creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

H
B
e
H
B
=
%lll
IS

4AFH HHAT AA 2L A4

A Study on the Design and Analysis for Electric Power System
of Drilling Rig using ETAP

HEHE & ¥ Mm
20134 2H

WE BT R BR KRR



A B A 30 TR B o= R

ZAR : TB@E+L ZF B
% B:I28+ HE =
£ B :IBEL B M
% B IBEL K
£ B IEBEL &+ H

20124 12AH

HEEBEARER KBk

BERETLER

A 3 3



G
X D.rl

or B

Hr

™
M

-+ X1l

Abstract

Lzﬁygﬁﬂ?@.wWwwwwwwwwwwwwwwwwwwwwmw

SCHENCHI GRS - e che o

o
B

</

N
o)

T

i
of

X

ju

o 7 B

}gq :F}g e

S

%

4

2.1.1 A

2.2

H
T

m

e

X
o

2.3.2 AT FELIE ] et

2.3.3 A
2.3.4 g

il

-

il

—

5o

gﬂgq I -0, T B 12 Yo MRS \ {3

A A5 el

3.

15
17
90

(NeWtOH—RaphSOH)Eg e eeeteeeeeeeetenteneeetantentateneetttatententententantateraenasnstnran

PN
-HE

3.3.1 oJ&}7] (Exciter)

23
26
33
34

35

3.3.2 354%7](Governor) N

3.3.3 WA 7] S AT A E e

3.4 ¥t

L N
=

-

3.4.2 3¢



37
41

41

o
<)

X

oF

45

47

3.6 LUMPEA 10@d werereeerrsersrssesessesese sttt

49

49
Te!
50

o NE
L
~ox
atafmﬁ
AT
- R
< ¢

=50

D2
53

s
X
B

<!

X
ey

o

</

X
o

58

59
59

69

76

5.1.3 A7 2019

80
85
-85

88

5.2.2 4

il
gl



® 2.1 A%Ae) A)E wul

Table 2.1 Base model of drilling rig -« 5
3E 2.2 AA FekE (39 kVA)

Table 2.1 Load factor(unit : KVA) e 6
¥ 2.3 olF R=9] 3 A

Table 2.2 Load configuration in transit mode s 7
F 2.4 AF BE 19 Fa} F441]

Table 2.3 Load configuration in drilling mode 1 s 7
¥ 2.5 A|F BE 29 B3} AN

Table 2.4 Load configuration in drilling mode 2 s ]
¥ 2.6 gy o] B3} AH]

Table 2.5 Load configuration in reaming mode -« S
E 3.1 AAFANA BAY B

Table 3.1 Bus types in power System analySis s, 14
# 3.2 BT A5 2 5 Ay

Table 3.2 Synchronous generator parameters of d-axis and g-axis - 19
3 3.3 IEEE type AC8B o A}A]2=®l #| A5~

Table 3.3 Parameters of IEEE type AC8B @XCiter s:eeetssssememissmniiinininsd 29
3% 3.4 Woodward x47] 2301¢] #| &4

Table 3.4 Woodward Governor 2301 parameters ::sssss it 25
¥ 4.1 47+

Table 4.1 Analysis limits and standards e e, 50
% 4.2 W ned 2Ao At

Table 4.2 Bus voltage in 4 operating modes -« 51
E 4.3 97 e A ol fE

Table 4.3 Transformer loading in 4 operating modes «:weeeeemsemeemsememeenene 52
¥ 5.1 3% wAR AxAD

Table 5.1 Calculation result of 3 phase fault current ooy 88

¥ 5.2 A Auamde] gebd R 1A

Table 5.2 Short circuit current of low voltage service feeder e 89



3E 5.3 1 A=dF ALE
Table 5.2 Calculation result of line—to—ground fault current ceeeeeeeeeees 91
3 5.4 2 A=AF ALE R

Table 5.3 Calculation result of line-to-line-to-ground fault current ---91

_iv_



19
Fig.
i
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
i

Fig.

W W W W W W W W W W w W w W Ww W W W w W w W w W W W NN DD oo

Iy =3

1 gutAel AFA9) akel wae] 74
1 4—Split bUS Configuration for drilling rig ........................................ 3
2 NFE A% BF FEFY A
2 LOW Voltage AC multidrive for drilling ................................................ 4
1 $AHEY 578w
1 Equivalent Circuit Of transmiSSion line ............................................ 10
2 W] WOl 5rhe=

‘2 Equivalent CirCUit Of tranSformer tap ................................................ 12
3 717 T =
3 Equivalent circuit of synchronous generator .. 17
4 @A 5717 gz AR W3}

4 Time-varying synchronous machines reactances at bolted-fault -18
5 H7]e] AR A" BRI
5 Block diagram of exciter system for generator -« 20

.6 IEEE type AC8B Ao E=%

.6 Control block diagram of IEEE type AC8B rrseeeersersessmmsmsmnsinsinninninninssd 21
7 25719 Ao 5=

.7 Control block diagram Of GOVEIrNOr rwswseesmimmtimmisiessisisisessisienininad 23
.8 Droop =9 FZEA]

.8 Operating characteristic in droop mode « e 24
.9 Woodward Z<7] 2301 Ao} EF&

.9 Control block diagram of Woodward governor 2301 -eeeeeeeeeserememmenns 26
.10 ¥4 7] 9] Information

10 Information Of GENEIrator e 27
11 d 7)o 84

11 Rating Of GENErator s 28
12 9] S

12 Capability curve of GEnerator s 29
A3 A7 e o=

_13 Capability input Of generator .............................................................. 30



