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CHAPTER |

INTRODUCTION

Oty s finess for use ot the totality of features or eature, characteristics of
a product that has a bearing o0 itz ability 1o satisfy g nesd. It can glao be the sum

of the stlributes or properties that describe a product Thess are generally ex-

pressed in terms of specific product charsctenstizg suc oy length, width and

ool
To be meaningful in an industrial sense, these characieristics must be quantile-

tively expressed bn terms that can be objectively measured or observed
Cuality contral is the regulatory provess through which we messure actual qual-
ity performance, compare it with standards and scts on the difference. By i3 the
activities, which assure that quality creation is performed in such & mannes thit
ihe resulting product will in fact perform its intended fmction
I plans, standands, drawings and specifications were nol in need of review and
are executed Hawlessly by 2 perfectly balanced organization under the direstive of
an cmnipotent leader, there would be no need for control 1t s the comtrot func-
finn o taks the corrective aciion necessary to mssure the  produchion process
and the praduct is in scoordance with established standards

STEPS IN QUALITY CONTROL
The steps taken in quality Control imchades -
- Pstablishment of standard of performance
- Weasurement curent performance in relation 1o sstablished standards.
- Taking corrective action

Establishiment of standards

The Batablishment of standards defines the siate of equilibrium. Standard is
definition of the objective of an organization, bur it must be remembered thal o

jectives can do change.

P

Migasurement of current performance requires that information be pi neessed and

merpreted by someons 30 that conclusion can be drawe concerning  proaliBPIsA

position snd performance.




Taking corrective solion

Taking corrective action 10 bring pesformance in ling with predetermined standard re-
puires expoutive degision on making and realignment of COMpPERY TESOUICES

ARLEAS OF QUALITY COMIROL

The areas of quality cowtrols are the stages where quality control are carded put thess
2 -

. Diglivery control

- Peocess control

- Drespaich control

Trelivere control-This recognises the fac that no one praduce good quality pmduz;i

from baid materials hence anly satisfactory materials are au thorised for use Controls ©

incoming materials mvoives -

23 Supply of matenal specification 1o supplier

B Assessing the suppliers’ capability in m ering the specification through wendor ap-
praisal activities .

£y Selpcting gualified sources of material supphsd.

i} iz‘;speci';z';gand sampling test on each consignment of incoming material

e} Non conformance nater wals are conrob and corrective action instinsted

£y Control of materials in sioek

Process Cantrob. Control of production provess recogrizes that the achisvement of

good quality depend on the effectivencss and efficiency of supsrvision, pperalor’s
skitis and the sppropristensss of the machines. Process control aims 8l preventing any
wrang procedures from cccusting or bad semi-finished products from being relegsed
fior further process.
The method of approach 1o work - - Ograss controd arel -
2} Maintaiming squipment and production faciities al optirm working conditic RES

b} Routine sampls inspection and tes!

¢y Employes training and mo tivation

4y Non-conformanse satzrial controls

Pesnateh Comrol-General inspestion of the fisished product tests not carmied ot
during prt,zim:z;mm dre domd at this stage ate wither raﬁmwd,»-ﬂﬁmg}eé

ay veturs fof rRewnr k.




Beppateh conbrol fwwalves:

a} Acceptable sampling,

by Product quality sudi

£y Product labeling.

4} Packaging and final contrad

¢} Feeding of information to produciion,

MOCALG AS A CABE STUDY

MOCACO (northern cable processing and manufacturing company paas incorporated in
June 1978, production started in July | 1980 with the sim of supplying vehicle assemble
lams with locally made cables barnesses and 10 zatisfy the Nigerian Market with all
inds of eleciric cables and wires Due 1o s technical nature, the company’s equily
shares are distributesd 40%% to Migerian sharsholder 60% to the forelgn partoers a5 con-
sained in schedule T of the enterprises promotion decres
NOCACD is recogmzed as the most importast and No 1 cable manufactored in the
Northern part of the country produding in aceordance with National snd international
standard and to specific customers requirements.
The product range of MOCACO is approxmately 300 differens type of cables Jt include
the crdinary wiring cables, conduit cable, imsulated ahuminum servics cables alumimun
pverhesd wire, both bare and stzel reinforoed, copper underground cables {amwmd
amd non-armoured ), 88 well as fexible cables and cords and drop wire for telecommuni-
CRlinn purpose

NOCACO is also producing complels assembled harmesses for the mgomobile in-
dustry and for the assemblers of glr combitioners, fridge and freczers. WOUACO i the
only manufacturing of harnesses in Nigena |

in the ares of Cuality, NOUACD places a high premium un the guatity of s prod-
uets as it desipns and produses high quality produsts i line with national and  inlerna-
sienal standard such as - the Nigera mdustiial stawdards (WIS}, mernational eleciro -~
techical pommission (1EC), Briish standard (BS) end German industry standard (VDE,
NG and to specific customer’s requirements
WODACD carries out rigorous quality cont el 1ests on s produsis at every stage
profiuction process vathier thas at thie fingl inspecbion soribst iig oigh

standards are maintaipned throughost the fuil leopib of the conduntuy

ar cable.




