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Kinematics and mechanics performance analysis of driving systems
of differential velocity vane pump
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Abstract; To overcome the drawback of small displacement, large pressure fluctuation and unbalanced radial
force of a rotary positive displacement pump, the rotating-guide-bar and gear mechanisms assembled driving
systems of differential velocity vane pump with the cranks and the guide-bars as active parts are presented in
this paper. With variation of the motion characteristic coefficient on the rotating-guide-bar and gear mecha-
nisms assembled driving systems, their motion characteristics and laws are investigated. The basic parameter
equations are established and the kinematics characteristics and mechanics performance are analyzed for these
two types of driving systems. The results show that the transmission performance of rotating-guide-bar and gear
mechanisms assembled driving system with the guide-bars as active parts is superior to that with cranks as ac-
tive parts.

Key words: differential velocity vane pump; driving system; rotating-guide-bar and gear mechanisms; Kine-

matic performance analysis

SR T RAREAELIR TRPEAE T R A AL S FR o, 32 0
2N AR A A HE R R RN e sz T MR U R - R 2R i 2
- A IR B RS M IS 3 F 4. BRsh R

FEEHH: 2011 02 - 13. ; s o ves P
EETME . 15K [ AFIE I G (50035002) ; wrproy o 1 Sk AR AR P Y 8 S L. A AR
Rhf LGV B H (1212805004 ; Wi i dibhs SRR BRI , 1 48 3 o AS 25 3 % sl 51

41135 A1 BA 9% B35 5 (2010R50005 ) 5 2010 2011 4 B #it 1k B e 25 R0 il P P HE o . )
VLA s 2 b 3R e i e o g LR AR AR A, I BCHERCRIRR . SR

(2011€31012,2010€31076). B T R FHTE B P I BT 55 40, Bk R iR 5
fEEE A 9 W(1976—) , 4, W+, BB, 3 T A () B 9 S T I 5

Wi WI(1957—), 5, HE, fLE S PARCHLIIERIRCH 1. W T 22 2 AR ﬁ:”ﬁg[fjj f‘:

Wi3CHE(1963—) , B, HH%, W1k S, LS B 13z Sl AR S8 O AR

BIEEE: 1 W, huming@ zstu. edu. cn.



124 - T S S

CHENE

ARSCHR I B AT - UL & i 258
LSIEN N> a2 Wil S, DO R St RS P i d S )
vixiip

1 BZheAT - R W) R L TIERE

el AT - IR R MU G A 22 R B 5l
AGUMNE 1 Frs, EEALTE S AL Fe 5
FRHLE I e LA 2. L TAR R I 4E 2 [l
SRR I EE 3 A1 14 W, TR 1) S A
. %8 3 A 14 73 5 S RS AT A LI ) i 4 A
13 [A1IGC, P HAAPY 114 22 286 Ay 3% BT 2R €. i i
TS R0 12, fhAR 4 113 43 B8RS S AT 6 A
UL AR APE R AR 2T 5 3l , AT 5% 3l AT 6 A1l
VL J3E 5 RS [ AR A 7 Bl o 5% 30 4T 6 A
LT 43 55155 7 #0010 [, i k4 7 A1 10 4
G REE 8 F19 Whs. Uikt 8 M9 sl 5t 2
SR A WA (K ol R ) U 1) AS 2 5
By, LAl 4858 S L i ER

11— 3h9152,3,7,8,9,10, 14—k %8 4, 13—l #;5, 12—3 B
6, 11—FFF
Bl MAZRREDHSH - EREHREEE

- 22 AR A B 28 8 (195G 3l AT LA =X
AL AT AL 20, DR B PR TR - 3=
S PE O AR A S B O AT TGRSR I A AL £
Ve TN, 4 BT EL By, g Rl g
BUAS R R S e g, S R A S A LM AL 5 e, 2]
Rt Jr 22 A R SRS R . Pk, 75 s sh st
T2 R R 0 A B R AT X6 He 23

2 REThRAT - RIS RGEE I AT

2.1 HBEAENGIEINRRESHON
AP R E B F AL 3h AT - AL A A Y

M 22 AR KB R GEAN ] 2 .

