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A Study on Load Reaction Characteristics of
Diesel Generator for Drilling Unit

™

Seol, Dong Ik

Department of Offshore Plant Management
Graduate School of Maritime Industrial Study,
Korea Maritime and Ocean University

Abstract

Since 2000, the drilling industry has growed up globally for more than a
decade and many drilling units have been produced. However compared to
the relatively fast-growing drilling industry, the development of related
technologies and regulations were slow to respond. Especially most drilling
unit manufacturers in Korea had specialized in shipbuilding. So, drilling units
have been manufactured based on existing shipbuilding technology. In this
study, the power characteristics of the drilling unit which is different from
commercial ship, Load response characteristics and problems of diesel
generators for drilling units were identified. Then, the solutions for the
problems were found and the effectiveness of each solution was identified
through test. Lastly the remaining issue and improvement directions were
presented and explained.

KEY WORDS: Drilling; Power characteristics; Load response; Diesel generator
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Fig. 2.8 Jacking system
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2.2 NFA9 £A R =(Operation mode)

A

A

FdHl= o5 Table 2.1, 2.2, 233 22 4 2HoE Uiro] AEHY

o 542 BN & Ytk

Table 2.1 Operation mode-1

Mode Condition
- Ship Service and drilling auxiliary transformers are
Dual Derrick in service
Operation during | - All thrusters are running(34%)
maximum - Drilling loads are in service(51%)
environmental - Emergency switchboard is fed from 690 V ship
condition service switchboard-Bus

6 Generator engines are running(88%)

Tripping during
maximum
environmental

condition

Ship Service and drilling auxiliary transformers are
in service

All thrusters are running(34%)

Drilling loads are in service(39%)

Emergency switchboard is fed from 690 V ship
service switchboard-Bus

6 Generator engines are running(82%)

Back reaming
during maximum
environmental

condition

Ship Service and drilling auxiliary transformers are
in service

All thrusters are running(34%)

Drilling loads are in service(25%)

Emergency switchboard is fed from 690 V ship
service switchboard-Bus

5 Generator engines are running(in each 88%)
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Table 2.2 Operation mode-2

Well circulation
after DP max
single failure
during maximum
environmental

condition?

- Ship Service and drilling auxiliary transformers are
in service

- 4 Thrusters are running(in each 51%)

- 2 Drilling transformer are running(in each 14%)

- Emergency switchboard is fed from 690 V ship
service switchboard-Bus

- 4 Generator engines are running(in each 80%)

Standby in storm

- Ship Service and drilling auxiliary transformers are
in service

- All thrusters are running(34%)

- Drilling loads are not in service(0%)

- Emergency switchboard is fed from 690 V ship
service switchboard-Bus

- 4 Generator engines are running(in each 73%)

Standby in storm
with DP Max

single failure

- Ship Service and drilling auxiliary transformers are
in service

- 4 thrusters are running(in each 51%)

- Drilling drives are not in service

- Emergency switchboard is fed from 690 V ship
service switchboard-Bus

- 4 Generator engines are running(in each 65%)
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Table 2.3 Operation mode-3

Transit

- Ship Service and drilling auxiliary transformers are
in service

- All thrusters are in service(69%)

- Drilling drives are not in service(0%)

- Emergency switchboard is fed from 690 V ship
service switchboard-Bus

- 6 Generator engines are running(in each 78%)

Essential Services
as defined by
Classification

- All thruster loads are not in service

- Drilling drives are not in service.

- Emergency switchboard is fed from emergency
generator

- Emergency generator in service(86%)

- Essential Service loads from Ship service and

drilling switchboards is fed

_']D_
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2.3 AlFAnR 9 AN=H" &4

2.3.1 A A-&A(Inclination operating)®®

(D 5 bA L7 e} 45 Bz 7]7]

Wb sk Anl A RE RRo 15°

A, A Ao s 225°, AAet g o = 10°

o AR5 @ e B7ksta e
[e=]
-

o vl g AL Testel AU

Effective Analysis)2}

Kl
e
iy

2.3.2.1 DP-FMEA(Dynamic Positioning-Failure Mode Effective Analysis)

(1) DYNPOS-AUTR : t+& A}dto] ZEES5Ae|(Failure mode)o| A= x| A
o7} 7hsal ok g

_']1_
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Table 2.4 DP(Dynamic Positioning) notation and system"”

IMO 1 2 3
DNV AUT AUTR AUTRO
LR DP(AM) DP(AA) DP(AAA)
ABS DPS-1 DPS-2 DPS-3
Generator & Non Redundant separate
. Redundant
Engine -redundant compartment(A60)
. , 2 with NO bus-ties
Power Main 2 with ,
. 1 , In separate
system switchboard bus tie
compartment
Power
No Yes Yes
management
Arrangement Non Redundant separate
Thrusters Redundant
of thrusters -redundant compartment(A60)
No. of DP ] 5 2+1 in alternative
computers control station
Manual Yes with auto
R Yes Yes .
control(joystick) heading
Control Independent
control lever
Yes Yes Yes
for each
thruster
Position 3, including 1 in
reference 2 3 separate
Sensors system2 compartment
Wind 1 2 2
MRU 1 2 3
Gyro 1 2 3
2+1 in separate
UPS 1 2
compartment
- T2 FAAM|(Active component)tt Al 2~El
- A2 A7) (Static component)
- ’]2 -
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(3) DYNPOS-AUTR, DYNPOS-AUTRO, DPS3
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(1) DYNPOS-AUTRO, DP3¢] 7%

