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ABSTRACT. This paper examines the 
effects of local heating of the base metal 
in preventing solidification cracking when 
welding H30 aluminum alloy sheet. Exter
nal local heating was accomplished using 
a pair of oxyacetylene heating torches. 
These were arranged in such a way that 
they could be set at prescribed positions 
on either side of a GTA welding head and 
traversed the workpiece at the same 
speed as the GTA welding torch. 

Additional local heating inhibited solidi
fication cracking when welding H30 alu
minum alloy sheet, provided the oxyacet
ylene torches were positioned behind 
and aside the welding head. There was 
shown to be a measure of latitude in their 
exact positions. If oxyacetylene torches 
were placed after but in line with the 
welding head, the cracking tendency 
increased. 

The influence of external local heating 
on the transient strain patterns resulting 
from welding was examined using Moire 
fringe strain analysis. External local heat
ing decreased the amount of plastic 
straining resulting from the welding oper
ation and produced a more quiescent 
mechanical situation after the weld 
pool. 

Introduction 

Solidification cracking occurs when 
solidifying weld metal is stressed in the 
temperature range immediately above 
the solidus temperature. Much work has 
been carried out on this subject, and 
aspects such as cracking theories, the 
influence of weld metal composition, and 
the effects of welding condition varia
tions have been emphasized. 

A knowledge of the dynamic strain 
distribution produced by the welding 

operation is required to completely 
understand solidification cracking. Many 
techniques employed to prevent solidifi
cation cracking rely on modification of 
the strain distribution occurring during 
welding. These include the use of hold-
down clamps, tack welding prior to weld 
deposition, local spot heating or cooling, 
and the changing of welding sequence or 
back staggering weld passes in large plate 
welding to prevent termination crack
ing. 

In this paper the influence of external 
local heating of the base material on the 
susceptibility to solidification cracking and 
on the transient strain patterns produced 
as a result of the welding operation are 
investigated. Transient strain patterns 
occurring during welding are evaluated 
using Moire fringe strain analysis. 

Literature Review 

Fusion welding is characterized by a 
nonuniform temperature distribution in 
the workpiece. The strain pattern pro
duced during fusion welding varies in a 
similar manner with heated metal imme
diately ahead of the arc being subjected 
to compression (since the cooler sur
rounding material hinders its free expan
sion) and with the region behind the arc 
being subjected to tension (caused by 
reaction to solidification shrinkage and 
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contraction of the heated metal). 
Chihoski (Ref. 1) examined the stress 

distribution produced around the weld 
pool during welding of VA in. (6.4 mm) 
thick aluminum alloy sheet. He employed 
welding heat flow theory to derive a 
pattern of isotherms in the base material 
and used this as the basis for deducing 
the stress distribution. 

In the high speed welding of aluminum 
alloy sheet, the transverse stress distribu
tion was characterized as follows: 

1. A push-apart force (Ci) acts just 
ahead of the weld pool and generates a 
tensile force (t-i) in material further ahead 
of the weld pool. 

2. A tensile force (tm) acts on the 
mushy zone at the trailing portion of the 
weld pool. 

3. A comprehensive force (Cj) acts on 
solidified weld metal just behind the weld 
pool. 

4. A tensile force fe) acts further 
behind the weld pool. 

Transverse tension and strain in the 
region acted on by the tensile force fe) 
produces cracking at the weld centerline 
if this exceeds the strength of the weld 
metal. Chihoski indicated that local heat
ing of metal acted on by the compressive 
force (C2) would be detrimental and 
could increase the likelihood of crack
ing. 

Local heating has been employed as a 
means of overcoming end-cracking prob
lems when welding large steel panels in 
shipyards. Karlsson (Ref. 2) analyzed the 
stress pattern produced when welding 
large steel plates and postulated that 
controlled additions of thermal energy to 
the base metal on either side of the weld 
axis would create thermal stresses which 
would neutralize the crack-inducing ten
sile stresses acting on the weld zone. The 
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crack-inducing tensile stresses remained 
after the weld pool had left the plate, and 
cracking occurred just before and just 
after the weld pool had left the panel 
(Ref. 2). Heating of the base metal on 
either side of the weld axis using contact 
heaters overcame the cracking problem. 
100 kW of thermal energy was added via 
the contact heaters, and this was applied 
for 50 seconds(s) while the welding head 
traversed the last 0.60 m (23.6 in.) at the 
end of the panel. 

