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Choosing  the  Right  
Hardware  for Gas 
Technicians
This pre senta t ion will guide  gas t e chnicians and  fit t e rs  in  se lect ing  the  

correct  fastene rs  for various applica t ions. W e 'll explore  d iffe rent  types of 

fastene rs , the ir p rope r usage , and  im portant  safe ty conside ra t ions to 
ensure  secure  insta lla t ions.
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Purpose  and  Object ives

Purpose

To enable  the  gas t e chnician/ fit t e r to 

choose  the  correct  fastene r for the  

job .

Object ive s

At  the  end  of th is  pre senta t ion, you 

will be  ab le  to:

• ident ify the  m e thods for se lect ing  

and  securing  correct  fastene rs

• ident ify types of fastene rs



Key Te rm inology

Fastene r

A device  that  a t t aches som e thing  firm ly to som e thing  e lse .

Unde rstanding  the  prope r t e rm inology is  e ssent ia l for gas t e chnicians to 

com m unicate  e ffect ive ly and  se lect  the  right  com ponents  for e ach job .



Requirem ents for Using  Fastene rs

Mate ria l Type

Type  of m ate ria l to which you m ust  fasten the  p ip ing  

or equipm ent

Equipm ent  Type

Type  of equipm ent  that  you are  fastening

W eight  and  Shape

W eight  and  shape  of the  equipm ent

Support  Direct ion

W he the r the  equipm ent  has support  from  above  or 

be low

Movem ent  Factors

W he the r expansion or vibra t ion is  a  factor

Quant ity Needed

The  num ber of fastene rs  or support s  required



Main Mate ria ls  in  Gas Indust ry

W ood

Require s specific  fastene rs  like  

wood screws and  lag  bolt s

Concre te

Require s  anchors, shie lds, and  

specia lized  fastening  te chniques

Stee l

Require s  m e tal screws, bolt s , and  

specia lized  clam ps

In the  gas indust ry, the se  three  m ain types of m ate ria l are  what  you m ust  fasten to or from .



Safe ty and  Security Conside rat ions

Secure  Insta lla t ion

Ensure  fastened  it em s rem ain in  orig inal posit ion

Care ful Se lect ion

Choose  fastening  device s and  support s  with  care

Safe ty First

Carry out  fastening  safe ly and  secure ly

It  is  im portant  that  you m ake  sure  you carry out  the  fastening  of p ip ing  or equipm ent  safe ly and  secure ly. It  is  e ssent ia l that  

anything  you fasten rem ains in  it s  orig inal posit ion. You should  se lect  a  fastening  device  or de sign of a  support  or bracke t  with  

care .



Ensuring  Secure  Insta lla t ions
Select  Correct  Size  and  Grade

Choose  screws or bolt s  of the  correct  size  and  g rade  for the  app lica t ion .

Use  Prope r Inse rt s  and  Plugs

Se lect  the  correct  inse rt s , p lugs, and  sh ie lds that  you m ust  d rill or p lace  in  
concre te , and  se t  them  prope rly.

Account  for Movem ent

Conside r expansion , cont ract ion , and  vib ra t ion , and  take  appropria te  
m easures to ensure  the  p ip ing  or equipm ent  rem ains in  p lace .

Use  Adequate  Support

Use  the  p rope r num ber of fastene rs and  support s for the  we ight  or 
size  of the  p ip ing  and  equipm ent .



General Fastene rs Ove rview

Varie ty of Opt ions

A huge  varie ty of fastene rs  is  availab le  to the  gas t e chnician/ fit t e r. 

The ir de signs are  job- specific , so you m ust  t ake  care  in  se lect ing  

them .

At tent ion  to De tail

Sm all de ta ils  can have  a  great  e ffect  on the ir funct ion. Be  sure  to 

s tore  a ll fastene rs  in  a  clean and  dry environm ent  once  purchased .



Types of Screws
W ood 
Screws

Use d  for 
faste ning to 
woode n 
m ate ria ls

Me tal 
Screws

Use d  for 
faste ning to 
m e ta l surface s

Machine  
Screws

Use d  with  nut s  
or in  thre aded  
hole s

Se t  Screws

Use d  to p re ve nt  
m ove m e nt  
be twee n part s

The re  are  m any d iffe re nt  type s of scre ws, which com e  in  varying  size s, 
le ng ths, and  he ad  type s, but  have  one  purpose  -  to faste n one  ob je ct  to 
anothe r. Gas t e chnicians/ fit t e rs  e xte nsive ly use  a ll type s.



Se lf- Tapping  Me tal Screws
Purpose

Create  the ir own threads as  they are  driven into m ate ria l

Applicat ions

Com m only used  for shee t  m e ta l and  thin  m ate ria ls

Advantages

No need  for pre - tapping  or nuts

Varie t ie s

Availab le  in  d iffe rent  head  style s  and  thread  pat te rns



Lag Bolt s

Definit ion

Lag bolt s  are  not  actually bolt s ; they are  heavy screws that  

he lp  fasten bracke ts  to wooden m em bers.

Applicat ions

They are  a  pract ica l a lt e rnat ive  to a  nut  and  bolt  

arrangem ent , a lthough large r s ize s of lag  bolt s  m ay require  a  

p ilot  hole .

Usage  in  Gas Indust ry

Com m only used  for securing  heavy equipm ent  and  bracke ts  

to wooden st ructura l m em bers.



Bolt s  and  Nuts

Varie t ie s

Bolt s  are  availab le  in  various leng ths, s ize s, and  configurat ions. 
They fasten  ob ject s  in to a  se t  posit ion  by the  leve rage  of the  
thread .

Thread  Types

The  thread  on  the  bolt  can  be  e ithe r Nat ional Fine  (NF) or the  
m ore  com m only used  Nat ional Coarse  (NC).

Measurem ent

Gas technicians/ fit t e rs  m easure  the  leng th  of bolt s  from  
unde rneath  the  head  to the  end  in  m ost  cases and  from  end  to 
end  in  bolt s  with  counte rsunk heads.



Threaded  Rod

Purpose

Often, the  use  of a  m anufactured  bolt  is  not  re a lis t ic  

because  the  correct  length is  not  availab le , and  ad justm ents  

are  lim ited . In  such case s, you can use  a  threaded  rod  and  
cut  it  to the  required  length.

Types

• Stee l rod  with  threaded  ends

• All- threaded  rod

Applicat ions

Com m only used  for custom  length fastening  solut ions in  

gas insta lla t ions.



Anchoring  Fastene rs
Purpose

Various device s he lp  fasten 

hange rs  and  support s  to 

concre te  walls  and  ce ilings.

Mate ria ls

They m ay be  iron, le ad , or p last ic .

Applicat ions

Essent ia l for securing  gas 

equipm ent  to concre te  

s t ructure s.



Inse rt  Anchors and  Shie lds

Inse rt  Anchors

Gas te chnicians/ fit t e rs  use  inse rt  anchors with  m achine  

bolt s  or lag  screws. They inse rt  the  anchor in to the  hole  and  

t ighten the  fastene r in to the  shie ld .

Lead  and  Plast ic  Shie lds

Also known as rawl p lugs, the se  are  used  with  m achine  bolt s  

or lag  screws. They require  the  drilling  of a  correct ly s ized  

hole  in to the  surface .

Drop- in  Anchors

Require  a  specia l tool or p in  to se t  the  anchor. The  tool m ust  

be  the  appropria te  s ize  for the  anchor, i.e ., a  3/ 8 tool for a  

3/ 8 anchor, and  should  not  have  a  "m ushroom ed" end .



Toggle  Bolt s

Purpose

Help  fix hange rs to surfaces with  hollow 
spaces behind  them

Mechanism

Tightening  causes b racing  against  back 
wall surface

Types

Spring  wing , tum ble , and  rive ted  tum ble

Toggle  bolt s  he lp  fix hange rs to surfaces with  hollow spaces behind  them . The  act ion  of correct ly t ightening  the  togg le  bolt  causes a  
b racing  m echanism  to act  against  the  back wall surface .



Hose  Clam ps

Figure  1- 8 Gear type  hose  clam p (m anual t igh tening)

Figure  1- 9  Hose  clam p (se lf- t igh tening)

Purpose

Gas technicians/ fit t e rs use  a  hose  clam p 
to a t t ach  a  hose  to a  p ipe , pum p, or 
othe r device .

Types

Hose  clam ps can  be  of the  se lf-
t igh tening  type  (sp ring  loaded) or of the  
type  requiring  m anual t igh tening .

Im portant  Note

Generally speaking , hose  clam ps are  not  
approved  for use  with  a  hose  that  carrie s 
e ithe r natura l gas or p ropane .



Pipe  Fastene rs In t roduct ion

Im portance

The  insta lla t ion of p ip ing  system s is  
an in tegral part  of the  gas t rade .

Pre - Insta lla t ion  
Conside rat ions

Before  insta lla t ion, it  is  im portant  to 
conside r how, whe re , and  how often 
you m ust  support  (or fasten) a  
p ip ing  system  from  (or to) the  
s t ructure .

Varie ty

The  p ipe  support s  and  fastene rs  are  
num erous. This  pre senta t ion 
de scribe s som e  of the  m ore  
com m on ones.



Pipe  St raps

Mate ria ls

Galvanized  ste e l, coppe r, cast  m alleable  iron, and  p last ic .

Applicat ions

At  t im es, gas t e chnicians/ fit t e rs  use  them  on ve rt ica l and  

horizonta l insta lla t ions.

Size s

They are  availab le  in  Nom inal P ipe  Size s NPS 1/ 2 to NPS 4 .



Clevis Hange rs

Mate ria l

Usually b lack stee l.

Insta lla t ion Note

For p rope r pe rform ance , you m ust  t igh ten  the  hange r load  nut  
above  the  clevis secure ly.

Applicat ions

Com m only used  for support ing  horizonta l p ipe  runs from  ove rhead  
st ructures.



Adjustab le  Ring  Hange rs

Adjustab le  Stee l Ring  Hange rs

• Zinc- p la ted

• Size s range  from  NPS 3/ 4  to NPS 8

Adjustab le  Swive l- Ring  Hange rs

• Have  a  solid  ring

• Size s range  from  NPS 3/ 4  to NPS 8



Pipe  Stays/ Valley Hange rs

Purpose

Provides support  from  the  floor or wall.

Applicat ions

Used when ove rhead  support  is  not  possib le  or when 

addit ional s tab iliza t ion is  needed .

Insta lla t ion

Must  be  secure ly fastened  to the  support ing  surface  to 

ensure  s tab ility.



Grappling  Bar
Alte rnat ive  Nam es

Also called  an extension 

bar, hange r iron, s t rap  iron, 

grapple  iron, or pe rfora ted  
band iron.

Mate ria ls

Availab le  in  various 

th icknesse s as  s t ra ight  

lengths or coils  of b lack and  
galvanized  ste e l, and  

coppe r.

Applicat ion

You can form  this  in to a  ring- type  hange r by bending  it  a round 

p ipe .



Threaded  Rod and  Rod Coupling

Purpose

Can he lp  extend  leng ths where  required .

Applicat ions

Used  in  p ipe  hang ing  system s to achieve  the  correct  he ight  or 
leng th  for p rope r support .

Insta lla t ion

Must  be  secure ly connected  to ensure  stab ility and  p rope r load  
d ist ribut ion .



Coach- Screw and  Machine - Threaded  Rod

Applicat ion

Used  where  one  end  of the  coach- scre w can  be  screwed  in to a  
wood  m em ber of a  build ing , with  the  hange r a t t ached  to the  othe r 
end .

Availab ility

It  is  availab le  in  m any d im ensions and  leng ths.

Thread  Type

The  thread  type  is  usually Nat ional Coarse  (NC).



Floor and  Ce iling  Flanges

Popularity

Popular for a t t aching  p ipe  hange rs to a  ce iling  or h igh  build ing  m em ber.

Insta lla t ion

Must  be  secure ly fastened  to the  support ing  surface  using  appropriate  fastene rs for the  m ate ria l.

Applica t ions

Com m only used  in  gas p ip ing  system s to provide  stab le  support  poin t s.



Beam  Clam ps

Purpose

Used  with  hange r rods to support  p ip ing  from  st ructura l beam s.

Advantages

Provides secure  a t t achm ent  without  d rilling  or we ld ing  to 
st ructura l m em bers.

Types

Availab le  in  various configura t ions to accom m odate  d iffe rent  
beam  sizes and  shapes.



Rise r Clam ps

Funct ion

Ve rt ical p ipe  hange rs. The  clam p grips the  p ipe , form ing  a  solid  support .

Insta lla t ion Note

You m ay tack- we ld  it  to ste e l p ipe  for addit ional se curity.

Applicat ions

Esse nt ia l for support ing  ve rt ical p ipe  runs in  m ult i- story gas insta lla t ions.



Othe r Pipe  Support  Style s

Various othe r s tyle s  of p ipe  support s  are  availab le  to accom m odate  d iffe rent  insta lla t ion requirem ents  and  environm ental 

condit ions. Each type  has specific  applica t ions whe re  it  pe rform s be st .



Elect rical Fastene rs Ove rview

Im portance

Much of today's  gas e quipm e nt  has e le ct rica lly ope ra ted  
cont rols  and  com pone nt s.

Connect ion  Type

The se  type s of faste ne rs  e nab le  good m e chanical and  
e le ct rica l conne ct ion without  the  ne e d  for solde r.

Varie ty

The y are  availab le  in  a  range  of s ize s and  shape s. Som e  are  
conne cted  with com m on tools; othe rs  re quire  spe cia l tools .

Insula t ion

The y oft e n  have  an  insula t ing  cap  or boot  of p last ic  or rubbe r 
ove r the  conductors .



Types of Elect rical Fastene rs

W ire  Nuts

For conne ct ing  
m ult ip le  wire s toge the r

Spade  
Connectors

For se cure  t e rm inal 
conne ct ions

Ring  Te rm inals

For conne ct ions 
re quiring  a  scre w 
faste ne r

But t  Connectors

For in line  wire  sp licing

Unit  5 In t roduct ion to Ele ct ric ity d iscusse s the  use  of e le ct rica l fast e ne rs  in  
m ore  de ta il.



Shee t  Me tal Fastene rs

Com m on Types

The  m ost  com m on shee t  m e ta l fastene rs  you will encounte r 

as  a  gas t e chnician/ fit t e r are  a  varie ty of se lf- tapping  screws 

and  othe r specia lized  fastene rs .

Applicat ions

Used for connect ing  com ponents  in  gas system s and  

ductwork.



S and  Drive  Cleat s

Purpose

For connect ing  sect ions of ductwork.

Insta lla t ion

S- cleat s  s lide  ove r the  joined  edges of ductwork, while  drive  

cleat s  are  ham m ered  onto the  joint .

Advantages

Provides secure  connect ion while  a llowing  for the rm al 

expansion and  cont ract ion.



Alum inum  Tape
Purpose

Gas te chnicians/ fit t e rs  use  

a lum inum  tape  during  the rm al 

insula t ion of ductwork to fasten 
the  insula t ion to the  duct .

Availab ility

The  tape  is  availab le  in  d iffe rent  

wid ths.

Re inforcem ent

Manufacture rs  som e t im es 

re inforce  th is  with  fibre  threads 

for added  st rength.



Red Seal Alignm ent

1
Safe ty- Re lated  Funct ions

Pe rform s safe ty- re la ted  funct ions

2
Tools and  Equipm ent

Mainta ins and  use s tools  and  equipm ent

3
Planning  and  Preparat ion

Plans and  prepare s for insta lla t ion, se rvice  and  

m aintenance

The  knowledge  of fastene rs  a ligns with  seve ral Red Seal t asks, part icularly those  re la ted  to safe ty, tools , and  preparat ion for 

insta lla t ion.



Red Seal Block Alignm ent

Red Seal Block Tit le

1 Safe ty

2 Fastene rs , Tools  and  Test ing  

Inst rum ents

3 Prope rt ie s , Characte ris t ics , and  

Safe  Handling  of Fue l Gase s

4 Ut iliza t ion Codes, Acts  and  

Regula t ions

4A Ut iliza t ion Codes, Acts , and  

Regula t ions Ontario 

Supplem ent



Red Seal Block Alignm ent  
(Cont inued)

Red Seal Block Tit le

5 Int roduct ion to Elect ricity

6 Technical Manuals , 

Specifica t ions, Drawings and  

Graphs

7 Custom er Re la t ions

8 Int roduct ion to P ip ing  and  

Tubing  System s

9 Int roduct ion to Gas Appliances



Red Seal Task Alignm ent
1 Task 1

Pe rform s safe ty- re la ted  funct ions.

2 Task 2

Mainta ins and  use s tools  and  equipm ent .

3 Task 3

Plans and  prepare s for insta lla t ion, se rvice  and  

m aintenance .

4 Task 4

Fit s  tube  and  tubing  for gas p ip ing  system s.



Red Seal Task Alignm ent  (Cont inued)
1Task 5

Fit s  p last ic  p ipe  for gas p ip ing  system s.

2 Task 6

Fit s  s tee l p ipe  for gas p ip ing  system s.

3Task 7

Insta lls  vent ing .

4 Task 8

Insta lls  a ir supply system .



Red Seal Task Alignm ent  (Cont inued)
1Task 9

Insta lls  d raft  cont rol system s.

2 Task 10

Se lects  and  insta lls  e lect ronic com ponents .

3Task 11

Se lects  and  insta lls  e lect rica l com ponents .

4 Task 12

Insta lls  autom at ion and  inst rum entat ion cont rol system s.



Red Seal Task Alignm ent  
(Cont inued)

1 Task 13

Insta lls  gas- fired  system  pip ing  and  equipm ent .

2 Task 14

Insta lls  gas- fired  system  com ponents .

3 Task 15

Insta lls  propane  storage  and  handling  system s.

4 Task 16

Tests  gas- fired  system s.



Red Seal Task Alignm ent  (Cont inued)
1Task 17

Com m issions gas- fired  system s.

2 Task 18

Mainta ins gas- fired  system s.

3Task 19

Repairs  gas- fired  system s.

4 Task 20

Decom m issions gas- fired  system s.



Se lect ing  the  Right  Fastene r: Decision  Process

Ident ify Requirem ents

De te rm ine  m ate ria l, we ight , and  

environm ental factors

Research  Opt ions

Explore  availab le  fastene r types for 

the  applica t ion

Ve rify Com pat ib ility

Ensure  fastene r is  appropria te  for the  

m ate ria ls

Prope r Insta lla t ion

Use  correct  tools  and  te chniques



Best  Pract ice s for Fastene r Use

Storage

Store  fastene rs in  a  c lean , d ry environm ent  to p revent  corrosion  and  dam age .

Se le ct ion

Always choose  fastene rs de signed  specifically for the  app licat ion  and  m ate ria ls 

involved .

Installa t ion

Use  p rope r tools and  te chniques to avoid  dam aging  the  fastene r or the  m ate ria ls 

be ing  joined .

Inspe ct ion

Regularly check fastene rs for signs of wear, corrosion , or loosening , e specially in  

app licat ions with  vib rat ion .



Sum m ary: Key Takeaways
Prope r Se lect ion

Choose  fastene rs  based  on m ate ria l, we ight , and  environm ental 

factors

Dive rse  Opt ions

Unde rstand  the  wide  varie ty of fastene rs  availab le  for d iffe rent  

applica t ions

Safe ty First

Ensure  a ll insta lla t ions are  secure  and  m ee t  safe ty s tandards

Cont inuous Learning

Stay updated  on new fastene r t e chnologie s and  be st  pract ice s



CSA Unit  2

Chapte r 2                                     
Hand  Tools for Gas 
Technicians
This pre senta t ion cove rs  the  e ssent ia l hand  tools  used  by gas t e chnicians 

and  fit t e rs . Unde rstanding  how to se lect , m ainta in , and  safe ly use  the  

correct  tools  will save  t im e , m oney, and  ene rgy while  ensuring  e fficient  
and  safe  work pract ice s.



Purpose  and  Object ives

Purpose

To enable  the  gas t e chnician/ fit t e r to choose  the  correct  

tool for the  correct  job . This  will save  t im e , m oney, and  

ene rgy.

Object ive s

At  the  end  of th is  pre senta t ion you will be  ab le  to:

• indicate  the  correct  tools  for the  task

• dem onst ra te  how to use  hand tools  safe ly and  e fficient ly

• ident ify tools  the  p ip ing  indust ry use s



Term inology

Term Abbrevia t ion Definit ion (sym bol)

Millim e t re m m Unit  of length .



Requirem ents for Using  Hand  Tools
It  is  ve ry im portant  for a  gas t echnician/ fit t e r to be  ab le  to ident ify and  se lect  the  p rope r tool for 
the  job  a t  hand . It  is  a lso im portant  to m ainta in  and  s tore  tools  p rope rly and  use  them  in  a  safe , 
e ffect ive  way.

This  sect ion  describes som e  of the  gene ral requirem ents  for se lect ing , s toring , m ainta in ing , 
and  using  these  tools .

Tool Se lect ion

Choosing  the  right  tool for each specific  t ask

Tool Storage

Prope r s torage  to p rotect  and  organize  tools

Tool Maintenance

Regular care  to ensure  longevity and  e ffect iveness

Tool Safe ty

Safe  hand ling  p ract ices  to p revent  in jurie s



Se lect ing  Tools
W hen se lect ing  the  correct  tool for a  job , you m ust  conside r the  following:

Design Feature s

Find  the  right  tool for the  job!

W ork Environm ent

Conside r the  work space  availab le

Type  of W ork

The  specific  t ask that  you m ust  do

Mate ria ls

The  m ate ria ls  that  you m ust  work 

on

Part  Size s

The  size (s)  of the  part (s)  you're  

working  with

Fastene r Types

The  types of fastene rs  you used

Force  Lim it s

Lim it s  on the  force  that  you m ay 

apply

Safe ty

Always priorit ize  safe ty in  tool 

se lect ion

Efficiency

Conside r speed  and  e fficiency of 

the  work



Consequences of Using  Inappropria te  Tools
Dam age  to 
W orkpiece

Using  the  wrong tool 

can dam age  the  

m ate ria ls  you're  
working  on

Tool Dam age

Im prope r use  can ruin  

expensive  tools

Tim e  Loss

Inappropria te  tools  

s low down your work

Safe ty Hazards

W rong tools  can 

create  dange rous 

s ituat ions



Maintain ing  Tools
Good m aintenance  im proves tool funct ion and  ensures the ir long  working  life . Good m aintenance  is  m ost ly com m on sense , as follows:

Keep  tools d ry

Keep tools that  can rust  d ry

Protect  sharp  edges

Protect  the  sharp  edges of cut te rs, saw, and  chise ls  when you lay them  down

Handle  with  care

Handle  frag ile  tools with  care

Oil afte r exposure

Dry m oisture - exposed  tools and  light ly oil them  be fore  put t ing  them  away

Lubrica te  m oving  part s

W hen tools have  m oving  part s , lubricate  them  at  points of wear

Tighten  hand les

Tighten wooden handle s on tools a t  the  first  s ign of looseness



Storing  Tools
Leaving  tools lying  about  or jost ling  against  othe rs can pose  risk of dam age  for the  tools. Stealing  or m isuse  of expensive  tools is  a lso possib le  if 

you do not  keep  them  in  a  secure  p lace .

Protect  Sm all Tools

Encase  sm all or easily dam aged  tools

Protect  Cut t ing  Edges

Protect  cut t ing  edges and  filing  surfaces

Accom m odate  Size

Accom m odate  the  size  and  we ight  of the  tool

Prevent  Dam age

Prevent  jost ling  or d ropping  of the  tool

W eathe r Protect ion

Protect  tools from  the  weathe r, dam pness, and  corrosive  

m ate rials

Security

Keep  tools secure  against  the ft

Safe ty

Prevent  people  who are  unqualified  to use  the  tools from  

ge t t ing  in jured

Cleanliness

Keep  tools c lean



Using  Tools Safe ly
Care le ss hand ling  or incorrect  use  of m any of the  tools that  gas t e chnicians/ fit t e rs use  can  be  dange rous.

Use  Safe ty Equipm e nt

Use  the  p re scribed  safe ty cloth ing  and  equipm ent

Che ck Tool Appropriate ne ss

Check that  you have  the  right  tool for the  job . Check the  tool's  funct ion  and  size  and  the  m ate ria ls you are  working  on

Inspe ct  Tool Condit ion

Check that  the  tool is  in  good  orde r. All part s m ust  be  secure  and  cut t ing  edges sharp

Che ck W ork Are a

Check the  area for ob ject s that  m ight  im pede  your or the  tool's  m ovem ent  as you work

Se cure  W ork Pie ce

Check that  the  work p iece  is  he ld  firm ly in  the  p rope r posit ion

Posit ion  Yourse lf Corre ct ly

Stand  or sit  in  the  correct  posit ion  for using  the  tool



Types of Hand  Tools
The  use  and  unde rstanding  of hand tools  is  a  m ust  for the  gas t e chnician/ fit t e r. The re  are  tools  for nearly eve ry s ituat ion you 

can com e  across in  the  indust ry. It  is  im portant  to be  ab le  to ident ify the  tool you need .

