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EXPLANATORY NOTES 

Rcfcrmas 10 dollan CS) uc 10 Uni1cd S1a1cs dollars. unless Olberwisc staled. 

References 10 1onncs arc 10 l'dCtric 1ooncs. unless orberwisc specified. 

In tables: 

ToraJs may no1 add prccisdy because of rounding. 

A hYJ'ben indica1cs 1ba1 1hc ilcm is nOl :applicable. 

An cm dash C-) indica1cs 1ba1 lhc al!l<'uni is nil or nqligiblc. 

Two clou C. . ) indic:a1c 1ba1 dala uc nOl available or arc nOl scpara1cly rcponcd. 

The following abbrcvia1ions uc used in 1his publication: 

AA Aluminium Assoc:ia1ion 

IEC ln1crna1ional Elcelrorcchnical Commission 

DIN Deuuchc lndusuic-Norm (German industrial Slalldards) 

An E- prdillcd 10 lhc name or a material (for example. E-AIMgSi) means 1bat the material is 
used !or clcClrOlechnic:al applications. 
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Introduction 

A. Background 

The present study is designed to a.csist investors and experts in de,;cloping 
a primary aluminium processing industry based on the production of stranded 
electric cable. Such a developmenr effort is usually intended to replace 
semi-finished imports by domestic production relying on locally available 
resources and labour, with the ultimate aim of retaining the profit resulting 
from the price gap between domestically produced alumin:um ingots and 
semi-finished imports. An additional benefit is that domestic market demand 
can be satisfied at a lower price with greater flexibility by producers having 
more direct connections with both raw material suppliers and domestic 
consumers. This is especially true for countries having bauxite resources and 
reduction plants. Such a situation confronts many developing countries, which 
as a group hold the bulk of world bauxite and energy resources. but which ose 
them only in part or not at all. 

An investor in a position to establish a plant in a developing country and 
possessing the required financial means still has other problems to overcome. It 
is difficult to choose the plant operating capacity best suited to the prevai1ing 
technical and economic conditions. The production units of up-to-date plants 
usually have high capacities, sometimes exceeding local market demand. The 
establishment of the production capacity required by the domestic market may 
not be feasible because production equipment of very small capacity does not 
exist and the available equipment cannot be economically operated at low 
levels of demand. 

The manufacture of electric conductors seems more advantageous, 
however, because the stagr.s of drawing and stranded wire production can be 
built up from relatively small units with individual capar.ities of a few hundred 
tonnes per annum and responding more closely to local market demand. 

The same does not appl:• ·;o wire-rod manufac1 ·.ring, where the production 
capacity of the cast rolling equipment requires development steps of from 
10,000 to 20,000 tonnes per annum. The sudden surplus of products appearing 
shortl~' after plant start-up but not demanc.'ed bv the domestic market can be 
exported, preferably to neighbouring countries. A newly commissioned plant 
experiencing initial difficulties will have to face severe export trade constraints. 
The difficulty of marketing the products may deter inve5tors from starting a 
new line of production, although such difficulties can be overcome by adequate 
rreparation and careful project implementation. 

Despite all the difficulties confronting it, the aluminium indumy in 
developing countries has generally been found to grow faster than the economy 
as a whole and to have mostly positive effects. Moreover, despite the 
fluctuating price of primary aluminium ingot, the prices of semi-finished 



aluminit. m products arc relatively stable. Experience shows that under difficult 
market conditions, even at the lowest price of primary ingot, high-quality scmi­
finishcd products manufactured at high produc:i ... ity rates, that is. at low 
production cost. can be marketed at prices that bring an adequate profit for the. 
manufacturers. That point is borne out by cor.iparing the figures in table l 

Table 1. A•en&~ 1915 prices of al•milliH• iqot aad selected 
-i-f"Ulislled prodllds 

,,..,, 

lngo1. Al 99.S 
Wire rod. E-AI 99.S 
Wire rod. E-AIMgSi O.S 
Rolled slrip or plate 
Foil 
Extruded sections 
Dra11111 products (Al 99.S) 
Drawn products (alloyed) 
Anodized cxlruded sections 
Castings 
Stranded ca~ 

.f...,.qr l'M5 pncr 
fdollan ,wr t-J 

I 050 
1130 
I 160 
1656 
1950 
1690 
1450 
1625 
1880 
2 S50 

I 436-1 770 

At a certain stage of industrial growth, industries will be established at 
ever greater distances from energy sources, and electricity must be transmitted 
to remote places of consumption. In general, countries begin by using imports 
to meet their needs, but later they gradually start to tap domestic resources to 
build up a production base. 

In countries where coprer is abundant, it will be used to make conductors, 
and where bauxit~ !:; :&"iailable and there is an aluminium smelting capability, 
conductors will be based on aluminium. In the latter case, domestic stram!cd 
cable production will also be based on aluminium. Domestic demand can be 
met in countries where no aluminium is available by establishing stranded 
aluminium cable plants for the processing of imported aluminium. Purchased 
wire rod may be used by both the stranded caMc plant, with a product mix 
based on market demand, and by the wire-drawing plant that supplies it. 

B. Summary 

This study deals with the cstabiishment of a stranded cable production 
industry. It provides information on the equipment and technologies applied, 
and on personnel, energy and other requirements. Various alternatives for wire­
rod production starting from purchased aluminium ingot arc described. To 
help determine the feasibility of a proposed project, examples arc given of the 
selection of plant capacities, of investment cost estimates and of the calculation 
of other cost factors. 

In chapter I th~ applications of aluminium anJ copper in the electric 
power industry are discuncd and the types of aluminium conductor described. 
The latter include unalloyed aluminium (E-AI 99.S), alloyed aluminium 
(E-AIMgSi 0.S), stec:-corcd aluminium and steel-cored alloyed aluminium 
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stranded cabl~. Trc chemical composition and mechanical and electrical 
propenics of conductors. as well as the methods of measurement of those 
p; ramctcrs, arc described. The structure of stranded cables. including the core 
an~ surrounding later>. the characteristics of stranding and rcl.ucd rccom­
.,. ;ndations of the International Elcctrotcchnical Cummissicn arc considered. 
uthcr clcctrotcchnical applications of aluminium arc also noted in chapter I. 

Wire-rod producli.:>n is introduced in chapter II. Possible methods of 
wire-rod productior, arc rolling, extrusion and cast rolling. Cast rolling is now 
the most widely used process. The operations of a wire-rod casting shop arc 
described. The molten metal can be supplied citncr from the pot-room or by 
melting ingots. Mctal-dcanmg. alloying and equipment sclcctio" arc dealt with. 
Since the smallest fc-<1siblc production capacity invl)lves a single cast rolling 
machine. wire-rod plants based on Properzi casters. types 6E and 7E, with 
capacities of I0,000, 15.000 and 20.000 tonnes per annu'11, arc examined. 
Investment cost estimates and personnel. energy. materials and utilities 
requirements are also considered. 

Data on wire-drawing plants are given in chapter Ill. The calculation of 
drawing parameters is covered in the section dealing with the theory and 
practice of wire-drawing. Technical parameters of slip-drawing and slip-free 
drawing equipment are listed. and wire requirements noted. Equipment, 
investment cost estimates and personnel and material requirements arc 
determined. and equipment layouts presented. for plants with capacities of 
5,000. I0.000 and 20.000 t.:>nncs per annum. Data for a cable plant with an 
optimum capacity of 1,500 tonnes per annum, which requires a minimum of 
invc,;tment. arc also included. 

Stranded wire plants arc discussed in chapter IV. Stranded cables, 
production technology and the 'ielecuon and characteristics of equipment, 
including tubular anc! · 'asket-type wire equipment and their respective fields of 
application. are deK ocd. The basic capacity is taken to be 5,000 tonnes per 
annum and a plant is considered for a selected product mix. Equipment is 
selected. personnel ard material requirements are determined, and the respective 
investment costs are estimated for capacities ~f I0,000 and 20,000 tonnes ;Jer 
annum and for the minimum economic capacity of 2,500 tonnes per annum. 
The possible layout of equipment is also presented. 

Energy supplies (electricity, gas and coal), utility systems. waste-water 
treatment, environmental protection, packaging, storage. tr~nsport and mainte­
nance are dealt with in chapter V. The equipment, material and personnel 
requirements of auxiliary units of plants with capacities of 2,500, 5,000, I0,000 
and 20,000 tonnes per annum are determined. Data on energy and utilities 
supplies are summarized in tables, and an investment cost estimate is included. 

Three complere works are di~cussrd in chapter VI. The first two are 
wire-drawing and cabling plants with capacities of 2.500 and 5,000 tonnes per 
annum, the third is a complex including a wire-rod plant, a drawing plant and a 
stranded wire plant with a capacity o! 10,000 tonnes per annum. The 
establishment of the worb is described and layouts are presented. The numbers 
of persons requi~ed for the operation of the works are 86, 220 and 380, in 
accordance with the rising l)Utput levels. 

Chapter VII is concerned with investment decision-making. Direct 
investment costs, including the cost'i of production and auxiliary facilities, are 
summari7.ed for all capacity variants. Phase income estimates are r.alculated for 
the cap11city variants and production costs and profits determined. An 
implementation schedule is also given. 



I. Application of aluminium in the eledric 
power industry 

A. ne materials of overhead transmission lines in developed and 
developing countries 

The conductor material of overhead transmission lines used to be ~opper. 
Since 1910 countries short of copper resources have sought t.:> replace coppt:r 
with more abundantly available material. Remarkable results were achieved by 
France, Germany and Hungary up to 1940. In the period following the Second 
World War nca;ly all countries with a developed industry understood the 
technical and economic advantages of using aluminium in power transmission 
and therefore started to use that material. At present, aluminium is considered 
to be not a snhstitutc for copper but rather an economically and technically 
better solution than the aprlication of copper. The major portion of conductor 
materials for overhead transmission lines is therefore made of aluminium. 

The transmission lines used in the electric power industry consist of 
approximately 90 per cent of overhead transmission lines and 10 per cent of 
cables. In dcvclop .. tf countries the lengths of power lines operated at various 
tension levels arc estimated as follows: nearly SO per cent of the total length of 
all overhead transmission lines operate at below l kV of tension; about 40 per 
cent at from I to 35 kV; and about IO per cent at above 35 kV. Those 
percentages do not reflect the ratios of conductor materials used for the vario•Js 
rated overhead transmission lines, since the higher th.; rated operatir,g \ oltagc. 
the greater the cress-section of built-in materials and t~c; larger the quantity of 
materials used. 

The types of overhead transmission lines used at various voltage levels arc 
as follows: 

(a) Below voltages of I kV, aluminium stranded condu1.:tors arc used; 

(b) Above voltages of I kV, alloyed and unalloyed aluminium stranded 
conductors, steel-reinforced, arc used. 

From the changes that have occurred in recent years the followirg 
conclusions may be drawn concerning the widespread application of various 
types of overt.cad transmission lines: 

(a) Main1y below voltages of I kV, but even up to 35 kV, the applica:ion 
of in~ulatcd overhead cables is increasing; 

(b) Above voltages of I kV, alloyed aluminium stranded conductou 
show definite gains over steel-reinforced aluminium stranded conductors. 

The reason for the first change lies in the increasing importance auach~d 
to environmental concerns. In populated areas it is much easier to install 
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overhead transmission lines. The cables can be fixed to walls and other 
supporting structures, without disturbing the environment as much as 
conventional transmission lines. Insulated overhead cables can also be repaired 
under tension and new branchings est-iblished without interrupting energy 
supplies. 

There are several reasons why aluminium alloys are preferable to other 
transmission line materials. Alloyed aluminium conductors are economically 
more advantageous than steel-reinforced stranded aluminium conductors 
because their slightly lower conductivity is compensated for by the greater 
mechanical strength of th· line. An alloyed aluminium overhead line having the 
same conductive characteristics as a steel-reinforced transmission line will be 
lighter, thus compensating for its higher cost by the low cost of its supporting 
structures. Alloyed aluminium conductors have a more homogeneous structure 
than steel-reinforced stranded conductors, their accessories and elements are 
simpler and cheaper. and less work is required to ii.stall such a power line. 

The steel core of the reinforced stranded aluminium conductors may 
become corroded at the steel-aluminium interface, a risk that can be only 
temporarily averted by tin-plating the steel core. Alloyed aluminium trans­
mission lines offer better corrosion resistance. 

1. AllllllbUlun co""11ctors 

lbe purity of unalloyed aluminium used in electrotechnical fields of 
application is required to be a minimum of 99.S per cent. In addition, the 
permitted amount of impurities (chromium, titanium, vanadium and manganese) 
detrimental to the conductivity of the aluminium is limited, and special 
measures are taken during the: pr0t.1uction process to maintain them at a 
sufficiently low level. 

The tensile strength of conductors made of commerci~l-grade aluminium is 
low even in a hard-drawn state. Greater tensile strength can be achieved by 
adding suitable alloying elements to aluminium that do not produce detrimental 
effects on conductivity. Alloying elements forming solid solution'! are known to 
exert such effects on conductivity. The solution is to add alloying elc:TJents that 
form precipitates in the base metal after tempering (through high-temperature 
tension-releasing heat treatment followed by rapid cooling), thus incr:asing the 
strength of the alloy. The aluminium-magnesium-silicon (AIMgSiJ O.S alloy, 
containing approximately O.S per cent magnesium and O.S per cent silicon, has 
been developed in that way. 

Table 2 summarizes the composition of most widely used conductor 
materials based on the Deutsche lndustrie Normen (DIN) and the standards of 
the Aluminium Association (AA). Alloys meant for electrotechnical applica­
tions are designated by means of an "E" prefixed to the name of the alloy. 

The diameters of aluminium conductor wires used for the manufacture of 
stranded power transmission lines vary from I .S to S mm. but only one 
diameter is chosen for a given stranded structure. The tolerances of wire 
diameters are the following: 
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l.S-2.S 
I 2.S-3.0 

3.0-4.0 
4.0-S.O 

±0.02S 
±0.030 
±0.040 
±0.0SO 
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Table l. Chemical c:omposlllon or most widely u1ed conductor material• 

(Percen11p1) 

~-4••f6tNtU.. (,,,;,,;--.J CAr_i_ c..,~, lro11 Mq11r1i11m "'""'"""' .'ill/toll Tl11111l11m 

Din E·AI 
AA llSO(EC) 
DIN E·AIMaSi 0.5 
AA.6101 

99.SO 
99.SO 

• 
.. 0.02 

0.01 0.05 
.. 0.05 

0.03 0.01 

,\'orr: Mui•u• value is inclical.-4 wllere only one llaure is 1iven. 

0.40 0.05 
0.40 .. 

0.10-0.30 0.10.0.30 
0.50 0.35.0.80 

-er+ Ma +Ti + V (Cbroniiu• + t... npnese + Ti11nium + V1111dium) • O.Ol per cenl (maximum). 
6t1'c pen:eal ... o( aluniiniu• is 1he remainina 1moun1 required 10 make a 10111 or 100 per cenl. 
"Boroa • 0.06 per cenl (muimum) . 

" 0.25 " 0.01 0.10 . . 
0.05 0.30.0.60 . . 
0.03 o. 30-0. 70 .. 

01llrr t011J1i111r1111 

'""'•'"""' Zl11t lllflOllllll To111/ 

0.05 . . 0,03 
0.05 0.03 0.10 
0.10 0.03 0.10 
0.10 0.03t 0.10 



The elementary strands of a conductor stranded of two wires should not 
have any extensicm. In stranded conductor structures with a higher number of 
elementary strands the individual wires may have extensions, but the minimum 
distance between the extensions of two differen~ wires should be 15 m. 

Regulations concerning the physical, mechanical, electrical and other 
characteristics of conductor wires are published by the International Electro­
tecbnical Commission (IEC). Thus, IEC publication No. 111 applies for 
unalloyed aluminium stranded conductors, while IEC putlication No. 104 
applies for alloyed aluminium conductors. 

Tallie 3. Mtdwiical ud electrical prvperties of COlldtlctor materials 

El«rrirol f"OP"'in ., zo•c 
.llw-icttl popntin 

Spttifu: S,W/ic 
Tnui/' EI-r•tiOll rniJtiYitJ ..-6.ctiYitv 

.ll•tmol fl"ltlitJ St•1'oftlw JtrnJK/Hlt fR.,J flo = 100} (M4Jti-) (,,.;,u....,,.j 
lllfllu,,,,.,dco« -~ (.'VI,_:.) (pnc'1lttlf<r) (olrm· ,,,,,,,,,,,; im/,,,,,,,,· ,,,,,,,, 

E-AI (99.S) F7-1 95-100 12 0.028010 3S.700 
E-AI (99.S) F7-2 105-120 10 0.028010 3S.700 
E-AI (99.S) F9 115-130 8 0.028010 3S.700 
E-AI (99.5) FIJ-Fl7 IS9-193 2 0.028264 3S.380 
AA IJSO Hl2 83-117 0.02803S JS.670 
AA IJSO Hl4 103-138 0.028080 3S.610 
AA IJSO Hl6 117-ISO 0.028!26 JS.SSO 
E-AIMgSi O.S 

(AA 6101) Fl7 160-190 18 0.3300-0.0341 29.300-30.300 
E-AIMgS1 0.5 F22 2946 4 0.032790 .10.497 

•f.r and H.r arc 1bc s1andard mans or dcsipa1in1 1hc temper or ma1criab. f7-1 corresponds 10 1bc 
diamc1cr ransc or 01.0-0J.S mm. and f7-210 1ha1or00.2-01.0 mm. 

bAccordin110 IEC publica1ion No. 104. lhc 1cnsilc Slrcn&lh should be not less 1han JOO N/mm'. 

Table 3 shows the mechanical and electric properties of several conductors 
whose composition and quality are based on DIN and AA. The resistivity value 
depends on temperature. That relationship is defined b~ the following equation: 

J 
R20 --= Rr· I+ a (T-20) 

where R20 = resistivity at 20°C 
Rr = resistivity at T°C 

a = temperature coefficient of resistance 
(for unalloyed aluminium, 0.00403/°C) 
(for alloyed aluminium, 0.0036/°C) 

In practice, resistance is generally measured between 10°C an..a 30°C, and 
the value referring to 20°C is calculated by the above formula. Another 
important characteristic of wires is the coefficient of linear thermal expansion. 
Its value is 0.000023/°C. 

2. Stranded cond11ctors 

Stranded conductors are made by stranding two or more elementary wires 
into enc or more concentric layers. The stranded conductors may consist of 
aluminium, aluminium alloy or steel-reinforced aluminium. 
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Aluminium stranded conductors are used as overhead transmission lines at 
voltages mainly beiow 1 kV. since in populated areas the supponing towers are 
closely spaced and strict mechanical requirements do not tbcrcforc arise. The 
rcleYant requirements arc summarized in IEC publication No. 207. 

The lay ratio is the ratio of the axial length of a complete i um of the helix 
formed by an individual wire in a stranded conductor to the external diameter 
of the helix. Table 4 shows the lay ratio of several stranded conductors having 
vari~us layers in accordance •ith the recommendations of IEC. The number of 
conductors in a stranded structure is always one more than the number of 
conductors in rhc individual layers because one conductor is rhc core of rhe 
stranded structure and ii is not included in rhc layers. 

The tensile strength of the individual wires within the srranded conductor 
slightly dccrcascs during the cabling operation. bur rhe decrease should nor 
cx~d S per cent. Where rhcrc arc strict requirements relating to mechanical 
propenics {for cxar pie, where the distance between two consecutive supponing 
towers is greater than SO m), stccl-rcinforccrl aluminium stranded conductors 
1trc chosen. These typ:s of overhead transmission line can be used for I kV up 
to any practical voltage. The requirements ;cl:uing to that type of cor:ductor 
arc summarized in IEC publication No. 209. 

Sttti-rcinforced stranded aluminium conductors include a concentrically 
arranged core consisting of one or more zinc-plated steel •ires surr .unded by 
one or more aluminium layers of equal cross-section. Lay rati.>S of such 
conductor structures arc provided in table S according to IEC publication 
So. 209. 

After a S per cent decrease in the tensile strength of the individual wires 
the value should remain within the range specified by the standards. The final 
modulus of elasticity and the coefficient of linear expansion for the conductors 
arc summarized in table 6. 

Alloyed aluminium stranded conductors arc used in the same fields of 
application as steel-reinforced aluminium stranded conductors, as previously 
noted. Their respective general characteristics, as outlined in IEC publication 
No. 208, arc similar or identical to those of unalloyed aluminium stranded 
conductors. For lay ratios the data summarized in table 4 should be considered. 
The minimal tensile strength of the individual wires should exceed the figure of 
3 x 101 Pa before a~d after cabling. 

Steel-reinforced alloyed aluminium stranded conductors arc used when 
there arc extreme mechanical requirements. Heavy-duty requirements arc 
mainly the result of climatic conditions, such as high wind speeds, high rates of 
frosting {ice formation) and the spanning of large distances over rivers, narrows 
and valleys. Such requirements arc dealt with in IEC publication No. 210. The 
lay ratios arc given in table 4 and the final modulus of elasticity and the 
coefficient of linear expansion in table 6. 

3. Co1otl11ctor odoptotio111 /or tltctric power tro111mi1sion 

Since insulated overhead cablcit can be simply and quickly installed, they 
account for a large share in the electrification of the countryside and outlying 
areas where underground cable remains uneconomical because of its tenfold 
cost increase and low consu:ncr concentration. 

There arc two types of insulated overhead cable structures. One is a system 
developed in Belgium. France and the United States of America, in which the 
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0 TaW.4. Lay ratloas for unalloyed aluminium stranded conducton 

Lily,.,,,, -
6-wiH,.,w ll-wir1 lfl~r 11-wlrt l11y,, ___ 1~wl" l11y" 

JO.wlrr '"'" 
,\"..W. •/ •irtJ .. t'Mflw"" ~ Mui- Miiii- Alt111iffllllfl Allrtllfllllfl Mt11tllfllllfl Mlrtllfllllfl M1111llfl11lfl Ml1tllfl11m M1111/m11m 

7 10 14 
19 10 16 10 14 
)7 10 17 10 16 10 I• 
61 10 17 10 16 10 ., 10 14 
91 10 17 10 16 10 ., 10 14 10 13 

N-: For IM'fposel ol calclllalion, Ille mMn lay ralio 1hall be 1a1L •n u 1he ari1hme1ic aver•• or 1111 r1l1van1 minimum and mHlmum value• 1lv1n in 1hl11abl1. 

Table 5. Lay ratios for st"l·nlnforced aluminium stranded conducton 

U)' rl//111 f~f t1/11m/1tllllfl W/rl 

lt111H> -I Lll.r r11if>J /111 J/HI tori '""""'"" ,,,,,, ,,, 
""'" '"'"'"''""'" tolllhltlllrl W//fl lfl"I 

,,._.,. -J•n• ...__,. ..... ;,,,.,w 11-•·/,, ,,,,.,, 
011ult11 '"'" "'""''" 111111/tlt '" ,,, 

tlNlfl/11111111 W/rl ftlytfJ 
Jltt/ Wirt' ............ Slttl .,,_,,.. .., .. ,_ Nui"'""' "'"''"'- M1111llflt1lfl "'"''"'""' MHlm11m "''"'"'""' ,\it11tllfllllfl "''"'"'""' "'"'"'""' 

6 I 1.000 - - - - 10 14 
6 7 ).000 13 21 - - 10 14 

12 7 1.000 I) 21 - - 10 14 
II I 1.000 - - - - 10 14 10 16 
24 7 1.500 I) 28 - - 10 14 10 16 
26 7 1.216 I) 21 - - 10 14 10 16 
21 7 l.12S ll 21 - - 10 14 10 16 
lO 7 1.000 I) 21 - - 10 14 10 16 
lO 19 1.666 ll 21 12 24 10 14 10 If 
)2 19 l.SOO ll 21 12 24 10 14 IO 16 
54 7 1.000 ll 21 - -· 10 14 10 16 10 17 
54 19 1.666 I) 21 12 24 10 14 10 16 10 17 

. 'i-: ""' pufPONS ol cakulalion. Ille mMn lay n1io 1hall be 1alr.1n u 1ht ari1hme1ic l\•1ra11 or 1111 rtl1van1 minimum and ma•lmum valun tlv1n In 111111abl1 . 



