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molybderua steel plate heat treated after welding
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Tests were conducted to determine the sffect of
properties of stesl plates. A
purposs of fixing a lightly stressed attachmsat. The tests included plate thicknesses and
£illet sises from 1/8 in. to 3/8 in. When the welded specimsns were heat-treated
to 75 - 80 ¢ sq in., there was no reduction in the ultimate tensile strength of the plate
and only a slight reduction in the 0.1f and 0.2% proof stresses. Cast of paremt
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SUILNRY

D Tests have beon mnde to determine the effcet on the tensile
propertics of chramiuw~nolytdenum steel platu (02580, 1.06% Or, 0.17% Jc.)
of nadng transverse fillet welds on it, using & mild steecl electrole,

for the purpose of fizing a lightly stressed attachment. Tho teats
included plate thicknusscs and fillet sizes ranging fram §" %o 3"

When the weldod speclnens were heatetreatod to 75-80 tons/sqein. there

was no roduction in the ultinate tensile strength of the plate and only

a allght reduction in the 0,1 and 0e2% proof stressess A further report
will be issued dcaling with testa on plate heat-treated hefore welding.
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1 Introduction <

In the past, designers of alloy stecl tubtular members incorporating
welded—-on saddle t'ittings, have been in doubt concerning the strength of
the tube in the region of wcldse In the abasence of information based
on suitable tests it has been usual to make conscrvative estimates, ani
in instances when the asseubly iz hardened and tempered after welding
it has often been assuaed that the strength of the tubular mamber in
the region of a superficial fillet weld was reduced to the same extent
as 1t would be by a butt weld introiuced in the tube.

Since it was felt that the stremgth figures, estimated in this
vay, would usually be unnecessarily low, it was decided to make an
investigation using a chrouium-molybdenum steel, to find the actual
strength of the material when different siznes of welds were superimposed
on its surface.

The material sclected f'or the tests was chraniun-molybdenum steel
to Specifiocntion DeTeDe 408 which,of the tubular forms,is the one most
cormonly uscde It was considered desirable to test the material in the
two following conditions as regaris heat-treatment after weldingi—

(a) herdencd and tempered

(b) no hecat-treatmente

Pris report is concecimsd only with series (a), that is full heat-
treatment after welding, amd serics (b) will be the subject of' a sepamto
report to be issued laters

2 Mothod of Preparation and Teaid

Platec is the most convenicnt {6rm of materinl for tests of the type
proposed and therefore it was arranged that a suprly of material, of
DeTeDe 408 chamical composition, should be specially rolled in the form of
plate in the thrue thicknesses 10 SeWeGe, 3" and #"e The oast anmalysis
of the material, as given by the manufacturers, is shown in Table T,

To simulate actual conditionas it was deeided to make the superficial
welds between the material under test and superimposed strips of steel to
Specification D, TeDel24A, such as might bpe used in practice to form a
fitting or attachment. This material was obtainud in the four thicknesses
10 S..I‘I'.G‘., %", '}:‘" an %"o

Ten combinationa of plate thickness and weld aize were chosen and
included what were conasldered to be the oxtrene conditions, of weld asize
relative to purent raterial thickness, that pdght be encountored in
practicae These are shown in Table IT.

The actual form and size of weld specimen was as shown in Fige.l,

80 that four staudard tcunsile test picoes, conforming te B.S. Specification
No.18 size A, could be obtained from each specimen for test in the direction
of rolling of the plate. Welding was performed with the plates firmly
held in a welding fixturc which prevented buckling during the actual
weldinge The specimens were allowod to cool down in the fixture before
rawvnl.  Elcotrodes, confomifiz to B.S. Specification 639 Class A,

but not of the decp penctration type, were used throughoute

The ten welded apecimens and three piccas of chromiwa-nolybderaum
plato mousuring 8" x 6" x 10G., 8" x 6" X 3" and 8" x 6" x 3", for control
tests, woere hardened by quenching in oll from 880°Cs and were then tuapered
at 4509Ce and quenched in oile

Ze
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a sgystematic variation across the width of the original specimen tut
the eff'ect was small and, since the contrel test picees showed a similar
variation, this residual effect must have bcen due to variations in the
properties of the plate aad not to the weldings

The suppositions,made concerning the eause of the wider variations
obscrved in the first series of tests, were largely correote

Scven of the welded test pieeces fractured avay f'rom the weld and
the other five fractured at the cdge of the weld where the effective area
had trecn slightly reduced by undercutting. The ultimate tensile stresses
of’ the welded test pieces were as high as those of the unwelded eontrols,
but the 0.1 and 0.2 proof stresses were aslightly lower.

4. Concluzions

It was coneluded that over the range of material thicknesses and
weld sizes likely to be encountered in aircraft construction, superfiecial
fillet welds, made with a mild steel electrode, do not reduce the tensile
strength of ehromium-molytdenum atecl of D,T.D.408 camposition hardened
and tenpered aftcr welding. The welds do appear to cause a reduetion
in the 0«2% proof stress of the maturial but this reduetion appears not
to be greatcr than 3.

