o)) bl

4y ) Al Ciy i 3 gana ddaaa 3 (B deddiieial) dlaall Alad) 4 o
: datia 1.5

4,8l Al el cllaadl ST e dhall Cagpd dsena 0 el ddasa il
2 gl G 200500 A8 (g Alle oy AN pedy agdi Ally (ghad) 2 gill Al ud)
-l 5538 o U olial) Cuguia ity Lovie (Slall adgil) & Gall) mgaty
D Alaal gdsall 2.5

D) @iy dpelall dahiall (58 (g Adhie (A dphall ol dgana 0 gdl) ddase o8
Lae gyl (3ykally apam Al (e 4g il SIS 3 gl AaDlall Al e il ¥ Y sl 138
- Al sy gy (e ddanal) Jurdal AP Mgl Ji ddee Jignss ) (525
Ay iall Ciyd dgana 3 L) Aaaa ciligga 3.5

S5 ulll sale) 3y50 Jexi Steam Turbine ijlay cilasg day)l e Aasall 038 ()6SS

Codilage e clasgl oda S5

DA had) Lyl dgana Lo Lgdd) Aaaa L&) Jal 4.5
: Phase 1 _As¥) da,al) 1.4.5

b ofangl) ila 8 Jeall Ty dalglie 30 Lgie baslgll e (pfiang Alspal) 238 aiiad

Alapall 2SI IS laal) oy Ll Al ) sl 33 (pe Jisas 21981 Gule
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) . al 08 ) 4a 48164555 5 o 5SeS Jlasu 4xia 12729448 (5)5Y)
. 21985 ey (& Y] Aa sl
: Phase 2 43Ul syl 2.4.5
&b ofnsll gals 3 Jeall Ty . ahslise 60 Lagio saalsll daws (yian s Aayall 538 auad
G A At eliyy Ao il dasSally oall @lidly lagall dasSa (e Jisals 21988 ulac]
s arin yale 160 5 (il a8 Voo (ysle 106 Al A pall 2 AalKl) AL Ae Sl
. 21989 b Al Aa el Al 5 Jae () SaS
:phase3 4l s al) 3.4.5
s je (b QY1 oy sassll & Dsliae Bie das Giiphs Gfias 5 (e Alajal) o8 (45K
Llslise 20 3b3 da 15liae 380 by ddasall AN Fand) (iS5 dlayall o3n JLeSL o (inpall Al
el lede Craaa i) A8 ) e
By lgilialey (gl danil dy (e (e e LSl Gl | dpall CCPG 48,8 Caanl
i 26 il ) 558 L kel | adiig (i slil] Aidl)y Al Cilapa gl A8 Copladly lajal) s
cdiall 2853 Ayl (4
A hal) iyl agana L3 agdld) daae ddaaa B Cgaal) 5.5

(&b s omin) AT I S8 e 4leSl 88l Jisats ashy (Silindy oS Slea sa Jsaal)
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5 ) anals A DAl iyl dgana .3 gl Dana L Ladiisal) cgaal) 6.5
: (Step Up Transformer) a8l Jsaa 1.6.5
ol Aanall Jymay amss anall 2)la ZlyeSl 5)080 Ji o Jymall 138 dege

: (Step Down Transformer) (28l Jsas 2.6.5
G Slaallall = laadl ) Jie Ay 5l adsil sae L) e ha¥1 Ldx5 o Jsnall 138 dega
11.8 (e all gy asiyg (41.25MVA) dras 53 il 32all Jsas (phase(1))dsy) asl
G118 KV (e 2¢all (miss asius (IMVA) dnas 53 selusall 33all Jsaa 5 110KV KV
£ asis (1.25MVA) dxu 53 ol 32550l Jsna (phase(2) ) ) audll a9 3.3Kv
e deal) ity asisg (1IAMVA) Gas 53 scludl) saagll Jsaas 110 Kv ) 11.8 Kv e 362
(1.5) Jsaall b dina o)) Jyaall Clialgas 6.6KV ) 11.8 Kv

