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and stop industrial
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Bullet trains

Brakes and doors
ensure safety and
comfort for the
world-famous
Shinkansen bullet trains.

Tankers

The engine remote Airplanes

control systems for
vessels move and
stop large vessels.

The flight control
systems are crucial
for the flight safety of
aircraft.
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Who is Nabtesco?

The key words for Nabtesco are

‘motion control’. We use our strengths
in the fields of component and systems
technologies to develop highly creative
products. Through the Nabtesco Group
as a whole, we can also utilize our
advantage of expertise to maximum
effect in order to further enhance these
strengths.

In the air, on land and at sea, we have
established a large share in various
fields of both international and domestic
markets. Nabtesco will continue to evolve
by utilizing its strengths in many fields
and by exploring the possibilities of the
future.

Teijin Seiki
NABCO Ltd. Co., Ltd.

Established 1925 Established 1944

Business Merger

in 2003

Motion control

Nabtesco

April 2002 Initiation of hydraulic equipment business alliance

October 2003 Business merger

The business alliance between Teijin Seiki and
NABCO on hydraulic equipment projects was the
beginning of a mutual confirmation by the companies
of the other’s product configuration, core technologies,
corporate strategies and corporate culture. This led
to a common recognition that a business merger
would be an extremely effective means of increasing
corporate value and achieving long-term development.
Based on this mutual judgment, in 2003 an equity
transfer was conducted to establish Nabtesco as
a pure holding company, with both firms as wholly
owned subsidiaries. After a year of preparation, both
companies were absorbed and amalgamated by
means of a short form merger, and Nabtesco was
transitioned to an operating holding company.
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Evolving into (2 MG

Do you want to automate —but don’t have the time to spend selecting, designing and producing
components? The AF series was created to provide a solution in such circumstances-to achieve automation
as simple and quickly as possible. This has been achieved by integrating our precision reduction gear RV
with servomotors from Panasonic Corporation into a simple, compact design. The resulting high quality

unified drive section ensures safety, comfort, and a sense of security. f
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RV precision gears utilize a planocentric deceleration mechanism for high-precision control. RV precision gears
are compact and lightweight, and because RV precision gears include many simultaneously meshing surfaces,
they feature high rigidity and strong resistance to overload. The design of the RV precision gear minimizes
backlash, rotational vibration, and inertia; which leads to excellent acceleration performance, smooth movement,
and high positioning accuracy. RV precision gears have a proven track record in many fields of automation,
including: industrial robots, machine tools, assembly equipment, and transportation equipment.

» High rigidity and High impact resistance
» High output torque and High durability
» Low vibration

» Wide reduction ratio range

» Flat and Compact

» High precision positioning (precise rotation)




Main Applications

The following are example applications of automation using the AF series.
However, these precision gears can be incorporated
into a variety of other applications.

Palletizing robot and Index table /

Various types of positioners




Gantry loader and ATC magazine /
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The AF series can solve your problems.

Compact design

Before ]| After 4
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—— With the AF series... ‘E;‘

The machining of gears onto the motor shaft
results in a very compact design;
up to 23% shorter than conventional models.

The total length is extended due to
the input gear and coupling.

W/zg1874»  Greater reliability
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With the AF series...

Machining is very difficult, resulting in axial runout, Shipped after machining and assembly,

poor concentricity accuracy, no need to worry about abnormal noise.
and producing abnormal noise.

. (
=gl Greater quality

Before i i|_— Oil seal

)

_ 1% ®
O-ring or :

liquid ﬁ i . .
i With the AF series... f
sealant = ;
Greaseing can be troublesome, Already contains grease;
If seals are forgotten, grease can leak no need to worry about leaking.




m Fewer parts, easier installation /

Before After
. | ‘
/

Integrated unit of motor and reduction
gear has realized easier assembly;
reduces work times.

With the AF series...

More components increase
design and assembly times...

Note: An analog monitor connector is provided on the front of
only the MINAS A5 series motor amplifier.

Analog monitor cable Oscilloscope,
recorder, etc.

Connection to PC

External regenerative USB mini-B S;;‘,‘\&?émg software

resister s Please download from our

E; -

External
regenerative Control I/0

connector signal cable == 1| Host controller

o|qeo oxelg

Motor cable

Connection to encoder

DC Power supply . .
for brake DG4 V Panasonic servo driver

The setup support software “PANATERM®” is a software product that is installed into your personal
computer and allows you to set necessary parameters, monitor the control status, support the setup,
and analyze the machine on the personal computer screen via serial communication between the
MINAS-A6/A5 families and USB.

@ Four languages, which are Japanese, English, Chinese, and Korean are supported.

If anything is unclear or you need more detailed information, check the following URL.
Panasonic download site  http://industrial. panasonic.com/ww/products/motors-compressors/motors-for-fa-and-industrial-application
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eSolid type without brake (AFO17N 0.4 kW)

| Signal connector
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D
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Precision reduction } | Case |
gear RV :
D Shaft |

*Solid type with brake (AFO17N 0.4 kW)
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*Solid type (AFO17N 1.0 kW, AF042N 1.0 kW & 1.5 kW, AFO80N, AF125N, AF380N,

AF500N)

~

Servomotor | <

Flange

—

Signal connector |

j}_

Power/brake

connector

gear RV |

Precision reduction [
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I<\|
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eHollow shaft type (AF050C, AF120C, AF200C, AF320C)

~
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Center tube
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Signal connector
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The RV is a 2-stage precision reduction gear.

1st stage | ... Spur gear reduction

e An input gear engages with and rotates spur gears that are coupled to crankshafts. Several overall gear ratios can be provided by
selecting various first stage ratios.

2nd stage|-- - Epicyclic gear reduction

e Crankshafts driven by the spur gears cause an eccentric motion of two epicyclic gears called RV gears that are offset 180 degrees
from one another to provide a balanced load.

 The eccentric motion of the RV gears causes engagement of the cycloidal shaped gear teeth with cylindrically shaped pins located
around the inside edge of the case.

¢ In the course of one revolution of the crankshafts the teeth of the RV gear move the distance of one pin in the opposite direction of
the rotating cranks. The motion of the RV gear is such that the teeth remain in close contact with the pins and multiple teeth
share the load simultaneously.

 The output can be either the shaft or the case. If the case is fixed, the shaft is the output. If the shaft is fixed, the case is the
output.

Crankshaft
(Connected to spur gear)

Crankshaft rotating angle: 0 degree Rotating angle: 180 degrees Rotating angle: 360 degrees

Mechanism block diagram Structure

Case

= AN km
RV gear—ﬂ:[

\ i Hold flange
Output Shaft — \ 2|
Z1 . | i 7Ae
Crank shaft , =
= — =~ :
[}

/_I_]_' =
/ ‘I__T_EE Zz

.~ Input gear Main bearing

— | Spur gear

Input gear

[2nd reduction ‘ ‘ 1st reduction‘

Spur gear

Speed Ratio

The speed ratio is calculated using 72 R : Speed ratio
the formula to the right R=1+ "Z4 i
u gnt. Z1 Z1: Number of teeth on input gear
Z2: Number of teeth on spur gear

Z3: Number of teeth on RV gear

puj [

Z4: Number of pins
i : Reduction ratio
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Specifications

Description of model code

120|C|120

P/7/1/]-10|B

—-|D|0

©®O0 0ok 0® O

‘ Meaning ‘ Code ‘ Meaning

Reduction gear
frame number

Frame number

Additional information

@ Reduction gear N N: Solid type
shape C C: Hollow shaft type
Reduction - . . . . .
@ speed ratio Reduction speed ratio | Values after the decimal point are omitted.
Motor . .

@ manufacturer P Panasonic Corporation
0 0.4kW
1 1.0kW
2 3.0kw
3 4.0kW

@ Motor capacity
4 4.5kW
5 5.0kW
6 1.5kW
7 2.0kW
0 MINAS A5

@ Motor series Servomotor made by Panasonic Corporation
1 MINAS A6
0 Without brake

@ Motor brake
B With brake
A 17-bit absolute Indicates the specifications of the encoder incorporated in the

Encoder servomotor.

specifications . N ) ) ) .

B 23-bit absolute MINAS A5 is 17-bit absolute while MINAS A6 is 23-bit absolute.
S S: For solid type

©) Fixed code
D D: For hollow shaft type

Option code 0 Standard component Currently, only the option code for standard components is

available.




List of all AF series models

Motor series: MINAS A6 Motor series: MINAS A5
Solid type ‘ Hollow shaft type Solid type ‘ Hollow shaft type

AF017N081-P01-0B-S0 AF050C120-P11-0B-D0 AF042N093-P10-BA-S0 AF200C155-P20-BA-DO
AF017N081-P01-BB-S0 AF120C120-P71-0B-DO AF125N102-P20-BA-S0 AF320C157-P50-BA-DO
AF017N126-P11-BB-S0 AF380N217-P30-BA-S0

AF042N126-P11-BB-S0 AF500N252-P30-BA-S0

AF042N126-P61-BB-S0

AF080N129-P71-BB-S0

Rotation section selection

For this product, the fixed and rotation sections can be selected. Select appropriate fixed and rotation sections
according to the requirements for the customer’s device.

eRotation section of case-fixed shaft rotation model eRotation section of shaft-fixed case rotation model
Hollow shaft type ) Hollow shaft type
N
: 1 Rotati ; y N Rotati
Solid type E «— Rotation Solid type |\ NN+ section”

O FIR :\
=

Rotation -

sectioln =

N : Rotation section

Note) When using this product with case rotation, be careful about tangling of cables as the motor and cables
connected to the motor also rotate.

Rotation direction

The relationship between the motor rotation direction and output stage rotation direction is shown below. As the motor rotation
direction and output stage rotation direction may be reversed, check the following table.

CCW

Motor rotation direction

Cw CCW
Shaft rotation direction Solid type cw CCwW
when the case is fixed Hollow shaft type ccw cw
Case rotation direction Solid type CcCw cw
when the shaft is fixed | pyojiow shaft type cw Cccw Note: CW indicates clockwise and CCW

indicates counterclockwise when viewed
from the output side.

International standards

The servomotor incorporated into this product complies with the UL, CSA standards and EU directive.

13 —
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Rating table
Motor series: MINAS A6

_
Rated torque *1 Nm 829 415 481 722 986 460 917
Rated output speed *1 min™ 37.0 15.9 15.9 15.9 15848 16.6 16.7
Momentary maximum torque *2 Nm 289 415 1,029 1,029 1,960 1,225 2,746
Momentary maximum output speed min™ 80.2 31.7 31.7 31.7 31.0 33.2 33.3
Motor torque limit *2 % 350 86 214 142 198 266 299
Brake holding torque (Min.) *3 Nm 130(-) 1,726 1,726 1,726 1,767 - -
Single-direction repeatability (Max.) arc.sec. 70 70 60 60 50 60 50
Allowable load inertia moment kgm® 11 117 117 164 221 84 158
Allowable moment*4 Nm 784 784 1,660 1,660 2,150 1,764 3,920
Allowable radial load *5 N 6,975 6,975 12,662 12,662 14,163 9,428 18,702
Mass kg 7.2(6.8) 15 16 17 26 32 43
RV precision reduction gear RV-17N RV-42N RV-80N RV-50C RV-120C
Reduction speed ratio . 81 126 126 126 129 lz20sy 120
] (2289/19)
S Rated torque Nm 166 166 412 412 784 490 1,176
& Rated speed min’’ 15 15 15 15 15 15 15
§ Rated service life hr 6,000 6,000 6,000 6,000 6,000 6,000 6,000
8 Backlash arc.min. <1 <1 <1 <1 <1 <1 <1
Lost motion arc.min. <1 <1 <1 <1 <1 <1 <1
Spring constant Nm/arc.min. 36 36 113 113 212 255 588
Moment rigidity Nm/arc.min. 515 515 840 840 1,190 1,960 4,263
Manufacturer - Panasonic Corporation
Representative model - MHMFO042 MDMF102 MDMF102 MDMF152 MDMF202 MDMF102 MDMF202
Rated capacity kW 0.4 1.0 1.0 1.5 2.0 1.0 2.0
© Rated current Arms 2al 5.2 5.2 8.0 (e)fe) 5.2 9.9
"5 Momentary maximum current  A(0-p) 10 22 22 34 42 22 42
g Excitation voltage DC \ 2442 .4(-) 24+2.4 24+2.4 24+2.4 24+2.4 - -
% Excitation current DC A 0.36(-) 0.79+0.079 0.79+0.079 0.79+0.079 0.79+0.079 - -
o Suction time (Max.) msec 50(-) 100 100 100 100 - -
Release time (Max.) *7 msec 20(-) 50 50 50 50 - -
Encoder - Single rotation: 23-bit absolute, Multi-rotation: 16-bit (battery backup)
ABSE: Position control type MBDLN25SExxx ~ MDDLN45SExxx ~ MDDLN45SExxx ~ MDDLN55SExxx ~ MEDLN83SExxx ~ MDDLN45SExxx — MEDLN83SExxx
ABSG: General-Use communication type MBDLN25SGxxx ~ MDDLN45SGxxx ~MDDLN45SGxxx ~ MDDLN55SGxxx ~MEDLN83SGxxx MDDLN45SGxxx MEDLN83SGxxx
ABSF: Multi-function type MBDLT25SFxxx ~ MDDLT45SFxxx ~ MDDLT45SFxxx ~ MDDLT55SFxxx ~ MEDLT83SFxxx ~ MDDLT45SFxxx  MEDLT83SFxxx
ABNE: RTEX network standard type MBDLN25NExxx ~ MDDLN45NExxx ~ MDDLN45NExxx ~ MDDLN55NExxx ~ MEDLN83NExxx ~ MDDLN45NExxx  MEDLN83NExxx
ABNF: RTEX network multi-function type MBDLT25NFxxx ~ MDDLT45NFxxx ~ MDDLT45NFxxx ~ MDDLT55NFxxx ~ MEDLT83NFxxx  MDDLT45NFxxx  MEDLT83NFxxx
ABBE/A6BF: EtherCAT network standard type MBDLN25BExxx ~ MDDLN45BExxx ~ MDDLN45BExxx ~ MDDLN55BExxx ~ MEDLN83BExxx ~ MDDLN45BExxx  MEDLN83BExxx
ABBE/ABBF: EtherCAT network multi-function type MBDLT25BFxxx ~ MDDLT45BFxxx ~ MDDLT45BFxxx ~ MDDLT55BFxxx ~ MEDLT83BFxxx  MDDLT45BFxxx  MEDLT83BFxxx
Power voltage V, Hz AC200 to 230V +10%, -15% 50/60Hz
Compatible cable (Panasonic Corporation) *6
Encoder cable MFECAQ*OEAE ~ MFECA0**OEPE =~ MFECAO*OEPE =~ MFECA0™0EPE = MFECAO*OEPE = MFECAO**OEPE  MFECA0*OEPE
Motor cable MFMCAQ**0EED " " . " " "
Brake/cabla VENICEDROGET MFMCA0**2FUD ~ MFMCA0**2FUD ~ MFMCA0**2FUD ~ MFMCA0*2FUD ~ MFMCA0*2FUD  MFMCAO0**2FUD
Note

1 The torque is calculated with consideration of the reduction speed ratio and reduction gear efficiency from the rated motor torque and rated rotation speed. This product is also
designed under the assumption that it is used for positioning. Contact us when using this product for continuous operation or frequent positioning.

