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Introduction

The aim of this manual is to hatgw entrants to the plumbing industry improve theissential
skills It contains technical tips and advice to enaptrito achieveyour full potential. By working

through this manualwith the support of your tutor, yo@ f f 6 $indérsiahdhe deghniques for
measuring, bending and soldering copper pipe

Tools
Remember, you should not use tools until you haverbshown how to use them safely.

To accuratly completthe tasksdescribedn this guideyoud} needthe following tools:

(You can use the table below as a checklist)

Engineers square Pipe cutting todreamer Pipe cleaningnaterial

Measuring equipment Pipe bender Solder

Aids for checking angles/ Blowtorch Flux & brush

producing drawings

Pencil or marker pen Heat proof mat Appropirate personal
precedure equipment

Smallenginesrs squareg Aids the accurate taking of
measurements andsedwhen bending copper pipe

A

Measuring equipmeng The most accurate tools use(
for measuring arenetric solid steel rulesor folding
rulers widely used by plumbesaossEurope.
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Analternativeis to usea tape measure. The
disadvantage ofisinga tapemeasureis that the
end hook can écome loose, reducing accuracy.
When working to precise dimeions- plus or
minus 2mm (£mm)- the use of a ruler is
preferable.

Aidsfforchecking-anglesrahthe setting outof drawings/ templatesg

60°/30° and 43 squares are good fgroducingsetting out TS

drawingsbecausehese angles are the most common angles - P o
used in constructionFor more obscure angles protractor > a8
can be usedsometimes these are incorporated in the squar - ol - \,'1;.7
(as in the picture of the #square.) . AT 3

Engineers split rulers are good for checking angles when
bending pipetheycan be set to theequiredangle and
"«.-; held adjacent to the pipe in the benddo ensure bending
Yols is accurate.

Digital angle finders are superb for accurachath setting
out and taking of angles from construction tasksch as wall
angles for setting out and checking of angles when bendin
They are very expensive and delicate so care must be tak
to avoid dropping them.




A pencilor marker penisrequired for the production of setting out
drawings / templatesind marking pipwork. For the marking of
pipe the fine permanent marker is recommended, as it makes it
easy to see the mark clearly whenthe «

pipe is in the pie bendeRemember to remove thmarks from thepipe '

after fitting, becausethe customer will not wish to see these and it looks

lot more professional.

Pipecutting ¢ Pipe cutters a& the preferredtool for

cutting pipe;hacksaws produce a lot of very fine

copper filings that could be washed into the system

and into the crevices of radiators leadingdiectrolytic t
corrosion. So where possihlgipe cuttersshould be

used.

| After cuttingthe pipe,always use a reamer to remove the burr inside
as this can restrict flow, increase fluid noise and lead to the possible
build-up of scale etc.

Pipebenders- The most popular typesthe scissor bender
shown here-they are portable and fairly cheap to purchase.

Upright gand benders are available and tend to be used for larger diameter
pipes agheywill bend up to 42mm pipe.




Benchor vice mounted benders are also available, these are very good and
widely used in Europelheyare very expensive and have variegults on UK
pipe, which has only &.6mm thick wallcompared to the common pipe
around the worldwhich has a wall thickness of 1mm.

Soldering Equipment

Blowtorch and cylinder of gasThis is the most popar type of soldering blowtorch.
Rememberfor small diameter pipebutane is the best gass it provides a much
cooler flame than that offered by the use of nagas(methylacetylene
propadienepropane).

Analternative is a blowtorch kithandle, burner head, hose and
pressure regulatorgonnected to a larger type gas cylinder
usually propaneThisstylehas various types of head for the
flexibility, depending orthe size of pip@ork to be soldered. This
type is usually used by plumbers that work with larger diamete:

pipes.

Heat proof maig This is sed to protect the fabric of the
building from damage by the flame when solderiri¢are
should be taken whensingsoldering equipment and the
flameshould be directeéway from combustible materials
Mats should only be seen as an ai?lO NOT poirthe flame
directly at the mat Whilst they are called heat proof matis
fact, they are heat resistant.




