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Computer Simulation and Modeling of Cushioning Pneumatic Cylinder

D.S.Kim - S. C. Lee

Key words : Double acting pneumatic cushioning cylinder(F71 F4 BS54 ad), Shock
and vibration control(%2 3} %A} o]), Kinetic energy(+%o=]), Cushion
stroke time(74 373 A)7}), Cushion peak pressure(A # 1¢t9), Fourth
order Runge-Kutta method(42} £7]-7€4Hy), Single degree of freedom pis-
ton dynamic(12} 45 & Ew3) 4))

Abstract

Pneumatic cushioning cylinders are commonly employed for vibration and shock control. A
mathematical simulation model of a double acting pneumatic cushioning cylinder, designed to
absorb shock loads, is presented, which is based on the following assumptions; ideal equation of
state, isentropic flow through a port, conservation of mass, polytropic thermodynamics, single
degree of freedom piston dynamics, and energy equivalent linear damping. These differential
equation can be solved through numerical integration using the fourth order Runge-Kutta method.
An experimental study was conducted to validate the results obtained by the numerical integra-
tion technique. Simulated results show good agreement with experimental data. The computer
simulation model presented here has been extremely useful not only in understanding the basic
cushioning mechanism but also in evaluating different designs.

712M8Y A 1 AHYY Q27X E FAYHEH(mm?)
Ca ' HETHAS
A g (mm?) Co HBAS
A, H2EYHA(mm?) F 9 2E ¥(kgh

* 34, AF7AA 7L VG714 dTR@ DY 5L 99 949)
*k 34, G A FeR

(794)



TG AUN Y FAEY B =g 2 AFE A B 73

~

. 3 (kgf/cm?)

D FH % kgl/em?)
AL e

28 71E T (m/sec?)
T=(T)

: 2 & (mm?)

: Al Zk(sec)

: Y &) (mm)

! & T (m/sec)

1 7H5 E(m/sec?)

1 ] gy

PEV AR AL
VAl AT g

: A& kg/sec)

: o] 75 3k(kgf)

A AEN HAERE 35(kgh)
1 A A 3 (Me+Mp)

Qv
[a I~

R 8

FA R TR S N

EsxEe
§~

SHE Xt

u  RRAH
d :EFAH
ij o E7)39

LA 8

¥&HI7E FEHFAZ 3t 71AHD L& 3t
€ 371 FALddd e AV ve 244, /<t
o vis} AY L AtAGe] EAL 2 I
Ao} Alzelel 28R, TG, 9] ¢ &
A | 2o A o] HF H A 2HF 7] o et

olg} 2 olfE WY EHIE, YA
AEZHAA, 5F5FF £ AFA A 2d o
29| &80l E2 7tk F Ao 2ok

T3 A - F, £33, 4% 5o JH e S
e Addu e AFAAANA H2E S5 2%
BAAA w Bl FA o] LA At e}
M FHAAAE FFatad Al2de] gtEg 13
&7] &, o Fol FAFFVE FE st A g1
A Abg-ste] gtovt, Al2gle] FYES HAE 9
sto] ARFHAEFF7I FLX F2E /A 2
A2 AgS o] 8 FHAZANE 4 3o

(795)

ARG FRAL A 9] ALg-o] v sl X 2 glTt

oA HomA, AMUY FAY FHAA
FATHA FFEAGA ol T2 FAZ o
F71SF FAH AT o AN &3 2 F7A
o] A7u A& A A, Wang'ho] 271t 28 F
719 AFE Al Edol A, Romiti 9 T Rapar-
elli*, Backe ¢ Eschmann®, Bowns ¢} Ballard*
ol B71¢A 27 S B3 A4S, 2z
Kagawa ¢} Shimizu®, Parker ¢} Bell®, Adams
F70l #7194 dT Ae] SHAN] BR AT
& 9% v 2ok

B AFdA e AE7A 9 dutEe 4y A
Aol A EZATFAM, 71k AT Ho|g
Al FHAGGe T EFAANXNE Tt
T8 AP S T AFE A B0l ¢ 4
& B3 BHIA S Hdetn, FHAEPARA 9
A, &5, M4, 9, 4E 2 2xveveE 2
A stA HH Ehed 2 23] itk

T T
2kG. \/( Py i Pa%

() =CuArPy(t) &R, TN P, P,

283 AFERE AEJAN2HTE 2 4D
o AAGA M HhgH o &8¢ FURE F
AEA sl ZHAHLE 2 FAPH A
ol 9 FE FHAATE € FHALYB A
A ztetolerQl 2 A F el A, FAHOYY ¢
FAN A FHBAS APy 7 3 Y
stnat gt o] & fldf v NAEHAL =
FTHE A, £8 9 FH o2 AX3F e 73
Foll 3t 313, A3 2L 48 5 gRrzAL g
et on, HFEA B2 4709 AA A
off 2]3t 42} Runge-Kutta 31e8] &, T2 38 lo
= C7, Al & Al gdolAe 98 aa 5
e A+ 2 A3, AFE 7B o st
100kHz A/DHEN 2 dolE & AZslgon 1
ANdg 23 AEFAFE 230002 3o 2
A3 AE3 Aol o] vl $ A X st AF
3 FYe 2dg P Ao BoiEn, ANEN T
3t AA ] festAl o] 88 Rog AtgHct



74 BEMARMEEE, $23% B6W, 1999

2. O|&Eshy

Fig.1& 9| 2 E, 92227} o {1318 34
AZE I A E5ddud @ T R ¢
oz AdXg Add e A=t

TEYYTS 22e 4R, 449 FAAA S
43 e AAAAA A BALE F3hA
A7 Pejo) oA ¥ste vt PSR
ojwj o] F7) A FeYH N

P{t)V{t)=Rm; (t) T(t),j=1,2,3,4 (1

ol i, At tof] thFted ml R3] 2= T, 4 P
EASE & Ut AN EE, eeHx 3 FA
£ 8 E FHete €T AFRFL ofd A 2
o A7, Coe FEFHAF, A FEGDH,
P} Py 2 3H23 el e, e v, G5 H7HE

Ait Filter Lubricator

Air Supply, Ps Prassure Accumulator

Regulator

Salenoid Operating Type
Directional Control Valve

Cushioning Pneumatic Cylinder

Fig. 1 Schematic of a double acting pneumatic
cushioning cylinder.
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Table 1. Experimental and simulation data of pneumatic cushioning cylinder.