I liM r. llftl.nilrerm 
. i 

,..,.,., ....... 
F-'_...-1~ c,~.,_,_.,~ ............. s,,,,,, or,..,. re-• x ,,,-., 

6 I II 000 19.I 
6 7 nooo 19.1 

12 7 107000 IS.J 
II I 67000 21.2 
24 7 74000 19.6 
26 7 nooo 11.9 
21 7 79 OOl' 111.4 
JO 7 '2000 17.1 
JO 19 IOOOO 11.0 
J2 19 12000 17.1 
S4 7 70000 19.J 
SI 19 61000 19.4 

!iMr. Qaoccd modlllon values may be rcpnkd as acmrarc IO widlia ~.JJJOO ,. 100 Pa. ud as ...,... IO 

codllcron suascd 10 bn- IS Md SO per ccm o( die llllimalc Slfta&lll "'die colldua«. Cocfricimcs of~ 
apemioe .. ft llcca cala&IMcd r ...... fillal .......... walun r .... die ................ s&cd campa11eMs o( die 
~ .....,oocfticll:ms a1 n.o x 10 .... rc ... 11.s x 10-•1-c: r ............. ui1 RCd. nspccli-tdy. 

•ra (patal) "' I _.._,,,.: r 11n11 o( iw-1. 

three phase conductors are made of unalloyed aluminium and the neutral 
conductor is made of alloyed aluminium designed so that it can suppon the 
total weight of the conductor 1ystem. 

The second type is a system developed in the Federal Republic of Germany 
and Sweden. in which die three phase conductors and the neuaal conductor are 
made .>f unalloy'd 1tuminium. have the same cross-section and are twisted into 
a bunch. The insulation of each of the stranded conductors uses either 
high-density polyethylene or cross-linked polyethylene. 

Insulating material having a thickness of frcm I to 2 millimetres must meet 
the following requirements: resistance to ultraviolet radiation; resistance to 
corrosion caused by salty fog from the sea or by chemically aggressive 
atmospheric conditions; and no significant change in electrical and mechanical 
propenies in the temperature range from -400C to +80"<... There is no IEC 
recommendation for insulated overhead cables. It has been found that the 
cross-sections of stranded aluminium conductors-which must be individually 
insulated with polyethylene-can be 2S. JS. SO. 10 and 9S square millimetres. 
and that four conductorr (three phase and one neutral) or more (three phase. 
neutral, street lighting and signal cable ~.iductors) can be twisted together into 
a bunch. 

The stranded conductors referred to thus far may be regarded as standard, 
commonly used types. Nevenheless. cenain manufacturers hal'e patented 
processes designed to decrease electricity losses or the rate of corrosion. 

To avoid the d:tnger of corrosion of steel-reinforced aluminium stranded 
conductors. increasing use is being made of Alumoweld wire composites, in 
which the steel wire has an aluminium cover with a thickness of from O.S to 
I .S millimetres. The aluminium cover protects rhe steel core from corrosion and 
improves electric conduction. Furthermore, it decreases the amount or extra 
losses due to the alternating magnetization of rhe steel core. To decrease such 
losses, stranded structures of an uneven number of three or more layers are 
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used. Within those structures the numi>cr of ampere-turns twisted to the left 
and to the right arc compensated, thus making the steel core practically 
unmagnetized. 

The propenics of aluminium conductors built into housing and industrial 
establishments arc described in IEC publication No. 121. Use is made of soft 
materials with a strength of 10' pascals at an elongation of 20 per cent. The 
diameter of the individual wires ~ ( .:ccds l millimetre and the surface is 
insulated with plastic having a thickness of less than 1 millimetre. 

8. Aluaiaina COlldmctOI' .. terials hi die gnera~ trusfonaatioll. 
tnmmissioa ud COllS8lnptioll of electric power 

The bulk of aluminium consumption by the clectrotcchnical industry is 
used in the manufacture of the above-mentioned types of conductox. The fields 
of application described below represent a smaller but not negligible amount of 
aluminium consumption, and it would be useful to consider the possibility of 
such applications in countries manufacturing electric conductors. 

The high-current conductors of switchgcars and transformer stations arc 
the busbars. The majority of busbars are made of aluminium. Low- and 
medium-tension busbars have rectangular cross-sections of from 12 x 2 mm2 to 
200 x IS mm2• The malerial used in the busbars is either E-Al 99.S (extruded or 
hard aluminium) or E-AIMgSi alloy when there are higher mechanical 
requirements. The requirements of alloyed aluminium are summarized in IEC 
publication No. 114. They include the following: resistivity at 20°C is 
0.032S '>hm metres as the highest permitted value; minimum tensile strength is 
2 x 10' pascals, at a maximum elongation of 8 per cent. 

Tubular busbars are used for the transmission of high tensions, since the 
electromagnetic penetralion depth into aluminium at a frequency of S0-60 Hz is 
about IS mm. The use of a busbar with a diameter of twice this figure would 
therefore be uneconomical. The tubular structure provides further advantages 
from a mechanical point of view. Tubular busbars having a diamrter of 32 mm 
and a wall thickness of 2 mm arc widely used, but in certain cases they are also 
made with larger dimensions. 

Underground cables consist of insulaced conductors fined with excra 
pro1ec1ion 1ha1 enables chem 10 be lairl into walls, cable lren-:hes or 
underground. Such cables are generally unable 10 carry lheir own weight and 
have 10 be laid. This is an advancageous field of application for aluminium, 
since in mosc cases ch~re are no special mechanical requiremencs. Cables for 
voltages of up to l kV can have a scranded suuccure or a solid circular or 
se1men1ed cross·seccion. Only stranded structures may be used for voltages 
above I kV. Cable manufaccurc has until rec:enlly been mainly for voltages of 
up 10 I kV, bul cabks 10 be used al voltages in the range of I-JS kV have 
begun 10 appear. The amounl of cable produced for vol1a1es above 110 kV is 
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smaller. but it cannot be neglected because there is a tenfold pnce difference 
between ::ucb cable and Mranded overhead power transmi.<ISion lines pcrf orming 
the same tasks. 

Tbe cable insulation used in the voltage range of I-JS kV is generally 
polyethylene. Above JS kV polyethylene insulators are not widely used. being 
replaced instead by oil-paper insulators. At the highest operating voltages 
(400 kV and above). the application of sulphur hexafluoride (SF,) gas-insulated 
cables is spreading. The tubular conductor of those cables is made of E-AI 99.S. 
with a cover of E-AIMgSi a!!oy. Conductors of the latter type arc capable of 
high-power underground transmission. 

Telecommunications cables usually have conductors of small cross-section 
(under I mm2) that are difficult to make using aluminium. A funher difliadty 
is that reliable connections can be ensured only at high costs. For those reasons 
aluminium is not as widely used in telecommunications as would seem feasible. 

J. Rotlltiag wraclu.es 

There have been efforts to use aluminium as the armature material of 
rotating machines. but insulated aluminium conductors are not widely used 
since they would increase the weight and pri~e of the equipment. Die-cast 
aluminium is widely used as the armature conductor material of induction 
motors. The small-size housing of rotating machines is also widely manufac­
tured by precise cutting of extruded aluminium. 

The use of aluminium as the conductor material of transformer coils is 
primarily an econo1.1ic question relating to manufacturing and operating costs. 
The borderline range for the use of copper or aluminium is from 2 to 6.3 MV A 
(the rate applied varies from country to country). with the use of aluminium 
becoming economic below that range. The shape of conductors with a 
cross-sectional area of less than 10 mm2 is circular. and for one exceeding 
10 mm2 it is rectangular. The reql.6irements relating to composition and 
mechanical and physical propenies of E-AI 99.S aluminium conductor 
materials are the same as those previously indicated. 1be requirements for 
conductors built into choke reactors are rhe same as those for transformer 
conductors. Aluminium is generally used in the coils even at the highest power 
rates. 

The increasing application of solid-state components in advanced control 
technologie~ has made ir necessary to install ever greater condenser capacities 
into electric networks. Aluminium has achieved widespread use in that field. 
Sufficiently small-sized. reliable and hiah-capacity condensers can be made 
from foil with a thickness of from S to 8 microns, recently developed electrolyte 
materials and polypropylene insularor materials. Such condensers can operate 
reliably in ambient temperatures or from -40°C to +sooc. The J.>Urity of 
aluminium used in the manufacture of foil needed for condensers is oJ9.9 per 
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cent. Recent technological devefopments have made it poss1'ble to reach the 
rated power of 400 ntovolt-amperes per unit. which relates to 8 tilovolt­
amperes or; litre of specifac rated power. 

Af . .cic:ations of power condensers include the foUowing: improvement of 
phase factor (Ct!sinc phi); carrier freqUde)' and sonic frequency feedback of 
ekrtr;c power networks; filtering of harmonic currents ~ted by solid-state 
compo~ts; and starting motors. In the field of telecommunications. poly­
propylene insulated condensers are being gradually replaced by condensers that 
have an aluminium fdm on the insulator materia! instead of individual foil 
layers. 

Aluminium is used in electrotecbnical applications not only for conductive 
purposes. Aluminium-enclosed or aluminium-clad electric equipment is com­
monly installed in low-tension networks. Castings and aluminium plates are 
usual elements of enclosed or claded equipment even at medium voltages (from 
l to 3S kV). For the ~lacngs of high-tension equipment. aluminium castings 
and tubular structures of alloyed aluminium are commonly used. Reflector 
plates and street lampposts arc also made of alum:nium. 

Because aluminium provides elec.romagnetic shielding. is anticorrosi;re 
and may be aesthetically shaped. it is often used as the construction material 
for casings. covers and other parts of instruments, telecommunications 
equipment and computers. Aluminium walls of varying thicknesses provide 
shielding against low and high amperage disturbances. (;ooling fins of diodes 
and trisitors used in high-power electrotechnology are made from aluminium 
plates or specially designed extruded aluminium sections. 
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n. Wire-rod man.ufacturing 

A. Muuadllrillg processes ud eqllipmeat 

Wire rod is the stock from which cold-drawn conductors are made. 
Unalloyed aluminium wire rods can be produced starting from molten metal or 
ingots by bot-working. 

1. Clumlcteristics of wire rod 

The quality of the wire rod stoclt is determined by five fundamental 
factors. namely chemical composition. dimensions, surface quality, metal­
lurgical state and electrical properties. The chemical composition of the wire 
rod should match the standardized composition of drawn wire and the electric 
conductor as end-product. The standardized chemical composition of un­
alloyed and alloyed aluminium is described in chapter I, section A. 

The wire rod has a circular cross-sectio11 with a diameter of from 1.S to 
16 mm. Further processing of the wire rod requires that the tolerances of the 
nominal diameter should be small. Similarly. it is essential to maintain the 
circular shape of the wire rod. To keep within the maximum permitted ovality, 
the difference between the maximum and minimum diameters of the same 
cross-section should not exceed S per cent of the nominal diameter. 

The internal structure of wire rod should be uniformly fine-grained. It 
should not contain any metallic or non-metallic inclusion because the latter can 
lead to ruptures during further processing. The basic material should be 
worked so that further processing would be tolerated. Such a ductile state can 
be achieved during the production process (for example, with unalloyed rod 
produced by continuous casting) or by further heat tre•nment (for example, 
with alloyed rod produced by continuous casting). 

The surface of wire rod should be free cf any defects generated by casting 
or working (sur~. as pressing and rolling), including cracking. scaling, notching, 
cavities, penetrations, inclusions or corrosion. Since the required properties of 
electric conductor end-products will vary accordina to the specific field of 
application, the properties of wire rods must also be varied. The properties of 
wire rod may be chanaed to meet different requirements by altering the 
followina conditions or processes: preparation of charge and alloying; casting 
conditions; initial and final temperature of hot-working; extent and mode of 
deformation; and conditions of cooling after bot-working. 

There are currently three well-known methods of wire rod manufaclure. 
namely rollina. extrusior1 and cast-rolling. The basic steps involved in these 
technoloJies are shown in fiaure I. Steps framed in broken lines represent 
alternative operations dependina on whether the casting shop starts with solid 
or molten me1al, or whether alloyed or unalloyed metal is required. 
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Slab ..... billet casting 

~ 
I Melling I 
L---,-- -1 ,_ _ __..____, 
I Alloying I 
L- I 

G~in refinanern I L-----T _____ J 

I 

Alloyed or uMllOyed wire rod 

Cast rolling 

A continuous casting-rolling process is currently used to manufacture the 
major portion (from 90 to 9S per cent) of wire rod (1). This is easily 
understandable because such a technology eliminates the need to remelt solid 
metal when starting from molten metal and saves the cost of reheating and 
preheating the workpieces. In the combined continuous casting-rolling operation 
the weight of coils can be increased, thus increasing the productivity of further 
processing steps. 

The manufacture of wire rod by the process of rolling or extrusion is an 
old-fashioned technology that is applied only as a compromise solution. Those 
processes will therefore be given r~nly brief consideration below. 

2. Wire-rod m111111/oct11re by rolling 

Rolling-mills for the production of wire rod arc located in areas where 
there is no aluminium smelting capacity nearby (perhaps not even ir. the same 
country), and where large amounts of wire rod were needed in the 19SOs and 
1960s. As a rule, the rolling-mills were designed to process wire b.: .. rs havmg 
dimensions of 100 X 100 X 1,300-2,700 mm and a mass of from 35 to 1S kg. 
The capacity of such a plant can reach as much as 20.000 to 60,000 tonnes per 
year. 

Wire-rod rolling-mills usually have ~evcral (8 to 16) roll stands classified as 
initial, medium and final rolling units, which in some cues have a so-·callcd 
ready-making roll group (including rolling-mills wich a common drive in simple 
arrangement), depending on the functions and struccure of the stands. Mills 
having the same function within the plant may be built with a common drive 
unit. 

The working roll.; have a two-high arrangement. the axes being vertical or 
horizontal. The rolls used for the working of aluminium wire bar arc etched. 
The etched shapes rotating towards each other will finally give che required 
shape and size of wire rod. 
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In older plants the final roll stands ..... placed beside each other and the 
wire rod was taken from one roll stanu rhc other either by a mci:hanical 
device or by the operator. In more up.io-datc plants the final roll stands arc 
placed one after the other in a •'tandem .. arrangement. 

Figure II shows the theoretical arrangement af a continuous rolling mill. 
Wire bar is preheated up to 48()0C in pusher-type furnaces (18). It is then rolled 
by the initial roll stands ( 1-8) and passes to the medium or intermediate roll 
stands (9-12). which arc capable of rolling two wire bars in parallel. The final 
rolling-mil! (13-16) has a dual arrangement for handling one wire rod at a time. 
The last unit in both branches is a coilcr and transponer system ( 17). 

Fipn 11. CGlltimem •'-· "••roil Lill 

13 14 1516 17 

3. Wire-rod m111111f act11re by extr11sion 

The method of wire-rod manufacture by extrusion is currently applied only 
where free extrusion capacity is available and the quantity of wire rod required 
is small (only a fc;w thousand tonnes) [2). The application of extrusion 
technology for the manufacture of wire rod is based on the welding of wires by 
hot extrusion [3). The weight of coils that can be produced by using that 
technology is greater than the weights attainable using the technology described 
in the preceding section. It is significant that hot extrusion of aluminium wire 
rod is a flexible process that can be applied for small proauction series, while 
wire-rod rolling-mills can be used only for large production series. 

Figure ill (sec [3]) illustrates the process of infinite extrusion. The direct 
extrusion of one wire bar onto another is possible when requirements arc not 
too strict (figure lll(A)). Since extrusion causes the tailpiece of the bille~ to 
become rich in contaminants that lower the conductivity of the wire and inhibit 
welding, the tailpiece has to be removed. Two consecutive billets must there­
fore be welded together by means of a tool having a welding chamber 
(figure 111(8)). 

4. Wire-rod man11/act11re by cast rolling 

Casting and rolling is the fundamental manufacturing process for alloyed 
and unalloyed wire rod. A rod of large croh·Section is cast in a special casting 
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f"iprt Ill. 

3 I. 

A. With standard toOI 

Kr(: 1 Press rod 
2 Press disc 
3 Billet 
4 Recipient 
5 Tool 
6 Wire 

6 

B. With tool having weld cNmber 

machine, then fed directly into a multi-roll stand at the end of which the wire 
rod having the required diameter is coiled. Examples of production lines of this 
type arc given in table 7 ( 4]. 

All the regularly used wire qualities, in panicular E-AI 99.5, E-AI 99.7 and 
E-AlMgSi 0.5, can be manufactured with the equipment covered in table 7. The 
weight of the coils varies between 800 and 3,000 kg, depending or. the diameter 
of the wire rod. 

Table 7. Cllaracteristics of al••i•i•• wire-rod cast roili•c lillft 

l'rotwr:• l'rofH•:1 
c·ur11<1mrtr<t (/} (]) fJJ .lio. 7 .lio 8 

Cn,,.~·'ICClion of rod (mm') 2 2SO 2000 2SOO 2 184 3 120 
Produc11on capaci•y (tonnes/hi 4 ' ~ 4 s-~ 

Number of roll stands lob lob 2" + 12" IS' 17' 
L>iamctcr of wire rod (mm) 9.S 9.S 9.S 9.S 9.S 

"Supplier na!llC' pro•odcd on requcs1 by 1hc Ocpanmcn1 o( hd .. •inal opcral10n• ol UNIOO. Me1allur11cal 
lndu•lrln Branch. 

"r•o·hosh arran1cmc~1 (on 'iCY" rurn•) 
'lnansular arranpmcn1. 

The supply of :-i1oltcn metal to the casting shop i~ the first clement that 
may significantly influence the technology to be applied, the equipment to be 
us-~d and the product cost. A choice between two possibihties ma:- therefore 
arise. The first pos~ibility is that the castir1g shup may receive molten metal 
from the pot-rooms. In thaf case a simpler and smaller battery of furnaces 
having the following funcrions will be sufficiem: 

(a) Collection and homogenization of molten metal arriving from the 
pot-rooms at temperatures of from 8S0°C to 9S0°C; 
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(b) Cooling of metal having to. temperature above 750"C by adding clean 
solid waste; 

(c) Establishing the required ch<:mical composition; 

(d) Cleaning and skimming metal prior to casting, adjustment of the 
casting temperature and maintaining the required rate of casting. Those 
operations can be carried out in a separate furnace, called the holding or 
casting furnace. 

The furnaces arc not used for melting, and the casting rate is generally 
about 4 tonnes per hour. A rcvcrberatory furnace with a capacity of from 10 to 
25 tonnes and an energy consumption of from 60 to 80 kWh per tonne will 
therefore meet the requirements. 

Depending on local conditions, the collection and homogenization of 
molten metal can be carried out in one furnace and casting done from another, 
but with proper planning all operations could be performed in the same furnace 
unit. Since the major requirement is the continuous operation of the casting 
and rolling equipment, two furnace units arc usually installed to ensure the 
supply of molten metal for one casting and rolling line. 

The second possibility is that the solid metal may have to be melted. That 
would involve the following major steps: charging the furnace and melting the 
stock; achieving the correct chemical composition; treating the molten metal; 
adjusting the casting temperature, cleaning and skimming the metal; and, 
finally, casting. Those tasks arc usually performed by two types of furnace. 
Melting furnaces of high thermal input capacity. that is, high melting rate, arc 
used to melt the solid metal charge and to treat it with chlorine-generating 
compounds. Casting furnaces arc used for the preparation and casting of 
molten metal. 

Besides the required melting rate, the availability of energy (electricity, gas 
or oil) is also an imponant factor in the selection of the melting furnace. 
Figure IV ([5], p. 179) shows the heat utilization rates of a melting furnace. For 
100 per cent efficiency of utilization, the theoretical amount of energy needed 
to melt one tonne of aluminium and to heat it up to 710°C is 1.112 gigajoulcs 
per tonne. 

Energy-saving has become a major concern. As a general rule, every 
increase of I00°C in the temperature of air produces an average of 5 per cent in 
fuel savings. One condition for energy-saving is heat recovery through the 
perhcating of combustion air by heat from the flue gases. Several useful 
examples are cited in [6]. 

An electric resistance furnace that can b.: tiltt:d to both sides has the 
following characteristics: 

Capacity 
Depth of bath 
Nominal heatin1 capacity: 

In delta connection 
In star connection 

Rated heating vultage 
Operating voltaic 
Hydraulic tilling unit: 

Rated power of pump motor 
Capacity of pump 
Oil pressure 

Refractory lining lwhere in touch with molten metal) 

IO tonnes 
600mm 

240kW 
80kW 
SO Hz. 380 V 
220V 

IOkW 
361/min 
100 bars 
Magnesite 
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Flpft IV. Heat......._ ef-*illc fwwn 
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(m:J of gas per tonne) 

(kg of oil per tonne) 

The main technical parameters of a casting furnace designed for tilting are 
the following: 

Capacity 
Depth of bath 
Surface area of bath 
Fuel 
Number of burners 

25 tonnes 
6S0mm 
21 mi 
Oil or natural gas 
2 

The furnaces should be selected so as to maintain the required operating 
rate of the casting and rolling equipment, thus avoiding the down times 
resulting from a lack of molten metal or alloy changes. Since the furnace 
capacity not regularly needed by the cast rolling equipment can be utilized for 
the casting of slabs or billets, it is advisable to install a slab or billet caster in 
addition to the cast rolling unit. A description of such a unit is given in [3]. 

Molten metal coming Jirectly from the poi.room has a temperature too 
high for casting, and its impurity level is usually acceptable. Even if solid metal 
is used, the impurity level of the "frozen" metal is higher than the level 
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permitted in the end-product. The concentration of impurities, such as oxides, 
inclusions, hydrogen and sodium, will have to be reduced. In a high-quality 
metal the impurity level is low. To achieve that result the melt has to be cleaned 
and a portion of the impurities removed. 

Several metal-cleaning processes have been developed, the most important 
of which are described below: 

(a) After fluxing and skimming, molten metal is left to rest for from 2 to 
4 hours. This is a passive method that does not guarantee the required degree 
of cleaning, and that demands extra furnace capacity and plant space; 

(b) The metal may be cleaned by using the foHowing agents, singly or in 
combination: a neutral (inert) gas such as nitrogen or argon; an active cleaning 
gas such as chlorine; or an agent generating or producing the same effects as an 
active cleaning gas. The cleaning operation is carried out in a furnace or a iadle; 

(c) The melt may be subjected to intermittent vacuum treatment. This 
method, which requires expensive equir-ment, is especially suitable for reducing 
the hydrogen content; 

(d) The best results have been achieved with the increasingly widespread 
type of equipment that operates on a principle of cleaning "in line". With such 
equipment cleaning takes place closest to the place of freezing of the metal. 

Continuous metal-cleaning equipment can be classified into two main 
groups according to the mechanism of cleaning. The two groups can be 
identified by their differing techniques: on the one hand, inert gas (nitrogen or 
argon) and the active cleaning gas (chlorine) arc chargc<i against the flow of 
molten metal; on the other, the gases arc injected into the melt via one or more 
rotating mixer heads. An example of the above-mentioned techniques is 
provided by the spinning nozzle inert flotation process, which has been in use 
since 1974. 

Figure V shows a twin-rotor variant. The unit consists of a system of 
chambers placed in a container made of refractories and lined with graphite. 
Heating clements arc built in between the outer wall and the graphite lining. 
Two :ipinning nozzles reach into the melt from below and the cleaning gas 
(usually very clean nitrogen and from I to S per cent chlorine) enters the 
cleaning chamber via the axes of the rotating heads. Finely dispersed gas 
bubbles physically remove the hydrogen and oxides by lifting them to the 
surface of the melt, while chlorine reacts with other impurities such as sodium). 

