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Research on calculation methods of motor power for
driving system of rack and pinion shiplift

LIAO Le-kang, FANG Yang, LIN Xin—zhi
(Changjiang Institute of Survey Planning Design & Research, Wuhan 430010, China)

Abstract: The driving system in the rack and pinion climbing type shiplift is consists of four driving mechanisms and a synchronous axis
system, of which the motor power must satisfy the normal working principle of the shiplift, so that the shiplift can continue to operate if
the motor faults occurred in any one of the driving mechanisms. There hasn’t been method among the open literatures and the test data
for motor power calculation. The reverse path method, the power balance method and the total efficiency method for the motor power
calculation were put forward and corresponding formulas were derived according to the mechanical transmission theory. The three
methods were respectively applied in the driving power calculation of the Three Gorges shiplift and the Xiangjiaba shiplift. The results of
the three methods for each shiplift are rather close. Through synthetically comparison in applicability, simplicity and accuracy of
calculation, it is recommended that the power balance method can be preferentially applied when the layout of driving system has been
determined, and the total efficiency method can be applied in the primary stage of the design.

Key words: rack and pinion climbing type ship=lift; driving system; motor power; reverse path method; power balance method; total

efficiency method

0 Bl = et 2T AT HIRHL 3 ME U . et ST
AL B il 10 4F 7R3 [ A& R K E"Jéﬁlﬂﬁﬁﬂﬁﬁm

P U IR TR UK IR AUEAT A B, B R T TR LA [ ZEUT R BL R
Ry pes, P EATE TRV 2 N 228s HETEEX A Z . T 1974 48 19 18 = Lueburg
G ATHIEIL TR 228 B THIRPUR A1 13500 ML R HTZ B S, (8K 5l 2R G A B E A

WisEH: 2012-10-22
TEHE RN BERBE(1962-), 5 WL BN, E g TR, =2 K AR TRETHIEHLT T AHFZE. E-mail : liaolekang@yahoo.com.cn



http://www.a-pdf.com/?product-split-demo

- 460 - HL )

T B $304

JIF DT ] ) T A 2 ARL ) AR AIL AR L2 Nie-
derfinow FHARHIL™  Fr 4 IEAE 24, J5 & i F Lt
304N, I R TS AR B IR s B X, 5 4P
22 4 5 T BRI R Y2, 12 A THIALTE [
i AR TT R R GEME I RHIE TAE , Rl 2 Bl = A G o A5
ARG B A 5 Bk, E4RTHILER S R 4t
HL LI AR THIRHLRY B ROR TG b5 |, B 22 46 447 e
ETHARAIL B THILH ShAIL Y D 8353 0 HI K R H g
FllJa IALR B AR UE , SR SRR, RIfE 42
THAIL B s 0[] 210 Jh 255 5 0 LM $42 B 3 T 2R
— N RRCR, WRIEIZ BT R, T = VAN 22 4
20 IR HLR L TR O, A B0
SURTHIRHL SR T HLEAT T REERS , IR HI BRI AN
IS5 I 7 FERTHILBCRE R 0.85 %
R 5 A M KN 22 48 454 FH L A I e 51
A5 RAE (0.8 AT ™ o 17k S AR AE R 9 24
4 A HIHIEHL 4R UL AL R 500 5 Ty
B INFE I SRICT T HIRHLER Bl R GE 0 B S AL D %1
SN 5 5N 22 28 47 TR IR) L (B i TR sh R4
5 ERILEIE 8 AR AL 3h &R AL
%, H 5% 2NAHE  fE— G300 G LR A
B, PR 1) ik B Fi, S AL i 7E SR S AT LAA 4% 328 3 T4 2k
DRI L F AR, IR 3B AR B R IR
FH T BT P G R T R G B 3 2R GE B BRI AT ik
D SRR AR AR 5 B ST BIURE 5 SCRRES 75
A HRHLIRITF R A 4 PR E A SO s T
AEHLEK B 28 58 AL A8 SN A 2 R E |, At
T =TT LA 1) G AL G A & B B it
MR K 5 2R GEHLIAL Sl i LIRS 35 AR R
FANUR SR A BEA S BT 2% W FL S AL DR

