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(57) ABSTRACT 
Two or more independently controllable two-stage 
electrohydraulic servovalves are collectively serviced 
by a single fluid supply and a single fluid return al 
though each servovalve is associated with its own load 
actuator, by providing each servovalve with a first 
stage symmetrical hydraulic amplifier and with a sec 
ond stage valve spool assocaited with metering ports, 
the hydraulic amplifiers of the various servovalves 
being connected in series fluid flow communication, 
so as to maintain quiescent flow essentially the same 
as for one such servovalve independently, and the me 
tering ports of the various servovalves being in parallel 
fluid flow communication with the fluid supply and 
fluid return so as to be capable of developing full dif 
ferential pressure across the load for each servovalve. 

7 Claims, 2 Drawing Figures 
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VTE TOW-STAGE EECTROHYDRAUC 
SERVOVAWE APARAT'S 

3. CKCROND ()H, HE INVHENTION 

. Hict (f the livent in 
This invention relates to multiple two-stage electro 

hydraulic Serv (valve apparatus, and more particularly 
to such apparatus which comprises two or more servo 
valves independently controllable and collectively ser 
viceable hy a single fluic Supply in a single fluic re 
t 

2. Description of Prior Art 
Many applications of electrohydraulic servo valves 

require the use of two or more servo valves for multiple 
function control within the same vehicle or equipment. 
Examples include missile fin control such as pitch, yaw 
and roll, radar antenni control such as azimuth and cle 
viation, nozzle ginnhilling control, laser beam control. 
just tab control, and others. 

In order to obtain high performance of the control 
System, two-stage electrohydraulic servovalves having 
a frictionle SS hydraulic umplifier are generally pre 
ferred. Examples of Such servovalves include two-stage 
cluble intzle-flapper servovalves such as disclosed in 
l'.S. Pat. No. 3,03,782, jet pipe servovalves such as 
disclosed in U.S. Pat. No. 2,884,907, and deflector jet 
Serv' valves such disclosed in .S. Pt. N. 

( 1, ()3. 
A critical requirement for many applications is that 

power consumption he minimized. This requirement 
arises as many such systems are carried by missiles or 
(ther vehicles () equipment that include a self 
contained energy Source. Needless power consumption 
results in increased size and weight of the energy 
Source. For :uirhorne vehicles, this sacrifice in size and 
weight may penalize range. For hand-hell equipment, 
the increase size and weight (if the energy source may 
decrease the effective payload of the equipment. 
Als), in some applications, if the total energy coin 

Sumption of the control system can be sufficiently low, 
then a blow-down system may be utilized, such a sys 
ten employing, for example, a stored cold gas or hot 
gas propellant charge, together with a one-shot hydrau 
lic accumulator. Such a blow-clown system offers sim 
plicity, higher relia hility, anc lower costs than : con 
ventional hattery, electric motor and hydraulic pump 
configuration. 

in many applications of the type mentioned, the duty 
cycle of the control system consists of an initial flurry 
of control activity, such as to correct for launch errors, 
followed by a relatively long period of coast that re 
quires (only small, vernier-type course corrections. The 
energy consumed in the initial control transients is un 
avoidable, as well as that required for vernier correc 
tions. Superimposed on this necessary control activity, 
hwever, is the quiescent power drain of the servovalve 
hydraulic implifiers. Often times this quiescent power 
drain, which continues throughout use of the control 
system, accounts for more total energy than does the 
necessary control activity. 
A previous approach to solving this prohlen in some 

Systeins he retfire used has been to employ servo 
v is is that have a stol type first-stage hydraulic ann 
plifier. In systems that require low control flow a single 
stage servov : V in which in electromagnetic position 
ing mins drives directly a sliding spool valve may suf 
fice. (I higher fli w systems a tw-stage, double spool 
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valve has heen used. In either case, the servovalve can 
he made to have very low quiescent leakage hy' appro 
priate overlap of the spool null culges. However, these 
spool type servo valves suffer from the presence of fric 
tion acting directly upon the electromagnetic drive 
means. This friction seriously compromises valve per 
formance, incl inly through use of complex means for 
adding dither, are Such valves mille workihle. The 
clither requires quiescent power loss, an also accls con 
siderably to the cost of the control system. Alst), even 
with dither, the performance achievable with a servo 
valve having a sliding spool driven directly by the elec 
tromagnetic input means is far less than that clitainable 
with a servivalve having a trictionless first-stage hy 
litt lic amplifier. In particular, the thresholc. hystersis 
and null shift of single-stage spool type serve valves, or 
double Spool two-stage servo valves, is generally infe 
rior to that obtainahle with servovlves having a fric 
tionless first-stage hydraulic amplifier. These perform 
ance deficiencies cle tract from system accuracy and ef 
fectiveness. 

