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Simulation Research of the Lifting System Based on Electro-hydraulic Hybrid

Controlled Heave Compensation Device

YAN Yun, ZHU Yinggu, LUO Lingbo
(CRRC SMD Shanghai Ltd., Shanghai 201306, China )

Abstract: It developed an innovative heave compensation system (HCS) for remotely control vehicles (ROV), which changes the
traditional fixed mechanical joint between shaft of drum and winches into a movable mechanical connection through many gears driven by
electrical motors or hydraulic motors. By regulating the torques of these motors, the HCS can reduce the shocking force on cable caused by
waves. The HCS has the following advantages including simple structure, easy operation, and suitability for limited mounting area. Based
on reasonable modeling assumptions and mathematical deductions, a reduced mathematic model for the HCS was built. Simulation results
of the mathematic model demonstrate that the model can illustrate the movements of HCS accurately, and the HCS can reduce the changing
severity of pull forces acting on umbilical, which can relieve shocking forces caused by waves.
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Fig.1 Components of a general launch and recovery system
(LARS)
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Fig.2 Mechanical structure inside of the drum
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Fig.3 Principle diagram of the hydraulic motor driving system
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Fig.4 Structure of the hydraulic valve set
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Fig.5 Force analyses for the launch and recover system (LARS)
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Tab.1 Fuzzy rules for the HCS control system

Output Very Small  Small Medium Long Very Long
Negative Large NL NL NL NM NM
Negative Medium NL NM NM S S
Small NM S S S PM
Positive Medium S S PM PM PL
Positive Large PM PM PL PL PL

1. NL=Negative Large, NM=Negative Medium, S=Small,
PM=Positive Medium, PL=Positive Large.
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1) IF X is Very Small AND V is Negative Large, THEN
the output is NL;

2) IF X is Very Small AND V is Negative Medium,
THEN the output is NL;

3) IF X is Very Small AND V is Small, THEN the
output is NM;

4) IF X is Very Small AND V is Positive Medium,
THEN the output is S;

5) IF X is Very Small AND V is Positive Large, THEN
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the output is PM

X TR A B A R 3R 1 R G0 s RS A T
i, (HESHWT: ERYEREN 3L, RERER
20m, VRSN 5 m, R 50 m, TR R
10's, SCHRMAIE Ry 45° , ALK 156 m, SRR N
SRR OIS 3m () F120m (B ), &
BN EE Sl 1 B KR BEE sh K 3 m, W
FE b 3A 77 A 1 i KRR 1R 40 KN, 8] 6 75 H iy 2L
gER,

Kusrarerac =i K

23 0| ',‘_: [0l

% L TH B e R T T ¥ (R
= HefiEls i

(a) whLsrd A4 (b) AM21LH

:ﬁul = 10

=40 B0
gzu}/‘\//\_/\ E—Iu

0 2 4 6 8§ 10 12 14 16 I8 20 s 0 17 19 16 18 20
titialis Beinlis

(c) &I (d) @ FHHE
H6 WRAMEREAFATHART ZAEZFHRS
Fig.6 Movements of the LARS with heave compensation effects

PR Tk i Y S RVl 400 KN-m, IR R
IR REMSHRHE U8 A0 S ARAE S8 85 AN B il AN O e AR vt
g, (FEZRME 7 s,

U TN m

2§ 6 & 10 12 14 16 18 20
BlTals

(b) #Mz4LA

VNS

o= iﬁ'lilli}r:']:;1'z"|‘4 6 1% 20 NG krr-}'[h’]-x” 19 16 18 20
(c) &%ah (d) @3 E
B7 RRAMERERKZ AR THRT ZAEFHKRS
Fig.7 Movements of the LARS without heave compensation
effects
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