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FOREWORD

This report was prepared by The Dow Chemical Company
under USAF Contract No. AF{600)19147. The contract
was initiated under Research and Development Order

No. R615-15 BA, "New Experimental Alloys by the Powder
Metallurgy Frocess", and was administered under the
direction of the Materials Laboratory, Dirsctorate of
Research, Wright Air Development Center, with Lt H. A.
Johnson acting as project engineer,
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ABSTRACT

The arc, gns and spot welding ckeracteristics of
HEK31A sheet and plate were inves.igated, The alloy wes very
weldable by the arc and spot methods but difficulty was en-
countered in gas welding., Heavy plate, multiple pass arc welds
were subject to oxide inclusions, the cause of which bas not been
dsfinitely established, Weld strengths could be improved
by aging heat treatments, The welds were o

tion when sclution heat treated at the recommended 105C°F tempera~
ture. The short time high temperaturs propsriies of the welds

were rot significantly different from the unwelded material,
Spot welding techniques and properties appeared to be similar
to those obtained on AZ31A sheet. Suzzestions for eontimming
the evalvation of the welding characteristics of HK3lA were in-
cluded,

PUBLICATION REVIEW

This report has been reviewsd and is approved.
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Part 5

WELDING TESTS ON HK31A SHEET

INTRODUCTION

The development of HK31A alloy for high temperature
applications has necessitated the evaluation of the secondary
properties of thig 2lloy. This report covers the gas, arc and
spot welding charccteriatics of HK31A sheet and plate.

Y

SUMMARY OF RESULTS
1. Weldabllity.
A. Arc Welding.
{1} Cirecle weld tests. No cracking was obtained when
HK31. HZ32, ZE42, ZE63 and EZ33 rods were used.
Only crater cracks were obtained with AZ61, AZ92,
ZE10, ZE62 and ZK20 rods.

(2} Fillet tack weld tests. No cracks were obtained
with HK31, HZ32, ZE42 and ZE62 roas. AZS2A rod

showed crater cracking.
(3) Butt weld tests. No cracking was obtailned with
HK31 rod on material from .051 to 1.1" in thickness.
B. Gas Welding.

{1) Tests were confined to butt welds in .051" shest
using the same rod compositions as with the arc
circle tests. No cracking was obtained with any
of the rods,

Difficulty due to poor coalescence caused by im-
proper fluxing action of the current Dow 450 flux
ied to sguspension of further tests.

C. Spot Welding.

(1) Spot welding of .051" sheet on a Three-Phase

~~
)
-

[
Q
%
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Frequency machine was easily accomplished. For
schedules and results see Table VIII,

(2) Surface resistance values for cleaned sheet are
given in Tables 1IX and X.

2. The room temperature properties of both arc and gas welds
are given in Table III. Efficiencies of 76 to §0% were obtained
on arc welds wvhen sheet in the -H24% tempe» was used. Actual
weld strengths were In the range of 31,500 to 33,500 psi with
the bead intact, while sliightly lower values were obtalined with
the bead ground fiush.

3. Butt and fillet welds on 5/8% and 1.1" plate showed no
cracking. Difficuity wae experienced in obtaining sound welds
due to oxlde content of the plate metal and inadequate protection
during welding; conscguently no prcperties are included herein,

4. Welding Sheet and Cast Materials.
A. No cracking was obtained when cast HK31A was welded to
HK31A sheet. Weld strength of 28,600 psi was obtained,
B. When cast AZ63A was welded to WX3A1A plate, cracking re-
sulted with HK31A rod but not with AZ92A rod.

5. Welding HK31A sheet to other sheet alloys.
A. Satisfactory welds were made to ZE10 sheet with HK31A rod.
B. When welding to AZ31A sheet, cracking resulted with HK31A
rod but not with AZ92A rod.

6. Corrcsion of Welds,
The corrogicn rates of welds with HK31A rcd were less than
0.20 mcd ana were about equal to those of the unwelded sheet.

7. Effects of heat treatment on weld properties. Table V.
A. Properties of sheet material in the -H24, -0, -~-T4 and

Ej
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-T6 temper beforc and after welding are listed in group I.

Results of post weld aglng treatments on welds made on

L e | ML mee 3342 nee wumad ~vn dom von -
-4t ane =iU COnulevlioll pradl’ LU weiuwlillll

h &
given in group II. Aging 16 hours at 4OOF increased only
the strengths of the welds made on the sheet in the -Th
condition.

4
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Post weld solutior treatments (-T4) at 1050F and 1000F

(1 hour) resulted in germinated welds. Noc germination was
obtalned after 1/2 hour at 1000F or 2 hours at 950F.

Each of the -74 treatments from 1050 to 950F, when

- . i E Negaies s L N L] ae Va3 2
cllowed by aging (10 hours at 300F), rezultsd in an

H

appreclable increase 1n weld strengths, as shown 1n

>y - TT
IoU I_L.L.

(V2]

Post weld aging treaiment: at various temperatures showed
optimum properties werc obtained at S00F and 600F for
time periods up to 4% nhours and at J00F for 16 hours.

Prorerties of welds at elevated temperatures.