Screwdrive rs

Various types for d iffe rent  screw heads

Plie rs

For gripping  and  m anipula t ing  object s

W renches

For turning  nuts , bolt s , and  p ipe s

Ham m ers

For s t riking  and  shaping

Measuring  Tools

Leve ls , p lum b bobs, and  othe r 

m easuring  device s

Cut t ing  Tools

Snips, p ipe  cut te rs , and  othe r 

cut t ing  im plem ents



Screwdrive rs and  Allen  Keys
Screwdrive rs  are  availab le  in  m any de signs, s ize s, and  lengths. The  m ost  com m only used  ones are  the  regular (s t ra ight  b lade ), 

Phillips , and  Robe rt son screwdrive rs , and  Allen keys.

Screwdrive r Tips

Diffe rent  t ips  for various screw head  

shapes

Com m on Screwdrive r Se t

A typical se t  includes various s ize s of 

s t ra ight , Phillips , Robe rt son, and  Allen 

keys

Pract ical Applicat ion

Using  the  correct  screwdrive r ensure s 

e fficient  work and  prevents  dam age  to 

screws



Plie rs
Plie rs  he lp  increase  g ripp ing  power. The  following  three  p lie rs  are  the  m ost  com m only used  types in  the  p ip ing  t rades:

Arc- joint  P lie rs

Com e  in  various s izes  with  m axim um  capacit ie s  
up  to 4  in  (10 0  m m ). The  tongue  and  g roove  
design  p rovide  m axim um  power a t  a ll openings.

W ate r Pum p Plie rs

Such as  Tongue - and- groove  p lie rs  have  a  
m axim um  capacity of 2 in  (50  m m ). The  m ult ip le  
s lip  join t  se tup  p rovides for rap id  changes of jaw 
opening .

Com binat ion Plie rs

Such as  s lip - join t  p lie rs  are  easy to use  for a  
m ult itude  of t asks from  opening  spring- loaded  
hose  c lam ps to bend ing  m e tal. The  jaws com e  
with  cut t e rs  for sn ipp ing  wire s .



W ire  St rippe r

A wire  s t rippe r (or wire  s t ripp ing  p lie rs)  is  a  tool that  

facilit a te s  rem oval of insula t ion from  e lect rica l conductors . 

It  usually has d iffe rent  hole  s ize s to accom m odate  rem oving  
insula t ion from  wire s of d iffe rent  gauges.

• Rem oves insula t ion without  dam aging  the  conductor

• Feature s m ult ip le  hole  s ize s for d iffe rent  wire  gauges

• Essent ia l for e le ct rica l work in  gas insta lla t ions

• Som e  m ode ls  include  addit ional fe a ture s like  wire  cut te rs
W ire  s t rippe r with  m ult ip le  gauge  hole s



Snips
Keep at  le ast  one  pair of snips in  your tool box to cut  such things as  shee t  m e tal duct  work, shee t  m e ta l p ip ing , and  hange r 

s t rapping  or grappling  bar. Neve r use  snips to cut  wire  ( it  n icks the  b lades).

Com m on Types of Snips

Diffe rent  snips are  de signed  for specific  

cut t ing  applicat ions

Pract ical Applicat ion

Using  snips to cut  shee t  m e ta l for 

ductwork

Aviat ion  Snips

Color- coded  handle s ind icate  cut t ing  

d irect ion: red  for le ft , g reen for right , 

ye llow for s t ra ight



W renches: Open- Ended  and  Box

Open- Ended  W rench

Ideal for loosening  or t ightening  that  require s  ve ry lit t le  

torque . Most ly double - ended . It s  de signated  s ize , usually 

s tam ped on the  s ide , is  the  fixed  size  of the  opening  
be tween the  jaws.

Box W rench

Ideal for loosening  and  t ightening  that  require  a  h igh 

am ount  of torque . Surrounds or "boxes" the  bolt  head  or 

nut . The  box head  circular opening  usually has 6  or 12 
notches (point s) . It  is  safe r than the  open- ended wrench 

because  it  is  le ss  like ly to s lip . It  is  good for working  in  close  

quarte rs  because  you can take  as  lit t le  as  1/ 12 turn with  th is  
a t  one  s t roke .



Socke t  Drive s
The  com m on socke t  drive  is  like  a  box wre nch, but  is  a  de tachable  socke t  that  the  gas t e chnician/ fit t e r m ust  use  on  various handle s. A se t  usually contains various size  socke t s (1/ 4  in  to 3/ 4  in) or (10  m m  to 19  m m ) and a  ra tche t .

Socke t  Drive  Se t

Com ple te  socke t  se t  with  ra tche t  handle  and various socke t  size s

Pract ica l Applica t ion

Using socke t  drive s for e ffic ie nt  t ighte ning  in  confine d  space s

Socke t  Drive  Com pone nts

Ratche t  handle , e xte nsion  bars, and  in te rchange able  socke t s



Chise ls
Chise ls work on wood or on ste e l. For good  workm anship , you m ust  ke e p  the m  ground and  sharpe ne d . Ensure  that  you use  e ye  prote ct ion whe n chipping , to 
prote ct  your e ye s from  flying  part ic le s.

Various type s of ste e l chise ls include  fla t  cold  chise ls, cape  chise ls, round  nose  chise ls, and  d iam ond point  chise ls. Each has a  spe cific  purpose  and  cut t ing  
e dge  de sign.



Stee l Chise l Types

Type Descrip t ion

Flat , cold  chise l The  m ost  com m on type  and  has a  fla t , wide  cut t ing  face  for cut t ing  
or chipp ing  m e tal or concre te . Som e  applicat ions are  cut t ing  th in  
p lat e , shearing  off rive t  or bolt  heads, and  rem oving  we ld  spot s. It  is  
ve ry use ful when d ism ant ling  equipm ent  with  corroded  or se ized  
com ponent s such as b racke t s. It s  cut t ing  edge  is  g round  axially 
along  the  chise l. The  included  angle  of the  cut t ing  face  is  70 °.

Cape  chise l Has a  re lat ive ly sm all point . It  cut s keyways or slot s in  m e tal and  
facilit a t e s d ivid ing  work so you can use  a  cold  chise l to fin ish  the  job .

Round nose  chise l Has it s  cut t ing- edge  ground  at  60 ° to the  m ain  axis. One  edge  is  
g round  fla t  and  the  othe r round .

Diam ond point  chise l Has a  solid  point  that  can he lp  cut  V- grooves, d raw hole s, and  hole s 
in  fla t  stock.



Tubing  Bende rs
There  are  seve ral types of tub ing  bende rs , but  they ope rate  s im ilarly for bending  tubing  up  to 3/ 4  in  d iam e te r. The  three  m ost  

com m on types are  leve r, geared- ra tche t , and  outside - spring . Tube  bending  kit s  that  are  availab le  have  a  num ber of d iffe rent  

s ize  heads and  a  range  of tube  s ize s to m ee t  the  needs of gas t e chnicians/ fit t e rs .

Leve r Tubing  Bende r

Uses leve rage  to create  sm ooth bends 

in  tub ing

Tube - Bending  Kit

Com ple te  kit  with  m ult ip le  heads for 

d iffe rent  tube  s ize s

Pract ical Applicat ion

Creat ing  precise  bends in  gas line  

tub ing



Ham m ers
Head we ight  (we ight  without  the  handle ) characte rize s ham m ers. The  gas t e chnicians/ fit t e rs  kit  includes two basic  types of 

ham m ers:

Ball- Peen Ham m er

May have  we ight  of 0 .11, 0 .17, 0 .23, 0 .34 , 0 .5, 0 .75, or 1 kg . 

The  round- shaped  part  of the  head  he lps shape  m e tal. The  

face  is  s light ly dom ed so that  it  does not  le ave  m arks on 
st ruck m e tal. You can a lso use  it  to s t rike  punches.

Claw Ham m er

Its  m ain use s are  drawing , pulling , and  driving  nails . It  has a  

s te e l head  with  a  wood or s te e l handle .



File s
File s he lp  sm ooth and  shape  part s  by hand . They are  m ade  of heat - t reat ed , h igh- carbon st ee l. This st ee l is  hard  and  ensure s an e ffect ive  cut t ing  surface , but  it  is  b rit t le . Because  of t h is , file s m ay break if used  to p ry ob ject s.

File  Maintenance

In use , t he  file  becom es clogged- - this  is  called  p inning . It  can then scrat ch the  workp iece . To prevent  
p inning , rub  chalk in to the  t ee th  be fore  filing . Use  a  file  score r or b rush to clean the  file .

File  Varie t ie s

File s are  availab le  in  various shapes, s ize s, and  coarseness. The  leng th from  the  hee l t o the  point  de t e rm ines 
the  size .

Com m on Shapes

Som e  com m on cross- sect ional shapes are : fla t  (m ill) , square , t riangular (three - square ), half- round , and  
round  (rat  t a il) .

Storage

To protect  t he  filing  surfaces, s tore  file s in  a  cardboard  sleeve .



Spirit  Leve ls

Spirit  leve ls  he lp  ensure  that  ob ject s  are  p lum b, leve l, or 

have  the  prope r grade . The ir s ize s range  from  a  few inches 

to seve ral fe e t  in  length. Most  are  m ade  of a lum inum  or cast  
a lum inum .

• Used  to check horizonta l ( leve l)  a lignm ent

• Used  to check ve rt ica l (p lum b) a lignm ent

• Som e  m ode ls  include  angle  m easurem ent  capabilit ie s

• Essent ia l for ensuring  prope r p ipe  insta lla t ion

• Availab le  in  various lengths for d iffe rent  applica t ions

A typical sp irit  leve l with  horizonta l and  ve rt ica l via ls



Plum b Bobs and  Crim ping  Tools

Plum b Bobs

Plum b bobs are  heavy, balanced , pointed  we ight s suspended  from  a  st rong  cord  to de te rm ine  a  t rue  ve rt ica l posit ion . They can he lp  
a lign  p ipe  and  fix a  point  im m edia te ly be low a  re fe rence  point . They are  m ade  of solid  b rass, solid  st ee l, or b rass with  a  stee l point .

Crim ping Tools

Gas t echnic ians/ fit t e rs use  crim ping  tools to a t t ach m e ta l fit t ings to flexib le  hose , for exam ple , connect ing  oxyace tylene  hose  to 
fit t ings.



Pipe  W renches
Gas technicians/ fit t e rs  use  various wrenches for g ripp ing  and  turn ing  p ipe  and  fit t ings. The  type  of wrench se lected  for a  job  depends 
on  p ipe  size , p ipe  m ate ria l, and  the  am ount  of working  space  availab le .

The  jaws of the  s t ra ight  p ipe  wrench and  of othe r s tandard  wrenches have  tee th  for g ripp ing  round  ob ject s .

Hee l Jaw

Attached  to the  hand le

Hook Jaw

Can m ove  in  and  out  by 
ad just ing  the  nut  on  the  
threaded  sect ion  of the  
hook jaw

Nut

Adjust s  the  hook jaw

Housing

The  wrench housing  
holds both  the  shank of 
the  hook jaw and  the  
nut  in  posit ion



St ra ight  Pipe  W rench

Descrip t ion

Availab le  in  t en m ode ls , e ach de signed  for a  ce rta in  range  of 

p ipe  s ize s. The  length of p ipe  wrenches de signate  the ir 

s ize s. Like  the  othe r s tandard  wrenches, th is  wrench com es 
with  e ithe r an a lum inum  or cast - iron handle .

• Most  com m on type  of p ipe  wrench

• Used  for gripping  and  turning  p ipe s

• Adjustab le  jaw width  for d iffe rent  p ipe  s ize s

• Availab le  with  a lum inum  or cast - iron handle s

Size  and  Pipe  Capacity

Availab le  in  t en m ode ls . The  sm alle st  is  6  in  (150  m m ) long  

and  has a  p ipe  capacity of NPS 3/ 4 . The  large st  is  60  in  (150 0  

m m ) long  for use  on large r s ize s to NPS 8 p ipe .



End Pipe  W rench

Descrip t ion

Has an  ang led  opening . You use  th is when working  in  t ight  quarte rs or next  to a  wall or a  

corne r.

• Specia lized  design for confined  spaces

• Angled  jaw opening  for be t t e r access

• Ideal for working  near walls  or corne rs

• Funct ions sim ilarly to st ra ight  p ipe  wrench

Size  and  Pipe  Capacity

Made  in  e ight  size s. P ipe  capacity rang ing  from  NPS 3/ 4  to NPS 5 in .



Heavy- Duty Offse t  Pipe  W rench

Descrip t ion

Has a  jaw opening  para lle l to the  hand le  and  a  narrower hook jaw head . These  feature s 

a llow easy ent ry to t ight  spot s. Seve ral m ode ls are  availab le  in  the  m arke t .

• Designed  for accessing  confined  spaces

• Paralle l jaw opening  to the  hand le

• Narrower hook jaw head  for be t t e r access

• Heavy- duty const ruct ion  for dem anding  app lica t ions

Size  and  Pipe  Capacity

Pipe  capacit ie s of NPS 2, NPS 2- 1/ 2, and  NPS 3.



Vert ical Pipe  W rench

Descrip t ion

You can use  th is on  e ithe r ve rt ica l or horizonta l p ipe  in  close ly confined  areas. It  is  

e specia lly use ful for unde rground  valve  locat ions.

• Specia lized  design for ve rt ica l app lica t ions

• Can be  used  on horizonta l p ipe s as we ll

• Ideal for unde rground  valve  access

• Provides leve rage  in  confined  spaces

Size  and  Pipe  Capacity

Pipe  capacity is  NPS 2.



Hexagonal W rench
The  he xagonal wre nch m ay have  e ithe r of the se  two de signs: st ra ight  or offse t . Both  type s g ive  a  m ult i- side d  grip , but  the  m ain  d iffe re nce  be twe e n the  two is  the  e xt ra- wide  ope ning  of the  offse t .

He xagonal W re nch

Provide s m ult i- side d  grip  on  p ipe  fit t ings

St ra ight  De sign

Standard  configurat ion  for norm al acce ss situat ions

Offse t  De sign

Fe ature s e xt ra- wide  ope ning  for be t t e r acce ss in  t ight  space s



Adjustab le  W renches

Adjustab le  wrenches have  a  th in  ad justab le  head  for 

working  in  close  quarte rs  and  are  use ful for t ightening  or 

loosening  nuts  and  bolt s  on flanged  fit t ings and  valve s. 
The re  are  ove r a  dozen m ode ls  and  jaw openings ranging  

from  1/ 2 in  to 2- 1/ 2 in  (12 m m  to 63 m m ).

• Ve rsat ile  tool for various fastene r s ize s

• Thin profile  for acce ssing  t ight  spaces

• Ideal for flanged  fit t ings and  valve s

• Availab le  in  m ult ip le  s ize s for d iffe rent  applica t ions

• Adjustab le  jaw accom m odate s d iffe rent  fastene r s ize s

Adjustab le  wrench with  m ovable  jaw



In te rnal W rench

The  inte rnal wrench holds p ipe s, n ipple s , and  fixture  

connect ions in  p lace  from  the  inside  while  a  gas 

t e chnician/ fit t e r t ightens down a  nut . The  knurled  head  is  
reve rsib le  to handle  s ize s from  1 in  to 2 in .

• Specia lized  tool for in te rnal gripping

• Holds p ipe s and  fit t ings from  the  inside

• Allows for t ightening  connect ions without  exte rnal 

dam age

• Reve rsib le  knurled  head  for d iffe rent  p ipe  s ize s

• Essent ia l for ce rta in  p lum bing  and  gas fit t ing  

applica t ions

Inte rnal wrench with  reve rsib le  knurled  head



Cut t ing  Tools: Pipe  Cut te rs
Pipe  cut t ing  is  done  e ithe r by hand or with  power tools . Cut te rs  are  

availab le  in  a  num ber of de signs and  size s. The ir use  depends on the  s ize  

and  m ate ria l of the  p ipe  you cut  and  the  s ituat ion unde r which you carry 
out  the  cut t ing  ope rat ion.

Square  Cuts

Cut t ing  the  end  of the  p ipe  

square ly is  ve ry im portant  if 

you need  to thread  the  p ipe

Prope r Se lect ion

The  correct ly se lected  

cut te r does the  be st  job  

quickly and  accurate ly

Avoid  Hacksaws

You should  neve r use  a  hacksaw to cut  p ipe , because  it  could  not  

cut  the  p ipe  square ly and  the  re sult  m ay be  badly cut  threads and  

broken d ie s



Pipe  Cut te r Design
Most  p ipe  cut te rs have  a  hook- shape d fram e  with  a  cut te r whe e l a t  the  e nd. A slid ing  housing  contain ing  two rolle rs that  hold  the  p ipe  in  posit ion  against  the  whe e l is  m ounte d  on  the  ste m  of the  hook. A scre w that  is  t ighte ne d as the  tool rotate s 
around the  p ipe  m ove s the  slid ing  housing , forcing  the  cut te r whe e l in to the  p ipe . The  rolle rs t e nd  to roll down the  e xte rnal burr ra ise d  on  the  p ipe  as the  cut te r whe e l m ove s the  m e tal.

P ipe  Cut te r Com pone nts

Hook- shape d fram e , cut t e r whe e l, rolle rs, and  adjustm e nt  scre w

Cut t ing  Proce ss

The  cut te r whe e l gradually cut s in to the  p ipe  as the  tool rotate s

Cle an  Re sult

Prope rly cut  p ipe  with  square  e nd re ady for thre ading



Tool Safe ty Checklist

W ear prope r PPE

Safe ty g lasse s, g loves, and  appropria te  clothing

Inspect  tools

Check for dam age  be fore  each use

Ve rify correct  tool

Ensure  you have  the  right  tool for the  job

Know prope r t e chnique

Unde rstand  how to use  the  tool correct ly



Tool Maintenance  Schedule
Daily

Clean tools  afte r use , visual inspect ion

W eekly

Lubricate  m oving  part s , check for wear

Monthly

Thorough inspect ion, sharpen cut t ing  edges

Quarte rly

Com ple te  ove rhaul, rep lace  worn part s



Tool Se lect ion  Process

Ident ify Task

De te rm ine  the  specific  job  

requirem ents

Se lect  Tool

Choose  the  appropria te  tool for the  

task

Ve rify Condit ion

Ensure  the  tool is  in  good working  

orde r

Use  Prope rly

Apply the  tool correct ly and  safe ly



Com m on Tool Size s



Tool Storage  Solut ions

Tool Chest

Mult i- drawer s torage  for organizing  

various tools  by type  and  size . Provide s 

security and  protect ion from  
environm ental factors .

Tool Bag

Portab le  solut ion for carrying  e ssent ia l 

tools  to job  s it e s . Feature s m ult ip le  

pocke ts  and  com partm ents  for 
organizat ion.

W all Storage

Efficient  use  of workspace  with  tools  

vis ib le  and  acce ssib le . Keeps tools  off 

surface s and  protect s  them  from  
dam age .



Tool Safe ty Stat is t ics

30 %
Injury Reduct ion

Prope r tool m aintenance  reduces 
workplace  in jurie s

45%
Efficiency Gain

Using  the  right  tool increases work 
e ffic iency

25%
Cost  Savings

W ell- m aintained  tools last  longe r, 
reducing  rep lacem ent  cost s

These  st at ist ics h ighlight  the  im portance  of p rope r tool se lect ion, m aintenance , and  
usage . Not  only does it  im prove  safe ty by reducing  workplace  in jurie s by 30 %, but  it  
a lso increases e ffic iency by 45% and  reduces cost s by 25% through extended  tool life .



Essent ia l Tool Kit  for Gas Technicians

1
Specialized  Tools

Pipe  wrenches, tub ing  bende rs, crim ping  tools

Gene ral Tools

Screwdrive rs, p lie rs, ham m ers, leve ls

Measuring  Tools

Tape  m easure , sp irit  leve l, p lum b bob

Cut t ing  Tools

Pipe  cut te rs, sn ips, file s

Safe ty Equipm ent

Gloves, safe ty g lasses, ear p rotect ion



Tool Handling  Best  Pract ice s

Prope r Grip

Hold  tools  firm ly with  the  appropria te  grip  to m ainta in  

cont rol and  prevent  s lipp ing .

Body Posit ioning

Mainta in  s tab le  foot ing  and  prope r body a lignm ent  to 

prevent  s t ra in  and  injury.

Force  Applicat ion

Apply force  gradually and  in  the  correct  d irect ion for the  

tool be ing  used .

Tool Inspect ion

Always inspect  tools  be fore  use  to ensure  they are  in  

good working  condit ion.

Prope r Storage

Re turn tools  to the ir prope r s torage  locat ion afte r use  to 

prevent  dam age  and  loss .

Clean Afte r Use

Rem ove  d irt , g rease , and  debris  from  tools  afte r e ach use  

to m ainta in  funct ionality.



Tool Life span Factors

Quality

Highe r quality tools  gene rally last  longe r

Usage

Frequency and  intensity of use  affect s  life span

Maintenance

Regular cleaning  and  lubricat ion extends life

Storage

Prope r s torage  prevents  dam age  and  corrosion



Tool Se lect ion  Decision  Tree
Ident ify the  Task

De te rm ine  exact ly what  needs to be  accom plished

Conside r Mate ria l

W hat  type  of m ate ria l will you be  working  with?

Evaluate  Space

How m uch working  space  is  availab le?

Asse ss Force  Requirem ents

How m uch force  will need  to be  applied?

Se lect  Appropria te  Tool

Choose  the  tool that  be st  m ee ts  a ll requirem ents



Tool Care  and  Cleaning

Rem oving  Debris

Use  a  wire  brush to rem ove  d irt , rust , 

and  debris  from  tool surface s. Pay 

specia l a t t ent ion to m oving  part s  and  
joint s  whe re  buildup  can affect  

pe rform ance .

Lubricat ion

Apply appropria te  lubricants  to m oving  

part s  and  joint s . Diffe rent  tools  m ay 

require  d iffe rent  types of lubricants  -  
consult  m anufacture r 

re com m endat ions.

Sharpening

Mainta in  sharp  edges on cut t ing  tools  

using  appropria te  sharpening  m e thods. 

Dull tools  require  m ore  force  and  can be  
dange rous to use .



Sum m ary: Hand  Tools for Gas 
Technicians

Tool Se le ct ion

Choose  the  right  tool for e ach  specific  job  based  on  de sign  feature s, work space , 

m ate ria ls, and  safe ty conside rat ions

Tool Varie ty

Unde rstand  the  various types of tools availab le  includ ing  screwdrive rs, p lie rs, 

wrenches, ham m ers, and  specialized  p ipe  tools

Tool Safe ty

Follow prope r safe ty p rocedure s when using  tools to p rotect  yourse lf and  othe rs

Tool Mainte nance

Regularly c lean , lubricate , and  p rope rly store  tools to ensure  long  working  life  

and  op t im al pe rform ance



Pipe  Cut t ing  and  Thread ing  
Tools
A com prehensive  guide  to the  e ssent ia l tools  used  by gas t e chnicians 

and  fit t e rs  for cut t ing , re am ing, and  threading  p ipe s. 



Types of Pipe  Cut te rs

Standard  W hee l- and- Rolle r Cut te rs

Feature s a  cut t ing  whee l and  support ing  rolle rs  to d is t ribute  

pre ssure  evenly around the  p ipe  during  cut t ing .

3- W hee l or 4- W hee l Cut te rs

These  cut te rs  have  no rolle rs , only cut te r whee ls , m aking  them  ideal 

for use  in  confined  spaces.

P ipe  cut te rs  are  e ssent ia l tools  for gas t e chnicians and  fit t e rs , a llowing  

for clean and  precise  cuts  on various p ipe  m ate ria ls .



Cut te r W hee l Se lect ion

Type Designed  for

Standard  th in  whee l Cut t ing  ord inary s te e l p ipe .

St ronge r whee ls Cut t ing  heavie r or cast - iron 

p ipe .

Ve ry th in  whee l Cut t ing  p last ic  p ipe .

Be fore  using  a  cut te r whee l, a lways inspect  it  to m ake  sure  that  it  is  not  

b lunt  or dam aged. A b lunt  or dulled  cut te r t ends to crush ra the r than cut  

the  p ipe .



