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2. PROJECT BACKGROUND AND CONCEPT 
 

In 1800Sir Humphary Davy discovered the short pulsed electric arcs.  Independently a Russian 

physicist Vasily Petrov discovered the continuous electric arc in 1802 and subsequently proposed 

its possible practical applications, including welding.  Arc welding was first developed when 
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Nikolai Benardos presented arc welding of metals using a carbon electrode at the International 

Exposition of Electricity, Paris in 1881, which was patented together with Stanislaw Olszewski  in 

1887. In the same year, French electrical inventor August de Meritens also invented a carbon arc 

welding method, patented in 1881, which was successfully used for welding lead in the manufacture 

of lead-acid batteries. The advances in arc welding continued with the invention of metal electrodes 

in the late 19th century by a Russian, Nikolai Slavyanov (1888), and an American, C.L. Coffin. 

Around 1900, A. P. Strohmenger released in Britain a coated metal electrode which gave a more 

stable arc. In 1905 Russian scientist Vladimir Mitkevich proposed the usage of three-phase electric 

arc for welding. In 1919, alternating current welding was invented by C.J. Holslag but did not 

become popular for another decade.  

During World War I welding started to be used in shipbuilding in Great Britain in place 

of riveted steel plates. The Americans also became more accepting of the new technology when the 

process allowed them to repair their ships quickly after a German attack in the New 

York   Harbor at the beginning of the war. Arc welding was first applied to aircraft during the war 

as well, and some German airplane fuselages were constructed using this process. In 1919, the 

British shipbuilder Cammell Laird started construction of a merchant ship, the "Fullagar", with an 

entirely welded hull; she was launched in 1921.  

During the 1920s, major advances were made in welding technology, including the 1920 

introduction of automatic welding in which electrode wire was continuously fed. Shielding gas 

became a subject receiving much attention as scientists attempted to protect welds from the effects 

of oxygen and nitrogen in the atmosphere. Porosity and brittleness were the primary problems and 

the solutions that developed included the use of hydrogen, argon, and helium as welding 

atmospheres. During the following decade, further advances allowed for the welding of reactive 

metals such as aluminum and magnesium. This, in conjunction with developments in automatic 

welding, alternating current, and fluxes fed a major expansion of arc welding during the 1930s and 

then during World War II.  

  

https://en.wikipedia.org/wiki/Lead
https://en.wikipedia.org/wiki/Lead-acid_batteries
https://en.wikipedia.org/wiki/United_Kingdom
https://en.wikipedia.org/wiki/World_War_I
https://en.wikipedia.org/wiki/Shipbuilding
https://en.wikipedia.org/wiki/Rivet
https://en.wikipedia.org/wiki/New_York_Harbor
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Argon
https://en.wikipedia.org/wiki/Helium
https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/World_War_II
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An arc welding machine is a type of welding machine that uses a welding power supply to create an 

electric arc between an electrode and the base materials to melt the metals at the welding point. The 

arc welding is a fusion welding process in which the welding heat is obtained from an electric arc 

struck between the work( or base metal) and an electrode. The temperature of the heat produced by 

the electric arc is of the order of 6000
o
 C to 7000

o
C. 

They can use either direct (DC) or alternating (AC) current, and consumable or non-consumable 

electrodes. The welding region is usually protected by some type of shielding gas, vapor, or slag. 

Arc welding processes may be manual, semi-automatic, or fully automated. First developed in the 

late part of the 19
th

 century, arc welding became commercially important in shipbuilding during the 

second world war. Today it remains an important process for the fabrication of steel structures and 

vehicles. 

Arc welding machine has main cable that receives energy from the sources (usually 3 phase 220 or 

440 Volts AC), the starter or switch, the transformer, the controls of tension (voltage) and the 

current (Amps-or Amperage), the two secondary wires: one is to ground the machine to the building 

+ structure + part that you are to weld, the other is to put your electrode and produce the welding.  

Arc welding is a welding process that is used to join metal to metal by using electricity to create 

enough heat to melt metal, and the melted metals when cool result in a binding of the metals. It is a 

type of welding that uses a welding power supply to create an electric arc between a metal stick 

("electrode") and the base material to melt the metals at the point-of-contact. Arc welders can use 

either direct (DC) or alternating (AC) current, and consumable or non-consumable electrodes. 

Power sources will require either a single or three phase supply at the voltage of the country in 

which it is intended to be used. Most equipment is provided with a series of voltage tappings and 

these may need to be adjusted to match the supply voltage. It is common the supply voltages are 

now 230V AC single phase and 400V AC three phase. In other parts of the world, different supply 

voltages occur and may vary between regions. In some countries, 220V AC three phase may be 

encountered. Three phase supplies may be limited to 30A, but higher power welding equipment 

may require a 45A or even a 60A supply. 

 

 

 

 

https://en.wikipedia.org/wiki/Welding
https://en.wikipedia.org/wiki/Metal
https://en.wikipedia.org/wiki/Electric_arc
https://en.wikipedia.org/wiki/Electrode
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Electrode


7 
 

3. PRODUCT DESCRIPTION AND APPLICATION 

 

The single phase arc welding machine  is designed to serve with an output current of 20-180A. It 

has two parts which are the primary and secondary parts. The primary part, through which voltage 

is supplied to the machine, has 180 turns which is made of 2mm
2 

S.W.G 14 copper coil. The 

secondary part has 45 turns made of 4mm2 S.W.G 8 copper coils. Both turns are wound on separate 

limb of the laminated core. The voltage from primary turns flows to the secondary turn by 

induction. The machine contains a power switch through which the machine can be switched on or 

off when connected to the power source.  

The indication light simply shows when the machine is on or off which is equally controlled by the 

powers witch. The fan connected to the machine helps in the looking of the temperature of the 

machine; it gets started once the machine is on. The welding current is adjusted by varying the 

spacing between the primary and secondary windings when the cranks is rotated, clockwise the 

insulating block between the two winding moves down, the magnetic flux leakage and the inductive 

impedance are increased, thereby reducing the welding current in the secondary windings. Also as 

the insulating block is moved upward, away between the two turns, the magnetic flux leakage and 

the inductive impedance are brought down, causing the welding current to rise. 

The Arc welding machine is the type that uses an electric power as an input, which is being 

supplied through the primary and then transferred to the secondary winding by induction which can 

be used to carry out welding work by connecting to the output terminal the welding cables. 

The output of the machine is designed in a way that it can be varied by adjusting the crank of the 

machines in clockwise or anti-clockwise direction in either to increase or decrease the output 

current respectively depending on the size of the material it is to be used on. 

Application of the project 

Arc welding utilizes an electric arc between an electrode and a metal base using either consumable 

or non-consumable electrodes. This welding machine is commonly found in steel product and 

automobile manufacturing. Other application includes: 

 Construction:- Arc welding processes are a foundational aspect of all large-construction 

industries, ensuring strong, sustainable connections within buildings, briges and other 

infrastructures. 

 Mechanical:- For more rugged applications that involve thicker metal dimensions, arc 

welding provides the control and effectiveness necessary to firmly bond heavier pieces 

together. In the automotive industry, arc welds bond heat shields, exhaust systems and 

hydraulic lines and shelving units are often welded. Heating, ventilation and air conditioning 

units are usually constructed using welding processes. 
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 Equipment:- Most, if not all, of today’s industries rely on properly functioning equipment, 

and welding processes are vital to the success of those machines. 

 Farm equipment:- In agriculture, farm machines that plow, plant, seed and harvest are 

fundamental to the country’s food supply. Those machines are welded throughout their 

frames and processes. On the chassis, the cab frame, fenders and brackets are ormed by 

welds. Motor structure and electrical functions are fused, as are the features of specialized 

tools such as threshers and spreaders. These machineries can be welded using arc welding 

machine. 

 Lawn and garden: Lawn mowers, trimmers, power saws and other garden equipment have 

long lives due to the strength of their welded frames. Other metal garden features enhance 

the enjoyment of outdoor life, such as barbecue grills, enclosures, seating and watering 

systems. 

Highway equipment: Maintenance of safe and passable roads also depends on secure 

welds. Manhole cover plates and the sewer and utility systems that frequently run under 

roads are also usually constructed with welding processes. 

 Institutional equipment: Hospitals, medical facilities, schools and homes all rely on well-

functioning appliances to keep food warm or cold, run accurate testing operations and clean 

clothing or dishes. Virtually every appliance in use today was constructed at least in part 

with an arc welding process. 

Electrical wires 

Welding cable is the electrical conductor for the welding current. It consists of a series of fine 

copper strands wrapped inside a non-conductive, durable jacket (typically some type of synthetic or 

natural rubber of various colors). The fine copper strands give welding cable more flexibility than 

other types of electrical conductors and the insulating jacket is designed to hold up to repeated 

movement over rough surfaces. As the current level increases (measured in amperage or amps), the 

diameter of the welding cable and resulting cross sectional area of the copper stranding needs to 

increase. The concept is similar to the flow of water through a hose. A larger diameter hose is 

needed in order to carry a greater volume of water. You use a smaller hose to water your garden, 

while the fire department uses a much larger hose to fight fires.  

Welding cable ―ampacity‖, also known as current capacity or amperage rating, refers to the 

maximum amount of electrical current that a cable can safely conduct.  Besides the cross sectional 

area, other factors that impact the ampacity of welding cable are its length, ohm rating (i.e., 

resistance rating), temperature ratings of the insulation material and the ambient temperature. 

Shorter cables can carry more current than longer cables of the same diameter. Welding cable is 

often rated with a conductor temperature of 75°C (167° F), 90°C (194F) or 105°C (221°F). While 

the copper wire itself can handle the high temperatures generated by higher amperages before 
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sustaining damage, the insulation protecting them would melt. Welding cables are also often rated 

for an ambient temperature of 30°C (86°F). Higher ambient temperatures can reduce their ability to 

dissipate heat into the surrounding environment, and thus reduce their ampacity. In addition, several 

cables packed tightly together can also have a reduction in their ability to dissipate heat. Multiple 

cables should be slightly spread apart. 