) Jgaall clialge gy (1.5) Jgaa

Customer Net projectes LTD to 29523
Customer Order NO Pjy 30011

Serial No 44364

Site Khartoum North

W.S.NO 7991

MVA 41.25

Phase 3

Hertz 50

Voltage ratio (11.8/110)Kv

Connection HV star LV delta

Tapping rate + 10% on 16 steps of 1.25%
Specification Bs1711978

Data of tests 7th to 13" April 1982
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p ddaaal) A Basg JSU A ¢ 5aY) 7.5
P b el e ggint Adaad) oda 8 Clasgl) aren
:(The Turbine) 4x 53l 1.7.5
Brie Cilagl 4 Ciie sk IS e (g)sme ava 0o Bl s Glaall (e Al aias
aliasy A8 3530 3000 ) Jusi s lle Gepun saall ghs o e ) Ly prlacar
c OB B)ha dajag ki g aaa (DAL Ay il
: (The Generator) Aligsl algall 2.7.5
8ple diysill Hsase Ao dagipe Dlsall edadl (sSas ¢ Jlsd edas i eda Cneda (e O5S
Slo Aty AN Aa el clalse Gilialge Glawags (3.5) 5 (2.5) oalsaally Shaft lsall 2seall ddaslsy
Cidasall oda 8 gl

: daaadl oda B (Phase 1) Y] Aayal) cilalge clinalse gy (2.5) Jgda

Phase 3 Phase

Frequency 50 HZ

Air Gap 35 mm

Oil Quantity 2100 Liters/ hour

Rotor Winding 24 Wound

Fan tip to air guide clearance 2mm (nominal)

Shaft Ear thing brush gear 2 Brushes

Stator Thermo Couples 20(including five spares)
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: ddasal) 538 * (Phase 2) A AU jal) Glalge clialga as (3.5) Jya

Three Phase (Type) g5
412745 (Series Number) Juluidl 233l
1989 » (Year of Manufacture) axiall Za.
75000 KVA (Apparent Power) 4y;alall 3.3l
3936 A (Rated Current) asall Ll
11KV (Rated Voltage) 3;aadll 45l sl

(Power Factor) 3,3l Jalzs
3000 rpm (Speed ) Ze i
50 HZ (Frequency) 225l
Direct (Duty) Jssiall 550
214-825 A (Excitation) 4:aal)

: (The Exciter) il 3.7.5

3sanlly el (s ¢ Al AU sl gemall Uil gy peall Jlaall it 5B alas L

'éjtaj el.h.i 9 Adaaall o2 ‘_ge_\;:.wd\ 'é)t:‘}” (al.h.i 3 .A]}AS\ 4.‘:‘)“;] :L)JLAA :X.CJw 9 w})ﬁd\)\awﬁ‘)j\

Al 8 deadiall 5BY) alai 550 sy (4.5) JSElly i e (e Jaaiie

il prnlaline Agal Ay ey 2353l HLAl Alge agial ouwd) e e 5EY) ol (S

ey (Sl gume 4l ially ¢ gt 2gaal a8l ally il il e JS sy (PMG)

Clialge i (54 ) Jyaally pmil) 335l U Aga Jlia b (5Sibaes lasie BUS Josita s
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DC Exciter ! jlall 3,691 allay g-"“f‘.-‘)-” RSy
Main Generator
Field Armature

—_—— e — — — — — — — — — — - — — 4

Field Armature

—
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% J LT CT Ve
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Il LWl siae
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Jdls ke
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|

|

|

|

|

|

[

Adaaal) b Aadiicall 3EY) allii 33 gagy (1.5) JSi

(Phase 1) Js¥) ajal) B pfiall clisalss ¢ (4-5) Jsaa

Speed 3000 rev/min
Out Let 130KW

Voltage (dc) 205V

Current (dc) 630A
Frequency 150HZ
Insulation Class F System
Number of Poles 6 Poles

Air Gap 4mm

Oil Viscosity Oil to ISO V G46
Oil Quantity 130Liters /hour
Number of Machines 2
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: Permanent Magnet Generator auhll (whitall g3 Algall 4.7.5

Jlae 4l jig anb Guline e (ssingg elgiopm (adly sy Angill dsee an Jeay
Gidhgy <l 120 algi 3 phase  4ssl DG e sing oA alsall 138 agiys ¢ aily aline
c Sl gige Juanil LoDl A5l <Y 48Ual) Al g

ribaal) b gl clasg gaa) b (PMG) 2 clialse Ci (5.5) Jsta

Type Permanent Magnet Generator type F.7792
Voltage 90V

Current 25A

Out Put 2.25 KVA

Phase Single

Frequency 200 HZ

Speed 3000 rev/ min

Number of Poles 8

Air Gap 0.035

Insulation Class F

D ilaaall L3 sas gl o) JaY B sdia hie g (2.5)JS3

Shaft
A il el Al sal) i) 3y
Turbine Generator Exciter i
] ] 24
(PMG)