Rotat ion  Requirem ents for Pipe  Cut te rs

360 °
Single - W hee l Cut te r

W he e l- and- rolle r cut t e rs  re quire  a  full rota t ion  around  the  p ipe

120 °
Three - W he e l Cut te r

Re quire s  just  ove r 120 ° of rota t ion, m aking  it  ide al for confine d  
space s

The  am ount  of rota t ion ne e de d varie s  by cut t e r type , which de te rm ine s which tool is  m ost  appropria te  for d iffe re nt  working  
condit ions.



Heavy- Duty Pipe  Cut te rs

Type  A

Cuts p ipe  s ize s ranging  from  1/ 8 in  to 1- 1/ 4  in .

Anothe r m ode l cut s  p ipe  s ize s NPS 1/ 8 to NPS 2.

Type  B

Has a  second handle  for leve rage  by two people .

Cuts  p ipe  s ize s ranging  from  NPS 2 to NPS 6 , depending  on 

the  m ode l.

Heavy- duty cut te rs  can funct ion as  s ingle  whee l- and- rolle r cut te rs  for a ll- around work. For cut t ing  in  confined  areas, 

rep lacing  the  two rolle rs  with  cut te r whee ls  can conve rt  the se  cut te rs  to three - whee l cut te rs .



Three - W hee l Cut te rs
Require s Less 
Rotat ion

Because  of the  sm alle r 

am ount  of rota t ion needed  

with  the  three - whee l 
cut te r, it  is  use ful in  

confined  spaces.

Require s More  Care

You m ust  t ake  m ore  care  

when start ing  a  cut  with  the  

three - whee l cut te r to m ake  
sure  the  cut  is  s t ra ight .

Leaves More  Burr

This  cut te r a lso le aves m ore  of an outside  burr. You m ust  rem ove  

the  burr on eve ry cut  to avoid  t rouble  with  dam aged thread  or 

p ipe  d ie s .



Four- W hee l Cut te rs

Type Descrip t ion Pipe  Capacity

A Has a  short  hand le  for ext ra- t ight  areas 
where  only a  130 ° turn  can  be  m ade .

NPS 3/ 4  to NPS 2

B Has the  second  hand le . Two peop le  m ay 
use  th is for cut t ing  large  p ipe  sizes in  
confined  areas.

NPS 2- 1/ 2 to NPS 4

The  four- whee l cut te r facilit a te s work in  areas where  a  com ple te  turn  is  not  possib le , m aking  it  an  e ssent ia l tool for working  in  confined  
spaces.



Heavy- Duty, W ide - Roll 
Cut te rs

Ext ra- W ide  
Rolle rs

Prevent  the  cut te r 

from  wobbling  during  

the  cut t ing  ope rat ion

Longe r Body

Designed  to re st  on 

the  m achine  while  

cut t ing

Pipe  Capacity

NPS 1/ 8 to NPS 2

Gas te chnicians/ fit t e rs  use  the  heavy- duty, wide - roll cut te r with  power 

vise s for s tab le  and  precise  cut t ing  ope rat ions.



Tubing  Cut te rs
Clean, Square  Cuts

He lps m ake  clean, square  cuts  on 

coppe r, b rass , a lum inum , and  

thin- walled  conduit .

Built - in  Ream er

These  cut te rs  com m only have  a  

fold- away ream er a t tached  to 

them .

Caut ion!

It  is  ext rem e ly im portant  that  

you do not  use  tub ing  cut te rs  to 

cut  p ipe , as  the  cut t ing  whee ls  
will becom e  tota lly use le ss .



Crosscut  Saw

Funct ion

To cut  across the  gra in  of wood

Design

The  fam iliar handsaw with  te e th  de signed  for cross- gra in  

cut t ing

Lim ita t ion

Do not  use  it  on m e tal

The  crosscut  saw is  a  basic  but  e ssent ia l tool for woodworking  tasks that  

m ay be  required  during  p ipe  insta lla t ion project s .



Ripsaw
Purpose

A ripsaw he lps cut  a long  the  

length of the  gra in  of wood.

Lim ita t ion

Do not  use  it  on m e tal.

Blade  Design

The  rip  saw has a  coarse r b lade  (fewer te e th/ inch) than the  

crosscut  saw.



Hacksaw

Prim ary Uses

Gas te chnicians/ fit t e rs  use  a  

hand hacksaw prim arily to cut  

m e ta l, as  we ll as  for cut t ing  
threaded  rod  and  shaping  

such things as  shee t  m e ta l and  

st rap  hange rs .

Fram e  Types

Hacksaw fram es m ay be  fixed  

or ad justab le . Fixed  fram es are  

m ore  rig id , but  ad justab le  
fram es enable  the  use  of 

d iffe rent  b lade  lengths.

Blade  Orienta t ion

Usually, you m ay orient  the  b lade  in  line  with  the  fram e  or a t  an  angle  

45° or 90 ° angle  to it .



Hacksaw Blade  Types

All- Hard  (Rig id) Blades

• Made  of fully hardened  stee l

• Used  to cut  tough m ate ria ls  such as  a lloy and  tool s te e l

• Are  brit t le  and  break easily

Flexib le  Blades

• Are  e ithe r carbon stee l or b i- m e tal and  do not  break 

easily

• Carbon stee l b lades are  e conom ical and  are  used  to cut  

m ild  s te e l, coppe r, b rass , and  a lum inum

• Bi- m e tal b lades are  used  to cut  a ll types of m e ta l

The  b lades are  10  in  or 12 in  (250  m m  or 30 0  m m ) in  length and  com e  in  d iffe rent  types for various applica t ions.



Hacksaw Blade  Se lect ion
1 Conside r Tee th  Count

The  num ber of t e e th  pe r 

inch de te rm ines the  

coarseness of the  b lade .

2 Match to Mate ria l 
Thickness

To cut  th ick m ate ria ls , 

choose  a  coarse  b lade . For 

th in  m ate ria ls , choose  a  fine  
b lade .

3 Ensure  Prope r Contact

At  le ast  two te e th  should  a lways be  in  contact  with  the  cut  

m ate ria l.

Se lect ing  the  right  hacksaw blade  for the  job  ensure s cleane r cut s , longe r 

b lade  life , and  m ore  e fficient  work.



Pipe  Vise s Ove rview

Purpose

Pipe  vise s  are  hold ing  device s that  

gas t e chnicians/ fit t e rs  use  while  

cut t ing , re am ing, and  threading  p ipe .

Bench- Mounte d

Som e  are  a t t ached  to workbenches 

for s ta t ionary use  in  workshops.

Portab le  Stands

Othe rs  are  m ounted  on portab le  

s tands for use  a t  the  job  sit e .

Secure  Grip

All provide  a  secure  hold  on p ipe s 

during  various ope rat ions.



Top- Screw Bench Chain  Vise
Chain  Advantage

It s m ain  advantage  lie s with  the  hold ing  chain , which d ist ribute s p re ssure  

evenly around  the  p ipe .

Secure  Anchoring

The  crank handle  anchors it se lf to the  base  of the  vise .

P ipe  Protect ion

The  toothle ss jaws have  a  special neoprene  coat ing  to avoid  scoring  of the  

p ipe .

Capacity

Pipe  capacity is  up  to NPS 8.

The  top- screw chain  vise  is  a  popular bench- m ounted  type . The re  is  a lso a  bot tom -

screw chain  vise  availab le .



Tri- Stand  Chain  Vise
Large  Base

Provides 

s tab ility 

during  p ipe  
work

Tool Tray

Feature s a  

s lot ted  tool 

t ray for 
convenience

Portab le

Com ple te , 

portab le  

workbench

Capacity

Holds p ipe  up  

to NPS 5

The  gas indust ry part icularly like s th is  type  because  the  chain  holds a  

p ipe  snugly, with  uniform  pre ssure .



Top- Screw, Stand  Chain  
Vise

Design Feature

A pipe  connects  two pairs  of 

legs that  m ake  the  top- screw, 

s tand  chain  vise  handy for 
working  on long  lengths of 

p ipe  that  require  support .

Custom izat ion

Manufacture rs  m ust  often 

ta ilor e ach of the  legs and  

connect ing  p ipe  for e ach job  
because  supplie rs  do not  

provide  the se  part s  a long  with  

the  vise .

Capacity

The  vise  will hold  a  m axim um  pipe  capacity of NPS 5.



Pipe  Ream ers In t roduct ion
Purpose

Ream ers he lp  rem ove  the  burr from  the  inside  surface  of a  p ipe  afte r 

you cut  the  p ipe  with  cut te rs .

Object ive

The  object ive  is  a  sm ooth fin ish  no sm alle r than the  inside  

d iam e te r of the  p ipe  for unre st ricted  fluid  and  gas flow.

Ope rat ion

You can do ream ing by hand, but  ce rta in  types of re am ers 

specifica lly funct ion for power vise s .

Sequence

Ream ing a lways com es be fore  threading  to avoid  

de form ing  the  threaded  end .



St ra ight , Fluted , Ratche t  
Ream er

Efficiency

This ream er works fast  and  

clean with  light  pre ssure .

Ve rsat ility

It  works for e ithe r hand or 

power ream ing.

Safe ty

Of the  three  tools , it  is  the  only one  that  is  safe  for power 

equipm ent .

Two m ode ls  of the  s t ra ight  ra tche t  re am er are  availab le . One  has a  p ipe  

capacity of NPS 1/ 8 to NPS 2. The  othe r has a  p ipe  capacity of NPS 3/ 8 to 

NPS 3.



Spiral Ratche t  Ream er

Hand Use  Only

The  funct ion  of sp ira l ra t che t  re am e r is  for hand  use  only.

Safe ty W arning

It  is  unsafe  to use  with  a  powe r vise .

P ipe  Capacity

Such re am e rs can handle  a  p ipe  capacity up  to NPS 4 .

In jury Risk

You should  not  use  hand  sp ira l re am e rs with  powe r vise s, as  
the  re am e r m ay b ind  in  the  p ipe  and  pull away from  your 
hand , possib ly causing  in jury.



Understanding  Threads

Purpose

Gas te chnicians/ fit t e rs  use  in te rnal and  exte rnal threads in  

com binat ion to m ake  m echanically sound and  le ak proof 

connect ions.

Types

Threads m ay be  cut  s t ra ight  or t ape red , e ach se rving  

d iffe rent  purpose s in  p ip ing  system s.

Prope r threading  is  e ssent ia l for creat ing  secure , le ak- proof connect ions in  gas p ip ing  system s.



St ra ight  vs. Tape red  Threads

Straight  Threads

• Called  para lle l because  the  peaks of the  threads a ll have  

the  sam e  d iam e te r

• Bolt s  usually have  s t ra ight  threads

• Pip ing  connect ions that  need  not  be  le ak proof often use  

s t ra ight  threads

Tape red  Threads

• Tape red  threads, both  in te rnal and  exte rnal, m esh 

toge the r when t ightened  secure ly, p roducing  a  le ak 

proof joint

• Standard  p ip ing  threads have  a  t ape r of 3/ 4  in  pe r foot



Thread  Direct ion  and  Sizing
Right - Hand  Threads

The  fit t ing  is  screwed  onto the  threaded  p ipe  in  a  c lockwise  m ot ion .

Le ft - Hand  Threads

The  fit t ing  is  screwed  onto the  threaded  p ipe  with  a  counte r- clockwise  
m ot ion .

De fault  Direct ion

A thread  is  assum ed  to be  right - hand unle ss designated  othe rwise .

Size  Variat ion

The  size  of thread  varie s  for d iffe rent  s ize s of p ipe ; the  large r the  p ipe  
size , the  large r the  s ize  of the  thread .



Thread  Count  by Pipe  Size

NSP Pipe Threads/ Inch

1/ 8 27

1/ 4 , 3/ 8 18

1/ 2, 3/ 4 14

1 to 2 11- 1/ 2

2- 1/ 2 to 12 8

W hen you screw a  p ipe  to a  fit t ing , 7 to 8 threads are  engaged (a  lit t le  
m ore  for p ipe  s ize s large r than NPS 1- 1/ 4). The re fore , you can m easure  or 
ca lcula te  the  approxim ate  thread  engagem ent  for the  various s ize s of 
p ipe . This  is  use ful in  de te rm ining  the  length of p ipe  to cut  when you 
know the  cente r- to- cent re  m easurem ent .



Thread  Cut t ing  Oil
Purpose

Thread  cut t ing  oil he lps produce  accurate  work and  a  sm ooth 

fin ish , during  a  threading  ope rat ion.

Funct ions

The  oil cove rs  the  p ipe  and  the  d ie  to reduce  frict ion, cool both  the  

tool and  the  p ipe , and  flush away m e tal chips.

Thread  cut t ing  oils  are  e ithe r clear or dark and  produce  the  sam e  re sult  

when working  with  e ithe r power- driven or hand tools .



Thread  Cut t ing  Oil Ingred ient s

Ingred ients Purpose

Fat ty oil Provide  an  even  film .

Sulphur/ ch lorine Supply a  tough chem ical film  be tween the  cut t ing  edges and  the  
threaded  m ate ria l.

Ant i- foam  agent Reduce  surface  tension  and  foam  buildup .

Germ icide Lessen  the  risk of infect ion  should  the  ope ra tor be  in jured .



Thread  Cut t ing  Oil Usage
1 Lubricat ion  and  Cooling

Thread  cut t ing  oil lubricate s  and  

cools  the  threads during  the  

threading  ope rat ion. A d irty or 
poor- grade  of cut t ing  oil can 

re sult  in  poor thread  quality.

2 Maintenance

Clean m e tal shavings and  othe r 

debris  from  the  chip  t ray of the  

oile r. Check the  leve l and  quality 
of the  thread  cut t ing  oil. Replace  

or add  oil if nece ssary.

3 Not  a  Tool Lubricant

You should  not  confuse  thread  

cut t ing  oils  with  the  oils  used  to 

m ainta in  the  condit ion of tools . 
They are  not , in  that  sense , a  

lubricant .



Pipe  Taps

Funct ion

Pipe  t aps he lp  cut  or repair 
in t e rnal p ipe  threads. The  
process is  called  t apping  and  is  
usually done  by hand  using  a  
special wrench to hold  and  turn  
the  t ap .

Preparat ion

Before  at t em pt ing  to t ap  new 
threads in  a  p lain  hole , you should  
t ape r the  hole  with  a  t ape r p ipe  
ream er to p rope rly shape  the  
hole .

Specificat ions

Sizes range  from  NPS 1/ 8 to NPS 
2. Manufacture rs usually st am p 
the  d iam e te r and  p it ch  ( the  
num ber of threads pe r inch) on 
the  shank.

Design  Feature s

The  flute s on a  t ap  provide  a  
space  be tween the  cut t ing  edges 
to catch m e tal chips. The  square  
end  of the  t ap  provides a  sturdy 
grip  for the  t ap  wrench.



Pipe  Die s In t roduct ion
Purpose

Gas technicians/ fit t e rs use  d ie s to cut  the  exte rnal threads on  p ipe  fit t ing-
a  p rocess known as thread ing .

Die  Head

A d ie  head  holds the  cut t ing  d ie s in  p lace .

Handle

Mounted  on  the  d ie  head  is  a  hand le  of suitab le  leng th  for turn ing  often  
with  a  ra tche t  assem bly for convenience  and  ease  of ope ra t ion .

Design Feature

Dies have  flute s or spaces be tween the  cut t ing  edges to p rovide  space  for 
m e ta l ch ips to e scape  during  the  thread ing  ope ra t ion .

There  are  two m ain  types of d ie s: full- wid th  and  reced ing .



Full- W idth  Dies

Design

The  width  of the  d ie s  is  equal to the  length of the  thread  to 

be  cut

Ope rat ion

The  d ie  m oves a long  the  p ipe  as  it  cut s  the  thread

Com ple t ion

W hen the  oute r edge  of the  d ie  is  flush with  the  end  of the  

p ipe , the  thread  is  com ple te

This  applie s  to t ape r threads only. Full- wid th  d ie s  facilit a te s  threading  of 

sm alle r p ipe  s ize s, whe re  le ss  e ffort  is  required .



Receding  Dies

Design

In receding  d ie s , the  wid th  of 

the  d ie s  is  conside rably le ss  

than the  length of the  thread  
to be  cut .

Ope rat ion

The  d ie  m ust  t rave l a long  the  

p ipe  to cut  the  thread , and  as  

the  d ie  m oves a long  the  p ipe , 
it  m ust  re cede  from  the  cent re  

line  of the  p ipe  in  orde r to cut  a  

t ape red  thread .

Applicat ion

Receding  d ie s  usually he lp  thread  large r p ipe  whe re  the re  is  

conside rable  surface  area  to cut .



Hand Threade rs Ove rview
Indust ry Pre fe rence

The  gas indust ry pre fe rs  

the  ra tche t  type  of threade r 

to othe r hand m e thods.

Ergonom ic 
Advantage

Body we ight  can he lp  turn  

the  full- wid th  d ie s  while  

s tanding  to one  s ide  of the  
p ipe .

Main  Types

Ratche t , d rop- head  hand threade rs  are  am ong the  m ost  com m on 

types used .



Ratche t , Drop- Head  Hand Threade rs

Exposed- Ratche t , Drop- Head  Threade r

• More  wide ly used  than the  enclosed  type

• Die  head  locks in to the  ra tche t  and  handle  assem bly

• Rem oved by pulling  out  the  reve rsib le  ra tche t  knob

• Designed  for p ipe  s ize s ranging  from  NPS 1/ 8 to NPS 1

Enclosed- Ratche t  Drop- Head  Threade r

• Die  head  snaps in to the  ra tche t  from  e ithe r s ide

• Pushes out  e asily

• Pipe  s ize  capacity is  from  NPS 1/ 8 to NPS 2

Drop- head  threade rs  are  quick and  easy to use  for sm all jobs or in  close  quarte rs . The  d ie s  are  in te rchangeable . In  both  m ode ls , 

you can reve rse  the  d ie s  for close - to- the - wall threading . You can a lso use  drop- head  threade rs  with  power vise s .



Ratche t  Threade r Maintenance
Inspect ion

Inspect  the  
threade r be fore  
use

Replacem ent

Replace  d ie s or 
any othe r part  
tha t  shows 
dam age  or wear

Cleaning

Keep  d ie s clean  
from  debris and  
m e ta l shavings

Lubricat ion

Apply p rope r 
thread  cut t ing  oil 
during  use

Prope r m ain tenance  of ra tche t  threade rs ensures clean , accurate  threads and  
extends the  life  of the  tool.



Jam - Proof Ratche t  Threade r
Die  Type

The  jam - proof ratche t  threade r uses reced ing  d ie s.

Ve rsat ility

It  is  use ful and  quick for thread ing  p ipe  be tween NPS 1 to NPS 2 size .

Adaptab ility

It  uses one  se t  of d ie s  to thread  d iffe rent  p ipe  s ize s.

Safe ty Feature

Afte r the  thread  is  com ple te ly cut , it s  jam - proof act ion  kicks out  
autom at ically to p revent  dam age  caused  by d ie s reced ing  past  the ir 
lim it .



Quick- Opening  Threade r

Design Purpose

The  quick- opening  threade r is  de signed  for use  on power equipm ent  

such as  a  power threading  m achine .

Key Feature

Afte r you cut  the  thread  to the  required  length, the  d ie  head  has a  

leve r to re lease  the  d ie s  from  the  p ipe , e lim inat ing  the  need  to s top  

and  back off afte r the  thread  has been cut .



Die  Head  Style s

Mono- Die  Head

Threads just  one  s ize  of p ipe .

Unive rsal- Die  Head

Adjustab le—can use  the  sam e  se t  of d ie s  to thread  NPS 1 to 

NPS 2 p ipe  or fit  two othe r d ie  se t s  to thread  NPS 1/ 2 to NPS 

3/ 4  p ipe  or NPS 1/ 4  to NPS 3/ 8 p ipe .

Se lect ing  the  appropria te  d ie  head  style  depends on the  varie ty of p ipe  s ize s you need  to thread  and  the  frequency of use .



Thum b Drills
Purpose

Gas 

te chnicians/ fit

t e rs  use  
Thum b drills  

to drill out  

orifice s

Precision

Allows for 

accurate  

s izing  of gas 
orifice s

Manual 
Ope rat ion

Operated  by 

hand for 

cont rolled  
drilling

Com pact  
Size

Sm all enough 

for precise  

work in  t ight  
spaces



Prope r Pipe  Cut t ing  Technique

Select  the  Right  Cut te r

Choose  the  appropriate  cut te r type  based  on  p ipe  m ate ria l, s ize , and  
working  space .

Inspect  the  Cut te r W hee l

Ensure  the  cut te r whee l is  sharp  and  appropriate  for the  p ipe  m ate rial.

Mark the  Pipe

Clearly m ark where  the  cut  should  be  m ade  around  the  en t ire  p ipe .

Posit ion  and  Tighten

Posit ion the  cut te r on  the  m ark and  t ighten  it  just  enough to 
keep  it  in  p lace .



Com ple t ing  the  Pipe  Cut
Rotate  the  Cut te r

Rotate  the  cut te r around the  p ipe , t ightening  slight ly afte r e ach 

com ple te  rota t ion.

Apply Cut t ing  Oil

Apply thread  cut t ing  oil to the  cut t ing  whee l to reduce  frict ion 

and  extend  whee l life .

Cont inue  Rotat ing

Cont inue  the  process unt il the  p ipe  is  com ple te ly cut  through.

Rem ove  Burrs

Use  a  ream er to rem ove  any burrs  from  the  inside  of the  

p ipe .



Pipe  Thread ing  Process

Cut  the  Pipe

Use  the  appropriat e  cut t e r to m ake  a  clean, square  cut .

Ream  the  Pipe

Rem ove  all burrs from  the  inside  of the  p ipe .

Se lect  Thread ing  Tools

Choose  the  appropriat e  d ie  and  d ie  head  for the  p ipe  size .

Thread  the  Pipe

Apply cut t ing  oil and  use  the  d ie  to cut  threads to the  prope r dep th .

Clean  the  Threads

Rem ove  any m e tal shavings and  excess oil from  the  threads.



Choosing  the  Right  Saw

Saw Type Best  Used  For Not  Suitab le  For

Crosscut  Saw Cut t ing  across 

wood gra in

Me tal

Ripsaw Cut t ing  a long  wood 

grain

Me tal

Hacksaw Metal, threaded  

rod , shee t  m e ta l

Thick wood

Se lect ing  the  appropria te  saw for the  m ate ria l be ing  cut  ensure s cleane r 

cut s , safe r ope rat ion, and  longe r tool life .



Hacksaw Blade  Se lect ion  Guide



Pipe  Vise  Se lect ion  Guide



Thread  Cut t ing  Oil Com parison

Clear Oils

• Be t te r vis ib ility of the  threading  process

• Less m essy to work with

• Easie r to clean up

• Often pre fe rred  for indoor work

Dark Oils

• Often conta in  m ore  addit ive s

• May provide  be t te r lubricat ion for tough m ate ria ls

• Typically m ore  econom ical

• Com m on in  indust ria l se t t ings

Both clear and  dark thread  cut t ing  oils  produce  the  sam e  re sult  when working  with  e ithe r power- driven or hand tools , with  the  

choice  often com ing down to pe rsonal pre fe rence  and  work environm ent .



Pipe  Threading  Safe ty Guide lines
W ear Prope r PPE

Always wear g loves, safe ty g lasse s, and  appropria te  

clothing  when threading  p ipe .

Secure  the  Pipe

Ensure  the  p ipe  is  secure ly he ld  in  a  prope r vise  be fore  

beginning  threading  ope rat ions.

Use  Cut t ing  Oil

Always use  the  appropria te  thread  cut t ing  oil to 

reduce  frict ion and  heat .

Keep  Area Clean

Regularly clear m e tal shavings to prevent  in jurie s  and  

m ainta in  a  safe  work area .



Pipe  Measurem ent  and  
Marking

Measure  Accurate ly

Use  a  t ape  m easure  or rule r to de te rm ine  the  required  p ipe  leng th , 
account ing  for thread  engagem ent  in  fit t ings.

Mark Com ple te ly

Mark the  cut t ing  line  com ple te ly around  the  p ipe  to ensure  a  s t ra ight  
cut .

Conside r Thread  Engagem ent

Rem em ber that  7- 8 threads will engage  when connected  to a  
fit t ing , affect ing  the  final assem bled  leng th .

Account  for Fit t ings

Calculate  the  total assem bled  leng th  includ ing  all fit t ings and  
thread  engagem ent .



