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Abstract

In the New space era, satellites are being developed to perform on-orbit service (00S) missions. Various
missions for orbital service include failure repair, refueling, towing, component replacement, and space
construction, and in order to do so, a robot arm payload must be mounted. Unlike conventional satellite
payloads, the robot arm payload is not move in a fixed state, but is a payload that must move continuously
to perform the mission. It is also characterized by the need to perform the mission while being directly
exposed to outer space, rather than existing inside the structure of the satellite. Due to the characteristics
of these payloads, thermal design and interpretation that can be operated smoothly in an extreme space
thermal environment is essential, but there are not many papers on thermal design and interpretation of
the robot arm. This paper introduces and summarizes cases of thermal design and interpretation of robot
arm payloads developed so far, and finally, it intends to suggest directions for thermal design and
interpretation of robot arm payloads to be developed in the future.

#A]o] : 0O0S(on-orbit servicing) AZHA, ZEH
Keywords : on-orbit servicing (OOS) spacecraft, robotic arm, thermal design and analysis
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1. NE

LA o] A(New Space) Aol o]28] FAEAF AB]A(OO0S, on orbit servicing) Y72 4
Sh7] 3t Qg edEo] MLEAL ok AEA MRS 915 ot A= =], A
a5 A%, FEE 1A, 5 A4 AE 59 o7 dFTE /leH, ofE £t flsf 2R
HAA7E A= ofof gt 2R "SAAlE 7€ A5 gAAIe 2 1" AHE
Z2]0]A] = Zo] ol YF $qS Il AEH o8 FZA|ojof sh= £4o] 1o, QF
3] F2A| UiFol| EAsk= Aol obd 5= 3710l AFH R L EE JHE AF 3%

< ok Stk S4o] itk EEF 2RWo| 1l REAL 5189 4 Yk L& W9 A
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9
S LS aESglE o FAAL ds/71s B e 280] ol glol 3E = ke
52 Sk o] Fplol, 25 & A, 4 € Al
otk A e 2EL HAA F ERA
AA D i AL}t SHIEAIEY Phoenix 2320
ek @ A L S ARZE EA6ETE E3E SollA 220w Rl gt d A
A A Al 5% A5 A 3E HE AT
EET Gl ALH R SHojof sk FREC|EE dRFos vAH ATHY B
AL thEA AL2A] TFolA Aol U 4= Jom, @ A Al F7HH 0= TEsfof
T ARFEC] AT Ao gk & =2olhe @A 3E 2EE0 T o AT
ARIE 7o s srom A 25 gAAS] @ AA H sl iRt g A B
1A} g

2. 22T SN E dA 2 oA At
2.1 ERA(European Robotic Arm) 224 & MH| U s{A[1]

ERA 25Z2 gAlo} MIR-2 78704 ARGE]7] I8l A2 A=A, FA41-=
A (International Space Station, 1SS)°l] B3] A CFAHAR A4 AEA AH]A
£ AlY¥staL Stk AAl= o AR FE oL, 202190 TARE O] AZow 9537t
oA Aol &5 A Y& = AMGESIT

ERA 2522 Fig. 1 ¥ 29+ Zo] 8% Zo] 11.3 m, 7 AH+-=2 Dutch SpaceAto] 25
M=o, 10W7te] AT Bt AT 4= Sl 7hett e @ 230 tisiA AEE
Ag 4= qlofof 51| wjZe] theFgt Alo|AE 1Esto] I sfj4lo] =Y, o]E 7|Fte R

4 AT +B= A

2.1.1 ERA(European robotic arm) 2% 314

ERA 232 Fig. 13} o] HHEA|(elbow), limb), BE(wrist), £=(hand, end-effector
and camera/lighting unit)® T4J=™, ERA AAo] 2= AFE(on-board computer)”t
HAEo] glous, FASTEATOERE SHH o S 5 Qlth 2RI ot

TEEC] FaE Jen, AR FEE AEste] & AAE YA
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Camera and
Lighting Unit

......