A local heating technique was 
employed by Sekiguchi and Miyake (Ref. 
3) to overcome end-cracking problems 
when welding large steel panels, but the 
technique was not similar to that 
employed by Karlsson (Ref. 2). These 
workers preheated the plate to 120°C 
(248°F) prior to welding with an interpass 
temperature of 200°C (392°F) and post
weld heating at 700°C (1292°F) using a 
torch in tandem with the welding head. 

The beneficial effect of preheating was 
possibly related to changes in the trans
verse and longitudinal strain patterns pro
duced during welding. Dyatlov and Sido-
ruk (Ref. 4) have shown that preheating 
of large steel plates to 150°C (302°F) 
decreased the magnitude and rate of 
change of transverse strain applied during 
welding; also, Nikov (Ref. 5) found that 
preheating to 450°C (842°F) decreased 
the magnitude of the longitudinal plastic 
strains by half. 

The essential difference between Seki
guchi ef al. (Ref. 3) and Karlsson's (Ref. 2) 
local heating solutions to end cracking 
problems lies in the fact that Karlsson 
employed an external thermomechanical 
technique to overcome the hot cracking 
tendency in weld metal subjected to the 
detrimental strain application of weld 
deposition. End-cracking problems when 
welding large steel panels have been 
termed "hot cracking" since the exact 
mechanism of crack formation in these 
welds is unclear, i.e., it could be the result 
of solidification cracking, of low ductility 
cracking, or of a combination of both 
these effects. 

Johnson (Refs. 6-8) studied the dynam
ic strain patterns produced during the gas 
tungsten arc welding of aluminum alloy 
sheet. The dynamic strain pattern pro
duced during welding was obtained using 
Moire fringe strain analysis and the influ
ence of welding parameter variation was 
emphasized. Increasing welding speed 
had a marked influence on the transverse 
strain pattern (making its curvature 
become sharply negative at high welding 
speeds) and had little effect on the longi
tudinal strain pattern. The importance of 
shear strain was emphasized. The maxi
mum shear strain was increased when 
current and/or welding speed was 
increased and when the planes of maxi
mum shear strain were nearly parallel to, 

and at right angles to, the direction of 
welding. The shear strain produced was 
indicative of permanent rearward dis
placement of the whole weld area. 

Chihoski (Ref. 12) employed a Moire 
fringe technique that was somewhat dif
ferent from the one employed by John
son. With this technique he recorded the 
expansion strain on welds in edge and 
butt joints on aluminum plates. When 
increasing welding speed, the expansion 
peak shifted in position in both welded 
edge and butt joints and created a stron
ger transverse compression in butt joints, 
which intensified the postweld tension. 

Experimental Procedure 

General Approach 

Although local heating solutions have 
been successful in preventing weld metal 
cracking when welding aluminum alloy 
sheet (Ref. 1), and large steel plates (Refs. 
2,3), the underlying mechanism of crack 
prevention is unclear. On the other hand, 
plastic deformation of the base metal 
near the fusion line has been confirmed 
using Moire fringe strain analysis tech
niques and varies according to the weld
ing conditions chosen. Accordingly, in the 
work described here, external local heat
ing of base metal away from the weld 
axis was employed to modify the tran
sient strain patterns resulting from the 
welding operation. Oxyacetylene heating 
torches that traversed the workpiece at 
the same speed as the welding head 
represented a simple and direct means of 
modifying the transient strain patterns in 
the region at the rear of the weld pool. 

During weld cracking tests, crack initia
tion occurred at the free edge of the test 
specimen (where it contacted the run-on 
tab). Consequently, tests were con
ducted to examine the influence of exter
nal local heating on crack initiation during 
the welding operation. 

A necessary element when evaluating 
the transient strain patterns using Moire 
fringe techniques lies in the need for 
quasi-stationary state conditions during 
welding. However, conditions at the free 
edge of the test specimen (at the start of 
welding) do not satisfy this condition. For 
this reason, the effect of external local 
heating on the transient strain distribution 

Table 1—Chemical Compositions of 
Aluminum Alloys Used, Wt-% 

Si 
Fe 
Cu 
Mn 
Mg 
Al 

Alloy designation 
H30 N6 

0.65 0.01 
0.43 0.37 
0.11 0.03 
0.54 0.30 
0.73 3.16 
Bal. Bal. 

during welding was evaluated in the cen
tral region of the test specimen where 
quasi-stationary state conditions applied. 