A,

In Table VI, the data showed slightly better strengths
were obtained on welds with post weld -T6 treatment

and on welds of -T6 sheet. The weld strengths, however,
were not significantly different from the uwnwelded

sheet.

In Tablie VII, the welds Jjocining HK31A sheet to HM31A

n resulted in strengths equal to that obtained
il
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. HK31A alloy was not crack-sensitive and therefore
was considered to be an extremely good weldable alloy. It could
be readily arc and spot welded in sheet form. Some difficulty
in obtaining sound arc weids in heavy plate was experienced

2. Gas welding using the current commercial fluxes
was not gatisfactory bera2uge of poor fluxing action.

3. Opot welding could be performed on the equipment
currently in use on magnesium. Settings and properties closely
approached those for AZ31A sheet.

h, learing for apot welding either by mechanical or
chemical means was satisfactory. Chemical cleaning in 20%
Cr03+0.05% 12504 solution gave low surface resistance and long
life,

5. HK3?1 shect welded satisfactorily to HK31lA cast
material but when welded tc AZ63A, some cracking was experienced
with HK31A rod. Cracking wzz eliminated with AZ92A rod.

6. Welding to other sheet alloys appeared possible
but care would ve required when welding to AZ31A., Additicnail
tegsta are needed for more definite conclusions.

T. Welding had no significant effect on corrosion
rates.

8. Post weld solution heat treatments at temperatures
below 1050F were necessary to avoid germination of welds,

Q, Post weld aging conld be used to increase the
strengths of welds made on sheet either in the -H24 or in the
-T4 condition prior to welding. Effects on sheet welds in the
-T6 condition were not clear and need furthcr investigation.

10. The short-time hi FRN

were not significantly affected

WADC TR 54-83 Pt 5 L
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RECOMMENDATICNS
1. When welding HK31A to itself, use HK31lA rod.
For maximum weld strengths, post weid aging for © hours at

100F is recommended. Current post weld -T6 treatments are
not recommended because of germination in the weld metal.
2. TFor a more complete evaluation of the welding
characteristics, further investigations of the foliowing
problems are necessgsary:
(1) Determination of heavy plate weld properties aand
methods of obtaining sound welds.
(2) Prozedures for welding HK31lA to other wrought and
cast alloys.
) Determination of fatigue properties of welds.
) Investigation of suitable pest weld sclution heat
treating conditions.
(5) Determination of spot weiding characteristics and
properties. The effects of pressure, current and
post weld treatments need further investigation.

EXPERIMENTAL WORK DONE

Material

Sheet material in thicknesses of .051" and .064" in
the -H2L temper and plate in thicknesses of 5/8" and 1.1" in
the as-r0lled condition were avallable for the welding tests.
The -H24 Lemper was changed to the -0 or soft annealed con-
dition by heating one hour at 725F, Since this alloy was heat
treatable, the conditions for converting it to the-T6 temper
were to heat 1/2 hour at 1050F and age for 16 hours at 4COF.

Prccedure.
l. Arc Welding.

The welding was performed on an A.C. high frequency
stabilized machine; using 2 tungston electrode and an inert
shroud of helium for the thin sheet and a 50/50 mixture of
helium and argon for the plate welds. The edges or areas to be
welded were cleaned with a rotary wire brush. Welding current
values were cbtained with a current transformer and an A.C,
ammeter..

WADC TR 54-03 Pt 5 5



All sheet welds were made without a back-up plate.
The bnavy plate wel d wers veveled tc a 45 degree included
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cane spacing were also triasd on the 5,/8" plate.
Feor evaliuation of weldabllity or d cracking tendency,
the "circle weld" and the "fillet tack weld” test pleces were

%
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b

used,; as illustrated in PFigure l. Thnese tesis were performed
on .06 gheet for comparison with other data. The circle
cted of depositing =z bezad in 2 2 1/2" diameter

in the middle of an B-inch =guare 33 chown. The cracking
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1
tendency was evprez=ed zs the percent of weld cracked by dividing
the total length of the cracks by twize the cirzumference of
the 2 1/2" circle, times 100. The tack welds were evaluated by

r

indicating the number of cracks and their location,

2., Gas Welding.

A neutral oxy-acetylene flame and Dow No. 450 Flux
were used, The sheet edges were cleaned with a rotary wire
brush and the welding rod with steei wool prior to application

A +£ha Flecee 29n s T eavem ,\f R e R e o ~
(024 Vil A de N Al wilC adganin W L AR AT A Moo wCoo

%. Spot Welding.

Tests were limited o the ,051" thickness sheet in
the -H24 temper. The material was cleaned with a rotary wire
brush prior to welding. Preliminary tests tc obtain the range
of settings from 4dud to expulsion for z gliven electrode force
were carried out on 1" X 4" strips. Then the range of settings
was explored with weld panelis consisting of iwo pieces, &'X7",
apacing of 1 inch., This
resulted in a panel with 7 spotz. The first five spots were
used for chear strength tests and the last two for secticning

ot
1]

with an overlap of i inch and =z snot

and metalilographic examination. The welded panels were radio-
graphed before removal of spots.

(9)
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Spot weiding tests were conducted at the National
Electric Welding Machines Co. on their No. X4622 Special Aluminum
Spot Welder., This machine was a low frequency converter type,
rated at 150 KVA - 3 Phase - 60 cycles. The electrcdes were
Mallory Elkalloy A, 1 1/2" in diameter, with 3" radius doine tips.

