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**Introduction:

*Installation steps for electrical power plant

i 5o AU 0 6 cllane S 55 L ped U Jal )

1. Studying <l all
2. Tendering 2lal) 5 3 ginll
3. Design arasail
4. Procurement b yidall
5. Installation S il
6. Testing <l LAy
7. Commissioning (U s JiS il
8. First Start Y Sl
9. Reliability Aalaic )
10. Warranty Olazall

*Main equipments for Generation power plant:

+ L 5eS)) 48Ul a5 cilanal Ao 1 Al oS il Kall **

1. Generators il gall
2. Transformers Y gl
3. Motors S el
4. Circuit breakers 2 e ~lidal)
5. GIS Js el eI il
6. Switch yard 56l (2 eSll g i)
7. Switchgear sl sl

*Types for electrical transformers:

s A 56l Y gl ¢ gl ¥

e Power transformer 30l el 5l Y aa
e Current transformer (CT) Sl Y saa
¢ Voltage transformer(VT) deall Y s

Cildanal A )11 Ay gt il gSal) (ana dnaldd) ol JLAY) 3 S3al) oda & Jglili Ll g g **
+ £ 9 odal) LA Ja) pa s Ay Sl AU 2 53
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Testing for power transformer:

1. Transformer turns ratio

2. Winding resistance

3. Insulation resistance (megger test)

4. Calibration of winding and oil temperature sensors

5. Oil breaker down voltage (B D V)

6. Magnetizing current test (No load test)

7. Vector group test

8. Secondary current injection for winding temperature indicator
9. Functional check

10. Cooling system check

11. Tan 0 test

12. Pushing test

13. Impedance test

14. Zero impedance test

15. On load tap changer test (OLTC)
16. Pressure test

17. Magnetic unbalance test.

1 — Transformer turns ratio:

Al 5 Anaranail) Al cp Uadll G g 40d yha o (B gatll Aad 48 jmad Jgadl) e LAY 138 PENAT
Tap bl pes Ao SLEaY) ¢ ja) abs (1) excitation current <l aladll

+0. 5 g g semall Uadl) 4

@Instrument device:- megger three phase TTR

LI 48, 4k

Ay 8OV 51 40V Lealas) JLasl oy (e o (sing a5 Jleal) DA G HV dea e 3¢ (s
.HV Side e Jasall (R, S, T, N) <kl day )i e (5 5imy 5 ciall S U2

(R, S, T, N) <l ki ai e (s sim bl (ala Jal JS 8 e LV Side e el il
.LV Side k=

el gedsdydll (V G) ddaa s e Jsaall (Vector group ) ) Jleall Jad

. (tap changer ) &shall a2 )l (tap changer) bl sac Jaal
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.(Normal taping ) s osieall e (rated voltage ) Jai

P Juagill 48y )k

R Power Transformer r Megger three phase TTR

S /\ > €) HV cable

OLV cable
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RATIO & MAGNETIZING CURRENT TESTS

g)) MEASURED RATIO (R) | MEASURED RATIO(Y) | MEASURED RATIO (B)
Ta = — — —
"llie |8 | g e o g o | 2
No. Py & 2 o 2| 2 o D 2 o
5 S5 | B | 3| B 5 3
o = > ° | & > ° S >
1 10.592 | 10.502 -0.19 2.09 10.504 | -0.17 1.74 10.51 -0.07 3.22
2 10.386 10.367 -0.18 2.12 10373 -0.13 1.85 10.37 -0.07 3.30
9 9.4285 | 9.4195 -0.09 2.50 9.4243 -0.04 2.16 9.428 0.0 3.84
10 9.2917 9.2859 -0.06 2.56 9.2871 -0.05 2.19 9.296 0.05 391
20 7.9243 | 7.9359 0.15 3.28 7.9367 0.16 2.87 7.945 0.27 5.10
21 7.7876 7.8016 0.18 3.40 7.8022 0.19 2.98 7.809 0.28 5.25

+ 0.5% o Jil Dev % i 65 ol sy

o il s ae 135 (TTR) AT Sleas Jbia¥isale) g+ 0.5% (e ST 4wl 3 ga g s i
Jgnall i

% Dev — measured .ratio — specified _ratio 100
Specified _ ratio

Calbia ) ZUss Y g Sleall e e 3 p8le T8 dev% dule s

2 — Winding Resistance test

vesLVside e X5 HVside J) e Jsaall dala s sa sall cilalall 4 e jlaidl o) ja) ol
‘—‘:’JM .‘;J\)} :\;‘)J QA‘: Adlial g calaldl) O d.ILuS\} M}M\ Z\A..)g Mf.d «ﬂh} tap Changer DA Aras

@Instrument device:{Transformer winding resistance Kit — AVO or multi amp
(transformer ohmmeter)
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 JEAY) 4y ok

B dm ) e dad LAl Sleall e il 134 Al naaT a5 LS CEs &

Zadll 538 (g0 100% () Jos sin ool Aaill 538 ciny Sleall w55 (5A,500mMA,50mA,5mA )
LAY e 5 pilie Al 338 jedatgjlall g agall JMA (1o A gliall e Gl A Lale o gl 2gal) (il
JIA erange owad oh dsaal g je jekailaie s O MQ, 0 Q 3as gl aai g (led) 4l ) saa
resistance A, B 08 (a5 e Sleal) (5 s s el i

uJLﬂ\ u}am\wdhja.;JJ75 OCBJ‘JAX_AJJJ..\Q R 3;4.1\3&_1&:;%
R75°=(——)*Rm
Tm = temperature during measurement

Rm = measured value of resistance

: Jua gil) 48y )k
cc
=T KIT -AVO
< R Power TranSformer ﬁ Potential input Test current Potential input
30 VDC (A) output 30 VDC (B)
S
STINAN ELE ®p ®p OO
) t — |
T O O 00O O O _—
«— 12 3' 4 5 .. N n
Taping _ﬁ|
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- LAY Jlea
s il Jgaa
MEASUREMENT OF DC RESISTANCE
WINDING: H.V TEPM: ......... C
TAP | TERMINAL | TERMINAL | TERMINAL | Averag Rec/ph | Winding
eRec/ph . ]
1U-1N 1V-1N 1W-1N @Amb.Temp 7(59)C Connection
1 0.520 0.519 0.520 0.5196 0.6195 | STAR
2 |0.511 0.510 0.510 0.5103 0.6084 | STAR
10 {0.438 0.437 0.436 0.4370 0.5210 | STAR
11 |10.427 0.427 0.426 0.4266 0.5086 | STAR
20 |0.511 0.510 0.510 0.5103 0.6084 | STAR
21 10.520 0.519 0.519 0.5193 0.6191 | STAR
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L.V.WINDING TEPM: ......... C
TAP | TERMINAL | TERMINAL | TERMINAL | Average Rec/ph | Winding
2U1-2U2 2V1-2Vv2 | 2W1-2W2 | Rec/ph 75 °C | Connection
@Amb.Temp | (Q)
- |3.65 3.60 3.62 3.623 4319 |STAR

