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Unit – VII,  Lathe & Drilling Machines 
 
 

Objectives: 

1.1  Definitions of Soldering, Brazing and Welding 

1.2  Classification 

1.3  Methods of Soldering, Brazing and Welding 

1.4  Differences of Soldering, Brazing and Welding 

1.5  Arc Welding and Oxy-Acetylene Welding 

1.6  Lubricants, classification and Properties 

1.7  Lubricators 

1.8  Bearings and Classification of bearings. 
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Classification of welding  

 

Welding 

Processes 

 

 

Brazing 

(B) 

 

 

Soldering 

(S) 

 

 

Other 

Welding  

 

 

Resistance 

Welding 

(RW) 

 

Oxyfuel 

Gas 

Welding 

(OFW) 

processes 

 

Arc 

Welding 

(AW) 

 
 

Solid State 

Welding 

(SSW) 
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Soldering 
Soldering is a method of joining two or more metal work-pieces 
by means of a third metal (solder) and Flux at a relatively low 
temperature (below 450 C), which is above the melting point of 
the solder but below the melting point of either of the materials 
being joined.  
(flux is a cleaning agent used to prevent oxidation of the metals 
at soldering point. Zinc chloride, ammonium chloride, 
hydrochloric acid etc.) 
 
Flow of the molten solder into the gap between the work pieces 
is driven by the capillary attraction.  
 
The solder cools down and solidifies forming a joint.  
The parent materials are not fused in the process. 

TYPES : 1) Soft Soldering 2) Hard Soldering   
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Traditional lead containing solders consist of tin (Sn) and lead (Pb). 
 

The most popular alloy in this group is composition of 63Sn-37Pb 
(commonly called 63/37).  

 

The melting point of this alloy is lowest of all Sn-Pb alloys (183°C).  

 

This solder is used for joining electronic components, to which minimum 
heat may be applied (computers, telecommunication devices). 
 

Low tin solders such as 5Sn-95Pb (5/95), 10Sn-90Pb (10/90), 15Sn-85Pb 
(15/85) are used mainly for sealing containers and radiators, joining and 
coating metal parts working at increased temperatures (above 121°C). 

 

The alloy 70Sn-30Pb (70/30) is used for coating parts before soldering. 
 

 

Tin-lead solders 
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1) Composed of Lead & Tin, melting point – 150 to 
3000C, low melting point by adding bismuth & 
cadmium, join wires, sheet metal work – light 
loads and slight shocks.  Plain soldering iron, 
electric soldering iron, a soldering gun is used to 
heat metal pieces. Uses soft solder. 

2) Composed of copper & zinc 4:1 ratio, silver & tin 
added- quality (silver solder), mel. Pt 350 to 9000C  
- flux in paste form- blow torch used to heat metal 
– strong joint- plumbing, heavy sheet metal- hard 
solder. 
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TYPES : 1) Soft Soldering  2) Hard Soldering   
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Non-expensive. 

Simple equipment. 

Low skill of operator is enough. 

Low melting point. 

 

Note:  The main disadvantage of these   
 alloys is toxicity of lead.  

 

Advantages of tin-lead alloys 
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 Hand Soldering 

Iron soldering utilizes a heat generated by a soldering iron. 

 

Torch soldering utilizes a heat of the flame from a torch. The 
torch mixes a fuel gas with oxygen or air in the proper ratio and 
flow rate, providing combustion process at a required 
temperature. 

 

The torch flame is directed to the work pieces with a flux applied 
on their surfaces. When the work pieces are heated to a required 
temperature, solder is fed into the joint region. The solder melts 
and flows to the gap between the joined parts. 

 

Hand soldering is used in repair works and for low volume 
production.  

 

Soldering Methods 
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Soldering 
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1. Cleaning the parent material. 

 

2. Applying flux on the joint. 

 

3. Heating the joint. 

 

4. Adding necessary filler metal. 

 

5. Cleaning flux residue from the welded joint. 

 

Soldering Technique 
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Low power is required. 

