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OPERATION OF ARC WELDERS 

A. WARNING 
PROTECT YOURSELF AND OTHERS ~ROM POSSIBLE SERIOUS INJURY OR DEATH. KEEP CHILDREN 
AWAY. PACEMAKER WEARERS KEEP AWAY UNTIL CONSULTING YOUR DOCTOR~''· · .. · ' · .... 
In welding, as In most jobs, exposure to certain hazards occurs. Welding Is safe· when precautions ~re taken~ The 
sat ety Information given below Is only a summary of tHe more complete safety lnformatloh ·tha!. "Ill be found In tbe 
Safety Standards listed on t~e next page. Read and follow all Safety Standards. c -:. • : '·· • · 

HAVE ALL INSTALLATION, OPERATION, MAINTENANCE,'AND REPAtR:WaRkPERFORMED ONLY av' 
QUALIFIED PEOPLE. · ' .· :·;. . . .. . · ·· .· . · . , .·.: , . ·'.· .. ·. '.:. · 

ELECTRIC SHOCK can kill. · 
=i:;i Touching live electrical parts can cause fatal shocks 
.. \ or severe bums. The electrode and work circuit ls 

electrically llve whenever the output Is on. The Input 
power circuit and machine Internal circuits are also 
live when power Is on. In semiautomatic or automatic 
wire welding, the wire, wire reel, drive roll housing, 
and all metal parts touching the welding wire are 
electrically live. Incorrectly Installed or Improperly i-----...... grounded equipment Is a hazard. 

1. Do not touch live electrical parts; 
2. Wear dry, hole-free Insulating gloves and body protection. 
3. Insulate yourself from work and ground using dry Insulating 

mats or CO)fers big enough to prev~nt any physlcal contact with 
the work or ground. • · · · · 

4. Disconnect Input power or stop engine before Installing or . 
servicing this equipment. LockouVtagout Input power according 
to OSHA 29 CFR 1910.147 (see Safety Standards). 

5. Properly Install and ground this equipment according to Its 
Owner's Manual and national, state, and local codes. 

6. Always verify the supply ground - check and be sure that Input 
ower cord round wire Is ro connected to round 

ARC RAYS can burn eyes and skin; 
NOISE can damage hearing; FLYING 

~ SLAG OR SPARKS can ln)ure eyes. 
/). ~ Arc rays from the welding process produce intense . (,t; visible and Invisible (ultraviolet and Infrared) rays that 

.._... can bum eyes and skin. Noise from some processes 
can damage hearing. Chipping, grinding, and welds 

.__ ___ _. cooling throw off pieces of metal or slag. 
NOISE 

1. Use approved ear plugs or ear muffs If noise level Is high. 

!fl FUMES AND GASES can be hazardous 
'#' to your health. ..·.• ' . 

Welding produces fumes. and. gases. Breathing these 
) • • fumes and gases can be hazardous to your llealth. 

.......... 
1. Keep your head out of the fumes. Do not breathe the fumes. 
2. If inside, ventilate the area and/or use exhaust at the arc to 

remove welding fumes and gases. · .. 
. 3. If ventilation Is poor, use an approved air-supplied respirator. 
4. Read the Material Safety Data Sheets (MSDSs) and the 

manufacturer's Instruction for metais, consumables, coatings, 
cleaners, and degreasers. · · 

CYLINDERS can explode If damaged. 
Shielding as cylinders : contain gas under high · 

- pre.ssure.1P damaged, a cy. llnder can explode. Since · · 
~ gas cylinders are normally part of the welding 

process. be sure to tr~at t.hem carefully. 

1. Protect compressed gas cyllnders from excessive heal, 
mechanical shocks, slag, open flames, sparks, and arcs. 

2. Install cylinders In an upright position by securing to a stationary 
support or cylinder rack to prevent falling or tipping. 

3. Keep cylinders away from any welding or olher electrlc~l . 
circuits. 

• terminal lri dlseonn9ct box or th8t cord plug is connected to a 
Property grounded r8ceptacle outteU~ ... ' ~ ,, .. _ ··~ .. · - :.,,...;~ · · '"'"" 

. . . ' . . .. ' ~ .' . \ 
7. When making Input C:onnectlons( attach proper gro~ndl!lo 

.conductor first~. do~I~'°~ ~~~~na· ·;: · · ';'. · ::;'ftl~~V': 
. 8. ·, Frequently Inspect lnplrt powercoil:j.f~r damage or bare wiring.! 

replace cord lmme~lat~ly 11f,. da~g~,r bar~ !f!ring ca~ ~~~'·ilf: 
9. Tum off all equipment when not In use. . · • . ' "' 

I • ···• ' ti '.-~ \~ ~ · . ~- ; • '_ .:·;·; 

10. Do not use worn, damaged, underilzed, or poorfy spliced 
cables. . .. 

11. Do not drape cables over your body. , 

12. tr earth grounding of the workpiece laJequlred, ground It directly 
with a separate cable - do not.use .work clamp cir work cable{ 

13. Do not touch electrode If you are In eoniaCt with.the wort< 
ground, or another electrode from a different machine. , :.%? 

14. Use only well-mal~lalned 'equipment. Repair or · repiaC: 
damaged parts at once. Maintain unit according to manual •.. ' 

15. Wear a safety ham~sS if wt;,klrig abo~e iloor ievel. · ·~ · 1 
' ' ,' z.J . ''' ; \ ' ; ~ •' ... 

16. Keep all panels and covers sectirely In place. 
.· 17. · Clamp work cable with good ·meiai:t~metal · c0ntact to 

work lece or worktable as near the weld as . ractlcal. " <~ ;· 

ARC RAYS·.,~:-.,~,: ·::·~·~; /.; ,;~~~\/;~·;;'~N~·;;·~1 ·; ~ •. ·:. .• 

2. Wear a wekllng helmet fitted with a proper shade of Hiter to 
protect your lace and eyes when welding or watching (see ANSI 
Z49.1 and ZB7.1 llsted In SafetY Standards). ,', .. . · 

')' 

3. Wear approved safety glasses with aide shields. _ · .. 
4. Use protective screens or b&rrieta .tcitlotect others from 11ash 

and glare: warn others not to watch the arc. 
5. Wear prot8cttve ctothlnd·hiade frPm durable, flame-resls't&nt 

material (wool and leather) and foot prolectlon. 

5. Work In a confined space only If It Is well venlllated, or white 
wearing an air-supplied respirator •. Always have a trained' 
watchpersonnearby. Welding fumell and gases can displace air 
and lower the oxygen level causing Injury or death. Be sure the 
breathing air is safe. : . ~;:;rJ' ·./.rwv. , .... r ·' . 

6. Do not weld In locations near d~greaslng, cleaning, or spraying 
operations. The heatand rilyi of the am can react with vapors to 
form highly toxic and irritating gases. . . · : : • ' .. 

7. Do not weld on coated metals,' such as galvanized, lead, or 
cadmium plated steel, unless the coating Is removed from the 
weld area, the area is well ventilated, and If necessary, while 
wearing an air-supplied respirator. The coatings and any metals 
containing these elements can give off toxic fumes If welded. 

4. Never drape a welding torch over a gas cylinder. . .. .. ·: . · 
5. Never allow a welding eiec~i)d~Jo_l~uch any cylinder .. •· 
6. Never weld on a pressu~z~~ crt.lr~efo ~xplosion will.~esult. , 
7. Use only correct shielding gas cylindeni, regulators, hoses. and 

fittings designed for the specific appllealion: maintain them and 
associated parts In good condition. 

a. Tum face away from valve outlet when opening cylinder.valve: 
9. Keep protective cap In place ovef valve except when cylinder is 

in use or connected for use.·. l : • ' . . . . . • · .. " 

10. Read and follow Instructions on compressed gas cylinders, 
associated equipment, and CGA publication P-1 listed In Safely 
Standards. • .. •· · · · · 
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WELDING c~n cause fire or explosion.~ : · 

ffl ~ ~~~i.0~=d.~~~::~orsti1:C~:,9~~~::,:v 
off from the welding arc. The flying sparks, hot 
workpiece, and hot equipment can cause fires and 
bums. Accidental contact of electrode to metal 
objects can cause sparks, explosion, ovemeatlng, or · 

··' · fire. Check and be sure the area Is safe before doing 
1-----" any welding. ' · · : . . · 

. . ~:- ;, .~ ' 

. 6. . Be aware that welding on a celling, flOor, bulkhead, or partition 
can cause fire on the hidden .side. 

7. Do not weld on closed containers such as tanks, drurrf.S, or ·,"' 
, · pipes, unless they are properly prepared according toAWS F4.1 
· .. (see Safety Standards). 

· ·· . 8. Connect work '*'>le to the WOrk as close to the welding area as 
practical to pre~ntwelding current from traveling long, possibly 

, unknown pathS'and causing el~ric.shock and fire hazards. 
9. . Do not use welder to thaw fro~eri' pipes. 1. Protect yourself and othera frOn\ fiyinQ sparks and hot metal; ~' •. · 

2. Do not weld where flying sparks can strike flammable material.: .· •· · ·.· 10. Remove stick electrode from holder or cut off welding wire at 
contact tip when not In use. · -3. Remove all flammables within 35 ft (10.7 m) of the welding arc. U • 

, this Is not possible, tightly coiler them with approved covers. ··· 
4. Be alert that welding sparks and hot !'M\erlais from welding can 

easily go through smaU cr8Cks 8nc:t openings to adjacent areas. · 

· · 11. Wear oil-free protective garments such as leather gloves, heavy 
shirt, cuffless trousers, high shoes, and a cap. 

'·. ,. . ··,,•.zi •.• ~-! \, - . . ., i~-· . '. ; 
s.. Watch for fire, and keep a fire ~99ills~r ~~Y~ · ·;;:, ,, •... 

A WARNING 

~ ~~glnes prod~·~r~g&ses. .; _;~::. . , 11. '" ·:, ENGINE EXHAU$t'bA$ES ca. ri ~U~'.':,· 

;1!.l{ld, ...... :. .. ... 

• 

'Ilk· . ENGINEi-FUELk-can cause fire or 
explosion. '"'"'' · · ,,: 
Engine fuel Is hlgtily •mable~ 

.•,';i·, '{h"t. . .f. '•,«,,.. 
\ . ,.,_ ..... i:~ ;,.-;.! -'; . ~1 ; ·.-:-' ; .. , 

1.: Stop engine and let It cool off before checking or adding fuel. 
2. '. Do not adctfuel whue slnolCllfsi or~ unit ls near any sparks or 

i open flernes. ':t}c·.k· ' ,. ··· 

•
. ,.... MOVING P~~!~ ca" caus .... e In). ury. 'I .... __ 

Moving parts, suCh as fans, rotors, and belts can'{. 
cut fingers and~ ~~loo8! ~Ing. · 

·. ' "t•. tj ,,~i:· .. : ~.'•".\;. ; · .. ~.' -~·· .,, . . .. 

