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Trapped-oil pressure analysis of gear pump with arc unloading groove

LI Yu-long
(Industrial Manufacturing College, Chengdu University, Chengdu 610106, China)

Abstract The object of this research is to calculate the unloading area and evaluate the trapped-oil pressure of gear
pump with arc unloading groove. With the expansion process of trapped-oil as an example, the accurate calculation
method of unloading area was derived from the computation of gearing point of driving space curve and driven tooth
curve, the calculation results were verified by the virtual measurement. The trapped-oil pressures of arc and rectangle
unloading groove were simulated by the model derived from the definition of fluid bulk modulus. The simulation results
were verified by the experimental data provided by literature cited. Results showed that the calculation result of
unloading area greatly corresponded with virtual measurement data, and the simulation result of trapped-oil pressure
peak also accorded with experimental data. Basing on the study, the important conclusions are drawn that rectangular
unloading groove is preferred to provide larger unloading area when the pump with small backlash gap and large

unloading groove space. On the contrast, the arc unloading groove is preferred to reduce processing cost and
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maintenance cost in the case that pump is with large backlash gap and small unloading groove space.

Key words gear pump; arc unloading groove; unloading area; trapped-oil pressure; trapped-oil model
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Fig. 2 Unloading area from virtual measurement and simulation

4 RiBEHZH

ERE 1 ALV Eomam® s TAE I
ARG A B DL K 8RR, Pas R E J1 LA p 8
R s Pas B2, e PRV A R A S A o, A5 RIS
(1 {5 FASE AL SRyt

dp/ds’ = K[dV/dt —

(Q +Q +Q. +Q)D1/(rwV) (17)
5" FRoR o0 W EE L n AR R4 ms 5
AR s fEfER 5T +s=0.5L—0.25p, HYE R,
P, s AT X T s 955 —Fh i B AR B, R Rk
KA EE R SSE AL EA R, dp/ds
FoR p X s WA Pa/m;dV/de FoR VO] ¢
AR fEEE  m? /s, Hoh , V/de BTV R 5 SR AR S 8L
Fos'mmaEE"Q.Q. Q. M Q,, Fn il Vi it Ml

i Akl ) () B Ak SED i A 1T Ak R B ] R Ak 1 32 6
dia.m'/s; o W Q. R/, AT LA Z S AR L %
R 0] S M AE SCHRCL b A5 3 580K 81

KADWWRYR BT Q.Q..Q, WiItH ., &
15 p WA AT N Q. oc p (BRI g 40K L 1) K 22
i) s FEOC AR T b vt T B A S A B A AR, S
BRCL3 AN L 14 1% b 45 HF 7 OKG o 09 31 53 07 1k 5 Q, oc
s, (pr— p)" 7 (R hy T BE LR 22 900 » H G B AE T s,
BT 5 T Sk 15 T X Qu i AT T A A o 4R, Hovp
2 B e 25 i A DR B S R A BT TR 2 AR 4 X
A 2 A

K555 3 F 3 R 0 SE 00 240, 24 b, 43 i B
H b o 0. 5Chy T+ by ) by, B KRR I N R E
) T AR AN 3 Ca) TR s He v s (O 3875 5 E A8 1) )
o T8RRI 25 s @ 2R 7 B T% Al ) 0 iy 1T AR 2. AT LA



2

5 439 Fk:

Wi % 2 18 T 480 i M T ) R ik I 0 23 15

AR T [RLRE AR T B R B 280 iy 1 AR R
TR B 146 T8 AR 5 24 AR L B R () B, 7 2 (]
(14 22 BERE 728 A5 O /)

M b, BN by 0.5 by T+ b) Jby BT 5y F
roo XF R AR (R R A N 3(D) iR . AT LA H L A5 v

a1k

FIR &I T oo WS L AT BE nl TR B 14,
HEHITL B 4h s B A5 o So R AULE DT T 8 T 2%
Ben2 AU h 2 Be 23, M B Bk M 3 Z A AR
B 9B 35 i P ith £ BL 56 R T2k Bt 6h 3k — 5
IS A .

