
m~ ~ a ~ya m~ ~ C._ N 
a ~ d 
„ mt 
CW} 
T~ « 
~ O T 

~
+o, c a 
dET 
~°`° 
~cE • o a~ u L 
~ oL 
?' c 3 
omc rEy, 
NEa 

~ V V 
yov+ ~c~ ~ 9 0: 
ti~u~ d10`oc 
vaidm yu~n 

E : ~`~ oaa« 
`~.. E 

U ~ C ~ -E=~ 

a c°~ `^ c v~ 
v~';;o c ~.. " o'E  ~` 
v~Ea 

0 O~V!C 

a~°~~ W N - C 
N W ~ ~ ~ Q C00 

N N ~ ~ 
'O 1`~ W C C ~ ~ 
~ ~ O y 
N Om v~ 

mydE 
C L N 
v v'J$ L 

~ a a c 
U 

y~~~ r ~ o 
aE~n Ld~ ~L~ 

U 
u~«a .~om_ 
L C C C 

y
!n > O 
~ O ~ 

aF ~a~°~ 

v~ 
t~Ai' 0 
m~c° v?.,~' 
j O q y 
O > j « 
a~e 
N 	~ 
N~.wN 

2dE~ N 
~ "ti' 

m° ~ ,°~~, ~ 
« v 

U O V N 

L~ ~a r 
v; ~ • 
~v« ~ Qcc~ 
wSAE 

+ 

~i 

\ 

( l ~ 

u"° AEROSPACE 	 ARP 490B 
s~ 

, SP~CE 	 RECOMMENDED 	 ~ 
Society af Automotive Engineers, Inc. 	P RACTI C E 	~ ssued  7-15-58 

TWO PENNBYLVANIA PtAZA, NEW VO q K, N.Y. 10001 	 Revised 4-30-70 

ELECTROHYDRAULIC FLOW-CONTROL SERVOVALVES 

la PURPOSE 

2. SCOPE 

3. RECOMMENDED ABBREVIATIONS 

4. RECOMMENDED TERMINOLOGY 

4.1 Servovalve, Electrohydraulic Flow-Control 
4.2 Electrical Characteristics 
4. 3 Static Performance Characteristics 
4.4 Dynamic Performance Characteristics 

5. PROCUREMENT SPECIFICATIONS 

5.1 Introduction 

5.2 Specification Considerations 
5. 3 Sample Specification: Servovalve, Electrohydraulic Flow-Control 

(1) Scope 
(2) Reference Specifications 
(3) Requirements 

(3. 1) Design Requirements 
(3.1.1) Mechanical 
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(3.1.3) Hydraulic 
(3.2) Performance Requirements 
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Copyripht 1970 by Society ofAutomotive Engineers, Inc. 	 Printed in U.S.A. 
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1. PURPOSE - This recommended practice is intended as a guide to aid in the specification and testing of 
electrohydraulic flow-control servovalves. 

2. SCOPE - The recommendations contained in this ARP are confined to the input and output characteristics of 
electrohydraulic flow-control servovalves. The jnformation presented should be useful in standardizing the. 
terminology, the specification of physical and performance parameters, and the test procedures used in con- 
junction with these components. 

The recommendations do not restrict nor attempt to define the internal design characteristics of servovalves. 
As such, the material is equally applicable to servovalves having different internal functioning, different 
ratings, different physical size, etc. In certain instances, standards for valve deaign are recommended to 
increase component interchangeability, as, for example, pigtail color-co.ding, valve polarity, mounting bolt 
and fluid port locations. 

The specifications contained herein should be adequate to describe electrohydraulic flow-control servovalves. 

Additional specifications may be necessary to define special requirements for specific control systems. 	~ 
Also, specialized test procedures may be necessary to measure servovalve performance in these unusual 
specification areas. These considerations are beyond the scope of this recommended practice. 

3. RECOMMENDED ABBREVIATIONS 

a-c 	- alternating current emf - 	electromotive force 
AR 	- amplitude ratio gpm - 	gallons per minute 
cis 	- cubic inches per second hp - 	horsepower 

cps 	- cycles per second ma - 	milliamperes 
db 	- decibels mw - 	milliwatts 
d-c 	- direct current PA - 	phase angle 

deg 	- degrees psi - 	pounds per square inch 

4. RECOMMENDED TERMINOLOGY 

4.1 Servovalve, Electrohydraulic Flo_w-Control - An electrical input, flow-control valve, which is capable of 
continuous control. 

4.1.1 Hydraulic Amplifier - A fluid valving device which acts as a power amplifier, such as a sliding apool, 
or a nozzle flapper, or a jet pipe with receivers. 

4.1. 2 Sta~e - A hydraulic amplifier used in a servovalve. Servovalves may be single-stage, two-atage, 
three-stage, etc. 

4. 1. 3 Output Stage - The final stage of hydraulic amplification uaed in a servovalve. 

4. 1. 4 	Port - A fluid connection to the servovalve, eog. , supply port, return port, control port. 

4. 1. 5 Two-Way Valve - An orifice flow-control component with supply and one control port arranged so that 
action is in one direction.only, from supply to control port. 

4.1, 6 Three-Way Valve - A multiorifice flow-control component with supply, return and one control port ar- 
ranged so that valve action in one direction opens supply to control port and reversed valve action opena 
the control portto return. 

4. 1. 7 Four-Wa.y Valve - A multiorifice flow-control component with supply, return, and two control ports 
arranged so that the valve action in one direction opens supply to'control port #1 and opens control port 
#2 to return. Reversed valve action opens supply to control port #2 and opens control port #1 to return. 

4.2 Electrical Characteristics 

4. 2. 1 Torclue Motor - The electromechanical transducer commonly used in the input stages of servovalves. 

~-. 
,~i 

l '~ 
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4. 2. 2 Input Current = The current to the valve, expressed in ma, which commands control flow. 

4. 2. 3 Rated Current - The specified input current of either polarity to produce rated flow, expressed to ma. 
Ra.ted current must be specified for a particular coil connection (differential, series, or parallel), and 
does not include null bias current. 

4. 2.4 Quiescent Current - A d-c current that is present in each valve coil when using a differential coil 
connection, the polarity of the current in the coils being in opposition such that no electrical control 
power exists. 

4. 2. 5 Electrical Quiescent Power - The power dissipation required for differential operation when the cur- 
rent through each coil is equal and opposite in polarity. 

4. 2. 6 Electrical Control Power - The power dissipation required for control of the valve. Control power is a 
maximum with full input signal, and is zero with zero-input signal. It is independent of the coil con- 
nection (series, parallel, or differential) for any conventionai two-coil operation. For differential 
operation, the control power is the power consumed in excess of the electrical quiescent power. This 
power increase is a result of the differential current change. 

4. 2. 7 Total Electrical Power - T'he sum of the instantaneous control power and the quiescent power, ex- 
pressed in mw. 

4. 2.8 	Coil Ixnpedance - The complex ratio of coil voltage to coil current. It is important to note that the coil 
impeda.nce may vary with signal frequency, amplitude, and other operating conditions due to back emf 
generated by the moving armature. 

~ 
	4.2. 9 Coil Resistance - Ttie d-c resistance of each torque motor coil, expressed in ohms. 

4.2. 10 Polarit - The relationship between the direction of control flow and the direction of input current. 

4.2. 11 Dither - A low amplitude, relatively high frequency periodic electrical signal, sometimes superim- 
posed on the servovalve input to improve system resolution. Dither is expressed by the dither fre- 
quency (cps) and the peak-to-peak dither current amplitude (ma). 

4. 3 Static Performance Characteristics 

4. 3.1 Control Flow - The flow through the valve control ports, expressed in cis or gpm. Control flow is 
referred to as No-Load Flow when there is zero load-pressure drop. Control flow is referred to as 
Loaded Flow when there is load-pressure drop. (5ee paragraph 4. 3. 12, Load Pressure Drop. ) 
Conventional test equipment normally measures no-load flow. 

4. 3.2 Rated Flow - The specified control flow corresponding to rated current and specified load pressure 
drop. Rated flow is normally specified as the no-load flow. 

4. 3. 3 Flow Curve - The graphical representation of control flow versus input current. This is usually a 
continuous plot of a complete cycle between plus and minus rated current values. See Fig. 1 

4. 3. 3.1 Normal Flow Curve - The lacus of the midpoints of the complete cycle flow curve, which is the zero 
hysteresis flow curve. Usually valve hysteresis is sufficiently low, such that one side of the flow 
curve can be used for the normal flow curve. See Fig. 2. 

4. 3.4 Flow Gain - The slope of the control flow versus input current curve in any specific operating region, 
expressed in cis/ma or gpm/ma. Three operating regions are usually significant with flow-control 
servovalves: (1) the null region, (2) the region of normal flow control, and (3) the region where flow 
saturation effects may occur. See Fig. 3. Where this term is used without qualification, it is as- 
sumed to mean normal flow gain. ~ 
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4. 3. 4. 1 Normal Flow Gain - The slope of a straight line drawn from the zero flow point of the normal flow 
curve, throughout the range of rated current of one polarity, and drawn to minimize deviations cf the 
normal flow curve from the straight line. Flow gain may vary with the polarity of the input, with the 
magnitude of load differential pressure and with changes in operating conditions. See Fig. 4 

4. 3. 4. 2 Rated Flow Gain - The ratio of rated flow to rated current, expressed in cis/ma or gpm/ma. 

4. 3. 5 Flow Saturation Re~ion - The region where flow gain decreases with increasing input current. 

4. 3. 6 Flow L'unit - The condition wherein control flow no longer increases with increasing input current. Flow 
limitation may be deliberately introduced within the servovalve. 

4. 3. 7 S,ymmetry - The degree of equality between the normal flow gain of one polarity and that of the reversed 
polarity. Symmetry is measured as the difference in normal flow gain of each polarity, expressed as 
percent of the greater. See Fig. 4. 

4. 3.8 Linearity - The degree to which the normal flow curve conforms to the normal flow gain line with other 
operational variables held constant. Linearity is measured as the maximum deviation of the normal flow 
curve from the normal fiow gain line, expressed as percent of rated current. See Fig. 4. 

4. 3. 9 Hysteresis - The difference in the valve input currents required to produce the same valve output during 
a single cycle of valve input current when cycled at a rate below that at which dynamic effects are im- 
portant. Hysteresis is normall~ specified as the maximum difference occurring in the flow curve 
throughout plus or minus rated current, and is expressed as percent of rated current. See Fig. 1. 

4. 3. 10 Threshold - The increment of input current required to produce a change in valve output, expressed 
as percent of rated current. Threshold is normally specified as the current increment required to 
revert from a condition of increasing output to a condition of decreasing output. 

