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Dr.Louis
research

Raymond has spent

embrittlement

40 years on

of  hydrogen failure

mechanisms and accelerated fracture mechanics testing

protocols in support of government and industry.

* Society Affiliations: During this time, he
served as Chairman of ASTM F07 on Aerospace
& Aircraft for about six years, and Chairman of
ASTM F07.04 on Hydrogen Embrittlement for
over 40 years. Dr. Raymond is very active
working with various other coating and fastener
standard organizations, including ISO, Federal,
Military, NAS, SAE /AMS and IFI.

* Advisory Board: Dr. Raymond served as a
Special Consultant to the Scientific Advisory
Board on the F-111 Failure Analysis Program.
He first became involved with hydrogen embrit
tlement for the Aerospace Corporation working
on the failure of stainless steel bolts for the Titan
Launch Vehicle Systems. Since then, he has
served on the National Academy of Sciences
and the National Materials Advisory Board,
helping to develop accelerated test methods for
Hydrogen Embrittlement, Fatigue, and Fracture
Toughness within the frame work of Fracture
Mechanics.

*NASA: Dr. Raymond continues his consulting
work in failure analysis, working on such
manufactures products as gears for Apache,
Blackhawk helicopters, hydraulic actuators and
pistons for aircraft, and MP35N locknuts for
NASA space launch vehicle systems. All of
these taken using
accelerated RSL™ testing techniques. Dr.
Raymond has also worked on behalf of NASA
in failure analysis of the space shuttle
Challenger, and is the recipient of the NASA

Inventor's Award for Space Processing (1978).

analyses are under

*Non-aerospace Applications: At LRA, Dr.
Raymond is very active in applying his testing
methodology to non-aerospace and aircraft
applications, such as with propeller blades for
supertankers, windmills for the DOE, trains for
the DOT, offshore platforms for the DOI,
icebreakers for the Coast Guard. More recently,
under another SBIR contract, Dr. Raymond had
been applying these accelerated test methods in
support of the Navy's Fracture Toughness
Review Program (FTRP) and Material Selection


https://louraymond.com/index.html
https://louraymond.com/index.html

*Teaching: Concurrent to his consulting and
advisory work, Dr. Raymond served as an
Adjunct Professor at California State University
Long Beach. In directing graduate research

programs in these areas, he developed a very

active  industry-university student co-op
graduate study program. While at the
university, he received research funding from
the David Taylor Naval Ship Research

Development Center for developing accelerated
test methods for hydrogen embrittlement of
welded structures.

* Fracture Mechanics: Over the past 20 years,
Dr. Raymond has been president and director of
technical operations for his own company, LRA
Here he
fields of fracture

Consulting and R&D Laboratories.
continues work on the
mechanics. He received a research grant form
the Army (AMMRC) to verify the use of an
imposed potential to simulate galvanic
coupling. And, in a cooperative study with
Aerojet and Standard Pressed Steel, he received
a grant from NASA for evaluating the use of
Multiphase MP 159 alloy for
applications on the ASRM. Dr.

served as a consultant for the Aerospace

fastener
Raymond

Corporation and worked on a study with
Boeing Space Division Seattle, on Custom 455
for use as a torsion beam in the Interim Upper
Stage of the Shuttle.

* Patents: Dr. Raymond has developed and

patented a  computer-controlled  digital

displacement hydrogen embrittlement
accelerated testing system under contract from
a Navy Small Business Innovative Research
Grant (SBIR). This research led to the
development and commercialization of the
Rising Step Load™ (RSL™). RSL™ testing
system is currently manufactured by Fracture

Diagnostics International (FDI).

Process (MSP) being applied to all new
structurally critical marine designs.

*Fastener Technology Center: Dr. Raymond is
active in failure and life analysis of fasteners
taking into account the effects of fatigue and
exposure to the environment both during and
has established LRA
Laboratories as a "Technology Center for the

after service. He
Fastener System and Design Analysis". In 2006
Dr. Raymond received the Industrial Fastener
Institute (IFI) Science Award. Recently, he has
initiated a series of articles on The Structural
Fasteners in

Integrity ~ of  Aerospace

www.fastenerjournal.com.