3 — Insulation resistance test of transformer winding (megger test):-

Lty pamll Leamy (s Lein CLall J jall 305 48 el clla 5 sl e megger test Jlial ¢l a) o
NSV JENPYREI Y (EXVERN[FU 1[) G PEON PN

@Instrument device:- [megger (250 V : 5000 V)

. JEAY) 46y b

sy (LV +ground) =¥ e LV @il Jsagi s S LV, HV @ik e short el Jee 4
(+) S drass

ground le(-) s 5 KV el agaa 8 ol ¢@lld o ST S 13 5KV % e HV e megger
—LV side e Lyl el ) S 2 dsde 05851 GQ e ST Al culS 13 4885 sl (il
CBKV e LV e (1) sHV Gl (+) dsasi s o 1KV

Gl 5 5 lall 43800 xie J el ) 8 2ad &5 0¥ 488l aie J 3l 360 58 Al J3edl liial die Cang
Ol ae el dadi 35 o aa s (1.3) e ST S of aa s J =1 polarization index

Polarization index = Pl =

Criteria P1 > 1.3
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Core megger test

i g(core) suaall lall U )G 8l Y gadll 2 Jsall gaaall Qlill e megger Jae s
Cdsnall ans ae g 5e s Slel (e Jsaall aald (315380 PUSHING Gk o

Pushing . 1KV 2ea Ofa g oay ll Alia gl
Earthing
| || |
: dpagll 48 )b
MEGGER
R Power Transformer r + - E
‘ O @
S
- /\ -
) -
= t
‘ﬁT 12 3 45 ... N n
Taping -
HV = LV LV HV
= —d
) ° PR
= = . ¢ Ly
1KV 1KV 5KV
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;LAY e

s il Jgaa
Test Insulation resistance POLARIZATION
Measurements Voltage INDEX ( PI)
at TEMP. 30°C : _
(V) 1 min 10min
HV -(LV+ GND) | 5000
LV-(HV+) 1000
HV-LV 5000
CORE- GND 1000

4— Calibration of winding and oil temperature sensors:-

@Instrument device:- |Q omega and boiler

10
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(Al _gsl) 3 a8 cY gaa < JLadl)

s LAY A8y yh

G R (A Al Ganadil Ciysadll b daaia g s i) )y 30 Bl e da y palall sensor <8 By
40 oSl g dlaall 3¢) 8 2A1 5 (omega) 42l 3 s dx ja (8 a8l Sleas 4l oda Jua ¢ oy &, 4eaas
B¢l 8 2a) 5 dagll 03gd AN Jucall (Jin JUIY) 5 Ax 50 50 oSl Bl e da jo e Jleadl s g da 0
5 120 °C < 100 °C « 80 °C Al pill e & ail iS5, Untll e ilion s & 5 49 (S 2laal

140 °C
-1 Jua gl 43y )k

Ammeter
f
Control cable
|:| °c O O @’E Sensor
OO
Omega Boiler

B Roman

CALIBRATION OF TEMP. INDICATORS:

11
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Sensor

Transformer
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REF. TEMP°C | 70 | 80 90 100 110 120

WTI LV °C 68 | 78 88 97 108 118

OTI °C 70 | 80 90 98 109 119

WTI HV °C 69 | 79 88 98 108 118

Y saall s A g5 ppea OV gl LUK 1Y LV side 4 oo il e sensor g osS Llle
HV 5LV e S e 05850

5—- Oil breaker down voltage (BDV) :-

Y al Al giall 3 sanll 8 Al 338 48 e Jsaall JA1a Cy 3l O e 308 A ppaa) HLEAY) 1 o

40 KV (e ST 58 anil) ey 30 daally s 50 KV e ST 5 aaal) a1 daally

@Instrument device:- [Oil tester

s e am Jaall (e die 2305 (2.5 mm) e late Al o Jleadl auia s Slead) 488 gy Cadad oy
& 3l T B8y 5 Baal HUSEY 5 Sleal) 485 g0 A Leana gy b amy 3l e 34T 3 Y a3l
Cle) Al o3 Jan i w9 (80 33a (5 AY) 586l 8 S g lel B 6 AT LAY ey

Process

e Open sample valve

e Remove same oil and then take a sample

e Put this sample in the tester

e Adjust distance between two pool 2.5 mm

e Wait 5 minute until completing oil filtration

e Start testing

e Take one Broke, wait two minute this automatic in the device take 2,3,4,5,6
and calculate average .

New oil up 50 KV is ok and old oil up 40 KV is ok
1 REAY) e

12
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OIL DIELECTRIC STRENGTH:
ELECTRODE FORM: SPHERE (0 12.5/13 MM)

DISTANCE 2.5 MM IEC
MINIMUM STRENGTH 50 KV

13
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BREAKDOWNV BREAKDOWN
SAMPLELOCATION | TEST | *) " op v VOLTAGE (kV)
1 71.7
2 88.8
3 77.2 76.7
4 78.7
TRANSFORMER TOP 5 70.6
6 72.9
1 77.1
2 76.8
TRANSFORMER 3 65.8 70.7
BOTTOM 4 74.0
5 66.4
6 63.8
1 72.9
2 69.7
O.L.T.C 3 73.4 64.1
4 56.5
5 43.2
6 69.1
1 49.0
2 60.5
CONSERVATOR 3 60.9 60.2
4 59.4
5 67.3
6 64.1
1
2
CABLE BOX 3
4
5
6

50 KV e 81 1S 13} Jall iy

tapping iy saadll el Gum)l\é.d\wi_gcwﬁ\ ﬁigﬁjﬁﬁ\&YM\&;&}ﬂA
Al Jand e G el e e die 35 Ulal g

-l 34 KU

il Sl Jaud 1
il Sl e 2

14
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OLTC i~ .3

il il (=) conservator < 4
OLTC =Wl conservator <ii .5
cable box =&l conservator <l .6

6 — Magnetizing current test (No load current test)

Qlill dapla e a5 a5 (Iron loss ) Jssall Qlil sl a8lad) 48 jay JLERY) 138 25
Adaia g Al O3l 52 e s (Sl Cilall il ) syaal

Power loss=Wi +Wcu=no load power+I*2.R= constant + variable

WI=No load power =IRONLOSS

@Instrument device:- No device. Only power supply, voltammeter and
ammeter (clamp meter)

: (3h) Jua sl 48 )k

u
Power
|
| () ( ;f”
AC 3d ﬁ‘m‘w#
(a)
L

Dl s m e LV dyis HY e (30) % srans e dsaall duasi oty

e Three phase voltage applied on HV side, by keeping LV side open.
e Current measurement carried at HV terminals.

