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DESIGN OF MACHINE-TOOL PLANTS FOR DEVELOPING COUNTRIES 

G. M Sakharov, Stale Institute for the Design of Machine Tool Plants, Moscow. Inion of Soviet Socialist RepuMics 

KlKHDI (   MOS 

I his report is aImui the dc vn of machine-tool pi,mis 
tor developing countries org;> uzing national cnyinccrni^ 
industries. \ xampk's arc given of projects am) thor basic 
characteristics and structural principles; specialization 

and co-operative tics, goods produced; siruclure ol 

workshop« and scr\ ices; equipment : labour, architecture 
and layout 

The report utilizes materials liom projects undertaken 
by (iiprosianok in accordance with foreign orders. 

Based on the practical expérience in designing machine 

works lor a number ol developing countries enjoying 
Soviet technical aid. let us discuss some basic information 
and design solutions lor a similar machine plant. 

M ACHIM-. PI ANT 

The plant is designed for a multi-purpose enterprise. It 
incorporates a machine assembly shop, a foundry to 
produce iron and steel castings a forging welding shop 
to produce forged parts and welded structures, and space 
for auxiliary and administrative services. 

If the country plans to build a central foundry, the 
plant may be supplied with castings on a co-operative 
basis. This method also may be applied to forged 
articles and press work; in this case, the structure of the 
plant should be modified. 

The plant also is expected to produce spare parts to 

foreign order, to make .wu\ restoie welded structures 
and to overhaul and restore some machinery and 
equipment 

I he rated powei consumption amounts io 7,tXH> 
kilowatts. 

Water consumption in piodtiction pio».esses equals 
fifty-live cubic metres an houi 

ligures I and 2 depict the plant's aichiieclural ami 
structural selling, and the macinile asscmhlv building 
plans. The buildings ni the works aie simple and all 
production buildings have the same span ol IH (I metres 
and only two heights, which allow extensive standardiza- 
tion of structural elements Basically, the siiuclures in- 
clude lerro-concrete sectional or monolith columns and 
metal girders with sheet aluminium or asbestos-cement 
rooting. 

I he plans for other major buildings, as well as the 
adminístrame buildings, are represented in oilier 
figures 

Transportation inside the buildings is provided by 
overhead travelling cranes; motor iranspoii and electric 
cars provide lor inlershop transportation. 

The foundry has modern equipment, including that for 
cleaning castings (grit machines, mechanized shake-out 
grilles, hydro-chambers) and mechanized systems of 

supply and preparation of holding ami core sand. 

Table I 

PLANT'S YEARLY ot ICI 

4riii te 

Spare paru from other 
enterprises to orders       
including 
(a) Heavy parts     
th) Medium and small housings and flat parts .. 
(r) Shahs and bushings  
Ut) (iears      
If) Standard small parts        

Overhaul ind restoration of some machinery 
and equipment     

Production and restoration of welded metal 
structures      

Castings not processed mechanically. 
lo external orders: 
<<tl Iron castings  
(b) Steel castings     

Total 

185 

W Vf y Ai in toti\, 
yi'uríy output 

1,500 

\oH'\ 

650 
350 
100 
170 
30 

Up to five tons 

700 Up to ten tons 

1,000 Up to five tons 

900 
1.225 

Maximum weight three tons 
Maximum weigh! 2.5 tons 

5,325 
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MA« HINI-ÎOOI. PLANI S 

While working out the nomenclature of machine tools 

T* "äÄÄsriSi« ,...i i  
ljr:,:Í:n!l-r•p,,;c,,1,.,, and ,,pr,gh, *,,,,„, 
machines. 

new  models.  The project of •^^/^_ 
dcxeloning countr.es envisages three types ot mach ne 
t, nn ducing en.crpnses, different in volume ol output 

id nómcnclau.rc of production, but sim,lar structurally 
'I ,n .heir co-opera.ivc .,s and spcuah/atioi, 

„„  .\ plant to produce 400 machine tools ol one ol the 
,-.,      idopted models, w.ili lour possible programme, 
'  1 t Hani .o produce WX> machine tools ot «*o ol the 

adopted models, vviih t*o ^¡^.r^r^íhe four 
(«•) A plant to produce I.MX) machine tools ol the lour 

adopted models. 

