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El. A shop or service cenler' when ProPerlY

tranged, can help elimlnate the Problem ol mls-

ced tools.

FIGURE 2. A shoP or service
center is necessarY il You are
going to rePair machinerY and
equipment.

How nrltny tintes h,,'. ,t"' hcen l'ircetl with:l'itih to

.t.r',u,.t y.rr, .'r.rut.l lrrlt liritt ytlttt' lotlls.( lri8'rrl'c l )' ot'

;;,,;';";" discottt'ngcd trccitttsc you tlid not ltitvc tttt

irrlcqtr:ltc sp:lcc ttl wtlrk?

Mosl ilttlivitlttitls ttcctl ll sltop ttr sr';r'v!c'c 
- 
cclllcl"

Thc sizc o[ tltc rtrcrt itttd lltc arritttgcrlrgg!11f lltc .ltxils
,,,i.i .og,ti1t,ttt'trl rvill vltry. ltorvevcr"l'his t[r"pctttls rrlt

tltc sctrpc of yottr crttcrprisc'

Mrtsl httsit'tcss :rtttl litl'tlt cttlcr;rt'iscs tt:tvc ttttttlct'-

,r,,*-fi"""* ol'cqttiprnent. Stlnrc oi' thcnr itt'e powr"rcd

irv 
"l".rti" 

nloi.rr*. Sttluc irl'c powct'ctl hy glsolinc

,,,lr'i.fi"."1 cngincs.'t'he cqtripntcnl rcqttit'cs rcgttlrtt'

nt:ri ntcnitt'tcc irltl rcpirit's' A :t :ttlcq ttlrtc scrvlcc ilrcil l\
t,"."*irttv ttl do ntttitrtcnitncc trlltl rcpiril' jotrs { ljigttrc
1

-\:..
1 ...

Ao

HOP

SERVICE
AR

-l

'i

€
+

4

+t



ir

\

t r)

).

ti

::

-.,;,

ir

llr ;rftliliolr lrr thc
ilrlcrt:rncc :urrl

;rair ol' powct'
iprrrcnl. :t shop
ides space for

ntaining plumb-
:rntl rviring. frx.

itrpL.ning lools.
n is lr ing l'rr rrr i-

n:rrnlilrg,
uip,.1cnl. antl
nj*tlthcr usclirl

iccs (l;i8rrrc .1).

sl honll'orvn-
tlo irl lctsl stlntc
tlrc rnirintenancc
rcplirs requiretl
,rntl thc hontc.
qrrcntly. y()u
rlo lhc joh as
:r\ :r lr':tirtctl

nici:rn. lt is cs-
i:rl. hrtwcvcr.
y()U h:rvc iln

e place to
luntl thc pt'()pcr
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i
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FIGURE 3. Shops provlde lor malntenance and repalr ol plumblng, wlrtng, sharpen-
lng tools, reflnlshlng furnlture and patntlng.

construclion may inclurle building such things
hoirl. furniture. a tr:riler. barbeque grill and spe-
cquipnlenl (FiSure 4).

q
o

RE 4. Shops provlde lor maklng such thlngs as boats, trallers, grllls, and speclat
ent
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So you see how the term "shop," as referrerl to in
this publication, includes several types of facilities.
It inclurles areas for storage and facilities for service
and repair. Facilities lor fabrication and assembly
mly irlso hc l ptrt ol'thc shop.

BE 5. A shop may provlde storage space tor
aqulpment and supplles.

;,

l'lrr.. slro;r rtt:ry :rlso provirlc sklragc strilcc l'trr strclt
lllg\ irs lrrrtls. ctlttiJrtttcttl lttttl strpplic.s (liitltrre -S).

SUPPLIES DRILL PBESS

PARTS

'l'he arrangement of a shop nray look somcthing
like the onc shown in Figure 6.

Shop planning antl basic tlesign are discusserl
under the following headings:

l. Dctcrnrining ll'n Shop or'Scrvicc Ccntcr is
Nccrlctl.

ll. Determining Space Neederl in the Shop or
Service Ccntcr.

I ll. l)clcmrirring Siz.c :rntl'l'ypc ol'Shrtp ot'Scrvicc
('cnlcr Ncctlctl.

lV. l)ctcrmining He:rling :tnd Vcntilirting
Ncctlctl.

V. l)ctcrtttirrirrg l.ig,htirrg irrrtl Wirittg Ncctlctl.

SCBAP BOX
TOOL CABINET

WORKBENCH POBTABLE
TOOL CABINET

TOOL
GRINDER

ANVIL
METAL
SCNN P

wAI Itt
VAT

cq

i
'l

't

I

';:!::.

DESK

MASONRY
TOOL PAN LE

PAINT CABINET

MISCETLANEOUS
EOUIPMENT PANEL

WASTE

SINK

n ilt (:(rMl'il1 :;:;()lt

6. An axample ol how a smallshop mlght be arranged.
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Determining if a

shop or
service center

,,:is heeded

ilny commt'rciul operttion.s hitvc
provisiun lbr tool stomglc lnd d

icc :rren {Figure 7).

llrr'hunte. lhc scrvicc cclltcr nr:ly
st ol'littlc ltlrtt'c tlurtt lt cot'tlcr ttl'it

hcn clhi:rcl. (!r it ptrrt ol' thc
vtw:ly. Mirtty ltotttc lrttiltlittg pl:rtts

ptovirlc lirl :t rt'rltk lrcttclt :ttttl :t
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r':rgc :rt'c:r lliigrrt'c tl). A Ir:rsctttcttl
y prirvitlc cttottglt snlcc litr u siz.:t-

rlrop. Otr thc olltur lt:rtttl. :l c(ltll-
lc ncw strttctltrc nr:ry hc lltc ltts'

lrt yrutr ncr'tls

fi
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g
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FIGURE 8. A garage or basement ln the home may
have space loi workbench and tool cablnit.

I )clct'ttri tti ttg, wltcl ttul' it sltop is ltcutlstl is tli rctt ssctl

:ts lirllows:

A, Wttirt Uscs ('itlt llc Mirtlc ol'il Sltop ot'Scl'vicr:
Cc'ntcr.

U. What Use s Ctttt Yotl Mlkc ol'a Shop ot'Sct'vicc
c'cntcr.

(
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GUR E7. A commerclal shop or servlce center
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What Uses Can Be Made of a Shop or Service Center

,*tf fsl t|l,i,!llr 7l i ! tr,:;t ',!

ALL
il EED

A SHOP

OR

SERVICE

CENTER
le:,-,.,

E g. Examptes of businesses or operattons whlch usually need a shop or servlce cenler are (a) larms,
tandscaplng llrms. and (c) goll courses

ruscs ol'l shop v:try widcly.'l'hey depend upon
nccds:tnrl tlcsircs of thc ()wncr. Thc hohhy shttp

hc' used primari
r of the owner.

ly lirr the relaxation and enjoY-

'lrt'rc:rrc nl:rny cnlct'prisr's forwhich one mity fintl
rup ;rrrrlit:rhlc (tiiti,ttrc 9). Sottlc ot'tltcttt ttl'c ils

lorr'r:

.- |jlt'tttir.
- Runches.'- Crttvcs.
L scnools.
L I nstructionltl labtlrittoric's.

lrl:rnufircturi ng plants.
Auto and equipment dellers.
Eunh tnoving and grading.
Liurdscuping.

- Pl:rnt nurserics.
- Crtlf c()urscs.
- Park maintenlnce.
- Grounds keeping.

Mirtty stttatl:ttttl tttctlittttt sltttps itt'c ttsctl lry
tlttrltcrlwttcrs. ()t' stttull bttsittcsstttctr itttd skillcd
tradesmen. Shop jobs may include repairing or builtl-
ing cquipment.

A large servicc ccnter used by a comnrerci:rl
t'urmer. runchcr. grower, landscape contrttclor, ot'
manufaclurer mily often be used to make emergcncy
repirirs of mobile irnd /or stationary equipntent.
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structlonal taboratory for teachlng

*- i-i

Upon complelion of this section. you will be able
lo name nrany uses for a shop or service cenler. What
uses can llc mitrlc tll'ir shtlp itre discusscd rrnrJcl thc
lbllowing heatlings.

l. Provisions filr Service antl Reptrir.

2. l)rtlvisiotrs l'or Strtritgc.

3. l)r'ovisions litr Othcr Uscs.

1. PROVTSIONS FOR SERVICE AND
REPAIR

Firrnrc'rs. ritnchers. bttsinessmen ilnd individtrlls
tlcpcrtd rutlrc irtttl rllrlt'c ()tl thc lbility ol'nruchi'ncs ttl
do wttrk rlpitlly. Iimcrgcncy repitirs lrre impoflitnt.

Being irhlr,' to nrirke emergency repairs mity resttlt in
siz.:rhlc sirvirtgs. Att clttct'gcltcy l'cpiril' is tllictt il ltlill-
tcrol'bcirtgirtrlc lodrillthc right siz.c holc. ctlt tht'cirds
ttn ir litting. ot'u'cltl it lrrttkcn pitl't. Yott nlily sitvc il
trip to thc hirt'tlw:lrc stot'c ttr it lttng wirit lirr rcpitirs ttr
Pirrls.

$ Scrvicc :rnrl t'cpirir itrc thc tttitir'rr uscs lttadc ttl'lutlrl
shops. lnclutled in servicing is preventive mainte'
nilncc.
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hlic lnstructional laboratories lilr teach-

skills (Figtrrc l0).

*ifie**.* or intlivittrtals h:tve need of it
porluhlc shop. lt mly be mountetl tln a

0r.l ridler. Srrch a shirp cln go directly to the

i:
t GURE ll. A portable shop may be wellequipped
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Yrtttr shop nriry :rltow yorr lrl scrvir;c lnd m:rinlirin
lirlluwing:

l. Mechanical Equipmcnt.

l:.lcct ric:rl litltri pnrc rr I

. lluiklings

Mechanical Equipment

:rinlcnancc is neccssirry to kccp machinery antt
mcchunk'al cquipment operlting properly (Fig-

l2). Longer life is assured. With regular mainte-
irntl ntinor rcp:rirs. :r rtt:1itlr ht'citkdown mly bc

vcnlcd.

)

RE 12. Maintenance of equlpment ts an lmpor'
urc ol many shope.

Electrical Equipment

Itt:rittlcn:rttcc ol' clcclricrrl cquiprrtcnl ltils lirrtlrcr
hcnc'd thc nced lor ir shop. Mirny items tll'

l'lc:rt cquipmcnt nccd nrinor rcpair occttsitlnitlly

FIGURE 13. Etectrlcal equlpmenl can be repaired
easlly ln a well-equlpped service area.

c. Buildings

M:ritttcttiutcc ttl' lltc lttttttcslctttl :ttttl cottttttcrcial
lluildirrgs is lcss likcly ttl hc ttl':ttl cltlcl'Bcllcy lllrltll'c
Itr:rn ntccltiuticirl ttr clcctricll cqtlipnlcnt. A brriltling
tltlcs ttttl "ht'cirk tlowtt" lltc wiry ir ttt:tcltittc tltrcs.
I'ropcr up-kccp tll' buildings, howcvct', is intpot'tlrnt'
A wcll-cqtripped shop citlt ltclp yort lltititrtititt yotrt'
buildings (Figure l4).
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urc l3).
FIGURE 14. A well-equlpped shop can help you
malntaln your bulldlngc.
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ncrcitsc ils tlsclirl ncss antl crlnvcnicncc ( ljig-

ng firr $plcc itlw:rY s iccnrs lo hc'it prohtcttt. c. Supplies
,littgt' t'ttttuglt lrl lt llow lirr srttllr,' strlr:rgc will a

yrrur sltop c:rtt ptuvitt.J titr *t.rr:tgc ot' tltc

Yrttt citn sttlrc sttch srrpplics its lttnthcr. holts.
scrcws. rt:rils. pipc ittttl tttisccll:tnctttts tlt:tlcl'iitls.

tl'ytttt dcsirc. y()tl ciltl prtlvitlc sl()rilgc spacc t'rrr
sttctt loots :ts it sllovcl. :t.xc. slcp lirtltlct'. lrctlgc clip-
pcrs irlrtt l:rwn :tntl gitl'tlcn trlol-s..llirving :rll this
cquiprttcttr logclttct' tllc:llls thirt il is kcpt itt ltcltct'
a.in.iiti.t,.,. tjtlr. cxirnrplc. il' yrtrr hitvc ir t.,l gt'itttlct'
Irirrrtty, ytltr wilt lintl it cirsicr to slrirlpcn:rn:rxc hul'ot'r,'

y()rt ust' il llurlt t() w(ll'l'y witlt tr dtrll rlnc.

'thc rimc you silvc in getting reatly ttl do a joh is
your bcst rci,*,rn lili sttlt'ing :rll thesc things in ottc

p1,,... Yottr mitteritrls trnd ltttlls itre irll togcthcr'(ltig-
ilr.c t(r). Alicr.y.,rr trirvc linislrctl. yrttt c:rlt l'clttt tt lltcttt
tull ttt thc slnrc ptirce. 'l'his nritkcs lilr ordcrly pl'occ-

durc und suves time ancl trouble.

tl is th.'sit'trlrlc.lrl jrtrrvitlc spltcc lirt' rttclt lltirtgr lrs
pcsticidcs untl gardcn supplics. lraint untl trt'ttsltcs itt'c

iometirnes stoi:etl in the shop, but they increitsc your

fire haz.irrtl. unless provisions are ttr:rde to prcvcnl it'
iiuirrt tlrinncrs .nd otlrcr vtllltilc m.tcriirl shottltt trc

sttlrctl itt'lt sc;r:tt':rtc hrriltlirrg.

i

irllr I lit;rriprtrcttt

rl r.'i.
ll-

.,tlcs

I

ri
1',.

t1_

c0
ii
RE'15. Slorage space in the shop lncreases lts

ess and convcnience.

fools and EquiPment
r'i::"

,t,li,.t ttcctl lirt' \lol:rBc is rp:tcc lirt' lools iltttl

lptttettl ttrctl lirt' sct'r'icc :ltttl t'cJr:tit"

Spare Parts
::
isp:icr.'lrt rlttl'c strilrt 1l:trts is ()llcn ttcctlr"tl '

FIGURE 16. Store tools, equlpment and supplies in

one area lor greater convenlence'
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ION FOR OTHER USES

service centers may be used for pur-
olhcr th:rn servicc, repair and storage. Many

trsc lhr'm fitr cttnslrttclion or fibrictlion of
itcms.'t'hesc nray hc trsetl'in a bttsiness, ttn

A pleasant Way to use the shop is for a hgbby of
some kind. This may take a variety of forms from
pollcry m:rking to clock rcp:rir irntl fttrnittlre htriltling
( t'igu rc I tt ).

f.-

in thc homc ( Fig
trc cxitnrplcs ol'

urc l7). Boitts. furniture.
itcms which nrly he htrilt

@'

I

-
ao

F

G
.n

What Uses Can You Ma ke bf a ShoP or Service Center

17. Shops are olten used to construct or

lc ucelu! ltems.

sl intportitnt c()nsidertll ion in dccirling
her u shtlp or service center is needed is to
rmine the uses you can muke of it. These may
grenlly . They depend uPon whether You are

:r sltrtp tirr Pcrsttnitl ttsc ill ht)tnc. its it
c ccnlcr fttr it litrnr . or its ln :ritl to Ytlttr httsi'

FIGURE 18. Pursull ol a hobby may be anolher use

ol the shoP.

l. Skilts Ytltt (tlr Ytltrr Emptoyees) Ptlsscss'

2. 'Iools and Equipment You Have Available'

3. 'l'inrc Ytttt hitvc Av:rilirble.

4. Atttrrrtttl ttl'Mrtttcy Yrttt C:ttr lttvcsl'

U;rrtt cotttp lc'liott ol'lltis scctiott' yorr will hr: lrhlc

ldc what uscs ) ou cun ntakc of a shop. ln tlrtler ttt
you rcitclt :t tlcc isiort yott will coltsitlcr tlrc lirl'

ing l'irctttrs:

'12

'. "-'I;fr ,;il"t

ilil l.
usJ
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fi.:'i? f,i *,{,ry5

rlhop.
li'r
,:J. I

!

,! .

,J

ring



KILLS ,you PossESS

ily lo rtsc loots. ' ;

of a shop will de'
lnlcrant :rntl ttrllilY to do ' ,

r :,'
[.r

" 1,1,' l';;
iilu:r|., trirvc tittlc skill irr

'cmployccs who cottl
uM: rrr il. A ll'w sinrplc

lxoplc cutt dcvclttP
ru filw di slikc tloing
:nnd litkc little in'

may damage
uipmen t. TheY are
msclvcs ll' this is

. l tlrgc shoP

little vnlue-unlcss You
d make
Iotlls. it

bcnch und a smttll work area

rumcient for Your needs'

lcchnlcal work itnd are
tu sltottltl Plitn ltt

ll-r'qrrippc
f.i

rl sltrr;r ( liigtrrc

ND EQUIP.
T;YOU HAVE
IABLE

o[hrnd trxrts itnd Prlrtulllc electric
prrtettl ir ttcctlctl (l:iFrrrc fO)
r,':r lirt ol'lltc lottls ytttl will rtcctl

rr,'lhul list with thc t(x)ls yotl
un hirntl.

tt.rr l.t

q

FIGURE 19. A person who is skilted ln shopwork wlll enloy a well'

equipped shoP.

l3

$'i""I

h:rvc and thcir condi-
inllucncc yr)ut' tYPc ol'shtlP.