Pipecleaningg Hbre cleaning stripsanbe used
for cleaning copper pipe and fittings prior to
soldering. Remember that cleanlinessaskey
part of good soldering.Steel wool was
commonly used for cleaning copper pipe,
however this type of cleaning material can
enter the pipe andontaminateparts of the
system containing different metglkading to
electrolytic corrosion.

Solderandlux - Lead free soldeisrequired for all potake water
suppliesHowever for learning purposesnly in a training
environment,using €aded solder ibeneficialto achieveearly
success isolderinguntil you get used to controlling heat and flame.

Most fluxes used in the industry are of telfcleaning variety
(Check for suitability for the type of system you are working)on.
For best resultghe pipeshould be cleanedith a suitable pipe
cleanerbefore the flux is apled.




Measuring Accurately
Takingaccuratemeasurements is very important and can make a big differém¢ke quality of
work. You should neverytoguessLy GKAa &aSOGA2Yy gSQftt 221 4

w»

If youtry to measure to the centre of a pipéas illustrated belowy youdl struggle tobe accurate.

Using the above method is inaccurate because it relies on thegusessing the centresf the pipes
- The measurement appears to letween 77mmand 79mm

Using a square and accurately measuring makes a big differas can be seen in ¢idiagran
below; whenmeasuringpoint A to point Bit can be seen that thenore accurate méhod actually
showsa centre to centre measurement of 75mm.

If you measure likéhis, then you are well within thee2mm.

.\\>
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Another example is working from either a pipe end or a fixed point to the centre of a pipe.

iy
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Here,you can see that the measurentis
actually 187.5mm Gven that we are using
15mm pipe we take off 7.5mm making the
final dimension 180mm.

If usingpipe of a different diameterall you
need to do is takeff ¥ a pipe @meterto
be 100% accurate.

In this example you can see that guessing
the distance from the centre of the
Horizontal pipe to the end of the vertical
pipe or fixed point is aroun@i82mm to
183mm.
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Setting out for bends and bending

When bendingipe,A i Q& A YL NI I yi (dtheibendietadd the yidiug of th&kbnd LIF NI &
that it will produce.

Most berders bend at a radius ofxdthe diameter of the pipso:-

For 15mm pipe it will b&5mm x 4 = 60mm

radiusto centre line
oller

The outside radius will bE®Omm + 7.5mm =
67.5mm

@ The inside radius (nearest the former) will
u pipe be:-60mmc¢ 7.5mm (half thediameter) =
52.5mm
\Radius normally 4 x Diameter of pipe

For 22mm it wilbe: - 4 x 22mm = 88mnio the centre line The inside radius (nearest the former)
will be: - 88mmc¢ 11mm (half the diameter) = 77mrand the outside radius will b8mm+11mm =
99mm.

Production-.0®0° bends

There is no need to produce a drawirg 9C¢° bends but the
following will need to be considered

U The pipe will be fitted in pipe clipsp sinallowance has to be
made.

ixed Point

0 A fixed point will need to be identified to determine the
position of the mark on the pipe The fixed point could be the Pipe Cli
end of the pipe, this eliminates the need to use long
measurements. The fixed point is a pipe clip in thareple.

Measurement from Fixed Point

to Outside Edge When copper pipe is to be berit is normalpractice

that all the marking out for the marking of the
bending is done to theutside edge.

:ixed Point

Pipe Clip
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Measure the distance from the fixed point to the Measurement fom Fixed Point
i i ; to Outside Ed
outside edge. A piece of scrap pipe can be usec o Outside Edge

determine where to mark the outside edge. %/Wé/ﬂ/
Transfer this to the pipe to be bent and mark as ] . 4 .
shown (see yellow line in diagram). }
Fixed P oint Scrap nue/
7
A/

Pipe Clp

Place the pipe to théender, ensuring the
fixed point is behind the back stop. Use a
scrappiece pipe and a square to ensuhe
mark on the pipe is aligned with the outside
edge of the scrap pip€ull the bend to the
correct angle.