4. 3. 11 Internal Leakage - The total internal valve flow from pressure to return with zero control flow 
(usually measured with control ports blocked), expressed in cis or gpm. Leakage flow will vary with 
input current, generally being a maximum at the valve null (null leakage). 

4. 3. 12 Load-Pressure Drop - The differential pressure between the control ports, expressed in psi. In con- 
ventional three-way servovalves, load-pressure drop may be expressed as an equation, wherein it is 
equated to the supply pressure, less return pressure, and less the pressure drop across the single 
active control orifice. (Ps-Pr-Po=P1). 

4. 3. 13 Valve Pressure Drop - The sum of the differential pressures across the control orifices of the output 
stage, expressed in psi. Valve-pressure drop will equal the supply pressure minus the return pres- 
sure minus the load pressure drop. 

4. 3. 14 Pressure Gain - The rate of change of load pressure drop with input current at zero control flow 
(control ports blocked), expressed in psi/ma. Pressure gain is usually specified as the average slope 
of the curve of load pressure drop versus current between + 40% of maa~imum load-pressure drop. 
See Fig. 5. 

4. 3. 15 Null Region - The region about null wherein effects of lap in the output stage predominate. 

4. 3. 15. 1 Null - The condition where the valve supplies zero control flow at zero load-pressure drop. 

4. 3. 15. 2 Null Pressure - The pressure existing at both control ports at null, expressed in psi. 

4. 3.15. 3 Null Bias - The input current required to bring the valve to null, excluding the effects of valve hy- 
steresis, expressed as percent of rated current. 

4. 3. 15. 4 Null Shift - A change in null bias, expressed as percent of. rated current. Null shift may occur with 
changes in supply pressure, temperature, and other operating conditions. 

~ . 

~~ 
~ 
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4. 3. 16 ~- In a sliding spool valve, the relative axial position relationship between the fuced and movable 

flow-metering edges with the spool at null. For a servovalve, lap is measured as the total separation at 
zero flow of straight line extensions of the nearly straight portions of the normal flow curve, drawn 
separately for each polarity, expressed as percent of rated current. 

4. 3. 16. 1 Zero Lap - The lap condition where there is no separation of the straight line extensions of the normal 
flow curve. See Fig. 6A. 

4. 3.16. 2 Overlap - The lap condition which results in a decreased slope of the normal flow curve in the null 
region. See Fig. 6B. 

4. 3,16. 3 Underlap - The lap condition which results in an increased slope of the normal flow curve in the null 
region. See Fig. 6C. 

4.4 Dynamic Performance Characteristics 

4. 4.1 Frequency Response - The complex ratio of flow =control flow to input current as the current is varied 
sinusoidally over a range of frequencies. Frequency response is normally measured with constant input 
current amplitude and zero load pressure drop, expressed as amplitude ratio, and phase angle. Valve 
frequency response may vary with the input-current ampiitude, temperature, supply pressure, and other 
operating conditions. 

4.4. 2 Amplitude Ratio - The ratio of the control-fiow amplitude to the input-current amplitude at a particular 
frequency divided by the same ratio at the same input-current amplitude at a specified low frequency 
(usually 5 or 10 cps). Amplitude ratio may be expressed in decibels where db = 20 1og 10  AR. 

4.4. 3 Phase La~ - The instantaneous time separation between the input current and the corresponding control- 
flow variation, measured at a specified frequency and expressed in degrees (time separation in seconds x 
frequency in eps x 360 deg per cycle). 

5. PROCUREMENT SPECIFICATIONS 

5. 1 Introduction - This section is intended to be a guide for the preparation of specifications covering electro- 
hydraulic flow control servovalves. Certain background information is given to explain various considera- 
tions appropriate to such specification. This background material is presented in Section 5. 2. Section 5. 3 
contains a sample specification for a standard servovalve. In both 5ections 5.2 and 5. 3, the subparagraph 
numbers in parentheses at the right margin form an independent nuxnbering system which should be used 
for a servovalve specification. The format of this proposed specification is: 

(1) Scope 
(2) Reference Specifications 
(3) Requirements 

(3. 1) Design Requirements 
(3.1.1) Mechanical 
(3.1.2) Electrical 
(3.1.3) Hydraulic 

(3.2) Performance Requirements 
(3. 2. 1) Rated Test Conditions 
(3.2.2) Static 
{3. 2. 3) Null 
(3.2.4) Dynamic 

(3. 3) Environmental R,equirements 
(4) Quality Assurance Provisions 
(5) Preparation for Delivery 
(6) Notes 

The specification information in 5ection 5. 2 covers three common valve sizes, identified as Sizes I, II, 
and III. These three sizes correspond to three different ranges of flow capacity based on MIL-fi-5606 
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having approximate maximums at 3000 psi valve pressure drop of 2, 6, and 15 gpm, respectively. Design 
requirements which affect interchangeability are specified for the three valve sizes, including maximum 
envelope, mounting details, electrical input configuration, hydraulic output configuration, and polarity. 
It is recognized that other valve sizes are available. Much of the information given in this document will 
be applicable to these non-standard valve sizes. 

The recommended specification limits included in Sections 5.2 and 5. 3 are consistent with the require- 
ments of most systems and can be met with reliable servovalve designs of proven producibility. It is 
important to understand and appreciate that compromises can be made in the specification of a flow- 
control servovalve. Specific performance parameters can often be improved by relaxing other perform- 
ance requirements. For example, frequency response can normally be ixnproved by allowing increased 
internal leakage. Likewise, valve interna.l leakage can be reduced by allowing overlap, but this will 
cause reduced valve flow gain in the null region. 

Reduction of the tolerances recommended in Sections 5. 2 and 5. 3 will generally affect producibility of the 
servovalve. Moreover, particularly close parameter control can often require a design that reduces the 
basic component reliability. Therefore, improvements over the recommended specifications should be 
carefully related to system performance requirements before closer pararneter control is arbitrarily im- 
posed. 

In general, the specification information is directed towards servovalves for use in military control sy- 
stems. However, it should be recognized that the requirements of many commercial control systems will 
be essentially the same. 

5.2 Specification Considerations 

5.2.1 Scope 	 (1.) 

The introductory paragraph of the servovalve specification should identify specifically the type of com- 
ponent. It is often helpful if a brief description of the application can be included in the introductory 
paragraph, together with any additional information which describes broadly the servovalve require- 
ments. Any unusual design or performance requirements could be cited to indicate the general na.ture 
of the hardware to be procured by the specification (e. g. , high temperature, high reaponse, three-way, 
etc. ). 

5. 2. 2 Reference Specifications 	 (2. ) 

Documents listed in this section should include those specifications and/or drawings specifically 
referenced in the text of the specification. All referenced specifications shall be applicable only to the 
e~ent specified in the text of the servovalve specification. Military specifications, standa.rds, publica- 
tions, etc. , shall be listed by number and complete title, preceded by a statement as follows: "The 
following documents of the issue in effect on the da.te of invitation for bids form part of this apecification 
to the extent specified herein." Contractors' specifications and/or drawings shall be listed under the 
contractors' name and shall always be identified by the specific date of issue which is applicable. 

The priority of any specified documents shall be clearly indicated to avoid misunderstanding. Some 
parts of applicable government documents may be incompatible with the particular application. In such 
cases, it should be noted whether these shall be disregarded or that approval to deviate from the re- 
quirements indicated shall be obtained. 

5.2.3 Requirements 	 (3) 

5.2. 3. 1 Desi~n Requirements 	 (3. 1) 

5. 2. 3. 1. 1 Mechanical 	 (3= 1. 1) 

,~ 
~J 
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5. 2. 3.1. 1.1 Desi~n Configurations 	 (3. 1. 1. 1) 

A major difference in flow-control servovalves lies in the utilization of the electrical control 
power. UVhen this control power is applied to a torque motor directly controlling the output stage, 
it is terxned a single-stage servovaive. ' 

Servovalves employing one or more hydraulic amplifiers interposed between the output stage and 
the torque motor are termed two, three, etc. , stage valves as applicable. For certain applications 
sliding spool type hydraulic arnplifiers are used for both single and multistage servovalves. How- 
ever, two-stage servovalves employing a spool type output stage and some form of frictioniess 
variable orifice amplifier are used most extensively. Modern multistage servovalves often employ 
some form of feedback from the output stage spool to the torque motor. This configuration is 
analogous to negative feedback systems employed in certain electronic amplifiers and has similar 
advantages. 	 ~ 

5.2. 3. 1. 1.2 Physical Description 	 (3. 1. 1. 2) 

The installation requirements for the servovalve should be specified. Those are normally refer- 
enced in a specification control drawing and include: 

Envelope Drawing 	 Coil Connections 
Mounting Details 	 Valve Polarity 
Mating Electrical Connector 	Dry Weight 

The servovalve port connections should be legibly marked. Suitable locating pins may be pro- 
vided to prevent incorrect connection of servovalve and manifold. The following identification of 
servovalve ports is recommended: 

Supply Port - P 
Return Port - R 
Controi Port 1 - 1 
Control Port 2 - 2 

T'he envelope given normally represents the installation space for the servovalve. It should in- 
dicate m~imum dimensions and specify the location and dimensions of electrical connectors or 
other critical areas if applicable. The outline dimensions given in Fig. 7 are furnished as a guide 
in the selection of servovalves. The cube-type envelopes shown reflect conditions which can be 
met within the industry. No allowance for electrical connectors has been made. Departure from 
the maximum dimensions shown can often be obtained in certain areas in order to meet more ex- 
acting space limitations. 

The recommended mounting and porting configurations and methods of dimensioning these areas 
are given in Fig. 8. Only four-way port configurations are indicated; however, three-way servo- 
valves should use the same basic mountings and dimensions except that control port 2 should be 
eliminated. 

The flow capacity of commercially available servovalves most frequently employed may be classi- 
fied broadly in terms of their respective port circle dimensions. 

Output Flow GPM 
{3000 psi valve pressure 

Size 	 drop) with MIL-H-5606 

I 	A 	. 48 0 diamondj 	 2 

	

B 	.480 diameterl 
II 	 . 625 diameter 	 6 
III 	 . 780 diameter 	 15 
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It is not essential that these maximum ratings be rigidly followed since the allowable 	 ~i 

pressure drop within the servovalve at maximuxn required flow, or intercha.ngeability 
requirements, often dicta.te the mounting configuration to be employed. 

