.."s.-‘ l ‘ .
IR 4 _ REPORTNO._ 38
oaTe 15 _June 1961
NO.OFPAGES. 28
? CONVAIR ASTRONAUTICS
‘ CONVAIR DIVISION OF GENERAL DYNAMICS CéRF’ORATION

A NEW APPROACH TO BEND TESTING FOR
THE DETERMINATION OF HYDROGEN
EMBRITTLEMENT SUSCEPTIBILITY OF
SHEET MATERIALS

‘ _ PREPAREDBY __ [( % p. LA APPROVED BY aulg‘g“gf\/
' R, L. Uonee . 1lich

Research Group Engineer

CHECKED BYA e . I . m ,MM mow
REVISIONS
N0 8Y

=]
B bE )
)
[da]

UHANGE ‘ PAGES AFFECTED

e o . g o mmem e



CONVAIR ﬂ ASTRONAUTICS

REPORT.

PAGE

- 1B
¥

LIST OF FIGURES « « 4 o o &
LIST OP TABIES , .. .. .
ABSTRACT ¢« o ¢ ¢ ¢ o o o o
INTRODUCTION . . .« o & &
EXPERIMENTAL PROCEDURES . .
Materials . ... ..
Heat Treatment , . . .
Chemical Milling . . .
Cadmiwm Plating . . .
»‘l' Bend Test Procedurs .
RESULTS ARD DISCUSSION . .
Chemical Milling . . .
Cadmiom Plating . . .

4340 Stesl (Heat 7C-40)
4340 Steel (Heat 3350427)
cONcwsIom L ] [ ] [ ] [ ] * [ ] [ ] L] * L ] o .

mmm L] ® [ ] L] L ] L] L L . L] L L

DISTR IBUT ION L L] L [ ] L4 L] L L 4 . * 1

[ ] ui

L]
o ~2 ~3 [ B - SN I & * W w N

[ 10




|
|
|

¢

® CONVAIR uASTRONAUTlcs e 111

REPORT_MRG 235 _

7.
o

8.

9

LIST_OF PIQURED
peist § fage
B.MT.“mpl.oo.o-oooooooooooo000.000'12
Schezatlc Representation of Free End-loaded Bend Test . . . o « 13
B.M T.Bt *chm L] [ ] L] L] L] L ] * L * L ] L ] [ ] L ] L] -« L] L . *® L ) L ] - [ ] 14
Bend Test Machine With Covers Removed Shovwing Gear
Trains, Movable Jaw, Sample, and Fixed Jaw Mounted
Oa x“d Ring. * o L [ L ] * & © L ] e o L] L J L] - * * @ . & L] L ] [ ] . [-] ’5

Effeat of Strain Rate on the Duetility of Bend Specimens
of 4340, Tested Immediately After Chemical Milling. . « o o ¢ « 16

Effects of Strain Rate on the Ductility of Chemically
Milled Bend Specimens of AISI 4340 Steel. Effects of
Recovery Treatmenis at Ambient Temperatures . . o « ¢ ¢ o« o « « 17

Effect of Cadmium Plating and Thermal Recovery Treatments
on the Bend Ductility of 4340 Steel (Heat 7C~40)e & ¢ ¢ « o ¢« o 18 ;

Effect of Cadmium Plating end Thermal Recovery Treatmsnis on
the Bend Ductility of 4340 Steel (Heat 3350427) o o ¢ o o o o « 19

Comparison of Sustained load, BoelngePlated, Notched
Tensile Tests (Data from Reference 6)c o « o ¢ « 0 ¢ ¢ ¢ ¢ o o & 20



6 ReporT_MRG 235 @

CONVAIR R ASTRONAUTICS PAGE i
LIST _OF TADLES
Jabls Neo. Iitle -V ]
1. Wg.ﬂ mi‘tlw Teat T‘chniqu.' ': ¢ e e o e e 0 e 1
2. Chemical cmo’ition of m Steels ® & ¢ ¢ s s o 6 0 0 o » 22
3. Thermal Treatment and Some Mechanical Properties of
Th.mst.‘lanooo-o.oooo 0000000000023
4o Bend Ductility of Chemically Milled AISI 4340 Stool
(E.at.?c-l,fn,,,..........-..........2‘
5. Bend Dactility of Chemicelly Milled AISI 4340 Steel.
R.cwery Treatnents (H“t 70‘40) e ¢ ¢ ¢ o 06 6 & & 9 0 s s @ 25
6. Bend Ductility of AISI 4340 Steel, Cadmium Plated
(H.‘tW)OGOOOt..'.‘o..".o.‘t'..26
7. Bend Ductility of Cadmium Plated AISI 4340 Steel