9 3.14 wxv]e] duEe

Fig. 3.14 Impedance Of GEnerator - 31
19 3.15 A7) 9] o RpY)

Fig. 3.15 EXCItEr Of QENEIatOr e 39
% 3.16 W7 247

Fig. 3.16 GOVEInor Of GENEIator e 33
a9 3,17 Hetrle] U1 &

Fig. 3.17 Equivalent circuit of transformer s 34
a7 3.18 272 HE& 13 So gy SR

Fig. 3.18 Equivalent circuit that was converted the secondary side to the
primary Side .................................................................................................................... 3 5
o9 3.19 grefskd WYY SR

Fig. 3.19 Simplified equivalent circuit of transformer e 35
19 3.20 3¢ WshY] 3=

Fig. 3.20 Circuit of 3 Winding transformer s 36
a9 3.21 394 Mg dvd s bR

Fig. 3.21 Equivalent impedance circuit of 3 winding transformer - 36
% 3.22 ¥St7]9] Information

Fig. 3.22 Information of tranSfOrmer e i 37
¥ 3.23 28 WYgTle] AF

Fig. 3.23 Rating of 2 winding transformer -« e mmmiininiecneesd 39
% 3.24 394 WSk B4

Fig. 3.24 Rating of 3 winding transformer - s smmsiommmrimmiimiinisenens 40
O 3.25 MYTIS AT

Fig. 3.25 Transformer and induction MOTOr seesssersmmmmmmisiiceisaess 49
a9 3.26 FEAETY =9 £

Fig. 3.26 Output and losses of induction MOLOr s, 49
% 3.27 FEAEY] FAMS TS =

Fig. 3.27 Approximated equivalent circuit of induction motor «e:eeeseeeeess 43
a9 3.28 FEAEVY B EA

Fig. 3.28 Torque-speed characteristic of induction motor «eeeeeseesemeees 44
a9 3.29 HE7Y 4 RE

Fig. 3.29 Operation modes of induction MOLOT «weeeeeserermmy 45

_vi_



1% 3.30 =45 71¢ Information

Fig. 3.30 Information of induCtion MOLOr sttt 46
a9 3.31 FEHE7Y H

Fig. 3.31 Nameplate of induction MOLOr s 47
19 3.32 4EH-ate] 44

Fig. 3.32 Rating of lumped load s 48
O 4.1 o)l BRE AYxF EAAT

Fig. 4.1 Load flow analysis result in transit mode «eeseeeeeeeemeen 53
Y 4.2 NF RE 1 AYXRHF B4y

Fig. 4.2 Load flow analysis result in drilling mode 1 -eeeeeemememmeememeenene 54
a9 4.3 AF BE 2 A¥EF BAy

Fig. 4.3 Load flow analysis result in drilling mode 2 «weeeemeeressememcenins H5
a9 4.4 Y R AYER[F BAAY

Fig. 4.4 Load flow analysis result in reaming mode :eeeeeeesermsmmnmmnnene. 56
29 5.1 A% 20 2

Fig. 5.1 Load elimination of 2 thrusters -« 59

IO 5.2 FA58E 2t EEAle] IV Bl ()73 A o)

Fig. 5.2 HV feeder voltage when 2 thrusters were eliminated(open—loop
COHtrOl) ........................................................................................................................... .60
oE 5.3 FxIAEE 2t @A HY B S (V) FZ A 0f)

Fig. 5.3 HV feeder frequency when 2 thrusters were eliminated(open—loop
Control) ........................................................................................................................... .61
a9 5.4 FR-8) 2v) g AV ST A 0)

Fig. 5.4 Generator speed when 2 thrusters were eliminated(open—-loop
COHtrOl) ........................................................................................................................... 62
% 5.5 FXFeE 2t g@eEA] BV AR, time=0~10secs(7HF3Z A o)

Fig. 5.5 Generator terminal current at time=0~10secs when 2 thrusters
were eliminated(Open—100p CONLIOL) st 62
T 5.6 FE 2t 2EhA] BV RF, time=0~3secs(7]FZ A o)

Fig. 5.6 Generator terminal current at time=0~3secs when 2 thrusters

were eliminated(open—loop Control) ....................................................................... .63

- vii -



T 5.7 FAWE o) FEA WV RAAHEET)

Fig. 5.7 HV feeder voltage when 2 thrusters were eliminated with governor

1 5.8 FIFE) 20 FEA WV AT o (257])

Fig. 5.8 HV feeder frequency when 2 thrusters were eliminated with
GOVEITIOE  +++++sessessessssss st sttt s 64
a9 5.9 FFFE 20 @b @) S (247])

Fig. 5.9 Generator speed when 2 thrusters were eliminated with governor

T 5.10 FxIEe 2t 2l AV AF(E257])

Fig. 5.10 Generator terminal current when 2 thrusters were eliminated
Wlth fe 0 )74 Y o4 0¥ Gl L LR e L LI 65
a9 5,11 FH3 2t EEA] BV RAAMNEE7IEA)

Fig. 5.11 HV feeder voltage when 2 thrusters were eliminated with
AAJUSTEA GOVEITIOL  +erertessrersssestsssses sttt e 66
% 5.12 FXE-8) 2v) A IV RS (257]2A)

Fig. 5.12 HV feeder frequency when 2 thrusters were eliminated with
AAJUSTEA GOVEITIOr  #rreesssrerererssssssssstttist ettt e 67
a9 5.13 FHaE o) gEA] BV A HEHFZA0)