Note that while copper is an excellent conductor of electricity, it still has a degree of resistance to 

the flow of electrons through it. Therefore, some amount of resistance heating will occur in the 

cable. It is normal for a properly sized welding cable to feel warm to the touch after prolonged 

welding. However, if the diameter of cable is too small for the level of current flowing through it, 

then the cable will overheat. This can result in a potential fire hazard, as well as damage to the cable 

itself (and ultimately to cable breakage and failure). A breakdown of the insulation jacket can also 

be an electrical shock hazard.  Conversely, cable that is oversized for a given amperage level does 

not conduct current any more effectively than properly sized cable. However, larger diameter cable 

typically costs more per foot or per meter than smaller diameter cable, because of the increased 

amount of copper strands.  Therefore, oversized cables may not be cost effective. 

Electrical cable is typically categorized by an AWG (American Wire Gauge) size, where the 

smaller diameter cable has a larger number. Figure 1 lists the AWG sizes. Gauge (or gage) sizes 

larger than one are zero, also expressed as 1/0 (pronounced ―one aught‖), two zeros, expressed as 

2/0 (pronounced "two aught"), 3/0 and 4/0. Cable sizes between #4 and #4/0 are typically used for 

welding cable. 

 

Table 1:- AWG wire sizes 

In the metric system, welding cable size is typically expressed in square millimeters (mm2), 

representing the cross-sectional area of the cable. Figure 2 shows a comparison between welding 

cables in AWG sizes and metric sizes. 
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Table 2: AWG / Metric Cable Size Comparison  

Now when selecting the proper cable size for your welding equipment, it is best to choose cable that 

can handle the maximum output of the welder. To do this, you need to determine three factors. 

These include: 

• Total length of the welding circuit 

• Rated output of welding power source 

• Duty cycle of the welding power source 

The welding circuit is the total path in which the electricity travels. It includes the power source, 

electrode cable, electrode holder (wire feeder and gun), electrical arc, work cable and work 

clamp. The following figure illustrates the welding circuit. For determining proper welding cable 

size, you need to add together the full lengths of the electrode cable and the work cable. The 

electrode cable attaches to either an electrode holder, wire feeder. The work cable attaches to a 

work clamp. Note these last two items are often incorrectly referred to as the ―ground cable‖ and 

―ground clamp‖. However, this is improper terminology, as the "ground" lead only applies to the 

primary side of the welding circuit (i.e. the incoming power cable). 
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Figer 1:- total components of welding circuits 

Note that welding polarity does not affect the size of cable needed. It does not matter in which 

direction the current flows through the welding circuit, whether it be direct current positive (DC+), 

direct current negative (DC-) or alternating current (AC). Polarity and direction of current flow only 

affects welding characteristics and electrode selection. Rated output of the power source is simply 

the maximum current or amperage level in which the machine is indented to be used (note that 

some power sources can produce higher currents than their rated output for short periods of time). 

This rated output level is typically incorporated into the machine’s name.  Examples include the 

―Idealarc® 250‖ (rated 250A output), Power Wave® S350 (350A rated output), Flextec™ 650 

(650A rated output), etc.  

Duty cycle is a capacity rating of a welding power source, expressed as a percent (%). It is the 

percentage of a ten minute period that the power source can operate at a given output current level 

before exceeding its thermal limit (i.e. the windings get too hot) and shutting down if it has thermal 

overload protection.  Generally as output levels decrease, duty cycle increases (until 100% or 

continuous output). Conversely, as output levels increase (until maximum output capacity), duty 

cycle decreases. The duty cycle rating(s) can be found on the power source’s nameplate and/or in 

the operating manual. The duty cycle rating of a welding power source is typically related to the 

welding processes in which it will be used, its intended use and whether it operates off of single 

phase or three phase power. Table 3 lists some typical differences between single and three phase 

power supplies, including their typical duty cycles.  
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Table 3:- difference between single and three phase arc welding machines 
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4. MARKET ANALYSIS AND MARKETING CONCEPT 
 

4.1  Market study 
 

Demand for Arc welding machines for local market is mainly met from import. Hence, in the 

absence of domestic production data the import data obtained from the customs Authority is used as 

a proxy to estimate the current unsatisfied demand for arc welding machines. The quantity of arc 

welding machines imported during the past 10 years is given below. 

4.2  Supply 
 

The supplying country of Arc welding machines are  

 China 

 Belgium 

 Italy 

 Germany 

 Sweden 

 Netherlands 

 India 

No Local manufacturing companies are manufactures arc welding machines but only doing some 

winding maintenance in small scale size at very poor quality.  
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4.3 Demand 
 

The recent market of Arc welding machines from the imported data is increasing day by day and 

has described below. To cover this broadening market the countries’ capacity in hard currency 

is main drawback. What the best is to manufacture all those described machines locally. By 

doing this the enterprise at best tries to substitute the import product for the local market and it 

can also attend the national market.    

Year No of imported ovens  

2008 1022 

2009 5617 

2010 3028 

2011 18355 

2012 7877 

2013 4132 

2014 6806 

2015 4293 

2016 11484 

2017 9141 

Table 4:- Demand table 

Source: - Ethiopians customs authority 

The import data depicted in Table 4 does not have any trend. It is characterized by a sharp 

increase and decline in consecutive years. The imported quantity which was 18355 units during 

2011 has sharply decreased to 7877 units in the following year, which is a decrease of almost 

2.3 times. The imported quantity 4132 units in 2013 incline to 6806 units in the year 2014. One 

specific features of the data presented in Table 4. Is that import experiences a sharp decline in 

the year following large importation.  
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4.4 Marketing Strategy 
 

 

4.5 Pricing 
 

Price of arc welding machines varies in accordance with the output current. The current market 

price for single phase arc welding machines is from 3000 to 4000 birr. And three phase arc 

welding machines ranges from ---------- to -------------. An average factory-gate price of birr -----

-----in thousands per units is recommended for a new entrant. The product can be distributed 

directly to the end user at the factory-gate. In addition, it can appoint at different location of 

merchandizing enterprises. 

 

4.6 Projected Sales & Market Share 
 

      PROJECTED DEMAND FOR ARC WELDING MACHINES (UNITS) 

year Projected demand 

2019 11800 

2020 12980 

2021 14278 

2022 18561 

2023 24130 

2024 31369 

2025 40479 

2026 53013 

2027 68917 

2028 89592 

Table 5:- Forecast table 

4.7   Marketing Organization 
 

Sales and marketing have distinct duties, but ultimately they have the same focus and 

perspective: reaching the consumer and promoting sales.  
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Fig.2 organizational chart of marketing department 

 

Marketing departments   

 Typically support the brand through public relations and  identity campaigns. 

 They focus on long-term objectives and provide support for the front-line sales 

staff.  

 Work on promotion and advertising, identification and selection of wholesalers 

etc. 

 Conduct research and development on developing the design of the brand 

according to the customer demand.. 

Market Segments 

In all regions and African countries this product is demand. 

Marketing Plan 

Once the team has developed the overall marketing strategy, each team member is responsible for 

implementing a corresponding marketing plan for the areas of his responsibility. These 

responsibilities include deciding on the promotional material for his market segment and pricing. In 

each case, the responsibilities of the marketing manager include ensuring overall cohesion to 

prevent inconsistent pricing among the market segments and contradictory promotions. The team 

has to work together to preserve the overall company image while meeting the requirements of each 

market segment to the maximum extent possible. 

Marketing Department 

Sales Staffs R and D 

staffs  

Sales 

Engineers   

Promotion 

staffs  

Marketing Manager 
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Outcomes 

A cohesive and effective team balances the conflicting demands of its sales and marketing 

environment to achieve a common approach, with each team member taking responsibility for 

achieving the targets for his market segment. When a team member does not meet objectives for a 

particular segment, the role of other team members is to offer support to help improve performance. 

While each team member takes responsibility for his work, an effective team defines success as the 

meeting of all team targets. Such an integrated team effort improves overall sales and marketing 

performance and promotes team cohesiveness. 

4.8  Sales Promotion/Marketing Support 
 

 Through media such as television, radio, newspaper and magazines 

 Maintaining goodwill with the public 

 Press releases 

 Internet and related technologies through Email marketing, online advertising and 

mobile advertising  

 Social media portals such as Twitter, Facebook and YouTube also provide 

 

4.9 Values of the company 

 

 Customers talk we listen 

 The best teams win 

 Continuous improvement is our way of life 

 Innovations defines our future 
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5. RAW MATERIALS AND INPUTS 

5.1 Raw Materials and Inputs Required 
 

An arc welding machine is fabricated by mechanical and electrical work assembly. 

Single Phase arc welding machine 

The single phase arc welding machine is specially designed for industrial and agricultural welding. 

It is only powered from AC power source for all welding. The unit is designed to operate on single 

phase 240V A.C supply and it is mainly a transformer unit. It is capable of operating from 25 Amps 

socket for most of its output range. The current dawn from the mains supply may exceed the 25 

Amps, hence the unit must be provided with 30A switch fuse input as those provided for electric 

cookers, heaters etc. this connection must be made to the dead side of a 30A circuit. The circuit 

should not be shared by any other appliance. The unit consists of the following main components 

single phase transformer (with tap changing secondary). The transformer is a step-down transformer 

with different tapping at H, M and L; welding Tung cables. 

The transformer is a conventional-cooled, single phase transformer which has shell type of 

lamination core and insulated windings of copper coils. In addition, the windings are given double 

insulation with the use of varnish solution which helps to prevent short-circuiting in the windings. 

With the help of Angel iron and lamination core the core loss, iron loss in the machine is reduced to 

minimum. They also help to reduce humming in the machine hence; efficiency of the machine is 

greatly improved. 