(H“tBBSW?)..........-cooooo-on.oo27




A T H MRE 218
CONVAIR u ASTRONAUTICS PAGE 1

ARSIRAC

A seriee of experimental programs were carried out to determine the suitability
and sensitivity of 2 new test technique for the determination of hydrogen
embrittlement susceptibility of materials, A simple bend test was used

to study the effect of chemical milling and cadmium plating on hydrogen
embrittlement of high strength L340 steel shest. The bend test consisted

of loeding a coupon in the form of a slender colwun in compression at a

series of fixed bending aspeeds. Bend duotility was measured as the depression
of column height at fracture and sll data were referred back to a base line

sondition (non-smirittlsd) for somparison,

The feasibility of using this test technique for qualitative and seml=
quantitative studies involving the influence of chemical milling time
and various recovery treatments was adequately demcnsirated. ;

Results of the present study vere compared to those obtained on the same
heat of steel vhere hydrogen embrittlement was determined by the use of
notched rupture tests.

Although the sensitivity of this bend test technique 1e not as high as
that found for the notched rupture test, it is quite high and is much
better than any other type of bend test employed to date,
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ATROUCTION

In the last few years the trend in the Asrospace Industry has been tc the
use of engineering materials at ever increasing strength levels, until
today many materials are being employed at strength levels in excess of
200,000 psi tensile strength, Applicatiens of high strength materials in
the form of sheet has increased merkedly. Ths requirements of corrosion
resistance and the need for the lightest weight configurstion leads to the
use of processing techniques such as pickling, elestroplating and chemical
milling, Unfortunately these procesaing techniquee provide a ready source
of lgdrogen at the metal esurface during the operation, It is now well
sstablished that hydrogen can be introduced into many metals during these
processing operations and oan lead to severe hydrogen embrittlement.

Hydrogen can have an adverse sffect on the meshanical propertles of steels,
particularly high strength steels, some titanium alloys, snd to a lesser
extent some other ferrous and non-ferrous alloys, The chief effects are

& marked deorease in ductility on slew straining and a propensity toward
delayed failures under static loads even at stresses far below the yield
strength, Delayed static loed service failures have been reported in
plain carbon steel springs heat treated to high strength levels and sube
sequently plated or pickled and in alloy steel aircoraft landing gear components
o heat treated to high strength and subsequently plated with cadmium, Many
other examples could be cited, but thess are adeguately documsnted in the
literature (1, 2).

In the past, many test techniques have been used to evaluate the hydrogen
embrittlement susceptibility of materials, A list of some of the testis
employed divided into short and long duration tests is given in Table 1.

In general, these tests have been employed throughout the aircraft industry
as 2 go =« no go quality control test of heat treated and electiroplated
steels, Most of these tests; however, are not adequate for a guantitative
evaluation of the phenomenon, and in soms imstances they are not even
qualitatively adequate, Perhape the regular tensile test is most typical in
this respect. That all test tsechnigues do not possess adequate sensitivity
for detecting hydrogen smbrittlement was shown in a recent program carried
out by an ARTC project, W-95, Most of the test technicues shown in Table 1
were compared by using itbe same heat of steel embritiied to the same

extent (3)., Of all test techniques evalusted, the sustained load notched
tensile test (ambient temperature rupture test) was the most sensitive

and reproducible. It is aleo the most expensive test technique,

Unfortunately the teat specimens employed in most of the tests discussed

80 far have been machined from relatively large section size material and
are not suitable specimen configurations for preparation from sheet material,
Only the bend test and the notched rupture test appear suitable for testing
for hydrogen embrittlement in sheet materials,

e AN
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One interesting feature of the round notched rupture teust is that by
conducting tests at enough stress levels the lower critical strees (stress
below which failure does not occur) can be determined with a notch of given
geometry. It sappears, therefore, that deta of some quantitative significance
can be obtained by this test technique., But since the lower critical stress
is alse a function of notch geometry it is difficult, if not impossible,

to apply this date to actual design, Furthermore, it appears that a
congidersble smount of effort would be necessary hefore a fla% notched
rupture test of sheet could be ;roved satiafactory. Therefors, it appears
justifiable tc exsmine other test methods to determine their asuitability

aa replacements for the sustained load notched rupture test which is very
costly in terms of both time and equipment, The 1deal test technigque should
he inewsensive, short in duratlon, smenabls o shast smieilal, aod vensilive
to deteotion of hydrogen embrittlement at fairly low lsvels of embrittlement,
Bend tests seem to satisfy sll the above requirements, except the last,

