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ABSTRACT 
Local production of elechodes. in Nigeria has always b p ~  by major 
manufachmrs. The technical partrsers have maintained that there are no 
suitable substiW!es for the raw materials locally in an attempt to continue b 
import from *eit. ' h ~ . ~ c o q n @ e s  Our effort at .lpwl sourcing required 
experimentation. M i  could not be carried out without a W n s  of applying 
the coatmg to. the wire. This was effected through a direct exhder. which 
was fabricated to mat eWodes.pnder manual presswe .bu@ up through a 
plunger in an extrusion chamber. O m  a wire was mated. the plutqer was 
withdrawn to remove the pressure. The ektde-coating M i n e  1s 
expected to find applicahm in research laboratories of tertiary institutions and 
wall scab manufacturing outhts. 
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f.0 1MTRODUCTION electrodes on the Nigerian market (Oyawale 2000). 
sohe hi rstaihrs repacked *some of thee 

No success has h n  recorded in the project of ' eiectrodes and sold them to unsuspecting buyers 
locally sourcing wire. flux and binders for the under k a l  Trade Names that had bean forced to 
manufacture of eWrades in Nigeria in spite of h e  shut down, 
pressure mounted on the Raw Materials Research 
and Oevebpment Cwncil to expedite action on the Most of the electrodes produced in Nigeria are 
project.' An electrode manufacturers in Nigeria hrwgh the extrusion process (see Fig. 1). 
opemte.under some technical agreement with some Emsbn has been widely used in- polymer 
foreign counties. To this extent. ,the foreign processing of plain and coated sheets and metal 
technical ~~ have maintained a strangle hdd forming. It has ako been widely applied in #e 
on local companies to A ensure continued importation production of mcrete and day profiles and, in cable 
of p m w &  raw - materials from heir patent insulation. Because of its suitability in prorrdrng a 
companies. As a result, all the raw materials k r  uniform coating around a m e ,  it ha9 also been 
electrode manufacture in Nigeria were being applied in electrode production. By exchanging d?. 
imported. Since 1998, welding. electrodes the exlruder may be used to produce variqus 
manufwturem ham been subjected ta amfavourable gauges of ohxtrodes. The p r o d u e  '. mew& 
lariffs on imported mmponenls to emourage local discussed (hbrefore is the exbutdm method. %. 1 

+ sourcing. This has fed to serious decline in capacity * shows the flw line fsr, ;eornmercial manbfachrr$ of 
utrlitation n the industry (see Table 1) and weMingelectrodes. ' I . 

consequent "dumping" of inferior imported ' . t f  ' :. . *. .*.rlt 
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Nevertheless. this commereiaf meftrod is not 
available to msmchs and small quantity 
producers due to the large quantity of flux required 
and the mphhtbtlon of the k q u w n t .  In addition, 
access to existhy ~~ h the country is highly 
restricted, hence the need for an alternative. The 
objedhe of this research therefore is to devebp a 
coating w h i n e  that will satisfy the needs of small 
quantity producers such 'as hiher instUimi and 
t h o r e w i s b g t O w r r y o u t ~ o n t k a r  

2.0 THE. M U M  ELEClRobE C ~ T I W G  
MACHINE ' 

+ 

The q m u d  extrwion machine (Flg. 2) 
schwnat i i  shmn in Fig. 3 was produced in the 
Production Enghrewrng t- of the Unhrersity 
of Benin. (Oywate. 2000). The n m  extruder was 
used fw th C b m b y  ddgn because of. its 
adaptability for m. w#h m a #  quantifies. 

7he extruder Intended to mder'a stiff flux 
paste of approximately 0.10m3 intd an extrusion 
chamber in w h i i  the core wire ir p l a d  such that 
a9thepastBisextruded,thewhwillbecoatsdasit 
b pwlbd through the extrusm chamber. It will b6 a 
rn manually operated with a W m u m  
humin effortofapprox(matsry O.4kN. 

2.2 Kinemaw Scheme 

Percentage 
Ulili;Eatian 

I 

O 

I - TOTAL 

~ o f M a n v f a c b m  

L 

1- h l ~ M  {Mi) Ltd., [jam . 

