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Installing the sensor head

Install the aiBZ sensor head according to the procedure below.

Place the sensor head on the sensor mounting surface so that the
straight pins are positioned in the slot of the sensor head, and fasten
the sensor head temporarily. When mounting the sensor head, be
careful not to hit the sensor head against the sensor ring.

\ There is a slot on the bottom of the sensor head.

Install the sensor head so that the straight pins are placed in this slot.

Insert the thickness gage (supplied as an accessory, t = 0.15 mm)
between the sensor ring and the sensor head, and while lightly
pressing the sensor head against the thickness gage, tighten the sensor
mounting screws (recommended tightening torque: 1.3 Nm +10%).
Apply a thread locker or the like to the sensor mounting screws to

prevent them from becoming loose.

Thickness
gage

Sensor ring / \ M3 screws

P
&4

\

t

Sensor head

Pull out the thickness gage, and slowly turn the spindle to ensure that
the sensor ring and the sensor head do not touch each other.

Check that the gap between the sensor ring and the sensor is at least
0.1 mm.

The output signal level of the aiBZ sensor is designed to fall within
the specified range if the sensor head is mounted correctly. Depending
on the mounting status, the output signal level may exceed the
specified range, which can lead to malfunction. Therefore, make sure
that the output signal level is within the specified range.
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11.2.3

a1CZ Sensor (for the Spindle)

This subsection describes the specifications and handling of the aiCZ
angular displacement sensor.

The aCZ sensor is used with the built-in spindle motor Bil series/BiS
series or ai spindle motor to exercise high-precision Cs contour

control. Two major types of aZCZ sensors are available. One type is
used for the built-in spindle motor and the other for the spindle. A

type needs to be selected according to the system configuration.
[alCZ sensor (for built-in spindle motor)]

Built-in Spindle

Power Motor Bil / BiS series

Feedback ;
- Thermistor

lllllllllll!,l.llll
aiSP '

Type A - -

aiCZ**|

(For built-in spindle motor)

[aiCZ sensor (for spindle)]
ai Spindle Motor

Power
Feedback >
eedbac
<
— Spindle
GJSP Feedback :' EEEEm m -.».77.;\.. .:
Type A —

aiCZ***|S

(For spindle)

*1)

Supported unit drawing numbers and versions

Supported unit

Drawing number .
version

200V system A06B-6141-H002, -H006, -HO11, -HO15, -HO30, -H037, -HO55#H580

400V system AO6B-6151-H006, -HO11, -HO15, -H045, -HO75, -H100#H580 Version B or later

200V system A06B-6141-H022, -H026, -HO45#H580

400V system A06B-6151-H030#H580 Version C or later
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11.2.3.1 Names and specification numbers

aiCZ sensor (for built-in spindle motor) A860-2161-T***

Name and specification number

Remarks

Name Specification number Number of teeth Maximum speed
aiCZ sensor 512| A860-2161-T411 512 15,000min™
aiCZ sensor 768l A860-2161-T511 768 10,000min'1
aiCZ sensor 10241 A860-2161-T611 1024 8,000min™

aiCZ sensor (for spindle) A860-2163-T***
Name and specification number

Name Specification number Number of teeT:markl;aximum speed

aiCZ sensor 512I1S A860-2163-T411 512 15,000min™
lCZ sensor 768IS A860-2163-T511 768 10,000min™
ociCZ sensor 10241S A860-2163-T611 1024 8,000min™*

11.2.3.2 Absolute maximum ratings

*

The description below is applicable to both of A860-2161-T***

and A860-2163-T***.

Absolute maximum ratings (common to all specifications)

Item

Specification

Power supply voltage

-0.5Vto+6.0V

Operating temperature range

0°C to +50°C

Humidity

95%RH or less

11.2.3.3 Specifications

[aiQZ sensor (for built-in spindle motor) A860-2161-T***]

alCZ sensor 5121

Mechanical and electrical specifications

Item Min. Typ. Max. Unit
Speed 15,000 min™
Resolution 1/3,600,000 Revolution
Precision +4 Second
Repetition precision *+1 Second
Power supply voltage 4.5 5 5.25 Vv
Current consumption 150 mA
Water and dust proof class 1P67
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alCZ sensor 5121
A860-2161-T411

Dimensions
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aiCZ sensor 768 1

Speed, resolution, precision, and electrical specifications

Item Min. Typ. Max. Unit
Speed 10,000 min™
Resolution 1/3,600,000 Revolution
Precision +3 Second
Repetition precision +1 Second
Power supply voltage 4.5 5 5.25 \
Current consumption 150 mA
Water and dust proof class 1P67
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alCZ sensor 768 1
A860-2161-T511

Dimensions
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aiCZ sensor 1024 1

Speed, resolution, precision, and electrical specifications

Item Min. Typ. Max. Unit
Speed 8,000 min™
Resolution 1/3,600,000 Revolution
Precision +2 Second
Repetition precision +1 Second
Power supply voltage 4.5 5 5.25 \
Current consumption 150 mA
Water and dust proof class 1P67
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Dimensions

al1CZ sensor 1024 1
A860-2161-T611
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[aiQZ sensor (for spindle) A860-2163-T***]

alCZ sensor 512 IS

Mechanical and electrical specifications

Item Min. Typ. Max. Unit
Speed 15,000 min™
Resolution 1/3,600,000 Revolution
Precision +4 Second
Repetition precision +1 Second
Power supply voltage 4.5 5 5.25 Vv
Current consumption 150 mA
Water and dust proof class IP67
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alCZ sensor 512 IS
A860-2163-T411

Dimensions
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aiCZ sensor 768 IS

Speed, resolution, precision, and electrical specifications

Item Min. Typ. Max. Unit
Speed 10,000 min™
Resolution 1/3,600,000 Revolution
Precision +3 Second
Repetition precision +1 Second
Power supply voltage 4.5 5 5.25 \
Current consumption 150 mA
Water and dust proof class 1P67
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Dimensions

alCZ sensor 768 IS
A860-2163-T511
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aiCZ sensor 1024 IS

Speed, resolution, precision, and electrical specifications

Item Min. Typ. Max. Unit
Speed 8,000 min™
Resolution 1/3,600,000 Revolution
Precision +2 Second
Repetition precision +1 Second
Power supply voltage 4.5 5 5.25 \
Current consumption 150 mA
Water and dust proof class 1P67
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al1CZ sensor 1024 1S
A860-2163-T611

Dimensions
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11.2.3.4 System configuration and connection block diagram

[aiCZ sensor (for built-in spindle motor) A860-2161-T***]

@1SP TYPE A (1) Sensor ring Sensor head 1
1

CNC

OUT1
JYA3

K97

- IN2
Sensor circuit

Built—in spindle motor

Sensor head 2

[aiCZ sensor (for spindle) A860-2163-T***]

aiSP TYPE A (x1)
CNC aiM sensor

JYA2 Spindle motor Sensor head 1

Sensor ring

1
| K14 il

ouT1

JYA3 INT

K97

L IN2
Sensor circuit

Sensor head 2

*1) Supported unit drawing numbers and versions

Supported unit

Drawing number .
version

200V system A06B-6141-H002, -H006, -HO11, -HO15, -H030, -H037, -HO55#H580
400V system A06B-6151-H006, -HO11, -HO15, -HO45, -HO075, -H100#H580

200V system A06B-6141-H022, -H026, -HO45#H580

400V system AQ06B-6151-HO030#H580

Version B or later

Version C or later
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11.2.3.5 Connection specifications

Cable K97
See Subsection 9.3.3 for details of this cable.

Cable K98
Processing of the thermistor line of the built-in spindle motor

(xiCZ sensor

Sensor circuit (IN3) Built=in spindle motor
T e e ]
1 . 1
1 Shield !
1
1
(1) THM1 i /\ : Thermistor line (brown/black)
H 1
: ! ) , Thermistor
(2) THM2 ! ' Thermistor line (brown/black) I
! : ]
(@) i Drain i
FG ! : Shield
wire
! i

Connector

<Solder type> (Japan Aviation Electronics Industry)
JNTHS04MK4S: Applicable sheath diameter ¢4.7 to ¢5.7

Connector kit
AO06B-6111-K203

Method of extending the sensor cables
The sensor cables from the sensor heads to the sensor circuit can be
extended up to 4 m as shown in Fig. 11.2.3.5.
The method of extending the sensor cables is described below.

Connection block diagram

Approx. 0.4 m 4 m or less Approx. 0.8 m
< bl e >.
Extension cable S head 1
K99 Sensor ring ensor hea

Sensor
K101 cable

OuT1

Sensor IN3
circuit

Extension cable
K101
>

Sensor head 2
Approx. 0.3 m 4 m or less Approx. 2 m

Fig. 11.2.3.5
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Cable K99

aiCZ sensor
Sensor circuit (IN1, IN2)

(M

(2)

(8)

(9)

(5)

(6)

(4)

N

(3

txiCZ sensor

Connector

<Crimp type> (Japan Aviation Electronics Industry)

- S_"liglf‘_____l Sensor head 1, sensor head 2
A i A i A ,L (1)
RA | / \ E RA I 2
e i
B i A i B (8)
1 1
RB 1 / \ 1 RB I (9)
z i A i z I (5)
RZ i / \ ; RZ I(G)
i i
+5V i i +5V )
ov i i ov ©
FG i Drain i FG (3)
‘ wire ‘

P

Connector

<Crimp type> (Japan Aviation Electronics Industry)

JNTHS10PL1: Applicable sheath diameter ¢5.7 to ¢7.3 JN1S10SL1: Applicable sheath diameter ¢$5.7 to ¢7.3
JNTHS10PL2: Applicable sheath diameter ¢6.5 to $8.0 JN10S10SL2: Applicable sheath diameter ¢6.5 to 8.0

Terminal: JN1-22-22P

D: Straight plug

Connector kit
AO06B-6114-K206

F: Angle plug
Terminal: JN1-22-22S

Connector kit
A06B-6114-K200#S: Straight plug
A06B-6114-K200#E: Angle plug

* Z and RZ are not output from sensor head 2 but may be
connected.

Signal name

5V, OV 0.5 mm? x 2
2
A RA. B, RB. Z, RZ 0.2.mm or.more
Twisted pair
Drain wire 0.15 mm? or more

Recommended cable A66L.-0001-0482

NOTE

1 When using a cable not recommended, ensure that
the sum of the resistance values of 0 V and 5 V
does not exceed 2 Q).

2 Run the power and signal lines so that the lines are

not parallel with each other.
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Cable K101

K101 K98

AN AN
a N7 I

aiCZ sensor
Sensor circuit (IN3)

Relay connector Built=in spindle motor
Shield Shield

Thermistor line

(1) THM1 THM1 ] ( (1) THMI1

A 1 A (brown/black)
Thermistor line Thermistor
(2) THM2 THM2 (2) (2) THM2 (brown/black) 1

| I
Drain Drain

@ FG ‘ wire ‘ FG I@) (@)I FG 6 wire ‘ Shield

e

Connector
Connector
<Solder type> (Japan Aviation Electronics Industry)
<Solder type> (Japan Aviation Electronics Industry) Applicable sheath diameter Connector
Applicable sheath diameter JN10IS04FK2: ¢6'5 to ¢8'0 <Solder type> (Japan Aviation Electronics Industry)
JN1THS04MK2S: $6.5 to $8.0 D: Straight plug

Applicable sheath diameter

F: Angle plug INTHS04MKAS: ¢4.7 to ¢5.7
Connector kit '
A06B-6111-K203 Connector kit Connector kit
A06B-6114-K210#S: Straight plug A06B-6111-K203

A06B-6114-K210#E: Angle plug

Recommended wire THM1, THM2, OH1, OH2 0.2 mm?
Recommended cable A66L-0001-0482
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11.2.3.6 Rotation direction of the aZCZ sensor

*  The description below is applicable to both of A860-2161-T***
and A860-2163-T***.

When the sensor is viewed from the top as shown in the following

figure, clockwise rotation of the sensor ring is referred to as forward

rotation:

Forward rotation

5 . (@
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11.2.3.7 Machine start-up procedure (outline)

*  The description below is applicable to both of A860-2161-T***
and A860-2163-T***,

This subsection indicates the procedure for incorporating the aiCZ

sensor into the machine.

Installation (Subsection 11.2.3.8)

- Sensorring
- Sensor head

|

[Cable connection (Subsection 11.2.3.5) J

[ Power-on j

\ 4
Parameter setting (Parameter manual)
(Section 1.3 of Part | in parameter manual (B-65280EN/06))

‘;erpolation error learning (Subsection 11.2.3.9) \

- Rotate the sensor one or more turns at 30 min™ (recommended).

5121,1S: 25 to 105 min™*, constant speed, one or more turns
768l,IS: 20 to 70 min%, constant speed, one or more turns

10241,1S: 15 to 50 min?, constant speed, one or more turns

o 2

A\ 4

E Start of operation J

(*1) The method of checking output signals is described in Subsection
11.2.3.12.

(*2) Interpolation error learning needs to be performed not only at
machine start-up time but also at the time of each power-on
operation and at the time of each recovery operation from an
alarm indicated in Subsection 11.2.3.13. (If interpolation error
learning is not performed, degraded precision may result.)

-385 -



11.SENSOR B-65282EN/06

11.2.3.8 Installation

*  The description below is applicable to both of A860-2161-T***
and A860-2163-T***,

Overview

Install the a.iCZ sensor according to the procedure below.

<1> Machine the sensor mounting surface as necessary then insert the
straight pins.

<2> Mount the sensor ring onto the shaft (or sleeve) of the machine,
center the sensor ring, then fasten the ring with screws.

<3> Adjust the gap between the sensor heads and sensor ring then
mount the sensor heads onto the machine.

One-rotation signal generation section Groove Stroke

I Groove

S . Sensor ring
ensor ring

Sensor head 1

Sensor head 1

“Straight pin

After installation

Parts to be installed

*  Ensure that the groove of the one-rotation signal generation
section of the sensor ring passes sensor head 1 within the stroke.
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Dimensions of the sensor head mounting plane
The dimensions of the sensor head mounting plane are indicated

below. Insert straight pins (JIS B 1354-1988, class A, normal diameter
of $3, normal length of 6) into the 2-¢3H6 holes. The straight pins are
used as the guide for gap adjustment described later.

- 23 01
e - 5 LT T~ —2-@are
A = /] 4
' ) +| ™ H
Sensor head mounting area Vi Pa 3
Lo b=t
K 4 \
Lt
' ol &
L Wl
[ ] F Sy
R L W
(For sensar head attachmem)&':\) _ga_ (r_};
=10 = -\
Jo =
o =
\Z_/ -I‘;I‘ : ‘h‘__l —
Details B
. o

(Note)
AT005

A
- \
e T e -
[ For sensor head attachment T T
Rtk bt
] N o
dl ;

VT 1
— i &
o L \/ _
A = \\ H-0-(3HE
Sensor head mounting area 1~ 15 £ + \" ~ " o 23 £041
{propotion vale) B )
Details C

: Cross section of A—A

(NOTE) In designing, make sure that the positions of the taps for fastening the
Dimension A sensor heads after machine assembly, in stead of the part having the

= (Sensor ring outer diameter)/2+3.1 sensor head mounting plane, satisfy these dimensions.
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Installing the sensor ring

Center the sensor ring by using the centering track so that the runout
to the rotation center is 0.01 mm or less. Moreover, in designing,
ensure that in the direction along the shaft, the sensor ring mounting
plane is 1 £0.3 mm off the sensor head mounting plane. Ensure also
that the perpendicularity of the sensor ring mounting plane is 0.01 mm
or less from the rotation center. Apply a thread locker or the like to the
screws to prevent the screws from becoming loose.

1+03

(Distance from sensor

ring.mounting plane to o]
sensor head mounting
plane)

Detection rhe mountine surface }—4

~For detection rne attachment
. .
; §§§:§§ v

F

Alienment track

Details D
i " Cross section of A-A
Outer diameter of . . . Recommended
e . Positions of sensor ring Mounting . .
Specification centering track . tightening torque
mounting holes screw
(mm) (Nm)
A860-2161-T411 $101 8-¢3.4 throug.h, equally M3 1 54+50%
A860-2163-T411 spaced on ¢90 circumference
8-¢4.5 through, equally
A860-2161-T511
M4 3.0+=5%
A860-2163-T511 $152.2 spaced on ¢134 ()
circumference
8-95.5 through, equally
A860-2161-T611
. M5 6.0+5%
A860-2163-T611 $203.4 spacedon¢170 ()
circumference
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NOTE

For centering, the outer diameter of the shaft (or sleeve) must be
designed so that there is a gap of about 0.1 mm on one side
between the outer surface of the shaft (or sleeve) and the inner
surface of the sensor ring.

Secure the sensor ring on an end face with screws (avoid shrink
fitting to mount the sensor ring).

The sensor ring consists of a phase Z ring and phase A/B ring,
which are fastened together by using screws in advance. Never
detach these screws. Spot facing is not provided. So, at the time
of machine design, be careful not to cause interference with the
screw heads.

Centering must be performed with the centering track (the outer
surface of the phase Z ring and the teeth pitch circle are not
coaxial). When performing centering, use a tool such as a plastic
hammer not to damage the gear teeth.

Magnetic matter attached to gear teeth can lead to a detection
error. After centering is completed, remove such foreign matter
by air blowing. (See Section 12.1.)

If the sensor ring is tightened with excessive torque, elastic
deformation can occur in the sensor ring, resulting in
deterioration in detection precision. Use the recommended
tightening torque when mounting the sensor ring.
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Installing the sensor head

Install the sensor heads according to the procedure below. (The same
procedure is applicable to sensor head 1 and sensor head 2.)

1.

Sensor ring

Place the sensor head on the sensor mounting surface so that the
straight pins are positioned in the slot of the sensor head, and
fasten the sensor head temporarily. The magnet in the sensor
head and the sensor ring attract each other. When installing the
sensor head, be careful not to hit the sensor head against the
sensor ring with the thickness gage not placed between them
(impact can damage elements in the sensor head).

There is a slot on the bottom of the sensor head.

Install the sensor so that the straight pins are placed in the slot.

Insert the thickness gage (supplied as an accessory, t = 0.1 mm)
between the sensor ring and the sensor head, and while lightly
pressing the sensor head against the thickness gage, tighten the
screws (recommended tightening torque: 1.3 Nm +10%). Apply a
thread locker or the like to the screws to prevent them from
becoming loose.

Thickness gage

Screws

Sensor head

Pull out the thickness gage, and slowly turn the sensor ring to
ensure that the sensor ring and the sensor head do not touch each
other.
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11.2.3.9 Interpolation error learning

*

The description below is applicable to both of A860-2161-T***
and A860-2163-T***,

The aiCZ sensor includes an automatic interpolation correction
circuit that automatically learns interpolation errors and corrects
them. When learning conditions are satisfied, learning is
performed automatically. When the sensor rotates one or more
turns, learning is completed. The learning conditions vary
depending on the model. For any model, however, learning at 30
min™ is recommended.

For interpolation error learning, be sure to rotate the sensor under
the following conditions after the power is turned on:

(Learning conditions)
alCZ sensor 5121, 5121S  : 25 to 105 min™, constant speed, one or

more turns

alCZ sensor 768I, 768IS  : 20 to 70 min™, constant speed, one or

more turns

alCZ sensor 10241, 10241S : 15 to 50 min™, constant speed, one or

more turns

Recommended learning conditions
Common to thee models : 30 min™, constant speed, one or

more turns

While power is supplied to the aiCZ sensor, interpolation error
learning data is maintained in the sensor. When the power is
removed, the data is not maintained. Learning data is lost also
when a spindle alarm is issued.

To ensure precision, rotate the sensor under the automatic
learning conditions after each power-on operation.

When learning is not completed, the detection precision of the
aiCZ sensor may deteriorate.

If it is difficult to rotate the sensor at least one turn for
interpolation error learning, repeat forward and reverse rotations
under the above rotation conditions until the sum of angular
displacements in one direction becomes one turn or more.

-391-



11.SENSOR B-65282EN/06

11.2.3.10 Notes

Magnetic powder attached to the sensor ring
*  The description below is applicable to both of A860-2161-T***
and A860-2163-T***,

The «iCZ sensor detects an angular displacement according to a
change in magnetic flux density between the sensor heads and sensor
ring. So, if magnetic powder is attached to a location of the sensor
ring, the magnetic flux density at that location changes locally,
deteriorating the precision of detection. This precision deterioration
occurs each time the location to which magnetic powder is attached
passes sensor head 1 and sensor head 2, that is, at every 180°. This
deterioration leads to an increased positioning error, torque command
variation, abnormal sound, vibration, and so forth.

After installing the sensor, be sure to blow the sensor ring by air.
Moreover, to prevent magnetic powder and chips from being attached
to the sensor ring and sensor heads during operation, provide
protection against dust and water on the machine side.

If nonmagnetic matter (such as aluminum, austenitic stainless steel,
resin, and oil) is attached to the sensor ring and sensor head, such
precision deterioration as mentioned above does not occur. However,
foreign matter caught between the sensor ring and a sensor head can
mechanically damage the sensor head. So, attachment of foreign
matter, even if nonmagnetic, is undesirable.
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11.2.3.11 Maintenance target parts

As shown below, the aICZ sensor consists of four parts: sensor ring
(phase A/B ring and phase Z ring coupled by screws), sensor head 1,
sensor head 2, and sensor circuit. Each single part can be maintained
separately. So, place an order on each part as needed according to the
specification numbers indicated below.

[aiCZ sensor (for built-in spindle motor) A860-2161-T***]

Sensor head 2
Sensor ring

Sensor head 1

arent specification
Part specification

aiCZ sensor 5121
A860-2161-T411

aiCZ sensor 768l
A860-2161-T511

aiCZ sensor 1024l
A860-2161-T611

Sensor ring

A860-2160-V901

A860-2160-V902

A860-2160-V903

Sensor head 1 A860-2162-V001 (common to all specifications)

Sensor head 2 A860-2162-V012 (common to all specifications)

Sensor circuit A860-2161-V201 (common to all specifications)

[aiCZ sensor (for spindle) A860-2163-T***]

Sensor head 2

Sensor ring

Sensor head 1

arent specification
Part specification

alCZ sensor 512IS
A860-2163-T411

alCZ sensor 768IS
A860-2163-T511

alCZ sensor 10241S
A860-2163-T611

Sensor ring

A860-2160-V901

A860-2160-V902

A860-2160-V903

Sensor head 1

A860-2162-V001 (common to all specifications)

Sensor head 2

A860-2162-V012 (common to all specifications)

Sensor circuit

A860-2163-V201 (common to all specifications)
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11.2.3.12 Output signal check method

To aiCZ sensor

["

BT

*  The description below is applicable to both of A860-2161-T***
and A860-2163-T***.
When checking the signal waveform directly, see the illustration

below.

HE 1=

Check pin assignment

Check pin assignment

ov A2 | B2 | TO ov | 5v
OV A2 B2 TO
00 oooooooo \
@ M oY &8 0L BEd ¥d DAl AS @
% AROB-2200
IN2 - AN -
8z
“ 4N =
=
= [
IN3 . P > To aiSP
z
- N
:
IN1 _ N C OouT1
=z ouTI 0
v
@ F£ R &£ Bl A HEQ)GEQ\'EITEJKE_J) @
OO0 COO00000
RZ Z Bl Al

RZ | Z

B1

Al
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- Supply power to the 0 V and 5 V pins.
- The Lissajous figure of the phase A/B output signal is a complete
circle.

Phase A/B and phase Z signal waveform (measured on sensor circuit check pins at room temperature and 500

min™)
Signal name Ch.ECK Out.put Offset
pin amplitude
Sensor head 1 phase A (after amplification) Al 1,300 to 3,000 +180mV
Sensor head 1 phase B (after amplification) Bl mVp-p B
Sensor head 2 phase A (after amplification) A2 1,300 to 3,000 +180mV
Sensor head 2 phase B (after amplification) B2 mVp-p B
400 to 600 70 to 150 mV
h 1ph VA Z
Sensor head 1 phase mVp-p Measure the DC components of Z
Sensor head 1 RZ RZ and RZ and useo?sz:jlﬁerentlal as an

(Measure each signal by connecting the ground of the oscilloscope to TO0.)

Phase B amplitude

Phase A amplitude A
A

Phase Phase B
Ph:se B Phase A offset
offset ¢
\ . ¢ I / TO
\\/
Phase Z amplitude

A /\Phise Z offset
RZ
/

N—
Phase Z

<

The check pins used with the aiCZ sensor fit in the following housing

and crimp terminals:

Housing : HKP-13FS01 (Honda Tsushin Kogyo)

Crimp terminal: HKP-F113 (Honda Tsushin Kogyo), AWG#24 to
28 (¢1.0to 1.5 mm)
HKP-F213 (Honda Tsushin Kogyo), AWG#28 to
32 (¢0.5 t0 0.8 mm)

Crimping tool : KP309D (Honda Tsushin Kogyo)
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11.2.3.13 Spindle alarms

Alarm number LED
indication Alarm name Alarm description
15i 16i 30i SP
SP0132 | 9132 | SP9132 d2 Serial data error | COMMunication between the sensor and
spindle amplifier is not performed.
SP0133 | 9133 | SP9133 43 Data transfer error Serial data transmission/reception is not
performed normally.
SP0134 | 9134 | SP9134 d4 Soft phase alarm An abnormal acceleration rate was detected.
SP0139 | 9139 | SP9139 do Pulse error alarm An error occurred in the interpolation circuit.
SP0140 | 9140 | SP9140 EO Count error alarm | 1€ humber of pulses between one phase
and another is shifted by 4\ or more.
No absolute position is established within 5
spo141 | 9141 | spoiai E1 Sgnsor one-rotation | turns |mmed|atgly after cqmmunlcatlon ‘
signal undetected | between the spindle amplifier and sensor is
started.
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A.FITTING A LIGHTNING SURGE
B-65282EN/06 APPENDIX PROTECTION DEVICE

FITTING A LIGHTNING SURGE
PROTECTION DEVICE

This appendix describes how to install a lightning surge protector and
provides notes on installation.
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A.l 200-V INPUT SERIES POWER SUPPLY

When a line-to-line and line-to-ground lightning surge protector is used

GC

Groinding
plate
Ro—

Line-to-line and Line-to-ground
and lightning surge protector
(R-C-M-601BUZ-4)

To other units

> ) .
s, toau SP/oi SV

[

ai PS

200VAC SO—

Te

Ground fault

RT¢

interrupter for boards

Main circuit power

supply input

- 400 -

—>
(a)
(b)
TN
._f\
¢ Control
Circuit breaker 2~ POWer L
(5A) supply
L input
(¢
Circuit Magnetic AC reactor
breaker 1  contactor
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When line-to-line and line-to-ground lightning surge protectors are
individually used

1
Line-to-ground lightning surge
protector (R-A-V-781BXZ-4)
&
Line-to-line lightning surge
protector (R-A-V-781BYZ-2)
—>
To other units (Built-in
fan of spindle motor
(b)
LA O_Zfow' SPloi SV
4\
| ai PS
G¢ Control
Circuit breaker 2 power
Grotnding (5A) supply =
plate input
t Main circuit power

R
o— :
supply input
200VAC 30— —é—P pply inp
o—

Ground fault Circuit Magnetic AC reactor
interrupter for boards breaker 1  contactor

/A\ CAUTION
If a voltage of 200 V is supplied from a 400-V
power supply (with a neutral point used), a lightning
surge protector should be used for 400 V; no
lightning surge protector is needed for 200 V.
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A.2 400-V INPUT SERIES POWER SUPPLY

Control power

supply input
pply Inp o S
Step-down Circuit | aiPS
transformer breaker 2 =
400V/480VAC o
—200V/240VAC Main circuit
O Y power
| %%; supply input
| "4
Ground fault Circuit Magnetic AC reactor
interrupter for breaker 1 contactor
boards
O l‘ '\ To other units
1 1 '\_{\ (Built-in fan of
Grounding —a—| @ spindle motor)
Power supply plate Circuit
(grounded to a breaker 3
\?V?rlgal pointon the ¥ (5A) Line-to-line lightning surge
) ¢ protector (ReAeV-152BYZ-2A)
[ — -,
Line-to-ground lightning surge
(b) protector (ReAeV-801BXZ-4)
/A\ CAUTION

When the spindle motor aul 1HV, oil 1.5HV, ol
2HV, or oul 3HV is used, specification of the fan
motor for aily 1HV, ailt 2HV, and aily 3HV is
below :
1¢ 200/230VAC

2 If a voltage of 200 V is supplied from a 400-V
power supply (with a neutral point used), a lightning
surge protector should be used for 400 V; no
lightning surge protector is needed for 200 V.
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A.3

CAUTIONS

)

(2)

3)

(4)

To increase the efficiency of lightning surge absorption, the

wires indicated by bold lines should be as short as possible.

Wire cross-sectional area : 2 mm? or more

Wire length :
The total length of the cables used for line-to-line lightning
surge protector (a) and that used for line-to-ground
lightning surge protector (b) must not exceed 2 m.

When performing a dielectric strength test by applying an
overvoltage to the power line, line-to-ground lightning surge
protector must be removed to enable the applied voltage to be
maintained.

The circuit breaker 2 (5A) or circuit breaker 3 (5A) works for
line protection when the lightning surge absorber is
short-circuited because of a surge higher than its rating being
applied.

Because current does not flow through lightning surge protector
in a normal state, the circuit breaker 2 (5A) or circuit breaker 3
(5A) can be used together with the surge absorbers as well as
with other equipment.
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CABLES

This appendix describes the cables used for the 20-pin interface

connectors.

The cables are basically the same as those used for the FS16/18.
The table below lists the cables we have developed for interface

connectors.

Contact the manufacturers as required.

