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Characteristics of Pump and Valve Dual-Source Collaborative

Driving Multi-Actuator System
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Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: In the multi-actuator compound operation equipment such as engineering machinery,
the throttling loss of the valve-controlled system is serious and the installed power of the pump-
controlled system is too large. Therefore, a pump and valve dual-source collaborative driving
multi-actuator system (PVDS) is proposed. Firstly, the energy efficiency mechanism of different
systems is analyzed theoretically, and it is identified that the essential cause of the large throttling
loss of the valve-controlled system due to load difference is the different pressures of actuator
driving chambers. Based on this, a extremely low-pressure loss control strategy based on the
proposed system is designed. Then, simulation model of a 37 t excavator is established by
SimulationX, and its accuracy is verified by experiments. Furthermore, co-simulation models of
the hydraulic excavator with the PVDS and electro-hydraulic flow matching system are
established. Finally, under the no-load condition of combined action of boom and bucket, the

operation performance and energy characteristics of the proposed system and the electro-hydraulic
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flow matching system are analyzed and compared. The results show that compared with the

electro-hydraulic flow matching system, the proposed system significantly improves the response

lag of the heavy-load actuator and the stability of the system. Meanwhile, the pressure loss of the

light-load actuator caused by load difference is greatly reduced, the throttling loss and energy

consumption of the whole system are reduced by 67. 2% and 39. 8% , respectively. This research

can provide a new solution to the reduction of the throttling loss of multi-actuator compound

operation equipment.

Keywords: valve-controlled system; pump-controlled system; engineering machinery; multi-

actuator load difference; energy saving
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Fig. 1 Principle of valve and pump dual-source collaborative

driving multi-actuator system
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Fig. 2 Principle of electro-hydraulic flow matching system
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Fig. 3 Operation principle of valve and pump dual-source

collaborative driving multi-actuator with extremely

low pressure loss
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Fig. 4 Control strategy of extremely low pressure loss
5. = (1*L)2p 20 BeXF b, AR AR A 67 3 T 00 A ST 4 3R 48 AN K
e a e

[F) BRI W ARE 1 Oh B PR AT &% MU GRL 2
BT . R 4 B 5 1 O g i o 4 ) R
FEPRIT 2 BRSO BT 2 O R 1 AF TR
BT JCAF B 0. AR 8 VA & S WO 6L e
A A BIWOREL 2 AAFIEE 1N

Pz = (Ppar — pazda [¢2))

RAEIT 2 fr it DR

Py = (par — ) = Paqe — (P — Paz)qe
22)

AR O AN (18) AT A5 e i b2 8 b Y IR )

ik

Apa = Ape = (1_l>2pf (23)

a

FRGE I I A T B 2 R kA
Ploss - qvli)c +QV1 Apcl +QV22)C +q\'2APCZ -

1 3
<172J(%P“+%Pf+%Pr%@m> (24)

JIT i 22 58 2R ARV s 451 428 1l S s A b Pl Y00
DEPC R GE AL/ T A2 85 e 40 A0 28 5874 i 46 2k
7 HLIF B 1 H 27 22 5738 A AH DG (par — pa) o

LG I R 2 AR A R T R

po=patpotApa (25)

W 2 5 i 11 Dy

P,=P,+P,+P,+P,+ Pr. =
Pailga +qn T qe T qw) — (par — Paz)ge + Prog
(26)
it FIRBERC BT AR B AR S5O 2R AL
DL 25 22 A AL 1 LI B[] 8K 3 22 04T 4% &R SE fE B 20

http: // zkxb. xjtu. edu. cn

ZIN T M g R T A A A O O e T g A
B T A3 2 S 0 R AR AR K

p
HLA O % B  IF 3R 3
». UL BE 5 2 ERITHRAS
Pu P
' ”HHHHHHHI[HIH[HHHI[HI[HI[HIH pml
Pai Pai
Dm2
s I P
Pv2 PVI Pvl Ppl Pv2 sz
v | Io1| 9v2 | T2
. [P 91 91 9 4

& 7y
SRR ERRBAR  Gpel
K5 FRERER TN L

Fig. 5 Comparison of system energy distributions
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Fig. 6 Simulation model of hydraulic excavator with

positive flow control system

(1 AR I EAK

Table 1 Main parameters of simulation model
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Fig. 7 Test rig of hydraulic excavator
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Fig. 8 Displacement and pressure of boom cylinder
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Fig. 9 Displacement and pressure of bucket cylinder
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Fig. 10 Simulation model of valve and pump dual-source

cooperative driving hydraulic excavator
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Fig. 11 Movement trajectory of boom and bucket

4.1 BITHMESN

KR 2 J 718 A 0 0 DG TRC 28 400 D B L AR 90 i
I FEL YR IR DC C £ 7 SR I 45 ) AT A 0 s AT
12 P s i 571 2 & R s dedk . 4 T
WA A 5 422 1 B0 T AN A 2 WS G () B i
P 57 ) Y0 H PR o 7 T S T 3R R T

http: // zkxb. xjtu. edu. cn

TEH J5 29 260 ms A I 4 Wi 1 34 7™ 5 R 0 2 kA
SRR R . X N O AL 12 P ERAT 45 9 T
i H gm0 S R SR L B R RO T AR A
11w » DT B B B e 4 A o O Y O A S R
I 42 5 < WL, BB R DS R R R L Ak
0% 9% 5y S 0 BT AR A 5 TR Py A 2 [ A T
PE 1k 22 o B0 R 9 s T A A i o A A A B
&% IO BAEZT 4 WHRGJa A seF s fr. 78
SR R R AN S 9 T 4 (] B B Bl R R G A
AT LR I3/ T 4 (1] P $h AT % o i
J1FEASATR] PRI Bl R YR s 6 A0 5 =1 9 s G ) RE #8
TREFFRRIETT

2601 21500

B/ (mm-s™")

,390— C 1 1 I |‘ 500
0 6
i A/ s
1— 3l B R T AR 3 5 2— 7 3} WU T %
3—EN MR EL AL 34— 2 WUREL G278
Ca) Y& T 32 113 7%

0 2 4 6 8 10 12
it E] /s

1— Bl W (R T AT 8 e g s 2— 7 SF WO L TR AT IR R 0 5
3 W B AT FF I R T 54— 7 Sk WO AT AR I R 5
5Bl B W LA 1 0 56— S MUR ST .
(b)Y FE &L Fs 73 Fi it g
P12 HLWE U R VG S8 57 2 2 & SR IB 1T etk
Fig. 12 Operation characteristics of electro-hydraulic flow
matching controlled boom and bucket compound

action
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Fig. 13 Operation characteristics of valve and pump

dual-source cooperative driving boom and bucket

compound action
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