~ For Reference
Net to Be Taken From This Reem

A COURSE OF STUDY IN
OXY~ACETYLENE AND ELECTRIC WELDING
WITH TEACHING AIDS

. o a - ‘ Reference Department
Okfa. State University Library
Stillwater, Okiahoma



© . A COURSE OF STUDY IN
' OX{-ACETYLENE AND ELECTRIC WELDING
0 VITH TEAGHING ATDS

Py {;a y
Lhe S S
g i S
: K

o By
. CHESTER BOYD AINSWORTH
| " Bachelor of Science
‘ John Brown University
) vSiioam Svp'ririgsj, Arkansas
S m

Submitted to the Department of
Oklahoma Agrlcultural and Mechanlcal College
In Partiel Fulfillment of the Requirements

| for the Degree of

MASTER OF SCIENCE

gl

i



o wmownEn

SIEN

11

e Chalrman, Report Committee and Head

of the Department of Industrial Arts
Education and Fngineering Shopwork

M/%&

Member of the Report Commlittee

< v faﬁ)w/f W

,D%& of ttﬁévslﬁlo% of.EﬁEineering

M%W

Dean of the Graduate School 5




iv

v : |
I B

ACKNOWLEDGMENTS

Grateful appreciation is extended by the writer, to Dr, DeWitt Humnt,

EHead of tha Department of Industrial Arts Education and Engineering ShOp-
work Oklahoma Agrlcultural and Mechanical College, for his educational
'.p,ialeadership and inspiration through my graduate treining and for his per- -
lff{i sonal intereqt and assistance in organizing, checking, and guiding thls
 {«f *ppoblem to completion,
o The writer is especially indebted to Mr. W. H. Rice, Professor of |
iv 2Welding, leahoma Agricultural and Mechanical College, for his generous
%?;acobperatiOn in fhé.aséembly and preparation of the material in this
:a yI:;Study. : : | '
- ' Gratitude 15 extended to my wife, Imogene Ainsworth, for her help,

‘iﬁSpiration and encouragement, thgoughout the preparation of this study.



" Introducbinn ! ‘
) Deseri wilon of Stdy. v o o 6 o o a%d 0 4 3 a0 0 4
Dellmltablons S O S

TABLE OF GONTENTS

\ijiéi' The Hlstory of Welding., « « « v v v & v vie o 0 v o 0 4 .

 Oxy-Acebylene Woiding e s e aii ke e e e e e e et
Arc Welding o o v urw wle e v e e i e e ety wd P

ReSiStanCe Weldi]’lg. . . . . . L] . ] . . 3 . L] L] . .

CUThermit Welding « v v v v v v b b e e s e e e .
- Atomic-llydrogen Welding « o « o o v o 4 4 4 04 o .

HEliaI'C Ne-ldinF e ¢ s 6 3 s * s s e 5 e & e o w» &

Selected Bibliographies for Oxy-Acetylene and

Blectric Weldinge v v v v o v v o o o o o o o o & o

¥“Tcytboohs Usable in Uigh Scheol o & v v v v ¢« & o &
. Textbooks Suitable for Collese $1lassesS. « o o« o +

Technical Reference iooks [or Welding . « « + « . .

e Periodicals on Welding. . . . « &+ . . i e e e e e

Free or Nearly Free feacnlng Aids for weldlnr .« .o

j“_An Bqulpment List for a H1rh School Welding Course., . . .

Oxy-Acotylene Welding Bquipment . o & « & o « o « &
Blectric Welding Tiguipments o o v o o & o « o o o &
Auxiliary Equipment Heeded in the Welding Shop. . .
Summary'of the Cost of Weﬂdinr Shop EBquipment . . .
4 List of Oklghouwn Supply Companies

Furnishing meldlnr Eguipment, « « « o « ¢« o - &

‘A Reéommernded Course of Study for Oxy-Acetylene

and Ilectric Welding. ¢ o ¢ ¢ ¢ 4 4 ¢ o o o o 2 o &
Recommended Textbooks for [igh 3chool Welding . . .
The Course of Study Outline « . . ¢« ¢« o ¢ « & o &
A Course of Study in Oxy-Acetylene Welding. . . . .
TheOT‘JUﬂJLo--o-ic--i-t-'o ¢« .
Laboratory Exercises for Oxy-Acetylene Welding.

‘A Course of Study in Klectric Welding . ¢ ¢ « o . .

Theory Mnibts. o v ¢ o o ¢ 4 o ¢ 66 6 ¢ o o o«
Laboratory Exercises in Electric Welding. . . .

<7/ The Use. of Projects in Welding Courses: ... « « «
o Draw1nps of Oxy-=Acetylene Welding Ltcr01ses e e s
Drawing for Gas Welding Project « « o u w v v v o o

Drawing. of Arc ielding lExercises. . v v & ¢ & o + &
Drawing of Arc Welding Projechb. .+ & & & e e

L Suggested Test Quogtlons for a Course in We]dan. .

6i. Summary, COnclu51ons, qud Recommenuablons Vb e e e e s

<

Pape

R

S 6 R N 18]

10
11
1'3
13

15
15
16
16

B

17

18
16
19
19
19
20
21
21
21
22
23 .
24
25
26

o
pSx}



A COURSE OF STUDY IN
OXY~ACETYLENE AND ELECGTRIC WELDING
VITH TEACHING AIDS

In the preparation of this-study it is recognizad that welding is

éljgj'bQih'é trades and an industrial process, and that its influence is felt

Voo s

in every industry and occupation using metal as & basic material of con-

siructionQ This study has been produced for the purpose of outlining

ﬂhe desirability of including a course of welding in the high school

‘fndusfrial arts curriculum,

Description of the Study

This study contains a history of oxy-acetylene and electric welding
with related information concerning other welding processes. A selected
bibiiography 1s glven including many of the best textbooks and refer-
ence books available at this writing, as well as a list of periodicals
currently published, A minlmum list of equipment for the installation
and operation of a high school welding shop is included with Oklahoma
sources of supply.

Practices change repidly in an ever expanding field such as welding,
which means that in order for the instructor to maintain a knowledge of
the latest deveIOpments, and to profit from ourrent research a source
:, gom sush é%ek*gsefm

mind that new channels of informaﬁioﬁ,arefbecoming.aVailable, and the

progressive 1nstruc£or must stuﬂxfmuch to be informed.

Delimitations

Welding elasnee in high school shonld be made up of bhoys in the



.ﬁdwith the hazards involved in the use of welding equipment, It is recom-
'/ mended that a two hour class period be provided for all high school

. ﬁelding courses,

' The History of Welding

In view of the many applications of oxy-acetylene and electric

ﬁelding in wvse today, it is difficult to realize that the entire commer-

‘:d'lcial development ef welding has taken place withih the scope of the past
‘=fse§enty years. Before that time pieces of metal to be joined were heated
”:t' to a plastic state in a forge, and then welded together by pounding.
| Forge welding, which is the namedfor this means of joining metal was
"‘MVery limited in its application,‘capsing men to seek a better means of

djoining metal,

Oxy-fcetylene Welding

Acetylene gas was discovered in 1836, by Edmond Davey, en English

chemist, It remained a laboratofy gas until the development of a prac-

- tieal method of manufacturing calcium carbide nearly a half century

later. Calcium cerbide is the substance from which ascetylene gas is now
commercially generated,

» The basis for the deve10pment of the oxy—acetylene welding process
was the discovery by Le Chatelier, a French chemist, in 1895, that ace-

tylene gas,iwhen:ignited and supported by oxygen, produced a flame

1000° F. hotter than any previously known fleme, In a paper, read before

the Academie des Sciences on the temperature of flames, Le Chatelier
described the pfoperties,of the oxy-acetylene flame, calling attention

to the two burnihg proéesses that take place before complete combustion

i‘v "is attained. - As theffwe shges mix, the primary combustion of acetylene



'.? > Qith equal parts of oxygen results in the formation of hydrogen aﬁd
| ,éarbon-monoxide,vboth of which are non-oxidizing in character, This
brimary combustion forms the outline of the inner cone of a nentral flame,
Tﬁé cdmpléted‘cémbustion takes place in the outer envelope of the flame,
‘y $Jés‘these tgb gases combine with another one and one-half volumnes of
‘ :i‘v;bxjéenifrog tﬁé atmosphere. A‘property of acetylene which he apparently
“ﬁid not discover, was the fact that as acetylene is made it absorbs a
“'great deal of heat energy. This is in turn releamsed in the form of hegt
m*f; jenergy as the combustion progresses, This endothermic property of ace-
fo;“”%tyleﬁe accounts for the extremely high temperatures found in the oxy-
EE?JSaCetylene flame,
B The commercial method used in the manufacture of calcium carbide
§was perfected by Thomas L. Willéén, the American electro-metellurgist,
in 1891-92, as a result of a series of experiments with a misture of
:lime and coal tar heated to a high temperature in an electric furnace,
‘The first factory established for the msnufacture of carbide was in 1895,
@e a direct result of these experiments.
The application of the oxy-acetylene flame to the welding and cut-
ting of steel dates eyperimentgily to 1901, and industrially from 1903,
‘although the growth and developﬁent wag réiarded becéuéé bf the cost of
‘obtaining oxygen in commercial quantities, During this time those indus-
tries attempting to use oxy-acetylene welding wer~ limited by the amount
': of oxygen they could generate cheﬁically. ‘The development of an economi-
cal process for obtainlng oxygen wés almost entirely neglected until 1907,
- when 4 plent for the manufacturé‘of‘liquid air was put into operation,

