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Study of Electromagnetic Force Interactive Piston Pump Cushioning
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Abstract : Electromagnetic interaction plunger pump is a new type of hydraulic pump. If the plunger motion is not controlled well,
shock, vibration and noise occar in the plunger and the pump body. In consideration of electromagnetic force, hydraulic power, friction
force and other factors, this article establishes the mathematical model of the dynamic process of the electromagnetic interactive

plunger pump. Then the electromagnetic force is simulated and experimentally studied, the simulation and study results is of good
consistency. The electromagnetic force increases monotonously with the increase of the plunger stroke, and it changes faster and
faster. The maximum value is near 1 000 N. When the plunger moves from bottom dead center to top dead center,the coil is still in
energized condition, the speed increases with the electromagnetic force. And when the plunger reaches the top dead center, it

generates violent Impact and noise. By shortening the energization time, the velocity of the plunger approaches to zero when the
plunger is moved to the top dead center,thus avoiding the Impact and greatly reducing the electric consumption.

Keywords : piston pump; electromagnetic force; cushion; vibration;noise

0 35

P ) L Bl A E R A g — iR R B R, AR R A 2
B E) T RS R 0, AR FE AR R 2 TR A
Kyl I SBORGRS I | 0 A i

FI T A A H 1 5 2w A F 0 32 B4R R AR TR
FLANRELIT I, EAh#35 W ALGAR A 5538 XUPE JH AL
TEATREA S 2 vh A1 2l B BE e T3 ZE /9 3D A 8 1 52 )
2% P RS S REREAT T RHOGHFSE s LAT Q S5 X iy 3K I
WORRTHEAT T 2 R 5 20 b, PRARBIE SR ZE 45 H
KRB 2R 2R U S 2 BRI 28 1 R X g 2 % e
PERESZAT R Il P A6 0 o VAR R ) 22 oo
PEATEE ST SIS, 0 HLASHE 2 R0 S g FE 1
M S ZHANG 7 L A5 Ik e T 25 o e ik
e W W TR R 2 R T AT, A A 2 A R
JELO S SRS T — o A 28 v R S A A

W 7 T A R T AR PR A A5 SR AT AR A, S B
ST e wh 7 5 B T A R e T 4 5O RELJE
PRI 58 B ZESUMR R S LR TR 28 T 1k s RE
PR I, i B BT

FASR2A 2 BRI AT R 2 i o AT T K
WHFE (LRSS & B H AL 2R e LR/ UL, Al ) B
BfFESEA LA I BAR X IR, AR SCAS R AT R R
P Ok A T AR AR A B ) A e, 1 2
L R A1 PR R 0 v D e I URD  D
A 977 2l G rh i

1 RBENENFERGHREE

LR ) EL S A FE SR A I B AL AN AT 1 R, W
BERRALT RGERY L8, LU RE SR A 8l T3 Je A, T 3 A 2R
TR FEC I R G015 e GERTE S AL 28R A5G I A R] 767
BRAENE TR0 MUREA A A % vt ] AR 1 R TAEA TR S

HEETH . BHFARPEIEESIH (51575286) ; ILARA HARRM# R4 H (2014ZRB01503)
FE—EHFR/ N AR C(1995—) T INAEEDT A - REgE A B9 5 1) ki i 2E 58 AP AL RN 1L

« 21 -



- HUHIE -

BFEL,F - AL REREFHA

Y IUREZE R IK b 1 I X v BRI 8 e ot 2o A ) R
JRTARR 70 A (P T 2 P 5 e Pl Fi 2 3 L
IR TE SR WEACAS B A 16 At 26, 1 Bk 2 A 52 3 e B )
T 1) 1A B, F IO % i O ARG 3 i, i 14 4 1A 2%
SRR S) 75— G BRAE ZE [R5 1) T A B, 0F 10 5 s i oy
FR R, 76 A7 P SR T H, e 1P RE v 3 TR s 7 BE )
FAR! R A AR A AR SELLIE Sh AR T
P SE ARTH , A R GEBA INTE R AR 1 ok R e dik
B ARGIRAE b R 1k AR B A ZEALF R 0, 6
P g R e PR Sl R

iy
i

I

10

(b) FEHL
1 =158 s 2—HL BG83 Bk AL ZE 2R 1F
A—HF 4 S— IR 60— 5k s T— Rk
8 I 5 O it T 54 1] ) 5 10— U7 BT B 1] ]
E1 BHOAEHHERITERESERLEY

2 HEAENHEERNNFER

2.1 BAhFEER

72 AR T AR R o 4 — B AT FE A 2200
PRI R T ST RN I s 2 A

2 RHEEREDHIEZNE

AEZE M T LN, 28 A RESE I 32 ) P AT R

.22 .