5. 2. 3. 1. 1. 3 	Identif ication 
	 (3. 1.1. 3) 

An area on each servovalve should be available for the engravement or secure attachment of 
identifying information. Identification as a minimum should include: 

Manufacturer 

Model Number (Supplier's Model or Part Number) 
Serial Number 

The following additional information may also be included: 

Part Number (Customer) 
Rated Pressure 

Rated Current 
Fluid 

5.2.3.1.1.4 Materials 
	 (3. 1.1. 4) 

Materials used should conform to all applicable specifications and specified environments. 

Fluid or environmental conditions, etc., often require special precautions to be taken regard- 

ing the selection of compatible materials to minimize the effects of chemical or electrical re- 
action, fungus growth, etc. Where applicable, these conditions should be specified. 	 i ti 

MIL-STD-143 may be used as a guide in the selection of suitable materials. 	 ~ 

5.2. 3. 1. 1.5 Standard Parts 
	 (3. 1.1. 5) 

Standa.rd parts such as MS or AN should be used wherever they are suitable for the purpose. 

5.2. 3.1. 1. 6 Lockin~ Devices 
	 (3. 1. 1. 6) 

Allthreaded parts should be securely locked or safetied by safety-wiring, self-locking nuts, 

or other approved methods. Safety-wire should be applied in accordance with standard 
M533540. Snap rings should not be used as retainers unless they are positively retained in 
their installed position. 

5.2. 3. 1. 1.7 5tructural Stren~th 
	 (3. 1. 1. 7) 

All component parts of the servovalve should have sufficient strength to withstand all loads or 
combinations of loads resulting from hydraulic pressure, temperature, actuation, and torque 
loads imposed during installation and operation under rated conditions. 

5. 2. 3. 1. 1. 8 	Seals 
	 (3.1.1.8} 

When possible, seals, gaskets, and packings should be of such composition and installation as tc 
satisfy the requirements of all applicable military specifications and specified tests. If a 
specific seal compound is desired for certain fluid or environmental conditions, the specifica- 
tion for the compound should be included. The cure date oP elastomeric seals within the servo- 
valve should be clearly marked on the exterior of the valve housing. 

~ ~ 

In servovalves it is normal to employ so-called "non-standard" packings and installations be- 	~ ~' 
cause of space lunitations; these installations, while at times in conflict with certain military 
sta.ndards, have proven to be highly successful. 
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5. 2. 3. 1, 2 Electrical 	 (3. 1.2) 
u 

5. 2. 3. 1.2. 1 Coil Connections (3. 1. 2. 1) 
The external wiring configuration for the torque motor coils should be specified, together with the 
connector pin identification or pigtail color coding, as applicable. Recommended coil connections 
for single-ended, push-pull, and four-wire applications are shown below. 

coil 21ead 31ead 41ead 

connector B 	A B 	A 	C B 	A D 	C 
pins 

e~ernal 
pigtail green 	red green 	red 	blue green 	red yellow 	blue 
colors 

5.2. 3.1. 2.2 Rated Current 
	 (3. 1. 2. 2) 

Ra.ted current should be stated in ma for the particular coil connection specified in 5. 2. 3. 1.2. 1. 
Specifying rated current and resistance combinations less than those recommended by the manu- 
facturer may require the servovalve to be designed with less than optimum electrical control 
power. In general, a very low value for rated current requires the use of extremely small 
magnet wire, with resultant reliability hazards; so it should be avoided if possible. 

~ 
	

5.2.3.1.2.3 Quiescent Current 	 (3. 1. 2. 3) 

If differential coil operation is specified, normal quiescent current values and polarity should be 
stated. Also, maximum anticipated quiescent current should be specified. If abnormal variations 
of quiescent current are anticipated, then the range of variation should be stated. 

5.2. 3. 1. 2.4 Insulation Resistance and Dielectric Strength 
	 (3. 1.2.4) 

Minimum insulation resistance of valve coils and leadout wires to vaive body should be specified. I 
It is recommended that this value be 50 megohms under room temperature and humidity conditions ' 
following a 15-second application of a d-c potential equal to 1000 v or five times the maximum I 
anticipated coil voltage, whichever is less. Repeated applications of high voltage to the servovalve ' 
may eventually break down the coil insulation, so a maximum number of insulation resistance tests '. 
should be specified. The recommended number of tests is not more than four times oh one servo- 
valve. 

5.2. 3.1.2.5 Coil Resistance 	 (3. 1.2.5) 

The d-c resistance of the valve coil or coils should be specified. A+ 10% tolerance for individual 
coil resistance is recommended and the temperature (usually 68 F) at which resistance is mea- 
sured should be stated. If more than one coil is required, it may be necessary to specify the re- 
sistance match of the coil pairs (usually within 10% of the nominal specified resistance). 

~ 
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5.2.3.1.2.6 CoilImpedance 	 (3.1.2.6) 

Coil impedance is a difficult parameter to measure accurately and normally will vary consider- 
ably from unit to unit. It is usually not specified where high output impedance servovalve driving 
amplifiers are used and the influence of valve complex impeda.nce on servovalve input current is 
negligible. When impedance is specified, it is usually stated as a vector quantity, together with a 
tolerance. Since coil unpedance will change considerably with slight variations in servovalve 
design, it is recommended that the individual servovalve manufacturers be consulted before this 
parameter is specified, 

The apparent impedance of servovalve coils wili be influenced markedly by operation of the torque 
motor. This infiuence is due to back emf's generated by the moving armature, so it will depend 
upon supply pressure, input current amplitude, and frequency. Therefore, the magnitude of 
each of these parameters should be included with a coil impedance specification. 

The coil impedance presented to low frequencies is more pertinent for control system dynamic 
considerations than are measurements made with a conventional 1000 cps impedance bridge. 
Since servovalve coil unpedance will vary with frequency, it is recommended that this parameter 
be specified and measured at a low frequency. 

Usually 5Q cps is chosen for specification purposes, as measurements at lower frequencies are 
subject to test equipment inaccuracies. Measurements of 60 cps should be avoided because of line 
frequency interaction, and frequencies above 60 cps are generally of less interest in electro- 
hydraulic systems. At 50 eps the servovalve coil inductance will be considerably higher than at 
1000 cps, which is the frequency at which coil inductance has been traditiona.11y measured. Coil 
impedance presented to a carrier frequency demodulator (e. g. , 400 cps, 800 eps, etc. ) will vary 
from design to design and cannot be predicted from low frequency measurements. 

5.2.3.1.3 Hydraulic 	 (3.1.3) 

5.2.3.1. 3.1 Operatin~ Pressures 	 (3. 1.3. 1 

The system supply pressure should be specified together with the nominal return pressure. 

5.2. 3. 1. 3.2 Proof Pressure 	 (3. 1.3.2 

The servovalve should withstand, without evidence of external leakage (other than slight wetting 
insufficient to form a drop) or permanent. performance degradation, the following proof pressures: 
1.5 supply pressure applied for two minutes to ports P 1 and 2, with return open, followed by 
supply pressure applied simultaneousiy to all ports for two minutes. Normally, proof pressure 
tests are applied at room temperature for production acceptance tests and at maximum tempera- 
ture during a qualification test. Proof pressure should be applied at a maximum rise rate of 
25, 000 psi/min. 

5.2. 3. 1. 3. 3 Burst Pressure 	 (3. 1.3. 3 

The servovalve should not rupture with burst pressures of 2. 5 supply pressurea on ports P 1 and 2 
(applied at a maxunum rise rate of 25, 000 psi/min. and usually at room temperature) with return 
open, followed by 1. 5 supply pressure applied simultaneously to all ports. The servovalve shall 
not be required to operate after this test. 

5.2.3.1.3.4 	Fluid 	 (3.1.3.4 

The working fluid for the servovalve should be specified. The exposure to other fluids, such as 
preservative oil or alternate test fluids, should also be noted. 

