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ABESIEACT

This study is concerned with the effects of the arc-welding operation
on the properties of the base metal., In particuler, the study concerns the
physical changes producedin the base-metal, such as grain-growth or refine-
ment, hardening, and embrittlement.

The present particl report deals with results to date, including a
method of reproducing conditions in the heat disturbed region of a weld by
en ertificial quenching operation on & specisl specimen.
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1.  This investigation was suthorized by Buresu of Engineering lei-
ter JI46~1/L5(4~2-Ds) of 4 April 1935,

STATEMENT OF PROBLEM

2. The problem concerns &n investigation of the hardening effectis
mdhokortou;m“oburﬂwithimm”s:hmunym » OF
raﬁgly cooled from the high temperatures imposed on them by the fused weld
ne . "

3. In more detail, the problem is divided into the follewing partss

(2) To determine the maximum hardness of the metal of the transition
zone, mttoth-uldhudun_muonotthombmmmqmmt
of & series of iron alloys in the "as rolled" condition.

(b) To determine the microstructure and size of the trensition
matorthonnmusorim'q;oysin(n.

(c* To determine & heat treatment for each alloy in the series to dup-
ulc:tc a) and (b) in order to synthesize metsl of the transition zome in &
weld, 3 :

(d) To determine the ductility end toughness (impect resistance) of
the iron alloys when treated as in (c). :

() To determine the effect of preheating on the maxisum hardness (a)
of the transition zone when those iron ellcys of the series having higher
hardening propensities are welded.

(f) To determine for a series of irem alloys in the "as cast® condi-
tion the factors under (a), (b), (c), (d) 2nd (e). 5

4. In order to produce welds for the determination of maximum hu'd-
ness encountered in welding of the irom alloys, the depositing of a single -

bead on flat plates of the alloys is contemplated for the program as the

simplest and most easily reproducible condition. In an sctual weld, the
transition zone in the parent metal would be heated and reheated by succes-
sive weld beads and would be difficult to reproduce. -

5. The deternination of ductility and toughness of materisl in the
trensition zone having waximum hardness, grain size and microstructure, 45

in (a), (b), (e), would be impractical with an actusl weld due to the lim=- .

ited size of the transition zome. It is therefore necessary to carry out

(d) by first preparing as in (c) samples of sufficient size with which tests |

for ductility and toughness can be made.
KNO CTS BEARING

6. The higher strength steels owe their high stremgth to their
higher carbon, higher alloy or higher contents of both carbon &nd alloy.
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The plein carbon steels are considered to produce an unszfe structure in the
"as welded"” condition when the carbon content is above 0.35%, No definite
limits s to weldability have been defined for the alloy contents except for
the genersl rule that the higher the alloy content the lower the carbon must
be to prevent excessive hardening in the transition zone.

b The higher strength steels of carbon contents sbove 0.35% and
high alloy contents are being successfully welded in the preheated condition
and in many cases heat treatment after welding is a necessity for these
steels.

B. The repeir of castings by welding has also been successfully
pursued to give machineable, crackless welcs where preheating before welding
snd hest treatment cfter welding has been resorted to.

THEORETICAL S Y4

9. The hardness of the hypoeutectic iron alloys, hardenable by pre-
cipitation of carbide and decomposition of the austenite formed at high temp-
eratures is dependent upon the temperature to which they are heated and the
rate at which they are cooled or quenched from thie temperature. The rate
at which they are heated to the quenching temperzture and the time they re-
main at temperature has a pronounced effect on the grain size but only &
slight effect on the hardness.

10. In the transition zone of a weld, the parent metul has been
quenched from temperatures ranging from 145060 down to 700°C. We find,
therefore, that the portion of the transition immediately adjacent to
the weld, where the maximum temperatures of 1450°C to 1400°C have existed,
is the part of the zone with the lergest grein size and maximum hardness.
In the portion of the transition 3zone adjacent to the undisturbed parent
petal where the temperature mey have risen to 700°C - 900°C, there is
found a region where the grain size may be smaller thun that of the orig-
insl metsl due to recrystsllization in this region. Between the regions
of maximum cnd minimum temperatures we find grain size and bardness vary-
ing progressively. _

