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ABSTRACT

This report presents the results of a cooperative test progranm
conducted by members of the ATA-ARTC in an attempt to establish
a standard test method for hydrogen embrittlement. The six
basic methods investigated were the tensile test, stressed ring
test, sustained load notched tensile test, constant-rate bend
test, torqued bolt test, and static bend test. Modifications
of the test specimens and procedures brought the total number
of methods investigated to twelve. Conclusions are drawn as

to the most accurate methods now available and the direction
that further work on hydrogen embrittlement testing should take.
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INTRODUCTION

A survey on methods of testing for hydrogen embrittlement, conducted in
September 1957 by the Aerospace Research and Testimg Committee of the
Aerospace Industries Assesiation, revealed that while twenty-five of the
twerby--seven companies reply:mg were soncerpied with hydrogen embrittlement
of ferrous metals used in aircraft and missiles, only thirteen companleé
had one or more metheds that they considered suitazble for evaluating
relative embritiliement susceptibility. Four additional companies reported
that they had been experimenting %o find a sabisfactory method. Among the
wmethods “then in 'ze were the standard tensile hest, erther alone or in
conjunchion with a sustained Load test; seven types of bend tests; and
sustained lead tests of notched or smooth tensile bars, torqued bolts,
flat bars, round rings, and C-rings. Twenty-btwo companies favored an
attempt at shandardizing sngireering test methods for hydrogen embrittlement.

ARTC Project W-35, Standard Method for Evaluation of Susceptibility of
Ferrous Metals to Hydrogen Embrittlement, was established in October 1957
with Nerair as sponscring company. The approved objective was defined as
follows:

Select, refine, or develop a shori-term test method that will yield
an accurate indicatiocn of degree of hydrogen embrittlement. The
method should provide results in a form that permits ready com-
parison between differsn® alloys and dlifferent strength levels.

Resoluticn of the project objestive was attempted through a cooperative
testing program in which the following ARTC member companies participated:

Comvair, A Division of Gereral Dynamics Corporation, San Diego,
Cal:xfor:zla

o

Douglas Aircrait Caxparmy, Tux rporated, Santa Monica, California

Lockheed Aircraft Corpoaratlon, Califorala Division, Burbank,
Califermia

McDoanell Aircraft Corporation, Saint Louls, Missourd
Norair, A Division of Northrop Corporation, Hawthorne, California

North American Aviation, Incorporated, Los Angeles Division,
Los Angeles, Califoamia
Ryan Asrcnautical Gompany, San Diego,. California

In addition, much heipful assistance and advice was provided by other ARTC
member companies and by the Naval Research Laboratory through correspon-

dence, auxiliary testing, and participation in project meetings. Meeting

reports and other significant ARIC correspondence are listed in Section 6
on page 35.
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A

CONCLUSION3 AND RECOMMENDATIONS

Of all methods investigated, the sustained load notched tensile test was
the most sensitive and reproducible. However, two versions of this test
were used, and they showed considerable difference in time to failure for
specimens embrittled wnder ideéntical conditions by the same laboratory.

No one version can be recommended until additional work has been conducted
on methods of sample preparation; notch size, radius, and finish; and test
duration. It is therefore recommended that ARTC undertake the work neces=-
sary to arrive at a standard sustained load notched tensile test. '

The syperiority of-an experimental potassium cyanide plating bath used
by Ryan in Phase I was evident from all test results. It is recommended
that investigation of this znd other high-efficiency plating baths be
combined with the recommended efforts to stendardize the notched tensile
test. Such a combined investigation should provide the basic data for a
performance standard defining an acceptable level of émbrittlement as
measured by time to failure in a standard sustained load notched tensile
test.

Once a realistic performance standard has been developed, it is recommended
that investigation of other test methods be resumed to determine their
suitability as replacements for the sustained load notched tensile test,
which is costly in terms of both time and equipment.
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PHASE I 0373

Bach participating company used one of its current embrittlement test
methods to test identical material. For introduction of hydrogen, equal
lots of each company's specimens were first cadmium plated by the other
participants; the intent was to permit recognition and analysis of any pro-
¢essing variables. From the test results, an attempt was made to select
the short-term test method that provided the best correlation with long-
term tests for the one material under investigation.