r~ 
~~~ 

~ 
`...J 
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5.2.3.1.3.5 External Leaka~e 	 (3.1.3.5) 

Normally, the specification allows no external leakage, other than a slight wetting insufficient to 
form a drop, throughout all operational and environmentai ranges. 

5.2. 3. 1. 3.6 Internal Leaka~e 	 (3. 1. 3. 6) 

Internal leakage should be specified as the maximum flow from pressure to return under rated test 
conditions with zero control flow. Internal leakage can vary with input current, but is usually 
specified as a value not to be exceeded throughout the current range. If necessary, this parameter 
can be specified both at null and at rated signal with different ma~cimum limits at the two points. 

In general, servovalve first-stage leakage can be reduced, but at the expense of dynamic response. 
Also, the null leakage of the second stage will vary greatly with the lap condition. More overlap 
will reduce null leakage, but will make the valve suaceptible to silting with a possible adverse 
effect on threshold and hysteresis. 

Internal leakage is usually specified and measured with no externally applied dither. Dither will 
generally cause the servovalve to appear slightly underlapped, so the internal leakage normally 
increases as dither is applied. 

5.2. 3.2 Performance Requirements 	 (3.2) 

5.2. 3.2. 1 Rated Test Conditions 	 (3.2. 1) 

Unless otherwise stated, all servovalve specifications apply to a set of standard test conditions as 
defined in this section. Any specification of performance over a range of conditions (i. e. , over a 
range of temperatures, supply and return pressures, output loading, etc. ) should be specified in 
Section 5. 2. 3. 3. These environmental specifications are normally given as a maximum percentage 
variation of the particular parameter (flow gain, null, coil resistance, etc. ) over the full specified 
range of each operating condition (valve pressure drop >  temperature, etc. ). If for some reason it is 
necessary to set the parameter tolerance at some non-standard test condition, or if some unusuai 
environmental condition is expected, it should be so stated in this section. For example, if the valve 
is to be used primarily at elevated temperature, then it may be desirable to specify this temperature 
as a rated test condition. It should be noted that the normal tolerances given in Section 5. 2. 3. 2 may 
not apply when the test conditions are non-standard. 

The performance specifications given in Section 5. 2. 3. 2 apply for operation of the servovalve under 
the following standard test conditions: 

Fluid: (I~brmally as specified in Paragraph 5. 2. 3.1. 3.4) 
Operating pressure: (Normally as specified in Paragraph 5.2. 3. 1. 3. 1) 
Quiescent current: (Normally as specified in Paragraph 5. 2. 3. 1.2. 3) 
Temperature: Normally 90 to 120 F fluid and 65 to 90 F ambient 
Filtration: Conform with National Aerospace Standard 1638, Class 6 or better 

5.2.3.2.2 Static 	 (3.2.2) 

5.2.3.2.2.1 Rated Flow 	 (3.2.2. 1) 

Valve rated flow should be specified for the rated current and a particular load pressure drop. 
Rated flow ia usually specified at no-load conditions since more accurate and more economical test 
methods can be employed. The tolerance for rated flow is generally ± 10%. 

~ 
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5.2.3.2.2.2 Linearity 	 (3.2.2.2) 

Linearity of the normal flow curve should be specified as a maximum percent of rated current. 
Standard tolerance for this parameter is 7. 5%. 	If significant flow gain non-linearities are anti- 
cipated for a particular application, linearity shouid be specified over the range where linear 
operation is desired. 	Linearity, therefore, may be specified to a point less than rated signal. 
Tf servovalve specifications require a radical deviation from zero lap, it is usually advantageous 
to redefine linearity according to the unique requirement of the particular application. 	These 
cases are not considered in this document. 

5.2.3.2.2.3 Symmetry 	 (3.2.2.3) 

Symmetry of control flow on either side of null should be specified. 	Standard tolerance for this 
parameter is lO qo. 	Intentional asyxnmetry can be specified, but this is a special requirement 
and is not considered in this document. 

5.2.3.2.2.4 H.ysteresis 	 (3.2.2.4) 

Hysteresis, as defined, includes threshold and electromagnetic effects. 	Therefore, hysteresis 
loop width is a function of input amplitude plus some constant value. 	Standa.rd tolerance for this 
parameter is 5% of rated current. 

When assessing the significance of this parameter, the effect of servovalve hysteresis on system 
positional accuracy should be considered. 	In most systems, the magnitude of this error is suffi- 
ciently small due to electrical feedback gain such that 5% servovalve hysteresis is acceptable. 

Phase lag of the servovaive and of the test equipment increases the apparent hysteresis. 	There- 
fore, it is important to specify and measure servovalve hysteresis under essentially static con- 
ditions. 	Plots of a full hysteresis loop are usually run at less than 0.1 cps. 

5.2.3.2.2.5 Threshold 	 (3.2.2.5) 

Threshold should be specified as a maxunum percent of rated current and the normal value is 
1. 0%. 	In standard two-stage servovalves, this parameter is essentially a measure of the static 
friction of the moving elements in the second stage. 	Hydraulic oil contamination will generally 
increase the tendency of these parts to bind; therefore, it is important that this parameter be 
defined and tested according to a specified cleanliness standard. 	Electrical or externally ap- 
plied mechanical dither is usually not included in the definition and test of this parameter. 

In typical positional systems, high servovalve threshold can cause static errors or limit cycle 
oscillations. 	In both cases it is only threshold in the flow null region of the servovalve that is 
significant. 	Therefore, threshold specifications are considered to apply particularly to this 
region of servovalve operation.. If desired, specifications can require threshold measurements 
at additional points, usually one on either side of null. 	It should be recognized that additional 
test points are more a check on servovalve quality than perforxnance measurements which can be 
related directly to system operation. 

5.2.3.2.2.6 Pressure Gain 	 (3,2.2.6) 

Pressure gain is a parameter that must be considered when determining the accuracy of a servo- 
valve and actuator combina.tion. 	Positional accuracy and static stiffness of the combina.tion 
(amount of output deflection per unit of external load) are per.formance characteristics which re- 
late to the servovalve pressure gain. 

Pressure output of the servovalve is nonlinear with respect to input signal and saturation usually 
occurs at a small percent of rated current. 	Therefore, this parameter is defined over a limited 
range about null, usually ± 40% of maxixnum load pres~ure drop. 	For a conventional four-way 
servovalve, maximuxn load pressure drop is equal to supply minus return pressure. 

~ •, 

. 

~ ~ 
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Pressure gain will normally exceed 20% of maximum load pressure drop for a change in 
signal input of 1% rated current. 

5. 2. 3. 2. 2, 7 	Flow Limit 	 (3.2.2.7) 

Flow limit when specified is stated as a maximum flow which will not be exceeded for any servo- 
valve input. Load pressure drop must be defined and is usually specified as zero. Flow limit is 
specified only when the application requires control of this parameter. 

5. 2. 3. 2. 2. 8 Control Flow versus Load Pressure Drop 	 (3.2.2.8) 

This characteristic is usually not included in servovalve specifications. When it is specified, it is 
generally not required as part of production acceptance tests since this characteristic is establishe~ 
by servovalve design and is not subject to change by parts tolerance variation. Moreover, the gen- 
eration of a family of load-flow curves for each unit is generally impractical from an economic 
point of view. 

This characteristic of servovalves can be utilized to relate a loaded-flow system requirement to 
the corresponding no-load flow specification. The no-load characteristics are preferable for 
specification parameters to facilitate servovalve testing. Correlation of loaded to unloaded flow is 
then established by special tests on a typical unit. 

The specification can define the effect of varying load pressure on control flow for various constant 
input currents. Most servovalves present a constant orifice opening under these conditions so that 
increasing load pressure drop decreases the control flow by the square root relationship. For 
servovalves of this type, the specification can define a maximum deviation from the square root 
curve extending from no-load flow to zero flow (for varying load pressure drop) at a constant input 

~ 

	 current. 

5. 2. 3. 2. 3 Null 	 (3. 2. 3) 

5.2.3.2.3.1 	La.p 	 (3.2.3.1) 

Lap tolerances are independent of rated flow gain tolerances and establish the null pressure and the 
effective servovalve gain in the null region. When a nominal zero lap condition is specified, the 
tolerance extends toward underlap and overlap in equal amounts. 

Normally, servovalves are considered to be closed center, minimum overlap flow control valves. 
If significant departure from the zero lap case is intended, then unusual specification methods not 
included in this document would be required. However, it is possible to modify servovalve per- 
formance by small changes in lap conditions. These changes usually amount to tolerance reloca- 
tion and have the following general effects on servovalve performance. 

Underlap is usually specified by allowing the lap tolerance to extend between zero lap and some 
maximum underlap. Flow gain will vary between 100% and 200% of nominal flow gain in the null 
region. Pressure gain is normally higher and tendencies to silt are less than for the overlap con- 
dition. Interna.l leakage of the servovalve at null increases as the underlap increases. Therefore, 
wear due to erosion of inetering edges could be greater for the underlap case, and with mildly 
contaminated systems the internal leakage could increase more rapidly with time. 

~ 

Overlap is usually specified by allowing the lap tolerance to extend between zero lap and some 
maximum overlap. Flow gain through the null region will be less than nominal gain, but will not go 
to zero due to clearance between the sliding member and its mating metering edge. Pressure gain 
will generally be lower and silting tendencies will be greater. Servovalve leakage at null will be 

~ 

	 low; effects of erosion wear will be less. 
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The total tolerance spread should be the same regardless of which lap condition is desired and 
	~ ~. 

is expressed in percent of rated current. This value will be the allowable variation at zero 	 ~~ 

flow of the extrapolated normal flow curve defining lap. The normal tolerances for lap are as 
follows: 

Nominal zero lap 

Nominal underlap 

Nominal overlap 

5.2. 3.2. 3.2 Null Bias 

- - 2, 5% overlap to 
2.5% underlap 

- - 0% overlap to 
5% unaerlap 

- - 5% overlap to 
0% underlap ' 

(3. 2. 3. 2) 

Many servovalve designs are available which have no externa.l null adjustments. The servo- 
valve null on these designs is set by the manufacturer and the maxunum acceptable null bias 
should be specified. This parameter is usually set to within 2% of rated current under rated 
test conditions. 

During the life of the servovalve, the null bias at rated test conditions may change from its 
