2014410 H

7SO AR VI =

45 & 10

doi:10.6041/j. issn. 1000-1298.2014. 10. 051

ETREAFHRRENBETRERINES

KT

2R4 P @

EoE

2

(1. R KA MR, FIK 4000445 2. 8RR HUME ol [ 5 A 9000 %, 5L K 400044)

FEE BT RRFT 2R 1 BE [ BT LG 5 (] B A5 B s MRURT 5 11 B ) S B () B e 1 (e L, 7 B R T 45 0 ) B A it ) i
il b, 32 T A 7 27 18] it Y 5 B0, S S 2 Y ) I M O s 2 90 R0 B0 000 A 2R, 3031 0 B MR AP S 9T B ) Bt R ol 5 )
A 9 o, A 0 R A [ () B O 1 2k 5 DA B RAT 2 Sk ABlRAT 3 Sk B USRS ], s FE T S S
LU X e 23 BT T BT T S 28 o Mk e ) A T BIL B, 5 7 T BB e R T T 2 o R O A RV A B
FBFPE B R ML, AT 58 2 1 IR AT SR e T BT IR 3R T T IRAT AR A A PR

KEEW: BITE MR
FE 4 %S TH327

BB AR RCR
XHRARIRED : A

51

BEUFF A S 5 BUR R R 50 v A L 7 5 LT
2R A B0 06 A JBORG JRES FEL LDk Bl /N AR
U AR BT BF 5 4 A AT U R
28 B4 7 R T ) H Y R s
WREEREY Y G HIT R T2 W5, AN,
T BT O TR A TR 0 R 2 M A 1 W 1 ) R 4 o)
FE A 28 780 75 B R B A O R RS 0 PR RR 25
P T 1 A AR A A

SEURT i 52 9 5 50 L ke MEUAT 2R 1 I
i, ) B3t A 5 0 ey P Y S 8, 7 RO
ARG 5 1 B 2o /) D) S5 80008 T 0 2 ) g B 42 0 o, 1 S 5
AR DR, BBRT B A 4 B T 4 2 2 AT
LT (ER T ] B A R R B L R A T
I ZR G5 1 B 5 3 i SR AR AL IR 19 7 v, AR [+ ]
B 4 fF T A 1 P R AT TN, B 4 280 3R A , W DR 20
PR, PRI, TR TIE S R R i) T A A 3% P RE 1
A AL, 55 B2URT 2 4% 101 [ B2 A 440 o J% G % 258 1
BB 1) 5 e MLl S BURT 2 P R L 5 11 6 B

AR SCAE BF 5 LT 4% 5 1) 0 i B ) R Al 1
S A1) B AT 43 2, ot ML 25 £ B i) B 5 i)
B 5 e WL 2 P i 110 O ) Bt 11 3 i) A 32
YRR 3 2 1) B 2 S s, 0 ) S S M ) B ok U T
22 0 R0 B L) SRR R 43 BT BT R DR IR G S ]

il

W H 39 . 2013 09 —26  f& 5] H 9 . 2013 — 10 —27

XEHE: 1000-1298(2014)10-0326-07

B A it T e, A 3 R 2R A (] TR] it it O A 3% 28 X
PAESIRAT 2 Sk N BHIRFT 3 Sk BURAT 50 B, 50 5
G BT RRAT e 2 3 L 1T e 2 X MR AT L U A R 1
A RUCR RIS, O 5 iR 25 R AT X L, Bk
TN (Y TE R

1 8247 3R | PR 44 A

BEROFF 2R A o 7 o it U ) B 2 25 (DURAT F%e
F 1A 955 2R L R BE 22 (] R R0 HY BT BE R B 6, 0 QMg
A X R SR T U TS5 A Sl R AT P47 AR B3 3 Sl R AT
AR5 Sl SR AT 1 TR T A 9 4% 18] ) Bt 6, . Dk 5
DX AT $A7 1 2 [ 9 42 Mk 2K 249 20 0 A 1495 1) [ L, oK
JFC 194 JA] 5 52 2 el A RO Ak AL 6, (P 1) o
Hh e R G 2 D 5 BE TR A Mk U = A0, i T
L5 95 1o 8] B2 % fA7 BE (] B AR 1% , HLAE w4 X, H g
K i = 1T (8] B4 5 21035 10 AT BE
1.1 B E B A A

