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Choosmg the Right
Hardware for Gas
Technicians

This presentation willguide gas technicians and fitters in selecting the
correct fasteners for various applications. We'llexplore different types of
fasteners,their properusage,and important safety considerations to
ensure secure installations.
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Purpose and Objectives

Purpose Objectives

To enable the gas technician/fitter to At the end ofthis presentation, you

choose the correct fastener for the willbe able to:

job.
:  identifythe methods forselecting

and securing correct fasteners

 1identifytypes of fasteners

shutterstuck




Key Termmology

Fastener

A device that attaches something firmly to something else.

Understanding the propertermimnology is essential for gas technicians to

communicate effectively and select the right components foreach job.




Requirements for Using Fasteners

Z?'_; Material Type Q Equipment Type

Type of materialto which you must fasten the piping Type ofequipment that you are fastening

orequipment

[@) Weightand Shape &2 Support Direction
Weight and shape ofthe equipment Whetherthe equipment has support from above or
below
() Movement Factors ¥¢ Quantity Needed

Whether expansion or vibration is a factor The numberoffasteners or supports required



Main Materials in Gas Industry

Concrete

Requires anchors, shields, and

specialized fastening techniques

Wood

Requires specific fasteners like

wood screws and lag bolts

Steel

@ Requires metalscrews, bolts, and

specialized clamps

In the gas industry,these three main types of materialare what you must fasten to or from.



Safety and Security Considerations

Secure Installation

Eﬂ? Ensure fastened items remain in original position

Careful Selection
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Choose fastening devices and supports with care

Safety First
(M

Carryout fastening safely and securely

It is important that you make sure you carry out the fastening of piping or equipment safelyand securely. It is essentialthat
anything you fasten remains in its original position. You should select a fastening device ordesign ofa support or bracket with

carc.



Ensuring Secure Installations

Select Correct Size and Grade

Choose screws orbolts ofthe correct size and grade forthe application.

Use ProperInserts and Plugs

Select the correct inserts, plugs,and shields that you must drillor place in

concrete, and set them properly.

Account for Movement

Consider expansion, contraction, and vibration,and take appropriate

measures to ensure the piping orequipment remains in place.

Use Adequate Support

Use the propernumber of fasteners and supports forthe weight or

size ofthe piping and equipment.




General Fasteners Overview

Variety of Options

Ahuge variety of fasteners is available to the gas technician/fitter.
Their designs are job-specific, so you must take care in selecting

them.

Attention to Detail

Smalldetails can have a great effect on their function. Be sure to

store all fastenersin a clean and dry environment once purchased.




Types of Screws
ﬁ Wood Q Metal 8 Machine

Screws Screws Screws Figure 1-1
Various types of screws
Used for Used for Used with nuts Image courtesy of DeWalt
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There are many different types of screws, which come in varying sizes,
lengths,and head types,but have one purpose - to fasten one object to

another. Gas technicians/fitters extensively use alltypes.
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Wood screws

Sclf-Tapping MetalScrews

Purpose

Create their own threads as they are driven into material

Applications

Commonlyused for sheet metaland thin materials

Advantages

No need for pre-tapping or nuts

Varieties

Available in different head styles and thread patterns



Lag Bolts

Figure 1-4
Lag bolt

Metal Lag bolt
washer —— ]

Wooden
part

Definition

Lag bolts are not actually bolts;they are heavy screws that

help fasten brackets to wooden members.
Applications

Theyare a practicalalternative to anut and bolt
arrangement, although larger sizes oflag bolts mayrequire a

pilot hole.
Usage in Gas Industry

Commonlyused forsecuring heavy equipment and brackets

to wooden structuralmembers.



Bolts and Nuts

Varieties

Bolts are available in various lengths, sizes,and configurations.

They fasten objects into a set position by the leverage ofthe

thread.
Thread Types

The thread on the bolt can be either National Fine (NF) or the

more commonlyused NationalCoarse (NC).
Measurement

Gas technicians/fitters measure the length ofbolts from
underneath the head tothe end m most cases and from end to

end in bolts with countersunk heads.

Figure 1-5

Various bolts and nuts
Image courtesy of DeWalt
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Threaded Rod

UodAuaagma L

Often,the use ofa manufactured bolt 1s not realistic

because the correct length is not available,and adjustments
are limited. In such cases, you can use athreaded rod and

cut it to the required length.
Types

e Steelrod with threaded ends

 All-threaded rod
Applications

Commonlyused for custom length fastening solutions in

gas installations.



Anchoring Fasteners

D Purpose

Various devices help fasten
hangers and supports to

concrete walls and ceilings.

m Materials

Theymaybe iron, lead, or plastic.

D Applications

Essential for securing gas
equipment to concrete

structures.



Insert Anchors and Shields

Insert Anchors

Gas technicians/fitters use insert anchors with machine
bolts orlag screws. Theyinsert the anchorinto the hole and

tighten the fastenerinto the shield.

LLead and Plastic Shields

Also known asrawlplugs,these are used with machine bolts
orlag screws. Theyrequire the drilling ofa correctly sized

hole into the surface.
Drop-in Anchors

Require a specialtoolorpin to set the anchor. The toolmust
be the appropriate size forthe anchor,i.e.,a 3/8 tool fora

3/8 anchor,and should not have a "mushroomed" end.
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Hangs Up to 120 Lbs
Designed for thick wall application
Can be used in most types of hollow
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Purpose Mechanism Types
Help fix hangers to surfaces with hollow Tightening causes bracing agamst back Spring wing,tumble, and riveted tumble
spaces behind them wallsurface

Toggle bolts help fix hangers to surfaces with hollow spaces behind them. The action of correctly tightening the toggle bolt causes a

bracing mechanism to act against the back wallsurface.



Hose Clamps

Figure 1-8 Geartype hose clamp (manualtightening)

Figure 1-9 Hose clamp (self-tightening)

Purpose Types Important Note
Gas technicians/fitters use a hose clamp Hose clamps can be ofthe self- Generally speaking, hose clamps are not
to attach ahose toa pipe,pump, or tightening type (spring loaded) orofthe approved foruse with a hose that carries

otherdevice. type requiring manualtightening. either naturalgas or propane.



Pipe Fasteners Introduction

Importance Pre-Installation

The installation of piping systems is Considerations

an integralpart ofthe gas trade. Before installation, it is important to
consider how, where,and how often
you must support (or fasten) a
piping system from (orto) the

structure.

Variety

The pipe supports and fasteners are
numerous. This presentation
describes some ofthe more

common oncs.



Pipe Straps

Materials

Galvanized steel, copper,cast malleable iron, and plastic.

Applications

At times, gas technicians/fitters use them on verticaland

horizontalinstallations.
Sizes

Theyare available in NominalPipe Sizes NPS /2 to NPS 4.



Clevis Hangers

Material
Usually black steel.

Installation Note

Forproperperformance, you must tighten the hangerload nut

above the clevis securely.
Applications

Commonlyused for supporting horizontalpipe runs from overhead

structures.
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Adjustable Ring Hangers

Adjustable SteelRing Hangers

« Zinc-plated
 Sizesrange from NPS 3/4 to NPS 8

Adjustable Swivel-Ring Hangers

« Have asolid ring

« Sizesrange from NPS 3/4 to NPS 8




Pipe Stays/Valley Hangers

Purpose

Provides support from the floor or wall.

N—/—

Applications

Used when overhead supportis not possible or when

additionalstabilization is needed.
Installation

Must be securely fastened to the supporting surface to

ensure stability.



Grappling Bar

Alternative Names Ml Materials

Also called an extension Available in various

bar,hangeriron, strap iron, thicknesses as straight
grapple iron, or perforated lengths orcoils of black and
band iron. galvanized steel,and

copper.

Application

You can form this into a ring-type hangerbybending it around

pipe.
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Threaded Rod and Rod Coupling

Purpose

Can help extend lengths where required.

m3 Galvanized Hex Coupling Nut Long
m4 Nut Thread Rod Joint Applications
Size: M : M16

Used in pipe hanging systems to achieve the correct height or

length for propersupport.

Installation

Must be securely connected to ensure stability and properload

distribution.




Coach-Screwand Machine-Threaded Rod

Application

Used where one end ofthe coach-screw can be screwed into a
wood memberofabuilding, with the hanger attached to the other

end.
Availability
It is available in many dimensions and lengths.

Thread Type

The thread type is usually National Coarse (NC).




Floor and Ceiling Flanges

Popularity
Popular for attaching pipe hangers to a ceiling or high building member.

Installation

Must be securely fastened to the supporting surface using appropriate fasteners for the material.

Applications

Commonlyused in gas piping systems to provide stable support points.




Beam Clamps

Purpose
Used with hangerrods to support piping from structuralbeams.
Advantages

Provides secure attachment without drilling or welding to

structuralmembers.
Types

Available in various configurations to accommodate different

beam sizes and shapes.




Riser Clamps

Function

Verticalpipe hangers. The clamp grips the pipe, forming a solid support.

Installation Note
Youmaytack-weld it to steelpipe foradditionalsecurity.

Applications

Essential for supporting verticalpipe runs in multi-story gas installations.




Other Pipe Support Styles

Various other styles of pipe supports are available to accommodate different installation requirements and environmental

conditions. Each type has specific applications where it performs best.



Electrical Fasteners Overview

Importance Figure 1-13

Solderless electrical connectors
| . . Image courtesy of Terry Bell
Much oftoday's gas equipment has electrically operated

controls and components.

Connection Type

These types of fasteners enable good mechanicaland Female connector

{uninsulated) Wire nuts

Lug terminal

electricalconnection without the need for solder.

Variety

Theyare available in arange ofsizes and shapes. Some are

connected with common tools;others require specialtools. Ferr}iar::;gr:;]ctor Eye Sl Radastantin
Insulation

Theyoften have an imsulating cap orboot of plastic orrubber

overthe conductors.



Types of Electrical Fasteners

Wire Nuts

Forconnecting

multiple wires together

N

—J

Butt Connectors

For inline wire splicing

Spade
Connectors

Forsecure terminal

connections

Ring Terminals

Forconnections
requiring a screw

fastener

Unit 5 Introduction to Electricity discusses the use ofelectrical fasteners in

more detail.



Sheet Metal Fasteners

Common Types Figure 1-14
“S” and drive cleats

The most common sheet metalfasteners you willencounter

S cleat
as a gas technician/fitter are a variety of self-tapping screws

and otherspecialized fasteners.

Applications

Used for connecting components in gas systems and

ductwork.
Duct cut away to

show clips in place

/ Drive cleat




S and Drive Cleats

Purpose
For connecting sections of ductwork.

Installation

S-cleats slide overthe joined edges of ductwork, while drive

cleats are hammered onto the joint.
Advantages

Provides secure connection while allowing for thermal

expansion and contraction.




Alummum Tape

Purpose D Availability Reinforcement

Gas technicians/fitters use The tape is available in different Manufacturers sometimes
aluminum tape during thermal widths. reinforce this with fibre threads
insulation of ductwork to fasten foradded strength.

the insulation to the duct.



Red Seal Alignment

Safety-Related Functions

Performs safety-related functions

Tools and Equipment

Maintains and uses tools and equipment

Planning and Preparation

3 Plans and prepares forinstallation, service and

maintenance

The knowledge of fasteners aligns with severalRed Sealtasks, particularly those related to safety,tools, and preparation for

mstallation.



Red SealBlock Alignment

Red SealBlock

4A

Title

Safety

Fasteners, Tools and Testing

Instruments

Properties, Characteristics, and

Safe Handling of Fuel Gases

Utilization Codes, Acts and

Regulations

Utilization Codes, Acts, and
Regulations Ontario

Supplement



Red SealBlock Alignment

(Contmued)

Red SealBlock

Title

Introduction to Electricity

Technical Manuals,
Specifications, Drawings and

Graphs

Customer Relations

Introduction to Piping and
Tubing Systems

Introduction to Gas Appliances




Red SealTask Alignment

1 Task 1

Performs safety-related functions.

2 Task 2

Maintains and uses tools and equipment.

3 Task 3
Plans and prepares for installation, service and
maintenance.

4 Task 4

Fits tube and tubing for gas piping systems.



Red SealTask Alignment (Continued)

Task 5 1

Fits plastic pipe for gas piping systems.

2 Task 6

Fits steelpipe for gas piping systems.

Task 7 3

Installs venting.

4 Task §

Installs air supply system.



Red SealTask Alignment (Continued)

Task 9 1

Installs draft controlsystems.

2 Task 10

Selects and installs electronic components.

Task 11 3

Selects and installs electricalcomponents.

4 Task 12

Installs automation and instrumentation controlsystems.
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Red Seal Task Alignment
(Continued)
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1 Task 13
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Installs gas-fired system piping and equipment.

2 Task 14

Installs gas-fired system components.

3 Task 15

Installs propane storage and handling systems.

4 Task 16

Tests gas-fired systems.
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Red SealTask Alignment (Continued)

Task 17

Commissions gas-fired systems.

Task 19

Repairs gas-fired systems.

1

Task 18

Maintains gas-fired systems.

Task 20

Decommissions gas-fired systems.




Selecting the Right Fastener: Decision Process

I[dentify Requirements

Determine material, weight, and

environmentalfactors

Proper Installation

Use correct tools and techniques

)

O}

Research Options

Explore available fastenertypes for

the application

Verity Compatibility

Ensure fasteneris appropriate forthe

materials



Best Practices for Fastener Use

Storage

Store fasteners in a clean,dryenvironment to prevent corrosion and damage.

Selection

Always choose fasteners designed specifically for the application and materials

mvolved.

Installation

Use propertools and techniques to avoid damaging the fastener or the materials

being joined.

Inspection

Regularly check fasteners for signs of wear, corrosion, or loosening, especially in

applications with vibration.




Summary: Key Takeaways

)

Proper Selection

Choose fasteners based on material, weight,and environmental

factors

Diverse Options

Understand the wide variety of fasteners available for different

applications

Safety First

Ensure allinstallations are secure and meet safety standards

Contmuous Learning

Stayupdated on new fastenertechnologies and best practices




CSA Unit 2

Chapter 2
Hand Tools for Gas
Technicians

This presentation covers the essentialhand tools used by gas technicians
and fitters. Understanding how to select, maintain, and safely use the
correct tools willsave time, money, and energy while ensuring efficient

and safe work practices.




Purpose and Objectives

Purpose Objectives

To enable the gas technician/fitter to choose the correct At the end ofthis presentation you willbe able to:

toolforthe correct job. This willsave time, money, and

e indicate the correct tools forthe task
energy.

* demonstrate how to use hand tools safely and efficiently

 identifytools the piping industry uses
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Requirements for Using Hand Tools

It is very important for a gas technician/fitterto be able to identify and select the propertoolfor
the job at hand. It is also important to maintain and store tools properlyand use them in a safe,

effective way.

This section describes some ofthe generalrequirements forselecting, storing, maintaining,

and using these tools.

ﬁ ToolSelection

Choosing the right toolforeach specific task

= ToolStorage

Properstorage to protect and organize tools

#® ToolMaintenance

Regularcare to ensure longevity and effectiveness

O ToolSafety

Safe handling practices to prevent injuries




Selectmg Tools

Design Features

Find the right toolforthe job!

Materials

The materials that you must work

on

Force Limits

Limits on the force that you may

apply

When selecting the correct tool for a job, you must consider the following:

Work Environment

Considerthe work space available

Part Sizes

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

working with

Safety

Always prioritize safety in tool

selection

Type of Work

The specific task that you must do

Fastener Types

The types of fasteners you used

Efficiency

Considerspeed and efficiency of

the work



Consequences of Usimng Inappropriate Tools

@ Damage to @ ToolDamage ® Time Loss I-®|] Safety Hazards

Workpiece

Improperuse can ruin Inappropriate tools Wrong tools can
Using the wrong tool expensive tools slow down your work create dangerous
candamage the situations

materials you're

working on



Maintaming Tools

Good maintenance improves toolfunction and ensures their long working life. Good maintenance is mostly common sense, as follows:

Keep tools dry

il

Keep tools that can rust dry

Protect sharp edges

Protect the sharp edges of cutters, saw, and chisels when you lay them down

Handle with care

Handle fragile tools with care

; Oilafter exposure

Dry moisture-exposed tools and lightly oilthem before putting them away

Lubricate moving parts

When tools have moving parts, lubricate them at points of wear

Tighten handles

Tighten wooden handles on tools at the first sign oflooseness



Storing Tools

Leaving tools lying about orjostling against others can pose risk ofdamage forthe tools. Stealing ormisuse ofexpensive tools is also possible if

you donot keep them in a secure place.

Protect SmallTools Protect Cutting Edges

Encase smalloreasilydamaged tools Protect cutting edges and filing surfaces
Accommodate Size Prevent Damage

Accommodate the size and weight ofthe tool Prevent jostling or dropping ofthe tool
Weather Protection Security

Protect tools from the weather,dampness, and corrosive Keep tools secure against theft
materials

Safety Cleanliness

Prevent people who are unqualified to use the tools from Keep tools clean

getting injured



Using Tools Safely

Careless handling orincorrect use of many ofthe tools that gas technicians/fitters use can be dangerous.

Use Safety Equipment

Use the prescribed safetyclothing and equipment

Check Tool Appropriateness

Checkthat you have the right toolforthe job. Checkthe tool's function and size and the materials you are working on

Inspect Tool Condition

Checkthat the toolis in good order. Allparts must be secure and cutting edges sharp

Check Work Area

Check the area forobjects that might impede your orthe tool's movement as you work

Secure Work Piece

Checkthat the work piece is held firmly in the proper position

Position Yourself Correctly

Stand orsit in the correct position forusing the tool



Types of Hand Tools

The use and understanding ofhand tools is a must for the gas technician/fitter. There are tools for nearly every situation you

can come across in the industry. It is important to be able to identify the toolyou need.