Thread  Engagem ent  by Pipe  Size



Tool Maintenance  Schedule

Tool Maintenance  Task Frequency

Pipe  Cut te rs Inspect  and  rep lace  
whee ls

Before  each  use

Ream ers Clean  and  oil Afte r each  use

Dies Clean , inspect , and  oil Afte r each  use

Vises Clean  jaws and  
lubrica te  m oving  part s

W eekly

Hacksaw Replace  b lades W hen dull or 
dam aged

Regular m ain tenance  of p ipe  cut t ing  and  thread ing  tools ensures longe r tool life , 
safe r ope ra t ion , and  be t te r quality work.



Com m on Pipe  Thread ing  Problem s

Rough Threads

Cause d  by dull d ie s, insuffic ie nt  cut t ing  oil, or im prope r d ie  ad justm e nt . Re place  d ie s, 
use  m ore  cut t ing  oil, or ad just  d ie  p rope rly.

Tape red  Threads Too Long

Cause d  by cont inuing  to turn  the  d ie  afte r the  thre ad  is com ple te . Stop  thre ad ing  whe n 
the  d ie  is  flush with  the  p ipe  e nd  for full- wid th  d ie s.

Threads Too Shallow

Cause d  by im prope r d ie  ad justm e nt  or p re m ature  re m oval. Adjust  d ie  p rope rly and  
e nsure  com ple te  thre ad ing .

Dam aged  Threads

Cause d  by cross- thre ad ing  or forcing  conne ct ions. Always start  thre ads care fully and  
hand- t ighte n be fore  using  wre nche s.



Pipe  Cut t ing  Tool Se lect ion  Guide

Stee l Pipe

Use  standard  whee l- and- rolle r 

cut te rs  with  s tandard  th in  whee ls

Cast  Iron  Pipe

Use  heavy- duty cut te rs  with  s t ronge r 

whee ls

Plast ic  Pipe

Use  cut te rs  with  ve ry th in  whee ls  

de signed  for p last ic

Coppe r Tubing

Use  tubing  cut te rs , neve r p ipe  cut te rs

Se lect ing  the  right  cut t ing  tool for the  p ipe  m ate ria l ensure s clean cuts , extends tool life , and  im proves the  quality of 

subsequent  threading  ope rat ions.



Pipe  Thread ing  Tool Evolut ion
1Early Hand Tools

Sim ple  d ie s and  taps re quiring  significant  m anual e ffort

2 Ratche t  Mechanism s

Int roduct ion of ra tche t ing  handle s to re duce  e ffort

3Quick- Opening  Dies

De ve lopm e nt  of d ie s that  could  be  quickly re le ase d  from  the  p ipe

4 Power Threading

Int roduct ion of e le ct ric  and  hydraulic  thre ad ing  m achine s

5Modern System s

Com pute rize d , autom ate d  thre ad ing  syste m s with  pre cision 
cont rol

The  e volut ion of p ipe  thre ad ing  tools has focuse d  on im proving  e ffic ie ncy, re ducing  physical e ffort , and  incre asing  pre cision in  thre ad  cre at ion.



Pipe  Thread ing  Best  Pract ices

Quality Threads

The  ult im ate  goal: le ak- proof, s t rong  connect ions

2
Prope r Technique

Consisten t  p re ssure , s t eady rotat ion , adequate  oil

Quality Tools

Sharp  d ie s, appropriate  cut te rs , p rope r vise s

4
Thorough Preparat ion

Clean  cut s , p rope r ream ing , accurate  m easurem ents

Following best  p ract ice s for p ipe  thread ing  ensures h igh- quality, le ak- proof connect ions that  m ee t  indust ry s tandards and  p rovide  
long- te rm  re liab ility in  gas p ip ing  system s.



Essent ia l P ipe  W ork Tool Kit

A com ple te  p ipe  work tool kit  for gas t e chnicians and  fit t e rs should  include  quality p ipe  cut te rs, re am ers, thread ing  d ie s, vise s, and  accessorie s. 
Invest ing  in  p rofe ssional- g rade  tools ensure s be t t e r re sult s , safe r ope rat ion , and  longe r tool life .



CSA Unit  2

Chapte r 3                                 
Power Tools and  
Accessorie s for Gas 
Technicians
This pre senta t ion cove rs  the  e ssent ia l knowledge  gas t e chnicians and  

fit t e rs  need  regard ing  power tools  and  acce ssorie s . You'll le arn  about  

se lect ing  the  right  tools  for the  job , safe ty requirem ents , and  prope r 
ope rat ion procedure s for various power tools  com m only used  in  the  gas 

indust ry.



Object ives
Describe  requirem ents for se lect ing  and  using  
power tools and  acce ssorie s

Learn the  key factors  to conside r when choosing  the  right  power 

tool for your gas fit t ing  tasks

Ident ify power tools and  acce ssorie s

Recognize  various power tools  and  the ir specific  applica t ions in  

gas t e chnician work



Key Te rm inology

Term Abbreviat ion Definit ion

Alte rnat ing  current Ac or AC An e lect ric  current  that  reve rses it s  
d irect ion m any t im es a  second  at  
regular in t e rvals, t yp ically used  in  

power supp lie s.

Direct  current Dc or DC An e lect ric  current  flowing  in  one  
d irect ion only.

Hydraulic  power - W hen a liquid  is  used  to gene rate  
power.

Pneum at ic  power - W hen com pressed  air (or othe r 
gas)  is  used  to gene rate  power

Powder- actuated  tool - Nail gun used  in  const ruct ion and  
m anufacturing  to join  m ate rials to 
hard  subst rat e s such as st ee l and  

concre te

Revolut ions pe r m inute rpm Measure  of the  frequency of 
rotat ion, specifically the  num ber of 
rotat ions around  a fixed  axis in  one  

m inute



Se lect ing  Power Tools
Portab le  powe r tools p rovide  the  gas te chnician/ fit t e r with  spe e d  and  e ffic ie ncy be yond 
that  found  with  hand  tools. Howe ve r, the ir be ne fit s  are  d ire ct ly re la te d  to how you ope rate  
and  m aintain  the m .

Type  of W ork

Conside r the  spe cific  task and  which powe r tools are  availab le  for that  applicat ion

Size  Requirem ents

De te rm ine  the  appropria te  m achine  size  ne e de d  for the  job

Power Source

Ensure  availab ility of appropria te  powe r source s within  the  range  of the  m achine 's  
e le ct rical conne ct ions

Safe ty Conside rat ions

Always priorit ize  safe ty whe n se le ct ing  and  ope rat ing  powe r tools



Safe ty First
Follow 
Direct ions

Always ope rate  
power tools 
accord ing  to 
m anufacture rs ' 
d irect ions

Obse rve  
Regulat ions

Follow all 
necessary safe ty 
precaut ions (such 
as W orke rs ' 
Com pensat ion 
Board  regulat ions)

W ear 
Protect ion

Always wear 
appropriat e  safe ty 
clothing  and  
equipm ent  as you 
work

Exe rcise  
Caut ion

Be  ext ra  care ful 
when working  in  
close  quart e rs or 
up  a  ladde r



Elect ric  Power Tool Safe ty

Do

• Equip  e lect rica l power tools  with  a  three - pronged  

grounding  p lug  inse rted  in to a  prope rly grounded 

receptacle  or double  insula te  them  with  a  polarized  p lug  
and  ce rt ified  by CSA

• Clean the  tools  with  an a ir hose  to keep  the  m otor and  

vents  free  from  fore ign m at te r to avoid  ove rheat ing

Do Not

• Stand  on we t  surface s while  ope rat ing  e lect ric  tools

• Touch wate r or m e tal p ip ing  when ope rat ing  e lect ric  

tools

• Ove rload  the  tool by forcing  it s  ope rat ion with  too large  a  

work p iece  or when it  is  s tuck

• Use  too long  extension cords

• Crim p the  cord  because  cont inual flexing  m ay break the  

wire  or cause  it  to ove rheat

• Ope rate  power tools  in  a  gaseous or explosive  

a tm osphe re



Powder- Actuated  Tools
Gas technicians/ fit t e rs use  seve ra l powder- actuated  tools to inse rt  fastene rs in to 
concre te  and  stee l.

Qualificat ion Required

Do not  use  th is equipm ent  unle ss you are  qualified  and  authorized  
to use  the  tool. You m ust  hold  a  separa te  ope ra tor's  card  for each  
m anufacture r's  tools.

Prope r Training

Each com pany that  m anufactures powder- actuated  tools has 
designed  a  short  course  of inst ruct ion  in  the  use  of it s  tools. Only 
that  course  qualifie s students for those  tools.

Follow Regulat ions

W orke rs ' Com pensat ion  Board  regula t ions ove rride  any othe r 
inst ruct ions or p recaut ions.



Powder- Actuated  Tool Safe ty: Be fore  You Start

Do

• Read the  inst ruct ions and  be  sure  that  you unde rstand  

them  be fore  you use  the  tool

• Ope rate  the  tool only if your supe rvisor authorize s you 

and  if you are  qualified  with  an ope rator's  card

• Use  only fastene rs  and  powde r loads m anufactured  for 

the  tool you are  using

• Always wear a ll required  PPE and  safe ty goggle s ra ted  

for the  task

• Store  powde r loads in  a  specia l conta ine r. Do not  m ix 

them  with  othe r object s  or put  them  in  your pocke ts

• Always check the  m ate ria l you are  fastening  into. Do not  

guess when the  m ate ria l is  concealed

Do Not

• Use  the  tool in  an explosive  a tm osphe re

• Leave  a  tool untended  whe re  som eone  e lse  m ight  use  it . 

Keep  it  locked  up  when you are  not  using  it

• At tem pt  to fasten in to g lass  b lock, t ile , hardened  ste e l, 

solid  rock, s la te , t e rra  cot ta , g ranite , g lazed  brick, cast  

iron, brick, hollow concre te  b lock, m arble , or unsound or 
cracked  concre te



Powder- Actuated  Tool Safe ty: As You W ork

Do

• Stand behind  the  tool when firing  it

• Keep the  tool a t  right  angle s to the  work surface

• Provide  a  backstop  when firing  in to th in  m ate ria ls

Do Not

• Place  your hands in  front  of the  barre l

• Use  m ore  powde r load  than you need

• Point  the  tool a t  a  pe rson (including  yourse lf) . Keep  

othe r worke rs  out  of the  line  of fire



Minim um  Mate ria l Requirem ents for Powder-
Actuated  Tools

65m m
Concre te  Thickness

Minim um  2- 1/ 2 inches of concre te  required

5m m
Stee l Thickness

Minim um  1/ 4  inch  of stee l required

50 m m
Distance  from  W eld

Fasten  at  least  2 inches from  a we ld  or ve rt ical m ortar join t

75m m
Edge Distance  (Concre te )

Fasten  at  least  3 inches from  the  edge  of concre te



Addit ional Powde r- Actuated  
Tool Requirem ents

Edge  Distance  for Stee l

Fasten at  le ast  1/ 2 inch (12 m m ) from  the  edge  of st ee l

Failed  Fastene r Distance

Fasten at  le ast  3 inches (75 m m ) from  where  a  form er fast ene r failed

Special Adapte r

Use  a  special adap te r supplied  by the  tool m anufacture r when driving  a  
fast ene r in to a  hole

Storage

W hen you have  fin ished , keep  the  unloaded  tool and  it s  cart ridges in  a  d ry 
locked  containe r



Types of Power Tools

Cordle ss Tools

Bat te ry- powered  tools  that  

provide  m obility and  

flexib ility

Corded  Elect ric  Tools

Tools  that  p lug  into an 

e lect rica l re ceptacle

Gasoline - Powered  
Tools

Tools  that  use  gasoline  

engine s for power

Pneum at ic  Tools

Tools  that  use  com pressed  

a ir p re ssure



Cordle ss Tools
Most  tools tha t  gas t echnicians/ fit t e rs use  are  availab le  in  a  cord le ss op t ion  for 
m ost  app lica t ions. Cord le ss tools have  m any advantages. The  m ost  obvious 
advantage  is  the  lack of an  e lect rica l cord  for wide r use  and  for app lica t ions where  
e lect ric  out le t s  are  not  availab le  and  where  a  risk of e lect rica l shock exist s .

Bat te ry Care

You need  to t rea t  the  bat te ry as 
you would  any 115-  or 230 - volt  
device , re spect ing  a ll safe ty 
requirem ents and  e lect rica l codes.

Bat te ry Designs

The  bat te rie s for cord le ss tools 
have  m any d iffe rent  designs, 
app lica t ions, and  specia l safe ty 
requirem ents.

Manufacture r Inst ruct ions

Follow the  m anufacture r's  inst ruct ions for charg ing , hand ling , and  d isposing  
of bat te rie s for cord le ss tools.



Cordle ss Drills
The  m ost  com m on cord le ss  tool is  the  cord le ss  drill shown in  Figure  3- 1.

Power Source

Som e  drills  work on 110  V or 115 V 

alte rnat ing  current  (AC) and  som e  are  

powered  by rechargeable  bat te rie s  
that  typ ically run on 18V direct  current  

(DC).

Com m on Types

The  three  m ost  com m on types of 

portab le  e lect ric  power drills  used  in  

the  p ip ing  t rades are :

• 1/ 2 in  (12 m m ) portab le  drill

• 3/ 8 in  (9  m m ) portab le  drill

• Ham m er drill

Size  Re fe rence

The  size s re fe r to the  m axim um  size  of 

drill shank that  can fit  in to the  chuck.



Standard  Ut ility Drills
Figure  3- 2 shows the  fam iliar st andard  drill use d  for light  work. It s  chuck capacity range s from  1/ 4  in  to 3/ 8 in  (6  m m  to 9  m m ) drill s ize . Som e  m ode ls have  a  re ve rsing  switch  and spe e d cont rol.

Standard  Ut ility Ele ct ric  Drill

Im age  Source : W ikipe dia , Mikae l Häggst röm  from  orig inal by Kosiarz- PL

Applica t ions

Use d for light  drilling  work in  various m ate ria ls  including  wood, p last ic , and  th in  m e tal

Com pat ib le  Bit s

W orks with  a  varie ty of b it s  de signe d for d iffe re nt  m ate ria ls  and  applicat ions



Heavy- Duty Elect ric  Drills

Figure  3- 3 Heavy- duty e lect ric  drill

Specificat ions

The  drills  have  chuck capacit ie s  ranging  from  1/ 2 in  to 3/ 4  in  

(12 m m  to 19  m m ). They usually have  a  reve rsing  switch and  

a  heavy- duty chuck.

Safe ty Precaut ions

You m ust  exe rcise  ext ra  caut ion to avoid  in jury when 

ope rat ing  the se  high torque  drills  due  to the  rota t ion. 

Protect  your hands and  wrist  when ope rat ing  th is  drill.



Com pact  Heavy- Duty Drills
Com pact  Design

Com pact  types of heavy-

duty drills  that  you m ay use  

to drill through studs and  
jois t s

Power and  Torque

These  have  power and  

torque  to handle  se lf- feed  

b it s  up  to 4- 3/ 4  in  (120  m m ) 
for wood and  1/ 2 in  (12 m m ) 

for s te e l

Cont rol Feature s

They usually have  speed  cont rol and  a  reve rsing  switch



Right - Angle  Drive  Elect ric  Drills

Figure  3- 4  shows a  right  angle  drive  e lect ric  drill

Applicat ions

He lps drill through jois t s  or s tudding , or in  t ight  corne rs

Feature s

Som e  have  speed  cont rol and  a  reve rsing  switch

Advantages

The  right - angle  de sign a llows acce ss to spaces whe re  a  

s tandard  drill cannot  fit , m aking  it  ideal for gas fit t ing  work in  

confined  spaces



Rotary Ham m er Elect ric  Drills

Figure  3- 5 Rotary ham m er drill

Purpose

Gas te chnicians/ fit t e rs  use  rotary ham m er drills  for fast  

d rilling  in  concre te .

Pe rform ance

Manufacture rs  cla im  it  can drill 5.5 in  (140  m m ) pe r m inute  

in  const ruct ion- grade  concre te  with  a  1/ 2 in  (12 m m ) b it .

Bit s

These  drills  use  carb ide - t ip  b it s .



How Rotary Ham m er Drills  
W ork

Dual Act ion

The  ham m er drill p roduces both  a  drilling  act ion and  a  ham m ering  

act ion while  drilling  is  t aking  p lace .

Com bined  Effect

The  com bined  act ions produce  faste r, m ore  accurate  work.

Power Source s

Many d iffe rent  ham m er drills  exist  and  the re  are  three  

d iffe rent  ene rgy source s that  drive  them : e lect ric , pneum at ic , 

or hydraulic  drive s—depending  on the  applicat ion.



Com m on Sizes for Ham m er 
Drills

Drill Size Hole  Size

3/ 8 in  (9  m m ) drill Up to 9 / 16  in  (14  m m )

1/ 2 in  (50  m m ) rotary ham m er Up to 1 1/ 8 in  (28 m m )

"Core" drill b it Up to 2 in  (50  m m ) hole



Drill Accessorie s: Standard  and  Se lf- Feed  Bit s

Standard  Carbon Drill Bit

The  m ost  com m on of a ll d rill b it s . Can be  used  to d rill t hrough st ee l (see  Figure  3- 6a).

Se lf- Feed  Bit s

Used  for cut t ing  holes in  wood  for p ipe  sizes NPS 1/ 2 to 4 . Som e  have  rep laceab le  feed - screw p ilot s (see  Figure  3- 6b).



Drill Accessorie s: Auge r and  Fla t  Boring  Bit s

Auger Bit s

Availab le  to d rill hole s for p ipe  size s NPS 3/ 8 to 1 (see  Figure  3- 6c).

Fla t  Boring  Bit s

Have  d iam e te rs from  1/ 4 in  to 1- 1/ 2 in . Used  in  sm all, p istol- g rip  e lect ric  d rills  (see  Figure  3- 6d).



Drill Accessorie s: High- Speed  Hole  Cut te rs
Cut t ing  Depth

Som e  cut  to depths of 1- 3/ 4  in  

(45 m m )

Versat ile  Applicat ions

Used for cut t ing  round hole s in  

wood, s te e l, a lum inum , coppe r, 

b rass , shee t  m e ta l, s t a inle ss  
s te e l, and  p last ics

Specia lized  Cut t ing

W ith carb ide  t ips , they can cut  

ce ram ic t ile  (see  Figure  3- 6e )



Drill Accessorie s: Masonry Bit s  and  Chise ls

Carbide - Tip  Masonry Bit s

Used  to cut  holes in  m asonry b rick, stone , p last e r, slat e , or concre te . The  t ip  re sist s dulling  and  
m ay be  sharpened  on a  bench grinde r using  a  silicon- carb ide  g rind ing  whee l (see  Figure  3- 6f) .

Chise ls

Used  in  the  ham m er d rill t o b reak up  such th ings as concre te  t ile  (see  Figure  3- 6g).



Drill Accessorie s: Cruciform  and  Step  Bit s

Cruciform  Drill Bit s

Used in  the  ham m er drill to drill hard  m ate rials such  as m arble  and  granite  (see  Figure  3- 6h).

Step  Bit

Used to drill hole s of various size s with  a  single  b it . Part icularly use ful for shee t  m e tal work (see  Figure  
3- 6 i) .



Drilling  Procedure s: Inse rt ing  
Bit s

Disconnect  Power

Disconnect  the  power cord  be fore  inse rt ing  or chang ing  b it s

Se lect  and  Prepare

Se lect  a  sharp  d rill b it  and  m ake  sure  the  b it  shank and  chuck jaws are  
clean . Dirt  m ay cause  im prope r b it  a lignm ent .

Inse rt  Prope rly

Open chuck jaws wide  enough to a llow b it  to st rike  bot tom  of chuck. 
Tighten  chuck jaws by hand  first  to a lign  the  b it , then  use  the  chuck 
key p rogressive ly in  a ll th ree  hole s to assure  m axim um  chucking  
p ressure .

Use  Prope r Tools

Do not  use  m eans othe r than  the  chuck key to t igh ten  or loosen  
chuck jaws that  require  a  key.



Drilling  Procedures: Se t - Up

Secure  Mate ria l

Clam p m ate ria l secure ly. W hen drilling  in to light  gauge  

m e tal or wood, back up  m ate ria l with  a  wooden b lock to 

prevent  bending  and  grabbing  of m ate ria l.

Mark Start ing  Point

Cente r- punch m ate ria ls  to be  drilled  to g ive  the  b it  a  s tart  

and  prevent  wande ring .

Safe ty Check

Ensure  a ll safe ty m easure s are  in  p lace  be fore  beginning  

the  drilling  ope rat ion.



Drill Ope rat ion: Ge t t ing  Started
1 Motor Cont rol

If d rill has a  reve rsing  m otor, a llow the  m otor to stop  com ple te ly be fore  using  the  

reve rsing  switch .

2 Handle  Installa t ion

Install the  auxiliary hand le  (if de sired) in to one  of four posit ions on  the  d rill for 

safe r hand ling .

3 Lubricat ion

Lubricate  the  b it  with  cut t ing  oil when d rilling  iron  or st e e l. Lubricate  with  a  

wate r- solub le  coolant  (com m only soap  and  wate r)  when d rilling  coppe r, b rass, 

or a lum inum .

4 Posit ioning

Hold  d rill on  the  cent re  m ark of the  hole  to be  d rilled . Maintain  a  stab le  ope rat ing  

posit ion  and  p re ss the  on- off switch  to start  the  m otor.



Drill Ope rat ion: During  
Drilling

Apply Pre ssure

Begin by applying  ste ady pre ssure .

Break Chips

Stop  from  t im e  to t im e  to break up  the  chip .

Breakthrough Technique

W hen the  drill is  re ady to break through the  unde rside  of 

m ate ria l, decrease  feed  pre ssure  so that  the  drill will not  

ca tch and  break.



Ham m er Drill Ope rat ion
Bit  Insta lla t ion

Place  the  drill b it  in  the  chuck and  t ighten the  chuck.

Depth  Adjustm ent

Adjust  the  rod  on the  s ide  of the  tool to provide  the  required  

drilling  depth . You reach this  depth  when the  rod  touches the  

concre te .

Power Check

Make  sure  that  the  supply voltage  is  the  sam e  as the  voltage  

shown on the  nam eplate  of the  m achine .



General Safe ty Rule s: Be fore  You Start

Do

• W ear protect ive  clothing , part icularly goggle s or safe ty 

g lasse s. Rem ove  loose  clothing  and  jewe lry. Tie  long  hair 

back or conta in  it  in  a  ne t .

• Each type  of power drill require s  specia l a t t ent ion. Read  

the  inst ruct ions.

• If you are  unsure  of how to ad just  or use  the  m achine , ask 

for he lp .

• Ensure  the  work area  is  dry and  we ll- lit .

• Bystande rs  should  be  clear of work area .

• Ge t  he lp  when lift ing  heavy vise s  or work p iece s.

• Fasten the  cut t ing  tools  prope rly in  the  chuck.

Do Not

• Because  drilling  can cause  sparks, do not  use  drills  whe re  

fum es or dust  m ay cause  com bust ion or explosions.



General Safe ty Rule s: As You W ork

Do

• Stop the  feed  from  t im e  to t im e  when drilling  to break up  

the  chip  so that  it  will not  be  a  hazard  and  will be  easie r to 

handle .

• Use  a  brush instead  of your hands to clean chips off the  

m achine .

• Rem ove  burrs  from  a  drilled  work p iece  as  soon as  

possib le , s ince  any sharp  edges or burrs  can cause  seve re  

cuts . You can use  a  grinde r or file  for th is  purpose .

• W hen you finish  using  a  drill or othe r cut t ing  tool, wipe  it  

c le an with  a  shop towe l and  store  it  p rope rly.

Do Not

• Use  an a ir je t  for rem oving  chips unle ss  a  cont rolled  a ir 

nozzle  is  used . An uncont rolled  a ir nozzle  will cause  the  

chips to fly a t  a  h igh ve locity, with  possib le  in jury to the  
ope rator or bystande rs .



General Safe ty Rule s: 
Drilling  Techniques

Pressure  Cont rol

W hen increasing  the  s ize  of 

a  hole  with  a  large r drill, 

apply feed  pre ssure  s lowly 
to prevent  the  drill b it  from  

catching  on work and  

breaking .

Breakthrough 
Technique

W hen drill is  re ady to break 

through unde rside  of 

m ate ria l, decrease  feed  
pre ssure  to prevent  the  drill 

from  catching  and  

breaking .

Power Managem ent

Disconnect  tools  from  the  e lect ric  power supply when not  in  use  

be fore  se rvicing  and  when changing  part s .



