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IGURE I. A shop or service center, when properly
rranged, can help eliminate the problem of mis-
laced tools.
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FIGURE 2. A shop or service
center is necessary if you are
going to repair machinery and
equipment.
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introduction

How many times have you been fuced witha jobto
do and you could not find your tools (Figure 1), or
you were discouraged because you did not have an
adequate space to work?

Most individuals need @ shop ar service center.
The size of the arca and the arrangementaf the tools
and equipment will vary, however. 'l“h-";i.éf:;lo;_|wm|s on
the scope of your enterprise.

Most business and farm enterprises hive numer-
ous picces of equipment. Some of them are powered
by clectric motors. Some are powered by gasoline
and diesel engines. The equipment requires regular
maintenance and repairs. Anadequate SCIVICE areit iy,

necessary to do maintenance and repair jobs (Figure ~ i

2).
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In addition o the
aintenance  and
pair ol power
vipment, a shop
ovides space for
aintaining plumb-
and wiring, for
arpening  tools,
linishing  furni-
re, painting
uipyent,  and
iy other  useful
vices (Figure 3).

Most  homeown-
b do at least some
the maintenance
J repuirs required
und the home.
quently,  you
 do the job as
P oS a0 trained
Jhnician. It is es-
tid. however,
M you have an
‘Bquate place to
rk and the proper
Is.

ew construction may include building such things
boat, furniture, a trailer, barbeque grill and spe-
cquipment (Figure 4). ‘
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URE 5. A shop may provide storage space for
P ls. equipment and supplies.

l_lw shop may also provide storage space for such
Jogs as tools, equipment and supplies (Figure §).

So you see how the term **shop,” as referred to in
this publication, includes several types of facilities.
It includes areas for storage and facilities for service
and repair. Facilities for fabrication and assembly
may also be a part of the shop.

The arrangement of a shop may look something
like the one shown in Figure 6.

Shop planning and basic design are discussed

~under the following headings:

I. Determining I a Shop or ‘Service Center is
Needed.,

1. Determining Space Needed in the Shop or
Service Center.

I, Determining Size and Type of Shop or Service
Center Needed.

IV. Determining Heating and Ventilating
Needed.

V. Determining Lighting and Wiring Needed.
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; ?GURE 6.. Anexample of how asmallshop mightbe arranged.
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Determining if a

shop_ or
service center

is needed

ﬂzmy commercial operations have
me provision for tool storage and «
rvice area (Figure 7). ‘

Inthe home, the service center may
Phsistoflittle more thanacorner of'a
tchen cabinet, or o part of the
Fveway. Many home building plans
e provide Tor a work bench and a
vage ardi (Figure 8). A basement
iy provide enough space for a siza- -

2 shop, On the other hand, o com-
$61c new structure may be the ans-
Fer 1o your needs.

SP-8

FIGURE 8. A garage or basement in the home may
have space for workbench and tool cabinet.

Determining whethersishop is necded is discussed
as follows:
A. What Uses Can Be Made of a Shop or Service
Center.

B. What Uses Can You Make of a Shop or Service
Center.
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p What Uses Can Be Made of a Shop or Serviée Center
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JGURE 9. Examples of businesses or operations which usually need a shop or service center are (a) farms,
-J) landscaping firms, and (c) golf courses.

Plant nurseries.
Golf courses.
Park maintenance,
Grounds keeping.

$E'he uses of ashop vary widcly; They depend upon
Be needs and desires of the owner. The hobby shop
. ‘gy be used primarily for the relaxation and enjoy-
|

nt of the owner.

®'There are many enterprises for which one may find
SZ%hop profitable (Figure V). Some of them are as

e

lows:

' » Many small and medium shops are uscd by
= Farmy. homcowners, or small businessmen and skilled
~ Runches. tradesmen. Shop jobs may include repairing or build-
= Groves. ing equipment.

- Schools.
" g~ Instructional laboratories,

;- Manufacturing plants. A large service center used by a commercial
2= Auto and equipment dealers. farmer. rancher, grower, landscape contractor, or =
; ;— Eurth moving and grading. manufacturer may often be used to make emergency
r Landscuping. repairs of mobile and /or stationary equipment.
~ ’f . :
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£
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ekills (Figure 10).

-Lquippc.d porlahlc shop. It nmy he mounted on a
or,lr.ulcr. Such a \hop can go d:rectly to the

¢ have instructional laboratories for teach-

i

by

5 .
lGURE 11. A portable shop may be well equipped.

Upon completion of this section, you will be able
to name many uses for a shop or service center. What
uses can be made of a shop are discussed under the

following headings.

1. Provisions for Service and Repair.
2. Provisions for Storage.

3. Provisions for Other Uses.

1. PROVISIONS FOR SERVICE AND
REPAIR

Farmers. ranchers, businessmen and individuals
depend more and more on the ability of machines o
do work rapidly. Emergency repairs are important.

Being able to make emergency repairs may resultin
sizable savings. An emergency repair is often a mal-
ter of being able to drill the right size hole, cut threads
on a fitting, or weld a broken part. You may save a
trip to the hardware store or a long wait for repairs or
parts.

SP-11

Service and repair are the magor uses made of most
shops. Included in servicing is preventive mainte-
nance.

b







Your shop may allow you to service and maintain
¢ lollowing:

‘. Mechanical Equipment.
)

£h, Electrical Equipment.

DRk |
o

,._c, Buildings.

Mechanical Equupment

LA e

M.umcnanu. is necessary to keep machinery and
Jther mechanical equipment operating properly (Fig-
$te 12). Longer life is assured. With regular mainte-
: nc » and minor repairs, i major breakdown may be

vented.

SP-13

FIGURE 13. Electrical equipment can be repaired
easily in a well-equipped service area.

c. Buildings

Maintenance of the homestead and commercial
buildings is less likely to be ol an emergency nature
than mechanical or electrical equipment. A building
does not “hreak down™ the way i machine does.
Proper up-keep of buildings, however, is important.
A well-equipped shop can help you maintain your
buildings (Figure 14).

SP-12

GURE 12. Maintenance of equipmentis an impor- . .
4 m use of many shops. c ,

Electrical Equipment

3 Maintenance of electrical cquipment has further
trengthened the need for a shop. Many items of :

Jectrical equipment need minor repair occasionally  FIGURE 14. A well-equipped shop can help you

YFigure 13). maintain your bulldings.
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SEProviding for space always seems to be a problem. - C. Supplies
AEshop Lrge enough to allow for some storage will v
ipllyf{ncrcusc its usclulness and convenience (Fig-
Ury nerense 2.

F 4 1) You can store such supplies as lumber, bolts,

by el T o serews, nails, pipe and miscellincous materials.

If you desire. you can provide storage space for
such tools as o shovel, axe, step ladder, hedge chip-
pers and lawn and garden tools. Having all this
cquipment together means that it is kept in better
condition. For example, il you have a tool grinder
handy, you will find it casicr to sharpen an axe belore
you usg it than to worry with o dull one.

nd Eguipment.
Parts, _
. LI . e

The time you save in getting ready to do a job iy
your best reason for storing all these things in one
place. Your materials and tools are all together (Fig-
ure 16). After you have finished, you canreturn them
all to the same place. This makes for orderly proce-
dure and saves time and trouble.

I is desirable to provide space Tor such things as
pesticides and garden supplies. Paint and brushes are
sometimes stored in the shop, but they increase your
fire hazard, unless provisions are made to prevent it

sint thinners and other volatile material should be
stored ina separate building.

SP-15

SP-16

FIGURE 16. Store tools, equipment and supplies in
one area for greater convenience.
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#Shops and service centers may be used for pur-
Bes other than service, repair and storage. Many
bple use them for construction or fabrication of
sial items. ‘These may be used in a business, on
‘B farm, or in the home (Figure 17). Boats, furniture,
A trailers are examples of items which may be built

*

A pleasant way to use the shop is for a hobby of

some kind. This may take a variety of forms from
pottery making to clock repair and furniture building
(Figure 18).

H—

muhmw-“"l

¢
1

: URE 17. Shops are often used to construct or FIGURE 18. Pursult of a hobby may be another use

jbricate useful items. : of the shop.
What Uses Can You Make of a Shop or Service Center
El
he most important consideration in deciding 1. Skills You (or Your Employees) Possess.

@hether a shop or service center is needed is to
Petermine the uses you can make of it. These may 2. Tools and Equipment You Have Available.
‘Hdry greatly. They depend upon whether you are
Pnsidering a shop for personal use at home, as a3, Time You have Available.
Frvice center fora farm, or as an aid to your busi-

oY, 4. Amount of Money You Can Invest.
| T'Upnn completion of this section, you will be able
Fdecide what uses you can make of a shop. Inorderto
. ,Lf]p you reach a decision you will consider the fol-

wing factors:
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Mast people can develop

Jeaming: They may dumage

nd: equipment. They are
emsclves. I this is
3y of:€ourse, a large shop
Bld be of little value—unless you
‘employees who could make
use of it A few simple tools, a

be sufficient for your needs.

A Wi enjoy, technical work and are
] s".‘“&d at,it, you should plan to
Bty iwell-cquipped shop (Figure

B : .
: tools you have and their condi-
ay influence your type of shop.
s

*do-it-yourselfer” who is ac-
tomed to making minor repairs
$found the home, on his auto, tractor
B tawnmower may already have a
Rrly good stock of tools.

. U

1 ekl

g For
Fituation may be found unless you are
lirting a new facility. A good inven-
ary of hund tools und portable electric
g fuﬂpuwul is needed (Figure 20).
fiuke 2 list of the tools you will need.
Hompare that list with the tools you
iive on hand.

X

IR CuNE P L L

u few dislike doing
type and tuke little in- -

" bench and a small work area -

QS

FIGURE 19. A pe&son who is skilled in shopwork will enjoy a well-
equipped shop. '

r business enterprises, a similar

You may be surprised to find how many tools you
already have available once you get them all together.
If your hummeris at one place, your socket wrenches
at_another and your pliers somewhere else, you

13
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FIGURE 20. Handtools and portable electrical equipment provide a
start toward equipping a shop.
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¥ep them. If you see the value of keeping your tools
;u central place, a shop will help (Figure 21).

i ¥(‘hcck the condition of your tools. I{they are rusted,
hey have probably been leftoutin the weatherorare

ing kept in a damp, poorly-vented place. A
snvenient. well-ventilated shop would keep them in
etter condition, ’

. TIME YOU HAVE AVAILABLE

1

Spare time can often be used to an excellentadvan-
aee. Time and money suved in repairing and building

RePAIR Jo
2 THAT Courp e
TR BEGNDwéA;/;%é
ot WL Usw)“”&‘lyéf .
YOU TIME ¢ mowey

y

Sht o - e L . P D i chots Sdeibaiva kot Bostumt oW

_

' JIGURE 22. Repairjobs thatcan be done at home or

business usually save time and money.

FIGURE 21. A central stor-
age cabinet helps keep hand
tools in place and in good
condition.

SP-21

equipment can be sizable. It is sometimes difficult to
arrive at a cash value, however.

A factor to be considered is whether service and

repairs are readily availuble clsewhere . 1f machinery
and cquipment mustbe transported considerable dis-

tances, much time can
service or repair in your own shop (Figure 22).

be saved by performing the

The amaotint of time you are willing to devote to thy

shop will depend on your own priorities. If the job

meets a definite need, you will likely

SP.22
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find the time

required to make it worthwhile (Figure 23).

FIGURE 23. A well planned place to work can be
profitable and enjoyable.




