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Research on Fatigue of High Volume Fraction SiCp/Al
Composite Material Used in Opto-mechanical System
of Remote Sensing Instrument

LIU Xiao-feng, HE Xin, LIU Qiang
(Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China)

Abstract: Since there may be a fatigue problem when a high volume fraction SiCp/Al-based composite
material is used in the structure design of a space remote sensor, the fatigue failure behavior of the
material is studied. Firstly, several fatigue testing methods are presented. A conventional testing method
is selected to test the fatigue strength of the material. The fatigue test is planned. Then, a mathematic
model of the key parameters in the S-N curve is established by using a three-parameter exponential
function model to process the experimental data. A method for selecting vibration frequency in the
vibration test is proposed. Finally, five specimens are tested on a vibrating table. The observed test data
are fitted by using the three-parameter exponential function model. The result shows that the material
has a fatigue strength of 161 MPa. This result is very helpful to the structure design of space remote
Sensors.

Key words: high volume fraction; mirror; three-parameter; vibration; fatigue strength

WeHs HEE: 2013-08-27
ESWH: "ERFKZHOH TE R IE (074Z3IN70)
TEHBE AN X B (1984), F, THhKHFA, Bilt, TEANEZEALFERENEH IR,

E-mail: liuxiaofengshen@163.com

INFRARED (MONTHLY)/VoOL.34, No.10, Oct 2013 http://journal.sitp.ac.cn/hw



F34%, §10 M

=

A 21

0 3%

S (55% ~ 57%) B AL RERURLHE #4025
BRI B, MBS L R T AR
AL L RE DA SR Ik R B, = S R
AR R B AR, 7EE S L 78 SN B 1
Bi il 45 LA B AR GE M B AR B T2 A .
] Py — S i A AN BE S BT th X AR 5y SiCp /AL &
FMREEAT TRES S, FEXATEREE
il 4 T TR R R 0 SO B SRR R L
TR L SAER BT P i Ei sy SiCp/AlL
R

e b, TEMUR R AR 1 O L R rh, T
Xt SiCp/Al & M4 REEAT 25 IR B R SR A0 AL 1 2%
Jr2E i 5 DL 3G G 25 4 9 R . BRI (Y 25
AL RS, 1K AR A IR B k1] 2 T A
FAFEAR K ZA.  SiCp /Al B & AHRHA M BT 52 24T
BR B X S W] RE 2 A S A 0 i 2 T Y
WREHEBRIT P BBIBHAWATERE
BATHMRIREE ST, SR G AR A O R
(5 BT R RREEINE & 0 A A bRk 8 45
R, BRSO, I, AR E AR
AL SRR T BN R A EEE L

RZHF TN AN RIEE SRR 55 1T N
HEAT THFSE. EHEN PLBF TBOILRAL X SiC
TR 0 SR R S bR S MR RE B R A, OF
e T WAL SR JE B b i v J R 55 i BE R R
R IR I Z2%EN O @B AR SiC
BURL SRR IE S S AR (SIC & R 15%) (99 57
Wr AT, R3] A A AT AR E A
B RHAY JE ARG BE L AR R R 57 R RE A 4
s AR U BRR T BEST UL SiCp/AL A KL
W55 A7, IR T SiC BURLAY R SF X 9% 55
5 BE (Y R

LT H AR AR TR IR 5> SiCp /ALK
BRI B 55 B, S0 A dn AT 4R SiC M iR
BEL GRS HEE, BE R T
55 BT 28 . H RTE B N\l 1 7 i 1 )
Zh A gY SiCp/Al E & AR 57 30 B, 3X

http://journal.sitp.ac.cn/hw

X 2R 48 RIS A SR T A MR S AR A B
T A
A3l PR B IR, B =280 R R
BRI A J) SiCp/Al B & #RHI 5 55 3l BE 2847
THrFE, BREGH T EHRD (55% ~ 57%) SiC 1Y
S AR S S BB B 05 T B, A T A
S B AR 38 JRR i 45 4 BT v 0 . P 4 A3
2%,
1 ERER
1.1 Z=SRFRBIEDR
KREFFFERERY, =2 B0 m B A ]
LUBE I s R K T i XY P-S-N gk 2, Ho
55 75 i AR A N

