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Introduction. 

This study was made for the purpose of determining 

which method of welding made the strongest weld and with 

the hope that something may be brought to light which 

would make possible a weld which could be guaranteed to 

be as strong as the metal. 

In view of the rapid spread of the use of the weld- 

ing process during the past five years, it may be stated 

that prectically all steel industries make use of at 

least one or more welding equipments, with the majority 

of them using the arc-welding process. 

cess was formerly looked upon as a repair method but it 

is now becoming evident that it is not only a repai 

method but an efficient production process in some in- 

dustries. 

This study differs from the mass of writing on 

welding due to the fact that the welds of the two pro- 

cesses were studied with care, consideration given to 

the nature of the break, comparison of the structure of 

the grain was noted and the welds were inspected at the 

break to see why they broke. ¥ 

. Acknowledgment is gratefully made to Mr. W.C. 

Kinane, of the Knoxville Boiler Works, f 

council, advice and the use of their welding equipment 

4 
given to me in working this thesis. 



General Survey of the Field. 

Arc welding was first made use of by de Meriteus 

of a storage battery plate. [4
] in 1881 for uniting part 
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ted with the positive pole of Q
 

The work piece was conne 

a source of current capable of maintaining an electric 

arc. The negative pole was a carbon rod directed by 

the hand of the operator so as to first maintain con- 

tact then secure the proper distance to maintain the 

arc. This method was improved by Bernardos and Olszewski, 

Slavienoff, Coffin and others. The Slavienoff modifica- 

tion was the greatest improvement of all. He placed a 

metal electrode in place of the carbon rod. The metal 

eledirode gradually melts and furnishes fused drops of 

metal for filling the vacant spaces. This was better 

than the carbon rod because the carbon that was in the 

space caused the weld to be hard and brittle, also 

causing cracks in the filling. 

In 1886, Thompson caused a weld to be made by 

electric resistance of the metal. The metals to. be 

united are held in clamps and pressed together in firm 

contact. 4 current is made to traverse the joint, 

bringing it to & welding temperature. The metal is 

united by forcing the pieces together. 



To date the arc welding process has been improved 

on very much, The welding is done similar to the Slav~ 

= 
ienoff process. The welder furnishes a desired amount 

of current thru the wire electrode which in turn when 

touching the metal causes an arc and also causes the 

wire to fuse, filling the space with molten metal. 

About ten years ago 1t was discovered that acety- 

ene dissolved under pressure in acetone in cylinders 

filled with porous material drew attention to the 
‘ 

users, and by using a special blowpipe an oxy-acetylene 

flame was produced. this is better than the oxy-hydrogen 

flame and it can be used for the direct welding of steel 
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€ her metallurgical processes. 

here are still more improvements to make on the 

as it is in greater demand. It is the question of se~- 

fhe welding processes now used point to the 

ranteed weld, as the 

done now reduces the time, price and labor. 

d it is probable that 
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carried by other construction which conforms to the 

requirements of the code and when the safety of the 

structure 1 

Welding is not 

for power boilers,or 

process by nature caus 

hot between the white 

8 not dependent of 

on 

the weld." 

used anywhere or recommended 

any locomotive. The fusion 

es a brittle zone somewhere 

edge and the cold surface; the 

eritical molecular condition may be recognized by the 

Pigeon wing temper along this line of possible fracture 

in the future. This condition may be removed by anneal- 

ing, but how can pone anneal a skyscraper or a 100 ft. x 

2b ft. tank. 

Fusion welding is performed without the use of 

force, or pressure and the finished product consists of 

two or more pieces cemented together by a zone of cast 

metal which has not been subjected to the refining in- 

fluence of mechanical working oe 

In fusion welding it is difficult to avoid over- 

heating.or burning of 

Porous and contains 

to be of the best qual 

as to have coarse 

has little resistance 

There is no known me 

weaknesses, other than 

grain 

thod 

the metal, and often the weld is 

oxldes. The weld may appear 

ity and it will have such defects 

8, lacks the quality of ductility, 

thera Ets ae A 
t0 alternating stress and shock, 

of inspection to determine these 

a test to destructic 
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The safety of a weld depends partly on its tensile 

strength. The tensile strength may be high and still be 

weak in its resistance to alternating stresses or shocks, 

During the period July 1,1915, to June 30,1926, 

inclusive, there were 563 accidents due to firelox crown 

sheet failures which resulted in the death of 356 persons 

lled [
 

and an injury of 886 others, or an average of .63 k 

c
t
 

and 1.57 seriously injured per accident. Of the 563 

crown sheet failures referred to, there were 158 cases 

in which welded seams were involved, of which 122 or 

77.2% failed while 22.8% did not fail. During this per- / ¥. 5 

iod fusion welded seams were involved in 28% of total 

in crown sheet accidents were killed when fusion welded 

seams were involved. 16.3% of riveted seams failed 

where 72.2% of the fusion welded seams failed under 

exactly the same conditions, 

Welding has & bright future ahead and if we are 

to profit by the experience of others we must give 

careful consideration to the result of all practices 

and methods. 



Desoription of é&pparatus and Method Used. 

The apparatus used was a complete acetylene welding 

equipment, an electric arc welder, boiler plating test 

pieces, Riehle 100, 000 1b. tension or compression machine, 

welding wire, microscopic lens and kodak. 