Bend tests, as they have been carried out in the past, have proven so
insensitive that their use ssemsd highly undesirable. However, a new approach
to bend testing vas condeived & few years ago by Sachs(4), It is ideally
suited to sheet material since 1t uses bending of thin sirips. Bending of
the sample is performed es a fres end-loaded ocolumn at various constant
strain ratea, This test permits accurate measurement of the fracture

strain over s vide range of embrittlement conditiona., This test 1s further
characterized by a nearly lineer increase in strgin with reduction in

column height and is, therefore, a constant strain rate test {4, 5).

Thie 18 1n contrast 4o most bend tests which are constant bend radius tests,

Because this test technigue proved guite successful in the studies carried
out by Sachs, it was declded to use it in studies involving hydrogen
embrittlement of materials introduced by the chemical milling process,
However, it was first necesssry to establish the sensitivity of the test
and this is the subject of the present report.

NTAL PRO

Interjals

One material, AISI 4340 stesl, was employed in the present program., However,
two heats vere studied, One heat (Heat No, 7C-40) of materiasl was purchased
for the study of chemical milling and cadmium plating, The material was
obtalued as .040, .050 and ,060 gage sheet, iaterial from a second heat

of 4340 steel (Heat No. 3350427) wa: obtained from the Boeing Airplane
Company and was supplied as three inch sguare bar stock., Thls material is
from the sams bar of 4340 steel that was used in the ARTC project 13=59

aimed a2t the standardization of methods of testing for hydrogen embrittlement.

The chemical analysis of both heats are given in Table 2.

The as-received sheet material (Hest 7C=40) was sheared and machined imto
bend test gamples as shown in Figure 1, Sections were saw cut from the 8se
received bar stock (Heat 3350427) and surface ground to 0.040 inch thicke
ness, These sections vere sheared and machined inteo veand test sam, les

ag shown in Figur. 1. In a1] asasc 1ny:¢fndﬁnn1 +tmat coulons uers ;;Z‘C;:TCC}.

&
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The samplees were sheared oversise and then ground to eisze to eliminate any
edge effects from shearing.

Heat Ireataeut

After the bend test ocoupons were machined to sisze they were heat treated
according %o the schedules shown in Table 3. The resultant hardneas and
tensile properties ars given in the same Tsble, The thermal treatment

nsed on bend samples obtained from Heat 3350427 differed from that employed
on Heat 7C~40. Hardnese and tensile propertiss sppear slightly bigher in
Heat 3350427. The heat treat cycle employed for Meat 3350427 was selected
to correspond to that used by the Boeing Airplane Company on the ARTC
uluuﬁtl’y program so et cunpal ison of the bend last resulls ssuld be muds
readily with the results obtained by the ARTC project.

Chemical Milling

Cbemical milling was carried out in the laboratory using baths generslly
similar to those employed commercially for the various meterisls, The 4340
steel was chemically milled in the bath shown below at a temperature of 140°F,

HC1 - 15% by volume
HRO3 - 17%
. H3PQ;, = 314
H20 - 7%
Fe - 4 grams/1iter

At this tempersture the bath milled at 8 rate of about 1 mil/minute. The
milling rate changed with the age of the bath, but, in general, the change
was small, The milling bath was replaced with a new aoclutlion when the
nilling rate decreased by a factor of 10 percent,

The bend samples were chemically milled from cne gide only. This was
accomplished by masking one side and the edges with prescure sensitive lesd
"tape., The chenically milled surface was then made the tenslion side during
the bend test,

The commercial propristory chemical milling baths differ slightly from the
solutions uaed in thia investigation. Generally, small additions are made

inprove the surface finish obtaincdo

Cadalun Llatiog

A1l bend samples from Heat 7C-40 were cadmium plated using the following
procedures

1. Pickle in inhibited hydrochloric mcid not longer than 10 minutes.
2, Vapor blast,

‘ 3. Alkeline clean,
| 4o Acld diu in 10 percent hycrochlerie acid for 5 seconds.
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5, Cyanide dip (2 -~ 6oz/gal of WaCK or KCN)-in snd out dip.
6. Cadmium plate using the following bathi

S8odium hydroxide 2.04 oz/gsl
Cadmium oxide 3.58 os/gel
Sodium Cyanide 18,2 os/gal
Sedium Carbonate 1.42 o3/gal

Brightener 1 pint/25# of NeCW
Pleted at 60 amp/f42 to 0,0003% thicimess.
7. Seak in hot water (1809F) for 15 minutes.