Cable Purpose Configuration |FANUC specification| Manufacturer Manu_fgctu.rer
name specification
Hitachi Electric |UL20276-SB(0)
10-pair )\ general use 0.09mm? 10 pairs |A66L-0001-0284#10P Caple CO'_’ Ltd. |10Px28AWG(7/0.127)
cable Oki Electric 17,; 157 10p vx10-sV
Cable Co., Ltd. )
28m or less |0.3mm? 5 cables Hitachi Electric {UL20276-SB(FLEX)
Flexible  |0.20mm? 1 pairs AB6L-0001-0460 Cable Co., Ltd. |5x23AWG+1Px25AWG
. 50m or less |0.5mm? 5 cables Hitachi Electric {UL20276-SB(FLEX)
~OmPOSte For Flexible _[0.20mm’ 1 pairs A06L-0001-0462 Cable Co., Lid.|5x20AWG+1Px25AWG
cable Pulsecoder 2§m or less|0.3mm 25 cabl.es AB6L-0001-0481 Hitachi Electric |UL20276-SB(0)
Fixed 0.18mm°” 1 pairs Cable Co., Ltd. |5x23AWG+1Px25AWG
50m or less |0.5mm? 5 cables Hitachi Electric |UL20276-SB(0)
Fixed 0.18mm? 1 pairs AG6L-0001-0491 Cable Co., Ltd. |5x20AWG+1Px25AWG
For aiM sensor (for ail
Composite 0-5) ) . 2 . . .
10-core For aiMZ sensor (for ail O.3mm2 2 caples AB6L-0001-0482 Hitachi Electric |UL20276-SB(FLEX)
cable 0.5) ' 0.2mm° 4 pairs Cable Co., Ltd. |2x23AWG+4Px25AWG
For aiBZ sensor (small
type)
Composite ' N , Hitachi Electric |F-CO-VV(0)-SB
19-core For ou' pos!t!on coder 0.5mm 26 cab!es AG6L-0001-0286 Cable Co., Ltd.|6x0.5SQ+3Px0.18SQ
cable For ai position coder S |0.18mm* 3 pairs Oki Electric MIX12C(7/0.18,
Cable Co., Ltd.|20/0.18)HRS-SV
10-pair For ou: CZ sensor , . Shinko.EIectric
cable For aiBZ sensor 0.18mm" 10 pairs |A66L-0001-0367 Industries Co., |[FNC-019
(conventional type) Ltd.
Composite |For ai M sensor 0.5mm? 6 cables Shinko Electric
16-core For ai MZ sensor 0118mm2 5 pairs A66L-0001-0368 Industries Co., |[FNC-021
cable For ai BZ sensor ) Ltd.
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B.1

10-PAIR CABLE

Specifications
Item Unit Specifications
Product No. - AB66L-0001-0284#10P
Manufacturer _ Hitachi Cable,Ltd.
Oki Electric Cable, Co.,Ltd.
Rating - 60°C, 30V:UL2789 80°C, 30V:UL80276
Conductor - Stranded wire of tinned annealed copper (ASTM B-286)
. Insulator — Cross-linked vinyl
Material - . ; .
Shield braid - Tinned annealed copper wire
Sheath - Heat-resistant oilproof vinyl
Number of pairs Pairs 10
Size AWG 28
Conductor Structure Conductors/ 7/0.127
mm
Outside diameter mm 0.38
Thickness mm 0.1 (Thinnest portion : 0.08(3. 1mils))
Insulator Outside diameter (approx.) mm 0.58
Core style (rating) mm UL15157(80°C, 30V)
Twisted pair O.utside diameter (approx.) mm 1.16
Pitch mm 20 or less
Collect the required number of twisted pairs into a cable, then
Lay - wrap binding tape around the cable. To make the cable round,
apply a cable separator as required.
Lay diameter (approx.) mm 3.5
Drain wire Conductors/ |Hitachi Cable : Not available
mm Oki Electric Cable : Available,10/0.12
Element wire
Shield braid diameter mm 012
Braid density % 85 or more
Color - Black
Sheath Thiclfness. mm 1.0
Outside diameter
mm 6.2
(approx.)
Standard length mm 200
Packing method mm Bundle
Resistance of
conductor (20°C) Q/km 233 or less
Electrical Insulation resistance MO-km 110 or less
performance (20°C)
aecl;ectrlc strength vimin 300

Flame resistanc

e

Shall pass flame resistance test VW-1SC of UL standards.
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Cable structure

Wire identification table (Hitachi)
Insulator color
Wire No.[ First | Second
wire | wire
Twisted 1 Blue | White
pair wire 2 Yellow | White
Binding 3 Green | White
tape
4 Red | White
Shield
braid 5 Purple | White
Sheath 6 Blue { Brown
7 Yellow | Brown
8 Green | Brown
9 Red | Brown
10 Purple | Brown

The numbers assigned to the wires commespond to the numbers in the table at right.

Fig.B.1(a) Cable made by Hitachi Electric Cable

Wire identification table (Oki)

(’:;' Dot mark
- l
n-? % - oU color
51§ |25
Drain |3 8 |5 | First | Second
wire ] wire wire
1|Orange| — | Red | Black
Twisted 9 a
-pair | 2| Gray | — | Red | Black
wire
Binding 3| White| — Red Black
@pe | 4|vetiow| — | Red | Black
Shield | 5| pink [ — | Red | Black
braid
Sheath 6 |Orange] —— | Red Biack
7| Gray |—— | Red Black
8| White] —— | Red Biack
9| Yellow | —— | Red Black
10| Pink | —— | Red Black

The numbers assigned to the wires correspond to the numbers in the table at right.

Fig.B.2(b) Cable made by Oki Electric Cable
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APPENDIX

B.2

COMPOSITE 7-CORE CABLE

A66L-0001-0460

- Specifications

Item Unit Specifications
Product No. - A66L-0001-0460
Manufacturer - Hitachi Electric Cable Co., Ltd.
Rating - 80°C, 30V
C.onduct.or,blrald-shlelded - Strand wire of tinned annealed copper (JIS C3152)
Material wire,drain wire
Insulator - Fluorine plastics (ETFE)
Sheath - Qilproof, heat-resistant vinyl
Number of wires (wire nos.) Cores |5(1to5) 2 (one pair) (6t0 7)
Size mm’ (0.3 0.20
Conductor  [Structure Cor}i]“;tors 60/0.08 40/0.08
Conductors mm 0.72 0.58
Insulator Standard thickness mm 0.15 0.15
Outside diameter mm 1.02 0.88
. . |Outside diameter mm - 1.76
Twisted pair =
Pitch (approx.) mm - 13
Lay diameter (approx.) mm 3.4
Size mm®  |0.15
Drain wire Structure Wires/mm [30/0.08
Outside diameter mm 0.51
Element wire diameter mm 0.12
Shield braid Thi(.:kness' mm 0.3
Braid density % 85 or more
QOutside diameter (approx.) mm 4.2
Color - Black
Standard thickness mm 1.0
Sheath . .
Sheath Standard outside diameter mm 6.2
(approx.)
Outside diameter allowance mm 5.7 t0 7.3 (Note)
Standard length m 200
Packing method - Bundle
. Regstance of conductor (at 20°C) Q/km  |69.5 or less (1 to 5) 109 orless (6 to 7)
Electrical (wire nos.)
performance |Insulation resistance (20°C) MQ-km 100 or more
Dielectric strength (AC) - 500VAC for 5 minutes
Flame resistance — Shall pass flame resistance test VW-1 of UL standards.
NOTE

The maximum outside diameter applies to portions
other than the drain wire.
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- Cable structure

Drain wire

Twisted-pair
wire

Insulating wire
Winding tape
Shield braid

Sheath

The colors in the figure indicate the colors of insulators.
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A66L-0001-0462
- Specifications
Item Unit Specifications
Product No. - A66L-0001-0462
Manufacturer — Hitachi Electric Cable Co., Ltd.
Rating - 80°C, 30V
C.onduct.or,b.rald-shlelded - Strand wire of tinned annealed copper (JIS C3152)
Material wire,drain wire
Insulator - Fluorine plastics (ETFE)
Sheath - Oilproof, heat-resistant vinyl
Number of wires (wire nos.) Cores |5(1to5) 2 (one pair) (6to 7)
Size mm®  |0.5 0.20
Conductor  |Structure Cor}rd;]ur(r:]tors 104/0.08 40/0.08
Conductors mm 0.94 0.58
Standard thickness mm 0.2 0.15
Insulator . .
Outside diameter mm 1.34 0.88
) . |Outside diameter mm - 1.76
Twisted pair [—;
Pitch (approx.) mm - 13
Lay diameter (approx.) mm 4.2
Size mm?  |0.15
Drain wire Structure Wires/mm |30/0.08
Outside diameter mm 0.51
Element wire diameter mm 0.12
Shield braid ICKNess_ mm__10.3
Braid density % 85 or more
Outside diameter (approx.) mm 5.0
Color - Black
Standard thickness mm 1.0
Sheath Standard outside diameter
mm 7.0
(approx.)
Outside diameter allowance mm 6.5 to 8.0 (Note)
Standard length m 200
Packing method - Bundle
. Resistance of conductor (at 20°C) | oy 1 1401 or less (1 to 5) 109 or less (6 to 7)
Electrical (wire nos.)
performance |Insulation resistance (20°C) MQ-km [100 or more
Dielectric strength (AC) - 500VAC for 5 minutes
Flame resistance — Shall pass flame resistance test VW-1 of UL standards.
NOTE

The maximum outside diameter applies to portions
other than the drain wire.

- 409 -




B.CABLES APPENDIX B-65282EN/06

- Cable structure

Drain wire

Twisted-pair
wire

Insulating wire
Winding tape
Shield braid

Sheath

The colors in the figure indicate the colors of insulators.
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A66L-0001-0481
- Specifications
Item Unit Specifications
Product No. - AB66L-0001-0481
Manufacturer — Hitachi Electric Cable Co., Ltd.
Rating - 80°C, 30V
Cpnduct.or,b.rald-shlelded - Strand wire of tinned annealed copper (JIS C3152)
Material wire,drain wire . :
Insulator - Heat-resistant vinyl
Sheath - Oilproof, heat-resistant vinyl
Number of wires (wire nos.) Cores |5(1to5) 2 (one pair) (6to 7)
Size mm® _ |0.3 0.18
Conductor Structure Conductors 12/0.18 7/0.18
/mm
Conductors mm 0.72 0.54
Standard thickness mm 0.25 0.25
Insulator - ;
Outside diameter mm 1.22 0.94
. . Outside diameter mm — 1.88
Twisted pair -
Pitch (approx.) mm - 20
Lay diameter (approx.) mm 3.9
Size mm®  0.18
Drain wire Structure Wires/mm |7/0.18
Outside diameter mm 0.54
Element wire diameter mm 0.12
Shield braid Thi(.:kness' mm 0.3
Braid density % 85 or more
Outside diameter (approx.) mm 4.6
Color - Black
Standard thickness mm 0.8
Sheath Standard outside diameter
mm 6.2
(approx.)
Outside diameter allowance mm 5.7 to 7.3 (Note)
Standard length m 200
Packing method - Bundle
Resistance of conductor (at Q/km  |65.7 or less (L to 5) 113 or less (6 to 7)
Electrical 20°C) (wire nos.)
performance |Insulation resistance (20°C) MQ-km |15 or more
Dielectric strength (AC) - 500VAC for 5 minutes
Flame resistance — Shall pass flame resistance test VW-1 of UL standards.
NOTE

The maximum outside diameter applies to portions
other than the drain wire.
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- Cable structure

Drain wire

Twisted-pair
wire

Insulating wire
Winding tape
Shield braid

Sheath

The numbers assigned to the wires correspond to the numbers in the table

below.
Wire No. Insulator color Dot mark color

1 Yellow --

2 Yellow Black

3 Yellow Red

4 Bright green Black

5 Bright green Red

6 Light brown Black

7 Light brown Red
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A66L-0001-0491
- Specifications
Item Unit Specifications
Product No. - AB66L-0001-0491
Manufacturer — Hitachi Electric Cable Co., Ltd.
Rating - 80°C, 30V
Cpnduct.or,b.rald-shlelded - Strand wire of tinned annealed copper (JIS C3152)
Material wire,drain wire . :
Insulator - Heat-resistant vinyl
Sheath - Oilproof, heat-resistant vinyl
Number of wires (wire nos.) Cores |5(1to5) 2 (one pair) (6to 7)
Size mm® __ |0.5 0.18
Conductor Structure Conductors 20/0.18 7/0.18
/mm
Conductors mm 0.93 0.54
Standard thickness mm 0.25 0.25
Insulator - ;
Outside diameter mm 1.43 0.94
. . Outside diameter mm — 1.88
Twisted pair -
Pitch (approx.) mm - 23
Lay diameter (approx.) mm 4.4
Size mm®  0.18
Drain wire Structure Wires/mm |7/0.18
Outside diameter mm 0.54
Element wire diameter mm 0.12
Shield braid Thi(.:kness' mm 0.3
Braid density % 85 or more
Outside diameter (approx.) mm 5.1
Color - Black
Standard thickness mm 0.55
Sheath Standard outside diameter
mm 6.2
(approx.)
Outside diameter allowance mm 5.7 to 7.3 (Note)
Standard length m 200
Packing method - Bundle
Resistance of conductor (at Q/km  |39.4 or less (L to 5) 113 or less (6 to 7)
Electrical 20°C) (wire nos.)
performance |Insulation resistance (20°C) MQ-km |15 or more
Dielectric strength (AC) - 500VAC for 5 minutes
Flame resistance — Shall pass flame resistance test VW-1 of UL standards.
NOTE

The maximum outside diameter applies to portions
other than the drain wire.
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- Cable structure

Drain wire

Twisted-pair
wire

Insulating wire
Winding tape
Shield braid

Sheath

The numbers assigned to the wires correspond to the numbers in the table

below.
Wire No. Insulator color Dot mark color

1 Light brown -

2 Yellow --

3 Yellow Black

4 Yellow Red

5 Bright green --

6 Light brown Black

7 Light brown Red
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B.3 COMPOSITE 10-CORE CABLE

Specifications

Item Unit Specifications
Product No. - A66L-0001-0482
Manufacturer - Hitachi Electric Cable Co., Ltd.
Rating - 80°C, 30V
(d:rZ?:L\:\;:Zr' braid-shielded wire, - Strand wire of tinned annealed copper (JIS C3152)
Material . -
Insulator - Heat-resistant vinyl
Sheath - Qilproof, heat-resistant vinyl
Number of wires (wire nos.) Cores |2 8 (four pairs)
Size mm’ (0.3 0.2
Conductor  |Structure Cor}z]“:]tors 60/0.08 40/0.08
Conductors mm 0.72 0.58
Insulator Standard thickness mm 0.25 0.2
Outside diameter mm 1.22 0.98
. . Outside diameter mm - 1.96
Twisted pair -
Pitch (approx.) mm -
Lay diameter mm 5.0
Size mm®  |0.15
Drain wire Structure Wires/mm |30/0.08
Outside diameter mm 0.51
Element wire diameter mm 0.12
Shield braid ~ [iCkness_ mm__ 03
Braid density % 85 or more
QOutside diameter (approx.) mm 5.7
Color - Black
Standard thickness mm 0.65
Sheath Standard outside diameter
mm 7.0
(approx.)
Outside diameter allowance mm 6.5 to 8.0 (Note)
Standard length m 200
Packing method - Bundle
Resistance of conductor (at
Electrical 20°C) (wire nos.) Q/km  [69.5 or less 109 or less
performance |Insulation resistance (20°C) MQ-km |15 or more
Dielectric strength (AC) - 500VAC for 5 minutes
Flame resistance — Shall pass flame resistance test VW-1 of UL standards.
NOTE

The maximum outside diameter applies to portions
other than the drain wire.
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Cable structure

Drain wire

Insulating wire
Twisted-pair
wire

Winding tape
Shield braid

Sheath

The numbers assigned to the wires correspond to the numbers in the table

below.
Wire No. Insulator color Dot mark color

1 Light brown --

2 Yellow --

3 Light brown Black
4 Light brown Red
5 Yellow Black
6 Yellow Red
7 Bright green Black
8 Bright green Red
9 Gray Black
10 Gray Red

- 416 -



B-65282EN/06 APPENDIX B.CABLES

B.4 COMPOSITE 12-CORE CABLE

Specifications

Item Unit Specifications
Product No. - A66L-0001-0286
Manufacturer 3 Hitachi Electric Cable Co., Ltd.
Oki Cable, Ltd.
Rating - 80°C, 30V
dcrc;?:l\j;ir’ braid-shielded wire, - Strand wire of tinned annealed copper (JIS C3152)
Material - -
Insulator - Heat-resistant flame-retardant vinyl
Sheath - Qilproof, heat-resistant, flame-retardant vinyl
Number of wires (wire nos.) Cores [6(1to6) 6 (three pairs) (7 to 9)
Size mm® |05 0.18
Conductor  [Structure Cor;(rzlnun:tors 20/0.18 7/0.18
Conductors mm 0.94 0.54
Standard thickness (The
Insulator minimum thickness is at least mm 0.25 0.2
80% of the standard thickness.)
Outside diameter mm 1.50 0.94
Outside diameter mm 1.88
Twisted pair |Direction of lay - Left
Pitch mm 20 or less
Twist the wires at an appropriate pitch so the outermost
Lay - layer is right-twisted, and wrap tape around the outermost
layer. Apply a cable separator as required.
Lay diameter mm 5.7
Size mm®  [0.3
Drain wire Structure Wires/mm [12/0.18
Outside diameter mm 0.72
Element wire diameter mm 0.12
Shield braid LTNCKNESS_ mm__103
Braid density % 70
Outside diameter mm 6.3
Color — Black
Standard thickness (The
Sheath minimum thickness is at least mm 11
85% of the standard thickness.)
Outside diameter mm 8.5Max.9.0(1)
Standard length m 100
Packing method - Bundle
Resistance of conductor (at
Electrical 20°C) (wire nos.) Qfkm 139.4 (110 6) 113(7109)
performance |Insulation resistance (20°C) MQ-km |15
Dielectric strength (AC) V/min  |500
Flame resistance — Shall pass flame resistance test VW-1SC of UL standards.
NOTE

The maximum outside diameter applies to portions
other than the drain wire.
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Markings on cable
(i) Name or symbol of the manufacturer
(i) Manufacturing year

Cable structure
The cable structure is shown below.

Drain wire

0.18-mm2 twisted pair wire

0.5-mm2 insulated wire

Bindingtape

Shield braid

Sheath

The colors in the figure indicate the colors of insulators.
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B.5

COMPOSITE 16-CORE CABLE

Specifications

ltem Unit Specifications
Product No. A66L-0001-0368(FNC-021)
Manufacturer Shinko Electric Industries Co., Ltd.
Rating 80°C, 60V
Conductor Stranded wire of tinned annealed copper (JIS C 3152)
Insulator Heat-resistant polivinyl chioride
Material Shield braid Tinned annealed copper wire
Sheath He.atjresistant, oil-resistance, flame-retardent polivinyl
chioride (S-3)
Number of pairs Pairs 6 10 (5-pair)
:r(;r;lnal cross-sectional mm? 05 0.18
Conductor Structure conductors|, 5 1 7/0.18
/mm
Outside diameter (approx.) |mm 0.9 0.54
. 0.25 (Average thickness : 0.2 (Average thickness : 90%
Thickness mm
Insulator 90% or more) or more)
Outside diameter (approx.) |mm 15 0.94
Twisted pair Outside diameter (approx.) |mm - 1.88 (pitch : 20 mm or less)
Lay Diameter (approx.) mm 6.5
Tape-wound wire |Diameter (approx.) mm 6.6
Drain wire Structure Conductors 12/0.18
/mm
Shield Element wire diameter mm 0.12 (Braid density : 70% or more)
Color Black
Sheath Thickness mm 1.0 (Average thickness : 90% or more)
Outside diameter mm 9.2+0.3
Electric 0.18mm? ok 113 or less (20°C JIS C 3005 6)
Electrical resistance 0.5mm? 39.4 orless (20°C JIS C 3005 6)
performance Dielectricstrength V/min AC500(JIS C 3005 8 (2))
Insulation resistance MQ-km 15 or more (20°C JIS C 3005 9.1)

Cable structure

l:lz'_r Dot mark color f_:;ez

1 |Red 0.5

Conductor | 2 |Red 0.5
Insulator 3 |White/Yellow | 0.18
L Binding 4 |Black 0.5
tape 5 |White/Green | 0.18

~ Shield 6 |Black 0.5

braid i

Sheath 7 | White/Gray 0.18
8 |Black/Orange | 0.18

9 | Black 0.5

10| Black/Brown 0.18

11{Red 0.5
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B.6 10-PAIR CABLE
Specifications
Item Unit Specifications
Product No. A66L-0001-0367(FNC-019)
Manufacturer Shinko Electric Industries Co., Ltd.
Rating 80°C, 60V
Conductor Stranded wire of tinned annealed copper (JIS C 3152)
Insulator Heat-resistant polivinyl chioride
Material Shield braid Tinned annealed copper wire
Sheath He.atjresistant, oil-resistance, flame-retardent polivinyl
chioride (S-3)
Number of pairs Pairs 20 (10-pair)
Nominal cross-sectional area |mm? 0.18
Conductor Structure Conductors 7/0.18
/mm
QOutside diameter (approx.) |mm 0.54
Insulator Thickness mm 0.25 (Average thickness : 90% or more)
Qutside diameter (approx.) |mm 1.04
Twisted pair QOutside diameter (approx.) |mm 2.08 (pitch : 25 mm or less)
Lay Diameter (approx.) mm 6.5
Tape-wound Diameter (approx.) mm 6.6
wire
Shield Element wire diameter mm 0.12 (Braid density : 70% or more)
Color Black
Sheath Thickness mm 1.0 (Average thickness : 90% or more)
Outside diameter mm 9.2+0.3
Electrical Electric resistance Q/km 110 or less (20°C JIS C 3005 6)
performance Dielectricstrength V/min AC500(JIS C 3005 8 (2))
Insulation resistance MQ-km 15 or more (20°C JIS C 3005 9.1)

Cable structure

Pair number Dot mark color
Condcutor 1 Black/Orange
2 Black/Gray
Insulator 3 White/Yellow
4 White/Green
Blndlng tape 5 White/Brown
6 White/Orange
, . 7 White/Gray
Shield braid 8 Black/Yellow
9 Black/Green
Sheeth 10 Black/Brown
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EXTERNAL DIMENSIONS OF EACH
CONNECTOR

Manufacture: Tyco Electronics AMP
Type : 1-178128-3

Circuit No.

A

16.3
22.8

X
Lule.
T~ o

19.24

0.6

k.
Wt

10.16—
5.08—p1—f=— Yy
P
U

6.55
7.15

Circuit No.

Fig.C(a) Tyco Electronics AMP connector (1)
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EACH CONNECTOR APPENDIX
Manufacture: Tyco Electronics AMP
Type : 2-178128-3

Circuit No.
(29.7) —
I ]
HEDier ET
oyl 1 gl
HHIES €R2
LN Y ) o
] ': 2 N
! '
L 2 ' '

+03

7.15

Circuit No.

Fig.C(b) Tyco Electronics AMP connector (2)
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Manufacture: Tyco Electronics AMP
Type : 1-175218-2
Cable : AWG16, 18, 20

ji
g i

_ 93 o (5 B
h—

1T

! |

~ |

v U
MA _/Plating ID-mark H“ \L.:_r:

Plesser ID-mark

34"
>
]
fr——

Fig.C(c) Contact for Tyco Electronics AMP connector
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C.EXTERNAL DIMENSIONS OF
EACH CONNECTOR APPENDIX B-65282EN/06

Manufacture: Tyco Electronics AMP
Type : 1-1318119-4

————11 .4 Row ID

] [ 20
12.89

l«— 10.8 — f— 10, 55—

Fig.C(d) Contact for Tyco Electronics AMP connector
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Manufacture: HIROSE ELECTRIC CO., LTD.

Type : FI30-20S (crimp type)
Housing X FI-20-CVS2 (plastic)
20.910.3
16.253.%
11.4340.2
1.2710.1
H Lol 55| 5

710.15
é@

o
—=
3.310.2
910.3
oo
kg

IRy AR
J MMM MMM

— T—
=l —
-g? {
1l
shi=
':E I
i=
o ]

El'"l—l_fu ‘igi;in !
ol 2N (:)

345403 0.45
B[
o
) 2 18,4310.3 1 8.410.3

s s n R

Fig.C(e) Connector for interface (Crimp type)
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Manufacture: HIROSE ELECTRIC CO., LTD.

Type : F140-20S (solder type)
Housing X FI-20-CVS5 (plastic)
22.1540.3
20.910.3 o
16.25:%
11.4310.2
1.2740.1
35| N (i) |l oA S
ay U] \@reemparedfiRll] &S
2l = /
= !
I I ]
| T 1 S I s} - 2=
P ) 12103 | |

5.240.3

Fig.C(f) Connector for interface (Solder type)
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Manufacture: HIROSE ELECTRIC CO., LTD.

Type : FI140B-2015S (solder type)
Housing : FI-2015-CVS (plastic)
16.25 -
11.4310.2
1,270 1
)
i) | 231 2
\%ﬁ_:g_n N g N
- - Yo
\\
19.210.3 @
Y
2| | = 4
m|
ke ik B
h A
l B = _ ==
E o _ ¥
> » ; + bt 3 u’)_
:I:lq.clrfcl <'>|. :I m'i’
kijliliod - 6
1.8 2.410.5 9
(18) 2.410.3 - /

Fig.C(g) Connector for interface (Solder type)

NOTE
This connector does not contact locations 11, 13,
15, 17, and 19.
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Manufacture: HIROSE ELECTRIC CO., LTD.
Type : F1-20-CVS2
Connector : FI130-20S

34.440.5

4 5 19.440.3
'cul =1
&
17" /o, =] . T
& © .
T | 2 ' =
Mk "] > <
= | -2 = | &3y
[5eht ) (sl - -
11.510.3 (21.3) 3010.3
L Al

BT _

Fig.C(h) Connector housing (Side cable type)
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B-65282EN/06 APPENDIX EACH CONNECTOR
Manufacture: HIROSE ELECTRIC CO., LTD.
Type : FI-20-CV/S5
Connector : F140B-20S

34.410.5

! 2 4 > _ 19.440.3
o> A — —
] 1 il (,)I —’Ef ! T
[‘“ 1 £ C/)
U]l 2 X §
INlE 4 ] > af)®
5 ; Snl FRL _

11.510.3 (21.3) 300.3

WL

L T N

Fig.C(i) Connector housing (Side cable type)
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Manufacture: HIROSE ELECTRIC CO., LTD.
Type : FI1-2015-CVS
Connector : F140B-2015S

a1 gl |
Lt | J

34.410.5

19.440.3

r————-—-)

B==

3740.5

11.510.3 (21.3) 3010.3

Fig.C(j) Connector housing (Side cable type)
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FEEDBACK CABLE LENGTH

Appendix D, "FEEDBACK CABLE LENGTH", consists of the
following sections:

D.1 SPINDLE CABLE LENGTH (WHEN RECOMMENDED

CABLES ARE USED).......coiiiiiiiienieienieeeesese e 432
D.2 SERVO CABLE LENGTH (WHEN RECOMMENDED
CABLES ARE USED).......coiiiiiiiiieienieieiesese e 433
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D.1

CABLES ARE USED)

SPINDLE CABLE LENGTH (WHEN RECOMMENDED

Detector Recog;r;inded Cable structure Maximum cable length
2
«iM sensor AG6L-0001-0368 0.5mm°?, 6 conductors (for power supply) |72m

0.18mm? 5 pairs (for signals)

When one power line is used

aiMZ sensor, aiBZ
sensor

A66L-0001-0368

0.5mm?, 6 conductors (for power supply)
0.18mm? 5 pairs (for signals)

50m
When one power line is used

0.3mm?, 2 conductors (for power supply)

/M sensor (for a.0.5: - -
ai (for a0.5i) |A66L-0001-0482 0.2mm?, 3 pairs (for signals) 41m
2
«iMZ sensor (for «0.5i) [A66L-0001-0482 |0>mM:, 2 conductors (for power supply) 1,q
0.2mm°*, 4 pairs (for signals)
0.18mm?, 10 pairs (for signals and power {18m

aiCZ sensor

A66L-0001-0367

supply)

When three power lines is used

oiBZ sensor
(conventional type)

A66L-0001-0367

0.18 mm?, 4 conductors (for power

supply)
0.18mm? 5 pairs (for signals)

36m
When two power lines is used

ai positioncoder

A66L-0001-0286

0.5mm?, 6 conductors (for power supply)
0.18mm? 3 pairs (for signals)

m
When one power line is used

oi positioncoder S

A66L-0001-0286

0.5mm?, 6 conductors (for power supply)
0.18mm? 3 pairs (for signals)

m
When one power line is used

When a cable other than one of the recommended cables above is used,
the voltage drop in the cable must be within 0.2 V for a +5 V power

supply.
(Tip)

Maximum cable length L can be found from the following

formula:

L[m]<0.2[V]xn[line]+2=+I[A]+-R[©/m]
n : Number of power lines (number of +5V or +15V lines)
I : Current consumption of the detector
R : Resistance of a wire used for a power line

Detector Current consumption
aiM sensor (pulse generator) 0.035A
aiMZ sensor, aiBZ sensor (built-in sensor) 0.05A
aiCZ sensor 0.15A
oi Positioncoder 0.35A
ai Positioncoder S 0.35A
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D.2 SERVO CABLE LENGTH (WHEN RECOMMENDED
CABLES ARE USED)

Recommended Maximum
Cable structure
cable cable length
AGGL-0001-0460 0.3mm?, 5 conductors (for power supply) 28m
0.20mm?, 1 pair (for signals)
AB6L-0001-0462 0.5mm?, 5 conductors (for power supply) 50m
0.20mm?, 1 pair (for signals)
AB6L-0001-0481 0.3mm?, 5 conductors (for power supply) 28m
0.18mm?, 1 pair (for signals)
AB6L-0001-0491 0.5mm?, 5 conductors (for power supply) 50m
0.18mm?, 1 pair (for signals)

When a cable other than recommended cable is used, ensure that the
sum of the resistances of 0 V and 5 V is 2 ohms or less.
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POWER LINE FOR SERVO MOTOR AND
AMPLIFIER

Appendix E, "POWER LINE FOR SERVO MOTOR AND
AMPLIFIER", consists of the following sections:

E.1 SELECTING APOWER CABLE .......c.covvviiiiiieineee 435
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E.1l SELECTING A POWER CABLE

Select the cable specification by considering the following conditions

for use:

<1> Motor current rating or current needed in use on a real machine

<2> Cable type (heat resistance temperature, etc.)

