
operating zone \4

X

1500 Continuous
operating zone

0 1000 2000 3000 4000 5000 6000rpm

Motor speed

0 1000 2000 3000 4000 5000 6000rpm
Motor speed

MODEL 12S

Torque
kg-m

Output
kW
! & 1 0

1 5 kW

\\ 30 min, 50% ED
operating zone30 min, 50% ED

operating zone
/8

\1 2
1 1 kVV

\'Continuous
operating zone \

8

4

Continuous
operating zone4

2

0 r pm 0 rptn
0 1000 2000

Motor speed

3000 4000 4500 0 1000 2000

Motor speed

3000 4000 4500

MODEL 12S

Output Torque
kg-mkW

20

30 min, 50% ED
IS kW operating zone 30 min, 50% ED

operating zone
16

/
Continuous \

11 kW operating zone x
8

12
11 kw

V8

7.5 kw

0 4
Continuous /
operating zone4

1500 4500

0 1000 2000 3000 4000 5000 6000rpm 0 1000 2000 3000 4000 5000 6000rpm

Motor speedMotor speed
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MODEL 15S

Torque
kg’m

Output

kW
20 1 5

I 8.5 liW

\ 30 rain., 50% ED
operating zone

I 15UW
30 min., 50% ED

'operating zoneV'Continuous
operating zone

10
\J

l o

5 7
Continuous
operating zone

5

0 oo 1000 2000

Motor speed

3000 4000 4500rPm 0 1000 2000 3000

Motor speed

4000 4500rpm

MODEL 15S

Output Torque
kg-mkW

24

30 min.,50% ED
18.5 kW operating zone

Continuousÿjÿ
— 15 kW operating zone —

12
30 min., 50% ED
operating zone

16 /Yw15 kW

8

11 kW

Continuous /
operating zone8

45001500

1000 2000 3000 4000 5000 6000rpm

Motor speed
1000 2000 3000 4000 5000 6000rpm

Motor speed
0 0

MODEL 18S

TorqueOutput
kW kg ’m

25 1 530 min., 50% ED
operating zone 22 kW

20

V 30 min., 50% ED
operating zone

1 K 5 It W

Continuous
operating zone

V10
\i 5

7 Continuous N

operating zone
l 0

5

5

7
0 0

2000 3000

Motor speed

1000 <1000 4500rpm0 0 30001000 2000

Motor speed

4000 4500 rpm
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MODEL 22S

Output Torque
kW

30 20
30 min., 50% ED
operating zone 26kW

\22 k W

\/ Continuous
operating zone

30 min., 50% ED
operating zone

20 7
\10

Continuous N

operating zone
10

00
o 1000 2000

Motor speed

3000 4000 4500 rpra 0 1000 2000 3000 4000 4500 rpm

Motor speed

2) S series (high-speed model)

Model 1S/15000

(kW) Torque kgm

3 1.0

0.850%ED, 15-min. rated (2.2kW)

2
0.6I

Continuous rated (1.5kW)
15-min., 50%ED operating zone1.5 kW

0.4
1 1.1 kW

I 0.2
Continuous operating zone

I
1 rpm0 rpm

0 3000 6000 9000 12000 15000 0 5000 10000 15000

Motor speed
MODEL 2S/15000

(kW) Torque kgm

5 1.5

4 50%ED, 15-min. rated (3.7kW)-

1.0
3

15-min., 50%ED operating zone
Continuous rated (2.2kW)

\2

0.5

1

Continuous operating zone
rpm0 rpm

0 3000 6000 9000 12000 15000
150000 100005000

Motor speed
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MODEL 3S/12000

(kW) Torque kgm

8 5.0

4.06
50%ED, 30 min., rated (5.5kW)

\3.0

4 Continuous rated (3.7kW)' 30-min., 50%ED operating zone
2.0

2.2 kW2
1.0 /

1.1 kW Continuous operating zone
i rpm

2000 4000 6000 8000 10000 12000
0

00 2000 4000 6000 8000 10000 12000 rpm
Motor speed

MODEL 6S/12000
Torque
kg-m

Output
kW

6 5
7.5kW

I \T

30-min., 50%ED operating zone 4
6

5 . 5 kW
\

3Continuous

•operating zone \4

VX 3.7kW
30-min., 50%ED operating zone2

2.2kW2
I

Continuous operating zone

o 0
0 2000 4000 6000 8000 1 0000 1 2000 rpm

Motor speed
o 2000 4000 6000 8000 I0000 I2000ipu

Motor speed

MODEL 8S/8000

Torque
kg-m

Output
kW

1 6 8

1 2 6
I I k W

T
30-min., 50%ED operating zone--|-7.5kW

30-min., 50%ED operating zone
8 4

7.5kW \nContinuous
operating zone

5.5kW
A 2 7

Continuous operating zone

o o
1 000 2000 3000 4000 5000 6000 7000 8000rpa

Motor speed

o o 1 000 2000 3000 4000 5000 faOOO 7000 8000rpo

Motor speed
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MODEL 12S/8000

Torque
kg-m

Output
kW

!6 I0I5kw

17V1 l\
30-min., 50%ED operating zone e

12 -
I I kW4

Continuous
operating zone

6K 30-min., 50%ED operating zone8 y;7.5kW
<t

5.5kW
i

2
Continuous operating zone

•) 0
0 1000 2000 3000 4000 5000 6000 7000 BOOOtpo

Motor speed
0 1000 2000 3000 4000 5000 6000 7000 8000: pn

Motor speed

MODEL 15S/8000

Output Torque
kg mkW

20 15
18.5 kW 30-min., 50%ED operating zone

16 15 kW
\

10Continuous
operating zone12

\ 30-min., 50%ED operating zone

8 11 kW
5

7.5 kW
/4

Continuous operating zone

0 0
0 1000 2000 3000 4000 5000 6000 7000 8000 rpm

Motor speed

0 1000 2000 3000 4000 5000 6000 7000 8000 rpm

Motor speed

MODEL 18S/6000

Torque
kg m

Output
kW

30

25

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

31
20 1018.5 kW

V
Continuous operating zone /15

Continuous operating zone

10 5

5

00
0 1000 2000 3000 4000 5000 6000 rpm

Motor speed
0 1000 2000 3000 4000 5000 6000 rpm

Motor speed
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MODEL 22S/6000

Output Torque
kg mkW

30 20T T T 1
26 kW 30-min., 50%ED operating zone

25
30-rain., 50%ED operating zone22 kW 1522 kW

120
Continuous operating zone''*' 18.5 kW

15 10

Continuous operating zone
10

5

5

0 0
0 1000 2000 3000 4000 5000 6000 rpm

Motor speed

0 1000 2000 3000 4000 5000 6000 rpm

Motor speed
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4. CONFIGURATION AND ORDER SPECIFICATION DRAWING NUMBER

4.1 Configuration
The AC spindle motor comprises the motor and accessories.
(1) AC spindle motor (basic)
(2) Key (accessory)
(3) Signal connector (housing, contactor) (accessory)
The accessories are stored in the terminal box.
The specifications of the connection cables between the motor and the AC spindle
servo unit are described in the Appendix 1 of this manual. The cables should be
prepared by the MTB.
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4.2 Order Specification Drawing Number

1) AC spindle motor S series

Nomenclature Spec. Dwg. No Remarks

A06B-0750-B100 Exhaust rear
Flange mount¬
ing

A06B-0750-B101 Exhaust front
Model IS

A06B-0750-B200 Exhaust rear
Foot mounting

A06B-0750-B201 Exhaust front

A06B-0751-B100 Exhaust rear
Flange mount¬
ing

A06B-0751-B101 Exhaust front
Model 1.5S

A06B-0751-B200 Exhaust rear
Foot mounting

A06B-0751-B201 Exhaust front

A06B-0752-B100 Exhaust rear
Flange mount¬
ing

A06B-0752-B101 Exhaust front
Model 2S

A06B-0752-B200 Exhaust rear
Foot mounting

A06B-0752-B201 Exhaust front

A06B-0753-B100 Exhaust rear
Flange mount¬
ing

A06B-0753-B101 Exhaust front
Model 3S

A06B-0753-B200 Exhaust rear
Foot mounting

A06B-0753-B201 Exhaust front

A06B-0754-B100 Exhaust rear
Flange mount¬
ing

A06B-0754-B101 Exhaust front
Model 6S

A06B-0754-B200 Exhaust rear
Foot mounting

A06B-0754-B201 Exhaust front

15



Nomenclature Spec. Dwg. No Remarks

A06B-0755-B100 4500rpm, Exhaust rear
Flange mount¬
ing

A06B-0755-B101 4500rpm, Exhaust front

A06B-0755-B200 4500rpm, Exhaust rear
Foot mounting

A06B-0755-B201 4500rpm, Exhaust front
Model 8S

A06B-0755-B100//0100 6000rpm, Exhaust rear
Flange mount¬
ing

A06B-0755-B101//0100 6000rpm, Exhaust front

A06B-0755-B200//0100 6000rpm, Exhaust rear
Foot mounting

A06B-0755-B201#0100 6000rpm, Exhaust front

A06B-0756-B100 4500rpm, Exhaust rear
Flange mount¬
ing

A06B-0756-B101 4500rpm, Exhaust front

A06B-0756-B200 4500rpm, Exhaust rear
Foot mounting

A06B-0756-B201 4500rpm, Exhaust front
Model 12S

A06B-0756-B100#0100_ ? ; pc
6000rpm, Exhaust rear

Flange mount¬
ing

A06B-0756-B101//0100 6000rpm, Exhaust front

A06B-0756-B200//0100_i\0C
6000rpm, Exhaust rear

Foot mounting

A06B-0756-B201//cflÿC)_
j 0 1’ V

6000rpm, Exhaust front

A06B-0757-B100 4500rpm, Exhaust rear
Flange mount¬
ing

A06B-0757-B101 4500rpm, Exhaust front

4500rpm, Exhaust rearA06B-0757-B200
Foot mounting

A06B-0757-B201 4500rpm, Exhaust front
Model 15S

A06B-0757-B100//0100 6000rpm, Exhaust rear
Flange mount¬
ing

A06B-0757-B101//0100 6000rpm, Exhaust front

A06B-0757-B200//0100 6000rpm, Exhaust rear
Foot mounting

A06B-0757-B201//0100 6000rpm, Exhaust front
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Nomenclature Spec. Dwg. No Remarks

A06B-0758-B100 Exhaust rear
Flange mount¬
ing

A06B-0758-B101 Exhaust front
Model 18S

A06B-0758-B200 Exhaust rear
Foot mounting

A06B-0758-B201 Exhaust front

A06B-0759-B100 Exhaust rear
Flange mount¬
ing

A06B-0759-B101 Exhaust front
Model 22S

A06B-0759-B200 Exhaust rear
Foot mounting

A06B-0759-B201 Exhaust front

2) AC spindle motor S series (high-speed model)

AC spindle motor S series (High-speed model)

Name Spec. No. Remarks

A06B-0750-B104Model

1S/15000
Flange
mounting

15000rpm, has key,
no oil seal, exhaust rear
15000rpm, has key,
no oil seal, exhaust rear
15000rpm, has key,
no oil seal, exhaust front
15000rpm, has key,
no oil seal, exhaust front
15000rpm, no key,
no oil seal, exhaust rear
15000rpm, no key,
no oil seal, exhaust rear
15000rpm, no key,
no oil seal, exhaust front
15000rpm, no key,
no oil seal, exhaust front

A06B-0750-B194

A06B-0750-B105

A06B-0750-B195

A06B-0750-B304

A06B-0750-B394

A06B-0750-B305

A06B-0750-B395

Flange
mounting

A06B-0752-B104 15000rpm, has key,
no oil seal, exhaust rear
15000rpm, has key,
no oil seal, exhaust rear
15000rpm, has key,
no oil seal, exhaust front
15000rpm, has key,
no oil seal, exhaust front
15000rpm, no key,
no oil seal, exhaust rear
15000rpm, no key,
no oil seal, exhaust rear
15000rpm, no key,
no oil seal, exhaust front
15000rpm, no key,
no oil seal, exhaust front

Model
2S/15000

A06B-0752-B194

A06B-0752-B105

A06B-0752-B195

A06B-0752-B304

A06B-0752-B394

A06B-0752-B305

A06B-0752-B395
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Name RemarksSpec. No.

Model

3S/12000
Flange
mounting

A06B-0753-B104 12000rpm, has key,
no oil seal, exhaust rear
12000rpm, has key,
no oil seal, exhaust rear
12000rpm, has key,
no oil seal, exhaust front
12000rpm, has key,
no oil seal, exhaust front
12000rpm, no key,
no oil seal, exhaust rear
12000rpm, no key,
no oil seal, exhaust rear
12000rpm, no key,
no oil seal, exhaust front
12000rpm, no key,
no oil seal, exhaust front

A06B-0753-B194

A06B-0753-B105

A06B-0753-B195

A06B-0753-B304

A06B-0753-B394

A06B-0753-B305

A06B-0753-B395

Model

6S/12000
A06B-0754-B104Flange

mounting
12000rpm, has key,
no oil seal, exhaust rear
12000rpm, has key,
no oil seal, exhaust rear
12000rpm, has key,
no oil seal, exhaust front
12000rpm, has key,
no oil seal, exhaust front
12000rpm, no key,
no oil seal, exhaust rear
12000rpm, no key,
no oil seal, exhaust rear
12000rpm, no key,
no oil seal, exhaust front
12000rpm, no key,
no oil seal, exhaust front

A06B-0754-B194

A06B-0754-B105

A06B-0754-B195

A06B-0754-B304

A06B-0754-B394

A06B-0754-B305

A06B-0754-B395

Flange
mounting

A06B-0755-B104Model

8S/8000
8000rpm, has key,
no oil seal, exhaust rear
8000rpm, has key,
no oil seal, exhaust rear
8000rpm, has key,
no oil seal, exhaust front
8000rpm, has key,
no oil seal, exhaust front
8000rpm, no key,
no oil seal, exhaust rear
8000rpm, no key,
no oil seal, exhaust rear
8000rpm, no key,
no oil seal, exhaust front
8000rpm, no key,
no oil seal, exhaust front

A06B-0755-B194

A06B-0755-B105

A06B-0755-B195

A06B-0755-B304

A06B-0755-B394

A06B-0755-B305

A06B-0755-B395
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Spec. No. RemarksName

A06B-0756-B104 8000rpm, has key,
no oil seal, exhaust rear
8000rpm, has key,
no oil seal, exhaust rear
8000rpm, has key,
no oil seal, exhaust front
8000rpm, has key,
no oil seal, exhaust front
8000rpm, no key,
no oil seal, exhaust rear
8000rpm, no key,
no oil seal, exhaust rear
8000rpm, no key,
no oil seal, exhaust front
8000rpm, no key,
no oil seal, exhaust front

Model

12S/8000
Flange
mounting

A06B-0756-B194

A06B-0756-B105

A06B-0756-B195

A06B-0756-B304

A06B-0756-B394

A06B-0756-B305

A06B-0756-B395

A06B-0757-B104Flange
mounting

8000rpm, has key,
no oil seal, exhaust rear
8000rpm, has key,
no oil seal, exhaust rear
8000rpm, has key,
no oil seal, exhaust front
8000rpm, has key,
no oil seal, exhaust front
8000rpm, no key,
no oil seal, exhaust rear
8000rpm, no key,
no oil seal, exhaust rear
8000rpm, no key,
no oil seal, exhaust front
8000rpm, no key,
no oil seal, exhaust front

Model

15S/8000
A06B-0757-B194

A06B-0757-B105

A06B-0757-B195

A06B-0757-B304

A06B-0757-B394

A06B-0757-B305

A06B-0757-B395

A06B-0758-B100//0100Model
18S/ 6000

Flange
mounting

6000rpm, has key,
no oil seal, exhaust rear
6000rpm, has key,
no oil seal, exhaust rear
6000rpm, has key,
no oil seal, exhaust front
6000rpm, has key,
no oil seal, exhaust front
6000rpm, no key,
no oil seal, exhaust rear
6000rpm, no key,
no oil seal, exhaust rear
6000rpm, no key,
no oil seal, exhaust front
6000rpm, no key,
no oil seal, exhaust front

A06B-0758-B190#0100

A06B-0758-B101//0100

A06B-0758-B191#0100

A06B-0758-B300#0100

A06B-0758-B390//0100

A06B-0758-B301#0100

A06B-0758-B391#0100
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Name RemarksSpec. No.

Model

22S/6000
Flange
mounting

A06B-0759-B100#0100 6000rpm, has key,
no oil seal, exhaust rear
6000rpm, has key,
no oil seal, exhaust rear
6000rpm, has key,
no oil seal, exhaust front
6000rpm, has key,
no oil seal, exhaust front
6000rpm, no key,
no oil seal, exhaust rear
6000rpm, no key,
no oil seal, exhaust rear
6000rpm, no key,
no oil seal, exhaust front
6000rpm, no key,
no oil seal, exhaust front

A06B-0759-B190#0100

A06B-0759-B101#0100

A06B-0759-B191//0100

A06B-0759-B300#0100

A06B-0759-B390//0100

A06B-0759-B301#0100

A06B-0759-B391//0100
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5. CONNECTIONS

Models IS - 22S

O U

Primary winding

O v

O W

O G

Connector connections7 7
O + 5 V

© Blue © Black 0 RedO o v
PB PA + 5VP A

Pulse
generator-O RA

I-O PB

© White © Green ® Yellow

RB RA OV

O RB

©Oss

0H2 SS 0H1

O OH 1
Overheat
signal

O 0 H 2 Connector specifications

AMP Universal MATE-N-LOK Connector
O FMU '

Motor side Cable side
O FMV Fan motor

Housing 350782-1 350720-1
O FMW

Contact 350706-7 350689-6

The pulse generator and overheat signals are connected to the AMP connector.
The AMP connector and contact are furnishedThe others employ screw terminals.

with the motor.

Screw sizes for terminal connections

Terminal name
Model

FMU - FMWU, V, W, G

M4M5IS - 15S

M4M818S - 22S
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6. CAUTIONS IN USE
1) Terminal box

a) Models IS - 15S
The plastic terminal box is newly employed, and the conventional metallic
side plate is now eliminated. Directly mount the conduit connector using
the nut as shown below.

Conduit connector (elbow, etc)

Mount using the nut
O

o

: I O

o
f >

,4I

'

__
-

Rubber cap

b) Models 18S, 22S
Construction is same as that of conventional types.

“dr

Upper cover

O

Side cover (2)
'Ccc

f00cJ0 \
I1

c=»— -=0

Side cover (1)0,

Pull out the cable through the hole on the side plate (1).

Cable can be routed through either right or left side by changing the side

plates (1) and (2) with each other.
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2) Allowable radial load
Use the motor output shaft below the allowable radial loads shown in the
table below. For high-speed models, refer to the list of specifications.

Motor model Allowable radial load Output shaft side bearing

Model IS 40 kg

6206
Model 1.5S 90 kg

Model 2S 90 kg
6208

Model 3S 150 kg

Model 6S 200 kg 6308

Model 8S 300 kg 6210

Model 12S, 15S 300 kg

6312
Model 18S , 22S 450 kg

Note) The above allowable radial load is a value obtained by applying
load at the end of the output shaft.
tension is out of the output shaft end, the allowable radial load
becomes smaller than the above value.

When the center of belt

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.

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 under the
mounting condition of a half key (1/2 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 operation, use a keyless motor.
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Pulley Full key

M2Half key

Ml

IP22T—I CM
u. w

Motor shaft
CQ K

HI
-Q H2

* Motor balance condition

*(Dl/2) 2 HI -p XRl=Mlx rl

*(D2/2)2 H2 •p x R2 =M2 x r2

* Balance correction

P Density

5) An oil seal is mounted to the flange type motor output 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

\

I PT
ON
-s-

o

«- <

I§
§
§
§

Gear Oil seal

Fringer mounting example
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6) Points to be noted when the AC spindle motor is used in a dry environment
The seal effect, 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 the 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 no lessening of the dustproof effect for
sludge, casting particles, etc.

P-Q
Oil seal

Coil spring

a
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7. EXTERNAL DIMENSIONS

7.1 AC Spindle Motor Model IS
a) Flange type

M5 screw (4)
Terminals for fan motor

(FMU, FMV, FMW) Terminals for power line
/ (U/V/W/G)

Pulse generator connector

0> Blue CObck 0 Red

+ 5VPB PA
SCrecn $YeDow©While

RB RA OV
7 0 7) 166.5 153.4

270.50H2 SS

if1 3A ,0

Air in

ro p -a

i
Air out

1323 BO 1C
,4-<j>9 on

3IB
0145

6:;

77:P-\ 2-M5 dep. 10

(— LEI
I--In case of shaft without key,

“ no dp tap.

v— Oil seal

(Note) 1. The output shaft should be horizontal or vertical downward in use.
2. Use hexagon bolts M8, length 20 mm or less as mounting bolts.
3. The motor in which cooling air flow direction is reversed is also available.

b) Foot mounting type

M5 screw (4)
Terminals for fan motor

(FMU, FMV, FMW) Terminals for power line
/(U/V/W/G)
Pulse generator connector

A
® Dhie 3nb=k 0Rcd

PB PA + 5V
©White -Green SYeiluw

RB RA OV
3 3 0

0H2 SS OH I

166.5 103. A

w27Q.5134.0

3-
Air in

I-42*! U?

5
«

o
CO :j] Air out

1 Utt.5-.4a.5i r 5050 100
4-a 10

6?.5 15. 1696?.5

31 BI 45

S#i In case of shaft without key,
- there is no tip tap.

022)63 2!

(Note) 1. The output shaft should be horizontal or vertical dowaward in use.
2. Use hexagon bolts M8, length 20 mm or less as mounting bolts.
3. The motor in which cooling air flow direction is reversed is also available.
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7.2 AC Spindle Motor Model 1.5S
a) Flange type

M5 screw (4)
Terminals for fan motor

(FMU, FMV, FMW) '"TH Terminals for power line

/ (U/V/W/G)
Pulse generator connector

® nine om*:k CD Red

+5VPB PA
© While O Green $Ydlnw

RB RA OV
7 2

2 1 6 .5 153. AQH2 SS OH I
32B.5

I 34.0

s Air in
V *

E
3jOf ?? vO

«nn
/o Q

O
Q

Air outh°_6;

on 0145
£0
_

l£ 4uiI32:g

36B

B-n r.U

60 .1

j . j g|. — fa case of shaft without key,
1-1 ° there is no tip tap.E 2-M6 dep. 10

02816ÿ55

Oil seal

(Note) 1. The output shaft should be horizontal or vertical downward in use.
2. Use hexagon bolts M8, length 20 mm or less as mounting bolts.
3. The motor in which cooling air flow direction is reversed is also available.

b) Foot mounting type

M5 screw (4)
Terminals for fan motor

(FMU, FMV, FMW) Terminals for power line
/(U/V/W/G)

Pulse generator connector

Hi © nine 3Mask © Red

+5VPB PA
OGtecn ©Yellow©White

RB RA OV
7 2 ©

SS0H2 OH I

216.5 153.4
134.0

32Q.5

&
Air in IP*

US c

C3

Ifl

5 ” CM

o Q

8 :ÿ Air out

H"4—1.10,5 40.5 -
I _ 62.5 1 62.5 1 v 60

4-°l°l5
50 140

145 219

36R

T ----[- In case of shaft without key,
jn[ , 2-M6 dep. 10 r@ there is no tip tap.

B2Bi6:S3

(Note) 1. The output shaft should be horizontal or vertical downward in use.
2. Use hexagon bolts M8, length 20 mm or less as mounting bolts.
3. The motor in which cooling air flow direction is reversed is also available.

27



7.3 AC Spindle Motor Model 2S
a) Flange type

M5 screw (4)
Terminals for fan motor

(FMU, FMV.FMW) i5' Terminals for power line
/ (U/V/W/G)
Pulse generator connector

3) Blue 3Black 0) Fled

-5VPB PA
<D Yellow2)White CGtcen

RB RA OV
173.5 53.43 3 O

134,0
0H2 SS OH I 265.5 i£

Air in
Si

o

Si 51
P ID

Vi
r-

CO]
in

tr.

Tarof o
© o =5Q

Air out

%1 74:1 60 36
325

4-011 on 0185lai

a:s
60r

I -§L
_

In case of shaft without key,
1-Dl there is no tip tap.

OU seal

frj'2-M6
_]3\deÿ.10 I? I-'

paai6:;g!

(Note) 1. The output shaft should be horizontal or vertical downward in use.
2. Use hexagon bolts M10, length 35 mm or less as mounting bolts.
3. The motor in which cooling air flow direction is reversed is also available.

b) Foot mounting type

M5 screw (4)
Terminals for fan motor

(FMU, FMV.FMW)" Terminals for power line (U/V/W/G)

Pulse generator connector
3Blue 3Dbrk ®Rtd

PB PA
ClVhllc CGrrrr SYellow

RB RA 0V
i 3

QH2 SS OH I
173.5174.5 153.4

134.0
305.5 £

Air in
_D Sl

si
lol IT.

§

5a
fr

£ S
I o

o
o Air out

334 t
L-54- 50 IVao I A-a\2 60 63 I 12flO

15i an 314

335

60
P ? In case of shaft without key ,

f” there is no tip tap.
2-M6 1 . - - -5Ekdep.lO ni-

o?Bi6'JS!

(Note) 1. The output shaft should be horizontal or vertical downward in use.
2. Use hexagon bolts M10, length 20 mm or less as mounting bolts.
3. Tile motor in which cooling air flow direction is reversed is also available.

28 -



7.4 AC Spindle Motor Model 3S
a) Flange type

M5 screw (4)
Terminals for fan motor

(FMU, FMV, FMW)
/

o)) y Terminals for power line (U/V/W/G)

Pulse generator connector

301ue 3BI*c* a ntd

5VPAPB
OWTilte CGrren® YeDow

RARB OV
9 2V

273.5 153.4QH2 SS OH I
3B5.5

9
I34.D

3

imAir in
&

cAf 6

o

. 3 ?v
r~ s2 Uterin

D O to

Air out

MfiJ60
1 74:2

425y4-011 on 0185101

00 i—,

r- dS_
\ 3-M4 depT-ÿ
10 on4>22

In case of shaft without key ,
~ tiiere is no tip tap.

VOil seal

(Note) 1. The output shaft should be horizontal or vertical downward in use.
2. Use hexagon bolts M10, length 35 mm or less as mounting bolts.
3. The motor in which cooling air flow direction is reversed is also available.

b) Foot mounting type

M5 screw (4)
Terminals for fan motor

Terminals for power line (U/V/W/G)(FMU, FMV, FMW) '

Pulse generator connector

= ni« SDliiklO Rc:l I
PA| «5vlPB

Whl|t CGrten® Yellow

RARB OV
z> 5 : 2

0H2 SS OH I174 5
273,5 153.4

134,0 305.5

£
3 Air in

Sl

c.

25 0

a r
c
d Air out

1 u~TZ.
afi-J rL Sfr

'—4-0 12 60 63 15900 no
15 3|4

4?5

7:;

60r
In case of shaft without key,
there is no tip tap.3-4M dep. nt-'uji;

10 on 022 rL

(Note) 1. The output shaft should be horizontal or vertical dowaward in use.
2. Use hexagon bolts M10, length 20 mm or less as mounting bolts.
3. The motor in which cooling air flow direction is reversed is also available.
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7.5 AC Spindle Motor Model 6S
a) Flange type

NBR Bush
Terminals for
power line
G,U,V,W
Pulse generator
connector_

\ W\Terminals for
fan motor FMU,FMV,FMW

@ Diut (D Blut ©
\ ro PA *sv

QT) Whit* (§) G<r*n 0 Villa*.
no ns ov

'i
0

CM2 SS OH|

26a 1732oa
396N32_

55 196

lAir
BAm m I n mi hi

O' w
c70c roS o

fi
1hi sja

O Q

Air
on t

CO;?
os

-
\ 2042 0

\ 4-QI5, ono2l5 444

|J
BO

7c\

13-M4, 10 deep
3-M5.dcp. 10
oco22

Rl .5,

/ 1
on»eii/7Note) 1. The output shaft should be horizontal or vertical

downward in use.
2. Use hexagon bolts M12, length 40 mm or less as

mounting bolts.
3. The motor in which cooling air flow direction is

reversed is also available.

b) Foot mounting type

NBR Bush
Terminals for

fan motor
FMU ,FMV ,FMW

Terminals
for power
line G,U,V,W

Qj @ Duck © r,rd© Bin.

FU FA •5V

® Yillo.© Whlti © CitinPulse generator
connector_ no MA ov

Q 0m OM2 0*HS3

-ÿ7—
268208 173

162 396
55 196

Air
c B©) r4‘.

fmm tn
OJ c70ro

D3 i©r- (•’-
c\ m ida o n

Ai r
o n t

*;
CM

7
60

l
L-22_ 140

72 55. 226
4-01295 444

520

La--4-jJ

_
j3-m, 10 deep //3-M5, d o p.10 SLsS'

I QBP22

Note) 1. The output shaft should be horizontal or vertical
downward in use.

2. Use hexagon bolts H10, length 30 mm or less as
mounting bolts.

3. The motor in which cooling air flow direction is
reversed is also available.

80

a
rn
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7.6 AC Spindle Motor Model 8S
a) Flange type

NBR Bush
Terminals for
power line
G,U,V,W

Terminals for N

fan motor
FMU, FMV,FMW

® BSul @ OUek © n«J

rn PA *5V

© VWu © OrMfi ® Y.HunPulse generator no nA ov
H

(S' 0
OH 3 K

314 173508
442

192.
.55 242

Air
5

tth3i nflAM mft
T 2oN £ 90ca c

3 <
a

* CO
CD

C o a
Al r
out

co

a
a

\ 2043 I 10 Lfi
\ 514-o l5.o no2 1 5 490

l4-gM
in

1 10
B [O —m

3
a

\3-H5, 10 deep
\ OCP40_ _—

Note) 1. The output shaft should be horizontal or vertical Oil «a<l/ '
downward in use.

2. Use hexagon bolts M12, length 40 mm or less as
mounting bolts.

3. The motor in which cooling air flow direction is
reversed is also available.

b) Foot mounting type

NBR Bush
Terminals for
power line
G,U,V,W

Terminals for
fan motor
FMU, FMV, FMW fl © Bun ® Bl«e* © ««

ro PA •5V

© 0»r»fi ® Y«!lc«® W».IMPulse generator
connector_ no HA ov

H
<s> 0 0

OM3 ss OMI

-g—

314 173208
182 442

55, 242

Ai r2 AM Bi n LB = rÿTUD
£ 90CD c

Q

Dm ic a
a

f'

C. S' 'ecv o
Air
o n t

ft
OJ

p76
I 10 L.

i

m 178
72 75

54 2724-01295 95
490P3Q

14-g.

lloLI 10

-ÿ

3-M5, 10 deep
\ OBP40_

Note) 1. The output shaft should be horizontal or vertical
downward in use.

2. Use hexagon bolts M10, length 30 mm or less as
mounting bolts.

3. The motor in which cooling air flow direction is
reversed is also available.
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7.7 AC Spindle Motor Model 12S, 15S
a) Flange type

NBR Bush
Terminals for
.power line
G,U,V,W__

Pulse generator
connector_

Terminals for \ |?i ini
fan motor \ p1
FMU , FHV, FMW | , |

© BUM © BUck © fWd

PD rA •5V

(5) Gf»»n © Yellow© Will

no n* ov

III 0
0**2 53 0*11

291 173
264

420
182

232
\Ai r

i n
BA

RE;e A ms* vv
O vD

Cl
n90co

?5 Q £)11
ru

2
(X

a
8o

n «=>01

Ai r
out

a

O 8*NX

/250!i
?260

/ 4-0|5,o no265 1 10 466

LBI 10

i
CVJ
vO

A a
3-M5, 10 deep

onoAO Rl .S

nil teal /
Note) 1. The output shaft should be horizontal or vertical

downward in use.
2. Use hexagon bolts H12, length 45 mm or less as

mounting bolts.
3. The motor in which cooling air flow direction is

reversed is also available.

b) Foot mounting type

NBR Bush
Terminals for
power line
G,U,V,W
Pulse generator
connector

_
Terminals for '

fan motor
FMU, FHV, FMW

A © Dlu. © OUck © fUd

PD PA «SV

© WMw © Gr»«n ® Y.llaw

no nA ovV

0
OHJ 53 OH I

>•3

291 >73
264

420
182

2V
n A

232

1 <-Ai r
i

Q

A m
ID
3 vO

-a c:
n30.CD

-o

DQ
Q

a
cr> 8

cu o°
Ai r
0 u t

a

*1a
vOAa\C

DpT

95 95

4\4-ol5 100 178>27 127
259

290 I >0 466

L@1 10

4

3-M5, 10 deep
0 DOAQ
_ R> .5

Note) 1. The output shaft should be horizontal or vertical
downward in use.

2. Use hexagon boltB M12, length 45 mm or less as
mounting bolts.

3. The motor in which cooling air flow direction is
reversed i6 al6o available.
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7.8 AC Spindle Motor Model 18S, 22S
a) Flange type

TT'Z/TT

Terminals for
power line

»G,U,V,W_
Pulse generator
connector

Terminals for
fan motor
FMU,FMV,FMW

CB
(T> D!u. @ DtKk

FO PA

© WTMU © Grttn5
Q no flA ov

Si 0
0H3 55 QH1

264 360 210
229

514210

SR7
302i 1 LAi r

82 i
5

_o6i

& ft

fo oV' 8 vo
oo

LO O90ina

3ja??s o

§s
a

Aa.
ro
01

Ai r
o u t

Q

o

2502
JiU-Utl7260

/ 4-0 1 5. o nog65 I IQ 536

J I 10

Uo
4cv

vD —i-n
3-M5, 10 deep
, o n045_

mi teil/

Note) 1. The output shaft should be horizontal or vertical
downward din use.

2. Use hexagon bolts M12, length 45 mm or less as
mounting bolts.

3. The motor in which cooling air flow direction is
reversed is also available.

b) Foot mounting type

Trwr

Terminals for
power line

UJG.U.V.W
Pulse generator
connector

Terminals for
fan motor
FHU, FMV.FMW i.

ca
(2) oiu* @ 01<cfc ®

m FO TA •fiV

Hill © Y.flow© WMt. © Cum

no nA ov

0 O
JQin A OH2 53

264 360 210
229

514
2 IQ

302
Ai r
i it-J3p§3 BA o ° _o6iIs

91

s rj o c
in s90in

1o
D o

acv
O'
cv

g
cv o

Ai r
0 M t

91

m 0 o

1 TM "HT

ml95 95 178\ 4-g15127 127 299
I 10290 536

Ji&es 1 10

11 EEF3
3-M5, 10 deep
ang/15_

Note) 1. The output shaft should be horizontal or vertical
downward in use.

2. Use hexagon bolts M12, length 45 mm or less as
mounting bolts.

3. The motor in which cooling air flow direction is
reversed is also available.

ry
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7.9 AC Spindle Motor Model 1S/15000 (Flange type)

(4) M5 ScrewTerminals for
fan motor
(FMU, FMV, FMW) |Ol

Terminals for power line
(U/V/W/G)

Puke generator connector
i

O nuct;Q DUc a) Rei

PD PA *5 V

ffiWhiu ©Gr=n

ILD RA OV

© 0

OIC S3 0111 166.5 53.4
278,5

I34,0

nsAir in-5.-
IL
<Q ICo

i Si X
qX ?T •c

r*OJ <o
run o r-
0

O
a

Air out

132:;
50 If 1 31

4-ÿ9 on 0145 even
arrangement required

316

H*
5 INote) 1. The output shaft should be horizontal or vertical downward

in use.
2. Use hexagon bolls MS, length 30 mm or less, as mounting bolls.
3. The motor in which cooling air flow direction is reversed is

also available.
4. As the seal for the shaft end is a simple labyrinth type,

take care so tint the surface of the flange is not splashed
directly with lubricating oil or the like.

e

/

Labyrinth

7.10 AC Spindle Motor Model 2S/15000 (Flange type)

(4) M5 ScrewTerminals for
fan motor
(FMU, FMV, FMW) Esfe# ftG

Terminals for power line
(U/V/W/G)

Puke generator connector
m

© UUii 0 Jlt40 DU*

PA VPD

Ote 0Qrrcn ©Yells*

RD RA 0 V

0 0 TJ

Old ss Oil! I 73.5 I 53. 4

E
I 34 .0

285.5

@15 Air in

II Ss

7c lot¬
toO'

c
??Xi

?v X) lO
r*

'XI u-.O cv _
i°rif; O o

o
Q

Air out
O

% 60 36
743

3P5
\ 4011 on 0l 85 even

arrangement required
a

60

aNote) 1. The output shaft should be horizontal or vertical downward
In use.

2. Use hexagon bolts M10, length 35 mm or less, as mounting bolts.
3. The motor in which coaling air flow direction is reversed k

also available.
4. As the seal for the shaft end k a simple labyrinth typo,

take care so that the surface of the flange is not splashed
directly with lubricating oil or the like.

£4
rj

yJB
Labyrinth
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7.11 AC Spindle Motor Model 3S/12000 (Flange type)

(4) M5 Screw
Terminals for
fan motor
(FMU, FMV, FMW) Terminals for power line

(U/V/W/G)

Pulse generator connector-

a> nut* 0 R*1Q) Qlui2
PAPB

®Whiu (Jl Grrtn ©Ytila.

RA OVRB'tj
0 0 O

273.5oiu ss Oil) 1 53 a
365.5

¥
13-1,0

wrAir In

L &
©/' ffl

{51 c ir,

cl{5,
???? in

?« r-
ino BQ , mir w o

OQ
OO

Air outO

*\K\ S)
60

|
oB

1 7a:2
-125

4-011 on0l8S even
arrangement required

8

60

Note) 1. The output sitaft sliould be horizontal or vertical downward
in use.

2. Use hexagon bolts M10, length 35 mm or less, as mounting bolts.
3. Hie motor in which cooling air flow direction is reversed is

also available.
4. As the seal for the shaft end is a simple labyrinth type,

take care so that (he surface of the flange is not splashed
directly with lubricating oil or the like.

& -3
HQ-

D

/'3-M4 depth 10, on 022
even arrangement required

'ÿ i

Labyrinth

7.12 AC Spindle Motor Model 6S/12000 (Flange type)

Rubber bush for
covering the
wiring holes
Term!nab for
fan motor
(FMU, FMV, FMW)

\

M o niu± 0 ilrJam*Tcrmlnab for power line
, (U/V/W/G) PD PA »SV

0Whiia OCROI ©Yellow_
Pube generator connector RAno ov

© 0 O

0112 S3 OH I

206 266 173

I 62 396
ri5 196

IsAir In
;

BIJH A

r0fI
i

ulo> n o
c o

a
CO
COO

CO =5 O

Air out3 o

\ 204:1 80 16

\ 4-015 on 0215
arrangement required

SLeven 44a

80

0_
s

i-i--o
Note) 1. The output shaft should be horizontal or vertical downward

in use.
2. Use hexagon bolts M12, length 40 mm or less, as mounting bolts.
3. The motor in which cooling air flow direction is ruversed is

abo available.
4. As the seal for the shaft end is a simple labyrinth type,

take care so that the surface of the flange is not splashed
directly with lubricating oil or the like.

Rl ,5

Labyrinth
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7.13 AC Spindle Motor Model 8S/8000 (Flange type)

' Rubber bush for
covering the
wiring holes
Terminals for
fan motor
(FMU, FMV, FMW)

O © Dbu O 0 RsJTerminals for power lineS
. (U/V/W/G) PAPD «SV

© Whsi ©Gitsn ©VtUo»
Pulse generator connector RD RA ov

© © 9
OIK S3 OH I

300 314 173
103 443

55 343

Air in BI m m \ A

f? I
£5o>

c
8 2

0R 9
cs O 0

Air outIo

IS
& %\ 304:1 10 16

V
22.4-015 on 0215 oven

arrangement required
490

10
btgS

a A
oNote) 1. Tho output shaft should bo horizontal or vertical downward

in use.
2. Use hexagon bolts M12, length 40 mm or lcs3,as mounting bolts,
3. Tile motor in which cooling air flow direction is reversed is

also available.
4, As the seal for the shaft end is a simple labyrinth type,

take care so that the surface of the flange is not splashed
directly with lubricating oil or tho like.

nLabyrinth

7.14 AC Spindle Motor Model 12S/8000, 15S/8000 (Flange type)

Rubber bush for
covering tho
wiring holes

Terminals for N
fan motor
(FMU, FMV, FMW)

©J 0 RiJO DUd© Pl-’i
Terminals for power line

pn PA V-(U/V/W/G)
©Wkas © Gmn

SSiii - Pulso generator
connector

RARD OV

© © 911
OIK S3 OH1

391 173
364

420
183

35 233

If~ A*Air in — o
MnSSi mii

isf o,
00

o 3Rb ss
OJ O

ir
r.

f

cC>n
OJ

Air outo

&
1350:;

19 4 I360 /
I 10 4664-015 on 0265 even

arrangement required

I 10

Note) 1. The output shaft should bo horizontal or vertical downward
in use.