NDCACO also has & quality control system as contained in her quality assurance manual.
A% a proof of high guality MOCACO is an NIS Geld Awsrd winner of PYVC insulatedi{non-
armoured) single core cables, Stlver Award on PVC insulated {Nou- armoured § muiti-zore o cableg, Sil-
ver award winner on afl sluminen conduciors and the NIS award winner on motor car cabdes in the
COURLTY .
GUALITY CONTROL DEPARTMENT
BESPONSIBILITIES OF THE DEPARTMENT

The department performs the following functions -
Fsiablishment of the spevification
Development of tost provedures and requirement
Dievelopment of sampling schedule {nuality plans}
Recording and reporiing quality controls forms
Project development and research.
PRODUCTION PROCERS
MOC AL has sdeguate production facilities for the production of cables in the 1000 volts range. The
produstion flow chart is a3 shown below,
PRODUCTION PROGRAMME
fotroduction
Marthern cable processing apd mansfactoring company {(NOUACOLimited is g mmnefactured of
clectrical cables, mainiy in the 1000 volts range and slso offer high quality , processed cables and catde
harnesses to the processing , manufacturing and assembly plants B,
The conducting  mateoals used in the 1000 volts range of cable are aluminum and copper | Insulatin
materisl is polyvinylehlonde (PY)
Galvarszed steel wire is used for the mechanizal protection of cable for underground application.
Chher sundliary materials e silivon ofl, mica power et are also wsed

COPPER PRODUCTION PROGRAMME

Thers are classified fato
3y Wiring cables {single core PVC insulated | single cove PYO insulated and sheathed, and flat surface
wirtng cables)
hains cable {mulli core armoursd | Mon armoured }
Copper over head lines and eanth conductor
Cantrol cables {Armoured sl non —armoured)

* ¢y hutomoBile ddbles

£y YelsUemmunication cables.
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SN PRODUCTION PROCRAMME

These gre classified it~

2} Mains cables

1 Comsumer’s connections fine (nsulated and sheathed)
¢y Abwmimam over head lines

4y Aluminum conducion steed reindoroed

CABLE HARMERSES PRODUCTION PROGAMME

These are classified into-

ayComplete harnesses for Pougent Avtomobiie Migoria {(PAN)
bifatiery cables for general medors and privale oustomers,
ciHamesses for ANNAMCO

¥ Trucks harmesses.

¢y able for reftiperator and ay conditionery,

LIAIMSBAND ORBIECTIVES

ay Creality control is 1o maintain desipn standards.

by Vo mest and satisfies customers specifications.

vy Vo produce g guslity the can be achioved in time 1o meet delivery requirement
dy To spotlipht and correct process discrepancios |

gy To find and comrect causes of defective products

LIMETHOROLOLY

The set of methods used in obiaining my matenals for these project work include working with
staffs of the quality control department of Nocaco Lid Kaduna on every quality test carisd o
angd obtaining results with close moniloring by the quality controllers and lastly | personst research
through the used of relevant textbooks and the projects related jourmals 1o supplement the overal]
findings.

PILITERATURE HEVIEW

Human society has depended on quality since the davwn of history, Tn prisstive society [this de-
pemfence has been on guality of natural “gonds and services”,
Fluman Hfe can exist oaly within sather parrow Himits of chmatic temperatars |, air guality food

guality e For most primitive societies, e evon within these narrow Himils was marginal, despite

extensive wse of the human mental amd physics! faouliies . Human sdaptation to the natural enviton-

ment has boen based on two greas of responge -

ey B

k . L% . : L] Lt L8, - . L g, P P AP
1y Human sédses are uxkd to jusige the quality of natural goods and services. The
results ls a form of focoming “inspection” pricr to oas,

23 The esperience of the past iz condensed inte lesson learned. These lessons

iearped are handed dows from generstion o genevatios.

£



Srron tione Hnmemorisl Tpovernmen o yes suattished and enforoed 3 standards of quality. The:
governing bodies have aitained a status which enables thesm to parried cul PIOGIABYNTS of regulation.
Until the early twentieth contury, i was comparatively rare for users 1o file lawsuit based on ¥
juries resulting fromm use of mansipctursd products . The bas o defense agamst Hability 1810 elhng
s causes of injuries at their sowrcE.

1.4 PROJECT OQUTLINE

(puaality control prod cedures in a cable industry i3 divided into different chaplers based on diffs
et information in the test and techngues COn ducted in achinving standards and specification.
Chapter 1 introduces the topic, quality comrol in a cable Here the case study 15 Morthers Mig
fig cable processing company i Mocace) it therefore became imperative 10 st roduce Monaca.
Chapter 2 explaing the cable design and construstion, tasic design clements basic ponsucli

and also Articte standard card preparation.
Chapter 3 deals on ihe manulacturing of qualily. tiere the guality countrol tests arwd techmigu
including procedure and 1o56 i3 oidained.

Chapter 4 comprises the conclusion, recommendation, glossary arl pefergnoes.

4



CHAPTER TWQ
CABLE DESION AND CONSTRUCTION

Cable design can be defined as the interpretation of cable needs into sketches
and dimensions laken due consideration of safety and regulation requirements.

Cable are designed to meet the same purpose 1 the whole universe. They
form necessary conpections i generalions, ransmission and distribution of
lectrical encrgy, They are also mepnt to be used for household, slectrical
applignoes.

Cabie consiruction is an exercise thal involves consultation of standards so as
1o exiract the necessary requirement eapected 1o be met by cable al every slage of
the production proness .