5

11. For an arc weld, the width of tl}-gnnnitinn zone 1s much
_wcller then is the case for an oxy-acetylene weld and for & single bead
arc weld, such &s is contemplated for the present program, the transition
zone may extend for only .05 to .10 inches on elther size of the weld.
The veriation in hardness progressively across this narrow sone 1s obtain-
sble with & sultsable hardness testing machine, but physical tests to de-
termine ductility and toughness are not possible. However, the micro-
gtructure snd grain size of the truansition sone are associated with a
definite hardness, all of which can be determined with & single bead
weld,

12, With the information &s to hardness, grain size and micro-
structure, if u heat treatment is given samples of the parent metal such
a8 to duplicate these three physical properties, then the mechanical prop-
erties of ductility end toughness of the synthetically produced materisl
should be the same as the same region in the welded material. Actually,



the entire renge of temperatures from 1450°C to 700°C will not be investi-

gated and the problem is simplified by considering the range from 1400°C
to 800°C in steps of 100°C.

METHODS AND MATERIALS
13, A series of steels was assembled at the Leboretory from in-
dustrial sources. The steels are in the form of rolled plate 1/2-inch

thick, in genersl, and 6 inches wide. The approximate analyses of these
materials are given in the following schedule.

Stock List of Materials

Item
Mo, C _Mn S1 NL Cu Mo V GO
ol = s TS T S e L ek Rieberys
1 .15 050 -15_I30 - e o 33 - Pmn mm“
2 -25 -50 tls—'m ) - 0 - - uu.‘d mt
3 .35 !5‘0 .15"‘-30 - - — - -
5 «15 <50 less than- - - - - Rimned heat-
.06 cerbon
6 25 «50 " - - =z -
9 025 .40 Ilf-.w s - —— - -
10 |25 -70 .15-030 - -~ - = oo nﬂsmm 't‘.u
n 028 l!% -25 - . - — -
13 ‘25 "50 -02 HaX.- - - - -
14 .25 .50 .08 - - - - - Silicon series
15 o25 '” .20 - r S - -
17 025 wt{ o - e .20 - -
18 25 &K - - - 50 - - Molybdenum series
19 25 50 - - - .80 -~ -
0 25 B o8 - - - = =7 Boiler
21 «25 «50 «25 — = - - - steels
22 15 230 .25 - - = o} -
23 -15 '“ 020 - 075 017 i =)
u 028 -% -27 3.57 - - - -
. B NI AR . - -\ Yoloy
28 .21 -'m .2‘7 1.9'7 .92 i " - 81’/&018
29 045 .17 - 2,08 - - - - 2% Nickel iron
30 .08 S - 075 1-40 - - - R.D.SI (RQPUbnc
31 .23 .75 -~ l?S lum ve - - ) Doublﬂ Strenzt-h)
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Stock List of Materisls - Continued.

Item
No. C Un Si Ni v - M. | cr ___
RAX. 1" 060“' .40‘-
32 014 1025 aeo - s - - .6‘0 Cl‘omnsil
33 max..l0 - - - - JA40-.60 - L6 | Low
34 .07 = - Ctﬁ.ss e .50 o 5050 J Cht‘&k’-e
35 B2 - = %8 = - - =

B 2% .64 .20 & i " - *

14. The source of the steels is given below &s:

Item #1, 2, 3, 5, 6, 9, 10, 13, 14, 15, 20, 21, 22 - Lukens Steel Compuny

Item #17, 18, 19, 23 - Climax Molybdenum Company
Item #11, 29, 30, 21 - Republic Steel Compuny
Item #24 - Illinois Steel Company

Item #31, 32, 33 - Union Carbide and Carbon Company
Item #27, 28 - Youngstomn Sheet und Tube Company

Item #A - Hot rolled mild steel from Navel Research Laboretory dlachine Shop
Stock.

Item #3 - 1-1/2" thick hull plete, grade M, from Washington Navy Yard.

1s. The steels which have been cordered but have not been received
are:

iten Analysie

4 Same as 1, 2, 3, except for 0.45% C. Ordered from Lukens
Steel Company.

7 Ssme as 5, 6, except for 0.35% C. Ordered fram Lukens Steel
Company .

36 Same as 35, except for 1-7/8" thickness. Orderad from Lukena
Steel Coapany. .

16, A 100-pound lot of heavy coated 3/15" U.N.A, (grade 2107) weld-
ing rod has been purchecsed for use In weld testa of the above materials.
These electrodes were discovered to be not on the Nevy Dapurtment's approval
liot, therefore another order has been gent tarough for 100 pounds of Alrco
#73 heavy coated rod, tae same size as those alresdy used for the weld tesats.
The Airco #78 rods are on the Navy's approved list and meeot the A,S5.M.E.
specification for Class 1 welds with tensile strength 60,000 to 75,000 lhs.
per square inch and 22-30% elongation in 2 inches.

