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Abstract: The precision hydraulic valve is widely used in various industrial field like aircraft, automobile, and general
machinery. Servo actuator is the most important device for driving the precise hydraulic valve. The reliable operation of
servo actuator effects on the overall hydraulic system. The performance of servo actuator relies on frequency response
and step response according to arbitrary input signal. In this paper, we performed the analysis for the components of
servo actuator to satisfy the reliable operation and response characteristics through the reliability analysis, and also
induced the design parameters to realize the reliable operation and fast response characteristics of servo actuator for
hydraulic valve operation through the empirical knowledge of experts and electromagnetic theories. We suggested the
design equations to determine the values of design parameters of servo actuator as like bobbin size, length of yoke and
plunger and turn number of coil, and verified the achieved design values through FEM analysis and performance tests
using some prototypes of servo actuators adapted in hydraulic valve.
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1:valve body, 2:Spool, 3:Sleeve,
4:Spool return spring, 5:Solenoid, 6:Plunger,
7:Plunger return spring, 8:LVDT

Fig. 1 Structure of servo valve
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3.1 Failure Modes and Mechanisms Analysis
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3.2 Failure Modes, Effects, and Criticality Analysis
AFEA Fgo F WA dAA = A

g FMMA ZA3E Bz 5350 uZ49d, 9%
I EEo] g A A 9 g A Wi
2743 & H7ksHE FMECA & 2H4J 3813l Table 2
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3.3 2-Stage Quality Function Deployment
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Fig. 2 Structure of servo actuator
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Table 1 FMMA(Failure Modes and Mechanisms Analysis)

Failure effect Failure mechanism
Part Function Failure mode
Local effect High-level effect Mechanism Load factor
Stmcmre, Crack, Strain, Infelicitous Corrosion, Humlqlty,
Frame Magnetic flux Force Loss . . Pollution,
Wear motion Fatigue o
passage Vibration
Inoperable, Scratch, Temperature,
Plunger Motion Jam, Constraint Current Rise Infelicitous Corrosion, Humidity,
motion Pollution Pollution
Structure, Infelicitous
Stationary Magnetic flux Strain, Wear Noise Rise motion Wear, Scratch | Repeated motion
passage
Infelicitous Infelicitous
Sealing Seal Crack, Strain . Leakage Stress, Wear assembly,
motion .
Repeated motion
Spring Return fgrce Fracture Returning power Infehgltous Fatigue Repeated motion
generation loss motion
Coil Force? Cut Stoppage current Inoperable Fatigue Temperature
generation
. Force Dielectric
Coil X Short Force loss Inoperable Temperature
generation breakdown
. - . . . Infelicitous . Dust,
Guide tube Friction reduction Pollution Current rise . Pollution
motion Temperature
Table 2 FMECA(Failure Modes, Effects and Criticality Analysis)
Failure effect Failure mechanism Criticality
Part Function Failure
mode High-level . . .
Local effect offect Mechanism | Load factor | Frequency | Severity | Criticality
Structure, Crack, Infelicitous | Corrosion Humidity,
Frame Magnetic Strain, Force Loss . . > | Pollution, Medium Medium 5
motion Fatigue . .
flux passage Wear Vibration
Jam. Current Inoperable, | Scratch, Temperature
Plunger Motion . . Infelicitous | Corrosion, . . Medium High 7
Constraint Rise . . Humidity,
motion Pollution .
Pollution
Structure, ..
Stationary | Magnetic |Strain, Wear| Noise Rise Infehgltous Wear, Repegted Low Low 1
motion Scratch motion
flux passage
Infelicitous
Sealing Seal Crac.k, Infehcl.tous Leakage |Stress, Wear assembly, Low Medium 3
Strain motion Repeated
motion
Spring Return fgrce Fracture Returning Infehgltous Fatigue Repegted Low High 5
generation power loss motion motion
. Force Stoppage . . .
Coil generation Cut current Inoperable | Fatigue |Temperature High High 9
. Force Dielectric . .
Coil generation Short Force loss | Inoperable breakdown Temperature High High 9
Guide tube Frlctlgn Pollution | Current rise Infehgltous Pollution Dust, Low High 5
reduction motion Temperature
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Failure mode - o g n .
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Low consumption A o o | o T "k 2lolt}, 9] Z,:/;}l:é% AR B EYe s
power
e AnH A Aok AFelolElol Aol 8 1717
force A ol e A e 4 PFE ZEwol= W %}xg S, A BRo| &
Low temperature | e o] o e el EAEE A @ WAE §) Rl
fise ofcol B e A 2RSS ned AANENS £E
High insulation - - . -
resistance *l° sto] H714 HAHS BHeksigith 1elal Be R st
Low pollution . A
Low noise ° A Table 5 Design equations
Prevention of . o A o o - p
corrosion Items Design equations
High durabilit o | A | o | A| e e | o | A . B*eS
ey Attraction force =2 21N
failure risk 25| 26 | 36 | 27 38 45 | 59 | 33 24y
riorit 8 7 4 6 3 2 1 5 . . 2
PROTY Design coefficient K, =40 *SeU
Very important :9, Important o:5, Normal A:3 2
. K,
Table 4 2-Stage QFD level 2 Max. attraction force Finax =5 [N]
7
. ) (7}
failure T2 e E| = Ak o K
mode/ <§ § % §§ 2 2 ga% S 2 % £ - Min. attraction force Frin :d—f [N]
.| . |z w| = @ o w
. 2| = gﬁ-g?%g e 252 & ¢
risk = g |58 g R A \/T
& Magnetic flux density B=2e = [T]
testitem | 25 | 26 | 36 | 27 | 38 | 45 | 49 | 33 d, ez
Structure . . C,*Bed
test ° A | 224 |13 Magnetic motive force U=——[V]
Hoy
Noise test A | A . 429 | 10
Consumption o ol o 650 | 6 Inner diameter of yoke d,; =dpy, +Cy [mm]
power Test
Maintain o o o 560 | 9 Outer di ; fvok 2.0 o
power test uter diameter of yoke +C,ed; [mm]
Starting
o o 405 | 11 .
power test Coil turn number N=n,em
Attraction
o A | O o o o | 968 | 2 2
fc test . . eflepel]
- oree 1es Coil height h=3 % [mm]
e.rr{perature A . ° 758 | 4 i ®dy
rising test d, +d,)
. T ;
Insulation Coil mean length 1, =—"bo b
Resistance . o 650 | 6 2
test
. . 2 dy, +d,)eU
Voltage test e | o 650 | 6 Diameter of bare wire d, = \/(MJ [mm]
High P
temperature o o . 706 | 5 .. qep NeW
T, =
tost Rising temperature e JeX o ey
Low
. . 20 pe(dy, +dy)eN
temperature © A 265 | 12 Equivalent resistance R, = e [Q]
test 7
Humidity
A A| A| o | e |89]3 . V
test Coil current I'=—1[A]
Lift test o . . o . ° ° o 2171 1 t
Very important :9, Important o:5, Normal A:3 Consumption power W=Vel [W]
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Table 6 Target values
Items Target values
Voltage 24 [V]
Consumption power 55 [W]
Operation frequency 120 [Hz]
Attraction force 160 [N]

