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A Study on Strength of the Machined Composite Key Joint
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ABSTRACT

The comparison of the numerical results with those measured by the experiment showed good agreement.
The design of composite joint which is the weakest part in the composite structures has become a very
important research area since the composite materials are widely used in the aircraft and machine structure. In
this paper, the new composite key joints that minimize the fiber discontinuity and strength degradation of
adherend were proposed and their failure loads were evaluated. The failure index and damage area method were
used for the failure prediction of the composite key joint. From the tests, the failure load of the composite key
joint was 93% larger than that of a mechanical joint and the key joint whose slot depth and edge length were
0.88mm and 20mm had the largest failure load. Also, the analytic failure modes by the failure index and
damage area were compared with experimental failure modes.
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Fig. 1 Shape of a key joint.

Table 1 Dimensions of the test specimens

Specimen ID | Width (mm)  Edge length (mm) Depth (mm)

K1 38 10 0.38

K2 38 10 0.88

K3 38 10 1.19

K4 38 20 0.38

K5 38 20 0.88

K6 38 20 1.19
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Fig. 2 Photograph of the key slot machining by the end mill.

Table 2 Material properties of SK carbon/epoxy material

Property Symbol Value
Elastic modulus in fiber-direction E: 131GPa
Elastic moduli in transverse directions E;Es 8.20GPa

Shear moduli in 1-2 and 1-3 planes
Shear modulus in 2-3 plane

Poisson's ratios

Tensile strength in fiber-direction
Compressive strength in fiber-direction
Tensile strength in transverse direction

Compressive strength in  transverse
direction

Shear strengths in 1-2 and 1-3 planes
Shear strength in 2-3 plane

G, Gz 4.50GPa

Gz
Vi2, V13

V3

Xc
Yr
Yc

S12, S13
Sz3

3.50GPa
0.281
0.470
2000MPa
1400MPa
61MPa
130MPa

70MPa
40MPa

Table 3 Material properties of HFG carbon/epoxy fabric material

Property Symbol Value
Elastic modulus in fiber-direction Ex 65.4GPa
Elastic modulus in transverse directions | Ez 65.4GPa
Shear modulus in 1-2 planes G 3.59GPa
Poisson's ratios Vi2 0.058
Tensile strength in fiber-direction Xr 959.1MPa
Compressive strength in fiber-direction | Xc 692.9MPa
Tensile strength in transverse direction | Yt 959.1MPa
((j:i?er“r;gr:ssive strength in transverse Ye 692.9MPa
Shear strength S 64.9MPa
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Fig. 3 Composite specimen with a machined key slot.
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Fig. 5 Load-displacement curves of the composite key joint whose key
slot was made by machining.
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(b) Maximum failure load
Fig. 6 Fractured composite key joint whose slot depth is 0.38 mm.
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Fig. 7 Fractured composite key joint whose slot depth is 0.88 mm.
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Fig. 8 Fractured composite key joint whose slot depth is 1.19 mm.
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Fig. 9 Failure load of key joint.
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Fig. 10 A half finite element model of the composite key joint(3-D).
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