1. , Keep an doors, paneiS;''Cov8is. and gu&rds ~ ~ 

~I : 

.)·" 

· securely in place. ·· - · · 
2. Stop engine before lnstalllniJ or Connecttng 1-1nlt. ; ·- , , ; ., 

STEAM . AND" P~E~SURlZED~.: HOT. 
COOLANT cari burn. face, eyes, and 
Skin. ,: ... :- ·,., ·;\r:ih;·;;l'' L .. ->,<"l '.«·I:,,· . 
It Is j:>est to check coolant level when engine Is cold 
to avoid scalding.<,<: _ : y .. ·" • , .. ' · •· .. 

12. -Removeanycombustlbles, suQhas a butane lighter or matches, 
from your person before doing· any welding. 

,4L 

, .. ' . ENGINES can be hazardous. 

1. ·•Use equipment outside In opctn, well-ventilated areas. 

2. If used In a closed area, Vf"t. engine· exhaust outside and 
away from any building air intakes. 

3. . Do not overfiH tank - allow rt>om for fuel to expand. 
4. Do not spill fuel. If fuel Is spilled, clean up before starting 

engine. · 

3. Have only quallfled peopl9 ·remove guards or covers for 
maintenance and troublesh6oting as necessary. 

4. To prevent accidental startinD during setViclng, disconnect 
negative (-) battery cable from battery. . 

5. l<eep hailds, hair, loose clottiii'ig, and tools away from moving 
parts. 

6. Reinstall panels or guards and close doors when servicing Is 
finished and before starting eilglne. 

1. Always wear a face shield ~n working on a battery. 
2. Stop engine before disconnecting or conneeting battery 

cables. · 
3. Do not allow tools to cau&e s~rks when working on a battery. 
4. Do not use welder to charge !>Btteries or jump start vehicles. 
5. Observe correct polarity(+ and.-) on batteries. . 

1. If the engine Is warm and ch~lng Is needed, follow steps 2 
and3. · 

2. Wear safety glasses and gloves and put a rag over cap. 
3. Tum cap slightly and let pressure escape slowly before 

completely removing cap. · 

-. -) :.'.d::;, PRINCIPAL-SAFETY STANDARDS 
• .-t, ~;.L.i'•.J.iti:.:: .. '· .. " ;,~_·,_,,.' '.:· r· i:!f., ~ .~., 

Safety In Welding and Cutting, ANSI Standa!'d Z49.1, ffom Am~rican 
Welding Society, 550N.W. LeJeune .~~.·~~~-I IT~3~26,t:.· · ,, .... _., 
Safety and Health Standards~ OSHA 29 CFR 1910, from Superinten- , 
dent of Documents, U.S. Govemine~t rrn.\lllg O~ice, Washington, • 
D.C. 20402. ~" ;,. ,;v,;; tv ; , , , ... • . 
Recommended Safe Practices tor the. Preparation tor Welding and· 
Cutting of Containers That Have Held Hazardoµs Substances, Arperi­
can Welding Society Standard AWS F4: 1. from American Welding So-
ciety, 550 N.W. LeJeune Rd, Miami, FL 33126 ·"''·• , " , .. , ; 
National E1ectriba1 Cods, NFPA Sta~ri:I' 70, from National Fire Pro.-. 
tectlon Association, Batterymarch Park, Quincy, MA 02269, .•. 
ar1 .1.1 2194 

Safe Handling of Compressed Ga$.es in Cylinders, CGA Pamphlet 
P-1, from Compressed Gas Associ~Uon, 1235Jefferson Davis High· 
way, Suite 501, Arlington, VA 22202; 

Code tor Safety In Welding and Cutting, CSA Standard W117 .2, from 
Canadian Standards Association, Standards Sales. 178 Rexdale Bou­
levard, Rexdale. Ontario, Canada M~W 1R3. 

Safe Practices For Occupation And ~ducational Eye And Face Protec­
tion, ANSI Standard Z87.1, from .American National Standards 
Institute, 1430 Broadway, New York, NY 10018. 

Cutting And Welding Processes, NFPA Standard 518, from National 
Fire Protection Association, Batterymarch Park, Quincy, MA 02269. 



SECTION 2 - INTRODUCTION 

Table 2-1. Specifications 
. Input At Rated 

Weld Current Rated Maximum Load Output 60 Hertz 

Model 
Ranges . Current OUtput Open- Sinjlle-Phase Weight 

In Amperes. at 25 Volts Circuit Amperes At 20% Duty Cycle Volts 
High loW 230V 380V 460V 575V kw Net Ship 

Without 40-225 30-1~ 225 80 45.5 27.5 22.7 18.2 7.2 100lb. 1051b. 
P.F. Correction (45 kg), (48 kg) 

With 
40-225 30-150 225 80 39.5 23.9 19.7 15.7 7.2 1041b. 109 lb~ 

P.F. Correction 
_c: li47kg) 1149~ 

NOTE: "The power factor correcting capacitors supplied in this product contain no PCB's. The cfielectiic material Is an OSHA Class Ill B fluid 
having a flash point of 440°F (227°C). Each individual capacitor is protected by an intemal UL recognized pressure sensitive disconnect and an 
internalfuse." · .. . · . ·· ; . . . 

19·112 In.* 
(495.3 mm) 

TB-052 359-B 

2·1. VOL T·AMPERE CURVES (Chait 2·1) 

~RATED OUTPUT 

The volt-ampere curves show the voltage and amper­
age output capabilities of the we!ding power source. 
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Chart 2·1. Volt-Ampere Curves 
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2·2. DUTY CYCLE (Chait 2·2) 

The duty cycle of a welding power source is the percent­
age of a ten minute period that a welding power source 
can be operated at a given output without causing over­
heating and damage to the unit. This welding power 
source is rated at 20 percent duly cycle. This means the 
welding power source can be operated at rated load for 
two minutes out of every ten. For the remaining eight 
minutes, the unit should idle to permit proper coofing. If 
the welding amperes are decreased, the duty cycle will 
Increase. Chart 2-2 enables the operator· to determine 
the output of the welding power source at various duty 
cycles. 

J\. CAUTION: EXCEEDING DUTY CYCLE RAT· AA INGS wlUdamage the welding power source. 
• Do not exceed indical!Jd duty cycle. 

f· 
,,.. 

' . Chart 2-2. Duty Cycle Chart 
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2·3. GENERAL INFORMATION AND SAFETY 

A. General 

Information presented In this manual and on various la· 
bets, tags, and plates provided on this unit pertains to 
equipment design, installation, operation, maintenance, 
and troubleshooting which should be read, understood, 
and followed for the safe and effective use of this equip­
ment. 

The nameplate of this unit uses International symbols 
for labeling the front panel controls. The symbols also 
appear at the appropriatasection in the text. 

OM-116 Page 13 



B. Safety 

The installation, operation, maintenance, and 
troubleshooting of arc welding equipment requires prac­
tices and procedures which ensure personal safety and 
the safety of others. Therefore, this equipment is to be 
installed, operated, and maintained only by qualified 
persons in accordance with this manual and all applica­
ble codes such as, but not limited to, those listed at the 
end of Section 1 - Safety Rules For Operation Of Arc 
Welding Power Source .. 

Safety instructions specifically pertaining to this unit ap­
pear throughout this manual highlighted by the signal 
words WARNING and CAUTION which identify differ­
ent levels of hazard, 

WARNING statements include installation, operation, 
. and maintenance procedures or practices which if not 
carefully followed could result in serious personal injury 
or loss of life. · 

CAUTION statements include installation, operation, 
and maintenance procedures or practices which if not 

"'" 

carefully followed could result in minor personal injury or 
damage to this equipment. · 
A third signal word, IMPORTANT, highlights instruc­
tions which need special emphasis to obtain the most ef­
ficient operation of this equipment. 
2·4. RECEIVING-HANDLING · 
Before unpacking equipment, check carton for any dam­
age that may have occurred during shipment. File any 
claims for loss or damage with the delivering carrier. 
Assistance for filing or settling claims may be obtained 
from.the distributor and/or the equipment manufactur­
er's Transportation Department. 
When requesting information concerning this equip­
ment, always provide Model Description and Serial 
Number. 
2-5. DESCRIPTION 
This unit is a single-phase welding power source which 
produces ac welding current. It is designed to be used 
as the welding power source for the Shielded Metal Arc 
(SMAW) Welding process. 

SECTION 3 - INSTALLATION 

·3.1,. LOCA'f.ION .<~ · 
.... -· •. .,,,-ri#._ • . ' 

A RESTRICTED. AIR FLOW causes overheat­
.. Ing and possible damage to Internal parts •. 

• Maintain at/east 18 inches (457 mm) of unre-
. stricted space on all sides of unit. 

•. Do not place any filtering device over the in­
take air passages of this weldingpower source. 
Warranty Is void If any type of filtering device is 

, used. 

The service life and efficiency of this unit are reduced 
when the unit is subjected to high levels of dust, dirt, 
moisture, corrosive vapors, and extreme heat. 
3-2. WELD OUTPUT . CONNECTIONS [fable 3-1 
And Figure 4·1) 

~·RATED OUTPUT 

: ..,. • . ·i' _: . ' 

To obtain the full rated output from this unit, it is neces­
~ary to select, install, and maintain proper welding ca­
bles. Failure to comply in any of these areas may result 
in less than satisfactQry welding performance. 

A. Weldlng Cables (Table 3·1) 

Perform the following steps to ensure the best welding 
performance: 

1. Keep cables as short as possible, and place cables 
close together. Excessive cable length adds resis­
tance which may reduce output or cause overload­
ing of the unit. · 

2. Use weld cable with an insulation voltage rating 
equal to or greater than the maximum open-circuit 
voltage (OCV) of the welding generator (see 
Table 2-1 for maximum OCV rating). 

Table 3·1. Weld Cable Size 

,.,, Total Cable (Copper) Length In Weld Circuit Not Exceeding• 

Welding 
100 ft. Or Less 150 ft. 200 ft. 250 ft. 300ft 350 ft. 400 ft. 