The cleaning capacity of a continuous metal-cleaning unit with only one 
spinning nozzle is 10 tonnes per hour, while a unit with two spinning nozzles 
can clean 20 tonnes of metal per hour. Built-in heating capacity is 30 kilowatts, 
and the dispersing-mixer head rotates at 380 revolutions per minute. The 
practical results achieved with such a unit using a gas mixture of 99 per cent 
nitrogen and l per cent chlorine are as follows: 

Condition of mrtal 

Before 1rea1ment 
Af1er 1rea1men1 

Hydrogm 
(g ptr gram nf a/11mini11m) 

0.12-0.20 
0.06-0.08 

Oxyg'n 
(ppm) 

20-30 
S-IO 

Sodi11m 
(ppm) 

20-30 
s 

Increasing the chlorine content (for example, up to 3 per cent) would 
decrease the sodium content to from I to 2 parts per million. The various 
metal-cleaning processes are usually applied in combination, especially when 
the metal is known to have a high impurity level, which occurs when metal 
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~: 1 Metal feed from casting furnace 
2 Deaning chamber 
3 Casting chamber 
4 Gas injecror and mixer 
5 Passage for deaned metal 
6 Metal discharge to casting 

from electrolysis is directly transported to the casting shop. TI1e sodium content 
of such a metal can reach from 80 to 120 parts per million prior to cleaning.. 
Metals having such a high level of impurities are usually pretreated by resting 
or adding from I .S to 3 kilograms per tonne of hexachloroethane to the melt 
prior to filtering. When pretreatment cf the molten metal is not possible, the 
chlorine content of the cleaning gas mi,;ture should be increased (for example, 
up to a maximum of 30 per cent). Since chlorine is harmful to human beings 
and to the environment, all chlorine storage and charging facilities and exhaust 
systems (stacks, neutralizers) must be oesigned in accordance with the 
regulations of the country concerned. 

Vanadium and titanium impurities that lower the conductivity of wire rod 
will have to be removed from the molten metal. Such impurities may be 
removed in one of the following ways: 

(a) Boron containing flux is added to the electrolysing pots; 

(b) An aluminium-boron master alloy containing from l to 2 per cent of 
boron is charged into the molten metal. Boron reacts with vanadium and 
titanium to form compounds with a high melting point that either settle or can 
be filtered out. 

As a further cleaning step ceramic filter plates consistina mainly of 
aluminium oxide (80-SS per cent of Al20,) have been developed and used for 
the removal of coarse non-metallic inclusions. Ceramic filter plates of that type 
(for example, with dimensions of 23 cm Y n cm x S cm, a porosity of from 
SS to 90 per cent and an averap of 12 pores per linear centimetre) are placed 
into the metal flow at an adequate position in the casting trough (see figure VI). 
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Sepwating Wiii Filter 

One square metre of ceramic filter plate with a thickness of SO millimetres 
can process in a lifetime from 100 to 200 tonnes. On the basis of tests carried 
out with that type of filter. indusiom of more than S microns are ftltered out. 
The sodium content is decreased by only 20 to 40 per cent. provided the initial 
value is from 20 to SO parts per million. and the hydroacn content is not 
decreased by the filter at all. For the production of wire rod the metal to be 
cast should have the following maximum impurities: 

Hydropn 0.12 I per sram of aluminium 
Sodium 0.10 ppm 

Such low impurity levels can be ensured only by the combined application of 
various deaning processes. 

Proper alloying and grain refinement are required for the cast rolling of 
alloyed wire rod. Alloying is done by charging metallic magnesium and an 
aluminium-silicon master alloy containing from 10 to 20 per cent of :.alicon. An 
aluminium-titanium-boron master alloy containing S per cent of titanium and 
up to I per cent of boron is used for grain refinement. The master alloy can be 
fed to the furnace in the form of small ingots (from 3 to 4 kilograms per tonne 
of aluminium) or continuously in the form of wire amountin1 to from l.S to 
2 tiloarams per tonne. The aluminium-titanium-boron wire should be fed into 
the castin1 trough at such a distance from the place of solidiracation that the 
intermetallic panicles servin1 as the nuclei for crystallization may be uniformly 
dispened. 

Cast rollin1 lines form the principal equipment of the castin1 shop. The 
varied technologies are dealt with in detail in [7]. A widely used type of 
continuous cast rollin1 equipment. named Properzi after the inventor, is 
produced by a firm in Italy. The four i!nes of equipment currently produced 
are, in increasin1 order of capacity, as follows: 

Mini 8 (similar 10 lhc 6E) 
8113 (similar 10 1hc 7E) 
1800-8/17 
2000-8/17 

The Properzi castin1 and rollin& line is illustrated in fiaure VU. 
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Molten m1t1I from furnace 

Fl••n VII. Coa1l111ou1 c11U•1 uall for Proptr1I wire rod 

K•y: 1 Ch1rn1l1 
2 C11ti"g unit 
3 C11ting wh11I 
4 Cooling drums 
5 Cover strip 
6 Sway bridge 
7 Rod mill 

r-

8 Main shear 
9 Twin coiler 

10 Cutting shear 
11 C11t rod 
12 Wire rod 
13 Coll of wire rod 



The rod-casting machine bas a water-cooled casting wbed. the crown of 
which is machined for the rod to be cast and is covued by a steel band. Molten 
metal fed into the trough machined into the wheel solid!CH:S as a result of the 
cooling effect of the rotating Wed and covaing steel band. Sol.idllaed rod 
leaves the casting wheel and passes onto the rolling line. Tbe casting machine is 
further equipped with a metal transfer trough. a casting plate and a structure 
supporting tbe casting machine and the cast rod. 

It is essential to maintain a constant level of molten metal in the casting 
trough. c:specially when casting alloyed rod. That can best be ensured by 
horizontal metal feeding. in which, for exan.;-le, molten metal flows through a 
needle valve and a balanced buoy into the last chamber of th~ casting channel. 
Adjustment of the balancing weight ensures precise control of the metal l'!Vd 
and automatic metal feed. 

The casting wheel of the machine is made of high-quality and high­
conductivity dectrolytic copper. For the casting of unalloyed aluminium rods 
the material of the casting wheel is either unalloyed copper or copper alloyed 
with chromium and zirconium and hardened by cold-working in the former 
case and by beat treatment in the latter. For the casting of alloyed aluminium 
rods the casting wheel is made of copper alloyed with silver. 

The material of the casting wheel may contain only very small quantities 
(from JOO to 200 pans per million) of oxides or oxygen. The surface of the 
casting wheel in touch with aluminium should be absolutely smooth and 
polished. 

Cooling of the casting wheel is achieved by two rows of water jets on the 
inside and one row on the outside. Cooling water is required at a rate of from 
40 to 60 cubic metres per hour at a pressure of from 3 to 4 bars. Scaling should 
be avoided. 

The cavity of the moutd o.a the casting wheel has to be lubricated with oil 
prior to casting. A blank rod is placed into the mould before casting, molten 
metal is fed until it reaches the blank rod, and the casting wheel is then s:aned. 
The blank rod helps to ensure that the whole length of the aluminium rod will 
be put to valuable use. 

The rolling line consists of from 13 to 17 mill stands. The Properzi 
rolling-mm contains three work rolls in each of the roll stands. The work rolls 
are positioned at 120" with respect to each other. The cavities milled into the 
work rolls together form th~ designed shape and determine the rate of 
deformation and the dimensions of the rod. 

The cavities formed by the work rolls alternate between hexagonal and 
triangular up to roll stand num:,Cr 10. Even-numbered roll stands give 
triangular, 1and odd-numbered roll stands hexagonal, shape to the wire rod 
being formed. Final rolling is always done by odd-numbered roll stands. 
Even-numbered roll stands before the udd-numbered ones that do the final 
rollin1 have triangular cavities that smooth the surface of the wire rod. The 
work rolls in any two consecutive roll stands are rotated by 60° in order to roll 
down the edps of the wire rod formed in the previous roll stand. Cavities and 
roll stands arc illustrated in figure VIII. 

A pass schedule calculated for 17 roll stands is summarized in table 8. 
The clonption factor is the ratio of the cross-sections of the wire rod 

cntcrina and leavin1 the same roll stand. Deforming force, torque and power 
requirements can be determined on the basis of relationships involvina section 
rollina. The number of revolutions of the work rolls in a cenain 1roup of roll 
stands beina fixed and the elonption factors theoretically constant, the roll 
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I(~: • Hexagonal void 
b Stretching or flattening triangle 
c Circle 

TllMel. Pa1 sdietllde fOI' • Pn,eni lilw 7E 

Ill-'-' 
c .. __ ,.,,"' 

~wllf _.,., 
rrtllH .ntt ""' will'*' ~ ....... si.,w of nmry ,_,, ,_, , ... ,. 

Rod Trapezoid 2184 
I Hnaconal 1162 1.170 
2 Trianpalar 146S 1.280 
3 Hexqonal I 14S 1.280 
4 Trianplar 19S l.27S 
s Heuaonal 711 l.27S 
6 Trianplar S6~ l.26S 
7 Heu,onal 44S l.26S 
I Trianplar 3S2 1.265 
9 He:ueonal 2IO l.26S 

10 Smoorhin1 
trianpe 211 l.26S 

II Cirtvlar 176 IS.DI l.26S 
12 Smoorhin1 

trianpe 140 l.2S3 
13 C..irtvlar 112 ll.9S l.2S3 
14 Smoorhin1 

trianpe 19 l.2Sl 
IS Cirtvlar 71 9.s; 1.2S3 
16 Smoothin1 

trianpe S6 l.2S3 
17 Circular 4S 7.6 l.2S3 

stands can be driven by a single direct-current motor. The complete rolling-mill 
line can be synchronized by the castin1 wheel. That is accomplished when the 
cast rod passes over an arched tilting set of rollers, the position of which 
provides the sianal for fine synchronization. 

The work roll area of roll stands is closed and divided into two 
compartments by fininp. One of the compartments takes part in the 
circulation of lubricants for the drive sears and bearinp. the ocher helps the 
circulation of the coolin1 emulsion for the work rolls. The two types of 
lubricants should never mix. 
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The oil content of the emulsion (the cooling lubricant for the wort rolls) is 
from 10 to IS per cent and is directed ro the entry rollers and wort rolls. The 
rate of feeding the emulsion to the first wort roll stand when starting should be 
small to prevent the rod from slipping. To achieve the required mecbanical 
properties of the wire rod. the amount and temperature of the emulsion will 
have to be conuolled during rolling. 

The temperature of the emulsion varies between 40"C when taken in for 
cooling and 80"C when leaving the wort roll area.. The emulsion is fdtercd with 
a band-type fdter. The capacity of the emulsion storage tank and that of the 
transfer pump depend on the size of the rolling-mill. The capacity of the 
cooling system of the whole rclling-mill should be based on an entry 
temperature of the rod of about 48G°C and an exit temperature of about 290"C. 
The amount of beat to be discbarted can be determined from the temperature 
difference of about 200°C tmd the weight of metal passing through the 
equipment in one hour. A charge of emulsion should be changed after from 
I to I .S months of openation. 

Coiling wire rod at a temperature of about 2SO°C directly after leaving the 
rolling mill would cause irregular cooling of the coil. since the inside of the coil 
could be at a higher temperature than the outside in case of open-air cooling. 
Since this irregularity in cooiing would impair the mechanical and electrical 
pro'lerties of the wire rod. up-to-date wire-rod manufacturing lines have a 
c .olzng unit installed between the rolling-mill and the coiler. The cooling unit is 
designed to lower the temperature of the wire rod to about IOO°C. 

The coiling of wire rod can be done by coilers having horizontal axes or by 
baster-type coilers. The coilers usually have two drums and automatically 
switch from one drum to the other when the first one is full. The pre-adjusted 
weight of a coil is between 800 and 3,000 kilograms. 

For funher processing the coiling of unalloyed wire rods must be tight, 
especially where no intermediate cooler is built between the rolling mill and the 
coiler, and that of alloyed wire rods must be loose, in order to let water reach 
all threads during the following hardening steps, thereby producing more 
uniform mechanical properties. The pitch of coil threads is from 3 to 
4 millimetres higher than the diameter of the wire rod. Coils of wire rod have to 
be packed for long-distance transpon prior to funher processing. Figure IX 
shows alternative methods of packing wire-rod coiis for land and marine 
transpon. 

The quality control of applied technologies and manufactured products is 
a never-ending task. In addition to the measurement of dimensions and 
temperature. the analysis of chemical composition and the testing of electrical 
and mechanical propenies are to be performed regularly. 

B. T ecbnoloey and equipment for •ire-rod casting plant 

I. p,otlMct mix 

The quantity and mix of products are basically determined by market 
demand, but there cxisls a lower limit of capaci1y below which economic 
produe1ion cannot be achieved. 

The wire-drawin1 and strandin1 capadties to be installed have to be 
determined on lhe basis of the wire-rod demand and optimum economic 
capacity. Various required levels of produc1ion are given in table 9. 
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1100mm 

1100mm 

Steel band 

~=~~~~~~~~~~-- (19mmx0.6mm) 

A. For land transp0rt 

B. For marine transport 

Aluminium rod coil 

Paraffin s-per' 

Plastic foil 

.,.. ____ Silica gel 

Steel band 
(19 mm x 0.6 mm) 

Aluminium rod coil 

• Paraffin paper 

Plastic foil 

. - Corrugated paper 

Wood-fibre plate 

Silica gel 

2. Key eq•ipment 011d description of plant 

The major parameters of currently available Properzi-type wire-rod lines 
are summed up in table 10. A comparison of tables 9 and 10 shows rhat no 
economic wire-rod man•· .acturing capacity can be installed for a required 
wire-drawing and twisting capacity of S.12S tonnes per annum. Jn such a case it 
seems more prudent to purchase the wire rod or to set up the smallest 
economically viable wire-rod manufacturing unit and to sell the extra amount 
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T--.1 

2'°° 
sooo 

10000 
20000 

2S62 
s 12S 

10230 
20440 

TMlet. A-iwirHwll,..-...re~ 
(Tonnes per annum) 

A. Dr:· -,, .,.-;u-
1 2SO (SO) 
Z jOI) (SO) 
l 000(30) 
4 000 (20) 

B. C tut 111111 rollnl wir~ rod 

E·AIMKSi 0.5 

1217 
2 s:rs 
3090 
4 120 

l-.0._ml 

I 2SO (SO) 
2 '°°(SO) 
7000(70) 

16000(80) 

E-A/99.J 

127S 
2 sso 
7140 

16 320 

.\'at~: 8camc of '"asle. I.OJ t1 of allo!cd witt rod. or 1.02 k1 of 
-'ioytd witt rod. is rcq1liRd ror die produaioa ol I ks of drawa witt. 

df=".,..ra in paraa1licses indicale ~-

on the domestic or external market. It is estimated that from 1983 to 198S the 
selling price of unalloyed wire rod per tonne was from $200 to S2SO higher than 
that of aluminium ingot, regardless of the level of purchases or sales of 
wire rc.d. 

Provided the capacity of the wire-drawing plant and the amoun1 of wire 
rod that can be exponed reach a total of 9,000 tonnes per annum, that is, 
two-thirds of the capacity of the smallest wire-rod manufacturing line, it rnay 
be feasible to install Properzi line 6E. Provided the domestic and external 
demand for wire rod can reach the amount of IS,000 tonnes per annum in a not 
too distant future, the feasibility of initially installing Properzi line 7E should 
be considered. 

When calculating capacity it should be borne in mind that the amount of 
wire rod made of aluminium-magnesium-silicon alloy could be from 20 to 
JS per cent less than that of unalloy~d wire rod (see [7)). Table 10 indicates the 
number of operators required for the Properzi wirc.-rod manufacturing lines. 
The number of operaton can be grouped as folio~.: chief operator, casters, 
coiler operators, furnace operators and general aid ... a:"'ulation of the number 
of workina hours has been based on three eight-hour shifts per day, five days 
per week and SO weeks per year. Auxiliary operations depend on the degree of 
utilization of the manufacturing line, which may vary from 70 to 92 per cent 
(see [7)). The present writers have found the degree of utilization to be 
82 per cent. 

In 1986 the approximate prices of various Properzi-type wire-rod 
manufacturing lines were as follows: 

TyJ" r>f m111111/11rt11ri111 liflt 

6E-Mini8 
7E-8/13 
1800-8/17 
2000-8/17 

Prtu ( dr>llon J 

l.S60.000 
2,400,000 
4.100.000 
4.~00.000 
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,,_ 
Cross-!ICCtion of rod 
OU.meter cf castins wheel 
OU.meter of wire rod 

Power of dri\'C motor 
Nominal c:astins rate 
Dcarec of 1uilization 
Number of workins houn per year 
Yearly production 

(E·AI 99.S. diameter of 9.S) mm) 
Number of persons per shift 
Man·houn per tonne 

Table 10. Technical characteristics of Properzl wire-rod cast rolllna llnn 

V1111 

mm1 

mm 
mm 

kW 
ks/h 
Percen1a1e 

Tonnes per year 

6£-Minill 

I llD 
1400 

S1and ll: 7.60 
St11nd II: 9.Sl 
Stand 9: ll.9S 
S1and 7: 15.DI 

-· 
2lS 

2 KOO 
82 

6000 

ll 776 
4 
1.74 

T)'pt of /Int 111d Jf'trifltlliOllJ 

7£-11/J 11100- 11117 

:! 16) 3472 
1400 I 800 

S1and ll: 9.S) Stand 17: 7.60 
Stand II: 11. 95 Stand IS: 9.5) 
Stand 9: IS.DI Stand ll: I l.9S 
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The following main technological steps are to be carried out in a wire-rod 
plant: supply of molten metal from pot-rooms or from solid charge by melting; 
alloying. including microalloying and grain refinement; cleaning of the melt; 
casting and rolling of the rod; coiling; hardening and drying of alloyed wire 
rod. operations which can also be carried out in the wire-drawing plant; quality 
control; and packaging. 

(a) Supply of molten metal 

For molten .netal transponed from a nearby electrolysis plant two electric 
resistance furnaces should be installed. each with a capacity of from 10 to 
20 tonnes. depending on the capacity of the cast rolling line. That is the most 
common arrangement of Properzi cast rolling lines. Usually the range of 
products of an aluminium smelter is broadened by installing a cast rolling line 
for wire rod as an addition to slab and billet casting and narrow- and wide-strip 
casting. The ad11antage of such an arrangement is the direct utilization of the 
beat content of molten metal. although .bat requires the existence of an 
adequate industrial infrastructure. 

When only solid metal is available. a melting operation is required to 
supply molten metal to the wire-rod plant. For proper utilization of the main 
production equipment, it is imponant to have a cycle time for the melting 
furnaces to match the ope:-ating schedule of the cast rolling line. Melting 
furnace capacity can be increased gradually by installing several smaller units 
when the final capacity of the cast rolling line cannot be utilized. In such a case, 
higher investment and operating costs should be expected because of the 
greater number of smaller units. 

The cost of remelting ingors is significant. The specific cost of remelting 
ranges from S40 to $50 per tonne, including fuel consumption as indicated in 
figure IV. with all depreciation costs supposing a depreciation period of 
10 years. maintenance and operating costs. and a 2 per cent melting lo!:s as a 
result of oxidation of molten metal. 

(b) Alloying 

When the casting shop receives molten metal from a nearby pot-room, the 
sequence of operations will be as follows: 

(a) Charging silicon containing the master alloy (AISi 12) to the bottom 
of the furnace, for E-AIMgSi O.S only; 

(b) Pouring molten metal into the furnace; 

(c) Cooling the melt to 760"C (for example. by charging solid metal of 
appropriate composition); 

(d) Mixing metalli~ magnesium. for E-AIMgSi O.S only; 

(~) Sample-taking for chemical analysis; 

(j) Correcting alloy content (for example, magnesium, silicon). for 
E-AIMgSi O.S only; 

(g) Mixing, treatment and skimdng. 

In a casting shop starting with solid metal, all the constituents of the metal 
charge, including alloyina elements and additives, will be melted in the melting 
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furnace. The charging of magnesium, sample-taking for further chemical 
analysis and correcting the alloy composition are also usually carried out in 
that furnace, and only the ready metal is transferred to the casting furnace. 

The level of impurities (titanium and vanadium) that lower the cohductivity 
of metal is generally higher in the pot-room metal than permitted. That can be 
remedied by charging boron-containing flux (for example, borax) into the mew 
in tile rot. The quantity tO be Charged is from I tO J kilograms per tonne. 

Improved workability and strength of tlre end-product made of alloyed 
materials is ensured by charging grain-refining compounds such as AITiSBI 
into the mch. Grain-refining master alloy can be charged into the metal in the 
form of ingots or of ~ire 9 mm in diameter fed into the metal-transfer trough 
just before the metal-cleaning unit. Controlled and uniform feedi.'.lg of 
grain-refining v.ire is done by a specially designed device. 

( c) Cleaning the melt 

The prepared melt is treated with chlorine-generating flux either in the 
casting furnace for casting shops starting wit~ solid metal or in the collecting 
furnace for casting ~hops operating with molten metal. The amount of 
chlorine-generating flux used, for example hexachloroethane, is from I to 
4 kilograms per tonne. Since the impurity content of the melt after treatment is 
usually too high, further cleaning of the metal is necessary. It is done in a 
cleaning unit installed between the casting furnace and the casting wheel. Some 
well-known units can provide a cleaning capacity of more than IO tonnes per 
hour. Material requirements of the casting shop are given in table 11 for the 
previously determined capacity levels. 

Table 11. A••ul material reqairemeats of 2 casti111 ., 

(Tonnes per annum) 

Mo1tridl ''tfllirrwtntlJ boYtl Oii °""""' produclian lllf4 tliJ1nbv11an 

Toto/ of 10.000 Toto/ o/ 15.()(1(} Toto/ of 10.(/(}() 

lJrudlov"I Alfoy,tl L
0

N11loy'tl Alloy,J C!NllfO)''" Allo1·,,J 
Mat,,,ol 7.()()() J.OOo II.JOO J.4Jfl 111.noo 4.0oo 

Molten metal from pot·room 10 230" IS 3JSl1 204400 
MaHcr alloy AIB3 •; < 8) 24 40 S6 
AITiSBI 12 14 16 
AISil2 l2S 144 166 
Metallic M1 16 19 22 
Atunux EVb s 8 10 
Atunu11 ffb 30 4S 60 

"The 1moun1 or mollen melal from Ille po1-room •h<'uld be increased by lhe rnchin1 loH. The fllC or 
1t1Cllin1 Ion varin from I 10 4 per c:cn1. dcpcndin111 on mcl1in1 condi1ion1 and charsc. 

~ypc or rcfinin1 nu •. 

(d) Qua/;ty control 

Quality control covers the chemical composition, shape. surface charac­
teristics and mechanical and electrical properties of the end-products. That 
requires regular examination of samples taken at certain stages of production. 
In general, the following kinds of tample are taken and rxamined: 
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(a) Samples from the metal bath in the furnace. to determine chemical 
composition after alloying and correcti·ln. and from the metal transfer trough 
at the beginning. in the middle and at the end of casting; 

(b) Samples from the end of each of the coils. in order to determine 
mechanical and electrical properties; 

(c) Samples from the coils. to determine shape and surface quality at 
certain stages of production. 

A spectrograph is used for chemi.-:al analysis. an electron microscope is 
preferred for structural analysis. and equipment for performing tensile tests. 
twisting and bending is used for mechanical tests. Reguiar control of the 
production process requires appropriate dip-tube pyrometers and touch 
pyrometers and other measuring instruments. 