ZNAMOUNT OF MONEY YOU CAN
g !NVEST

A good way 1o begin this discussion may be to ask

Rether you can afford not to have a shop. As has
Feady been pointed out, a shop’can be used to
JMuce operating costs for a farm or other business
Flgure 24). It may also be a money saver for the

;;' eowner. The hobby shop owner may enjoy bet-
.JEehealth, if the shop provides a way to relax. Also,

fhy shops that started as i hobby have turnedinto a
g1-time or full-time vocation.

ol

s

¥
N 3
280, whether you can afford the cost involved in
Silding or installing u shop must be weighed against
ghenefits of ownership. If vou can afford the initial
- the chances are good that the benefits derived
{bc worth the cost in the long run. A shop may
BB from a few dollars to several thousand dollars,
2 suding on your needs (Figure 25). ’

1. SN ! ..
ZHow. much a building will cost, depends on such
T ARILH

T
* e 7 N

5.

;X

k4.
4
»
g.

v

of shop for maintenance and repairs.

¢ .

g

At g S v g N e R SR o DT S

JURE 24. Operating costs are reduced through

U
.
-
~
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FIGURE 25. Shop cost wiil depend upon size and
type of building.

- Kind of floor.
- How complete a wiring job is included.

You can not make a decision based on these fac-
tors until you have determined the size and type of
structure you need. These are discussed under the
headings which follow.

-
o~
'
a
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Determining
“space needed
- . in the shop
_or service center

The space required in the shop will vary greatly
depending on its uses. One of the simplest forms of a
service center may consist basically of a tool kit, u
grease gun and an oil can (Figure 26).

At the other end of the scale you may have an .
claborate building that is lighted. heated, ventiluted,
and equipped with a wide variety of hund and power
tools, parts, storage bins, and other facilities (Figure

27).

There are many variations between these two ex-
tremes. A mobile service facility mounted ontrailer

4 3 . .

S, .. ‘ i |
L L e T ) e or truck may be taken out to the equipment for
(> SC T T L % emergency repair jobs in case of machine break-
PG UM «

Ay et down.

RE 26, A service center may consist of only a
kit, grease gun and oil can.

¥

vt B

3
.
s

o &

GURE 27. Shop building '}.'}
t Is fully equipped, E=a
Bihted, heated and venti-
i ted.
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‘The outdoor service center may
Jonsist of an open area adjacent to a
’{nuilding. paved or unpaved. covered
- dr uncovered (Figure 28).

Regardless of the size, cach facility
erves a purpose which contributes to
e financial success of the farm or
usiness. The home shop may con-
ibute to carnings, or savings on re-

air and construction, Or, it may sim- v
My add to the enjoyment of those
sing it. :

Determining the space needed in
he shop is discussed under the fol-
ywing headings:

A3 A. What Space is Needed for Ser-

~vice, Repair and Fabrication. FIGURE 28.

OUTDOOR

» SERVICE CENTER
e

"/ No .

Example of outdoor service center.

£
Fib. What Space is Needed for Stor- /éi
: g age. /{/

you are building or installing a home shop, the
ji2¢ may be predetermined by the space available to
fau, Your problem may be deciding how your tools
yd equipment can best be fitted into the space. Such
o8 s paut of a garage, store room, or basement
be your only alternative (Figure 29). For many
& shop enthusiasts, however, a separate struc-
dFe may be required or desirable.

pon completion of this section, you will be able
letermine what space you will need for service,

W
38 What spuce is needed for service, repair and fabri-
FFution is discussed as follows:

4 "’ y
EE 1. Uses To Be Made of the Shop or Service Cen-

3. Spuce Needed for Service Area.

Spuéc Needed for Metalworking and Machine-
ry Repair.

FIGURE 29. The home shop may be locatedInapa
of the garage.
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WORKBENCH

———

Juses T0 BE MADE OF THE SHOP
. OR SERVICE CENTER

-

- =y B
i =532l
) XE-1]
‘n “2"'3

¢
5
carllcr section, the dccmon was reached as '[f

SCRAP

§ 5
i tuscs you will muke of the shop. Based on this & ?é Toor (P
: tion, you must now make some decisions  {| *° R |
_\mll n“m you in determining the space needed < | - |
hc -« Ll 0% E
,p v" ' ‘ ?'F; ANVIL
o . = w o
£ example, you may have decide : - ; o
Y3 lplu you miay have decided what your “"“O :

al uses will be. ‘They may be to do the required
malntenance, plus service and repair of your
nd garden equipment. In this case, your shop

whubly will be small. However, you must still
\ Inc;l‘hc ap.lu: lcquncmcnls for tools and

WATER
VAT

AHC

FIRE WELDER

|
|
|
|
| SERVICE AREA
|
|
I
|
|
|

R I Y
AR
comP

J,,@.
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ol m y h.wc decided that o separate building

i v‘130 properly house and use the tools and

péns for u farm or industrial shop. Inthatcasea  FIGURE31. Largershops require detailed plans tor
1 u.uu.nlc pl in will be walncd (Figure  several work areas.
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Wi bt 3

. EXT. tABLL At
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ity o s **;:.,“\r ‘i ‘(‘N 4 wtwm IP.-STOR. 1k
I H
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. 2. TOOLS AND EQUIP-
i@? ~ MENT NEEDED

In order for your shop to it your
requirements. certain tools  and
------- v . equipment will be needed. If your en-

= - terprise is o large Farm or business,
“'Q: 4 | you may ncc'«l' afull range of tools and
= ._) cquipment. They may include tools
for metalworking., woodworking.
machinery repair, plumbing and
masonry. For a home shop, a good-
sized wall cabinet—well stocked with
hand tools and portable drills and
saws—may meet your necds.
o
% At this point you should determine
whit additional tools and cquipment
you will vequire. Fist them by catepo-

-0‘

“mmnng\

Y N e o e

RE 30. A small well-planned shop in an existing building, or a
p}ed new one, is satisfactory for many purposes.
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I suchus woodworking, metalworking, machinery
plumbing and masonry. Next, think about

that

iirfcompressor, portable hoist and desk.

2. Mark lines across paper Vincel apart. Then run
‘ ) ines from top to bottom V4 inch apart (Figure
u have not l;s(_cd In & category that you 32). -(Graph paper to this scale may be pur-
2:n the shop. Examples are fire exting- chased.) '

¥thexe a8 miscellancous items. Each ¥5" on your paper or cardbourd is equal to
B » : : ~ 1 foot of shop measurement. Write this on the
SPACE NEEDED FOR :owcryright corner of your paper: % inch = |
iy . 0oL, You will draw all of your mecasurements to
SERV|CE AREA ' this scale. ’ l
g ‘r‘ ' : ) . . v . *
er locating the service area, you are ready to

fin planning the space requirements for the service
BB und for euch type of equipment.

Sla PInS BENES t

-5 -
FIGURE 33. Mark every line to show
the number of feet it represents.

3. Mark every line with the number of feet it repre-
sents (Figure 33),

4. Determine the size of the service area.

Mcasure length and width of the largest equip-
ment you expect to build or repair inside your
shop (Figure 34). If you wish 1o have space for
more than one unit, figure the additional space
needed in the same manner.,

A
pe
MEASURE
EQUIPMENT

of ‘puper or card-
Rboard for your plan .

or lurger shops.,
Epaper or cardboard
B % Id be about 20

FIGURE 34. Layout of the service area. Measure the largest machine to be ser-
viced in shop.

19

&

-

.
'l

-«

| ——————

Al

. .
. . "&.\.
N
e v -z .
'
* N . vt . .
HER A8 Y .l L
. t S
, - . . R Lt , o
- * . ~ M .
3 ) N -
o %5
X A 0. ANy - ¥
. 2 3 » A R it



l Label temiplate(s).

Atemplate is o pattern cut to scale to rcprcsc'nl
the dimensions of an arci or the size of equip-
Menl FEPresenting service irei needed (Iigure
15). Use scatle: Lrinch equals | oot Attirst, be
wire to put arrows onall four sides with =3 feet™
mathed neat to them. This is to keep you ve-
minded of the minimum passageway space
necded on each side for servicing machines. As
you determine that space is not necded on all
sides, you may allow this 3 feot space only on
sides that need it

1 ves plan to have anadditional ontside service
areet. vou mav reduee the sice of vour inside
wrvice dared.

§8-35

FIGURE 35.
area.

Template representing the service

4. SPACE NEEDED FOR METAL-
WORKING AND MACHINERY
REPAIR -

= [apre 0 shows the equipment maost commuonly
L ised i the metalworking arca, Note the template

«

shown with each item of equipment. Each template
shows the approximate size of the equipment on the
same scale as your layout (Y2 inch equals one fooy).

Note in Figure 36 that some of the templates e
marked “portable”™ and “movable.” Those not
marked are considered stationary. In this discussion,
“portable tools™ e those mounted on wheels or
casters so they can be easily moved from one loca-
tion to another. To move casily. use 3-inch or larger
wheels that will roll readily over small stones, nails,
and other small objects on the Hoor.

“Maovable tools™ do not have wheels orcasters tor
are motnted on very saall casters). Such cyuipment
is not fastened to the foors it can be moved but notas
casily as portable units,

R
DAILL
PRESS
1W'=2*
i
I
POWER
HACK SAW
<
w
[+
<
wo .
© PORTABLE <!
> f METAL WORKING ¥'*2
o TOOL CAB. v
w ,
; MOVABLE  Poiliy 1y
l 7001 ——F 2'%2"
RIN Ry 3L
__{movaste J GRINDER  }fuig)
i ANVIL I r
; 15'-2'\‘
i 4y’ s
! ' SCRAP —${ 18"
A ; ;
\"'/ PORTABLE =% }.ST
£ OXYACETYLENE L3189
rd y 5 ¥,
WATER ,‘:
VAT
2 xR g
W
-~
MOVABLL x MOVASBLE
Al WEEEN Wi LDING TABLE
4 1) L [ 4 ] I

FIGURE 36. Equipment most commonly used in
metalworking area. Rectangles represent template
size of each unil.
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MEASURE YOUR

EQUIPMENT TO
DETERMINE 3

SPACE NEEDED e

In the discussion that follows, you will note that no
mer equipment is moanted on work benehes. This is
i twa reasons. They are as follows:

- Equipment mounted on a bench takes up vilu-
able space

- Surrounding bench surface is often in the way of
doing someJobs you may want to do with power
m()ls.

Itis nsually hest to mount power equipment, even
he beneh typie. onaseparate stand or pedestal. 1 you
eler that your power equipment be mounted on i
cch. fengthen the bench so that you have 6 to 8 feet
fbench spaice et alter the equipment is mounted.

Steps to tollow in planning your metalworking and
machinery repair arca are as follows:

L Sclect equipment you plan to use (Figure 36).

Y Measure equipment you already have to de-
F termine floor space required (Figure 37a).

Vo Vake templutes fram measurements of present
cyuipment on scale of Vainch = 1 foot (Figure
37hy.

[ 4. Copy templates from Figure 36 for equipment
vou plan 1o purchase later,

{AGURE 37. (a) Measure space required for each piece of equipment you plan to putin
“gnetalworking area. (b) Make a template of each and label it.

CUT-OUT SIZED TEMPLATE

S Label cach template and insert clearance
measurement (Figure 38).

Note arrows pointing to sides of some
templates, and the figure 3™ marked next to
arrow (Figure 38). This is a reminder that 3 feet
of space should be left on the “arrow™ side of

equipment for convenient passage. With some
equipment, it is not necessary to allow space on
all sides. Leave space only when needed.

FIGURE 38. Label each template and
clearance-measurement arrows.

insert

spag



You may have only part of the equipment listed 3. Prepare templates for equipment you plan to

here. This need not change the order of your purchase later (Figure 39).
planning. Leave out those items you do not .
have. or do not plan to get, and proceed with Make templates on scale of %2 inch = 1 foot.

the othérs.
4. Label cach template and insert clearance

SPACE NEEDED FOR WOOD- measurement (Figure 39).