Scope 

The machine is specially designed for industrial and agricultural welding. It is powered from single 

phase, 240v 50Hz power supply. It is operated from 30A socket. During  use;  when  tap  changing,  

the  entire  machine  should  be  off  before  tap changing the load terminal when welding. When 

there is low welding current and due to variation of power supply, a higher tap should be used to 

increase the welding current. This  electric  Arc  welding  machine  is  a heavy  duty  welding  

machine which is capable of welding all or 12 gauges of electrodes, while in operation. For  

material  cutting,  the  machine  should  be  tapped  at  the  highest tapping, although cutting is not 

very effective at low voltage supply.  
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Single phase arc welding machine 

Parts list diagram 
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Fig 3 single phase arc welding machine Illustration  
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WIRING DIAGRAM 
 

AC • 230V • Arc Welder 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4 single phase arc welding machine wiring diagram 
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Block diagram of physical set-up for single phase ARC welding machine set-up   
 

 

Fig 5 single phase arc welding machine Block diagram 
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Parts list 

 

Table 6:- parts list of single phase arc welding machine 

  

NO NAME OF PART QTY NO NAME OF PART QTY 

1 Green Pilot-lamp 1 

21 

Winding + ―E‖ core 

laminations 1 

2 Knob 1 22 Fan 1 

3 Front and back panel Forney 1 23 Electrode holder 1 

4 Upper hole cap (Handle holes) 1 24 Welding cable  1 

5 Magnetic shunt 2 25 Dinse plug 1 

6 Regulate. Screw  + washer 1 26 Earth clamp 1 

7 Shunt yoke 1 27 Earth cable 1 

8 Right upper panel Forney 1 28 Kit wheels and handle 1 

9 Hand-wheel 1   

10 Fuse holder 1  

11 Fuse 1  

12 Switch 1  

13 D.120 Grommet + D .40 Bush Kit 1  

14 Input cable  1  

15 Fem. Dinse plug  1  

16 Lower hole cap 1  

17 Transformer complete 1  

18 Rectifier  1  

19 Cable clamp 1  

20 Back panel Forney 1  
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Three Phase Arc welding machines 

Three-phase is simply three sources of AC power as identical voltages brought in by three wires, 

the three voltages or phases being separated by 120 electrical degrees.   This illustrates that three-

phase power is smoother than single-phase because the overlapping three phases prevent the current 

and voltage from falling to zero 120 times a second, thereby producing a smoother welding arc. 

Since all shops do not have three-phase power, welding machines for both single-phase and three-

phase power are available. Transformers - The function of a transformer is to increase or decrease 

voltage to a safe value as the conditions demand.  Common household voltage is usually 115 or 230 

volts, whereas industrial power requirements may be 208, 230, 380, or 460 volts. Transmitting such 

relatively low voltages over long distances would require a conductor of enormous and impractical 

size.  Therefore, power transmitted from a power plant must best stepped up for long distance 

transmission and then stepped down for final use.  

 

MMA 315G Front Panel Layouts 

 

3 4 5 

2   

1   

  6 

  7 
 

 

 

8     9  

 

Fig 5 three phase MMA 315 arc welding machine Front panel layouts 

1 VRD switch 

2 VRD indicator 

3 Abnormal indicator 

4 Current meter 

5 Current adjustment knob 

6 Arc force adjustment knob 

7 Hot start adjustment knob 

8 Positive output terminal 

 9 Negative output terminal 

Table 7:- parts list 



24 
 

COMPONENT AND LIST OF THREE PHASE ARC WELDING MACHINE 

MMA 315G 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6 three phase MMA 315 arc welding machine Illustaration 

 

 

 

 

 

 

 

 

Machine illustration of  MMA-315G 
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 Table 8:- parts list of single phase arc welding machines 

 

 

 

 

NO NAME OF PART QTY NO NAME OF PART QTY No ITEM QTY 

1 Fan 1 20 handle block 2 39 Polyester capacitor 1 

2 Fan net 1 21 Handle stick 1 40 Quick socket 2 

3 Back bottom 

protection angle of 

right side 

1 

22 Front top panel 1 

41 reactor 1 

4 Back bottom 

protection angle of 

left side 

1 

23 Indicator tube  

42 Machine bottom 1 

5 Clapboard 1 24 Meter 1 43 Plastic foot 4 

6 Rubber ring 5 25 Indicator tube  44 Radiator 1 

7  1 26 knob 1 45 Radiator 1 

8 Capacitor plate 1 27 Roker switch 1 46 Windshield board 1 

9 Self-locking cable 

ties 

1 28 Knob 2 47 Thermoswich 1 

10 Back top protection 

angle of right side 

 29 Front top protection 

angle of left side 

1 48 Upper-board 1 

11 Back top protection 

angle of left side 

1 30 Front top protection 

angle of right side 

1 49 Support of radiator 4 

12 Air switch 1 31 Front panel protection 

angle 

1 50 Commutated board 2 

13 Angle support 1 32 Primary transformer 1 51 Windshield 

insulation plate of 

radiator 

2 

14 Copper connector of 

switch 

3 33 Front bottom 

protection angle of left 

side 

1 52 Side windshield 

board 

2 

15 Connector support 1 34 Front bottom panel 1  

16 Power frequency 

transformer 

1 35 Front bottom 

protection angle of 

right side 

1 

17 control board 1 36 Reactor  

18 cover of machine 1 37 Reactor pad  

19 handle cover 2 38 Ring transformer  
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Block diagram of physical set-up for three phase MMA 315 ARC welding machine 

set-up 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7  three phase MMA 315 arc welding machine Block diagram 

 



 

Amount of raw materials needed for single phase arc welding 

 (it is assumed 20 single phase arc welding machine is manufactured per day) 

 

 

Table 9:-  raw materials type and amount needed per year for single phase arc welding machines. 

No. List of parts Raw Materials Import/ 

manufactured 

Description 

in piece and 

mm 

Annual 

Input 

1 Green Pilot-lamp Green Pilot-lamp Import  piece 6000 

2 Knob Knob import piece 6000 

3 Housing (Front, top, side and rear 

panel ) 

Mild steel sheet metal manufactured Ton 444 
 

4 Magnetic shunt Metal magnet Import  Piece 12000 

5 Regulate.   import Piece 6000 

6 Shunt yoke metal Import  Piece 6000 

7 Hand-wheel Metal and tire Import Piece 6000 

8 Fuse holder plastic Import  Piece 6000 

9 Fuse Fuse  Import  piece 6000 

10 Switch switch Import  Piece 6000 

11 D.120 Grommet + D .40 Bush Kit Bush kit Import  Piece 6000 

12 Input cable  Welding copper cable Import  Ton   

13 plug  plug Import  piece 6000 

14 Transformer complete Core  import   

Processed 

Piece 12000 

Copper wire primary import meter 618011 

Copper wire secondary  Kg 2807 

15 Rectifier  Rectifier Import  piece 6000 

16 Cable clamp clamp Import  piece 6000 

18 Fan fan Import  piece 6000 

19 Electrode holder holder Import  Piece  6000 

20 Welding cable  Welding cable Import  Meter 60000 

 Dinse plug Dinse plug import piece 6000 

21 Earth clamp  clamp Manufactured  piece  6000 

22 Kit wheels and handle Metal and wheels Import  piece 6000 

 



 

Amount of raw materials needed for three phase arc welding (10 arc welding machines per day) 

Table 10:-  raw materials type and amount needed per year for MMA315 arc welding machines. 

 

No. List of parts Raw Materials Import/ manufactured Description in 

mm 

Annual 

Input 

1 Fan fan Import  Piece   3000 

2 Fan net Fan net import Piece 3000 

5 Clapboard Clapboard Import  Piece 3000 

6 Rubber ring Rubber ring import Piece 3000 

7 Radiator of commutate module  Radiator of commutate 

module  

Import  Piece 3000 

8 Capacitor plate Cast iron sheet metal import Ton   

9 Self-locking cable ties Self-locking cable ties Import  Piece 3000 

12 Air switch Air switch import Piece 3000 

13 Angle support Mild steel sheet metal Import    

14 Copper connector of switch Copper connector of 

switch 

import Piece 9000 

15 Connector support Connector support  Import  Piece 3000 

16 Power frequency transformer Power frequency 

transformer 

import Piece 3000 

17 control board Electrical components Import  piece 3000 

18 cover of machine Mild steel sheet metal import tones 210 

 Handle Handle Import  Pieces 3000 

23 Indicator tube Indicator tube import pieces 6000 

24 Meter Meter Import  pieces 3000 

26 knob knob import pieces 3000 

27 Roker switch Roker switch Import  pieces 3000 

36 Reactor Reactor import pieces 6000 

37 Reactor pad Reactor pad Import  pieces 3000 

38 Ring transformer Ring transformer import pieces 3000 

39 Polyester capacitor Polyester capacitor Import  pieces 3000 

40 Quick socket Quick socket import Pieces 6000 

43 Plastic foot Plastic foot Import  pieces 12000 

44 Radiator Radiator import pieces 6000 

47 Thermoswich Thermoswich Import  pieces 3000 



 

Costs of raw materials for single phase arc welding machine 

No. Description Units 
Unit 

price in $ 

Annual 

consumption 

 

FOB 

(‘000) 

Service cost  Annual total cost (‘000) 

CIF Total tax 

5.5% CIF (Bank 

Charge, Port 

handling & Inland 

Transport) 

FC LC 

1 Green Pilot-lamp piece $0.325 6000 1.95 2.04 0.86 0.112 3.01  

2 Knob Piece  $0.18 6000 1.08 1.13 0.62 0.06 1.81  

3 

 Front and back cover 

panel  

 Right upper panel 

 Back cover panel 

Tons  $340 444 151 157.795 66.5 

8.7 
232 

 

4 Magnetic shunt piece $1 12000 12 12.54 4.96 0.69 
18.187  

7 Regulate. Screw  + washer Piece 1.06 6000 6.36 6.65 2.8 0.37 
9.8  

8 Shunt yoke piece 1 6000 6 6.27 2.64 0.345 
9.25  

10 Hand-wheel piece $0.65 6000 3.9 4.01 1.69 0.22 
5.922  

11 Fuse holder piece $0.055 6000 0.33 0.34 0.14 0.02 
0.504  

12 Fuse Piece $0.06 6000 0.036 0.38 0.16 0.021 
0.555  

13 Switch Piece $1.2 6000 7.2 7.524 3.17 0.41 
11.12  

16 Fem. Dinse plug  piece 0.25 6000 1.5 1.57 0.66 0.086 
2.3  



 

Table 11 total amounts needed of raw materials per year and its price for single phase arc welding machine. 