Material and Welding Technique 

Two aluminum alloys —designated 
H30 and N6 — were used in this work. 
Their chemical compositions are given in 
Table 1. 

The H30 alloy was susceptible to solid
ification cracking during autogenous 
welding and was used to assess the 
efficiency of the external local heating 
source in preventing cracking. The N6 
alloy was not susceptible to solidification 
cracking and was used to examine the 
changes produced in the dynamic strain 
pattern when local heating was 
employed. The H30 and N6 alloys were 
in the annealed condition, and the sheet 
thickness was 3.2 mm (0.126 in.). The 
specimen dimensions in all tests were: 
w id th -300 mm (11.8 in.), length-200 
mm (7.87 in.), and thickness-3.2 mm 
(0.126 in.). Complete joint penetration 
bead-on-plate welds were made in all 
tests. 

Gas tungsten arc welding was used 
with argon shielding gas. The AC power 
supply employed had the following char
acteristics: 350 A output, 65 V open 
circuit. Current, voltage and welding 
speed were carefully monitored in all 
tests. The welding conditions throughout 
were 230 A, 17 V, 385.5 mm/min (6.43 
mm/s or 15.2 ipm) welding speed. 

Local heating of the base material was 
accomplished using a pair of oxyacety
lene heating torches. These were 
arranged in such a way that they could be 
set at prescribed positions on either side 
of the welding head and traverse the 
workpiece at the same speed as the GTA 
welding torch. The nozzle diameter of 
each torch was 0.75 mm (0.029 in.). The 
heat input to the base material from each 
heating torch was evaluated using a cop
per calorimeter and was 104.85 cal/s 
(corresponding to a specific heat input of 
0.068 kj /mm from each torch when 
welding at a speed of 385.5 mm/min, i.e., 
15.2 ipm). 

All welding tests were carried out using 
run-on tabs. The run-on tab dimensions 
were 100 X 100 mm (3.94 X 3.94 in.). 
The sequence of welding was as fol
lows: 

1. The heating torches were set at 
prescribed positions relative to the weld
ing torch. 

2. The heating torches were ignited. 
3. The arc was initiated on the run-on 

tab, and welding was carried out along 
the centerline of the test specimen. 

Strain Measurement during 
Welding 

The Moire fringe technique was used 
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Fig. 1 — Setup for determining strain patterns produced during welding: A — area of metal examined using Moire fringe technique; B — schematic of 
grating projection system and test specimen; C — schematic of roller fixturing device position to prevent out-of-plane deformation with specimen in 
welding position 

to evaluate the strain pattern produced 
during the operation. The strain pattern 
produced in an 18 X 42 mm (0.71 X 1.65 
in.) area of base material 8 mm (0.31 in.) 
from the weld centerline (see Fig. 1) was 
determined using the method indicated 
by Johnson (Refs. 6-8). 

Strain measurement by the Moire 
fringe technique involved the superposi
tion of two grids which, due to rotation 
and/or pitch mismatch, formed a fringe 
pattern which allowed evaluation of the 
strain at points within a selected area. 
One grid was etched on to the test 
specimen prior to welding and could be 
considered as the "moving grid" since 
this deformed as a result of welding. The 
projection of another grid pattern —the 
reference or stationary grid — on the test 

specimen prior to welding generated 
Moire fringe patterns when the sample 
was welded. 

The grids employed were submaster 
grids containing 20 points/mm (equiva
lent to 508 points/in.) and were printed 
on 81 X 107 mm (3.19 X 4.2 in.) photo
graphic plates. The specimen grids con
tained two distinct reference systems, 
i.e., a 3 X 3 mm (0.12X0.12 in.) grid 
used to bracket the area being examined 
and a fine 20 points/mm grid. 

The experimental technique employed 
for etching of the grids on to the alumi
num alloy specimens and the optical 
system employed when viewing fringes 
has been extensively discussed by John
son (Refs. 6-8). In brief, the experimental 
technique for Moire fringe examination 
comprised: 

1. Photo-etching of the grid on to the 
aluminum alloy sample using a photo
sensitive lacquer and an ultraviolet light 
source; this grid was blackened to 
improve contrast during filming. 
2. The optical system comprised projec
tion of the 20 points/mm reference grid 
on to the test specimen; the test speci
men was set up in such a way that lateral 
deformation was facilitated and that out-
of-plane deformation was prevented 
(see Fig. 1); the Moire fringe pattern 
produced during welding was filmed 
directly using a cine-camera; the film 
employed throughout was Eastman nega
tive film (200 ASA). 