2. Use hexagon bolts M12, length 45 mm or less, as mounting bolts.
3. The motor in which cooling air flow direction is reversed is

also available.
4. As tho seal for the shaft end is a simple labyrinth type,

tako care so that the surface of the flange is not splashed
directly with lubricating oil or tho like.

eSi
•c

a

1

Labyrinth
/

- 36



7.15 AC Spindle Motor Model 18S/6000, 22S/6000 (Flange type)

Terminals for power line
(U/V/W/G)

Pulse generator connector

Terminals for
fan motor
CFMU, FMV, FMW) \

\ - u O BUci 0 fUJ

PA 3 VPB

eta 0Was 0Giro OYelbw

RA OVRD

O 0 O

0H2 S3

2bJ 360 2io
229

5I42 1 0

30?
Air in -ÿ4ÿ-1'

A m
O 1 o

Bnmtwzn sarp
3oVÿ£So

o
in3

PBs
rv

-X3

R cv

o
o Air out

O rV

/?50:i
19,?60 / a i

I 10 5364-09 on 0145 own
arrangement required

10 mNote) 1. The output shaft should be horizontal or vertical downward
in uso.

2. Use hexagon bolts M12, length 45 mm or less, as mounting bolts.
3. The motor in which cooling air flow direction is reversed is

also available.
4. As the seal for the sliaft end is a simple labyrinth type,

take arc so that the surface of the flange is not splashed
directly with lubricating oil or the like.

C\.
c

Labyrinth
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II. AC SPINDLE SERVO UNIT S series



1. GENERAL
The FANUC AC SPINDLE SERVO UNIT S series fully uses the most advanced
microprocessor and power electronics technologies to provide stable and smooth
drive operation with less vibration and noise from the low speed to the
high speed. It has the functions such as regenerative braking control (Patent

pending) and electric spindle orientation control (Patent pending) to fully meet
the needs of the most advanced CNC machine tools.

2. FEATURES
1) The light and compact unit is achieved owing to the plastic case.
2) The heat radiation part is cooled by the outside air and the electric

circuit in the magnetics cabinet can be completely closed resulting in
higher reliability.

3) Adoption of a custom LSI and a high-performance processor enhances the motor
control performance and flexibility.

4) The rigid tapping process involving synchronous feed of the spindle and the
Z axis in the machining center is possible.

5) Power-saving (energy-saving) design
The spindle servo unit is designed for energy-saving to obtain high power
with a small current owing to the unique power factor improvement design in
the input part.

6) Regenerative braking is possible. (Model 6S - 22S)
The unique driving method (patent pending) allows the motor to serve as a
generator during AC spindle motor deceleration so as to return energy to the
power source.

7) Low noise drive
The unique driving method (patent pending) reduces noises, even if the AC
spindle motor is operated at low speed.

8) Smooth low-speed rotation

The unique driving method (patent pending) assures very smooth rotation down
to low speed.

9) Electric spindle orientation control is applicable (option) .
Since the spindle orientation can be done pure-electrically, the mechanical
section is simplified, and the machine spindle can be composed with high
reliability and largely reduced orientation time.

10) The load detection signal function is newly added. This function is used to
detect the load status of the machine tool spindle. If the load is larger
than the specified load, the contact signal is used to reduce the feed motor
speed for moving the table and the cutting load, thus preventing the tools
from being damaged.
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3. CONFIGURATION AND ORDER SPECIFICATION DRAWING NUMBER

3.1 Models 1S - 3S
The AC spindle servo unit S series (Models IS, 1.5S, 2S and 3S) consist of the
following units and components.
1) Spindle control unit
2) Resistor unit
3) Fuse (spare)
4) Connector (for connection)
5) AC line filter

(Basic)
(Basic)
(Basic)
(Basic)
(Basic option) * If no power transformer

is used, specify
accordingly

6) Spindle orientation control circuit (Option)
7) Power transformer (Option)

AC spindle servo unit

Spindle control unit ACPMC
sequence
circuit

o-—>

=1spindle
motorCNC

Resistor unit

Fuse Connector

1r
iI Fan motor

_lu j Spindle orientation control ]
|_circuit

(Note 2)
__l

T
200/220/230 VAC

3-phase power f
AC line filter

1 I
( i No-fuse

I breaker
(Note 1)

i J

No-fuse
breaker

i
i

j_

380/415/460 VAC
Power transformer >1

__
I

-: Basic or basic option---: Option-----: To be provided by MTB

Note 1) MTB to provide an overcurrent protector with a proper capacity such as a
no-fuse breaker to the input power circuit of the AC spindle servo unit
S series.

Note 2) Cool the spindle control and resistor units using a fan motor with
specified flow.
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3.2 Models 6S - 22S
The AC spindle servo unit S series (Models 6S, 8S, 12S, 15S, 18S and 22S) consist

of the following units and components.
1) Spindle control unit
2) Fuse (Spare)
3) Connector (for connection)

4) Spindle orientation control circuit
5) Speed gain switching circuit
6) Power transformer
7) Unit adaptor

(Basic)
(Basic)
(Basic)

(Option)
(Option)
(Option)
(Option)

AC spindle servo unit

Spindle control unitPMC
sequence
circuit

AC
=]spindle

motorCNC

Fuse Connector

! Spindle orientation control j
| circuit

[ÿFan motorj
(Note 2)

Speed gain switching circuit

Unit adaptor

I

3-phase power 200/220/230 VAC i 1

I
1

1 No-fuse
!breaker

(Note 1)

I J

No-fuse
breaker
(Note 1)

I i

L_r J U

H Power transformer I_I

380/415/460 VAC r —

-: Basic---: Option----: To be provided by MTB

Note 1) MTB to provide an overcurrent protector with a proper capacity such as a
no-fuse breaker to the input power circuit of the AC spindle servo unit
S series.

Note 2) Provide a fan motor to cool the spindle control unit.
adaptor is used, however, it is not necessary to provide the fan motor.

When the unit
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3.3 Order Specification Drawing Number

3.3.1 Models IS - 3S, Model 1S/15000, Model 2S/15000 (high-speed model)

Classifi¬
cation

Nomenclature Spec. Dwg. No. Remarks

A06B-6059-H002//H501Spindle control unit
for Model IS

External heat radiation
type, 8000 rpm

A06B-6059-H002//H508Spindle control unit
for Model 1.5S

External heat radiation
type, 8000 rpm

A06B-6059-H002#H502Spindle control unit
for Model 2S

External heat radiation
type, 8000 rpm

Basic

A06B-6059-H002//H503Spindle control unit
for Model 3S

External heat radiation
type, 8000 rpm

A06B-6059-H002#H509Spindle control unit
for Model 1S/15000

External heat radiation
type, 15000 rpm

A06B-6059-H002#H505Spindle control unit
for Model 2S/15000

External heat radiation
type, 15000 rpm

A06B-6059-K101 Soldered type
Connectors

A06B-6059-K102 Crimped type

A06B-6052-K050Basic 150
Resistor units

See 4.2.2

A06B-6052-K051 300 x 2 pieces

A06B-6059-K003Fuse

A81L-0001-0083/3CAC line filterBasic
Option

Specify if power transformer
is not provided.

Primary line AC380/415/460V
Secondary line AC 200V

Option Power transformer A06B-6052-J001

(*1) For optional orientation, refer to the items related to spindle orientation
in Part V.
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3.3.2 Models 6S - 22S, Models 3S/12000 - 22S/6000 (high-speed model)

RemarksClassifi¬
cation

Nomenclature Spec. Dwg. No.

A06B-6059-H206#H511Spindle control unit
for Model 6S

External heat radiation
type, 6000 rpm

A06B-6059-H208#H512 External heat radiation
type, 4500 rpm

Spindle control unit
for Model 8S

A06B-6059-H208#H513 External heat radiation
type, 6000 rpm

A06B-6059-H212//H514 External heat radiation
type, 4500 rpm

Spindle control unit
for Model 12S

A06B-6059-H212#H515 External heat radiation
type, 6000 rpm

A06B-6059-H215#H516 External heat radiation
type, 4500 rpm

Spindle control unit
for Model 15S

A06B-6059-H215#H517 External heat radiation
type, 6000 rpm

A06B-6059-H218//H518Spindle control unit
for Model 18S

External heat radiation
type, 4500 rpmBasic

A06B-6059-H222//H520Spindle control unit
for Model 22S

External heat radiation
type, 4500 rpm

A06B-6059-H206#H533Spindle control unit
for Model 3S/12000

External radiation type,
12000 rpm

A06B-6059-H208#H534Spindle control unit

for Model 6S/12000
External radiation type,
12000 rpm

A06B-6059-H212//H535Spindle control unit
for Model 8S/8000

External radiation type,
8000 rpm

A06B-6059-H212//H536Spindle control unit
for Model 12S/8000

External radiation type,
8000 rpm

A06B-6059-H215#H537Spindle control unit
for Model 15S/8000

External radiation type,
8000 rpm

A06B-6059-H218#H519Spindle control unit
for Model 18S/6000

External radiation type,
6000 rpm

A06B-6059-H222#H521Spindle control unit
for Model 22S/6000

External radiation type,
6000 rpm
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Classifi¬
cation

Nomenclature Spec. Dwg. No. Remarks

A06B-6059-K103 Soldered type
Connectors

A06B-6059-K104 Crimped type

Basic
A06B-6059-K012 For Model 6S - Model 12S,

3S/12000 - 12S/8000, 8VH
Fuse

A06B-6059-K022 For Model 15S - Model 22S,
15S/8000 - 22S/6000, 12VH

A06B-6059-J700Option Speed gain switching
circuit

A06B-6044-J006Power transformer For Models
6S, 8S,
3S/12000,
8S/8000

Primary 380V
line 415V

460V

Secondary
line 200VA06B-6044-J007 For Models

12S, 15S,

12S/8000,
15S/8000,
8VH, 12VH

Option

A06B-6044-J010 For Models
18S, 22S,
18S/6000,
22S/6000

A06B-6059-K031Unit adaptor For Models 6S - 12S,

3S/12000 - 12S/8000, 8VH

A06B-6059-K032 For Models 15S - 22S,
15S/8000 - 22S/6000, 12VH

(*1) For optional orientation, refer to the items related to spindle orientation
in Part V.
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4. SPECIFICATIONS AND FUNCTIONS

4.1 Specifications

(1) AC spindle servo unit S series

1.5S 2S 3S 6SModel IS 8S 12S 15S 18S 22S
Item

30-min. rated power
source capacity

4 7 9 12 22 267 17 32 37

AC200V/220V/230V +10%, -15% 50/60Hz 1HzPower source (*1)

Transistor PWM inverterMain circuit system

Feed back system Velocity feed back by pulse generator

Braking system

(Regenerative energy
processing system)

Regenerative braking
(Resistance discharge)

Regenerative braking
(Power regeneration)

DC + 10V (Max. speed) - 0V (Stop)Input command voltage

Speed control range
(Speed ratio) rpm

80 - 8000
(1:100)

45 - 6000
(1:133)

45 - 4500 (1:100)

45 - 6000 (1:133)
45 - 4500

(1:100)

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

0 - 55°CAmbient temperature
(*3)

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

(*2) It is needed to cool forcibly the radiator fin section of the servo unit.
When designing the servo unit housing, prepare a cooling fan and give
careful consideration to the forced air cooling structure of the radiator
fin section referring to Chapter 7 "COOLING" in this manual.

(*3) In Model 12S and Model 22S, the continuous operating time of the motor at
30-min. rated output is determined as follows by the thermal limitation of
the unit.

WJfiO

“ 302 30 / / / / /'/////// 22
D.
O

c. //
?i2°
13
1!10

O ft
U

/~'20
§ a //
c //

If /
/

//S/S/S/S/oS/S/s/s/ss 0
0 10 20 300 10 40 5020 30 6040 50 GO

Ambient temperature (aC)Ambient temperature (*C)

Thermally limited continuous
operating time of Model 12S

Thermally limited continuous
operating time of Model 22S
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(2) AC spindle servo unit S series (high-speed model)

IS/ 2S/ 3S/ 6S/ 8S/Model 12S/
8000

15S/
8000

18S/
6000

22S/
6000Item 15000 15000 12000 12000 8000

30-min. rated power source
capacity kVA

4 97 12 17 22 25 32 37

Power source (*1) AC200/220/230V, +10%, -15%; 50/60Hz+lHz

Main circuit system Transistor PWM inverter

Feed back system Velocity feed back by pulse generator

Braking system Regenerative braking
(Power regeneration)

Regenerative
braking
(Resistance

discharge)

+10V DC (at maximum speed) to 0V (while stopping)Input command voltage

120 80 - 8000 rpm

(Speed ratio 1:100)

60 - 6000 rpm

(Speed ratio

1:100)

Velocity control range 150 -
15000

150 -
15000

120

12000 12000

rpm

(Speed

ratio
1:100)

Less than 0.1% of the maximum speed in the load variation range from

10 to 100%

Speed variation

Ambient temperature (*3) 0 - 55°C

(*1) A transformer is needed when the power voltage is other than specified
herein.

(*2) It is needed to cool forcibly the radiator fin section of the servo unit.
When designing the servo unit housing, prepare a cooling fan and give
careful consideration to the forced air cooling structure of the radiator
fin section referring to Chapter 7 "COOLING" in this manual.

(*3) In models 12S/8000 and 22S/6000, the continuous operating time of the motor
at 30-min. rated output is determined as follows by the thermal limitation
of the unit.

H to

ra 30H 30
/////// 7777772

2LQJ
a
o / €o

3?°§:B

u ~20
3 5
§ B

ll10
u «

/

/ /!§10 / /
cSi /

Z/\//y/y/y/ Z/y/s/y/y/
0 0

0 10 20 30 40 0 10 2050 3060 40 50 60

Ambient temperature (°Q Ambient temperature (°C)

Thermally limited continuous
operating time of Model 22S/6000

Thermally limited continuous
operating time of Model 12S/3000
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4.2 Major Component Functions and Application

4.2.1 Spindle control unit

The spindle control unit rectifies three-phase AC input, and converts it into DC
so as to perform the velocity control of the AC spindle 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 trouble has 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
(1) —1 Spindle Control Unit for Models IS - 3S

Description DisplayItem

Motor overheat
detection

An alarm occurs when the internal temperature
of AC spindle motor and power circuit heat
radiator temperature abnormally increase.

AL-01

Excessive velocity
deviation detection

An alarm occurs when the AC spindle motor
speed is largely deviated from the commanded
speed due to an overload, etc.

AL-02

Detection of
discharge circuit
abnormality

An alarm is generated when current flows in
the regenerative resistor unit for longer
than a certain time.

AL-03

Overspeed detection If the AC spindle motor speed exceeds 110 to
115% of the rated maximum speed, an alarm
occurs.

AL-06
AL-07

Overvoltage detection If the AC input power circuit voltage exceeds
the rated voltage range, an alarm occurs.

AL-08

Undervoltage
detection

If the control power voltage abnormally
drops, an alarm occurs.

AL-10

Main circuit
overvoltage detection

If the main circuit voltage abnormally rises,
an alarm is emitted.

AL-11

If an abnormally large current runs through
the main circuit, an alarm occurs.

Main circuit over¬
current detection

AL-12

Abnormal arithmetic
circuit detection

An alarm occurs when any abnormality of the
arithmetic circuit or its peripheral parts is
detected .

AL-16
23

Abnormal ROM

detection
An alarm occurs when ROM is found abnormal.
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(1) — 2 Models 6S - 22S

Item Description Display

Motor overheat
detection

Alarm is emitted when the temperature inside
the AC spindle motor rises abnormally.

AL-01

Excessive velocity
deviation detection

Alarm is emitted when the AC spindle motor
speed tremendously deviates from the command
speed due to reasons such as overload.

AL-02

Detection of melted
control power circuit
fuse

The melting of +24V fuse in the control power
section is detected.

AL-03

Detection of lost
input power phase

Alarm is emitted when any of the input power
phases are lost.

AL-04

Overspeed detection Alarm is emitted when the AC spindle motor
speed exceeds 110 to 115% of the rated
maximum speed.

AL-06
AL-07

Overvoltage detection ALarm is emitted when the AC input power
voltage exceeds the rated voltage range.

AL-08

Detection of main
circuit overheating

Alarm is emitted when the temperature of
power circuit heat radiator rises abnormally.

AL-09

Undervoltage
detection

Alarm is emitted when the control power
voltage drops abnormally.

AL-10

Main circuit over¬
voltage detection

Alarm is emitted when the main circuit
voltage rises abnormally.

AL-11

Main circuit over¬
current detection

Alarm is emitted when abnormally large
current runs through the main circuit.

AL-12

Abnormal arithmetic
circuit detection

Alarm is emitted when any abnormality is
detected in the arithmetic circuit and its
peripheral circuits.

AL-13
16 - 23

Abnormal ROM
ditection

Alarm is emitted when any abnormality is
found in ROM.

A

Abnormality of option

circuits
Alarm is emitted when option circuits or
connection to the option circuits become
abnormal.

AL-15
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(2) Auxiliary functions
The AC spindle control unit provides the following auxiliary functions.

Auxiliary functions Description

The 10-VDC meter (one-sided deflection type) is
connectable.

Loadmeter output

The 10-VDC meter (one-sided deflection type) is
connectable.

Speedometer output

Zero-speed signal
output

Spindle motor stop can be confirmed.

Speed reach signal
output

This signal indicates that the spindle motor has reached
the commanded speed.

Overriding the command speed (auto) is possible.
(Model 6S - 22S)

Override

Speed detection
signal output

The speed can be detected to confirm if it is below a
certain speed such as the clutch change speed and gear
change speed.

Torque limit This serves to reduce the output torque of the spindle
motor for rotation temporarily at small torque.

Display of motor rpm Actual motor rpm is displayed in five digits, seven
segments.

Selection of output
limit pattern

Various kinds of output limit patterns can be selected
with setting of parameter.
. No output limit is made.
. Output limit is made only at acceleration/

deceleration.
. Output limit is made at stable rotation.
. Output limit is effected for all operation ranges.
Divide the maximum output by 100 for setting.

Selection of rigid
tapping mode

Response characteristics for rigid tapping can be
selected by the setting of parameter and input of contact
signal.

Load detection
signal output

When the load value exceeds the value set by parameter,
the contact signal is output.
Divide the maximum output by 100 for setting.

- 51



4.2.2 Resistor unit (Models IS - 3S)

On AC spindle servo unit models IS to 3S, the regenerative energy which
accompanies motor deceleration is expended by resistors. The following items
should be noted when using the resistor unit.
(1) When choosing the motor and resistor unit, choose a resistor unit with a

capacity which suits the load and run cycle time. Overheating will occur if
an inappropriate resistor unit is used. Refer to item 4.2.3 for selection.
The following items can also cause overheating, so caution is advised.
. Overheating is likely to occur, if the balance difference between the

different phases of the input power source is 12% or greater, and
especially if the voltage between the U-V phases is lower than that
between the V-W or W-U phases. If this is the case, reconnect so that the
U-V phase voltage will be the highest, as a temporary measure.

. If one end (unit terminal T2-2 side) of the resistor is grounded.

. If the unit is damaged and a fault exists in the control circuit, power
transistor, etc.

(2) When designing the mounting for the resistor unit, make sure the resistors
that comprise this unit are cooled properly. Also provide adequate air
ventilation.

(3) When there is an abnormality, such as overloading, the thermostat on the
resistor is activated. However, the unit is allowed to be heated up to the
operating temperature (about 130°C) .
activation of the thermostat is 120 +6°C.) If there are any vinyl coated
wires nearby, there is a possibility that they will melt. There is a strong
chance that the covering for the power line of the power source (AC 200V)

might melt, in particular, and a short circuit accident can occur. When
wiring, make sure that the cables don't touch the resistor unit case, with
these precautions in mind.

(4) Connect so that the thermostat, upon activation, will send an emergency stop
signal (ESP) to the spindle amp via the power sequence circuit. (See figure
below. )

(The specified . temperature for

Power sequence circuit AC spindle servo unit
Emergency stop signal
(B contact) Receiver

CN1( 47 )ESP1oTo-
ESP

1) ESP2 I CN1( 48 )
ft

OV
ft
ft
ft
ft
ft
ft Resistor unit

TH ( 1)
Detects abnormal
temperatures in the
resistor unit and
opens the ESP
contact.

Thermostat

TH(2)

The figure above applies when there is one resistor unit.
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4.2.3 Resistor unit selection standard

For models IS, 1.5S, 2S and 3S, energy during motor deceleration (regenerative
operation) is consumed in the resistor unit. Heating of this resistor unit
changes, depending on the motor type, operating speed rpm, load inertia and
continuously repeated cycle (duty cycle). The resistor unit includes two types:
one type uses one resistor of 1 kW 15 ft, and another type uses two resistors of
1 kW 30 !] in parallel. Selection method between these two types is described
below.

Deceleration--N
T

Dt

In the continuously repeated operation illustrated above, assuming the operating
2

motor rotor inertia to be Jm (kg.m.s ) and spindle motorspeed rpm to N (rpm) ,
2

shaft converted load inertia to be (kg.m.s ), the allowable duty cycle times

Dÿ, D
£

are found as follows:

When one resistor 15 ft is used:

= 179.2 x (Jm + J ) x x 10 (sec)
Li

(i)Dti
When two resistors 30 ft are used in parallel:

Dt2 = 89.6 x (Jm + Jÿ) x x 10 (sec) ...
When four resistors 15 ft are used in serial:

= 44.8 x (Jm + J ) x x 10 (sec) ...
Li

(2)

(3)°t3

The results of the calculation in the case of the resistor unit (1) regarding
each motor model are shown in the figures 1 - 4 in the following page.
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J L =
’ 0.0024

kg .m. s2
30 30

“Can be used”

JL= “Cannot be used”

•0.0016

/ kg .m. s2

s0.00182 “Can be used" kg.m.s2 O

.1!20 2 20
“Cannot be used”

/ 0.0012
kg.m.s2

s
u

OU

0.0008
kg.m. s2

0.000 6
kg .m .s2

10 10Dt Dt

Motor unit
(J, = 0)

Motor unit

( JL=0)
0 0

0 4 8 N 0 4 8 N
X 1000 rpm X 1000 rpm

Motor speed Motor speed

Fig.1 Model IS Fig. 2 Model 1.5S

30
JL = 30 JL =
0.0016
kg.m.s2

0.003
kg.m.s2

2 “Can be used”“Can be used”Hi

.§ 2
2 20 !“Cannot be used”

/ 0.000 8
kg.m.s2

“Cannot be used”
/ 0.00 1 5

/ kg.m.s2

20o

•HU o

U

10Dt Motor unit
( JL=0)

10Dt Motor unit

( JL=0)

0 r
00 L4 8 N 0 2 4 N

X lOOOrpm
X 1000 rpmMotor speed

Motor speed

Fig. 3 Model 2S Fig. 4 Model 3S

Note) Explanation of the figures:
1) Operation duty cycle time in the upper side of the curve corresponding

to motor axis conversion load inertia can be used, but cannot be used
in the lower side due to overheating of the resistor.

2) In the case of resistor unit (2), the cycle time of figures 1
1/2.
In the case of resistor unit (3), the cycle time of figures 1
1/4.

4 is

4 is

- 54 -



[Example]]
The following table shows motor axis conversion load inertia of the spindle,
which is permissible when repetition is conducted at the maximum operating speed
when the permissible duty cycle is 30 secs.

Permissible motor axis conversion
load inertia

Motor
rotor

inertia

Maximum
operating

speed

Model nameNo.
Resistor (30 ft,

2 in parallel)
Resistor
(15 ft, 1)

IS 0.0003 80001 0.00231 0.00493

2 0.0004 0.004831.5S 8000 0.00221

3 2S 0.0008 8000 0.00181 0.00443

4 3S 0.0015 6000 0.00315 0.00780

Duty cycle limitation with 2 discharge resistors

Cooling structure
As shown in the diagram below, configure the equipment with a duct structure so
that the surface of the resistor is subjected to intense cooling. The fan motor
and mounting fittings are to be provided by the user.

One resistor used (example)

Direction of
air draft_
|||Required cooling air speed

2m/see

Two resistors used (example)

Direction of air draft

1 I t
Terminal

d d d
Resistor Resistor Resistor

Mounting
fitting

Thermostat

___
I

___
I I

Fan motor Fan motor

Note) It is not necessary to cool the surface retaining the thermostat.
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4.2.4 Types of connectors
Connectors for the connector cable side are built into the control print board
of the AC spindle servo unit, and they are therefore, specified together.
addition, the speed feedback signal cable connector is provided with the motor.
The following types of connectors are included for each model of AC spindle
servo unit.

In

(1) For Models IS - 3S

Connector
specifications;
FANUC specification

drawing number
(manufacturer 's
model)_

Order drawing number
Applica¬
tion

Remarks
A06B-6059-K101
(Type with
solder)_

A06B-6059-K102
(Crimp type)

A63L-0001-0134/01
(MR-50LFH)

CN1 1 Connector with
cover (50 pins,
female)

A63L-0001-0134/21
(MRP-50LF01)

1

A63L-0001-0134/02
(MR-20LFH)

CN2 1 Connector with
cover (20 pins,
female)

A63L-0001-0134/22
(MRP-20LF01)

1

(2) For Models 6S - 22S

Connector
specifications ;
FANUC specification
drawing number
(manufacturer ' s
model)_

Order drawing number
Applica¬
tion

RemarksA06B-6059-K103
(Type with
solder)_

A06B-6059-K104
(Crimp type)

A63L-0001-0134/01
(MR-50LFH)

CN1 1 Connector with
cover (50 pins,
female)

A63L-0001-0134/21
(MRP-50LF01)

1

A63L-0001-0134/02
(MR-20LFH)

CN2 1 Connector with
cover (20 pins,
female)

A63L-0001-0134/22
(MRP-20LF01)

1

A63L-0001-0134/12
(MR-20LMH)

CN3 1 Connector with
cover (20 pins,
male)

A63L-0001-0134/32
(MRP-20LM01)

1
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(3) Structure
Soldered/crimp-style
terminal MR-50L (MR-50L)

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

MR-50FH (MRP-50F01)
MR-20FH (MRP-20F01)
MR-20MH (MRP-20M01) Body

x
i

+'

S3

Connector with cover

MR-50LFH (MRP-50LF01)
MR-20LFH (MRP-20LF01)
MR-20LMH (MRP-20LM01)

Specifications shown in parentheses are for crimp type terminal.

(A) Terminal Configuration

Terminal configurationUse Specifications

For CN1 MR-50FH
(MRP-50F01)
(50-core female)

I 2 3 4 5 6 7 U 9 10 II 12 13 14 IS 11! 17 If)

O O HONOA"
19 20 21 22 23 24 2S 2o 27 20 29 30 31 32

33 34 35 3f 37 30 39 40 41 42 43 44 45 4li 47 48 43 50

o o

For CN3 MR-20MH
(MRP-20M01)
(20-core male)

14 15 16 17 18 19 20 3 ,

s ? a ?, % ?, § $-
I 2 3 A 5 6 7

For CN2 MR-20FH
(MRP-20F01)
(20-core female)

1 2 3 4 5 6 7 Q 1
<5 <* O O z

8 9 10 II 12 13 2 T
O O O O O1

16 17 IQ 19 20

e
L ,?.?

Above figures are viewed from solder/crimp side.
are for crimp type.

Specifications in parentheses

(5) Outer diameter of compatible cable

Connector specifications Outer diameter of cable

Max. <h16 mmMR-50LFH
MRP-50LF01

MR-20LFH
MRP-20LF01
MR-20LMH
MRP-20LM01

Max. 10 mm
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4.2.5 Fuse
Spare fuses are not attached to the AC spindle servo unit. Order more than one
set of spare fuses for stock. Following fuses and parts are applied to each
model of AC servo unit.

Order specification

Specifications
FANUC Spec. Dwg. No.

Name
IS - 3S

A06B-6059-K003
6S - 12S

A06B-6059-K012
15S - 22S

A06B-6059-K022

Fuse (5A) A60L-0001-0031/5A 3 3

A60L-0001-0046/3.2Alarm fuse
C3.2A)

1 1

A60L-0001-0046/1.0Alarm fuse
(1.0A)

1 1

A60L-0001-0175/3.2AFuse (3. 2A) 1

Fuse (1.0A) A60L-0001-0175/1.OA 2 2 2

Fuse (0.3A) A60L-0001-0175/0.3A 3 3 3

A50L-2001-0155/
20D431

Surge

absorber
1 1

4.2.6 Spindle orientation control circuit (option)

Refer to chapter "Spindle orientation".

4.2.7 Speed gain switching circuit (option for Models 6S - 22S)

Refer to chapter "Speed Gain Switching Circuit".

4.2.8 Power transformer (option)

When the input power voltage is out of range of 200 through 230 VAC, the power
transformer is required.
Provide the transformer with the following specifications by the customer.
(1) Specifications

Model
IS 6S1.5S 2S 3S 12S8S 15S 18S 22S

Item

430-minute 17 22 26Rated capacity
(kVA)

7 7 9 12 32 37

3 3 4 12 17 26 31Continuous 7 9 22

Secondary current (30-minute)
12 21 21 26 35 48 62 88 10572

(A)

Secondary tap output voltage 200 V

Secondary voltage
regulation

5%

Secondary tap voltage

deviation
+3%
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(2) FANUC power transformer specifications (Option)
The following five power transformers are available.
according to the 30-minute rated power capacity.

Select the servo unit

6S 8S 12SItem IS 1.5S 2S 3S 15S 18S 22S

A06B-6052-J001 A06B-6044-J006 A06B-6044-J007Order specification A06B-6044-J010

A80L-0001-0496Specification A80L-0001-0313 A80L-0001-0314 AB0L-0001-0352

30-minute 10 kVARated capacity 20 kVA 30 kVA 45 kVA

Continuous 7 kVA 15 kVA 26 kVA 40 kVA

380/415/460 VAC +10% -15%, 230 V +10% -15%, 50/60 Hz +1 Hz 3«5
(Secondary side is used for auto transformer)

Rated primary voltage

11A (at 380V)

10A (at 415V)

9A (at 460V)

23A (at 380V)

21A (at 415V)

19A (at 460V)

40A (at 380V)

36A (at 415V)

33A (at 460V)

6 1A (at 380V)

56A (at 415V)

51A (at 460V)

Rated primary current
(continuous)

Rated secondary voltage 200 VAC

Rated secondary current
(continuous)

20 A 43 A 74 A 115 A

Secondary voltage regulation 5%

Secondary voltage deviation +3%

Connection Star-star connection

Insulation Class H (Max. temperature 180°C)

Ambient temperature 0 - 45°C

Allowable temperature

rise of transformer
135°C

Humidity Max. 95%RH

Type All transformers are dry-type and self-cooling

Dielectric voltage 2000 VAC, one minute

Weight Max. 61 kg Max. 115 kg Max. 165 kg Max. 260 kg

External dimensions Fig. 8.1.12 Fig. 8.1.13 Fig. 8.1.14 Fig. 8.1.15

Connection

•160 V 230V R4R3 o SHIELD o
4 15 V o 200VR2 O

R1 o 380 V 1 1 U

PRI.
SEC . O (Newtral)

o

T 1
VT2
S 4T3

S 1 o-
S 2 o-
S 3 O

o
W
o
T4

(Primary) (Secondary)
G o o G
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(3) Secondary output voltage

i

260
Voltage deviation (approx. 10V) at

deviation (0-100%) of 380VACload

£ 250 tap

I 415VAC tap 460VAC tap

220VAC
+10%
-15%

2401
3

S' 220 z3

“ 200 200VAC
+10%
-15%O

180

160

y y y y y y
§ g a g g g
CO o VO OO

it-
3 20 360 4 00 440 480 520 560

AC input voltage (V)

(4) Selection of Power Tap
Connect the transformer to the taps given in the following table according to
AC input voltages.

Nominal input voltage Taps used

Rl, SI, Tl, G (380 V)380 VAC +10%, -15%

Rl, SI, Tl, G (380 V)400 VAC +10%, -15%

R2, S2, T2, G (415 V)415 VAC +10%, -15%

R2, S2, T2, G (415 V)440 VAC +10%, -15%

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

R3, S3, T3, G (460 V)480 VAC +10%, -15%

(5) Cautions on use of transformer
(a) When mounting the transformer in a cabinet, separate it so as not to

give a thermal influence to an other unit.
(b) When mounting the transformer outside, be careful not to directly expose

it to cutting chips and cutting oil slash.
(c) If the transformer may fall, mount it with bolts, etc.
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4.2.9 Unit adapter (option only for models 6S - 22S)

This unit is applied to the servo unit models 6S to 22S with the inner
ventilation type. When this stay is mounted the maximum depth is 319 mm for
models 6S - 12S and 315 mm for models 15S - 22S. For details, refer to Chapter
8 "External Dimensions and Maintenance Area".

61



5. INSTALLATION

5.1 Environmental Conditions
Install the AC spindle servo unit in a place which meets the following
environmental conditions.

5.1.1 Ambient temperature

Ambient temperature of the unit
Ambient temperature of the storage cabient

0 to 55 °C
0 to 45°C

5.1.2 Humidity
Normally 95% RH or below, and condensation-free

5.1.3 Vibration
In operation Below 0.5G

5.1.4 Atmosphere

No corrosive or conductive mists or drops should deposit directly on the
electronic circuits.

5.2 Input Power and Grounding
(1) Input power

* Nominal voltage rating: 200/220/230 VAC

* Allowable voltage deviation: -15% - +10%
* Power frequency: 50/60 Hz
* Allowable frequency deviation: +1 Hz
* Power impedance: Voltage deviation due to load (30 min. rating x 1.2)

should be less than 7%.
Since the AC spindle servo unit (Model 6S Model 22S) employs a
regenerative energy system in which motor rotating energy during motor
deceleration is regenerated as shop power source by means of a transistor
inverter, large power impedance may cause the following restrictions or
influences. So, care should be exercised when using transformers of
relatively small capacity or relatively long cables.

* Method to check power impedance

UR AC

S AC V
spindle

T servo unit W

spindle
motorAC power supply

GG

AC voltmeter E

E0 - El
x 100(%) < 7 (%)

Ei

where,
Eg: Voltage at motor stop

Eÿ: Voltage during motor acceleration or voltage immediately before the
start of speed reduction with the application of load.
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* Power supply unbalance: The range of voltage fluctuation between each
phase of a 3-phase power supply is the rated voltage +5% or less.

* Install a breaker having an adequate voltage capacity for protection in
the input section of the AC spindle servo unit.

* Input power supply power factor at AC spindle motor drive is 0.9 or more.
When the AC spindle motor provides most of the power for the entire
machine, a low voltage phase advancing condensor must be installed.

* Alarm No. 4 may light up in response to input power supply open phase and
momentary power failure. (Models 6S - 22S).

* Leakage current at AC spindle motor drive
As the drive circuit uses a transistor-pulse duration modulation control
system, high-frequency leakage current components flow to the earth via
the spindle motor and connecting cables. However, for cables of 50 m or
less in length, the 50/60 Hz leakage current is equal to or less than the
non-operating current (15 mA) of the general high-sensitivity, high-speed
earth leakage breaker.

* Radio noise
As the drive circuit uses a pulse duration modulation control system,
high-frequency current when switching over the transistor may cause
generation of noise if a radio is installed close to the AC spindle motor
and the drive circuit.
The noise will have an effect on AM radio, but not on FM radio or TV.
Consider the following items as measures related to mounting and machinery
installation in order to minimize radio noise.
(a) Install, the AC spindle servo unit in a metal cabinet.
(b) Run the connection cable which exists between the AC spindle servo

unit and the AC spindle motor, through a metal duct and earth the
duct.

(c) Make connections between the terminals of the AC spindle servo unit
and the AC spindle motor (the G terminals of each unit) as
specifications.

(2) Ground
Be sure to ground cables shown below.

* Ground cable of input power supply

* Ground cable of an AC spindle servo unit and motor
(3) Installation of an AC line filter

Whenever using the the AC spindle servo unit models IS - 3S without a power
supply transformer, be sure to install an AC line filter.

AC 2 0 OV AC line
filter i AC spindle

motor
. AC spindle

servo uniti--"'
230V

r

Power l
supply ,

transformer

AC380V

__
i

1

___
i

4 8 0V
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6. UNIT CALORIFIC VALUE

6.1 Calorific Value of the AC Spindle Servo Unit

12S
6S 8S2S j 15S, 18S j 22S,

8S/8000,
12S/8000,
18P, 8VH

3S/12000,
8P, 12P

6S/12000, 15S/8000,
22P, 12VH

18S/6000,1S/15000,

2S/15000
22S/6000,Model IS 1.5S 3S

15P 30P 40P

Caloric value

at continuous

rated output
840280 280 310 340 420 500 660 1050 1250

[W]

fao
///////I
/% 20

•S /
c
o /
O

10

/

I y

//s/s/s / y /
°o 10 20 30 40 50 GO

Ambient temperature (°C)

Thermally limited period of continuous use of the servo unit (Model 12S)

B
30

//////1
/° 20

% /
g

/
10

/
X3

1 // i/ / y / y / y y
£> 0

0 10 20 30 40 50 60

Ambient temperature (°C)

Thermally limited period of continuous use of the servo unit (Model 22S)
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7. COOLING
The AC spindle servo unit S series employs the structure of external cooling for
the radiator of the power circuit.
cooling for cooling the radiator of the power circuit.
necessary for forced-air cooling is provided by the MTB.
* The AC spindle servo unit S series does not employ the built-in fan.

* If the unit is not cooled properly, an overheat alarm or a problem may occur.

It is required to consider forced-air
The cooling fan

7.1 AC Spindle Servo Unit
Cool the radiator of the AC spindle servo unit using wind in accordance with the
undermentioned figure and with wind shown in Table 7.1, which can radiate 70% of
the carolic value.

Table 7.1 Cooling the AC spindle servo unit

6S - 12S,
3S/12000 - 12S/8000,
8P - 18P, 8VH_

15S - 22S ,
15S/8000 - 22S/6000,
22P - 30P , 12VH

IS - 3S,

IS/15000, 2S/15000
Model

More than 2 m/sec More than 3 m/sec More than 3.5 m/secWind speed

Models 1S - 3S Models 15S- 22SModels 6S - 12S

Mounting panel Mounting panel Mounting panel

L

Cs C S

C 5

ct

r. ;

C :
?

C -

Airflow
2 m/sec or faster

OH
i

Airflow
3 m/sec or faster

Airflow
3.5 m/sec or faster

Note) Magnetics cabinet structure to be employed to prevent fan motor wind
leakage whenever forced-air cooling is performed.

Remarks) The required wind speed is obtained by using a unit adaptor.

65 -



provided with three-phase fan motors (model No.
one for models 6S-12S each and two for

The unit adapters are
5915PT-20W-B30-S04 made by N.M.B.),
models 15S-22S each.
However, those produced in June, 1990 or earlier are provided with single-phase
fin motors (model No. 5915PC-20T-B30-100 made by N.M.B.).

As an example of the three-phase fan motor for cooling, the model //5915PT made
by N.M.B. is shown below. For the single-phase fin motor model //5915PC, refer
to Appendix 3.

[Specifications]

Max.
static
pres¬
sure

mmAq

Max.
air

flow
m3/
min

Fre¬
quency

Cur¬
rent

Input
power

VoltageModel Speed Noise Weight

V Hz hgA W dBrpm
+20%
-15%,

5915PT-20W-B30-S04 200 0.8
50 13 2650 26.05.5 0.18 53

H
+20%
-15%,

200
60 6.3 14.3 2900 0.22 26.0 55

H

[External dimensions]

$

gx
AIR

Ei

EEoT—t

CN CS
'vO

6 6

2-M5 (0.8P)

38±0.2
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7.2 Cooling the Resistor Unit (Models IS - 3S, Model 1S/15000, Model 2S/15000)

Cooling the resistor unit (except connecting terminal surface) using a wind in
accordance with the undermentioned figure and with a wind shown in Table 7.2.
For further details, refer to 4.2.2 Resistor unit (Model IS
2S/15000) .

3S, 1S/15000,

Table 7.2 Cooling the resistor unit

IS - 3SModel

More than 2 m/secWind speed

Mounting panel

ft

/E ft
Thermostat

ft
Ain FLOW

More than 2m/sec.
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8. EXTERNAL DIMENSIONS AND MAINTENANCE AREA

8.1 External Dimensions
As for the external dimensions of the spindle orientation circuit and the speed
gain switching circuit, refer to the chapters "Spindle orientation" and "Speed
gain switching circuit" respectively.