  

18 

Transformer 

complete 

Core 
piece $0.045 12000 0.54 0.56 0.24 0.03 

0.833  

primary 
meter $0.16 618011 98.8 103.3 43.6 5.7 

152.6 

 
secondary 

Kg $4 2807 11.228 11.73 4.94 0.64 
17.32 

19 Rectifier  piece $1 6000 6 6.27 2.64 0.344 
9.3  

20 Cable clamp piece $0.5 6000 3 3.14 1.32 0.17 
4.63  

23 Fan piece $1.46 6000 8.76 9.15 3.86 0.5 
13.5  

24 
Electrode holder 

Per 

piece 
$1 6000 6 6.27 2.64 

0.345 
9.3  

25 
Welding cable  

Per 

meter 
$1.2 60000 72 75.24 31.7 

4.14 
111.1  

26 Dinse plug piece $0.51 6000 3.06 3.2 1.35 0.18 
4.7  

27 Earth clamp  piece $0.5 6000 3 3.14 1.32 0.172 
4.63  

28 Kit wheels and handle piece $1.2 6000 7.2 7.52 3.17 0.41 
11.1  

Total 651.7  



 

Costs of raw materials for single phase arc welding machine 

No. Description Units 
Unit 

price 

Annual 

consumption 

 

FOB 

(‘000) 

Service cost  Annual total cost (‘000) 

CIF Total tax 

5.5% CIF (Bank 

Charge, Port 

handling & Inland 

Transport) 

FC LC 

1 Fan Piece $1.46   3000 4.38 4.58 1.93 0.25 6.76  

2 Fan net piece $1 3000 1.53 1.6 0.67 0.088 
2.36  

3 Clapboard piece $1 3000 3 3.135 1.32 0.172 
4.6  

4 Rubber ring piece $0.01 15000 15 15.675 6.6 0.86 
23.144  

5 Self-locking cable ties piece $1 3 3 3.135 1.32 0.172 
4.6  

6 Air switch Piece $1.2 3000  3.6 3.726 1.57 0.205 
5.501  

7 Copper connector of switch piece $0.05 9000 0.45 0.47 0.198 0.03 
0.694  

8 Connector support piece $0.01 3000 0.03 0.031 0.013 0.0017 
0.046  

9 Power frequency transformer piece $0.6 3000 1.8 1.88 0.79 0.103 
2.77  

10 Control board Piece  $2 3000 6 6.27 2.64 0.345 
9.258  

11 
Cover of machine and front, 

back, and bottom panel 
tones $340 210 71.4 74.6 31.45 

4.1 
110  

12 Handle  

Handle cover 
piece $1 3000 3 3.14 1.32 

0.17 
4.63  



 

Table 12  total amounts needed of raw materials per year and its price for MMA 315. 

 

  

Handle block 

 

Handle stick 

13 Indicator tube piece      $0.2 6000 12 12 5.3 0.69 
18.5  

14 Current Meter piece $2 3000 6 6.27 2.64 0.345 
9.3  

15 knob Piece  $0.18 3000 0.54 0.56 0.24 0.03 
0.833  

16 Roker switch piece $0.2 3000 0.6 0.63 0.26 0.034 
0.926  

17 Epoxy sticker piece $0.01 3000 0.03 0.03 0.013 0.0017 
0.05  

18 Reactor  $2 6000 12 12.54 5.3 0.69 
18.5  

19 Ring transformer piece $6 3000 18 18.81 7.9 1.03 
27.77  

20 Polyester capacitor piece $0.8 3000 2.4 2.51 1.06 0.14 
3.73  

21 Quick socket piece $0.5 6000 18 3.14 1.32 0.172 
4.6  

22 Plastic foot piece $0.4 12000 4.8 5.02 2.11 0.28 
7.41  

23 Radiator piece $5 3000 15 15.675 6.6 0.86 
23.14  

24 Thermoswich piece $0.9 3000 2.7 2.82 1.19 0.155 
4.166  

Total 265.544  



 

 

6. ENGINEERING AND TECHNOLOGY 

 

6.1 Detail Product description 
 

The following is the brief description of the product type, model, size, power and voltage need, 

and the total weight. 

Technical specifications of each product type:- 

               Model 

parameters 

 

ARC-200 

Input voltage ( V ) 1 Phase AC +/- 15% (230 volts) 

Amperage capacity 235 A 

Frequency （Hz） 50/60 

Handle materials plastic 

Accessories connection type 220 volt outlet 

Rated power at MAX Current ( 

ARC ) 7.2  

Output Current ( ARC / ) ( A ) 20-160,  

Special features Variable Speeds Fan cooled for 

higher performance 

Duty Cycle ( % ) 20-160, 10-160 

Weight  108 POUNDS (50Kg) 

Dimensions ( mm ) 12 x 16.5 x 30.5 inches 
Table 13 specification for 160 ampere arc welding machine 

 

 

 

 

 

 

 

 

 

 

 

 

            Model 

parameters 

 

MMA 315G 

 

 

 

Power voltage 

Three phase 

         

AC380V±15% 

Three phase 

AC 415V±15% 

Three 

phase 

AC 

440V±15% 

Frequency （Hz） 50/60 50/60 50/60 

Rated input current （A） 19.7 18 17 

No-load voltage） 60 73 74 

Output current（A） 40-315 

Rated output voltage（V） 32.6 

Force range（A） 0-100 

Duty cycle （%） 40 

No-load loss （W） 80 

Efficiency 85 

Power factor 0.93 

Insulation grade F 

Housing protection grade IP21 

Weight （Kg） 15 

Dimensions （mm） 425×212×357 



 

Table 14 specification for 315 ampere arc welding machine 

6.2 Production Capacity 
 

At the beginning the production capacity of the company is 30 arc welding machine (ARC 200, 

MMA 315G, MMA 400G, 10 of each type) each day and a total of 30 units per year. Each year 

when the company working at its full capacity its production will increase. And it is assumed that 

300 days of working per year. The production programme considers that for the first production 

year the plant will utilize 45% of its capacity, 59%, 73%, and 87% in the second, third and fourth 

year. From the fifth year on ward the plant will utilize its full capacity. 

Table 15 Expected total production 

 

 
 

 

 

year 1 2 3 4 5 

Annual Production (units) 9000 11800 14600 17400 20000 

Capacity of production per day 30 39.3 48.7 58 66.7 

Capacity Utilization % 45 59 73 87 100 



 

 

 Table 16 Expected total production  

 

 

 

 

 

 

 

 

 

 

 

 

                        

  Process Name Part Number Quantity Needed per Day Prepared By 

  
Total operation time per day = 8 

hours  
  

    

  Net Operating Time (sec) Date 

      

        Basic Time (sec) Tool Change Time (sec) Summary (sec) 

  

# 
Operation 

Name 
Machine Name 

Manual 
Time in 
minu. 

Auto 
Time 

Completion 
Time per 

Piece 

Change 
Time 

Number 
of 

Pieces 
per 

Change 

Time per 
Piece 

Total Time 
per Piece 

Production 
Capacity 

  1 Measuring 
Hand and 

meter  500 -  400 60 1  100 600 50 

  2  Cutting  
 Shearing 
machine  120 60  180 60  1  240  240  120  

  3  Punching 
Punching 
machine  120  20  140 60  1   200 200  144  

  4  Bending 
Bending 
machine  120   20 140 60  1  200  200  144  

  5  Drilling  
Drilling 

machine  60  20  80  40 1  40 120 240  

  6  Painting 
Painting 

compressor   120 120  240  60 1  60  300 96  

  7 
Winding 

work  
Winding 
machine  140 60 200 40 1  40 240  120 

  8 
Transformer 
Assembly  

Hand and hand 
tools  400 -  400  120  1 520 520  56  

  9 
PC board 

work  
Hand  and lead 

welder  400 60  460 60  1  520  520  56  

  10 Assembly  Hand  600  -  600 40   1  640  640 48  

                        

             
Max 

Output 48 



 

6.3 Manufacturing Process 
 

Process Description 

The manufacturing of Arc welding machines is both by mechanical and electrical process. The 

main mechanical process involves measuring, cutting, bending, drilling, punching, riveting, arc 

and spot welding and painting. The main electrical operations are design, construction, 

connection and testing. 

In this section it is tried to describe each steps needed to manufacture the arc welding machine 

and in each steps the number of skilled and supportive employees and also types of machines and 

equipment’s mentioned briefly 

The main operations are:- 

Mechanical operations  

 Measuring 

 Cutting 

 punching 

 Bending:- reshaping to the required size and form 

 Drilling 

 Painting  

 Assembling (welding, nailing and riveting) 

   Electrical operations 

 Design  

 Construction 

 Wire winding 

 Transformer Assembly 

 Pc board work 

 Connection  

 Testing  

 

 



 

Design and construction of a welding machine with a variable current selector 

Welding is a fabrication process that joins materials usually metals by causing coalescence. 

Generally, most of the weld able common steels are preferred to be join by welding method. The 

most popular of the welding machines uses the arc welding methods. In this study the welding 

system constructed uses low frequency transformer that operate at the utility mains frequency of 

50 or 60 Hz with variable current selectors to avoid  power  quality  problem.  Power quality 

problem refers to voltage current and frequency deviation from nominal value in electrical 

distribution and utilization system. 

Any significant deviation in the waveform magnitude, frequency or purity is a potential power 

quality problem which may result in failure or malfunctioning of equipment. The current selector 

introduced in this transformer help to maximize the power quality problem association with a.c 

electric power systems, that operates at a sinusoidal wave form of 50 or 60 Hz and rated voltage 

magnitude. The deviations depends on the duration and magnitude which help to categorize the 

voltage deviation as voltage sags, interruption, over voltage, under voltage, transients, voltage 

imbalance and voltage flickering. In many electric welding systems, a potential difference of 50-

70 volts is required to strike an electric arc. After the arc is struck, an essentially constant current 

supply is desired .The welding transformer converts the high voltage and low current from the 

utility mains into low voltage and high current, usually in the range of 55 – 590 amperes. In this 

transformer the variable current selector help to maintain the constant current supply desired. 

Design procedure and analysis 

The a.c welding machine design is a two pole circuit, with the first pole been the primary circuit 

and the second pole is the secondary circuit. 

