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An Analytic Study for the Adhesively Bonded Tubular Double Lap Joint
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Abstract

The adhesively bonded tubular double lap joint has better torque transmission capability and

reliability in bonding operation than the single lap joint. In this paper, an analytic solution for the

torque transmission capabilities and stress distributions of the adhesively bonded tubular double

lap joint was derived assuming the linear properties of the adhesive and adherends. From the
calculation, it was found that the torque transmission capabilities of the double lap joint was more

than 409 larger compared to that of the single lap joint.
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Fig. 1 Configuration of the adhesively bonded tubu-
lar double lap joint (@ represents the male
adherend, @ and @ represent the outer and
inner layers of the female adherend, respec-
tively)

Section B

Section A

Fig. 2 Torques and shear strains on the cross-
sections at z=2z and z+ 4z of the adhesively
bonded tubular double lap joint of Fig. 1

T3‘+AT3"‘ T:= TbZIIbZAZ (6)

T+ AT — Ti=—t2na*dz— te27b*4z  (7)
7 A, a= rla';'rZi, b= 7’1.‘42"7’30
no e A7 wgZEn ZF AHitEd FE3e
AdgHelet, Ty, Tp, ToE JHZE O, @, @
o A&t 2aolch 19 A AL =lF $AA
o Yelz yehid e 2

aly

p =27a’ts (8)
9L e, )
‘f}; = —2na*ta—27b%1s (10)

agzm, T, T Tre od JIAHE 5T,

T=Ti+ Tyt Ti=tely i, 8ds )

AN, L, T JsE AZ HARE O, ©, @4
T34 ZulEeld, n.e HAAE O wig



1414 o)4%

A, re AARE QY AFWA, nox AL
@"] H]JQ-H‘}Z-;]O]E}_ E8 no, wm ¥ mot 710,
ro rool A8 AARES AHSAL dehdeh,
A@)el ARAY ALLHL AL Sz @y
Aol Ay Ee AAZA 7,=Ga%t A3)
& Wae e A5 2o,
d*T, dta
7]1?——27m "y
=27ra2mGa%
1i)

— 2 Qi Tio
27a?Ga (A G, G\)

=27a*Ga (72:"
(12)

Aol LR (vh)e goga g 43
it
dZTZi_ 2 _1_ Yeif T2i _ Tio
dzz =2ma Ga?)l ]2 G Gl)
A3} v} A3 ABs FUAND, Gosh
Gk %A Ak o A%ol A@)ol 7=Carsst
AWE AR e A3 R,

(13)

72 ddz',jz‘3 = Zﬂbzﬂz%
=27l’b27]20a_d£"
=_271'bzGa(71i'"730)
— 270G, L - Be) (14)
2
Aaayel LR (Bel)g g g 43
72},
dirso Y30 Z'n __ﬂ
Loe— on bzc,,” s Ga) (15)
Zoleo] RE Holo dFe] T2 T=T+T1:-
+ e 4AS, z2=I31 AFe) =022
T=To+ Ty="22 4 Tls (16)
Yar . 730
7} 5y A (11) A
— — er 2 _ Tof3
Tl ]1 Y2 Y30 ) (17)

o2 FAH
AN A3l didsE o Aa 2o

ri_o a2 1 vl o rno(
dz =2na Gam ]z[Gz Gl,]l T

-ole A

_ D) — T30]3)]
L7 730

=27 Ga—l—( Y2, T

<)o

7:.G: TG
2 Gy P ES
+ 210" G 11 ’}2; é:;l Lm (18)
AUNE r=n 7ASo] ALsd
’“‘2%( *LZL”—T“T]“) (19)
°of "o, 4(19)F 415 Hdstd
Grmwwoa
=17 Gey (Tt 7 )
—2anGa,] G"]l ’;:T
o] e},

418)% A (200 T3 2ol ehA ehd
+ gk

d’c

%l U0+ a5+ Qs T2: (22)
o714, a1=27razcaL( ]—:zG—z +]TG°.>
&=—27a"Ga ; 72' Gr:},T
aa=27razGa—;—%g+}l 7133_
@= 27rbzG,z L"&.,.J:a )
27rbzGa” G’l]’ VjasoT
o= 27rbzGa; V;BG% {_:
4] (21) 2 %-¢
v G- an—a) (23)

