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Transmittal

Adais Ababa
December, 1985

The Exacutive Secretary

Yinistry of Mines & Energy
Zthiopiar National Energy Commitiee
Gov't of Provisional Military of
Socialist Ethiopia

Addis - Ababa.

Attention: Dr. =znz. Ghebru Voldeziorgis

Dear 3Sir,

Ref.: Ethiopian National Energy Committee, Addis Ababa
UNIDO Ref. RP/RA7/85/627/11-52/32.1.1

1. I have the pleasure in submitting this report, It serves ihe purpose
of a terminal report of M. Sayeed.

2. 18 mentioned on the title pags of this report has not been &Slearad
with the UNIDO, which does not, therefore, necessarily share the

views presented.

3. I commend lementatidm of the suggestions made here-in for the
establishmen? of this impcrtant Developmental Steel Fabrications
Facilities (H!arkshop) - Cum = Training Ceantre.

)
Thanking you, 3
Yours truly,

(Hohammad Sayeed)
UNIDO CONSULTANT




Abstract

Sthiopian National Energy Committee — Addis Ababa = Kinistry of
Mines & Energy is located in Addis Ababa. It is to be equipped with a
varied assortment of machinmery and equipment such asi-

1, Machine Shop
2, Sheet Metal & Welding Shop
3. Foundry Shop
4. Engireering Design Office
5S¢ Mantle Manufacturing Unit.

A wide range -f products for panufacture has been identified through
conducting surveys and visits. An importaxt recommendation made includes
settling=up of the above mentioned engineering shops.

4 gogd workshop needs the support of the above mentioned 8shops fo;- ihe
effective and sucessful implementation of the varied engineering itea .
manufacturing programmes for energy sector development. ’

In view of the present limitation of energy sector, it is not
practical to introduce specialized engineering methods and pmqedures.

The chief objective of the mission was to identify the energy producing
equipment and tools, accessories including selection of machirnery, equipment ,
attachment, production tools, raw-materials for the establishment of workshop
and to ecommend improvement, where appropriate and to prepare outline plans
for further long term development. Recommendations has been made on the page
. # concerning the production of varied items and the list of machinery,
equipments, etc. for energy sector development and future UNIDO assistance.

Following are the total capital requirements for the facility:

.-

1. Machine}y and equipment Uss 64,127.00
2. Additional machinexry and equipment 24,088.00

Total Uss 88.215.00
3. Attachments, production tools. accessories. 30,563,353

instruments, raw materials, consumable
items, etc.

4, Shoys buildings 55,500.00C
5. Office furniture and equpment $,750.00
Grand Total US$180.C13.35
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I. Introduction

The energy sector (ENEC) is attached to the Ministry of lMines and
Znergy and engaged in tie supply of fuel for domestic and industrial
sectors through fabrication and manufacture of various types of domestic
stoves, biogas digester, charcoal kiln, briquetting plant, etc. at one of
the Fabrication Shops, Addis Ababa.

With a view to identify specific areas where assistance was needed,
the energy seotor (ENEC) recommended to make a study for establishment
Developmental Steel Fabrication Facilities (workshop) to achieve the
following objectives:

1., To identify equipment such as domestic stoves, charcocal kilns,
gasifirs, bio=gas digesters, bio-gas using appliances and gas
mantles which need to be developed (fabricated, tested, modified,
etc,) to facilitate wide~spread deplayment of bio=~fuel technology
in Ethiopia.

2. To investigate the potential for fabrication of items identified
in paragraph 1 in existing workshops and steel fabrication
facilities in Addis Ababa.

3. To identify tools, and equipment needed for the fabrication of
items jdentified in paragraph l. To detemmine any additional
tools and equipment needed for a bio=~fuel centre workshop facility;
e.g+» Walding equipment. gas cutting equipment, friction and cut=off
‘'saws, nand power tools (drills, grinders, etc.), hand tools.

4. To prepare a raquisition list of all items of equipment required
for the bio=fuel centre workshop fac.lity.

For the mamulacture of parts, components, attachments and production
tools such as dies moulds, jigs, fixtures, machine - attachment,

ana Wide range or part3, domestic stoves, bio=-gus digesters, char-
cosl kdilns, bio=gas using appliances, etc. The need for setting

up machine shop and Sheet Metal & Velding Shop recommended including
Foundr,f Engineering, Design Division anc Mantle Making Sectione

ees/7
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The main object of thi3 project to nodernize their production methods
and processes for turning out quality products and developing new and

existing items for fabrication and manufacture under the improvement programmes
to meet the accute shortage of domestic and industrial fuels in both rural

and urban areas in ESthiopiae

After the establishment of the above shops, the transfer of technology
will be easisr for assimilation at that time through training op~the=job
in the related fields.

