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» Thé ‘E'ailis'és" of fazlures i various:- types of ‘automatic voltage
stabzlzzers" (A Vs “were“mvestzgated “Itiwas-discovered)that the*
major cause of. fatlure was prmczpally overloadmg which resulted.
'ﬁom the very low power ‘supply from the supply authorzty thereby
'reducmg the umt s Capaczty The" power ‘rating* of the:stabilizer:
‘fell as“the mput voltage fell otitside the 'nominal voltage range o
200V 240V 12 Was O recommended: ”that”lmanufacturers should
‘improve on their design in Selecttng theappropriate size of
winding conductors,  positioning of conductors (winding
disposition) as wellds'forced cooling:thexunit. Consumers on the
other hand are advised to purchase thrice the rating of the
determined load capacity when planning to use or purchase the:

~ product so as to prolong the lifespan and get maximum benefit.

. INTRODUCTION ‘
Power supply authorities are by world standard obliged to supply
power to consumers at £ 6% of declared voltage (corresponding to
415/230V in Nigeria). However, measurernenéat some consume
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fermt 1nals gNe voltage)~valuesl asiviow! g ;
Uminimum) (1) osdleasu-oiun ot 161 1RHSE qat st
The low voltage supphed by Power Holdlng Company of

Nrgerra (PHCN) canfiof’ fopétaté «*efﬁcrentlyu mostirconsumer -

| equipment-aid lightingss Tlre““\'foltage supplied: can ‘be.attributéd:to

. overloading of drstrlbutlonutranstormers ¥ and “longi: span rof

*dlStl‘lbutlon network (2)1-1iv vonius st E TSN FT

- od blucmarsolve this problem locally, consumers resorti to: the' use
off Automatic’’ Voltage Stablllzers)(AVSs) which' are:popularly

| Pealled Stabilizers 'to “raise ‘the- voltage 't0- an acceptable: level.

| ’Therefore ‘the "use'of AVSs is very necessary in'Nigeria’s power

- “system‘at ‘least for now.” However, ‘annually; -a: lot: of 'money: is
being spent in the importation of thlS equipment!due to their:high

failure “rate! “Technical :‘details': on’ ‘the’ manufacturer’s manual

‘ 1ndlcate ‘that “an AVSs ‘can'ilast ‘up ‘to 10: years Fwithout: tarlmg if

, “properly ¢ utilized - (properly ““rated: " and" * maintained): (3).

- Investigations reveal that AVSs hardly last six months:with.some |

%”consutners "This 'is“a serrouslwastage .of 'resources: “This paper,

Itherefore, focused ‘on the: types of failures; cause of failure-of the

! ’AVSs ‘and! suggests pOSS1ble ‘solutions on’ how AVSs.can be used

50 that'it$ lifespan can'be fully guarantéed. v fuis i

The AVS is an equipment that has two sections: the auto-
transformer and the electronic control sections (4). The auto-

" transformer is a type of transformer that has one continues winding
with the input and output tapped at different pomts on the winding.
The type of auto-transformer used in the AVS'is a multi-tapped
type. The auto-transformcr can act -as a step-up or step-down
depending on the posmon ‘of the input tap relative to the output tap.
If the input.is. connccted o terminals A and B, it’ is acting as a step
up while.with input conne‘cted to'point C, D, E and l"rut Is actlng as
a step dow (Fig. 1), fmmmmmsos x

