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ENGINEERING MATERIAL SPECIFICATION

Material Name Specification Number
EMBRITTLEMENT AVOIDANCE WSS-M99A3-A
1. SCOPE

This specification identifies requirements that need to be satisfied in order to minimize the risk of
embrittlement of steels.

2. APPLICATION

The requirements established by this specification apply to heat treated and cold worked steel
components.

3. REQUIREMENTS

Note: Embrittlement of steels, which can cause brittle fracture under stress, most often occurs as
a result of the absorption of hydrogen either during the manufacturing process or from exposure to
an active corrosive environment. Hydrogen Embrittlement commonly results from the absorption of
hydrogen, phosphorus or carbon during the cleaning, electroplating, phosphate coating, and/or heat
treatment process. Stress corrosion cracking is the result of the combined action of tensile
stresses (applied and/or residual) and an active corrosive environment.

The susceptibility to embrittlement increases with increasing stress and increasing material
strength. Therefore, the specification of cleaning, finishing, and heat treatment requirements, as well
as the review of the application environment for hardened and cold worked steel parts, is crucial in
reducing the risk of embrittlement.

Material specification requirements are to be used for initial qualification of materials.
3.1 QUALITY SYSTEM REQUIREMENTS

Material suppliers and part producers must conform to the Company's Quality System
Requirements.

3.2 CONTROL PLAN
Parts produced to this specification shall have a Control Plan that meets the requirements

of clause 3.1 and includes a verification test(s) to demonstrate the effectiveness of the de-
embrittiement procedures, cleaning and freedom from inadvertent carburization.

Date Action Revisions
2001 04 12 Revised Editorial — no technical change ~ A. Cockman/D. Drobnich
2000 05 30 Revised Editorial — no technical change A. Cockman
1987 09 18 SM/ER 1209TC Released J.P.C. Lines EAO
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3.3 BRITTLENESS

Parts supplied shall be free from the detrimental effects of hydrogen embrittlement or other
factors that result in part brittleness.

All components with a maximum specified surface hardness greater than 390 HV
(39 HRC) (for fasteners — property class 12.9 and above) shall not be used in critical
applications where there is potential for corrosion. Further, for non-critical applications
exposed to the potential for corrosion, these parts must not be used without an appropriate
Failure Mode and Effects Analysis (FMEA). The FMEA shall include consideration of
cracking mechanisms such as hydrogen embrittlement and stress corrosion as possible
causes of fracture, as well as the need for protective finishes in shielding.

3.4 HEAT TREATMENT

All heat treatment operations, including tempering after quenching, or stress relief after cold
forming, shall be completed prior to plating or phosphate coating.

3.5 PLATING/COATING METHOD

All components with a maximum specified surface hardness greater than 390 HV (39 HRC)
(for fasteners - property class 12.9 and above) shall not be electroplated.

3.6  CLEANING
(FLTM AQ 150-01)

All components with a maximum specified surface hardness greater than 350 HV
(35 HRC), (for fasteners - property class 8.8 > M16, 9.8 and above) must be cleaned prior
to heat treatment by alkaline or inhibited acid process to remove all phosphate, associated
lubricant residues and detrimental contaminants from the surface.

3.7 CARBURIZATION

Carburization of through hardened parts is not permitted unless specified on the
Engineering Drawing. The surface hardness shall not be more than 30 Vickers points
above the measured core hardness when readings of both surface and core are carried out
at HV 0.3. For property class 10.9, any increase in hardness at the surface which
indicates that the surface hardness exceeds 390 HV (39 HRC) is not acceptable.
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