15
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For example — A/Y 13.8 KV/480V 5 —taps

Tap no| Applied voltage at primary winding Magnetizing current in mA at primary
winding

u-Vv V-W W-U U A\ IW

1 367.9 353.4 363.1 18.5 12.3 12.9

3 367.2 353.4 363.3 18.9 12.9 13.3

5 376.8 353.6 363.6 20.8 14.4 14.3

Criteria value <t 5 % between test and factory test report FAT

: (1) Juasih 48, )

WI =1*V Per phase

WI=V3 (I*V)

Measurement of single phase no load current at 380 V, 60HZ
Applied 2U1-2U2 2V1-2V2 2W1-2W?2
Voltage 379.0 380 380
Current 135mA 86.97mA 170 mA

16

U
U
Power /\
S 6/) N opEn
380V
w \ W
- /

oAl 1 (A ey ) Ll il s 2U1,2U2 e 220V single phase e Cis &4
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7-Vector group test :

& vector group 4Gl calalall 5 Ay Slalall G Aa) Y A5l ) wasdl HLAAY) 13 o) ja) o
Al 4 J a5 Al e Jaoa il elld g Y sadll

\@Instrument device:- \No device:3¢ power supply ,C.B 3¢ , terminals , plate and
multimeter

Ay 4y

& (30 -C.B) e 4luasi5 220 v ,380 v,480 v 4ad sl three phase e sias ai b
phase Rin HV and LV e short circuit Js= s HV side = & terminal e
gle @l terminal AelLV e O3S £ a5 5(1U&2U)

P dragil) 4k
1
2N 2U 2V 2W
O Q Q O LV | Transformer
3¢ Power supply
1w Ow OwQ hv o o o T
|_ Q@ G T
S |
o|o0| o] O |
o|lo]|]o]| o /
R\S T N / R|S TlN
R SITN

17




(Al g 348l Y gaa il JLA)
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VECTOR GROUP CHECK:
SHORT PHASE 1U (HV) AND PHASE 2U (LV)
SUPPLY VOLTS (HV.V)
1U-1V
1V-1W
1TW-1U
1U-1N
MEASURE: (VOLTS)
TERMINAL | VOLTAGE (V)] TERMINAL | VOLTAGE (V)| TERMINAL | VOLTAGE (V)
1U-2U 1U-1N 1V-2W
1U-2V 1V-2U 1V-1N
1U-2W 1V-2V 1TW-2U
TW-2V TW-2W TW-1N

SKETCH FROM MEASUREMENTS:

1. Dynl

1W-2W = 1W-2V=1V-2V < 1V-2W

2U,1U

18
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2. Dynll

1W-2W = 1V-2W=1V-2V < 1W-2V

3. Dyn5

1W-2W = 1V-2v=1V-2W > 1W-2V

4. YNd1

1W-2V = 1W-2W=1V-2V< 1V-2W
2U, 1U

5. YNd11

19
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1v-2V = 1V-2W=1W-2W < 1W-2V

6. YNd5

1v-2V = 1V-2W=1W-2W > 1W-2V

7. DNy7

1v-2V = 1W-2V=1W-2W > 1V-2W

8. Dyn7

20
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1Vv-2V = 1W-2V=1W-2W > 1V-2

8 — secondary current injection for winding temperature indication:

current Ja (e 4 Ll Ll 30l 3 Ao Gasal) 5 e A o gl ) e 2SEL LAAY) 138 o) jal a3
. transformer

G 3l 51 a A2 e e Winding o=l 51 all Cpse (8 el 5 pall da o e (585 O o
winding temperature (s e (fans s all) 2l aUas Jade gy ang

@Instrument device:{ SVERKER(760)

i )2 5 secondary injection for winding temperature indication e ks (s i
3200 (S Dol 8 LSl 5 4883 45 ) a3 Jaay s ) A 381 oy 3583 5 JS o3 caall Jd 5 ) sal)
el Bl ae s Y g ) ) Jead (s Ja8 Dy 453

Dbl Jsse s 1A 2A,5A  rated value for sec dwts (sl oty

21



[Asad) JlaS 2ana a] (Al _gsl) 3 a8 cY gaa < JLadl)

P Juagill 48y )k

Terminal
LV side HV side
[ T ] ——10
L @ | O
o Felel O] Transformer |
[ T ] .
[ T ] C
Plan
® 6 0 ©
® O

—I Transformer —0

[ ] | |
@ Indicator

SVERKER760

Elevation

LAY Sl

22
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Reading
Time (min) Temp. reading Iv2

0 44

5 54

10 63

15 67

20 70

25 70,5

30 70,5

35 71

40 71

45 71
Oil temp. at start (A) 44
Oil temp. at end (B) 46
Winding temp. before current injection (C) 44
Winding temp. after 45 min (D) 71
Simulated temp. rise measured: ((D-C)-(B-A)) 25

9 - Function checks :

D5 Ve Ol il 5 1 Jaxd Jpmall e 83 5o sl ASalSaal 5 36N (e S JLAYI 138 61 )
Al g Alia ga g B eSa.“J\ aals

@Instrument device:- |Digital Multimeter

1-Buchholz relay

Ay 4y ok

 SUIS 13 oy g dagaia 48yl alee (e U BR i) dee a3

23
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<l y Lol close @asal da glarm 4kt e Gl s daracs Cial Al gall A g e Tazaal) (1
(0k) s¥) syl o i close U 45 (buzz) open
(J close caaual Ja glarm &S trip 4bis e (el g ALl (s A gl e baall JlaSiul (2
s deny Sleall oS close sy Y

el sadl A el @S g 5 Al 5 50 A€ 5 o5 Jasall &y i A gl o 3 s sall plard) i Ak sale
s

