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Gun holding mechanism for ultra-high pressure water jet robot

ZHANG Jian-xin', LIU Bing®, SHI Lu-jing'
(1. Basic Experimental Training Centre, Tianjin Sino-German University of Applied Sciences, Tianjin 300350, China;
2. School of Mechatronis and Rail Transit, Zhejiang Fashion Institute of Technology, Ningho 315211, China)

Abstract: Aiming at the safety and efficiency of ultra-high pressure water jet, the clamping and swinging mechanism of ultra-high pressure
water gun was designed. Based on the mechanism of concrete demolition,the crank-rocker type water gun swaying mechanism was designed
and its kinematic characteristics was established. According to the optimum target distance and swaying angle, the swing mechanism was op-
timized. Based on the fluid mechanics, the relationship between jet force and pressure, flow and target distance was established. Appling fi-
nite element analysis method, the stress of the clamping device was worked out. The results indicate that the clamping device can realize the
clamping reliably, the crank-rocker mechanism can improve the demolition efficiency. The experiment show that this mechanism can improve
the efficiency and safety of demolition remarkably.

Key words: ultra-high pressure water jet; concrete demolition; finite element method (FEM) ; crank-rocker; kinematic characteristic

N 4870 AFARR I | B 75 P AT A R BBtk S

0 51 H SRSV, B8 R TF B8 57 1 1 TR
Eﬁfﬁ% E@{&E jﬁ[&%b‘l&ﬁ?{%f%%iﬂiﬁ @fﬁ ‘IJJ%U}T@IO %FH%%E*%T%EUMEH@/EiE@ﬂ]%']
IR Tt % 2 SO Rk sy 3 BOUR AU CIRER B REPR LR, i HLAN xR

BESR. (S BURRB TR R e g~ LIRTE LSOO

s H #5:2019 - 01 - 01
EEWA  EHE "B SR H (2015BAK06B04 ) ; KT Ak B HRFIR 535 H (18JCTPIC50500)
EB B SRR (1980 - ) , 55 WAL RO B2, A S0, FZEHEHLE — R AR B RENLS A BOR T 5T . E-mail: zjx_{j@ 126.

com



% 6 3

SRR, S s K M IR HL S AL BT - 619 -

ik 140 MPa, st 160 L/min, Kt HoK M Y Je 4248
BIUAE T2 5 2R BIREHRAE D 19 2 e iR B

FETWARHIR AR5, A SR BT f AR 384T 2K
FEFRIEAURY , XS KA I R ML 14T FR 7T 40 B S pE
R,

1 PR S S E A5

1.1 FHIFVIE

FEXHIR e = EA T = K S i R st 24 TR % +
32 B A BT, 2377 A R, TR i TR K AR
F KSR A 3 F-560F 5 A TREE L FLBR s RS, IF7E
FEPIEBIE B = e, 24 NFR/K HORB A TR U 4 i R 125
FERT TR R D

RV, o T3 AR RCR B lR TV DI #
Jr iz sh4h i 7 BT V) E L A 2 4880, fEaX A
BEEAVERTT 8 8 K S 7E TR+ s PR Bk
2R LY Bt R K S0 o o Xk, KR 1 48 8,
X TR - 2 1 A D) 1) Ak 1) 4 K SR bl 1k ) e
AR TIREE LA 7 i RTE PR R ; Dl vpah A7
F R TR BE i s EE e
1.2 WIRSHMR
1.2.1 KAEwog A2

H T, TR e oK S, T AR K Rl H
140 MPa, i & h 160 L/min, & /KB 42K .

d =069 -1 (1)
pAp

A g— BEAE R N p— M KR TAEE T
u— TR

HTTER R RSN KR BUR AR R 45, T 4K
I 1Y LS 2 LT R TR i S LR
A A A w, B = 0. 96 AR = /K 22 i H I
i N TAEE a5 AR 0 B 2.5 mm,
1.2.2  "i4t¥esE

TRARE N 59k R IR e 1 e T AR IR RN L
e BHEATR 205038 RE AR A B3 WS Sf v o5 7 ) B BE PR Sy e £
FRRE'T BT R0 WS R AR

_ L -0. 88 0.9
I, = 99.7(100) d (2)
WA (2) , I AR 1, = 109 mm,
1.2.3 KIIEA

WEAE: £ 422 S0 REAT RCHRE i IR0 WA 122 A L
AN ENE 1 TR

1 WA R A
O— "R KIEA ;00— EFATHEE(KE A RER
JB);0A(OB)— "I ZH A MERBIZE(KEAR KT
¥B) ;AB— B AF R BT A

PR BE RO, BRI B X 5 B R (H
SRR IR KRN TSR &k, & 3
REEARR A A DX Jalid 2% B 3T A s S 4 T < g, P RE M S R 1
AT F 5w 2 R SRR .