WORKING ) ~ Figure 39 shows examples of woodworking
cquipment commonly used along with the
templates giving the approximate size and pas-
sage way clearances. '

To determine the space required for woodworking
" ool use the same procedures as for metal working.
aceed as follows:

/7

1. Select equipment you plan to use (Figure 39).

3. Measure equipment you already -have to de-
termine floor space required.

SP-39

FIGURE 39. Examples of equipment commonly used in woodworking area of
shops. Templates indicate approximate size of each unit.




SPACE NEEDED FOR HAND 7. SPACE NEEDED FOR MISCEL-

TOOLS . LANEOUS ITEMS

Many of the hand tools could be listed with either You may find there are some items you want to
talworking and machinery repair, or woodwork- include in your planning that have not been previ-
. Jowever. since wall space is required for most ously listed. Examples are a desk, file cabinet, fire
them. they are listed here separately. Some people * extinguisher, portable hoist, sink and air compres-
dfer 1 tool dolly which does require floor space sor. These and any others required may be grouped
ipare 40). as miscellancous and space assigned as with the

other sections,
¥ 1n most shops. hand tools are kept eitherona wall
sunted tool panel (Figure 4l orina wall mounted To determine the space needed for miscellancous
i cabinet (Figure 41b). items. proceed as follows:

1. Select equipment you plan 1o use.

I Take measurements of equipment You now own
and mahe templates to scale (Vainelr = 1 foot).

3. Copy templates from Figure 42 af any equip-
ment you hope to purchase later.

4. Label templates and insert clearance dimen-
sions {(Figure 42).

In some kirge shops, separate oflice may be
included 1o provide for the desk and lile
cabinet. :

TOOL DOLLY
;. (PORTABLEY

§P.40

AuTRA]
o |y e )
Lre T

4" (APPROX)—_{4-—] | L U4Y (APPRO

(a) | ; (b)

SP-&1

FIGURE 41. (a) Wall-mounted tool panel, and (b) wall-mounted tool
‘abinet (with templates). Types commonly used in metalworking
‘Eyrea.
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B. What Space Is Needed for Storage

Some storage space is desirable even in a small
gphop or service center. A well-planned shop will
Approvide maximum storage using a minimum of floor
iee.

Upon completion of this section, you will be able
ndetermine what space is needed for storage in your
shop. :

What space is needed for storage iy discussed
nder the following headings: '

I. ltems to Be Stored.

2. Space Needed for Storage.

b

41. ITEMS TO BE STORED

Space for lumber and plywood storage is a myjor
“Freed in most shops. Other requirements may be stor-
L arcas for metal, machinery and electrical parts,
Jauts, bolts, nails, garden tools, lawn equipment and
dders. Paint thinner, gasoline and other volatile
Foaterials should not be stored in the shop, but in o
cparate building (Figure 43).
*

VOLATILE

//MATERIALS

I e N YO T Y IR
£, W

e
i

volatile materials in a separate building.
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2. SPACE NEEDED FOR STORAGE

You can cut your space requirements by storing
part of your bulky supplics—such as lumber—in
your machinery shed or in a building close by, it
available. However, it is usually better to provide for
most or all of your present storage needs within your
shop (Figure 44). Later, you may want (o provide
space in your shop for more equipment—some you
have not considered in your present shop plans.

“Then, you ¢in remove some storage tacks or bins to

get the neceded spuce. Figure 44 shows common
types of storage along with the templates that. give
the approximate and suggested sizes. Study them
carefully to see if they meet your needs. If you al-
ready have some storage cabinets, or racks, take
your template measurements from them.
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. Pipe welding

Welding of mild steel, stainless steel,
aluminium and copper pipes

Technically, oxy-acetylene welding can be used
to join almost any size or thickness of pipe or
tube. In practice it is seldom applied to pipe
over 150 mm in diameter or 10 mm wall
thickness.

With this process it is possible to produce
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 joint,
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 available). .

Thin-wall copper pipes may be readily bronze-
welded, giving a joint which retains. adequate
strength even at elevated operating
temperatures; again this technique is in wide
use for installation and repair work.

When welding stainless steel pipe it is essential
to identify the material as there are numerous
specifications.

- Example procedures—material
Pipe of a nominal bore of 50-100 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 132
times the diameter of the pipe.
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Pipe welding

Cutting and bevelling procedure
Before cutting -

- 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 (nb)

(c) Wall thickness (t)

(d) Length fequired ,

(e) End preparation required.

2

End cutting
1. Cut small diameter mild 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 the pipe axis.

-

2. After cutting to length, remove any burrs on - :

the inside of the pipe by reaming or filing.
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Pipe welding

Rotated pipe-cutting head

3. Cut large diameter pipe by:
(a) power saw, or

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

Rotate pipe at
constant speed
under cutter

Set cutter at
angle of bevel

Bevelling
1. Cut the required angle of bevel using:

AN

(a) oxy-fuel gas cutting machine, or

(b) ending machine.

2. Obtain the required root face depth by:
(a) grinding
(b) machining

(c) filing.

35
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. Profiling machine j

\ Hand grinder /
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Pipe welding

Cutting of branch components in

mild steel

1. Branch pipes in mild steel may be cut on a
special oxy-fuel gas profiling machine. Where
such equipment is not available, 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 the 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
eqqipment available:

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

(b} Cutting manually, using the oxy-fuel gas
process; the cut edge being dressed smooth by
using a hand grinder or file. With this method,
care must be taken to ensure that the cut
sections are removed from inside the pipe.

{c) Using trepanning tools 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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k Slitting saw /

Avoid
Accidental arcing outside the area to be
cut. .

There are numerous stainless steel speci-

material prior to cutting.

fications. It is essential to identify the
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Pipe welding

Stainless steel
1. Stainless steel cannot be cut by a
conventional oxy-fuel gas process.

Normally, straight end preparations are
obtained mechanically 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 stainless
steel '

1. Branch pipes and branch holes can be
marked out as described for mild steel. The hole
is produced by using 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 not cut to the finished scribe 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 trepanning 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:

(a) 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 chisel.
Remove the waste metal disc .

(d) smooth and beve! the hole, using a grinder
or file.




Selection of welding technique and pipe end

preparation

For blowpipe and filler rod angles see Module
F10 Instruction Manual.

Pipe welding

Wall thickness (t) Pipe preparation Welding Joint gap (g)
3 mm or less Square Leftward 2-5-3mm
5 mm or less Square Rightward or all-positional
rightward 2.5-3mm
3-5mm Bevelled Leftward 1-6-2-5mm
5~-7 mm Bevelled Rightward or all-positional
- rightward 3-4 mm

mm.umm&;
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AR RN

000

Leftward 80°-90°

Rightward
50°-70°

AN

9

\ N\

R
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Pipe ends square

Pipe ends bevelled
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Area to be red hot. Both edges
should be melted through to the
bore before filler metal is added.

Pipe welding

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

A pipe alignment jig can eliminate the need for
tackwelding.

Oxy-acetylene tackwelds normally 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 ‘join-up’ with the main
weld. .

Tackwelds have to hold 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
pool.

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 joint.

Diameter of pipe Number of
tackwelds

Up to 30 mm 2

3010 75 mm 3

75 to 150 mm 4

39




Cold hinge

Cooling of
the tack causes
the gap to close

Gap

40

. 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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Buildup -
distorting
flame

|

Nozzle held square to N
work — uneven heating

.\
, \ Build up

\

Nozzle angled to obtain 4 T+
even heating .

Effect of spatter on nozzle

\-
4

4’——"'3‘-

Flame cone
directed here

K’?J’ Filler rod
directed here

O

Leftward welding

Y

Pipe welding

Welding torch (blowpipes)

- (i) Blowpipes for tube and pipe welding are

almost exclusively of the high-pressure type, ie.
for use with acetylene gas cylinders.

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

If the build-up cannot be brushed off with a
welding rod then the ftame 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. It is a slow technique for
positional work and often requires more edge
preparation and runs than the rightward
technique. It is generally used for thin-wall pipe.




Single run

Weld metal
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{b}) Vertical down

2nd run
Two runs /

\ {c) Horizontal-vertical ‘ J
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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 technigue is mainly applied to:

. (a) the top sections of a pipe

(b) the 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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Pipe welding

3. All positional rightward welding. :
This technique is applied mainly to joints in the
overhead and vertical positions.

\ﬁ

One run Two runs
Depth to which
filler rod should Filler rod added
be restricted too low )
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2
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Excess penetration

Filler rod additions — Flat position
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Horizontal-vertical welding requires
the filler to be added mainly in
the top half of the pool

~

)

Weld pool kept \

almost flat

\_
-

%

Pipe welding

Filler rod manipulation and weld pool control
When welding pipe the method of adding the
filler rod must be adjusted to suit the position of
welding.

When welding in the flat position, the metal will
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 allowed to

solidify when it has run down into the correct
position.

Vertical welding 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.

N[

Filler rod pushed regularly
up beyond the pipe wall

Filler rod additions — Overhead position

Filler rod end pushed up
only part way through wall

y

Weld metal
. displaced downwards

44
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Filler added too soon

Filler added too slowly

Filler rod

Pipe welding

Unless the filler rod has to be pushed through

the keyhole, always add the filler as soon as the
keyhole has been obtained.

Control the size of the keyhole by the rate at
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



( Flame too close

pool too small

Flame further away to

give heat spread

o

%
3
%
%
X

Direct blowpipe
at this point

Blowplpe angled to rectify
uneven heating

NS

Pipe welding

If the weld pool is not fluid enough or big
enough, draw the flame away to spread the
heat.

In most cases direct the flame at and along the
centre line of the weld. If one side is getting
hotter than the other, angle the blowpipe.

Do not move 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.

V)

Do not move the
blowpipe over

46
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Weld metal held in position by

the force of the flame and .
surface tension with the filler rod

KXXXL
90000
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Bottom of weld pool solidifying due
\ to shielding effect of rod /
/ Second run stop and start . \

Pipe welding

Stopping the weld

On mild steel, up to 1.5 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 advisable to withdraw the
flame slowly to allow the liquid weld metal to
solidify before it it exposed to the air. In some
cases the force of the flame is used to help
control the liquid metal. Then it is essential 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 slightly further away
than for welding, but directed at the centre of
the keyhole.

2. When the area is red hot, position’the flame
for’ welding and wait until the weld pool is
molten through to the bore or root.

3. Draw the flame away slightly 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 cold filler rod end into the.
weld pool.

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.

47
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Torch orblowpipe positions when
welding butt joints
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" 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 be angled more rapidly.

Inspection and testing

After visual examination cut three 12 mm wide
bend specimens from the positions of each joint
as shown in the table below.

Position of specimen in
Pipe axis welded joint

(a) Horizontal (i) Bottom
(ii) Side
{iii) Top

(b) Vertical Three specimens at 120°
apart

{c) 45° Inclined (i) Bottom
(i) Side

{iii) Top

Whén prepared, make 180° root bends over a
former of diameter four times the wall
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 toh section is the most difficult part to weld
if the gap closes up. It is recommended that this
section should be welded first.
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Obtaining full penetration in one
run with the rightward
technique

~

Liquid metal being
blown down to form
V and keyhole

Pipe welding

Mild steel pipe—butt joint

Welding position: Vertical

Pipe fixed with its axis: Horizontal
Technique: Leftward

Example procedure EP/OA/30

Material Two pieces of mild steel
pipe, 50—-100 mm diameter,
2 mm wall thickness

Preparation Square end

Assembly 2.5-3 mm gap.

Tack as shown on pages
39 and 40, leaving the

6 and 12 o’clock positions
clear of tacks

Nozzle size 5 (140 litres/hr)
Regulators Each 0-14 bar
Filler rod 2-4 mm

Weld up each side of the pipe in turn from the
6 o’clock to the 12 o‘clock positions.