Tabic 2 
COMPOSHON, R<K>M ARIA, KJIIHMINI 

AND PIRSONNft   Ol   liti   PIANI 

Hour 

Foundry      Foundry shop: iron tons; 
building       castings. 2.400 ions; steel 

castings. 2.000 ions; non- 
ferrous ..asüngs, 50 Ions ..     6.5IZ 

Forging-      forge shop. 
welding        255 tons  
building    Metal structures shop; 

1.050 tons        '•'"" 
Blanks section of machine 

shop      *2 
Woodworking shop      °*| 
Storage  ,-412 

Machine      Machine assembling shop: 
assembly      2.2(H) tons  «-^ 
building    Heat ircaimcni shop: 

332tons   *£ 
1 lectroplaling workshop .... -*•* 
I lectric equipment 

repair shop   «-J 
Tool loom  TJ 
Storage    

Total   18,752 
Adminis-      Managerial, services and 

trative laboratories      v" 
building 

Auxiliary 

Personne 

Tomi Workers 

To work oui the nomenclature ot "•hl• »^ u> £ 
included in the programme ot the designed plant, the 
ffofthose produced in the Soviet Union's machinal 
enterprises was studied to choose those most w d 1 y 
aopíed because oi dimensional characteristics and the 
Sern standard of technology. As a result, the ollowmg 
S types have been chosen: Screw-cu.nng lathe, mod 1 
1A616: Shaper. model 7B35; Cutter, model 6H80. 
Upright drilling machine, model -111- . 

Mention of «hese machine tools by no me ms res nets 
the range of machine tools to be produced bv such plants. 

When the Plant , onerali«, other machine-too 
models might be produced with.n the limits ol rated 
Sand precision charactcrisl.es. which will involve 
T2e additions to the standard stock oi' machine-making 
sh ps and some médication in the amount ot mach ne 
oTpr.Hluced. dependntp on the labour needed lor the 

16 26 198 178 

4 2 13 11 

24 S 52 47 

4 
13 

2 
to 

4 
42 
4 

4 
37 
3 

111 14 310 281 

10 
30 

18 18 
13 

14 
12 

13 
34 

5 
9 

31 
73 
7 

2« 
65 
5 

— — 765 683 

— — 80 

The plants are designed as machine ^^enter- 
prises characterized by extensive  «>^•'f ** 
assumed that all the necessary blanks (castings, torgeo 
CT press work, welded assemblies) are supplied from 
X'Sona. enterprises. Such enterprises may ,ncJjd. 
the •ibove-mentioned mechanical works or other enter 
Pr ses Td   eloping mechanical engineering mdustnes 
S     peciali/e in   rodueing semi-manu.actured good. 

Prior  to establishment  of such  enterprises  in  the 
developing country, all complete parts (electru: moU s, 
electric equipment, bearings, pumps, hydraulic »nMj 

should ¿ supplied from the --^^nt 
machine tools are to be produced by thef^. 

The plants incorporate: the mechanical, assembly and 
he it   .    tment shops, tools and repair rooms, necessary 
Sorat^ including a technology »"»oratoriain ing 

and electroplating workshops, compressor room, trans 
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Table 3 

PLANT KOR 400 MACUINF TOOLS YI ARLY 

Yearly programme 

Hi'tühí tu /«i«.» 

»f«/.7 /V... i t nil 

Variant I 
Sere»-cutting lathe  IA6I6 400 IS 

(diameter 
320     7IOmm> 

Spare parts and accessories  

Total 40» 

Variant 2 
Shaper    7B35 400 I.N 

(length 
of ram stroke 

500 mm» 
Spare parts and accesorio  

Total 400 

Variant 3 
Horizontal milling machine    6BN0 400 1.2 

(labte 
2«)     800 mm) 

Spare parts anil accessories  

Total 

Variant 4 
Upright drilling machine  2HI25 400 0,87 

(diameter 25 mm) 
Spare parts and accessories  

Total 
Number of shifts: two 

( 'imposition, room aita, cquipmiiil ami pvr\t>nml ol plant 

Ittmpmt'ttt, 
floor !"•'• \ 

Shtv\ antt \rrvkes IM/,ml Haut 4tmltar\ 

Machine department     1.940              50              11 
Assembly department     1.300                                IN 
Painting, packing and store of 

finished products     650                                 5 
Heat treatment room with 

electroplating       330              20              25 
Tool and machine repair room    430              10               N 
Laboratories    250 
Storage facilities      H70 
Compressor room  220                2 
Transformer substation and telephone 

exchange    110               2             — 

Total    6.100 84 67 
Management, ofliees, canteen, 

welfare, etc      1.530 

Power 

The rated consumer motor power amounts to 2,200 kilowatt!. 