<3> Environment in which the cable is installed (operating ambient
temperature, etc.)

<4> Need of water proofing (pay attention to the diameter of the
applicable cable clamp)

<5> Certification for CE marking (compliance with various safety
standards and EMC standard)

<6> Insulation distance between the cable and terminal is secured at
the time of wiring.

Examples of selecting a heavy-duty power cable are shown below.
Fully check the cable specifications based on the actual use conditions
and use an example below.

The cable diameters are determined based on JCS No. 168 D (1980),
"Allowable Currents for Power Cables (1)."

Selection example of power line (reference)
[Selection example 1]
e  Heavy-duty power cable specification :
Maximum allowable conductor temperature 60°C

Environment
Cable diameter temperature 30°C Receptacle contact
[mmz] Allowable current value specification
[Arms]

0.75 Upto1l SS size  1318986-6
1.25 Upto 15 S size 316040-6
2 Upto 19 S size 316040-6
3.5 Up to 27 M size  316041-6
5.5 Up to 35 M size  316041-6
8 Up to 43 L size  1318697-6
14 Up to 56 Crimp terminal only

[Selection example 2]
o  Heavy-duty power cable specification :
Maximum allowable conductor temperature 80°C

Environment
Cable diameter temperature 55°C Receptacle contact
[mm?] Allowable current value specification
[Arms]

0.75 Upto9.2 SS size  1318986-6

1.25 Upto 12.7 S size 316040-6

2 Up to 16.3 S size 316040-6

3.5 Up to 23.4 M size 316041-6

5.5 Upto 31.2 M size 316041-6

8 Up to 38.3 L size  1318697-6
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[Selection example 3]
e  Fire-retardant polyflex wire or equivalent to LMFC
manufactured by The Furukawa Electric Co., Ltd.:
3 wire bundles
Maximum allowable conductor temperature 105°C

Environment Environment
Cable diameter temperature 30°C temperature 55°C
[mm?] Allowable current value | Allowable current value
[Arms] [Arms]

0.75 Upto 12 Up to 10
1.25 Upto 16 Upto 13

2 Upto 21 Upto 17

3.5 Up to 32 Up to 26

55 Up to 43 Up to 35

8 Up to 55 Upto 44

14 Upto 79 Up to 64

22 Upto 113 Up to 92

30 Up to 137 Upto 112

38 Up to 160 Upto 131

50 Up to 190 Up to 155

60 Up to 220 Up to 180

80 Up to 269 Up to 219

Wire diameter versus AWG number table (reference)

Cable d|a2meter AWG number

[mm?]

0.8226 AWG18
1.307 AWG16
2.082 AWG14
3.309 AWG12
5.262 AWG10
8.368 AWGS8
13.30 AWG6
21.15 AWG4
33.62 AWG?2
42.41 AWG1
53.49 AWG1/0
67.42 AWG2/0
85.03 AWG3/0
107.2 AWG4/0
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Selection example of servo motor power line (reference)
Example 1)
A heavy-duty power cable is used for the aii F22/3000 when the

ambient temperature is 55°C.

Check the continuous current rating of the servo motor with
the applicable servo motor specification.

(See descriptions about the stall current of the servo motor.)
In this example, it is 18.4 Arms.

Select a cable wire diameter from [Selection example 2] in
this section.

In this example, it is 3.5 mmZ.

Selection example of spindle motor power line (reference)
Example 1)
A polyflex wire is used for the ai | 8/8000 when the ambient
temperature is 55°C.

Check the continuous current rating of the spindle motor
with the applicable spindle motor specification.

(See descriptions about the stall current of the servo motor.)
In this example, it is 43 Arms.

Select a cable wire diameter from [Selection example 3] in
this section.

In this example, it is 8 mmZ.
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MEASURES AGAINST NOISE FROM
SERVO AMPLIFIERS

This appendix describes what causes noise when servo amplifiers are
used to drive servo or spindle motors. It also explains measures that
can be taken to protect equipment from noise.

When installing machines, the user is kindly requested to previously
arrange measures against noise that may occur in the machines.

Appendix F, “MEASURES AGAINST NOISE FROM SERVO
AMPLIFIERS,” consists of:

F.1 NOISE OCCURRENCE IN SERVO AMPLIFIERS................ 439
F.2 NOISE TYPES.....cc it 440
F.3 ANTI-NOISE MEASURES........cccoiiiiieieine e 442
F.4 MISCELLANEOQUS .......coooiiiiiiie s 450
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F.1

NOISE OCCURRENCE IN SERVO AMPLIFIERS

Power supply

Shown below is an outlined configuration of a servo amplifier.

Converter section Inverter section

51@3@5@35 EJ@&J@J@S?

|- I ._._._._._.r._._._._._._._..'
Control power —IControl

supply —lcircuit
Noise currenti - B

....................................................................................

Fig. F-1 Outlined servo amplifier configuration

The servo amplifier shown above converts AC to DC with its
converter section and controls the rotation speed of the motor under
PWM control by turning ON/OFF the 6 transistors in the inverter
section.

Turning the 6 transistors ON/OFF at high speed results in switching
noise occurring. This high-speed ON/OFF switching releases noise
current (i) to the ground through the stray capacitance (C) between the
cable and motor on every switching cycle. The magnitude of the noise
current (i) is represented by:

i=C xdV/dt

As the expression tells, the noise current is proportional to the stray
capacitance (C) and the transistor switching speed (dV/dt). Because
the frequency band of this noise is below about 30 to 40 MHz, it
affects equipment (such as AM radio) that uses a low-frequency band.
But it hardly affects equipment (such as FM radio and TV) that uses
higher frequency bands.

Described so far is how noise occurs in switching transistors to drive
motors.

Meanwhile, if a servo amplifier regenerates power (recirculates motor
rotation energy to the power supply during deceleration) when a motor
driven by it decelerates, the operation of devices that share the power
supply may be affected by voltage fluctuations resulting from current
phase commutation for power regeneration.
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F.2 NOISE TYPES

Noise that occurs in servo amplifiers can be roughly grouped into any
of the following three types.

(1) Conduction noise
Conduction noise occurs in a servo amplifier, passes through a
conductor, such as wire, and enters a device connected to the same
power line as the servo amplifier, thus affecting the device.

Power

supply Servo amplifier

= T If the servo amplifier and the
_________________ , Electroni‘cg electronics device are connected toa
device common ground wire, noise may
passes through the wire from the
servo amplifier to the electronics
device.

Fig. F2(1) Conduction noise

(2) Induction noise
Induction noise is caused on the power line or signal line of a
peripheral device through induction by putting the line close to an
electric line through which noise current is flowing.

Power \‘|\\ \'\I
supply L Servo amplifier .

) Signal line
Electronics 19 I Sensor
device
Fig. F2(2) Electromagnetically induced noise
Power s lifi Motor
supply _._. ervo amplifier H
e - = &
i Signal line
Electronics | —@—¢ . A { )Sensor
device i ;

— e

||

i
i

Fig. F2(3) Electrostatically induced noise
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(3) Radiation noise

Radiation noise occurs in a servo amplifier and is radiated into the air
from that power supply line or power line connected to the servo

amplifier which acts as an antenna.

Power
supply

Electronics
device

Servo amplifier

« "4 h OSensor

Fig F2(4) Radiation noise

Noise can propagate in diverse ways. In addition, its effect varies
depending on how the system is configured.
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F.3 ANTI-NOISE MEASURES

It is difficult for the present technology level to prevent noise
occurrence completely. So, it is necessary to arrange economic
anti-noise measures according to the level of the noise of interest and
the situations of equipment installation.

Pre-Installation Arrangement

If a noise problem occurs after equipment has been installed, it may

cost a lot of money to solve the problem. So, it is necessary to take the

following measures previously.

<1> Separate signal lines from power supply and motor power lines.

<2> Put power supply and motor power lines in metal conduits.

<3> Carry out adequate grounding work, and lay down proper
grounding wires (for preventing leakage-caused hazard shocks as
well).

<4> Use as thick and short grounding wires as possible.

The “Electrical Equipment Technical Standards” stipulates grounding

methods as listed below.

Grounding type Applicable equipment | Grounding resistance
Class-3 grounding 300 VAC or lower 100 Q or lower
Special class-3 grounding 300 VAC to 600 VAC 10 Q or lower
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F.3.2

Anti-Noise Measures

Suppressing noise from equipment effectively requires applying
system-wide anti-noise measures by cooperating with devices that
may be affected by the noise.

D)

)

©)

Anti-measures that can be taken in noise-affected devices

<1> Separate signal lines for noise-affected devices from power
supply and motor power lines to reduce effect by noise.

<2> Separate power supplies between noise-generating and
noise-affected devices to block off noise paths.

<3> Increase the impedance of signal lines to noise, for example,
by passing the signal lines through ferrite core beads.

<4> Use line filters or shielded wires for signal lines to prevent
noise from entering the signal lines.

Anti-measures that can be taken in noise-generating devices

<1> Lower noise levels by installing anti-noise devices such as
noise filters.

<2> Isolate noise, using metal conduits or shielded wires.

<3> Block off noise paths, using isolation transformers.

Noise type-specific anti-noise measures

Noise types are described in F.2. Which anti-noise measure is
effective varies depending on the noise type of interest. In
addition, which anti-noise measure is effective and how effective
it is also vary depending on the environment (such as power
supply and radio wave strength) in which the machine is used,
the situations of machine operation, and the noise immunity level
of the equipment involved.

Take the most effective measure by referencing Table F.3.2.

Table F.3.2 Noise type-specific anti-noise measures

Noise type
Measure Conduction| Induction | Radiation
noise noise noise

Wiring and grounding Separate signal lines from power supply o o

and power lines

Use metal conduits 0 0

Avoid parallel wiring 0

Shied power supply and power lines 0

Ground securely 0
Anti-noise device (noise |Line filter 0 0
source side) Isolating transformer 0 0
Anti-noise device (noise |Ferrite core used with signal lines 0 0
receiving side) Signal line shielding 0 0
Others Separating power supplies 0
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F.3.3 Concrete Examples of Anti-Noise Measures

(1) AM radio

(2) AM radio

(3) Refrigerator

<<Symptom>>
When a motor at a factory was energized, radios at the factory
sounded bzzz, making voice and music inaudible.
<<Probable cause>>
The radios received radiation noise from the power line of the
motor, which is connected to a servo amplifier.
<<Measure>>
<1> Installed a noise filter (LC filter) on the power supply side.
<2> Installed a capacitor across each input phase line and
ground.
<<Caution>>
e  These measures may not be effective in weak-wave areas,
such as residential areas and mountain-ringed regions.
e If a noise filter is used, make the wiring between the filter
and servo amplifier as short as possible.

<<Symptom>>
When a machine at a factory was operated, radios in neighboring
houses and cars parked outside the factory received noise.
<<Probable cause>>
The factory and the neighboring houses shared a pole-mounted
transformer, and radiation noise from the wiring on the power
supply side affected the radios. Alternatively, it was likely that
conduction noise from the power supply line might affect the
radios.
<<Measure>>
<1> Installed a noise filter (LC filter) on the power supply side.
<2> Supplied the neighboring houses with power from another
pole-mounted transformer.
<<Caution>>
e If a noise filter is used, make the wiring between the filter
and servo amplifier as short as possible.

<<Symptom>>
Refrigerator motors in neighboring houses growled when a
spindle at a factory decelerated.

<<Probable cause>>
The factory and the neighboring houses shared a pole-mounted
transformer, causing voltage distortion resulting from power
regeneration at spindle deceleration to make the refrigerator
motors growl.

<<Measure>>
<1> Supplied the neighboring houses with power from another

pole-mounted transformer.

<2> Readjusted the capacity of power supply equipment.
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(4) Telephone

(5) FAX

<<Caution>>
e In many cases, factories in residential areas receive power
from pole-mounted transformers for their equipment and
share power with residential buildings, leading to an
insufficient power capacity for the factory equipment. In
these cases, power distortion become large, being likely to
affect home electrical power.

<<Symptom>>
When a machine at a factory was operated, the telephone in a
house across the road received noise.
<<Probable cause>>
When high-frequency current from a servo amplifier or motor
returned through the grounding of a pole-mounted transformer, it
shunted to the shielded ground of the telephone line, inducing
noise electrostatically.
<<Measure>>
<1> Supplied the house with power from another pole-mounted
transformer.
<2> Inserted a capacitor between the servo amplifier power
supply and its grounding.
<<Caution>>
e Noise filters (LC filters) may not be effective to suppress
noise having audio frequency components.
e Inserting a capacitor between the servo amplifier power
supply and its grounding may cause a ground-fault circuit
interrupter to trip because of an increasing leakage current.

<<Symptom>>
When a machine at a factory was operated, a fax machine in a
neighboring firm failed in transmission and also noise entered the
telephone at the factory. The telephone uses a 100 V power
source. Disconnecting the 100 V power source from the
telephone resumed normal communication.
<<Probable cause>>
A pole-mounted transformer was shared, and conduction noise
from the power line caused the malfunction.
In addition, it was likely that induction noise might also occur on
wiring as in (4).
<<Measure>>
<1> Supplied the residential building with power from another
pole-mounted transformer.
<2> Inserted an insulating transformer (noise-cut transformer) in
the power supply circuitry.
<<Caution>>
e LC filters may not be effective for low-frequency noise as
in (4).
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F.3.4 Anti-Noise Measures for Power Supply Equipment and

Grounding

If a noise problem still occurs in a machine already having general
anti-noise measures, it may be solved by enhancing the grounding of
the machine or installing a noise filter in it as stated below.

1)

(2)

3)

Separating grounds

To prevent noise-related trouble from a machine, it is

recommended to isolate the ground of the machine from other

equipment when the machine is installed.

e  Whatto do
Isolate the ground of the machine’s power transformer from
the ground of the power supply transformer for equipment
that may malfunction because of noise from the machine.

o  Effect
Isolating the grounds prevents noise from going from the
machine to other equipment via a “common ground” so that
the equipment will not be affected.

See Material 1 for a practical example.

Enhancing machine grounding

If the impedance of an existing power supply grounding line for

a machine (a large multi-axis machine in particular) is high and

generates a noise voltage across the machine housing and the

ground of the factory, it is recommended to enhance grounding.

e Whattodo
Enhance grounding by adding a grounding wire or a
ground.

o  Effect
If the impedance of the power supply grounding line is high
and it is impossible for the existing power supply grounding
wires to provide a good electrical ground, lower the
grounding impedance of the machine by adding grounding
wires.

See Material 2 for a practical example.

Installing noise filters
If noise from a machine affects other devices through power
supply lines adversely, it is recommended to install a noise filter.
e  Whatto do
Install a noise filter in the input power supply of the
machine.
o  Effect
The noise filter prevents noise going from the machine to
other devices through power supply lines to affect them
adversely.
See Subsection 3.1.3.12 for the noise filters we recommend.
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Material 1: Example of Separating Grounds

Before isolation

J J J High-voltage line (6600 V, for example)

Power supply that may be affected
by noise, such as office-side power
supply line (100 VAC)

:> t100v Tzoov
f ¥ 100V
¢ ° ® ® |
quvcvﬁirn:umly for L Other power supplies

Common cubicle ground

Isolation from common ground

After isolation

High-voltage line (6600 V, for example)

Power supply that may be affected
by noise, such as office-side power
supply line (100 VAC)

A 100V

i ¥ 100V TZOOV

(e e |
Power supply for .
machine e Other power supplies

Isolated ground Common cubicle ground Isolated ground
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Material 2: Example of Enhancing Grounding

If the impedance of a power supply grounding line is high and it is
impossible for the grounding of the power supply to provide a good
electrical ground, enhance grounding by adding a grounding line or a
ground so that the grounding impedance of the machine is lowered to
suppress a noise voltage.

Machine using servo amplifer

Transformer
....... > R
....... [ S
....... > T

Noise current i resulting from PWM switching
Grounding line /

impedance :
p ........ | PE g V

N‘TE Z 1= /‘T

Potential difference
<1> Grounding enhanced resulting from high noise
with  additional grounding  current if Z is high
(NOTE 1 and NOTE 2)
B y__
<2> Grounding enhanced with !

—— additional grounding (NOTE 1 Buried grounding rod,
= and NOTE 2)

NOTE

1 Itis recommended to use mesh cables having a
satisfactory high-frequency property for the
additional grounding of a machine.

2 For TN connections, use additional grounding <1>
shown above.
For TT connections, use additional grounding <2>

by, for example, burying a grounding rod near the
machine.
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F.3.5 Anti-Noise Devices

(1) Noise filter

(2) Capacitor

(3) Zero-phase reactor

(4) Noise-cut transformer

As described earlier, what anti-noise measure to take and what
anti-noise device to use vary depending on the type of the noise of
interest, where the noise occurs, and how large the effect of the noise
is. This subsection briefly describes some anti-noise devices. They
should be used to take an appropriate measure according to the
situations.

A noise filter can be inserted between a power supply and a servo
amplifier to reduce high-frequency noise (noise voltage across
terminals) superimposed on a supply voltage. Noise filters are
effective on the AM radio frequency band.
Example products:

3SUP-H/3SUP-D Series from Okaya Electric Industries Co., Ltd.

NF3000/HF3000 Series from Soshin Electric Co., Ltd.

ZRCT/ZRGT Series from TDK

LH-3/LH-4 Series from Tokin

A capacitor can be connected directly to a servo amplifier to reduce
radiation noise from electrical power lines. Capacitors have a low
attenuation property, compared with noise filters. However, they may
be effective depending on the situation of radio waves. Select a
ground-fault circuit interrupter by giving consideration to leakage
current.
Example products:
3XYB-105-104 from Okaya Electric Industries Co., Ltd.
LW3/LY3 Series from Soshin Electric Co., Ltd.

A zero-phase reactor can be inserted between a power supply and
servo amplifier to reduce radiation noise from electrical power lines.
Example products:
RC Series from Soshin Electric Co., Ltd.

A noise-cut transformer can be inserted between a power supply and
device to reduce conduction noise (low frequency) passing through
electrical power lines or grounding lines.
Example products:
FFT Series from Fuji Electric
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F.4 MISCELLANEOUS

(1) Harmonics and noise

(2) References

A harmonic is a sinusoidal wave having a frequency that is an integral
multiple of the fundamental frequency (50/60 Hz). Usually, harmonics
having a frequency of several tens of kHz or higher are specifically
called noise, while those having a frequency of up to several kHz are
referred to, using the same term (harmonics).

In many cases, noise occurs in inverter sections, and harmonics, in
converter sections. What problem occurs and what measure to take
differ between noise and harmonics.

For harmonics, the “Harmonics Suppression Measure Guideline” is
available.

“Skillful Use of Inverters (Electrical Noise),” The Japan Electrical
Manufacturers’ Association
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G EXAMPLES OF RECOMMENDED

POWER MAGNETICS CABINETS FOR
SERVO AMPLIFIER INSTALLATION

Appendix G, “EXAMPLES OF RECOMMENDED POWER
MAGNETICS CABINETS FOR SERVO AMPLIFIER
INSTALLATION,” consists of:

G.1 OVERVIEW ....oooiiie e 452
G.2 DESCRIPTIONS.... ..ot 453
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G.1

OVERVIEW

In order to prevent the reliability of servo amplifiers from lowering
because of their environments, it is important to seal up the power
magnetics cabinet for the servo amplifiers and to give consideration to
the environment of the inside of the cabinet.
This document presents cautions to be observed when designing
power magnetics cabinets. They should be useful to those who are
going to design power magnetics cabinets.

Subsection | Subsection Summary
No. heading
G-2-1 Power Explains how to seal up power magnetics
Magnetics cabinets. Protecting electronics circuits in
Cabinet servo amplifiers requires installing them in a
Seal-up sealed power magnetics cabinet.
G-2-2 Environments | Explains how to reduce extraneous
for Amplifier materials, such as cutting fluid, oil mist, and
Heat Sink cutting chips, that may get on heat sink
Sections sections. Those extraneous materials can
lower the cooling efficiency of the servo
amplifiers (leading to a lowered amplifier
performance) and reduce the operating life
of electronics components (power
semiconductor devices, fan motors, etc).
G-2-3 Environments | Describes cautions regarding environments

for Amplifier
Installation

in which amplifiers are installed. An
environment impeding heat generation can
lower the performance of the amplifiers and
shorten the operating life of electronics
components (power semiconductor devices,
fan motors, etc).

- 452 -




B-65282EN/06

G.EXAMPLES OF RECOMMENDED
POWER MAGNETICS CABINETS
APPENDIX FOR SERVO AMPLIFIER

G.2

DESCRIPTIONS

G.2.1

Power Magnetics Cabinet Seal-up

This subsection explains how to seal up power magnetics cabinets.
In order to protect servo amplifier electronics circuits, it is necessary
to house the servo amplifier in a sealed power magnetics cabinet.

<1>

<2>

<3>

Keep the power magnetics cabinet free of any hole or gap
through which external air can enter the cabinet (Fig. 1). Do not
make any hole in a cabinet wall panel; fitting air filters in holes
cannot necessarily seal up the cabinet.

Do not make any hole in the cabinet wall panel to install a fan
motor in the hole (Fig. 1). In order to release heat from the
cabinet to the outside, use a device (such as a heat exchanger or
cooler) having a structure that will not hamper seal-up of the
cabinet.

Keep all joining areas of cabinet wall panels free of gaps. If
cabinet wall panels are partly bonded (for example,
spot-welded), fill any gaps between bonded areas with sealant,
for example, in order to seal up the cabinet.

Air intake

]

Servo amp

Jngpou

Gaps between
panel-to-panel joining _
areas (enlarged drawing) Spot welding

N

T~

Cable port hole

RRIARN

If wall panels are bonded by

spot welding, seal up gaps
\ between bonded areas.

Fan motor

Fig. 1 Example of power magnetics cabinet not sealed well (example of poor
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<4> Keep the cable port free of gaps (Fig. 1).
(Concrete method)

1) Fitaconduit in the cable port hole (Fig. 2).

2) If it is impossible to fit a conduit by any means, at least
keep the cable port free of gaps. Shown below is an
example of sealing by fitting sponge around cables (Fig 3).
Do not allow cables to overlap with one on another;
otherwise, gaps will occur around the cables. If there are
many cables, separate them into several places.

3) If a cable duct is used as a cable port, be sure to seal up the
duct. When leading cables into the duct, observe items 1)
and 2).

7;@"

&p
Fig.2 Fitting a conduit Fig. 3 Sealing with sponge

<5> In order to prevent external air from entering through screw
holes, observe the following:

1)

2)

3)

Avoid making holes in cabinet wall panels as far as
possible; for example, weld male screws (studs) to cabinet
wall panels and use nuts with them (Fig. 4). Using cap nuts
and applying sealant around them is also effective (Fig 5).
When using cap nuts, give consideration to the length of
screws used with the cap nuts.

For the top panel in particular, be sure to observe item 1),
because extraneous materials, such as cutting fluid, can
easily get on the panel.

If a screw hole is left unused (open) because of no screw
being inserted (for example, a grounding terminal screw
hole left unused), be sure to block it up.

Weld

I’

Male screw (stud) Cap nut

Apply sealant around the nut.

N

Fig .4 Welding male screw Fig.5 Using cap nut
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<6> Avoid allowing gaps in the portions where the door meets the
door frame.

1)
2)
3)
4)

5)

Seal the door, for example, by attaching gaskets to the
inside edges of the door (Fig. 6).

When attaching gaskets, do not leave gaps between the
gaskets, especially those at the corner of the door (Fig. 6).

If the cabinet has a double-door structure, use a gasket
between the doors (Fig. 7).

If a hole is made in a door panel to fit a component in it, seal
the hole with a gasket to secure seal-up.

To seal up the cabinet, be sure to lock the door.

> Example of
good work
Enlarged

Cuittisng fluid
Make the doors partly-6verlap with each other for seal-up to

prevent the entry of cutting fluid.

Example  of
poor work

Door Door

If the doors are not sealed, cutting fluid can enter through the
gap between them.

Example of
poor wor
Attach gaskets to the inside \'\.\
edges of the door without S
leaving any gap. g
Fig. 6 Sealing doors
Example  of Gasket
good work '
Door Door

Cutting fluid

Fig. 7 Double-door structure seal-up (cross-section

view of portion where the doors meet)
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<7>

Provide an underthroating at the portion where the power

magnetics cabinet frame meets the door (Fig. 8) to prevent the
entry of cutting fluid.

Door

Underthroating to prevent the entry of

cutting fluid

Gasket

Power
magnetics
cabinet

Cutting
< fluid

Fig. 8 Explanation of underthroating

<8> Lead cables into the power magnetics cabinet from below the
cable port. This is intended to try to prevent cutting fluid

entering the cabinet along cables (Fig. 9).

—— Example
of cable
laid pooly

Flow of cutting fluid
(which may enter
mgﬁéﬁcs - the cabinet)
cabinet A
Example
of cable
laid
properly
Flow of cutting
/' fluid (which will be
diverted outside
4 the cabinet)
Cable port
—-—'—""F.-"-”—.J

Fig. 9 How to lead in cables
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<9> If holes are made in a power magnetics cabinet wall panel to
install an amplifier, attach the supplied gaskets to the holes to
seal up the cabinet. At each corner of the amplifier, make
gaskets overlap with each other. If not (for example, gaskets are
cut short), a gap may occur, leading to leakage (Fig. 10).

Example of Make gaskets overlap.
good work )

7 7
7)o /
) '

Example of if
poor work not overlapped, a gap may osur.
f / . ™ \\\\ M

Q e

Fig. 10 How to attach gaskets
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G.2.2

Environments for Amplifier Heat Sink Sections

This subsection explains how to prevent extraneous materials, such as
cutting fluid, oil mist, and cutting chips, from getting on amplifier heat
sink sections.

If extraneous materials, such as cutting fluid, oil mist, and cutting
chips, get on servo amplifier heat sink sections or fan motors, they can
lower the cooling efficiency (performance) of the servo amplifiers and
shorten the operating life of electronics components (such as power
semiconductor devices and fan motors).

<1> If a structure that takes in fresh air to cool a heat sink section is
employed, be sure to enclose the heat sink section in a box
having vent holes and cover the vent holes (both intake and
discharge holes) with air filters to prevent the entry of cutting
fluid mist (Fig. 11).
Select vent holes and air filters designed to release heat properly
by giving consideration to the heat release property of the
structure. Replace air filters at regular intervals; dirty air filters
can lower the cooling efficiency.
Do not provide vent holes in the top panel; cutting fluid would
accumulate in the air filter of any vent hole in the top panel and
later drop into the box.

Power
magnetics
cabinet

Servo amplifier

Panel isolating
power
magnetics
cabinet side
from heat sink
side

Air filter covering vent hole

Amp heatsink ~ — |
section

Box containing
amplifier heat sink
section

Fig. 11 Air filter locations
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<2> Be sure to isolate the machining area from the amplifier heat
sink section (Fig. 12); if cutting fluid or cutting chips get in
direct contact with an amplifier heat sink section, its heat release
property gets lowered (Fig. 13).

Machining Heat sink section cover

area — \

Cuttiqg fluid )
Isolating

\l/\l/ \l/ panel
—v
section Power

magnetics
cabinet Machine
. . Power main body
Top view (cross-section) magnetics
cabinet

Fig. 12 Machining area isolated from amp heat sink section (example of good work)

Machining
area
T
Cutting fluid
—7HEEERNE
Heat sink —DDDD— Power
section magnetics
cabinet Machine
Power main body
Top view (cross-section) magnetics
cabinet

Fig. 13 Machining area and amp heat sink section sharing the same
place (example of poor work)
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G.2.3

Environments for Amplifier Installation

This subsection describes cautions to be observed with regard to
environments for amplifier installation.

If the heat release property of the heat sink section of a servo amplifier
gets lowered because of the servo amplifier installation environment
being improper, it is likely that the amplifier performance may be
lowered and the operating life of electronics components (such as
power semiconductor devices and fan motors) may be shortened.

<1>

<2>

Mounting heat exchangers

If the temperature inside the power magnetics cabinet is at least

10°C higher than the ambient temperature, use heat exchangers

to cool the inside of the cabinet.

*1: When attaching a heat exchanger, fit gaskets around it to
seal up the cabinet.

*2. Prevent air from heat exchangers from flowing directly
onto amplifiers or electronics products; otherwise, it is
likely that any dust and dirt in the cabinet may be blown to
them.

Installing a cooling fan for agitating air inside

Installing a cooling fan inside the power magnetics cabinet can

homogenize the temperature and increase the heat release

efficiency of the power magnetics cabinet (Fig. 14).

*1: Do not place any cable that may hamper air agitation near
the cooling fan air outlet.

*2:  Prevent air blowing from a cooling fan directly onto
amplifiers or electronics products; otherwise, it is likely
that dust and dirt in the cabinet may be blown to them.

Air flow

e B

Cooling fan

| —

Servo amp

L D

Fig. 14 Example of installing motor-driven fan for agitating air inside
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<3> Using dehumidifying agent inside the power magnetics cabinet
Placing dehumidifying agent, such as dehumidifying sheets, in
the power magnetics cabinet can prevent the reliability of servo
amplifiers from lowering.

<4> How to install servo amplifiers

It is assumed that, when servo amplifiers are installed, they will

be arranged in a raw. If you cannot help but arrange them in a

column, observe the following (Fig. 15):

*1: Keep cooling air for the lower amplifier from flowing
directly onto the upper amplifier; otherwise, the heat release
property of the upper amplifier gets lowered, being likely to
result in the upper amplifier failing to deliver its rated
output.

*2:  Keep the upper amplifier from blocking up the cooling air
flow for the lower amplifier.

Air flow

D Panel separating

upper and lower
amps

Servo amp

J

A

Separate each amp
from the isolating panel
by at least 50 mm so
that cables can be laid
in between.

;
f

Fig. 15 Example of arranging amps in a column
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DC LINK TERMINAL BOARD SECTION
PROTECTIVE COVER

Appendix H, “DC LINK TERMINAL BOARD SECTION
PROTECTIVE COVER,” consists of:

H.1 OVERVIEW 463

H.2 HOW TO MOUNT
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H.1

OVERVIEW

Protective covers are available for the DC link terminal board section
of the au series servo amplifier unit. They can be used if necessary.