Set the torque limit of the servo ampilifier so that the torques does not exceed the momentary maximum torque of the compact actuator.

The torque is calculated with consideration of the reduction speed ratio and reduction gear efficiency from the motor brake holding torque.

The allowable moment will differ depending on the thrust load. Check the allowable moment diagram (page 18).

When the radial load is applied within dimension b on page 42, use the actuator within the allowable radial load.

For details on the servomotor, servo amplifier, and cables, see the product catalog or the operation manual issued by Panasonic Corporation.

The release time shows a value for a DC brake when a surge absorber is used. For details on the surge absorber, see the product catalog issued by Panasonic Corporation.
Values in parentheses indicate specifications of the type with no brake.

Value calculated from the rated torque of the motor where the ambient temperature is 20°C. When the ambient temperature is 40°C, the torque will be 75% of the rated torque.

© 0O ~NO O~ wN



Motor series: MINAS A5

Rated torque *1 Nm 355 1,169 3,329 3,856 1,784 3,002
Rated output speed *1 min 21.5 19.6 9.2 7.9 12.8 12.7
Momentary maximum torque *2 Nm 1,029 3,062 9,310 11,567 4,900 7,840
Momentary maximum output speed min™ 32.3 29.4 13.8 11.9 19.2 19.1
Motor torque limit *2 % 289 261 279 300 274 261
Brake holding torque (Min.) *3 Nm 456 2,503 5,338 6,182 2,527 3,847
Single-direction repeatability (Max.) arc.sec. 60 50 50 50 50 50
Allowable load inertia moment kgm2 51 371 2,026 2,713 303 1,216
Allowable moment*4 Nm 1,660 3,430 7,050 11,000 8,820 20,580
Allowable radial load *5 N 12,662 19,804 28,325 40,486 31,455 57,087
Mass kg 17 40 77 93 116 163
RV precision reduction gear RV-42N RV-125N RV-380N RV-500N RV-200C ias20e
. Reduction speed ratio . 93 (110723';2 - (211572'2537) (275527'/3:3 156.96 157
S Rated torque Nm 412 1,225 3,724 4,900 1960 3136
& Rated speed min’’ 15 15 15 15 15 15
§ Rated service life hr 6,000 6,000 6,000 6,000 6,000 6,000
8 Backlash arc.min. <1 <1 <1 <1 <1 <1
Lost motion arc.min. <1 <1 <1 <1 <1 <1
Spring constant Nm/arc.min. 113 334 948 1,620 980 1,960
Moment rigidity Nm/arc.min. 840 1,600 5,200 6,850 9,800 12,740
Manufacturer - Panasonic Corporation
Representative model - MDME102SC MHME302SC MDME402SC MDME402SC MDME302SC MDME502SC
Rated capacity kW 1.0 3.0 4.0 4.0 3.0 5.0
© Rated current Arms 5.7 16 21.0 21.0 17.4 25.9
"5 Momentary maximum current  A(0-p) 24 68 89 89 74 110
g Excitation voltage DC \ 24+2.4 24x2.4 24+2.4 24x2.4 24+2.4 24+2.4
% Excitation current DC A 0.59 13 1.3 13 0.9 13
o Suction time (Max.) msec 80 80 80 80 110 80
Release time (Max.) *7 msec 70 25 25 25 50 25
Encoder - Single rotation: 17-bit absolute, Multi-rotation: 16-bit (battery backup)
Compatible servo amplifier examples (Panasonic Corporation) *6
Analog pulse MDDKT3530xxx MFDKTA390xxx MFDKTB3A2xxx MFDKTB3A2xxx MFDKTA390xxx MFDKTB3A2xxx
RTEX network MDDHT3530ND1 MFDHTA390ND1 MFDHTB3A2ND1 MFDHTB3A2ND1 MFDHTA390ND1 MFDHTB3A2ND1
RS485 AE link MDDHT3530Axx MFDHTA390AXxX MFDHTB3A2Axx MFDHTB3A2Axx MFDHTA390AXx MFDHTB3A2Axx
EtherCAT network MDDHT3530BD1 MFDHTA390BD1 MFDHTB3A2BD1 MFDHTB3A2BD1 MFDHTA390BD1 MFDHTB3A2BD1
Power voltage V, Hz AC200 to 230V +10%, -15% 50/60Hz
Encoder cable MFECAQ*0ESE MFECAQ*0ESE MFECAQ*0ESE MFECAQ**0ESE MFECAQ*0ESE MFECAQ**0ESE
Motor cable MFMCAO“2FCD  MFMCAO"3FCT  MFMCAO™3FCT  MFMCAO"3FCT  MFMCAO™3FCT  MFMCAQ™3FCT
Brake cable
Note

1 The torque is calculated with consideration of the reduction speed ratio and reduction gear efficiency from the rated motor torque and rated rotation speed. This product is also
designed under the assumption that it is used for positioning. Contact us when using this product for continuous operation or frequent positioning.

Set the torque limit of the servo ampilifier so that the torques does not exceed the momentary maximum torque of the compact actuator.

The torque is calculated with consideration of the reduction speed ratio and reduction gear efficiency from the motor brake holding torque.

The allowable moment will differ depending on the thrust load. Check the allowable moment diagram (page 18).

When the radial load is applied within dimension b on page 42, use the actuator within the allowable radial load.

For details on the servomotor, servo amplifier, and cables, see the product catalog or the operation manual issued by Panasonic Corporation.

The release time shows a value for a DC brake when a surge absorber is used. For details on the surge absorber, see the product catalog issued by Panasonic Corporation.

~NOoO o WwN
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Torque range
Motor series: MINAS A6

The momentary maximum torque range and rated torque range of this product are indicated below.

AFO17N 0.4kW

289
E
<
Py Momentary
3 maximum
o
5 torque range
2
=21 ittt it
o &
Rated torque
range
e T E L EEE
37.0 80.2
Output rotation speed (min™)
AFO17N 1.0kW
Momentary maximum
415 T torque range
'
358 |mmmmmmmomomommo- NG
3 i
< i
Py Rated torque range !
2 1
<3 I
o 1
L 202 |---mmmmmmmomoomooee ro--s----o---
5 1
I i
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'
'
1
I
i
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19.6 31.7
Output rotation speed (min™)
AFO042N 1.0kW
1030
E
=S Momentary maximum
] torque range
<3
2 529
El’ 481 [
S 353 e
202 [TTTTTTTT TS
Rated torque
range
Output rotation speed (min™")
AF042N 1.5kW
1030
Momentary maximum
= torque range
€
2z 806
(o)
=]
<3
L
=
a
=1
(@]
Rated torque
range d

15.9 29.4 317
Output rotation speed (min™')

Output torque (Nm) Output torque (Nm)

Output torque (Nm)

1960

1032
986

392

1225

506
460
337

193

2746

960
917

365

AFO80N

Momentary maximum
torque range

[

15.5 24.0 31.0

Output rotation speed (min™")

AF050C
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torque range

Rated torque range

I
1
i
_________________ =
i
1
1

16.6 19.0 33.2
Output rotation speed (min™")

AF120C

Momentary maximum
torque range

Rated torque range

16.7 18.0 33.3

Output rotation speed (min™")




Motor series: MINAS A5

AF042N AF200C
1029
4900
€ B
< Momentary maximum =
] torque range Q 8494 [mmmmmmmm oo m oo
g = Momentary maximum
2 2 torque range
e e — £
3 3 1784 :
B 1185 [TTTTTTTTTTTITII o imTTorooes
1
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(I ! 0
215 237 323 12.8 154 19.2
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3062 7840
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O 777 e bl o
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E
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<)
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2 3329
= 1
© 2266 (S e
1
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'
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Output rotation speed (min')
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11567
E
=
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<2 torque range
o
B 5047 [fmmmm o
8 3856 "
2624 [~TTTTTTTTTTTTTTTTTTooo T
Rated torque range i
'

79 83 11.9
Output rotation speed (min)

The momentary maximum torque range and rated torque range of this product are shown using values calculated with consideration

of the momentary maximum torque range of the motor, rated torque range, reduction speed ratio, reduction gear efficiency, etc.
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Allowable moment diagram

The allowable moment diagram of this product is shown below.

AF080N

6530

5220 AF042N

3720 === == mmmmmmmm oo
3320 = —mmmmmmm o mmeee o
AFO17N

Thrust (N)

2610
1830

A

725 784 1490 1660 1860 2150

Allowable moment (Nm)

AF120C
15680

11760 AF050C

Thrust (N)

3920
2480

595 1764 2156 3920

Allowable moment (Nm)

Thrust (N)

Thrust (N)

32000

AF500N

25000

13000
10630
7450
5200

AF380N

AF125N

29400

2520 3430 4120 7050 7110 11000

Allowable moment (Nm)

AF320C

8134

AF200C

6664 8820 17052 20580

Allowable moment (Nm)




imensions

External d

8

IN | 6
OI1Yy @33dS NO0d | 8
HEHE — A3 L
: IN| 9
S N > (U3dod) Y4 | ¥ (3X0dg) *-1c
1Y3S SHOY - N/S 1¥13a Sd| S (3soUd M) BIM | € (a5oug) &-AC w
BERI(—ZSHOd * N/S AmﬂMQWWWWIMW (3souUd A) BA | 2 -
i bt i Y= B N -2 (asoud nN) BN | T —
I T_N/S|] A —Ivg | 2 (2dAy axoug Jogz Ayumy
| | IEET — +1va | 1 INIT 3IAVE 3HL
— T ivd] ' INIT §3M0d IHL 40 SNId 40 SINOAY]
3NIT J3A0ONI 31N10SEY 3HL 40 SNId 40 S1NOAYT (ROGEF~1C)
40 SNId 40 SLNOAY] BN ABUEE -2V -4 BRABE-1L6-2V—F
(S30V 12/ %B) BUHCABE -CATe-3U-4
T NOILDS/I- 18R X—X NOILO3S/BHX—X T viJad/meRa X IVL3a/BeEsA
. . IAVAG JOLOW HLIM T e
\
9'6¥1|E€812 QB4 AL xﬂzmom ]
(1) (29 . IAVAE A0L0OWN LNOHLIM
€027 681
26 (2'8¢E) NEE-1e
o (dv2 1¥3S ONIAIOH 0D
9N7d 8/11d 17 q T07C o O S'v HLd3d £8-¥
cse8/1ld CEETAE =TI
SYREED-V
V3NV QILNIVd YIS N/S 79¥3S SHoy
¥9 CINYOINENT ¥O) A
9N71d 8/11d 1 o0y i BuST 4 = SHOY
(N - BHIETED T3
Ce£8/11d % i
% a S
] AN
i 2 a w%% wmwm s |2
o Bls RIS e
~ S = USRI EFTN £ (SR NI PR _
N~ b N KPR 2N PV Il P G
od =l OomT nlS a8 \N
~ g Zog T8 |(va 3 —
© It Qa3 M
N T & ZI°
| W - p R G...su\.w.\mws\
7 N D © vl
o 1 -
(ONITANYH 30 m T ONINIHOYW 304
SO% 2'92 H1d3Q SW-2 od 5 (UNILIXT LUP6s) M AHT
& (L redd (HELUY6D)L'S
(3S¥D ONIXI4 304 : . O 6 BN
NAHL 8'Gp-91 .G 2c SOSRE N2 : : : AN3LX3 LUETTS C%%ﬁ;%%&
(HZEY ~4) 2'Gl 2’8t G'0e H%E/ UETTD (4 — W EHESDH
B! —
, NEEGCe-91 P37 A3iaDauuo] 31 A9 apop) ) ¢e£91/1Ld
P31 ApiAiR23uL0Y 31 Ag apoR) 1-09€0/1: NId (P31 A31A13.58UU0] 31 Aot 3P0 (14VHS LNd1NO ONIXI4 304
1-6G€0/1:NId 1-6912/1: 9Nd 1-09€0/1:NId 1 HLd3Q 8W-8
(33MOSAY>I-6912/T: 9N1d (adka a>oud Jo4 Aup) 1-£912/1:9n7d = =
3ANIT J300IN3 d04 INIT VAT ¥O4 INIT ¥3IMOL ¥O4 (HEFN C+72)