All samples of Heat 3350427 wers plated at Boeing, Wichita, The plating
procedure is shown belows

1. Vepor degrease

2. Alkaeline clesn
3. Rinse
Lo Pickle in inhibited hydrochloric escid not longer then ten minutes
50 Rinse
6, Cadmium plate using the following dath:
Cadmium metal 3.0 to 4.5 oz/gal
Total sodium cyanide 11.5 to 17.5 oz/gal
Sodium carbonate 8 maximam os/gal
Ceustia soda 2,1 to 3.2 os/gal

Ratio total sodium
cyanide to cadmium 3.8 %0 4.2 03/gal
Super XC Bpightener
7. Rinse and dry as soon as possible,

After plating some samples were tested as-plated, Others were baked for
verious periods of time at 3750F and then tested.,

Bend Test rrocedure

The test technique employed in this investigation is a free endeloaded
bend test performed at a variety of fixed bending speeds. The test is
shown schematically in Figure 2 and is simply a sleander column loaded in
compression as one would squeege a long thin sample betwsen the jaws of
a vise. Fhotographs of the actusl bend test machine are shown in Figures
3 and 4, The distance the jaws come together before a crack is observed
or the sample completely fractures, whichever occurs first, was used as
a measure of hydrogen embrittlement when compared to unembrittled base
metal behavior under the same testing conditions, The comparison must
be performed on materials having the same thickness in order to be
completely valid,

When the sample fractured completely and fell out of the jaws, the machine
stopped and the head depression was recorded cutomaticslly on a counter

(see Figures 3 and 4). If cracking did not result in complete fracture end
the seample remained in the jawe the head depression st the appearance of the
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firet crack was determined from the lgad verses time curve recorded
automatioally through a leed ringeamplifier-recorder system (see Figure 3),

Tests vere carried out at four different testing speeds since detection

of hydrogen embrittlement is known to be strain rate sensitive., Jaw
closure rate varied in four stepss 0,001 in/min., 0,01 in/min., 0.1 in/min.
and 1.0 in/min. The meximum testing time (for 2.8 inch Jaw closure) did
not exceed 47 hours at 0.001 in/min., 5 hours at 0.01 in/min., 1/2 hour at
O« in/min, and 3 minutes at 1,0 in/min., These times correspond to the
maximum jaw movement of the machine.

To compare the effects of various treatments on materials, a bass line
condition was established, In this investigation the bend ductility of the
as-beat treated condition was established as the base line, To be completely
valid all further comparisons were made to this base line using the sane
thickness of material. In order to investigate the sffect of chemical
ailling, then, material was provided with thicknesses greater than the
thickness of the base line materisl and were then chemically milled to the
thickness of the base line material., The increase in thickness assoclated
with cadmium plating was minor and comparisons vere made between 0,040 !
gage plated and unplated specimens,

In general, between three and five samples were run at each testing speed.
Tests were started immediately after chemicsl milling (within five minutea) ‘
or af'ter some fixed recovery treatment, In the case of chemically milled 1
samples the recovery treatment consisted of holding at room temperature i
for fixed periods of time. Unbaked cadmium plated samples were tested
immediately after plating., Baking treatments were performed shortly after
plating and testing was carried out a3 soon as possible thersafter,

BESULIS AND DISCUSSION

Sheploal Milling

Chemical milling was carrled out on Heat 7C=40 to determine its susceptibility
to hydrogen embrittlement, Coupons from Heat 3350427 were not chemically
milled., Both 0,060 gage and 0,050 gage sheet materials were chemicelly
milled to 0,040 gage., Time in the milling bath was about 25 minutes for
0.020 inch metal removal and 10 minutes for 0.010 inch metal removal., The
average values of the bend ductility of the steel tested immedlately after
chemical milling as a function of testing speed are shown in Figure 5,

