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Operation law and time sequence analysis of
hydraulic control pumping systems

SHI Feng', WANG Chen’, DING Hai-gang’, WANG Fu-xin', ZHAO Yan-bin’
(1. Xuzhou XCMG SCHWING Machinery Co. , Lid. , Xuzhou 221000, China;
2. School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: Due to the lack of joint analysis of the pumping and swinging links of the pumping system of the concrete pump truck, the
commutation logic between the pumping unit and the swinging unit of the pumping system was still unclear. The dynamic characteristics and
operation laws were studied. Firstly, the structure and working principle of the hydraulic control concrete pumping system were expounded.
According to the measured data, a high-precision simulation model of the pumping system was established and verified. Then, based on the
simulation model, the dynamic characteristics and operation law of pumping unit and swing unit were studied respectively. Finally, the
coupling relationship between the pumping unit and the swing unit was analyzed, the commutation sequence of the pumping system was
analyzed in detail, and the reversing sequence diagram of signal valve-swing valve-swing cylinder-main valve-master cylinder was drawn. The
results show that the high-precision simulation model of the pumping system is established, the interaction mechanism between the pumping
link and the swing link is clarified, and the sequential, coupling and cyclic relationship between the pumping and swing actions of the
pumping system is revealed. It can provide technical reference for the design and structural optimization of concrete pumping system.

Key words: hydraulic transmission device; hydraulic control pumping system; commutation logic; swinging unit; reversing timesequence

diagram; dynamic characteristics

TARRHU, 762008 (REVR SR | By TR AF AU 21 1

0 51 & P
IEE- B AL DL L s 5 B T AT ERFEL Al RISV %

YFs HEF:.2022 -02 -
HEEB : R SRR 55 27 L 509 B35 H (2019XKQYMS37 ) 5 v E ™ K~k it 4k 555 AR & 51 H (20210500524 )
YEE BN A1 (1983 - ), 5 TEHBEMA B, B g TREIN, 2R AU R sl 5365 A5 o E-mail : shicumt1 23@ 126. com



559 A U A ORI R AT LS I AT

R aE = CE P S TEe R T i i 1 BU RS W L [IOEE DI B S5
PUA L BT RORE SR A T RE B U4k . 2R 3% R G A 4 1] B
Sk Rtk ALY W& =) bl KNk A s S IE AT
(] %

$6 1) Bt e DC AR B8 5% ) S 36 0K R G AR 3h
MR F74r . TR E A R DFEH W, B
FEl 222 N A AR T R R TR - S R LR
1) 1 7 bk (0 B A A5 it S ok 3 9 2 A 48 1) g
PEATEEA 4, ¢ Bl 32 Y80H 2R HE 8 8 0 BB RN R
P T LG & . KRB RS IR S R A
WA B &, X IR 5 R S R [ 4 ) B R AT
TIFE AT R bR, RIS T 4, B B S 2R
5 ARG R I e 1) RO TR B RS e, 2R
At T AEPE DR T AR AR IR T i
TRHE 1 BEIE 2% U7 B A5 A SCME A TR A il S A
2 [ 0GR, b T 52 M T BE 1 2% 36 HILAR AR
RPBEANHE, TARES AE%HENTI S 1 e
RGHEAT T @A 5 580 5120 M. FEYS D%
TREE LM AR R AT TR, S8 TR O R NS
TREE LB sl R R Mg, BIUE
GRS AR U A5 B AMESim B, X iR
B R N R G AT T O EP, IR TR S
Rk C25 B+ T M R4 dma iy XL, WU
Wan-rong" " X 46t i 32 7 i 1 ok 05 77 A i L 2R
AT T BT, vk T B AN 0T T W Bh 1 xR
B+ EEE RGN0, CAZZULANI G'°! SECRI-
ERU E % AU $h a8 TR BE - R 6 B2 6 &, 9
o S 7 2 X BUE AR B TR O R Rl SE AT
THAE, mEE N A XHBE S R G, A T I
SRR Pl ke B0 5% ph R DL SOGE AL, A T
AU N e W R

VL L RRFFE b, BRI ST N 51 43 0l 0 5 3% 4
ST T SIS, (HE 2 X IR RS
M, LA HAR BLAE FALEE 7 TH AT, 30 B RT3 &R
SR 5B TT UEARKIR AN