BEOFT A S AT EL G 5 1O RAT S 4% 1 1Y B e e 7™
A A B RE WA N — 3 R ik 1) g — S R 1
I 58 A BL, ST Ay ey 5 M Js 1) B A 00T O R S R
BLEL TR BT A WE 2 Fron FEREX, T
i B (19 B DAY SRS 55 2 11 VAR AR 3 AT RE [ B D 9 A
Fe 7 85 Tk 1 5 [a) B A e TR DX 14 Rl P AR
R TR A o PG TR SR 1T S T g 114 2
— IR Y, B [ A e A itk

= [E 5 HARFHA SR G B ) 0 H (51175522) \ Z0 #8018 A1 BA & J 1t X B¢ B 5 H (IRT1196) 1T PCTiT B 4K Bk 2 k4 (T 50 By 5 H

(estc2013(jB70002 )

EZE B : Koo, TR, 32 2 NGB S RK 52 5 5228 7™ i S Al FEIE B 5F , E-mail : yuanxun. zhang@ yahoo. com
BIAEE : G, B WA 00, E =R YU 3 AU BT 5 HLEH B 05 B 5T, E-mail : tqequ@ cqu. edu. en



£ 10 39

TRITRY S+ T U AAR g TR A R ) ST A T LR BT 327

K b4 ]

E BT

MEIRFT

K
PE1 SBURT S U R
Fig.1 Diagrammatic sketch of clearance
of pump leakage
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Fig.2  Length of top clearance of tooth
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Fig.3 Diagram of contact line of screw rotors
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Fig.4 Diagram of evolution of leakage triangle
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Fig.5 Diagrammatic sketch of top clearance of tooth
WIS Fr 7 f BE 6] B2 0 8, , R 2 18] B 5 6 — T
[6] JE& T 310 b, R 2 2 i B (8] it 3l Js Sk 1) 11 53 B
A B 4 SRy WP A T AR ] T Bt A i e o S Al 1 B
U Bl — M RS20, o3 3 Bl T« T 22 3 IR It 3l AR
22 3t 8l A X2 2 ik SR I 3 BR BT D) 3 AR 22
SR OIE AR R B9 o MR AR — B A AL
B W WA H AT H DX 2% 3 o TR X, 45 45 i T 43 AT
BT % 10 iy B ] B2 i 9 el 25 T 2 U R 5 U0 O TR
sl , o, IR 22 ok A A HE 1A s 22 5 BT U0
D) by WA 1) T 2 i S MR A A T BE DA b ) % B
CEBE u) 5l
i b2 Bl (R BT 6 rhP Al A D IR A
AT R4 T DX 5% 3l 48] 8 1) A% T8 BT e T 1 P Al 1 i
B Ay %f 0 BT BE BT JE T A9 7 A, Herb A B AR XS L
R A AEXS AR B AT A S w, AR T
N CERRIEIEE b =8, , A K 1 o Fsh iR A 10 &
P o MBE WA AN T e 4, BT ) 20 W AN T, R B2 A
A5 o FEW A B — A ROTR da dy (58 2 5 18] B
PR AE M S A B/ 2 AR B
Fs 320 p Al p + dp  AE RITE € 5 W0R AH AT B9 B R
B ERPI A r f oo+ dr, R ROT AR Y
YIRS VIRV
pdy + (1 +d7r)dx = (p +dp)dy + 7dx (1)