(e 4GCC-ONCATICFEY
1-6G€041: <A
(N-~TOALLT-6912/L1 4L

i EC¥CHE-CAT

QE N 4EYC-ONCNICFE)
1-09€041: <A
1-G912/1:¢csL

(RO B+-1C)6CcxCHE-C

GEAN4GEYLCZONCINTICHE)
1-09€04T: 722
1-/912/1:¢ccf
ECYCHE—T

PIR#E 8W-8

0S-99-10d-180N.LI0dV 0S-90-10d-I80N.LI04YV : 9p0d [9SpOIN

19



9cl

TIVIIA/ B

+1VE ] 1
OI1vy a33dsS 0& -1va | S
= S IN | J NI
& N | d
Y3 SHO¥*N/S IVL3a ¥ | [CEREEIREY
BERY < SHOd - N/S MH # (Uro) Y| 3
fo's o g T (osoUd M) BIM| g
Hel 0l | 350
__ T mzmm_ A Sd | A Anmm%%&yvva M
[ [ 12pon] [GIEESEETIN NV
(S30Y1d91/ 489D NSTH {&1098) %—-1¢| H
X—-X NOILJ3S/BHEX-X >mm w (309g) =12 9
W ON [ 3 3INIT 3IVAE 8 d3M0d 3HL
, ANT T 40 SNId 40 SLNOAYT
ANT T BU A ABLES -~V -4
e | ] S
Y3dY GILNIV a ON | d
e
BRET 6 er i IN| v
uj 789> 3NIT ¥300ON3 3LN70SEY 3HL
40 SNId 40 SLNOAYT
(INVOI¥ENT 04> ON71d 8/11d EWNCABE-CATEe -4
CCEIm (N-NEES c<2 8/T1d 298 CLAVHS LNdLNO ONIXIH d04>
0€1o 9n1d 91/11d e A Gl H1d3Q 8W-8
FeroIILd - NFTBICFECTRE SN-8 W3S N/S
P 7 a\\ — a—=N/S
] . zs
] ~ ] NO) »..s
4 ] &)m s FE| |s %)
. =l | o v
b TSRV BleaE wis %
- Tgs 28 (PR
OBTIE |~ [25jea®
I ZVor; 2878 5 1¥3S SHoY
f " T A7 3 1~ < SHOY
o i ) =2 2 5
N | lﬂ L Vo) !
= i o
T~ T ONINIHIYN
N L ONITONYH 304
@) ™~ 6 HLd3Q SW
~ (EREQE) GRYE ONW
sel (INILXT LUP6®)
949 (HE/UYE0) L'S
(IN3LIX3 L4YETTS) 2 ONIXI4 09 — o
P2 ‘AUESNPUT SDIUO0UED31] UOIROIAY uodor Ag 3pop) (H%E/YUETTD) 0T ] X=X NOILO3S 01 343 SW-9T A IV L3A/BEEA
(d62-02¥2-011 : N/d> 3NIT ¥3000N3 3LN10SEY IO L , S0¢ (HZEL-4) S
GERCSYWE [ FRzlva) c66 (ONITANYH 304> BEHMEX-X SW-91 IS,
(d62-02v2-017M: §WIECLCHE~CAT cevl 11 HLd3T 9W -
S6o0 (LAEaw) TIRE OW CINYOINENT 304> ONd 91/11d

(P31 AU SNPU] SDIUOUED31] UOIOIAY uodor Ao 3POK)
(8-3d81-0232-0171r : N/d> NI IHVIE 8 33M0d 04

GERSEUET L22WYE)
(d-3d81-023c-0171M : WXL CLCHF 1L &~

ceve

(N - BHHSE <L 91/11d

(dv3 v3S ONITI0H 304> S'v H1d3A €6-1
HERL 4 x—2)C' Y RECD—T

0S-99-1-d-9CENLI0IY : 9p0d [9SpOIN

20



21

921
+1vd | 1 JN 3
OILYy 033dS -1va[S (W1Jod) r-4 d gﬁm‘mzﬂou\. Z\w AZEQ
s A3 TIo T Y =2 BER1(—<SHOY *N/S
IN | d (350Ud MY BIM & [ [ Ns] A
ON | N (350Ud ADBIA] T [ [ 13pon]
IN W (3SoUdman J
S| NV
_ Sd[ A Mwumuww Muﬁm m (SIIVId2HUE2) (S3IV1d9T) (HEID
(Pl :m\v/mw ﬁ ! Z-Z NOILJ3S/BMZ-7 7 IVL3a/BER X=X NOILJ3S/B4X-X
JOLOW MAS'T o INIT 3IAVIE B §3M0d 3HL =i
2oL |6¥e | 692 |7 "5 myaT >mm - 30 SNId 40 SLNOAYT (8 , @) & N
I s 3\
ov1 |ces |ceg |BOLOW AMOT — BECABUES -2 W —F %
&—x MAH0'T ION| T
€1 |21 | 17 wn % Ge 6 o CT 02 &
NV =S TC g a €8 o0
3NIT Y3QO0ON3 31N70S4Y IHL
40 SNId 40 SLNOAY]
T I b e kA Y339 T3LNIVd
BH%T : v W3S N/S
A~=N/S
(LNwOLSEN] 404 OAd 8/11d S29 (INVIIHENT 04> 9N7d 8/11d
Amuwﬂwmzmq%%\w (N -BHHESE) c<£ 8/11d y 1 (J—E[#ESH) c<2 8/11d A IV3S SHoy
(£FEawS GCR¥ BA-2 % L/
g1 1 _ s
f ] AN
dolos 32 [&
8 L3
8 [cas
H ] | °
© Al . g
© 4
o

(L4YHS LNdLNO 9NIXIS 304>

(P37 ‘AU3SNPUT SDIUOUEI3)T UOIEVIAY uodor Ao 3P ON)
(d62-02v2-0T711M : N/d> INIT J3A0OINT 31N710SaV 804
(ERSEAET F22WvE)

(d62-02V2-01T1 : ETH)e crCHe ~CAT

(INJLX3 LU9ETS)

(HILUY2ET8) 01

1 ¥1 HLJ3Q 0IW-6
(HERBN C+7) PIR¥ 0TW-6

(INJLX3 248118

(EE/LUBTIB L'S

| T ¢

(3SVYI DNIXI4 304>

d¥3 ¥3S ONITIOH 0D

(P AUESNPUT SDIUOUE D31 UOILVIAY uodor Ag 3POW)
(d-3d81-0232-0171 : N/d> INITT IANvaE 8 Jd3M0Od 04

— (ERSEUXIF220YH)
W@ (4-3d81-0232-0T1M : EWI6 cxCH+~1C - 6~

o) X=X NOILJ3S 0L Mm%mmwm%w S HL430 eoob
o] s T an_ (CETTAEEY BN
— BHEBMX-X SN-91 cruce-v __ROP)
R el QU d R
g0

0S-99-19d-9¢ENcv04V 0S-9d-1id-9¢ENCY04V - 9p02O [9SpOoN



(d62-02ve-017 : N/d> INIT J300IN3 31NT0SaY J04,

621 +1vd | L
0ILYY 033dS IN 3 -lve | S W3S SHOM«N/S TIVL13a
NER (U3J03) ¥ —4| { ION | o BERI(—<SHOI - N/S
. (U3d03) ¥4 3 IN | d
(350Ud M) BIM| & IN | N
(350U AV BA T ON W __ =]
(250Ud M) BN 4 Sd | 1
ON| ¥ Sd | M
—_— 3l
7 IvL3a/ B Amxmumv -6 H (P] :m\u/mw # (S3YIL91/ KBS T (S30V1d2/482)
& (o) *-14] I T X—X NOLLO3S/BRX-X N-N NOILO3S/N-NEH
£ INIT DivyE B 33IM0 IHL S | N 3N
-~ 40 SNId 40 SLNOAVT N[ 3T 02y
Bl ABYEBE -4 — = 18
ON | T — D
o ON | 3 =l —
205G a ON | € CT 02 SN
ON | ¥
V33V T3LNIVd — 3INIT ¥3COIN3 3LN10SEY 3HL (3599 ONIXLS 30 1935 N/S
e EraN77 40 SNId 40 SLNOAYT o 0 > v3S SHoy
B9 O8l6 LA TE o aw.q XOXNOLLOISTOL wm%mwz 31 \,Z\mismmzom
0e1o (LNY2I1¥dN7 304> 9N1d 8/11d s WEHEX-X 8
(4 - EHHSE c<£ 8/11d
(ONITANYH 304
GE H1d3a 8W-2 el —
(£Gea®) CERE BW-2 %
 \ A~
- T R NP DY
) =i MN
-+ ) B j@v Sl s
>odN[® R
Zm2eeo 22
gzl |05 5
| H ey ¢
§ "
o H ) JE
e = | 1
>~ L ~H- A
i M J IQ«A\WM@{‘
: (INILX3 ZU0vie) @Q
CINILX3 /Y091@>
A@wwhcaf@v 0] (H%/U0VIB) L
, CLAVHS LNdLNO ONIXI4 ¥OP
(P37 ‘AUESNPUT SDIU0UED3)] L4 m,m 22 L L mkﬁ IH&MHD Hmzwvm
U3 0IAY uodor Ag 3PV b'ST IR C47) GIR¥ BW-¥2 M

¥'981

A IVLI3A/BEEA

ONINIHOVW 304

(INYITIEN 304> 9N71d 8/1.1d
(4 - BHS8) c<£ 8/11d

MOCAMTIL

(RRSENKLZ82HYE) / e/
(d62-02Y2-0171 : EWH)& L CHe~CAT e
(P31 AUESNPUT SDIUOUE D31 UOILVIAY uodor Ao SPOW)
(g-3d81-0232-01071 : N/d> INITT IHVYE 3 33M0d N_Du\

OIS 0

=

(ERSEHET F2ZWYH)
(-3d481-0232-01T71M : EWIECLCH* -1 - 6 -2

(dv3 V3S ONIATOH 04> S HI43d €8-¥
(HEHHL G 4xa—2) CR¥CD-V

0S-99-1.d-62FN080YV : 9p0d [9SpoIN

22



NI 08
wuz.m

61/6822 .
X=X NOILO3S/BEmX—X (Ur4od) ¥-4 |0 +1vE ] 1
OILv d33dS (9S0Ud M) BIM | ] -1vd | S
HE R 2500-/Uy / 2p -0 ~ (3SvUd A BIA [ d ON [ o
0 e (350Ud M &N | v ON | d
ION | N
ON | W
5 sd| T
93S SHOY - N/S TI¥.130 xon? 03 [= T
B2z —<SHOY - N/S B (P12IUSH D4 |
AGd | H
N/S 2p0>) N
[ I Eaz_ Aal H >wm w
REEQEN ON | 3
INIT J3IMOd 3HL
N 10 ETTF uzﬁmmﬂwwm 40 SNId 40 SLNOAY ON | d
) W ABUEE -2V -F wn %uzj Y3OON3 3LN70SEY FHL
| d 40 SNId 40 S1NOAYT
(P11 AULSNPUT SDIU0UL D3| UOILOIAY uodor Ao SROW) IN k EWCAME-CLIE—-3N—F
(g-3d¥-0232-0171r : N/d> INIT ¥3IM0d J04
(EHSEUXTZEZUWVE)
(d-3d¥-0232-017 : ELH)e cxCHe - Y33v C3LINIVd
P2 ‘AUESNPUT SDIUO0UED313 UOILVIAY Uodor A apoW) BuERE : O/
(d62-02¥2-011 : N/d> INIT 43000N3 31070S4Y 304
(ERSEHARTLBZWYE)
1¥3S SHO¥ - N/S
(d62-02v2-0171N : BW>EcxCHE~C A 77— SHOY *N/S
ONITANVH 04 @mwv
ENag (ceh CINYOINENT A0 ,
0€10 9n1d 8/11d w
(N M S04
o ¢se8/11d (L4YHS LNdLlNO
o0 o = ONIXIH J0D
& B B 8IHLd3a 0IW-6
(HERNC+3)
A 2 8IR# OTW-6
5 2 alg Yo/ y
® A o) 8 3 &ﬂ Q. @.V
q\ Jial s N 7 ™~ e
° - I P § 3\ eett
\ ASY ol o f \
% Y W Zlgo S oL " [ / I [
(3ONV14 ONIXIS 04D ] o W 10 ac Zi& % T "L QM
NAHL 8W-21 Yot /1573 ONITANYH 04 ~{ 2 S AN ¢
FIEAALE T ——taeR . 3/ Ehad M g F A\ e ry @\.\
_ HN ; s - {
NE SW-21 % T\ 8 W/ Q%lw U/m_ ! .mm.s
~ AN N _G1
T (INYOTIENT 30 POy &
9n7d 8/1.d T C(INILIX3 L4Y9/18) 7
S QBT e GEJAZEYATIS L
‘ ¢<£8/11d CINTLXT LUb/28) C(LNJLX3 LUY0ESP) °
A HJMQMQ%%MM (HB% /Uy /26)G (HE/U0ESDOY ONINIHOWW 04
* €T 89 MAAHT
G'/9
(G'GED

0d-4d0-tkd-021D00504YV : 9p0d [SpoiN

23



0cl

OIlvd 033dS
HaE=

1V3S SHOY - N/S TIVL3d
B4 #Ed2ar—<SHOY - N/S

| [ N/S] Ad
13P0W| cosmqen

(P2 AUESNPUT SDIUOUED3)F UOIROIAY uodor Ag 3P0
(§-3d¥-0232-01711 : N/d> 3NITT J3M0d 304