providing the mill needed sourcé of.qumefcial oxygen for welding purposes,

[N
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The next problem to be dealt with was the design of a practical
blowpipe or torch, designed to mix acetylene and oxygen in proper quan-

tities for practical use. This was accompllished in 1901, when blowpipes |

vvﬁgiéf a pfaétical desigﬁjappeafed éﬁ the market. The process was soon
‘applied in manufacturing plants; for by 1903, many industries accepted
‘oxy-scetylene wélding as a repeir tool, |
The greatest limiting factor in the widening of the application of
oxy-acetylene welding was the immobility of the equipment required to
. produce both thé acetylene and the oxygen. This factor was partially
~overcome by the development of‘cylinders for trensporting compressed
oxygen, It was not practlecal to compress acetylene gas in cylinders due
to the highly explosive characteristics of the gas. After much experi-
mentation it was discovered that by packing a cylinder with porous mater—
lal, such as iﬁfusional earth, and saturating this filler with liquid
~acetone, 1t would dissolve twenty-five times its own volumn of free ace-
tylene, which could be compressed without danger to a pressure in excess
‘of 250 1bs. per square inch, During the weiding process the acetylene
'is glven up by the mixture without appreciable loss of acetone from the
 container. This attainment inlﬁhe handling of acetylene opened the way to
" rapld development of oxy—acetylene welding in industry.
Are_Welding | | o
The early development of oxy-acetylene and arc welding took place-
~ at approximately the seme time., Arc welding was first employed by o
_ De Meritens in 1881, in uviting pieces of lead plate which were to be
bj,used ag part of é battery, He accomplished thié by attaching a positive ’
t termina1 to the lead plates and establi$hing'aﬁ arc between a negative

;fcarbon clectrode and the lead plgﬁe36' The heat of the arc was used to



~ melt the plates together,
Following the application by De Meritens, the arc was used in weld-
- ing stgelland‘iron using a carbon:nre with electrode negative, Later a

3;bdré métallic rod was substituted for the carbon electrode; and filler

'+ . metal was transferred to the base metal through the medium of the arc.

i These welds proved to be superlor to those made wlth carbon are, because

. _they retained thelr ductility and strength to a greater degres. One of

. the first uses made of this new metallic electrode was to f£ill holes in
o defective castings,

- Resistance Welding

In 1886, Professoi ELi Thompson was conducting an experiment with
" geveral batteries and quite by aceident touched the terminals together,
This caused an erc upon contact, snd as resistance heated the wires,

they fused together., This was the forerunner of the field of resistance

. ‘welding, wherein the heat comes from the resistance to the passage of an

| electrie current of the materisls to be welded, In this process the
4\metal is subjected to the flow 6f g high current until it is heated to
a plastic state, when sufficient pressure is applied to force the heated
metals together, |
Modern resistanéejwslds arelbf higﬁ‘Qﬂalityfand strength, They pro- .

vide one of thé,moéf\répié means of fabriéatién éﬁd SEVéfai metals an be
successfully joined by this me;ns that do noﬂ respond to oﬁher nmethods

of welding. | | o o o

Thermit Welding

In 1894, C. Vautin;,discoﬁered that by mixing powdered aluminum
:with‘iroh-oxide, and’subjecting the mixture to heat great enough to ig-

nite it, that a reaction oécurred‘ﬁhat generated a temperature of

i



‘1;f¥f;p§reximately 48800 F.
Dr. Hans Goldschﬁidt, a German sclentist, proved by this experiment
+ that eluminum has a greater affinity for oxygen than any other element.
.ﬁisvgreatest cdﬁtribution was the discovery that the mixture made cold

“and ignited in a single spot without any additional heating would fur'nj sh "

“;(sufficient heat to cause ‘the reaction to Spread throughout the complete
'mixture in approximately thirty secdnds. He wes lssued a patent on this
process on March 16, 1897.
: It was nearly a year later that this reaction was used for welding,
J:';jAfter‘the first attempts to Weld with this process, it was adapted to

‘-f’use on a commercial scale very rapidly. This welding process became

‘klf:'known as thermit welding taking 1ts name from the science then known as

‘ glgminothermics, dealing with the reduction of metalllc oxides to pure
.ﬁetal by the use of powdered alumimum as the feducing egent, The themmit t
N welding process was introduced in America by the Goldschmidt Thermit
- Compsny in 1902, the company name was changed in 1918 to the Metal
‘Thermit Corporatlon. | |

Atomic-Hydrogen Welding

In 1874 e type of electric blowpipe was prOposed‘by Werdermann,
Thls method c0nsisted of using the flame gases of an electric arc de-
flected by a jet of air or gas.‘ Thls idea was later revived by Zerener
with the suguestion that the arc be deflected between fhe usual’carbon *
electrodes by a magnetic field. These prOCeoses were the meager begln-li
.rnings of a series of experiments u51ng various combinaijons of the pro-
'*;;S{ cedures just described, - o

Atomic—hydrogen—ard welding was deVeloped as the result of these

. i
t T
R
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"'éﬁperiments. Rossi deseribes this process as follows:l
In the atomiec~hydrogen arc welding process, an arc
18 maintained betwesn two tungaten electrodes while
a stream of hydrogen is passed through the arc around

the elettrodes. The stream, or flame, assumes a fan
shape and produces a sharp singing noise. ‘

-Temperatures as high as 53420 F.‘have beén c¢alculated in the arc fan,

; é_Tl':xj.s; method of welding finds itskgréatésf usefulhess.in*fhé‘solution of

f'jﬁspecial problems, such as welding alloys and thin sections which are not

3;3readily welded by other methods,

| Heliarc Welding

In 1932, G. E. Doan conducted a series of experiments in which an

jff“ arc was egtablished between a carbon electrode and the base metal, The

- complete welding apparatus and the metal were enclosed in e case and
‘ ,arg0n gas was admitted to the enclosure by a system of valves so that
the gas was changed every few seconds, The lack of a puddle caused some

to believe it was a cumbersome and impractical method of welding, even

f:ﬁj:though the deposited metal was exceptionally pure, Mr. Doan later work-

"Qling with W, C. Shultz substituted helium for the argon with greater

4 8UBeeSS.

Since 1942, heliarc weldlng ﬁas:undergone considerable develOpment‘
1 and improvement, with tremendons expansion in the usefulness and scope
vofafhe procesé.

H. T; Herbst glves this description of Heliarc Welding.2

Heliarc welding is the new and different kind of electric

1 Quotation from Welding and Its Appllcation, Boniface E. Rossi,
page 60. .

2 H, T. Herbst, "Production»Applications for Inert Gas-shielded Arc
Welding," Welding Journal, 26:410;, May, 1947.




arc welding that employes s sheath of inert gas to
protect the virtually non-consumasble tungsten electrode
-and weld pvuddle, It differs from atomic-hydrogen weld-
"ing in that the arc is formed between the tungeten
electrode snd the work, instead of between two elec-
non-reacfive with the molten metal. This new type of .
welding with argon or helium is sometimes referred to
as "inert gas-shielded are welding".
lHeliare welding has been appiigd to’many;metals heretofore requiring
"ha flux; however, nearly all metals that réquire a flux for any other |
:5‘type of welding do not require one when welded by the heliarc method.
H‘mThiS welding process 1s now accepted as a stendard method oflweldf
'fabricating;

Selected Bibliographies
for Qxy-Acetylene and Blectric Welding

" This bibliography is divided into three gections. The First 1ist
"includes textbooks that are usable for students of high school level, -
The second division lists textbooks smitable for college classes, and

.. the. last sectlion lists technical reference books that should be in every
" uelding shop library.

Textbooks Usable in High School

1. Air Reduction Sales Co., Arc Welding Instruction Course, Air Reduc-
‘ tion Sales Co., New York, 1942, Two Books, Lectures 190 pages,
-Exercises 90 pages. ,
A course in arc welding including numerousz illustrations, color
charts, and furnishes the instructor an excellent outline for
instruction in the theory and practice of arc welding.,

24! Air Reduc¢tion Sales Co., Oxy-Acetylene Welding and Cutting Instruc-
’ tion Course, Air Reduction Sales Co., New York, 1942, Two Books,
Lectures 100 pages, Exercises 70 pages.
' These two books, available at no cost, present a very good
source of information as hextbooks or reference books. The
fundamentals of oxy-acetylene wzlding and cutting ere fully

discussed.