2-Pressure relief device

. rest 4ol trip Lealaa) 45u s e s diaphragm e S < limit switch 2> 5

3-0il level gauge

24
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138 By trip (e (=AY 8L ) aes alarm ha Gl alidd) ae Cu il (s i daal LA
DGk e LAY
trip e Calll Jlaind 2 dumidial) dall ) dgal) ol i 3l e Beadle s 5 4dls aall Sl (1

close s a—u)
AT b Jiny jdsdl dly ady slaall ala 3 cUaill cli (2

4-Qil temp IND
5-Winding temp IND

&133)‘)“ ‘_,’A BJQJM ("3 LBM alarm iy ‘;\; 3)\);3\ 3.31_))' alA:i“ ‘ﬁ J.J:j‘d\ L-ﬂ.));ﬁ) @B)M clazll cla ('.3..3
Gl trip Ak s

AT s J Jsasll die Llaill (il 5 calibration of winding or oil ge JL3aY) 138 ¢l 2] (S

DALl Al Sall s e terminal e megger UL el sl sl

25
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AUXILIARY EQUIPMENT:
IR 500V (M Q) FUNCTION
TERMINALS CONTACT WIRING
DESCRIPTION ACROSS | TO
CONTACTS | EARTH
1. OIL LEVEL INDC, MIN. X13:6,36
TRAFO. MAX-.X13:7,39
2. OIL LEVEL INDC. MIN-.X13;8,37
oLTC MAX-.X13:9,40
.3 OIL LEVEL INDC. MIN-X13:10,38
CA BLE BOX MAX X13;11,41

4- BUCHHLZ ELAY
MAIN TANK

ALARM X13;1,31

TRIP X13;16,46

5. PRESSURE RELIEF
VENT TRAFO

TRIP X13;19,49
X13;20,50

6. PRESSURE RELIEF
VENT OLTC

TRIP-X13;21,51

7. OIL TEMPERATURE
INDICATOR

ALARM -13.13,43

ASJK TRIP
X13.27,57

8. WINDING TEMP. LV

ALARM X13;15,45

TRIP- X13;29,59

26
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9. WINDING TEMP. HV

ALARM -13;14,44

TRIP -X13;28,58

10. RAPID PRESSURE
RISE RELAY

TRIP- X13;18,48

11. WINDING TEMP
INDICATOR HV

STAGE 1:

Fan Start: 80° C

STAGE 2:
Fan Start: 90° C

ALARM :105° C
TRIP:120° C

12. WINDING TEMP

STAGE 1:

Fan Start: 80° C

INDICATOR LV STAGE 2.
MAN: Fan Start: 90° C
TYPE:

ALARM :105° C
SERIAL #:

TRIP:120° C

STAGE 1:

13. OIL TEMP INDICATOR

Fan Start: 70° C

Fan Stop:60° C

STAGE 2:

Fan Start: 80° C
Fan Stop:70 ° C

ALARM :90° C
TRIP: 105° C

14 PROTECTIVE RELAY | TRIP

OLTC X;13,17,47

27
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ALARM
15 BUCHHOLZ RELAY
X13;2,32
CABLE BOX HV1
TRIP X13;22,52

ALARM
16 BUCHHOLZ RELAY
X13;3,33
CABLE BOX HV2
TRIP X13;23,53

ALARM
17 BUCHHOLZ RELAY
X13;4,34
CABLE BOX HV3
TRIP X13;24,54

ALARM
18 BUCHHOLZ RELAY
X13;5,35
CABLE BOX HV4
TRIP X13;25,55

10- Cooling system check

&> smanual s auto g o s S5 Jasy 3l sl o)) (e SSUL SLEAY) 138 ¢ o) oy
ails IS Jans 1 4l
@Instrument device:- Imegger, multimeter, clap meter, stopwatch

28
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- LAY ddy )k

megger test winding +ground z!s <l axa Ao Joall (uld Jae
+ve sequence ol s olad) 48 yray &) g all Jaalis

over current s Judall g eadl L g an g el s

Lis 2 Ao Jaxy 4ie )5 daadll L5 48 jra s trip Jocail) (o SSU 5 ) 53 gall Q' S sl il yhal aaf ol
058 Ol G g Hsisall sl s 2IRJsel) L2 allalloda Ll o 5Sis over load Ui saah &llag
4l 60 e Jil Jadll (40

COOLING SYSTEM: contactor s &3 sill g S jaall Jald and

MANUF. TYPE POWER CURRENT
MOTOR KRENZ - .5 HP -
OVERLOAD TELEMECANQUE | GV2MO6 - 1.6A
FAN3# 8 9 10 11 12 13 14
SERIAL# 3.61008 | 3.61018 |3.61013 |3.61010 | 3.61006 | 3.61009 | 3.61014
IR 1000V(G) 21.6 24.74 27.5 24.9 31.0 38.2 18.5
STARTING CURRENT | 4.91 4.74 4.86 4.94 4.84 4.70 4.94
(AMP)
RUNNING CURRENT | 0.86 0.84 0.86 0.86 0.84 0,90 0.91
(AMP)
ROTATION oK oK oK oK oK oK oK
OVERLOAD 1 1 1 1 1 1 1
CURRENT SET (AMP)
TIMETOTRIPWITH |1.33/9 |1.32/10 [1.31/10 |1.31/10 | 1.31/9 1.30/10 | 1.30/10
1PHASE OUT
(AMP/SEC)
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11-TAN & TEST (POWER FACTOR TEST)

capacitanced @ik oo Ay Jsaall e llall Jje 305 48 jaad Hlia¥l ¢ a) 24
tand=cosd <l

Instrument device: [DELTA-2000

: LAY 48,k

HV4:8l 5 control Lealas) gas g (e (585 (el Slea

LV <l ki e short circuit dee At

Neutral <i k (e (Y diad a3 5 HV e short circuit dee At
10KV sy aga

P Jg¥) Laay)

RED CABLE G2k ce LV SIDE ¢« okl s HV SIDE <il_bi e HV ) sgall Jra 58 2

Sl LAl G ¢ jal
1-GST (ground specimen test) GROUND
Measure for (CHG+CHL)
2-GST (ground specimen test) GUARD
Measure for (CHG)
1-UST (ungrounded specimen test)
Measure for (CHL)
Check test (test 1= test 2+ test 3)

PECPE
HV side e okl 5 LV side oo 10KV cis s oS5 Gladl JLiay) s
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| caurion! 110V FEISTETETE e
N | BN o Fosasad

F

: e gl 48 )k
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DELTA-20D0 —__ HIGH ¥YOLTAGE LEAD
HIGH VOLTAGE ‘%‘ ,‘7—'
LMIT *

[NTERCONMECT IOM

L|1E|\_\1 A;'E‘liJUU a e REM LV |LFan
CONTROE TINTT ol
THTLE e ‘
] ENT Y I
,_:'m"l_ a1 | =
SUPPLY  |seExr
HI Hz
& "y
ISENIE
S|e 3=
L
11T jhd]
o T
i |
it — Cig _J‘_EL.; !
[ I TR ANSFORMER
) L
TEST: 1 GST: GUARD BLUE. GHND RED

