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Structural Analysis and Improvement of ACOP Computer
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Student: Ching-Hsiang Hu Advisor: Shane Y. Hong

Department of Mechanical Engineering
National Chiao Tung University

Abstract

This is involves with an international collaborating project, AMS ( Alpha
Magnetic Spectrometer ) , the structure of a space computer (ACOP, AMS-02 Crews
Operation Post) was designed and analyzed. This computer will be placed in the U.S.
Laboratory in the International Space Station. The major mission of ACOP is to
store and transmit experimental data collected for AMS set up by an international
collaborating project.  The structural design of ACOP has to follow the standard and
design rules regulated by NASA. A finite element model is built to verify the
structural safety of ACOP.

The methodology and software used iin the structural-analysis should be approved by
NASA. Different from computers used on the earth’s surface, ACOP will experience
severe environmental conditions-during the'stage of liftoff and landing. Therefore,
the structural strength of the ACOP:is particularly.important. The ACOP structure
should be designed to maintain positive margin of safety during liftoff and landing
acceleration and random vibration conditions, and the nature frequency of ACOP
structure shall comply with requirement defined by NASA. This thesis focuses on
the structural modification of the preliminary ACOP computer design. In order to
reduce the vibration loading on the ACOP structure, it is necessary to prevent the
major natural frequencies fall within the region that the crate of ACOP has larger
vibration energy, as well as reduce the resonance of those internal parts and elements
of the ACOP system. By analyzing the structural vibration modes of the original
system and the parts that cause vibration, the system structure is redesigned to alter
the natural frequency to reduce the vibration loading. Structural strength is effectively
improved using the fore-mentioned approach.
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B3-4)yH?P I PELEREEE - P LRERFERTEHEEF &5
o PHERRFRARERAFZ Y EFE A FES

¥

HEA - F ey VE A~ E @~ gz R4 E 3
74 P A R (4B 3-5)e

R R E R Rk 2 2 T T AR T

WAt g ARSI 0 R o e R

Wea L) S F R Y REEEEE F AR RIRT gk
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(17

Ly N T TV
Y o ;
Loy o a3
ru\”\u&, L o

YL T T T T L W L WA 1

L L A KW

I

";x:ﬁ‘_

E
bk

LN W YR I BN |

[SBTE

X

B 3-1 ACOP s buj &

7 | AL 7075-T7352

W e (ko - 2190 |- 2790

S 4l (GPa) 70.33

% k35 R (MPa) 393 365.5

&5 & (MPa) 468.9 441.3

®AF 4 R (MPa) 262 262

# >+t (Poisson ratio ) 0.33 0.33

% 3-2 FRAHHEA$

P4 4 FR4

Hi i (kg/md) 1800

#i2 % # (GPa) 180

%' R (MPa) 200

i ¥~ (Poisson ratio ) 0.3

20




7 3-3 LCD #icim i * 44

HH 12

LT
(Stainless steel )

R4

(Acrylic resin)

polycarbonate

H#EmE (kg/md)

16593.5

2334.14

4668.29

M 4 (GPa)

207

1.86

2.24

if o

0.29

0.2

0.2

&
I

® 3-2 ACOP j #%
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¥l

i

i

A

1

R
A I I A I O o

[ENENEEEN]

L T

<
i

iy 0y i
vl Rl Y

03 Acop 15 1 < K S

F ‘,._

37U AR 2 %é;‘ ’ /anmfs_m =

-
=1

.
=1
'l

~
i
Ei
A
A
=
=i

WIRIR SR (4o 3-4) 5 @ e @ B 05 & (5 enf X0 5 b o
3 AT R ORI B 40k 35) A A HAIN L 3 2 2

f
Fohk Pk iE R s il i -

(2) 1%+ +i#B+% (1Gcheck)
A R ACOP 275 « sod 8 % 29.365 o 7 ¢ (288.073 =
1G

T—hﬁ)’f _'é: i\ﬂi‘y )'z—sra..éilhvl ’l;’:'i"/:l‘i“'é‘ #BP\?'°

23



(3)

w b3

&% it ¥ % (strain energy check )

g by — B

BV A

mHEA TR KT
AL BEN o 27T

PR i

2 X

'\ .