Wocano, cables are constructed according 1o natinal and international
standards and af Himes aceording to customers spectfication,
2.1 BASIC DESICH ELEMENTS

{z} Conduriors
{4 Coppir
{11} Aluminiam
(i) Copper ceated steed wire (cosw)
(v} Copper clad alumunium ele,
() Insulstion materials
{1} Polyvinyl chionde (pyve}
{11} Polyethyione (PE)
{111} Cross-linked polyethylene (PR}

{(ivy  Rubber {vulcanised)




{1 Optic Aibre

{4} Avmeuring materials

{1} Gatvantsed mild steel {round or Hat)

{11} Copper coated steel wire {oosw)

{11y Flat sigel tape

{i:& } Sheathing materials

Bolyvinyl Chlonde (pyve

Polvethyiene (PE)

Rubber (vulcanised)

{Uross hinked polvethviene (PH)

2.2 BASIC CONSTRUCTION
Cable comstruction especially for armoured cable mvolves s stages Howpver

some type of cables underge two or tee stages.

& Conductor stags

= Insulation stage

® Core standing

% Inner steath

& Armonring

® Outer sheath

CONDUCTOR STAGE,
SOMSTRUCTION PARAMETERS | Waork Description / references

b Dross Sectional Area, Congductor oross-sectional area m {rmun)

2 Mumber and diameter of wive | Sep IEC 228, BS 6360 WIS 159

i1 conducior Example © for a asble sipe |, 25mm?

A niid?

%




YWhere As= Area of the conductor
n = 0o of wire in the siranded conduciorn
g = digmeter of single wire

From the standard,

,,,,,,

=7 Tdmundd

3 Material Annealed conducior materiad
4. Dhameter over steanded conda- P faver /7 strands

ctor. {Monminas! - maximun

1

fayer/19 strands

5
¢
£

mid iy
3 fayer /37 strands——T7x de

hence peneral formular for diameler over
stranded conductor is given as® over stranded
conductor =(2n+{jxde where n = numbers of
favers

de=diameter of single wire

example, 0=l and d =2 14




% over stranded conductor
= i de
= (7% 1 i

=3 wt 14

= 8 4 3 mm (3

5. Direction and pre-spiralling | See 1EC 207, for lay ratio or - MEBS lay-

{lay parameters fengthss
{stranding parameters) iayratio =m

g

Diameter over conductor =}
b= 5710
by mbA ¥ D

TR 207 will ondy specify fay ratio{im)

Lay ratio for stranded condusctor

Single layer = 10 - 14

2-layers = 10-16, 10 -14

Alayers =10-17 ) 10-16, 10-14

debpyers = 1017, 1016 10-15, 10-14

S o DD

e =Gl s Mg 6.4 =0

and 14 x D= 14 x 6.4 =00y

Dhrection of lay - owermost laver of any

stranded conducior must be right handed.

INRLLATION STAGE

t, Wall thickness Sew VIDE 0250 operating vollage < SO0y
RIR 172, BE 6004 BS 6346 VDE 5271




(0.6 tkv.) pg 15 table 1V TEC 502

2, Material

See WSHS 120, NIS 133

PV, PE requiremnent

3, Digmeter over msulabion

NE L )
kb

jéwéﬂ;

Dnameter over Insulation |, D= do = 2g

>,

‘o,

Where de = dinmeter of conductor in {imm)
5= insulation thickness o {mm)
Example, do= 64

Do 6.4+ (2x1.2)

=¥ B mm (3

4 wall thickness tolerances

Reg KME 2 1006172

teference Moca oo internal s;;eczizmizmz

3, Love colowrs, abbreviation

&, Volhwne of Insulation

aee KMR colour code talde or WIS 17297,

55 6004 | BE 6346, 6500

Sold condnelor, VRW = s 4l + s;'_}
Stranded conductor | YRS = 1 s{dvs) + 4%
shaped conductor Vss = {h + ¥ xs
NB See “materal rating”  for details
Where d = conductor diameter (num)

5= msulption thickness {mm)
2= filler factor

de = diameter of 2 strand (mm)




CORE STRANDING STAGE
i Number of lavers See KME 21401

2, Number of core | write the Numbers of cores
3 Cental filler intersticex See Kme 21401 page 3
Example 4 cores
Cf from the iable
0.41d
where de diameter of g core i mun
4 dength of lay direction. See KME 2 1400.01

then , use § = Myl

where 3 = cores lay length

B = lay ratio

D= Diameter over core standing in mm
Here,
b =20-25 for cable with round conducior
M = 30 40-for cable with speed conductor
M o= 14 for flexible cordéoable

MB Cutermost layer must be right handed

5. Duameter over core stranding See KME 2 1491 then use
Drsfgntor % o

Froan the 1able

Hefer to KME 21401 for factor in {mm)

A5

Where D=dinmeter over stranded core s am

C=diameter over 4 core in mm

B d=T




Factor for 4 cores = 2414
D=7 1x2.14

=17 1dinm

BMER SHEATH 53TAGE

i Dhameter over core stranding

Dhameter over ¢ore heye

2. wall thickness {inner sheath)

See KMR ~factory standard

HIES 172797 8BS 6346
- e

LS

Where 5 = sheath thickness in mm

= dimmeter of sheath in mm

=y + 25

3 Muaterigl

Heoyeled PV

4, diameter over inner sheath

PN

iy \g
{ T
N Nede

o,

) -
Mo, v /’J

from the diagram

L= dimmeter over inner sheath in mm
Where, e = diameter  over oo
stranding o mm

S = inner sheath thickness in mm




ARMOURING STAGE

P Dinmeter over inner sheath

write diameter over inner sheath here,

2. 51ze of steel wire armour

See B 6346 IEC 802 for size of steal wire

3 Wumber of steel wire armour

Where, I3 = du + dst {round}
D= du +8st (flaty
n == pwmber of steel wire
dus = diameter under anmouring in
for flat wire or gruong wire
50% overlap of BCP
Where BOP = bitmus crepe paper {also for

msulation in fiat round wire)