Water consumption in production processes equals 7 m'/hr. 

600 

3 

ot>3 

721) 

3 

723 

4S0 

4*"» 

34» 

2 

ISO 

/ Yruawr/ 

/nil»/ U.„k,, 

105 n 
70 5^ 

10 

10 8 
25 20 

4 1 
4 3 
4 3 

K 6 

240 100 

25 J 
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former substations, storage facilities to keep complete 
parts, blanks, and finished poods, and ali necessary 
administrative, welfare and engtneeri ig service areas. 

The plants are planned within one technological 
building to include all production and auxiliary services, 
and only the largest ol them has administrative, welfare 
and engineering services areas removed to a separate 
block connected with the main technological building by 
covered passages 

As far as the architecture and setting up are concerned, 
the buildings of the three plants are identical, with parallel 
bays eighteen metres wide and eight metres high from the 
base of the truss, fiaeh bay has an overhead travelling 
crane and crane beam capable of carrying live tons. The 
structural design includes sectional or monolith ferro- 
concrete columns and metal roof trusses. 

Tables 3-5 give basic information on the varieties of 
machine-tool plants. 

Table 4 

PLANT FOR 800 MACTUNF. T<X>LS YFARLY 

Yearly programme 

Item Model 

Weight in tons 

Vnit Yeorlv 

Variant I 
Sere» tinting Lithe  1A6I6 400 1.5 tOO 

(diameter 
320     710 mm) 

Upright drilling machine  2HI25 400 0.87 348 
(diameter 25 mm) 

Spure parts and accessories    __ _S_ 
Total 800 953 

Variant 2 
Shapcr    7B35 400 1.8 720 

(length of ram 
stroke 500 mm) 

Horizontal milling machine    6H80 400 1.2 4S0 
(table 

230     800 mm) 
Spore parts and accessories     5 

Total 800 1,205 
Number of shifts: «wo 

Composition, rmtm area, equipment und personnel at plant 

Snaps ami\eri/Vi 
I»; m I 

Machine department     3.240            101 
Assembly department     1,510 
Painting, packing and store of finished 

producís     KM) 
Heal treatment room with 

electroplating       540              20 
Toolroom       MO               18 
Machine repan mom  f>5;>              15 
Laboratories    510 
Storage facilities      I,WW 
Compressili room  220                2 
Transformer substation and telephone 

exchange     110                3 

Total   HUMO 159 
Management, olfecs. canteen, 

welfare, etc      IMO 

Power 

The rated power consumption amounts ¡o 3.41W kilowatts. 

Water consumption in production processes equals 10 m1 hr. 

equipment. 
Prrtomel 

Auxiliary Total           Worktn 

16 218            193 
33 159            145 

16 IS 

25 12 10 
8 29 25 

11 34 30 
— 7 2 
— 7 5 
— 4 3 

— 8 6 

00 494 434 

38 3 
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Table 5 

PLANT LOR 1.600 MACHINE TOOLS YEARLY 

I <'¿.T/V pmvr^riwtf. 

'""' »'-./,/ ,,„,,, ,,;„ 

Screw-cutting lathe  IA6I6 400 1.5 
(diameter 

.120     710 mm» 
Shaper     7B35 4<xi |-(l 

(length of ram 
stroke 5(M) mm) 

Horizontal milling machine    6H80 400 |.i 
(table 

2(X)     SIM) mm) 
Upright drilling machine  2HI25 400 0.87 

(diameter 25 mm) 
Spare part-, and accessories to 

machines    

Total I,MX) 
Number of shifts: two 

Composition, room area, equipment and personnel at plunt 

M 1 mhi in /<* 

),.irl, 

MIO 

72ÍI 

480 

MS 

10 

2.158 

Shopt ami si'rvkv 

Hair 

isam. ) 

tquipmetu 

BUM Auxiliary Total H'nr/ti-n 

Machine department   6,480            175 
Assembly department     2.810 
Painting, packing and store of 

finished producís    1,080 
Heat treatment room with 

electroplating      650             25 
Tool room      860              25 
Machine repair room  860               18 
Laboratories    660 
Storage facilities      2.380 
Compressor room      430                2 
Transformer substation and 

telephone exchange    220                4 

Total   16,430 249 
Management, oflices, canteen, 

welfare, etc      3,450 — 

Amer 
The rated power consumption amounts to 5,000 kilowatts. 
Water consumption in production processes equals 15 m-* hr. 