Amperes 
. (30 m) (45 m) (60 m) (70 m) (90 m) (105 m) (120 m) 

10To'60% 60Thru100% 10 Thru 100%Duty Cycle 
Duty' Cycle Duty Cycle 

it. 100 4 ' ;- 4 4 3 2 1 1/0 1/0 
150 3 . t 3 2 1 1/0 2/0 3/0 3/0 
200 3 2 1 1/0 2/0 3/0 4/0 4/0 
250 2 1 1/0 210 3/0 4/0 2-2/0 2-2/0 

*V:Jeld cable size (AWG) is based on either a 4 volts or less drop or a current density of more than 300 circular 
mils per ampere. s-000110.es 
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3. Select adequate size welding cable for the antic!­
, pated maximum weld amperage. Use total length of 
welding cables in the circuit to determine cable size. 
For example, if the electrode holder cable Is 75 feet 
(23 m) long and the work cable is 25 feet (8 m) long, 
select the size cable recommended in Table 3-1 for 
100 ft (31 m). 

4. Do not use damaged or frayed cables. 

5. Install lugs of adequate size and amperage capacity 
onto ends of cables for connecting to work clamp 
and electrode holder. · 

6. Install electrode holder onto cable following manu­
facturer's instructions. An insuiated electrode 
holder must be used to ensure operator safety. 

7. Install work clamp onto cabl~. 

8. Install jack plugs onto cables as instructed in Sub­
section B. 

B. Jack Plug Installation (Figure 3-1) 

D~ 
E f'"1E==3--IP%idlt11wQ-! --....,1 

Fq ...... !, ] 

Figure 3·1. Jack Plug Installation 
!. ' 

1. Remove 1 inch (25.4 mm) of Insulation from one 
end of each welding cable .. · .--· 

2. Clamp cable in a vise with the uninsulated end ex­
tending upward out of vise approximately 1-3/4 
inches (44.5 mm). : :, 

3. Place steel tie wire (item A) approximately 1/4 inch 
(6.4 mm) from end of insulation. 

4. Make a half turn around the cable bringing looped 
ends of tie wire together. · 

5. Insert a 3/8 inch (9.5 mm) diameter rod through 
looped ends of tie wire. 

6. Twist tie wire (B) until entire. tie wire is twisted and is 
tight around insulation of cable. 

7. Cut off looped ends of tie wire. 

8. Bend the twiste~ tie wire ov~r and along the side (C) 
of uninsulated portion of cable. 

9. Wrap the strip of copper foil tightly around uninsu­
lated end of cable and twisted tie wire (D). 

10. Push the jack plug onto cable over copper foil (E). 

11. Insert the 1/4-20 setscrews into the center and bot­
tom holes In jack plug and tighten (E). 

12. Remove cable from vise, and insert jack plug Into in­
sulating sleeve. Slide insulating sleeve over jack 
plug and cable untii hole in insulating sleeve lines up 
with remaining hole in jack plug (F). 

13. Insert the 8-32 self-tapping screw (F) through hole 
in insulating sleeve into jack plug and tighten. 

c. Weld Output Connections (Figure 4-1 And Sec· 

lb:: .. ' . ~(~:;r, W~K 
.. ; 

.. I. .......... ~ .•. ,,: . 

L\.. WARNING: ELEGTRIC SHOCK can kill. 
AA • Do not touch live· electrical parts. ' 

• Shut down welding power source, and dis­
connect Input power employing lockout/fagging 
procedures before inspecting or Installing. 
Lockout/tagging · proeedures consist of 
padlocking line disconnect switch in open posi­
tion, removing fuses from fuse box, or shv.tting 
off and red-tagging circuit breaker or other dis­
connecting device •.. ,~ . ·. 

• Be su;e that unit Is completelj shut down be­
fore making weld output connections. 
• Do not change p0slti(>n of the welding cable 
jack plugs while welding.' · .. .. ... 
• Be sure jack plugs· are secure In correct re­
ceptacles befor9 welding. 

IMPORTANT:. For welding applications requiring less 
than 150 amperes, use the ELECTRODE 30-150 8(:11~ 
perage range rathetthan the ELECTRODE 40-225 am­
perage range since better. arc ,characteristics are ob­
tained due to higher open~~fCt!fl ,yoltage (see Section 
4-2). . ' ' .. , . ·,. ' \ 

1. ELECTRODE 40-225 ,Weld Output . 
a. Insert electrode cabie jack plug into ELEC­

TRODE 40-225 receptacle, and rotate plug 1/4 
" I . 

turn clockwise. :· « i r · 
b. Insert work cable jack plug into WORK recepta­

cle, and rotate plug 1/4 turn clockwise .. · 
2. ELECTRODE 30-150 Weld Output '. · 

a. lns~rt electr~de. cable Jack plug. into ELEC­
TRODE 30-150 receptacle, and rotate plug 1/4 
turn clockwise. ' · · 

b. Insert work cable jack plug into WORK recepta­
cle, and rotate plug 1/4 turn clockwise. 

IMPORTANT: To remove jack plugs from receptacles, 
rotate 114 turn counterclockwise while withdrawing plug. 

OM-116 Page 15 



,·. 

.... , ': 

3·3. ELECTRICAL , INPUT CONNECTIONS 
. (Table 3·2 And Figure 3-2) 

~INPUT 
A. Electrlcal Input Requirements 

This welding power source Is designed to be operated 
from a single-phase, 60 Hertz, ac power supply which 
has a line voltage rating that matches one of the electri­
cal input voltages sh~wn on the ~ameplate or input data 
label. Consult the local electric utility If there Is any ques­
tion about the type of electrical system available at the 
installa~on site or how proper connections to the weld­
ing power source should be made. 

e. Input Conductor Co'1nectlons 

L\.. WARNING: ;ELECTRIC SHOCK can kill. 
AA • Do not touch live electrical parts. 

· • Install a fusible ·line disconnect switch in the 
input circuit to the· welding power source. 
The Input circuit switch provides a safe and con­
venient means to completely remove all electri­
cal power from the welding power source when- · 
ever It lsneqessary to,in~pect or service the unit. 

· .. • Employ tdi:koutltaggln{J pr(,c:edures on input 
line before .Jnak/ng. input connections to the 
welding power$0urce. . . · · 
Lockout/tagging procedures ·consist of remov­
ing plug from receptacle, padlocking line discon­
nect switch In open position, removing fuses 
from fuse box, or shutting off and red-tagging 
circuit breaker or other disconnecting device. 

, • Connect input conductors to the welding 
power source before connecting to single-phase 
input power. .. 

Table 3-2. Input 9<)nductor And Fuse Size 

· Input C.onductor Size AWG* 

Model 230V 380V 460V 575V 

W/OPFC 10. 12 14 14 
(12) . (14)' (14) (14) 

W/PFC 12 12 . 14 14 
(12) (14) (14). (14) 

Model'· ~use Size In Amperes 

W/OPFC 23ov·:· 380V 460V 575V 

H W/PFC 90 ;:.: .:.·60 45 35 

*Input conductor sizes are used on National Elecbical Code specifi­
cations for allowable ampacltles of Insulated copper conductors, 
having a temperature rating of 75°0, with not more than three con­
ductors In a raceway or cable. Numbers lo ()are equipment ground 
conductor sizes. 
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Table 3-2 provides guidelines for selecting the proper 
size input conductors and line fuses. The input conduc­
tors should be covered with an insulating material that 
complies with national, state, and local electrical codes. 

c. Wall Receptacle And Power Cable Connections 
(Figure 3-2) 

All models are equipped with a three-conductor power 
cable.Models requiring 230 volts Input are equipped 
with a three-prong polarized plug and wall receptacle. 
The wall receptacle ~hould be installed in a convenient 
location by a competent electrician. Install wall recepta­
cle with the grounding terminal at the top, allowing the 
power cable to hang downward, without undue bending 
or twisting. · 

Models having an electrical input voltage above 250 
volts have prewired pawer cables with three conductors. 
The black and white conductors must be connected to 
the line terminals aoo the green conductor to a proper 
ground. Use a grouriding method that is acceptable to 
the local electrical lri~pection authority. 

. L'\.. WARNING: ELECTRIC SHOCK can klll. 
AA • Do not connect ~n inpu~ (wh~9 or black) con-. ·~· 

ducto! to the ground t,ert;n~nal. . ' r . 
.. <'" • Do not conneCt the grouf?d (green) conductor 

· ·.. to an input line te;minal. · · · 

Ground 
Conductor 

L1 Line 
Conductor 

'.<·J....- . . 

.. ~ . -. .· I . 

: ~- .~ . . ... . 

a 

,,....__ l2 Line 
Conductor 

a 
0 

0 

T A-901 858-2A 

Figure 3·2. Input Conductor Conne~tlons 
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SECTION 4 - OPERATOR CONTROLS 

4·1. POWER SWITCH (Figure 4·1) 

I 
0 

ON 
POWER-e 

OFF 

Placing the POWER switch in the ON position energizes 
the welding power source. Placing the POWER switch 
in the OFF 'position shuts down t.he unit. 
4·2. ELECTRODE RANGE . RECEPTACLES 
(Figure 4·1) 

+- ELECTRODE 

.. /. 
.&-..&. 

The receptacles labeled ELECTRODE 40-225 and 
ELECTRODE 30-150 provide a selection of either a 
high amperage range (40 to 225 amperes) or a low am­
perage range (30 to 150 amperes). Refer to Section 3-2 
to obtain desired welding amperage range. 
4-3. AMPERAGE CONTROL (Figure 4-1) 

AMPERAGE·. 

A 
The AMPERAGE Control provides selection of desired 
amperage within the selected ELECTRODE range. Ro­
tating the control clockwise increases amperage output. 
IMPORTANT: The AMPERAGE Control may be ad-
justed while welding. · 

Amperage Range 
Indicator 

Electrode --~:l.J 
40-225 

Receptacle 

Electrode 
30·150. 

Receptacle 

Figure 4-1. Control Location 

B-052359-B 

4-4. AMPERAGE INDICTOR SCALE (Figure 4-1) 

An indicator scale on the front panel displays the amper­
age selected by the AMPERAGE Control (see Section 
4-3). The reading on the Indicator will change when the 
AMPERAGE Control is rotated. When the electrode ca­
ble jack plug ls in the ELECTRODE 40-225 receptacle, 
read the 40-225 indicator scale. When the electrode ca­
ble jack plug is in the 30-150;recepfacle, read the ELEC-
TRODE 30-150 indicator scale.·· ft: · .. · 

. ~ :;: "1. :'-i: t ': i 

SECTION 5 - SEQUENCE OF OPERATION 

A WARNING: ELECTRIC SHOCK can klll; 
MOVING PARTS can cause serious Injury; 
IMPROPER AIRFLOW AND EXPOSURE TO 
ENVIRONMENT can damage Internal parts. 
• Do not touch live electrical parts. 
• Keep all covers and panels in place while op-
erating. · 
Warranty is void if the welding power source Is 
operated with any portion 6f the outer enclosure 
removed. 