Visits were made to various governmenf departments, agencies,
industrial enterprises and energy workshops to assess the existing
industrial potential and facilities in order to manu’acture the variety

of items (idemtified) for the energy sector.

Productivity

The setting up of Engineering Workshop and training on=the=Jjob

of the techaical persomnnel is expected to go along way towards improvement
of fabrication and manufacturing processes and cost reduction, products
develomment and improvement in the productivity.

II. Recommendation:-

A good workshop needs the support of a good machinshop including Sheet
Metal and Welding shop; Foundry shop together with a Design office to serve
the needs of the centre.

After having identified t.e new products, processes, equipment,
appliances, instruments and other accessories, efcC. Tha following divisions

to be established to cope with tke situations.

To asgist the Developmental sSteel Fabrication Facilities (worksnop) - Cum -
Training Centre, which is for fabrication and production of varieties of

(a) Establishment of Machine Shop ior praduction of tools such as
moulds, dies, jigs, fixtures, attachmenrt, spare parts used in the

:.,;/8




(b)

(c)

(d)
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mamufacture of different types of domestic cooking stoves, valves,
biogas using accessories and manmufacture of wide range items such
as stove = body, Air Regulator, Gas Injector = Cum - Cock, Fixing
Nut, Lamp Cock with handle, Hinge, Top Plate Reflector, Chimmey,

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

Training of skilled and new workers in the field of machine =
to0l enginsering.

Establishment of Sheet Metal and Welding shop for fabrication of

biogas digester, 3tructures, Domestic cooking stoves, Biogas water
heater, cocker's frames, cutiing of m.s. sheets to gizes, bending
sheets to size, Charcoal Kilm, Briquetting Plaut, wind-mills, etc.

Training of skilled and new workers for up=grading their skilis
and technical kmowledge in the field of welding technologye.

Setting up Foundry Shop for production of cast iren Biogas
cookers, water heater, stoves, Biogas using domestic appliances,
moulds and varieties of items and casting of gun—metal paris

including aluminium accessories etc.
Training of skilled and new workers in the retated fields.

Setting up of Ingineering Design Division for developing design,
and assist in design of moulds, dies, production tcols, such as
jigs, fixtures, spare parts including redesign of biogas-using
appliances, cooking and baking stoves, water heater, etc.

Training of designers and draughtsmen in the field of design
and draughting.
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Gantity

CAP Valus

in U3

10

Koo, kotar 0.5 kw EPX 2600
Capacity: Orinding Wheel &' dia

Sur ace Plate
Sine 3%=0"x2¢%0"

Total

1 unis

1 wmis

1 mit

I unit

1 unis

1 umd$

1,444400

61500

10,400,00

254519400

Lo




Qantity

™

Agcessories consisting of:

%&ﬁm—
sise of sheet bent {for steel)

with ultinate strength of 25 kg/sqemme),
wme thicinees 5, widtk 1500, minimum bend
Tadius, mse 150

Bending speed, n/uine 7

Rlectris Yotor and starters opsruted

a8 400/440 walts, ) phase, 50 cyules, A.C

Standxpd icosssoresse

1 it

1 unit

1 unis

[

1 unis

1 mit

1 mis

© 5400000

31500

938400

- 3931500

39225.,00

oeeld




Description of Eachinszy/Equipaexs

Gantity

12* wida, 9* high 18* long with
Now 2 oil burpar and fan blower
(41> pressure 16=18 Wel. coaplste
dth Thermo~oouple and pyTometer)e

838 of oil burnap

Sise of urmar c e v ww == Ho, 2

Cepagity per hour gallans « = = 1=6

Dise of oil connsstion inse == §

Diae of Ay comnection inse o = 2%

AlY pressure infe mww ww o« 16ul8 W.0e
Indicator An tioc Controll

Bange O=7007C

Complete with

High speed 3teel Medium cut

Botary Files (to be used £or smooth
machining of material such as: Cast

iron, stesl, bhrasses, ccpper and aluxinimm)e

Portable Eand Drilling Esohine

Alx Cowpressep

ALy cooled, two stage type JO
Campressor Driven by 400/440 Volts
3 phass, 50 cycle, mounted on a
24"x72" Horisontally iir,