s l -1.94
_ P Ly -0.88
F= 120(100) {99.7(16’0) } (3)

Kb p— m KR TR ) 1— FEHE,

IS B R Y BE T P AE , SR IAT o A
I TR R N AT d 1 75% . MRE=N(2,3) K&
B AR T A5 L IS ) e R R 119 mm, NG
10 H IOO,WT)%%“:TE% 120 mm,

2 FETHRITH RN T

SAFHIMG FZ L BUK A Y Je iy S 423y, Wit e ff
PEARHUMR RN 2 iR,

K2 B ICRERIE LB 5]
1 - & EARM 2 — KM KA ;3 - RACIE S 45 4h ;4 -
B H5 - B R ¥ ;6 -k EDLk ;7 - Wih,8 - H4T,
10 — & AT 4k 4

i P ZKAR T A AR KR e i S FC R A e ff
W5 , 7K M I A I i e o $2R S Al 5 [ S R AT



- 620 - L H

Ui 38 2 S AT A S AT — S ST 5T — v 5 A
— Ui . Il A AN (AL 4 PR B A il Al S —
Ui 55 Y Hs ik Rt [ IR 2 VR IR SR S it Al e
B I BT — I ) AR B el O 1R (B R iz By R
HEFFHT B e R b0 AT A ok IR B, SEBUK AR
JeMR GRS 5D . AU By —ith
WEEAT AL

2.1 BEEKEREEEN N

PEAT R 2 K S AR BT, 7K M 558 37 1 s b g

KM e EHUA BT E N R, KIS b 1R

F=0.745¢ \p (4)
A g—m K I B Ui £, B ¢ = 160 L/min ; p—1=)
JEKZE TAEE 1, L p = 140 MPa,

AT, 13k 1 407 N, 4w f1 ik %) 250 N
B, MK KA e R AL e Rk B, KA Je R
FH— XK A et R e B B B 235 55 Ti] TR 7K A e Al 7y R
ETEHR, RIS TR M 5K Jetr Z 18], 1] T2
I BEEE T, WK et L 8 1> 8. 8 iy M6
WRET I o e B 13k 60 kN, AR SRR AN 2
) BEAE RN 0. 36, HICHEEEIE 73K 10. 8 kN, 1 & X
ER,

KA e 472 B A AR A SR ak K, B i /N AT 3%
TARER ) T A BRIC T I, AR SCR 7K A e 5 2
BT

BRI T3 53 BT AN E 3 B

von Mises (W/m"2)

8.461e+006

- T.761et006
- T.062e+006
- 6.362e+006
- 5.663e+006
- 4.963e+006
4. 264et006
3. 564e+006
2. 865e+006
2.165e+006
1.466e+006

7.664e+005

6.698e+004
—p BEH:9. 237e+006

K3 A E ) T A

IKAEIE AR N 1 3B AN L 4 s

R PRI A A T B R S, L BE
KA A1 B 7853 H fih , FLAMBE B W B2 45 5 14 7K A6 e Al
P> [ 8 e, A ) L e 4 v R AR )

AR IT oA i 25 SR R W AR B K T R
7.4 MPa, /KM AR 5 KV 1R 45.7 MPa, i A 35 41

K4 BIERL 5B

K MRS
2.2 BEEKCEENRIEHSN

T e AR SR TR e AR AT AT TR SE Bk AR
(30 3l KA L L S R AN 5 B,

85 mm

105 mm

K5 AR L SR 2

R KA IR AR R 200, FEAT R E ke e
i AR BE S A A B 2 TRl B R A gL el
UKol Sk gl oL g5, ikl B 5
FEATE sl O 2Z 8] B AR 67 SR /KRN EE 105 mm, %5
HEIEEE A 85 mm , #EATHE A 75 mm, HKHELL 454,
prats
A0
LADO = arctan(;J = 51°,
AB
AD = JAO? + DO* = 135 mm,
LADC = 61°,LADB = 41°,
R LA 4550 M ax sz e B, Ao
AC = 118.5 mm,AB = 92.5 mm,
DU AR
_AC - AB
2

