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Flow force compensation by stepped spool

W. G. Shin, H. Y. Choi, H. P. Shin, E. J. Moon(ADD)

ABSTRACT

This paper is on the study of flow force compensating method of spool type valve. A simple flow force compensating
method using stepped spool is presented in this paper. It is easy to manufacture stepped spool in the presented method

because the shape of it is simple. The method has the merit that

the size of valve need not be increased. Actuating force

required for driving means of spool can be decreased by the compensation of flow force. The effect of presented method is

predicted through CFD analysis. The prototypes of flow force co

mpensating Direct Drive Servo-Valve where the result of

CFD analysis is reflected are manufactured, and the measurement of flow force is carried out. It is known from the

measurement that the effect of flow force compensation is very similar to from CFD analysis.
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Fy =flow force

C 4 =discharging coefficient

C, =velocity coefficient

A=area of metering orifice

Py =Supply pressure

Pg =Return pressure

F 4 =force exerted on wall ‘A’ of spool land

Fsupply—>c1 =the sum of force exerted on wall of each

spool land for section of Supply—>Cl1

Fry_sRemmn =the sum of force exerted on wall of
each spool land for section of
C2—Return

d , =diameter of spool land

d; =diameter of step for flow force compensation

d, =diameter of spool land
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Fig. 2 A schematic of the assembly of sleeve and spool
suggested for flow force compensation

22CFD & &8 ®&8 37| o|&

E HolM: CFD & 3 &% g4
Ago WE FEEe A7) Wl gy AadL Ao
HED 212 A AU F58 By A% d4
< #AHgaqich

M o0 %R

22,1 2EWE sy

Atd AGHEL 2L o4 F5H BY
He 29E JdFsl7] 9alA CFD /W ¢1 FLUENT
£ o]tk B =E4A AE AHTEY A
BB = 3and 4-way o] TZE Z3 glon &
Boll= Supply, Cl, C2, Return 5o 212} 6 79 &€&

- 746 -



o] glon 2Z9 F4 Fugel ois) Yoo
0131 Y4 ol gt 2F, a8 Fo ois)
1/6 R8& B M FolsA U Fig. 5,
Fig. 6, Fig. 7914 22 1/6 @8- symmetry 23
oz st 1 % <2 o YHEAL RA MY
402 o ia Y & Qo2 A
352 Supply>Cl O FEF} C25Return & £EL
2 U4Fo) e FiEe 47 2F d= Y
o Z&ste 4P AVIE FEd FTHS A
stk f589 Arle @ #o.
Fy = Fsupply—>C1 + FC25Return Q)

222 CFD & &8t A&
3o} W3}

foff E w7

02
o
otn
i

Fig 3 & AUAY ES) Fad 4 ue
Uehla Aok 2ZWBolx AF @43 @
HAEE $59 aﬂ 2 g0 AR F

Atk 4] 2FWHAA FFEI B
71 s B9 2E R2WA AHIY 299
2ol 4 v olAE FAstE Aol FUHI AFE
t}. Table 1 9] CASE 1~4 25 do=9.2mmdlau CASE 1
o] dr € "y ouz WA 4 g NFAY
= gold $58 nuAd Y TFEY AR¥MES
CASE1 & 7|22 HAHJD. CASE2 & & =&
ol AgtstE 458 2y glo] ATHAY
£E9 X4E vebd Zolth Table 1 < CFD & ¥
& %o Supply»Cl ¥ w ¥Brt Hoz 43
Aefoll A FF e 7] @ CASE 19 didh ¥
9l #H9 FEE 4YEdY FEE AVs
CASE 3, CASE 4, CASE 1, CASE 29} M2 =t}
dr o] 7% 2& CASE 3 9 A% f58o] 4id
o= ol 39 CASE29A 9 Zo] 2F9] il
Agd A A F599 arst g FAsd. A
o HA AZES o] &3ld 212 oA AT t'}?—}
Zol #5598 H2anE 2S¢ # °‘D}
O

S‘:', o

ok
l)' N
32 (R St & oa

0

EU
ol

dr o] & "Er .n_gu:lz-lo] 3}0}7(]7] ”:H'\L‘Oﬂ =
Frgol 9¥7P ZFo]EUL

Fig. 4 © #%3% #lBd MB(CASE 1)dA
Supply Z o2 5E] fA7F Eol9bM C1 FL2 whA
vz el iy iRl S8 Uehis .
Fig. 55 A% 34 258 0|43 /53 24dn
E3e u140 50| AT
A9 FR3n st SHEA Fig 39 A9 F
AN FEo] AL VA &&E & F dey o
Hao] zgsat= ¢4#He Fig 39 ¢ ¥l g5
t 983 A9 golXA Aok waA {FH B

Aaas A2 g 4 Q) Table 2 & CFD
23} CASE I, CASE 2 9] A% disf Ald 4
£E olg3y] AF9 #5H AVE L}Ehﬂﬂ
o §EZo IAVE 24%ABE TxIE Ao
ettt

-\1 lo l> il

Supply (s3]

=
w\\ \ N

do ds dr

Fig. 3 A schematic that shows chief dimensions of spool

Table 1 Magnitude of flow force according to various
dimension of spool(Supply—>C1)

Fl
dr ds w ow Flow
(mm) | (mm) | (mm) force rate
N)
CASE 1| 4.6 - - 35.1 -
CASE 2| 3.0 5.4 1.9 13.2 -1.28%
CASE 3| 3.0 - - 73.6 +0.2%
CASE 4| 54 - - 49.0 -1.09%
1700402

Fig. 4 Velocity Contour of CASE 1(Supply—>Cl)
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Fig. 5 Velocity Contour of CASE 2(Supply—>C1)

Table 2 Effect of flow force compensation

F5Y ¥4 | B4R | BT
&4 N) (N)
Fsupply-—Cl 35.1 13.2
FraooRemra 57.3 57.3
Flow force | 928 70.5
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Fig. 6 Optimization of dimension of stepped spool
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Fig. 8 Experiment for flow force measurement
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Fig. 9 The result of flow force measurement
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