,"do-it-yourselfler" who is ac'
tomcd trl mitk ing mtn ()r rep:llrs
nd the home. on his auto. tractor

tlwnmowcr ntiry llrelrtly httve a
y good'stock ol' lools

sincss enterPrises. ir similar
i0n mity hc fotrnd unlcss Yott itrc FIGURE 20. Hand tools and portable electrlcal equlpment provlde a

:l llcw fircility. A good lnvcn-

J

start toward equiPPlng a shoP'

\,ttrttltitylrcsrtt';rt.isutlttrliltdlltlwltlutl.Ylrxllsyrrrt
ulrcudyhar.eavaila-ble.,ncey()ttS,etthemallttlgether'

I l'yott r hirlll lllcl' is itt tlne pl:lcc' yott r sockcl w t'cnchcs

:ll :lllolhcl' :ttttt ytlttt' plict's s()tllcwhcl'c clsc' y()tl
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p them. lfyou see lhe lools

s centrsl place, a shop

thc condition of Your loots. lf theY ttrc rttsled.

Ir:rvc ptrrhlhlY lrccrr lcl't (lul irt tltc wciltltcl'(tr ill'c

ing kept in it damP. Poorty-vented Place. A

cntent. wett-ventilated shop would keeP them in

tcr contlititrn.

TIME YOU HAVE AVAILABLE

Spurc tinre cln tlllc ll hc' ttsctl f () ttn c'xccllr-'nt ittlvtttt-

.'l'inrc irnd ttrttneY slvcd in reP:riring:tnd building

A'tPntR Joa5
TIIA l'cout () /iAVcUeN Oa^le fi lldt€

WILL USU4ILY .yy€
YOU rta€ I t4or/(u

\
. r. I ri

,:-.--..:.:" o

do not have a very satisfactory Place to
value of keeling Your
will help (Figure 2l)

equipment can be sizabte. lt is sometimes dillicult to
arrive at a cash value. however'

A factor to be consirlererl is t'lrclher service und

,' r, pi,i i.r-,,,'i' tl i t ul i t v u t' ti I u h I e e I s e w It e r(' I f m trch ine ry

irri.l cqrriprucnt lllust hc Irirrrspor.tctl consitlcrirhlc tlis-

il.;;: ;;ih ti*. can be saved bv pedorming the

;;i; oirepair in your own shop (Figure 22)'

'lhc tttttttttttt t2l'titttt' l't'tt (trt' filling ltt dcvtttt' ltt lltl

"lr,,i 
*itt tlcpcritl .,,, yt""'rtwn.pt'ioritics' //'tltc 'iolt'iiir",t 
u deliititt' ,,rui, you will-lrk.ely lind the timc

,:.liiit".r to" make it worthwhile (Figure 23)'

FTGURE 21. A centra! stor-
age cabinel helPs keeP hand
tools in Place and ln good
condition.

c
U'

FIGURE 23. A well planned place to work can be

prolltable and enloyable'

ably

UBP

ll i

G.

A
i,)

ri

GURE 22. Repair tobs that can be done at home or

siness usuallY save time and moneY
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UNT OF MONEY YOU CAN
NVEST

wily to bcgin this tliscussion may be to ask
yrru 3un
bccn poi

uttord nol lo huve u shop. As h:rs

v nlctl out. it shop'can be used to
opcruling cost.r
24r. ll muy ul

ftrr u lirrm or othcr business
lso be a moncy savcr ftlr the

r. The hobby shop owner may enjoy bet-
rh. if the shop provldes 8 way to relax. Also,

rhbps lhut sturtcd as a hobby have turned into il
or full-time vocation.

.a'' i'": I

; whcther you can nfford the cost involved in
or instirlling u shop nrusl bc weighcd against

ls (lfowners hip. // r'rrl cttrt u.ffonl the initiul
lltc clt:rttccs :trc gootl tlt:rl lltc bcrtclits tlct'ivctl

lrc worth lltc cust in tlrc tottg rult. A sltop rttuy

from n fcw dolllrs lo scveral lhousand dolltrs.
ttg on yttttr ttcctls (l;igrrrc ?.5).

t

,much r buitding'will cost. tlcpcnds on sttch
irs:

ntttch l:thtlt' :ttttl ttt:ttcri:tls yott .frtrnish

slnd size of building.
: .l .

tl ol' witttlows :ttltl tltltrl's.

-!l
tD

RE 24. Operatlng costs are reduced through
ol rhop lot molntcnance and repalrs.

FTGURE 25. Shop cost wlll depend upon slze and
type ol bulldlng.

- Kirrtl ttl'llool'.

- ltow ctttttplutc l wil'irtg jull is irrcltttJcr'l'

Yort citn n()t nrilkc l dccisitln hitsetl on thcsc lirc-
ttlrs tttttit yott hitvc ttclct'tttittcd tltc siz.c itttd lypc ol'

slructu!'c ytltl nccd. 'l'hcsc itt'c tliscttsscd ulttlcl' lhc
hcatlittgs wlriclr lirllow.
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Determining

space needed
in the shop
or service center

16

The space required in the shop will vary greatly
depending on its uses. Oqe of the simplest forms ttl'tt
scivicc center may consist basicully of a tttol kit, tr

grease gun and an oil can (Figure 261-

At the other end of the scale you may hitve an

cl:rhrtnrtc htrittling thlt is lightctl. hcittcd. vcntilltcd.
:rnd equipped with ir widc vadety ol'h:rnd :tnd powcr
loots. pilrts. slortge bins, and other facilities (Figure
27).

There etrc m:tny vadittions hetween lhcsc two ex-
trcnlcs. A rnohilc scrvicc llcility lttottltlctl ()n ll trililcr
tlr truck tttuy lrc tuken ()ut lo thc cquiplttcltt lot'
emergency repuir jobs in citse tlf nritchine hreak-
down.

6
Go

2C. A tervlce center may consist ol only a

grcrre gun and oll can.

RE 27. ShoP building
lr lullY cqulPPed'

h.ltod and ventl'
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The outdoor service center may
of an open area adjacent to a

ilding. paved or unpaved
uncovqred (Figure 28).

. covered

Regardle ss of thc size, cach facility
s a purposc whiclr contributr:s ttl

linancial success of the farm or
ess. 'l'he home shoP maY con-

to carnings. tlr sttvings on rc-
irnd cttnstrttctittn. Or. it rnny sim-

ty utltt to thc cnjoynrcnt o[ those
sing it.

t)ctcrmining thc spetcc' n.".t".t in
slro;r is tliscttssr'tl tltttlt'r lhc fol-

wing hcirdings
OUTDOOR

SERVlCE CENTER&

A. Wh:rt Sp:rcc is Ncctlctl lirr Scr-

. vicc. llclurir' :rlttl li:rlrt'ic:tliott.

b. Whut Spnce is Neetled for Stor-
ilgc.

FTGURE 2S. Example ol outdoor cervlce center'
6ru
,(o*
,6(

hat Space is Needed for Service, Repair and Fabrication

nre building or installing a home shoP, the

Your prob
bc predetermined

lem may be
byt
dec

he space
iding how your tools

equipmcnt c irn bcst he litted into the sP ace. Such

srs piltl ol':t gltrltgc . sl()rc t'()()tll. tlr hilscnrcnl
h'yttt rr ortly :tltclrt:rl ivc (l:igurc 19). litr nlirrlY

nthusiusts. howcver' u scput'ute struc'
re.quire<l tlr desirable.

comptcrion of this section, you will be able !6
wlt:tl s1l:tce .yrlu will ncerl fitr scrvicc,llltnc

und fitbric:llion itt Jillttr own shop'

What sptce is neerletl for service, repair and fabri-
ion is discu ssed as lbllows:

. 
'Uses To lle Mntlr" of the Shop or Service Cen-

ter.

Toots und E{uiPment Needed.

Spircc Nccdcr.l lirr Scrvice Arcl.

NcedcrJ lbr Mctalworking irnd Mtrchinc' FTGURE 29. The home chop may be located ln a pa

ol the garage.ry RePnir.
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ljlr
firr Worxlworking.

lirr tl:rrrtl'lirots.'

for Misccll:lnc()us ltems
i:1:

),..[.+. ,:i.

ES TO BE MADE OF THE SHOP
R SERVICE CENTER

$cclion. the rjccision was reached as
uscll you will nrlke rtf the shop. Bused on this

you nru$l nt)w nr:tkc sonle decisions
[!isi:il you in deterntining the space needed SERVICE AREA

+

ANVIL

Cf,iI rrrplc . yort nr:ry lurvc tlccidctl whlrt yottr
urics will hc.:l'hcy tttuy hc to tltl the

. plus scrvice and repuir
rcq
of

uired
your

gitrdcn cquipnrcnt. ln this cuse. your shop
. you must stilly will hc smitll. H()wever

hc' splcc rcqttircntcnts
(l'ligurc 30t

;'ri,{,.

MTIAL
SCRAP

WAIC
VAI

altclirr torlls :rnd
' 

IRC
XI l_

:iri i.t

J
A

hlvc tlccitl r,'tl tlt:rl it scP:lr:ltc htriltling
v htlusc :rntl use the totlls and

ur.frrnt or lndustrlal shop. ln th:lt cilse a FIGURE 31. Larger shops requlre delalled plans lor
several work areas.ur:tlc pl:ut rvill hc rctlttirctl (l:igrrrc

30. A small well-planned shop ln an exlstlng bulldlng, or a
d ncw onc. ls sallslaclory lor many PurPoses.

t8

2. TOOLS AND EOUIP.
MENT NEEDED

tlt rtrrlcr lirr yrtttt' sltop lo lil yortt'
rcqttircltrcttts. ccrt:ritt lttols :ltltl
cquiprttcnt rvill hc ncctlctl. ll'yottr cn-
lcrpt'isc is ir l:trgc I'itrttt ot' ltttsittcss.
y()u nlily ttectl it litllt'irltgc rll'lools itttd
ct;ttiptttcttl.'l'hcy ltt:ry ittclttth" krtlls
lirr tttclllrvorking. rtoorlu'ttrkitrg.
rnucltirtcry rcpuir. llluttrllittg :tlttl
musonry. Ftlr :t htlnrc shtlp. it gtttld'
sized wall clhinct-well stockcd rvith
lr:uttl trtttls itntl pttt'lithlc tlrills irrtd
s:rws-rtl:ly t'tlccl y(tltt' ltcctls.

At tlris prtittl y'ott shottltl tlclct'ltrittc
rvturt irtltlilitt:tirl luols lrtttl ctltti;ltttr:ttt
yorr rvill rcr;ttirc. l.ist lhcrrt hy c:rlcgo'
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t
working . nrcl:rlworking. mlchincry

ng untl mls(rnry. Next, think abtlut
hnve noI listerj in n cutegory thilt you
lhc shop. lixnnr plcs :rrc lir.c cxting-

ssor. porllhlc hoist und tlcsk.
miscctl:rnctrus ilcnrs.

E NEEDED FOR
VICE AREA

thc servicr,. ilrea, you are rcad yto
lhe space requirements for the servtce

for 'cnch type of cquipment.

Mark your plan sheet lnto Vz lnch

r;urcc tirr
. pl'()-

yt' ltit t't
,t t'ilril-

Ior vrur plun

luilcr shops.
ot curtlbolrtl
bc lhout f0

, llichcs. For
rtr smlll-
.l{xl0

'ir-

2. Murk lin(:t ttcross pillr(r Liitn.lt ulr(,rt. T.hctt ruttl!:!t lyrn, top to hottttttr th inc.li ttpurt (f-isure
.r.cr. (urilph p:lper to this scnle may hc pur-
chascd.)

F.:.h h"^u? your pitper orcardboard is equat ro
.l foot of .shop measuremenl. Wrire this in itre
ltrwc.r right crlrncr. of your paper: % inch = |
lixrt. You will tlr:rw all ilt your n,"urri"r,"nts to
this scate.

o

-3
... +

-5
FIGURE 33. Mark every lne to ehow
the numbe? ol leel lt represents.

1

2

co

3. Murk (,r,(,r..1, littt, r,ith lltc ntttnbcr tl'Jcct it rt,1trt,-
.r(,r,I.r ( /.i.(, trr .1.11 ,

4 4, l)att,rtttittt, tlte si:.t' t4l' tltc .rrr.r,ir.r, ilr(d.

Mcasurc lunglh lntl witlth of the targest cquip-
nrcnl you cxpcct to htriltl or r.cplir insidc youl
shop (Figurc -14). ll'you wish to hlve splcc lilr
Inorc lh:rrr onc rrrril. ligrrrc llrc iitltlitiorrirl spircc
ncctlctl in thc sirntc nlilnnct..

a
d.

FIGURE 34. Layout of the aervlce aroa. Melsure tho largeet machlne to be ler-vlced ln shop.
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I ttlr.'l t.'t,t lrlttlr'(.t l.

,\ lcrtt;rl:tlc i\ :t t'l:lllcl'll cllt lo sc:tlc l(l rcprcsJlll
thc ttiirrcrtsitttls ttl':rll :ll'cil ot' tltc siz'c ttl'cqttip-
nre lrl rcplcscttlirtg sct vicc :tt'c:t tlcc(lctl (liig'tlt'c
li1. llsr: rcitlc: lr ilrcll ctltt:rlr I ltxrt. Al lirst.ltc
\rue lo lrtrl :rl'l'(r\\'\ ott lrll lirttt'sitlcs willt "'l lL'cl"
rrr:rthctl tlc\l lo lllcttt. 'l'lris is lu kccp y(llt l'c'

rrrirrrlctl rtl' tltc tllillillllllll Pilssitgcwity sp:lcc
rrectlcrl (ttl c;tch sitlc lrrr scrvicing lll:lchilrcs' n s

yolt (lclct'tttiltc lttlrt sl'r:lcc is ttol ltcctlct! rltl itll
.ri.|"*. y,r,, ltt:ty itltorv llris .l lbot spircc ttnly otr

rirlt'r llt:rl ltt't'rl il'

ll,ttttt ltltttt ltt ltttt't'tttt ttltlitittttttl ttttltitlt 'r''''t'il'('
tttt'tt, t'rttt ,rttll' t','.ltt.'t' lltt' 'ti;'t' ttl |t""'itt:sitl,,
\(r'l'it',' ,lt'.'tl.

slron,rr rviltr r.irlr ilelrr ol'c(tuil)nlclrl . lr.itclt lctrlpllrlc
sttrtws ltru it;rpt'0xiltrittc siz.c tll'thc cqtliPttlctlt (!ll lhc
s:rrttc scltlc ii y.rrtr lityttttl (14 inch ctltt:lls ()llc l(xrll'

Nolc irr l;igttt'c .l(r lltll stltllc tlt' tltc lctttpl:rles :ltc
rnirthctl "pttt'lirhtc" :rttt! "tttov:rhlc'"'l'ltttst' lttll
rr,.rr kctl tr r'.1 c., rrsi.tc Ictl sl irt i0'.:lt'y. I ]l I lt is rlisc tt ssiolt.
";rrltllrllle lrtols" :ttr" lltrlsc ltlottlll('(l rrtt wlteclr tlt'

cltslcr.s s() lttcy c:ln hc c:rsily tuovctl l'l'rltlt rlttc locir-

lititt l. rtt.lltci. 'tit ltt.vel c:rsily. trsc 3-itrch .l'l:trgcr
w,lrccls tlr:rl will trrtl t.c:rrlity 0vcr stttir]l sloltcs. ttirilr.

irrttl otltct' slttitll olr.iccts rllt tltc lltltlt"

..Mtrvltlrlclrtrrlr..rlrtllrtlttlrvcwltcclsttt.cltsletrltlt.
:l1c lltoltlllctl tllt vct'y rtttitll citslcl's)' Stlclr ctllipttrcltl
is trol lirslcrrcrl lo llrr..tlrtrrr': il c:rn lrc tttrtvcrl lrttl ttol lls

c:rsily irs pot'litlrlc tlttilr.

I
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FIGURE 35. Template representing the servlce

tlea

4. SPACE NEEDED FOR METAL'
WORKING AND MACHINERY
R EPAI R

I rr:rtr r.' \(r rllttrr's lltc ct;ttiPttlulll lll(r\l c(rtlllltolll)'

,,..,1 i,, lttc tttctillrlutkittg itt'cit' Nttlc lltc'lctttlllittc

FIGURE 36. Equipment mosl commonly used in
metalworking area. Reclangles reprcsenl templale

size ol each unil.
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MEASURe Voun 
''

EQUIPMENT TO
DETERMINE

SPACE NEEDED.:,

,r.r r'.lmiputcrtl is tttorrrrlcrl olr rvork bcrrcltcs. 'l'lris is
lrvo rcits()rts. 'l'hcy :rrc its lilllows:

- tiquipnrcnt nt()unlc(l orr :r hcnch tirkcs up virlu-
:rhle sp:rcr...