1 unis

1 uni¢

1 mis

1 unit

37300

650,00

4,062,00

see/5




Descripticn of Yachinery/Equipment

Qandity

A

precxioate
CLY Valup

in U3$

Besistanos Jpot Weldex

Bating XVA
lu.omcim,ulduczsmm
Primary Voltage ¥, 220/380

“rixary currsnt Ae 115/66

Duty gyole, percent 20
Thiciness of low-carbon
Stnlmn.tebtuubd,‘

e Sominal 1l,5+1ed

Yaxisum 343

Welding current ie 8100
Ragulasing Rangs of open

Cirouit seccndary 1. &=3, &
701%.‘.,7. 1’7}3
Honinal Range open aircuit

Secondary Voltage Ve 3elimde3
mmzher of regulation reugus = 8
Electrode length, ma = 250
thmcll,ctdmmm
=@ 200-400 of horn opeming (clearmnce)
m 130 = 220 of electrods foxroe for
nomiral eloctrods length, kg 60-300
mmmwmmm
for nomical elactrods.

"Tetal

——

—

(€) Pounmdry Shop

le l-Ton capacity cupols wxith charging
platform, fire = brick lining, Llower
anlblmrm(thocupohunbo
designed and fabricated at the local
uoﬂlhom).

Oﬂrﬂr:'d arocibles Tilting Furnass,
ctpuiin 300 1ks Erass, 100 1bs

(mmmnnuduwa
samfactured st ane of the lecal
.m).

Core Oven

sise 0% high x 42" wvids x 42" deep,
suitable for working tespsrature

upte 400°C. (The eprsoven will be

hlisndududelt of the

workshap) e

1 unit

1 unit

1 unit

1l unis

2,812,00

59500400

938400

315400

---/6




Selige] Description of Machinary/Rquipment Quantity

‘4o Handle with abanks 100 1bs capacity
: (Hand Ladle will be designed and

fabricated st one of ike workshop,
Addis Ababa, 4 units

Grinding Machine Double Ended

( 10" d1a x 3=) 1 uwait

6« 1) Nonlding Box Big 50 pairs

11) Roulding Box Small 50 pairs
Total

(9) Eugineering Design & Drewing office fore
-hnhﬂMWGQBupnﬁuna
prodnotion toslings

= Reducing mmnufacturing costs by
redesign of production tools and
prsaision spare parts and components

= Training of deaigners and drmugktsw -
unﬁqumnmgﬁurhuhuob
skills to meet the requirements of the
catre

=« Jalaction and specifioation cf mmterials
for ecomomical and quality samufaoture
T

625,00

8,278,00 |

B i

630,00

[
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Additional List of Machinerv/Equipment

for Developmental Steel Fabrication
Facilities Workshop-cum-Training Centre

Universal grinding machine (for machine shop), 1 unit approx.

Specifications:

Distance between centres 1,000 mm
Swing 300 mm
Max. grinding diamecter 156 mm
Capacity steady rest 10-100 mm
Max. load between centres 125 kg
Total stroke of wheel head 255 mm
wheel (outside dia x width x 305x50x127 mm

inside dia)
Flectric arc welding set, 1 unit
(Plant motor generator for sheet metal and welding shop)
320 amp. AC/DC comnlete with accessories
Armature testing apparatus, 1 unit
(for Maintenance Department)

Specifications:

To detect the following faults:

- winding short circuits

- broken windings

~ fault connections of the winding
- winding earch faults

- electric supply at 200/220 volts, 60 cycles, 1 phase, A.C.

Open back irclinable power press, 1l unit
(for Sheet Metal and Welding Shop)
Capacity 70 tons

Elec. motor 4.5 kW 1,500 RPM

Open back inclinable power press, 1 unit
(for Sheet Metal and Welding Shop)
Capacity 100 tons

Flec. motor 12.75 kW 1,500 RPM

Sheet bending machine, 1 unit
Forming 90° shape {for Sheet Metal and Welding Shop)

Specifications:

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

Thickness 4 mm

Width 1,500 mm

Elec. motor, starter and control operated at 380 volts,
3 phase, 30 cycles, A.C.

Uss$ 5,000.00

Uss 938.00

Uss 450.00

Us$ 3,500.00

Uss 6,750.00

Uss 3,250.00




Universal tool and cutter zrinde-

(for Machine Shop)

Specifications:

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

1 unic

3, 5C0-6,000 RPM
320- 600 RPM
24"
24"
38"
g 1/4"
No 4 - Morse
9 1/4"

Total

Uss 4,200.00

pE——————

Us$24,088.00




(IX) Zes on of Production Tools and
iccassart es

1,

20
3.

