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Effect of fit conditions on mechanical properties of C/SiC online riveting unit

TAN Zhiyong' , WANG Jiebing' , MENG Fanfu', LI Yanbin™, QIAN Yixing®, LIU Xiaochong®
(1. Science and Technology on Space Physical Laboratory, Beijing 100076, China; 2. School of Mechanical Engineering,
Southeast University, Nanjing 211189, China; 3. School of Aeronautic Science and Engineering, Beihang University,
Beijing 100191, China; 4. School of Material, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: According to the on-line rivet connection forms widely used in chemical vapor infiltration (CVI) process
2D-C/SiC thermal structures and characteristics shown in ground tests, the effects of different forms of clearance or
interference fit between rivets and flat openings on mechanical properties were studied. A typical test piece with
rivets was prepared and the microscopic morphology was observed. Through rivet push-out test, the push-out
static strength and fatigue rules under different matching conditions were obtained. By comparing the tensile static
strength of the specimens with rivets and the specimens with holes under different matching conditions, the rule of
in-plane strength performance degradation caused by C/SiC online riveting was obtained. The characteristics of
fiber bundle deformation, hole edge pre-stress and local area damage of materials were analyzed, and numerical
modeling calculation was carried out according to morphology observation. Then, an improved point stress failure
criterion (PSC) considering the effect of stress concentration at the hole edge was proposed for C/SiC interference
fit riveting. Research shows that interference fit can improve the connection reliability between rivet and hole, signi-

ficantly improve the push-out static strength and fatigue strength of rivet. But the interference fit riveting process
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makes the local carbon fiber at the hole edge extrude and deform, which leads to the prestress at the hole edge.

Keywords: C/SiC; online rivet connection; strength character; fatigue test; fitting condition
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Fig.1 Diagram of C/SiC online rivet connection process
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(b) Low stress failure of riveted position
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Fig.2 Failure phenomenon of C/SiC online rivet connection part

in vibration and strength test
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Fig.3 Design (a) and physical drawings (b) of typical unit specimen
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AT i A 25 1 R R i B SR8 5 22 AR K
[i] B 2 P T i IR X R AT AL S T DT AR Y
SiC FEAAR LV 5 1ok 2 6 e T B SR bR T FL S5 B
ET ] TR SIC JE AR i v% &b, £ 202 C/SiC M A9 AL
1R X B B MR IR, L IR B A R R g
Tk, 7EI8 B Kk s 2 5 9hET 7 B A 4 B B ) 42
ARAVERE, MUVET IO B 1 mm B 75 ) R
T AT HE 588 B 13T 70% o

S3 BT RS IR i RV IR B4, TR] R 2 T Y
T iR R R B A A T UCRR Y SiC R, Mk
A S5 A IS8 T I D) i 2R R AR RE T 5 A
T A T R AT DL g3 o O-A. A-B. B-C 1Y 34>
AN B BE: O-A B B J2 ph FLEE TR Y SiC 3L {7 il
C/SiC M AL Jry & X b4 R e [/l Ak 2, SiC FEAAR NI
FER R R E B R EAEH . FE A SALE R AT
FUOLARBEIN , I N7 H 3028 A -0 % il 28 17 W1 3 A
45 555 A-B By B 32 BAK 58 AL 3 R F DX B8 B
BERZE, YIAF| B sl I & A B AL RE fe i bR 2

TOREEAMAMET TSR, S8 T E R EWNIR AT
FLRE SRR ZREHE, DR I0U A G R L ) B i R A
M L R TR SiC B BT M e I B AR, HD
PETE LT 0] [0 20 P AT 1 349 00 o 3 13 15y ok 28 2%
Bt () 25% 2o A7, 3 B8 52 4 BT IR A8 T Al B DR
SiC L 5y VIsik i « 290

F 307
% 2arte | 2nx1.75%4
K rs o 20 BN BT BEAE A8 R T FL AR
F R 0T T00 M 2840 o

(1) g5 1R 5 6 kA2 A AT 00 ) 2D-
C/SiC 5 2D-C/SiC T 2 i BUsiw FE A ® me 4b
X AR AE AR AT AT T A R PR T v 5
T, TR A B 3 A R RE A A T 129.6~
306.5N, i B LAY 4 A TR A T 913.4~
1225.6 N, XJL Y B HLR B C, 4390 40% Fl 14% .
F ALK A T SIC TRV A 80 6T 3 42 T 5 1k o
i, it 2 A 0 BT PR RE LS 5 C/SIC #
BEAR G
2.1.2 HVET T 9% 57 0 I 00 25

i 2 1 5 P 95 I Aok LI SR AE C/SiC #ET
R A B B R) B A [ 26 T 2% 1R 1 Bl s PR RE
TOUHE A B0 N 245 2% 9 1 Hz . B 1 16 R=0.1, 7Eixt
W B, X R AR A T 9 iR O R B
R, Bl G IR OB B AR 25 5 3 SO T i 2 i
RAETEBBEIR , X R AEIE # B R A AR S AT Y
T AR A, R EKIER FHMTRED . 3%
2R ARG K% 97 3R A8, 7E ARG 34 & 1
T A RS B A e B T B IR o 2 Nk — 2P el
P FRAN/N RS L DA e R R 1 A BRI 50
Tk