3.1 Test Material

Transverse-quality 4340 alloy steel heat treated to a strength level
of 260,000 to 280,000 psi was selected for test. Annealed material
produced by the A. M. Byers 3teel Company and certified to Douglas
dircraft Company Specification DMS 1555 and Military Specification
MI1~5~5000 was purchased by each participant from four consecutive
bars (1OMg through 10Ms) from the middle bloom.of heat No. 67353.
These bars, in the form of 4-inch rounds, were reforged to 1-1/4 by
3-1/4 inches. Chemical analysis of the material, as determined by
testing the top of bar 1OMp and the bottom of bar 10Ms, is reported
in Table I. '

3.2‘ Heat Treatment

Rough-machined specimens of all participants were heat treated in
one load by Douglas to avoid possible variables in this operation.
Rockwell hardness measurements made on one heat~treated specimen
from each participant ranged from Rg 51.5 to Rg 52.0. The heat-
treatment procedure was as follows:

Normalizing - Atmosphere: neutralene, alnor dew point +22
Temperature: 1650 + 10F
Soaking period: 55 minutes

Hardening -~ Atmosphere: neutralene, alnor dew point +27
Temperature: 1500 *+ 10F

Soaking period: 55 minutes
Quenching medium: oil at 75F

Tempering -~ Temperature: 40O + 5F
Soaking period: L hours

The soaking period for normalizing and austenitizing of all speci-
mens was based on 15 minites per 1/2 inch of thickness plus 30 min--
utes, giving a total of about 55 minutes for the thickest specimen
(3/h inch).

HORTHRGP CURPORATION |




Form 60-136C (R.1-59}

NORTHROP CORPORATION

Page 4

3.3 Introtuction of Hydrogen

In order that the degree of embrittlement would be comparable to
that to be encountered in production if electroplating of high-
strength steels were performed, a standard procedure normally used
for cadmium plating of low-strength steéls was selected as the
means of introducing hydrogen into the test specimens. S5ix of
each type of specimen were plated by each of the partfblpants
according to the following precessing sequence:

Clean mechanically using 600-grit alundum paper with oil and
polishing in the direction of bend or stress.

Alkaline clean in steel cleaner for 5 minutes without current.

Acid dip in 10 percent by weight hydrochloric acid solution
(approximately 3N) for 5 seconds. No inhibitor.

In-and-out cyanide dip in 2 ~ 6 0z/gal. sodium or potassium
¢yanide solution.

Cadmium plate specimens individuwally to a thickness of €.0003
inch in a laboratory plating bath at a current density of 60 asf.

Soak specimens in water at 180F for 15 minutes.,
Bake specimens at 375 * 10F for 8 hours.

The sodium cyanide plating bath compositions used were as follows:

Convair ~  Gadmium 3.0 oz/gal.
' Sodium cyanide 13.0 oz/gal, "

, Sodium hydroxide 2.0 oz/gal.

Douglas * =~ Cadmium oxide 2.52 oz/gal.

Sedium cyanide 9.00 oz/gals

Scdium carbomate 2.0 oz/gal.

ROHCO 20XL brightener 1.3 oz/gal.

Lockheed - Cadmium oxide 4.1 oz/gal.

‘ B Sodium cyanide 12.2 oz/gal.

Sodium hydroxide 2.6 oz/gal.

Sodiwm carbonate L.3 oz/gal.

McDonnell ~ Cadmium oxide 3.6 oz/gal.

' Sodiwn cyanide 13.1 oz/gal.
Brightener 6-8 1b/100 gal. (nominal)

pH 13.5
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3.3 Introduction of Hydrogen {continued)
Norair - Cadmiun 3.3 oz/gal.
Sodium cyanide (total) 17.3 oz/gal.
Sodium carbonate 2.48 oz/gal.

Sodium hydroxide 2.14 oz/gal.
North American - Cadmiun oxide 4.0 oz/gal.
Sodium cyanide 13.5 oz/gal.
Sodium hydroxide to pH of 13

#* An experimental potassium cyanide plating procedure was used by
Ryan on all except the North American specimens, which were plated
in a production bath. The Ryan cleaning procedure was the same as
stated above, except that a solution of 6 oz/gal. potassium cyanide
and 2 oz/gal. potassiun hydroxide was used for the cyanide dip.

The experimental Ryan plating solution and procedure were:

Cadmi.lm l T - lo? OZ/galo
Potassium cyanide 22 =~ 23.8 oz/gal.
Potassium hydroxide 5.5 -~ 6.0 oz/gal.
Potassium carbonate 3 = 6 oz/gal.