SEH VLA T IR A RGNS &,
AP B R T MR O 1) SE PR 2540 S 88 2R
I RGER T FARY 43 B F 3k R G sh AR RE AT
B, DUOARSE + 98 3% R G250 5 S8 b #E it
HARS%,

1 RERGWE T

SR SR A B R G R 4
K1 s

- 1263 -
8 -
| |
L ———|]
| : T |
7 | 5 |
@ r#wiMhyh
% %ﬁ H Lo 1
i || - ‘
' || l |L|%" 1=
|
6 A B gié%@
i || 2 | %m
=T L <!
AL t
LU - 32
et I 11 22
H s |||
|: lri I :l
| e |
L | ! :I
: L= '_L::_é ______ JFL,,J :

BT Sk R G 3
1—E R ;2— £ 18 ;3— £ b 4r;4—43 5 10 5—32 1 ;
66— KT —EHE 8 —B4A

Z ARG R AR K B 8 46 1) J7 =X, AT SEIE
R SRR A RE

K1 rh A% R AE ALK T AR B 5T, A
PASTIME TAE, LS BREE - ik . Hd 81 2
THD)RAR A BB 6 BH R AR,

R RGN AR TAE AT .

ERMTAES B, okl ER 1 MR EWmE E
2, /E R F S 3.1 B JCHF I, 3260 3. 1 it 8
ABh, FE 3.2 G5 WO, 2 FET 3.1 3 FE 248 i T
FE IR S B RS S I 4. 1 PO Pk 22 R AR 5, fil
Z e

BEHFE6 MEEMAfFESK 4. L /EHTIERKS
Ae P, A e ), i T AK BB ET 8 e 5 24T 8
PO ARV E ] T 208 5 A Ay il A 2 4] | 4 1
fifi =0T 3.1 A1 3.2 Heqa) 2 A FELHERE OB A 0
e, 58 B — K TAETE A

T L i3 3% &R G R A5 5 T SC S
i AR AT L AR FE BT AR UHE B ]

2 RERGEF SR

2.1 RERZFER

MRYEFE 1 R G R A oSy a5 59
S, EHFET AMESIm 8 37 5836 R G LA
WK 2 s

Tk RGN HAR ) RS HNR 1 iR



- 1264 - Bl 25

T & 5539 &

Liss

P

B2 Ak R G HAR A
I —E R 2— £ 83— i & ;4—13 5 18 ;53210 ;6383 R ;T— 5 AL B i 8— 4B A Ao dB AT ;90— £ 8

®1 RERFIETHSHER

TS BE

BAHEE/ (L - 07" 190

EE YIWi e 71/ bar 350
Iy ENAE A/ (r - min ') 2200

e RHER/ (mL - r7") 28

B WE J S1/bar 190
Sy shagi s/ (r - min ') 2200

7 %€ H AL/ mm 120

ST ?ﬁ%j‘?ﬁfé/mm 80
17/ mm 2000
8 [ A A5 A7/ mm 1940

% 2E HAR/mm 100

EELyIRliAN % 2EFF A2/ mm 70
1772/ mm 180

ey AR/L 10
R i 78 H F1/bar 100

2.2 EBVIEIE
ik R G AL I E M S ph 2k, aniEl 3 s

F P 3 AR 5 1 £ 15 S0 o 4 B A A ) 9 72
feRiAE , BE(E— 3k 90% L b W i 22 2 %8
VT R BT R R R AR SR R Y
SO, XU PR B AS I AL, HA ARG I , e ol A8 750 A 5
B BLAT — 2 9 28 57 , (U AN AR ) AR JEE

TR EF R T2 BT, DF TS AR R GEH)
AT, LR S s Z R A E R

2000f R — — 1 — FEihfL, - - -
= 1500} . ! - - - 1BHL 0 g
£ 1000 | ! ! £
“ 500F ! \ | '
U
obk-->~"  --------S
160} T
5 150f N — AL
= 80} - fESRBL
40 "
0
200k - - - S -
o 150 - e
g / AT
S 100} } " i
15 \ ——-&HQBDP/
0 N - \ "
20 22 24 26 28 30

t/s

(a) P ¥R 26



559 A U A ORI R AT LS I AT

< 1e0f | — f9mAL
£ 120 ﬂ R Y T
40F R
0
200 ey -
glob —mmanir
< 100} 4 S EmBIY
50F h
[() T \ =
332 334 336 338 340
t/s
(b) e
K3 ikRguistriiz
M M 4 /:
3 FEBIuisfTRE
BT LRy BRI, SR I R AL T FT A
AIRIESE o

TEFIEARIR R, 70 A7 R A Ia AT 2R 45 1 69
JJy ik, sl 4 s .

