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A calculation method for axial piston pump efficiency based on
machine learning
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Abstract: To address the significant discrepancies between theoretical formulas and experimental results for axial
piston pump efficiency under different working conditions, a machine learning-based efficiency calculation
method is proposed. First, a nonlinear regression model for axial piston pump efficiency is established, and its
validity is verified by significance testing. Subsequently, a predictive model based on a BP neural network is
designed, trained and verified using experimental data. Finally, the prediction accuracies of both models are

evaluated. The results show that, compared with the existing theoretical formulas under conditions of variable
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pressure, speed, and flow rate, both the nonlinear regression model and the BP neural network model significantly
improve the prediction accuracy. Specifically, the average relative errors is reduced from 8.89% to 1.4% and
0.62%, respectively.

Keywords: pump efficiency; axial piston pump; regression analysis; BP neural network

B & A ERAE IR 1R AL H 43 5 Hh FNPR B AR 97 ROR A 3 i, v [ © 2 ok i B b RN A 2 PR A 2 e R Y 4
Ry, T34+ 2030 4F A5 L URE REAT b BE IR R0 1 3 (5] B S k7K 7, 78 2060 4F BE 5] I 23R 08 21 1 Br S it
KN WAL B R ST TR BERE BUA AL B R R A RCRE O L SR B R BE R N AL B R Gk
— i 32 BB e A R AR R R O AR A, E T Iz M T T AR AR A IR
G AF 2 SUSN WA S A P o 0 RE ZE SR A RCRAEVEIT 5T, 80N TR AR GETY REBETT 19 E A G

X R 2 2R A R AR P T 5 AR P 7 ) B R R {EL AR R 2 T T

1) Wy BEASE TR - of Wy B TR %) B0 5 2 a P B8 20 M (LR U R 52 36 B0 5 45 T B, B X R A I R A R L JRAA
B R PR R B BT W RS RSl R G A Oy T AT R G, LLIK B4 AR R BRI RERY
FIUBY . Haidak 55704 118 38 911 A JBE 82 25 0 BA S 480 0 M o e 2 5 T 8 22 () [T 3 45 4 28 JE B s i), JF 3158 T %
LT f B 5 R T 45 2, 4 SR AR TSR I A RE i AR TR /) BT B R 2 D/ R SR Y TR 4 R I T 5 K 4
12 2R WY R 5 Shorbagy S5 st — AT 280 A I 11 153 A 00 R0 47 o 9 St /2t 8 10 MR/ ZE 1T BRI AR
e 10 22 1] B4 () Bt v B R B8 3, 9 0 M I [0 B e 38 % =TT GRS k32 0 2 2880 23 ) B2 T 5 T3% B 25 A ) AL Y
Bt i) A 2 % 010 ST 6 T A B A G R I T R kT ORGSR Mg T A A Bl T T SO O A A BE ), AT
A BT8R R BB Huang S50 T — MR 5 T Sl R 5 R O TSP ) RE R R R e SR A B, AT
il 2 B A AR IR

2) BB Y - X (LR 1 4 T 5 2 415 SR T 2 OB AL | R BOABL 5 M 3R 22 20 M7 25 T Bk D0 A0 A 28 2 A9 BRI %K
SRR (0 R 0 A R Y TN AR 7 AN R e S AN T T T A T B S 2 MO 4 TG 0 S 0 R | B K
SR TR B2 o A 2 2R AR BB AR 2 B4 A 0 9 T AR 8 919 REAVE 9 LA T R S, TR 1 O RE FE R CR Y TG
PO 2™, B 1 5 40 plvpn (v p 20 530 R R ) 3 Bl 2 B R 2 ) 5 R R Z B C & o NIEIAT LUR
S URACR ¢, 5 TR ) p IEARSG, 5l 038 S 3 JEE v 5 JEE p RIS n FORH G T 28 BRI iy, 22 A0 3
SRR S, Xl B0 T HEJE A AR n TEHURACR o, FUA BURCR  WOPE T 2 B L8R, BAF e R H
0 2o (B A IR DR 48 3R JE A SR B R A L B T BB BT AR G 1Y BEAIE 5 B E 2

e e AR,
B -
S BEckn o
- .
0 plvpn

1 AEZEIR A TT R 1 i 2k

Fig.1 Plunger pump efficiency factorless characteristic curves
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Fig.2 Lubrication interface for axial piston pumps
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Fig.3 Experimental platform for axial piston pumps
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Table 1 Parameters of test pumps and experimental conditions
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Fig.4 Pump experiment industrial control platform

S I XoF G2 Ay RV L 91 AR A S o R Y R A R A Ok 4 T SR 0% i HE 5 R LK B F TR L ) A
S, T A AR T AL I A A T A S 0 B R Y B U DA T R A A T R T 5 Y A A
AR 3 3 AR A A HE R T AR o A A TR

TR AR IR N

DATH R S S8 R 5

2) A 2 1 5 38 R 800 r/min, I8 45 FELVE LU 91 A9 HE 1 R 3.75 mL/r, ff FLy 5 3 L/min;

3) V4 T E VG (B AR I Y R Ay, (R S E T & 21 MPa;

4) 2T R HE R R H TR A 3 L/min 7Y 2 55 L/min, 7R 2 A 0% 3

5) 32 W4 I K 1 800 r/min I3 2 3 000 r/min, - E AL B3 A4,

TR AR ) S B B 2 i T EACREEE B O R S P OB L E e R O R g e sh S =GR
TE 5~7 Fis

S R 1 AR )5 T 0 R o % 2 803 10 R ) < 6 B AN AR (AR 0T, R 0 T R AR AOR B R, i
BRI R o IF Bl U A 0 1 R, R T 6 SR AR 5 S W 0/, #E 45 L/min ] 55 L/min B, J& J7 M
3 MPa#l 21 MPa, LR Ak < 3% Bl 6 SN 1 HH [ i 0 T 2 3o R 9 % 258 35503 11 5 W)« 6 3L o A 728 1) 156
LT ) T BB K B U RO AR/ o I BE B S0 R T R B G SR AR I R M 3 TR R
SRR R E S TR, % 3 800 r/min 3] 3 000 r/min, RS < 4%, 187 s 1 AR ) T 3%
R A2 X AL R ) < E TR ORI BT B ST i S AR /AN I B R R ORI K IR RS i i
R 8 R o T S AR B S MR B DR/ o 4 > 55 L/min B, % 5 2 000 r/min 2] 3 000 r/min,  8CR B 25 4L

<3%,



96 TR KF FR % 48 %

90
g £ 70
= =
% %
50
& &
30
21
38
27
4%-2}(0 9 16 o)
Yo, 35 g
(a)n=1 000 r-min! (b)n=1 700 r-min"!
100 85
£ £
= =
¥ ¥
b & 45
& &
25
21
53 15 55
37 40
2y 21 o) %% ° 5
2, 3 5 % ngOJﬁ\ &, 3 10 ‘[ﬁ.%ql L
(¢)n=2 400 r-min™"' (d)n=3 000 r-min™!

5 ERETREVNERENGRENHETN HEE

Fig. 5 Surface plot of the dynamic change of total pump efficiency with pressure and flow rate at constant speed
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Fig. 6 Surface plot of the dynamic change of total pump efficiency with pressure and speed at constant flow rate
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Fig.7 Surface plot of the dynamic change of total pump efficiency with flow rate and speed at constant pressure
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Fig. 9 Relative error curve between experimental and theoretical calculated values
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Fig. 10 Relative error curves of predicted and experimental values of pump efficiency regression models
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