Screwdrivers

Various types for different screw heads

Cutting Tools

Snips, pipe cutters,and other

cutting implements

Measuring Tools

Levels,plumb bobs,and other

measuring devices

Pliers

For gripping and manipulating objects

Wrenches

Forturning nuts, bolts, and pipes

Hammers

For striking and shaping



Screwdrivers and Allen Keys

Screwdrivers are available in many designs, sizes,and lengths. The most commonly used ones are the regular (straight blade),

Phillips, and Robertson screwdrivers, and Allen keys.
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Screwdriver Tips

Different tips for various screw head

shapes

Common Screwdriver Set

Atypicalset includes various sizes of
straight, Phillips, Robertson, and Allen
keys

Practical Application

Using the correct screwdriver ensures
efficient work and prevents damage to
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Pliers

Pliers help increase gripping power. The following three pliers are the most commonlyused types in the piping trades:

Arc-joint Pliers Water Pump Pliers Combination Pliers
Come in various sizes with maximum capacities Such as Tongue-and-groove pliers have a Such as slip-joint pliers are easy to use fora
upto4in (100 mm).The tongue and groove maximum capacityof2in (50 mm). The multiple multitude oftasks from opening spring-loaded
design provide maximum power at allopenings. slip joint setup provides forrapid changes ofjaw hose clampstobending metal. The jaws come
opening. with cutters for snipping wires.
Figure 2-2
Pliers
EXTRA LONG, INGUE & GROO\
SPRING LEVER B LOGKING

NEEDLEMOSE NEEDLENDSE  SLIP-JOINT {"CHlRHHELLﬂEH"I ("VISE GRIP™)

“Chanellock™ and “Vise Grip”
are rrademearks,




Wire Stripper

A wire stripper (or wire stripping pliers) is a toolthat
facilitates removalofinsulation from electricalconductors.
It usually has different hole sizes to accommodate removing

insulation from wires of different gauges.

« Removes insulation without damaging the conductor
« Features multiple hole sizes for different wire gauges
« Essentialforelectricalwork in gas installations

e Some models include additional features like wire cutters

Figure 2-3
Wire stripper

Wire stripper with multiple gauge holes



Snips

Keep at least one pair of snips in yourtoolbox to cut such things as sheet metalduct work, sheet metalpiping, and hanger

strapping or grappling bar. Neveruse snips to cut wire (it nicks the blades).

operation

ks " & -
Durable Material

Comfort Grip
Common Types of Snips Practical Application Aviation Snips
Different snips are designed for specific =~ Using snips to cut sheet metalfor Color-coded handles indicate cutting
cutting applications ductwork direction:red for left, green for right,

yellow for straight



Wrenches: Open-Ended and Box

Open-Ended Wrench

Idealfor loosening or tightening that requires very little
torque. Mostly double-ended. Its designated size, usually

stamped on the side, is the fixed size ofthe opening

between the jaws.

Box Wrench

Ideal for loosening and tightening that require a high
amount oftorque. Surrounds or "boxes'"the bolt head or
nut. The box head circular opening usually has 6 or 12
notches (points). It is saferthan the open-ended wrench
because it is less likely to slip. It is good for working in close

quarters because you can take as little as 1/12 turn with this

at one stroke.




Socket Drives

The common socket drive is like a box wrench, but is a detachable socket that the gas technician/fitter must use on various handles. A set usually contains various size sockets (1/4 into 3/4 in) or (10 mm to 19 mm) and a ratchet.

Socket Drive Set

Complete socket set with ratchet handle and various socket sizes

TR Fre ki ® gy

Practical Application

Using socket drives for efficient tightening in confined spaces

— - Socket Drive Components
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Ratchet handle, extension bars,and interchangeable sockets
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Chisels

Chisels work on wood oron steel. For good workmanship, you must keep them ground and sharpened. Ensure that you use eye protection when chipping, to

protect youreyes from flying particles.

Figure 2-8
Flat, cold, steel chisel

T

Figure 2-9

Cold and Steel chisels
Image courtesy of DeWalt

Cold chisel with
safaty handle

Various types of steelchisels include flat cold chisels, cape chisels,round nose chisels,and diamond point chisels. Each has a specific purpose and cutting

edge design.



SteelChisel Types

Type

Flat, cold chisel

Cape chisel

Round nose chisel

Diamond point chisel

Description

The most common type and has a flat, wide cutting face for cutting
or chipping metalorconcrete. Some applications are cutting thin
plate,shearing offrivet orbolt heads,and removing weld spots. It is
very usefulwhen dismantling equipment with corroded or seized
components such as brackets. Its cutting edge is ground axially

along the chisel. The included angle ofthe cutting face is 70 °.

Has a relatively smallpoint. It cuts keyways orslots in metaland

facilitates dividing work so you can use a cold chiselto finish the job.

Has its cutting-edge ground at 60°to the main axis. One edge is

ground flat and the other round.

Has a solid point that can help cut V-grooves, draw holes,and holes

m flat stock.



Tubmg Benders

There are severaltypes oftubing benders,but they operate similarly for bending tubing up to 3/4 in diameter. The three most

common types are lever, geared-ratchet,and outside-spring. Tube bending kits that are available have anumber of different

size heads and arange oftube sizesto meet the needs of gas technicians/fitters.

R
A AR

{c) Outside spring

2 | A

Lever Tubing Bender Tube-Bending Kit Practical Application

Uses leverage to create smooth bends Complete kit with multiple heads for Creating precise bends in gas line

in tubing different tube sizes tubing



Hammers

Head weight (weight without the handle) characterizes hammers. The gas technicians/fitters kit includes two basic types of

hammers:

Ball-Peen Hammer Claw Hammer

May have weight 0£0.11,0.17,0.23,0.34,0.5,0.75, or 1kg. Its main uses are drawing, pulling, and driving nails. It has a
The round-shaped part ofthe head helps shape metal. The steelhead with a wood orsteelhandle.

face is slightly domed so that it does not leave marks on

struck metal. You can also use it to strike punches.

Figure 2-11
Ball-peen hammer




Files

Files help smooth and shape parts by hand. They are made ofheat-treated, high-carbon steel. This steelis hard and ensures an effective cutting surface, but it is brittle. Because ofthis, files may break ifused to pry objects.

File Maintenance File Varieties

In use, the file becomes clogged--thisis called pinning. It can then scratch the workpiece. To prevent Files are available in various shapes, sizes, and coarseness. The length from the heelto the point determines
pinning,rub chalk into the teeth before filing. Use a file scorer or brush to clean the file. the size.

Common Shapes Storage

Some common cross-sectional shapes are: flat (mill), square, triangular (three-square), half-round, and To protect the filing surfaces, store files in a cardboard sleeve.

round (rat tail).

Figure 2-12
Parts of a file

/Point

Tang



Spirit Levels

Spirit levels help ensure that objects are plumb, level, or Using a spirit level

have the proper grade. Theirsizes range from a few inches e =
. . | OO0 — @
to severalfeetin length. Most are made ofaluminum or cast € —— 2

Checking for
true horizontal

aluminum.

jﬁ;
I

« Usedtocheckhorizontal(level) alignment \
« Usedtocheckvertical(plumb) alignment
« Some modelsinclude angle measurement capabilities

« Essentialforensuring proper pipe installation Bubble centred

B between lines

« Available in various lengths for different applications )

Checking
for true

vertical /

Atypicalspirit levelwith horizontaland vertical vials




Plumb Bobs and Crimping Tools

Plumb Bobs Crimping Tools
Plumb bobs are heavy,balanced,pointed weights suspended from a strong cord to determine a true verticalposition. They can help Gas technicians/fitters use crimping tools to attach metalfittings to flexible hose, forexample,connecting oxyacetylene hose to
align pipe and fix a point immediately below a reference point. They are made ofsolid brass,solid steel, orbrass with a steelpoint. fittings.

Figure 2-14
Crimping tool

ST

Crimping tool

Hose Hose fitting and nut Crimp ring




Figure 2-15
Parts of a pipe wrench

Pin

Heel jaw
Hook jaw

Spring assembly

Pipe Wrenches

Gas technicians/fitters use various wrenches for gripping and turning pipe and fittings. The type of wrench selected fora job depends

on pipe size,pipe material,and the amount of working space available.

The jaws ofthe straight pipe wrench and of otherstandard wrenches have teeth for gripping round objects.

% HeelJaw @ Hook Jaw % Nut '@/;3: Housing

Attached to the handle Canmove in and out by Adjusts the hook jaw The wrench housing
adjusting the nut on the holds both the shank of
threaded section ofthe the hookjaw and the

hook jaw nut in position



Straight Pipe Wrench

Description

Available in ten models,each designed fora certain range of
pipe sizes. The length of pipe wrenches designate their
sizes. Like the other standard wrenches, this wrench comes

with eitheran aluminum or cast-iron handle.

* Mostcommon type of pipe wrench
 Used for gripping and turning pipes
 Adjustable jaw width for different pipe sizes

e Available with alumimum or cast-iron handles

Size and Pipe Capacity

Available in ten models. The smallestis 6 in (150 mm) long
and has a pipe capacity of NPS 3/4. The largestis 60 in (1500
mm) long foruse on larger sizes to NPS 8 pipe.

Figure 2-15
Parts of a pipe wrench

Pin

Heel jaw J
rj}.l :’ I'

Spring assembly



End Pipe Wrench

Description Size and Pipe Capacity
Has an angled opening. You use this when working in tight quarters ornext toa wallora Made in eight sizes. Pipe capacityranging from NPS 3/4 to NPS 5 in.
corner.

. Specialized design for confined spaces
. Angled jaw opening for betteraccess
. Ideal for working near walls or corners

. Functions similarly to straight pipe wrench




Heavy-Duty Offset Pipe Wrench

Description Size and Pipe Capacity

Has a jaw opening parallelto the handle and a narrower hook jaw head. These features Pipe capacities of NPS 2, NPS 2-1/2,and NPS 3.

allow easy entryto tight spots. Severalmodels are available in the market.

. Designed foraccessing confined spaces
« Paralleljaw opening to the handle
. Narrower hook jaw head forbetteraccess

* Heavy-dutyconstruction fordemanding applications




VerticalPipe Wrench

Description Size and Pipe Capacity

You can use this on either vertical or horizontalpipe in closely confined areas. It is Pipe capacityis NPS 2.

especially useful forunderground valve locations.

. Specialized design for verticalapplications
. Can be used on horizontalpipes as well
. Idealforunderground valve access

. Provides leverage in confined spaces




Hexagonal Wrench

The hexagonalwrench mayhave eitherofthese two designs: straight or offset. Both types give a multi-sided grip, but the main difference between the two is the extra-wide opening of the offset.

HexagonalWrench

Provides multi-sided grip on pipe fittings

Straight Design

Standard configuration fornormalaccess situations

Offset Design

Features extra-wide opening forbetteraccess in tight spaces




Adjustable Wrenches

Adjustable wrenches have a thin adjustable head for Adjustable hexagonal wrench

working in close quarters and are usefulfor tightening or

loosening nuts and bolts on flanged fittings and valves.

There are overa dozen models and jaw openings ranging

from 1/2mto2-1/2in (12mm to 63 mm).

e Versatile tool for various fastener sizes

 Thin profile for accessing tight spaces
 Idealforflanged fittings and valves Adjustable wrench with movable jaw
 Available in multiple sizes for different applications

* Adjustable jaw accommodates different fastener sizes



Internal Wrench

The internalwrench holds pipes, nipples, and fixture
connections in place from the inside while a gas
technician/fitter tightens down a nut. The knurled head is

reversible to handle sizes from 1in to 2 in.

 Specialized toolforinternal gripping
« Holds pipes and fittings from the inside

 Allows fortightening connections without external

damage
« Reversible knurled head for different pipe sizes

« Essentialforcertain plumbing and gas fitting

applications

Internalwrench with reversible knurled head



Cutting Tools:Pipe Cutters

Pipe cutting is done either by hand or with powertools. Cutters are
available in a numberofdesigns and sizes. Theiruse depends on the size
and materialofthe pipe you cut and the situation under which you carry

out the cutting operation.

€ Square Cuts DI[A  Proper Selection
Cutting the end ofthe pipe The correctly selected
squarelyis very immportant if cutterdoes the best job
youneed to thread the pipe quickly and accurately

® Avoid Hacksaws

You should neveruse a hacksaw to cut pipe, because it could not
cut the pipe squarely and the result maybe badly cut threads and

broken dies



Pipe Cutter Design

Most pipe cutters have a hook-shaped frame with a cutter wheelat the end. Asliding housing containing two rollers that hold the pipe in position against the wheelis mounted on the stem ofthe hook. A screw thatis tightened as the toolrotates

around the pipe moves the sliding housing, forcing the cutter wheelinto the pipe. The rollers tend to rolldown the externalburrraised on the pipe as the cutter wheelmoves the metal.

Pipe Cutter Components

Hook-shaped frame, cutter wheel, rollers, and adjustment screw

Cutting Process

The cutter wheelgradually cuts into the pipe as the toolrotates

Clean Result

Properly cut pipe with square end ready for threading




ToolSafety Checklist

Wearproper PPE

Safety glasses, gloves,and appropriate clothing

Inspect tools

Q

Check fordamage before each use

Verify correct tool

Ensure you have the right tool for the job

Know propertechnique

Understand how to use the toolcorrectly



ToolMaintenance Schedule

Daily

Clean tools afteruse, visualinspection
S Weekly

Lubricate moving parts, check for wear
e Monthly

Thorough mmspection, sharpen cutting edges
eé? Quarterly

Complete overhaul,replace worn parts




Tool Selection Process

Identify Task

Determine the specific job

requirements

Use Properly

Apply the toolcorrectly and safely

&

Select Tool

Choose the appropriate toolfor the
task

Verity Condition

Ensure the toolis in good working

order



Common Tool Sizes

15 -

10 -
| I l .




ToolStorage Solutions

ToolChest ToolBag Wall Storage

Multi-drawer storage for organizing Portable solution for carrying essential Efficient use of workspace with tools
various tools by type and size. Provides tools to job sites. Features multiple visible and accessible. Keeps tools off
security and protection from pockets and compartments for surfaces and protects them from

environmentalfactors. organization. damage.



ToolSafety Statistics
30% 45%

Injury Reduction Efficiency Gam
Propertoolmaintenance reduces Using the right toolincreases work
workplace injuries efficiency

25%

Cost Savings

Well-maintained tools last longer,

reducing replacement costs

These statistics highlight the importance of propertoolselection, maintenance, and
usage.Not onlydoes it improve safety byreducing workplace injuries by 30 %, but it

also increases efficiency by 45%and reduces costs by 25%through extended toollife.




Essential Tool Kit for Gas Technicians

Specialized Tools

| Pipe wrenches, tubing benders, crimping tools

GeneralTools

T

Screwdrivers, pliers,hammers, levels

Measurmg Tools

Tape measure, spirit level, plumb bob

Cutting Tools

Pipe cutters, snips, files

Safety Equipment

Gloves, safety glasses, ear protection



ToolHandling Best Practices

Proper Grip Body Positioning

Hold tools firmly with the appropriate grip to maintain Maintain stable footing and proper body alignment to
controland prevent slipping. prevent strain and injury.

Force Application Toollnspection

Apply force gradually and in the correct direction for the Always inspect tools before use to ensure theyare in
toolbeing used. good working condition.

Proper Storage Clean After Use

Return tools to their proper storage location after use to Remove dirt, grease,and debris from tools after each use

prevent damage and loss. to maintain functionality.



ToolLifespan Factors

Y,

Quality

Higher quality tools generally last longer

Usage

Frequencyand intensity ofuse affects lifespan

Maintenance

Regular cleaning and lubrication extends life

Storage

Properstorage prevents damage and corrosion



ToolSelection Decision Tree

Identify the Task

Determine exactly what needs to be accomplished

Consider Material

What type of materialwillyou be working with?

Evaluate Space

How much working space is available?

Assess Force Requirements

How much force willneed to be applied?

Select Appropriate Tool

Choose the toolthat best meets allrequirements



ToolCare and Cleaning

Removing Debris

Use a wire brush to remove dirt, rust,
and debris from toolsurfaces.Pay
specialattention to moving parts and
joints where buildup can affect

performance.

KNOW MORE

How to Apply
Lubrication?

Tak

rease and pumping it a in the plant is
on activity to be perio nent,

Lubrication

Apply appropriate lubricants to moving
parts and joints. Different tools may
require different types of lubricants -
consult manufacturer

recommendations.

Sharpening

Maintain sharp edges on cutting tools
using appropriate sharpening methods.
Dulltools require more force and can be

dangerous to use.



Summary: Hand Tools for Gas
Technicians

V4

ToolSelection

Choose the right toolfor each specific job based on design features, work space,

materials, and safety considerations

Tool Variety

Understand the various types oftools available including screwdrivers, pliers,

wrenches,hammers, and specialized pipe tools

ToolSafety

Follow propersafety procedures when using tools to protect yourselfand others

ToolMaintenance

Regularly clean, lubricate, and properly store tools to ensure long working life

and optimalperformance




Feed screw

Cutter wheel
(see wheel types)

Pipe Cutting and Threading
Tools

Acomprehensive guide to the essentialtools used by gas technicians

and fitters for cutting, reaming, and threading pipes.



Types of Pipe Cutters

Feed screw

Standard Wheel-and-Roller Cutters

Cutter wheel
(see wheel types)

Features a cutting wheeland supporting rollers to distribute

pressure evenly around the pipe during cutting.

3-Wheelor4-Wheel Cutters

These cutters have no rollers, only cutter wheels, making them ideal

foruse in confined spaces.

Pipe cutters are essentialtools for gas technicians and fitters, allowing

forclean and precise cuts on various pipe materials.



Cutter Wheel Selection

Type Designed for

Standard thin wheel Cutting ordinary steelpipe.

Stronger wheels Cutting heavier or cast-iron

pipe.

Verythin wheel Cutting plastic pipe.
Before using a cutter wheel, always inspect it to make sure that it is not
blunt ordamaged. Ablunt or dulled cuttertends to crush rather than cut

the pipe.

[V

Standard
thin

i

Figure 2-24
Types of cutter wheels

A

V

Heavy duty

Cast iron

V

I

[

Plastic

V

Extra heavy
duty



Floor

Within range .-~
.‘:"
\ Necessary
movement
Single-wheel Three-wheel
cutter Necessary cutter

movement 360°

Rotation Requirements for Pipe Cutters

360° 120°

Single- Wheel Cutter Three-Wheel Cutter
Wheel-and-roller cutters require a fullrotation around the pipe Requires just over 120°ofrotation, making it idealfor confined
spaces

The amount ofrotation needed varies by cuttertype,which determines which toolis most appropriate for different working

conditions.



Heavy-Duty Pipe Cutters

Type A Type B

Cuts pipe sizes ranging from 1/8 in to 1- /4 in. Has a second handle forleverage by two people.

Anothermodelcuts pipe sizes NPS 1/8 to NPS 2. Cuts pipe sizes ranging from NPS 2to NPS 6,depending on
the model

Heavy-dutycutters can function as single wheel-and-roller cutters for all-around work. For cutting in confined areas,

replacing the two rollers with cutter wheels can convert these cutters to three-wheelcutters.



Three-Wheel Cutters

&

Requires Less
Rotation

Because ofthe smaller
amount ofrotation needed
with the three-wheel
cutter, it is usefulin

confined spaces.

Leaves More Burr

O,

Requires More Care

You must take more care
when starting a cut with the
three-wheelcutterto make

sure the cut is straight.

