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Tra.nsmi~tal 

The Ex.ecuti ve Secretary 
~·:inistr,y of Mines &: Energy 
:.::thiopiar. National Energy COCllllittee 
Gov't of Provisional Military of 
Socialist Ethiopia 
Addis - Ababa. 

Attention: Dr. .::cg. Ghebru Holderiorgis 

Dear Sir, 

- ~ -

Camp 

Add.is Ababa 
December, 1985 

Ref.: Ethiopian National Energr Committee, Addis Ababa 
Lii!DO Ref. BP/RA?/85/627/11-52/32.1.I 

1. I have the pleasure in subnitting this report. It serves the purpose 

of a terminal report of K. Sa.yeed. 

2. As mentioned on the title page of this report has not been ~~ 
With the UNIDO, 'II hi ch does not 1 the ref ore, necessarily share the 

Views pre~ented. 

I commend ~lementati"itt of the suggestions made here-in for the 

este\blishmen! of this impcrtant Developmental ~teel Fabrications 

Facilities (Wbrkshop) - Cum - Trainill8 Centre. 

t 

Thanki.Dg ,you, 
, 

Yours truly, 

UNIDO CO?TSULT.illT 



Abstract 

~hiopia.n National Energy Committee - Ad'iia Ababa - Ministry of 

Kines & Energy ia located in Addia Ababa. U ia to be equipped with a 

Varied assortment ot machiner,r and. equ.:i.pment such u 1-

l. Machine Shop 

2. Sheet Jla~al & Welding Shop 

3. Fo'..UJd17 Shop 

4. Engi~eeri.ng De•ign Office 

5. Mantle Manufacturing Unit. 

A wide raIJg8 , f products tor manufacture bas been identified through 

conducting 11urveya and visits. An importazrt recommenGa.t~on made includes 

settli.J:J&'-Up ot the above mentioned engineering shops. 

A go~ workshop needs the support of the agove mentioned shops for t.he 

effective and sucessfUl implementation of the varied 8Jlgineering item ~ 

manufacturing programmes for energy sector development. 

In view of the presem limitation of energy sector, it is not 

practical to introduce opecialized e?Jgineering methods and pro~ed:uz-es. 

The chiet objective of the mission was to identif)' the energy produci.Dg 

equipmezrt and tools, accesscriea including &election of machinery, equipment, 

attachment, production tools, raw-materials for the establishment of workshop 

and to :~commend improvement, wheN approrriate and to prepare outline plans 

for further long term development. Rt:commendations ha.a been made on the page 

. i-. concerni.llg th• pro-iucUon of varied items am the list of machinery, 

equipments, etc. for energy sector developme"!t and f'Uture UNIDO assistance. 

Following are the total capital requirements for the facility: 

1. 

2. 

J. 

4. 

5. 

' .. 
Machirte.("V and equipm~nt 

Addit·ional machinea-y' and equipment 

Attachments, production tools. accessories. 
instruments, raw materials, consumable 
items, etc. 

Sho;-; buildings 

Off ice furniture and eq~ent 

Total 

USS 64,127.00 

24,088.00 

US$ 88.215.00 

30,54'3.3: 

55,500.0C 

Gra~d Total USS180,Cl3.3S 
===========-= _:_ 



Renart On Developm~ntal Steel Fabrication Facilities 

(Workshop) - Cum Training Centre 

Addis Ababa - E t h i o p i a 

Content 

Transmittal 

Abatraot 

List of Tables and Figures -

I. Introduction 

II. Recommendation 

III. Acknowl6dgement 

A n n e x e s 

I. 

II. 

III. 

IV. 

v. 

VI. 

VII. 

Liat of machinery equipment, attachment and tools ~ 
required for wo.rk.Bhop 

List of attacbmeI:t, Production Tools, Accessories, 
Keaau.""i.ng Instruments, Consumable Items & Rav -
)l.aterials 

Participants in the stud.y 

Job Description 

. Training Abroa;d .• 

p 

Manpower Bequi -rements 

Anal1sis Ot Steel• Used For Tools 

2 

3 

5 

6 

7 

9 

11 

20 

24 

25 

Z8 



Number 

l 

2 

-
3 

List or Tables 
Contents 

Specifications tor Electrode 

Ga.a Twlgsten - Aro (TIG) Welcliag 
Of ilumini.WD 

Inches per poUDd of filler or 
Braze Electrode Wire 

5 

Page 

31 

34 

36 



- 6 -

I. Introduction 

'!he energy sector (ENEC) is attached to the :Ministry of Mines and. 