Camera and
Lighting Unit

Fig. 1. Configuration of European robotic arm payload. ERA, European robotic arm.

2.1.2 ERA(European robotic arm) 22 28 C

ERA =532 4500417 52t 252 4= U= A= H 450047 &3 H7|nE
(stand-by mode; all electronics on, motor off)’, “&&% =(full operation mode; motor on,
all electronics peak power dissipation), “& % =(in hibernation mode; all units switched
off but heater system switched on) 9] YF RE2 2%}

2.1.3 ERA(European robotic arm) 2% EZ

ERA 23] F83F £42 Table 13 €t

2.1.4 ERA(European robotic arm) 22% Q31X

ERA 2529] & dA9t ¥4 = 87202 1097t AF 78 &< &5 7Fsdl
of SR UF 7|7t B F= TSRt 5 GeHol AE 4= Qlofof gtk E3F 109
AT AGONA 5 7Fslok oFH, FHsks B9t 5E A AREEo] HE HAlS =
T3] gloto g,
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Table 1. ERA key figures

Parameters Values
Total length 11.3m
Range / span 9.2m
Degrees of freedom 7
ERA mass 580 kg
Peak power dissipation 800 W
Standby heat dissipation 240 W
Hibernation heater power consumption 250 W Max.
Accuracy (open loop) +40 mm
Accuracy (closed loop) 5 mm
Maximum moveable mass 8,000 kg
Maximum payload dimensions 3x3x81m
Maximum speed of movement 0.2m/s
Braking distance 0.15m

ERA, European robotic arm.

2.1.5 ERA(European robotic arm) 2% & M7 st
et T2 94273 ERA 25889 4 1ot o, &
2t}

ruh
X,
i
(")
St
Y
£
flo
S
k)

1. 2t BAA F8E52 SAFR1 @ Alof7} Hojof sk, QIR HAIAR Gxdo] 2|45}
Heg o X7} Eojof gtk

2. 483 55 &G Alo] AILHERI SlEQt Zo] 5 & Ao} AlAdS A8t En A=
U= @ AAE olFolAok 5, F SAS B3l A5 7isdlor o ERE, =5Ee] A9
H7go] o]Fold A| o]F & = Qlofof Tt

3. A Al AlGARQ SIS 7HE AR HEES EFor Wame] AdE o] Qlojof
St} 2 7ol 2 HEHE 7HE B E2 AES TrE ook St =1 A
2AHS] AEFo 7 8 Thsofof it

4. @ Ao} AIARE BE F/gEl thsiA A5 71XF W 291217 AR =(switched-on)
2k HAET 7 FAISoF Rt wEbA ERAS] 9 713 Bl AlE FHdEel A
A3 2 230] A7H30+) olWioll Z5E 4= 3lofoF gttt

5. & Alo] A= 240 wet A5 0% o]Fold o= T HAE oo sh, whA
o 1K single failure)® QIS IVA(Internal vehicular activity) /EVA(External vehicular
activity) 7i4o] Y= A = ofof gttt o] 589 Kk AAFR] 3 fHdA(hot
redundancy) 7@ & o]Fojd 4= Qlt}

6. 71'5/785 8 LE Fa%t IE 2= AEH & A E|ojof gt g FEe| 574
25 259 2703 BlaE|ojof gtk ek 2% WIS 2313t A| 2-8AHoperator)
= SA| FEof gt
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919l dstol| w2t ERA 2220 & dAle AHES AMEste 55 Al B4 A8
ARSI Ghe e € Alol WAlE B arEste] A I

