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The effeet of superficial welding on the tensile strength of chroaluw- 
•olybdenu* steel plate heat treated after welding 

Royal Aircraft Establlsheant, Farnborough, Hants 

Ot.Brlt.        Eng. Restr.        JunH6    8 tables, diagrs 

Teata ware conducted to dataraiae the effect of transferee fillet welds oa the tensile 
properties of ohroalaaj Mplybdawjaa steel plates.    A slid steel electrode was used for the 

a llghtl purpose of fixing a lightly stressed attaohawat.    The tests laolodod plate 
fillet slses ranging froe l/B in. to 3/8 in.    When the welded spselawna were heat-treated 
to 75 - 80 tons/so. in., there was no reduction la the ultUate taaaila strength of the plate 
and only a alight reduction la the 0.1* and 0.2$ proof stresses.    Cast anpasls of pareat 
aatarlal D.T.D. 408, prograa of tests, and results of cheek teats ere tabulated and the 
dlaaaaloaa of welded spec lawns are illustrated. 0*^'-"?" 
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Tests have be-.n i.tde to dotcrainu the effect on the tensile 
proj -rti   . or ahroaiis^«>olybdenua stool plate (0.25*jC, 1»06^» Cr, 0.17J5 Uo.) 
of uUdng trm;-.vyrt'. fillet welda on it, using a mild steel electrode', 
for the purpose of fbdflg * lightly stressed attachment.      Tho $«sta 

udod pi ite thioknuasos and fillet sizes ranging fror.i }f to £". 
Whan the w •• hcat-troatod to 75-fiO tons/:iq.in.  tl.cro 
was no reduction it. t     ultdUvit    I n  Lla strength of the plate and only 
a alight r   n-tior in the 0.1 and 0.2J? proof utrosses.      A further r. jort 
will bo ia:;u-.d   i 1 th tests on pl-\t-> \mm% trsMsd before welding* 
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Introduction 

In the past, designers of alloy steel tubular members incorporating 
welded-on saddle fittings,   have been in doubt concerning the strength of 
the tube in the region of wlds.       In the absence of information baaed 
on suitable te3tc it has been usual to make conservative estimates, and 
in instances when tho assenbly i3 hardened and  tempered after welding 
it has often been a3aumod that tho strength of the tubular member in 
the region of a superficial fillet weld was reduced to the same extent 
as it would be by a butt wold introduced in the tube. 

oinoo it was felt that the  strength figures, estimated in this 
way, would usually be unnecessarily low,  it was decided to make an 
investigation using a chromium-molyMonum steel,  to find the actual 
strength of the material when different sizes of welds were superinposod 
on its surface. 

Tho material selected for the tests was chromium-molybdenum steel 
to .'-.peaifi cation D.T.D.408 which,of the tubular forms, ±3 the one most 
coi.monly used.       It v.-aa considered desirable to tost the material in the 
tvrt> following conditions aa regards heat-treatment after welding1- 

(a) hardened and tempered 

(b) no heat-treatment. 

i'rJ.3 report is concerned only with series (a), that is full heat- 
treatment after wlillngj ai*l series (b) will be the subject of a separate 
rport to bo  issued later* 

2      Metf od or Preparation and Te-st 

Plate is the moat convenient *'drm of material for tests Of the type 
proposed and therefore it v/us orrai-e .  that a supply of material, of 
D.T.D.408 chemical composition,  should be  specially rolled in the form of 
plate in the three thicknesses 10 S.'.t'.G.,  if  and -£"•       The oast analysis 
of the Material, aa given by the manufacturers, is shown in Table I. 

To simulate actual conditions it was decide 1 to make  the superficial 
welds between the material under test and superimposed strips of steel to 
Specification D.T.r.l24A, uuoh aa might be used in practice to form a 
fitting or attachment.       This material wad obtained in tho four thicknesses 
10 S.W.G.,  i", -.;"   and £". 