F7l2 FAHE Azd"e A-60F WebEle) wl=Deckut E =3 =(Bulk
-head) 2 FRE o} Qlojok @t} 4w olste] T E FUTFEE HEH
ofof @}t Amf Ax®o Ag Zzte] Az 9Ad) FRE ok s 7}
A2 uith 17) ol Mxe] AMHlA BAE FAStof dTh Wz Al
Bl DPS-29] AS zt7te] thE Alxelw) shds TREojoF st Zh A4
mieh 17) olde] Wxel Ajul B=st PR lojof

AGA YA 28 o AF B4t AY Axde] gho] FFL FA gopol

st ok Ay AAWE AST 5 dojor @tk @ U WY &
o

FESAHE FRey dAsiE s Bol-2(black out)S TAAZ|H <t =
v ZAFog 7t 2alE2 AFload limit) == TAs|oF Frh. Hoto] A9 ®
Aoz Baoly(partial black out)e] LA stEiet= A %E_H,O}T(total black

out)e WrAElA] == sjof sk}
(1) DP Class 1
OA wA7)e] = %o nE Ef AH 100% Hlolao g FA R ook s}
(2) DP Class 2

27 olde] MEAxHlog FAEojoF st 1719 MY AJxHElo] ZEE
FHY A A OE bus tieE EElste] U o] AYA~HE ALEE
lojof 3t

(3) DP Class 3

Y o

+

27} ool AYAsYS FANF S 1] MY Axwo] BB
U A4E Ot 7 de A2Ee A-60TH o Es TR U
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(4) DP Class 2, 3 ZEA}3}

HIGAIE didlste] A8 Alo] A|="lo|A bus tieE A-&2Z Open - Close
& g Jdojof otk A ALl wet Aser U gAd BHAIE VE -
AA 9 ByolAY On - Off 7hsslioF gttt Mool whet & Anl

A
&< F7F 21719 71s7HA AAAZ 5 dojok g

N

24 AZAH & U4 A N2 HAY

U4 $dE oy Az Bgmes AAH gon 2 Axsg A

A e ARES folslob Bk,

24.1 945+ A 2= (Fuel oil system)

A|FAnH] g gA W) dE F2 A8k g A f(marine diesel oiDE F 9=
(main fueDZ Alg3lH FEF(ownene L7l wat F2-f(heavy fuel oiDE
AHE Bt AR Atk @Y AR WAL JHEsHAINE AV R ALS
& A9 d8H «£3AE(uel return line)o] HEA To AlxE] £=Ho] I
a3ttt Asf vl FHfuel line)oll A Z17dHl(engine maintenance)E 93+ A=+
715 A4 4+ = A (compressed air connection)E Tt AHl Y
Al EHA(lushings & & JEE FAST. Al - JAd ®AService &
Settling tank)x= Zt2F H 4 8AIZFole] AR EHS HAd T+ Je &Fo=E T
Aaghl quxs ®F9 SEE AAXNA T4 =#Adraind FY
(suction)ol] E&Z o= FAST. MYl B39 X= EPolxS fjn| sl

N

AP IAZ E(crankshaft) Bt} 15mo]/de] Eolo FA% T 88 "JAR/RE F

d52 A8 Al A 7|(separator) W2l -§-F HE(coalescer filten)= A 7H&

ity AE+ &% x(circulation pump)e] &HL AXe HA A5 AR

(engine fuel consumption)®] 5uf o] HEE FA4Hste F&3 98 I3 &
]

dol 9% A= st WA ordt. A Ao Asf +@Eclel Fg.
299 o] Wzt71E T U] A5 ATl 4 ool dxE FA43)
= A2 Fg
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Fig. 2.9 Fuel oil system®

System components Pipe connections

1E04 Cooler (MDF) 101 Fuel inlet

1F05 Fine filter (MDF) 102 Fuel outlet

1F07 Suction strainer (MDF) 103 Leak fuel drain, clean fuel
1103 Flow meter (MDF) 104 Leak fuel drain, dirty fuel
1P08 Stand-by pump (MDF) 106 Fuel to external filter
1T04 Leak fuel tank (clean fuel) 107 Fuel from external filter

1T06 Day tank (MDF)
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1T07 Leak fuel tank (dirty fuel)
1T13 Return fuel tank
1V10 Quick closing valve (fuel oil tank)

2.4.2 &&# A 2= (Lubricating oil system)

Fig. 2109 2ol 7 vt S99 436 FPA20e ASHoz o4
Se AL JEoz au, Ao 380 SYS0TOde] ARE AgsE nzAR
o 79 FAA 2 2009 AN AFS] FHD 5 don] 4rf ool A
We] A9 Ha 27) olae] g8a Axdlow Tl Gk

Fig. 2.10 Lubricating oil system™

System components:
2E02 Heater (separator unit) 2502 Condensate trap
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2F03 Suction filter (separator unit) 2T03 New oil tank

2NO1 Separator unit 2T04 Renovating oil tank
2P03 Separator pump (separator unit) 2T05 Renovated oil tank
2501 Separator 2T06 Sludge tank