~ trodes; and the protecting shield is inert and therefore. - 3~.f“;?
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bhaffee, W. J., Practical Arc Welding, llobart Trade School Ine.,

Troy, Ohio, 1942, 412 pages.
This book confains an operators training course, general infor-

~ mation, a glossary of welding terms, and covers the field of i

carbon arc and metallic arc welding thoroughly.

Dunwoody Industrial Training Institute, Gas Welding Job Trainigg

Units, American Technical Society, Chicago, 1942, 92 pages. - i;éf ;
A combination btextbook and workbook with replaceable work I
sheets available. Il is well illustrated. :

' Giachino, J. W., Oxy-Acetylenc Welding and Cutting, ihe Menual Arts
" Press, Peoria, Illinois, 1942, 196 pages.

Discusses oxy-acetylene equipment, welding processes for all
posltions, metal identificatlion, welding steel, cast lron
sluninum, brazing, ailrplane welding, and flame cutting,

‘ Hubert B. H., Manual of Electric Arc Welding, McGraw-Hill Book

Co., Inc., New York, 1932, 163.pages.

An operator training course, contains a study of electric weld-
ing process, equipment, tassting welds, joints, application, and
gspeed of welding. '

Jennings, R. F., General Shop, Gag and A.C. Welding and Gﬁtting,

McKnight and McKnight, Bloomington, Illinois, 1937, 84 pages.
A study of electric and oxy-acetylene welding equipment, tech-
niques, welding of ferrous and non-ferrous metals, cutting,
and a serles of practice plates,

" Kerwin, Harry, Arc and Acetylene Welding, MeGraw-Hill Book Co, Ine.,

New York, 1944, 235 pages.

A study of oxy~acety]ene and electric welding, equipment, tech-
niques, expansion and contraction, hard facing, cutting, welding
of ferrous and non-ferrous metals, metal identification, and a

practice course,

Matteson, M. S,, Oxy-Acetylene Welding, Bruce Publishing Co.,

Milwaukee, Wisconsin, 1942, 64 pages.

- Contains information and exercises on the oxy-acetylene welding
iprocess, with questions for discussion. Written in language
-easlly understocd by the beginning high school gtudent.

‘Matteson, M. S., Flectric Welding, Bruce Publishing Co., Milwauh#e,

Wigconsin, 1942, 32 pages.
Twenty-four units in electric welding arranged in ascending

order of difficulty. TFach unit is organized in terms of equip-
ment, information, and procedure.

Potter, Morgan H., Flectric Weldlng, American Technical Society,

Chicago, 1941, 77 pages.
A practical text covering the fundamental principles and appli—
- ¢éations.of the various types of electric welding, inelnding

- the use_of power tube rectifiers.
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12, Potter, Morgan H., Oxy-Acelylens Woldlng, American Technical
: : . Boclety, Chicago, 1941, 130 pages.
Discusses the oyy~acetV1Pne welding procegses, techniques
welding of steel, cast iron, brass, aluminum, vhite metal,

.. ctopper, brazing, flame cutting, pipe cutting, jigs, automobile

,wrepalr, and the novt of welding.

it Rice, Willxam; Owens, Albert A. and Slinghuffl, Ben F., bundamentals
" of Ilectric Welding, John Weston Go., Chicago, 1943, 138 pages.
A technical textbook covering nearly all of the general .
phases of electric welding, glossary of terms, and a lesson
Pres 0 geries, It is well illustrated in all sections.

~;ﬂ;g1l;a Rossi Boniface E., Manual of Insiructicns in Welding und Cutting,

R MoGra»hHill Book Co, Inc., New York, 1941, 99 pages.

T A series of instruction sheels in arc and oxy-acetylene weld-
ing, designed for teaching Leginning students. Additional
information on safety is ineluded,

it 15, Wisconsin Schools of Voeational and Adult Bducation with Cooperation
AR of Wisconsin State Board of Vocational Idueetion and Adult
Education,” Studsnt gStudy Guide in Arc snd Gas Welding, American -
Technical Society, Chicago, 1947, 87 pages. :
A study guide for on-the-job trainees and other learners,

-~ Textbooks Suitable for Collepe Classes
‘ i

SR Moyer, James A., Welding, McGraw-11ill Book Co, Inc., New York,
SR 1942, 184 pages.
S Deseribes the varlous modern methods of welding metals, espevt—
B ally iron and steel, with stre s upon gas heat »nd slectric
welding,

2. Plumley, Stuart, Oxy-Acetylene and drc Welding, University Prlnting
Press, Minneapolls, Minnesota, 1939, 402 pages.
Discusses oxy-acetylene equipment, welding of steel, aluminum,
nickle, monel, copper, and various alloys, pipe welding, lead
burning, and outlines laws, codes and rules of welding.

3i. Rossi, Boniface E., WG1d1ng and Its Anplications, MeGraw-Hill Book A
'~ Co. Inc,, New York, 1941, 343 pages. - T
- A clear, undervtandable treatment of the diifexent welding
processes, their relested phenomena, techniques, and general
applications in industry, with amphasis on the arc and oxy- .

., acetylene processes. _

ba Qacks, Raymond J., Theory and Practice of Weldijg, D. Van Nostrand
‘ " Co. Inc., New York, 1944, 383 pages.
Discusses the industrial use of arc welding, equipment elec-
trodes, joints, welds and characteristics, testing of welds,
flame cutting, safety in arc welding, welding symbols, and
‘contains an 0perators training COurse.
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« Technical Reference Books for Welding

'

.. Lo Alr Reduction Sales Go., Manual of Design for Arc Welded Steel,
S Adey Reduetion Sales Co., New York, 1946, 381 pages.
' A good reference dealing with design of eructures fabricated
from steel, :

2 Althouse, Andrew D,, and lrouncuzot .Carl H., loderg Yelding

... A study oi the theory and nraclicé of electrie and oxy-
. acetylene weldiny of m(Lal% both ferrous and non-ferrous; it
“includes discussions of wolnlnr equipment, weld Leublnp, iden=-

. and the wclding shop.

Ll 30 Amerlcan flelding Society, Welding Handbook, American #elding
X b Society, New York, 1938, 1311 pages.

S A handbook compiled irﬁm papers written y specialists in the
welding field, covering the latest procedures and the latest
information about research activities in the field of welding :
engineering.

4 Davies, A. C., The Science and Practice of Welding, Cambridge
' University Press, Mew York, 1941, 436 pages.
A discussion of oxy-acetylene and electric welding from the
view point of the scilentist,

' 5, The Industrial Publishing Co., Pockeb llanual of Arc Welding, The
Industrial Publishing Co., Gleveland, Ohio, 1243, 127 pages.
A study of eleetrie welding, equipment, expanslon and centrac=
SR ) tion, testing welds, welding metallurgy, electrodes, a glossary
R - of terms, and symbols. L

6," The Lincoln Blectric Co., Procedure Handbook of Arc Welding Design
‘ and Practice, The Lincoln Llectric Co., Cleveland, Chio, 1945,
42862 pages. :
A complete study covering all phases of arc welding,

7 - Linde Air Products Cov, The Oxy-Acetylene Handhook, The Linde Air
. ‘ Products Co., New York, 1943, 587 pages.
Y study 'of the peneral principle of* the oxy-acetylene process,
AR welding of ferrous, and non-ferrou a}loys, cutting, inspec-
7 tion and managenent.,

N 8.. Mackenzle, L B., and Card H. S., The Welding Lneyclopedig, The

du v e fielding Englueer Publishing Co., Chicago, 1943, 696 pages.
A study covering all phases of welding 1nc]ud1n¢ electric,
oxy-acetylene, thermlt res1skance, and atomic-hydrogen welding.

e Oxweld Acetylene Co., The Owwelders anual, Oxwold Acetylene Co.,
: Chicago, 1929, 228 pages.
A study of oxy-acetylene weld:nw hlStOPy, welding and cutting
. processes, Weldlng of ferrous and non—felrous metals, and safety
,{practices.L‘,e_ Sl : .

.

. Practice, The Goodhesrt-Wilcox Go. Ine., Chicaro, 1542, 412 pages.,yif

tification of metals, heat treatment of wetals, pipe w0]d1ﬁp vk
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Sykes, . W., Drawing and Develormen®t for Practical Welding, Pitman
Publishing Co., Chicago, 1944, 72 pages.
A study of drawing and ketchlng as applied to welding and
includes weld joints, their use, simple developments for welded

construction, distortion problems, and how they way be overcome,

Frankland, Thomas W., Pipe Fitters' and Pipe Welders' Handbook,
- The Bruce Publishing Co., Hilwaukee, 1745, 160 pages
A pocket-gized reference-manual for pipe filters and pipe
welders, containing the ¢learly presented, amply illustrated,
and simply arranged information needed by tradesmen 1n ‘the
field

N
4 .