ERSEHXRTLEZWYE)

(d-3dv-0232-0171r : £B)&e cxCHe -
P2 ‘AU3ESNPUT SDIUOUED31F UOIFVIAY uodor Ag 3poK)
(d62-02ve-0171r : N/d> 3NITT 3d3003N3 31N70SEV J04
EROEAX T LE22WYE)
(d6E-0eVe-0I : ¥ L CHe-CAT

08
ONITIANYH 304 9ED
ENad 0€10
&
B o &
(GIREN
N
Jl=
n
[@)]
! N
| g a2 e
1y .
A~ \ yd
o . XN /B
m Q0 @w o
(A \@_QQ BN
%50 \/ Q"
\T
39NV ONIXIS y04) A
AJHL 2TW-21 =
CEERAS N <v
NEIIN-21 & CINYOIYNT 30D
11 HLd3Q 9W-S oN1d8/1.Ld
[TRE IN-5 (N~ EHHS)
c<£8/11d

NOLIZ3T08d

=

+1vd
-1vd
ON
ON
ON
ON
Sd
Sd
(L12I4S) 94
NAS3
NA03
ON
ON
ON
ON

3NITT J3COON3 31N10SEVY 3HL

40 SNId 40 S1INOAYT

BW ARG ~CATE-ZTW 4

(U3d03) YL

(8S04d M) BeM

(8S0Ud A)  BIA

Rujea i@l =}

(asoyd n) BN

INIT 33M0d 3HL

40 SNId 40 SLNOAVT

BUAABY@E -2W -4

193 SHOY - N/S
A== SHOY - N/S

v3dy Q3INIVd
BRRT : 2

1'vGE
1veEE
1'682
1'v0e
Y
Y/
z|8
— T m% s
kL PN
A = A
n S s NOU% [ee]
a |9} (o >R 43
o A /S 191 e T lbo
2]/ =4
e ™ g
2 ie
(IN3LX3 £99) a2 e
GE YAl
& LNYOI¥ENT §04)
: 9N1d8/1.1d
0y Gl (N~ SHEOED
3 CUINILX3 £Y6619) cc
(LNILX3 LY/0E0> ! (HR/LUE6TD)S 3 ¢cr8/1Ld
(H%/YUL0EDS (LN3LX3 £Y8G28) o quz,wI\uqﬁ%%
a1 (B2 /U85BS (1 4yHS LNdLND ONIXIS H0D) MAAMIH
02HLd30 2IW-21
VL 9'99 HIEBNC+2) 02RHE CIN-21
90rD

-X
)
—~
BN
ul
=
=z

001U/ 0E B

AIGWIN
ONILJOddNS
AaERE

N 9 Y

0d-490-1.d-021O00CtdV - 9p0oJ |SpOoN

24



= i IY3S SHO¥-N/S TIVL3d
0Ilvy 03348 -1va | S vE .
TaE= MH M B#2dgar ~<SHOY - N/S -
TN | [ N/S| r
ION | N [ [ 13pon] H_
ON | W
et ON| 3
iﬁ (Yo =4 a (S33v1de/¥ae) (S3AVIHST/HEIT)
—— AT TH (J3J03) ¥—4| 3 Z-Z NOILJ3S/B®Z-7 T IvVLIq/BEEE] X—X NOILJ3S/BHEX-X
—A0I O (350Ud MO BFA| & TR S
INT 3 (3soUd A) BA[ 1 , g
INT T (3soud M &Nl 4 %
ON [ @ IN| ¥ N !
N D (odg) =-1£[ H
SNTT (330 *-12] O (SE> 6 Gl 02 &
| d o ¢
NIV INIT IVNE B ¥IMOD IHL (SS e 3] (555 0
3INIT §3A0OON3 3LN10SEY IHL um wz& 40 mSmij
. um msz uwmgm\yf B ABYEC -2V -7 YIdY TILNIVd 9IS N/S
BRCABE —COTO-2U-h | \Wolsen 805 9n1d 8/11d BRET a(~EN/S
(N MBS c<£ 8/T1d : CINYOI¥4NT 304> ONd 8/11d ¢3S SHoy
(ONIIANYH 309 I \\ (N ~WE#%) ccL 8/11d —7sHoY
GE HLd3Q 8W-2
(Lrnel) GERE 8W-2 vV SN
Amw |—
Zla
— e~ Ol—
9 b s o Y
=Nl e SRS
z ISR Bhe 6 [0 |s
B TSR O[5 = o
L OmT &9 |8 |05]2
/Z ZVo [ 912 B3 |e
-—a o T|@ 3
1 | 5) uuvw
0 Et ClE
e ﬁ T L,
— o AL .
o C ) RN Q)
u_ Ga585 “ =0
i T IN3LX3 LY9Els f
01— HE/U9C18
CINILX3 2Y81I8) -
Sowf ‘AJU3SNPUL SDIU0UED3YT [GCE VAT YAS A NIVLIIA/BERA
uo-oiAY uodor Aot 3POR) CG t/o (L49HS Smﬁmzm_m@%aﬂ u% (dv3 W3S uzamm% SINEN
(d62-02Y20TESW/N: N/dd - S HLd3d £2-+
3INIT ¥3T09N3 31NT0S9Y ¥04 S0t (HEEIC+75) VIR¥ 0IN-6 (HEFEL G At~
(ERSEWXT F22WvH) GIT CR¥UED-V_ _
(d62-02V201ESW/N: §%D6 CHCHE~CAT / Co Yox NOLLoSISTP NI L 04
22 HZEY -4 <2
CPF T AUESNPUT SDIU0UED3)T UOIEOIAY uodor Ag 3pOp) WeBEX-X SN-9] <

-8-3d81-0232-AY071M : N/d> INITT INVIE B 33IM0Od 04
— (RRCYU¥Z82HYD)
Gy @-0-3d81-0232-AV0TN: BMECETHE 1L 6-2

0S-Vd-0Ld-€60NCY0dV : 9p0od [SpoIN

25



L1/ LELT

O0Ilvy d33dS
HEE

1¥3S SHOY - N/S 11v.13d
B#2d71r—~<SHOY - N/S

[ [_N/s] AA
13ROW| eosmqen

(S3IV 4oL/ WBIT)

TOIVIIAT/BER T

(S32V1de/ B>

A TIVLI3A/BEEA X=X NOILJ3S/EgmX-X

(d¥3 V3S ONITIOH J04)
G H1d30 Eo-V

%/

(HEHB L 4Far—72)

SR#ECD-V

/-7 NOILO3S/B¥wZ-7

COTW>\  OTW

+iva] 1
—1va[ s _
ON| o
IN| d
INJ N
ON | W
Sd| 1
Sd| A
(P1BUSHYOI [ AN T 1
ANGI | H (Y3J03) ¥« [ H
AVER Y (43403 v | D
IN (350Ud M) BM | 4
IN (350Ud A)_B¥A | 3
IN (3SoUd Ny &N | a
IN ON |2
ON (a4oug) *-~1c | g
ON (3>odg) _*-1c | v

3NIT J30OON3 31N70SEY 3HL 3NIT 3IXMVEE 8 33M0d IHL

@8n =5 m 40 SNId 40 SLNOAY] 40 SNId 40 SLNOAYT
_ — (8E) B AME ~CATE TG BN ASUES -4
Gl
€9 ©
a ; . ¥y QILNIVd 193S SHoY
(ONITANYH 304 3SN LON 0D = .
k. = rad777)
S 20T 1. 193S N/S
MRASPLNUNBHENAT 0L T e >
CINYII¥ENT 304 9N1d 8/1Ld
p L (N—WE[HSH ¢ 8/11d
(ONITONYH 304 4
8EHLJ3A 0TW-2 _ s
(LredE 2 & _ S
8ER¥ 0IN-2 9w G s |2
a0 (R [e
2u S 2270 5
SET PR leoln o
= —2 oS ulg R
N g ATZE | ® | wawms 1ndino
B = Jre ONIXI4 3§04
=] ’: 8IHI43d DIW-Te
HZEI 47 \HJ.
: 812 0TW-12 S
(IN3LX3 £Y091¢> (3SYI ONIXIH 304
(17 “AU1SNPUT SDJUOULD3)1F U VIAY Uodor Ad 3POW) (E@%, 40910568  SIHL3M OIW
(d62-02¥201ESW/N : N/d) INIT ¥3A0INI 31n70S4y 304 S G2Hld3a 11s-9
GERZEYXTF2TWYA) ¢(INYITIENT 30D (INJLXF 249818 (HEREY -4
(d62-02V20TESW/N: W)€ CcxCHe-C T uﬁj,mmm\wm €9 (H2/Y9818>01 8TR¥ OTW
(P11 AUISNPUT SDIU0UED3)T UOIR0IAY uodor A 2pO) AMMMMWWMWH&M 28 6'cE CeR¥ 118-91
J-4-3d11-¥232- AP0 s N/d) INIT IV 3 33IM0d J04 vEES 7921
(ERSEWXTFBZWYE) , 6'80¢c
Q=-g-3dIT-v23S-AV0IM : EE)ECcxCHF-1L - 6—-F mv,mmmm%m

NGIO3 0

Qx:M

0S-Vd-02d-¢0ENGCIdV : P02 [SpOoN

26



NOLS3 0

a‘_w

(INVOTIENT J0D

£cg 8/11d

(L4YHS LNdLNO 9NIXI4 30D

N[ 1
(U3Jod) v—4 | H
(UaJ03) ¥-£ [ 9
(550Ud My BEM | 4
(350Ud A)_BYA | 3
(35%Ud Ny _®N | a

IN [ D
(>oud) *-1c |4
(3H0Jg) *-1C |V

3NIT VA 8 §3IM0d IHL
40 SNId 40 SLNOAY
HEW ABYGEe -2 -4

19Y3S N/S
1mr—==N/S

22

21— 72SHOY

=3

SR
TR

RS

KR
—

IR
S

9N7d 8/1.1d
(N~ BHHHOED

ONINIHIVIW 04
MOCABTL

61HLd3A SIN-EE

(-8-3d11-¥232-A¥07 : N/d) INIT IAVYE 3 d3M0Od 304

/

GERSEUET FREWYH)
I-8-3d11-¥23S-AP0IM : FEIE CLCH+ -1 -6 ~F

//G2GT
OLLYS 0334S (S 1d2/ 482> Fival 1
E X=X NOILJ3S/@E X-X -1vg] S
- N[ ¥
0T SNT O
193S SHOY - N/S TIV.L3ad ON| N
B32dRar ~<SHOY - N/S ON| W
[ [ nN/S] AN n % %
19PON - . >al A
L[ 1oron] commem Ve L PPEUSI O
(G118 ACTH | H
ANERED)
—_— - ON | 4
A IV L3I0/ B8R A H IVL30/B4deH N[ 3
(dv2 1¥3S ONITIOH 309 e
CH1d3a €9-v —FA o s
Sl P g _ ONJ 3
SREED-¥ — ON1d
N ON| ¥
TGS =~ e INIT J3A0ON3 3LNT0SEY IHL
od — 40 SNId 40 SLNOAVT
(ONITIONYH 04 3SN L1ON O0d a w ERCABE-ClTIE-IN -6
< MRAUPLINUNEEHNLT G &
- (S¥19 37IS ONIN,0.0H Y33Y CILNIVY
CINVOINENT 30D CONIIONYH ¥0.9 (&¥19 £« 0, UHEH BURE
9N7d 8/1Ld 2Ll S'7E€H1d30 OIW-2 Xon 1
(4 = 5HHESH , LreD) 7
ces 8/11d 203 SrERY OTW-2 % y
N N N, Z
< © 24 \ Sls
ey /® 1 _ = R
S \ S
5 q l‘ﬁ © =2 g |e
m X | & Mm,n o L
~N 2 UL |\D
5 % f: umﬂg) © [bo |
: \ e g 2
2 w @ m m Uqu M bt
/ .Hv. =m B U%
(o o 1 w [~
. | / ﬂuu
SN | | B
< @ g2 1
(3SYJ ONIXI4 304 A
NAHL €18-12 7 i INILXT 2Ye2es
(HZRY ~4) ST & 7o B/ U222D
NE C1g-v2 AR
CP3F T AUFSNPUT SDIUOUEDS)T UOILVIAY uodor Ao 3PN G118 =] INILX3T LY2C2d
(d62-02¥20TESW/N N/d> INTT 430IN3 31N70S4Y 304 T EEVERET)
GERSEAXTFRZWYE)D T8
(d62-02V20IESW/N : B cxCHE~CAT ,
/ G1'18€
(P31 AURISNPU] SDIUOUED3)T UOIFVIAY uodor A SpOK) GT'10¥

(HEBN C+2) 6T 2IN-EE

0S-vd-0€d-LIZN0OSEIYV : 9p0d [9SpOoIN

27



€/LSL

OILvy @33dS
HEE

1v3S SHOY - N/S 11vV.13d

B#Ed81—=SHOY - N/S

[ N/S]

| IEREN|

A IV LI3A/BEEEA

(S30V1de/ W2

H IV 13/ BEdRH

(dv3 V3S ONITIOH J0H
SH1d3d €¢-¥
(HHEHLC43(-7) GRECI—V

%9}

(ONITIONYH 304 3SN LON 0D
MRAPLNZUNEEANAT G Y

T
EE‘D+9
0

X=X NOILO3S/BmMX-X

T\ 8W

ce

G8

2l

(P131US)Y 94
AG3

A03

N

ON

ON

ON

ON

ON|[ ¥ _

INIT 43000ON3 31LNT0SEY 3HL

40 SNId 40 SL1NOAVT
BEECABE-CATE -3 —F

(@)
=z

(‘CD‘L}‘D‘L&‘LL

Y3I3v C31INIVd
HBERET 22

(G819 3IZIS HNIY,O,)H

SN I
(U3J03) 2-4 | H
(U3do3) ¥-& [ D
(350Ud My BA | 4
(3S0Ud Ay BA | 3
(350Ud Ny BN | a

