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Disclaimer
The materials in these Learning Guides are for use by students and instructional staff, and have 
been compiled from sources believed to be reliable and to represent best current opinions on 
these subjects. These manuals are intended to serve as a starting point for good practices and may 
not specify al minimum legal standards. No warranty, guarantee or representation is made by the 
BC Piping Trades Articulation Committee, the British Columbia Industry Training Authority or the 
Queen’s Printer of British Columbia as to the accuracy or sufficiency of the information contained 
in these publications. These manuals are intended to provide basic guidelines for piping trades 
practices. Do not assume, therefore, that all necessary warnings and safety precautionary measures 
are contained in this Competency and that other or additional measures may not be required.

SAFETY ADVISORY

The current Standards and Regulation in BC can be obtained at the following 
website: http://www.worksafebc.com.

Please note that it is always the responsibility of any person using these 
materials to inform him/herself about the Occupational Health and Safety 
Regulation pertaining to his/her area of work.

Industry Training Authority
January 2012
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Competency B-5: Use Cutting, Brazing and Soldering 
Equipment
This competency provides introductory information on the tools used for cutting, brazing, and 
soldering pipe. The range of tools includes oxy-acetylene equipment and their safety devices. 
Students will describe the selection of equipment, the procedure for use, and the limitations of 
equipment, as well as the inspection of equipment. The “Use” section covers further information on 
topics pertaining to the purpose and use of this equipment, safety, adjustment and maintenance. 

Learning Tasks in This Competency
•	 Learning Task 1: Describe Oxy-Acetylene Equipment

•	 Learning Task 2: Describe Cutting, Brazing and Soldering Techniques

•	 Learning Task 3: Use Oxy-Acetylene Equipment 

Learning Objectives
After completing the learning tasks in this Competency, you will be able to:

•	 Select cutting, brazing and soldering equipment appropriate to piping processes.

•	 Describe the use of cutting, brazing and soldering equipment.

•	 Describe the inspection and maintenance of cutting, brazing and soldering equipment.
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Learning Task 1

Describe Oxy-Acetylene Equipment
(Steamfitter=B-3 Learning Task 1)

Fuel Gases
Fuel gases are extensively used in the pipe trades for cutting, welding, brazing 
and soldering metals, so it is important that you know the properties of these 
gases. It is also important that you learn how to handle, store and transport the 
various components of a welding outfit safely and correctly.

Oxy-Fuel Gases
The process of gas cutting, brazing or soldering requires two gases and a source 
of ignition:

•	 oxygen
•	 a fuel gas such as acetylene, MAPP, natural gas, propane

OXYGEN (air)

FUEL

HE
AT

Figure 1—The Combustion Triangle 

Oxygen
Oxygen is the element in our atmosphere that supports combustion (the 
process of burning). Second only to nitrogen in its volume, oxygen is the other 
major component of the air we breathe. It is a colourless, odourless, tasteless 
gas at ordinary temperatures—and by itself, is slightly heavier than air. One of 
the hazards of oxygen is that it accelerates combustion rapidly and raises the 
combustion temperature of fuel gases, which can cause hazards if the oxygen 
content is above standard atmospheric percentage (20.8%). Oxygen must be 
considered potentially dangerous because it combines readily, and in some 
cases explosively, with many substances.

Under normal conditions the heavy nitrogen content in air tends to retard 
combustion and reduce the flame temperature. Combustion with pure oxygen 
is much faster than in air, and this increases the flame temperature. In general, 
materials that burn in air burn much more rapidly in pure oxygen. It is also 
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true that some materials not considered combustible in air will burn readily in 
oxygen-enriched atmospheres. The acceleration of combustion is called the 
oxidizing effect. Under WHMIS provisions, the oxygen must be appropriately 
labelled, stored and handled using specific safe work procedures.

Rubber and Oxygen
Rubber will burn in air. The flame is dull red, smoky and gives off quite a heavy 
odour. When rubber burns in oxygen it burns rapidly, with a white flame, high 
flame temperature, almost no smoke and little odour.

The hoses of the oxyacetylene outfit are made from rubber and cotton and 
you must exercise caution to keep them from being burned, cut or ruptured. If 
either hose on the equipment catches fire while under pressure, the fire cannot 
be extinguished using a fire extinguisher alone—because oxygen is being fed 
to the flames from inside the hose. The fire extinguisher, which works on the 
principle of excluding oxygen from the air and thereby smothering the flame, 
can only be used after you stop the flow of oxygen and acetylene. It is necessary 
to turn off the supply of oxygen and fuel gas before attempting to put out the 
fire using a smothering type extinguisher. The fire will continue to burn as long 
as fuel and oxygen is supplied to it from the hoses, because the rupture in the 
hose acts as a torch opening.

Oil or Grease and Oxygen
At normal temperatures oil or grease is not considered to be highly flammable, 
but if either one is brought into contact with pure oxygen under slight pressure, 
a violent explosion can occur.

Keep oxygen equipment away from oil, grease, oil-based cleaning fluids, 
gasoline, etc. Never use oil to lubricate regulators or any parts of the torch.

	 Oxygen + Oil = Potential Explosion

Steel and Oxygen
Although steel is not normally considered to be combustible, when it is heated 
to a red heat and brought into contact with oxygen (as it is during the cutting 
process), it burns quite rapidly and reduces the reacted metal to iron oxides. An 
oxyacetylene cutting attachment allows this burning process to be controlled 
in cutting steel plate. Steel will also combine with oxygen and moisture, causing 
the steel to oxidize slowly (rust).

Oxygen must always be considered a potential danger because it speeds up 
the combustion of known flammable materials, and combines readily and often 
explosively with materials not generally considered combustible.

Acetylene 
Acetylene is a compound formed by uniting two atoms of carbon (C2) with two 
atoms of hydrogen (H2) to form a molecule of acetylene (C2H2). Like oxygen, 
acetylene gas is colourless, but it has a pungent, garlic-like odour. Only 1% 
acetylene present in the air is quite noticeable to the average person’s sense 
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of smell, making it easy to detect. Acetylene can form combustible mixtures in 
almost any concentration. It has explosive limits (allowable concentrations that 
will support combustion) between 2.5% and 81%—giving it one of the widest 
available ranges of flammability for any fuel gas.

Acetylene gas generates high heat when burned. When it is proportionately 
mixed with oxygen, as in the oxyacetylene gas welding process, the resulting 
flame can reach 3300°C (6000°F). This is the highest flame temperature derived 
from the combustion of any two gases, making the combination of oxygen and 
acetylene useful for gas welding, metal cutting and brazing.

	 Acetylene gas is flammable and highly explosive.

It is important to treat all mixtures of oxygen and acetylene as potentially 
explosive. Acetylene can quite easily be detected. The moment you smell it, 
extinguish all open flames immediately and ventilate the room even before 
turning on a light switch. Then test for leaks in the lines by brushing soapy 
water on suspected joints or areas. Watch for bubbles. Never test for leaks near 
an open flame.

Acetylene is an unstable compound. The term “unstable” means that the material 
is likely to break down (decompose) or undergo a physical change without much 
provocation or cause. The point at which this happens is said to be its critical point.

The critical point of free acetylene is 28 psi (193 kPa) at a temperature of 70°F 
(21°C), (the calibration temperature for most acetylene gauges). If this pressure 
is reached, acetylene breaks down into carbon and hydrogen, and an explosion 
results. If the temperature is increased, the pressure at which acetylene becomes 
critical is lowered. To allow for any temperature fluctuations in the work area, 
acetylene should not be stored or used at pressures over 15 psi (103 kPa).

When acetylene is put in a gas cylinder, the cylinder is packed with a porous 
filler such as asbestos, charcoal or balsa wood and then filled with liquid acetone 
into which the acetylene is dissolved. This keeps the acetylene from reaching 
its critical point by not allowing it to be free. Acetylene can then be stored in 
cylinders at pressures of about 250 psi (1.7 MPa).

Never use copper or red brass for fittings, tubing, etc. with acetylene systems. 
Acetylene gas reacts with copper to form acetylide, a residue that is even more 
unstable than acetylene. The slightest shock may cause an explosion and fire. 
Use only fittings of yellow brass, iron or steel with acetylene.

Other Fuel Gases
For economic reasons, fuel gases other than acetylene are used for preheating in 
flame cutting. Three of the more common gases are:

•	 MAPP gas (methylacetylene-propadiene)
•	 natural gas (primarily methane)
•	 propane gas
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These gases are used for flame cutting operations, and in some cases, 
preferred over acetylene. While acetylene and oxygen produce the highest 
flame temperature—permits fast starts when cutting—this combination tends 
to leave slag at the bottom of the cut. The other fuel gases, although having 
lower flame temperatures and therefore slower starts, will produce cleaner 
cuts with little or no slag clinging to the bottom of the cut.

MAPP Gas
MAPP gas is a trademarked name belonging to Dow Chemical, for a fuel gas based 
on a stabilized mixture of methyl acetylene and propadiene. The name comes 
from the original chemical composition: methylacetylene-propadiene propane.

MAPP gas is shipped in low-pressure cylinders in liquid form, so it must be used 
in an upright position. Although it provides less heat than acetylene, it is safer to 
use and may be safely compressed. 

One MAPP cylinder is roughly equal to five acetylene cylinders in terms of 
equivalent cutting and welding capacity. The flame temperature, 2900°C 
(5300°F), is lower than acetylene, but the gas is stable and relatively inexpensive 
when compared to the cost of acetylene.

Natural Gas
Natural gas is preferred in areas where it can be piped in, eliminating the handling 
of fuel gas cylinders. It is not shipped in a liquid form. The main constituent of 
natural gas is methane. The flame temperature reaches 2540°C (4600°F), lower 
than acetylene or MAPP gas. Natural gas requires two volumes of oxygen to one 
volume of fuel to burn completely. Because of lower flame temperatures and 
reduced heating efficiency, either longer preheating or slower cutting speeds are 
required. Natural gas is inexpensive when compared to acetylene.

Propane Gas 
Propane gas is supplied in liquid form in low-pressure cylinders for easy, 
safe handling. It is widely used because of its ability to produce clean cuts at 
relatively low cost. Propane has a high heat value, but requires 4½ volumes of 
oxygen to one volume of fuel to produce a neutral flame. The flame temperature 
is 2540°C (4600°F).