19 
44 

10 

385 
269 

25 

346 
250 

23 

32 16 15 
»0 35 31 
12 44 40 
__ 10 3 
— 9 7 
— 5 4 

— 8 6 

27 »06 725 

— 52 8 

hot NDRY 

A foundry is necessary for a developing country to 
produce metal-processing machine tools and other 
products of machine-huilding industries. 

The modern principle ol' specialization and co- 
operation of mechanical engineering enterprises, includ- 
ing machine-tool plants, predetermines the economic 
efficiency of producing blanks, and castings in particular, 
at specialized foundries or in founding shops designed to 
meet the needs ol a number of ma' hine-building enter- 
prises. Thus, it is hardly reasonable 10 organize foundry 
production in developing countries by setting up smail 
founding shops designed only to meet the needs of the 
plant on (he premises, although there are exceptions to 
the rule. 

Following are projects of a specialized founding shop 

for an output of 15,000 ions of iron castings a year, 
which can be sell-supporting as a small foundry if a 
models shop, storage facilities for models, compressor 
room, Iransformer subsiation and administrative and 
welfare services are added. I he shop is designed to 
supply machine-building enterprises, including machine- 
tool plants, with shape c.islings. Production is organized 
in large or small scries with c.islings distributed bv weight 
as shown in table f». 

The founding shop is an I.-shaped, one-siorey building 
with co-perpendicular spans twenly-lotii metres wide 
provided With overhead travelling cranes with a load- 
lifting capacity ol twenty tons 

Mechanization of production and transportation is 
envisaged: a mechanized store ol furnace load as well 
as mcchanizetl supply of charge mio the cupola, pre- 
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Table 6 

Dp to 5 kg  1,250 tons 
5 20 kg  2.750 tons 
100 200 kt!  1.«XI tons 
200 5<X) kg  -M*«» '^ 
5(X) l.(XX) kg  2.600 tons 
1,000 2.<XXtkg  l.7(X)lons 
2.000 S.tXX) kg  1.300 l"ns 

Mavimun  weight of tasting. 5.<XX) kg. 
Maximum si/e of casting: 4.7      1.6 1.(1 m 
Number of shifts: two. 

Composition, room una. equipment ami personnel al plani 

Shop- «,,,/MM»,-, '„',,„ V,:,,, r.rumml 
|,i(.»i.l /'«I«' M'urArrl 

Pounding shop  11.420 40            421 369 
Repair room  «0 3              lft l4 

Laboratories    70 4 
Storage facilities    .. 4.130 5 5 

Total 15.700 43             446 398 

Power 

The rated power consumption amounts to 5.330 kilowats. 
Water consumption in production processes equals 50 m-' hi. 

parution and supply oí moulding and core mixtures, 
.shaking-out. cleaning and prime coating oí castings. 

Pouring and assembly oí small and heavy castings are 
to be effected on conveyor lines, and removal oí cores in 
hydro-chambers. The mechanical shop is up to all 
modern standards. 

The buildings arc planned to be made oí monolith 
ferroconcrete. 

The establishment oí such a specialized founding shop 
should precede building of customer enterprises: machine- 
tool plants and other machine-building enterprises. 

Tool   I ACH1KY 

Though the problems oí designing tool factories for 
developing countries are in no way the theme of the 
present report, it seems useful to cite briefly some in- 
formation on a project oi a tool faeton. designed tor 
developing countries, which is to meet the needs ol 
machine-building industries. 

The factory is a complex enterprise intended to produce 
cutting tools. 

The factory is to make the basic types of cutting tools: 
normal cutting tools, drills, reamers, taps, threading dies, 
cutters, hacksaw hands and small quantities oí other 
tools in small series. 

The main technological and auxiliary shops are located 
in separate buildings. 

The factory buildings are simple and composed of 
parallel spans eighteen metres wide and seven metres 
high provided with suspended travelling cranes wherever 
necessary. 

TliUNK  VI    AM)  It OSOMK    ( HAKAC 11 RISIK S 

ORt.AV/AIION Ol   IMSKiN AND PRODI «HON 

Some of the following technical and economic charac- 
teristics are entirely tentative, as well as indices concern- 
ing machine-tool plants, since in developing countries 
labour costs, the costs oí' power, local materials and 
manufactured and semi-manufactured goods vary widely. 

(,. \l. Sakharov 

Similarly different are the norms oí depreciation, 
overhead expenses, and the costs of storage, transporta- 
tion and procurement. Plant and shop < xpenses are also 
different. 