It would be desirable in many instances to replace 
both spool type single-stage serv (valves, incl double 
spot type two-stage servivalves, with the more ad 
vancect two-stage servovalve of the frictionless hydrilu 
lic amplifier type, in order to realize the improvec Sys 
tem performance. However, this change has not heln 
practicable heretofore without a corresponcling change 
in the stored energy portion of the vehicle r equip 
ment in rder to provide the increased energy neces 
sary to sustain the quiescent power drin associated 
with the continuous flow through the trictionless hy 
draulic annplifier. Most often this requirement for in 
creased capacity of the Stored energy soutree necessi 
tiltec change to a battery, motor and pump suppur tus 
with the attendant increase in complexity, weight and 

St. 

SUMMARY OF THE INVENTION 

The solution to the problem afforded by the present 
invention is based upon recognition of the fact that the 
quiescent flow in the first-stage of a symmetrical hy 
draulic amplifier of the nozzle-flapper, jet pipe, or de 
flector jet types, is essentially constant throughout all 
levels of signal input. i.e. from () to either plus or minus 
100 percent signal input. 
Further, the solution to this problem afforded by the 

present invention is based upon recognition of the fact 
that in the two-stage servo valve that utilizes feedback 
of spol position, whether achieved through mechani 
cal feedback to the armature of the torque motor or 
electrical feedback or otherwise, the differential pres 
sure necessary to move the second-stage valve spool, or 
to maintain the spool in any displaced position, is but 
small portion of normal supply pressure. 
Still further, the solution afforded to this problem by 

the present invention is based upon a recognition of the 
fict that dynamic response of such a two-stage servo 
valve incorporating spool position feedback is related 
primarily to the flow gain of the hydraulic implifier, 
rather than the pressure gain of the hydraulic amplifier. 
Accordingly, the primary object of the present inven 

tion is to relate two or more independently controllable 
two-stage electrohydraulic servovalves of the high per 
formance type severally having: (a) a first-stage hy 
draulic amplifier which is frictionless but which re 
quires quiescent flow, and (b) a second-stage power 
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valve. to the another and to a single fluid supply and 
a single fluid return, such that the quiescent flow for all 
the first-stage hydraulic amplifiers does not exceed that 
essentially for one such servo valve if operated by itself, 
and the full lifferential pressure between said supply 
and return is available for loud control by the second 
stage power valve of each servovalve. 
This is achieved, in accordance with the inventive 

concept, by providing two or more servovalves each in 
cluding first-stage hydraulic annplifier means capable of 
producing a differential pressure responsive to an inde 
pendent electrical command signal, and Second-stage 
fluid flow control valve means responsive to such dif 
ferential pressure, each of the hydraulic amplifier 
means during operation requiring input operating fluid 
and producing output operating fluid, each of the fluid 
flow control valve means including an actuating port 
alternately communicable with a pressure metering 
port and a return metering port determined by the posi 
tion of a movable valve element arranged to be moved 
by the differential pressure, the operating fluid for the 
hydraulic amplifier means of the various servo valves 
heing in series fluid flow communication between the 
fluid Supply and fluid return, the pressure and return 
metering ports of the various servovalves being in par 
allel fluid flow communication with the fluid supply 
and fluid return, respectively, and the actuating ports 
of the various servovlves being operatively associal 
able with separate load actuatrs. 
Other objects incl advantages of the present inven 

tion will he apparent from the following detailed de 
scription of a preferred embodiment illustrated in the 
accini panying drawings. 