Pipe connections:

213 Lubricating oil from separator and filling

214 Lubricating oil to separator and drain

215 Lubricating oil filling

216 Lubricating oil drain

701 Crankcase air vent

2.43 ¢=F7] AN 2=(Compressed air system)

Fig. 2.117} Zo] HA 2 o]e §Ud &2 $F=7](compresson)et =
&7] ®=(compressed air reservoir)7} FAEHojof o} d=F 7] wiHES AHA
A Fxz2 FA4sta 7P ot F&ol Fsolu A& = A(drain) &A1 7F
dEojof gt A& ShF F71Y AF Aol FE A AF AAE T3

ofgity,

&

6

Fig. 2.11 Compressed air system™
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System components: Pipe connections:

3F02 Air filter (starting air inlet) 301 Starting air inlet

3N02 Starting air compressor unit 311 Control air to wastegate valve
3NO6 Air dryer unit

3P01 Compressor (starting air compressor unit)

3501 Separator (starting air compressor unit)

3T01 Starting air vessel

2.4.4 Y7+ A 2= (Cooling water system)

Wzteel 7 EA LTFAGS A7 WA weh golsht Table 313 2
L FAEL ot F/72 WGFE FAHSAN IAEA2](reverse 0smosis)
o2 AiE Yaes AL87bs 8 B0 a7 =& 54

£ 2 <(rainwater)e] A8 FSit) Ao XA w AW WA &

o
s
B>
S
jg

=2 Z@lycoDe Hoh ¥4 50%7+A X—i% 7Fedty A8 A 28FE 199
0.23%2] <M AA Zgo] FAHTh A W2ty Ajxglo] ALgEE vl
WiE7E ol =58 AFY AHES 30 ofde W AEH WEeld &
HA|(sludge)E Y T U3, =2 2504 HET F2]Ao] ol qlxle
ZF RRS HAANTE ZALS 7] wioltl =X H(Artic-mode, Ice-class) 2
AETHollA LFEH= Aule I3 dAsT7F A 2 7 A=F: T8k
gt AR Y 9 A FUE ARHE WASE R3S S d4T Ui
o] F7l@nNE Wi&Estr] Y% &7 wiEEkd(venting line)S F+As|oF dkar wj
= @& F71ZAair pocket)o] A7 1 %Ei AR o w WA A9
FHolstz FAsC gt B A= F WATFY 10% oo &Foe= T

o fﬂ]%ﬂ(pre—heater)t— 5 kWicyl o9l 4sCtd)E 7ML om HdA
2 kWicyl o)do= ord, §2 A 5 glojof ot s F4dn
Wzhe 2ele Fig. 21291 o] ©E RHz7|7|9} FFo=E A
€ HA dd7)| e BER FAE ok 3Tk
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Table 2.5 Water Quality

Composition Range
pH min. 6.5 ~ 8.5
Hardness max. 10° dH
Chlorides max. 80 mg/L
Sulphates max. 150 mg/L

|t (T |

Fig. 2.12 Cooling water system®
System components:

4E05 Heater (preheating unit) 4P05 Stand-by pump (LT)
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4E08 Central cooler
4E10 Cooler (reduction gear)

4P09 Transfer pump

4P11 Circulating pump (sea water)
4501 Air venting

4T04 Drain tank

4T05 Expansion tank

4F01 Suction strainer (sea water)
4ANO1 Preheating unit

4AN02 Evaporator unit

4P03 Stand-by pump (HT)

4V02 Temperature control valve (heat recovery)
4P04 Circulating pump (preheater)

4V08 Temperature control valve (central cooler)

Pipe connections:

401 HT-water inlet
402 HT-water

404 HT-water air vent

416 HT-water airvent from air cooler
451 LT-water inlet
452 LT-water outlet

406 Water from preheater to HT-circuit

457 LT-water from stand-by pump

2.45 A44%F7] A 2= (Combustion air system)

SECERES

o) 3t

flo

(Backup pressure)
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I
l:k 1. Combustion air duct connected
@ & @ to turbocharger with a flexible bellow
N 2. Louver*
[ | 3. Water trap
4, Combustion air duct
5. Engine room ventilation fan
@ @ 6. Fire damper

7. Outlets with direction flaps

e B g cver T ol Men{ s it
®

i/

* Always to be equipped with a filter when
an air duct is connected to the turbocharger,

AL

| m\@/m N

Fig. 2.13 Combustion air system'®

Fig. 2.14 Charge air shut-off valve

2.4.6 ¥]717} 2 Al 2"|(Exhaust gas system)

Fig. 2159 2ol 2 A7l wj7) % WS Ar) 3.0 kPag WA RES T4
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sjokata A3+ ASOLAS : Safety of Life at Sea)it Aol wat 2l

o] S WA Yol 220C o) o AdAYZ #Hgsjof ) )

717k 223e] A A|(support) = AZ12] HAZ - Z(bellows) T A EJE= BE

Wako g AistA 1A= F UAEF TSt o]F 9 AAd = wirj#e] 49

F, Ao Aye vty dADJES} 2 A% FR2 FAIG v

o] e -v A(Helicopter-Deck)$} <3 stAl A& 75 &e]FH(helicopter)
3

G FA YEE Ao} B

3

Diesel engine

Exhaust gas bellows

Connection for measurement of back pressure
Transition piece

Drain with water trap, continuously open

Bilge

SCR

Urea injection unit (SCR)