F.,-F,-F,-F,-ma, =0 (1)
—Fu+F ,+Fy+mya, =0 (2)
K F, YN ST F R EEE ST F, NG5 F,y 03
B WAL ZERY BESEE T
HEFEREIEE 1 54 1 ONIe S Z MG &R A -
F, =F,u=pF  tanc (3)
F,=Fu=pF tana (4)
AP o AR M AR ER IR M a=20°F, WiE
6] 1 s AT 65 JRAR 22 [ R 45 AR 0, 2 58 A i IS0 94 1
90.06 Ao AT, AN 58 4 i R W B Dy 015 A2 AT, AR SCHL
0.06,
H AR s BT e
F r—Joa=F,r (5)
Kb HESER AR a=a,/r, N H S5 A N
JE 5 J N E SR sl i T S U A AN e L
TERENERTTE 73 M7 2 04 30 1 e PRI, 38 5 W pi 24 0, pi
NI (SR AR 1), 6 73 B 48 2R 1 m] {5 A
LIS A
WRSZ LA b5, G ) F, SR AAS 3], 15 2 vh 45 )
SSRGS
22 BEAF, FESIR
F COMSOL HF 3 57 LR 7 475 053 B B B X6 A R A
AN [RIL I R S AT B, AT RS RS s (R 2 I THT B

BT LA IEEES) 4 15 mm N #5350 A5 W08 3 B 4805
MEF, 5 s ZHER,

¥ 3.8x10+

3 fiIfE s=15 mm BEEEE
HEIEZ E AR Rk

W T Y E R HE D) B BF T P iR 0
AP 4 7, % B3 R, 6757 S P R 7 1
TR 1P R S S P A B0 i L 3
S 0 0 1 e R K

SR B AU AT L A 5 R B A
SR BRI O N, EAT RS — B b, R B
PR SEAT R FLAE AR R b, e i
1000 N, WVEESE M 1k 45 F 1652 5, it i o, e
Ji R

3 HEZELZ MR

AN 2R L T LB AR SE A A TAR S R P R e



- P HIE - S K

W AN EERE TR

10
| — AT AR AT IRAT ;20— SR 3— S A 2
4—HiHe ; S—IBIRERY ;674 TR Gk
8—T HUSZ A 0— MR 20 15 10— I AL RS R4
B4 BHEONNEXLEESE

900)
800
700

£ 500

:B_j:

2 400
300
200

100]

0 0.005 0.010 0.015 0.020 0.025 0.030 0.035
%% /mm

B 5 SBRBESHEHELL

MIEB SRS S Mk a6 iR, AEFEZENT
L ETFIR I bz sl S 0 ks PR b g
T, T LA B R A P A A3 R, B Jm] P G T AR Ak
B kSRR, BT 1.6 m/s, AHFEESAEEZERE —
B, AR, T A ZEE S E] LR ks S Ak
So MR AR R vty 7 (R 2 TR IR IR R 0, 5 BRI
F bk PR Sh R | T SR AR G A A ] S

1.6

141
.24
=z 1.0p
E 0.8L
0.6/
0.4]

02|

0

001 002 003 004 005 006 007 008
17 /m

El6 HEEEMHEK

EF LR AR R AR 0.178s B T
B, 2ot R SRy AR ZE T 1 s I 0 B AR L 0.07 s
(AEFETE RN EIA R 0.178 5) , FEZEZ 3 3] I F Ik Skt
IR EERILE Ry 0, MR r g 2 an il 7 iz . LT AE
TR BE R AIG s A 2E TR S R R) 22 Rl DG R AN B 8 i, &5
MR Z RS R ME 9 iR, fE¢=0.07s HEMB R
0.012 mitHEEFER B EA, B 0.42 m/s, 4R J5 40 s ik 2 |