M I,l:h';
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17. A Vickers type, pyramidal, hardness testing wachine has been
ordered, but hus not been received. It is gp essential to have a hardness
testing machins of this type that exact results on the correlation of hard-
n2as in the weld zone with hardness of quenched samples wust be held in abey-
ance until the Instrument purchased can be put to use,

18, A welding machine has been constructed to produce welds by a
semi-automatic arrungement. The machine is shown in Plate 1, 4n investiga-
tion of the degree of reproducibility of the hardness in the heat disturbed
“one was made on three identical plates of item A, 3" wide, 5-1/2" long,
and approximately 1/2" thick. The current, voltage and welding speed were
kept the same for all plates. After depositing a single bead on each of
the plates, a half-inch section was cut from each plate, transverse to the

 weld. The sections were polished and macro-otched to define the weld and

the heat disturbed region and Rockwell B hardness measurements wers made on
these reglons. The results are glven below and a photograph of the three
plates and etched sections are shown in Plate 3.

19. Welds have been made with the semi-automatic welder on items
2’ 6' ll’ 13’ 15' 17’ 18’ 19’ m’ 21’ 22’ 24’ 2'?, 23' 29’ 30’ 31 and 1/2'
sections cut out and polished for a progressive hardness survey across the
weld into the unaffected plate. It is expected that the hardness testing
machine will be available for use in the near future in order to complete
the study of these welded plates. The reaaining steels on the above list
will be cut into 3" x 6" x 1/2" plates as expeditiously as possible and
treated in ths same manner as described for those already welded.

Keld Quench Tests F

20. Before any of the steels ordered from the industry became
available, item A was obtained from the Machine Shop stock at the Labora-
tory and subjected to welding and weld-gquench tests for preliminary infor-
mation as to hardness, grain size, coaling rate, etc. For the weld-quench
studies, a number of samples 1/2" x 1/2" x 3/4" were cut from the item A
plate and e-ch - mple subjected to test was identified with a atamped code
on each of the */2" x 1/2" cross section ends. ;These samples wers heated
in triplicate at temperatures from 1400°C to 306°0 in steps of 100°C for
**7° 'ntervals ranging from 5 to 30 minutes, the heating being accomplished
4n 4 carbon resistance furnace. The samples, after removal from the fur-
nace, were subjected to three different cooling rates, e.g. in water, oil
and air, and were then cut in half through the 3/4" length by means of &
friction wheel. One half of the sample was used for hardness determina-
tions on the Rockwell hardness testing machine, the other half of the
sample was used for a polished and etched micro-section to deteralne the
structural constituents and grain size. The results for this preliainary
study are given below.

21. As a result of the preliainary study of weld-quench hardness
for small samples of item A, it was found necessary to repeat the high
temperature treatment on this item by holding the samples for intervals
of time, shorter than five minutes. Samples 1/2% x 1/2" x 3/4" of the
following iteams A, 2, 6, 11, 13, 15, 17, 18, 19, 20, 21, 22, 24, 27, 28,
30 and 31 have been prepared by heating at 1400@0, 13005c and 1200°C for




1 to 5 ainutes and quenching in air. These have been sectioned for hardness

tests and micro-sections and are Yeing prepared for taese tests. It will
be possible to obtuin more exact data on these saaples as soon as the pyran-
idal hardness testing mechine is available for use. However, measurssents
have been made with the Rockwell mechine using the 1/16" ball or diaasond
cone for Rp and Rp readings for 2ll the welds above and for some of tae
quenched samples.

DATA OBTAINED

22. Table 1 gives a number of hardness values obtained in the
weld-quench test samples for item A. The hardness values were obtained
with the Rockwell machine and have been coaveried to Brinell numbars for
easier comparison.

23. The samples showed considerable variation in bhardness from
the outer edges of the cross-section to the center. The center was usu-
ally of maximum hardness due probably entirely to decarburization. The
samples therefore had to be searched by @ series of hardness tests and the
maximum hardness found has been reported in Table 1.