0o~ O RN -

CSS silencer element

Fig. 2.15 Exhaust gas system™

2.4.7 3}-&d) o] A(Foundation)

AR uLuolel FAL AF ZI(chock) 729 AAAEY HAYA
E n}E(resilient mount, Fig. 2.10) 7% % FEIHH 23T Z+= A 28x3
(steel chock, Fig. 2.17)7+=%¢%} @ % Z=(resin choke, Fig. 2.18)7+%2 EFH o}
ARo] FEHA7IE Aul(d: TH7], Z2dg))e] gLHo)Hde dx uLdol

A ol DR AFd ZHE A FHolok ot #HAYAE nLES B¢
500 rpm ~ 750 rpme} QAo F=2 A3ty AFEAZ Qlste] Aol A7hE

715 Foh(o:18VAR e 750 rpm, 7L32 1), HAYAE nfLEE <z 2
Fol AARZ olFste A A wWolH e ZHH(frettinge e &7 9
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o HAYJE mE A& Ao X dAdEH= a8
A2 FAH o 3}

2
ih)
1
i
2
ox
2

‘C

|

k\“*”

T ]

5 \i*

|

|

[

i

|

A & 1
= H £ |
|

|

~ 1

e I

Steel chock ‘é

5 Il é/
vzﬁ §| Ml ; {'_&_ e
i

- Counterbore #80 _Jﬁfl
% l\
! T TN

| =3

A

L
AN

120

/A

v [ B

Fig. 2.17 Chock mount(Stee)®®’ Fig. 2.18 Chock mount(Resin)

2.4.8 A5 A|o] Al 2El(Automation control system)

oA 7o) AojAx" T4 ZF AR AZAbwig kb 2pol= A RE
Fig. 2.199} Zo] FA3t Aot FAYSZ 240V ACE AMg3ta nmgAde

-

Z A 24V DCE &5 T I=F FA&loF sttt A% ZHF] AAE T3
Z = s

449 dHolHe dX Aol FHIE o AX Aofol] AREHAY Ak

T
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S A o) A ~8(AS:  Integrated Automation System), HAFHA A xEOZ
Modbus, [/OA 0] ES E3) AGHT) dR &% Ao wale d

oA AH £ 2 A= - Aojsla 2&7]|E YFdolg] Javt 3
7l A gEog AHY A7 &5

T/ ol At

il
B
AN
ol
i
£
L
i
2
o
v}
X
X
td
—n
2
2
ol
i

leower Supply Ethernet Modbus TCE Ships Alarm &
24VDC Communication Monitoring system
» DC Unit
DC
AC H i i
230VAC ardwired signals |

be | pmsmsercs |
External
.................. e e L e Engine mounted

Cabinets .
I } I 'I'erminaki‘ H
PMS = Power Management System
" MSB = Main SwitchBoard
Local:Control | PCS = Propulsion Control System

* | Panel

—

DUAL 24VDC T

safety sensors [ L] [ 1] n
[ L] &

: sensors sensors sensors
solenoid valves

Fig. 2.19 Engine automation system™
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A3F AFEWE 0d TA7e FHEH BI}

= L [¢]
Slom], APAFANNE FAHe ofRa EHzE} HeHo] Y
_g_ o

1
rom tA WAzl eHe g

S BT S8 =2Yst ol AGisenst AFTiolzel A MA £Eo
2HE FASAY AR A Bl Aot AFuelzE HX - e & wf A
Hogz we RahaEload fluctuation e BAAZT ol RehEEL U
BA77F AY 5 e Wre T W2y B Ud Basle HASEES
AEAA R QAP FurE SAANT o)k 71Ee] AFTANA a7
toOA g A F40 et

VFD(Variable Frequency Driver), =292 VFD
2 kA 7]%5(Safety function)S A4 =
Arle] S dAAH SR AdHload limitH) = ==

q, (e}

switch board port(Fig. 3.De] A$E=, <=3t35 o

£
2
1

engine full capacity)®] <F 45% 33}= S
o 123 Fig. 3.2¢9} Fig. 3.304 Hole 1#ze} o] Fa stite mE
g Ag(oad limih o= AL AH] A& F3FS FA Hroh

11 kV drilling switch board(port)

6,750 kW(D/G capacity) x 2(Engine) = 13,000 kW
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1,190 kW(drawworks Load) X 5 = 5,950 kW
5,950 / 13,000 = 45.77%

] S FROM 11 kv PORT
ncamsa

s
SR ——

ateainsT [~

—

I
|
3
E: -
| E
[
| 5
[
- TOF GRVE TOP DRIVE o
g 1A, (MAIN) 20 (LX) e
i 2ap 10 XN
sy 1000 KW 1000 K 558 KW
© -
78 ] “xaCi24omm2 78] 4race2iomez 203Ga240mmz & 3cwa!
B =1 T -smm'ﬂ LOC. MAER( 1= MAIN DK

