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Table 1 Chemical composition of the ZL301 aluminum alloy
(/%)
Mg Si Cu Mn Ti Al
9.5~11.0 0.3 0.1 0.15 0.15 Bal.
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Fig.1 Schematic diagram of vacuum assisted pressure infiltration

equipment
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Table 2 Processing parameters of vacuum assisted pressure infiltration process

Degree of vacuum/Pa Fiber temperature/'C

Melting temperature/’C

Infiltration pressure/MPa Holding time/min

10 560

730 7 20
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Fig.2 CF/Al composites for thermal properties testing: (a) axial specimen and (b) transverse specimen
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Fig.3 Axial/transverse expansion displacement-temperature curves of CF/Al composites during the heating (a) and cooling (b) process
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Fig.4 SEM image of CF/Al composites
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Fig.5 Hexagonal close-packed fiber arrangement RVE (a) and

random fiber arrangement RVE (b)
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Table 3 Elastic constant and thermal expansion coefficient of M40J fiber in composites?>2”

E._/GPa ET/GPa VLT VIT

G._T/GPa

Gr7/GPa a/x10° K? ar/=10° K?

377 19 0.26 0.3

8.9 7.3 2 8

x4 EFEEMNFEESRBMIEESH

Table 4 Mechanical and thermal expansion performance parameters of matrix alloy

[25,26]

Temperature/'C Elastic modulus/GPa

Yield strength/MPa

Thermal expansion

Ultimate strength/MPa coefficient/>d10° K

25 64.6 81.4
100 57.7 74.8
200 453 40.5
300 38.1 321
400 30.0 26.0

134.8 22.7
105.6 25.4
62.5 26.5
40.3 27.8
223 29.9
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Fig.6 Ductile damage evolution model for elastoplastic materials
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Table 5 Parameter of interfacial properties®?

tyMPa  t/MPa  t/MPa  3'/x10°m 3/1<10°m
16 95 9.5 0.08 0.72
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Fig.7 Thermal strain curves from RVE model and experiment of
composites: (a) hexagonal fiber arrangement RVE model and

(b) radom fiber arrangement RVE model

Mk RHP, SR N T RS S AR R, AR
FErf, FERSAPRH 7 b, 2R AERRAR A ) AL T
A RUPR I T ARG e IRATAT N .

PR T RBERL S A B (RS 17 DRI (RO T 17
(B 5) b, 20t 5EAa ) TR I Az i 4. IR 7
RITHE S RAT AR, BB H N I7 i 2 R L3 A7 B
i, FEILAER 2 AN T A B BAT L AR R AR
AR - B T 2, X 3 WIS ST ) BT P8 T DU Bt e ik
= SRR TEAT S IR 1R R 1

ERERIRE, WTEANT s, 2 4
R 1) 77 1) T A5 28 0 M AN A - O PR o A SE A
BIN(K 7a), T TR AEREAL A KB, L 2 M
17 7 ) b v SR04 31 f) 240 A T B8 il 4 DU A 7 — S R P
Z 5 (I 7b). EEFEAE T HHENTT MR 2 R L
I e H AT BA R R (6] Ba), T £F4EREAL 3 A1 B
FEHAE 2 AN R _E R £ 4 o3 A A AR — 58 72 7 1 (&
5h). M [ AN AR I R, 274 BEAL 20 A SR Y
THE A R AE N It 5 S G sy &, HRE S Y 47 2
P ATAN Y IPERI B IR ASTAT N, DR, TR
(RIBIE A R 12 0 AT BROCAR YT e SR R} B A
AT B A 7 MR 5 R BCIRAS 73 HT -

3.2 RBKRRNADH
K P27 4 BE AL 2> A B AT PRC A AL, T A5 3



- 666 WA SRR T2

%5 51 45

CF/IAl AP R 5 1055 80k R BLRL ) R0 N ) 43 A
ERNE 8 fin. M 8a i LAE H, EAMEEIK R
WG M BIR RPN )i KME R 173.7 MPa, HT A
AU AT AN 5] R B A & R IR AR B S A A A
B15). Kl 8b R, EAMRIH AR 4E 2 B4 T R SR
A, HBANFE LW RN AR, AR RER
JERF17K 218 132.9 MPa. I T RRET4E ) #iZ ik 2%
BN TRAEA S, BiRSEPAER/NIAEE &
b T ARG S MREBIUAT N, FEGI&ENE SR
HRIE ARG b F RN TIRES

(SIS R =R w B N i N I
(Syy) FIREFIHR F1 (Sppv Sag) THEMLE . WTLIE
t, FEARE SRR AR N I8N IEE, TR 4E B
FE RN S A, B — 20 R AR A £ A T Sl 1)
ZRORAS, M4 BTl 2 HORAS o X TR G
&, BRI RIIRARR SN 173.5 MPa, B & i T A
I B K IR ST, H 2 /M) J7 ) b R R AR 8L 77 (S,
5 Sg) ZERRUN: XHTAYE, HAhm R KRN IR
—125.8 MPa, I &5 T Hs n) d o RBOR B Jy, T HL2F