Fig. 5.13 HV feeder voltage when 2 thrusters were eliminated
(C10SEd=100D CONETOL) wrerrrrererssrrsstteti ettt 68
29 5.14 FEs 2t Al IV 2S94 (] F 2 A49])

Fig. 5.14 HV feeder frequency when 2 thrusters were eliminated
(closed—loop CONETOL) rrerereerermres et 68
2% 5.15 7] 1 ZEA] IV 2RO A 0])

Fig. 5.15 HV feeder voltage when 1 generator was eliminated(open—loop
Control) ........................................................................................................................... 69
% 5.16 7] 1) 2EA] 1V B S ak ()24 0)

Fig. 5.16 HV feeder frequency when 1 generator was eliminated(open—loop
control) ............................................................................................................................ 70
1Y 5.17 A7) 1 gEA 7SRO A )

Fig. 5.17 Generator speed when 1 generator was eliminated(open—loop
COHtrOl) ............................................................................................................................ 7 0

- viii -



T 5,18 Y] 1 2] 7 F () FZA o)

Fig. 5.18 Generator terminal current when 1 generator was eliminated
(Open_loop Control) ...................................................................................................... 7 1
19 5.19 7] 1) =EbA] 1V A (T2 A o)

Fig. 5.19 HV feeder voltage when 1 generator was eliminated(closed-loop
COHtrOl) ............................................................................................................................ ’7 2
27 05.20 A7) 1) EEA] NV B ek (9] 32 A4 o)

Fig. 5.20 HV feeder frequency when 1 generator was eliminated
(C10SEd=100D CONETOL) ettt 79
% 5.21 Y] 1) e 7S (9] R A o)

Fig. 5.21 Generator speed when 1 generator was eliminated(closed-loop
COHtrOl) ............................................................................................................................ 7 3
% 5.22 A7) 1 dEA] 7R (H A 0])

Fig. 5.22 Generator terminal current when 1 generator was eliminated
(closed—loop COMETOL) sreerreresemmmmniii s 73
% 5.23 WY 1 EEA] IV BAE (2572 A)

Fig. 5.23 HV feeder voltage when 1 generator was eliminated with adjusted
GOV TIOL  ## e e es s e s e s sttt L £ fh ] 74
I 5.24 A7) 1) 2] IV EAFe (2571 24)

Fig. 5.24 HV feeder frequency when 1 generator was eliminated with
AAJUSTEA GOVEIIIOE weeeeeessessssssesssstst ettt ettt 75
a9 5.25 7] 14 g BAVSEE(E57]E2A)

Fig. 5.25 Generator speed when 1 generator was eliminated with adjusted
O Ae 8 010 R TR T T PP PSP S PO T TP P PP P PSSP PPOPOREY 75
% 5.26 Y] 10 2EA] TRV AT (2E57124)

Fig. 5.26 Generator terminal current when 1 generator was eliminated
With adjusted QOVEIrnOr sttt 76
% 5.27 7] 2t) EEA] NV B (H T2 A o)

Fig. 5.27 HV feeder voltage when 2 generators were eliminated
(ClOSGd‘lOOD control) .................................................................................................. 77
1% 5.28 A7) 2t EEA] HV B ok (9] 732 A o)

Fig. 5.28 HV feeder frequency when 2 generators were eliminated
(C10SEd=100D CONETOL) wrerrerermmsrmmsessteisitiet i 78

- ix -



T 5.29 Y] 2v) 2] RS E (R A o)

Fig. 5.29 Generator speed when 2 generators were eliminated(closed-1loop
Control) ............................................................................................................................ 7 8
19 5.30 A7) 2w =gEbA] 71 R (H A o)

Fig. 5.30 Generator terminal current when 2 generators were eliminated
(closed—loop COMETOL) ererreremmmmmenni 79
a9 5.31 27 2t A A= (FHFZ A o)

Fig. 5.31 Generator electrical power when 2 generators were eliminated
(C10SEd=100D CONETOL) ettt 79
19 5.32 34 @EAaA] BV 24 M (E FZ A o)

Fig. 5.32 HV feeder voltage when 3 phase fault occur at HV feeder
(closed—loop CONETOL) rrerememrereres ey 30
9 5.33 34 @EALIA] IV B (H R 2 A o)

Fig. 5.33 HV feeder frequency when 3 phase fault occur at HV feeder
(closed—loop COMETOL) srrerreresrmmmminiii i 31
% 5.34 34 ©ERALLA] A 7| S (H A o))

Fig. 5.34 Generator speed when 3 phase fault occur at HV feeder
(closed—loop COMETOL) wrrerreremrmmmementei s Q9
27 5.35 3 @EtAaLAl A7 7 (] F 22 A 0)

Fig. 5.35 Generator terminal current when 3 phase fault occur at HV
feeder (C1osed=100p CONETOL) ettt ]9
a9 5.36 34 SEAtaAl IV BRI EE7|EE)

Fig. 5.36 HV feeder voltage when 3 phase fault occur at HV feeder with
AAJUSTEA GOVETTIOL werereesssersssssssssssssssssiiststs st st st s 33
a% 5.37 34 dEAL A BV BEA T (257 24)

Fig. 5.37 HV feeder frequency when 3 phase fault occur at HV feeder with
AAJUSTEA GOVETTIOL  +reeeessrersesssessssestset sttt 34
1% 5.38 34 TERAIIA] WAV SR (257 ZA)

Fig. 5.38 Generator speed when 3 phase fault occur at HV feeder with
AAJUSTEA GOVEITIOr  #rweeeesssreresssssssssststti sttt 84
% 5.39 34 GEAlA] DAV AR (RS ZA)

