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Design of DC grid system for green intelligent hybrid bulk carrier

SULi

Wuhan Changjiang Ship Design Institute Co. Ltd., Wuhan 430062, China

Abstract: [ Objective | According to the characteristics of the complex waterways of inland rivers, a DC
grid solution based on a multi-energy parallel hybrid green intelligent bulk carrier is proposed. [ Methods ]
The advantages of a DC grid for hybrid power are analyzed and the DC grid propulsion efficiencies of each
typical working condition for hybrid power are obtained through power chain calculation. The design charac-
teristics of the DC grid are researched according to the specific requirements for the additional signs of green
intelligent ships. The DC power system design schemes focused on protection and safety for real ships are then
analyzed. [ Results ] The results show that the comprehensive performance of the DC grid propulsion system
for multi-energy parallel diesel-electric/gas-electric hybrid ships is superior to that of main engine propulsion
systems and full electric propulsion systems. The multi-equipment protection mode and blackout recovery
solution can ensure the safe application of the DC grid. [ Conclusions ] The DC grid can build a flexible en-
ergy platform for the highest level of green inland river ships, and provide comprehensive support for the intel-
ligent engine room, intelligent energy efficiency and intelligent integrated platform technology and its applica-
tions. The results of this study can provide valuable references for other green intelligent hybrid ships.
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Table1 Comparison of main features between AC and DC

grid system
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Table 2 The principal dimensions of the bulk carrier
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Table3 The configuration of main equipment of DC grid for
hybrid system
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Fig. 1 Single line diagram of DC grid for hybrid system
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Fig. 2 Power chain framework diagram of DC grid for hybrid system
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Table 4 The equipment's efficiency of DC grid for hybrid system

ZH Hif

EEU]b & 0.40
SIRR W 6 0.37
B LA R g 0.953
LEE DR & 0.958

B L A e 0.98
ST &N 0.98
[t el e . 0.97
[ U Y &3 0.91
s B LA 88 2 e 0.95
A DCAE 33U e ne 0.97
R e 0.97

WA 125 28 L 4 2, 0.98

Pl S 3 . 0.97

A1 AC-DCAE LA e nacne 0.97
H HIB Ry, 0.95

T R R 0.98

IR TSI ey 0.63

PTH #5550 2 ({4 B b 2 TAE ) I R F R
ptH2 = 1BTIDC-DC!IDCTIVDFT]SMT]GB2 ]S TTFPP =

0.95x0.97x0.98 x0.95x0.958%
0.91x0.98x0.63 =0.462 3)

X FHEHE R GERCRN 5, PTO B0 5 EHLHE
AR 28— B, 17 Boost A5 22 4l 7 HL AL LA L B HIL
IR TAE, 5 FPL—EIK SR Edi217, Hix
I LY Boost T ULAX I I E LA & L HLAL, H
A RGRCEN A T 0.171~0.240, KL A 15
{8 Boost -3¢ | f& FEHLA R 85 43 & 100% 7 fuf iz
11, 2 B ML AL 0 g B Hi b 5 99 e ) (A v AL 4
iz T, i AR H b 2T, RS R TR
Sy AR, LT A 25 A3t R G RR Y
0.236. SEbx b, BT H A M i st 28 32 22 F 7 I
WA SEC Y DA KR VT A 4 HOR B e R, 2
BRI, SYE 2 RS R PTH MK 2, % T
B B G CR A E RIS 4 B H

SyHT HEE LA LR T80 R A9IR & 3h 1 B Al
W R GEHEERCR . ATLLE ), EHLERE S R G
Ty 4 AR KT 7 B, P 1 — H 1 AR A 1 B L OR
Fb 4 3 HG AL 8 6%, L HP s = S il AL (45 5% ok
900 r/min) 5 /& # & MK Kk B B (B E e
1500 r/min) AH FE AR FE &, OIS F 3 LR SE R
KAEHE TH T B RGRCRAE A PRz T
il . AR PTH B 2 MRCR &, T