Strain was analyzed in a rectangular 
area of dimensions 18 X 42 mm, i.e., 
0.71 X 1.65 in. (corresponding to 7 X 15 
nodes of the etched 3 mm (0.12 in.) grid), 
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8 m m (0.31 in.) f r o m the w e l d centerl ine 
(see Fig. 1). The f i lming technique p rov id 
ed g o o d fr inge resolut ion in a basic anal
ysis area o f 12 X 18 m m , i.e., 0.47 X 0.71 
in. (corresponding to 7 X 5 nodes). The 
total sample area examined consisted o f 
3'/2 basic analysis areas that w e r e 
18 X 42 m m , i.e., 0.71 X 1.65 in. (corre
sponding to 7 X 15 nodes). 

In this w o r k , a compu te r p rog ram was 
used to evaluate the individual measure
ments o f the M o i r e fr inge analysis and to 
give the strain ou tpu t as 3-dimensional 
graphical representat ions, i.e., cor re
sponding to the transverse and longitudi
nal strain distributions and to the maxi
m u m shear strain distr ibut ion. The f o r m 
of compute r p rogram emp loyed has 
been indicated previously by Johnson 
(Ref. 8). 

The error in the strain representat ion 
was approximate ly 0.003 and arose f r o m 
fr inge unsharpness in some regions and 
w i t h difficulties in attr ibut ing numerical 
values to points o f 3 m m (0.12 in.) gr id. 

Results 

Bead-on-plate welds w e r e made o n 
the H30 a luminum alloy sheet. In each 
test the arc was initiated o n the run-on 
tab, and solidif ication cracking was 
apparent at the we ld centerl ine. Six tests 
w e r e carr ied out , and the H30 alloy sheet 
was cracked in all tests. The average 
crack length was 60 ± 5 m m (2.4 ± 0.2 
in.). 

The tests w e r e repeated under identi
cal we ld ing condit ions using identical 
material, w i t h oxyacety lene torches p ro 
v id ing local heat ing t o areas o f the base 
material o n their side o f the w e l d center-
line. The t w o oxyacety lene heating 
torches w e r e connec ted to the GTA 
weld ing to rch so that they traversed the 
workp iece dur ing the we ld ing opera t ion , 
and could be set at any desired point 
behind and o n either side o f the w e l d 
centerl ine. 

In the initial tests using the heating 
torches, the torches w e r e posi t ioned 20 
m m (0.787 in.) behind the arc region and 
30 m m (1.18 in.) on either side of the 
w e l d centerl ine. Bead-on-plate welds 
w e r e comp le ted w i th the heating torches 
set in this posi t ion and w e r e uncracked in 
all tests. The w e l d beads p roduced w i th 
the heating torches w e r e sect ioned and 
compared to those p r o d u c e d w h e n 
we ld ing w i thou t the heating torches. The 
w i d t h o f the we ld beads, w e l d poo l 
lengths and solidif ication microstructures 
w e r e identical. 

Dur ing tests w i t h the heat ing torches, 
thermocouples w e r e connected to 
record the temperature cycle occurr ing 
in the region o f the heating to rch , and in 
the region b e t w e e n the heat ing torches 
and the w e l d bead. The visirecorder 
ou tpu t is s h o w n in Fig. 2; it is apparent 
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Fig. 2 - Thermal cycles for points at 1.5,2.5, 3.5 and 4.5 cm (0.59, 0.98, 1.38, and 1.77 in.) from the 
weld centerline during the welding of H30 aluminum alloy under following conditions: A - arc only; 
B —heating torches behind GTA arc; C —heating torches parallel to arc 
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Fig. 3 —Hardness surveys in H30 aluminum alloy when welding with and without external heating 
torches 

that the base material in the region o f the 
torches was heated to 130°C (266°F). 

Hardness surveys w e r e carr ied ou t t o 
examine the ef fect of external torches on 
the base metal propert ies. These are 
shown in Fig. 3. The softening of the base 
material in the region o f the gas torches 
was due to reversion o f the natural aging 
process that occur red as a result of w e l d 
ing. 

2 0 mm 

Alternative Torch Locations 

Figure 4 shows the effect iveness o f 
alternative heating to rch posit ions in p re
vent ing solidif ication cracking dur ing 
we ld ing . There was a measure of f lexibil
ity in the precise locat ion o f the external 
heating torches in prevent ing solidifica-
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Fig. 4 — Effectiveness of different heating torch 
positions in preventing solidification cracking in 
H30 aluminum alloy 
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Fig. 5—Strain distributions in arc-only tests: A —transverse strain (X direction); B — longitudinalstrain 
(Y direction); C — maximum shear strain 

tion cracking, provided they were posi
tioned behind the arc. 