2000

t/s
B4 FiiET R e ) AN i R

H I 4 AT

A A T A A ], AT R AR A kT T
(R TCAT S 7 ( 24 288 bar) 37 K TF W H T 19 TC AT
JE 77 (Il 292 2.5 bar) |, H %38 i R ) B0
(29749 bar) ; 7 3= i (T 38 ) 15, 342 380 18 B4 K 1 e
J1vhid; (2584 126 bar ~ 142 bar)

FER LGN, A U Ty e 2 0 38 O
B i e, sl 5 TR o

FHE S ] DL I G R v, 3R A TR T
FRE KB OETAMBERSFEE, KaE R
226 L/min, F 774 290 bar; 75 F= M T4 [ml i, 3 16 F i
TLFTFE, WEA R i sk F) 1200 L/min, F 5 H 0K
FI A

IG5 B sh AR, IE 6 iR,

L 6 W] L 7E F IR G A AU 15—

= — F IR

"5 1200

£ 800

= 400

20 22 24 26 28 30
t/s

B5 FHES ORI

— ZE L
20007 o~z = - A E MG
g 1500f . .
£ 1000¢
500 F .
0 ) — (4l
v N - {42
g 3f " I
g2} " "
= N N
Ir h I
0 L ! —
200 ¢ — AL
- - - {5 Bl
- 160} \
S 120} n
< 80¢f "
401 "
0 .
20 22 24 26 28 30

i/s
K6 f55msharrrEihL
i I, I — RSB AR, (55 BV ST IF, R 4E R — B
I E], 15 FERCE a5 5 B S
SEIRAEER TR, I A% R0 s g 2k an 18] 7
B

— ZEE L
2000 _ ARG
£ 1500 S~
£1000 :
= 508
200 € — ERXBH
5 150
< 100
< o50f
ot —
200 — ERXAN
5
= 100}
S0
s — Et
= 40F
g 30F
= 10F
0
0 22 24
t

26 28 30
/s

BT RS RS A o I T g 4
p L7 ] AL 2 2T T I SR A I A5, 2 R T
TR, BB H R 3 — B 55, FEE iR R o
T 1 45 ) R [R] D2 T T G 48 [ B2, 3 i 48 )
i 11 X 0 1 7 O o e 3 3 = 1
180 ms, FEHLHe (1] 2 120 ms, 75 3 {46 (] i F2 v, 32
FrEe &It s,



- 1266 - Bl 25

T & %39 &

4 ZEEh ot LA

BT LRy BT BB T R B Bt is AT L
5L

IRIRAEFR R, 15 1 5082 R i fe 1 g i 2 dn 5] 8
IR

— ZEE i
2000 _ =z AiEME
E 1500 T~
£ 1000
Z 500
0 y
160 — RN
§ 120
= 80
40 |\
0
_ 160 — A
£
= 40f ﬂ n
0 —
40 — BRI
2 3
£ 10
0
20 22 24 26 28 30

t/s
B8 FRER RS B HoAas il s e il 2%
Hi& 8 AT L (55 4. 1 F 4.2 (A& A, &%
A2 1 R ity 4 o s e A0, A St R 4 )
3 3 422 52 A% 1 6 T R, 3k A 49 i e () s, DA
ms A RAKEHHFRIR, 24 63 ms,
RGP BRI R AR S i & 9 iR .