1,2,6,7,8,9 11—Hi%; 4, 10—l 3,138 5,12— S
M, M, My Mg My M,y — U556 1,4,7,8,10,11 7% T AR 46
B2 HWAENGENST - ERENRS

K2 thilihe 1 o R Geis sl AR, B[R]
SO R 4 58 2 RNk 58 O Wh 5, T4 Fe 2 FIA
%9 70 5 WA HIAR R FE Sh e s S AL o
ey A 4 st AR 10 [5G, T it A 4 Atk A% 10 U235
VAR oy Tl oy B2 (E LA T84 38 £y
WES =0, - o NEFMNA, ETRER L
BARAER A, PR BT RS =0, -0y =
180° 223 )7 48). Mz sl 48 1 Hw AR,
i 4 AN 10 LLSE A R [R] 1z gl P HEAR
J F SR S AU AT S FISAF 12 7050 5
SEA BT HE 6 FIIATAS 11 [EIIR, 548 6 FHik 48 11
359055 1 RO ) HL IRVl 2223 i 14 5 7 ki de 8 ik
B W T FIAHE 8 430 5 I 7 2 AU A I IH- A [
1k, AT Bl i 22 342 A

WA S Ed R RN 7 5 8 1Y
T N

1 + Acos(o, + @)
- [1+2Acos(o, +¢,) + )‘z]uw4'
_ 1 + Acos(o, + @)
01+ 2xcos( oy, + @) + A7 Ju

s A K SAFILIE SIAFE R A A = 2

R Ay AT AL 9 [0 5 R B S d 55 AR o 11
FAE ; o) oy, 7300 A 4 B4 % /R
I 505 @10 w1 ZPN TR 10 22 £ e ff1 A
HEE 0, wg SRS T 558 8 AR su
Ykt 7 Stk o (e 8 Hike 11) kit
MOEFRHERECA = 0.5, Ui v = 2 B,
a3 W 45 8 WA e 2 S AT LA 3= 3R 1 2 2 A
o, =0°,0, = 180°, RIBK 3l & 5 1Y % % A A £
3 =180° thzU(1) \20(2) Lilih5e 7 k5 8 1)
AL (B 3). I 3 AT, A0 f ol

(D

w7

Wo- (2)

wg



59 4]

AN, G5 R 2R ALKl R EGiE B 5 R b - 125 -

3 =180 M Fy £ B2 2R P45 52 s P AR AR EL AR TR].

2.2 SHAEIHHRHRZEIEIHSH
PASAE o F2 3l 5 I, 44 0 9K 3l R GE K] 4

s, 52 HEATAL BR T 3 e

FEZAh, Bt oy A a]. W B, n R4 48 7 1A

& 8 B U S0 N

w, = [1 =A%sin’ (o, +¢,) +Acos’ (o, +¢,) -

2Xcos(a, +¢@,) «/1 - )\ZSinz(U'l +¢,) ]l/2w4/
[u /1 = Nsin’ (o, +@,) . (3)

wg = [1 —)\zsin2(0'2 + @) +)\20052(0'2 + @) -

2)\005(0'2 + §010) «/1 - )\ZSiHZ(U'z + €010) ]l/zwlo/

[u «/1 —Asin’ (o, + @) 1 (4)
% 60

ER AN o

5 20

S 0 180 360 540 720

@1, @10/(°)

3 HMAEINMG S =180"HEZN REE&E

1,2,6,7,8,9,11—th#t; 4,10—3FF; 3, 13— 5, 12— i
M, M, My My Mo My, — Ui%61,4,7,8,10 11 fiF32 TAEFLJ7468
4 SHAEHMEHEDST - EREBH RS

MIBEEHE RSN = 0.5, 5% u = 2 B,
4 E I B R IU Y F B2 ff oy = 0°,
o, = 180°, BIBR S R M LRAMALAM N 3 =
180°. thzX(3) 3 (4) L4587 P48 8 A i
JELIEI(1&]5). [RIBR] 0, 18] 5 thede e Aifi s 3 =
180 R 38 35 £k 1 4% 52 i Y DN AL AR (ELAH 7).

0 180 360 540 720
@1, ©10/(°)
5 SMFAEFHI=180°HIE RAIZFHEE
P 3 S iz sl i mr 0 AR F A5 T LA
ARy TS e s AT —— A R SR sh R gk
7.8 AR S EAF R S S —

AR IRE G U4 7.8 10 A LI R
3 KA UWRBWSHRRSE T

3.1 HMAAENGHORNREEASHTE

T I 22 R IR R G is s LA A
AR, SRSl R GEAz B2k 1A P A S8 R 2 T A 3
ANEIRE R 2o B A R D AR B I T Ay, (R
A RN A Z [ R ) L L3 S RT
Yo = O P, ORI BISIH R A y, 5 955K A
LR (FFMEEESG ). RIE o, =
wWg , Wy = wm’EBit(l) \;Et(Z) Eﬂﬂ*ﬁ%@ﬂalﬂ:
1930 5 2 UG AR LB A N
WL TR AR R A4 A, SR LT 5K i