Low process temperature. 

Simple, Economical, Rework- desoldered & resoldered. 

Base metals are safe against metallurgical damages. 

No thermal distortions and residual stresses in the joint parts. 

Microstructure is not affected by heat. 

Easily automated process. 

Dissimilar materials may be joined. 

High variety of materials may be joined. 

Thin wall parts may be joined. 

Moderate skill of the operator is required.  

 

Advantages of Soldering 
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Careful removal of the flux residuals is required in order to 
prevent corrosion. 

 
Large sections cannot be joined. 

 
Fluxes may contain toxic components. 

 
Soldering joints can not be used in high temperature 

applications. 
 

Low strength of joints. 
 

Disadvantages of Soldering 
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Brazing is defined as a joining process of metals with non-ferrous filler 
material at a melting temperature above 450 C, but below the melting 
temperature of the metals being joined.  

It is one of the hard soldering method. Alloy filler materials  are brass, silver 
alloy in the form of spelter & Flux like borax, ash etc. Spelter is hard filler 
material having melting point around 600 to 9000C. – Two groups – 1 Copper 
base alloys 2) Silver base alloys. 

 

The bond is due to wetting of the parent metal by the brazing metal and 
alloying of the brazing metal with the solid parent metal. 

A brazed joint derives its strength from a combination of the brazed metal 
and the parent material as an alloy which is formed and penetration of the 
viscose brazed metal into the grain boundaries of the parent material.  

The strength is also a function of clearance between the parts being brazed 
for capillary attraction to the work.  

Brazing 
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Types: Based on heating 

1) Blow/Torch Blazing 

2) Furnace brazing 

3) Electric brazing 

4) Dip brazing 
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Brazing 
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Copper filler alloys used for brazing Copper alloys, Steels and Nickel alloys 
(the melting point about 1083 C).  
 
Aluminum filler alloys used for brazing Aluminum alloys (the melting point 
range 570 – 640 C).  
 
Magnesium filler alloys used for brazing Magnesium alloys (the melting point 
about 650 C).  
 
Nickel filler alloys used for brazing Nickel alloys, cobalt alloys, Stainless steels 
(the melting point about 1450 C).  
 
Silver filler alloys used for most of metals and alloys except aluminum and 
magnesium alloys (the melting point range 630 – 850 C).  

Brazing Filler Materials 
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A brazing flux has a melting point below the melting point of the filler 
metal, it melts during the heating stage and spreads over the joint 
area, wetting it and protecting the surface from oxidation. 
 
It also cleans the surface, dissolving the metal oxides. 
 
It is important that the surface tension of the flux is:  

1. Low enough for wetting the work piece surface. 
2. Higher than the surface tension of the molten filler metal in 
order to provide displacement of the flux by the fused brazing 
filler. The latter eliminates the flux entrapment in the joint. 
 

The flux is applied onto the metal surface by brushing, dipping or 
spraying.  

Brazing Fluxes 
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Torch brazing utilizes a heat of the flame from a torch. The torch mixes a fuel 
gas with oxygen or air in the proper ratio and flow rate, providing combustion 
process at a required temperature. 
 
The torch flame is directed to the work pieces with a flux applied on their 
surfaces. When the work pieces are heated to a required temperature, filler 
alloy is fed into the flame. The filler material melts and flows to the gap 
between the joined parts. 
Torch brazing is the most popular brazing method. 
 

Torch brazing equipment:  
 - Fuel gas cylinder with pressure regulator. 
 - Oxygen cylinder with pressure regulator. 

 - Welding torch. 
 - Blue oxygen hose. 
 - Red fuel gas hose. 

 - Trolley for transportation of the gas cylinders. 
 

 
Brazing Methods 
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Vacuum Brazing 

 

 

 

 

 

 

        Dip Brazing 
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Low thermal distortions and residual stresses in the 
joint parts. 

Microstructure is not affected by heat. 

Easily automated process. 

Dissimilar materials may be joined. 