4. Dhameter over armouring

From the diagram,

=gy + 25

Where D =diameter over armouring in mm
& =diameter of steel wire/thickness of

flat wire

OUTER SHEATH

. dinmeter over steel wire

write diameler over steel wire

Pl

. Wall thickness {outer sheath )

See YDIE 0217 page 19 table &

Snd

. Matenial

see NEBE 130

(PVC type o or as required)

153




4. olour of sheath

5. Cwter digmeter {normal )

Where I3 = outstde diameter (normal} in mm
du = diameter under £ over grmouring i
1
&, Bheath thickness tolerance Ree KME 21006 /3 and

gse 1= duy +2¢ as abve

7. ¥Yolume of PYC for shesth See material rating for details

2.3 ARTICLE STRANDED CARD PREPARATION

Asticle slandard card proparstion is a step by sigp computation of material
consumed during the process of producing the product with reference 1o the
information provided i the cable comsnwtion form 1o enable for proper costing of
the product afer additional cost are tshen into consideration ¢ g salaries and wages
Jwater and Hpht bills taxes elo,

Acticle standard card preparation has the Bllowing atms:-

at it ensures debivering of product in standard length,

b To mintmize the level of sorab produced.

ci it helps in caleulating the weipht of matenal gt every stage of the prodoction
which helps duning material costing

The article standard card preparation can be best cxplained using Two or Three

products a3 an exampla




An article standard card for NCY 1 x 2.5 mun® which most be deliverad at standard
fength of 1000 m
The table below shows the maximum expecied waste in {m) a2 every stage of the

production progess .

additions
PROCESSING STAGE vk v/d ehivery lenpth Yy
P Drawing (coarse}
2. Drawang (niddie}
3 Dvawing {fine)
4 Sranding {conduntor) 3
5. Cotling {wire) 3
b Extruding {core& sheath)] 5
7 Btranding (core)
& Armounng/aorcening i
& Testing -oable 2
W Wrappiogloot or drum) 1 3 3

%




Table 3 below shows the details information on the preparabion of article standard

card for MOCY or 1 x 2.5 mun?

Name:- Ajtva 5.1 Weight = 31.88kyg
Diate - 20/08/99 NOY U x 2.5 mm? standard pack = [000m
(0.6-1kv)

Processing | Additional  Length /stage | Net weight Gross weight | Copper
Hinge fenght {m) {111} kpfm {kg/km) waste kg
Condhuctor - 1010 2205 2237 (.22
{drawing}
Insulation 5 1003 9.73

feore)
Testing 2 P03

Cofing & | 3 100 1188

Wrapping

Store TG00

- {delivery

fengih ) -

Procedures  in preparing e above table

Step t

Hoving knowsn the size of cable in preporing the seticle slandsrd card, find out
the number of processing stsges invelve and look for the sdditionsl length st

stage inveived from isble 1 shove.




sten 4
The next stape i3 1o calonlate the lenpth per stage as shown s the third column of table

To caloulate thiz, it iz advisable vou start from the delivery length 1000m and add
tnlerance al every stape | moving in ascending order 4li you pet to first stage {condudr
drawing)

At this stage, vou will know the smount of conductor 10 be drawy

step 3
Caloulating weight in kg/mm or por unite length at every slage. :

conductor stage
weight {lmm) = A x d
Where A = area of conducior
=} of?
4

2= denstty/ specilic gravidy of copper s glom
= B9 {fronn kone 21004 1abley
Weight  =11d7 &x9

4

w3143 5 {1 JR1 I B G
4

Nene”

(Bt the diameter for 8 2.5 mum® cable s 178
1142 43 1084w B 9

4
4

=} AREE Y
- Met weight of conductor {nw) = 22,15 kgfom
{Oross weipht- this 2 the weipht of drgwn copper condugtor 1o {1010m)
. AN K

Gross weipght of conductor ({Gwy = A xdx 1.0Hkm




Copper conductor waste = Gw -~ Nw

Sien 4
nsulation 31ag8

Caloulating the weight of pYC material consymed in kg/km
Weight of PYC = Yoy o {glom® powaste factor (wirs b

Where ¥ = volums of PV consumed ki

= insulation thickness TN
4 = conductor diameter TR

g = densiy / ! specific pravity of Pve i pfomy’
Y Z

= 133 plow’

1, =length al insulation siage
=} 005

wi = waste factor
= 12

Note - spectfic gravity of malerial and waste [Rolo? of material would be found i KME

21004

from the table,

density/ specific pravity of PVO materisl = 133 glowd
PV waste factor o powe pable = LHL

Yo 1 g{dbs)

= 1142 2 0B (1R +08)



Now, Gross weight of PV ke / ko
=Y adxwl xL
= 65%x1.33x 112 1005
=973 kgl
Stepd
Caloulating weight of 2.5 son? cable in kg
Yotal weight of conductor and cslation from step 3 and 4 will be the total weight of HIY

1%2.8 md in kgfkom

Total weight = conductor {(Uw) + sdation (Gw)- conductor (U ) waste.

e

= {(we

= 33 AT+ 973 - 022

wi ~u {waste})

i

3188 kp/km
(o weight of NCY 25mm® in kb is 3188 kg/km
weight of 1 coil {100m}= 3188 x 100 /1000

=3 18kg

Faample 2
Prepare an Article standard cnrd for NOY 1z 16mm® which must sed delivered at standarg
depth of 1000m,

Solulion

J?

