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Report No. 8926-095

Mater~ial Welding Electrodes Metal Arc
Sflithway SW l51 (A. 0. Smith Corporation)

Weld Strength Aad Ductility After Heat Treatment

Abstract

SAE 4130 steel plates 1/4, 3/8 arid 1/2 inch thick Were double 'Y' chain-
fered with 1/16" lands on the edges to be welded. SAE 4130 steel Ilte
1/8 inich thick were Squared preparatory to Welding. The steel plates

wer wede Wih /8 inch diaee Smtwy 151 (A. 0. Smith Corporati(~,
Milwaukee, Wiscon~sin), As folloWs: 1I/8anai 1/4 inch thick, two passes,
one from each side; 3/8 and 1/2L Inich thick) four passes, two from each
side. After welding,, all test specimens were heat treated as foll1ows:
1600*F one hour, oil quench, 83 0 or 10006F one hour, air cool. Tension,
benid and shear testing subsequent to heat treatment showed the welds
capable of developing satisfactory strengh in10000 psi (830 0 F temper)
and 175,000 psi (lO 0 F060 temper) ranges. -Those welds heat treated to the
150,000 Psi range displa-yed satisfactory ductility, but those heat treated
to the 175,000 psi range appeared to be somewhat brittle.

Reference: Koppernal, 'T. J, Turner, H. C., Sutherland, W. M.,
-"Evaluation Tests of~ 1/8 Smithway SW-151 Electrodes,"

General Dynamics/Convair Report MP 56-660, San Diego,
California, 10 June 1.957. (Reference attached).
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EVALU.,TC014 TESTS OF 11611 SMUL.WAY
SW-151 ELEM'RVDES

The object of this test was to qualify the use of &mithway SW-151 elec-
trodes for production improvement and to establish an additional source of
supply Vor electrodes that will respor satin', ctorily to heat treatments for
higher strength levels.

1. The electrode can be heat treated to the 150 KS1 and 175 X(1 ranges.

2. Welded joints heat truukted to 150 KS1 showed good ductility values.

3. The 175 KSI heat treatment appeared to embrittle the weld-bise metal

interfaces.

Smithway SW-151 electrodes, 1/8" in diameter, were used throughout this
test. The composition of this electrode is equivalent to AISI type 502 stain-

less steel. SAE 4130 steel plates of 1/8"p 1/", 3/8" and 1/2" thicknesses were
employed as the b ,se metals.

The 1/4", 3/8" and 1/2" thick plates were double "V" chamfered with 1/l"

lands on the edges to be welded; the 1/8" material was not chamfered. The
1/8" rnd 1/4" panels were welded in two passes, one pass on ech side. The

. 3/8" and 1/2" panels were welded in four passes, two passes on each side.

After heat treatment, tensile ad oend test specimens were milled from the
panels as seen in Figur,- 1. All weld benids were ground flat.

Fillet Weldine

Dimensions of the "standard" fillet weld specimens are shown in Figure 2;
Figure 4 shows the dimensions of the double shear specimens. Welds in the 1/8"
and 1/4" plate were mf.ie with one pass along each side. The 3/8" and 1/2"
material wrs wVded with two passes along ezch side.

After hat tre-ttment, mill cuts were uchined in the specimens as seen in
FikUres 2 and 4.

All welding (butt fr £illet) w s 'accomplished in the Experimental Factory
by a certified weldor.
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Reat -Treatin

All spcin~swere hat trted in the Engine-erin~g Test L-Jboratory u~ng

a controlled ataospi er (dissociLAtea S)i~a.n r..ua .

S~cLerswc~re austernitize-3 at l6JQOF. for one hour anc oil quenched.
Appropriate Specimen~s wer~e terqjprei oxne hour at -3OuF and, 1UO0-,i, for the
175 K51 and 15u KSI ranbes, res,'eotively. The speOimeeBs were not normalized
or stress relieved prior to heat treatment6

Rockwell "lC" hardness readings were made on the weld and two inches from
*s~ch side of the weld on all butt welded samples, and one inch from the weld
on all fillet welded samples.6

All- other testing wag accomplished ont a 120,000 lo. Baldwin4outhiwark
testing machine.

Retestin

Because of the high strength levels attained in the 1/4" and 1/8W butt
welded tensile samples, additional samples of the original heat treated 1/4" and
3/80 panels were retempered using the same temperature and holding time. These
sampled were tested as discussed above.

RESULTS AN~D DISCUSSION:

The results of the tensile, bend and shear test's are shown in Tables it III$
and IV$ respectively. Table Il contains the results of the retests on the 1/4%

ad3/8" butt welded tensile coupon.

The ultimate tensile strengths indicate that the electrode can be heat
treated to the 150 IZI and 175 KSI ranges. The samples heat treated to the 1-50
KSI rage showed good elongation values but the samplea at 175 KIU except for
the 1/8" sapples, displayed poor elongaio aus h eeto the 1/4"
and 3/8, samples (processed with a second temper eqi~valent to the original tempr

di ot show any great change in values. Inasmuch as al fte14 38" and-
O/2 tensil -1 npe hette-tdt 15i had poor el r-ation values with
failures takin~g place in the weld or at the weld-base metal In-terface, it can be
concluded that the 175 IKSI ha~t treatment introduces a very brittle wel n/a
weld-mbase metal interface.e 

dA/o

The bend test showed that the bend ductility of -the 1/811 samples was
signiftcantly greater than the 1/4" s amples. All of' the 1/4" s am-ple

failed at the weldowbase metal interface even thoughte14 ape lnae
more than the 1/8N sampls It solasobnteththe eongation on the

,pleM Itsoudalo'D otdthtt
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weld of te !/4", s alples was g rea±ter than on the 1/8" samples. These data
would indicate th-at the ved- c'ental interfice was resp~onsible for the pool'
ductility of the welded joints.,

The shear sampleas howei J'tisfactory r, sults. The low strength of th~e 1/2"
Shear samples an~d the double si~ear samples can De attributed to the low hardness,
This was probably caused by over-tempering.

~~j: The d:~ta from which this report w- ,s preparea cran be found in
Engineering 'rest Liborutories N'otebook 991.,

"Mod 9126
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