No brightener

Deionized water

Vigorous agitation

Anode-~to-cathode ratio ~ 1 3 1

Current supply - voltage-stabilized rectifier, maximum ripple 2%
Current density - 60 asf

% Specimens plated by Ryan were given a cold-water rinse, a hot-water
rinse, and then baked for 8 hours at 375F, except for the North
Amerd.can samples, which either were not baked or were baked for a
waximm of 4 hours.

3.4 Test Procedures and Results

3.4.1 Standard Tensile Test (Gonvair)

Standard short-term tensile tests were performed on longi-
tudinal Type Rl specimens-conforming to Federal Test Method
Standard No. 151 (0.505-inch diameter by 2-inch gage length).
Strain rate to yield was maintained at 0.005 inch/inch/minute.
Rate of crosshead travel from yield to ultimate was 0.15 to
0.20 inch/minute. All test results are presenited in Table II,
and percent reduction of area is shown im Graph 1.

3.4.2 Special Ring Test (Douglas)

This test utilized a ring specimen and a spacer which applied '
4 constant stress of approximately 240,000 psi. Figure 1
shows the specimen, spacer, and stressed specimen. To allow
stressing the ring at 90° to the direction of grain flow,
specimens are normally taken from 4340 steel tubing or round

#* Revised 16 Decenb‘err 1959. i‘ A j
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Special Ring Test (Dovzlas) (continued)

bar as shown in Figure 2A. Since it was considered sssential
that test material of all participants be identical, the
Douglas procedure was modified by machining the rings from
the rectangular bar stock as shown in Figure 2B. With this
type of specimen, the maximum angle at which stress could

be applied with respect to grain flow was 45°. The test
results are given in Graph 2.

Notched Tensile Test (Loskheed)

The Lockheed notched tensile specimen is shown in Figure 3.

The specimens were loaded at 75 perceat of their notched
tensile strength until failure, with the results given in
Graph 3.

Notched Tensile Test (McDorneil)

The McDonnell specimen is illustrated in Figure 4. Specimens
were loaded abt 50 percent of the notched tensile strength

until failwre or for 100 hours, then loaded at 75 percent of
the notched tensile strength uwntil failwre or for an additional
100 hours. The results are given in Graph 4.

Constant-Rate Bend Test (Norair)

In this test, the C.250-inch-diameter round specimen shown
in Figure 5 was bent around a mandrel of the same diameter
util frastured. Bending rate was maintained & 4° per
second. The resuits of these tests are given in Graph 5.

Torqued Belt Test (North Amerdoax)

The bolt specimens illustrated in Figure 64 were designed to
exhibit delayed failure in the 0.QL56-irech fillet below the
head when statically leaded to the 0.2 percent offset yield
stress (about 90 percent of the ultimate stress). One unem-
brittled control specimen was lonaded in the test fixture as
shown in Figures 6B and 6C together with the six specimens
embrittled by each participant. Load was appelied by tightening
the nut wtil overall lemghth increase of each bolt was 0.034 *
0,002 inch, which had previously been found 4o correspond approxi-
mately to the yield stremgth as indicsted by 0.006-inch average
permanent seét upon release of the load. The results of these
tests are given in Table III and Graph 6.

NORTHROP CORPORAT[ON A
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3.4.7 Static Bend Test (Ryan)

These tests were mads as shown in Figure 7 on specimens
0.108 by 0.5 by 4 inches. One specimen from each lot was
subjected to each of the outer fiber tension stress levels
noted by setting to a calculated deflection with the aid
of a depth micrometer: 100,000, 140,000, 180,000, 220,000,
260,000, and 280,000 psi. One specimen (embrittled by
McDonnell and stressed to 280,000 psi) failed in 46 days.
The remainder ¢f the tests were discontinued after 61 days.

3.5 Discussion of Results

Although all methods were in falr agreement as to which specimens
were most embrittled and which least, no correlation existed in
the medium—embrittlement range. The shorter methods (standard
tensile test, constanterate bend test, and static bend test) were
not sensitive enough to indicate any but the more severe instances
of embrittlement. Of the ionger methods, the two sustained load
notched tensile tests showed the greatest s ~sitivity, with the
McDonnell method having somewhat less scatber .han the Lockheed
method. The torqued bolt test results showed considerable scatter
except in those groups of specimens which it indicated as being
most embrittled. The special ring test showed fairly broad scat-
ter for the specimen groups it indicated as being in the medium-
embrittlement range, which may be attributable to the fact, noted
in paragraph 3.4.2, that 45° was the maxamum angle at which stress
¢ould be applied with respect to direction of grain flow.

