I 2 el B A 167

Tl

Eﬁ J. of The Korean Society for Aeronautical and Space Sciences 46(2), 167-174(2018)
DOIhttps://doi.org/10.5139/JKSAS.2018.46.2.167
ISSN 1225-1348(print), 2287-6871(online)

g A4 dE 4FLE 44 e &0 AP

Investigation of Structural Reliability on Solder Joint According to

Heater Set-point of the Lunar Lander

Young-Hyeon Jeon®, Tae-Yong Park®, Jang-Joon Lee™, Jung-Hoon Kim™
and Hyun-Ung Oh™
Department of Aerospace Engineering, Chosun University™™™
Korea Aerospace Research Institute (KARI)™

ABSTRACT

The heater is applied to the lunar lander for securing its survivability under severe lunar
thermal environment during 14 days of night time. For this, the heater on/off set-points
shall be determined to minimize the power consumption due to the limited power generation
of lunar lander during night time. In addition, the temperature changes of the lander
according to the heater set-point is also an important factor because it is related to
thermo-mechanical reliability on solder joint of on-board electronics. In this study, we
investigated thermo—mechanical reliability on solder joint according to the heater set-point
by using commercial reliability and a life prediction tool of Sherlock based on the thermal
analysis results of lunar lander that is a year of the mission lifetime.
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Table 1. Thermal Design Requirements for
Lunar Lander

ltem . Valug . Remark
Daytime \N|ghtt|me
Mass(kg) 500 -
. ) Cube
Dimension(m) 1 x 1 x1 Shaped
Power B
Dissipation(W) 120 10
Allow. Temp.(°C) | -20/+50(Min./Max.) -
Power Budget for 500 B
Night Survival(wh)
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H Eolol wix| skt
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AR el REZO WA YAE wEd W &3
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dntdom o Z5Me] WdaS +Z W gl
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SSM&  wjA|skITE e
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ot dugks Huj

el HAlel o 2o sharat
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S SRt o] Folxivkal 7Hgstirh

o] REZFC] A, SEe WA dofok wk
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BALE 4= gl7le] 100 m x 100 me] WH oz =

Lunar Lander

(Outside: MLI)

Radiator
(SSM)

Lunar Regolith

(Highland)

Fig. 1. Thermal Model of Lunar Lander
on Regolith
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Table 2. Thermal Properties of Lunar

Regolith
Parameter Highland
Thermo- Absorp’IIVIty (a 0.703
Optical
Property Albedo 0.297
(Fluff)
(9] Emissivity (¢ 0.97
Conductivity (W/m/°C) Eiq'zzl(ngfof?iﬂ/w)
Thermo- -
Physical | Specific Heat (J/kg/°C) 1,050
Propert
pery . 3 1,000(Fluff) /
Density (kg/m®) 2,000(Regolith)
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Table 3. Thermal Properties of Lunar Lander
Applied for Analysis

Parameter SSM MLI
Thermo- Absorptivity (a) 0.1 0.05
Optical | Emissivity (&) 0.9 0.05
Property de 0.111 1.000
Parameter Al-6061
Conductivity
. (W/m/C) 167
ermo- -
Physical Spﬁﬁg"}geat 980
Property g
Density
(kg/mS) 2713
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Table 4. Thermal Analysis Results Summary Max. T
Min. T
Case | Max. T(°C) | Min. T(°C) Remarks 100
w/o -110.6 F 1
475 ° - I — S S S— ES—
Heater (<-90.6°C ) o 0t : ‘ ‘ Allow. Max. T: 50°C |
with Required Heater - ‘ ‘ H
Heater 475 -17 Power: 169W it
(Duty: 80%) g
F o
with 74 178 Required No. of 2
RHU (>24°C) ’ RHU: 135 EA E
=

of 8 A& A7 qF el Ao AEe 2l
Al AT S-S ¢ Ut A7l dEA 4
3= Table 4] A7ttt
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34%&—%5—& -178°CE HA &= lﬂi 2
S/ 7teEs & 4 Ak a2y A

Fig. 3. Configuration of LWRHU[3]

Table 5. Specifications of LWRHUI[3]

Characteristic Value
Heat Source Pu-238
Thermal Power Output 1T W
Shape Cylinder
Dimensions 26 mm Dia., 32 mm Height
Mass 40 g
Operating Temperature 310 K
Lifetime 10 years
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Fig. 4. Maximum and Minimum Temperatures
of Lunar Lander according to Number
of applied LWRHU
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Table 6. Specification of Components

Cﬁrgp. Configuration | Type Description
- Pin Count: 324

U1, U4, - Sizelmm]:

U5, PBGA 19x19%2.2

ue, U9 ‘ - Weight [g]: 1.4
- Solder: Sn—-Pb37
- Pin Count: 48
- Sizelmml:

U2, U3 125%6.1x1.2

U7, U8 « TSSOP T Weight [gl: 03
- Lead: Copper
- Solder: Sn—-Pb37

A TEAES 1dellA Us
2.85x10 %9601 H, o]0 mla] U2 2t
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Fig. 7. Life Prediction Results of PCB under
Thermal Cycling Environment on Lunar

Surface [(a) U5 Comp.,

(b) U2 Comp.]
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Fig. 8. Life Prediction Results of PCB under

Thermal Cycling Environment in LEO
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