Ordering information: A06B-6110-K502
Quantity: 1 (4 required)
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H.2 HOW TO MOUNT

Mount protective covers to the DC link terminal board as shown
below.

Screw each protective cover with a tightening torqure of 3.5 to 4.5
Nm.

Protective cover
A06B-6110-K502

Attach protective covers (four) to the DC link

Enlarged terminal board of the amp at either end.

Before mounting After mounting
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POWER FAILURE DETECTION

FUNCTION
Appendix |, “POWER FAILURE DETECTION FUNCTION,”
consists of:
1L OVERVIEW ..o, 466
1.2 POWER FAILURE DETECTION SPECIFICATION.............. 467
1.3 APPLICATION TO PREVENTION OF VERTICAL AXES
FROM FALLING AT POWER FAILURE .......ccccoocvviiiiiinn, 469
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.1

OVERVIEW

The upgraded version incorporates a power failure detection function.
This function can prevent a vertical axis from falling by applying the
brake to the vertical axis promptly as directed by a power failure
detection signal output from the ai PS after a power failure.
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.2

POWER FAILURE DETECTION SPECIFICATION

o The following voltage drops are detected as power failures:
(1) Drop of a 3-phase voltage (L1, L2, or L3) input to the main
circuitry of the ai PS
(2) DC link voltage drop
(3) Drop of a voltage (between pins 1 and 2 of connector CX1A)
input to the control power supply of the ai PS
o Power failure signals are output through a photo MOS relay (Fig. 1).
e There are two power failure detection output channels, which
operate the same way.

Fig. 1 Output circuit
Power failure detection output connector

CX37
 —a— l_]——0——( ) | A1
! Maximum rated voltage: 30V
<« Y :’ Maximum rated current: 200 mA
I
e——o0— ot 0 | a3
Photo MOS Relay
Power failure
detection circuit
! Maximum rated voltage: 30V
< Y j Maximum rated current: 200 mA
I
o " o1—0 |B3
Photo MOS Relay

Connector specification: AMP connector
Housing: 1-1318119-3
Contact : 1318107-1
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The power failure detection output is closed normally and becomes
open at power failure (Fig. 2).

The power failure detection output becomes open 10 msec after a
power failure occurs. It becomes closed 15 msec after the power is
resumed (Fig. 2).

If an alarm condition occurs in the ai PS, the power failure
detection output becomes open (in the same condition as for the
detection of a power failure) (Fig. 2).

Fig. 2 Power failure detection output

ai PS alarm

State of power Normal Failure Resumed
s s
Power failure CLOSED | OPEN | LOSED OPEN
detection output ,: Pl ,._: J
10msec "15msec |

The power failure detection output becomes closed within 1.5 sec
after the control power (200 VAC) is applied to the ai PS, enabling
power failures to be detected after the ai PS becomes ready (the
LED display on the ai PS becomes “0”).

If the ai PS is not ready (the LED display on the ai PS is “-”), the
power failure detection output remains closed.

Fig. 3 Conditions enabling power failure detection

ai PS control power (200 VAC)

Power failure = OPEN

<—> 1.5 sec or less

L

CLOSED Power failure detection enabled |OPEN

detection output

Emergency stop *ESP (X8.4)

Main circuit MCC

DC link voltage

State of ai PS

" /

Ready (LED display = 0)
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1.3 APPLICATION TO PREVENTION OF VERTICAL AXES
FROM FALLING AT POWER FAILURE

Preventing a vertical axis from falling at power failure requires
applying the brake to the vertical axis before its motor is deenergized.
To put it another way, it is necessary to perform the following:

(1) Apply the brake promptly after the occurrence of a power failure.
(2) Keep the vertical axis motor energized since the occurrence of
the power failure until the brake works.

Timing chart

Power failure

Input power
supply voltage
Brake operation lag time

Brake | Brake force effective

Vertical axis motor Energized | Deenergized

Holding vertical axis electrically |

Holding vertical axis mechanically
(by brake force)

.3.1 Procedure

(1) Configure a brake circuit that operates promptly after the
occurrence of a power failure (Subsection 1.3.2).

(2) Keep the vertical axis motor energized until the brake comes into
operation (Subsection I. 3. 3).
e Check the control power supply hold time.
e Set parameters.

(3) Confirm the effect of the measure taken (Subsection 1.3.5).
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.3.2 Brake Circuit

The emergency stop signal (*ESP) and the brake operation relay must
be operated together on a power failure detection output from the ou
PS.

Configure a brake circuit as shown below.

24V
aiPS Al
o—
. _ ] A1
Power failure detection output <13
Closed normally § j *ESP
Open at power failure detection
A3
24V
PMC I
DI “ESP="L" starts lifting DO }_l
o vertical axis. ~{ >
At the same time, SA="L" M
applies the brake.
aiPS
o— —oO
1o |B1
Power failure detection output <23
Closed normally § j
Open at power failure detection
o— Lo |B3
—Ki
Brak i I ov
rake operatlon relay
N
|Brake power supply| Brake coil

Refer to “FANUC AC SERVO MOTOR i series Descriptions”
(B-65262EN) for explanations about the specification of the brake
operation relay contacts. Connect a surge suppression element (such
as a diode) in parallel to the relay coil in order to suppress voltage
surges that may occur when the relay is deenergized.
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Relay release time

Brake response time

Time since the occurrence of a power failure until the brake operates

The “brake operation lag time” since the occurrence of a power failure
um of the “power failure detection delay time,” “relay release
time,” and “brake response time.”

is the s

Brake

Power failure

Input power

supply voltage

Power failure

detection output ON OFF
Relay contact Closed | Open

<1> Power failure

detection delay time <3> Brake response time

<2> Relay release time
<4> Brake operation lag time

Brake force effective

<1> Power failure detection delay time:
occurrence until a power failure detection signal is output from the aiPS
<2> Relay release time:
relay coil until the relay contact releases (contact “a” becomes open)
<3> Brake response time:
relay coil until the brake force becomes effective
<4> Brake operation lag time:
until the brake force becomes effective

Time (10 msec) since power failure
Time since the removal of the rated voltage from the
Time since the removal of the rated voltage from the

Time since the occurrences of a power failure

Select

a relay with a short contact release time.

Example:
Omron G2R (coil voltage of 24 VDC, with a built-in _diode):

Release time of 20 msec or less

Listed below are the specifications of the built-in brake of each motor

model.
ai F1, ai F2 oi F4, ai F8 oi F12- ai F40 aiS100
aiS2, aiS3 aiS8, 0iS12 aiS22 - iS50 aiS200
Motor model BiS4,BiS 8 BiS12-piS 30 aiS100HV
aiS2HV oi F4HV, ai F8HV oi F12HV, ai F20HV aiS200HV
0iS3HV aiS8HV, aiS12HV 0iS22HV, 0iS50HV
Response time (max) 10msec 30msec 30msec 60msec
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Brake operation lag time

Given below is an example of calculating the time that elapses since
the occurrence of a power failure until the brake operates.

Conditions
<1> Power failure detection delay time — 10 msec
<2> Relay (Omron G2R) release time — 20 msec

<3> Brake (incorporated in the ai F8) response time ~ — 30 msec

Result 10 msec + 20 msec + 30 msec = 60 msec
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1.3.3 Method for Keeping Vertical Axis Motors Energized

The following conditions are required to keep a vertical axis motor

energized after the occurrence of a power failure.

(1) The control power supply for the NC and amplifier remains
normal.

(2) Parameters for enabling brake control are set.

Keeping control power on
Keeping a vertical axis motor energized even after the occurrence of a
power failure requires keeping the control power for the NC and
amplifier on for longer than the “brake operation lag time.”

Power failure

Input power
supply voltage

Relay contact Closed | Open

Brake I Brake force effective
-

Brake operation lag time

24V x90% = 21.6V
NC and amplifier
control power 24V \

supply

Control power supply hold time

* See Subsection 5.2.2 for descriptions of the brake operation lag
time.

(1) NC control power supply
Check the specification of an external power supply for
supplying a control power voltage of 24 V.
The hold time of external power supplies varies depending on
their load ratio (ratio of load current to power supply current
rating). The lower the load ratio, the longer is the hold time after
power failure occurrence. Using a power supply having a
somewhat high current rating compared with the load current is
effective in keeping the hold time long.
If a switching power supply with a 200 VAC single-phase input
is used as a control power supply for the NC, use the same power
supply voltage phase as for the control power inputs (pins 1 and
2 of connector CX1A) of the ai PS so that a drop in the 200
VAC control power supply input can be detected promptly.
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(2) Amplifier control power supply
The hold time of the amplifier control power supply is
determined according to how many SP and SV units are
connected to the PS.
The rough hold time of the amplifier control power supply can be
determined from the sum (N) of the constants n (Table 1) for
each SP and SV connected to the PS according to Table 2.

Example: Assume the following SP and SV units are connected to
one PS.
One oi SP 22 unit/one ai SV 360 unit/one ai SV 160 unit/one
ai SV 80/80 unit
(According to Table 1)
n=1 n=15 n=1 n=15
N=1x1lunit+15x1unit+1x1unit+15x1unit=>5
— Hold time 40 msec (according to Table 2)

Table 1 Constant n for SP/SV

Amplifier model n
ai SP 2.2 to 30, 5.5HV to 45HV (60 mm-wide/90 mm-wide/150 mm-wide
SP type)
ai SP_45, 55, 75HV, 100HV (300 mm-wide type) 1.5
sV ai SV 20 to 160, 10HV to 80HV (60 mm-wide/90 mm-wide type) 1
(1 axis) ai SV 360, 180HV (150 mm-wide type) 1.5
oi SV_360HV (300 mm-wide type) 2
SV
(2 axes) All models 1.5
SV
(3 axes) All models 2

Table 2 Relationships between the amplifier control power supply hold time and N (sum of constants n)

Amplifier control power supply hold time N
20 msec 8
30 msec 6.5
40 msec 5
50 msec 4
60 msec 3
70 msec 2

* The input voltage is 200 VAC.

Confirmation on the real machine

The amplifier control power supply hold time obtained using the
expression given above is a mere rough estimate. The exact hold time
of the amplifier and NC control power supplies must be confirmed on
the real machine.

See Subsection 5.2.5 for explanations about a confirmation method.
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Measure for an insufficient amplifier control power supply hold time

Parameter setting

M)

)

If the hold time of the amplifier control power supply is
insufficient (shorter than the brake operation lag time), it can be
prolonged by supplying control power to some of the SP and SV
units from the outside to reduce the load of the power supply in
the PS. See Subsection 1.3.6 for explanations about how to
supply control power to SP or SV units from the outside.

If the hold time of the NC and amplifier control power supplies is
insufficient and it is difficult to add control power supplies or
increase the capacity of existing control power supplies,
connecting an UPS (uninterruptible power supply unit) can
prolong the hold time.

Set parameters for brake control.

(1) Brake control bit (BRKC): To be set to enable brake control.
(2) Brake control timer: To be set to a value not less than the brake
operation lag time (100 msec or so).
(3) Emergency stop timer incorporated in the ai amplifier (ESPTML1,
ESPTMO0): To be set to a value longer than the brake control
timer.
Parameter No.
CNC BRKC Brake control timer ESPTM1 ESPTMO
FS15i No.1883 #6 No.1976 No.1750 #6 No.1750 #5
Zi: 6;11 2 212121011 No0.2005 #6 No0.2083 No0.2210 #6 No0.2210 #5
Example setting 100 0 1

Refer to the “FANUC AC SERVO MOTOR ai series Parameter
Manual” (B-65270EN) for detailed descriptions.

NOTE
If a multiaxis amplifier (such as a 2- or 3-axis
amplifier) is used for vertical axes, set the above
parameters for all axes on the multiaxis amplifier.
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1.3.4

Cautions

)

(2)

©)

If a power failure occurs during heavy cutting, it is likely that it
may be impossible to prevent a vertical axis from falling. This is
because a DC link low voltage alarm occurs before the brake
operates. Preventing vertical axes from falling in these situations
requires connecting a power failure backup module to submodule
C.

Even if a measure is taken to prevent a vertical axis from falling,
it falls through a distance corresponding to the backlash of the
brake (for a ball screw pitch of 10 mm, up to 20 um). If this
distance cannot be ignored, the lifting function against gravity at
emergency stop can be used to lift the vertical axis through that
distance before a complete stop. Refer to the parameter manual
(B-65270EN) for detailed descriptions of this function and
parameter setting.

If the connected drive power supply is a 200 VAC dynamic
brake module DBM (A06B-6079-H401 or A06B-6069-H300), an
UPS (uninterruptible power supply unit) having a 200 VAC
output is needed to drive the DBM. Connect the servo amplifier
connector CX1A with an UPS having the following
specifications:

e Output voltage: 200 VAC single-phase sine wave

e OQutput frequency: 50 or 60 Hz

e Changeover time: No instantaneous break

e Output hold time: Brake operation lag time (see Subsection

4.2.2)

e Rated output (continuous rating): Number of DBM units x
22 [VA]

e Overload strength (20 msec): Number of DBM units x 220
[VA]

If this UPS is used also as an amplifier control power supply
(input to the CX1A of the PS), it must have an output rating
(continuous rating) of 700 VA. If a DBM (A06B-6079-H403)
driven on 24 VDC is used and the 24 VDC power supply can
remain on for the brake operation lag time or longer, no UPS is
needed.
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1.3.5

Confirming Effect

The

following procedure can be used to check whether a measure

taken to prevent a vertical axis from falling is effective.

)
(2)
®3)

*

Keep the vertical axis at a halt, and write down its absolute

coordinates.

Turn off the machine’s main circuit breaker to cause a power

failure condition.

Restart the machine, and check the absolute coordinates of the

vertical axis to see whether it has fallen.

The vertical axis will fall through a distance corresponding to the
backlash of the brake (for a ball screw pitch of 10 mm, up to 20

pum).

[Measure for a vertical axis falling when the circuit breaker is turned

off]

If a

vertical axis falls when the circuit breaker is turned off, observe

the waveforms described below to find causes.

(1)
(2)

3)
(4)

Brake coil voltage — Observe the voltage across the brake coil.
Amplifier control power supply voltage — Observe the voltages
at pins Al (24 V) and A2 (0 V) of connector CXA2B of the last
amplifier.

Control power supply voltage supplied to the NC — Observe the
output voltage of the 24 V power supply for the NC.

Input power source voltage — Observe the voltage of the input
AC power source, using an insulated probe.

If the control power of the amplifier or NC drops before the brake

ope

rates, take an action stated below and see how it works.

Exchange the power failure detection relay for operating the brake
coil (have another look at the specification of the release time).
Prolong the hold time of the control power supplies by increasing
their capacity (reducing their load ratio).
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Shown below are examples of waveforms observed when a measure

taken to prevent a vertical axis from falling works normally.

200 VAC input
power source
voltage

, wZOns/di
................................................... NC control bower S@Jpply
' Amplifier control power supply 24V x 90%

Brak

e coil voltage : : : H"\.

Power failure

(breaker off) 28V [ | 24V

20msec/div

Motor kept energized

Brake operating

| Brake started to operate || Motor deenergized

30msec

100msec

130msec
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1.3.6 Method for Supplying External Power to the Amplifier

Connection diagram

Connect only the 0 V power line (A2 and B2) between amps supplied with 24 V control power
from the PS and those supplied from the outside; do not connect the 24 V line (A1 and B1).
aiPS aiSP aiSV @i SP aiSV
— ] on boi boi
2)200S
(1) 200R
K69 K69 K69 | [oxazd
24V (A1) (A1) 24V (AD) (A1) 24V (AD) (A1) 24V (A1) (A1) 24v (AD
24V (B1) (B1) 24V (Bl (B1) 24V (Bl (B1) 24V  (B1) B1) 24v B N
oV (A2) (A2) oV (A2) (A2) oV (A2) (A2) oV (A2) (A2) oV (A2)
oV (B2 B2 ov (B2 B2 ov (B2 B2) ov (B2 B2) ov (B2
MIFA  (A3) (A3) MIFA (A3) (A3) MIFA (A3) (A3) MIFA (A3) (A3) MIFA (A3)
BATL (B3) f------ (B3) BATL (B3) |f-----1 (B3) BATL (B3) |}-----1 (B3) BATL (B3) f-----1 (B3) BATL (B3)
*#ESP - (A4) (A4) *ESP  (Ad) (A4) *ESP  (Ad) (A4) *ESP  (Ad) (A4) *ESP  (Ad)
XMIFA (B4) (B4) XMIFA (B4) (B4) XMIFA (B4) (B4) XMIFA (B4) (B4) XMIFA (B4)
External power
supplies
FG  +24V OUT <
AC
AC ov

Power supply capacity
(1) «i SV (3-axes), ai SV 360, 180HV (150 mm-wide SV), ai SP 45,
55, 75HV, 100HV (300 mm-wide SP) —» 1.5A
(2) ai SV 360HV (300 mm-wide SV) — 2A
(3) Others — 1A
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Timing to turn off power supplies

Configure connections of the PS, external power supplies A, and B
(see the figure below) so that they will be turned on simultaneously
and their output voltages will satisfy the timing requirements shown
on the following timing chart. Generally, turning on these power
supplies simultaneously would satisfy the timing requirements. If a
timing requirement is not satisfied, however, attach a delay timer to
the power line in order to satisfy it.

<1> Input AC power source |

<2> External power supply [A] —

24 V output voltage - <€— <2> must not delay by 200 msec or more from <3>.
<3> PS power supply
24 V output voltage _— *  If the power supply turn-on timing

is incorrect, an FSSB
communication error alarm is
issued.

—_ <
- } <2> and <3> must not delay by 500 msec or
more from <4>.

<4> External power supply [B]
24 V output voltage |

PS SP SV SP SV

AC power supply 24V supply

<1> <3>

External power supply 24 V supply
— unit [A]
24V <2>
External power supply 24 V suppl
unit [B] oy CNC
24V <4>

/A CAUTION

1 If an external power supply (24 V) is shared
between a servo amplifier and another unit, any
fluctuation in the load current of the non-servo
amplifier unit affects the 24 V voltage adversely,
leading to a possible servo amplifier or CNC alarm.

2 Keep voltage fluctuations of the external power
supply (24 V) within a tolerable range (24 V +10%)
any time (including momentarily). No 24 V power
can be supplied to the PS from the outside. Be sure
to supply 200 VAC to the PS (through connector
CX1A).
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|.4 USE IN COMBINATION WITH THE DUAL CHECK SAFETY
FUNCTION

When using the following functions at the same time, add a relay

between Al and A3 of the connector (CX37) of the aiPS.

¢  When using the dual check safety function

e  When using aiPS power failure detection output for the function
of preventing vertical axes from falling at power failure

. 24V ["Relay to be added |
ai PS connector (CX37) T e oo

J A1 Exercise control so that A1 and A3
o =] I of CX37 are short-circuited with the
Power failure detection output _ relay when an MCC on/off test is
Closed normally. Y j & performed (G191#2 = 1). This
e operation is performed to prevent
the emergency stop state being
entered because MCC-off is

detected as a power failure and the
"QI& power failure output is opened.

Opened at detection of power fail

00— o 1

A3

24V

PMC T

DI When *ESP = L, the vertical DO
axis is lifted. 4<

When SA = L at the same] |_
time, the brake operates.

ai PS connector (CX37)

oi PS
Power failure detection outpu(t)g |_'__0 o
[

Closed normally.

Opened at detection of power fail

L o |B3
<l
DH—
Brake operating relay ov
N
|
Power supply ]
for brake Brake coil
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SENSOR (OLD SPECIFICATIONS)

Appendix J, "SENSOR (OLD SPECIFICATIONS)," consists of the
following sections:

J.1 SENSOR FOR THE SYNCHRONOUS BUILT-IN SERVO
MOTOR AND SEPARATE SENSOR .......cccccvinivvenineeiennene 483
J.2 SENSOR FOR THE SPINDLE........cccccoceectinininininieicnieneens 498
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J.1

SENSOR FOR THE SYNCHRONOUS BUILT-IN SERVO
MOTOR AND SEPARATE SENSOR

J.1.1

Absolute aiCZ Sensor (Serial Output, A860-2142-T**¥)

The absolute aiCZ sensor is used as an angular displacement sensor
for the synchronous built-in servo motor DiS series or as a separate
sensor. For this sensor, the FANUC serial interface is used. This
sensor can be directly connected to the o series servo amplifier or the
separate sensor interface unit.

Names and specification numbers

Repetitive Remarks
. . . Absolute .
N Specification | Resolution |positioning . Maximum | Sensor ring
ame . precision | Number .
number [rotation] | precision speed Inner Outer Function
(Typ.) | of teeth .
(Typ.) [min”] |diameter| diameter
A860-2142-T411
Absolute 0iCZ |(Cable length: 1.2 m) Iy "
+1 +7
sensor 512S | A860-2142-T412 1/3,600,000 512 600 82 $102.8 | Absolute
(Cable length: 0.4 m)
A860-2142-T511
Absolute 0iCZ |(Cable length: 1.2 m) Iy "
+1 +5
sensor 768S | A860-2142-T512 1/3,600,000 768 400 $125 0154 Absolute
(Cable length: 0.4 m)
A860-2142-T611
Absolute 0iCZ |(Cable length: 1.2 m) Iy "
+1 +3.5 .
sensor 1024S | A860-2142-T612 1/3,600,000 1024 300 $160 $205.2 | Absolute
(Cable length: 0.4 m)

NOTE
When the absolute aiCZ sensor 768S is used as a
position sensor for the synchronous built-in servo
motor DiS, the sensor can be used only for a
application of finite rotations (10 rotations or less in

total).
Absolute maximum ratings
Item Specification
Power supply voltage -0.5Vto+6.0V
Operating temperature range 0°C to +50°C
Humidity 95%RH or less
Electrical specifications
Item Specification
Power supply voltage 5V +5%
Current consumption 250 mA or less
Current consumption at battery backup time 400 pA (Typ.)
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Detection circuit

Dimensions
Absolute aiCZ Sensor 512S
This bolt for fixing AB/Z ring. 1 1 . 5£0.2 (¥%5)
A860-2142-T411(cable length: 1.2m) 3T __ Fastened before shipment 37
24| 26 Tightened before shipment | s
AB60-2142-T412(cable length: 0.4m)< | ey e 3 <
£ For detection ring attachment g
/\/f@@ 3 A i/
c
R Q Q 2 Y 1 {6\
o b/ /&€ 2 A 17.5 3
N o =\ BN
— |~
(— xpK| o
° -+ e
D127
/ AB ring % olo
Z 0 Q Zring N\ = Y :t
N
< (] ©) nsor mounting ring l' S
O S \f
Ky 9 ¢ ;‘3 or the sensor
2 .% b ] mounting ring attachment ﬁZZZ”
\() (3%6) 4 ]
d d‘?) 7411 - 1. 9m §§ o4 :"8555 tf;;ciugh Sectonal drawing | Alignment track
ik C. of A
Cable lengthT412 : 0. 4m 7 ¢ 46
° ° o
¥ oo
\:::::j BE
gl 5 f AN
% g |,< 170 \ >! For detection circuit attachment
2 ° 185 \ 4-¢5 through
§|% 3
kel i
— L
'3 2
g S
d 7T

RM15WTP-12P

For details of installation, see "Installation" described later.
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NOTE

The inner diameter(*1) of the sensor ring is set with a plus tolerance. (*2) indicates the outer diameter of the tooth
surface of the sensor ring.

The inner diameter(*3) of the sensor mounting ring is set with a plus tolerance. (*4) indicates the outer diameter of
the sensor mounting ring.

(*5) indicates the distance from the bottom of the sensor mounting ring to the bottom of the sensor ring.

The sensor head cannot be adjusted mechanically. So, do not loosen the screws marked (*6).

Use the sensor at a temperature not higher than 50°C.

Because the absolute aiCZ sensor is adjusted as a combination of the sensor ring, sensor, and sensor circuit in
advance, they must be used as a set.

The sensor is a precision part. Use special care in handling. Particularly, do not apply external force to the sensor
element.

The sensor is an electronic part. To prevent chips, oil, water, and other harmful materials from being attached to the
sensor, take dust-proof and water-proof measures on the machine side.

The waterproofness of the sensor circuit box is equivalent to IP55. However, if the sensor circuit box is continuously
exposed to coolant, for example, the sensor can fail. Provide highest-level water protection to prevent the sensor
circuit box from being exposed to coolant or the like.

Ensure that no vibration greater than 1 G is applied to the sensor circuit box.

For easy maintenance, mount the sensor at a position where it can be replaced easily.

Ground the sensor circuit box. The bottom of the sensor circuit box is not painted. So, the sensor circuit box can be
grounded only by screwing.
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. This bolt for fixing AB/Z ring. .
AbSOIUte (XICZ sensor 7688 37 Fastened beforegshipmentg l 3 . 510 2 (%’5)
A860-2142-T511 (Cable length 1.2 m) 24126 / 39
A860-2142-T512 (Cable length 0.4 m) A‘% | Tightened before shipment
— [ (x6) For detection ring attachment fay
— 4” 6— $5.5 through,
2 4’ Sensor
<0 (BF T/ P.C.D ¢140 head
= RN ,
0,
N 175"
4 m
@ ~— %“
hE
@ > 7- -E_ 1T -m oo} c:
od T} [+ 1
3 ~s
o o f © AB ring SIS 6
foz
A STV
! N\
(%ﬁsor, ing ri
J:j.g For the sensor Sensor
i mounting ring attachment head
4-¢5.5 th h ~
T511 : 1.2m 24 beD W74 Sectonalcrawing  \ALGMCM Hack
Cable length  T512 : 0.4m 46
/
Ol o ° °
oo
~|o
—
s o\ ° ° AN °
i s | 0N
ha e = N
3 a3 185 AN For detection circuit attachment
— - O
g ln_-_ % 4-¢5 through
o ™ =
+—= w
il % 9 Detection circuit
S 8
3

For details of installation, see "Installation
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NOTE

The inner diameter(*1) of the sensor ring is set with a plus tolerance. (*2) indicates the outer diameter of the tooth
surface of the sensor ring.

The inner diameter(*3) of the sensor mounting ring is set with a plus tolerance. (*4) indicates the outer diameter of
the sensor mounting ring.

(*5) indicates the distance from the bottom of the sensor mounting ring to the bottom of the sensor ring.

The sensor head cannot be adjusted mechanically. So, do not loosen the screws marked (*6).

Use the sensor at a temperature not higher than 50°C.

Because the absolute aiCZ sensor is adjusted as a combination of the sensor ring, sensor, and sensor circuit in
advance, they must be used as a set.

The sensor is a precision part. Use special care in handling. Particularly, do not apply external force to the sensor
element.

The sensor is an electronic part. To prevent chips, oil, water, and other harmful materials from being attached to the
sensor, take dust-proof and water-proof measures on the machine side.

The waterproofness of the sensor circuit box is equivalent to IP55. However, if the sensor circuit box is continuously
exposed to coolant, for example, the sensor can fail. Provide highest-level water protection to prevent the sensor
circuit box from being exposed to coolant or the like.

Ensure that no vibration greater than 1 G is applied to the sensor circuit box.

For easy maintenance, mount the sensor at a position where it can be replaced easily.

Ground the sensor circuit box. The bottom of the sensor circuit box is not painted. So, the sensor circuit box can be
grounded only by screwing.
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Absolute aiCZ sensor 1024S

37 This bolt for fixing AB/Z ring. 13.5%0.2 (%5)
A860-2142-T611 (Cable length 1.2 m) 24| 26 Fastened before shipment 39 ©
A860-2142-T612 (Cable length 0.4 m) Tightened before shipment I 3l o
< (3%6) For detection ring attachment
- 3 6-¢6.6 through Sensor
® P.C.D ¢$183 head =
4
0] &
® o]
©) 17.5
(T) o
10 o [e)]
2~ o] | N\ o
<
/ | >
e " EE| o
< - - i Exminn o| ok
ol|—r
4V}
—|
@ e SE
X o S
$ ’g © I o é’f) o| ABring
Zring N\
g @ @ y Sensor | mounting ring
o o
®
® ® For the sensor Sensor
mounting ring attachment @24 x4
A.é' 4-¢6.6 through Sectional drawing A"gnmem track
26 |24 P.C.D ¢226 oFAK
T 46
° ]
o|lo
~| @
P e N ° Jod
% E 53 170 \ ;l. \For detection circuit attachment
£ . |2 % 4-45
i elg £ Detection circuit

For details of installation, see "Installation" described later.
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NOTE

e The inner diameter(*1) of the sensor ring is set with a plus tolerance. (*2) indicates the outer diameter of the tooth
surface of the sensor ring.

e The inner diameter(*3) of the sensor mounting ring is set with a plus tolerance. (*4) indicates the outer diameter of
the sensor mounting ring.

¢ (*5) indicates the distance from the bottom of the sensor mounting ring to the bottom of the sensor ring.

e The sensor head cannot be adjusted mechanically. So, do not loosen the screws marked (*6).

¢ Use the sensor at a temperature not higher than 50°C.

¢ Because the absolute aiCZ sensor is adjusted as a combination of the sensor ring, sensor, and sensor circuit in
advance, they must be used as a set.

e The sensor is a precision part. Use special care in handling. Particularly, do not apply external force to the sensor
element.

e The sensor is an electronic part. To prevent chips, oil, water, and other harmful materials from being attached to the
sensor, take dust-proof and water-proof measures on the machine side.

e The waterproofness of the sensor circuit box is equivalent to IP55. However, if the sensor circuit box is continuously
exposed to coolant, for example, the sensor can fail. Provide highest-level water protection to prevent the sensor
circuit box from being exposed to coolant or the like.

e Ensure that no vibration greater than 1 G is applied to the sensor circuit box.

e For easy maintenance, mount the sensor at a position where it can be replaced easily.

e Ground the sensor circuit box. The bottom of the sensor circuit box is not painted. So, the sensor circuit box can be
grounded only by screwing.
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Installation

Installing the sensor ring
Install the flange on the shaft side and screw it in the axis direction by
using the sensor ring mounting hole. In assembly, perform centering
using the centering track so that the swing from the center of rotation
is 10 pm or less.

