>
Mechanical Connection mmﬁ

PSR E SRR G SRS
RIS

EEETE, X R
(L@ K FMTMEFIE, _EiF 200240 )

[(HE] ARZEE/LSISMHRS LMY A FHRE, RE—F2BS L oMM HAEET &, @idk
25 5 ARSI, B BN T F AR R 09 & 8 ta 4T, A AR AT L B am 4T 3k B AF i AR 4R
Z R A BAT . AR FedB Tk A R R A AR BT AR 69X IR TR T A SRR K, B AR
WA P EAT - B K ARBRB TR R, AAH AR LT R FRE T 285 LA R E M BOERE

T IR AR T RO 1 . FH LA R E E R TAUEAMR TA2, it

B LA P 2 0 R AR |

IRGEMEZ, IL, TEBEF R LA T Bk R 09 KA, I A A T 25 B 14t Al
KB : Ik - 5 mAtask; LOMA L &5k, HIF T L BAbXEe; ) F
DOI: 10.16080/j.issn1671-833x.2017.22.045

BEE
MIARE TEARFEOAES
MREEURARTHE,

* BETHE : CALT £:4:391 H ( CALT201604 ) 5 fiit
ZRleFIE 4TI H (2016ZE57009 ),

ARG G m AR, 2T 4R35
A MORL AT R LE R | LU 4% 6]
St TR 55 TR S ol PR RE T R
ZUIRETEAI AL K SRRSO, ) iz
JOE RS i S A 25 0 R 5 9 A Al
Al e R RE AL S % 2 O H B AR
S PRI L HIAS AT 3 G b2 18 5]
55 4 M S R R R D, 4
TE CHLASHY BB RER AR AT
BRI S AR B Z A
U

GBI S bR 5 B3 2
T8 T B AR HUGE #2 % DL K%
TAHILEN I RIR G Y, i
RKFE GRS SR
I3 1o Jie B2 i et — 2 1, T 7
b6 T A BB A e
B 5 A R R R — R P Hor,
JEEHE A AR AT A R DR S A ) 2 ]
M, H RAE R i
B YOS RAERE . [HBHEAS

W B 725 1 R A B R R AR
B3 o M 28 T RE T 22 A B N AR
LU 2, BILR 2 42 245 ) B 58 35 o 1
5, LA AT HE  (H A BT fL 3 1 g ™
wmAEM HEREN, REEE
S AR e AR 2 AR G 422 1) s 5
LEE RAEEATRIL A, H 2 B R
A A T A L2 4 A, 7
—ERREE FHIEg TR G AR T
R IR AL

e [ 45 F 55 BE 19 Smith™
Kellar 25 BV i Surfi—SculptTM T
NG R G MR R A R B R
JE RS AT AT 7k,
AL GE A 45H , Comeld™ $23k
AR KR 48 - 2 A MRE4S
PR R AL RN AR AN AS , I HL e
AT Ry U i, BV BKCE 45 ) 4
(B! 71 (0 o g 1 5 S T TR
O TH T 28R, iR KA g
SR RBEARIHRED), I A 5853

2017 AE5E 22 W) - pablsE AR 45



PR .
—— ¥ oru

RAREHRAEH T

2 [V 724 BE 1Y Mouring 45 ©
a3 ) N 56 A B T 5 R R A
PSS 4 8 3% 4 45 0 1) AR 33 RE ) gk
7 T W5, & BN Surfi-Sculpt™
HORTE 4 o % H A 3R DY A ke
Gl 74k Im BRI N Sy B v T 4
LR RE . SRR ER
S0 Tu 55 7 A 7 3 42 )R
HEFE R U S 1) 5 B A
AT Tk

DL AR B R i A s
5552 G MR I 2 25 0 1 e FE N A
o

ES N eIl N = 3
Zhang s B = 445 PR T 7 1 %t
Comeld™ & A MAL - 48 i H24540
SREE VAT TR