BRIEF DESCRIPTION OF THE DRAW NGS 

Fl(i. 1 is a vertical, central, longiludinal, sectional 
view through multiple independently controllable two 
stage electrohydraulic servovalve apparatus emboclying 
the present invention and illustrating the internal con 
struction if two) serv() valves comhined in a more or less 
diagramatic manner, the valve spool of each servovalve 
being illustrated in elevation and in a null or centered 
position, and each servo valve being further depicted 
Schematically in operative association with a separate 
lic actuator. 

FiC. 2 is a block diagram incliciting a relationship of 
factors involved between electrical current input to one 
servov alve f the app: ratus and output from such set 
wo) valve in the form of flow to the actuut ()r controlled 
there hy. 
DESCRIPTION OF PREFERRED EMBODIMENT 
The multiple two-stage electrohydraulic servovalve 

apparatus of the present invention is shown generally 
as comprising two two-stage electrohydraulic servo 
valves severally of the double nozzle-flapper, mechani 
cal feedback, flow control type illustrated and cle 
scribed in U.S. Pat. No. 3,023,782 but consolidated 
into a single body and related to each other so as to be 
collectively serviced by a single fluid supply port and a 
single fluid return port and further arranged so that 
their first-stage hydraulic amplifiers are connected in 
series fluid flow communication and their second-stage 
valve spools are connected in parallel across the Sup 
ply-to-return differential pressure available. 
More specifically and referring to FIG. 1, the appara 

tus is shown as comprising left and right electrohydrau 
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4 
lic servo valves 8 and 9, respectively, having a common 
valve body 10. This hocly is internally formed to pro 
vide a left cylindrical chamber 11 in which is slidably 
arringed the second-stage valve spool 12 of servovalve 
8 which also includes : torque motor 13 and a hydrau 
lic amplifier 14. Body 10 is also internally formed with 
a right cylindrical chamber 15 in which is slidably ar 
ranged the second-stage valve spool 16 of servovalve 9 
which also includes a torque motor 17 and a hydraulic 
amplifier 18. 
Each of the electromagnetic torque motors 13 and 17 

is suitably mounted on bocly 10 and is specifically in the 
form of a polarized force motor including an upper 
pole piece 20, a lower pole piece 21 to provide thereble 
tween a pair of air gaps 20' and 21 and a pair of coils 
22 and 23. Two permanent magnets (not shown), one 
on each side of the torque motor between these pole 
pieces, provide polarization of the air gaps. The coils of 
each torque motor may he connected in any suitable 
manner sc) as to provide differential coils, series coils, 
parallel coils or single coils. As shown, the leads of coils 
22 and 23 are connected in a differential coil configu 
ration. Specifically, coil 22 has two leads 24 and 25, 
and coil 23 has tw) leads 26 and 27. Leads 25 and 27 
are connected together to provide common lead 28. 
The tips of an armature 30 is shown arranged in air 
gaps 20, 21'. This arnature is shown as rigidly sup 
ported in the upper end of a flexure tube 31 the lower 
end of which is suitably secured to hocly 10. 

Hydraulic amplifier 14 of left servo valve 8 is shown 
as including a flapper 32 rigidly mounted at its upper 
end on the corresponding flexure member 31 and ar 
mature 30 and having its lower end movably arranged 
between a pair of oppositely facing, spaced apart, fixed 
nozzles 33 and 34. In the hydraulic amplifier 18 for the 
right servo valve 9, the corresponding flapper is desig 
nated 35 incl the two corresponding nozzles are desig 
ited 36 till 37. 
Valve body 10 is shown as having a pressurized thuid 

supply port 39 adapted to he connected to any suitable 
source of pressurized hydraulic fluid (not shown), and 
also a fluid return port 40 aclapted to be connected to 
any sump or receptacle for collecting return hydraulic 
fluid not shown). Pressure port 39 is shown as con 
nected by passage 41 to a branch passage 42, in turn 
leading to an enlarged left compartment 43. This com 
partment houses a filter Screen 44, Schematically illus 
trated as being of cylindrical configuration. Entrance of 
the branch passage 42 to compartment 43 is shown as 
being inniclway of the length of this compartment. Fluid 
entering into this compartment flows through the inter 
stices if the filter in thence divicles, some (Yf the fluid 
flowing to the left through a fixed restrictor (or orifice 
45 and some flowing to the right through a similar fixed 
restrictor ()r orifice 46. 