¢ B

LOOA T |

(Sensor ring mounting plane)

Sensor ring mounting hole)

Mounting screw

( Centering track

Outer diameter of i . . Recommended
e . Positions of sensor ring Mounting . .
Specification centering track . tightening torque
mounting holes screw
(¢B) (Nm)
A860-2142-T411 6-¢05.5 through, equally
A860-2142-T412 ¢101 spaced on ¢92 circumference MS 241034
6-¢05.5 through, equally
222831321:1; 91522 spaced on ¢140 M5 241034
circumference
6-¢6.6 through, equally
AeoziizTet | 92034 spaced o 4183 e t1058
circumference

NOTE

e For centering, the outer diameter of the flange must be designed so that there is a gap of about 0.1 mm between the
flange and the inner surface of the sensor ring.

e Secure the sensor ring on the end face with screws (avoid heat shrink fitting to mount the sensor ring).

e The sensor ring consists of a phase Z ring and phase A/B ring, which are fastened together by using screws in
advance. Never detach these screws. Spot facing is not provided. So, at the time of machine design, be careful not
to cause interference with the screw heads.

e Centering must be performed with the centering track (the outer surface of the phase Z ring and the teeth pitch circle
are not coaxial). When performing centering, use a tool such as a plastic hammer not to damage the gear teeth.

e Magnetic matter attached to gear teeth can lead to a detection error. After centering is completed, remove such
foreign matter by air blowing.
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Installing the sensor mounting ring

Sensor mounting ring '

¢ C

_1]0.02 |A

0.015

When installing the sensor mounting ring, provide a socket on the
machine side, and fit the sensor mounting ring into the socket. (The
dimensions of the socket on the machine side must satisfy the
accuracy indicated in the table below. Otherwise, detection precision
may deteriorate.) When fastening the mounting ring with the screws,
press the mounting ring against the socket from the CN1 sensor side
as shown in the figure below. After the installation, check that the gap
between the sensor ring and sensor is 0.08 mm or more by using a
thickness gage.

CN2 sensor

Sensor element

ﬁ CN1 sensor

Fasten the sensor mounting ring while

pressing it in the arrow direction.

. Distance between bottom
Outer diameter of . . . .
e . Inner diameter of Socket height of sensor mounting ring
Specification sensor mounting i
ring socket (¢C) (D) and bottom of sensor ring
(E)
A860-2142-T411 0 0.015
A860-2142-T412 ¢1 40t0,o15 1 40f0 5.5 or less 11.5%0.2
A860-2142-T511 0 0.015
A860-2142.T512 ®1907; ;5 $1907, 7.5 or less 13.5+0.2
A860-2142-T611 0 0.015
A860-2142-T612 2427 5 $2427; 7.50r less 13.5+0.2

NOTE

¢ Provide a sock on the machine side where possible, and fit the sensor mounting ring into the socket. Avoid making
centering adjustments by tapping the outer surface of the sensor mounting ring.
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When checking the signal waveforms

When checking the signal waveforms, see the description below. (The
signals need not be adjusted.) Supply power to the 0 V and 5 V pins.
The Lissajous figure of phase A/B output signal is a complete circle.

CN2
Sensor head side D SVM side
CN 3
CN 1

'y

RZ 7 TO1 B A
Phase A/B and phase Z signal waveforms (measured on the sensor
circuit check pins at room temperature and 500 min™")

Signal Check pin Output amplitude Offset
name
Phase A A (Relat!ve to TO1) 3200 £300 mVp-p +50 mV
Phase B B (Relative to T01)
Phase Z Z (Relative to RZ) 660 to 1,650 mVp-p 100 to 250 mV
For connector pins, see "Details of cable (K89) for connection with the aiSP series" described later.
A B
I Offset Z
N AK AN Offset A A /\
z
Amplitude A 7 ‘L TO1 WF_ RZ
v T oiset 5 Amplitude 2 |
Amplitudé B -

NOTE

¢ Adjustments have been made for the sensor, sensor circuit, and sensor ring at the same time. Therefore, use them
as a set. The variable resistor on the printed circuit board of the sensor circuit is also adjusted in advance. So, do

not readjust the variable resistor. Furthermore, the sensors cannot be adjusted mechanically. So, do not loosen the
screws fastening the CN1 and CN2 sensors.

The connectors on the sensor side are labeled "CN1" (in black) and
"CN2" (in blue). Make connections according to the figure above.
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Rotation direction of the absolute aiCZ sensor
When the sensor is viewed from the top as shown in the following
figure, clockwise rotation of the sensor ring is referred to as forward

rotation: Forward rotation

Check the rotation directions of the encoder and motor according to
"Synchronous Servo Built-in Motor DiS Series Descriptions
(B-65332EN)." If their rotation directions are opposite to each other,
connect U-W-V of the motor to U-V-W of the amplifier.

Notes
Do not detach the connectors of the absolute aiCZ sensor heads from
the sensor circuit. If the connectors are detached, the reference
position may be displaced. In such a case, be sure to perform reference
position return operation (magnetic pole position detection and
reference position return operation when using the sensor with the
synchronous built-in servo motor).

When the absolute oiCZ sensor is used as a sensor with the
synchronous built-in servo motor, the magnetic pole position detection
function (option) is needed. For the magnetic pole position detection
function, refer to the specifications (A-77769).
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Extending the sensor cables
The sensor cable from each sensor head to the sensor circuit can be
extended until the total length becomes 5.2 m.

Sensor circuit

Hlg
{1}

Extension cable Sensor cable

(1.2 m or04 m)

Absolute

(xiCZ sensor

5.2 m or less in total

& \l

The connection specifications of an extension cable are as follows:

Absolute ociCZ sensor

Sensor circuit (CN1, CN2) pm g St *ﬂ‘z‘s‘_____l__' Sensor cable terminal connector (CN1, CN2)

(5) A B A iAo
P P

®) RA L / \ Ll RA I(s)
r HEN

) B o A : | B I(7)

® RB L /\ P re I(s)

9 z o A bz I(9)
o o

(10) RZ L /\ i1 Rz I(w)
P P

(1), (2) | +sv P Y (1), (12)
i i Drain i i

(2),(3) Lo wire PV @, @)

(1 l_:""""""i" SS Q)]

Waterproof connector (plug)
RM15WTP-12P: Hirose Electric
Waterproof connector (cord clamp)
RM15WTP-CP(*): Hirose Electric

Waterproof connector (jack)
RM15WTJA-12S: Hirose Electric
Waterproof connector (cord clamp)
RM15WTP-CP(*): Hirose Electric

When orderin% the cord clamp marked with *, specify the outer diameter of the cable sheath,

* 7 and are not output from the sensor head on the CN2 side
but may be connected.
Signal name
2
5V, OV 0.5 mm* x 2
A RA, B, RB, Z, | 0.2 mm? or more
RZ Twisted pair
Drain wire 0.15 mm? or more
Recommended cable A66L-0001-0317
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Parameter setting

With the absolute aiCZ sensor, the number of feedback pulses per
rotation varies, depending on the number of teeth. Make parameter
settings according the absolute 0iCZ sensor used.

When using the absolute aiiCZ sensor as a sensor for the synchronous
built-in servo motor, perform magnetic pole position detection by
using the magnetic pole position detection function (option). For the
magnetic pole position detection function, refer to the specifications
(A-77769).

[When using the absolute aiCZ sensor as a position sensor for the synchronous

built-in servo motor DiS]

(Supported servo software)

The supported servo software depends on the specifications of the NC
and sensor used (see the table below). For AMR offset setting, the
magnetic pole position detection function needs to be used. The
absolute aiCZ sensor 768S can be used only for an application of
finite rotations.

NC
Sensor Series-0i Series-151,164,181,21: Series-307,317,32i
specification
Absolute Series 90D0/Edition A (01) or later

aiCZ sensor 5128

Series S0B1/Edition A (0T) orlater | = oo ¢ 90E0/Edition A (01) or later

Absolute
aiCZ sensor 768S

Applicable only to finite Applicable only to finite rotations
rotations (less than 10 rotations (less than 10 rotations in total)
in total) Series 90D0/Edition J (10) or later

Series 90B1/Edition C (03) or later Series 90E0/Edition J (10) or later

Absolute
aiCZ sensor 1024S

Series 90D0/Edition A (01) or later

Series S0B1/Edition A (0T) orlater | o 1o ¢ 90E0/Edition A (01) or later

(Absolute 0iCZ sensor 1024S)

Make parameter settings as a 1,000,000-pulse coder as with the o
pulse coder.

F-FG (Number of position pulses needed per motor
rotation)/1,000,000

Number of velocity pulses 8192

Number of position pulses 12500

AMR Set (humber of poles)/2 in binary.

Reference counter Number of position pulses needed per motor

rotation or that number divided by an integer

Example of setting: 88-pole DD motor, rotation axis, gear ratio of 1:1,
1/1000° detection

F-FG =360000/1,000,000 = 36/100

Number of velocity pulses = 8192

Number of position pulses = 12500

AMR =00101100 (44)

Reference counter = 360000 (or this number divided by an integer)
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(Absolute aiCZ sensor 768S)
Make parameter settings as a 750,000-pulse coder as described below.
Note that parameter settings different from those for 512S and 1024S
need to be made.
The absolute aiiCZ sensor 768S can be used only for an application of
finite rotations (less than 10 rotations in total).

F-FG (Number of position pulses needed per motor
rotation)/750,000

Number of velocity pulses 6144

Number of position pulses 9375

Bit 0 of No. 2608 (FS15i)/Bit 0 of No. 2220 (FS16i, 30i) = 1

AMR 00000000

AMR conversion coefficient 1
No. 1705 (FS15i)/No. 2112 (FS16i, 30i) = 768
AMR conversion coefficient 2
No. 1768 (FS15i)/No. 2138 (FS16i, 30i) =
(Number of poles)/2
Reference counter Number of pulses per 120° or that number divided
by an integer

Example of setting: 88-pole DD motor, rotation axis, gear ratio of 1:1,
1/1000° detection
F-FG = 360000/750,000 = 36/75
Number of velocity pulses = 6144
Number of position pulses = 9375
Bit 0 of No. 2608 or bit 0 of No. 2220 = 1
AMR = 00000000
AMR conversion coefficient 1 (No. 1705 or No. 2112) =768
AMR conversion coefficient 2 (No. 1768 or No. 2138) =44
(=88/2)
Reference counter = 120000 (or this number divided by an integer)

(Absolute aiCZ sensor 512S)

Make parameter settings as a 500,000-pulse coder as described below.

F-FG (Number of position pulses needed per motor rotation)/500,000

Number of velocity pulses 4096

Number of position pulses 6250

AMR Set the number of poles in binary.

Reference counter Number of position pulses needed per motor rotation or that
number divided by an integer

Example of setting: 88-pole DD motor, rotation axis, gear ratio of 1:1,
1/1000° detection

F-FG = 360000/500,000 = 36/50

Number of velocity pulses = 4096

Number of position pulses = 6250

AMR = 01011000 (88)

Reference counter = 360000 (or this number divided by an integer)
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[When using the absolute 0iCZ sensor as a separate sensor]

(Supported servo software)

No version restriction is imposed. Any version of servo software may
be used.

(Absolute aiCZ sensor 1024S)

Make parameter settings as with a FANUC rotary encoder of serial
output type.

F-FG (Number of position pulses needed per sensor rotation)/1,000,000

Number of position pulses 12500 x (gear reduction ratio from motor to table)

Reference counter Number of position pulses needed per sensor rotation or that
number divided by an integer

Example of setting: Rotation axis, gear ratio of 1:1, 1/1000° detection
F-FG =360000/1000000 = 36/100
Number of position pulses = 12500
Reference counter = 360000 (or this number divided by an integer)

(Absolute 0iCZ sensor 768S)
Make parameter settings as a rotary encoder of 750,000 pulses per
rotation as described below.

* Note that parameter settings different from those for 512S and
1024S are made.

F-FG (Number of position pulses needed per sensor
rotation)/750,000
Number of position pulses 9375 x (gear reduction ratio from motor to
table)
Reference counter Number of pulses per 120° or that number divided
by an integer

Example of setting: Rotation axis, gear ratio of 1:1, 1/1000° detection
F-FG = 360000/750000 = 36,75
Number of position pulses = 9375
Reference counter = 120000 (or this number divided by an integer)

(Absolute aiCZ sensor 512S)

Make parameter settings as a rotary encoder of 500,000 pulses per
rotation as described below.

F-FG (Number of position pulses needed per sensor
rotation)/500,000
Number of position pulses 6250 x (gear reduction ratio from motor to
table)
Reference counter Number of position pulses needed per sensor
rotation or that number divided by an integer

Example of setting: Rotation axis, gear ratio of 1:1, 1/1000° detection
F-FG =360000/500000 = 36/50
Number of position pulses = 6250
Reference counter = 360000 (or this number divided by an integer)
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J.2 SENSOR FOR THE SPINDLE

J.2.1 aiBZ Sensor (Conventional Dimensions, A860-2120-T***)

Two types of oiBZ sensors are available: aiBZ sensors of the
conventional dimensions (A860-2120-T***) and compact-size aiiBZ
sensors (A860-2150-T*** and A860-2155-T***). The aiBZ sensors
of the conventional dimensions and compact-size aiBZ sensors are
not compatible with each other from the viewpoint of installation. If
the number of sensor ring teeth of an aiBZ sensor of the conventional
dimensions is the same as that of a compact-size aiBZ sensor, the
sensor rings of the two sensors have the same inner and outer
diameters. The aiBZ sensors of the conventional dimensions and
compact-size aiBZ sensors have the same output signal specifications.
So, when a sensor of one type is replaced with a sensor of the other
type, no parameter modification is needed.

Names and specification numbers

Remarks
Specification . Sensor ring
Name number N::"bte': Mzmen;:m Inner Outer
ortee P diameter | diameter
aiBZ sensor 128 A860-2120-T201 20,000min”"

128 : 40 52
aiBZ sensor 128H | A860-2120-T211 70,000min'1 ¢ ¢
aiBZ sensor 256 A860-2120-T401 15,000min'1
aiBZ sensor 256H | A860-2120-T411 256 30,000min'1 482 ¢103.2
aiBZ sensor 384 A860-2120-T511 | 384 | 15,000min™ 0125 $0154.4
aiBZ sensor 512 A860-2120-T611 | 512 | 10,000min” $160 $205.6

Absolute maximum ratings
Item Specification
Power supply voltage -0.5Vto+7.0V
Operating temperature range 0°C to +80°C
Humidity 95%RH or less
Electrical specifications
Item Specification
Power supply voltage 5V 5%
Current consumption 0.05A
aiBZ sensor 128/128H 128)\/rotation
iBZ sensor 256/256H 256)/rotation
VA, B &
g,iUt:;t aiBZ sensor 384 384\ /rotation
9 aiBZ sensor 512 512)\/rotation
VZ Common to all models 1\/rotation

- 498 -



B-65282EN/06

APPENDIX  J.SENSOR (OLD SPECIFICATIONS)

Dimensions
[aiBZ sensor (conventional dimensions, with mounting ring)]
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Connector: Z-374, 2 pieces [~ LiLd

Contact: HKP-F413, 12 pieces .

Q‘; Sensor ring B
g Sensor ring A

Sensor mounting ring

3-96.6 drill; equally spaced on ¢F
Mounting screw M6 x 10 or more

Sensor specification number| Sensor ring | Number of teeth dA* ¢B* C D E oF G
AB60-2120-T201 Ring 1 128 56H6 +0.019| 100h6:00 | 25 | R57 | 20 | 78 |10°
A860-2120-T211 Ring 2 -0.0 -0.022
AB00-2120.T401 Ring 3 256 108+0.040 | 140h6+00 | 51 | R80 | 46 | 124 |30°
A860-2120-T411 Ring 4 +0.020 20.025

For the dimensions of the sensor rings, see "Sensor rings" described
later.

NOTE

¢ Use the sensor at a temperature not higher than 80°C.
e The sensor is a precision part. Use special care in handling. Particularly, do not apply external force to the S

section.

The sensor is an electronic part. To prevent chips, oil, water, and other harmful materials from being attached to the
sensor, take dust-proof and water-proof measures on the machine side.

The dimensions marked with an asterisk (*) are the dimensions of the sensor mounting ring. The socket on the
machine side must be designed according to these dimensions. If the socket on the machine side is not made
properly, the sensor may output an incorrect signal.

The gap between the sensor and sensor ring is preadjusted. Because of a dimensional error in the mounting socket
and so on, the output signal may not satisfy the specified level. Therefore, when mounting the sensor, check the
output signal. If the output signal does not satisfy the specified level, loosen the screws(*1) and adjust the gap.
Tighten the screws(*1) with a torque of 1.2 Nm (12 kgfcm) £10%. After tightening the screws, insert a 0.1-mm
thickness gage to check that there is a gap of at least 0.1 mm between the sensor and sensor ring. For the output
signal level in gap adjustment, refer to Part II, "INSTALLATION," of "FANUC BUILT-IN AC SPINDLE MOTOR ai
series DESCRIPTIONS (B-65292EN)."

Make a shield wire connection.

For easy maintenance, mount the sensor at a position where it can be replaced easily.

Sensor rings with the same specification number can be replaced with each other.

Sensor rings with different specification numbers cannot be used in combination.

Mating connectors (accessories) are provided.
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[2iBZ sensor (conventional dimensions, without mounting ring)]
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is 25 mm in diameter.) _g’
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\§\ Sl —— ;/ =4
“Sasl _-== l [J ]
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Sensor ring A
Sensor specification number| Sensor ring | Number of teeth oA B (& D
A860-2120-T511 Ring 5 384 158 T(;)'(;)zs 84.3 78.3 R110
A860-2120-T611 Ring 6 512 210?’5’8’3() 110.8 104.8 R140

For the dimensions of the sensor rings, see "Sensor rings" described
later.

NOTE

Use the sensor at a temperature not higher than 80°C.

The sensor is a precision part. Use special care in handling. Particularly, do not apply external force to the S
section.

The sensor is an electronic part. To prevent chips, oil, water, and other harmful materials from being attached to the
sensor, take dust-proof and water-proof measures on the machine side.

Mount the sensor while pressing it against the socket (dimension ¢A) on the machine side (the height of the socket
on the machine is 4.5 mm or less).

The gap between the sensor and sensor ring is preadjusted. Because of a dimensional error in the mounting socket
and so on, the output signal may not satisfy the specified level. Therefore, when mounting the sensor, check the
output signal. If the output signal does not satisfy the specified level, loosen the screws(*1) and adjust the gap.
Tighten the screws(*1) with a torque of 1.2 Nm (12 kgfcm) £10%. After tightening the screws, insert a 0.1-mm
thickness gage to check that there is a gap of at least 0.1 mm between the sensor and sensor ring. For the output
signal level in gap adjustment, refer to Part II, "INSTALLATION," of "FANUC BUILT-IN AC SPINDLE MOTOR ai
series DESCRIPTIONS (B-65292EN)."

Use M4 x 20 mm and M4 x 25 mm screws for mounting.

Fasten the cable at a proper position so that no direct force is applied to the sensor when the cable is pulled.

Make a shield wire connection.

For easy maintenance, mount the sensor at a position where it can be replaced easily.

Sensor rings with the same specification number can be replaced with each other.

Sensor rings with different specification numbers cannot be used in combination.

Mating connectors (accessories) are provided.
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Sensor rings

Sensor ring (Phase A/B ring) Sensor ring (Phase Z ring)

G
K 2
/4\ <| _|_ | O™ 4 O || w
kj @ ) ) )
ﬁ |
F
Dimensions of sensor rings
Phase A/B ring Phase Z ring
oA 0B C ¢D OE F G
Ring 1, 2 52+00 | 40 *0016 1 10x0.1 52 0| 40 100161 8.6+0.1 6.7
Ring 3, 4 1032 00 1 82700 1 10x0.1 103.2 o0 82 N0 | 8.6x0.1 6.7
Ring 5 154.4 700 1 125 1005|100, 154.4 Tono| 125 00 | 8.6x0.1 6.7
Ring 6 205.6 *00 1160 *00201 10x0.1 205.6 0oz0| 160 Doos | 8.60.1 6.7
For the dimensions of sensors, see "[aiBZ sensor]" above.
NOTE

¢ Press fit the rings around a sleeve then assemble the sleeve with the spindle.

¢ A used ring can be reused only once.

¢ The circumference of a ring has special teeth. Therefore, be careful not to deform or chip the circumference by
external force.

Check the sensor output signal. For the adjustment of the output signal, refer to Part Il, "INSTALLATION," of
"FANUC BUILT-IN AC SPINDLE MOTOR a.i series DESCRIPTIONS (B-65292EN)."

Maximum speed of sensor rings

Ring Ring 1 Ring 2 Ring 3 Ring 4 Ring 5 Ring 6
Sensor specification T201 T211 T401 T411 T511 T611
number
Number of teeth 128 128 256 256 384 512
Max. speed (min'1) 20,000 70,000 15,000 30,000 15,000 10,000

NOTE
e The interference for shrink fitting varies, depending on the maximum speed used. When designing sensor rings, see
" Installing the aiBZ sensor”
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Installing the aiBZ sensor (conventional dimensions)

Install ring A and ring B as shown below.

Press fit the rings around the sleeve then
press fit the sleeve around the shaft. Contact
the phase A/B ring with phase Z ring.

Mount the sensor so that the distance
between the mid point of the thickness of the
stack of the phase A/B ring and phase Z ring
(9.3 mm) and the center of the sensor is
within £0.5 mm.

The runout of the sleeve to the center of the
shaft must be within 0.005 mm.

The runout of the mounting ring to the center

of the shaft must be within 0.02 mm.

Interference

Dimension 22 is applied to
T511 and T611.

’ 16~ | Dimension 16 is applied

to T511 and T611.

:| Sensor

M;Sleeve

Mounting ring

Phase Z ring
Phase A/B ring

The table below indicates the interference of the sensor rings at
each maximum speed.

Unit: um
Maximum T201 T211 T401 T411 T511 T611

speed

(min'1) Ring 1 Ring 2 Ring 3 Ring 4 Ring 5 Ring 6
3000 #6110 ¢32 | ¢6t0¢32 | 97 to ¢35 | ¢7to ¢35 | ¢8to 943 | ¢11to ¢4
3500 1 1 1 | 99 to 944 | ¢13to 943
4500 | 1 1 l ¢11t0 ¢46 | ¢19to ¢49
6000 1 1 09 to 37 | ¢9to ¢37 | ¢15t0 ¢50 | $29to $59
8000 | 1 $11t0 639 | ¢p11to 39 | d24to $59 | 947 to ¢77
10000 1 1 d14to 042 | ¢14to ¢42 | $35t0 ¢70 | $71to $101
12000 07 10 ¢33 | ¢7t0 ¢33 | ¢18to 946 | 91810 $46 | 947 to 82

15000 »8 10 ¢34 | ¢8to ¢34 | $2Bto ¢54 | ¢26to 54 | $71to ¢106

20000 $10t0 ¢36 | ¢10to $36 941 to 69

25000 $12to $38 962 to ¢0

30000 »15to 41 487 to 9115

40000 $23to ¢49

50000 $33to ¢59

60000 $43 to ¢69

70000 57 to $83

NOTE

e From the table above, select the suitable interference according to the maximum speed and the type of ring used. If
an interference not listed above is applied, the ring will be damaged or loosen while the spindle rotates.
¢ These rings cannot be used at a speed higher than the speeds specified in the above table.
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aiCZ Sensor (Analog Output, A860-2140-T***)

The aiCZ sensor (analog output, A860-2140-T***) is a sensor of
analog output type used for the spindle or used as a separate sensor.
Note that the interface and system configuration of this sensor differ
from those of the absolute aiCZ sensor (A860-2142-T***) described

later.

Names and specification numbers

Remarks
Specification . Sensor rin
Name number Number| Maximum Inner OSter
of teeth speed diameter | diameter
aiCZ sensor 512 | A860-2140-T411 | 512 | 15,000min™ 82 $102.8
aiCZ sensor 768 | A860-2140-T511 | 768 | 10,000min™ 0125 0154
aiCZ sensor 1024 | A860-2140-T611 | 1024 | 8,000min” $160 $205.2

Absolute maximum ratings

Item

Specification

Power supply voltage

-0.5Vto+7.0V

Operating temperature range

0°C to +50°C

Humidity 95%RH or less
Electrical specifications
Item Specification
Power supply voltage 5V 5%
Current consumption 150 mA or less
aiCZ sensor 512 512)\/rotation
VA, VB aiCZ sensor 768 768\ /rotation
Output signal aiCZ sensor 1024 1024)\/rotation
\YV4 Common to all 1\/rotation
models
Signal name Check pin Output amplitude Offset
Phase A A (Relat!ve to TO1) 1000+ 100mVp-p +50mV
Phase B B (Relative to T01)
Phase Z Z (Relative to RZ) | 660 to 1650 mVp-p +50mV

A

Amplitude A

v
Amplitudé B

B
TN

T01

WT Offset B

. . -1
(Preamplifier output at room temperature and 500 min™)
For connector pins, see "Details of cable (K89) for connection with the aiSP series" described later.

A

Offset Z
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Dimensions
aiCZ sensor 512
A860-2140-T411
37 6-Screws fastening phase Z ring 5? 6.2 (X 5)
and phase A/B ring together
241 26 . Fastened before shipment ! 37 _ N ©
A é“ 7 (->_< G)S . i hol ﬁensor 6 . <
j; ensor ring mounting hole | he 7
@KO 3 6-¢5.5 through, equally 7 A
2 spaced on ¢92 aZ‘$ ~—
7

o Q Q o (o) E \ S
Ql ® 17.5 =
0| : N
O, P N S
(r o] S
4 y c -1+ °
DT
f 1 Phase A/B ring 0O
f ; ° Q Phase Z ring\ S < ir
& ® 0 ensor =

\ D o > L
SR S AV
ol S (W© Sensor mounting E iy g
QQ/ ' "j“/ ring mounting hole
NN (3%6) A< 4-5.5 throu Sensor rin
. . gh ; A rring
o d:\?/Cable length 1200 mm | 26 |24 Equally spaced on ¢124 Section A-A" | gentering track
37 46
o °
° ° ® @
A

70
80

Y - \"A ° 7]
™ ol oo . .
°oa of o= 170 Pre-amplifier mounting hole
L5 23 185
® % = § w 4-¢5 through
EE B 50
S - c @
08 = g O
OT &= IS =
ET

For details of installation, see "Installation."
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NOTE

e The inner diameter(*1) of the sensor ring is set with a plus tolerance. (*2) indicates the outer diameter of the tooth
surface of the sensor ring.

e The inner diameter(*3) of the sensor mounting ring is set with a plus tolerance. (*4) indicates the outer diameter of
the sensor mounting ring.

¢ (*5) indicates the distance from the bottom of the sensor mounting ring to the bottom of the sensor ring.

e The sensor head cannot be adjusted mechanically. So, do not loosen the screws marked (*6).

¢ Use the sensor at a temperature not higher than 50°C.

¢ Because the aiCZ sensor is adjusted as a combination of the sensor ring, sensor, and preamplifier in advance, they
must be used as a set.

e The sensor is a precision part. Use special care in handling. Particularly, do not apply external force to the sensor
element.

e The sensor is an electronic part. To prevent chips, oil, water, and other harmful materials from being attached to the
sensor, take dust-proof and water-proof measures on the machine side.

e The waterproofness of the preamplifier box is equivalent to IP55. However, if the preamplifier box is continuously
exposed to coolant, for example, the sensor can fail. Provide highest-level water protection to prevent the
preamplifier box from being exposed to coolant or the like.

e Ensure that no vibration greater than 1 G is applied to the preamplifier box.

¢ Make a shield wire connection. Connect the preamplifier box to ground or to the machine cabinet.

e For easy maintenance, mount the sensor at a position where it can be replaced easily.
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aiCZ sensor 768

A860-2140-T511
6-Screws fastening phase Z ring y
37 and phase A/B ring together 13,5%0. 2 (XS)
24 | 26 y Fastened before shipment . 39
[
LA < (3%6)  Sensor ring mounting hole
j@z_/a = 6-95.5 through, equally  fjsenso
_— S Aspaced on $140 4
3 ® 2 o) i
O
) | 17.5
ol v X m
| v o S\ - S
$220 —m
S— x| o
J- —_ - — ] 1T I~ 5
= 0] (o] 9%
] “Rle
] |
™ o Phase A/B ring Rl SN
M0 Phase Z ring\ b
o | ase Z ring
Sensor
1 @ @ mounting ring
Y— Qo -
e S Sensor mountin
Db g Sensor
q/\\\\ < g/@ ring mounting hole E head %
S 9 -
g,s- (%6) N ] 4-5.5 through Secti L{A, Sensor ring
\G) 581 24 Equally spaced on ¢174 ection A- centering track
Cable length 1200 mm 37 46
4 o A
o ° '[]? © ©
) | o|o
M~ |
g N 0 L ° o ° Fq
) A)
g Q& 3 é 170 Pre-amplifier mounting hole
L 1|20 -
3 % & § ] 185 4-¢5 through
EE B5So
A8 =5 3
O T o £ =
ET

For details of installation, see "Installation."
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NOTE

e The inner diameter(*1) of the sensor ring is set with a plus tolerance. (*2) indicates the outer diameter of the tooth
surface of the sensor ring.

e The inner diameter(*3) of the sensor mounting ring is set with a plus tolerance. (*4) indicates the outer diameter of
the sensor mounting ring.

¢ (*5) indicates the distance from the bottom of the sensor mounting ring to the bottom of the sensor ring.

e The sensor head cannot be adjusted mechanically. So, do not loosen the screws marked (*6).

¢ Use the sensor at a temperature not higher than 50°C.

¢ Because the aiCZ sensor is adjusted as a combination of the sensor ring, sensor, and preamplifier in advance, they
must be used as a set.

e The sensor is a precision part. Use special care in handling. Particularly, do not apply external force to the sensor
element.

e The sensor is an electronic part. To prevent chips, oil, water, and other harmful materials from being attached to the
sensor, take dust-proof and water-proof measures on the machine side.

e The waterproofness of the preamplifier box is equivalent to IP55. However, if the preamplifier box is continuously
exposed to coolant, for example, the sensor can fail. Provide highest-level water protection to prevent the
preamplifier box from being exposed to coolant or the like.

e Ensure that no vibration greater than 1 G is applied to the preamplifier box.