8.1.1 AC spindle servo unit models 1S - 3S, model 1S/15000, model 2S/15000
(orientation using position coder)

(Refer to the item 8.1.3 for the resistor unit and 8.1.4 as far the connectors.)

*Tj-o

a<§> cs
CN

o
m£

CO
s
ro r-G-J__

s

S2OPTION PCB

Soo
t=S '

2
76200

250 MAX.250

280

Weight 8 kg

r1H
Mounting faceVO

124 4
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8.1.2 AC spindle servo unit models 1S - 3S, model 1S/15000, model 2S/15000
(orientation using magnetic sensor)

O

4-06

St ?!

co
S
m o

U M
WH
JZ
<0§1

OPTION PCB

£
I

a CT\

200
76250

250 MAX.

230

r~

OPTION PCB

Weight 8 kg

y_WWWWVWWW_j-; «Oj

IS
XVO

Mounting face

4 124
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8.1.3 Resistor unit (order specification: A06B-6052-K050)

Two resistor units of the undermentioned external dimensions are used for
A06B-6052-K051.

2-06 1.6o §
in
CMreMM

\ 2-M 4

o
Oa S

Thermostat

J6o o
N

25 2550 25 75

100

Weight: 2.7 kg

80

8.1.4 Connector

(B) (D)Symbol A Number of
terminals

C

Specification''ÿ
67.9MR-50LFH 73.5 44.8 18 50

MR-20LFH
MR-20LMH

44.939.3 39.8 17 20

2

Remarks Name of components
1

t

Symbol Name-LeJ-3

Connector coverc

c !ME-1IL

Mism © Cable clamp5

Spring for connector clamp--(D)A

©(D)
Screw for connector clmap

© Male connector
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8.1.5 AC line filter (order specification: A81L-0001-0083/3C)

6-M4X0.7

w
2 -1ÿ4 6#0 -0-
A81L-0001-0083/3-01
AC253V 24A0.15mH 3<S

] DATE I
F-P.L. MADE IN JAPAN

<D
inMFG[ ]

m0- 0W* 0- 5#0
Ml fk

5 6.0

Taping 30 ±0.5 30 ±0.5 12.5 35 + 0.5 12.5
to

J
TroT Yu1 IWf2iS a

o
p
“5m po

to

.rh.

95 ±0.5 50 ±0.5

110 60

Weight: 2 kg
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8.1.6 AC spindle servo unit model 6S, 8S. 12S, model 3S/12000, 6S/12000, 8S/8000. 12S/8000,
model 8P, 12P, 15P, 18P, model 8VH (with unit adaptor)

(Refer to item 8.1.10 for the external dimensions for the unit adaptor and item
8.1.4 for connectors.)

300 O

200

4-
© ©

oo

C E> °c

C => °[

°C o
s

o
CO

> °c

9--JL-
'•L HE>

OOl®ffl©B®a®l

10

135
329

Wight: 23 kg
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8.1.7 AC spindle servo unit model 6S, 8S, 12S, model 3S/12000, 6S/12000, 8S/8000, 12S/8000,
model 8P, 12P, 15P, 18P, model 8VH (without unit adaptor)

300

200 ’ ON
(N

w w
>

CE->

J° OE-
S CN

ON
m

s s
~T I

OPTION PCB <g EE

o
w JO

9
1°

J c =

ON

274

l l
Weight: 17 kg

c-

jjr
6o _i

ON
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8.1.8 AC spindle servo unit model 15S, 18S, 22S, model 15S/8000, 18S/6000, 22S/6000,
model 22P, 30P, 40P, model 12VH (with unit adaptor)

(Refer to item 8.1.11 for the external dimensions for the unit adaptor and the

item 8.1.4 for the connectors.)
1) In case where a protection cover is attached (Sept. 1990 on)

21L

47 goo

IT.

&

01
©

Protection cover
A300-000I -0097

iSL iSL OO

o o]

CE-]o °[

CE-]o

“0 CE-

I-- 1 ?

3 OPTION P.C.B. «( CE-

1L

_
CE

l

D

-1
d

j -y

]

LL w= OOProtection cover
A300-000I -0098

12

131

300 315
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2) In case where no protection cover is attached (Aug. 1990 or earlier)

294

47 200
in

2;s

r© • ©

© oor o o

c =)o

c;[o

V-V

eL c =
h r ; ?

o o
vo ro
oo oo i c =

I
«L
c =

H
no aMaw oo

I J

12

131

300 315

Weight: 40 kg
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8.1.9 AC spindle servo unit model 15S, 18S, 22S, model 15S/8000, 18S/6000, 22S/6000,
model 22P, 30P, model 12VH (without unit adaptor)

1) In case where a protection cover is attached (Sept. 1990 on)

.100

50 £300

JSL
ZJL

B
Protect!

A300-0I
ion cover
001-0097 Ld

CE

~I

OPTION P.C.B.
CE

P i? s

9i
__

V
C E

I

E

]

]3

4-Oi! ug
Protection cover
A300-000! -0098

TERMINAL
7-Mfl

SCREW

ft
1

ft

a fa —
T»-

6.s
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2) In case where no protection cover is attached (Aug. 1990 or earlier)

300

200
05
<N

©

c = -

c =ÿ

c = -
If r : ?

I
IOPTION P.C.B. c = -

o S INin
05
ID

CE

TERMINAL SCREW
M8 (7 POINTS )

4-010

J
05
IN274

r i

t
i=J—ngngngfgngngngr|—h i Weight: 30 kg

r6

§
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8.1.10 Unit adaptor (models 6S - 12S, order specification: A06B-6059-K031)

1) Three-phase fan motor included (July, 1990 on)

o
“5*

AIR FLOW FAN MOTOR
\e
\p

158

fto

Imi© ©

oo o o

O O

o
o

cu
O

!
OO -ft

10
200

296135

O'
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2) A single-phase fan motor included (June, 1990 or earlier)

o
J

AIR FLOW FAN MOTOR

153
<p

O

•iHI ©

oo o o

O O

ui
CD
D

I

1

'
OO fX

10
I 35 Ji 200

298L

O'
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8.1.11 Unit adaptor (models 15S - 22S, order specification: A06B-6059-K032)
1) Three-phase fan motor included (July, 1990 on)

AIR FLOW

ft*y v°
FAN MOTOR162

2. oi

£
h o

oo o o

o o o

CD
G4
O

03
O'
O

*oo

12
131 200

306

80 -



2) A single-phase fan motor included (June, 1990 or earlier)

AIR FLOW

FAN MOTOR
182

2

I

\

r-i o

oo o o

o o o

oo
a-,

co
U)

oo

OO

12

200131

308
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8.1.12 Power transformer, models IS - 3S (order specification: A06B-6052-J001)

75115
310

JL AQTerminalM 4O
eg

z I II T32E
IIIT M

S
to

•m—
150

250
Max-217

340

-A
-lit

Dimensions of transformer without cover for models IS - 3S

310 75

ffl # eg

s
eg

s
CO

I

4 eg

+ to

250

55 150340 30

370 235

Note) Nets are covered on four sides and the plate is covered on the top.

Dimensions of transformer with cover for models IS - 3S
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8.1.13 Power transformer, models 6S, 8S (order specification: A06B-6044-J006)
911 35

370

I 1Terminal M6® /
fr

sDEI WH-I
II II II llII a inn

iKO.

S'
"V

W+-f

190
300

W a*.270
400

U

(models 6S, 8S)
Dimensions of transformer without cover

9 1370

fkk-r

in
too

ro

II
S'++

300

1 90400

310460

sides and the plate is covered on the top.
Note) Nets are covered on four

Dimensions of transformer with cover (Models 6S, 8S)
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8.1.14 Power transformer, models 12S, 15S (order specification: A06B-6044-J007)

97161
450

JL100 Terminal M6 3

sn|li X t

ii ii n~ r R
H n~ir

i
35E

»o
m

4-

190300
Max. 300

480

M

Dimensions of transformer without cover for models 12S, 15S

, 97

jtni
-150

vO

S|

II

4=ÿ =lL=t
ml
co44-

300

190•IBP

350600

Note) Nets are covered on four sides and the plate is covered on the top.

Dimensions of transformer with cover for models 12S, 15S
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8.1.15 Power transformer for Models 18S, 22S (order specification: A06B-6044-J010)

170 103540

Terminal M8

i© iCM
in

gafial Ii i) ii ii ii ii ii ii ii ii n in
_

nr-n-TTlr£1
5II II II ll »|II II II H II II II II II

o

in

4- -<§ = ¥-o-

300 190

Max.315570

JL
14

Dimensions of transformer without cover (Models 18S, 22S)

540 103

A li m

s in
in*«r

4- 4 o

300

570 190

700 360

Note) Nets are covered on four sides and the plate is covered on the top.

Dimensions of transformer with cover (Models 18S, 22S)
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8.2 Maintenance Area

8.2.1 AC spindle servo unit models 1S, 1.5S, 2S, 3S, 1S/15000, 2S/15000 (orientation using position coder)

320 194MAX

20 280 20 20 174MAX

7"
/s

a// r
/ ii

/

/

/
o o
o in
in CO

1/ /I
4L

4)- |o oÿoFofio:oFoFo ° &

O
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8.2.2 AC spindle servo unit models 1S, 1.5S, 2S, 3S, 1S/15000, 2S/15000 (orientation using magnetic sensor)

290 194MAX

20 250 20 174MAX20

O
W

P&

/

/
O o
o in

",in cn

/l

loloHoHoHoHoEloEloflofol -#r

o

-»
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8.2.3 AC spindle servo unit model 6S, 8S, 12S, model 3S/12000, 6S/12000, 8S/8000, 12S/8000,
model 8P, 12P, 15P, 18P, model 8VH (with unit adaptor)

340 339

20. 300 20 20 319

S

/, /

o_ 0_ //e

o / oo
/

0[ C:/
/

»[ C 5/

/'-o
in

c =/s
v£(

/'
r : 5

/I/
/ X> •i C 5

:,

C E
/

OO

O
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8.2.4 AC spindle servo unit model 6S, 8S, 12S, model 3S/12000, 6S/12000, 8S/8000, 12S/8000,
model 8P, 12P, 15P, 18P, model 8VH (without unit adaptor)

340 204

20 300 20 20. 1 84

o
in

/ //

A /

/
RE

/

/
Jo c

/

/
/ / C EC

o
in

o
vO

A0 C E
/

/

/ /ÿP,

Ihm p/ ©

o
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8.2.5 AC spindle servo unit model 15Sf 18S, 22S, model 15S/8000, 18S/6000, 22S/6000,
model 22P, 30P, model 12VH (with unit adaptor)

340 335
20 300 20 20* 3 I 5

s

/

0 0
/.-* e

oo
. c/ o o/ z/

> •r

«c
/

.

/
«i

/
/
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O / I Lo

A
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/

/

/

/; ; oo
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/
o
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8.2.6 AC spindle servo unit model 15S, 18S, 22S, model 15S/8000, 18S/6000, 22S/6000,
model 22P, 30P, 40P, model 12VH (without unit adaptor)

340 204

20. 300 20 20 184

s /
/

M.
/

1
/

/

'r

I
'i cs

r-- 1io
O' I

<?

/*-

/

-

A @t

o
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8.3 Panel Hole Machining Diagram and Mounting

8.3.1 AC spindle servo unit model IS, 1.5S, 2S, 3S, model 1S/15000, 2S/15000

(For resistor unit) (Mounting status and cooling air direction)
Mounting panel

4-M5

ft 1}3-ZI
C

r ftfts
CM

CM
CD
CM /

Thermostat

ft 1?17 50 17

84
Air flow
Greater than 2m/sec

. Panel hole machining diagram and mounting diagram

(For spindle control unit) (Mounting status and cooling air direction)

Mounting panel
r

4 - M5

ft ftCO

£71A

S
co CO

I
__

L\)-G-

ft ft200
22

Air flow
Greater than 2m/sec

24 4

Note) The cooling fan is not provided for the spindle control unit and resistor
Cool the radiator using a fan having greater than 2 m/sec. of airunit.

flow.

It is recommended to provide a packing (acrylonitrile-butadiene rubber, NBR
(soft type)) to protect oil and dust by the MTB.
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8.3.2 AC spindle servo unit model 6S, 8S, 12S, model 3S/12000, 6S/12000, 8S/8000,12S/8000
model 8P, 12Pf 15P, 18P, model 8VH

(Mounting status and
cooling air direction)

(Panel hole machining diagram)

4 — M8 Mounting panel NN

\

4 \

eg

Eg-

Eg
o to
ro o

eg

T
(M

rH 45 200 4 5 N
N
\290
\
\ Air flow

Greater than

3m/sec

N

Note) The cooling fan is not provided for the spindle control unit.
radiator using a fan having greater than 3 m/sec. of air flow.

It is recommended to provide a packing (acrylonitrile-butadiene rubber, NBR,
soft type) illustrated in the figure above to protect from oil and dust by the
MTB.

Cool the
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8.3.3 AC spindle servo unit model 15S, 18S, 22S, model 15S/8000, 18S/6000, 22S/6000,
model 22P, 30P, 40P, model 12VH

Mounting diagram and direction of airDimensions of hole on mounting diagram

4-M8

-loirMounting panel

i-Y

ct

C :

C :

rip

E :g
r—

vo
ON
VO

I

L
Cl

45 200 45ol Air flow
Greater than
3.5 m/sec
Note)

i 00290

Note) The cooling fan is not provided for the spindle control unit.
radiator using a fan having greater than 3.5 m/sec. of air flow.
However, for the model 40P, refer to the items related to "Spindle Motor P
series" in Part III.

Cool the

It is recommended to provide a packing (acrylonitrile-butadiene rubber, NBR,
soft type) illustrated in the figure above to protect from oil and dust by the
MTB.
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9. CONNECTION

9.1 Connection Diagram

9.1.1 Models 1S - 3Sf 1S/15000, 2S/15000
(i) Resistor unit A06B-6052-K050 is used.

Connector (AMP)

l{QUiifl£
350720-1
Socket
3304R9-6

AC spindle servo unit
AC Splndl- motor
connecterCN2(’NlCNI AMP

houting
3507Q2- 1

unT XQ[ f\2

DM.. :OUII

r*»AJll •V 3 1H 5 rr atTli. r
I'll I* A VMil SignaLOTS UW ru OKI

50..KM Pin5f. IUnc
Magnetic!
cabinet

AUII r:-.ItTl mi HA 0\ 350690-1T T1I*

HUAMT: >m u

0112 OlllS.S
ITU II ’awer

ffl
w vjf,n* U.Z V.x W.Yk2IftoMill

•p. 7 G WVuOfLUl? \\MKÿri

1L
GCrimp terminal Fen motor lineT1 Screw termini!Mrcr:

TT
M5n |rnu |rvtv|rMw|«wr*i

n
*1 T'U*

AC3Ea ) 1’ M 4No-fuic
breaker— — n

Screw terminal Spindle motet&LMI

t --±V
M4

AIUJ
1

n 2I 'fi¬st* •in <«o :iPower
tram-
fotmer

i (option)

t

' 3, srrv Iinkl
<3 I---J

Fan motor
of unh «j

T2 I I

I 5ITT1tan bAXn a, n i:
T2O C err t PT:I

B T1-IKB [leiiUar unit

X
I 1

Crimp termini! till mi isn<UJ•a ( >AC line filler 2M 4IUI IM
*2 Crimp

terminal CCDFats or
. <5A>
J No-!uir breaker *1

Crimp
terminal

ri
AC power
3-piute
240-480 VAC

II
t
__

Thermostat line

K 3

K9

Tn msgnttia cabinet

*1 Unit fan motor and breaker are provided by
*2 Use AC line filter without fail when power

the.MTB.
transformer is not used.

(ii) Resistor unit A06B-6052-K051 is used (in parallel with 30ft)

Connector (AMP)

Housing
350720 1
Sockei
350419-4

AC spindle servo unit
AC Spindle motor
connector

CNI CN2CNI
AMP

Xfl[ <N2

in—JLJ MII 2oi.ni

i n i r» housing
350732-1

KS 3 2 Iait i. 1 1
Ml! I’ll I’A +5VILH JjjJJlJ*A«1 t *3oi.ni PinT' fi 5lineMagnetics

cabinet
Aillt| lit1 ro

IUI HA 350690-7OVII Tl
A*1T1 \%U >1 u '.I 7rt

TI OII2 Olll•SSVUAt
IIIT11 «

w

1
lintr.Ai (IT K2 i '.y. V.x \\\\V

*»»It I
G I!ia*i»l WOTT V11 IVIV

GCrimp terminal Fan motor linemu; Tl Screw termini!Tl
II M5(ntulr»v|rMÿ|O.Q4I TIMS

<»HIT TI»- x. ACII
No-fuse
breaker

r"“

MS i---1>(M|

5crrw terminal SFtndle motorn
11 ?§

J- M4*lMt
I V: l l

3
i 2 «•s-o in -I 1* on

Power
trans¬
former
(option)

±6 i* * - 1 *i
USkl3. I4
; I---1

Fan motor
of unit •]

T2 I

2-6 rtM tin iDAT

it
i 5, n i: it

7”° T2C rtM tin:i

0 Resit torT2T\7
S=A

KB ResistorI 1
Crimp terminal cm unit

<UJ unitnAC line filter MS 300IA4 3on*2 Crimp
terminal

-i Fuw at

,(5A)
j No-futs breaker *J

<€DrnAC power
3-pluie
240*480 VAC

Thermostat wiring
K3

K 9

Magnetic control cabinet

*1 Unit fan motor and breaker are provided by the MTB.
*2 Use AC line filter without fail when power transformer is not used.
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(iii) 4 resistor units A06B-6052-K050 are used

Ccnnrclcr (AMP)

flouring
330720 1
Socket
3504E9-6

AC spindle scro unic
AC Spindle motor
connectorCNI CM"CNI

AMP

fl[ rS2 homing
350702-1

31iii »4mil Ik % ain——JLI MII 2oi.ni
n 11

I'll I* AMII VSignallUTi tm ik rail
5HI.ni Pin5fi •IUncMagnetic!

cahinel
lllltetri Mil II A OV 350690-7TlTT

mn 7»tn ti u M
TI

231
0112 SS 0111l nn

it

ffl\*.Y. V.X IV. VK2or
TT «1»Tr TT

G n v IVn««tT mm t> IV
XL

G Fan motor lineCrimp terminalMWI
Screw terminalti n M3|rnu|ntv|rM*|1LM ~r

T

=£*1 gag rtf
AC

MlNo-fuic
breaker

Screw terminal Spindle motor
ir M4me V
TT"R in rao sT Power

.*5 X tranj-

former
(oplion)

i
n IU Ift 4

i
I---JFan molor

or unit
i-o itM TwU U7T1

3
r.3 ir t< T2<3 —-< >

net t tPTI

VtTTI I Rriiitcr RestrierCrimp terminal s unit unit .14AC line filter 15n i inUl

*2 Crimp
terminal

Fut:or
(SA)AC power

3-phase
240

II
j No-lute breaker AJU-

<5— T-480 VAC

negator Rciiricr
unit unith 3 tsn 150

03 Or
KB

Theiraortai wiringMagnetic control cabinet

*1 Unit fan motor and breaker are provided by
*2 Use AC line filter without fail when power

the MTB.
transformer is not used.

9.1.2 Models 6S - 22S, 3S/12000 - 22S/6000, 8P - 40P, 8VH, 12VH

AMP
Connector
lieuting
350720-1
Socket
330689-6

AC Spindle tervo unit

AC Spindle motor
Connector

CNI ert:
CNI s

Ot
\ PAa AH i II VK5 CN2 AMP3 2 I

ID MR-20LFH aK4SAB: HA I{ousing
350702-1

01(7/ I’llMR-
50Lm

FA +5V
j JL Signal line 5f. I53TI IM1AR3TI out PmnCN3 7~ lll) HA OViMagnetics

cabinet

TT «
TI 350690-7116 AB3T7 S3T7 HUoc 9 8 7uTT UTT s

a 12 ss OKIMR- TLMLTunt V VTT20LMH T* 6

OM ORADI OT w K2 W u v.x iv, v G

/SMS •5 Via..Li. 7 J T T
K7 Power lineaOHAH7 NHDTI 35 II V GIVO

All JA. T
TD cru unor: Crimp terminal

R0 T2
Crimp
terminal
(Tl-4)

4 I OMI
K3ORCMI TLMS RO7 out

241 1 ll RO SO TOT
SORCM7 TUte J U-il SO ACTlTT T? 1

Spindle motor•1 OVHt ALUI TO70 It7S r: TOAC No-furs breaker

' 1

O 0—[—!

[

o o-j
I

o o-|—

4 1
3 sTl ovn 7 A LM:power supply

3-phase R /

240V

uR 43 ;i I:
C3TH t-UV un s—VPower V

Itranifarmer !
4 § j [T is i

i v3HV 03DAI r ALBI K1
i (i w4 7 TT

180 V T * A1.4C5PI DA: 3DTII (Option) T3
TtT

3
41 TT

i—iam:cap: aE0
*tr I4 r ) 7

X •1«I

IP
LMI ent

Crimp
terminalZf

so
Fan motorcru3UI OM

b-'
I
__

-J

*1 Unit fan motor and breaker are provided by the MTB.
*2 On the PCBs with a version No. of 10B or later, CN1-39, 41, 43, CN-3-15 and

16 are deleted.
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9.2 Cable Routing
Refer to Appendix, Cable Routing Specifications

9.2.1 Cable routing diagram of models 1S - 3S, 1S/15000, 2S/15000

To regenerative discharge resistor

H
1 2 <SM

T2
1 2Spindle control

circuit

A16B—1100-0200

T 3

Control circuit

A16B-1100-024D
16T

To magnetics
circuit

(PCB 1)

(PCB 2)

CN1 CN2
T 1

R S T GGUVW

Regenerative discharge
resistor unit

R S T G GU VW
(°) (®) (®)yv rv (°)

To magnetics To AC motor
cabinet or CNC
cabinet

From 3-phase To AC motor

AC power power line

Fig. 9.2.1 Cable routing diagram of models 1S - 3S, 1S/15000, 2S/15000
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9.2.2 Cable routing diagram of models 6S - 12S, 3S/12000, 6S/12000, 8S/8000, 12S/8000,
8P, 12P, 15P, 8VH

Spindle control circuit

A20B—1003—0010Control circuit

A20B-1003-0020

(PCB1)

(PCB2)

CN1 CN3 CN2 TB
T 2 T1

R S T G U V VV

To speed and
load meters

RSTGGU V W
@

To AC motor
To fan motor
of unit (Refer to
section 10.2)

To magnetics cabinet
or CNC cabinet

To fan motor From 3-phase To AC motor
of motor power power line

Fig. 9.2.2 Cable routing (Models 6S - 12S, 3S/12000, 6S/12000, 8S/8000, 12S/8000, 8P, 12P,

15P, 8VH)
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9.2.3 Cable routing diagram of models 15S - 22S, 15S/8000, 18S/6000, 22S/6000,
22P, 30P, 40P, 12VH

Spindle control circuit

Control circuit A20B-1003—0010

A20B-1003-0120

(PCB1)

(PCB2)

CN1 CN3 CN2 TB

To speed and
load meters

T2 Tl
(MstMl R S T G U V W

To AC motor
To magnetics
cabinet or CNC
cabinet

RSTGGUVW
® ©

To fan motor of unit

To fan motor From 3-phase
of motor AC power

To AC motor
power line

Fig. 9.2.3 Cable routing (Models 15S - 22S, 15S/8000, 18S/6000, 22S/6000, 22P, 30P, 40P, 12VH)
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9.3 Detailed Connection Diagram

9.3.1 Connection of power source
(1) AC spindle servo unit Models IS - 3S, 1S/15000, 2S/15000

. Without power transformer

r ~i

$AC 200V
220V
230V

1 No fuse i

breaker
AC line
filter-0 0 S AC spindle

servo unit

-0 £
I— — __— _J

50/60Hz

Four-wire cabtire cable

. With power transformer

o-0 0
No fuse
breaker

AC 380V

415V
460V

Power supply
transformerÿ

00 AC spindle
servo unit

0 0
I I

50/6OH z

Four-wire cabtire cable

Model Applicable wire Unit terminal screw

Greater than 2 mm2IS

Greater than 3.5 mm21.5S

Greater than 3.5 mm22S, M4
1S/15000,
2S/15000

Greater than 5.5 mm23S
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(2) AC spindle servo unit Models 6S - 22S, 3S/12000 - 22S/6000, 8P - 40P, 8VH,
12VH
. Without power transformer

i 1

~—o O'1 No fuse
T

breaker

AC 200V

220V
230V 0 AC spindle

servo unitl i

-<> c>
L.

_ — ____
I

50/60Hz

Four-wire cabtire cable

. With power transformer

“1

0 6
1 No fuse '

breakerPower
supply ./)
transformer

AC 380V
415V

460V
0<3 AC spindle

servo unit

6—6 6
_i i 150/50Hz

Four-wire cabtire cable

Model Applicable wire Unit terminal screw

Greater than 8 mm26S, M5
3S/12000,
8P, 12P

Greater than 14 mm28S,12S,
6S/12000,
8S/8000,
12S/8000,
15P, 18P, 8VH

Greater than 14 mm2 (Note)15S, M8
15S/8000,
22P, 12VH

Greater than 22 mm2 (Note)18S.22S,
18S/6000,
22S/6000,
30P, 40P, 5OP

Note) Use the flame ratardant poli-flex cable (MLFC)
(Maximum temperature of conductor: 105°C)
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9.3.2 Connection of AC spindle servo unit and magnetics cabinet
(1) Models IS - 3S, 1S/15000, 2S/15000

Magnetic cabinet AC spindle servo unit

+24V (Spindle control input signal)

lCN1
ESP1 UrnEmergency stop by contact

(open)

Operation possible by contact
(closed)

RV Emergency stop signal

(B contact)

(48)
-o———ESP2

OV

+24V

l
£-L- OV

+24V

(7)MRDY1 Machine preparation
completed signal

L RV-cr
Operation possible by contact
(closed) Parameter setting

J F- 01(8)MRDY2
-c>

l(45)SFR Forward rotary
command signal

Forward movement by contact
(closed)

L RV

II016>SRV Reverse rotary

command signal
RVReverse movement by contact

(closed)
However, when SFR and SRV
contacts are simultaneously
(closed), operation stops.

(14)OS
-<>

OV

DA2 (31)
-T-

Speed command analogu
voltage input

-VW

iAnalogue speed command
voltage is applied

lOOkH

(32) OVE

OV

OV

+15V

(29)
+15V Power supply

+15V 6
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AC spindle servo unit

(Spindle control output signal)

Magnetic cabinet

CN1
+24V

(5)TLM1 RV Torque control command sig
I———I (small torque control value)

•6-

Command to reduce output
torque by contact (closed)

(6)OT
+24V•6- X

QV
ARST1 (19 i Alarm reset signalRelease from alarm status

by contact (closed)
L RVO

ARST2 . (20)— —
0V

+24V

iCTH (17)
L RV Spindle speed/low speed sign:<y

Low speed gear selection by
contact (closed)
Medium gear speed selection
by contact (closed)
Orientation command generated
by contact (closed) £ORCMl (25) Orientation command signalRV

ORCM2 (26)
o-

ov
SARI (1)Can be used as a forward or

reverse rotary command
completion signal

I RV I'
i / I Speed arrival signal

Contact by speed arrival (closed)
SAR2 (2)

ov
SST1 (3)Can be used as a stop command

completed signal RV 1 Zero-speed signal
//¥ Contact (closed) at zero speed
7

SST2 (4)
-6-

OV

Can be used as detection signal
at gear shift

(15)SDT1
RV -<>

EMSpeed detection signal
Contact (closed) at setting speed
or belowSDT2 (16)

o-JT
OV

(9)TLM5Can be used as a torque
control command completed
signal

RV -6-
I Torque control in progress signal
V Contact (closed) when torque
T control command is input

/
TLM6 (10)

-6-

OV

CN1
(33)LDT1

RV
/ Load detection signal

Contact (closed) when the load
size is larger than the value set
by parameters

7Can be used when detecting
load size (34)LDT 2

-6-
0V
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Magnetic cabinet AC spindle servo unit

(Spindle control output signal)
CN1

Can be used as an orientation
command completion signal

ORAR1 I (22)
-1—Q—-RV Orientation completion signal

Contact (closed) when orientation
is completed/(23)ORAR2

-Q-

OV
Hn)ALMlIs used as an alarm signal RV

Alarm signal
Contact (closed) when an
alarm occursALM2 (12)

-— -
B contactOV

LMl I (49) Load meter indicate
voltage

Load indicator
(50)SMI Tachometer display

voltage| Tachometer

(18)OMI <>
OV
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(2) Models 6S - 22S, 3S/12000 - 22S/6000, 8P - 40P, 8VH, 12VH

Magnetics cabinet AC spindle servo unit
[Spindle control input signal]+24V

ICN1
ESP1 (47)

pjy Emergency stop signalEmergency stop when
contact is open

Operation ready when
contact is closed

O

(Contact B)
(48)ESP2

OV

-1-24V

l(7)MRDY1L RV Machine ready signalCo¬
operation ready when
contact is closed Parameter setting F - 01

iJ
(8) LMRDY2

-6-
0V

+24V

I(45)SFR Forward rotation
command signal

Forward rotation when
contact is closed

Reverse rotation when
contact is closed

It stops when both SFR and
SRV contacts are closed at the
same time

L RVo

I(46)SRV Reverse rotation
command signal

L RV-6-

(14)OS
<>

OV

(31)DA 2

Analog velocity command
voltage is given .

Speed command
analog voltage input

lOOkfl

(32) OVE
o

OV

OV

+15V

(29) (

+15V power

+15V 6

(Note 1) ,-OVRl (27)
O

Parameter-}
setting | ®£ I ! n Parameter

I settingp_03
I i— —Override is continuously

done with the variable
resistor.

1.81c
VR l

M/Vi F—02
(Note 1) | joVR2 (28)

LCT-O- AMr*
;

!
1.8 kR -ti (14)i OS

l -6-!
I

OVOV

Spindle rotation
speed override
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AC spindle servo unitMagnetics cabinet

[Spindle control output signal]
CN1

+24V(Note 1)

(TLM)

TLML (5) Torque limit command
signal (Small torque limit value)

RV<y

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

I(21)TLMH
RV (Large torque limit value)-Ct

(6)OT
+24VX

iov
ARST1 (19)

RV Alarm reset signalAlarm status is released
with contact open.

ARST2 (20)
o

OV

+24V

lCTH (17)
RV Spindle high speed/low—-speed signal

Low speed gear is selected
with contact closed.

O

ICTM (24) Spindle medium speed—-— signal

--Orientation command
signal

Mid-speed gear is selected
when contact is closed.

l(25)ORCM1Orientation command is
given when contact is

closed.
ORCM2 (26)

-6- X
ov

SARI (1)Can be used as ready signals
for forward/reverse RV

Speed arrival signal
Contact closes when
arrived./SAR2 (2)

-6-

0V
SST1Can be used at complete

signal for stop command.
(3)

RV o-
Zero-speed signal
Contact closes when
speed is zero./SST2 (4)

OV

Can be used as detection
at gear shift.

(15)SDT1 Speed detection signal
Contact closes when it
is slower than the preset
speed.

RV -<>

/(16)SDT2
o

OV
Can be used as complete
signal for torque limit
command.

(9)TLM5
RV Torque limiting signal

Contact closes when the
torque limit command
is input./(10)TLM6

<>
OV

CN3
(17)LDT1

RV <>
Load detection signal
When the load becomes greater
than the value set by parameter,
the contact is closed.

Can be used to detect
the load. (18)LDT2

0V
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Magnetics cabinet AC spindle servo unit

[Spindle control output signal]

(22)0RAR1Can be used as orientation
command complete signal RV O- Oricntation completion

signal Contact closes when
orientation is completion/(23)ORAR2

6
OV

(IDALM1
RVCan be used as alarm

signal
-6

) Alarm signal Contact
closes when under alarm.

(12)ALM2

(Contact B)OV

CN3
(8)AL1

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

Alarm descriptions code
signal

(9)AL2
<>

C>i*€ There are alarms No.l to 15.

AL4 ilM

r>c(ii)AL8
6

COM (13)
-6

CN1 TB
LMl (49) and LM Load meter indicate

voltage
O

V' Power meter TB
(50) and SMSMI Speed meter indicate

voltageO-

Tachometer
TB

(18) and OMOMl V

OV
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9.3.3 Connection of AC spindle servo unit and AC spindle motor
(1) Models IS - 3S, 1S/15000, 2S/15000

Spindle servo unit AC Spindle motor

|CN2|

0-151 OHl
Overheat signal OHl

OH2
OH2

(2)

+5V +5V
A+5V power supply

03)

ov, ov
r3*(1)

PAPA-+-A
Q4J l ! !

RA-Ly
Speed feedback
signal RA

(15)
PBPB- 7(16)
RBRB

07)

SJ-T 1 ss
-F (20)

1LJJ
Pulse
generator

Thermostat
ZT1 U

U
U

V

w

G W .-, 3-phase
LSyJ 200 VAC

Fan motor

G G
G

AC Spindle
motorUnit for

cooling
single
phase 200V
fan motorIr 1 FMU

4 FMVA No fuse
7 breaker YAC200V FMff•1

. The power source of the unit and the fan motor for cooling the motor is to be
connected to the no-fuse breaker.

. Fan motor for cooling the unit is provided by the MTB.
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(2) Models 6S - 22S, 3S/12000 - 22S/6000, 8P - 40P, 8VH, 12VH

Spindle servo unit AC spindle motor

lCN2|

0l3i OHl
Overheat signal OHl

OH 2
OH2

~0V (2)

+5V +5V
+5V Power supply

03)

OV ov
r5?(1)

PAPA-f-A
(11) !Speed

RA
RA

09
PBPB-

00
.1 I RBRB

07)
SSSS-L=" (20)

Pulse generatorÿ rmometerrm zuu
u

V
V hFw

G w
G G |o«=.| Three-phase 200VAC

III fan motor
G

AC spindle
motorfT2l FMU

Fan motor voltage Ro
FMV

AC200V S„

FMW
To

Three-phase
(or single-phase)
200VAC fan motor1 The fan motor shall be provided

by the machine tool builder

Fan motor is provided by the MTB.
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9.3.4 Connecting AC spindle servo unit with unit adapter (Models 6S - 22S)

When wiring the fan motor of the unit adapter, use the terminal block T2 for a
fan motor in the AC spindle servo unit.
below. )
(1) AC spindle servo unit and unit adapter (In case of three-phase fan motor,

after July, 1990)

(See the figureFuses are included.

i0 (o| Fan motor i ©

w wran
© 0

MMM
Terminal screw M3

R. So *1.
[TDRI

I KUS|

ITuT)
© © © T2

>
Fuse 5A

Terminal screw M4 I'R.S.T. \
|©0©|T2J

Wiring
AC spindle
servo unit

Unit adapter
terminal block

FMU
FM V
F MW

T 2

R.
So
To

Cable 37/0.26 (2na=)

110



(2) AC spindle servo unit and unit adapter (In case of single-phase fan motor,
before June, 1990)

®Pjj IFan motori

©

© © © ©

Terminal screw M3

=4

»c
R. S, T,

iruiri
rrusi
I FUTI

© © © T2

-f
Fuse 5A

Terminal screw M4 s. T. J[©Qol'rd

Wiring
AC spindle
servo unit

Unit adapter
terminal blockT 2

R. O
s, O
T, O

Cable 37/0.26 (21m1)
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9.3.5 Connection of AC spindle servo unit and resistor unit

(1) A06B-6052-K050

Resistor unit

T3
T 2

3 . 5mm2 (1)
(1) C> Resistor

15fl
AC spindle
servo unit (2)

<2) o
T 5. 5-4 T5.5-4

TH. Thermostat normally
If) open at 120 deg C0. 75mm2

9Magnetic cabinet TH
(2)

Tl-3
Open at 120±6 deg C

Detects temperature abnormalities
in the resistor unit

(2) A06B-6052-K051

Resistor unit
Resistor unit

T 3 T3
T 2 (1) (1)
(1)0

AC spindle
servo unit f I(2) (2)Resistor

30n
Resistor

3012

TH TH
Thermostat
normally open
at 120 deg C

(1) (I)

2L?THMagnetic cabinet

Refer to (1) as for the connecting line, crimp terminal.
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(3) 4 resistor units A06B-6052-K050 (15ft) are used

Resistor unit Resistor unit

T3T 3
T2 ininAC (no

ResistorAC Spindle
servo unit

Resistor
(2) 15Q 15Q(2)(2)0

TH TH
(1)(1)

P0HMagentic
cabinet

Resistor unit Resistor unit

T 3 T3
(i) (i)

Resistor Resistor
(2) 15Q 15Q(2)

TH TH
(1) (1)

9TH.(2)

Refer to (1) as for connecting line, crimp terminal.
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10. DESCRIPTIONS OF INTERFACE SIGNAL

10.1 Interface Signal Standards
For signals to be transferred between the AC spindle servo unit and the
magnetic cabinet, take the following input /output signal rating 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 30 V, higher than 16 mA.
b) The following figure indicates the delay time of the receiver output

signal to the contact input signal.

More than 30 m sec

Closed

Open Open
Contact input
signal

Receiver output
signal

5—20m sec 5—20m sec

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

c) For the receiver circuit of the AC spindle servo unit, refer to the
following figure when using a no-contact input, etc.

+ 24 V +24 V

9 IK
3.3KExternal contact Receiver output

signal39K 91K Level
converter

circuit
AA/Y A/W•6- o

+
0.1 Z±L75K-6-

0V ov

Servo unit

Signification levels in case of no-contact (at input terminal voltage)
Low level logic "0"
High level logic "1"

Lower than 2 V
Higher than 20 V

114 -



2) Contact output signal A1
This is output from the AC spindle servo unit to the exterior.

a) The AC spindle servo unit side employs a lead relay.
The contact rating is lower than 50 V or lower than 500 mA at 5 VA or
lower.
accordingly.
The chattering time of the contact is shorter than 1 m/sec.
The related signals are shown hereunder:

Use it at 24 VDC, 200 mA or lower, or 48 VDC, 100 mA or lower,

Model Signal name Symbol

IS - 3S,
1S/15000, 2S/15000

Orientation completion signal 0RAR1, ORAR2

6S - 22S,
3S/12000 - 22S/6000,
8P - 40P , 8VH, 12VH

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, current limiting resistor in series, and set the power
to be lower than 5 VA including an instantaneous value.

c) If an external lamp is connected, insert a protective resistor so that the
current becomes lower than 500 mA including an instantaneous value.

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

a) The AC spindle sero unit side employes a transistor.
The output rating is as follows:

maximum 48 V
maximum 200 mA

i. Output voltage
ii. Output current

The related signals are shown hereunder:

Model Signal name Symbol

6S - 22S ,
3S/12000 - 22S/6000,
8P - 40P, 8VH, 12VH

Speed arrival signals SARI, SAR2

Zero-speed signals SST1, SST2

Speed detecting signals SDT1, SDT2

Spindle alarm signals ALM1, ALM2

Torque limit signals TLM5, TLM6

Load detection signals LDT1, LDT2

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 rated output current including an instantaneous
value.
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4) Contact output signal A3
This is output from the AC spindle servo unit to the exterior.

a) This is output by an open collector (polarized) from the AC spindle servo
unit.
The output rating is as follows:

i. Rated voltage:
ii. Output current:

iii. Saturated voltage: 1.5 or less (IC = 40 mA)
b) Signal polarity is as follows:

less than 30 VDC
less than 40 mADC

Model Signal name Polarity

Positive (+) Negative (-)

Speed arrival signals SARI SAR2

Zero-speed signals SST1 SST2

Speed detecting signals SDT1 SDT2
IS - 3S

Spindle alarm signals ALM1 ALM2

Torque limit signals TLM6TLM5

Load detecting signals LDT1 LDT2

AL1
6S - 22S Alarm content signals AL2 COM

AL4
AL8

10.2 Spindle Control Signals

Refer to 10.1 "Interface Signal Standards" for standards of the signals.

10.2.1 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 contactor
in the servo unit is OFF, and the spindle motor does not operate.

2) When the contact becomes OFF (open) during rotation of the motor, the spindle
motor will decelerate and stop at once. The magnetic contactor 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.
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+24 V

Emergency stop signal
(Contact B)

CN1
D-

ESP 1
Receiver-

(47)

ESP2

(48)

OV

Spindle servo unit

10.2.2 Machine ready signal (MRDY1, 2)

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

Setting
Mode Contents

F-01 F-09

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

or
1

(B) 1 0 Machine ready signal is
used to make an operation
ready status by double
signal.