22 5499 4 3w, A0@3)e 4@ AYehd



LY o]FAAY AF=UEY AHH AF AT

2
dt;:zi - (a1+a4)%+ (e~ as06) t2i
+ (@meu— asas) =0 (24)

o} e 43 Ae|EulAA o2 Vel
A@oE A e

4 2
——-—I—ddzrﬂ +/317d L + Beri+ Bs=0 (25)

714, fi=—(a+a)
&=mm—m@
Ba=as— asas”
2 5453 A5 Bl e o8
7ol vehd 4 gt}
mi=A-sinh(A412) + B-sinh(A:2) + C+-cosh (A:2)

+D-cosh(Az) —-% (26)

APNM, Ay o oy =t [ BB g
A, B, C. D& AAZAG Sk} AFsE 4ol
o,

4269 AAZAL e 2,

z=001 A
72=02} 7o=0 (27
olmz, 4(21)elA
%%‘—=mrz.-+a§+mrso=az (28)

z=lAE ARE @ @ UL HAAL
Zeche 7HAE ol4shd JARE @3t @el A
ARgdL Y43 A 230l o8 e 3
o s EAY 4 ok,

reil Y30l

Tz:‘=']2T]8 and 2'30=]2+]3 (29)
oz, A (21)¢lA
—‘gz%i=alrz.-+az+asrso
_ruT Y30l
—al]2+]3+dz+ah]2+]3 (30)
2127 4 (28)% 4] (26)9] HHslsd
r2;=c+0—%=0 (31)
4’5 _ 2C+8D=g (32)

1415
o] Ec}, 4](29)F 41(30)& 4l (26)o Helsid
1:=A+sinh(A4/) + Bsinh (A/)

+C-cosh(/131)+D~cosh(/hl)—%

2
_ rail

et (33)
L5 Ajf-sinh(4) + B-sinh (Jel)

+ CA$-cosh(Asl) + DA§-cosh (/)

a7t a7
YR T (34)

of At MG, (32, (33), GHEZ¥E 44F
& 7oun g o] Aok,

- 1 2Ps _
A= = s al) | ["z B ®
_ Pt asrso— A T
JotTs

—C(A8— A3 cosh(Asl)

—D(A%—Af)coshmz)] (35)

_ 1 Bs
B=r =% sinh (&]) [Afﬂi @

@t asrse— Mru o

J2t]s
—C(AF—A8)cosh(4sl)

~D (A=) cosh ()| (35b)
Afﬂ—a— o

C= /142— T (35¢)
a;—/l%—’g—s

—_ 2
D=—— (35d)
e Anziel B+Aoln B+4E dFslof I

$ %+ 9u,
debd, SARRA A e ol ANE 4

At
A.=,/l/3'L2-3—'2‘/—3_ﬁ2— (36)
= | B BI85 (36b)
pom | BB 45 (360)
—Bi— /B4

| —Bi—VBi—4f Vzlz (36d)

A (26) 7 To= T;'zf g A (8)oll thslshd

A=



1416 o} &2

Ta= 72— rra o 25— AAicosh (A1z) + BAzcosh (Az2)
+ Cscosh (Asz) + DAscosh (Az) (37)
9} o] ulZZE: A zA gt AkEHE F

¢ 4 9o,
282, 426)¢ A AU NARE O
o gste ¢4 FHu

no=—{A (-

+B (43—
+C(B-
+D(X4—

) sinh (A42)

al) sinh (/122)
@) cosh (A:2)

a) cosh (Az) — @) (38)

st ol wehte, 493 =2bg g9
ol st

= 27rb2;3003 {A (AF— &) Aicos (Ai2)

+ B (A3— a1) Acosh (4;2)
+C (/1%— (11) AaSinh (ASZ)

+ D (- o) dh(dz) — @} (39)

2

7lo

2 o]