Wide variations can be observed in the cost ol building 
and mounting a plant in these countries, as well as in the 
prices oí purchased goods and equipment to be installed, 
depending on where  these goods and  equipment   are 
bought. 

Since the above factors making up Ihe prime cost ol 
produced goods and determining capital uncsimcpt in 
plant construction vary to a great extent, these two 
technical and econ nnc indices can also vary substan- 
tially, depending on the specific conditions existing in the 
developing country in which the plant is being built. 

Therefore, to obtain objective technical and economic 
indices of the designed plant, the economic part oí the 
project must he formulated in view oí the specific con- 
ditions of the developing country undertaking construc- 
tion of the plant. 

To obtain preliminary estimates of the basic technical 
and economic indices and projects suggested, rough 
calculations were carried out on the basis of the average 
values of critical cast factors, in dollars, for the toolroom 
lathe, model I AM 6. produced al a plant designed for 
4(X) machines of this model yearly. 

As a result, the prime cost o\' the lathe at this plant 
was estimated at S2.9KO. including 40 per cent for 
materials, semi-manufactured goods and purchased 
articles. 55 per cent in shop and over-all plant expenses 
and basic wages o( the workers engaged in production 
and 5 per cent in overhead expenses outside the plant. 

Rot'gh  estimates  were  also  performed   ¡o calculate 
tentatively capital investment, in dollars, necessary to 
build the three types of machine-tool plants   fhis invest- 
ment is: 

Plant to produce 4(X) machines yearly. 52.9(X) thousand. 
including: equipment, SI .9(X) thousand, or 65 per cent ; 

Plant to produce H(X) machines yearly. $4.S(K) thousand, 
including: equipment. 53.2(H) thousand, or d7 per cent: 

Plant to produce I,MX) machines yearly. S7.MX) thousand. 
including: equipment. 55.4(X) thousand, or 69 per cent. 

Since the economic effectiveness oí building powerful 
machine-tool plants is self-evident, two or more deve- 
loping countries may co-operate in establishing a 
comparatively large enterprise under certain conditions. 

Design of machine-tool plants for developing countries 
is lo be first organized by formulating the basic technical 
and economic estimate containing an analysis of the need 
for the machines to be produced in view of the country's 
development targets and export possibilities, followed by 
preparation oí the design programme, collection of initial 
data and selection of the site for the project, accompanied 
with the technical and economic estimates of the possible 
locations for the enterprise. This work is, as a rule, 
performed by agencies oí the developing country, 
assisted by competent advisers from the country under- 
taking the general plant design. 

It is desirable, when designing a plant, to attract 
national engineers, especially to design external com- 
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Tabic 7 

FACTORY YFARLY PROGRAMMI-' 

> - tirh protintntnn . H in-ht in 
Itrm ,S¡r*- m mm ¡um y t<>n\ 

Cutting tools       «UMM) 205.7 
Drills    Diameter 0 5 50 338.000 47.24 
Reamers Diameter 3  100 84,000 16.03 
Counterhores Diameter 10  I(K)                 25.000 12.*» 
Cutters, all types       70.000 (4.85 
Taps Diameter 2 52 239,000 34.23 
Threading tlies    Diameter 3 52 145.000 13.6 
Toothing tools                                                    3.500 30.55 
Hacksaw bands  640.(XX) 22.4 
Knives, spare                                            51.000 sets 39.46 

552,(HX) knives 
Other tools      33.0 

Total 520.0 

Composition, room urea, equipment, ami personnel at factory 

Equipment, 
Building Sfrv'iti\ titter pitcci Prrsimnel 

(stf.m.) Ai.wc Auxiiiury Total H'nrkrn 

Main         Machine shop  2.630 I .><)             13 255 220 
building Heat treatment shop 

with electroplating  760 43              55 55 42 
Dispatch oltice and 

packing department  220 2 8 6 
Technology laboratory     220 7             — 5 2 
I mulsion room  110 •—                 5 2 2 
Store of linished products .... • 30 —               — 2 I 
Repair department  oO 4            — 9 8 
Transformer substation  110 — 3 2 

Total    4,540 339 283 

Auxiliary    Forge-weUing shop     330 7               6              21 17 
shops      Blanks section of 
building     machine shop   220 20              2             30 28 

Tool room  540 30              10              55 47 
Machine repair shop 

with workshops   640 26              14              56 48 
Metal store  540 3                4 4 
General materials store  330 5                3 3 
General tool store   110 -                  2 I 
Compressor room    220 2            —                  4 3 
Transformer substation  110 4            —                  . 2 

Total    4,040 17f 153 

Store Store of oil and 
building     lubricants             430 — 4 I I 

Adminis-   Central and test 
trative        laboratories, offices, 
building     canteen, welfare   — -~ 51 8 

Power 

The rated power consumption amounts to 4,000 kilowatts. 