ON [0
(>>odf) *-1c | &
(3>odg) _*-Ac | ¥

3NIT DIvad 8 33M0d 3HL
40 SNId 40 SINOAY
BN ABUEE -4

¥3S SHoY

19Y3S N/S

9/10 " (G81Y ¢~<n,0,88)H -<N/S
2 | (INYOTIENT 80 9N1d 8/7.Ld 4 X80 ,
A (MBS c2£8/11d
p (ONTIANYH 309
S 2EH1d30 OTH-2 2
& ® (€Y A™D) o
= 2ER¥ OTW-2 ) AY
a 3 S m% s S
N B0 e
X 5 g B0 F
B[O
X 8 SR [E e
& B 3 v
@ I~ = » =07 M M by X
o s = T TlE nw
U |
S 3
ao,o - \@ CINVITHENT 04
& & I 9N7d 8/T1d
1 (N~ BH4HT%)
(3S¥3 ONIX14 ¥OD (INILX3 LYES2P) pos
NYHL E16-82 = (B%/UEC28)0!0 €<e 8/11d A
HIEEY -4 ~ ONINIHOVW 304
"F £10-52 S8 " €6 T YA AH I
(P31 AU3SNPUL SDIUOUED3)F UOIFOIAY uodor Ao PO 562 00¢ (14VHS Hjmwﬂmkw_%mg%z\wﬁ%m
(d62-02Y201ESW/N | N/dy INTT §3Q00NT 3LN10SAY 304 viTs SEIrs ;
(RRSEANILEZHYE) o (BB cam) ol=% CIN-EE

(d6C—02YCO0TESW/N: BEIE CEXCHE -CAT
(P37 AUESNPUT SDIUOUED3YT UOIEOIAY uodor Ad 3pop)
Q-F-3d11-¥232-AY071 : N/d> INIT IAVIE 8 33M0d 304

s ERETARLLBEWYE)
58| (3-8-3dI1-v232- AP0 : BBIS L ECHF 1€ - 6-3

OIS 0

0S-Vd-0€d-¢SCN00SdV : 9p02 |SPOoN

28



GC2/668E
OIlvd 03348 1Y3S SHOY «N/S T19¥.130
HeEx B#dgar—<SHOY - N/S

N/S]
13P0K]

P2 AULSNPUT SDIUOULI31T UOJLO|AY uodor A9 3POWD
Q=-g-3dT1-¥232-AP071C : N/DINIT INVIG B J3IM0d 304

&-g-

ONITANYH

(BRSERETL2ZWYB)

3dIT-$232-AV071 : BB CXCHF-1L 6 -2

(P31 AUESNPUT SDIUOUED3)TF UOI3OIAY Uodor Ao Sp O
(d62-02V20TESW/N : N/d>3INITT §3AOINI 3LNT10SaV 04

(ERSEAXET FEZWYE)
(d62-02V20TESN/N: V) CxCHe-CAT
ONITINYH 304 3SN LON 0
VRAPLNUNBHINLNT aE

X=X NOILJ3S/EmX-X . +lvd

-1vd

(LU20E®) N

ON | I IN

P (BJ03) v-4 | H N
(Yr403) Y-« |9 T N

N (2S0Ud M) BIMN | 4 Sd

M (9SoUd A) BIA | 3 <d

E (soud n) BmNn | ad (P131US) O 4

ON | 3 AG3

(2Hodg) *+-1c | 4 R EL

(3HoJg) _x-Ac |V N

NINE'E LT INIT INVEE % ¥IMOL IHL ON
JIIWIN 40 SNId 40 S1NOAY IN

ONILYOddNS BECAMLES -2 -6 IN

ST E
1Y3S SHOY-N/S KRR

i~ SHOY - N/S

J04

IS5 099

=

3NIT ¥3C00N3 31N70SEY 3HL
40 SNId 40 SLNOAYT
BN AME-CATE-INM—G

022
081
o 0e10
2 Y33V CILNIVd
2 LHU._
< BNRT
© ,
. 81
N
N S5
N m_l — s
—_ _ ASS
N L | 2 n
TN * ONLTANVH 304 |8, nu\l\ =
\ g0 0% e ZR el
D |s|s Sldelo B
218 Zlz BR
o bo Svae 2 N de
® o3 CM@/ — = m =) 3
IN v ] ! IE N
~ 2 H = ol
(INILX3 £88> Z
(HEESP) E2 |
\W. =)
2 (JONYT4 ONIXI4 304
_02H1d30 2TW-91 o0 , (INYOISENT ¥O)
CEEIAS) xvni 0 9N1d8/1Ld
02R¥ 2IN-91 1 L (G2 T :150))
¢IN3LX3 £Y20£8) (INILX3 LUbSERD ccr8/1ld
Quz(guﬁuz;ﬁ d0DH (HE/120ED)L 82t (H2%E/UPSEDHS T
NYHL S'L18-8 , {
: Sv6 20l |
CIHLd3T BN-C g9¢ (HEPBCACOONE C'/10-8 ©I5D
CTR¥ 8N-G CINYITJEN T 304>9N1d48/1.1d INILX3 £40929
(N -MEHHYHCccL£8/11d (H92 /Y0928 /L

"% ONINIHOYW 304

MOABTOL

(L4YHS LNd.LNO ONIXI4 304D
G2HLd30 9TW-6
(HERBSC45) G2R#E OIW-6

0d-vd-02d-55+00024dV : 9pod [9poiN

29



Sd
(r1eis) 94
JANSE|

3N

A03

3NIT §30O00N3 31NT0SEY 3HL

40 SNId 40 SLNOAV
BEWCABE-CATE-TNH—-4

N

3555

B
G555

LRSS

S5

st
%

s

G550
S

RSN

555

N

A
S

<
R

TR
RS

oS

<5
R

3

X

R
R
R

e
R
%

x>
R
R
B
RRE

(L4VHS LNd1nOo

ONIXI4 304>

62H1430 STW-CT

yASY! 1v3S SHOY - N/S TIV.13a
b42¢RA( < O N
OILYY 033dS B#2d71r—~< SHOY - N/S
HEH | [ NS A ON | I
13ROW X=X NOILJ3S/BHEX-X
e (U3Jo3) Y- | H
(P37 AU3SNPUT SD1UOUED313 UoIROIAY uodor Ad SpOW) (VA A)) (U34od) ¥-~£ |9 4 @ mv
4-G-3dTI-$232-AP0TM 1 N/dd> INIT INvSE 8 ¥IMOJ ¥04 ‘m - (3S0Ud M) BM [ 4 ®
GERSYEURTF2a2WyH) - 5 ~ < (dsoUd A) BN | 3 )
(4-G-3dTT-$232-AP0I : B (xyw? 02 SE Geotgny mna (% ¢ P
ECEYCHF-1C -2 IN D R
P37 AU SNPUT SDIUDUED3)T UOI3DIAY UDdor Ag 3P0K) %‘& (eHodg) *-1¢€ | 4
(d62-029¥201ESW/N : N/d> INIT §3009NI 3LN10S4Y 304 (104g) *-1€ |V
(EHRSEUXTLEZWYHE) HiShE 3INIT VAL 8 33M0d 3HL
(d62-02V20TESW/N: BYN& CxCHEe-CAT 40 SNId 40 S1LNOAYT
(ONITIONVH 304 3SN LON O0a> B ABYEEe -2V ~f
MRASPLNUNBHEANAT Y
612
081 o6y Y33V Q3LINIVd
g/10 N\ 6/4% e .
! 88¢ BNZT 74
2 =
> e % W3S SHON * N/S
A—==SHOY - N/S
B 2
o
5 S
== S
J 2
T oo
ONIVONYH 304 |8 G
sHas JASE) S g
b 0T Dlel
S |& S g|5
Lo M o <SG XS
WS Sl [}
. =187
2 DI EA
= =}
CINILX3 8218
74 GECRILEE 2
>
N o |2
~
(3DNY 14 ONIXIH 304D ONINIHOVW
SEHLJAT SIN 304
(HZPEZECH9ERE ITN-C2T 8'T MACAMTIE
(INILIX3 LUb/EDD CINILX3 LU0T Y8
(HE/ U LEDBDL o€ (HE/ U0V EOGE
. (IONV 14 ONIXI S d04) cc
ONIIINYH W_E/ mi@zquamﬂ O YIHLd3a s AFHL S %E\mm el 101
87 (= & . -
g2naw 5A9d 87T g BN-C (B B CST/18-2 Q2D
. (T—XEHT ¢Z£ 8/11d VIRE BN-G INILX3 LM0vED

(HEBN C 42062 R# 9TN-GI

(N~ BHHS) c<£8/11d

0d-vd-05d-25100¢€4V : 9p0J |SPOoN

30



Technical Information

31 —



——
e

Considering the use

— 32

This product features high precision and high rigidity, however, it is necessary to strictly comply with various restrictions
and make appropriate to maximize the product’s features. Please read this technical document thoroughly and select
and adopt an appropriate model based on the actual operating environment, method, and conditions at your facility.

Export

e When this product is exported from Japan, it may be subject to the export regulations provided in the “Foreign
Exchange Order and Export Trade Control Order”. Be sure to take sufficient precautions and perform the required
export procedures in advance if the final operating party is related to the military or the product is to be used in the
manufacture of weapons, etc.

Application

e |[f failure or malfunction of the product may directly endanger human life or if it is used in units which may injure the
human body (atomic energy facilities, space equipment, transportation equipment, medical equipment, safety units,
etc.), examination of individual situations is required. Contact our agent or nearest business office in such a case.

Safety measures

e Although this product has been manufactured under strict quality control, a mistake in operation or misuse can
result in breakdown or damage, or an accident resulting in injury or death. Be sure to take all appropriate safety
measures, such as the installation of independent safeguards.

Product specifications indicated in this catalog

e The specifications indicated in this catalog are based on Nabtesco evaluation methods. This product should only
be used after confirming that it is appropriate for the operating conditions of your system.

Operating environment

Use this product in the following environment: Do not install the actuator at the following locations.

- Locations where a lot of dust is collected.

- Outdoor areas that are directly affected by wind and rain

- Locations near to areas that contain combustible, explosive, or
corrosive gases and flammable materials.

- Locations where the performance of the motor can be affected by

- Location where the altitude is less than 1000 m. magnetic fields or vibration.

- Well-ventilated location - Locations where significant vibration or shock is applied.

- Location where the ambient temperature is between 0°C
and +40°C.

- Location where the humidity is between 20% and 85%RH
and no condensation occurs.

Note 1: If the required operating environment cannot be established/met, contact us in advance.

2: When using the reduction gear under special conditions (clean room, equipment for food, concentrated alkali, high-pressure
steam, etc.), contact our agent or nearest business office in advance.

Maintenance
e The standard replacement time for lubricant is 20,000 hours. However, when operation involves a reduction gear

surface temperature above 40°C, the state of degradation of the lubricant should be checked in advance of that
and the grease replaced earlier as necessary.

Actuator temperature

e Operate this product while the surface temperature is below the value shown in the following table. There is a
possibility of damage (to the product) if the surface temperature exceeds the temperature shown below.

e Reduction gear surface temperature (°C) 60 or less

Motor series: MINAS A6 Motor series: MINAS A5
AFO17N (0.4kW) | AFOT7N (1.0KW) | AFO42N (1.0kW) | AFO42N (1.5kW) | AFOBON | AF050C | AF120C | AFO42N | AF125N | AF38ON | AF500N | AF200C | AF320C

Surface temperature of
motor frame center (°C) 85 80 80 90 90 80 90 70 90 85 85 90 90

Actuator output rotation angle
e \When the range of the rotation angle is small (10 degrees or less), the service life of the reduction gear may be
reduced due to poor lubrication or the internal parts being subject to a concentrated load.
Note: Contact us in case the rotation angle is 10 degrees or less.
Manuals
e Safety information and detail product instructions are indicated in the operation manual.
The operation manual can be downloaded from the following website.
https://precision.nabtesco.com/




~ Glossary

Rated torque

Calculated value with consideration of the motor rated torque,
reduction speed ratio, and reduction gear efficiency.

Momentary maximum torque

Calculated value with consideration of the motor torque,
reduction speed ratio, and reduction gear efficiency when the
motor torque limit is set.

Rated output speed

Calculated value with consideration of the motor rated speed
and reduction speed ratio.

Momentary maximum output speed

Calculated value with consideration of the motor maximum
speed and reduction speed ratio.

Note: Be aware of cooling conditions so that the surface
temperature of the reduction gear does not exceed 60°C
during use.

Brake holding torque

Calculated value with consideration of the motor brake torque,
reduction speed ratio, and reduction gear efficiency.

Note: The motor built-in brake is for holding the stop state.
Do not use the brake to stop a moving load.

Duty ratio

The duty ratio is defined as the ratio of the sum of the total time
of acceleration, constant speed, and deceleration to the cycle
time of the actuator.

Torsional rigidity, lost motion, backlash
When a torque is applied to the output shaft while the input

shaft is fixed, torsion is generated according to the torque value.

The torsion can be seen in the hysteresis curves.

The value of b/a is referred to as “torsional rigidity”.

The torsion angle at the mid point of the hysteresis curve width
within £3% of the rated torque is referred to as “lost motion”.
The torsion angle width of the hysteresis curve at zero torque is
referred to as “backlash”.