Specially designed cutting tips and, in some cases, mixing chambers are 
necessary with the liquid fuels, (MAPP and propane), as the amount of oxygen 
required for burning is considerably higher than for acetylene. Of the four fuel 
gases mentioned, acetylene and propane are the two most common. This table 
illustrates the key characteristics of these two gases.
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Acetylene Propane

Hydrocarbon C2H2 Hydrocarbon C3H8

Burning rate through tip is 100 m/s 
(300 ft./s) using approximately a 
1:1 mixture with oxygen.

Burning rate through tip is 18 m/s 
(60 ft./s) using approximately a 
1:4 mixture with oxygen.

Flame temperature approximately 3000°C 
(6000°F).

Flame temperature is approximately 
2540°C (4600°F).

Principal uses are flame cutting, heating, 
fusion welding, braze welding and hard-
facing.

Principal uses are flame cutting and 
heating.

Advantages are high flame temperature, 
reduced preheat time and the capacity 
to perform a wide variety of tasks. 
Disadvantage is high cost.

Advantage is low cost. Disadvantage 
is restricted use due to lower flame 
temperature.

Gas Cylinders
Oxygen cylinders are forged in one piece from high-grade steel plugs for 
strength. At the slightest sign of damage, the cylinders are withdrawn from 
service. Cylinders are not generally sold, but remain the property of the supplier, 
and are loaned out for a certain period of time. Only full cylinders of gas are 
distributed. The returned cylinders are drained of any remaining gas in case it is 
contaminated, and then filled. Cylinders must be labelled according to WHMIS 
regulations and the Workers’ Compensation Board regulations.

Oxygen cylinders are made in various sizes ranging from 0.5 m3 to 7 m3 (20 ft3 to 
244 ft3) capacity (this may vary slightly with each manufacturer). The oxygen 
is compressed to 2200 psi (15 MPa) at 21°C (70°F). This illustration shows a 
7 m3 (244 ft3) cylinder.

1422 mm (56")

Wall
thickness
6 mm (¼")

Safety device
in valve

Removable
protective cap

230 mm (9")

Figure 2—Oxygen Cylinder
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The cylinder valve is protected by a screw-on protective cap. The cylinders and 
protective caps are usually black, although green and other colours are used. The 
caps have right-hand threads (like all oxygen fittings) and come in various sizes 
to match the cylinders. 

This table provides an indication of how temperature change significantly alters 
the pressure of a full oxygen cylinder:

Temperature Pressure (approximate)

Celsius Fahrenheit MPa PSI

49

38

27

21

16

10

4

–1

–7

–12

–18

–23

–29

120

100

80

70

60

50

40

30

20

10

0

–10

–20

17.3

16.4

15.5

15.2

14.8

14.3

13.9

13.5

13.1

12.7

12.3

11.9

11.5

2500

2380

2246

2200

2140

2080

2020

1960

1900

1840

1780

1720

1660

Oxygen Pressure–Temperature Comparison

It is important to monitor the amount of oxygen in the cylinder. When the 
flame is no longer consistent and the working pressure cannot be maintained, 
remove the cylinder from service. This will prevent poor welds and decrease the 
possibility of fire or explosion. 

Oxygen Cylinder Valves
The oxygen cylinder valve is designed to operate at high pressures. The double 
seal construction prevents leakage of oxygen around the stem when the valve is 
completely opened. When the valve handle is turned clockwise (closing it), pressure 
is forced down on seal #1, which shuts off the oxygen supply to the regulator. When 
the valve is turned counter clockwise (opening it), pressure is released from seal 
#1, allowing oxygen to flow into the regulator. The part above seal #1 then threads 
upward, forcing pressure onto seal #2. This cuts off any oxygen travelling up and 
around the stem. The outlet fitting for the regulator has a standard external thread 
to which all standard oxygen pressure regulators may be attached.

Before attaching the regulator, the valve should be “cracked” (briefly opened and 
re-closed) to remove any dirt that may be lodged in the passage to the regulator.
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Never attempt to repair a damaged valve. Tag the cylinder to indicate the fault, 
move it to an open area and immediately notify the supplier.

Handwheel

Stem

Rupture disk

Safety device

Oxygen out

Seal #1

Seal #2

Oxygen in

Threads to attach to regulator
(right-hand thread)

Threads to attach
to cylinder

Figure 3—Oxygen Cylinder Valve

Cylinder Safety Devices
The safety device for the oxygen cylinder is located in the valve. It consists of a 
pressure or rupture disc, which will burst and release cylinder oxygen into the air 
when excessive pressure build-up occurs, such as from an increase in temperature.

Ruptured disk

Vent holes

Oxygen from 
cylinder

Figure 4—Safety Device on Oxygen Cylinder
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Acetylene Cylinders
The instability and explosiveness of acetylene requires that the gas be handled 
with extreme caution at all times and special considerations are used in 
construction of the acetylene cylinder.

The acetylene cylinder is a strong, welded steel container completely filled with 
a porous material called agamassan (a porous material such as asbestos, charcoal 
or diatomaceous earth). This filler material is saturated with acetone, a straw-
coloured, stable liquid that is flammable, volatile and strong smelling. Acetone 
has the ability to absorb acetylene gas and is used in the cylinders to make them 
safe at high pressures by stabilizing the acetylene. One volume of acetone will 
absorb 20 volumes of acetylene gas at atmospheric pressure. This ratio increases 
as the pressure is increased.

Because the acetone is in liquid form, acetylene cylinders must be used in an 
upright position. Otherwise, the acetone may flow into and contaminate the 
regulator, hose, torch and flame.

Free acetylene gas is dangerous when stored at pressures above 15 psi (103 kPa), 
but when porous material and acetone are used, the manufacturer is able to 
charge the cylinders to an average pressure of approximately 250 psi (1.7 MPa) 
to 350 psi (2.4 MPa).

It is important to monitor the amount of acetylene in a cylinder. When the flame 
is inconsistent and the working pressure cannot be maintained, remove the 
cylinder from service (to prevent acetone from being drawn off into the lines).

Valve

Fusible plugs

Fusible plugs

Porous filler material

300 mm (12")

Wall thickness
3 mm (1 ⁄8")

Felt �lter

10
75

 m
m

 (4
3"

)

Figure 5—Two Types of Acetylene Cylinders
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Acetylene Cylinder Valves
Unlike the special double seal design of the high-pressure oxygen cylinder valve, 
the acetylene cylinder valve has a simple construction to accommodate the 
relatively low pressure. The valve is opened with a removable wrench or hand 
wheel. It should be slowly opened ¼ to ½ turn. Leave the handle in place in case it 
must be shut off quickly. When the handle is turned counter clock-wise (opening 
it), pressure is released from the seal, allowing acetylene to flow to the regulator.

Figure 6—Acetylene Cylinder Wrench

Cylinder Safety Devices
The safety device for the acetylene cylinder consists of fusible (heat activated) 
plugs threaded into the top and bottom of the cylinder. Excessive heat causes 
these alloy plugs to melt, which in turn releases the cylinder contents to avoid an 
unsafe pressure rise. The average range of melting temperatures for these plugs 
is 104°C to 115°C (220°F to 240°F).

Threads

Body

Fusible material

Figure 7—Safety Plug on Acetylene Valve

Liquid Fuel Cylinders
Fuels such as propane and MAPP gas are liquids when stored in cylinders. When 
the cylinders are shipped full, there is still a space above the liquid for gas (vapour) 
to occupy. Gas escapes when the cylinder valve is opened, reducing the pressure 
on top of the liquid. This allows the liquid to “boil off” (evaporate) more gas.

Since the cylinder contains a liquid, it must be operated in an upright (valve up) 
position to allow only the vapour to be withdrawn. These liquid fuel cylinders 
contain a greater yield of gas than an acetylene cylinder.
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There are also cylinders designed to operate in a horizontal position, such as 
those used for RVs and forklifts. When intended for this purpose they are marked 
as such, and must be correctly positioned in order to function properly.

Cylinder valve

Protective
shield

Fuel gas vapour

Liquid fuel gas

Figure 8—Liquid Fuel Cylinder

	� The flammable and explosive properties of the gases used in gas cutting, 
brazing and soldering make safety procedures essential at all times.

Storage
When storing cylinders outdoors, provision should be made for suitable cover 
from the weather. Full cylinders should be stored separately from empty cylinders; 
each type of gas should also have its separate storage location.

Cylinders should be stored where they will not be knocked over or damaged by 
falling objects, passing vehicles or people. They should not come in contact with 
salt, corrosive chemicals or fumes. Cylinders (full or empty) should always be 
secured to a stationary object such as a wall to keep them from falling over.

•	 Cylinders should not be stored near radiators, stoves or any other source 
of heat.

•	 All storage rooms should be well-ventilated.

•	 All cylinders should be used and stored in an upright position.

•	 Once a cylinder is empty it is to be stored in the appropriate location and 
marked “M.T.”
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Manifold Systems
In special circumstances, large volumes of acetylene gas may be required to 
perform a particular job and a single cylinder may not provide enough acetylene 
at the rate required. When the maximum rate of removal (the draw limit) is 
exceeded, liquid acetone will be drawn from the cylinder. To prevent exceeding 
the draw limit, a series of acetylene cylinders are connected with a manifold. 
Manifolds are specially designed to connect a number of cylinders together so 
that the draw limit is increased. The manifold line is filled with stainless steel 
rod, steel shot or silica sand to prevent the acetylene from reaching the critical 
point. The pressure is the same in the manifold as in the cylinders. These systems 
should be connected and used only by experienced and authorized persons.

Handling
Cylinders must always be handled very carefully. Never drop cylinders or allow 
them to bump together—they could tip over and explode. When cylinders are 
being transported they must be fastened securely.

When your work is finished, close cylinder valves and put protective valve caps 
on before moving or storing the cylinders. Special cylinder carts should be used 
for moving cylinders.

Cylinders should be used in the order received from the supplier; when empty, 
their valves should be closed and the cylinders marked “MT”.

Keep cylinders away from electrical wires. Keep oxygen and acetylene cylinders 
as far away as possible from any area where sparks or flames from welding or 
cutting work could contact them. Never weld directly over cylinders. If a cylinder 
valve is clogged with ice or snow, never use a flame or boiling water to loosen it. 
Use warm water.

To prevent a serious explosive reaction, oily and greasy substances must be kept 
away from oxygen cylinders, valves, hoses, fittings and attachments. Never use 
oil or grease to lubricate regulators, torches, cylinder valves or other oxy-fuel 
gas equipment.

Leaky acetylene cylinders should not be used. When leaks are present, the 
cylinder should be moved to an area where good ventilation exists. Warning 
signs should be displayed to caution persons that smoking or using other 
sources of ignition are not allowed in the area.