Water consumption in production processes equals 12 m-' hr. 
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municaiions and facilities, water supply systems, signal 
communication, access roads, sewage, and power supply 
systems as well as for elaborating shop drawings. 

This gives a strong impetus to design work, enables 
more adequate utilization of local resources and materials 
and, most essential, makes it possible to train skilled 
national specialists (designers) within short periods. 

If a favourable situation is available, maximum use 

should be made of the developing country's national 
enterprises and shops of a mechanical specialization to 
produce relatively simple metal structures, some unique 
equipment and other articles uneconomical to import. 
The manufacture of ihe above items in accordance with 
the drawings of the general designer and under the super- 
vision of his instructors will make it possible to enhance 
the construction of the plant, train skilled workers and 
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save currency. Systematic supersisior. by specialists trom 
the country carrying out general design work and 
supplying the equipment is essential in securing good 
quality of work and compliance with the project. 

The period withm winch a ••'Lini becomes fully opera- 
tional in a developing countrv depends on timely training 
of specialists and workers for Us operation, which can be 
carried out cithei in the country ol the general contractor 
or in the developing connus with the assistance ot 
instructors,   provided  adequate o adi'ions  prevail 

Of great importance also is timeliness of design work 
and mantilacture of technological rigging (special 
appliances and tools) and working out of the operational 
technology to provide for the needs <^' production 
processes without  vhich   manufacture  is  impossible. 

It tak-s considerable time to manufacture the rigging 
for a machine-tool plant. 

As an illustration, putting the tool room, model 
IA62. into production involved about 1.2(H) special 
appliances, tools and dies al a cosi ol $350.000. 

Training of personnel and preparatory technological 
work necessary to start manufacture should be carried 
out while the plant is still being built, so that these 
problems may have been mainly solved by the time the 
plant is started. 

It is desirable, during the initial period of operation of 
the plant, to purchase in the general contractor's country 
some do/en sets of machine castings, particularly basic 
and frame types, to use in training personnel under the 
guidance of skilled instructors and for assembling the 
first machines. 

COM t ISIONS 

1. [Designing of machine-tool plants for developing 
countries is not a problem by itself but is to be solved in 
co-ordination with promoting mechanical engineering in 
these countries. 

2. It is reasonable, during the initial phases of develop- 
ing machine building m developing countries, to set up 
a small multipurpose complex tvpe machine plant 
designed  for  maintenance,  repair  and  restoration  of 

G. M. Sakharm 

equipment, manufacture of spare parts, simple machinery 
and welded metal structures to meet the needs of industry 
transport and agriculture. This works will serve as a 
training centre for personnel and the basis lor huilier 
expansion of specialized mechanical engineering including 
machine-too! production. 

3. Machine- ool plants should be designed to produce 
a limited number ol multi-purpose tool models which can 
lind wide application in the various branches of industry 
and become items of export. Projects must provide lor 
replacing the models villi new ones, within the limits 
of rated weight and preci'ion characteristics 

4 Machine-tool plants should be designed as mechani- 
cal assembly entcpnses with extensive co-operation m 
the supply ^ semi-manufactures, such as castings, 
forged pieces and stampings, parts, purchased articles, 
standards and normal tools. 

s. Modern principles of specialization and co- 
operation demand that developing countries set up 
economically elicciive specialized plants or shops to 
manufacture castings and forged and stamped pieces to 
'atisfy the demands of a number of machine-building 
enterprises. 

h. Along with establishing machine-lool plants, it is 
desirable to promote tool production, first as a small 
specialized factory to manufacture cutting tools such as 
cutters, drills, reamers, taps, threading dies and hack-saw 
blades. 

7. Designing oi machine-tool plants for deve!o-ii.g 
countries must be based on comprehensive technical ."id 
economic calculations in view of the country's develop- 
ment targets and with participation of national specialists, 
which will make possible training of national designers 
and enhancement of design work. 

S. To bring a ready plant to its rated capacity within 
the shortest practical time, it is important to perform 
timely technological preparation of production processes, 
to design and make the technological rigging and special 
tools, to formulate operational technology and train 
specialists and workers. These problems must be solved 
through extensive co-operation of the country giving 
technical assistance. 
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