ARC RAYS, SPARKS, AND HOT SURFACES 
can burn eyes and skin; NOISE can damage 
hearing. 
• Wear correct eye, ear, and body protection. 

FUMES AND GASES can seriously harm 
your health. 
• Keep your head out of the fumes. 

. • Ventilate to keep from breathing fumes and 
gases. 

'\"":: 

• If ventilation is inadequate, use approved 
breathing device. 

HOT METAL, SPATTER, AND SLAG can 
cause fire and burns. 
• Watch for fire. 
• Keep a fire extinguisher nearby, and know 
how to use it. 
• Do hot use near flammable material. 
• Allow work and equipment to cool before han­
dling. 

MAGNETIC FIELDS FROM HIGH CURRENTS 
can affect pacemaker operation. · 
• Wearers should consult their doctor before 
going near arc welding, gouging, or spot welding 
operations. 
See Section 1 - Safety Rules For Operation Of 
Arc Welding Power Source for basic welding 
safety information. 
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5-1. SHIELDED METAL ARC WELDING (SMAW) 

1. Install and connect unit as instructed in Section 3. 

· 2. Rotate the AMPERAGE Control to the desired am­
perage (see Section 4-3). 

3. Wear dry insulating gloves and clothing, and wear 
welding helmet with proper filter lens according to 
ANSI Z49.1. 

4. Prepare for welding as follows: 
a. Connect work clamp to clean, bare metal at 

workpiece. 

. b. Select and obtain proper electrode, and insert 
into electrode holder. 

5. Place the POWER switch in the ON 'position. 

6. Begin welding. 

7. Readjust the AMPERAGE Control if necessary. 
The AMPERAGE Control may be adjusted while 
welding. 

5-2. SHUTTING DOWN 

1. Stop welding. 

2. Allow the welding power source to idle for 3 minutes 
with no load applied . 

3. Place the POWER switch in the OFF position. 

SECTION 6 - MAINTENANCE & TROUBLESHOOTING 

6·1. ROUTINE MAINTENANCE 

IMPORTANT: Every six months inspect the labels on 
...,this unit for legibility. All precautionary labels must be 

maint!Jined in. a clearly readable state and replaced 
·when necessary. See Parts List for part number of pre-
. cautionary labels.. · ~ 

, ;'-"'; 

-~ .. WARttlN~_~·~~~CtRICSHOCK can kllle 
.. • Do not toilch live electrical parts. 

• Shut down :welding power source, and dis­
corinect input power employing lockout/tagging·, 
procedures .before inspecting, maintaining, or 
servicing. 
Lockout/tagging procedures consist of remov­
ing plug from receptacle, padlocking line discon-

, nect switch in open position, removing fuses 
from fuse box, or shutting off and red-tagging 
circuit breaker or other disconnecting device. · 

MOVING PARTS can cause serious Injury. 
• Keep away from moving parts .. 
HOT SURFACES can cause severe burns. 
• Allow cooling period before servicing. 

Table 6-1. Maintenance Schedule 

FREQUENCY* MAINTENANCE 
Every Month Units in heavy service environ-

ments: 
Check labels, weld cables, clean 
internal parts. 

Every 3 months Check weld cables (see Section 
6-1B). 

Every 6 months Check all labels (see IMPORT AN~ 
block, Section 6-1). Clean 
internal parts (see Section 6-1C). 

*Frequency of service is based on units operated 
40 hours per week. Increase frequency of mainten­
ance if usage exceeds 40 hours per week. 
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A. Fan Motor 

This unit is equipped with an exhaust fan and relies on 
forced draft for adequate cooling. The fan motor bear­
ings should be kept dirt-free. The fan motor requires no 
maintenance, and the oiling of bearings is not recom­
mended. · 

IMPORTANT: Warranty Is void if unit failure is due to 
accumulation of dirt ;n components. 

B. Weld Cables 

, .. A. WARNING: ·Read and follow safety lrtforma­. AA tlon at beginning of entire Section 6-1 before 
proceeding. 

. Every three months inspect cables 'for breaks in insula~ 
tion. Repair or replace cables if insulation breaks are 
present. Clean and tighten connections at each inspec­
tion. 

C. Internal Cleaning 

L\.. WARNING: Read and follow safety lnforma­
Aa tlon at beginning of entire Section 6-1 before 

proceeding._. . 

Every six months blow out or vacuum dust and dirt from 
the inside of the welding power source. Remove the 
outer enclosure, and use a clean, dry airstream or vac­
uum suction for the cleaning operation. If dusty or dirty 
conditions are present, clean the unit monthly. 

6-2. MOVABLE SHUNT (Figure 6-1) 

L\.. WARNING: E. LECT.RIC SHOCK can kill. 
AA • Do not touch live electrical parts. 

• Shut down welding power source, and dis­
connect Input power employing lockout/tagging 
procedures before inspecting, maintaining, or 
servicing. 
Lockout/tagging procedures consist of remov­
ing plug from receptacle, padlocking line discon­
nect switch in open position, removing fuses 
from fuse box, or shutting off and red-tagging 
circuit breaker or other disconnecting device. 



r-------- Lead 

Contact Surfaces 
(Typical) 

~'=--' 
Screw 

TB-123285 

Figure 6·1. Movable Shunt Assembly 

Annually lubricate the movable shunt as follows: 

1. Remove wrapper. 

2. Locate movable shunt assembly. 

3. Wipe off contact surf aces on shunt block. 

4. Apply a light coat of high temperature grease to the 
lead screw and contact surfaces of the shunt block. 

5. Work movable shunt back and forth to spread 
grease evenly on parts. 

IMPORTANT: When lubricating lead screw and shunt 
block, be sure not to get grease on any other part of 
welding power source. 

6. Reinstall wrapper. 

6·3. ANTI-NOISE BLOCK ADJUSTMENT 
(Figure 6·1) 

L\.. WARNING: ELECTRIC SHOCK can klll. 
AA • Do not touch live electrical parts. 

• Shut down welding power source, and dis­
connect input power employing lockout/tagging 
procedures before inspecting, maintaining, or 
servicing. 

LockouVtagging procedures consist of remov­
ing plug from receptacle, padlocking line discon­
nect switch in open position, removing fuses 
from fuse box, or shutting off and red-tagging 
circuit breaker or other disconnecting device. 

Warranty is void if the welding power source is operated 
with any portion of the outer enclosure removed. 

This adjustment Is provided to compensate for vibration 
noises should they arise. This adjustment eliminates vi­
bration noises by applying pressure against the mov­
able shunt. 

If it should become necessary to perform an anti-noise 
block adjustment, proceed as fo~lows: 

1. Remove the locking pin from the Amperage Control 
handle (pry up; slide out). 

2. Remove the Amperage· Control handle from shaft 
(slide off upward). 

3. Remove screws, and lift wrapper off from unit. 

4. Place Amperage Control handle back on shaft. 
(Handle needs to be in place to rotate the shaft 
when cleaning and. lubricating the shunt.) 

' ,, ',. ' . 
5. Slide locking pin into Amperage Control handle, and 

snap pin forward to lock it. in place. 

IMPORTANT: Clean and lubricate the shunt before 
performing the following adjustment. (See Section 6-2). 

6. Locate the adjustment screws, and loosen locking 
nuts on each screw. 

Amperage Control Handle 

Rel. TD-052 395 

Figure 6·2. Location Of Anti-Noise Block Adjust· 
ment Screws 

7. Use a screwdriver to tighten adjustment screws 1/4 
turn. 

8. Tighten locking nuts on screws. 

9. Remove Amperage Control handle; install and se­
cure wrapper; reinstall Amperage Control handle. 
Energize unit, and check for shunt noise. 

10. If shunt noise is still present, repeat procedure, turn­
ing adjustment screws in 1/4 turn increments until 
the noise stops. 

IMPORTANT: Do not overtighten shunt. Overtighten­
ing the shunt can produce a hard cranking situation 
when the Amperage Control is rotated. If vibration noise 
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cannot be eliminatedwithout overtightening the shunt, 
call a serviceperson. 

6·4. TROUBLESHOOTING (Table 6·2) 

L\.. WARNING: ELECTRIC SHOCK can klll. 
AA • Do not touch live electrical parts. 

• Shut down welding power source, and dis­
connect inputpower employing lockout/tagging 
procedures before inspecting, maintaining, or 
servicing. 
Lockout/tagging procedures consist of remov­
ing plug from receptacle' padlocking line discon­
nect switch in open position, removing fuses 
from fuse box, or shutting off and red-tagging 
circuit breaker or other disconnecting device. 

MOVING PARTS can cause serious Injury. 
• Keep away from moving parts. 

HOT SURFACES can cause severe burns. 
• Allow cooling period before servicing. 
Troubleshooting to be performed only by quali­
fied persons. 

It is assumed that the unit was properly installed accord­
ing to Section 3 of this manual, the operator is familiar 
with the function of controls, the welding power source 
was working properly, and that the trouble is not related 
to the welding process. 

The following table iS designed to diagnose and provide 
remedies for some of the troubles that may develop in 
this welding power source. 

Use this table in conjunction with the circuit diagram 
while performing toubteshooting procedures. If the 
trouble is not remedied after performing these proce­
dures, the nearest Factory Authorized Service Station 
should be contacted. In all cases of equipment malfunc­
tion, the manufacturer's {ecommendations should be 
strictly followed. 

Table 6·2. Troubleshooting 

TROUBLE • PROBABLE CAUSE REMEDY 
-'. 

No weld output; fan doef; 
not run. . ··'"'. . . Open line fuse. Check line fuses and replace if open. 
. , .. .. . t . ' ' 

.. 
-;· ~~: .. ·;. POWER switch S 1. Replace S1: 

.. '. _,, ... I 

Erratic weld rurrent. Loose welding connections. Check welding connections. Make sure plugs 
\°'• ., fit property into the WORK and ELECTRODE 

receptacles . 
. '· .. Bad or damp electrodes. Try different electrodes . 

Fan does not run; weld Fan motor FM Checlc FM leads. If okay and fan motor turns 
output okay. ' •, freely, replace FM. 

Arc hard to start; erratic Using wrong ELECTRODE The ELECTRODE 30-150 receptacle will pro-
arc. . . receptacle. vi de better arc starting for some electrodes. 

" Try both ELECTRODE receptacles. 

i 
'' 
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SECTION 7 - ELECTRICAL DIAGRAMS 

&...(---"Bl=k'._,_. -o f'O-----~ 

~ 
rhGNO. 

I 
I 
I 

( JrHT. 0 SI 

' POWER ·CORO 
AND PLUG 

-230 v.--

PRI. 

WORK HIGH. LOW 

Circuit Diagram No. A·108 072 

Diagram 7 ·1. Circuit Diagram.For Models Without 
Power Factor Correction 

.t 

~<-~Bl=k'.-'-. -o ,, '"'"()-------, 

~ 
rhGNO. 