2.1.6 ERA(European robotic arm) 224 & M|
ERAS] 258 & A AR Fig. 29 Z2om, ofgfiel 22 Ao HA| AFEo] 12
At

2.1.6.1 W B IK(radiator)

W radiator= °JAFAZ(SSM, second surface mirror) = ZA H|Q1 E(white paint)
2= A8 5 qlon, HAF RS £ dide] Wrduto] FabE w44 A ERA
2ROt AAIE arefsto] W2 %ol Iasty, giodo] U R AF WIS =
e uf 53] a2 ojof gttt

Radiators (OSR)

Radiators (OSR)

Radiators (White Paint)

Fig. 2. Passive thermal design of European robotic arm payload.
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Basic end-effector, manipulator joint, ERA control computer+= #|%9] 52 sl 9
Fdrko 2 Hojxjof gt 7hd|et 9 333} HdE (camera & lighting uninell= +3%2] 75t
SH4] g/do] BEoHA] AUl Eftste] S HRIEZ} Asit

2.1.6.2 Crs4o AR (multi-layer insulation, MLI)

SEEM TS AR] = radiator, optics, accessibility/clearance A|gtR7A0] 289 HES A
oIt HE 7T LEEE o WAS B2 ¢ LS HEEoof 3t theEtttd
A= 0.25 mil aluminised mylar with dacron net spacers’} 108 Z&% layer® FAI=H,
space®]| &% 297} &2 aluminised betacloth® A%} 1 mil aluminised kapton
layer= betacloth @ mylar layer Afojof AF9J=n, 2o g HUYZH &2 0.5 mil
aluminised nomex® TJ¥th. ML= velcroE ©l-&sto] Fatwn, W FHol= g
Blo] 5Z o]&slo] Rlgo] fles FAslo] Wi (venting 02 QIgH Wgwe] edx 1
i

2.1.6.3 & X{2|(thermal de—coupling)

7helet 982 ERA 283} & ZZ=]ojof sk, EVA 5 7HH2tE g2 A QIF
FAA] F3Fo] glojof gt @ A= theH A E ol8sto] EAF 4 AEs T
o 9bA(thermal washen® A= @ HGE TGAZIch 7HEiel nkey Bl
(mounting bracket) 7toll @& t7F H&E o] GFA ] =, A= U(handrail)> ERA
BT o= & A7 Eojof gttt 124 7 81F7 0= Qs @ M= FAA
Ao]9] F2A AZEAERA load)olls F2HEA] eF=t}. & BAA|(limb subsystem) -

et

29, BNFL Bo|1A FAERO| S BIAL ek A8 uhe] Slele] @ &
A2 ol % 9l

2.1.6.4 5|8 ¥ 2% MA(SIE| and temperature sensor)

S|E 9 A= AEE AMESHe 55 G Alo] #H4]olw, Fig. 33 Zth ERAS| HE
JEE2 ERAS] 59 AHY ol A90%]7F AX|7] o] 518 A|AEE ol-8sto] -8-2:
He "oz Hojux] QIL= sfof 3it). 5] ERAS B FEES o182 /e ol
H 5 U=E 11 2717 AAEofof gt 5B & AlojE &3l ERAS] B HAEES A
Al 2= Aok glo] 291A7F A 4= Qlofof gt} B S|H& 120 Vol| dEEo] 255
T tulsle] 3|8 AAFEL rE HAF A AE(redundant system)o] 172 % ojof St}
HE(hot redundant) 5|8 A 1 Bz RIS 7hAoF sh, HQl E BHxeql
A7F AA ofof gttt 8 ElRlo] 1Afd - BRERRlo] HiZ ARgE &= 9l
8 S|Eet HE S[EE BT A w5 A5 Ao AXA slE g MAlE 2
Uou= Hx SEE Y3 MEAB(thermostat)2] on/off A4 =5 F HHEA
BiET A A7) Fotof Sttt 3= HEAEO] Tolo] Aufjd H9-E tin[s 27 2712] A
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(return)

Red! riil .

Thermostat
Thermostat

TC Main
power lines

TC Redundant
power lines

Fig. 3. Active thermal design concept of European robotic arm payload.