Znergy and engaged in the suppzy of f'uel for domestic and industrial 

sectors through fabrication and. manufacture of various types of domestio 

stoves, bioga.e digester, charcoal kiln, briquetting plant, ato. a.t one of 

the Fabrication Shops 1 Ad.dis Ababa. 

·1/ith a. view to identif:r specific areas where assistance was needed, 

the ener&r seotor (ENEC) recommended. to make a study tor establishment 

~velopmental Stoel Fabrication Facilities (workshop) to achieve the 

following objectives: 

l. To identify equipment such as domestic stoves, charcoal kilns, 

~ifirs, bio-ga.s digest ers 1 bio-gas usil:Jg appliances and gas 

mantles which need to be developed (fabricated, tested, modified, 

etc.) ·to facilitate wide-spread depleyment of bio-f'uel teclmolo~ 

in Ethiopia. 

2. To investigate the potential for fabrication of items identified 

in paragraph l in e:d.stillg workahops and steel f abrica.tion 

facilities in Addis Ababa. 

3. To identify tools, and equipment needed for the fabrication of 

items identified in paragraph l. To dete.m:i.ne any a.ddi tional 

tools and equipment needed for a bio-fuel centre workshop facility; 

e.g. welding e<rQpment; gas cutting equipment 1 friction and C\i.t-off 

saws, band power tools (drills, grinders, etc.), hand tools. 

4. To prepare a raquisition list of all items of equipment required 

for th1t bio-f'u.el centre workshop fac;..lity. 

For the mamu"a.cture of parts, components, attacbments aud. production 

tools such as dias mo· ... ld.a, jigs, f~.xtures, machine - attachment, 

ana. .,,,ide rar~e o:r part::J 1 dOClestic stoves, bio-gJ.S digesters, c~ 

co'9.l kilns, bio-gas using appliances, etc. The need for setting 

Uf. machine shop and Sheet M9tal & Weldi?lg Shop recommend.ad including 

Foundr;y Engineering, Design Di.Vision aix:.. Mantle Making Section • 

. •• /7 

.. 
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The main obje"-t o:f' thia project to modernize their p1'0duction methods 

and processes for turnillg out quality products and developing new and. 

existi.llg items for fabrica.tion and manufacture under the improvement programmes 

to meet the accute shortage of domestic and industrial fuels in both rural 

and urban areas in Ethiopia. 

After the establishment of the above shops, the transfer of technology 

will be eui9r for assimilaticm at that time through tr&ining on-th ... job 

in the related fields. 

Visits were made to various government departments, agencies, 

industrial enterprises and energy workshops to assess the a:xisti.ng 

industrial potential and facilities in order tc;, mam,4acture the varietv 

of items (identified) for the energy sector. 

Producti vi t;y 

The setting up of EcginedriDg Workshop and traini?Jg on-the-job 

of the teclmica.l personnel is expected to go a.long Wa::f towards improvement 

of fabri~tion and manufaoturiDg processes and cost reduction, productE' 

develoµnent and improvement in the productiri t;r. 

II~ Recommendation:-

A good workshop needs the support of a good ma.chinahop including Sheet 

Metal am Welding shop; Foundry shop together with a Design office to serve 

the needs of the centre. 

After having identified t~e new proCl.ucts 1 processes, equipment 1 

appliances, instruments and other accessories 1 etc. Th~~ following di visions 

to be established to cope with the situations. 

To assist the Developmental .;)teel Fabrication Fa.cili~ie~ (workshop) - Cum -

Training Centn, which j.s for fabrication and production of va.rie·ties of 

items, through:-

(a) Establishment o! Mach.inr Shop ;:or production of tools ~uch as 

moulds, diea, jigs 
1 

fixtures, attacbmer.t, spare part a used in the 

'•) _/8 
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manufacture of different types of domestic cooking stoves, valves, 

biogas using accessories and manufacture of wide range items such 

as stove - body, Air Regulator, Gas Injector - Cum - Cook, Fi.%ing 

?iut, Lamp Cook with handle, Binge, Top Plate Reflector, Chimney, 

Gas Regulator Needle, Components and wind mills, and Mantle Lamp. 