Since plating was perfommed in swall laboratory baths and was ap-
plied to high~strength steel not usually electroplated, the test
results are in no way indicative of normal production plating
quality. With this in mind, it is noted that all test results
showed specimens plated by Ryan in an experimental potassium cya~
nide bath to be superior to, or at least as good as, the other
specimens, which were plated in sodium cyanide baths. Further-
more, in many instances the Ryan specimems were at least as good
as the unplated controls. Since other high-efficiency baths were
not used, it is not possible to determine from the results of this
program if the Ryan bath was typical of other high-efficiency
baths or if it was one that caused almost ro embrittlgment and
was superior to all other standard and high—efficimncy baths.
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PHASE II TESTS

The Project had originally planned to test additional alloys by the best
short-term method selected from Phase I and, as a check, by the best
long~termm method(s). Since the short-term tests were not sufficiently
gensitive for the Phase I test material, this plan could not be pursued.
It was decided to attempt improvement of the shorter methods using the
same test material, and to repeat the McDonnell notched tensile tests
for comparison.

4.1l Test. Haterial

Transverse~quality 4340 alloy steel remaining from Phase I was used.

L.2 Heat Treatment

Participating companies heat treated their own specimens to a strength
level of 260,000 to 280,000 psi, using the procedure described in
paragraph 3.2.

4.3 Introduction of Hydrogen

Cadmium plating of specimens was performed by Douglas and North
American according to the procedure given in paragraph 3.3. These
two companies were selected because the Phase I test results showed
their specimens to be in the mediuwi~embrittlement range.

L& Test Procedures

4.4l Constant-Strain-Rate Tensile Test (Convair)

The standard tensile test was modified by maintaining a
constant strain rate of 0.003 inch/inch/minute until failure.
The results of tests on controls and embrittled specimens
are given in Table IV; reduction of area is also shown in
Graph 7.

4.h.2 Notched Tensile Test (McDonnell)

The procedure described in paragraph 3.4.4 was repeated to
serve as a control, since this method proved to be the most
sensitive in Phase I tests. Theé results are given in
Graph 8. ‘
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Lehe3 Modified Bend Tests (Norair)

The Norair specimen was modified by inclusion of a shallow
circunferential notch at the point of bending, as shown in
Figure 5. Two modifications of the test procedure were
used. In the first, the original bending rate of 4° per )
second - was slowed to 1-1/8° per minute. In the second,
specimens were bent to 35° at the rate of 4° per second,
held at 35° for 2 hours, then bent further at the same rate
until failure. The results of these tests are shown in
Graphs 9 and 10,

kolyois Modified Bend Tests (Ryan}

Ryan performed two basic modifications of the static bend

test described in paragraph 3.4.7. For the first, a 1/4~inch-
diameter hole was drilled through the specimen at the point

of load application. Preliminary studies showed that the
hole~type specimens failed at a theoretical stress level of
402,000 psi¥*. Test specimens were stressed at this level

and at 134,000 psi and 268,000 psi* for 2 and 34 days (con-
trols), 2 and 45 days (specimens plated by Douglas), and

2 and 57 days (specimens plated by North American). None

of the specimens tested by this method failed.

In the second modification, plain specimens were preloaded

to 190,000 psi outer fiter stress for 1/2, 1, 2, L, 7-1/2,
and 16 hours, then bert slowly at the rate of 0 0357 inch per
minute. One hole-type specimen was preloaded at 201,000 psi¥*
and one at 402,000 psi¥*, *hen subjected to further bending;
A1l preloaded specimens reached a total deflection of 0.625
inch without failure, at which point the test was stopped.

L.5 Discussion of Results

The McDonnell sustained load notched tensile test showed good cor-
relation with the Phase I portion ‘of the work, with a slightly

greater degree of scatter as shown\)by comparison of Graphs 4 and 8.
The change in specimen configuration and speed of bend improved the
Norair method; however, this bend test was still not semnsitive enough
to determine the degree of embrittlement present in the one material
tested. The changes in the Ryan spen,men configuration and method did
not result in any improvement, Lﬂumcaf‘lng that the method was still
not sensitive enough for the test material.

# Theoretical stress if material were perfectly elastic. These
figures are not true maximums, as yielding occurs to destroy
the linear relationship between stress and deflection.
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HYDROGEN ANALYSIS

Convair, Fort Worth, analyzed the test material for hydrogen to determmine |
whether a correlation existed between embrittlement and the amownt of
hydrogen actually present.