- Surrountling bench surface is often in the way of
doing some jobs you mily witnt to do with power
trlols.

ir usrr:rlly lrtsl lo rrroulrl t)owcr ctlrri;lrrrr.nl. cvclt
lre ne lt I )'Fc. orr :r scP:rr:rlt sl:rrrrl or ;lcrteslul. I l' yorr

cli'r llr:rl )'()ur t!owur'ct;iriprrrcrrl lrr.. tuttttnlcrl rtrt :t
ttclr. lcttglltctt lltc ltcltclr so lhirl yort lr:rvc (r lo tl lL.ct
hcrrch \l'liacc lcli :rl'tcr lhc ct;rriptrrcrrt is lrrotrrllctl.

Stcps to t'rrllou, itr ;l!:trrrrirrg yorlr ruclalworking and
irrcrp' replir :rrcir :lt'L' irs lirllows:

l. .lr'/r'r'l t,tlttilttttt,ttt 1'tttt pltttt t(, usi." (I:ignra -16).

l, .l/r'rrsril'r, t't1tti1ttilt,nt )'(til ulreudy ltuyc' to d(-
ttrtttittt, .lltrt,r slrtt(c rctlttiretl ( l:'igurc 37u ).

l. .lIrrAr' lrtttPltttt,s.li'.,t,t ttt.,tt.tur(t,tt,,tl.\ tt!l'ltrctcttl
t'tlttilrtrr.',rl rttt :tt'ttl( t2l'ttz in<'lt = I .lixtt (l:igttrc
.t7 h t.

{. ( ir1r,1' tt,,upltttt,t,littttt l:igttn, .lb .lir ctluilttttt,ttl
.r',tlt lrl.trl l:t 1t111'1'l1r1.tc lttlt't',

cuf-our sizeo TEMPLATE

d

E 37. (a) Measure space required lqr each piece ol equipment you ptan to put ln
area. (b) Make a template ol each and label it.

ln thc discussion lh:rt lbllows. you will note th:rt no 5. l,ulrel tttrlt latttplttlt. tttttl ittltcrt rlcttrttttt't,
,u.'tt.\ ur'.'rn.' tt t I l:i gnrt .lti 1.

Notc lln'()ws pointing to sidcs ol' somc
lcnrplatcs. lntl the figurc "3" nrarkcd ncxt to
lrrow ( Figurc 3tl). 'l'his is rr rcnrinder thlt .1 l'cer
ol'spucc shoultl trc. lcli on thc "arrow" sidc ol'
equipment for convenient passage. With some
ecluipnrent, it is not necessilry to allow spilcL. ()n
all sides. l-elvc spacc only when nccdcd.

FIGURE 38. Label each template and tnsert
clearance-meaBuremenl arrowE.

c
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You nray ttitvc only plrrl o[thc cquipnrcnt listcd

here. This need not change the order of your
nlanninc. Leave out those items you do not
'h;;;. ,; dtt not ptitn to trict. and procecd with
llrc olltrtrs.

SPACE NEEDED FOR WOOD-
WORKING

'lir rlclcrrttitlc lhc spllcc rc(l ui rctl litr wttrltlworki ng

s. ttsc lhc sitnrc Pl'()cctltlrcs irs lot' trtctitl working.
:ts lirllos's

3. l'rcpurt' lt'tnplulcs titr cquiptttt'ttl )'t)tt l'ltt" t"
purchuse luler (F'igttra 39).

Muke rtmptatcs on scarle of 'l inch = I lbot'

4. lnltcl t'ttclt tctttltlute ttttd ittscrl clcttruttt't'
trtt'tt snr(,rt.' nl ( l;i 8u ra 39 ).

'!

t;igtrrc 39 shows cx:tttrplcs .tll'.wotxlwtlrking
cqiriprucrrt ctttttttltlttly ttsc.tl itltlttg witlr tltc
icnrplurcs giving thc irpproxinrutc size anrl pas'

sirgc wity clc:tritnccs. t

l. .!'r'lr'<', t'tlttilttttt'ttl 1'rttt ltlutt lt' ttst' (l:i$urc J9)'

7. llctt.tttrt' t'tlttiltttt<'ttl )'"t' ttlrt'ttil1' ltttt't' lo dc''

It,rtttittt' !l,xt :t1ttt<'e reqttired'

FIGURE39.Examplesolequlpmentcommonlyusedlnwoodworklngareaol
;;;;".Templates indicale appioxlmate slze ol each unlt'

Eo
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SPACE NEEDED FOR HAND
TOOLS I

Ilany ol'thc tritntl lttols cottltl bc listc(l with cithcr
ryot'kittg irrttl rtt:tcltittcl'Y rcPirit' . (lf w(x)(lw()l'k-

tkrrvcvcr. sirtcc w:rll sp:lcc is rcq ttirctl l'tlr ntttst

nr. thcy lrc lislctl hcrc scPttrittcl coplc

:t ltrol tlolly wlrich tlocs t'ct1t sP:lcc

rc {(l)

ln tttttst shtl3rs. Ir:rtttl lottls :rrc kcP t cithct'ttn it witll

tcd ttrtrl plncl (l jigurc.l lu) or irt a witll nrountcd

c:rhitrcl (Figrrrc { llt)

N \

7. SPACE NEEDED FOR MISCEL-
LANEOUS ITEMS

Yott trtity find thcrc itt'c sonlc itcnrs yr)tl w:lnl ttl
irtcltrtlc itt yrltll' plirntlirtg llt:rt ltirvc ttrtl hcctt pt'cvl-

,,ii.iV f irr".l. l,lxii,rgrtcs *r.c :r dcsk, lilc cirlrirrct. li'c
cxtingtrishcr. prlrtirhlr: hoist. sitrk irltd itit' ctttltprcs-
i,ii. 'ti't,-'*" ,,n.i ,,,,y ttlhct's rcqttil'ctl ttt:ty hc gr.ttpctl
:rs rrtisccll:ltlc(llls lttttt siritcc irssignctl :rr willt lltc

olltct'scclitltts.

'l'tl tlctcnuirrc thc spilcc trccdcd ltlt' ntisccllatltous
itcnts. plrlccctl :rs l'trllttws:

1. .!r'lr'r'l ((lttiltttt.',tl t'tttt ltltttt l" ttst"

2. 'l'rtAr,t,.'ttstt,'t'ttt.',tts 
".l'(qttil"/,tt',|t -\'t'tt 

tttttt'"tt'tt
ttttl tttttkt't.'trtlrl.llt's ltt 'tt'tllc (Vtitu'lt ' I 'litttl)'

.1. (ir1r.r' l.',,tlrl.tl(s.li'ttttt l:igttt't'.'l) ttl''tt'r' t''lttil''
ttttlttt t'tttt Itttlr.' tt, ltttrrltttst' ltttcr'

4. l.ttht'l lt'tnplutcs ttnd insert clcttruttt't' <litrtt'tt-

.tiorr.t ( /'7gr t ra 12 ) .

:r scp:tt':tlt' ollit'e 111;1rY' lrt'
' t'ot' lltc tlr.'sk irrttl lilc

y. Stlntc P
rirc llttor

\

tn sott'tt' lirt'gc rhops.
irrcltttlctl lo pt'ovitlr-'
cirtrirtct.

q
o

RE 40. Tool dolty requlres floor space'

(a) (b)

E 41. (a) Walt-mounled lool panel, and (b) wall'mounted tool

et (with te mplares). Types commonly used in metalworking
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What Space ls Needed for Storage

Somc sltlrilgc spitcc is tlcsirilble even in :r smillt
or scrvicc ccnter. A well-planned shop will

ntilxintunr sl()r:Utc using u minimum of floor

Upou colrtplction rll'tlris scctitln. you rvill bc irblc
dcltrnrlrtc n'hitt s;lacc is ttcttlcd fttr stttretgc ilr yottr

Whlt spircc is ncedctl frlr storagc i1 discussctl
r lhc lirllowirtg hcutlings:

l. ltcms to llc Storcd.

!. Splcc Ncctlcrl lirr 51,r,",*".

. ITEMS TO BE STORED

Splce for lunthcr irnd plywottd storage is a mi$or
in nrosl slto;rs. Othcr t'crlttil'ctttctrts nl:ly bc slot'-

:rrc:rs lor rtrct:rl. ntlchincry lrnd clcctric:rl ptrrts
hotts. rt:rils. gitrtlctt lools. llrwn cqtripnrctrt itttd
rs. Pirint lhinner. gnsolinc trnd other vcllatile
ri:rls shottlrt ttol l'rc slorr'tl in thr.' shop. httt i:r :t

c btrilding (liigurc -l-l;
a

VOLATILE
MATERIALS

...q r

2. SPACE NEEDED FOR STORAGE

,IGURE 43. Store paint lhinner, gasoline and other
le malerlals in a seParatc bulldlng.

You c:rn cut your spilcc rcqttiremetlts by storing
purl ol' yuur htrlky srrpplics-sttch ,its lttttrbct'-itr
yttur nrucltinery shctl tlr in it htrildihg closc by. il'
tvlillblc. llowr.'vcl'. it is rrstrirlly bcttcr to pruvidc lbt'
most or atl of ytlur present storage needs within your
shop (Figrrrc 44)' i.illcr. yotl lllily wirtll lrt ;rrovitlc
spacc in yottr shtlp lirr nttlre cquiptt)€rtl-$()tllc y()tl

have not considered in your present shttp plirns'
,l'ltcn. ytlg ciyl r.cll()vc stllllg st()t'itgc r.cks rtr lritts trl
get the ncetled spilce. l'igure 44 shows common
typer of storage itlong with the templates that give
tlre approximatc irntl suggested sizes. Study thenr
carelirily to scc it' the y nrect your nceds. ll' ytlu rrl'
rc:rtly tr:rvc srrnrc sl()r:lgc cirhincts. ttr t'ircks. titkc
yoru' lcrttltlitlc tllc:l\tll'ctllcllls ti'rlttl tltcttt.

c
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. Pipe welding
Welding of mild steet. stainless steel,
aluminium and copper piper
Technically, oxy-acetylene welding can be used
to join almost any size or thickness of pipe or
tube. ln practice it is seldom applied to pipe
over 150 mm in diameter or lO mm wall
thickness.

With this process it is possible to pioduce
sound welds in mild steel pipe situated in any
position and using the minimum of runs.
Because the equipment is portable and
minimum clearance round the joint is required
to allow the blowpipe to be played on the ioint,
it is widely used for installation and repair work.

For joining aluminium pipes, tungsten-arc gas
shielded or metal-arc gas shielded welding is
preferred' (if availablel.,

Thin-wall copper pipes may be.readily bronze-
welded, giving a joint which retains. adequate
strength even at elevated operating
tempsratures; agaln thls technlque ls ln wlda
use for installation and repair work.

When welding stainless stoe! pipe it is essential
to identify the material as there ars numerous
specifications.

Example proceduree-material
Pipe of a nominal bore of 5G-1OO mm is
specified in module F25 Skill and Training
specification and should be used for training.'

The pieces used in the Example procedures
should be long enough to allow a length.
either side of the weld, at least equal to 1j|-2
times the diameter of the pipe.
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Pipe wetding

Cutting and beveiling procedure
Before cuting
ldentify materials by relevant colour coding
and/or stock list reference. Read all instructions
on the drawing.

Check:

(a) Specification of material
(b) Nominal bore (nbl
(c) Wall thickness (t)
(d) Length required
(e) End preparation required.

End cutting
1. Cut small diameter mitd steel pipe by:
(a) pipe cutters
(b) hand saw, or
(c) power saw.

Note: When using a hand saw, ensure that the
cut is at right angles to ths pipe axis.

7
9

a
,

E

a
2
e
2
E

E

E

E

ts

ts

E

E
E

E

E-:

ts-
E:
ts

2. After cutting to length, remove any burrs on
the inside of the pipe by reaming or fiting.
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Pipe welding

3. Cut large diameter pipe by:

(a) power saw, or

(b) portable oxy-fuel gas cutting machine,
either mechanically or electrically driven.

Bevelling
1. Cut the required angle of bevel uslng:

(a) ory-fuelgas cufting machine, or

(b) ending machine.

2. Obtain the required root face depth by:

(a) grinding

(b) machining

(c) filing.
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Rotated pipe-cutting head

Cutting bevelon pipe

0

Set cutter at
angle of bevelRotate pipe at

constant speed
under cutter
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Profiling machine

Pipe welding

Cutting of branch components in
mild steel
1. Branch pipes in mild stee! may be cut on a
special oxy-fuel gas profiling machine. Where
such eq,uipment is not availabte, the branch can
be produced by marking the outline using a
template and scriber or pointed chalk followed
by centre punching. The branch can then be
produced by cutting to ths marked outline,
using manually operated oxy-fuel gas cutting
equipment.

2. Branch holes may be cut by any of the
following methods, depending on the
equipment available:

(a) Oxy-fuel gas profiling machines, which cut
the holes and produce the required angte for
weld preparation.

(b) Cutting manually, using the ory-fuet gas
process; the cut edge being dressed smooth by
using a hand grinder or fite. With this method,
care must be taken to €nsure that th8 cut
sections are removed from inside the pipe.

(c) Using trepanning toots for holes up to a
maximum of 150 mm diameter. This method is
suitable for use with all types of steel pipes.
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Avoid
Accidental arcing outside the area to be
cut.

There are numerous stainless steet speci-
fications. lt is essential to identify the
material prior to cutting.

Pipe welding

stainless steel
1. Stainless steel cannot be cut by a
conventiona! oxy-fuel gas process.

Normally, straight end preparations are
obtained mechanlLally by power saw, slitting
saw or in the lathe.

2. Bevelling is carried out by grinding, in a
lathe or by portable electric bevelling machine.

Cutting of branch components in staintess
steel
1. Branch pipes and branch hotes can be
marked out as described for mlld steel. The hole
is produced by ueing the air-arc process. After
cutting stainless steel pipe with the air-arc
process, it is important to ensure that all iron
powder or carbon deposits are removed,
otherwise the corrosion resistance of these
materials is reduced.

Do iot cut to the finished suibe line; cut
approximately 3 mm inside the line (ie. in the
waste area).

The final dimension is obtained by portable
grinding.

2. Holes may be pierced by tiepanning or the
use of an arc cutting process. Take care to
protect the surface and inside of the pipe from
damage by the cutting action.

3. Where these methods are not applicable, the
following procedure may be adopted:

(al mark out the hole as described for mild
steel

(b) drill a series of overlapping small holes
around the scribed line

(c) remove metal between the holes by
chipping, using a diamond pointed chiset.
Remove the waste metal disc

(d) smooth and bevel the hole, using a grinder
or file.
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Pipe welding

Selection of welding technique and pipe end
preparataon
For blowpipe and filler rod angles see Module
F1O lnstruction Manual.

Pipe ends square

Pipe ends bevelled
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Wall thickness (t) Pipe preparation Welding Joint gap (gl

3 mm or less

5 mm or less

3-5 mm

5-7 mm

Square

Square

Bevelled

Bevelled

Leftward

Rightward or all-positional
rlghturard

Leftward

Rightward or all-positional
rightward

2'5-3 mm

2.5-3 mm

1.5-2.5 mm

3-4 mm
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t

Lettward 8Oo-90o

Rightward
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Pipe welding

General notes, preparations, tackwolding
Gaps are those to be left after tackwelding or
when set up in a iig.

A pipe alignment iig can eliminate the need for
tackwelding.

Oxy-acetylene tackwelds normatly form part of
the welded joint, so they must be free from
defects.

A 'keyhole' is left at both ends of the tackweld
which enables a good 'ioin-up' with the main
weld.

Tackwetds have to hotd the PiPes in
position whilst the main weld is being
made. Ensure that they are sound enough
to do this.

Making a tackweld
1. Hold the blue cone about 12 to 25 mm
away from the tackweld area, and heat until an

area of about 25 mm diameter is red hot.

2. Position the nozzle about 6 mm away and
direct the cone into the gap and wait for both
edges to melt through to the bore of the pipe.

3. Bring the tip of the filler rod (which will be
near melting point) into contact with the
melting edges and hold under the flame untll
enough filler rod has been deposited.

4. Momentarily withdraw the flame to allow
the metal to solidify and then (in turn) direct the
flame at each end of the tackweld until the
keyhole is obtained.

Do not insert a cold filler rod into the weld
poo!.

The number and size of tackwelds will depend
upon the length and sizes of the pipe.

The position of the tackwelds will depend upon
the accessibility and position of the ioant.

Diameter of pipe Number of
tackwelds

Up to 30 mm 2

3O to 75 mm 3

75 to 150 mm 4

39

Area to be red hot. Both edges
should be melted through to the
bore before filler metal is added.
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Cold hinge

Cooling of
the tack causes
the gap to close

Pipe welding

The sequence shown allows for contraction at
each tackweld. The gap before tack welding
should be set slightly wide and tapering for this
reason.
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Build up

Effect of spatter on nozzle

work - uneven heating
Nozzle held square to

Build up
distorting
flame

Nozzle angled to obtain
even heating

'!

t Pipe welding

Welding torch (blowpipesl
(i) Blowpipes for tube and pipe welding are

almost exclusively of the high-pressure type, ie.

for use with acetylene gas cylirders.