&
FE
5 . 02 L ¢1of
o L .2 021f =8 g
g . 4r o = Y =" 5 b Jittg
L g, = E 020} By e
= . L@ vs 208 - t
> ¥ ~ £ 0.19} 2 3 - i
K220 == o8] E ) S :
g 81l &g " el , :
= = v s . 2 0.17F =78 H g i
-E = 0 nn.—.-“T'.ﬁ‘:ﬁ‘/\_'H— L K\H Y 5 :/
= : 57)4 :\E( =2 0.16f & o ; :
- s 0,15 =)
0 05 10 15 20 25 30 0 05 10 15 20 25 30 g E 1.5 bm2.0 2.5 3.0 3.5bw 4.0
1 F 75 Hs/107m Position variable 1 F 75 Hs/107m Position variable E HIfFE R b/10”m Unloading groove space

(a) EIMTIDAY Unloading area

% Intersection radius

(b) z2s5 14

() IR <} Groove size

B3 HEERNZAR+LEESERIMNHERE

Fig. 3 Simulation results of unloading area,intersections radius and groove size

Y b, i b, BT b, 0 r, F b, LS TE AL Y
TG, X (AL BB N ] 3Co) iR . T LA L 7
b, BT S 7 T R LAl b, RO, R IIKE
HE— A5l D A T AR X — i S A A AT

MK /MU B (¢, =0. 03 mm) ., /]N ] fay ## [8]
B (b, =3. 2 mm) A, R I A (50 fof 8 it LA S0 Ao 1 A
F B AT, 1 000 F13 000 r/min B R R
JE S B0 B A5 B VLR 4Ca) . AT LA 1.1 000 r/min
0z L) SR A R Sl DX ) N B 45 SRS 4 ()
JIE R BRI R 2 S b A — 3 (07 TR I B B B B R
77 114725 2 3 TR AH 25 AR A, 32 T 3 — B BE ) R 9l
JE TAEAR /N I - 45 B A 42 22 1 1 5 15 T
R (14 S50 TR ARULE /DN ) 4 A 18] BE B 5 06 0 A 22 ) 2%
PR L L I8 3 d iy b, DT b, QFF R . B,

1T A8 T ) TR il 300 52 I 2 5 Sk 0 1 L R T A
B s, 2 22 SR R A A8 BDE A
TR KA R (e, = 0. 2 mm) | K ) 7a7 4 ] BE
(b,=6.4 mm) [}, % & 1 F 4 11 5 5 0, .o, 1Y 2
PR3l DX 7 0 Bt A7 8 i R — A . O SR 2R (17D ik
5 Bz R, ZHE R A Q =0, A K& V Al dV/de
M QITH Fiy2 5 Bk S 0 semk[1 ][ 13], 1 000
r/min 1 3 000 r/min %53 T ) /R0 FE 7 07 B 45 5 0L
B ACe) s i b s 1 PRI 260 7 5 6 28 BT LA Bt oy
= VTR A R L LR A (1 ) A T AR R R 2 )
HIZE I E AR KA L, i 3Ca) Y b, DA b, @ FF
N DRI, 2 o ) i A R 3 0 TR R g b A
B 3 000 r/min 8 % N A 22 FE AR H W . itk
B o B 2 22 5% B A8 LAREAR I T RAS B 448 BUAS .

10 5t 307
o v 4 ® R
£ = & ISl B SN
= & g3 g £20 By
B S e =
R 7 R 7Z 2 R B1S5
E T H 750 1 E T 1.0
- 2 '% (=9 — A~ &
= F £ 5 b,=3:2 mm HE |4
=t & 0 ¢,=0.03 mm &05]) %~>-Fmm
¢,=0.03 mm ¢,=0-20 mm
-2 L L L L L 1 -1 1 1 1 0 s s " )
2 4 6 8 10 12 14 2.8 6.2 9.6 13.0 2 8 4 5 6
i E 75 HEs /107 m  Position variable 75 HEs/107m Position variable i F 75 HEs7/107m Position variable
(a) ZIMIBEE, ZINEV R AR , )7 EL4E T (b) BG4 Measurement results (c) FAMBR , I FF A , 175 B4 5
Simulation resulte in the smaller backlash Simulation resulte in the larger backlash
value and the smaller relief groove space value and the larger relief groove space
— B HEE 1000 min === [EUEE, #5581 000 t/min  eeeee HEIEHY 5% 3 000 t/min == )G 5% 3 000 r/min