B  lg

;}ivPeriédﬁcals on _Welding

!klashes, The Thowson-hlbb Klectric Weldiug Co., Lynn, lMassachusetts,

Free,
A wonthly publication on production welding by the use of
resistance welders.

Grits and Grinds, Norton Co., Worchester, llassachusetts, Free,
A monthly publication on grinding wmethods and grinding wheels,

Hobart Arc Welding News, lHobart Brothers Co., Box AN-42, Troy, Ohio,.
Free, This magazine or ard welding news is a compilation of |
articles submitted by the uscrs of lobart equipment, and the
readers of the Hobart Arc Velding News. '

Industry and ﬂolding, Industrial Publishing Co., 1240 Ontario,

Gleveland, Ohio, Free,

A wonthly periodical covering the latest practices in welding
repair, maintenance, fabrication, and lists welding equipment
supply companies and manufacturers. Contains an advertisers

equipnent index,

Oxy-Acetylene Tips, Linde Air Froducts Co,, New York, Free.
A monthly magazine which covers the latest methods of oxwelding
as applied to the various industries,

The P & 1 Weld, Harnschfeger Corporatlon 4400 West WNational,

Ml]waukoe, Wisconsin, Free., i
Published every other month and contalns artlcles on metallurgy,§

ropalr, production and malntenance. :

The Stabilizer, The Lincoln Electrlc Company, Coit Road and Kirby
Ave., Cleveland, Ohio, Iree. i
Published every two nonLho. Contains descriptions oi niahy '
unusual repair and production jobs. A good magazine for in-

- strucbor, student and welding operator.

:The Weldlng Lnglneer, The We]dlnr Lnglneer Fublishing Co., McGraw-

. Hill Book Go. Inc., 330 w. A2nd St., New York, Price $5.00 per
';: ye aI‘ * ; . )
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.;/// A monthly issue publishing current articles on welding techni-
’ ques, cutting, brazing, flame treating, design, construction,
... and also covers the very latest procedures in production, in< = -
- spection, maintenance and salvage.

'Jj“95 Weld-It, The Taylor-ﬂinfield'Gorporation, Warren, Ohio, Free,
T A monthly pamphlet concerning resistance welding news about

~applications of spot, projection, seam, and. ilash-butb Neldlngggﬂ?i

<7t .. machines and equipment, D

10. ' The Welding Journal, The American Welding Society, Publication
Office, 20th and Northampton Streets, Laaton, Pennsylvania., . , |
Price $4500 per year. A monthly issue covering current welding . .
problems, and new developments in welding. Published for the
advancemont of the scionce and art of welding.

‘*,?xbree or Nearlv Free leachlng Aldu for Neldlng

Welding 1s a comparatlvely new trade or science and for that reason
.”ia#i mdnufadtUrefs-of welding equipment want to ﬁake their products known.
'bvﬂdld 50 doing, tﬁey publish an abuﬁdénce of material that is of considér-
,f”aéle value to théiwelding insﬁruqﬁor as well as to the operator. Much
dﬁ?;of this7materidi has never beeh'iﬁcluded in any textbook on welding and

a yet every weldlng student should know that this material is available 80

‘:thhat he may obtain it and make 1t a parl of his working knowledge.

. All of the larger welding equipment companies have a publicity de-
1fd:pér£ment where they cause to hbe pfinted from time to time the 1ate$t |
:ﬁfdiﬁfdrmation on recent dGVelopmédts in their fields.‘.It is pOssiblé.for

any welding instructor to have his name placed on the cowpany mailing

1igt without cost. ~In this way the teacher may benefit from the experi-

: .

hents carried onin the finest weiding'labofatoriéé’in the world: The

,follow1np is a llst of V&lUdblF Leachlng aidss -

“”i~ Color uulde to ‘Adrco Lléctrodes, Air Reductlon Salcu Co., New York.
A sheet 1¢st1ng several Airco electrodes indicating their color
markings as a means of 1dent1fy1ng them and 1lsb1nn the recom-

mended use for each,

( ‘é;» Common Faults in Arc Weldlng; Hobart Brothers CG., Troy, 0h10..
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L ﬁ v;th " An excellent booklet on the faults of many welders and sugges-
Voot e, 0 tions on how to'overcome them, ’

-----

S cw York. A c critical discussion of the methods of testing
‘.07 yelds including; tensile, fatigue, hardness, hydrostatic,

8 - .stethoscopic, x-ray, elecbrical resistance and magnetic
testing. T A

e ;3}_;Qgﬂ‘ clhive and Non=leg tructlvg Tegtg, The Linde Air Products Cosy

" j&; Fabrlcatlon of Oxzy- Acet lene and Welded 3teel and Wrought Iron
L Piping, The Linde Air Products Co., New Yorlk.,
A very good booklet on pipe welding, templet layout and in-
gtallation of welded piping.

it 5¢ Handbook for the Welding and Cutbing Operator, International Acety-
o - lene Association, New York. This bocklet contains many
valuable suggestions on welding and cutting,

64, Oxwelding for General [ainlenance, The Linde Air Products Co,,
‘ - New York, This boolklet tells of the widespread utility of
the oxy~acetylene welding process in all kinds of maintenance,
It contains many short cut methods,

» 7y Precaubtions and Safe Practices, The Linde Air Products Co., New .
York. A twenty-four page booklet on the do's and don'ts of
oxy-acetylene welding. A very excellent source of information
on safety practices.

. Preventing Weldigg and Cutting Firesg, International Acetylene Asso-
ciation, New York. A booklet full of good sugpgestions for
the prevention of welding and cubting fires in the shop.

‘f4f;9;, Randa]l Tip Cleaner Data Shect, Welding Cutting laterials Co.,
R 52 Burlington Ave., I 3orth Kansas City, Missouri. A sheet
S 11@L1ng all popular brands of oxy-acetylene welding and cut-~
ting torchées with the size desipgnation of the company and the
" number of the drill size corresponding to it for every welding
tip and cutting tip.

Stoody Handbook for Hard-Facing Farm Dauipment, Stoody Co.,
Whittier, Califorhia. A bboklet discugsitug the otandurd prac-
“tices used in hard faclng all kinds of farm machinery and hand
tools uged on Lho farm, '

::,:” 10.

11, Welding. Procodurc% Alr chuctlon oales Co., New York, Price, sixty
ecents, ! An evLel1ont booklet discussing the choice of welding
rod, welding process, and the proper procedure for many types

of Jobs.

ALl of these materi 1s are free w1th the cxre»tion of the last

booklet We1dlng Proccdures, Whlch is '31xty‘cents. Most companies are

g .
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5 glad to send copies of their lltorature to instructors and gtudents upon

e ';x

requo t 1hls~1s an excellent method of learning about the latest weld-

ing developmeﬁts; The writer suggests that a file of such éurrent mas

‘ﬁ-ﬂﬁériwlvbe‘képt in the high school library. Discussions of this. materla] o

should be 1ncluded as a regular phase of instruction whenever it 1s

VTv_pngctlcable'to do so.

: , An Bagulpment List
Lfor a Hich School Welding Course

1

Oxy-acetylenc and arc wolding may be offered either as two separate’ .

;1;courses; or more cémmonly as a combiration course including the funda=

:megﬁtals of both. In the choicc Df welding eduipment for a high school
":3;;Shgp it‘is Strongly redOmménded tﬁat nationally known brands of equip%:
”‘:“jment be purchased ffoﬁ»IOCal distributors who have an established serviéé

'department Thus, if equipment is:broken, or in need of repair, the

delay npco)gwrv to put it back 1nto oyeratlon is kept at a minimun,

Thls equipment list is in bhree parts, (1) Oxy—acetylene we]dlng

o equipment (2) Fleotrnc welding equlpment (3) and suxiliary equiphent

needed in a welding shop.,

e OijLAcetvlene Welding Equipment

5  Combination welding outfits, each consisting of the
. following items: | Telding torch, cutting attach-
ment,. 5 tips; sizés 2,4, 5, 8, dnd 10, 2-stage
acctylene regulator, ? ~stage oxygen regulwtor,,p_
25' of ]/A" twin welding hose, welding gogples
W1th #5 lens, sparkllghter, Nrench and tip

L clednerse . & N T Y e s e o B 609.00
1 Frehesating : furnacé W1th tab]e (shbn fabrlcated).‘. o« o el 15.00
5pf. Blacksmith tongs = 14" « . & 4 . . e 4 iele e 7.50
5  TWelding tables, 18Mx30"x36" high (shop made) i e v e e e 50,00
5 E Welding stools: (shop made) & o 6 5 b % .e e 6 8 o & o o . 10.00

1 - Acetylene. renerator portable - 3@ 1bs._cap.. c e e e e e 142,00
| | . Total. cee o $833.50
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 Llectric Nelding Equlpment