4o

Tua Ups and three lips end mills,

sises= 4 mme, & may, 8 mm, 10 s, 12 om, 16
for milling sachins

Cutters of different sizes for zilling machina
Carbids tiped right band tumming tools and
boring tools for lathe

a) High spesd Tool Dits with 107 oocbalt
aizes & 8QaX 47 %"u-x 4"y $"8qexs”

P

b) Iligh speed Round § 10 mRex 4"

6 Sose

650,00

45000
120,00

-00/9




Description of

Quatity | CAF Valne
Productions Itexs in US$ »
Se Cautre Dril) 1,5 ta 2,5 ome 4 each 48400
6e Inwilute Spur Gaar Cutters - _
High speed steel 20° Pressure ingle
Staxdard Fors Noe of
Sige a Hole Catier
4 op - do = 1= 14
T2 -dp = 1iv ado=
8 op -dg - 1= X 4 Hos
9 P - do - P -do - in sach P
11 p ods e 1" -do e
i w - o = A -do &
16 P odg = 1= -inw
18 op -dn - 1 - do -
Total Xosy of Cutters 40 pleces 900,00
] Te Side axd Face Willing Cutters Righ
: apeed ateel
! .
! e, tn Width face Hols
inch in inch in toch
3 é' i» 4 each
3» A» i ..
4" in 1 "
4. %’ 1. »
i’ ‘ll iﬂ 1. -
Total Nos, of Cutters 20 pleces 500400
8« Eigh spesd Steal Ead Nills for Xay Slots
Cottor Dia Cubter Width Shank Dia O7SF 81l
in poe in m, in mn, in '
4 1 6 50 4 Yos, 150400
4 1.5 é 50 sach
Total 3,098,00




Dascription of Engipsaring

. Qmatity| &P Vulaa
Production Itens {n US3
(I11) Deseription of Eeswuring Instrumentsi
le Hadius Gaiges 1 to 7 ame 1 each 2500
T to0 15 e 1 sach 28,00
2+ Sarew Pitch Jauges, metric & inch 2 sach 3500
3¢ Inside Xicrooeter Zmuc ad justable) 1 eagh 55«00
4. Cutaide Nicromater (ietric adjustabls) 1 each £5e00
S5e Calipers €® « 22* (Inside) 3 Sose 15400
6e Surfroe Gonge 12" spindls 2 Fase 10,00
Te Stesl S 2 Bose 10.00
8¢ Calipers (Outsils) 6"x12® 3 Nose 15400
¢ DJividers 3" & &" J eash 2500
10 Depth Cauga 6% 2 Doge 3000
11, Karkéng Gauge G¥ 2 Lose 25400
12, Height Cauge 4CO mme 1 Moo 35«00
13, Xzifs =ge Try Squars 2% & 4" 2 each 20400
14. ug Mal Indiostor éo.o:.) 2 Nose 50600
b) Dial Indicator (0+002) 2 Yoss 55600
15, 3Ssval Protactor 1 Yoo 65600
156, Cutnide Nicremeter 2 Some 54400
(Corplote with linar Locking Device)
Fangs Neasuring Faces Rud.i.nc
Qe1l" Carhide 0,001
Total 607400
(1v) Yatertal ent od Haterials)

be lo Piglran =« 5 tons a125/-p¢rtm 625400
2 Eard Coke = 4 tons @ 50/m * . ® 200,00
3o Esfrectries (Fire-bricks) 24250400
Lo l. Cast Iron Srep 5ton @ 75/= per ton 375400
2¢ Lime~Stons 2 tons 9 204128 56425

3e Craphite, Pamtonits, Yolasses,
Linseed Cil, Klacking, etce 14500,00
4o Mreercd, Cil 24250400
5¢ Cousumahle stores liket ocotton weste, 2,175.00

alls, wires, Webar = Ludheie, 830 o
Ce Hon-Ferous Netsl

le Aluminium 264k3e © 351/= per kge 154,00
2+ Zins 30kge O 0,85 * 2550
3o Coppar %ge @ 82,00 * 50400
4e Tin Zge O $5.30 ™ 10,60




Description of Engineering
Produstion Itexs

Quantity

pproxizat
C&F Value
in US$

()

. Sascription of Cozsumable Items:

1. Studs, Bolts, lNuts, Washers, Pins, stce
2. Galvanised Stesl Pipes 3* dia
600me in length
3. Calvanised Stesl Pipes 1% dia
600m, in lsogth .
4o Calvanised Steel Pipes 3" dia
s m.tnlng;.hm
PoVaCe Pipes
600me 1

6o P.V.Ce Pipes %' dis
600m, length

Te #i1d Stesl Shests 1 mmex 2000 ma.x
1000 mme Te2 kg/8qede 100 pose = 1400kgBe
8, Hild Stesl Shests l¢5 mmex 2000 mmex
1000mme Sqeite 50 poSe = 1000kgme
Se Mild Steel Shests 2.5 mmex 200U miex
1000am, edkz/aqeme 130 pose p 4320kgn
10, Hild Steel Sheets 2.5 mae
2000mmex 1000mme 18.0kg/8qsme 100 pos, =
3600 kgme