¢ Make a shield wire connection. Connect the preamplifier box to ground or to the machine cabinet.

e For easy maintenance, mount the sensor at a position where it can be replaced easily.
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aiCZ sensor 1024
A860-2140-T611
6-Screws fastening phase Z ring
3T and phase A/B ring together 13.5x0.2 (¥5)
24| 26 , 38 ©
f {Fastened before shipment } <
LA < (3%86) Sensor ring mounting hole} 8_°>
LT ) [@N
/0 = 6-¢06.6 through, equally Hsensor
(@kI A spaced on ¢183 head P4 )
% &
® '0) &
© o]
© 17.5 1
m o
o o op]
2y ©) : Y\ o
$280 <
o
‘o - %)%
1 @ B B E_ | BB (@n] D (=} Z
4
2l
<t
LSTRSY N
O ™ e
,(:_) Phase A/B ring
Phase Z ring
Sensor
m N
Sensor mounting E Sensor
ring mounting hole head
Sensor ring
4-¢6.6 through ) ‘U_f'\_‘
Equally spaced on ¢226 Section A-A centering track
46
° (]
® ®
o|o
b~| @
o ° Qo
170 \. Pre-amplifier mounting hole
185 4-95 through

Outer diameter of connector ¢$23

RM15WTP-12P
(Hirose Electric)

For details of installation, see "Installation."
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NOTE

e The inner diameter(*1) of the sensor ring is set with a plus tolerance. (*2) indicates the outer diameter of the tooth
surface of the sensor ring.

e The inner diameter(*3) of the sensor mounting ring is set with a plus tolerance. (*4) indicates the outer diameter of
the sensor mounting ring.

¢ (*5) indicates the distance from the bottom of the sensor mounting ring to the bottom of the sensor ring.

e The sensor head cannot be adjusted mechanically. So, do not loosen the screws marked (*6).

¢ Use the sensor at a temperature not higher than 50°C.

¢ Because the aiCZ sensor is adjusted as a combination of the sensor ring, sensor, and preamplifier in advance, they
must be used as a set.

e The sensor is a precision part. Use special care in handling. Particularly, do not apply external force to the sensor
element.

e The sensor is an electronic part. To prevent chips, oil, water, and other harmful materials from being attached to the
sensor, take dust-proof and water-proof measures on the machine side.

e The waterproofness of the preamplifier box is equivalent to IP55. However, if the preamplifier box is continuously
exposed to coolant, for example, the sensor can fail. Provide highest-level water protection to prevent the
preamplifier box from being exposed to coolant or the like.

e Ensure that no vibration greater than 1 G is applied to the preamplifier box.

¢ Make a shield wire connection. Connect the preamplifier box to ground or to the machine cabinet.

e For easy maintenance, mount the sensor at a position where it can be replaced easily.
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Installation

Installing the sensor ring

Install the flange on the shaft side and screw it in the axis direction by
using the sensor ring mounting hole. In assembly, perform centering
using the centering track so that the swing from the center of rotation
is 10 pm or less.

L[ 001]A I S—— C:I[YHHHHHIHHHJ

(Sensor ring mounting plane) v F—

¢ B

( Centering track

Sensor ring mounting hole)

Mounting screw

e Outer diameter of Positions of sensor ring Mounting .RecorT\mended
Specification . . tightening torque
centering track (¢B) mounting holes screw (Nm)

A860-2140-T411 $101 6-¢5.5 through, equally spaced on M5 241034
$92 circumference

A860-2140-T511 $152.2 6-¢5.5 through, equally spaced on M5 241034
$140 circumference

A860-2140-T611 $203.4 6-¢6.6 through, equally spaced on M6 411058

$183 circumference

NOTE

e For centering, the outer diameter of the flange must be designed so that there is a gap of about 0.1 mm between the

flange and the inner surface of the sensor ring.

e Secure the sensor ring on the end face with screws (avoid heat shrink fitting to mount the sensor ring).

e The sensor ring consists of a phase Z ring and phase A/B ring, which are fastened together by using screws in
advance. Never detach these screws. Spot facing is not provided. So, at the time of machine design, be careful not
to cause interference with the screw heads.

e Centering must be performed with the centering track (the outer surface of the phase Z ring and the teeth pitch circle
are not coaxial). When performing centering, use a tool such as a plastic hammer not to damage the gear teeth.

e Magnetic matter attached to gear teeth can lead to a detection error. After centering is completed, remove such

foreign matter by air blowing.
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Installing the sensor mounting ring

¢ C

Sensor mounting rina

_1.]0.02 |A

Al 0015 [A

When installing the sensor mounting ring, provide a socket on the
machine side, and fit the sensor mounting ring into the socket. (The
dimensions of the socket on the machine side must satisfy the
accuracy indicated in the table below. Otherwise, detection precision
may deteriorate.) When fastening the mounting ring with the screws,
press the mounting ring against the socket from the CN1 sensor side
as shown in the figure below. After the installation, check that the gap
between the sensor ring and sensor is 0.08 mm or more by using a
thickness gage.

CN2 sensor

Sensor element

Fasten the sensor mounting ring while

pressing it in the arrow direction.

Outer diameter of Distance between bottom
Specification sensor mountin Inner diameter of Socket height of sensor mounting ring
P ring 9 socket (¢C) (D) and bottom of sensor ring
(E)
A860-2140-T411 $1407° . $140°30 5.5 or less 11.5+0.2
A860-2140-T511 $1907 . $190:3 7.50r less 13.5+0.2
A860-2140-T611 $2427 .. 24270 7.5 0r less 13.5+0.2

NOTE

¢ Provide a sock on the machine side where possible, and fit the sensor mounting ring into the socket. Avoid making
centering adjustments by tapping the outer surface of the sensor mounting ring.
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Installing the OH line

Open the lid of the preamplifier box, and remove the connector cover
on the CN4 side. Draw the OH line from CN4 and connect the line to
the terminal block on the printed circuit board.

Sensor side

CN1 rﬂ
o

20 90 0 RO 0

Terminal
block

= aND e
3 oH2 i
= -t =
swogbimrm o @ /|
(<]

Connector cover
CN4 mounting
(=]
plate

o OH | CN4

ol SPside

T

/ o

O

Tighten with flat-blade screwdriver (tightening torque: 0.3 Nm).

A cable clamp for the OH line is to be prepared by the user. Use the
attached CN4 connector mounting plate to secure the cable clamp.
Recommended cable clamp: SKINTOP ST-7 from Lapp Kabel
Outer diameter of the OH cable: $5.2+0.3
Hole diameter on the CN4 connector mounting plate: ¢p13

25

25

®
&

\- A

Z/S

CN4 connector mounting plate

NOTE

¢ Adjustments have been made for the sensor, preamplifier, and sensor ring at the same time. Therefore, use them as
a set. The variable resistor on the printed circuit board in the preamplifier is also adjusted in advance. So, do not
readjust the variable resistor. Furthermore, the sensors cannot be adjusted mechanically. So, do not loosen the
screws fastening the CN1 and CN2 sensors.

e The connectors on the sensor side are labeled "CN1" (in black) and "CN2" (in blue). Make connections according to
the figure above.
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Checking the output signals

When checking the output signals, see "Electrical specifications."
(The output signals need not be adjusted.)
Supply power to the 0 V and 5 V pins when checking the
waveforms without making a connection to the ai SP.
The Lissajous figure of the phase A/B output signal is a complete
circle.

[*}
=0

F="5

o

g

N
% @ E'E 20 70 >0 =0 1 HOA1B-2700-0050 @ %
\ﬁﬁﬂ/;/ o

o

/7
A B £
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Details of cable (K89) for connection with the aiSP series

When the CZi sensor is used as a separate sensor (connected to connector JYA4),

THR1 and THR2 need not be wired.

ai SP JYA2 or CZi sensor Pre-

JYA4 ___Shield ___ l amplifier

(1) MZ A vz (14)

@ X omz + [\ vz X s

5 L I V. L e

6 X ma i [\ wva X gy

m L e I WY L e

¢ XM i [\ =B X (9
(9),(18),(20) I 5V 0.18mm? 5V I (4),(5),(6)
(12),(14),(16) I OV ! 018mm? I OV I (1),(2),(3)

(13) ITHR1 A THR1I (8)

(15) X THR2 [\ THR2 L (9)

(10) I SS : : SS I ()

o0

20-pin half pitch connector

Hirose Electric
Crimp type
Crimp pin: HR22-SC-122 (15 pins required per connector)
Housing: HR22-12WTPA-20SC
Crimping tool: HR22-TA-2428HC (Hirose Electric)
Solder type
HR22-12WTPA-20S

Cable specification: 0.18-mm’ twisted pair 4 pairs + 0.18-mm’* 6
common shielded cable

Recommended wire: A66L-0001-0367

For the connector conforming to the recommended wire on the JYA2
side, see Subsection 9.4.1.

For cable details, see Appendix B, "CABLES."
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MAGNETIC SENSOR SIGNAL
CONVERSION ADAPTER

By wusing a magnetic sensor signal conversion adapter for
compatibility with the o series, orientation based on the magnetic
sensor method can be used with the o SP series.

In the case of new design, however, employment of a standard spindle
sensor of the ai series (such as the ai BZ sensor) is recommended.
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K.1 ORDERING INFORMATION

o  Magnetic sensor signal conversion adapter

Specification
number

A06B-6111-H402 With no cable

e  This adapter needs to be used in combination with the o SP
series TYPE B.

e  For details of the magnetic sensor, refer to "FANUC SERVO
AMPLIFIER a series DESCRIPTIONS (B-65162EN)."

K.2 SPECIFICATIONS

Example of configuration

Spindle motor with a built-in ai M

O (or ai MZ) sensor

( —

[D: [ | Spindle
JYA2 |:_—/ Magnetic source -
. a (direct connection?/§' i
ai SP i f
TYPEB - | Magnetic sensor Magnetic sensor
|: _[signal conversifiE]_-[ Amp head
JYA4 T — adapter :
JYA4 JY3 Magnetic sensor
Applicable aiSP series
Specification number Model

A06B-6142-Hxxx#H580 | TYPE B, 200 V input
A06B-6152-Hxxx#H580 | TYPE B, 400 V input

Notes

e A cable for connection between the ai SP and magnetic sensor
signal conversion adapter needs to be prepared by the user.

e  Operating temperature range: 0°C to 55°C

e  The design of this adapter assumes that this adapter is housed in
a cabinet such as a power magnetics cabinet, and no waterproof
measures are taken.
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K.3 DIMENSIONS
66
[ () -
Connector  JY3
on sensor side
45
Connector JYA4
on aiSP side —J -
N

Mounting screw
M3

O Q $ . 18
|
|

NOTE
When installing this adapter in a cabinet, use the
M3 mounting screws on the side with an L-shaped
mounting hardware.
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K.4 CONNECTION
Overall connection
aiSP
series
TYPE B
JYA2 JYA4 Jy3
K15
K85 Magnetic sensor
JYA4
signal conversion
adapter
CZz2/TB2

Magnetic sensor amplifier

Spindle

Spindle motor
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Details of K85 connection

aiSP JYA4 JYA4 Magnetic

__.Shield ___ sensor
TYPE B ) MZ A MZ 1) signa!
conversion
2) *MZ / \ *MZ (2) adapter
(5) MA A MA (5)
[\t wa X @

(20)

(16)

(=}
<

2
—O—O—O—O—O-O—0O-O———

|~
[N
)
—

|
¢
6 X ma
I
I
|

(11)

N
~
<
|~
[N
[
—

|~
=
o
=

(10 SS . ‘ SS
T

Cable specification
0.18-mm?’ twisted pair 2 pairs + 0.5-mm® 3 common shielded
cable
Recommended wire: A66L-0001-0368
Maximum cable length: 3 m

Connector to be used
Connector: FI40A-20S, Housing: FI-20-CV5, Manufacturer:
Hirose Electric

Details of K15 connection

Refer to "FANUC SERVO AMPLIFIER a series DESCRIPTIONS
(B-65162EN)."
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K.5 METHOD OF ADJUSTMENT

While rotating the spindle at a speed of about 100 min™, check that the
following waveforms can be obtained from the check pins PA2 and
PS2 on the spindle check board (A06B-6078-H001). The waveforms
below are obtained when the spindle is rotated in the reverse direction
(SRV direction).

PA2
0.5V/div
Vofsl
Specification: Vppl =05V to 1.2V, Vofsl =25V
+ 100 mV
PS2
0.5V/div

Vofs2

™
L

Specification: Vpp2 =05V t0 1.2V, Vofs2=26V
+ 100 mV

(Tip) Combining PA2 and PS2

PA2
PS2
0.5V/div
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HARMONIC LEAKAGE CURRENT

Method of filling the harmonic leakage current calculation sheet according to

the harmonics suppression measure guideline

This appendix provides the method of filling "Calculation sheet of
harmonic leakage current from harmonic emission devices (No. 1)" by
the user in connection with "Harmonics suppression measure
guideline for users who receive power at high or specially high
voltages” issued from Agency for JAPAN Natural Resources and
Energy of the Ministry of Economy, Trade, and Industry.

Servo amplifier data needed for filling the calculation sheet is
provided below.

Servo amplifier data
Device name: Servo amplifier for velocity control
Manufacturer: FANUC LTD.
Model: Enter the drawing number of the servo amplifier.
Rated capacity: Refer to the descriptions of each servo
amplifier.

- For rated capacity calculation, see "How to calculate the power
equipment capacity" in Subsection 2.3.1.
For "Minor circuit classification No." and "Conversion
coefficient Ki," use the values on the table provided below.

- This appendix describes the method of filling the calculation
sheet when no device for harmonic leakage current suppression is
installed.

If a device for harmonic leakage current suppression is already
installed, "Calculation sheet of harmonic leakage current from
harmonic emission devices (No. 2)" needs to be submitted.

- The circuit classification of a servo amplifier is 1 or 3. So,
"Application of harmonic emission device manufacturers,” which
is required for circuit classification 10, need not be prepared.

- For details of the guideline, calculation method, and so forth, the
user is requested to contact its electric power company.
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Upgraded Version)

Target amplifier Minor circuit | Conversion
Name g. P classification | coefficient Remarks
drawing number )
No. Ki
Power supply (aiPS) A06B-6110-Hxxx 32 1.8 NOTE
Power supply (aiPS HV) A06B-6120-Hxxx 32 1.8 NOTE
Power supply (0iPSR) A06B-6115-Hxxx 32 1.8 NOTE
P ly (aiPS, U ded
ower suppy(a_z » Upgrade A06B-6140-Hxxx 32 1.8 NOTE
Version)
P ly (aiPS HV,
ower supply (c AOBB-6150-Hxxx 32 18 NOTE

NOTE

When the ai series amplifier is used, no separate calculation is needed
for each of the servo amplifier (aiSV) and spindle amplifier (aiSP). A
calculation may be made for the aiPS or aiPSr.

-522 -




B-65282EN/06 INDEX

INDEX

aiBZ Sensor (A860-2150-T*** and A860-2155-T***)358

aiBZ Sensor (Conventional Dimensions,

<Number> <B>
10-PAIR CABLE .....ccciiiiiiiieieeeeeeeeee 405,420 Battery for absolute Pulsecoder..........c.cooceveniincncnnnne. 78
200-V Input Series ......ccecererrverreecrererrenens 3,46,81,85,128 Brake CirCUt.......oooveiioeiieieieeeceeeeeeee e 470
200-V INPUT SERIES POWER SUPPLY ........ccc....... 400 <C>
20-Pin Half-Pitch Connectors .........c..coceeeeeerenreneennene 301
CaADINET ..ottt 113
24-V POWET SUPPLY .vvevveiieiieiieiienienitenieeeeie e 122,125
) Cable Clamp and Shield Processing...........ccccevveevenene 109
400-V Input Series ......ccoeerveerrerereerieeneeanns 6,50,82,85,134
CABLE CONNECTION DETAILS ......ccooveiieeiieiies 207
400-V INPUT SERIES POWER SUPPLY ................... 402
(071 o) (TR 70,404
<g> CaUtioN ......veeeeieeeeeiee e s-5,8-9,5-12,403,476
0L POSTHON COAET S ..ottt 353 Circuit Breaker........oovvecverienieieeeeieseeieie e 170
O POSIION COURT .ot 350 Circuit breaker and magnetic contactor.............ccceceeveuee 71
Ol PS SEri€s .ooovveeviecieecieeeeeeee, 33,46,50,128,134,195 Classification in standards on insulation design..... 118,123
ai PS Series Connection Diagram..........cccccceceveneneneee 207 COMPOSITE 10-CORE CABLE .........cccccecvvininee.
O PSR SEIIES ...t 46 COMPOSITE 12-CORE CABLE .......ccoceovireireenne.
0 SP SEries ..ovevveieiieiiieieieieee 40,49,53,133,139,203 COMPOSITE 16-CORE CABLE .......ccccooveviieiieis
ai SP Series Connection Diagram..........cccccceeeveneenee. 259 COMPOSITE 7-CORE CABLE .......ccccoceniriiiniiene
Ol SV SErICS..ccviiiiieiieiieeieeeieeeieens 37,47,51,129,135,200 Concrete Examples of Anti-Noise Measures
ai SV series Connection Diagram..........cccceceeerenennnee. 234 Configuration

Confirming Effect ..........cocoeoveiinininininieincnce
Connecting the battery (for the absolute Pulsecoder)....252

ABOO-2120-THF*¥) L.iiiieiieeie et 498 CONNECLION ....eeeveieerieiieeeieeiee e 192,518,313,322,326
aiCZ Sensor (Analog Output, A860-2140-T***) ......... 503 Connection block diagram (common to three models)..335
aiCZ Sensor (for the Spindle)........ccevirieriereevienieienns 367 Connection SpecifiCations ...........eccevereeruereeceennenne 336,381
Connector Installation Diagram
<A> o ) )
) (for Combination with ati SP 15).....ccccceevviviiieniieieienns 321
Absolute 0iCZ Sensor (Separate Sensor)............c......... 328
) CONNECTOR LOCATION .....cccooiiiieieieeeieeeseene 195
Absolute aiCZ Sensor (Serial Output, A860-2142-T***)483
CONNECLOTS ..eeneeeiiiieiieeieesite ettt et et esane e ens 58
Absolute maximum Tatings ..........cceeeeeeervereerueneereeneenns 368
COOLING . ...ttt 140
AC Line Filter .....cvviiviiiiiecieeeeeeeee e 56,158
AC TRACTOT ..ottt et 54 <D>
AC Reactor Unit........ccoceveeieeeiriinieneieeeeceee e 148 DC LINK TERMINAL BOARD SECTION
AMPLIFIER INSTALLATION.......cceeviiiieieiereereene 117 PROTECTIVE COVER.......cccooeiiiieereeeeeeeeee 462
AMPLIFIER INSTALLATION NOTES RELATING TO DEFINITION OF WARNING, CAUTION, AND
SAFETY STANDARDS .....coooiiiiiiiieeeeeeeeee 118 NOTE ... s-2
Anti-NOiS€ DEVICES .....eveeeuieiieiiiiiieieeeeee e 449 DESCRIPTIONS......oooiiiiiiinieeeeteeeeee st 453
ANti-NOISE MEASUIES.......c.veeeeeeeereeeeeeeeeeeeeeeeeeeeeesneas 442.443 Detailed description of the connection of cables
Anti-Noise Measures for Power Supply Equipment and K41 (for regenerative discharge resistance),
GIOUNAING ..o 446 K42 (for thermostat), and K43 (for fan motor).............. 231
APPLICATION TO PREVENTION OF VERTICAL Details of cable K1 (power supply line)
AXES FROM FALLING AT POWER FAILURE ....... 469 Details of cable K10 (power cable)..........cccecererrenuenene.
Details of cable K100
(for power failure detection output) .........ccceevverreevernene 233
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Details of cable K11... ..263
Details of cable K12...
Details of cable K14...

Details of cable K16

Details of cable K17

Details of cable K2......c..cccoeiiinininiiiiiiinee

Details of cable K21

Details of cable K22

Details of cable K24

Details of cable K25

Details of cable K26

Details of cable K27.......ccccovovinininiiiiiencee, 251
Details of cable K3.......cccoooiiiiiiniiiiicieecciee 225
Details of cable K33.......ccooiiiininiicinecee 281
Details of cable K36........cccoveriiiiniiniiiiiieieneeiee 287
Details of cable K4.........coooiiiinininiicccee 237
Details of cable K6.......ccccooeiiiiiniiiiniiiiiiieneceeee 227
Details of cable K69.........cccvvvieviviiiiiiieiiieen, 226,237,260
Details of cable K7.......cocooviiiiiiniiiiieiciiieeeeeee 228
Details of cable K70.........ccccoeeevviiiiiiiiiiieeens 230,258,263
Details of cable K71

Details of cable K86
Details of cable K88S...
Details of cable K90...

Details of cable K96

Details of cable K97

DETAILS OF CONNECTORS......ccccooeviiiirieieniieiee 301
Details of short bar K2 ........coocevininiiiiiiiiicee, 220
DIMENSIONS ..ottt 517
Dynamic Brake Module (DBM).........ccceeveviiivenienieienne 168
EMC ..ttt 121
ENVIRONMENTAL CONDITIONS ......ccooieiiivienene 25
Environments for Amplifier Heat Sink Sections........... 458
Environments for Amplifier Installation .............c......... 460

EXAMPLES OF RECOMMENDED POWER
MAGNETICS CABINETS FOR SERVO AMPLIFIER

INSTALLATION......ooiiiiiieeeceeeeee et 451
External DImensions .........ccccoeceevirenenenicneenienenennenn 319
EXTERNAL DIMENSIONS AND MAINTENANCE
AREA ..ot 141
EXTERNAL DIMENSIONS OF EACH

CONNECTOR ..ottt

External overload protection device

<F>

<H>

FEATURES OF THE SERVO AMPLIFIER oi SERIES .2
FEEDBACK CABLE LENGTH......ccccoceoeiviriiniieee 431
FITTING A LIGHTNING SURGE PROTECTION

DEVICE ...t 399
FUSES. ..ottt 64
GROUND......oiiiiiiiieceeeee e 104
Ground SYSEEIMS ...ecueeviriieieriieienieeieneeeee st 104
Grounding Method .........cccocevieierieiienieieeceeeeeeee 105
HARMONIC LEAKAGE CURRENT ........ccccceeuerurnene 521
HEAT DISSIPATION....ccooiiiiiiinieneieeeeeeseeene 127
HOW TO MOUNT ..ottt 464

How to Obtain the ai PS series maximum output
CAPADILIEY .ot 87
How to Obtain the ai PS series peak maximum output
CAPADILIEY vttt 88
How to Obtain the ai PS series rated output capability ..87
How to Obtain the ai PSg series Maximum Output
CaPaAbIlILY ...veeeeeieceieiecceieeeee e 91
How to Obtain the ai PSy series Rated Output

CapabIlity ...veeveveceieiecieieee e 91

HOW TO SELECT THE ol PS series

(POWER SUPPLY) ..ooviiiiiiciicieeceeeeeeeeeeeee 86
HOW TO SELECT THE ai PSR series (POWER
SUPPLY, RESISTANCE DISCHARGE TYPE) ............ 90

HOW TO SELECT THE al SP series(SPINDLE
AMPLIFIER) ....coiiiiiiiiiiiiiiiiceecece 84
HOW TO SELECT THE al SV SERIES (SERVO

<I>

<L>

AMPLIFIER) ..ottt 80
How to Select the Dynamic Brake Module (DBM) ........ 83
HOW TO SELECT THE MODULE..........ccccevverurennne. 79
INPUT POWER ..ottt 12
Installation..........ccocueeeevieeciieeceiieeeeeeeeee s 102,340,386
Installation conditions and NOtES ..........cecvevververeeneennenne 356
Interpolation error 1earning .............cceeeecveriercverieneennenns 391
LEAKAGE CURRENT .....cccoeiiiiiiiieieieeeeeiee e 103
Lightning Surge Protector ..........ccccevveveeveneeeenvennns 74,179

LINEUP ..ot 10
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LIST OF MOTOR OUTPUT CAPACITIES FOR POWER FAILURE DETECTION FUNCTION........... 465
ai PS AND i PSR series SELECTION........c.cccccoenenenne 96 POWER FAILURE DETECTION SPECIFICATION..467
<V> POWER LINE FOR SERVO MOTOR AND
) AMPLIFIER .....cociiiiiiniiiiiiiiieneneceeec e 434
Machine start-up procedure (outline)...........cccceeeruennene. 385
POWER LINE SWITCH CIRCUIT.........cccoveurerrnnnee 306
Magnetic CONtACLOTS ........evveeueerueriieieniieienieeeeneeeeeieee 172 . . .
Power Line Switch Unit..........cccooovvvieiiiviiiineeene. 77,308
MAGNETIC SENSOR SIGNAL CONVERSION . .
Power Magnetics Cabinet Seal-up........cccccocevveereneenenne 453
ADAPTER ..ottt 515
Power TransfOormer.............coocveeevveeeeveeeeieeeeeeeeens 65,159
Maintenance target Parts ........ccoceeeeveereereenerieeneneennenne 393 .
Pre-Installation Arrangement .........c.cceceeceevereeneneenienne 442
MEASURES AGAINST NOISE FROM SERVO
Procedure .......ccocevivieneieiiiiineee e 469
AMPLIFIERS .....ccoiiiiiiinieiincinieeeeceeenreveseeeeeen 438 . . .
Protection against electric shock ..........cccceeeeienenne 119,124
Method for Keeping Vertical Axis Motors Energized ..473 . .
Protective grounding ..........ccocceeevevvevenienienieneennns 121,124
Method for Supplying External Power to the Amplifier479
METHOD OF ADJUSTMENT.........cooovvimeriieniiinnnes 520 <R>
MISCELLANEOUS.......coiiieieieiiee e 450 Reduction of load ratio to ambient temperature............. 122
<N> Regenerative discharge unit ..........c.ccoceeveeveeivccncncncnenne 69
Regenerative Discharge Unit..........ccccooeveiieineneneene. 165
Names and specification nUMbETrS..........ccceeeeveereerrennene 368 )
Requirements of EN and IEC Standards .............c......... 118
NOISE FIlter....uieveiieeieiieiieiecieeieie et 75,182 )
Requirements of UL Standards .........ccccecevereenenennnenne 123
NOISE OCCURRENCE IN SERVO AMPLIFIERS ....439 . L )
Rotation direction of the absolute aiCZ sensor............. 338
NOISE PREVENTION ......cccooiinieiiniinincenieeneeeennes 108 . L .
Rotation direction of the 0iCZ sensor...........c.cceccveneeee. 384
NOISE TYPES ..ot 440
NOLE . eevteeeieserseesseseses s seeeeoe 5-7,5-13,314,392 <S>
Notes on 400-V Input ai PS series selection................... 89 SAFETY PRECAUTIONS .......ccoiiiiiiiniiiinicieniee s-1
Notes on Connecting.........ccceeeevvereeeeenuenne .. 107 Screw tightening torque ................... ... 122,125
NOTES ON COOLANT (REFERENCE)..................... 126 SELECTING A POWER CABLE .............. ....435
Notes on the emergency stop circuit configuration....... 121 Selecting a Regenerative Discharge Unit............cc...c...... 93
NOES O USE ...ttt 345 SENSOR ..ottt 327
Number of Connected ai SV series and oi SP Series 89,92 SENSOR (OLD SPECIFICATIONS) ....coovvvvevieiieniens 482
<O> SENSOR FOR THE SERVO SYSTEM.......ccccecevrunee 328
SENSOR FOR THE SPINDLE..........cccccecevrueuennne 350,498
ORDERING INFORMATION .....cccceovviirieiiinienne 45,516
SENSOR FOR THE SYNCHRONOUS BUILT-IN
OBREIS .. 54,116
SERVO MOTOR AND SEPARATE SENSOR............ 483
Outling DIawing.........cceceeeerieneerieneeienieeieseeeesieeeene 325
Sensors fOr SEIVO .....cc.eviiviiriiieieiiiiresereeceee e 75
OUTLINE DRAWINGS .....oooeimiiieinieiinereninieeniereneenens 142 .
Sensors for spindle .......c.ooceevereerienieiinenieneeeeeee 76
Outline Drawings of Amplifiers, Panel Cut-out, and . . .
Separation of Signal Lines ..........cccceeveeveriereenieneniens 108
Maintenance ATCa ........coceevverueeeeriereenieneenieneereeneenenee 142
) SERVO AMPLIFIER......c.ccoeeoimeiniiinicinieiceeceneee 8,46
Output signal check method...........cccccvvirvenienns 348,394
SERVO CABLE LENGTH (WHEN
Outside and Mounting Dimension Diagrams................. 309
RECOMMENDED CABLES ARE USED).................. 433
Overload protection..........cceeceervereerienieeeenieseeeennes 122,124 ) )
) Servo Motor Continuous Rated Outputs and Maximum
Over-speed Protection ...........eecereeveenrereenereenuenne 122,125 .
Outputs at Acceleration........c.eecvevereereneenenieneneeneenne. 96
<p> Short-Circuit ProteCtion ..............ccovevveveveereverererenennn. 125
Panel Cut-0Ut........c..coovviieiiiiieeieeeeee e 326 Specification..........c.cceceenuennen. 11,308,317,324,329,368,516
PANEL CUT-OUT DIAGRAMS ......ccovvincirninnnee 185 SPECIFICATIONS OF THE MODULES ..................... 33
Position COoder.......ccvevuirieiinieieeieeieseeee et 350 Spindle alarms..........ceeeveriereniene e 396
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SPINDLE CABLE LENGTH (WHEN
RECOMMENDED CABLES ARE USED).................. 432
Spindle Motor Continuous Rated Outputs and

Maximum Outputs at Acceleration ............cccceceeeruennee. 100
Spindle Motor Feedback Cable Connection.................. 299
SPINDLE ORIENTATION .....cccooiiniiiiiiiienieeeeeiene 305
SPINDLE-RELATED OPTIONS ....c.cccceiiniiiinennne. 304
Sub module SM......ccooooiiiiiiiieee e 57,323
Submodule SW.....ccoooviieiicieieeeeeee e 57,316
Switch Circuit Configuration ............cceeeeevveeververeenenne. 306

System configuration and connection block diagram....380

<T>
TOTAL CONNECTION DIAGRAM.........cccecevuinvennnne 193
Tyco Electronics AMP D-5000 Series Connector......... 302

<U>
USE IN COMBINATION WITH THE DUAL CHECK
SAFETY FUNCTION........ccccooiiiiiiiiiieccecreeee 481

<w>

WaArNING....cveeeieiieiieieeieie e s-3,s-8,s-10
WARNINGS AND CAUTIONS RELATING TO A
PILOT RUN ..ottt s-8
WARNINGS AND CAUTIONS RELATING TO
MAINTENANCE ....ccootiiiiiiiieireenieie e s-10
WARNINGS AND CAUTIONS RELATING TO
MOUNTING
WEIGHT ..ot
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ADDITIONAL INFORMATION






About addition of the power cable of servo amplifier

1.Type of applied technical documents

Name FANUC SERVO AMPLIFIER ai series
DESCRIPTIONS
Spec.No./Ver. B-65282EN/06

2.Summary of change

Group Name / Outline New,Add Applicable
Correct,Del Date
Basic Function Add power cable Add 11-Aug-2008
Optional
Function
Unit

Maintenance
Parts

Notice

Correction

Another

About addition of the power
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1. Outline

As a power cable of servo amplifier, the four-conductor power cable (U/V/W/G) is generally
used, and the PWM noise generated by switching of the power transistor inside servo
amplifier returns to the servo amplifier through a ground line, however, in case the impedance
of the ground line becomes high when the power cable is long, some of PWM noise may not
return through the ground line, and may affect other equipment.