Training ot skilled and new w«>rkera in the field ot machine -

tool ellg"'..uieering. 

(b) Esta.blisbment of Sheet Metal and Weldillg shop fur fabrication of 

biogas digester, at:ructures, Domestic cooking stoves, Biagas water 

heater, cooker's frames, cutting of m.s. sheets to sizes, bending 

sheets to size, Charcoal Kiln, Briquetting Plant, wind-mills, etc. 

Training of skilled and new workers for up-gradiIJg their skills 

and technical knowledge in the fidd of welding technology. 

( c) Setting up Foundr,y Shop for production of cast iron Biagas 

cookers, water heater, stoves, Bioga.a using domestic appliances, 

moulds ai:id varieties of items and casting of gun-inetal parts 

including alum.i.llium accessories etc. 

TrainiIJg of skilled and new workers in the reta.ted fields. 

(d) Setting up of Engineering Design Division for developing design, 

and. assist in design of moulds, dies, production tGols, such as 

jigs, fixtures, spa.re parts i.ncludillg redesign of biogas-using 

appliances, cooking and baking stoves, water heater, etc. 

Training !)f designers and draughtsmen in the field of design 

and. dra.ughting. 
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1. This mission has been a 5reat succ~ss in ever-J respect. Preparation 

of this terminal report in such a short time would not have been 

possible without prompt cooperation and help extended by all the 

persons who have participated in the study. These are listed a.t Anne:z: 

2. Special gratitud.3 is expressed for the followi:ag who have greatly assisted 

in this study. 

3. 

I. Mr. Yaheya r.:ohammed !•lechanical iligineer 

II. !·1r. Tekola Shimelis -~ricul tural ~neer 

III. Mr. Siltan Abraha Civil Eilgineer 

Ii/• Mr. Kidane ilorkP.neh Chemist 

v. Mr. Af ework ':lo,ga.ye!lu Zconomist 

VI. Mr. Abebe Irgetie Assist. Agricultural :s:r..gineer 

The draft contents of this report were discussed with the followitl€ 

top executives at the Ministrj of Mime & EnergJ (uf.ci:C). Their 

comments are greatly valued. 

i) 

ii) 

.iJr. Eng. Ghebru Uoldeghiorghis 

I'1r. Omer ~Iohammed Getta 

~ecu:;ive Secretary 

~~nior Economist 

4. ThP vl'portunity to work Yith UUIDO who funded this study is greatly 

a1,prer.;iated. The help and guide-lines received.from the following 

executives of the ~ineering Industries .3ections, .iJivision of Industrial 

Cper::i.tions at t;'le l!l:I:JO Headquarters at 1/ienr.a needs special mention. 

i) I·lr. Delos - Head of EDg. Industrial Section 

ii) r•!r. a. ~Jilli ams, Industrial Development Officer and back st Qpping 

Officer at the project. 
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5. r.!iss Abrehet Gebreselassie has assisted in the tYPing and cycl~ 

styling of the report and deserves thanks for her neat and fast work. 

6. It is difficult to name each indiVidual who helped in completing this 

assignment in a record time. They particularly include executives and 

engineers and. also the oar drivers and administrative sta.f'f' a.t the 

ENEC. 

Addis Ababa - ~hiopia 
Jecember 1985 

l ifohammad Sayeed) 
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1. 

2. 

3. 

4. 

5. 

6. 

Additional List of Machinerv/Equipment 
for Developmental S~eel Fabrication 

Facilities Workshop-cum-Training Centre 

Universal grinding machine (for machine shop), 1 u~it approx. 

Spec if ica t ions: 

Distance> between centres 1,0GO mm 
300 mm 

Swing 
Max. grinding diameter 150 mm 

Capacity steady rest 10-100 mm 

Max. load between centres 125 kg 

Total stroke of wheel head 255 mm 

'../hee 1 (out.side dia x width x 305x50x127 mm 

inside dia) 

Electric arc welding set, 1 unit 
(Plant motor generator for sheet metal and welding shop) 

320 amp. AC/DC comulete with dCcessories 

Armature testing apparatus, 1 unit 
(for Maintenance Department) 

Specifications: 

To detect the following faults: 

- winding short circuits 
- broken windi~gs 
- fault connections of the winding 
- winding earch faults 
- electric SL.pply at 200/220 volts, 60 cycles, 1 phase, A.C. 