Fig. 5.39 Generator terminal current when 3 phase fault occur at HV

feeder Wlth adeSted GOVEITIOL  *rressereressssnss sttt 85



5.40 37 dEHF

Fig. 540 3 phase fault current .............................................................................. 8 9
a9 5.41 14 A g 5F
Fig‘ 541 Line—to—ground fault Current ............................................................... .90
I 5.42 24 A EAF
Fig. 542 Line—to—line—to—ground fault current ............................................... 92

- Xi -



A Study on the Design and Analysis for Electric Power System
of Drilling Rig using ETAP

Chul-Ho, Kim

Department of Electric and Electronic Engineering, Graduate School,

Korea Maritime University

Abstract

As electricity has been used in ship's propulsion, it is necessary to
increase the system voltage and current for the electrical distribution
system. So it is required to improve the system safety and efficiency,
the power stability, the efficiency of the generation through various
analysis of ship's electric power system. In this paper, the electrical
service reliability of the power distribution system of Semi Submersible
Drilling Rigs(SSDRs) has been analysed and discussed using Electrical
Transient Analysis Program(ETAP).
In the case of Semi Submersible Drill Rigs that are being used in most of
the deepwater drilling operations, it can move by thrusters with Dynamic
Positioning System(DPS), and has equipped a drilling packages like
pumps, pipes and drills.

The electrical distribution system of Drilling rigs is quite similar to
typical redundancy system of electric propulsion ships made for

transportation. However it is required the electrical distribution system

- Xii —



of 2 to 4 split bus or more because of the severe marine environment,
the hazards of fire and explosion, 24-hours operation, the standards and
regulations related to oil and gas drilling. There are some more
difficulties in design and engineering of the off-shore plants electric
power system because it is required more severe and strict conditions.
In this paper, to verify the stability of designed power system, the
power system of SSDRs is modeled at first and load flow is analysed on
each operational mode and also analysed on transient characteristics
due to start/stop action between generators and loads. On the basis of
the analysis the voltage variation in the distribution feeder is discussed.
As a result, the load flow analysis shows the resonable result with
appropriate load distribution and the capacity of generators and
transformers are enough to feed the maximum load. The capacity of
generators and transformers have an acceptable margin for future load

and emergency load.
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Table 2.1 Base model of drilling rig

e . Huisman JBF 14000
Classification Remarks

2.1.1 A|FA9 71 24

Semi submersible drilling unit

General

Maximum water depth 4,270 [m] 14,000 [ft]
Max. drilling depth from water line 12,190 [m] 40,000 [ft]
Class notation ABS, DPS-3

Main dimensions

Length deck box 89.0 [m] 292 [ft]
Width deck box 69.6 [m] 228 [ft]
Height deck box 9.6 [m] 32 [ft]
Length under water pontoons 110.4  [m] 362 [ft]
Deck area 4,200 [sq m] | 45,200 [sq ft]
Displacement at operational draught 53,000 [mt] 58,400 [st]
Marine systems

Main engines 8 x 4.8 [MWV] | 8 x 6485 [HP]
Total installed engine power 38.7 [MW] 51,800 [HP]
Thrusters, azimuth 8 x 3.5 [MW] | 8 x 4690 [HP]
Total installed thrusters power 28.0 [Mw] 37,500 [HP]
Service speed 8 [knots]
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Table 2.4 Load configuration in drilling mode 2
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Table 2.5 Load configuration in reaming mode
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3.3.1 o4 =}7] (Exciter)
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Fig. 3.5 Block diagram of exciter system for generator
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219 3.6 IEEE type ACSB A| o]
Fig. 3.6 Control block diagram of IEEE type AC8B
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¥ 3.3 IEEE type AC8B A AFAI=®l A A 4=
Table 3.3 Parameters of IEEE type AC8B exciter

Parameter | Value | Unit Description
VRnax 10 p.u. | Maximm value of the regulator output voltage in per wunit
Vemin 0 p.u. | Minimm value of the regulator output voltage in per unit
Skmax 1.5 |p.u Saturation value of exciter at Ergax
Sg.75 1.36 | p.u Saturation value of exciter at 0.75 Ergax
Etdmax 4.5 |p.u Maximum exciter output voltage in per unit
KP 170 | p.u Proportional control gain in per unit
KI 130 |p.u Integral control gain in per unit
KD 60 |p.u Derivative control gain in per unit
KA 1 p.u Regulator gain in per unit
KE 1 p.u. | Exciter constant for self-excited field in per unit
D 0.03 | sec. | Derivative control time constant in seconds
TA 0 sec. | Regulator amplifier time constant in seconds
TE 1 sec. Exciter time constant in seconds

_22_




3.3.2 %<7 (Governor)

* W = Rotor speed
e P, = Mechanical power
* P, = Electrical power

e R = %Speed or Frequency regulation
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Fig. 3.7 Control block diagram of governor
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With Droop the Speed decreases with Load
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3 3.4 Woodward %<7] 23019 A A