5.1 Test Specimens

Five 1/2-inch~thick samples of transverse-quality 4340 alloy steel
used in Phase I and II were heat treated by Norair, using the pro-
cedure outlined in paragraph 3.2: Two were cadmiumn plated by Douglas
as specified in paragraph 3.3, except that only one was baked at

375F for 8 hours. Two specimens were cadmium plated by North American.
The bath used in plating Phase I and I1 specimens had been destroyed,
so these two specimens were plated at 20 asf in a production bath of
the composibion noted below. One of these specimens was baked at 375r
for 8 hours. J.he fifth specimen was left wnplated.

Cadmium oxide 34 = L5 0z/gal.
Sodium ¢yanide 13 =~ 14 oz/gal.
Sodiun hydroxide %o pH of 13

ROHCO brightener 1 gal./gal. of solution
Sodium carbonate 6 oz/gal. max

5.2 Test Procedure

Convair cut specimens approximately 1/4 by 1/4 inch and analyzed

them for hydrogen by a vacuum-extraction method, using a National
Research Corporation Vacuum Hydrogen Determinator, Type 917. The
extractions were carried out at 1000F for 5 minutes. The results
are given in Table V.

5.3 Discussion of Results

The average amownt of hydrogen found in embrittled specimens was
not sufficiently greater than that found in control specimens to
be considered meaningful in an embrittlement stidy of steel heat
treated to a high strength level.

* NORTHRCP CORPORAT LON
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TABLE I.

Carbon
Manganese
Phosphorus
Sulfur
Silicon
Nickel
Chromium
Molybdenum
Aluminum
Copper

Tin
Vanadium

CHEMICAL ANALYSIS OF TEST MATERIAL

Top of Bottom of
Bar 10Mg Bar 10M5
042 % 042 %
.78 77
.01 Ol
016 022
31 .31
1-78 li?g
.73 J72
. 27 * 27
0L .0l
.10 .10
LO11 011
trace trace
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TABLE II. PHASE I STANDARD TENSILE TEST RESULTS

D — > T O =

FORM 60-136C (R.1-59)

e
IS

(CONVAIR)
Pty Ftu Elong | Red.
_ Specimen 0.2% in of
Plating Company Noo - Offset | 2 in. Area
I 103 psi | 103 psi 4
Convair Control Tests ' ¥
As heat treated CLl 225.2 290.3 13.5 32.0
CH3 228 .7 - 294.0 13.0 31.2
-Avg 22K | 292.1 %3.2 31.6
Plated, not baked, CBL 225.3 289.9 6.0 10.9
tested immediately CR3 223,90 288.5 8.5 18.7
- Avg . 227 .4 289.2 7.2 .8
Plated, not bakad, CJL 229 .8 287.9 11l.5 28.3
6C~day test delay {03 225.3 - 287.8 9.5 20.7
Avg - 227.6 - 287.8 10.5 2.5
Convair CAL 239.1 | 285.6 10.0 | 28.6
CK1 228,57 | 284.2 10.5 | 28.0
0G2 229.4 285.7 11.5 | 34.2
CR2 219.2 285,23 12.0 33.7
" CCB ' 22?{'07 281{--1 32- O ( 3503
CN3 22‘7 ° 8 281}-0 2 lloo ‘ 33 . 9
Avg - 228.6 28.,.8 11.2 ; 32.3
Douglas CCL - — e ; -
oML 227.6 28406 1.5 | 31.8
CH2 Io237.4 | 28 2.5 | 37.6
gs2 206.8 | 283.6 11.0 | 35.1
CE3 229 .4 282.8 12,0 32.4
€03 231.8 285.7 | 105 | 31.0 !
Avg 226 .6 284.6 1.5 33.6
Lockheed : OEL ceome i e |
COL 2264 | 287.2 9.5 | 21.6
CB2 226,3 288.8 | 12.0 | 31.3
CK2 221,68 287.9 12.0 33.1
CG3 230.0 286.9 10.5 25.1
CLB 201.}63 28502; | 1.10‘0 32-[}
Avg - 221.8 287.2 13.0 28,7
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TABLE II. PHASE I STANDARD TENSILE TEST RESULTS (continued)
Pty Ftu l Elong Red.
Specimen 0:2% Y din } of

Plating Company No. 0ffset ' 2 in. | Area

‘ 103 psi. | 10° psi| % A

McDonnell e CFL: %* * * *
CPl 219.4 287.0 7.5 14.3
M2 22G.2 286.6 12.0 | 30.3
¢c2 22L..3 287.0 12,0 30.7
CLz 217 .7 286 .4 9.5 20.9
CJB 2%07 285@5 lOoO 20-7
Avg 223.1 286.5 10.2 23.4
Norair CHL 227 .7 285.1 12,5 37.5
CSi 229.8  , 286.1 12.0 35.1