A 5T L F = WA ] A 46 U R E T 2
THIEALRYBE T, 5 A 58 14 25 AKX 3l R G AL 24115
(4 3R DM OGN 2%

1 AL R 5 60 S )

TEC R L THIRHLA Bt h, 4R THHLEER 3 5
¢ R LR 5 RN R — R 3/4 J5UU , BI7E e AN
FIEBLT , —A i DA 5 THIL IR sh R g s L4
PRI, HLA i st DX SIS R LD S AR AN i Y
BT SRS 7E S UGB FT > ARHFTE %
URVIPS EemI BN EER IRV R S5 W RS X B R TS

2 LI ARAY IR T ik

21 HEEEE
RSN R G 4 EIRShHU RIF R R . =

e T AL FEL T A Sl s ) 2R SR A6 [ 2
Pl 5O DA B Bl 28 GE AR B ok T X B TP TR 22
ARG, 4 EIRSPUGALT R AR LU, —4RCR
FIAnP 1 R o B85 SRS Y e 25 A LI AN P 2 i
o P2 HAT T SRR O TR 5 B SRR A e 4
1, 26 B N2 el . SRS R GEBEARCR o A
FIINIEL 3 B, 24— 3 BRI HILA ) 7 15 FUATL ) P 2R 2%
i, AT LR Bl o = 6 AL DR 44 H 1%
PR B[R] 28 Al b0 5B, R i B — B A A5 8 1) 2%
ROB AL e R XS AL o FIrig ot e AR vk R 48 e —
BB R BSIUR A TOL T, R R S LR 7E 1Y
YRENBLIG th %, 5 -5 PR AL B AR AR S 5 1 g3
A BRI SIS S BE SCHETY 5 B0 T 3 DL R[] i
HL ST 7 SR SAILA 15326 31 1 ) Dl ant O st i
RSP R IR TR A = THET LK B R 4t
HALIARTH R R

K2 RSN B AU A

ASHIEFE B LA [ — SRS ALR ) 19 15 B BIL ARSI 11
XZIT AL R BT R T 4

(1) TR RIS T 3, 5
S RS P £ LSRN RS, i e Bkl
Ay 14 WL S AL o ) A b 2R 4 1) R AR LT £ 3R Sl L
PRk A A ALAE 49053 SRSl /A FE i3 T
PALIN R K i e A E e YIS DR RS E R )
A PRI 5 BHLAG B 0 AR B R LR P,



55 44) BRI, 45 R 16 SR ICTH T HLEK 2 R S8 1 B AL S350 ik - 461 -
£
13
My
o
e Ty Ne -
______________________________________________ BI
Mg Mz
He i e
fe
T o g,
Mg e HE
Un 71, l P,
s
Mg
E3 KRG RAAICR TR
P, o FEEE AL = E 5 RS LA fk ok iy 2 M =1, (4)