When the contact is off
the electro-magnetic
contactor will come OFF
to cut off the motor
power.

(C) 1 1 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)
(!) 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.

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

(3) 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 motor will decelerate to a stop at once, and the electro-magnetic
contactor will also turn OFF after the motor stops.
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(5) Do not use the electro-magnetic contactor too frequently (some 100 times)
in a single day, because it may shorten the electro-magnetic contactor's
open/close life.

4) Mode (C)
Used in case the open/close of the electro-magnetic contactor is assumed
to be frequent.

(2) 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.

(5) If the contact of the orientation command signal is still ON (closed) in
the above (2) , 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.

1

Timing chart
Condition) Parameter F-01:l

Parameter F-09:l
Use machine ready signal.
Cut the motor power using MRDY signal.

Orientation command OFF
ON

Orientation completion signal OFF
ON

Pull off

@ Tool
\ movement

Tool change New-tool
© mount @©

Take offTool hold

Spindle unclamp

Machine ready signal

OFF OFF
ONON. OFF if ON

/
Excitation cut+24

J f Circuit

setting
F-09

"I
Machine ready signal 1

CN1MRDY 1
Receiver

(07)
I

fO| Parameter
I Ol setting F-01

MRDY 2

(08)

0V

Spindle servo unit
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10.2.3 Forward rotation command signal (SFR)

1) The AC spindle motor will start forward rotation according to the velocity
command (positive voltage) when the following three conditions are satisfied.
CD The contact of emergency stop signal is ON (closed)

CD The contact of machine ready signal is ON (closed)
(3) The contact of forward rotation command signal is ON (closed)

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

s
_

/

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

10.2.4 Reverse rotation command signal (SRV)

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

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

© The contact of machine ready signal is ON (closed)

© The contact of reverse rotation command signal is ON (closed)
2) During contact on (closed), the AC spindle motor turns clockwise as viewed

from the shaft side according to the command speed.

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

4) When the forward rotation command signal and reverse rotation command signal
are turned on simultaneously, the spindle motor stops.

+24

SFR 1 CN1L Receiver
(45) +24Forward rotation

command signal ISRVl
Receiver

Reverse rotation
command signal

(46)

OS
Y-1(14) _L

ov
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10.2.5 Analog voltage signal (DA2, E)

1) The speed command voltage and the AC spindle motor speed are in linear
proportion as shown in the following figure.

Maximum speed (K_

Motor speed

0
+10V command voltage (DC)0 V

Command voltage

2) Normally, command the positive voltage (0 to +10.0 VDC) . Use the forward/
reverse rotation command signals to distinguish the direction of rotation.

3) The positive/negative command voltages (0 to ±10 VDC) result in the following
figure.

Forward rotation (CCW)

Forward rotation command
signal (SFR) ON

l\ Motor
rotation

\
\
\
\

\
\
\
\

Speed command
-10V \ +10V

\
© Voltage © Voltage\

\
\
\
\

| Reverse rotation command
il signal (SRV) ON

\

Reverse rotation

(CW)

Do not command the positive/negative voltages to the machine whose tool and
workpiece may break or in which the safety cannot be guaranteed when rotated
in the 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.

5) Compose the speed command voltage (0 to +10 VDC) circuit as shown in the
figure below. In this circuit, the manual input (analog input) and automatic
command (DA converted output) are selectable by relay. If the speed command
voltage exceeds +10 V, it is automatically clamped to max. 10.7 V internally.
Be careful since the motor revolution reaches max. 107% of the rated value.

6) The motor is not rotated when only the speed command voltage is applied. It
rotates when either a- forward or reverse rotation command was given.

7) When the speed command voltage became ±10 V or more, it will automatically be
internally clamped to maximum ±10.7 V. However, pay attention as the motor
speed may rise to a maximum 107% of the rated rotation.

I
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8) The movement of the motor will differ according to the ways the speed command

voltage and the forward/reverse rotation command signals (SFR/SRV) are given.
Change the speed command voltage inputs as the following figure, and then set
the forward/reverse rotation command signals ON (closed).

(Correct way)(Wrong way)

ON ON

Forward/reverce OFF
rotation signal

OFF

i
Speed command
voltage

I
///

/

i
//}./// / // // // 4/////1 / / / /

1
ov ovT

1
I

I

1

\ l \tMotor speed

0

9) Example of connection when using the analog output of the CNC.

MAr
Speed command voltage

CN1

DA 2ÿ (31)

100k£2

AAAr T
1'

1
Shield
earth

OVConnect to tiie ground
terminal of the CNC. Spindle servo unit

10) The input impedance of the speed command voltage receiver circuit of spindle
servo unit is 100 kfi.

10.2.6 +15V power (+15Vr E)

1) This power supply is used to give analog speed command using the variable
register, from outside the unit in manual input.

2) Maximum 30 mA current can be used in this +15 V power source.

10.2.7 Spindle rotation speed override (OVR1, OVR2)

1) Unusable with models 6S
function)

2) This signal is used to override the spindle speed of the automatic speed
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.

3) When using the speed override function of the AC spindle servo unit,
establish the circuit as shown in the figure hereunder externally.

22S (Models IS - 3S are not provided with this
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Cancellation resistance CN1

r*\ OVRl K27)

i-i—I Parameter
!°i setting F-02
'n! Parameter
L-j-1 setting F-03

1.8K

3
±1%VR -vw

nQ.Pin
Uw-MM,1 —Cr-o—

ll 3 1

1 0VR2

(28)r 1.8K ± 1% +SW

R > 2.4 kQ
or

j 1.0 kQ OS 0V----U-- J_—-
Shield line 0 V

Override cancel (Short SW1-2)
Speed override (Short SW1-3)

AC Spindle servo unit

4) When performing synchronous feed as thread cutting or other external manual
velocity commands, the override must be cancelled. Switch the circuit (short
SW1-2) and set the override precisely to 100%.

5) Setting on the AC spindle servo unit for speed override function and the
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 120% (upper limit)

1 1

Up to 100% (upper limit) 1 0

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

When R» l.Okfl: 60 to 120%
R = 2.4 IcH: 80 to 120%

%
120

100 --

I
R = 2.4kf280 --Override I

I
a 4-60 -- R = l.Okfl

II
1 +

0 0.2 0.4 0.6 0.8 1.0VR kf2

Resistance of between *2 to 3
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7) If the override range upper limit is set to 100%, short cancel resistor
1.8 left, since this resistor is not needed.

10.2.8 Torque limit command signals (TLM1, TLML, TLMH, OT)

(Models IS - 3S , TLM1, OT: Models 6S - 22S., TLMH, TLML, -OT)
1) The torque limit is used to temporarily reduce the output torque of the AC

spindle motor during the AC spindle motor rotation in case of mechanical
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 (TLM1 is ON as for the models IS
torque is about 1/2 of the TLMH: ON.

4) When the torque limit command signal turns on (closed) , the torque is
(This signal is effective at once, even if this torque limit

command 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 magnetic
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.

3S) , the

limited.

+ 2 IV
Spindle servo unit

CNl
Torque limit command

TLML (05)
ReceiverCTLM1)

+ 24 V

(Note) TLMH (21)
Receiver

(-)

OT (0G)

1
ov

(-) is for models IS - 3S.
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Example of mechanical orientation sequence

Torque limit commands TLMH,TLML (TLM1)

Orientation speed command

\ SFR/SRV
(forward/reverse rotation command)Commands '

Torque limiting signals TLM5, 6

Zero-speed .
signal ON SST1.2OFF

Servo unit
signals

ON at a speed lower than
than a certain speed

Speed
detecting signal

Motor slowly rotates
under the limited
torque conditionMotor

revolution & (Stop)

(Stop)
_

Stopper /ÿ/Protruded Y//////////////Z. (Retreat)

Machine (Retreat)
Limit switch

(Stop check signal)

ATC
(Tool exchange)

If the above conditions are difficult, adopt the electric spindle orientation
(option) without stopper.

10.2.9 Alarm reset signals (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., then input the alarm reset signal, and the alarm
is released to place the unit in readiness 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.

10.3 Orientation Signal (ORCM1, 2)

Connected when using the spindle orientation control circuit (option).
Description of the signal is mentioned in Chapter IV.

10.4 Spindle Control Output Signals
For the output signal rating, refer to section 10.1.

10.4.1 Speed arrival signals (SARI, 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

\
\

0
Motor speed

(Closed)

(Open)

SARI, 2
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Commanded speed (2) ,-- .XI
Detection range
(See items (2), (3))

Commanded speed (1) --

0
Motor speed

(Closed)(Closed) (Open)
'/ / //// /

SARI, 2

2) The preset range is adjustable within a range of +1 to 100% of the command
speed; provided that the detection range becomes wider than the preset range,
if the speed is lower than 10% of the maximum speed.

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.

200

180
1 76% (at 0.1 V/45, 60 or 80 rpm)

160

HO

- 42
O 5 120
<D CD

2 H
///////////////////'////////////'///A >15%

%
100

o 2
a

8-g

3|g 80
'//\f///////////////////////////////////A g5%j- /

60

40

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

0
0 2 4 6 8 10V

Speed command voltage [V]

0 1,600

1,200

3,200

2,400

1,800

4,800

3,600

2,700

6,400

4,800

3,600

8,000 rpm

6,000 rpm

4,500 rpm

0

0 900

Speed [rpm]
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If a 45/60/80 rpm of speed command is issued, the arrival signal is sent when
actual motor speed reaches 45/60/80 rpm +76%.

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

as follows.

FtN
SFR (forward rotation command)

ON

SRV (reverse rotation command)

ON

40 ms

ON

SST (zero-speed detecting signal) OFF

SAR (speed arrival signal) Minimum
pulse
width

About
40mstilON

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

Tj = 40ms
OFF

Normal rotation
Motor speed

0 Zero-speed detection range

Speed arrival
detection range Reverse rotation

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

Spindle servo unit

CN1
L O SARI

(1)Speed arrival
signal

-6 SAR2
(2)

Note) Models IS - 3S are output by an open collector transistor (polarized).

6) This signal is employed as the check signal (FIN signal) for forward rotation
(M03) and reverse rotation (M04) command.
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10.4.2 Zero-speed detecting signals (SST1, 2)

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

0 2 51Motor speed

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

(Closed)SST1, 2
(Closed) (Open)

2) The zero-speed detection point is fixed at 0.75% of the maximum speed as the
standard.
In other words, the zero-speed detection signal turns on when the rotation
speed is lower than about 33, 45 or 60 rpm.

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

4) The minimum pulse width value of this signal is about 40 ms.
section 9.4.1-(5).

Refer to

Spindle servo unit

CN1

O SST1
(3)Zero-speed

detecting signal
O SST2

(4)

Note) Models IS - 3S are output by an open collector transistor (polarized).
10.4.3 Spaed detecting signals (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

CN1
O SDT1

(15)Speed detecting
signal

SDT2
(16)

Note) Models IS - 3S are output by an open collector transistor (polarized).
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3) This signal is used to detect the rotation speed which becomes lower than a
certain speed set such as clutch selectable speed or gear selectable speed.
It is usually set to 3% of the maximum speed (standard setting) in case of
gear change or 30% 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.

Speed detection levelMotor speed

SDT1 - 2
'//////////,

ON
(Closed)

y//////////////////.OFF
ON(Open)
(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.
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

The

(Sequence) (Check signal)

Gear shift command

T
Low speed revolution command
of the spindle motor

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

Speed check

Shifter moves

End of gear shift

To change the gear safely, check 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.
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If the shifter moves when the spindle motor is rotating in high speed, the gear
will break.

Gear selectable motor
speed range

Spindle motor speed

/
K
£40 r pm

I

Spindle motor speed
at gear shift (Low speed)

Shifter moves

End of gear shift

ON

OFF OFFSpeed detection signal
(Gear selectable signal)

Zero-speed detect signal

10.4.4 Load detection signal (LDT1, 2)

When the load becomes greater than the set value (%) against the maximum
detection level (10 V) of the load meter, the contact is ON (closed).

Note) For models IS - 3S
CN1 (33)
CN1 (34)

LDT1
Spindle servo unitLDT2

CN3
Note)

-QLDT1
(17)

Load
detection
signal

O LDT2
(18)

. Output by an open collector transistor (polarized) .
10.4.5 Spindle alarm signals (ALM1, 2)

1) If the spindle motor operation cannot be continued due to trouble, the

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

2) The alarm signals employ one contact only. For the alarm contents, refer to
section 10.5 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.

(The output
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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 magnetics control panel
side.

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.

Speed command voltage

Forward/reverse rotation
commands SFR (SRV)

Commands <

ARST1, 2

(Alarm reset)
\(Open)

ALM1, 2 (Closed)Servo unit
signals (Alarm)

Eliminate a case of
an alarm

Motor rotation
speed

Motor

(Stop)

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

Spindle servo unit

ACNl
ALMl

(ID

Alarm signal
O ALM2

(12)

Note) Models IS - 3S is output by an open collection transistor (polarized)
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10.5 Alarm Content Signals (AL8, AL4, AL2, AL1)

1) These signals are provided with models 6S - 22S. (Models IS
provided with these signals)

2) The alarm conditions of the AC spindle motor and AC spindle servo unit are
indicated by light-emitting diodes on PCB of the AC spindle servo unit.
Alarm contents are sent to the exterior by code signals concurrently.

3S are not

*+5 oAL1

J<3
-K
O AL2

*6 AL4

?K
AL8

COM

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

Alarm content signals
LED display

AL8 AL4 AL2 AL1

AL-01 o
AL-02 o
AL-03 o o
AL-04 o
AL-05 o o
AL-06 o o
AL-07 o o o
AL-08 o
AL-09 o o
AL-10 o o
AL-11 o o o
AL-12 o o
AL-13 o o o
AL-14 o o o
AL-15 o o o o

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
sequence by the MTB.
Alarm contents are shown in the Table 10.5 (a) (Models IS
10.5 (b) (Models 6S - 22S) .

3S) and Table
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Table 10.5 (a) Alarm (Models 1S - 3S, 1S/15000, 2S/15000)

Alarm No. Meanings Contents

AL-01 This lamp lights when internal temperature
of motor and radiator of the units is higher
than the specified value.

Motor and
radiator
overheat

AL-02 This lamp lights when the motor speed is
largely deviated from the command speed.

Excessive

deviation of
speed

AL-03 Defective
regenerative

current

Detects that regenerative current has flown
longer than the allowable time

AL-04

AL-05

AL-06 This lamp lights when the motor exceeds 115%
of the rated speed.

Overspeed
(Analog
detection)

AL-07 Overspeed
(Digital
detection)

This lamp lights when the motor exceeds 115%
of the rated speed.

AL-08 Overvoltage This lamp lights when voltage largely exceeds
the rated working voltage range due to
a tap selection failure, etc.

AL-09

AL-10 Detects lower
voltage

Detects the input power voltage lessened.

AL-11 Excessive high
voltage of DC
link

Detects over DC voltage of power.

AL-12 Abnormal
current of DC

link
Defective
transistor

Detects over current of circuit.

AL-13 - 15

AL-16 - 23 Defective arithmetic circuit and peripheral circuit.

Defective ROM.No display
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Table 10.5 (b) Alarm (Models 6S - 22S, 3S/12000 - 22S/6000, 8P - 40P, 8VH, 12VH)

Alarm No. Meanings Contents

AL-01 This lamp lights when internal temperature
of motor is higher than the specified value.

Motor overheat

AL-02 This lamp lights when the motor speed is

largely deviated from the command speed.
Excessive
deviation of
speed

AL-03 +24 V fuse is
blown.
PCB with
version No. of
09A or earlier

+24 V fuse of the control power section is
blown.

No AL-03 on the PCB version 10B or later.PCB with
version No. of
10B or earlier

AL-04 Open phase of
input power

A phase of input power is open.

AL-05

AL-06 This lamp lights when the motor exceeds 115%
of the rated speed.

Overspeed

(Analog
detection)

AL-07 Overspeed
(Digital
detection)

This lamp lights when the motor exceeds 115%
the of rated speed.

AL-08 Overvoltage Voltage extremely excesses the rated voltage.

AL-09 Overheat of

radiator
Temperature of radiator such as semiconductor
is extremely high.

AL-10 Lower voltage
of input power

Detects lower voltage of
input power.

AL-11 Excessive high
voltage of DC
link

Detects over DC voltage of power.

AL-12 Abnormal
current of DC
link
Defective
transistor

Detects over current of circuit.

AL-13 Abnormal transmission between microcomputer
and peripherals.

Defective
arithmetic
circuit

AL-14 Defective ROM Detects defective ROM.
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Table 10.5 (c) Alarm (Models 6S - 22S, 3S/12000 - 22S/6000, 8P - 40P, 8VH, 12VH)

Alarm. No. Meanings Contents

AL-15 Defective
optional
circuit

Detects defective optional circuit and
erroneous connection to optional circuit.

A-16 - 23 Defective peripheral of arithmetic circuit and circuit.

A Defective ROM.

10.6 Speed Indication Voltage Signal (SM1, <Q5Vl)

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

+ 10V

Output voltage (DC)

OV
4,500/6,000/rpm
(Forward rotation/reverse
rotation)

0

Motor rotation speed

A voltage (DC) proportional to the rotation speed is outputted, irrespective
of the forward or reverse rotation of the motor. A +10 V is outputted at the
maximum revolution 4,500/6,000 rpm.

2) Use the following speedmeter (DC voltmeter)

- One-sided deflection DC voltmeter
- DC voltage 10 V full scale

- Internal resistance higher than 10 kilo ohms

Example) DC voltmeter LM-80: Kuwano Electrical Manufacturing Co., Ltd.

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

SMI
/'-c--

Speed indication
voltage

ii i i
Speedometeriii

» i I
\ I
X-+-

RPMi

i\

j-

Load indication
voltage

+O LM1 1

lI I

LoadmeterI i
i > I i

i \ I
%

i

Q OM \J KJ-
0V
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4) SMI, LMl, and OM indication interface can be used from terminal board TB for
models 6S - 22S as well as connector CN1.
Use a 2-conductor shielded cable.

H0.7 Load Indication Voltage (LMl, OM)

1) The load indicator indicates the load factor, which is 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 illustrated
below approximately when the rated input voltage is applied.

Lowered
output
region

Rated
torque
region Rated output region

P +

nmnininm i Maximum output of motor
(— 30 min. rated output x 1 20%)/

Spindle motor output
30 min. rated output[kW]

I

A ~~ 'Continuous rated outputI

x
0 (Maximum speed)

(Basic speed) Motor revolutions

T

Spindle motor torque
[kg-m]

Maximum torque of motor
• (— 30 min. rated torque x 120%)

30 min. rated torque

-— Continuous rated torque
ii

0
Motor revolutions

__
Maximum output of motor
(— 30 min. rated output x 120%)

10V

wiTiTiTimnnTnmnfflm
\ 30 min. rated outputLoad indicator

indicating voltage

\[V]

Continuous rated output

i0
0

Motor revolutions

3) The relation between each spindle motor output and the indicating voltage of
the load indicator is as shown in Table 10.7 (a), assuming that the
continuous rated output of the spindle motor is 100%.
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4) Three types of indications of the load indicator may be considered
approximately from Table 10.7 (a). For the indication of the load indicator
in this case, refer to examples shown in Table 10.7 (b) .

5) Machine tool builders are requested to prepare a load indicator (DC
voltmeter) which complies with the following specification.

- One-side deflecting DC voltmeter

- DC voltage 10 V, full scale
- Internal resistance 10 kilo ohms
Example) DC voltmeter LM-80 made by KUWANO DENKI

6) The indication interface of these signals are usable from the terminal block
TB in addition to the connector CN1. (Models 6S - 22S) When TB is used, use
2-core shielded cable.

Table 10.7 (a) Relation between each spindle motor output
and indicating voltage of load indicator

Indicating
voltage of
load indi¬
cator (V)
(Note)_

Ratio
assuming
that conti¬
nuous rated
is 100% (%)

Example of load indicator
Type of
applicable
load

Output
(kW)

Ratio to
full scale

Model

(%)
indicator

IS 1.5 5.7 100 102.2
1S/15000 2.2 8.3 147 150A

2.64 10.0 176 180
1.5S 1.1 2.5 100 100

3.7 8.4 338 338D
4.4 10.0 400 400
2.22S 5.0 100 100

2S/15000 3.7 8.3 166 166C
4.4 10.0 200 200

3S 3.7 5.6 100 100.8
3S/12000 5.5 1488.3 150A
8P 6.6 10.0 178 180
6S 5.5 6.1 100 109.8
6S/12000
12P, 6VH

7.5 8.3 136 150A
9.0 10.0 164 180

8S 7.5 5.7 100 102.6
8S/8000 11.0 8.3 146 150A
8VH 13.2 10.0 175 180
12S 11 6.1 100 109.8
12S/8000
22P , 12VH

15 8.3 136 150A
18 10.0 164 180

15S 15 6.7 100 100.5
15S/8000 18.5 8.3 124 125B
30P 22.2 10.0 149 150
18S 18.5 7.0 100 105
18S/6000 22.0 8.3 118 125B
40P 26.4 10.0 142 150
22S 22.0 7.0 100 105
22S/6000 26.0 8.3 118 125B

31.2 10.0 142 150

Note) Accuracy of the load indicator voltage depends upon the speed used or the
input voltage. The maximum deviation is approximately +15%.

136 -



Table 10.7 (b) Examples of load indicator type

Type Indication of load indicator Model

IS, 3S, 6S,
8S, 12S,
IS/15000,
3S/12000,
6S/12000,
8S/8000,
12S/8000,
8P, 12P,
22P, 50P,
6VH, 8VH,
12VH

Yellow
band

RedColor
division

White band band

Indica- „

tion
0 150 18010050

%A i
i

i :Iov II I

'II
Correspond¬
ence to
voltage

5.55V 8.3V 10.0V

Yellow Red
band band

Color
division

15S, I8S,
22S,
18S/ 6000,
22S/6000,
15P, 18P,
30P, 4OP

White band

11 i
Indication 0 50 100 125 1 50

B %I
I

0V II
i

I
Correspond¬
ence to
voltage

6.66V 1 0.0V8.3V

RedYellow
band

2S,Color
division

bandWhite band
2S/15000

'/A
I I I I I 1IIndication

C 150166100 2000 50
1

I !%i

ov
Correspond¬
ence to
voltage

i

8.3V 10.0V5.0 V

Red
Color
division

1.5SWhite band Yellow band band

I IIndication
D 0 100 200 300 338 400

I

ov
ICorrespond¬

ence to
voltage

5.0 V 8.3V 10.0V
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11. 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. In this case set the parameter for rigid tapping
according to the type of machine.
1) Selecting rigid tapping mode_

Select the parameter number F-31 to display 0001 | .
2) Contact signal TLML-OT (TLM-OT: Models IS - 3S)

Treat the power sequence to close the contact signal TLML-OT (TLM-OT) when
rigid tapping is made.

+24V

ICN1
TLML (5)--—0—(TLM)

RV

OT I (6)

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

. CN1
TLM5

RV L
TLM6 I (10)

Note) Models IS - 3S are output by an open collectar transistor (polarized).

4) Improving response characteristics
Select the parameter number
Lessen the setting value from
on the machine makes noise.
Cautions on application
(Note) that the torque limit command signal TLML cannot be used when the
rigid tapping mode is selected.
Use the torque limit command signal TLMH when torque limit is necessary.

F-34 | to display 0100 .
0100 | to input proper data, when the spindle

Setting range: 0100 - 0010
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III. AC SPINDLE MOTOR P series



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.
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3. SPECIFICATIONS

P seriesSeries

Model
BP I2P 15P 40P18P 22P 30P 50P

Item

kW 3.7 5.5 7.5 9 11 15 18.5
(24.8)

22Continuous
rating(*l)

AC Out¬
put (HP) (5.0) (7.4) (10.0) (12.0) (14.7) (20.1) (29.5)spin¬

dle
22(*5)
(29.5)

30(*5)
(40.2)

kW 5.5 7.5 9 11 15 18.5
(24.8)

30-min.
rating(*l) (HP)

motor
(7.4) (10.0) (12.0) (14.7) (20.1)

50% ED(*1,*2) kW 11 15 18.55.5 7.5 9 22 30
(HP) (7.4) (10.0) (12.0) (14.7) (20.1) (24.8) (29.5) (40.2)

Basal speed rpm 750 750 750 750 750 575 575 575Rota¬
tion
speed 6000 6000 6000 6000 6000 4500Maximum speed rpm 4500 4500

Output torque(*4) 14047.1 70 95.4
(974)

N.m 114.5
(1169)

249 365307
(1428)(714)(kg.cm) (480) (2540) (3133) (3726)

2 . 2
kg. m 0.11 0.36 0.36GD 0.51 0.51 1.18 2.481.18

KT 2
N.m. sec2

(kg. cm. sec )
Rotor inertia 0.027

(0.28)
0.091

(0.93)
0.091

(0.93)
0.126

(1.29)
0.126

(1.29)
0.29
(3.0)

0.29
(3.0)

0.62
(6.33)

kgWeight 80 110 143 143110 250 250 460

Vibration V5 V10

Noise 75dB 80dB

Cooling system Totally enclosed external fan type

Mounting Use the output axis in the horizontal or vertical direction

Overload tolerance
(1 min.)

120% of 30-min. rating

Insulation F type

Ambient temperature 0 - 40°C

Painting color Munsell N2.5

Spare parts Pulse generator, Thermostat

Bearing lubrication Grease

30-min. rated power kVA
supply capacity

AC 9 12 15 17 22 26 32 44
spin¬
dle

Power supply(*3) AC 200/220/230V, 10%/-15%; 50/60Hz +lHzservo
unit

Main circuit system Transistor PWM inverter

Feedback system Speed feedback by pulse generator

Braking system Regenerative braking

Input command voltage DC +10V (High speed) - 0V (Stop)

Speed control range 60 - 6000rpm
(Speed ratio 1:100)

45 - 4500rpm
(Speed ratio 1:100)

Speed fluctuation 10% of maximum speed for load fluctuation in the range
of 10% - 100%

(*1) Rated output is guaranteed in the rated power supply voltage. When the input power supply
voltage fluctuates, even within the allowable fluctuation range, rated output may not be
obtained.

(*2) With a cycle time of 10 min. and 50% ED: the ON period will be 5 mins, and the OFF period, 5 min.
(*3) A transformer is needed when the power supply voltage is outside the voltage stated in this manual.
(*4) Output torque is expressed as "Continuous rated torque in the rated torque range".
(*5) Guaranteed when separately stipulated conditions are satisfied.
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4. OUTPUT CHARACTERISTICS

1) Model 8P

kW
8

6

30 min., 50% ED operating zone
(5.5 kw)

Sr 4
3.73

Continuous operating zone (3.7 kw)o

2.22

0
1,000 2,000 3,000 4,000 5,000 6,000 rpm

Motor speed

0

2) Model 12P

kW
8

30 min., 50% ED operating zone (7.5 kw)

6

Continuous operating zone (5.5 kw)

3

s-
o

2

0
1,000 2,000 3,000 4,000 5,000 6,000 rpm

Motor speed

0

3) Model 15P

kW
12

.30 min., 50% ED operating zone (9 kw)
9

7.5
Continuous operating zone

(7.5 kw)
S' 6

5.5
O

3

°0 1,000 2,000 3,000 4,000 5,000 6,000 rpm

Motor speed

143 -



4) Model 18P

kW

30 min., 50% ED operating zone (llkW)

9
Continuous operating zone (9kW)

g. 6

3

°0 1,000 2,000 3,000 4,000 5,000 6,000 rpm
Motor speed

5) Model 22P

kW
16

30 min., 50% ED operating zone (ldkVO*

12
11

Continuous operating zone (llkW)

9
o. 8
3

o

4

°oL 1,000 2,000 3,000 4,000 5,000 6,000 rpm

Motor speed

6) Model 30P

(kW)
25

20 18.5 kW 30 min., 50% ED operating zone

15 kW Continuous operating zone
151W

3
llkWEr

3 10
o

5
45003450575

°0 5 ( x 1000 rpm)

Motor speed
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7) Model 4OP

(kW)
25 T

22 kW 30 min., 50% ED operating zone

N20 18.5 kW Continuous operating zoneÿ— 18.5 kW

15 kW15

3
S-
3

o
10

5
45003450575

°0 5 ( x 1000 rpm)4

Motor speed

8) Model 5OP

(kW) 30 kW 30 min., 50% ED operating zone
30

K
2000

25
Continuous

22 kW operating zone

20

3
S' 15 1 5 kWp

o

10

575 30005 4500 —

0
0 5 ( x 1000 rpm)3

Motor speed
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Note) When the ambient temperature of the model 40P servo unit is high, the time
of continuous use at the motor's 30-min. rated output is shown in the
figure below in terms of servo unit thermal limitation.

302
I
§

I 20 //
8 40P
a 10
H

0 10 20 30 40 50 60

Ambient temperature (deg C)

Note 1) Use four three-phase fan motors (model 5915PT-20W-B30-504 made by
MINEBEA or equivalent) .

Note 2) For duct dimensions, refer to the following figure.

!
Fan molor (2)

Ai r

in

---1

C :

Cooling fin

I
C\J
CP

I vO
L

_ _
!
c

Duct

t

__
J

in

Ml

178

Fan motor (2)

Ai r

O
ro

Reference fig. of the Model 40P servo unit external cooling fin method
of cooling
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5. ORDER SPECIFICATIONS

5.1 AC Spindle Motor

Specification
number

DescriptionName

A06B-0725-B102 6000 rpm, has key, has oil seal,

exhaust rear
6000 rpm, has key, has oil seal,
exhaust front
6000 rpm, no key, has oil seal,
exhaust rear
6000 rpm, no key, has oil seal,
exhaust front

Model 8P Flange mounting

-B103

-B302

-B303

A06B-0725-B202 6000 rpm, has key, no oil seal,

exhaust rear
6000 rpm, has key, no oil seal,
exhaust front
6000 rpm, no key, no oil seal,
exhaust rear
6000 rpm, no key, no oil seal,
exhaust front

Foot mounting

-B203

-B402

-B403

Model 12P Flange mounting A06B-0726-B102 6000 rpm, has key, has oil seal,
exhaust rear
6000 rpm, has key, has oil seal,
exhaust front
6000 rpm, no key, has oil seal,
exhaust rear
6000 rpm, no key, has oil seal,
exhaust front

-B103

-B302

-B303

A06B-0726-B202Foot mounting 6000 rpm, has key, no oil seal,
exhaust rear
6000 rpm, has key, no oil seal,
exhaust front
6000 rpm, no key, no oil seal,
exhaust rear
6000 rpm, no key, no oil seal,
exhaust front

-B203

-B402

-B403
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Specification
number

Name Description

Model 15P A06B-0727-B102 6000 rpm, has key, has oil seal,
exhaust rear
6000 rpm, has key, has oil seal,
exhaust front
6000 rpm, no key, has oil seal,

exhaust rear
6000 rpm, no key, has oil seal,
exhaust front

Flange mounting

-B103

-B302

-B303

A06B-0727-B202 6000 rpm, has key, no oil seal,

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

exhaust front
6000 rpm, no key, no oil seal,
exhaust rear
6000 rpm, no key, no oil seal,

exhaust front

Foot mounting

-B203

-B402

-B403

Model 18P 6000 rpm, has key, has oil seal,

exhaust rear
6000 rpm, has key, has oil seal,

exhaust front
6000 rpm, no key, has oil seal,
exhaust rear
6000 rpm, no key, has oil seal,

exhaust front

Flange mounting A06B-0728-B102

-B103

-B302

-B303

A06B-0728-B202 6000 rpm, has key, no oil seal,
exhaust rear
6000 rpm, has key, no oil seal,

exhaust front
6000 rpm, no key, no oil seal,
exhaust rear
6000 rpm, no key, no oil seal,
exhaust front

Foot mounting

-B203

/fltf
V -B402

-B403

Model 22P A06B-0729-B102 6000 rpm, has key, has oil seal,

exhaust rear
6000 rpm, has key, has oil seal,

exhaust front
6000 rpm, no key, has oil seal,
exhaust rear
6000 rpm, no key, has oil seal,
exhaust front

Flange mounting

-B103

-B302

-B303

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

exhaust front
6000 rpm, no key, no oil seal,
exhaust rear
6000 rpm, no key, no oil seal,

exhaust front

Foot mounting

-B203

-B402

-B403
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Specification
number

DescriptionName

A06B-0730-B100 4500 rpm, has key, has oil seal,
exhaust rear
4500 rpm, has key, has oil seal,
exhaust front
4500 rpm, no key, has oil seal,
exhaust rear
4500 rpm, no key, has oil seal,
exhaust front

Model 30P Flange mounting

-B101

-B300

-B301

A06B-0730-B200 4500 rpm, has key, no oil seal,
exhaust rear
4500 rpm, has key, no oil seal,
exhaust front
4500 rpm, no key, no oil seal,
exhaust rear
4500 rpm, no key, no oil seal,
exhaust front

Foot mounting

-B201

-B400

-B401

Model 40P Flange mounting A06B-0731-B100 4500 rpm, has key, has oil seal,

exhaust rear
4500 rpm, has key, has oil seal,

exhaust front
4500 rpm, no key, has oil seal,
exhaust rear
4500 rpm, no key, has oil seal,

exhaust front

-B101

-B300

-B301

A06B-0731-B200 4500 rpm, has key, no oil seal,

exhaust rear
4500 rpm, has key, no oil seal,
exhaust front
4500 rpm, no key, no oil seal,

exhaust rear
4500 rpm, no key, no oil seal,
exhaust front

Foot mounting

-B201

-B400

-B401

tk
A06B-0732-B206Model 50P Foot mounting 4500 rpm, has key, no oil seal,

exhaust rear
4500 rpm, has key, no oil seal,
exhaust front
4500 rpm, no key, no oil seal,
exhaust rear
4500 rpm, no key, no oil seal,
exhaust front

-B207

-B406

-B407

IV; o-ÿ
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5.2 AC Spindle Servo Unit

Classi¬
fication

Specification
drawing number

Description

For the spindle control
unit model 8P

A06B-6059-H206
#H550

Basic External radiation type,

6000 rpm

A06B-6059-H206
#H551

For the spindle control
unit model 12P

External radiation type,
6000 rpm

For the spindle control
unit model 15P

A06B-6059-H208
#H552

External radiation type,
6000 rpm

For the spindle control
unit model 18P

A06B-6059-H212
//H553

External radiation type,
6000 rpm

For the spindle control
unit model 22P

A06B-6059-H215
#H554

External radiation type,

6000 rpm

For the spindle control
unit model 30P

A06B-6059-H218
#H555

External radiation type,
4500 rpm

A06B-6059-H222
#H556

For the spindle control
unit model 40P

External radiation type,
4500 rpm

For the spindle control
unit model 50P

A06B-6055-H322
#H551

Internal radiation type,
4500 rpm

A06B-6055-H422
#H551

External ventilation
type

A06B-6059-K103Basic Connectors Soldered type
For models 8P - 40P

A06B-6059-K104 Crimp type
For models 8P - 40P

A06B-6059-K012Fuses For models 8P 18P

A06B-6059-K022 For models 22P - 40P

A06B-6059-J700Option Speed gain switching
circuit

For models 8P - 40P

Power supply trans¬
former

A06B-6059-J006Option For models
8P - 15P

Primary
side

380VAC
415VAC
460VAC

Secondary
side

A06B-6059-J007 For models
18P and 22P

A06B-6059-J010 For models
30P - 5OP 200VAC

A06B-6059-K031Unit adapter For models 8P 18P

A06B-6059-K032 For models 22P - 30P
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(*1) For optional orientation, refer to the items related to spindle orientation
in Part V.

(*2) For details such as option of spindle control unit for model 50P and the
like, refer to FANUC AC SPINDLE MOTOR series DESCRIPTIONS B-53422E/10 or
earlier.
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6. CONNECTIONS

Models 8P - 5OP

O U (Z)

> Coil

O V (X)

O W (Y)

O G

O + 5 V connector connections

® Blue © Black ® RedO 0 V

P B P A + 5 VO P A

Pulse
generatorORA

© White © Green © Yellow

O P B
R B R A 0 V

ORB
© © ©

Oss
OH 2 s s OH 1

O 0 H 1
Overheat
signal

O 0 H 2V J

O P M U
Connector specifications

AMP unipulser model/mate-n-lockFan motorO P M V

O P MW J Motor side Cable side
350782-1 350720-1Housing

350689-6350706-7Contact

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

Terminal block screw dimensions

Terminal
name U, V, W, G FMU - FMW

Model

8P - 22P M4M5

M8 M430P, 40P

50P M8 M3. 5
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7. PRECAUTIONS RELATED TO USE
1) Terminal box

The terminal box is made from plastic. Therefore, the metal plate that was
attached to both side faces of the present terminal box have been
discontinued.
shown in the diagram below.

Mount the conduit by directly fastening with a nut,
(Model 8P - 40P)

as

Conduit
(Elbow etc.)

. Fasten with a
pressure nut

oy

/j
o

. o
:

O
t I

I

One side is covered
by a rubber bush

2) Allowable radial load
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

Models 12P, 15P 300 kg 6312

Models 18P, 22P 450 kg

Models 30P, 40P 550 kg 6314

Model 50P 1100 kg 6317

Note) The above-listed allowable radial loads are values obtained when the load
In cases when the center of

the values for
was applied to the end of the output shaft.
belt tension is beyond the end of the output shaft,
allowable load will be smaller than those given above.
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8. EXTERNAL DIMENSIONS

8.1 AC Spindle Motor Model 8P
a) Flange type

Rubber bush for covering
the wiring holes

©Blue ©BUek ©RedTerminals for fan motor
(FMU. FMV, FMW)

Terminals for power line
(U/V/W/G) PB PA ”5V— BsaTS

&
©While ©Green ©Yellow

Pulse generator connector RB RA OV
©j © 0 0

SS0H2 OH I—
208 314 173

ia2 442

55 2425

1 i'~BAAir inc
I1 2??

ivO i7 p»

o\ m 90co c|a<i
o Q?? !

«9F>(5) I I IEo
<=0 GCO

5!

CM

Air out0

Na T®
<0\ 204:2 i io 16

\ U-14-015, on 0215 490

M.° oi3in
l 10m oEL

Note) 1. The output shaft should be horizontal or vertical down ward in
2. Use hexagon bolts Ml 2, length 40 mm or less as mounting bolts.
3. Hie motor in which cooling air flow direction is reversed is also available.

ru — 0use. cr
o

7r®~3-M5, deep 10
on 040

b) Foot mounting type OU seal

Rubber bush for covering
the wiring holes

TpT
/s\l

©Black ©Red
~5V

Terminals for fan motor \
(FMU, FMV. FMW)

©BlueTerminals for power line
(U/V/W/G) PAPBmISISSB

©Yellow© While ©Green
Pulse generator connector RA 0VRB

0 G>©13

SS OH I0H215)

314 l 73208
442182

55 242
5.

-
BAAir in Sg

C

Q??
1'-0© I G r-

ineSPo 90op c
O oO 5Q

9

-E n® _
r

'-C-rr-
T.-

CMCM =0 Q

Air outV.
r<j

I 10
\

7ÿ J178
72 72

2724-0 1 295 95
490

220

I 4 ,Q 043

kraM7i
I 10ml

Note) 1. Tlic output shad should be horizontal or vertical down ward in use.
2. Use hexagon bolts M10, length 30 mm or less as mounting bolts.
3. The motor in which coaling air flow direction is reversed is also available.

Q01 in

o
3-M-5, deep 10
an 040
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8.2 AC Spindle Motor Model 12Pf 15P
a) Flange type

Rubber bush for covering
the wiring holes

A Q)Blue ©BUck OR*d
5v

Terminals for fan motor
(FMU, FMV, FMW)

Terminals for power line
(U/V/W/G) PB PA

©While ©Gittn ©Yellow
Pulse generator connector R0 RA OV

© ©
0H2a SS OH I

29! I 73
264

420
I 82

35. 232
5 r AA BAir in

31 A.

coWoÿ O i
J:

90 roi W
B) vO

3??7r
CCOo o o.o -*=ID CUrv O Qrvj °rn

Cj OJo
Q

Air out

o

250:2 /
7 _9 4 I260

/ 4-0 I D . on #265 I 10 466

I 4.g cn I 10IT'

aQin
dx-1

IS OJ o>C'Nate) 1. Hie output shaft should be horizontal or vertical down ward in use.
bolts.
also available.

2. Use hexagon bolts M12, length 45 mm or less as mounting
3. The motor in which cooling air flow direction is reversed is

D
3-M5, deep 10
on 040 Rl .5.