3 Welding machines DC 200 awperel complete with
‘~»»%v standard accessovy packs COﬂtllﬂlnF the
o P followings 1-35' length #2 cable, 1-300
.. length #2 cable, electrode holder, 1 ground
... clamp, 2 lug terminal attachments, helmet'. .,
i with #10 1ens and cover lens; w1le bruuh b
fer sy 7 and leather Bloves. o s Wil h e e a AN $ 918.00
SR Weldlng machines ACG 300 amperel complete with o
: . accessory packs containing the followings

1=35' length #1/9 eablo, 1-30' length of

8pot welder, KVA 10 = 18" Cap Thro aL 16 Gauge cap « « . __ 425,00

o #1/0 ‘eable, elecbroﬂe hn]der, ground clamp,

ot  helmet with #10 lens and:cover lens, wire o

o brush, and leather Floves o v v w e e e e e 600,00 -
5 o lland shields o v v 4 o 4 e 6 e e e e e e e e e e e e e s &.60
- 5pr. Welding gloves . . . . i e e s e e e e ke e e 13.50
5 . Chipping hamwers (shop jahrzcated) e e e e e . 1.00
5 . Welding booths (shop made from nyJuod or sheet metal) . "~ 150,00
L Bxhaust BIoweT o v v v v v e 4w e s e e e s e e e e e e - 75,00
1;15J -~ Welding stools (shop fabrlcatpd) e e e e e e e e 10.00
1

Total. « &« « » § 2201,10

' « Auxiliary Bauipment Needed in the Weldineg Shop

: AnVl]S - 1(‘)0 lbs . . ® . . -4 . L] . o. « - . . . . . 30.00

2
15 Cold ehisels = 3/8% bo 0. L oL . i e e e e . 2,50
1 Drill, portable electric 1/2" cap C e e e e e e e e 50,00
“.1 .. Drill press, {loor model with motor. . e e e e S ;
. lset Drills, tw1sb 3/64" to 1/2" by 64 Ths, hlgh gpeed e e . 16,50
-6 TFiles, mill b”stard, with handles 8" to 12", . . . . . . - 2.10
3 "Files, round ~ 8" 0 12" L L . . 0w 4 e e ee e e e e e .90
2 "Files, half vound = 8" 50 12", . & . 4 . 4 e e e 6 e e . .60
1  Grinder, bench type, heavy duty - 10", . . . . . . . .. 50.00
.. 1 . Grinder, pedistal heavy duby ~'l?ﬂ P s e e e s e e e 154.00
“'3 . Punches, center - 3/16" to 3/8". e e s s s b e e e e 1,75
4 llacksaw frames, hand adjustable - anl Lo 5.25
2 Combination square sets JuCTUdlnp center head : o » L
and bevel protractor. v o v v o 4 0 e 0 e ete o al. 0 F8.000 e T
2 Machinist vises = O JAWS. « & v + o o o o o o6 o o 4 22,50 T
1 Grinding wheel dresser . . « « v v o ¢ i ¢ o o e o 0 1.20
10pr, Safety E0ZE1ES o v o v & 4 4 e b e e e 4 s e e e e 15.00
C 2 Hammers, engineers = 2 1bs o s v v o v o ¢« o 0 v, 0 s o 2.8
2 ' Howmers, ball pien ~ 1602 v o & & 4 v o o v s 0 i a0 o s 1.80
6 Screwdrivers common = 6" to 12", . . . L. o4 00 . . 3.9
.. 2 . Wrenches, pipe = 18" and 24" Uy o v 0 0 v b ee e v e s £,00
© 2  ‘Carpenter squares -~ 24", ., . ; T T A A T 6.00
10 . Pocket tapes = 6'. . . . B 15,00
1. . Work bench - 36"x7)" 3u" 1,5 (S!Op bu11t) Gl e o 24400
1  Bench shear - 12 guasge quarlty. C v e e elee 0 ee e 30,00
1

POWGI‘ hack SaW ¥ 6 € o o e = '; e o & l b"}‘ F b' ¢ e 0 : .co . : O.OO
o | S Toballs .o o $ 55147
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"i“demary'of the Cost of Welding Shop Equipment

l Tota] cdost of Owy~qcety]ene Welding Lculpment e e e ; s$ ‘833.50

15? Total cost of Lloctrie Welding Bguipment o« o+ v v & & & & "2201.10
o Totql cost of Auxiliary Equipménbte o o o ¢ o v o o o o o o o . __ 55147

V) ‘; B

fi :7:” : ,§§  ’;f o TOLQl.Ib?; R r“6 07

Thjo equipment list was maue up as a near 1deal sunply of Lools.

Schoole flrgt instaJljn; a wbld1n shop ghould get only a p01tion of

”Tntheso Lools and build up fhejr Jnventory as the expansion of the propram L

'5?£;makes the need apparent.‘

eﬁf;A Llst of Oklahoma Supply Comuanles Furnlshlnp fHelding Bouipment

" both

lhe companies whose names are 1nc]uded in the iollow1np llst sell

oxy*acebylene and are we]dlnp equlpment machlnes, and Supp]les.

Vf',Several of them malntaln service departments for all makes of equipment :

¢;;€and also have branch offices in the smaller towns of the state._

305 fiast First, Tulsa,

;ﬁgAir Reduction Sales Go., 1521 oouth Agnew, Oklahonia City, and

“‘aAllis—Chalmers ifg. Co., 201 1est Grand, Oklahoma Gity.

-ﬁ.Big Three elding Bguipment Co., 2750 Sand Springs Road, Tulsa,

and 1643 Exchange, Oklahoma City.

Harris CaloIlflC Oxy-Acetylene Ncldang unlpmcnt 113 South Denver,
Tulsa. .

" Hart Industrial Supnly Co., 308 East Fourth, Tulsa, and

411 West California, Oklahoma Gity.

Hobart Welding Iquipment Co., 214 Bast Third, Tulsa,

lcbart Weldef Sales and_Service, 518 South Robinson, Oklaloma City.:

Independent Supnly Co., 1406 North Eastern, Oklahoma City.

‘ fKraut Welding EquipmenthCo.,eQSIB N.W. 16th, Oklghoma City.,

. Lincoln Electric Co., 25 Bast California, Oklahoma City, and

2750 band Sprlngs Road, Tuloa..

;4 L1nde Alr Produdts. Co., 1700 bouth Agnew, Oklahoma City, and

524 Exchange National Bank Bldg.‘and 320 S. Boston, lulsa.’
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5_12;f Marshall Supply and Bguipment cé., 109 West First, Tulsa,

 9313. IJdeko Surply Go.; 100 East iain, Oklahoma CJtVL

" 14. Natlonal Cylinder Gas Co., 2131 H.E. 10th, Oklahoma City, and
e, mlo 31] Last Thlrd Tulqa. - . TR

i i1 1??Sooher Oxveen and Supply Co:, 517 S. Robinson, Oklaéns Clty"

16, Welder's Supyly, Sales snd Service, 422 S. Walker, Oklahoma Gity.

A Recommended Course of Study
for Oxy-Acetyvlene and blectric Welding

The following outllne for a course of study in welding ineludes
v%;:unitS‘for‘the theery of welding as weil as the laboratory exercises.
Ee ;it doss not purpert to be eitlier complete or rigid in its requiremente,
fiﬂ,butfis wfitteﬂ 83 aﬁ ald to the ineiructor in formulating his own course .
of Etudy. This guide ihcludes bOtb oxy~acetylene and electrile weldihg R

: outiinos and covarsgenough material to be used as a two—year couree iﬁe“
:é weldlng. | |

Recommendeu Textbooks for High uchuol Welding

There are several very good bextbooks in the field of Welding;
eiThese listed in this paragraph were chosen because in‘the opinion of the
ua“ Wr1ter they flt the need for a ba51c textbook in a hlgh school course
f‘1n welding. Lvery student should be supplied with & tetbbook The stu-
=

5? dent st learn v1rtua]1v a new vocabulnry of teohnlcal terms in connec-;‘i‘ i
BT A R

tlon with the course, and in addition, a set of procedures and techniques

necullar to weldlng ileld

| 1. Glachlno, Jd. W., Oxx-AcctyJene Welding nnd Cuttlng, The Manual drts
- Press, PeOrlﬁ, IllLDOls, 1942, 196 pagess

2 Kerwin, Harrv, Avc_and Acoty]ene Neldlng, thraw—HJll Book Co.,
‘ New York 1944, 23) pages. f-”,_ .‘v,

33 Matteson, My S., Oyv—Aecbvlene Welding, Brﬂce Publlshlng Co.,i”
N 1lwaukee, 1942, 64, pares.,'”, ‘ o Do

o N
. B ot . g 1
o . B . . RS : B ¢
= [ .
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'\ 4. Rossi, Boniface E., Lanual of Instructlons in Welding and Cutting,
“ © McGraw-Hill Book Co., New York, 1941, 99 pages.

t

L The Course of Study Outline

Each unit of study is documented in the three textbooks listed be-

sy

‘élow.: The number precedlng the name of the toxtbook corresponds to=its?;vv>. L

1 001umn on ‘the right hand side of the page.