Rectangle unloading groove,speed  Arc unloading groove, speed

Rectangle unloading groove, speed  Arc unloading groove,speed

B4 BAMENNHESER

Fig. 4 Simulation results of trapped-oil pressure



160 OE kK ¥

%

2014 4 55 19 &

1) S £ 1T BRFF) Rt DL F2 855 07 0 5 2 SR AR
WA Hod AR 2 HIAE 4. 90 22 47 B0 0iE T [ B A
T B T AR Y R A HLOT TR R

DTETH L Z R % 18T AN [F) B AS [ Al
[F1) B 405 W) 365 5 A 25 00 It R A S A i T ) A
T AR AT

306 T (R A: £ HE ] B S R Al £ 280 £y 1] AR 25
R T [ Al ) 200 i i A LI 3 R ] B ) 484 O, P
22 M) P 22 IR 28 Aok ORI

A 2SR /IS DU 2 /1 S0 ey R [ P B Y > 22 R
FHAE T LR A4 8O dy 0 A 5 25 5% SR 1 R A it
DR 1 iyl ) A 7 >4 22 SR T B R A o AR AR T4
BEIA .

s £ X W
(1] ZEEJe. ShwhA ik 58 72 W AL E B A8 Rl e iF 55 (D . A A0 .
A B Tk K 24,2009

(2] 28 T . M0 38 PR T ASE 780 9% A1 i 5 145 %6 752 10 3 DL 3o 5 1 0 T
[JJ. Al T A 24 . 2012,28(9) : 35-39

[3] Yanada H,Ichikawa T,Itsuji Y. %48 WM g w55 [)]. W
JE 55 50,1988(3) :47-52

[4] EatonM, Keogh P S,Edge K A. The modeling, prediction and

(5]

(6]

7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

experimental evaluation of gear pump meshing pressures with
particular reference to aero-engine fuel pumps [ J]. Proceedings
of the Intitution of Mechanical Engineers Part I-Journal of
Systems and Control Engineering,2008,220 (5):365-379
2R, IV AR BT B0 0 1 5 22 725 BRI SR R B i BE 42
A3t (] A4l T2 224, 2011,27(3) : 147-15

25 S 1 6 2 TR B DRI R R 0 AF gt R (DD, R K o o
2. [ SRBF ST 2011,30(2) :172-177

25 o, XUAR . AN G 1A 5 2 TR ik o BT SR A o B B X A
SELT L AR MU 27 4%, 2009, 40(6) : 203-207

FEDUR . 145 58 5 K IR 0 7 A R T B L] MUK 5
1987(6) :46-48

. A BB B SRR T2 LD JEW . R TR
K2%,2011

PO T VT K L A R U R S R R K R gt TR
P24 4R . 2006,13(14) :264-266

SRS VL R S ST R AL R AR O A A TR S 5 O 12 1 B 5
[J]. hE AL TR .2004,15(7) :579-582

25 e XUAR o 0 A Al B ¥ 4 0 % R LI 1 S BTN o
HELTT. BRAR I & T .2006(9) . 70-72

25 . A 2 A TR I g g BT = s S S ELT . R T
L 2013,29(11) : 71-77

ZEF I AN AR R R AR WA U B A ik T IRD B B 3T
()], HEEMLB TR 24 4] . 2012,30(2) 1 147-151

25 e AW A U e 5 00 B A R A T 5 LD . HEE LA TR
247,2013,31(8):78-83

ZEF e I VA A5 0Tl 5 5 0 A A ) B DG R A 2 4
MriT . Aol T2 2% 4%, 2012,28(22) :63-68

WAE G A A



