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Industrial Series 76
Flow Control Servovalves

The MOOG Series 76 Servovalves are low cost, field
serviceable, flow control industrial valves with a wide
range of application in automatic control of industrial
equipment.

The MOOG Series 76 Industrial Servovalves are pilot
operated, closed center, four-way sliding spool valves in
which the output flow to a constant load is proportional
to electrical input current. The servovalves are normally
used in closed loop position, velocity and force systems
to provide precise, fast response control at high power
levels. Designed specifically for industrial use, Series 76
servovalves embody in excess of 15 years of MOOG ex-
perience as the leading supplier of two-stage servovalves.

Design Features:

Outstanding design features of the Series 76 Servovalve
include:

* Internal mechanical feedback with simplicity of parts.

+ "“Rate-cancelled” frictionless, nozzle-flapper pilot stage.

* Torque motor sealed in air to isolate magnetic fields
from fluid.

* Flow to pilot stage filtered by internal 35 micron filter.
External surface of filter is flushed by 2nd stage flow.

* Motor coils protected during thermal and vibration ex-
tremes by resilient potting,

* Spool-bushing diametral tolerances held within 10
microinches . . . for reduced dirt susceptibility. Mating
surfaces finished to 2-5 microinch smoothness.

* Rugged construction to withstand industrial usage.

* Complete design symmetry for minimum thermal null
shift. Bushing retained by center pin.

* External null adjustment provided.

Operation:

Moog Series 76 industrial servovalves consist of a polar-
ized electrical torque motor and two stages of hydraulic
power amplification. The motor armature extends into the
air gaps of the magnetic flux circuit and is supported in
this position by a flexure tube member. The flexure tube
acts also as a seal between the electromagnetic and
hydraulic sections of the valve. The two motor coils sur-
round the armature, one on each side of the flexure tube.

The flapper of the first stage hydraulic amplifier is rigidly
attached to the midpoint of the armature. The flapper
extends through the flexure tube and passes between
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two nozzles, creating two variable orifices between the
nozzle tips and the flapper. The pressure controlled by
the flapper and nozzle variable orifice is fed to the end
areas of the second stage spool.

The second stage spool is a conventional four-way sliding
spool design in which output flow from the valve, at a
fixed valve pressure drop, is proportional to spool dis-

placement from the null position. A cantilever feedback

spring is fixed to the flapper and engages a slot at the
center of the spool. Displacement of the spool deflects
the feedback spring which creates a torque on the
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armature/flapper assembly.

Input signal induces a magnetic charge in the armature
and causes a deflection of the armature and the flapper.
This assembly pivots about the flexure tube and increases
the size of one nozzle orifice and decreases the size of
the other. This action creates a differential pressure from
one end of the spool to the other and results in spool
displacement. The spool displacement causes a torque in
the feedback wire which opposes the original input sig-
nal torqgue. Spool movement continues until the feedback
wire torque equals the input signal torque.



General Characteristics

The information presented is intended as a guide for the
specification of valve characteristics. Stock models are
available in each series built to specifications repre-
sentative of usual system requirements. Improvement of
certain characteristics can be achieved on special order,
although generally at the expense of others.

Operating supply pressure 50-3000 psi
Proof pressures at pressure port 150% supply
at return port 100% supply
Burst pressure (return open) 250% supply
Temperature range —65°Fto275°F
External Leakage none
Fluid Petroleum base hydraulic fluid.

Others on special order.
System Filtration 10 microns recommended
Weight 1.7 pounds

Flow Gain and Nonlinearity tolerances are most practically
specified by an envelope on a plot of load flow versus current
input. Figure 1 shows normal flow tolerances for production
valves. Some saturation occurs as the high flow limit of the
series is reached. Flow gain at null is determined by the rela-
tionship of the spool and bushing metering edges, and may
vary somewhat from valve to valve. With standard production
tolerances, flow gain in the region of =5% rated current from
null may range from 50 to 200% of the nominal flow gain.
Valve flow gain will vary with such operating variables as
temperature and supply pressure.

Load Flow—Pressure Characteristics are essentially parabolic,
see Fig. 2. With the mechanical feedback design, these charac-
teristics closely approximate the theoretical square-root ori-
fice relationship of the second-stage flow metering slots.

Null Leakage is composed of first-stage flow and second-
stage null leakage flow. This leakage is generally less than.
3% of rated flow.

Pressure Gain at null normally exceeds 30% of supply pres-
sure for 1% of rated current and can be as high as 80%

Null Shift may be specified for particular environmental vari-

ables as listed below. Max. Null Bias
Temperature 100° change 2%
Supply Pressure 80% to 110% 2%

Back Pressure 0% to 20% of supply 2%
Frequency Response for typical valvesis shown in Figure 3.
For system design, valve response can be approximated by a
second-order transfer function. The apparent natural fre-
quency will be about 140 cps and a damping ratio of about
0.9 would apply. Frequency response is somewhat dependent
on signal amplitude, temperature and supply pressure.

Resolution is less than 0.5% of rated signal without dither.
If dither is used, peak-to-peak amplitudes less than 20% of
rated current are recommended.