Oil seal /
b) Foot mounting type

Rubber bush for covering
the wiring holes

Qi

wM ©Dlut © Bl»ck ©Red
•5V

Terminals for fan motor
(FMU, FMV, FMW)

Terminals for power line
(U/V/W/G) _ PB PA

©While ©Giern ©YellowI Tube generator connector PB RA 0V

IS © ©
0H2 SS OH l

291 173
264

420
182

b35. 232
G Q''

BAir in A
B A <51 4mQiC

1cm © ocgm in
<D vD

aoo a 90 n£0

Q® ,,c

O)Q

8- o
OJCM O
OlO' CT‘

CM CM ®o o®o o ir

oc Air out
O
kO

vO

3ii

95 95
108 1784-015127 127

50 259
290

I I 0 466

1 4.S.Q41 I 10in o
5}

in

CMNote) 1. The output shaft should be horizontal or vertical down ward in use.
2. Use hexagon bolts M12, length 45 mm or less as mounting bolts.
3. The motor in which cooling air flow direction is reversed is also available.

i oiO

QQ

3-M5, deep 10

on 040 ORl .5
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8.3 AC Spindle Motor Model 18P, 22P
a) Flange type
Rubber bush for covering
the wiring holes

7T ©Blue ©Mick ©RedTerminals for fan motor
(FMU. FMV, FMW)

Terminals for power line
(U/V/W/G) PB PA *5Vmm ©White ©Green ©Yellow
Pulse generator connector RB RA OV

© ©
0H2 SS OH I

264
361 173

182 490

302
5

Air in BA
Q

< COo
CO

90 ro
aK

2)ocn c
a r* cO'C CMinr\i CMoCM

O °to
KS g CM

Q
Air out

o
m

T I

250:s
15.260 4 I

an £2654-015. I 10 536!ÿ

- -a
"3-0.043

I 10

ouNote) 1. Tlic output shaft should be horizontal or vertical down ward in use. T

2. Use hexagon bolts MI2, length 45 mm or less as mounting bolls.
3. The motor in which cooling air flow direction is reversed is also available.

o p
QO

3-M5, deep 10
on £45 /fa

Oil seal /

b) Foot mounting type

Rubber busli for covering
the wiring holes

\
71 ©Red

•»5V
©Blue © BlickTerminals for fan motor N'v

(FMU, FMV, FMW)
Terminals for power line
(U/V/W/G) PB PA

HiPit ©Green ©Yellow©Whitt
Pulse generator connector RB RA 0V

©(9

SS0H2 OH I

264 361 173

182 490

ft 302

BAir in A
2:
P c

oc

@0

m
Eto

COLO
90 roin

Q

§)

E a c
r -C\i O
CMO' O'

o DCM OJ o® <n

Air outoc

w o
vO

v£) ©j
i

iii

108 I 17895 95
\ 4-0|5 I 10 50. 299127 127

536290

IsI 63.04.1
I 10

1 CMO vONote) 1. Tlic output shaft should be horizontal or vertical down ward in use.
2. Use hexagon bolts M12, length 45 mm or lesa as mounting bolts.
3. The motor in which cooling air flow direction is reversed is also available.

'-0
GQ

3-M5, deep 10
on £45

O

156 -



8.4 AC Spindle Motor Model 30P, 40P
a) Flange type

4*M5 Screws

Terminals for fan motor
(FMU, FMV, FMW)

Pulse generator connector

Terminals for
power line
(G/U/V/W)

fl

(D Was © aua O nt-jy pa PA V

©Whitt 0 Green ©Ytilova
RD RA OV

ffi CD 0 560
QIC ss Olll

AAa I 70
320

78 326214
5. <&>5; AAir in <3 M

o S
CM

5=
r-
a

I 10I °1
Sft

ro

O
X
r\j

oo
s
n Air out

O

-%
\ 23

I 40 6264-019 on even
arrangement required l &:% 140

It
o
o

Note) 1. Tlie output shaft should be horizontal or vertical downward
in use.

2. Use hexagon bolta M16, length 50 mm or less as mounting bolts.
3. The motor in which cooling air flow direction is reversed is

also available.

3*M6 Tap depth 10, on 050 even Oil seal
arrangement required
(In ease of shaft without key,
there is no tiptap.)

b) Foot mounting type

4-M5 Screws

Terminals for fan motor
(FMU, FMV, FMW)

Pulse generator connector

Terminals for Wpower line
(G/U/V/W)

© nud©Bhre © noi

Ml PA 3 V

Q Whit: 0Gresn ©Yefltm
f RU RA 0V

0 0 560
oin ss 0H1

4 4 B 170
310

78 326214

s> mAir in *

3 jj
O' r:v

X >0
X

Pa

I 10 oc
1X

c
O'
ro
M -1!

S Air out
Oo

X
XI =c

i 1—U-0
I 139.5

I 10 |
139.5

i i
140 L2J4 254X\ 4 -a [ 9 4

60 362
i 60 160

626
i8:g8»

I 40
p'l

q
Cl

Note) 1. The output shaft should be horizontal or vertical downward
in use.

2. Urc hexagon bolts M16, length 40 mm or less as mounting bolts,
3. The motor in which cooling air flow direction is reversed is

also available.
3-M6 Tap depth 10, on <£50 even
arrangement required
(In ease of shaft without key,
there is no tiptap.)
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8.5 AC Spindle Motor Model 50P (Foot Mounting Type)

(8) M5 screws
Terminals for fan motor

Terminals for power line(U.V.W) °n
i" (U/V/W/X/Y/Z/G)

Pulse generator connector
715.5Outur pniirk alRrU

PB I PA -5V
owwr

RB
380 VhlltpCicrnPYenow

?B 1 RA

H2 rSS

YeO
OV 546 220

299
OHI

397jy_
280

©I I<*©>Air in

?5A A l
si
Irÿ2
o

t
Air outRer

3t -oP4HLat-1
|

__
£21

Aj 149!>70 408
I7B 73 520

770

22:5

i170

•v
Note) 1. The output shaft should be horizontal or vertical downward

in use.
2. Use hexagon bolts M20, length 45 mm or less as mounting bolts.
3. Tire motor in which cooling air flow direction is reversed is

also available.

Fr

3-M6 Tap depth 10, on 070 even
arrangement required_
(In case of shaft without key,
there is no tiptap.)

8.6 AC Spindle Servo Unit
For the external dimensions of models 8P to 40P, refer to AC SPINDLE SERVO UNIT
S series in Part II.
DESCRIPTIONS B-53422E/10 or the later.

For model 50P, refer to FANUC AC SPINDLE MOTOR series
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IV. FANUC AC SPINDLE MOTOR VH series



1. GENERAL
The AC SPINDLE MOTOR VH series is able to operate at high speeds with minimal
heat rise due to its use of an oil/air lubrication method and a unique oil
cooling system which utilizes a piped cooling oil mechanism.

2. FEATURES
1) Because the VH SERIES uses an oil/air lubrication system, thereby eliminating

worries about lubrication oil life which accompanies grease lubricated
systems, it is able to run at high speed for extended hours.

2) In the VH SERIES, the forward flange and the stator core outer surface are
oil cooled, enabling the motor to run at high speed for extended hours with
minimal heat rise throughout the motor. This minimizes any heat deformation
effects on the machine.

3) Vibrations are minimized even in the high rotation speed range, due to strict
dynamic balance corrections on the rotor and the use of high precision
bearings.

4) Since no cooling fans are used, the noise level is low.
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3. SPECIFICATIONS

3.1 Specification Table

3.1.1 AC spindle motor VH series

Table 3.1 Specification table

Name
6 VH 8 VH 12 VH

Item

Continuous rated kWOutput 5.5 7.5 11
*1

30-min. rated 7.5 11 15

50%ED rated *2 7.5 11 15

Base speedRotation
speed

5,000 5,000 2,500rpm

Maximum speed 20,000 20,000 15,000

Output torque (continuous

rated torque in the rated
torque range)

10.5 14.3 42Nm

kgcm 107 146 428

2 kgm2 0.086 0.11 0.36GD

Rotor inertia kgcm 0.22 0.28 0.93
2

sec

Weight kg 60 80 110

Cooling system Liquid cooling system

kcal/hCooler capacity 1500 - 2000 2000 - 3000

Bearing lubrication system Oil air lubrication

Allowable radial load 80 kg or less at the tip of the output
shaft

Installation The output shaft should be horizontal
(underside the oil air drain hole) or
vertically downward.

Allowable overload capacity
(for 1 min.)

120% of 30-min. rated output

Insulation Class F

0 - 40°CAmbient temperature

Noise 75 dB

Vibration V 5

Painting color Munsell system N2.5

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

(*2) With a cycle time of 10 minutes and 50%ED: the ON period will be 5 min.
and the OFF period 5 min.

3.1.2 AC spindle servo unit VH series

Name
6 VH 8 VH 12 VH

Item

30-min. rated power
source capacity

kVA 17 22 26

200V/220V/230VAC+10%, -157=
50/60Hz +lHz

Power source *1

Main circuit system Transistor PWM inverter

Feed back system Velocity feed back by pulse generator

Braking system Regenerative braking

Input command voltage +10V DC: Maximum speed, 0V: Stop

Velocity control range 200 - 20,000 150 - 15,000rpm

Speed variation Less than 0.1% of the maximum speed in the
load variation range from 10 to 100%

Cooling system External radiation type *2

(*1) A transformer is needed when the power voltage is other than specified
herein.

(*2) No cooling fan, for heat radiating sections, is supplied with the SERVO
Cool the radiating sections with forced air with a 3m/sec-or-greater

velocity using a fan, etc., when operating.
UNIT.

3.1.3 Miscellaneous
1) For detailed specifications on the AC SPINDLE SERVO UNIT for Models 8VH and

12VH, refer to the sections on Models 12S and 15S, respectively, in Part II.
For detailed specifications and outline drawings of the AC SPINDLE SERVO UNIT
for Model 6VH, refer to B-53422E/10 and following sections in the FANUC AC

SPINDLE MOTOR SERIES Specifications Manual. For the display voltage and type

of dynamometer, refer to section 10.7.
2) For cooling requirements for the AC SPINDLE SERVO UNIT, refer to the sections

on 12S and 15S for Models 8VH and 12VH, respectively, in Chapter II, Section
10 "Cooling and setup requirements".
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3.2 Oil Air Lubrication Conditions

Setting conditionItem

Oil supply 0.03 cc every 16 minutes

Oil type Turbine oil or spindle oil, 32 cst or equivalent

20 NL/min. /bearing (dry air)Air supply

- 4.5 kg/cmÿ3.5Air pressure

ID of or more, piping length within 300 mmDrain piping

3.3 Motor Cooling Conditions

Item Setting condition

Coolant Turbine oil or spindle oil, 10 cst or less

2
Lower than 2.0 kg/cmPressure in the outlet

5-10 L/minFlow rate

30°COil temperature setting

3.4 Reference Drawing for Piping Parts

I . 84°-°5

>\
Oring (PI1)

PT3/8+

OJ v0 +OJ
vw

O LO

& Q
\ 2-(p55 through hole

23 20

36

164 -



3.5 Output Characteristics
1) Model 6VH

10

8 30-min. rated output 7.5kW

Output (kW) 6 Continuous rated output 5.5kW

4

2

0 5,000 10,000 15,000 20,000 rpm
Motor speed

2) Model 8VH

12

30-min. rated output llk\V

8
Continuous rated output 7.5kW

Output (kW)

4

0 5,000 10,000 15,000 20,000 rpm
Motor speed

3) Model 12VH

20

30-min. rated output 15kW
15

Output (kW) Continuous rated output llkW

10

5

0 2,500 5,000 7,500 10,00012,50015,000 rpm
Motor speed
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4. ORDER SPECIFICATION DRAWING NUMBER

4.1 AC Spindle Motor

Name RemarksSpec. DWG. No.

Model 6VH A06B-1056-B308Flange mounting No key, 20,000 rpm

Model 8VH Flange mounting A06B-1058-B308 No key, 20,000 rpm

Flange mounting A06B-1058-B398 Same as above, built-in sensor
included (512 p/rev)

Model 12VH Flange mounting A06B-1062-B308 No key, 15,000 rpm

A06B-1062-B398Flange mounting Same as above, built-in sensor
included (512 p/rev)

4.2 AC Spindle Servo Unit

Amp Name RemarksSpec. DWG. No.

A06B-6055-H208//H534For model 6VH (*2) External radiation type

A06B-6055-H108//H534 Internal ventilation type

A06B-6059-H212//H544For model 8VH External radiation type

A06B-6059-H215//H545For model 12VH External radiation type

(*1) For options for the AC SPINDLE SERVO UNIT for Models 8VH and 12VH, refer to
Part II, AC SPINDLE SERVO UNIT S SERIES.

(*2) For options for the AC SPINDLE SERVO UNIT for Model 6VH, refer to
B-53422E/10 and following sections in the FANUC AC SPINDLE MOTOR Series
Specification Manual.
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5. OUTER DIMENSIONS

5.1 AC Spindle Motor

5.1.1 Model 6VH (liquid cooling type)

Oil air piping joint
for resin pipes of £4jfii

no sonOil air piping inlet 90 90

213 Oil air piping inlet1 07 \ 107 i noSL 57 •

EB D
ot;

-

,<o Its i

!?oR DJ g
ru

9 OA•r
o
to

BMWa
)

£ V® Power
line terminal

G.U.V.W

Connector for pulse generator

114431 2-o lofCoolant piping hole)20<t:j Oil air drain hole

4-515 on <5215 even
arrangement required

3-M5 tap with depth of 10, on
£22 even arrangement required

294 CPT l/B)

,a ”,
\Oil air drain hole

(PTl/B) ©DUe O Slide 0 KBJ

\ <S\
PAPS tSV

'C

<4 ©Wtwe ©Greta QYclla*

s HARD OV
o’ © © 07i

0113 S5 OKI

o
jV< L 4*M5 tap with depth of 10

.2-010 (coolant piping hole/
O-ring PI1 used)

pft--4
(O
a

c

a 43-
(Note) 1. Tlie output shaft should be cither horizontal or vertical.

If the sluft is in the vertical position, the spindle should
be pointing downwards.

2. Use hexagon bolls M12, length 35 mm or less, as mounting bolts.
3. The motor in which cooling air flow direction is reversed is

also available.
4. As the seal for the shaft end is a simple labyrinth type,

take care so that the surface of the flange is not splashed
directly with lubricating oil or the like.

|Detailed piping section |

Labyrinth f

5.1.2 Model 8VH (liquid cooling type)

Oil air piping joint
for resin pipes of £4

J97

Oil air piping inlet go qg 90
Oil air piping inlet1 07 \ 107 <ao5_ 259

B D

i
r

o ea

S sS >

N
c

R 5 23Sm
c
CM

5'2 SrE
rj

E )

3*£ \
37,1 Power line terminal

G.U.V.W
Connector for pulse generator

!i2oa:; (Coobnt piping hole) Oil air drain hole
/(PTI/BJ

m
340 \

4-£>15 on £215 even
arrangement required

3-M5 tap with dcptli of 10, on
£22 even arrangement required

VOil air drain hole
IPTl/6) © L'Ud:© Dtl3 © Rci1=vjOj

pn PA

0 ojjS ©Wtiis © Greta ©YtUowfcy

RAoj RO OV

OJ 0 CD a
)

01(2 5S 0111

rin 4-M5 tap with dcptli of 10

2010 (coolant piping hole/
O-ring PI1 used)

'0
co
Q

O

8

|Detailed piping section )
Labyrinthÿ [(Note) 1. Tho output shaft sliould be cither horizontal or vertical.

If the shaft is in the vertical position, the spindle should
be pointing downwards.

2. Use hexagon bolts Ml 2, length 35 mm or less, as mounting bolts.
3. The motor in which cooling air flow direction is reversed is

also available.
4. As the seal for the shaft end is a simple labyrinth typo,

take care 50-that the surface of the flange is not splashed
directly with lubricating oil or the like,
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5.1.3 Model 12VH (liquid cooling type)

Connector for pulse generator
dfli

O ni.rt © Red0D1*Oil air piping inlet oo
fid 33d PApn V

133 32 0GreetOWUL= ©YtBcw
Power line terminali. A

f©1 FURJJ 0VA
Li .U . V . *i

a o
S'

OHS £3 OH IO'* ;V o
r. I 2d

2 3
b o do>o in
CM ru dtj

?r.. /o S 89.±2.

K o
J- AS '-a.

r\d3a250ÿ1 i an

2.o i o(Coolant piping hole) 0° & PÿS position

Oil air drain hole
/(PT1/0)

260'1 9a 9fl4-015 on 0265 even
arrangement required

Oil air drain hole
(PTI/8)

\.123
Oil air piping joint
for resin pipes of 04

( .3-M5 tap with depth of 10, on
024 even arrangement required

*

if 4-M5 tap with depth of 10

2-010 (coolant piping hole/
O-ring PI1 used)

©
c

J26>
)

|Detailed piping section|
T

80

C\J --aNote) 1. The output shaft should be horizontal or vertical downward
in use.

2. Use hexagon bolts Ml 2, length 40 mm or less, as mounting bolts.
3. The motor in which cooling air flow direction is reversed is

also available.
4. As the seal for the shaft end Is a simple labyrinth type,

take care so that the surface of the flange may not be
splashed directly with lubricating oil or the like.

o
> 3ar

Labyrinth
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V. SPINDLE ORIENTATION



1. GENERAL
Unlike conventional mechanical spindle orientation using stoppers, etc., the
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.

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.
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 tool blades can be mounted or dismounted in a fixed direction
with reference to workpieces, programming is easy.

Neither orientation speed command
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3. CONFIGURATION AND ORDER SPECIFICATION

3.1 Position Coder Type (Stop Position Internal Setting)

1r Spindle orientation command

Ml 9

Spindle
servo unit Gear or belt

1rNC CN1

I Power magnetic|
sequence

I control circuit 1

Spindle
motori c—I

i
:I m Spindle
= ToolL J1----xp 1 CNA

= <=ÿj>aCNB1

Position control
loop*

Connected directly to gear
or timing belt (1:1)\Orientation circuit ARII, ASII,

AHRII.AHS.ES (option)
Position coder

3.2 Position Coder Type (Stop Position External Command)

l
Orientation circuit BRH, BSII,
BHRH, BHS.FS (option)

Spindle
servo unit

NC Gear or beltCN1

I Power
I magnetic|

_
/---B-I sequence|--«-j_

I control !
circuit

/
"7 i—i

Spindle
motor

CNB CNA CNC
I i

_
i i

_
i i—i

cp Ea

__
I _ILI Spindle

=3 -~~*P I Tool
I

<=cjj>aii * Position
control
loop

j

Connected directly to gear

or timing belt (1 : 1)

Position coder
Stop position external
command signal

(12-bit binary)
(4096 = 360°)

Note 1) When a position coder is attached to lathe, etc., 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.

Note 3) When a built-in sensor signal conversion circuit is used, refer to the
items related to built-in sensor conversion circuits in Part VII.

I
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3.3 Magnetic Sensor Type

Spindle orientation command

Ml 9

Spindle
servo unit

r i
i Gear or beltl
IPower

magnetic |

sequence
control
circuit

l I CN1NC I
I . Spindle

motor---1 II iCNAI /I 1 ' Spindle
_l L ToolL =J

i <=C§>3Position
control

„ loop

Magnetic sensoij

rxi
i
i Magnetizing element

(Directly connected)

Magnetic sensor head

Orientation circuit CR, GR,
csn. GSII, HSII, DSII

i

1I--
i

Amplifier
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3.4 Order Specification Drawing Number

3.4.1 For models IS — 3S

Classi¬
fica¬
tion

Name Spec. DWG. No. PCB DWG. No. Remarks

A06B-6059-J110Option A20B-0008-0242Orienta¬
tion
ARII

Position coder system
Two-speed variable,
stop position internal
setting type
Spindle speed of 8000
rpm or less

A06B-6059-J111 A20B-0008-0243Orienta¬
tion

BRII

Position coder system
Two-speed variable,

stop position externally
commanded type
Spindle speed of 8000
rpm or less

A06B-6059-J112 A20B-0008-0244Orienta¬
tion
AHRII

Position coder system
Two-speed variable,
stop position internal
setting type
Spindle speed of 20000
rpm or less

A06B-6059-J113Orienta¬

tion
BHRII

A20B-0008-0245 Position coder system
Two-speed variable,
stop position externally
commanded type
Spindle speed of 20000
rpm or less

A06B-6059-J120Orienta¬
tion CR

A16B-1300-0110 Magnetic sensor system,
two-speed variable
Spindle speed of 8000
rpm or less

A06B-6059-J121 A16B-1300-0111Orienta¬
tion GR

Magnetic sensor system,
two-speed variable
Spindle speed of 12000
rpm or less
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Classi¬
fica¬
tion

RemarksName Spec. DWG. No. PCB DWG. No.

A86L-0027-0001#101Option Position
coder C

Balanced transmission
type, D160 with flange
4000 rpm specification

A86L-0027-0001#001 Balanced transmission
type, Q160 with flange
6000 rpm specification

Position
coder D

A86L-0027-0001#201Position
coder G

Balanced transmission
type, D160 with flange
8000 rpm specification

A86L-0027-0001#102Position
coder J

Balanced transmission
type, 068 with flange
4000 rpm specification

A86L-0027-0001#002Position

coder K
Balanced transmission
type, D68 with flange
6000 rpm specification

A86L-0027-0001#202Position
coder L

Balanced transmission
type, Q68 with flange
8000 rpm specification

A86L-0027-0001#103Position
coder E

Balanced transmission
type, no flange
4000 rpm specification

A86L-0027-0001#003Position
coder F

Balanced transmission
type, no flange
6000 rpm specification

A86L-0027-0001#203Position
coder H

Balanced transmission
type, no flange
8000 rpm specification
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Classi¬
fica¬
tion

Name Spec. DWG. No. PCB DWG. No. Remarks

A57L-0001-0037/NOption Magnetic
sensor N

Spindle speed of 12000
rpm or less

A57L-0001-0037/PMagnetic
sensor P

Spindle speed of 12000
rpm or less
Small type

A57L-0001-0037/Q ID of {540, cylindrical,
high-speed type
Spindle speed of 20000
rpm or less

Magnetic

sensor Q

A57L-0001-0037/R ID of {550, cylindrical,
high-speed type
Spindle speed of 20000
rpm or less

Magnetic
sensor R

A57L-0001-0037/S ID of {560, cylindrical,
high-speed type
Spindle speed of 15000
rpm or less

Magnetic
sensor S

A57L-0001-0037 /T ID of {570, cylindrical,
high-speed type
Spindle speed of 15000
rpm or less

Magnetic
sensor T

3.4.2 For models 6S — 22S

Classi¬
fica¬
tion

Name Spec. DWG. No. PCB DWG. No. Remarks

A06B-6059-J130Option Orienta¬
tion
ASH

A20B-0008-0242 Position coder system
Two-speed variable,
stop position internal
setting type
Spindle speed of 8000
rpm or less

A06B-6059-J131Orienta¬
tion
BSI1

A20B-0008-0243 Position coder system
Two-speed variable,

stop position
externally commanded
type
Spindle speed of 8000
rpm or less

A06B-6059-J132Orienta¬
tion
AHS

A20B-0008-0244 Position coder system
Two-speed variable,

stop position internal
setting type
Spindle speed of 20000
rpm or less
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Classi¬
fica¬
tion

Name Spec. DWG. No. PCB DWG. No. Remarks

A06B-6059-J133 A20B-0008-0245 Position coder system
Two-speed variable,

stop position
externally commanded
type
Spindle speed of 20000
rpm or less

Option Orienta¬
tion
BHS

A06B-6059-J134 A20B-1000-0462Orienta¬
tion

Position coder system
Four-speed variable,

stop position internal
setting type
Spindle speed of 8000
rpm or less

ES

A06B-6059-J135 A20B-1000-0463Orienta¬
tion

Position coder system
Four-speed variable,

stop position
externally commanded
type
Spindle speed of 8000
rpm or less

FS

A06B-6059-J140 A20B-0008-0032Orienta¬
tion
CSII

Magnetic sensor system,
two-speed variable
Spindle speed of 8000
rpm or less

A06B-6059-J141Orienta¬

tion
GSII

A20B-0008-0033 Magnetic sensor system,
two-speed variable
Spindle speed of 12000
rpm or less

A06B-6059-J142 A20B-0009-0521Orienta¬
tion
DSII

Magnetic sensor system,

three-speed variable
Spindle speed of 8000
rpm or less

A06B-6059-J143Orienta¬
tion
HSII

A20B-0008-0033 Magnetic sensor system,
two-speed variable
Spindle speed of 20000
rpm or less

+
A06R-6044-J948

For the specifications for position coders and magnetic sensors, refer to
Subsection 3.4.1.

3.4.3 Built-in sensor signal conversion circuit
When the built-in sensor signal conversion circuit is used as a position coder,
refer to the section related to built-in sensor signal conversion circuit in
Part VII.
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4. SPECIFICATIONS

4.1 Type

ExplanationSystem PurposeName

Two-speed
variable
Position
coder system
Stop
position
internal
setting type

Stops only at one
point during one
rotation of the
spindle, which is set
freely inside the
PCB.

. For lathe type spindle
positioning (loading/
unloading works, etc.)

. Machining center type spindle
orientation

. Machine tools with spindles
of two speeds or less

. Spindle speed of 8000 rpm or
less

Orienta¬
tion
ARII,
ASH

Orienta¬
tion
BRII,

BSII

Two-speed
variable
Position
coder system
Stop
position
externally
commanded
type

Can move the stop
position set in

advance inside the
PCB to any one point
during one rotation
of the spindle by
inputting a 12-bit
signal from the
outside.

. For lathe type spindle
positioning (For indexing t-he
spindle of a turning center,
etc. However, mechanically
locking is needed while
cutting.) Can be used for
positioning when arranging
the mounting/dismounting
directions of workpieces
using a robot.

. Machine tools with spindles
of two speeds or less

. Spindle speed of 8000 rpm or
less

Orienta- Two-speed
variable,
high-speed
type
Position
coder system
Stop

position
internal
setting type

Stops only at one
point during one
rotation of the
spindle, which is
set freely inside
the PCB.

. For lathe type spindle
positioning (loading/
unloading works, etc.)

. Machining center type spindle
orientation

. Machine tools with spindles
of two speeds or less

. Spindle speed of 20000 rpm or
less

tion
AHRII ,
AHS

Orienta¬
tion
BHRII ,

Two-speed
variable,
high-speed
type
Position
coder system
Stop
position
externally
commanded
type

Can move the stop
position set in
advance inside the
PCB to any one point
during one rotation
of the spindle by
inputting a 12-bit
signal from the
outside.

. For lathe type spindle
positioning (For indexing the
spindle of a turning center,

etc. However, mechanically
locking is needed while
cutting.) Can be used for
positioning when arranging
the mounting/dismounting
directions of workpieces
using a robot.

. Machine tools with spindles
of two speeds or less

. Spindle speed of 20000 rpm
or less

BHS
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ExplanationName System Purpose

Four-speed
variable
Position
coder system
Stop
position

internal
setting type

Stops only at one
point during one
rotation of the
spindle, which is
set freely inside
the PCB.

. For lathe type spindle
positioning (loading/
unloading works, etc.)

. Machining center type spindle
orientation

. Machine tools with spindles
of four speeds or less

. Spindle speed of 8000 rpm or
less

Orienta¬
tion
ES

Can move the stop
position set in
advance inside the
PCB to any one point
during one rotation
of the spindle by
inputting a 12-bit
signal from the
outside.

. For lathe type spindle
positioning (For indexing the
spindle of a turning center,
etc. However, mechanically
locking is needed while
cutting.) Can be used for
positioning when arranging
the mounting/dismounting
directions of workpieces
using a robot.

. Machine tools with spindles
of four speeds or less

. Spindle speed of 8000 rpm or
less

Orienta¬

tion
Position
coder system
Stop
position
internal
setting type

FS

Orienta¬
tion
CR,

CSII

Magnetic
sensor
system

Can stop at a
specified position
using a noncontact
position detector.
Stops at a position
where the magnetic
generator faces the
magnetic sensor.

. Machining center type spindle
orientation

. Machine tools with spindles
of two speeds or less

. Spindle speed of 8000 rpm or
less

Orienta¬
tion
GR,
GSII

. Machining center type spindle
orientation

. Machine tools with spindles
of two speeds or less

. Spindle speed of 12000 rpm or
less

Orienta¬
tion
DSII

. Machining center type spindle
orientation

. Machine tools with spindles
of three speeds or less

. Spindle speed of 8000 rpm or
less

Orienta¬
tion
HSII

. Machining center type spindle
orientation

. Machine tools with spindles
of two speeds or less

. Spindle speed of 20000 rpm or
less
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4.2 Spocifications

4.2.1 Position coder system

Explanation
No. Item

Stop position internal
setting_ Stop position external

setting_
1 Position coder Coupled to the spindle one to one ratio.

1024 pulses/rotation (A-phase and B-phase signals)
1 pulse/rotation (One pulse/rev. signal)

Balanced transmission type for 4000 rpm, 6000 rpm,
8000 rpm.

2 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

Detection units
(Note 1)

3 Stop position
internal setting

The distance between the
setting point indicated
by the (Internal)
position coder one
pulse/rev. signal and the
actual 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 (0.088°).

4 Repeated
positioning
accuracy
(Note 1)

5 Stop position
external setting

Position to be stopped
can be specified by a
12-bit (4096) contact
point signal (M pulse)
from the outside.
Stops at the position of
the number of pulses
(M+N) specified from the
position of the one
rotation signal of the
position coder.
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Explanation
No. Item

Stop position internal
setting_ Stop position external

setting_
6 When orientation command

is given, spindle rotates
1 to

Operation

2~ turns after
2
spindle speed has reached
orientation speed, and
stops at the specified
stop position.
Incremental positioning
is not available.

7 AHS, BHS
AHRII, BHRII

Orientation circuit ASH, BSII
ARII , BRII

ES, FS

H (High speed)Allowable
range of
maximum
spindle
speed
(Note 2)

2000 - 8000 6000 - 20000 1500 - 8000
rpmrpm rpm

MH (Middle high
speed)

500 - 3000
rpm

ML (Middle low
speed)

250 - 2000
rpm

L (Low speed) A 00 - 2000
rpm

1200 - 6000
rpm

100 - 1000
rpm

8 Allowable range of gear
ratio

2-5 2-5 2-5

High speed H
Low speed L

High speed H
Middle high speed MH

Middle high speed MH
Middle low speed ML

Middle low speed ML
Low speed L
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Note 1) When the built-in sensor signal conversion circuit is used, items 2
"sensing unit" and 4 "repeated positioning accuracy" change depending on
the number of the detection gear teeth.

No. of detection
gear teeth_ Detection unit Repeat accuracy

0.088° +0.2°256

0.176° +0.4°128

0.264° +0.75°64

Note 2) Make sure to use in the speed range shown above. If the range of the
maximum spindle speed goes out of the range shown above in one of •

high-speed, middle-speed or low-speed gear, orientation takes longer
time to cause a practical problem.

4.2.2 Magnetic sensor system

No. ExplanationItem

1 Magnetic sensor See Section 5.3.

2 Stop position Position where the center of the sensor
head faces the center of the magnetic
generator

Position where the center of the sensor
head faces the stop position reference
mark on the magnetic generator
The stop position can be adjusted fine in
increment of one degree on the circuit.

Within 0.2°. However, those due to
machine error factor are omitted such as
mounting and the like.

3 Repeated positioning accuracy

4 Maximum holding torque during
orientation

Continuous rated torque of the AC spindle
motor

+240° from the stop position during
orientation

5 Recovery range during
orientation

6 Orientation circuit CR, CSII GR, GSII DSII HSII

H (High speed)Allowable
range of
maximum
spindle
speed
(Note 1)

2000 -
8000 rpm

6000 -
12000 rpm

4000 -
8000 rpm

6000 -
20000 rpm

M (Middle speed) 1000 -
2000 rpm

L (Low speed) 400 -
2000 rpm

1200 -
6000 rpm

250 1200 -
6000 rpm667 rpm
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No. Item Explanation

Allowable range of gear ratio

High speed H
Low speed L

7 2-5 2-5 3-4 2-5

High speed H
Middle speed M

Middle speed M
Low speed L

Note 1) Make sure to use in the speed range shown above. If the range of the
maximum spindle speed goes out of the range shown above in one of
high-speed, middle-speed or low-speed gear, orientation takes longer
time to cause a practical problem.

183



5. EXTERNAL DIMENSIONS

5.1 Orientation Control PCB

5.1.1 Models 1S — 3S (position coder)

R r

CN9

M
m

oo

CNA CNB CNC

265

57

275

5.1.2 Models IS — 3S (magnetic sensor)

R=R r

CN9

5 3

CNA

60230

Optional PCB are mounted to the PCB of the AC spindle servo unit before
shipment.
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5.1.3 Models 6S — 22S

69

'-Qm
CN9

o

o o £ro a
c,

m

o

D
265

272

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

5.2 Position Coder

5.2.1 Position coder C, D, G (with 160 x 160 flange)

96

5

& 30

20
7

ocis 2CO??ÿ
In 2®

oo

is to
??

*©§
_2

si.5:814-o-

w-
Key position

MS3102A20- 29P
4-010,21361-0.1

160
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5.2.2 Position coder E, F, H (without flange)

93JL
30

is
20dd 2

-o.
cc

ro3s

ff ao
CDPl in

S •s. -O-

{t.g±8-•O- u2.4-M3
depth 7 s

060 circumference

T Key position

MS3102A20- 29P

5.2.3 Position coder J. K, L (with 68 x 68 flange)

98
4 -8 5.4

30 3 Jj,

31
10J5

(¥ T§§-??
??
in 3 l.islp'a2I*

11 CO
ID

s -o

20

__ -0-
cvl

2

56

Key position68

MS 3102A 20 - 29 P
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5.3 Magnetic Sensor

5.3.1 Types of magnetic sensor

Sensor Sensor Sensor Sensor Sensor Sensor
Items Unit

P S TN Q R

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

Magnetizing element
weight

33 14.8
+0.7

315 460 770 1000
g

+1.5 +10 +10 +15 +15

Allowable centrifugal
force (Note 3)

kg 255 130

Mounting radius from the
spindle center to the
magnetizing element
(Note 3)

40 to 110 20 3025 35mm

Gap width from
magnetizing element to
sensor (Note 1)

1.0 to 2.0mm

Deviation between the
magnetizing element
center and the sensor
center (Note 2)

0 to +2.0mm

Working temperature

range
°C 0 to +50

Note 1) Note 2)

Magnetizing element Center deviation

i
1 — 2 mm

O
1 — 2mm

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 .
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5.3.2 Magnetizing element
1) External drawing of the magnetizing element for the magnetic sensor N.

1SPC
2.0 t in

Cover
0.5 t T

Mounting hole

4 - (4 4.3
Discriminative
standard hole <6 1.0 SPC

2.0 tCover
0.5 tCover

0.5 tz -f-
r'

O W CM j~FANUC n
CO CO ’

I I _L JL.

1-~4

-*-J 44 1 1 5

30--
5 0

Weight 33 g + 1.5 g (Take care in respect of spindle balance)

2) External drawing of the magnetizing element for the magnetic sensor P

2-0 4.3

;
8E 7m o

Stainless steel cover ( 10.8)

to

4 l CM

'30
Mounting plate (chromate tl.6)

40

Model name plate
‘ ( tO.l )

50
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3) External drawing of the magnetizing element for the magnetic sensor Q

RINGFEDER
RFN8006 40X4520 4 — M4

13 Stainless steel case

SUS-303

Q
\
\
\IT %ID

ID
TJ'
in

\X /

>§ /N 45° 45

\ K'
Stop position
verification gradation

2-05±O.15
on the circumference of 054

4) External drawing of the magnetizing element for the magnetic sensor R

RINGFEDER
RFN8006 50X57 4 — M 5

23
Stainless steel case15

SUS-303

G
\

\

#oo \

0 HD
ID

CO
N

t'- -G-\/
X \/ \g N ,"ÿ45° 4ÿ
-o- \

\ V "v

L0 2-05±O.15
on the circumference of 066Stop position

verification gradation
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5) External drawing of the magnetizing element for the magnetic sensor S

RINGFEDER
RFN8006 60X68 4 — M5

25

Stainless steel case17

SUS-303
TT zV.

vzm

\
\
\§

o'o \
cn GJ#

\

-©•

X \

\/s \

N
45° 4ÿ

\

\ \
£S

# 2-05±0.15
on the circumference of 079

Stop position
verification gradation

6) External drawing of the magnetizing element for the magnetic sensor T

RINGFEDER
RFN8006 70X79

28

4 — M6
19

Stainless steel case
SUS-303v

-y ZZ[

G
\

\

\
\

o

O O

\
\

o \ g
X \

\o
/ \

/
N / \

45° 45° \

\ \

s

Stop position
verification gradation 2-05+0.15

on the circumference of 090
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5.3.3 Magnetic sensor

25-—1 3-

ii

Metal
inter:

J plug receptacle
face

A view

V°Q°A'
EO O O

o o o
-r in u

Metal plug receptacle (7 wires]

Magnetic sensor hcail I Amplifier
Direction of movement
of magnetizing element 2 -*5.4

1 •15Pin groove (1)

\ Metal plug receptacle (made by TAJ IM!)

A_ 0 20.0

SPC 05 t

i 0 20.0I
FANUC6-wire ail-resistant cableV 06

(T\M
Cable length —I—
5 0 Omni

I

IPMAGNETIC SENSOR=:
m

1 A57L-0001 -0037

Tlic corresponding plug receptacle is provided— 2.7— 2 2- -0-4—16 — 1 0 |--37.5 - 10
Example of mounting board

37.5
2-M4

*20,

-20- Unit: ram

5.3.4 Precautions on use
1) As a spann element (RINGFEEDER) is used in the magnetizing element, use 4

bolts to conduct uniform tightening.

©

Conduct gradual repeated tightening in
the order from (D to (4) .

2) Relation between the discriminative standard hole and magnet polarity is

shown in the diagram below.

Discriminative standard hole 01.0---]f----0 i---N{-0e-f[FANUC I" S —i

4N;i s 4 J

±y

3) Use the 2 c55.0 holes on the opposite side of the screw clamp of magnetic
sensors Q, R, S, and T for the orientation positioning jig.
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6. CONNECTION DIAGRAM

6.1 Interface (For position coder)

Models IS - 3S

Spindle servo unitCNI

49 46 4 75 0 4 G 45 4 4 43 4 2 39 364 I 40 37 36 35 34 3 3MR-50RMA

CNl\ LM1 ESP 2 ESP l SRV SFRSMI LDT2 LDT1

f
CNC cabinet or
power magnetic
sequence control

32 3 I 30 29 28 26X5 27 23 2225 24 2 t 20 1 9

E DA 2 + 1 5V 0RCM2 DRQfll 0RAR2 3RAR1 ARST2 ARST1
1 8 I 7 1 G I 5 1 4 1 3 1 2 1 0 0709 08 06 05 04 03 02 0 1

MR-S0LFfi
OM CTH SDT2 SDT 1 OS OR ALM2 ALM1 TLM6 TLM5 4RDYI4RDY2 OT SST 2 SST1TLM1- SAH2 SARI

MR-20LMH
CN9

CNC r Orientation ARII/DR1I/AHRII/DHRII “1Orientation control circuitK12To power magnetic
sequence control ]

CNA, CND CNC
20 1 9 18 17 1 6 I 5 1 4 17 1814 1 5 1 6 19 20

CND OO PB PD *PA PA SC SC OL HI 1 Hi 0HI 2 H09 HOB HO 7KI1 ]To CNC cabinet --

X X X X
1 3 1 2 08 09 I 01 1 l 0 09 08 1 1 12 I 3

MR-20LFH NZZ NZX HD HA

07 06 05 04 03 02 010 ! 02 03 04 070 5 06

+1 2N +5H +5H +5H OH OH OH HOG HO 5 HO 2HO 4 HO 3 H01CNA

i

MR - 2 0RMA ( CNA , B )

£Machine
Gear or belt

Spindle
motor

To manual pulse-generator -
To proximity switch for near aero point ToolK10 i

Position coder SpindleNote 1) Signal cable E12 la uaed with Che orlenCadcn BHII/BHRII.
Kate 2) Cable Ell lo uccd when the lathe position coder or the synchronous teed

position coder for the cachinlng center la used concurrently. 'tai Directly coupled or
timing belt

Models 6S - 22S

Spindle servo unitCN I

4 9 48 4750 46 45 I 24 4 43 4 1 40 39 38 37 36 35 34 3 3MR-50RMA
CNl\ SMI LMI ESP2 ESP1 SRV SFR

CNC cabinet or
power magnetic
sequence control X\ 3 132 30 29 28 26 2527 24 23 22 2 I 20 1 9K5

E + 1 5 V OVR2 0VR1 0RCM2 ORCM1 CMT ORAR2 0RAR1 TLMH ARST2 ARSTIDA 2

1 B I 7 1 6 1 5 09 081 4 1 3 1 2 1 1 1 0 07 0G 05 04 03 02 0 1
MR-S0LFH

OR ALMZ ALM1 TLM6 TLM5 4R0Y2 4RDY1 OT TLML SST2 SST1 SAR2 SARIOM CTH SDT2 SDT1 OS

MR- 20LMH
CN9

CNC r Orientation ASII/DSII, AHS/DHS. ES/FS~"1Orientation control circuitK12To power magnetic
sequence control

]
CNA, CND CNC

20 1 9 18 17 I 6 I 5 14 14 I 5 1 6 1 7 1 B 19 20
CND OO PD PB PA PA SC HUOL H 1 2 HI 0 HO 9 HOB HO 7rcii

To CNC cabinet

ttX X X X08 09 1 0 1 11 3 1 2 1 1 10 09 12 I 308

IMR-20LFH NZZ NZX HD HA

0407 06 05 04 03 0202 01 01 03 05 06 07

+1 2N +511 + 5H +5H OH OH OH HOG HO 5 HO 4 HO 3 HOIHO 2CNA

1i

MR-20RMACCNA. D)

£Machine
Gear or belt

Spindle

motor
To mahual pulse-generator -
To proximity switch for near zero point

i
i ToolKI0 i

Position coder Spindlellotc 1) Signal cable K12 la uaed with the orientation B5II,BHS,FS circuit.
Ilote 2) Cable Kll lo used when the lathe position coder or the synchronous feed

paoltlon coder for the cachinlng center lo used concurrently.