original setting. This is usually attributed to a continuing stress relief of the critical assem- 
blies in the servovalve and may be accelerated by the application of certain environments. As 
an example, a change in null bias at rated test conditions may occur as a result of the applica- 
tion of extreme temperature. 

The long-term change in null bias is usually less than 3% of rated current from its original 
setting. Because of the practical problem of separating the effects of initial setting and sub- 

	

sequent change, the specification normally requires a null bias of 5% of rated current over the 
	/ 1 

	

useful life of the servovalve. This parameter then includes the tolerance of initial setting and 
	

~ 
long-term variations. 

5.2. 3.2. 3. 3 	Null Shift 
	

(3. 2. 3. 3) 

Null bias may change with the application of environxnents. Supply pressure, return pressure, 
and hydra.ulic oil temperature are three common variable environxnents and maximum allowable ~ 
null shift for these environments is usually specified as a percent of rated current. When this I 
parameter is specified, it should be defined as a maximum absolute value not to be exceeded 
throughout the required variation of the environment. Null shift may be specified for other 
environments if they are determined to be critical to system performance. 

5.2.3.2.4 Dynamic 	 (3. 2. 4) 

5.2. 3. 2.4. 1 Amplitude Ratio 	 (3. 2.. 4. 1) 

The dynamic transfer function of servovalves can generally be approximated by a second-order 
differential equation. However, since mathematical representation is approximate, the pre- 
ferred method of specifying amplitude ratio is by defining graphical limits on a Bode plot. 
Usually, maximum and minimum limits are plotted through the frequency range of interest. 

Servovalve frequency response will vary with fluid temperature, supply and return pressures, 
and input current amplitude. Therefore, predictions of servolvalve response at extremes of 
these operating conditions are generally unreliable and should be measured on a prototype 
model if performance requirements are critical. Continuity of production is usually controlled 
by test at one particular set of operating conditions. 

~ ~ 

~J 
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~ 
	

Servovalve dynamic response measured at large current amplitudes will saturate at higher fre- 
quencies due to lunited output of the torque motor and intermediate stages. At low input current 
amplitude, servovalve threshold effects produce distorted waveforms. In either case, departure 
from sinusoidal waveforms can produce ambiguous and even meaningless response data. The 
recommended peak-to-peak amplitucle of the input current for dynamic response testing is one-half 
the rated current L 25% rated current). 

Amplitude ratio is usually normalized to a reference frequency of 5 or 10 cps. 

5. 2. 3.2.4.2 Phase An~le 	 (3.2.4.2) 

Phase angle should be specified on the same Bode plot as amplitude ratio. This parameter is 
usually specified as a curve of maximum allowable phase lags, in degrees, plotted through the 
frequency range of interest. The general comments and specification recommendations of the 
previous paragraph apply equally to phase angle definitions. 

5.2. 3. 3 Environmental Requirements 	 (3. 3) 

Standard servovalves for military applications are designed to meet certain specific environments and 
will perform their designed function fully in some and to a limited degree in others. It is important to 
be aware of the environxnents in which limited performance is to be expected and also the specific per- 
formance parameter most affected by a particular environment. 

Some of the environments which are normally encountered by servovalves and the specific areas of 
performance which are affected are the following: 

(1) Temperature - Servovalve performance, at various temperatures, wiil be greatly influenced by 
the viscosity of the fluid, As an example, only lunited performance will be obtained below fluid 
temperatures of -20 F using MIL-H-5606 as the operating fluid. At -65 F fluid servovalve per- 
formance sufficient for system start capability should normally be expected. Servovalve pressure 
gain and null shift can be important at this temperature. 

(2) Altitude - Normally, the only servovalve characteristics that are affected by altitude are insulation 
resistance and dielectric strength. 

(3) Vibration, Acceleration, and Shock - Normally, the only servovalve characteristics which are 
affected by these environments are null shift and structural integrity. 

(4) Humidity, Salt Spra .y, and Immersion - Normally, the only servovalve characteristics that are 
affected by these environments are insulation resistance, dielectric strength and integrity of pro- 
tective finishes. 

(5) Fluid Contamination - Dependent upon the degree of contamination, a servovalve may be expected 
to perform to specification for a limited period of time onlyo Care must be taken to be sure that 
the operating time desired and the contaminant level are compatible. 

(6) Life - The performance of a servovalve is a function of many factors which, regardless of ex- 
cellence of design, may reduce its life. These factors include e~ctreme environments, fluid con- 
tamination, and frequency and magnitude of electrical and pressure overloads. A servovalve is 
designed to perform many millions of cycles and shouid have a useful life exceeding 1000 hours. 
However, dependent upon the above factors, some degradation of performance is to be expected. 
In particular, high levels of fluid contamination will cause increases in internal leakage flow, in- 
crease nonlinearity through the null region, deerease pressure gain, and will probably increase 
both hysteresis and threshold. The other factors mentioned will tend to cause similar changes in 
performance. It is, therefore, very important that proper consideration be given to any life test 
conducted in view of the probable differences between the actual operating conditions and those em- 
ployed during life testing. Additionally, if severe operating conditions are imposed during an ex- 
tensive life test, some allowance for degradation of performance must be made. 

~ 

~ 
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Servovalve performance is not normally affected by such environxnents as sunshine, sand and dust, 	 ~J 

rain, and fungus. If exceptional environments, such as radiation or corrosive atmosphere, will be 
encountered in a particular application, then a special environxnental requirement should be speci- 

fied. 

5.2.4 Quality Assurance Considerations 	 (4) 

Quality assurance provisions are outlined to establish a means of test and inspection for a servovalve 
in order to assure that all critical design parameters of the valve have been met and are maintained. 
These tests may be required at either or both vendor and procuring agency facilities, or in combina- 
tions as specifically outlined in each test specification. 

5.2.4. 1 Quality Assurance General Requirements 	 (4. 1) 

Information pertaining in general to test equipment, method of testing, or the inspection techniques 
may be outlined below to prevent redundant statements in the procedureso Where applicable, 
Governxnent Control Documents should be includede 

5.2. 4. 1. 1 Classification of Tests 
	 (4. 1.1) 

The types of tests that are necessary to establish and maintain control on the servovalve design 
are generally described as: 

Qaalification Tests 
Acceptance Tests 
Reliability Tests 

~1 

5.2.4. 1.2 Calibr.ation of Instrumentation 	 (4. 1.2) 	,~ 

All measuring and testing equipment must be maintained in a calibrated condition to provide the 
standa.rds which are necessary to define servovaive operating characteristics. Tolerances in test 
measurements should be accounted for in defining the operating limits; therefore, it is imperative 
that these tolerances be held to a minimum. The standard test equipment used by servovalve 
manufacturers is usually scaled to obtain maximum readability and accuracy. If special test 
equipment is required, the method and equipment tolerances required should be specified. 

5.2.4. 1. 3 General Test Notes 	 (4. 1. 3) 

These notes should define ali conditions, values, and procedures that will be standard throughout 
the majority of the tests. Items such as quiescent current, fluid type, filtration.required, and am- 
bient and fluid temperatures are described. Caution notes for cleaning test manifolds, bleeding 
air from the system, and avoiding back flushing of the servovalve may be detailed. 

5. 2. 4.2 Qualification Tests 	 (4. 2) 

Qualification tests may be conducted on a sample group of units selected at random out of the first 
produotion valves from the manufacturer. These tests are norxnally conducted by the manufacturer 
per test procedures which are approved by the buying agency. These tests are conducted to demon- 
strate compliance with design and performance requirements, particularly throughout extremes of 
environments. 

The number of units subjected to a qualification test and the particular tests will depend on the 
final system requirements, previous experience with a particular valve model, and other test 
information and statistics available from the manufacturer. 	

~ ~\ 

~~ 
The following are norxnaily included in a servovalve qualification test program: 
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~ 
Preparation of Test Unit 
Proof Pressure Test 

Acceptance Tests 

Extreme Temperature Tests 
Life Test 
Burst Pressure Test 
Altitude Test 

Vibration Test 
Shock Test 
Humidity Test 
Salt Spray Test 
Immersion Test 
Contamination Test 

All information pertaining to the maintenance of parts, procedures and data for these tests should be 
described. Such items as approvals required for the test procedure, rework and retest instructions 
in case of a failure, identification of the test parts, and the type and number of copies of final data 
required should be outlined. 

5.2.4.3 Acceptance Test 
	 (4. 3) 

Acceptance tests are conducted on each unit delivered by the manufacturer. These tests prove con- 
formance to design limits as established by the design specification. Testing is generally conducted on 
standard test equipment at ambient room temperature with the hydraulic fluid at normal operating tem- 
perature. 

The following parameters are normally included in an acceptance test procedure: 

~ 

Examination of Product Symmetry 
Coil Resistance Pressure Gain 
Insulation Resistance and Dielectric Strength Internal Leakage 

Proof Pressure Null Bias 
Polarity Threshold 
Rated Flow Hysteresis 
Linearity Dynamic Performance 

5. 2, 4. 4 Reliability Tests 
	 (4. 4) 

Reliability tests may be conducted on a periodic or a sampling basis throughout the production run to 
assure that the required level of reliability is maintained. Ii,eliability tests may also be run to estab- 
lish confidence in a new design or where a unit has unusual operating conditions or environment. Tests 
of this nature usually define life expectancy by imposing a given number of typicai operating cycles 
with or without extreme environxnental conditions. 

5. 2. 5 Preparation for Delivery 
	 (5.) 

This section should specify all delivery requirements. Standard items usually noted include container 
requirements, interior packaging, package markings, and wrapping. Requirements that are somewhat 
unique to servovalves such as flushing and use of preservative fluids should also be inciuded in this sec 

5.2.6 Notes 
	

(6,) 

Miscellaneous ordering data are specified in this paragraph. If a definition of terms is included in the 