If the heating torches were positioned 
in line with the welding torch, the crack
ing tendency was increased. In fact, crack 
lengths produced when welding with the 
heating torches in line with the welding 
torch exceeded those occurring when 
welding without the heating torches. 

Transient Strain Patterns 

The transient strain patterns produced 
in N6 alloy material were representative 
of an 18 X 42 mm (0.71 X 1.6 in.) area 2 
mm (0 08 in.) from the fusion face (i.e., 8 

mm (0.31 in.) from the weld centerline). 
Figure 5 shows the transient strain pat
terns resulting from GTA welding; these 
correspond to the transverse, longitudi
nal and maximum shear-strain distribu
tions. 

The transient strain patterns produced 
in an area of identical dimensions (in the 
same material) when using external gas 
torches are illustrated in Fig. 6. In these 
tests the torches were positioned 20 mm 
(0.79 in.) behind the arc, and at a distance 
of 30 mm (1.18 in.) on either side of the 
weld axis. In terms of the coordinate 
system employed in Figs. 5 and 6, the 
heating torch positions were y = 20 mm 

and x = ± 30 mm. The area of base 
material examined using Moire fringe 
strain analysis lay between one external 
torch and the weld axis. 

The strain patterns produced when 
welding with and without external local 
heating were quite different. The trans
verse strain distribution occurring when 
welding with the arc only (Fig. 5A) 
showed compressive plastic straining in 
the region near the fusion line. This com
pressive plastic straining was symptomat
ic of expanding heated metal near the 
weld axis being confined by the bound
ary produced by cooler metal far from 
the weld region. When using external 
heating torches, the transverse strain 
occurring in the region near the fusion 
line changed from compression to expan
sion. However, at least V/i% (0.015) 
transverse strain would be expected if 
the hot metal near the fusion line was 
allowed to expand freely (Ref. 6). Also, 
since the transverse strain values when 
welding with external local heating were 
less than this value, some compressive 
plastic straining occurred during the 
welding operation. However, the 
amount of compressive plastic straining 
occurring when welding with external 
local heating was less than that produced 
in the arc-only tests. 

Since quasi-stationary state conditions 
applied during testing, the variation of 
transverse strain at any distance from the 
weld axis was representative of the 
change of transverse strain with time for 
a given point in the base material at a 
distance X from the weld axis. During 
GTAW tests, the change in transverse 
strain for a point 5 mm (0.2 in.) from the 
fusion line had the following sequence: 

1. Expansion as the arc approached. 
2. Compression 1.4 s after the arc and 

expansion 1.4 s after that. 
3. Contraction 1.4 s later. 
When heating torches were used, the 

transverse strain at a point at the same 
distance from the weld axis showed 
expansion at all times. The change in 
transverse strain for points up to 11 mm 
(0.43 in.) from the weld centerline was 
much more variable (changing from 
expansion to compression, and vice ver
sa) when welding with the arc only. The 
longitudinal strain distribution when 
welding with external local heating (Fig. 
6B) was positive and uniform over the 
examined test region. When welding 
with the arc only, the transient longitudi
nal strain pattern was not so uniform. 

Shear strain was observed when weld
ing with and without heating torches. 
These large maximum shear values were 
representative of a rearward displace
ment of the weld area during the welding 
operation. The maximum shear strain was 
greatest at points near the weld center-
line and decreased at points away from 
the weld axis. 
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The influence of external local heating 
was marked. The maximum shear-strain 
occurring near the fusion line was less, 
and there was a more gradual change in 
maximum shear strain values away from 
the weld axis. This difference is indicated 
in Fig. 7, which shows the variation of 
maximum shear strain in the x-direction at 
a y value corresponding to the rear of 
the weld pool. 

Discussion 

Additional local heating of the base 
material removed the solidification crack
ing tendency during autogenous welding 
of the H30 aluminum alloy sheet. There 
was latitude in the position chosen for 
heating torches, provided they were 
placed behind the welding torch —Fig. 4. 
When heating torches were placed in line 
with the GTA torch, the solidification 
cracking tendency was increased and 
crack lengths were in excess of those 
formed when welding with the arc 
only. 