3. Major tee/mica/ anti operating parameters 

Fer guidance concerning the supply of plant equipment. major technical 
and operating parameters are listed below for one tonne of production. They 
are average figures that may vary to a large extent depending on l•JCal 
conditions. 

Poromttus 
Heati11g requirements 

For melting: Heating oil 
Natural gas 

For holding: Electric power 
Natural gas 

Electric power for driving 

N 2 gas for metal cleaning 
Cl2 gas for metal cleaning (up to 10 per cent 

chlorine content of gas mixture) 

Hexachloroethane for metal cleaning (in pill or 
powder form) 

Compressed air 

Emulsion: For E-AI 99.S 
For E-AIMgSi O.S 

Lubricating oil 

Cooling water: Recycled 
As make-up water 

Lifetime of casting wheel: 
or ordinary copper 
or special alloy 

Lifetime of steel band 

Lifetime: of work rolls: 
or steel (without regrinding) 
or tungsten carbide (without regrinding) 

Units fW' IOMt of al11mini11m 

80-100 kg 
IJOml 
llOkW 
20mi 

1S kW 

2 m' (at 20"C and I bar) 

360 g 

3-4 kg 
30 m; (at 20°C and I bar) 

o.s kg 
2-3 kg 

0.1 kg 
22.S ml 
O.smi 

Tonnts of oll11mini11m 

800-1,000 pe~ piece 
4,000-6,000 per piece 

20-60 per piece 

7 ,SOO per set 
30,000 per set 

Personnel requirements depend greatly on the extent to which the 
production plant relies on auxiliary units (for major maintenance, transport, 
in-laboratory tests, analysis etc.) and the continuous operation of the 
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10.0001-. 10.000-. 
Anmr_.-"""" of~ _., . .-Wof"'ifn pn- pn-

CasUna - rolling line 3 12 IS 
Mdling 3 6 6 
Maintcaaxc I 3 .. 
Maimcnance staff on duty 3 3 3 
Transport I 2 4 
Tcdmician I 2 2 
Plant engineer I I I 
Administration I I I 
Plant manager I I I 

Total 31 37 

Nott: Eslima1cs ar~ aiYCft for 1bc castiDI shop of a plan1 rueivina mohcn metal When a solid cbarsc ;. 
med. a furibcr nine pcnoas should he added for 1bc mdlins opcralions cor JI + 9 = 40 ponom for a QpuU) of 
10.000 1onncs per annum I. 

production line can be ensured (by continuous material supply), and on the 
c.ipacity of the production line (since higher-capacity lines have higher 
productivity). The personnel requirements of a plant starting operations from 
molten metal, with further processing of the wire rod in a nearby wire-drawing 
plant to which the wire rod can be transported without packaging, are given in 
table 12. 

The plant will have to keep a stock of reserve materials to ensure 
uninterrupted operation. The amount of aluminium stock greatly depends on 
the availability of the metal, on whether the technology is based on solid or 
liquid metal, on the location of the drawing plant, on whether the wire rod is to 
be exported or not etc. The aluminium stock can be best estimated in terms of 
the number of production days, as shown in table 13. When liquid metal is 
used, only the alloying elements have to be stocked. 

A few other possibilities may also exist. Greater reserves of production 
capacity may result in keeping smaller stocks. It is very important to speed up 
transport from the plant. That requires a labour force for quality control, 
packaginJ, transport, material handling etc., and the organization of pro­
duction in accordance with transport needs. 

The stock of spare parts has a value of from 3 to 10 per cent of the value 
of the equipment used, depending on the degree of complexity of the equipment 
and the availability of spare parts. A larger stock of spare parts should be kept 
in developing countries located far away from the country of the equipment 
manufacturer. 

Molten metal 
Solid charae 
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Table 13. Estimated aluminium stock 

D'""'"'K pla11t 11ta,hy D'awi11t pla11t fa' away 
(pa(katt11t 111>1 rtqllirtd) fpackati11t rtq11lrtd) 

Btf"" m1/1111w w,,, '"" Total Btfort mtlll11t w;,, ,nd 

I I I 3 
7 7 7 j 

Toto/ 

4 
10 



A plant should have a complete set of tools and dies for all its main 
products. There should be a three-months stock of other tools and auxiliary 
materials. such as lubricants. casting dies. covering bands for casting wheels 
and work rolls. but an even larger stock of materials and tools less frequently 
used can be maintained. 

Useful data on operating costs of Properzi-typc aluminium wire-rod cast 
rolling lines arc given in [7]. The data arc based on 2S years of observation and 
on the investment experience of more than 120 Properzi cast rolling lines. To 
eliminate the distorting effects of aluminium price fluctuations. the original 
figures expressed in dollars have been recalculated to take into account the 
percentage distribution of processing costs (the latter does not include prices of 
materials). The figures contained in table 14 refer to a plant starting v.ith 
molten metal. where there is no melting loss to calculate. and only E-AI 99.S 
material is processed. The payback period bas been taken as I 0 years for the 
calculation of depreciation. 

THlr 14. Estimated operatillc cests of rro,em-type wire-rod prodllctioa lillft 
(Perceniage) 

Co11 factor !IE 7E /~17 ~17 

Wages of opcraton 27.J 23.4 16.9 IS.8 
Wages of maintenance pcnonnel 9.J 9.S 8.9 8.8 
Management and contr:>I 10.S 7.0 4.8 4.4 
Au•iliary materials 6.4 7.0 8.9 9.6 
Maintenance materials S.8 4.4 4.8 4.4 
Electricity 4.1 4.4 S.6 6.1 
Fuels 7.0 S.7 6.4 6.1 
Depreciation 22.0 JJ.S 38.7 39.S 
Olhen 7.6 S.I 4.8 S.3 -- --

Total 100.0 100.0 100.0 100.0 
Ratio of operating costs of other 

types with respeci to type 6E 100.0 91.9 72.1 66.3 

4. lnvenment data 

Selec1ed produc1ion equipment and invcstmenl cos1 estimates for a 
wire-rod plant slarting with molten metal are given in table I 5. Figure X shows 
the arrangement of equipment in the plant. 

Selected production equipment and investment cost estimates for a 
wire-rod plan1 using solid charge are given in table 16. Figure XI shows lhe 
arrangement of equipmen1 in the plant. 

The tables do nol include the cosls involved in procuring 1he plant sile, in 
parricular lhe purchase price of land and infras1rucutre inveslmenl, which can 
vary so much tha1 each case should be considered individually. In order to 
operale a plant 01her financial resources are required, such as working capital 
for me1al stock and spare par1s, which amounls 10 from IS to 2S per ccnl of tht. 
investment cost. 

In 1ablc 17 the inves1men1 cosls of Properzi lines 6E and 7E are compared 
for 1otal capacity ulilization. 
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TaWt 15. la"" • cest esdlale r. .... 9flllllim& widl ...._.ml 
(Thousands of dollars) 

10000- 1.•000-. 20000~ 

fl'F- fl'F- fl'F-

Ullit !li...6w .-....r -~ ,_ ,_r ., ... c- ., ... Cesr .,..,, c-

EJcaric raislaace furDKC 
(12 IOllDtS) 2IO 2 560 2 S60 

Fad-fiml R9Cfbcralory 
cuUeaiac fumacir (2S IOtltleS) 400 2 IOO 

Coatinuous mcW-deaain& 
cquipmcac widl --a lSO lSO J~ JSO 

Gnin-rdiaia& uait 
widl witt fccda 10 10 10 10 

Case rollina madlinc. rype 6E I 340 1430 
Casi rolJin& macbinc. cype 7E 2400 2400 2400 
Quality conuol and offacc 

cquipmcac 100 ISO 200 
Transpon uaiu (indoors) 100 150 200 
Buildiq. 24m x 60m 300" ·~ 4.JO- •• 
ErecUoa 340 4SO sso 
Ocbcrs (cn&inccrina. know-how 

CCC.) 200 2SO JOO 
Toul 3 S20 47SO 5 240 

"t>oll.ln per square !Mire. 

F".-e X. Amlllp-..r of c .. ifw•I ill wft.nll ,._. epmllills wit• -"n weal 

•• 

Kq: 1 Casting fumtce 

36 

2 Continuous metal-c:luning unit 
3 Cnting machine 
4 Rod mill 
5 Control J*WI 
6 Control PIMI 
7 Coiler 



T.a.le 16.. r..ese 

i:.,._., .. {edlilin 

Fm-fired--..r-
(capmciry al 21 lOllDCS. 

imllias race al S.4 roaacs 
pcrlM>ur) 

F1ld-fiRd aslilla (2S roncs) 
coaa.-~ 

equip.- widl acassories 
Graia-R(mia& gait 

willl wire rm1a 
CAR rollia& -"inc. IJPC 6E 
CAR rolliaa -"inc. IJPC 7E 
Qualiry coauol Uld off.a 

equipmcnc 
Trampor1 cquipmcnr (incloon) 
Buildiq. 24 m x IOm 
ERaioa 
Olbcn (mpaccrina. tnow-bo• 

ac:.) 
Toul 

-r>onan ,... oqaarc -re. 

J 

Krt: 1 Melting furnace 
2 Cnting furnKe 
3 StKk 

' I 

4 Metal-c:laning unit 
5 Cnti"la machine 

.. ::.-.-.. .................. clmrp 
fl'1lomaads al clollan) 

£.-....a---~ ......... 
·-~ 

,, __ 
,rr- ,rr-

Ullit ,¥....., Nmlllon' 
1"fCr .. ...., c- ., ..... c-

I 2JG 1230 12.JO ..., 400 ..., 
JSO JSO JSO 

10 10 10 
1410 1430 
2400 2400 

100 ISO 
100 ISO 

JOl)I SIOS SIO" 
340 4SO 

230 270 
4 770 H90 

.,. 

----

6 Rod mill 
1 Control ptnel 
8 Control ptnel 
9 Coiler 

10•-. 
#F-

.'"-61r ,,,_ c-

1230 
400 

JSO 

10 

2400 

200 
200 
SIOS 
sso 

JOO 
6220 

,. ... 
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T_~IE T•7E ,.,,.,. »lift ,.,.,. s.w -- __, ....... -- ....... 
~ Qlll (dlavsuds ol dolan) Jl70 s 150 SlJO 6390 
Capmcily (IDllMS per_, ll776 13776 lll40 lll40 
lavwww am (dolan pu ~ pu ,arl 211 J7' 241 219 

Traids in inwstment and operating costs. as rdlccltd in tables 14 and 17. 
show the advantages or plants having higher productivity. 

Names and addRs.scs of major equipment suppliers will be provided on 
request by the Department of Industrial Operations cf UNIDO. Metallurgical 
Industries Branch. 
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ill. Wire-drawing 

Unalloyed and alloyed wires are obtained from bot-worked wire rod by 
funber cold-working. usually through wire-drawing. Most cold-drawn wires are 
processed into dectric conductors of various types. 

I. Cll.Nctnistia of a.- rma 

Data on the chemical composition of unalloyed and alloyed aluminium 
wires used in the manufacture of power transmission lines are given in table 2. 
and the mechanical and electric properties of conductor materials are 
summarized in table 3. A very imponant characteristic of wires and cables is 
their tendency to show fatigue when subjected to stress. Bending tests are 
carried out to determine the failure point. Such tests involve coiling and 
decoiling the wire around a cylinder of a specified diameter. Wires should 
withstand a certain number of bending operations without failure. That 
number is eight for E-AI 99.S and four for E-AIMgSi O.S. 

A number of innovations in wire-drawing technologies and equipment 
have not yet been applied in mass production. Although not described in detail 
here, those innovations have been covered extensively in (8). 

Some technologies have already passed the level of laboratory and 
pilot-plant experiments. Thus, a firm in lraly has developed a new wire-rollin1 
line that is available and ready for use in plant operations. The production line 
is equipped with from 10 to 12 roll stands with calibrated work rolls in 
triangular arran1ement. The wire-rod mill stans from wire rod having a 
diameter of 9.S millimetres, which it rolls down at a high speed (up to SO metres 
per second) to wire of l.S millimetres in diameter. 

Despite recent developments, traditional wire-drawin1 technologies domi­
nate industrial practice in the production of electric conductors. Such 
technologies and the related equipment arc described below. The deformation 
resulti.11 from wirc-drawin1 is illustrated in fiprc Xia. 

In acc:ordance with the decreasin1 diameter of the opcnin1 in the drawing 
block, the diameter of the entcrin1 wire decreases from an initial diameter of d. 
to an exit diameter of d,, and the cross-section of the wire decreases from A,. to 
A,. The decrease is caused by the action of drawin1 force P,, durin1 which the 
frictional forces 1enerated betwet'n the surface of the wire and that of the 
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1 1 31. 

Kl(: 1 Entry section 
2 WOfking section 
3 c.1itntins section 
4 Exit section 

drawing block are oi great importance. The cone half-angle of the drawing­
block plays an important role in the working process. For aluminium drawing 
the angle. a, is as follows (4): 

DUurwru of wir~ 
(111illilMr,,:rJ 

IS-6.00 
~3.00 

3-0.IS 

Cow11111kf1a.J 

2'2°-26° 
18°-2'2° 
16°-20" 

According to (4), the magnitude of the required drawing force can be 
determined by the following formula: 

P, = (A.-1- A.)-(1 +l) kt., a 

where A.-1 and A. 

I 
a 

are the cross-sections, in square millimetres, before and 
after a drawing stage 

is the coefficient of friction, ... O.OS 

is the cone half-angle of the drawing-block. in radians 
(see figure XII) 
is the medium metalworking strength. in N/mm1

, or 

K _ R ... .-1 + R .... 
, .. - 2 

where R,,, .• - 1 .and R,,,.. are tensile strengths, in N/mm1
, before and after the 

drawing stage 

The tensile stress generated in the wire by the tensile force transmiued by 
the drawing disc or drawing drum can be upressed as: 

40 

P, 
tlz, = -A, 



When the magnitude of the stress approaches the tensile strength of the wire 
(R.,). the latter may ersily break. The number that indicates bow many times 
the tensile strength of the wire is higher than the drawing force is called the 
safety factor (K:). values of which are listed in table 18. 

T.Me II. Val.es of safety fm• Iz 

10.~S.O 

S.~l.O 

1-~-· 
0.4-0.1 
0.1-0.01 

l ... l.4S 
l.4S-UO 
l.SG-1.60 
1.70-2.00 
2.~2.SO 

The equipment performing the drawing operation may be of several types. 
In terms of dra'1ting technology, there may be slip-drawing or slip-free drawing 
equipment, based on single-stage or multi-stage design. 

Wire-drawing equipment can be grouped according to the field of 
application or the range of the wire diameter, which for aluminium is as 
follows: 

K i1uJ of .,.;,, 

Wire rod 
Medium wire 
Thin wire 
Fine wire 
Microwire 

ROllKr of.,.;,~ diomrtu 
(millimrt,,s) 

16.0-4.S 
4.S-1.0 
L0-0.4 
0.4-0.1 
<O.I 

Aluminium conductor wire is drawn in multi-stage wire-drawing machines, 
that is, the wire passes through a number of consecutive drawing blocks. The 
number of drawing stages is determined by the quality of the material, the 
required final diameter and the mechanical propenies of the wire. In most cases 
the number of stages ranges from 10 to 20. Figure XIII shows a six-stage 
slip-free drawing machine. In multi-stage drawing machines each of the 
drawing drums has an individual drive and the drawing blocks are located 
between two consecutive drums. The machines are also called collecting 
drawing machines, since aluminium wire is collected on the drawing drums. A 
further characteristic is that the difference in the speed of any two drums causes 
the wire to be subjected to twisting. which can lead to breakage. 

Figure XIV illustrates a twin-drummed collecting drawing machine 
desiped to reduce the risk of wire breakage. Such a risk is eliminated by the 
use of slip drawing machines. The peripheral speed of the drawing discs of the 
machines is chosen to ensure that il is always from S to 12 per cent higher than 
the actual speed of the wire leavin1 the drawing block. In such a drawing 
machine the wire <:ontinuously slips around the perimeter of the discs, which 
results in wear and heat aeneration. Safe operation of such high-speed 
equipment is therefore feasiblr. only throuah i1i1h-quality coolina and lubri­
cation (9). 

The adat)tability of multi-staae slip-drawing machines is shown by the 
wide ranae <>f products that can be made by eliminating selected drawin1 discs 
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ky: 1 Drawing tools 
2 Drawing drums 
3 Wi1a-91iding roll 
4 Feeding stand 

Kly: 1 Drawing block 
2 Drawing drum 
3 Free running drum 
4 Wire.guiding disc 
5 Collection control 
6 Guide disca 

and blocks. The operation of slip-drawing machines is based on the principle of 
continuity, as reflected in the following formula: 

A1 xv,= Ai xvi= A, xv,= A" xv"= Constant 

where A 1 to A" .•re the cross section5 of wire exiting from the drawing blocks 

v1 to v. are the speeds of wire twisting around the drawing discs 
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Calculating the productivity of the drawing operation is based on the mass 
of material dnwn and coiled onto a drum (or disc) in one second. The hourly 
production is then given by the following relationship: 

G,. = 2.827 Xi" 1'. 11e X tfi (ltg/b) 

where;- = Density (for aluminium. 2. 7 X J01 ltglm1
) 

Ye= Drawing (coiling) speed (mis) 
de = Diameter of wire when coiling (mm) 

For aluminium. the relationship takes the form: 

G,. = 7.66 X llK X dk(ltg/b) 

Since the theoretical level of productivity cannot be maintained for a long 
time in practice. a factor or utilization rate of 0.8 is applied. Thus, the practical 
performance is given by: 

Gp1t = 0.8 x G,,, (kg/b) 

Performance is directly related to the speed of drawing. the increase of 
which may help to solve certain technical problems. For example. increasing 
the speed of coiling would create such stresses within the wire that it would 
tend to break off (sec figure XV. curve I). Similar stresses are generated in the 
locking section of the coil, the diameter of which may reach 2.S times the 
diameter of the cylindrical section (the number of revolutions per minute of the 
coiler is highest at the beginning of coiling). Curve 2 of figure XV shows the 
stresses generated in the perimeter of the coil. The great slope of stress curves 
underlines the need for proper selection of coil materials and vibration-free 
mounting of coils, especially at high speeds. 

Flpn xv. Scrnsn ,_,acH ill •irHn•hlc 

Stress (N/mm1) 

500 
400 t--+--+--+-++-+--f 

300 l--+--+----+--+--4 

200 t---t---t-l...-+--t---t--.... 

100 

0 25 so 75 100125 150 

Coiling speed (metres per second) 

In installing high-speed wire-drawing machines care should be taken to 
ensure close tolerances and vib!ation-free operation. Dynamic balancing of 
rotating parts, uninterrupted lubrication and cooling processe~ require atten­
tion. The drawing speed of the most up-to-date wire-drawing machines may 
reach from SO to 60 metres per second. 
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The electric motor used to drive the wire-drawing machine should have the 
following characteristics: a shon, interrupted stan for threading; slow and soft 
staning; short but uniform acceleration up to operating speed; adjustability of 
rotating speed (revolutions per minute) and of optimal drawing speed 
according to the quality of the drawn wire and the prevailing technical 
conditions; and an emergency stop (in case of accident or malfunction). 

In multi-stage drawing the diameter of drawn wire decreases with the 
decreasing diameter of the drawing blocks. The planned decrease in diamerer is 
included in the pass schedule. Apan from the material properties and 
characteristics of the drawing machine, the following should be considered 
when preparing a pass schedule: 

- V.t.,. A,. 
1.= --andµ=--

V.t....-1 A .. -1 

where: V.t.1 to v.t.,. arc the speeds measure<! at the perimeter of the drawing 
discs 

A, to A,. are the cross-sections of wire exiting from the drawing 
blocks 

µ is the coefficient of elongation 
i. is the ratio of speeds measured on the perimeter of any two 

consecutive drawing disks 

For the drawing of medium and thin wire and for slip drawing machines 
the value of i. varies from 1.10 to 1.20. The following relationship is also 
important: 

µ = (l.01-1.04). i. 

Pass schedules can be prepared on the basis of a constant µ for the 
coefficient of elongation (in the case of highly ductile materials) or a gradually 
decreasing value ofµ (mainly for materials that harden fast). 

The fact that the calibrating part (see figure XII) of the drawing block 
gradually wears off, leading to changes in the final dimensions and hence in the 
cross-section of the drawn wire, should also be taken into account. The length 
of the cylindrical calibrating section is from 20 to 30 per certt of the diameter in 
the case of aluminium (10]. 

3. Heat treatment 

Aluminium wires of E-Al 99.S quality arc generally used in a hard state. 
They arc therefore usually not heat-treated, hence there is no need for 
annealing. The end-products can be manufactured in a single process. even at a 
high reduction rate (with a 95 per cent decrease in cross-section). Thus 
production technology is simple. 

Heat treatment plays an important role in the production technology used 
to make alloyed wires of E-AIMgSi O.S quality. Coils of wire rod arf' further 
processed through the proper combination of heat treatment, and cold-working, 
along the following general lines: stress-releasing brat treatment and chilling in 
water; drying; cold-working (wire-drawing); and annealing (t~mpering). 

Stress-releasing heat treatment involves holding coils, of E-AIMgSi 0.S 
quality at a temperature of from SS0°C to S60°C for the required period of 
time. For that purpose the mo5t widely used furnace has' electric resistance 

I 
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heating and internal lifting hooks. Cycle time in that type of furnace is about 
eight hours, depending on the weight of the coils. 

Chilling is carried out in the water basin located directly beneath the 
heat-treating furnace. The water basin has a capacity offrom IO to 12 m1• The 
coil is sunk into the basin within 15 to 20 seconds after the bottom of the 
furnace is opened. The water is agitated by jetting compressed air into 1t at a 
pressure of about two bars. The coils arc lifted out of the basin after cooling. 
stored in an appropriate place to let the water drip off and dried to avoid 
corrosion during further storage. Drying is done in a chamber-type furnace 
operated at a temperature of from 130°C to 135°C. Four hours arc required for 
drying (of one-tonne coils). Wire rod of E-AIMgSi 0.5 quality will have the 
following properties after heat treatment: 

Tensile strength 
Elonption 

1~190N/mm2 

18 percent 

Annealing finishes the process of heat treatment following the cold­
drawing of wire. Heat treatment is carried out in chamber-type or in 
car-bottom furnaces. Coil.; arc charged into the furnace either on spools or 
without spools. Figure XVI (A) shows the change in tensile strength of wire 
heat-treated at 5300C. as a function of temperature and the time of annealing. 
The optimal temperature of annealing is around 160"C. A relatively high tensile 
strength can be achieved within a short time at that temperature. 

As a result of annealing the electric resistance of wire decreases (owint 
partly to segregation and partly to softening), as shown in figure XVI (8). 

Specific resistivity I nm J 

0.034 ..---.-----

Tensile strength (N/mm2) 

280 CDd~~~O:::::J 

160 

120 
0 2 3 ' s 6 7 

Holding time (days) 

A. Effect of 1nne1Hn9 temper11ture 1nd 
holding time on the tensile stregth 
of alloy E·AIMgSi 0.5 

0.000 ...._.....____..___._--J 

8 0 2 ' 6 8 
Time of annealing (hours) 

B. Effect of annealing conditions 
on specific resistivity 
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New technologies are being developed [ 11] using the latest metallograpbic 
innovations relating to beat treatment and E-AIMgSi 0.5 (AA 6201) production 
technology. The most important feature of the new technologies is that 
dissolution of the MgzSi phase occurs during wire-rod cast rolling and improves 
alloy strength, thus eliminating stress-releasing beat treatment and hardening as 
individual steps. By comparison, the continuously beat-treated alloy process 
even eliminates annealing, through tbermomccbanical bot-rolling after wire-rod 
casting, as reflected in table 19, which outlines the steps involved in both the 
traditional and the new processes. 