specification, it should be presented in the notes. 

5.3 Sample Specification - Servovalve, Electrohydraulic Flow-Control 

5. 3. 1 Scope - This specification defines the requirements for a two-stage four-way electrohy- 	(1. ) 
draulic flow-control servovalve. In application, the servovalve will be used in a closed 
loop hydraulic actuation system for the control of position of an aerodynamic surface. 

~ 
	Physically, the seryovalve will be mounted directly upon a linear hydraulic actuator. 
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5. 3. 2 Reference Specifications - The following ~acaments of the issue in effect on the date of invitation (2. ) 
for bids, form a part of this specification to the extent specified herein. In the event of conflict 
between this specification and any referenced specification, standard, drawing or publication, the 
requirements of this specification shall govern. 

Spec ifications 

Military 

MIL-E-5272 	Environmental Testing, Aeronautical and Associated Equipment, 
General Specification for 

MIL-H-5606 	Hydraulic Fluid, Petroleum Base, Aircraft and Ordnance 
MIL-H-8775 	Hydraulic System Components, Aircraft, General Specification for 
MIL-Q-9858 	Quality Program Requirements 
MIL-P-25732 	Packing, Preformed, Petroleum, Hydraulic Fiuid Resistant, 275 F 
MIL-H-25475 	Hydraulic Systems, Missile, Design, Installation, Test, General 

Specification for 

Standards 

Militar.y 

MIL-STD-129 	Marking for Shipment and Storage 
MS20995 Wire, Lock 
MS28775 Packing, Preformed, Hydraulic, 275 F 
MS3106 Connector, Plug, Electric, Straight 

MS33540 Safety Wiring, General Practices for 

Drawings 

XYZ Aircraft Corp. 

0001 Servovalve, Electrohydraulic (rev. C) (Fig. B, p. 30) 

Flow-Control, Specification Control 

Other Publications 

Air Force - Nav .y Aeronautical Bulletin 

ANA Bulletin 
No. 438 Age Control for Synthetic Rubber Parts 

Society  of Automotive Engineers, Aer.ospace R,ecommended Practices 

ARP 490 Electrohydraulic Flow-Control Servovalves 
ARP 598 Procedure for Determination of Particulate Contamination of 

Hydraulic Fluids by the Particle Count Method 

National Aerospace Standard 

NAS 1638 Cleanliness Requirements of Parts Used in Hydraulic Systems 

5.3.3 Requirements 
	

(3) 

5. 3e 3. 1 Desi~n R,equirements 
	

(3.1) 	 ; ~ 

~ 
5. 3, 3. 1. 1 Mechanical 
	

(3. 1.1) 

i~ 

~i 

~ 1 
,~ 
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5.3. 3. 1. 1. 1 Design Confi~uration 	 (3. 1. 1. 1) 

5.3.3.1.1.1.1 Classification 	 (3.1.1.1.1) 

The servovalve shall be a two-stage, four-way electrohydraulic flow-control servovalve. It shall 
conform to the physical requirements of a size II servovalve, as defined in ARP 490 and the 
temperature requirements of a type II hydraulic system (-65 to +275 F) per MIL-H-8775. 

5.3.3. 1. 1. 1.2 External Null Adiustment 	 (3. 1. 1..1.2) 

The null shall be properly adjusted before delivery. If an external adjustment is used, it shall be 
sealed with an inspection stamp to permit detection of una.uthorized adjustment. 

5.3.3. 1. 1.1. 3 Special Tools 	 (3.1. 1. 1. 3) 

Installa.tion and removal of the servovalve shall not require the use of special tools. 

5.3.3.1. 1.1.4 Internal Filtration 	 (3.1. 1. 1.4) 

The servovalve shall incorporate a first stage filter, if required to assure satisfactory perform- 
ance with the system fluid. 

5. 3. 3. 1. 1.2 Physical Description 	 (3.1. 1. 2) 

5.3.3.1.1.2.1 Envelope 	 (3.1.1.2.1) 

The servovalve envelope shall be held to a minimum, not exceeding that of specification control 
drawing 0001 (Fig. B, p. 30), 

5. 3. 3. 1, 1.2.2 Mountin~ 	 (3. 1. 1. 2. 2) 

The servovalve shall be designed to mate with the manifold as specified on drawing 0001. 

5.3.3. 1. 1.2. 3 Electrical Connector 	 (3. 1.1.2. 3) 

The servovalve connector shall mate with a MS 3106-1OSL-3S plug. 

5. 3. 3. 1. 1. 2. 4 Wei ht 	 (3. 1, 1. 2. 4) 

The dry weight of the servovalve shall not exceed 1. 0 lb. 

5. 3. 3. 1. 1. 3 Identif ication 	 (3. 1. 1. 3) 

The servovalve shall include permanent identification showing: 

Manufacturer's Name 
Model Number 
Serial Number 

5.3.3.1.1.4 Materials 	 (3.1.1.4) 

All materials used in the manufacture of this servovalve shall be of suitable quality and type to 
assure compliance with the requirements of this specification. 

5. 3.3.1.1.5 Standard Parts 	 (3. 1.1.5) 

Standard parts such as MS or AN should be used wherever they are suitable for the purpose. 
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5. 3. 3. 1. 1, 6 Lockin~ Devices 	 (3. 1. 1, 

All threaded parts shall be securely locked or safetied by safety wiring, self-locking nuts or 
other approved methods. Safety wire shall be applied in accordance with standa.rd MS33540 and 
shall conform to M520995. 

5.3.3.1.1.7 Structural5tren~th 	 (3.1.1.7) 

All component parts of the servovalve should have sufficient strength to withsta,nd ali loads or 
combinations of loads resulting from hydraulic pressure, temperature, actuation, and torque 
loads imposed during installation and operation under rated conditions. 

5. 3. 3,1. 1. 8 	Seals 	 (3. 1. 1. 8) 

All seals shall conform to MIL-P-25732 and MS28775, except where the use of nonstandard seal 
sizes is considered advantageous from a size and weight standpoint. 

The servovalve shall be clearly marked with the da.te of assembly of the elastomers per ANA 
Bulletin No. 438. 

5.3.3.1.2 Electrical 	 (3.1.2) 

5. 3. 3,1, 2. 1 Coil Connections 	 (3.1. 2. 1) 

The coil connection polarity and configuration shall be for differential operation as shown on 
specification control drawing 0001 (Fig. B, p. 30 )~ 

5. 3. 3. 1. 2. 2 Rated Current 	 (3. 1. 2.2 ) 

The rated differential current is defined as the current, of either polarity, required to produce 
rated flow, and shall be 10 ma. 

5. 3.3.1.2.3 Quiescent Current 	 (3.1.2. 3) 

The quiescent current shall be 6 to 10 ma per coil and shall be of the polarity shown on specifi- 
cation control drawing 0001 (Fig. B, p. 30). 

5. 3. 3.1. 2.4 Insulation R.esistance and Dielectric Strength 	 (3. 1.2. 4) 

The insulation resistance between the coils and valve body shall be greater than 50 megohms 
following a 15 second application of 1000 v d-c. Testing sha.11 be perforxned under room tempera- 
ture and humidity conditions. This test shall not be applied more than 4 times during the life of 
a servovalve. 

5. 3. 301. 2. 5 Coil Resistance 	 (3. 1. 2, 

The d-c resistance o€ each coil shall be 1000 + 100 ohms at 68 F. The resistance of the coil 
pairs sha.11 be matched within 100 ohxns. 

5. 3. 3,1. 3 Hydraulic 	 (3. 1. 3J 

5. 3. 3.1. 3.1 Operating Pressures 	 (3.1.3. 

The system supply pressure sha.11 be nominally 3000 psi. The actual supply pressure may vary 
between 2000 and 3100. Return pressure shall be less than 50 psi. 

J ~ 
.~ J 

~ ~ 

~ 

- ~\ 

~.~ 
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	5. 3. 3. le 3. 2 Proof Pressure 	 (3. 1. 3. 2) 

The servovalve shall withstand without evidence of external leakage (other than slight wetting insuf- 
ficient to form a drop) or permanent performance degradation, the following proof pressures: 1. 5 
times supply pressure applied for two minutes to ports P 1 and 2, with return open, followed by 
supply pressure applied simultaneously to all ports for two minutes. Proof pressure shall be ap- 
plied at a maa~imum rise rate of 25, 000 psi/min. 

5. 3. 3. 1. 3. 3 Burst Pressure 	 (3. 1. 3. 3) 

The servovalve shail not rupture with burst pressures of 2. 5 times supply pressure on ports P 1 and 
2(applied at room temperature and at a maximum rise rate of 25, 000 psi/min), with return open, 
followed by 1. 5 times supply pressure applied simultaneously to all ports. The servovalve shall not 
be required to operate after this test. 

, 
5. 3. 3.1. 3. 4 	Fluid 	 (3. 1. 3. 4) 

The working hydraulic fluid will be MIL-H-5606. System filtration will provide fluid meeting the 
following maximum contamination level (conforms to NAS 1638; Class 5): 

~ 

5.3.3.1.3.5 External Leaka~e 

Particle Size Count per 100 ml 
Microns (per ARP 598) 

5-15 8,000 
15-25 1,425 
25-50 253 
50-100 45 

over 100 g 

(3.1. 3. 5) 

. 

~ 

There shall be no evidence of external leakage, other than slight wetting insufficient to form a drop, 
throughout all operation and environxnental ranges. 

5. 3. 3. 1. 3. 6 Internal. Leakage 	 (3.1. 3. 6) 

The internal leakage of this servovalve, at rated test conditions, shall not exceed 0. 20 gpm. 

5. 3. 3.2 Performance Requirements 	 (3.2) 

5. 3. 3.2. 1 Ra.ted Test Conditions 	 (3. 2. 1) 

Unless otherwise specified, all servovalve performance requirements apply to a set of standard test 
conditions as defined below: 

Fluid - As specified in paragraph (3. 1. 3. 4)* 
Operating Pressures - Supply pressure 3000 ± 50 psi 

Return pressure 0- 50 psi 
Valve Pressure Drop - Nominally 3000 psi 
Quiescent Current - 8 ma + 0.1 
Temperatures - Ambient 65 - 90 F 

Fiuid 	90 - 120 F 
Filtration - The fluid entering the servovalve shall conform to the maximum contamination level 

specified in paragraph (3. 1. 3.4) 

5. 3. 3.2.2 Static Performance 	 (3.2.2) 

*Parha~ra~ refexences apply to the recommended sample specification number shown in parentheses in the r~.g' a margin. 
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i ~ 

~~ 
5. 3. 3. 2.2. 1 Rated Flow (3. 2.2. 1) 

The rated flow shall be 3. 0 gpm ± 10% at no-load conditions. 

5.3.3.2.2.2 Linearity (3.2.2.2) 

The linearity shall be a maximum of 7. 5% of rated current. 

5.3.3.2.2.3 Symmetry (3.2.2.3) 

The control flow symmetry shall be a maximum of 10%. 

5.3.3.2.2.4 Hysteresis (3.2.2.4) 

The maxunum hysteresis shall be 5% of rated current. 

5.3.3.2.2.5 Threshold (3.2.2.5) 

The maximum threshold shall be 1% of rated current. 

5. 3. 3.2.2.6 Pressure Gain 	 (3.2.2. 

The minimum load pressure gain shall be 30% of maximum load pressure drop for a change of 
signal input of 1% rated current. 

5. 3e 3. 2. 3 Null 	 (3. 2. 3) 

5. 3. 3. 2. 3. 1 	Lap 	 (3. 2. 3. 

The servovalve lap, expressed as a percent of rated current, shall be 2. 5% overlap to 2. S% 
underlap. 

5. 3. 3.2.3.2 	Null Bias 	 (3.2.3.2) 

The null bias at rated test conditions shall be within 5% of rated current over the normal life of 
the servovalve. 

/ ~ 
~J 

5. 3. 3.2. 3. 3 	Null Shift 
	 (3.2. 3. 

5. 3. 3.2. 3. 3. 1 With Temperature Variation 	 (3.2. 3. 3. 

The maximum null shift (from the null bias at sta.ndard test conditions) over the temperature 
range of -20 :o +275 F, shall be 4% of rated current. 

5. 3. 3.2. 3. 3. 2 With Supply Pressure Variation 	 (3.2. 3. 3.. 	 . 

The maximum null shift (from the null bias at standa.rd test conditions) with a variation of 
supply pressure of + 20%, shall be 2% of rated current. 	 ~ 

5. 3. 3.2. 3. 3. 3 With Return Pressure Variation 	 (3.2. 3. 3. 

The ma.~cimum null shift (from the null bias at standard test-conditions) with a variation of 
return pressure from 0 to 100 psi, shall be 2%o of rated current. 

5. 3. 3.2. 3. 3.4 With Acceleration 	 (3.2.3. 3.4 	

~~\  
The maximum null shift (from the null bias at standard test conditions) with acceleration shall 
be 0. 2% of rated current per g of acceleration. 
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~ 
	

5.3.3.2.4 	namic 	 (3.2.4) 

With the servovalve supplied with a varying frequency, sinusoidal current with a peak-to-peak ampli- 
tude of one-half rated current, the amplitude ratio and nhase lag shall be within the limits shown in 
Fig. A, page 29. 

5.3.3.3 Environmental Requirements 	 (3.3) 

5.3.3.3.1 Temperature 	 (3.3.1) 

The servovalve shall be capable of operating throughout the temperature range of -65 to +275 F. Per- 