Preliminary tests on pre-weld cleaning by chemical
and mechanical methcds were carried out by surface resistance
measurements., Tests were made on: 1" X 4" strips under a 1000-

1b. force using a Biddle Microhmmeter for reslistance measure-
ment.

RESULTS
1. Arc welding tests on thin sheet,

The circle weld tcst results on 064" HK31A sheet
in the -H2t and -0 tempers are listed in Table I. No evidence
of cracking was found when HK31, ZE10, ZE42, ZE63> and EZ33 rods
were used. Some cracking was obtained when M, AZG6lA, AZOZ2A,
ZE10 and ZE62 were used but the cracking appeared to be asscciated
with points of starting and stopping. The cracks were at the
bottom of the sheet transversely across the bead and prropogated
slightly along the junction of the weld. The cracking obtail
was caused by hot short condition of the deposited rather than

U
Sf the rase metzl. The ftemper condiftiion of the sheet had no

effect on weldability.

The results of fillet tack weld tests with HK31, ZE42,
ZE62, HZ32 and C rods appear in Table II. Cracking was evident
only with C rod but this could be considered to be extremely
mild. The crater cracking could be eliminated by proper techni-
gue and therefore was not considered serious,

2. Gas Welding.

The same welding rods used in the circle tests in
Table T were also used in gas welds. The gas welding tests were
limited to butt weld joints in .051" sheet for determination of
weld strengths. Considerable difficulty was experienced because
of mnoor coalescence and poor control of drop down. Deposition

WADC TR 54-83 Pt 5 T



of the commercial welding rods M, J1 and C, was readily ac-
complished but the drop down with J1 and C was <xXcessive and
could not be controlled because of high fluidities and their
relatively low freezing points. The ZE series of rods as

well as HK31 and HZ32 rods were extremely difficult to use.

The weld puddie was coated with a thin film so that the end of
the rod had to be pushed in to break the f£ilm before fusion
with the puddle could occur. While welds were made with all
from any production consideration. 1In view of the difficulties,
no further gas welding tecsts were carried out, but the welds
made were nevertheless tested for strengths. A modification

of flux composition to make welding easler appeared to be indicat-
ed. No indication of weld cracking was evident 1in any of the
gas welds.,

5. Properties of Arc and Gas Welids in Thin Sheet,

P =

The room temperature tension test results on sheet
arc and gas welds made with the various alloy rods are summarized
in Table III. The values represent the average of three to four
bars for each condition. The individual test bar vaiues were
included only in the file copy. The original sheet strength in
the -H24 temper was 41,400 psi. After welding, the strengths of
arc welds with the bead left on varied from 31,500 to 33,500 psi
for all rads except M; which showed a tenslle strength of 29;400.
The weld efficiencies therefore were 76 to 80.5% and 71% for M
rod welds. The elongation dropped from 4.3 to about 1%. With
the bvead ground off, the weld strengths decreased and the elonga-
tion increased., The extremely low values of 21,100 and 25,500
psl for J1 and C rod appeared to be due to precipitation effects
as 2 result cf incompatibility of Al and Zr in magnesium. Most
of the fractures were through the weld metal,

WADC TR 54-83 Pt 5 8
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The gas welds with the bead on resulted in sligntly
lower weld strengths than the arc welds. The values varied
from 27,000 to 32,600 psi for the different rods. The efficiencies
were 65 to 78.5%. However, the elongations were up to 3%. The
welds with the beads ground off had strengths of 26,700 tc 28,700
psi. Welds with rods HK31, HZ32, ZE42 and ZE53 showed in-
clusions in the fractures, and, consequently, thelr strengths
were omitted from the table,

4. Plate Welding Tests.

A series of butt and continuous flllet welds were made
on 5/8" HK31A-F piate as chown in Figure 2. The welds were
sectioned transversely at l-inch intervals and examined for
cracks and penetration. The fillet welds, made In a singile

b

cracking. However,

the butt welds showed a2 slight evidence of black oxlde inclusions,
believed to have been caused by insufficient protection from
oxidation during welding. No evidence of weld cracking was ob-

pass, were sound and showed no evidence

O

served. 1t was originally iuntended t¢ obtain properties of the
welds but the results of tests showed that the original plate
contained cold aracks caused by improper rolling pirocedure. Con-
sequently, the test values were discarded.

A littie of 1.1i" HK31A-F plate was also available for
welding tests. The Jjoints attempted are also shown in Figure
2. However, difficulty was experienced in obhtaining sound
welds. Numerous streaks and stringers of oxide particles were
vigible in the welds. The oxide content appeared to increase
with each bead. Therefore, strength data were not obtained.
However, ns cracking in the welds was detected. Cross sections

of butt welds this and other plate thicknesses is shown in Figurc 3.

5. Welding Cast to Wrougnhi Material.

A 3/8" X 3" X 8" cast HKZ1A-F panel was butt welded to
the same size HX31lA rolled panel. The edges were beveled to a
45 degree included angle and the panels welded 1n three passes
at 240 amps. each, The weld was sound and free of cracks., 1In

WADC TR 54-83 Pt 5 9



the tension test,; the frazture occurred in the cast panel side
of the test bar, with & valuec of 28,600 psi tensile strength,
16,400 psi yield strength and 8% elongation in a 2" gage length.