Table 19 makes it clear why the operating costs associated with the new 
processes are lower. The relative processing costs are reflected in table 20. 

TMle If. Traditioul ud lleW processes for die prodtldioll of E-AIMpi t.S alloyed wifea 

Continuous cast rolling 

Strcss-rclcasing heat treatment 
Drying 
Wire drawing 
Annealing 
Twistin1 

"Sec [111-

Continuous cast rolling with 
stros-rclcasing heat treatment 

Wire dcawing 
Annealing 
Twistin1 

C"""-'1 lwor·IFrorn/ 

lllloy '"'"" 

Continuous casting and 
thermomechani12I rolling 

Wire drawing 

Twisting 

Table 21. Pncntage distributioll of wire-processiac costs• 

C onri11~ovsly 
Traditional /war- .,,a,~d 

hauu '"'' '"'"" !Vrw fl"'"u allay rae111 

Meltins. castin1 and rollin1 37.0 37.0 3i.4 
Strcss-relcasin1 heat treatment 

and hardcnin1 29.S 
Packapn1 and in-plant 

transponation 0.7 0.7 0.7 
Wirc-drawin1 2S.I 2S.I 2S.I 
Annealin1 7.7 7.7 -- -

Total 100.0 70.0 63.2 

"Sec I 111. 

Another prom1smg development involves the connection of the unit 
performing partial or full annealing to the wire-drawing equipment, as shown 
in figure XVII. The use of such continuous annealing units in the production of 
aluminium wire has only recently begun. In addition to speeding up the 
production process and having a lower investment cost, continuous annealing 
units consume less energy than a traditional heat-treating furnace. Both lir • .es of 
development are promising; as their operational safety improves, the processing 
technolo&ies should assume increasing importance when investment decisions 
are made. 
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1<6y: 1 Decoiler 
2 Drawing machine 
3 Continuous annealing unit 
4 Coiler 

4. Auxiliary equipment and materials 

By sharpening the end of the wire rod the diameter is reduced to facilitate 
threading into the drawing block. The tail end of one coil is welded to the front 
end of the next coil to ensure continuous operation and to avoid repeated 
threading. The ends of the wire are joined by electric resistance welding when 
breakage occurs. Bosses generated by melting and welding will have to be 
removed. Mechanical qualities are improved in the welding region by 
cold-upsetting in order to avoid further breakage of the wire. It may become 
necessary to recoil the wire, to clean its surface and the packaging and to 
include the associated equipment in the plant. 

The tool of wire-drawing is the drawing block (see figure XII). The 
material of the drawing block for alloyed and unalloyed aluminium wire is 
usually tungsten carbide inserted into a steel frame of standard quality. That 
applies for diameters down to 0.4 millimetres. Wires of smaller diameter are 
~rawn with drawing-blocks made of industrial diamond. 

Since the opening of the drawing block that determines the diameter of the 
existing win: changes continuously, the diameter of the wire also changes. The 
requirements relating to the dimensional tolerance of the wire determines when 
the tool has to be exchanged or can be ground to another size. Drawing blocks 
made of hard metal can be reground eight times, those made of industrial 
diamond from 4 to 6 times. Table 21 shows the performance expected from 
drawing blocks in terms of length and weight of aluminium wire between two 
consecutive regrindings. 

47 



TOie 21. Perfonauce or tlrawimc Mods lletweell two 
C811Sec.tbe repil111i111 .,.aiam 

,,,,,_,,, 
(llliJliMrlrn) 

Hord m~tol block 

dK = 10.0-1.0 

dK = 1.0-0.4 

DiamOlld block 

dK = 1.0-0.4 
dK=0.4-0.2 

dK=0.2-0.1 

UirrrAo/wirr 
(ka-rrn) 

400 

200 

14000 
17000 

20000 

Wn,Alof.ntt 
rtaorr-J 

29800 · ,fK 

36200 ·irfx 

42600 · irfK 

Smaller plants need not seek to acquire an independent capability to 
manufacture or regrind drawing blocks, which can be purchased in reliable 
quality from expert suppliers. Nevertheless, plants should ensure continuous 
quality control and proper storage of drawing blocks and, if possible, the 
evaluation of their expected life span. 

A very important auxiliary material for slip drawing machines is the 
lubricating-cooling fluid. Specialized suppliers offer a wide range of concen­
trates for this water-based solution. A detailed study of frictional and 
lubricating processes is presented in [12]. 

5. Special wires 

The metallurgical characteristics of aluminium conductor wires and 
development trends arc given in [13]. Metal-cleaning (for further reducing iron 
and silicon content) and the use of various advanced technologies help to 
produce traditional unalloyed conductor wires with improved coPductivity and 
more homogeneous properties. The elevated temperatures caused by short 
circuits reduce the strength of overhead power transmission lines, resulting in 
greater deflection between consoles. To counteract the effects of higher 
temperatures manufacturers arc trying to increase the heat resistance of wire 
materials. That can be achieved by microalloying without reducing conduc­
tivity. 

A wide range of development activities arc being carried out to improve 
the quality of unalloyed, insulated wires. Wires hardened by drawing arc 
difficult to work. They often break, and because of the high degree of 
relaxation the joints become loose, leading to an increase in transition 
resistance and other problems. The various methods of solving such problems 
include the following: alloying (for example, through the use of conductor wires 
of increased iron content); partial heat treatment; or galvanic surface coatina 
(using, for example, the nickel-piating process). 

Conductor wires made of high-purity aluminum are classified in a separate 
group. Their fields of application are tummarizcd in table 22, a brief 
description of the production technology for high-purity conductor wires is 
aiven in table 23. 
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Tl!We 22. f"'leWs or .,,&cm. orwp puity (Al tut, Al"·"'> M=i ·-wires 

Mclal vapourilla for rdlecting surfaces Al99.99 
Al99.999 
Al99.99 
Al99.999 
AISi I 

4--0.4 mm 
6-0.4mm 

J00..12S m 
J00..12S m 
U~2Sm 

Metal vapoumig for dcctrolechnical purposes 
Terminal outlet or scmi-coaductor clanmts 
Terminal ourlcl or scmi-cooduaor clanmts 
Terminal outlet or scmi-coaductor elements 

Tllllle 23. ........... tecMo1oc1 f• IUP puity .. --.. wires 

... ......._911.911 
..f,,___.Ji&oa I 

0 /,.1J111 

Win-rod castina by 
Propcrzi line + + 

Zone rdinin1 + + 
Alloyin1 + + 
Eurusion + + + + 
Roup drawing + + + + + + 
Anncalin1 + + 
Fine drawing + + + + 
Anncalin1 + + 
Microdrawing + + 
Surf.lee deaning + + + + + + 
Recoilin1 + + + + 
Pac:kagin1 + + + + + + 

."io": • 1ndia1cs 1ha1 the operation described is applied 10 lhc specified malcrial and dialllClcr ransc. 
- indicates 1ha1 1hc opcra1ion described is no: applied 10 1hc specified material and diamc1cr 

ran.,.. 

B. Technology and equipment of wire-drawing plant 

I. Proact mix 1111d 9111111titati•e re911irements 

On the basis of the requirements of the cabling plant and of the data 
contained in table 8, a drawing plant having a capacity of S,000 tonnes per 
annum should prepare for the production of the quantities and types of wire 
indicated in table 24. 

Table 23 shows that the product for both qualities of material has a 
diameter of 2.S mm. 

Although the capacity and type of equipment should be selected in 
accordance with the above-mentioned requirements, drawing machines and 
heat-treating units are capable of being adapted ro handle new dimensions. 

1. Key e911ipment and description of plant 

The increasing requirements relating to the surface quality of wires makes 
it necessary to install slip drawing machines in the plant. The major parameters 
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YUie 14. Reca •m•e• ,..-... of ...._•ii& .... 
(tOtmCS pa annum) 

£.AJ,, __ • 

110kY /kV o;.wur ,,,_ ,_, ..,.,,.,.. ---- T«oi 

1.7 60 60 
2.S 4IO I llS l 66S 
2.1 140 6S 169 
3.S 606 606 

Tocal 2SOO 

E-AIJlrSi 115 

~J5kV 

2 12S 
37S 

2SOO 

of some drawing machines are given in table 25. Price and space requirements 
of machines listed in table 24 include those of auxiliary units. such as rotating 
or stationary feeders. wire collectors. rotating cranes for spools. lubricant 
supply units. noise damping covers and electric switchboards. 

Number or drawing Stages 
Type or drawing mac:binc 
Maximum entry diameter (mm) 
Alloy 

Exit diameter (mm) 
Pm:cntagc reduction in stages 
Maximum drawing speed (mis) 
Power or main drive motor (kW) 
Averasc ellit diameter (mm) 
Capacity at average diameter. 

Gpll' (kg/II) 
Space requirement together with 

au11iliary units 
Length (m) 
Width(m) 

Estimated price (thousands of dollan) 

"G"' = 0.7 · 7.116 · •m., · d'K 

where Y "'"' = ma•imum coilina speed 
tl4 = coilin1 diamc1er of wire 

13 
Slip drawing 

10 
E-AIMgSi 

1.7-3 
26 
2S 

300 
2.S 

837 

16 
7 

460 

II 
Slip drawing 

9.S 
E·A.199.S 

1·3.S 
28 
20 

190 
2.6 

72S 

IS 
7.S 

90 

9 
Slip drawing 

9.S 
E-AI 99.S 
E·AIMgSi 

1.!1-3.S 
43-26 

10 
9 x 22.S 

2.S 

3SS 

16 
6 

210 

The pass schedule will not be dealt with in detail here, since information 
on the subject is readily available. Traditional technology will be applied in a 
new plant equipped with heat-treating furnaces for alloyed wire productio:i. 
The most widely used and simplest furnaces are described in table 26. 

For the calculation of furnace capacity the useful production time 
available yearly has been taken to be S,760 hours. The required auxiliary 
equipment for the plant is as follows: sharpeners; welding equipment; upsetting 
presses; waste coilers; scales; packing presse~; material testing equipment (for 
tensile, twistina and bendina tests); and transport equipment. ' 
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r.r-s H ....... fw-tt o.,mrtw-n ~tw-n 

Muimam IClllperahlR ("C) 600 200 350 
Opcralina rcmpcrature ("C) sso llS 16S 
Temperature accuncy ("C) ±S ±S ±2 
Coil cliametcr (m) US XO.IS l.2S x O.SS • 
Wcipt of coil (q) 1100 1100 
Raced poftl" (kW) 140 210 llO 
Hcat-ualin& lime (b) 7 4 l.S 
Wcipt of dwp (tg) 1100 1100 7000 
OU.nsiom (m) 

length 2 7.1 10.SO 
W-lldlh 2 3.7 2.00 
Hcipt l.2S 2.0 l.2S 

Capacity (1onncs per annuml 900 10000 4SOO 
Eslimaled price (lbousands of dolws) 90 IOS IOS 

'W°IR cuilcd OD spool. 

J. Re911iu111ats of wire-tlrawU.g plat 

The most imponant technical and operating parameters of the wire­
drawing plant are listed below: 

Material ref11irement: 

For wire of E-AI 99.S quality 
For wire of E-AIM,Si quality 

A11xiliary materials: 

Oils, lubricant 
Drawing block 

Electric energy: 

For E-AI 99.S 
For E-AIM,Si 

lndllstrial water: 

Compressed air: 

1.02 tonne of stock per tonne produced 
I.OJ per tonne of stock per tonne produced 

I kg per tonne 
I block per 10 tonnes 

200 kWh per tonne 
730 kWh per tonne 

S m1 per tonne 

40 m1 per tonne 

The energy and material requirements of the wire-drawing plant are 
summarized in table 27 on the basis of the above data. 

TOie 27. EMrSY •INI ••teri•I reqairn111111 of wire-dr•wl .. pl•Rt 

S1ock malerial (lonn.,J 
Drawin1 oil (lonncs) 
Drawin1 block (number of picca) 
Elcciric energy (MWh per year) 
Industrial waler (thout 1nds of m' per year) 
Compressed air (thousands of m' per year) 

s llJC) 
IS 
~ 

2 JSO 
2S 
~ 

10200 
JO 

I 000 
JS90 

so 
400 

20400 
60 

2000 
6 ISO 

100 
100 
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As previously noted. for a drawing plant with a capacity of up to 
S.000 tonnes per annum there is no need to establish an individual wire-rod cast 
rolling plant bec:use i: could not be economically operated. In such a case the 
stock material (alun.inium wire rod) of the wire-drawing plant should be 
purchased. lbe condition of the materials is a very important economic factor. 
It is essential for the production of alloyed wires to use hardened wire rod of 
E-AIMgSi quality. That simplifies the technology of the wire~wing plant. 
lowers the amount of material stock required and hdps to avoid the installation 
of drying and hardening capacities. The estimated aluminium stock required 
for daily production of a ~wing plant is given in table 28. 

~.,~- E-A/99.J E-AIM1Si 
~.,-m.1 

,_., ,_., 
Nearby wiR-rod plant 

Heat-treated l 

Wttbout beat treatment 2 '.> 
Far-away wirc-n>d plant 

HcaMrcated 10 
Without heat treatment 8 !2 

On the basis of the ratio of alloyed and unalloyed products in tb~ 
production schedule and the ratio of dimensions within groups of products, 
a wire-drawing plant with a capacity of S,000 tonnes per annum should be 
installed with two drawing machines to be operated in two shifts per day. 
Hardening furnaces are to be operated in three shifts, which is also justifiec4 by 
the need to conserve energy. 

In funher stages of plant development it is advisable to operate the 
drawing machines in three shifts (continuously) as well. This determines the 
personnel requirements of the plant, as reflected in table 29. Personnel 
requirements for maintenance and in-plant transponation will be indicated 
later. The operators of wire-drawing machines should be trained workers, while 
maintenance requires skilled workers. 

Supervison 
Direct labour 
Pcnons on duty 
Laboratory 

Total 

Table 29. Pmouel req8irt1Mttts or wire-clra•illc plut 

Rrf'"""""'" bo.,tl °" ,,_, '"ponn ,,_,,,,_) 
1.JOO J.000 10.000 

l s 
8 14 2l 
l 4 6 
I 4 6 

12 2S 40 

4. Investment costs 

10.000 

7 
l7 
12 
8 

Table 30 provides data on the investment costs of wire-drawing plants. The 
arrangement of equipment follows the pace of expansion, which may bC by as 
little as from 1,000 to 2,000 tonnes per annum. ' 
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I.A ..... 

,~ ... 
11-nqc slip drawina machine for E·AI 
ll-s1qc slip-drawina muhine for E·AIM1Si 
Hardenina furnace 
Dryina furnace 
Annealina furnace 
Sharpenina. weldina and upsenina machines 
Drawina-block supply 
Ma1eriab har.Jlina (indoon) 
Ma1eriab lfttina 
Other equipment tpuke1in1 pres' etc.) 
Erection• 
Production buildina 
Other costs (eftlineerina. know-how, 

rnanqemenl dunna erection etc.) 

Total .:osts 

Table 30. 

U11i1 ,,irr 
(lltolu....U 
of t/ol/orJ) 

90 
460 
90 

IOS 
105 

lOO" 

l'l,ppto•1ma1cl~ 20 per ""'or machinery 1n•n1mcn1 co111. 
"oollan per squai. mcli.. 
<'SMncl ... i1h cablin1 plan1 (sec ;~blc l)J. 

ln•nlmenl COlll or wlre-drawln1 plant 

Com ""'"' 011 r1,.rll)' ~••l1111J 

1. ·'"° '°""" ,,, llllltlllrl J, 000 IOlllltJ ,,, llllllllrl /0,000 /OlllltJ ,,, lllHlrl 10.0001on111J,,r.n11111r1 

v.111, v.111, Vo/111 .... ,.,, 
N-H• (lllo11Jo11d1 N111r1Hr (11101110111'1 N11,,,Hr (11!0111111111 N111r1Hr (l/io11•Mtl1 
0/1111/11 o/dollorJ) 0/1111/11 o/do/1111) 0/1111/11 o/ doll11r1) 0/11111/1 of tlolltmJ 

- - I 90 I 90 2 110 
I 460 I 460 2 920 3 I 310 
I 90 3 270 4 360 5 450 

- - I IOS I 105 I 105 
I 105 I 105 I 105 I 105 

25 - 30 - 40 - 10 
IS - 20 - 30 - so 
40 - 60 - 10 - 150 
40 - so - 50 - 70 
IS - 20 - 25 - 40 
IS ·- lOO - 350 - 500 

- r - JOOb - no" - 520" 

70 - ISO - 200 - 250 - -- -- --945 1960 2 735 3110 



The equipment should be installed in a light steel-structured building. 
without overhead crane. of the following dimensions: 

FOi" a capacity of S,000 tonocs per a:mum: 
FOi" a capacity of 10,000 tOIHICS pa annum: 
For a capacity of 20,000 tonnes pa annum: 

24mx36m 
24mX41m 
24mX66m 

The equipment of the wire-drawing plant is installed in the ~ building 
as that of the cabling plant for the 2.SOO-tonnes-per-annum capacity variant. 
The internal bc:igbt of the building depcads on the heights of the hardening 
furnaces. On that basis. the useful internal height ,,f the production building is 
approximatdy S metres. No special measures need to be taken for fm 
protection and lighting. A practical example of the equipment layout in a 
drawing plant is given in fagure XVIII. 

The Department of Industrial Operations of UNIOO. Metallurgical 
Industries Bnncb. will provide on request the names and addresses of major 
equipment suppliers. 

f°lpft IYlll. 

Capacity var;.m: 5 000 tonnes per annum, columns 1 to 7; 
10 000 tonnes per annum, columns 1 to 9; 
20 000 tonnes per annum, columns 1to12. 

Kly: 1 Hardening fumace 
2 Drying furnace 

S4 

3 Slip drawing mlehine (for E-AI 99.5) 
4 Slip drawi"!I machine (for E-AIMgSi 0.5) 
5 Annealing furNCe 
6 Slip drawing machine 
7 Slip drawing machine 
8 Slip drawing machine 



IV. Production of electric stranded conductors 

Stranded conductors for overhead power transmission lines are :ude of 
unalloyed aluminium of E-AI 99.5 quality or aluminium alloyed with 
magnesium and silicor.. The operatio., of cabling produces a structure 
consisting of a core around which layers of alternately turned wires are placed. 
The wires making up the different layers have the same diameters, except for 
stranded wires reinforced by a steel core or made of alloyed aluminium wires. 
In the case of stranded wires reinforced by steel, the core may be of a ;;ingle 
wire or may be a stranded structure itself. The steel core is usually galvanized 
for corrosion resistance. Resistance to corrosion can funher be increased by 
filling the gaps between individual lines with grease. 

1. Types of nrtlllM4 cOIUlllcton 

A stranded conductor can be cabled without any geometrical conditions. 
Such a method, called irregular stranding, is used when several wires of 
different diameters or insulated wires of the same diameter are cabled together 
and then hung from walls, poles or other supponing structures in industrial 
areas or for overhead cables. 

Regular cabling means that one or more layers of wire having the same 
diameter are twisted (cabled) around a core. Cabling in adjacent layers is 
always in opposite directions. The number of wires having the same diameter in 
layers is 6, 12, 18, 24 etc. for overhead line conductors. The core of the 
stranded wire can be a single wire having the same diameter as any other wire 
in the surrounding layers, or the core can be a stranded structure itself. Thus, 
the one-layer system consists of seven wires, the two-layers system of 19 wires 
and the three-layer system of 37 wires. The requirements relating to unalloyed 
and alloyed aluminium conductor wires have been published by IEC. 

The aluminium wires of steel-reinforced aluminium stranded conductors 
are cabled around the core in layers and alterr"ting directions. The steel core 
may be a single steel wire or may consist of a str .. nded structure of several steel 
wires. According to IEC regulations, the core may consist of one, seven or 
19 individual wires. Thr tensile strength of galvanized steel wire is I ,JOO newtons 
per square metre and the ultimate elongation is 4 per cent. The diameter of 
steel wires makina up the core ranges from 1.5 to 3 millimetres. Requirements 
relatina to the geometry and mechanical and physical propenies of cables are 
summarized in chapter I. 
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2. ProactiOll tttlutology 

Materials required for production are unalloyed and alloyed aluminium 
wires. galvanized steel wires, drums made of wood or metal, paper, wooden 
lagging material, spooling and grease. Aluminium wire is received either in coils 
or on the spools of the stranding machine. Wire arriving in coils should be 
recoiled onto the spools of the machine. About JOO kilograms of wire can be 
coiled onto a spool having a diameter of from 400 to 800 millimetres. Steel wire 
arriving in coils will also have to be recoiled onto the spools of the stranding 
machine. 

A typical recoiling machine is shown in figure XIX. The recoiler has a 
DC drive (20 kilowatts) with stepless speed control in the speed range of from 
S to 10 metres per second. The diameter of steel wire that can be recoiled 
ranges between 1.7 and S millimetres. The machine requires 10 X 2. c; square 
metres of space. 

... 2500 

4 1 

Fipn XIX. Sbldt ti~ 

'"'7000 

2 

Kr(: 1 Preparation sund 
2 Guide rollers 
3 Spooling machine 
4 Coil Ind spool hlndling device 

1 

3 4 

Metallic drums are used in the cabling plant with an outer diameter of 
from l to 2.2 m. The drums are supplied "i'h the ~tranding machines by the 
machine suppliers. Wooden drums are manufactured for transporting end­
products. The drums are usually produced by the auxiliary plants of the cabling 
plant. Outer diameters of the drums are between I and 2.2 metres, with a width 
of from 6SO to 1,200 millimetres. 

The main packaging material is paper impregnated with paraffin, which 
protects the stranded conductor from damage and lowers tne chance of 
humidity penetrating to the wir.!s. The p1tpcr has a specific weiaht of from 
100 to 120 grams per square metre. Pine wood, typically from 2S to 
SO millimetres thick, is used for laggings. Deals are mounted onto the perimeter 
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of the coil drums to protect stranded wire from mechanical damage. Steel­
reinforced aluminium stranded wires are manufactured with total or partial 
grease filling according to the order of the customer for corrosion resistance. 
The fdling grease is smeared on the wire during the cabling operation. 

lradividual wires are placed by each other helically onto the surface of a 
cylinder by simultaneous straight-line and uniform rotating movements. Speed 
of motion in a straight line is the same as the speed of extraction of the 
stranded wire. That speed and the number of revolutions per minute determine 
the leragth of lay. Wire breakage should be avoided. since the use of broken 
wire is not permitted by the strictest regulations. Less stringent regulations 
allow for joining the ends of wire. either by cold-welding or less frequently by 
butt-welding. Cabling of aluminium, alloyed aluminium, steel and steel­
reinforced stranded conductors is carried out in the same way. 

Figure XX shows a few applied tc•ms and abbreviations. The value of the 
diameter d of the conductor to be cabled is regulated by standards or 
regulations. The outer diameter D of the stranded conductor is an odd multiple 
of the number of layers and the diameter of the wire. The length of lay is the 
length of whorl. 

Flpre XX. Sips ... lerms rellllillc 10 o•crlind power lrammissioii lillft 

D --- . -. __ .....c::_ __ -~-__....,,,. . 

h 

Key: d Diameter of conductor 
D Outer diameter of layer 
h Length of lay 

The lay rauo, denoted by m, is the ratio of the length of lay h and the 
outer diameter D of the layer. The lay ratio is smaller towards the outer lays. 
The required length of wire for one lcngtt. of lay can easily be calculated. For 
one revolution of the cabling machine the length of stranded conductor 
produced is equal to the length of lay. Cabling speed is given by the following 
relationship: 

V= h X n (m/s) 

where h = length of lay in metres 

n = revolutions per second of cabling machine 

The con~ecutive layers of a stranded conductor arc cabled in alternating 
directions, the outer being cabled to the right, a requirement made by 
customers and end-u!lers because all devices and connectin~ units follow that 
rule. The stranded conductor has a layer cabled to the right when the direction 
of the wires is the same as the direction of the mid-portion of the letter Z; it is 
to the left when the direction of the wires is the same as the direction of the 
mid-portion of the letter "S". 