formance requirements during temperature testing are to be limited to the -20 to +275 F range and 
shall include rated flow and null shift with temperature. For this purpose the tolerance on rated flow 
and threshold are increased to +25%o and 2%, respectively. Performance at -65 F shall be limited ta 
the demonstration of a measurable output change. 

5.3.3.3.2 Altitude 	 (3.3.2) 

The servovalve shall be capable of operating at an equivalent altitude of 80, 000 ft (. 82 in. Hg abs). 
While at this simulated altitude, the servovalve shall be capable of passing an insulat~on resistance and 
dielectric strength test per paragraph (3. 1. 2. 4) except that the maximum applied voltage shall be 
500 v d-c. 

5.3.3.3.3 Vibration 	 (3.3.3) 

The servovalve shall be capable of operating within performance requirement limits after being sub= 

~ 
	

jected to the vibration environment of MIL-E-5272, Procedure XIV. 

5.3.3.3.4 Acceleration 	 (3.3.4) 

The servovalve shall be capable of operation during the sustained acceleration tests of MIL-E-5272, 
Procedure III. 

5.3.3.3.5 Shock 	 (3.3.5) 

The servovalve shall be capable of operating within performance requirement limits after being sub- 
jected to the shock tests of MIL-E-5272, Procedure IV. 

5. 3. 3. 3. 6 Fluid Contamination 	 (3. 3.6) 

The servovalve shall be capable of operating at least 10 hours when supplied with MIL-H-5606 fluid 
contaminated to a class 6 level of NAS 1638. Contamination count sha.11 be made in accordance with 
ARP 598. ! 

5.3.3.3.7 Life 	 (3:3.7) 

. 	 The servovalve shall have a minimum life of 200 hours when operated in accordance with the following 
schedule: 

~ 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p4

90
b

https://saenorm.com/api/?name=7e3c89d0054898c0469b8c74fd4677a2


ARP 4908 	 -24- 

Input Si~nal L) 	Hours 	Rate (cps) 	Fluid Temp (F) 

100% sine 	 35 	 5 	 160 
100% sine 	 35 	 10 	 275 
100% square 	 10 	 5 	 160 
50% sine 	 25 	 5 	 160 
50% sine 	 25 	 5 	 275 
50% square 	 10 	 5 	 160 
25% sine 	 25 	 5 	 160 
25% sine 	 25 	 5 	 275 
25% square 	 10 	 5 	 160 

5. 3.4 	Quality Assurance Considerations ~4~ 

5. 3, 4. 1 General R,equirements (4. 1) 

Records of acceptance test results shall be maintained by the manufacturer on each servovalve. These 
records shall be maintained for a minimum of 5 years after the date of manufacture. 

5. 3.4. 1. 1 	Classification of Tests (4. 1. 1) 

a. 	Qualification Tests 
b., 	Acceptance Tests 
c. 	Reliability Tests 

5. 3.4. 1.2 	Instrument Calibration (4. 1.2) 

Instruments and apparatus used in testing the servovalve shall conform to MIL-Q-9858 calibration 
standards traceable to the National Bureau of Btandards. 

5. 3.4. 1. 3 	General Test Notes (4. 1. 3) 

Unless otherwise specified, the rated test condition of paragra.ph  (3.2. 1) sha.11 apply to all quality 
assurance testing. 

5. 3.4.2 Qualification Tests (4.2) 

5.3.4.2.1 	General (4.2.1) 

If specified by the purchase order, qualification tests shall be conducted on three (3) servovalves 
selected at random from the production lot. 	Two (2) of the servovalves shall be subjected to the 
following tests: 

Performance Verification Test (4.2.2.2) 

High Temperature Test (4.2.2. 3. 1) 

Low Temperature Test (4.2.2. 3.2) 

Extreme Low Temperature Test (4. 2. 2. 3, 3) 

Temperature Null Shift Test (4.2.2. 3.4) 

Altitude Test (4.2.2.4) 

Vibration Test (4.2.2. 5) 

Acceleration Test (4.2.2. 6) 

Shock Test (4.2.2.7) 

Performance Verification Test (4. 2.2. 2) 

~ 
_. 

. 

/ ~ 
'~ J 

9 

. 

' 1 
~ 
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~ ~. 
~J NOTE: The order in which the above tests are performed may be varied except in the case of the per- 

formance verification tests. 

The third unit shall be subjected to the following tests in the order specified: 

Performance Verification Test (4.2.2.2) 

Life Test (4.2.2.8) 

Performance Verification Test (4.2.2.2) 

Burst Test (4.2.2.9) 

5.3.4.2.2 Tests 	 (4.2.2) 

5. 3.4.2.2. 1 Ph.ysical Compliance 	 (4.2.2. 1) 

The servovalve shall be checked for physiE~l compliance with specification control drawing 0001. 

5.3.4.2.2.2 Performance Verification 	 (4.2.2.2) 

The following shall constitute the performance verification test: 

~ 

~ 

Insulation Resistance & Dielectric Strength (3. 1. 2.4) 

Coil Resistance (3. 1.2.5) 

Proof Pressure (3. 1. 3.2) 

External Leakage (3. 1.3.5) 

Internal Leakage (3. 1. 3.6) 

Rated Flow (3, 2. 2. 1) 

Linearity (3. 2. 2 . 2) 

Symmetry (3. 2. 2. 3) 

Hysteresis (3. 2. 2. 4) 

Threshold (3. 2. 2. 5) 

Pressure Gain (3.2.2.6) 

Lap (3. 2. 3. 1) 

Null Bias (3.2. 3.2) 

Null Shift with Supply Pressure Variation (3. 2. 3. 3.2) 

Nuff Shift with Return Pressure Variation (3. 2. 3. 3. 3) 

Dynamic (3. 2. 4) 

NOTE: The order in which the above tests are performed may be varied. 

5.3.4.2.2.3 Temperature 	 (4.2.2.3) 

5. 3.4.2.2. 3. 1 High Temperature 	 (4. 2. 2. 3. 1) 

The servovalve shall be placed in a test chamber and the temperature of both the chamber and 
the fluid raised to +275 F. The length of the soak period shall be 4 hours during which time a 
relative humidity of less than 15% shall be maintained. The performance requirements during 
the testperiod shall be limited to the monitoring of flow and threshold. For this purpose, the 
tolerance on rated flow and threshold shall be increased to +25% and 2%, respectively. 
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5. 3.4. 2.2. 3. 2 Low Temperature 	 (4.2.2. 3.2) 
	 i ~ 

~ 
The servovalve shall be placed in a test chamber and the temperature of both the chamber and 
the fluid lowered to -20 F. The length of the soak period shall be 4 hours. The performance 
requirements during the test period shall be limited to the monitoring of flow and threshold. 
For this puxpose, the tolerance on rated flow and threshold shall be increased to +25% and 2%o 
respectively. 

5. 3> 4. 2. 2. 3. 3 Extreme Low Tem perature 	 (4. 2. 2. 3. 3) 

The servovalve shall be placed in a test chamber and the temperature of both the chamber and 
the fluid lowered to -65 F. The length of the soakperiod shall be 4 hours. The performance 
requirements shall be limited to only a demonstration of operation by a measurable output 
change. 

5. 3. 4. 2.2. 3. 4 Temperature Null Shift 	 (4. 2.2. 3. 4) 

The servovalve shall be placed in a test chamber and the temperature of both the chamber and 
the fluid lowered to -20 F. The temperature of the chamber and the fluid shali be slowly cy- 
cled from -20 to +275 F and back to -20 F with a cycle time of not less than 5 hours. The per- 
formance requirements shall be limited to recording tha null bias every 20 F in both directions. 
Results of this test shall conform to the specification limits of paragraph (3.2. 3. 3. 1). 

5.3.4.2.2.4 Altitude 	 (4.2.2.4) 

The servovalve shall be maintained at an equivalent altitude of 80, 000 ft (. 82 in. Hg abs). 
While at this simulated altitude, the servovalve shall be capable of passing an insulation resist- 
ance and dielectric strength test per paragraph (3. 1. 2.4) except that the maximum applied volt- 	 / 1 
age shall be 500 v d-c. 	 '~J 

5.3.4.2.2.5 	Vibration 	 (4.2.2.5) 

This test shall be conducted in accordance with MIL-E-5272, Procedure XIV, with the exception 
that the servovalve shall be pressurized at rated supply pressure and monitored for resonant 
frequencies only. Resonant dwells shall be performed for 30 minutes for each observed reson- 
ance from 5 to 2000 eps in each of the three mutually perpendicular axes. 

5.3.4.2.2.6 	Acceleration 	 (4.2.2.6) 

This test shall be conducted in accordance with MIL-E-5272, Procedure III. The performance 
requirements during the test period shall be limited to monitoring the null bias. For this pur- 
pose, the allowable null bias deviation from the limits of paragraph (3. 2. 3.2) shall be 0.2% of 
rated current per g of acceleration. 

5.3.4.2.2.7 Shock 	 (4.2.2.7) 

This test shall be conducted in accordance with MIL-E-5272, Procedure IV. 

5.3.4.2.2.8 	Life 	 (4.2.2.8) 

The life test shall be performed in accordance with the schedule of paragraph (3. 3. 7). The per- 
formance requirements during the test period shall be limited to monitoring the null bias every 
10 hours for conformance with paragraph (3. 2. 3.2). 

50 3.4.2. 2.9 Burst Test 	 (4. 2.2:9) 	 i ~ 

~ 
The servovalve shall be subjected to a burst pressure test to check conformance with paragraph 
(3. 1. 3. 3). 
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~ 

~ 

~ 

5.3.4.3 Acceptance Tests 	 (4.3) 

Acceptance testing shall be performed on each servovalve delivered by the manufacturer. 

5.3.4.3.1 	Tests (4.3.1) 

5. 3.4.3. 1. 1 	Physical Compliance (4. 3. 1. 1) 

The servovalve shall be checked for physical compliance with specification control drawing 0001 
(Fig. B, p. 30 ). 

5. 3.4.3. 1.2 	Performance Tests (4. 3. 1.2) 

The following parameters will be checked for compliance with applicable specification paragraphs: 

Polarity (3. 1. 2. 1) 

Insulation Resistance (3. 1, 2. 4) 

Coil Resistance (3. 1.2.5) 

Proof Pressure (3.1.3.2) 

External Leakage (3. 1. 3.5) 

Internal Leakage (3. 1. 3.6) 

Rated Flow (3. 2.2. 1) 

Linearity (3. 2. 2. 2) 

Symmetry (3. 2. 2, 3) 

Hysteresis (3. 2. 2. 4) 

Threshold (3a2.2.5) 

Null Bias (3.2. 3.2) 

Dynamic (3. 2. 4) 

5. 3< 4. 4 	Reliabilit.y Tests (4. 4) 

Reliability tests shall be conducted on a random sample, periodic basis as established by the purchase 
order. 

5. 3e 4. 4. 1 Tests 	 (4. 4. 1) 

fteliability tests shall consist of the following: 

Acceptance Test 	 (4.3) 

Life Test 	 (4.2.2.8) 

5. 3. 5 Preparation for Delivery 	 ~5~ 

5. 3. 5. 1 Preservation and Packa~ing 	 (5. 1) 

Each servovalve shall be packaged in accordance with Level C of MIL-H-8775. 

5. 3. 5. 2 Packin~ 	 ~5, 2~ 

Packing shall be in accordance with Level C of MIL-H-8775. 
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~ ~ 

5. 3. 5. 3. Markin~ of Shipment 	 (5. 3) 
~~ 

Each unit package shall be marked with at least the following: 

Electrohydraulic Servovalve 

Manufacturer's Name 

Model Number 

Serial Number 

The exterior shipping container shall show the procuring agency's purchase order number. 

5.3.6 Notes 	 (6) 

5. 3. 6. 1 Intended Use 	 (6.1) 

The servovalve will be used to control the actuators in the flight control sub-system of an aerody- 
namic surface. 

5. 3. 6. 2 Definition of Terms 	 (6.2) 

The definitions of terms used in this specification are in accordance with SAE ARP 490. 

6. RECOMMENDED TEST METHODS 

6. 1 General - This section is intended Lo be a guide in establishing test procedures for performance measure- 
ments of electrohydraulic flow control servovalves. The characteristics covered include static and dy- 	 ~ ~ 

namic performance, but are limited to acceptance type of testing. Test methods for qualification tests 	 ~ ;' 
(including performance under specific environments) are only covered in a general nature. 

Most servovalve performance characteristics can be obtained utilizing either continuous plotting equip- 
ment or manual point-by-point methods. Although the point-by-point methods are recognized, the use of 
continuous plotting equipment is recommended and described herein. The use of overlays is discussed. 
In general, where alternate methods of testing are acceptable, one method will be described and the 
others mentioned. It should be noted that no order of testing is implied by the following sections except 
where specifically noted and reasons stateda 

In order to be consistent with the definitions of this document, the acceptance parameters of applicable 