Abaal) b ulgi Bang cilistal igaicall hbial) gy (5.2) Jd
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5.8 Results and Discussion:

Reverse Power Protection (RPP, 32)

Setting guidelines
Accordance with IEEE Std. C37.101 and AREVA Technical guide,
Reverse power pick-up setting: -P>1 = 50% of max. Motoring power
Time delay: Time Delay = 10s (Normal
value) Where, -P>1 maximum motoring
power setting.
Setting calculation
[System data]
¢ Generator rating: 50Hz, 60MW, 0.8 PF: Xd = 1.40 pu, Xd*“= 0.3 pu (at
75MVA base)
«» AC Sequence: Gen. Stator neutral side CT (4000/1A) : 11kV Bus side
VT (11/0.11kV)
[Calculation for reverse power protection]

Generator rating (P1%) converting to CT&VT second value (P2"%is as follow

P1® = Generator rating = 60MW

Generator ratin 60x106
p2st= 5 — = 150 watt

CT Ratio XVT Ratio 4000x100

-P>1 =50% x 3% x P2nd
=0.5x0.03x150 =2.25W " 22W
Time Delay = 8s ~8s
Even if normal time delay is 10s, existing value 8s should be considered
Stator Earth Fault Protection (STFP, 51N)
Setting guidelines
Accordance with IEEE Std. C37.101 and AREVA Technical guide, the
earth fault current setting: IN1>1 Current Set = 5% of limited E/F current The
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3rd harmonic voltage: 100% St. EF V3w = 1% of input voltage.
Setting calculation
[System data]

¢ Generator rating: 50Hz, 60MW, 0.8 PF: Xd = 1.40 pu, Xd*“ = 0.3 pu (at
75MVA base)

*» AC Sequence: Gen. Neutral transformer (11000/240V, 15kVA): Gen.
neutral transformer secondary side CT (300/1A, 5P10, 10VA): Gen.
neutral transformer secondary side resistor (0.5 Ohms)

[Calculation for stator earth fault protection]
The maximum generator neutral transformer secondary voltage;

, 11000 240
= X
max = 3711000

For 95% protection of the windings, the relay should be set as follows;

= 138.56V

|N1>1Cunan:005x“ff6x5%c=0046A ~0.05 A

Time Delay = 0.5s ~05s
Where IN1>1 Current: earth fault current setting

[Calculation for 100% stator earth fault protection, 3rd harmonic
method] 100% St. EF VN3H = 1% of input voltage
= 0.01 x 138.56 V= 1.3856 V ~1.4V
Time Delay =1s ~1ls
Existing value 1s should be considered.
Frequency Protection (FRCP, 81U/810)

Setting guidelines

The P344 relays provide a four stage over fluxing element. One stage
can be set to operate with a definite time or inverse time delay (IDMT), this
stage can be used to provide the protection trip output. There are also 3 other

definite time stages which can be combined with the inverse time
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characteristic to create a combined multi-stage

V/Hz trip operating characteristic using Programmable Scheme Logic (PSL).
V/Hz element should be set as per ,,Permissible shot-time over excitation of
generator”.

First stage V/Hz element: V/Hz>1 Set = 1.5 ~ 3.5 V/Hz in step 0.01

V/Hz First stage time delay: V/Hz>1 Trip TMS or DT

tms
(m—1)?