Table 3.4 Woodward Governor 2301 parameters

Parameter Definition Value Unit
Mode Droop or Isoch Droop
LS GP# Load Sharing Group Number None
Droop Steady-state speed droop in seconds 5 %
Qmax Min. shaft position in degrees 0 deg
Unin Max. shaft position in degrees 42 deg
a Gain setting 0.3
b Reset setting 0.2
r Actuator compensation setting 0.2
K1 Partially very high pressure power 5 Deg/A
fraction
t Actuator time constant 0.1 sec.
T1 Engine Dead Time Constant 0.15 sec.
T2 Amplifier / compensator time constant 0.1 sec.
Prax Maximum shaft power 5474 Mﬁ;;r
Puin Minimum shaft power 0 M?g;r
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Fig. 3.9 Control block diagram of Woodward governor 2301
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t}) Mvar control =

e %27]9 Droop RE &4

e Fixed field excitation &% 11&
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Fig. 3.10 Information of generator
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Fig. 3.11 Rating of generator
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A= A7t Bormg AxALY] AR AlFEA =t 'Typical Data' A
g, glgstes o,
Pratecion | PSS | Harmonic | Reliability | Fuel Cost | FRemarks | Comment
Info | Rating | Capability Imp/Model | Grounding | Inertia | Exciter | Gowvernor
| 11ky  B200KW  Swing
—Impedance o ohm —ad” Tolerance —
zd" | Xd/Ra [ 19 Fa [ 1 Ra [ 0209423 g I
%z [ 18 xzRe [ 9 2 Rz [ 0415886 ~Inertia
o[ 7 Xm0 7 RO [ 1 RO [ 0203423 H [0
~Dynamic Model o 5 e
& Subtransient ®d [ 155 %o [ 155 Tdo' [ 6.5 Sbreak[ 0.5
¢ Transient du [ 166 dgqu [ 1665 Tda'[0.0% s100[ 107
©* Equivalent Xd' [ 28 sq [ 6 | Too'[ 1.5 s1z0[ 1.18
TUDicalData| AR E ¥g°[ 19 Tgo[0.0% Damping[ U
~ Type IEC BO909 5.C,
Gen, | Turbo =] Exciter Type | Turbine 130% =]
%
Bator |Round-Rotor | [~ Compound Exe, PG[7E
oo =2) e () o] conce
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Fig. 3.14 Impedance of generator
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Pratection | PSS
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Fig. 3.16 Governor of generator
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3.4.1 2984 W<l

a9 317 W7o FUhE =

Fig. 3.17 Equivalent circuit of transformer
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Fig. 3.18 Equivalent circuit that was converted the secondary side to the

primary side
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Fig. 3.19 Simplified equivalent circuit of transformer

3.4.2 3AA ®Wly

a9 3.209 3¥AM WHTIY 1, 23, 33 =AY wepHoR 3Hasa
A By By, By 23 abW ojy) 19 3213 gL 57 md



LS B
I ¢ B
. — 3 X,
\ [ f~ YiC A & P
-y N " F
/J L
: ) H, | y
o P 8 : X
H, .
- ;
X

2% 320 394 W] 3=

Fig. 3.20 Circuit of 3 winding transformer
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Fig. 3.21 Equivalent impedance circuit of 3 winding transformer
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_36_



3.4.3 ¥4V A4AR

Infa |Hatin_q | Tap | Grounding| Sizing | Protection | Harmaonic | Reliability | Remarks | Corment |
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hame | Temp,
Rise IEE/EE ﬂ
Qescrlptlonl MFR |

[T-5vC2

ﬂ @ M Cancell

19 3.22 W79 Information

Fig. 3.22 Information of transformer
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Fig. 3.23 Rating of 2 winding transformer
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Fig. 3.25 Transformer and induction motor

AQ7)h Fledgrle A71He2 frabste] 22F So] FAshe 7es 7
As FEAE7IE & 5 Ak fFEASA Fekd IAA 9t 2ol
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o
(133 4 9o a9 3.269= ATV =8y &4 AAE

W 3278 2714 2A5/8 RS Yeuad.

Developed power by the motor

. P;
Alir.gap power ‘
: . p
\EVJL cos8=3F,I, cosé : — “ ou
Input power to the motor(3 phasc) :
P :
in Tl
. = D N o |
N K /Il( juu /.r;
Rotational loss = mechanical
P (friction)+Core loss
N RCL
= Rotor copper losses
jx‘c'!

Stator copper losses

09 326 FEAEY 2 £

Fig. 3.26 Output and losses of induction motor
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9 327 FEdET ZAMS UM R

Fig. 3.27 Approximated equivalent circuit of induction motor

FEAEI)Y U, 29 W 0] B AL ge 2
o B
P, = (3) Vy I cost, Pye =315 ?_Pm_PSCL

P, :PAG_PRCL:3PAG(1_S)7 P.,=P—P

P, —P,

rot

out

w’m

d_w/_ w, (1—25) w

S

Pac @ Air gap power

Fy : Developed power by the motor
P+ Rotational Loss = Puecn + Prore
Precy - Mechanical(friction) loss

Prore - Core loss

Pscr ¢ Stator copper losses

P, . Input power to the motor(3 phase)
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7xFLC
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Torque (% of Motor Full-Load Torque)
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19 328 FEAETY EA-&5 EX

90%
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Fig. 3.28 Torque-speed characteristic of induction motor
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Fig. 3.29 Operation modes of induction motor
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(Demand factor)E 77t 100%, 50%, 0% = 7]& AAEo] 9Qom WA 715
Sa=s

Protection | Cablesvd | Cable &mp | Reliabity | Remarks | Comment |
Infa | Marmeplate | Model | Inetia | Load | StatDev | StartCat
| 1 3200kW 0.63KY Cable Info not available
rInifo
o m (Ll) & In Service
) ¢ Out of Service
B Z -
Bus |HVTHH 4 x| D63KY ~ Configuration
T — | DRILL+DP 75
Tag# | Status |C0ntinunus ~|
Narne | ~Connection
(* 3 Phase
Description I = 1 Phase
Quantity| 1
£pp, Type IMotor -]
Data Type IEstimated ,l ~Demand Factor
Continuous  Intermittent Spare
Printity |Critica| ~| [To0 [E0 [T =%
[T XD @@ o cel