( ltf!T. 

' POWER CORO 
AND PLUG 

I 
I 
I 

-230V.- Cl 

WORK HIGH LOW 

Circuit Diagram No. A-108 071 

Diagram 7 ·2. Circuit Diagram For Models With 
Power Factor Correction 

SECTION 8 - PRINCIPLES OF SHIELDED METAL ARC WELDING 

8-1 GENERAL 

Shielded Metal Arc welding with a transformer welding 
machine depends upon the fundamental fact that when 
one side of the secondary welding circuit is attached to a 
piece of steel and the other side of the circuit is con­
nected to an electrode, an arc will be established when 
the electrode touches the steel. If the arc is properly con­
trolled, the metal from the electrode will pass through 
the arc and be deposited on the steel. When the elec­
trode is moved along the steel at the correct speed, the 
metal will deposit a uniform layer called a bead. The 
electrodes used in welding are carefully manufactured 
to produce strong, sound welds. They consist of a core 
of steel wire, usually called mild since it contains a low 
(0.10-0.14) percentage of carbon. Around this core is 
applied a special coating which assists in creating the 
arc and at the same time protects the molten steel as it 
transfers across the arc. 

In order to utilize these principles In shielded metal arc 
welding, some means of controlling the power is essen­
tial. The power in a welding circuit is determined by the 
voltage and current The arc voltage is governed by the 
arc length and the electrode diameter. Therefore, the 
practical measure of the power or heat is in terms of the 
current, measured In amperes. A small electrode re-

quires less current than a large one. To simplify opera­
tion, the scale on the front of the welding machine is 
marked off for the various current values. 

The exact current required for a job depends upon the 
size of the pieces to be welded and the position of weld­
ing. Generally, a lower current will be sufficient for weld­
ing on a small part than would be necessary to weld on a 
large piece of the same thickness. Similarly, with a given 
size of electrode, a lower current should be used on thin 
metals than on the thicker sections. Most manufacturers 
of electrodes have ampere recommendation charts 
available. 

Table 8·1. Current Requirements For 
Miid Ste~I Electrodes 

C I FM SE d urrent R~gu rements or lld teel lectro es 

Electrode Amperage 
Diameter Min. Max. 

5/64 20 50 

3/32 40 80 

1/8 65 125 

5/32 90 160 

3/16 120 180 
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BUTT 

Figure 8-1. Flat Position Welds 

While it is always easier to weld on work in the flat posi­
tion, as shown in Figure 8-1, occasionally, it is neces­
sary to weld in a horizontal, vertical, or overhead posi­
tion as shown in Figure 8-2, Figure 8-3, and Figure 8-4, 
respectively. Generally, under . these conditions it is 
helpful to reduce the current frqm the; value used on 
welding in the flat position. 

BUTT ,FILLET 

Figure. 8-2 .. Horlzont~I Position Welds 

~IJ 
BUTT FILLET 

Figure 8-3. Vertical Position Welds 

BUTT FILLET 

Figure 8-4. Overhead Position Welds 

8-2. STRIKING THE ARC·RUNNING BEADS 

In learning to weld there are certain fundamental steps 
which must be mastered before one can attempt to weld 
on actual work. Prior to striking an arc, insert the elec­
trode in the holder as shown in Figure 8-5. To strike an 
arc, Figure 8-6 illustrates what is commonly known as 
the "scratch start technique". In @s method the striking 
end of the electrode is dragged across the work in a 
manner much the same as striking a match. When the 
electrode touches the work, the welding current starts. If 
held in this position, the electrode would "freeze" or weld 
itself to the work. To overcome this, the electrode should 
be slightly withdrawn from the work immediately after 
contact has been made. The distance that the electrode 
is withdrawn is small and depends upon the diameter of 
the electrode; this distance is known as the arc length. If 
in striking an arc, the electrode freezes, it may be freed 
by a quick twist of the wrist. 
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Figure 8-5. Electrode Insertion 

Figure 8-6. Arc Initiation - Scratch 
Start Technique 

Another method of establishing the arc is known as the 
'1apping method" a$ shown.in Figure 8-7. The electrode 
is brought straight dow~ on the work and immediately af­
ter contact, is withdrawn to the proper arc length. 

··~· '' 

Figure 8-7. Arc lnltla!lon .... Tapping Technique 

Practice striking the arc using both methods. Generally 
the scratch method is pref erred for arc welding. -~"'to 

Determination of the correct arc length is difficult since 
there is no ready means of measuring it. As a prelimi­
nary guide, use about 1/16" arc length on 1/16" and 
3/32" electrodes;for 1/8" and 5/32" electrodes use about 
1/8" arc length. As skill is acquired, the sound of the arc 
will be a good guide. A short arc with correct current will 
give a sharp, crackling sou.nd. 

A portion of the electrode coating forms a protective 
coating called slag over the deposited weld metal. To 
examin~ the weld, remove the slag from the weld with a 
chipping hammer. 

Once the knack of establishing and holding an arc has 
been learned, the next step is learning to run a good 
weld bead. In the beginning it is best to run beads of 
weld metal on flat plates using a full electrode. Practice 
moving from left to right and from right to left. The elec­
trode should be held less than perpendicular to the 
work, tilting it in the direction of travel. The correct posi­
tion is shown in Figure 8-8. 



TO 15° 

ELECTRODE 
BEAD 

BASE METAL 

Figure 8-8. Electrode Position 

A proper weld bead is illustrated in Figure 8-9. This 
shows a cross-section through the bead and identifies 
the various terms used in describing a weld. To produce 
these results it is necessary to hold a short arc, travel at 
a uniform speed, and feed the electrode downward at a 
constant rate as it melts. 

Fine Spatter 

Fine Spatter . 

f BeadWeld · 

No Overlay~ No Overlap 10------=:::----tp 1/16 In. (1.6 mm) 
. · Penetration Good 

Figure 8-9. Proper Weld Bead 

Probably the first attempts in the practice will fall short of 
the results shown. Too long an arc will be held or the 
travel speed will vary from slow to fast and the welds will 
look as illustrated in Figure 8-10 showing a cross sec­
tion through a poor weld bead. In addition, the weld will 
probably be spongy (porous) and of low strength. 

Large Spatte~ Deposits 

Slight Crater 

Bead Rough- No Penetration 
Not Uniform 

Bad Overlap 

~Overlap 

i ~ ... .tf;J 
Figure 8-10. Poor Weld Bead 

Continue practicing until uniform beads as shown In 
Figure 8-9 can be produced. A good method of practic­
ing is to deposit a series of beads, one next to the other 
until the plate Is covered: The slag must be thoroughly 
removed between each pass. Then deposit another se­
ries of beads at right angles to the first, thus binding up 
the plate to a greater thickness. 

8-3. WEAVING 

When it is necessary to cover a wider area in one pass of 
the electrode, a method known as weaving is employed. 
In this the electrode is moved or oscillated from side to 
side in a set pattern. In order to tie sure of uniform de­
posits, it is necessary to use a definite pattern such as 
those illustrated!in Figure 8-11; While weaving is help­
ful, particularly when building up metal, it should be lim­
ited to weaves not exceeding 2-1 /2 times the diameter of 
the electrode. 

Start ll(((((( ( 
Direction Of Welding '" 

Start-~ 

Direction Of Welding 

Start .... Wl)'))) . 
Direction Of Welding 

. Figure 8-11. Weave Patterns 

8·4. BUTT JOINTS 

Up to this point the discussion has covered only the de­
posit of beads on flat plate. Such~-9peratlons are helpful 
in building up worn parts or applying hardfacing materi­
als. The next step is learniJ1g to weld two pieces of metal 
together. For this purpose, other types of welds are illus­
trated in Figure 8-12. 

Reinforcement 

rYh 
Single "V" groove weld 

Reinforcement 

Of Weld~-

f I t 
Square groove weld 

Double "V" groove weld 

Figure 8-12. Butt Joint Welds 

' " In making weld beads previously described, it was prob-
ably noted that depositing weld metal on one side of the 
plate, caused it to "cur1" up towards the weld; this is 
called distortion and will almost always be found when 
heat is applied locally to a metal plate. Similarly in mak­
ing a butt weld, distortion will .cause the edges of the 
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plate to draw together ahead ofthe electrode travel. This 
is caused by the contraction of the deposited weld metal 
on cooling. This may be overcome by spreading the 
edges of the joint apart on a taper of about 1/8" per foot. 

Another procedure to avoid metal movement caused by 
weld heat is to make short welds, tying the two pieces 
together at spaced intervals. This is known as tack weld­
ing and holds the metal in position for welding. 

In making welds in a butt joint, preparation of the edges 
may l;>e necessary to insure good results. In shielded 
metal arc welding it is a common practice to weld thin 
materials up to 3/16" thick without any special prepara­
tion using the square groove butt joint. For thickness of 
3/16" and over, either the single or double "V" groove is 
employed. Generally the single "V" groove will be satis­
factory on thicknesses up to 3/4", regardless of thick­
ness, where one can work on the weld from one side 
only. 

One method for beveling steel for "V" groove welding is 
.• :.by means of using an oxyacetylene cutting torch. The 

work may be done with a hand, guided torch or special 
oxyacetylene cutting machine. However, in performing 
this cutting, a scale will deve4op an the plates. This must 
be removed by grinding or chipping before welding as it 
is Hkely to become .entrapped in the weld bead and pro- · 
d.uce. an unsound weldo· Where oxyacetylene cutting 
equipment is .not available, grinding will probably be the 
best means of preparing bevels. The ·angles of these · 
bevels should be about 30 degrees and the bottom edge 
may be left square for a distance of about 1/16". See 
Figure 8-13. 

Bottom Of Plate 

Figure 8-13. Single Bevel 

Practice making butt welds starting on thin material 
about 1/8" thick (avoid very thin mat~rial, around 1/16" 
thick, in the beginning as this requires a fair degree of 
skill). Separate the' squared edges of the 1/8" material 
about 1/16" and make a butt weld all the way through 
with a 1/8" electrode. Probably the first attempt will 
either fail to penetrate the sheet or burn through it. Keep 
trying, adjusting the current within the recommended 
range; also vary the electrode travel speed to give the 
desired weld. Having mastered 1/8" thick metal, pro­
ceed to a similar exercise on 1/4" thick metal. This ti!lle, 
however, deposit a bead on each side of the joint and try 
to fuse one to the other, Since the weld from one side is 
in effect an 1/8" thickness, no bevel is needed. 
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Next make a single "V" groove on 1/4" plate beveled .30 
degrees. Start with a 1/8" electrode at the bottom of the 
groove and finish over that with a 5/32" electrode. Be 
sure to penetrate about 1/32" beyond the bottom of the 
"V" (called the root). When skill has been acquired on 
the 1/4" material, proceed to 3/8" and then to 1/2", also 
make the double "V" groove ·butt joints. Generally 
speaking, it will be necessary to deposit a bead or layer 
for each 1/8"thickness. On the heavier plates, weaving 
the top layers may be necessary to fill the groove com­
pletely. 