Tool Maintenance

Lubricat ion

Lubricate  gears  and  screws regularly 

accord ing  to m anufacture r's  

re com m endat ion

Cleaning

Keep tools  clean and  free  of debris  for 

opt im al pe rform ance

Inspect ion

Regularly check for wear and  dam age  

to ensure  safe  ope rat ion

Storage

Store  tools  prope rly in  dry, secure  

locat ions when not  in  use



Se lect ing  the  Right  Drill for the  Job



Drill Bit  Se lect ion  Guide

W ood Drilling

Auge r b it s , se lf- feed  b it s , fla t  boring  b it s

Me tal Drilling

Standard  carbon b it s , h igh- speed  hole  cut te rs , s tep  b it s

Masonry Drilling

Carbide - t ip  m asonry b it s , cruciform  bit s

Dem olit ion  W ork

Ham m er drill chise ls



Power Source  Com parison

Bat te ry Power (DC)

Portab le , convenient , lim ited  runt im e

Elect ric  Power (AC)

Consistent  power, require s  out le t , cord  m anagem ent

Pneum at ic  Power

Lightwe ight  tools , require s  a ir com pressor

Hydraulic  Power

High force  capability, specia lized  applicat ions



Safe ty Equipm ent  for Power Tool Use
Eye  
Protect io
n

Safe ty 

goggle s or 

g lasse s 
protect  eye s 

from  flying  

debris , dust , 
and  part icle s  

during  

drilling  
ope rat ions

Hand  
Protect io
n

W ork g loves 

provide  grip  

and  protect  
hands from  

cuts , 

abrasions, 
and  

vibra t ion

Hearing  
Protect io
n

Earplugs or 

e arm uffs  

protect  
hearing  from  

the  loud  

noise  
produced  by 

power tools

Resp ira tor
y 
Protect io
n

Dust  m asks 

or 

re sp ira tors  
protect  

lungs from  

harm ful dust  
and  part icle s



Drill Speed  and  Mate ria l Guide

Mate rial Recom m ended  
Speed  (RPM)

Lubricat ion

Soft  W ood 10 0 0 - 150 0 None

Hard  W ood 80 0 - 10 0 0 None

Stee l 30 0 - 80 0 Cut t ing  oil

Alum inum 50 0 - 10 0 0 W ate r- solub le  
coolant

Coppe r/ Brass 40 0 - 80 0 W ate r- solub le  
coolant

Concre te Ham m er act ion None



Com m on Drilling  Prob lem s and  Solut ions

Bit  W andering

Prob lem : Drill b it  m oves away from  in tended  d rilling  point

Solut ion: Use  cente r punch to m ark st art ing  point , app ly st eady p re ssure , st art  a t  low speed

Bit  Bind ing

Prob lem : Drill b it  ge t s stuck in  m ate ria l

Solut ion: Use  p rope r speed  for m ate ria l, app ly le ss p re ssure , clear chips frequent ly, use  cut t ing  lubricant

Overheat ing

Prob lem : Drill b it  becom es too hot

Solut ion: Use  p rope r lubricant , reduce  speed , t ake  b reaks to a llow cooling , use  sharp  b it s

Rough Holes

Prob lem : Drilled  hole s have  rough edges

Solut ion: Use  sharp  b it s , p rope r speed , st eady p re ssure , deburr aft e r d rilling



Drill Bit  Maintenance

Prope r m aintenance  of d rill b it s  extends the ir life  and  ensure s op t im al pe rform ance . Regular c leaning , inspect ion  for dam age , p rope r sharpening , and  
correct  storage  are  e ssent ia l p ract ice s for gas t e chnicians.



Specialized  Drilling  Applicat ions for Gas 
Technicians

Pipe  
Pene t ra t ions

Creat ing  hole s  for 
gas p ipe s through 
various build ing  
m ate ria ls

Mount ing  
Hardware

Insta lling  bracke ts  
and  support s  for gas 
equipm ent

Vent ila t ion  
Openings

Creat ing  prope r 
vent ila t ion for gas 
appliances

Me te r 
Insta lla t ions

Securing  gas m e te rs  
and  re la ted  
com ponents



Powder- Actuated  Tool Applicat ions

Concre te  Fastening

Securing  gas line  support s  to concre te  

foundat ions and  walls

Stee l Fastening

At taching  bracke ts  and  hange rs  to s te e l 

s t ructura l e lem ents

Fastene r Types

Diffe rent  fastene rs  for various 

applica t ions in  gas insta lla t ion work



Key Takeaways

1
Safe ty First

Always p riorit ize  safe ty when se lect ing  and  using  power tools

2
Prope r Se le ct ion

Choose  the  right  tool and  accessorie s for each specific  t ask

3
Corre ct  Te chnique

Follow proper p rocedures for tool ope rat ion and  m aintenance

4
Re gular Mainte nance

Keep  tools clean and  we ll- m aintained  for op t im al pe rform ance  and  safe ty



Power Tool Safe ty Guide
This com prehensive  guide  cove rs  e ssent ia l safe ty pract ice s for various 

power tools  com m only used  by gas t e chnicians and  fit t e rs . From  drills  to 

saws, grinde rs  to threade rs , p rope r ope rat ion and  m aintenance  of the se  
tools  is  crucia l for workplace  safe ty and  e fficiency.



Portab le  Power Drill Safe ty
Secure  Your W ork

Use  clam ps, p lie rs  or a  vise - neve r use  your hands to hold  the  work 
p iece ! This  he lps to avoid  in jury if the  b it  should  b ind  during  ope rat ion . It  
a lso free s both  hands to ope rate  the  tool.

Disconnect  Power

Disconnect  power cord  be fore  inse rt ing  or rem oving  b it s .

Maintain  Sharp  Bit s

Use  sharp  d rill b it s . Dull b it s  m ay dam age  gears  or ove rload  the  m otor.

Protect  the  Cord

Never use  it  to carry or d isconnect  the  d rill. Keep  it  from  heat , oil, and  
sharp  edges.



More  Drill Safe ty Guide line s

Outdoor W ork

W hen working  outdoors, use  only extension  cords m arked  as suitab le  for 
outdoor use .

Prope r Stance

Keep  p rope r foot ing  and  balance  a t  a ll t im es.

Rem ove  Adjust ing  Tools

Rem ove  ad just ing  keys and  wrenches from  tool be fore  turn ing  it  on .

Motor Maintenance

Keep  in le t  and  out le t  a ir passage  clear to ensure  a  cool running  m otor. Blow 
out  accum ulated  dust  from  the  m otor fram e  with  a  regula ted  a ir je t .



Specia lized  Drill Ope rat ions

Reversing  Switch  Safe ty

If the re  is  a  reve rsing  switch, m ake  

sure  that  m otor is  not  running  when 

switch is  flipped . This  avoids 
dam aging  the  reve rsing  m echanism s.

Right - Angle  Drill Usage

If using  a  right - angle  drill, rem ove  the  

right - angle  drive  from  the  drill be fore  

rem oving  the  chuck from  the  drive .

Ham m er Drill Ope rat ion

If using  a  ham m er drill, m ake  sure  that  

the  se t t ing  leve r is  not  posit ioned  

while  the  drill is  running .



Elect ric  Saws Overview
Gas te chnicians/ fit t e rs ofte n use  e le ct ric  saws of se ve ral d iffe re nt  type s. The y allow for e ffic ie nt , h igh- quality work. Re m oval of the  burr, which is  the  sharp  
e dge  le ft  by a  saw, is  re com m e nde d . Care ful se le ct ion of saw type  and  b lade  can re duce  burr to acce ptab le  le ve ls.

Efficient  Cut t ing

Ele ct ric  saws e nable  high- quality, e ffic ie nt  work for gas te chnicians.

Blade  Se lect ion

Prope r b lade  choice  re duce s burrs to acce ptab le  le ve ls.

Burr Rem oval

Re m oving  the  sharp  e dge  le ft  by a  saw is re com m e nde d  for safe ty.



Cut t ing  Rate s and  Lubricat ion

Proper Feed  Rate

A feed  that  is  too light  ove rheat s the  whee l. Heavy feed ing  m ay cause  the  whee l to wear quickly or to b reak. Feed  ra te s depend  on the  
type  of m ate ria l to be  cut , the  type  of whee l be ing  used , the  ope ra t ing  speed  of the  m achine , and  the  cond it ion  of the  ab rasive  sawing  
m achine .

Ant i- W elding  Lubricants

For m ost  cut t ing  ope ra t ions, gas t echnic ians/ fit t e rs use  ant i- we ld ing  lub ricant s. This reduces fric t ion  be tween the  cut t ing  b lade  and  
the  cut  m ate ria l as we ll as the  chances of h irring  or b reaking  the  b lade , g iving  a  sm oothe r, even cut .



Heavy- Duty Circular Saws
Gas technicians/ fit t e rs  use  th is  m ost  fam iliar type  of c ircular saw for m aking  cut s  a long  a  m arked  line . They m ay he lp  cut  m ost  shapes 
of p last ic  and  non- fe rrous m e tal s tock such  as p ipe , tub ing , and  bars .

Mark Line

Clearly m ark cut t ing  line  on  
m ate rial

Secure  Mate ria l

Clam p work p iece  firm ly in  
p lace

Cut  Along  Line

Guide  saw care fully along  
m arked  line

Deburr Edges

Rem ove  any sharp  edges 
afte r cut t ing



Chop Saws
The  chop saw is  a  large  cut t ing  tool often used  to cut  s te e l. You can p lace  

it  fla t  on the  floor, on a  bench, or on a  sawhorse . Individual and  gang 

cut t ing  tasks are  both  possib le  with  a  chop saw. Pay specia l a t t ent ion to 
the  pe rsonal protect ive  equipm ent  required  for safe  use  of the  d iffe rent  

saw b lades, and  a lways wear a  full face  shie ld  approved  for the  use .

Safe ty Equipm ent

Always wear a  full face  

shie ld  approved  for use  

with  chop saws.

Stab le  Placem ent

Place  the  chop saw on a  

floor, bench, or sawhorse  

for s tab ility.

Ve rsat ile  Cut t ing

Suitab le  for both  ind ividual and  gang cut t ing  tasks.



Chop- Saw Blades

Stee l- Toothed  Blades

Used to cut  the rm oplast ics

Carb ide - Tipped  Blades

Used to cut  non- fe rrous m e tals  and  p last ic

Grit  Blades

Used to cut  fibre - re inforced  p last ic

Abrasive  Blades

Used to cut  s te e l p ipe  or rod



Reciprocat ing  Saws
Gas technicians/ fit t e rs  wide ly use  reciprocat ing  saws, which are  often 

called  power hacksaws. They cut  long  p iece s of p ipe , wood, and  

lam inate s  in to lengths suitab le  for m achining  as  we ll as  p ipe  chase s and  
oddly shaped  hole s  in  wood fram e  const ruct ion. They cut  nearly any 

shape  if you use  the  correct  b lade .

P ipe  Cut t ing

Cuts long  p iece s of 

p ipe  in to m anageable  

lengths

W ood Cut t ing

Create s p ipe  chase s 

and  hole s  in  wood 

fram ing

Versat ile  Shapes

Cuts nearly any shape  

with  the  correct  b lade



Sabe r Saw Blades

Blade  Mate rials

Blades for the se  saws are  m ade  from  carb ide  st ee l and  high- speed  a lloy st ee l. They are  
color coded  accord ing  to the ir use . For exam ple , a  b lade  for cut t ing  st a in le ss st ee l m ay be  
coded  b right  b lue , while  a  gene ral- purpose  b lade  for cut t ing  wood  that  m ay conta in  nails  
m ay be  b lack.

Blade  Se lect ion

Be  sure  to check that  you have  the  correct  b lade  for the  job . The  b lades com e  in  various 
leng ths, p it ches (num ber of t e e th  pe r inch), tooth  shapes, and  tooth  pat t e rns (se t s) .



Heavy- Duty Elect ric  Chain  Saws
Use  W ith  Caut ion

You m ust  use  the se  saws with  

care . Aside  from  the  hazards of 

any power tool with  a  cut t ing  
edge , the re  is  a  dange r of 

kickback.

Protect ive  Equipm ent

It  is  advisable  to use  a  hard  hat  

when using  a  chain  saw.

Cut t ing  Capability

This  type  of saw m ay easily 

cause  flush cuts .



General Sawing  Safe ty Procedures

Read the  m anual

Read the  ope rator's  m anual care fully be fore  using  any saw

Locate  cont rols

Ident ify ON/ OFF switches or t rigge rs  be fore  s tart ing

W ear protect ion

Use  safe ty footwear, hard  hat , eye  protect ion, and  ear 

protect ion



Saw Se lect ion  and  Preparat ion
Select  Appropria te  Saw

Se le ct  a  saw that  is  suit ab le  for the  job  a t  hand .

Inspect  Cut t ing  Edge

Use  only re com m e nde d  whe e ls  or b lade s. Inspe ct  the  
cut t ing  e dge  of the  whe e l or b lade  for cracks, chips, and  
dullne ss. Discard  if dam age d.

Check Speed  Se t t ings

Make  sure  tha t  the  fe e d  ra te  and  spe e d  of the  m achine  
are  p rope rly se t .

Ensure  Good  Environm ent

Che ck that  the  e nvironm e nt  is  c le an, d ry, and  we ll- lit .



Vent ila t ion  and  Safe ty Precaut ions

Harm ful Vapors

If you are  to cut  m ate ria ls  that  g ive  off 

harm ful vapours, check that  

vent ila t ion is  adequate .

Me tal Dust  Hazards

W hen sawed, m ost  m e tals  g ive  off 

dust  and  oxide s that  can be  ext rem e ly 

hazardous to your health . If nece ssary, 
use  a  re sp ira tor.

W orkspace  Requirem ents

Allow enough space  to ope rate  the  

saw prope rly and  a llow othe rs  to pass 

safe ly. Keep  bystande rs  a  safe  
d is tance  away from  the  work area .



Power Cord  Safe ty
Regular Inspect ion

Che ck re gularly tha t  the  power cord  is  in  good  condit ion . Re place  or 
re pair dam aged  cords using  appropria te ly s ize d  wire .

Protect  From  Dam age

Ke e p  the  cord  away from  he at , oil, and  sharp  ob je ct s .

Outdoor Usage

W he n working  outdoors, use  only e xte nsion cords m arke d  suit ab le  
for outdoor use .

Voltage  Check

Be fore  using  saw, che ck to m ake  sure  the  volt age  agre e s with  the  
nam e  p la te  ra t ing .



Safe  W ork Pract ice s During  Sawing

Secure  W ork

Use  clam ps or a  vise  to hold  the  work 

p iece , neve r your hands

Rem ove  Tools

Take  away adjust ing  keys and  

wrenches be fore  turning  on the  saw

Keep  Clear

Keep hands away from  all m oving  

part s

Handle  W ith  Care

Allow cut  m e ta l to cool be fore  

handling



Support  and  Elect rical Safe ty

Support  Heavy Mate ria ls

Use  a  p ipe  support  or a  sim ilar support  stand  to hold  long , he avy m ate ria l while  cut t ing . Ask 

for he lp  whe n lift ing  or carrying  he avy m ate ria l.

Elect rical Safe ty

W he n cut t ing  in to walls whe re  e le ct rica l wiring  m ay be  conce ale d , use  only the  insula te d  

switch  handle  and/ or insula te d  auxilia ry handle  to cont rol the  ope ra t ion  of the  saw.

Disconne ct  the  powe r saw whe n changing  acce ssorie s or to ad just , se rvice , or m ove  the  saw.



W hat  Not  To Do W hen Sawing

Never Operate  W ith  Dam aged Guards

Do not  ope rate  the  saw with  the  guards ra ised , rem oved , cracked , or othe rwise  
dam aged .

Switch Posit ion W hen Carrying

Do not  carry a  p lugged- in  tool with  your finge r on  the  switch . Be  sure  the  switch  is  
off when the  tool is  p lugged  in .

Maintain  Balance

Do not  ove rreach  when sawing . Keep  p rope r foot ing  and  balance  at  a ll t im es.

Avoid  Forcing

Do not  force  the  saw against  the  work m ate ria l. The  m achine  will ope rate  m ore  
e ffic ient ly and  safe ly at  the  rate  for which  it  was de signed .



Saw Maintenance
Clean Prope rly

Maintain  the  saw by rep lacing  worn  and  b roken part s  and  keep ing  the  
b lades sharp  and  clean . Use  a  b rush , not  your hands, to c lean  the  
m achine .

Use  Ident ical Rep lacem ent  Part s

W hen se rvicing  all doub le - insulated  tools , use  only ident ical 
rep lacem ent  part s .

Follow Lubricat ion  Inst ruct ions

Follow inst ruct ions for lubricat ing  and  chang ing  at t achm ents .

Keep  W ork Area Clean

Keep  your work area clean . Clut te red  benches and  slippe ry floors  lead  
to accidents .



Chop Saw Blade  Insta lla t ion
Disconnect  Power

Unplug  saw power cord  be fore  changing  or insta lling  b lade .

Access Blade  Area

Raise  the  m otor m ount . Rem ove  the  hexagonal jam  nut  ( le ft -

hand  thread), oute r flange , and  b lade .

Inspect  Com ponents

Check b lade  flanges to be  sure  they are  clean and  free  of 

burrs  and  nicks.

Insta ll New Blade

Se lect  the  prope r b lade . Insta ll the  b lade  m atching  the  

arrows on b lade  and  saw guard . Insta ll the  oute r flange  

and  hexagonal jam  nut .



Chop Saw Pre - Ope rat ion 
Checks

Check Drive  Be lt

Check the  condit ion and  t ension of the  drive  be lt .

Ve rify Blade  Direct ion

Check that  the  d irect ion/ orientat ion of the  saw b lade  is  correct . Saw b lades 
are  norm ally inst alled  with  the  t ee th  point ing  in  the  d irect ion of the  cut .

Test  Guards

Manually raise  and  lower saw b lade  guards to assure  free  m ovem ent .

Inspect  Power Cord

Check the  power cord . The  power cord  is  short  in  orde r to p revent  possib le  
contact  with  the  b lade . Supplying  power require s the  use  of a  g rounded  
extension cord  and  recep tacle .



Operat ing  the  Chop  Saw
Prepare  the  Saw

Disengage  lock holde r from  m otor m ount .

Secure  the  Mate ria l

Raise  saw b lade  and  clam p m ate rial firm ly in  vise  jaw. Make  sure  that  
long  p ieces are  p rope rly supported .

Make  the  Cut

Press the  switch  and  feed  the  b lade  through work p iece . The  
desired  p re ssure  occurs just  be fore  the  m achine  speed  start s  to 
s low down.

Handle  Ove rheat ing

If the  m otor t rips out  from  ove rheat ing , a llow the  m otor to cool 
be fore  p re ssing  re se t  but ton . A the rm al ove rload  p rotector 
p rotect s  the  saw m otor from  ove rheat ing  and  dam age .



Finishing  Chop Saw Operat ions

Alum inum  Cut t ing

W hen cut t ing  a lum inum , apply a  solid  

or liquid  lubricant  to the  b lade  afte r 

eve ry few cuts .

Rem oving  Mate ria l

Loosen vise  jaw and  rem ove  the  

m ate ria l.

Powering  Down

Unplug  power cord  when fin ished  with  

the  ope rat ion.



Chop Saw Maintenance
You m ust  inspe ct  d rive  be lt  t e nsion re gularly. A low be lt  t e nsion re sult s in  be lt  slippage  and  im m e diate  dam age  to the  be lt . If the re  are  signs of we ar, re p lace  
the  be lt .

Regular Inspect ion

Che ck be lt  t e nsion fre que nt ly

Prevent  Slippage

Low te nsion cause s dam aging  be lt  slip

Replace  W hen W orn

Change  be lt  a t  first  signs of we ar



Reciprocat ing  Saw Blade  
Se lect ion

Choose  Prope r Blade

Se lect  the  prope r b lade  for m ate ria l to be  cut .

Inse rt  Blade

Inse rt  the  b lade  in to front  end  of saw by loosening  the  

appropria te  screw with  a  b lade  wrench.

Secure  Blade

Inse rt  b lade  and  t ighten screw. Make  sure  that  the  b lade  is  

he ld  t ight ly.

Safe ty First

W hen changing  b lades, d isconnect  the  power cord .



Reciprocat ing  Saw Speed  Se lect ion

OFF Posit ion

Full re lease  of t rigge r.

LOW  (LO) Speed

Part ia l depre ssion of t rigge r.

HIGH (HI) Speed

Full depre ssion of t rigge r.

Lock Feature

You m ay lock the  t rigge r in  the  high or low posit ion using  
the  lock but ton.



Power Grinde rs Ove rview
Gas technicians/ fit t e rs  m ust  often fabricate  bracke ts , s tands, support s , 

and  hange rs  while  insta lling  equipm ent . They use  power grinde rs  to do 

this .

Creat ing  Cut t ing  
Edges

A power grinde r he lps m ake  

cut t ing  edges on cut t ing  

tools .

Shaping  Me tal

Cut  m e tal to it s  de sired  

shape  and  size .

Surface  Fin ishing

Make  sm ooth, polished  surface s.



Stat ionary Grinde rs
The  two m ost  com m on types of s ta t ionary power g rinde rs  used  in  the  p ip ing  t rades are  the  bench and  pedestal g rinde rs . These  
g rinde rs  are  used  to do off- hand  g rind ing , that  is , g rind ing  that  does not  dem and  g reat  accuracy of s ize  or shape . The  work is  he ld  in  the  
hands and  g round  to the  desired  shape .

Bench Grinde r

Mounted  on  workbench for convenient  access

Pedestal Grinde r

Floor- stand ing  m ode l with  it s  own base



Portab le  Grinde rs In t roduct ion
Gas technicians/ fit t e rs  use  portab le  power grinde rs  when the  work is  too large  or awkward  to be  he ld  com fortab ly a t  a  bench 

or pedesta l g rinde r. Portab le  grinde rs  are  m ore  pract ica l than sta t ionary grinde rs  because  they are  light  enough to be  carried  

to the  job  and  you can hold  it  by hand while  grinding .

Power Source s

Eithe r e lect ricity or a ir powers portab le  grinde rs . Both 

e lect rica lly ope rated  and  a ir- ope rated  (pneum at ic) grinde rs  

are  availab le  in  light  and  heavy- duty m ode ls .

Grinde r Se lect ion

The  se lect ion of a  grinde r depends on the  type  of power 

out le t  availab le , the  type  of job  to be  pe rform ed, and  the  

dam pness of the  work area .



Angle  Grinde rs
The  angle  grinde r is  the  m ost  wide ly used  grinde r in  the  p ip ing  t rades. It  

c le ans and  sm ooths m e tal surface s. Angle  grinde rs  m ost  often grinds 

beve ls  onto the  end  of p ipe s or cleans we ld  spat te r off p ipe  and  fit t ings.

P ipe  Beve ling

Create s  beve led  edges on p ipe  ends

Surface  Cleaning

Rem oves we ld  spat te r from  pipe s and  fit t ings

Me tal Sm oothing

Create s sm ooth fin ished  surface s on m e tal



St raight  Grinde rs

Heavy- Duty St ra ight  Grinde rs

Straight  g rinde rs  use  a  g rind ing  whee l, the  edge  of which is  used  as  the  abrasive  surface . These  are  heavy-
duty m achines that  use  a  whee l 5 to 6  inches (125 to 150  m m ) in  d iam e te r for fa irly rough work, rem oving  
large  am ounts  of m e tal.

Pencil Grinde rs

The  pencil g rinde r is  a  light - duty s t ra ight  g rinde r. Gas te chnicians/ fit te rs  use  this  for de licate  work such as  
deburring hole s , d ie  fin ishing , rem oving  s lag  from  the  inside s  of p ipe s , and  t rim m ing  we ld  ove rlaps.



Grinde r Abrasives
Crushing  and  grinding  hard , tough m ate ria ls  m ake  abrasive s, which have  m any sharp  cut t ing  edges and  point s . Abrasive s m ust  

be  harde r than the  m ate ria ls  they cut .

Coated  Abrasive s

Gas te chnicians/ fit t e rs  use  the se  with  portab le  and  

sta t ionary grinde rs , usually for fin ishing . The  two form s 

are  d isks- often called  sanding  d isks- and  be lt s .

Mounted  Grind ing  W hee ls

Has a  sm all s tone  point  or whee l pe rm anent ly a t tached  to 

a  shaft . It  is  used  on sm all portab le  grinde rs  and  e lect ric  

drills .

Regular Grind ing  W hee ls

Used with  portab le  and  sta t ionary grinde rs .

Disk Grind ing  W hee ls

Thinne r than regular whee ls  or s tones. Has a  wire  backing  

that  s t rengthens the  d isk so that  it  can s tand  up  to the  

rough use  it  re ce ive s grinding  with  the  s ide  surface  ra the r 
than the  edge .