This cutteralso leaves more ofan outside burr. You must remove

the burron everycutto avoid trouble with damaged thread or

pipe dies.



Figure 2-27
Four-wheel cutters

age courtesy of RIDGID®; RIDGID® is the registered trademark of the Ridge Tc
Company.

4 : FE M, i

Four-WheelCutters

Type Description Pipe Capacity

A Has a short handle for extra-tight areas NPS 3/4 to NPS 2

where only a 130°turn can be made.

B Has the second handle. Two people may NPS 2-1/2to NPS 4
use this for cutting large pipe sizes in

confined areas.

The four-wheelcutter facilitates work in areas where a complete turn is not possible, making it an essentialtool for working in confined

spaces.



Heavy-Duty, Wide-Roll
Cutters

W & |

Extra-Wide Longer Body Pipe Capacity
Rollers Designed to rest on NPS 1/8 to NPS 2
Prevent the cutter the machine while

from wobbling during  cutting

the cutting operation

Gas technicians/fitters use the heavy-duty, wide-rollcutter with power

vises for stable and precise cutting operations.




Tubing Cutters

ot

Clean, Square Cuts

Helps make clean, square cuts on
copper,brass,aluminum, and

thin-walled conduit.

r

Figure 2-29
Tubing cutter

Built-in Reamer

These cutters commonly have a
fold-awayreamerattached to

them.

Caution!

It is extremely important that
you do not use tubing cutters to
cut pipe, as the cutting wheels

willbecome totally useless.



Crosscut Saw

Function

To cut across the grain of wood

Des:
©slgh Figure 2-30

D The familiar handsaw with teeth designed for cross-grain Crosscut saw (fine teeth)

cutting

Limitation

®3

Do notuse it on metal

The crosscut saw is a basic but essentialtool for woodworking tasks that

maybe required during pipe installation projects.



Ripsaw

_ A Purpose (®) Limitation
Figure 2-31

Ripsaw (coarse teeth) Aripsaw helps cut along the Do not use it on metal.
length ofthe grain of wood.

(¥ Blade Design

The rip saw has a coarser blade (fewerteeth/inch) than the

crosscut saw.



Hacksaw

Figure 2-32 Primary Uses Frame Types
Hand hacksaw
Gas technicians/fitters use a Hacksaw frames maybe fixed
hand hacksaw primarily to cut or adjustable. Fixed frames are
metal, as wellas for cutting more rigid, but adjustable
threaded rod and shaping frames enable the use of
such things as sheet metaland different blade lengths.

Handle
strap hangers.

Tensioning Device ——» Blade Orientation

Usually, you mayorient the blade in line with the frame orat an angle

45°0r90°angle to it.



Hacksaw Blade Types

All-Hard (Rigid) Blades Flexible Blades
* Made offully hardened steel  Areeithercarbon steelorbi-metaland do not break
e Used to cuttough materials such as alloy and toolsteel easily

. Are brittle and break easily e Carbonsteelblades are economicaland are used to cut

mild steel, copper, brass,and aluminum

e Bi-metalblades are used to cut alltypes of metal

The blades are 10 in or 12in (250 mm or300 mm) in length and come in different types for various applications.



Hacksaw Blade Selection

Match to Material
Thickness

Il Consider Teeth Count 2

The numberofteeth per To cut thick materials,

mmch determines the choose a coarse blade. For

thin materials,choose a fine

blade.

coarseness ofthe blade.

3  Ensure Proper Contact

At least two teeth should always be in contact with the cut

material.

Selecting the right hacksaw blade for the job ensures cleaner cuts, longer

blade life, and more efficient work.
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Pipe Vises Overview

Purpose

Pipe vises are holding devices that

gas technicians/fitters use while

cutting, reaming, and threading pipe.

Secure Grip

Allprovide a secure hold on pipes

during various operations.

D|<

(o

=7

Bench-Mounted

Some are attached to workbenches

for stationary use in workshops.

Portable Stands

Others are mounted on portable

stands foruse at the job site.



Top-Screw Bench Cham Vise

b

It

Chain Advantage

Its main advantage lies with the holding chain, which distributes pressure

evenly around the pipe.

Secure Anchoring

The crank handle anchors itselfto the base ofthe vise.

Pipe Protection

The toothless jaws have a specialneoprene coating to avoid scoring ofthe

pipe.

Capacity

Pipe capacityis up to NPS 8.

The top-screw chain vise is a popularbench-mounted type. There is also a bottom -

screw chain vise available.




Tri- Stand Chain Vise

% Large Base (44 ToolTray dq Portable
Provides Features a Complete,
stability slotted tool portable
during pipe tray for workbench
work convenience
Capacity

Holds pipe up
to NPS 5

The gas industry particularly likes this type because the chain holds a

pipe snugly, with uniform pressure.



Top-Screw, Stand Chain

Vise

Design Feature

Apipe connects two pairs of
legs that make the top-screw,
stand chain vise handy for
working on long lengths of

pipe that require support.

Capacity

Customization

Manufacturers must often
tailor each ofthe legs and
connecting pipe foreach job
because suppliers do not
provide these parts along with

the vise.

The vise willhold a maximum pipe capacity of NPS 5.




Pipe Reamers Introduction

Purpose

Reamers help remove the burr from the inside surface ofa pipe after

you cut the pipe with cutters.

Objective

The objective is a smooth finish no smaller than the inside

diameterofthe pipe forunrestricted fluid and gas flow.

Operation

Youcandoreaming by hand, but certain types ofreamers

specifically function for power vises.

Sequence

3"SCH-40

- A G Reaming always comes before threading to avoid

deforming the threaded end.




Straight, Fluted, Ratchet
Reamer

Efficiency BY Versatility
This reamer works fast and It works for either hand or
clean with light pressure. powerreaming.

N Safety

Ofthe three tools, it is the only one that is safe forpower

equipment.

Two models of the straight ratchet reamerare available. One has a pipe
capacity of NPS 1/8 to NPS 2. The other has a pipe capacity of NPS 3/8 to
NPS 3.

|
|



Spiral Ratchet Reamer

Hand Use Only

The function of spiralratchetreameris for hand use only.

Safety Warning

It is unsafe to use with a power vise.

Pipe Capacity

Such reamers can handle a pipe capacityup to NPS 4.

Injury Risk

0.0 You should not use hand spiralreamers with power vises, as

the reamermaybind in the pipe and pullaway from your

hand,possibly causing injury.



Understanding Threads

Purpose Types

Gas technicians/fitters use internaland externalthreads in Threads maybe cut straight ortapered, each serving
combination to make mechanically sound and leak proof different purposes in piping systems.

connections.

Properthreading is essential for creating secure, leak-proofconnections in gas piping systems.



Straight vs. Tapered Threads

T
3/4 " taper
per foot
2
Straight Threads Tapered Threads
« Called parallelbecause the peaks ofthe threads allhave « Taperedthreads,both internaland external, mesh
the same diameter together when tightened securely, producing a leak

* Bolts usually have straight threads proofjoint

« Piping connections that need not be leak proofoften use * Standard piping threads have a taperof3/4 in per foot

straight threads



Thread Direction and Sizing

ra
R_/

)

Right-Hand Threads

The fitting 1s screwed onto the threaded pipe in a clockwise motion.

Left-Hand Threads

The fitting is screwed onto the threaded pipe with a counter-clockwise

motion.

Default Direction

Athread is assumed to be right-hand unless designated otherwise.

Size Variation

The size ofthread varies for different sizes of pipe;the largerthe pipe

size,the largerthe size ofthe thread.



Male

Thread O.D.

mm

Male

Thread O.D.
inches

9./

0.38

13.2

0.52

16.5

0.65

20.8

0.82

22.4

0.88

26.4

1.04

33.0

1.30

41.9

1.65

47.8

1.88

o W

2.35

Thread Count by Pipe Size

NSP Pipe Threads/Inch
1/8 27

1/4,3/8 18

1/2,3/4 14

1to 2 11-1/2
2-1/2to 12 8

When you screw a pipe to a fitting, 7to 8 threads are engaged (a little
more for pipe sizes largerthan NPS 1-1/4). Therefore, you can measure or
calculate the approximmate thread engagement for the various sizes of
pipe. This is usefulin determining the length of pipe to cut when you

know the center-to-centre measurement.



Thread Cuttmg Oi1l

g Purpose

Thread cutting oilhelps produce accurate work and a smooth

finish, during a threading operation.

f(x) Functions

The oilcovers the pipe and the die to reduce friction, coolboth the

tooland the pipe, and flush awaymetalchips.

Thread cutting oils are either clear or dark and produce the same result

when working with either power-driven or hand tools.



Thread Cutting Oi1llngredients

Ingredients

Fatty oil

Sulphur/chlorine

Anti-foam agent

Germicide

Purpose

Provide an even film.

Supply atough chemical film between the cutting edges and the

threaded material.

Reduce surface tension and foam buildup.

Lessen the risk ofinfection should the operatorbe injured.



Thread Cutting O1lUsage

1 Lubrication and Cooling

Thread cutting oillubricates and
cools the threads during the
threading operation. A dirty or
poor-grade of cutting oilcan

result in poor thread quality.

2

Maintenance

Clean metalshavings and other
debris from the chip tray of the
oiler. Checkthe leveland quality
ofthe thread cutting oil. Replace

oradd oilifnecessary.

Not a Tool Lubricant

You should not confuse thread
cutting oils with the oils used to
maintain the condition oftools.
Theyare not,in that sense, a

lubricant.



Pipe Taps

Function

Pipe taps help cut orrepair
internalpipe threads. The
process is called tapping and is
usually done by hand using a
specialwrench to hold and turn

the tap.

Preparation

Before attempting to tap new
threads in a plain hole, you should
taperthe hole with a taperpipe
reamerto properly shape the
hole.

P A N N W U
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Specifications

Sizes range from NPS 1/8 to NPS
2.Manufacturers usually stamp
the diameterand pitch (the
number ofthreads perinch) on
the shank.

Design Features

The flutes on a tap provide a
space between the cutting edges
tocatch metalchips. The square
end ofthe tap provides a sturdy
grip forthe tap wrench.



Pipe Dies Introduction

@ Purpose

Gas technicians/fitters use dies to cut the externalthreads on pipe fitting-

aprocess known as threading.

J5 Die Head
A die head holds the cutting dies in place.
88 Handle

Mounted on the die head is a handle of suitable length for turning often

with a ratchet assembly forconvenience and ease ofoperation.

B Design Feature

Dies have flutes or spaces between the cutting edges to provide space for

metalchipsto escape during the threading operation.

There are two main types ofdies: full-width and receding.




Full- Width Dies

Design
g The width ofthe dies is equalto the length ofthe thread to Flgur_e 2'49
Full-width die
be cut
Chaser il
n Operatlon +— W — Die chaser flush  |<t¢— W —»
= : : : with end of pi
The die moves along the pipe as it cuts the thread Al p'p"‘*‘\
7\ i
Completion | )
— When the outeredge ofthe die is flush with the end ofthe Starting to cut thread Completed thread

pipe,the thread is complete

This applies to taperthreads only. Full-width dies facilitates threading of

smaller pipe sizes, where less effort is required.



Figure 2-41
Receding die

/ Taper guide \

/ = e

I

-— Chaser
af——

Starting to
cut thread

Chaser —»
—_ W |-

Completed thread

Recedimng Dies

Design

In receding dies, the width of
the dies i1s considerably less
than the length ofthe thread

tobe cut.

Application

Operation

The die must travelalong the
pipe to cut the thread, and as
the die moves along the pipe,
it mustrecede from the centre
line ofthe pipe in orderto cuta

tapered thread.

Receding dies usually help thread larger pipe where there is

considerable surface area to cut.



Hand Threaders Overview

Industry Preference © Ergonomic

, Advantage

The gas industry prefers dv g

the ratchet type ofthreader Body weight can help turn
tootherhand methods. the full-width dies while

standing to one side ofthe

pipe.

Maim Types

Ratchet, drop-head hand threaders are among the most common

types used.



Ratchet, Drop-Head Hand Threaders

Exposed-Ratchet, Drop-Head Threader Enclosed-Ratchet Drop-Head Threader
* More widely used than the enclosed type * Die head snapsinto the ratchet from either side
« Die head locks into the ratchet and handle assembly « Pushesout easily

« Removed bypulling out the reversible ratchet knob « Pipe size capacityis from NPS I/8 to NPS 2

 Designed for pipe sizes ranging from NPS /8 to NPS 1

Drop-head threaders are quick and easyto use for smalljobs orin close quarters. The dies are interchangeable. In both models,

you can reverse the dies for close-to-the-wallthreading. You can also use drop-head threaders with power vises.



Ratchet Threader Maintenance

1
)

. [
CI:D Inspection l@‘ Replacement | L1
Inspect the Replace dies or
threader before anyother part
use that shows

damage or wear

,._('g:,._ Lubrication

Apply proper
thread cutting oil

during use

Cleaning

Keep dies clean
from debris and

metalshavings

Proper maintenance ofratchet threaders ensures clean, accurate threads and

extends the life of the tool.

RENCH &
HREADING DIE




Jam-ProofRatchet Threader

Db

Die Type

The jam-proofratchet threaderuses receding dies.

Versatility

It isusefuland quick forthreading pipe between NPS 1to NPS 2 size.

Adaptability

It uses one set of dies to thread different pipe sizes.

Safety Feature

Afterthe thread is completely cut, its jam-proofaction kicks out
automaticallyto prevent damage caused by dies receding past their

limit.



Quick-Openmg Threader

Design Purpose

The quick-opening threaderis designed for use on power equipment

such as apowerthreading machine.

Key Feature

Afteryou cut the thread to the required length, the die head has a
levertorelease the dies from the pipe, eliminating the need to stop

and backoffafterthe thread has been cut.




Die Head Styles

Mono-Die Head Universal-Die Head

Threads just one size of pipe. Adjustable—can use the same set of dies to thread NPS 1to
NPS 2 pipe or fit two other die sets to thread NPS 1/2to NPS
3/4 pipe or NPS 1/4 to NPS 3/8 pipe.

Selecting the appropriate die head style depends on the variety of pipe sizes youneed to thread and the frequency ofuse.



Thumb Drills
[ﬁ] Purpose @ Precision U@.[] Manual

Gas Allows for Operation

technicians/fit accurate Operated by

ters use sizing of gas hand for

Thumb drills orifices controlled Figure 2'4:5

to drill out drilling Thumb drill

orifices T =)
Compact

Size

Smallenough

for precise
work in tight

spaces



ProperPipe Cutting Technique

Select the Right Cutter

Choose the appropriate cuttertype based on pipe material, size,and

working space.

Inspect the Cutter Wheel

Ensure the cutter wheelis sharp and appropriate forthe pipe material.

Mark the Pipe

Clearlymark where the cut should be made around the entire pipe.

Position and Tighten

Position the cutter on the mark and tighten it just enough to

keep it in place.




Completing the Pipe Cut

Rotate the Cutter

Rotate the cutter around the pipe, tightening slightly after each

complete rotation.

Apply Cutting O1l

Apply thread cutting oilto the cutting wheelto reduce friction

and extend wheellife.

Continue Rotating

Continue the process untilthe pipe is completely cut through.

Remove Burrs

Use areamertoremove any burrs from the inside ofthe

pipe.




Pipe Threadmg Process

Cut the Pipe

)
Use the appropriate cutterto make a clean, square cut.
Ream the Pipe
<
Remove allburrs from the inside ofthe pipe.
Select Threading Tools
=

L

Choose the appropriate die and die head forthe pipe size.

Thread the Pipe

Apply cutting oiland use the die to cut threads to the properdepth.

Clean the Threads

Remove any metalshavings and excess oil from the threads.



Choosing the Right Saw

Saw Type Best Used For Not Suitable For

Crosscut Saw Cutting across Metal

wood grain

Ripsaw Cutting along wood Metal
grain
Hacksaw Metal, threaded Thick wood

rod, sheet metal

Selecting the appropriate saw forthe materialbeing cut ensures cleaner

cuts,saferoperation, and longer toollife.



Hacksaw Blade Selection Guide

Thin Tubing

Sheet Metal

Angle Iron

Steel Pipe

Cast Iron




Pipe Vise Selection Guide




Thread Cutting O1lComparison

Clear Oils Dark Oils

 Bettervisibility ofthe threading process « Often contain more additives

« Lessmessyto work with « Mayprovide better lubrication for tough materials
« Easiertoclean up « Typicallymore economical

« Often preferred forindoor work e Common mnindustrialsettings

Both clearand dark thread cutting oils produce the same result when working with either power-driven or hand tools, with the

choice often coming down to personalpreference and work environment.



Pipe Threading Safety Guidelines

9 WearProper PPE By Secure the Pipe
Always wear gloves, safety glasses,and appropriate Ensure the pipe is securely held in a proper vise before
clothing when threading pipe. beginning threading operations.

% Use Cutting Oil ® Keep Area Clean
Always use the appropriate thread cutting oilto Regularly clear metalshavings to prevent injuries and

reduce friction and heat. maintain a safe work area.



Pipe Measurement and
Marking

Measure Accurately

Use atape measure orrulerto determine the required pipe length,

accounting forthread engagement in fittings.

Mark Completely

Mark the cutting line completely around the pipe to ensure a straight

cut.

Consider Thread Engagement

Rememberthat 7-8 threads willengage when connected to a

fitting,affecting the finalassembled length.

Account for Fittings

Calculate the totalassembled length including all fittings and

thread engagement.




Thread Engagement by Pipe Size

0.9 -

0.6 -

0'3- . l I I




ToolMaintenance Schedule

Tool Maintenance Task

Pipe Cutters Inspect and replace
wheels

Reamers Clean and oil

Dies Clean, mspect, and oil

Vises Clean jaws and

lubricate moving parts

Hacksaw Replace blades

Regularmaintenance ofpipe cutting and threading tools ensures longer toollife,

saferoperation,and better quality work.

Frequency

Before each use

Aftereach use

Aftereach use

Weekly

When dullor
damaged




Common Pipe Threading Problems

Rough Threads

Caused by dulldies, insufficient cutting oil, or improper die adjustment. Replace dies,

use more cutting oil, or adjust die properly.

Tapered Threads Too Long

Caused by continuing to turn the die afterthe thread is complete. Stop threading when

the die is flush with the pipe end for full-width dies.

Threads Too Shallow

Caused by improperdie adjustment or premature removal. Adjust die properly and

ensure complete threading.

Damaged Threads

Caused by cross-threading or forcing connections. Always start threads carefully and

hand-tighten before using wrenches.