(ii) Recommended pressures are higher than
for general welding, longer hoses normally
being required.

(iii) A build-up of metal particles on the tip of
the nozzle is inevitable when welding mild steel
pipe. A certain amount of build-up can be

toterated and counteracted by altering the angle
of the nozzle. (See illustration.)

lf the build-up cannot be brushed off with a

welding rod then the flame will need to be

turned off and the gas way cleaned out with the
appropriate cleaning tool.

Welding techniques
1. Leftward welding.
This technique can be used to make welded
joints in all positions, for all thicknesses and
sizes of pipe. lt is a slow technique for
positional work and often requires more edge
preparation and runs than the rightward
technique. lt is generally used for thin-wall pipe.
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Leftward welding

Flame cone
directed here

Filler rod
directed here
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Single run

Weld metal

'l st run

2nd run

Two runs

Pipe welding

2. Rightward welding
The filler rod is nearly always given a circular, or
side-to-side motion to place the molten metal
into the required position.
This technique is mainly applied to:
(a) tne top sections of a pipe

(b) ttre first run for vertical down welding.

Note: The welding position will actually change
from flat at the top of the pipe to vertical at the
side and finally to overhead at the bottom; it is,
however, referred to as vertical welding of pipe.

(c) a single-pass weld in the horizontal-vertical
position (butt weld in a vertical pipe).
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(b) Vertical down

(c) Horizontal-vertical
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Pipe welding

3. All positional rightward welding.
This technique is applied mainly to joints in the
overhead and vertical positions.
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One run Two runs

t

Excess penetration

Filler rod additions - Flat position

Depth to which
filler rod should
be restricted

Filler rod added
too low
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Horizontal-vertical welding requires
the filler to be added mainly in
the top half of the pool

Pipe welding

Filler rod manipulation and wetd poot control
When welding pipe the method of adding the
filler rod must be adf usted to suit the position of
welding.

When welding in the flat position, the metalwill
be pulled downwards into the pipe bore.

To help avoid this, the filler rod is added to the
top of the pool and the weld metal is ailowed to
solidify when it has run down into the correct
position.

Verticalwelding does not present any problems,
provided the filler rod is regularly moved into
position.

Horizontal-vertical welding requires the filler
rod to be added mainly in the top half of the
pool.

Overhead welding has the opposite effect to the
flat position.

It is often necessary to keep the weld pool as
flat as possible.

E
e
I
E

E

e
E
2
E
e
E
E

E
E
E
E
E,
E
E
E
E:
E;
E
E
E
E
E
E
E
g
E:
E-:

EL:
44

ELl

Weld poolkept
almost flat

Filler rod additions - Overhead position

Filler rod pushed regularly
up beyond the pipe wall Filler rod end pushed up

only part way through wall

Weld metal
displaced downwards
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Filler added too soon

Filler added too slowly

I

I

I

I

I

I

I

I

I

t
t
3

I
3

t
3

!
ts

!
.3

G

;T

L,

g
a
3
,

E
E
4
t!

ia

e
e

. Pipe welding

Unless the filler rod has to be pushed throu{Jh
the keyhole, always add the filler as soon as tho
keyhole has been obtained.

Control the size of the keyhole by the rate ot
which filler rod is added.

When adding filler rod bring the end of the rod
into the hottest part of the flame.
(Approximately 5 mm in front of the blue cone).
The filler rod should be brought into the hot part
of the flame when the keyhole is correct.

Keep the side-to-side movement of the nozzle
to a minimum,

45
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Flame too close
pool too small

Flame further away to
give heat spread

Pipe welding
lf the weld pool is not fluid enough or big
enough, draw the flame away to spread the
heat.
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5
E

5
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ln most cases direct the flame at and atong the
centre line of the weld. lf one side is gstting
hotter than the other, angle the btowpipe.

Do not movs the blowpipe over. Keep it
pointing at the centre line of the joint.

Once a pipe joint has been started endeavour to
complete it without stopping.
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Direct blowpipe
at this point

Blowplpe angted to roctify
uneven heating

Do not move tha
blowpipe over
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Pipe welding

Stopping the weld
On mild steel, up to .t.5 mm thick, the speed of
taking the flame away from the weld pool has
little if any adverse effect.

Above this thickness and depending upon the
weld position, it is advisabte to withdraw the
flame slowly to allow the liquid wetd metat to
solidify before it it exposed to the air. ln some
cases the force of the flame is used to help
control the liquid metal. Then it is essentiat to
withdraw the flame slowly to prevent the liquid
metal running over the melted parent metal.

Restarting the weld
Restart welds as quickly as possible:
1. Maintain the flame slightty further away
than for welding, but directed at the centre of
the keyhole.

2. When the area is red hot, position'ths flame
for wetding and wait until the weld poot is
molten through to the bore or root.

3. Draw the flame away slightty and heat the
end of the filler rod to almost melting point.

4. When the pool and the end of the welding
rod are molten insert the filler rod into the pool
and continue welding.

Do not insert a cotd filler rod end into the
weld poo!.

5. When adding the filler rod do not shield
the pool from the flame. When making multi-
run welds stagger stop and restarts.

Weld size
Uriless otherwise stated the throat thickness 't'
of the weld (or the combined throat thickness of
more than one weld) should be equal to, or
slightly larger than the wall thickness of the
thinnest section.
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weld metalheld in position by
the force of the flame and
surface tension with the filler rod

+

r(

Bottom of weld pool solidifying due
to shielding etfect of rod

Second run stop and start

Staggering stop and start positions

First run stop and start
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Torch or.blowpipe positions when
welding butt ioints

E-i'pipe welding
Butt joints
As a general rule the blowpipe is directed a few
degrees to one side of the pipe axis.

This means that, when welding small diameter
pipes, the nozzle has to Ue angleO more rapidly.

lnspection and testing
After visual examination cut three l2 mm wide
bend specimens from the positions of each joint
as shown in the table below.

E
t,
5:

7:

a
E
E
E
E

E
E

E
E
E
E
E,
E.
E
E:
Er
E-r

E
E
E
Ei
Ei
E.

When prepared, make l80o root bends over I
former of diameter four times the walt
thickness.

Normally there are more bend test failures
taken from the top position than from the
overhead and vertical positions. This is often
due to the gap closing up during welding.

The top section is the most difficutt part to weld
if the gap closes up. lt is r""omrended that this
section should be welded first.
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Pipe axis
Position of rpecimen in

wclded joint

(a) Horizontal (i) Bottom
(ii) Side

(iii) Top

(bl Vertical Three specimens at l20o
spart

(cl 45" lnclined (l) Bottom
(ii) Side
(iiilTop

I
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Mild steel pip+-butt joint
Welding position: Verticat
Pipe fixed with its axis: Horizontat
Technique: Leftwqrd
Example procedure EptONgO

Weld up each side of the pipe ln turh from the
6 o'clock to the 12 o'clock positions.

Pipe welding

Mild steel pipr-butt ioint
Welding position: Vertical
Pipe fixed with its axis: Horizontal
Technique: Rightward and a[-position
rightward
Example procedure EptONgl

49
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Material Two pieces of mild steel
pipe, SGIOO mm diamerer,
2 mm wall thickness

Preparation Square end

Assembly 2.$-3 mm gap.
Tack as shown on pageg
39 and 40, leavinq the
6 and 12 o'ctock p6sitlons
clear of tacks

Nozzle size 5 ( 140 litres/hr)

Regulators Each 0.1 4 bar

Filler rod 2.4 mm

Obtaining full penetration in one

Liquid metalbeing
blown down to form
V and keyhote

run with the rightward
technique

Materlal Two pieces of mlld eteel
pipe, 5O-100 mm diamerer,
5 mm wall thickness

Preparation Square end

Asscmbly 2'5-3 mm
tack as for

9ap
EP/ON3O

Nozzle size l8 (52O litreq/hrl

Regulators Each 0'28 bar

Filler rod 3'2 mm

I



Tack 1 Tack 3

Tack2 Tack 4

t,
(E

3

Start

Welding sequence

.9

$

N

o

1 Ri,

pipe welding
Deposit the weld in one run, divided into three
sections:

1. Start on the first tackweld and progress
through the l2 o,clock position to the next tack
weld (rightward technlque).

2. Start the next section at the point slightly
above the 6 o'clock position and progress
upwards. Ensure that the tackwetd is fused into
the weld run (all position rightward).

3. Complete the joint by depositing the third
section, welding upwards from the ,It.rt of th,
second section (all position rightward).

E-
E:

Mild steel pip+-butt joint
Welding position: Horizonta!-verticat
Pipe fixed with its axis: Verticat
Technique: Rightward
Example procedure EplONg2
Materials etc. as tor E9/ON31 except:

Nozzle size 13 (37O litres/hr)

Regulators Each 0.22 bar

Deposit the weld in one contlnuous run aB
illustrated.

Mild steel pip+butt joint
Welding position: lnclined
Pipe fixed with its axis: at 4So to the
horizontal
Technique: Rightward
Exampte procedure EptONgs
P!!g_rr/ simitarly to Example procedure
EPlOAl32.
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ck1 Tack 3

Tack 2 Tack 4

Rightward technique



Eranch

450

3-3.5 mmMain pipe

Section at crotch

600

3-3.5 mm

Section at flank

Preparation

600
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Pipe.welding

Mild steel pip+-branch joint 9Oo set_on
Welding position:
Vertical to Horizonta!-vertical
Pipe axes: Horizontal, assembly turned over
during welding
Technique: All-position rightward
Example procedure EptONg4

l. Weld in one run from the tack at T to the
tack at U.

2. Turn the assembly over so that D is on top,
and weld from V to W.

3. Complete the job by welding from U to V
and from T to W.

Visual examination
Check for: uniformity of weld size and
penetration; smooth face.

Cut and etch sections from flank and crotch.

51

-e

Material Two pieces of mild steel
pipe, 5G-1OO mm equal
diameter, 5 mm wall
thickness

Preparation Shape rhe end of the branch
pipe to fi! the main oioe.
Cut a hole in the miin pipe
to equal the bore of the
branch pipe. Prepare the
edges by bevelling (see
bevelled edges as shown in
the illustrationl

Assembly Root gap 3-3.5 mm.
Four tacks at polnts
T, U,V,W

Nozzle sizc 13 (37O litrsJhrl

Regulators Each O.22 bar

Filler rod 3'2 mm

U

c
I
I

\ V

T

A

W

B

AandC-crotches
B and D-flanks

D

Welding sequence



500

1.5-3 mm

Section at crotch

1.$-3 mm

Section at flank

500

pipe weHing
lVl.ild.steel pipe_branch joint gOo set-inWelding position: Vertical to -- 

ss

horizontal-vertical
Pipe axes: Horizontat, assembly turned overduring welding ' ---"'Y't fs'rrE

Technique: Leftward
Exampte procedure EptOA/3S

Weld in the same- sequence as Ep/ONg4,paying speciat attention to obtaining loirirt"ntpenetration at the crotches.

It/fild steel pipe-branch joint g0o rct o,nWelding position: Horizontal-r"ii""f
Pipes fixed with their axes:
Main pip+-Horizontat
Branch pipe-Verticat, above main pipe
Technique: All-position rightwa
Example procedure EptONgi

q
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hl
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h
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b
b
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ts

ts

ts

ts

b
b
ts

b
E

E

ts

s
E.

Material.
preperation

otc.
AstorEP/ON34

Proceed as in Ep/ONg4, except that theassembly should remain fixed in the position
described above.

52

Material Two pieces of mild stool
pipe, 5G10O mm equat
olameter,2 mm wall
thickness.

Preparation

Assembly Root gap 1.5-3 mm.
Four smaI tackweld!.
located aslor Ep/ON34

Nozzle size 5(l40litreq/hr)

Begutators EachO.l4bar

Filler rod 2.4mm
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Assembly and
tack welding
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pipe wetding
It/lild.steel pipe_branch joint 60o set-inWetding position: nori.oni"i;;*
ljo:" fixed with their axes:
Main pipe-Horizontat
Branch pipe_in srto main pipe ,lmo 

vertical plane at 600

I::TTr": A[_position rishtwardtxampte procedure Eploiji;

l. Tack at points T, U, V and W.
2. Weld sections TU, Vw and UV, in this order.3. Complete the iob by welding 

"".,ion ilwithout interruption.

Note: Practise maniput6ling the torch and fillerrod first to ensure that the ioint can b.e reached.

Sections at flank as for Ep/ONg4

53

Matoriats, etc.

are as shown
lllustrations.

torAs E PlON34 thatexcopt
preparatiolr and assembly

tn the

350

l.S-3 mm

Section at crotch, A

500

1.5-3 mm

Section at back, B

600

--7



Pipe welding

Mild steel piprbutt joint: root run only
Welding position: Vertical
Pipe fixed with its axis: Horizontal
Technique: All-position rightward
Example procedure EPlOA|3S

Deposit the root run in the sequence shown.
The weld will be completed by another process.

Visual examination
Uniform penetration; weld face free from
irregularlties large ,enough to trap slag in
subsequent runs.

Low alloy or stainless steel pipe-
butt ioint: root run only
Welding position: Vertical
Pipe fixed with its axis: Horizontal
Technique: All-position rightward
Example procedure EPIOA/39

Material, etc., as tor EP|ON38, except
that either low-alloy stee! parent material
and appropriate filler should be selected,
or stainless steel parent and filler material
with a suitable flux.

Proceed as in EP/OA,/38
The weld will be completed by another process.
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Material Two pieces of thick-wall€d
mild steel pipe, eg.
IOO mm dia. x 1O mm
wall thickness.

Preparation 70"-800
5mm 1.5 mm

Assembly 2.5 mm gap.
Four tacks at points T, U. V
and W of minimum length
1O mm and with complete
penetration.

Nozzle size 7 or 1O (20O or 2E0litreVtrr)

Rogulators Each 0.1 4 or 0.1 I bar

Filler rod 2.4 mm

U
3

I

V
T

2
4

w
Welding sequence
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Bronz:e (brazel welding
Bronze welding is a method of joining metal in which the filler rod melts at a lower temperature
than the base material. lt is not a fusion process. Bronze welding is often used to make a joint
between dissimilar thicknesses of materials.

Before commencing to bronze weld mild steel:
(i) Ensure that the filler rod is of suitable corn-
position (BS 1453:C2).
(ii) Remove oil, grease and dirt, using solvent.
(iii) Free joint surfaces from surface oxides by
gtinding, filing or wire brushing.

Note: When preparing a joint for the bronze
welding of galvanized steel care MUST be taken
to preserve the zinc coating in the area to be
joined. Befor,e welding apply a protective
coating of copper welding flux in paste form to
all faces affected by the heat of welding.
(iv) Coat the filler rod with flux either by hearing
and dipping into powder or by applying in paste
form. Pre-fluxed rods may be used.

Mild steel (untreated and galvanized)
Guideline conditions: butt joints
Flat and vertical positions

Tackwelding procedure
(a) Set the plate with a slight taper between the
joint faces.
(b) Set a slightly oxidizing flame,
(c) Pre-heat the ta,ckweld a'rea.

(d) Keep the blowpips at an angle of 600-700
to the line of the weld, with the filler rod at an
angle of 30o-40o.
(e) Direct the flame to the joint edges. lntroduce
the filler rod to deposit sufficient filler material
to bridge the gap and prevent the tack area
from overheating. When correct surface
temperature is reached the bronze filler material
will flow, thus creating the tackweld.
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When bronze welding galvanized steel:
(a) check ventilation arrangements
(b) avold overheating the joint.

Thickness
mm Preparation

Gap
mm Nozzle size

Filler rod
mm

Pitch of tacks
mm

1 Square edge o.8 1

(29 litres/hr)
2.4 25

't.5 Square edge o.8 1

(29 litres/hr)
2.4 40

3 Square edge o.8 3
(86 litres/hr)

3.2 75

6 600-goo v 1.5 7
(20O litreVhr)

4.8 130

600-70"

30"-400

R is kept
well fluxed

Weld bead is made by
allowing a pool to form.
As the blowpipe is moved
along the seam the

Bronze welding mild or galvanised
steel sheet

deposit solidjfies

Flame is
slightly
oxidising
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I Bronze (Urarel wetdlng

Welding procedure ',,
(a) Commance welding Et one end and continua
until the joint is cornplete. I

(b) Filler rod and blowpipe anglee are as for .i

tackwelding. To prevent oxidation or over- .

heating of base material ensure that the flame i

impinges only on the melting filler rod or the
weld deposit.

(c) When the pool is established (in the manner
of tackwelding) withdraw tho flame:slightly to
allow partial fr:eezing of the deposit.
Reintroduce the filler rod to melt further
deposit, at the same time reintroducing the
flame. Careful observation of the weld area is
necessary to ensure that adequate bonding is
achieved and uniformity of weld size.
(d) To avoid a terminal crater, fil'len rod is added
and the flame is withdrawn.
(e) Remove the flux residue.