The fusible safety plugs on acetylene cylinders should not be tampered with.
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Never use a sling, choker or hook when moving or hoisting cylinders with a 
crane, derrick or other lifting equipment. A suitable cradle or box that has been 
certified and rigged by qualified personnel is the only acceptable method.

Figure 9—Oxy-Acetylene Cart with Lifting Eye 

Regulators
Oxygen and fuel gases are stored in cylinders at higher pressures than that 
required to perform a cutting, brazing or welding task safely and efficiently. 
Because of this difference between the stored pressure in the cylinders and 
the working pressure required to perform welding or cutting operations, it is 
necessary to install a device on the cylinder that regulates or allows only the 
amount of pressure needed for a safe and effective operation. 

A regulator must not be used for any type of service other than for which it was 
designed. Repairs to faulty regulators should only be performed by qualified 
service personnel.

When cylinders of gas come from the supplier, they do not have regulators 
attached. You must provide the right regulator for the type of fuel gas inside  
the cylinder.
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Most regulators have two calibrated gauges attached. Also included are the 
permanently-attached hex nuts on the regulator cylinder connections. When 
connected to a cylinder, the gauge with the higher numerical calibrations 
indicates the pressure inside the cylinder. It is positioned on the same side as the 
cylinder connection. The gauge with the lower numerical calibrations indicates 
the working pressure you select. It is on the same side as the hose connection. 
Select a safe working pressure by turning the pressure adjusting screw on 
the regulator. Turning it clockwise increases the working pressure. Turning it 
counter-clockwise reduces the working pressure.

The oxygen regulator is always equipped with right-hand thread connections, and 
the acetylene regulator is always equipped with left-hand thread connections. This 
prevents installing the wrong regulators.

Oxygen Regulators
You can clearly identify an oxygen regulator by the following features:

•	 right-hand thread connections

•	 cylinder pressure gauge calibrated from 0 – 4000 psi (most gauges are 
available in imperial calibrations only)

•	 working pressure gauge usually calibrated from 0-200 psi, but for heavy 
welding and cutting it may read 400 or even 1000 psi

•	 the word “oxygen” should be printed on the regulator body and on one or 
both gauges

Figure 10—Typical Oxygen Regulator

Note: Tag and remove any regulator that is found to be defective or damaged.
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Acetylene Regulators
You can clearly identify the acetylene regulator by the following features:

•	 left-hand thread connections (and grooved nuts)

•	 cylinder pressure gauge calibrated from 0 – 400 psi

•	 working pressure gauge calibrated from 0 – 30 psi

•	 working pressure gauge has red warning line from 15 – 30 psi

•	 the word “acetylene” should be printed on the regulator body and on one 
or both gauges

*Acetylene working pressure must be kept below 15 psi (103 kPa) to prevent the 
unstable gas from exploding.

Figure 11—Typical Acetylene Regulator

All regulators are precision mechanisms. They should be treated with care and 
never dropped or misused. When they are removed they should be stored in a 
box or suitable container to prevent damage. They should be cleaned with a dry, 
clean rag. 

Note: 
•	 If regulators are defective or damaged, they should be tagged and 

removed for service.

•	 Never use oil, grease, cleaning fluids, gasoline or other petroleum-based 
chemicals. 
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Oxy-Fuel Hoses and Fittings
Hoses that carry acetylene and oxygen are specifically designed for oxy-fuel 
applications. The hose consists of two or three layers of rubber, with a layer of 
strong fabric between each rubber layer for reinforcement. 

The outside layer of rubber may be plain or ribbed.

Red fuel gas hose

Green or black oxygen hose

Rubber outer casing

Rubber inner casing

Fabric reinforcement

Figure 12—Double Oxy-Fuel Hose: Colour-Coded and Attached Together

Most hose used for oxy-fuel application consists of two hoses that have outside 
layers of rubber fastened together to eliminate entanglements. Since single hose 
is more prone to kinking and wear, it usually has two layers of reinforcement to 
make it tougher.

To avoid serious explosions or fires, only use hose in good condition. Faulty 
or damaged hose should be repaired or replaced immediately with approved 
products.

Coil, tie and store hose to avoid kinking. Never expose hose to oil, grease, cleaning 
solvents, gasoline, paint or contaminants of any kind, and keep hose away from 
direct sunlight.

Fittings
The same strict manufacturing and handling requirements that apply to oxy-fuel 
hose also apply to the fittings. 

All fittings and connectors used in the hook-up of hose to the regulators and 
torch body are made of a brass alloy. This prevents sparks if the fittings should 
accidentally bang against another metal or material. Also, brass alloy fittings will 
not corrode or produce any dangerous by-products if oxy-fuel gases come in 
contact with them.

Hose fittings are also right-hand threaded for oxygen, and left-hand threaded 
for acetylene to prevent switching the hose and possibly causing an explosion. A 
distinct groove is cut around the outside of the hex nuts on acetylene fittings.

Damaged or faulty oxy-fuel fittings must be replaced immediately. Use only 
approved fittings.
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Oxy-Fuel Torch Assembly and Reverse-Flow  
Check Valves
The torch assembly is the first point at which mixing of the oxy-fuel gases 
takes place. It is also the point at which the flow of gases can be adjusted for 
specific tasks.

Although torch assemblies vary in design, they all have similar characteristics. 
At one end, the torch handle has gas inlets where the oxygen and fuel gas 
hoses are attached. At the other end, the mixing barrel has a threaded outlet for 
the torch attachment. Separate valves control the amount of oxygen and fuel 
entering the torch handle.

Oxyacetylene flame is used to cut and fuse (weld) metal pieces, but each operation 
requires a different type of torch assembly. You must select and install the correct 
attachment to meet a specific job requirement.

Below is a combination torch. The cutting attachment and the welding tip shown 
can both be interchanged on a single torch handle. When used for cutting 
purposes, the oxygen valve on the torch handle is opened all the way, and the 
required amount of oxygen at the torch tip is adjusted by operating the preheat 
oxygen valve on the cutting attachment.

Torch handle fuel gas valve

Torch handle oxygen valve

Welding tip

Torch handle

Figure 13—Combination Torch Handle

Cutting tip

Cutting attachment

Combination handle

Pre-heat oxygen valve

Figure 14—Cutting Torch

Both the oxygen and acetylene valves on the torch handle are used to adjust the 
amount of gas flow during welding or brazing processes.
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When you purchase a combination torch assembly, it includes a cutting 
attachment, a torch handle and various sizes of cutting and welding tips. These 
components are specific to the manufacturer and cannot be used with other 
brands of torch assemblies.

When brazing with oxy-acetylene, a combination torch 
may be fitted with a multi-port “Rosebud” tip that is 
sometimes also used for pre-heating carbon steel pipe in 
fabrication work.

Torch Line Explosions
When acetylene and oxygen or acetylene and air mix, they form a highly 
explosive mixture. If this mixture ignites prior to exiting the torch head, it will 
cause a backfire or flashback explosion. This is a dangerous and uncontrolled 
explosion inside the torch equipment that can result in serious injury.

Backfire
During the welding or cutting process, the torch flame may burn back into the 
welding or cutting tip and make a “popping” sound. This is called a backfire and is 
usually the result of the gases pre-igniting inside the tip. The causes of backfire are:

•	 the obstruction of gas flow at the tip (carbon deposits, hot metal particles)

•	 a hot tip, from overuse or being too close to the work

•	 working pressures too low

•	 a faulty connection between the torch handle and the welding or cutting 
attachment

Flashback
A flashback occurs when the backfire goes beyond the tip, through the hose to the 
regulator. The torch handle becomes hot, black smoke and sparks appear from the 
tip, a squealing or hissing noise is heard and the fire may eventually burn through 
the hose. The result of a flashback, aside from fire damage, is a possible explosion.

The causes of a flashback are:

•	 incorrect adjustment of torch valves

•	 grossly unequal oxygen and acetylene working pressures

•	 a clogged tip along with excessive oxygen pressure

•	 failure to purge the lines before igniting torch

To help prevent backfire and flashback, make sure the valves on the torch and 
regulators are functioning properly. The tip should have a clear, undamaged orifice, 
and reverse flow check valves should be used to prevent reverse flow in the lines.

Figure 15—Rosebud Tip
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A backfire causes the flame outside the tip of the torch to go out and re-ignite 
instantaneously. If the trouble does not clear up immediately, carefully inspect 
the equipment, purge the lines and light the torch.

	� In the case of a flashback, it is imperative that you stop the flame 
IMMEDIATELY before an explosion happens. Assume the worst and shut 
down the torch valves and cylinder valves as soon as possible. A flashback 
indicates that something is wrong with the set-up. Before you light the torch, 
check all equipment to see if it is damaged, purge each line separately, and 
check and adjust working pressures. If a flashback occurs again, remove the 
equipment from service and have it examined by qualified personnel.

The safe and efficient performance of the torch handle, cutting attachment and 
welding tip is dependent on careful use and handling. They are precision tools 
and can easily be damaged from misuse. Never use a welding torch in place of 
a hammer or prying tool. When the handle and attachments are removed, they 
should be placed in a box and stored in a clean, dry area not exposed to oil, 
grease, solvents or gasoline.

Reverse Flow Check Valves
The best way to prevent flashbacks and explosions is to keep the gases separated. 
You should regularly inspect the valves on the torch and cylinders, as well as the 
gauges on the regulators. Inspection cannot prevent gases flowing in reverse 
inside the torch or hose. A device called a reverse flow check valve or RFCV 
(Figure 16) is designed for this purpose (OH&SR Section 12.120). These check 
valves are compact and are installed between the torch and the hose, or between 
the hose and the regulators. A stainless steel compression spring holds the valve 
closed. When the operator opens the regulator and torch valves, the RFCV opens 
to permit normal gas flow, then snaps shut if the flow reverses.

Different check valves are used for oxygen and fuel gas and sometimes a check 
valve is built into a cutting attachment. It is important to note that all check 
valves are marked with an arrow to indicate the direction of gas flow.

Red band indicates 
fuel arrestor

Green band indicates 
oxygen arrestor

Figure 16—RFCVs Between Torch and Hose
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The WCB recommends that RFCVs be installed on both ends of the hose for 
safety. Since a torch is subjected to occasional banging or dropping, the RFCVs 
at that end of the hose may become faulty. Even with RFCVs at both ends of the 
hose, always check the operation of the valves at regular intervals.

A reverse flow check valve requires much more pressure to close the valve than 
to keep it open. For instance, 1.7 kPa (0.25 psi) pressure may open the valve to 
allow full flow of gases, but 4.3 kPa (1.6 psi) is needed to close the valve. This 
prevents the usual fluctuations in working pressure from repeatedly closing the 
valve. An increase in pressure occurs when heat is applied (as in a flashback), and 
the valve will close.