Fig. 3 s h s  the plan 8view of the mawal 
e k t m k a a t i n g  machine. It comprises essentidly; 
a cwple of p l a b  held together by four tie rpds. 

*. One pMe wrries a power screw assembly i,2,3 
w k i  is mnected to a ram 8 by a c~lpkng 
ammbfy 6,f.  The ram moves the piston in an 
airtight extruder cylinder 9 locaw by a floating 
guide plate 10. In opwatiwr, t?k exmder noPle'b . 
mmeckl to the exbuder Modr 12 wfiich is held 
against a sprlng loaded support by pressure. fhe 
spting as- activates a dial gauge which 
indikales the alrusion pressure. The extrud# blodc 
carries ttre me wire and the coated dedmb 
centering I withdrawal d e v b  assembly 13,14,15. 

To produw a coated electrode, Ihe mating fhrx is 
thwoughly mixed to the required mslsfency and 
loaded into the extruder Pjlhddr. 4 prwiwdy cut 
and straightened wim is passed through the 
chamber and the end is clamped b wibdrmd 
h d d q  17. The holder is w i t h d m  gradually as the 
puwer s#ew activates the extnrder p k r w  whose 
pressure diharges the' flux thereby coating the 
efecbade wire. Tbe pressure of the n w k  on the 
extrusion chamber is self-adjusting Ulus ensuring a 
positive engagement. CmmbScity,of the 
in the mating is assured by !he bushlngs in ttse 
sxlwim chamber black 12 and the ek4mfe gum 
head 15. 

2. E- Ngana L i m i  Em. 
Benin-City . 

3. Major Elechode, 
-. 4. 5- A l f h ~ ~  C;.M.-a+. C-p IndusW, .- Owsrri 

ompanye onitsha. 
6. United N i n  Wm Ind. 

Kaduna 
7. F. C. A n e w  Ipdustries. 

Onitsha 
8. Blue Shps LfmiBed, Ibdm 
9. -kuchen Industries ttd.. Enugu 

+ 10. Dwer tnd@W, Asaba 
1 I. Western Eleddes,  Lag- 

Brand qf 
€ W d e  

BOC 
IGL 

5.2 -SO, 

Z K o N  

BEST 
GMO 
Not known 

Not knorm 

BLUARC 
. M t  
Nofecofds 
HOBAT I 

lnstaWedCapaaty 
(Metric Tmm] 
angle &iff 
1000 ' . 

990 

Capaaly U~~ In 
1998 
(Metric Tonnes) 
O u t o f p r o d m  

5000 

7 120 
1250 
3000 
1200 

1000 

1200 
~000 

70 - -  

150 
Out of produdion 

250 

50 
100 

5.1 
5.0 - 

0 

34 

4.1 
10 
0 
0 

- 
1200 

- 
Out of prOd&-n _ 
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.'I.. - 

I I Scheaaiic rcprcwqta~ii>!i 01. a iYpi&l' . . ilOs line G,r the n~asolicturr. of* couied 
clcclr~ldcs. 

Fig. 2 Manual Electrddc Coaling Machine .. , 0 ,  !::* 

.. . - 
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2.3 ~F~ 

The pressure requtred b a pBastic solid bQr 
of diameter 4.5mm and a of 350mrn 
(equivalent to the dimensions'of electrodes to be 
made) on the.:-tic injection-moulding machine 
was used as thi-design force. This was found to be 
about 2kN. ~ i th .*a  factor of safely of 2, a @?sign: 
force of 4kN was u&. . 

The following criticai components were designed: 
.. ... 

i. Extruder pressure cylinder 
il. Powe~scsew 
m. Tie rops . 
hr. Tie b k k s  

a -  ' 

2.4. Ewtruder Pressurn gyli;der 
1, *. 

P -  - 
Fig 4 I .  I ! I  I I I f hd 

i~br!er dla131ete1 tf = !$I!I~II- attd 1118 ut~Jeb U I ~ I ~ I ~ U I  4: 
= 58mm. The thickness t- lo in'ner diameter rathis 
tld4=0.058. - ' : + .. 