KXrp p—JET) T V5 7
»”i 1 »
Ui
—>
A
T+dT
N ptdp <
n B <« )
Ai «— | ’
5/
X dx

B 6 P47 i I Bt i sl s 8
Fig. 6 Diagram of parallel plate flow
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Fig.7 Diagram of leakage model for small holes
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Fig.8 Diagram of flow characteristics in pump cavity
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Fig.9 Diagrammatic sketch of screw pump test unit
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Characteristic curve of rate of flow-rotation

speed-volumetric efficiency

[ I Bt 5 2 T P 38 1, AR AR X B £ %l 1)
JEE A B 2 38, o T R MAORE A B A T SRR X R I TR
B AL YA 1 BT D) A1 A0 K R Y S ol T A X
TR I BT DI T B 5 L0370 o 4 It 5 MR AT e 3k
AR TG o A 11 7R AR BSR4, 2 ek
/T 1000 o/ min i, 18 5 75545 21 9 25 BRRCR R
TR S ISRy T S B A 2 5 1] B
BT A S Y5 R R A K 2 4 K T 1000 1/min
S, T 2 2R s 2 R ICR I i P AR T R A ik
06 255 2R Qi 2 O 45 2R 1 R B 3 B UK
FRAEFEH AT 1900 v/min i HY B I 69 455 50100 2

Ji N R o DRI, 0 TR E B RR A TR S o
AT T IR R A BUSCR I 5

A TS WA R i i U A R Y B
oA 10 5 1 Bl T A P (E -5 SE DR Y
BRZE(E 12) o B 13 (IR 45 1F o w0 fi 2E 11 s )
950 kPa, 5 2 N 122 mm, 82 FF U5 16 35 1) (A) PR
0. 12 mm, fa] BE [6] B0 0. 24 mm ) i) UG Y, 78 B2 4T
JEE e Y LA, BRSSO R R 25 A
6% , ik T A SCHT AL A 45 B

7

.......
......
poets
.
.
pes
on?
......
...........

RZEY%
w

350 450 550 650 750 850
J&J1/kPa

%
v

1 1 1 1 1 1 J
630 840 1050 1260 1470 1680 1890 2100
3/ (remin ")
B2 SOeTHE  SE el 4 (1R 22

Fig. 12 Error curve of theory and measurement

97 .
— — = 2100 r/min
~ 1890 r/min
o6 F RS — - — 1680 r/min
§
M
= 95
=
e
94
93 1 1 1 ]
300 450 600 750 900
£ 71/kPa
B 13 R R - BB R h 42
Fig. 13 Characteristic curve of rotation

speed-pressure-volumetric efficiency

Xt FUIET 13 AN [) 4% Ja 3% 2 [) B2 2% 1F T IR AT R 4
USRI 2 I A2 A O 2, T AAS A BRAT A 2 R AL
ARG 14 32 R K Bt T 22 1 6 4 O, T R L
TEARFE A IE T o R A TRRCR IR AR Y 8 B B 5 T 22
FI S84 0 T 3800, i 6 P Sk ) o AU 64 o 5 B A 8
SIIE) B AR AR T G AR A B A 2 O IR A A S A
— JE ARG , R T R 10 AR

4 it

(1) 20 #r 1 92T 25 % 20 18] Bt 1) #4 J8 Jit B, 0o 8
FFAE R 2 T 5, a2 P A g = ] B3t U 2% /s £L



332

Kok HLOB ¥ R

2014 4

k57, o ST T T 2R TR B (] Bt it Y 5
TR 1) G ) it Tt s 5 Y, 745 3] MR O B itk U
RRMEIT R Tk

(2) #5376, #E 5
B X FE o M 1 R A MR e L e 22 R A BUCR 1Y

SO ARAT T ANTR) B0 25 1 T SRR (] o MR AT R R
R AR R

(3) L T HRFT A 32 L0 F BT 5 5
ME R RN, —HE R —B0, HB TR AR
WZE/NT 6% UL IA T LR VI L 1T

13

14

16

17

18

19
20

2 £ x W

Nakashima Celso Y, Jr Silvio de Oliveira, Caetano E F. Heat transfer in a twin-screw multiphase pump: thermal modeling and one
application in the petroleum industry[ J]. Energy, 2006, 31(15) : 3415 —3425.