262 BOEOMm O B %R

518 4

WHAE R sh 1R 2 5 8 i 14 {H Boost .00 BB R
1 A K, 50 I U (B Boost T B 27 4 HE 10F £
GRS BRI A A Y . PTH BN R
SR L BRI AR, (E P FAE T 0T LUE £ 05 78
P AL 2H B (R 2 B [ BT R — B AR &
FLATLZEL ) TR 1 A8 S AL 2 TR 3 R o = L
AR RET 817,

H br B 5 A7 76 55 K 2 1A BE AR SR AT AT, A
A7 T2 7K B S M A K o 7 Bl ] S v AL
FHLEHME R, BV Z4b T EHLHE AR, A0
e 1 2 LTy R 4 B K S0 T B B R TR i
2R P SR R, TR TR SR, TR
TR T, B AR KA T 9 kmv/h, FHL— HAE
X 10% PIARAR G ff 2R R TAE. BURS, FEHLRRER
ATy, IMFERN L BETE, LTt MHERUR 22, 4E 3
PRIERT RN . AT UL, EHLEHEORE & T K
T o FE LK T8, W R0 & KA 3K T 13 ki/h,
A 230 T2 LA E DR 11 20%, F2 0L G Al L
BAK, BA BRI D), HECRE ) a5 1k
B, 1 LK E BT 2K I T B, TR 5
K, #2318 kmvh, EHLGfar 58 57, TMAEAS, HEBULT,
TR R, BB SR FH ML E A G 80k 5 H
AL A il ] A gy 28, B
IR ZAb T PTH BLSC, A X F 4 AL 0L B 1 T7
25, TEORE H bR AR R S5 A0 3 2k Re Y AT 4 T
WA AR & o 288 18 28 BR A 38, Xk DAl
] 3 0B % 0 AR, H BB IR AL 3B 508 A A%, SO
A M.

AL, H bR R IS s IR A 3 )
B AL W HESE R G, TE ST B i B A s [R]
1 faf 1 Boost #8550, 1 7K M 47 388 155 71 iy AR 458 A
B EMLHEDE . PTH 5% PTO #558, T /K AiF748
AR A7 A B ] PTH A, AT LA TE & 34 1l i 1 45 50
TR AR B, R ShALE T TO0 R4 #R
AHEFERAT . HEB R A X B . AH HeAE SE ALK
et I, w7 EVLAEAC TR T o0 Rk
THAFERE Ky, 54 =S, 24
ORI RN BT, FE MR 21T TOU T Befh e
BARAP RN AR, PTHE R R G HEH AR

3 MR BEEMMERNESS
HERAM &
30 SR EMAEREEITES

2R LA FR A5 R TR X e R (2R HAR)
A8 H A= i JR 391 P e 8 U b il R H T D) e R
AE, [A) Iy 52 BT 208 PR BE IR . I /D B0 BR PR 35

15 e B AR, X BV AL N BB R AR
BRI B bR A 20 5 4 0 S 00 45 9% 1 ) 48 3T
i, BT 8 bR T A B BERL BT -3, T 5 A8 RN
CEAR-1, 4R 5h—2 K M7 —1 B bR fE, 7 RET 2 Hbe
ik B LR E AN -3 SR E D 93 YR .

IR R T, A DL AR DL R A B AR A
BRI Sk AR, BRI A ALK
WA PR SR 75 S 2% . A LA W45 = FEHLAR P
G WA, BT LI B, SRR AL AR L
AT, 3 A Ak BT 52 AR 4 1 S AR & B L
FIYR S R A . i, X RTR & 3 &R
i FEHMBE A FHL. SRR 5
7o HLHLIR B e bR LR BRSO A
SR BT U A oA e Ak B i, R AL A R P R i
0 8 R U/ e 24 SRR JE b B, AR & H LA
K AU B

SR R B R = WA i o
Al R R H0 XU B, T A S BRI T G M s
1o BLULECALMR . 28 3 e H AR K W & BB T L
e PE = N . B E R AR BT 9 B, Hop
1Bt AR AL, HOK S EEH NS 2 & 3 kW%
HKIE R, R BRI B IR, K%
HTR B W EE = AN, 1E R ST (Y L R AROK
BTG R R AR B RN 5SS E