, 'The»¢lectronic-control. .circuit is.. respon51ble for sensrng

~output voltage and switches, automatically_, {the input voltage

- terminal to an approprrate tap of the auto- transforrner that would
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‘make the‘output woltage fall w1th1n the; acceptable limits so it is an
automatic tap changer for'the auto-transformer ALt
T esqie’D sl et e s o vl i §
“Types-and;causes. of fallures in the. AVsz‘ LA ghagiy
<Failurei: in::AVSs .can'-be, categorlzed .as; control icircuit ; farlure
iswitch, failure and.transformer failure...; i e o ihaobiesn
Control circuit failure arises when_ (_the‘-.-Ay.S;;cannot.;sgnsc
-and-instruct-the appropriate switch to-be.energized.; This;could be
‘as ‘avresult. of. electrical - component » failure . from-._any; -or; a
_combination -of diodes, transistors, .capacitors,.:resistors. :and
~integrated circuits. These components fall as a result of surges in_
‘the- power‘supply system,-aging.or. excessrve current ﬂowmg n the
ccircuit-as a result-of fault condition. .. iy oy : "
{. - .2 The:switches which-change; the taps of the auto-transformer
are electromagnetlc relays, which could fail if the energizing coil.is
.bad oritheicontacts are burnt due to arcing. resultmgrfrom excessive
~current:flowing.in the contacts. !« s/ 1 T Ny
- The most:common fallure is- the transformen tallure whlch
. arises when there is insulation breakdown. This occurs as .a rcsult
: of rexcessive current.: flowing ..and (IZR) heat. generated Over
loading and nnproper replaoement of blown. fuqe could cqse thls-
fallure '4:\'5‘5-!3 RIS T Zn, f;f‘,‘.":{_:_‘éi.*l'“; yov ) .g‘ : ;, -ﬁj.:> ;
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MATERIALS AND METHOD 4 aL
To investigate the cause of frequent failure of AVSs, me urement

e e S Foiee,

PH( € 'elected consumers at six” dlfferent locatrons in

AT ‘Thlrdly, five biftnt stablhzers were dlsmantled to observe. -

and measure the dimensions of’ the coppe * Wire+used: for the
‘ w1nd1ngs “and’ the" pomt where the’ 001] burmng starts from :The
sizes of the conductors used in wmdmg the Various ratings of the
AVS are as shown (Table III) (5). :
‘ Lastly, three umts ‘of AVS (1000VA, 200VA and 300VA)
were put on an mductlve load to obtain the 1nput — output
correlatiofi’ and“"’ee ‘the - “loading- 1mphcat10n arrsmg from the
correlatlon (Table IV and F1g 3y VN gy

Vp is the 1nputevoltage read from the voltrneter Ip 1s the
mput current read from the ammeter -

v!

Present output power = e f ' ’ T
o VP X In (for- 100V~ 220V).........5<.».. @ I G
lp x Vn (for 240V —260V). ;x4 .. (2) ']

where In = rated power / normal output voltage (Vn) i. . 220V

' '
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orerks, accordmg to ratzngs selected and pze charl showmg

i percentage offaultclass T
Kcy RED = Control circuit, fault, BLUE Swntchmg Dev:ce fault

GREEN— Transformer fallure fault ,;:ﬁ.l}, Do e

. L ‘ ‘{ ,: ; ( 1os L e ? i ; o] ” :1‘.' ,’.)l‘
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Fig.3. Experimental set-up to determine the mput—output
relatzonsth of the AVS .

\) . TR
A R Plrorirer oddr ey e Y40 inductivey
UNIT | / o

i e Laod o

t



‘Automatic voltage s,ta__b,"ize,ré -

'l able I

.s" 3:

. RESULTS AND mscussmN;f S ‘
..vVoltage supply ‘measurements . taken. ‘lt dlffercnt
- " locations in Benin'City and Okada between 7-9pm

! Locnnon' ’ Dny ; Day + Day, Day Day | :Day | Day | Day. Day )< D.ly
TRCRREPEEI RPE R [P R e i FIEN BN poe 6 | T~ 8] 9 ..A-l(]
Ekenwan___ _:‘2,0, 218 pat3 T arre [ 2090 [ 218 (f 214 | 207 | 211 [5206
‘road TN T:":',.;”l i Ul e e e e e
:Ogba road .l73 182 1168 ! 159~ 175 )1 162 | 171 156 192 44164
‘Urofa _..‘124‘ R A T O N I I EER ;}428;
;villape i ] It [ GTatou] ewnupa JUSRPDN REPUEI (SRR W
| iEkae village | 205" ;] 216:.-[v202 j | 218i}! 2|2 S|:198 ] 203 208 . |- 201 -]1205 i
193 : ) - 198 2060187
) a2 o Yo
:(;rown ) 176? ! 183;;, E 1!{40} §l6l g §l714, gl 1609 164 }ISI g
Estates e f cmmered fon e o d ] L T o PRNEE 8] NFURICLES N FEMRIE- P .
‘Okada ny ! v (V} SRR b3 s A : R
” vw\ﬂ ,,,,,, Vi
Table, IL C{asses of faults ‘reported by AVS ‘u‘sers“ ) o