Pe Directly coupled or
timing belt
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6.1.1 Connection when synchronous feed position coder is concurrently used
for lathes and machining centers

Manual pulse
generator

CNA
Orientation
ARII/BRII
ASH/BSII
AHRII/BHR2
ES/FS

(08) -6 HA — -=Q 5

-6- OL
(09)

<S HB — —

__
Q 6 D O

T O
+5 V 1(01)(02)(03)l _

IPT1-T3 T _ —i*---Q 4 +1 2N+ a V| Oper [ O
.15H1 (04)(05)(06)

ft +5H zQ 3
i---|—+5V power is

supplied from CNC
cabinet

Proximity switch
for near zero point

To CNC cabinet via

connector CNB
(10)

-<—A/W—
£

V) NZX

(ID I-0 NZZ —"7

9

(07) p +12N
-+

(Note) When the manual pulse
generator and the proximity
switch for near zero point
are not used, HA, HB, NZX,
NZZ and +12N need not be
connected.

(20) P 00TT4, T5
00 k.Open

0 OV

Shield grounding

Position coder

-dD K ( OV )

=6 H(+5V)

(16)
PA -6 A (PA)

i
(17)position coder

signal input
1 P N(*PA)<J) *PA~

llD—A PB
_ i

I
I P C ( PB )I

(19) 1 p R ( *PB )P *PB
I
I(14) p B ( SC )+P SC
I
I(15)

P(*SC )-6 *sc—
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6.1.2 Connection for machining center spindle orientation only (No connection to NC)

Orientation ARII/BRII,
ASII/BSII, AHRII/BHRII,
AHS/BHS, ES/FS

+ 5 V
CNA

Position coder+5V is
supplied by

the spindle
servo unit.

+5V ( 01 ) ( 0 2 ) ( 0 3
AOH OK ( 0V)

Jumper T1-T3

5H (04)(05)(06
400 raA
or less

O +5H
__

OH ( +5V )

( 20
-6 OG

5OG

OV
Jumper
T4.T5

l 16 ) PA -6 A( PA)
position coder
signal input

(17)
N(*PA)-6 *PA

PB
(18)

-0 C ( PB )

( 19 )
-6 *PB —f- R(*PB )

(14) SC B ( SC )

(15) -6 *sc p(*sc)
l )

Note) The cable between the AC spindle servo unit and the position coder must
not exceed 20 meters.
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6.1.3 Stop position external command connection

Orientation BRII/BSII
| CN

~

(0 1 )( 0 2 )( 0 3 )

Position coder
+5 V

Set fay T1-T5. ffit- OH K (OV)
400 mA
or less

5V T1-T3
(04 )(0 53C06) A H (+5V)+ 5H

(20)
OGJÿTOG

T4.T5

(16) -6 A( PA)PA
position coder
signal input

(17)
i *FA -6 N( *PA)

(18) A C( PB )PB

(19)
-O R(*PB)*PB

(14)
-6 B ( SC )SC

(15)
*SC -o p(*sc)

V iJWhen the synchronous feed control
is performed, these signals are sent
to CNC cabinet via the connector CNB.

Short circuit +5V —5H, and OG —0V i

to supply +5V from CNC.
Power magnetic sequence control circuit

| CNC
HO 1( 07 ) 1

2°
H0 2 2(06) 2 1

4iOJJÿ
(04)

HO 3 2= Conversion
circuit
4096

=360°
204 8

=180°
1024

=90°

8A HO 4 23
Stop position
command signal HO 53 U 1 6

2*

3 2(02)ÿ HO 6

(20)1 HO 7

2 =
5 1 26 4 2“
=45°

( 19 ) HO 8 1 28 34 127-6- A

= 30°
2 56(18)1 H 0 9 2s

(17) HI 0 5 1 2
?
i

2°-A

10 24(16)1 HI 1
2 10A

HI 2 2048LL5L1A. 2“

( 14 ) OLt
Stop position command $
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6.2 Interface (For magnetic sensor)

Models IS - 3S

Spindle servo unitCN1
MR* 5OHMA 4750 49 4 0 4 G 45 4 4 43 42 40 394 1 30 37 36 35 34 33I

CN1

\ LMI ESP2 SRV SFRSMI LDT2ESPI LDT1
CNC cabinet or
power magnetic —sequcncc control

26 I 25

opad OHCMI

32 30 29 28 27 24 23 2 I22 20 1 9

E DA2 415 V ORAK2 ORAR1 ARST2 AHST1

/ 1 71 0 1 6 1 5 13 071 4 1 2 1 1 1 0 09 08 08 05 030 4 02 0 1
MR-S0LFH

OM SDT2 SOT I TLM1CTM OS OR AI.M2 A LM 1 MRDY 2 MRDY 1TLM6 TLM5 or SST2 SST 1 SAR2 SARI
«

CN9

4-Hr
CNA Orientation CR, GR

1 720 1 9 1 B 16 1 5 1 4
MR- 20RMA

CNA OV + 1 5 V LSA00 LSD MSB MSA\

M
I 3 12 1 0 09 00

07 06 05 04 03 02 01
MR
2 0LFH

-J

Machine side Gear or beltr

Spindle
motor

I
i

ToolI

Magneti2ing clement Spindle

Metal connector
KI3

Magnetic sensor

Amplifier

Models 6S - 22S

Spindle servo unitCN1
MR- 50RMA 39 36 35 3348 47 46 45 4 4 4 3 40 38 37 3150 4 9 4 2 1 1

CNl

\
I

ESP2SMI LMI SRV SFRESPI
CNC or power
magnetic-
sequence control

2328 27 26 2 432 3 I 30 29 25 2 122 20 1 9

OV R 1 ORCMI CTM OKAJ12 ORAR1 TLMI ARST2 AllST1E DA2 + 1 5V OV R 2 ORCMl

/ 051 8 17 18 1 2 1 0 0 9 07 0 6 04 0 3 02 0 11 5 1 3 1 1 0 81 4
MR- 5 0LFII

OM TLM6 SST2 SAK ICT1I SDT2 S DT 1 OR A I.M2 A LMI TLM5 MHDY2 MRDY 1 OT TLML SST 1 5AR 2OS

CN9

-f --1r Orientation CSI1, GSII, DSII, HSII

CNA

1 720 1 9 I 8 1 6 1 5 1 4
MR-20RMA

CNA LSD LSAOO OV 4-1 5V MSB MSA

/ 07 06 05

091 1 00

03 0204 0 1

MR
2 0LFH

_J

Machine side Gear or belt
Spindle
motor

ToolI

Magnetising element Spindle

MctaUic receptacle
KI3 Magnetic sensor

Amplifier
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6.2.1 Magnetic sensor connection

Orientation CR/GR
CSII/GSII/DSII/HSII

Metal connector
CNA

i

04)
AMSA

05)
Dt MSB

(IB)
p Magnetic

sensor
amplifier

FFLSA
I
i
ii

07) LSB i
E

i

08 JZL+1 5 V C

15_A ov B

JM OG

IOV

Note) The cable between the AC spindle servo unit and the magnetic sensor
amplifier must not exceed 20 meters.
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7. INTERFACE SIGNALS

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

Spindle servo unit

l CNll
Orientation command

(25)
0RCM1

-1r
(17) Spindle High/Low

* 1 speed signals[ CTH
L

(26)

0RCM2X
ov

Orientation
completion signal (22)

ORAR1

(23)

ORAR2i

Fig. 7.1 Signals passed between the magnetic cabinet or NC and the spindle servo unit

7.1.1 Orientation command signal (ORCMl, 2)

1) This command signal is used to stop spindle movement to the preset position
to allow tool change and workpiece loading/unloading.

2) When this signal is ON (contact closed) 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 0RCM1 , 2 contact is OFF (open) during orientation.

4) Turn OFF (open) 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

OFFPower on

ON
Spindle servo on
(machine ready signal

and emergency stop
signal)

OFF

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) This signal is issued when the spindle moves within about +1° of the preset
position and stops. That is, this signal turns on under the following three
conditions;
a) Signal ORCM is ON
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.

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

3) The spindle orientation completion signal is issued 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.

Zero-speed detection point

Spindle speed

Within ±1° of the stop position

Orientation
completion signal

Chattering

ATC arm operation
start signal

0.1 - 0.5 sec

4) 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.

5) 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 Spindle high-speed/low-speed signal (CTH)

1) This signal is used in order to shorten orientation time when there are 2
speed change stages of High/Low between the spindle and spindle motor.

2) Increase the spindle motor low-speed gear speed to the spindle motor
high-speed gear speed by speed correspond to the gear ratio (high speed/low
speed) so that the spindle orientation time of the high- and low-speed gears
is almost identical.

3) Contact OFF (open) indicates high-speed gear selection, and contact ON
(closed) indicates low-speed gear selection.

4) Be sure to always use the position coder and magnetic sensor systems when
using machines having 2 or less spindle speed change stages.

7.2 Description of Signals (When 3-stage speed change gear spindle)
The following spindle medium speed signal is needed for magnetic sensor system
orientation (A06B-6059-J142) and position coders (A06B-6059-J134, J135) .

1
AC spindle servo unit I

CN1-|
(25)1

-?
I---I I

___
II | ORCM1 Orientation command---1

I

____
I

__
i

Jr "I

i---n (2iu -44

___
II II Spindle medium speed commandCTM

I

___
1_J

I I

I---T“1 — -1.4I I—
___

i Spindle high-speed/low-speed signalsCTH
I

___
J. J

jL

I

26ÿ J
ORCM2_

-L_

OV I
I
IOrientation completion signal

<2% r i 1
i i—ORARl ----1 II--

I
(23)

ORAR2

Signals passed between the magnetic cabinet or NC and the AC spindle servo unit
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7.2.1 Spindle medium speed signal (CTM)

By combining this signal with the spindle high-speed/low-speed signal (CTH), it
is possible to adjust orientation when there are three or four speed gears
between the spindle and the motor.
In accordance with the respective speed change stages, control the contact
signals as follows:
a) In case of three speeds

Selection of spindle speed
change stage

Contact of CTH signal Contact of CTM signal

OFF (open) OFF (open)High

OFF (open) ON (closed)Medium

ON (closed) OFF (open)Low

b) In case of four speeds

Selection of spindle speed
change stage

Contact of CTH signal Contact of CTM signal

OFF (open) OFF (open)High

OFF (open)Medium high ON (closed)

ON (closed) OFF (open)Medium low

ON (closed)Low ON (closed)

7.3 Sequences

7.3.1 Orientation command while stopping

Orientation command
ORCM1.2

ON (Closed)

CW direction Stop
StopMotor speed

V

CCW directionÿ'

15 — 20 ms

Orientation completion
signal ORAR1 and 2. ON (Closed)

ATC operation

ATC operation
Start Completion
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The spindle motor rotation direction can be changed by setting.

standard setting, the spindle motor will rotate in the direction the

spindle motor was rotating before this orientation command signal was

generated.

In*1

7.3.2 Orientation command during high-speed rotation

Rotation command
SFR and SRV

M03/M04
Orientation command
ORCM1 and 2

ON (Close)

High speed

CW direction Deceleration

Stop

Motor speed

15 — 20 ms'
/

Orientation
completion
signal ORAR1
and 2

ON (Closed)CCW directionÿ'

ATC operation ATC operation

Stop Completion
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7.4 Description of Signals (Stop Position External Command Type of Position
Coder System)

(A06B-6059-J111(Orientation BRII) , -J131(Orientation BSII) , -J135(Orientation
FS))
(A06B-6059-J113(Orientation BHRII) ,-J133(0rientation BHS) )

7.4.1 Stop position command signals (HOI to H12-OL)

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 (In case where a 1024 p/rev position coder is used)

The following stop positions (X°) are designated according to ON/OFF
conditions of HOI to HI 2 contact signals with reference to the reference stop
position (0°).

[ 1
+

2 4 8 16 32 64 128 256

L (HOI) (H02) (H03) (H04) (H05) (H06) (H07) (H08) (H09)

512 1024 2048 1
(H10) (Hll) (H12) J

360
X (degree) = 4095

The numbers corresponding to H01 to H12 become effective when contacts are
turned on and those corresponding to H01 to H12 become zero when contacts are
turned off.

Example) H10 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°.
When a built-in sensor signal conversion circuit is used, the least moving
increment differs corresponding to the number of detection gear teeth as
shown in the table below.

No. of detection gear teeth Least moving increment

0.088°256

0.176°128

64 0.264°

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.
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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.

Max. +0.044°Setting error:

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°)

1° 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 motor is displaced when load fluctuates during cutting, the spindle
must be mechanically fixed, if cutting is made after indexing.

8) Mechanical clamp timing

Orientation command

ORCM1.2 ON (Closed)

CW
Spindle motor
speed

_ Stop

\

\ccw,

Orientation
completion signal

ORAR1 ,2

Unclamp commandClamp command
MF (Miscellaneous function)

Clamp

-ffMachine clamp

0.1 ~ 0.5 sec. usually
(This value depends
upon machine tool)

CuttingCutting after
indexing of spindle

Completion signal
FIN
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8. DETECTOR SPECIFICATIONS

8.1 Position Coder
1) Electrical specifications

a) Number of square waves/rotation

Channel Signal

1,024 pulses/rotation (A, B phase)1 ch

1 pulse/rotation (C phase)2 ch

b) Power supply

Voltage Current

+5 V +5%, -10% 400 mA or less

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

d) Output terminal

- Cannon connector MS3102A20-29P:
- Cannon connector MS3106A20-29S:
The cable side cannon connector and the cable clamp are provided with the
position coder.

e) Output terminal

Position coder side
Cable side

A PA K OV

B PZ L

C PB M

D *PAN

E *PZP

F *PBR

G S

+5 VH T

J

2) Mechanical specifications
a) Input axis inertia: 1.0 x 10 kg.cm.sÿ
b) Input axis torque : 1,000 g.cm or less
c) Input axis load tolerance
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When stopped During rotation

Thrust load 10 kg or less 5 kg or less

Radial load 20 kg or less 10 kg or less

d) Structure
The main frame is made of an aluminum alloy finished with alumite.
Dust-proof and oil-proof structure using an oil seal. (IP43)

e) Weight: about 1 kg (without flange)
f) Accessories

SpecificationsNo. Name Number of pieces

1 MS3106B20-29S 1Cannon connector

2 Cable clamp MS3057-12A 1

3) Storage
Avoid storing in a humid place.
When moving the product, put it in a packing case and do not drop or throw
it.

4) Notes on installation
a) If there is backlash 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 belt or a gear, check carefully
and periodically for backlash due to ageing or mechanical wear.

b) Eccentricity of the body and the center of the axis ahouls be 0.02 or
less.

c) Do not give a strong mechanical impact as plate glass is used.
To avoid penetration of oil or water from cannon connector, the cannon
connector is to be installed upside down.

d) Keep at least 50 cm away from the magnetics cabinet.
Keep at least 30 cm away from the cable line of a motor or the like;out of
which a substantial amount of instantaneous current flows at the time of
ON-OFF. Especially, when an object which generates radiation noise (such

as discharge processing device, electric welder and the like) is in the
vicinity, an electro-magnetic shielding is to be considered.

I
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I

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 rotation 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

MSA A

MSB

T I Magnetic sensor
amplifierI I

I Magnetic
sensor headLSA c

I +15V
100mA or less

I —}
l SpindleLSB 6

__
Jj

f - ~~n
i

nr

+ 15V O-
I

Mangetizing
element

0V

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 Signal

1/rotation (MSA-MSB)1 ch

1/rotation (LSA-LSB)2 ch

b)

Power supply Current

+15 V +10%, -10% 100 mA or less

c) Maximum number of rotation (Magnetizing element) : 8,000 rpm
d) Working ambient temperature range (Magnetic sensor): 0 to +50°C
e) Output terminal

Metallic receptacle type. Receptacles for the cable of the magnetic
sensor amplifier are provided.

f) Output terminal layout (Magnetic sensor amplifier)
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Terminal Signal name

A MSA

0 VB

+15 VC

D MSB

E LSB

F LSA

g) Weight of magnetizing element, refer to item 5.3.

208



2) Magnetic sensor mounting method
The following show magnetic sensor mounting examples Fig. 8.2(a), (b) , (c) ,
(d).

(Rotating part)Spindle

R

Mounting distance
H (mm)
60 to 110 mm

Marking hole
/
_5 0

3 0

'//)y//////'sty//// y

7.5

element
Gap L = 6mm

7ÿ7

1.0 mm
ll 8 Pin groove (upper position)<4to

2.0mm
Mounting board
(Thickness 8 mm
or less)

0 3 6

Magnetic
sensor head

Metallic receptacle
20.0 dia.

Magnetic sensor
amplifiero o

Fig. 8.2 (a) Magnetic sensor mounting example (1)
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Mounting distance H
60 to 110 mm_

ft L

Spindle (Rotating part)
\

i "T>1

10 II A s

5I
£

/ Magnetic sensor headMagnetizing element /
i

il Mounting board
(Thickness
8 mm or less)

AL = 1.0 to 2.0 mm
L = 8 mm 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)

P'1

Magnetic sensor head

_
i I Mounting board

'////////A (Thickness
8 mm or less)

L = 1 to 2 mm
II,

V

Mounting
distance H
60 to 1 10mm

Magnetizing element

\
\/ o o\/

\I
1i o I0 *1 f

/\ o o/\
/\

Inside wall
(Be careful not to
adhere iron dust
on this part)

Center

Fig. 8.2 (c) Magnetic sensor mounting example (3) (When mounted on disk)
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Mounting method of magnetic sensor

N —r S

A L = 1 to 2mm
Magnetizing element
polarity indication

18

*Stop position check
scale >

21
Mounting board
(Plate thickness: Less than 8 mm)

x J

Magnetic sensor head
$ 36

\
Metallic receptacle 020

•n
>s z

> c
o o Magnetic sensor amplifier>

U!
Z-J
HC

I
oo ooo

co
i H

zs w
o
50

Fig. 8.2 (d) Magnetic sensors mounting example (4) (Q, R, S and T)
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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.

Magnetizing element
marking holeMagnetic sensor

head pin groove -f-
o

UQ
'Vo.

*3Is'-NH- Rotating

direction
"f-

The spindle 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 by forward rotation command ON, so that the spindle
motor rotates in the rotating direction specified in the figure.

3) Cautions on installation
a) Since the magnetizing element is mounted onto the rotating body of the

spindle, be careful not to allow the magnetizing element to be detached by
means of centrifugal force.
Limit the circumferential speed of the magnetizing element to lower than
3770 m/min (N, P type).
(Take the depth of the screw holes of M4 x 4 into consideration)

b) Mount the magnetic sensor amplifier as close to the sensor as possible.
c) Do not allow a magnetic field producing substance to be -close to the

magnetic sensor (stop position changes). Do not arrange any solenoid in
the vicinity of the magnetizing element, in particular.

d) Be careful not to attach iron powder and other substances sensible to the
magnetism to the magnetizing element.

e) 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.

I
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f) Do not contaminate the magnetic sensor cable, sensor amplifier, and
connecting cables with lubrication oil and cutting oil.

g) 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.

(Installation example 1) (Installation example 2)

Magnetizing dement
marking hole Magnetizing element

marking hole
Forward rotation
command
SFR on (closed)

Magnetic sensor
pin groove

SPINDLEMagnetic sensor
pin groove

MOTOR

71 D Dell linkage

HV
c

Gear linkage

<rrr>
Counterclockwise

SPINDLE

S3 MOTOR

S
Counlcrclnck wise

c-z>c~2
Clock wise

Clockwise

(Installation example 3) (Installation example 4)

Magnetizing element
marking hole

Magnetizing clement
marking hole

SPINDLE

MOTOR

TMagnetic sensor
pin groove

Gear linkage

ecr-TÿMagnetic sensor
pin groove

Counterclockwise

SPINDLE Belt linkage

MOTOR

Counterclockwise

C7>
C7>Counterclockwise

Counterclockwise
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(Installation example 6)(Installation example 5)

Screw fixinB
direction Magnetizing

element

Screw fixing
direction Magnetic

element
Polarity
indication I

NJ
__

-

Polarity
indication

AC SPINDLE
MOTOR

AC SPINDLE
MOTOR

Magnetic tensor
pin groove

Magnetic tensor
pin groovec cn

DU TTTTrBgjfl IQ)m 1 1 n
Co

7 7Counterclockwise
Counterclockwise

Belt linkage Gear linkage

C<=>

&
c v C 0

Counterclockwise
Counterclockwise
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9. TWO-MAGNETIC SENSOR ORIENTATION

9.1 General
According to this technical data, a spindle can be selectively stopped at two
different orientated positions by two magnetic sensors.

9.2 Configuration

Spindle motor

Power line, signal line
Spindle servo unit

Spindle

Orientation
control
circuit

CN1 CNA

Cable C
[ ]

Magnetic sensor A

Cable A [
Switching

circuit IP
Cable B Magnetizing element

Power magnetic sequence
control circuit

Magnetic sensor B

NC

(Notes related to Configuration Drawing)

1. It is necessary to install a switching circuit to allow switching of the
magnetic sensor signal in the power magnetic sequence control circuit.
switching circuit is to be provided by the user.

This

2. Two magnetic sensors are required.
Magnetic sensor specification: A57L-0001-0037/ ( )
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9.3 Change-over Circuit
The change-over circuit is shown in next page.
The MSA and LSA signals of the magnetic sensor A and B are transferred to the
orientation circuit by shifting them within a change-over circuit.

9.3.1 Selection signal of magnetic sensor (SB signal)

When the SB signal is set at HIGH LEVEL, the magnetic signal A is selected.
When set at LOW LEVEL, the magnetic sensor B is selected by actuating the relay.
The power +V supplies voltage to the relay solenoid. For changing timing,
select the selection signal of magnetic sensor (SB) so that it may be completed
before turning ON the orientation command (ORCM) as in the figure below.

t S 0 msect

/ON (closed contact)
Orientation command

(ORCM)

Selection signal of

Xmagnetic sensor
(SB)

-Magnetic sensor
selecting completed

9.3.2 Signal change-over relay

1) Contacting point type
Contacting points for two circuits are switching simultaneously with a single
operation coil and contacting point between 1 and 2 (or point 3 and 4) may
not be shorted out.

O l

80
O 2o

SHO-
O 3<X70
O 4O

O 560

Note 1) Numbers are given for convenience.
Note 2) The SH terminal is used for shielding statics.

2) Contact resistance
3) Capacity of contacting point
4) Switching life of contacting point:

100 m£2 or less
1 VA or greater
Select according to the actual frequency
of use.
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Switching circuit interface

Cable ASwitching circuit MSASpindle servo unit
Magnetic
sensor AMSB

LSA
Relay

LSBn
i —r-JI

ShieldMSA +15Vi

Orientation
circuit — . “1MSB OV

CNA Cable C l
JLSA I OG

I
Orr

i—LS B

+15V MSA
Cable B

Magnetic

sensor B
OV MSB

Shield

OG LSA

LSB
„T-J

Shield+15 V

OV

i
OG

Diodo
+V

HO
Power

+V
Magnetic sensor select signal

SB Relay coil5 Common line
SH

Electrostatic shield

G G

Internal wiring of circuit should be as short as possible.

9.4 Fine Adjustment for Stop Position
In two-magnetic sensors type, design on machine side is required to enable fine
adjustment for the other side stop position since fine adjustment for stop
position can be done at only one side.
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VI. SPEED GAIN SWITCHING CIRCUIT



1. GENERAL
The speed gain switching circuit (models 6S - 22S) controls, while switching
by the external signals, the speed loop gain in the AC spindle servo unit.
improves the accuracy as well as the stability of the spindle at the time of
stop at oriented position of the spindle; while raising speed loop gain in the
AC spindle servo unit by contact signals whenever an oriented position stop
control is performed while making use of one of the position control circuits
other than the spindle orientation circuit of the AC spindle servo unit by
catching the feed back signal of position from the position coder which is
linked directly to the spindle of the NC machine tool.
Use this circuit without fail when performing spindle oriented position stop
control by employing the NC position controller.

It

2. FEATURES
1) A stable control is available

A stable control, such as an improvement of the accuracy of orientation, is
possible when using one of the position control circuits except that of the
option for the AC spindle servo unit S series.

2) Easy control
A control can easily be done only with the contact signal.

3. CONFIGURATION AND ORDER SPECIFICATIONS

3.1 Configuration

The option of the speed gain switching circuit is connected to the PCB of the
AC spindle servo unit S series.

r-

Spindle servo unit

I
I Gear or belt| Power magnetic !

j” i sequence circuit Pi CN 1
i I

____________
I i

_
1 I---

CN 9 11Position
control
circuit

Spindle
motorr~

i

| Spindle

___
Ii

"F" Jig

I c=ÿ=>Speed gain switching circuit
(option)

i

i -l
Connection, gear or timing belt
(1:1)

Position control loopI
I
i
__

Position coder

3.2 Order Specifications

Category Name Specifications

Option Speed gain switching circuit A06B-6059-J700
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4. EXTERNAL DIMENSIONS
The connecting cables to the PCB of the AC spindle servo unit is not included.

A i 1

CN9

§S

i

100

272 50

5. DESCRIPTIONS OF INTERFACE SIGNALS
Describes the interface signals on which special precautions are to be taken
when using the speed gain switching circuit. As for the signals other than the
under-mentioned, refer to the item 10 of "II AC SPINDLE SERVO UNIT S series".

5.1 Forward Rotation Command Signals (SFR, OS)

1) Command forward rotation (SFR) without fail, as for the rotating direction
command utilizing the speed gain switching circuit. (Pay attention as reverse
rotation command cannot be used.)

2) With the contact ON (closed) , the spindle motor rotates counterclockwise
(CCW) as viewed from the motor shaft when the speed command voltage is in the
positive direction, and rotates clockwise (CW) when the voltage is in the
negative direction.

|Clockwise rotation (as viewed from the motor shaft)

Max.Speed

-10V
Speed command voltage

+10V0

Max.Speed

Counterclockwise rotation <as viewed from the motor shaft)

Relation between the command voltage and
the rotating speed

5.2 Orientation Command Signals (ORCM1, ORCM2)

1) This is the contact signal used for raising the speed loop gain by switching
it from the exterior when utilizing the speed gain switching circuit, and
there is no spindle orientation function. Switching of speed loop gain is

carried out when the contact of this signal is ON (closed) and the rotation
speed of the motor becomes less than about 1/100 of the maximum rotating
speed.
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2) Although the forward rotation command becomes ineffective when this signal is
input, keep the forward rotation command in OFF (open) status while this
signal is given, in order to maintain the safety. In this way, it keeps the
spindle motor from turning should the contact of 0RCM1 or 0RCM2 be in OFF
(open) status during orientataion or in case the orientation is released.

6. OPERATION WHEN USING THE SPEED GAIN SWITCHING CIRCUIT

6.1 Operation at the Time of Stop

OK . (closed)
Forward rotation command
signal SFR-OS

ON (closed)
Orientation command

0RCM1-0RCH2 15—20ms

— (delay of the receiver)
Clockwise direction zCW

Motor speed
i

J
Rotation speed of approx.

L/100 of the maximum speec
Counterclockwise_.direction

CCW

Hi EhHi EhSpeed loop gain status

6.2 Operation as from Rotating at High Speed

Forward rotation cpmmand

signal
ON (closed)

SFR-OS

Orientation command ON (closed)

0RCM1-0RCH2

High speed

decelerationClockwise direction
CW

Stop

Motor speed i

Rotation speed of approx.
1/100 of the maximum speed

Counterclockwise direction
CCW r

.V

IliRh
Speed loop gain status
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VII. BUILT-IN SENSOR SIGNAL CONVERSION CIRCUIT



1. GENERAL
This chapter describes the signal conversion circuit for outputting signals for
speed detection and for the position coder by receiving signals from the
built-in sensor used for the AC spindle motor and the built-in motor of the
built-in type NC machine tools.

2. FEATURES
1) With a single set of this signal conversion circuit, you can obtain both the

signals for speed control of the motor and the signals for the position
coder.

2) The external dimensions of the AC spindle motor of the built-in sensor type
is the same as those of the S series standard.

3) A function has been added which monitors the detection signal level and, when
any abnormality is found, issues an alarm (that wire disconnection has been
detected) .

3. CONFIGURATION AND ORDER SPECIFICATIONS

3.1 Configuration

3.1.1 When position coder system orientation is used

Example configuration

AC Spindle motor (Built-in sensor including type)

:ÿ
Built-in sensor + Built-in motor

CN1Sensor signal Power for motor

Velocity feedback
signal

Built-in
sensor signal
conversion
circuit

Spindle control signalSpindle servo
unit

CN3 CN2 CN1 PC

CN2 CNA CNB NC device

Orientation circuit

Position coder signalPosition coder signal

3.1.2 When position coder system orientation is not used

Example configuration

AC Spindle motor (Built-in sensor including type)

=ÿ
Built-in sensor + Built-in motor

Sensor signal CN1 Power for motor

Velocity feedback
signal

Built-in
sensor signal
conversion
circuit

Spindle control signal
Spindle servo
unit

CN3 CN2 CN1 PC

NC device
CN2

Position coder signal
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3.2 Order Specifications

3.2.1 Built-in sensor signal conversion circuit

Category Name Specifications PCB DWG. No.

Option Built-in sensor
signal conversion
circuit

A06B-6063-H730 A16B-1600-0440

3.2.2 Built-in sensor built-in type AC spindle motor

Category Name Specifications Remarks

Model IS Flange mount

type
A06B-0750-B190 8000rpm,

exhaust rear

Model 1.5S A06B-0751-B190Flange mount
type

8000rpm,
exhaust rear

512p/rev.
Note 1)

Model 2S Flange mount
type

A06B-0752-B190 8000rpm,
exhaust rear

Model 3S Flange mount
type

A06B-0753-B190 6000rpm,
exhaust rear

Model 6S Flange mount
type

A06B-0754-B190 4500rpm,
exhaust rearBasic

Model 8S Flange mount
type

A06B-0755-B190 4500rpm,
exhaust rear

Model 12S Flange mount
type

A06B-0756-B190 4500rpm,
exhaust rear

1024p/ rev.
Note 1)

Model 15S Flange mount
type

A06B-0757-B190 4500rpm,
exhaust rear

Model 18S A06B-0758-B190Flange mount
type

4500rpm,
exhaust rear

Model 22S A06B-0759-B190Flange mount

type
4500rpm,
exhaust rear

Note) You can obtain an equal signal with the position coder by using the signal
conversion circuit, however, there are two pulse numbers; that of 512
p/rev. and 1024 p/rev.
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4. SPECIFICATIONS

4.1 Position Coder Output Signal

4.1.1 Number of detection gear teeth and output pulses

No. of
detection
gear teeth/
one rotation

No. of
output pulses/
one rotation

Magnifi- | SH j SH
cation I 6 I 7

Remarks

512 2 1024
pulses/rotation

Phase A
Phase B

A I A Compatible with
A06B-6044-H606teeth/rotation

256 4 1024
pulses/rotation

Compatible with
A06B-6044-H603 and
H605

B I A
teeth/rotation

128 512
pulses/rotationteeth/rotation

64 256
pulses/rotationteeth/rotation

8 A I B Not used.

16 B B Not used.

Phase Z One
tooth/rotation

1 One
pulse/rotation

Same as before

Note) Magnification is set with the setting pins SH6 and 7.

4.1.2 Output signal specifications (connector CN2 signal) at constant speed of 1500 rpm

Point to be measured Item Standard Example waveform

Between CN2-16(PA)

and CN2-18(PB) and
between CN2-17(*PA)
and CN2-19(*PB)

90 +10°
(When rotating

clockwise
viewed from
the gear side)

Phase
difference

*PA 1_IPA

—
*PB

UPB

CN2-16(PA)
CN2-18(PB)
CN2-17 (*PA)
CN2-19(*PB)

High level Minimum 2.5V 1PA, etc.

OV

Low level Maximum 0.5V VPA, etc.

OV

PA, *PA, PB, *PB Duty ratio 50 +7%

PA, etc.-
CN2-14(SC)
CN2-15 (*SC)

Width 116 +21ps

*SC
SC
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4.1.3 Output circuit configuration

Balanced output with line driver IC AM26LS31

4.2 Input Power Source

Applicable range of voltage Maximum applicable current

+5 V +5% 200 mA
-5%

4.3 Maximum Speed for Use

Number of detection gear
teeth

256 teeth512 teeth 128 teeth 64 teeth

Maximum speed 5000 rpm 10000 rpm 20000 rpm 40000 rpm

4.4 Temperature Range for Use
0 - +55°C
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5. ADJUSTMENT
When the built-in sensor is installed by the user, the adjustment described
below is necessary.

5.1 Configuration of Output Signal (Speed Detection Signal)

Measuring conditions CH20-CH10, CH21-CH10

70 mV or less

Direction of rotation
CW, CCW

Vsov

Speed 1500 rpm

Note) Set so that output signal ripple is 70 mV or less (detected vibration of
30 pm or less). If the value is 70 mV or more, the adjustment described
in 5.2 may not be possible.
OHIO; DC 2.5V Vs; 0.36 - 0.5V

5.2 Offset Adjustment (Position Detection Signal)

Ad jus t-
ment
location

Measure¬
ment
location

Measurement
conditions

Adjustment
value

Measurement
device

Remark

VR1 CH7-CH10 Direction of
rotation

CW, CCW
Speed

1500 rpm

0 +56mV Digital
multimeter
(Iwatsu

SC-7404
etc. )

DC range

Adjust so that
the adjustment
values will be
the same in both
the CW and CCW
directions

VR2 CH8-CH10 0 +56mV

VR3 CH9-CH10 -17OmV -
-230mV

5.3 Example of Wave Pattern

CH7-CH10 , CH8-CH10 CH9-CH10

Adjustment
value

i- 170mV-— 230mV

Adjustment value a
+56 mV or lessCW

(CCW)

7 ovov 7ZZI
CCWtCW)

Adjustment value bN
-56 mV or less

Vp_ p = 1.44V— 1.84V Vp- p = 0.90V-2.00VAdjustment value
U I = I b I
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6. EXTERNAL DIMENSIONS AND EXAMPLE OF MOUNTING

6.1 Built-in Sensor Signal Conversion Circuit

(Unit mm)
o o

CN1

108 120

CN3 CN2

04.5 -4 points

O

128

140

6.2 Built-in Sensor Built-in Type AC Spindle Motor
Refer to the chapter "I. AC SPINDLE MOTOR S SERIES".

6.3 Example of Mounting

(Unit mm)220

(Size with a connector mounted)

15

Insulating sleeve and others Approx. 10

t
Mounting plate

A PCB shall be mounted apart by setting an insulating sleeve, etc.
Install within 1 m from the spindle servo unit.
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7. CONNECTION

7.1 When using Position Coder Method Orientation

I Waveform conversion
circuit
A16B-1600-0440

I

I
CNl

OV vz01
08 OH 2AMP AMP 0 V •VZ02 15

Cap Plug 09 OH 1
03 VAIG K]350735-1

Socket
350689-6

350703-1 NC10
5 V0 4 17 VAPin
5 V VD05350706-7 IB

an 0G VB19
KllBuilt-in sensor 13m[] 07 ss20

CHI
K10 ONl Honda conneccor MRP-20F0I

[y•vz 41 Honda connector
MRO-20FO*VA VA52 CM2

CN2*Vll VD3 G
K04

SC OH14 01Honda connector
CN1.CN2: Z-34
Honda contact
CN1.CN2:
HKP-F413

08
+3C OH15 02AMP plug 09

OH2 PA OHIG 03
10 AC spindle servo unit*PA +51!5V 17 0441 VZ5 V 71
11

+5HVZ PDS 052 55 10•vzVA B2
12

*PB +5HG o V 0G3 19*VA3 9

0720 SSov 104 OKI CNB
VB SS {]5 11

C1*B Honda
Conneccor MKP-20F01

Orientation
control
circuit

CHIO' VB6 12Duilt-in motor 0H2

ONACH20
Thermostat Cable length limitation ON3 |" J K02

CH2 Honda
Conneccor
MRP-20F01

{]
0V PA01U V W Within 0Bno

1 m OH2 HA *CHA Honda
Conneccor
MRP-20F01

OZ 13
09

Within PB03 0111 IGKll 107 m
[} {]04 17 IIB

WithinG 102 05 IB U V W G1 mQ 12
G 19 CM3 Honda CM2 Honda

Conneccor Connector
HRP-20F01 HRP-20F01

Within +5V103 as07 20I m

Within
101 14 m

Power line

7.2 When not using Position Coder Method Orientation

r
Built-in sensor signal
conversion circuit
AI6B-1600-0440

I I

I cm
ov vz01 14

OII20B
0 V •VZ02 15

OH109
IG VA03

{]AMP cap
350783-1;
pin 350706-7

NC controllerAMP plug
350735-1;

10
5 V04 + VAI 7

socket
350689-6

5 V05 VBlfi
12CHI

0G I 9 VBBuilt-in sensor Kll 13[} pfl} n 07 SS20
CNl

K10 ONl

[VI •vz 4
CNl Honda
connector
MRP-20F01

VA 5 VA2
CM:

VD CN2VD3 G

Honda
connector
CN1.CN2,
Z-374
Honda
contact
CNl. CNl
HKP-F413

SC14 OH01
0B

-ÿSC15 OH02AMP plug 10509CN2
PA OHIG 03

105VI 4 PA + 5 H17 045 V vz71
vz 52 SS PB *5H•VZ 10 05VA2 0

12
0 V3 6 PD + 51119 0GVA3 9

13
SS20 070 V 104 0H1

VD SS5 11

VBBuilt-in motor CHI O

CII2 o

12G OH:
AC spindle servo unit

CN3 [}Cable length limitationU V W PA01 OV
OB CN2Within .-12 0112 HAG K 10 Connector

MRP-20M01
091 m PB03 OH 1 1 G

Within
[]—522-[]

CN3 Honda CN2 Honda*-
connector connector
MRP-20F01 MRP-20F01

04 RBKll 17
7 m 11

OS IB U V W GWithin103 0G 191 m
13 + 5V

07 asWiiliin 20
105 14 mJL

Power line
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7.3 Details of Connection between Each Unit

7.3.1 Built-in sensor and connector (Motor) (Cable symbol: K10)
(The cable is built-in in the case of built-in sensor built-in type AC spindle
motor. )

r

Built-in motor

CN 1(05)
VA AMP (02)

(02) (03)*VA

(06) (05)VB
AMP connector

Built-in sensor (03) *VB (06)

% (08)(01) *VZ

CN2( 02) (07)VZ

(04) 5V (01)

(06) (04)0V

(05) (11)SS

Thermostat
(10)OH1a
(12)OH 2

O

L _l

Connectors for use (Honda)
Connector Z-374
Contact HKP-F413

Connectors for use (AMP lapan)
Cap 350783-1
Pin 350706-7

Cables for use: 8-wire of shielded cable

02 nmr (7 /0.18)

234 -



7.3.2 Motor and built-in sensor signal conversion circuit (Cable symbol: K11)

AMP (01)
CN1( 04 ,05)5V

(04)
(01,02)0V

(02)1
VA (16)

Built-in sensor

Signal conversion
circuit

A16B-1600-0440

AMP connector
(03)

*VA (17)

(OS)!
VB (18)

(06) *VB (19)

(07)
( 14)VZ o

I
(08) (15)*vz QT
(10)

(09)OH1

(12) (08)OH 2

01)1 SS (20)

Connectors for use (AMP Japan)
Plug 350735-1
Socket 350689-6

Connectors for use (Honda)
MRP-20F01

Cable for use: 10 pairs of shielded cable

0.2 mm! (7/0.18)

[Reference] Use the tools listed below for
pin crimping and welding.

