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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 A8]A(OO0S, on orbit servicing) Y72 4
Sh7] I3t Qg dEe] NLEAL ok AXA ARAS 915 ot A= =], A
T A%, FEE 1A, 5 4 A4 59 o7 AR /e, olE £t Sl 2R
HAA7E A= ofof gt 2R S 7€ A5 gAAIeE 2 1" AHE
=20|A] gh= o] ofyz} AR S flof) A&H 02 R2]ojof sh= E40] 9loH, QT
3] F2A| UiFol| EAsk= Aol obd 5= 3710l AFH R L EH JHE AF 3%
= SfioF gtk E70] Utk Eo 2520 ¥ REol= 518E o e =k ’eH A
Hog FL2 AAH AdEo] v Eo] Qiok. oldt 2T HAAL] B = Qlsf =3k
5 QS EfelglS o EAAIY A5/715 2 s 80 ol glo] £¥E 4 =
AS= oh= Zo] oy, 25 4 AA, i 2 A
gt =2 O gA 32 Aotk @A JNdE EREE "4 F ERA
g AA 2 4 Aot SHd=EAREH Phoenix =520
st & AA 9 sie A7 S5tk TS, S=ollA] 28] 3Hd B digt @ A
A 9 M Al 53 A A7 3 HE ok
ERT g AEH0E FAoof Sk R EC|HE URHH o VAH AT
At F=A GFE2A TRoA Apoldo] = 4= loH, & HA| Al 7o JrEsfjof
o AFFEo] EAT A o= Wt E =oxs A7 e9E 2RI T 9 A
AHIE 7IHte = o= /et 2R gAY & A 9 shAlof diet WakE AAlS B
A} ik
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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)°ll B3] A XFAHAR A4 AEA AH]A
£ AlY¥stal Sk, AAl= o AEE FE oY, 202190 TARE O] AZow 9537t
oA Aol & A Y& = AMGESIT

ERA 2522 Fig. 1 9 29+ Zo] 8% Zo] 11.3 m, 7 A== Dutch SpaceAto] 25
M=o, 10W7He] T8 Bt AT 4= Sl 7hett e @ 230 tisiA AEE 1
Ag 4= qlofof 51| wjZe thFgt Alo|AE Esto] o sfjAlo] PN, o] 7|Fte R

4 AT FB=E A

2.1.1 ERA(European robotic arm) 2% 314

ERA 232 Fig. 13} o] HEA|(elbow), limb), BE(wrist), £=(hand, end-effector
and camera/lighting unit)@ %™, ERA AHAo] 2= AFE(on-board computer)”}
HAEo] glous, FASTEATOERE SHH o S 5 Qlvh 2RET tRt

TEEC] FAE Jen, AR FES aEste] d AATE S AH.
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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) 22% " M| st
9ot 22 97217 FRA 2520 42 1S W, & AAE fI't doke ofFiet
2t
Ao/} solok stu, QIET RAIA Qo] H45}

Se 449 9

1. 2} FAA 355
Hs g 27} Hojof gt
e 55 & Al AILER]L B[Ee} o] 25 F Alo] AlLEe AgetomA A=y
NS Bl % 7hsdliof g E3L 2Eo] A9

2. %
9= & A} o Sojxof s, & 5
#7o] oo} A o2 483 4= glojof qtck.
3. 2% A A% BEFE TP A7] THES GHo= Waue] Aol Ylofok
st a;s tﬂfﬂl ° WU L BE9} e FAEL dasjolof b, 3 A
0% 58 7R 8o} Bk,
THE oA YT 717 U £91717F AXEfswitched-on)
IAE THEo) A

g Ao} AlAFS BE
2% AR =A Aok gtk webA ERAS] FH 71Xt SOl AAIE
A2 Faghe] AZH304) olWioll 252 4= Slofof gtk
g Alo] A= 2 et A5 o= o]Fod 4= JIEE HAE oo sh, whA
o 1K single failure)® QIS IVA(Internal vehicular activity) /EVA(External vehicular
1619] Bk A4l 3t 2ldd A (hot

]T:O

activity) 7140l fl&== AA = ofof Titth.
redundancy) 7§22 o]Fo]d 4= it}

6. 71s/RsH 0T 2Q3t TAZO] Lrl R&z o ZhA|Eojof i), di HEo] =3

L REWS) 2207 vlmEolok Tick. TIok 25 WSl 2348 A -8 Hoperaton)