% R He

EX

ﬁ41$g3+ ﬁ%;'“%’ﬂ']ii

(4) HHERTAR
Bbeehy RE AR 2 FBAd o SHRFRERLE U o
ﬁﬁ‘af:"ig’*é?r‘&é}*ﬁ' L,: FURKE X 3w b 1']3;'2("54\?1?}2&
oo REEA B b B A (PRI ) 2 4 (£ 36)
S L AR YE N ek BN = ER S s E
ARG U AR A RS T RFEFERE o
A
% 3-4 mE:FWiEELD RS L
b HOR 1 2 3 4 5 6 7 8
AR B 3.79E-04 | 3.15E-04 | 1.38E-04 | 8.97E-05 | 2.34E-04 | 4.00E-04 | 9.70E+01 | 1.08E+02
(Hz) ' ' ' ' ' ' ' '
% 35 AR EELahp RIS AT
b i 1 2 3 4 5 6
FEHE I (Hz) | 9.41E+01 | 1.06E+02 | 1.17E+02 | 1.56E+02 | 1.59E+02 | 1.78E+02
%36 ~AHP HE RS MG
~F D 57318 | 63368 | 86823 | 179913
B &+ & | 6.13E+06 | 8.37E+06 | 4.73E+06 | 4.96E+06

24




34 ACOP s s mFE L v R R

4538 18 ACOP % & sid- 4ok 3t & 8 5 29.365 kgw » 9 ' &
SE Y (B FEEG) 273.6mm s ACOP i 2 Wi weE 4
27574 kgw o 2 47pF > 57 FT A2 R > 353 B 40 10%5E £ B A 4T
Al oa F s B EROR TN AR A Y B 3R
TRAM > ZA A E ]34 10% s hF e E £ (34 10%
€ 5 30331 kgw)

NASA HLfcnd £-5 v =8 M 1 & 20U s T 2
B4E > 2R 8 U] T B4 $5aE 5 8303 kg-mm o b A 45 KT 24
H ks gE 8034 kg-mm> * % T Hade 4p3K 3 £ 57 NASA L & e

3.5 43 4+ (Modalanalysis)
Hogn A 7.5 % ACOP:R "o & Sude M p ZRIRAE 5 94.06Hz » < 3T
Z_3bHz » 4 £33+ LFL#

3.6 3+ % ACOP T %2 %3 § * (Load dimensioning)
4 ACOPA 433 1% p RIS A48 53 B HRKX i fE

5

361 ®HEBEE ;‘—?E Random vibration load factor
TEIEBET & fhe A& 5 222 (effective mass)
3282 F]80% (4r# 3-7)> 1% NASA it e 7 prig
WiRd & 247 5 M % (IR$ i B4 3 > power spectrum) (4- @) 3-6) »
1245 Miles formula 18 & = w K Siepds i § 4 Fliic (RVLF;) » ¥ 12

25



L2 e R X g jy f i\- (4%
3-10) -

3-9 ax*&@a,\,g;\; 18.466G m/s” > Y =
Fo i f 4 5 10.291G m/s® ~ Z 2 w2 B

AR

17.033G m/s? -

P R At > AT R S AT

M) #Fsre Zmy FELP (PP SOE#FLE L PEs )
F 24 g (drk 3-11)-

()% Zsbp @ pEY LT % seng o

i * MSC/Nastran im s A~ 451 &

FaEy»
:\*—.