<Hysteresis curve>

Backlash

%

+3% rated torque

Torsion angle

Lost motion

+100% rated torque

Allowable moment and maximum thrust load

An external moment or thrust load may be applied to the
reduction gear during normal operation.

The allowable values of the external moment and external axial
load at this time are referred to as “allowable moment” and
“maximum thrust load”.

Single-direction repeatability

The single-direction repeatability is defined as the difference
between the theoretical output angle of rotation (when there are
instructions input for an arbitrary rotation angle) and the actual
output angle of rotation.

.. 60 ' ]
% L N | I _—
% 40 23 seconds
o) e —
@g 20- crnd s aad 114 A LaAdd
5% o by Y PRI AT L LA
8 s(ﬁ L | Tt
2% 20— — ]
9
S 40 — 1 — 1|
D 6o —ie — =

0 90 180 270 360

One revolution of the output shaft ( °)
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Product selection

Product selection flowchart

— 34

Step 1.
Set items required for selection.

Setting of equipment to be verified

o Actuator mounting orientation « Rotation section selection
o Presence of the hollow shaft in the actuator

Review load conditions. |

v

Setting of operation conditions

o Weight of the equipment to be verified *Cycle time

* Configuration of the equipment to be verified @ Operating hours per day
* Rotation angle  Operating days per year
© Rotation time

Step 2.
Verify the operating environment.

Checking of operating environment
© Ambient temperature  Surface temperature of motor frame center
© Humidity © Locations where the product
* Altitude cannot be installed
© \entilation (Refer to page 24.)
© Reduction gear surface temperature

Compatible NO

YES

Step 3.
Verify the load.

[ 1. Calculation of inertia moment |

[ 2. Calculation of constant torque |
T

e-evaluate
operation pattern,

YES

[3- Setting of operation pattern |

4. Calculation of inertia torque

5. Calculation of load torque ]

| 6. Calculation of average speed and average |

Step 4. load torque |
Select the model. !

alculate the rated torque NO

that satisfies the required life
and select an actuator.
YES <
v
| Select an actuator based on the cal i rated torque | | Tentatively select an actuator model. |
Verify the torque range. NO S e lounis e NO

T4, T3, N2 < Momentary maximum torque range

Verify the effective torque.
Trms < Rated torque

Verify the holding torque.
Th < Rated torque

or
T < Brake holding torque

Verify the thrust load and moment load.
W2, M < Allowable moment diagram

Verify the load inertia moment.
I < Allowable load inertia moment

YES
YES

Verify the holding torque.
Th < Rated torque

or
T < Brake holding torque

Verify the thrust load and moment load.
Wa, M< Allowable moment diagram

Verity the load i

T4, T3, N2 < Momentary maximum torque range

Verify the effective torque.
Trms < Rated torque

Ir < Allowable load inertia moment

YE

Reconsider the
appropriate ol

2
| Determine the actuator model. |

S
ife. N

Verify the service life.
Lex<L
YES

appropriate mode

Reconsider the

Check that the regenerative energy calculated from the operation pattern is within the capacity of
the regenerative resistor for the servo amplifier to be used. (Refer to page 41.)




Product selection

~ Model code selection examples

&

With horizontal rotational transfer
Step 1. Set the items required for selection.

L]
il

Setting item Setting

Reduction gear mounting direction
Presence of the hollow shaft in the actuator
Rotation section selection

Equipment weight to be considered

Vertical shaft installation

No hollow shaft type (Solid type)
Shaft rotation direction when the
case is fixed

Fixing component

& Equipment to be
verified: Work

Equipment to be
verified: Disk

Actuator

Wa Disk weight (kg) 180
Wg Work weight (kg) 15 x 4 pieces
Emn —I
Dy~ Disk: D dimension (mm) 1,200 g Toof! | T2 Condtan s tres.
a————— Work piece: a dimension (mm) 100 g Terprig ] LT e oraue for stop
b ————— Work piece: b dimension (mm) 300 E
D, Work piece: P.C.D. (mm) 1,000 T Tapedeee —
= P
§—— Rotation angle (°)*' 180 E Nz- \ : S
[ +z+1o}—— Rotation time (5 20 A / N e e
[t4] Stop time (s) 5 <D Jﬂ.<t—2.ut_3~t_4-
Qq Equipment operation hours per day (hours/day) | 24 o o
Qo—— Equipment operation days per year (days/year) 365

*1. When the range of the rotation angle is small (10 degrees or less), the rated life of the reduction gear

may be reduced due to poor lubrication or internal parts being subject to a concentrated load.
Step 2. Verify the operating environment.

Checkpoint
Ambient temperature (°C)
Reduction gear surface temperature (°C)

Standard value

Oto 40
60 or less

Motor series: MINAS A6 Motor series: MINAS A5
AFOT7N (0.4kW) | AFO17N (1.0KW) | AFO42N (1.0KW) | AFO42N (1.5kW) | AFOSON | AF050C | AF120C | AFO42N | AF125N | AF38ON | AF500N | AF200C | AF320C
Surface temperature of
motor frame center (C) 85 80 80 90 90 80 90 70 90 85 85 90 90
Note: Refer to “Operating environment” on p. 32 for values other than those listed above.
Step 3-1. Verify the load.
Setting item Calculation formula Selection examples
(1) Calculate the inertia moment based the calculation formula on page 38.
2
D 2
Wy x (7‘) 1,200
= \2x1.000) 180 X(z ><1,000)
2 g1 = 27
2 2 2
- | =| (i](i] +WBX(7D2 ) }n =324 (kgm?)
| Load inertia moment 12 {1,000 \1,000 2x1,000 15 (100 ¥ (300 ¥ 1,000 ¥
R (kgm?) 're= [?{(%) (t0) } 5% (521505 }“
| gy =Disk inertia moment =15.5(kgm?)
| o =Work inertia In =324 +155
g =Tai+lr =47.9 (kgm?

(2) Examine the constant torque.

Constant torque
(Nm)

TR

(3) Verify the load (horizontal direction).

TH

Holding torque (Nm)

n =Number of work pieces

Din
21,000 ©

Tr=(Wa+Wg )x 9.8 x

u =Friction factor

H

Note: Use 0.015 for this example as the load is applied
to the bearing of the RD2 precision reduction
gear.

D,=Rolling diameter: Use the pilot diameter which is
almost equivalent to the rolling diameter in this
selection calculation.

Note: If the actuator model is not determined, select
the maximum value for D,,.

Solid type: 284 (mm), Hollow shaft type: 440
(mm)
Mode! ‘AFOWN ‘ AFOZ2 ‘AFOBON ‘ AF125N \AFSBON \ AFS00N \ AFUBUC\ AF1200 \ AF2000 \AFSZOC
Din | 115 [ 16 [ 160 | 185 | 232 | o8 [ o0 [ o8 | ss¢ | a0

0 for horizontal rotational transfer

Tr= (180 +15 x4)x 9.8 x

x0.0156

_284
21,000

=5.0(Nm)

T,=0

Step 3-2: Proceed to p. 37.
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Product selection

With vertical rotational transfer
Step 1. Set the items required for selection.

Setting item

Reduction gear mounting direction
Presence of the hollow shaft in the actuator
Rotation section selection

Setting

Horizontal shaft installation
No hollow shaft type (Solid type)
Shaft rotation direction when
the case is fixed

Equipment weight to be considered

Ws —— Mounted work weight (kg)

| 490 \

Equipment configuration to be considered

~ Model code selection examples

Actuator

Fixing component

Equipment to be examined

Rotation center

a
&

e

a a dimension (mm) 500
b b dimension (mm) 500 Position of the center of gravity
R R dimension (mm) 320 g Ti--
a Angle a (%) 80 8 To- ]— T3 Conctan s toreve
g ) P EEESEPEREN 3 Ta: Maximum torque for stop
Operation conditions b i T4: Holding torque
©
0 Rotation angle (°)*' 90 S -
[ty+to+t3]—— Rotation time (s) 15 . :
c
[ta] Stop time (s) 18.5 € Ne- :
B Ni- --Na mz gsgrsa(agtsszzzdfor start
Q; ———— Equipment operation hours per day (hours/day) | 24 § : : A Average sgeed forsiopup
%) T —
Q, ——— Equipment operation days per year (days/year) | 365 e s e
*1. When the range of the rotation angle is small (10 degrees or less), the rated life of the
reduction gear may be reduced due to poor lubrication or internal parts being subject to a
concentrated load.
Step 2. Verify the operating environment.
Checkpoint Standard value
Ambient temperature (°C) 0to 40
Reduction gear surface temperature (°C) 60 or less
Motor series: MINAS A6 Motor series: MINAS A5
AFOT7N (0.4KW) | AFO17N (1.0kW) | AFO42N (1.0KW) | AFO42N (1.5kW) | AFOBON | AFO50C | AF120C | AFO42N | AF125N | AF38ON | AF500N | AF200C | AF320C
Surface temperature of
motor frame center (C) 85 80 80 90 90 80 90 70 90 85 85 90 90
Note: Refer to “Operating environment” on p. 32 for values other than those listed above.
Step 3-1. Verify the load.
Setting item Calculation formula Selection examples
(1) Calculate the inertia moment based the calculation formula on page 38.
- 490 [(500Y, (500 3202
| Load inertia moment W ](a 2+ 12 W iz 'R:W x|(1m) +(1W) }+490><(1W)
R (kgm?) R=12 *{\f,000) *§000) | e *\f000
=70.6(kgm?)
(2) Examine the constant torque.
320
TR C’)\lonstant torque T =W X985 - oFé)o Tr=490%9.8x 7000
(Nm) ’ =1,537(Nm)
(8) Verify the load (vertical direction).
Holding torque 320
TH i g torq Th = Wo x9.8x o000 Ty =490 x9.8x 1000 xc0s80
=267(Nm)

Step 3-2: Proceed to p. 37.

(Refer to “With horizontal rotational transfer” for selection examples.)




Step 3-2. Set items required for selection

Setting item

Calculation formula

(8) Set the acceleration/deceleration time, constant-speed operation time, and output speed.
* The operation pattern does not need to be verified if it is

Selection examples (With horizontal rotational transfer)

Assume that:

Acceleration tim already set. t1=t3=0.5(s), t2=1.0(s)
& caeleration time (s) « |f the operation pattern has not been determined, use the fol-
lowing formula to calculate the reference operation pattern. N 180
gz —— %
; Constant-speed operation 0 3x(0.5+2x1.0+05)
2 ; Np= — 2 = 20(min~"'
time (s) 27 Bx(ti+2xta+ty) ( )
ts Deceleration time (s) Note: 1. Enter a value that satisfies t1 = t2 < (t1 + t2 + t3)/2.
Note: 2. Assume that t1 and t3 are the same.
N2 Constant speed (min™)
Average speed for startu 20 .
Ny . ,19 P P N1:7N2 N;==-=10 (min-)
(min™) 2 P
Average speed for sto 20 ,
N3 erage sp P N, =2 Ng=="=10 (min)
(min™) 2 2

(4) Calculate the inertia torque for acceleration/deceleration.

Inertia torque for acceleration

TA={47.9 x(zofo)}xzin

|RX(N2_O)} 2n
T, =R | 2T 60
Ta (Nm) A { t, 60 05
= 200.6(Nm)
nertia ¢ for decelerat 479 x(0-20)) 2n
_ [ el Vil
™ nertia torque for deceleration TD:{IRx(O Ng)}XQJ D { 05 } 0

(6) Calculate the load torque for acceleration/deceleration.

(Nm)

ts 60

= —200.6(Nm)

, Ty =[Ta+Tr|
T Maximum torque for startup Tr: Constant torque T,=]2006 +5.0|
|
(Nm) With horizontal rotational transfer Refer to page 35 =205.6 (Nm)
With vertical rotational transfer Refer to page 36
Constant maximum torque
T. =T, T,=5.0(Nm
2 (Nm) 2=Tel »=5.0(Nm)
i Ty =[Ta+Tr|
T Maximum torque for stop Tr: Constant torque T3=|-200.6 +5.0|
3
(Nm) With horizontal rotational transfer Refer to page 35 =195.6 (Nm)
With vertical rotational transfer Refer to page 36
Ta Holding torque (Nm) Ty =|Ty| T,=0

(6)-1 Calculate the average speed.

Nm

(6)-2 Calculate the average load torque.

Tm

Average speed (min™)

Average load torque (Nm)

N = tx Ny+t,x Ny +t5xNg
" ti+tp+ty

10 10 10
3

. T T
Bty o NS T N,

T

m

XNy +1ox Ny +13x Ng

~ 05x10 +1.0x20+0.5x10
B 05+10 +05
=15(min-")

Nm

10
3

10, 10 10
T :3J0.5x10 %2056 3+1.0x20x5.0%+0.5x10 x195.6
m 05x10 +1.0x20+0.5x10
=1444 (Nm)

Go to page 38 if the actuator model is verified based on the required life.
Go to page 40 if the service life is verified based on the actuator model.
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Step 4. Select an actuator

Actuator selection method (1) Calculate the required torque based on the load conditions and required life and select an actuator.

Setting/verification item

Calculation formula

(1) Calculate the rated torque for the reduction gear that satisfies the required life.

Selection examples (With horizontal rotational transfer)

Lex — Required life (year)

Based on the operation conditions 10 years

Number of cycles per day Q,x60 x60 Qioy = _24x60x60

Qiey ——— (times) o Tt atar s 0.5+1+0.5+5
TeTis T = 12,343 (times)

Operating hours of actuator Qo x(ty+t,+13) Qy= 12343 x(05+1.0+05)
Qg ——— Qg=—=——"—"— 60 x 60

per day (h) 60 x60 —69(h)

Operating hours of actuator Q4 =6.9x365
Q. Q, =Q3xQ 4

4 per year (h) o =2,519 (h)
Lnour Actuator service life (h) Lhour = Q x Ly Lhour :5::50?;)0
) @ Lhour Nin

Reduction gear rated torque Tot =Trxts | Reduclon geer eed sence e+ Reduciongearraed ol speed | To' - 1444 x(9) [25.190 | 15

To'——_ that satisfies the required life Note 6,000 ~ 15

(Nm)

Reduction gear rated service life = 6,000 (h)
Reduction gear rated output speed = 15 (min™')

=222.0 (Nm)

(2) Tentatively select a reduction gear model based on the calculated rated torque.