Mild steel pipe—butt joint

Welding position: Vertical

Pipe fixed with its axis: Horizontal
Technique: Rightward and all-position
rightward

Example procedure EP/OA/31

Material Two pieces of mild steel o
pipe, 50-100 mm diameter,
5 mm wall thickness
Preparation Square end
Assembly 2-5-3 mm gap
tack as for EP/OA/30
Nozzle size 18 (620 litres/hr)
Regulators Each 0.28 bar
Filler rod 3-2 mm

49



Rightward technique

Pipe welding

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

1. Start on the first tackweld and progress
through the 12 o'clock position to the next tack
weld (rightward technique).

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

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

Mild steel pipe—butt joint

Welding position: Horizontal-vertical
Pipe fixed with its axis: Vertical
Technique: Rightward

Example procedure EP/QOA/32
Materials etc. as for EP/OA/31 except:

Nozzie size 13 (370 litres/hr)

Regulators Each 0-22 bar

Deposit the weld in one continuous run as
illustrated.

Mild steel pipe—butt joint

Welding position: Inclined

Pipe fixed with its axis: at 45° to the
horizontal

Technique: Rightward

Example procedure EP/OA/33

Proceed  similarly to Example procedure
EP/0OA/32.
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Section at crotch

’ l
1’ 4

3-3:-5 mm

60°

& Preparation

Section at flank

A and C— crotches
B and D — flanks

]

D

\ Welding sequence

VAN
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Pipe welding

- Mild steel pipe—branch joint 90° set-on

Welding position:

Vertical to Horizontal-vertical

Pipe axes: Horizontal, assembly turned over
during welding

Technique: All-position rightward

Example procedure EP/OA/34

Material Two pieces of mild steel
pipe, 50-100 mm equal
diameter, 5 mm wall
thickness

Preparation Shape the end of the branch
pipe to fit the main pipe.
Cut a hole in the main pipe
to equal the bore of the
branch pipe. Prepare the
edges by bevelling (see
bevelled edges as shown in
the illustration)

Assembly Root gap 3-3-5 mm.
Four tacks at points
T.U VW

Nozzle size 13 (370 litres/hr)

Regulators Each 0-22 bar

Filler rod 3:2mm

1. 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.




e

50°

1.5-3 mm

Section at crotch

50°

1.5~-3 mm

Y-

Section at flank

ﬁ

Y
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Pipe welding

Mild steel Pipe—branch joint 90° set-in
Welding position: Vertical to
horizontal-vertical

Pipe axes: Horizontal, assembly turned over
during welding

Technique: Leftward

Example procedure EP/OA/35

Material Two pieces of mild stee!
pipe, 50-100 mm equal
diameter, 2 mm wal|
thickness.

Preparation Shape the end of the branch
pipe, cut a hole in the main
pipe and prepare the edges
as shown in the illustrations.

Assembly Rootgap 1-5~3 mm.
Four small tackwelds,
located as for EP/OA/34

Noazzle size 5 (140 litres/hr)

Regulators Each 0-14 bar

Filler rod 2-4 mm

Weld in the same sequence as EP/0A/34,
paying special attention to obtaining consistent
penetration at the crotches.

Mild steel pipe—branch joint 90° get.-on
Welding position: Horizontal-vertical
Pipes fixed with their axes:

Main pipe—Horizontal

Branch Pipe—Vertical, above main pipe
Technique: All-position rightward
Example procedure EP/OA/36

Material,
preparation As for EP/OA/34
etc.

Proceed as in EP/OA/34, except that the
assembly should remain fixed in the position
described above.

i
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Assembly and
tack welding

™

35¢°

r 1-5-3 mm

Section at crotch, A

w(m““?

1:5~3 mm

Section at back, B
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Pipe welding

Mild steel Pipe—branch joint 60° set-in
Welding position: Horizontal-vertical

Pipes fixed with their axes:

Main Pipe—Horizontaj

Branch Pipe—in same vertical plane at 60°
to main pipe :

Technique: Ali-position rightward

Example procedure EP/OA/37

Materials, etc, As for EP/OA/34 except that
preparatioh and assembly
are as shown in the
illustrations,

1. Tack at points T, U, V and w.
2. Weld sections TU, vw and UV, in this order.

3. Complete the job by welding section WT
without interruption.

Note: Practise manipulating the torch and filler
rod first to ensure that the joint can be reached.

Sections at flank as for EP/OA/34
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Welding sequence
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Pipe Welding

Mild steel pipe—butt joint: root run only
Welding position: Vertical

Pipe fixed with its axis: Horizontal
Technique: All-position rightward
Example procedure EP/OA/38

Material Two pieces of thick-walled
mild steel pipe, eg.

100 mm dia. x 10 mm
wall thickness.

Assembly 2.5 mm gap.

Four tacks at points T, U, V
and W of minimum length

10 mm and with complete

penetration.
Nozzle size 7 or 10 {200 or 280 litres/hr)
Regulators Each 0-14 or 0-18 bar
Filler rod 2:4 mm

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

Visual examination

Uniform penetration; weld face free from
irregularities large 'enough to trap slag in
subsequent runs.

Low alloy or stainless steel pipe—
butt joint: root run only

Welding position: Vertical

Pipe fixed with its axis: Horizontal
Technique: All-position rightward
Example procedure EP/OA/39

Material, etc., as for EP/OA/38, except
that either low-alloy steel 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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Bronze (braze) weldmg |

Bronze weldmg is a method of joining metal in which the filler rod melts at a lower temperature

than the base material. It is not a.fusion process. Bronze welding is often used to make a joint

between dnssum:lar thicknesses of materials.

i Sniely

When bronze welding galvanized steel:
(a) check ventilation arrangements
(b) avoid overheating the joint.

Before commencing to bronze weld mild steel:

(i) Ensure that the filler rod is of suntable com-
position (BS 1453:C2). :
(iiy Remove oil, grease and dirt, using solvent.
(iii) Free joint surfaces from surface oxndes by
grinding, 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. Before. 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 heating
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

Fiat and vertical positions

As the blowpipe is moved
along the seam the

deposit solidifies 60°~70°

30°-40°
Rod is kept
well fluxed

Bronze welding mild or galvanised

\ steel sheet J

Thickness | ' Gap : Filler rod Pitch of tacks
mm Preparation mm Nozzle size mm mm
1 Square edge 0-8 1 2.4 25
(29 litres/hr) ~
1-5 Squere edge 0-8 1 2-4 40
(29 litres/hr)
3 . Square edge 0-8 3 3:2 75
' (86 litres/hr)
6 60°-90° V 1-5 7 4.8 130
‘ {200 litres/hr)
e ' ™\ Tackwelding procedure
; Flame is (a) Set the plate with a slight taper between the
Weld bead is made by slightly ' joint faces.
atlowing a poo! to form. T ' . e
oxidising (b) Set a slightly oxidizing flame.

~ {c) Pre-heat the tackweld area.

(d) Keep the blowpipe at an angle of 60°-70°
to the line of the weld, with the filler rod at an
angle of 30°—40°,

{e) Direct the flame to the joint edges. Introduce
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.

63




' Welding procedure T i
(a) Commence welding at one end and continue N

~until the joint is complete.

64

{b) Filler rod and blowpipe angles- are as for
tackwelding. To prevent oxidation or over-.
heating of base material ensure that the flame | .
impinges only on the melting filler rod: or the :

weld deposit.

(c) When the pool is established (in the manner .

of tackwelding) withdraw the flame' slightly to
allow partial freezing of = the deposit.
Reintroduce the filler rod to melt further
deposit, at the same time reintraducing 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, filler rod is added
and the flame is withdrawn.

(e) Remove the flux residue.

Visual examination o

The weld profile should be of adequate pro-
portion. The surface should be bright and free
from porosity. The penetration bead should be

uniform and overlapping the joint faces on the .

‘otherside’.

T joints

Tackwelding and welding techniques are
generally similar to those used for butt joints

welded in the flat and vertical positions.

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

. Pitch .
Thickness quzle of tacks Flllgr

mm size mm ro

1 1 25 2-4mm
(29 litres/hr)

1.5 1 40 24mm. |
(29 litres/hr) 8
3 3 75 | 32mm
(86 litres/hr) :
6 7 130 4.8 mm

(200litres/hr)

5 'quﬁze' (braz) Weldin_g |

e
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Bronze (braze) welding

Castiron ‘
Before commencing to bronzeweld cast iron

ensure that:

(a) the filler rod is of suitable composition
(BS 1453:C4 or C2)

(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

Thickness :
mm Nozzle size Gap Filler rod Preparation
60°-90°
6 3 0-8-1-5mm 4-8 mm e
(80 litres/hr)
6-12 mm
12 5 0-8-1.5mm 4.8 mm Gap up to 1-5 mm
{140 litres/hr) max. desirable
4., Nl
25 10 0-8-1-5mm 6-4 mm so=-4%7 T
. (280 litres/hr) va
—+{}+—gap
6ngle-vee 90%\ Maintain ‘tinning’ action ) Butt joints (flat position)
Corners of vee \ of the bronze Tackweldi d
should be rounded Slightly oxidising ackwelaing proce u.re
(also root edges) flame. Cone 3 mm (a} Set the plates with correct gap, correctly
4 /\ away from aligned and adequately supported and secured.
Tackweld § /AN molten metal Where possible set the joints at an incline to aid
S 3040 R control of the molten metal.
NN W - (b) Set a slightly oxidizing flame.
, RN {c) Pre-heat the tackweld area until the surface
S NGF N 00700 is blue.
\\_._ JJJ N (d) Keep the blowpipe 60°-70° to the line of
N \ the weld and the filler rod at an angle of
BN 30°-40¢°.
30%-70° (e} Direct the flame to the joint edges. Introduce
the filler rod to deposit sufficient filler material
to bridge the gap and prevent the tackwelded
area from overheating. When correct surface
Bronze welding cast iron ; te.mperature is reac.hed bronze filler material
N J/ will flow, thus creating the tackweld.
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Bronze (braze) welding |

: o
4 Bronze weld deposit\\ Welding procedure . . E !
fills groove and fuses (a) Co_mmence at one end and continue until the T
with coating weld is complerted. ‘ . B
Coat the sides of ’ (b) The filler rod and blowpipe angles are as for 1
thee joint with bronze tackwelding. E i
, : . . . !
, '/ : (c) (i} First coat the surfaces of the joint with a g
Pl y layer of filler metal for a distance of approxi- s
B mately 20 mm along the joint, ensuring that it '3
) is correctly bonded. B
(i) Return to the starting point and com- B
mence to add sufficient material to produce a :
‘satisfactory weld. This method is repeated : E
continuously until the weld has been : i
completed. Ensure fusion between consecutive E
deposits. o
Gap (see table on page 65) {d) Conclude the weld by adding sufficient filler A
Bronze welding cast iron. *rod to obtain a good reinforcement and bonding - E
\ Making the coating and deposit ) and compensating for any shrinkage. RIS
(e) Remove flux residue by scraping or wire B
brushing whilst the flux is molten. ' c !
Visual examination : F
The weld profile should be of adequate pro- =N ‘
portion. Surface should be bright and fee from\ & ;
porosity. Penetration bead must be uniform. =
B
=
i
\ E
‘Butt joints (vertical position) B i
In the vertical position it is necessary to vary the =
technique generally as follows: 2
(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. c E
(b) Intermittent tackwelds (where required) wili = l
be made as in the flat position. m o
(c) When commencing the weid (or restarting) - l
sufficient pre-heating of the existing deposit is Ll ;
necessary to ensure fusion with subsequent —
deposition. The weld is carried out by = :
depositing a single layer ensuring bonding. —
- i
(d) The movement of the filler rod and blow- =
pipe will follow the contour of the weld in a B
circular motion to ensure uniformity of the weld =
size. =
(e) Ensure that the filler rod is interposed o {
between the flame and the joint faces to avoid = i
overheating of the faces. e '
66 R
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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
sheet 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.
4 L e N

?
No gap
Joint preparation recommended- for
0-5 mm to 0-9 mm thick sheet

Upset butt

It ———:jl Ivla——10mmmin

SIS S NN

Preparation recommended for
1.2 mm and thicker

Lap joint

\_ _J
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Bronze (braza){ welding

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

Thick- Filler |  pijsch
ness Nozzle - rod of tacks
mm | size fm mm Gap
1 3 2-4 25 Butt
(80 litres/hr) only
T
1.2 5 3.2 490 | 2
(140 litres/hr)
1-6 7 3.2 40
(200 titres/hr)
Notes:

(a) Nozzle sizes are based on sheets of approxi-
mate size-150 x 100 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 60°-70° and the filler rod at
30°-40°, then deposit the tackweld.

