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Behavior analysis on stick—slip of hydraulic telescopic boom
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Abstract - Tribology, in other words, interacting surfaces in relative motion, is
essential in life. The relative motion on surfaces may cause some problems with heat,
vibration, noise, and so on. Unwanted vibrations by friction, which may arise during
the operation of machines, are costly in terms of reduction of performance and service
life. All these phenomena inolve stick-slip. The telescopic boom operations involves
stick-slip oscillations like slideways. Unwanted stick-slip oscillations on telescopic
boom operations cannot achieve smooth sliding and many developers of that machine
makes a lot of effort to remove or reduce it. So this paper presents stick—slip
oscillation with pressure of the hydraulic cylinder which drives booms, and attempts a
theoretical approach for the numerical analysis for its stick-slip condition.
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2.2. Friction-Velocity Relation

Stick-slip @& UM F23 <
%9 3dly+= friction-velocity &4 o] o},

dutzow wFAHL o@AFY F3Y
of oafArt Wstdctn AYztatA g, A
o =AAAE 718t8AQA F4, EHAH
ol oAM= A ded = g

B2 d7ARE0] o3 2dg 4
S 98 thFe friction-velocity F4& <
T, A A3

£ AFAM+= Fig. 233 o] EA7}
&3 0]7] AA7A wt@AFo] Frlstn, A
Aot FE dolMe € 57139
Fi2 dojxn £x9 F7td ot A
TEUEY F 7t 74 A%E A =2

9g g5

3

Flr

u F\}\%%(*.Fm
-A

ey

Fig.2.3 Friction force-velocity
characteristic

3. Telescopic Boome| o|&

31, 2| £
B AFA Aoz & telescopic
boom-< Fig.1.13} #9] cylinder®} chaing

o] 8% FE3= 4th boomoZ F4 5 o]
Row cylinder’b 2nd boom<, chain®)
3rd @ 4th boom< F%3kc}.

%, Cylinder7} =2 el wet 29 boom
o] F&HY 2% boom< roller7t 1%
boom¥} 3@ boome| A E chaing Yo
3@ boome &2 °]1, 38 boome] &2 0]
7] AN#sd 39 boom< rollere 2%
boom¥} 4% boomo] LA E chaing Poj
49 boome &2 o|A |rh.

Boom?| #Fe| @& HA stroked] ©f
o e Woie datadd, THFelA 9
2ake] & wFol cylinderdl 9% +F
3 chainell 9% FEo s FEHQ 3
A& sk, AAAH telescopic boomol
et o] 24 HIol a3t

wekA, & AdFE WA cylinderdl @
T%, 5 1 mass-cylinder 7549 ujs
O EAY HIL A=A, AL s
o= 2ol 7HR 3.

@ Boom< 12+ A5 (5H)Hg oo

@ Pad?] #8822 pad =49 £z 7
&3,

@ Boom?| TF A] stick-slip 199 ¥
AT TExAL EAEA ge=d

@ Boom® T% Al pad B AEFR9 2
=€ ¥9As

® ©v}EA 4= negative-gradientSA4 < 7}
2w, £E9t9] FA T 7HR

® FFFY 4542 254 g2 =744
wel W3k i YA

@ Pad®] Z48L o2 Yol Hlo v ¢
Z7] wj ol FAl g



® Pad v}&E o]ele] T2 viaE e F A
Ela=
34 & Runge-Kutta 53 HH<
Aon, ZHHANES A= WPE ol &
stdch. Zzhe s
AA et FAGE =22
3.2.
Fig.3.23 #°] boom¥ cylinder® =7

1 mass-cylinder system

1 mass-cylinder system® 2 X 4 3}3}

=
=
o=

Q Q
X 2 1
. b2
- l__| lp |
m . Py
Fy l b4 \
e — FA ™
X
-
cX
(RAP.A) .
HL i |
-
Fr

Fig.3.1 1 mass-cylinder system

Cylinderd] F3FHe HFFS

head 522 QIYH] head5 9 ¢FHE A&
%A 71tk Cylinder head 29 ¢¥o] A%
gte] o] gHe o& o] Al HA wpF
g F,Ed 3/ HE A: £30)7] A%
goh(slip). A7} &2o]lA HW cylinder
head% 9 A F7t2 As Fo] ol
1 Ae FubEY FpEog A =HH HF
Al # h(stick).