When making practice butt welds it is wise to check the 
results occasionally. Where elaborate testing equip­
ment is not available, this may be done with a hammer 
and vise. 

/'\.,_ Caution should be observed In handling 
AA welded pieces of metal, since heat absorbed 

by the metal Is Intense and can cause 
serious burns. 

Grip a short, welded piece with the weld just above the 
jaws of the vise. Hammer it in a direction than tends to 
open the bottom root side of the weld, in the manner 
shown in Figure 8-14. A good weld will not break under 

, this test, but will bend over. If the weld breaks, examine 
it to determine the cause. If there are·a large number of 
holes (the weld looks spongy) it is porous. This is prob-

• ably due to holdlng too long an arc. If there are bits of 
slag in the weld perhaps the arc was too short or the 
electrode was manipulated incorrectly thus permitting 
molten slag from the electrode coating to be trapped. 
This is quite likely to happen on a "V" joint made in sev­
eral layers and calls for thorough cleaning between lay­
ers. Perhaps on breaking it will be found that the original 
surface of the bevel is still evident. That means that is 
was not melted and the cause is quite likely to be found 
in too fast a travel speed or insufficient heat. 

Figure 8-14. Weld Test 

8-5. TEE AND LAP JOINTS 

The other basic type of weld, the fillet weld, is used for 
making tee and lap joints. For this type of welding, no 
special preparation, other than squared edges, is nec­
essary. Typical welded tee and lap joints are pictured in 
Figure 8-15 and Figure 8-16 respectively. 



Figure 8-15. Tee Joint 

Figure 8-16. Lap Joint 

Considering the tee joint first, it will be seen immediately 
that the position of the pieces requires a different 
method of electrode manipulation than for a butt weld. 
The method of holding the electrode for butt welds will 
not be satisfactory. 

To deposit a single pass fillet weld, hold the electrode as 
shown in Figure 8-17. This will provide fusion into the 
corner and a fillet, the side of which will be approxi­
mately equal. For maximum strength a fillet weld should 
be deposited on each side of the upright section. When 
a heavier fillet is needed, deposit a second layer as indi­
cated in Figure 8-18, using any of the weaving patterns 
shown in Figure 8-19. 

ARC SHORT AND MOVED AT DEFINITE 
RATE OF SPEED-NO OSCILLATION 

45° OR LESS 

Figure 8-17. Tee Joint Fiiiet Weld 

Figure 8·18. Multi-Layer Deposits-Tee Joint 

Figure 8-19. Tee Joint Fiiiet Weld Weave Patterns 

The lap joint, while involving the same fundamental weld 
type, the fillet, has metal distributed differently and 
therefore requires still another technique. The details of 
the application are given in Figure 8-20, for a single 
pass weld. For a two pass weld, Figure 8-21 provides 
the details. · 

•' ~- . 

.. 

Figure 8-20. Lap Joint Fiiiet Weld 

Figure 8-21. Multi-Layer Deposit Lay Joint 

8-6. WELDING VERTICALLY, HORIZONTALLY, 
AND OVERHEAD 

The importance of welding In the flat position, whenever. 
possible, cannot be stressed too strongly. The quality of 
the weld Is better, the operation easier and faster. How~,, 
ever, occasions will arise when it is necessary to work 
on parts in a position in which welds must be deposited 
horizontally, vertically and overhead. It must be realized 
at the very beginning that welding in these positions is 
difficult and will require constant practice to develop 
skill. 
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As is the case of welding in the flat position, it is best to 
start practicing by first running weld beads in the various 
positions. Then as proficiency is gained on these opera­
tions, practice may be continued on butt and fillet welds 
(tee and lap joints) in these positions. 

One of the first facts to be noted when welding in these 
positions is that the force of gravity tends to cause the 
molted metal to drip (fall) down. The technique used, 
therefore, must be acquired to overcome this. Start by 
making horizontal weld beads on plates inclined at 45 
degrees as shown in Rgure 8-22. When this has been 
mastered so that uniform beads can be made consis­
tently, practice on welding vertically may be started. 
Again begin with an easy operation such as running 
beads vertically on plates set at 45. degrees. (See 
Figure 8-23.) . 

Right To Left 

Left To Right 

Figure 8·22. Horizontal Weld Beads -
Inclined Plate . 

Figure 8·23. Vertical Weld Beads - lncliped Plate 

To progress with this practice it is necessary now to 
move the plates into vertical position. The details of hori­
zontal weld beads are given in Figure 8-24, . 

Vertical Plate 

Direction Of Welding 

Direction Of -+''-~ ____ _. 
Welding 

Figure 8-24. Horizontal Weld Beads -
Vertical Plate 

Welding vertically may be performed either by welding 
upward or starting from the top and welding down. It is 
generally conceded that working upward is easier and 
therefore, weld beads in this manner should be prac­
ticed. A method for making weave weld beads is illus­
trated in Figure 8-25. 

Since single weld beads are of limited value, weaving 
weld beads must be practiced on butt welds in the verti­
cal and horizontal positions. 
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-+I I- 1 /2 in. 
(13 mm) 

Whipping Up~ 
M . Cl ot1on ~ cc 

'-...-/. 0 ·-' ·-=:~ 

Weave Bead 
1/2 in. (13 mml 

Wide 

u • 
. !~ 
cc; 

Figure 8-25. Weave Pattern-Vertical Plate 

Figure 8-26 provides information suitable .for single 
pass vertical butt weld or the first pass of a multiple layer 
deposit. Two methods of depositing the subsequent lay­
ers are given in Figure 8-27. 

Arrows Show Lifting 
Up Of Electrode And 

Return To Crater 

Figure 8-26. Sln~le Pass Vertical Butt Weld 

Hesitate at 
sides witts 

slight up and 
down motion 

before 
crossing over 

1st PASS 

\ .· r""''~-:::.__,~in l5 
""- z Cl 

4th LAYER 

r---.--u10~ -o t; ..J 

-J;~;;;;;!- ~ ~ 
2i 

Figure 8-27. Multi-Layer Deposit Vertical 
Butt Weld 

..-·· 



The details for horizontal welds are shown in 
Figure 8-28 and Figure 8-29. Note that a strip of metal is 
shown at the foot of the weld. This is known as the back­
ing strip. Its use permits securing a sound root pass 
without great difficulty. In use, the beveled plate edges 
should be centered on the backing strip and the strip 
tack welded to the plates on the reverse side. 

Tilt 15° In 
Direction 
of Travel 

Figure 8-28. Root Pass 

"' DIRECTION ; 
OF WELDING 
I I 

Figure 8-29. Multi-Layer Deposit - Horizontal 
Butt Weld 

Figure 8-30. Fiiiet Weld - Vertical Tee Joint 

For fillet welds on tee and lap joints the technique is 
shown in Figure 8-30. When dePQsiting a multilayer fillet 
weld, the same method would be used to deposit the 
first layer on both lap and tee joints. For depositing sub­
sequent layers on tee joints two means are used and are 
shown in Figure 8-31. For additional layers on lap joints 
a somewhat similar weave may be seen in Figure 8-32. 

Figure 8-31. Multl-La"yer Deposit - Tee Joint 

Figure 8-32. Multl-Layer Deposit - Lap Joint 

Welding in the overhead position is the final problem to 
master. Again proceed through the steps of making 
weld beads, the making of butt welds and finally the 
making of fillet welds. For the electrode position of over­
head welding Figure 8-33 will prove helpful. When 
weaving is necessarY, the pattern in Figure 8-34 may be 
used. The technique for overhead butt welds is illus­
trated in Figure 8-35; this coye~ single pass welds or 
the first pass of multilayer welds:· Subsequent beads 
may be deposited as shown in Figure 8-36. For deposit­
ing single layer fillets or the first layer of multiple fillets in 
the overhead position the technique in Figure 8-37 
should be employed. The sequence for depositing 
beads on a multilayer fillet weld is provided ~' 
Figure 8-38. Note that single beads are recommended· 
and for that reason use the same technique shown in 
Figure 8-37. Again the technique for fillet welds may be 
employed for welding lap joints. 

Figure 8-33. Electrode Position - Overhead Weld 

Figure 8-34. Weave Pattern - Overhead Weld 
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Figure 8·35. Overhead Butt Weld - Root Pass 

1/2 in. 
113 mm) 
--.-----I I 

I I '• 11 
B ;,f,./ A 

Figure 8·36. Multi-Layer Deposit - Overhead 
Butt Weld 

Figure 8-37. Overhead Weld Tee Joint -
Single Pass · 
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-l I- 1/2 in. 
_.... __ ...... · _-;:_1...,13 mm) 

! 

Figure 8·38. Multl'."Layer Deposit - Overhead 
Tee Joint 

8-7. CONCLUSION· 

It may be appreciated that no printed instruction can im­
part to the beginner all the skill necessary for successful 
welding. Personal instruction by an experienced weld­
ing operator is the best means for accomplishing this 
end. Therefore, an effort should be made to secure 
some facility for instruction and practice under compe­
tent supervision. In any event the beginner should at 
least secure the benefit of criticism of finished we Ids by a 
qualified welding operator. 
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SECTION 9 - PARTS LIST 
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Item Dia. 
No. Mkgs. 

Figure 9·1 

1 
2 
3 
4 
5 
6 
6 
7 
8 
9 

10 
11 
11 
11 
12 
12 
12 
13 
14 

15 . 
16 
17 
17 
17 
17 
17 
17 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

S1 
S1 
C1 

.T1 
T1 
T1 
T1 
T1 
T1 
T1 

FM 

Part 
No. 