24. The microstructures of the quenched samples refsrred ton in
Table 1 are shown on Plates 3, 4, 5, 6, 7, 8 and 9, with accompanying iden-
tification of the quenching condition. The aicrostructuwres of only one
heat treatment, that at 1400°C, are shown because the minimum time at tenp-
erature was five minutes, which produced a greater coarsening of the grain
size than is the case for material next to the weld. The grein size of
these quenched samples may be compared with the zone of largest gruin size
next to the weld for two speeds of welding, as shown in Plates 10 and 11,
nndit.mruduyb.mthat.hut.ingnUZ'lez*xB/l.' sample at

or five ainutes has & much greater effect on grain size of item A
than the welding arc heat has on the corresponding high temperature zone of

the weld. The second series of quenching tests on samples held at teaper-
atures of 1400, 1300, 1200°C for 1 to five minutes is reported partially in
Table 2. For t"nse samples, the decarburization was confined to a thin
skin of the sum ie surface but there wes still considerable hardness vari-
ation on the 1 to 3-minute samples, and accordingly the hurdness valies
reso=ted are those for tae center of the sample only, rather than the max-
~aum value.
25. In Table 2 are also given the results of a survey of the

the welds prepared on the seami-sutosatic welder ualng 190
volts and & speed of 9 inches per minute. The Surve; was aude

the Rp or Rp scale of the Rockwell tester. It
must be understood that the values for the transition zone hardness, as
uporhdlnhhh?,mamdomdupumtmmdu—eauuhormm
maximum as would be reported by a Vickers-type hardness machine. The
valuss in Table 2 have been converted to Brinell and the hardness of the
comparison purposes.

for
2%, The rest of the samples of serles 2 have not been examined as
that of the quenched samples only those treated
1o teralter a8 o Sarddadag Sroln Ve 4 o A Latereet
to deteraine, on a low on a onlng gr
item 24, ﬂn'hu-dnou and amicrostructure when held at 1400°C for 1, 2 and
3 minutes. : Y-

T T Ik R S




The results for ‘iese two grades of steel are shown below in Table 3 in
teras of Brinell vulues converted fram Roeckmell reudings. The correspond-
ing wicrogruphs are shown in Plates 12, 13, 15 &nd 15 for item A und Plates
id, 19 ang 2 for iteam <4, while Plutes 11 und 17 show respectively the
*oarse graln area of the weld trunsition zZone,

%214 Reproqucidility Duta

27. In order to test the semi-automatic welder, three plates of i
it2n A were prepured for weld tests. The plates were 3" x 5- ’E“ x 1/2" !
tnd were welded under the sume conditions with 190 amperes, 26 volts at s
speed of I inches a minute, which is equivalent to roughly 33,000 Joules
per inch. & 3/16" aild steel, U.N.A., 2100 grude of heavy coated rod wu s
used in each case. The plates were clanped to the welding table shomn in
Plate 1 und tae welder msnipulated the feeding arrangement which moved the
rod over the plute at a pre-set spead of 9 inches a minuta.

8. after the welds were completed and the plates cold, they were
seciioned as shuwn in Plute 2. The 1/2" section was polished, etched and
the hirdness of the trunsition zones checked with & Rockwell B penetrator.
In each case the vulue was 89 und Plete 2 shows the etched sactions to be
pructicelly icentical. |

(a) Facts Established

29. It hu been showm that it will be posaible to duplicate ex-
&ctly tne maximum hardness of the weld-transition zone when samples of the
plates are quenched from 1400°C. The indications so far are that tae 1/z2"
x 1/2" x 3/4" sumples used do not reach the aaximum hardness of the transi-
tion zone of tne welds in Table 2 when quenched in air; but Table 1 shows
taat by choesiany a more rapid juench the hardness of the saaples cun be
made to exceed thst of tae zone.

30 "t *u been shown by meuns of photomicrographs that the rate
of grain grov » .t 1400°C, at least for one low hardening and one high
hardening steel, is extreaely rapid, such that befsre the scmple of the size
“tT7 a come up to furnuce temperature (see Table 3) its gruin size has al-
- ¢idy exceeded the largwst gruins In the trunsition zone. These duta estab-
lish the fact that a short-time heat treutument at 1400°C of the order of 3
uinute or less will be necessary in order to prevent excessive graln growth.