Visual examination
The weld profile should be of adequate pro-
portion. The sudace should be bright and free
from porosity. The penetration bead should be
uniform and overlapping the joint faces on the
'other side'.

T joints
Tackwelding and welding t6chniques are
generally similar to those used for butt joints
welded in the flat and vertical positions.

Mild steel (untreated and
galvanized)
Guideline conditions: T joints
Flat and vertical positiohs
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Thickness
mm

Nozzle
size

Pitch
of tacks

mm
Filler
rod

1 1

(99 litres/hr)
25 2.4 mm

1.5 1

(29 litres/hrl
40 2.4 mdri t

3 3
(86 litres/trr)

75 3.2 mm

6 7
(2OOlitres/hrl

130 4'8 mm
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Bronze (brazel welding

Cast iron
Before commencing to bronzewelcJ cast iron
ensure that:
(a) the filler rod is of suitable composition
(BS 1453:C4 or C2l
(b) all parts are free from oil, grease and dirt
(c) all joint surfaces are free from surface
oxide. Edge of preparation must be free from
sharp corners
(d) the filler rod is coated with flux by heating
and dipping into powder. Pre-fluxed rods may
be used.

Guideline conditions: butt joints
Flat and vertical positions

Butt joints (flat position)

Tackwelding procedure
(a) Set the plates with correct gap, correctly
aligned and adequately supported and secured.
Where possible sot the joints at an incline to aid
control of the molten metal.
(b) Set a slightly oxidizing flame.
(c) Pre-heat the tackweld area until the surface
is blue.
(d) Keep the blowpipe 6Oo-700 to the line of
the weld and the filler rod at an angle of
300-400.
(e) Direct the flame to the joint edges. lntroduce
the filler rod to deposit sufficient filler material
to bridge the gap and prevent the tackwelded
area from overheating. When correct surface
temperature is reached bronze filler material
will flow, thus creating the tackweld.
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Thickness
mm Nozzle size Gap Filler rod Prepa.ration

6 3
(8O litreVhr)

O.8-1 .5 mm 4.8 mm -l-

2mm
Gap up to 1'5 mm

max. desirable

taNi
--l l.- sap

12 5
(14O litres/hr)

O.8-1 .5 mm 4.8 mm

25 10
(280 litres/hr)

O.8-1.5 mm 6.4 mm

600-70.

\ 3oo-aoo,

Maintain'tinning' action
of the bronze

Bronze welding cast iron

300-700

:"\
tn e-vee(,

afCorners

(also root ed

Tack weld

should be rou Slightly oxidising

molten metal

flame. Cone 3 m
.away from



Gap (see table on page 65)

Bronee wolding cost iron.
Making the coating and deposit

Tack

Bronze weld deposit
fills groove and fuses
wlth coeting

Coat ths aides of
the joint with bronze

Bronze (braze) welding

Welding procedure
(a) Commence at one end and continue until the
weld is completed.
(b) The filler rod and blowpipe angles are as for
tackwelding.
(c) (i) First coat the surfaces of the joint with a
layer of filler metal for a distance of approxi-
mately 20 mm along the joint, ensuring that it
is correctly bonded.
(ii) Return to the starting point and com-
mence to add sutficient material to produce a
satisfactory weld, This method is repeatsd
continuously until the weld has been
completed. Ensure fusion between consecutive
deposits.
(d) Conclude the weld by adding sufficient filler
rod to obtain a good reinforcement and bonding
and compensating for any shrinkage.
(e) Remove flux residue by scraping or wire
brushing whilst the flux is molten.

Visual examination
The weld profile should be of adequate pro-
portion. Surface should be bright and fee froml
porosity. Penetration bead must be uniform. I

Butt joints (vertical position)
ln the vertical position it is necessary to vary the
technique generally as follows:
(a) The initial tackweld at the base of the weld
run is increased in size so that it forms a plat-
form on which to build the remainder of the
weld, ie. the tack weld literally becomes a
short, full-section segment of the weld.
(b) lntermittent tackwelds (where required) will
be made as in the flat position.
(c) When cornmencing the weid (or restarting)
sufficient pre-heating of the existing deposit is
necessary to ensure fusion with subsequent
deposition. The weld is carried out by
depositing a single layer ensuring bonding.
(d) The movement of the filler rod and blow-
pipe will follow the contour of the weld in a
circular motion to ensure uniformity of the weld
size.

(e) Ensure that the filler rod is interposed
between the flame and the joint faces to avoid
overheating of the faces.
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Copper sheet (including copper and copper
alloys)
Thickness range covered 0.5 mm to 1'6 mm.

Butt, T and lap joints
Before commencing to bronze weld copper
sheel ensure that:
(a) the filler rod is of suitable composition:
BS 1453:C2
(b) all parts are free from oil, grease and dirt
(c) all joint surfaces are free from surface
oxides. Use wire wool
(d) the filler rod is coated with flux by heating
and dipping into powder. Pre-fluxed rods may
be used.

Bronee (braze) welding

Copper sheet: Butt, T and laP ioint
welding conditions
FIat and vertical positions

Notes:
(a) Nozzle sizes are based on sheets of approxi-
mate size-1 50 x 1OO mm.
(b) For greater areas, also when making T joints,
it may be necessary to increase the nozzle sizes
quoted.

Tackwelding procedure
(a) Set the plates with correct gap-slightly
tapered space,
(b) Set a slightly oxidising flame.
(c) Pre-heat the plates until the surface oxides
just begin to form.
(d) Hold the blowpipe over the tackweld area at
an angle of 600-70o and the filler rod at
30o-40o, then deposit the tackweld.
(e) Hepeat tackwelds at recommended pitch
until completed.

Welding procedure
(a) Hold the blowpipe and filler rod at the angles
given for tackwelding.
(b) Commence at one end and continue with a

slight weaving motion,. adding the filler rod at
regular intervals until the seam is completed.
(c) Terminate the weld, keeping the reinforce-
ment up to full section.
(d) Remove the flux residue.

Visual examination
The deposit should be of uniform size, bright in
appearance and free from porosity. Ensure
ad'equate penetration, where appropriate.
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Thick-
ness
mm

Nozzle
size

Filler
rod
rhm

Pitch
of tacks

mm Gap

I 3
(8O litres/hr)

2-4 25 Butt
only
t
21.2 5

(140 litres/hr)
3.2 40

1.6 7
(2O0litres/hr)

3.2 40

No gap
Joint preparation recommended for

O.5 mm to 0.9 mm thick sheet
Upset butt

6mmNF
__x_

Preparation recommended for
1'2 mm and thicker

Lap joint

1O mm min



Bronze (braze) welding
Mild steet tubes
(Range covered 12 to 27 mm diameter.)

Guideline corrditions-butt and branch joints

Butt joints
Clean and prepare the joint surfaces a s for mildsteel plate.
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Tackwelding procadure
(a) The procedure is as for mild steel plate.
Ensure the tubes have been ,".rru,uif aligned.

(b) Make three tackwelds at lZOo spacingaround the tube, avoiding the point a.t whichwelding will commence.

Welding procedure
(Pipe or tube fixed with its axis horizontal.)
(a) Commence welding at tlre 6 o.clockposition (overhead welding) and stop at the12 o'clock position.

{b) Repeat the procedure for the other half ofthe joint.

(c) Ensure
junctions.

adequate fusion at the weld
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(d) Remove flux rcsidue by carefrrlly chipping.
scraping and/or wire brushing while the flux isstill hot.

Visual examination
The weld profile should be of adequateproportion. The surface should be bright andfree from porosity. i

The penetration bead should be uniform.
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Dianretor
tnm

Wall
thickncss

Noezle
size

Filler
rod Gap

1'2 mm I
(29lirres/hr)

2'4 nrm Pipe wall
thickness

19 1.6 mnr 1

(29 litres/hr)
2'4 mm I

2

3.2 mrn 2
(57 litreVhr)

3'2 mm .+

Preparation

600 vee preparation
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Bronze (braael wel.d'ing

Mild steeltubes
Branch joints: set-on 9Oo, of equal diameters
(with or without hole in the main tube)
Welding conditions
Nozzle size and filler rod sizes are as shown in
the table for mild steel tube butt welding
conditions (page 68). Filler rod and blowpipe
angles are the same as in mitd steel bronze
welding.

Note: When welding main tubes without a hole
it may be necessary to use a larger nozzle to
offser th€ effects of the change in section and
related heat distribution.

Welding procedure
(a) Mark o,ut and prepare the branch tube
saddle; file and fit to the main tube. ln the case
of a main tube requiring a hote, the prepared
branch may be use.d as a pattern to mArk 6ut
the ho,le. Alternatively, templates may be used.

(b) Set and locate the branch on to the main
tube and tackweld at both crotches or both
f lanks.

(c) Proceed to complete the weld as shown in
the illustration. Note that the crotch welds are
made in the horizontal-vertical position and the
flank welds in the flat position. This is following
rotation of the assembly through gOo and 1B0o
respectively.

(d) Remove the flux residue by carefu.lly
chipping, scraping and/or wire brushing, while
the flux is still hot.

Visual examination
Ensure uniform weld profile. bright apipealance
of deposit and freedom from porosity.
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Method of tacking and bronze welding
pipes in mild steel
Diameter range from 12 to 3O mm
Wall thickness from 1 to 3 mm

Tack

Alternative tack
weld points

1 800

Fillet weld each
crotch first

(b)

Tack

(c)

Finally bronze
weld each flank

Assembly is
rotated through

e:rlf.'i-':'.- 'i' .' ---
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Bronze (braze) welding

Copper (or copper all.oy) tubos'
(Range covered: 12 to 27 mm diameter,)
Guideline conditions-b.ell burt joint
It is recommended that, when copper tube is to
be welded, a 'bell' butt joint formation is used.
(See illustration.)

Tackwelding
(a) Prepare the betl joint (and inserted tube)
with wire wool to remove sudace oxides.
(b) Tack weld at 12O": 1 8Oo for small-
diameter tubes.

Welding procedure
(a) Heat the tube until the surface changes
colour.
(b) Point the cone at the place where the weld
is to commence.
(c) Melt a little bronze filler rod into the lip
formed by the mandrel on the lower tube.
(d) Commence the weld at the 6 o'clock
position progressing vertically upwards to 12
o'clock. Repeat for the opposite side.
Note: ln this position a variation in technique is
required to maintain control:
(i) The requisite amouRt of fill.er rod is
deposited at the leading edge of the previously
completed deposit.
(ii) The filler rod is withdrawn and the flame is
manipulated to draw or merge the new deposit
with the previous one.
(e) Ensure that the weld deposit is of correct
profi.[e such that it completely covers and bonds
(without over-spilling) the outer edge of the bell
contour.
(f) Terminate the weld, keeping the reinforce-
ment u,p to full section and ensuring fusion at
recommencement and completion points.
(g) Remove the flux r"esidue.
Visual examination
The deposit should be of uniform size and free
from perosity. There should be. freedom from
penetration.
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Wall
thicftness

1.2

Norzls $rs

2
(57 litres/rr)

Fillcr
rod

T
2.4

Pirch
oI taclrs

r Bo"12
to
'19 1.6 3

(80litre#hr) 2.4 spacing

2.5 3
(S0litreVhr) 2-4

25
t()
27

1.2

1.6

3
(80 litres/hr)-- -3

(BO litres,/hr)

2.4

2.4

1 200

qracirrl;

2.5 5
(140 litresAr) 2.4

)

two runs.
(Note:weld will be
made in the horizontal-
verticalposition) D>(d+4t)
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@ Bronze weld in

@

o
To soften,

Mandrel

oxide

to be bell mouthed

Dress if
required

Insert tube
into bell
and tack
in place

450
recommended

Terminal
point

@
Mandrel is
driven into
softened end
of tube

Coolin
water to remove

heat to a red
heat the end
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Bronze (braze) welding
' Branch joints: set-on goo, of equal diarneters(lt/itlt hole in the main tube)

(a) The manner of preparing ancl tackrvelding,
also welding of the joint, is sinrilar to thal usedfor nrild steel branch joints. (See page 6g,)
(b) The guiclcline conclitions for welcling branclrjoints are similar to those stated for bell buttjoints.

(c) Ensure the complete removal of flux after
welding.

N.ote: ln the majority of circumstances copperpipo or tube assernblies will have a biancrr norein the main tube. Where there is ,ro t,ote in themain tube i.t may be necessary to use a large,rsize of nozzle than that stated in tfre relevant
table.

Repair of steet anct iron castings
Malleable iron castings rnust be ftionze welcjed.Details relating to tlteir prepararion and welcjirtg
corrditions are referred to on page 65.
As bronze welding is carriecl out at a lowertemperature tltan fr.rsion weldir"rg, i, rnrr't"necessary to preheat the casting to 45OoC
maximum according to the cornpiexity of thecasting.

Parls to be repaired must be accurately alignedand bckwelclerl or clanrped in position.

Welding procedure
(a) Keep the rod well fluxed
(b) Keep the flarne condition slightly oxirlizing.(c) Plan the welding sequ€ncL: to rnininlizestresses working towarcrs on opan 

",tgr*.(d) Bronze weld deposits on thick secrions maybe more reaclily controllecl if carried out in ttrcvertical position.
(e) Avoid overheating which is indicarecl try:(i) poor bonding
(ii) fuming rhrough loss of zinc.
(f) Shield rhe uyork piece frorn clrauglrts.
(g) When the weld is finishecl always altow thecasting to cool slowly.
(h) Never immerse thc hot casting irt warer,(i) Renrove all flux residue.

!,

t

r*

q
4
I
I
I

I

71

I

I

13

fi

,n

:



Copper sheet (includidg copper and copper
alloysl
Thickness range covered 0.5 mm to 1.6 mm.

Butt, T and lap joints
Before commgncing to bronze weld copper
sheet ensure that:
(al the filler rod is of suitable composition:
BS 1453:C2
(bl all parts aro free from oil, grease and dirt
(cl alt joint surfaces are free from surface
oxides. Use wire wool
(dl the fitler rod is coated with flux by heating
and dipping into powder. Pre-fluxed rods may
be used.

Bronze (brazel welding

Copper sheet: Butt, T and lap joint
welding conditions
Flat and vertical positions

Thick-
ne58
mm

Nozzle
rize

Filler
rod
mm

Pitch
of tackr

mm GcP

1 3
{8O litreq/hrl

2.4 25 Butt
only
!
21.2 5

(14O litreaftrl
3.2 40

t.6 7
(2@lltreVhrl

3.2 40

Notes:
(a) Nozzle sizes are based on sheets of approxi-
mate size 15O x 1OO mm.
(b) For greater areas, atso when making Tfoints,
it may be necessary to increaso ths nozzle sizes
quoted.

Tackwelding procedure
(a) Set the plates with corroct gap+lightly
tapered space.

(b) Set a slightly oxidising flame.
(c) Pre-heat the plates until the surface oxides
just begin to form.
(d) Hold the blowpipe over the tackweld area at
an angle of 6O0-7O0 and the filler rod at
3Oo-4Oo, then deposit the tackweld.
(e) Repeat tackwetds at recommenAea pitctr
until completed.

Welding procedure
(a) Hold the blowpipe and filler rod at the angles
given for tackwelding.
(bl Commence at one end and continue with a
slight weaving motion, adding the filler rod at
regular intervals untilths seam is completed.
(c) Terminate the weld, keeping the reinforce-
ment up to full section.
(d) Remove the flux residue.

Visual examination
The deposit should be of uniform size, bright in
appearance and free from porosity. Ensure
adequate penetration, where appropriate.

67

No gap
Joint preparation iJiommended for

0.5 mm to 0.9 mm thick sheet
Upset butt

6mm

Preparation recommended for
1.2 mm and thicker

Lap joint

1O mm min
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Brorrze (brazel welding

Mild steel tubes
(Range covered 12 to 27 mm diameter.)

Guideline conditions-butt and branch joints

Butt ioints
Clean and prepare the ioint surfaces as for mild
steel plate.

Tackwelding procedure
(a) The procedure ls as for mild steel plate.
Ensure the tubes have been accurately aligned.

(b) Make three tackwelds at 12Oo spacing
around the tube, avoiding the point at which
welding will commence.

Welding procedure
(Pipe or tube fixed with its axis horizonta!.)
(a) Commence welding at the 6 o'clock
position (overhead welding) and stop at the
12 o'clock position.

(b) Repeat the procedure for tho other half of
the joint.

fusion at tho weld E*

(d) Remove flux residue by carefully chipping,
scraping and/or wire brushing while the flux is
stil! hot.

Visual examination
The weld profile should be of adequate
proportion. The surface should be bright and
free from porosity.

The penetration bead should be uniform.

(c) Ensure adequate
junctions.
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Diameter
mm

Wall
thickness

Nozzle
size

Filler
rod Gap Prcparation

12 1.2 mm 1

(29 litres/trl
2.4 mm Pipe wall

thickness

600 vae preparation
r9 1.6 mm I

(29litres/tr)
2.4 mm t

2

27 3.2 mm 2
(5T litreyhrl

3.2 mm t
4
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Safety
The flux may be poisonous or corrosive.
Follow the manufacturer's instructions
carefully.