Pipe Cutting ToolSelection Guide

SteelPipe Cast Iron Pipe
Use standard wheel-and-roller @ Use heavy-duty cutters with stronger
cutters with standard thin wheels [ﬁ wheels
Copper Tubing gP_ Plastic Pipe
Use tubing cutters,never pipe cutters Use cutters with very thin wheels

designed for plastic

Selecting the right cutting toolfor the pipe materialensures clean cuts,extends toollife,and improves the quality of

subsequent threading operations.



Pipe Threadmmg ToolEvolution

Early Hand Tools 1

Simple dies and taps requiring significant manualeffort

2 Ratchet Mechanisms

Introduction ofratcheting handles to reduce effort

Quick-Opening Dies 3

Development ofdies that could be quicklyreleased from the pipe

4 Power Threading

Introduction ofelectric and hydraulic threading machines

Modern Systems 5

Computerized,automated threading systems with precision

control

The evolution of pipe threading tools has focused on improving efficiency,reducing physicaleffort,and increasing precision in thread creation.



Pipe Threading Best Practices

Quality Threads

ﬁ? The ultimate goal:leak-proof,strong connections

Proper Technique

Consistent pressure, steadyrotation,adequate oil

Quality Tools

Sharp dies,appropriate cutters, proper vises

Thorough Preparation

Clean cuts, properreaming,accurate measurements

Following best practices for pipe threading ensures high-quality,leak-proofconnections that meet industry standards and provide

long-term reliability in gas piping systems.



Essential Pipe Work ToolKit

Thread Cutting il

VL A B L e

Acomplete pipe work toolkit for gas technicians and fitters should include quality pipe cutters,reamers, threading dies, vises, and accessories.

Investing in professional-grade tools ensures betterresults, safer operation, and longer toollife.



CSA Unit 2

Chapter 3

Power Tools and
Accessories for Gas
Technicians

This presentation covers the essentialknowledge gas technicians and
fitters need regarding power tools and accessories. You'lllearn about
selecting the right tools for the job, safetyrequirements,and proper
operation procedures for various powertools commonly used in the gas

industry.



Objectives

— Describe requirements forselecting and using
powertools and accessories

Learn the key factors to consider when choosing the right power

toolfor your gas fitting tasks

{C}} Identify powertools and accessories

Recognize various powertools and their specific applications in

gas technician work




Key Terminology

Term Abbreviation Definition

Alternating current Ac or AC An electric current that reverses its
direction many times a second at
regularintervals, typicallyused in

powersupplies.

DIRECT CURRENT ALTERNATING CURRENT Direct current Dc or DC An electric current flowing in one
(oc) (AC] direction only.
- | |
Hydraulic power - When a liquid is used to generate
power.
Pneumatic power - When compressed air (orother

gas)isused to generate power

Powder-actuated tool - Nailgun used in construction and
manufacturing to join materials to
hard substrates such as steeland

concrete

Revolutions per minute rpm Measure ofthe frequency of
rotation,specifically the number of
rotations around a fixed axis in one

minute




Selecting Power Tools

Portable powertools provide the gas technician/fitter with speed and efficiency beyond
that found with hand tools. However, their benefits are directlyrelated to how you operate

and maintain them.

Type of Work

Considerthe specific task and which powertools are available for that application

Size Requirements

Determine the appropriate machine size needed for the job

Power Source

Ensure availability of appropriate power sources within the range ofthe machine's

electricalconnections

Safety Considerations

Always prioritize safety when selecting and operating powertools




Safety First

Follow
Directions

Always operate
powertools
according to
manufacturers'

directions

Exercise
Caution

Be extra careful
when working in
close quarters or

up a ladder

@ Observe

Regulations

Follow all
necessary safety
precautions (such
as Workers'
Compensation

Board regulations)

Wear
Protection

Always wear
appropriate safety
clothing and
equipment as you

work




Electric Power ToolSafety

Do

Equip electricalpowertools with a three-pronged
grounding plug inserted into a properly grounded
receptacle ordouble insulate them with a polarized plug
and certified by CSA

Clean the tools with an air hose to keep the motorand

vents free from foreign matterto avoid overheating

Do Not

« Stand on wet surfaces while operating electric tools

* Touch waterormetalpiping when operating electric

tools

* Overload the toolby forcing its operation with too large a

work piece or when it is stuck
« Usetoo long extension cords

* Crimp the cord because continual flexing maybreak the

wire or cause it to overheat

« Operate powertoolsin a gaseous or explosive

atmosphere



Powder- Actuated Tools

Gas technicians/fitters use several powder-actuated tools to insert fasteners into

concrete and steel.

\/

Qualification Required

{:3 Do not use this equipment unless you are qualified and authorized
touse the tool. You must hold a separate operator's card for each

manufacturer's tools.

Proper Training

[:?‘@ Each companythat manufactures powder-actuated tools has
designed a short course ofinstruction in the use ofits tools. Only

that course qualifies students forthose tools.

Follow Regulations

@ Workers' Compensation Board regulations override any other

instructions or precautions.

L] Dx 2




Powder-Actuated ToolSafety: Before You Start

Do Do Not
« Readthe imstructions and be sure that you understand « Usethe toolin an explosive atmosphere
them before you use the tool « Leaveatooluntended where someone else might use it.
 Operate the toolonly if your supervisor authorizes you Keep it locked up when you are not using it
and if you are qualified with an operator's card « Attemptto fasten into glass block, tile, hardened steel,
» Use only fasteners and powder loads manufactured for solid rock, slate,terra cotta, granite, glazed brick, cast
the toolyou are using iron, brick, hollow concrete block, marble, orunsound or
 Always wearallrequired PPE and safety goggles rated cracked concrete

forthe task

« Store powderloads in a specialcontainer. Do not mix

them with otherobjects orput them in your pockets

« Always checkthe materialyou are fastening into. Do not

guess when the materialis concealed



Powder-Actuated ToolSafety: As You Work

Do Do Not

« Stand behind the toolwhen firing it * Place yourhands in front ofthe barrel

« Keepthe toolatright angles tothe work surface « Use more powderload than youneed

« Provide a backstop when firing into thin materials « Pointthe toolataperson (including yourself). Keep

other workers out ofthe line of fire



P n w E R Mmmum Material Requirements for Powder-
Actuated Tools
ACTUATED 65mm

Concrete Thickness

Minimum 2-1/2 inches of concrete required

Smm

Steel Thickness

—_—

Minimum 1/4 inch of steelrequired

50mm

Distance from Weld

=
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Fasten at least 2 inches from a weld or verticalmortar joint

75mm

Edge Distance (Concrete)

Fasten at least 3 inches from the edge ofconcrete




Additional Powder- Actuated
ToolRequirements

Edge Distance for Steel

Fasten at least 1/2 inch (12 mm) from the edge ofsteel

Failed Fastener Distance

Fasten at least 3 inches (75 mm) from where a former fastener failed

Special Adapter

Use a specialadaptersupplied by the toolmanufacturer when driving a

fastenerinto a hole

Storage

When you have finished, keep the unloaded tooland its cartridges in a dry

locked container



Types of Power Tools

Corded FElectric Tools

Tools that plug into an
Cordless Tools electricalreceptacle

Battery-powered tools that
provide mobility and

flexibility

Gasoline-Powered
Tools

Tools that use gasoline

engines for power

Pneumatic Tools

Tools that use compressed

air pressure



Cordless drill and charger
Image courtesy of DeWalt
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Cordless Tools

Most tools that gas technicians/fitters use are available in a cordless option for

most applications. Cordless tools have manyadvantages. The most obvious
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advantage is the lack ofan electrical cord for wider use and forapplications where

electric outlets are not available and where ariskofelectrical shock exists.

Battery Care Battery Designs

Youneed to treat the battery as The batteries for cordless tools
you would any 115- or 230 -volt have many different designs,
device,respecting allsafety applications,and specialsafety
requirements and electrical codes. requirements.

Manufacturer Instructions

Follow the manufacturer's instructions for charging, handling,and disposing

ofbatteries forcordless tools.




Cordless Drills

The most common cordless toolis the cordless drillshown in Figure 3- 1.

Power Source Common Types

Some drills work on 110 Vor 115 V The three most common types of
alternating current (AC) and some are portable electric power drills used in
powered byrechargeable batteries the piping trades are:

that typically run on 18V direct current

e 1/2in(12mm) portable drill
(DC).

e 3/8in (9 mm)portable drill

e Hammerdrill

Si1ze Reference

The sizes referto the maximum size of

drillshank that can fit into the chuck.



Standard Utility Drills

Figure 3-2 shows the familiar standard drillused for light work. Its chuck capacity ranges from /4 into 3/8 in (6 mm to 9 mm) drill size. Some models have a reversing switch and speed control.

Drillbit  Chuck_

Standard Utility Electric Drill

Image Source: Wikipedia, Mikael Higgstrom from originalby Kosiarz-PL

Torque selection ring |

On/Off trigger

Applications

Used for light drilling work in various materials including wood, plastic, and thin metal

Compatible Bits

Works with a variety ofbits designed for different materials and applications



Heavy-Duty Electric Drills

Figure 3-3 Heavy-dutyelectric drill

Specifications

The drills have chuck capacities ranging from 1/2 in to 3/4 in
(2mm to 19 mm). Theyusually have areversing switch and

a heavy-dutychuck.
Safety Precautions

You must exercise extra caution to avoid injury when
operating these high torque drills due to the rotation.

Protect your hands and wrist when operating this drill.



Compact Heavy-Duty Drills

Compact Design

Compacttypes ofheavy-
duty drills that you mayuse
to drillthrough studs and

joists

7 ControlFeatures

O

Power and Torque

These have power and
torque to handle self-feed
bits up to4-3/4 in (120 mm)
forwood and 1/2in (12 mm)

for steel

Theyusually have speed controland areversing switch



Right- Angle Drive Electric Drills

Figure 3-4
Right angle drive electric drill
Image courtesy of Milwaukee

Applications

Helps drillthrough joists or studding, orin tight corners
Features

Some have speed controland areversing switch

Advantages

The right-angle design allows access to spaces where a

. , , , , standard drillcannot fit, making it ideal for gas fitting work in
Figure 3-4 shows aright angle drive electric drill

confined spaces



Rotary Hammer Electric Drills

Figure 3-5 Purpose
Rotary hammer drill
Gas technicians/fitters use rotary hammer drills for fast

Figure 3-5 Rotary hammer drill drilling in concrete.

Performance

Manufacturers claim it can drill 5.5 in (140 mm) per minute

in construction-grade concrete with a 1/2 m (12 mm) bit.
Bits

These drills use carbide-tip bits.



How Rotary Hammer Drills
Work

Dual Action

The hammerdrillproduces both a drilling action and a hammering

action while drilling is taking place.

Combined Effect

The combined actions produce faster, more accurate work.

Power Sources

Many different hammer drills exist and there are three
different energy sources that drive them:electric,pneumatic,

or hydraulic drives—depending on the application.




Common Sizes for Hammer
Drills

; Drill Size Hole Size

?
3/8m (9 mm) drill Upto9/16 in (14 mm)
1/2n (50 mm) rotary hammer Uptol1l/8in (28 mm)
"Core"drill bit Upto2in (50 mm) hole

3/16" 1/4" 5/16" 3/8" 1/2"



Drill Accessories: Standard and Self-Feed Bits

Standard Carbon Drill Bit Self-Feed Bits

The most common ofalldrillbits. Can be used to drillthrough steel(see Figure 3-6a). Used for cutting holes in wood forpipe sizes NPS I/2to4.Some have replaceable feed-screw pilots (see Figure 3-6b).




Drill Accessories: Auger and Flat Boring Bits

Auger Bits Flat Boring Bits

Available to drillholes for pipe sizes NPS 3/8 to 1(see Figure 3-6¢). Have diameters from 1/4 into 1-1/2 in. Used in small, pistol-grip electric drills (see Figure 3-6d).




Drill Accessories: High-Speed Hole Cutters

©> Cutting Depth

Some cut to depths of 1-3/4 in
(45mm)

zm

&

Versatile Applications

Used for cutting round holes in
wood, steel,alummum, copper,
brass,sheet metal, stamnless

steel,and plastics

® Specialized Cutting

With carbide tips, they can cut

ceramic tile (see Figure 3-6¢)



Drill Accessories: Masonry Bits and Chisels

Carbide-Tip Masonry Bits Chisels

Used to cut holes in masonry brick, stone, plaster,slate,orconcrete. The tip resists dulling and Used in the hammerdrillto breakup such things as concrete tile (see Figure 3-6g).

maybe sharpened on abench grinderusing a silicon-carbide grinding wheel(see Figure 3-6f).




Drill Accessories: Cruciform and Step Bits

Cruciform Drill Bits Step Bit
Used in the hammerdrillto drillhard materials such as marble and granite (see Figure 3-6h). Used to drillholes of various sizes with a single bit. Particularly useful for sheet metalwork (see Figure
3-61).




Drilling Procedures: Inserting
Bits

Disconnect Power
Disconnect the power cord before inserting orchanging bits
'j :|'llll ;I |
Select and Prepare | f /,JJJJIJJJ,'L-;I!::';|
Select a sharp drillbit and make sure the bit shank and chuck jaws are
clean. Dirt may cause improperbit alignment.

Insert Properly

Open chuck jaws wide enough to allow bit to strike bottom of chuck.
Tighten chuck jaws by hand first to align the bit,then use the chuck
key progressively in allthree holes to assure maximum chucking

pressurec.

Use Proper Tools

Do notuse means otherthan the chuck keyto tighten orloosen

chuck jaws that require a key.




Drilling Procedures: Set-Up

I
——

Secure Material

Clamp materialsecurely. When drilling into light gauge
metalor wood,back up material with a wooden block to

prevent bending and grabbing of material.

Mark Starting Point

Center-punch materials to be drilled to give the bit a start

and prevent wandering.

Safety Check

Ensure allsafetymeasures are in place before beginning

the drilling operation.




Drill Operation: Getting Started

I Motor Control

Ifdrillhas a reversing motor, allow the motorto stop completely before using the

reversing switch.

2  Handle Installation

Installthe auxiliary handle (ifdesired) into one of four positions on the drill for

safer handling.

3 Lubrication

Lubricate the bit with cutting oilwhen drilling iron or steel. Lubricate with a
water-soluble coolant (commonly soap and water) when drilling copper, brass,

oraluminum.

4 Positioning

Hold drillon the centre mark ofthe hole to be drilled. Maintain a stable operating

position and press the on-off switch to start the motor.




Drill Operation: During
Drilling

Apply Pressure

Begin by applying steady pressure.

Break Chips

Stop from time to time to break up the chip.

Breakthrough Technique

When the drillis ready to break through the underside of
material, decrease feed pressure so that the drill willnot

catch and break.



Hammer Drill Operation

Bit Installation

Place the drill bit in the chuck and tighten the chuck.

Depth Adjustment

Adjust the rod on the side ofthe toolto provide the required
drilling depth. You reach this depth when the rod touches the

concrete.

Power Check

Make sure that the supply voltage is the same as the voltage

shown on the nameplate ofthe machine.




General Safety Rules: Before You Start

Do

Wearprotective clothing, particularly goggles or safety
glasses.Remove loose clothing and jewelry. Tie long hair

back orcontain it in a net.

Each type of powerdrillrequires specialattention. Read

the instructions.

If you are unsure of how to adjust oruse the machine, ask

for help.

Ensure the work area is dry and well- lit.
Bystanders should be clearof work area.

Get help when lifting heavy vises or work pieces.

Fasten the cutting tools properly in the chuck.

Do Not

Because drilling can cause sparks,do not use drills where

fumes ordust maycause combustion or explosions.



General Satety Rules: As You Work

Do

Stop the feed from time to time when drilling to break up
the chip so that it willnot be a hazard and willbe easierto

handle.

Use a brush instead of your hands to clean chips offthe

machine.

Remove burrs from a drilled work piece as soon as
possible, since any sharp edges or burrs can cause severe

cuts. You can use a grinder or file for this purpose.

When you finish using a drillor other cutting tool, wipe it

clean with a shop toweland store it properly.

Do Not

Use an air jet forremoving chips unless a controlled air
nozzle is used. An uncontrolled airnozzle willcause the
chips to fly at a high velocity, with possible injury to the

operatoror bystanders.



GeneralSafety Rules:
Drilling Techniques

(_D

Pressure Control 8 Breakthrough

When increasing the size of Technique

a hole with a larger drill, When drillis ready to break

apply feed pressure slowly through underside of

to prevent the drill bit from material,decrease feed

catching on work and pressure to prevent the drill

breaking. from catching and
breaking.

Power Management

Disconnect tools from the electric power supply when not in use

before servicing and when changing parts.

OINT
FIRING




Tool Maintenance

Lubricati
ubrication Cleaning

Lubricate gears and screws regularly :‘.‘:‘5: _
_ Keep tools clean and free of debris for
according to manufacturer's @ ,
optimalperformance

recommendation
Storage = Inspection
Store tools properly in dry, secure B:B Regularly check for wear and damage

locations when not in use to ensure safe operation



Selecting the Right Drill for the Job

Standard Utility Drill

Heavy-Duty Drill

Hammer Drill (3/8")

Rotary Hammer (1/2")

Core Drill




Drill Bit Selection Guide

Wood Drilling
Augerbits, self-feed bits, flat boring bits
Metal Drilling
)

Standard carbon bits, high-speed hole cutters, step bits

Masonry Drilling

Carbide-tip masonry bits, cruciform bits

Demolition Work

Hammerdrillchisels



Power Source Comparison

Battery Power (DC)

Portable, convenient, imited runtime

Electric Power (AC)

Consistent power, requires outlet,cord management

Pneumatic Power

Lightweight tools, requires air compressor

Hydraulic Power

High force capability, specialized applications



Safety Equipment for Power Tool Use

Eye
Protectio
n

Safety
goggles or
glasses
protect eyes
from flying
debris, dust,
and particles
during
drilling

operations

Hand
Protectio
n

Work gloves
provide grip
and protect
hands from
cuts,
abrasions,
and

vibration

Hearing
Protectio
n

Earplugs or
earmuffs
protect
hearing from
the loud
noise
produced by

power tools

Respirator

y
Protectio

n

Dust masks
or
respirators
protect
lungs from
harmfuldust

and particles



Drill Speed and Material Guide

Material

Soft Wood

Hard Wood

Steel

Aluminum

Copper/Brass

Concrete

Recommended
Speed (RPM)

1000-1500

800-1000

300-800

500-1000

400-800

Hammeraction

Lubrication

None

None

Cutting oil

W ater-soluble

coolant

Water-soluble

coolant

None




Common Drilling Problems and Solutions

Bit Wandering
Problem: Drillbit moves away from intended drilling point

Solution: Use center punch to mark starting point,apply steady pressure, start at low speed

Bit Binding
Problem: Drillbit gets stuck in material

Solution: Use properspeed formaterial,apply less pressure, clear chips frequently, use cutting lubricant

Overheating
Problem: Drillbit becomes too hot

Solution: Use proper lubricant, reduce speed, take breaks to allow cooling, use sharp bits

Rough Holes

Problem: Drilled holes have rough edges

Solution: Use sharp bits, properspeed, steady pressure, deburrafterdrilling



Drill Bit Maintenance

drill NOT included

DRILLL BRUSH"

Propermaintenance ofdrillbits extends their life and ensures optimalperformance. Regularcleaning, inspection fordamage, proper sharpening, and

correct storage are essential practices for gas technicians.