(b) Opinions wnd Recosmsndations

3%s It has already been stated that it would be desirable to split
the problem of weld-quench tasts into two Separate puarts, with tne problem
of proper tlme-unss relutlonships for tne duplication of gruin slze taking
precedence over tae problem of quenching rates to establish ldenticzl hard-
az.h.  The wost deslrable direction in walch to work would be to uue the
sume 1/2" x 1/2" x 3/4" swaples ruther than still smuller pieces and to in-
cresie the rute of neutling by conducting of heat from a large block of
stael held in the furnuce. It is intended to use a steel block with & sult-
able drilled hole to hold the samples, in which they will be held for siort
intervals of time ranging up to 2 minutes. If tais method does not provide

L J
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the desired result in duplicating the grain 6ize, it will be necessary to go
to a sample size with cross-section of less than 1/2" x 1/2". The quenching
rate of a smaller sample will necessarily have to be different from a larger
saaple in order to attain ‘he same hardness. 1t is therefore seen to be the
oest procedure io settle the question of graln slze first.

32. It is the opinion also that the maximum hardness of the trunsi-
tion zone of the welds reported in Table 2 is less than will actually be the
cade when it is possible to use the pyramidal hardness tester pow being pur-
chased. 1In coamparison with the original plate hardness, the hardness of some
of the welds in Teble 2 (22, 24, 29, 31) are seen to be already soc extreme as
to be entirely out of line with conditions for manual welding. It is there-
fore to be recommended that a slower speed of welding of about & inches a
ainute be employed, giving approximately 50,000 Joules per inch instead of
33,000 as previously used. The 6-inch a minute speed will give a larger
groin size in the zone and will be between the muximum shown for the 3-1/2"

a minute weld, Plate 10), and a 9-inch a minute weld, Plate 11; it will be
larger thun the latter and therefore less difficult to duplicate in the weld-

quench tests.

33 A comparison of the quenching tests shomm in Table 2 with the
welds is especially of interest for items 17, 18, 19 for the sanples held for
4 minutes at 1400°C show identical core hardness, while the weld zone hard-
ne3ds increases with increasing molybdenum. It is more reassuring to note that
item 24 has the maximum hardness of all items tested both in the weld-quench

tests and the weld zone.
SUMMARY AND DISCUSSION

34. Results of the weld-quench tests have been presented in Tables
1l and 2 with corresponding micrographs of two of the plate materisls included
in the tests. Table 1 indicates that & quenching rats interaediate between
air end oll cooling may havs duplicated the maximum hardness of the welds re-
ported in Table 2, but the lack of & suitable hardness tester to obtain true
maximum ha of the weld zone tempers the certainty of this conclusion.

35. . e comparison of Tables 1, 2 and 3, we find the core hard-

ness of samples ABl, 2, 3, 4 of Table 3 to be somewhat less than the maxizum

-.w88 of samples Al, 2, 3, 4, 5 of Tuble 1; the latter appear to be con-
stunt while the former show a progressive increase. The indications are that
the 4-minute samples of Table 3 either have not reached equilibrium with the
furnace or the core 1s quenched at a lower rate than the surrounding mass.
A difference in behavior between item A and 24 is shown in Table 3, where the
core hardness of 24 appzrently has not reached its maximun after 4 minutes at
1400°C. It is believed thst the use of a steel block for increasing the con-
duction of heat ts the samples, or the use of sanples with smaller cross-
section or both together, will clear up this difficulty es well as solving
the problem of time at temperature to produce the desired graln size,

36. The problem of obtaining reproducible welds has been solved by
the construction and use of & semi-automatic welder and the degree of repro-
ducibility has been indicated. It has also been shown that a desirable speed
of welding of the plates with the semi-automatic welder would be between 9 and
4 inches & minuts, giviag an energy input of about 50,000 Joules per inch,

-8~
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which is equivalent to a speed of 6 Inches a minute. The latter speed may
still be higher than would be the case in practice for some of the higher
hardening alloys, but the extreme hardnesses shown in Table 2 will be de-
creased to a certain extent,

37. % The difficulties involved in the interpretation of the thersal
history of the transition zone of a weld have been indicated in the theoret-
ical discussion.

38. An extensive bibliogruphy has been accumulated relating to the
activities in research on welding reported in Journals of the United States,
‘Great Britain, France and Germsny, This bibliography will be presented at
a future tize, since the literature is still being traced to deteramine studies
of the heat effects of welding completed in the past. The curreant literature
is also being followed for material pertinent to the problem. One of the
most important articles found in the current French literature is given in
the appendix.