SRS O FEZE N 55 6 [8] £ 5 28 AN 1&T 10 oo, i
Jri AT E UL, 3 e v TR R I T

50

40 L

300

RN
S

0 0.020 0.040 0.060 0.080 0.100 0.120 0.140 0.160 0.178
B [E /s

7 FREZSF0EE R K R L

B /(m/s)

. . . . . . . .
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
I [hl/s

Bl 8  fETHkAEZE 40 {4 i3 B 0 A i) 5K 2R i £k

0.5
04|
0.3
é02
E( .
®
0.1
0 ‘ ‘ ‘ ‘ ‘ ‘
0 0005 0010 0015 0020 0025 0030 0035
Fr#g/m
B9 frktEEAGEEMGCREXREBL
15
10F )
o %
E _—
8 SL—
=
_ 07

-5

I I I | | | | |
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18

IR 5]/

B 10  fE78kAE2E 48 (4 n sk B2 A0 B 18] 55 & %
4 Z5iE

1) ZIBHEB RES) 1 B R R T
J1H SR FE S S 1 B B BCERRR
2) XtALEE S AT O B S BR AF A , B B
— 3, ARG R AR SEAT ARG A B Y | HAR bk
PR, B R AEFZIT 1000 N,
(TH#E3I])

<23 .



- HUHIE - WEE,F - HRFHERNEXEFELEGHR

Pressure
pressure

2.996ex10%
H2.506><108
2.015x10*

+1.525x10%
1.034x10*
5.435%107
5.290%x10°
-4.377x107
-9.282x107
-1.419x10%

-1.909x10%
[Pa]

|

-
9 HETRUENENSHZE

G ] L) R O ke R R AR i Tk RE
5 45iF

BT LB [ S TG PR B R BRI E T R
FEAR N RGP X AR RN E 3R
Wit i R A, O ] MATLAB $0 3 #r T 72 A 2%
MPAT AR L s B P S e 0 % b o 5 S ehoin
HEE a B EL, Wiz sl ih 245 3 755 BADIRAS T 22 e
BIBENIREIL . 1R b ERIEE A G b BEX A8 R
PR AL BT TR P B ASE B T B 4

B T, R Fluent 83T 5 HARAS 4500 B R S

BRI B G wh ke B PR R AT

SEHk -

[ 1] #fE3C. KA H SMEIHEL Tk IE T8 2 oL 5T [ D]

I, BT R, 2016.

WA WRRELE A R 2R wh s i S vh b B2 230 Hr [ D]. K

JR RJFBET K2 ,2013.

YRR, T35 SOR. BORET ZHB [ M ], dbat. E R Tk AR

#,2011.

(4] MULE, BPCOM, B SCR 55, 2 9000 G 1A% K 9 1) 22 vh i
T[], ST 244,2016,37(12) ; 2268-2276.

[5] T U, B mHE. 56 G2 vl a6 #1908 s BT 22 ool R A BF
(I, PEHITRE,1998,9(10) ; 52-54.

[6] EHIE. mdILsh 1 5wk RERsE [ D], )M . 4E R 5
Tk ,2016.

[7] sk B0, FEEST. TR AR vhdk B KOLERE ()], 4B/
TR 224 ( FHARRREIR) ,2016,44(11) : 90-96.

[8] SCHWARTZ C, DE Negri V J, CLIMACO J V. Modeling and

analysis of an auto—adjustable stroke end cushioning device for

[2

[

[3

[

hydraulic cylinders[ J]. Journal of the Brazilian Society of Me-
chanical Sciences and Engineering, 2005, 27(4) : 415-425.

s HEA.2019 - 09 - 16

J\VAVAVIVIVAVAVAVAVIVIVAVAVAVIVIVIVAVAVAVIVAVAVIVIVIVIVAVAVAVIVIVAVAVAVIVIVAVAVIVIVIVIVAVAIVIVIVAVAVAVIVIVIVAVAVAIVIVIVAVAVIVIVAVAVAVAVIVIVAVAVIVAVIVAVAVIVIVIVAVAVAVIVIV AV VAV WV AV VY

(E#E 23 W)

3) AEFENT IERIE B E ks O R RS U

JE LA AR A B AR B b ik s A R R e

FIMEFS
4) 45 J5E F ) n] A 2E 52 B B bk a5 R

A O, 3k B ity LR T FE R EE ARG

Sk

[1] ALGAR A, CODINA E, FREIRE J.Experimental study of 3D
movement in cushioning of hydraulic cylinder [ J].
2017, 10(6) : 3-10.