*Publications: Dr. Raymond actively lectures
and writes articles on the effects of processing,
including the effects of heat treatment and

the
The studies incorporate the most

coatings on service performance of
fasteners.
recent and advanced concepts of fatigue and
fracture mechanics, as well as the newest
technological advances, for use in the aerospace
and aircraft industries. His articles commonly
appear in The American Fastener Journal,
ASTM Standardization News, and Corrosion

(a publication of NACE.)

*Consulting: Dr.
consultant with various fastener manufacturers,

Raymond works as a

distributors and users. He has trained fastener-

testing labs for certification by major

corporations. He organizes and teaches a

variety of Short Courses, such as on "Hydrogen

Embrittlement: Its Prevention and Control”,
which discussing new, existing and emerging
test methods to Identify and evaluate plating
and coatings as potential sources of hydrogen
embrittlement.

* Home * LRA ° FDI * RSL ¢ Contact *

* Biography ¢ Forensics * Short Courses * Publications *
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This compilation summarizes 50 years of research on Hydrogen Embrittlement that includes but is not
limited to an in-depth analysis of fastener failures, fastener engineering, and fastener design
applications. The Fast Facts provide data, images, and graphs to ultimately further the infrastructure of
fastener analysis. The mission for the prior is to educate and inform readers on the technical aspects of
fasteners and fastening applications, reduced to the basic lessons learned from each of the
technical issues of extensive failure analyses reports. The Fast Facts Journals were published bi-
monthly in the American Fastener Journal. Suggestions and or comments in regards of this
compilation shall be addressed to LRA Laboratories.

For more information on the entire spectrum of RSL-ISL test machines, standards and doing basic

research on hydrogen embrittlement, start with Dr. Raymond's bio-link (www.LouRaymond.com)

under his photo and follow through with the additional inks at the bottom of that page, on through,
e Home ® LRA ¢ FDI » RSL  Contact ® Biography ® Forensics ® Short Courses ® Publications.
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Fast Fact . . .

Fastener Failure Analysis

SEM Photographic “Fingerprints” Identify “Cause”
of Failure in Fasteners!

LRA Failure Case #90271

Arrowpoints to stress
crack in Type 410 stainless
steel Cd-plated (1/4-14)
TEK* in 3/16" steel (84
HRB) plate exposed to
water.

25KV WD:16MM S:00000 P:00001

SEM

Scanning Electron Microscope
Photographic “Fingerprint” of
intergranular cracking on
fracture surface identifies
“cause” as hydrogen
embrittlement.

* TEK fasteners are commonly used in building construction (window frames, curtain walls).

For More Information, Contact:
Dr. Louis Raymond at LRA Laboratories, Inc.

www.louraymond.com 949-474-7728 www.rsllabs.com




| Fast Fact. ..

Russian Made Fastener

SEM X-ray “Fingerprints” Identify the Coating on Fastener

Head/Grade Marking

Three Russian letters (top) identify the
manufacturer as the Zil plant in
Moscow. The two numbers (bottom)
identify the metric grade 8.8, equiva-
lent to an SAE grade 5 bolt.

The measured hardness of 258HB for
the 12Zmm bolt is consistent with a
minimum tensile strength of 120Kksi
(240HB) and a maximum hardness of
302HB.

SEM

The SEM X-ray spectrum of "
the bolt is consistent with a
medium-carbon steel heat b
treated to produce

tempered martensite, which EERLING
was verified by microstruc-
tural analysis.

The SEM X-ray spectrum of L
the coating is consistent b an v L S 1
with a Type Il zinc with a

chromate conversion
coating (ASTM BG33).

0.0 2.0 4.0 6.0 8.0 10.0
ENERGY (KEV)

For More Information, Contact:
Dr. Louis Raymond at LRA Laboratories, Inc.

www.louraymond.com 949-474-7728 www.rsllabs.com




Fast Fact . ..