2.1.7 ERA(European robotic arm) 22% & 54

ERA =2 & A& fIsl ALe{=]ojof Sz W52 Table 29 At} ERAC] & 4= 9
= Be @ S Hfof skEE F siA] AlolA A EHF oA & dleEofof
Sh= gfEo|t}, F i AL 95k HpEo] woy . ydEojof Stk ERAE ATAr

=& A7l A 55 118 Al w3 95 f oA 8HH, 11 T SATAA

P ,] AT T E|ojof it} FRAY 7 ZRgEo] Eket A1 AT ERA A 9 015
50| aLZ{Eofof 5t o]t 247t B4 o 1—— 1 SEA Stk ERA & AAl=

4 Feoll BAt ARFS SEAIACK Bt @ 34 AlelAas € A FA(finishes dxé, %*

ot v, g BkS A7F S)of wek gkl 4= 9lon, 9 AA trade-off @ &G Si4] AlolA

7k HEEIPgo] Qs WEl 22 Ax FEE 14 AlolAE BASH shH, ol

Z0]7] 9Jall & A AAE HAgto g2 HEFsto] S=8)sfjof gitt.

2.2 FMMEIAIZ2H Phoenix 22T A M| & 5iA[2]

20079 0] wAbE 3Hd 28] ©AbA Phoenixoll BAE 2322 ejdo] it d A4
g A Y AEE 2708Hack

2.2.1 SPSEIAZH Phoenix 22E & M|

SHFEAE st SHIERAIE Y Phoenix+= Fig. 49} 2] RA(robotic arm)E BAotL QL
©on, Phoenix RAS] HZofo]E|(actuator)®} Ho1H(bearing)S 3HJ9] & 8748 Atof
gttt RA HFofolElY] 28 F 4 82k ARF: -55TC0|nE 5| & AAE "g=
git} SlE19] H7]= RAZH & 5= 3= d g2 Jrefsto] AA 9 A7 E|ojof 5,
E35] $£E(wrist)olH T&(joint), °”7‘°"°]Ei71’ = F80 58 & HA7} A-&E|ojof gt
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Table 2. Thermal analysis parameters of ERA payload
Parameters Description
Sun Summer and winter solstices
Extreme values depending upon the thermal
Albedo ,
response time of the hardware.
Extreme values depending upon the thermal
Earthshine .
response time of the hardware.

From 270 to 460 km

Altitude
Regarding the:

- Eclipse time
- Incident flux reflected by ISS

Orbit

Ascending node
- Incident flux variations

- ISS shading

Roll, yaw, pitch = £15°, +15°, £15°

Attitude
From ERA installation to ISS final assembly
Assembly stage stage with and without docked space
vehicles

Orientation of the solar arrays and of the

Configuration ] ]
gyrodine radiators

Large payload location
These depend

ISS
Payload configuration
Radiators temperatures.
Boundary T upon ISS operations and are therefore
treated as boundary temperatures
BOL or EOL properties of the outer surface

Radiation case , .
thermo—optical properties

Location on ISS Basepoint positions
Hibernation position or any reference
Configuration » . .
position taken by ERA during an operation
For the basic end effector: rigidised / non
rigidised

S/S configuration
BOL or EOL properties of the outer surface

ERA
thermo—optical properties

Radiation case
Each unit has a different thermal response

Thermal response time ]
time

34 | https://doi.org/10.52912/jsta.4.1.27
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Table 2. (Continued)

Parameters Description

ERA operation mode Hibernation — standby — peak modes

Installation, maintenance and inspection
Mission missions defined by a sequence of
reference tasks
Operation Motor and electronics duty cycles total

Time lines o
operating time

o Maximum or minimum dissipation due to
Internal power dissipation o o
voltage variation and other uncertainties

Constraints Related to safety

ERA, European robotic arm:; ISS, International Space Station; BOL, begin of life; EOL, end of life.