Measurement From Fixed Paint
to Outside Edge

\S Tip:It is much easier to bend accurately if
pare piece of pipe used for .
alignment of given measurement  YOUr handsare free to hold sqares etc. 8in

the early days of developing your skills
consider mouting your bender either in a vice or a workbench for best results.

Check with either a square or an angle
finder that the bend i90°. Remember that |
the copper will spring back a little due to its
elasticity, so release the pressure before
checking the agle or your bend will not be
accurate.

s

The pipeshould fit in theclips without straining.

Note: do not make manual adjustments if the bend is
not accurate as this will cause damage to the bend.

Fixed Point
4 times radius

Pipe Clip
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Passovers
taa2dSNA | NB Y dzO Knot irudud fordvdo Yolklé o Ehe danyidpiede bfPige, so
setting out is very important.

This can be achiedby drawing the pssover
out. In this diagramthe object to be passed
over and the clearancean be seen This is

mel === the start of our setting out.

Pipe CK

Pipe:

Given Clearance

Srike an arc at a radius of 4 times
the diameter of the inner edge, so
77mm for 22mmpipe and52.5mm
for 15mmpipe.

Striking through the two arasone at52.5mm
and 67.5mm if using 15mrpipe, or77mm and
99mm for 22mmpipe as shown.

Usingsquaes or angle finder set at (in this
case) 135 draw a line from the tangent of
each of the arsas shown.

The final set out drawing shouldok like the
: _ﬂ} drawing shown. That completes tlsetting out.
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Use the drawing as a template, decide
on a fixedpoint, which can be a pipe

clip, a fitting or something els&he pipe
should be marked on the outside edge

Fixed Point 135] of the first bend(yellow line).
Mark at Qutside Edge 'A’

Place the pipe in the bender and, using Given Measurement ‘A’

the square and @iece ofscrap pipe,
line up your mark as shown
remembering to keep the fixed point /
behind the machine. Fixed Point

5° square

Spare piece of pipe used for
alignment of outside edge

Pull the bend to the required
angle.Usinga split rule set at the
angle(or an angle finder check

E _ that your bend is accurate before
N removing from the bending

Fixed Point/

machine. Remember to allow for
the spgring back when releasing
the pressure on the arm.

The pipe camow be returned to the
drawing and should fit perfectly without

T . 7 any adjustment by pullingtc., which will
_\F. . i\\Q?’é that distort the bend and detract from
ixed Point
X the quality of the finished job.
Mark at Outside edge'B‘/ \

\ The secod bend carbe marked in line
with the outside edgeising the drawingsa template In thediagram thel35 (45°) bend will mean
that this bend is a straightforward 98end.
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Return the pipe to the bending
machine with the use of a
Qutside edge of pipe square and a scrapiece of
pipe, as shown. Remember the
fixed pointstill needs to be
insertedbehind the bending
machine.

Tip:Before bending look
across thepipe benderto
\S ensue that the pipe is not
twisted in the machine
pare piece of pipe used for
alignment of given measurement

Pull the bend to the required afggyand checkvith a square
to confirm it is correctbefore removing from the bending
machine.

The pipe should now fitie
drawing without any
tweaking,as shown.

Thelast bend can now be
marked outon the outside
edge.

utside edge of pipe 'C’
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Now place the pipe in themachine and if it
has been set out correctiywill look like it
does in the diagramAccuracy can be checke:
by ensuring the two legs of the bend are
aligned, as shown by the blue line.

45° square

alignment of outside edge

When checking, use a losteel rule to ensure that the
passover is in line.