V: 10.00 kV
I: 5.76 mA @ 10kV [
W: 0.24 W @ 10kV [7F

ON

PF: 1.32 % PLRT

C: 237.4 pF e

>T0
TNTIRITRINCT ;0 MICTITIHIM -
“RESS NEW TEST TO CONTINLE
RATTIRD CPIRRET T THIN LI AT R

Figure 17: Typical Test Results Screen

Delta — 2000 CHL l\/
test set 6
Lv lead = '>

-

v




[ sad) JuaS dana a] (Al g 58l Y gaa ) L))

Calculate tan ©
Tan = —

Sin = 1)

l
IR
o

?-=90

cos =1, tang = — CosQ =

) Jads A8y )b

power on
push new test key

select test (UST,GST ug, GST)

start test with two safety key in cable pushed
increasing voltage slowly reach to 10KV
push measuring key and wait out resulted
decreasing voltage to zero

Power off.

©ONOORWODN -~
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% Power Equivalent to
. g 10KV
= Test Connections = Factor
%’_} 5 (windings) 5 Equivalent to
4 = 7} 4 ; 2.5KV
2 = = 2 Z
G| o ol 8 s
3 EN |GND | GAR |US < |2 o9 3 =
G T J\g 1 »
1 CHG+ | GST |H L T 10 | 11776.0 -‘3 4463 | 0.815
CHL )
GND ©
2 CHG | GST |H LT 10 0.160 14.38
3 CHL | UST |H 10 0.113 30.12
4 CHL - Test 1 Minus Test 2
5 CLG+ | GST 10 0.154 60.59
CHL
GND
6 CLG | GST 10 0.194 18.14
7 CHL | UST 10 0.134
8 CHL - Test 5 Minus Test 6
9 CHG - CGH Minus High Bush.
10 | CLG - CLG Minus Low Bush.
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12-TANS TEST POWER FACTOR for pushing transformer

Device
Test

HV

(Al g 348l Y gaa il JLA)

Red

—@—

PUSHING TESTS

Lis pyshing le oSy @il JLEaY) (ui s

kb (UST ) ¢ JLsdy) 4y b

Equivalent to

o
S % Power Factor | 10 KV
Test =.
3 Test | Test CAZ@EITA Equivalent to
No. Z Mode | KV 2.5KV
o | Mode C (PF) :
m Measu | 20°C
Py CF| mA | Watts
O red | %PF
11 UST |10 303 0.20% 1.142 |0.022
- [ 12 UST |10 301.1 0.20% 1.135 | 0.022
5 13 UST |10 292.97 0.20% 1.104 |0.021
14 UST |10 245.72 0.19% 0.925 | 0.0176
15 UST
16 UST
— |17 UST
@)
é 18 UST
19 UST
20 UST
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measuring 4l Juasis (test ) earthing pin st <l pushing el (HV) deass
@l spin Ao Gl 5 duasill Juas & (e1,pf) ol pushing e 10 KViess & ¢ (red)
Gsall b 2 Yy L whiadll 8 0 S JLEY) 1 oK1y (€2,pf) oebd iy el e pushing e

s gl Jgaa
(10KV) o i) i) dee o Yl L 2KV e duasill 5 Sleall Jlisl ay s Al sale

13- Impedance test:

13-A-single phase impedance test

P el 48y )k

U
U Power
T supply
Short N 220V
AC 1¢
'} V
!
w \ W
HV LV

R e sl il s 2galls Ll (uld o3 Gl i e short dee short des s HV (e el g o o

Z%= z//é —x100=Z% per phase

HV ile SHORTUae 5 LV (3o sSall
Z% Main =v/3*Z% per phase
Z+=7-

MEASUREMENT OF SINGLE PHASE IMPEDENCE
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Tap Supply 1U-1N Short Supply 1V-1N Short | Supply 1W-1N Short
2U1-2U2 2V1-2V2 2W1-2W2
U(Vv) [(A) Z% V(V) [(A) Z% |W(N) | I(A) | Z%
13-B-Three phase impedance test
U
u -
D /\ Power
N supply
380V
v {m ) y AC 36
w / W
L 4
HV LV

14-zero impedance test:

star duasi dla i a4 Jiay¥) dldg zero Al A 48 sbaall dad Ll ¢ ja) o
U 3
A
N
| w

Power
supply
220V
AC 1¢

i) Jgaa
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e ShortR, Y and B on HV side.

(Al g 348l Y gaa il JLA)

e Single phase voltage applied on HV side ,by keeping LV side OPEN

e Measure the voltage & current on HV side

Zero sequence impedance
measurement
TAP.NO 20%
Voltage (V) Current (A)
13 225.7 46.7 12.4822
Zo% = VT *100

rated ,voltage /| rated ,current

15-On load tap changer test (OLTC):

e ) omion Y1 g g L jeS bl g a8l Al glaa g Ly (scll) il b qms oy

TS

Lo e g Y aad il elhae) s tap.NOT I sl ciny @

Lo S Gy V) Can Ladey @i el clae) s tap NO DA ) Usa sl cans @

i a5 il e Bac Al ) g2 mdddl adly o s3ill s tap.NOT ) dsasll nn @

a8 5 ) e bae ) ) 5 @b 1 AL o 9xill s tap NO AT ) dsasll oy o

LSl i sl alinity (alall main CB ke Juady of 2l ol ) sall die oy @

Jsaall e oS e alaill s G 13) tap IS s a3 lal) aUas Jany o oy @
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TAP CHANGER DRIVING MECHANISM:

MANUFACTURER

TYPE SERIAL
NO.

MOTOR VOLTAGE RATING
SERIAL NO.

REVOLUTIONS REQ'D TO CHANGE TAP
(MANUAL OPERATION)

TAP CHANGER SELECTOR AND DIVERTER SWITCH

MANUFACTURER YEAR

TYPE SERIAL NO.

NO. OF TAPS NORMAL

TAP

VOLTAGE
RANGE

1

CHECK THE MECHANICL OPERATION

2 | CHECK INSULATION RESISTANCE
(500V) OF POWER CIRCUIT

3 | CHECK FEEDING VOLTAGE AND
PHASE ROTATION

4 | CHECK STEP BY STEP FUNCTION

CHECK ELECTRIC END POSITION
LOCKING

CHECK ENERGY STOP SWITCH
FUNCTION

40
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7 MEASURE MOTOR RUNNING CURRENT

8 THERMAL OVERLOAD SETTING

9 TIME TO TRIP WITH 1 PHASE
REMOVED

10 | TEST SAFE GUARD AGAINST WRONG
ROTATING FIELD.