Bio-Barrier / o
(Deployed)

Stowed RA
Inside Bio-barrier

SHAIRE, S & AAPZE Badt RS ARRYEe] 23 i FEolH, ofd RE2 7]
AARI F/Jo] Exdsto] s|HE F2tel7]o 51HAQl A

1 BA%E 4 o= EL5F1L Phoenix RAS) 3]E
205 WEAFT 2 M9 &2 A 5 e
of &&= AlA F2RZ siglow, 59| 1o g gy
(cut-off thermostaty& &3 T 4= YA AA =

N
3

o

2.2.2. SIMEIAZH Phoenix 22T 7|HX &t
SHEAEY Phoenix 252 71413 FAR Fig. 59F ZoH, A = FAJo|t
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Wrist
Actuator RAC

2XE E

Connector [ |
Bulkhead

Biobarrier hardware omitted for clarity

Fig. 5. Phoenix RA mechanical configuration. TECP, thermal and electrical conductivity probe

Baseplate

RAC, robotic arm camera; RA, robotic arm.

2.2.3 SIMEIIZH Phoenix 22T JTAME 22T HQ
SHMIEALE Y Phoenix 25 71414 @42 Table 37 £t}

Table 3. RA temperature requirements
Operating temp. range  Non—operating temp.
o . Turn-on
RA component () range () ©
T
Min. Max. Min. Max.
-93 25 45

Azimuth actuator 25
25 25
25

45
45
45

Elbow actuator
Elevation actuator 25
Wrist actuator 25 25
RA structure
Arms & fittings 25 -03 25 N/A
Baseplate 25 25 N/A
Flex cable 25 25 N/A
25 25 N/A

Scoop
40 N/A

Biobarrier
N/A
N/A

Pre—deploy N/A
N/A N/A

Just prior to & during

deployment

36 | https://idoi.org/10.52912/jsta.4.1.27
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Table 3. (continued)

Operating temp. range Non-operating temp.

3 . Turn-on
RA component () range () ©
T
Min. Max. Min. Max.
Post-deploy N/A N/A N/A N/A N/A

RA, robotic arm; N/A, not applicable.

2.2.4 SPIEIAIRH Phoenix 22T 2ERCH ME 4

SHJErAE Y Phoenix 232 Q5 AR 37147} 912 Fig. 67} 2t} In-trench FA}
2 A W7HA] diggingdh= @40]™, near-ground B4 X[HoA RS o= A
0|11, above-deckS Phoenix®.th 9jo] Z¥-Zo] QJX|5k= FAlo|L},

Z}7}o] 5 FAdnich oJF FeEt 141—:— o] gebA slEo] AN 5 € A
3 AFde] & e ojof gttt

Near-ground ¥ above-deck®] 3%, SIEE ARESIo] 1A7F o2 dFofolEle] 25
—55C ooz ==FoF 511, in-trench®] ¢ 34t oJHi= HFrofo]E9] &g -55C
ooz STFof 3Tk

2.2.5 SPIEIAZH Phoenix 22 & M|
230 E 5 T gl 0"7‘01]°]QL AF 3 A 55T o] _E& {
A|=]o] QlojoF S Fig. 73} ZHo] RA HFrofolefo] mf2] FEj2] 5|87} FaFE
IR o T4 AR HE YE ‘?z%ﬂac} 5= & 11Esto] sl A7|9 AYE T
< A7foF s, ojuf AFofole|] P4} 5 B Wo| 5|E 7] A7 Al AlFRAo] H
b= 39 A dFoolHe] 4 Ex= SIE] FAol s78EoloF & BRAE U 2=

In-Trench Configuration Near-Ground Configuration

Above-Deck Configuratior§

Fig. 6. Phoenix RA mission operational configuration. RA, robotic arm.
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Gearbox
Warm-Up Heater
{21.0 mm x 79.4 mm ~340°)