& 2A] Qreio} gk
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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] 452 sl 9
ko 2 Hojxjof qirt. 7hd|et 9 333} HdE (camera & lighting uninell= +3&2] 75t
SH4] g/do] BEoHA] Al Eftsto] S HRIEZ} Asict

2.1.6.2 Crs4o AT (multi-layer insulation, MLI)

SEEM AR = radiator, optics, accessibility/clearance AgtE7A0] Z-85H H :3: Xﬂ
Ot E B0 EEE R HAS B 5 AULS H&Eofof qit). thEH
A= 0.25 mil aluminised mylar with dacron net spacers’} 108 ZZH layer® ——Héﬂtﬁ,
space®l| &% 297} &2 aluminised betacloth® A%} 1 mil aluminised kapton
layer+= betacloth ¥ mylar layer Afeloll A=, &g = HWZ 2 0.5 mil
aluminised nomex@ T3HEc}. ML= velcro® o|-&sto] &=, vrdn Fof= i
Elo] 5Z o]&slo] Rlgo] =g FAslo] Wi (venting 02 QIgH Wgwo] ed: 1
A3t

2.1.6.3 & X{2|(thermal de—coupling)

FAA-] B ko] gio{o]: °]":]’ o XHL Wﬂ}qquﬂe o]-g-5}o] E*} ! 3_‘.%}% o,
9 otM(thermal washen® He & HAEE TEARITE 7Hel vked B
(mountmg bracket) 710l &€ 2471 Z-8xo] A =M, W= U(handrail> ERA
50 7ol @ A Hojof gt 124 A 970 = QIS @ M= FAA
/\]'01-4 T2 AZFIERA load)oll= F2=A] g=th. T FAA(limb subsystem) 2

A9, GUBS ol YHER0] B BIA elek A3 nh] SlEl9] &
g2 old 5+ ek,

2.1.6.4 ol Y 2 MAX|(6|E and temperature sensor)

S|E 9 A= AEE AMESHE 55 G Alo] ®H4]olw, Fig. 33 Zth ERAS| HE
JEE2 ERAY] 5 AEHY o A90X)7F AX7] wizol 58 AIAERE o]-8sto] 582
He "og Hojux] QIE= sfof 3t 5]E= ERAS HE FIEES o829 OVJ
2 5 J&= 11 2717 A= olof gttt S]E 9] E A|olE 53l ERAY] Ee= :r“éﬁ‘: 2
Al &= Aok glo] 291A7F AE 4= lofof gttt B S 120 Vol AZ= o X—?*Fé—ﬂ
o] tiu|stod 5|E AlAES & BAF A|AEl(redundant system)o] &= ofof St
A E(hot redundant) 518 A 2RI HE Q1S 7FAof sh, wQl & Hzel
Ky iﬁqﬂﬂ AR Qlojof slt}, ZQ Flelo] AT AS BzElelo] Hig AMLE 4= Q)
8 S|EQt HE S[EE BT A w5 45 Ao AXA olE g HAlS 2
ot 4 glomg WX 3|EE 93t HRAR(hermosta)®] on/off A LS % WA
BiET A 5] ook Sttt 3= HEAEO] Tolo] Aufjd H9-E tin[s 27 2712] A
HAEo] ARRETE HEAEO] o] AujE ¢, BX 5|E A|AH|o] AFHL,

i)

B9 o ﬁ
)
o
_u
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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 i .
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
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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

Baseplate

RAC, robotic arm camera; RA, robotic arm.

2.2.3 MEIAMEH Phoenix E2Y A4E SIE2THSY

SHMIEALE Y Phoenix 25 71414 42 Table 37+ £t}

Table 3. RA temperature requirements

Operating temp. range

Non-operating temp.

Biobarrier hardware omitted for clarity

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

Turn-on

range (C)
(T

()

Max.

Max.
25

RA component
Min.

Min.

45
45

25
25

Azimuth actuator
25

Elbow actuator
25

Elevation actuator
25

Wrist actuator
RA structure
Arms & fittings
Baseplate
Flex cable
Scoop
Biobarrier
Pre—deploy
Just prior to & during

deployment

25
25
25
25

N/A

45
45

25
25

N/A
N/A
N/A
N/A

25
25
25
25
40 N/A

N/A N/A N/A
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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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EE]I} EI-IHH'__' [e:] I«”O.l A‘Ij:" ajl OH)\‘I 7H t

=13

S o

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
Elof @i}, 53] £8 Azoo]ele] 5] 371 Ao Zstn, oA dslor T A &
shiolth &5 Hzojolg]Q] 3lE] 7] A A] HFojolg] BEL 7|5}skd FAlo] EA)

&8 A
v 85 275 243 ) o oj2igo] EAjgt.