[ N A2 % Z—-pin B9 T 2505
2 VAR B g D) O s L )
JHAE AR R H2 254 1 i g
T KT X LT R A — 2
FIME S

BEXTLA 1 3542 07 AEAE R [n]
V2 A M RHE R Z-pin B3R F AR N
HTEAMES & 582, A CH
—FR B GRS BB T
h——I - Z Uk, %7
Pl IR 4B A pHBHE S iy a]
SEMERZE R RCR . X AR G e Bz
D7 VAT B K Oy i i ) A B R
BT TR, L T P
NP o2 N P T £ N (k=4
T L RS G R AR, S5 R R,
ASCRT AR TR i 4 vk 0 AR
1R AR SR IR 2k Ao A PR AR R RE B
WSRE T T HE, BUIR AT A RE
R AT S R AN 28 1, ATTAT
TSR R AR

B - EMEHERTE
1 XS

AT IE - 2 A0 BT 5
W HH LA 1A%, BRI £t
I HE 0 2 R 25

46 FiAAHEEAR - 2017 4535 22 0]

BRI DL BB g e T A m
UNEPKG P . e AR/, H
Imm ZE A7, I H 585 3% H2 0 Al H2 7
—if, BN, 4B AT O HES AT IR
PRI BRI Ry 2, F L
MOE S S RN B &R 55
HAMRHREA R,

Fie iz i B, 2 B ASTM
D 1002-10"" b, &IF T &R 5 E
B AR RS R R (] 2 ), Horp
s Flp 43 50 4 )@ An g 0 81 B A A 7
. & A # k2 R 0.188mm,
Bl 2 [0/45/90/-45],5 45 Jm AR5
UNEF B TR 45 S50, 2 AR
Bl A EE SO B =121GPa,
E,=9.93GPa, v,,=0.32, G,,=3.6GPa,
HE, (i=1,2,3) A 34 F W)
R R, G, (i=1,2,3) R34
FPm MBI, v, (i=1,2,3)
SHAARS Ho 4 JE AR A R JE P R
E=210GPa, v=0.3, $=355MPa, 1%
R S S 100mm x 25mm x 12mm.,
PSR ) 22 () f [ R e S 765y

Hysol EA9696, 4 J& 41 & Fil 1 2
RS HY =914
2 REHIETIZE

e - Z2 A2k VR 2 DA
TILA B, Bk, e Bl mE
BB B 1 XA T R T AL B
R T %5 ASTM D 2093 45
WE—20 GBS, FT8S , v
M)A 484 e HI P R i 245 4 0RG
PR, B 5 RS ik A
TR X 35, 20min, F KGR FE T 1Y
WA ZE K 56 4. 5 A A 47 B
KT, fo i PR T T4 ) A g
R

R CEE IS R b B 1
&R 55 A ARG T I B R
itk XFMEH T &ERSE S
PERMI A FUE 7 o 2 5 FH [ e
o FE ALY 4 8 5 B A RS
[ 5 , I 5 1% X U AR Tmm (Y
AL, LS [R5 2 T4 @Al S
SR LAY 53 AT F 51 FE ( s=5mm )
AATHE(p=3mm ) ¥, WK 2 s

&R

\

w

ZEFEAR

.

.

EAEL

E1 -t R
Fig.1 Concept of adhesive-multi pin joint

AR RIETRIEAE
E T f
R
100 s SRk
Lo ¢ o
S UL -3 N A “
o) (e} <t o
? Q
2xp
188

E2

W HLARS (mm)

Fig.2 Specimen geometry configuration (mm)



Mechanical Connection mmﬁﬁ

15 R ER N lmm B4 55 m
s F A [ 48 4 Ja A A2 b Rk I
Ko &R R T & Ab 3 I
BISIR RN . B Je P A [ Ak 1
FE SR 120 °C 10 I3 A8 b oin < [
b 1h, Z 5 ke R 1R H B =
Mo VR RxF ik g, 25 5 A i
TR TUAATIE PRAH [F] 79 i 3l A
K2 ARG A H O R 4
DXl G S22 0 4 SR AR 5 25 MR
Bk, WAE G R 1 5o A i
A — R e B AL IR 20 i T
Je AR e — Z2 gt i1 an
3 s