Housing-1
Warm-Up Heater
(Four sides:
10.2 mm x 27.9 mm 5
11.4 mm x 30.0 mm Housing-2
11.4 mm x 29.2 mm Warm-Up Heater
11.4 mm x 21.6 mm (no space)
Housing-3
Warm-Up Heater
( 12.7mm x 63.5 mm ~210")
Fig. 7. Phoenix RA actuator heater locations. RA, robotic arm.
H[ -8 el 3% RA HFroflolEl= BE 518 9 @< glo] M9 uf- =2 2 H
Elo} 3t} E5] &3 AFololel9] Sle] 371 ZA%o] Zaste, oldA Aok 3 A} F
5}

Shtolch. &5 ol7ololee] 5|8 27] 2% A] Aolold FRL s|5teta] Figo] B
o= 58 2712 24 v o ofeigo] EAfai,

2.2.6 SHYEAMZEH Phoenix 22% & DE
Fig. 83} Zo] & Hdlo] #&E|glom, 3697709 &, 1,715719] EAE AH=2} 1,3087H
o] 7 I A=} A= T
22 GAAE It AR oS s Bl ’3‘1 }% L= }\7} AREE|OH, o]=
Oﬂzcﬂlollﬂ(motor gear-train, harmonic drive)?] A&t 2% o= ¢Jgtolct.
d mdof A8 Pk E/4JA|= Table 49 At

Elbow to Fore Arm
Fitting

Wrist Actuator

Azimuth Scoop HOUSing Fore Arm
Actuator TECP Tube

R?C , /

Upper Arm to Elbow
Elevation Elevation to Upper Arm Fitting Elbow
Actuator Fitting Upper Arm Actuator

Tube
Fig. 8. Phoenix RA thermal model. TECP, thermal and electrical conductivity probe; RAC,

robotic arm camera; RA, robotic arm.
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Table 4. RA optical properties

BOL EOL
Component Surface finish
a £ a £
Motor case Bare aluminum 0.17 0.05 0.25 0.04
Actuators
Black kapton tape 0.50 0.15 0.55 0.10
(Heater locations)
Bare aluminum 0.17 0.05 0.25 0.04
Actuators Bare stainless
0.32 0.14 0.56 0.10
(elsewhere) steel
Bare titanium 0.50 0.15 0.55 0.10
Arm tubes Bare aluminum 0.17 0.05 0.25 0.04
Flex cable Kapton 0.80 0.80 0.80 0.80
Bare aluminum 0.17 0.05 0.25 0.04
Fittings
Bare titanium 0.50 0.15 0.55 0.10
Base plate Black kapton tape 0.50 0.15 0.55 0.10
TECP (thermal and
electrical Clear anodized
N/A N/A N/A N/A
conductivity aluminum
probe)
RAC (robotic arm Alodined
0.50 0.10 0.50 0.10
camera) aluminum
Black anodized
Scoop 0.53 0.82 0.67 0.87
aluminum
BOL, begin of life; EOL, end of life; N/A, not applicable.
2.2.7. 31EAIZH Phoenix 28I & &M
d g 5 Aol S840 A SAStER ¢ 7153t E €7 24 sl & siAo]

AP} A 4 Alo] T d Aol Thek Hot s 2AL ofefe} Lot

- Fo} 31.2 ZA(worst hot case) & 3|4
: Begin of life(BOL) 3t £/34], 3MJ9] =AL 84
: AFoolg ] o 2EF dISsH] sl .
3.547F B9 Al&AQl =ik A= drd= o)
- Fo} A& ZA(worst cold case) G HA

: EOL(end of life) 5} BA%|, 3MJ9] =2 34
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.“.
J”’

i}
Iel
1el

e 2y gAif
83t YA(warm-up) Al 2EZ YH dd=F X

o [}
7] 273} F ole A AR AES ol +HE.