Pin/AMP crimping tool

Manual tool type number 90300-1

Welding tool 458994-1

* AMP Manual Tool Operator's Manual; IS 7706
* When using a manual tool, wire size 22-24 dies

Note) Cable length should be within 7 m.
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7.3.3 Built-in sensor signal conversion circuit and position coder method orientation circuit
(Cable symbol: K02)

OHCN2C01)
CNA(Ol)

(04) +5H (04)

(02) OH (02)

(05) +5H n \ Oriented position stop
U5-) control circuit

(position coder method
(03) orientation control circuit)

Built-in sensor signal
conversion circuit

A16B-1600-0440 (03) OH

(06) +5H (06)

(14) SC (14)

(15)(15) *SC

( 16) PA (16)

(17) >tf>A (17)

(18) PB (18)

(19) *PB ( 19)

(20) SS (20)

Connectors for use (Honda)

MRP-20M01

Connectors for use (Honda)

MRP- 2 OF 01

Cables for use: 10 pairs of shielded cable

0.2 mm2 (7/0.18)

Note) This cable K02 is especially sensitive to noises.
use a cable with length of 1 m or less, and connect the shield with pins
No. 20 of both connectors.

It is recommended to
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7.3.4 Built-in sensor signal conversion circuit and AC spindle servo unit
(Cable symbol: K03)

CN3 (01) CN2 (01)0V ! \

(13) + 5V (13)

(02) JL OH 2 (02)
AC spindle servo
unit

Built-in sensor signal
conversion circuit

(03) JL OH1 (03)

A16B-1600-0440 (14) PA (14)

(15) RA (15)

(16) PB (16)

(17) RB (17)

(20) SS (20)V, '•e-

Connectors for use (Honda)

MRP-20F01
Connectors for use (Honda)

MRP-20F01

Cables for use: 10 pairs of shielded cables

0.2 mm2 ( 7/0.18)

Note) Cable length should be within 1 m.
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7.3.5 Position coder method orientation circuit and NC (Cable symbol: K04)

CNB (01 ) OH (01)

(04) +5H (04)

(02)1 OH (02)
NC controller

(05) + 5H (05)
Oriented position stop-
control circuit
(Position coder method (03)
orientation circuit) -

OH (03)

(06)1 +5H ( 06)

(14) SC ( 14)

(15) *SC ( 15)

(16) PA (16)

(17) *PA ( 17)

(18) PA ( 18)

(19) *PB ( 19)

(20) SS OG

Earth plate (Note)
(Cable clamp)

Connector for use (Honda)

MRP-20F01

Connector for use (Honda)

MRP -2 OF 01

Cables for use: 10 pairs of shielded cables

0.2 mm2 (7/0.18)

Note 1) Cable shall be clamped by the clamping metal (A02B-0083-K301)

Note 2) Cable length should be within 14 m.
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7.3.6 Built-in sensor signal conversion circuit and NC (Cable symbol: K05)

CN2 ( 01 ) (01)OH

(04) +5H (04)

(02) (02)OH
NC controller

(05) + 5H (05)Built-in sensor signal
conversion circuit

l

(03) (03)OHA16B-1600-0440

(06) I +5H (06)

(14) ( 14)SC

(15) I *SC ( 15)

( 16) ( 16)PA

(17) I *PA (17)

( 18) ( 18)PB

(19) *PB ( 19)

L
1

Earch plate (Note)
(Cable clamp)

Connectors for use (Honda) Connectors for use (Honda)

MRP-20M01 MRP-20F01

Cables for use: 10 pairs of shielded cables

0.2 mm* (7/0.18 )

Note 1) Cable should be clamped by the clamping metal (A02B-0083-K301) .
Note 2) Cable length should be within 14 m.
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8. CABLE

8.1 List of Cables
The cable specifications are as follows.
MTB.

These cables should be provided at the

FANUC spec¬
ification

Applications Symbol General specifications

Built-in sensor signal
conversion circuit

K02 MRP-20M01 MRP- 20 P01 A06B-6059-
IC800 ( 1m)I O

I 48
Oriented position stop
control circuit

WO
-O OJ
to

10 pairs of shielded cable

0.2mm2 (7. 0.18)

MRP- 20 F 01MRP-20F01Built-in sensor signal
conversion circuit

ICO3 A06B-6059-
K801 ( lm)\ O

•&

4S
AC spindle servo unit COO

-oco
co7

10 pairs of shielded cable

0.2 min (7. 0.18)

MRP-20F01 MRP-20F01Oriented position stop
control circuit

K04 A06B-6059-
K802 ( 7m)i O

CO o
co

•u.
NC device

4
/

10 pairs of sliielded cable
0.2mm2 (7/018)

MRP-20M01 MRP-20F01Built-in sensor signal
conversion circuit

K05 A06B-6059-
K803 ( 7m)\ O

*8aNC device Sa
10 pairs of shielded cable

0.2 mrr2 (7/ 0.18)

AMP cap 350783-1

Pin 350706-7
Honda connector Z-374

Connector HKP-F413
Built-in sensor K10 A06B-6059-

K804 (0.5m)

A06B-6059-
K805 ( lm)

zJO
AMP plug

/
8-wire shielded cable

0.2mm‘ (7/0.18)

AMP plug 350735-1

\ Socket 350689-6
KllAC spindle motor or AMP

cap

MRP-20F01 A06B-6059-
K806 ( 7m)O

-O.

4S
Built-in sensor signal
conversion circuit

W O
w

o

10 pairs of shielded cable

0.2 mm2 (7y 0.18)
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8.2 Details of the Cable (K10)

A06B-6059-K804
A06B-6059-K805

FANUC specification drawing No.:

C
No. displaying surface BL

n

IMS',
—— a

sifir >it
Cable material:
8-wire shielded cable 0.18 mm - (7/0.18)

D

1) Cable dimension

Dimension

A06B-6059-K804Symbol A06B-6059-K805

26.67 26.67A

20.32 20.32B

25.91 25.91C

27.43 27.43D

500 +20 1000 +20L

2) Detector wire connecting table

1 2 3
BlackRed Blue

5V VA *VA

4 5 6
White/yellow White/orangeGreen

OV *VBVB

87 9
White/brownGray

*VZVZ

10 11 12
blue/ trans¬
parent_

(Note) (Note)
OH SS OH

Note) Connect the OH wire of the motor to Nos. 10 and 12.
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3) Accessories

Q'tyManufacturerName Model No.

Plug 350735-1 1A.M.P

Split pin 350706-7A.M.P 2

350689-6 10Socket A.M.P

Reference: Use the tools listed below for crimping and pulling up pins.

Pin/A.M.P crimping tool

Manual tool type number 90300-1

Tool for pulling up 458994-2

* AMP Manual Tool Operator's Manual: IS 7706
* Use the dies on the wire size 22-24 side for a manual tool.
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9. NOTE
1) Adjustment

Adjustment is needed during installation in order to match the built-in
sensor with the signal conversion circuit well. For the adjusting method,

refer to the maintenance manual corresponding to the spindle servo unit which
is currently being used such as FANUC AC SPINDLE SERVO UNIT S series
MAINTENANCE MANUAL (Version 03 of B650I5E or later) and the like.

2) Built-in sensor system orientation

No. of
detection
gear teeth/
one rotation

No. of output
pulses/one
rotation

Detection
unit

Repositioning
accuracy

0.088° +0.2°1024
pulses/rotation

Phase A
Phase B

512 Note 1
teeth/rotation

0.088° +0.2°1024
pulses/ rotation

256
teeth/rotation

0.176°128
teeth/rotation

+0.4°512
pulses/ rotation

0.352° +0.8°64 256
pulses /rotationteeth/ rotation

Phase Z 1 1
tooth/ rotation pulse/rotation

Note 1) Error factors due to the machine side are excluded.
detection unit occurs at the time of stopping in a specified position by
orientation.

Note 2) When the orientation circuit A20B-0008-024* is used, set the orientation
rotating direction to counterclockwise using the setting pin SH01 4-13.

Movement of +1

3) Take care to observe the following points in order to prevent malfunction
caused by noises, drift at the time of orientation stop and the like.
CO Do not include the signal cable (K10) and the power cable in a same duct.
(2) Make sure to use shielded cables, and connect them to the SS terminals of

each connector. (K10, Kll, K02 and K03)
(5) The cables K02 and K03 between the built-in sensor signal conversion

circuit and the spindle servo unit are especially sensitive to noises.
Therefore the length of the cable should be within 1 m, and keep them
apart from power cables.

(4) If grounding of the spindle servo unit or the motor is not sufficient,
noises may be mixed with feedback signals, speed command voltage and the
like, and it may occur drift at the time of orientation stop, irregular
rotation, queer sounds and the like.
referring to the corresponding part in this manual.

Connect the grounding cables
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4) Grounding
(T) Connect the G terminal of the machine power panel to that of the spindle

servo unit.
(?) Connect the G terminal of the spindle servo unit to that of ther spindle

motor.
(5) Connect the G terminal of the spindle servo unit as close as possible to

the frame of the power panel.
Reason) If the cable is apart from the G terminal of the power panel, there is a

possibility of insufficient grounding.
(4) Connect the G terminal of the machine power panel with the external

grounding cable.

Note 1) Connect the G terminal of the machine power panel with a terminal
grounded in conformity to the third section "Insulating/grounding a
cable way" of "TECHNICAL STANDARDS FOR ELECTRICAL EQUIPMENT."

Note 2) Use cables with sufficient thickness (5.5 mm2 or more) to connect the G
terminal of the CNC control circuit and the grounding terminal, and the
grounding terminal and the G terminal of the machine power panel. Also,
connect them as close as possible.

Machine power panel

CNC control
circuit

G Spindle servo
unit

Grounding
terminal G

Spindle motor

G
Power source
terminal

ZTerminal GOOO
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5) When performing threading or rigid tapping by means of built-in sensor which
is built in the motor, and in the case of a machine tool of which the spindle

and the motor are linked by gear or belt, a deterioration of the accuracy of
screws may occur due to gear backlash or expansion of the belt.

[Backlash ] [Expansion of belt]

Spindle Spindle Pulley

Built-in sensor
Built-in sensorGear Belt

Motor Motor

Pulley

When a backlash of 1 mm is produced on the circumference of the gear of
an error of rotation angle l/(2ir x 100) x 360° = 0.573° will generate at the
bottom of the screws during rigid tapping.

6) When performing orientation by means of built-in sensor which is built in the
motor, and in the case of a machine tool of which the spindle and the motor
are linked by gear or belt, it is impossible to execute orientation.
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7) The built-in sensor which generates signals same as that of position coder
can be mounted in the motor. Numbers of pulses for models IS - 3S are 512
p/rev, and for models 6S - 22S are 1024 p/rev.

OU

Primary coil

Ov

OW
Connection

O G

1 (1) Red7 7 (3) Blue (2) Black
O +5V *PA *PA +5V

O 0V (6) White/
orange
*PB

(4) White/
yellow

(5) Green

O PA 0VPBr Pulse
generator (8) White/

brown
*VZ

(9) (7) GrayO *PA

VZ
L. O PB

(11) (10)(12)
O *PB

O VZ
OH 2 SS 0H1

8*vz
SS

ConnectorO OH1
Over heat
signal

AMP universal type MATE-N-LOK
connectorO OH 2

O FMU Motor side Cable side

Fan motorO FMV 350783-1 350735-1Housing

O FMW
350689-6Contact 350706-7

Signals of pulse generator and over heat are connected to AMP connector.
Others are connected to terminals. AMP connector and contact are attached to
the motor.
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8) Regarding the built-in sensor method spindle orientation

SpecificationsItem
No.

Type A (A860-0390-T002) Type B (A860-0390-T004)Built-in sensor type

1 Allowable maximum
revolution

10000 rpm 10000 rpm

A phase 1024 pulse/
revolution
B phase 1024 pulse/
revolution
Z phase 1 pulse/
revolution

A phase 512 pulse/
revolution
B phase 512 pulse/
revolution
Z phase 1 pulse/
revolution

Output of built-in
sensor signal
conversion circuit

2

360°/4096 pulse

= 0.088°/pulse
360°/2048 pulse

= 0.176° pulse
Detecting unit3

+0.2°4 Repeated positioning
accuracy

+0.4°

Note) However, element of error by machine's side
is excepted. Movement of 2 detecting units
may occur at the time of oriented position
stop by orientation.
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VIII. OUTPUT CONVERSION CONTROL



1. GENERAL
Output conversion control conducts control of output characteristic conversion
in one motor (motor designed specifically for output conversion control) using
the FANUC AC spindle servo unit S series.

2. COMPONENTS AND ORDER DRAWING NUMBER

2.1 Components
The following items are needed in addition to the FANUC AC spindle servo unit S
series.
1) Output switching control circuit
2) Relay circuit (including electromagnetic contactor and drive relay)
3) Conversion signal from PMC
Configuration of the components is shown in the figure below.

Output conversion control circuit

/Conversion signal

NC 7
Relay

circuit
P
M MOTOR
C

Detector

@AC spindle servo unit

The machine tool maker is required to provide the relay circuit and conversion
signal.

2.2 Order Drawing Number
1) AC spindle ' servo unit

A06B-6059-HOCO// HOOO
t +

Specified numbers vary with specifications

2) Output conversion control circuit

A06B-6059-J703
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3. SPECIFICATIONS
In order to conduct output conversion control, the AC spindle servo unit S
series, an output conversion control circuit and a relay circuit are required.
As specifications of the AC spindle servo unit used for output conversion
control varies with different motors, be sure to refer to the specification
manuals of each relevant AC spindle motor used for output conversion control.

* Precautions related to finishing when the output conversion control circuit is
provided with the AC spindle servo unit S series
1) The spindle conversion control circuit can not be added.
2) As the speed detecting signal (SDT1,2) is used for output conversion speed

detection, it cannot be used for gear conversion speed detection etc.
3) The spindle high/low speed signal (CTH) is used as a power cable conversion

completion signal, and therefore, can not be used as a signal for gear
selection status.

4) The spindle orientation circuit and speed gain conversion circuit can be
used even when the output conversion control circuit is included.
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4. EXTERNAL DRAWING
For items other than those given below,
specification manual.

refer to Chapter II of this

4.1 AC Spindle Servo Unit S Series (when an output switching control circuit is
mounted)

4.1.1 AC spindle servo unit models 6S - 12S (without unit adaptor)

300

goo
CTi
CM

1 d©

POWER SELECTOR
CONTROL P.C.B.

c=-

> dr
s
-5T CM

cn
CO

7 s

> ORIENTATION P.C.B. CE-

TERMINAL SCREW
M5 (7 POINTS)

4-o l 0

*

L T E
CD
CM

274

W\6. b_
§
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4.1.2 AC spindle servo unit models 15S - 22S (without unit adaptor)

300 o

200

~°c

> o

POWER SELECTOR
CONTROL P.C.B.

• 9

ORIENTATION P.C.B. da-o

8s
c— DO

Oi
tOO'

9tu
_ _

3°
°C

TERMINAL SCREW
MB <7 POINTS)4 - 0 I 0

C
@rn

i i cr.I r i

274

w

o-

vH O

&--L- 6
g
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4.1.3 Outline drawing of the output conversion control circuit

JD

tn r—ID o
CNI 0 CN2M CN2S CNAM CNAS

£
o o
in

1 ro
O

.5
£

O
CND CN2C CNAC

tn tu
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5. INSTALLATION
Refer to Chapter II of this description manual.
In addition, forced cooling is required for this AC spindle servo unit S series.
We will contact you separately about details related to cooling conditions.
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6.2 Connectors
For details related to connectors other than the below-described CND and CN1
used with the output conversion control circuit, refer to Chapter II of this
specification description manual.
1) CND specifications and signal layout drawing

Clip i14 SEL101
08

15 CIIP2 02 SEL2
09

CFIN116 03 HCFI
10

17 CF1N2 04 MCF2 Print board (PCB) connector

MR-20MA11
18 05

12 PMC connector
MR-20LFH19 06

13
20 SS 07

2) CN1 specifications and signal layout drawing

33 01 SARI

SAR23-1 02

35 19 ARST1 SST103

36 20 ARST2 SST201

nun37 21 05 TLUL

38 22 0RAR1 06 0T

39 23 0RAR2 IIRDYI07

10 CTH 08 1IRDY224

25 ORCIil 09 TLII541

12 26 0RCH2 T1.H610

13 26 0VRI ALU III
Print board (PCB) connector
MR-50RMA28 0VR2 12 ALM214

PMC connector
MR-50LFH

SFR •15V15 29 13 OR

I MSRV 3016 OS

1 1547 F.SP1 , 31 SDT1DA2

ESP1 32 1648 E SDT2

1.111 1749 CTII (Connect CFIN1)

(Connect CFIN2)SHI50 OH18

* Definition of numbers 17 and 18 are different.
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7. EXPLANATION OF INTERFACE SIGNAL
For details about signals other than those described below, refer to Chapter II
of this specification description manual.
Also, refer to section 7.2 and thereafter for details about connector CND which
is not described in this specification description manual and connector CN1
number 17 and 18 pins, whose signal definition is different.

7.1 Input Signals

7.1.1 Conversion demand signal (SEL1, 2)

This signal is input to change the characteristics of output.
The following are selected by opening and closing connections.

Open (OFF) - High-speed output characteristics (HIGH)

Closed (ON) - LOw-speed output characteristics (LOW)

PMC side Output conversion control circuit
(Receiver circuit)

CND
SEL1 -01

SEL2 -02

OFF : HIGH
ON : LOW 0V

7.1.2 Power cable status confirmation signal (MCF1, 2)

This signal is input to confirm the selection status of the electromagnetic
contactor used for spindle motor output conversion.
The following are selected by opening and closing connections.
For details, refer to the Chapter 9.

Open (OFF) - High-speed output characteristics (HIGH)

Closed (ON) - Low-speed output characteristics (LOW)

Relay circuit Output conversion control circuit
(Receiver circuit)

CND
MCF1 -03

MCC contact

MCF2 -04

OFF : HIGH
ON : LOW 0V
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7.2 Output Signals

7.2.1 Speed detection signal (SDT1, 2)

This is used at the time of detecting converted speed when conducting output
conversion.
(OFF) - converted speed or higher
(ON) — converted speed or lower

24 V 24 V

AAC spindle amp. Relay
1 I
15 I SDT1

CN1

Contact capacity

30V

50mA

A
-16 SDT 2

? PMC sidePhotcoupler 0V

7.2.2 Power cable conversion signal (CHP1, 2)

The conversion demand signal (refer to section 7.1.1) to the output conversion

control circuit causes power supply to the motor to be switched OFF. Status of
this signal changes when the power is switched OFF.
conversion of the electromagnetic contactor to convert
following the order shown in signals (3), (4), (5) in "8. SEQUENCE".
details, refer to the connecting example in the Chapter 9.
Select as follows using ON/OFF of this signal:
(OFF) - High-speed output
(ON) - Low-speed output

Therefore, conduct
the power cables

For

24V 24V

Output conversion
control circuit AC 200V

A
CND

CHP1-14
AC 200V

Relay
I

MCCA L. -I

CHP 2-15

? Relay circuit Contact capacity

30V
50mA

Photocoupler
0V
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7.2.3 Conversion completion signal (CFIN1, 2)

After the output conversion demand signal has been input, the power cable status
confirmation signal is input to confirm conformity of selection status, then
this signal is output when the initial setting of the spindle control circuit is
completed and the next action becomes possible.
By ON/OFF of this signal, the following selection statuses of the spindle are
displayed.
(OFF) - high-speed output (HIGH)
(ON) - low-speed output (LOW)

Output conversion
control circuit | CN i AC spindle amp.CND

CFIN 1 CTH-16

Input CF1N1, 2 to numbers 17 and
18 of the spindle control circuit’s
CN1 respectively.

A
-17 CFIN2 OM -18

?Photocoupler
OV
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8. SEQUENCE

8.1 Low-speed Output (LOW) - High-speed Output (HIGH)

1) Conversion demand
signal (SEL1, 2)

Refer to 7.1.1.

ON (LOW) OFF (HIGH)

2) Power cable conversion
signal (CHP1, 2)
Refer to 7.2.2.

ON (LOW) OFF(HIGH)

3) Electromagnetic
contactor 1 (MCC1)

Output conversion
speed or less.

ON ( LOW) OFF (HIGH)

4) Electromagnetic
contactor 2 (MCC2)

Output conversion
speed or more.

OFF( LOW ON (HIGH)

5) Power cable status
confirmation signal
(MCF1, 2)

Refer to 7.1.2.

ON ( LOW) OFF (HIGH)

6) Conversion completion
signal (CFIN1.2)
Refer to 7.2.3.

OFF ( HIGH )ON (LOW)

7) Drive enable signal
ON OFF ON

262



8.2 High-speed Output (HIGH) - Low-speed Output (LOW)

1) Conversion demand
signal (SEL1.2)

Refer to 7.1.1.

OFF (HIGH) ON (LOW)

2) Power cable conversion
signal (CHP1,2)
Refer to 7.2.2.

OFF (HIGH) ON (LOW)

3) Electromagnetic
contactor 1 (MCC1)

Output conversion
speed or less.

OFF (HIGH) ON (LOW)

4) Electromagnetic
contactor 2 (MCC2)

Output conversion
speed or more.

ON (HIGH) OFF(LOW)

5) Power cable status
confirmation signal
(MCF1.2)
Refer to 7.1.2.

OFF (HIGH) ON (LOW)

6) Conversion completion
signal (CFIN1, 2)

Refer to 7.2.3.

OFF (HIGH) ON (LOW)

ON OFF ON7) Drive enable signal

Warning) When converting from high-speed output to low-speed output, conversion
demand exceeding conversion speed can not be input.
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10. PRECAUTIONS RELATED TO USE
1) Use an electromagnetic contactor for output conversion that has an adequate

capacity.
The example given below shows model ratings of Fuji Electric Co., Ltd.

Applicable Electromagnetic con-
tactor model ratingskVA

12 kVA SRCa3631-2

22 kVA SC-2S

26 kVA SC-3

SC-432 IcVA

SC-4S37 kVA

2) As a photocoupler is used for signal output, polarity exists. Take adequate
care in relation to polarity of the contact circuit.

3) Maximum voltage that can be applied to the photocoupler is 30 V, and maximum
current is 50 mA. Be sure to avoid exceeding these maximum values.

4) In order to suppress electrical noise generated at conversion in the
electromagnetic contactor for output conversion, use a surge absorber built
into the resistor-condensor.

5) When conducting rigid tapping, set the desired output characteristics in
advance and do not perform conversion.
Accordingly, when conducting rigid tapping, although the high-speed detection
signal will be output from the AC spindle servo unit, but be sure that this
signal is ignored and that the conversion demand signal is not transmitted to
the output conversion control circuit.

6) Setting the machine ready signal (MRDY1-2)
For the purpose of safety, two signals have been included in the sequence to
operable status. These are the emergency stop signal (ESP1,2) and machine
ready signal (MRDY1-2) .
In other words, close the machine ready (MRDY1-2) contact to allow operation
of the machine.
At this time, set parameter F-01 to "1".

7) Speed detection signal (SDT1,2) and selection signal (SEL1,2)
Two coils are installed within the AC spindle motor. By switching these two
coils, output characteristics can be converted.
When conducting output conversion during rigid tapping, control may be
limited to the high-speed coil.
Ensure a sequence in the PMC that allows selection of 2 output characteris¬
tics and enable selection of a conversion sequence during rotation.
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IX. SPINDLE SWITCHING CONTROL CIRCUIT



1. OUTLINE
Main spindle selector control enables changing over between two spindle motors,
which are not driven simultaneously, with identical characteristics or with
different output characteristics.
In this control one AC spindle servo unit has to have a printed-circuit board
for main spindle selector control circuit and an electromagnetic contactor for
selecting power lines outside the servo unit.
1) In turning centers, the main spindle motor for main turning and the

subspindle motor for rotary tool are used by changing over the signal lines
for power lines and velocity feedback and the orientation signal lines with
one spindle unit.

2) In five-surface working machines, the vertical spindle motor and the
horizontal spindle motor are used by changing over the power lines and
velocity feedback signal lines and the orientation signal line with one
spindle unit.

2. CONFIGURATION AND ORDER SPECIFICATION

2.1 Configuration

For the control of 2 motors by a single servo unit the following items are
required in addition to the AC spindle motor and AC spindle servo unit.
1) Spindle selector control circuit (Option)
2) Power lines selector relay circuits (including electromagnetic contactors and

drive relay)
3) Selection signal from power magnetic sequence
The system configuration is shown below.

Main spindle motor

Spindle selector
control circuit

Relay circuit

M
rO aJp

1 M Selector signal

U Cz
4D O

Optional
circuit S

Sub spindle motor
AC spindle servo unit
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2.2 Order Specification
1) AC spindle servo unit

AO 6B-6059-HOCO//H 700

T
Main spindle motor
unit number

Appointment varies according to

main/sub combination

SUB SUB
M2SMIS Ml .5S

8000
M12S
6000

MISM15S
6000

M2S
8000 8000 8000 8000

MAIN MAIN
M22P
6000 rpm
(AMP.-15S)

M22S
6000

H741H737 H763

M18P
6000 rpm
(AMP: 12S)

M18S
6000

H728 H757

M15S M15P
H720 H725 6000 rpm

(AMP:8S)
H7536000

M12P
6000 rpm
(AMP:6S)

M12S
6000

H711 H712 H713 H749

M8S
H705 H706 H707

6000

M6S
H700 H701 H702

6000

(*1) It is impossible to specify the shaded area in the table above or combina¬
tions which are not found in it.

2) Spindle selector control circuit
A06B-6059-J701 (Without orientation signal line selection)
A06B-6059-J702 (With orientation signal line selection)
The above is selected according to whether the orientation circuit is used.

I
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3. SPECIFICATIONS

• When spindle selection control is required the AC spindle servo unit S series
will need a spindle selector control circuit and, externally, a relay circuit.

. The spindle selector control circuit fulfills the following functions.
1) Transfer of motor selector demand and completion signals
2) Transmission of motor power line selector signals
3) Selector of velocity feedback signal lines
4) Selector of orientation signal lines

(That both for Magnetic Sensor and for Position Coder can be changed over.)
5) Protection and malfunction detector functions

(T) In the case of changing over a power line status confirmation signal
while the AC spindle motor is in operation that is treated as a
malfunction, the alarm operates and the power supply from the AC spindle
servo unit to the AC spindle motor is instantly cut off.

(2) Whether the selected spindle motors and control circuits
correct combinations is constantly checked by the power line
confirmation status signal and the alarm operates in the case of any
malfunctions.

. Even where a spindle selector circuit is already fitted, the spindle
orientation circuit and velocity gain selector circuit may still be used.

are the
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4. OUTER DIMENSIONS

4.1 Spindle Switching Control Circuit

n n
inu

CNl 0 CN2M CN2S CNAM CNAS o
g
'o

o o
m

a ro
r—( a

s
u

CND CN2C CNAC o

III n
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5. CONNECTIONS

5.1 Connections
The spindle selector circuit is installed in the AC spindle servo unit.

Power line selector signal/Power line status check signal Relay

circuit

Velocity feedback signal line

Orientation signal line

SUB MAIN SUBMAIN

\ t _y v f \f

ri rn rn rn
CN2M CN2S CNAM CNAS

Selector demand signal/
Selector completion signal

SPINDLE MOTOR

CND CN2C CNAC
Signal selector
control circuit
(option)

MAIN

EP o rO O—

SENSOR
AC Spindle Servo Unit S Series

P
M CN2M CN2S CNAM CNAS
C SUB

-O o—Orientation circuit (option)

CNA

oCN1 CN2 SENSOR

¥
Spindle control
signal

Power line and fan motor line

Note) The power lines, cables, relay circuits and electromagnetic contactors
inside the dotted lines should be provided by the machine tool builder
themselves.
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5.2 Signal Distribution
1) CN2M, CN2S (Velocity feedback signal)

14 01PA 0V
08

15 RA 02 OH2
09

16 PB 03 0H1
10

17 04RB
11

18 05
12

19 06
13 5V

20 SS 07

2) CNAM, CNAS (Orientation signal)

14 MSA(SC) 01 (OH)
08

MSB(*SC)15 (OH)02
09

16 LSA(PA) 03 (OH)

10
LSB(*PA)17 (5H)04

11
+15V (PB)18 05 (5H)

12
OV (*PB)19 06 (5H)

13
20 OG(OG) 07

Signal name: using magnetic sensor (for position encoder)

3) CND (Selector signal)

14 CHP1 01 SEL1
08

15 CHP2 02 SEL2
09

16 CFIN1 03 MCF1
10 PCB connector MR-20RMA

17 CFIN2 04 MCF2
11 PMC connector MR-20LFH

18 05
12

19 06
13

20 SS 07

I
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6. INTERFACE
For signals other than those detailed below please refer to II AC Spindle Servo

Unit S series.

6.1 Input Signal

6.1.1 Selector demand signals (SEL1, 2)

These signals are inputted in order to select the spindle required.
The main spindle and subspindle can be selected by opening (OFF) or closing (ON)

the contact respectively.
Please input these signals after the spindle motor has been stopped.
The velocity 0 signal is used to confirm that the motor has stopped.

Spindle selector control circuit

(Receiver circuit)

PMC

CND
SEL1 -01

SEL2 -02

OFF :MAIN
ON :SUB 0V

6.1.2 Power line status confirmation signals (IVICF1, 2)

Input signal to check selector status of electromagnetic contactor for spindle
motor power line selection.
This contact permits the following signal selectors.
OFF: Main spindle
ON : Subspindle

Spindle selector control
circuit (Receiver circuit)Relay circuit

CND
MCF1 -03

MCC contact

MCF2 -04

OFF :MAIN
ON :SUB 0V
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6.2 Output Signals

6.2.1 Power line selector signal (CHP1, 2)

When the selector demand signal (see Section 6.1.1) is received, the motor is
stopped, the power supply to the motor is switched off and this signal status
changes.
This signal should be used to switch the electromagnetic contactor for power
line selection with external relay for power.
Select this signal on and off to make the following selections.
OFF: Main spindle
ON : Subspindle

24V 24V
Spindle selector
control circuit

AC200V

Z\CND
CHP1-14

Relay AC200V
MCC

Contact capacity
30 V
50 mA

A
CHP2-15

Relay circuit
Photocouple

OV

As a photocouple is used for this output signal, please apply an external relay
for 24 VDC, and take care a polarity of CHP1.

6.2.2 Selector completion signal (CFIN1, 2)

This is output signal when the spindle selector demand signal has been inputted
and, the power line status confirmation signal input, the selection status
checked and confirmed their identity, and the initial setting of the spindle
control circuit completed.
The signal indicates that the subsequent operation is now possible.
Select this signal on and off to make the following selection.
OFF: Main spindle
ON : Subspindle

24V 24V
Spindle selector
control circuit

PMC

ACND Relay

CFIN1-16

Contact capacity
30 V
50 mA

A
CFIN2-17

Photocouple

OV

As a photocouple is used for this output signal, please apply an external relay
for 24 VDC, and take care a polarity of CFIN1.
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7. SEQUENCE

Control operations should be carried out in the following sequence.

SFRSpindle forward/reverse rotation
command signal SFR/SRV ON OFF ON OFF ON

Spindle motor velocity

Velocity zero signal (SST1, 2)

ON OFF ON

Selector demand signal
(input signal) (SEL1. 2)
Sec 6.1.1

SUB
MAIN (ON) MAIN
(OFF) (OFF)

Power line selector signal
(output signal) (CHP1, 2)
See 6.2.1

SUB
MAIN (ON) MAIN
(OFF) (OFF)

Power line status confirmation signal
(input signal) (MCF1, 2)

Sec 6.1.2

SUB
MAIN (ON) MAIN
(OFF) (OFF)

Selector completion signal
(output signal) (CFIN1, 2)

See 6.2.2

SUB
MAIN (ON) MAIN
(OFF) (OFF)

Approx. 0.5 secs. Approx. 0.5 secs.
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8. IMPORTANT POINTS FOR USING SPINDLE SELECTION CONTROL
1) The rating of the electromagnetic contactor for power line selector should be

chosen according to the spindle motor.
The electromagnetic contactors given as examples below are made by Fuji
Denki.

Electromagnetic contactorMotor

SRC3631-5-2Models IS, 1.5S, 2S

Models 3S, 6S SRCa3631-2

Models 8S, 12S SC-2S

Model 15S SC-3

Model 18S SC-4

Model 22S SC-4S

2) As a photocouple is used for this output signal the connections must be made
the correct direction. Take careful account of the circuit polarity.

3) The maximum voltage for the photocouple is 30 V, with a maximum current of 50
The voltage and current should be restricted to ensure that they do not

exceed these figures.
4) Electrical noise from the electromagnetic contactor for power line selector

should be suppressed by fitting an S2-A or similar surge absorber with a
resistance and condenser.

mA.

5) Main spindle No. 1 and main spindle No. 2 may have different speed meter
voltages and load meter voltages. In that case, the speed meter and load
meter should be made selectable using a circuit such as the one shown below.

r\SMI O-
(LM1)

AC spindle servo unit speed and
load meter voltages

Speed meter Speed meter
or or

load meter load meter

OM o
For main spindle No. 1 For main spindle No. 2

6) Setting for parameter F-01 (Machine ready signal MRDY used/not used)
Parameter F-01 should normally be set to "1".
If parameter F-01 is set to "0", MRDY1 and MRDY2 are connected together (pin
7 and pin 8 of connector CN1) .

7) Even after switching is complete, the motor does not operate for about two
seconds (in case of models 6S - 12S) or four seconds (in case of model 15S) .

8) When the position coder signal is switched, a wire breakage alarm is issued.
Reset it when switching is complete.
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APPENDIX 1 CABLE SPECIFICATIONS

The cable specifications are as shown below.
Prepare cables by the MTB.
1) Power line and motive power line for respective motor models

FANUC
specification
(Cable assembly)

Applications Symbol Specifications
Amp side Motor side

Model K1 Cabtyre cable
JIS C3312, 4 coresIS K2

(Lower than
5 kVA) 37/0.26

(2.0mm3)

Crimp style
terminals
T2-4

Crimp style
terminals
T2ÿ5

Model
1.5S,

K1
Cabtyre calbe
JIS C3312, 4 cores |K2

2S,
1S/15000,
2S/15000

(Lower than
7 kVA)

45/0.32
(3.5mm3 )

Crimp style
terminals
T5.54

Crimp style
terminals
T5.5-5

Model K1 Cabtyre cable
JIS C3312, 4 cores3S K2

(Lower than
12 lcVA)

70/0.32
(5.5mm!) 016.5

Crimp style
terminals
T5.5-4

Crimp style
terminals
T5.5-5

Model K1 Cabtyre cable
JIS C3312, 4 conductors I6S, K2

3S/12000,
8P, 12P

(Lower than
16 lcVA)

50/0.45
(8mm3) (420

Crimp style
terminals

Crimp style
terminals
8-58-5

Model
8S, 12S,
6S/12000,
8S/8000,
12S/8000,
15P, 18P,

K1
Cabtyre cable JIS C 3312, 4 cores

K2

i
488/0.4 5

( 1 4.0mmJ )
(4 2 4.0

8VH Crimp style terminals
14-5

Crimp style terminals
14-5(Lower than

25 kVA)
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FANUC
specification
(Cable assembly)

Applications Symbol Specifications
Amp side Motor side

Model
15S,
15S/8000,
22P , 12VH

(Lower than
30 kVA)

K1 Heat resisting vinyl cable (Note)

K2 ]—OO—t

1—0O—[

]—oO—E

i—o
Crimp style terminals

R14-5

o—I
_

. . z
Crimp style terminals 88/0.4 5

(14mm2 )1 4 -8

Model
18S, 22S,
18S/6000,
22S/ 6000,
30P, 40P,

K1
Heat resisting vinyl cable (Note)K2

O—[ 1—0

1—0O—[

1—0O—[50P
(Lower than
45 kVA)

1—0O—i
Crimp style terminals 7 0/0 4 5

( 2 2mm2 )

Crimp style terminals
22-822-8

Note) Use flame retardant poli-flex cables (MLFC) with a maximum conductor
temperature of 105°C.

2) Common cables
The following cables are common for each model.

FANUC Spec.
DWG. No.
(Cable assembly)

SymbolPurpose General specification

K3Motor
cooling fan

A06B-6044-K204
Vinyl cabtyre cable JIS C 3312, 3 cores

Conductor: 37/0.26 (2 mm3 )

Sheath: PVC01O

7 m

IP" !
<*> 1 0.0T2 -4

Crimp style terminals

T2-4
Crimp style terminals

Connector attached to
spindle motor

Spindle servo unit
connector (basic)K4Spindle

servo unit
A06B-6044-K200
7 m100 or less

1CN2
AC spindle
motor (for

symbols)

T4 pairs of
shielded cable Housing

350720-1
Contact_ PVC sheath 350689-6

// Conductor with
braided shield

0.3 mm2

MR-20LFH
made by
HONDA
TSUSHIN

m
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FANUC Spec.
DWG. No.
(Cable assembly)

Symbol General specificationPurpose

Spindle
servo unit

K5 A02B-6044-K023Power
cabinet

Spindle servo unit
connector (basic) 7 m012.5

DPower cabinet
(for signals)

CN1

MR-50LFH made by Vinyl cable with braided

HONDA TSUSHIN shield 50 cores X 0.2 mm3
(7/0.18) made by

SANYO DENKO

K6Spindle
servo unit

A06B-6044-K024
7 mSpindle servo unit

connector (basic)I 100 or less

DPower cabinet
(for signals) CN3

T
4 pairs of shielded cable

0.3 mmzMR-20LMH made by

HONDA TSUSHIN

Speedometer
Dynamometer

K7 A06B-6044-K201
Vinyl cabtyre cable JIS C 3312, 3 cores 7 m

Spindle
servo unit
(for

measuring
instruments)

-oo
T

09.2
Crimp style terminals

Tl-4

3 0/0.18
Crimp style f 0.7 5mm»>
terminals
T14

3) Other (cable materials used for some models)

FANUC Spec.
DWG. No.
(Cable assembly)

SymbolPurpose General specification

K8Resistor
unit

A06B-6052-K200
Vinyl cabtyre cable JIS C 3312, 2 cores 7 m

I

<Spindle
servo unit
(models

IS - 3S)

>
012.0

Crimp style terminals 4 5/0.3 2 Crimp style terminals
T 5.5 -4 (3.5mm2 ) T5.5-4
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FANUC Spec.

DWG. No.
(Cable assembly)

SymbolPurpose General specification

K9Resistor
unit

A06B-6052-K203
7 mVinyl cabtyre cable JIS C 3312, 2 cores

Power
circuit (for

thermostat)
(models

IS - 3S)

<> t
Crimp

style terminals
T1 -4

Crimp
style terminals

Tl-4

30/0.18 08.8
( 0.75mm2)

4) Cables for spindle orientation
a) For position coder

FANUC Spec.
DWG. No.
(Cable assembly)

Symbol General specificationPurpose

Cannon straight type

MS 3106B20-29S
MS 30 57 -1 2A

Spindle
servo unit

IUO A06B-6041-K201MR-20LFH
7 m

010

0
Position
coder

Cabtyre cable
Ten pairs, shielded together

0.2mm2 (7/0.18 )

Cannon angle type
MS3108B20-29S
MS3057-12A

MR-20LFHSpindle
servo unit

K10 A06B-6041-IC204
7 m

010Position
coder

Cabtyre cable
Ten pairs, shielded together

0.2mm2 (7/0.18 )

Spindle servo unit side
Spindle
servo unit

Kll A06B-6041-K202
7 mMR-20LFH NC or

MR-20LFH010

6NC or
position
coder

a
Cabtyre cable
Ten pairs, shielded together

0.2mm2 ( 7/0.18 )
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FANUC Spec.
DWG. No.
(Cable assembly)

General specificationSymbolPurpose

Spindle servo unit sideK12 A06B-6041-K205
The shielded
cable is
connected to
the pin No. 14
of the
connector on
the power
cabinet side.