Circle weld cracking tests using a 2 1/2" diameter
weld circle with the cast material at the center of an 8-inch
square sheet, are shown in Figure 4. 1In the upper test piece,
the sheet was .209" thick. Two test pieces were made without
any evidence of cracking. No cracking was observed in the lower
test plece, which consisted of a .051" sheet and the same casting,

Two butt welds of 3/8" X 3" X 8" AZ63A-F panel to
5/16" HX31A rolled plate were made. Tie edges of eath were
beveled to 22 1,/2 degree angles. Four passes at 100 amps each
WEDE Qlquirld Jli cavn w2ld. The first weld was made with
HK31A rod. The iesult was a c¢cracked piece in the heat affected
zone on the AZ63A side of the weld. The seccond weld was made
with AZG2A rod and was free of cracks.

6. Welding HK31A Sheet to Other Sheet Alloys.,

Dutt walda Af 06 UEZR1 +- _ORY ZRIN sheet with HK3la4
T ST YN o 1 00 B

2SR Y 4 U et oo & ah e e

rod were satisfactory. However, no strength data were obtained,
When attempts were made to weld HK31A to AZZ1A sheet wiin HK31A
rod, the welds cracked the full length at the Junction in the
AZ31A side. When AZ92A rod was substituted for HK31lA, the crack-
ing was eliminated.

T. Corrosion of Welds,

o

The corrosion tests were carried out on .0O4" HK31A

i
-H24 sheet and butt welds made with AZ923, H¥Z1A and HZ32A rcds.
The weld bead was ground to within 1/32" of the sheet and the
specimens were then pickled in acetic acid and sodium nitrate
to remove .001" per surface. The corrosion tests were made in

PaY

<
A
[}

ae

tne usual 1% day-alternate immersion in 3% NaCl solution. The
results are listed iri Tavle IV. The ccerrosion rates for welds
with HX31 and HZ32 rods were the same as for the unwelded sheet.

WADC TR 54-83 Pt 5 10
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The welds made with AZ928 rod showed somewhat higher rates,

The corrosion was more pronocunced in the depcsited AZ92A
venaNV T wmada] T Avr avraan A TvnavmiAanmnAn AlAassTA wmAdl A Amenwm Ao .an
WC A\ INT VAL o LtVUNC VDl 9 ViU LVA LUGe RV KEIW IV y VO VULIDLUWEL CU Wi~

usual and would not be noticeable under the ordinary service
conditions.

8. Effects of Heat Treatments on Properties of Welds.
The results of the various heat treatments of the
original sheet and the welds are listed in Tabl

T e V under four
separate groups. The first group contains tlie properties of
the sheet material in the four tempers -HE24, -0, -T4 and -T6
hefore and after welding. The results showed that efficienciles
of about 70% were obtained on -H2% and -T6 tempers with a re
duction in elongation from 11.5 and 15.3% down to 1.5 znd 2.5%,
In the second group, the results of post weld heat treatments
on welds made on sheet in the -T4 and -T6 cciudition showed that
the standard -T5 treatment increased the sirengths of the -T4
sheet welds to values in the range obtained on -H24 sheet welds,
but had no significant effect on the welds in -T6 sheet. The
third group of <&zta chowed that post weld --T6 treatments in-
vclving solution treatments down to 950F gave as good strengths
as the recommended 1i050rF temperature. The lower temperatures
were cxamined because 2f the lknown tendency of the welds to
geimlnate at the high solution treating temperature. The results
indlicated that germination was eliminated at 950F for 2 hours,
and at 1000F for 1/2 hour. Finally, in the fourth group, the
results indicated that aging of welds up to 4 hours at 500 and
600F to obtain increased strengths could be used in place of
the ¥ hour treatment at 400F. However, this appeared to be at
the expense of ductility and considerably more data should be

gathered beiore a definite recommendation is made.

9, Elevated Temperature DProperties of Welds.

The short time high temperature tensile test results
of welds in .064" sheet with the vead left intact or given in
Table VI. Thc beot strengths were obtained on welds with the

WADC TR 54-83 Pt 5 11
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post weld -T6 treatment and on the welds in which the original

metal was in the -T6 ccndition. However, as has been indicated
previously, post weld -T6 treatments resulted in germination of
the weld metal and could not be recommended for practical uses.
Compariscn with previous data on sheet material shuited that

e weld properties at elevated tempavnfiures were not signirilcantiy

ot
oy

Gifferent from the sheet values. Tests on welds with the bead
greound flush indicated lower properties at elevated tempcra-

ct

ures might result but this needs rechecking before definite
conclusions are drawn.

The properties of welds Jolning HK31lA sheet to HM31A
extrusions with HK31A rcd are listed in Table VII. The re-
sults showed that the properties were equivalent to those ob-
tained on HK31A when welded to itgelt. This wazs r»s2dily ox-
plained by the observation of tenszion test fractures. At el-
evated temperatures, the failures occurred in HX31A side of
the welds, whereas at room temperature the failure was in the
EMZ1A side. No difficulty was experienced in welding the two
alioys together.