058 i 5

P A3k 5 2 I ASTM D 1002—
10 #5 #fE 7E MTS E45.105 %! J7 BE i
ML T, IS HLEE R R S0kN,
57 2850 [ PR 42 i D A R 1R 25
A 1% R AFTE ECE, WA o
B F e 3k Je B B A MR B i
JFF, A JE AR [ v e R, UL 4.
RIS A 25mm x 25mm fl
AL & Etmt R E S & EiREE
FHIA], A p R R 52 G4
AR BE AT, T AR IE RS H R
52 FE A 0 s 5 T -5 28T 1% it o
gFH A hPrMRRHL ekt m
DAL E AT, N3 H 228 0.2mm/min,
KEESE R SHz,

ZR5itig

1 ELHE-IBHME
Xof T o A Ti) S 780 g B 4 3k
A, AR A9 3 (ke
oy - MR REA RAFH—8:,
Herpr— 2 R0 a6 4 SR P S
Ne B - MR, K -2
YEF 3k b i 3k B R A R
A T1 . BT - 7 F% 2R 5 R
B P 2 PAD X 3 1 R s R SR i
FEP W B RE R, T X PR
Rk I — 22 ANl e gt b BT i
1) R e e Sk I s A L

Besh, NIEL 5w i LU Hh ISk
I RBE TR R A IO AR
BREIR X 4 ) FR S 2 BT

Ca) Betietiedk

(EAR AR, I - 2%k
ARSI it T L A 8 B M e Sk T L
A TR, EEast—Jrmn] Ll

SImAnEt

(b)) - stk

E3 EMSHEEE-SaMehERAn G

Fig.3 Conventional and novel metal-composite joint specimens

ﬁfkﬁ+———ﬁﬁﬂ

RN

B

-
1 b

E4 RIeERFAR
Fig.4 Clamping method of specimens

8 —— AR
RN
6 2
")
1
z -
é 4+ I
" 1
2 - |
0 i 2 3 J 5
% /mm

BE5 WAL - IR B X bt

Fig.5 Comparison of load—-displacement curves between adhesive joint and

adhesive—multi pin joint

2017 AE5E 22 W) - Rl 47



PR .
—— ¥ oru

T A R = TR, T — 5 T A
[11) S S CV G A i e = SN B ]
W JEIFRGRBEIR T | M M R R B A
IR FRERT, MERE (L
SN G N T R AT I T 7 3 4
BERE TR e HE I 2 ARSI B 45 4
HE BRI o

BEAh, 4 Jm A B EARAR /N, O HL
A 2 S A A, A 14 5 ST
AR, SR TG UG He 5 [ A R
R, B2, - 2k
KRR T4k BRERE ), PRIIE T
BEEAS I RIRRE TR, R T A5 MY
JE.
2 BELWIRSHT

Kl 6 FMEN 7 Z2 B X AR SR [
A BFEARBW HEA, 7E57Y)

TIPSk 1 e e 1k v
7 A BB, R 5 1 DX
J WG 1Sk S BR A AR IR o e Ah,
JE A S 4 TR AN 2 5 AR 2 []]
P10 I JIE A A T 7 B A P SRR T
PN SR A X 4 J A A2 5 bR I Y
BB/ 6), SEGHEHALL,
2 TS ot 4 T ) Rl RS R B 5 X T
- Z ARSI TEAR AT
PE o T AT A £ A, S i
JEAN G S A B IA 5 25 38 38 3
BB A 5 B I 32 4 25 A 20 R A )R
TN, 1R R I Be i B A
BB TR0 BT S R 2 ) AR
PR, R (0 (5 R B T 19 K, B
%?HEI%TM’EAHMEP%Z&\%E& i
eSS AT T RN % A

Ele Rkl O
Fig.6 Fracture mode of adhesive joints

E7 R-SdstEskirnEsx
Fig.7 Fracture mode of adhesive—-multi pin joints

48 iAW EA - 2017 4555 22 0]

