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Effects of the Adhesive Thickness and Residual Thermal Stress on the
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J.H. Choi and D.G. Lee

Key Words : Adhesion(# %), Adhesive (A 2A4)]), Adherend (4 2 4]), Residual Thermal Stress
(4 #A7F<#), Adhesive Thickness (& 249 F)

Abstract

With the wide application of fiber-reinforced composite material in aircraft, space structures
and robot arms, the design and manufacture of composite joints have become a very important
research area because they are often the weakest areas in composite structures. In this study, the
effects of the adhesive thickness, residual thermal stress on the torque capacity of the tubular
single lap joints were studied. The torque capacity of the adhesive joints were experimentally
determined and found to be inversely proprotional to the adhesive thickness. In order to match the
experimental results to the theoretical analyses, the elastic-Perfectly plastic material properties
of the adhesive were used in the closed form solution. Also, the residual thermal stress of the joints
were calculated by the finite element method and it was proved that the residual thermal stress
could play an important role in the thick adhesive joints.
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Fig. 6 Cross-section of the adhesive bonded tubular
lap joint

1D ‘

T2 1(0<z<LwelAE A7} we A
+4 w7t nE dA3dn AAHsdemz, w3y
A O @9 22 Hies Faug

“Z’=2m2 - = ‘Z‘ )

oltt 714 et AHAA AT WHL2 a¥(no
+7'21')/2°'T;]". 7375“—%7{‘_%

z=o¥dd, Ty=m=0 (5)
7t "ot fe A (5) AARAE o]&stod A (4)
$ Aead oes 2o

T=2nd’ - 7y 2= 202 (6)

Ti=T-2ma* - w - o= 00 %)

WA OF @F T4 S4ALAR AP
Rermz He AH6)F NAA st ned 7+
= 7% ned TElAA A(3)e Z1EEE Aol
HlstAd

d'}’a . 1 o
?—;—(ZA z—B) (8)
7} ek, o474 44 Ask B ojdlsh 2o,
_ 710 Y2 2
a=(g; ']1+Gz']2)”a ™ ©)
—__ho
B=a 7T (10)

4@ (10914 G Gee A=A O3 @
9 3 BAALol T, AAzAE

z=LuolA, va=m=1o (11)

a

g .ot
o ek oAA Gk ARAS 3 BAASE
hdch 4@®)¢ AN AAZAL ol goho] A
Faw, AR A7 48 s 2o,

Vo=t LA(Z-Lu?) ~Bla—Lw)] (12)

a

7 ID
T2 N{(Ln<z<L—Lyp)eA: A&A 7 e
AbgHe] g4 gddolnz AHaA OF @9 =
22 WSEg FALH ofels) 2ok
AL tag - = — 40 (13)
A(13)2 =l&stn A (3)9 laketd Aol o
Y5t
d*T 2Ga

g2 =lma —”—(yz;— Y10) (14)

och, $Sl A% A TE Fd 3@
CERCEPEE!

d?ry —Pr=—0 T - 7a (15)
I
% 2. V1A 8, 4, et olalel Ao}
N .
o )
— G- ]2 * "o
¢_Gl']l' ?’2i+Gz']z' 710 (17)
8 \os
(%) (18)
AA=ZE
2=Luoldl, m=EEtfui Ty ()
Z=L—Ly2°“/q,
T- i 2 2 . i
e (20)

o A, A9 415 F 4199 4209 AA=
A% ol gt} AEdted nt olsh o,
7:=C; * cosh(az) + C; - sinh(az) +¢%T
(21)
o714 CF G o2 7o},

Cl='p1‘_[sinh(a(L—Lyz)) . w*"‘%”



AFA Y FAt 4 EHel

—sinh(aLy) - (E— qs%T)] (22)

Cz=%[cosh(aLu) - (E-¢ZET)
—cosh(a(L—Ly)) ~D—¢%T>] (23)

=¥ FT otdist 7ol Ao,

F=cosh(aLy,) - sinh(a(L—Ly))
—sinh (@Ly:) + cosh(a(L-Lys)) (24)

d AQDAM TE FE og, wldad A
(13)el A7, F2 HolH F2A7E e 2
439 ot ol g,

1'a=m{%~r;[cﬂl - sinh(az) + Cza « cosh(az) ]
(25)