{e) ‘Repeat 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
adequate penetration, where appropriate.



Bronze (braze) welding

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

Guideline conditions—butt and branch joints

|
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Diameter Wall Nozzle Filler

mm thickness size rod Gap Preparation

[ e
12 12 mm 1 . 2-4 mm Pipe wall

. (29 litres/hr) thickness
19 y 1.6 1 2-4

0 mm 4. mm L ;
(29 litres/hr) 3 60° vee preparation
27 3-2mm 2 3.2 mm < L
{ {57 titres/hr) 4
Butt joints

Clean and prepare the joint surfaces as for mild
steel plate. ‘

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

(b) Make three tackwelds at 120° spacing
around the tube, avoiding the point at which
welding will commence,

Welding procedure
(Pipe or tube fixed with its axis horizontal.)
(a) Commence welding at the 6 o'clock

position (overhead welding) and stop at the
12 o'clock position.

(b} Repeat the procedure for the other half of
the joint.
the weld

(c) Ensure adequate fusion at

junctions.

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

Visual examination

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

The pehetration bead should be uniform.
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- Finally bronze
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Bronze (braze) welding

Mild steel tubes ‘

Branch joints: set-on 902, 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 mild steel bronze
welding.

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

Welding procedure

(a) Mark out and prepare the branch tube

saddle; file and fit to the main tube. In the case
of a main tube requiring a hole, the prepared
branch may be used as a pattern to mark out
the hole. Alternatively, templates may be used.

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

(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 90° and 180°
respectively.

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

Visual examination
Ensure uniform weld profile, bright appearance
of deposit and freedom from porosity.




Bronze (braze) welding

Copper (or copper alloy) tubes

( (Range covered: 12 to 27 mm diameter.) %
R Guideline conditions—bell butt joint q
To soften, %7 It is recommended that, when copper tube is to {
g::t :;’:‘;ﬁg be welded, a ‘bell’ butt joint formation is used. |
(See illustration.) !
' Wall Filler i
Diameter | thickness rod Pitch -
nun mm Nozzle size mm of tacks ﬁ
12 12 | (57tiesmn | 24 | 180° .
to 3 . 1
19 16 | (80itres/hny | 24 | spacing
Cool in 25 | (goliveshn | 24 3
g(a;éeer to remove i
1 ] 25 | 12 1o fresshe) | 274 | 120° ’;
J N\L‘Li")‘ Zu; 1-6 (80 Ii{r;es/hr) 2:4 spacing a‘
: 25 (140 li?res/hr) 2-4 g
Mandrel is '
i i driven into Tackwelding a
softened end 4. (a) Prepare the bell joint (and inserted tube) =
! y of tube with wire wool to remove surface oxides. =
L_1J Mandrel (b) Tack weld at 120° 180° for small- =
' diameter tubes. =
Welding procedure &
(a) Heat the tube until the surface changes .4
Dress if colour. -
required ~-(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 mandref 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: In this position a variation in technique is -
Insert tube ——1 required to maintain control: -
(- into-bell (i} The requisite amount of filler rod is
- and tack deposited at the leading edge of the previously 5
o on in place -/ completed deposit. |
2 ™ (i) The filler rod is withdrawn and the flame is -
Q ) manipulated to draw or merge the new deposit -
Q §45° T~ with the previous one. - =
\K recommended / (e) _Ensure that 'the weld deposit is of correct =
. profile such that it completely covers and bonds L
\Terminal >/‘ (without over-spilling) the outer edge of the bell ;
point contour. —
(M ’ . I . (f) Terminate the wgld, keeping ti.we reinforc-e- =
®) Bronze weld in | D : I ment ku:p to full section and e»n_surmg .fusson at
"~ two runs. Ne re»rcomm-encement and cc.ampletuon points. -
(Note: weld will be } {(g) Remove the flux residue.
made in the horizontal- b Visual examination =
_\frﬂcal position) D>(d+4t) le—d J The deposit should be of uniform size and free
fram porosity. There should be freedom from =
penetration. —
=
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Br'(;nze (braze) welding

" Branch joints: set-on 90°, of ecual diameters
(With hole in the main tube) '
(a) The manner of preparing and tackwelding,
also welding of the joint, is similar to that used
for mild steel branch joints. (See page 69.)

(b} The guideline conditions for welding branch
joints are similar to those stated for bell butt
joints.

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

Note: In the majority of circumstances copper
pipe or tube assemblies will have a branch hole
in the main tube. Where there is no hole in the
main tube it may be necessary to use a larger
- size of nozzle than that stated in the relevant
ta:ble.

Repair of steel and iron castings
Malleable iron castings must be bronze welded.

Details relating to their preparation and welding

conditions are referred to on page 65.

As bronze welding is carried out at a lower
temperature than fusion welding, it may be
necessary to preheat the casting to 450°C
maximum according to the complexity of the
casting.

Parts to be repaired must be accurately aligned
and tackwelded or clamped in position.

Welding procedure ‘
{a) Keep the rod well fluxed.

{b) Keep' the flame condition slightly oxidizing.

(c} Plan the welding - sequence to minimize
stresses working towards an opén edge.

{d) Bronze weld deposits on thick sections may

be more readily controlled if carried out in-the
vertical position.

{e) Avoid overheating which is indicated by:
(i} poor bonding

(i) fuming through loss of zinc.

{f) Shield the work piece from draughts.

{g) When the weld is finished always allow the
casting to cool slowly. :

(h} Never immerse the hot casting in water.
(i) Remove ali flux residue.

U e



Copper sheet (including coppar and coppef
alloys)
Thickness range covered O- 5 mm to 1.6 mm.

Butt, T and lap joints
Before commencing to bronze weld copper
sheet 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.
\

-

— |~ 6mm.

No gap .
Joint preparation recommended for
0:5 mm to 0-9 mm thick sheet -

Upset butt

M\\\\m\\\\\ NN

Preparation recommended for
1.2 mm and thicker

Lap joint

-
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Bronze (braze) welding

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

Thick- Filler | pjsch
ness Nozzle rod of tacks
mm size mm mm Gap
1 3 2.4 25 Butt
{80 litres/hr) only
t
1.2 5 3.2 40 2
- |(140 litres/hr)
1-6 7 32 40
(200 litres/hr)
Notes:

(a) Nozzle sizes are based on sheets of approxi-
mate size 1560 x 100 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 60°-70° and the filler rod at
30°-40°, then deposit the tackweld. .

(e) Repeat tackwelds at recommended pitch
unti! 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
adequate penetration, where appropriate.




Bronze (braze) welding

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

Guideline conditions—butt and branch joints

Diameter Wall Nozzle Filler
mm thickness size rod Gap Preparation
12 1-:2mm 1 24 mm Pipe wall
' {29 litres/hr) thickness

19 1.6 mm 1 2.4 mm _t 60° .

(29 litres/hr) 2 vee preparation
27 3:2mm 2 . 3:2mm < _t

(57 litres/hr) 4

Butt joints

Clean and prepare the joint surfaces as for mild
steel plate.

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

(b) Make three tackwelds at 120° spacing
around the tube, avoiding the point at which
welding will commence.

Welding procedure
(Pipe or tube fixed with its axis horizontal.)
{a) Commence welding at the 6 o'clock

position (overhead welding) and stop at the
12 o’clock position.

(b} Repeat the procedure for the other half of
the joint.

(c) Ensure adequate fusion at the weld

junctions.

(d) Remove flux residue by carefully chipping,

scraping and/or wire brushing while the flux is

still 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.
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Welding of stainless steel aﬁd non-f_errous materials

Safety :
The flux may be poisonous or corrosive.
Follow the manufacturer's instructions
carefully.

Aluminium

Aluminium and its alloys .
If the equipment is available, tungsten-arc gas
shielded (TAGS) or metal-arc gas shielded
{(MAGS) processes are preferred for the welding
of aluminium and its alloys.

Before commencing to weld aluminium:
(a) ensure that the filler rod is of suitable
composition

(b) remove oil, grease and dirt, using a solvent,
and thoroughly dry the plate

(c) prepare a narrow band, approximately
12 mm wide along the plate edge using wire
wool

(d) coat approximately 125 mm of the rod by
melting flux down its length. No other flux is
required.

T and lap joint welding of aluminium is not
recommended. Flux will be trapped at the abut-
ting faces of the joint, thus making removal
of the residue very difficult. Trapped flux usually
causes severe corrosion problems. Flux residues
must be thoroughly removed from the work.

4

Guideline welding conditions—butt and corner joints
These conditions apply to flat, horizontal-vertical and vertical positions.

Note: A filler rod having a diameter 50 per cent greater than normal may assist for initial

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 neutral flame. A

(c) Pre-heat the plate prior to tackwelding.

(d) Keep the blowpipe at 30°—40° to the line of
the weld and the filler rod at 30°-40°.

57

(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.

Thickness . Pitch of tacks L
mm Preparation Assembly mm Nozzle size Filler rod
1 No gap 25 1 2-4 mm
(29 litres/hr)
1.2 As for stainless stee! No gap’ 40 2 2-4 mm "
(57 litres/hr)
1.5 No gap 40 2 2:4 mm
(57 litres/hr)
60°-70° _
"3 4 1.5-3 mm gap 75 5 3.2 mm
, _,_m (140 litres/hr)
3 mm Root face = Gap

Pvf;l_ff{ IV Broeme
W e R .
i Poree ugrAl(/:\,f"v
o F": DANG
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Welding of stainless steel and non-ferrous materials

,becomes less
/ acute as weld
 proceeds

Flux covers
" weld zone

Molten pool is
very fluid

Filler rod goes into
pool with a stroking motion

Blowpipe angle\

) ’ Assembly
Nozzle size 2 (57 litres/hour)
Regulators Each 0-14 bar
Filler rod 2.4mm

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 180° and complete the weld.

(b) Maintain blowpipe and filler rod angles as
for tackwelding.

(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) Increase the rate of travel as the plate
temperature rises.

(e) Prevent the formation of holes:
(i) decrease the blowpipe angle

(i) 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 increase
rate of travel as welding approaches the end of
the seam. Reduce blowpipe angle or withdraw
entirely to reduce heat input.

(g) Immediately after welding, wash off the flux
in hot water and rinse thoroughly.

Visual examination

In a satisfactory weld there will be complete
fusion of the root edges, adequate reinforce-
ment, absence of craters and longitudinal
cracks. The penetration bead should be smooth.

Aluminium pipe—butt joint
Welding position: Horizontal-vertical
pipe fixed with its axis: Vertica!
Technique: leftward

Example procedure EP/QA/40

Material Two pieces of pure
aluminium pipe
50 mm diameter

- 1.5 mm wall thickness

Preparation Square end

Close butt—four tacks

Weld in one run.

ﬂrmmmmmmmmmmmmmmmmmmmmmmm“““m{“‘ﬂ‘ﬂ‘m’mq_
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Welding of stainless steél and non-ferrous mate‘rigls

Copper ,
Before commencing to weld copper, check
ventilation requirements and:

(a) ensure that the filler rod is of suitable
composition

(b) remove oil, grease and dirt, using solvent.
Clean the joint area with a wire brush or wire
wool. The band of cleaned metal at the junction
should be approximately 10 mm wide on the
top and underside of the plate

(c) brush the flux paste on both sides of the.
joint. 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.