250400
980400
1,502400
10422400

© 14400400

1,053400
4,0535,00

- 3,528.00

25951035

le Straight Cripling dheels
$LAx12220 sie boT®
(£ Tools & Cutter Grinding Nachine)

b) sn.n.nu«u-quv 6 aets

o) Dimond nsedle files set

il stores 2

4o
Se Files = 3 corneved, flat,

round and Lalf round 6 caah
Ge Tuist Dralls 1* to 1" 6 each
32

125,00

55000

675400
30454835




l.

2.

3.

4.

Participants in the study (reference list of
persons met in Addis Ababa and who participated
in the study)

Executives at the Energy Sector:-

1.01. Mr. Yaheya Mohammed
1,02, Mr. Tekola Shimelis
1,03, Mr. Siltan Abraha
1.04. Mr. Kidane Workneh
1,09 Mr. Afework Wegayehu
1.06. Mr. Abebe Ergete

Ministry of Mines & Inergy

ithiopian National Energy Committee (ENEC)

2,01, Dr. Eng., Ghebru Woldeghiorghis

2.02., Mr, Omar Mohammed

Un égenci es

3,01, lir. hichael Priestly

3,02, Mr, Kadress Vencatachellum

3,03 Mr, Mazhar Ali

Mechanical Engineer
Agricultural Engineer
Civil Zngineer

Chemist

Economist .
Assist. Agricultural Ing.

Executive Secretary

Senior Economist

R.R. UNDP Addis Abeba
Deputy Rep. of UNIDO
Assist. R.R. (Administration)

Division of Industrial Operations, UNIDO, Vienna

4,01, Mr, 4. Delos
4002. Mro R. Uillia.ms

Head of Engg. Inaustrial Section

Industrial Development Cfficer
and Substantive Officer.




Project

Post Title
Duration

Date required
Duty Station

Purrose of Project

Duties

Job Description For Technical Expert
(Production = Cum = Industrial Engineer)

In Socialist Government Of Ethiopia

Technical Expert in Production & Industrial Sngineering

11 months (possibility of extension)

October 1986

2]

Addis Ababa, with travel within the country

To assist the Ministry of Hines & Znergy (ENEC) of

Covernment of Socialist Ethiopia.

In establishment of various shops of Developmental
Steel Febrication Facilities (Viorkshop) = Cum -
Trainiag Centre, for manufacture and fabrication of
iifferent types of bio=gas coosing stoves, waterw
heater, charcoal kiln, bio=gas using zppliances and
accessories, bio—ga.s- digesters, eto. Training of

personnel in related fields.

In coordination with the Ethiopian National Energy
Committee, the expert will gpecifically bo expected to:

1. Prepare layout of various shops (Machine Shop,
Sheet Metal & Welding Shop, Foundry Shops including
Design & Yantle lfg. Section) as well as assistance
in installation and commissioning of machinery &

equipment for the shops proposed.

2, Assist in design, development, rectification, fabri-
cation of varieties of items used in bio=gas cquip=-
ment and accessories & other engineering items for

energy sector.




ualification

Language

Back=ground
Information

o

- 26 =

Jo Assist in the production of spares, accessories,

production tools, Jigs, fixtures, machine-aid, etc.

4. Impart training to engineers, technicians, super=
visory and technical persomnel of the INEC to keep
them abreast with the latest techniques of production.

S5« A4ssist in the areas of production processes, stan-
dardisation of operation, seleciion of materials,
processes, sequence of operations, time and 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 government for further action.

liechanical Zngineer with 15=20 years of practical and
relevant experiences in the fields of Machine :and Tools
Shop; Sheet letal & \elding & Foundry shop including
Industrial Engineering & Training.

English

To alleviate the current, accute shortage of domestic
fuel in both rural and urban areas in Zthiopia, The
Jthiopian National Znergy Committee (SNEC) is = .
o develop the country's bio=~fuel resource potential.

Areas of particular interest includes:=

= Anaerobic digestion of human, animal and food

processing waste (tiogas generation);

Gasification of wood and charcoal;

Improved domestic stoves;

Improved domestic water heater;

Charcoal production from agricultural wastes;

eee/3
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- Combustion of agricultural waste%;

- Briquetting of wooden/saw dust and other agricultural
vastes, etc. .

It is proposed that the Developmental Steel Fabrication

facilities (workshop) = Cum = Training Centre is to be

established under ZNZEC., Juch a centre would be composed

of facilities for machining, fabrications, casting, and

testing,

This projects would utilize the proposed centre for achieving the following

objectives:=
- Tabrication/modification of equipment, accessories, etc.