(F74 D
F7 M(L—Lyp<z<L)odlAd sA4zA Oz @
o g3 HIEES Talud

AL yng - m= 402 (26)
o] fln, AA=AL

a=Lo A, m=T L (27)

z=L-Ludld, n=7 (28)

ol Hrh, A2 (28)9 AAZAL ol &3l F

b TollAeh B4 wez A403)H (1) A

st} 77 M3Eold AAA 455 Fa=
y,,=—G’l+%[A (2—2Lz+ L~ L)

a

+B (Z—L+ va)] (29)
olm, B'E Bhg3t 2o Helge,
r—__ P2a
B =Gz—_]2T (30)

A (25) 914 z=Lust z2=L—LyolMe 29
HAEH L wolnz o] 271& 4](25)] hystd
Laud Ly, 22]3 232 T #AE 78 + Yo}
w2t LuT Lvs o & e ddz AHF
A, el @ g3} £ea Tie 4AddHes
7Y + glod, 7 Ml B2A4 we Ao
38 nd $IE AT B FL 4 9
% ol Tz I3 medeldel AL AT

1845

o}
HEE X A02)% 42904 7T 4+ 9le
o, AzA L Ao A HYELS HHAAY FF
ol WAz of FrloAe] A WY ES
Fen Mz wlaste 23S A Ak s Eol
o ahgleh, A% 2dE9 HABEE AAAY 3
o Ak WEgEel Fig 4o vt e yurdl =
gaie F3 z2Qe9 37} doldrtn 7HA 3o
B7stg =, Lnolv Lvu% o= & g A%H
o2 FAIHA AHAA A Axt HEPYEol
youroll E23bH awje] B3 T#HE #Hd= 43
&gl PHE AL,

otk A E AY A EtT A FA
A7t e ASAE A dd, 77 119
A FUdd WS ALt A15)EF € 4
et o Aol AAZAR

721':00“ *‘]y z=0 (31)
rz,:T—}”—"oﬂ A,  z=L (32)
2

of 2o}, 9 A (319 A(32)Y AARAE o &
3led A1 (15) 8 HE5H ne ot} Zoh,
'rz;:l—'—!ﬂ[q&(l—cosh(az))

J

1—¢(1—cosh(al)\ .
+( sinh(al) a )smh(az)]

(33)

Asl A@)AH TE FE e, wlRae 4
(19)ol HYA7D FAA7 ARz 7
4390 299 AAAs BE AW nE of
o} ol FY 4 ek,

S

L_,ww_.h_sa———

Tube specimen

& ==
i}

~—40——°L—30——

Cylinder specimen
Fig. 7 Shape of the tubular adhesive specimens(The

diameter D of the cylinder specimen was ad-
justed to vary the adhesive thickness)



1846

40

Y2=9.494%

7a=6.766%

Adhesive shear stress (MPa)

0 3 8 9 12 15
Z-direction (mm)
(a) Closed form solution with elastic material
properties
(b) Numerical analysis with elastic-perfectly
plastic material properties

Fig. 8 Shear stress distributions in the adhesive
bonded tubular lap joint
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Table 1 Properties of the epoxy adhesive

(IPCO 9923)

Lap Shear Strength(MPa)}

13.7 (ASTM D-1002-72)

Lap Shear Modulus (GPa)

0.89

Bulk Shear Strength(MPa)

29.5(V=0.4 mm/mim)

Bulk Shear Yield Strength
(MPa)

27.0(V=0.4 mm/min)

Butk Shear Modulus{GPa) 0.46
Tensile Strength ( MPa) 45
Tensile Modulus (GPa) 1.3
Poisson’s Ratio 0.41
Thermal Expansion Co- 80E-6

efficient (1/°C)
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(a) Interface between ste

el and adhesive which is cured at the curing temperature (80°C)

(b) Interface between steel and adhesive which is cured at the room temperature

Fig. 17 Scanning electron micrograph of the interface between the steel and the adhesive
when the adhesive bonding thickness is 0.1 mm
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(b) Interface between steel and adhesive which is cured at the room temperature

Fig. 18 Scanning electron micrograph of the interface between the steel and the adhesive
when the adhesive bonding thickness is 0.1 mm
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