2% 330 =25 7] Information

Fig. 3.30 Information of induction motor

a9 3.319] YeEld ‘Nameplate’ | dlE ds71e] AAEF, 9, 4
5 9 88, I, £% Service factor)S et} A XA AB7)F 9= A
o= ZolHy oM AlFels RdS o8 & vk 183 ‘Loading’ &
HoM = Fote] £ RS HAAste] 9o Fotas A8 + A
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Protection | Cable/vd | Cable &mp | Reliability | Remarks | Comment |

Infa Mameplata I Maodel | Ineia | Load | StartDev | Start Cat
| 1 3200 kW 069Ky Cable Info not available
~Ratings

100 % 5% B0 % Rated
[0 kv [069  %pF 100 [ 100 [0 %Slp[ 00  Poles| 4

kA | [3382 FLA 293 %Eff5033 [9433 [9433 APM[ 1783  APM[Tam

Library, .. | [ Mone SF[ 1

~Loading
Motor Load Feeder Loss
Loading Category |3% Loading kA kwar ki kvar |
1 |TRS+DFED a0 1656 0 0 i -
2 |DRILL+DPE0 i) 16596 0 0 i] |
3 |DRILL+DPTR a0 2714 0 i i]
4 |BKRMG+DP 75 a0 2714 0 0 i]
5 |WELL_CIRC a0 2714 I 0 i]
6 |[DEAD_SHIP i 0 0 0 i]
7 |Emergency 1] 1] 0 1] 1]
5 |Shutdown i 0 0 0 i]
g Jéccident 1] i I i ] -

Operating Load: IT W+ IT e
IT"”%'M‘1 j@ @ 0] || Cancell

a3 331 S EAE79 Hy

Fig. 3.31 Nameplate of induction motor

3.6 Lumped load

Lumped loadE d&%-315 Tl Ao 2 MCCH3 53 o] ths=9] 770
Fepel o] AEgew st
H-3HConstant kVA)9F Ay &2 F3HConstant Z2)=

MES 2 PSSR E tee 4he waE Aol s,
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Info

Mamenplate | Shon-Circuit| Dyn Model | Reliability | Remarks | Camment |

| 3300 kWA 069 kY ( 80% Mator  20% Static )

~Model Type Fated K
Convertiona [ 0E Calculatar,,, |
—Ratings Load Type
Constant kW&
kv ki kvar % PF Amp L [A0 % 100
[[3m [ 26 [ 1@ [ & | [ 2 : S JI :
100 [0 % i}
Constant Z
Mator Load Static Load
nading Categor|s Loading ey kvar e kvar |
1 | TRS+DPED [} 1346 834, 4 3366 2086 -
2 |DRILL+DP50 5 1683 1043 4208 260,18
3 |DRILL+DPT5 5 1683 1043 4208 260,18 o
4 |BKRMG+DP 75 5 1683 1043 4208 2608
b [WELL_CIRC 5 1459 a04 3646 226
f [DEAD_SHIP 3 f7 32 41,72 16,33 10,43
7 |Ermergency 0 0 i} 0 1] -
Operating[ 0 | 0 | 0 | 0 KW+ kvar

=] [SvCLOAD-2 =2 (2]

[1]4 | Cancell

219 332 ABae] 44
Fig. 3.32 Rating of lumped load
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sfofof shiz Zloluz Trd side] WeF otk WHALY WHS
96.8%°14 Hd 100% olstz= HAAH o2 °of 2~3%=A 3-&HS elA

a9l

42 24 Red BAol Ay

Table 4.2 Bus voltage in 4 operating modes

A A A(%)
24 FE& Ay i
(V) . AFE BE F RE o
1 2

HV1 11,000 100 100 100 100
HV?2 11,000 100 100 100 100
HV3 11,000 100 100 100 100
HV4 11,000 100 100 100 100
LVSVC1 690 971.7 97.1 s 96.8
LVSVC2 690 97.7 97.1 97.1 97.1
LVSVC3 690 98.8 97.9 97.9 97.8
LVSVC4 690 98.4 975 97.5 975
LVDRI1 690 100 100 100 100
LVDR2 690 100 100 100 100
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4.2.2 7] A&

¥ 43 4 Red wWely] o8

Table 4.3 Transformer loading in 4 operating modes

=N ()
TE (KVA) % me AF RE | AF RE I
1 2
T-SVC1 3,300 60.9 76.4 76.4 81.6
T-SVC2 3,300 60.9 76.4 76.4 76.4
T-SVC3 3,300 30.2 55.7 55.7 57.8
T-SVC4 3,300 40.4 66.0 66.0 66.0
T-DR1 6,000 0.0 46.6 46.6 39.3
T-DR2 6,000 0.0 445 445 31.0
T-THR1"8 3,800 49.7 497 81.1 81.1
3 439 ¢ R=d Z; dsthrle] 8% fAES UERASIT Auj=e)
| W7l T-SVCl~4+ 2 REolA ARl &%°] 81.6%=A Hu Hat=
Holi glow o]F HEox 30.2%%4 HA HolE Hola glr) g AF
Bakg Wgty] T-DR1~2% @ ZxoA 31%2A4 HA2E Yehfa o)&