- Casting of domestic stoves, accessories, spare parts, components,
attachments, gas mantle parts such as body and related parts,

-~ Improving quality of products,

- Training of the personnel in the related fields.

The centre needs technical assistance in exscution of 1 'ndation made by
UNIDO Consultants towards imports of machinery, esquipmer .4 production tools,
etc. for the establishment cf Developmental Steel Fabrication Facilities
(Jorkshop) = Cum = Training Centre enabling it to fabricate and manufactures of
various items idenmtified, installation and commissioning of machinery and
equipment, training the peopde on the job and starting prod ction with improved
techniques,
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Training Abroad

The ENEC Management should deploy technical personnel for training
overseas and in-plant with the manufacturers and suppliers of equip-
ment. The training of supervisory and technical staff as well as new
workers should be carried out in some of the enginsering enterprises
at home as well as abroad prior to arrival of new machinery and
equipment at the centre, so as to enable them %o do the work and
handle tools, equipment, jigs, fextures, dies, etc. They should in

particular, receive training in the following fields:w

1. HMachine & Tool Shop

2, Sheet lietal and Welding Shop
3. Foundry Shop

4. Inspection & Guality Control

5., [Engineering Design & Drawing Office.




MANPOWER _REQUIREMENTS

Techniocal Nos. of Persons

Reqp_igd
1, Mechanical Engineer 1
(Machine Shop, Fourdry, Sheet
Metal & Welding Shop) -
Total 1
2,1 Asst. Mechanical Engineer 1
( - do = - do -
(Hachine Shop)
2.} Skilled workers 2
2,4 Semiw-skilled 1
2,5 Unskilled workers 2
Total T
3,1 Toreman 1
(Sheet Metal & Welding Shop)
342 Skilled workers 3
3.3 Semi skilled workers 2
3.4 Un=skilled workers 2
Total 8
41 §‘oreman 1
( Foundry Shop)
4,2 Moulder = Cum = Cupola Operator 1
4.3 Moulder (Skilled) 1
4e4 Moulder (Semi-skilled) 1
4.5 Un=skilled workers 4
otal 6
501 Maintenance Foreman 1
562 Skilled workers 2
5.3 Un-ekilled 1l
Se4 Electrician 1
Total 5
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MANPOWER _ REQUIREMENTS

Technioal

Designer
(Engineering Design Division')

Draughtsman
Tracer

Total

Mantle Making Machine Operator
" " " Asst. Operator

Total

Grand Total

Nos. of Persons
Required

32




Analysis Of Stee.s Used For Tools

Composition of Steels used for Tools:

(1)

(i1)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

Tungsten High
Speed Steel:

Carbon Tool
Steels

Carbon Die
Steel:s

0il Hardening
Non=deforming

Low=~Tungsten
Chrome-Vanadiums

Chrome=Vanadium
Steel:

Carbon Steel:

Carbon Die=
Block Steels:

‘ C 0.60 to 0075' M!l 0015 'GO 0040' P 0.03

S 0403, Si 0.15 to 0440, Cr 3.00 %0 4.0
Va 0,75 to 1.50, W 17.00 to 19.00

C 1.C0 to 1.10, Mn 0415 to 0435, P 0,025
S 0,025, Si 0435

C 0.80 to 0490, Mn Ge45, P 0.025, S 0.025

C 0.85 to 0495, Mn 1.05 to 1.25, P 0,025,
S 0,025, Si 0,20 to 0435, Cr 0.40 to 0.60,
Va 0425, W 0.40 to 0.60

C 1015 to 1025’ ¥n 0,20 to 0.35, P 0-025
S 064025, Si 0420 to 0635, Cr 0e35 to 0.50
Va 0415 to 0425, W 1,30 to 1.75

JPOrea s '\

C 0.15 to 0.25, Mn 0,50 ‘to 0.80, P 0.04,
S0.04, Si 0.10 to 0.20, Cr 0,80 to 1.10,
Va 0.15 to 0425

C 0450 to 0463, Un 0.60 to 0.90, P 0,04,
Si 0.15

C 0.55 to 0.65, Mn 0,50 to 0,70
P 0,04, S 0,04, Si 0,15 to 0,30

.2




(ix)

(x)

(=)

(xii)

(did)

(xiv)

Chrome Vanadium
Steel:

Low=Tungsten
Alloys

High~Carbon
High=Chromium:

Cobalt High
Speed Steel:

Chrome=
Vanadium:

Silicon=
lolydbenum
Steel:

C O. 5 to 0055’ Mn '050 to 0080,
P 0.04, S 0.04, Cr 0.80 to 1.10
Va Cel5 to 0,20

C 0,40 to 0450, Mn Q.15 to 0.35
P 0,025, S 0,025, Si 015 to 035
Cr 1.25 to 1.50, Va 0.15 to 0.25,
W 2,00 to 3,00

C 1.45 to 1.70, ln 0,20 to 0.40,
P 0,03, S 0,03, Si 0.20 to 0.40,
Cr 11.0 to 12.50, Va 0.15

Co 0.40 to 0460, Mo 0.70 to 1.00

C 0465 to 0.75, Mn 0.25 to 0.35

P 0,03, S 0,03, Si 0,20 to 0.40,
Cr 4.00 to 4.25, Va 090 to 1,10,
W 17,00 to 18,00, Co 4.50 to 5.00,
Yo, 0.40 to 0.50

C 0465 to 0475, Ma 0410 to 0430,
P 0,03, S 0,03, Si 0425 to 0435
Cr 0.70 to 0490, Va 0.15 to 0425

C 0.45 to 0.55, Mn 0430 to 0,50,
P 0,02, S 0,02, Si0.80 to 1,10,
Mn 0.40 to 0460




Table - 1

SPECIFICATIONS FOR ELECTRODES

AWS Tansile Elongation Amperagq[ﬁange
Classification| CWTFent| Polarity Characteristios Practical Uses gy .ight| in 2 in. P.C} Dia. |Current
‘ Build-up casting S % gs - 65
g 32 5 - 120
Some oxide precipita- repair used as 40,000 5 110-120
E-4510 D.C. Straight tion. Deposit sets filler rod, orna— { 5 lg 120-210
up high mental iron work | 55,800 32 1
Deep penetration metal |Heavy fabrication.| 60,000 3, é 40 - 80
freezes rapidly. Used Bridge-work. Pipe to 20 - 28 32 79 <130
E-6010 D.C. Reverse for vertical & over—head]| welding 75,000 S _y lg 1100 =175
| welding. Very verstile 22 1 '135 =250
B Alternat— » 1, 5
' . Deap penetration.can be , e 60,000 ’ 80 -130
B-6011 groe | ims currontluged to replace. Aws | ooome as AMS to 20-26 |3 32150 180
«C. reverse or £ 6010 y 1
! E 6010 75,000 = {135 =250
straight 1l 4 200 =300
For poor fit-up jobs. |Poor fit work. 1, 1 |35-80
Alternat~ |Slag easily removed. Sheet metal work. | 60,000 20 - 24 32 B 75 =125
. 26012 s.C. ing current} Penetration moderately |Farm machine 7§0000 ) 3., 13 110 -175
o D.C. Straighter | good. Slow freezing repair. Auto repair.,'-? 32 1 135 = 2%
' reverse deposit. Low splatter. | Vertical down welding
ilelds easily.
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High rate of deposit

Tansile Elongation Amperage Range .
AWS Current Polarity Characteristics Practical Uses Straight in 2 in. P.C Dia. Curren
Classification
S 1
! Alternat-— | Smooth bead, Low Sheet-metal Weld- 60,000 %é_, 3 22 :lgg
A.C. ing Currenth,splatter. Arc stable ix_1g. Metzi_l t£1‘;;u~- to 20 - 25 323 65115
6013 D.C. strajight or, venetration moderate. nitures. ig 75,000 2 35 110 200
reverse Easy slag removal plate welding
i 1 30 - 150
Deep penetration. Flat & horizon~ 60000 3 ’ ‘23 129 = 200
Alternat- High current nece- tal welding.q 1: 26 - 32 172 Z 375
A.C, ing current ssary. Smooth weld, Boiler work.,Heavy o 0 24 3 ’ 1 290 392
E-6020 D.C straight oy zasy slage remolval. fabrication.. 75,00 18 7 52235
) reverse -Girder fabrication %g
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Zlectrode Speaificaticnss~ The accomparying table «= 1 gives aspeaifice-
tions for various electrodes, The classification for mild stesl electrodas
is used, In this system the latter E aignifies elictrode and the firss

. two munbers following the letter the tansile straight.