Tentative selection of the actuator

Select an actuator for which the rated torque of the reduction
gear [To'] is equal to or smaller than the rated torque of the
reduction gear that satisfies the required life.

Note

Reduction gear rated torque: See pages 14 and 15.

Tentatively select AFO42N, which satisfies the following
formula.

[To’] 222.0 (Nm) < Reduction gear rated torque 412 (Nm)

(8) Verify the torque range.

Verification of the torque range

Check that the load torque and operation pattern are within

the momentary maximum torque range.
Momentary maximum torque range: See page 16.

They are within the momentary maximum torque range.
There is no problem with the tentatively selected model.

(4) Verify the effective torque.

Verify the effective torque.

Check that the effective torque [Trms] is equal to or smaller
than the rated torque.

T \/ 1 xT1 22X T2%+3x T3%+14xT4°
ms =
ti+to+Ha+y

Tome = \] 0.5x205.6°+1.0x5.0°+0.5x195.6°+5x0°
™= 05+1.0+0.5+5
=75.9 (Nm)

[Trms] 75.9 < Rated torque 355 (Nm)
There is no problem with the tentatively selected model.

(5) Verify the holding torque.

Verification of the holding torque

If the servo lock is used for holding, check that the holding
torque [T, is equal to or smaller than the rated torque.

If the motor built-in brake is used for holding, check that the
holding torque [T, is equal to or smaller than the brake hold-
ing torque.

[T] O (Nm) < Rated torque 355 (Nm)
There is no problem with the tentatively selected model.




Actuator selection method (1) Calculate the required torque based on the load conditions and required life and select an actuator.

Setting/verification item
(6) Verify the thrust load and moment load.
Wy ——— Radial load (N)

Distance to the point of radial

Calculation formula

Output shaft installation
surface

t load application (mm)
Wp ——— Thrust load (N)
Distance to the point of thrust
12 -
load application (mm)
M=W1x(l +b-a)+Woxt,
M ———— Moment load (Nm) 1,000

a,b: Refer to the calculation
of the tilt angle on page 42.

Selection examples (With horizontal rotational transfer)

0 (N)

0 (mm)

In this example,
Wy= W+ Wg=(180+20x4)x98
=2352 (N)

Note WA, WB : Refer to page 35.

0 (mm) (As the workpiece center is located on the rotation
axis)

AF042N As dimension a = 29 (mm) and dimension b =
131.1 (mm):
_0x(0+131.1-29) +2,352 x0

M
1,000

=0(Nm)

Verify the thrust load and moment load

(7) Verify the load inertia moment.

Verify the load inertia moment.

Check that the thrust load and moment load are within the
range in the allowable moment diagram on page 18.
When radial load Wi is applied within dimension b, use the
reduction gear within the allowable radial load.

If the tentatively selected reduction gear is outside of the
specifications, change the reduction gear model.

Check that the load inertia moment [l5] is equal to or smaller
than the allowable load inertial moment.

For this example,

Thrust load [Wa] = 2,352 (N)

Moment load [M] = 0 (N)

As the above values are within the range in the allowable
moment diagram.

There is no problem with the tentatively selected model.

[Il] 47.9 (kgm?) < Allowable load inertia moment 51 (kgm?)
There is no problem with the tentatively selected model.

Select the actuator model that satisfies all the conditions of the above verification items.

Based on the above verification result, AFO42N is
selected.

Actuator selection method (2) Tentatively select an actuator model and evaluate the service life.

Setting/verification item

(1) Tentatively select a desired actuator model.

Tentative selection of the actuator
(2) Verify the torque range.

Verification of the torque range

(3) Verify the effective torque.

Verify the effective torque.

(4) Verify the holding torque.

Verification of the holding torque

Calculation formula

‘ Select a desired actuator model.

Check that the load torque and operation pattern are within

the momentary maximum torque range.
Momentary maximum torque range: See page 16.

Check that the effective torque [Trms] is equal to or smaller
than the rated torque.

T \j t1xT12+12xT2*+3x T3 +14xT4°
ms =
¢ [T,

If the servo lock is used for holding, check that the holding
torque [T,] is equal to or smaller than the rated torque.

If the motor built-in brake is used for holding, check that the
holding torque [T, is equal to or smaller than the brake hold-
ing torque.

Selection examples (With horizontal rotational transfer)

‘ For example, tentatively select AFO42N.

They are within the momentary maximum torque range.
There is no problem with the tentatively selected model.

T \/ 0.5x205.6°+1.0x5.0°+0.5x195.6°+5x0°
ms =
° 0.5+1.0+0.5+5

=75.9 (Nm)

[Trms] 75.9 < Rated torque 355 (Nm)
There is no problem with the tentatively selected model.

[T] O (Nm) < Rated torque 355 (Nm)
There is no problem with the tentatively selected model.
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Reduction gear selection method (2): Tentatively select a reduction gear model and evaluate the service life.

Setting/verification item

(1) Verify the thrust load and moment load.

Wy ——— Radial load (N)
0 Distance to the point of radial
load application (mm)
Wa Thrust load (N)
Distance to the point of thrust
o —— -
load application (mm)
M Moment load (Nm)

Calculation formula

Output shaft installation
ace

Wyx (£ +b-a)+Wox s
1,000

a,b: Refer to the calculation

of the tilt angle on page 42.

M=

Selection examples (With horizontal rotational transfer)

0 (N)

0 (mm)

Wy = Wat W = (180 +15 x4) x98
=235 (N)

0 (mm) (As the workpiece center is located on the rotation
axis)

AF042N As dimension a = 29 (mm) and dimension b =
131.1 (mm):
_ 0x(0+131.1-29) +2,352 x0

1,000

M

=0(Nm)

Verify the thrust load and moment load

(2) Verify the load inertia moment.

Verify the load inertia moment.

(3) Verify the reduction gear service life.

Check that the thrust load and moment load are within the
range in the allowable moment diagram on page 18.
When radial load Wi is applied within dimension b, use the
reduction gear within the allowable radial load.

If the tentatively selected reduction gear is outside of the
specifications, change the reduction gear model.

Check that the load inertia moment [l5] is equal to or smaller
than the allowable load inertial moment.

10
3

Ly, = Reeiongeared p >(Reduchongearraledspeed « [Heduchongearmedlorquej

For this example,

Thrust load [W2] = 2,352 (N)

Moment load [M] = 0 (N)

As the above values are within the range in the allowable
moment diagram.

There is no problem with the tentatively selected model.

[Ia] 47.9 (kgm?) < Allowable load inertia moment 51 (kgm?)
There is no problem with the tentatively selected model.

1

5}

N n L, = 6.000% 18 [ 412.)°
Ln Life (n) Reduction gear rated service life=6,000 (n) e 15\ 144.4
Eezt:iuction gear rated speed=15 (min~) = 197,660 (h)
ote
Reduction gear rated torque: See pages 14 and 15.
. Q;x60 x60 24 x60 x60 .
- XOU XPY = ST T 12,343 (1
Qioy Number of cycles per day (times) oy =T 4ttt Qyqy 0551 00545 343 (times)
. Qioy x(ty+t,+15) 12,343 x(0.5+1.0+0.5)
Q. = ey X(i+laHg T T 6.9 ()
Qg Operating hours per day (h) 3 60 x60 3 60 %60 (h)
Q4 — Operating hours per year (h) Q= QgxQyp Q4=6.9 x365 =2519 (h)
) . L 197,660
Lyear Reduction gear service life (year) Lyear = - Lyear = ei9 © 78.5 (year)
4 y
x  ~hequired lite (year, ased on the operation conditions years
Required life (y: Based on th i diti 10

Verification of the service life

Check the following condition:
[Lex] is equal to or less than [Lyear]

If the tentatively selected reduction gear is outside of the
specifications, change the reduction gear model.

[Lex] 10 (year) < [Lyear] 78.5 (year)
There is no problem with the tentatively selected model.

Select the actuator model that satisfies all the conditions of the above verification items.

Based on the above verification result, AFO42N is
selected.




Servo amplifier regenerative resistor capacity

The regenerative energy generated when the actuator decelerates may return to the servo ampilifier, depending on the load conditions
and operational pattern. Check that the regenerative energy is within the capacity of regenerative resistor for the servo amplifier to be
used. If the regenerative energy exceeds the resistor’s capacity, consider using an external regenerative resistor.

For the regenerative resistor capacity and selection of an external regenerative resistor, you can check the Panasonic Corporation
motor selection software (see URL below).

http://www3.panasonic.biz/ac/j/motor/fa-motor/ac-servo/mselect/index.jsp

Contact Panasonic Corporation if you have any questions.

If you use the Panasonic Corporation motor selection software, select the following motors according to the model of this product.

Motor series: MINAS A6 Motor series: MINAS A5

Model Motor Model Motor
AFO17N (0.4kW) MHMF (IP65) AF042N MDME (IP65)
AFO17N (1.0kW) MDMF (IP67) AF125N MHME (IP65)
AF042N (1.0kW) MDMF (IP67) AF380N MDME (IP65)
AF042N (1.5kW) MDMF (IP67) AF500N MDME (IP65)
AFO80N MDMF (IP67) AF200C MDME (IP65)
AF050C MDMF (IP67) AF320C MDME (IP65)
AF120C MDMF (IP67)
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Calculation of tilt angle

When a load moment occurs with an external load applied, the output Output shaft installation surface

shaft will tilt in proportion to the load moment (If £3 is larger than b)

The moment rigidity indicates the rigidity of the main bearing, and it is a @\‘
represented by the load moment value required for tilting the main bearing

by 1 arc.min. W1

o
=

L ] N .
0 : Tilt angle of the output shaft (arc.min.) N i’}
M : Moment rigidity (Nm/arc.min.) N
6= LW% Wi, W2 : Load (N) <
M: X 10 1,82 : Distance to the point of load application %ﬁ H W2
(mm) 7 2| —
b T . b2
¢ H+—-a
! 2 b £
{ : Distance from the output shaft installation 7 [
surface to the point of load application (mm) =
Moment rigidity Dimensions Moment rigidity Ll =TS
Model (central value) Model (central value)
(Nm/arc.min.) & b (Nm/arc.min.) & b
AF017N 515 221 112.4 AF050C 1,960 50.4 187.1
AF042N 840 29 131.1 AF120C 4,263 60.6 209.6
AF080N 1,190 33.8 151.8 AF200C 9,800 76 280.4
AF125N 1,600 41.6 173.2 AF320C 12,740 1145 360.5
AF380N 5,200 48.7 248.9
AF500N 6,850 56.3 271.7

Calculation of torsion angle

Calculate the torsion angle when the torque is applied in a single direction, using an example of AF125N.
1) When the load torque is 30 Nm-«---veveveeesn Torsion angle (ST4)

e \When the load torque is 3% or less of the rated torque

= Lolad torque Lost motion _ 30 o 1 — 0.40 (arc.min.) or less
3% of reduction gear rated torque 2 36.8 2
2)  When the load torque is 1,300 Nm:-:oooeeeeeene Torsion angle (ST»)

¢ \When the load torque is more than 3% of the rated torque

. ~ 0, 4 - .
ST, = Lost motion + Load torque Sé.ofreductpn g.ear rated torque _ 1 + 1,300 - 36.8 _ 4.28 (arc.min.) or less
2 Torsional rigidity 2 334
Note: The torsion angles that are calculated above are for a single reduction gear.
: C Lost motion ; C Lost motion
Torsional rigidity . Backlash Torsional rigidity . SeelkEeh
Model | (centralvalue) | | ost motion |Measured torque - Model | (centralvalue) | | ost motion |Measured torque :
. ) (arc.min.) . ) (arc.min.)
(Nm/are.min) | (arc.min.) (Nm) (Nm/are.min) | (arc.min.) (Nm)
AFO17N 36 1 +5.0 1 AF050C 255 1 +14.7 1
AF042N 113 1 +12.4 1 AF120C 588 1 +35.3 1
AFO80ON 212 1 +23.5 1 AF200C 980 1 +58.8 1
AF125N 334 1 +36.8 1 AF320C 1,960 1 +94.1 1
AF380N 948 1 +112.0 1
AF500N 1,620 1 +147.0 1




Design points
Design of actuator installation components

Installation of the actuator and mounting it to the output shaft

When installing the actuator, use hexagon socket head cap screws and tighten them at the torque specified below.
The use of Serrated lock washers is recommended to prevent the hexagon socket head cap screws from loosening
and to protect the seat surface from flaws.