10. Spot Welding.

The machine settings and results of welding .051" sheet
are given In Table VIII. The results showed that the critical
welding force at which weld cracking and shrinkage were eliminated
was between 1500 and 2000 1lbs. The shear strength and spot
diameter values are the average of five specimens. The plot of
the weld strengthe against the diametcrg of the welds resulted

in a straight line relationship as shown in Figure 5, The
plotted values included both sound and defective welds in

order to cover the range sufficiently. The use of welds with
internal defects was permissible since it was a generally ac-
cepted fact that they nad no effect on static shear strength.

At the bottom of Table Viii are a Iew vaiues Ior AzZ31A-0 spot
welds Tor comparison. The results indicated that spot strengths
and machine settings were comparable for the two alloys.

WADC TR 54%-83 Pt 5 12
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A Lme L
atisfactorily cleazned by mechanical means. It also cleaned
to very low surface resistances by the Dow spot weld cleaning
solution of 20% Cr03; + .05%H2S0:. A minimum time of 2 minutes
resulted in resistances below 10 microhms. This was consider-
ably better than normally obtained on AZ31A sheet. The
chemically cleaned sheet appeared to have good life as shown
ty the data in Table X. Even after standing for ili2 hours,
the surface resistance was lenss than 15 microhms.

11, Metallography.

The microstructure of sheet welds made with the
different composition rods are shown in Pigures 6-11, Extremely
fine grained weld metal was cbtained with all the rod alloys.

The M1A resulted in columnar grains at the junction. Figure 10
and tiner, equiaxed grain: inside
taining rods showed o

=
1
:1>

snown in Figure 9, The zine contalning rods

,_»
fu
‘o
o
Ut
o

o Oul
ve 2 cored structure 2t The junction, as in Figure 11 with
HZ22A rod. The extent of germination in the weld metal after
various -T4 treatments is illustrated in Figuresz 12 and 14, The

C)

T -~
&

0
(

effect of germination was not readily apparent on mechanical

properties. Germination was not visible in samples heat treated
1/2 nour at 1000F, kFigure 13 or 2 hours at 950F, Figure 15. The
effect of solution treatment (-T4

) on one set of samples is
shown in Figures 15 and 17. The grains were a mixture of fine

Cf‘

and coarse with pronovnced ztringers of compound. Whether this
was typical or not due to the high temperatures used could not

e definltely stated. However, there has heen no evidence of
unusual grain coarsening in the heat-affected zone. The appear-
ance of typical spot welds in .051" HK31lA sheet made at 2000

ané 25C0 1bs electrode force are shown in Figures 18.2C,

WAD TR 54L_-83 Pt £
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DISCUSSION

The outstanding feature of HK31A alloy has been its

i reedom from cracking. It could be welded
with almocst any rod composition both by the arc and by the gas
method. However, the latter method, while it allowed welding
of small expcrimental samples would not be practical because of
the difficulty experienced in depositing the weld metal. The
flux did not appear to have the cleaning action on HK31A that
it possessed on the standard commercial alloys. Indications
were that flux ccomposition would have to be modified to make
the process useful commercially.

This investigation was somewhat handicapped because
sheet and plate material were not available in sufficient
quantity and in time to allow adequate completion of the pro-
gram before expiration of the contract. As a consequence

3
problems remalned to be worked on. The chiefl problem appecared
to be unsoundness in multiple pass heavy plate welds. Thni

was partliy due to the rapld oxidation, a characteristic of this
alloy, and partly from oxide inclusions present in the originail
rolled metal., It appeared that insufficient protection was
afforded by the shielding gases but additional work would be
necessary to determine if the scund welds could be obtained.
Another problem of equal importance was the development of
techniques and procedures for welding HK31A material to other
commercial wrought and cast alloys. Preliminary results had in-
dicated that in welding AZ31A sheet and AZ63A casting to HK31A,
an AZ92A welding rod was necessary to eliminate cracking.

Other problems that need some inveatigation are the fatigue
characteristics, pcst weld heat treatments and spot welding.
Indications were that spot welding could be readily accomplished
but actual data on properties and effects of spot welding
variables were needed as a guide to the fabricators..

WADC TR 54-83 Pt 5 14
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TABLE I. RESULTS OF CIRCLE WELD TESTS ON HK31lA SHEET IN THE
-H24 AND -U TEMPERS WITH VARIGUS RODS. HELIUM
SHIELD, 50 AMPERES A.C.