Reverse flow can be caused by:

•	 using plugged or obstructed cutting, welding or brazing tips

•	 bleeding the lines by turning off cylinder valves while torch valves are  
still open

•	 no pressure from either the oxygen or acetylene cylinders while the torch 
is in use (empty cylinders)

Flashback Arrestors
Flashback arrestors typically use a combination of methods to stop a flashback. 
They work just as effectively in any orientation, need very little maintenance, and 
are often small and light enough to be installed between the torch and hoses. 
They include:

•	 A flame trap to cool the flame front. They are designed to allow free flow 
of gas through them but they take the heat out of the flame front to get 
it below the ignition temperature of the burning gas mixture. The most 
common types are: 

▸▸ sintered metal or ceramic

▸▸ layers of mesh

▸▸ ceramic beads

•	 Temperature-triggered valves to stop the gas flow completely. Because 
it relies on extracting heat from the flashback to stop it continuing, most 
arrestors have a temperature-controlled valve that will cut off the gas flow 
when the unit reaches around 90°C (195°F), until either the unit cools (if 
the unit is automatic) or a reset button is pressed (if the unit is manual).

	 Now complete Self-Test 1 and check your answers.
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Self-Test 1
1.	  is not a fuel gas.

a.	 natural gas

b.	 MAPP gas

c.	 oxygen gas

d.	acetylene gas

2.	 Which gas has the highest flame temperature?

a.	 acetylene gas

b.	 propane gas

c.	 MAPP gas

d.	natural gas

3.	 What is the first step in putting out a fire in the hoses of an oxyacetylene outfit?

a.	 Use a fire extinguisher on the hoses.

b.	 Close only the acetylene cylinder valve.

c.	 Close only the oxygen cylinder valve.

d.	Close both the oxygen and acetylene cylinder valves.

4.	 The critical point of free acetylene is  psi (  kPa) pressure at 21°C (70°F); if 

the temperature is increased, the pressure becomes critical at a  pressure.

5.	 The safety devices on an acetylene cylinder are  activated.

6.	 Oxygen cylinder valves are opened , acetylene cylinder valves are opened 

.

7.	 Liquid fuel cylinders are designed to allow the liquid to  when the 

cylinder valve is opened and gas escapes.

8.	 When cylinders are too low on gas to be used, they should be marked .

9.	 Cylinder valves should always be  open momentarily before the regulator 

is attached, and  when your work is finished.

10.	 To increase the working pressure, the pressure-adjusting screw is turned .

11.	 A grooved hex nut indicates a(n)  regulator.
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12.	 The gauge with the higher numerical calibrations indicates  pressure.

13.	 The gauge with the lower numerical calibrations indicates  pressure.

14.	 The colour of an oxygen hose is usually .

15.	 The colour of the fuel gas hose is usually .

16.	 An RFCV placed between the torch and hose has the arrow pointing toward the 

; between the hose and regulator, it is pointing toward the 

.

17.	 When you are using the combination torch for the cutting process, the  

valve is used to adjust the amount of oxygen mixed with acetylene for preheating.

18.	 If a flashback occurs, the  and  valves must be shut 

down as soon as possible.
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Learning Task 2

Describe Cutting, Brazing and Soldering Techniques
(Steamfitter=B-3 Learning Task 2)

The Oxy-acetylene Cutting Process
When the metal is heated to red hot temperatures by the preheat flame, it 
combines easily with oxygen and forms oxides. The jet of oxygen from the central 
orifice causes the metal to burn and disintegrate rapidly, leaving a kerf or path. 
The rate of cutting depends on the oxygen pressure, the size of the tip and the 
thickness of the metal.

Figure 1—Oxygen Valve Controls Oxygen to Cutting Lever and Preheat Valve

Since the pressurized oxygen continues to flow as a narrow, penetrating stream 
some distance from the tip, it allows you to accurately control the cut simply by 
aiming the torch in the direction where you want the cut. The burnt metal (slag) 
is either blown away as red-hot particles or it may adhere to the underside of the 
cut surface. You will immediately notice the difference in appearance between 
the plate metal and slag. 
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Figure 2—Oxy-fuel Gas Cutting Process

With the variety of oxyacetylene cutting torches available, sheet metal as thin as 
0.8 mm (1⁄32 in.) and plate steel as thick as 600 mm (24 in.) can be accurately cut. 
The majority of cutting is done on 2 to 50 mm (1⁄8 in. to 2 in.) thick plate.

Not all metals can be successfully cut by this process. Metals that contain iron, 
such as low carbon steel and wrought iron, can be cut without difficulty. Metals 
that contain no iron (non-ferrous alloys), such as aluminum, copper or brass, 
cannot be cut with the oxyacetylene process.

Setting Pressures
1.	 Make sure the cylinder valves are open and the regulators pressure adjusting 

screws are turned out all the way before setting working pressures.

2.	 Select and install the appropriate cutting tip. The tip may already be 
installed, but make a note of the cutting tip size. Remember, the thickness of 
the metal to be cut has a direct bearing on tip size, and tip size has a direct 
bearing on the amount of working pressure. Refer to the manufacturer’s 
chart for correct settings.

3.	 Before setting working pressures, make sure the preheat oxygen valve on 
the cutting attachment is closed. Then open the oxygen valve on the torch 
handle all the way.

4.	 Open the acetylene torch valve no more than ½ turn, and then turn in the 
pressure adjusting screw on the acetylene regulator until the gauge reads the 
selected working pressure. After adjusting, close the acetylene torch valve.

5.	 Open the preheat oxygen valve ½ turn, then turn in the pressure adjusting 
screw on the oxygen regulator until the gauge reads the selected working 
pressures. After adjusting, close the preheat oxygen valve.



Notes

piping trades	 31

Learning Task 2	 Competency B-5

Lighting and Adjusting the Flame 
1.	 Equip yourself with coveralls, heavy leather gloves, boots, shaded safety 

goggles and a welding cap. Be careful where you point a lit torch and where 
you let slag deposit once you begin to cut.

2.	 Before lighting the torch, ensure that there is adequate ventilation, 
particularly if the metal to be cut is coated with primer or other treatment. 

3.	 To light the torch, open the acetylene valve on the torch handle no more 
than ½ turn and ignite the gas at tip. The flame will be long and yellow. 
Adjust the valve until most of the smoke clears from the flame. Never 
attempt to light a flame with any other form of ignition other than a striker.

4.	  Slowly open the pre-heat oxygen valve. You will immediately notice the 
flames change in colour from yellow to blue. 

5.	 Adjust the preheat oxygen valve to a neutral flame. The torch is now adjusted 
and ready to use for cutting.

Extinguishing the Flame
1.	 To extinguish the flame, first close the acetylene torch valve. The flame will 

go out but oxygen gas will continue to flow from the tip. 

2.	 Close the pre-heat oxygen valve on the cutting attachment to temporarily stop 
the flow of oxygen. The torch can be left for a short time (10 minutes or less) in 
this state. Whenever work is stopped for a longer period, bleed the system.

Torch Position and Motion
If the plate is 13 mm (½ in.) thick or greater (Figure 3a), the cutting tip should be 
held vertically to the plate at a 90° angle. For plate 6 to 13 mm (¼ to ½ in.) thick 
(Figure 3b), the cutting tip should be angled 60° to 70° back of the direction of the 
cut. This allows an increase in the cutting speed and helps prevent a build-up of 
slag underneath the plate. For plate less than 6 mm (¼ in.) thick (Figure 3c), angle 
the tip 15° to 20°.

	 a.	 b.	 c.

Figure 3—Angle of Torch Depends On Thickness of Metal
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Before lighting the torch, practise the cutting motion in order to become familiar 
with the required body and hand positions. Note the placement of the hoses. 
They should not lie where sparks or slag from the cutting operation could land 
on and burn them. Keep them well out of the way, preferably behind you. Do not 
use your body or arms to support them. Take any twist out of the hose. 

With goggles and gloves on, hold the torch in your right hand with your thumb 
on the cutting lever. Rest the outside edge of your left hand about 150 mm (6 in.) 
from the line to be cut and support the torch with your thumb and index finger.

(Note that the positions suggested here are for right-handed operators.)

Ensure that you are not positioned directly above the plume of the cutting 
torch. Placing your head to one side of the cutting line will reduce the amount 
of exposure to the metal fumes being produced, and will allow you to better 
see the tip of the torch. Ensure that the ventilation take-out fitting is positioned 
opposite the material from you so as not to draw the fumes toward your 
breathing zone.

Figure 4—One Hand Guides the Torch, the Other Acts as a Pivot

Guide the torch with your right hand, and support it with your left. With the left 
hand acting as a pivot, swing the torch from one side of the plate to the other. 
The torch should always be moved away from you, rather than toward you. You 
will notice that the cutting tip moves in a wide arc. To make a straight cut, you 
must perfect the technique of sliding your left hand and the torch in such a way 
that the cutting nozzle stays on a straight line. On a dry run (without the torch 
lit), hold the torch so that the tip is pointing straight down, midway between the 
two ends of the cut line.
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Figure 5—Technique for Starting a Straight Cut

Roll your left hand forward and to your right, to bring the tip directly over the 
starting point of the cut.

Steadily roll your left hand, from right to left and use your right to guide the tip 
along the cut line. Continue to roll and guide the torch until you reach the end of 
the line (Figure 6). The tip should remain approximately 10 mm (3⁄8 in.) above the 
surface of the plate at all times.

This roll may seem a little awkward and unnatural at first, but with practice, it will 
become easy. It is important to be comfortable and have full control of the torch. 
The same motion is used when making very long cuts, but it may be necessary to 
stop cutting and reposition yourself several times. Keep in mind that the angle of 
the tip should change according to the thickness of the metal.

Starting Methods
Several methods can be used 
to start a cut at the edge 
of a work piece. The most 
common is to place the tip 
halfway over the edge of the 
plate, steadily holding the 
ends of the preheat flames 
about 3 mm (1/8 in.) above the 
plate surface. When the edge 
reaches a cherry-red colour, 
slowly depress the cutting 
oxygen lever to start the 
cutting process.

Another method is to put the entire tip over the edge of the material to be cut, 
then move it back-and-forth a short distance along the line of the cut until the 
material is cherry red in colour. Move the tip back from the edge, depress the 
cutting lever, and then slowly move toward the material to begin the cut. This 

Figure 6—One Method of Starting the Cut
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method has the advantage of producing sharper corners at the beginning of the 
cut and reducing the amount of slag that adheres to the bottom.