(Sm,atc - So)me =C (1)

K, S, AMITKs S, N E I AR
N, R FSIKF S, TROBHORE 55 %7 4 m F1 C
MR R X () PP R, W] LA

-mlg(S,.. —9,) +1gC =1gN, (2)

é-\Y:Ing‘ A=1gC ., B=—-m, HL
@3,
Y =A+BlgS,,, —S,) (3)
At 98 55 75w AR AU v () Rl B R R
TR/, WH n A5 AR
(X, Y)(i=1,2---,n), HaBEHFmEE A
M B 1R

o, 7:%2":)(” YZ%XH:Y;; X, -
(S, —S) . h
HERBX=ZANASE, ETFE NI
B STEBEHAL ) WBAHERY R,
BEEK. R, X

INFRARED (MONTHLY)/VoOL.34, N0.10, Oct 2013

1= (Y, =Y)/> (Y, -Y)*  (6)

i=1



Ap 2013 42 10 A

22 AN
Hr
Y, = A+ Blg(X, - 5,) (7)
7 X
FXY = zn:(XL _Y)(Y _7)
Foo = zn:(Xq _7)2 (8)
FYY = zn:(y _?)2
B3 (4) ~ L (7) /7%

(9)
R, BT 1, SHREEHRRBIET. ¥
X, AKX 9), 75 R,, KB KME, KIG S, ;
R HAANRK 1) F1X (5), K1G AF B,
1.2 IREDINEAYEE
MFAEEMRHREEHERS, Hizdhir
&N
mi(t) + ci(t) + kx(t) = F(t) (10)
FIRFEBES, W Ft) = kf(t) = kA
-cos(wt) , Hert w AW,
ARG R N

(t) = Re <

2A iwt
w=Ae > (1)

w? —wé—l—Zijwn
KA, Re RARXMNIESPMREXTLE; o,
ARG BRBR, w, =VE/m; (AHHEBH
F, (=g
ARG TS Y. (1) HEARTT f(t) BUIEL,
HEHKEFH
1

wy=20
H(w) 0 1_(5)2”](% (12)

piaC (12) Af I, WRAER T [H(w)| 55 F 10 5
R X SWOE{E A B LfE, B

[H(w)| =

INFRARED (MONTHLY)/VoOL.34, N0.10, Oct 2013

]-_Z[Y; _?_(Xi _Y)FXY/FXX]Q/FYY

LLEME X — i, e HEARAE, £
WL AT, WENT [Hw)] 5 w/w, §
KA 1.

B ZIEEBR N p, BHRE w/w, >p
I, 25 R E R A3 AIR Bl A 6 1 PR 45 451 R 2 1 6 A
R R e LRI, A A RE S AR R A gt
PRAIR, KA EA H A, AR w/w, <p. W
R ow/w, Wb, BARERET [Hw)| 2RIR/,
AR AL R AR B IR R RN T S AR Y
. J1 ] RER T RERL Y 95 55 R BE o, , BRTRE/NT
o, . —JiH, JAFHBRNI/NT o, I, H
& LI 2ot 2 A I E] 3 PR A 2 AR R,
KB REBA R X, H—J7m, 4K F &
KW IIKRF o, B, BB EAERE
o5 WOR, RSkt & R Ik AR Z . B
WA P BN TR A AR, T HLBER AT RE R 2,
w/w, R, RGN BR, B A,

LA B S B

6
5 7
4 'I.i

E . / / =0.1

[\ =02
1 N\ &0
\“——-__h
00 0.5 1 1.5 2 25 3
o,

PEL 1 1 Dt e o 2

e TARMN A, MR 0.75 < w/w, < 1.25
X TR 3R DX 1190, BT DA A S8 U B (13
FE M 0.5p < w/w, <0.75p
2 FHE4L SiCp/Al B & # K 7% A
2.1 WHERERFAE

9% 97 1 7 EE AN K 55 i U7
P TR AR AR IR =R 04,

WL ST R B E S TR ECA R,
AR SS BRIE B O AR S T AN BT R

http://journal.sitp.ac.cn/hw



H34k F10M 4

A 23

I AL, HTIEMREE R S - N
2R, W R 5 I 7 1 — BN B R Y 1 K I
fi, BRIEMN SR, FERIK LS RN S
IKF- T 55 A, ELEN e A ik i o 1k 5
Jo AR AR X B WL AU 52 55 i it 42,

