The Insidious Nature
Of Hydrogen Embrittlement

By Jack L. Woods, CEF

The on-going problems of hydrogen With this background, we arrive at the Case 3—A C-130 Aircraft
embrittlement in el?ctroplated prod-  point of this article—hydrogen embrittle- Landing Gear Shock Strut
ucts prompted long-time AESF member  ment. i )
Jack L. Woods to recall some of his Landing gear struts are treated with more
experiences of more than 25 years ago.  Case 1—ICBM Rocket Nozzle care than one vvpuld treat a pet horse. Struts
Here Jack shares some of those experi-  Control Unit Bolts returned from Air Force activities are over-
ences that caused failures in aerospace hauled. This involves baking for stress
hardware. Missiles are sometimes sent back fronvelief, hard chromium plating removal
operational bases for updating or for repairusing reverse current in a hot alkaline
Fresh out of the University of Washington, if fi €ld testing confins a problem. Nozzle solution, grinding to remove pits, and hard
@ | went to Hill Air Force Base in August control units are bolted to the missile, thenchromium plating to a thickness of up to
1950, where | established the materi-covered with a silicone rubber boot to pro-15 mils. Finally, struts are ground to size.
als and processes laboratories to contrdct the unit from hot rocket exhaust gasesAfter each operation, a 23-hr bake at 375°F
metal fnishing processes, and to provideUpon removal of a boot, it was found thatis accomplished. Now the problem:
chemical/metallurgical support to vari- @ bolt had failed and was lying in the boot. After retiring from the Air Force in
ous overhaul shops. The U.S. Air ForceMetallurgical analysis confined hydrogen 1983, | was teaching a metahishing
has always been concerned with hydrogegmbrittlement had caused the failure. Howcourse to new Air Force metalnishing
embrittlement and stress relief. Ogden Aircould this happen? personnel on the morning and afternoon
Logistic Center at Hill Air Force Base had, ~ The bolt had serial numbers that allowedshifts. During an evening break, | went
and still has, responsibility for logistic them to be traced back to the manufactureinto the plating shop to look around. As |
and engineering support for sophisticategvho had maintained sophisticated recordswalked by a pallet on which was a C-130
weapon systems, landing gear and othefhe bolt was part of a basket of bolts thafanding gear strut, | heard a noise that
items. Because of this, overhaul and metavere baked to remove hydrogen. It wassounded like a good-sizedrdi cracker
finishing operations have always beerfletermined that the failed bolt had fallenexploding. The strut was waiting to be
carefully controlled with detailed process-out of the basket prior to baking. Thebaked after hard-chrome plating, and had
ing procedures. For example, a militaryoperator later saw the bolt on thedt and  broken. Metallurgical analysis confied
standard for low embrittlement cadmium placed it in the basket of baked bolts. Whya fatigue failure most likely aggravated
plating was developed and put in use foe concerned about one bolt? It could havéy hydrogen. The prior microcrack would
Air Force shops and contractors. caused a missile failure. have later been found, if the failure had not
As | was promoted over the years, | occurred, and the strut would have been

ended up deputy chief of the engineeringCase 2—Bomb Attach Bolt rejected following dye penetrant or magna-

g ili flux inspection.
division (a colonel and a civilian deputy p fighter aircraft on alert lost an unarmed The Soint 0 this example is that, as the
managed Alr Force divisions). MyrSt  500.pound bomb that fell from a bomb article in the March 2002 issue BE.SF
love, however, remained with metal

rack onto the runway during the night. . ; ;
finishina operations. | remained close - A ] pointed out, hydrogen embrittlement relief
g op Metallurgical analysis revealed an inclu-in ot he accomplished without delay after

:;)egﬁzlismi:giggort)hr;)ﬁglr;zmé ;?;h:orli sion in the bolt and signs of hydrogenp|ating'
tions and performir’19 other chores Onembrlttlement. The solution was to X1y ™ ncidentally, during the plating course, a
. all bolts, and to make sure cadmium platy, 5 ,ng woman came to me with teary eves
Saturdays, and | also stayed in contach, "yas low embritlement with baking woe. o ary eyes.
g 9 She said her mother was so worried about

with the Hill Air Force Base metalrfish- ;
ing shop. after plating. her safety that she wanted her to quit. The
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woman loved her job and wanted to be g4) Bake at 375°F for 23 hr. A question arises: Can hydrogen be
plater. | called her mother and assured hef5) Count the bolts and hold them for fur-removed from parts that have not been
of her daughter’s safety, and told her of all  ther instructions. placed under a load, or should the parts be
the safety procedures in place. | invited the scrapped? My belief comfned by this bolt
mother to visit the plating shop and told herWhile the above was going on, threefiasco is that hydrogen can be removed, if
| would show her around. actions were in progress: the tensile strength of the part in question is
at, or below, a certain level.
Case 4—F-4 Fighter Aircraft (a) Our metallurgist confined that the