KR E 2 AT Ik s ek, 25 s p o
ik 22 AU S — MR R AL, T AR AN TR, 3K
SRS SRR AR R . P A =R 5
HL LI TEAR S LG Y Zh 38 h «

Pf =Pg +P$f +P, +P ,=

Fv M“w_§+ Jo, o, N Jo, o,
4n, mng 2 000m,, 2 0007,

Krf: F—I9R8h R HE T T 5 0 — W RBUE THE
R 5 M, —B0 5 2 A LR T i R T 55 44 g il s 1
() ) BE A8 10 5 o, — T B WA 11%) JE 5 T B 1 el
J, — 5 SRS AL 5 Sl A e e ) F S LA b A5
PEH s 0,0, o, — L BIHIL &0 AR 3 5 R0 AR 5ok
M, — A IS 25 e il 2 T O A A sl 38
ZAE G — B G L T —
7 [T — 5 U AR AU A, P
Mo =0pMeM Mk (2)
K m, — R, ne —F A HE T 1 B B AL
R, m, —JT BRI AR, n, — IR AR RCE
N AR 5 = B 22 22 AU R0 . X
TR ENEEALHE 3 B HE T F0 A48 L B SR ATyt 1 Sl A
Tia) 01 22 R0 (%) 7 e TR T o 22 4 B 5 4 L2 28 T 1) Il
LA S A A, TR
Mo =15 MM, M (3)
Arpe n, —HERAE RO, my — e 9l SR 4 i 4
FUH ) 2 [ A I S L B3R
Mo AT VB 45 e A 22 2 I v Sh AT LA B 1)
ROR . I2AL B EE AL {5 D8 A T ) A
RENEle

(1)

Mo A A OB 25 5 2 22 A 0 el AL A% Bl e ) 3
2 T L Sl AL S e v T R R — ARl 125
M1,

(2) TEIRS ARG 5 BAITIR . AR HL
ST IR B AT L) 5 30 () 2 i — 08 R e sy i A o, ¥
5 DR AL 3 B AR AR B0 7 1) 213K [R5 il e 45 B,
W 3R o i BUL shEE E PRI 2L S B HENT
KA, 6 B AR IR AR 1L |t R s SR B . A
ek 2 e 2t 2 O 05 B BIHLIRAL B350 M

New =151 (5)

PRI 1) 2 S50 H AT T 7 DR st AT LR 1% 156 T 2 ik 45 v
B T TN
-0 (6)

N

(3) T HABIK SPGB ALY D2, B A
TR o H Ay 3 25 64 I 1m] 1) 3SR sl AILAA) 404 . Fh
FIFABAEEBHNEESK, B —BERNSm
oA, BIS b B S TIERAT 3 B IR S ML Y
Ao (B RESCBRE ShHLAY R Y 2 R A 3 B K
SRR BE R BT fos =0.4 R FLR AL P, o PRI, H
HIK Sl AL B34~ HEBILBR 4340 2R 35 R AL I ZE SR Sl AL
FY TR AN A5 A H B IR SR Y DR TR K P, |
SR SHILIRATOPIE S5
Fr Mo, Joo,
4n, " . 1000
AHr: mgy —IEH TOUT 22 WM ZIR S B HLE
SRR

AL SN 2B 46 3 B HE IR RS i e

P,

P, =Pg +P_+P, =

(7)



- 462 - HL )

T B $304

BECFT- A HES o Rk 4 v R et ] P R B R A A
B DA S el s ) A AL I R S A . TR
Moy =M NseNen (8)
K s e —L NN Z I 45 P ]l AL S RCR
Mo — R ) A 22 v U AR B3R
IREHURG B3 F WL 5T R

P=LBp, fi+P)=

. P fis Fr Mo,
2 Gt am,
Ne Ne Mp My

MR AT R AT LA Y 306 ) A T AR AR
X (R RGE R R AR, B AR . %I R
TEAGE T D34 Be ek B a0 JF X R A S R e
W XIE B T R A X F AL &) 2 4R
RS RS, T HE T e, HOR R S
S DA P N o SRS >y BT A E i A LB S S R L
JETF =T HAILER 5h R S8 L s T R 2
22 INERIEE

FE 18 R THIALE AT B B BO T, i T IRsh &
G5 LS AL Bl R G0 R FHAE TR T AL 15 b 0L 945
FUIEA 7SI B A 90 11 AL S 25 Al o D D), G [ A el
RGN AR B IR R R b R TR AIL A o R i B
A% v AT B (R AR AL [R) 25 28 (=2 R I &
4R ), TR IR THIEHLIR S R G IR Y
0 ] B AR, PRI oA TR RS F L P 45 i ) 25
T 2R S O s D R AR B T R
T 3R ik 1) S A SRR R FH BIK 8h 2R G — 5 Tk
B HPLESI B R st iR R, B R K
S5 AL T L BIR Sh AL B4 R ML 1 T 20 45 T T A 3R
S ) 1 B 3 3R 8 R G ] D AR LI 7R 3K 5
BIUFG 15328 3l 7 i 1 Ty 488 2% A B A8 A0 el 4 T 0 9K
IR, WIS RG A n GRS, G BHLTHE
DRy Po R TRNELE st Tl s i &