Welding of stainless sted and non-ferour matorlalr

Aluminium and its alloys t
lf the equipment is available, tungsten-arc gos
shielded (TAGS) or metal-arc gas shielded
(MAGS) processes are preferred for the wetding
of aluminium aM its alloys.
Before commencing to weld aluminium:
(al ensure that the fitler rod is of suitabte
composition
(bl remove oil, grease and dlrt, using a solvent.
and thoroughly dry the plate
(cl proparo I narrow band, approxtmately
12 mm wide atong the plate edge using wire
wool
(dl coat approximately 125 mm of the rod by
melting flux down its length. No other flux is
required.
T and lap ioint welding of aluminium is not
recommsnded. Flux witl be trapped at the abut-
ting faces of the joint, thus maklng removal
of the residue very difficult. Trapped flux usuatty
causes severe corrosion problems. Flux residues
must bb thoroughly removed from the work.

Alumlnlum
Guldetine wetding conditions.--butt and comor joints
These conditions apply to flat, horlzonta!-vertical and vertical poeitions.

Note: A filler rod having a diameter 5O per csnt greater than norma! may assist for lnitial
training purposes.

Butt joints
Tackwelding procedure
(a) Set the corners of the plates touching for the
first tackweld. Taper space the plates about
1 mm per 100 mm run of Joint when butt
welding.
(b) Set a neutralflame.
(cl Pre-heat th6 plate prior to tackwelding.
(d) Keep the blowpipe at 30o-40o to the line of
the weld and the filler rod at 3Oo-4Oo.

(e) Point the cone at the seam with the tip
almost touching the plates and melt the
aluminium. The metal will appear to shrink
under a 'sac' of oxide. Break the skin of the 'sac'
with the filler rod already fluxed. The flux will
cause the oxide to dissolve, allowing the pool to
unite both plate edges. Make neat, well-fused
tacks at the recommended pitch.
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Thicknsrr
mm Preparatlon Ascmbly

Pitch ol tackr
mm Nozzhdrr Fillcr rod

1

As for stainl8ss steel

No gap 25 I
(29litrsertr)

2.4 mm

r.2 No gap 40 2
(57litres/hrl

2.4 mm

1.5 No gap 40 2
(57litrealrr]

2.4mm

3 1.5-3 mm gap 75 5
(140litres/hr)

3.2 mm

-H;,I"ff';, 
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poolwith a stroking motion

Evenly

Blowpipe

proceeds

ripples

Filler rod goes into

,becomes less
acute as w€ld

Flux covers
weld zone

'r"
Molten poolis
very fluid

Welding of stainless st6sl and non-forrous materaals

Welding procedure
(a) Commence at a point one-fifth to one-third
of its length or 50 mm maximum, along the
seam and weld towards the furthest edge.
Rotate the plate 18Oo and complete the weld.
(b) Maintain blowpipe and filler rod angles as
for tackwetding.
(c) Keep the rod in the flame envelope as the
blowpipe melts the seam, but use a slight
stroking action along the seam to deposit the
rod into the molten pool.
(d) lncrease the rate of travel as the plate
temperature rises.

(e) Prevent the formation of holes:
(i) decrease the blowpipe angle
(ii) deposit filler rod more quickly.
The rod can serve as a useful shield from the
heat of the flame.
(f) Add filler rod more frequently and lncrease
rate of travel as welding approaches the end of
the seam. Reduce blowpipe angle or withdraw
entirely to reduce heat input.
(g) lmmediately after welding, wash off the flux
in hot water and rinse thoroughly.

Visual examination
ln a satisfactory weld there will be complete
fusion of the root edges, adequate reinforce-
msnt, absence of craters and longitudinal
cracks. The penetration bead should ba smooth.

Aluminium pipe-butt joint
Welding position : Horizontal-vortical
pipe fixed with its axis: Vertical
Technique: leftuvard
Exampld procadure EP/OA/4O

Weld in one run.
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Matsrial Two pleces of pure
alumlnlum pipe
50 mm diameter
1.5 mm wall thlcknecg

Prcparation Square end

Alrembly Close butt-four tack8

Nozzlc cize 2 (57 litreqthourl

Begulators Each 0.1 4 bar

Fitler rod' 2.4 mm
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Welding of staintesg steel and non-foroua matoridg

Copper
Before commencing to weld copper, check

ventilation requirements and:

(al ensure that ths filler rod is of suitabls
composition
(bl remove oit, grease and dirt, using solvent.

Clean the ioint area with a wire brueh or wire
woot. The band of cleaned metal at the junction

should be approximately 10 mm wide on the
top and underslde of the plate

(c) brush the flux pasts on both sides of th€.
ioint. Fluxing of the welding rod is not normal
practice. Use flux sparingly for economy and

ease of post-weld removal.

Guideline welding conditions-butt joints
Welding is only recommended in the flat
position.

Thicknecs
mm Preparation Arcmbly Nozzlc rizo Fillor rod

I Square edge

Taper gap
1 mm per

3O mm gap

3
(S6litresrlrr)

2.4 mm

1.5 Square edge 6
(l40litreq/ht)

3.2 mm

3 Square edgc to
(2OO litres/hrl

4.0 mm

Note: Tackwelding is not applicable to copper.

Welding procedure
(a) Set the plates with a taper gap of about
1 mm per 30 mm run. Weld the plates on
asbestos sheets. A groove in the asbestos sheet
parallel to the line of the weld will assist
penetration.

(b) Set the flame neutral or slightly carbonizing.
Too much acetylene causes porosity. Pre-heat
the plates prior to welding until a brightly
coloured oxide film appears.
(c) Commencs at a point one-fifth of its length
or 5O mm maximum along the seam and
weld towards the furthest edge. Rotate the
plate 180o and complete the weld. Maintain
blowpipe angle at 600-800 and the filler rod
at 25o-3Oo to the Iine of weld.
(d) Do no allow the cono to touch the
molten pool or filler rod. Maintain a distance
of 6 to 1O mm from the cone to the pool.

(e)When the pool is established:
(i) keep the rod in the flame envelope
(ii) 1.., the rod in the molten pool

(iii) do not agitate the molten pool
(iv) use a slightly sideways motion with the
blowpipe
(v) as the rod fuses into the pool progress along
the seam.
(f) To avoid a crater at the end of the weld, or
when ceasing to weld for any reason, remove
the blowpipe slowly and add filler rod to glve
sound terminal reinforcement.

(g) After welding:
(i) remove flux residue
(ii) lightly peen. This will consolidate and
strengthen the weld.

Visual examination
Ensure fusion of the root edges, adequate
reinforcement, freedom from porosity, absence
of craters and longitudinal cracks. Penetration
bead should be smooth.

Copper may also be joined by braze welding
which is particularly applicable to pipe joints
(see section comm€ncing on page 63).
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Bronri lbrazel wetding

Wetding procedure
(a) Commence at one end and continue untllthe
weld is compteted.
(b) The filler rod and blowpipe angles are as for
tackwelding.
(c) (i) First coat the surfaces of the joint with a
layer of filler metal for a distance of approxi_
mately 20 mm atong the joint, ensuring that it
is correctly bonded.
(iil Return to the starting point and com-
mence to add sufficient materiat to produce a
satisfactory weld. This method is repeated
continuously unti! ths weld has been
completed. Ensure fusion between consecutive
deposits.
(d) Conclude the weld by adding sufficient filler
rod to obtain a good reinforcement and bonding
and compensating for any shrinkage.
(e) Remove flux residue by scraping or wire
brushing whilst the flux is molten.

Visual examinatlon
The weld profile should be of adequate pro_
portion. Surface should be bright and fee from
porosity. Penetration bead must be uniform.

Buft joints (vartical poaition)
ln the vertical posltion it is necessary to vary the
technique generally as follows:
(al The initia! tackweld at the base of the weld
run is increased in size so that it forms a ptat-
form on which to build the remainder of the
weld, ie. the tack weld literally becomes a
short, full-section segment of the wetd.
(bl lntermittent tackwelds (where reguiredl wilt
be made as in the flat position.
(cl When commencing the wetd (or restartingt
sufficient pre-heating of the existing deposit is
necessary to snsure fusion with subsequent
deposition. The weld is carried out by
depositing a single layer ensuring bonding.
(d) The movement of the fifler rod and blow-
pipe will follow the contour of the wetd in a
circular motion to ensure uniformity of the weld
size. ..
(el Ensure that the fitter rod is interposed
between the flame and the joint faces to avoid
overheating of the faces.
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Gap (see table on page 65)

Bronze welding cast iron.
Making the coating and deposlt

Tack

' Eronze weld deposit
fills groove and fuses
with coating

Coat the sides of
the ioint with bronze
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Welding of mild steel

Welding in the overhead Position
Single-V butt ioint+ingle run
Leftward welding
Example procedure EPlONzl

1. At the right-hand end of the ioint, fuse the
tackweld and parent metal to form the weld
pool.

2. When the molten pool is established,
commence the weld by using a suitable blow-
pipe and filler rod movement.

3. The flame is travelled in a leftward direction,
in a circular looping movemsnt, to maintain
control of the molten metal.

4. Add the filler rod by piston movement as the
blowpipe is returned to its starting point. I

5. Hold the blowpipe nozzle at an angle of
7Oo-8Oo and the filler rod at an angle of
2Oo-3Oo from the horizontal as shown ln the
illustration.

6. At the end of the seam the weld is
terminated by adding sufficient filler'rod to
obtain adequate build-up at the end of the joint.
Speed of deposition must be increased and the
angle of the blowpipe changed as .metal is
quickly added to complete the joint.

Visual examination
The ieinforcement is likely to be more
pronounced than a ioint made in the flat
position. Although this is acceptable, it should
be uniform and not excessive. The penetration
must be sufficient to have fused the plate edges
uniformly through the joint.

29

Material Two pieces of mild steel
5 mm thick. Mln size
200 mm x 150 mm

Proparation 8Oo inclusive angle

Assembly Tackweld each end of the
foint. Normal pltch of tacks
75 mm. Flnal gaP 3 mm.
Sscure tho assombly at a
convenlcnt working helghl
wlth tho seam feclng
downwards

Nozzle sizc l3 (37O litredhourl

Regulators Each O.28 bar

Filler rod 3.2 mm
BS 1453:Al

20.-300

3

\"
Direction of

welding

Overhead butt weld - 5 mm Plate



Welding of mild steel

Single V-butt joint-multi-run
Al l-position righturard
Example procedure EPlOA|2S

1. At the left-hand end of the joint fuse the tack-
weld and the parent metal to form the weld
pool.

2. When the molten poot is established,
commence the weld by suitable blowpipe and
filler rod movement in a rightward direction.
3. The flame is travelled in a slightly circular
movement to ensure fusion, and conirol of the
molten iool.
4. The filler rod is added by side-to-side motion
of about 2 or 3 movements per second.
Penetration is ensured by one up-and-down
movoment through the root alter 2 or 3
sideways movements.

5. Hold the blowpipe nozzle at an angle of 8Oo
and the filler rod at an angle of 450-600 from
the line of the weld as shown in the illustration.
6. Continue for 50 mm to complete the first run,
moving the filler rod and flame simultaneously
but with the blowpipe travelling to the left as
the filler rod travels to the right (or vice versal.
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Matorial Two pieces of mild steel
lO mm thick. Min size
25O mm x l5O mm

Preparation 7Oo inclusive angle

Asscmbly Asssmble by tackwelds at
each end of the seam.
Normal pitch of tacks
125 mm along the soams.
Flnal gap 3 mm. Secure tho
assembly at a convonient
working helght wlth the
joint in the overhead
position.

Nozzle size 35 (l0OO litreJhrl

Regulatorr Each 0.62 bar

Filler rod (For both runsl 3.2 mm
BS 1453:Atof travel

Rod at !

flu,,"",,on
of travel

3 cross movements to I up and
down. Push rod into'V'with force.
There are 2 or 3 sideways motions
of the rod in one second

Looking up at overhead rightward

or
Rod motion.

Blowpipe travels
towards welder

Direction of travel
Weld

Section along joint, showing rod
and blowpipe angles from the side

\oo
2>Welder's

dlrection of
viewing

Nozzle inclined
l Oo from the
vertical, and in
centre line of
the weld
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Welding of mild steel

7. The second run is supsrimposed on the first'

using the same technique for a distance of

aO mm. The rod and blowpipe aro moved as

before, oscillating alternately, along the seam'

The fusion must be complete and the weld face

reinforcement slightlY convex.

8. The third weld is a continuation of the

penetration bead. lt is commenced by remelting

ttre weld about 12 mm back. The technique is a

continued application of the all-position right-

ward method.

9. The fourth wetd is a continuation of the

second and follows the same technique.

10. Each weld run is terminated by adding

sufficient filler rod to obtain an adequate build-

up at the end of the run. The sPeed of

deposition must be increased and the angle of

the blowpipe changed as metal is quickly added

to complete the run.

Visual examination
The weld reinforcement profile should be

uniform along the length of the ioint. The root
penetration must be sufficient to have fused the
plate edges uniformly through the ioint.
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trc and microplasma
Arc striking
The arc cannot be struck directly betw6€,n

. ln*badtungsten electrode and the work , a.
pilot arc is started between the electrode and
the orifice, either by a high frequency suppty
or by depressing the electrode to touch the

,r .:- I 'manudl metal-arc welding, .the presence of orifice enrrance.
hydrogen does not normally cause difficulties Toqch striking

ln some applications of the plasma process
this pilot arc can be 'increased ln power
sufficiently to enable a weld to be made, in
which case it is called a non-transferred arc,
and no welding return connection to the work
is required. ln most cases the arc is transfened
to the work. This happens when the
contractor carrying the main welding current is
sritched in-circuit, usually by means of a
foot-switch or torch-swhch. The welding
'current is then transferred from the tungsten
'electrode to the workpiece through the popper
orifice (or anodel. The electrode, orifice and
shielding gas nozzte are att mounted in a torch
similar to a conventional Tungsten-arc gat
shielded torch.
Equipments vary considerabty in torch
construction and operational procedures. The
examples chosen illustrate the principles.
Always read the manufacturer's instruction
book.

when welding steel).

Ensure that the gas mixture recommended by
the equipment manufacturer is used. Ensure
that the flowmeter used is correctly calibrated
for the gas flowing through it

Hydrogen 
safetY

Hydrogen cylinders are colour-coded red and have teft hand threads on the connectors.
(See Module Fl0 lnstruction Manuall.
Ensure that only hydrogen regutators are used on hydrogen cylinders. The cylinders are
filled to a pressure of 175 bars and the regulators mrst be suitabte for use at this
pressure.

ACETYLENE and PROPANE regulators are made for lower cylinder pressures and MUST
NOT be used for hydrogen cylinders.
Ensure that the system is free from leaks. Hydrogen leaks easily and is flammable and
explosive. When burning, the ftame is atmost invisible. Hydrogen is tighter than air and
when released, will rise to form an explosive mixture in the ceiling of an enclosed space.
Ensure that the inert gas (argon or helium) used to form a mixture with hydrogen is
connected, and that the supply does not fait.
Mixtures in normal use are safe, but if the inert gas supply fails the torch will be fed
with pure hydrogen.

The use of a mixture ready'made by the cylinder supplier eliminates most of these
hazards. and for this reason it is preferred.
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Plasma arc and microplasrn processes

SafetY

Electrical
When used. for cutting, plasma equip-

ment works at a higher voltage than other

arc-welding equipment (open circuit
voltages of 120V or more are commonl.

Check the torch and cable carefully before
switching on; do not use them if anY

insulation is damaged.

Switch equipment off before dismantling
torch for adjustment or maintenance.

Connect the welding return lead to the
work.

Earth the work in the usual manner.

Do not attempt to clean the torch by
inserting a wire in the orifice; switch off
and dismantle.

Pilot arc
The pilot arc is inside the torch; it is not
as bright as the usual high current
welding arcs and is visible only if viewed
along the axis of the orifice. The hot gas
jet, which is usually visible, emanating
from the orifice can set fire to flammable
materials such as clothing, or cause
burns, even with the low power of the
pilot arc.

Make sure that if the pilot arc is left
running the torch is parked in a safe place

where'it will not cause fires or burns.
Switch off the pilot arc during work
breaks, or if no safe place is available.

Other applications
As well as plasma arc and micro-plasma
welding, there are two other applications of
the constricted arc principle: plasma surfacing
and ptasma cutting. These are not within the
scope of'this manual.
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Plasma arc and microplaqma processos
i:. '

Plasma arc welding

Keyholing
e common application of plasma arc welding is to produce full penetration bun welds from a
close butted square edge preparation by the keyhote technique, in which the gas jet from the

orifice btows a hote through the weld pool on the ioint line, giving a deep narrow weld which

minimises distortion. The flat position must be used.

The start and finish of the weld bead may be irregular, so they should preferably be on tabs which

can be discarded after welding. Altematively current may be slowly reduced to provide the usual

crater-fitling action; it is normally unnecessary to use filler.
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Torch

Keyholing

Dlrection 
of welding

Start and finish
preferably on a tab
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Closs butt
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Fullpenetration
weld

lncorrect-torch angled lncorrect-sideways displacement

Joint line

Correct

900

Because of the shape of the weld pool, correct
torch alignment is essential.