Ten combinations of plate tlackncss  and weld  size were ohosen and 
included ••,•'• -ionsilered to be tho oxtreno conditions,  of -.veld size 
re. .tive  to parent Material  thickness,  that mi^ht be encountered in 
practice.       Those are Mhov.n in Table II. 

The  actual form   rnd size of weld specimen was aa shown in Fig.l, 
so that four otandard tensile test pieces,   conforming to b.S.  Specification 
No. 16 aiae A, oould bu obtained from each spucimeu for te&t in tho direction 
of rolling of the plate.       Welding was performed with the plates firmly 
held in '. ng fixture whioh prevented buckling during the actual 
welding.       The specimens were allowed to cool down in the fixture boforo 
removal.       Electrodes,  conforming to D.6.  Specification 639 Class A, 
but not of the deep j>enetration type,  were used throughout. 

The  ten welded specimens ;irid three pieces of clu'cmium-MOlybdetiuiu 
plate measuring 8" x 6" x IOC, 8" x 6"  A ±«  -awl 8" x 6"  x  }", for control 
tests,  Mere hardened by quenching in Oil £'nTi 880°C«  and were  then tempered 
at 450°C»  and (quenched in oil. 

2. 
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a systematic variation across the -width of the original specimen tut 
the effect was small and, since the control tout pieces showed a aimxlar 
variation,- this residual effect must have been due to variations in the 
properties of the plate a.id not to the welding. 

The supposition-, male oonoorning the oause of the wider variations 
ob-served in the first series of tests, wore largely correct. 

Seven of the weliod test pieces fractured away from the weld and 
the other five fractured at the <-dge of the weld where the effective area 
had been slightly reduced >y undercutting*  The ultimate tensile stresses 
of the welded test pieces were as high as those of the unwclded controls, 
but the 0.1 and 0.*. • proof stresses were slightly lower. 

4   <"on.-;lu.u.ond 

It was concluded that over the range of matt-rial thicknesses and 
wold siaes likely to he encountered in aircraft construction,  superficial 
fillet welds, made with a mild steel electrode,  do not reduce the tensile 
strength of chromium-molybdenum steel of D.T.D.408 composition hardened 
an 1 tampered after welding.       The welds do appear to cause a reduction 
in   the 0.2;« proof stress of the material tut this reduction appears not 
to be greater than 

It .should be noted that these conclusions ap^ly only to the actual 
strength of the parent material and take no account of any restraining 
effeot which a fitting or attachment, welded to the parent material, 
silent intro-iu:e to cause local  stress concentrations in the material. 

Attached! 

Tables I - III 
Fig.l    =    Drg.ito. Hat. 1947 
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D.O.U.R. 
E.R.E.T. 
E.It.D.Mtt. 
R.T.P./T.I.F. 

•    .A.  R.A.E. 
Library 

Action copy + .2 
40+1 for reprot 



R.A.E.  Tech. Note No. Met. 35 

From the heat-treated specimens,  tensile teat pieces were out, 
four from each of the weldod specimens ami one from each Of the control 
specimens.       The sots of four were nuinhored consecutively froa one 3ide 
of the plate to the other as shown in Pig.1. 

The teat pieces were tested in tenaion,   the values of the ultimate 
tensile stress, percentage elongation on 2" and position of fracture being 
recorded;    proof .-tresses were also determined for one central test 
piece (ao.j$) from each set of four and for each of the control test 
pieces. 

3        Hesult3   Of   Te:;t 

After tabulating the results it was found that there was a marked 
variation 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 piece*      It seemed very unlikely that variations in 
M  Ldin-:   ;onutiuri     'ouJ i  i.w>   :     n rer.pon  LI ;•    Pajp f. .   «fftot  dBM  all 
tut two of the 40 test pieces fractured well away from the weld and, as 
has boon described above, they were -ill heat-treated after welding. 
It was thought more probable that,  owing to the fact that tempering was < 
curried out in a furnace which was not fitted with forced air circulation, 

.soaking time had been insufficient to ensure thut all parts of the 
specimens readied the furnace temperature. 

