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Effect of Adhesive Shear Strength of CFRP/Ni-Cr Alloy Under Severe
Environmental Condition

Hyeon-Tae Cho*, Seong-Min Park*, Min-Jun Kim*, Van-Tho Hoang**, Hak-Inn Kim***,
Myung-Sook Son***, Jong-Kee Ahn***, Ji-Min An****, Jin-Ho Choi*,
Young-Woo Nam*', Jin-Hwe Kweon*"

ABSTRACT: The mechanical property related to lap shear strength of the joint structure between carbon fiber
reinforced polymer (CFRP) composite and metal (Ni-Cr Alloy) under varying environmental conditions (temperature
and humidity) was studied in order to apply to the aircraft fan blade. Room temperature dry (RID), elevated
temperature wet (ETW), and cold temperature dry (CTD) environmental conditions were chosen for investigation
based on the flight conditions of aircraft. Lap shear strength tests were conducted according to ASTM Standard D3528
to evaluate the shear strength. The microstructure characteristic of failure zone was analyzed by SEM images to check
the adhesive shear strength with the three environmental conditions. In comparison with shear strength for the RTD
condition, the shear strength in the ETW condition was reduced by 72.8% while those for the CTD condition
increased by 56.5%. The moisture absorption and high temperature in ETW condition strongly had an affect on
mechanical property of adhesive, while cold temperature could enhance the adhesive shear strength due to the higher
brittleness.
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Fig. 1. Double lap specimen configuration (unit : mm)

Table 1. Hexcel IM7/8552 Laminar test results

Strength [ksi] CTD RTD ETW
Longitudinal |  22.33 23.51 23.77
Tension

Transverse 1.46 1.3 0.81

~ |Longitudinal |  20.53 20.44 20.65

Compression

Transverse 1.53 1.41 1.18

Short Beam 21.04 17.13 11.23
In-Plane Shear 11.29 7.76 3.31
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Table 2. Adhesion(AF 163-2K) Mechanical Properties

Modulus Elasticity Shear Modulus Poisson’s ratio
1.11 GPa 0.413 GPa 0.34
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Fig. 2. Composite Cure Cycle
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Fig. 3. Adhesion Cure Cycle
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Table 3. Environmental Test Results

Double-lap Shear Specimen

Adhesi
. Test dhesive Standard
Condition Strength L cv
Temperature Deviation
(Average)
RTD 25°C 21.4 MPa 0.35 0.02
ETW 82°C 5.8 MPa 1.30 0.22
CTD -55°C 33.5 MPa 2.72 0.08
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Table 4. EDS analysis result of test specimens

Double-lap Shear Specimen

Wt [%] C 0 Br Ni Cr
RTD 69.99 17.90 8.07 2.52 1.08
ETW | 45.62 12.36 8.94 23.97 9.11
CTD | 75.18 19.55 4.88 0.29 0.10
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Fig. 6. SEM images, showing (a) RTD condition, (b) ETW condi-
tion and (c) CTD condition
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