11 | TAP POSITION INDICATOR

16- Pressure test:

idsaall o barall JLaaY () )k aa g
D Y At
aaill &l dal se e d Gan g i (s &8 Jsaall 8 ddads Jiud vie Jariall dad (uld 1
8ol rar (Y1 Aail) 50 1.25 % N Jssall Jiaud basall Juay 3 coOnservator
e o Gy Al S 13) Le 48 jral sl a5 Aol 24 304) Jsaall & 53 25 259,
Lo 13) Gasall e Jaxazall ) ks 5 calisdlall g il sall e (andll & 5S i) ay g olSa ol
Llalie g JEAY) (b @y e Al 850 Jgaal) Jiy Ll Alla 8 (i J) e of
S il g Aallaall dniiadl) 3L
- ALl 43y )

oandy & dels 24 304l &y &3 conservatoraaadl éli lei e 0.35 bar laie bzl &4
Sl Jie

2elad 0,200 Jii GlaV) (e (S5 ALl e adiay 0,354

135 Jsaall Ao Camiall Lol CHLESY 5 Jags jill 5 J jadl 5 aoinail) 535 (o 2STI LAY 138 adiiiy
Jsaall [ 5 sy Jad

& jide duasis conservator dsaall b o2 s sall QIS paa o ciall 058 Gaal) die
(e Al 3 2 silica jell Se e il (S5 ¢ Jarucall iy g C gl (a8 Lrpens agle Jaxaaall
5 ) saulall

o) 5
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17- Magnetic unbalance test:

RN Jala gy S Axdlall 5 il 5 candalizall Gl o shad a5 5 (e 2SI LAY 138 o) ja) a3
(uhlinall Jlaall 3 50€ 388 3 ga g a2 g (gl

U

U Power
l supply
N 220V
AC 1¢
. o
@w  \ /S w W
1Ul o o 1W1 o |
o— 2 V1 o D
2u1 W1 & = w1 g £
12 © D V2  o—] D 1w2 g7

3eal) OsS OfF i Gasll Cpdldl) e sgall s (100 220 v ) clilall aa) e sga (s oy
@l G adde ) siaall Calall isall agall 0 5Sa 5 AV (agadl & sanse (5 sk e () siadll
SN (8 AN Cpagall & sana (5 gl

Primary v1=v2+v3

Secondary v1=v2+v3
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GENERATOR TESTS :

e Megger test for armature by 5KV.

e Megger test for field by 500V.

e Winding resistance for armature test.

e Winding resistance for field test.

e Earthing resistance test.( measure resistance by multimeter)

e Earthing transformer test ( ratio, megger and resistance )

L Gl Jmdl) 3l JaY) ol 8 5 8

42
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Types Test for Circuit breaker:

1. Timing test
2. Contact resistance
3. Megger test
4. Highpot test

1. Timing test for C.B

8 pilae idll 3 (3lal) (e )5 CB 8 (35 CB Ble (b)) 2l HLad¥l s ¢l ) 4y

@instrument device: - timing tester

-1 gill 48y

Short

GCB

cC TC1 TC2

Ve A M e

R Close
s

L. Jumper Trip
Timing tester
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-1 LAY e

Operation and print

Operation

The Tests Types:

1) <c> close
2) <o> open
3) <co> close open
4) <oc> open close
5) <coc>close open close
6) <oco> open close open
O slel Oleadl Jascay @lld g Ly 5eS Jead ) SIS JS3 timing bl dee oy **
stop watch = (3l (b s JLAY) e oy (S ol 135, sheet delia ()
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s LAY A8y yh
el e adbagis CB (S ikl Jaad e aull i ge g WS Jleall e CB Gkl daass

Sle JuiaY) Jae 5. close 3l s open [ TC1,TC2] aliks e -ve ¢ Jleall e +ve DC pcass
. CC,CT2 wal s 4lee &3 CC,TCL

sl Jgaa

Timing test for trip coil 1

Operation PH-R PH-Y PH-B

Close 44.5 m.s 44.1 m.s 44.0 m.s

Open 78.7 m.s 79.2 m.s 79.2 m.s

Close - open 177.5m.s 177.8 m.s 177.8 m.s
Timing test for trip coil 2

Operation PH-R PH-Y PH-B

Close 44.4 m.s 44.0 m.s 44.0 m.s

Open 76.1m.s 76.5m.s 76.5m.s

Close - open 174.4 m.s 174.7 m.s 1749 m.s
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2. Contact resistance

CB Jals (Guadlill) Jum il A da sl laie ppanl HLEAY) 138 61 a) oy

@Instrument device: Megger DLRO600

P dmagil) 48y )k

R S T
C1 <<= [pr D@D P2 [ <> 2
o s I o e [ e e Y e e o I |
I:I e I [ e Y I e Y o [ o o |
OoOooOooOoooooOoono
OoOooOooOoooooOoono

—

OOO
Meger DLRO 600 O
-1 LAY

0860080080
-bnn 0000000
-'- 'li! -"Il“ “ LA "3

ﬂﬁll

0000
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s LAY A8y yh
R=V/I (R) dalf lus sy agia g 2gall (b o5 SIS 5100 A 3olae LS (s

Bus bar oe zoally Jaall e Sis s CB e 20 MQ (e 8 e sliall G () 5S5 0f any 1is gl
bl B (puadl) sk Gl Tali) iuISH Jsaal iy 40 MQ (e S8 05S5 O ang

20 MQ o J8 (CB) I contact resistance 0sS5 o cany

sl Joaa
Breaker contact resistance
Connection phase Resistance
Point between
Breaker Micro OAM Remarks
terminals
@100ADC
From earth two R 214 OK
isolator Y 198 OK
B 204 OK

anti pump _kis) **

open i close s 3l contactor e bl & off gy o Fldadl puay 1
JLia¥l dd OFF pas 8 CB 0sSas b il

Gy ¥y L Jadll Suad Juadll contactor e baall 5 ON s Se Ul aay 2
JLisY B ON pas 4 CB osSos sle
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3.Megger test

Gl JLERY) 138 = o

sl Jgaa

Insulation test

Voltage applied =5k v

Time = 60 sec measured value with ohm

Closed position Closed position
Bay R-E Y-E B-E R-E Y-E B-E
C.B for 3.18 2.88 2.94 6.55 5.98 7.02
G.CB | T.ohm | T.ohnm | T.ohm | T.ohm | T.ohm | T.ohm