LR A B — 7 T R 9T
PR FEEIESRIE ; J— S R
L[] AR A, R T FE A5 1 R OR
PR FIRE R . 7 s 2
BMORHE 45° BT 1) A AR R
e Ak, A i 4 4540 A A WK TR
IR AT KA T IR B T
B 5, A A B B R AR T
H:ﬁf”ﬁ&%o B R AET R R A A

AR B RO,
E‘FﬁlT}?& - ZUEF L I R, 2t
7 A T 5 I e 4 Sk AN ) i g 2

ap
HBo

&g

N TR R E S MRS
P A PR RE AR SCER T — i -
ZHET T VR o AE R A U
WUT XS EASL I - 2405
PSR T OB A LU R 2598

(1) SRS AT, K - 240
FHE AN FRBIR 2T IR AL A
RE RSO 25 7 T A i g o X
DU ITERERE I - 25T R ES A
J R RS

(2) BUA IR 1 4 B 5 Bl is
He A Z 18] HA BB AE T 7, AT i
A AN (ELA 8 52 S22 0 SRR 2= s A
T A3 J2 i L5 0 T A R
— () A 125 0 i e 1 2 M) ) 2T, B2
e S GRS B R S A Y ) R 3K
AE 3 R AT S, - AR 4 2 FA 1
NINEAY & d N i I ek AR PN EY iR 4
.

2 % X #t

(1] M IL. ZEFOREH (M]. L
A R A AT L 2011

XIE Mingjiu. Joints for composites materials
[M]. Shanghai: Shanghai Jiao Tong University
Press, 2011.

21 #fh, BR/F s, A L Rk
TR BT AR B HE A R AR 9t e
1. BEIEH 1 EAAEL, 2016(7): 92-95.

GAO Wei, CHEN Xiaoping, HAN Jianping,

et al. Progress in the fabrication process of



Mechanical Connection mmﬁﬁ

composite joint skirt for SRM[J]. Fiber Reinforced
Plastics/Composites, 2016(7): 92-95.

[B] TRELE . FHER , MRz, 45 . FEiX
KE R AR B IRERBEIR T S AR ()]
TR A (B ARRLARR ), 2005, 26(4):
8-12.

XU Hongyu, WANG Yanshuang,
CHEN Dianyun, et al. Analysis of failure and
optimization for composite case of solid rocket
engine[J]. Journal of He’nan University of
Science and Technology (Natural Science), 2005,
26(4): 8-12.

[4] SMITH F. COMELD™—an innovation
in composite to metal joining[J]. Materials
Technology, 2004, 49(2): 26-27.

[5] KELLAR E J C, SMITH F. Comeld—
a new approach to damage control for composite
to metal joints[C]// Proceedings of Design &
Performance of Composite Materials Conference.
Sheffield, 2005.

[6] MOURING S E, JANOWSKI M E,
LOUCA L A, et al. Structural performance of
comeld hybrid metal-to—composite joints[C]//
Proceedings of the Twenty—second International
Offshore and Polar Engineering Conference.
Rhodes, 2012.

[7] TU W, WEN P H, HOGG P J, et
al. Optimisation of the protrusion geometry in

Comeld™ joints[J]. Composites Science and

Technology, 2011, 71(6): 868-876.

[8] ZHANG H J, WEN W D, CUI H
T. Study on the strength prediction model of
comeld composites joints[]]. Composites Part B:
Engineering, 2012, 43(8): 3310-3317.

[9] BYRD L W, BIRMAN V. Effectiveness
of Z—pins in preventing delamination of co—
cured composite joints on the example of a double
cantilever test[J]. Composites Part B: Engineering,
2006, 37(4/5): 365-378.

[10] YASAEE M, LANDER J K, ALLEGRI
G, et al. Experimental characterisation of mixed
mode traction—displacement relationships for a
single carbon composite Z—pin[J]. Composites
Science and Technology, 2014, 94: 123-131.

[11] CUI H, LI Y L, KOUSSIOS S, et al.
Mixed mode cohesive law for Z—pinned composite
analyses[J]. Computational Materials Science,
2013, 75: 60-68.