High variety of materials may be joined. 

Thin wall parts may be joined. 

Moderate skill of the operator is required.  

 

Advantages of Brazing 
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Careful removal of the flux residuals is required in order 
to prevent corrosion. 

 

Large sections cannot be joined. 

 

Fluxes and filler materials may contain toxic 
components. 

 

Relatively expensive filler materials. 

 

Disadvantages of Brazing 
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Difference between soldering & brazing. 

Soldering    Brazing 
Solder-used- process   Spelter 

Joints are not strong   Strong Joints 

Costs less    Costs more 

Flux-  

chlorides of zinc/ammonia  Borax/Ash 

Temp- 200-400   high temp – 900 

Soldering iron/small torch  Furnace/heavy blow torch 

Thin similar sheet metals  thicker similar or dissimilar 

Soldered parts – cleaned with H2O allowed to cool slowly. 
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Welding is the process of joining two metal pieces 
as a result of significant diffusion of the atoms 
of the welded pieces into the joint (weld) 
region. Welding is carried out by heating the 
joined pieces to melting point and fusing them 
together (with or without filler material) or by 
applying pressure to the pieces in cold or 
heated state. 
 

33 
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Welding: Is a process of joining two similar or 
Dissimilar metal pieces permanently with or 
with out filler material using i) Only Heat or     
ii) heat & pressure at plastic state. 

Weldments: The metal pieces to be welded are 
called weldments. 

 Weldability: It is the capacity of the metal to be 
welded successfully under desired conditions. 

34 
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Advantages of welding:  
•Strong and tight joining; 
•Cost effectiveness; 
•Simplicity of welded structures design; 
•Welding processes may be mechanized and automated. 
 
Disadvantages of welding:  
•Internal stresses, distortions and changes of micro-structure  
in the weld region; 
•Harmful effects: light, ultra violate radiation, fumes, high temperature. 
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Difference between welding & Brazing 

Welding     Brazing 

Gas/ Electricity   Blow torch 

Many equipments   Few 

Flux – Sodium carbonate  Borax 

Temp – 3000 to 7000   600-900 

Filer rod/wire    Spelter 

Weld slag to be cleaned  No Slag 

Safety Precautions   Less 

Costly     Economical 

Strong Joints    Weak  

Skill of operator is reqd.  Moderate skill/less 
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Arc welding is the welding process, in which heat is generated by an electric arc  
struck between an electrode and the work piece.  
Electric arc is luminous electrical discharge between two electrodes through ionized 
gas.  
Any arc welding method is based on an electric circuit consisting of the following 
parts:  
•Power supply (AC or DC); 
•Welding electrode; 
•Work piece; 
•Welding leads (electric cables) connecting the electrode and  
work piece to the power supply. 

 
 

 

Electric arc between the electrode and work piece closes the electric circuit.  
The arc temperature may reach 10000°F (5500°C),  
which is sufficient for fusion the work piece edges and joining them.  
When a long join is required the arc is moved along the joint line.  
The front edge of the weld pool melts the welded surfaces 
 when the rear edge of the weld pool solidifiesf orming the joint.  
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http://www.substech.com/dokuwiki/lib/exe/detail.php?id=principles_of_arc_welding&cache=cache&media=weld_joints.jpg&DokuWiki=ac3e06ca37c422f13f76383f354e590a
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Sequence of operations on welding. 

 

1)Cleaning of weldments 

2)Edge preparation 

3) Fixing in position using suitable clamps, gigs, fixtures 

4) Viewing thro face shield 

5) Tack welds 

6) Applying weaving motions 

7) Intermittent 7 final weld 

8) Removal of excess filler material using tongs & chipping hammer 

9) Cooling of weldments. 
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Welding machines: 
a) Welding Transformer AC: supplies high electric 

current at low voltage – electrode (filler rod)– arc 
– current density – thickness of w/p- 20 to 3000 A 
(100 to 400 A) - 15 to 100 V (80 to 9o V) – 60 Hz- 
arc length 3 to 4 mm. 