0

10

[¢]

—_—

0

[¢]

Phoenix 252 & o4 A} AF 32 Hofl 2 a3t 5|69] [ AH|FF Table 59+
7}"4’. S|l A 48] A] AFolE ] LLeF 55T oo ® fAISH| A8 dF 3 &
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7} o] AgHER HE F44E0] S8 olulelA FA1E & A== 3IH9 2719k
e &B|Fe & AAsfof et mebA 5] Al S22k HAE 94 8= shA
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Table 5. RA total warm—up heater power results

Heater location Azimuth Elevation Elbow Wrist
Motor 0.5 0.3
Gearbox 0.0 0.3
House—1 0.8 1.3 9.1
House-2 0.8 1.0
House-3 6.3
Total 2.0 1.8 1.0 16.3

Total warm-up heater power is 20.1 W.

RA, robotic arm.

Table 6. RA actuator max allowable internal power dissipation

Actuator Max allowable motor power dissipation (W)
Azimuth 4.4
Elevation 52

Elbow 3.6

Wrist 53

RA, robotic arm.
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Table 7. RA actuator max allowable internal power dissipation

Wrist actuator component

Maximum temperature (C)

Motor 69
Gearbox 70
SDPA 109
Bevel 119
OPT 113
RA, robotic arm; SDPA, pinion gear; OPT, output potentiometer.
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Fig. 9. Internal heat exchange model of the joint.
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Fig. 10. Schematic diagram of the heat exchange of the joint external environment.
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Fig. 11. External heat flux curves and electric box shell temperature curves under extreme

high—temperature condition.
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Fig. 12. Power distribution of internal heat source.
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Fig. 13. Thermal model of the joint assembly.
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Table 8. Dimensions of the radiating surface

Radiating surface code Radiating surface dimension (mm x mm)
A 205 x 240
B 145 x 165
C 100 x 120
D 0x0
d2 7Pgeka Atk ALo|gke v witjz o dglo] A3, T o] B
ool Wi o] ghe woltt. Bt BAAE Aol £ Al ZPgat

A0l o] A & 4] Ail= Table 99F Z2oH, Haw 27|& t=24 7
4719] AolA BE HE FAE0] 5182k HY Hof 3] gl vH 1.20]S uf
= H]'OWJFO] = AolAQl DO AF AR} F4F shrt 518-_2%21 50CE

5} 4= It Table 10).

Fig. 14004 A20]S o o] 2717 Al & Alo]AQl Ao tigt a4 Axfo|m
B ARgo] tE Alo|Ao] vIsh 7P A9 82 % HYAE HlojuA] gtk WA 1120]
W2 o FEHo] gl AlelA Do tisf S8 HAE Hlolus 495 &S o Stk

webd 258 o] d A= SIHY ARRE FAtte s & & QUoWHA §82 R
AE 2SHA] = AlolA C7F € HAE s A= Z2 FRlskei

Table 9. Temperatures of components at low ambient temperature

Storage A B C D
Component
temperature (C) () () () (T)
Harmonic
-40 to 65 —24.2 -27.3 -28.6 -30.0
reducer

Electric motor =40 to 85 -23.2 -26.4 —27.8 —29.2
Brake -40 to 65 -21.9 -2b.5 271 -28.9
Electricity box -40 to 65 -32.1 -30.8 -30.8 -29.8
Joint shell -40 to 65 -31.7 -33.6 -35.1 -37.3

Table 10. Temperatures of components at high ambient temperature

Operating A B C D
Component
temperature (C) () () () ()
Harmonic
-30to 50 10.1 10.5 11.2 14.7
reducer

Electric motor -30to 80 12.4 14.4 16.1 18.7
Brake -20to 50 17.8 18.3 23.2 26.8
Electricity box -30to 50 31.8 35.9 38.9 52.8
Joint shell -30 to 50 19.0 22.2 25.6 34.8
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Fig. 14. Temperatures of components at low (L)/high (R) condition.
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