1. Matteson, f"S., Oxv-Acetvlene Welding.

,”},f 24 housi Lonlface L., A Ianual of lnshluctlono in Welding and Guttlng.

'fg} ’3. KerW1n, Har1y, Arc and Acotyiene Weldlnp

A Course of’ btudy Jn OxJ-AcetyWOne deldlng

Theory Units e L. 2 . 3
, ‘ s : : i
Unit 1'51Modern applications of welding ¢ i 3 -
‘ %25 " Oxy-acetylene welding | : 9 $ 67 s 1 @
o B - : : t $
"3, Safety Practices in the oxy~ t ¢ r 0
’ . acetylene welding shop t 64 67 2 '133. ¢
t t : :
C b Oxy-acebylene welding equipment : ¢ : $
and its care L : 13 71 t 4 :
. . . : .2 : 8
5, Oxy-acetylene culting equipment ¢ t S T
and 1its care 1 t 43 % 98 ¢ 14 s
: : s T t :
6. The acetylene generator r 30 ¢ : 5 o
7. Adcetylene gas, its manufacture, R | L ot
containers and storage H 10 H 71 : 6
: : : t U I
L8, Oxygen,. 1ts manufacture and Y fzﬁ¢'i“;ﬁ e Tt
s storage *if,,§_3,:_ . ;in RIONERT IS PR - R A N S
‘ v ' R s :
9, Weldability of metals K : : :
10. Uefinition.ofaweiéiﬁgbte}msﬂ LT e = '
' K A A ' s
11. ‘PIeheatlnp, 1tq effect. and R S A L
: , : : t
12, Pipe weldlnp and temp]et layout : 58 ¢ 85 t 80 s
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- to A" plpe

"ﬂlLabopator& Lxercises for Oxy-Acetylene Welding 1 ; 2 ; 3
G T o ' 3 : T

L Unit 1,0 Setting up the Ofy-qootylene : : :

LT T - welding equipment LR P I | GRS
; n : R SR
7 2.  Lighting adjusting and shuttlng I : H
‘ ~off the torch P16 s T4 P22

RTINS ) B ' i ! T R 1 s 4 ) .
“. 3. Carry a puddle on. black iron R L TRy
© 0 gheet 14 to 16 gauge 17y 76 0 v 29

L : : t t
4+ OCutting with a cubtting torch A T 98 t 14,16
5, Deposit a straight bead w1th : L :
a filler rod (I A 76 ¢ 26
. : : : :
‘ 6. Weld a closed corner weld on T t :
black iron sheet (thhout filler: : :
rod) .8 St t 30
7. Veld a butt joint flab position : ro79 0t 31
: : N 2
t8, Weld a butt joint vortlcal : : s
position ' 30 ¢ &2 s 52
D : : :
9. Weld a lap joint flat position ! t 81 % 42
TR : : ‘
10, Weld a bubtt joint horizontal ! 32 3 86 2 39
: ‘ $ : :
11. Weld a lap joint vertical : : 83 LIV
12, Weld a tee joint flat 23 0+ 81t 45
‘ - H : ¢ :
13, Weld a tee joint vertical ' PooE2 P48
1. W‘eld’amtt joint overhead : g,
: oo o H : H
Weld a lap joint overhoad ' 3 g4 . 3
: t :
Weld a tee joi'nt overhead : g,
: S H H :
Y =Je]d;a;s1ngle vee butt 301nt ST :
flat on eéaste iron t . 39 0t 91 114
y ' - : :
18, Braze a single vee butt joint  * : o : v
flat on casté iron 3 't L6 ¢ 92 ; 126
: 1 o8
19. Rolling weld butt JOlnt on 2" v : : ‘
: : . 1L 58 8 to57

ee. oo ov we' eu e

P S0 PE 00 IV S 48 B b 8. o> we se s

T a8 %9 88 28 % 4% 4B w6 *T 46 48 N2 A W 40 6. CE B0 I3 W0 NG GB 9% 6 oo s eb 8 e e
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N H ) H ) H ] H
-Laboratory Exercises (continued) . Lo, o2 3y
» - 3 t 1 t
© o Unit 20 Weld a flat flanged joint in : ot ' s s
P R alumlnum 14 guu;e gheet - : 49 9 : L
ok . . . g
21, Jutt weld caqte aluminum flat : : St $
: : : : t
£ ”jA Gourse of btudy in Llocbrlc Weldiug »
: s 3
Theory Uhits o : . .
' ' $ : ¢
Unit L Industrial applications . of arc ¢ ot $
. weldlng H H s
. ' ! H :
i 24 Types of electric weldlng , : : s B
' ,;machlnes s : s 137
; o : H kR
L Safety practice in arc welding H : 1 ¢ 146
S ‘f Jt4;V Care of 91ectrlc weldlng Pqu1p— ' : ‘ :
-?¢j‘l“‘?_ ment ' S H H 1 : 137
SRR T t s H
5. Setting ‘the c¢urrent for elec- 3 i :
tric welding : : 2 139
T ( o :
ERE ' . A $ o :
el “ 6., The electrode and its arc s 4,5 % 14
N : ' , 2 t s .
7. Testing welded specimens. : s : 229
) . H 4 H :
8. Bxpan51on, contrachlon, and : I : ‘
esidual stresses : : 14 + 109
: H I I :
9. Welding jigs and fixtures $ s :
Laboratory Exercises in Klectrlc Welding ;_‘ v‘; :
" ' e : t t
Unit 1. Setting up the electric ot L Lt
: weldihg equipment ot L ce 137
. ) ‘ . B =1A-t ,Q:a.t,’ s
2, . Striking and holding the arc . 3 BT s 150
o 3{ “Ruinning parallel beads with @ ' ¢ FE
: bare electrodes flab ’ oAt ¢ 03 s 150
o .4. Running parallel beads with r ot R
: L S8 50 e 152

coated electrodes

46 S0 3D 20 2D W0 TS GRS 9T T G0 e Y W ED G0 4 e s ve e e e «w

6% %6 40 40 s 20 23 2% BB AB e A
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g ;;fﬁéﬁqrétory Exefciseé (continuea) : 1 | : 2 :. 3 :
‘iBuild up a'péd ::, | :v 13 : 155 :
’fiWe]d a tee JOlnt flat l;i :u ': 10 “:, 156 :
?QERUQ énfqllel headu vertlchi ; f:q;.jg'sfg:ﬁjiié7;{:;
. Weld a tes joint verLical : ; 19 ; 164, .
. Weld a butt joint flat » : .:i10,32 : 180 .
RIWeld_a butt joint vertical . ; 20,44 T .
Run ﬁarailel beads ﬁorizontal ,; : 39 : *:
'f'Wela a butt joint horigontal ; ] : 22,47 :"1194 :
.‘Run parallel boads overhéad : ; 23,48 :: 190 :
f | Weld a tee joint overhéad : ; 51 : *”:’
fﬁ?i;gif 15. Weld a butt joint overhead + v s : L 100 ¢
16, Weld é bugt joint in casﬁe : : : - :%
Jiron flat with nickle rod = t : 214 ¢
17, {Eléctric braze a butt joint b : : | :f
in caste iron (may he elimi-~ kN 3 : :
" nated 1f desired) x s t : 126 ¢
: : : o0 :

18&’ Butt weld aluminun Ilqt

"*  The Use of Projects in Welding Courses
The fo110w1ng draw1ngs dre of éxer015ﬂs and projects to be used in

;f%he;course. 'The exercises were plcked at. random and are to be used wherezu“”

L the;lnstructor feels they &are mogt noeded.. It is not recommended that

' the prOJects be used untll the 1atter part of the course because most sbu-

dents w111 not be ready to make weldq that will glve satlsJﬂcbory service

until that»time.p
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15.° It is unnecessary to remove thé slag when using bare electrode. -

16 - The residue left on the top of the weld with coated electrode
should be removed before the weld turns black.

17.  Choking the are means to hold it as close to the base metal of
“the. crater for an 1nstant, dnd thnn pulllng it aWay qulckly. _
_18, At the' chanpnbof eloclrodes, o, sp001a1 procedure 1s neoded to

‘ _cover the depression left by | the erater.’ ' :

19, ‘The woav1ng pnttern does not need Lo be unriorm.}h

L P .
'i

20. & cqrbon eTectrode is us Gd to ostabllsh poldrlty on a DC wold-
Cing nachlne. : .

21, When welding thin p]ateo lopether no aTloqucc need be made
. for @ypansion and contrqctlon. :

22, When steel is heated 1%t expands, ahd”ﬁheﬁ it cools it cohtracts.
23, In carbon arc welding no Filler rod can be used,

'ig  ,.:'24.‘ Arc wélding can readily be adapted to automatic'welding.