CRILLING VFD LINE UP3

(DEWE3) BC BUS C 2012=R301

Z pn[:mm[ Svwac g9
~F301

Ups a3

PHASE BACK CIST,

2 x
z SCcMimma | A0t M:rw—z a?ﬁan—mz - C: ixﬁs—mz -
3Esbimmd | 3R IExEmed

:mc\r
3 PUMP ZA

312B2EM001A 31ZBREMDOTE 62A
820 KW

Power Limit
Load

Start St-by Generator Stop St-by Generator
Engine by PMS i Engine by PMS

Fig. 3.2 Activation of power limit function for drilling”’
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BLUE-GEN CAP PINK-TOTAL LOAD
[ T T T T T T T T T

T Generator Capacity
Total Load

S

Fig. 3.3 Available load and consumption load""
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32 LAEA H7}

321 AZEES Aol&E W7

-

-up sensonE %3}
AFS =43+ Fig. 349 22 2ot o9} 2 & &
121 Ao Ao w &5 I Ao F4 A 2&7]9 Ao Alzto] 4

%
o &= Aojel FFL A F Jntm AFHUG Wk A9 5 &=

==
o 2&7)9 AoEEs} Ao WeEEd WAL IFL AT A
: <l S t
Loading Sé)eqd - szcd %
- Vrrrrrrrr, nsin
Enging m 3 Deviceg

T

I

|

Error |

Feedback |

Signal !

A ‘L +

I

I

1

\ 7 A |

i

| Amplifier _ T

Fuel I (Not a k= -~
Valve ]  Necessar (When Amplifier
or Rack Control | Element Iis Used)
Signal e e — J

Fig. 3.4 Engine speed control

[Test Engine Specification]

Engine maker : Himsen
Model type : 14V 32/40
Rated power : 7,000 kW
RPM : 720

Governor : Heinzmann
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Control mode : isochronous

Gain : 70%

Jet air assist : activated, direction type
Step load : 2,310 kW(33%)

2471t WshE AH ) SEo) met 1o e YL AT olH
gstel ARFE P7)ALinkage)Z AV o]% e L)) Eo| oS
Gainye zAste] 247)9 WPEE 24T 5 Utk b 25719 AL
Ak AP PHe =

24o] AgFo yA 2ol w3 H

[Test engine specification]

Engine maker : Himsen

Model type : 14V 32/40

Rated power : 7,000 kW

RPM : 720

Governor : Heinzmann

Control mode : isochronous

Jet air assist : activated, direction type

Step load : 2,310 kW — 4,620 kW — 7,000 kW — 1,190 kW

2) AA R = 35Es ©AF Halstep loadZ Q71 wjol HF (s «Fog nF

AAG Wl 32 Fuhiel £10% WolukA Holok sk, 52 olel H4 Fsiol

‘zl‘
o= EF]sfof .

_31_

Collection @ kmou



33 AEA B A

331 ASFEES) Aol&E B 2R

H2E A3 Fig. 359 T#jxze} o] Ay Hal W5 AAHBlue line)d =%
7] 9ol 23 Axe] wg AHRed Line)o]l A9 L3 Aoz FAHAH.
uetA Aol S Hxof &7 AoLes A We&Ed A &S

A dee & 5 Adh

%] [14min] [1imin] [1Amin]
1000 T ) M

400

Isl

a 2 4 L] 10 12 i4 16 14 20
HEINZMANN
2031 SpeedSetp 2004
2042 GanSetDffset W00 ACHPES —

233 ActPosSetpont 2004 BoostFres:

Fig. 3.5 Engine speed variation vs Governor reaction speed
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5 70%9 o o} wE A vbgS gl stA| 9 Table 3.3, Fig. 3.14
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(1) Gain : 70%

Table 3.1 Engine governor test(gain 70%, isochronous mode)

Load step(%) 17 >33 | 33> 66 | 66 — 100 | 100 — 17

Power) Tnitial 17.1 32.7 63.5 93.4
Recovery 32.9 64.1 93.7 16.7
Initial 720.0 719.9 719.9 720.0

Speed(rpm) Min 703.0 683.6 690.8 769.3
Drop(Hz) 1.417 3.025 2.425 ~4.108

Initial 20.5 34.1 59.3 86

Act. Pos(%) Reacﬁon - 84.6 96.9 0.3
Reaction - 1.363 0.949 0.352

R

etci?r}’gry - 2.802 3.966 1.041
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1000

000

B0

600

£00

400

30

200

2] el [tmin]  [Vmin] [¥min} (e} [bar] sl
1000 ¥ wa 1 100.0 000 4 ™00
0.0 80 0.0 800 4
800 720 — 800 800 3
T00 w30 700 700 3
0.0 40 0.0 £00 2
5 el o 5
500 50 Rl B 2 b Il s ) Jrf;r LR i T i 800 5.00 2
400 260 r\\ 400 4 2
300 o 200 300 1
200 180 200 200 1
100 w0 1008 ]
T
0.0 1] 0.0 000 o
] 2 6 s ° 12 " 1 W o
l— 2031 SpeedSep 2000 Spead —1
2042 GenSesOfiset 2300 ActPos ——
2330 ActPosSeipomnt 2908 BoestPressure ——
7918 MeasredPower 2425 SwechSpeedine
2636 SwichSpasdDec 1247 JEASUSIACHYE )

