Chapter 2 - Fundamental Fluid Power Engineering
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Figure 2-10. Asymptotic Approximation of Discharge Coefficient.
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Figure 2-11. FPRC/OSU Orifice Flow Nomograph.
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Figure 3-29. Piston-rod Nomograph using Swage Column Formula.

Since the swage column analysis is based on the assumption that the joint
between the rod and cylinder body isrigid, a question to consider is “Where will
failure occur in the actual cylinder?’ One would expect the cylinder to fail either
a the joint or somewhere along the rod. It does not seem reasonable that the
cylinder body will be first to fail. The same condition existsin a swaged column.
The column would be expected to fail in the swaged section or near the transi-
tion. Thus while a hydraulic cylinder is not atrue swaged column, it may be pos-
sible to model it as such based on the expected point of failure. If thisistrue, the
swaged column theory presents a simple, easy to apply modeling approach. A
comprehensive study on the comparison of various buckling models with manu-
facturer’s rating was carried out at FPRC/OSU. It found that the results obtained
from the swaged column formula (Eg. (3-67)) bears a similar curve to the manu-
facturer’s rating curve. Furthermore, by giving a safety factor of four (of the
buckling or critical load), both curves show a high degree of agreement as shown
in Fig. 3-30. A reasonable explanation for this high degree of agreement can be
drawn from the fact that the pined end condition used in deriving the swage col-
umn formula is similar to the cap-end pivoted, rod-end pivoted and guided
mounting configuration that has a C value of 1 (see Fig. 3-31). Note that C
ranges from 0.25 to 4. In addition, Eq. (3-71) indicates that the maximum critical
load allowed before cylinder buckling occurs is proportiona to C. In other
words, a mounting configuration has a C of 0.25 can only sustain one-fourth of

Copyright 1998 by BarDyne, Inc. All Rights Reserved.



182

Hydraulic Component Design and Selection

Table 5-4. Flow Forces In Hydraulic Valves.

Valve Type Flow Force
Spool
conventional Steady State Ffs=[2CdCVW(Pl— Pz)cosq]x
L
P
N S _ dx . Cylwx  d(R- Py)
} { Unsteady | Mo =LCaWy2r(R- )"+ —— m
\/?(Pl- )
Spool
Steady State Ffs=2CdCV[W1(P1- P.)cosa, - w,(P. - Pz)cosqz]x
;'
P, ]
X\ _|P1|_ F, = LCw,\/2r (P~ P dx Cylw,x  d(P - PR)
& p 4, Unsteady

@ 2 dt
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P
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xsin2a g
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pdC,C, sin2a(R, - P,)G-

Unsteady

x(d 05xsin2a) d(P, - P)
VZ(R-R) dg

=pr LCdsnaé(d xana)

Poppet—conical

L

0
seat Steady State | pd,,C,C, sin2a(P, - P)gi xsin2a
Z
é -
- Ry = prLC, snadd, - xsinza) & 4 X(0n - 05xsn2a) d(F - P,)y
,&u Unsteady 8 at D) " g
) A :05(d1 +d2)
Ball-sharp
edged seat Steady State | F, =[2pC,C,R(P, - P,)sinf sin2f |x
¢ a
; dx X d(P,- P, )L:’
Unsteady | F, :pLCdRsiang 2r (P, - PZ)EJr - 1dt ) 3
& \/*(Pl' ) 0
e r a
Ball- conical
seat Steady State | F,=[2pC,C,R(P; - P,)sinf sin2f |x
g y
L2 _ ! g dx X d(P, - PZ)H
Unsteady | Fru = PLCaRSIN2f Zy2r (P - PZ)E+ - !
& \/*(Pl' ) 0
e r a

Note: Fs= Steady state flow force; Fy, = Unsteady flow force; r = Fluid density; q = jet angle; a = poppet half angle;
Cq = discharge coefficient; C, = velocity coefficient; P, = up stream pressure; P, = down pressure; P; = chamber pres-
sure; w = peripheral length of spool; x = spool displacement; L = damping length; f = half seat included angle
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Ratio of Precharge Pressure to Minimum Pressure, Ry = P—i

P; = Precharged Pressure

Py = Maximum Working Pressure
P_ = Minimum Working Pressure
n = Polytropic Exponent

Figure 10-11. Graphical Solution for Example 10-2.
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