Specilalized Drilling Applications for Gas

Technicians

. O . — . .

‘ Pipe & Mounting (=] Ventilation Meter
Penetrations Hardware Openings Installations
Creating holes for Installing brackets Creating proper Securing gas meters
gas pipes through and supports for gas ventilation for gas and related
various building equipment appliances components

materials



Powder-Actuated Tool Applications

nln

ACTUATED

Concrete Fastening SteelFastening Fastener Types

Securing gas line supports to concrete Attaching brackets and hangers to steel Different fasteners for various

foundations and walls structuralelements applications in gas installation work



Key Takeaways
1

Safety First

Always prioritize safety when selecting and using powertools

2

Proper Selection

Choose the right tooland accessories foreach specific task

3

Correct Technique

Follow properprocedures fortooloperation and maintenance

4

< e - Regular Maintenance
* Wdtntates prototefes 0 .

Keep toolsclean and well-maintained foroptimalperformance and safety




Power ToolSafety Guide

This comprehensive guide covers essentialsafety practices for various
powertools commonlyused by gas technicians and fitters. From drills to
saws, grinders to threaders, proper operation and maintenance ofthese

tools is crucial for workplace safety and efficiency.




Portable Power Drill Safety

B Secure Your Work

Use clamps,pliers ora vise-neveruse your hands to hold the work
piece! This helps to avoid injuryifthe bit should bind during operation. It

also frees both hands to operate the tool.

U Disconnect Power

Disconnect powercord before inserting orremoving bits.

#Y Maintain Sharp Bits

Use sharp drillbits. Dullbits maydamage gears oroverload the motor.

Protect the Cord

Neveruse it to carryordisconnect the drill. Keep it from heat, oil,and

sharp edges.




More Drill Satety Guidelmes

Outdoor Work

When working outdoors, use only extension cords marked as suitable for

outdooruse.

Proper Stance

Keep proper footing and balance at alltimes.

Remove Adjusting Tools

Remove adjusting keys and wrenches from toolbefore turning it on.

Motor Maintenance

Keep inlet and outlet airpassage clearto ensure a coolrunning motor. Blow

out accumulated dust from the motor frame with a regulated air jet.




Specialized Drill Operations

Reversing Switch Safety

Ifthere is areversing switch, make
sure that motoris not running when

switch is flipped. This avoids

damaging the reversing mechanisms.

Right- Angle Drill Usage

Ifusing aright-angle drill, remove the
right-angle drive from the drillbefore

removing the chuck from the drive.

Hammer Drill Operation

Ifusing a hammerdrill, make sure that
the setting leveris not positioned

while the drill is running.



Electric Saws Overview

Gas technicians/fitters often use electric saws of severaldifferent types. They allow for efficient, high-quality work. Removalofthe burr, which is the sharp

edge leftbyasaw,isrecommended. Carefulselection ofsaw type and blade can reduce burrto acceptable levels.

D Efficient Cutting

Electric saws enable high-quality, efficient work for gas technicians.

”ﬁ_ Blade Selection

Properblade choice reduces burrs to acceptable levels.

3 Burr Removal

Removing the sharp edge left bya sawisrecommended forsafety.




Cutting Rates and Lubrication

Proper Feed Rate Anti-Welding Lubricants

A feed thatis too light overheats the wheel. Heavy feeding may cause the wheelto wear quicklyorto break. Feed rates depend on the Formost cutting operations, gas technicians/fitters use anti-welding lubricants. This reduces friction between the cutting blade and

type of materialto be cut,the type of wheelbeing used, the operating speed ofthe machine,and the condition ofthe abrasive sawing the cut materialas wellas the chances ofhirring or breaking the blade, giving a smoother, even cut.

machine.




Heavy-Duty Circular Saws

Gas technicians/fitters use this most familiartype of circular saw formaking cuts along a marked line. Theymay help cut most shapes

ofplastic and non-ferrous metalstock such as pipe,tubing,and bars.
S O
[ (o A Q

Mark Line Secure Material Cut Along Line Deburr Edges

Clearlymark cutting line on Clamp work piece firmly in Guide saw carefully along Remove any sharp edges

material place marked line after cutting



Chop Saws

The chop sawis a large cutting tooloften used to cut steel. You can place
it flat on the floor,on a bench, oron a sawhorse. Individualand gang
cutting tasks are both possible with a chop saw.Payspecialattention to
the personalprotective equipment required for safe use ofthe different

saw blades,and always wear a full face shield approved for the use.

O Safety EQquipment 57 Stable Placement
Always wear a fullface Place the chop sawon a
shield approved for use floor,bench, or sawhorse
with chop saws. for stability.

€ Versatile Cutting

Suitable for both individualand gang cutting tasks.



Chop-Saw Blades

Steel-Toothed Blades

Used to cut thermoplastics

Carbide-Tipped Blades

Used to cut non-ferrous metals and plastic

Grit Blades

Used to cut fibre-reinforced plastic

Abrasive Blades

Used to cut steelpipe orrod




Figure 3-9
Reciprocating s.

Reciprocating Saws

Gas technicians/fitters widely use reciprocating saws, which are often
called power hacksaws. Theycut long pieces ofpipe, wood, and
laminates into lengths suitable for machining as wellas pipe chases and
oddly shaped holes in wood frame construction. They cut nearly any

shape ifyou use the correct blade.

JAN
=] O

Pipe Cutting Wood Cutting Versatile Shapes
Cuts long pieces of Creates pipe chases Cuts nearlyany shape
pipe nto manageable and holes n wood with the correct blade

lengths framing



Saber Saw Blades

Blade Materials Blade Selection

Blades forthese saws are made from carbide steeland high-speed alloy steel. They are Be sure to check that you have the correct blade forthe job. The blades come in various

colorcoded according to theiruse. Forexample,a blade forcutting stainless steelmaybe lengths, pitches (numberofteeth perinch),tooth shapes,and tooth patterns (sets).

coded bright blue, while a general-purpose blade for cutting wood that may contain nails

maybe black. X .
y ] ) 8 X WOOD CUTTING

—

L

] ) 8 XTr  WoOD CUTTING




Heavy-Duty Electric Cham Saws

KDy Use With Caution @ Protective Equipment
You must use these saws with It is advisable to use a hard hat
care. Aside from the hazards of when using a cham saw.

any powertoolwith a cutting

edge,there is adanger of
kickback.

/O Cutting Capability

This type of saw may easily

cause flush cuts.



GeneralSawing Safety Procedures

Read the manual

Read the operator's manualcarefully before using any saw

Locate controls

Identify ON/OFF switches or triggers before starting

Wear protection

n :
= Use safety footwear, hard hat, eye protection, and ear

protection



Saw Selection and Preparation

v¢ Select Appropriate Saw ﬂ‘? Inspect Cutting Edge

Select a saw that is suitable forthe job at hand. Use onlyrecommended wheels orblades. Inspect the
cutting edge ofthe wheelorblade for cracks, chips, and

dullness.Discard ifdamaged.

Check Speed Settings . Ensure Good Environment

Make sure that the feed rate and speed ofthe machine Checkthatthe environmentis clean,dry,and well-lit.

are properly set.



Ventilation and Safety Precautions

Harm ful Vapors Metal Dust Hazards Workspace Requirements

If you are to cut materials that give off When sawed, most metals give off Allow enough space to operate the
harmfulvapours,check that dust and oxides that can be extremely saw properly and allow others to pass
ventilation is adequate. hazardous to your health. Ifnecessary, safely. Keep bystanders a safe

use arespirator. distance away from the work area.
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Inspector/Operator
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Site/Project Location

Type of Power Tool
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Checkbox
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Checkbox
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Camden Road, Canberra, Australia

Electrical Gasaline-Powerad

Hazard Identification

The company has a written Injury and
llimess Prevention Program (IIPP) that
meets all CalfOSHA requirements, |t
includes identification of hazards on
the site involving portable power tocls,
as well as regular inspections, accident
investigation, and correction of
hazardous conditions

All hazards from portable power tools
have been identified

Selection
The right tool is used for the job; tocls
are usad within their design limitations

Tools are used only for their intended
purpose

Tools can be used without the hand or
wnst in an awkward position

Tools are well-balanced
Tools fit the hand comfortably

Tools are rot so heavy that they strain
the arm and shoulder

Tool handles are designed to minimise
the grip force needed. (For example,
they are not slippery.)

Handles have soft grips that don't cut
inte your hand

Inspections

Tools are inspected daily before use
and are kept clean and in goad repair

Yas

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Power Cord Safety

Regular Inspection

Checkregularly that the powercord is in good condition. Replace or

repairdamaged cords using appropriately sized wire.

Protect From Damage

Keep the cord away from heat, oil,and sharp objects.

Outdoor Usage

When working outdoors,use only extension cords marked suitable

foroutdooruse.

Voltage Check

Before using saw,checkto make sure the voltage agrees with the

name plate rating.



Safe Work Practices During Sawing

Secure Work

Use clamps ora vise to hold the work

piece,never your hands

Handle With Care

Allow cut metalto coolbefore

handling

vN

Remove Tools

Take away adjusting keys and

wrenches before turning on the saw

Keep Clear

Keep hands away from allmoving

parts



Support and Electrical Safety

Support Heavy Materials Electrical Safety

Use a pipe support or a similar support stand to hold long, heavymaterialwhile cutting. Ask When cutting into walls where electrical wiring may be concealed,use only the insulated
for help when lifting or carrying heavymaterial.

switch handle and/or insulated auxiliary handle to controlthe operation ofthe saw.

V Disconnect the power saw when changing accessories or to adjust, service,ormove the saw.

2500 Ibs

LOAD CAPACITY
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What Not To Do When Sawing

Never Operate With Damaged Guards

Do not operate the saw with the guards raised, removed, cracked, or otherwise

damaged.

Switch Position When Carrying

Do not carryaplugged-in toolwith your finger on the switch. Be sure the switch is

off when the toolis plugged in.

Maintain Balance

Do not overreach when sawing. Keep proper footing and balance at alltimes.

Avoid Forcing

Do not force the saw against the work material. The machine willoperate more

efficiently and safely at the rate for which it was designed.



Saw Maintenance

@ Clean Properly

Maintain the saw byreplacing worn and broken parts and keeping the
blades sharp and clean. Use a brush,not your hands,to clean the

machine.

3
-
=
=
¥
;

:&o— Use Identical Replacement Parts

When servicing alldouble-insulated tools,use onlyidentical

replacement parts.

5. TFollow Lubrication Instructions

Follow instructions for lubricating and changing attachments.

Keep Work Area Clean

Keep your work area clean. Cluttered benches and slippery floors lead

to accidents.




stall chain on

Chop Saw Blade Installation

Disconnect Power

Unplug sawpowercord before changing or installing blade.

Access Blade Area

Raise the motor mount. Remove the hexagonaljam nut (left-

hand thread), outer flange, and blade.

Inspect Components

Checkblade flanges to be sure they are clean and free of

burrs and nicks.

Install New Blade

Select the properblade. Installthe blade matching the
arrows on blade and saw guard. Installthe outer flange

and hexagonaljam nut.
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Chop Saw Pre-Operation
Checks

L)

>

®

53

Check Drive Belt

Checkthe condition and tension ofthe drive belt.

Verify Blade Direction

Checkthat the direction/orientation ofthe saw blade 1s correct. Saw blades

are normally installed with the teeth pointing in the direction ofthe cut.

Test Guards

Manually raise and lower saw blade guards to assure free movement.

Inspect Power Cord

Checkthe powercord. The power cord is short in orderto prevent possible
contact with the blade. Supplying powerrequires the use ofa grounded

extension cord and receptacle.



Always Remember Chainsaw Safety!

Figure 1 Figure 2

In figure 1, Rich is fully
outfitted in Personal Protection
Equipment he is missing in
figure 2.

This Personal Protection
equipment includes:

1. a Helmet for head protection
along with eye, ear, and face
protection

2. Gloves for hand protection

3. 05.H.A approved chaps for
leg protection. Most chainsaw
injuries are in the leg region.
4. Steel toed boots for foot
protection.

5. In figure 1, Rich is also
holding the chainsaw in the
correct direction, right handed.
Chainsaws have a chain brake
which stops the chain if it were
to break.

In figure 2 he is holding the
chainsaw left handed, which is
a very unsafe way to operate
a chainsaw because in this
direction the chain brake does
not protect the operator.

Below are examples of safe vs unsafle ways of starting a
chainsaw. A safe starting position is braced against your I
or braced on the ground (8). Drop starting a chainsaw (9)
the air is unsafe.

slow is an example of a loose and unsafe
in tension (6) , and the correct tension (7).

§ ®
{1, .

Operatmg the Chop Saw

Prepare the Saw

Disengage lockholder from motor mount.

Secure the Material

Raise saw blade and clamp material firmly in vise jaw. Make sure that

long pieces are properly supported.

Make the Cut

Press the switch and feed the blade through work piece. The
desired pressure occurs just before the machine speed starts to

slow down.

Handle Overheating

Ifthe motortrips out from overheating, allowthe motorto cool
before pressing reset button. Athermaloverload protector

protects the saw motor from overheating and damage.



Fmishing Chop Saw Operations

Alumimum Cutting Removing Material Powering Down
When cutting aluminum,apply a solid Loosen vise jaw and remove the Unplug power cord when finished with
or liquid lubricant to the blade after material. the operation.

every few cuts.



Chop Saw Maintenance

You must inspect drive belt tension regularly. Alow belt tension results in belt slippage and immediate damage to the belt. Ifthere are signs of wear, replace

the belt.

= Regular Inspection

Checkbelt tension frequently

-O0— :
—O- P t Sl
revent Slippage

Low tension causes damaging belt slip

W Replace When Worn

Change belt at first signs of wear



Reciprocating Saw Blade
Selection

Choose Proper Blade

Select the properblade formaterialto be cut.

Insert Blade

Insert the blade into front end of saw by loosening the

appropriate screw with a blade wrench.

Secure Blade

Insert blade and tighten screw. Make sure that the blade is
held tightly.

Safety First

When changing blades, disconnect the power cord.

ancedRecip




Reciprocatmg Saw Speed Selection

OFF Position LOW (LO) Speed

Fullrelease oftrigger. Partialdepression of trigger.

HIGH (HI) Speed Lock Feature

Fulldepression oftrigger. You may lock the trigger in the high or low position using

the lock button.



Power Grinders Overview

Gas technicians/fitters must often fabricate brackets, stands, supports,

and hangers while installing equipment. Theyuse power grinders to do

this.

Q Creating Cutting D Shaping Metal
Edges Cutmetalto its desired
Apower grinder helps make shape and size.

cutting edges on cutting

tools.

@ Surface Fmishing

Make smooth, polished surfaces.




Stationary Grinders

The two most common types of stationarypower grinders used inthe piping trades are the bench and pedestalgrinders. These

grinders are used to do off-hand grinding, that is, grinding that does not demand great accuracy ofsize orshape. The workis held in the

hands and ground to the desired shape.

!{r s 2 "

e

Bench Grinder Pedestal Grinder

Mounted on workbench for convenient access Floor-standing modelwith its own base



Portable Grinders Introduction

Gas technicians/fitters use portable power grinders when the work is too large or awkward to be held comfortably at a bench
orpedestalgrinder. Portable grinders are more practicalthan stationary grinders because they are light enough to be carried

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

Power Sources Grinder Selection
Either electricity or air powers portable grinders. Both The selection ofa grinder depends on the type of power
clectrically operated and air-operated (pneumatic) grinders outlet available,the type ofjob to be performed, and the

are available in light and heavy-duty models. dampness ofthe work area.



Angle Grinders

The angle grinderis the most widely used grinder in the piping trades. It
cleans and smooths metalsurfaces. Angle grinders most often grinds

bevels onto the end of pipes orcleans weld spatter off pipe and fittings.

\\ : .
D) Pipe Beveling

Creates beveled edges on pipe ends

P,
-

Surface Cleaning

Removes weld spatter from pipes and fittings

Cg MetalSmoothing

Creates smooth finished surfaces on metal




Straight Grinders

Heavy-Duty Straight Grinders Pencil Grinders

Straight grinders use a grinding wheel, the edge of which is used as the abrasive surface. These are heavy- The pencilgrinderis a light-duty straight grinder. Gas technicians/fitters use this for delicate work such as

dutymachines that use a wheel5 to 6 inches (125 to 150 mm) in diameter for fairly rough work, removing deburring holes, die finishing,removing slag from the insides ofpipes,and trimming weld overlaps.

large amounts ofmetal.

Figure 3-14
Pneumatic straight grinder
Images courtesy of Milwaukee




Grinder Abrasives

Crushing and grinding hard,tough materials make abrasives, which have many sharp cutting edges and points. Abrasives must

be harderthan the materials they cut.

Coated Abrasives Mounted Grinding Wheels

Gas technicians/fitters use these with portable and Has a smallstone point or wheelpermanently attached to
stationary grinders, usually for finishing. The two forms a shaft.It isused on smallportable grinders and electric
are disks-often called sanding disks-and belts. drills.

Regular Grinding Wheels Disk Grinding Wheels

Used with portable and stationary grinders. Thinner than regular wheels or stones. Has a wire backing

that strengthens the disk so that it can stand up to the
rough use it receives grinding with the side surface rather

than the edge.



Grindmg Disks

Types of Grinding Disks

The two kinds of grinding disks are the flat disk and the
depressed centre disk. The most common, the depressed
centre disk, has its centralarea depressed so that the

spindle nut is less likely to touch the work.

Flat Disk

Used for surface grinding

applications

Depressed Center
Disk

Allows spindle nut clearance

from work surface



Grinding WheelSelection Factors

O WheelShape ﬁ WheelFace Type
Considerthe shape of wheelneeded for the Select the appropriate type of wheelface forthe job.
application.
() WheelDimensions (&) Hole Size
Considerthe diameterand thickness of wheelneeded. Ensure the diameterofwheelhole matches your
machine.
Speed Rating 2y Material Compatibility
Checkthat the manufacturer's maximum speed rating Select a wheelappropriate forthe type of materialto

for the wheelis higherthan the machine's RPM. be ground.