7 2 (404 3-12)-

» #-#7% load case i » i {7 A 47 o

Wi FEHF (X3 efmFRE I Fp3xmxfE | Z3»5 %L
(Hz) (%0) (%) (%)
1 94.0602 14.439%
3 117.385 64.828%
5 159.016 0.339%
6 178.2236 0.177%
8 195.8425 76.822%
14 | 220.2095 0.505%
28 | 282.2016 0.943%
30 | 301.2292 0.228%
94 | 315.3277 8.605%
99 | 333.6068 7.634%
100 | 338.5604 0.212%
101 | 345.5595 34.683%
112 | 383.3036 30.029%
176 | 404.9226 1.058%
227 | 438.396 0.170%
290 | 539.8119 0.657%
Total eff-mass 80.169% 80.950% 80.210%
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| 10 100 1000 10000

0.01 1 \

0.001 MR
0.0001
Bl 3-6 4gARiR S B 24T B 14
2 3BT R XA B
E | EEAE | B R, L PelEs i T
(H2) | (gH2) Gy | 1 e (0)
159.016 0.0275 24.871 0.34% 0.0844
178.224 0.0236 24.410 0.18% 0.0431
195.842 0.0208 24.034 76.82% 18.4638
220.210 0.0178 23.575 0.51% 0.1192
301.229 0.0118 22.392 0.23% 0.0511
338.560 0.0101 21.966 0.21% 0.0467
404.923 0.0079 21.329 1.06% 0.2257
438.396 0.0071 21.053 0.17% 0.0358
539.812 0.0054 20.345 0.66% 0.1336
Total RVLF,,  18.4664
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239 PEY S p2 B

WE | ERAE | SR P T, L | SR
(H2) | (gMH2) (g) |17FFE (9)
315.328 | 0.0111 22.224 8.60% 1.9123
333.607 | 0.0103 22.019 7.63% 1.6809
345.560 | 0.0098 21.892 34.68% 7.5928
383.307 | 0.0085 21.522 30.03% 6.4629
Total RVLF,, 10.290944

4310385 Z 3 w2 #1f ;u

#E a3 R S S S S S Yocr ¢ s f T
(Hz) | (g¥Hz) (o) e (9)
94.060 0.04 23.063 1444% 3.3300
117.385 0.04 25.764 64.83% 16.7024
282.202 0.0128 22.633 0.94% 0.2134
Total RVLF,, 17.0325
37 A%

& * MSC/Nastran :& {7 7 "TH ~ 245 % = {0 &~ 478 % 12 |-DEAS
ﬁi%]:"..‘é%%ﬂﬁl °32m A EmiE- - Koo B S - e (load
casel) &bl % - 2 f { (loadcasel) * (X Y- Z) 3w f 5

(20.97946 - 11.6-99) G -

d 3R e A AR LE A AlvE - il ik AR R RT

BE - TR R R R AT LI R T (e R

28



3-7) &4 $~ & 5 1.63MPa -
B LCD o 45 d S04 sk > 3 2t ke Fihi ¥ chm g
£ Flpts FHEEALHE K~ FERS <] (0B 3-8)-

PG G RA R EPE R 2R (drk 313)0 B- &

img 1301 1% 2AER o R
Bl f Y BTN RARR RSB L2 X 2R R (4o
7

(3 |
™
N
B
¥
IR
JANY
.‘w
W
/\_
A
)
wh
o
)
F_*
A}
g
g
pac
“—;L

% 311k Ak FE A L

ffen X2 ef fEG) YRrmifE G) Z3% i (G)
1-8 20.97946 11.6 9.9
-17.9795 116 9.9
7.7 15.50688 9.9
9-16 77 -15.5069 9.9
7.7 11.6 19.70066
17~24 7.7 -11.6 -19.7007

2312 R A SR LA RS ke f

Y e f g w4
25~30 + 4

2 = % +222.6 (Nt)

31 LCD w 4 55640 (N/m"2)
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=20.98
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2313 % - B PTAGERA S BT 2R

