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APPENDIX I
Valve Steady-State Model

The flow through the valve is given by the following relation for a positive
valve displacement:

Ve > 0:

Q1 = CVyzsgn (Ps —p1)V/|Ps — p1] (I.1)
Q2 = CVysgn (p2)/|p2] (I.2)

and for a negative valve displacement:

Ve <0:
Q1 = CVysgn (p1)V/|p1] (1.3)
Q2 = CVysgn (Ps — p2)\/|Ps — p2| (1.4)

where V;, is the valve drive voltage, C is the valve coefficient, Ps is the supply
pressure, and p; and pe are the actuator pressures.

Assuming no leakage through the valve, then Ps = p; + p2, and defining
Pr, = p1 — pa, thus p; = (Ps + Pr)/2 and py = (Ps — Pr)/2. Substituting for
p; and py from the above relations into the previous flow equations (I.1-1.4), a
general form for the valve flow relation can be derived and is given by:

Pr

Q= K;V;sgn {1—(sgan \/il—(s Vz) P (I.5)

where K, = C+/P;/2 is the valve steady-state gain, V; is the valve input volt-
age, and Py, is the load pressure.

APPENDIX II
Valve Dynamic Model

A schematic diagram of the valve is given in Figure A. The torque motor pro-
duces a torque that is proportional to the armature current, 7, and is given
by

Tmis = Jmb + Bmb + K0 + F (I1.1)
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Figure A. Servovalve Model

where 7,,, is the torque motor constant, J,, is the flapper inertia, By, is the
flapper viscous friction coefficient, K, is the flapper restraining spring con-
stant, and F' is the flow forces.

Neglecting flapper inertia and viscous friction, Equation II.1 can be ap-
proximated as

Tmis = Km0+ F (11.2)

For linear operation of the torque motor, the instantaneous back flow, i.e.,
the flow between the nozzle-flapper valve and the spool valve, is given by

Q= Cnb (IL.3)

where C,, is a constant.
The fluid force on the flapper can be approximated by the static pressure
force by neglecting the dynamic flow force and is expressed as

F = An(p1 — p2) (IL.4)

where A,, is the area of the nozzle.
The instantaneous flow can be interrelated to the input current and load
pressure by combining Equations 2, 3 and 4 to give

mChn . Ch
Qf = TKm iz — K, An(pl - p2) (11'5)

The equation of motion of the second stage spool is given b¥
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(pl - p2)A3 = MyTs + ByTs + K.UZIIS (Hﬁ)

where A, is the end area of the spool, m,, is the mass of the spool, B, is the
viscous coefficient, K, is the equivalent coefficient of the two centering springs
and z; is the spool displacement.

Equation II.6 can be reduced to the following relation upon neglecting
spool inertia and viscous force

(pl - pZ)As = KyZs (117)

Substituting Equation II.7 into Equation II.5 gives
_ TmCn . A, K,
Qr= K, tz = Cn Asg Kma:s

or
Qf =Kf7fla: _stxs (HS)

where Ky is the flapper gain and K,y is the spool-flapper feedback constant.

The coupling between the spool displacement, z,, and the back flow from
the first stage is achieved through the continuity equation upon neglecting
fluid compressibility and leakage across the spool:

Qf = Ais (H.g)
Substitution of Qs from Equation II.9 into Equation IL.8, gives

TsAs + :csst = ’ifo

or

AS . . KS
K, = .
K.; EsKs+2,Ks =1,Ky K. (I1.10)

where K is the spool gain.
The flow through the spool valve port for constant pressure operation is
given by

QR = 1K (II.].I)

Equation II.10 can be equally expressed by the following relation for conve-
nience, upon substituting for @) from Equation I1I.11.
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where 7 = As/ K,y is the valve time constant, Q is the valve flow rate, Vg is
the valve drive voltage, and K, is the steady-state gain of the valve.

Nomenclature

B Viscous damping coefficient, N-m-s/rad
J Load inertia, N-m-s?/rad

K, Operational amplifier gain

Ky, Bulk modulus of oil, N/m?
K, Valve steady-state gain at Pr, =0, m3/s/v

ks Position transducer constant, v/rad
k: Tachogenerator constant, v/rad/s

ko Position feedback gain

k. Velocity feedback gain

L, Equivalent leakage coefficient, m®/N-s
n Reduction gear ratio

p1,p2  Pressures at actuator ports, N/m?

P Load pressure, N/m?

P Supply pressure, N/m?

8
Q1,Q2 Inlet and outlet flow of actuator, m3/s
Q Mean flow rate, m3/s
T, Magnitude of Coulomb-friction, N-m
t Time, s
Ve Volume of oil in motor and hoses, m?
Vi Input voltage to the system (reference input), v
Vin Motor displacement, m?/rad
|2 Valve drive voltage, v
T Valve time constant, s
0

Shaft angular position
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