According to the established standards the lays of the stranded conductor 
should be closed and the individual wires in contact with e•ch olher. The 
number of spools to be put inlo individual uni1s of the cabling l'"achine follow 
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the rule for regular concentric wire build-up (I + 6 + 12 + 18). The production 
length of the stranded conductor should be established in the contract between 
the manufacturer and the customer. A deviation of ±5 per cent from the 
contracted length is permissible. The dimensions of the cable drum required for 
transporting the stranded conductor depend on the cable length. The cable 
drum is classified according to its outer diameter, and its dimensions and 
design are standardized. 

Optimal production length from the viewpoint of the manufacturer is that 
which produces an equal number of drums with one charge of wires on the 
cabling machine. Fully charged spools arc capable of producing several 
production lengths of stranded conductors. 

Stranded conductors for overhead power transmission lines can be 
produced on two basic types of cabling machines, the tubular type or the .;age 
type. For the tubular type, the spools charged with wire are put in supporting 
cradles inside a high-strength steel tube, mounted on bearings so that the 
cradles remain stationary, the tube rotating about them. The tube holds rollers 
on which run the individual wires building up the stranded conductor. The 
wires are forced to the right place by a distributing platen. High rotating speeds 
(from 7 to 14 revolutions per second) can be achieved by such a machine 
because the spools are located on the axis of rotation. A further advantage of 
the machine is that the wires are not distorted during the cabling operation, 
hence no extra stresses are generated in the wires. A disadvantage of the 
equipment is that the wires may be damaged when passing through the surface 
of the tube. Another disadvantage is the length of the machines, since the 
spools arc placed one after the other. Tubular stranders are recommended for 
stranded structures of the I + 6 type. A tubular-type strander unit is illustrated 
in figure XXl(A). The machine requires a space of 24 m x 4 m. and has a drive 
motor of 45 kilowatts. 

Cage-type stranding machines have as many carriages as the number of 
wires to be cabled into one structure. The spools arc placed onto the mantle of 
the carriage basket, thus removing the great rotating masses far away (at a 
radius of from 500 to 800 millimetres) from the centre of rotation. That is why 
the cage-type machines cannot be operated at high speed (maximum speeds arc 
from 2 to 3 revolutions per second). Guiding the wires is handled smoothly 
with this type of machine. Wires arc reeled off the spindles with a constant 
deceleration, and even the most complicated stranded conductors can be 
manufactured in a single stage. 

A disadvantage of this type of equipment is that the wires are distorted 
during the cabling operation, with mechanical stresses remaining in the 
structure. A cage-type cabling machine is illustrated in figure XXl(B). The 
space requirement is 45 m x 4 m, and the power of the drive motor is 45 kW. 

The raw materials of the cabling plant may be hard or annealed, but in all 
cases they arc ready for further processing. There is no need to install a 
heat-treating capability in the plant. 

3. Q,,o/ity control 

Contracts for the supply of stranded conductors arc based on a series of 
standards. Customers usually specify additiorial special requirements. To meet 
the required standards, the cabling plant cbntrols the quality of incoming 
materials on arrival, the production process and the quality of the end-product. 
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f°lpftXXI. 

A. T..-iar l!fe strudillc maclDe 

1 2 J + 

I I g I I 
"00~1~E>~ 1 1 ~;& 

I 11400...... I 
Kq: 1 Feeding stand 

2 Stranding tube 
3 Pulling device 
4 Coiler 

Kly: 1 Feeding machine 
2 Cabling cage 
3 Pulling device 
4 Coiler 

B. Cace lypr strudillc madliH 

Random quality control tests arc carried out by means of spectrometry. 
Random tensile tests are also carried out on samples 200 millimetres in length. 
Electric resistance is measured by the Thomson bridge method. To calculate the 
specific conductivity of the wire, its cross-section is determined from the weight 
of I metre of wire, the specific density being taken as 2.69 kilograms per cubic 
metre. Measurements arc taken at 20°C. When they are taken at different 
temperatures, the results will have to be corrected according to the method 
described in chapter I. 

The product surface should be smooth and free of mechanical damage. 
The dimensions are measured and checked in accordance with the prescribed 
tolerances. In-production quality control is limited to dimensional and surface 
checks. Quality control of the end-product should ensure the consistency of the 
rated dimensions and the quality of the steel and aluminium wires. That 
requirement is met by measuring the product and by visual inspection of the 
cabling. An established method of control has been to check a sample of from 
3 to JO metres in length taken from the cable drum. Wires arc disentangled 
from the cable and the number of layers, the direction of cabling and the fitting 
of wires and lays are checked. 

Breakage of individual wires should not occur at 80 per cent of the 
calculated tensile force. During loading up to 95 per cent of the calculated 
tensile force, a maximum of one seventh of the total number of individual wires 
arc allowed to break. The tensile strength of wires disentangled from the cable 
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should not be less than 95 per cent of the original value. Tensile force is 
calculated for single metal (aluminium and alloyed aluminium stranded 
conductors) structures as follows: 

F = 0.95 · ~ · J= · R · n 

where F = tensile force (N) 
d =diameter of conductor (mm) 
R = tensile strength of conductor (N/mm2) 

n = number of wires 

For twin metal (aluminium and alloyed aluminium conductors steel­
reinforced) structures tensile force is calculated as follows: 

where 

F = 1E ·(di· R, · n, + tf!.t1 · R..tt ·nAt) 
4 

R, = specific tensile strength for a ! per cent elongation of steel 
wire (N/mm2) 

R.41 = tensile strength of aluminium wire (N/mm2) 

J.41 and d,= diameters of aluminium and steel conductors (mm) 

n.41 and n, = number of aluminium and steel conductors 

The weights of stranded conductors are also measured. Deviation from the 
figure calculated for a length of one kilometre shodd not b~ more than 
±2.5 per cent. Electrotechnical properties such as resi:;tance and conductivity 
are determined. 

Behaviour under short-t:rm and long-term current load is tested in wind 
tunnels simulating real conditions. Short-circuiting loading capacity is tested at 
temperatures relating to various climatic conditions (from 80-150°C) and at 
various current intensities for different periods of time, depending on the 
structure of the conductor. Creeping, or elongation under long-term load, is 
measured on a special apparatus designed for the even loading of the sample. 

4. Packaging 

Testing of the products is followed by the last step of the prc,cess, namely 
packaging. The function of packaging is to ensure that the product is safe from 
outer mechanical damage and to protect it from moisture and contaminants. 
Proper and aesthetic packaging is a good advertisement for the manufacturer 
and increases the confidence of the customers. Determination of in-plant 
transport routes is a related concern. Proper selection of internal transport 
routes is important not only for the sake of saving space and time, but also for 
the protection of the products by avoiding crashes and accidents. 

The process of packaging starts in the storage area of empty drums, where 
the core of the drums with a diameter of from 1 to 2 metres will be covered 
with two layers of paraffin-impregnated paper. Th.- rim of the drums is covered 
with plastic material. Drums arc then tran::;portcd to the cabling plant and pu. 
onto the coiling devices. After coiling, the surface of the stranded conductor 
will be covered with polyethylene foil which is fixed to the perimeter of the 
drum. After weighing, the full drums will be bridged. The polyethylene 
covering the surface of the coil will be covered with paraffin-impregnated paper 
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and wood. Tho!>.: operations arc usually carried out by machinery (sec 
figure XXII). The equipment is capable of packagmg drums having an outer 
diameter of from I to 2 metres and a weight of from 3 to 4 tonnes. The space 
requirement is 6 m X 4 m per machine. 

'II: 2 500 

Fipn xxn. hcbcimc -c:IUM ror bridcbic 

~ 3000 

Key: 1 Drum to be packaged 
2 Steel band 
3 Deals 
4 Coiler stand 
5 Jackhammer 

8. Technology and equipment or a cabling plant 

1. Description of plant and production process 

The technology of the plant will be determined by the product mix and the 
level of output. The product mix is determined on the basis of world statistics 
of current production and consumption. The average product mix may depend 
to a great ~xtcnr on the circumstances of industrial development of a country, 
such as whether industry has already, or has not yet, started to develop 
together with electrification, or whether electrification has been completed and 
the market is ~aturated. The cie~ign of a proposed plant may be modi,fied to 
take such factors into account, but an existing plant built to produce a ,variety 
of products is capable of considerable flexibility in response to proportional 
shifts or even to slight variations in capacity. Certain steps of ope~ations 
carried out in a cabling plant are shown in figure XXlll. ' 
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Fllpft XXlll. 

Aluminium.we 
Ion spools Md in coils) 

S...wire 
Ion spools ..i in coils) 

Cabling on cage- or iubui.r­
type 111'.iding 1118Chines 

PKbging-bridging of drums 

S-.ga of produc:a 

Wooden mean.I 

ManufKUn of drums 

Determination of plant capacity is based on statistical data, taking into 
account the product!on capacities of related plants. Thus the base capacity for 
a wire stranding plant has been selected as S,000 tonnes per annum. Multiples 
of that capacity, that is, 10,000 and 20,000 tonnes per annum, have also been 
considered. 

Since the capacity of the key equipment, the cabling machines, can be 
increased or changed in JOO-tonne steps, the capacity of the plant can also be 
changed in smaller steps. An economically viable variant requiring a minimum 
of investment has therefore been chosen for study. The capacity of that variant 
is approximately 2,500 tonnes per annum. The calculations made for the 
variant are based on the assumption that the drawing and stranding plants arc 
operated as one unit and that other savings will prove possible because such a 
preliminary stage of c:iblc production is generally undertaken as part of the 
activities of an existing plant. 

The product mix taken for the selection of equipment is summarized in 
tables 31, 32 and 33 for capacities of 2,500, 5,000 and I0,000 tonnes per annum, 
rc:;pectivcly. For the variant of 20,000 tonnes per annum tile products arc the 
same, the ratio within a type of stranded conductor is the same, and the ratio of 
alloyed to unalloyed aluminium is 20 : 80. 

For lhe selection of equipment the following points should be kept 
in mind: 

(a) Productivity should exceed 0.3 metres sxr second; 

(b) Specific energy consumr-tion should be below 0.2 kWh per square 
metre of machine foundatio.1 space; 

(c) Bearings with a long life span and other parts sui>ject to wear and 
tear should t,ave a lifetime of 20,000 operating hours; 
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Taltle JI. Selected product mix or cablln1 plant with a capacity or 2,500 tonnes per annum 

SlrWl'll"' A/11111111/11111 ,\'"•' 
CrOJJ·JttllOll ofm11'1dtd <>111,.111 ro1Hiwr1or ro~dllrtor 

of rllblr "°""""0' (IOlllltJ prr (IOlllltJ prr (/OlllfrJ prr 
T; pr of •. ,,, ,,....,, ,,.;111_,,,,, ,, ... 111111rtrrJ) IJlllllllll) 11111111111) """""'' 
Steel and aluminium 95" + 16" 7 x 01.7 + 26 x 02.5 385 270 115 
Steel and aluminium 250" + 40b 7 )( 02.8 + 26 )( 03.5 510 355 lSS -- - -

Subtotal 895 625 270 

Aluminium so 7 )( 03 280 280 -
Alulllinium 95 19 x 02.S 312 312 -
Aluminium 120 19 )( 02.8 33 33 -- - -

Subtotal 625 625 -
Alloyed aluminium so 7 )( 03 438 08 -
Alloyed aluminium 95 19 x 02.S 625 625 -
Alloyed aluminium 120 19 )( 0:.8 125 125 -
Alloyed aluminium 240 37 )( 02.9 6~ 62 --- -- -

Subtotal I 250 I 250 --- -- -
Total 2 770 2 SCIO 270 

!lltNr: The r11io of alloyed 10 unalloyed aluminium is 50:50. 
"ltelen 10 lhe 11eel eott. 

"acten 10 lhe aluminium section. 

R11llo u/Nlblr ,,,,,,,,/If 
rrodllrt kl/a"'""' 10 

h,,11ktlo•·11 tlr11111 tll11mr1rr 
(prrrr111t11rJ 11111111/l111rtrrJ 

4J 4/1 500 
57 3/1 800 -

100 

45 4/1 200 
so 4/1 500 

5 3/1 500 -
100 

35 4/1 200 
50 4/1 500 
10 3/1 500 

' 3/1 800 -
100 
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Taltle 32. Selected product mix or cablln1 plant with a capacity or 5,000 tonnn per annum 

Sll'IH'lllUO/ 
C'roJJ J«liolt '"•""'"' '°""""'' Ty~ofwin , • ..,.,, 111illi•"'''') (111ill1111mtJ) 

Steel ud aluminium 9S41 + 161> ~ x 01.7 + 26 x 02.5 
Steel and aluminium 250" + 4()11 7 x 02.8 + 26 x 03.S 

Subtotal 

Aluminium so 7 x 03 
Aluminium 95 19 x 02.S 
Aluminium 120 19 x 02.8 

Subtotal 

Alloyed aluminium so 7 X03 
Alloyed aluminium 9S 19 x 02.S 
Alloyed aluminium 120 19 x CZl2.8 
Alloyed aluminium 240 )7 x 02.9 

Subtotal 

Total 

N011: 11" ratio of alloyed to unalloyed alun'.inium is '°''°· 
•eren to the steel con. 
'Reren to the aluminium MCtion. 

0111p111 
(IOlllltJ ~r 0111111111) 

770 
I 020 --
1790 

S60 
62S 

6S --
l 2SO 

87' 
I 250 

2SO 
l2S --

2 soo 
5540 

A 111111/11/11111 ro11tlut1or 
(IOlllltf ptr 41111111111) 

S40 
710 --

I 2SO 

S60 
62S 

6S --
I 2SO 

87S 
I 250 

250 
12S --

2 500 

5000 

Sr,,/ co11tluc1or 
(IOlllltJ ptr 41111111111) 

2)0 
310 

540 

S40 

540 

/'l'odutl b""""°"'" 
(ptrtrll/4111) 

43 
57 

100 

45 
so 
s 

100 

JS 
so 
10 
5 

100 
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Tahle 33. Selected product mix or cahlln1 plant with 1 capacity or 10,000 tonnes per annum 

S1T11r111rr of 
Cro.u •rr1ioll '""""ff'°""'''"' T)rrof•·" (JflMl•r 11tilliw1rr•) (millimrtrtJ) 

Steel and aluminium 9S• + 16b 7><01.7+26><02.S 
Steel and aluminium 2SOo + 40b 7 x 02.8 + 26 '< 03.S 

Subtotal 

Aluminium so 7 )( 03 
Aluminium 95 19 )( 02.5 
Aluminium 120 19 )( 02.8 

Subtotal 

Alloyed aluminium so 7 )( 03 
l\lloyed aluminium 9S 19 x 02.S 
Alloyed aluminium 120 19 )( 02.11 
Alloyed aluminium 240 37 x 0Z.9 

Subtotal 

Total 

."iotr: Tlle ra1io or alloyed 10 unalloyed aluminium is 30:70. 

OJtefcn 10 lbc 11ccl core. 

baelcn 10 Ille aluminium sec1ion. 

0111p111 A/11ml11l11m ro11dur1or S1rrl rolldurlttr 
(IOllllrJ fH' OllllllM) (IOlllltJ prr OllllllM) (IOlllllJ ptr OllllllM) 

2 IS6 I SOO 6S6 
2 856 2000 8S6 -- -- --s 012 3 soo I Sl2 

I 570 I 570 -
I 750 I 750 -

1110 180 --- -- --
3500 3 soo -
I OSli I OSO -
I SOO I 500 -

300 300 -
ISO ISO --- --· --

3000 3000 --- --
11 Sl2 10000 I Sl2 

l'rodurl brrokdow11 
(prrrr11101rJ 

43 
'7 -

100 

4S 
so 
5 -

100 

35 
so 
10 
s -

100 



(d) Manual handling time should not be more than lS per cent of 
machining time (exchange of spools and drums); 

{~) In case of wire breakage there should be a quick stop (for example, 
within five seconds). 

Additional information is given below on the two basic types of cabling 
machines. 

Tubular stranders are used for the production of simpler (I + 6 wires) 
stranded conductor structures (see figure XXl(A)). All types of stranded 
conductors can be produced on tubular stranders in the pitch range of from 
40 to 250 millimetres. The cabling tube with alternating directions can 
accommodate six spools. The end-product can be coiled onto drums having 
outer diameters of from I to 1.6 metres. The capacity of a unit is from 800 to 
1,500 metres per hour. 

Cage-type cabling machines (see figure XXl(B)) are used for more 
complicated (12 to 91 wires) stranded structures. All types of cable can be 
produced in the pitch range of from 50 to 500 millimetres. The direction of 
rotation of carriages can be changed and the carriages can accommodate spools 
with diameters of from 630 to 1,600 millirtctres. End-products are coiled onto 
drums with an outer diameter of from 800 to 2,600 millimetres. The capacity of 
a unit ranges from 300 to 1,200 metres per hour. 

Cabling machines arc equipped with their own spools. Wire arriving in 
coils should be recoiled onto those spools using the equipment shown in 
figure XIX. Random tests of geometrical. mechanical and physical properties 
are carried out. Ready-made stranded conductors arc subjected to stringent 
quality control, and tests arc conducted on geometrical, structural and 
mechanical properties, and on electric resistance and behaviour. The cnd­
products arc then packaged using polyethylene foils, paraffin-impregnated 
paper and lagging. Both operations arc performed by the type of machinery 
shown in figure XXll. 

In-plant transportation of materials, drums and spools necessary for 
production is performed either by trucks or by carts moving on fixed tracks. 
Manual handling is important. Automated systems and even robots arc used in 
more up-to-date plants for storage and handling of spools. They arc, however, 
not proposed in the first stage of development because of their high investment 
cost (SS00,000 per unit) and complexity. 

Production materials arc stored close to the place of use. Spare parts arc 
stored in covered and uncov.!rcd storage areas. The quantity of materials to be 
stored is determined by availability and storage capacity. In the present case, it 
is assumed that the drawing plant is located in the neighbourhood. Stocks can 
therefore be small and flexible modifications of the production programme arc 
possible. The level of reserve stocks would be as follows: 

Rtstrvt stocks 

Alloyed and unalloyed aluminium wire 
Steel wire 
Drums 
Pinewood deals 
Grease 

Ptriod covtrtd 
(days) 

7 
20 
IS 
20 
20 

The storage capacity of the end-products is calculated to cover fiw days. 
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Some scrap is generated during the production of cables. There are several 
ways of recycling or selling scrap. After packaging aluminium wire the scrap 
can be remelted in the furnaces of the casting shop or may be sold. Cutting the 
scrap down to pieces of from 2 to J millimetres enables it to be 11Sc.d for the 
reduction of steels. It can also be recycled by means of a new process called the 
Conform process (see figure XXIV). In this process. granules of aluminium are 
extruded by the action of a rotating tool. Because of the high working rate and 
generated temperatures. aluminium welds together and can produce even 
complicaled shapes of excdJent surface quality. Other wastes can be sold or 
discarded. 

Granulaad feed 

Die 

Product 

Grip segment 

Extrusion wheel 

Some wastes generated in the plant cannot be deposited in ordinary waste 
storage areas because they are harmful to the environment. These include 
various oil residues. oily rugs used for the cleaning of machines. reagents 
discarded by the laboratory and i;ulphuric acid from the batteries of trucks. 
Acids may be discharged into the sew-age system after careful neutralization. 
All other materials should be stored in closed containers and periodically 
destroyed (for example, by incineration). 
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The operations of a cabling plant exert no harmful effects on the 
environment. The plant equipmait is installcd in a light-structured building 
without overhead crane. The surface area of the buildinp are 1.800 m2

• 

3.464 m1• 6.912 m1• and 14.400 m1• depending on production capacity. A 
separate building includes drum and maintenance workshops. baths. wardrobes 
and offlCCS. Empty drums arc stored to receive raw materials. and a separate 
area is reserved for stocks of end-products. 

The figures mentioned below will help to determine the amount of 
equipment and the number of employees required: 

(a) To produce I tonne of stranded conductors. 770 kilograms of 
aluminium and 34S kilograms of steel are required (including the generation of 
10 per cent and IS per cent of scrap); 

(b) Tubular stranding equipment requires 3.9 hours per tonne of product; 
a cage-type cabling machine requires 2.3 hours per tonne of product and 
2.4 hours per tonne for bridging; 

(c) On the basis of a three-shift system. and taking into account State 
and religious holidays as well as two days off per week. the yearly working time 
is S.400 hours, or 22S days. 

Estimates of plant personnel requirements are given in table 34. 

c •• ,,.,,, of,,,,,,.," 1.500 S.000 10.000 10.000 

Mana,nncn1 2 s 7 10 
Tccbnician, labora1ory chcmis1 4 I IS 24 
Skilled workcn 16 20 '' 90 
Unskilled workcn IS 27 S9 116 - -

Toial 37 60 120 240 

3. ltt•estment tlato, e9uipment olUI cons 

Investment cost estimates for cabling planu are summarized in table JS, 
which includes a list of equipment and the number of units required. The 
equipment layout for plants with capacities of 2,SOO and 10,000 tonnes per 
annum are shown in fiaures XXV and XXVI. 

The Department of Industrial Operations of UNIDO, Metallurgical 
lndustrie' Branch, will provide on request the names and addresses of major 
equipment suppliers. 
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~~/«iii••• 

Recoiler 
Tubular strander -chine 
Cqe-typc machine (with one dnim) 
Cqe-type machine (wilb two drvms) 
Drum pactqina uni1 
Quality control equipment 
Trampon equipment (indoon) 
luildina 
Dnam plant, worksbopa etc. 
Erection 
Othen (know-how, enJineerina etc.~ 

Total costs 

9DoUan per 111111an -n. 
bsa.and witll win-drawiq pla111. 