P, = (Design &usion forcey(8ore area) 
= (4000~)fim52~/4) = 1 . 9 ~ / r n m ~  

1. 

Thus, from equations 1, 2, and 3, the radial streSs at 
the bore is s = Pt = 1 .9N/mrn2 and the hoop stress 
at the bore is.bh = 17.3~mrn~-  

The maximum octahedral shearihg stress criterion of 
failure is u s d  for the design (Ryder, 1977). 

This criferion is given as: 

where Y is the yield stress of the material. Thus, 
subsMuting or = 1.9~/mm', oh = 17.3~lmm: and o. 
0 into equation 4, we have Y = 16.4Nlmm which is 
!tiam I I I~I I ,  IItu \ r i n l a l  - ~ I I ~ Q  [if 111i I t l  CIVPI {Y - 
lUUNfi11ij1,) {t{hhde~ i )  

2.4.2 P.ower Screw 

A cylinder with Vdl c0.05 generally regarded ab The power drew specifled had a pitch diameter, 0, 
a thin walled cylinder (Ryder 1977). Thug, .this .= 42mm, and thkad pitch Pt = 12mm. fn designing 
sxtfirder pressure cylhder Is a thkk-walled cylinder. for thread wear the following formula is used 
Using the thick walled cylinder.,Reory, the radial (DobrwdsQ eCal. 1977) 
stress q, the hoop stress m and the aqial :tress cr, 
at a d$meler d in the body of .the cylinder arebiven 
as: -- ...i$' 

where: 
P = fordd acUng along the screw 
Perm = perrnissibk mean unit pressum 

-.+.a =- * - - 1.2 to 2.5 for unsplit nuts and 
d ~ .  

and * . H = 'nut thickness 

. We .select 0 . = 2 and Pem = 0.80kN/crn2 (for 
0 . . . W )  . .  steel screw, cast'iron nut) 

for open ends Uf cylinhyhen an internal pressure For .4kN, fmm eq. (5), 
PT &$P@W o w .  0,- = 12.6mm 
The-tninlmum stresses &cur at the cylinder born 
that is ,  at d 4 di. The internal pressure which is mich is less the swed pitch diameter of 
equal 4 0  the extrusion pressure is: 42mm. 
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For both ends of tie rod M i  F~h4.4b.8nd.E = 
2f,000k~lcm~, . .. 

M&ld$ & & f ~ m j g & r p p ~ r t g ~ t o c i ~  q~=:a~mrn~ 
'kBWr!,@ h 3 : r v U 4 d & ~ ~  ?Ibadmni +acb is k ~ . :  
The inner. aM o h i f t m \ l d f a  &b.!dfledii& rod: iF&m aqilrdi(6j;WK1+=p18 . . 
$@lied were dl = 19rpm and do = ; 24mm ~ $ ~ m a l  WW' (4.00) h,4esh thmsq.,..46) h n  the 
M ~ E l A H e ~  18 6 Jdhirso@-~ation:ibuSpd:~~iWni (Bprwsi et 

al.): 
Th~ndgmesratioofVletiemdisLIK . .. 

. r 
radius ;of gyration 

1 =' Length of rod 

3149- .. -. . . 
Therefore , *\%.OIF, mm 

,L- 7 1 0 -  -- and -- =. 100 . 3  
K .  7.08 . 

To d e t e r m i n e h q h e t h s r & e ~ a j ~ d  &:#q J.B. 
Johns~n buckling equation is to bq.~  used, we 

:v+~a~iidt& (Hbaw u. i 0807 .-. 

Where C = mnsaht '(l~#&~d1n&'i':.06n.~d$! end 
conditions of the column. 