All data are shown in Table 4, Both 10 and 20 mils metal removal resulted
in hydrogen embrittlement of the steel, Az might be expected, more zevere
embrittlement was found in samples that were in the chemical milling bath
the longest time (i.e., for those samples that had 20 mils of metal removed).
The influence cf testing spesd on the bend dustility is somewhat unusual,
Generally, hydrogen embrittlement in steels shows up more readily at low
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and tested to determine itheir susceptibility to hydrogen embrittlemsnt.
This phase of the study program was carried out for two reasoms: first,

to further demonsatrate the sensitivity of the {ree end-loaded bend test for
detecting hydrogen smbrittlement, and second, to compare the severity

of hydrogen embrittlement introduced by the two processing tochniquos -
chemiocal milling and cadmium plating.

The bend ductility of the plated samples as influenced by testing speed is
shown in Figure 7, Data are presented in Table 6. The plotted points are
average valuss obtained from five identical tests., Where appropriate the
rangs obtained from the {ive tesis i shown, The endmiunm plated samples,
fg-plated, were severely embrittled by hydrogen as evidenced by the very
lov bend ductility., The severity of the embrittlement introduced by plating
is much greater than introduced by chemieal milling, even when 20 mils of
metal vere removed (compars data in Figure 6 to that of Figure 5).

Baking cadmium plated samples 8 hours at 375°F markedly decreased the
severity of the embrittlement of the ase-plated samples, However, some
embrittlement is evident in thes curve shown in Figure 6, It is especially
evident at low testing speeds in terms of both the low bend duotility and

the rather wide rsnge of values obtained from five identical teste. Although
the scatter of data is high, there is no doubt that embrittlement exists

even after baking 8 hours at I75°F,

The severity of the embrittlement found in the plated and baked samples
&ppears to be similar to that found in chemically milled samples after 10
mils metal removal or after 20 mils metal removel and a 4 hour recovery
treatment (compere Figures 4, § and é). Thus, it is apparent that the
severity of hydrogen embrittlement associated with cadmium plating is
uormally higher than that associsted with chemical milling, even when large
amounts of metal are removed, In additlon, it is much more difficult %o
relieve the embrittlement of cadmium plated material,

4340 Steel (Hegt 2350427)

The effects of cadnium plating and baking treatments wers studied further
using a second heat of 4340 steel (Heat 3350427), The bend ductility

of unplated, plated and plated and baked band tegst samples was determined.
Several baking periods were smployed. Data are presented in Table 7,

The average values of bend ductility as a function of testing speed are
plotted in Figure 8, Where appropriate the range of wvalues obtained from
triplicate tests is shown,

As expected, the aseplated samples show a very high degree of hydrogen
embrittlement., As shown in Figure 7, this was detectable at all the strain
rates investigated. Only 2 small amount of bending occurred before f{racture
took place; the amount of bending decreased as strain rate decreased as
might be expected from the vell known effect of sirain rate on hydrogen
cmuritilament sugeaptihility. When the plated samples werse baked for




CONVAIR ;i ASTRONAUTICS PAGE

l report__ MRG 235

9

varicus times, the amount of hydrogen in the samples was decreaszed and the
degree of hydrogen embrittlement decreased correspondingly., This is shown
in Figure 7, by the increase in the amount of bending in the plated and
baked samples before fracture., As the baking time inoreased the bend
ductility tends to appreach that of the uppermost cyrve whish represents
the noneembrittled (no plate) condition,

Baking 4 hours at 375°F reduced the degree of embrittlement slightly.
Hovever, only gvo sanples wereé tested at the lovwer strain rates, Baking
8 houre at 375 F further reduced the embrittlement ef the plated samples.
Only the two lower strain rates were investigated, but embrittlement is
apparent at both strain rates. It is more readily detécted at the lowest
straln rats. Even ofter baking 23 houre at 375°F the plated semples show
a small degree of susceptibility to hydrogen embrittlement., The difference
in bend ductility between the plated samples baked 23 hours at 375°F and
the non-embrittled samples showa up beat at the lowest strain rate, The
range of vglues obtained for the plated and baked samples and the none
embrittled samples overlap at all but the lowest strain rate, In spite of
this, the ourve based on the average values falls below the unembrittled
ocurves and is good evidence that some hydrogen embrittlement remains, At
the lovest stirain rate the range of values obtained in triplicate tests do
not overlap and a fairly large difference in average values exists, Thus,
there is certainly some degree of hydrogen embrittlement remaining in
samples baked as long as 23 hours st 3750F,