TH TR I\ v T 98 55 AR R A B2 K F 5T 4
WRIGBRIENR. FEW.S1IKF o T IR — AL
AT, ZIAFER B i A N =107 Ik
TR Z BT A AR REOR, T2 AR TE R — 2
(W S 7KF o T REAT IR SR, 4% PR RE Y R B
A E BN SKF o, T2 107 RIEFFE &
RTS8 , W — e & — %
B R T K- o, TREAT. B 2 B N TR Y
e R

oy \
TN 7

X EAVAVARRN

;" 7

B2 FBEE (N=107); x — B3 o B

IR IR B 5 B — A W KR A
RAF, Z I AR — R iR I 45 R TR
woatr, ATURBRAER-FER PLEH
5 N, o R TUASAS 17 B 7 2K 23 0 3R A%
(22 4 A7 iy EAT L, T AR BORS BE AR X B Y
P—-S—N 4.

RO B A M MO T 5 5 8 A
B Z BIAFFEAR Ry X, Hom TR, T HLm
T3 B B, S AT AE AR AR A A I I i T e —
RMENE. o5, 38T A 50 B4 ORI 2
Fi B FR B 107 Y B R i GR, AS SORBUR B 57
Ik,

2.2 HEMK

PR 55 5 BE 09 3 5307 3 — Mo il o R
i 56 15 B A [ 4% 1R 952 95 A% BR T 1Y 28 47 9 35 4
¥, W5 PR 05 o B B e . SN 207
R, RET AR ERLRL Y 55 5

http://journal.sitp.ac.cn/hw

AR RS AR I k. B 3 il R B
K. BESE T RARR, HHEELERT
PR RRM S AR N T) o, FFREHAR B8
FAFB SRR, FEFE @ BART, Saf —E A
BN, Gk R R, /8 —HEWE (0, ).
n YORE G AT AR 2] 0 A B, FH=2%
e B OB AL 7 SN £

EiR BE

s REER  SRe

B3 kg R

F 1IN TR ARB S8 R
Ui [, TR R4 09 G AURSE 200 mm, B E
B AR AL, InZk e, 2 I A i
R RE T DA S R 0 1 RS
3 7 RAREER

e o ik Ik R e FE R 3h T3 b, IR T
B ERNAR A L. RS TFSEE o
XGRS A EERER L, ML TG+
PO AR — B, A FRAE RS B R G0 R
AEMR R, AR5 MR 4R b3 B 3 A5 R %k F &3 1 O
R RN AR, B 4 5 S
5 B 9 55 iR e 5 A IR B SRR S

F 25 T KL

MRIEFRRIH 5 HEHE, FHE=S8RK5
BT SN & T R iy 3 NS HEEITAG T,
BE S, =161, A=19.6681, B=-19942,

HEFESHFRPAERIN SN &L =N

lgN, = 19.6681 — 1.9942 x lg(o, .. — 161)  (14)

Kl 6 Brm i S-N il £2.

INFRARED (MONTHLY)/VoOL.34, N0.10, Oct 2013



24 a s 2013 4 10 A

A1 R R AK

gy RS (mm) A (ke) FLE 5 & (kg) FLE R ) (mm)

a=240.01 r=73.98
1 b=20.01 0.041 0.482 y=40.05
h=3.002 2=19.98
a=240.03 r=74.11
2 b=20.02 0.040 0.480 y=40.05
h=3.005 2=19.96
a=240.07 *=73.96
3 b=20.01 0.041 0.480 y=39.99
h=3.003 2=20.01
a=240.02 *=73.93
4 b=20.03 0.041 0.482 y=40.03
h=2.998 2=20.03
a=240.09 x=74.04
5 b=20.03 0.042 0.481 y=40.06
h=3.002 2=19.99
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1 125 89 7.47 20.52 210.8 14.072
2 122 90 9.6 21.91 225 8.722
3 126 90 9.6 28.60 295 2.097
4 120 88 9.0 23.22 238.5 6.768
5 122 88 9.0 24.64 253.4 3.412
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