L& 2 P4 PRYNEE 7 ke 8 SR,
S Fo PN Bl AT LR 9 M Sl 1 45 5
P 2 fRiAk o B 6, RV AP o 3 20 4 HL LSS ffy
JEGE A T gy, W AR =2 18] 04 A DAy 22 2 RE A A
3BT B H A58 R C el

6 HEAENGHSTINEEAS
H1P 6 IR, 4 P 3l S AL 9 A Sl 1F
FrEURE [R]NAR 25 D0 HE F2 S F 5 A Bl A B AR 2
ELALIRRIN RN, Q& 7 . W& 2 7R i 318 5
ARG FATHS 0, + 0, MRS 8 ¥R
0, +06,

0 w = %Yo-

K7 Ples B PSS AL B 22 (8], S AT 2 B
CB'| ¥eZ\(iE CB", i iy M E R TS AT il i
CB', ¥R\ CB", ¥eid MM 0, + 60,, it fh
S e Ay, AR, HA

A +cos£
2
cos 0, = ,
s .
1 +2\cos + A
2
A — cos —
cos 0, = 2

Jl —2/\005% +A°

FHICAf N 24 S = 180°H, {4 Ay = Bh 4 14 TR
ARG L R B R 22 A J Ay,
WIEARSH B KRN



- 126 - /E R/ S N A NI B

CHENE

A
e 2
3.2 BHAEDHNBHRARASH R

AR SRR, ST 4 AL
Pl 8 AR 8 i i i R

- 0. (5)

arccos

.2 3 p) D)
cos 0, = Asin’ > + cos 1 - A’sin’ bR

P p) P
cos 0, = Asin’ o T cos 1 - A%sin® DR

7 HWEAENGHEHSTNEERCE

B8 SHAENUNERISHIMEELE
K4 Frn i IRsh ZRGe b 53/ 0, + 0, %)
NI 8 L
Oy = (6, +6,)/u =y,
H ARSI 3 = 180° i, AT £ sh 4 A3k
RGIASHITREN
arccos A — uy,/2 = 0. (6)
L =2, A (5) 2(6) RGN th
Ak 1Mk 254 w = 3, R 4E0(5) (A (6) it
AATEIE 9 i<k 3 <k 4.

HiPE 9 FTAL AR R B R AR O T AR5
2k 1 A3 FRRI A A AR ARG HIZR 2 70 4 77
BRI A DR R O, JR A HE B RIS
MR AR KOHR R 0T, AR il 2 2 A 4 Bt 3k
ARG AT LR R IR gl UL, LS A
B S SAT LA B K 3N 2R GEA Lz Bl
SOISAR , ELHREE s LR, U B

90

60

Yo/(°)

30

0 I O.IZ | 014 I 0i6 I OI.S I 1.0
A
13— WrkF R B PR IRB RS w = 2, uw = 30 A Fly KRl
;24— PR EADHBE RS u = 2, u = 30 A Fly, %
Filizk
B9 HERHFSERMHAAMNXRME

4 e —— RIS R F

X A A = Sl R I B 3l 2R 5, 45444 14 o
ZWLAER S A &l 2 fros. 148 6 i 48 11
HEWE T N 8 G, HAG Ay u itk
AR, Vi AS 6 RN RS 11 Fr sz i AR 4

My = M,/u,
M, = Mg/u.

Rl , P48 6 FI4E 11 230505 T 41 S FISAF
12 [E5E, eSS VA 12 Prs i Sy AR Ry M Al
M. T Sl A HLRG ) 3 Sl A 4 F AR 10 B
S TAERE R My, F0 M 53500
_ 1 + Acos(oy + @)
1 +2Acos(o, +¢@,) +A

4 2776

1 + Acos(o, + @)
T +2Acos(o, + @) + A

i 4 AN 10 4350 5 555 2 FIik48 9
B, A e 2 AN RS O [ S48 1 G5, 48 1,
W2 KR I BN 2, 2, 2. T, K HE ]
32 1 TAERH 5 R

10 25711

M, zM
1My 1My
M =—+—
ED) 29
A
<
N
I, = = —
2 2

BMJERHATE 1 Prsz i TARRL I M,

B 1 + Acos(o, + )
T [1 +2xcos(a, + @) + AT Juiy,

1



59 4]