AN
v

Tanel No. Rod Alley  Total Cracks % Weld No. Crater
Length, Inches Cracked Cracks

Alloy 75211-H24 Temper

1111-3 3/32% ™ .66 b.2 0
1111-4 1/8% J LY 2.8 1
1113-5 1/16" ZE10 0 0 Several
1111-6 3/32" ZK20 i 0.7 Several
1111-7 1/8" ZES3 C 0 0
1111-8 1/8" EZ33 0 c
1111-9 1/8" ¢ Ul 2.8 0
1111-10 1/8" C Ak 2.8 1
1111-11 1/8" ¢ .66 o2 2
1111-12 1/8" HK31 0 0 0
1111-13 1/8" HK31 0 0 0
1111-1% 1/8" HK31 0 ¢ 0
1111-15 T ZEo 0 0 )
1111-16 i/8" HZ32 0 0 0
1111-17 1/8" HZ32 0 0 0
1111-18 1/8" ZE42 0 0 0
1111-19 1/8" ZE42 0 0 1
1111-20 1/8" ZE42 o 0 2
1111-21 1/8" ZE62 .22 1.4 2
1111-22 1/8" ZEG2 0 0 1
1111-23 1/8" zZmé2 «22 1.4 1
Alloy 75211-0 Temper
1112-1 1/8" HK31 0 0
1112-2 1/8" HK31 0 0

WADC TR 54-33 Pt 5 15




TABLE II. RESULTS OF FILLET TACK-WELD TESTS ON 064" HK31A-
—  H24 SHEET. (72 AMPS. A.C., HELIUM SHIELD.)

Senmple No. Rod No. Cracks
Slze Alloy Top Bottom Log flemarics
75211-1 1/8" HX31 0 0 0
-2 1/8" HK31 0
1112-9 1/8" C 0 0 O 3 Crater cracks in
bea‘ 3 e
-10 1./8" c o} 0] ¢ 3 Crater cracks in
beads.
~11 1/8" ZE42 0 0 0
-12 1/8% ZE42 0 0 0
~13 i/8" HZ82 0 0 0
-4 1/8" HZ82 0 0 0
~i5 1/8" ZE62 0 0 0
-16 1/8" 2E62 0 0 0
WADC TR 54-82 Pt 5 16
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TABLE IIT, RCOM TEMPERATURE TENS.1UN TEST RESULTS CN ARC AND

a T ATt yerza A vy v ev Pown m carny A
CAS WEILDS TN .051" MI31A-HZ24 SHEET. {(VALUES AR

THE AVERAGE OF 3 TO 4 BARS.)

Arc Welds as Welds
Rod Alloy ~T.3. % Elong. L % Elong.
1000 p=si 2 in, 1000 psi 2 in.

Weld Bead On.

Ml 20.4 ) 27.5 2.0
AZ61 31.9 1.0 26.4 1.5
AZQ2 31.7 350 30.2 2.1
K3 22.6 1.0 20.4 Sl
HZ32 32.6 1.0 27.7 1.6
ZE42 32.6 1.0 29.1 1.5
ZE62 32,1 1.0 28.k 2.0
ZE63 33.5 1.0 21.0 2.6
EZ33 33.5 1.0 32.6 2.1
ZK20 31.6 1.0 28.14 1.6
ZE10 21,9 1.0 2Y.53 2.3
Weld Bead Ground Off.
M 27.1 2.6 20.6 2.1
AZ51 21.1 1.8 27.0 3.0
AZgz 25.5 2.3 26.8 3.0
HK31 29,1 3.0 194 1.8
HZ32 21.8 2.5 22.2 2.1
ZE42 25.0 2.3 211 1.5
ZE62 30.9 2.5 27.2 3.1
ZE63 2L .5 1.3 18.% 1.2
EZ33 31.6 2.3 27.6 2.5
ZK20 31.2 3.0 28.7 3.5
ZE10 29.3 2.5 24.4 2.5
Original Sheet
41 .4 4.z

g
E

!

(6]
W
g
ct
w
4
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TABLE TV. RESULTS OF CORROSION TESTS ON ,064 HK31A-H24 SHEET
ARC WELDS. (1% DAYS ALTERNATE IMMERSION IN 3%NaCl.)

Welding Rod Corrosion Rate
MCD

1 2 Avg,
Sheet 20 16 18
AZ92A 25 22 24
HK31 3 7 15
HZ32 17 18 18
ZE62 19 18 19

MCD - Milligrams per square centimeter per day.

WADC TR 54-8% Pt 5
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TABLE V. LFFECTS OF VARIOUS HEAT TREATMENTS ON PRCPERTIES OF

HK31A SHEET WELDS.
£

Criginal Condition Post shzes Pyep ! Weld Prone
of Sheet Weld Trcatment '100068'"'% E 1000 681
R T. L3 * [ 21“. T. L] [ ] [ ]
GROUP 1
-0 §1Hr-725F) ! 35.1 27.0 21.5 27.6 Bel
-T4 (1/2Hr-1050F ) " 29.3 16.6 20.3 26.6 6.6
-T6 (1/2Hr-1050F+ ,
16Hr-400F) . 38.4 21.0 15.3 28.3 2.5
GROUP_II 3
Post weld treatments on -14 and -T6 Sheet Welds.
-T4 ~T5(16Hrs-LOOF) 31.3 g %
-Th 1Hr-725F 25.7 5.0
-T4% 1Hr-H25F 28.3 3.C
=15 -T5{1EHrs-4C0F) 28.9 2.1
-T6 1Hr - 625F 24,6 1.3
-T6 1Hr» - 725F 24.9 4.0
GROUP III
Pogt weld -TF znd -To Treatments.
-H24 -Th 27.1 848
-H24 -T6 32.9 4.6
-H2Y4 1/2Hr-1000F 27.2 11.3
-H24 1/2Hr-1000F+T5 33.3 4.5
-H2h4 1Hr-1000F 27.8 12,5
-H24 IHr-I00CF+T5 35,3 6:1
~H24 2Hr-O50F 26.3 £.8
-H24 2Hr -Q50F+THE 33.2 55
GROUP IV
-~ . L m pemMRRERR T 4 e
eru WELLL =170 1LI'CallicIil.o
-H2h 1Hr-725F 28.7 2.8
-H24 1Hr-625F 32.0 1.0
-k SHP_AOOR 317 1.0
~H2k LHr-GO0F 3244 1.5
CGROUP V
-H24 rs-5C0F 30.8 1:0
~H24 16Hr= -6COF 29.0 1.0
-H24 2Hrs-500F 32.6 1.0
-H24 4Hrs -500F 35¢3 1.0
-H24 SHrs-50CF Pie5 1.0
1.0