Open back iGclinable power press, 1 unit 
(for Sheet ~etal and Welding Shop) 
Capacity :o cons 
Elec. motor 4.5 kW 1,500 RPM 

Open back inclinable power press, 1 unit 

(for Shef:t Metal and Welding Shop) 

Capacity 100 tons 
Elec. motor 12.75 kW 1,500 RPM 

Sheet bending machine, 1 unit 

Forming goo shape (for Sheet Metal and Welding 

Specifications: 

Max. size of sheet ~ent (for steel with 
ultimate strength of 45 kg/sq.mm) 

Thickness 4 mm 

Shop) 

Width 1,500 mm 
Elec. motor, starter and control operated at 380 volts, 

3 phase, 50 cycles, A.C. 

- 18 -

USS 5,000.00 

US$ 938.00 

US$ 450.00 

US$ 3,500.00 

USS 6,750.00 

US$ 3,250.00 



Universal tool and cutter ~rinde- 1 uni: 
(for ~achine Shop) 

Sp•cifications: 

Speeds (approximate) 
Grinding wheel, work-heac 
Between centres 
feed to table 
Work-table 
Wheel-head cross feed 
Hole in workhead spindle 
Vertical movement of head 

3,500-6,000 RPM 
320- 600 RPM 

2 Ci." 
24" 
38" 

9 1/4" 
No 4 - Morse 

9 1I4" 

- 19 -

USS 4,200.00 

Total US:J>24,088.00 
============ 
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Amun. - III 

1. 

2. 

Participants in the study (reference lis~ of 

persons met in Add.is Ababa aill1 who partioipated 

in the stud.1) 

Executives at th• Ener8" Seotor:-

1.01. Mr. Yaheya Mohammed 

i.02. Mr. Tekola Shimelis 

1.03. Mr. Siltan Abra.ha 

1.04. Mr. Kidane Workneh 

1.05. Mr. Afework W~ehu 

1.06. Mr. Abebe Ergete 

Ministry of Mines & cliergy 
.:.'thiopian National Energy Committee (ENEC) 

2.01. Dr. Eng. Ghebru Woldeghiorghis 

2.02. Mr. Omar Mohammed 

Mechanical Engineer 

Agricultural Engineer 

Civil :c·ngineer 

Chemist 

F.conomist 
Assist. Agricultural Eng. 

Exeautive Secretary 

Senior F.conomist 

3. Un egenci es 

3.01. ~lr. ildchael Priestly 

3.02. Mr. Kadress Vencatachellum 

3.03. Mr. Mazh&r Ali 

R.R. UNDP Addis Abeba 

Deputy Rep. of UNI:OO 

Assist. R.R. (Administration) 

4. Division of Industrial Operations, UNI:OO, Vienna. 

4.01. Mr. M. Delos 

4.02. Mr. R. Williams 

Head of Engg. Ina.ustrial Section 

Industrial Development Officer 
and Substantive Officer. 



Annex IV 

Project 

Post Title 

Duration 

Date required 

Duty Station 

Purrose of Project 

Duties 

Job Description For Technical Expert 

(Production - Cum - Industrial Engi~eer) 

In Socialist Government Of Ethiopia 

Technical Expert in Production & Industrial Engi.naeri?li 

: 11 months (possibility of extension) 

October 1986 

: Addis Ab&ba, with travel within the country 

: To assist the Ministry of Mines & Energy (ENJ!X}) of 

crovernment of Socialist Ethiopia. 
In establishmeII't of va.ri.o'J.S shops of Developmental 

Steel Fabrication Facilities (Workshop) - Cum -

Tra.in~Ag Centre, for manufacture and fabrication of 

iifferent types of bio-gas coo4Jlg stoves, ..rate:i­

heater, charcoal kiln, bio-ga.s using ~pplia.nces and 

a.coessories, bio-ga.s digesters, eto. TrainiDg of 

personnel in related fields. 

In coordination with the Ethiopian National Energy 

Committee, the expert will speoifically b~ expected to: 

1. Prepare layout of various shops (Ma.chine Shop, 

Sheet Metal & Welding Shop, Foundry Shops including 

Design &: !Aantle !ilfg. Sect:i.on) a.s well as assistance 

in installation and commissioning of machinery & 
equipment for the shops proposed. 