25. Welding nleglroﬂcd wnJch are mode For reverse polarity, weldlng‘
on a DG welder, may be uqou on an AC welder if desired,

fﬁ‘hultiplc Choice Test Queastions for AIC Welding

Directlons to otndent: Underscore the correct answer to the follow-
ing questions and ricce the number of your choice in the parenthesis at :
- the rirht of cach question. S8ee example. '

én,ExampTe' Beads should be deposited from (1) left Lo right (2) right to,

“left (3) either direction........ T P R (1)

~ 1. The proper clothing to wear during arc welding is (1) a pair of
- goggles, (2) adequate covering over cxposed skin, (3) ordinary
clothlng.......-.......;..-. R N N R R IR I IR PP )
;-jj'After strlkinu the arc, the elpotrode should be (1) advanced
~ down the weld immediately (2) pulled away as far as possible
" to hold the are (3) held momentarlly to start fu51on............( )

© The electrode shouldlbe held at an angle of about (1) 450‘ : ‘
- (2) 200 (3) 30° to the work being relcec ()

de - Too slow movement causes 1) HOOT fuﬁlon 2) an uneven bead
I
: (3) XCGSSIVG bUl"ﬂlng...-..-..--q-.n-.»..q.-'-.-'-..-‘s.-.----.--. ( )

:”5; ”Too faub movnmcnt in runninp A h@ad rpsu1tu in- (l) an 11noven
‘Qboad (2) good Luaion (3) evCGSUIVe burnlng.............sea..... ()

’.‘r




'?_'»12;j
0P (1) too high a setthg on the machine (2) wrong polarity
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tIn case JOUP eyes get "flaﬂh" hnrncd from’ tho arc, the best relief

is to (1) rub your eyes v1“ordusly (2) apply butyn sulfate solu- -

vthﬂ (3) lay down and close your oyos........a...........}.a;.@ ()

lvArc blow is (1) a wind blowing the are stream ( ) a mnrnotic'
condition cauvsing an unstable arc (3) the result of too high

oi a ourrent sottln}.............s.......s...................;a (1)’

Aro b10w i5 wore evident on (1) AC welders ( ) DG werers'

(3) is bhe same on bfﬂ:h......." Oc---vol-ic--uoto‘l-.lob.-o-o-o.‘i ( )

~ The temperature of the are strean is (1) 55 OOO F. (2) 6500°
(3) 75000 Flltoto.c-do-onc-‘o-o‘o-'---oOOOo'

e v-oo'oc-oo-nooodnc )

 DBeads should be deposited From (1) left to right only (2) rnpht
.. to left only (3) either dlxectnon..... ...... .................,. () -

‘A crater is (1) a tool (2) a slag inclusion (3) the end of a

‘l!eldoonnn-‘.-‘--lot( LECRURE R ) ‘o'-o-noolv-toooooooooooioooooc.nloo.()

ihen an arc is unst: ‘ady and blows exces 31vely the cause is

(3) the gI’Ound ls I)OOI‘..---.... ‘oootut.o-oo-oooooo--oo--oooioc ()

~ ‘53_15.
116..

~ (3) either an AC or DC welder...............;,...............;;.( )

19.

20.

A pood arec can be identified by (l) a steady splatter,
(2) a steady cracking sound’ (3) a long pudd]e...........a..;...'( )

* When a multiple pass weld is used (1) only one bead is

needed (2) only a filler bead is needed {3) at least a

“stringer bead and a finish bead are needed....vivvieevinenciias ( )

Assuming 1/4" metsl is used; which joint reguires the least
preparation? . (1) butt (2) lap (3) double vee hutt joint....;..w( )

In the shielded arc welding process the electrode (1) has no
coating (2) has a heavy coating (3) may or may not be cdated,.. ()

A transformer welder is a (1) DC welder (7) AC welder

A crater appears’ wheie the (1) we]d starts (2) weld ends e
(3) slag fails ‘Lo float out af Lhe weld;...ad,...rr...ﬁﬁt.;aiﬁ}‘(g}"

Choking the arc refers lo (1) starting a weld (2) Stopplng
the arc (3) breaklng the arc;...........,..%...,.. R ()

Polarity on a Db flachine may be detéfmlnéd by uSan'é
(1) heavily coated electrode (2) a carbon electrode (3) a
tungsten e]ectrode.........:................................... ()

.
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ple&;gnﬂlest Questions for Are“Weldinv

This is a complétion test. Fill in the proper word in the blanlk

y opnce in ench of the following questlons. One word is all that is
},}snece““ary unless wmorve. than one space is provided. Study the example
carefully and then start the tests

‘Lwamplet The term nsed bo refer to electric weLdjng is: grc welding.,

.1;
|

7i L3i 

10, -

AC is Lhe abbrev1at10n for -&; L i'\: S ],v 3 ﬂii?tv?si;{i 3
bC iS‘the abbreviation for ‘; : .
The‘name fer the weld used on’a Llap jejgteis 8 .. - .weldf_b
'JJhe four position welds ave (1) ‘ o (2)
%) S e () -

o _ .. is the name aprlied to an electric
current that reverses its direction ol flow at regular intervals,

&n is the state of an electrical current jumping across_

a aseons gap that 1s a parb of the c¢rcu1b

:There are tWO.general,types of tests uSed in testing welds. They

are e . and . . .

. is the action of the arc where it =~
igs unstable and jumns in VdflOUS directions due to a magnetie condi=-
tion. : S '

The _ ' . is the depréssion at the teérmination of the weld.

The method used to build np a round shaft where each bead is de-
posited at an angle of 130 degrees from each other is called
» welding.

.k

S OxV;Acetylene elding True-False Test

Study the statement carefully. If the stateuent is true, place a

"IN in the space precedlng the number of the question; if Jt is false,
'p]ace a "F" in the bpace DIOVlued

1. Acetylene,ls‘a colorless; odorless pas thaf will burn.

barly progress in oxy-écety]ene welding was slow .due to the
difilculty in produ01ng oxygen in commercial quantltles.

3. A 3% acetylene and 07% air mixtﬂre 1s evp1031ve.
he An early_use of oxygen_was as a pas for home llghting;

5. ‘Acetylehie gas is alwost wholly free of carbon-monoxide gas.
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6. Calclum carbide is produced by melting lime and coke together
In an electric furnace.

The core of an mcotylen@ gas eylinder is filled with charcoal,
asbestos,; corn pith, etc. and ig saturated with acetone,

: Oxygen £as will not burn but supports combustion,

’fOne vnluwo of liguid acetone at normal temperature and pressure
will absorb twenty~[ive times its own volume of acetylene.

10, - 'The oxy—acetylenc torech supplies uwpro Jmately’equal parts of
¢ oxygeh and acetylene,

11. The {enperalnro of an oxy- nuetylone neutral flqmc is approxi~
mate]y 5800° F, ; : :

126 An oxidizing flame is hotter than a neutral flame.

_ 13, When setting up welding equipment, the hose and the torch should
. be blown out with gas pressure bufore they are connected for use.
lhs It is considered pood practice to cut down the flow of pas in
- a given size tip, so that less heat 1s obtained from the flame’
for welding, : : ’

R

15. Oxides and 1mpur1t1es can be f]oated out of a weld by m1x1ng
~the molten puddle.

16. fixpansion of the motql to be welded can be ignored in material
of 1/8 inch thickness or less, :

_17. The purpose of rotary motlon of the torch in Weldlng is to
b secure good penltrablon. :

18, Clean metal is harder to weld than dirty rusty waterial.
19. A wash weld is a weld that ig used to cover up poor workmanship,

_20.  An acetylene genorator should contqln one gallon of water for

each pound of acetylene. ‘L;;' o , ' R

21, No source of h@at should be allowed in the acetylene generntor
rooin, ’

j 22, ‘The size of opening in the tip maywbé,gfilged larper if desired. -
ALl hose connections should be strictly leak proof.

| 2he 1% is permissible to use an acetylene cylinder when it is laying
down., : :

25. Gasbe iron contains 3 to 4% carbon and about 94% iron.



- 28, Thnre are three atanﬂard t"pes of presoure regulators.; o

Y

26, laterial as 51mi]ar as possible to the base metal should be
" used ‘as filler rod.

‘ 270 v blocks, shims, surface plates, and clamps may be used to

secure proper aligaoment when welding.

: ‘ R

?9. A good weldor is uoually al s]ov wo]der.“

[ ST

e '-’.a...;.v.......J

30, There is never an occasion when welding equipment should be
lubricated with grease. L e e e

';Multiple Choice Test Questions for Oxy-Acetylene Welding

" Directions to studenis: Underscore the correct answer to the

f:"follow1ng questions and also write the number of the correct response
- in the parenthesis at the right of each guestion.

S

B

o

:>y 5}

fiExample' Gas welding is a (1) pressure fusing (2) semi~pressure \ v
(3) ‘non-pressure, process.....a.....a....,.;........................ (3).