Operating time t =

Where,

M = V/f [ (VIT Trip setting)

V = Measured voltage

F=  Measured

frequency

DT = Definite time
Second stage V/Hz element: V/Hz>2 Set = 1.5 ~ 3.5 V/Hz in step 0.01 V/Hz
Second stage time delay: V/Hz>2 Trip Delay = 0 ~ 600s in step 0.01s
Third stage V/Hz element: V/Hz>3 Set = 1.5 ~ 3.5 V/Hz in step 0.01
V/Hz Third stage time delay: V/Hz>3 Trip Delay = 0 ~ 600s in step 0.01s
Fourth stage V/Hz element: V/Hz>4 Set = 1.5 ~ 3.5 V/Hz in step 0.01
V/Hz Fourth stage time delay: V/Hz>4 Trip Delay = 0 ~ 600s in step 0.01s
Setting calculation

[System data]

% AC Sequence: 11kV Bus side VT

(11/0.11kV) [Calculation for over fluxing

protection]

1p.u V/Hz setting = 11000 x 110/11000 / 50Hz = 2.2 V/Hz

V/Hz Alarm Set =2.2 V/Hz x 1.1 =2.42 V/Hz ~2.4

V/Hz Time Delay = 0.5s ~0.5
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s (for alarm)

VIHz>1 Set=2.2 VIHz x 1.1 =2.42 \//Hz ~2.4
V/Hz

Time Delay = 45s ~45s
(DT)

V/IHz>2 Set = 2.2 V/IHz x 1.15 =2.53 V/Hz ~2.5
V/Hz Time Delay = 6s ~6s
V/Hz>3 Set=2.2 V/Hz x 1.2 =2.64 V/Hz ~2.6
V/Hz Time Delay = 2s n2S
V/Hz>4 Set = 2.2 V/Hz x 1.25 =2.75 V/Hz n2.7
V/Hz Time Delay = 1s ~1ls

Overvoltage Protection (OVVP, 59)
Setting guidelines
Overvoltage protection should be set to prevent possible damage to
generator insulation, prolonged over fluxing of the generating plant, or
damage to power system loads.
Accordance with IEEE Std. C37.102 and AREVA Technical
guide, Overvoltage element: V>1 Voltage Set = 115% of input
voltage Time delay: V>1 TMS = 2s at 120% of tap setting
voltage

Where V>1 : maximum voltage Setting
L _k

Operating time t =—

TMSK=(M-1) xt

Where, K= Time multiplier setting

(TMS) M= Measured voltage / Setting

voltage

Overvoltage element: V>2 Voltage Set = 150% of input
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voltage Time delay: V>2 Time Delay = 0.1s

Setting calculation
[System data]
s AC Sequence: 11kV Bus side VT
(11/0.11kV) [Calculation  for  overvoltage

protection]

V>1 Voltage Set =1.15x110=126.5V ~126
VV>1TMS=(12-1)x2=04 ~0.4
(IDMT)

V>2 Voltage Set=15x 110 =165V ~165V
V>2 Time delay = 0.1s ~0.1s

Under Voltage Protection (UVVP, 27)
Setting guidelines
Accordance with IEEE Std. C37.102 and AREVA Technical guide,
Under voltage element: V<1 Voltage Set = 80% of input voltage (For alarm
used)
Time delay: V<1 Time Delay = 3s
Under voltage element: V<2 Voltage Set = 70% of input
voltage Time delay: V<2 Time Delay = 2s
Setting calculation
[System data]
- AC Sequence: 11kV Bus side VT
(11/0.11kV) [Calculation for under voltage
protection]
V<1 Voltage Set = 0.8 x 110 =88 V
~88V
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V<1

TMS=3s =3

(for alarm)

V<2 Voltage Set=0.7x110=77V 77V
V<2 Timedelay=2s ~2S

Generator Differential Protection (DGP, 87G)
Setting guidelines
Accordance with IEEE Std. 242 and AREVA Technical guide,
The differential current setting: Gen Diff Is1 = 0.05In,
Gen Diff Is2 =1.2
In The initial bias slope setting: Gen Diff k1 = 5%, Gen Diff k, = 150%
Setting calculation
[System data]
¢ Generator rating: 50Hz, 60MW, 0.8 PF

FLC = 22 = 3936 4
+» AC Sequence: Gen. Stator neutral side CT (4000/1A):11kV Bus side
CT (4000/1A)

[Calculation for generator differential protection]
Gen Diff Is1 = 0.1 x 3936 x (1/4000) =0.09 A ~0.1A
Gen Diff I1s2 = 1.2 x 3936 x (1/4000) =1.18 A ~12A
Gen Diff k1 = 10% (IEEE Std. 242 recommendation) =10 %
Gen Diff k1 = 150% (Manufacture recommendation) ~.150%
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generator single line diagram

Full protection single line diagram of generator unit illustrated in figure 5.3
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Figure 5.3: generator protection single line

diagram
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