Grinding WheelHoles

The hole in a grinding wheelshould be 0.021in (0.5 mm) larger than the

diameterofthe shaft on which it is mounted. This allows it to slide freely

but not loosely on the shaft.

0.021n

Clearance

Idealclearance between wheelhole and shaft

0.5mm

Metric Equivalent

Same clearance mn milllimeters

Wheel Swtace atter
Dessuig operation

Wheel Surface before
Dressmg operation

Fig. 1. Principle of dressing operation.

Near Perfect Romdness.
Penphery Concen
C'entral Bore

cf Penphery

ding Wheel Spmdle

” Wheel before
Tiung operation



Grinding Safety: Protective Equipment

ﬁ Proper Clothing

Wearsnug-fitting coveralls to prevent loose fabric from getting caught

&D :
Eve Protection
\ r Y

Always wear goggles to protect eyes from flying particles

o Hearing Protection

Use earplugs to protect against loud grinding noise

Safety Footwear

| 0

Wearsafety boots to protect feet from falling objects

@ Hand Protection

Use appropriate gloves to protect hands from sparks and debris



Grinding Pre-Operation Checks

() Power Off During Setup (Y Wheellspection <% ProperLubrication
Always ensure that the grinder is Before turning the grinder on, Lubricate parts ofthe grinder
off before mounting a new checkthe wheelfordefects according to the manufacturer's
wheel (cracks, chips,etc.), make sure specifications.

that the wheelsurface is sharp,
and check that the sides are
straight.

('3‘-’, Correct WheelSelection 650 Good Lighting

Choose the correct wheel. Grind soft materials such as Work in a well-1it area.
copper, brass,lead, or aluminum with wheels made for

that use.



Safe Grinding Practices

Stand Safely

Stand to the side ofa stationary machine when it is first turned on untiloperating

speed is reached. As you work, stand away from the discarded material.

Maintain Guards

Keep machine guards, work rests, and safety shields in position and tightened.

Clear Before Starting

Make sure that the materialis clear ofthe wheelbefore starting the machine.

ControlSpeed

Maintain a grinding wheelspeed below the maximum revolutions perminute

specified by the manufacturer.




Proper Work Handling During Grinding

22e Secure Grip Bl Prevent Grooving
Hold work tightly at alltimes. Use a vise grip if the work is Move the workback and forth across the face ofthe
toosmallto hold safelybyhand. Donot use pliers. wheelto avoid grooving ofthe wheel.

%1 Hand Placement CQ Damaged Wheels
Keep hands away from the spinning grinding wheel. Ifyoudamage a wheel,remove it,even ifit does not

appeartobe cracked orbroken.



Stationary Grinder Procedure

Select Appropriate Wheel

Choose a wheelwith proper RPMrating, hole size,and material
compatibility. Check for cracks by tapping lightly (a clearring indicates no

cracks).

Mount the Wheel

With power off, mount the wheelonto the shaft with safety washers

between wheeland collars. Tighten nut firmly but don't over-tighten.

Test Run

Lowerthe guard,stand to one side, and turn on power. Let wheelrun

at fullspeed for at least one minute, then turn off.

Adjust ToolRest

Set the toolrest with clearance ofno more than 1/16 inch from the

wheel.




Portable Grinder Operation

Select Grinder

Choose appropriate electric or pneumatic grinder for the

job

Inspect Equipment

Checkwheelfordefects and secure safety guards

Secure Work

If work piece is small, secure it with vise or C-clamp

Operate Safely

Turn on machime, apply even pressure,direct debris away

from you




AdditionalPortable Grinder Safety

Avoid Slot Grinding Cornerand Edge Work

Never grind in a slot with a portable grinder. When grinding, sanding, or wire brushing into corners or on
edgesofmaterial, ensure that the machine is not wrenched

from your hands.

Electric Grinder Safety

Make sure that the powercord is in good condition and

perform workin adrylocation.
Pneumatic Grinder Safety

Ensure properair pressure,adequate oilsupply,and good

condition ofairhose.

IMAGE 10: 1550001 35
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Powder- Actuated Tools

Every manufacturer's toolis slightly different,and you must study each
separately before use. Study the manufacturer's specifications when
deciding the type, size,and charge foruse in a situation. Note the general

safetyinstructions given in Unit 1Safety.

(@3 Misfire Procedures O Speed Measurement
It is very important to know The speeds given are
the procedure for misfire. measured 2 m (6 ft) in front
Read the manufacturer's ofthe tool
instructions.

Safety Resources

For generalsafety principles, consult manufacturer guidelines and

safetyresources.




Types of Powder-Actuated Tools

Low-Velocity (Hiltitype) Medium-Velocity (Ramset type)
Gas technicians/fitters mostlyuse the Hiltibrand oflow-velocity tool. It When fired, the fastening pin travels at about 325to 500 ft (100 to 150 m) per
operates on the captive piston principle. In this type,both the fastening pin second.

and the driving piston move at less than 100 m (325 ft) persecond. ) .
High-Velocity Tools

Abuilt-in device prevents this type from firing ifits flat end is held at more

than 7°offthe work surface. The fastenermust be close to verticalto the work High-velocity tools have limited application. They have no piston, and the pin

surface is discharged at a velocityabove 500 ft (150 m) persecond often up to 1500 ft

(450 m) persecond.

Cartridge -~ -
Fastener Captive

piston Fastener Cartridge

* / \ \

_ \ v
<+ * 3 \
\

Note the piston
is captive

\

/

7
-
~
N

Notice the absence
of a piston



Powder- Actuated Tool
Propulsion Methods

Impact Propulsion Contact Propulsion

In this method,a gap exists In this method, the work
between the fastenerand the surface, fastener,and piston are
piston. Astop ring absorbs in direct contact.

impact. Forthe toolto function
properly, you must replace the

stop ring when worn.

Co-acting Propulsion

Only the piston and fastenerare in contact. Theyare away from the

work surface.




Cartridge Types and Powder Loads

Cartridge Case Identification Hilti Cartridge Colour Code
You can distinguish low- and high-velocity cartridges by From weakest to strongest:
their cases:
* Grey
« Low-velocity cartridges have brass cases. « Brown
« Higher-velocity cartridges have nickelcases. « Green
Theyare rated according to the same colourcode. The * Yellow
weakestis gray,and the strongest purple. e Red
« Purple

When selecting a cartridge for a powder load, start with the
weakest load forthe tool, then increase strength a step ata

time untilthe proper fastening is obtained.



Cartridge Types and Fasteners

o Crimped and Wadded i YT Basic Fastener Types
ZLUINN el | Cartridges Powder-actuated tools fire
N Both provide the same three basic types of
power. Theymaybe rim- U v V fasteners. The point ofthe
- - - 1 fired or centre- fired. Hilti 0. fastener forces the work
uses crimped cartridges materialaside just enough
and paints the tip to identify tolet the fastener
the strength of powder penetrate and "seat"
load. This paint also keeps properly, without
the cartridge dry. deforming the material

excessively.



Power Threaders

Hand-Held Power Threaders Powered Threading Machines

These electrically powered machines are convenient for smalljobs and are powerfulenough (depending on the These electricallypowered machines are convenient for medium to large jobs and are typically powerfulenough to
model/manufacturer) to thread pipe and/or rod utilizing sizes from 1/8" up to 2". They are light-weight in thread pipe and/or rod in any required size used for gas piping. There are many options for dies including ratchet
comparison to general, full-sized powered threading machines. However, you should use them in conjunction with type,mono as wellas quick-opening, self-opening,and semi-automatic universaldies.

an approved vice with support arm assembly.




Threading Die Heads

Various styles of quick-opening threaders are designed foruse on powerequipment such as a powerthreading machine. They attach to a carriage

assembly that also hosts areamer and cutter. These types ofdie heads have aleverto release the dies from the pipe when the thread has been cut to

the required length, eliminating the need to stop and back offafter the thread has been cut.



CSA Unit 2

Chapter4
Measuring Tools

The installation of piping systems and gas equipment involves
measurement. This presentation provides descriptions and formulas for

some ofthe basic measurement information, including the most

commonlyused measuring instruments and tools for gas technicians and

fitters.




Objectives
Units of Measurement

Describe units of measurement and dimensions

ToolSelection

Describe requirements for selecting measuring tools

Tool Types

Identify types of measuring tools

ToolUsage

Describe the use of measuring tools




Key Terminology

Term

Area

Circumference

Cubic foot

Cubic meter

Abbreviation (symbol)

A

ft3

Definition

The extent or
measurement ofa

surface.

The enclosing boundary
ofacurved geometric
figure, especially a

circle.

The volume ofa cube
with sides ofone foot
(0.3048 m) in length.

The volume ofa cube
with edges one meterin

length.

Crown

Chest
Waist

Hips

Inseam

Floor



More Termmology

Term

Diameter

Height

Length

Pi

Abbreviation (symbol)

D

Definition

A straight line passing from
side to side through the
centerofabodyor figure,

especiallya circle or sphere.

The measurement from
base totop or(ofastanding

person) from head to foot.

The measurement or extent
ofsomething from end to

end.

The ratio ofa circle's
circumference to its
diameter,commonly

approximated as 3.1416.

ampere)”

©
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Units ot
measvrement
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FmalTerminology

Term

Radius

Square feet

Square meters

Volume

Width

Abbreviation (symbol)

R

Definition

A straight line from the center
to the circumference ofa

circle orsphere.

The area ofa square whose
sides measure exactly one

foot.

The area ofa square whose
sides measure exactly one

meter.

The amount of space thata
substance orobject occupies,
orthatis enclosed within a
container, especially when

great.

The measurement or extent
ofsomething from side to

side.
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Measurement of Dimensions

Basic Measurements

Gas technicians/fitters usually measure the dimensions ofsolid
objects with simple tools and methods. Some use more specialized

tools.
Measurements can be categorized into:

 Straight line measurements

e Circularmeasurements

e Areacalculations G A s T E c H N I c I A N c A
e Volume calculations e

TRAINING AND EXAM PREP

Gas technicians need to be proficient in various measurement
techniques to ensure properinstallation of piping systems and gas

equipment.



Measurements Involving Straight
Lmes

Length, Width,and Height Area
Length (L), width (W), and height (H) Area (A) ofarectangle is the product
are measured in straight lines from ofits length and width. It 1s expressed
. one point to another, usually with a in square units such as square feet
Rectangu’ar CUbe ShOWiI’Ig |el1gth, WEdth, hEight, and area ruler or measuring tape. (ftz) or Square meters (mz)
/ /l They are expressed in imperial units A=LxW

such asinches and feet, or metric

units such as millimeters and meters.

Volume

Volume (V) ofa cube is the product ofits length, width, and height. It is expressed

in cubic units such as cubic feet (ft3) or cubic meters (m?).

V=LxW xH



Rectangular Measurements

Length, Width, and Height

These basic dimensions form the foundation ofallrectangularmeasurements. Gas technicians must be able to accurately measure these dimensions when

ﬁ installing piping systems and equipment.

Height /

Area Calculation

The area ofarectangle is calculated by multiplying length by width (A=LxW). This is essential fordetermining surface areas ofequipment installations.

Length Volume Calculation

The volume ofa rectangularobject is calculated by multiplying length, width, and height (V=L xW xH). This is important for determining space requirements for

Length (m) meter

equipment.

Volume »e

Volume (L) Liter —

Mass  (g) gram !'.:,,—-j



Measurements Involving Circles

Diameter
The diameter (D) is measured like any other Circumference
straight length,as the distance across the circle at G The circumference (C) is the distance around the
its widest point. entire outside edge.
Adiameterdivides the circle in half. Half of'it is C=nxD=2xmxR
called the radius (R).
Volume Area
The volume ofacylinderis the product ofthe area @ [:] The area ofa circle is the product ofpiand the
ofthe circle and the cylinder's length. square ofthe radius.
V=AxL=0.7854 xD?xL A=mxR*=0.7854 xD?

Area

Length »I

F |

‘/k Radius



Cylinder Measurements

Cylinder Components

4 INCHES Y-

o

Acylinderhas three keymeasurements: COMPLIES W

. Diameter (D) - the width ofthe circularend

E BASE DESIGN

URVATURE

. Radius (R) - halfthe diameter

Manual measurement calculation

Q Befo re Imprjcision
<o

&

. Length (L) - the distance from one end to the other

These measurements are essential for gas technicians when working with pipes and cylindrical

components.

W,

/_!/;- Vi {5

The volume ofa cvlinder (such aspnine)ic calculated usine the formula:



Requirements for Selecting Measurmg Tools

Type of Measurement

N

Consider what you're measuring:length, diameter, clearance, etc.

Size of Dimension

It

Considerthe rough size of what you're measuring

Required Precision

How accurate does the measurement need to be?

Tool Accuracy
D|<

Considerthe accuracyofavailable tools



Applications of
Measurement

[

\
Measuring
Components

Taking accurate
measurements of
pipes, fittings, and

equipment

Aligning
Components

Ensuring proper
alignment ofpipes
and equipment during

mstallation

Vv

Checking Sizes

Verifying that
components and
equipment meet

specified dimensions



Storage and Maintenance of Measuring Tools

& Handle with Care BB Keep Clean L Use as Designed
Treat measuring tools gently to Maintain cleanliness while Only use tools for theirintended
maintain their accuracy working with measuring tools purpose

g0 OilMoving Parts ] Proper Storage

Apply thin coating of oilto moving parts Store in clean, dry environment



Types of Measuring Tools

Common Tools Specialized Tools
* Hinged and jointed folding  Drillgauges
rules  Feelergauges
« Spring-loaded tapes e Micrometers
° Squares « Calipers

 Straight edges

Selection Criteria

« Accuracyrequirements
e Measurement type
« Ease ofuse

 Durability




Spring-Loaded Tapes

Long Flexible Steel Tapes

Long flexible steeltapes are wound inside a carrying case. Their lengths range from
50 ftto 200 ft (I5m to 60 m).

* Longermetric tapes have markings every 2 mm

* Longerimperialtapes have markings every 1/8 in

* Include crank handle to retract the tape

* Hookatzeroend can extend to brace against measured object

. Hook can fold to hook over a nail




Pocket Tapes

Most Common Measuring Device

The pocket-type orspring-loaded tape is the measuring device that gas technicians/fitters use most often. It is easy to carry,accurate, and long enough for most

purposes.

Measurement Capabilities

Metric tapes have markings every millimeter. Inperialtapes have markings every 1/16 in or /32 in. You can use it forinternaland externalmeasurements.

Available Widths

Available tape widths are /2 in,3/4 in,and lin (12 mm, 19 mm,and 25 mm). Wide tapes are more rigid when extended. Narrow blades are easier to carry.




Folding Rules

Types of Folding Rules
There are two basic types of folding rules:

* Hinged rules

« Spring-jointed rules
Both maybe made ofplastic, metalor wood.

Metric rules have markings every millimeter. Inperialrules have

markings every 1/16 in or 1/32 in.

Folding rules fold to 6 in or 8 in (150 mm to 200 mm), so that you can
easily carrythem. When extended, folding rules are rigid and can span
distances without sagging. This gives greateraccuracy than a steeltape

on long spans.



Squares and Straight Edges

% Marking Straight ] Layout Work
Lin
3 Used for laying out
Used for marking straight supports,brackets,and
layout lines and some basic welded pipe

angles such as 90°and 45°
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Squaring Equipment

Used for squaring up pipe and other equipment




Framing Square

Common Square

The most common square is aright angle made up ofa 2 ft
(600 mm) long straight edge and a 16 in (400 mm) straight
edge.

Gas technicians/fitters most often use it to lay out and

fabricate welded pipe and fittings.

A framing square is an essentialtool for ensuring right

angles in pipe installations and equipment mounting.



Try Squares

O ™ N {?

Design Size Usage Variants

Single straight edge Blade lengths usually 6- 10 Used on smaller work Include miter squares for

connected to a handle in (150-250 mm) pieces 45°angles



Combination Squares

.,
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Design Features

-

The combination square has an adjustable head that can be fixed anywhere along its length. The steelrule is 12in (300 mm) long. The head has one edge at 90°to

s
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e the blade and anotherat 45°.
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Marking Angles

Used formarking 90°and 45°angles in pipe installation work.

Multiple Functions

Canbeusedasadepth gauge, marker gauge,and formarking lines parallelto the edge ofa work piece at a set distance.




Feeler Gauges

Purpose and Use Figure 4-5
Set of feeler gauges

Gas technicians/fitters use feeler gauges to determine the
amount ofclearance between parts, such as the sparkplug

gaps on spark igniters.

These precision tools consist of multiple thin metalstrips of

varying thicknesses that can be inserted into gaps to

measure clearance.

Feeler gauges are essential for precise measurements of
smallgaps in gas equipment, ensuring proper functioning

and safety.



Drill Gauges

Function and Types s A~ G )
) ) R ) ) ) S T L i
Adrillgauge helps measure the diameter ofdrill bits. It is available in: S ek & /“\
i Y e walhAR e
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* Metric sizes TS ST
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 Lettersizes %

e Fractionalsizes

This toolis particularly usefulwhen selecting the correct drill bit size for

specific applications in gas installation work.

Drillgauges provide a quick and accurate way to verify drillbit sizes,

ensuring properhole dimensions for gas fittings and components.



Drill Bit Blanks

Purpose and Application Figure 4-7
Drill bit blank

Adrillbit blank measures the size ofa smallhole. Typically, gas

technicians/fitters use it to measure the size ofa gas orifice.

This specialized toolis critical forensuring that gas orifices are
the correct size, which directly affects gas flow and equipment

performance.

R e S iy o P e 2 e -
s oyt "

Accurate measurement of gas orifices is essential for proper

gas flow and safe operation of gas equipment.



Measuring Length mn Gas
Installation

Select Appropriate Tool

Choose between tape measure, folding rule, orothermeasuring device

based onthe distance and required accuracy.

Position and Align

Ensure the measuring toolis properly positioned at the starting point

and aligned with the dimension being measured.

Read Measurement

Take the reading at the end point,being carefulto note the correct

unit (imperialormetric) and subdivision.

Verify Accuracy

Double-checkthe measurement, especially for critical

dimensions that affect system performance orsafety.




Measuring Pipe Diameter

Select Tool

Choose appropriate measuring tool

(tape,caliper,etc.)