2918 ServeCurrantSatpainl ——

Fig. 3.6 Engine governor test(gain 70%, 17% — 33%)

L 3248 JotAsiCurTlonssNT

Fig. 3.7 Engine

s ] [min]  [1imin] [Vaemin] (e} [} el
1000 710 500 100.0 1000 n w00
W00 810 900 0 4
800 bF. 800 2
TOO 630 T00 3
wo  fm 510 0.0 z
DY a8 .0 = ]
w00 360 400 a z
w0 {4 27 00 3 1 oy
PSR P .
200 80 ] 200 1
100 0 < 100 o !
o0 o e oo )
a 2 a s 8 1 12 14 ® " P
| l— 2031 SpeedSetp 2000 Speed —I
2047 GanSesOset 2300 ActPog ——1
2330 ActPasSetpont 2004 BocatPressum ———,
2018 MeasuredPower 7825 SwacnSpoedine
L 2026 SwtchSpoedDec 247 JASISIALt e

3916 ServoCumantSetpaint ——

governor test(gain 70%, 33% — 66%)
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[ear] (e rs1 [umin]  [1imin] (vmin] %] [ber] sl

1000 00 1 500 100.0 4
000 0.0 810 w0 2 4
800 2 wo 0 0.0 B 3
100 T 630 0.0 3
600 wo  f 540 0.0 6.0 H
s | 0o | o Pt i st oy (U BNREIE DYR :
400 ana ¢ 380 t 400 406 1 2
R T T
300 wo | 0 | ] 0o ae 1
o w0 180 200 1
100 YR | 00 00 . 0
000 00 Lo o 00 0.¢ ]
0 2 4 . H 0 12w e W m
| me SpeedSetp mw—]
2042 GenGesOiisel 2300 ActPes ———
2330 ActPasSetpart 2804 BroatPressure
2918 MoansodPower 2825 SwechSpeeding
2828 SwitchSpasaliec 3247 JetAsaisthctive ——
L 3248 JetAstCunoanti 3918 ServoCurmentSetpaint —

Fig. 3.8 Engine governor test(gain 70%, 66% — 100%)

[ ™ M (M) [iime] [vmi] %] ] )
1000 1000 g0 00 1000 0.00 4
000 800 ¢t #10 200 4
oy
\-
8.00 200 I - — 800 o 3
700 00 {4 630 g - 100 7.00 3 200
600 00 540 600 [ 2
. | . Lhaid s it i AR (™ [T o
500 2 00 . 450 Ol B LA i i R e W.“. £0.0 500 2
400 00 ¢ %0 200 4 2
R N T s
300 00 Pl \ 00 30K 1 1
200 200 & \-I\ 200 o 1
i
100 100 1 0 100 1.00 (]
V]
‘-___-!——-_.__-
003 00 : o v 00 000 o
o 2 H [ 8 D l
l—nalhﬁw 2000 Speed
2042 GenSerOffset 2300 ActPos ——
2320 ActPosSetpoint 2904 BooatPresaurs ———
2818 MeasuredPawer 2825 SwhchSpeeding
L 2026 SwichSpascDec 32T Johssinthctive ———
L 3248 JatAstCunticostOit 3916 ServoCumantSetpaint ——!

Fig. 3.9 Engine governor test(gain 70%, 100% — 17%)
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(2) Gain : 80%

Table 3.2 Engine governor test(gain 80%, isochronous mode)

2300 ActPos

2804 BocatPressure

Load step(%) 17 >33 | 33 >66 | 66 — 100 | 100 — 17
Power(%) Initial 16.7 32.2 63.6 93,5
3 Recovery 325 64 94 16.7
Initial 720.0 720.1 720.2 720.1
Speed(rpm) Min 704.5 686.0 696.9 767.2
Drop(Hz) 1.292 2.842 1.942 -3.925
Initial 20.2 33.7 59.3 85.7
Reacti 44.4 86.7 97.3 0.1
Act. Pos(%) Rzzzzgﬁ
Time() 1.118 1.225 0.842 0.337
Recovery VV%
ccover §'§75 i 03 ams 1.011
W#AMMW Pt ”
t LL 'HEINZMANN J J

2826 SwitchSpeedDec
3248 JatAsiCurroostDif

7825 SwichSpeeding

247 J

oAzustActve

3916 ServeCurantSetpoint

Fig. 3.10 Engine governor test(gain 80%, 17% — 33%)
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2042 GenSerCffset 2300 ActPos ——
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e 2626 SwMERSpOScOec

[}

L 3248 JotAstCuNBoOSIIT

24T JOASTSIALING =

3916 ServoCumentSepomn! ——I

Fig. 3.11 Engine governor test(gain 80%, 33% — 66%)
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{ T~
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]
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2818 MeasuredPower 2825 SwachSpeeding

Fig. 3.12 Engine governor test(gain 80%, 66% — 100%)
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Fig. 3.13 Engine governor test(gain 80%, 100% — 17%)

(3) Gain : 87%

Table 3.3 Engine governor test(gain 87%, isochronous mode)

Collection

@ kmou

Load step(%) 7 — 40
Initial 720
Speed(rpm) Min 676.6
Max 737.9
Min 56.4
Speed(Hz) Drop -3.6
Overshooting 1.5
Recovery

time(s) .48
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Fig. 3.14 Engine overshooting(gain 87%, 7% — 40%)
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Fig. 4.2 In-direction jet air assistMAN)!
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[Test engine specification]