Restrictor 45 is shown as arranged in the lower end 
of a passage 48 provided in body 10 communicating 
with compartment 43, the opposite end of this passage 
leading to left nozzle 33. Intermediate its ends, passage 
48 intercepts the left end of valve spool compartment 
11 to provide a left spool end chamber inclicated at 49. 
The other restrictor 46 is shown as arranged in one end 
of a passage 50 provided in body 10 the other end of 
which leads to right nozzle 34. In termediate its ends. 
this passage 50 intercepts the right end of spool com 
partment 11 so its to provide a right spool end chamber 
indict at Sl. 
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Left valve spool 12 is shown as having a left end lobe 15 to a right actuating port 93. Actuating ports 91 and 
52, a right end lobe 53 and an intermediate lohe 54, 93 are operatively associated with a separate hydraulic 
these lobes being connected by intermediate stems of actuator indicated generally at 94 comprising a cylin 
reduced diameter so that the valve spool moves as an der 95 housing a piston 96 fast to a piston rod 97 which 
unit. left lobe 52 is shown as provided with an annular 5 is shown as extending outwardly through the end walls 
groove 55 which receives in a substantially frictionless of this cylinder and connected to any suitable load (not 
rolling contact manner a hall 56 formed on the lower shown). 
end of a feedback spring member 57. The upper end of Right lohe 83 of right valve spool 16 is shown as pro 
this men ber 57 is cantilever-mounted on flapper 32. vided with an annular groove 98 on the walls of which 
Valve spool 12 is shown in a null or centered posi- 1() a ball 99 has a substantially frictionless rolling contact. 

tion. In this position, center the 54 closes a pressure This ball 99 is mounted on the lower end of a feedback 
metering port 58 which is connected in fluid flow conn- spring wire member 100 the upper end of which is can 
munication via passage 59 with passage 42. In this null tilever-mounted on flapper 35 for right servo valve 9. 
position of valve spool 12, left lobe 52 is shown as clos- Nozzles 36 and 37 of this right servovalve 9 discharge 
ing a left return metering port 60. A similar but right 15 fluid into an outlet chamber 101 which is shown as hav 
fluid metering port 61 is shown as closed by right spool ing a fluid flow connection with passage 89 via a short 
lohe 53. These return metering ports 60 and 61 are passage 102 in which a restrictor or fixed orifice 103 is 
shown as connected hy branch passage 62 with main arranged. 
fluid return passage 63 which leads to fluid return port From the foregoing arrangement, it will be seen that 
40. 20 each hydraulic amplifier 14 or 18 during operation re 
The space between lobes 52 and 54 in compartment quires input operating fluid and produces output oper 

11 is shown as communicating via passage 64 with an ating fluid. In the case of left hydraulic amplifier 14, the 
actuating port 65. The space between lobes 53 and 54 operating fluid therefor is derived from fluid supply 
is shown as communicating vi passage 66 with a sec- port 39 flowing through connected passages 41 and 42 
ond actuating port 67. Actuating ports 65 and 67 are 25 into compartment 43, thence dividing to flow through 
shown as operatively associated with opposite ends of a left course including restrictor 45, passage 48 and 
an actuator 68 including a cylinder 69 housing a mov- nozzle 33 into cham her 72 and a right course including 
able piston 70 mounted on a piston rod 71 which restrictor 46, passage 50 and nozzle 34 into chamber 
projects from opposite end walls of this cylinder and is 72, thence through passage 73 into compartment 74. 
suitably connected to a load (not shown) to be serviced The output operating fluid from left hydraulic amplifier 
by servo valve 8. 14 entering compartment 74 via passage 73 hecomes 
Nozzles 33 and 34 lischarge fluid into an outlet the input operating fluid for right hydraulic annplifier 