Once the cut has been started (the cut is all the way through), move the torch 
along the line of cut with a smooth, steady motion. Maintain a constant tip-to-
work distance as closely as possible. Move the torch at a speed which produces a 
light ripping sound and a smooth spark stream.

Cutting Results
Examine the surface on the edge of a cut plate to determine the quality of the 
cut and the performance of the torch. The following examples show possible 
cutting results as they appear on the plate edge. Use these as a reference when 
cutting plate.

Correctly Made Cut
On a good cut, drag lines (lines created by the cutting action on metal) are 
vertical and not too pronounced. The top edge should be square, and any slag is 
easily removed. The bottom edge should be sharp.

Top edge square

Bottom edge sharpVertical drag lines

Figure 7—Correctly Made Cut

Cutting Speed Too Slow
On a cut made too slowly, the drag line will be irregular, the bottom edge will 
be uneven and the top edge will be rounded. Too much cutting oxygen for the 
cutting speed is the cause, possibly from too large a tip size, wrong pressure 
setting or poor technique.

Top edge round

Irregular drag linesBottom edge uneven

Figure 8—Cutting Speed Too Slow
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Cutting Speed Too Fast
On a cut made too quickly, the drag lines are curved, slag adheres to the bottom 
edge, the top edge is sharp and the cut face is smooth. When not enough 
heating is used to complete the cut, slag will collect.

Bottom edge slag

Top edge square

Curved drag lines

Figure 9—Cutting Speed Too Fast

Dirty Tip Used
On a cut made with a dirty tip, drag lines are irregular, the cut face is rough, slag 
is excessive and control is poor while cutting. These problems are caused by dirt 
or slag in the tip deflecting the oxygen jet.

Rough cut face
Bottom edge slag

Irregular drag lines

Figure 10—Dirty Tip Used

Factors that are important in achieving a quality cut are:

•	 working pressure settings
•	 amount of preheat flames
•	 angle of torch tip relative to metal
•	 tip size
•	 speed of cutting torch across metal
•	 control of torch by operator
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After making a few cuts, see your instructor for an evaluation of the cuts. The 
instructor may suggest adjusting the torch or the pressures, or perhaps altering 
your grip or the motion of the torch. Your instructor can provide helpful hints to 
aid you in achieving quality results.

Precautions with Containers
A common task is the potentially dangerous cutting and welding of tanks and 
containers. Combustible gases and solid residues make containers potential 
bombs unless they are carefully prepared before cutting or welding. Work 
involving flame or sparks should never be done on barrels, drums, tanks or other 
containers until they have been thoroughly cleaned to ensure that no flammable 
solids, liquids or vapours remain.

Fuel must combine with oxygen and have a form of ignition for a fire or explosion 
to occur. Most liquids and solids do not explode until they have been heated and 
vaporized into gases. Even a gasoline tank that contains no liquid gasoline can 
have enough vapour present to cause an explosion if ignited.

The importance of using correct procedures and precautionary measures to ensure 
that fires or explosions do not occur cannot be over-emphasized. The various 
methods used for cleaning containers, such as steaming, boiling or purging should 
be done only by qualified individuals using specialized equipment.

If you are asked to cut or weld a container that you suspect may have contained 
a combustible substance, do not assume that the proper procedures for 
preparing the container have been completed. Do not proceed to cut or weld 
unless you are absolutely sure all necessary precautions have been taken.

Note: Do not attempt to weld or cut, smoke near, or bring a light into any tank 
or enclosure that contained gasoline or any other flammable material unless the 
space has been thoroughly purged and inspected.

Precautions with Oxy-acetylene Equipment
When using oxy-acetylene equipment it is important to observe the following  
safety precautions:

•	 Never use cutting or welding torches where sparks or an open flame of 
any kind would be a hazard. If possible, take the workpiece to a location 
where there is no possibility of setting fires. If the workpiece cannot 
be moved, remove any flammable material, including matches from 
your pocket. When necessary, use sheet metal guards or flame-resistant 
curtains to contain sparks.

•	 Butane lighters are potentially explosive and should never be in your 
possession when welding or cutting.

•	 Keep sleeves and collars buttoned at all times. Avoid pants with cuffs and 
shirts with rolled-up sleeves or open pockets into which sparks may fly. 
Avoid greasy or oily clothing.
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•	 Be sure to keep a clear space between the cylinders and the work. This is 
important in case the regulators need to be reached quickly.

•	 Always test an outfit for leaks before use.

•	 Never cut or weld any material on concrete, as concrete will explode when 
heated.

Soldering and Brazing
Copper tube and fittings may be joined in a number of ways, depending on 
the purpose of the system. Soldering and brazing with capillary fittings are the 
methods used most.

Figure 11—Soldered and Brazed fittings

The American Welding Society (A.W.S.) defines soldering as a joining process 
which takes place below 449°C (840°F), and brazing as a similar process which 
occurs above 449°C (840°F) but below the melting point of the base metals. In 
actual practice for copper systems, most soldering is done at temperatures from 
about 177°C (350°F) to 288°C (550°F), while most brazing is done at temperatures 
ranging from 593°C (1100°F) to 816°C (1500°F).

Definitions
alloy—A homogeneous metal composed of two or more elements.

capillary action—When liquid solder is drawn into the annular space between 
the inside fitting wall and the tubing’s outside wall because there is a 
stronger attraction (adhesion) between the copper and the liquid solder 
molecules than between the solder molecules themselves (cohesion). 
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solidus—The temperature at which 100% of the alloy is in a solid, crystalline 
form. 

liquidus—The temperature at which 100% of the alloy is in a fluid, non-
crystalline form. 

plastic range—Also called the pasty range, the plastic range is the 
temperature range between the solidus and liquidus of an alloy; some 
portion of the alloy is solid, but the majority is liquid. This is due to the 
alloy’s components solidifying at different temperatures.

eutectic alloy—Alloys are eutectic when the solidus and liquidus points are 
the same. The opposite of having a plastic melting range, eutectic alloys 
solidify at a single, sharp temperature.

Abbreviations
Sn—Tin 

Pb—Lead 

Ag—Silver 

Ni—Nickel 

Cu—Copper 

Sb—Antimony 

Cd—Cadmium 

Zn—Zinc

Soldering and Brazing Uses 
•	 potable water systems—residential, commercial and industrial
•	 refrigeration tubing (silver brazing only)
•	 fire sprinkler systems
•	 extracted tee joints 
•	 drainage, waste and venting systems 
•	 medical gas systems (silver brazing only)

Solder Filler Metals 
Soft soldering filler metals are a group of filler metals with melting temperatures 
below 800OF. 

They are available in 3⁄64 in., 1⁄16 in., 3⁄32 in. and 1⁄8 in. diameter, 1 lb. spools. Other 
diameters and spool sizes are available from manufacturers on request.

50/50, 40/60, 60/40 Tin/Lead
With some exceptions, the tin/lead (i.e., 60/40 = 60% tin and 40% lead) solders 
can be used to solder copper and most copper alloys, lead, nickel alloys and steel.

Tin-lead solders are not recommended in high stress or vibration joints in the 
cooling industry due to lack of sufficient elongation properties. It is illegal to 
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use lead alloys in connection with potable water systems. (Refer to lead-free 
solder information). 40/60, 60/40, and 50/50 solders are also available with 
rosin or acid cores.

95/5 Tin/Antimony 
The 95/5 tin/antimony lead-free solder is useful for applications where 
moderately elevated temperature is a factor. With a higher electrical 
conductivity and high fluidity, 95/5 is recommended for lead-free installation 
of small-diameter, tight-fitting connections. The tin/antimony solders are not 
recommended for use on brass.

Lead-free Solders 
Lead-free solders were developed to conform to regulations banning the use of 
lead based solders with over 0.2% lead in potable water systems. This non-toxic 
solder alloy typically exceeds the physical advantages of lead-tin solders. Lead-
free solders may contain all of or parts of the following metals; specific amounts 
of silver (Ag), Antimony (Sb), Copper (Cu), nickel (Ni) and or Tin (Sn). The strength 
of a lead free solder joint will normally exceed the pressure point at which 
copper tubing will burst.

Figure 12—Lead-Free Solder

Brazing Filler Metals (Hard Solders)
Brazing alloys have two general categories:

1.	 BAg containing primarily copper and varying amounts of silver with some 
other minor elements.

2.	 BCuP comprised mostly of copper with added phosphorus to act as a flux. 
Some BCuP alloys may contain small amounts of silver for added strength. 

Copper tube and solder-type pressure fittings are accurately made for each 
other, and the tolerances permitted for each assure the capillary space will 
be within the limits necessary for a joint of satisfactory strength regardless of 
whether soldering or brazing.
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Brazing Copper Silver Alloys (BAg)
[B = Brazing/Ag = Silver] Used for high-temperature applications, loose tolerance 
situations and for dissimilar metals. Many contain cadmium (a highly toxic 
element) so treat with caution and wear proper Personal Protective Equipment. 
BAg is not used as commonly in the pipe trades as BCuP. 

Brazing Copper Phosphorous Alloys (BCuP)
[B = Brazing/Cu = Copper/P = Phosphorus] Copper /phosphorous and copper / 
silver /phosphorous alloys are used to braze copper-to-copper and copper-to-
brass. The phosphorus content in these alloys makes them self-fluxing on copper. 
When brazing brass or copper to brass, a brazing flux must be applied. BCuP 
alloys are not recommended for brazing steel or other ferrous metals.

Figure 13—Brazing Alloy 

Fluxes
Soldering Fluxes are classified as corrosive, intermediate or non-corrosive. The 
choice may depend on the metals being joined and the melting range of the 
alloy. Fluxes can be either petroleum or water based. 

Although brazed joints may not always require the application of a flux, soft 
solder joints will always require a flux to be applied to the metal surfaces prior 
to heating, primarily to remove any minor surface impurities. As the material is 
heated, fluxes prevent the formation of oxides which may contaminate the joint. 
They also assist the flow of alloy into the capillary spaces of the cup and tube.

Different fluxes perform these duties in various ways and at different temperatures. 

Soft Solder Flux (Petroleum Based) 
Petroleum based paste fluxes are basically 
made up of organic chlorides, zinc, 
bromides, fluorides and ammonium 
chlorides mixed in a petroleum-grease 
base. Because of their corrosive properties, 
it is necessary to properly limit the 
amount of flux entering the joint, and 
to thoroughly clean the exterior after 
soldering to avoid further oxidation and 
visible discolouration. 