b) Welding Generator- DC- for non ferrous metals – 
low current welding- changing of polarity – w/p 
+ve – electrode –Ve.  

c)  Welding Rectifier – Consists Transformer, Current 
regulator,  rectifier. For both ferrous & non ferrous 
metals – sheet metal & pipe welding  
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Differences bet AC & DC Welding 

AC       DC 
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GAS WELDING: It is a process of burning a combustible gas with 
air or oxygen in a concentrated flame of high temperature. 
Flame helps to melt the parent metal and filer rod of joint. 
Flux is used to remove oxides & impurities. – Fusion Welding 
method. 

Applications. 

w/p thickness – 3 to 50 mm- general & repair works. 

 

Classification 

Basis     Name 

Pressure    High & low pressure welding 

Combustible gases   Oxy-Acetylene, Oxy Hydrogen 
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Oxy-Acetylene Welding: combustion of oxygen & Acetylene – in 

torch- hot gas flame – 33000C. 

First stage – C2H2 + O2         2CO +H2 + Heat  

Carbon monoxide, hydrogen, Heat  at Tip of Torch 

This is the primary reaction: however, both carbon monoxide and 

hydrogen  

are combustible and  

will react with oxygen from the air:  

2CO + H2 + 1.502 = 2CO2 + H2O + Heat 

This is the secondary reaction which produces carbon dioxide, heat, 

and water.  
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Oxy-Acetylene Welding: 
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(carburizing), and excess oxygen (oxidizing). They are shown in figure 11-2.  

 

http://www.fortunecity.com/village/lind/247/weld_book/Ch11.htm
http://www.fortunecity.com/village/lind/247/weld_book/Ch11.htm
http://www.fortunecity.com/village/lind/247/weld_book/Ch11.htm
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(a)The neutral flame has a one-to-one ratio of acetylene and oxygen.  

 It obtains additional oxygen from the air and provides complete 

combustion.  

 It is generally preferred for welding. The neutral flame has a clear,  

 well-defined, or luminous cone indicating that combustion is complete.  

 

Inner cone develops heat, outer protects molten metal from oxidation.  

Steel, stainless steel, CI, Copper, Aluminium. 

 

(b) The carburizing flame has excess acetylene, the inner cone has a 

feathery edge extending beyond it. This white feather is called the acetylene 

feather.  

If the acetylene feather is twice as long as the inner cone it is known as  

a 2X flame, which is a way of expressing the amount of excess acetylene.  

The carburizing flame may add carbon to the weld metal. 

Having sharply defined inner cone, intermediate whitish cone (acetylene 

feather), bluish outer envelope. Used for non ferrous metals, nickel etc..  

Also suitable for soldering, brazing and flame hardening. 
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(c) The oxidizing flame, which has an excess of oxygen1.5:1, has a shorter  

envelope and a small pointed white cone.  

The reduction in length of the inner core is a measure of excess oxygen.  

This flame tends to oxidize the weld metal and is used only for  

welding specific metals. Ex: Brass 
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Construction of Oxy-Acytelene gas welding Unit. 

 

Two cylinders – upright position – small cylinder – 40 

liters oxygen – pressure 15MPa – black/green painting – 

big cylinder – 1.5 MPa – stored in saturated solution of 

acetone – some porous material – charcoal / asbestos – 

maroon/red. 

 

Both cylinders – 2 pressure gauges – pressure reducing 

gauges – pressure reducing valves – welding torch with 

welding tip – flexible hoses – fittings of acetylene gases 

left handed – oxygen fittings right handed. Safety fuse 

plugs to release excess pressure. 
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Welding Process: 

 

Cleaned – flux – open acetylene valve – torch lighted – spark 

lighter – oxygen valve opened gradually – oxygen & acetylene 

mix in chamber of torch – burns at tip of torch – flame 

obtained – pre heating of base metals – melting temp – filler 

metal – fill gap – move both torch & filler metal over joint – put 

off the flame – joint allowed to cool. 

