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Study on Influence of Process Parameters on Performance of
Hybrid Bonded/Bolted Joints
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(1. College of Mechanical and Electronic Engineering, Nanjing University of Aeronautics &. Astronautics,

Nanjing 210016, China; 2. Shanghai Institute of Spacecraft Equipment, Shanghai 200240, China)

Abstract: To investigate the effects of wet assembly process parameters including tightening torque, adhesive
layer thickness, and bolt hole fit on the mechanical performance and failure modes of braided composite bolt-
adhesive hybrid joint structures, single-lap specimens are fabricated and subjected to tensile mechanical test-
ing. A finite element simulation model of the bolt-adhesive hybrid joint is established using the three-
dimensional Linde criterion combined with cohesive elements, enabling a systematic analysis of different joint
process parameters on influence mechanical performance, joint stiffness distribution, and damage evolution
characteristics. The result shows that the structure has different mechanical properties and failure modes under
different tightening moments. When the tightening moment increases from O N+m to 5 N+m, the adhesive
damage gradually changes from interface failure to cohesive failure mode, and the structural failure modes un-
dergo transformation. The change of adhesive thickness effects the load sharing ratio of the joints. It results in
the change of joints’ mechanical properties. The influence on the fiber damage, matrix damage and layered
damage distribution of the structure is small. When the thickness of the adhesive layer is 0.5 mm, the perfor-

mance of the joint structure is the best, and the load sharing ratio of the joints is the smallest. With the in-
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crease of the hole clearance, the stiffness of the joint first increases and then slowly decreases. Because when

the clearance exceeds 0.7% , the bolt and the adhesive in the joint cannot co-deform leading to the decrease of

its bearing capacity.

Key words: composites; wet assembly process; hybrid bonded/bolted joints; finite element model; mechanical

properties; failure forms

VRIS 5 bR R L 55 PR RE AL S L K 2k B
Ty, B Y T EALES Y
i . Y gm 2VAN A MR T AL T AR AL
S RE M A5 L7 R 2 U 8 R B B, LR
BT RE A 1 ) AR 1 22 [R) Y 3% R R TR A
e T 20 B 2 oK [ A B, SR M8 S5 [ 17 3 47 2
Be) o 7ENCHEIR & a5ty rh W83 = AR Je B )
S AR 8 =N K75 A 3% S U /T
JE 5 5[] B T 32 68 AR R0 0 BB 42 3 ) 1 g A
b B DR A Sk B B B o X B [ 20 1 75 T B R
G AR 12 RE S B w2 T R —
f18) W 2 T B I 5

MAMR FEAE D THRITRIBIRE G EZMN T
LB HEHIE S R A S R A 2
] OCHE T BT RIS T 2 A M
Ak M g MR VR A RS e A5 M Y T A YR RE  OF A b
THBEERE N AESMERMEA . BANS
SFUEHE T ANSYS VB # N TP U A BRI
WRIR A AU b A B AR Lk A fil
A BES RS0 HE R A BRI, XIALFEE"
JEF Hashin = 2 fE W HE N7 T 5 5 b ORE L3 1 008
PR A 1 e 42 3 0 A PR T O BT B9 IR TR &
T AR B R 0 R ROOL R T 4 A R il X A5 Y
R, RGBSR T ABAQUS # . T E A M
HBE-50 M RS 2 IR TR A 32 452 S5 4 1 A7 BR T AR Y,
I 38 i by N 2R ) BoOe B R AT O A R A M
B-& R IR G EEN MBS —E 2%
7 5 3% 41 5E 5 A PR T O BUASE TR 5 4 BT RS MR TR
R I AL SRR AN IR R TR R
TR RT3 Be By 52 e, & B 2 #E iR G i
P B A A 5% 1 MRS A2 2k, DT OB AT 243 T 1Y
Fefl . Kweon %5 ) 2t 56 55 50 B 0L BIF 5% 26
TE I WER A 3% 2 vh | WA 0 0 Xo) 4 T 245 A A% R 28 i
(9 TR, 32 2 R T G 5 A8 R0 R R A R R O R
AN R 5 B v R R ) o R I, L iR AR A 1
PLFE 5 & ¥ . Armentani 27 % ] ANASYS 34
HEAT TR IR IR A E A R B
ST A R R, 5 Al AR A A L, BARIR A 0%
TEIN A0 B v el TR AR T ) A A R R TR
BN RV R ) 3 RN R Kelly ! 4 Hr
T 2 SO IR TR G 1 15 2 A 1L 3B AR

SEIR W] MRS 1 2 1% 3 1 0 2 B HRUEE BE R
J2JEE IR 56, T 5 A B A B L MR T I A B R
8 A 3

UEAER X e SRR B 3 HE 1k R 5 R BT W I
Rk — 2 Ak, AR Y RS T IR R
Bi X%t GFRP-4R & 4 IR IR A i B2 2 3t X i 5
i), 8 H I 3 T 2 3 AR AT R 2 T O el A i 2 4
Ui A . 28 W 2 0L T g -0 S A 7
%R A AR AT ISR A T R T 2 5 50k
b, 38 R T IREE i RN i 2 VR X R 28 BE T B R
BRMAA, Li% il Sk e R T
PR R B AR 1 2 PR R A 7 0 4y
i K R E ] . Paliwal 28 2R3 T (Y 12
MR ) CFRP IR & i th 5 2 a0y e
BLl . Blier%5 %45 4 3D-DIC 54 FRIT/3Hr , 4 2
RA LB 5RO RIAT T RS E &R
T, #E— 2B R T IR B P R R AT

g5 b Tk R I P AR T I R G I AR 3
HLER 58 03 1 T0 N T 20 2 80% i Jy T 2 AR 2R OR i
ST EET XHR2E L T 25 410 T ISR A v 2 45
4 1 1 BE AR fL HLAE 55 R R A B = RSB 9T .