The Primary Circuit (pole 1) 

The primary circuit was design to vary in current selection without tempering with the coil itself; 

it has a four step coil with three looping for the selection of current capacity. 

In the primary circuit the winding begins at the start point S and was given 80 turns with a copper 

wire of size gauge 13. The first looping was introduced after the first winding and was labeled A, 

the winding continues with same size gauge for another 20 turns before the second looping 

labeled B. The third looping C and the last winding labeled E was given 20 turns each with same 

size wire gauge 13. The beginning of the wire marks the starting point „ S‟ and the end of the 

wire marks the ending point „ E‟, both point are use for connection purposes. 

 

The Secondary Circuit (Pole 2) 



 

The second circuit was design to consist of two coils over lapping each other. The first coil is the 

primary coil wound with 114 turn’s size wire gauge 13 while the secondary coil was 40 turn of 

tick size wire gauge 8 as shown in figure 2. The starting point and ending point of the secondary 

coil serve as the welding terminals. The starting and ending point of the secondary coil serve as 

the welding terminals. 

 

Instrumentation 

The instruments involved for the design are (1) the core (2) copper wire as coil (3) insulators for 

separations. 

The Core 

The core is made of laminations assembled to provide a continuous magnetic path with a 

minimum of air gap included. The lamination steel help to minimize eddy current loss and the 

thickness of the lamination varies from 0.35mm for a frequency of 50Hz. The cores are cut in the 

form of long strips. L‟s, E‟s and I‟ shapes as shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8 types of core form 

 

 

 

 

 

 

 

 



 

                 Laminated core 

 

 

 

 Coils 

  

 

 

 

 

 

 

 

 

 
 

 

    Butt joins 

 

 

Fig 9: Diagrams showing the arrangement of a laminated core on the coil 

 

Copper as coil 

 

Copper wire is of more advantage in winding process than that of aluminum. Copper wire has 

more capacity and strong enough to resist the function of any kind of winding for a longer time. 

It has different type of gauge and is coated with insulator to prevent contact of wires when 

winding. 

For the aluminum wire its very effective when used than the copper wire, it produces stronger 

magnetic flux which makes the machine more powerful. The disadvantage of an aluminum wire 

is that they are not insulated thereby need proper insulation before it can be used for winding. 

Insulators 

 

Insulators are materials that do not conduct electricity in any form. They are used to separate two 

wires to avoid partial contact of any form. 



 

 

Construction 

 

In the construction, the laminated core was arranged first to form the two poles as shown below 

 

  

 

 

 

 

 

Fig 10: Diagrams showing the formation of the two poles laminated stand 

 

 

In the winding, the shape of the laminated core was taken and a core was form for the winding of 

the coil as shown below  

 

 

 

 

 

 

 

 

 

Fig 11: Diagrams showing the formation winding cable 

 

The next step was the fixing of the coil in the pole and the crossing of the top of the machine 

with an „I‟laminated core to avoid Butt joint. The complete construction work is as shown in the 

figure below. 

was the fixing of the coil in the pole and the crossing of the top of the machine with an 

„I‟laminated core to avoid Butt joint. The complete construction work is as shown in the figure 

below. 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig 12: A Diagram showing the complete coupled construction work of the welding machine 

 

Connections 

 

The major kinds of connections that can be given to this construction include: 

 Star-delta connection or End to start connection 

 Star – star connection or start to start connection 

 Delta-Delta connection or End to End connection 

 

The type of connection use in this work is the start to start connection; it involves the starting 

wire hand of the primary circuit connected to the secondary circuit as shown in figure below 

The following is the operation and formulae used to calculate the transformer 

Primary winding 

1 core binding 

2 all are ―I ‖ core 

3 core size height =  85mm height, width 18 mm and thickness 50 mm 

4 tights the nuts for adjust the core (best try not to form a gap in between) 

5 Bobbine making with width = 85  mm------90 mm 

6  Length = 20 mm----20 mm 

 

 

 

 Te = 1/4.44fBmAi 



 

 

 

 

 

Te= 2.1 turns per volt 

N1= 2.1*220=462 turns (16 turns in a layer and a total of 30 layers or optionally it can be 

developed two times 15 layer each and connect seriously)  

Size of wire 2.588 mm  

Total length of per primary winding = 102m. 

7 Secondary coil winding 

Wire name  - laminated copper wire 

N2=    (8 turns in a layer and a total of five layers)  

Wire gauge – 9.266 mm 

Total turn 20*2 = 40 turn. 

Total length of wire per one secondary winding = 9m  

8 Coil installation (during installation we have to make an identification for the inside and 

outside  cable) 

6.1 Identification of inside and outside cables 

6.2 Prepare terminals 

6.3 Join both inside wire of coil 

6.4 Prepare the outside cables terminals for secondary voltage out put 

9 Wire connection 

10 Welding test



 

 

 

At the secondary circuit, the starting hand is connected to the earth of the welding side and the end 

hand connected to the tong bearing the electrode. 

 Testing 

The testing of the machine confirmed the success of the design, construction and connection of 

the work, as there was no spark or shock from the laminated core and when connected to the 

welding apparatus, it was used for joining metals without any problem. In the testing, the voltages 

at zero load and when in operation was measured and recorded as shown in the result below. 

    Designing parameters for a transformer 

 Power rating 

 Voltage levels (primary and secondary) 

 Currents on both sides 

 Primary and secondary coils wire diameter/size 

 Iron Core area 

 Number of turns (primary and secondary) 

 Core calculations: 

  Calculate area of core (central limp) by using following formula 

   Ai= area of core 

   F= operating frequency 

   Bm= magnetic flux density 

   Te= turns per volts 

   

   

 Primary winding calculations 

  Vp = primary voltage 

  I1= primary current = frequency / voltage 

Te = 1/4.44fBmAi 



 

  I1= VA/(efficiency*Vp)  

 Number of Turns 

  Total number of turns = turns per volts * primary side voltage 

 

 Size of conductor 

  Current density = I/A  

From the standard American wire gauge table, we can choose wire of the same thickness, it can be 

seen that it comes out that required primary side wire is of 27 gauge which can conduct required 

current. Selection of wire can also be done by calculating primary current and by cross match the 

standard table of copper wire according to their current handling capabilities. 

 Secondary winding calculations 

  Secondary voltage = Vs  

Secondary current = Is = VA/VS 

Area of secondary conductor A2 = I/density 

Number of turns 

Number of secondary turns = turns per volts * secondary volts 

Weight Estimation of windings 

 Approximate length of copper wire = perimeter of bobbin * number of turns 

 Cross sectional Area of copper conductor 

 Volume = Approximate length * cross sectional area 

 Mass = density of copper * volume 

 

Primary side: 

Perimeter of bobbin should be identified 

Length of one turn = perimeter of bobbin 



 

Total length of all turns of primary = L1 

L1 = (length of one turn) * ( total number of turns of primary) 

Volume of copper wire = area * length 

Weight = density * volume 

 Secondary winding weight: 

Perimeter of bobbin should be identified 

Length of one turn = perimeter of bobbin 

Total length of all turns of  secondary = L2 

L2 = (length of one turn) * ( total number of turns of secondary) 

Volume of copper wire = area * length 

Weight = density * volume 

( the standard American wire gauge table ……annex 1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mechanical and Electrical process description



 

Process Procedures Operation Descriptions Tools Machines 

 

 

 

 

 

 

Mechanical 

Process 

 

1 

Collection Collections of the materials for the constitution and 

installation of the parts. 

Free hand  

2 

 

Measurement Making out of the measured points on the mild sheet 

metal and L shape frames 

Scriber meter rule, Varner 

caliber, L square meter 

Measurement Tools 

3 

 

Cutting Cutting of the material to the electrical mechanical 

compound  

 Shearing machine 

4 1. Drilling (hand drilling) 

2. clamping 

Forming hole as per measured Bench vice, drill bit Drilling machine 

5 punching Forming a punch as per the design in the parts listed  Punching machine 

6 Bending Bend parts of the cut as per the design   Plate bending machine 

7 Welding Welding Frames as per the design  Arc welding machines 

8 Grinding Grinding all the welded parts Plate grinding machines  

9 Riveting or nailing Joining the electrical units to the mechanical units by 

riveting the pins and also the house of the welding 

machine to the frames by nulling  

Riveting machine, rivet 

pins, hammer and  

 

 

 

 

 

 

 

Electrical 

 

1 

 

Design Design  

 the primary Winding (pole 1) 

 The Secondary Winding (Pole 2) 

 Winding machines 

2 construction the laminated core was arranged  first to form the two 

poles 

hand  

3 connection it involves the starting wire hand of the primary circuit 

connected to the secondary circuit 

Hand and electrical tools  



 

 

                Table 17 the main operations and tools and equipment description 

 

 

 

process 4 testing The testing of the machine confirmed the success of the 

design, construction and connection of the work, as 

there was no spark or shock from the laminated core 

and when connected to the welding apparatus, it was  

  

used for joining metals without any problem. 

 

  

5 Installation The installation of the electrical components to it unit 

orderly (whichever comes first) and in 315 Ampere arc 

welding machine all the electrical components will join 

as per the design. 

Electrical tools   

15  painting There are parts painted before assembling and also 

there are parts painted after assembling.  

compressor  



 

The following table briefly discusses the operations used for each components production.  

No Work station Main operation Takes 

place in steps 

Processed part Machine type used 

for the operation 

Skill and number of 

employees needed 

Total 

production 

1 Wire winding 

Workstation 
 Preparing the 

machine for winding 

 Winding operations 

 Primary 

winding  

 Secondary 

winding 

 Copper wire 

and core 

Winding machine 3  

50 (each 

primary and 

secondary 

type) 

2 Transformer 

Assembly 

workstation 

 Prepare core 

 The different layers 

are put one another  

in such form 

 

 

 Laminated 

silicon steel 

 Placement of 

Primary and 

secondary 

windings 

 

hand 4  

50 

3 Pc board 

work station 

 

 Lead welding 

 Assembling  

 PC board  Lead 4 50 

4 Housing  Measuring 

 Cutting 

 Punching 

 Drilling 

 Bending 

 painting 

 mild steel 

sheet metal 

 Shearing 

machine 

 Bending 

machine 

 driller 

 Punching 

machine  

 Spray painting 

4 50 

5 Assembly 

work station 

 Welding 

 Riveting 

 Nailing 

 

 Transformer 

 PC board 

 Housing 

 Fan 

 Rubber foot 

 All Electrical 

components 

 Hand 

 Electrical Tools 

 Mechanical 

Tools 

3 30 

6 Packing  packing  Cartoon 

 plaster 

Hand 2 30 

Table 18 the detail operations for components  



 

Flow sheet Diagram for 160 ampere arc welding machine 

Production Process 

 

 

 

 

 

 

 

 

 

 

 

      

 

No pass    

 

 

 

 

Collections of the materials for the constitution and installation of the parts. 