40¢ — Z Rt
£ 30F
£ 20}
kel |0.
ot
_ 200¢ — BRLZENE
g 150}
= 100f
50F
0 .
200 IBRLAE
5 150f
2 100}
U 50F
O.
160 —
£ 120f
E 80f
“ 40k
0 " "
20 22 24 26 28 30
t/s

B9 ERELOIRSFIE S 2k

1O rf s AR 4G ) ), PR ET P S R 258, A
—E W bty By b6 R 180 bar, 17421 42 5
IO JE 26D S ETFIEFE 2 190 bar;

PR 7] 5 [A] SR 196 ms , Horr, 22 it [A] (5 50 ms,
BB RN 25. 5%

EES R Ao A b RS R AE e s 1 0 R
JIFRE A, ikl 10 frs .

K10 . Faede g O R 5 RN O R T
HEAR—F

— 1B
160
£120
£ 30
“ 40
0 —
BEHERO
2000 _ _ - ___ - - -Efgshn
_ 180
2160 \ \ Y
= 140
120 —%iiéﬁtﬂu
_ T Smnn
T: 600 2 f N He m':ﬂ
2 400 " " "
= 200 I It h
< 0 "'_I__— f L= r = 1 "————1
20 22 24 26 28 30

K10 SESAERE RE & H R R i 2%
TERRGL DGR B R RE A e it 2t &
AEA DU [ S , I 8 18 2] 600 L/min, 755 AE 4 Y
ey R R it i ST PR [6] 5 R AT AR [ S5 RS
BRENAITUR 1) 3 fef TP I, 577355 190 bar Bp5E 1
FER RSN ME BE AR AL T AR, RERHE B2 4
C RN 4.7 L/min, DL 2 2R G809 9 IR

5 EERHT AT

BN R I I S N S R R s U
11 R

— ZE L

200 - - - fi EIE
g 150 .- e
E100 . > >
= 50 Sl LT ~_.-
= < . fE5R4.1
E I ” I ” - - -{551®4.2
> Iy 1"

0

0

0

0

!

0

g ‘ ’ ‘ — W
0 [—FH
0

0

0 32 34

20 22 24 26 28 3
t/s

(a) LIS T 14

2000 — i B
£ 1960}
£ 1920
“ 1880t

. e — 5 514.1
£ ! | - - -fEe2
“ L
4
g
£3
= 1

—FH

0

it .
0F

0L

0

0

28.35 28.40 28.45 28.50 28.55 28.60 28.65
t/s

(b) SR



559 A U A ORI R AT LS I AT

- 1267 -

| I

Vi

K eirr

E

PSER e

ME= s
Hf7: ms

(c) TRzt Pl
11 Rk R Gk i e

AL R G ) F AT T

(1) X RGEHA M, R A S5, #
FHWAEAR 5 28 T A5 I AR A2BGT I AR
FERF G o 24 ST Iz 2 B0 11 A5 e A A
1 S s 22 VR R DR 58 24T T, 455 T JT 5[]
6 ms {5 S WATIT e 2T thiz 3, RO F 4 TR
A, ARG A INFE] 2 63 ms 3 42 RIS 6] S, £ AN 32 1
SRR S AR , 4285 8 ] B[R] 24 196 ms , 3= g 46 [r]
IFTA] 242 180 ms , 24 3= {48 1] 22 55— i 11 P IR ), 3=
TG R4 ], 155 BRG], 58 B — AN SR B 31 5

(2) ZE3% [T RN A3 20 1ol s B FE 51k . R 1)
AL 8 0] AHEL 20D , 36 16) 45 RH BV, AT B 1
FIENEFR

(3) IZHIE R GER WA e 1), F AR5 5 5
P51 A 3 ) BT L 32 AR U 1], DT A 1
B N 5[ E 7 5119 N S A N 3 R 1 e [ I
AR XS T 05 5 [ 46 1] B4 SE 38 1 T6] 73531 2 5 ms (30 ms |
30 ms 120 ms;

(4) T T WA T & AT 8RR, 24 ok

FEHT BRI U, IR ], B A RE S
3/ [ BT o s Y D R E A [ 1 T e = SN
(44 mm) ;

(5) MAfie 1) i e ok 7, 8 32 66T 376 2 B A ) A5 1)
RFESE A rpy, ST © 2248 i), Bl 23 BC 1 2 20T 15 D)
s 1024 LSk 0] s 17— B ]S 204 5¢
SERFINL, 3P A 58 e IR o) — JF , I S (AR et
6 F A TR B L R ERE 2

6 LERiE

HT TR 2 X SR RN B ER Y AT A A
SECRRE RGBS 1B T U H ATRA AT,

b, 2 LA I TR 1 R i R G ST 4,
DA B TR MR AE TT R 1) S PR e i 28, 3 F
AMESim /4 #5588 T @ R 26 R G0 kG
U EASHRY A3 HT T 9835 R G sh SRR TR, DL
WUTR e+ R 2 RGN S5 5 S 80 fe 42 1 4 R
2%,

WFoT st R .