Figure 14—Soft Solder-flux
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Soft Solder Flux (Water Based)
Water based fluxes are a newer development in fluxes in response to a need 
for materials that have less environmental impact. Many of these new fluxes 
are more sensitive to being heated within the temperature ranges in which 
petroleum based fluxes are used. Care must be taken to avoiding charring the 
flux, as it has less tolerance to overheating than petroleum flux.

The active temperature range for these soft solder fluxes is between 200°F (93°C) 
and 600°F (315°C)

Composition: 

•	 chlorides

Precautions:

•	 Fumes and gases can be hazardous to your health. Burns eyes and skin on 
contact.

•	 Can be fatal if swallowed.

•	 Before use, read and understand the manufacturer’s instructions, Material 
Safety Data Sheet (MSDS), and your employer’s safety practices.

•	 Keep your head out of fumes.

•	 Use enough ventilation, exhaust at the flame, or both, to keep fumes and 
gases from your breathing zone and the general area.

•	 Avoid contact of flux with eyes and skin Wear safety glasses and gloves.

•	 Do not take internally.

First Aid: 

•	 If contact in eyes, flush immediately with water for 15 minutes. 
•	 If swallowed, induce vomiting. 
•	 Never give anything by mouth to an unconscious person. Call a physician.

Brazing Flux 
White brazing paste flux is an effective and efficient flux for use in silver brazing 
most ferrous and non-ferrous metals except aluminum, magnesium, and 
titanium. Recommended filler metals for use with white brazing flux include 
those of BAg and BCuP classification.

The shelf life of these types of fluxes is approximately 1 year from the time of 
manufacture.

The active temperature range for brazing flux is between 566°C to 871°C (1050° 
to 1600°F).
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Composition:

•	 water
•	 boric acid
•	 potassium fluorides

Precautions:

•	 Contains fluorides. 

•	 Fumes and gases can be hazardous to your health. Burns eyes and skin on 
contact.

•	 Can be fatal if swallowed.

•	 Before use, read and understand the manufacturer’s instructions, Material 
Safety Data Sheet (MSDS), and your employer’s safety practices.

•	 Keep your head out of fumes.

•	 Use enough ventilation, exhaust at the flame, or both to keep fumes and 
gases from your breathing zone and the general area.

•	 Avoid contact of flux with eyes and skin

•	 Do not take internally.

•	 Keep children away when using.

First Aid: 

•	 If contact in eyes, flush immediately with water for 15 minutes. 
•	 If swallowed, induce vomiting. 
•	 Never give anything by mouth to an unconscious person. Call a physician.

Soldering and Brazing Using Air-Acetylene 
Size “B” acetylene tank specifics:

•	 Holds 40 cubic feet of pure acetylene gas (the smaller tank, size “MC” 
holds 10 cubic feet). Note: These capacities represent the volume of fuel 
available at standard atmospheric pressure (14.73 psia) and temperature 
(70°F). The “B” tanks true internal volume is actually 0.61 ft³.

•	 Tank is normally supplied with a protective plastic cap or shield over the 
outlet to prevent the entry of debris before the regulator and hose are 
connected.

•	 Tank has fusible (liquefiable), temperature-sensitive plugs, which release 
excessive pressures when activated

•	 Requires no oxygen cylinder; the oxygen required to support combustion 
is supplied from the air surrounding the torch tip.

•	 Produces a flame with temperature of about 4000°F—hotter than gases 
such as Butane, Propane or Natural Gas.
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•	 Tank is packed with a porous material called agamassan (a porous material 
such as asbestos, charcoal or diatomaceous earth) that is saturated with 
acetone (acetone has the ability to dissolve many times its own volume of 
acetylene), so that there is no free unstable gas in the tank. It is therefore 
gas dissolved in liquid—but when pressure is released in the cylinder, the 
acetylene boils off.

•	 The pressure inside a fully charged tank at 70°F is approximately 250 psi. 
At higher temperatures the pressure will be also be higher; at lower 
temperatures it will be lower, but these pressure variations have no effect 
on the quantity of gas in the tank. However, the amount of pressure 
change caused by a change in temperature varies according to the 
amount of acetylene in the tank. 

•	 The newer versions of the tank have a regular wheel handle shut-off valve 
at the top, older versions only have a square valve stem that needs a valve 
key to open and close the valve, or the square hole in a tubing cutter 
reamer can be used.

•	 Never use pliers to open the tank valve; the valve stem will be damaged.

•	 Use the tank in the upright position.

•	 If acetone appears from the tip (purple, hazy flame), it is typically due to the 
tank having been laid on its side. Allow the bottle to sit upright for 24 hours 
before attempting to re-light. Contact the supplier if problems persist.

Figure 15—B-Tank Outfit Complete with Regulator, Handle, Hose and Torch
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B and MC tank equipment:
•	 Tips come in a variety of sizes. Tips are selected based on the required 

amount of heat for the job.

•	 The tank hose is typically 3⁄16 in. in diameter and is available in 6, 12 and 
25 ft lengths.

•	 Torch handle has a control valve for on/off command. 

•	 The pressure regulator is equipped with a pressure regulating adjustment 
that allows a variable delivery pressure of up to 13 psi.

•	 A gauge displays the gas content (volume) at all times.

•	 A gauge to display working pressure (delivery pressure) is sometimes 
present, or can be added. 

•	 A metal filter, located in the inlet of the regulator, prevents dirt or foreign 
particles from entering the regulator from the tank. 

Setting up the B Tank
1.	 Secure the tank.

2.	 Have fire protection equipment ready, including fire shields to protect 
nearby surfaces.

3.	 Remove the protective shield on the tank outlet, and open the tank valve 
briefly to clear any debris that may be lodged in the tank outlet.

4.	 Install the regulator, hoses, handle and tip. Excessive force must not be 
used on connecting nuts. Care must be taken not to damage the pressure 
regulator. 

5.	 Make sure that the pressure regulator connecting nut is secure, also all hose 
and handle-coupling nuts. Do not allow the hose to come in contact with 
flame, sharp objects, oil or grease.

6.	 Test with soap and water to make sure there are no leaks. 

7.	 Make sure that the right size tip is selected.

8.	 Turn control all the way on at the pressure regulator.

9.	 Open the needle valve on the torch handle slightly and light with flint lighter.

10.	 Adjust flame to required amount at the tank regulator with the torch handle 
control valve fully open.

11.	 If the flame should blow out, re-light the torch and adjust regulator 
accordingly (clockwise for more flow).

12.	 If you smell acetylene gas at any time, check for leaks immediately. 
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Soldering and Brazing Procedures 
The following instructions and techniques will aid in producing quality, leak-free 
soldered or brazed joints when connecting copper tube and fittings. 

The procedures for soft soldering are similar to those for brazing. Above all, 
cleanliness is most important to avoid joint contamination and possible failures. 
Fluxes used for either processes must be compatible with the temperatures 
involved, and flux may not be required under some circumstances (for example, 
copper-to-copper joints using BCuP alloy).

1. Safety Precautions
Always observe the following safety procedures when using soldering and 
brazing equipment:

•	 Wear eye protection and hand protection. 

•	 Work in a well-ventilated area when possible.

•	 If the joints to be sweated (soldered) are near combustible materials, 
such as a wall or floor of a building, use a shield such as a fireproof board 
between the joints and the combustible material. Use care to avoid 
causing a fire with the torch.

•	 Avoid contact with molten solder.

2. Measurement
Measure and mark the tube with a pencil or marker. Remember to allow for 
the length of tube that fits into the fitting cup. Dry-fitting the tube and fittings 
before soldering will ensure that the fittings are square and the runs straight.

3. Cutting 
The tube is best prepared when cut with a rotary tubing cutter. Care must be 
taken that the tube is not deformed while being cut. If you are installing soft 
temper tube (annealed tube), you must be especially careful to not deform the 
tube end by applying too much pressure when cutting. 

Regardless of the method, the cut must be square to the run of the tube so that 
the tube will seat properly in the fitting cup.

4. Reaming
Ream all cut tube ends to the full inside diameter of the tube to remove the 
small burrs created by cutting. If the rough inside edge is not removed by 
reaming, erosion corrosion may occur due to local turbulence and increased 
local flow velocity in the tube.

A properly reamed piece of tube provides a smooth surface for better water flow. 
Also remove any burrs on the outside of the tube end created by the cutting to 
ensure proper entrance of the tube into the fitting cup. Tools that can be used to 
ream the tube end include the reaming blade on some tubing cutters, half-round 
or round files, a pocketknife or a suitable de-burring tool. 
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5. Cleaning
The removal of all oxides and surface oils from the tube end and fitting cup is 
crucial to encourage proper flow of solder metal into the joint. Failure to remove 
them can interfere with capillary action and may lessen the strength of the joint.

There are two methods of cleaning:

•	 Mechanical cleaning of surfaces can be accomplished by filing, brushing 
or scouring. Scouring the tubing and larger fittings with a product like 
sand cloth is the most common way to mechanically clean copper, brass 
and other soft metals. Smaller fittings, typically 1 in. and under, are often 
cleaned internally by a stainless steel fitting brush. Never use steel wool as 
it often contains contaminants.

•	 Chemical cleaning uses solvents or alkali substances for the removal 
of oils or grease. Carbon Tetrachloride, Trichloroethylene or Methyl 
Chloroform may be used.

Chemically pickling uses an acid-bath for the removal of rust, scale and 
oxides from pipe and fittings. Acids such as Hydrochloric, Nitric and 
Sulphuric are sometimes used.

Note: Strong chemical cleaning is highly corrosive to copper and brass and must 
be neutralized to protect the piping system. It is not the common method, and is 
prohibited for use by modern plumbing codes.

Lightly clean the tube end and fitting socket using open-mesh sand cloth or 
emery cloth for a distance slightly more than the depth of the fitting cup. 

The capillary space (annular space) between the tube and fitting is approximately 
0.004 in. Solder metal is drawn into this gap by capillary action. 

This spacing is critical for the solder metal to flow into the gap and form a strong 
joint. Copper is a relatively soft metal. If too much material is removed from the 
tube end or fitting cup, a loose fit may result in a poor joint. 

6. Applying Flux
Use a flux that will dissolve and remove traces of oxide (which is usually 
blackish or greenish in colour) from the cleaned surfaces. This will protect the 
cleaned surfaces from re-oxidation during heating, and promote wetting of the 
surfaces for the solder metal. It is important to use fluxes that conform to the 
ASTM B 813 standard so that any flux residue left inside the system will flush 
out with water. Apply a thin, even coat of flux with a brush to both the tube and 
fitting as soon as possible after cleaning. 