AVS Ratmg ~Quantity of |- Controlcircuit Switching '~ 3| - Transformer. -
I ifaulty AVSs: |2 22 fauit 171 |i Device:fault | - failure fanlt::

500VA: 4 ] 1 3

1000VA 8 2 [ _ 5
|-IS00VA - - I LV R TR Ll e T WL EG s Y
i 2000VA 285 18 .0 ¢ 3 4 34 i 1oy
i 3000VA 5 i 6: ()14 liif’\f‘;"‘ R A ! 5. AR
. |tSO000VA ... !~ "4 5 i - o 2= Y
| Class - --|-Total =50 - .Total=10lf\.‘i. Total =927 _. Tot'll 32 .
«pcrcentage“" 1 Lo | %=(10/50)x | %=(9/50)xi i %—(32/50)x :

v 100=20% - | 100=18%~" | 100 =64%

Note some AVSs have ,two or more of the faults classn‘led hence

the overlap

.Table III

\

i“'

Ratmg t 6 ; Smaller,gauge‘ ; Blgger gauge Coi
(VA) e Rl S
Standard | Diameter Maximum Standard Diameter Maximum
wire (mm) current wire (mm) current
gauge capacity of gauge capacity of
: number o wire (A) number. wire (A)
500 26 04572 - | 22 22 0.7112 70 °
1000 24 0.5588 335 21 0.8128 . 9.0
1500 23 0.6096 4.7 19 1.0199 14.0
2000 22 0.7112 7.0 18 12199 16.0
3000 20 0.9144 11.0 17 1.4224 19.0
-5000 18 1.2192 16.0 15 1.8288 28.0

Other brands vary in conductor gauge size by + 1%




" Hope Evwicroghene Orowdode and S.T. Wara. . ... . ... .8508

Table IVa. 1000V A input—-output relationship
sl IVers s e o IC . |LOP.. | POP. ... | POPARO. |-
11007 s e o] 10, 04 :1000:::| 454.6:....| 45.5
1120 - o i 11842 [ 1000 |-545.57 5457
(140 e T 722 1100071 6364 00 1636 0
1160 et 62600 10000172730 [ 727 - )
P1180 b vl o ni) 556 11000 | 818.2 | 81.8 :
(1200 0 s ] w500 ) 10000 {90910 (909 1
(220 7 01457 1000 1‘000“.6 1000
1240 7 1 ™M i14.17 110000 {9174 191.7
1260 ... L . 1[3.86 ]1000:|849.2 |84.9
IV = Input Voltage (Vp) - IC = Input Current (A)

; OP = Output Power. (W) POP Present output power (W)
: POPARO Present output power as%of rated output power :

. I‘ able IVb ZOOOVA mput output relatlonshlp : g j-
LIV . 1c [ or POP~_ | POPARO:|
;~100,-»-~-- T20.01-- | 20000 | 1909.1" 45.57i0 |
é_. 120 T 668{'7" s-2000~’.. ,._1 1090.9- - 5 545"~
] 140000 | 14:80w0)=a] | 2000:0s3=]s | 1272.7 .‘ 63.6 ...
L1607 T [ 1 125500=00 =0T 20008 =011 114546 |1 .72.7 . |
180" P TAT O] 030007 © 7163647 7| - 818 Lt
200 | 710.01% - |- 2000 1818.2 19019 T
v 2208843 31969710, weriHei:20005 00010, 2000.0.« | 100.0..
- 1240 8.35 2000 st |\ +1837.0; . | 91.7
260 2] =770 ] 2000 s :16940 ' 849
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bleIIVc.'SOOOVA input — output relationship’ TR g