The stazped lden®ifization muris on the semoles followed the followiay cides .
tne first letter i: the item (A in this cuse), the secona letler ;'.‘.’*-‘a the |
quenchiag medium. A = air, § = watar, 0 = oil '

..'.‘:1,;19 <ucnching Time at Temp- Maximue Brin

e A lemperature . _erature (dinutes) __ oll Hardness |
AAL 1400°¢C 5 183

15 372 |
4016 20 330 | |h
|
AAL9 1300°¢C 5 143 |
p 10 143
AA21 " 15 149
AA22 " 20 149

AA31 1220°¢C 5 128
AA32 " 12 126
AA33 . 15 134
AA3L " 20 128

AML3 1100°¢C 5 116
" 10 1156
ARLS " 15 121

AAS2 1000°C 5 115
AA53 . - 10 114
AAS4 . 15 115

AAGL 900°¢C 5 123
ANG2 n 10 128
AAG3 " 15 128

AKT0 800°¢ 5 115
ATL , 10 118
ANT2 . 15 115

Original hot rolled bar of item A showed a hardness of 110 Brinell,




TABLE 2.
(Brinell hardness coaverted from Rp or Ry values)

Core hardness of Maximum hardness in weld
sample, 4 min. at transition zone for single Originul
Item 1400°C. Air bead. 190 amps.,26 volts, Plate
No. _____guenched. 2 inches per minute, —flardness
A 149 174 110
2 179 187 121
6 167 248 137
2 134 159 115
13 156 277 134
15 163 235 146
17 217 248 149
18 217 293 156
19 217 331 174
20 159 241 118
2 192 248 137
22 229 429 192
24 293 534 201
27 - 163 197 128
28 241 477 179
11 - 364 183
30 207 269 159
31 223 364 207




Hardness Values on 1400°C, Air Quench Samples |
(Brinell hardness converted from Rockwell)

'l'ine in Furnace Air Quench Microstructure for ,i

t 1400°C Sample - Core Coarsest Grain Found
MA_MM__M,_M_LM_
A ABl 1 123 See Plate 13 1
A AB2 2 131 R 170 1
A AB3 3 149 R h T
A ABZ 4 149 Note (a) below
f
8 1
29 29A1 1 223 See Plate 17 \
29 2942 2 255 *» = )8 ’
29 29A3 3 269 Bce- 0 |
29 29A4 4 293 Note (b) below ;

Note (&) - Microstructure of 4-minute sample not investigated. See Plate
12 for original structure, item A before quenching tests.

Note (b) - Microstructure of 4-minute sample not investigated. See Plate
16 for original structure, item 24 before quenching tests.
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A review is given below of the f Thermal study of welds
(Etude thermique des Sondures) by Professor A. Portevin and D. Seferian,
which appeared in Chaleur et Industrie, Vol. 16, No. 185, September 1935,
pegos 409-424. A mathematical study of the rate of heating snd cooling of 4 |
& bar melted ot one end is shown in curves of Fig. 2 for temperature ver-
sus time; the individusl curves give the rate of heating for the various |
distances from the melted end as shown. Fig. 12 gives the curves obtuined L 55
experimentelly for arc welding of mild steel of various dimensions, . ; i
15 gives the plan view of isothermel lines on an arc welded plate of 10 mm < e
thickness. Fig. 18 gives a three dimensionsl view of the ture his- o !
\

tory of the plate surface but does not indicate the isothe contours of

the heat disturbed zone in the plate itself. Fig. 20 shows the cooling
retes of tcetylene end arc welds, .
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Item A, 1400°C. for 5 minut=s, eir quench 100X
|
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Plate 3
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Iten A, 1400°C. for 10 minutes, air quenzh 100x
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100X

1400°C. for 5 minutes, water quench

Item A,

Plate 9




Plate 10




Item A, weld transition Zone, semi-sutomatic

machine weld, 190 amperes, 26 volts,
3/16" heavy coated electr

Speed = 9 inches/minute.

100X

Plate 11










Plate 14




Item A, 1400°C. for 3 minutes, air quench 100X

Plate 15







Plate 17







Plate 19
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Lex courbes du diagramme 3 montrent Vinfluence de

e i vk la nalure du métal sur ectte répartition. Elles onl été
| : lracées pour le ¢ .u du enivre,
... 4 Dans ce cas, les équations différentielles restont les

Var & “mémes, la valeur deg o= Vf_?.. seale change (a = 0,23)
T ST A =k .
. par suite : -

La louction de Laplace 96 délermine par les tables (*).