CE2 % ; * 3% #
CP2 5.l 285.9 11.5 37.3
CB3 2314 284.9 12.0 36.7
M3 215.4 283.8 1.5 34.8
Avg 223.9 . 285.6 11.9 36.3
North American 06 222.1 284.5 12.0 35.8
: CRL 20,0 28L.5 12.5 33.8

b2 % y #* ioo® ] %
CN2 22678 0 290.7 | 115 36.1
CA3 221,.9 1 283.8 | 12.0 ! 35.9
CK5 22602 i 284.0 11.5 33.0
Avg 22306‘ : 285«: ‘ 3.1&9 31;09

% )
Ryan CDI 226 ol{. 29003 13 0‘0 31{.05
CN1 228.9 285 .k 1145 3k
CA2 2270 290.9 12,0 37.3
£d2 226.1 287.8 11l.5 34.9
CF3 228.2 286.9 | 12.0 35.9
GPB 228 nl’l« ' 2% 02 3.2 L 0 35 ol
Avg 227.5 L 287.9 12.0 354
i
-

#Thread failure

M- > 0O

- O = = — O -




Fo‘uu 60-136C (R.1:59)

-
i

NORTHROP CORPORATION -

Page 14
TABLE III. PHASE I TORQUED BOLT TEST RESULTS
(NORTH AMERICAN)
e ; | . ey . e e
Duration | Specimen ! Time to
Plating Company of Test No. I Pailure Location of Failure
hr hr :
Convair 2000 #CO — None
cl L Head fillet
C2 B None
€3 1246 Head fillet
CL LOL Threads
€5 LOL Thread fillet
cé - LOL Thread fillet
Douglas } 2000 D0 e None
: D1 e None
D2 933 Thread fillet
D3 70 Threads
DL 237 Head fillet
D5 — None
D6 — None
Lockheed 1300 #L0 R None
L1 334 Head sfillet
L2 530 Shank
13 B Néne
L, 1014 Thread Tillet
15 438 Head fillet
¥ 362 Head fillet
McDonnell 2000 MO — None
ML 1 Threads
M2 Al Head fillet
M3 17 Threads
M4 17 Threads
M5 1 Threads
Mb 17 Threads
i

o — > 0O =
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Page 15
TABLE ITI. PHASE I TORQUED BOLT TEST RESULTS ( continued.)
Duration Specimen Time to ‘
Plating Company of Test No. Failure | Location of Failure
N hr _hr —
Norair 2000 *NO e None
N1 — None
N2 143 Head fillet
N3 — None
N4 14315 Head fillet
N5 775 Head fillet
N6 1803 Head fillet
Forth American 1600 #NAO —— None
NAL o None
NA2 —— Nene
NA3 768 Head fillet
NAL — , Nane
NAS — ! None
NAA —_— None
,»;t I -
Ryan 2000 *RO — ! None
RL 1342 Head fillet
R2 s g None
R3 ——— None
Ri 70 Threads
RS ———e None
R6 —— | None
t
! ?
#Controls

NORTHROP CORPORATION s

P QO

P Q) e ) e K~ O
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Convair Control Tests,

~

TABLE IV,

Plating Company

Unplated

Specimen
No.

C3C
CT7A
€118
C15C
C194
C23B
Avg

Douglas

North American

ClAa
C5B
C9C
C13A
C17B
C21¢
Avg

C¢2B
CbC
C10A
G148
£18C
- C22A
Avg

#Thread failure

{CONVAIR)

Fty
0.24
Offset

228.4
226.9
227.9
227 .6

230.8
227 .1
231.1
228,56
229.2
1 230,7

229.6

103 psi

HORTHROP CORPORATION

Page 16

PHASE IT CONJTANT-3TRAIN-RATE TENOILE TEST RESULTS

Fou Elong Red.
: in of
2 in. Area
10Ppsi | %%
293.2 12.0 - 33.0
293.2 il.0 23.8
297.0 9.3 . 13.9
292.9 11,0 « 28.8
* * ; *
294.1 12.5 + 35.3
29!}03.. 1102‘ H 27.0
S R A
i
202,1 10.5 f 22.1
2933 12,0 33.4
252,8 13.0 . 33.2
2933 | 13.0 | 39.0
% ) ¥
C 293, | 11.0 ¢+ 24.9
E 2G2.9 1.9 ; 30.5
§ é
¢o281.3 | 2.5 1 T
. 289.2 | 12,5 37.5
288u0 ' 3.205 37-9
290.5 | 11.0 1 29.5
. 289.5 1.3 37.8
f 287.8 9.8 ; 28.8
|

G-

D e U L - O
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Unplated

FIR SR SR

Avg 5

TABLE V.