Some idea of the maximum sensitivity of this type of bend test can be
obtained by comparing the bend test results odtained in the present program
to the results obtained on round notched rupture tests c¢arried out on the
same heat of material by ARTC project 13-59 (6). The results of sustained
load notehed rupture tests using a variety of notch radii are presented

in Figure 9. All samples were cadmium plated and baked 23 hours at 3750F,
Aa can be seen, hydrogen embrittlement wes readily detected in all tests,
However, the sensitivity of the notched rupture test waes considerably
higher when sharp notches wers employed, According to these results even
after baking at 375°F for as long as 23 hours fairly severe embrittlement
remained in the cadmium plated samples, .

The bend tests also showed that embrittlement remained in cadmium plated
samples of the same heat of /(340 steel hcked as long 28 23 hours at 375°F,
nowever, the dstacticn of this embrittlement was difficult and is just
about at the limit of the sensitivity of this test technique. Therefore,
it sppears that the meximum sensitivity of the fresend-loaded bend test
techniqus is considerably below that of the notched rupture test. This
may not be the actual situation since another factor must bes taken into
account vhen these data are compared, Because of sample sise consideration
it wags necegsary to machine the bend test coupons from the longitudinal
direction of the original bar material wherein the notched rupture coupons
were obtained from the transverse direction, In general, steels show a
much higher susceptibllity to hydrogen embrittlement when tested in the

FORM ND 47021
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transverse direction than vhen tested in the longitudinal direction,
Consequently, it is reasonable to assume that s higher degree of hydrogen
embrittlement susceptibility would have been found in plated and baked
bend test coupens if they could have been prepared from the iransverse
direction, Thuas, this type of test iz sctually more sensitive than the
iritial comparison of the two sets of data indicates,

SQUCLUSIONS

i
The mbiidty of ithe Irse snd.-loaded bend tedt to detect hydrogen embrittlement
in chemically milled or cadmium plated 4340 steel sheet nas becu adéyuately
demonstrated, Although the sensitivity of this test technigue is not as
high as that found for the notched rupture test, 1t is quite good and is
much better than any other type of bend test smployed o date,

The possibility of using this test technigue for qualiiative or semiw
guantitative studies involving the influence of plating variables, chemical
milling variables, recovery ireatments and other factors effecting hydrogen
embrittlement susceptibility has been adequstely demonstrated in the various
studies ecarried out to date,

. Less severs hydrogen embrittlement 1e introduced into 4340 steel from
chemical milling than from cadmium plating., Furthermore, bydrogen, and
consequently hydrogen smbrittlexent, is more easily removed from chemically
milled materisl.

Baking treatments as long as 23 hours at 375°F did not completely eliminate
hydrogen embrittlement from cadmium plated high strength 4340 steel,
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FIGURE 9.
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Comparison of sustained load, Boeing-plated, notched
tensile tests (Data from reference 6),
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1.
2.
3.

1.
2,
3.
ho
3o

Tensile
Bend over mandrel

Notched tensile

Ie0%

Stressed ring

Streased notched "C" ring
Torqued bolt

Sustained load bend

Sustained load notched tensile

reduction of =area

angle of hend

Notched tensile strength

Meagare of eubrittlepent

time to failure
time to feilure
time to failure
time to failure
time to failure
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Service Corporation

TABIE 2
L ON
4340 STEELS
Heat No.  Supplier [} . W 4 4]
TGk Zelgler Stse) 0,41 0.67 0,008 0.018

3350427 Republic Steel'0,40 0.76 0,007 0.010

1. Obtained from Boeing Alrplane Company, Wichlta

£ & & H I

0.27 0.80 0.21

1.82 REM

0.3 0.7 0,24 1.78 REM

Division
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IABIE 3
EAT D_SQ A

PROPERTIES OF THE 434Q STEELS

Baat Mo. Thermel Ireatment' Fra Ity
7C~40 1525 for 30 minutes, 0.Q. + 4 bhours 265 229
at 400°F, A.C,

3350427 1650 for 32 minutes, F.C. + 1500 for 285
32 minutes, 0.Q. + 1 hour at 450°F,
A.C.

1. All heat treatments ocarried out in an argon atmosphere,

2., Estimated from hardness measurement.