Input Current is normally considered to be differential current
between the two motor coils. Quiescent current levels from
zero to twice rated current may be used. The coils may be
operated in series or parallel aiding with.zero quiescent cur-
rent. With a series coil connection, full valve output will be
achieved with one-half rated differential current input. Valves
may be supplied with a range of rated currents from 8 ma
to 200 ma. Stock valves are supplied with rated currents of
15 ma and 40 ma.

Coil Resistance and Inductance values vary with rated cur-
rent specified. Stock valves_are supplied with coil resistance
of 80 and 200 ohms and approximate inductance of 0.8 and

1 henm! respectively. Production tolerance on coil resistance

71s normally =12%. Inductance is determined under pressurized

of the torque motor. These effects vary with most operating
conditions and vary greatly with signal frequencies above
100 cps. Normally, the apparent inductance is determined at
50 cps.

Hysteresis is less than 3% of rated current.

_Spool Driving Forces are dependent upon the supply pressure,

and the hydraulic amplifier pressure gradient. Normal pilot
stage configurations will produce spool driving force gradients
which exceed 1.2 Ibs/% input current, with a 2000 psi supply.

TPy

/ operating conditions and is greatly influenced by back emf's Under these conditions, maximum spool force is 110 Ibs.
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3 ~ forms to a straight line with other. operatrer)al vaneb es h
- constant. Linearity is measured as the maxrmqm dewatron of

it Pressure Gam The change m Iead pressure dro
current for : H condrtuon of zZero lead ﬂow Expressed a pstf m

_Null Bias The lnput current requtred to brlng t_h'
- null, excluding the effects of \ralve hysteresns Exp_

. in operating condrtrens or envrrrmment EXpres‘ d:_zrs percen

t Resolutlon Maxrmum 1ncrement of |nput current required
- produce a change in the \rat\re eutput flow Expressed in pe
- cent of rated current, £

‘same output as the valve is cycled between rated: positrve nd
~ negative current, Expressed as percent of rated ,cl.:rren

~ Dither A small amplltude ac mput eornetlmes uti_iz_

' -Spenl Drnring Force Gradlent The change in SDOOI ppsrtren
- ing force per unit current input. Measured with"the § ;
- blocked and expressed in. pounds!percent ef rated current e

- rent. Coil. .impedance will vary with frequency. srgnal amp[r

Servovalve Terminolngy'

Rated Flow The load flow specified for conditions of rated
valve pressure drop and rated current input. Expressed as
cu.in/sec [cis] or gal/min [gpm]. :

Rated Current The specified differential input current in- .
crement from null to produce rated flow. Expressed in rnlltr-
amperes [mal. e

No-load Flow Gain The slope of the no-load flow. ver'sue cur-

rent input relationship in the region of essentially linear con- = = -
trol [excluding null effects and flow saturatlen] Expressed
in cis/ma.

Symmetry The degree of equality between the norrnat flow
gain of one polarity and that of the. reversed pol'arity Sym 4
metry is measured as the difference in normal_ﬂpw gain o
each polanty. expressed as. percent of the greater

Linearity The. degree to which the normal f[e :

the normal flow curve from the normal ﬂcw'gam lin
pressed as percent of rated cprrent

p with input

Null  The condltron where lhe valve supptlee zero Ipad loy
at zero Ioad pressure drop.

percent of rated current

Null Shlft The change sn nult blas resultrng._from henges.g

of rated current

Hysteresis The drfference in 0urrent requrred tp preduceth,

improve system resolution. -

Coil Impedance The complex ratio of cerl voltage to coil cur-

tude, and other operating condltlons, but can be approxrmate
by the dc coil resistance and the apparent coil’ mductance.
measured at a signal frequency. If the valve coils aré con
nected in series, mutual mductance will cause the total ALsehrier
ductance to be approxrmately three trmes the mductance

per coil. ARG RPN aa

Frequency Rer;ponse The relationship ef Ioa'd fle'w' with Zhrost s
load pressure drop to input current when the current is made

to vary sinusoidally at constant amplitude over a range of
frequencies. Frequency response is given in terms of ampli-

tude ratio, expressed in db, and phase angle, in degrees.



Series 76 Stock Servovalves

MOOG maintains a stock of Series 76 servovalves in five
different models. These models cover the range of flow
output from 1 to 15 gpm (at 1000 psi). Characteristics
of each model are controlled for optimum system per-

formance in usual application. These stock valves are -

made in production quantities, so each user gains the
cost and technical advantages of an established produc-
tion design.

For those systems that do not require some unusual per-
formance feature, stock valve offers these advantages:

* Immediate delivery

* Decreased cost

» Established and production proven performance

Availahle From Stock in Five Sizes

Rated Input
Signal
Rated Flow (differential
(1000 psi drop) current)  Coil Resistance

Model No. (gpm) (ma) (ohms =12%)
76-100 1 15 200
76-101 25 15 200
76-102 5 15 200
76-103 10 15 . 200

76-104 15 40 80
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