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SUMMARY

In hydraulic jack, before the piston pushing a load comes to an end of
stroke, it must be retarded to avoid impinging against the cylinder cover.
For this purpose the pressure in the cylinder on the opposite side of piston
is raised by making a narrow passage to throttle the flow of exhausted oil
at the end of piston stroke (so-called cushioning chamber).

However, if the maximum pressure in cushioning chamber rises over the
some limiting value, the cylinder wall will be in danger to burst. The pre=
ssure rise relates to magnitude of load, piston velocity and characteristics
of oil pump (generally, displacement type pump is used).

It is necessary to estimate the maximum pressure rise in cushioning
chamber for designing hydraulic jack of large capacity.

The authors obtained the approximate value of maximum pressure rise
in cushioning chamber using the equation of motion of piston with load and
characteristics of oil pump. This approximate value was checked by experi-
ment.
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INTRODUCTION

In a hydraulic jack, there has been no slide value as used in a steam engine and the
pressure oil is sent, by an oil pump, to the both sides of piston through a distributing
valve and a load comes in motion. Therefore, when the piston reaches at the end of
stroke, leaving the matter as it is, it may impim e against the cylinder cover.

In order to avoid the danger of impact, the retreat of exhausted oil is throttled.
Consequently, between the piston and the cylinder cover, the so-called cushioning chamber
is composed and the pressure there, is raised up to prevent the motion of piston.

But when the designing of throttling is in fault, there may be possibility of burst-
ing of the cylinder caused by the extreme rise of pressure p, in the cushioning chamber.
It, accordingly, is necessary to estimate the maximum pressure rise in cushioning chamber,

when designed.
We are now going to state about an equation to estimate the maximum pressure rise

derived after drawing deduction from the equation of motion of piston and an approximate
equation which is checked by experiment.

THEORY OF PRESSURE VARIATION

Until throttling of a piston at the exhaust side begins, a piston as well as a load
keep steady motion at velocity 15 . Consequently, the following equation is available:

OZPdOAd""ReoA’e - G- (1)

As shown in Fig.l, the throttling starts when J, comes toJ, and since time t is
estimated from the moment and the piston displacement X from the position, the motion
of piston expressed in equation form is

On the other hand for the oil pump, the displacement type is generally used. Judging

from the pressure characteristic shown in Fig.2(b), the following equation is express-
ed, assuming p, itself acts on piston

b= i (Voha- A, 3)

According to our experiments, the pressure P; is expressed approximatly in the foll=-
owing form:

R T
Fe =5 T - )
But p; of Eg.(3) and that of Eq.(4) being equivalent, therefore we get
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From the above equation, the piston velocity is
dax dx ja
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then we produce
dx _ t
SE=Vulit=g) . (5)

The abscissa in Fig.2(a) indicates time and that in Fig.2(b), rate of discharge, and
(a) and (b) seem not to correspond in their abscissas but in view of Eq.(5), we can ack-
nowledge their correspondence approximately at least.

Now we take (,<<?; in Eg.(4), we gain

Po=pot ] e (6)

Likewise, we take for fg :
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O<t<."fe ; Pﬂf=PeJm¢fo/Tef (7)
Tt <2Tei P = Boaxt ( Powax—Poc) 1=t/ T}, (8)
2Te<t <t Ib€’= PE’S = const.. : (9)

Here from Eq.(1l) and Eq.(2), the following is obtained.

G G ’ 4 ,
S X = iAd- KA bl -

But p,, 1is nearly equal to the atmospheric pressure, moreover, Ae/Ap.>{ and Ae/Ae =1
(1.19 in our experiment). Then we can express above equation as follows:

49(
Ggg o &Ad Pe (10)

Eq.(10) is integrated with Eq.(6), (7), (8), (9) about t from O to t5 . The result
calculated is

C L / /
_% U, = P;sAd'ti's -{ Fem,’fe+&s(fs-%’fe3}f\e,

Consequently the following equation is presented

GptGL Vs Ad ts
Pemm‘ ?Ae T eis Aez’(_‘e /OES (H_ =3 1 (11)

emax OF the maximum pressure rise in cushioning chamber is obtainable with the
Eq.(11), though being its approximate value.

COMPARISON BETWEEN THEORY AND EXPERIMENT

Our experiments prement
Te=0.02 5§, 1,547,

But it is undesirable, in view of accuracy, to get the value required for Eq.(11), from
the measurement of phenomenon that occur in a short time as in this case. And what is
more, the estimation of fgmax requires much trouble in designing. In consideration of
these points, we get

t5=2{;/2};, t5:4’T9
from E‘q-(5)| and
Pas = Fes
from p, - f,= Py Pes in our assumption. Therefore, we express Eq.(11) as to be
Gp+GL 2 Vs VB 2 Ad_ S
Ibemax ?Ae +B{5 HA_——Z.) (12)

We take p ¢ is to be the limiting pressure of relief valve, and Pio i8 fixed by the
capacity of jack, And there exists the equation &S &$ ﬂo Putting those estimated value
into the equation, bis is obtainable.

The value of B., obtained from experiments and that obtained from Eq.(12) are
shown in Teble 1.

The experimental value may contain some inaccuracy owing to the difficulty of esti-
mation in so speedy phenomenon, and it leads to a discord with the value obtained from
Eq.(12).

We consider it is acceptable to estimate Pimax Vvalue practically even in this state
of things.

CONCLUSION
The action of the cushioning chamber is, of course, and important factor for the

hydraulic jack and as its phenomena always takes place in a moment, it has been far from
satisfaction to grasp the phenomena.
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The authors tried to interpret this phenomena in ways of the theory and experiments
and we have obtained the equation to estimate the maximum pressure rise in cushioning

chamber.
But, in spite of our effort, the experiments practiced are not sufficient enough

to be satisfied and we are intending to continue the study.
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A : Pressure side, e : Exhaust side,
When J, comes to J, , so-called cushioning
chamber is composed.
Ps: Pressure on pressure side,
Pe: Pressure on exhaust side,
Gp: Weight of piston with piston rod,
Gt Load to be moved.

Fig.l.=- Schematic Figure Showing the Action of

Hydraulic Jack.
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TABLE 1
Results of Experiment and Calculation

Dimensions of oil cylinder and piston used in experiment:

Bore of oil cylinder 4o mm
Stroke of piston 500 mm
Cushioning stroke of piston [y= 20 mm
Area of piston on pressure side A= 12,57 em’

Ditto on exhaust side A= 8.65 cm’

Ditto in cushioning chamber Ae= 7.26 cm®

GL Lro de’.i Te p_emmt kg/cm

kg. m/ s kj/ cm” S experiment | Eg.(12)
3,000 | 20.5 35 | 0.03 225 211
3,0 0 2 0.5 54 | 0.03 245 229
3,0 0 20.5 | 131 | 0.03 220 304
2,000 2 0.5 L g 0.0 3 2 ks 163
2,000 | 20.5 61 | 0.03 ahp | 177
2,000 | 2057 1L3% [[0.035 |, 185 247
1,009 | -2 0.5 50 | 0,03 170 108
1,000 2 0.5 67 0.0 3 150 120
1,000 | 20.5| 140 | 0.03 200 195
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