S, Max, Principal

(Avg: 75%)
+1.737e+02
+1.564e+02
+1.392e+02
+1.219e+02
+1.046e+02
+8.737e+01
+7.011e+01
+5.285e+01
+3.558e+01
+1.832e+01
+1.056e+00
-1.621e+01
-3.347e+01

S, Min, Principal
(Avg: 75%)

YEfl 2 MR ERIBRRN ) (S 5 Sg) BN
TR AL S AR S A < AT 4 1) i e R AR S0 o
W PR FS T HL 38 BB A0 Bk A I 0 0 A 25 S UL A
AL 17 R PEARFAE -

EREERRE, BRI S SR M E At T4
REFPIRAS, BEIRARN S A AL MW, T2 4E b
AVl ) SR T S A A BN 5] R, 2 ARET 4]
PRI B, A S A TR RO BRI IR
A (E9a) o« MK 9b I 9c W LAF H, MG B
I A AR N 7 AT AN KA B AL TR N TR
AR 1) b BAE T N PR, (HEF R RN
IKP BN T AR B BT K

K 10 Dyl & AR N IR TR KA FE A AL i
e AR PRES I BUERMS R . WK 10a TULE
H, EEFEH & e G SR G e Ak T AN FIREEE A B0
DR, L YEa BERUNER AL IR G e iR R, 1K
Fe FH T IX BE AT (R BEAR & 32 BB R K1 OB AR B 01
FYs Re ) 21 4 e e (R A ) ROR AR 77 (& 9a)
IR & & 5 T 8™ 1R E 8 .

+3.089e+01
+1.724e+01
+3.594e+00
-1.005e+01
-2.370e+01
-3.735e+01
-5.099e+01
-6.464e+01
-7.829e+01
-9.194e+01
-1.056e+02
-1.192e+02
-1.329e+02

K8 HAMEEEREERR 1506 = B

Fig.8 Equivalent thermal residual stress distribution of composites: (a) equivalent residual tensile stress and (b) equivalent residual compressive

stress
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Fig.9 Axial and transverse residual stress state of composites: (a) axial thermal residual stress (Si1), (b) transverse thermal residual stress (Sz2)

and (c) transverse thermal residual stress (Sz3)
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Fig.10 Damage state of matrix alloy and interface in composites: (a) damage state of matrix alloy, (b) damage state of interface, and (c) local

failure of interface
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Fig.11 TEM image of microscopic crack on local interface of CF/Al

composites

4 %

1) JE AT ER ST A SEIR 45 & (0595 73 T CRIAI
A PRI £ IR RS TEAT Ry, LR UEBENL AT
FH Bt AR T B4 B 0 PR AR T i £ 5 S i 2 &
0, A [ AN AR B KT ) AN AR B, HARBLH YR
IRV 2% 170 Rl

2) CFIAI 5 FRH 4 JE A7 AE B 2% (0 AR AN A7 73
A, AR YEAL T RN FPIRES T AR AT LN A
IRAS, LT HERNIEAR Fr 5 BB R A AR B 77 380/ S Al 7]
IR 7, HEATROAS [ [ 1k

3) LR YERENL A A T E AR R A G b IR
RNLIJATANE ], L1 Y B BRI B (R B Ao
2K PR R, 512 A AR e )™ FELA5 5 AN ST
R AL AFIT R A RRBIEREIR R A% .

SEB  References

[1] Liang Chunhua(%:%4£). Aeronautical Manufacturing Technology
(s ili HR) 3], 2009, 15: 32

[2] Wenzelburger M, Silber M, Gadow R. Key Engineering Materials[J],
2010, 425: 217

[3] Palazotto A N, Ruh R, Watt G. Journal of Aerospace Engineering[J],
1989, 1(1): 3

[4] Uozumi H, Kobayashi K, Masuda C et al. Advanced Materials
Research[J], 2006, 15-17: 209

[5] Cook A J. Materials Science and Engineering A[J], 1991, 144(1-2):
189

[6] Wang Yuqing(EEJK), Zheng Jiuhong(¥f A ZT), Tang Fengjun(JH
JXZE) et al. Rare Metal Materials and Engineering(# 6 4@k}
5[], 1994, 23(2): 64

[7]1 Sun Z M, LiJ B, Wang Z G et al. Acta Metallurgica et Materialia[J],
1992, 40(11): 2961