AA,

HEA R .
A,C = AC - AA, = 105.5 mm,
TRAEAE S A BK B A AR ) 5% 3, iAw SE PR — A

= 13 mm,



556 1 SRR, A5 s K SR BRIl s AR pLG - 621 -
fHT % (2] VPRSI S TRREE-55 4R P 5 00 1R BE 1 3 0% B R L
LGB BT, 2 IR ) T B, KA HE 48835 3 PRI FE [ D] R0 ERDGHE TRS AR TRE  A 2
HEFEZE AT 6 R b2, 2013
¥ P (3] EJKSR ATIE IR, BEMERE 55 KSR AL B AR 5% %
Fo1 I RE (rad/s?) BIBFZE[ ). WRARPLIR 2018 ,46(2) :36-40.
[4] CHEN Hai-long, LI Zhao-min, GAO Zhi-han. Numerical in-
vestigation of rock breaking mechanisms by high pressure
water jet [ J ]. Procedia engineering,2015,12 (12):295-
ils 299.
(5] WEMERE, BRIESC,BR e, 55 e K DI 3 2 DhRE AR MIE A
Fi M (rad/s) Br[J]. FEARHL,2017,12(11) :17-21.
[6] LIU Xiao-hui, LIU Song-yong, JI Hui-fu. Numerical re-
search on rock breaking performance of water jet based on
e e ‘ SPH[ J]. Powder Technology,2015,12(8) :181-192.
Flo At insifstkihi [7] TAYLOR C J, ROBERTSON D. State-dependent control of
H1 & 6 7T 241« 24 7K M 1 20 BT 5 A PR A7 i) , A a hydraulicall.y actl.lated nucl.ear decommissioning robot[ J ].
I f6 TSR R AC A 5 LA T Control Engincering Practice, 2013, 12(8) :1716-1723
T B 2 X S 3 ) SR e (2 . T i (8] g B, EHEN. %J%zkﬁmbﬁﬁﬁi&tmk%{w/%ﬁ%ﬁ
\ 8 : s MU Aeffsr g 7 FE AR [ )], 7 B 0 3 B4 07 R R
e BRAE e SR R A AT i I R A el sis) | ZK AR A2 X 3 2013.12(1) :2021.
MRSl AR TRARDCBARIRIZIORIEE ™ 0 o) g sttt 3609, 55, TREBURALIE SLRAE Bt
%Lﬁﬂ‘ﬁﬁf%ﬂ : IZHHTWT%$T‘$JM@K1175*U?%% FI[T]. WUR S E,2015,24(20) :128-130.
AR RCR M HAEE S K S DRy F T Ed A [10] skedr, 2 & Bl 8EE KA DI EIURRDERI (]
LT R AR SHLK,2016,12(5) :149-152.
[11] MR, 24,8 8. BREHLES AP TAEE |5

3 ZhRiE

N T DR R R e KA A e
AR RIRR A SCRE T A BRICAMT 570k | W) vy SR /K AR
Je R BRI BEAT T T R TR R AL e S
ORI, HEAT 1 e R KAR S SR A 33 A £ 20 BT
FEMCEEAY b T i K AR FR AR LAY, TR 4T T 42
P iz SRR ST

WFFELE R X kAR ) R R #3842
J&  ASSCIT B AR LA AU ) T 2 e 4R ARy
Bk e T Tk e

2 % 3Lk ( References) :

(1] ABFBH,AB=M8, TR, 45 PRI & R K SR iR pL
ARG )], DL 5813 ,2013,12(6) :209-
211.

AR5 AR

[13]

[14]

SIS H S (1] R ML iR, 2013, 12 (4) : 196-

201.

TeHsHr, Tbete | T E R, . Bl T AR HL AL AL B
BT [J]. SBEPLA 5 T AL AL, 2016,12(8) .

107-109.

EUEIR PR, MRSCEL SN H H B ALA A S SR

ST WES B S % E,2017(11) :26-29.

=M, e A, S R K S AR LA A

WIERGRIT 55 )] R 5587,2016,12(1) :91-

94,

F B, FIEE, 8RR K THLEE AREED O & 2%+

B A FROTA T[] MR 3h 5% 35,2018 (5) :24-28.

TeHEET, % e  FRR, & IR E S E LAY

NEMSE[T]. MLd it 5 3E,2017,12 (4) . 250-

252.

[ 4 7 i ]

FREEHE, X A, B R R OK TR R AL AU BT [) ] ML TR ,2019,36(6) 1618 —621.
ZHANG Jian-xin, LIU Bing,SHI Lu-jing. Gun holding mechanism for ultra-high pressure water jet robot[ J]. Journal of Mechanical & Electrical Engineering,

2019,36(6) :618 —621.

<<HLEE.:|:5FE>>%/%:\;http://www. meem. com. cn