It should te noted that these conelusions apply only to the actual
strength of the parent material and take no aceount of any restraining
ef'fent which a fitting or attachment, welded to the parent material,
miszht introduce 40 cause local struss eoncentrations in the material.

At tached:

Tables I - ITII
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From the heat-treated specimens, tensile test pieces wero cut,
four from each of the welded specimens anl one from each of the control
specimens. The scts of four were nunbered consecutively froa one side
of the plate to the other as shown in Fig.l.

The test pieces were tested in tension, the valucs of the ultimate
tensile stress, percentage clongation on 2" and position of fracture being
recorded; proof stresses were also detemined for one central test
riece (1io.3) from each set of four and for each of the zontrol test
pPlecese

3 Results of Test

After tabulating the results it was found that there was a marked
varintion in tensile strength across each set of the welded specimens,
the two centre pieces in each set each having a higher strength than the
adjacent outer test picces It scemed very unlikely that variations in
welding conditions could have been responsible for this effect aince all
tut two of the 4O tcat picces fractured well away fram the weld and, as
has becen deacribed above, they werv all heat-treated after welding.
It wms thought more probable that, owing to the fact that tenpering was \
carried cut in a furnace which was not fitted with forced alr ciroculation,
the soaking time had been insufficient to ensure that all parts of the q
spucimens reached the furnace temperature.

It vas decided to repeat the tests in an abridged fora by
proparing and testing new wolded specimens similar to NHose 2, 5 and 9 of
Tauble II, taking particular care to ottain unifonn tempering conditions.
Also, in onier to determin: whether the properties of the chromium—
molytdenwn steel plate 1tsclf varied across its width, it was decided :
to heat-treat, along with the welded specimens, 8" x 6" picces of plate in
each of the three thickncsses, 10Ge, 3" and 3" and to test four tensilo
speccimens from cach of these pleces in the smae way as was done for the
welded specimense

The check teat vma poerformed in a similar manner to the main 4est
except that, after weldding, the specimens were softencd by heating at
6500Ce, and cooling in air, and wer: bardencd and taapered after machining
into tcat pieccs. This method was adopted  to facilitate machining which
had caused same difficulty in the original serics of' teslse

The specimens were hardensd by oil guenching from 880°C. and were
tampered at 4509 in a forced air circulation furnace, and quenched in oil.
They were tested in the same wvay as before, proof stresscs being determined
for No«3 from cach scte The results are given in Table IIX.

If the wartime relaxation of 23% is taken into account it will be
scen that the ultimate tensile stresses anl 0428 proof stresses all cane
within the range permitted by Specification DeTeDs 408 That same of the
ultimute tensile stresses wore only just above the relaxed bottam limit
of the specified range, 1s due to the fact that, in choosing the tempering
tunperature, a diamond pyrwald hardness of about 380 was aimed at, which
with a conversion factor of ‘0.2l would be equivalent to a tensile strength
of 80 tons/sq.inche The hardnuss valucs actually obtained in tests on
scotions cut fram the cornerg of control tensile test picces were 390,

393 ard 374 for 10G, 3" and #" thick materials respectivelys The ultimate
tensile strosses obtoined wore, for the 10G and " thicknoesses, lower than
would be oxpected fraa those resultse This 1s attributed partly to the
fact that the surfaoc layers of the material as roeceived were decarburised
ard a0, of lower strength, after heat—trecatment, than the core on which

the hardness tests were madee .

The ultimate tcnai_.lu stressea of the swlded teat piecea still showod
e
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TARLE I
Cast Analysis of Parent laterial DoT.D. 408

Elewent | G | Si. | Mn.| 8. | P Cr. | M. |Mo
Specified | 0426 | 0620 | 068 | 0.,05/0,05 | 0.8 | 0.5 | 0415
Max (hax |[Max | Max Max =1l.2 |Max |-=0.25
Actual | 0625 | 0425 | 0455 | 0,0170.035 | 1.06 |0.38 | 0.17
| 1
i | . |
1
PABLE II
Programce of Tests
:
1 {
! Super— lcuuge , Leg
Test P;f‘::: ! Imposedl | of | Length Remarks !
No. | "*dc:n a5 | Dlate Electrode| of ! i
| tRACKNCIS | wpickness | S.W.G. | Fillet | |
| 1 110 SeWaGo |10 SeWeGe 10 3" High mrmnt__j j
{ 2 |10 5.WeGe |10 S.WeGe 10 " | Low Current |
|5 i
: ! i
| 3 10 SeWeGe 2 | 8 3 2/32" | Normal Currcat | |
] . 8 : |
. ¥ x {— B | s do
in in ! 6 3 " do
!_3 % | % | /16 I |
| 6 :'l{n } %n 6 i i'" do !
) 7 . " \ :’!" y 8 I 3 ’16" { do | |
| 8 r:" { _‘1‘" 6 i i l an ! |
- H L !
T " L & . [ do !
: 1
{ 10 'In %ﬂ L i (':" ' do | d
; |
3
i
Ii
5o ;
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FILLET WELLD .
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DIRECTION O©OF ROLLING.

DIMENSIONS OF WELDED SPECIMENS.
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