Grinding  Disks

Types of Grind ing  Disks

The  two kinds of grinding  d isks are  the  fla t  d isk and  the  

depre ssed  cent re  d isk. The  m ost  com m on, the  depre ssed  

cent re  d isk, has it s  cent ra l area  depre ssed  so that  the  
sp indle  nut  is  le ss  like ly to touch the  work.

Fla t  Disk

Used for surface  grinding  

applica t ions

Depre ssed  Cente r 
Disk

Allows sp indle  nut  cle arance  

from  work surface



Grinding  W hee l Se lect ion  Factors

W hee l Shape

Conside r the  shape  of whee l needed  for the  

applica t ion.

W hee l Face  Type

Se lect  the  appropria te  type  of whee l face  for the  job .

W hee l Dim ensions

Conside r the  d iam e te r and  thickness of whee l needed .

Hole  Size

Ensure  the  d iam e te r of whee l hole  m atches your 

m achine .

Speed  Rat ing

Check that  the  m anufacture r's  m axim um  speed  ra t ing  

for the  whee l is  h ighe r than the  m achine 's  RPM.

Mate ria l Com pat ib ility

Se lect  a  whee l appropria te  for the  type  of m ate ria l to 

be  ground.



Grind ing  W hee l Hole s
The  hole  in  a  grinding  whee l should  be  0 .0 2 in  (0 .5 m m ) large r than the  
d iam e te r of the  shaft  on which it  is  m ounted . This  a llows it  to s lide  free ly 
but  not  loose ly on the  shaft .

0 .0 2 in
Clearance

Ideal cle arance  be tween whee l hole  and  shaft

0 .5 m m
Metric Equivalent

Sam e  clearance  in  m illim e te rs



Grinding  Safe ty: Protect ive  Equipm ent

Prope r Clothing

W ear snug- fit t ing  cove ra lls  to p revent  loose  fabric  from  ge t t ing  caught

Eye  Protect ion

Always wear gogg les to p rotect  eyes from  flying  part icle s

Hearing  Protect ion

Use  ear p lugs to p rotect  against  loud  g rind ing  noise

Safe ty Footwear

W ear safe ty boots to p rotect  fee t  from  fa lling  ob ject s

Hand Protect ion

Use  appropria te  g loves to p rotect  hands from  sparks and  debris



Grinding  Pre - Operat ion  Checks

Power Off During  Se tup

Always ensure  that  the  grinde r is  

off be fore  m ount ing  a  new 

whee l.

W hee l Inspect ion

Before  turning  the  grinde r on, 

check the  whee l for de fect s  

(cracks, chips, e tc .) , m ake  sure  
that  the  whee l surface  is  sharp , 

and  check that  the  s ide s are  

s t ra ight .

Prope r Lubricat ion

Lubricate  part s  of the  grinde r 

accord ing  to the  m anufacture r's  

specifica t ions.

Correct  W hee l Se lect ion

Choose  the  correct  whee l. Grind  soft  m ate ria ls  such as  

coppe r, b rass , le ad , or a lum inum  with  whee ls  m ade  for 

that  use .

Good Light ing

W ork in  a  we ll- lit  a rea .



Safe  Grind ing  Pract ice s

Stand  Safe ly

Stand  to the  side  of a  st at ionary m achine  when it  is  first  t urned  on unt il ope rat ing  
speed  is  reached . As you work, st and  away from  the  d iscarded  m ate rial.

Maintain  Guards

Keep  m achine  guards, work re st s, and  safe ty shie lds in  posit ion  and  t ightened .

Clear Be fore  Start ing

Make  sure  that  the  m ate rial is  c lear of the  whee l be fore  st art ing  the  m achine .

Cont rol Speed

Maintain  a  g rind ing  whee l speed  be low the  m axim um  revolut ions pe r m inute  
specified  by the  m anufacture r.



Prope r W ork Handling  During  Grind ing
Secure  Grip

Hold  work t ight ly a t  a ll t im e s. Use  a  vise  g rip  if the  work is  
too sm all to hold  safe ly by hand . Do not  use  p lie rs .

Prevent  Grooving

Move  the  work back and  forth  across the  face  of the  
whe e l to avoid  grooving  of the  whe e l.

Hand  Placem ent

Ke e p  hands away from  the  sp inning  grind ing  whe e l.

Dam aged  W hee ls

If you dam age  a  whe e l, re m ove  it , e ve n if it  doe s not  
appe ar to be  cracke d  or b roke n.



Stat ionary Grinde r Procedure
Select  Appropria te  W hee l

Choose  a  whee l with  p rope r RPM rat ing , hole  size , and  m ate ria l 
com pat ib ility. Check for cracks by tapp ing  light ly (a  clear ring  ind icate s no 
cracks).

Mount  the  W hee l

W ith  power off, m ount  the  whee l onto the  shaft  with  safe ty washe rs 
be tween whee l and  collars. Tighten  nut  firm ly but  don 't  ove r- t ighten .

Test  Run

Lower the  guard , stand  to one  side , and  turn  on  power. Le t  whee l run  
a t  full speed  for a t  least  one  m inute , then  turn  off.

Adjust  Tool Rest

Se t  the  tool re st  with  clearance  of no m ore  than  1/ 16  inch  from  the  
whee l.



Portab le  Grinde r Ope rat ion

Select  Grinde r

Choose  appropria te  e lect ric  or pneum at ic  grinde r for the  
job

Inspect  Equipm ent

Check whee l for de fect s  and  secure  safe ty guards

Secure  W ork

If work p iece  is  sm all, secure  it  with  vise  or C- clam p

Operate  Safe ly

Turn on m achine , apply even pre ssure , d irect  debris  away 
from  you



Addit ional Portab le  Grinde r Safe ty

Avoid  Slot  Grind ing

Ne ve r g rind  in  a  s lot  with  a  portable  g rinde r.

Corne r and  Edge  W ork

W he n grind ing , sanding , or wire  b rushing  in to corne rs  or on  
e dge s of m ate ria l, e nsure  tha t  the  m achine  is  not  wre nche d 
from  your hands.

Elect ric  Grinde r Safe ty

Make  sure  tha t  the  powe r cord  is  in  good  condit ion  and  
pe rform  work in  a  d ry locat ion.

Pneum at ic  Grinde r Safe ty

Ensure  p rope r a ir p re ssure , ade quate  oil supply, and  good  
condit ion  of a ir hose .



Powder- Actuated  Tools
Every m anufacture r's  tool is  s light ly d iffe rent , and  you m ust  s tudy each 

separate ly be fore  use . Study the  m anufacture r's  specifica t ions when 

decid ing  the  type , s ize , and  charge  for use  in  a  s ituat ion. Note  the  gene ral 
safe ty inst ruct ions g iven in  Unit  1 Safe ty.

Misfire  Procedure s

It  is  ve ry im portant  to know 

the  procedure  for m isfire . 

Read  the  m anufacture r's  
inst ruct ions.

Speed  Measurem ent

The  speeds g iven are  

m easured  2 m  (6  ft )  in  front  

of the  tool.

Safe ty Resource s

For gene ral safe ty princip le s , consult  m anufacture r guide line s and  

safe ty re source s.



Types of Powder- Actuated  Tools

Low- Ve locity (Hilt i type )

Gas t echnicians/ fit t e rs  m ost ly use  the  Hilt i b rand  of low- ve locity tool. It  
ope rate s  on  the  cap t ive  p is ton  p rincip le . In  th is  type , both  the  fastening  p in  
and  the  d riving  p is ton  m ove  a t  le ss  than  10 0  m  (325 ft ) pe r second .

A built - in  device  p revent s  th is  type  from  firing  if it s  fla t  end  is  he ld  a t  m ore  
than  7° off the  work surface . The  fastene r m ust  be  c lose  to ve rt ical to the  work 
surface .

Medium - Ve locity (Ram se t  type )

W hen fired , the  fastening  p in  t rave ls  a t  about  325 to 50 0  ft  (10 0  to 150  m ) pe r 
second .

High- Ve locity Tools

High- ve locity tools  have  lim ited  app licat ion . They have  no p is ton , and  the  p in  
is  d ischarged  a t  a  ve locity above  50 0  ft  (150  m ) pe r second  often  up  to 150 0  ft  
(450  m ) pe r second .



Powder- Actuated  Tool 
Propulsion Me thods

Im pact  Propulsion

In th is  m e thod , a  gap  e xist s  
be twee n the  faste ne r and  the  
p iston. A stop  ring  absorbs 
im pact . For the  tool to funct ion 
prope rly, you m ust  re p lace  the  
s top  ring  whe n worn.

Contact  Propulsion

In th is  m e thod , the  work 
surface , fast e ne r, and  p iston  are  
in  d ire ct  contact .

Co- act ing  Propulsion

Only the  p iston  and  faste ne r are  in  contact . The y are  away from  the  
work surface .



Cart ridge  Types and  Powder Loads

Cart ridge  Case  Ident ificat ion

You can d ist inguish low-  and  high- ve locity cart ridges by 

the ir case s:

• Low- ve locity cart ridges have  brass  case s.

• Highe r- ve locity cart ridges have  nicke l case s.

They are  ra ted  accord ing  to the  sam e  colour code . The  

weakest  is  g ray, and  the  s t rongest  purp le .

Hilt i Cart ridge  Colour Code

From  weakest  to s t rongest :

• Grey

• Brown

• Green

• Ye llow

• Red

• Purple

W hen se lect ing  a  cart ridge  for a  powde r load , s tart  with  the  

weakest  load  for the  tool, then increase  s t rength a  s tep  a t  a  

t im e  unt il the  prope r fastening  is  ob ta ined .



Cart ridge  Types and  Fastene rs
Crim ped and  W added  
Cart ridges

Both provide  the  sam e  

power. They m ay be  rim -

fired  or cent re - fired . Hilt i 
use s crim ped cart ridges 

and  paint s  the  t ip  to ident ify 

the  s t rength of powde r 
load . This  paint  a lso keeps 

the  cart ridge  dry.

Basic Fastene r Types

Powder- actuated  tools  fire  

three  basic  types of 

fastene rs . The  point  of the  
fastene r force s the  work 

m ate ria l aside  just  enough 

to le t  the  fastene r 
pene t ra te  and  "seat" 

prope rly, without  

de form ing the  m ate ria l 
excessive ly.



Power Threade rs

Hand- He ld  Power Threade rs

These  e lect rically powered  m achines are  convenient  for sm all jobs and  are  powerful enough (depending  on the  
m ode l/ m anufacture r) t o thread  p ipe  and / or rod  ut ilizing  size s from  1/ 8" up  to 2". They are  light - we ight  in  
com parison to gene ral, full- sized  powered  thread ing  m achines. Howeve r, you should  use  them  in  conjunct ion with  
an approved  vice  with  support  arm  assem bly.

Powered  Thread ing  Machines

These  e lect rically powered  m achines are  convenient  for m edium  to large  jobs and  are  typ ically powerful enough to 
thread  p ipe  and / or rod  in  any required  size  used  for gas p ip ing . The re  are  m any op t ions for d ie s includ ing  rat che t  
t ype , m ono as we ll as quick- opening , se lf- opening , and  sem i- autom at ic  unive rsal d ie s.



Thread ing  Die  Heads

Various style s of quick- opening  threade rs are  de signed  for use  on  power equipm ent  such  as a  power thread ing  m achine . They at t ach  to a  carriage  
assem bly that  a lso host s a  ream er and  cut te r. These  types of d ie  heads have  a  leve r to re lease  the  d ie s from  the  p ipe  when the  thread  has been  cut  to 
the  required  leng th , e lim inat ing  the  need  to stop  and  back off aft e r the  thread  has been  cut .



CSA Unit  2

Chapte r 4                      
Measuring  Tools
The  insta lla t ion of p ip ing  system s and  gas equipm ent  involves 

m easurem ent . This  pre senta t ion provide s de scrip t ions and  form ulas for 

som e  of the  basic  m easurem ent  inform at ion, including  the  m ost  
com m only used  m easuring  inst rum ents  and  tools  for gas t e chnicians and  

fit t e rs .



Object ives
Unit s of Measurem ent

Describe  unit s  of m easurem ent  and  d im ensions

Tool Se lect ion

Describe  requirem ents  for se lect ing  m easuring  tools

Tool Types

Ident ify types of m easuring  tools

Tool Usage

Describe  the  use  of m easuring  tools



Key Te rm inology

Term Abbreviat ion  (sym bol) Defin it ion

Area A The  extent  or 

m easurem ent  of a  

surface .

Circum fe rence C The  enclosing  boundary 

of a  curved  geom e t ric  

figure , e specially a  

c irc le .

Cubic  foot ft³ The  volum e  of a  cube  

with  side s of one  foot  

(0 .30 48 m ) in  leng th .

Cubic m e te r m ³ The  volum e  of a  cube  

with  edges one  m e te r in  

leng th .



More  Te rm inology

Term Abbrevia t ion (sym bol) Definit ion

Diam e te r D A st ra ight  line  passing  from  
side  to s ide  through the  
cente r of a  body or figure , 
e specia lly a  circle  or sphe re .

He ight H The  m easurem ent  from  
base  to top  or (of a  s tanding  
pe rson) from  head  to foot .

Length - The  m easurem ent  or extent  
of som e thing  from  end  to 
end .

Pi π The  ra t io of a  circle 's  
circum fe rence  to it s  
d iam e te r, com m only 
approxim ated  as  3.1416 .



Final Te rm inology

Term Abbreviat ion (sym bol) Definit ion

Radius R A st ra ight  line  from  the  cente r 
to the  c ircum fe rence  of a  
c irc le  or sphe re .

Square  fee t ft² The  area  of a  square  whose  
sides m easure  exact ly one  
foot .

Square  m e te rs m ² The  area  of a  square  whose  
sides m easure  exact ly one  
m e te r.

Volum e V The  am ount  of space  that  a  
substance  or ob ject  occupie s, 
or that  is  enclosed  within  a  
containe r, e specially when 
great .

W idth W The  m easurem ent  or extent  
of som e thing  from  side  to 
side .



Measurem ent  of Dim ensions

Basic  Measurem ents

Gas technicians/ fit t e rs usually m easure  the  d im ensions of solid  
ob ject s with  sim ple  tools and  m e thods. Som e  use  m ore  specia lized  
tools.

Measurem ents can  be  ca tegorized  in to:

• St ra ight  line  m easurem ents

• Circular m easurem ents

• Area  ca lcula t ions

• Volum e  calcula t ions

Gas technicians need  to be  p roficien t  in  various m easurem ent  
t echniques to ensure  p rope r insta lla t ion  of p ip ing  system s and  gas 
equipm ent .



Measurem ents Involving  St ra ight  
Lines

Le ngth , W id th , and  He ight

Length  (L), wid th  (W ), and  he ight  (H) 
are  m easured  in  st ra ight  line s from  
one  poin t  to anothe r, usually with  a  
rule r or m easuring  tape .

They are  expre ssed  in  im pe rial unit s  
such  as inches and  fee t , or m e t ric  
unit s  such  as m illim e te rs and  m e te rs.

Are a

Area (A) of a  rectang le  is  the  p roduct  
of it s  leng th  and  wid th . It  is  expre ssed  
in  square  unit s  such  as square  fee t  
(ft²)  or square  m e te rs (m ²) .

A = L × W

Volum e

Volum e  (V) of a  cube  is  the  p roduct  of it s  leng th , wid th , and  he ight . It  is  expre ssed  
in  cub ic  unit s  such  as cub ic  fee t  (ft³)  or cub ic  m e te rs (m ³) .

V = L × W  × H



Rectangular Measurem ents
Length, W idth, and  He ight

These  basic  d im ensions form  the  foundat ion of a ll re ctangular m easurem ents . Gas te chnicians m ust  be  ab le  to accurate ly m easure  the se  d im ensions when 
insta lling  p ip ing  system s and  equipm ent .

Area Calculat ion

The  area  of a  rectang le  is  calculated  by m ult ip lying  leng th by wid th (A = L × W ). This  is  e ssent ia l for de te rm ining  surface  areas  of equipm ent  insta lla t ions.

Volum e  Calculat ion

The  volum e  of a  rectangular ob ject  is  calculated  by m ult ip lying  leng th, wid th, and  he ight  (V = L × W  × H). This  is  im portant  for de te rm ining  space  requirem ents  for 
equipm ent .



Measurem ents Involving  Circle s

Diam e te r

The  d iam e te r (D) is  m easured  like  any othe r 
s t ra ight  length, as  the  d is tance  across  the  circle  a t  

it s  widest  point .

A d iam e te r d ivides the  circle  in  half. Half of it  is  
ca lled  the  rad ius (R).

Circum fe re nce

The  circum fe rence  (C) is  the  d is tance  around the  
ent ire  outside  edge .

C = π × D = 2 × π × R

Are a

The  area  of a  circle  is  the  product  of p i and  the  
square  of the  rad ius.

A = π × R² = 0 .7854 × D²

Volum e

The  volum e  of a  cylinde r is  the  product  of the  area  
of the  circle  and  the  cylinde r's  length.

V = A × L = 0 .7854 × D² × L



Cylinde r Measurem ents

Cylinde r Com pone nts

A cylinde r has three  key m easurem ent s:

• Diam ete r (D) -  the  wid th  of the  circular end

• Radius (R) -  half the  d iam ete r

• Length  (L) -  t he  d ist ance  from  one  end  to the  othe r

These  m easurem ent s are  e ssent ial for gas t echnicians when working  with  p ipes and  cylindrical 
com ponent s.

The  volum e  of a  cylinde r (such as p ipe ) is  calculat ed  using  the  form ula:



Requirem ents for Se lect ing  Measuring  Tools

Type  of Measurem ent

Conside r what  you're  m easuring: length, d iam e te r, c le arance , e tc .

Size  of Dim ension

Conside r the  rough size  of what  you're  m easuring

Required  Precision

How accurate  does the  m easurem ent  need  to be?

Tool Accuracy

Conside r the  accuracy of availab le  tools



Applicat ions of 
Measurem ent

Measuring  
Com ponents

Taking  accurate  

m easurem ents  of 

p ipe s, fit t ings, and  
equipm ent

Aligning  
Com ponents

Ensuring  prope r 

a lignm ent  of p ipe s 

and  equipm ent  during  
insta lla t ion

Checking  Size s

Verifying  that  

com ponents  and  

equipm ent  m ee t  
specified  d im ensions



Storage  and  Maintenance  of Measuring  Tools

Handle  with  Care

Treat  m easuring  tools  gent ly to 

m ainta in  the ir accuracy

Keep  Clean

Mainta in  cleanline ss while  

working  with  m easuring  tools

Use  as Designed

Only use  tools  for the ir in tended  

purpose

Oil Moving  Part s

Apply thin  coat ing  of oil to m oving  part s

Prope r Storage

Store  in  clean, dry environm ent



Types of Measuring  Tools

Com m on Tools

• Hinged  and  jointed  fold ing  

rule s

• Spring- loaded  tapes

• Square s

• St ra ight  edges

Specia lized  Tools

• Drill gauges

• Fee le r gauges

• Microm e te rs

• Calipe rs

Se lect ion  Crit e ria

• Accuracy requirem ents

• Measurem ent  type

• Ease  of use

• Durability



Spring- Loaded  Tapes

Long Flexib le  Stee l Tapes

Long flexib le  stee l t apes are  wound inside  a  carrying  case . The ir lengths range  from  
50  ft  to 20 0  ft  (15 m  to 60  m ).

• Longe r m e t ric  tapes have  m arkings eve ry 2 m m

• Longer im peria l t apes have  m arkings eve ry 1/ 8 in

• Include  crank handle  to re t ract  the  tape

• Hook at  ze ro end  can extend  to brace  against  m easured  object

• Hook can fold  to hook ove r a  nail

L  l   i l f  i  l  d i  i   i ll i  



Pocke t  Tapes
Most  Com m on Measuring  Device

The  pocke t - type  or spring- loaded tape  is  the  m easuring  device  that  gas  te chnicians/ fit te rs  use  m ost  often. It  is  e asy to carry, accurate , and  long  enough for m ost  
purpose s .

Measurem ent  Capabilit ie s

Metric  tapes  have  m arkings eve ry m illim e te r. Im pe ria l tape s  have  m arkings eve ry 1/ 16 in  or 1/ 32 in . You can use  it  for in te rnal and  exte rnal m easurem ents .

Availab le  W idths

Availab le  tape  wid ths  are  1/ 2 in , 3/ 4  in , and  1 in  (12 m m , 19  m m , and  25 m m ). W ide  tapes are  m ore  rig id  when extended . Narrow b lades are  easie r to carry.



Fold ing  Rule s

Type s of Fold ing  Rule s

The re  are  two basic  types of fold ing  rule s:

• Hinged  rule s

• Spring- join ted  rule s

Both  m ay be  m ade  of p last ic , m e tal or wood .

Me t ric  rule s have  m arkings eve ry m illim e te r. Im pe rial rule s have  
m arkings eve ry 1/ 16  in  or 1/ 32 in .

Fold ing  rule s fold  to 6  in  or 8 in  (150  m m  to 20 0  m m ), so that  you can  
easily carry them . W hen extended , fold ing  rule s are  rig id  and  can  span 
d istances without  sagg ing . This g ive s g reate r accuracy than  a  ste e l t ape  
on  long  spans.



Squares and  St ra ight  Edges
Marking  St ra ight  
Line s

Used for m arking  st ra ight  

layout  line s and  som e  basic  

angle s such as  90 ° and  45°

Layout  W ork

Used for laying  out  

support s , b racke ts , and  

we lded  p ipe

Squaring  Equipm ent

Used for squaring  up  p ipe  and  othe r equipm ent



Fram ing  Square

Com m on Square

The  m ost  com m on square  is  a  right  angle  m ade  up  of a  2 ft  

(60 0  m m ) long  st ra ight  edge  and  a  16  in  (40 0  m m ) st ra ight  

edge .

Gas te chnicians/ fit t e rs  m ost  often use  it  to lay out  and  

fabricate  we lded  p ipe  and  fit t ings.

A fram ing square  is  an e ssent ia l tool for ensuring  right  

angle s in  p ipe  insta lla t ions and  equipm ent  m ount ing .



Try Square s

Design

Single  s t ra ight  edge  

connected  to a  handle

Size

Blade  lengths usually 6- 10  

in  (150 - 250  m m )

Usage

Used on sm alle r work 

p iece s

Variant s

Include  m ite r square s for 

45° angle s



Com binat ion  Squares
Design Feature s

The  com binat ion square  has  an ad justab le  head  that  can be  fixed  anywhere  a long  it s  leng th. The  s tee l rule  is  12 in  (30 0  m m ) long . The  head  has  one  edge  at  90 ° to 
the  b lade  and  anothe r a t  45°.

Marking  Angles

Used  for m arking  90 ° and  45° ang le s  in  p ipe  insta lla t ion work.

Mult ip le  Funct ions

Can be  used  as  a  dep th gauge , m arke r gauge , and  for m arking  line s  paralle l to the  edge  of a  work p iece  a t  a  se t  d is tance .



Fee le r Gauges

Purpose  and  Use

Gas te chnicians/ fit t e rs  use  fee le r gauges to de te rm ine  the  

am ount  of cle arance  be tween part s , such as  the  spark p lug  

gaps on spark ignite rs .

These  precision tools  consist  of m ult ip le  th in  m e tal s t rips  of 

varying  thicknesse s that  can be  inse rted  in to gaps to 

m easure  clearance .

Fee le r gauges are  e ssent ia l for precise  m easurem ents  of 

sm all gaps in  gas equipm ent , ensuring  prope r funct ioning  

and  safe ty.



Drill Gauges

Funct ion  and  Types

A drill gauge  he lps m e asure  the  d iam e te r of d rill b it s . It  is  availab le  in :

• Me tric  size s

• Le t te r size s

• Fract ional size s

This tool is  part icularly use ful whe n se le ct ing  the  corre ct  d rill b it  size  for 
spe cific  applicat ions in  gas insta lla t ion work.

Drill gauge s provide  a  quick and  accurate  way to ve rify drill b it  size s, 
e nsuring  prope r hole  d im e nsions for gas fit t ings and  com pone nts.



Drill Bit  Blanks

Purpose  and  Applicat ion

A drill b it  b lank m e asure s the  s ize  of a  sm all hole . Typically, gas 
t e chnicians/ fit te rs  use  it  t o m e asure  the  s ize  of a  gas orifice .

This  spe cia lize d  tool is  crit ica l for e nsuring  that  gas orifice s are  
the  corre ct  s ize , which d ire ct ly affe ct s  gas flow and  e quipm e nt  
pe rform ance .

Accurate  m e asure m e nt  of gas orifice s is  e sse nt ia l for p rope r 
gas flow and  safe  ope ra t ion  of gas e quipm e nt .