C.B Ll .l ddle cillaadl
rated v 2> (=« 110 % 24> e close JLisl;open lial sy (1
Example: 125V DC 1.1*125=137.5V DC

gl s e Jadi s 70 % %> e open JLial & (2

A agall s e Jeall s 85, 23¢all 138 Je Jia 5985 % 2> 2ic close lial &b (3
JSlb, CB ! coils Jw=d

gl Jadill 2a 2ie timing for open, Close sl Jee (4

open, close

total time- close,  (criteria) o<\ &=

open

Js¥+ (LU — &ldl)= 30 open, close, open
Jrasill (e e S Jaaadll (405 Laila
coil1,coil2 o« manual , trip Jee

close coil ¢« manual trip dae
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4.High pot test:-

83L ) die HUaill Aadlu (1 XUl ey y . Bus bar , Main CB <Ll e Calal HLsay) 13 ¢l ja) &4
s diela 5 G Y Ledle 2l
@Instrument device: - high voltage AC dielectric test

D LAY 4k

J@Aub&@md\)\.\&\d@;&ﬁﬂedcut;&)@mﬂ\)\.ﬁ;\d@éu«o80(%) o)\dﬁ.o.l@;u&;é
(V rated/ph)*3+1 b‘)‘m

NE

high voltage test _lial gl sl &0 ax 51

*3 +1 = 24KV

(£ Rpeoas dery) <Osll e i DC voltage .1
0.01 HZ J=é AC voltage low frequency .2
AC voltage normal frequency .3

high pot Jlial Je las dala claadle

el @Y san mien Jaad |1

3 e Sl aren Juad 2

surge arrestors del gall @l 50 prea Jiad 3

Adlaa La i g2 0S5 A1 1Y) il Y sas s e short circuit de= 4

el 4y kb

High voltage :__ ———————————— ___i

: : C.B

L g

\_/\_/
Short
&
Output TControI
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A W TAGE

- . “ . '
- o
]
i TEATBEL

Shhd.

-~ L]
-

=

(LAY 3 e j
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1403 gala
Col 30 (I deay s frequency 225l dad (8 il a8 (HV) QKN e (HV) Gis Slea -1
XL=XC el e g AN G EiSa Baa s 055 Gl
Z=R
2l g sl 2y g -2
=2 =152 e piadl aen e
(Aol chall 30 -3

Highpot test Jlial a5 J8 megger Dl dee a4 -4

5 k v dc megger between Ph — G for 1min

Ph insulation
R - GND 1.1 T OHM
Y —GND 1.83 T OHM
B - GND 1.73 T OHM

(PD) patch discharge test :

O sall ieadll 52 5a o SHN LEAY) 38 axdigs (GIS) e HV L) s alee iy SLERY) 1
J)ledl Jalh Gleldd 3 a5 220 5 GIS Jala

frequency (HZ) 223l dad (8 il G5k e Galall 13s aadiny

128 aladiul die sy 4l Gldlly (high pot) O &= (sensor) ubusy Jasns PD Jles padin
by el Jie &) 8 noise 2sa s pxe LAY

: LAy
Injection High voltage test per phase (Highpot)
1. 1.3 VN/ph =1.3 -

Measure (PC) peak Colum at this value
2. 1.1 VN/ph =1'1*T

Measure (PC) for this value

(PD)by PC actual = PD1-PD2 = ......< 10 PC
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High voltage test for (GIS) switch gear (132 KV)
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P JLIAY) il
HV TEST
UTEST=0.8X38KV=30KVAC
SECTION | PH PH U |[DURATION| LEAKAGE
GROUNDED | TEST GRRRENT
“ma”
BBFROM R Y +B 5
GENERATOR
Y R+B 30 KV 1 MIN S
B R+Y 5

Procedure for Highpot test for GIS 132 KV.

1) Test number #1
2) Test number #2

VT
3) Test number #3
4) Test number #4
5) Test number #5
6) Test number #6

10 KV check with VT

normal voltage

=—— (V/P)= 76kv with

7

1.5 *(Vn/P)= 114 KV with VT
(Vn/P) = 76kv without VT & 15 min

(Vn/L) = 132 KV without VT & 3 min
220 KV &1 min

(10KV) Jeaii a5 o ¥ 0S8 Jlse oo SEL @lldg (10KV) 2ea 2ie J5¥) LAY aladiinl oty
. 4 sida short 1 ki (815 close Als 8 (Y SIS an o 5S5 €l

All earthing switch (open) VT 4 Jjall jlaay Gllll g JE Lssy)

All earthing open VT bus bar ' Jjlses bus bar U Gaaludly (ualadly al I LsaY)

54
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Existing Link

open
cable __,/>§;___

AN X

. —
Link
open End % End

Injection high

voltage
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1-High voltage cable test:

P wnN e

0 oo Nw

Megger for cable 5KV

High pot 10 KV for earthing sheath

High pot 152 KV /phase at cable normal voltage 132/V3 per phase (2VnP)
Injection 3®100A at this cable and measure leakage in the earthing cable must be
< 3% maximum 3A at injection 100A

Measure positive impedance Z° AND negative Impedance Z 7'=7

Measure zero impedance Z°

Measure dc resistance Rpc

Contact resistance for earth joint

Megger test for(SVL)

transpose s A 8 Sl Jua g 48, )b

Pushing Pushing

Joint

Earthing box
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2-High pot 10 KV for Earthing sheath :

leakage current (L5 sheath (e 10 KV o_la8a 2 (8 &L

—————1

HI TESTER — ® | Openlink
o« o o —
Remove

i |

o e AN Ol LY @lld g B jle Jsb Jle Earthing box 8 s kil Cdla s aes i 2y
OIS apaaill (a9 4l 33 g gall dlia gl A1 3L @lld g (SVL)J ) Ao aga &goa axe Bled e

3-High pot 152 KV per PHASE with rated voltage 132KV:

OV 3 ia die Gaasy HLEAYT 13 o AasDle ae il JLEAY) 8 Lea 58 a3 ) (HV) 5k aladind o4y
alaal 3 el Jada 08158 jbudl e Call 7 HA (3 auia 68 (&S B2 g aladiuly é g (resonance)

o S 5 el sl indl oy Waday s Al o3 ) Jmy i sgall 3 Ll s @l y XL = XC
o S oy g 3ga adde Caay¥ s junction box # (SVL )le shortdae

| I

Cable
Short

SVL

Result : (R) (Y) (B)
Uset=152v
U act =152v
F reso(HZ) = 123.99HZ
Time=1h

Status = Ok
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4-Leakage current test :