~¥H2Y4 16Hrs -500F 31.5




Tenglle Properties &

———

Before Weiding  Treatment  Temps f T8 9,57  2in.
~H24 As Welded 70 30.3 2k 4 1.5
-H24 As Welded koo 22.9 17.1 2.8
-H24 As Weldead 500 21.3 17.1 11.0
-H24 As Welded 600 4.3 8.2 55.5
-H2U -T6 70 32.9 ---- 4.6
~H2k -T6 ko0 22,9 14,8 12.3
-H24 -T5 600 17.5 12.3 17.5
-T6 As Welded 70 27 4 ——— 2.3
~-T6 As Welded koo 2i.3 14,3 7.5
-T6 As Welded 600 19.1 12.2 14,3
-0 As Welded 70 27.6 ——-- 3.1
- As Welded koo 17.2 1.2 29.0
-0 AS Wwelded 600 ii.2 8.2 46,8
-H24 As Welded-

B.Go.+ ko0 19.1 13.8 6.0
~-H2k i 500 19.4 1% .9 5.8
-H24 % 60C 12.9 6.7 31.8
+ BG. - Bead ground lush.

@ Average of 2 test bars.

20



TABLE VII. SHORT TIME ELEVATED TEMPERATURE TEST RESULTS ON

UrZ1A MmN UMZ1A WwRTNQ
N7 l.ll/.l-ll P At hdide? Bt @

PR U NP RETY & A

Alloy Tempers Tensile Pro ert1;26; Location
Before Welding Post Weld Testing 'IUBU‘“EI’TE%TE' of
HR3IE  hwola Treatment Temp. F T.S, 6.3. 2in. Fracture
-H24 -F As Welded 70 29.2 23.7 1.6 HM31A
-H24 -F As Welded 400 21.2 1 I/ B .5 HK31A
-H24 -F As Welded 600 14 .4 2.6 10,0 HK31A
-H24 -F -T5 70 31.2 23.2 1.8 HM31A
-H24 -F -T5 490 23,2 i9.7 15.0 HK31A
-H2h - -F -T5 600 14.9 9.% 30.8 HK31A
-H2k -T5 As Welded 70 27 .4 23.9 1.0 HM31A
-H24 -T5 As Welded 400 21.3 16.6 55 HK331A
-H24 -7= As Welded 700 4.5 9.9 4£.5 HK31A

WADC TR 54-83% Pt 5 21



SPOT WELD MACHINE SETTINGS AND RESULTS ON

HK31A-H24 SHEET,

TESTS ON NATICNAL 150KVA

FHASE LOW FREQUENCY MACHINE.

~ =t
U4
3

Panel _ Current _ Electrode Heat Time Shear¥  Spot Dliam. Radiograph
No. Course Flne Force, Lbs lses Strength, in. Regults
_ Lbsg
129-1 3 8 1000 2 516 .21 Shrink -S
Exp. All
-2 3 6 1000 3 731 .28 Shrink -E
Exp. All
-3 3 (&) 1000 2 400 e Shrink -S
Exps 2'5
-4 3 4 1000 2 k10 .19 Shrink -M
-5 3 2 1000 2 37 g Shrink -M
-5 2 8 1000 2 320 .15 Shrink -M
-7 2 4 1000 2 276 .15 Shrink-SL
-8 2 1 1000 2 18a 11 Shrink-SL
-10 4 4 1500 2 615 25 Shrink -S
EXp. 3+7
-11 & 2 1500 2 501 .21 Shrink -S
Exp. 1
-12 3 10 1500 2 458 .20 Shrink -M
<13 3 8 1500 2 387 .18 Shrink -M
1% 3 4 1500 2 292 .15 Shrink-SL
-18 4 8 2000 2 647 .25 Shrink-SL4
-19 4 4 2000 2 570 .24 Shrink-SL
113,6’7
-20- 3 10 2000 2 262 217 Sound
=21 3 8 2000 2 325 .16 Sound
-22 2 2 2000 5 652 .26 Cracks
2’3’4’6
-26 6 2 25C0 2 721 .28 Cracks
_ EXp.l,3,5
-27 5 10 2500 2 710 .29 Scund ExXc5
-28 5 5 2500 2 653 e Sound
-29 4 16 2500 2 610 2u Sound
-15 3 4 1200 2 267 .15 Cracks5,56,7
-16 3 10 1500 2 505 s2i Cracks 3,7
-17 & 4 1500 2 601 24 Cracks,All
EXC.1,3,5,6
-23 2 2000 2 B No Spots
ok & 4 2000 2 366 17 Sound
-25 4 8 2000 2 526 .21 Sound

S-Severe ©-Excegsive
Exc.-Except

M-Moderate SL-Slight

*= Average of 4 to 5 tests,

Exp.-Expuslion

WADC TR 54-83 pt
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TABLE IX. SURFACE RESISTANCE OF HK31A-H24 SHEET AFTER CLEANING
BY SEVERAL DIFFERENT METHODS.