External local heating using gas torches 
that traversed the workpiece at the same 
speed as the welding torch modified the 
transient strain pattern occurring during 
welding. Comparison of the strain pat
terns produced when welding with and 
without external burners showed that the 
amount of compressive plastic yielding in 
the region near the fusion line before the 
arc decreased when heating torches 
were employed. Also, the intensity of 
maximum shear strain occurring in 
regions near the fusion line was less when 
heating torches were employed; this was 
indicative of less rearward shifting of 
metal (Ref. 6). 

The transverse, longitudinal and maxi
mum shear strain patterns were much 
more uniform and mild when welding 
with heating torches. In effect, the use of 
external local heating produced a situa
tion where the amount of plastic defor
mation occurring was more uniform. 
Consequently, deformation occurred in 
such a way that the change in strain with 
time (at a point) and the change in strain 
with distance from the weld axis was 
much more gradual. 

The transient strain patterns in Figs. 5 
and 6 apply to a selected area outside the 
fusion zone at a distance of 2 mm (0.08 
in.) from the fusion face and do not 
represent the mechanical situation occur
ring in the fusion zone. However, assum
ing that similar trends occur in the fusion 
zone, the beneficial influence of external 
local heating in crack prevention may be 
related to the decreased concentrated 
plastic straining resulting from the weld
ing operation, and from the more quies
cent mechanical situation existing at the 
rear of the weld pool. Increased cracking 
susceptibility during welding has been 

Fig. 6 —Strain distributions when using heating torches in conjunction with arc welding torch: 
A -transverse strain (X direction); B —longitudinal strain (Y direction); C-maximum shear strain 

related to the existence of large plastic 
strain in the weld zone (Ref. 2) and when 
sudden changes in strain rate occur dur
ing the welding operation. For example, 
Fugita et al. (Ref. 10) have related hot 
cracking susceptibility to the sudden 
change in strain rate applied when a tack 
weld was melted into the weld pool. In 
addition, Huxley (Ref. 11) has shown that 
solidification cracking was promoted 
when sudden changes in strain rate 

occurred during welding of stainless 
steels. 

Cracking during welding initiated at the 
free end of the test specimen (where it 
contacted the run-on tab), and the prop
agating crack extended along the weld 
centerline until the strain required for 
crack propagation was relieved. Chihoski 
(Ref. 1 and 12) has provided an explana
tion for crack formation at the plate 
edges when welding aluminum alloy 
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Fig. 7- Variation of maximum shear strain in the base material at the Y • 
(corresponding to the rear of the weld pool) 

-21 mm coordinate 

sheet, i.e., the small reg ion o f deposi t 
behind the w e l d poo l was overstressed 
by the act ion o f the push-apart force ( Q ) 
acting immediately ahead o f the w e l d 
poo l . Prevent ion of crack init iation using 
heating torches occur red because the 
mechanical situation in the region behind 
the mov ing arc was mod i f ied . 

Hernandez (Ref. 9) has s h o w n that the 
propagat ing crack extends right up to the 
we ld poo l w h e n weld ing H30 alloy, i.e., 
the type o f cracking inhibited using exter
nal local heating was solidif ication crack
ing, and no t l o w ducti l i ty failure o f solid 
we ld metal . Crack propagat ion ceased 
w h e n the strain required for crack p r o p 
agation was rel ieved. 

Solidification cracking is the end result 
of the complex interplay of weakness in 

the solidifying w e l d structure and the 
mechanical strain appl icat ion resulting 
f rom the we ld ing opera t ion . A l though 
emp loyment of local heating using heat
ing torches traversing behind the we ld ing 
head increased the extent of the soft
ened zone in the base material (Fig. 3), 
p revent ion of solidif ication cracking ou t 
we ighed this disadvantage and p rov ided 
a simple means of altering the complex 
mechanical situation existing at the rear o f 
the w e l d poo l . 

Conclus ions 

1. Addi t ional local heating of the base 
material inhibi ted solidif ication cracking 
w h e n we ld ing H30 a luminum alloy sheet. 
Provided torches w e r e posi t ioned beh ind 

and along the side o f the we ld ing head , 
there was a measure of lat i tude in their 
exact posit ions. If torches w e r e placed 
behind and in line w i t h the we ld ing head, 
the cracking tendency was increased. 

2. External local heat ing evident ly 
decreased the amount of plastic straining 
resulting f r o m the we ld ing opera t ion and 
p roduced a less stressful situation after 
the w e l d poo l . 
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