Mulafekg Ryl AW FekAl Zh2E o8] 24%, 43%, 33%, 28%=

A FH A 1] AHAaRskE ARHd ¢ s et AlFFehg WMYTl=



AFS AAE 1] MR A sbsstelef SuE WY ok
50%5 WA &A T 5 AT
4.2.3 A R=H¥ AYEZF
7hH olF R=
(B
PSR 101 (o5 | Load plov sRvIce Lomp-2 Ly o
O=E= 50 40
Gernf “—————— GenT % GenB
(%) 5200 k00 (%) 5200 km 5200 Ki® 5200 ki
2033 3371 3371 3371 3371 2033
47733 1988 v19B8 ﬂ% 1988 1988 41733
lviges |
1306 0
531 931
+1132 J133
7 7
696 fFRYICE LOAD-4 G946
I|; DRILLING LOAD-A/B Lo Lo
Y 41 0% BE AYZF 24D
Fig. 4.1 Load flow analysis result in transit mode
ol BEAAE & F9 WAV E F 6HEA E 2.1 YERE A 2
AA wehs Al 19,790kVACIR WSR2 34,668kVACIH  HahE

o]

o]
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Genl Gen2 Gen3 Gend
5200 kw 5200 kw 5200 kw 5200 kw
4540 Open 4640 Open

2 100% 400% +11392

A " QU 7 ' 7
EEBVICE LORD-1 L696 Load Flow E?BVICE LOAD-2 B96
70 MEZS1 30
Gen8

Tricze  Tyilzez 411392 ﬂB?
L¥zq5ael¥zaa]
' 1423
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5200 kY s200 k@ 5200 Kif 5200 kW
1179 4640 4640 4640 4640 1179
31392 1392 Tﬂ'EZB
1 ! - 1 i 13 J 2
()

09 42 AF 2E 1 Ad9x2F 2449

Fig. 4.2 Load flow analysis result in drilling mode 1

AF BE 1o A+= Au|2R3t 31%, AlFHs 19%, FA53 49%=2 T4
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shas YEhaL vk & 58] Ad e 2 EEolth Al M
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Ao 3B £5%o o]t
o AF B=E 2
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O8] 43 AF RE 2 AExF BAAT

fLs

Fig. 4.3 Load flow analysis result in drilling mode 2
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U A7) &A1 ofEe] 23%EA A, AlFHeHE W= 54~56%=
A i3] A/B F3E FARA AREete] 4T 4 e Aoew dukdr,
A28l 2] HAodsleE oF 2.9%2A4 Hale] Zulef tlEo] WA ko)

F7h2 Astel 89 olE fsha vk

Gen2 Gen3 Gend
5200 kw 5200 kw 5200 kw
4520 4520 4520
11265 100% 100% +i1269 +11269
L4744 1 ¥3034
j i 541
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+1215

F
$§§VICE LOARD-1 714
J 50

Load Flow
EIR T

$ERVICE LORD-2 714
] 3

Gen7 0% Gend
5200 ki 5200 kW

7
SERVICE LORD-3 714
- [ " DRILLING LOAD-A/B Ko ko

a9 44 29 RE AExR 24249

Fig. 4.4 Load flow analysis result in reaming mode
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Fig. 5.1 Load elimination of 2 thrusters

Aol F=x1-ske] gepale] 2AZ AF - WIS Yerdiiy. ¢
A5 FReke] gtz A Feke] 60~70%



EAE7IRA g et AA] of 80%% &4 Foldth

D mRARNR 247 Qe AS

Bus Voltage

960f Bus Nominal ¥V

2% 52 %8 20 webae] NV BAML(GIREZA o)
Fig. 5.2 HV feeder voltage when 2 thrusters were ehrmnated(open loop

/ control)
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Bus Frequency
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Fig. 5.3 HV feeder freq
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a% 54 FxEe 2 Al BHT| S =) F 2 A o)
Fig. 5.4 Generator speed when 2 thrusters were eliminated

(open-loop control)

a9 55 FRF3) 20 g2ghA] B A F,
time=0~10secs(7] FZ A o)

Fig. 5.5 Generator terminal current at time=0~10secs when 2

thrusters were eliminated(open-loop control)

_62_

G /Collection



Generator Terminal Current
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a9 57 F3R8 20 @Al HV A (E2457])
Fig. 5.7 HV feeder voltage when 2 thrusters were eliminated

with governor

29 58 #A%E 20 YA HV RAHFAR(RE7)

Fig. 5.8 HV feeder frequency when 2 thrusters were eliminated

with governor
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Generator Speed

a9 59 FHF8 20 2EA] BV HR(257])
Fig. 59 Generator speed when 2 thrusters were eliminated with

governor

Wy,

7 510 FA%e 20 B BAAR(EET])

Fig. 5.10 Generator terminal current when 2 thrusters were

eliminated with governor
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¥ 511 FHEE 20 g=¥A HV R (EE5724)
Fig. 5.11 HV feeder voltage when 2 thrusters were eliminated

with adjusted governor
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Time (Sec.)

¥ 512 FANs 20 g@eA] HV RAF a7 (2457]124)
Fig. 5.12 HV feeder frequency when 2 thrusters were

eliminated with adjusted governor
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Bus Voltage

— — m —- w3 —--

a9 513 FxFst 2t ©EA] HV B - (] F 2 A4 o)
Fig. 5.13 HV feeder voltage when 2 thrusters were eliminated

(closed-loop control)

L “‘@\HM[@

115,

0 1 2 6} 4 5

a9 514 FA%e 20 GeHAl HY BAF 547 ZA o)
Fig. 5.14 HV feeder frequency when 2 thrusters were eliminated

(closed-loop control)
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5.1.2 ¥A7] 199 &