Measuring  Length  in  Gas 
Insta lla t ion

Select  Appropriate  Tool

Choose  be tween tape  m easure , fold ing  rule , or othe r m easuring  device  
based  on  the  d istance  and  required  accuracy.

Posit ion  and  Align

Ensure  the  m easuring  tool is  p rope rly posit ioned  at  the  s tart ing  poin t  
and  aligned  with  the  d im ension  be ing  m easured .

Read  Measurem ent

Take  the  read ing  at  the  end  poin t , be ing  care ful to note  the  correct  
unit  (im perial or m e t ric) and  subd ivision.

Ve rify Accuracy

Double - check the  m easurem ent , e specially for crit ical 
d im ensions that  affect  system  pe rform ance  or safe ty.



Measuring  Pipe  Diam e te r

Select  Tool

Choose  appropria te  m easuring  tool 

( t ape , ca lipe r, e tc .)

Measure  Outside

Measure  the  outside  d iam e te r of the  

p ipe

Calculate  Inside

Subt ract  wall th ickness ( if needed) to 

find  inside  d iam e te r

Ve rify Size

Confirm  m easurem ent  m atches 

required  specifica t ions



Calculat ing  Pipe  Circum fe rence

Form ula and  Process

The  circum fe re nce  (C) of a  p ipe  is  calculate d  using  the  form ula:

C = π × D = 2 × π × R

W he re :

• π (p i)  is  approxim ate ly 3.1416

• D is the  d iam e te r of the  p ipe

• R is the  rad ius of the  p ipe  (half the  d iam e te r)

Knowing  the  c ircum fe re nce  is  e sse nt ia l whe n:

• W rapping  m ate ria ls around  p ipe s

• De te rm ining  p ipe  size  for fit t ings

• Calculat ing  m ate ria l re quire m e nts



Calcula t ing  Pipe  Area

π
Pi Value

Approxim ate ly 3.1416

R²
Radius Square d

Radius m ult ip lied  by it se lf

0 .7854
Sim plifie d  Factor

π/ 4  for d iam e te r- based  calcula t ion

D²
Diam e te r Square d

Diam e te r m ult ip lied  by it se lf

The  area  of a  p ipe 's  cross- sect ion is  ca lcula ted  using  the  form ula: A = π × R² = 0 .7854 × D². This  ca lcula t ion is  e ssent ia l for de te rm ining  flow capacity and  sizing  
requirem ents for gas system s.



Calculat ing  Pipe  Volum e

Volum e  Form ula

V = A × L = 0 .7854 × D² × L

Cross- sect ional Area

A = 0 .7854 × D²

Pipe  Diam e te r

D = m easured  d iam e te r in  consisten t  unit s

Pipe  Length

L = m easured  leng th  in  consisten t  unit s

Calculat ing  p ipe  volum e  is  e ssent ia l for de te rm ining  the  am ount  of gas a  p ipe  can  hold , which affect s  system  design , purg ing  
requirem ents , and  safe ty conside rat ions in  gas installa t ions.



Im portance  of Accurate  
Measurem ents

Safe ty

Accurate  m easurem ents ensure  
p rope r fit  of com ponents, reducing  
the  risk of gas le aks and  potent ia l 
hazards.

• Prevents loose  connect ions

• Ensure s p rope r c learances

• Maintains system  in tegrity

Pe rform ance

Precise  m easurem ents cont ribute  to 
op t im al system  pe rform ance  and  
e ffic iency.

• Prope r gas flow rate s

• Correct  p re ssure  d rops

• Effic ient  ope rat ion

Cost  Effect iveness

Accurate  m easurem ents reduce  waste  and  rework, saving  t im e  and  m ate ria ls.

• Minim izes m ate ria l waste

• Reduces labor cost s

• Prevents expensive  correct ions



Com m on Measurem ent  Errors

Reading  Error

Misreading  the  scale  or m arkings 

on m easuring  tools

Alignm ent  Error

Im prope r a lignm ent  of 

m easuring  tool with  the  object  

be ing  m easured

Tension Error

Inconsistent  t ension when using  

flexib le  m easuring  tapes

Tem perature  Effect s

Expansion or cont ract ion of m ate ria ls  due  to 

t em pe rature  changes

Tool Se lect ion  Error

Using  the  wrong tool for the  type  of m easurem ent  

needed



Measuring  for Pipe  Fit t ings
Elbow Fit t ings

W hen m easuring  for e lbow fit t ings, account  for the  cente r- to- end  d im ensions of the  fit t ing . Measure  from  the  cente r point  of the  bend  to each end  of the  fit t ing .

Tee  Fit t ings

For te e  fit t ings, m easure  the  cente r- to- end  d im ensions for a ll three  openings. Conside r the  flow d irect ion and  orientat ion requirem ents .

Couplings

W hen m easuring  for couplings, account  for the  inse rt ion dep th of the  p ipe  into the  fit t ing . This  ensure s  p rope r connect ion and  a lignm ent .



Measuring  for Equipm ent  
Insta lla t ion

Space  Requirem ents

Measure  availab le  space  for equipm ent  insta lla t ion

Clearance  Requirem ents

Verify m inim um  clearances for safe ty and  m ain tenance

Connect ion Points

Measure  locat ions of gas, e lect rica l, and  vent ila t ion  connect ions

Support  St ructure s

Dete rm ine  m easurem ents for m ount ing  b racke ts and  support s



Measuring  for Vent ila t ion  Requirem ents

Crit ical Measurem ents

W hen installing  gas equipm ent , p rope r vent ila t ion is  e ssent ia l for 
safe ty. Key m easurem ents  include :

• Room  volum e  (L × W  × H)

• Vent  opening  size s

• Clearances to com bust ib le  m ate ria ls

• Flue  p ipe  d im ensions

• Distance  to air in take  and  exhaust  t e rm inat ions

Accurate  m easurem ents  ensure  that  gas equipm ent  rece ives 
adequate  com bust ion air and  that  com bust ion p roducts  are  
safe ly vented  to the  outside , p revent ing  dange rous cond it ions 
like  carbon m onoxide  buildup .



Measuring  Gas Pre ssure



Measuring  Gas Flow Rate s

Flow Rate  Measurem ent

Gas flow rate s are  typically m easured  in :

• Cubic fee t  pe r hour (CFH)

• Cubic m e te rs pe r hour (m ³/ h )

• Brit ish  The rm al Unit s pe r hour (BTU/ h)

Accurate  flow m easurem ents ensure  that  equipm ent  rece ives the  prope r am ount  of gas for safe  and  
e ffic ien t  ope rat ion .

Flow rate  m easurem ents are  e ssent ia l for:



Digita l Measuring  Tools

Lase r Distance  Me te rs

Mode rn lase r d is tance  m e te rs  provide  

highly accurate  m easurem ents  ove r 

long  d istances. They can m easure  
length, area , and  volum e  with  the  pre ss  

of a  but ton.

Dig it a l Calipe rs

Digita l ca lipe rs  offe r precise  

m easurem ents  of p ipe  d iam e te rs , wall 

th icknesse s, and  othe r sm all 
d im ensions with  d ig ita l re adouts  for 

e asy reading .

Dig it a l Angle  Finde rs

These  tools  provide  accurate  angle  

m easurem ents  for p ipe  bends, s lopes, 

and  a lignm ents , ensuring  prope r 
insta lla t ion of gas p ip ing  system s.



Specialized  Gas Indust ry Measuring  
Tools

Gas Pre ssure  Gauges

Specia lized  gauges for m easuring  gas p re ssure  in  inches of wate r colum n (inwc) or 
m illibars . Essent ia l for se t t ing  and  ve rifying  p rope r gas p re ssure  to equipm ent .

Gas Leak De tectors

Tools  that  m easure  the  concent ra t ion  of gas in  part s  pe r m illion  (ppm ) to de tect  and  locate  
gas leaks in  p ip ing  system s and  equipm ent .

Com bust ion Analyze rs

Inst rum ents  that  m easure  oxygen, carbon m onoxide , and  othe r gases in  flue  p roduct s  to 
ensure  p rope r com bust ion  and  safe  ope rat ion .

Flow Me te rs

Devices that  m easure  the  volum e  or m ass flow ra te  of gas through p ip ing  system s, 
ensuring  p rope r supp ly to equipm ent .



Measuring  for Gas Pipe  Sizing
Dete rm ine  Total Load

Calcula te  the  tota l gas load  in  BTU/ h or cub ic fee t  pe r hour based  on  a ll 
connected  app liances.

Measure  Pipe  Run Length

Measure  the  leng th  of each  p ipe  segm ent  from  the  m e te r to each  
app liance , includ ing  a ll fit t ings.

Account  for Fit t ings

Add equivalent  leng ths for each  fit t ing  to the  m easured  p ipe  leng th  to 
de te rm ine  the  tota l e ffect ive  leng th .

Se lect  Pipe  Size

Use  sizing  tab le s to de te rm ine  the  appropria te  p ipe  d iam e te r based  
on  load , leng th , and  a llowable  p re ssure  d rop .



Measuring  Clearances for Safe ty

Com bust ib le  Mate ria ls

Measure  clearances from  gas equipm ent  to com bust ib le  m ate ria ls  
accord ing  to m anufacture r specifica t ions and  code  requirem ents

Se rvice  Access

Ensure  adequate  clearance  for se rvice  and  m ain tenance  of gas equipm ent

Vent ila t ion Openings

Verify p rope r size  and  locat ion  of com bust ion  a ir openings

Exhaust  Te rm inat ions

Measure  d istances from  vent  t e rm inat ions to windows, doors, and  othe r 
build ing  openings



Measuring  for Gas Me te r Insta lla t ion

Crit ical Measurem ents

W hen insta lling  gas m e te rs, seve ra l key m easurem ents m ust  be  
conside red :

• He ight  from  ground  leve l

• Clearance  from  e lect rica l equipm ent

• Distance  from  ignit ion  sources

• Accessib ility for read ing  and  se rvice

• Protect ion  from  physical dam age

• Distance  from  build ing  openings

Prope r m easurem ents ensure  that  gas m e te rs are  insta lled  safe ly, 
com ply with  local codes, and  rem ain  accessib le  for ut ility 
pe rsonne l. Incorrect  p lacem ent  can  create  safe ty hazards and  m ay 
require  cost ly re locat ion .



Measuring  Thread  Sizes

Thread  Gauges

Thread  gauges are  specia lized  tools  

used  to m easure  the  s ize  and  p itch of 

p ipe  threads. They he lp  ensure  prope r 
m atching  of threaded  com ponents .

Nom inal Pipe  Size

Pipe  threads are  specified  by nom inal 

p ipe  s ize  (NPS), which re la te s  to the  

approxim ate  in te rnal d iam e te r. 
Accurate  m easurem ent  is  e ssent ia l for 

prope r connect ions.

Thread  Pit ch

The  p itch of p ipe  threads (threads pe r 

inch) m ust  be  m easured  to ensure  

com pat ib ility be tween com ponents . 
Standard  p ipe  threads typ ically use  NPT 

(Nat ional P ipe  Thread) specifica t ions.



Measuring  for Pipe  Support

Load Calculat ion

De te rm ine  we ight  of p ipe , fit t ings, 

and  contents

Support  Spacing

Measure  m axim um  distance  be tween 

support s

He ight  Measurem ent

De te rm ine  prope r he ight  for leve l 

insta lla t ion

Expansion Allowance

Measure  space  needed  for the rm al 

expansion



Measuring  Pipe  Slope  for Drainage

Slope  Calculat ion

Gas p ip ing  system s often  require  a  specific  slope  to a llow 
condensate  to d ra in  p rope rly. The  slope  is  typ ically m easured  in :

• Inches pe r foot

• Millim e te rs pe r m e te r

• Pe rcentage  g rade

Com m on m inim um  slope  requirem ents are  1/ 4  inch  pe r foot  
(approxim ate ly 2%) toward  the  d rip  poin t .

Tools for m easuring  slope  include :

• Bubble  leve ls with  slope  ind icators

• Dig ita l inclinom ete rs

• Lase r leve ls with  g rade  funct ion

• Trad it ional leve l and  m easuring  tape  com binat ion



Measuring  for Se ism ic Rest ra in t s

Se ism ic Zone

De te rm ine  the  se ism ic zone  

requirem ents  for the  insta lla t ion 

locat ion

Equipm ent  W e ight

Measure  the  we ight  of gas 

equipm ent  requiring  re st ra int

Cente r of Gravity

Locate  the  cente r of gravity for 

prope r re st ra int  p lacem ent

Anchor Point s

Measure  d is tances to suitab le  s t ructura l anchor point s

Movem ent  Clearance

Allow for m easured  clearance  for lim ited  m ovem ent  

during  se ism ic events



Measuring  for The rm al Expansion

Expansion Calcula t ion

Metal p ip ing  expands when heated  and  cont ract s  when cooled . The  am ount  of 
expansion depends on:

• Pipe  m ate ria l (coe fficient  of the rm al expansion)

• Tem perature  change

• Length of p ipe  run

Form ula: Expansion = Length × Coe fficient  × Tem perature  Change

Prope r m easurem ent  and  accom m odat ion for the rm al expansion prevents:

• St re ss  on p ipe  joint s

• Dam age  to support s  and  anchors

• Potent ia l gas leaks

• System  fa ilure



Measuring  for Pre ssure  Test ing

Select  Test  Pre ssure

De te rm ine  required  te st  p re ssure  based  on system  type

Connect  Test  Equipm ent

Measure  and  ve rify gauge  accuracy be fore  te st ing

Monitor Test  Durat ion

Measure  te st  t im e  accord ing  to code  requirem ents

Record  Result s

Docum ent  pre ssure  m easurem ents  throughout  t e st  pe riod



Measuring  for Com bust ion Analysis



Measuring  for Regulatory Com pliance

Code  Requirem ents

Gas installa t ions m ust  com ply with  
specific  m easurem ent  requirem ents in  
local and  nat ional codes, includ ing :

• Minim um  clearances to com bust ib le s

• Vent ila t ion opening  size s

• Pipe  sizing  param e te rs

• Installa t ion he ight s and  d ist ances

Docum entat ion

Measurem ents m ust  be  docum ented  for:

• Pe rm it  app licat ions

• Inspect ion report s

• As- built  d rawings

• Maintenance  records

Verificat ion

Measurem ents m ay need  to be  ve rified  by:

• Licensed  inspectors

• Ut ility repre sentat ives

• Quality cont rol pe rsonne l

• Regulatory authorit ie s



Sum m ary of Measuring  Tools and  Techniques
1Basic  Measurem ent  Tools

Spring- loaded  tapes, fold ing  rule s, squares, and  st ra ight  
edges form  the  foundat ion  of m easurem ent  in  gas 

insta lla t ion  work. 2 Precision Inst rum ents

Fee le r gauges, d rill gauges, and  d rill b it  b lanks p rovide  the  
p recision  needed  for crit ica l m easurem ents.

Dig ita l Technology

Modern  d ig ita l tools enhance  accuracy and  e fficiency in  
m easurem ent  t asks.

4 Specialized  Equipm ent

Indust ry- specific  m easuring  devices address the  unique  
requirem ents of gas system s.

Safe ty Focus

Prope r m easurem ent  t echniques ensure  the  safe ty and  
com pliance  of gas insta lla t ions.



CSA Unit  2
Chapte r 5                
Com bust ion  Test ing  
Inst rum ents

Gas technicians and  fit t e rs  use  various inst rum ents  to check a ir quality in  

the  working  environm ent  and  to ensure  safe  and  e fficient  ope rat ion of 

gas fired  equipm ent . These  inst rum ents  are  e ssent ia l for t e st ing  the  
com bust ion process and  analyzing  flue  gase s to ve rify safe  ope rat ion and  

opt im ize  com bust ion e fficiency.



Purpose  of Com bust ion Test ing

W hy Test ing  Mat te rs

The  gas  te chnician/ fit te r use s  m any inst rum ents  to check air quality in  the  working  environm ent  and  to 

ensure  safe  and  e ffic ient  ope rat ion of gas  fired  equipm ent . This  includes analyzing  flue  gase s  to check the  

e ffic iency of com bust ion and  the  leve l of toxic  gase s .



Learning  Object ives
Ident ify Types of 
Inst rum ents

At  the  end  of th is  Chapte r you will be  

ab le  to ident ify types of com bust ion 

te st ing  inst rum ents .

Unde rstand  Applicat ions

You will le arn  how the se  inst rum ents  

are  used  to t e st  gas appliances 

de signed  for m any d iffe rent  
applica t ions.

Ensure  Safe  Ope rat ion

You will unde rstand  how te st ing  he lps ve rify safe  ope rat ion of gas- fired  equipm ent .



Key Te rm inology

Te rm Abbre via t ion (sym bol) De fin it ion

Com bust ion The  rap id  oxidat ion of any m ate ria l 
c lassifie d  as  a  com bust ib le  m at te r.

Ignit ion  t e m pe rature Te m pe rature  a t  which com bust ion can 
t ake  p lace .

Pound  pe r square  inch PSI Me asure  of p re ssure  in  a  ve sse l.



Princip le s of Com bust ion

Com bust ion

Rapid  oxidat ion of com bust ib le  m at te r

Chem ical React ion

Oxygen com bines with  fue l e lem ents

Heat  Ene rgy

Re leased  during  the  com bust ion process

Com bust ion is  the  rap id  oxidat ion of any m ate ria l c lassified  as  a  com bust ib le  m at te r. It  is  a  rap id  chem ical re act ion. Fam iliar 

com bust ion processe s include  the  burning  of gasoline  in  an autom obile  engine  and  the  burning  of natura l gas as  a  fue l.



The  Three  Elem ents of Com bust ion

During  com bust ion, oxygen from  air com bines with  the  com bust ib le  e lem ents  of a  fue l- norm ally carbon and  hydrogen- to re lease  heat  ene rgy. Howeve r, fue l and  oxygen 
a lone  do not  produce  com bust ion. Raising  the  tem perature  to the  ignit ion tem perature  a t  which com bust ion can take  p lace  a lso require s  heat .

Rem oval of any one  of the  three  e lem ents  s tops com bust ion. For e fficient  com bust ion to take  p lace , you m ust  pre sent  each in  the  right  quant ity. It  is  im portant  to have  
the  right  flow of a ir conta ining  oxygen. The re  can be  too m uch or lit t le  a ir to support  com bust ion.

Fue l

The  com bust ib le  m ate ria l tha t  burns

Oxyge n

From  air, com bines with  com bust ib le  e lem ents

He at

Raise s tem perature  to ignit ion point



Flue  Gases and  Com bust ion  Analysis

W hat  Are  Flue  Gases?

The  com bust ion process form s 

products  which are  usually 

exhausted  through a  flue , vent , or 
chim ney. In  the  gas indust ry, the se  

are  ca lled  flue  gase s. Alte ring  the  

a ir- gas m ixture  to the  com bust ion 
process affect s  the  volum e  of and  

pe rcentage  of flue  gas com ponents .

W hy Analyze  Flue  Gas?

You m ust  analyze  flue  gas to check 

the  e fficiency of com bust ion and  

the  leve l of toxic gase s.

W hat  Is  Measured?

A com bust ion analysis  de te rm ines 

the  com ple teness of com bust ion 

and  what  pe rcentages of the  tota l 
volum e  of dry flue  gas are  carbon 

d ioxide  (CO2), oxygen (O2), and  

carbon m onoxide  (CO). In  ce rta in  
case s, you m ay a lso m easure  

hydrogen (H2), n it ric  oxide s (NO 

and NOx), and  hydrocarbons (HC).



Type s of Flue  Gas Analyze rs
Cont inuous Sam pling

Ele ct ronic  analyze rs that  provide  cont inuous sam pling  through e le ct roche m ical, non- dispe rsive  infrare d  tube , or se le ct ive  che m ical re act ion  m e thods.

Tube  Analyze rs

Single - use  g lass tube s fille d  with  dry che m icals, such  as those  m ade  by Drae ge r and Gaste c.

Liquid  Analyze rs

Analyze rs that  use  se le ct ive  che m ical absorpt ion , e nabling  t e st ing  of m any flue  gas sam ple s without  changing che m icals.

Flue  gas analyze rs provide  the  gas t e chnician/ fit t e r and  clie n t  with  accurate  inform at ion  that  the y m ay use  in  adjust ing  appliance s for opt im um  com bust ion  e ffic ie ncy or to ve rify safe  ope rat ion .



Handling  Flue  Gas Analyze rs

Follow Inst ruct ions

Always follow the  m anufacture rs ' recom m endat ions

Prope r Storage

Store  inst rum ents accord ing  to guide lines

Re gular Calib rat ion

Ensure  accurate  read ings through calib rat ion

Corre ct  Usage

Use  inst rum ents as in tended

Incorrect  handling  of flue  gas analyze rs can easily dam age  these  inst rum ents and  
g ive  inaccurate  read ings, which can be  ve ry dange rous. To prevent  the se , a lways 
follow the  m anufacture rs ' recom m endat ions for storage , handling , calib rat ion, and  
use  of the se  inst rum ents.



Cont inuous Sam pling  Elect ronic  Analyze rs

Feature s and  Bene fit s

The  m ost  com m only used  flue  gas analyze rs  are  e lect ronic , and  
they com e  in  m any d iffe rent  m akes and  m ode ls . The  fie ld  
t echnician/ fit t e r usually uses a  hand- he ld  portab le  device , which  
is  ve rsat ile  and  not  d ifficult  to ope rate .

The  m ost  up- to- date  analyze rs  m easure  all the  p roducts  of 
com bust ion . Most  analyze rs  have  tem perature  p robes and  
p re ssure  sensors  built  in .

Modern  flue  gas analyze rs  can  store  inform at ion, download  the  
data  to a  com pute r, and  t ransm it  the  inform at ion to a  p rin te r to 
p roduce  hard  copy report s  for the  clien t .

Mult i- gas em ission  analyze r

W ith  a  cont inuous sam pling  device , sensors  in  the  Unit  
cont inuously analyzes a  m easured  flow of flue  gas sam ple  for the  
device 's  durat ion  of be ing  connected  to the  app liance , unlike  it s  
p redecessors which  only m anually spot  sam ple  at  use r-
de te rm ined  in te rvals .



Tube  Analyze rs

How Tube  Analyze rs W ork

The  le ast  expensive  flue  gas analyze r use s pencil- shaped  

g lass  tubes filled  with  dry chem icals . Each tube  conta ins a  

d iffe rent  chem ical, and  each one 's  funct ion is  to t e st  for a  
specific  type  of gas. Usually, the  tubes are  s ingle - use .

Each de tector tube  conta ins precise  am ounts  of de tect ing  

reagents  in  a  g lass  tube  with  a  fixed  inne r d iam e te r. The  

tube  is  he rm e t ically sealed  a t  both  ends to protect  the  
contents  unt il they are  exposed  to the  flue  gas during  

te st ing . Draege r and  Gastec are  two we ll- known 

m anufacture rs  of th is  type  of equipm ent .

Gastec tube  type  flue  gas analyze r system



Using  Gastec De tector Tubes

Break Tube  Ends

To start  the  te st , b reak off 

the  tape red  tube  ends and  

connect  one  opened  end  of 
the  tube  to the  Gastec 

sam pling  pum p.

Draw Sam ple

Pull the  hand ope rated  

vacuum  pum p handle  to 

draw the  flue  gas sam ple  
through the  tube . The  pum p, 

which m ay draw a  fixed  

am ount  or be  ad justed  for 
d iffe rent  t e st s , m easure s the  

volum e  of gas drawn.

Obse rve  React ion

As the  sam ple  m oves 

through the  tube , the  te st  

gas react s  im m ediate ly with  
the  dry chem ical and  cause s 

it  to d iscolour, beginning  a t  

the  ent ry end  of the  de tector 
tube . The  highe r the  

concent ra t ion of t e st  gas 

pre sent , the  greate r the  
length of dry chem ical 

d iscoloring .

Read  Result s

Measure  the  gas 

concent ra t ion a t  the  point  

whe re  the  colora t ion s tops. 
Graduated  m arkings on the  

s ide  of the  tube  m ake  it  e asy 

to read  the  precise  
pe rcentage  of the  te st  gas 

found in  the  sam ple .



Liquid  Analyze rs

Advantages

The  advantage  of liquid  ove r tube  

analyze rs  is  that  they enable  you to 

t e st  m any flue  gas sam ple s without  
the  need  to change  the  chem icals . 

This  is  part icularly use ful when you 

m ust  analyze  seve ral sam ple s 
during  the  se t  up  of a  burne r 

system .

Com m on Gases Measured

The  two m ost  com m on gase s 

m easured  with  liquid  flue  gas 

analyze rs  are  CO2 and O2. The  
reagent  (react ing  chem ical)  for 

m easuring  CO2 is  potassium  

hydroxide  (dyed  red) and  for 
m easuring  O2 is  chrom ous chloride  

(b lue ).