12
9
12
7
7
12

10

Plated by Douglas
_Not_Baked _Baked

9
10

HYDROGEN CONTENT OF TEST MATERIAL
IN PARTS PER MILLION BY WEIGHT

6
6
)
8
11

HORTHROP CORFORATION

Page 17

Plated by North fmerican
-Not_Baked

Baked

NN N0 33X

Q
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\ L0625 hole

0.100 % .002

NOTE:

Finish {7 minimum

A. 434" Steel Ring

2,525
* 002

— 1 —] | -

B. Steel Stress Bar

’4——— 1.000 «—-—»1
+.,010

NCTE:

Fractionol tolerances + 132

1 2 Radius

C. Stressed Specimen

Figure 1, Special Ring Test Specimen and Stress Bar

(Douglas)
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Form §0-136C (R.1-59}

NOTE:
Stress in
direction of
either arrow

Grain

Q ~

NS

A. Specimen normally made from Tubing or Round Bar

Dritled
hole

B. W-95 Specimen made from Rectangulor Bar

Figure 2, Direction of Stress Application in Special Ring Test
(Douglas)

NORTHROPR CORPORATION ‘ s )
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Page 20

Figure 3. Notched Tensile Test Specimen
(Lockheed)

- 2,25 Min - - - - »
i-- 375 - - 1.12 —
i | .190 i
RY i ' 2; ) —— .375
/ / \
0°  f i i
| R | ; / =
I - L i
4 1L N ] ' _ { J] \
| ’l:v H! ‘. A|‘ ', | | lv l ‘ l’ 'l \ /
T - e s 1 S 2
f 40 \
_) - u«dn
.300 ‘
Thd 3 8- 24 UNF 2
‘IDII
JBR
& Rockwell ond identify on ends only Mojor diometer D' 2510
2490
Minor diometer ‘'d*"’ 0778
. 1758
- Notch rodius  ‘R" .0040
.0060
Ky ‘ 3.9
Linear tolerance: xx - 1,03

Sxx - £,010

T e B OO

- D e B e € — D
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Fors 60-136C

0y R ' .250 Dia
38-16 Thd /
- ¢
» P L

NORTHROP CORPORATION
. Page 21

/

Figure 4, Notched Tensile Test Specimen
. , {McDonnell)
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ForM §0-136C

r~- 250 Dia

NORTHROP CORPORAT1ON
Poge 22

X
A 18
| e 50 ] f x
- .25 e 1.50 - 1.50 -
N 3.75 -
o «—\dq/"M-’_—-—”\~—‘\v
’ i
Notch at X=X
Phase Il Specimens Only
e

Figute 5, Bend Test Specimen

(Norair)
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- NORTHROP CORPORATION.

Page 23
/-- Threod 1/2-20NF-2A
; i 1 Dia
0.0156 R .
a 1/16R / l
1 & |
l L—o.snhoos == T \V
it ~ 3,001, '
—t 12 3.0 010 L‘_ 3/4 -
- 4-1/4 - - ]
A, 4340 Stee! Bolt Specimen
- i8-1/4 > el 1= 1/4 |t
R oy T ;‘Jgro‘ ]
e i | | Ll ! b1y
byt 1! b o a
[ : R : [ Ll I,
i . ' {1 I !
1 B 1
RE bl % E ! !
P f 1 i ‘ al
Y 1 b ! ol
I L e (]! b
Ll IRR L) L] L]
‘ol‘-l/«r—«-—— 1=3/4 wwin]
/‘-—-1/2 Dia Hole (Typ)
’J'\ N PR ~
el bab) B G O
| ~ ]
!