(9)

Ja,o,

* 1000

¥
/\*'»I*M

K4 SRS ARG [R] A i A E — 4R R A

L B HIL R AT TE H S LA i B AR L 4k iz 1T .
FERCAEOLT |, BR8N 2R e ) R AL LT 7E 3K ShBLAG A% 32
(T I AT s D 2R

(n—1i)

n

P, = P, (10)

23 3 I DR P AL TR 20 A AR G i 4
K P, VL RIAREIHUA RSN P, B

P=P,+P, (11)
Horbr, R AP R GE R A
P=p-m)= TRy )

e m, — AP R GEAL B DR R

XTI AR 20 e TR 3l ) i AR 1
b AL Y SR S S50 £ A1 B 3R SbLAA 2
(] G2 L s A el -5 () A i 2R e He A 11 ) 94
—feibitie. FIPRRGALB IR IERN -

n.= 773]'77(:]'7[ (13)

b J — DA A O BIR Bl 2R e -5 [ 24l
HERERAATT AR ) A HE A 8 1B .

XF TR IR , SEBIALAE BRI -
Mo, Mo, . Jaw, Jo,w,
4n,  4mg 8 000m,, 8 000

X TR IR SR , SR SATLRA TCAR A M K o
FR A Dy R 0 R, 5 SR AR IR AR T 75 DR &R
$1.05,15:
(n—iP,=1.054P,+P)=

Pld=

(14)

1.054P,+P,+P,) (15)

K3 (7.9.13 1) ARAK(15) , AT 45 5.5 RLALIEY
R
P Mo 3 1) e, 1
P o105 4(m\nﬁ+8mw(+wfu®

n-i- "N )

X TR R R SRS R T, % i — B L
IR A5 HeA L S LR AN 1 380 155 B0 SRS R 52

HUasfT, M n =4, i =1, ARG R IA0Y .
Fo, Mo, Jao,w,
_10sM My 1000 (17)
P.=1.05 2.25+0.757,

X RGBT X SRS R GE, % e & LS
R HoA v S HLTE AN 3 8 155 00 T 9K S i A 5
HUEAT, W n =8, i =2, AT A LTI .

Fv 1 Ja,o,
v +
Pt R RS [T e
45+1.57,



414

BURHE, 55 5 14 2 IETH O HRILEK Sl R GER B 3505 15 - 463 -

23 BEE

U 56 v SR T A LR Sh AL A B 28
RUE , 25 3 TR AILIR ShAILRS HE S LTl e a5 h—
B 5 H LR, HAR B LTE AN i 5 L T
IX By firs 8BS UGB AT R JE N B S PL ) A B
—E M E A, I, AT A s R S
W90 VR 5 WX 22 98 61 XTI PL E 32 AL 5))
PLI A SO 2 R 09 77, B IR 8h RS HLA)
TE— G G LR R T B B RCR RS A B
BB o 2T RO BRI, R AR

poLOsd, Lo, Mo,

K m, — WAL B RGO IR SRR . HRAT
5o XIAHT

A 5T A RS 5 3 0 1k DL RO R B 2y
3, X =R THISHLIR 3 R GO DG4 T TR, X
F I FZITHIEHL, HRER T3P vk AL seR ik
s, ot as R o . A MU 33k
RAENER 1R . —WRTHHLA [ ALK 2 2
GABT SN E 2 R . S FHITLEZE AN
HHEINERTHRESE R INE 3 PR,