2. Assist in design, developuent, rectification, fabri­

cation of varieties of items used in bio-gas ~quip­
ment and accessories & other engineering items for 

energy sector. 



1~ualifica.tion 

Back-ground 
Information 
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3. Assist in the production of spares, accessories, 

production tools, Jigs, fixtures, machine-a.id, etc. 

4. Impart training to engineers, techniciane, supe:r­

visor:i and technical personnel of the ZNEC to keep 

them abreast with the latest techniques of production. 

5. A~sist in the a.rea.s of production processes, stan­

dardisation ot oper&tion, aeleO-:.ion of materials, 

processes, sequence of operations, time a.nd material 

estimating and cost of production. 

The expert will also be expected to prepare a. final 

report setting out the mission findings and recommend­

ations to the goverr..ment for further action. 

I0lachanical Engineer with 15-20 yea.rs of practical and 

relevant experiences in the fields of Machine :and Tools 

Shop; Sheet Metal & ;:elding & Foundry shop including 

Industrial Enc,ooi.neering &. Training. 

Z n g l i s h 

To alle•lia.te the current, accute shortage of domestic 

fuel in both rural and urban areas in Zthiopia., The 

Sthiopian National linergy Committee (.EUEC) is 

to develop the country's bio-f'uel resource potential. 

Areas of particular interest includes·:-

- Anaerobic digestion of human, animal and food 

processing waste (biogas generation); 

- Gasification of wood and charcoal; 

Improved domestic stoves; 

- improved domestic water heater; 

- Charcoal production from agricultural wastes; 

... /3 



- 27 

I 

- Combustion of agricultural wastes; 

- Briquetting of wooden/saw dust a.nd. other agricultural 

wastes, e.tc. 

It is proposed that the j)evelopmental Steel Fabrication 

facilities (workshop) - Cum - •rraining Centre is to be 

established under E?IBC. Juch a centre would be composed 

of facilities for machining, fabrica.ti')n.s, castiIJ€ 1 and 

testin&'• 

This projects would utilize the proposed centre for a.chieVi.Dg the following 

objectives:-

.Fabrication/modification of equipment, accessories, etc. 

- C~sting of domestic stoves, accessories, spare parts, components, 

attachments, gas mantle parts such a.s body and related parts 1 

- Improving quality of products, 

- Training of the personnel in the related fields. 

The centre needs technical assistance in execution of 1 

m;r.oo Consultants towards imports of machinery, equipmer 

·ndation made by 

...i production tools, 

etc. for the establishment cf Developmental Steel Fabrication Facilities 

(.lorkshop) - Cum - Training Centre enabling it to fabrica.te and manufactures of 

various items identified, installation and commissioning of machinery and 

equipment, training the peop~e on the,. job and starting pro~ ~tion with improved 

techniques. 
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Annex - V 

Training Abroad 

The ENEC ~tanagement should deploy technical personnel for traini?lg 

overseas and in-plant with the manufacturers and suppliers of' equip­

ment. The training of supervisory and technical sta.f'f as well as new 

workers should be carried out in 3_ome of the engineering enterprises 

a.t home as well as abroad. prior to arrival of new machiner.r and 

equipment at the centre, so as to enable them to do the work and 

hand.le tools, equipment, jigs, fextures, dies, etc. They should in 

particular, receive training in the following fields:-

1. Machine & Tool Shop 

2. Sheet I•leta.l a.nd ~~elding Shop 

3. Foundry Shop 

4• Inspection & Q.lality Control 

5. Engineering Design & Drawing Office. 

.. 



Annex - VI 

MANPOWER REQUIREMENTS 

T e o h n i a a l 

l. Mechanical Engineer 
(Ma.chine Shop, Four.d.r.r, Sheet 
Metal & Welcling S~op) 

Total 

2.1 Asst. Mechanical Engineer 
(-do- -do-) 

2.2 Foreman 
(Ma.chine Shop) 

2.3 Skilled workers 

2.4 Semi-skilled 

2.5 Unskilled workers 

Total 

3.1 Foremall 
(Sheet Metal & Welding Shop) 

3.2 Skilled workers 

3.3 Semi skilled workers 

3.4 Un-skilled workers 

Total 

4.1 Foreman 
(Foundry Shop) 

4.2 Moulder - Cum - Cupola Opera.tor 

4.3 Moulder (Skilled) 

4.4 Moulder (Semi-skilled) 

4.5 Un-skilled workers 

'1otal 

5.1 Maintenance Foreman 

5.2 Skilled workers 

5.3 Un-skilled 

5.4 Electrician 

'!btal. 