Moreover, if electric connection of the motor flange and a machine is not enough, PWM
noise may flow through the feedback cable of a pulse coder, and communication alarm
between the servo amplifier and the pulse coder may be generated.

In these cases, an additional measure against PWM noise and an additional ground line
were needed.

This time, a new cable that reduced the inductance of a ground line is prepared for the
power cable of a servo amplifier. By reducing the inductance of a ground line, the PWM noise

returns to the amplifier efficiently, and the risk of the malfunction by PWM noise is reduced.

2. Cable specification
(1) Specification (see the 4th clause about the details of specification)

Maker
specification Cross Cross
) ) FANUC Standard
(OKI section section o
specification length
ELECTRIC (U/VIW) (Ground)
CABLE)
SYM3X0.758Q 0.75 mm? 0.25mm*x3 AB6L-0001-0607 105 degrees / 600V 100m
SYM3X1.258Q 1.25 mm? 0.43mm?x3 AB66L-0001-0608 105 degrees / 600V 100m
SYM3X2SQ 2.0 mm? 0.75mm’ x3 AB66L-0001-0609 105 degrees / 600V 100m
SYM3X3.58Q 3.5 mm® 1.25mm*x3 AB66L-0001-0610 105 degrees / 600V 100m
SYM3X5.58Q 5.5 mm? 2.0mm’x3 AB6L-0001-0611 105 degrees / 600V 100m
SYM3X8SQ 8 mm? 2.7mm*x3 AB66L-0001-0612 105 degrees / 600V 100m
Fig. 1 Structure outline of cable
About addition of the power
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3. The method of creating cable

The procedure of creating cable is shown below.

3.1 Processing of Cable by the side of Servo Amplifier

(1) When the power line is connected by a connector

Please refer to B-65282JA/05 "FANUC SERVO AMPLIFIER alpha i series description”
about the connector to servo amplifier.
Please refer to B-65262JA/03 "FANUC AC SERVO MOTOR alpha iS / alpha | series
description." about the connector to motor.

@ Crimp U/V/W line

Please crimp contact as the usual power line.

@ Crimp ground line
(a) Put three ground lines together, and cover it with a heat contraction tube showing
a ground line color.

Three ground lines (with no cover)

Cover with a heat contraction tube showing a
ground line color

About addition of the power
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(b) Protect the exposed wire by the flame-retardant tape or a heat contraction tube.
The tape or tube needs to be 105 degrees heat-resistant and be 94-VO
flame-retardant.

r 1

Cover with a flame-retardant tape or a heat
< contraction tube.

il

(c) Bind a flame-retardant tape around the part that a crimp contact presses down.
Because this cable does not have sheath of the ground line and a wire may be cut by
a crimp contact, please be sure to protect it by a flame-retardant tape.

Since the temperature of power line becomes high, a flame-retardant tape should be
used.

Because a wire may be cut by a crimp
contact, please bind a flame-retardant tape

| around.
@ Insertion into housing
Please insert the crimped contact into housing.
|
About addition of the power
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(2) When the power line is connected on a terminal block
@ Crimp U/V/W line
Please crimp contact as the usual power line.

@ Crimp ground line
(a) Put three ground lines together, and cover it with a heat contraction tube showing

a ground line color.

Cover with a heat contraction tube showing a
i ground line color

L» : : 4

(b) Protect the exposed wire by the flame-retardant tape or a heat contraction tube.
The tape or tube needs to be 105 degrees heat-resistant and be 94-V0O
flame-retardant.

Cover with a flame-retardant tape or a heat
contraction tube.

_all

(c) Crimp three ground lines together with one crimp contact.

Crimp three ground lines together

About addition of the power
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3.2 Processing of Cable by the side of motor
(1) In the case of a plug connector

(1) Soldering of U/V/W line
Solder U/V/W line as it is.

(2) Soldering of ground line
(a) Put three ground lines together, and cover it with a heat contraction tube.

F 1

Put three lines together, and cover it with a heat

contraction tube.

(b) Solder the ground line and a connector, and cover the soldered part with a heat
contraction tube or flame-retardant tube.

| -

Solder a connector and cover the soldered part
with a heat contraction tube

(3) Attach a case.

About addition of the power
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(2) In the case of the connector of dynamic series
@ Crimp U/V/W line

Please crimp contact as the usual power line.
(2) Crimp ground line

(a) Put three ground lines together, and cover it with a heat contraction tube showing a

ground line color.

L

(b) Protect the exposed wire by the flame-retardant tape or a heat contraction tube.

Three ground lines (with no cover)

Cover with a heat contraction tube showing a

ground line color

The tape or tube needs to be 105 degrees heat-resistant and be 94-VO

flame-retardant.

contraction tube.

Cover with a flame-retardant tape or a heat

About addition of the power
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(c) Bind a flame-retardant tape around the part that a crimp contact presses down.
Because this cable does not have cover of the ground line and a wire may be cut by
a crimp contact, please be sure to protect it by a flame-retardant tape.
Since the temperature of power line becomes high, a flame-retardant tape should be

used.

(d) Crimp a contact

(e) Insert into housing

Because a wire may be cut by a crimp
contact, please bind a flame-retardant tape
around.

About addition of the power
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4. Cable specification details
(1) SYM 3X0.758Q

ltem Specifications
Core wire classification Power line Ground line
Nominal cross-section 0.75 0.25
area (mm?)
Conductor Material Stranded wire of Stranded wire of
annealed copper annealed copper
Structure 30/0.18 10/0.18
(conductors/mm)
Size (mm) 1.2 0.66
Insulator Material Heat-resistant PVC
Color Red, white, black
Thickness (mm) 0.81
Outside diameter 2.82
(mm)
Lay Structure See Fig.2
Binder tape Plastics tape
Sheath Material Heat-resistant, oilproof PVC
Color Black
Display OKIELECTRIC CABLEAWG19 T AWM 2501 105°C 600V VW-1 SYM 3% 0.755Q
or
OKIELECTRIC CABLE(G)AWG19 T AWM 2501 105°C 600V VW-1 SYM 3x0.755Q
Outside diameter 10.3
(mm)
Finished Length (m) 100
product Packing Bundle
method
Estimated weight 115
(kg/km)
Electrical Conductor 24 4 or less (20 degrees) 73.4 or less (20 degrees)
performance resistance
(ohm/km)
Insulation 10 or more (20 degrees) -
resistance
(Mohm/km)
Dielectric 2000VAC -
strength
(V-min)
Inductance Standard  0.31
(uH/m)
Capacitance Standard 100
(pF/m)
About addition of the power
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(2) SYM 3X1.25SQ

Item Specifications

Core wire classification Power line Ground line

Nominal cross-section 1.25 0.43
area (mm?)

Conductor Material Stranded wire of Stranded wire of
annealed copper annealed copper

Structure 50/0.18 17/0.18
(conductors/mm)

Size 1.5 0.86
(mm)

Insulator Material Heat-resistant PVC
Color Red, white, black
Thickness 0.81
(mm)
Outside 3.12
diameter (mm)

Lay Structure See Fig.2.

Binder tape Plastics tape

Sheath Material Heat-resistant, oilproof PVC

Color Black

Display OKIELECTRIC CABLEAWG19 T AWM 2501 105°C 600V VW-1 SYM 3 X 1.255Q
or
OKIELECTRIC CABLE(G)AWG19 N AWM 2501 105°C 600V VW-1 SYM 3 X 1.255Q

Outside diameter 11.0
(mm)

Finished Length (m) 100

product Packing Bundle
method

Estimated weight 140
(kg/km)

Electrical Conductor 14.7 or less (20 degrees) 43.2 orless (20 degrees)
performance resistance
(ohm/km)

Insulation 10 or more (20 degrees) -
resistance
(Mohm/km)

Dielectric 2000VAC -
strength
(V-min)

Inductance Standard 0.28
(uH/m)

Capacitance Standard 110
(pF/m)

About addition of the power
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(3) SYM 3X2SQ

Item Specifications
Core wire classification Power line Ground line
Nominal cross-section 2.0 0.75
area (mm?)
Conductor Material Stranded wire of Stranded wire of
annealed copper annealed copper
Structure 37/0.26 30/0.18
(conductors/mm)
Size (mm) 1.8 1.2
Insulator Material Heat-resistant PVC
Color Red, white, black
Thickness (mm) 0.81
Outside 3.42
diameter (mm)
Lay Structure See Fig.2
Binder tape Plastics tape
Sheath Material Heat-resistant, oilproof PVC
Color Black
Display OKIELECTRIC CABLEAWG19 '\ AWM 2501 105°C 600V VW-1 SYM 3% 2SQ
or
OKI ELECTRIC CABLE(G) AWG19 A AWM 2501 105°C 600V VW-1SYM 3% 2SQ
Outside 11.6
diameter (mm)
Finished Length (m) 100
product Packing Bundle
method
Estimated 180
weight (kg/km)
Electrical Conductor 9.5 or less (20 degrees) 24 4 or less (20 degrees)
performance resistance
(ohm/km)
Insulation Ten or more (20 degrees) -
resistance
(Mohm/km)
Dielectric 2000VAC -
strength
(V-min)
Inductance Standard 0.25
(uH/m)
Capacitance Standard 130
(pf/m)
About addition of the power
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(4) SYM 3X3.55Q

Item Specifications
Core wire classification Power line Ground line
Nominal cross-section 3.5 1.25
area (mm?)
Conductor Material Stranded wire of Stranded wire of
annealed copper annealed copper
Structure 45/0.32 50/0.18
(conductors/mm)
Size (mm) 2.6 1.5
Insulator Material Heat-resistant PVC
Color Red, white, black
Thickness (mm) 0.81
Outside 4.22
diameter (mm)
Lay Structure See Fig.2
Binder tape Plastics tape
Sheath Material Heat-resistant, oilproof PVC
Color Black
Display OKIELECTRIC CABLEAWG19 T\ AWM 2501 105°C 600V VW-1 SYM 3x 3535Q
or
OKI ELECTRIC CABLE(G) AWG19 W AWM 2501 105°C 600V VW-1 SYM 3 X 355Q
Outside 13.2
diameter (mm)
Finished Length (m) 100
product Packing Drum
method
Estimated 350
weight (kg/km)
Electrical Conductor 5.1 or less (20 degrees) 14.7 or less (20 degrees)
performance resistance
(ohm/km)
Insulation 10 or more (20 degrees) -
resistance
(Mohm/km)
Dielectric 2000VAC -
strength
(V-min)
Inductance Standard 0.24
(uH/m)
Capacitance Standard 160
(pf/m)
About addition of the power
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(5) SYM 3X5.5SQ

ltem Specifications
Core wire classification Power line Ground line
Nominal cross-section 5.5 2.0
area (mm?)
Conductor Material Stranded wire of Stranded wire of
annealed copper annealed copper
Structure 70/0.32 37/0.26
(conductors/mm)
Size (mm) 3.1 1.8
Insulator Material Heat-resistant PVC
Color Red, white, black
Thickness (mm) 1.0
Outside 5.1
diameter (mm)
Lay Structure See Fig.2
Binder tape Plastics tape
Sheath Material Heat-resistant, oilproof PVC
Color Black
Display OKIELECTRIC CABLEAWG19 T\ AWM 2501 105°C 600V VW-1 SYM 3x553Q
or
OKI ELECTRIC CABLE(G) AWG19 W AWM 2501 105°C 600V VW-1 SYM 3 X 555Q
Outside 15.2
diameter (mm)
Finished Length (m) 100
product Packing Drum
method
Estimated 520
weight (kg/km)
Electrical Conductor 3.4 or less (20 degrees) 9.5 or less (20 degrees)
performance resistance
(Ohm/km)
Insulation 10 or more (20 degrees) -
resistance
(Mohm/km)
Dielectric 2000VAC -
strength
(V-min)
Inductance Standard 0.24
(uH/m)
Capacitance Standard 160
(pF/m)
About addition of the power
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(6) SYM 3X8SQ

Item

Specifications

Core wire classification

Power line Ground line

Nominal cross-section
area (mm?)

8.0 2.7

Conductor Material

Stranded wire of Stranded wire of
annealed copper annealed copper

Structure
(conductors/mm)

50/0.45 50/0.26

Size (mm)

3.7 2.1

Insulator Material

Heat-resistant PVC

Color

Red, white, black

Thickness (mm)

1.2

Outside
diameter (mm)

6.1

Lay Structure

See Fig.2

Binder tape

Plastics tape

Sheath Material

Heat-resistant, oilproof PVC

Color

Black

Display

OKIELECTRIC CABLEAWG19 T AWM 2501 105°C 600V VW-1 SYM 3% 83Q

or
OKIELECTRIC CABLE(G)AWG19 ™ AWM 2501 105°C 600V VW-1 SYM 3 X 8SQ

Outline
diameter (mm)

17.6

Finished Length (m)

100

product Packing
method

Drum

Estimated
weight (kg/km)

650

Electrical Conductor
performance resistance
(ohm/km)

2.4 or less (20 degrees) 7.1 or less (20 degrees)

Insulation
resistance
(Mohm/km)

10 or more (20 degrees) -

Dielectric
strength
(V-min)

2000VAC -

Inductance
(uH/m)

Standard  0.24

Capacitance
(pF/m)

Standard 160

About addition of the power
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Energy Charge Module (ECM) DESCRIPTIONS

1. Type of applied documents

Name FANUC SERVO AMPLIFIER o i series DESCRIPTIONS
Spec. NoNer. B-65282EN/06-02
2. Summary of Change
Group Name /Outiine New, Add Applicable
Correct, Del Date
Basic Function
Optional Energy Charge Module (ECM) New 2008.10
Function DESCRIPTIONS
Unit
Maintenance
Parts
Notice
Correction
Another
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¢ No part of this manual may be reproduced in any form.

e  All specifications and designs are subject to change without notice.

e The instructions for use of Energy Charge Module are the same as that of Servo amplifier.

e Energy Charge Module should be used according to "Safety Precautions" described in the FANUC SERVO
AMPLIFIER «. i series DESCRIPTIONS B-65282EN.

e Users should also read the relevant description in this manual to become fully familiar with the functions of
ECM.

The products in this manual are controlled based on Japan’s “Foreign Exchange and Foreign Trade Law”. The
export from Japan may be subject to an export license by the government of Japan.

Further, re-export to another country may be subject to the license of the government of the country from where the
product is re-exported. Furthermore, the product may also be controlled by re-export regulations of the United
States government.

Should you wish to export or re-export these products, please contact FANUC for advice.

In this manual we 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”.

e When an abnormality occurs such as an alarm or a hardware failure, the operations described in the
specifications are not guaranteed unless otherwise specifically noted.  About a measure to abnormality,
when there is a definite description, please correspond according to the description, and when there is not a
description, ask our company for the measure to abnormality.

e The signals and functions described in the specifications cannot be used separately for safety functions to
protect the operator from machine hazards unless otherwise they are described as being usable for the safety
functions. Since it is the specification that does not expect using those signals and functions as the safety
functions, there is a possibility of causing unexpected hazards. If you plan to use such signals or functions for
safety functions, please contact FANUC.

e Anincorrect device connection or setting may lead to an unpredictable operation. When starting to operate the
machine for the first time after assembling the machine, replacing components, or modifying parameter

settings, exercise the greatest care.
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AWARNING

Protection against electric shock

(1) Protection against direct contact with charged parts

This amplifier must be installed in a power magnetics cabinet. The power magnetics cabinet must be equipped
with a lock so that when the power to the amplifier is on, the power magnetics cabinet cannot be opened by
persons except special maintenance personnel or persons authorized to do maintenance work who have been
sufficiently trained in prevention of electric shock.

If the operator of the machine needs to open the power magnetics cabinet for some operations, the operator must
be given thorough safety training, or a protection cover must be provided to prevent the operator from touching
the amplifier.

(2) Confirmation of discharge of the electrolytic capacitor (UL508C 21)

This amplifier includes a large-capacity electrolytic capacitor for the power smoothing circuit. Even after the power
supply input circuit is shut off, this capacitor remains charged for a while.

When it becomes necessary to touch the amplifier to do maintenance work or for other purposes, wait until the
discharge time indicated on the face plate of the amplifier is passed, or start work after ensuring safety by
measuring the residual voltage of the DC link section with a volt-ohm meter and checking that the LED (red)
indicating charging is turned off.

(3) Isolation of the terminal of the cable

The terminals of the cables that connect to the equipment should be covered by the isolation tube etc., so that live
parts should not be exposed.
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[ Energy Charge Module (ECM) DESCRIPTIONS
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1. Abstract

The use of servo motors for driving industrial machines reduces an average electric power consumption
compared with hydraulic driving, thereby contributing to energy saving. On the other hand, the peak power
increases at acceleration and deceleration, which causes larger fluctuation in power source voltage, sometimes
requiring the electrical facilities capacity to be increased.

Energy Charge Module reduces large power source current at the peak of electric power consumption, and
reduces voltage fluctuation of electrical facilities.
FEATURES
e  Assists power running energy during motor acceleration and recharges regenerated energy during motor

deceleration to reduce voltage fluctuation of the electrical facilities.

e  Supplies only a portion of electric power which exceeds the electricity level of the electrical facilities capacity

from Energy Charge Module at acceleration, and limits the capacity of the capacitor to minimum in
combination with Power Source Regeneration Function at regeneration.

¢  Added with various types of alarm detection functions and discharging and protection circuits for capacitor,

to secure safety as the capacitor is charged with large energy.

Power Source Current Power Servo
Power ; e
(Regeneration) supply amplifier Large Servo Motor
Source \l/ Regenerated Energy _—

@
/T\ Power Running Energy
Power Source Current
(Power Running) / \

Power Running Part of Regeneration
Energy to ECM

F
|
|
I I | Energy Assist
|
|
|
|
|
|

[ Energy Charge Module ]
Peak Cut of Power Source Current
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2. Configuration and Ordering
2.1 Configuration

Power supply  Servo amplifier

W — E
—/
AC Reactor
Nv]
== v/
\ QR ]
o I N |
E Capacitor ! 4 :
i Module Control Resistor E
E (For smoothing) Module Module E
| =00 ‘% |
z 0 a
: 7 :
: 3 !
E Capacitor i
E 5 Module (For Charge) i
i DC Reactor r‘L D 1 i
NO. Name Functions
1 Control Module Controlling charge/discharge of Capacitor Module
2 Capacitor Module Smoothing input/output current of Control Module
(For smoothing)
3 Capacitor Module Charging energy
(For charge)
4 Resistor Module Resistor to discharge Capacitor Module at Emergency stop
5 DC Reactor For controlling charge/discharge current

TITLE

Energy Charge Module DESCRIPTIONS

DRAW. NO. CUST.

B-65282EN/06-02

SHEET
EDIT. DATE DESIG. DESCRIPTION FANUC LTD




2.2 Ordering number

2.2.1 Basics
Category Name Ordering number Remarks
Standard Control Module A06B-6158-H010
Standard Capacitor Module A06B-6158-H020
Standard Resistor Module A06B-6158-H030
Standard DC Reactor A06B-6158-H040 Continuous current: 100Arms

2.2.2 Short bar, Connector

[Short bar]
Category Name Ordering number Remarks
Optional | Short bar A06B-6110-K504 | K1 K2
The short bar must be attached to DC link terminal of
Power supply (300mm) width and Servo amplifier
(300mm).
Optional | Short bar A06B-6078-K804 | K3
The connection between "DC link of Control Module"
and "Capacitor Module (for smoothing)"
Optional | Short bar A06B-6078-K800 | K5
Connection between "Capacitor Modules (for charge)"
[Connector]
Category Name Ordering number Remarks
Optional Connector A06B-6110-K505 | K6 K7
Connection between "Control Module" and
"Resistor Module"
Optional Connector A06B-6110-K210 | K21
Connection of the interface signal between "Servo
amplifier" and a "Control Module”
Optional Connector A06B-6110-K506 | K22
Connection between "Control Module" and "The
break signal of the fuse in Capacitor Module"
Optional Connector A06B-6130-K202 | K23
Dummy connector for the termination of the break
signal of the fuse.
Optional Connector A06B-6110-K508 | K24
Connection of the interface signal between a
"Control Module" and "l/O"
TITLE
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3. Specifications
3.1 Behavior of ECM
(1) Energy supplies the Capacitor Module of ECM from power source after the Power supply is ready.
(Pre-charge)
(2) When the power that the Servo amplifier requires exceeds the level set as ECM, ECM assists the energy for
the power running.

(3) The regeneration energy is stored in the Capacitor Module of ECM. The regeneration energy regenerates to

the electrical facilities after the Capacitor Module is fully charged.

. | Powelzr Servo Large servo
. ower supply supply amplifier Regeneration motor
Electrical | regeneration e o

facilities

Part of regeneration
energy to electrical /
facilities -=== -===

Power running
energy assist

Part of regeneration
energy to ECM

| Energy Charge Module (ECM) |

Without ECM

Power running

-~

Input power

Regeneration
to electrical facilities

Regeneration

R
7

With ECM! i
assist — 0 Reduced Assist  —_ 1"
from EC_M - \\\\\§ ----- maxwpum DOWGVI ------- from EC -
Power runnlng,: : : .
Input power : : |
ECharge Rlegeneration |

Regeneration

to electrical facilities
1 1

T T T T

1
1
1
1
1
1
T
e Ve ale ale ae e
< >t
1

Stop ' Acc. ' Const. ' Dec. '  Stop I Acc. Const.
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This Energy Charge Module is equipment applicable to SERVO AMPLIFIER of 400V input series.
The specification of the following units is explained.

ltem Name Functions

3.2 Control Module Controlling charge/discharge of Capacitor Module

33 Capacitor Module (For smoothing) Smoothing input/output current of Control Module

34 Capacitor Module (For charge) Charging energy

35 Resistor Module Resistor to discharge Capacitor Module at Emergency
stop

3.6 DC Reactor For controlling charge/discharge current

3.2 Control Module
Control Module controls the current from Capacitor Module.

Item Specifications
Maximum output (1) 120kW  (2) 90kW
Continuous output 6kW or less Note)
Maximum connection number of Capacitor | (1) 120kW: Upto 10
Module (for charge) (2) 90kW: Up to 8
Continuous output of motor 55kW or less
Maximum stored energy About 11 kJ
Limit of input Power supply current Refer to section 4.4
Protection functions Refer to section 5.3

(Fuse, Over current, Over Voltage, etc)

Note) For example, in case of the energy supply per one time is 200kW during 100msec, 36 energy supplies
are possible in 1 minute. In case of the energy supply per one time is 50kW during 50msec, 144
energy supplies are possible in 1 minute.

Example)
(1) Maximum output 120kW

Assist  — ' I okw T Tassistt —
from ECM. ) ----1-1-k-J---I --------- e from ECM-- -
ing 00 4 ! | : 1
Power runmng. i ' &\\\\\\\\\\\& __
Input power ! Input power !
' Regeneration '
Regeneration | to electrical facilities :
| i : to ECM— i i i
Stop :+ Acc. | Const. : Dec. Stop . Acc. | Const.
(2) Maximum output 90kW
Assist  — | I ookw  + T assistt — ]
from ECM. ----l-l-k-J--—: ————————— qmm e from ECM-- :

Input power — ! Input powfer !

i 250msec Regeneration !

Regeneration | iCharge to electrical facilities |

' : L to ECM : : :
Stop + Acc. | Const. | Dec. | Stop . Acc. | Const.
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3.3 Capacitor Module (For smoothing)

It is the capacitor that smoothes the current. Itis installed between Control Module and Power supply.

Item Specifications
Capacitance 0.011F
Fuse built-in Circuit is interrupted with fuse.
The number to be used 1

3.4 Capacitor Module (For Charge)

It is the capacitor to charge energy. The regeneration energy is charged in Capacitor Module at deceleration and
the power running energy is assisted the by the charged energy at acceleration.
As for the selection of the number of Capacitor Module, please refer to section 4.1.

Item

Specifications

Capacitance

0.011F

Protection

Circuit is interrupted with fuse.

The number of discharge
(at maximum output)

e  The number of acc/dec: 50 million times or more  Note)
e The number of ESP: 1 million times or more

Note) If the number of acc/dec is required 50 million times or more, please inquire to our company.

3.5 Resistor Module
It is the resistor in order to discharge the energy of Capacitor Module at ESP or Alarm.
ltem Specifications
Resistance 30 0hm
Discharge time about 20 seconds (In case of the number of Capacitor Module is 10)
Charge time about 5 seconds (In case of the number of Capacitor Module is 10)
Protection The thermostat in Resistor Module detects abnormal heat generation.

The number to be used

1

The number of discharge

1 million times or more
Conditions: one discharge in 5 minutes

3.6 DC Reactor
Itis DC Reactor in order to smooth the charge and discharge current.
Item Specifications
Continuous current 100Arms

TITLE

Energy Charge Module DESCRIPTIONS
AL B es2g2EN/OB-02 | T

SHEET
EDIT. DATE DESIG. DESCRIPTION FANUC LTD




4. Selection

Selection of the number of Capacitor Module (for charge) and the setup of the switch of the energy supply start
level from ECM are explained.

[The selection procedure of ECM]

Order Contents Reference

(1) | Confirm the maximum instantaneous power and the power pattern of the 41
machine.

(2) | Limit of the maximum instantaneous power of the machine is estimated according 4.2

to the specification of the machine or permissible maximum instantaneous power
of the electrical facilities.

(3) | The number of Capacitor Module (for charge) is selected according to (1) and (2). 4.3
(4) | The level of the energy supply from ECM is set up with the setting switch on ECM 44
so that the power from a power source is less than the permissible maximum
instantaneous power. (At the time of mechanical installation)

4.1 The maximum instantaneous power and the power pattern of the machine (Order (1))
¢ The output of the motor can be calculated with multiplication of the torque and the speed of the motor.

In the case of the existing machine, it can be calculated by measuring the torque and speed of the motor.
In the case of the machine is being designed, it can be calculated according to the specification of the motor,
the inertia of the machine and the operating conditions of the machine.

The output of the motor (W) = the speed of the motor (rad/s) x the torgue of the motor (Nm)

e The loss of the amplifier and the motor is not included in the output of the motor. Therefore the power from

the power source and ECM is as the output of the motor x 1.2
The power from the power source (W)= the output of the motor (W) x 1.2

¢ The maximum instantaneous power of the machine is the sum total of the maximum instantaneous power of

the motor and the power of the other equipment installed in the machine.

Ny i B I

Powe”unni:ng aximum instantaneous power i \
M renneoss pover] | )

Input power )/R:egeneration | i

to electrical facilities i

Regeneration

i E\z— Motor spee'd i

¢ > : J

Dec. Stop v Acc. ' Const.

Const.
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4.2 Limit of the maximum instantaneous power of the machine (Order (2))

Limit of the maximum instantaneous power of the machine is estimated according to the specification of the
machine or permissible maximum instantaneous power of the electrical facilities.

[The calculation method of the permissible maximum instantaneous power of the electrical facilities]
e The power company regulates the voltage drop ratio in the receiving point of the power system because

the voltage drop may affect the neighboring equipment when the customer uses maximum instantaneous
power.

Since each power company decides the regulation of the voltage drop ratio, please ask the power
company.

o Please check the voltage drop ratio in the receiving point of the power system when the customer uses

maximum instantaneous power. If it is more than the regulation of the voltage drop ratio of the power
company, the customer needs to improve the voltage drop ratio.

e The calculation method of the voltage drop ratio in the receiving point and the permissible maximum

instantaneous power of the electrical facilities are described as follows.

A (e.g. 6600V) | Receiving point
WAAA —
[\ e % V2 §
ANV
A A0
l« L R ol Factory

Main power line

Ratio of voltage drop: V%=(V1-V2)/V1

—1 Equipments

Power source 6600V 400V

(Power company) | Private houses |

3t > =

Neighboring equipment

Note 1)
Please ask to electric power company about the impedance of a power line.

Note 2)
Generally, the voltage drop ratio depends on the impedance of the power line between the receiving point from
the power supply of the power company. But if the impedance of the power supply of the power company
cannot be disregarded, the voltage drop ratio should be calculated with the impedance is added to that of a
power line.
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[Calculation method (1)]

Sign Item Unit Remarks
V1 Line Voltage Vrms | Line Voltage with no load
V2 Voltage at receiving point | Vrms | Voltage at the receiving point with load
I Max. current Arms | Current when the machine output Max. power
R Resistance ohm | Resistance of main power line
X Reactance ohm | Reactanceof main power line (X [ohm]=jw L [H])
CosQ Power factor - When unknown, please give as 0.9 as a standard.
sing - - When unknown, please give as 0.4 as a standard.

» The ratio of voltage drop (V%) is calculated with the value of the above table.

V%= (V1-V2)V1 = {Ix (Rxcos@ +Xxsing )/(VIN 3)}x100 [%]

> If the ratio of voltage drop ( V%) is less than the regulation of an electric power company, the

countermeasure is unnecessary.