039 800 
091 541 
010 291 
604 668 
605 787 

*090 328 
*025 864 
059 417 
017 125 
088 372 
024103 
088 299 
111 443 
010 325 
023 898 
088 297 
088 298 
039 778 

+082 272 
123 154 
009 433 
009 926 
117 668 
117 666 
117. 672 
117 667 

· 117 664 
117 671 
117 673 
005 656 
008 825 
010 142 

039 608 
019 833 
101 219 
602 178 
010 521 
602 814 
602 160 

Quantity 
Model 

Without With 
Description PFC PFC 

!\'lain Assembly 

RECEPTACLE, jack-plug (consisting of) ......................... 3 
·RECEPTACLE & NUT, red ...........................•....... 1 
·WASHER, flat - 5/8 ID x 1-1/4 OD x 1/8 . . . . . . . . . . . . . . . . . . • . . . . . . 1 
·NUT, self-locking - hex 1/2-20 . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . 2 
·WASHER, lock-internal tooth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
SWITCH, toggle SPST 40 amp 600 volts (units over 250 volts) or · 
SWITCH, toggle SPST 40 amp 250 volts (units 250 volts or under) . . . . 1 
CAPACITOR, paper oil 30 uf 460 volts ac ....................... . 
CLAMP, mtg-capacitor ...................................... . 
CASE SECTION, base/fronVrear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
BLANK, snap-in 3/4 mtg hole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
CONNECTOR, clamp-cable 1-1/8 mtg hole (115/230 volt units) . . . . . . . 1 
BUSHING, strain relief 7/8 mtg hole (200/230 volt units) . . . . . . . . . . . . . 1 
BUSHING, strain relief 3/4 x 840 mtg hole (units over 230 volts) . . . . . . . 1 
CORD SET, power 230 volts 10 ga 3C 6 ft (115/230 volt units} . . . . . . . . 1 
CORD SET, power 300 volts 12 ga 3C 6 ft (200/230 volt units} . . . . . . . . 1 
CORD, power 600 volts 14 ga 3/c 6 ft (units over 230 volts) . . . . . . . . . . 1 
RECEPTACLE, straight 3P3W 50 amp 250 volts ................... 1 
WRAPPER ................................................ 1 
LABEL, general precautionary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
HANDLE, control-current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
PIN, handle-control current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
TRANSFORMER & SHUNT (230 volts) (Fig 9-2) . . . . . . . . . . . . . . . . . . . 1 
TRANSFORMER & SHUNT (380 volts) {Fig 9-2) . . . . . . . . . . . . . . . . . . . 1 
TRANSFORMER & SHUNT (460 volts) (Fig 9-2) . . . . . . . . . . . . . . . . . . . 1 
TRANSFORMER & SHUNT (575 volts) (Fig 9-2) ............ " ...... 1 
TRANSFORMER & SHUNT (230 volts) {Fig 9-2) ........... :, ... .... . 
TRANSFORMER & SHUNT {380 volts) (Fig 9-2) ............ '. ..... :. 
TRANSFORMER & SHUNT (575 volts) (Fig 9-2) ...... o: •••••••••••• 
BLADE, fan 6 inch 4 wing 30 deg ......•............... ·. . . . . . . . . 1 
MOTOR, fan 240 volts 50/60 hz 3000 rpm . . . . . . . . . • . . . . . . . . . . . . . . 1 
CLAMP, 5/16 dia ...................•........................ 2 
NAMEPLATE (order by model & serial number} .......... , ........ 1 
PLUG ASSEMBLY, jack {consisting of} . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
· STRIP, copper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
· PLUG, jack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
·SCREW, set 1/4-20 x 3/8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
· WIRE, tie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
·INSULATOR, red .......................................... 1 
·SCREW, self tapping-fillister hd 8-32 x 1/4 .............. ~. . . . . . . . 1 

3 
1 
1 
2 
1 

1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

.. 1 . 
1 
1 
1 
1 
2 
1 
2 
1 
1 
2 
1 
1 
1 

*Recommended Spare Parts. 
+When ordering a component originally displaying a precautionary label, the label should also be ordered. 
BE SURE TO PROVIDE MODEL AND SERIAL NUMBER WHEN ORDERING REPLACEMENT PARTS. 
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Item Dia. 
No. MkQ_S. 

Figure 9·'-

1 
2 
3 
4 
5 
6 
7 
7 
7 
7 
7 
7 
7 
8 
9 

10 
11 
12 
13 

SEC 

1 

PR1 
PR1 
PR1 
PR1 
PR1 
PR1 
PR1 

Part 
No. 

080 522 
604 992 
080 425 
112 569 
112 488 
119 962 
112 498 
112 499 
112 500 
112 945 
112 492 
112 503 
112 491 
112 573 
605129 
602 241 
020 300 
020'301 • 
089 800 

Quantity 
·Mode! 

Without With 
Description PFC PFC 

Transformer & Shunt (Fig 9-1 Item 17) 

BLOCK, anti-noise-shunt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
NUT, hex double chamfer 5/16-18 ............ , . . . . . . . . . . . . . . . . . 4 
SCREW, set-headless 5/16-18 x 1-1/2 .........•................. 4 
INSULATION, coil-secondary .................................. 2 
COIL, secondary ........... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
SHUNT, transformer (Fig 9-3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
COIL, pri (230 volts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
COIL, pri (380 volts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
COIL, pri. (460 volts) . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 1 
COIL, pr! (575 volts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
COIL, prj (230 volts) ........................................ . 
COIL, pri (380 volts) ........................................ . 
COIL, pri (575 volts) ........................................ . 
INSULATION, coil-primary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
SCREW, cap-hex hd 1/4-20 x 7 . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 1 
WASHER, flat-SAE 1/4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
WEDGE, rear-removable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
GUIDE, wedge-rear . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 1 
NUT, flange locking-hex 1/4-20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

4 

'1 / 

/ ~ 
I 
I 
I 
I 
I 
I 

~· 
I .~~ 

11 ~~'\10 9 
10~~~1211 

13- ......... 

Figure 9-2. Transformer & Shunt 

4 
4 
4 
2 
1 
1 

1 

1 
1 
1 
2 
1 
2 
2 
1 
1 

T0-052 396-B 

BE SURE TO PROVIDE MODEL AND SERIAL NUMBER WHEN ORDERING REPLACEMENT PARTS. 
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Item Part 
No. No. Description Quantity 

Figure 9-3 119 962 Shunt (Fig 9-3 Item 6) 

1 +081 821 SCREW, self-tapping fillister hd 8-11 x 1/2 . . . . . . . . . . . . . . . . . . . . . . . 1 
2 601 860 NUT, hex 8-32 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
3 009 428 SCREW, lead-shunt......................................... 1 
4 021100 NUT, lead-screw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
5 602 087 SCREW, round-hd 8-32 x 1-1/4................................ 2 
6 036 356 BLOCK, shunt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
7 024 869 COLLAR, set-w/screws (consisting of) . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
8 602176 ·SCREW, set-socket hd 1/4-20 x 3/16 .... .I......... . . . . . . . . . . . . 2 
9 024 612 ·COLLAR .......................... E..................... 1 

10 010 929 WASHER, flat-spring 3/8 .............. ;t. . . . . . . . . . . . . . . . . . . . . . 1 
11 010 653 BEARING, thrust 3/8 ID x 3/4 OD x 1/16 .. :'...................... 1 
12 020 284 WEDGE, coil ....................... :'. . . . . . . . . . . . . . . . . . . . . . 1 
13 119 963 TUBING, 17/32 ID x 718 OD x 1/2 ....... L..................... 1 
14 +009 312 INDICATOR ...................... ·......................... 1 

1~· 
' 

'· .. · 

(.; 

&-----~ 

12 

TB-052 397-A 

Figure 9-3. Shunt 
+Not pary of Shunt Assembly 
BE SURE TO PROVIDE MODEL AND SERIAL NUMBER WHEN ORDERING REPLACEMENT PARTS. · 
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. ~ A. WARNING ARC WELDING c~n' b~,h~ardous. 
PROTECT YOURSELF AND OTHERS FROM POSSIBLE SERIOUS INJURY OR DEATH. KEEP CHILDREN 
AWAY. PACEMAKER WEARERS KEEP .AWAY UNTIL CONSULTING YOUR DOCTOR. 
In welding, as in most jobs, exposure to certain hazards occurs. Welding Is safe when precautions are taken. The 
safety Information ~iven below is only a summary of ttie more complete safety Information that will be found in the 
Safety Standards hsted on the next page. Read and follow all Safety Standards.,. ·· 1.. ~/',:\1~«~:;N:i ' · 

',,·I, . ' ' ' _',_,,~· .: ,~ J'::,ii'·tit:;~(){ii.~·<J!~~~-Z-.~,~~' 

HAVE ALL INSTALLATION, OPERATION, MAINTENANCE, AND REPAIR WORK PERFORMED ONLY BY 
QUALIFIED PEOPLE. ; . : :"' ·''.-"M*'i-r~>! on;;.·1e" .,.,,, : . 

ELECTRIC SHOCK can kill. 
=i:;i Touching live electrical parts can cause fatal shocks 

_ -~ \ or severe bums. The electrode and work circuit is 
electrically live whenever the output is on. The input 
power circuit and machine Internal circuits are also 
live when power is on. In semiautomatic or automatic 
wire welding, the wire, wire reel, drive roll housing, 
and all metal parts touching the welding wire are 
electrically live. Incorrectly installed or improparly 

..._ ___ _, grounded equipment Is a hazard. 

1. Do not touch live electrical parts. 
2. Wear dry, hole-free insulating gloves and body protection. 
3. Insulate yourself from work and ground using dry Insulating 

mats or covers big enough to prevent any physical contact with 
the work or ground. 

4. Disconnect input power or stop engine before installing or 
servicing this equipment. Lockoutltagout input power according 
to OSHA 29 CFR 1910.147 (see Safety Standards). 

5. Properly install and ground this equipment aecording to its 
Owner's Manual and national, state, and local codes. 

~t Always verify the S!Jpply ground - check and be sure that input 
ower cord . round wire ·is ro connected to round 

-· . · · ARC RAYS can burn eyes and skin; 
NOISE can damage hearing; FLYING 

~ SLAG OR SPARKS can Injure eyes. 
b~ Arc rays from the welding process produce Intense . ('9' visible and invisible (ultraviolet and infrared) rays that 

- can bum eyes and skin. Noise from some processes 
can damage hearing. Chipping, grinding, and welds 

...._ ___ _, cooling throw off pieces of metal or slag. 
NOISE 

1. Use approved ear plugs or ear muffs If noise level Is high. 

-

FUMES AND GASES can be hazardous 
'II' to your health. . 

Welding produces fumes and gases. Breathing these > . . fumes and gases can be hazardous to your health. 
...__.. 

1. Keep your head out of the fumes. Do not breathe the fumes. 
2. II inside, ventilate the area and/or use exhaust at the arc to 

remove welding fumes and gases; 
. 3. II ventilation Is poor, use an approved air-supplied respirator. 
4. Read the Material Safety Data Sheets (MSDSs) and the 

manufacturer's Instruction for metais, consumables. coatings, 
cleaners, and degreasers. 

,,,.. CYLINDERS can explode if damaged. 
~ Shielding gas cylinder$ , contain gas under high 

• - pressure. If damaged, a cylinder can explode. Since · 
~- · -.. gas cylinders are normally part of the welding 
.• -... process, be sure to treat them carefully. 