Then return tathe drawing and it should match 100%.
Check that the clearance is correagtemember that the
industryacceptedtolerance is 2mm

Then fitto pipe clips and
it should fit without the
need for adjustment or
forcingit to fit.
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Offsets

These bendare often found intwo or

three pipesthat run parallel in an
installation: consistent, accurate bending |
the key to aesthetics (looking good). It is

best practiceto set out to ensure Fipe I

consistency of offset quality, to keep the @

pipes aligned (identical / straight) Fipe &
=
B
=
o]

To set out, start as above then strike an
arc from the centre of the pipe at 4
times the diameter as the radius, as
shown:

For 22mm 4 X dia = 88mm
For15mm 4 X dia = 60mm

Draw a circle as shown, and draw a line
from the tangent of the circle at the
required angle of the offset. To obtain the
outside edge, draw a line parallel to the
first line at a distance that matches the
diameter of the tube usedlhat

completes the setting out.
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Use thedrawingas a templateand decide on a fixed point, which can be a pipe clip, a fitting or
something elseThe pipe should be marked for bending on the outside of the first bend as shown:

Given Measurement A’

Pipe

Place the pipén the benderandusing the square and
apiecescrap of pipe, line uthe mark as shown
Remembeto keep the fixed pint behind the
machine

45° square

Spare piece of pipe used for
alignment of outside edge

Pull the bendo the required angle and
usinga split rule set at theragle, or an
angle findercheck thatthe bend is
accurate before removing from the
bending machine. Remember to allow for
the Bpring backwhen releasing the
pressure on the arm.

’?77

The pipe camow be returned to the drawing ™

and should fit perfectly without any adjustment \ Pipe Clip
by pulling etcwhich will distort the bend and
detract from the quality of the finished

)

Use the drawing as a template to mark dié
second bendin linethe outside edge as shown.

Offset Distance
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P Phlce the pipe in the machirend if it has been
set out correctly, the pipe will sit the bending
machine as shownlt can be checked for
accuracy by ensuring the two legs of the bend are
in line, as shown by the blue lin® give the
Outside edge of pipe '8’ correct offset distance.

\Square

\Spare piece of pipe used for

alignment of given measurement

To check that the offset isdine and parallel use a long steel
rule. Then return to the drawing and it should match 100%.
Check that the clearance is correcthe accepted industry
tolerance is’/.2mm.

The pipe should now fit the drawing without any
tweaking, as shown.

Pi
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Solderingof joints on Copper Pipe

Thequality of soldered joints is greatly influenced by your work processes. Therefore, it is worth
visiting the method of preparing a soldered joint and the quality of the finished product.

The pipe needs to be cut correctly and at the correct larigtensure full insertion into the fitting.

When cuttingcopperpipe, it is best to usevheeled
pipe cutters where possible. Cutting pipe with a
hacksaw produces lots of very fine copper filings the

B2
could go inside the pipe and end up circulating to '/ '
Cs
. Pl

parts of the system that wouldesult inelectrolytic 7

corrosion
@/

In some cases, you have no alternative for access reasons to cut pipe with a hacksaw, but make sure
the pipe is cut square.

- After cutting the pipe it is important to ensure that the piparr is
. reamed out to maintain the full bore of the pipe. If the burr is left in
\ place this will reduce the flow inside the pipe and also create unusual
flow patterns which will create noise. In hard water areas scale will
build up much easier where burase left on the pipe.

Cleaning the pipe and fitting is also important for

good results. Most plumbers uselfcleaningfluxes

and in the majority of cases these do a great job.

However,if you look at fittingY' I y dzF | O dzNB N a

literature they always salean the pipe and fittin@2

This meanshat their guarantee will be goadhould

it be neeadin the future. The cleaning prosge

should be completed using a suitable pipe cleaning

pad to remove all the surface oxides from the copper tube fignexposure to the atmosphere.
Cleaninghese surface oxies off the pipe also assidfse solder in doing its job and fl@more
easily ad adhere to the pipe / fitting.

Choice of Flux is also very important. Most manufacturers prefer the use of the
traditional type fluxes that are not setfeaning Selfcleaning fluxes tend to be
corrosive so it is important that they are used corréctind used sparingly-or
water pipes the flux can be removed from insidlee pipe by flushing with water.
However, for gas pipes this is not possible and the corrosion
process will continue over a long period of time during

temperature changes. If usexgparingly this can be avoided. Remembéne

purpose of the flux is to reduce the surface tension and viscositysefifsolder,

improving its wettability (fluidity) and preventing metal from beingaddized in

the soldering process.
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