Fastener Failure Analysis

X-Ray Microprobe With Scanning Electron Microscope Identifies the Cause of
Stress Corrosion Failure in Bolt

LRA Failure Case #7264 1

Failed Bolt

A failed bolt* was found with contaminants
on the fracture face. The x-ray spectrum
identifies the type of contaminant, and
double exposure photographic technique
identifies the location relative to the origin
by selective fluorescence.

X-Ray Spectrum

Identifies source of
contamination as salt water.

CL

SEM

Double exposure photographic
technique identifies location of
contaminant. Selective fluores-

cence of chlorine appears as Corgaminan] Fe
white spots on fracture face. (Na CI)
A Type 410SS

Steel

-------

* Failed bolt is Type 410 stainless steel a8 s b4 /
Cd-plated (1/4-14) TEK self-drilling fastener. Energy (KEV)

For More Information, Contact:
Dr. Louis Raymond at LRA Laboratories, Inc.

www.louraymond.com 949-474-7728 www.rsllabs.com




Fast Fact...

Fastener Failure Analysis

SEM Photographic Finger Prints Identify the “Cause”!!

Failure Modes Typically found in SAE Grade 5 Bolts

(Medium-carbon alioy steel, heat treated to a maximum of about 300 BHN)

Dimpled Ruture Typical of a
Ductile Overload Fracture.

Intergranular Cracking Typical of
Subcritical or Stable Crack Growth
by Hydrogen Embrittlement.

Quasi-cleavage Typical of Brittle Failure at
a Fracture Stress below the yield strength.

For More Information, Contact:
Dr. Louis Raymond at LRA Laboratories, Inc.

www.louraymond.com 949-474-7728 www.rsllabs.com




Fast Fact

Fastener Failure Analysis

SEM ““Fingerprint” Identifies Fatigue Failure in a Grade 8 Bolt

Problem: A 3/4"-10 UNC Grade 8 bolt from a 400KW generator turntable failed in

service.
Question: Was failure due to overload (dimple rupture) or fatigue (striations)?
Results: SEM photographic “fingerprint” shows striations near fracture origin,

identifying fatigue as the cause of failure.

Fractured Surface of Bolt SEM: Fatigue Striations
(Beach Marks) Near Origin (2KX)

Conclusion: Vibration caused bolt to work loose. Bolt absorbs entire cyclic load ampli-
tude.

Recommendation: Employ a nut locking system on the bolt to inhibit the loosening
process. Replacement with exotic and costly bolts of higher fatigue strength is not
required.

For More Information, Contact:
Dr. Louis Raymond at LRA Laboratories, Inc.

www.louraymond.com 949-474-7728 www.rsllabs.com




Fast Fact

Fastener Failure Analysis

MIL STD 1312-5A inadequate to identify potential of
Hydrogen Embriitlement Failure

Problem: A cadmium plated H-11 engine bolt (46HRC) experienced a time delay
failure in the thread relief area shortly after installation although the lot
had been qualified per MIL STD 1312-5A, the Stress Durability test.

Question:  Was the failure due to Hydrogen Embrittlement?

Results: SEM photographic “fingerprint” shows intergranular cracking near the
fracture origin, suggesting Hydrogen Embrittlement as the cause of
failure. These results were verified by a slow strain rate tensile test.

H-11 Engine Bolt SEM: Intergranular Fracture
Near Origin (240X)

Conclusion: The time delay failure was by hydrogen embrittlement. Local bending on
installation produced a higher stress than 75% of the tensile strength (220ksi) applied
during the Stress Durability test.

Recommendation: Use a wedge under the head of the bolt during the Stress
Durability test to insure hydrogen embrittlement relief due to processing.