* Hexagon socket head cap screw

<Bolt tightening torque and tightening force>

Bolt connective |  Number of bolts - Tightening torque | Allowable transmission P
ige component Size (Nm torque (Nm) Bolt specification
Shaft 8-M8 37.2+1.86 934
AFOTTN Case 16-M5 9.01+0.49 1,380
Shaft 9-M10 73.5+3.43 2,185
AFO42N Case 16-M6 15.6+0.78 2,341
Shaft 24-M8 37.2+1.86 4,399
AFOBON Case 16-M8 37.2+1.86 5,032
Shaft 21-M10 73.5+3.43 6,872
ArTzen Case T6-M10 7354343 9,322 Hexagon socket head cap screw
AF380N Shaft 33-M12 129+6.37 25,787 :
Case 24-M12 129+6.37 27,374 Strength class
AFS00N Shaft 33-M12 129+6.37 30,002 JISB 1051 : 2000 12.9
Case 28-M12 129+6.37 35,292 Thread
9-M10 73.5+3.43 3,419 real
AF050C Shaft JIS B 0209 : 2001 6g
Case 12-M8 37.2+1.86 5,305
Shaft 12-M12 129+6.37 7,934
AF1200 Case 14-M10 73.5+3.43 13,984
Shaft 9-M16 319+15.9 13,642
AF200C Case 16-M12 129+6.37 22,878
Shaft 15-M16 319+15.9 34,2083
AFa200 Case 12-M16 319+15.9 41,137

Note: 1. The tightening torque values listed are for steel or cast iron material.
2. If softer material, such as aluminum or stainless steel, is used, limit the tightening torque. Also take the
transmission torque and load moment into due consideration.

<Calculation of allowable transmission torque of bolts>

T Allowable transmission torque by tightening bolt (Nm)
F Bolt tightening force (N)
D Bolt mounting P.C.D. (mm)

D —
T=FXJdX—F——=Xxn | u Friction factor
2x1,000 u=0.15: When lubricant remains on the mating face.
pu=0.20: When lubricant is removed from the mating face.
n Number of bolts (pcs.)

¢ Serrated lock washer for hexagon socket head cap screw
Name: Belleville spring washer (made by Heiwa Hatsujyo Industry Co., Ltd.)
Corporation symbol: CDW-H

CDW-L (Only for M5) Assemble the bolt so that the bolt
Material: S50C to S70C head faces this side
Hardness: HRC40 to 48 t
Unit: mm) Ny
ID and OD of N
Belleville
Nominal spring washer
. t H
size
ad @D - - @d oD
5 5.25 8.5 0.6 0.85
6 6.4 10 1.0 1.25
8 8.4 13 1.2 1.55
10 10.6 16 1.5 1.9 H
12 12.6 18 1.8 2.2 —> <
16 16.9 24 2.3 2.8

Note: When using any equivalent washer, select it with special care given to its outside diameter.
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Align the case bolt holes (tapped holes) with the tapped holes (bolt holes) of the installation components, and the
tapped holes of the shaft with the installation component bolt holes, and install the case with the designated number of
bolts.

Use the specified tightening torque to uniformly tighten the hexagon socket head cap screws (with corresponding

serrated lock washers).
Use either the outside or inside fit for the shaft.
After installing the actuator, we recommend the creation of a tapped hole for injecting/draining grease to enable

lubricant replacement. An installation example is shown below.
Note: Always verify after installation that each bolt has been tightened at the specified torque.
e For AFO17N, 042N, 080N, and 125N models e For AF380N and 500N models

Serrated lock washer Actuator

Actuator

Hexagon socket head cap screw

I
Il
i

O
= B Hexagon socket
head cap screw
Hexagon socket Serrated lock washer
head cap screw
Tapped hole for
injecting/draining grease

Serrated lock washer

Tapped hole for
injecting/draining grease

Inside mating part

ﬂE—B—ﬁ ==
Outside mating part Shaft installation component
\Case installation component

Suitable O-rings for O-Ring (I) in the diagram above are indicated in the following tables. Refer to these values when

designing seals for the installation components.

Outside mating part
Shaft installation component,

Case installation component Serrated lock washer

e O-ring (l) JIS B 2401 : 2012 (Unit: mm)
, O-ring dimensions If it is difficult to purchase any of the O-rings in the
Model ©-ring number Inside diameter Width table to the left, select an O-ring based on the
AF380N G145 @0144.4 @31 design standard of each manufacturer by referring
AF500N G185 ©184.3 @5.7 to the dimensions listed to the left.

If an O-ring cannot be used for structural reasons, seal the part by referring to the following instructions.

Example application

e Recommended liquid sealant
Refer to the diagram at right and apply the sealant so that it does not get inside
the reduction gear and does not leak out of the shaft installation bolt hole.

D
BRI

Name (Manufacturer) Characteristics and applications

X

RS>

2;::51.46\«»‘

X

ThreeBond 1211 e Silicone-based, solventless type
(ThreeBond Co.) e Semi-dry gasket
HermeSeal SS-60F e One-part, non-solvent elastic sealant

(Nihon Hermetics Co.) | ® Metal contact side (flange surface) seal
e Any product basically equivalent to ThreeBond 1211

R

N

s
R

X
A
SRR

TR
S

S
SRRz

S
s
R

R
R

%
R

>
\g‘{:

R

Loctite 515 ® Anaerobic flange sealant
(Henkel) e Metal contact side (flange surface) seal

RIS
GRS

Note: 1. Do not use for copper or a copper alloy. o to apply i
2. Contact us regarding use under special conditions (concentrated alkali, high-pressure steam, etc.)




Design points

Lubricant

Lubricant

The standard lubricant for the AF series is grease. The actuator is filled with our grease (RV GREASE LB00) before

shipping.

When the actuator is operated with the appropriate amount of grease filled, the standard replacement time due to

grease degradation is 20,000 hours. If the grease is dirty or the actuator is operated under poor ambient temperature

conditions (40°C or higher), check the grease for any degradation or contamination and determine the replacement

time.

<Approved grease brand>

Brand

RV GREASE LB0O

<Amount of lubricant>
Motor series: MINAS A6

Motor series: MINAS A5

Manufacturer

Nabtesco Corporation

Ambient temperature

-10 to 40°C

Note

e Keep this product away from areas with a large number of water or
oil droplets. Do not let water or oil enter the connector through the
wiring. If water or oil enters, it could cause damage to this product -
or an electric shock.

¢ |nstall the wires so that water or oil does not enter the connector.

The wiring shown on the right can prevent water or oil droplets

from entering the connector as they fall off the wiring.

Water droplet

0
0

ezt ﬁg:ig:?wt g) HEeE| |ﬁg:i2::: g)

AFO17N (0.4KW) | 206 AFO42N 324

AFO17N (1.0kW) | 171 AF125N 754

AFO42N (1.0kW) | 324 AF380N 1,622
AFO42N (1.5KW) | 324 AF500N 1,850
AFOBON 550 AF200C 2,626
AF050C 754 AF320C 4,891
AF120C 955
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Inertia moment calculation formula

e —

Shape I(kgm2) Shape I(kgm?)
1. Cylinder solid 6. Horizontal movement by conveyor
1
I, =—MR?
2
M(kg) )
|z Z R(m Mika) Ms(kg) V(m/min) Ma(kg)
v = 2 1(kg +
2——1 & X | = lM R+ & R(m | = My + My +M; + M, |xR?
i x v
1 4 3 J 2
a(m) R(m Wie(kg) N(min"')
=1,
2. Cylinder hollow 7. Horizontal movement by lead screw
=M (R7+R,?) |
k) E 2 V(m/min
g v M(kg)
|z x Z Rim — 2 2
: 2 ™ MV M(P
777777 a - -
X—1— :% < I =lM (R2+R2)+* N(min) == ==
1 & R Yoy T2 g 4 \mxN 4\m
T 2(m l —r—
am) Lead: P(m/rev)
=1,
3. Oval cross section 8. Up/down movement by hoist
_1
I —EM(b2+Cz)
= N(min)
M(kg) Tz z 1 c 2 a 2
x~T— 1 Y |y =M |—Ft— 1
| SSE 4 4 3 V(mimin) I=M,R*+ oM, R
a(m) b(m)
2 2 Mi(k
| . = 1— M |— a 9
4 4 3
4. Rectangle 9. Parallel axis theorem
— 2
Mk , M(kg) I o : Moment of inertia of any
| z object about an axis
X ,,7%7,,, Y % B | y = E M (32 + 2 ) I _(l Center axis through its center of mass
] ‘ ° [ o | : Moment of inertia about
a(m) b(m) ___”([")_[_ {l Rotation axis any axis parallel to the axis
1 1 through its center of mass
I, =->M(a+b?) ugh i
12 n : Perpendicular distance
between the above two axes
5. General application
V(m/min)
Mkg) 2
e MY yre
4 \mxN

JN(min")
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» FAX USA: / Germany: / Osaka Sales Office: / Shanghai:
1-248-553-3070 /49-211-364677  / 81-6-6341-7182  / 86-21-3363-2655

APPLICATION WORKSHEET (suuhbestons . oue
Company name: Department name:
Name: E-mail:
Tel: - - Fax: - -
1. How used 5. Operating environment

Name of Machine: , ,

Operating environment temperature ~ °C

Applied to: 6. Installation

2. Model [ Horizontal Vertical (g fg vpv er":";zrr )
AF

3. Conditions of load

E 1
z T1
Iy e T1: Maximum torque for startup
=] T2 B To: Constant maximum torque
=3 Ta - f-ogeeaanns . Ta: Maximum torque for stop
]
= . . Ta: Holding torque
el
[ .
] :
Tooperfoeee =
£ :
g Ne- - \ :
= : N\ : N2: Constant speed
8 N1--f/ M T\ N3 . N1: Average speed for startup
8_ . . . B Na: Average speed for stop
@ h b bt
For starting | For constant | For stopping . 5
(MAX) speed (MAX) For holding Cycle time
Load torque (T1 2 3 e
(Nm)
Speed N1 N2 N3
(min’)
Time t1 74 T3 1]
(s)

Working hours  Cycle/Day: Day/Year: Year

4. External load conditions

Output shaft mounting surface
(Typical Example)
Im /&
Vi
>
|11 W:
0

(Wh) : (N) (0): (mm)
(W2) : (N) (02): (mm)

Illlustration for installation

7. Other

[
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1. In the case where Nabtesco confirms that a defect of the Product was caused due to Nabtesco's design or
manufacture within the Warranty Period of the Product, Nabtesco shall repair or replace such defective
Product at its cost. The Warranty Period shall be from the delivery of the Product by Nabtesco or its
distributor to you (“Customer”) until the end of one (1) year thereafter, or the end of two thousand (2,000)
hours from the initial operation of Customer's equipment incorporating the Product at end user's production
line, whichever comes earlier.

2. Unless otherwise expressly agreed between the parties in writing, the warranty obligations for the Product
shall be limited to the repair or replacement set forth herein. OTHER THAN AS PROVIDED HEREIN,
THERE ARE NO WARRATIES ON THE PRODUCT, EXPRESS OR IMPLIED, INCLUDING WITHOUT
LIMITATION ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE.

3. The warranty obligation under the Section 1 above shall not apply if:

a) the defect was caused due to the use of the Product deviated from the Specifications or the working
conditions provided by Nabtesco;

b) the defect was caused due to exposure to foreign substances or contamination (dirt, sand etc.)
c) lubricant or spare part other than the ones recommended by Nabtesco was used in the Product;

d) the Product was used in an unusual environment (such as high temperature, high humidity, a lot of dust,
corrosive/volatile/inflammable gas, pressurized/depressurized air, under water/liquid or others except for
those expressly stated in the Specifications);

e) the Product was disassembled, re-assembled, repaired or modified by anyone other than Nabtesco;
f) the defect was caused due to the equipment into which the Product was installed;

g) the defect was caused due to an accident such as fire, earthquake, lightning, flood or others; or

h) the defect was due to any cause other than the design or manufacturing of the Product.

4. The warranty period for the repaired/replaced Product/part under the Section 1 above shall be the rest of the
initial Warranty Period of the defective Product subjected to such repair/replace.
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Nabtesco Corporation

Europe and Africa Nabtesco Precision Europe GmbH
Tiefenbroicher Weg 15, 40472 Diisseldorf, Germany E [=]
TEL: +49-211-173790 FAX: +49-211-364677
E-MAIL: info@nabtesco.de www.nabtesco.de =]

North and South America  Nabtesco Motion Control Inc.
23976 Freeway Park Drive, Farmington Hills, MI 48335, USA
TEL: +1-248-553-3020 FAX: +1-248-553-3070
E-MAIL: engineer@nabtescomotioncontrol.com  www.nabtescomotioncontrol.com

China Shanghai Nabtesco Motion-equipment Co., Ltd.
Room 1706, No. 388 Fu Shan Road, Pudong New Area, Shanghai 200122, China
TEL: +86-21-3363-2200 FAX: +86-21-3363-2655
E-MAIL: info@nabtesco-motion.cn - www.nabtesco-motion.cn

India Nabtesco India Private Limited
No. 506, Prestige Meridian - || No.30/8, M.G. Road, Bangalore-560 001 India
TEL: +91-80-4123-4901 FAX: +91-80-4123-4903

Asia and others Nabtesco Corporation
Nagoya Office
9th Fl, Nagoya 2nd Saitama Bldg., 2-28 Meieki 4-chome, Nakamura-ku, Nagoya 450-0002, Japan
TEL:+81-52-582-2981 FAX:+81-52-582-2987

Customer Support Center
594 Icchoda, Katada-cho, Tsu, Mie 514-8533, Japan
TEL: +81-59-237-4672 FAX: +81-59-237-4697

E-MAIL: P_Information@nabtesco.com https:/precision.nabtesco.com/

e Nabtesco and RV are registered trademarks or trademarks of Nabtesco Corporation.

e Panasonic and PANATERM are registered trademarks or trademarks of Panasonic Corporation.

e Specifications are subject to change without notice.

e The PDF data of this catalog can be downloaded from the following website.
https://precision.nabtesco.com/
If any addition or modification is made to the published information, the PDF data may be updated before the printed catalog.
Due to this, please note that some contents of the PDF data may be changed or revised from those in this catalog.

e Unauthorized reprinting, reproduction, copying, or translation of this catalog in whole or in part is strictly prohibited.

e Copyrights © 2015 Nabtesco Corporation. All rights reserved.
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