1) Direct jet air assist type

Engine maker : Himsen

Model type : 14V 32/40

Rated power : 7,000 kW

RPM : 720

Governor : Heinzmann

Control mode : isochronous

Gain : 70%

Step load : 2,310 kW — 4,620 kW — 7,000 kW — 1,190 kW

2) In-direction jet air assist type

Engine maker : MAN

Model type : 12V 32/40

Rated power : 6,600 kW

RPM : 720

Governor : Heinzmann

Control mode : droop

Gain : 70%

Step load : 2,310 kW — 4,620 kW — 6,600 kW — 0 kW

B4 o]4g Anlel =g (crane), #F7](winch), ¢¥E 7|(windlass) 52 #HH]
L PR olx&EsE 7443F uw up] Byola A 2H(Friction break
2] A 2~"l(Electric break system)2 Ab&3tch A 7]2]

=
BHfolg Alxdo] 2" uf AA(wiringolAE AHo] Aty ojuf A4k
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Z & Al 2~"l(Energy saving

435 2& so|nE= AxEe A awe 1Y

system)= -85ty =22 A A BAE Ao wEA sjE el S8t
I RiE E2art HYe AHE de S48 AES AHgste] w24 o
S Fe= Azd"elt ol& Tt AS7HA B0l dAZHAAN dE &

T o AE RIS & Aok o9k ZE stolHYE AxELE HA] 529
29 A 213 YA H2ESIY a3E gl

[Energy saving equipment]

Capacitor type energy saving pack

(size: 2,000 mm X 1,200 mm X 2,400 mm, 1,900kg, 500 kW, 3.8 mP, 63 F)
. 14 EA

Energy saving control panel : 3 EA

Energy saving transformer : 3 EA

i : I. L X A
) J%

Dw " DwW
4 (MAIN)

=
Q

ENERGY STORAGE =
500KW, 2MJ 3
w

2

=

=

=

&

1119 KW

ENERGY STORAGE =
500KW, 2MJ 3

[12]

Fig. 4.3 Energy saving system
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(1) Direction jet air assist : Activated

Table 4.1 Governor test with jet air assist(direction)

Load step(%) 17 - 33 | 33 = 66 | 66 — 100 | 100 — 17
Power(®s) Initial 16.6 32.3 63.6 93
Recovery 32.4 63.9 93.8 16.5
Speed(pm) Initial 719.9 720.0 719.8 720.2
Min 703.0 682.6 691.1 767.7
Min 58.6 56.9 57.6 64.0
Speed(Hz) Drap 14 31 2.4 4.0
Initial 20.2 33.9 59.3 85.6
Reaction 43.1 85.7 97.1 0
Act. Pos(%) Reaction
i 1.133 1.332 0.949 0.413
Time(s) \
Recovery N :
Time(s) 2.8%.’ 4.135 1.041
Jet Assist Activated | Activated | Activated
[

0.0 e

_ 00
! v dad
I
|
heed | a
'3 Y S S RN WS SR -
TR sl o
L] 2 L] L] 0 L “ L] n
I HEINZMANN
2031 SpeedSetn N -
2042 GanSes0fsel 230 #Poa
2330 ActPosSetpont 904 BocstPres:
B MeasuredPower 2828 SwischSpeed|
76 SwilchSpaedD: 3247 JetssistActive —
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Fig. 4.4 Governor test with jet air assist(direction, 17% — 33%)
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Fig. 4.5 Governor test with jet air assist(direction, 33% — 66%)
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Fig. 4.6 Governor test with jet air assist(direction, 66% — 100%)
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Fig. 4.7 Governor test with jet air assist(direction, 100% — 17%)
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(2) Direction jet air assist : Disabled

Table 4.2 Governor test without jet air assist(direction)

b 2330 ActPosSeipoint

Input Load(%) 17 > 33 | 33 > 66 | 66 — 100 | 100 — 17
Power(®) Tnitial 16.8 325 62.2 93.8
’ Recovery 32.6 62.7 92.8 15.6
Speed(rpm) Tnitial 720.0 720.3 720.1 720.1
p Min 702.8 680.9 690.3 769.3
Min 58.6 56.7 57.5 64.1
Speed(Hz) Drop 14 33 25 A1
Tnitial 20.4 34 58.2 86.5
Reaction 44 89.1 97.3 0.3
Act. Pos(%) Reaction
_ 1.256 1.409 0.98 0.368
Time(s)
Recove N &
covery o .75%/‘4 3.675 1.087
Time(s) tx?
Jet Assist
=»»MMW*‘M*N” LA .f* '“““""-‘—‘1 0
HEEEREENEEIE
L LL © " "HEINZMANN _| /l

3248 JalAStCurHcosDIN

18 MeasuredPowar

2025 SwilchSpaaaDec
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Fig. 4.8 Governor test without jet air assist(direction, 17% — 33%)
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Fig. 4.9 Governor test without jet air assist(direction, 33% — 66%)
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Fig. 4.10 Governor test without jet air assist(direction, 66% — 100%)
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Fig. 4.11 Governor test without jet air assist(direction, 100% — 17%)
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(3) In-direction Jet air assist : Activated