R AR % >tk PEX2RHEIBR
A kAL | EBUERL | FRBEARZ | EUEARZ
R L ol 2 N T AR BN AR
At 4L Kﬁ(ll\/l 52)& %;\mzz;i %Mlﬁ) % > thlk % >k X 2R X 2BR
P (SF,) (SFy) (MoS,) (Mos,)
¥ 45 Al-7075 469 4390 163 1.25 2.0 1.301 12.475
& 4 Al-7075 469 4390 10 1.25 2.0 36.504 218.65
LCD & 4 | lexan953A 63 0.23 : 2.0 : 135.957
4314 3 B R EEEGER ] )
R AT RS % > ik VEE2RET 2BA
s | A LfE MREAZ | BURAZ | MRREAEZ | BURAEZ
¥ e |ERER | B A | AL | BUERLRRERL ERER
i (Mpa) (MPa) (MPa) Z piadk Zrthik | X2HRR X 2R
P (SF,) (SF,) (MoS,) | (MoS,)
17~24 ¥ 45 Al-7075 469 4390 189 1.25 2.0 0.984 10.622
31 LCD & 4 | lexan953A - 63 2.96 - 2.0 - 9.642
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3.8 i
AR R
(1) A H R gt 2 2 @

7 NASA R4 5

Ry
e
¢
K3
s
W
=
o
.
5%
4a

Y
[
_"

(2) o iR 4 R F GIEER kALt 4 %f?_ﬁ,\)g}gﬁ R E
B =%

(3) LCD & 4 g e 42T /B4 (% 3L j ) P> At d b ' o
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42 FHEF fameie (FFAK-)

ARG NY R BA RS b R F R A R
¥ (ducts)® Hih W51 W3 Flmhe o B @ R P R [ H Y
B SR B S E A @y o B R SR A w b ¥ R R B

IRl TR St S S ey

TR TR R ERE S SRS a ek F (IoB
4-1) 373K - #— PHERF o ER AR 23mm 3R Bk s
=g Famde mF (AWl 4-2) FERKRGDE Bh PP o B
FRRF  FPREETEEL FOle VikdE L RE R BER R
EEATUELLFAEA4 QR iR o ATTR IR E Y 14kg

=

FrAlR - g LE AR SRR GS 0 AR F %
3
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422 ARV - LHBAFREEERLRL L

FTAIR - AR AT Tl AR F AL B R IR
B 475 (mode shape) %2 3 »c & £ (effective mass) > fe pF3t &
> o

85 i f £ (RVLF) (4rdk 4-1)> 7 B 4 1 & chp SR3RMT

L2
25
wbo v

“J‘L%ﬂjﬁv—% ;\ﬁ%ﬁ,]}] o

(1) 4% #: 4 5 78.860 Hz p* :

MR T A RIRR S e Zhe 0 n TR G 60.688% 0 dR B0 &
s TR EEHEHY TRERFE (WF 4-3)0 d 0 3am
THATT G ek S o 8 2T 7 F LR
FER~ s ERRAERE  FITRhERFRE A2 Z %

et PIL > X 2RI MBZ S e P RE Z 2 wiRb s B
BPR DY BT R RS kb g 5 A kD
P T R s R R

(2) 45 # 45 & 163.770 Hz

F e E A b XS Zdhe o b RS TR B A RO
TR RS (4o 4-4)0 FTE H2 ER RS w h Xt e o
kg b A2 X3 winfEd o a TRERED S FRRA T B

SREC) 0 A X e RERE 0 B4 T R ARF AL 0 4

(3) 4= $+ 47 & 166.601 Hz p* :
PHCREJRD S e L X ghw 0 A2 21.271%7F s R 0 4 & R
B kR BB wE power R (4r@ 4-5) 0 FRE A A 2 N

163.770Hz pF4p Fe > H4F F & 3T o
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(4) =B 47 5 312.569 Hz pF :
ABEE S LY RENY RS e aEEA S f 4R
LCO & ~ A TR AR THYE - 27 LCD 6 w2 A 83
BAFETRPEFASMESFT AL IR Rlo e S g < P
,ii%<%@4m’%wb+@mﬁﬁﬁm@ e .