Stepl
NOY 16mm?  involves aix processing siages sefore it is delivered o store at 1000s

100y coil

Tonk for additional fenpth (Le expectad waste J al overy stage from table |




Mame~ Ajiva 5.1 Articls standard card weight = 17777
Date - 20/08/94 NCY 1 x 1omm?

{0 6-Tkvt standard pack =1000 1w

Priscessing | Additional Length stage  [Net weight Grross weight Copper wast

e

Mage fength (m {111} {kg'km {kg/kmy kg

Condactor - 1010

{Dirgwing}

Conductor

{Mranding) 14334 144,77 143

Insulation 8 1005 3443
{cors)

ooiling & 2 1603

Wrapping

Store

Y
oY
e
N
o~
ritg
Lot
st
~ i
-3
~af
-~}

{dedivery

length )

Stepl

For a stranded conductor of { 7 x 179), The six stranded wires are always longer than

wner single wire. In this case, a factor which will give us additional length of the six wies
hasg 1o be known,
f o= 5/Dm
Where § = factor for tolerance
5 = gverage lay length nomm
D = mud dunmeter of the sivanded condector i num
Foor KUY | x 16 mw?

M= 10-14
D= B

3
[
T3




51- 71 R

P = 3 -4d {sinee d= 170
=51-178
=34
¥oo=sl Din
= 134

~d

s
e

Mow check a table i KME 21004 andd ook for  17.941 or a Digure closest 1o 1 bul

preater than i3 carrpsponding value will give the additional length of 8 wire to be sirandad

Erean the table in KME 2.1004, 17, 483 is found and 1 016 is ow additional tenpih

Now, nel weight of a stranded comductor will be weight of single wire (4 P Grnm

=11 % 1,707 x 89
4

= P07 kglkm
- weight of six wire 1o b sivanded wilt be

Wet waight of wires = 141 34 kg
Since an allowance of 3 meters must be given a3 expecied wasle 8l siranding slage froom tabs
i G = §43 24 = 1 003
= 143 77
oy waste at strandmp stage m 3wy - 1w

Fut, since the total length of ciranded conducior 1o be msulated i 1010 o d o table

‘. P ouad




Gw = 143,34 1 1.010
= 143 77kg
= 144 7714343 =143k

Srd

st

o sn s SdBns

}

Insulation stave

Caloulating the weipht of PVC material consumed in kg/hm weight of
=% x d % waste factor {(wix L.
Where, ¥ = volume of PYC consumable per kan
S = msudation thickness
d = condustor diameler
ds = diameter of single strand (wirg}
2 = spacing factor
&= specific gravity of Pve material = 1 33p/om®
L= lenpth of insulation stage (1.005)
W= 112
Now, since
YValls{de sy d?e
=3 142 2 LOS T+ L0 {L7P x 13289

{ond

~OwofPve=Yxduwixl

=23 x 133 % 112 x 1005 =34 43k

Hep 4
Caloulating weipht of Homnd® cable v kg Ao will gve the total weight of conductor
and insulation from step 2 and 2 above, we have

T = (Gwe b gwi-on {wasie)




Where (We + Gross weight of insulation
w144, 77+ 34 ~ 143
= VT P Tkl
weipht of HCY of 16mm® in kg v 17

weight of 1 coll (10ny = 177,77 % 10
YO0




CHAPTER THHEE

MANUFAUTURING OF QUALITY

MATURE QF THE PROCESS

e
o
Srens?

i

i the manufasturing quadity, the nanee and purpose of the process st
b spelt out o the guality conuolier so as to nlert thept to what theie
responsibilities ave in the pursuit of quality i any contred stage.

’;

BAW MATERIAL CONTROL

o~
o
.

—

This recognises the fact that no nie can produce good gquality tems from bad
material hense only setisfactory materind are suthorized for use. Suppliers of raw
smaterials shall be required 1o submit cortified tost voport, When pecessary, showing
conformance purchase specifications and/or purchasr order of the company. These test

reporty, in themselves, do nod pecessanily constitute final scceplance of

12

%
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et
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.
fooed
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Matesial shiall be withheld from use pending compiztion of Gualily control inspection and

tests, when requited or as directed by the qualily manages and assurance that they meet
alt necessary requirements. Materials rejected as non-conforming shall be tagged with

quality control inspection rejeciod tags and are held pending disposal instructions. The
disposttion of the malerial shall be bandled by weans of 8 nuality contral ingpection

TREPORT OM THE BAW MATERIALY The report shall contsin the description of the

msterial, reason for refection and other pertinent dats. The Duslily controd Inspeciion

department and other copizs to be forvard oy the Quality manager Tor disposst

instructions shall relain one copy.

The qualily manager completos the disposal structions and disiributes a copy o
the Guality control inspection, pusct g receiving and inventory control department

The gualily manager assist-purchasing department i intisting correction adtion
with suppliers on discrepancies found upon receip of materials, Materials found

satisfactory are relsted by revebding Gualty control mspecior to draw msterials stores o

o B
seceplable malerial, Material shiall be stored in established stove aren v an orderty

sanner and where necessary precautions are faken 1o preserve them in good condition.
4

Baw materinds shall be periodically roe-inspenied.
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#y  PROCESS CONTROL .

ny

<

Procs witrol 13 the regular inspection, measwroment and test done op cable unde
nrocess i ensurs that they are produced according to specifications, Al each stage of
production, therefors some form of tests and mewsirements are carvied out. Random
sasmples are wken from production and the charascteristics of an ilew are tested against the
nor. However, in this control procedure, any necessary corrective measures are taken
while the process is continuing rather than completion. Inspection stalions are mainiained
in sach manufacturing area to assure continuos control of guality of cormponents and-
masemblies. A specification " work cand” based on data supphied by the quality
department, shall be issued 1o the sppropriste produciion sections. Productions follows
upr these instructions when manufacturing the product The product aller a gives operation
shal! be checked to the specification "wown card and for governing speoification by the
guahity control inspection department. The number mnd type of checks performed such as
gaveling wire diameters, imsulation thickness, oversil dinmeter oio shatl be repnvered as a
repot,

{ivi {CONTROL LABORATORY

it has the following functions

{a} Monitoring the performance of the manufacturing unils 1o 2osure conformance o

established standards {process, final control, despalch control) edc,
iy Broording and reporting all observed deviations 1o manapement so that correntive

FHERsLIes are takon.