Plasma atc and microplastna proce$ses

Plasma arc wetding
Guideline conditions
Welding in the flat position - Butt iolnts
Preparation: square edge
Assembly: close joint

Joint
typc

Materia! Current A Orifica
rize

mm

Plarma gas:

Argon

!/min.

Shield ga:
9ti% Argon
596t!6fogn
l/min.

Backup gru:
Argon

Umin.
Type Thickness

mm

Key-
hole

Mitd
steel

1.5 40-50 1.6 1.5-2.0 7.5 Not required

Stainles 1.5 25 0.8 0.5 7.5 0.r4-0.28

Mitd
steel

2.4 60-70 1.6 1.5 7.5 Not required

Stainles 2.4 50 1.2 0.75 7.5 0.r4-0.28

Mitd
steel

3 70-80 2.1 1.5 7.5 Not required

Stainless 3 75 2.1 r.5 7.5 0.14-0.28

Nickel
alloy

3 160 3.2 0.5 7.5 0.14-0.28

Stainless 5 100 2.1 r.125 7.5 0.14-0.28

Fusion Mild
steel

1.5 40-50 1.6 1.5-2.0 7.5 Not required

Note: The above data is for guidance only.
Conditions will vary for different applications and other materiats. Always refer to the equipment
manufacturer's reiommendations for these and other materials.
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Plasma arc and mhroplasma plocesscg

Micro-plasma welding
The constricted arc used in micro-plasma welding runs at a current in the range 0.1 to 16A and can

be used to weld materiats of thicknesses frcim 1.6 mm down to 0.02 mm or less (witn

conventional tungsten-arc gas shietded welding, as the current is reduced, the arc becomes

increasingly unstabte - it no longer takes the shortest path from the end of the electrode to the

work, it tends to go out, and it is difficult to strike and maintain).

As the process is used to work on thin materials, joints must fit well and will often be difficult to
see. lf the welder's eyesight is less than perfect, he may experience difficul$ in guiding tho torch
and/or he may suffer eyestrain. ln this case an optician should be consulted to see if suitable
spectacles can help. As a further aid, magnifying lenses which frt into the normal filter goggles
can be obtained.

Providing that correct eye protection is ,rrTlill. is no risk of eye injury. (Because of the
low arc current in micro-ptasma welding, goggles with a shade number 4 to 7 filter are usually
adequate but full face protection is recommended).
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Welding in the flat posltlon - Butt ioints
Preparation: square edge
Assembly: close ioint
Guideline conditions - Stainless steel

Plasma arc and micreplasnra plocesses

Notes:
(a) As the material thickness reduces, the
tolerances on assambly must be reduced
accordingly. The best reaults are obtoined by
using a iig (illustrated on the leftl in
conjunction with backing bars as shown in
Figs. 2 and 3.

(b) The data applies to joints made in 18/8
stainless steels using a butt welding iig.
(c) Similar seuings are applicable to edge,
corner and fillet welds.
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Thickness
mm

Preparation
or backing
bar
Fig. no.

Welding conditions

Current
anps

Plarma gar:
Argon
litres/min.

Shielding gar:
9896 Argon
Z16 Hydrogcn
Iitrer/min.

0.05 1&2 0.7 o.24 7

0.10 1&2 1.7 o.24 7

0.r3 2 2 0.24 7

0.20 2 3 o.24 7

0.30 3 4 o.24 7

0.46 3 9 0.28 7

0.71 3 10 0.33 7

1.2 3 r3 0.42 7

I

0.8 mm

0.4-0.8 mm

Fig.3Fig. 1 Fis.2

2 mm
bar

R 0.8 mm groove in copper

Adjustable
clamping bars

t

Typical
micro-plavna
buttweld
jisBacking

gas supply
These surfaces must
be accurately machined
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Ptasma arc and micioplasma Processes

Lap iolntg ^- 4^ -r^--r.. ...:.r.^..+ ^rha
The edges of a butt joint have to be cut accurately to fit closely without gaps: a lap ioint oases

this requirement, Uui ttre edge to be welded must still be cut wlthout burB' and fit close to the

other Piece.

Corner ioints
Accurate preparation and assembly
essential.

Edge welds
These can be used in some butt and corncr
joints, and when prepared and assembled so

that the edges sPring together can
accommodate errors which would be

unacceptable in normal butt and comer ioints.
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1. General
The phase tosts ptesented in this series have

been devised to measure the progress of
trainees who are taking tungsten-arc gas

shielded welding module F22.

It is emphasised that these tests aie merely
examples and that alternative tests of items of
production with similar skill demands can be

used.

The tests have, in the main, been arranged in
an order based on the skill elements given in

the Training Specification, but this order can

be varied to suit local conditions or individual
trainees.

Trainees should reaclr a satisfactory per-

formance in any test, or parts of a test, before
being allowed to undertake training in the next
skill element.

All phase tests must be satisfactorily
completed before the trainee can be awarded
the Board's Certificate of Engineering
Craftsmanship.
2.- Assessment
Each phase test shows an engineering
production item (or refers to a specific welding
technique) and a time is to be given for its
comptetion in a specific material, or materials,
using the appropriate preparation, assembly
and welding techniques and procedures.

The items to be assessed are indicated in the
panel headed ASSESSMENT.

Where an alternative phase tesd is setected it
must include a similar number and type of skill
elements.

Before commencing each test, the trainee
should be given time to study the drawing and
the sequence of operations required to
produce the workpiece.

On completion of test, it should be examined
by the trainee's supervisor, or other competent
person, who will determine whether it is
satisfactory in ALL of the following elements:

lal Dimensional accuracy
All dimensions must be' within the given
range. The use of correct methods of edge
and gap preparation and component parts
assembly should be considered and account
should be taken of the degree and nature of
any distortion which occurs.

lbl Quality
This assessment appertains to weld appear-
ance; absence of gaps; undercutting and
surface defects. Where visual or macro-
examination of the weld is called for, the
assessment should include quality of weld
metal; root penetration; absence of inclusions;
degree of fusion; freedom from cavities and
other defects.

Note: !n order to mako a satisfactory
assessment, it will be necessary to check that
the trainee selected and used the appropriate
electrode, filler rod, and welding conditions,
and followed the correct weld procedure and
techniques.

lcl Time
A time is to be set (usually by the supervisor)
for the satisfactory completion of the job.
Towards the end of the training period, this
should approximate to the time in which a
skilled craftsman would normally complete this
particular task.

The details and results of the phase tests must
be entered in the trainee's log book and
signed by his supervisor.
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BAB. III
BARAN.BAHAN YANG DIPAKAI DALA}T

IIAS IJISTRIK

. Dalan nelaktrkan keglatan Pr*ktek lag Ilatrlk, harus

ada bahan-bahan yang dlpergunakan atau dlpakbl'
Bahan yang d.lpergunakan harue dlketahul Jenlenya terle -
blh dahulu, dengan dlketahuinya bahan yang akan dl Lae,

maka akan dapat pula dltentukan eLektroda yang akan dlpa
kal dalan pengelasan tersebut, eerta meslit Las tenls aPa

yang akan dlpergirnakan supaya pengelasan tereebut dapat

berhasll, dengan balk dan menurut eemeeterz5ra.

A. Bahan Uatama.
Bahan utama yang dtmaksudkan dlsinl adafah bahan

benda kerJa yang akan dl l-ae, dalara haI lnl adalah 1o

Dlslnl penu1ls tldak akan menylnggung proses pembuat-

an logam tersebut. lletapl penu]ls akan menltlk berat-
kan kepada faktor-faktor yang berhubungan dengan peEa

kalan bahan dalam kerJa las secara ulnum, untuk 1tu be

, rlkut ini dl uralkan hal-haI yang berhubtutgan .dengan

faktor-faktor tersebut antara lain tuengenat 3

1. Jenls Bahan.

Jenis bahan bend.a kerJa yang dlgwrakan dalam E€ -
ngelas harus dlketahul oleh siswa, sehingga penge-

tahuan dtbtdang lni dapat menbantu glswa daLan ne-
nentukan jenls elektroda yang harus dlpakal untuk
uengel-as bahan tersebut.
Menurut garie besarnya bahan dan J.ogam dapat dlbe-
dakan atae dua golongan antara Laln :

do I,ogam Serro
logam ferro lni dapat dlbedakan menurut Jenie -

,1
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nya atas :
1). SaJa kerbon rendah (uesl)

2). BaJa karbon sedang

,). BaJa karbon tlnggl
4). SaJa camPuran

5). BaJa tuang.

b. Lrogam bon Ferro.
YanEtermasuklogam-l.ogamnonferroinlantara
1aln adalah 3

1). Eunlngan
2). llenbaga

7). Alumlnlun
4). Perunggu
5). Dan lain-laln

Pada urmmnya logam-logam ferro dan non ferro teree

but serLng dlJumpal dalam pezdagangan dan konstnrk

olnya berbentuk 3

1. ProftL-profll (I. l[. U. Il).
2. Batang dengan berbagal bentuk penampang sepertl

r buLat (0), segl eropat (d) dan gebagalr\ya'

* ptp, dalam berbagal penampang sepertl, bulat
$) segi empat (gl) dan eebagalnYa.

4. 31s1'-p1atr
5..Dan sebainYa.

Jadl dalnt dlslmpulkan bahwa ienle-Jenle bahan ha-

rus dlketahui terlebih dahulu sebelum melakukan Pe

ngelasan agar d,apat memll,lh eLektroda yang tepat
rurtuk mengelas bahan tereebut.
DlsamplnB ltu agar siswa mengetahul bahwa bahan-ba

han tersebut akan serlng dlJgmpai dalan konstrukei
konstruksi sebagal jenis dan bentuk.
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2. KomPoslsl K1mla dari Bahan'

Komposlsl 'k1mia dari bahan Juga harus dlperha

tikan, sebab l'ogam-Iogam ferro dan non ferro kua1l

tasnya dltentukan ofefr komposisl klmlanya'

Dernlltlan Juga kornposlsl ltimla darl bahan per-

,u diperhatikan nengingat terJadlnya reaksl-reakel

yang tldak dllnginkan aklbat dlpanaskan ole[ busur

nyala dalam mengelaso '

Reakal-reakei yang tldalt dllnginkair tni '"blaa

terbentuk gas-pas beracun' Icoroelperobahan glfat

ftrlslk d'arl bahan Yang d'11a9'

7. Tidak Calr darl Bahan'

Ildalt calr menrrnJukan suatu sulru' dlmana pada

srrtrutereebutbahanroulaimencalr.Inlperludlke-
tahul untul< pengaturan besar alrpere yang digunakan

untul< noqpgelas bahan tersebut' Sehlngga pengelasan

tersebut dapat dllakukan dengan baik dan senptlrrlar

4. Serat Jents Bahan'

BeratJenlsbahanlnlbergrrnarrntu}tperhltung
an berat darl euatu benda kerJa ataupun konstruksl

yang dlbuat. Berat Jenio lnl banyak hubungarrr5ra de

ngan tuJuan pemakalan bahan eerta perhitungan Peuta
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5, Kekuatan [arik dan l{odu]'us (enyaI'

Benda-bend'a yang akan dllae nantlr5ra akan dl-

pergunakan pada bebagai konstrukel' tentu saJa da-

1an pernakaian akan mengalanl beban atau Eaya ter -

tentu. 01eh sebab itu perl'u diketahul terleblh da-

hulu kelctratan tatlknya' Dengan dlketahui angka

atau besarnlra }cekuatan tarlk darl bahan tereebut'

rnaka dapat dltentukan'serta elastieltet yang ter -

kalan bahan.

Jadl.
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B. ElektroiS Las ( Bahan lla'nbah )
-\ 

_ r.!

Da1dn mengeLae, elektroda lni merapunyal Peranan

terpentlngdlmanaelektrodainlberfungsl;.sqbAgal
pembuat bugur nyala, melalui uiung elektroda terse-

but dan sebagaL bahan tambahan daram penglsian B3,l-

bungan Lag.
Proses pengeLaoan lnl terjadl pencalran bersaua

atauserentakantarae}ektrodadanbendakerJayang
dl Iae,

B1et<trodi 1nl terbuat darl bermacan Jenle logan

(logam ferro dan non ferro ) sepertl : baJarbaJa tu-

6DBr teurbagar Perunggur alluraanium dan I'aln-Iail se-

bagalnya, atau tergamtwrg pada komposlsi klmia darl
pada bahan (Logan) yang akan dl las'

Elektroda yang akan dlpergunakan untuk nengelas

baJacarbo.n.'terbuatdarl.baJacarbondenganproae.n-

thse Orl - Or18 ,6 C (earbon) dan Or25 - 0'4 
'6 

P & S

(phoepordanSu}fur)leedangkanuntuknengelaebaJa
campuran d.lpergunakan elektroda yang dlpatat dalan

nengel.ae Llstrlk busur nyaIa, blaeanya dalan bentuk

batangan kawat (kavat las) dengan ukuran dlauEter

danpanJangtertentusepertldapatdlllhatpadaBoo-
bar.21.

Ganbar.2 1

EIJEKIBODA I,AS
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1. Jmls-jenis Elektroda'

Berdasar}<anbalutannyaele}ctroda].aedapatdl'beda-
kan atas beberapa Jenls antara lain 3

8o Elektroda BerbaLut. 
,t intl dan

ELektroda las Inl terdlrl darl kawi

dlbalut dengan 1aplean yang terbuat d'arl camput

an bahan-bahan sepertl I Soda ol)'ikat' Aluml -

nlum elllkat, besl mangan' fitan diokelda' hI-

slum karbonat dan sebagalnYa'

Elektroda yang d'lpergunakan untuk mengelas dl

buatd'alambentukbatangandengandlaneterks-
watlnld'latasl,2rnmdenganrrkuranpanJang
45O mm. Elektroda berbalut lni terdlrl d'arl

uJung (pernegang) elelctroda yang nemprrnSral Jarak

dengan penbalut sekltar 3 5 ctttr kawat lntl dan

uJung.p"ryalaan pada elektrod'a J'nl berfungel 'un

tuk menJaga hubungan l.istrlk sewaktu terJadl bu

sur rlya1a dalarn proses pengel'aoan' dlnana bal'ut

an erlxtroaa berfungsl rxrtulc mempermud.ah peneIl

haraan busur r1yaIa1 Jugaruntuk nenglkat kotoran

kotorandannellndunglcairanlasdarlpengaruh
oksldasidannetrogenrsertamer\yenpurnakankon
poelslcalran].as.UntultleblhJelaenyat[€Il$€-
nai elektroda berbalut lnt dapat dlIlhat pada

gambar 22.
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elel<tro do bersolut t r pr:;

elal<tiodo bersrrl ut te bol

Gambar. 22

EI,EKIRODA BERBAIJUT

... Pada uEumnya elektroda berbalut inl dapat pula dl-

bedakan atas'dua Jenls Yaknl 3

1) Elektroda berbalut tlpis

Elektroda berbalirt ttpts meupunyal tebal ba)'utan Or 1

mn dan berat lapisan atau balutan sekl.tar ( 1-5S) da-

r1 berat elektroda, Elektroda yanB berbaLut .tlpls
lnl dapat mempertlnggl kestablLan busur nyalartetapl

. haslL pengelasan mempunyal sifat-slfat mekanlk yang

kurang (tiaax baik), karena kurangnya - peneliharaaB

darl cairan logam seuraktu pengelasan berlangsung'

2) Elektroda berbalut tebal
Elektroda berbalut tebal inl mempunyal tebal' balutan

sekltar 1 - , lam' dan berat balutan 15 - 10 * darl
berat el,ektroda seluruhrlYa.
sebagal keuntwrgan dari elektroda berbalut tebal' lnl
antara lain : Dapat mempertlnggl kestabllan busur

nya1a, dan neLlndungi lapisan logam cair yang dlla-
kukan gas-gas pelindung dan busur nyala dl sekellling
terak. Dieamping itu dapat mencegah terJadlnya
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pencemaran (kontamlnasl) dari oksldasl dan nltrogen

pada logam cair dan per)'ambatan teriadinya pendlngin-

an pada tempat-tempat pengelasan'

Pada umumnya tuJuan atau maksud dari pada pembalutan

kawat lntt d.arl elektroda 1nl adalah 3

Er Membuat busur r5raIa Jadl stabll
b. MenJaga busur nyala tetap balt< selama pengelasan'

c. Pengontrol reaksl yang terJadl selama pengelasan'

d. Meltntungl calran logam seLama pengelaean berlang-

BUng.

€r l,lenJaga karakterletlk pengelasan dengan balk'

f. Memellhara protes pernbuatan terak sewaktu pendl -
nglnan. benda kerJa Yang diLas'

g. MenJamln Laplean (endapan) Iogam mempunyal susunan

klnla, fislk dan slfat mekanlk yang balk'

untuk menJagb.elektroda Jangan menJadl lenbab yang da

pat membuat busur nyala Jadl tidak stabiL (ua*), rEI-

ka elektrod.a berbalut 1nJ. sebalknya harus dlsfinpan dl
d,alam lernarl pemanas yang nempw\Jral temperatur sekl "-
tar 100oC
'?emanasan elek'troita lnl dldalam tempat penylnrpanan da

pat dllakukan dengan penanasan Llstrlk atau dengan ba

han kimla Pemanas.