[2] LAI Q, LIANG L, LI J, et al. Modeling and analysis on cushion
characteristics of fast and high—flow-rate hydraulic cylinder[J].
Mathematical Problems in Engineering, 2016(2) : 1-17.

[3] ZAO Wei.Cushion process of the hydraulic cylinder of hydraulic

Energies ,

operating mechanism for high voltage circuit breaker[ J]. Trans-
actions of the Chinese Society for Agricultural Machinery, 2010,
41(6): 216-221.

[4] B, WOERED, AUWRTE, 55 & UGS 280 G2 v LA 1Y
B5E[)]. PEV TR, 2014(8) ; 1033-1036.

[5) KA L, FLEEST. 25T AMESIM f i ol ST BT R 2% nhod 18 2%
RPEREDTIE[T]. Bl ebil, 2017(21) : 92-98.

[6] ZHANG Z 1., WU S, ZHONG ], et al. Optimal design of cushion
system for high—speed and high—flow valve—controlled hydraulic
cylinder [ J ]. Journal of Central South University, 2015,
46(10) : 3646-3655.

[7] B8, M. WHIEER S WY BT T]. HURS
W%, 2014(15) ; 166-169.

(8] TEALEE, EHH), P imhi, 5F. WHELSE w35 X
FE[J]. WIES<E), 2017(10) ; 89-95.

[9] YAN Yuqing, SHI Zhanqun, ZHENG Lin. Analysis of influence-

factors for axial piston hydraulic pump flow fluctuation based on

AMESim[ J]. Hydraulic & Pneumatics, 2014(2) : 104-108.

[10] ZHENG J, HUANG H, ZHANG S, et al. A general method to
simulate the electromagnetic characteristics of HTS maglev sys-
tems by finite element software[ J]. IEEE Transactions on Ap-
plied Superconductivity, 2018, 99(12) : 1.

[11] JRUEE, s, AR, 55, — R I ISt ZE5E . i,
CN105587553A[P]. 2016-05-18.

[12] HpHEke, 2=t sl 55, —RhprBLicmg = i w5 Y et
(1. BrHARB T 2,2014(1) :41-43.

[13] RAakAE, UL, skak il 55, ZYmis SR N IR L PR s) ) &
GE[C]. BB [ PRI 22 2005 4F2FARAE 2 I APC2005
ERRAF AR, 2005.

[ 14] XU Xianliang, ZHAO Lianchun, WANG Chuangjing. Flow pul-
sation of the axial piston pump[ J]. Journal of China University
of Mining & Technology, 1992(4) . 72-82.

[15] TIw], AR, TIo3C, &% AL gt ah b
AT I]. #REh 5 i, 2015(10) : 100-104.

[16] oM, PEL, JME, 45 MORMEZE SR S0 B AT S5 IR
MEFE BT[], SRBh S ek, 2017(2) : 165-169, 189.

[17] M. Deeken. Simulation of the reversing effects of axial piston
pumps using conventional CAE tools [ J]. Olhydraulik und
Pneumatik,2002, 46 276-282.

[18] E. KOC, C. J. Hooke. Considerations in the design of partially
hydrostatic slipper bearings[ J]. Tribology International, 1997,
30(11): 815-823.

[19] HOLEE. ZIENMPLR GG IR s 2 E 0o [J]. 4k
5w | 2013, 32(11) ; 2559-2565.

[20] BRTH, Bk, Whik, 2. A= A 28 58 3 45 1o
REOEKE[J]. P EARIL R, 2014, 35(1):
197-201.

I #s HE#A.2019 - 09 — 02

<31 -



	2020-6-5
	第六期正文 31