Longevity

You can use  the  potassium  

hydroxide  for approxim ate ly 40 0  

te st s  be fore  requiring  rep lacem ent , 
and  the  chrom ous chloride  for 

approxim ate ly 20 0  te st s  prior to 

rep lacem ent .

A com m on liquid  te st  Unit  is  the  Fyrite  system  which use s the  "Orsat  Me thod".



How Liquid  Analyze rs W ork

Fill with  Re age nt

Each ind ividual t e st  Unit  is  part ia lly filled  with  the  specific  reagent  to t e st  a  part icular com ponent  of the  fue l gas, CO2 or O2.

Che m ical Absorp t ion

As the  chem ical in  the  t e st  Unit  absorbs the  flue  gas, the  volum e  of the  fluid  e ithe r expands or cont ract s and  is  m easured  on  a  scale  on  

the  side  of the  tube .

Re se t  for Ne xt  Te st

Afte r the  analysis of the  flue  gas sam ple , the  t e st  Unit  is  vented , le aving  it  re ady for the  next  sam ple .



Com bust ib le  Gas Ind icators

Purpose  and  Funct ion

Gas te chnicians/ fit t e rs  use  com bust ib le  gas ind icators  to 
t e st  for com bust ib le  gase s in  surroundings. At taching  a  
sam pling  probe  can be  use ful for d ifficult - to- acce ss areas. 
Dig ita l or analogue  types are  availab le .

These  inst rum ents  are  cove red  in  greate r de ta il in  Unit  3 
Prope rt ie s , Characte ris t ics , and  Safe  Handling  of Fue l Gase s.

Com bust ib le  gas ind icator (solid- sta te )



Pressure  and  Tem perature  Measurem ent
Pressure

W he n an  ob je ct  e xe rt s  a  force  ove r an  are a  of anothe r 
ob je ct , it  e xe rt s  p re ssure . Pre ssure  is  the  force  e xe rte d  
pe r Unit  are a .

Tem perature

Te m pe rature  (i.e ., t he  de gre e  of he at )  is  m e asure d using 
various sca le s  such as  Fahre nhe it  and  Ce lsius. The se  
scale s  have  fixe d  point s  use d  for com parison and  are  
base d  on such th ings as  the  boiling  and  fre e zing  point s  
of wate r a t  a  part icular p re ssure .

Gas t e chnicians/ fit te rs  use  various gauge s to m e asure  gas p re ssure  and  t e m pe rature  to e nsure  safe  and  e fficie nt  ope ra t ion  of gas 
app liance s.



Types of Pre ssure  Gauges
Pressure  Gauges

Measure  the  force  pe r Unit  area  exe rted  by a  confined  gas. They 

m easure  pre ssure s above  a tm osphe ric .

Vacuum  Gauges

Measure  pre ssure s be low atm osphe ric .

Com pound Gauges

Measure  pre ssure s both  above  and  be low atm osphe ric .

Draft  Gauges

Measure  the  gas density of low gas heads or sm all d iffe rent ia l gas 

pre ssure s.



Types of Tem perature  Gauges

Analog  Tem perature  Gauges

Measure  sensib le  heat  changes. 

Sensib le  heat  is  a  change  in  

t em pe rature  which you can fee l. Latent  
heat  cause s a  change  in  s ta te  without  

changing  tem pe rature .

Dig it a l Tem perature  Gauges

Are  the  m ost  com m on for 

t e chnicians/ fit t e rs  to use . The ir only 

d isadvantage  is  the  need  for bat te ry 
power.

P lug- in  Sensors

The  type  of hand- he ld  the rm om e te r 

shown use s p lug- in  sensors  in  a  varie ty 

of types, s ize s, and  style s .



Manom ete rs

W hat  is  a  Manom ete r?

The  m anom ete r is  a  U- shaped  tube  that  he lps m easure  the  d iffe rence  in  pre ssure  
be tween the  tops of the  liquid  in  the  two sides of the  liquid  is  wate r or coloured  gauge  
oil. Sm all posit ive  or negat ive  pre ssures are  expressed  in  inches of wate r colum n; 1 PSI 
is  equal to 27.7 inches of wate r colum n. Gas technicians/ fit t e rs m ost  often use  the  
wate r colum n m easurem ent .



How a W ate r- Filled  U- Tube  
Manom e te r W orks

Zero Pressure  Read ing

W he n both  le gs of the  tube  are  ope n, only a tm ospheric  p re ssure  act s  
on  the  surface  of the  liquid . This  g ive s the  sam e  liquid  le ve l in  e ach le g . 
The  gauge  pre ssure  the n re ads ze ro.

Pre ssure  Diffe rent ia l

W he n one  le g  is  conne cted  to a  source  with  pre ssure  h ighe r (or 
lowe r) than a tm ospheric , the  add it ional (re duce d) p re ssure  cause s 
the  liquid  to m ove , lift ing  (d isp lacing) the  colum n in  the  le g  that  is  
ope n to the  a tm osphere .

Measurem ent

The  d iffe re nce  be twee n the  liquid  he ight s  in  the  two le gs 
de te rm ine s the  gauge  pre ssure  of the  p re ssurize d  source .



Slope  Manom ete rs

Design and  Funct ion

Slope  m anom e te rs  are  a lso called  inclined- ve rt ica l 

m anom e te rs . In  th is  type , the  arm  of the  m anom e te r in  

which liquid  leve l varie s  is  gradually s loped  ra the r than 
ve rt ica l.

Typically, a  s lope  m anom e te r is  about  20  in  (50 0  m m ) long . 

This  enable s the  accurate  obse rvat ion of ext rem e ly sm all 

increm ental changes. Norm ally, the se  device s are  
pe rm anent ly m ounted  on equipm ent .

Slope  m anom e te r showing gradual incline  for precise  

m easurem ents



Digita l Manom ete rs

Feature s and  Applicat ions

Elect ronic  m anom ete rs are  the  m ost  com m on fie ld  se rvice  tool that  m easures 

posit ive  and  negat ive  pre ssures. They are  availab le  in  a  varie ty of m ode ls showing  

d iffe rent  ranges and  m ay have  m any othe r feature s.

You can use  d ig ita l m anom ete rs as draft  gauges, if equipped  with  the  correct  range , 

and  to m easure  d iffe rent ia l p re ssure s.



Tradit ional Tem perature  Gauges

Analog  The rm om ete rs

Som e t im es re fe rred  to as  the rm om e te rs , t em pe rature  

gauges com e  in  m any d iffe rent  s tyle s  and  types. In  the ir 

t rad it ional form , the rm om e te rs  are  a  scale  d isp laying  
tem pe rature  Unit s  of m easurem ent , ( i.e ., degree s 

Fahrenhe it ) .

Tradit ional analog  the rm om e te r with  tem pe rature  scale



Digita l The rm om ete rs

Modern Tem perature  Measurem ent

As with  m ost  othe r inst rum ents , m any e lect ronic opt ions are  

now availab le . Dig ita l the rm om e te rs  are  the  m ost  popular 

t em pe rature  m easuring  tool used  today. The ir only 
d isadvantage  is  the  need  for bat te ry power.

Dig ita l hand- he ld  the rm om e te r with  p lug- in  sensors



Im portance  of Prope r Inst rum ent  Se lect ion

Assess Requirem ents

De te rm ine  what  needs to be  

m easured

Se lect  Inst rum ent

Choose  appropria te  t e st ing  

equipm ent

Pe rform  Test ing

Use  inst rum ent  accord ing  to 

guide line s

Analyze  Result s

Inte rpre t  re adings and  take  act ion

Se lect ing  the  right  inst rum ent  for the  job  is  crucia l for accurate  m easurem ents  and  safe  ope rat ion of gas appliances. Gas 

te chnicians m ust  unde rstand  the  capabilit ie s  and  lim ita t ions of e ach inst rum ent  type .



Ensuring  Accurate  Measurem ents

1
Read Inst ruct ions

Unde rstand  inst rum ent  ope rat ion

Calibrate  Regularly

Mainta in  accuracy of re adings

Prope r Maintenance

Keep inst rum ents  in  good condit ion

Ongoing  Train ing

Stay updated  on new technologie s



Safe ty Conside rat ions W hen Test ing

Personal Protect ion

Always wear appropria te  pe rsonal p rotect ive  equipm ent  when 
working  with  gas system s and  te st ing  inst rum ents.

Vent ila t ion

Ensure  adequate  vent ila t ion  when te st ing  com bust ion  
p rocesses to p revent  buildup  of harm ful gases.

Inst rum ent  In tegrity

Regularly check te st ing  inst rum ents for dam age  or wear that  
could  affect  accuracy or safe ty.

Follow Procedure s

Always follow estab lished  te st ing  p rocedures and  m anufacture r 
guide lines for both  the  equipm ent  be ing  te sted  and  the  t e st ing  
inst rum ents.



In te rpre t ing  Test  Result s

3
Key Elem ents

Fue l, oxygen, and  heat  are  the  three  
e ssent ia l e lem ents  for com bust ion

27.7
W ate r Colum n

Inches of wate r colum n equivalent  to 1 PSI

40 0
Test  Capacity

Num ber of t e st s  possib le  with  potassium  
hydroxide  be fore  rep lacem ent

Understanding  the  num erical values and  re lat ionships be tween d iffe rent  m easurem ents  is  e ssent ia l for p rope r in te rp re tat ion  of 
com bust ion  te st  re sult s . Gas t echnicians m ust  be  ab le  to recognize  when read ings fall out side  accep tab le  param e te rs  and  take  
appropriate  act ion .



Technolog ical Advancem ents in  
Test ing

Tradit ional Inst rum ents

Manual gauges and  liquid - based  analyze rs requiring  visual 
in te rp re ta t ion

Dig ita l Revolut ion

Elect ronic inst rum ents with  d ig ita l d isp lays for m ore  p recise  
read ings

Data  Storage

Modern  analyze rs with  ab ility to store  and  download  te st  da ta

W ire le ss Connect ivity

Latest  inst rum ents fea turing  wire le ss t ransm ission  of re sult s  to 
com pute rs and  m obile  devices



The  Future  of Com bust ion  Test ing

The  fie ld  of com bust ion te st ing  cont inues to evolve  with  new technologie s em erging . Sm art  device s with  enhanced  

connect ivity, art ificia l in te lligence  for predict ive  analysis , augm ented  reality in te rface s, and  increasingly m inia turized  ye t  

powerful inst rum ents  are  shaping  the  future  of how gas te chnicians will ensure  safe  and  e fficient  ope rat ion of gas- fired  
equipm ent .



CSA Unit  2

Chapte r 6                         
Elect rical Test ing  
Inst rum ents
This pre senta t ion cove rs  the  various e lect rica l t e st ing  inst rum ents  used  

by gas t e chnicians and  fit t e rs . W e 'll explore  the ir purpose s, p rope r 

handling , and  storage  requirem ents  to ensure  accurate  m easurem ents  
and  safe  ope rat ion.



Purpose  and  Object ives

Purpose

The  gas t e chnician/ fit t e r m ust  use  various e lect rica l t e st ing  

inst rum ents . This  Chapte r ident ifie s  them  and de scribe s the  

basic  ways to handle  and  store  them .

Object ive s

At  the  end  of th is  Chapte r you will be  ab le  to:

• de scribe  the  purpose s of e lect rica l t e st ing  inst rum ents

• de scribe  s torage  and  handling  requirem ents  of e le ct rica l 

t e st ing  inst rum ents



Key Te rm inology

Term Abbrevia t ion 

(sym bol)

De finit ion

Am pere s A Flow ra te s  of 

e le ct ric  charge

Milliam pe re s m A One- thousandth of 

an am pe re

Microam pere s uA One- m illionth  of an 

am pe re

Ohm s Ω Measurem ents  of 

re sis tance



Addit ional Te rm inology

Term Abbreviat ion  (sym bol) Defin it ion

Kilohm s kΩ Resistance

Resis tance - The  ab ility of a  substance  
to re sis t  the  flow of current

Volt s V Measures of e lect ric  
potent ia l

Millivolt s m V One- thousand th  of a  volt

Volt s  d irect  current Vdc Measure  of e lect ric  
potent ia l in  a  d irect  
current  c ircuit

Volt s  a lt e rnat ing  current Vac Measure  of e lect ric  
potent ia l in  an  a lt e rnat ing  
current  c ircuit



Manom ete r Pre ssure  Reading  
Exe rcise  1

Quest ion

Se lect  the  correct  m anom e te r pre ssure  reading  for the  following  figure?

Opt ions

• a) 7 inches w.c.

• b) 4  inches w.c.

• c) 10  inches w.c.

• d) 12 inches w.c.



Manom ete r Pre ssure  Reading  Exe rcise  2

Quest ion

Se lect  the  correct  m anom e te r pre ssure  reading  for the  

following  figure?

Opt ions

• a) 6  inches w.c.

• b) 5 inches w.c.

• c) 3 inches w.c.

• d) 7 inches w.c.



Com bust ion  Knowledge  
Check

Quest ion

Correct ly com ple te  the  following  sentence  with  the  appropria te  

word  provided: Com bust ion is  a  rap id  ____________ com bust ib le  

e lem ents  of a  fue l to re lease  heat  ene rgy.

Opt ions

a) Liquid

b) Heat

c) Chem ical

d) Oxygen



Tem perature  Measuring  
Devices

Quest ion

W hich of the  following  is  not  a  t em pe rature  m easuring  device?

Opt ions

a) Dial the rm om e te r b im e tal

b) Slope  the rm om e te r

c) Spirit - filled  the rm om e te r

d) Dig ita l the rm om e te rs  em ploying  the rm ocouple s or infrared  

te chnology



Purposes of Elect rical 
Test ing  Inst rum ents
This sect ion enable s the  gas t e chnician/ fit t e r to re cognize  various 

e lect rica l t e st ing  inst rum ents  and  the  purpose  they se rve . Unit  5 

Int roduct ion to Elect ricity provide s specific  inform at ion in  greate r de ta il.

The  te st ing  inst rum ents  a  gas t e chnician/ fit t e r m ay encounte r while  

working  on e lect rica l equipm ent  will e ithe r be  pe rm anent  or hand- he ld  

and  portab le .



Com m on Elect rical Inst rum ents

Voltage  Me te rs

Alte rnat ing  current  (ac) or d irect  

current  (dc) voltage  m e te rs  or 

com binat ions of the  two

Am perage  Me te rs

Used to read  current

Ohm m ete rs

Used to read  re sis tance

Mult im e te rs

Com bine  the  funct ions of the  m e te rs  above , and  can 

be  used  to m easure  sm all value s of voltages and  

am pe rages, am ong othe rs

Power Me te rs

Used to m easure  wat tage  and  usage



Types of Elect rical Me te rs

Analogue  Me te rs

Have  a  scale  and poin te r. The  poin te r's  m ove m e nt  is  d ire ct ly and cont inuously re la te d  to the  m e asure d  quant ity.

Dig ita l Me te rs

Inte rpre t  the  m e asure d  quant ity e le ct ronically in  d iscre te  num e rical data  (d ig it s).



Voltm e te rs and  Millivoltm e te rs

Definit ion

Elect rica l potent ia l and  voltage  are  m easured  in  volt s  (V) 

or m illivolt s  (m V).

Voltm e te rs  m easure  the  d iffe rence  of e lect ric  potent ia l 

be tween two point s  in  a  circuit . In  the  fie ld , a  m ult im e te r 

is  m ore  com m only used .

Ope rat ion

An analogue  voltm e te r ope rate s  without  bat te rie s . It  

d raws a  ve ry sm all current  from  the  m easured  circuit . 

This  current  drive s a  p ivoted  coil to which the  pointe r is  
a t t ached . The  scale  is  m arked  in  volt s  or m illivolt s .



Am m ete rs and  
Microam m ete rs

Definit ion

The  size  of an  e le ct ric  curre nt  flow is  m e asure d  in  am pe re s (A), 
m illiam pe re s (m A), or m icroam pe re s (µA).

Am m e te rs  m e asure  the  curre nt  flowing  through a  circuit . In  the  fie ld , a  
c lam p on m ult im e te r is  m ore  com m only use d .

Ope rat ion

An analogue  am m e te r ope ra te s  without  bat t e rie s . It  is  inse rt e d  in to the  
circuit  so tha t  the  full curre nt  be ing  m e asure d  flows through the  
inst rum e nt . The  curre nt  d rive s a  p ivote d  coil to which the  pointe r is  
a t t ached . The  scale  is  m arke d  in  am pe re s, m illiam pe re s, or 
m icroam pe re s.



Ohm m ete rs

Definit ion

The  ability of a  substance  to re sis t  the  flow of current  is  

ca lled  re sis tance  and  is  m easured  in  ohm s (Ω)  or kilohm s 

(kΩ) .

You can use  an ohm m ete r to m easure  both  re sis tance  

and  cont inuity of a  circuit . (An open circuit  repre sents  an 

infinite ly large  re sis tance  to current  flow.) It  is  e asily 
d is t inguished  from  an am m ete r or voltm e te r because  it s  

scale  reads from  right  to le ft . In  the  fie ld , a  m ult im e te r is  

m ore  com m only used .

Ope rat ion

A flashlight  type  of bat te ry powers the  ohm m ete r. This  

drive s current  through the  te sted  circuit 's  re sis tance . 

This  current  drive s a  p ivoted  coil to which the  pointe r is  
a t t ached . Although current  is  be ing  m easured , the  scale  

is  m arked  in  ohm s.

It  is  im portant  to se t  the  ze ro for e ach m easurem ent . This  

act ion a lso te st s  the  bat te ry. It  is  a lso im portant  to switch 

off the  ohm m ete r when you fin ish  m easuring , so that  the  
bat te ry is  not  dra ined .



Mult im e te rs
A m ult im e te r is  e ssent ia lly an  am m ete r, voltm e te r com bined  in  a  sing le  portab le  case . It  has two advantages: it  is  easie r to carry and  le ss 
expensive  than  seve ra l sing le - funct ion  m e te rs.

Funct ion  Switch

Se ts the  m e te r to m easure  ac, 
dc, or re sistance

Range  Switch

Se lect s the  correct  range  for the  
voltage , current , or re sistance  
be ing  te sted

Ze ro- Ohm s Adjustm ent

Com pensate s for varia t ions in  
the  in te rnal bat te ry voltage  of 
the  m e te r

Addit ional Feature s

Zero ad justm ent  for the  poin te r, 
re se t  but ton , and  seve ra l jacks 
for connect ing  circuit  leads



Digita l Mult im e te r (DMM)

A DMM has a ll the  funct ions of an analogue  m ult im e te r p lus 

advanced  feature s. The  prim ary d iffe rence  to the  

te chnician/ fit t e r is  the  way the  use r re ads the  data . DMMs 
have  extended  feature s depending  on the  m ake  and  m ode l; 

Unit  5 Int roduct ion to Elect ricity d iscusse s th is  in  m ore  

de ta il.

The  m ost  com m on m ult im e te r used  today is  the  d ig ita l 

m ult im e te r (DMM). It  usually has m ult ip le  or auto ranges of 

use .



Storage  and  Handling  
Requirem ents
The  gas t e chnician/ fit t e r use s m any varied  tools . Som e  are  s im ple  and  

inexpensive , but  othe rs  are  com plex, sensit ive , and  expensive . For the  

m ost  part , e le ct rica l t e st  inst rum ents  fa ll in to the  second category.

If you roughly handle  or im prope rly use  the se  inst rum ents , they could  be  

easily dam aged. This  will rende r them  use le ss  for accurate  m easurem ent , 

which could  be  dange rous.



Prope r Care  of Inst rum ents -  Do's
Prope r Storage

Store  inst rum ents in  
the ir cases when they 
are  not  in  use

Bat te ry 
Managem ent

Rem ove  bat te rie s if you 
m ust  store  the  
inst rum ents for long  
pe riods

Regular Inspect ion

Check the  bat te ry 
com partm ent  from  t im e  
to t im e  to ensure  that  no 
corrosion is  t aking  p lace  
due  to leaking  bat te rie s

Spare  Bat te rie s

Keep a  spare  se t  of 
bat te rie s for d ig ita l 
inst rum ents. Unlike  
som e  analogue  
inst rum ents, they will 
not  funct ion without  
bat te rie s



Prope r Care  of Inst rum ents -  
Don 't s

Avoid  Moisture

Do not  a llow inst rum ents to becom e  dam p

Avoid  Ext rem e  Condit ions

Do not  expose  inst rum ents to h igh  tem peratures and  hum id ity

Prevent  Test  Lead  Dam age

Do not  store  t e st - leads so that  they becom e  dam aged  -  torn  
insula t ion , for exam ple , could  re sult  in  e lect rocut ion

Prevent  Physical Dam age

Do not  a llow inst rum ents to bounce  about  in  the  back of a  vehicle



Analogue  vs Dig ita l Inst rum ents

Analogue  Inst rum ents

Analogue  inst rum ents  are  m ore  de lica te  than d ig ita l 

inst rum ents—they have  m oving  part s  on jewe led  bearings 

and  can ge t  out  of a lignm ent  if badly m ist reated . Despite  
th is , they are  de signed  for use  in  the  fie ld  and  have  been 

around for m uch longe r than d ig ita l inst rum ents .

Be  care ful with  analogue  inst rum ents- do not , for exam ple , 

a llow them  to bounce  about  in  the  back of a  vehicle .

Dig it a l Inst rum ents

Digita l inst rum ents  are  gene rally m ore  robust  than the ir 

analogue  counte rpart s . They have  fewer m oving  part s  and  

are  le ss  suscept ib le  to m echanical dam age .

Howeve r, they re ly com ple te ly on bat te ry power to funct ion, 

so prope r bat te ry m anagem ent  is  e ssent ia l for re liab le  

ope rat ion.



Im portance  of Prope r Inst rum ent  Handling

Measurem ent  Accuracy

Prope r handling  ensure s inst rum ents  

m ainta in  the ir ca libra t ion and  provide  

accurate  readings

Safe ty

W ell- m ainta ined  inst rum ents  reduce  

the  risk of e lect rica l accidents  and  

hazards

Extended  Life span

Care ful handling  and  storage  extends 

the  use ful life  of expensive  

inst rum ents

Re liab ility

Prope rly m ainta ined  inst rum ents  

provide  consistent  pe rform ance  

when needed



Se lect ing  the  Right  Inst rum ent  for the  Job

Ident ify the  m easurem ent  needed

Dete rm ine  whe the r you need  to m easure  voltage , current , re sis tance , or othe r param e te rs

Conside r the  m easurem ent  range

Se lect  an inst rum ent  with  an appropria te  range  for the  expected  value s

Evaluate  the  working  environm ent

Conside r factors  like  m oisture , t em pe rature , and  acce ssib ility

Ve rify inst rum ent  condit ion

Check for dam age , bat te ry leve l, and  prope r ca libra t ion 
be fore  use



Com m on Applicat ions in  Gas Indust ry
Furnace  Cont rol Test ing

Test ing  voltage  and  cont inuity in  gas  furnace  cont rol c ircuit s  to d iagnose  ignit ion and  safe ty cont rol issue s

Gas Valve  Verificat ion

Measuring  re sis tance  and  voltage  a t  gas  valve  solenoids  to ve rify p rope r ope rat ion

The rm ostat  Trouble shoot ing

Checking  cont inuity and  voltage  a t  the rm ostats  to ensure  p rope r com m unicat ion with  heat ing  equipm ent



Safe ty Conside rat ions

Prope r Train ing

Ensure  you unde rstand  how to use  each  inst rum ent  correct ly

Pre - Use  Inspect ion

Check for dam age  to inst rum ents  and  te st  leads be fore  each  use

3
Voltage  Awareness

Always ve rify circuit s  are  de - ene rg ized  when appropriate

Pe rsonal Protect ive  Equipm ent

Use  appropriate  PPE when working  with  e lect rical equipm ent



Sum m ary of Key Point s
1 Inst rum ent  Types

Gas t echnicians use  voltm e te rs, am m ete rs, ohm m ete rs, m ult im e te rs, and  
power m e te rs for various e lect rical m easurem ents

2 Prope r Storage

Store  inst rum ents in  the ir case s, rem ove  bat t e rie s for long- te rm  storage , and  
protect  from  m oisture  and  ext rem e  condit ions

3 Handling  Requirem ents

Handle  with  care  to m aintain  accuracy and  prevent  dam age , e specially with  
analogue  inst rum ents that  have  de licate  m oving  part s

4 Safe ty Conside rat ions

Prope rly m aintained  inst rum ents are  e ssent ial for accurate  m easurem ents 
and  safe  ope rat ion when working  with  gas equipm ent
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