Winding 

Welding 

components 

 Measuring 

 Cutting  

 Punching 

 Bending 

 Painting 

Test 
Repair 

Installation 

Test 

Housing Welding  Core formation 

 Primary 

winding 

 Secondary 

winding 

 Arrange cores to 

the design 

 Construct cores  

 

Test 
Test Repair 

Repair 
Repair 

Test Repair 

Assembling 

Packing 

Test Repair 



Flow sheet Diagram for 315 ampere arc welding machine 

Production Process 

 

 

 

 

 

 

 

 

 

 

 

 

No pass 

   

                     No pass 

 

 Pass     

                 Pass 

 

 

All accessories are prepared according to accessories list 

Welding group 

Installation group 
Annex group 

Welding 

components 

1. Installation fan 

2.Installation cable coupler 

3. installation power line 

4. installation switch 

1. Do all kinds of line 

2. Radiator assembly 

3. Wound transformer 

Test Repair 

Installation PCB 

Aging 

Test 

Test 

Package 

Welding group 

Test Repair 

Pass to store house 

Repair 

Repair 

Welding 

Test 



6.4 Machinery & Equipment  
 

The production of the oven consists mainly cutting, bending, welding and other processes. The necessary machinery and equipment 

required by the project is indicated in the following table 

Machinery and Equipment requirement and cost 

No Description Quantity Cost in 

'000”  

Service cost Annual total cost 

(‘000) 

 FC FOB CIF Tota

l tax 

Installation 5.5% of (Bank Charge 

,Port handling and  

Inland Transport) 

FC LC 

1 CNC Guillotine shearing 

machine 

1 $0.3 0.3 0.3135 0.06 0.01254 0.017 0.703  

2 CNC punching machines 1 $8 8 8.36 2.35 0.5225 0.718 11.95  

3 Wire winding machine 1 $5 5 5.225 0.94 0.209 0.29 11.664  

4 CNC bending machine 

 

1 $3 3 3.135 0.56 0.1254 0.172 6.9924 - 

5 Arc welding machine 1 0.9 0.9 0.94 0.17 0.038 0.0515 1.2 - 

6 Spry compressor 1 0.5 0.5 0.5225 0.09 0.021 0.029 0.66  

7 Grinding machines 2 0.02 0.02 0.021 - 0.0008 0.0012 0.023  

8 Vise 2 0.0575 0.0575 0.06 0.01 0.0024 0.0033 0.0757  

9 Varner caliber 3 0.02 0.02 2.35 0.42 0.094 0.129 2.99  



 

10 scriber 10 0.004 0.004 0.0418 0.01 0.002 0.0022 0.074  

11 Meter rule 10 10 birr  - - - -  100 

12 mechanical tool box Set (3) 0.035 0.035 0.1071 0.02 0.004 0.006 0.1371  

13 Electrical tool box Set (3) 0.030 0.09 0.09405 0.02 0.004 0.005 0.12  

14 Drill bit Piece/type 

(20) 

0.25 0.25 0.523 0.09 0.021 0.006 0.64  

15 Circular saw 2 0.09 0.09 0.188 0.03 0.0075 0.01 0.24  

16 kettle 1 0.004 0.004 0.0042 0 0 0 0.005  

17 Micro wave 1 0.03 0.03 0.0314 0.01 0.001254 0.002 0.04  

18 Wire stripper Piece 3  $1 1 1.045 0.19 0.0418 0.057 2.334  

       7 TOTAL 39.73 100 

                Table 19 the machines and tools required and their price 

REMARK:- 

Bank Charge 3% of CIF Inland Transport   1.5% of CIF                               Port handling 1% of CIF 

 



6.5 Utilities 

The major utility requirement of the plant is electricity and water. The required quantity and cost 

of utility is shown in table 13 

No EQUPEMENT POWER USAGE 
(WATT) 

DAILY TIME USED 
(Hours) 

ENERGY UNIT 
E=P*t 

ENERGY  USED 
(KW-Hr) 

Price per day 
COST=E*$0.14 

1 Air conditioner 3000 8 24000 24 3.36 

2 TV 350 1.5 525 0.525 0.0735 

3 Microwave 600 2 1200 1.2 0.168 

4 Bulb 1000 4 4000 4 0.56 

5 Fridge 300 24 7200 7.2 1.008 

6 shearing machine 5500 8 44000 44 6.16 

7 punching machines 2000 8 16000 16 2.24 

8 bending machine 5500 8 44000 44 6.16 

9 Arc welding machine 4400 8 35200 35.2 4.928 

10 Cable winding 

machines 

     

11 Kettle  1500 2 3000 3 0.42 

12 Cable Winding 

machine 

4000 8 32000 32 4.48 

TOTAL 22650 71.5 176125 176.125 29.6 

 Total Energy Cost For One Day               

ENERGY UNIT(  Kw) * daily time used(Hours)= 

Cost in birr $= 

 Total Energy Cost For One Month             Cost $ in birr = 

             ENERGY UNIT(  Kw) * daily time used(Hours)*30days= 
 

 Total Energy Cost For One Year(P er annum)         

ENERGY UNIT(  Kw) * daily time used(Hours) *360days)= 
 

Cost in birr $= 

 COST FOR  USED HOURS WITH TOTAL SUM OF EQUPEMENTS TOTAL COST IN 
BIRR $= 

Table 20. Power consumption 

 

 

 



 

     Annual utilities requirement and cost 

No. Utility Energy  Qty Unit Cost Cost (Birr) 

1. Electricity  KW-HR 52838 3.9 207228 

2. Water  Meter cube 10  1000 

Total  21,600 

Table 21  annual utility requirement and cost 

 

An estimate of utilities consumption is essential for identifying the existing sources of supply and 

any bottlenecks and shortages that exist or are likely to develop. Details of electric utility 

requirement is shown in the above table 20. 

6.6 Land, Building and Civil works 
 

6.6.1 Plant layout and machine layout 
 

Layout Type 

At this Company the workstations are divided according to product type and similar processes. 

This means that product and process layout is applied to the workstations.  An example of how 

product layout is applied is the workstations where the single phase arc welding machine is 

assembled at the same work station. And the three phase arc welding machines are assembled in 

other work stations. Components are received in small batches at the workstations, usually in 

batches of 10. A wide range of parts arrive at the assembly station. There is, however, a particular 

process to be followed in assembling the welding machines.  The equipment used to assemble the 

welding machines has flexibility in that it can be used on many different sized machines.  

 

  



 

The main work stations and area needed are identified in the following table 

No Work station symbol Total Area Needed 

Actual 

work 

area(m
2
) 

Aisle area (m
2
) Total (m

2
) 

1 Warehouse WH 12 6 18 

2 Copper wire storage CTS 10 4 14 

3 winding workstation TW 6 6 12 

4 Transformer Assembly workstation TAW 35 15 55 

5 PC board storage PCS 10 4 14 

6 PC board workstation PCW 12 4.5 16.5 

7 Housing storage HS 55 15 70 

8 Housing workstation HW 16 10 26 

9 Assembly workstation ASW 200 30 230 

10 Testing workstation TW 14 6 20 

11 Shipping and receiving SR 10.8 

12 General components storeroom GCS 35 6 41 

13 packaging P 12 4 16 

14 offices O 150 50 200 

15 Garden G 80 

16 restrooms RR 20 

17 parking P 30 

18 Total 873 

  



 

Material handling  

Core 

formation 

 

Winding 

station 



 

Raw materials are delivered to this company in trucks by various suppliers. There is a shipping and 

receiving area at the front of the factory with a large door through which materials can be brought. 

These raw materials include bobbins of copper wire, PC boards, various components for the 

transformer, housing for the welding machine and other components required for the assembly of 

the machine. 

When the raw materials arrive at the factory, they are distributed to the appropriate storerooms. 

This is done manually by workers who carry the raw materials. No use of trolleys or any other 

material handling equipment is used to transport material.  

The various places where raw materials are transported to and stored  include: 

 Copper bobbins by the threading storage area next to the winding station 

 Copper threads are hung up in the threading storage area next to the winding station. 

 Machines that are completed or are in for repairs are stored in warehouse at the back of the 

factory 

 Expensive components are placed in a general components storeroom at the front of the 

factory where they can be locked away 

 PC boards are stored in boxes in the PC boards storage areas where vital components are 

soldered to the PC boards 

 Housing for the welding machines is stored in the housing storage areas which is next to 

the housing station. 

There are two levels at the factory. On the top level there is the copper winding station, storage 

areas, the transformer assembly station and the assembly workstations of the single phase  160A. 

The bottom level includes assembly workstations of the three phase 315A machines, storage 

rooms, PC board assembly station and the testing station. There are two stairways that connect the 

two levels. In some instances, the stairs present a safety concern. After 160A welding machines are 

assembled, it is carried down the stairs to the testing station. The welding machines are heavy and 

obstruct the view of the worker carrying it. 



 

Once the required components are assembled at the various workstations, the worker responsible 

for the assembly of the finished component will carry it to the next workstation downstream from 

him. The welding machines are standardized and contain the same type of components. The main 

difference between the different sized welding machines is the number of components in each. 

Therefore, standardization in the equipment also occurs. 

When the workers are assembling the transformers, gloves are worn. Workers are then required to 

wear safety glasses, a visor and an apron in addition to gloves.  

Generic parts such as wires, lugs, nuts and bolts, buttons and other components that are used in the 

assembly of the welding machines are kept in small boxes. Each workstation has a set of boxs with 

the required materials. Each workstation has its own set of tools required for the assembly process. 