(1) M5 5 05 FLE5 R W & BEAE 90% L I, JiE
WA 2% 2R 0 kS P O LR T L5581 S
(UETSPSUNR

(2) FE RGHA T, R W55 L 4%
JCPFAR A ), 420 AT L R SR EOAR X T 5 e
] (1 ZE 3R B[] 43331 8 5 ms 30 ms 30 ms 120 ms; 223 il
T R G4 1 i L O Ak A e e R AR T
WA 5

(3) F3% [l fi 1452 20 o] s EL AT 8 B M R 242
T e ria R A 1 A R B S AR LR, A
TR T R LG

JREBEE TAE T, B H MR T LREIR RS &
R BEAT EARAY IR 3% R e i ffe 1) i S B A T AL DE AL
DA R 53 R G AR R0

£ %% 3L ik ( References) :

(1] BREZ: R, BOer. R EE - AR MR v 4724
SHERILT]. TR, 2008,39(2) :10-15.

(2] ™ &, %R, E R IR L EER R R
HIENIFE LT ], &I Tl K% 2% 41, 2014, 37 (7) : 790-
793,825.

[3] R&EF HXREE T FRERRGE MRS LI 58
[D]. K& : B HUR - 5 TR =B, 2005.

(4] ZEfe BB LR RPN R MG TR S5 [ D]. K
B MRIAIUR 5 TR B, 2014

(5]  FEA IREE - ARHUME R BRI S5 [ D].
K& MR EHUARR 7 5 TR B ,2015.

(6] FARL REELH SERM ARG %0 S5 E[D].
PR H AL T AR 2 B, 2004,

(7] & £ X508 % REELAE S ERHm R d
B 5 BT ()] MUK S ,2020,48(3) :138-140.

[8] FEYS D, DE SCHUTTER G, VERHOEVEN R. Parameters
influencing pressure during pumping of self-compacting
concrete [ J ]. Materials and structures, 2013, 46 (4 ).
533-555.

[9] FEYS D, KHAYAT K H, KHATIB R. How do concrete
rheology, tribology, flow rate and pipe radius influence
pumping pressure| J ]. Cement and Concrete Composites,
2016,66:38-46.

(10] # AE,%& 9,4 BT AMESim fYiREE LA 5)

oy 5 JAr AT L] HLIR 5 M %, 2015, 43 (9):



& 9539 %

- 1268 - Lo
169-172.
[11] ZRse T, P A 4. 2T AMESim B IR + 5

[14]

[15]

EE RGN BT ()], LA, 2013 (15) . 74-
76,81.
ST BT AMESim (IR EE + 5 4280 R 5t sh B4k
WD . BB RUBHE KA AU A 3 k27 B ,2015.
WU Wan-rong, MAOZhen-wen. Study of control method
based on hydrom-echanics for hydraulic impact of open
hydraulic system in concrete pump [ J ]. Advanced
Materials Research,2014,1(14) :908.
Vb T-HL, BRH b, R, A WS IR BE E R RS R
GEM RS ATt oE )], Bt iEgY,2016(7) :20-23.
CAZZULANI G, GHIELMETTI C, GIBERTI H, et al.

A5 A=
A W, E OB, T, OREA R RIS TR S AT ] ML TR ,2022,39(9) 1262 - 1268.

SHI Feng, WANG Chen, DING Hai-gang, et al. Operation law and time sequence analysis of hydraulic control pumping systems[ J]. Journal of Mechanical &
Electrical Engineering, 2022,39(9) :1262 - 1268.

[16]

[17]

[18]

Overview on the truck mounted concrete boom pump: a
dynamic numerical model for active control logic definition
[J]. IFAC Proceedings Volumes, 2011, 44 (1):
4232-4237.