'='b&tbs*6f 

S, = yield point- 

. - 

Where F,' = critical load to @0%.btckling 
a ,  Thus for S,,= 35k~lcm* 

Fcr = q9.64kN which is greater thantih& desigtf'load 
m tie rod -of 1 kN Therefore,,,th,e des!gg @ within 
fi9flPf 
T A X  TIE BLOCW 

' tn~~ . fe t fahg~1~7 i re . . t i l o i=k$~d 'd i rnk f i~~ *  
,a. 2 "380mrn, +b . = .-.26brt18' &nU"thicRiless'. t = 
BOrnm. As an approximation, theory of srnalii8iastic 
deflections 'of rectangular ptates witQ point load is 
.applied t the design of the 'iie 'blhks ' ~ ~ i o m  design X, \ tk - - -  -.:i cihes. b x = bla = 6.6 \-, ; e.pa;p~m &ding 
moment. at the centre of eachv s ock per unit 
distance is M = 0 .044~  = If8 H.r@pp where P 
= 4,000N (Boresi el all ~ f l d  187Yj.- yenr fm the 
fl&ure'formula the thicknesb,:t;:'etlhb 'e bhck is 
given as 

W r e .  w = work~rig stress -assumed 'b be 
124~~MIql* 

Thus, t' = 2.92mm 'from a (3.61 i ~ r : M  = 176 
Nmmlmm. 

Since calculated plate thickness (=2.Q2mm) is less 
than the specified plate thickness (=20rnm), the 
20mm plate was used for the design. 
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Four lie as each of didrnetgr 2cm were blinded 
at the' e n 6  ,'with MID $rew .Studs. They were 
mounted o n  two main plates -at the end& Two 
plates were made to slip on h e  ptpes. .+;,:fie first 
plate cam& the extruder cylinder whi#:#e other 
acted as a coupler fot the ram and the pprlyer Screw 
which screwed *rough the main plate. The cylinder 
was hoJlwed out of a cylhder Mock. A &p P93 
fitted with a nozzle was scfewed to ow &d and a 
piston, which carr~ed compression springy, ',was fittd 
from the mer end.. Figs. 5 and 6 show the power 
screw and.nm assemblies. A hole drilled in !he 
cylinder served as an alternative feed Tor the mixed 
flux 

The extrudigg bb*rna#e of a mild stebl cubjcat 
b o c k  side 50mm wag w%oating chambe The 
.Main extruding charnbgk *has a' hole designed to 
;force f i t ,  onto the .,h&k of the .tarn bbck. 
Perpedwlar tq th~s a-%ole was drilled tbcany the 
eiectrode wire. Thrs h a .  w$s a tease fit of 2.5mrn to 
carry the wire to be coat&. On the 0 t h  side of the 
black, another hok was drilled to act as a die for the 
coating thickness. To this end &rs dsb mounted a 
stud for mrrying the w h c b  and ,the centring 
device. To avoid arc bbw,,the' ekctrw wire must 
be p r o m  centred in the coating. To ensure proper .. 
centring during m n u a l ' e x ~ - o n ,  a hollow pipe was 
fad onto the stud on the extrusion chamber. This 
pipe was fitted with an extractor. The extractor was 
a cylindtkal block mounted centrally on a 'stiff rod 
and cam a grip. A well-centred hole designed to 
grip a 2 Sm 7" ' wire *as drilled at the and. This Wind 
hole wa(rovidsd with a screw to ensure a proper 
grip (Fig. 2). .The wire ta be coated was gripped in ' 

*is ext~acbr prior @' the appfiwtioh of pressye on 
the extruder. As the coating progtee& the 
extractdi was carefully wrthgrewn. through h e  
guldrng centring pipe. 

4:o PE~~ORMANCE TESTING - 
. Tests were-conducted in the laboratory condition. 

It was tqter used to produce electrodes from locally 
formulated @x for weld tests. ' The production rate 
was fouhd to, be thirteen el&tr&s per minutehand 
the machine produced pinsty electrodes from a 

loading of the flux paste. The performance indices of 
the. ekctdes compare well with .IS0 
2560: E432R 1 1 ' for mild steel electrodes 6Oyaw;tle 
and Ibhadode. 2004). The total cost of the prototype 
is W14,960. 

5.0 CONCLUSIONS 

An electrode-coating machtne has been produced 
from local raw materials. It does not require electtic 
power to operate. It is expected to ease the 
problems of research in the area of coated 
electrodes and consequently expedite k a l  
prduction of flux for local manufacture which will 
definitely reduce the cost of locally produced 
etectrodes to competitive level 
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