Tools such as a soldering iron, crimper and wire stripper are used for assembly. This allows the 

worker to remain at their workstation and not have to get up and fetch tools or generic parts on a 

regular basis. 

Once a welding machine has been assembled, it is carried to the testing station.  

Safety procedures or equipment are used at the testing station, because high voltages are a cause 

for cancer. From the testing station the machines are moved next door to the warehouse. The 

machines are packaged in boxes, along with an instruction manual. This company will have a truck 

that is used for the distribution of welding machines to the customers. Finished goods are usually 

delivered to the customer immediately without being stored in the warehouse. Packaged goods are 

carried to the shipping and receiving area, where it is loaded onto the truck by the workers. 

Multiple trips have to be made to and fro, since workers are not able to carry multiple welding 

machines to the truck. 

The only official method of handling information is a white board on the lower level of the factory. 

Current stock levels, fulfilled orders and current demand are listed on the white board. Information 

is mainly passed verbally from management to workers. 

In each work station each teams will have another board  known as Kaizen Board. And it will have 

four corners. The one left and top will be the SPMT (staff performance maintenance tool corner) 

corner. The right top side corner will be the idea corner and this will be the corner of  different 



 

ideas and identified problems will be published. The left bottom side part of the board will be the 

solution corner this will be a corner for solution for the identified problems. The bottom right side 

part of the board will be the success corner. 

Storage for General Components 

This area currently takes up 41 m
2
. Expensive components are locked away in storage cabinets 

which are lined along the walls of this area. Pallets are found in the center of the floor, and random 

items are stored here. The pallets present a possible safety hazard,  

Storage for general components is a department on its own, since the storage provided here is 

different than the storage areas found at the workstations. This area is specifically dedicated to 

expensive components that require extra security measures. The extra security measures are simply 

storage cabinets that can be locked. The keys are held by the production planner and store keeper. 

When workers from the assembly station need a component that may be locked away, they ask the 

production planner to unlock the cabinet. 

Transformer Department 

The transformer department includes the winding workstation, core formation and transformer 

assembly workstation. These activities are closely related to one another, and the end result is a 

completed transformer that will be used in the assembly of the welding machines. It was therefore 

decided to group these three activities into one department. 

The workstations that form part of the transformer department are situated relatively close to each 

other on the top level of the facility. The total space utilisation is 55 m
2
. Seven workers are 

dedicated to the transformer department and they travel between the different workstations to 

complete work where ever it is required. 

When copper bobbins are delivered to the shipping and receiving area, it is carried to the top level 

and stored next to the threading machine. There is need designation of  area for the storage of the 

copper bobbins, but there is enough space left for the worker to move around the threading 

machine. 

Once the copper has been winded, it is hung onto the wall next to the threading workstation. This 



 

form of storage takes up very little space, and whenever copper threads are required at the 

transformer assembly workstation, workers will fetch the number of copper threads that they need. 

At the transformer assembly workstation, copper threads are wound around the transformers in 

batches of ten. When an increase in demand occurs, these batches may be larger and the size 

thereof is decided on by the production planner. 

The transformer department supports the primary activity of assembling welding machines. The 

transformers are key components of the welding machines, without which it cannot function. The 

necessary tools, equipment and workspace are supplied to workers so that they may complete their 

work. 

PC Board Department 

The PC board department consists of an assembly workstation as well as storage units. Currently, 

the PC board department utilises 16.5 m2. The PC board department consists of an assembly 

workstation as well as storage units. Currently, the PC board department utilises 16.5 m2. 

Storage space is supplied by household bookshelves and the storage cabinets used are similar to 

the ones used in the general components storage area. An L-shaped office desk is used as the work 

bench, and finished PC boards are packed in boxes on the desk. The storage shelves and cabinets 

support the primary activity of assembling welding machines. By ensuring that all the components 

needed for the PC boards are stored in this department, the worker is able to assemble all the PC 

boards required for the final assembly of the welding machines. The primary activity of the 

company is thus supported by the PC board department. 

Assembly Department 

A total of 230 m
2 

is needed for assembly workstations. Since similar activities are done at each 

assembly workstation, it is needed to divide in to two parts for single phase and three phase arc 

welding machines assembly. Each station contains a workbench and aisle that utilizes 27 m
2
 of 

space.  

At each assembly workstation, linbins are found containing generic parts, such as wires, lugs, nuts 

and bolts. Labelling is consistently found on the linbins, which gives the impression that an effort 



 

was once made to visually manage the facility. Fans required throughout the facility, which creates 

a better working environment in the summer. All of the assembly workstations have proper 

lighting in the form of fluorescent lights. Each workstation has a custom-built frame to which the 

fluorescent lights are attached. 

Other 

Furthermore, other areas have been identified in the facility. These areas are not used in the actual 

assembly of the welding machines, but enable this company to function as a business and carry out 

supporting activities. Even though these areas will not be included in the proposed facility layout, 

it will briefly be discussed in this section. 

These areas are: 

 
 Reception 

 Offices 

 Boardroom 

 Restrooms 

 Parking 

 

Reception 

The reception area utilizes 24 m2. A large L-shaped reception desk separates the customers from 

the employees. The reception area certainly takes into account the primary and secondary activities 

which take place at the facility. 

 shelf is dedicated to displaying products sold by this company.   

Offices 

The offices support secondary activities of the facility, which include management, administration, 

finances and human relations. 

Boardroom 

The boardroom is used to hold management meetings, as well as any meetings held with sales 

representatives. The boardroom takes into account the secondary activity of administration. 



 

Parking 

An area in front of the building is dedicated to parking. It is unclear whether enough parking is 

available for all employees, but the parking area is < 150 m walking distance from the facility 

entrance. Not much free space is available and it is difficult to man oeuvre between  the facility 

entrance and the parking spaces. 

Two gates lead into the parking lot. One gate is used by employees, customers and visitors. Another 

gate is used for delivery vehicles, which are allowed to enter the shipping and receiving area through 

an  industrial roller shutter door.  

Material flow 

 

Figure 8: Departmental Material Flow 
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1 Warehouse 

2 Transformer Department 

3 PC Board Department 

4 Housing 

5 Assembly 

6 Testing 

7 Storage 

8 Shipping and Receiving 

9 Packing 



 

Workstation  layout 
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(1) Warehouse (18m2) 

(4) Housing 

(26m2) 

(9) Packing (55m2) (6) Testing (20m2) 

(5) Assembly (230) 

Reception  

(7) Storage (55m2) 

(8) Shipping and receiving (10.8) 

 



 

Material handling system 

From To Equipment 

 

 

8 

2 Hand trolley 

Crate by hand 

7 Hand trolley 

3 Crate by hand 

2 5 Crate by hand 

7 5 Hand trolley 

3 5 Crate by hand 

5 6 Hand trolley 

6 4 Hand trolley 

4 

 

9 Hand trolley 

1 Hand trolley 

1 9 Hand trolley 

9 8 Hand trolley 

 

 

6.6.2 Land 
 

In Addis Ababa for an industry the payback period of the lease of the land is within 20 years. The 

total cost of land lease at 299 Birr/m2 is 448,500Birr. The legislation set the maximum on lease 

period and the payment of lease prices. The lease period set 80 years for industry while the lease 

payment period ranges from 10 years to 60 years based on the towns grade and type of investment.  

On the other hand some of the investment incentives arranged by the Addis Ababa city 

Administration on lease payment for industrial projects are granting longer period and extending 

the lease payment period. The criterions are creation of job opportunity, foreign exchange saving, 

investment capital and land utilization tendency, etc.   

 



 

The total land area for the envisaged plant is estimated at 1000 m
2
. The plant is build that land is 

required to accommodate plant building, management offices, social building for workers, stores, 

and other industry related activities. Out of the total area 873 m
2
 will be covered by building. 

Building construction 

The building mainly includes the manufacturing, warehouse, store rooms, offices, restrooms and 

restaurants.  

The manufacturing section will have two sections the top and the bottom level. The bottom level 

will cover  

 Shipping and Receiving  (10.8 m
2
) 

 Warehouse  (18 m
2
) 

 Packaging (55m
2
) 

 Storage  (55m
2
) 

 Reception  

 Assembly (230 m
2
) 

 Housing (26m
2
) 

 Testing (20 m
2
) 

A total of 450m
2 

area is used in the bottom level for manufacturing in addition the stores and 

warehouse also constructed in the bottom level.  

In the top level  

 Transformer work assembly (55m
2 

) 

 Winding 

 Core formation 

 Pc board work ( 16.5m
2 

) 

A total of 100 m
2 

area is used in the bottom level for manufacturing in addition the stores and 

warehouse also constructed in the bottom level. 



 

Out of this total space 120 m
2
 is free space for walking and 450 m

2
 is for machine installation and 

production area, storage and shipping and receiving area. 

And 330 m
2
 is used for an offices, garden, restrooms and parking. So a total of 1000m

2
 is used for 

the welding machine manufacturing company. 

 

The factory built-up area is estimated at 1000 m2. At building rate of Birr 1000 per m2 the cost of 

building and civil works will be 1000000 Birr. And other built up areas are office building, 

restaurant and management office the total land area for envisaged is estimated 200m2. At building 

rate of birr 2500 per m2 the cost of building and civil works will be 500000 birr. The remaining 

area used for internal road and green areas, parking and for other related industries activities. 

 

No  Descriptions cost/sq.(Birr) Land area  Total cost 

(Birr) 

1 

B
u
il

d
in

g
 c

o
st

 

Factory building and related 

constructions 

1,000 1250 M
2
 

1,250,000 

2 Office building (G+1) 2,500 200 M
2 

500000 

3 Workers residence and restaurant 2,500   

4 Stores (ground) 2,500   

5 Internal road and green area --- 250 M
2 

--- 

6 Land cost 299 1500m
2
 448500 

Total 1,500 M
2 

2,198,500 

Table 19 Table 8 Rate of construction land cost 

 

For the purpose of this project 20 years payment completion period and 10% down payment is 

used. The land lease period for industry is 70 years. Accordingly, the total land lease cost 

estimated at 2,198,500 Birr of which 10% or 219,850 Birr will be paid in advance. The remaining 

Birr 1,978,650 birr will be paid in equal installments within 20 years i.e. Birr 98932.5 annually.  