chamber 72 which surrounds left lobe 52 of valve spool 18. From compartment 74 this fluid divides and flows 
12 and is connected via passage 73 with a right conn- through left and right courses. The left flow course in 
partment 74 which is similar to left compartment 43 cludes restrictor 78, passage 76 and nozzle 36 into 
but separate there from. Compartment 74 also houses chamber 101. The right flow course includes restrictor 
a cylindrical filter screen 75 and his its encls communi- 80, passage 77 and nozzle 37 into chamber 101. From 
cating with passages 76 and 77. Left passage 76 adja- this chamber 101 flow passes through restrictor 103 
cent its lower enc has arranged therein a fixed restric- into passage 102 and connected passages 89 and 63 to 
tor or orifice 78. The opposite end of this passage 76 fluid return port 40. In this manner the operating fluid 
leads to left nozzle 36 of right servivalve 9. Intermedi- flow through these hydraulic amplifiers is in series. 
ite its ends, this passage 76 intercepts the left end of On the other hand, the pressure and return metering 
compartment 15 st) is to provide left spool end chann- ports 58, 60 and 61 of left spool 12, and the pressure 
her 79 for the right valve spool 16. The other or right 5 and return metering ports 85, 87 and 88 of right spool 
passage 77 has therein : similar fixed restrictor or (ori- * 16, are connected in parallel fluid flow communication 
fice 80 adjacent its lower end. The upper end of this with fluid supply port 39 and fluid return port 40, re 
passage 77 communicates with right nozzle 37 of right spectively. Thus, pressurized fluid flows from pressure 
servovalve 9. Intermediate its ends, this passage 77 in- supply port 39 through passage 41 and branch passages 
tercepts the right end of compartment 15 to provide S() 59 and 86 to pressure metering ports 58 and 85, respec 
right spool end chamber 81. tively. Depending upon the position of the valve spools 
Valve spool 6 is shown as having a left end lobe 82, 12 and 16, these pressure metering ports 58 and 85 can 

a right end lohe 83 and a center lobe 84, these lohes be placed in fluid flow communication with one of their 
heing spaced apart and connected together by interme- respective actuating port passages such as 64, 66 in the 
diate stems of reduced diameter so as to provide an uni- case of port 58 or passages 90,92 in the port 85, while 
tary valve spool. This spool is also shown in its null or the other of such actuating port passages is connected 
centered position in which center lobe 84 closes a pres- with the appropriate return metering port such as 60 (r 
sure metering port 85 connected via passage 86 to pas- 61 for left scrvovalve 8, and 87 or 88 for right servo 
Sage 41. Left lohe 82 in this position of the spool closes valve 9. Thus, fluid which flows from supply port 39 
a left return metering port 87, and right lobe 83 closes through pressure metering port 58 of left valve spool 12 
a right fluid metering port 88. These return metering 6. (while in a displaced position) to one side of actuator 
ports 87 and 88 are shown as connected via passage 89 piston 70, in turn displacing fluid from the opposite 
t() main fluid return passage 63. side of said piston which flows past the appropriate re 
The space between lobes 82 and 84 of right valve turn metering port of left spool 12 to fluid return port 

spoil 16 is shown as communicating with a passage 90 65 40, is in parallel with fluid that may similarly flow 
leading from compartment 15 to a left actuating port through right spool 16 for displacement of piston 96. 
91. The space between lobes 83 and 84 is shown as Each of the two servovalves operates independently 
connected by a passage 92 leading from compartment of the other, except that the output operating fluid 
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from the hydraulic amplifier (if left servovalve is uti 
lized its the input operating fluic for the right servo 
valve, if more than two servo valves are employed, as 
there can be if desired, the output operating fluid from 
the second servo valve would be utilized as the input op 
erating fluid for the hydraulic annplifier of the third ser 
vivalve. and S (n. l Insofar as command signals for the 
various Serv (Yvalves are concerned, these are upplied 
inclependently to each valve as electrical current inputs 
through corresponding leads 24, 26, 28. Each servic 
valve is operatively associated with its own load actua 
tor and the succond stage of each servovalve has access 
to the full hydraulic power available, i.e. the pressure 
differential between supply and return across ports 39 
and 40. 
The flexure tube 31 of each servovalve provides con 

plete isolation of the electromagnetic torque motor 3 
or 17 and the associated air gaps from the hydraulic 
fluid, thereby eliminating problems from magnetic con 
tamination. Inasmuch as the exterior of such flexure 
tuhe is exposed to atmosphere, both torque motors 13 
and 17 can be covered by a single removable cover or 
cap 104 mounted on body member 10. 
As is well known to these skilled in the art, the air 