T T3 A VRN FH 2 2 o A0 VA 1 B o 4 3
A G AR A S € A B b i B e AR R £
MBS B eI REME . AR B TS TE I AR
T CEE A M . LNG #RRE) , 28 7 He A3 3 A o, B
37 CEAR-1 845850 4.5 43 BN 40 o 4ead Sl
D3R K 56, AR 8 AR 00 A S P 15 100 5 2 4 A543
k1 97.87 43, B I\ 38 B S € AR BRI bR 7R 09 S
FH—— LRI -3 MERZR . T I, B
T X T 22 T e U5 4 R ELAT W e 2 1 1)
AL AR TR S AN SR

32 S EEMAERMZITHAR

BT H AT BUS B REPLIE . B RE RS B
L R T 65 3 B INAR A, 1R A 3h ) ER A
W R GEAE R REROAR ARl A 5 S B LR ARIBITSE

BREHLIE R LU BN R G BB 1 R G
WS HOBE 1 R A L A 3N A% A, 5 38 A
B AL BN 3 A7 3 ) ZR G DN 28, SE B Bl )
FGERPIRAS I | SBE2 Wy (i BT AL | Dk
HAES, M R LA B as AT R, TP A
BAT R AT EEE, WA B R AR A . H
PRATE REDLAG by =S ML B BE AR 48 L UK &R
P BIL B A B R G | AfE PR AL/ AR /1A A A A B



%61

SR s 2k (R RE RPN & 3 ) B M R S BT 263

RS B AR G A IR SR REALAG 42
W55 AT R G, e C R G A
Z GO B X5 3 A B A R ST
RS W DU RS B . R, BRAT AY TP B R At
(CCS) A AR REMLAG KR 4645 1 )™ (XA 1 28I
FL g DR R OB o M R ST RS I H 3R, X
TR AL D A R G0 A R A M R A B DA AR G
TORMIEZH . FARME S B R G S 1Y 22
S o3BT SRR AR R W A M R A D T
Xt BE L 2R e R PR G BT AT TR R PRI .

FUAR A AR Jh B0 TC P AR i, 208 X 4% 32
Wt e e S A L BEHE FLBE A R R HE A % 5 7
T % LU E R AR GE AT SE RS I . R DR
BELR AT L FLUE . HL O 4 GOR A R AT N, 45
B R AL AL, T =R A 1 A S5 R R o
[ AT 2 W . BARSE B 7 vk O -l A TR B A
P AR A e 0 L A A, SR A U PR B
IR EE 455 5 36 3 o 2B i e e S A3 A S ) 4
W ARG, RERGEWAGAEE; Wi B4
SR BT UL P R AR T T S A S Bl 1 2 T iR B A
B REFRE ARG (PMS) 56T 1 i BT Hi AR
M2ia TARME S, vl 1 B REHLAR 4 T 5 A 14 i
SN RIIE € TPNE S R TR 5 IR P Y5 AL TEAE S
=W

B RERERCE B AR Gl i R AR AR N =
BULLBERES B, 45 G 3 B 1B 17 TaUHE AT

VAR 32 E LB D45, S BUALAT RS A 3l ) b
REFE S BE B 70 A1 70 M7 L REAE B RE R M7 1A 45,

AR AR AAAE B PR A ER I AG 45 R LA S B e 3
W AARMRTE % I8 T IR A IR 3
RGN, AT 2 R DL K5 L 3
T RG22 5k, 0 TR AT A RE 8 1 FE 20 A A1 AE
A ORI AR TS, A DR T3 T S5 O R 2
J A R AR A (R Al L, AL h R ge ., HERERE
S5 M AR 1 R G (LA AAL . B R B
BAE) o Horh, AN T AR GE R W B ok AT
A2 e L AR i 1 4 KB R T, AT i i
BHLBECE D2 HLAR AL ST 3 | Jef b7 S s iR
IR AR R LR R SR

B REERICT 5 M AR ALE AR | AR
I B AR R AN B S0 R | P AR K

CCTV(closed circuit television) I8 47 45 , LA K ik
ARz B B RE AR A B B REALAG AN AE
REALAE B R G dF AT R R SRR B A, SEE
BgGE—R&E. k. LI EAAERERE, H
PR BC H R e 15 B R AL FIA RE RE AL BE
ARG VA LRI A4 6, B0E R EE R

GE IR 55 Ak H W, JF 5 HHe A DSCP ( differentiated
services code point) IhS, 5 HT & % B M 45 .