 

ADV & DIS ADV : 

Equipment portable, low cost, applicable to most of all metals, 

used for brazing, gas cutting, slow cooling helps in retaining 

homogeneous metal structure. 

 

Dis Adv: Safety requirement, Cost of gas is high, Skilled 

worker, slow operation.  
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Safety Precautions: 

 

General- wear leather hand gloves, apron, shoes, 

goggles/face shields, use eye drops. 

 

Arc welding- proper grounding, insulation of cables, 

electrode holder, stand on rubber mat. 

 

Gas welding: Cylinders- away from heat fire, upright 

position, mix oxygen slowly with acetylene to avoid 

explosion. 
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LUBRICATION: 

Art of minimizing – friction – moving surfaces – lubricant. 

 

Lubricant : Substance – facilitate lubrication. Ex: Talc, 

wax, oil, grease etc. Introduced between surfaces having 

relative motion – avoids metal to metal contact – partially/ 

completely by absorbing friction heat. Water & air – 

lubricants. 

 

Necessity:  

 

Minimize – friction power loss, wear & tear, corrosion, 

transmission of frictional heat. 
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Classification of lubricants: 

1) Solid Lubricants  Ex: Graphite, mica, talc etc. 

2) Liquid  Ex: mineral oils, vegetable oils, animal oils, 

synthetic oils, fish oil etc. 

3) Semi – Liquid   Ex: Greases. 

 

Properties of lubricants: 

1) Viscosity: measure of degree of fluidity – internal 

resistance against shear of the oil film. High – support 

heavy loads – more internal friction – in oil temp increases 

– viscosity decreases – gas increases. Two types of 

viscosity – Absolute & Kinematic. 

2) Flash point: min temp – oil gives sufficient vapour – ignite 

momentarily – by introducing flame. 

3) Fire point: lowest temp - oil gives sufficient vapour – burn 

continuously at least for 5 seconds on introduction of flame. 
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4) Freezing Point: it is the lowest temp at which an oil ceases 

to flow when cooled. 

5) Surface tension: It is the property of liquid to cause bubbles 

and droplets due to cohesive forces among the liquid 

molecules at the surface of the liquid 

6) Oiliness: it is the property of lubricant to arrange its 

molecules in such a manner as to decrease the resistance of 

the layers sliding.  

7) Adhesiveness (wettability):  it is the ability of oil to stick to 

the metal surface to prevent metal to metal contact. 

8) Volatility : it s the ability of the liquid to vaporize at a 

temperature. 

 

Requirements of good lubricant: 

High Viscosity, surface tension, flash & fire point, good oiliness 

and adhesiveness, low freezing point and non volatile. 
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Types of Lubrication. 

Efficient methods of Lubrication 

1) Forced  

2) Flood 

 

Basis      Type of lubrication 

 

Forced with intermittent flow  Hand pressure – screw type 

      Tell tale Lubricator 

Continuous with limited lubricant Drop feed, Glass bottle, Wick -

 Gravity feed   feed 

Continuous with abundant supply Splash, Ring Oiling, Full  

     pressure. 
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Lubricators: 

Mechanical devices – supply lubricants to m/c parts- bearings, 

gears, engine parts etc. – continuously/regulated rate. 

 

1) Screw cap lubricator / Grease / Hand pressure grease : 

knurled cap screwed over a lubricator cup. 

2) Tell tale lubricator 

3) Drop feed oil lubricator 

4) Glass bottle  

5) Wick feed 

6) Splash 

7) Ring oil 

8) Full pressure 
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APPLICATIONS  

Engines, Machine Tools, Automobiles, Railway Coaches, 

Power Plants, work shops etc.. 



U
n

it
 -

 I
II

 

Version : 1.0 06EME14 

Unit – VII,  Soldering, Brazing & Welding 

61 

Basis: 

Type of load, Direction of load to be supported, Type of 

lubrication and nature of contact between working surfaces. 
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