Note: Do not apply the flux with your fingers. 
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Chemicals in the flux can be harmful if they come into contact with the eyes, 
mouth or open cuts. Careless workmanship can cause problems long after the 
system has been installed. If excessive amounts of flux are used, the flux residue 
can cause corrosion. In extreme cases, such flux corrosion could perforate the 
wall of the tube, the fitting or both.

7. Assembly and Support
Insert the tube end into the fitting cup, making sure the tube is seated against the 
base of the fitting cup. A slight twisting motion ensures even coverage by the flux. 
Remove excess flux from the exterior of the joint with a cotton rag. Align, square 
and support the tube and fitting assembly to ensure a uniform capillary space 
around the entire circumference of the joint. Uniformity of capillary space will 
ensure good capillary flow of the molten-solder metal. Excessive joint clearance 
can lead to solder metal cracking under conditions of stress or vibration. The 
joint is now ready for soldering. Joints prepared and ready for soldering must be 
completed ASAP the same day, and should not be left unfinished overnight.

8. Heating 
Begin heating with the flame perpendicular to the tube. The copper tube 
conducts the initial heat into the fitting cup for even distribution of heat in 
the joint area. The extent of this preheating depends on the size of the joint. 
Preheating of the assembly should include the entire circumference of the tube 
in order to bring it up to a suitable temperature. Next, move the flame onto the 
fitting cup. Sweep the flame alternately between the fitting cup and the tube 
a distance equal to the depth of the fitting cup. Practice and experience will 
indicate the amount of heat and time needed. 

Observe the reaction of the flux as the heat is applied. The reaction of the flux 
will give some indication of the temperature when you arrive at the temperature 
to apply the filler metal. Soft solder fluxes look and react differently than silver 
brazing flux. Petroleum based fluxes will show smoke indicating that the joint 
is near a temperature that is adequate to attempt to introduce filler alloy. Be 
careful not to overheat the flux at this point.

Touch the solder to the joint where the tube meets the hub of the fitting. If the 
solder does not melt, remove it and continue heating. Do not attempt to melt 
the solder with the torch flame. The alloy must be introduced to the joint by the 
heat of the fitting and tube itself. Avoid overheating the joint or directing the 
flame into the face of the fitting cup. Overheating could burn the flux, which will 
destroy its effectiveness. Also, the solder will not properly enter the joint.

When the solder melts, apply heat to the base of the cup to aid capillary action in 
drawing the molten solder into the cup toward the heat source. Once the entire 
joint is heated to the point where the solder alloy flows smoothly, remove the 
flame from the joint in stages in order to maintain the desired amount of heat 
without continuing to increase the joint’s temperature. 
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Cap the entire circumference of the joint to make certain that no voids exist. 
Control of temperature can be a key to filling trouble spots. You may need to 
cool and re-clean an area that is difficult to fill.

9. Cooling and Post-Cleaning
Allow the completed joint to cool naturally to below its plastic or pasty range, as 
shock-cooling with water may stress the joint. As soon as the joint is cool, ensure 
to clean off remaining flux residue with a damp rag.

When soft soldering, excess solder may be visible outside the joint. Part of your 
duty as a tradesperson requires that you take great pride in your ability and the 
appearance of your work. While the joint is still molten, use the end of the solder 
metal to sweep the excess solder off, or carefully wipe the joint with a clean, dry 
rag. However, be careful not to bump or disturb the joint while the solder filler 
metal is still molten. Moving the joint before the solder has cooled to below 
its pasty range can cause internal stresses that weaken the joint. These added 
stresses may show up some time down the road as hairline cracks which will 
cause the joint to “weep.”

	 Now complete Self-Test 2 and check your answers.



piping trades	 49

Learning Task 2	 Competency B-5

Self-Test 2
1.	 If cutting 13 mm (½ in.) plate or thicker, hold the cutting tip  to the plate.

2.	 The cutting oxygen lever should be depressed when the metal has been preheated to  

a  colour.

3.	 The vertical lines created on the cut edge by the cutting action on metal are called 

.

4.	 Name four factors that can affect the quality of an oxyacetylene cut:

	

	

	

	

5.	 What is required prior to welding on closed containers, or on any structure where flammables 
or other explosive substances are likely to be present?

a.	 Tests for combustibility must be performed.

b.	 The area must be flushed with hot water and detergent to remove chemicals.

c.	 A fire safety watch should be posted, and the area should be protected from sparks and 
flames.

d.	Tests for combustibility must be performed by a qualified person and posted for review.

6.	 Never cut or weld on , as it explodes when heated.

7.	 List three reasons why flux is used in preparing a joint for soft soldering:

	

	

	

8.	 The active range for soft solder fluxes is between  °C and °C (or °F and 

°F).

9.	 According to the American Welding Society, brazing, also known as hard soldering or silver 

brazing, is a process that is performed above °C (or °F).
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10.	 According to the American Welding Society, soldering, also known as tinning or sweating, is a 

process that takes place below °C (or °F).  

11.	 A “B” size acetylene tank holds the equivalent of  ft³ of gas (@ 14.73 psia).

12.	 Acetylene is unstable when stored at pressures exceeding 15 psig. To ensure its safe storage, 
a porous material is contained within an acetylene cylinder and the gas is dissolved in a liquid 

such as  .
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Learning Task 3

Use Oxy-Acetylene Equipment 
(Steamfitter=B-3 Learning Task 3)

You must understand the correct procedures and safety precautions to use when 
assembling, testing, lighting, adjusting, shutting down and disassembling a 
portable oxy-acetylene outfit.

Assembly, Light-Up, Shut-Down and Disassembly 
of a Portable Oxyacetylene Setup
To avoid accidents, you must follow an organized procedure for assembling an 
oxyacetylene unit.

1.	 Secure the cylinders in an upright position. A safety chain is commonly used 
to secure cylinders to a portable cart so they do not tip over or get jarred 
(Figure 1). The cylinder cart is designed to roll easily when tilted back on the 
wheels, yet be stable and secure when stationary.

Oxygen regulator

Oxygen cylinder valve

Oxygen cylinder

Oxygen hose

Fuel gas cylinder

Flashback arrestor

Flashback arrestors

Cutting tip

Cutting torch body

Fuel gas regulator

Fuel gas cylinder valve

Fuel gas hose

Figure 1—Portable Oxy-Acetylene Setup
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2.	 Remove the caps covering the cylinder valves once the cylinders are secured. 
The caps match the size and colour of the cylinders. Oxygen cylinder caps 
will typically be red or green, and acetylene caps are typically black. Cylinder 
caps should always be in place when transporting or storing cylinders.

3.	 Before attaching the regulators, “crack” the valves by opening them slightly, 
then quickly closing them. This clears any dust or foreign particles from the 
valve outlets. Stand to the side of the valve outlets and make sure they are 
not pointed toward you or another person. Any particles inside the valves 
will be ejected with tremendous force.

4.	 Match the regulator connections to the cylinder valve connections. Start 
turning the nut by hand (it should turn easily), then tighten it with a cylinder 
wrench. Do not force the nut to start. If it is cross threaded it will not 
turn easily, and the threads will be damaged. Never over-tighten fittings. 
Remember, oxygen fittings have right-hand threads. Note that the oxygen 
cylinder valve is externally threaded on the regulator connection, while the 
acetylene valve is internally threaded.

	 	� Never lubricate fittings. Oil or grease combined with pressurized oxygen 
will ignite and cause an explosion. Machined fittings need no lubrication.

5.	 Turn the pressure-adjusting screws out (counter-clockwise) on both 
regulators. This closes off the regulators so working pressure gauges are not 
permanently damaged when high-pressure cylinder gases are allowed to 
flow through the valves.

6.	 Install reverse flow check valves (RFCVs) or flashback arrestors to regulator 
connections and tighten them. Make sure to use RFCVs with correct arrow 
markings for the direction of gas flow. RFCVs have left-hand or right-hand 
threads to match with corresponding connections.

7.	 Connect the hoses to the correct RFCV or flashback arrestors. The oxygen 
hose must be connected to the right-hand threaded RFCV or flashback 
arrestor, and the acetylene hose to the left-hand threaded RFCV or flashback 
arrestor. Avoid over-tightening the fittings.

8.	 Turn the oxygen cylinder valve wheel counter-clockwise very slowly to 
prevent damaging the regulator. Watch the cylinder gauge. When maximum 
pressure is reached (the gauge needle will stop), turn the valve all the way 
open until it stops. 

9.	 Turn the acetylene cylinder valve wheel or wrench counter-clockwise very 
slowly, watching the cylinder gauge at the same time. When the pressure 
reaches maximum pressure (when the needle stops), turn the valve ¼ to 
½ turn more (this may vary slightly) to maintain that pressure. The small 
amount of turning provides for a quick closure of the valve should an 
emergency situation occur. If a cylinder wrench is used on the acetylene  
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cylinder valve, leave it on the valve. Note that when adjusting the cylinder 
valves, working pressure gauges remain at zero.

	� Note: Always stand to the side of regulator and gauge faces in case the 
regulator fails.

10.	 Attach the RFCVs to the torch handle (remember to match the arrows to the 
direction of the gas flow). Connect the hose to the RFCVs. According to most 
workplace regulations, it is advisable to use RFCVs at both the torch handle 
and regulator hose connections.

Figure 2—Installation of RFCVs

	� Since RFCVs are sensitive and may become plugged, it is recommended that 
they be tested once a week.

11.	 Place the welding tip on the torch handle and hand-tighten the nut. Never 
use wrench or pliers to tighten the connection, as this can damage seals 
inside the tip.

12.	 Adjust the acetylene to the correct working pressure first. Open the 
acetylene torch valve no more than one turn. Turn the acetylene pressure-
adjusting screw clockwise for higher pressure until the working pressure 
gauge reads 3 psi. This setting may vary, as different tip sizes and torch 
designs require different pressures. Refer to manufacturer’s specifications for 
correct settings. Next, close the torch valve gently, to prevent damage to the 
torch valve seat.

13.	 Follow the same procedure to adjust the oxygen to the correct working 
pressure. The working pressure gauge should read 5 psi (again, this may vary).
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The torch is ready to use, except there is always the possibility that one or more 
of the oxygen or acetylene fittings may be leaking.

Testing For Leaks
Step 12 in the previous procedure has left the cylinder valves open, the working 
pressure gauge is set at 5 psi for oxygen and 3 psi for acetylene and the torch 
valves are closed. The system is considered to be pressurized from the cylinders 
to the torch valves and will remain so, if there are no leaks.