PRI, A S a3 50 F 8 RN 54 T S O
SR TR T T BT B0 IR R R SR AL
Fic & Xof i VR A 3 8 4 AL B 405 AR 5 R AU T R
B2 AL, A RHLEE EC T2 S 8050 5 h H Rt
AL,

1 AR5 T %

L1 R HRBE M SH

AR SCR I i SN AE A BERHE A B T-168 I B
FUFVER B 2 75 A S 1 30 R 5 T 17 e T 5 4 40 1Y
SRR B IR & R A B e RE A . 1K
56 2R A IR R R 5 3 4 O PR TR 2, R
G 25 AR5 5 2 bR v ASTM D5961%,
HARGEA AR W 1R 7R o by il S sl 5 L Sk
X R o 2SR o A Y 4R T S R
AR R o G AU R IR IR S5 A R A i
L AR B O B B A bR BR 2% ®D o WP-3011 i
TRORk o A Bl [ A R B ) R, R R
0.25 mm, §f JZ T R [0/45],, A 122, B4k 58
B 2 A AR AR BE S 3 mm, OB R T 2 M g A



84 M AU AR R 4R (A 2R B 27 B

i 58 %

PR o BE A 1 AL 23 U™ 2 W B 7S A
kTR AR E SR T RER
— AR W A T A i R A
o R R AR AT ELAR NG R T O R P IRfL AR . 3
PE P R A 5 e I — & TR A ) A BEFE ALY R A
5 FLBE I B AT 5 A9 A2 0 42l s g, AT 48 0 3 4% X
4 7K BB 1 /N IS 7 4R o O 40 a8 5 R0 A

X A MR DR LA gy 0 95 Ak RE A SRR )iz
IO T A s 25 ke CanPIL3RE L B 5¢ B 5 o 1 %

L 36

$z) o WRA RMR R p 1L AR R BK A BHEE AT BR 2 Fl 42
HE B BT R AT 2 G Ti-6AL-AV Bk 4 4, T 5 8 ) iy
AT . IR ) SRR S R 2 R . &
A 58 766 5790 R P AE 235 ) 42 AR T G0 MR 9 4 X T I
I J-168 R SUM R 5 i 40 B B, f b R
Je A AR T g B 4 AL, LR R S 8o 3R 3 B
INo BEAMEE RS B RS R AR
) AR B T 53 S 805 6 A JF SCHR T R 26
AR Y BT B Y AT T 38 YR

=3
o
Il
i
3

o

| BN CFRP [ W D=11.2

=)

p=60| ¥

T

5=50 . -

"""""""""" T

—————————— o)
D=53

BT RMRR & i A F R R A
Fig.1 Hybrid bonded/bolted joints
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Table 1 Material parameters of woven composite
laminate

FHEL S8 ol MR Z% il
E.,E,/GPa 50 X., Y,/MPa 400
E..,/GPa 3.5 Z./MPa 73
G,/ GPa 2.98 Z./MPa 50

Gys, G,/ GPa 2.31 S,,/MPa 50
Vi 0.25 Sys, Su/MPa 50

Vi s Vo 0.18 G/ (kJm™?) 12.5
X,,Y,/MPa 670 G, Gy/(kJom ?) 1.2

F2 Ti-6Al-4VIKA&BERHMBSH
Table 2 Material parameters of Ti-6Al-4V titanium al-

loy bolt
S5 Kl
E/GPa 112
o/ (ts\mm ") 4.43x10°°
v 0.34

R3 J-16SREFMBSH
Table 3 Material parameters of J-168 adhesive

MR S5 B fE
o/(trmm ?) 2.1x10°°
E/GPa 2 825
G/GPa 1525
o/MPa 20
t/MPa 20
GS/(Nemm™ ") 0.48
GS/(Nemm ') 0.96
GS/(Nemm ') 0.96
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Fig.2 Specimen preparation
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Fig.3 Curing process and curve of specimens
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Fig.5 Finite element model of hybrid bonded/bolted joints
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Fig.6 Local mesh display with varying mesh densities
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Table 4 Comparison of results from mesh sensitivity

analysis
- ANMRE RS, R IR)Z MR
IR A S (mm>XmmXmm)  #Hff/kN % /mm
LR A 0.41X0.31X0.2 19.86 1.30
Hh A 0.27%X0.21X0.2 19.29 1.24
411 A% 0.16X0.13X0.2 19.17 1.22
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Fig.12 Adhesive layer damage evolution and failure forms under varying tightening torques
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Fig.17 Adhesive layer shear strength and bolt load-sharing
ratio of hybrid bonded/bolted joints with different

adhesive layer thicknesses
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Fig.18 Adhesive layer peel stress S,; of hybrid bonded/

bolted joints with different adhesive layer thicknesses
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Fig.19 Damage propagation contour maps of hybrid bonded/bolted joints with different adhesive layer thicknesses
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Fig.21 Adhesive layer shear strength and joint stiffness of hy-

brid bonded/bolted joints with varying bolt hole fits
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Fig.22 Force analysis of hybrid bonded/bolted joints with
varying bolt hole fits
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