- zq -

Nos. of Persons 
Required 

l 

l 

l 

l 

2 

l 

2 

7 

l 

3 

2 

2 

8 

l 

1 

1 

l; 

4 

6 

1 

2 

l 

l 

5 



Amlu - VI 

MANPOWER REQUIRDtO!NTS 

l'echnioal 

6.l Designer 
(EDgineerillg Design Division·) 

6. 2 Draught aman 

6.3 Tracer 

Total 

7 .1 Mantle Making Machine Operator 

II II II Asst. Operator 

Total 

Grand Total 

- 30 -

Nos. of Persons 
Required 

l 

l 

l 

3 

l 

l 

2 

32 
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Annex -.VII 

Analysis Of Stee:a Used For Tools 

Composition of Steels used for Tools: 

( i) Tw:Jgst en High 
Speed Steel: 

(ii) Carbon Tool 
Steels 

(iii) Carbon Die 
Steel: 

(iv) Oil HardeniDg 
lfoi:rdef orming 

(v) Low-'l'w:lgsten 
Chrome-Vanadium: 

(vi) Chrome-Vanadium 
Steel: 

(vii) Carbon Steel: 

(viii) Carbon Die­
Block Steels: 

. c o.60 to o. 75, Mn 0.15 to 0.40, p 0.03 

5 0.03, Si 0.15 to 0.40, Cr 3.00 to 4.50 
Va 0.75 to 1.50, W 17.00 to 19.00 

C l.CO to 1.10 1 Mn 0.15 to 0.35, P 0.025 

S 0.025 1 Si 0.35 

c a.so to 0.90, Un 0.45, P 0.025, s 0.025 

C 0.85 to 0.95, Mn 1.05 to 1.25, P 0.025, 
S 0.025, Si 0.20 to 0.35, Cr 0.40 to 0.60, 

Va 0.25~ W 0.40 to 0.60 

C 1.15 to l.25, Mn 0.20 to 0.35, P 0.025 
S 0.025, Si 0.20 to 0.35, Cr 0.35 to 0.50 

Va 0.15 to 0.25, W 1.30 to 1.75 

.. -~ .,..,... ......... ~- ., 
c 0715 to 0.25, Mn 0.50 to o.ao, P 0.04, 
so.04, Si 0.10 to 0.20, er o.ao to 1.10, 

Va 0.15 to 0.25 

c 0.50 to 0.63, Mn o.60 to 0.90, p 0.04, 

Si 0.15 

C 0.55 to 0.65, Mn 0.50 to o. 70 

P 0.04, S 0.04, Si 0.15 to 0.30 

•./2, 
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(ix) Chrome Vanadium C 0.45 to 0.55, Mn .• 50 to a.so, 
Steel: 

P 0.04, s 0.04, Cr a.Bo to i.10 
Va 0.15 to 0.20 

(x) Low-'l'wlgst en C 0.40 to 0.50, Mn 0.15 to 0.35 
Alloy: 

P 0.025, S 0.025, Si 0.15 to 0.35 
Cr i.25 to i.50, Va 0.15 to 0.25, 
W 2.00 to 3.00 

(xi) Higl:J,-Ca.rbon C i.45 to i.70 1 Mn 0.20 to 0.40, 
High-Chromium: 

P 0.03, S 0.03, Si 0.20 to 0.40, 
Cr 11.0 to 12.50 1 Va 0.15 
Co 0.40 to 0.60 1 lo 0.70 to 1.00 

(xii) Cobalt High C 0.65 to 0.75 1 Mn 0.25 to 0.35 
Speed Steel: 