Before you start to use the torch, you should always check the line for leaks, 
whether the equipment is being assembled for the first time or the set-up is 
used repeatedly. The line should also be tested after any new cylinders or parts 
have been installed.

Larger leaks can be quickly detected by closing the cylinder valves after correctly 
setting the working pressures. If a cylinder gauge shows a pressure drop, there is 
a leak. Smaller leaks may be detected the same way, but it will take longer for the 
pressure drop to show on the gauge. 

To quickly determine if a small leak is present, increase working pressures to 
10 psi after opening the cylinder valves. After adjusting the working pressure, 
close both cylinder valves again and watch the cylinder pressure gauges for 
pressure drop. Make sure the torch valves are closed.

If a gauge indicates a leak, use the following methods to pinpoint it:

1.	 Listen, smell and touch around connections, hoses and fittings for a leak.

2.	 If the leak cannot be found by those methods, apply a soapsuds solution to 
possible leak areas. Bubbles will appear where there is a leak.

Figure 3—Apply a Soapy Solution to Locate Leaks

Note: Never use oil or flame near equipment when looking for leaks.
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3.	 Repair the leak, if possible then test the system again When cylinder pressure 
readings remain constant, the system is okay. Be sure to adjust back to 
recommended working pressures after testing is done.

The equipment is ready for adjusting and lighting the torch.

Light-Up
Equip yourself with shaded safety goggles, heavy leather gloves, coveralls, boots 
and a welding cap.

1.	 Take a few minutes to familiarize yourself with the feel of the torch and 
striker while wearing gloves. Practice using striker, holding it about 25 mm 
(1 in.) from the end of the welding tip.

Figure 4—Correct Striker Position

2.	 As a safety precaution, always purge the torch and hose before igniting the 
flame, especially if the equipment was shut-down. Explosive gas mixtures 
may have collected inside the torch and hose. Open each torch valve (one at 
a time) for 5 to 10 seconds, and then close them.

3.	 Open the acetylene torch valve no more than ½ turn, and light the gas 
coming out of tip with a striker. 

4.	 Set the striker aside and adjust the acetylene valve until the flame becomes 
turbulent and stops giving off black smoke (Figure 5). Another method is to 
slowly adjust the valve until there is a gap between the tip and the flame. 
The flame should be yellow-orange.

Note: Never use matches, a lit torch or burning paper to light a torch—use only a 
striker. Never place butane lighters near hot work.

Acetylene only

Long yellow-orange �ame

Neutral �ame

Blue envelope

Rounded white inner cones

Oxidizing �ame–excessive oxygen
Light blue envelope

Sharp white inner cones

Carburizing �ame–excessive acetylene
Light blue featherBlue envelope

Rounded white inner cones

Figure 5—Light and Adjust Acetylene to Non-Smoking Flame
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5.	 Gradually open the oxygen torch valve and adjust it to a neutral flame. As 
oxygen is fed into the flame, the colour changes from yellow-orange to blue 
and a small, light green inner cone starts to form. 

The inner cone is a fuzzy, irregular shape. As more oxygen is added, the cone 
becomes white, rounder and smoother. This is a neutral flame, in which acetylene 
and oxygen mix in the right proportion to release only heat and harmless gases. If 
the inner cone is pointed and the flame hisses, too much oxygen has been added. 
This is an oxidizing flame in which the metal being heated will burn or oxidize. 
A carburizing flame has too much acetylene and results in adding carbon to the 
metal. The flame is blue with a dark-blue, feathered inner cone. Each type of flame 
is used for specific applications, so it is very important to know how to produce 
all three flames. 

Acetylene only

Long yellow-orange �ame

Neutral �ame

Blue envelope

Rounded white inner cones

Oxidizing �ame–excessive oxygen
Light blue envelope

Sharp white inner cones

Carburizing �ame–excessive acetylene
Light blue featherBlue envelope

Rounded white inner cones

Figure 6—Types of Flame

A neutral flame is the ideal flame for fusion welding and preheating steel for 
cutting. Temperatures range from 3075°C (5600°F) to 3237°C (5900°F) at the 
hottest part of the flame (the tip of the inner cone). With a neutral flame, melted 
steel flows easily, and the welds are clean.

A carburizing flame is used to weld white metal (i.e. aluminum), and for brazing 
and other applications where oxidizing the metal would cause poor welds, or 
where lower flame temperature is required.

An oxidizing flame produces a slightly higher flame temperature than a neutral 
flame, and is used to braze with bronze rod. If used on steel, it will burn and 
cause foaming and sparking of the metal. 



Notes

piping trades	 57

Learning Task 3	 Competency B-5

Shutting Down
It is very important to know how to correctly shut down an oxyacetylene outfit 
once the welding is completed, or when you leave the work area for more than 
ten minutes. A mistake could result in injury to yourself and others, so follow the 
shut-down procedure exactly as described.

1.	 Close the acetylene torch valve. The flame will immediately extinguish, and 
only the oxygen gas will flow from the tip.

2.	 Close the oxygen torch valve. Gas is no longer leaving the welding tip, but 
the system is still pressurized. In this state, the torch can be left for a short 
period of time (10 minutes or less). When work is stopped for a longer period, 
such as during lunch or overnight, the pressurized oxygen and acetylene 
must be bled from the torch, hose and regulators.

3.	 Bleeding the lines refers to the releasing of the gas pressure still in the 
system. To bleed lines, tightly close the acetylene cylinder valve first, then 
the oxygen cylinder valve.

4.	 Open the acetylene torch valve. The pressure readings on both acetylene 
gauges will drop to “0” and you will hear what is left of the acetylene gas in 
the line being released from the welding tip. Never bleed the acetylene near 
hot metal, sparks or open flames.

5.	 Turn the acetylene pressure adjusting screw all the way out (counter-
clockwise) to close the regulator. 

6.	 Close the acetylene torch valve gently.

7.	 Open the oxygen torch valve. The pressure readings on both oxygen gauges 
will drop to “0” and you will hear the oxygen gas being released from the 
welding tip.

8.	 Turn the oxygen pressure adjusting screw all the way out (counter-clockwise) 
to close the regulator.

9.	 Close the oxygen torch valve gently.

10.	 Store the hose and torch off the floor and away from objects that might 
damage them. Make sure the hose is not kinked, as this could cause damage 
and problems with gas flow.

You are handling precision equipment that is potentially dangerous. Follow the 
shut-down procedure as carefully as you would follow the assembly procedure. 
Both operations can be hazardous unless you do them correctly.

Disassembling the Oxy-acetylene Setup
When cylinders are empty and must be replaced, or the outfit is to be transported 
a long distance or stored, the oxyacetylene outfit should be disassembled.
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Never disassemble the equipment if the gauges do not read “0”, the lines have 
not been bled or the cylinder valves are not tightly closed.

1.	 Disconnect the welding tip attachment from the torch handle and store 
them in a container free from oil or grease. It is a good idea to attach a fitting 
to the torch handle to protect the threads and seat.

Figure 7—Protect the Torch Handle

2.	 Disconnect the hose from RFCVs on the torch handle. RFCVs may remain on 
the torch handle unless they need service or replacement. Store the handle 
and RFCVs in their proper container.

3.	 Disconnect the hose from RFCVs on the regulators. Again, RFCVs may remain 
on the regulators. Coil the hose and store it in a place free from dust, oil, 
grease and direct heat.

4.	 Disconnect the regulators from the cylinder valves. Carefully place each 
regulator with the attached RFCV in separate containers. Regulators are 
precision instruments and can be damaged from rough handling.

5.	 Place protective cylinder caps over the cylinder valves and hand tighten. 
Even if the cylinder is empty, install the cylinder caps. Empty cylinders should 
be marked with the letters “MT” and stored separately from full cylinders.

Although an instructor will demonstrate the procedures for assembling, 
testing, lighting, adjusting, shutting down and disassembling the oxy-
acetylene setup, carefully read and understand the sequences before you 
attend the demonstration. After the instructor’s demonstration, be prepared 
to answer questions and perform the steps as described. Do not take short 
cuts, and never take safety for granted. Oxyacetylene equipment is very 
dangerous if used improperly.

	 Now complete Self-Test 3 and check your answers.
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Self-Test 3
1.	 When you turn the pressure-adjusting screw on the regulator all the way out, it 

 the regulator.

2.	 The lines are said to be  when the cylinder valves are open, working pressures 
are set and the torch valves are closed.

3.	 An acetylene cylinder valve outlet for the regulator is left-hand threaded and  

threaded as an extra precaution against improper setup.

4.	 An oxygen cylinder valve outlet for the regulator is right-hand threaded and  

threaded as an extra precaution against improper setup.

5.	 Before you light a torch, you should always check for  in the lines.

6.	 The only thing that should be used to create a spark for lighting a torch is a 

.

7.	 A flame which has an excessive amount of acetylene compared to a neutral flame  

is called  flame.

8.	 When oxygen is added to the acetylene flame, the flame changes colour from  

to .

9.	 Name the three types of oxyacetylene flame that can be produced.

	

	

	

10.	 When shutting down the flame, first close the  torch valve.
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Answer Key
Self-Test 1
1.	 oxygen gas

2.	 acetylene gas

3.	 close both the oxygen and acetylene cylinder valves

4.	 28, 193; lower

5.	 heat

6.	 all the way; ¼ to ½ turn

7.	 boil off or evaporate

8.	 "MT"

9.	 cracked; closed

10.	 clockwise

11.	 acetylene

12.	 cylinder

13.	 working

14.	 green or black

15.	 red

16.	 torch; hose

17.	 preheat oxygen

18.	 torch; cylinder

Self-Test 2
1.	 perpendicular or vertical (at 90)

2.	 cherry-red

3.	 drag lines

4.	 •	 working pressure settings
•	 amount of preheat flames
•	 angle of torch tip relative to metal
•	 tip size
•	 speed of cutting torch across metal
•	 control of torch by operator



piping trades	 61

Answer Key	 Competency B-5

5.	 D.

6.	 concrete

7.	 •	 remove minor surface impurities

•	 prevents formation of oxides

•	 aids in capillary action

8.	 93°C to 316°C (200°F to 600°F)

9.	 449°C (840°F)

10.	 449°C (840°F) 

11.	 40 ft³

12.	 acetone

Self-Test 3
1.	 closes

2.	 pressurized

3.	 internally (female)

4.	 externally (male)

5.	 leaks

6.	 striker

7.	 a carburizing or reducing

8.	 yellow-red; blue

9.	 •	 neutral flame

•	 carburizing (reducing) flame

•	 oxidizing flame

10.	 acetylene
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