* 668 -

WA e MRS TR

%5 51 45

[8] Parlevliet P P, Bersee H E N, Beukers A. Composites Part A:
Applied Science and Manufacturing[J], 2006, 37(11): 1847
[9] Wang Shouhao(FE 1 %%), Sha Jianjun(¥># %), Dai Jixiang(ft i
#£) et al. The Third China International Conference on Composite
Materials Science and technology(&: = Jm b &2 & B R R
Hi K £)[C]. Hangzhou: Chemical Industry Press, 2017
[10] Cao Desheng( f# i), Ren Chengzu({T-54H), Zhang Lifeng(ik
JLUE) et al. Aerospace Materials & Technology(‘Ffift 4l T
2], 2017, 47(2): 18
[11] Ma Zhijun(Z £ %), Yang Yanging(#7#Ei%), Zhu Yan(4c #5) et
al. Rare Metal Materials and Engineering(## 4@+ Kl 5 T
F£)[J], 2004, 33(12): 1248
[12] Yang Lei(# ), Liu Xin(xll %), Gao Dongyue(%i %< %) et al.
Acta Materiae Compositae Sinica( & & # £l 2 $i%)[J], 2016,
33(3): 525
[13] Fiedler B, Hojo M, Ochiai S et al. Composites Science and
Technology[J], 2001, 61(1): 95
[14] Patankar S N, Suryanarayana C, Blackketter D et al. Journal of
Materials Science Letters[J], 1992, 11(13): 947
[15] Wang Zhenjun(EFRZ), Zhu Shixue(ZRkit:2%), Yu Huan(£ *K)
et al. Rare Metal Materials and Engineering(Fi & 4@kl 5 1L
F&)[J], 2018, 47(3): 982
[16] Nie Mingming(Z£ B #), Xu Zhifeng(#:E%8), Yu Huan(£ #K)
et al. Acta Materiae Compositae Sinica(& & #1 k] 2#3&)[J], 2016,

33(12): 2797

[17] Li S. Composites Science and Technology[J], 2008, 68(9): 1962

[18] Gonz&ez C, Llorca J. Composites Science and Technology[J],
2007, 67(13): 2795

[19] Xue Yahong(F#IE.4L), Chen Jigang(B:4£K1), Yan Shicheng(i=]
%) et al. Journal of Textile Research(ZiZR2:3R)[J], 2016,
37(9): 70

[20] Xia Z, Zhou C, Yong Q et al. International Journal of Solids and
Structures[J], 2006, 43(2): 266

[21] Wang Z, Yang S, Du Z et al. Materials[J], 2019, 12(19): 3133

[22] Wang Z J, Wang Z Y, Xiong B W et al. Journal of Alloys and
Compoundsl[J], 2020, 815: 152 459

[23] Wang Z J, Wang Z Y, Liu Y et al. Fatigue and Fracture of
Engineering Materials and Structures[J], 2021, 44(2): 383

[24] Zhao Jiaxian(4#5KE). Carbon Techniques(ZR ZHA)[J], 1997(1): 23

[25] Zhang Aodi(5k Bith). Thesis for Master Degree (fii £=1£30)[D].
Nanchang: Nanchang Hangkong University, 2020

[26] Wilson C A J. Proceedings of the Physical Society[J], 1941, 53(3): 235

[27] Wang Z J, Yang S Y, Du Z H et al. Materials (Basel, Switzerland)[J],
2019, 12: 3133

[28] Yu Ruihuang(£ % ##). Journal of Jilin University, Science
Edition(7 Ak 52 B B 2 244R) 0], 1979(4): 54

[29] Rupnowski P, Gentz M, Sutter J K et al. Composites Part A,
Applied Science and Manufacturing[J], 2005, 36(3): 327

Process-induced Thermal Deformation Behavior and Thermal Residual Stress
Distribution in CF/Al Composites

Zhang Yihao', Yan Yi?, Wang Zhenjun', Cai Changchun®, Xu Zhifeng®, Yu Huan'
(1. School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)
(2. School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: The thermal deformation behavior and thermal residual stress distribution in continuous carbon fiber reinforced aluminum matrix
composites (CF/Al composites), which were prepared by the vacuum pressure infiltration process, were studied by numerical simulation and
thermal expansion test method. The results show that the transverse thermal strain of the composite is much larger than the axial thermal strain,
and the thermal expansion behavior is transversely isotropic. The RVE model with random fiber arrangement can accurately predict the axial and
transverse thermal deformation behavior curves of the composite. In the as-prepared composite, the fiber and matrix alloy are in compressive and
tensile stress state, respectively. The transverse residual stresses of the matrix alloy and fiber are less than their axial residual stresses. The residual
stress state in both matrix alloy and fiber shows the transverse isotropic characteristic. Under the action of axial residual tensile stress, the matrix
alloy is damaged in varying degrees. Especially, the overhigh residual stress between fibers with small spacing will induce local interfacial failure,
which is not conducive to the bearing capacity of the composite. It is an important technical approach to reduce the fiber segregation in order to
improve the mechanical properties of the composite.
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