Verify Size

Confirm measurement matches

required specifications

=3

L®

Measure Outside

Measure the outside diameterofthe

pipe

Calculate Inside

Subtract wallthickness (ifneeded) to

find inside diameter



Calculating Pipe Circumference

Formula and Process

The circumference (C) ofa pipe is calculated using the formula:
C=nxD=2xmtxR

Where:

e T1(pi1)isapproximately3.1416
e Disthediameterofthe pipe

* Ristheradius ofthe pipe (halfthe diameter)

Knowing the circumference is essential when:

« Wrapping materials around pipes
* Determining pipe size for fittings

* Calculating materialrequirements



Calculatmg Pipe Area
T R?

PiValue Radius Squared

Approximately 3.14 16 Radius multiplied by itself

0.7854 D*

Simplified Factor Diameter Squared

m/4 fordiameter-based calculation Diameter multiplied by itself

The area ofa pipe's cross-sectionis calculated using the formula: A=mxR?*=0.7854 x D? This calculation is essentialfordetermining flow capacity and sizing

requirements for gas systems.



Calculating Pipe Volume

Volume Formula

& V=AxL=0.7854 xD?xL

Cross-sectional Area

A=0.7854 xD?

Pipe Diameter

D=measured diameterin consistent units

Pipe Length

£

L=measured length in consistent units

Calculating pipe volume is essential fordetermining the amount of gas a pipe can hold, which affects system design, purging

requirements,and safety considerations in gas installations.



Importance of Accurate
Measurements

Safety Performance

Accurate measurements ensure Precise measurements contribute to
proper fit of components, reducing optimalsystem performance and
the risk of gas leaks and potential efficiency.

hazards.

« Propergas flowrates

e Preventsloose connections

Correct pressure drops

* Ensures properclearances Efficient operation

* Maimtains system integrity

Cost Effectiveness
Accurate measurements reduce waste and rework, saving time and materials.

e Minimizes material waste
e Reduceslaborcosts

* Prevents expensive corrections

_,.-
— ’
f—




Common Measurement Errors

Reading Error — Alignment Error It Tension Error
Misreading the scale or markings Improperalignment of Inconsistent tension when using
on measuring tools measuring tool with the object flexible measuring tapes

being measured

) Temperature Effects S8 ToolSelection Error

Expansion or contraction of materials due to Using the wrong toolforthe type of measurement

temperature changes needed



Measuring for Pipe Fittings

Tee Fittings

Fortee fittings, measure the center-to-end dimensions forallthree openings. Considerthe flow direction and orientation requirements.

Couplings

When measuring for couplings,account forthe insertion depth ofthe pipe into the fitting. This ensures properconnection and alignment.

efSure NPT
Fittings And
Pipe Sizes




Measuring for Equipment
Installation

Space Requirements

Measure available space forequipment installation

Clearance Requirements

Verify minimum clearances for safetyand maintenance

Connection Points

Measure locations of gas, electrical, and ventilation connections

Support Structures

Determine measurements formounting brackets and supports



Measurmng for Ventilation Requirements

Critical Measurements

When installing gas equipment, proper ventilation is essential for

safety. Keymeasurements include:

* Room volume (L xXW XxH)

« Ventopening sizes

» Clearancestocombustible materials
* Flue pipe dimensions

e Distance to airintake and exhaust terminations

COMMERICAL KITCHEN VENTILATION SYSTEM

4"

Hinged upblast exhaust fan

Grease duct
Access door

Cleaning label

Blast-proof lighting

Grease filter

Accurate measurements ensure that gas equipment receives
adequate combustion air and that combustion products are
safely vented to the outside,preventing dangerous conditions

like carbon monoxide buildup.



Measuring Gas Pressure
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Measuring Gas Flow Rates

Flow Rate Measurement

Gas flow rates are typically measured in:

. Cubic feet per hour (CFH)
. Cubic meters per hour (m?3/h)

. British Thermal Units per hour (BTU/h)

Accurate flow measurements ensure that equipment receives the proper amount of gas for safe and

efficient operation.

Flow rate measurements are essential for:



Digital Measuring Tools

Laser Distance Meters

Modern laser distance meters provide
highly accurate measurements over
long distances. Theycan measure
length,area,and volume with the press

ofabutton.

Digital Calipers

Digitalcalipers offer precise
measurements of pipe diameters, wall
thicknesses,and other small
dimensions with digitalreadouts for

casyreading.

Digital Angle Finders

These tools provide accurate angle
measurements for pipe bends, slopes,
and alignments, ensuring proper

installation of gas piping systems.
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Specilalized Gas Industry Measuring
Tools

Gas Pressure Gauges

Specialized gauges formeasuring gas pressure in inches of watercolumn (inwc) or

millibars. Essential for setting and verifying proper gas pressure to equipment.

Gas Leak Detectors

Tools that measure the concentration of gas in parts per million (ppm) to detect and locate

gas leaks in piping systems and equipment.

Combustion Analyzers

Instruments that measure oxygen, carbon monoxide,and other gases in flue products to

ensure propercombustion and safe operation.

Flow Meters

Devices that measure the volume ormass flow rate of gas through piping systems,

ensuring proper supplyto equipment.



You will learn line sizing
calculation in 18 minutes only

Q=AxV

Line sizing
calculation course
Lecture No 1

Measuring for Gas Pipe Sizing

Determine Total Load

Calculate the totalgas load in BTU/h or cubic feet per hourbased on all

connected appliances.

Measure Pipe Run Length

Measure the length ofeach pipe segment from the meterto each

appliance, including all fittings.

Account for Fittings

Add equivalent lengths for each fitting to the measured pipe length to

determine the totaleffective length.

Select Pipe Size

Use sizing tables to determine the appropriate pipe diameter based

on load, length, and allowable pressure drop.



Measuring Clearances for Safety

(O

Combustible Materials

Measure clearances from gas equipment to combustible materials

according to manufacturer specifications and code requirements

Service Access

Ensure adequate clearance forservice and maintenance of gas equipment

Ventilation Openings

Verify proper size and location of combustion air openings

Exhaust Terminations

Measure distances from vent terminations to windows, doors, and other

building openings

Distances for Openings

e

Openable
window
Door
o
* Tt
m
to
Va

ihading indicates prohibited area for a drain or



Measurmg for Gas Meter Installation

Critical Measurements

When installing gas meters, severalkeymeasurements must be

considered:

Height from ground level

* Clearance from electrical equipment
 Distance from ignition sources

* Accessibility forreading and service
 Protection from physicaldamage

« Distance from building openings

Propermeasurements ensure that gas meters are installed safely,

comply with localcodes, and remain accessible for utility
personnel. Incorrect placement can create safety hazards and may

require costly relocation.



Measuring Thread Sizes
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Thread Gauges

Thread gauges are specialized tools
used to measure the size and pitch of
pipe threads. They help ensure proper

matching ofthreaded components.

NommalPipe Size

Pipe threads are specified by nominal
pipe size (NPS), which relates to the
approximate internaldiameter.
Accurate measurement is essential for

proper connections.

Threads Per Inch Diameter (Inches) Diameter (In%) Area (In?)
1-8 0.9188 0.551 0,606
1%-8 1.0438 0728 0,790
1% -8 1.1688 0829 1.000
1% -8 1.2938 1155 1,233
1%-8 1.4188 1.405 1,492
1% -8 15438 1.68 1.78
1% -8 1.6688 1.98 208
174-8 17938 230 241
2-8 1.9188 2.65 277
2%,-8 21688 3.42 3.56
2% -8 24188 4239 4.44
2%,-8 2.5688 5.28 5.43
3-8 29188 8.32 851
3% -8 3.1688 7.49 7 BG
3-8 34188 B.75 BYE
3% -8 35688 10,11 10.34

Thread Pitch

The pitch of pipe threads (threads per
inch) must be measured to ensure
compatibility between components.
Standard pipe threads typicallyuse NPT
(NationalPipe Thread) specifications.




Measuring for Pipe Support

Load Calculation Support Spacing
Determine weight of pipe, fittings, é S Measure maximum distance between
(-
and contents — supports
Expansion Allowance NY Height Measurement
Measure space needed for thermal iE Determine proper height for level

expansion installation



Measuring Pipe Slope for Dramage

Slope Calculation

PUNCHLIST Drainage Pipe Slope
Gas piping systems often require a specific slope to allow
condensate to drain properly. The slope is typically measured in: ;
~ ey L] = LR
Proper Slope v,
« Inches perfoot ’
« Millimeters permeter @ 5
« Percentage grade Too Little Slope
Common minimum slope requirements are 1/4 inch per foot
. . . 0 —= — o 3 [ ]
(approxmmately 2%) toward the drip point. e
Too Much Slope

Tools formeasuring slope include:

* Bubble levels with slope indicators
 Digitalinclinometers
« Laserlevels with grade function

 Traditionalleveland measuring tape combination



Measurmmg for Seismic Restramts

{3} Seismic Zone ! Equipment Weight (® CenterofGravity
Determine the seismic zone Measure the weight of gas Locate the centerofgravity for
requirements for the installation equipment requiring restraint properrestraint placement
location

+I» Anchor Points Q Movement Clearance
Measure distances to suitable structuralanchor points Allow formeasured clearance for limited movement

during seismic events



Measuring for Thermal Expansion

Expansion Calculation

Metalpiping expands when heated and contracts when cooled. The amount of

expansion depends on:

« Pipematerial(coefficient ofthermalexpansion)
« Temperature change

* Lengthofpipe run

Formula: Expansion=Length xCoefficient x Temperature Change

Propermeasurement and accommodation forthermalexpansion prevents:

+ Stressonpipe joints
« Damagetosupportsandanchors
« Potentialgas leaks

* System failure



Measurmg for Pressure Testing

Select Test Pressure

Determine required test pressure based on system type

Connect Test Equipment

&

Measure and verify gauge accuracy before testing

Monitor Test Duration

Measure test time according to code requirements

Record Results

Document pressure measurements throughout test period



Measuring for Combustion Analysis

24 -

164




Measuring for Regulatory Comphance

Code Requirements Documentation

Gas installations must comply with Measurements must be documented for:

specific measurement requirements in : ..
« Permitapplications

localand nationalcodes, including:
« Inspectionreports

e Minimum clearances to combustibles ) )
* As-built drawings

 Ventilation opening sizes ,
* Maintenance records

« Pipesizing parameters

 Installation heights and distances

Verification

Measurements mayneed to be verified by:

Licensed inspectors

Utility representatives

Quality controlpersonnel

Regulatory authorities



Summary of Measuring Tools and Techniques

Basic Measurement Tools

Spring-loaded tapes, folding rules, squares, and straight
edges form the foundation of measurement in gas

installation work.

Digital Technology

Modern digitaltools enhance accuracy and efficiency in

measurement tasks.

Safety Focus

Proper measurement techniques ensure the safety and

compliance of gas installations.

(M

Precision Instruments

Feeler gauges, drillgauges,and drillbit blanks provide the

precision needed for critical measurements.

Specialized Equipment

Industry-specific measuring devices address the unique

requirements of gas systems.



CSA Unit 2
ChapterS
Combustion Testing
Instruments

Gas technicians and fitters use various instruments to check air quality in
the working environment and to ensure safe and efficient operation of
gas fired equipment. These mstruments are essential fortesting the
combustion process and analyzing flue gases to verify safe operation and

optimize combustion efficiency.



Purpose of Combustion Testing

Why Testing Matters

The gas technician/fitteruses many instruments to check air quality in the working environment and to
ensure safe and efficient operation of gas fired equipment. This includes analyzing flue gases to check the

efficiency of combustion and the leveloftoxic gases.




Learning Objectives

Identify Types of Understand Applications

nstruments You willlearn how these instruments
At the end ofthis Chapter you willbe are used to test gas appliances

able to iddentify types of combustion designed for many different

testing instruments. applications.

(M  Ensure Safe Operation

You willunderstand how testing helps verify safe operation of gas-fired equipment.
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Key Termmology

Term Abbreviation (symbol) Definition

Combustion The rapid oxidation ofany material

classified as acombustible matter.

Ignition temperature Temperature at which combustion can

take place.

Pound persquare inch PSI Measure of pressure in a vessel.



Principles of Combustion

Combustion

@ Rapid oxidation of combustible matter

Chemical Reaction

Oxygen combines with fuelelements

Heat Energy
W\

Released during the combustion process

Combustion is the rapid oxidation ofany materialclassified as a combustible matter. It is a rapid chemicalreaction. Familiar

combustion processes include the burning of gasoline in an automobile engine and the burning ofnaturalgas as a fuel.



The Three Elements of Combustion

Oxygen

From air,combines with combustible elements

Fuel Heat

The combustible materialthat burns Raises temperature to ignition point

During combustion,oxygen from aircombines with the combustible elements ofa fuel-normally carbon and hydrogen-to release heat energy. However, fueland oxygen

alone donot produce combustion. Raising the temperature to the ignition temperature at which combustion can take place also requires heat.

Removalofanyone ofthe three elements stops combustion. Forefficient combustion to take place, you must present each in the right quantity. It is important to have

the right flow ofair containing oxygen. There can be too much or little air to support combustion.



Flue Gases and Combustion Analysis

What Are Flue Gases?

The combustion process forms
products which are usually
exhausted through a flue, vent, or
chimney.In the gas industry, these
are called flue gases. Altering the
air- gas mixture to the combustion

process affects the volume ofand

percentage of flue gas components.

Why Analyze Flue Gas?

You must analyze flue gas to check
the efficiency of combustion and

the leveloftoxic gases.

What Is Measured?

A combustion analysis determines
the completeness of combustion
and what percentages ofthe total
volume ofdry flue gas are carbon
dioxide (CO2),o0xygen (O2),and
carbon monoxide (CO).In certain
cases,youmayalso measure
hydrogen (H2),nitric oxides (NO
and NOx), and hydrocarbons (HC).



Types of Flue Gas Analyzers

;TJFTFT:TFI’JH p—

Continuous Sampling

Electronic analyzers that provide continuous sampling through electrochemical,non-dispersive infrared tube, or selective chemicalreaction methods.

Tube Analyzers

Single-use glass tubes filled with dry chemicals, such as those made by Draegerand Gastec.

Liquid Analyzers

Analyzers that use selective chemicalabsorption, enabling testing of many flue gas samples without changing chemicals.

Flue gas analyzers provide the gas technician/fitter and client with accurate information that they mayuse in adjusting appliances foroptimum combustion efficiency or to verify safe operation.



Handling Flue Gas Analyzers

Follow Instructions

&

Always follow the manufacturers' recommendations

Proper Storage

Store instruments according to guidelines

Regular Calibration

Ensure accurate readings through calibration

Correct Usage

J

Use instruments as intended

Incorrect handling of flue gas analyzers can easilydamage these instruments and
give inaccurate readings, which can be verydangerous. To prevent these, always
follow the manufacturers' recommendations forstorage, handling, calibration, and

use ofthese instruments.



Continuous Sampling Electronic Analyzers

Features and Benefits

The most commonlyused flue gas analyzers are electronic,and
theycome in many different makes and models. The field
technician/fitterusuallyuses a hand-held portable device, which

is versatile and not difficult to operate.

The most up-to-date analyzers measure allthe products of
combustion. Most analyzers have temperature probes and

pressure sensors built in.

Modern flue gas analyzers can store information,download the
data toacomputer,and transmit the information to a printerto Multi-gas emission analyzer

produce hard copyreports forthe client.
With a continuous sampling device, sensors in the Unit

continuously analyzes a measured flow of flue gas sample forthe
device's duration ofbeing connected to the appliance, unlike its
predecessors which only manually spot sample at user-

determined intervals.



Tube Analyzers

How Tube Analyzers Work

The least expensive flue gas analyzeruses pencil-shaped
glass tubes filled with dry chemicals. Each tube contains a
different chemical,and each one's function is to test for a

specific type of gas. Usually, the tubes are single-use.

Each detectortube contains precise amounts of detecting
reagents in a glass tube with a fixed innerdiameter. The
tube is hermetically sealed at both ends to protect the
contents untiltheyare exposed to the flue gas during
testing. Draegerand Gastec are two well-known

manufacturers ofthis type of equipment.

medel 801
€] &isrec

Gastec tube type flue gas analyzer system



Usmg Gastec Detector Tubes

Break Tube Ends

To start the test, break off
the tapered tube ends and
connect one opened end of
the tube to the Gastec

sampling pump.

Draw Sample

Pullthe hand operated
vacuum pump handle to
draw the flue gas sample
through the tube. The pump,
which maydraw a fixed
amount or be adjusted for
different tests, measures the

volume of gas drawn.

Observe Reaction

As the sample moves
through the tube, the test
gasreacts immediately with
the drychemicaland causes
it to discolour, beginning at
the entryend ofthe detector
tube. The higher the
concentration oftest gas
present,the greater the
length ofdry chemical

discoloring.

Read Results

Measure the gas
concentration at the point
where the coloration stops.
Graduated markings on the
side of the tube make it easy
toread the precise
percentage ofthe test gas

found in the sample.



Liguid Analyzers

Advantages Common Gases Measured Longevity

The advantage ofliquid over tube The two most common gases You can use the potassium
analyzers is that they enable you to measured with liquid flue gas hydroxide for approximately 400
test many flue gas samples without analyzers are CO2 and O2. The tests before requiring replacement,
the need to change the chemicals. reagent (reacting chemical) for and the chromous chloride for

This is particularly usefulwhen you measuring CO2 is potassium approximately 200 tests prior to
must analyze severalsamples hydroxide (dyed red) and for replacement.

during the set up ofa burner measuring O2 is chromous chloride

system. (blue).

Acommon liquid test Unit is the Fyrite system which uses the "Orsat Method".



How Liquid Analyzers Work

Fill with Reagent

Each individualtest Unit is partially filled with the specific reagent to test a particular component ofthe fuelgas, CO2 or O2.

Chemical Absorption

& As the chemicalin the test Unit absorbs the flue gas,the volume ofthe fluid either expands or contracts and is measured on a scale on

the side ofthe tube.

Reset for Next Test
(!

Afterthe analysis ofthe flue gas sample, the test Unit is vented, leaving it ready forthe next sample.



Combustible Gas Indicators

Purpose and Function

Gas technicians/fitters use combustible gas indicators to
test forcombustible gases in surroundings. Attaching a
sampling probe can be useful for difficult-to-access areas.

Digitalor analogue types are available.

These instruments are covered in greaterdetailin Unit 3

Properties, Characteristics,and Safe Handling of Fuel Gases.

Filament-type combustible indicator

Combustible Gas Indicator
Catibrated for METHANE

Inlet
fitting

Percent
of LEL dial

Combustible gas indicator (solid-state)

Battery
status
indicator

Outlet
fitting
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Pressure and Temperature Measurement

( ! ) Pressure @& Temperature

When an object exerts a force overan area ofanother Temperature (1.e.,the degree ofheat) is measured using
object,it exerts pressure. Pressure is the force exerted various scales such as Fahrenheit and Celsius. These
per Unit area. scales have fixed pomntsused forcomparison and are

based on such things as the boiling and freezing points

of waterat a particularpressure.