{13 Onaality assurance activitios
() Yendor appradsal activities

{e} Customer complain

{fy Lip keep of the Iabomiory equipent

The control laboratory is o labormory wihsre quality 18t on raw material, matenal

» ~

Y -pro and |

oy

nigsheid goods are caried owr and anaylse.

3




v FEEDBACK PRODU TN

This inveives the sending hack of technical report 0f informstion from the gualily
comtrol department to the production departme 1 on the behaviows of at gy product 5o
as 10 gognaint them with the end state of the produst i prder 1o adjust thelr made i
operat ton incase of any de viation from the glandard of 1o take any COILG tion action
where neoessary.
vy ROMN-C QNFORMING MATERIALT $INTROL
Al non-conforming material shall be identified with an sps setion tag ares pending
disposition report by the quality contsol secion.

The quality control depariment pers onnel only are peom ited 1o attach or remove
rejection tags and release aterial the quality control inspector shall instiuie 8
“yigposition of held material” form for material rejected. Tigiaity such as order

sumsher, desoription of material, stage of manufaciure reason for rejeation, guality
rejested. Hold number eie shall be shown. This form shali be presented to the
production depariment supervizor for his signature,

The Production Supervisor 1eg ords the sause sad remedy and then sigms the forn

The qualily manages oust be i agreement with the cause an 4 remedy and countar

signs the rejected forms. The Quality manager, Guality inspector and Production
Manager CORCUT i1 classifying the gl soted muerials as!
2} consession/releass on risk
by Pemake
¢} Sabeage materiad

2} The quality manages by coliaboration with the quaiity y conntrol
Inspectar is responsible for the decision whether or not (o walver the rejented matesial, i
the “{oncessionfreiease on t sisk™ is gravied, he encircles e PYes” under the heading
wConcession/retenss on risk” *assigns & hold number andd the date and signs the form, i

the “Concession/Release on s v s refused, he encirsles the word rig” agsign a bold

sumiber and the date, {i o i the “Disposition” and signs the {orm




by Renske - The guatity manager Hils in the “Disposition” and signs the formn,
The production manager or scheduler instifules & romake
¢y The Guality Manager in Colluboration with the Froduction managers fills in

the necessary instruction for rewinding and signs the form. The Quatlity
control inapector for follow retains uee copy up during the rewrk savége
good material operation. Copdes oy records coverning disposition of non-
conforming materials shall be mamisined on Gy in the Quality continl
insperiion departinent,
¥, for any resson, nos-confirming material has been dispatched, customer shall be
notified ot once,

»

3 g resull of despatched, non-vonforming material or upon recsiving s custome

<r

&
=y
&

commplaing, the fnllowing steps shail be akens

a} Al stock on hand shall be checked for the condition in question.
by Find disposition of any nov-conforming material shall be made.

o} Investigation into the courses of the pomphiant shall be stihuted.

3y Complete record of alf steps taken is 1o be retuingd on file,

ey Format report is 1o be sent 1o the cuslomsr,
31 QUALITY CONTROL PROCEDURES,
H plans, standands, drawing and specifications were nover in need of review and wers
execuied flovdessly by » perfectly balanced orpanisation ander the directive of an
omnipoient feader. There would be no need for control. 18 s the purpose of the control
function to fake the corrective action necessary to assure the production process and the
produst i3 i sccordance with established standard,
it dealy with mweasering performance iy relation with sstiablished standards, provess
qualtity control and defines the varipus steps token when carryving out the tests,
atepory of test Test van b classified into three calegories.

Boutine test {B3- These are tesis (o be mnde at the manufaciures™s works o all cables

i the finished state or 33 appropriates during manufacturs

pER 3




- Regular smmple test (RS} - These are tests made at the manufacturer’s work on
representative sample selecied regularly by the manufacturer or a3 speeified by the
purchases at the time of ordering,
Type tests: Tests to be made on sproimen of cables us produced by g specific
manufacturer o demonstraty the nunucturers ability to satisfactortly produce a range of
cables designed 1o somply with the requirement of g standard. These ies?é afier they have
been successfully completed need oot be repeated unless changss are made which might

affert comphiance with the reguirement, '

TYPES OF TESTS

Craality Controd tests carrled out on semi-finished and finished products can be classified

2y Design test,

By Blecirical test

¢} Mechanical test.

d} Thermal test

e} Optical tesh,

Dhsign tests- mvolves the vertficatinn of

i} Dnmension ~ Diameter of single wire, core/oonductor dinmeler, and outer
digrter of sheath,

i1} Testing of wall thickness of insncion/shoath

iy Colour sequenss of cores,

Blectsicnd test - I involves the

1) Testing of condustor resistance/conductivity
i} Testing of insulation resistance and vohime rosistivity
Hy Yoltage tests High voliage (AC) lest in free aiv DO voltage test duning tmmarsion

iy waler at high temperature,

pheghanica test: ~ Involves the weasunng of

i} frensity measuroment
i} Tensile strength and Elongation gt break of conductor! wires,

ek
]




1 oug of weight 23t of Py compound.