It Unit Specification It Unit Specification
m
ems ™ 1~ Gylinder(80) | Cylinder(63) ems ™ M ylinder(80) | Cylinder(63)
Piston diameter mm 80 63 Flow control valve dia. | mm 9 7
Piston rod diameter | mm 25 20 Cushion orifice dia. mm 3
Stroke mm 500 Pipe dia. mm 12 { 8
Cushion sleeve
) mm 30 25 Supply pressure bar 45,6
headdia.
Cushion sleeve 20 15 External load include ket 0.70.100 \ 0.40.70
reardia. mm piston & rod v l ”
Cushion sleeve 30 20 Pine 1 h 600
headlength min ipe lengt. mm
Cushion sleeve . .
mm 30 20 Discharge coefficient Cd 0.65
rearlength ! |
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Fig. 2 Schematic of the experiment and measure-
ment system.
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Fig. 3 Flowchart of Computational simulation
model for a vertically and horizontally
mounted pneumatic cylinder
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Fig. 4 Comparison of computer simulation and experimental results ; a vertically mounted cylinder, pis-
ton diameter 80mm, supply pressure 6bar, load 100kgf, downward test.
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Fig. 5 Comparison of computer simulation and experimental results;a vertically mounted cylinder, piston
diameter 80mm, supply pressure 6bar, load 100kgf, upward test.
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Fig. 6 Comparison of computer simulation and experimental results ; a horizontally mounted cylinder,
piston diameter 80mm, supply pressure 6bar, load 100kgf, backward test
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Table 2 Comparison of results for different supply
pressure, piston diameter 80mm, 293K
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Table 4 Comparison of results for different exter-
nal load mass, piston diameter 80mm, 293K

Me Ps Pcmax(bar) | Temax(K) Me Ps |  Pcmax(bar) Temax(K)
(kg) | (bar) | Mea. | Cal. | Mea. | Cal | kg | (bav) | Mea | Cal | Mea | Cal |
4 7.6 7.9 202 203 0 6 6 200 | 201
70 [ 5 | 84 89 | 203 | 2042 | 70 | 94 99 | 201 j'Tos;;
.6 94 | 99 | 2045 | 205 | 100 | 1158 | 11.83 | 2015 | 204
FAi\E— Ps | Vemax(m/s) Acmax{(m/s?) Me T Ps “ Vemax(m/s) Acmax(m/s) |
(kg) | (bar) Mea. I Cal. | Mea. | Cal (kg) | (bar r'Mea. Cal. Mea. | Cal
4 os2 | 055 | 24 | 28 | |0 | 052 | 0545 | 376 | 46 |
0 | 5 052 | 055 | —24 '« —27 | 0 70 0518 | 0548 | 162 | 1715
6 052 | 055 | —24 | —26 | 100 | 0519 | 0.546 | 10.08 | 10.62

Table 3 Comparison of results for different supply
pressure, piston diameter 63mm, 293K

Table 5 Comparison of results for different exter-
nal load mass, piston diameter 63mm, 293K

Me Ps | Pemax(bar) | Temax(K) Me | Ps Pcmax(bar) Temax(K)
(kg) | (bar) ""Mea. | Cal. | Mea | Cal. (kg) | (bar) | Mea. | Cal. | Mea. | Cal
[ R R T ‘mg— 173 169 o 6 6 1739 | 173.89 |

.5 122 | 137 174 | 178 40 99 | 1015 | 1712 | 1715

6 JT 13 142 | 1729 | 1765 | 70 13 T 142 | 1728 | 1765

Me Ps | Vemax(m/s) Acmax(m/s?) { Me | Ps | Vemax(m/s) Acmax(m/s?)

(k) | (bar) [ Mea, | Cal. | Mea. | cal (kg) | (bar) | Mea. | Cal. | Mea. | Cal

T 4 068 | o073 31 849 | | | o | 065 069 | 104 | —108
70 5 ] 068 | 071 | 317 34.2 70 | 40 | 066 | 069 | -32 | —36

6 068 | 070 | 309 [ 335 70 0.7 | 0661 | -—31 | —335
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(b) cushion temperature

Fig. 8 Experimental and calculated results for
temperature; a vertically mounted cylinder,
piston diameter 80mm, supply pressure
6bar, load 100kgf, upward test.
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Fig. 9 Experimental and calculated results for
temperature; a vertically mounted cylinder,

piston diameter 80mm, supply pressure
6bar, load 100kgf, downward test.
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Experimental and calculated results for
temperature; a horizontally mounted
cylinder, piston diameter 80mm, supply
pressure 6bar, load 100kgf, forward test.
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Experimental and calculated results for
temperature; a horizontally mounted
cylinder, piston diameter 80mm, supply
pressure 6bar, load 100kgf, backward test.
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Fig. 12 Temperature results for different supply
pressure.

Fig. 13 Computed results for different cushion
length.
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Fig. 14 Computed results for different attached
mass.

Fig. 15 Computed results for different stroke.
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Fig. 16 Computed results for different cylinder
in/outlet area.
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Fig. 17 Computed results for different orifice
area.
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