. g 3 M= " T4
b - R Ve
i : ce qui permet de déduire comine My Pacier :
. ¢ ) . ! - 23
i : TN TN = -t — -"—.-.—
i S & (w) = T/" ol = gy
|
) {'* Vitesse de refroidissement. : -
. l.afrimn de rdrold!ueml se déduil de la courbe
= [0
b 2

-
: Vz-—s- {.’ '—") '.i-.#

)
s x4
. )
R4 -
ta
Lo
3 \,Iyﬁ
TS
ST #
&(o‘-- s
, -

Hn..._‘ -'- PRigste }i :
AT e 2 kg
o S i A
:‘. :' ".‘o‘-xl
"i“u b g
‘,Qi_ o 3

""". Ir e

Wt&nlp«r !‘neier -Ir i! "’:""."'

Uhe m hﬂm-k i mnai!n est k ﬂlnﬁ‘ ’
de refroidissement.

k*"‘"'“'“ vitessg 8 licu i"’"‘-.’ﬁ ‘*"““_"‘-_ '
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w ity =
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¥ _ onl é1é construilos mrm la méthode I
}! tangentes *). Pour déterminer an ﬁll de la co

0h
dérivée 57 o0 méne de lorigine des coordonndes,

%

S raraliele & la tangente an point cherché de la couthe »
! i o ’» = [ ). qui détermine sur une droils que

paraliéle & 'nxe dex 8 un segment dont la valeur

s
- 3

YH e

:‘-;. La projeclion de ce segment sur l'ondonnde du

o '
e 1206 1 1

o e 1 ‘f /
. i“ iy |
o 1004 4 !
e e "
\ BT g . "
< Jo004 N
N h
= - ..:
S 04 1
2 1] i M o

beo A0 Fonrbee i [ ir pemr by sonitnre oy acetglemigne du
. v, pawr ‘.Jn.‘,n.-. de 19 mm, tewgees i mre reperes o wn -

.l oot (M el en serface Lo plague e 3 oman (s barre casrer
o 10 s (€, m); barre rande de s oo (D

ox courbes des figures 9, 40 ¢ 11 donnent Pallure
descourbes i, f o des gondures oxy avélyleniques,
e ubees par b méthode « elassique o sur des pligues
ol booores b aeser, de cuvee of d aluminiom depaisseur
et b lormes dillérentes

Lo diazramme figuee 12 e rapporte aux mdmes
copr s ponr b somdure slectrigue a Vare de Lacier
dony vpdinre,

2* Courbes de vitesse de refroidissement.

oh
bas monrbes e vilewse de refroidissement == e
ICMT:
5 :,‘-‘\\ o " i " "
‘iml W \ - R
) \’\- . o0 40 60 mm
e g N :‘\\\‘ i Fie 12, — Courbes b, = [ /&) ponr 1a soudure viectrigue @ farc |
< N de lacier doux, wur plague de 10 mm, reperage de lemperalure a
: \\ N i My cpamsear [(R) ef on surface (L), plague dv 3 mm (c) et barre
sivis ok N R, carres de [0 mm d, 0).
N \\ — T
- 1 N \4\& e point de la courbe donne un point de la courbe des
- ] “‘-- - 2 vitiases de relroidis<ement cherchee.
AT Th e, - 4" Etude des courbes isothermes.
i e gl Lo ealeul montre gue l'ensemble des courbes iso-
0 g thermes est une lamille de parnboles (récllesou dégéné-
R i i e e : o
"y ' bl Mmm "1 Methode ulilisée en particulier par M. 1. Chevenard.
T Punr et by [ 63 ot lr suisdure uay anviglinmme \ --;r Liealyse dulsivenctrigue des mal¢riaur., Dunod. Paris.
e ¢ luminpuen = (mdmey  crign@tions gur la g 10) vty




; SHALEUR ET

¢ el A S— e ———— e < i B

rées) enveloppes des isothermes mr une position défi-
chalumeau ou de l'are, lion la vilesse

nie ¢
d'wvaacement. Les courbes nnhm sont duellltr-el
seront entidgrement déterm pur leurs deux

grand axe d'un_isotherme onque 4 esl donné
courbe ¢ == £, (1) pour Ia de soudure; sa

goe, !

"
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