—

For More Information, Contact:
Dr. Louis Raymond at LRA Laboratories, Inc.

www.louraymond.com 949-474-7728 www.rsllabs.com
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History of LRA/FDI/RSL™

Company Performance and Accomplishments summary: LRA is a small R&D business founded in 1983 in Newport Beach,
CA. The vision of LRA is to leverage military technologies, by minimal modification, to meet commercial and space
requirements and effectively transfer into the product marketplace, with a special focus hydrogen embrittlement (HE)
and stress corrosion cracking (SCC). In support of failure analysis, LRA has developed rapid, inexpensive testing
techniques that use miniature specimens for evaluating SCC and HE. The focus of LRA is developing methods for use in
failure analysis, where small specimens and accelerated methods are essential. Normal test methods for evaluating material
for Klscc required more material than was available for most failure analyses, and required far too much time to produce
results within the time limits demanded of a failure analysis.

These unique, accelerated test methods have a long history of development. The approach was introduced by Dr. Raymond to
the National Academy of Sciences and published under NMAB 328, in 1976 entitled, "Rapid Inexpensive Tests for
Determining Fracture Toughness". These methods were further developed for "Microstructural Analysis and Indexing of
HY-130 Steel Weld Metals for SCC, for the High-Strength Steel Weldments” in support of the Subcritical Cracking
Program, David W. Taylor Naval Ship Research and Development Center, DTNSRDC/SME-80/76, Sept '80. These methods
were then extended and found to be successful for HY-130 weld metal studies for NAVSEA under a previous SBIR
"Accelerated Stress Corrosion Cracking Screening Test Method for HY-130 Steel", (PHASE I & Phase II - Final Reports:
SBIR Topic N88-84: Naval Sea Systems Command Contract No. N00024-89-C-3833, 10 December 1989 and 29
Sept 1993, respectively).The accelerated test methods were then applied to "MP 159 Fastener Characterization
Program using Accelerated Small Specimen Test Methods for (1) Stress Corrosion Initiation, (2) Crevice Corrosion, (3)
Hydrogen Embrittlement, and (4) Fracture Toughness Testing of 1-1/4 Bar Stock and 1-1/4 Finished Bolts", (Final
Report as Subcontractor to Standard Pressed Steel, Jenkintown, PA under contract to NASA, Huntsville, AL MSFC, 20
Aug 1993).

After completion of the Phase II (Naval Sea Systems Command Contract No.N00024- 89- C-3833) the test method was
commercialized in Phase III by creating FDI to manufacture the test machines. The 1991 SBIR resulted in three patents (Patent
No. 5585570, 5505095 and 5549007). In addition, Dr. Raymond received the Los Angeles City Council of Engineers and
Scientists George Washington, 1994 Engineer of the Year “for development of an innovative accelerated environmental test
machine”, followed by a Phase I Navy SBIR Topic N99-199, Contract N00024-99-C4095 entitled, "Accelerated, Small
Specimens Screening of High-Strength Corrosion Resistant Fastener Materials for Critical Naval Marine Applications". In
2006 after completion of the SBIR in 2000 he received the Industrial Fastener Institute Technology Award for “a significant
contribution towards the understanding of hydrogen embrittlement, through years of research into accelerated methods for
measuring the threshold stress, and development of the incremental step load technique as a practical means for qualifying and
controlling hydrogen embrittlement in fasteners.”

Since completing the Phase 1 award in 2000, LRA has worked to develop standards covering the Rising Step Load test
method resulting in ASTM F1624 “Standard Test Method for Measurement of Hydrogen Embrittlement Threshold in Steel
by the Incremental Step Loading Technique”. The test method has been inserted into ASTM F519 and NASM 1312/5 and has
been adapted to testing fasteners resulting in it being incorporated into a ICC/AC193B standard for measuring the hydrogen
embrittlement threshold stress of concrete anchor bolts. Recently, the latest standard that incorporate the RSL™ Testing
Protocol is ASTM F2660 “Standard Test Method for Qualifying Coatings for Use on A490 Structural Bolts Relative to
Environmental Hydrogen Embrittlement” has been released. Now working with ASTM Committee EO8 on adapting the RSL
protocol to modify ASTM 1681 on Klscc.

LRA R&D Labs/Engineering Consultants LRA@LouRaymond.com
POB 10239, Newport Beach, CA 92658 Phone: 949 474-7728
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