T1ble 35. ln•ntmnt eon ntlm1tn or c1bll11 pl11t1 
(Thou11nd1 or dollan) 

~~~~~~~~~~~~~~~~~~-£_1_1_1,.._1_1_r1_bll_1'4011,hl111_~_•,.'"-~-l1~y~~~~~~~~~~~~~~~~~~-

Ulul 

"'" 
150 
220 
350 
450 
120 

300" 

1.JOO '"""" ,,, M1111111 

N1111111<tr 

"'""'" Co11 

2 440 
I 350 

2 240 
100 
80 

540•·. 
200 
20') --

2fi90 

~ 000 /Ollllfl ,,, llllllllfl 

N1111111<tr 

"'""'" Co11 

I 150 
5 1100 
3 I 050 
2 900 
5 600 
- 450 
- 100 
- I 030' 

460 
- 400 
- 500 --

6740 

IO,OOO 10111111 ,,, 1111111111 

N1111111<tr 
0/1111/11 Coll 

2 
9 
4 
3 
8 

300 
1980 
1400 
I 350 

960 
450 
150 

2 07()• 
750 
510 
675 

10 595 

10. 000 10111111 ,,, 1111111111 

N11111btr 
0/1111111 Coll 

4 
II 
I 
1 

13 

600 
3960 
2100 
3 150 
I 560 

650 
350 

4 140' 
1120 
I 100 
I 240 

20 670 
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2 Hardening t..mtKe 
5 Fm strander machines 
6 Cage-type stnnding INChine 
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3 Slip chwing INChine 
4 Annafing ful'NCll 

7 Stonge 1ta for finished products 

f°llpft XXVI. E; ·; 1111 lay- of aiWills ..... will a ca,acifJ of 11,111 a- per w 

Kily: 1 Stor• 
2 Fnt strander INChines 

3 Cqe-tyPll stranding machines 
4 Drums PKkatint units 
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V. Auxiliary plant units 

Auxiliary plant units are selected to suit the capacity alternatives of 
wire-rod plants. wire-drawing plants and cabling plants designed on the basis of 
the following three principal variants: 

{a) Under one variant the wire-drawing and cabling plants use purchased 
wire rod and have a capacity of S.000 tonnes per annum that can be expanded 
to 20.000 tonnes per annum; 

(b) Under another variant the wire-rod cast rolling shop uses purchased 
aluminium ingot and bas a capacity of 10.000 tonnes per annum that can be 
expanded to 20.000 tonnes per annum. This plant is to be established at the 
same location as the above-mentioned one; 

(c) Under the third variant a wire-drawing and cabling plant with a 
capacity of approximately 2.500 tonnes per annum and operating with 
purchased wire rod is to be established in an existing plant, hence it does not 
require ar. individual energy receiving and distribution system. Since the 
existing utility supplies satisfy the requirements of such a plant. only the exrra 
needs are determined. Higher-capacity variants should be taken into considera­
tion when the capacity of the utility supply system is increased. 

Close co-operation betw.:cn various fields of engineering is essential for the 
proper connection between auxiliary plants and production plants, as well as 
for designing the plants to ensure their optimal functioning and economic 
success. 

A. Energy supply and requirements 

1. Energy 111pply and 11tility systems 

(a) Electric energy 

An external power supply system is an essential aspect of site selection. 
A three-phase electric power supply system with a frequency of SO hertz at 
medium or high tension (from 6 to 120 kilovolts) is necessary. The use of a 
main transformer is advisable when the voltage of the network exceeds 
10 kilovolts. This transformer supplies the internal medium-voltage distribution 
system of the plant. 

The voltage of internal power distribution is from 6 to IO kilovolts. 
Medium- to low-tension (from 6 to 0.4 kilovolts) transformers are installed at 
1he cenlre of gravi1y of consumption, lhat is, in the plant buildings, supplying a 
voltage of 3 x 380 volts required for lhe plant equipmenl. Voltage nuctuation 

71 



at the connection poin\S should not be more than +5 per cent to -15 per cent. 
Waste of energy should be lowered by the installation of phase-improving 
condenser batteries providing for a value of cosine phi (phase factor) of from 
0.95 to I. 

The in-plant medium-voltage power distribution network contains alu­
minium cables in an insulated system for safety reasons. Contact protection of 
low-voltage consumers is achieved by neutral grounding. The medium- to 
low-voltage transformers with aluminium windings (air insulated and dry) 
should have a capacity range of from I to 1.6 megavolt-amperes for indoor 
operation. Power supply and distribution networks and the various trans­
formers require continuous attention and should be operated by specially­
trained skilled workers. For safety reasons a separate transformer and power 
distribution unit (operating at low voltage) should be installed for plant lighting 
and for the supply of plant control units independently of the production 
equipment. 

(b) Fuels 

The fuels used in plant operations should be selected according to the 
requirements of the wire-rod casting shop using solid charge. The most suitable 
fuel for metal melting is natural gas, but oil-fired melting furnaces can also be 
installed when there is no natural gas supply line in the vicinity of Lh'-' plant. 
Casting furnaces can be gas-fired or electrically heated. 

When selecting fuels the heating of offices and social facilities should be 
considered as well as the workshops. Natural gas should be used whenever 
possible. For the heating of buildings and offices, oil or coal can be used when 
natural gas is not available. 

When using natural gas the plant receives it from the external supply 
network at medium pressure, that is, from 6 to IO bars. The pressure of natural 
gas is generally reduced to 2 bars (the pressure of the internal distribution 
network) at the gas supply station. Natural gas at reduced pressure is supplied 
to the consumers (boilers, furnaces etc.). The gas supply station should be 
equipped with devices for the measurement of volume and other parameters. as 
well as with safety and alarm systems. The natural gas pipe-train should be 
supported by columns, but usually the same route should be selected as for the 
other utility s11pply systems. Operation of the natural gas supply system docs 
not require continuous handling, but a group of specially trained maintenance 
personnel should be kept on duty in case of an emergency. 

An appropriate unloading and storage facility should be installed when 
using fuel oil. Oil is supplied by pumps to the consumers through pipelines. 
Storage capacity should be designed to maintain from 3 to 10 days of oil 
consumption, including peak levels, and taking into account the continuity of 
supply and the capacity and availability of transport facilities. Oil can be 
transported by road or railway tankers. Coal-firing may be considered only for 
heating purposes, depending on local circumstances. The open-air storage area 
should have a capacity of from 10 to 20 days in winter. Petrol and diesel oil 
should be stored for the operation of in-plant transport vehicles (trucks etc.). 
The capacity of storage facilities should follow local practice. 

(c) Steam and hot water 

The energy required for heating, the amount of which depends on r.limatic 
conditions, can be economically supplied by a boiler unit. Supersaturated steam 
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supplied by the boiler at a pressure of from 6 to 10 bars is transponed by 
pipe-trains to the heating apparatus through heating centrals located in 
individual buildings. 

The heating of production workshops can be achieved by blowing hot air 
into the building or by hot-water central heating servicing also social facilities 
(wardrobes and bathrooms), offices etc. Production buildings can be directly 
heated by gas when available on a continuous, reliable basis. Hot water for 
washing should be supplied by high-capacity steam-heated or direct gas-fired 
water-heaters. 

The battery of boilers should include machinery of various capacities in 
order to provide for the most economic supply of heating energy in both 
summer and winter. When using coal-fired boilers, the waste generated by the 
drum manufacturing plant can be recycled. Equipment for the supply of steam 
and energy should include the necessary instrumentation for economic and safe 
operation and control. Operation of a battery of boilers requires the continuous 
presence of the operating personnel. 

(d) Compreued atr 

A central compressor station should be established for the supply of 
compressed air to the consumers at a pressure of from 4 to 6 bars. The 
compressor station should be equipped with the necessary cooling, cleaning and 
filtering units, and include several units to provide spare capacity. Compressed 
air is transponed by pipeline to the points of consumption. The pipeline 
network consists of main lines and branches within the buildings. The volume 
of supplied and consumed compressed air should be measured to ensure the 
efficient operation of the !oystem. The operation of compressors requires 
continuous attention. 

(e) Water 

The wire-rod casting shop is the greatest consumer of water, requiring a 
degree of hardness of from 3 to S NK0

, a temperature of from 20°C to 25°C, 
and a pressure of from 4 to 6 bars for the casting of molten metal. Water 
consumption is also increased by the cooling of various items of equipment 
(pans of machines subjected to intense heat, bearings, hydraulic systems etc.). 
Cooling water should have the above-mentioned parameters, and it must be 
clean because the least amount of contaminants (such as oil) decrease; th~ 
heat-transfer capacity of water. The water may eventually be used to supr•j· 
boilers and to wash equipment (cars, trucks etc.). 

Drinking water supplies require separate facilities. When plenty of water of 
the required quality is availa:.·~. it may be used only once; when there is an 
external drinking water network, it suffices to connect the plant pipe-train to 
the external system. When water is to be supplied from ground level or 
underground sources, the water pressure should be maintained by building a 
water tower and operating supply and pressure pumps. 

A closed-circuit system can water-cool equipment in areas where little 
water is available. Water that is heated up by the equipment has to be cooled 
down in cooling towers. A temperature decrease of J0°C can be achieved in 
that way. In an appropriately equipped closed circuit, make-up water can be as' 
low as IO per cent of recycled water. Depending on the qualiry of make-up, 
warer, the incomini water may require some trearment. 



To meet the established water quahty standards, it may be necessary to 
build a water reservoir with a capacity equivalent to a few days' consumption. 
Pumps for the water supply system should be installed in separate buildings 
near the cooling and water towers and the water reservoir so as to provide 
spare pump capacity. Measurement and control of the water volume and 
parameters should be carried out to ensure cost-efficient operation of the 
system. 

2. Req•ired energy and "'ility s•pplies 

Energy needs will be determined by the product mix, the volume of 
production and the technological parameters. The amount of indirect con­
sumption will be influenced by the size of the buildings, climatic conditions, the 
number of personnel, the availability of w"tcr etc. Electric energy, natural gas, 
heating. water and compressed air requirements of plants of varying capaci~y 
arc indicated in table 36. 

The energy equivalent may be used in cakulating the specific energy 
requirements of plants. Natural gas, with a lower heating value of 36 mega­
joules per cubic metre, is particularly useful. The figures given in table 36 arc 
valid for a plant where aluminium is melted in natural-gas-fired melting 
furnaces, where the fuel used for heating (in boilers, for example) is natural gas, 
and where cooling water is recycled several times by means of cooling towers. 
On the whole, for the different types of energy required (electric energy, natur:il 
gas etc.), the coincidence factor can be taken as 0.9. 

3. Technical specifications, investment cost estimates and layout of 
energy supply facilities 

A list of equipment needed for facilitie. supplying energy and other 
utilities is given in t~ hie 37. Figures XXVU and XVIII show the layout of these 
facilities. 

B. Maintenance 

Proper maintenance requires a decision at the initial stage of project 
implementation on the equipment, technology, personnel ar.d organization 
scheme needed for the timely performance of repair work. Planned preventive 
maintenance using repair methods that depend on the state 01 the equipment 
seems best suited for the maintenance of production equipment with the 
technology currently availat:...e. That requires the establishment of an ap­
propriate system of tt·chnical inspection. 

A time-dependent maintenance system is proposed for equipment (hoisting 
'equipment, vehicles ~tc.), of which the checking, repair or maintenance time is 
'measured by inspectors. The operating and maintenance instructions given by 
'the supplier of the equipment should be strictly followed and the lessons of 
'experience gained during operation applied. The number of persons required 
'for maintenance may be from 20 to 25 per cent of the operating personnel. 
'From 25 to 30 per cent of total maintenance work can be performed by 
, external labour, thus decreasing the m.mber of full-time employees required. 

' 
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T•ble 36. Pl.at enel'IY .ad utlllty requirements ror sele.:ted up•clty v•rl.at1 

,.,.,., 
·~ir.ld Natural go• 

Eltttri~ forp/Gltl /111/u1mal "·attr Dr/11ki111 wa1., Comprr•1td 11/r 
Cyoc-i1.1· ( 10 fttt'IY f>P'ra/ioll E'l"'f"'"'' Hr111i11g Total 

T.c~of"°": _J/_lWN (MWIV.1wr) (.'14tgllM'a//J) (10 111 lyrar) (m'lyrar) (m'lltJ (10 m'lyrar) (m 1lltJ (10 m'l.YrarJ (m 111rJ (10 m11yrar) (m 111rJ 

Wire-rod cast 
rollir-a 10 1 850 0.43 1300 83 360 400 80 20 . JOO 60 
shop 20 3 700 0.86 2600 83 700 800 160 2S 6 soo 100 

Wirc-dra,.,-in!l 
plan• 2.S 1500 0.34 - IS 6 12 2 s 2 70 15 

s 2 JOO O.S4 - 30 12 2S s 7 3 200 40 
I() 3 600 0.84 - so 20 so 10 9 4 400 80 
20 6 100 1.40 - 100 40 100 20 II .5 800 160 

Cablina plan• 2.S 2000 0.45 - 75 30 23 6 71 32 180 JS 
s J soo O.e - ISO 60 SIJ IO 12S 39 2.50 .50 

10 7000 1.6 - 300 120 100 20 149 59 500 100 
20 14000 J.30 - 600 240 200 40 184 6S I 000 200 

- Drum manli- -
_ !a, tur_ing plant 2.5 500 0.11 - 60 2S 6 I 7 3 

s 8SO 0.20 - IOO 40 10 3 9 4 
10 I 700 0.40 - 200 70 20 s II s 
20 3400 0.80 - 2SO 100 40 10 13 6 

Aulihar~ plant 
( u1ilitics. h..>ikr•. 
maintenance I 2.S 600 0.12 - 20 8 6 I 7 3 " 5 I 000 0.25 - so 20 10 2 9 4 25 5 

10 1300 0.30 - 70 30 20 3 II .5 40 8 
20 I SOO 0.40 - 100 40 )0 4 13 6 60 12 

Others (offices. 
storaac etc.) 20 400 0.20 - so 20 - - 4 2 

Totals 2.S 4600 1.0 - 170 69 47 IO 90 40 265 48 
5 76SO 1.8 - 330 132 9.5 20 1.50 .50 47.5 86 

10 IS 4SO 3.4 I 300 753 600 590 118 20C 70 I 240 m 
20 29 100 6.3 2 600 I 183 1140 I 170 234 2.50 90 2 360 42.5 

...., 
v. 

Thr f11u"-• refemna 10 capacitin of 10.000 and 20,000 tonnn per annum for auKiliary planls and in 1he 101al1 include 1he re11uirement1 of wire-rod ca11in1 planu. \·ou 



...... -.-.We 37 • Eqllipmeat aeeded for facilities suppiyla1 enercy and other utilities to wire-rod cast rollln1, wlre-drawlna and e1blln1 plant• with a capacity ~ 
of' 10,000 tonnes per annum 

l1tffJllfttlll fOJI 

NulfllHr 
(1ltou•t111d• of dol/1m) 

A rtO rtqui"d Of"tllliftl 
T~ ¥tt•fK"t1litMJ oftUtiU Equip'"'"' Bui/diftfJ (•quorr '"'''"' !"fJOftt,,/ R'markJ 

I. E/tt1ric Mtrf.'' suppl>· 

Main transformer: capacity, 2 . . .. Four tran1formen required for plant 
6.3 MV A; secondary vohase. 6.3 kV; with a capacity of J,000 1onne1 per 
open-air desiJn annum 

6 kV distribution board in claddina IS 

Phase-improvina condenser battery, 8 
3 x SOO v, linit capacity of ISO kVa 

6.l kV to 0.4 kV transformers, unit 8 
power of 1 MW, complete with 
secondary distributor 

Cables: 10 kV 2" . . .. R~quire1 continuou1 attendanct 
1 kV S" .. . ' - - - - -

:>ubtotal - soo 70 4SO 5 

]. Nar-,,ra/ gas suppl_,. 

Gas supply station with a connection I .. Doe• not rtqulre continuous 
capacity c.f 1,000 m'lh allendance and operation 

Main pipe-train 0.211 

-
Subtotal 120 20 69 2 

J ~In •""WI suppl)' 

Gas-fired steam boiler, capacit) of 2 .. . . . ' Requi:es contir.uou1 attendance and 
S tonneslh, with combustion air operation 
supply system and steam at a 
prasure of 6 bars in saturation 

Steam pipe-train l• .. . . . ' '' - - - - -
Subtotal - 400 170 600 6 



4. C~uN 11ir NH/)' 
Air compresson with a capacity of 2 .. Continuous allondanco and operation 
250 m ', b, car1plete with dryi"I and required: unit capacity or compro11on 
coolina equipment for plant with a capacity of 

S,000 to:int1 per annum i1 100 m'lh 
Main pipe-1rain I" - - - - -Subtotal - ISO 20 64 s 

-~ H '"r~r s.,.,,U_i· 

Cm:ulatina ;1ump, deli\..,r)' head 6 For plant with a capacity of 
of 60 m, suppl) capa.:it)· of 1,000 l/m S,000 tonne1 per annum, l circulatina 

pump• required 
Water ueatment unit with a capacily 
of 20 m'th 

Water to•·er, 40 min hciaht, \'olume 
of 200 m' I Requires continuous attendance 
Coolina tower, hydrauli.: .:apacity of 2 For the plant with 1 capacity of 
200 m1/h, temperature step of IO"C.' S,000 tonnes per annum, I coolin1 

tower required 
Water resen·oir of 500 m' 2 
Wate,. !)ipc-train I" 
Buildina for pumps and other 
sen'ICn 

Su!>total - 260 330 686 s 
«I. £11vir01tlllf'ftt11I protrc-liOll 

(Se•·aae and rain-water drainaae) 

l'lrainaae system 3" 
Se-.·aae collKtina basin and oil trap .. Doet not require continuous 

attendance and operation 
Subtotal - 140 2~0 250 2 -- - -- -T<:>.al - I S70 860 2 110 25 -..i 

-..i 

.\'01~ TM number oi employee. required for a11endin1 and <>peratin1 utility 1ystem1 and •~liliary plan11 may be reduced by adop1in1 1uund mana11men1 pohcle" 
•Lcnctll '" kilometres 



Fipre XXVll. Material n...-.. ef wwb .n a capacity ef 11.M c-per-. illcWims 
win .......... *-wimc ,._ ........ nWe,._ 

, 
""" 

250 
Scrap 
from 
drawing 
pllr'lt 

1000 
Scrap from 
stranded 
wire pla.lt 

\... ,/ 

10075 
Aluminium ingot 

11475 
Molten metal 

11250 
Wire rod 

11 000 
Drawn wire aluminium 

10000 
Stranded cable 

-

150 

-i 225 

<J 
1 735 

223 

1 512 

Alloying 
materials 

Loss due to 
oxidation 

Steel wire 

Scrap of 
steel wire 

The establishment of small metalworking and machining workshops is 
recommended for the manufacture and repair of certain items of equipment 
required for maintentsnce and operation. At the same tim.:, a stock of more 
complicated, ~pecialized spare parts and equipment (:such as main pieces or 
subassemblies) should be held in reserve. The following equipment should be 
covered in the planned preveutive maintenance scheme: indu:nnal furnaces and 
service systtms (melting, casting and heat-treating furnaces); metallur&ical 
production and machinina equipment anci woodworkin' machines (wire-rod 
cast rolling line. wire-drawi"& machines, cabling machine5. saws etc.); 
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Flpre ll\111. Lay•., ............ aiWr ..... widi. c,...cilJ of S.-._ .... -

Y.ay: 1 Management offices 
2 Social building 
3 Electric ~r st.ation 

240m 

4 Storage area for rM materials, wood, 
empty drums and finished products 

5 Cabling plant 
6 Intermediate storage 
7 Storage of auxiliary materials 
8 Wire-drawing plant 
9 Storage for wire rod 

10 Wire-rod cast rolling shop 
11 Orum-manufacturing shop 
12 Water and compressed-air supply 
13 Sewage treatment 
14 Boilers 
15 Natural gas supply station 
16 Maintenance wort shop 
17 Waste storage or deposit 
18 Railway tracks 

containers, ves~els, pipe-trains, pumps, fans and compressors: transport 
facilities, vehicles, trucks and hoisting equipment; boi. '.rs and service facilities; 
buildings and related mechanical facilities; and elra: •ic energy supply and 
distribution systems, signalling systems and t:ansform·:1 

On-site maintenance work requireii testing and .. ·· ;ng the equipment, 
assembly and disassembly (exchange of malfunctioning t ..-orn-out pans), and 
technical and safety measurements and checks. The maintenance of wire­
drawing equipment requires special attention. Of decisive importance is the 
condition of lubricating parts and elements, and product quality depends on 
the surface quality of guide and feerlback rollers. In addition to the 
maintenance of drive units, the spindles must ':>e regularly balanced (dynamically 
and statically). The cor;dition of the lubricating devices of cabling machinu is 
also highly important. 

The maintenance of drawing blocks made of hard metals, tungsten 
ci.rbide, diamond or industrial diamond poses special problems. Grinding and 
polishing machinery is required for maintenance drawing blocks, in addition to 
diamond powder or diamond paste for regrinding. The workshop is used to 
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prepare the drawing blocks for operations in a" :ordance with the pass 
schedule. Drawing blocks should be stored on shelves adjacent to the 
maintenance workshop, and a dr.tailed record of their use should be kept. 

The following three categories of maintenance personnel are required: 
mechanical maintenance (machinist and locksmith), from 55 to 60 per cent of 
to&al; electric maintenance (electrician, locksmith, electronics technician), from 
30 to 35 per cent of total; and building maintenance, from 5 tc 10 per cent of 
total. Practical experience bas shown the yearly cost of maintenance to amount 
to from 5 to 7 per cent of the value of fixed assets. 

The surface area of the central maintenance workshop should measure 
from 3 to 5 square metres per worker, with extra room for machining 
equipment. The machining workshop should house lathes, milling machines, 
horizontal drills, universal grinders etc. The mechanical workshop should be 
equipped with gas and electric welding units, saws and pipe-bending and 
-cutting machines. The electric workshop should contain instruments for the 
measurement of current, voltage, power, resistance etc., and oscilloscopes and 
equipment for trouble-shooting. The following special equipment is also 
required: spa:-k machining equipment, grinder, heat-treating furnaces, and 
dynamic and static balancing equipment. 

1t would be impractical to install maintenance and repair capacity for 
activities that arc rarely performed or that require special skills. Such activities 
include relining furnaces and boilers, recoiling clcctri~ motors, repairing 
"'\!hicles, the manufacture of cabling tools and a large volume of building work. 
The decision on the instat:1tion of capacity for maintenance and regrinding of 
drawing blocks will depend on local and plant conditions. 

The t\!chnical management of the plant should include engineering or other 
personnel responsible for keeping records of spare parts, the orderly filing of 
documents and small design m(ldifications. The layout of maintenance facilities 
is shown in figures XXVII and XXVIll. 

C. Materials handling and storage 

I. Materials llandling 

(a) Within the production buildinK 

Since materials handling in the production building fo1 ms part of the 
production process, it is described in the sections draling with production 
ter.hnology. 

(b) Between production buildings and plant sites 

The problem of transporting ingots and alloying materials into plants 
working with a solid charge has t.1 be dealt with. Stacked and bound ingots and 
master alloys are m~ved by fork-lift trucks. The same fork-lift trucks can 
handle scrap packed in boxes or containers. Ingots, master alloys and scrap are 
charaed into the furnaces by trucks equipped with a special rotating head. 

Coils of wir~ rod arrive on wooden pallets that can also be handled by the 
fork-lift trucks. The coils of wire rod must be handled in such a way as to 
prevent contact with humidity, because the drawing block is harmed by 
corrosion due to humidity. Fork-lift trucks can be used to move materials 
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between drawing and cabling plants. Wire kept on spools in the cablrng plant 
can b.: transported and protected during storage by means of transport lines 
and frJDeworks. 

The end-products are moved by fork-lift trucks or by overhead cranes 
when available. When railway cars are used for transporting the goods, the 
droms to be carried by the same wagon should be lined up and loaded by 
crane. Rail cars should have a wooden bottom and the drums should be fixed 
wnh joists and wedges. Fork-lift tru~ks and other devices should be provided 
for handling auxiliary materials, spare pans, wooden platens and drums used 
for packing, tools elc. 

The following equipment is needed for material! hznJling in a wire plant 
with a capacity of I0,000 tonnes per annum and including a wire-rod cast 
rolling shop, a wire-drawing shop and a cabling plant: 

Equi,,,.,mt 

Flat platform truck, capacity of 2 tonnes 
Aat platfom1 truck. cap;acity of 3 tonnes 
Fork-lift trucks. capacities of from 2.S to 

3.2 tonnes 
Fork-lift trucks. capacity of S tonnes 
Fork-lift truck. capacity of 10 tonnes 
Trucks with rotating head for the charging 

of furnaces 

.'Vu~r of 1111its 

2 
2 

4 
2 
I 

2 

The purchase price of the various transport trucks amounts to from S to 7 per 
cent of the investment cost of production equipment. Passage ways and plant 
roads of from 8 to 10 metres in width should be built to ensure uninterrupted 
materials handling, loading and unloading. 

2. Storage 

Requirements for the StQrage of raw materials for the wire-rod cast mlling 
plar.t are descriOcd below. Ingots of fr"m IS to 20 kilograms each arc supplied 
in stacks of from I to l.S tonnes. Fork-lift trucks can easily store and transport 
the stack!! and charge them into the furnaces. TJ.ie production of scmi­
continuously cast T-bars has recently been spreading. Meta! in this form is 
highly advantageous, because large quantities of it can be sto:-ed in relatively 
