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Dynamic Engagement Performance of Hydro-viscous
Clutch Based on AMESim

Liao Xiangping Gong Guofang Sun Chenchen Wang Fei
(State Key Laboratory of Fluid Power Transmission and Conirol, Zhejiang University, Hangzhou 310027, China)

Abstract; It is not easy for large engineering machinery equipment to start smoothly and successfully,
because the starting torque is much larger than its rated torque. In order to improve the starting torque
without increasing the installed power of system, a new driving system, which was composed of electric
motor, flywheel and hydro-viscous clutch ( HVC) , was proposed. Based on the mathematics model of
new driving system and oil film bearing capacity, the AMESim simulation model of HVC system was built
up. According to the influence analysis of flywheel rotary inertia and oil film thickness control method on
the dynamic engagement performance of HVC, curves of torque, rotational speed and jerk degree were
obtained. The simulation results showed that compared with wet clutch, HVC can effectively avoid the
start-up shock by reasonable control of oil film thickness, and the variable decreasing speed of oil film
thickness was a good method to increase the starting torque and reduce the jerk degree. To verify the
theoretical analysis and simulation, a test rig of the HVC system was established. The experimental
results showed that the viscous torque curve with twice of the load torque and duration of 50 s were
achieved by controlling the oil film thickness of HVC, which can satisfy the demands of big starting
torque and small impact for large engineering machinery equipment.
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Fig.2 Transfer function schematic of hydro-viscous clutch
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400
350 —J=20 kg-rnz
L -~ j=15kgm
300 =10 kg-m2
F2s0f ! - j=5 kgm?
& 200l
&
H 150}
100
50 F
0 20 40 60 80 100
fif &) /s

5 HVC LA b i 2
Fig.5 Torque changing curves of HVC
2.6 BHERMEEERS BRI
BE AR A Y 20 kg m®, KAE B E



6 BRI % ¢ 3T AMESim 0 0H TR B 2 3 A5 A RERE B 5% 329
o0 . 500 1 —1-a
P S — ~--= wy, j720kg' m? i e B
»»»»» w,, j=15kg'm? 400} , - % g
. Tor y, j=10kg'm?2 g i
T 60F . j=Skg'm? € 300} !
2 5ol ——w,, j=20kg-m? # "
et i -~ s, j=15kg'm? H 200 ,':
% 401 ! ®,, j=10kg m? :': i
g 301 i —-—-,, j=Skg'm? 100 il y i
201 “\ A A
10 /-;___\. __________________ 0 50 100 150 200 250 300 350
i e & B (8l /s
0 20 40 60 80 100 . o
wHas K19 HVC 425 bl £k

6 TWAE A AR A 2

Fig.6 Rotational speed changing curves of flywheel and load

100 4
801 — =20 kg'm?
60 i -~ =15 kgm?
e : 7=10 kg'm?
[ 404 ji --=j=5 kg'm?
E 201 /i
M 0 ——// s e e
b= 7
£ -201
—40 1
—60 T T T T 1
0 20 40 60 80 100

fif &) /s
P70 i AR Al 4%
Fig.7 Jerk degree changing curves

800 r/min , 72 il i J5E B AR A i £ an ] 8 s, 45
R HVC AL U, WS | 00 30 o K o it B2 A%
PRI 73 AN 9 ~ 11 fras o ACIET R e A ml L& BE
HVC {5 )52 52 728 A At 4 R (B 5 B ),
e AT b TP 0 fEDHROK, e | T PR B R
IR ) 20 el HG ol B2 A R, e O i il B R K
230 m/s’ o BN 1 —d il R R A L R T LR
AR HVC EE SR 4 e B 1 A fE A i 2
UG R HLR, 0 4800 1 JEE 4R 28 %, DGk L B 3
PRI, R AN 1] 8 I 72 114 R — i JIE T g i B2 42 o L
T X L T] st 2 6 2800 2l s X LR DR HL e i 2
NPT T 5K o BT 3 Ao, AR TR R A A
TROR V8 2 5 i RE 6 A A008E S0 5 2l Il ok 14 bl
L2 G SR o U5 o AN B JROR JE 5 TR X
B de BRI A5 I 45 R i R i i

BEE 2 5 RS2 AP 12 FroR 475 145 2
iy HVC Ffoiﬁﬁ?ﬁ%ﬁ,K% 0B T R by AR AR

200 250 300 350

0T T
fif 18 /s
8 15 Z 5 5 R i A Ak il £

Fig. 8 Oil film thickness changing curves of series 1

Fig.9 Torque changing curves of HVC

FHEEE (rad s )
—_ (5] [9%] iy U [}
(=) o (] o (] [
e

o

5(.) ( l(I)O 15IO 2(‘)0 250 360 3‘50
fif 8] /s
B 10 ekt R U A il 46

Fig. 10 Rotational speed changing curves of

flywheel and load

;
]
50 J ‘
n

0 = E

Wi/ (ms™)