Thickness
mm Preparation Assembly Nozzle size Fill_et rod
1 Square edge 3 . 2-4 mm
(86 litres/hr)
T

1.5 Square edge 1’,‘;:,%:‘: 5 3:2mm

30 mm gap (140 litres/hr)
3 Square edge 10 4.0 mm

. (200 litres/hr)

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) Commence at a point one-fifth of its length
or 50 mm maximum along the seam and
weld towards the furthest edge. Rotate the
plate 180° and complete the weld. Maintain
blowpipe angle at 60°-80° and the filler rod
at 25°-30° to the line of weld.

(d) Do no allow the cone to touch the
molten pool or filler rod. Maintain a distance
of 6 to 10 mm from the cone to the pool.

(e) When the pool is established:

{i) keep the rod in the flame envelope
(ii) keep 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 give
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 commencing on page 63).
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4 - Bronze weld deposit

with coating

Coat the sides of
the joint with bron

Gap (see table on page 65)

Bronze welding cast iron.
\_ Making the coating and deposit

N

fills groove and fuses

Y,

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.

(i) Return to the starting point and com-
mence to add sufficient material to produce a
satisfactory weld. This method is repeated
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 from
porosity. Penetration bead must be uniform.

Butt joints (vertical position)
In 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} Intermittent tackwelds (where required) will
be made as in the flat position.

(c) When commencing the weld (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) En.sure that the filler rod is interposed '

between the flame and the joint faces to avoid
overheating of the faces.
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Direction of

A d el Wl l e wwwe ~ = — —

\. Overhead butt weld — 5 mm plate

Welding of mild steel .

Welding in the overhead position
Single-V butt joint—single run
Leftward welding

Example procedure EP/OA/27

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

Preparation 80° inclusive angle

_Assembly Tackweld each end of the
joint. Normal pitch of tacks
75 mm. Final gap 3 mm.
Secure the assembly at a
convenient working height

with the seam facing
downwards
Nozzle size 13 (370 litres/hour)
Regulators Each 0-28 bar
Filler rod 3-2mm
: BS 1453: A1

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

2. When the moltén 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 movement, to maintain
control of the molten metal.

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

5. Hold the blowpipe nozzle at an angle of
70°-80° and the filler rod at an angle of
20°-30° from the horizontal as shown in 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 reinforcement is likely to be more
pronounced than a joint 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.
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ﬁDirection

Rod at limit of travel

of travel

Blowpipe travels

towards welder
Rod motion.

2 or 3 cross movements to 1 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 .. J

Kweld (all-position rightward)
Direction of trave!

Welder's
direction of
viewing

Nozzle inclined
10° from the
vertical, and in
centre line of
the weld
Section along joint, showing rod

\ and blowpipe angles from the side
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Weaelding of mild steel

Single V-butt joint—multi-run
All-position rightward
Example procedure EP/OA/28

Two pieces of mild steel
10 mm thick. Min size
250 mm x 150 mm

Material

Preparation 70° inclusive angle

Assemble by tackwelds at
each end of the seam.
Normal pitch of tacks

125 mm along the seams.
Final gap 3 mm. Secure the
assembly at a convenient
working height with the
joint in the overhead
position.

Assembly

Nozzle size 35 (1000 litres/hr)

Regulators Each 0:-62 bar

Filler rod (For both runs) 3:2 mm

BS 1453: A1

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 pool 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 control of the
molten pool.

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
movement through the root after 2 or 3
sideways movements.

5. Hold the blowpipe nozzle at an angle of 80°
and the filler rod at an angle of 45°-60° 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 versa).
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Welding of mild steel

7. The second run is superimposed on the first,
using the same technique for a distance of
40 mm. The rod and blowpipe are 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. It is commenced by remelting
the weld about 12 mm back. The technique is a
continued application of the all-position right-
ward method.

9. The fourth weld 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 joint. The root
penetration must be sufficient to have fused the
plate edges uniformly through the joint.
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‘Gases used may be argon, helitifiy ‘or- hydrogen

ases s

or mixtures of these. Different gases may be
used for the orifice and the shielding nozzle.
‘Equipment often includes flowmeters and
valves to supply the required mixture. (Unlike

" manual metal-arc welding, .the presence of
- _hydrogen does not normally cause difficulties
’ .. 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.

" Arc striking : -
. The arc cannot be struck directly . e .
tungsten electrode and the work. Instead, a.

pilot arc is started between the electrode and
the orifice, either by a high frequency supply
or by depressing the electrode to touch the
orifice entrance.

Touch striking

In some applications of the plasma process
this pilot arc can be increased in 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

betwéen the

is required. In most cases the arc is transferred
to the work. This happens when the
contractor carrying the main welding current is
switched in-circuit, usually by means of a
foot-switch or torch-switch. The welding
current is then transferred from the tungsten
‘electrode to the workpiece through the copper
orifice (or anode). The electrode, orifice and
shielding gas nozzle are all mounted in a torch
similar to a conventional Tungsten-arc gas
shielded torch. '

Equipments vary considerably in torch
construction and operational procedures. The
examples chosen illustrate the principles.
Always read the manufacturer's instruction
book.

Safety
Hydrogen : .
Hydrogen cylinders are colour-coded red and have left hand threads on the connectors.
(See Module F10 Instruction Manual).

' Ensure that only hydrogen regulators are used on hydrogen cylinders. The cylinders are
filled to a pressure of 175 bars and the regulators must be suitable 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 flame is almost invisible. Hydrogen is lighter 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 fail.

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 micro-plasma processes
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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 common).

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 wusual 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.

MM ETMMMOMMARNT PN YT N

Other applications

As well as plasma arc and micro-plasma
welding, there are two other applications of
the constricted arc principle: plasma surfacing
and plasma cutting. These are not within the

scope of this manual.
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. Plasma arc and micro-plasma processes

Plasma arc Welding

Keyholing

A common application of plasma arc welding is to produce full penetration butt welds from a
close butted square edge preparation by the keyhole technique, in which the gas jet from the
orifice blows a hole through the weld pool on the joint 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. Alternatively current may be slowly reduced to provide the usual
crater-filling action; it is normally unnecessary to use filler.

f Start and finish \

preferably on a tab

Direction of welding

-
-
-
-
-
~ -
-
-
~
-
-

-

-~
-~ -
-
-~ -
-~
-
-
-~
-
-
-
-~
-
-~
-

Full penetration T e _ ¥
weld Keyhole c b
lose butt
\Keyholing | ‘ pre paratioy
/ Correct Incorrect-torch angled incorrect-sideways dusplacement
\
I 1
! |
1 {
i
1
||I
Joint line
Because of the shape of the weld pool, correct :
\ torch alignment is essential.
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Plasma arc welding
Guideline conditions

Welding in the flat position — Butt joints

Preparation: square edge
Assembly: close joint

Plasma arc and micro-plasma processes'

Joint Material Current A Orifice Plasma gas: | Shield gas: Backup gas:
type size Argon 95% Argon | Argon
Type Thickness 5% Hydrogen
mm mm I/min. I/min. 1/min.
Key- Mild 1.5 40-50 1.6 1.5-2.0 15 Not required
hole steel
Stainless 1.5 25 0.8 0.5 75 0.14-0.28
Mild 24 60-70 1.6 1.5 75 Not required
steel ‘
Stainless 24 50 1.2 0.75 75 0.14-0.28
Mild 3 70-80 2.1 15 75 Not required
steel
Stainless 3 75 2.1 1.5 15 0.14-0.28
Nickel 3 160 32 0.5 15 0.14-0.28
. alloy
Stainless 5 100 2.1 1.125 15 0.14-0.28
Fusion Mild 1.5 40-50 1.6 1.5-2.0 7.5 Not required
steel -

Note: The above data is for guidance only.
Conditions will vary for different applications and other materials. Always refer to the equipment

manufacturer’s recommendations for these and other materials.
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' Plésma arc and micro-plasma processes

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 materials of thicknesses from 1.6 mm down to 0.02 mm or less (with

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

increasingly unstable — 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).

o - | A

welding set

Typical micrdplasma
T

\_ J

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

Safety
Providing that correct eye protection is used there is no risk of eye injury. (Because of the

low arc current in micro-plasma welding, goggles with a shade number 4 to 7 filter are usually
adequate but full face protection is recommended).




Welding in the flat position — Butt joints

Preparation: square edge
Assembly: close joint

Guideline conditions — Stainless steel

Plasma arc and micro-plasma processes

Backing
gas supply

S

clamping bars

Typical
micro-plasma
butt weld

iig

These surfaces must
be accurately machined

J
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Welding conditions
Thickness Preparation
mm or backing Current Plasma gas: Shielding gas:
bar amps Argon 98% Argon
Fig. no. litres/min. 2% Hydrogen
litres/min.
0.05 1&2 0.7 0.24 7
0.10 1&2 1.7 0.24 7
0.13 2 2 0.24 7
0.20 2 3 0.24 7
0.30 3 4 0.24 7
0.46 3 9 0.28 7
0.71 3 10 0.33 7
1.2 3 13 0.42 7
f( R 0.8 mm groove in copper 0.8 mm 2.4 mm
backing bar \ / \
0.4—0.8 mm ? \ / j
= M
| - 1 i |
| //
\ Fig. 1 Fig. 3 /
f Adjustable \ Notes:

(a) As the material thickness reduces, the
tolerances on assembly must be reduced
accordingly. The best results are obtained by
using a jig [(illustrated on the left) 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 jig.

{c) Similar settings are applicable to edge,
corner and fillet welds.

!
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Plasma arc and micro-plasma processes

Lap joints
The edges of a butt joint
this requirement, but the edge to

other piece. '

7 ),
LMMMIMIMIY |

Correct . Incorrect — burred
edge prevents close fit /

have to be cut accurately to fit closely without gaps: a lap joint eases
be welded must still be cut without burrs, and fit close to the

\ Corner joints
_ Accurate preparation and assembly is

essential.

Edge welds
These can be used in some butt and corner

: %§ joints, and when prepared and assembled so
that the edges spring together can
7/////////////// ac?:ommodateg error: vehichgwould be

unacceptable in normal butt and corner joints.




1. General ‘ .

The phase tests presented 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 are 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 reachr 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
completion 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 test is selected 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:

(a) 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.

Module phases tests

(b) 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: In order to make 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.

{c} 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

BAHAN-BAHAN YANG DIPAKAI DALAM
TAS ILISTRIK

Dalam melakukan kegiatan pféktek las listrik, harus
éda bahan-bahan yang dipergunakan atau dipakai.
Bahan yang dipergunakan harus diketahui jenisnya‘terle -
bih dahulu, dengan diketahuinya bahan yang akan di las,

maka akan dapat pula ditentukan elektroda yang akan dipa

kai dalam pengelasan tersebut, serta mesin las Jjenis apa
yang akan dipergunakan supaya pengelasan tersebut dapat
berhasil dengan baik dan menurut semesternya.

. A, Bahan Uatama.

Bahan utama yang dimaksudkan disini adalah bahan
benda kerja yang akan di las, dalam hal ini adalah lo
gam. L , o C
Disini penulis tidak akan menyinggung proses pembuat-
an logam tersebut. Tetapi penulis akan menitik berat-
kan kepada faktor-faktor yang berhubungan dengan pema
kaian bahan dalam kerja las secara umum, untuk itu be
rikut ini &i uraikan hal-hal yang berhubungan .dengan
faktor-fakter tersebut antara lain mengenai :

1. Jenis Bahan.

Jenis bahan benda kerja yang digunakan dalam me‘—(

ngelas harus diketahui oleh siswa, sehingga penge-

tahuan dibidang ini dapat membantu siswa dalam me-

nentukan jenis elektroda yang harus dipakai untuk
mengelas bahan tersebut,

‘Menurut garis besarnya bahan dan logam dapat dibe-
dakan atas dua golongan antara lain :

a. Logam Ferro .
Togam ferro ini dapat dibedakan menurut jenis -

“
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nya atas :
1). Baja kerbon rendah (vesi)
2). Baja karbon sedang
3). Baja karbon tinggi
4)., Baja campuran
5). Baja tuang.
b. Logam non Ferro.
Yang termasuk logam-logam non ferro ini antara
lain adalah :

1). Kuningan

2). Tembaga

3). Aluminium

4). Perunggu

5). Dan lain-lain

Pada umgmnya logam-logam ferro dan non ferro terse
but sering dijumpai dalam perdagangan dan konstruk
sinya berbentuk :

1, Profil-profil (I. T. U, L).