B AR AT 1A BR 7 RE 00 45 S AT 50 LA
K8 iR, HpREIERRESMNATS %, K0
B 9% 55 0 SR B 3 5 i B R 0 AR — B, IR0 45

=7.0 MPa (1)



<4274 -

EEMRER

R, A B RCRA, i AR EC T ) TR
From BT T 29 A, T00HS 9% 57 5 B B4R S8 )
YR T T 2 3~ a5 15 4% ik BB T A
55 F5 o MU 55 s M R TR AL G . Li
GBS AR 1 C/SIC MR A 7 — 2 9% 97 I 2k 5
N7 77 5 A B A 0 B B BLGE, AR SC e Rk
B BET IO AN e B B A, RIFE VD K 3
FL 300 WA B I B A LA 9 57 0 A i B R I L %
XS T 2 26 TC A L C/SiC A R EE JE 414 41
o VE B, B MORMAS [R 41 43 22 18] P9 1 )
BB . B SR AL o I 7 [ B 2 i 2% 1
TR 7= A L BE LR SiC B BY DI IR, B — 4 4y
SiC JLARAS HL A5 95 57 s Ak I B IR HIL A

2.0
YR 1l .
1.6 +
- 14 H
<12
<
210}
g & Experimental data of interference fit
-%0 0.8 Fitting data of interference fit
= 0.6 I © Experimental data of clearance fit
- - - - Fitting data of clearance fit
04t
b e e e o
0.2 5\\
o ) 1 )
0 5 10 15 20 25
Loading times/10°

P18 C/SIC BT IR 55 5if S Tk g I 1 SR Al i 2k
Fig. 8 Testresults and fitting curves of rivet push-out fatigue strength

test of C/SiC

2.2 C/SiC #0578 7o ik 4 B D A 4L 11 58 FE iX 8

i i S AT BT K A O LA B T
PN LRV BT 3 T AL S ALIA R ) B vh 2
VATE X0 iR 22 52 5 B0 B I T 45t B 3R F S AL 2
] 3 1 o 4 S A ) A St e AL R . e
25T 7 H PO S SR Y g 2 e A AN [ R R L P 3
AT PTG 5 T BAET e 4 U B A G o 5 2 T
TS L 320 7 A A Gl 2T 2 B 8, 3R B G2 fik i
JrEE L BALIECA BB RS R I RCR X LBt
FEAIX} C/SIC AL BRI S %

[F] Bt K i 22 % WO IR 25 R C/SIC L 78 06T 3 4%
IO 3 G v 1 B ph JLART L g 4 FR R AR UL g B o
W R IF LB LA AN E S T 2 T LA
IV St AP R I 1 B2 R R NN D R W B Rl i
FAL ;WAL Sy 4R rp 32 BOR b T LA R fE

BRI L, 6 IR FAS [RDIR 285 04 75 B0 6T 3k ok
T RAE
2.2.1 C/SiC Bl FFFLAAF T B H i i 25

Pz R 3 19 AME R SF X C/SiC S Mk 14 1 4%
AT ELAR R E AL, I T 7 Rl U n 5 3R AT
FEFLRFE B R o Ry PEAs S [ T LT 44 40
PERER LM, TH AT H AL S5 B R & T AL
FE A T AR . AN [ B AR R R AL B
WYL ) A B, BN AR R 30 IR T I AT ROEE
Jn# % % 4 0.3 mm/min, 121 B KB IRIE S5
&9 BT o FEFLAR B AR R IR 09 A 807 R 38 R AR AE
FRALAL S, HA B SR T SR T dE 4R AR
WL,

Measuring
point of
hole side

Measuring
point of
far end

;U <~‘:..,' B
(b) Failure morphology
K9 C/SiC IFALIEAE AR SRR RIRIE S
Fig.9 Experimental state and tensile failure morphology of C/SiC

(a) Experimental state

specimen with opening-hole

ARAT I 5 R B T FLOR /N B A2 AL B 1 10
7R o FEALRL A HE 5 FLAR /AR S8 Y EL AR O, (H
WIS HIT L4 s R A AR R R, 3R
HH C/SiC 1 ki B P fE X 3% 30 15 T 38 LA Bk
HA R B HT LA Rz g B A i SO R 1) fiE
X5 AR ISR 2] 4T e — 2K

220
------ Opening only

200 | A Clearance fit
B X O Interference fit
£ 180 |
=
s T
2160 %\‘“x

140 ¢ o %

120 : : : ' :