1------' 

1. Protect compressed gas cylinders from excessive heat. 
mechanical shocks, slag, open flames. sparks, and arcs. 

2. Install cylinders In an upright position by securing to a stationary 
support or cylinder rack to prevent falling or tipping. 

3. Keep cylinders away from any welding or other electricf,!I . 
circuits. 

• terminal In disconnect box or thQt _cord plug Is connected to a 
properly grounded receptacle outlet. ,.._,, •. ·· ·· ·,, ,. ·· · ..... 

7. When · making Input connections, attach proper gr0Jnding 
conductor first- double-check connections. , •· · .;~~:,;:; · 

' . ,..,: · I: ; . ~ . . ' ' ' ' , : . . ," 

8. Frequently Inspect inpUt power cord for damage or bare wiring..:: 
replace cord Immediately If damaged ~ bare wiring can kill. 

·. ,,. (• ,. ~ . _,,.,. .~:.~ . ... \ ·"·: 
9. Tum off all equipment When not In use. . . . 'Y 

10. Do not use wom, damaged,' und8rsized, 'or poorly spliced 
cables. · 

11. Do not drape cables over your body. 

12. If earth grounding of the workpiece ls required, ground It directly 
with a separate cable - do not.use .work clamp or work cable1• 

13. Do not touch electrode if you are in eontaCt with ·the wort<; 
ground, or another electrode from a different machine. 

14. Use only well-maintained equipment. Repair or replace 
damaged parts at once. Maintain unit according to manual. 

15. Wear a safety hamesa it working ~e floor level. 
16. Keep all panels and covers securely in place. 
17. Clamp work cable with gOod metaf:to-metal ci>ntact to 

woi'k iece or worktable as near the weld as ractical. 

ARC RAYS 

2. Wear a welding helmet fitted with a propar shade of filter to 
. protect your face and eyes when welding or watching (see ANSI 
Z49.1 and Z87.1 llsted in Safety Standards). · 

3. Wear approved safety glasses with side shields. 
4. Use protective screens or barriers t~rotect others from 11ash 

and glare; ¥tam others not to watch the arc. , 
5. Wear protective clothing made irpm durable, flame-resistant 

material (wool and leather) and foot protection. 

5. Work In a confined space only if it is well ventilated, or while 
wearing an air-supplied respirator. Always have a trained"' ' 
watchpersonnearby. Welding fumes and gases can displace air 
and lower the oxygen level causing injury or death. Be sure the 
breathing air is safe. . :·:.:.~; f : ;~ ,. . 

6. Do not weld in locations near degreasfng, cleaning, or spraying 
operations. The heat and rays of the are can react with vapors to 
form highly toxic and irritating gases. ' 

7. Do not weld on coated metals, such as galvanized, lead, or 
cadmium plated steel, unless the coating is removed from the , • 
weld area, the area is well ventilated, and if necessary, while 
wearing an air-supplied respirator. The coatings and any metals 
containing these elements can give off toxic fumes if welded. 

4. Never drape a welding torctl over a gas cylinder. 
5. Never allow a welding electrode toJouch any cylinder. ' 
6. Never weld on a pressu~zed cylind~~ 1 ~xplosion will result. 
7. Use only correct shielding gas cylinders, regulators. hoses. and 

fittings designed for the specific application; maintain them and 
associated parts in good condition. 

· a. Tum face away from valve outlet when opening cylinder.valve. 
9. Keep protective cap in place over valve except when cylinder is 

in use or connected for use. · 
10. Read and follow instructions on compressed gas cylinders, 

associated equipment, and CGA publication P· 1 listed In Safety 
Standards. 
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~·~· . . . --~.....,,~~-----------~---------~--~~------~---. 
WELDING can cause tfre or expfoslon.1 ; ·. . 6 .. Be aware lhal welding on a celling. floor, bulkhead, or partition 

~ F- Welding on clos.i'd coniat~ers, such &Ii tanks, drums, can cause fire on lhe hidden side. 

W
~ or pipes, can cause them lo blow up. Sparks can fly 7. Do not weld on closed containers such as tanks, drum~. or 

off from the weldlng arc. The flylng sparks, hot : · plpes,unlesstheyareproperlypreparedaccordingtoAWSF4.1 
workpiece, and hot equipment can cause fires and . . (see Safety Standards). 
bums. Accidental contact of electrode to metal . 

. . objects can cause sparks, explosion, overheatl!)g, or · · . 8. Connect work cable to the work as close to the welding area as 
• ' · · fire. Check and be sure the area Is safe before doing practlcalto prevent weldingcurrentfrom traveling long, possibly 

1-------' any welding. ' · ·· ' ! · · unknown paths and causing electric shook and fire hazards. 
"' ... : · ... :, ,;:_ \ t: . < ,-. .• U. r~ni.i·.~ : .. ·~· . , . . . : ' . 

1. Protect yourself and otheni t.Om flYlng sparks and hot metal. , 1,. , • . . 9. . Do not use welder to thaw fro~en pipes. 
2. Do not weld where flying sparks ean strike flammable materlat.>:: '· 1 O. Remove stick electrode from holder or cut off weldlng wire at 
3. Remove all flammables within 35 ft (10.7 m) of tile welding arc. If , contact lip when not In use. -
1 this Is not possible, tightly co\ter them with approved covers: •·· · 11. Wear oil-free protective garments such as leather gloves, heavy 
4. Be alert that welding sparks and hot materials from welding can shirt, cufflesa trousers, high shoes, and a cap. 
l • easily go through Small CrBcka and openings t() adjacent area&. . 12. -Remove any combustibles, SUCh as a butane lighter or matches, 
~·. -Watch for fire, and keep arr~ '~~U,!~tl~fll:'~~y;' '.::.'.;: . '; ,_' from your person before doing' any welding . 

' . • -· ~ ' •, <'i j ~ • ',I, ' ,, 

. A WARNING 

ENGINE\, FUEl);lcan cause, ffre or 
explosion. · · \ · 
Engine fuel Is highly fllllll~le: ·. 

1. ~ Stop engine and let~- cp<>I off ~fore checking or add,lng fuel. : 
2.: Do not adcUuel while amoiaiig Of ff unit Is near any sparks or . 

. 1 openflamef: . : .: '"- ··"•:t.#·\'.l ;o,· · · •· ·' • '·· ·1 ,, ..• • 

~ _'.- . . .. ,. . -~ . . - :•' .. ·- ; , ', '. ... -, ., ' '. ~ . " .... ' 

1 •. Keep all. doors; panels,· covell!, and guards closed and 
: securely In place. ·· · · ' · • · · · 

2. Stop engine before Installing or connecting unit. 

. SPARKScarlcauseBArTERY"<iAsES ;; 
TO EXPLODEj 1 BATTERY ACID. can :. 
burn eyes and skin~· · · · · 

' ' " ~atterles contain' ·#.~l(;~~fge~erate. ~)cp1o&iV;. ;, 
. gases. . ·-~" ... :~. ~·''1-:.1 .... .... 1 "~•· .M ... ,·~'!- 1 :~• .... . . ·, 

STEAM . AND·;'. PRE.~SURlZEO~:: HOT. 
COOLANT can burq face, eyes, and 
skin. · 
It Is !>est to check coolant 1eve1 wnen engine Is cold 
to avoid scalding. ': . . . 

... ·· 

ENGINES can btt hazardous. 

1. Use equipment outl!lde In o~n, well-ventilated areas. 

2. If used In a closed area, ven! engine exhaust outside and 
away from any building air Intakes. 

3. · , Do not overfill tank - allow ro<>m for fuel to expand. 
4. Do nol spill fuel. If fuel Is spilled, clean up before starting 

engine. · 

3. Have only qualified people. remove guards or covers for 
11\&lntenance and -rnublesh6otlng as necessary. 

4. ·To prevent accidental starting during servicing, disconnect 
negative (-) battery cable from battery. . 

5. Keep hands, hair, loose clottiing; and tools away from moving 
parts. 

6. Reinstall panels or guards and close doors when servicing Is 
finished and before starting f;li'lglne. · · 

1. Always wear a face shield when working on a battery. 
2. Stop engine before disconnecting or connecting battery 

cables. · ' 

3. Do not allow tools to cause s~~rkswhen working on a battery. 
4. Do not use welder to charge !>atteries or jump start vehicles. 
5. Observe correct polarity (+ and-) on batteries. 

1. If the engine is warm and checking Is needed, follow steps 2 
and3. 

2. Wear safety glasses and gloves and put a rag over cap. 
3. Tum cap slightly and lel pressure escape slowly belore 

completely removing cap. ·· 

PRINCIPAL, SAFETY STANDARDS 

Safety.In We/ding and Cutting, ANS.I Siani:ia~ Z4~.1, from Afll~rlcan 
Welding Society, 550 N.W. LeJeune f\d! ~laml F~ ~3~2~,. 

' ·: •• • t ' •. \j~ 'f',) 1 I'~~ ·•:.J\~.·,t,,.7.~·.'".l 1: L,·,.,' 

Safety and Health Standards, OSH~ ~9 Cff\ 1P.10, from Superlnten-
g~~~ ~~~u~e~ts, U.S. Govern,me1J_t e~n~rg O~ice, Washington, . 

Recommended Safe Practices for the Preparation for Welding and·· 
Cutting of Containers Tr.at Have Held 1-faza~µs Substances, AITlerl, 
can Welding Society Standard AWS F4.1, frorn Afl\erlcan Welding So· 

. clety, 550 N.W. ~eJeune Ad, Mia~'.-~~'l26. .• · ;,.;\, '" '• • :·: ; ; , • · 
National Elsctrtcal Code, NFPA Standard 70, from National Fire Pro •. 
tectlon Association, Batterymarch Park, Quincy, f-1~ 02269, . , ., ... ,; . ..;;. ·, . 
ar1.1.1 2llM 

Safe Handling of Compressed Ga$es In Cylinders. CGA Pamphlel 
P· 1, from Compressed Gas Association, 1235 Jelferson Davis High­
way, Suite 501, Arlington, VA 22202.' ·. 

Code for Safety in Welding and Cutting, CSA Standard W117 .2, from 
Canadian Standards Association, Slandards Sales. 178 Rex dale Bou­
levard, Rexdale. Ontario, Canada M9W 1fl3. 

Safe Practices For Occupation And Educational Eye And Face Protec· 
tion, ANSI Standard Z87.1, from American National Standards 
lnslitute, 1430 Broadway, New York, NY 10018 . 

Cutting And Welding Processes, NFPA Standard 51 B, lrom National 
Fire Protection Association, Balleryrnarch Park, Quincy, MA 02269. 