2, Batang dengan berbagai bentuk penampang seperti
bulat (@), segi empat (d) dan sebagainya.

;% Pipa dalam berbagail penampang seperti, bulat
(#) segi empat (i) dan sebagainya.

4, Plat-plat.

5. -Dan sebainya.,

Jadi dapat disimpulkan bahwa jenis-jenis bahan ha-
rus diketahui terlebih dahulu sebelum melakukan pe
ngelasan agar darat memilih elektroda yang tepat
untuk mengelas bahan tersebut.

Disamping itu agar siswa mengetahui bahwa bahan-ba.

han tersebut akan sering dijumpai dalam konstruksi
konstruksi sebagai jenis dan bentuk.
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2. Komposisi Kimia dari Bahan.

De

4.

5.

Komposisi kimia dari bahan Juga harus diperha
tikan, sebab logam-logem ferro dan non ferro kwali
tasnya ditentukan oleh komposisi kimianya.

Demikian juga komposisi kimia dari bahan per-

Alu diperhatikan mengingat‘terjadinya'reaksi—reaksi

yang tidak diinginkan akibat dipanaskan olelj busur
nyala dalam mengelas. '

Reaksi-reaksi yang tidak diinginkan ini . biea
berbentuk gas-gas beracun, korosiperobahan sifat
fhisik dari bahan yang dilas.

pidak Cair dari Bahan.

Tidak cair menun jukan suatu suhu, dimana pada
gsuhu tersebut bahan nulai mencair. Ini perlu dike-
tahui untuk pengaturan besar ampere yang digunakan
untuk mgpgelas bahan tersebut. Sehingga pengelasan
tersebdt dapat dilakukan dengan baik dan sempurna.

Berat Jenis Bahan. :

Berat jenis bahan ini berguna untuk perhitung
an berat dari suatu bvenda kerja ataupun konstruksi
yang dibuat. Berat jenis ini banyak hubungannya de
ngan tujuan pemakaian bahan serta perhitungan pema
kaian bahan,

Kekuatan Tarik dan Modulus Kenyal.

Benda-benda yang akan dilas nantinya akan di-
pergunakan pada bebagai konstruksi, tentu saja ga-
lam pemakaian akan mengalami beban atau gaya ter -
tentu. Oleh sebab jtu perlu diketahui terlebih da-
hulu kekuatan tatiknya. Dengan diketahui angka
atau besarnya kekuatan tarik dari bahan tersebut,
maka dapat ditentukan. serta elastisitet yang ter -
jadi.
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D m mengelas, elektroda jni mempunyai peranan
terpenting dimana . elektroda ini berfungsi . " sebagal
pembuat busur nyala, melalui ujung elektroda terse-
but dan sebagai bahan tambahan dalam pengisian sam-
bungan las.

Proses pengelasan ini terjadi pencairan bersama
atau serentak antara elektroda dan benda kerja Yyang
di las. ‘ '

Elektroda ini terbuat dari bermacam jenis logam
(logam ferro dan non ferro ) seperti : baja,baja tu-
ang, tembaga, perunggu, allumanium dan lain-lain se-
bagainya, atau tergamtung pada komposisi kimia dari
pada bahan (logam) yang akan di las.

- Elektroda yang akan dipergunakan untuk mengelas
baja carbon’ terbuat dari baja carbon dengan prosen-

B. Elektrq‘g 1as ( Bahan Tambah )
al

tase 0,1 - 0,18 % C (carbon) dan 0,25 - 0,4 ¥ P& S
(phospor dan Sulfur), sedangkan untuk mengelas baja
campuran dipergunakan elektroda yang dipakai dalam
mengelas listrik busur nyala, biasanya dalam bentuk
batangan kawat (kawat las) dengan ukuran diameter
dan panjang tertentu seperti dapat dilihat pada gam-
bar.21.

Gambar.21
ELEKTRODA LAS
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1, Jenis-jenis Elektroda.

Berdasarkan balutannya elektroda las dapat dibeda=-

" kan atas beberapa Jjenis antara lain

a, Elektroda Berbalut.
Elektroda las ini terdiri dari kawat inti dan

dibalut dengan lapisan yang terbuat dari campur
an bahan-bahan seperti : Soda silikat, Alumi -
nium silikat, besi mangen, Titan dioksida, kal-
sium karbonat dan sebagainya.
Elektroda yang dipergunakan untuk mengelas di
buat dalam bentuk batangan dengan diameter ka -
wat ini di atas 1,2 mm dengan ukuran panjang
450 mm. Elektroda berbalut ini terdiri dari
ujung (pemegang) elektroda yang mempunyai Jarak
_ dengan pembalut sekitar i 3 cm, kawat inti dan
ujungipgnyalaan pada elektroda ini berfungsi uan
tuk méﬁjaga hubungan 1isf:1k gewaktu terjadi bu
sur nyala dalam proses pengelasan, dimana balut
an elektroda berfungsi untuk mempermudah pemeli
haraan busur nyala, juga:nntuk mengikat kotoran
kotoran dan melindungi cairan las dari pengaruh
oksidasi dan netrogen, serta menyempurnakan kom
posisi cairan las. Untuk lebih Jelasnya menge -
nai elektroda berbalut ini dapat dilihat pada

gambar 22. -




4

N L T

+ PRI EAr S WSV L s

%6

elektroda bersalut tebal

Gambar. 22

ELEXTRODA BERBALUT

', Pada umumnya elektroda berbalut ini dapat pula di-

bedakan atas dua jenis yakni 3

1)

2)

Elektroda berbalut tipis

Elektroda berbalut tipis mempunyai tebal balutan 0,1
mm dan berat lapisan atau balutan sekitar (1-5%) da-
ri berat elektroda. Elektroda yang berbalut = _tipis
ini dapat mempertinggi kestabilan busur nyalé,tetapi
hasil pengelasan mempunyai gifat~sifat mekanik yang
kurang (tidak baik), karena kurangnya . pemeliharaan
dari cairan logam sewaktu pengelasan berlangsung.

Elektroda berbalut tebal

Elektroda berbalut tebal ini mempunyai tebal balutan

sekitar 1 ~ 3 mm, dan berat balutan 15 - 350 % dari

berat elektroda seluruhnya.

Sebagai keuntungan dari elektroda berbalut tebal ini

antara lain : Dapat mempertinggi kestabilan busur

nyala, dan melindungi lapisan logam cair yang dila-

kukan gas-gas pelindung dan busur nyala di sekeliling
terak. Disamping itu dapat mencegah terjadinya -
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pencemaran (kontaminasi) dari oksidasi dan nitrogen
pada logam cair dan perlambatan terjadinya pendingin-

an pada tempat-tempat pengelasan.

Pada umumnya tujuan atau maksud dari pada pembalutan

_ kawat inti dari elektroda ini adalah s
'a. Membuat busur nyala jadi stabil

b. Menjaga busur nyala tetap baik selama pengglasan.

c. Pengontrol reaksi yang terjadi selama pengelasan.

d. Melindungi cairan logam selama pengelasan berlang-
sung.

e. Menjaga karakteristik pengelasan dengan baik.

f, Memelihara proses pembuatan terak sewaktu pendi -
nginan benda kerja yang dilas.

g Menjamin lapisan (endapan) logam mempunyai susunan
kimia, fisik dan sifat mekanik yang baik,

Untuk menjag%relektroda jangan menjadi lembad yang da
pat membuat busur nyala jadi tidak stabil (baik), ma-
ka elektroda berbalut ini sebaiknya harus disimpan di
dalam lemari pemanas yang mempunyai temperatur seki .=
tar 100°C |

"Pemanasan elektroda ini didalam tempat penyimpanan da
pat dilakukan dengan pemanasan listrik atau dengan ba
han kimia pemanas.

3).Elektroda Polos (tidak berbalut).

Pada dewasa ini elektroda yang tidak berbalut ini sa-
ngat Jarang sekali dipergunakan dalam proses pengelas
an, disebabkan sangat sukar untuk memelihara kestabil
an busur nyalanya bila dibandingkan dengan elektroda

berbalut. Pada umumnya elektroda tidak berbalut ini

banyak digunakan dalam mengelas otomatis, dan menge.-
las tangan apabila mempergunakan untuk mengelas benda
yang tidak begitu penting atau berkwalitas rendah se-
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perti untuk mengelas : pagar-pagar, terali jendela
rumah dan sebagdinya.

Ukuran-ukuran elektroda.

Faktor yang'terpenting untuk mendapatkan ha -
sil pengelasan yang berkwalitas tinggi, adalah pe~
milihan yang tepat dari pada elektroda, besar arus
yang dipergunakan, serta teknik pengelasan. Besar
arus yang dipergunakan dalam pengelasan tergantung
dari pada diameter elektroda, tebal bahan benda
kerja yang akan di las, jenis atau bentulf samdbung-
an las, kecepatan mengelas posisi pengelasan, te-
bal dan tipisnya balutan elektroda, serta panjang
benda kerja yang akan di las.

Tetapi dalam pelaksanaannya (praktek) hanya dengan
pemilihan dari pada diameter elektroda yang akan
digunakan, dan besar arus untuk mengelas sehubung-
an dengan tebal dan tipisnya_bahan benda kerja
yang akan di las.

Pada umumnya elaktroda las ini mempunyai ukur
an-ukuran tertentu, untuk menyatakan diameter dari
elektroda ini biasanya disingkat dengan (D) maupun
panjangnya (L). Baik ukuran diameternya (D) maupun
ukuran panjangnya dinyatakan dalam' matrik (mm).
Inchi dan beritis ( SWH).

Ukuran-ukuran diameter elektroda yang hanyak
terdapat dalam perdagangan dan telah dinormalisasi
kan dapat dilihat pada tabel I

Demikian juga untuk ukuran panjang elektroda
las yang sering dijumpai dalam perdagangan dan di-
normalisasikan, biasanya ukuran panjangnya 250 mm,
350 mm dan 450 mm.
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TABEL. I
UKURAN DIAMETER KAWAT INTI ELEKTRODA

oum s eem

Vo] Metrik L Inchi ! S W G !
y No. '(Internasional)!(Amerika) [ (British) !
! 1. ! 1,5 mm 1 1/16" ! 16 SWG 8
1 2. ! 2,0 mm 1 3/32m ! 14 SWG !
¢t 3, ! 2,6 mm v /18" 1 12 swe - !
1 4.t 3,25 mm v 5/32" 10 SWG !
1 5.1 4,0 mm _ ! 3/16" ! 8 SWG !
1 6. ! 5,0 mm 1 3/16v ! 6 SWG !
1 7. ! 6,0 mm b= - 4 SWG

1 8, ! - i .

{1 9, ! 8,0 mm 1 5/16" |

! !
t

10. ! 10,0 mm t 3/8 !

Elektroda las ini biasanya dalam perdagangan dibung

kus dalam kotak karton (dus) dengan ukuran berat terten-
tu'seperti : 5 kg, 20 kg, 25 kg dan sebagainya.
Dalam dus tersebut berisikan elekiroda yang sejenis de-
ngan ukuran diameter dan panjang yang sama, sebagaimana
yang dapat dilihat pada etiket tertentu pada kotak elek-
troda tersebut,. _ .