AN, G5 R 2R ALKl R EGiE B 5 R b - 127 -

1 + Acos(o, + @)

[1 +2Acos(o, + @) + )\z]uileg‘ (7)

XN E S R SRS R GE, X R 2

P AT, B T e sl AT AR 9 = SR BT 2 AR

BH 3 HEAT BT AN S, ARG £ Ir 32 8 AR BH ) 4R

YRR PR, B 4 pikidS 1 T2 TAERL AR
M, = [1 = Xsin’ (o, +¢,) +Acos’ (o, +¢,) -

2\cos(oy +¢,) \/1 — Nsin’ (o, +¢,) 1M,/

[ilzu N/l _/\zsinz(a_l +¢,) ]1/2 +
[1 —/\ZSiHZ(O'z +¢p) +)\20052(0'z +<P10) -

2Xcos(o, +¢y) «/1 —Asin’ (o, + ) 172/

Lipu «/1 - Asin’ (o, + @) J- (8)

1 T8 2 AR 4 gt ge 7 A R 8 o)l
5 b 28 P IR RETIEC, X (7) FnaXi(8)
R A M F M RIS R 22 A S g B
S TAERLIAE. Mu = 2,0, = 20, Al 315345 5
K24 dhikgde 1A TARR 2 n i 10,
K11 Frs.

Hi 1] 10 [ 11l 1, B Gz SRl R A /Y
FEOR AR 1 I 32 1) T A B R I8 5l i {13 i 14
R P A 10 & 10wl 1L Ay FEER ]
R SR RS /N T & 10 1) ) AR LR I I Sh iR, i
AT UL, SR LA A 3 EK 3 R B
PEAApE.

0 180 360 540 720
@, ©10/(°)

B 10 A E GRS R G TEBESELE
40

~3O
Z20
=
10
0 1‘80 36IO 5;10 720
@1, P10/(°)
E 11 SFAEHNGRR RS TIERANELE
5 %

FT R 22 AR R G TAR B, MR

¥ s AL Iz SR AL, 2 B S7 1 LRI AR
EBF IS AT - IR R G LL AT £
PFIEE S AT - RS RS, It T Hiz
IR DAL S d s VAN Bt i) B R R o e
AGa R R RS A A Z S R I EEA

AL PRI B R G AE s B A 2Rk D
RS FURITTE A B - LA AT D T 3h P 9 5% 3 AT -
WH UK R GRS EREDL T L AR 23l 1R i
Fesh AT - N IS R G, W HE s AT - e HL
P LA I 22 A IR Bl R G e St s R At 1
AR

5% Xk :

[1] DANRDONO D, KIML K S, ROZIBOYEV E, et. al.
Design and optimization of an LPG roller vane pump for
suppressing vavitation[ J . International Journal of Au-
tomotive Technology, 2010, 3(11): 323 —330.

[2] FERRO LM C, GATO L M C, TAKAO M, et al. De-
sign and experimental validation of the inlet guide vane
system of a mini hydraulic bulb-turbine[ J]. Renewable
Energy, 2010, 35(9) : 1920 — 1928.

(3] BRBI, F)Ak, XURER], . iR 225808 O O 18 - 3
B aRsh R G FE [T ] HUB TR 4H, 2005,
3(4):98 -101.

(4] BRI, 5k 55, ke, 5. 563 AT - R HLIM IR S)
M2 A )] DU CAR 4R, 2006, 42(5) : 54 -
59.

[5] HU Ming, CHEN Ming, CHEN Wenhua, et. al. Kine-
matics analysis and basic parameters design on the rota-
ting-guide-bar and gear mechanisms assembled driving
systems of differential velocity vane pump [ C]//2010
IEEE International Conference on Mechatronics and Au-
tomation. Piscataway, NJ: IEEE, 2010, 1220 - 1223.

[6] ANANTHASURESH G K, VIJAY K. Kinematic and kin-
etostatic synthesis of planar coupled serial chain mecha-
nism [ J]. Journal of Mechanical Design, 2002,
124(12) ; 301 -312.

[7] FIGLIOLINI G, CECCARELLI M. A novel articulated
mechansim mimicking the motion of index fingers[ J].
Robotica, 2002, 20(1) . 13 -22.

[8] PEREZ A, MCCARTHY J M. Geometric design of
RRP, RPR and PRR serial chains[ J]. Mechanism and
Machine Theory, 2005, 40(11) . 1294 —1311.

(%% K <)