Resistance in microhms

Cleaning Method T 2 2 & > average
As received 500 1%00 3400 1900 1900 1820
Rotary wire brushed 5 13 16 14 19 15
Abraded with.A150
Aloxite Cloth 2 3 > > > 3
Abraded with#40
Aloxite Cloth ! 5 ) 5 6 5
Dow Treatment #15 5% 28 32 32 38 37
Dow Treatment #16 1100 690 2600 1700 1800 1580
20Cr043+.05H2504 -30Sec . 11 36 33 31 3] 28
i " ~-1Min. 17 11 12 12 13 13
e 2 -2Min. 18 10 9 9 9 11
wooo -4Min. Y03 ¥ 5 5 4
it g -6Min. 3 > ) > 3 5
# -8Min., b ) i 5 3 i
L " -10Min. 5 5 5 6 6 5
" " -15Min. L 4 4 4 b 4

N
\N

WADC TR 5%-83 Pt 5



TABLE X. SURFACE RESISTANCE OF HK31A-H24 SHEET CLEANED IN
20%Cr0.-0.05H-S0; (4 Min. Dip) AFIER EXPOSURE TO
VARYING AND CONSTANT CONDITIONS.

Laboratory Atmosphere Constant Temp.+Humidity

Time After Microhms Microhm '
Treatment | TTZ[3[4] 5 |Av IT2[2(L[3 | Avge

8] 212131313 2.6

1 Hr. 3B3.594% 1414 3,7 314 14 BN B T

4 Hr, 3he5515|5 | 4.5 3.5 4 |4 |4 B.5I 3.8

8 Hr. 3lup.guhn sty L p.5|ag 4|3 3.6
16 Hr. 56.95|% .51 5 SHBNEEL3 2
24 Hr. 4966 F.98 | 6.4 2.5 212R.93 2.4
48 Hr. g |12 [12H 171 20|14 .1 353 (3|3 PBe5 3.2
72 Hr. 318191199 | 8.8 31413 B.H535 3.4
142 Hr. 13§ 11 114 13 12112 g orhtn il 4

| _

WADC TR 54-83 Pt 5 24
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‘Neg. 33837 260X

75147 Acet. Glycol

DTAITRE A
A deNA -

vy e

.051" HX31A-H24 Gas
Welded With HK31A Rod.
Weld finer grained than
sheet.

Neg. 33838 200X
75147 M@t @lyosl
FIGURE 7
051" HX31A-HZ2H# Sheet

Arc Welded With HK3ZlA
Rod. Weld at left.

Neg. 33841 200X
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Neg. 33842 700X
75211-C Acet, Glycol

FIGURE S
L] Gsl;" HK}J.A ~’H2)+
Arc welded with AZY2A
rod. Weld at left.

Neg. 338L3 200X
75211-M

FIGURE 10

LLS4" HKZ1A-H2L Welded
with M1A Rod., Weld at
left. Note columnar
grains at Junction,

2y
)
(]
1

Neg. 3384%4
75211

[

FIGURE 11
L064" HX31A-HOL Welded
with HZ32A Rod. Note
coring in heated zcne
and fine grailned we

metal at left,



Neg. 33852
75211-13-1 Acet, Glycol

Neg. 33853
75211-13-3

50X

v f‘.ffPD 2
FIUU U Lo
——eero e,

Germination in HK31A
weld metal.

Heat Treated - 1/24r.
at 1050F.

50X

FIGURE 13
HK31A Weld Metal at the

left., Heat treated 1/2
Hr. at 1000F. No germina-
tion.

Neg. 33854 50X
75211-13-6
FIGURE 14

Germination in HK31A weld
metal after heat treat-
ment at iQ0OF for 1 Hr.



Neg. 33855 200X
75211-13-7 Acet. Glycol

FIGURE 15

HK31A weld junction
after heat treating
2 Hrs, at 950F., Weld

is fine grained weld
to the ileft,.

Neg. 33856 200X
75211-Kk

FIGURE 1€

21d jJunction, weld at
left. Sheet in %re -TH
temper (1/2 Hr. at 1050F)
before welding. Post
weld -T5 treatment,

Neg. 33857 200X
e Mk

;I A

FIGURE 17

HXZ1A-T6 sheet structure.
Note compound stringers
and mixture of large and
small grains.




Neg. 33775 4x
75147-13, -20

FIGURE 18

Spot welds in .051"
HK31A-H24 made at 2000
lbs., electrode force.

Neg. 33776 4x
T5147-28, -29

FIGURE 19
8pot welds in HKD1A
made at 2500 lbs. elec-
trocde force.

Neg. 33835 50X
7E147-28-7

FIGURE 20

Spot weld in HK35iA at
higher magnification.
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