gaps 20", 21 formed by the upper and lower pole 
pieces 20 and 2 respectively, of each torque innot r 
are polarized by permanent magnets (not shown ) ar 
rangel between these pole pieces. These magnets are: 
charged in parallel so that the entire upper pole piece 
is at the same magnetic potential. Flectrical current in 
the true motor coils 22 incl 23 causes polarization of 
the rinnature 30. The resulting unbalance of flux at the 
air gaps produces a torque on the armature. This 
torque is then balanced by torque from the spoil feed 
hack wire, 57 for the left survivalve 8 and 10t) for the 
right servovalve 9. 
As previously indicated, the two identical torque 

motor coils 22 und 23 can be wired with equal case for 
series, or parallel, or differential electrical inputs. The 
differential connection shown is generally used with a 
push-pull electrical circuit having a nominal quiescent 
current in each coil. 
Each clectrohydraulic servivalve perites indepen 

dently of the other, except for the series fluid flow con 
nection hetween the hydraulic annplifiers (if the valves. 
in this arrangement, quiescent flow through the hy 
draulic amplifier 4 of the left servovalve 8, passes also 
through the hydraulic implifier 18 of the right servo 
valve 9, and in any succeeding servovalve. The second 
stage spools 12 and 16, however, remain connected in 
parallel across the total system supply, s are capable 
of developing full flow and/or full clifferential pressure 
across their respective actuators. 
Should two servovalves he hydraulically connected in 

the manner described, then in the typical 3,000 psi hy 
draulic system, the pressure drop across each first-stage 
hydraulic amplifier will be 1,500 psi nominally (ne 
glecting the relatively small pressure drop across re 
stricter 103). Similarly, with three servivalves, each 
hydraulic amplifier will have one-third of supply or 

()()() psi; and with four servovalves, 750 psi. 
In each case, the quiescent hydraulic implifier flow 

gain can he maintained the same hy appropriate selec 
tion f sizing if the first-stage hydraulic ()rifices such ils 
45, 46 and 7 and (). Thus, the quiescent flow with 
two, three, four or more serv (valves can he essentially 
the same as obtainable with a single Serv (valve hilving 

s 

() 

() 

3) 

35 

S) 

55 
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8 
the Sline dynamic performance. Each individual servo 
valve in such a combination can operate independently 
and with essentially no sympathetic response from ad 
joining servovalves connected in the same control sys 
tem configuration. 

Fixed restrictor or orifice 103 in return passage 102 
minimizes the effects of back surges in the return line 
and improves the clischarge flow characteristics of noz 
zles 36 and 37 of right servovalve 9 hy maintaining a 
back pressure in the outlet chumber 101. The flow 
through this restrictor 103 produces a pressure drop in 
the range of from 1 ()() to 200 psi typically. 

The action of a given servovalve of the multiple ser 
vovitive apparatus of the present invention is illustrated 
schematically in FIG. 2. Referring to that figure, elec 
tric current is fed to the torque motor which produces 
torque (on the armature and flapper assembly. 
The cantilever feedback spring member of each ser 

vovalve likewise produces torque on the armature and 
flapper assembly corresponding to displacement of the 
serv (valve spool. Any difference between the input 
torque caused by electrical current, and feed hick 
torque caused by spool displacement, acts to move or 
displace the lapper between the nozzles. This differ 
ence in torques is represented in FICi. 2 by the torque 
summation point. The actual displacement of the flap 
per in response to a torque difference will be deter 
mined by the combined mass, stiffness, and damping of 
the armature, flapper and flexure tube assembly. It is 
known to those skilled in the art that the stiffness of this 
assembly is determined by the centering spring rate of 
the flexure tube, together with the clecentering spring 
rate associated with permanent magnet flux in the air 
gaps of the torque motor. 
Displacement of the flapper between the nozzles 

causes an unhalance in the orifice relationship between 
the left and right sides of the hydraulic amplifier. The 
intermediate chambers on each side of the hydraulic 
amplifiers connect to their respective spool end chann 
hers as previously described. Thus, the spool will be re 
sponsive to unbalance of the hydraulic amplifier. 
The spool cluring all normal operations will move 

whenever very small pressure differentials exist he 
tween its spool ends. However, the velocity of spool 
motion will he determined by the unhalance in hydrau 
lic amplifier flow that results from flapper clisplace 
ment. Thus, spol displacement will be the integral of 
the spool velocity. 
Therefore, it is seen that the spool displacement in a 