P 0.03, S 0.03, Si 0.20 to 0.40, 
Cr 4.00 to 4.25, Va 0.90 to 1.10 1 

w 17 100 to 18.oo, Co 4.50 to 5.00, 
Mo. 0.40 to 0.50 

(xiii) Chrome- C 0.65 to 0.75, Mn 0.10 to 0.30 1 Vazwlium: 
P 0.03, S 0.03, Si 0.25 to 0.35 
Cr 0.70 to 0.90, Va 0.15 to 0.25 

(xiv) Silicon-
C 0.45 to 0.55, Mn 0.30 to 0.50, Mol,ydbenum 

Steel: P 0.02, S 0.02, Si0.80 to 1.10 1 

Mn 0.40 to o.60 
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Table - 1 

AWS 
Classification 

. 
E-4510 

F,..6010 

E-6011 

~012 

Current Polarity 

n.c. Straight 

D.C. Reverse 

A 1t e rna. t-
A.G. ing current 
D.C. reverse or 

straight 

Alternat-
A.C. ing current 
o.c. Straighter 

reverse 

SPECIFICATIONS R>R ELECTROD1'13 

I Tansile Characteristics Practical Uses Straight 

Build-up cneting 
Some oxide preoipita- repair used as 
ti on. Deposit sets filler rod, om&- 40,000 

up high mental iron work 55;Boo 

Deep penetration metal Heavy fabrication. 60,000 
freezes rapidly. Used Bridge-work. Pipe to 
for vertical & over-head welding 75,000 
welding. Very veretile 

Deep penetration.can be 60,000 
used to replace. A~S 

Sasme as AHS to 
E 6010 E 6010 

75,000 

For poor fit-up jobs. Poor fit work. 
Slag easily removed. Sheet metal Hork. 60,000 
Penetration moderately Fann machine 150000 good. Slow freezing repair. Auto repair. ' 
deposit. Low splatter. Vertical down welding 
;.felde easily. 

Elongation Amperag~ Range 
in 2 in. P.C Dia. Current 

J_, 1 45 - 65 
32 g 85 - 120 

5 
2_,~ 

110-120 

32 1 
120-210 

J_, l 40 - 80 
20 - 28 32 g 75 -130 

2-,, !; I .LJO -175 
2 '2 11 "\5 -250 

I 

l ' .1- 80 -130 
20 - 26 

~ 32 120 -180 

f6• ! 135 -250 
4 200 -300 

J_, 1 35 - 80 

20 - 24. 
j2 ~ 75 -125 
2..... ~ 110 -175 
32 135 - 25c 

-
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AWS Current Polarity Characteristics Practical Uses Ta.nsile Elongation Amperage Range 
Classification Straight in 2 in. P.C Dia. Current 

-

( Alternat- Smooth bead, Low Sheet-metal Weld- J_, ! 60,000 45 - 85 
E-6013 

A.C. ing Current,splatter. Arc stable ing. Metal fu~ 
to 20 - 25 32 8 65 -175 D.C. straight o~ :penetration moderate. nitures. Light 2_, 3 

Easy slag I"emoval plate welding 75,000 32 Tb 
110 -200 reverse 
135 - 225 . 

-t 

Deep penetration. Flat & horizon- 1 t ..L 90 - 150 
Altern.at- High current nece- tal welding. 60,000 S' 32 125 - 200 

E-6020 A.C. ing curren1 ssary. Smooth weld. Boiler work.Heavy- to 26 - 32 171) - 275 
3 1 D.C straight or 3asy slage remolval. fabrication. 75,000 Ib• 4 225 . 375 

reverse High rate of deposit ·Girder fabrication )OC - 450 

I h 
-· 

"' 
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Table - 2 

J.ia.terial 
Thickness 

(in.) 
. 

; ' 

h 0:0~6> 

1 0.063 
I6 

1 0.063 
I6 

L 0.094 
32 

L 0.094 
32 

l 0.125 
8 

1 
8 

0.125 

I 

9 

Type of' 
Tungsten 
Electrode 

Weld Diameter 
(in.) 

Sq.groove 1 
Tb 

Sq.groove L 
32 

Fillet L 
32 

Sq.groove .L 
32 

Fillet l_ 
32 

Sq.groove 1 
8 

... 
F'illet 1 .. 