o] system® &+FWAHAL o

cylinder

o
K2
m
v}

me = _Ff_f-(pn'An_pr'Ar)

299

A7l A w2 E(F)e BALEHSG &F
Fejdl A 24 I,

F, =
{ Fy,

ps+ N (A
(/‘l‘s'—’\ls i x)N ('\'%%

)

Bl
gy @

oX, oX

Stick-slip Aol 4 o}2e WEe o
Qo wsjo] mebq st&o] Wt of
29 &de ey 2

q¢ zdse

o] Wstgt}

[Case A] z=09 o,
L] Be<Fy
» 7158 =0
i) F> B
=» 714&Y = F,— Fp
ghek ¢te] o FPo| —FrEtk ZA

HYE sty oes A,

P

A7t AA® B, F, >Fd ¥

o
]

[Case B] z=09Y d,

i) F,> Fy

» 7t&d = F,—F, > 0 (71%)
i) F, < Fp

= 7t&8 = F,—F, <0 (%%)

Cylinder head &3 rod 9 & %9
3 Q,, @)% cylinder stroke (z) W3}
headZ# rod%< o FFE v A
A& A S o] &3] cylinder headZ 9] ¢
guses 4 (3)2Z, rodZde ¢HWsE
W2 BEEE & Ut

Gl
1,
N

Al

d



e Cylinder head &9 ¢33}

; K, .

= ___ Bid) seemsmpsnisass (3)
Py W (Q1 h )

e (Cylinder rod =9 ¢33t

: K; ; 2(p,—p )
p'/‘ ‘/l(i . 1{1’m Illlz = C('A (o] T

033 o] FEE 4+ U
_ &
Cdt

- da 1

& = 'ﬁ_ == E [(phAh,_prAv'] —Ff

s dph _ K '

L= q V/,o-l-A;, (Ql Ah,z)
pv'”‘w

. K 2(p'r_p0)
N V,(]—A,.'L' Az CCAC P
............................................ (5)

33. sioHZE=

+ 2814 & Ruge-Kutta 53 ¥WHS o]
gatgom, B4 A8 7 QPgse
Table 3.13} 2t}

Fig.32+ tE3Q HAZAHE HAFH,
A WYE A FPoz Fstn 9
k. 271 Hd A s gFHel| o 3o] AXH
vlFEgEn 27] g o EAE 30X

O) 1=
W T

. dgFFel 93] cylinder head &
dego] F7tete] AA|mpEAHEG AXA
H FAo]7] A|FST o] o £EE (R
AXA He HA ey FerFEo
olol o3 ZhHo] AlRE. d7 3 ]7]

2

e

300

AR shEE e g o £E7t 5

7}8t1 headZ9 A Ho] F7hete o)
A 3hgkt,

Table 3.1 Input parameter
Cylinder tube diameter |[d, (110 mim.
Cylinder rod diameter |d, (80 man.
Cylinder outlet diameter |d, (9 min
Initial volume V,,10.65x 1073 [ 3
Initial volume v,,10.022 m?®
Bulk modulus of oil K, [1.7x10"  |N/m°
Density of oil p |870 kg/m?
Di fficient

ischarge coefficient of ¢, 06
outlet
Mass m 1,500 kg
Static friction coefficient|u, 0.3
Kinetic friction
coefficient iy 0,25
Friction-velocity gradient|), [0.05
Return line pressure P, [0.2%10°  |N/m?
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Nomenclatures

A, @ Tube area

A, : Tube area-road- area

¢ ' Damping coefficient

C, ' Discharge coefficient of outlet port

F; ' Friction force

Fy, : Static friction force

F, : Kinetic friction force

F, : Force by pressure in a cylinder

k . Stiffness of spring

K; : Bulk modulus

N : Normal force

m ! Mass _

py : Pressure in return line

p;, : Pressure in piston chamber of
cylinder

p, ‘ Pressure in rod chamber of
cylinder

@, : Flow rate through inlet

@, : Flow rate through outlet

v Velocity

Vi ¢ Initial volume of piston chamber

Vo : Initial volume of rod chamber

z : Displacement

A ¢ Friction-velocity coefficient



H;

. Kinetic friction coefficient

. Static friction coefficient

. Density of hydraulic oil
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