Mechanical properties of imsulation and sheath, before and afler ageing.

Tear resistane 051 0 r fiay cords.

Thermat Testy - H Invaives

o
Nt

it}

i1}

Hleat shaok and shrinkage
Definition under pregsurs & frigh temperalure

Testing of Hune re resistance of insuiation/shet ath.

Optical testl - gsual examination and inspection and speation of the proghuct Lo ensure

ihat cables are free from noiches, coratehes and outs be. general smocthiness of surface

3.3 CONTRUL PROCEDRURES

The

£ 1o the targe number of quality contrel test carrivd out on semi-finished andd finighed

produsts. The contrt procedares wi 1 be restricted to the very amportant R

Lant

Title:- Measuromen of dimensions of wirg and conductns
Kpope: - This procedures cov s method of measurement o ‘gimengions of wires and
conductors of glectiic cables mud bare pondustons as g - Finished oy taken from 2
fintshed cable.
Significanes: - Wiees andd ponductors of elestric cables have 1 perform the following
funciionsi-
ai Toprovides conduciing path for current.

by Ability o withstand potling force wiy i laying

A1 these parameters have 2 hearing ov the dimes aginng of the wirdeondusior This
test s parvind out 1o eheck that the wirefconducinr, This iost ie carried ot O check

shat the wirsfoonductior bas ihe desipned dinonsions for sny particular applicating.
fesponsibility:- i shall be the responsibility af sonroliers on line 1o verily the
dimensions of wires and conductors al every stage of the production process while the

SUpTI {Laboratory} and bis technician shall yerify the dimension of

wiresiconductors of gl grounded 01 cabin samples s submitted for analysis.




“the D0 Bngineer £RSUIE that this procomns 15

5 1y shall the overall 12 eaponsibility

carried out, and all text cesults are verified for pomreciness and goonracy/

6. Related Documents: Lyboratory manais: PIS B9 B0, 1557 B2

15087 and Relevant s pabie standards.

7. Apparatusic
7.1 Yernier calipers- Sunable for inaide as well a3 outside rozasurements with st tens

Soxn

wiy of §.01mm
3 Wicromeier SuIew ZAUEL ~ Digital or plain, fits 4 with ratchet head with at least

3L

connt of 5.0%mm

dests and nther sxtunal irrmgulbarities

»

cimnen shall be free fron che

i1 be taken at poinis separated by 8 least tyy

47 Al least thren samples sha

% 1 For standard sondusions, the contial wirg iyl be used for the dimensional nlocks

e

sfier earefully removing other Wires

clegned 1o removed entraneous cosatings, tf any, swithout

damaging the test specimen
9.1 i the test specimen i3 taken froms & conducios, it shall be made reasen wable straight 1o
the sxtent possible without damuging it
53 The test specimen shall be warned a three equidista i points {say Sthamd fromm the

The set of measurzments made 8t these points shall be

ends and af the middie

arded and used determine the mean valve

G 4 Measursment chall be made at the war sel wt the marked pnts iyt directions at

right angles o cat by othiey,

TABULATIO M OF BESULY

sdeasurziment of fimension of wires asyed pondunions

TEST:-
CABLE TYPE: WNOY X 4 Dy’

SAMPLE : COPPER conductor raterial

% o

TOLERANCE: 4 1% of nominat value

37



SAMPLE HAMETER AVERAGE VALLE GESIRED VALLE
MEASURED {um) {mm} H ‘i?‘si’s";} ’

SAMPLE § s 2.25 223227
328
335

BAMPLE 2 354 1365 223387
125
225

SAMPLE S 224 234 2%
.33
L

COMBMENT: The measured values arg okay avcording specification and standard as'the
vatdues fudl within the desived value,

TESTELDBY: ANYA BUKDAY JOHE

CHECKED/APPROVED BY: ENGH. ARDULLA SHEHU

i Titler Insulation Resistance test

Z.8¢cope- The procedure covers the metheds of detenination insulatinn resistance of the
plastic materials emploved the inselation of cable

3. Rignificance: Al high operating temperature under noymal condition, the insulation
characteristics of the wsulating compound shall be such that it confines the fownf
current within the conductor, Fatlure to fulfil this reauirement resulls in short cireui! and
durnage 1o the entivs clecirical system and appliances,

4. Responsibifity: - 1t shall be the veaponsibiiity of the quality controliers to take sample
of groumded cables for laboratory testwhile 8 is the responsibility ot the Isboralory
technicians or the superviser fo carry out the foss

The 0 Engineer {Contrad laboraioryD has the overall responsibility that this procedurs
in carried put,

5 Related Dooument-Laboratory manual: NIS 1537 87 WIS 246°8E,

33




&, Apparaius

6.1, Water bath {Uolour g thermostat}

6.2, Insulation resistance fester (lerra ohun meler or megachmiester)
.3, Stepclock

4. DO veltage sowce (0-300v)

&5 Thermometer

3 Specimen

s,

The test specimen shall be g sample length of 3 5m taken from the insulated cable in the
case of multi-core cables core being taken not to injure or damage the insulstion. The
sampie shall be cotled with the tvo ends protruding above the water level to within

250mum. The ends of one of the protruding lengih shall be stripped off the insulation,
H & e

%. Provedure

o]
o

The water bath shall be filled with water 10 the maximum peymissible level,

5'.20
Pod

The batly shall be ywitched O and the water beated up to the desired tomperature

{1.e, oy 6507 for MLCY)