l(I)O 150 200 250 30‘0 3;0 4(‘)0
it [8] /s
B s B AR At 2%
Fig. 11

0 50

Jerk degree changing curves

SR 13 ~15 JiR. 5 15 R8I E JE i 2%
FUR — A 11 RE A2 1 RE AR EE, 2 5l 58 T 2 7 A
b B A AR R R, B2k 5 R oy 2
RN, H I e S 5 JEE ) il R AR A R
ORI ol T2 2 AR T A 3 s 5 il BB JEE 2 iy, R T
I8 38 JEE — 7 T AT LU /D TR B BE BELRE , AR W) 46
Br Bt HVC HLH TR, 55— J7 T A 2 R /9
iy, T R RO A A TR Bl 2R R kST
W 2 1 1k )2 52 (0. 4 mm e A7) J& , 1 F HVC it
AT BB ) DX S8R, 2 AR RS A% 39 R 52 AR
R B T R R Y B R, HVC 10 L il 48
T BEUE , LR RS (] B i R eh Bk o P,
TERE B B B 52 T R B2 LU DR B0/ i ety , O HL
A DA R AR R R ] o A T B — il R PR A il
S J5E BE T AR S 42 ) ML S 5 7 AR AN S 2% Fp
IR ] AR, DT AT M) T 5 BB 805 3l



330 | 1 R A= 2016 4

ViR R B /mm

o
i

0 50 100 150 200 250 300 350 400
fif &) /s

8 7 6 5 4
Fig. 12 Oil film thickness changing curves of series 2 Fig. 16 Test rig photo of HVC
500 - i LR 2 8 0E G 3. HVC AN 4. 3K pl
a0l d = =h S CRAL 6 MG TOHVC 8. AR gL
i == J=g
e i ~-=2-d . N
E 300 ’ PCI1723 % LabView 2752 BL4% Fi I J7 HH 46 L )&
& 20 S fE BRI IR A AERE . SCI P IR B L BL L W
-i Fi WA B B L SRR KA L W FE A 4 S ik
PO £ 5 AMESim fj K8 58 42— 8. 4015 B [ 5%
Y Wy ST 1 RSB R T 2 3R A A
13 HVC 1578 o 2 AT I HVC 35 Rtk ph 2 an i 17 ~ 22 fros .
Fig. 13 Torque changing curves of HVC SIS AR 17 ~ 22 R S AN AT B E 5.6.9.10,
90 13 14 08 FE Al 0, 552 56 i £k 0 728 A i 34 5 0 J0 45 21
E e ,273. > N N >
oF P - wy2-b SR — B, WA BB T BT T 336 M A5 B0 1
-w,,2—¢C . Jn N
T, 60 wy2—d Bk 1B 17 19 21 Ffv 7 1) 52 96 L 46 0 (AR T 15 &
= — .24 2 N ~ =] >
s - B 2 b A B B FH A I AE, OF B 92 40 AR b T RS T 0y
40 w,,2—¢ N 5 LY 3
2 et PURLAE (0 PR o 2 bR T R M L R L
o 300
10 250
L NV . L : ) —=j=20 kg'm?
0 50 100 150 200 250 300 350 B 2001 | —°—JZ}S 11?-2;
s € 150 —v—j:5 kggmz
& 14 A R Tl it 2 %
Fig. 14 Rotational speed changing curves of o
flywheel and load S0F DARAAAS
150 —gs 0 50 100
Lol = B Tl
T sof I -2 B 17 R SR HVC 1R 2 4L i £
gﬂ/ 0 J\'\v::," Fig. 17 Torque changing curves of HVC under
H 0 ‘fy':" different rotary inertias
£ -100f i
~150} :"' 90 -
—200} i 80 b=#=#=2-47 ==y, j~20kg m?
" ) ) ) ) o ——.—o—o\o —‘—wz,j:l_Skg-mz
20 50 100 150 200 250 g = wzJ:lEkg-rrzlz
B (Al /s T‘_’I r wz,]:ZS o-m
1S ol 2o By Nl
Fig. 15 Jerk degree changing curves % L > wl,jZIEkg-nzlz
d —e—q, j=S5kg'm
ol \‘& 1, J7Kg
3 REERIM o S
T HE— 2 B iE AMESim {7 BLE% 5L, 4T T 9 T Ty 0
Bwrse. AN 16 fros, St G FE m I Eh R E ) 18 N[l T e 5 s s Tt £
R S S g AL A A I AR AR R LR Fig. 18 Rotational speed changing curves of flywheel

WUNBENRERGEMEBE RS ZSH K., b and load under different rotary inertias



% 6 1)

BEWF 45 2T AMESim {5 10K V8 2 25

SR R EOS PSR EX T 331

0 50 100 150 2(‘)0 2§0 360 3‘50
it &) /s
B19 1 R0 RS BT HVC 714 48 1k il 2%
Fig. 19 Torque changing curves of HVC under oil

film thickness of series 1

+w2,17a

T: ——w,,1-b

< w,l-c

E, ®,,1-d

Bl —+w,l-a

b +w1,1*b

& wpl-c
—‘—wl,l*d

SOTONE O A i I——— N
0 50 100 150 200 250 300 350
fif &) /s
20 1 FRH0 MBI BT KA i s A i 2k

Fig.20 Rotational speed changing curves of flywheel

and load under oil film thickness of series 1
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Fig.21 Torque changing curves of HVC under
oil film thickness of series 2
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Fig.22 Rotational speed changing curves of flywheel

and load under oil film thickness of series 2
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Fig.23  Torque changing curves of HVC, rotational speed

of flywheel and load under different load torques
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Fig.24  Jerk degree changing curves under different

load torques
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