‘The meltlng point of mild steel is (1) 2300O F, (2) 2700° F,
(3) OOOF.o.-.a.-.iaon-o-.v-ov-obo-cuoo‘.---too-otooioo-tflbo () .

iA weldlnpbtlame with an excess of oxygen is a (l) nevtral’

(2) oxidizing (3) a carburizing, £lame..iviveevesiveicsoocoooee ()

A we]dihg flame with an excess of acetylene is (1) an oxidizing

(2) a neutral (3) a carburizing, flame......... errenneerieeeess ()

The oxy-acetylens welding toreh should be held so that the _
flame hits the work at a (1) 20 (2) 45 (3) 90 degree anglé..... ( ) -

.The acetylene hose connection can be identified by (1) red hose

and standard threads (2) black hose and left hand threads (3) red

hose and left hand threqu..,........a......a............ vees ()
Free CP!VIene gas can be compressed to (1) 250 1bs (2) 15 1bs
(3) 30 1bs per square inch without danEeTssevasennncennsaansson (

‘ An inpot’ is (1):a*tdol (2) & piece of unprocessed metal

(3) a spécial weldihg insbriment....ivsveervivreesaseseenencans ()

Aluminum can be welded by (1) arc welding only (2) all common

x‘types of weldlng (3) oxy acetylene weldtng NIy ivernoescnanness ()

Thc hottest type oi flamp is the (1) ox1d171ng (4) neutral
(3) CaI‘burlZlYl{_fa..:.‘......‘.....-e...-................'.s...... ( ) ]

aAnnealing 18 a. heatlng pvoce%s designed to (1) soften metal
;"(2) harden metal (3) maké mebali lighter.eeiveiveeiieeeiaiinnaans ()
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A fully chxr«nd cylinder of 0vygon contains (1) 2500 (2) 250
(3) QOOO tO 9 OO _1})\) I‘CI‘ CIQU('\T( .LI)C]I...-.....s..-............--

 There 1s d danger of od exces r‘of;ncotnnu beling glVen off it more
" than (1) l/Alh (2) 1/10th (3) 1/7th, of the tobal volume is
d-ra‘/n OC[ ln orie hOUI‘.......-.-;.}.. I R B S N P S R A R L

Er Soaklnp wlen uoed in. bermv oF heat treatlnp means to (1) put
g1t igteel inh-hot water over night (2) to subject steel to high

temperature for stress relieving for an extended period of

"(timé (3) to keep metal wetb for extended perlods of Hime...vee.s

16,

R

19,

20,

236

24;

25,

18,

If an éxcess of oxycen ls used when welding steel, it caus ses
(1) the puddle to boil and adds carbon (2) the metal %o be

~ burned away (3) a pood weld to be made.sioviiiiiiiiiiiiiniea.,

© When the gas welding torch hiss ses, 1t indicates that there is

an excess of (1) carbon (2) acetylene (3) oxygen in the

’I‘l]'lixture;.a...... ------- L I R R A A R R R S R R A R

The space from which the mebal has been roweved My g cutbing

process is called a (1) joint (2) layer (3) kerfu.eeveevesorees

A size 23 tip should be cleaned with a size (1) 23 (2) 33

(3) 13 til’) dI‘ij.l..i....y.....a'.----.--.-...-...¢.-...s...«......'

Portable equipment'for goenerating (1) oxygen {2) acetylene
(3) hydrogen, are used frequently in welding ShopS.s.e.veeesess

flelding is the process of fusing two (1) similar (2) dissimilar
(3) non-ferrous metals ogether............... ceresanas ceenne

Scale Torms on hot metal as the result of a combination of
(1) nitrogen (2) carbon dioxide (3) oxygen, and the hot metal..

Thermit welding uses as a source of heat for the weld (1) a
chemical reaction (?) a forge fire (3) a welding flame.........

Thermit weldlng produces a (1) very brittle weld (2) impure

weld (3) a very good weld.................g.;-,i.,.,..,..,t...y

3

Thermit welding is esp601ﬂ]1y qpp]lcablc to (1) small sections
(2) 1argo secb1on9 (3) medlum sactions of metal.eveiveenescnsas

Before cutting with the oyy-acebyleno cutting toreh, steel.
wust be preheated to (1) 800 to 10000 F, (2) 1400 to 1600° F
(3) 2506 tO 27000Fvo.a1.0.0-.00.-0--.-.00-.--1oo.oi-o ’lvltll.b

lachine cutt‘_ing. is =:accura‘<¢e £o (1) 1/en ,(0) 100" (3) .003".....

33
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¥? .06mD1etion Test Questions fbr_Oxjrﬁcetylene

‘ This is & complebtion test, Insert the'prbpor word- in the blank -
vy Bpace In each of the [ollowling gquestions. One word is all bhwt is
~‘necessary unless wore than one space is proV1ded '

J"“The substance . nsed” to cloaﬂse moba]s and de Dlve otldcs Wheﬁ We]d- >;:

B

Jng s ealled &L Lo |

2 Theve are two renoral types of regnlators used in oxy ncetylene
Lo weldiné they are ... _4__"~;"ﬁ~ and oo o .

v-.3$ﬁ v o . welding is ‘the term aphblied to weldlng

e v

'f when the flamo is dlrecbed on the comploted weld rabher Lhan on the
efummhkdmem1 | .

by L is an alloy consisting bf copper and bin.

o e . oS o1 b

e is the tern used wheno reLerrlng to the shrlnkqpe of
a weld on coollnn from the wmolten state.

S '6; The material that is added to a weld which has been Veed out 1s
ca ]18(1 i e i i n <tk e b aem e s ivmbern )
7« 'The three parts:of a carburizing flame are the _ s
the , and the __ - _ e

8. Uhe instrument used to lgnlte acetylene gas when it is turned on
is called a _ . . ‘ :

9: ‘When setbing up oxy—acetylene welding equiprment, the practice of
partially opening the cy11nder valves before atLachlnp the WG]dlug
repu]abor 1s called _ . the valve.

10, The type of flame used Cor céseghardéning is a R flane,

" - It is suggested by the writer that frequent short tests be given

f thfoughout the‘cbuyse as a check on the progress of the student., TheSg;

:'tésts shéuldxbé of two ﬂenefal tyﬁes, written and perforwyance. These
will also serve‘as ;! measure of the succe;s of the instructor as well as
an nlﬂ in the dlscuqs1on of the mére 1mportant points cévered in both the
study of 1nf0rﬁation units and Lhe 1a boratory exercises. belectlons from

the varions types_of;te st uneatlons fUTHlSheb a Iellable measure of the

student''s knowledge of welding. .i. - v
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Summary, Conclugsions
~and _Recommendations

With the ever widening application of welding it is evident that

I
!

the 1nstallatlon oi a weldlng shop in the high school is justified,

« ' ’

“whether 1t 1s located in & iwrmlnpxcommunwty or an industrial center.
Weldjng mwachines are finding their way into every working man's world,
?vﬁéﬁhéfyit;ié Oﬁhthe Lfarm, the fadtory or elsewhere., Lvery highvséhooi
capéble of supporting an Industriﬁl Arts Department should have a weld-
5 i
. iﬁgkshdp to strengthen this program.
After a caréful stﬁdy of thié.paper and the supggested material, it
s roaoonable to assume thot the Value ol a course in welding for high
.school, whether they are terminal students or future college students,
cannot be overlooked. It g%ves thg terninal student a salable skill
upon which to build, It gives the future farmer an indispensable repair
tqdl.
Efficiency and safebty in the use of oxy-acetyiene and electric
wélding processes must even precede careful observance of correct operat-
ing: procedures, Wel@ing and cutting are not particularly hazardous, but
common-sense precaittions must be tqken and enforced. The dangers of burn

“and electric shock are inherent in- this course, and students must be

§

continually warned daout possible danﬂer

&

3‘S$fétyfﬁféctice cannot be

sbressed too thoroughly or too olten.

It is recommehded that only the muture type‘of tudent be aJlowed

to enroll in weldlnp, preierably those clas s1fied as Junlorv or seniors.

v

The, lack of seTlouSness or 5urpose¢1n the less mature ~student nakes them

[

und931rab1e as weldlng pupils.;j.

 The wrlter recommends that a’ two—hour clas period every day.of the

O
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"sdhbolrWéek iq néce sary to cover the mﬂterJal in the recommended course
- oi study outl1ne in one échno] year‘ If lpss time is dllotted Lhe

' course .should he of two years Unrntion.

The initial investment neces sary for Lhe 1nﬂbdllatlon of a. welolng

PR

;ﬂshOp appears at Cirst to be quite hlgh, however, w1th very llttle nainte-
nance. and CﬂI?bthls equ1pment,w111 last for nany years. Replacement

thosts of this “high priced equwpmont are low if spfead over ité?tbtai;QSGl;%i

»The return. per dollar Jnvested compareo‘satisfécﬁqri%V.With any other

};shop operated in the Ihdustrlal Arts pfogrém.,"

:>W1th the growth of welding has come a great dﬁmand for weldlnp opera-

i

‘.tor oJ every type wulch requlre a cantlnuons tralning propram. It‘;s
{151ncerely hoped bhat this paper mlght be an aid to 1nstructors who are

f*attemptlng to upply this demand , ?f

i
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