The tomperature of the water is cheched with the gid of the thermormter i%:f‘{;{c::

the sample in the bath, Afler inserting the sample i the bath, the sample is lefl in

water {or a pesiod of Zhours

8.3 The supply to the bath shall be switched OFF afler the desired temperaiurs is
reached or in case of 3 thennosiatic control bath, the supply need not be switched
OFF as the thermnstat regulsted the temperature automatically,

§4  The positive terminal of the B0 voltage sowrce is conngated to the stripped and of

the zample and the negative teominad is comecizd to the body ofthe bath, A DO

voltage of 330V shall be apphied o tum for dwsstion of Himited,

et ed
[

The insulation resistance shail be mensure with the use of lerachmsier oy
megashmeter afler successiul application of the A/ vollage sl the

measureinent obisined afler | mimute,

34



TABULATION OF BESULT

TEST: INSULATION RESISTANCE
CABLE TYPE: NCY § X 16 '’
SAMPLE LENGTI: 55m
DIAMETER OF CORE:  7.32mm

BMAMUETER OF CONDULCTOR: P70mm

CARLETYPE RAMPLE RING AT 1000 INSLILATION IHAMETER OF
{rmam’y LEMGTH {oun) fey X RY RERISTAMUE CONIHITTOR
COMSTANT K {m | {oug)

% ol ¥ kind

POCY Ixifmar 55

L9
~d
ek
Tat
W
-~
~d
<

R CALCUATION OF RERULY

The taulation resisiance constant {K5 shall be computed from the formula

k=Rima g L,
188 x log ¥

where K = Insnlation resistance constay

£ins = Insulption resistance measured in MX ohun

Lo = Sample length in M
D = DHameler ovey insulation {ocored in o

g = Diameter of condusiog in oun
bog 7327170 -« 10
H

oOTETLE: METHOD FOR HIGH YOLTAGE TEST OM COMPLETED CABLES

o

SCOPE: The procedurs covers the method for high voltage 1ot on {:i’iﬁ@piesm sables
delivered on factory length.
3, BEGMIFHCAMOE: ~ The Test s varried out to ensure that the cable or vores oan

withstand any aboormal situstion that very ocours a3 a reselt of 3 Dult withowt

substance darage o the cable before the protective devices are actuaied to protect the
§waten,




113 The high vollage tester is operatest with the safely key afler satisfying complisnce

with safety guild Hins.

¥

10.4 The test voliage shall be spplied gradually, o gs to prrvive 3t the specified valiage

value in about 25min. the duration of the fest being counted from the movement full

test voltage is arrived &

TABULATIONOF RESULY

TEST: High Voltage
CABLE TYPE HOYRY 4 % 16 mnd

SAMPLE:  Completed Cable as deliver onsdrum

SANG | CORES{colowrs) | YOLTAGEGY) | DURATIONGmIns)
! RED 4 15
2 YELLOW 4 05
3 BLUE 4 £4
4 BLACK 4 15

EYALUATION OF BESULTY

The tes shall be considered suncrssful if no breal down occur on any of the cores or
between cores and steel wires armoured tn the case of armournd cables,

Comments: Jnccessful or okay

Tested By: AHNYA SUNDAY HOHH

Cheeked and Approved by: Engr. ARDULLAHTSHEHU




CHAPTER 4

£ COMCLUSION
codures i a cable industry, It could be oon-

Having undertaking the guality contsol pro

chuded thay sl cables manufacturers 85 8 malied of necessity make sure that alt thelr prod-
gets undergn the control test and techriques in eusuring that et the eml of production, their

products will meet SuslomCEs specification and standards.

i%




43 BECOMMENDATION

Husman lives are increasingly  dependent on the guality of produsts. Berlous humen in-
ponvenience, sconomic waste of life and damage to the environment do coour 25 a result of
quality fatlures of materizls and products, Hence the nesd for manufacturers o uld quality
sontrol into thelr product cannet by overemphasized. For g company to satisfy customers
gquatity needs, s market research must Brs of all tdeatify the quality needs ol the tarpeted cus-

wmers, product development must oreate designs that arg responsive (o these needs, mang-

factuning planning must devise processes 1w schieve the desired gualities,
Therefors, quality contrel s recommended for all manulicturing companies in their

production e and on the fnished goods products, 30 as {0 mest standard and specification,

3%




43 GLOYSARY

AN o Eleotro ~ Technival Commission

NiS - Migerizn Industrial Standards

BE - British Siandards

YIS, DM {ierman Indusinial Siandsrds

N - Sig !ii&ﬁis

£ - Copper

& - Alumingm

Y - PV insulation

R - Bound {denote 13 shaps s:sfz%}f* cable

F - Flat {denote i) shape of the cable

B - Farth

¥ - flexible

84 - Miul

e . Control cable

&Y - Polysthylens (PE)

¥ - Cross-lined polyethyiene (KLPE)

NCY - Standsrd Copper conductor with PYL insulatio
HMOYY - Standard copper condustor with PV insyl ﬁiiﬁ‘} antd pre-sheath,
HOYRY -

Armoured cable {standard copper conductor with pre-insulation, Bound steel wi
Pre- %mf %m'sg

Armoured cable - A cable with steel wires round it for mechanics! protection
Conductor-

fis - . o 4 §00g Srouryesody " ¢ "
Solid conductor- A conducior conssting of 3 simgle wire,

graﬁ:ﬁé - A mmber of wires twisted together
e - Arpund sold section of not mors than 10mm produced by drawing
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