0 1 2 3 4 5 6

Hole diameter/mm
10 C/SiC B LI T STl it e v i o
Fig. 10 Comparison of tensile test performance between opening-hole

and rivet-test units of C/SiC



WA TG WA AR C/SIC TEL B HE B IC 1 1) % PE e 5 R

- 4275 -

2.2.2 GETRITIAE S BRI FL A PERE XS L

XT3 T B 2B e B ek 281 2 T 1 7 A AS [ R 25
() B0 ET PR A 4 BE 5 T FLAROAH [ B9 7 2 20 47 1fg
PR B 3K, R e Rk XA AR PR R Y
435 4 162.1 MPa, 133.5 MPa, [i] i %5 it T B 55
5 B I FLR A SE A R], 2 IR B2 L 3 &F
Y ARG BN, LA TR AR BUL A
HERRBE A, Hi T i EE =
UTR G R, (Lo B M B A Pt v o T o e
B 3 A L B AL B BT TRl e Fe AR A B T
I W A R

B BRI S % L, 18D BR S o 2 R Y
LI DURLAY SiC R #5314, (Had B 26 R3S
RN H B AR R T EOE ML T ENET, RPN
Je VTR P B 7 - AL 5 T [R] it 2 i il R 7E 7
IR G — M 2 BLENET i 9% o X WL B0 IE T AE 4
VT R 0 p A5 8 i 2508, BRI ad 28 26 e 7= A 1 S
FEAE B = T 9T 222 1 A T

(a) Clearance fit (b) Interference fit

11 C/SiC #ET Tk AT

Fig. 11 Tensile failure morphology of C/SiC test units with rivets

BT T B 2k T 5 3k 280 2 T 1k 1 o A B U i
P BB 28 5. [A) B4 R A8 5 st I £L
PIBRIE AL, HIBr OS2 AR5, — s
TEd /NI AL S, R IIBIA AL 32 202 1 5 46
P =, JUART N 3 B v X AR 14 52wl AH X A8/
T 2k 27 28 PR A i T 11 885 FLA AT R i 29 A
ANERE L E R BAAE LA R 4 R AL g
A iy L R F R B IR AIL ) B 40T T Jm AR A A
PR, H AU S EE G A
B 45 A T AR R R AR 5 L 30 4 A Ol A 40
ARZS B BB SR AR AR G

MNIET 12 1 aet 5 6 e 0 BT B T iR 5 B T AL
B LA I g -7 7 T 0F F T 3 — 2P DA PR SR
Tk FERCII AL, T B0 ) - AR 2 B A — 3
U BT AL 5 BET B E A [ RS Y SE R L/ 5 TR

FLII L, BIET R BC 5 BT FLAEAR N ) F 22 5%
AR, AR BER B ) 5 R 1 A 5 B AL Y
22 A0 25 AN TR IS 0 o X Rl R A L 3 1 AR 2
SR T AN AR PR AR . AN, R
AR IR 249 2 o L oo B A X R SE Y, B T ALK
LA IR 220 A8 29 2 0.46%

0.5

I N I
""""" Hole side of interference fit plate
04 . Far end of interference fit plate
— - — Hole side of plate with hole )
|— — Far end of plate with hol s J
& 03 ar end of plate with hole P
< . P
i =
@2 02 / A’
=7
0.1 ","’//-//
R
e T
,,»'/‘—.""':// ) ) ) ) )
0 20 40 60 80 100 120 140 160
Stress/MPa

B 12 C/SiC HhHFFL 5 90T Bpe e O AL ) - A2 I 2%
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Fig. 13 Local failure characteristics of interference-fitting C/SiC rivet in

static push-out test
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Fig. 16 Numerical simulation of rivet assembly using virtual fiber
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Table1 Mechanical properties of the C/SiC and

component materials

Property Value
Elastic modulus E,(E,) of C/SiC/GPa 115
Elastic modulus E, of C/SiC/GPa 35
Poisson's ratio u,, of C/SiC 0.05
Poisson's ratio p.(y4,;) of C/SiC 0.01
Shear modulus G, of C/SiC/GPa 35
Shear modulus G,(G,,) of C/SiC/GPa 32
Elastic modulus E, of carbon fiber/GPa 124
Elastic modulus E,(E3) of carbon fiber/GPa 14
Shear modulus G,; of carbon fiber/GPa 18
Shear modulus G;,(G,3) of carbon fiber/GPa 20
Poisson's ratio z4,(143) of carbon fiber 0.17
Poisson's ratio 1,3 of carbon fiber 0.01
Elastic modulus E of SiC matrix with voids/GPa 150
Shear modulus G of SiC matrix with voids/GPa 70
Poisson's ratio uof SiC matrix with voids 0.08
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Fig. 17 Rivet assembly model based on virtual carbon fiber and SiC solid
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Fig. 19 Numerical simulation results of pre-stress around hole

in C/SiC rivet interference fitting model
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Table 2 Strength characteristic length of C/SiC
under the condition of opening

Holeradius  Tensile strength oo Characteristic
r,/mm on/MPa 0 length d,/mm
0 212.0 1 —

1.0 186.0 0.877 1.38

1.75 159.3 0.751 1.32

2.0 152.0 0.717 1.32

2.75 136.1 0.642 1.39

Note: oy—Tensile failure stress of no opening-hole.
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