43 sy
PR BEATEEED - BER g Bl BB
JBENE A FI S EOEE I A e BRI o d

FREEP AL e L g ¥ (backplate) b f 0 Boo] it b 4T

1) T Rt Bg AP LR E BN EH cnE

(2) B iR ET ¥ PR A

) ¥ md ik f i‘—ﬁ RHp o B
22 QFREBESOEE > d N AR TR AR TS
of R e Gl BT LY R S P
iR R0 R BT S PRSI 51
Fp g ko

2041 AR - LBHE - FAFREEFLEL D
X3 w2 Y %2 Z > w2

i £ 47 &

1 78.860 69.688%
3 163.770 34.002% 5.011%
8 166.601 21.271%

101 312.569 45.262%
Total RVLF (G) 10.0708937 | 10.40588526 | 14.65662289
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PJ?‘]BPOWER"F%%#? z
Y\[/

B ot ik 4725 (mode shape )

B 4-4 #g % % 163.770Hz pF eh3C ik =25 (mode shape )
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W45 4% 5 166.601Hz B hf 37, (mode shape)

&

ol

I

TRRF

R A b

LCD[ iy Y4 X
vl

B 4-6 47 F 5 312.569Hz P¥ =it 435 (mode shape )
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T RE P R EE > NASA R B2 % T45 2 R HE F P
A4 e £ (4odk 2-2)0 &d Miles 258355 24 B Ho8k chds i f
 Flie (RVLF;) #5v» & fi f §* Fl#ic (RVLF;) shd ~ 930 (g
& 120HZ e (e 4-7) > TP R L RFPF > Fav i h i g
PRYRAR B B AE 120HZ ) 7 R MLk A f N B P

FEOR AP o SR ks AR S (] 20 120HZ) #et R

FATAK - Pl # ¥4 i 4&F) (mode shape) * 5 » X =
bR RS B ha L DR BT A 2 TR IR 2 AT
PR Fod T IR ERE S %?;“ﬁ@%%z@?;%ﬁri‘_ﬁm mEEA
2 AR hiREs > b P R ATHR AF ohp BOE S ApRiT 0 Bt e g et

N\

FE (D) ATRERF L H AR G 5 5mmE10mm st 35 2 (4o
4-8~ B 4-9) HE T ihEKF DR » FECREE S (2
STURBF2ZER > BRALERE 23mm A 5 1.8mm> { scip 4
Z p RIRAE > ERE T IRERE p BRI BRIk

AT A g 2 gt W MATAIRKG - (R B Ae)

B AlR s (RRERF S P

=t
ik
=
=
Ak
Eﬁ
N
pr
=i
(7
o
=
st}
e
i
—\‘\
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RVLEFi (G) i3 120Hz

30 9/

A

» AN

20 / "'\

15

10 /'/

5 M

0 10 100 1000 10000 Hz

Bld-7 22mBETHELPEEIH G
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BLRORTA R T R REF aPTEE G R B
fo P e e ag O LR Y R FR OREEH A (TR 2 )
EF R TRERFERES LR FET LSRR BB TR D
PRYRAE o X w2 B0 f PURATAIR - P 18.47G X )k

G (4 4-2)-

WAL R chA > B 5 TLCD & 7 ~ A AR BAF o @ MATRIR
- BofE A 472 ik 45 2) (mode shape) # ¥t &1 0 Y %+
et i~ 2 A A FTRFLEEIZIALCD & 0 B g0
FeE g R endRE 0 e d A LCD % o AR L TR KA K miE T
FE SRR T @ L) A E TR T (1225 R
fe b B 5 SmmF8mm ehdeds 4 (de @l 4-100 4-11) » 4o 35 S5 R R

BB P e p MRS (2) R LATRHE T 2 B R G K
1.5mm % g 5 1.3mmocgH p 2Rap B LCD o 7 ep R IRAE