Table 4.3 Governor test with jet air assist(in-direction)

Input Load(%) 0535 | 35 >70 | 70 > 100 | 100 — 0
Initial 0 35 70 100
0,
Power(®) | Recovery 35 70 100 0
Soeedi) Min 58.7 55.54 57.51 65.14
pee Drop 2811 -5.433 ~2.907 5.154
Recovery
, 3.390 4.153 4.690 2.429
Time(s)
Jet Assist Activated Activated Activated
Phase A Voltage [V] RS Phase B Voltage [V] RM!|Phase C Voltage [V] RM:|Phase A Cumrent [A] RM{|Phase B Cument [4] RM:|Phase C Cument [A] RM
EZBE E3YE E234 152 152 53
Phase Line Voltage  RMS| P [kW] RMS | Q [KVAr] RMS|S [kVA] RMS | Frequency [Hz] ACT | PF ACT
0897 2342 6B\ 28155870 | B0
l' 1 i) Fee

Fig. 4.12 Governor test with jet air assist(in-direction, 0% — 35%)
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Fig. 4.13 Governor test with jet air assist(in-direction, 35% — 70%)
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Fig. 4.14 Governor test with jet air assist(in-direction, 70% — 100%)
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Fig. 4.15 Governor test with jet air assist(in-direction, 100% — 0%)

(4) In-direction Jet air assist : disabled, in-direction type

Table 4.4 Governor test without jet air assist(in-direction)

Input Load(%) 0—>35 | 35 —70 | 70 100 | 100 = 0
Power(%) Initial 0 35 70 100
’ Recovery 35 70 100 0

Min 57.68 54.93 57.4 65.2

Speed(Hz) Drop 3.815 6.059 3.01 5.239
Recovery

, 6.175 4.652 5.187 2.626
Time(s)
Jet Assist
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Fig. 4.16 Governor test without jet air assist(in-direction, 0% — 35%)
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Fig. 4.17 Governor test without jet air assist(in-direction, 35% — 70%)
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Fig. 4.18 Governor test without jet air assist(in-direction, 70% — 100%)
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Fig. 4.19 Governor test without jet air assist(in-direction, 100% — 0%)
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Dynamic positioning for drilling vessels, cable-
laying vessels, off-shore applications

When applying dynamic positioning, pulsating
load application of > 25 % may occur frequently,
up to 30 times per hour. In these cases, the pos-
sibility of a specially adapted, separate com-
pressed air system has always to be checked.

[13]

Fig. 4.20 MAN engine project guide
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I 1500

r 1500
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Plant without energy storage. Braking energy is in GREEN
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speed
wo- 100
r 400
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Fig. 4.21 Drawworks test without energy saving system
Plant with energy storage. GREEN is energy charging and discharging
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speed
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/ ‘ -
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i | ] 400
! M mate Y | WD, ™ 0
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Energy saving system
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Fig. 4.22 Drawworks test with energy saving system
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44 718 7|4 gt 13

441 N@A 33 7)(Sequential turbocharger)™
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Fig. 4.23 Sequential Turbo Charger™
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Fig. 4.249} o] =22 ~9] A ojA~Hl(control system)OZHE] Ao A1
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A 100 Speed governing of generating sets

101 Prime movers for driving generators of the main and emergency sources of electrical power shall be
fitted with a speed governor which will prevent transient frequency variations in the electrical network in
excess of =10% of the rated frequency with a recovery time to steady state conditions not exceeding 5 seconds.
when the maximum electrical step load is switched on or off.

In the case when a step load equivalent to the rated output of a generator is switched off, a transient speed
variation in excess of 10% of the rated speed may be acceptable, provided this does not cause the intervention
of the overspeed device as required by Ch.3 Sec.1 E300.

(IACSUR M3.2.1)

102 At all loads between no load and rated power the permanent speed variation shall not deviate to a value
that may be detrimental to the reliability of any electric consumer.

Guidance note:
+5% of the rated speed is considered as a safe value.

-—-g-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

103 Prime movers shall be selected in such a way that they will meet the load demand within the ship’s mains.

Application of electrical load shall be possible with three load steps and shall be such that prime movers —
running at no load — can suddenly be loaded to 1/3 of the rated power of the generator followed by the next 1/
3 after an interval sufficient to restore the speed to a steady state condition. Finally. the sudden load step from
2/3 to full load applies. Additionally, the prime mover shall be able to take a sudden application of not less than
1/3 of full load when running at any part load below 2/3 of full power. Steady state conditions shall be achieved
in not more than 35 seconds.

Steady state conditions are those at which the envelope of speed variation does not exceed £1% of the declared
speed at the new power.

Fig. 4.26 DNVGL-RU-HSLC Pt.4 Ch.2 Sec.4, 2015"¢

1.2.6 System frequency

The frequency variations in AC installations with fixed nominal frequency shall be kept within the following
limits:

— 95 to 105% of rated frequency under steady load conditions
— 90 to 110% of rated frequency under transient load conditions.

(Ref. IACS UR E3)

Interpretation:

The above does not apply for AC installations designed for variable system frequency. In that case
equipment and its protection devices should be rated to operate within the design limits throughout the
frequency range.

Fig. 4.27 DNVGL-0S-D201, 2015""
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