®1 BHRGEELEEVMENLE

(20)

e e M s Ul
0.95 0.99 0.9 0.97 0.99
Ne MNsi Ms¢ N nr
0.99 0.95 0.97 0.95 0.75
K2 ZIEFARYLANEKINAMIERIEITSH
SR F M, v J:
THREAFR /kN /(kN-m) /(m-s") /(kg-m®)
=k 4 400 35 0.2 45
J11) ZZ 301 3 400 45 0.2 41
SR a,/ .,/ w/ .
TRARK (s (s (s) !
=i 5.24 104.7 2.8 10
23 5.24 104.7 4.19 9
R®3 ZEMERMABNARITE T EITEINE (kW)
T g e ik
—IRFHIHIL 229 231 233
] TR ANIE A 189 191

3 4Rl

TSR, RT3 MO AR B RT3 45 1R
AL, DRI nTAR G P R o P 6
HLIRBIDIARITF A RT3 A AL BR T X PR T
R R G, B i T8E B8 A

HEAERE ] o ARk (A _E I A 1Y, T3 2
5390 o AR VA — B B RS RO HERA L , ELT S BN ]
B TEIR SN R G B A A C 2 E IR0 T RIS R
Mo SRR AR BRI L AT RS R AT A 1Y
— BT TSRS R AR A (R R T2 AN RE
F IR Eh 2R GEHUIRBE 3 A B A 5 5, T3 o
2%, WAETHITHLRI A BB BEIR 3l 2 58 30 A B i R
RZHNE RIHOL T o 45Tk AU S 187 =
W T HIL A ) TR LT J A, X — 5 SR 5l
DU R SHHLR AT AL T THITHLIR S R GERIB A TR0
PEATRITE , AN P B8 R IE SR AR s

2 3Lk (References) :

(1] EHBraE , ARAEFR. A S5 LI (M ). de st v KR
K e H R, 2007.

(2] 4, SR, T R4, =k TR 818 A IC T 2UTH i
PLicit [T ], o E TR, 2011, 13(7) : 96-103.

[3] AKKERMANN J, RUNTE T, KREBS D. Ship lift at Three
Gorges Dam, China—design of steel structures [J]. Steel
Construction,2009,2(2):61-71.

(4] BSCRL [ ZEMUK f s — 3 R L LT C . K T
B AR , 2008 £E18 34, 2008 : 15-23.

[5] 2=k 18 5 P BUT I L DR ()], 7
K E2441, 1996, 15(2) : 31-36.

[6] Permanent International Association of Navigation Congress-
es. Permanent Technical Committee I, Ship Lifis: Report of
a Study Commission Within the Framework of Permanent
Technical Committee 1[R]. Brussels, Belgium: General Sec-
retariat of PIANC, 1989.

[7] SCHINKEL E. Schiffs Lift[M]. Westfilisches Industriemu-
seum,2001.

[8] ARENS H. Shiplift Near Berlin: For 65 Years, Still Going
Strong[ ] ]. Elevator world, 1998(12):94-96.

[9] HERWIG B. The new Ship’s hoist Niederfinow [EB/OL].
[HEIATE]. http : //www. wna=berlin.de.

[10] DL/T 5167-2002 /K HL K F TRESS LB RLTELS | e
N ALK FER, 2011

(1] JHF2%, Bk, = IRTHAHLIL 3h R G #sh S 32 1 a5
(3. B IALA, 1993(6) : 12-16.

[12] VTR IR BE , 7 PG A MK f sl TR
AL LR B R E KRB AR AR E eI H - = F
PGB AR R — F 4R R R e T R —
HUEBHRCR LR | VTR TR BE , | P
WAL TR B3 F] L 1999.

[13] DIN 15020-1974, Principles Relating to Rope Drives[S].

[14] DIN 19704-1, Hydraulic Steel Structures, part 1 Criteria
for Design and Calculation[ S].

[15] DL/T 5399-2007 7K HL /K ) T B THT AL LS [S .
rhAe N BRHRI [ A SR RO 22 1 25,2007,

[16] SL/T 660-2013 FHAFHLBEIHRLAE LS ], KR K o i i
#k,2013. [ G4 - P 1