SECRIERU E, MOHAMED W, FATAEI S, et al
Assessment and prediction of concrete flow and pumping
pipeline [ J ]. Cement and Concrete
Composites ,2019,12:107-109.

FGESE  THZERE, A TREE LA S 48 73 e IR 5K 2l i i

GErpRpPERT T [T ). b Al K22 27412, 2012,35(2)

125-129.

W 3o IREE MY IS RESE B R GUT AT 1

FE[J]. WL T AR 4 AR ,2021,50(4) . 138-141.
[4ig. 7

pressure in

# ]

(ML TR ) 2% : http : //www. meem. com. cn

(L% 1226 W)

£ 2 3Lk ( References ) -
(U] ks, Rl A 28 S ahOR g 4 [ 1] i i bl

[2]

(3]

14,2008 (7) :51-54.

PUBTHE R & TR SCHT. 2T LabVIEW 15 LabShop 974}
A eI RS [T ] ALK S5 WU ,2020,48 (16)
27-31.

HE, 5 i, N4 RO AMT B R R U Bk
st [T]. BUACHIE T,2011(3) : 116-119.
SR A% 1o A 2 W T S S Il AL B4 3 7 R 23
(D77 AR BT AU 5 14 TR, 2013.
ZHOU Zhong-ning, GU Yong-Xia, Li Na-ma.
structural optimization and wear of slipper pair in axial piston
hydraulic motor| J]. Advanced Materials Research,2012,
1674 (482-484) :1495-1499.

QIAO Wei-zhi, WANG Zhen-yu, GAO Xiang, et al. Design

simulation and structure optimization of plunger assembly

Study on

closing[ J]. Journal of Physics: Conference Series,2021 ,
2029(1) :012012.

SHI Jin-yan, YANG Wen, XIE Yong-chao.
Design of Valve Plate for Axial Piston Motor of Hydraulic
Excavator [ C ]//Proceedings of the 3rd

Conference on Information Technologies and Electrical.

Optimization
International

Xian: ACM International Conference Proceeding Series,
2020,220-224.

SHI Jin-yan. Forces analysis of piston couple in swash-plate
axial piston motor [ J ]. Advanced Materials Research,
2013,834-836:1319-1322.

GAO You-shan, HUANG Wei-nan, QUAN Long, et al. The

[10]

[11]

(12]

[13]

[14]

[15]

[16]
(17]

[18]

[19]

[20]

distributed parameter model of hydraulic axial piston motor
and its application in hydraulic excavator swing system[ J].
Proceedings of the Institution of Mechanical Engineers,
Part I. Journal of Systems and Control Engineering,
2017,231(5) :395-413.
T3 — PP HE D AL ZE 454 1 A A =X B S Ak T 5
(D] W IR s ey R I8 Tl K 2 i AR 45 1 &2 | 3 1k
% ,2017.
HI SR, SRR, T 5 e, A — o B S R AH A K
JE ik 5 At b iy o B [T, WR 5 < 8h, 2019
(6):17-21.
XAF L JE T VT 1 DU C U 1 1l 1) A 28 R S 3s 0
FAHT D] R RIFERH R WU T/ B ,2018.
ik BH. LA PRI — R A R GEPERE DAL G ST AT
FELD . AT MEHRL 25T B, 2020.
SRR ARk Al ) ZE T a8 iR S0 4% o 5 R 7 A S
FELD ] AR AR KB TR & A 31k B ,2018.
Bk L AR AR VT R T S VAR A YR B 1 A A E A e
BF5E )] WE 3l 5% E,2018,38(8) :39-42.
7%, WOR OGP ML JE s HLBKC Tl ikt 1988.
TRIGEH , S8KHE. H SR R 4 4 B 45 R WIS 24 T3 b
ALt 1] Akt 5 0F9¢,2010,26(2) :110-113.
PSP o S A= L S Pl VAN I R PTE EREN
PLEYBEIL ] A SR ML, 2022 (1) :36-40.
BRE AN, IR A, TR A B e fe UMM PLIL2E S5 44 11 1k
[J]. f 3 5 LI, 2020 (6) :36-40.
ZRIERE. A JE P HE 25 BN HE 2 5 ) 101 O = Bk 3 i A 5
[J]. MRS 5% £,2022(2) :16-19,15.

(%4