Y al Ly gz samall 350al) 6 58 Ja s JUSY Jss sheath 8 S8l laie 48 jee Laa¥) 13 JDA e aly
< outers inner ow Cuasill il &k oo Led el S dille Al CulS 135 (3%) 2

;AU JSAL junction box

IS e Jsh e 83 5a sall Lggle Gl sill 5 Jaalal) Jee 5 Bl gl waen e
LAY (5 sk
o e )L s a1 100 A 3P daall g Lyl By el jlall Gl LS e

Oe O b
oS o3

SVL

(primary injection 3®) ke JYA (e gaall oy

Al (o i Al (oS5 2 4o 5 4 B AT JUS 2 IS 1Y) e b Y

(a gill 48y )k
X\
A /\<\ % % short
.
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5-Positive and negative impedance test:

1. Positive sequence impedance Z1:

Gl L) Jie JiSU Ales e a2 ga g qa il RY) e seal) iy 100 A olaie S (s oy

L=~ 1z =12 |

For example value:

+ - oy
Z" = positive sequence

(R) Up=14.2, 1,,=80.5, cos®=0.99, Z'=—=5.66
(S) Uo=4.42, 1,=581, cos®=0.45, Z'=— =13.144
(T) Up=79.8, =21, cos ® =0.72, Z'=—=3.8
Cos ®=0.72 ® =43.945 |Z |=7.53
R ;o sl 3 5k
A >
Injection S
current <A5’O @ \
T q
= ;) Jgas
Phases Volt(v) Current(A) Phase(°) Phase
impedances
Red +Yellow 1.8 38.5 48.0 Red
(forward) 0.02+j0.02 Q
2.0 38.5 49.0
(reverse)

Yellow +blue 1.6 38.7 53.6 Yellow
(forward) 0.01 +j0.02Q
1.6 38.7 53.4

(reverse)

Blue +red 1.8 38.5 44.0 Blue
(forward) 0.01 +j0.02Q
2.0 38.4 45.3

(reverse)
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Check value Z71+20:

(Inject current in yellow phase return via same paths as Z, measurement)

VOLT(V) | CURRENT(A)
forward | 1.8 38.5
reverse 2.1 38.3
Z=3V/I 0.15 Ohms(1)
1Z1+1Z,] 0.15 Ohms(2)

(1)&(2) should be similar values.

2. ZERO SEQUENCE IMPEDENCE Z0

Z=R+JXL=2 cos D +Jsin ® ohm
7= —— cosD +j sin® ohm/km
R ; dua il 43y )k
S
~ N\
\ T q
Injection
current
Phases Volt(v) Current(A) Phase(°) Phase
impedances
(forward) 1.4 38.7 57.3
0.06+j0.09 O
(reverse) 1.4 38.9 55.2
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Example:
Zo=- Vo=7.46 loh = 64.6, cos® =0.91
cos® =0.91 ® =24.494
sinQ =0.414 Zo=— =22.38
|Z0 | = 2.88

3. DCresistance (Rpc):

@instrument device: - YOKO GAWA Z769 portable double bridge

RZOC:RtC*ﬁ ohm
p el Juagi 48y )k
current AV R

Voltage :
I
r -

|
oo o o
CPCP P
Yoka Gawa -
 transpose gasl JiSl dlea 5 xie (g il 4alall Junction box S **
SVL

Inner

. outer
Coaxial cable
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&A}S\b&@)@ﬂd)\.ﬂ\uﬁ)ﬁﬁjhmuﬁj:\.‘aa‘,l\a&‘jﬁ)@ﬂydﬁ.\ﬂ\ea)n@**
o2 Y N deans

S e Gian 13 Jaal) ypaail Jlall 138 aua g (SVL)*

Laf ML 5 sheath 3 2ead) Jity il sheath e JiSI el 2 ga g A Caaay Jaall
Dol 13 e S Caasy

sy (e ol dlia ) A8 (e QS daad (A S Jalall) dga s e e 138 2any
LA (e Jlaall (Sa 20s junction e Sl (uds Cias 1) Sl

3.6KV&S5KA(SVL)ial ga**
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Earthing resistance:

A0l A saaeie (SWal 8 LAY oy g (o ) dolee daa e SHI ia HY1ASE A lae sl S0
earth bit Jie <l LEaY) o3¢) (bl puza a9

dua Gyl Adee () K55 yaa A sliall il LIS

bl 2 = sansa (555 5 AT ST 8 S 5(1Q)) Lo sl oLy 5eSI) RS 53 B 4y - sansall (Y aal)

(earth o=t il s 3l o5 40 & sansall 3 gaall (g (5l daglaall Lead 65 A SWY) a5 (5Q0)
aadyelay zla (e dilaiall 028 (& 4 il dallas 4l rod

@Instrument device: -:HIOKI 3151earth HI Tester

tdmagil) 4 5k
} ............... S5-10M e New rod Existing
O OfF earth bit
.................................... 10-15m ____,___,___,__| Black
HOMONM®©

— | &
Device rod
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: JLAY) 4Gy )
la L) ) yall 480l Rod (8 (3 okl 5 (E ) 8 2 snd) QS Juaa i 2 -1
oYl 58 1385 10 m 2 e devicerod B p, s duasi e

18 5 Slead) (e Band s dga (8 Gl oladyl (i (8 15 M am e device rod (8 (c) Juasi e
e luall s

Jnmsill s Sleall pandll Jae -2

bl &4 Uil dilia M) j55all &t BATT e selector JLia) as press on e bl o
Lol
0

-

a2 Ala 8 P,C Chock ) yésall & sty Ple selector idl as press on e bl o
e et rod (p) dreasi oS & adll

.
(€) &0 (2) dosshall i o
terminals (3a,3b) _JWialai 2 Rod (c, p) plodiul A 4-3
terminals (2a,2b) _JWial &4 1 Rod (p) pladiu Al B

A . (X1Q, X10Q, X100Q) Range i caagg 3gall 361 8 214 (press on) e bzl o4 -4
Gl 2asdll scale (o8 L s 3ol il oda 20 &5 jacall 1) agall o gmy Jia e pisall 3l
C A8 e paill G lefscale JLaa) ol aeall Jon o 1315
Q) = o3 3o 5 all A gladll oSS
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Battery discharge test:

@Instrument device: - TORKEL 860 ( LOAD BANK )
g s Joad iyl i o5 (B Sl 3 ooy

D Ol Jsa

tma gl 43y )k

—

IO HKEL SE0 TAL 570
=

? @ -

e

W

TOREF 860 andd Lhoe cslra londs T= 870
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