Table 7 Input parameters

Items Input values
Attraction force 160 [N]
Diameter of plunger 4 [mm]
Width of bobbin 1 [mm]
Coil lamination No.(length) 59 [3]]
Coil lamination No.(width) 8 [3]]
Empirical margin length 0.004
Margin ratio 1.25
Voltage 24 [V]
Start
- Dialog

l Enter input parameters |+— o

| Output theoretical design value |

[
v

[Designer’s
udgment Coil Selection in Catalog
(The nearest value to calaulation value)
v

Input the selected value for coil
(resistance, diameter)
v
| Output the final design parameters |

Designer’s
'L—"udgment

Output graph magnetic force vs. spring
force according to displacement

v
END

Fig. 3 Flow chart of design program
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Attraction force [N]

Fmir 160
Magnetic flux density [T]
B=2*[root(2*15*Fmin)/(d*root(m)) 2.334

I I
bobbin inner diameter [mm]
dbi=d|+2(rair+tb:' 38
I I
bobbin outer diameter [mm]
dbc=dbi+2w 50
turn number of coil [No]
N=n_m, 502.775
I I
yoke inner diameter [mm)]
dy=dpe+Cy 50.004
I I
yoke outer diameter [mm]
dye=root(d,*+C,*d’) 54.17
equivalent resistance [()]
Re=(2*0*(dyo+dp)*N)/d.2 10.95
I I
coil current [A]
[=V/R; 2.19178082
I I
magnetic motive force (at 20°7C)[AsT]
Usp=I*N 1101.9726
I I
consumption power (at 207C)[W]
Wip=V*1 52.6027397
operating frequency [Hz]
fo=w/2m 110

Fig. 4 Results of design

Fig. S Prototype of servo actuator
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