two-stage servovalve of the spool feedback type (where 
in spil centering springs are necessity) is related to 
the differential flow characteristics of the hydraulic 
amplifier, rather than to the differential pressure char 
acteristics of this amplifier. There is a small, but negli 
gible, centering spring effect associated with displace 
ment of the cantilever feedback spring caused by spool 
displacement. 
Thus, performance of such a two-stage servovalve of 

the spool feedback type is influence primarily hy the 
flow characteristics of the hydraulic amplifier, 

Further, with the husic symmetry inherent in a clu 
ble in 1zzle survivalve (f the type (described, or the 
summetry als) inherent in a jet pipe ()r deflector jet ser 
vivalve, the total quiescent flow through the hydraulic 
an plifier will be essentially constant throughout all po 
sitins (f the first-stage innkving valve clement. (ir for all 
positions of the second-stage inityving valve lement. 



3,874,405 
9 

From the foregoing, it will hu: seen that quiescent 
flow through the series-coupled hydraulic amplifiers is 
essentially constant at all times whether or not an elec 
trical current input is applied to the torque motor coils. 
Moreover, the differential pressure cleveloped by a 
given hydraulic implifier to move or hold its valve 
spool is a small portion of the pressurized fluid supply. 
Further, the dynamic performance of a servovalve hav 
ing spool position feedback is related to the flow gain 
of its hydraulic amplifier and flow gain is related to hy 
draulic amplifier quiescent flow. Thus the multiple two 
stage electrohydraulic servovalve apparatus of the 
presunt invention provides an alternate valve configu 
ration possessing significantly improved performance 
over the prior art type of apparatus which employed 
servovives having a spool type first-stage hydraulic 
annplifier. 
What is claimed is: 
1. Multiple two-stage electrohydraulic servovalve ap 

paratus collectively serviceable by a single fluid supply 
and a single fluic return, comprising at least two servo 
valves each including first-stage hydraulic amplifier 
means capable of producing a differential pressure re 
sponsive to an electrical command signal and second 
stage fluic flow control valve means responsive to said 
differential pressure, each of said hydraulic amplifier 
means Latilizing input operating fluic and proclucing 
tutput operating fluid, each of saic fluid flow control 
villvu means including an actuating port alternately 
communicable with a pressure metering port and a re 
turn metering port cle termined by the position of a 
innovable valve element arranged to be moved by said 
differential pressure, the operating fluid for the hydrau 
lic amplifier means of the various servovalves being in 
series fluid flow communication between said fluid sup 
ply and said fluid return, the pressure and return meter 
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ing ports of the flow control valve means of the various 
servovalves being operatively connected with said fluid 
supply and said fluid return, respectively, and the actu 
ating ports of the flow control valve means of the servo 
valves being operatively associatable with separate load 
act litti'S. 

2. Apparatus according to claim 1 which further 
comprises position feedback means operatively inter 
posed between said flow control valve means and said 
hydraulic amplifier means of each of said servovalves. 
3. Apparatus according to claim 2 wherein each of 

said hydraulic amplifiers includes a pivotal element and 
each of said servovalves further comprises a flexure 
tube isolating the hydraulic section from the electrical 
section of the servovalve and also serving as a friction 
less pivotal support for said pivotal element. 
4. Apparatus according to claim 2 wherein each of 

said hydraulic amplifiers is of the double nozzle-flapper 
type. 

5. Apparatus according to claim 4 wherein said posi 
tion feedback means comprises a spring member oper 
atively interposed hetween said flow control valve 
mcans and the corresponding hydraulic amplifier 
ClS. 

6. Apparatus according to claim 4 wherein said posi 
tion feedback means comprises a spring member can 
tilever-mounted at one cinc on the flappler of the corre 
sponding hydraulic amplifier and having its other end 
constrained to move with the corresponding valve ele 

1. 

7. Apparatus according to claim 6 wherein cach of 
said servovalves further comprises a flexure tube isolat 
ing the hydraulic section from the electrical section of 
the servovalve and also serving as a frictionless pivotal 
support for said flapper. 

: sk ck k ck 

  