BRER. BAFRIM]. dEat: HUAR Ol A, 2010.

P, Bai R, Wolfgang Sietze, 5. XU £ IE VLR AT T OF S BU XS HAR MR S 02w [T]. RV AL - 4 , 2007, 38(9) :
71 -74.

Zhang Bo, Wei Yimin, Wolfgang Sietze, et al. Influence of twin-screw extruder screw element type on the torque and pressures
Transactions of the Chinese Society for Agricultural Machinery, 2007, 38(9): 71 —74. (in Chinese)
Pennacchi P, Sexto L. F. Design improvement of screw pump power sources for hydraulic elevators to reduce noise emissions [ J].
Noise Control Engineering Journal, 2007, 55(2) . 164 - 171.

Wk, WA, BHRR, F. B0 AR T8 0 E R AT [T ] AR AUMCE R, 2013, 44(11) 2 67 -71.

Pan Zhongyong, Pan Xiwei, Li Xiaojun, et al. Rotordynamic analysis of leakage flow in centrifugal pump [ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2013, 44(11): 67 =71. (in Chinese)

Wu Yuren, Fong Zhanghua. Improved rotor profiling based on the arbitrary sealing line for twin-screw compressors [ J].
Mechanism and Machine Theory, 2008, 43(6) : 695 -711.

EW, BXE, BEE, % SR TEOELPENSORITR (1] HEPB LR, 2001, 12(3): 294 -296.

MHGEER, AR, AT, S SNIR L TR T SRR A BR AL e R (T ] RO ALBRAA 4R, 2007,38(4) - 81 - 84.

Ye Xiaoyan, Shi Haixia, Hu Jingning, et al. Optimization selection of gap between rotor and pump body of external circulation

during extrusion [ J].

rotor pump [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2007, 38(4) : 81 —84. (in Chinese)
Dzhanakhmedov A Kh. Investigations of the destructive effect of two-phase liquid on screw pump lip seals [ J]. Journal of Friction
and Wear, 2008, 29(4) : 310 -313.
BER, wAH, Wk, 55 2T S50 A A% I B0 R 2T A BEA T ] . R LR, 2013, 44(7) : 49 - 54.
Li Xiaojun, Yuan Shouqi, Pan Zhongyong, et al. Numerical simulation of whole flow field for centrifugal pump with structured
grid [J]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(7) : 49 —54. (in Chinese)
Hsieh Chiufan, Hwang Yiiwen, Fong Zhanghua. Study on the tooth profile for the screw claw-type pump [J]. Mechanism and
Machine Theory, 2008, 43(7) . 812 —828.
REAF , 15 A ). WUIRAT T 406 ML 147 1] 18] B2 20 A B9 B [T ] 74 % 22 3 R~ 4k, 2004, 38(7) : 682 - 685.
Xiong Wei, Feng Quanke. Calculation to inter-lobe clearance distribution of twin-screw compressor [ J]. Journal of Xi’an Jiao
Tong University, 2004, 38(7): 682 - 685. (in Chinese)
JESCHE S TREA S T OBUBR AT R M B AR A BRI AT S LT ] Al B R EOR , 2007, 35(6) : 76 - 78.
Qu Wentao, Xu Zhangshi, Zhang Hong, et al. Theoretical study on leakage model of submersible twin-screw pump [ J].
Petroleum Drilling Techniques, 2007, 35(6) : 76 —78. (in Chinese)
Ryazantsev V M, Plyasov V V. Determining the forces on the screw in two- and three -bearing two-screw pumps[J]. Russian
Engineering Research, 2010, 30(9) . 877 —885.
XTEAS, LARM, R 20RO AR i e R Pl g [T ] RO AL 4, 2012, 43(7) . 84 -88.
Liu Zailun, Wang Dongwei, Liang Sen. Fluid leakage characteristic test on balance aperture of centrifugal pump impeller [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(7): 84 —88. (in Chinese)
B, a0, XUATH, 55 U AR Gk ) B AR E A I IO AL LT ] AR AR A R, 2013, 44 (35 T)) ¢ 113 - 118,
Li Yaojun, Shen Jinfeng, Liu Zhuqging, et al. Large eddy simulation of unsteady flow in tip region of axial-flow pump [J].
Transactions of the Chinese Society for Agricultural Machinery, 2013, 44 (Supp. ) : 113 = 118. (in Chinese)
Fong Zhanghua, Huang F C. Evaluating the interlobe clearance and determining the sizes and shapes of all the leakage paths for
twin-screw vacuum pump [J]. Proc. IMechE,Part C: Journal of Mechanical Engineering Science, 2006, 220(4) : 499 - 506.
Fong Zhanghua, Huang F C, Fang H S. Evaluating the inter-lobe clearance of the twin-screw compressor by the ISO-clearance
contour diagram (ICCD) [J]. Mechanism and Machine Theory, 2001, 36(6) . 725 - 742.
Faydor L Litvin, Alfonso Fuentes. Gear geometry and applied theory [ M]. London; Cambridge University Press, 2004.
Xu Jian, Feng Quanke, Wu Weifeng. Geometrical design and investigation of a new profile of the three screw pump [J]. ASME
Journal of Mechanical Design, 2011, 133(9) . 0945011 -5.