+d BEolA 7S dEAlEe BV = & 8dolw AAL 5,200kW, ¥
S

E 0.9o|tk. Huf Fst A8 BHT]e] oY ¥ oF 4,649%kWolmw A
A Hat g2 oiu) oF 13%0] st

a9 515 ~ 19 5182 MFZAAN(ZA WA A7 257 gle)Al
o] Wb 7] 1te] eete] g Axoltt. 1¥ 5.159 unYRAY HAYge FA
Astel oF 80%<] MtAslrt yEbstth 19 5,169 agtEAe] Fug Su
ok

o}

AT 46%° ol=al Slvh. ad 5,179 BT £ A

rlo

420rpmo. 2 Holx|al lom AE] AL Ho] E7hgk Asto|t),

Bus Voltage

a9 515 7] 19 €A HV 2 A G ONFZA o)
Fig. 515 HV feeder voltage when 1 generator was

eliminated(open-loop control)
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¥ 516 BT 19 g=A] HV A F 350 F 24 9)
Fig. 5.16 HV feeder frequency when 1 generator was

eliminated(open—loop control)

Generator Speed

- \\HMM

Time (Sec.)

a7 517 HHE7] 1 gEA] B 7S RO F 2 A o)
Fig. 5.17 Generator speed when 1 generator was eliminated

(open-loop control)
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a9 518 7] 1t @A WA HFORFEZA o)
Fig. 5.18 Generator terminal current when 1 generator was
eliminated(open—loop control)

\ /

1}) ACSB kA 273} —#71 ;JL 4%

gy 519 ~ 19 5.22% Woodward 2301 7]9} IEEE type AC8B
A28 A8E A1) S8 AR AFmAAA d el 248 2
s Uehin ek R Ael Ak ohel FHet AW AANE
§A8 Qlom Fast oF 97974 WolHer) 032 vl B¥al glt,
AN &% WEES AA o 870rpmole AF GA W] 1Sl et

% A wge] o] FolWe & & k.
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Time (Sec.)

2% 519 7] 1d ¥ A HV A G (3 F 224 o)
Fig. 519 HV feeder voltage when 1 generator was eliminated

(closed-loop control)

Bus Frequency

\WHMH£

o 05 10 15 20
Time (Sec.)

S 520 @) 1) A HV AT 5 (9 F A o)
Fig. 520 HV feeder frequency when 1 generator was

eliminated(closed-loop control)
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g 521 w7 14 EEhA] BV & E(H F 2 A o)
Fig. 5.21 Generator speed when 1 generator was eliminated

(closed-loop control)

S\

% 522 A7) 1 gErA] el 7l 7 (8 F 2 A o)
Fig. 5.22 Generator terminal current when 1 generator was

eliminated(closed-loop control)
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29 523 WAy 10 SetA] HY RARGH(ES 7] 27)
Fig. 5.23 HV feeder voltage when ,1ig/'ene1‘ator“y was eliminated

with adjusted governor
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Fig. 5.24 HV feeder frequency when 1 generator was

eliminated with adjusted governor
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Fig. 5.26 Generator terminal current when 1 generator was

eliminated with adjusted governor
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Fig. 528 HV feeder frequency when 2 generators were

eliminated(closed-loop control)
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Fig. 5.29 Generator speed when 2 generators were eliminated

(closed-loop control)
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Fig. 5.30 Generator terminal current when 2 generators

were eliminated(closed-loop control)
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Fig. 5.31 Generator electrical power when 2 generators

were eliminated(closed-loop control)
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Fig. 5.34 Generator speed when 3 phase fault occur at HV
feeder (closed-loop control)
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Fig. 5.35 Generator terminal current when 3 phase fault

occur at HV feeder (closed-loop control)
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Fig. 5.37 HV feeder frequency when 3 phase fault occur at
HV feeder with adjusted governor
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Fig. 5.38 Generator speed when 3 phase fault occur at HV

feeder with adjusted governor
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Table 5.1 Calculation result of 3 phase fault current

Interrupting duty
Momentary duty
(Symm. kA rms)
LR T
Asymm. Asymm.
1/2 Cycle | 1.5 to 4 Cycle
KA rms kA Peak
HV1~4 14.822 13.656 22.806 38.294
LVSVC 1~4 48.085 N/A 70.024 118.906
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Table 5.2 Short circuit current of low voltage service feeder

Contribution 1/2 Cycle
From Bus To Bus %V kA Symm.
LVSVC-1 Total 0.0 48.085
HV1 LVSVC-1 80.88 41.989
SVCLOAD-1 LVSVC-1 100.0 6.364
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Table 5.2 Calculation result of line-to-ground fault current

A A
Grounding
2N TR (Symm. kA rms)
Ia 3 Io Type Connection

Gen 1, 2 0.871 0.047 Resistor Wye

Gen 3, 4 2.878 6.028 Solid Wye
Xfmr -

Gen 5, 6 0.87 0.028 ) Wye
resistor

Gen 7, 8 0.869 0.0 N/A Delta

o 24 A"

r

24 AgGAFe ANAIE ¥ 53 7 2o Wb -ARRALA ] T4
of B2t AR 14 A% del AFHAe) me LFAFE o 4
A AGAF Asste] ol Holme HAGAe] MAo] Aln

ol e e AnE ede o 5 o

#5424 AdF ALA

Table 5.3 Calculation result of line-to—line-to—ground fault current

24 A
Grounding
B o (Symm. kA rms)
Io Ib Ic Type Connection

Gen 1, 2 0.013 1.429 1.408 Resistor Wye

Gen 3, 4 1.634 2.325 2.258 Solid Wye
Xfmr -

Gen 5, 6 0.008 1.424 1.413 ] Wye
resistor

Gen 7, 8 0.0 1.416 1.420 N/A Delta
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