IC opP " PQP bz POPARO
30.03 3000 1363.8 45.5
25.02 3000 1636.5 54.5
21.44 3000 1909.2 : 63.6

1878 ... 1---3000 | 21819 2727

16.68 3000 -] 2454.6 1 81.8
15.01 3000 27273 { 90.9
13.63 ¢ |° 3000 3000.0-.. | ¥'100.0
12.51 3000 27522 |™91.7
11.55 '2000 2541.0 1°84.9

Ly -
iJl .

« It,,can be seen, that all the locatlons were expenencmg low

tans “rmers The(,cml,s \examlned\showeg's;lthak

Xtransformer
‘f‘b ‘ mmg from the common coi

The xmpl}ca 1on of this was

'{" wh1ch,1s about 64% i

sqxza;r able),IIIJ ;evealed that at the mput voltage of 120V,
on coil was experiencing Qreat stress as it was reqmred to
,g:‘a“ v,current morethan its rated. value to be able to deliver an
" output voltage of 220V at the rated power ThlS also endangered :
the life of the transformer. eied

ardi 5ot ”Most 1mportantly, the téttmg of th’e j-}VS drops as the input
voltage fell outside the normal voltage wh}&h c’:o‘r};s)lglermg 220V +

. 6% ranged between 206.7V'2233.3V. The results showed clearly
that at the input of 100V, the present power of the AVS dropped to
48%.0f its rated value (Table 4a, b, c‘and' Fig. 4). The AVS can
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only produce 90%: ofrits rated power if .the: mput voltage ranged

between l88V and 23OV j ) , o
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F tg.‘r4“Plot input voltage Vs present‘ outplipower as” %! of rated
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The followmg pomts“could be' of interest-to* both manufacturers

i

and users of AVS to ensure its full‘ut1hzat1on R T T RS L SO

e /,f«e \{ i { lrl\ D ofinerierreyn el
: th [

ity Attempts should ‘be made by manufacturers to locate the
ey common mner winding outside’ ‘during’ wmdmg ‘of “the
o transformer so that the heat generated ‘could ' be’ dissipated

:!.l ?'” £ SPRN BI Bovy pion ERE TN SUN

off easrly and speedrly HUnt ik

!
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durlng operatlon
..»_, For those users whose supply voltage drops to about IOOV

4oty
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the power ratmg of AVS to be mstalled should be thrrce the j

Forced coolmg IS recommended to enhance heat extractlon f
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Table V Load and recommended AVS ratmg to power lt

Load, .- .. ; ‘Recommended commerclally avallable
i : AVR i'atlng e |

500W T000VA — 1500VA _

1000W 2500V A, - 3000VA

2000W o1, 3000VA ~5000VA .. ...~

3000W: . - oy [SO00VA,

5000W 10,000VA

CO‘ICLUSHON

The study has' revealed ‘the causes of failure of the: automatic

vokage Stabilizers (AVS): It was discovered that the major cause
is overloadmg which results from very low power supply from the
supply éuthorlty It ‘has béén” shown: that-the power rating ‘ofthe
WS falls” ﬁs the 'input voltage® falls outside-the normal voltage

,raﬁg’e"‘of 200V 24OV Therefore; users of AVS: should bear- this:in

WL

mind whllst purchasmg the product. Thrice the rating of the load is
recommended‘so as''to p’rolong the life-span ‘of: the AVS and:to-
dehver A l‘eq‘un‘ed "Sitput: without excessive: over heatmg ‘of“the
‘common wmdmg“Th yugh it- costs’ more mltlally, it is: cheaper m
thie'Tong ruif considetifiy thescost /- beneﬁt ratio. ¥ bonianisa)
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