2008

O AT
2 -4

The Case Study of High Strength Bolt Cadmium

Embrittlement Failure
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Abstract

It happened a failure on special bolt which supported main landing gear actuator up-lock rod of 00

aircraft. Fracture was occurred at end

of center drilled hole and thread machined on bolt.

Metallographic, fractographic, and other characteristics of embrittlement analysis and experiments

carried out on the failed bolt to find out the reason. Bolt surface was cadmium electroplated(EP) to

give lubrication and provide excellent corrosion resistance. Resultly, Bolt was failed due to cadmium

embrittlement occurred during baking treatment as well as center drilled hole. for the failure that are

relevant to failure analysis and prevention. For their successful functional application, cadmium EP

bolts require proper and adequate baking treatment after electroplating, and is complete with no center

drilled hole
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Fig. 1 Bolt installation position and IPB(lllustrated
Parts Breakdown)
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3 % A 2 %)
C Si [Mn | S | P | Ni
0.39 | 1.50 | 0.60 [0.015]0.015| 1.65

U
e

SPEC | 044 | 1.80 | 0.90 |°I3k|°l3k| 2.00
(S155)| Cr | Mo | Cu | V Fe-

0.70 | 0.30 0.05

~ o~ -~ ] aEA

0.95 | 0.45 0.10

C Si |Mn | S|P | Ni
=o | 042 | 137 | 069 | - 0008 178
Bolt Cr | Mo | Cu | V Fe

068 | 037 | 015 |006| =X
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Fig. 3 Microstructure, (a) Non-failure bolt, (b)

failure bolt
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Fig. 8 Distribution of cd on rupture surface(BSE
and X-ray Mapping image)
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Fig. 9 Crack growth pattern comparison, (a)
SCC(Stress Corrosion Cracking), (b) Bolt crack
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Table 2 Hydrogen  embrittlement  test
results(ASTM-F-519), Notch specimen

TR | FF | AQ A Z 7
No fracture
bR 1 No fracture
nE 47N
= No fracture
No fracture
200 Hr.

No fracture

No fracture

AFEE | 47
No fracture

No fracture
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Table
3 Hydrogen content analysis
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