Untuk mengelas kampuh-kampuh yang panjang dapat di-
gunakan elektroda las ganda (berbalut ganda), dimana ke-
untungan dalam mempergunakan elektroda ganda ini adalah

mempercepat sambungan rigi-rigi las dan mempersingkat

waktu. Untuk menjepit elektroda las (mengurangi waktu
penjepitan elektroda), elektroda ganda ini banyak juga
dijumpai dalam perdagangan. Elektroda ini dapat dilihat
pada gambar 23. '
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—balutan elektroda

kawal inti

Gémbar. 2%
ELEKTRODA GANDA

B Simbol-simbol Elektroda

Pada negara yang memproduksi elektroda las
terdapat simbol-simbol tertentu pada elektroda
tersebut yang'mempunyai arti tertentu, sebagal
contoh dapat diambil elektroda yang dinormali -
sasi berdasarkan American Welding Society (AWS)
dan American for Testing Matrials (ASTM) 'yang
menggunakan simbol (E) untuk elektroda las bu-
sur nyala dan simbol (R) untuk elektroda las
Otogen (las karbit) yang diikuti dengan empat
atau lima angka dibelakangnya. Untuk lebih e~
lasnya dapat dilihat contoh dibawah ini.

Contoh simbol dan artinya, sebagaimana ada
terdapat pada elektroda E - 6010 dapat diarti-
kan sebagai berikut :

E. = Elektroda untuk las listrik

60 = Besarnya tegangan tarik elektroda las

1 = Posisi pengelasan yang harus dilakukan ji-
ka menggunakan . elektroda ini '~ ( posisi
mengelas )

0 = Karakteristik pabrik

(1) Contoh simbol yang terdapat pada elektroda

las berdasarkan normalisasi menurut AWS anta-

[ 4
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ra lain sebagai berikut ¢

- EXXXX

- E60XX

- EXXIX

- EXX2X

- EXX3X

Elektroda untuk las 1listrik.

Elektroda las listrik mempu: ‘=
nyai tegangan tarik dari hasil
pengelasan 60 X 1000 psi

= 60,000 psi.

Elektroda listrik, dimana ang-
ka I menunjukan bahwa elektro-
da tersebut dapat dipakai un -
tuk segala posisi pengelasan.

Elektroda untuk las listrik di
mana angka 2 menunjukan bahwa
elektroda tersebut dapat dipa-
kai untuk mengelas pada posisi
horizontal.

Elektrode untuk las listirik di
fdna angka 3 menunjukan bahwa
elektroda tersebut hanya dapat
dipekai untuk posisi dibawah
tangan.

Elektroda untuk las listrik di
mana angka I pada deretan bela
kang sekali menunjukan bahwa
elektroda tersebut dapat dipa-
kai untuk mesin las AC atau me
sin las AC dengan polaritas
DCRP.

Elektroda untuk las listrik ai
mana angka 2 pada deretan bela
kang sekali menunjukan bahwa

elektroda tersebut dapat dipa-
kai untuk mesin las AC atau me
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= EXXX3

- EXXX4

- EXXX5

- EXXX6

- EXXXT
EXXX8
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'sin las AC dengan polaritas

DCRP,

Elektroda untuk las listrik di
mana‘angka 3 pada deretan bela
kang sekall menuhjukan bahwa

elektroda tersebut dapat dipa-
kai untuk mesin las AC dan DC.

Elektroda untuk las listrik di
mana angka 4 pada deretan bela
kang sekali menunjukkan bahwa

" elektroda tersebut dapat dipa-

kai untuk mesin las AC dengan

polaritis DCRP dengan jenis ba
lutan elektroda yang berlainan
dengan simbol EXXXI.

Elektroda untuk las listrik di
mana angka 5 pada deretan bela
kang sekali menunjukan bahwa
elektroda tersebut dapat dipa-
kai untuk mesin las dengan po-
Jaritis DCRP.

Elektroda untuk las listrik di
mana angka 6 dibelakang sekall
menunjukan bahwa elektroda ter
gebut dapat dipakai untuk me:i-
gin las listrik AC atau mesin
las AC dengan polaritas DCRP.

Flektroda untuk las listrik di
mana angka 4,7 dan 8 pada eret
an belakang menunjukan bahwa

elektroda tersebut berbalut -




serbut besi dan hanya dapat di
pakai untuk mesin las AC dan

DC,
- ETOXXX = Elektroda untuk las listrik di
- ESOXXX = mana angka 70, 80, 90, 100 pa-
- E90XXX = da deretan atau dibelakang hu-
- E100XXX = ruf E menunjukan bahwa elekiro

da tersebut dari paduan atau
campuran lagom (logam campurarn)

4, Kode-kode warna elektroda.,

Untuk memudahkan mengenal elektroda sesuai
manurut klasifikasinya masing-masing, maka AWS
juga memberikan kode-kode dengan warna-warna t.
tertentu untuk setiap jenie~h1ektroda las, hia-
sanyé kode-kode inidiberikan pada tiga tempat

antara lain

- Pada ujung balutan elektroda.
-~ Pada tangkai elektroda.
=~ Pada ujung elektroda.

Warna-pada ujung balutan menunjukan warna kelom
pok atau Jenis elektroda tersebut : umpamanya
elektroda E7016, dengan warna hitam.

Pada tangkai elektroda juga diberi warna hitam
berupa titik, demikian juga pada ujung elektro-
da tersebut diberi warna hitam,

Jadi dapat disimpulkan kode-kode warna pa-
da elektroda-elektroda tersebut adalah bertuju-
an untuk dapat dengan mudah membedakan jenis
a%au kelompok dari masing-masing elektroda las

te1sebut,
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Untuk lebih jelasnya mengenai kode-kode warna
dari elektroda las ini dapat dilihat pada gambar.24

= wUrna pada ujung
Elektrodo' berbatut

I—warno kelompok
X -.warna dangan titik :
‘worngpada vjung

Elektroda Polos

Gambar.24

KODE-KODE WARNA ELFKTRODA UNTUK
ELEKTRODA BERBALUT DAN ELEKTRODA
TAX BERBALUT ( POLOS )
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BAB III
PROSEDUR PENGILAGAN

A. Pendahuluan.

Dalam melakukan kegiatan pengelasan untuk mempero-
leh keterampilan dibidang praktek las listrik harus me-
ngikuti prosedur-prosedur kerja tertentu, yang harus di
lakukan secara berurutan. Suatu pekerjaan tidak akan bi
sa dilakukan atau dilaksanakan dengan baik jika prose -
dur pengerjaannya tidak dilakukan secara berurutan.
Dengan kata lain agar pekerjaan dapat berjalan lancar
dan berhasil dengan baik, maka pelaksanaannya harus ber
desarkan atau menurut prosedur-prosedur kerja tertentu

yang telah ditetapkan.

B. Prosedur=Prosedur Pengelasan.

Prosedur-prosedur kerja yang dimaksudkan dan yang
akan diuraikan adalah prosedur-prosedur kerja yang ber-
gsifat umum, dengan arti kata hampir seluruh pekeraaan
las listrik mengikuti prosedur kerja tersebut.

Prosedur kerja yang dimaksudkan tersebut akan dluralkan

sebagai berikut :

1. Tahap perencanaan.
Dalam tahap perencanaan ini tercakup beberapa hal an
tara lain :

a. Pemilihan bahan
Bahan yang dipakai didasarkan pada kegunaan benda
kerja tersebut meliputi ; tempat pemakaian, ke -

kuatan bahan, serta bentuk kampuh dan jenis elek-
troda yang akan dipergunakan.

b. Perhitungan'pemakaian bahan

Perhitungzaen pemakaian bahan perlu direncanakan un-

22
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tuk dapat menghitung banyaknya bahan benda ker
Jja yang diperlukan dan banyaknya elektroda
yang akan di gunakan.

Penyediaan alat. :

Alat-alat yang disediakan di dasarkan kepada

konstruksi yang akan dibuat bentuk kampuh las,
dan penghalusannya kelak.

Pembuatan gambar kerja.

Gambar kerja merupakan kesimpulan dari peren -
canaan, dari gambar kerja dapat dipedomani me-
ngenai ; jenis bahan, banyak pemakaian bahan,
bentuk kampuh las yang akan dipergunakan.

Tahap Pelaksanaan.

Setelah tahap perencanaan selesai, tahap berikut-
nya adalah tahep pelaksanaan, dalam tahap pelak -
sanaan ini tercakup di dalamnya antara lain :

8.

Tahap persiapan. .
Dalam tahap persiapan ini adalah mempersiapkan
hal-hal yang berhubungan dengan keselamatan

kerja (pakaian las, dan perlengkapan lainnya),

" penyediaan alat-alat perkakas, dan yang paling

venting sekali adalah hal-hal yang berhubungan
dengan pesawat las antara lain ; menentukan be
sarnya arus listrik (ampere) dan tegangan yang
akan dipergunakan dalam pengelasan.

Arus listrik yang dipergunakan dalam pengelas-
an di tentukan oleh diameter elektroda yang di
pergunakan, tebal bahan serta jenis elektroda
yang dipakai dan posisi pengelasan.

Perkiraan arus listrik yang akan dipergunakan
dalam mengelas dapat dilihat pada tabel yang

tertera pada setiap bungkus elektroda, sebagai
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contoh dapat dilihat pada tabel dibawah ini :

PERKIRAAN

TABEL II

ARUS LISTRIK YANG DIGURAKAN

24
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DIAMETER { PAN- |
JANG LLEKTRODA !
~ (mm) !

DAERAH ARUS

( AMPERE )

} POLARIWAL
} BELEKTRODA
'.

2,6 X 350 1

45
!

9

!
!

AC atau

DC

Demikian Jjuga
pengaturan tegangan (voltage) harus disesuaikan

halnya dalam tahap persiapan ini,

dengan kebutuhan dalam pengelasan, sebagaimana da

pat dilihat pada contoh pengaturan voltage untuk

mengelas sesuai dengan diameter elektroda yang ai

pergunakan.

TABEL IIX

PENGATURAN VOLTAGE BERDASARKAN

DIAMETER BELEKTRODA

=-—=.—"====——=—"——===——======‘======’="-==-====-‘—"==:======-—===—-==

DIAMETER ELEKTRODA

DALAM ( mm )

! TEGANGAN KERJA
! DALAM (Volt)

!
!

1;5 - 4,0
4,5 = 6,5

! 20 -~ 30
! 30 - 45

!
!

b. Tahap penyeletelan benda kerja.
Terutama untuk benda

kan perangkaian yang

nyetelan kampuh las.

kerja yang besar diperlu-
baik untuk mempermudah pe
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Selain itﬁxtenyetelan ini jupa bertujuan untuk
mengatasi atau menghindari perubahan bentuk
yang terjadi akibat penas selama pengelasan b
berlansung. '

palam hal ini duperlukan alat penyetelan seper
ti

- Klem C

- Pasak

- Baut.

- Rantai
- Dan sebagainya. i

Tahap pengelasan. :

Setelah dilakukan tahap-tahap tersebut diatas
(a. dan b), pada tahap pengelasan ini dilakukan
pengefasan terhadap benda kerja sesuai dengah
bentuk, kwalitas, serta kxekuatan sambungen las
yang diinginkan dalam pengelasan benda kerja
tersebut. ‘

mahap finishing

Pahap finishing, maksudnya adalah tahap mengha
luskan hasil-hasil pengelasan yang kurang baik
gerta menghaluskan hasil pengelasan dengan ja-
lan menggerinda, mengikir, mengasmplas dan seé =
bagainya. Selanjutnya hasil pengelasan terse -
but di cat (jika perlu). Jadi tujuan finishing

jni adalah untuk benda kerja tersebut jadi ra-
pi dan halus.

BT AR