2.2.6 SHYEIAIZH Phoenix 224 & D&
Fig. 83} Zo] & Hdlo] #&E|glom, 3697709 &, 1,715719] EAE AH=2} 1,3087H
o] 7 GG A=7t ARGE| I
22 GAAE gt AR Foids el Blad W & 7F ARREQIOH, o=
OHZQ]OlEi(motor gear-train, harmonic drive)?] A&t 2% o= ¢Jtolct.

g dlof 2849 35} E/JX]= Table 49F Ztt.

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 15 Alol= S840 A SAStER ¢ 7153t E €7 24 stofl & siAo]

- Fo} 31.2 ZA(worst hot case) & 3|4
: Begin of life(BOL) 3t £/34], 3MJ9] =AL 84
: AFoolE o] o 2E=F dIEsH] sl .
3.547F B9 Al&AQl 2w A= wrd= o)
- Fo} A& ZA(worst cold case) G hA

: EOL(end of life) 343} 47, 3}49] & 3H4
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.“.
o b
it

i}

1€
1€

o Zxu At
83t Y (warm-up) Al 25Z WF HIHF X

7] 2743 & 5lH AY 4AnF A 98 +3E.

oflt

[e]

ofr

10

i)

ofr

Phoenix Z2%% & 8]1*'] A7 AT FPS flo gt 5lE9] A AH[FE Table 59
At Sl A 4H]| A] BFofolE9] 2E 55T ofo& {fA5H] S8l dF 3% &
ot 5|H 9] A AHE Aok SHATE U TEdFo 2 sl 27t & F44EE SIH
7} o] ALEHEE BE gEo] S8R9 oltolA fAIE & A=F SE 9 2719

A 2HFE & ZAslof etk webA &) Fd §l8-2= HHE dA Y= stA
1 or 3A1ZF ool 4 51-8-2%= Y ool F &= U= d[gst] fI3t 59 XA AR
o] Table 52F o] 2= ‘:}-

AFoolE=2] o1-8% o W LI Table 63} 2t} dFofolEH o] HHE2 354 &
QF RAZ} 2F5 1) 85CF Z2ISHA| Holof s 85-%710] Stk v & Ui Hade 4]
A% AT 8 5 2 22E Hold 4 0B R 518 o Q= Edwol Aol itk
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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.
2.3 EXZ(Robotic Arm)2| ZH(Joint) E HA H HA[3]

o
22

g BNA A&H o= F2|ojof S FAAoI. wEkA 7Fsst
g =2lofof 5P, FAZ fisiite 38/ oM EAIE
o] 2ot W FEol= S45 7MeoM siFe ot A HdEE
JeH, s HIFES 2RE HE 724 ESHY 58
S S0 B, oY HIEES AGAelal & AR B}t FEsfor stie 2
gFo] AL = Slrt. TEbA B F2o] tisiA € RS 755t € AAE & s
of & ¥ g/do] girt.

£ oA 2023130 S0l A7-sHAE
A7HSHAT.

Z2Hu 3 7<40ﬂ

= 2=

A 2SN Wee

2.3.1 22 XH(robotic arm joint) & A

Fig. 90|49} o] d FEole o2 7i2 dx}
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A
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Multilayer
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4K cold black space

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 ALolgke v witjz o dglo] A3, T HEo] B
ool Ui wrelzo] QS wjolck. ok YA 5ol 22 A2 TPy,

A0S o] A & a4 Aik= Table 99F ZoH, Ba% 37|E t=24 7R
4719] Ajo|A RF HE FHgE0] S-8-2% e ol l&o] lE. ¥hH 12o|9lS uf
= H]'Oﬂrﬂfo] = AolAQl DO S AR} F4E shrt 518-2%21 50CE

St 4= 9JtiTable 10).

Fig. 140041= A20]S o o] 2717 Al & Alo]AQ1 Ao thgt si4 Axfo|m
B ARgo] tE Alo|Ao] BIsh 7P A9 82 E HYAE HlojuA] gtk W 1120]
W2 o o] gl AlelA Do tisf $1-8-2=HAE Hlolus A5 &S 4 Stk

webs] 258 o] d A= SIHY ARRE FAttew & 5 QUoHA §-82 R
AE 2HSHA] = AlolA C7F € HAE s A= S FRlskeih

Table 9. Temperatures of components at low ambient temperature

Storage A B C D
Component
temperature (C) () () () ()

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 65 219 -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 -30to 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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