FEILCD A 24k PRFET R X s SEF 2 #oT o

TR A BREHY P e drd g 2 N L NRTA R P

(LB 4o 2 el » RF ) 7 ATRR T~ gt » 0 X

e iRrdr a2 (HETRFETRE ﬁgﬁ%u’°4~§§;ﬁ; O

o B RIE) o R F A BT P RIS AT R
Frk o] o
%ﬂa%w%ﬁﬁﬁ%%ﬁ’Y%éﬁ%néﬁ 7 3] 2% e

LCD‘i’fFfﬁﬁf’#%Tﬁ? Y%ﬂsra'gﬁﬁhkéi\‘ €352 2 - eh

4



10.41G -] 5 8.65Gem FTAIK T v4e » T A H X P w R ¥ 0
[ M-k b i f UMD 718G o v RATAIR L RHCR B d
B (4% 4-3)-

433 AAKPL Z e B
AR XY 2o L A BagRds A2 MEFE AR
@a%@*%?éﬁ%’éﬁﬁ%ﬁf’%ﬂﬁiiﬁm%”ﬂﬁ
$44=

BT AR R R A RN XY S Z 3

B f fE AT R (40 44)>
AR & X 3 Y R B f PP Rl o 2 R AT

Wt - T L9 DT B Z S B f s O e 0 0 5 ERY

AR LA AR - | AR FrAR =
2p 2L " TR e
E g %{1%1-‘ TR AR et bR
X g # 15 § §(G) 18.47 13.28 9.72
5 B oPR3EAE (HzZ) | 163.77 163.47 160.13
i T E g 34.00% 53.01% 32.65%
;L A sk3E48 (Hz) | 166.60 168.20
7 EE 21.27% 19.87%
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243 EABEY S R EE L PR
AL FH 27738 2 - FTAIK e ATAIR T
Y gos B 45§ 4(G)]  10.41 8.65 7.18
b iR (HZ)| 31257 313.797 309.33
$oxf R | 45.26% 31.99% 9.15%
i 4EaF (H)| 319.04 324.73 317.91
Bl ogoeyre 4.02% 20.55% 21.53%
s | B AR (H2)|  345.36 321,50
$ R 4.38% 8.23%
i 4R (Ha) 322.63
§ g 19.78%
44 FTAUF AR EL L AR R
KPR | RURS - | FURE S | FURSZ | AR | BURT
# (X5 | 1007 13.28 9.72 10.10 8.98
Eﬁi Y| 1041 10.46 10.17 8.65 7.18
% VAN 14.66 15.28 15.25 14.67 15.36
G R (kg) 2793 | 27.963 | 27.887 | 27401 | 27.070
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FRAF Pl o AMS02 3 24]  ACOP = 3 7% s sy s §. 4 =¥
LR F - BRFAIAE TR S Rz 4 NASA
BB NE o 0 R Fido BT REAE T p RAE SRR

S

Bt A AR S F R e BRI g 5 e

—HE IR T Y e FpliR A * Jk#8 (vibration machine)
5 g SR enac & RUR[6]) R E RS AT > v BRI
PRAE RIS 2 E 2 R GAER L S & 0 ods i sip BRUF
o FkARD AT

(1) REASFSREaIap WL 34 Jrpr gy

(2) WA ETNBE fA LB RS LT R
PO FARE I TR RNENRALERE S FFY BY R
RS} AR AL RS -

(3) ).L%t_"‘;g:}gt( 4\ éi—/]\""[g, %ﬂ;})&fy&,;‘;{@;ﬁi/%‘g—b%%&}\i
RefRd Rl 0 T Y ek R B ERBEOES o
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5.1 2%
ACOP * 7 & "5 k5L 21— B 3 T Pad X 07 30T #1jiih
B ik B 0 R RE g 2B T R A2k b Bk ek 2 ik
B A AT AL AR E TR AT & 2 AR R o Ah e
¥ ACOP T %5 e § e dpik st > 22 £ 18y 'TH 07 > ot 07

BB W RRBELS FILDE L REF AT S YT0D P

Bowivd vtz B B A F e B TR R
21
~

S S ARG SRRk g g BT G M o F
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