4E FAA AEAE gHL 7

o

A
o

ol
A,
223, JAFFE Qo F&slc YL oA &
o1zl A(33), A@38)+ Aol H3istd g3
2ol F¥ 4 ok,
10 ]2 ]3 /11 [44]
7}1{ (7’21 730 a )Smh(/{ 2)
—B(—’{—:—-f-—’%o— o A Vsinh (A22)
—C(—Z—:—lj+—% = l)(:osh(/laz)
(rz, —rla—/l‘ma‘>cosh(/hz)
]2 Bs ]a &
7'2: BZ+ 730 E} (40)
del AT B3 AR O, ©, @l A5
< &4,

AdF B upgE ARGl ’-‘-}% 3e &9
E5E frEshah

! 1
Table 1 Simulation conditions of the torque capacities of the adhesively bonded tubular single lap and

double lap joints

center aligh

Single lap joint Double lap joint Note
I'o(mm) 30.0 30.0
tad®=3.0 mm
ru(mm) 27.0 27.0
T'2(Mm) Not applicalble 33.1/34.0
tad®=3-0 mm
rz(mm) Not applicalble 30.1/34.0
Is,{mm) 26.9/26.0 26.9/26.0
t2®=3.0 mm
ry{mm) 23.9/23.0 23.9/23.0
n{mm) 0.1/1.0 0.1/1.0 Two different cases
I(mm) 40.0 40.0
Shear modulus of adherend
. 76. 1
(GPa) 76.9 6.9 Stee
Shear modulus of adhesive 0.461 0.461
(GPa) IPCO 9923
: Epoxy sdhesive
Shear strength of adhesive 30.0 30.0
(MPa)

¥ taa=thickness of the adherend
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Fig. 3 Configuration of the adhesively bonded tubu-

lar single lap joint (@ represents the outer
adherend, D represent the inner adherend)
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Table 2 Calculated torque capacities of the adhesively bonded tubular single lap and double lap joints

when the adhesive shear strength was 30MPa center aligh
Single lap joint Double lap joint Note
0.1 mm adhesive thickness 1,162 Nm 1,702 Nm 46% improved
1.0 mm adhesive thickness 3,080 Nm 4967 Nm 61% improved

ngle lap joint

L doublelap joint | double tap joint
inner layer

10 2 30 40
bonding length (mm)

(a) 0.1 mm adhesive thickness

g /ﬁmblsahlm
é \< douse ol
: tayer
£ L
of ot ver
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bonding length (mm)

(b) 1.0 mm adhesive thickness

Fig. 4 Shear stress distributions in the adhesive laryers when the applied torque was 1000N -m
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Table 3 Simulation conditions of the effect of the adherend thickness on the torque transmission

capabilities
taa of @, @=0.5~4.0 mm
0.1 mm adhesive thickness 1.0 mm adhesive thickness

I'o{mm) 30.0 30.0
ry{mm) 27.0 27.0
I'(mm) 30.1+te®@ 31.0+t.®
Tx{mm) 30.1 31.0
T'so(mm) 26.9 26.0
rg(mm) 26.9—t.a® 26.0—t.s®
n{mm) 0.1 10 -
I(mm) 40.0

Shear modulus of adhesive (GPa) 76.9

Shear modulus of adhesive (GPa) 0.461

Shear strength of adherend (GPa) 30.0

% tag=Thickness of the adherend

£ £

Pl i

g R E s00 |

-

L) Buof

; !

2| -}

-
- -

Thickness of the outer layer @ of the female adherend (mm)
(a) 0.1 mm adhesive thickness

Thickness of the outer layer @ of the female adherend (mm)
(b) 1.0 mm adhesive thickness

Fig. 5 Distributions of the torque transmission capabilities w.r.t. the thicknesses of the adherends
@ and @ when the adhesive shear strength was 30 MPa
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Table 4 Parameter values of the adhesively bonded tubular double lap joint for the maximum torque

transmission capability

0.1 mm adhesive thickness 1.0 mm adhesive thickness
Thickness of the adherend @ (mm) 3.00 3.00
Thickness of the adherend @) (mm) 1.24 1.32
Thickness of the adherend @) (mm) 1.90 2.10
J1:(10"m*) 4.376 4.376
J2(10-"m?) 2.260 2.633
J5(107"m*) 2.089 2.530
Torque(N - m) 2,149 6,375
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