Gas technicians/fitters use various gauges tomeasure gas pressure and temperature to ensure safe and efficient operation of gas

appliances.



Types of Pressure Gauges

Pressure Gauges

Measure the force per Unit area exerted by a confined gas. They

measure pressures above atmospheric.

A5 Vacuum Gauges

Measure pressures below atmospheric.

GG-MS(8078)
GC-MB($973)

G9) Compound Gauges e | e h. o N

Measure pressures both above and below atmospheric.

YMS
(5973)

2). Draft Gauges =

Measure the gas density of low gas heads or smalldifferential gas

preéssurcs.




Types of Temperature Gauges

Analog Temperature Gauges

Measure sensible heat changes.
Sensible heatis a change in
temperature which you can feel. Latent
heat causes a change in state without

changing temperature.

Digital Temperature Gauges

Are the most common for
technicians/fitters to use. Their only
disadvantage is the need for battery

power.

Plug-m Sensors

The type ofhand-held thermometer
shown uses plug-in sensors in a variety

oftypes,sizes,and styles.



Manometers

What is a Manometer? A U-tub;‘.- manometer
The manometeris a U-shaped tube that helps measure the difference in pressure Atmospheric

between the tops ofthe liquid in the two sides ofthe liquid is water or coloured gauge PEESSHIE

oil. Smallpositive ornegative pressures are expressed in inches of water column; 1PSI {} @

is equalto 27.7 inches of water column. Gas technicians/fitters most often use the ] ] With both legs open

to the atmosphere,
the level is the same
on each side.

watercolumn measurement.

«+—— Coloured
water

Atmospheric
pressure

The pressure
is measured
at4inH,0.

Coloured
water




How a Water-Filled U-Tube
Manometer Works

Zero Pressure Reading

When both legs ofthe tube are open,only atmospheric pressure acts
on the surface ofthe liquid. This gives the same liquid levelin each leg.

The gauge pressure then reads zero.

Pressure Differential

Whenone legis connected to a source with pressure higher (or
lower) than atmospheric,the additional (reduced) pressure causes
the liquid to move, lifting (displacing) the column in the leg that is

opentothe atmosphere.

Measurement

The difference between the liquid heights in the two legs

determines the gauge pressure ofthe pressurized source.




Slope Manometers

Design and Function

Slope manometers are also called inclined-vertical
manometers. In this type, the arm ofthe manometerin
which liquid levelvaries is gradually sloped rather than

vertical.

Typically,a slope manometeris about 20 in (500 mm) long.

This enables the accurate observation of extremely small
incrementalchanges. Normally, these devices are

permanently mounted on equipment.

L] -u“lvv L]

Slope manometer

Q
INCHES W.C.

Slope manometer showing gradualincline for precise

measurements



Digital Manometers

Features and Applications ;

Electronic manometers are the most common field service toolthat measures
positive and negative pressures. Theyare available in a variety of models showing

different ranges and may have many other features.

You canuse digitalmanometers as draft gauges, ifequipped with the correct range,

and to measure differential pressures.




Traditional Temperature Gauges

Analog Thermometers

Sometimes referred to as thermometers,temperature
gauges come in many different styles and types. In their
traditional form,thermometers are a scale displaying
temperature Units of measurement, (i.e.,degrees

Fahrenheit).

_ Figure 5-9
(top) Bimetal dial thermometer, (bottom) Spirit-filled thermometer

Traditionalanalog thermometer with temperature scale



Digital Thermometers

Modern Temperature Measurement

As with most other instruments, many electronic options are
now available. Digitalthermometers are the most popular
temperature measuring toolused today. Their only

disadvantage is the need for battery power.

Digitalhand-held thermometer with plug-in sensors



Importance of Proper Instrument Selection

Assess Requirements Select Instrument
Determine what needs to be Q Choose appropriate testing
measured @ equipment
= Perform Testin
Analyze Results Tt s
_ _ HH Use instrument according to
Interpret readings and take action o
guidelines

Selecting the right instrument for the job is crucial for accurate measurements and safe operation of gas appliances. Gas

technicians must understand the capabilities and limitations of each instrument type.



Ensuring Accurate Measurements

Read Instructions

Understand instrument operation

Calibrate Regularly
&

Maintain accuracy ofreadings

Proper Maintenance

Keep instruments in good condition

Ongoing Training

Stayupdated on new technologies



Safety Considerations When Testing

PersonalProtection Ventilation

Always wear appropriate personalprotective equipment when Ensure adequate ventilation when testing combustion

working with gas systems and testing instruments. processes to prevent buildup ofharmful gases.

Instrument Integrity Follow Procedures

Regularly check testing instruments fordamage or wear that Always follow established testing procedures and manufacturer
could affect accuracy orsafety. guidelines forboth the equipment being tested and the testing

Instruments.



Interpreting Test Results
3 27.7 400

Key Elements Water Column Test Capacity
Fuel, oxygen,and heat are the three Inches of water column equivalent to 1PSI Numberoftests possible with potassium
essentialelements forcombustion hydroxide before replacement

Understanding the numerical values and relationships between different measurements is essential for proper interpretation of
combustion test results. Gas technicians must be able torecognize when readings falloutside acceptable parameters and take

appropriate action.



Technological Advancements m
Testing

-;

TraditionalInstruments

Manualgauges and liquid-based analyzers requiring visual

interpretation

Digital Revolution

Electronic instruments with digitaldisplays for more precise

readings

Data Storage

Modern analyzers with ability to store and download test data

Wireless Connectivity

Latest instruments featuring wireless transmission ofresults to

computers and mobile devices




The Future of Combustion Testing

Dataset
Zvaluating model Evaluai
srformance from a Dat perform:
istical perspective AR | combustio
oo processing

i 1y ¢ j
: Training Validation :. : : Testing :
': dataset dataset | : : dataset :
| e — ’| l 'I

Y i il i g i o A e e e il
4 (—'—“4\
Aaman MATIAR

| Validate and test
the ML models
performance

Hyperparameter
tuning, training.

The field of combustion testing continues to evolve with new technologies emerging. Smart devices with enhanced
connectivity, artificial intelligence for predictive analysis,augmented reality interfaces, and increasingly miniaturized yet
powerfulinstruments are shaping the future ofhow gas technicians willensure safe and efficient operation of gas- fired

equipment.



CSA Unit 2

Chapter6
Electrical Testing
Instruments

This presentation covers the various electricaltesting instruments used
by gas technicians and fitters. We'llexplore their purposes, proper
handling, and storage requirements to ensure accurate measurements

and safe operation.




Purpose and Objectives

Purpose Objectives

The gas technician/fitter must use various electricaltesting At the end ofthis Chapter you willbe able to:

instruments. This Chapteridentifies them and describes the

, « describe the purposes ofelectricaltesting instruments
basic ways to handle and store them.

« describe storage and handling requirements ofelectrical

testing instruments



Key Terminology

Term

Amperes

Milllamperes

Microamperes

Ohms

Abbreviation

(symbol)

A

mA

uA

Definition

Flow rates of

electric charge

One-thousandth of

an ampere

One-millionth ofan

ampere

Measurements of

resistance

ELECTRICAL METRIC
CONVERSION CHART

MULTIPLY

Centimeters {cm)
Meters (m)
Meters (m)

Square Meters (rd)
Cubic Meters (nf)
Kilograms (kg)
Liters per second (ifs)
RSI
RSl/mm

$/RSI/m

BY

0.3937

3.2808

39.37

10.76

35.314

2.205

212

5.879

144

164

TOOBTAIN/
MULTIPLY

Inches (in)
Feet (it)
Inches (in)

Square Feet (sq. ft.)
Cubic Feet (c.f)
Pound (Ib)

Cubic Feet Per Minute (cfim)
R

Rin

G [R/ft2

BY

2.54

0.3048

0.0254

0.0928

0.0283

0.4536

0.472

0.176

0.00685

0.611

OBTAIN

Centimetars (cm)
Meters (m)
Meters (m)

Square Meters ()
Cubic Meters (n)
Kilograms (kg)
Liters per second (i/s)
RSI
RSl/mm

$/RSlinm




Additional Terminology

Conversion of Units of Electric Charge

CONVERSION FACTOR

Term Abbreviation (symbol) Definition

[ STa0n000000in: Kilohms kQ Resistance
1C =1,000,000,000 nC
Resistance - The ability ofa substance

L6= 1200000000000 pe toresist the flow of current

1C =01abC

1C = 3.33564 x 10A9 Fr .
Volts \Y% Measures ofelectric

1uC =10A-6C
Millivolts mV One-thousandth ofa volt
1nC =10A-9C

1pC =10A-12C Volts direct current Vdc Measure ofelectric

potentialin a direct

current circuit

1Fr=333564 x 10A-10 C

- Volts alternating current Vac Measure ofelectric
1F=96,485.34 C

potentialin an alternating
m Examples.com

il

current circuit



Manometer Pressure Reading
Exercise 1

Question

Select the correct manometer pressure reading for the following figure?

Options
a) 7inches w.c.
b) 4 inches w.c.

c) 10 inches w.c.

d) 12 inches w.c.




Manometer Pressure Reading Exercise 2

s

Question

Select the correct manometer pressure reading for the

following figure?

~

s

Options
a) 6 inches w.c.
b) Sinches w.c.
c)3inches w.c.

d) 7inches w.c.




SOLID FUEL COMBUSTION PROCESS

SOLID FUEL FURNACE PULVERIZED SOLID FUEL BURNER

COMBUSTIBLE

y COMBUSTION

AIRAND
COAL DUST

GRATE BARS FUEL ASH

dreamstime.com ID 158255033 © Stanislav Zabolotnii

Combustion Knowledge
Check

Question

Correctly complete the following sentence with the appropriate

word provided: Combustion is a rapid combustible

clements ofa fuelto release heat energy.

Options
a) Liquid

b) Heat

c) Chemical

d) Oxygen



f Thermometer i |

)

0
. C .Il
50
“"m____’/

Temperature Measuring
Devices

?] Question

Which ofthe following is not a temperature measuring device?

N\’ Options
a) Dialthermometerbimetal

b) Slope thermometer

c) Spirit-filled thermometer

d) Digitalthermometers employing thermocouples or infrared

technology




Purposes of Electrical
Testing Instruments

This section enables the gas technician/fitter to recognize various
electricaltesting instruments and the purpose theyserve. Unit 5

Introduction to Electricity provides specific information in greater detail.

The testing instruments a gas technician/fitter may encounter while
working on electricalequipment willeither be permanent or hand-held

and portable.




Common ElectricalInstruments

¢ Voltage Meters (4 Amperage Meters &y Ohmmeters

Alternating current (ac) or direct Used to read current Used toread resistance
current (dc) voltage meters or

combinations ofthe two

Y% Multimeters () PowerMeters

Combine the functions ofthe meters above,and can Used to measure wattage and usage
be used to measure smallvalues of voltages and

amperages,among others



Types of Electrical Meters

Analogue Meters Digital Meters

Have a scale and pointer. The pointer's movement is directly and continuously related to the measured quantity. Interpret the measured quantity electronically in discrete numericaldata (digits).

ac. Static Watthour Meter il

Calt /4 " N
3200 Imp/ /Wh
5-301’.-;

ilnlsar‘vam.n!sl ,. v ol '-- ,. | \\
. i \ T e S : 1 Ph. zwﬁ}‘_\_ f{x‘abv 50Hz 3’, .+ TYPE-SP1

i | POWER INDIA wie TERS, JAIPUR

wm'.'.alamg,r.mm

WARRANTY : 1 YEAR

e Oy =\




Voltmeters and Millivoltmeters

Definition
Electricalpotentialand voltage are measured in volts (V)

or millivolts (mV).

Voltmeters measure the difference ofelectric potential
between two points in a circuit. In the field,a multimeter

iIs more commonlyused.

Operation

An analogue voltmeteroperates without batteries. It
draws a very smallcurrent from the measured circuit.
This current drives a pivoted coilto which the pointer is

attached. The scale 1s marked in volts or millivolts.



Ammeters and
Microammeters

Definition

The size ofan electric current flow is measured in amperes (A),

milliamperes (mA),ormicroamperes (HA).

Ammeters measure the current flowing through a circuit. In the field, a

clamp on multimeteris more commonly used.

Operation

An analogue ammeteroperates without batteries. It is inserted into the
circuit so that the fullcurrent being measured flows through the

instrument. The current drives a pivoted coilto which the poimteris

attached.The scale is marked in amperes, milllamperes, or

microamperes.



Ohmmeters

Definition
The ability ofa substance to resist the flow of current is

called resistance and is measured in ohms () or kilohms
(kQ).

You canuse an ohmmeterto measure both resistance
and continuity ofa circuit. (An open circuit represents an
infinitely large resistance to current flow.) It is easily
distinguished from an ammeteror voltmeterbecause its
scale reads from right to left. In the field, a multimeteris

more commonly used.

Operation

A flashlight type of battery powers the ohmmeter. This
drives current through the tested circuit's resistance.
This current drives a pivoted coilto which the pointer is
attached. Although current is being measured, the scale

1s marked in ohms.

It is important to set the zero foreach measurement. This
action also tests the battery. It is also important to switch
offthe ohmmeter when you finish measuring, so that the

batteryis not drained.



Front panel ~=

OFF
A 250 250
g 50

Multimeters

OHMS PER VOLT

200000C 5,000 AC

DC+

® .
& [ .

Function switch

Amultimeteris essentially an ammeter, voltmeter combined in a single portable case. It has two advantages:itis easierto carry and less

expensive than severalsingle-function meters.

Range Switch

Function Switch
Selects the correct range forthe

Sets the meter to measure ac, voltage, current, orresistance

dc,orresistance being tested

Zero-Ohms Adjustment

Compensates for variations in
the internalbattery voltage of

the meter

Additional Features

Zero adjustment for the pointer,
reset button,and severaljacks

for connecting circuit leads



Digital Multimeter (DMM)

A DMM has allthe functions ofan analogue multimeter plus
advanced features. The primary difference to the
technician/fitteris the waythe userreads the data. DMMs
have extended features depending on the make and model;
Unit 5 Introduction to Electricity discusses this in more

detail.

The most common multimeterused today is the digital

multimeter (DMM). It usually has multiple or auto ranges of

usc.




Storage and Handling
Requirements

The gas technician/fitter uses many varied tools. Some are simple and
inexpensive, but others are complex, sensitive, and expensive. Forthe

most part, electricaltest instruments fallinto the second category.

If youroughly handle or improperly use these instruments,theycould be
casilydamaged. This willrender them useless foraccurate measurement,

which could be dangerous.




Proper Care of Instruments - Do's

Aa

&

Proper Storage

Store instruments in
their cases when they

are not in use

Spare Batteries

Keep a spare set of
batteries for digital
instruments. Unlike
some analogue
instruments, they will
not function without

batteries

&) Battery

Management

Remove batteries if you
must store the
instruments forlong

periods

\ Regularspection

Check the battery

compartment from time
totime to ensure that no
corrosion is taking place

due to leaking batteries




Proper Care of Instruments -
Don'ts

Avoid Moisture

Do not allow instruments to become damp

Avoid Extreme Conditions

Do not expose instruments to high temperatures and humidity

Prevent Test Lead Damage

o= Do not store test-leads so that theybecome damaged - torn

insulation, for example, could result in electrocution

Prevent PhysicalDamage

Do not allow instruments to bounce about in the backofa vehicle




Analogue vs DigitalInstruments

Analogue Instruments DigitalInstruments

Analogue instruments are more delicate than digital Digitalinstruments are generally more robust than their
instruments—they have moving parts on jeweled bearings analogue counterparts. They have fewermoving parts and
and can get out ofalignment ifbadly mistreated. Despite are less susceptible to mechanicaldamage.

this,theyare designed foruse in the field and have been _
However,theyrelycompletely on battery power to function,

around formuch longer than digital instruments. _ _ _
so proper batterymanagement is essential forreliable
Be carefulwith analogue instruments-do not, forexample, operation.

allow them to bounce about in the backofa vehicle.



Importance of Proper Instrument Handling

Measurement Accuracy

Proper handling ensures instruments
maintain their calibration and provide

accurate readings

Relability

Properly maintained instruments
provide consistent performance

when needed

(D

Q

M

Safety

Well-maimntained instruments reduce
the risk ofelectricalaccidents and

hazards

Extended Lifespan

Carefulhandling and storage extends
the usefullife of expensive

Istruments



Selecting the Right Instrument forthe Job

Identify the measurement needed

| &

Determine whether youneed to measure voltage, current, resistance,orother parameters

Consider the measurement range

o —
)

Select an instrument with an appropriate range for the expected values

Evaluate the working environment

Consider factors like moisture,temperature,and accessibility

Verify mstrument condition

B Check fordamage,batterylevel, and proper calibration

before use



Common Applications m Gas Industry

il K Furnace Control Testing

Testing voltage and continuity in gas furnace controlcircuits to diagnose ignition and safety controlissues
CONDLCTOR IMDER TEST

3 CONOUETOR CABLE -

" OTHER CORDUCTORS
COMMECTED TOGETHER
AND T0 SHEATH

Al the completion of he electrical inslallation works, (he enlire installation shall be subject
to thi test before final placing n service under the full responsibility of the contractor.
Unless atherwise specifically called for all tests shall be carried out In confarmity with IEE
regulations. The conlractor shall coordinate with the Client and the Supenvising Engineer
o gel eleciricity from the Jocal supply authorily before starting of lesting and
commisskoning.

Gas Valve Verification

Measuring resistance and voltage at gas valve solenoids to verify properoperation

Thermostat Troubleshooting

Checking continuity and voltage at thermostats to ensure propercommunication with heating equipment




Safety Considerations

Proper Training

Py .
% Ensure you understand how to use each instrument correctly

Pre-Use Inspection

Check fordamage to instruments and test leads before each use

Voltage Awareness

Always verify circuits are de-energized when appropriate

PersonalProtective EQquipment

apper
Use appropriate PPE when working with electricalequipment



Summary of Key Points

1 strument Types

Gas technicians use voltmeters,ammeters, ohmmeters, multimeters,and

powermeters for various electricalmeasurements

2 Proper Storage

Store mstruments in their cases, remove batteries forlong-term storage, and

protect from moisture and extreme conditions

3 Handling Requirements

Handle with care to maintain accuracy and prevent damage, especially with

analogue instruments that have delicate moving parts

4 Safety Considerations

Properly maintained instruments are essential foraccurate measurements

and safe operation when working with gas equipment
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