Spindle
servo unit Power cabinet side

MR-20LFH
(410MR-20LMHI

aPower
cabinet

Cubtyre cable
Ten pairs, shielded together

0.2mm2 ( 7/0.18 )

b) For magnetic sensor

FANUC Spec.
DWG. No.
(Cable assembly)

Purpose Symbol General specification

Connector
attached to
amplified
part

Connector
attached to
option

Spindle
servo unit

IQ3 A06B-6041-K203
7 m013 or less

D naMagnetic
sensor

3 pairs of cable with
seal braided shield

MR-20LFH made by
HONDA TSUSHIN

RVCsheath 0.5mm2

<Reference cables>

Details of cable specifications

Electric char¬
acteristics

Conductor

Sheath
thick¬
ness

Finished Con¬
ductor
resis¬
tance

Allow¬
able

Name Designation*
Configu¬
ration

OD
Diameter

cur¬
rent

Cable A
(10
pairs)

lion/(41.05 (410.07/0.18 1.4 mm 1.6 A A66L-0001-0041mm mm
km

Cable B
(50

pairs)

106J2/(41.05 mm 7/0.18 mm1.5 mm 1.6 A A66L-0001-0042
km

Cable C
38.7tl/(40.93 mm 45/0.12 mm(3 1.0 mm 1.6 A A66L-0001-0108
kmpairs)

* Length is designated separately.
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APPENDIX 2 TECHNICAL DATA

2.1 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

kg. cm. s2High JH
kg.cm.s2Low JL

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)

J
B SPINDLE

J
— /

5“ A jw
V i ,

Workpiece
or tool

[ • Max. revolutions at Low

NH 1 Max. revolutions at High

=®d|f J
SPINDLE
MOTOR

1

Nm

J
1L Clutch

Nm : Maximum speed of motor (rpm)
: Maximum speed when speed change gear stage is low (rpm)
: Maximum speed when speed change gear stage is high (rpm)

Ra : Speed ratio between speed change stages Nÿ/N
G : Ratio of motor revolutions to revolutions when speed change gear stage

is low Nÿ /N
G : Ratio or motor revolutions to revolutions when speed change gear stage

is high N /N
: Inertia of shaft directly coupled to motor (kg.cm.s2)

J1T : Inertia of gear or pulley when the motor side speed change gear stage is
low (lcg/cm. s2)

J : Inertia of gear or pulley when the motor side speed change gear stage is
high (kg/cm.s2)

J? : Inertia of gear or pulley when the spindle side speed change gear stage
is low (kg/cm. s2)

J9 : Inertia of gear or pulley when the spindle side speed change gear stage
is high (kg/cm.s2)

Jg : Inertia of spindle (kg.cm.s2)
: Inertia of work (kg.cm.s2)
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(T) Calculation formulas when low and high speed change gear stages are
switched by clutch
Inertia reflected to motor shaft when the speed change gear stage is low.

JL (kg.cm. s )

1H
+ GL X (J2L+ J1L + (S)2 X J + v (I'DJL " J1 + J„._ + J

2H B

Inertia reflected motor shaft when the speed change gear stage is
high. JR (kg.cm.s )

2
1H

+ GH2 <J2L + V (1-2)JH = J1
(5) Calculation formula when low and high speed change gear stages are

switched by gear shift.

+ Ra x J + J + J„.. + J
1L 2H B

1H
+ Gl2 CJ1L

1H
+ GH (J2L

The calculation formulas of respective inertia are given below.
(T) Inertia of cylindrical body

+ J2L + JB + V
+ J2R + JB + Jw)

(1-3)JL = J1
JH = J1

+ J.. + J
1L

(1-4)+ J + J
1L

D(CTI)

L(cn)

The inertia produced when a cylindrical body rotates around its center
shaft is calculated by the following formula.
gears, etc. by approximating this formula for cylindrical body.

Calculate ball screws,

DÿL (kg.cm.s2)T = 32 x 980
(1-5)

7.8 x 10
3 kg/cm3)This can be approximated in case of steel (y =

follows.
as

J = 0.78 x 10
6 DÿL (kg.cm.s2) (1-6)

where, J: Inertia (kg.cm.s2)
y: Weight per unit volume (kg/ cm3)
D: Diameter of cylindrical body (cm)
L: Length of cylindrical body (cm)
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(2) Inertia of cylindrical body having a deviated rotation center

JO, M

R

Rotation center

+ 9ÿ0 r2 (kg-cm.s2)

where, Jÿ: Inertia around the center of cylindrical body (kg.cm.s2)
M : Weight of cylindrical body (kg)
R : Rotation radius (cm)

(1-7)J = J0

The above formula applies to calculations of the inertia of large
diameter gears when lightening holes were made for reducing their weight.

(5) Inertia of tapered cylindrical body

L (cm)

a2 (cm)

al
(cm)

, 5 5.
(a2 - al )

iry
x L (kg.cm.s2) (1-8)J = 10 x 980

x
(a2 “ aP
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2.2 Load Torque
The friction torque of bearings and viscosity torque of lubrication oil inside
the spindle act as the load torque.

T1 = Tc + Tv (kg. cm)

where, Tc: Friction torque
Tv: Viscosity torque

Be careful since the viscosity torque of lubrication oil largely affects the
machine when the spindle rotates at high speed.

Abnormal

TL Load torque Normal

Spindle revolutions
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2.3 Spindle Speed Change Gear Stage
The spindle gear speed change stages are determined according to the specified
output of the spindle.

Output drop start point

HighLow

i
Output valley

i

i
i

Output Area where the
output dropsi

ij

l
I
i
l
t

Maximum revolutions
at low stage

Maximum revolutions
at high stage

Spindle revolutions

To eliminate the output valley, the ratio of high to low stages of spindle is
generally set as follows.

Max. revolutions at low stage Basic speed of motor 1 1—• 1 1 — ~ to “

Max. revolutions at high stage Max. speed of motor 3 4

Since the revolutions lower than the output drop start point of low gears cause
the cutting power of machine to decrease, the revolutions must be specified
clearly.
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2.4 How to Find the Acceleration Time
Find the spindle acceleration time in the following manner.
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 (Jÿ)
According to para. 1 above, find the load inertia.
found, convert the unit system according to the following equation.

= GDf (lcg.m2)
4g (m/s2)

Therefore, 1 kg.m2 = 0.0255 lcg.m. s2

When GDÿ (kg.m2) is

JL (lcg.ra.s2) (4-1)

2) Spindle motor characteristic table

Output
A

Output

Torque

Pf
i
iTm i

Torque ' Pmi

l

i

i

++ -=»
Nb0 Nf Nm

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)
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Characteristics of each model at 30-minute rating output

Jm Tm Nh Nf Nm Pf Pm
2Model

kg.mkg.m.s W Wrpm rpm rpm

0.0003 0.71 3000 8000IS 2200

0.0004 2.40 60001.5S 1500 8000 3700 2500

2.402S 0.0008 1500 6000 8000 3700 2500

0.00153S 3.57 1500 4500 6000 5500 3700

6S 0.0022 4.87 1500 4500 6000 7500 5500

8S 7.140.0028 1500 6000 11000

0.009312S 9.74 1500 4500 6000 15000 11000

15S 0.0093 12.01 1500 4500 6000 18500 15000

0.0129 14.2818S 1500 4500 22000

22S 16.880.0129 1500 4500 26000

3) Calculation of acceleration time - 1

Acceleration curve
A

Nm

Nf

Nb ri
i

+
0 I Time

12 13h

292



Acceleration time

- Speed 0 to Nb (rpm)

JL + Jm 2rNb
C1 Tm

X
60

(sec) (4-3)

- Speed Nb to Nf

=
JL + Jm 2TT (Nf2 - Nb2)

C2 Tm
X

60
X

2Nb
(sec) (4-4)

- Speed Nf to Nm

2r (Nm - Nf)2
X

(Pf - Pm)2t3 = 1.0269 x (JT + Jm) x 777I. bU

(PfNm - PmNf ) Pf- (Pf - Pm) + (4-5)x Lx
(Nm - Nf) n Pm

where, Lÿ: Natural logarithm

Acceleration time ta

ti + t2 + tÿ (sec)

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 .

(4-6)ta =

4) Calculation of acceleration time - 2
The acceleration time at the rated torque is shown below.
load torque is ignored.

The mechanical

Nmax

Acceleration time

la= lla + t2a
NbZ, 0

lid*•1 a l2a t2d Deceleration time

td= t2d+ tidta ld

Acceleration time

- Speed 0 to Nb

Nb J
L + Jm 2ir

Tm
X

60'> <sec) 'J 0
dN

+ Jm 2irNb
Tm

X
60

(4-7)
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- Speed Nb to Nmax

Nmax J
L + Jm 2ir ...

x
60

dNt2 (sec) = Nb
Nb — x Tm

N

J

x
60

x m (w2max ' Nb2)L + Jm 2tr
(4-8)

Tm

- Speed 0 to Nmax

dL + Jm 2TT
Tm

X
60

ta (sec) = tÿ + t„ =2

22
N max - Nb

(4-9)Nb +
2Nb

Generally Nb/Nmax = 1/3. Substituting this formula becomes:

ta (sec) = —zr- x — x x Nmax
im oil J

where, J : Load inertia converted into motor shaft (kg.m.s2)
Jm: Rotor inertia of DC motor (kg.m.s2)
Tm: Maximum torque (kg.m)

(4-10)
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2.5 Calculation of Time Constant for Rigid Tapping
Calculation flowchart

1) Rigid tapping specification check

2) Spindle motor specification check

T
3) Calculation of time constant

1) Rigid tapping specification check
(T) Define the range of the machine's screw cutting capability:

MD - MOO

(Example) M3 - M27

(2) Motor spindle conversion load inertia of main spindle:
JL[kg* cm*s2]=

(3) Rotor inertia of spindle motor:
Jm[kg* cm* s2]=

(4) Velocity ratio of main spindle to motor spindle (1/gear ratio):
Check the number of teeth on each spindle's gears.

(5) Gearing ratio of main spindle to position coder:
Check 1:1, 1:2 and so on.

<Ref erence>

Waveform

There are two types of the velocity waveform as shown in Fig. 1 and Fig. 2,
but the revolutions of the main spindle should be reduced for rigid tap
machining in order to produce the waveform in Fig. 2 where there is, for
example, gear coupling backlash between the main spindle and the motor and
where the screw requires a high degree of machining accuracy.

VelocityVelocity

t t

Fig. 1 Fig. 2

At the pinnacle of the triangular waveform in Fig. 1 the main
spindle velocity following deteriorates and screw machining accuracy
is lost.

Reason:
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2) Spindle motor specification check
The following three points should be checked in advance.
(T) The model name and output specifications of the AC spindle which you are

going to use.
(?) The appropriate number of revolutions for the AC spindle motor during the

rigid tapping operation.

Number of spindle
motor revolutions

1 Number of revolutions
2C

(deceleration ratio a) of spindle

(3) The calculation, as described in the specification manual, of the 30
minute rated torque at maximum revolution velocity using the AC spindle
motor's velocity curve.

Tb 30 minute rated torque

T, - k, T, + (1 - kr )T,
Torque

t f
Required torque Required torque
for acceleration for cuttingu.-

Tr
Kr is assumed to be equal to 0.75

0. To— Acceleration torque

Nb Nr umax Velocity

The following time constant calculations were made on the assumption that
the 30 minute rated torque is equal to the sum of the required torque for
acceleration up to NrMmax number of revolutions and the required torque
for cutting.

<Note>
Machines with the rigid tapping function must have a small motor spindle
conversion load inertia in order to minimize the acceleration time.

3) Calculation of time constant
a) For the FANUC Series 0-MB (0417 Series)

When the number of revolutions for machining NrMmax has been determined
for an AC spindle motor used for the rigid tapping operation, read the 30
minute rated output torque Tr [kg*m] from the motor's torque velocity
curve.
When only the 30 minute rated output Pr [lcW] is known, use the following
formula to calculate the torque Tr [lcg*m].

Pr x 1000
[lcg*m] (1)Tr = 1.0269 x NrMmax
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The acceleration time tr from 0 to NrMmax during linear acceleration and
deceleration is calculated using the following formula.

JL + JM _ 2irN rMmax __ 1
kr x Tr * 60

X
100

(2)tr =

Where
JL: motor spindle conversion load inertia [kg-cm-s2]

motor rotor inertia [kg*cm*s2]
acceleration torque safety coefficient for linear acceleration and
deceleration (kr = 0.75)

JM:
kr:

NrMmax

tr

Formulas (1) and (2) above can be used to calculate the time constant tr
up to the NrMmax number of revolutions.
When a time constant setting is chosen for the FANUC Series 0-MB
[0417 Series] (by setting bit 6 of Parameter No. 37 to 1), the time
constant changes at a constant rate, decreasing in proportion to the
number of main spindle revolutions.

Number of spindle
revolutions

A

Nrumax

Nm

Time

(Example 1)

For the FANUC Series 0-MB (0417 Series)
The time constant tr for rigid tapping using the AC Spindle Motor model 3S
(JM = 0.15 kg‘cm-s2) at 3000 rpm can be calculated as follows.
Where

JL (motor spindle conversion load inertia) = 0.1 kg*cm*s2

5.5 x 1000
= 1.78 [lcg‘m]Tr =

1.0269 x 3000

0.15 4- 0.1
kr x Tr

X
2ir x 3000 1

tr = X
10060

= 0.588 [sec]

The time constant should be set the value in excess of 588 ms.
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b) For the FANUC Series 0-MB (0415, 0416 Series)
For these series the time constant refers to the time required for the Z
axis to reach the limit velocity of the cutting feed [Example: 4 m/min].
This time constant can be found as follows.
Find the Z axis cutting feed velocity fm from the number of main spindle
revolutions Nm (rpm) and the screw pitch p.

fm = p x Nm (mm/min) (1)

Z axis feed velocity

fm* x

fm

->

T. Timet.

The Z axis cutting feed limit velocity fmax and the time ta required to

reach that velocity stand for the following formulas.

fmax
(2)Ta = x ta

fm

Where the number of main spindle revolutions is NM, the number of motor
revolutions is Nm and the deceleration ratio is
relationship holds

the followinga,

Nm = NM/a (3)

Linear acceleration time Nm can be calculated using the following formula.

2TT Nm 1 , .
60

X
100

JM + JL
kr x Tr

X (4)ta =

The time Ta taken to attain the Z axis cutting feed limit velocity can now
be calculated by using the above formulas (2), (3) and (4) as follows.

fmax
Ta = x ta

fm

fmax JM + JL 2ir NM/ct
fm

X
kr x Tr

x
1

(5)
60

x
100 sec‘>

(Differences between these series and the 0417 Series)

CQ The time constant setting is made fmax/fm times as large.
(T) The time constant does not change at a constant rate. It is definite

whatever revolution velocity is reached.
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(Example 2)

For the FANUC Series 0-MB (0415, 0416 Series)

The time constant tr for M3 rigid tapping using the AC spindle motor model
3S (JM = 0.15 kg*cm’S2) at a main spindle velocity of 3000 rpm can be
calculated as follows.
The maximum cutting feed velocity is 4 m/min.
Where
JL (motor spindle conversion load inertia) = 0.1 kg*cm*s2
The M3 screw pitch is 0.5 mm, so the cutting feed velocity is

fm - 0.5 x 3000 = 1500 mm/min

The acceleration time up to a main spindle velocity of 3000 rpm (where the
deceleration ratio a = 1 and the number of motor revolutions = 3000 rpm)
can be calculated as follows.

5.5 x 1000
= 1.78 [kg*m]Tr = 1.0269 x 3000

0.15 + 0.1 2ir x 3000 1
tr = x X

100kr x Tr 60

= 0.588 [sec]

The time constant for the Z axis cutting feed is as follows.

4000
x 0.588 = 1.57 secTa = 1500

In this case the time constant appropriate for the number of main spindle
revolutions is as follows.

Number of revolutions

A

Nr«max

Nm

-> Time

I*- T.
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c) For the FANUC Series 10M/11M/12M/15M
In order to reduce machining time the attainment of the appropriate number
of main spindle revolutions in three stages with their own time constant

has been made possible.
The number of motor revolutions Nm is found from the deceleration ratio a
and the number of main spindle revolutions NM. The 30 minute rated torque
at each number of revolutions is found from the motor torque revolution
characteristics and the time constant are calculated.

Torque

Tb

Tra
Trb

Number of motor
revolutions

Nb Nra Nrumax

JL + JM 2tTNb 1
Icr x Tb

X
60

X
100

Cl)TCI =

JL + JM . 2-iTNra 1
kr x Tra

X
60

X
100

(2)TC2 =

2TTN rMmax 1JL + JM
kr x Trb

X (3)TC3 = X
10060

Number of main spindle revolutions in three stages with their respective

time constants

Number of spindle
revolutions- .

S3

S2

SI

v:
Time

TCI TC2 TC3

Fig. 4-(21

(Example 3)
Using the AC spindle motor model 3S where SI = 1500 rpm, S2 = 2500 rpm and
S3 = 3500 rpm, TCI, TC2 and TC3 are as follows.

0.15 + 0.1
0.75 x 3.57

X
2ir x 1500 1

= 0.146 sec 146 msTCI = X
10060

0.15 + 0.1
0.75 x 2.14

X
2ir x 2500 1

= 0.408 sec 408 msTC2 = X
10060

0.15 + 0.1 2ir x 3500 1
0.75 x 1.53

X
60

X
100

TC3 = = 0.799 sec 799 ms
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2.6 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
following reference.
Reference: 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

N. C rpm)
feed
f r [mm/rev]

\D.
I/

/

A,
l

TOOL

Depth of cut d [mm]

Cutting conditions:
1) Spindle revolutions
2) Workpiece diameter
3) Feed
4) Depth of cut
Cutting formulas:
1) Cutting speed
2) Feed rate
3) Rate of metal removal

Ns (rpm)
Dt (mm)

fr (mm/ rev)

d (mm)

Vc = IT x Dt x Ns (mm/min)
fm = fr x Ns (mm/min)
Q = d x fr x Vc/1000 (cm3/min)

= d x fr x t x Dt x Ns/1000 (cc/min)

Q = irxDtxdx fm/1000 (cc/min)

4) PS = Q/MRt (kW)
where, MRt : Rate of metal removal per kW

(cc/min/kW)

Power required at spindle

15) Power required at spindle motor - x Q/MRt

where, ns Drive efficiency of spindle

PM =

(%)
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b) Milling

roN.
Tool

Feedrate

:) C 1 f» C mm/min Dw

D» F
Workpiece

Cutting conditions:
1) Spindle revolutions
2) Diameter of milling cutter
3) Width of cut
4) Depth of cut
5) Number of teeth in cutter
6) Feed
Cutting formulas:
1) Cutting speed
2) Feed rate
3) Rate of metal removal

Ns (rpm)
Dm (mm)
w (mm)

d (mm)

n (pieces)
ft (mm/tooth)

Vc = IT x Dm x Ns (mm/min)
fm = ft x n x Ns (mm/min)
Q=wxdxftxnx Ns/1000 (cm3/min)

Q = w x d x fm/1000 (cc/min)

PS = Q/MRm (kW)

where, MRm: Rate of metal removal per kW
. (cc/min/kW)

PM = - x Q/MRm (kW)
n

where, t): Drive efficiency of spindle

4) Power required at spindle

5) Power required at spindle motor

(%)
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c) Drilling

N.

p- /

l-

jIV.

Cutting conditions:
1) Spindle revolutions
2) Drill diameter
3) Feed
Cutting formulas:
1) Cutting speed
2) Feed rate

3) Rate of metal removal

Ns (rpm)
Dd (mm)

ft (mm/rev)

Vc = IT x Dd x Ns (mm/min)
fm = fr x Ns (mm/min)

y x Dd2 x fr x Ns/1000 (cm3/min)Q"
4

Q =|x Dd2 x fm/1000 (cc/min)

4) Power required at spindle PS = Q/MRd (kW)

where, MRd: Rate of metal removal per kW
. (cc/min/kW)

PM = - x Q/MRd (kW)
n

where, q: Drive efficiency of spindle

5) Power required at spindle motor

(%)
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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)_

TURNING MRt
HSS AND
CARBIDE TOOLS
feed 0.127 -
0.381 mm/ rev

DRILLING MRd
HSS DRILLS
feed
0.05 - 0.203
mm/ rev

MILLING MRm
CARBIDE TOOLS
f eed
0.127 - 0.305
mm/ tooth _

HARDNESS
(*1)

MATERIAL
Brinell
hardness

SHARP

TOOL
DULL
TOOL

SHARP
TOOL

DULL
TOOL

SHARP
TOOL

DULL
TOOL

85-200 (*4) 20 15.7 20 21.9 16.8STEEL-WROUGHT AND
CAST
Plain Carbon
Alloy Steels
Tool Steels

15.7

35-40Rc(*2) 14.615.7 12.9 11.5 15.7 12.9

40-50Rc 14.6 11.5 12.2 10 12.9 10.4

50-55RC 10.410.9 8.7 10.4 8.4 8.4

6.8
6.4 8.455-58Rc 5.2 8.4 6.8

(*5)

24.4 27.4CAST IRONS
Gray, Ductile and
Malleable

110-190 31.3 36.6 21.9 18.3

190-320 2015.7 12.9 15.7 13.7 10.9

16.8STAINLESS STEELS
Ferritic, Austenitic
and Martensitic

135-275 13.7 15.7 2012.9 15.7

30-45Rc 15.7 14.612.9 11.5 18.3 14.6

PRECIPITATION
HARDENINGS STAINLESS
STEELS

150-450 15.7 12.9 14.6 14.611.5 18.3

TITANIUM 250-375 18.3 14.6 20 15.7 20 15.7

HIGH TEMPERATURE
ALLOYS

Nickel and Cobalt
Base

200-360 8.7 7.0 10.9 8.7 10.9 8.7

180-320 13.7 10.9 10.9Iron Base 13.7 18.3 14.6

REFRACTORY ALLOYS . . .
Tungsten_ 6.6

321 7.8 6.2 8.47.5 6.1
(*5)

Molybdenum 229 10.9 8.7 13.7 10.9 13.7 10.9

Columbium 217 14.612.9 10.4 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 9.1 12.211.5 10

30-150
500 kg

ALUMINUM ALLOYS 68.687.8 73.2 54.9 137.2 109.8
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MR: Rate of metal removal per kW
_(cc/mln/kW)_

TURNING MRt
HSS AND
CARBIDE TOOLS
feed 0.127 -
0.381 mm/ rev

MILLING MRm
CARBIDE TOOLS
feed
0.127 - 0.305
mm/ tooth

DRILLING MRd

HSS DRILLS
feed
0.05 - 0.203
mm/ rev

HARDNESS
(*1)

Brinell
hardness

MATERIAL

SHARP
TOOL

DULL
TOOL

SHARP
TOOL

DULL
TOOL

DULL
TOOL

SHARP
TOOL

40-90
500 kg

MAGNESIUM ALLOYS 137.2 109.8 137.2 109.8 109.8137.2

80Rb (*3) 21.9 18.3 18.3 24.4COPPER 21.9 20

10-80Rb 34.3 27.4 45.7COPPER ALLOYS 34.3 27.4 36.6

80-100Rb 21.9 18.3 18.321.9 27.4 21.9

Note 1) Brinell hardness, Standard testing method, Steel ball diameter 10 mm,
Load: 3000 kg, Maximum value about 450
Rc: Rockwell hardness, C scale, Measurement of hardness of comparatively
hard metals
Rb: Rockwell hardness, B scale, Measurement of hardness of soft metals
Corresponds to hardness of general steel S45C
Carbide

Note 2)

Note 3)

Note 4)

Note 5)
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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 stages, and number of bearings.

NUMBER OF UNITS
INDEX OPERATING IN SEQUENCE

POINTS IN TRANSMISSION DRIVE EFFICIENCY

ANTIFRICTION
BEARINGS >

- . 75

-.80
C

-10
-. 85- 9

8
\
- 7
- 6

- 5

-4 —.90
BSPUR GEARS

UNDER LOAD C*
(PAIRS)

. 913

- . 92

-2

. 93

V-BELT
DRIVES

- . 94A
1

. 95
EXAMPLE:

. 96MOTOR
1 V-BELTDRIVE

8 BEARINGS - . 97
x—

3 PAIRS OF GEARS

X—
-fcj-

—X

- . 98K

—X
LINE A: 1V-BELT DRIVE EFFICIENCY;

0.9 5

LINE B : 3 PAIRS OF GEARS EFFICIENCY ;

0.9 1

LINE C: 8BEARINGS EFFICIENCY ; 0. 9 2

TOTAL EFFICIENCY = . 95 x. 9 1 x . 92 = 80%=7
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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 negligible.

Machines featuring good

A efficiency and rigidity

A

Ordinary machines with
spindle drive efficiency

80%
400

5
O
E c

3 7 0 cc
gE 7
a
<D aj

E 3

Sf
3 saz D.

320
3 0 0 cc

v\
/

/
/240

2 2 0 cc

y\

W160 1 5 0 cc

A Vy1 1 0 cc

7 4 c c80

gg g| g g
m
cdtn inh- m

co ! in

1_L0
0 8 12 164 20

Motor output P (kW)
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2.7 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— 0X

Cutting speed;
Vc [m/min]

Diameter of workpiece

Workpiece D,Tool

£[
Radius r

N.Spindle revolutions Na

Na = SF lrpm)

Clamped at maximum
revolutions of spindle

X-axis position0Radius r

Vc
Cutting speed Vc

Radius r

P, Q
Rate of metal removal; Q

Cutting output; P

Radius r
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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:

1
(kW) (6-1)Po = r-r— x d x fr x Vc

MRt

where, Po : Cutting output (kW)

MRt: Rate of metal removal per lcW (20 usually) (cc/min/kW)
d : Depth of cut (mm)

fr : Feed rate (mm/rev)
Vc : 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.

Cutting output

Radius r

+ Output for acceleration or
output for deceleration

r
Required output

r

Since cutting speed Vc is kept constant under the constant surface speed
control, the tool position (radius r) on a workpiece is inversely proportional
to spindle revolutions Ns.
Thus, 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 -AX in the X-axis direction during At
time, and a change rate

- represents the feed rate given by the following formula.

dX fr x Vc
T— = fm = (6-2)

2TTXdt
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From the formula (6-2), the time required for the tool to be displaced from
radius XI > rl to X2 = r2 is obtained by:

2 2
(rl - r2 )

IT
(sec) (6-3)ta = fr x Vc

(where, rl > r2)

This is the formula for obtaining the machining time under the constant
surface speed control.

. Extension of constant surface speed control area (Patent pending)
The constant surface speed control area is extended over large diameter
workpieces, and the feed rate is reduced by the reduction component of the
motor output. In other words, when a large diameter workpiece is machined,
the spindle revolutions are lowered, and the motor output is reduced by the
reduction component of revolutions in the constant torque area.
Accordingly, the feed rate is reduced, as the revolutions decrease, while
keeping the circumferential speed constant in cutting machining.

Spindle motor output Po

Output Po

Spindle revolutions Ns
Nu

fr (mm/rev) is controlled as follows.Feed

fr' = fr x 1 (Ns > Nb)
Ns

fr' = fr x (Ns < Nb)
Mb

(6-4)

fm (mm/min) is controlled as follows.Feedrate

fmT = fr x Ns x 1 (Ns >_ Nb)
Ns

fm' = fr x Ns x (Ns < Nb)
(6-5)
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ri r3

IX-axis X= 0

Tool £
Workpiece

Spindle revolutions Ns Ns

Nm

Nb

Radius r

Cutting speed Vc Vc

r

frFeed fr Ns
ConstantNb

r

QRate of metal removal Q
Cutting output P P

r
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2.8 Tapping
1) Tapping operation

The tapping means a work of threading a female screw on a workpiece in
machining center.

To spindle

< Tapper (Expansible or contractable
in the Z-axis by a certain
quantity)

c
>
<
ilZ axis <

5
>>

Depth of tap holeWorkpiece >
>
>

>

Tapping is made by controlling the spindle and Z-axis movement as follows.

Forward rota¬
tion of spindle ©Spindle stop

Ns oo
Rapid

© traverse
of Z-axis

©
+ R

Cutting
© feed of

Z-axis

©
fm

+ Z

Reverse rota¬
tion of spindle©
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Spindle movement

® Spindle revolutions Ns ©

Forward rotation

Reverse rotation

©-N.Z-axis movement
©

- R
©

-Z

+ z

+ R
©

©

Examine the following items for tapping.
a) Depth of tap hole . Check if the depth is finished as

specified.
This will affect the threading
accuracy.

b) Expansion or contraction of tapper

2) Tapping and cutting speed
In tapping work, the cutting speed is generally limited according to the
kinds of workpieces and tools.

Vc = it x d x Ns/1000 (m/min) (7-1)

where, d : Tap diameter (mm)

Ns: Spindle 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.

1000

800 /ÿ

O'600
Spindle

revolu¬
tions Ns
Irpml

400
Cutting speed 25 m/min.

200

Cutting speed 8 m/min.
-ÿ

0
10 12 14 16 18 20 22 24

Tap diameter d [mml

0 4 6 8

3) Feedrate during tapping work
Set the cutting feed rate fm (mm/min) during tapping as follows.

(mm/min)fm = Ns x p (7-2)

where, p: Pitch of screw

The relation between the tap diameter (nominal diameter of screw) and pitch
is as shown below.

Nominal diameter
of screw (d)

Height of engagement
Pitch (p)

(Hi)

M 2 0.4 mm
0.45

0.217 mm
0.244
0.271
0.379
0.433
0.541
0.677
0.812
0.947
1.083
1.353
1.624
1.894
2.165

&
M 2.6
M 3 0.5
M 4 0.7

0.8M 5 Pitch p
M 6 1.0
M 8 1.25
M10 1.5
Ml 2 1.75
Ml 6 2
M20 2.5

Height of engagement H,M24 3
M30 3.5
M36 4
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4) Tap hole depth control
The hole depth dp (mm) is given by the following formula.

dp = df + Ha (mm) (7-3)

where, df : Moving distance commanded from a workpiece surface to Z-axis
Ha: Machining distance of tapper by means of self-propulsion until the

spindle is stopped after being decelerated (This is called flow
quantity)

Tapper screw
pitch p

df

Depth of tap dp
fm

Feed stop

la

Flow
quantity

How to obtain flow quantity Ca

Z-axis stopZ axis

- Z

I
Ns I

Linear deceleration is assumed

Spindle

Tdl Tds

Tdl: Operation delay time by the time the spindle starts deceleration (sec)
Tds: Deceleration time of spindle (sec)

1
= (Tdl + — Tds) x x p (mm)la (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, refer 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 si of tapper caused by asynchronism
between the feed rate and spindle revolutions

Spindle revolutions Ns

fm Z-axis feedrate

'/////////A 7ÿy//////z-Depth of
screw hole
df [mm]

P x Ns

pNs - fm = positive (expansion of tapper)
pNs - fm = negative (contraction of tapper)

pNs - fm
(mm)x df (7-5)E1 fm

The above relation is contrary when the tapper is lifted.
Particularly be careful with this relation when a hole is deep.

b) Expansion and contraction E2 caused by the forward/reverse rotation of
spindle and Z-axis feed timing
(l) Pattern A

fm

Z axis - Z

+ Z

-fmExpansion
(Assumed as linear
acceleration/deceleration)

Ns

Tas
Acceleration
timeSpindle

Tds

Deceleration
time -Ns

Contraction

- 316



1 Ns
= ~1 X

60
X P X ~ Tas) (mm) (7-6)e2 a

Tds < Tas usually.

(2) Pattern B (Z-axis instantaneous reverse rotation)

fm Expansion
- ZZ axis

W/////A + z
fm

1 Expansion

Ns

Tas

Spindle

Tds

-Ns
/

Contraction

1 Ns fm
e2b = T x TK x p x (Tds - Tas) + 777 x (Tds + Tas) (mm)u 2 60 60

(7-7)

(T) Pattern C

Expansion
fm

- ZZ axis

m + z
Expansion Tar: Time required until the

spindle reaches steady-
state revolution after
generation of speed
arrival signal

-fmTar/Ns
1

Tas 1

Spindle

Speed arrival detection point
Tds

Contraction -Ns

1 Ns , , N fm
£2C = 2x60xPx ~ Tasÿ + 'gQ x Tar (7-8)

6) Examination to minimize the expansion and contraction of tapper

QQ Synchronize the commanded spindle speed with actual spindle speed.
(2) Control the reverse rotation start time of the Z-axis feed motor as shown

in pattern C until expansion/contraction e2c = 0.
Adjust the detection level of the speed arrival signal from the spindle
servo unit as a method.
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(5) 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
deceleration time of the spindle during tapping work only.

Normal gear switching point

/
/

/
Motor
revolutions
N [rpm]

Low High

Gear switching point
during tapping_

Spindle revolutions Ns [rpm]
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2.9 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 one 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

Dt1 cycle

I >t2l< t3 4: V4: -5

P1 P4 PI
P2Motor output

P3
DecelerationAcceleration

Hk-

Cutting

Pÿ, Pÿ: Output at acceleration and deceleration
(lcW) = 30-minute rated output x 1.2

: Output at no-load rotation (P = 0)
: Output during cutting (kW)

3

P 2t p 2t P 2t P 2t
1 1 + 2 2 + 3 3 + 4 4

Average output Pav - (8-1)
Dt

Note) As to output Pÿ during cutting at motor speed N which is less than base
speed Nb, assuming actual cutting output to be Pc (lcW) , the value is
obtained by the following equation.

Nb
P3 s x Pc (kW) (8-2)

2) How to find allowable duty cycle time Dt:
From eq. (8-1) above, Dt is determined by:

1
* (V£i + P 2t + P 2t + P 2t )

2 2 3 3 4 4;Dt Pav7 (8-3)

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 (P2 = P3 = 0) for model 3.
o Continuous rated output: Pav = Pcont = 3.7 IcW
o Output at acceleration/deceleration: PI = P4 = 5.5 kW x 1.2 = 6.6 kW
o Acceleration time tl = 3 sec

Deceleration time t4 = 3 sec
Under the aforementioned conditions, Dt is found as follows.

x (6.6ÿ x 3 + 6.6ÿ x 3)
1

Dt = 3. 72

6.62
2- x (2 x 3) = 19.08 seconds

3.7

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 summation of the acceleration and deceleration times.

3) Allowable duty cycle time Dt for repeated acceleration and deceleration

MM
P4PI

Dt

1 |PÿIO min x 1.22 x (tÿ 4- tÿ) JDt = (8-3)
P2

cont

where, Pcont : Continuous rated output

PÿSO min : 30-minute rated output
+ t , : Summation of acceleration time and deceleration timeC1 4

P230min x 1. 2Y"
x (t. + t.) = Km x (t. + t.) (seconds) (8-4)Dt = 41 41

Pcont

The Km value of each motor model is shown in the table below.

Model Value of Km

IS 3.10
16.29
4.07
3.18
2.68
3.10
2.68
2.19
2.04
2.01

1.5S
2S
3S
6S
8S
12S
15S
18S
22S

320



2.10 How to Find the Orientation Time

The spindle orientation operation has two systems: the magnetic sensor system
and position coder system.
system.
1) Magnetic sensor system

Find the orientation time from a stop for each

Orientation speed

Nori

t2

t32 tW///////Z///,
Orientation end signal (ORAR)

a) t
1

+ Jm 2tt
x Nori (sec) (10-1)C1 T

m

where, Nori _< Nb (=1500 rpm)

b) t?
1

(sec) (10-2)t„max =2 Nori
60

In this period, the spindle rotates a maximum of one revolution.

Nori = 55 x Kp (rpm) (10-3)

Where, position gain Kp is nearly 5 to 30 for the spindle.
with compact models 1, 2, approx. 30 may be available for Kp; however, Kp
is normally 5 to 15.

For a machine

c) t__ + t
31 33

(sec) (10-4)+ tt31 33
~

Kp

d) t
32

For stable control, set this time as follows.

t,ÿ1113* = 0-2 (sec) (10-5)

e) fc4
The motor operates for nearly the following time before it nearly stops
after the orientation end signal is given.

h ' k(sec) (10-6)
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Ex: When position gain Kp = 5, the
load inertia J = 0.0022 kg.m.s

J_i

JL + Jm

orientation time t
for model 3.

is as follows at
ori

0.0022 + 0.0022 2 Tr

° C1 " Tm
x -gp x 55 x 5 = 0.18 sec

0.71

601
2) t2max = = 0.22 sec

55 x 5Nori
60

3) t_. + t = 0.6 sec
31 33

4) t = 0.2 sec
32

t4
tori =

= 0.4 sec

+ t„max + t_, + t__ + t ’ + t. = 1.6 sec
2 31 33 32 4

The time when the orientation end signal is issued is tori = 1.2 sec.

Also, the orientation time during rotation is the deceleration time plus

(t2max + t31 + t33 + t32
2) Position coder system

fcl

+ V-

Orientation speed

Nori

tl t2 t4t3

C3tl ‘ t2

Orientation end signal (ORAR)

a) fcl dL + Jm 2ir
C1 “

Tm
x -gQ- x Nori (sec) (10-7)

b) C2
2

Note) The motor gives 2 turns maximum.t„max =2 Nori
60

Nori = 30 x Kp
Position gain Kp is 5 to 30, and normally 5 to 15.

c) t3
= J— (sec)t3 Kp

d) fc4
= (sec)C4 Kp

tori = + t_max + t_ + tfcl 42 3
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I

APPENDIX 3 EXAMPLE OF COOLING FAN MOTOR OF UNIT
(Used in July, 1990 or earlier)

As an example of a fan motor for cooling, the model #5915PC made by N.M.B. is
shown below. For three-phase fan motors, refer to Chapter 7 "Cooling."

[Specifications]

Max.
air
flow

m3/
min

Max.
static
pres¬
sure

mmAq

Cur¬
rent

Input
power

Fre¬
quency

Voltage Speed Noise Weight
Model

V Hz dB kgA Wrpm
+10%
-15%

13 0.14200 50 5.5 2550 26 53

+10%
-15%
+10%
-15%

5915PC-20W-B20-04 M200 0.8
1660 6.0 2600 0. 17 31 55

,1*5220

[External dimensions]

AIR
El

©o
ciS <N

'O

-if

6 6

2-04.3 (both sides)

38±0.2
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APPENDIX 4 GROUNDING
The S series servo unit employs the plastic body, therefore ground the unit
according to the following descriptions. When grounding the unit improperly the
motor may fluctuate, noise or the spindle gear may noise due to a noise of the
speed command voltage.
1) Shielded ground line

a) Corrective ground

CNC control circuit Connect the shielded lines.
CN1

d AC spindle amp.

Mr Relay

CNC control circuit

CN1

5
T

AC spindle amp.

Extent the shielded line close to the pin of connector CN1

Note) Use the 2-core shielded line.

b) Example of improper ground

Ex 1) The shielded line for the speed command voltage is terminated.

CNC control circuit

CN1

Of (I AC spindle amp.
T

Relay

The electric potential of this shielded line is indefinite and the
shielded effective is not made.

Ex 2) The shielded lines are grounded respectively

CNC control circuit

CN1

d AC spindle amp.

1Relay

A point — B point

The electric potential difference between points A and B temporarily
generates and the potential of shielded lines may differ.
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Ex 3) The shielded line is terminated

CNC control circuit

CN1
AC spindle amp.

The shielded line is terminated and is bundled together with the
power line.

2) Grounding

Magnetics cabinet

AC spindle amp.CNC control circuit

Power terminal

o o o

AC spindle motor—

(T) Connect the G terminal of the AC spindle amp.
power terminal.

(2) Connect the G terminal of the AC spindle
AC spindle amp.

(S) Connect the G terminal of the AC spindle amp. close to the position of
the magnetics cabinet. Place the G terminal close to the cabinet as much
as possible to get more effective grounding.

Note 1) Connect the G terminal of the magnetics cabinet to the ground terminal
according to the technical standard authorized.

Note 2) For connecting the G terminal of the CNC to the ground terminal, the
ground terminal to the ground plate and the ground terminal to the G
terminal of the power terminal of the magnetics cabinet, use the thick
cable and connect it close to each other.

to the G terminal of the

motor to the G terminal of the
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Revision Record

AC SPINDLE MOTOR series (S series/P series/VH series) DESCRIPTIONS (B-65012E)

1. The explanation for AC spindle motor S series
(high-speed model) has been added.

2. The explanation for AC spindle servo unit S series
(high-speed model) has been added.

3. The explanation for AC spindle motor VH series
has been added.

4. The explanation for built-in sensor signal conversion
circuit has been modified.

5. The explanation for spindle switching control circuit
has been added.
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