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Effect of the Cross Sectional Shapes on the Static and Fatigue Torque
Transmission Capabilities of Adhesive Single Lap Joints

Jin Kyung Choi and Dai Gil Lee

A& ctdAx 7)), Adhesive Circular

Single Lap(13 A& m1d 7% 7)), Adhesive(H2#]), Adherend (3% 2A))

Abstract

In this paper, the effects of the adhesive thickness and adherend roughness on the static and

fatigue strengths of the adhesively bonded circular single lap joints has been investigated by an

experimental method. The stacking sequence effect of the composite adherend on the static and

fatigue strength and the fracture patterns of the adhesive failure were aiso observed. Since the

circular single lap joint fails catastrophically beyond the static strength or fatigue limit, the
tubular polygonal adhesively bonded joints such as triangular, tetragonal, pentagonal, hexagonal
as well as elliptical joints were manufactured in oder to give partial mechanical characteristics

to the adhesively bonded tubular joints. These joints were tested both in static and fatigue modes.
From the experimental investigations, it was found that the fatigue strength of the circular

adhesively bonded joints was much dependent on the arithmetical average surface roughness of
the adherends and the polygonal adhesively bonded joints had better fatigue strength characteris-

tics than the circular adhesively bonded joints.
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Table 1 Properties of the epoxy adhesive(IPCO 9923) Inner Adherend (Steel)
Lap Shear Strength(MPa) |13.7(ASTM D-1002-72) —J
220,58 [—-—-—- e — —sze.e
Tensile Modulus(GPa) 1.3
40
Tensile Strength(MPa) 45 80
Shear Modulus(GPa) 0.46
i ’ i 41
Poisson’s ratio 0 Outer Adherend (Steel)
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A , Al o) j a) a9 A8 ° e Lo 4 Fig. 1 Dimensions of the adherends of the steel-steel
']i_" v A _5:1 s "—?{'7]—3_ A3, circular single lap joints for the fatigue and
BA-7A HgAH P4 zzhe Ay 4} static torsion test
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Fig. 2 Dimensions of the adherends of the steel-steel polygonal single lap joints for the static
torsion test
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Fig. 3 Dimensions of the adherends of the steel-
composite circular single lap joints for the
static torsion test
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Table 2 Properties of the unidirectional carbon
fiber epoxy composite

Tensile Modulus (GPa) 153.0
Transverse Modulus(GPa) 10.9
Shear Modulus(GPa) 5.6
Poisson’s Ratio 0.3
Tensile Strength (GPa) 2.0
Transverse Strength(MPa) 56
Shear Strength(MPa) 72
Fiber Content 60
(Volume Fraction, %)

Density (kg/m?) 16

oF o] A9 AHEH A EFANE o
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Fig. 4 Dimensions of the adherends of the steelcomposite polygonal single lap joints for the

static torsion test
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HAL A A A, cal average roughness of the steel-steel adher-

ends of the circular single lap joints
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Fig. 7 Fractography of the failed adherends of the steel-steel joints in the fatigue tests
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Fig. 8 Static torque transmission capabilities of the
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Table 3 Failure fatigue cycles of polygonal single
lap joints(Alternating stress:5 MPa,
Bonding thickness: 0.1 mm)

Cross section of the specimen {  Number of stress cycles
before fracture
Triangular 1.8x10°
Tetragonal 35x10°
Pentagonal 8.0x10¢
Hexagonal 6.0x10¢
Circular 2.0x10°
4.0
35
3.0
£ 25
]
3 20
=
59' 15 4
10
0.5 + Fracture initlation
o T T L T L T

0 2BE4 4E4 6E4 BE4 1ES 1.2ES 1.4ES 1.6E5

Number of cyele

Fig. 10 Amplitude of the accelerator vs. number of
cycles in the fatigue torsion tests. (Cross sec-
tion : hexagon, Alternating stress : +£5 MPa)
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Fig. 11 Static torque transmission capabilities with
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Fig. 12 Maximum static twist angle of adhesive with
respect to the stacking sequence [+ a]ar of the
composite adherends

Fig. 13 Photograph of the fracture shape of the circu-
lar adherends
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Fig. 14 Photograph of the adhesively bonded
polygonal single lap joints with the composite-
steel adherends
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Table 4 Torque transmission capabilities of adhesively bonded polygonal single lap joints(Arithmetic

average roughness: 2 ym, Bonding thickness : 1 mm) [unit : Nm]
Coocs oot Stacking sequence [+ 15] [230]r [+45])s
Triangular 108~123 64~82 42~61
Tetragonal 104~117 63~72 52~60
Pentagonal 69~176 72~T71 75~83
Hexagonal 70~87 87~98 76~87
Elliptical 86~97 152~157 22~26
Circular 62~71 79~83 16~20

(a) Triangular (b) Tetragonal

(c) Pentagonal (d) Hexagonal

(e) Elliptical

Fig. 15 Crack shapes of the surfaces of the polygonal outer adherends when the stacking sequence
was [£30]ar
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Fig. 16 Photograph of the failed shape of the triangu-
lar composite outer adherend under static
torque
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Fig. 17 Variations of the torque with respect to the
twist angle of the triangular cross sectional
adhesive joint (Stacking sequence : [£30],..).

Table 5 Torque transmission capabilities of the polygonal single lap joints when the composite adher-

ends were failed after adhesive fracture [unit : Nm]
Stacking sequence [£15]ar [£30]nr [£45]ar
Torque 2341 62~82 75~120
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