small areas. Coils of wire rod should be stored when the wire drawir.g plant 
us~s purchased wire rod. Coils arc stored on pallets in stacks of :hrce. The 
storage area of coils should be closed, ccv':"rcd and protected from rain. 

The area required for the storage of finished p .... ducts is based on 
:..~tablishtd storage g•Jidelines. Moreover, the number of drums wi!I depend on 
the n.=ed to provide four square metres of space for each drum, and to ensure 
their accessibility. Drums may be stored on any paved open area with 
rain-water drainage. Empty drums should also be stored, the number of which 
will be cqua! to tht numhcr of drums containing finished cables. The area 
required to store an empty drum is approximately two square metres. Steel wire 
can be stored in coils requiring a relatively small indoor ,toragc area, 
preferably in the production building. 

Provision should be made for the collection, packing and storage of r.crap 
formed during production and the storage of wood required for the 
manufacture of drums. An area is provided for that purpose near the workshop 
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for the manufacture of drums and in the production building itself. Drawing 
sp<.>0ls also need storage space. and intermediate stor. ;c of drawn wire is 
provided for between the wire-drawing and the cabling plant'>. Wire is stored 
on frames of aluminium. steel or wood. The following arc additional storage 
requirements: 

(a) Auxiliary materials such as wall-lining materials for furnaces should 
be stored in moisture-free areas; 

(b) Special attention should be given to the proper storage of drawing 
blocks; 

(c) Spare parts for repairs and maintenance should be centrally stored 
for each plant. on the basis of an appropriate sto:-agc and recording system; 

(d) Wooden platens. scrap containers. packaging materials (paraflin­
imprcgnated paper. polyethylene foil. cardboard etc.) and deals for bridging 
should be carefully stored. 

D. Packaging 

A number of materials require packing in the course of the production 
process starting with ingots and leading to stranded cables. 

Cast and rolled wire rod must be packaged when the total production of 
the wire-rod cast rolling plant is not used by a nearby wire-drawing and cablini 
complex. The purpose of packaging is to protect the wire rod from h10midity 
and mechanical damage. Coils of wire rod arc placed between two wooden 
plates in an upright position, then covered with paraffin-impregnated paper, 
polyethylene foil and cardboard, as well as plywood. The wooden plates arc 
bound with steel bands. The operation is performed as part of the production 
process. An example of packaging for long-distance transport is shown in 
figure IX. It is also possible to pack the coils of wire rod only in 
polyvinyl-chloride foil or in steel bands when the coils arc to be transported in 
a dry region to a nearby plant. 

The primary finished products of the cabling plant arc the slrandcd electric 
conductors and sometimes wire for cables. Those products arc transported on 
drums made of steel or wood. The empty drum is covered with a few layers of 
paraffin-impregnated paper and c.ardboard. After the drum is filled with 
stranded conductor, the coil is fixed with a ban<l and covered with paraffin­
imprcgnatcd paper, polyethylene foil and deals. The drum slowly rotates on the 
drum-packaging machine (shown in figure XXll) whil,. air-hammers nail the 
deals on the rim. 

E. Environmental protection and w;,ater drainage 

Thr atmosphere is directly contaminated by materials generated by the 
production and auxiliary processes carried out in the cast rolling shop :.:nd the 
boilers. Flue gases arc generated by the gas-fired melting and casting furnaces 
and •he boilers. and chlorine-containing gases escape from the casting shop. 
depending on the metal-cleaning technology usd. Care should be taken to 
neutralize chlorine-containing dust and flue gases. 

Contaminants arc also generated during thr water cycle. They arc 
primarily oils and greases that mix with water when washing cars or cooling 
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cast metal. or that CSC3pe from the lubricating-cooling system of machines 
(when changing emulsions or due to leakage). Oils and greases originating from 
the washing an<' running of cars contaminate rain-water drainage. The subject 
of water treatm is also related to the deposit and treatment of sewage. 

Solid wastes are generated mainly during the pacltaging operation in the 
form of wood, paper and polyethylene foil. There are no hazardous, poisonous 
wastes. The environment can be adequately protected by the proper operation 
of production equipment. 

The proper fuel-air rario in the furnaces and boiler should be ensured by 
controlled firing systems to improve combustion. Fiue gases generated by the 
furnaces and boiler should be ell.hausted through stacks or chimneys at a height 
c;f from 20 to 60 metres, depending on local requirements and regulations. Flue 
gases containing 1.:hlorinated compounds may be extracted through staclts with 
a suitable internal lining. Chlorine should not be allowed to escape into the 
atmosphere of the production buildings. 

Generated waste water should be deposited in separate compartments. 
depending on the type of contaminant. Sewage should be drained in a closed 
ductwork and transferred to a collecting ductwork. In the absence of a central 
sewage transfer system, local drying and transport in tanlc cars may be a 
realistic solution. 

Industrial waste water and rain-water can be transferred by a common 
ducting system. Before passing industrial waste water into the drainage system, 
its oil content should be reduced to the level required by local regulations. 
When water is used several times (in a closed circuit or recirculating system), ~t 
may be necessary to skim off the oil from the water before passing it to the 
collecting system. In simpler cases, oil may be skimmed off in a ba'lin when it 
floats on the surface of the water. In such cases the emulsions used for thr. 
cooling and lubrication of equipment may not be mixed into the waste water. 
These emulsions will have to be transported in separate tankers, since the 
establishment of an individual separating plant would be uneconomical, given 
the small quantities concerned. Wood and paper wastes can be burnt in 
coal-fired boilers, otherwise solid waste dumps outside the plant area will have 
to be provided. 

Facilities for the protection of the environment do not require continuous 
:tttendance, but regular checks should be carried out. The investment costs of 
various plants and facilities are summarized in table 38. 

TaMe 31. Direct capital cOlllo based Oii selected capadty Hriaat1 

C 0111 '" 1llo111tutdr of do/Ion 

C11pom y vo,,0111' Cml 

'""' (lolfll" fl'' 01111111'1) '11K111""11k F.l(lllplfl,111 F.rU/101! Muu/1011,0111 Total 

Wire-rod ca11 rolhn1 plan• 
u1in1 solid charae IO 000' S80 3 62\1 J40 2JI) 4 770 

Wire-drawin1 and cablin1 
p1an1 2 soo S40 2 000 28~ 210 J OJS 

s 000 I 790 s S60 700 6SO 11 ?i>O 
10000 J 200 11 J9S 8\IO 117S 13 360 
20000 s 7110 IS 680 1600 1490 24 sso 

Mam1cnancc s 000 10 20 000 80 lllO 40 40 340 
10 IJOOd 100 260 so so 460 
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C OJIJ Ill ,..,,,_,. of tlalltlrJ 

Copoo1.-r~ Cm/ ,,_ ,,_, iwr _, • .,_.""Iii 
~· Errcn1111 .\llJ«ll-. Ta1tli 

Aulliliary plants (dcctric 
cocraY supply. boilers. 
na1ural ps. comprcucd 
air. waler supply. 
was1c-wa1cr 1rcauncn1) 2 .soo 50 100 50 50 2SO 

s 000 440 980 130 130 1680 
10000 770 1200 140 160 2 270 
20000 925 I 730 170 230 JOSS 
10 OO()b 860 1400 170 230 2660 

Malcrials bandJing. SlOr.IF 
and woodproc:cssing 2 .soo 300 

s 000 10 20 000 300 440 20 60 820 
10000" 2SO 500 20 60 830 

otTac:cs. social facili1ics. 
roads CIC. 2 .soo 200 

s 000 10 20 000 850 2SO 20 80 1200 

Toul 2SOO 590 2100 335 260 3 78~ 
5000 3460 7410 910 960 12 740 

10000 5200 10465 I 110 I 215 17990 
20000 7935 18 280 1850 1900 29965 
10000" 5 840 14425 1490 I S25 23 280 

"Costs rclalcd 10 plant site and miscellaneous ovcrbcac: costs arc CllCludcd (land. cus:oms, transpon. 
intcrcs1. c11crnal utilities Cle.). 
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VI. Plant management and organization 

The three basic capacity variants among the several production plants that 
have been discussed so far will now be considered more closely. In one of the 
variants, a wire-drawing and stranding plant operating with purchased wire rod 
at a capacity of 2,500 tonnes per annum is integrated into an existing plant. In 
another variant, a wire-drawing and stranding plant with a capacity of 
5,000 tonnes per annum operates with purchased wire rod. In the third variant, 
a wire-rod cast rolling plant working with ingot supplies a wire-drawing and 
stranding plant operating at a capacity of 10,000 tonnes per annum. The last 
two variants arc supposed to be individual plants. The equipment layout for the 
first variant is shown in figure XXV; that of the second and third variants arc 
illustrated in figures XXVII and XXVIII, respectively. 

The first variant is adopted when local demand, or the increase in demand, 
for electric conductor wires is low, and the required quantity can be supplied by 
equipping an existing plant with a few wire-drawing and stranding machines. In 
the first stage, stranding machines arc usually installed and drawn wire is 
purchased. In the second stage, wire-drawing machines can be installed, 
providing a greater degree of flexibility with little extra investment. The starting 
material in the second stage is wire rod. The minimum economic capacity of 
such plants is from 2,000 to 2,500 tonnes per arinum, considering the 
performance, price, energy and other requirements of wire-drawing and 
stranding equipment. 

The second variant may be adopted by 1 developing country that decides 
to manufacture ~he wires and cables required for its electrification. The first 
step would be to c~tablish a cable plant using purchased wire. The installation 
of a wire-drawing plant may be justified by the need to respond be\ter to 
market demand, to employ more domestic workers and to reduce production 
costs. The widest range of market demand can be satisfied by such a plant 
using purchased wire rod. The capacity of 5,000 tonnes per annum is an 
average figure based on initial demand and the most economical conditions of 
operation. 

The third variant may occur when the above-mentioned drawing plant 
begins 10 expand and to purchase aluminium ingot to produce wire rod in a 
cast rolling shop. This solution allows greater flexibility in responding to 
market demand and promotes the use of a cheaper raw material (aluminium 
ingot), the domestic labour force and other resources. 

The cable works including an aluminium smelter can be started in order to 
further process molten metal directly into wire rod. The cast rolling facility may 
be installed in the existing casting shop of the aluminium smeller or located 
further away, dep1mding on the availability of labour, the market etc. It is more 
economical and advantageous to start production of wire rod from molten 
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metal, although in practice it is often staned from solid metal. The latter 
possibility bas been selected in order to illustrate all the facilities required to 
built up a complex. 

At a later stage the wire-drawing and cabling plants arc established to 
carry out further processing of wire rod produced by the cast rolling plant. 
Initially, the processing capacity can be less than v.hat is required to process all 
the wire rod. hence a pan of it will have to be marketed. The capacity of the 
wire-drawing and cabling plants increases with market demand up to the 
capacity determined by the wire-rod cast rolling plant. The material flow-sheet 
of a complex cable works with a capacity of 10.000 tonnes per annum is shown 
in figure XXIX. 

~ lXIX. Lay..r af •in-nll ,._, U..-. •ift ,._ ............. wilil • apiey ef .... ,_'"_ 
r=;-·-·-·-·-·-·-· 
I[:} .. ------------ --- --- --~ ---- -- -- -- -- -------- --1 
,,, : I 

L--

6 

--------- ---- ---- 1 10 11 

5 

Ditwction of ox"""'"'" 

I I 
I I 

'--- -----------------' 

Kay: 1 Management offices 
2 Social building 

10 Wire-rod cast rolling shop 
11 Drum-manufacturing shop 

3 Electric power station 
4 Stor1ge 1rea for rsw materials, wood, 

empty drums and finished products 
5 Cabling plant 
8 Intermediate storage 
7 Storage of auxiliary materials 
8 Wire-drawing plant 
9 Storaiie for wire rod 

12 Water and compressed-air supply 
13 Sewage treatmr.tt 
14 Boilers 
15 Natural gas supply station 
115 Maintenance work shop 
17 Waste storage or deposit 
18 Railway trades 

The capacity of the complex with the aluminium smelter is 10,000 tonnes 
per annum. but total capacity including the processing of steel is 11,S 12 tonnes 
per annum of stranded conductor. This generates a gross income ofSI 7,798,000 
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on the basis of the: product mix proposed in table 33 and of 1985 prices. The 
following average prices of stranded conductors have been taken into account: 

T_v~ of conductor 

Steel and aluminium stranded structures I + 6; 7 + 26 
7 + 36 

Stranded structure of E-AI 99.S quality 
Stranded structure of E-AIMgSi O.S quality 

Dollarpriu 
per tonne 

1.455 
1.4JS 
I.SSS 
1.750 

The personnel rec.uirements of such a plant are shown in table 39. which is 
based on a three-shift working schedule in the production plants. one or two 
shifts in the utilities and auxiliary plants. a 24-hour workday and five days of 
operation per week. If holidays and illnesses arc taken into account. the total 
number of employees should be increased by 15 per cent to 86. 220 and 
390 persons for the three variants. 

Table 39. Penoucl rcquiremcals for selected capacity Yariuls 

(Number of persons employed) 

P~r~I r~qu1r~mntlJ bas~d on copa<il}' vari11111 

}, J()O fOIUfl'J J,()(/(} IOflfll'J /O,(}()()folUfl'J 

ftl'm /Wfannum "''"""""' /WT01flfll1'f 

Wire-rod cast rolling plant 40 
Wire-drawing plant 12 15 40 
Cabling plant 2S 60 120 
Energy and other utilities 8 23 23 
Maintenance 16 so 70 
Packaging and storage 14 30 40 
Water treatment, environmental 

protection 4 6 
-

Total 75 192 339 

The uninterrupted operation of the plants depends on a number of factors. 
Although a detailed discussion of all the factors is beyond the scope of this 
study, three of them mu~t be briefly considered because of their decisive role in 
plant operations. 

Manufacturing processes arc carried out in each plant using highly 
sophisticated, automatic equipment. The quality and quantity of the products, 
hence the economic health of the plants, is determined by the condition of the 
tools and machines and the amount of time spent in production. The 
equipment should therefore be kept in operation during as much of the useful 
working time as possible, making the fullest ust. of the -;peed, capacity and 
other parameters specified by the .;uppliers. This can be achieved only when 
skilled workers using the proper equipment are able to accomplish their tasks 
according to a planned preventive maintenance schedule. It will require a 
co-ordinated effort in the fields of mechanics, electricity and automation. A 
department set up to undertake such an effort would require the closest 
co-operation, from the beginning of plant operations, among its members, its 
expert advisers and the equipment suppliers. 

Apart from the condition of the equipment the technology applied 
determines product quality and the economic viability of operations. In most 
case!! technology for the plant is provided by the equipment suppliers, but it is 
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still advisable to maintain a separate depanment of technology within the 
plant, for the following reasons: 

(a) Even the most able engineer cannot cope with all the details of every 
problem; 

(b) The product mix will not remain identical to that for which the plant 
was originally designed, hence new technologies must be continuously 
developed; 

(c) Quality requirements gradually increase for all products; 

(d) Production cos~ must be steadily decreased. 

A strong depanment of technology with a staff of well-trained and 
experienced experts can apply and adapt plant equipment to changing external 
conditions, incorporate the latest innovations into the production process. 
exchange know-how at the international level and, finally. develop advaraced 
technologies and quality control systems. 

Special attention should be paid to marketing. When new production 
capacity is introduced the supply of cenain products suddenly increases and far 
exceeds the demand and rate of growth of the domestic market or industry. 
A team of marketing analysts will have to examine those questions preferably 
before the establishment of the plant, but cenainly not later than the stan of 
production. A knowledge of the potential of domestic plants and market 
demand is essential. 

New products should be developed for new fields of application, including 
processing technologies. Complex systems worked out by the plant should be 
marketed. Selling the products at realistic prices can be ensured through close 
co-operation between the plant and the customers in the period of production 
run-up. 
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VD. Investment decisiom and implementation 
schedule 

The proposed plant layouts arc shown in figures XXVII and XXVllI. 
Alternative layouts may be considered depending on local circumstan .. :es. It is 
important to leave enough space for future plant expansion. including auxiliary 
plants. The estimated di~·cct capital costs based on capacity levels arc given in 
table 38. The table summarizes the investment costs required to establish a 
complex including auxiliary plants, an energy supply system etc. Costs related 
to the purchase or acquisition of land and miscellaneous overhead costs arc 
excluded. On the basis of the data given in table 38, an economic analysis of the 
complex can be made if the phase price is related to the investment costs. The 
phase price is the difference between the price of the purchased product 
(aluminium ingot or wire rod) and the price of the end-products (stranded 
aluminium conductor). That difference is considered to be the additional value 
produced by the plant. The sum of yearly additional values is obtained when 
the phase price is multiplied by the number of products. By relating this sum to 
the respective direct capital costs the economic outlook for the variant may be 
assessed. Such a simple and informative economic calculation will now be 
made, on the basis of 1985 world market prices, for the capacity variants dealt 
with in this study (see table 40). 

TUle41. nae blcome esalmates acconlill& to i••Htlllelll lffel 

(Thousands of dollars) 

R1111oof 
l'loltt """' <llpfl<lll Cop11ol """ CoJI of ,.,..., ,,,.,., '"'°"'' ,,_,'"_"'! (Oflf "''°"" "'"°' '''"""' IO (/l,.lo/ (0111 

Wirc-drawina and cabhna 
plan1s 12.5001 37115 311115 2116J I 002 0.27 

Wirc-draw1n1 and cabhn1 
plan1s 1s.0001 12 740 7 710 s 725 2 005 0.16 

Wirc-draw1n1 and cabhn1 
plan11110.0001 17 990 IS 460 , , ,50 'OIO 0 22 

W1rr-draw1n1 and cabhn1 
plan1s 120.000I 2'°•.9"5 JO 920 22 900 11020 0 27 

W1rr-rod. w1rr-draMn1 and 
cabhn1 piano I 10.0001 2J 2llO IS «Ill 10 500 '9M 0.21 

The avcraae price of srranded aluminium conducror is Sl,546 per ronne. 
tbal of aluminium inaor Sl,OSO per ror;ne. and lhar of aluminium wire rod 
Sl.14S per ronne (cxcludin& rranspon cosrs). To simplify the calculalions. only 
rhe rated capacily for aluminium and the aluminium contenl of srranded 
~trucrure' have been taken into accounl. 
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Table 40 sh'1ws that the ratio of produced additional "·aluc to the dirC\."t 
capital cost improves as the capacity of ~ire-drawing and cabling plants 
increases. There is an intermediate value of the ratio for a complex including a 
wire-rod casting and rolling plant and wire-drawing and cabling plants with a 
capacity of 10.000 tonnes per annum. 

The establishment of a plant with a capacity of 2.500 tonnes per annum 
within an cllisting complcll gives a good investment ratio similar to that of a 
plan' wit:t a capacity of 20.000 tonnes per annum. The ratio can be funhcr 
improved when equipment is installed in Cllisting buildings. thus eliminating 
building costs of approllimatcly $500.000. Additional capacity incrca~ by that 
means would be counter-productive. because apan from the required Clltra 
investment in equipment. the cost of Cllpanding the utility supply systems will 
also worsen the ratio. The number o! persons required for the operation of the 
plant will increase together with operating costs. 

The above calculations arc only preliminary. and cannot replace profit 
calculations based on real data. Similarly. although the market prospects of the 
end-products wilt greatly influence the economic performance of the plant, they 
arc not analysed here. It may be hcpful to analyse production costs and to 
relate them to the sales price. The calculation for a complcll consisting of a 
wire-rod cast rolling plant and wire-drawing and cabling plants with a capacity 
of I0.000 tonnes per annum is outlined below: 

Cost/actor 

Aluminium raw materials 
(with 2 per cent loss cl'.Je to oxidati<•n) 

Electric energy. unit price oU12 per MWb 
Auxiliary mate:ials, tools 
Maintenance. 3 per cent of value of equipmmt 

(SIS.380 x 0.03 = $461.400; $461.400110.000 tonnes= S46/t) 
Costs of drum manufacture 
Wages ($300 per month for 200 p-:rsons) 
Costs of working capital 

( 10 per cent interest rate on w?rking capital of SI .S00.000) 
Depreciation of fixed assets al 6 per cent per year 

($23.170.000 x O 06 = Sl.390.200 per year) 
Interest payable on imponed equipment. after d.!duction for inflation. 

on the basis of an interest rate of ft per cent 
I '3.290.000 x 0.06 = $497 • .ioo per year} 

Total costs 

Dollar con pn 
IOlflf~ of Olltp11t 

1.1)71 
24 
22 

46 
18 
72 

30 

139 

so 
1.472 

The above calculation shows that the complex makes a slight profit on the 
basis of 198S world market prices. since the production costs arc $1.472 per 
tonne and the sales price is Sl.546 per tonne. with a profit of $74 per tonne. 
The dominant cost factor is the depreciation of fixed assets. hence the lower the 
direct capital cost of an investment for a ce:tain produ.;tion level. the more 
profitable it is. Further difficulties may ~,. faced when in the first year of 
production only SO to 80 per cent of the products. :an be marketed. 

Ar the decision-makin1 stage. a detailed study should be carried out with 
special emphasis on site selection and the availability of raw materials. utiliues. 
infrastructure. labour and manaaement skills. The amount of fixed assets and 
workin1 capital should be estimated in domestic and forei1n currencies. An 
analysis should be prepared of both domestic and possible foreign market 
de1.1and. and of the product mix required to meet that demand1 
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Fi19n XXX. ••--•••kNI tdledli~ for a "lrt'-rod ca1ll111 pl1111, wll'Mlrawl111 pl1111 and c1bll11 pl1n1wllh1 e1p1clly of 10,000 101111n ""'annum 

Item or tltk 
Montht , 2 3 ' 5 I 7 • I 10 ,, 12 13 14 15 111 17 ,. 1t 20 21 22 23 21. 29 

-
P,.iiminariel --•-of permits ..,__._ ___ --
E..,_...ng 

Site Pf9Pll'ltion ---ManufletuN of building structuret and trantPOn to site 

Foundations of 1Uxiliary plants Ind tNC:tion of buildlng1 

Foundations of wiN rod plant and -tion of building 

Foundations of wiN dr-ing and Qbling plants, eNCtion of building1 

Foundation and -1ion o• other buikli"tl 

Selection of equipmenl and 1rampon to 1i11 for ·--· Auxiliary plants 

WiN·rvd plan! .,__ ,__ 
WiN-drawing and cabling plant 

·--lnsullation and -!ion of equipment In 

Aux ililry plants 

~ 
WiN·rod plant 

WiN«-ing and cabling plant ·-Commillioning Of IUXiliary plants 

Commislioning of production plants 

WiN·rod plant 

Wii.-drawing anci Clbli"t plant; 

Training of operating penonntl 

'° Stan-4.IP of production and ..,. 



If the preliminary studies outlined above justify the project. then a 
feasibility (or pre-investment) study should be prepared. preferably by a 
consulting company. !n the study the following aspects should be considered 
for one. two or. in special cases. more project alternatives: project background 
and history. including the cost of preparatory studies and investigations. 
demand and market analysis. with sales forecasting. and the relationship of 
marketing to the production programme and plant capacity; production 
materials and inputs. with cost estimate; site selection and local conditions; 
engineering; labour and organization; implementation schedule; and financial 
evaluation (total production and inv:stment costs and sources of financing). 
with the calculation of the pay-back period. the simple rate of ret1Jm. the net 
present value and the internal rate of return. and including break-even analysis 
and sensitivity analysis. 

Economic evaluations can be performed using computers and purchased 
software packages. Detailed consideration of the above aspects is also useful 
when the project is supponed by government decisions on economic develop­
ment. The project implementation period may be as little as two years if it is 
well organized and co-ordinated. and if full advantage is taken of the services 
of consultants and suppliers. Figure XXX provides an example of an 
implementation schedule for a wire-rod cast rolling plant. a wire-drawir.g plant 
and a cabling plant. 
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