The current ranges are approximats and cover a wids field for each
type of electrodss This range is necessary becsuss of the different
walding procedures ssployed by dirferent cperators, the candition of ths
walding equipment, the thiokness of the i mstal 10 be waldsd und the
canditions under which the welding is being donee

Ths tenslle straight of a stasl bar ia its resistance to being
pulled spars if the pull is aprdied to each end of the bare It is usually
dasignated in pounds psr square inch of the crossesection of ths bare
Zlongution is the elastic lizite When the alastic linit has been passed,
a bar wtll brecke The ductility of & metal is that property whick
pernits it o stretch or band,

Surre £ Toquiresentss~ It i3 ixpossible to give B3act: formulas for
determining the amount of current nscsssary for a particular salde Thare
ars many variables in this probles, but experiesce uill enable you to
develope the knowledge required to aske the proper dscisicose

To ths mumber of pounds of usefully deposited metal per hour
should be added 25 per cant to cover splatter loss and the porticn of
the alectrode hald in the electreds holder which is nooessarily throun

PY-T




Table - 2

Gas Tungsten — Arc (TIG) Welding Of

Aluminium

[ liaterial Tungsten \ s .
Thi ckness Type of Electrode Fillet Kozzle size | Snielding lielding Number of | _ravel
(in.) Held Diamet Rod D (in.) Gas . Current Pasces speed
Aine : E(";n ‘)’r dia. (in.) * CFH A C - HR(A) @ (1PH)
%_ 0.046 | Sq.groove 1 1 1 19 40 - 60 1 16
3 16 16 4
!
Nej
= 1 0.063 | Sq.groove 3 3 . 19 70-90 |, 1 11
! 18 32 32 i R
1 0.063 | Fillet 3 3 15 70 - 90 i 9
16 32 32 1% R )
3 0.094}§ Sq.groove 3. 3 5’3 19 90 -110 1 11
32 ‘ 32 32 1
. 3 0.094] Fillet 3 3 5_ 16 95 -115 1 9
% 32 32 32 16
% 0.125] Sq.groove % % % 20 115 135 1 11
1 0.125| Fillet 1 1 3 19 120 -140 1 10
8 8 8 8




Contd., Table 2

Material
Thickness

(in.)

Type of.

el

Tungsten
Electrode

Diameter

(in.)

Fillet
Rod
dia. (in.)

Nozzle size
1D (in.)

Shielding
Gas

CFH

ilelding
Current
A C - HF (A)

Number of
Passes

Travel
speod

(IpN) - -




Table - 3 Inches Per Found Of Filler Or Braze

Electrode ilire

\lire Diameter Metal or Alloy Flux—Cored
Tl Tractlon tumfnum ) MOTER |  Erieen (arbe} ever Wesmisium Nickel reel ] Steel o steet
0.020 32,400 11,600 10,300 9,800 9,950 50,500 9,900 11,100 10,950 -
0.025 22,300 7,960 7,100 £,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 -
L 0.035 10,600 3,780 3,380 3,200 3,260 16,500 3,240 3,650 3,590 -
: % 0.040 8,120 2,900 2,580 2,450 2,490 12,600 2,480 2,790 2,750 -
. 0.045 %4 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 1,030 1,160 1,140 1,230
0.078 ;i 2,120 156 675 640 650 3,300 647 730 718 996
0.093 _?_f 1,510 538 510 455 462 2,350 460 519 510 640
0.125 32 825 295 263 249 253 1,280 252 284 279- 346
0.156 g_ 530 189 . 169 160 163 825 162 182 179 225
0.187 %; 377 134 120 114 116 587 115 130 127 -
0.250 % 206 14 66 62 64 320 63 T 70 -
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] MACHINE SHOP

1. Cap Bed lathe } : +
2. Geared Head Lathe ?
3. Turret Instrument Lathe ’
4. ¥illing Machine . . ' ! ' i ) , e - .
Se Shmpe'z,'8 - ‘ . : = : Ere=as I = ; I ﬁf‘flr—l‘j# TAL - L
6. Double Ended Grinder ! ' B PR
y 7. Power Hacksaw
« Surface Plate
9, Bench Drilling Machine
10, Pillar Drilling machine
11, +dork Bench

+ ' . )
& paf| 1o @15 10 04¢

4 { [:::] >
v b} ) - )
nso '0.66' rrel  g40 15O 240 140 { 3 [ : L
o ¥ r
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" 1, FOUNDRY SHOP

a0l

1. Oil-fired furnace
2. Core Oven

3. Handle with Shanks
4. Orinding Machine

11l SHEET METAL & YELDING SHOP

1. Shest Shear

2. Power Prsss

3. Oxygen & Acctylens Welding Set
4. FElsotrio Aro Welding Set

5. Purnsocs

6., Bending Machine

7. Hardnsas Tester

8. Garinder

9. Spot Welder

V. TOOLS & MATERIAL STORE ROOM

7. DiSICN & DRAWING OFFICE

v 7. MANTLE MAKING SECTION

vir. MAINTENANCE SECTION =

AR —

MBINTENANCE
S£c srON
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