Forward Engine Mounting bolts_ were manufactured per dravyingl_essons Learned
. requirements. The cadmium plating,
Bolt Failure

however, was outsourced to a local
This problem reads like a detective novel, plating shop. A visit to this shop
and is perhaps the best example of hydro- confirmed what had happened. The
gen embrittlement and remedy thereof. shop manager had, atdf, followed
About 25 years ago, | received a morning  the military standard regarding low
call from a senior Air Force maintenance  embrittlement cadmium. He though,
officer from an F-4 §hter base. He however, that the uglyrfish would not
informed me that the maintenance person- be acceptable, so he switched to brigh
nel had installed a new jet engine on an  cadmium. Bright cadmium plating is a
F-4 the night before. When they returned  beautiful finish, but it is dense, nonpo- -
in the morning to pre-fjht the aircraft, rous, and hydrogen cannot be removecﬁnountlng _b0|t problem_ would not hf’?"e
they found the engine in the bay. The by baking. The problem was found. occyrrgd i ’?‘" people in the pr_oductlon
forward engine mounting bolts had failed. (b) The second action was to have one o?ham’ including the government inspector,
| asked the offier to have the failed bolts our structural engineers have the HiIIunderStOOd thf_it process procedures must
immediately hand-carried to me. | received  Air Force Base machine shop preparebe followed st_nctly. Some new steel alloys
them late the same day. Upon seeing them, jigs simulating the F-4 engine mount- are of such high strength that electroplat-
I noted that they were a beautiful bright, ing hardware. The jigs were to be use Ng Processes _cannot be used, because of
shiny color, like bright plated fasteners  to test the refurbished bolts in the sam yd_rogen emb_rlttlement cONcerns. For cor-
found in a hardware store. way they would be used for installing "°5'O" protection, vacuum-deposited cad-
Hydrogen embrittlement was suspected, jet engines. The bolts were to be placetfn_Ium was used. It _has now _been replaced
because the bolts should have been an ugly under this tension for 72 hours. with vacuum-deposited aluminumes
dull, frosty color. | immediately called the (c) The third action was to task our quality
F-4 aircraft system manager and told him  analysis people to provide the number oAbout the Author
not to issue any more bolts, and to recall  bolts to be tested, based on no failures, tgack L. Woods, CEF, holds a degree in

Procedures in all metahifishing operations
must be strictly adhered to. If an operator
doesn’t understand something or questions
a requirement, competent management
must be contacted. Also, personnel must be
thoroughly trained regarding the insidious
nature of hydrogen embrittlement. This
'{ncludes contractor personnel, as well as
government inspectors who periodically
visit contractor plants. the forward engine

all bolts in the #ld. | told him to ground all assure a cordence level of 95 percent chemical engineering from the University
aircraft that had the suspect bolts installed.  that the lot of bolts were okay to use.  of Washington. He has been involved with
(The suspect bolts were easily idestifiby metal fhishing for more than 40 years. He

serial and lot number, and their brightness.) The story becomes more interestingis the author or co-author of more than 20
Because bolts were in short supply,No bolt failures occurred, so | told the F-4.S. and foreign patents.
| asked the system manager to have akircraft system manager to release the bolts \Woods is a registered chemical engineer.
suspect bolts returned to the plating shogor use. He did this. A couple of weeks later,a senior member of the American Chemical
at Hill Air Force Base. | told him to have | was called to the offe of the director of Society, and a long-time member of AESF.
any that had been installed in engines tenaterial management to explain why | hada resident of Ogden, UT, he is a member
be destroyed, and to report the numbeauthorized the release of the bolts withouiyf the AESF Colorado Branch. For the past
destroyed. Also, | asked the system manhis approval. | told him that | was hired to 15 years he has been involved with the
ager to have the item manager inform meun the engineering division, and that thefinishing of aluminum, and has presented
of who the contractor was that manufacturebolts were okay. He said that he was not seumerous papers in thifi.
the bolts, and how many had been made. sure, because he had contacted a metallur- |n addition to his “hands on” engineer-
Our division metallurgical engineer was gist who told him that hydrogen embirittled ing and technical background, Woods has
called to the offie and asked to take the boltsholts couldn’t be saved, and should havqnanaged a large engineering division con-
to the metallurgical laboratory for analysis,been scrapped. A heated discussion ensuegigting of more than 400 people that pro-
and to get ready to make a visit to the bolduring which | asked him whether he vided engineering and technical support to
manufacturer to determine what happenedwvas the director of material managemenkerospace systems, hardware and software.
Metallurgical analysis confined failure by (a general's position) or an engineer. AtHe has taught university-level chemistry
hydrogen embrittlement. In the meantime this point, | took a 20-dollar bill from my courses, and recently developed and taught
the bright plated bolts were being receivedwvallet, placed it on his desk and said, “20g comprehensive metahfshing course for
by the plating shop. Instructions were givendollars says no bolt failures will occur.” anodizers, electroplaters and supervisors
to the plating shop as follows: This broke the tension. Later he was proengaged in the overhaul of modern aircraft
moted to a Brigadier General. On his waylanding gear, aerospace hardware and other
(1) Strip the bolts of cadmium in an ammo-to a new assignment, he stopped by to sayritical items.
nium nitrate solution. goodbye, and to thank us for good support
(2) Bake at 375°F for 23 hr. over the years. As he was going out the
(3) Low embrittlement cadmium plate (no door, | said: “Hey, where’s my $20 for win-
brightener and a purdd cyanide cad- ning the bet?” He turned around, smiled,
mium electrolyte). saluted me, and was gone.
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