5).Elektroda PoLos (tiaax berbalut).
Pada d.ewasa lnL elektroda yang tldak berbaLut lnl ea-

ngat Jarang sekaLl dlpergunakan dalam ProEeB pengelae

3rr dlsebabkan sangat sukar untul< neneLlhara kestabll
an busur nyalanya biLa dl,bandingkan dengau elektroda
berbalut. Pada umumnya elektroda tldak berbalut lni
banyak digunakan dalam mengelas otomatis, dan DeII$€;..-

1as tangan apablla rnempergunakan untuk mengelas benda

yang tldak begitu penting atau berkwal.itas rendah se-
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pertl untuk mengelas : Pagar-Pagar' terall Jendela

rumah dan sebagC'Lr1Ya'

2. Ukuran-ukuran eLektrod'a'
Saktor yang terpentlng untuk nendapatkan ha -

elI pengelasan yang berkwalltae tlnggl' adaS'ah pe-

rolLihan yang tepat darl pada elektrodat besar aruo

yang dlpergunakan, serta teknlk pengelasan' Beear

arus yang dlp",gootkan dalam pengelasan tergantrrng

darl pada dlarneter elektroda' tebal bahan benda

keria yang akan dl Las, Jenie atau bentu$ eanbung-

an l-as, kecepatan mengeLae posisl pengelasan' te-

baldantiplsnyabaLutanelektrod'a'sertapanJang
benda kerJa Yang akan dI las'
Tetapl dalam pelaksanaanr\ya (Prakte}t) trarrya dengan

pernlllhandarlpad'ad'laneterelektrodayangakan
dlgunakalt.danbesararusurrtukmen8e}aesehubu4g-
an dengan tebal dan tlpisnya bahan benda kerJa

yang akan dl las.

Pada umumnya eLbktroda las inl nempuntrral ukur

on-ukurantertentu,untukmerlyatakandlameterdarl
e].ektrodalnlbiasanyadlelngkatd'engan(o).mauptut
lnnJangnya (rr). Balk ukurau d,larnetern;ra (p) rnaupun

ukuran panJangnya dlnyatakan d'ailpn' natrlk (mm)'

Inchl dan berltls ( SffiI)'
Ilkuran-ukuran d.lameter eLektroda yang banyak

terdapatdalamperd'agangandantelahdlnomalleael
kan daPat dllihat Pada tabel I

DemlklanJugarrntukukuranpanjarrge].ektroda
Ias yang serlng dlJumpal dalam pexlagangau dan dl-
normalieaelkan, blasanya ukuran panjangnya 250 mfltl

550 nuu dan 450 nm'

a

-A

I
I
ft
I,,
l
J

:

.i

1
I

:
:

I
tt
I



?2

!
T

I,

I

TABEtrJ. I

UKT'ITAN DIAMEIER KAI{AT

EIEG!===G = 4========== -=== ========

l-*o. I trl?l*5siona1) I toHtiti"l

INEI EIJEKIRODA

=a z = = = -= = == ==== =a= = ==' a

! stJc i! (nrrtlsh) !

I

I

I

I

I

I

I

I

I

I

t

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

t

I

I

I

I

I

I

I

I

t

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

1.
2.
1.
4.
5.
6.
7.
8.
9,

10.

115 nm

2rO mm

216 mm

7 r25 mm

4rO mm

5ro mm

610 mm

8rO mm

1010 nm

1 /t6"
,lr?'t
1/ 18t'

5/12"
5/16"
7/ t6u

.Lrt
4

5116"
,18"

16

14
12

10

I
6

+

s\.,G

StJ,lG

svJG

s\^JG

SWG

s\llG

s\.,G

Dlektroda las 1n1. biasanya dalam perdagangan dlbung

kus d.alam kotak karton (d.us) dengan ukuran berat terten-
tu sepertl : 5 k8r 20 kg, 25 kg dan sebagairgra'

Da}am dus tersebut berlsikan elektroda yang seJenie de-

ngan ukuran d,iameter dan panJang yang sana, sebagaltrana

yang dapat dlLlhat pada etlket tertentu pada kotak elek-

troda tersebut.
Untuk mengelas kampuh-kampuh yang Paniang dapat dl-

gunakan elektrod.a las ganda (berbalut ganda), dimana ke-

untungan dalam mempergunakan elektroda ganda lni adalah

nempercepat sarnbungan rig5,-rigi Ias dan memperslngkat

waktu. Untuk menJepit eLektroda las (mengurangl waktu

penJepitan elektroda), eLektroda ganda lnl barlyak Juga

dljumpal dalam perdagangan. ELektroda lnl dapat dlIlhat
pada gambar 2r.
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boluton elektrodo

kowol inli

Gambar. 2,

EI,EKIRODA GANDA

5. SlnboJ"'2.s1mbol Elektroda

Pada negala yang menproduksl elektroda las
terdapat slmbol-slmboL tertentu pada eLek'troda

tereebut yang nempunyai artl tertentu, sebagal

contoh dapat dlambil elektroda yang dinormall -
sasl berdasarkan Anerican 11lel.cting Soclety (lWS)

dan Amerlcan for 1esti4g tlatrlaLs (lSfU1 yang

menggunakan siruboL (E) untuk elektroda las bu-

sur nyala dan slmbol (R) untuk elektroda las
Otogen (las karblt) yang ditkutl dengan empat

atau lima angka dlbel'akangnya' Untuk lebih . je-
).asnya dapat dllihat contoh dibawah 1n1'

Contoh slmboL dan artiDyar eebagaimana ada

terdapat Pada elektroda E - 5010 dapat dlartl-
kan sebagal berlkut :

E. = Elektroda untuk las llstrik
50 = Beearnya tegangan tarik elektroda las
| = Posisl pengelasan yang harus dll'akukan ji-

ka menggunakan - elektroda lnl ( poslsl
mengelas )

O = Karakteristik Pahrik

(1) Contoh simbol yang terdapat pada elektroda
las berdasarkan normalisasl menurut Ai"iS anta-

-.d-
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ra laln eebagai berikut 3

-Elffi)o(=Elektrodauntuk]asIlstrlk.
- E6O)fi = Elektroda laa lletrik roemplr"'-

nyal tegangan tarlk darl hasll
Pengelasan 60 x 1O0O Psl

= 50.000 Psi.

-DffiIx=Dlektroda].istrik,dlmanaang-
ka I menunJukan bahua elektro-
da tersebut daPat diPakal un -
tuk segala Poslsl Pengelae8rlo

- D[X2X = Elektroda untuk las ].lstrlk di
mana angka 2 menunJukan bahwa

eLektrod'a tersebut daPat dlPa-

kal untuk menge)'as Pada Poslsl
; horj.zontal.

Dorrx = Elektrodl untuk ]'as lletrlk dl
ri4na angka 5 menrurJukan bahva

elektroda tersebut hanYa daP'at

dlPakal urtuk Poslsl dibawah

tangan.

= Elektroda untu!< Ias llstrlk dl
mana angka I Pada deretan bela

Irang sekall menunJukan bahwa

el.ektroda tersebut daPat dlPa-

kal untuk rnesin las AC atau me

e1n lae AC dengan Po)'arltas
DCRP.

o Elektroda urtult lae Li'strllr dl
mana angka 2 gada deretan bela

ka.ng sekaLl rnenunJukan bahwa

elektroda tersebut daPat dlPa-

kai untuk mesin ].as AC atau me

ETO$I

D00e

1

-
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EITXX,

El00(4

DilO(5

EH$6

EDOT?

EnrxE

Bln las AC dengan Polarltas
DCRP.

= Elektroda untuk l-as Ltstrlk dI
mana angka 1 Pada deretan bela

kang sekaLl menunJukan bahwa

elektroda tereebut daPat dlPa-

kai untuk mesin las AC 'dan DC'

s Elektroda untuk I'as Ustrik dl
mana angka 4 Pada deretan bela

, kang sekall menunJukkan bahwa

elektroda tersebut daPat dlPa-

kal untuk neeln I'ae AC dengan

poJ.arltls DCts,P dengan Jenie ba

lutan elektroda Yang berLalnan

dengan slmbol EI0O[I'

o Elelttroda rxrtuk las llstrlk dl
nana angka 5 Pada deretan bela

kang sekall menunJukan bahwa

eLektroda tersebut daPat diPa-

kal untuk meein las dengarl Po-

laritls DCRP.

= Elektroda untuk lae llstrlk dl
nana angka 6 dlbelakang sekall
roenunJukan bahwa eLektroda ter
eebut dapat dlPakal wrtuk tr€j'-

eln Lag llatrll'. AC atau neeln
lae AC d,engan Polaritas DCRP'

= Elektroda untuk Lae }lstrlk dl
mana angka 4J dan I Pada eret

' an belakang menunjukan bahwa

eLektroda tereebut berbalut

I
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- EqoICO(

- E8o)ffiX

- r90r0rx
- Elooruot

serbut beel dan hanYa datrnt dl
Pakal untuk mesin Iaa AC dan

DC,

= Elektnoda trntuk Las llstrik dl
B mano angka ?01 80, 9Or 100 Pa-

= da deretan atau dlbelakang hu-

= ruf E menunJukan bahwa elektro
d.a tersebut darl Paduan atau
campuran lagom (logara camPurar|

4. Kode-kode warna elektroda.

Untukmemudahkanmengena]'elektrodasesual
manurut klaslflkaolrryra masing-naslng, maka AWS

Juga memberikan kod'e-kodg dengan warna-warna 'c '

tertentu untrrk eetlap Jenle.b}ektroda lae, bla.
Banya kode-kod'e lnldlberikan pada tlga tempat

antara laln :

- Pada uJung balutan elektroda'
- Pad,a tangkal elektroda'
- Pada uJwIS elektroda'

tJarrra-pada uJwrg balutan roenunJukan warna kelon

pokatauJenlse}ektrodatersebut3tunpamanya
elektrod'a E?O16, dengaa'warrur hltam'
Pad,a tangkal elektroda Juga dlbert warlra hltan
berupatltlk'deml}tlanJugapadauJunge}ektro-
da tersebut dlberl warna hltam'

Jadl dapat dlslmpd'kan kode-kode warna Ps-

da elektrod.a-elektroda tersebut adaLah bertuJu-

an untuk d,apat dengan ntrdah membedakan jenle
r.i;au kelompok darl maslng-traeing elektroda laa

tsrsebut.
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Iuntuk rebih Jerasnya mengenal kode-kode warna

dari elektroda las ini dapat dilihat pada gambar.2{

rvorno dengOn lrtik worno kelornPok@ torrgkol

il
aa

wocnoptt ulung

E lektrodo berbolul

worno kelonPok
-.worno drngon tttttt

poda ujung

Elektroda Polos

Gambar.24

KODT.:-KOD}.: I{ARNA }:L}:XIITODA UNTUK

$LI.:KTRODA B}:TTI}ALUT DAil UI,EKTRODA

TAK tll.:RBALItT ( POTOS )
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BAB III
PTl OS EDIIII Y.E;NG JiIJTI.JAI'I

A. Pend.ahuluan.
Da}atn neLakultan kegiatan pene;elasan untulc nempero-

leh keteranpiLan dibid.ang praktek Ias Listrik harui rne-

ngikuti prosedur-prosed.ur kerja tertentur Yan$ harus di
Iaftukan secara berurutan' Suatu pekeriaan tid'alc akan bi
sa d.ilaln*an atau. dilalcsanakan dengan baik jika proae -
d.un pengerJaannya tidalt d.ilakulran secara berurutan.

Den6an kata lain agar pekerJaan d.apat berJalan lancar

dan berhasiL dengan baik, maka pelaksanaannya harus ber

d,asarkan atau menurut Prosedur-prosedur fterja tertentu

yang telah ditetaPkan.

B. Prosed.ur=Peoged.ur PengeLasan'

Prosed.ur-prosed.ur kerja yan6 dimaksud'kan dan yang

akan d.iuraikan ad.alah prosed.ur-prosedur keria yang ber-

sifatumun,d,enganartikatahampirseluruhpekerjaan
laslistri.knengikutlprosedurkerjatersebut.
Peosed,ur kerja yang dimaksudkan tersebut akan diuraikan

sebagai berilcut .

1. Tahap Perencanaan.
Da].antalrapperencanaaninitereatrupbeberapahalan
tara lain :

Bo Penilihan bahan

Balran yang dipakai did'asarkan pad'a kegunaao benda

kerja tersebut meliputi ; tempat pemakaiant ke -
kuatan bahan, serta bentuk kanrpuh dan Jenis elek-

trod.a Yang akan diPergunakan'

b. PerhitunEan Pemakaian bahan

Perhltungan Pemalcalan bahan perlu direncanalran un-

22
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tuk dapat menghitung bargraknya bahan benda kei
ja yang diperlukan dan banyaknya elelrtrocla
yang akan di gunakan.

ce Penyediaan a1at.
A1at-alat yang disediakan di dasar.kan lcepada
konstrul<si yang akan d.ibuat bentuk lrarnpuh 1as,
dan penghalusannya keIak.

d. Pembuatan gambar kerja.
Gambar.kerJa merupalcan kesimpuLan dari peren -
canaan, dari gambar kerJa dapat dipedomant me-
ngenai ; Jenis bahan, banyak pemakaian bahan,
bentuk kampuh las yang akan dipergunakan.

2. llahap Pelaksanaan.
Setelah tahap perencanaan selesai, tahap berikut-
nya adalgh tahap pelaksanaan, daLam tatrap pelak -
sanaan irii tercalcup di d.alamnya antara lain :

a. llahap persiapan.
Dalam tahap persiapan ini aclalah nempersiapkan
haL-haL yang berhubungan dengan keseLanatan

kerJa (pakaian Ias, dan perJ.engkapan 1ainnya),
. penyediaan alat-a}at perkakas, dan yang paling

penting sekaLL adalah hal-haL yang berhubungan
d.engan pesawat las antara l-ain ; menentukan be
sarnya arus listrik (ampere) dan tegangan yang
akan dipergunakan dalam pengelassrr.
Arus listrik yang dipergunakan daIan pengelas-
an di tentukan oleh d.iameter eLelctroda yang di
pergunakan, tebal bahan serta jenis elektroda
yang dipakai dan posisi pengelasan.
Perkiraan atus listrik yang akan dipergunakan
daLam nengel.as dapat dilihat pad.a tabel yang

tertera pada setiap bungkus elelrtroda, sebagai
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contoh dapat d.ilihat pada tebel dibavrah ini

TAISUf, If
PEIiKIITAAN ARU$ I,hi,}TtIK YAI{G DIOUI{AI,JT}I

===E-=================== = == ======B=======L-=::i-========

t DIAI.ilctLtt i( PAI{-

! JAI{G EInil([rrODA

! (srm)

DA}:ITAII AItUii POLAttr'Iiiii

( AI,lP.uiU$ )
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Demikian Juga halnya dalam tahap persiapan ini,
pengaturan tegangan (voltage) harus disesuaikan
d.engan kqbutuhan dalam pengelasanr sebagaimana 0'a

pat dilih'at pada contoh pengaturan voltage untuk

nengelas sesuaL dengan diameter elektroda yang di
pergunakan.

TAB.UL III
P]TNGAII]RAN VOI/IAGE BJ'jITDA$ARI(AN

D LAI'lltTl[It Ef,EI('IIiODA

! DIAI"ii!-'IUtl ELE)K'IIIODA

g DAI/r}I ( ,, )

1 IIIEAI{GAN KE}IJA

t DAITAI,I (Voft)
I

t

I

1 ,.5

415

4ro

6r5 I

I

I

vo

45
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b. fahap per\yeletelan benda kerJa.
lDerutama untuk benda lrerJa yallg besar diperlu-
kan perangkaian yang baik untuk mempermudah pe

nyetela:t kampuh Ias.
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Selaia it\penyetelan ini juga bertujuan untuk

nengatasi atau menghindari perubahart bentuk

yang terjad'i akibat penas selama pengelasan b'

berLansung.
DaLam ha1 ini d'uperlukan alat penyetelan seper

ti3
- Kl-em C

- Pasak

- Baut'
- Rantal
- Dan sebagainYa'
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c. Ilahap Pengelasan'
seteLah dil-akukan tahap-tatrap tersebut d.iatas

(a dan b), pad'a tahap pengelasan ini dilalcukan
I

pongelaBan terhadaP benda kerJa sesuai denBan

bentukr' Ioralltas, serta kekuatan Eanburgan lae

yang d.iinginkan d'alan pengelasan benda kerja

tersebut.
d. TahaP finishing

Eahap finishing, maksuctnya ad'aLah tahap mengha

luskan hasil--hasiL pengelasan yang kurang baik

serta nenghaluskan hasil pengelasan dengan ia-

Ian menggerinda, mengiklr' mengamplas dan se -

bag;ainya. Selanjutnya hasil pengelasan terse -

but di cat (iitca perLu)' Jadi tujuan finishing

ini adalah untuk benda kerja tersebut jad.i ra-

Pi dan halus.
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