A complete acetylene welding apparatus consists of 

an oxygen cylinder, with hose connected to regulators on 

top of oxygen cylinder, & cylinder of acetylene with hose 
vo ; J J 

=
 

connected to regulators on top of the cylinder, he two 

hoses are eonnected together at the torch. Qorrect mix~ 

ture of the gas is obtained at the regulators. The cor- 

rect flame (called the neutral flame] for welding is pro- 

duced by burning the correct mixture of oxygen and acety- 

lene. The clear, well defined white cone indicates that 

the flame is correct. Welds made with it should be 

The electric arc welding set used was an "Alternarch 

welder. The primary has the following ranges: 

Amps 80 = 40 

Phe secondary has a current range from 60 10 250 

amperes. K.W., = 7.5. It is type 3.V. 79 J { 
Da 

were connected to the handle in which a welding wire was 
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Observations. 

411 of the pieces tested except one did not show 

a yield point. The welded joints broke without any 

noticeable elongation while the acetylene welded test 

ated considerably before they bro 

» 
electric arc welded [=
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according to the resu 

Some of the test pieces were put under a micro- 

scope and a study made of & of 
ilar structure of the 

>» weld and =1 strong 

form structure of 

structure, 

yvurlties, and in some places the 

lo 
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Tests and Calculations. 

(Tensile strength of test pieces = 55,000 lbs.per sq.in.) 

ss 1.0 Weld Aga t yl ene Yolod 

sLbs.per 3 : : : Lbs.per 
Size = 3/16" x 2Mssq. in. :Size = 3/16" x 2": sqg.in. 

sTensile 3 s+ Tensile 

sStrength 3 ; sg Strength 
: : 

1 57,300 sl 3 b&s300 

3 : 

2 49,600 $2 : 3,750 

: 
3 62,800 3 s 47,300 

3 
KS
 

54, 900 

Average 58, 600 Average 

Size 1/4" x 2% Size 1/4% x 2% 
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13 52,700 31 43, 000 

: 
2 45, 000 32 39, 000 

3 3 
3 57,800 $3 :  4%,900 

: 3 

4 59,200 314d s 54,800 

5 : 

5 65,000 35 Ee : 50,700 
: 3 

Average : 555940 : _Average 3 47,080 

Size 5/16"x 2" : iSize B/16%x 2¢ s 
3 : : 

3 : 40,900 sl i 34,500 

2 : 50,700 2 $ 36,000 

3 3 : 

3 Poor weld. 3s 39,000 2d $37,600 
(Porous Structure} : : 

4 : 45,800 34 : 46,600 

H 5 : 

5 $s 50,75 : 5 $s 38,700 

3 ) : 

Average i 45,43 H Average ¢ 38,680 
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Conclusions. 

From the results obtained it is a fact that the arc 

welded joints have a higher tensile strength than the 

acetylene welded joints. This is due to the cause that 

the arc welded joint is not subject to the great heat 

that the acetylene welded joint 1s, which tears down the 

granular structure of the metal, also there are more im- 

purities injected in the acetylene welded joint when it 

is fused. 

The reason why most of the industries that use weld- 

ing apparatus are partial to the arc welding process may 

be stated that the arc welding process gives a stronger 

joint as seen from results obtained, also it is cheaper 

than the acetylene welding process. arc welding utilizes 

power more efficiently than gas welding because the elec~ 

tric current is transformed directly into heat and the 

heat is developed within the metals to be weldede In gas 

welding heat is generated by the burning of gas which was 

originally produced by electricity. The process of trans- 

forming electric current into heat is indirect and waste- 

ful. Also the heat is developed at a point outside the 

weld and a large part of the heat of the flame is lost, 

Gas welding is frequently used in repair shops when 

welding is incidental to the general repair business. 

This is because the first cost of equipment for gas welding 
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r than the arc weld i (SH 

wire Welding" by Lincoln Hlectric Company states 

that when the amount of welding is more than three linear 

feet per day, are welding is more economical 

lene welding. 

The weak paint in welded joints is that the 

-
 

no way of knowing what they will stand i terms of shocks, 

[62
] 

stress and shear. The only way at present to determine 

their s is the test to destruction. 

welding process 

stronger than the ave 

economical. 



23 



Pelb 

l. Arc welding in The 

2. Arc welding in The 

8. 4&rc welding in The 

4, Arc welding in The 

5. Arc welding in The 

6. Arc welding in The 

Notes The above consists of 

Westinghouse Electric 

7« The Bncyclopaedia 

& Manufacturing Com 

Airplane Industry. J 

pvtee 1 Industry. 

trie Railway Industry. 

Petroleum Industry. 

Industry. 

pamphlets put out by the 

Britannica. 

8. Pioneer Inventions and Pioneer Patents, by Keiper. 

9. Manual of Instructions for Welding Operators, 

(a) Oxy-acetylene welding. 

{(b} Electric arc welding. 

10, Welding Bncyclopeedia -Acetylene} 

11. Arc Welding (The New 4Lge in Iron and Steel) 

Published by The Lincoln Blectriec Company 

12. A Tiny Tilt in the Tribune by j rh, 

with articles by 4A.G.Pack on Fusion Welding. 
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Published by The H, Cole Co., Columbus, Ohio, No. 290 G. 

le +e" 
Thichness of Tes? Fiece. 

Fig. 3. 
a 





Pel? 

Approval. 

manner surf 