Hapdpess Bg
52

54 = 55

%f” |
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“<hy

AS HEAT TREATED= ,040

AVERAGE

HEAT TREATED + CHEMICALLY MILLED
FROM .050 to 040, TESTED IMMEDIATELY

AVERAGE

REEAT TREATED + CHEMICALLY MILLED FROM
.060 to ,040, TESTED IMMEDIATELY

AVERAGE

2.4 2.27 2.21 2,04
2.23 2.80 20 .98
2,36 2.35 2,13 2.04
2.41 2,30 2,02 1.99
2.30 2,34 .15 2.05
.35 2.30 2.12 2.01
2.09 2,05 1.9 1,97
2.19 2,09 1.93 2.03
2.24 2.17 1.98 2.10
2,16 1.81 1.9 2.01
2.30 2.12 1.98 1.9
2,20 2.05 1.83 2,01
1.42 1.58 1.72 2.09
1.68 1.40 1.89 2.02
1.40 1.60 145 2,07
1.57 1.32 1.91 2,10
1.86 1.50 1.2 2.09
1.59 1.48 1.78 2,07

i
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v

HATERIAL CONDTTION ST Y s ]
HEAT THEATED 4 CHEMICALLY MILLED 2.45 1.98 2.16 -
FROM..O&' to .040.’ HELD A HOURS 2-28 2.02 2010 -
AT AMBIENT TRMPERATULE BEFORE TESTING 2,22 2,01 2.07 -
2,29 2.12 2.1 -
2,30 2.0 2,03 -

HEAT TREATED 4 CHEMICALLY MILLED
. FROM 0,060" to 0.040%, HELD & HOURS
BEFORE TESTING

N °
L I I I B |

NN{ONN
IRERS
NERR

"lllll

AVERAQGE

N
.
Q
W
t
|
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IABLE &
RENR DUCTILITY OF 4340 STEEL
BBAT 7C-40, CADMIUM PLATED
MIIH 0,0003 INCH PLATE
MATERIAL CONDITION 1.0
ASHEAT TREATED - 0.040 GAGE 2.45
2,23
2.36
2.41
2,30
AVERAGE 2.3%
HEAT TREATED + CADMIUM PLATE - -
NO BAKE -
AVERAGE -
HEAT TREATED + CADMIUM PLATE +
8 HOURS AT 375°F 2,15
2,35
2,23
2.16
2.2,
AVERAGE 2.23

mepenr_ MRG 238

PAGE h/-,zé )
S N

.1 01 2,21
2,27  2.21 2.04
2.20 2009 1 C98
2,35 2.13 2.04
2,30 2.02 1,99
2.3, 2.15 2,05
2.30 2,12 2.01
0,60  0.42 0.22
0.68 0.39 0.25
0.64 0.40 0.20
0.64  0.41 0022
2.02 0.52 1.10
2,26 2,08 0.92
2.17 1.34 2,00
2,26 0.45 1.76
2,35 2,00 2,00
2021 1.30 1.50

1
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HEAT TBEATED + BAKED 23 HOURS
AT 375 F

H,T. + PLATE - NO BAKE

H.T. + PLATE + 4 HOURS AT
3759

H,T. + PLATE + 8 HOURS AT
375°7

BE.T. 4+ PLATE + 23 HOURS AT
375%

AVERAGE

AVERAGE

AVERAGE

AVERAGE

REPORT

MRG 235

PAGE 27
22001
2,20 2,24 2,29 2.1
2,28 2,26 2.20 2.19
LN 4,46 2427 2,08
2,26 2,25 2.25 2.13
1.07 0.70 0.33 0.49
0.81 1.18 0,52 0,20
0.96 1.00 0.37 0,26
00% 0096 O.‘1 0.32
- - 0.62 0.27
- - 2.13 0.07
201L 0o56
2,09 0.52
2,12 0.69
2,25 2,19 2.11 1.90
2.40 225 2.2%: 2.01
2,20 R.26 2,15 2,00
2,26 2,23 2.16 1.97
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A, Babits
Collinse
Daub
Dunholter
Fager
Foor
Gress
Haugrath
Herbert
Mann
Msllguist
E. Miken
O'Brien
Pruckner
Radoliffe
Shorey
Tryon
Vobeyta

592-0
541=1
597«3
590-0
541=1

563=1
597=3
250=2
270=0
290=0
290-3
5341
5413
5950
597=3
597=3
270=2
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