> If the ratio of voltage drop (V%) is more than the regulation of an electric power company, calculate the

permissible maximum instantaneous power by the following formula.

Permissible maximum instantaneous power =V1?x  V%/{(Rxcos@ +Xxsing )x100} [VA]

> ltis necessary that the maximum instantaneous power of the machine is less than the permissible maximum

instantaneous power.
Example of calculation)
Conditions
Sign ltem Value
V1 Line Voltage 6600Vrms
| Max. current 306Arms
R Resistance 0.870hm
X Reactance 2.180hm
COSQ Power factor 0.9
sing - 0.4

(1) Calculation of the ratio of voltage drop (V%)

V9%={306 x (0.87 x 0.9+2.18 x 0.4) / (6600 3)}x 100 [%]
=13.3[%]

(2) Calculation of the permissible maximum instantaneous power

The permissible ratio of voltage drop is 4.2%

Permissible maximum instantaneous power =66007 x 4.2/{(0.87 x 0.9+2.18 x 0.4) x 100} [VA]

1105 [KVA]

1227 [kW] (Power factor:0.9)
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[Calculation method (2)]

Sign Item Unit Remarks
Po Max. output power kVA | Max. output power of machine
%R % Resistance % % Resistance of power line
%X % Reactance % % Reactance of power line
P Basic capacity of power source MVA | Basic capacity of %L and %R
CosQ Power factor - When unknown, please give as 0.9 as a standard.
sing - - When unknown, please give as 0.4 as a standard.

» The ratio of voltage drop (V%) is calculated with the value of the above table.

V%= Pox(%R x cos@ + X x sing )x10™ [%] (Condition: P=10MVA)

> If the ratio of voltage drop ( V%) is less than the regulation of an electric power company, the

countermeasure is unnecessary.

> f the ratio of voltage drop (V%) is more than the regulation of an electric power company, calculate the
Permissible maximum instantaneous power by the following formula.
Permissible maximum instantaneous power = V% (%R x cos@ + X x sing )x10“} [KVA]

» ltis necessary that the maximum instantaneous power of the machine is less than the permissible maximum

instantaneous power.
Example of calculation)
Conditions

Sign Item Value
Po Max. output power 3500kVA
%R % Resistance 20%
%X % Reactance 50%

P Basic capacity of power source 10MVA
COS(p Power factor 0.9
sing - 0.4

(1) Calculation of the ratio of voltage drop (V%)

V9=3500x (20x 0.9+50x 0.4)x 10* [%]
=13.3[%]

(2) Calculation of the permissible maximum instantaneous power

The permissible ratio of voltage drop is 4.2%

Permissible maximum instantaneous power =4.2 {(20x 0.9+50x 0.4)x 10} [VA]

1105 [KVA]

1227 [kW] (Power factor:0.9)
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4.3 Selection of Capacitor Module (Order (3))
The energy assisted from ECM is calculated and the number of a Capacitor Module is selected.

The energy assisted from ECM (J) < the energy stored in one capacitor module x N (J)

N: The number of a capacitor module

[The energy assisted from ECM]

The energy assisted from ECM is calculated from the maximum instantaneous power of the machine (4.1)
and the permissible maximum instantaneous power (4.2). The energy assisted from ECM is the area of the
portion beyond the level of the permissible maximum instantaneous power.

The instant maximum power from the power source cannot be made smaller than " the maximum
instantaneous power of the machine -the maximum output of ECM".

For example, the energy assisted from ECM is calculated by the following formulas in the following figure.
The energy assisted from ECM (J) = 0.5xT(sec) x (the maximum instantaneous power of the motor(w)
- the permissible maximum instantaneous power(w))

Maximum instantaneous power

Assist  —| — Permissible maximum  Assist  — |
from ECM. & L ¥ __ instantaneous power ---from ECM.- -
Input power —%—! ! Input power !
: T B Regeneration !
Regeneration E iCharge to electrical facilities i
' : + to ECM—] : : :
Stop + Acc. | Const. | Dec. Stop . Acc. | Const.

[Stored energy per a Capacitor Module]
(1) Maximum output 120kW
Power source voltage 400V 420V 440V 460 V 480V
Stored energy 1024 J 1087 J 1149J 1211 1273 J

Note Pc =0.5x 0.011Fx [V_norm?- (V_norm -200V)?] J

Pc Stored energy per a Capacitor Module

V_norm: Power source voltage xv 2

(2) Maximum output 90KW
Power source voltage 400V 420V 440V 460 V 480V
Stored energy 13723 1465 J 1558 J 1652 J 17450

Note Pc =0.5x 0.011Fx [V_norm?- (V_norm -300V)?]
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Example of calculation)

Conditions
ltem Value
Maximum instantaneous power 100kW
Permissible maximum instantaneous power 50kW
Time: T 0.2sec

The energy assisted from ECM (J)=0.5 x 0.2(sec) x (L00(kW)-50(kW))
=5000 (J)
Maximum output 120kW :120kW or less, Power source voltage:400V
5000 (J)< 1024 (J) x5

5 Capacitor Modules (for charge) are required.
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4.4 Setup of ECM (Order (4))

o The level of the energy supply from ECM is set up with the setting switch on ECM so that the power from a

power source is less than the permissible maximum instantaneous power.

e When the output of the motor exceeds a setting level, the power from a power source is limited by the

energy assisted from ECM.

e  Setting levels are 16 levels. Setting levels are set by a 4-bit switch.

o O [l |l

1] — —>»0

|

Lo

§ BN S

e  The limit value of the power from the power source in each setting level is shown in the following table.

Limit value of the power from
the power source (kW)
The inside of () is power source voltage.
Setup 4 3 2 1 Power source 400V (440v) (480v)
current (Arms)
0001 ON ON ON OFF 42 26 29 31
0010 ON ON OFF ON 45 28 31 34
0011 ON ON OFF | OFF 50 31 34 38
0100 ON OFF ON ON 54 34 37 40
0101 ON OFF ON OFF 57 35 39 42
0110 ON OFF | OFF ON 66 41 45 49
0111 ON OFF | OFF | OFF 73 45 50 54
1000 OFF ON ON ON 82 51 56 62
1001 OFF ON ON OFF 88 55 61 66
1010 OFF ON OFF ON 99 62 68 74
1011 OFF ON OFF | OFF 113 70 77 85
1100 OFF | OFF ON ON 128 80 88 96
1101 OFF | OFF ON OFF 143 89 98 107
1110 OFF | OFF | OFF ON 161 100 110 120
1111 OFF | OFF | OFF | OFF 176 110 121 131

Note) The value of a table is not guaranteed.

At the time of machine installation, please measure power source current or power, and set the switch.
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5. Functions and Interface
5.1 Interfaces with Servo amplifier

e ECM receives an emergency stop signal and the ready signal of the Power supply(PS) by the

communication between modules.
[Operation of ECM]
»  When the Power supply has been ready.
(1) The ECM has been ready after completing the charge to the Capacitor Modules.
(Charge time: about 5 second)
»  Incase of "Emergency stop which is input from CNC"
(1) The functions of ECM stop.
(The current between ECM and Servo amplifier is intercepted.)
(2) The energy of Capacitor Modules (for charge) is discharged.
(Discharge time: about 20 seconds)
»  Incase of "Emergency stop which is input to the Power supply(connector CX4) "
(1) The functions of ECM stop.
(The current between ECM and Servo amplifier is intercepted.)
(2) The energy of Capacitor Modules (for charge and smoothing) and capacitors of Servo amplifiers is
discharged. (Discharge time: about 20 seconds)
Note)

e  The charge and discharge time of Capacitor Modules are time when ten Capacitor Modules are connected.

e  The Capacitor Modules are not discharged when the discharge circuit of the Control Module malfunctions.

/N WARNING)

e  The contactor (MCC) for the Power supply should be OFF during Emergency Stop.

If the contactor is not OFF, the current from power source flows into Resistance Module, and Resistance
Module is overheated abnormally.

e Evenifthe red LED that indicates charging is not lit, before starting the replacement work or wiring work and

so on, please ensure that the power source is disconnected by the breaker and the voltages of DC links of
the Control Module, the Capacitor Modules (for smoothing and charge), Resistor Module, DC Reactor, the
Power supply and the Servo amplifier are falling. As for the voltage of DC link, measure the voltage of the
terminal of DC link of each unit by the voltmeter (Tester etc.).

*ESP |

*CRDY

Capacitor modules voltage

ECMRDY

<
<

Charge time Discharge time
Signal name Note
*ESP Emergency stop signal (L: Emergency stop, H: Emergency stop release)
*CRDY Ready signal of the Power supply  (L: Ready, H: Not ready)
ECMRDY Ready signal of ECM (L: Not ready, H: Ready)
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5.2 Interfaces with PMC (I/O)

e  The control signal (CX41) of the Control Module is connected to I/O.

(Refer to 7.2.9 Cable K24 about the details of connection)
e The status of ECM is sent to PMC from ECM via I/O and the control signal of ECM is sent to ECM from

PMC via I/O.

[The signals which communicate the status of ECM from ECM to PMC]
(1) Ready signal (ECMRDY)
It is a signal for communicating that ECM has been ready.
ECM has been ready within 10 seconds after emergency stop release.
(2) Status signal (ST 1B, ST2B)
It is the 2-bit signal which communicate the status of ECM. (Refer to 5.3 Alarm and status display)
(3) Alarm code (ALM*B)
It is the 4-bit signal which shows the kind of alarm. (Refer to 5.3 Alarm and status display)

[The signal for controlling ECM from PMC to ECM]

(1) Discharge mask signal (DCMASK)
The discharge mask signal can inhibit to discharge the energy of Capacitor Modules by the Resistor Module.
In case of the emergency stop is frequently, this signal is available.

(2) Supply mask signal (SPSTP)
The supply mask signal can inhibit to supply the energy from ECM in the period that does not need to
supply the energy from ECM. The energy in the Capacitor Modules can be used by this signal when the
energy is required, and the quantity of a Capacitor Module can be reduced.

Signal name The meaning of signal The state of signal  Note)
L H
ECMRDY Ready signal Not ready Ready
ST1B, ST2B Status signal Refer to 5.3 Alarm and status display
ALM*B Alarm code Refer to 5.3 Alarm and status display
DCMASK Discharge mask signal Enabling to discharge |  Inhibiting to discharge
Note)

e The output signal from ECM is a high side switch circuit. When a high side switch turns off, it is necessary

to set a signal level to L. Therefore, please use the circuit that the pull down resistor is connected as an
input circuit of I/O.

e Please use the output circuit with a high side switch as an output circuit of I/O for DCMASK.

¢ In the case of the emergency stop by the emergency stop signal inputted into Power supply, Capacitor
Modules are discharged even if the discharge mask signal is input.
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5.3 Alarm and status display

e When alarm occurs in ECM, the function of ECM stops. (The current between ECM and Servo amplifier is

intercepted.)

e Even if alarm occurs in ECM, ECM cannot stop Servo amplifiers and motors. Therefore, the rudder

program of PMC is created from the status signal communicate to I/O from ECM in order to stop the

machine.
[The status display of ECM]
e  The status of ECM is displayed on LED of ECM.
Classification | LED display State Note
Normal . Notready
0 Ready, Operating
Right-handed | Under charging
rotation
Left-handed | Under discharging
rotation
Alarm 1 Over-current at power running Over-current of DC link current at power
running
2 Over-current at regeneration Over-current of DC link current at the time of
regeneration
3 Over-current of charge current Over-current of charge current to Capacitor
Modules
4 Over-current of discharge current Over-current of discharge current
from Capacitor Modules
5 Low-voltage of control power supply Low-voltage of control power supply (24V)
6 Over-voltage of DC link Over-voltage of DC link of Servo amplifier
7 Over-voltage of Capacitor Module
8 Low-voltage of Capacitor Module
9 Over-heat of Control Module Detected by the thermostat on the heat sink
C Alarm of Power supply Alarm occurs in the Power supply
E Abnormal charge of Capacitor Module | Capacitor Modules are not charged.
F Resistor Module Capacitor Modules are not discharged.
Abnormal discharge (1)
H Resistor Module Capacitor Modules are discharged
Abnormal discharge (2) by malfunction of the discharge circuit.
J Over-heat of Resistor Module Detected by the built-in thermostat
P Communication error Communication between modules error
b Current control circuit malfunction The circuit to control the current of ECM
malfunctions.
h Fuse blowing The fuse of the Capacitor Module is blown.
Warning A Cooling fan stop (Refer to Note 1) The cooling fan stop for the heat sink of the
Control Module.
U Energy supply stop Potential difference of a capacitor module is
more than 300V.
Note 1)

In case of the cooling fan stop occurs, although ECM works continuously, please exchange the cooling fan a little
early. Depending on ambient air temperature or the operating condition of ECM, the life of parts of the Control
Module becomes short, or over-heat of Control Module may occur.
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[Operations when alarm occurs]

e  When the alarm occurs in ECM, the status signal is communicated to I/O from ECM.

e The status signal ST1B changes from "H" to “L" when the alarm occurs. After ST1B changes from "H" to
"L", please check the status signal ST1B and ST2B.

e Please stop the machine according to a status signal.

The stop method of the machine when alarm occurs

Status signal Status Stop method of the machine
ST2B ST1B
H H Normal -
H L Abnormality occurred in | (1) The machine is stopped after moving to a safe position.

ECM. (2) After (1), the machine should be stopped immediately
by the emergency stop and the external MCC of the
Power supply should be opened.
L L Serious abnormality | (1) The machine should be stopped immediately by the

occurred in ECM.

emergency stop and the external MCC of the Power
supply should be opened.

*When a cable is disconnected, the signal to I/O is set to "L".

The status signal of ECM

Classification | LED display Status Status signal
ST2B ST1B
Normal - Not ready . H H
0 Ready, Operating H H
Right-handed | Under charging H H
rotation
Left-handed | Under discharging H H
rotation
Alarm 1 Over-current at power running L L
2 Over-current at regeneration L L
3 Over-current of charge current L L
4 Over-current of discharge current L L
5 Low-voltage of control power supply L L
6 Over-voltage of DC link L L
7 Over-voltage of Capacitor Module L L
8 Low-voltage of Capacitor Module H L
9 Over-heat of Control Module H L
C Alarm of Power supply H L
E Abnormal charge of Capacitor Module H L
F Resistor Module H L
Abnormal discharge (1)
H Resistor Module H L
Abnormal discharge (2)
J Over-heat of Resistor Module H L
P Communication error H L
b Current control circuit malfunction H L
h Fuse blowing H L
Warning A Cooling fan stop (Refer to Note 1) H L
U Energy supply stop H L
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[Alarm code]

e When the alarm occurs in ECM, the alarm code is communicated to I/O from ECM.

e The status signal ST1B changes from "H" to “L" when the alarm occurs. After ST1B changes from "H" to

"L", please check the alarm codes.

e Please use the alarm code in order to display the kind of alarm to a monitor etc..

It makes maintenance easy.
Alarm code Alarm
ALM8B ALM4B ALM2B ALM1B

L L L L No alarm

L L L H Over-current at power running
Over-current at regeneration

L L H L Over-current of charge current
Over-current of discharge current

L L H H Low-voltage of control power supply

L H L L Over-voltage of DC link

L H L H Over-voltage of Capacitor Module

L H H L Low-voltage of Capacitor Module

L H H H Over-heat of Control Module

H L L L Alarm of Power supply

H L L H Abnormal charge of Capacitor Module

H L H L Resistor Module Abnormal discharge (1)
Resistor Module Abnormal discharge (2)
Over-heat of Resistor Module

H L H H o
Communication error

H H L L Energy supply stop

H H L H Current control circuit malfunction

H H H L Fuse blowing Notel)

H H H H Cooling fan stop Note?)

Note 1)

When the fuse blowing alarm occurs, the LED (D2) in the front of a Capacitor Module that the fuse was blown
turn off the light. It shows which the fuse of a Capacitor Module was blown. In addition, please keep the
control voltage (24V) ON during confirming.

Note 2)

In case of the cooling fan stop occurs, although ECM works continuously, please exchange the cooling fan a
little early. Depending on ambient air temperature or the operating condition of ECM, the life of parts of the
Control Module becomes short, or over-heat of Control Module may occur.
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6. Outline and Panel cut

6.1 Control Module (A06B-6158-H010)

Weight: 7.7kg
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6.2 Capacitor Module (A06B-6158-H020)
Weight: 11.4kg

Panel cut
s & i T
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4
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Note) A Capacitor Module (for smoothing) must be attached to the left side of a Control Module without a gap.
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6.3 Resistor Module (A06B-6158-H030)

Weight of 7.1kg
o 149.5 o Panel cut
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6. 4 DC Reactor (A0O6B-6158-H040)

100A 0.5mH
Weight: 32kg
g
4-M8
195MAX
93 3-M8
2 ! D
o
_ i ~ ‘g )
Ly |
| & |
| : |
x|
. = '
! |
| |
| |
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Ht | (B |
i |
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7. Connection

7.1 Connection diagram
Power supply Servo amplifier
K1 Notel) — K2 Notel)
D D
A% AN
(D) D
U T
TB1 TB1 K21
CXA2B
CXA2A cxaza ]
K21
Capacitor Module (for smoothing) ‘ Control Module
" D D
DT ) N
DD T @D
N | [
K3
TB1  TB2 /0
CX1A CX1B
cxn2s [ -
cxaza [ ]
K24
cx448 [] oxal {}
CX44A -
[H CX44A
D:J K22 Wi%‘
CX42 CX43
K6
CX45 K73
83 CX46
DCL1 DCL2 DCN DCP .
ol @l [@][@] =
e Dl
— K71 Capacitor Module (for charge) ‘ ’ Capacitor Module (for charge)
D|D D|D
DD D C)
K8 D | s 0
Notel) K70
Note2)
=
1 K22 K22
4
@ @ CX44B D__J CX448B D__,
Cxa4A [} Cx44A [0
2
(D} K23
K74
Notel) The length of K1, K2 and K8 should be 5m or less.
Note2) The length of K4 should be 1m or less.
b K72 e K72
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7.2 Cable connection details

7.2.1 Connection of cables K1, K2 and K3  (Connection of DC link)

Cable K1: The connection between “"Power supply” and " Capacitor Module (for smoothing)"

Cable K2: The connection between "Servo amplifier” and "Control Module™

Cable K3: The connection between "Control Module" and "Capacitor Module (for smoothing)"

Item Description
Size Effective current Average output of Heat-resistant cable AWG
of DC link motor (Note 2)
(Note 1)
92Arms or less 23kW or less 22 mm? or more AWG4 or more
112rms or less 29KkW or less 30 mm? or more AWG2 or more
131Arms or less 33kW or less 38 mm? or more AWGL1 or more
155Arms or less 40kW or less 50 mm? or more AWG1/0 or more
(Note 1) The relation between the effective current of DC link and the average output
of motor depends on the operational pattern of the motor. So these values are for
reference.
(Note 2) Fire-retardant polyflex wire (heat-resistant 105°C) or equivalent to LMFC
manufactured by The Furukawa Electric Co., Ltd.
(Note 3) The cable size must be selected according to a user's environment and
requirements.
Terminal screw | M6
Rigid torque 3.5-4.5Nm
Consideration [Connection of K1 and K2]
e Line length should use 5m or less.
¢  Two cables must be made into a twisted pair.
e K1 and K2 separates from a signal line and must be wired.
e The metal plate (A06B-6110-K504) must be attached to DC link terminal of
Power supply (300mm) width and Servo amplifier (300mm).
Power supply, Servo amplifier
A06B-6110-K504
[Connection of K3]
e A Capacitor Module (for smoothing) must be attached to the left side of a
Control Module without a gap.
¢ In the case of the wire size of K3 is 22mmz2, the short bar AO6B-6078-K804
can be used.
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7.2.2 Connection of cable K4

Cable K4: The connection between "Control Module" and "Capacitor Module (for charge)”

ltem Description

Cable size Heat-resistant cable  (Note 1)

AWG

22 mm? or more

AWG4 or more

manufactured by The Furukawa Electric Co., Ltd.

(Note 1) Fire-retardant polyflex wire (heat-resistant 105°C) or equivalent to LMFC

Terminal screw | M6

Rigid torque 3.5-4.5Nm

Consideration | e  Line length should use 1m or less.
e  Two cables must be made into a twisted pair.

7.2.3 Connection of cable K5

Cable K5: Connection between "Capacitor Modules (for charge)”

ltem Description
Cable size Short bar Heat-resistant cable AWG
(Note 1) (Note 2)
A06B-6078-K800 22 mm? or more AWG4 or more

A06B-6078-K800 can be used.

manufactured by The Furukawa Electric Co., Ltd.

(Note 1) In the case of Capacitor Modules are attached without a gap, the short bar

(Note 2) Fire-retardant polyflex wire (heat-resistant 105°C) or equivalent to LMFC

Terminal screw | M6

Rigid torque 3.5-4.5Nm

twisted pair.

Consideration e Inthe case of Capacitor Modules (for charge) cannot be installed without a gap,
the length of the cable should be 1m or less and two cables must be made into a
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7.2.4 Connection of cables K6 and K7

e Cable K6: Connection between "Control Module" and "The resistor built in Resistor Module"

e  Cable K7: Connection between "Control Module" and "The thermostat built in Resistor Module"

Cable Conformity cable Housing Contact | Connection tool
Identifier (Note 1) (Note 1) (Note 1)
K6 5.5 mm* M size M size
(Note 2) (Note 3) Key: Y-Y | 316041-6 234171-1
K7 1.25 mm® 2-917807-2 | Ssize S size
(Note 2) (Note 3) 316040-6 234170-1

(Note 1) The housing and the contact of a connector are D-5000 series of Tyco electronics AMP.
(Note 2) Cables K6 and K7 should wire without bundling.

(Note 3) Fire-retardant polyflex wire (heat-resistant 105°C) or equivalent to LMFC manufactured by
the Furukawa Electric Co., Ltd

or Two-conductor polyvinyl heavy-duty power cable (JIS C3312) (heat-resistant 60°C)

A WARNING)

e Control Module should be damaged if the resistor is conversely connected with the thermostat. Please be
careful with the connection.

e Please be sure to check the following with a tester before inserting the connector in Control Module.

(1) The resistance between B1-B2 of the connector should be 300hm+5%.

(2) The resistance between A1-A2 of the connector should be 0.50hms or less.

Resistor Module

Control Module

1) O

CX45 K6

B2 O

Connector D-5000 series (Tyco electronics AMP) ‘

Housing Contact

Cable

A2

| 82| | —{ | B2
) — 0]
| " Al

B1 v
(A1) O ; |1yl
CX46 K7 / B

a2) O Wire
Key Key type : Y-Y
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7.2.5 Connection of cable K8

Cable K8: Connection between "Control Module" and "DC Reactor"

ltem Description
Cable size Heat-resistant cable  (Note 1) AWG
22 mm® or more AWG2 or more
(Note 1) Fire-retardant polyflex wire (heat-resistant 105°C) or equivalent to LMFC
manufactured by the Furukawa Electric Co., Ltd
Terminal screw | The Control Module side: M6 The DC Reactor side: M8
Rigid torque The Control Module side: 3.5t0 45 Nm | The DC Reactor side: 8.5-9.5 Nm
Consideration | e  Line length should use 5m or less.

e  Two cables must be made into a twisted pair.

7.2.6 Connections of Cable K70, K71, K72, K73 and K74

Cable K70-K74: For grounding connection

Cable Section Cable size Terminal screw Rigid torque
(Note 1)
K70 Control Module 16 mm? or more M5 2.0-2.5Nm
(KL: 22 mm?)
K71 Capacitor Module 16 mm* or more M5 2.0-2.5Nm
(For smoothing) (KL: 22mm?)
K72 Capacitor Module 16 mm* or more M5 2.0-2.5Nm
(For charge) (K4: 22 mm?)
K73 Resistor Module 5.5 mm’ or more M4 1.1-1.5Nm
K74 DC Reactor 16 mm* or more M8 8.5-95Nm
(K8: 22 mm?)

(Note 1) The cable size for grounding depends on the cable size of a power line (K1, K4, K8).
In the case of the cable size is 22 mm?, the cable size is 16 mm? or more.
In the other case, the cable size for grounding can be selected according to the following

table.
Cable size of Power line Cable size of
S groundings
(mm?) (mm?)
S<55 5.5 or more
55<S<16 More than S
16<S<35 16 or more
35<S More than S/2
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7.2.7 Connection of cable K21

Cable K21: Connection of the interface signal between "Servo amplifier" and a "Control Module"

Cable Conformity cable Instruction outer Housing Contact Connection tool
Identifier daimeter (Note 1) (Note 1) (Note 1)
ko1 0.5 mm*
(Note 2) or AWG20 1.08-2.83mm | 1-13181194 1318107-1 91595-1

(Note 1) The housing and the contact of a connector are D-2100 series of Tyco electronics AMP.

Two connectors and 16 contacts are required.

(Note 2) (B3) BATL is the connection of a battery for the absolute Pulsecoder. Refer to FANUC SERVO
AMPLIFIER ai series DESCRIPTIONS B-65282EN.

(Note 3) Cable K21and power line should be wired without bundling..

Servo Amplifier Control Module
CXA2B
K21
24V (A1) (A1) 24V
24V (B1) (B1) 24V
oV (A2) (A2) OV
oV (B2) (B2) OV
MIFA (A3) (A3) MIFA
BATL (B3) (B3) BATL
*ESP (A4) (A4) *ESP
XMIFA (B4) (B4) XMIFA
TITLE
Energy Charge Module DESCRIPTIONS
AL B es2g2EN/OB-02 | T
SHEET
EDIT. DATE DESIG. DESCRIPTION FANUC LTD




7.2.8 Connection of cables K22 and K23

e Cable K22: Connection between "Control Module" and "The signal of the fuse blowing in Capacitor

Module"

e  Cable K23: Dummy connector for the termination of the signal of the fuse blowing.

Cable Conformity cable Instruction outer Housing Contact Connection tool
Identifier daimeter (Note 1) (Note 1) (Note 1)
K22 0.5mm2
K23 or AWG20 1.11-1.87mm | 1-1318120-3 1318107-1 91595-1
(Note 2)

(Note 1) The housing and the contact of a connector are D-2100 series of Tyco electronics AMP.
AS for K22, two connectors and six contacts are required.
AS for K23, one connector and two contacts are required.

(Note 2) Cable K22 and power line should be wired without bundling.

Control Module Capacitor Module Capacitor Module
(for smoothing) (for charge)
K22 K22 K23
CX44A-1 CX44B-1 CX44A-1 CX44B-1 CX44A-1
CX44A-2 CX44B-2 CX44A-2 CX44B-2
v ( ( C C (
; . X Micro switch . Micro switch .
Break signal (\CX44A 3 CX44B-3 A p CX44A-3 CX44B-3 A g CX44A-3
offse Y YN N
Key: X Key: X b contact Key:X Key:X b contact Key:X
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7.2.9 Cable K24

e  Cable K24: Connection of the interface signal between a "Control Module" and "I/O"

Cable : Instruction outer | Connector | =\ectic contact | Sticking-by-pres
Identifier | Conformity cable daimeter (Note 1) point sure tool
(Note 1) (Note 1)
K24 0.5mm2
(Note 2) or AWG20 1.11-1.87mm 1-1318118-9 1318107-1 91595-1

(Note 1) The housing and the contact of a connector are D-2100 series of Tyco electronics AMP.
One connector is required. The number of contact is ordered according to the using signals.
(Note 2) Cable K24 and power line should be wired without bundling.
(Note 3) In case of the distance between Servo amplifier, a Control Module, and /O is long (for example,
by the reason that modules are mounted in separated cabinet ), FANUC I/O
Unit-Model A which is insulated type is recommended in order to prevent malfunction of the
signal by a noise.

Control Module 1/0
Cable K24

CX41 B2 Status signal
ST1B

Normal H

CX41 B3

ST2B Status signal

Normal H

CX41 B4 Alarm code
ALM1B

CX41 B5

ALM2B Alarm code

CX41 B6 Alarm code
ALM4B

MERRRAN

VARV ARVARVARVERVARV/

CX41 B7

ALMSB Alarm code

CX41 B8

ECMRDY ECM ready signal

Ready H

External power supply
CX41 B1 Hl

com —O O—1
+24V OV

ON mask
CX41 A1 Discharge mask signal gl

<}_ DCMASK

<]

CX41A10,B10
ov

o
< l
.
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[Input signal specifications (DCMASK, SPSTP)]

Contact capacity DC24V+10% 10mA
Voltage drop between contacts | Less than 2V
which are closed (Voltage drop of a cable is also included)

[Output signal specifications (ST*B, ALM*B, ECMRDY)]

Maximum load current

200mA or less

Maximum voltage

24V+20% or less

Saturation voltage of transistor

1V or less (at load current is 200mA)

Leakage current of transistor

20pA or less

I— - 148 —

—

I

12.8%

10.5
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7.2.10 Separation of power line and signal line
In order to prevent the influence of the noise from a power line to a signal line, power line and signal line should
be wired without bundling.

Line name Cable name
Power line | K1, K2, K3, K4, K5, K6, K8
Signal line | K7, K21, K22, K24
7.2.11 Short bar and Connector
[Short bar]
Cable name Remarks Specifications
K1, K2 The metal plate must be attached to DC link A06B-6110-K504
terminal of Power supply (300mm) width and 2 Short bars
Servo amplifier (300mm).
K3 The connection between "DC link of Control A06B-6078-K804
Module" and "Capacitor Module (for smoothing)" 2 Short bars
K5 Connection between “"Capacitor Modules (for A06B-6078-K800
charge)" 2 Short bars
[Connector]
Cable name Remarks Specifications
K6 K7 Connection between "Control Module” and | AO6B-6110-K505
"Resistor Module" Housing: 1
Contact (M): 2
Contact (S): 2
K21 Connection of the interface signal between "Servo | AO6B-6110-K210
amplifier" and a "Control Module" Housing: 1
Contact: 8
K22 Connection between "Control Module" and "The | AO6B-6110-K506
break signal of the fuse in Capacitor Module" Housing: 1
Contact: 3
K23 Dummy connector for the termination of the break | A06B-6130-K202
signal of the fuse. Housing: 1
Contact: 2
K24 A06B-6110-K508
Connection of the interface signal between a| Housing: 1
"Control Module" and "l/O" Contact: 13
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