Nut Tightened to
Produce .034%.002
Elongation in Belt

B. 4130 Steel Test Fixture (HT 125,000 psi)

Fixture -

.vr*

C. Method of applying Static Load

r—,—]/ Test Bolt

3
Hardened Steel Nut
(EB-080)

Figure 6. Torqued Bolt Test Specimen and Fixture

(North American)
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Figure 7. Bend Test Specimens in Fixture
(Ryer)
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Days to Failure under Constant Stress of 240,000 psi

80 s

70 -4

60 =

SO,—‘-‘

40 v

304

20 =

10 wd

vy

CONY

DAC LAC

MAC

NOR

Graph 2. Phase | Special Ring Test Results
{Douglas)

NAA

RYAN

- NORTHROP CORPORATION

Page 26
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P

Hours to Failure at 75% NTS

800 =g

700 =4~

600 s

500 mvefeen

400 mmfros

300 o

200 ~

T00 v

NORTHROP CORPORATION
bqge 27

w . i -
CON- CONY DAC LAC MAC NOR NAA RYAN
TROLS
Graph 3. Phase i Notched Tensile Test Results ;

{Lockheed)
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Hours at 50°% NTS

Hours at 75% NT>

plus

¥

1onﬂr

75 wnden

50 e

25 4+ |

100

75 g

509-1-“

25 eide

NORTHROP CORPORATLON

Poge 28

CON-
TROLS

CONY

" pAC LAC  MAC ~ NOR

Graph 4. Phase | Notched Tensile Test Results
(Mc Donnell)
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FRETNY

Anale of Fracture

NORTHROP CORPORATION

Page 29

T Y (Y (e N (M (YY)
150° wagpm 1
120° ~4=
IR o
60»‘-—1-—

.E
o1
2
£
30° == | <
2
w
c
v
£
Y]
v
2
n
CON- CONY DAC LAC MAC NOR NAA RYAN
TROLS .

Graph 5, Phase | Constant-Rate Bend Test Results
(Norair)
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£+

Hours to Failure under Static Load of 90% UTS

HORTHROP CORPORATION
Page 30

O — D . —

2000 s ‘ A 4
| M (YYY
1750 wafoms
1500 wadom W
»
, /\l'\
1250 oo -
1000 v -
750 - i L
500 4~
TTT
250 smsdpen
s ' | E : -
1456320 3421560 1652430 1534620 2546130 3124560 47235660
CONY DAC LAC MAC NOR NAA RYAN
[

Graph 6, Phase 1 Torqued Bolt Test Results
{North American)
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Fors €G-136C {R.'1-5%)

Percent Reduction of Area

40 =4~
]
R
—*
r
20 ==
-
10 =t~
0 ek - . -
. CONTROLS DAC NAA

Graph 7. Phase 1 Constant-Strain-Rate Tensile Test Results.
(Convairy
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S

plus Hours at 75% NTS

Hours at 50% NTS

- NORTHRGP CORPCRATION

100 -4& W

75 ==

50 mepeem

25 =4

100

75 =t

50 vmpe

25w

RR AN

CONTROLS - DAC NAA

Graph 8. Phase 1l Notched Tensile Test Results
(Mc Donneli)
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Foam 60-136C {(R.1-53})

A

'

L

Angle of Fracture

 120° =4—

180° -1~

150“-—1%-

90° ==

60°

30°

007 B

NORTHROFP QORPORATION
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CONTROLS DAC NAA

Graph' 9, Phase 1 Slow-Speed Bend Test Results
(Norair)
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gt

Angle of Fracture

180° -

150° wd:

120°

D7 mudpen

60° weda

30° e

NORTHROP CORPORATION
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00

CONTROLS DAC NAA

Graph 10. Phase 1l Intermittent Bend Test Results
(Norair) ‘ .
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6. REFERENCES
ARTC~WR~57-115

ARTC~WR~57-130

ARTC=~58-12

ARTC-58-94,

ARTC-58-167

ARTCm59=42

ARTC~59-185

Page 35

Questionnaire on Hydrogen Embrittlement Testing

Summary of Replies to Questionnaire on Hydrogen
Embrittlement Testing

Minutes of First Meeting of Panel W-95 "Standard
Method for Evaluaticn of Susceptibility of Ferrous
Metals to Hydrogen Embrittlement®

U.S. Naval Research Labeoratory Studies on Ehnbrittle-
ment and Crack Propagation

Minutes of Second Meeting of Project W-95 "Standard
Method for Evaluation of Susceptibility of Ferrous
Metals to Hydrogen Embrittlement”

ARTC Project W=95 "Standard Method for Evaluation
of Susceptibility of Ferrous Metals to Hydrogen
Embrittlement® - Naval Research Laboratory Report
Regarding Nonembrittling Plating Solutions

Minutes of Final Meeting of Project W-95 "Standard
Method for Evaluation of Susceptibility of Ferrous
Metals to Hydrogen Embrittlement™
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