8 

Gas 'l'ungsten - Arc (TIG) \folding Of 

Aluminium 

Fillet Shielding \lelding Travel 
I:ozzle size Number of 

Rod ID (in.) 
Gae Gurrent Passes speed 

dia. (in.) CFH A C - HF(A) (lPM) 

1 1 19 40 - 60 1 16 
Tb 4 

L ft 19 70 - 90 
-~ 

l ll 

32 - c... •... ·-

. . 
L ~ 15 70 - 9.0 i 9 
32 .·-:-· - :"'" 

.. 

- . 

3 1-6 
19 90 -110 1 11 

32 

.L 2- 16 95 -115 l 9 
32 16 

1 i 20 115 -135 1 11 
8 

1 3 19 120 -140 1 10 

8 8 



Contd. Table 2 

, 

I 

Material Type of 
Tungsten Fillet Shielding ilelding Travel 

Thickness Electrode Nozzle size Number of 

(in.) 
rtfo!d Diameter 

Rod ID (in.) 
Gas Current Passes 

speed 

(in.) dia. (in.) CFH A G - HF (.A.) (IPH) - __ 

h 0.187 Fillet 5- 2- t 25 180 ~200 1 10 

32 32 

~ 
0.187 Vee groove .'L 2- 1· 25 160 - 180 2 11 

32 32 q; 
- - - -

,_ 
M 

1 0.250 Fillet !6 L 1 30 230 - 250 1 10 

4 16 2 

1 0.250 Vee groove 2- .L ~ 
)0 200 - 220 2 9 

4 32 32 
-

~ 0.375 Fillet J_ L 1 35 250 - )10 2 - 3 

16 16 2 

i. 
' 
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Table - 3 Inches Per Pow1d Of Filler Or :ara.ze 

Electrode i·/ire 

Hire Diameter Metal or Alloy 
Flux-Cored 

Deoimal Fraction Aii:l.tftinium Bronze Bronze Copper Copper Ma..gnisium Nickel Steel. ~ Steel Steel 
inch inch Aluminium 10% Silicon (deox) Nickel Ilild Stainless Electrodes 

0.020 32,400 11,600 10,300 9,800 9,950 50,500 9,900 11,100 10,950 

0.025 22,300 ?,960 1,100 t:,750 6,820 34,700 6,820 7,680 7,550 

0.030 14,420 5,150 4,600 4,360 4,430 22,400 4,400 4,960 4,880 

0.035 10,600 3,780 3,380 3,200 3,260 16,500 3,240 3,650 3,590 

• 00 I 0.040 8,120 2,900 2,580 2,450 2,490 12,600 2,480 2,790 2,750 
M 

0.045 t4 6,410 2,290 2,040 1,940 1,970 9,990 1,960 2,210 2,170 2,375 

0.062 1 3,382 1,120 1,070 1,020 1,040 5,270 i,030 1,160 1,140 1,230 
i6 

0.078 2- 2,120 756 675 640 650 3,300 647 730 718 996 
64 

0.093 L 1,510 538 510 455 462 2,350 460 519 510 640 
32 

0.125 1 825 
~ 

295 263 249 253 1,280 252 284 279· 346 

0.156 2. 530 189 169 160 163 825 162 182 179 225 
32 

0.187 i6 377 134 120 114 116 587 115 130 127 

0.250 .! 206 74 66 62 64 320 63 71 70 
4 
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I fl\ACRlNZ SHOP 

1. Gap Bed Lathe 
2. Ge&red Head Lathe 
). Turret lnatrwnent Lathe 
4. Milling Machine 
5· Shaper 
6. Double Ended Grinder 
1· Power Hackaaw 
8. Surfaoe Plate 
9. Bench Drillin« Machine 

10. Pillar Drilling maohine 
11. iiorlt Bench 

t, roUNDRY SllOP 

l. Oil-fired turnao• 
2. Core Oven 
3. Randle with Shank• 
4. Grinding Machine 

ru. SHEET METAL & '.iELDINO SHOP 

l • :lhe et Shear 
2. Power Pre•• 
3. O:iygen & Aoot1len• Welding Set 
4. Eleotrlo Aro Welding Set 
5• PUrn&Oll 
6. Bending Machine 
1· Bardn••• Teeter 
8. Grinder 
9. Spot Welder 

: V. !OOLS & MATERIAL ATORI!: HOC* 

I. Di.'Slall & DRAWING OFFICE 

>1 I. MAllTL! twtllla S!x:TlON 

V 11. MAIHTDIANCE SECT101' 
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