Zr L TR, H A M e/ R RS
e E 2 ) R G0 5 LI Rk L A A A i E F R 4 e
AR, T 7 A PR b 4 A BB A BRI A 1Y B
AW RGHED, IFRE N RERE S #E . &
REHLAG R BB AR LT 5 09 £ B2 R 2 RE A AR R 1
R I7 i > 8

4 HRRBRGERPRRSEIT

41 EHROLERSGERIPHEIE

H s MY B A R G AR &S IR
o flan, &AL P BEEHE Bt 3 AL,
PR | 2 BfESE AR SR DL K 2 & H AR 8%,
LAY B 7 BB HE 8 o [ S T O AT i 4, AT AR IR
A L R R B AT B B R R,
el 2 1 B YR AT AR S X I R RIS AT L IR 45
WAA I A L AL, I e ORI S AR T 1 S A 4% Ao

5 A MR AR R Z A, 38Tk H
AL FE R PO 15 T 0 2 R0 0 R 20 7 i B I T 4
Mtz /b 3458 e B IT IR 2 s DL, DLPRIIE T Ui
LM BEPEOR Y . B E A N T, SZ A
HILJ i >R FH & Ui o 0F LR AT A a5 o, i v 4 s
¥ii t 4 3 F IGBT(insulated gate bipolar transistor)
P LU A T A, BT, RS 2] B IGBT i ¢
W 5, [ F Bk IG5 BT 2% AT LUAE 150 ps Y I
T, S I R U 38 A 8 U A ) e SR R
T R — AN U {E Y A B AR FR L e, EL
TR — i J5 2B B8, 3 A oo 8 o i i I A1 1
A T RL+ 280, HA P g W as 6 ik 2] R 4
PR ME SR L 4% S T U R T OG, DU I
Yy 26 B mT S B B B S, PR PR AE N 51 &
A, BETHORIUR . A . FLE 2SR A 4E 4
RFEFENE, FE AR EREBLRE TR T
[ 2851 O PR T 25 B S T G R A A A
EAH A R T R

K 1R BB R G, A28
SLIREVAR T = I RGBT 81 B U R ALY s i S € S
BELE |, (R AR 2% /B AR A 4 A LR R
— MBI ST LAY . TE ELUR R G0 B
J& 395 AR 2% LU AR U A AR LA TR oA R T 2 5
it W 18] 5GP IGBT, [R]Bh51 556 A Ay 50 97 [ 285 B J%
FROBE ARG B, 7E 100 ps~ 150 ps 22 [A] JC I,
2538 A ALY L R 38 T i D R B, A
SR VIR, 56 SCH5 v 25 30 3 B HE m il p Ui



264 BOEOMm O B %R

518 4

FHL, JECH FL I R /N 5 S R I BB AR OE T G
R, RIS 1 S A R A B A o R e Y
LR R s 7E S A R S R S, R R A
75 A P T it P R 24 4 3 o 1 IR AR
JiHh, BB RGNS P T A
T B, PR DT A 1 R TR N [ 1

HR A F 3R 53 A, B AT 25— A A a] 4
R R 0 A R L s G ] 3 TR . i € A S
%%, 100~ 10" uF Fi 2, Ry A1 Ly 43 ) o £ i e B
FELER, R 107 BB EE 2, L, 2 107 = %
WYL, Ry R A R B — % 107~ 10" KR4, QF
R PR WA, L BERT LR 107 9

QF R, L,

I

1

@)
~

B3 ELAURLEG O 0 r B

Fig. 3 Equivalent circuit of DC grid short circuit fault
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Fig. 4 Analysis of short circuit condition of load feeder
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Table 5 DC grid short circuit calculation results

R R Ji % FLAKA
FA1SC 2R 46.95
FA2STH 154k 48.12
FA3SC 14k 48.96
FA4SC R 55.09
FAS SR 55.07
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FB1 (B 2k 44.59
FB23C Btk 45.24
FB33Z BRIk 50.57
FBA4SC B2k 48.61
FBSC itk 49.61

FDSU B} F 23.73
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Table 6 Parameters of DC grid quick acting fuses
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