It was decided to repeat the tests in an abridged foru by 
preparing and testing new welded specimens similar to Uos. 2, 5 and 9 of 
Table II, taking particular cure to or tain uniform tempering conditions. 
Also, in order to determine whether the properties of the chromium- 
molybdenum steel plate itself varied across its width, it was decided 
to heat-trout, along with the welded  specimens, 3" x 6" pieces of plate in 
each of the three thicknesses, 10G., i" and jy" and to test four tensile 
specimens from each of theso pieces in the same way as was done for tho 
welaod specimens. 

The chick te3t \fl\s performed in a similar manner to the main tent 
• pt that, after welding,  the specimens were softened by heating at 

650°C.,  and cooling in air.  and were hudantd and tempered after machining 
into toat piec<;s.       This methou was adopted to facilitate machining which 
had caused sane difficulty in the original  series or touts. 

The specimens w.-re hrHtn** by oil quenching from 880°C.  and were 
tempered at K.O0 in a forced air circulation furnace, and quenched in oil. 
They were tested in the  MM vay as before, proof wtresses being determined 
for No. 3 from each s-t.       The results are given in Table III. 

If the wartime relaxation of 2^J? is token into account it will bo 
seen that the ultimate tensile stresses and 0.2$* proof stresses all cane 
*dthin the ranj:e permitted by Spebifi cation D.T.D.4O6.      That sane of the 
ultimate tensile  stresses wore only just above the relaxed botton limit 
of the specified range, is duo to the fact that, in choosing the tempering 
temperature, a diamond pyramid hardness of about 380 was aimed at, which 
with a conversion factor of-0.21 would be equivalent to a tensile  strength 
of 80 tons/sq.inoh.       The hardness values actually obtained in test,   on 
sections cut from the corners of control tensile to.it pieces were 39"» 
393 and 374 i'or 10G, i"  and £"  thick materials respectively.       Tho ultimate 
tensile stresses obtained wore, for the 10G and £'  thicknesses,  lowi-.r than 
would bo expected from these results.       This is attributed partly to the 
fact that the surface layers of the material as received wero deoorliuid.se i 
and so.of lower strength, after heat^-treatinent,   thin the core on which 
the hardness tests were modo. 

The ultimate tensile stresses of the welded teat pieces still slowed 

3. 
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TABLE I 

Cant Analy.ii.< of Parent iiiterial D.T.D./^S 

'.'.•  !.i    lit                   C                  Si. ;.'n. s.   1 p. Cr. M. Mo 

Specified    0.26 ! 0.10 
; Max    • l.uxx 

r                   .                  . 
. 1 IX 

.1   •      :>.C 

Max   'Max 
0.8 

-1.2 
0.5 
.'•tax 

0.15 
-0.25 

Antuul        1 0.25    0.25    0.55 1 0.01J0.035 
i 

1.06 0.38 0.1? 

'i'AWii-; LL 

Prc-ramme Ol' Tentu 

Test 
No. 

Parent 
Plate 

| Thickness 

ouper- 
Impoaed 
Plate 
Thiokness 

of 
Electrode 
o. A. G. 

Leg 
Length 

of 
Fillet 

Remarks 

1 10 S. iV. (T. 10 S../.G. I£ ." HLgh Current 

2 10 8*W.0a 10 3.W.C1. 10 in 
* 

Low Current 

3 L S«W«lr» i" * 5/32» NormAl Current 

4 *• la a Vl6" do 

5 
, 

i" * 6 Vtf" do 

6 " * 6 it do 

7 •• V 6 -Vl6" do 

it • i               1H 

'            _. . ... . 
6 \» do 

9 r * 4 Vl6" do 

10 •• ! v -. v" do 
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FIG. I. 

FILLET WEL.D 
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DIRECTION    OP   ROLLING 

DIMENSIONS  OF     WELDED   SPECIMENS. 
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