(#5339 1)



£ 10 39 R AF . BT R AMER AT S A B U5 339

A Compound Control Strategy Combining Load Compensation with
ADRC of Electro-hydraulic Position Control System

Gao Bingwei Shao Junpeng Li Jianying Ji Yajuan
(College of Mechanical and Power Engineering, Harbin University of Science and Technology, Harbin 150080, China)

Abstract: The electro-hydraulic position control system, which has the shortcomings of highly nonlinear,
time-varying of the internal parameters and disturbance of the external load, seriously affects the static
and dynamic control. In order to solve this problem, a compound control strategy combining load
compensation with ADRC ( auto disturbance rejection controller) was put forward, and the working
principle of the composite control strategy was given in this paper. ADRC controller was designed, and
the extended state observer was used for observing internal parameters uncertainties and external
disturbances, so that the disturbance of the system is suppressed effectively. Load compensation
controllerwas designed and the compensation model was derived. They further weakened the adverse
effects on the system due to the changes in the external load, and improved the position control accuracy
of the system. The composite control strategy was verified on the simulation in Matlab and semi-physical
simulation platform, respectively. And the simulation and experimental results show that the electro-
hydraulic position control system with ADRC controller could effectively inhibit the interference of external
disturbances, and the precise positioning control was realized after introducing the load compensation
controller. And then the efficiency of the method presented was verified through simulations.

Key words: Electro-hydraulic position control system Load compensation ADRC controller
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Leakage Mechanism of Screw Pump Based on
Leakage Model in Fluid Mechanics

Zhang Yuanxun' Tang Qian® Li Zhonghua® Yan Di’

(1. College of Aerospace Engineering, Chongqing University, Chongqing 400030, China
2. State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400030, China)

Abstract. Clearance leakage is the main cause of pump leakage. Aiming at the design and control of the
key clearance, which determines the performance of screw pump such as clearance of barrel wall and
meshing area, the model of differential pressure flow and shear flow of clearance leakage in pump cavity
is established. The mathematical expressions of leakage from different clearance are obtained by analyzing
the clearance leakage of barrel wall and meshing area. The influence of the rotation speed and pressure
difference between inlet and outlet on flow characteristics and volumetric efficiency characteristics of
screw pump is revealed by theoretical calculation and experimental analysis of twin screw pump. Based on
these results, the rotor design theory of the screw pump as well as the performance of the screw pump can
be improved.

Key words: Screw pump Leakage Clearance Volumetric efficiency