[12] MOURITZ A P, KOH T M. Re-
evaluation of mode I bridging traction modelling
for Z—pinned laminates based on experimental
analysis[J]. Composites Part B: Engineering,
2014, 56: 797-807.

[13] SONG M C, SANKAR B V,
SUBHASH G, et al. Analysis of mode [
delamination of Z-pinned composites using a
non—dimensional analytical model[J]. Composites

Part B: Engineering, 2012, 43: 1776-1784.

[14] DANTULURI V, MAITI S,
GEUBELLE P H, et al. Cohesive modeling of
delamination in Z-pin reinforced composite
laminates|J]. Composites Science and Technology,
2007, 67: 616-631.

[15] LIUHY, YANW Y, YUXY,et
al. Experimental study on effect of loading rate
on mode I delamination of Z—pin reinforced
laminates|J]. Composites Science and Technology,
2007, 67(7/8): 1294-1301.

[16] MOURITZ A P. Delamination
properties of Z—pinned composites in hot—wet
environment[]J]. Composites Part A: Applied
Science and Manufacturing, 2013, 52: 134—
142.

[17] American Society for Testing and
Materials. Standard test method for apparent shear
strength of single—lap—joint adhesively bonded
metal specimens by tension loading: ASTM-
D1002-10[S]. West Conshohocken: ASTM, 2010.

[18] American Society for Testing and
Materials. Standard practice for preparation of
surfaces of plastics prior to adhesive bonding:
ASTM-D2093-03[S]. West Conshohocken:
ASTM, 2010.

WIEE : XA, B BB 0L, B 5E 7
[6] A & G M Rl 32, E—mail: liulongquan76@

sjtu.edu.cn,

Experimental Investigation on Hybrid Structure of Novel Metal to Composite

TANG Huaqing, LIU Longquan

( School of Aeronautics and Astronautics, Shanghai Jiao Tong University, Shanghai 200240, China )

[ABSTRACT]

A novel joint method is developed to improve the mechanical properties of the metal-composite hybrid

joints, which is called adhesive-multi pin joint method. Both the adhesive between the metallic and composite substrates
and some very thin metallic pins running through the substrates in the overlap area transfer the load in this new joint. Ten-
sile test of metal-composite joints made by traditional adhesive bonded method and new joint method were carried out for
comparison. The results demonstrated that the failure load, failure strain, and energy absorption capacity can be improved
significantly by the proposed joint method, in addition to that, it can decrease the suddenness of the failure of the joint. All
these indications of damage occurring to a joint could promote detection of a problem in a structure before the catastrophic
failure. The application of the new joint method in aerospace engineering will increase the bearing efficiency and reduce the
weight of composite joint structures. The applicability of the adhesive-multi pin joint is wider than adhesive joint because
of these excellent properties.

Keywords: Adhesive-multi pin joint; Composite-to-metal connection; Manufacturing process; Tensile testing;
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Effect of Several Influencing Factors on Fatigue Behaviour of Interference-Fit

Bolted Composite Joints

WEI Jingchao', CHAI Ya’nan', LIU Fenglei’, CHI Jian'

(1. AVIC Aircraft Strength Research Institute, Xi’an 710065, China;
2. AVIC Manufacturing Technology Institute, Beijing 100024, China)

[ABSTRACT] An experimental investigation was conducted to determine the effect of several influencing factors on the
fatigue behavior of interference-fit bolted composite joints. The types of bolts, the sizes of interference fit, different materials
of laps, and stacking sequences of main laminates were separately considered. Tension-compression reversed force/stress ratio,
R=-1, was selected to evaluate the fatigue tests. The appropriate levels of fatigue stress were determined by the ultimate bear-
ing strength of the fastener structure obtained from the static tensile tests. The bearing stress and the fatigue life (S-N) data of
all specimens were presented and the relationship between influencing factors and fatigue life were obtained. The experimental
results show that the appropriate size of interference fit, the right type of fasteners, and the matched laps could improve the
fatigue life of composite joints; however four stacking sequences of main laminates are not sensitive to the fatigue life of com-
posite joints.
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