Table 20 Construction cost payment period 



 

Year  Pre-payment 

(10%) 

Normal 

payment per 

year  

Total 

payment 

(’000) 

Remark  

1
st
  219,850 Birr 98932.5 318.782 Sum of the two costs 

2
nd

-19
th

  --- 98932.5 98.932 For each year 

 

 

 

 

 

6.7 Environmental impact assessment 
 

The Production activity of the plant involves the cutting, bending, punching, welding,  

winding, painting, and assembling. In which almost all the process are environmentally 

friendly.  

 



 

 

7. HUMAN RESOURCES AND ORGANIZATION 

 

7.1 Company structure 
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7.2 Human resources requirement 
 

The plant requires technical and administrative personnel. The total amount and annual salary is described 

below.  

Human resource requirement and cost 

No  Job position Qty. Salary/month Salary/year 

A. ADMINISTRATION 

1 Factory Manager 1 8,000 96000 

2 Secretary 1 1500 18000 

3 Production and Technique manager 1 5000 60000 

4 Finance and administration head 1 1500 18000 

5 Marketing Manager 1 3500 42000 

6 Sales Engineer and R and D 1 3200 38400 

7 Sales and Promoters 2 2500 60000 

9 Clerk 1 1500 18000 

10 Cashier 1 1500 18000 

11 Accountant 1 1500 18000 

12 Driver 2 1200 14400 

13 Messenger & cleaner 6 800 57600 

14 Store man 1 1000 12000 

15 Guard 2 1000 24000 

16 Purchaser 1 1200 96000 

Sub total 23 38,400 590,400 

Workers Benefit 15% of basic Salary   88560 

Total   678960 

B. Production  

1 Supervisor 1 4000 48000 

2 Arc welder 1 3000 36000 

3 winder 2 2000 48000 

4 Supporters 5 800 48000 

5 Transformer assembler 3 1500 54000 



 

 

 
 

6 Electricians 4 3000 144000 

7 Machinists 3 2000 72000 

8 Assembly workers 3 2000 72000 

9 Quality Tester 1 1500 18000 

10 Painter 1 2000 24000 

 Daily workers 4 1200 57600 

SUB TOTAL 28 23000 621600 

Workers Benefit 15% of basic Salary   93240 

TOTAL 21 40700 1212000 

 Grand Total  1,393,800 

 

  



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annex 1 

the standard American wire gauge table 



 

 

AWG 

Diameter 

Turns of wire, 

without 

insulation 

Area 

Copper wire 

Resistance/length[7]
 

Ampacity,[8] at 

20 °C insulation 

material 

temperature 

rating, 

or for single 

unbundled 

wires in 

equipment for 

16 AWG and 

smaller[9] 

Fusing current[10][11] 

60 °C 75 °C 90 °C Preece[12][13][14][15] Onderdonk[16][15] 

(in) (mm) (per in) (per cm) (kcmil) (mm2) (mΩ/m[a]) (mΩ/ft[b]) (A) ~10 s 1 s 32 ms 

0000 

(4/0) 
0.4600[c] 11.684[c] 2.17 0.856 212 107 0.1608 0.04901 195 230 260 3.2 kA 33 kA 

182 

kA 

000 

(3/0) 
0.4096 10.405 2.44 0.961 168 85.0 0.2028 0.06180 165 200 225 2.7 kA 26 kA 

144 

kA 

00 

(2/0) 
0.3648 9.266 2.74 1.08 133 67.4 0.2557 0.07793 145 175 195 2.3 kA 21 kA 

115 

kA 

https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Resistivity
https://en.wikipedia.org/wiki/Resistivity
https://en.wikipedia.org/wiki/Ampacity
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-ampacity-8
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-small_gauge_ampacity-9
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-SHEE-10
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-SHEE-10
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-PREECE1-12
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-PREECE1-12
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-PREECE3-14
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-PREECE3-14
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-STAUFF-16
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-STAUFF-16
https://en.wikipedia.org/wiki/Circular_mil
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-resm-17
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-resft-18
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-def-19
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-def-19


 

 

 
 

0 

(1/0) 
0.3249 8.251 3.08 1.21 106 53.5 0.3224 0.09827 125 150 170 1.9 kA 16 kA 

91 

kA 

1 0.2893 7.348 3.46 1.36 83.7 42.4 0.4066 0.1239 110 130 145 1.6 kA 13 kA 
72 

kA 

2 0.2576 6.544 3.88 1.53 66.4 33.6 0.5127 0.1563 95 115 130 1.3 kA 10.2 kA 
57 

kA 

3 0.2294 5.827 4.36 1.72 52.6 26.7 0.6465 0.1970 85 100 115 1.1 kA 8.1 kA 
45 

kA 

4 0.2043 5.189 4.89 1.93 41.7 21.2 0.8152 0.2485 70 85 95 946 A 6.4 kA 
36 

kA 

5 0.1819 4.621 5.50 2.16 33.1 16.8 1.028 0.3133 

 

795 A 5.1 kA 28 kA 

6 0.1620 4.115 6.17 2.43 26.3 13.3 1.296 0.3951 55 65 75 668 A 4.0 kA 
23 

kA 

7 0.1443 3.665 6.93 2.73 20.8 10.5 1.634 0.4982 

 

561 A 3.2 kA 18 kA 

8 0.1285 3.264 7.78 3.06 16.5 8.37 2.061 0.6282 40 50 55 472 A 2.5 kA 
14 
kA 



 

 

 
 

9 0.1144 2.906 8.74 3.44 13.1 6.63 2.599 0.7921 

 

396 A 2.0 kA 11 kA 

10 0.1019 2.588 9.81 3.86 10.4 5.26 3.277 0.9989 30 35 40 333 A 1.6 kA 
8.9 

kA 

11 0.0907 2.305 11.0 4.34 8.23 4.17 4.132 1.260 

 

280 A 1.3 kA 7.1 kA 

12 0.0808 2.053 12.4 4.87 6.53 3.31 5.211 1.588 20 25 30 235 A 1.0 kA 
5.6 

kA 

13 0.0720 1.828 13.9 5.47 5.18 2.62 6.571 2.003 

 

198 A 798 A 4.5 kA 

14 0.0641 1.628 15.6 6.14 4.11 2.08 8.286 2.525 15 20 25 166 A 633 A 
3.5 

kA 

15 0.0571 1.450 17.5 6.90 3.26 1.65 10.45 3.184 

 

140 A 502 A 2.8 kA 

16 0.0508 1.291 19.7 7.75 2.58 1.31 13.17 4.016 

  

18 117 A 398 A 
2.2 

kA 

17 0.0453 1.150 22.1 8.70 2.05 1.04 16.61 5.064 

 

99 A 316 A 1.8 kA 

18 0.0403 1.024 24.8 9.77 1.62 0.823 20.95 6.385 10 14 16 83 A 250 A 
1.4 



 

 

 
 

kA 

19 0.0359 0.912 27.9 11.0 1.29 0.653 26.42 8.051 — — — 70 A 198 A 
1.1 

kA 

20 0.0320 0.812 31.3 12.3 1.02 0.518 33.31 10.15 5 11 — 58.5 A 158 A 
882 

A 

21 0.0285 0.723 35.1 13.8 0.810 0.410 42.00 12.80 — — — 49 A 125 A 
700 

A 

22 0.0253 0.644 39.5 15.5 0.642 0.326 52.96 16.14 5 7 — 41 A 99 A 
551 

A 

23 0.0226 0.573 44.3 17.4 0.509 0.258 66.79 20.36 — — — 35 A 79 A 
440 

A 

24 0.0201 0.511 49.7 19.6 0.404 0.205 84.22 25.67 2.1 3.5 — 29 A 62 A 
348 

A 

25 0.0179 0.455 55.9 22.0 0.320 0.162 106.2 32.37 — — — 24 A 49 A 
276 

A 

26 0.0159 0.405 62.7 24.7 0.254 0.129 133.9 40.81 1.3 2.2 — 20 A 39 A 
218 

A 



 

 

 
 

27 0.0142 0.361 70.4 27.7 0.202 0.102 168.9 51.47 — — — 17 A 31 A 
174 

A 

28 0.0126 0.321 79.1 31.1 0.160 0.0810 212.9 64.90 0.83 1.4 — 14 A 24 A 
137 

A 

29 0.0113 0.286 88.8 35.0 0.127 0.0642 268.5 81.84 — — — 12 A 20 A 
110 

A 

30 0.0100 0.255 99.7 39.3 0.101 0.0509 338.6 103.2 0.52 0.86 — 10 A 15 A 
86 

A 

31 0.00893 0.227 112 44.1 0.0797 0.0404 426.9 130.1 — — — 9 A 12 A 
69 

A 

32 0.00795 0.202 126 49.5 0.0632 0.0320 538.3 164.1 0.32 0.53 — 7 A 10 A 
54 

A 

33 0.00708 0.180 141 55.6 0.0501 0.0254 678.8 206.9 — — — 6 A 7.7 A 
43 

A 

34 0.00630 0.160 159 62.4 0.0398 0.0201 856.0 260.9 0.18 0.3 — 5 A 6.1 A 
34 

A 



 

 

 
 

35 0.00561 0.143 178 70.1 0.0315 0.0160 1079 329.0 — — — 4 A 4.8 A 
27 

A 

36 0.00500[c] 0.127[c] 200 78.7 0.0250 0.0127 1361 414.8 — — — 4 A 3.9 A 
22 

A 

37 0.00445 0.113 225 88.4 0.0198 0.0100 1716 523.1 — — — 3 A 3.1 A 
17 

A 

38 0.00397 0.101 252 99.3 0.0157 0.00797 2164 659.6 — — — 3 A 2.4 A 
14 

A 

39 0.00353 0.0897 283 111 0.0125 0.00632 2729 831.8 — — — 2 A 1.9 A 
11 

A 

40 0.00314 0.0799 318 125 0.00989 0.00501 3441 1049 — — — 1 A 1.5 A 
8.5 

A 

https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-def-19
https://en.wikipedia.org/wiki/American_wire_gauge#cite_note-def-19


 

 

 