static performance characteristics are expressed as percentages of rated current. However, it shouldbe 
noted that these parameters may be expressed directly in current units. The test methods recom- 
mended are those in most general use. Conformance with these procedures will assure test uniformity, 
and will aid in the correlation of performance measurements. 

6. 2 Test Equipment - Figs. 9, 10, and 11 are simple schematics describing equipment necessary to 
test servovalves for various parameters. These schematics are intended to show basic system opera- 
tion. However, additional components are required to provide convenience or safety when constructing 
a test stand. In designing equipment for testing of servovalves, there are many aspects to be considered. 
These include ~ 

(1) Hydraulic lines should be placed so as to have a minimum number of bends. Sizing hydra,ulic lines 
to minimize pressure drop relative to flow requirements is also important. Care should be taken 
to minimize mechanical and hydraulic vibration of the test stand. ~ 

(2) Servovalve mounting manifold should be as recommended in Fig. 8 and should be of adequate design 
to assure rigidity and prevent deforxnation under application of pressure. The ser~vovalve mounting 	 ~ ! 

surface of the test manifold should be adequately flat tb prevent servovalve body deflection during 
installation. Narmally, the mounting manifold surface, in the sealing area, should have a 32 rms 
finish, flat within . 001 total indicator reading and free of all burrs, nicks, and scratches. 
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(3) Manually operated valves should be of high quality to ensure zero leakageo 

(4) Use of magnetic material including the servovalve manifold or presence of magnetic fields in the 
proximity of the servovalve may affect its performance. 

(5) Care should be taken to have elastomers compatible with operating fluids and temperatures. 

(6) Care should be taken to maintain proper cleanliness in the test stand. Stand fluid filtration should be 
chosen to be compatible with end use or to a minimum requirement of that specified in NAS 1638, 
Class 5. The system should initially be flushed until the recommended contamination level is attained 
(before servovalves are tested). Periodic sampling of fluid is also recommended. 

(7) Actuators used for test should be selected to be compatible with flow and dyna.mic requirements of the 
servovalve being tested. Actuator leakage should be sufficiently low to have a negligible influence on 
test measurements. 

(8) Instrumentation should be selected to be compatible with required ranges under test. Test equipment 
tolerances should be compatible with specified servovalve parameter tolerances. 

(9) To minunize the effect of compliance, pressure transducers used in the pressure gain schematics 
should be placed as close to the valve manifold as possible. Compliance of the fluid and transducers 
in the servovalve control lines should be minimized for pressure gain measurementse 

(10) The existence of ripple in either the electrical current source or the hydraulic supply should be 
minimized to reduce the influence of dither on test results. 

6e 3 Electrical Tests 

6. 3. 1 Insulation Resistance and Dielectric Stren~th - The servovalve need not be pressurized for this test; how- 
ever, if internal electrical components are in contact with the fluid, the servovalve must be filled with hy- 
draulic fluid. 

Apply specified d-c voltage between the coil terminations (connected together) and the servovalve body. 
Maintain the test voltage for specified time. With the test voltage still applied, measure the current. The 
applied voltage level divided by the measured current value gives the insulation resistance. (Equivalent 
electrical instruments may give the insulation resistance directly. ) With a four-lead, two-coil configura- 
tion, this test may also be performed between the coils. 

6. 3. 2 Coil Resistance - The d-c resistance of the coil, or coils, should be measured and the ambient tempera- 
ture recorded. If the recorded temperature is other than the specified temperature, a correction may be 
required. If the servovalve has a three or four lead coil connection, the resistance of each coil should be 
measured separately. A conventional Wheatstone bridge type electrical test instrument is usually used. 
The servovalve should not be supplied with pressurized fluid during this measurement, and time should be 
allowed to stabilize its temperature at room ambient. 

~6. 3. 3 Coil Impedance - A suitable osciliator is connected to drive the servovalve coil (or coils) connected in 
series with a non-inductive resistor. The oscillator is set at the desired frequency and the amplitude ad- 
justed to give a peak-to-peak current of one-quarter servovalve rated current. The oscillator should have 
sufficient output to supply undistorted input current. The servovalve should be supplied with fluid at rated 
pressure during this measurement. When the servovalve has two coils they are usually connected in series 
with appropriate change in current amplitude. 

A test schematic, as well as the vector relationship of the voltages, is indicated in Fig. 12. To determine 
the vector impedance, first measure the a-c voltages e R  and e Z,. Then measure the angle oc between eR 
and eT. Coil impedance characteristics are given by the following expressions: 
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phase angle (3 	 = tan-1  ( eT sin o~ 	' 
( eT cos x -eR ) 

e 
coil impedance Z 	- R eT sin x 	= R(eR 

eg 	sin (3 

apparent inductance L 	= R eT sin °C  , henries. 
2nfe R 

6.4 Static Performance Tests - After installing the servovalve onto the test equipment and before any tests ar~ 
performed, the unit should be cycled several times between rated input extremes with hydraulic pressure 
applied to the supply port, and the control ports interconnected. This eliminates air from the unit and the 
test system, and stabilizes the unit at the temperature of the fluid supplied. 

60 4. 1 Polarity - Apply rated supply pressure to the servovalve supply port, and close the load valve(s) to 
block the control ports. If coils are so connected, and if desired, apply quiescent current of the polarity 
defined in the specification. Apply at least half rated input current with polarity as indicated in the spe- 
cification. Observe the pressure at each control port. The specified control port should show a higher 
pressure than the other control port. If the torque motor contains two coils which are externally ac- 
cessible (ie e. , three or four leads are brought out), this test should be conducted separately for each 
coil. 

This test may also be conducted with the servovalve control ports opened to the flow measuring cylinder 
by observing the direction of piston tra.vel when input current is applied. 

6. 4. 2 Proof Pressure and External Leaka~e - With the load valve(s) closed and return valve(s) open, apply the 
specified proof pressure to the servovalve supply port at a m~imum rise rate of 25, 000 psi/min. Apply 
rated input current of either polarity and maintain for two minutes. Reverse the input current polarity 
and maintain for two minutes. 

Reduce the input current and the supply pressure to zero, and close the return port shutoff vaive. Apply 
specified return proof pressure to the supply port at a m~imum rise rate of 25, 000 psi/min and main- 
tain for two minutes. Open the return port shutoff valve and reduce the supply pressure to zero. 

During and after the application of the specified proof pressures, observe the servovalve for permanent 
deformation and external leakage. 

6. 4. 3 Flow Curve - The flow curve generated by the procedure described in this paragraph may be used to 
measure the following parameters: rated flow, hysteresis, symmetry, linearity, and null bias. 
(Reference Fige 10.) 

To generate the flow curve, apply rated supply pressure to the servovalve. Connect one input cha,nnel 
of the X-Y plotter to measure input current, and the other channel to measure control flow. 

Generate zero flow and zero current lines on a sheet of paper installed onto the X-Y plotter, obtain zero 
flow and zero input current conditions, and align the X-Y plotter pen to the intersection of the lines. 
Connect the servovalve load ports to opposite ends of the flow measuring cylinder, and cycle the input 
current between plus and minus rated input current. Complete at least one cycle with the X-Y plotter 
pen raised off the paper, then lower the pen and plot one complete cycle. The rate of cycling should be 
slow enough to minimize any errors which might be generated in the plot as a function of speed. It is 
sometimes advisable to reduce the cycling speed as the unit passes through null to avoid producing a 
non-linearity of the plot as the flow measuring piston reverses direction. 

~. 

~ ~ 

~i 

i ~ 
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Except for nuil bias measurements, the hysteresis of the servovalve will normally, be sufficiently low that 
there will be negligible error in taking either side of the plotted flow curve loop as the Normal Flow 
Curve. Should this not be the case, construct the Normal Fiow Curve by drawing a curve through the 
midpoints between the two sides of the plotted curve. Construct a Normal Flow C~ain Line, on each half 
of the flow curve, from the point of zero flow of the norxnal flow curve. The normal flow gain line is a 
straight line drawn to minimize the deviation between itself and the normai flow curve. 

6. 4, 3.1 Rated Flow - Measure the flow at plus and minus rated current. Rated current is measured from null 
and does not include null bias current. 

6. 4. 3.2 Hysteresis - Disregarding plotter non-linearities or servovalve lap effects in the null area, locate the 
section(s) of the flow curve of greatest width parallel to the current axis (zero flow line), and measure 
the current difference at this point. Divide this difference by the rated input current, and convert the 
result to a percent. 

Hysteresis of the servovalve may also be measured from the pressure gain plot described in paragraph 
6.4.7, when the plot is obtained by cycling between plus and minus rated current. This permits mea- 
surement in the null region of the unit (not genera.ily advisable when using the flow plot), but is usually 
limited to this region because of the high pressure gain of most flow control servovalves. 

6.4. 3. 3 SvmmetrY - Determine the flows at equal increments of current on both sides of the zero flow point of 
the normal flow gain lineso Calculate the symmetry of the servovalve by dividing the difference be- 
tween the two flows by the larger flow, and converting the result to a percenta 

6.4. 3, 4 Linearity - Measure the ma~cixnum current difference between the normal flow curve and the normal 
flow gain line. Divide this difference by the rated input current, and convert the result to a percent. 

6. 4, 3. 5 Null Bias - Measure the current at the midpoint between the two sides of the flow curve at zero flow. 
This current is the null bias of the servoval~e. 

The accuracy of this null bias measurement is adequate for most applications. If desired, however, 
null bias may be measured with greater accuracy by obtaining a flow plot with an e~anded scale, after 
first cycling to eliminate residual hysteresis. 

A pressure gain plot (reference paragraph 6. 4. 7) may also be used to measure null bias. If the pres- 
sure gain plot is used, it is necessary to obtain a current zero and differential pressure zero, in the 
same fashion as described above for the flow curve zeros. In this case it is not necessary to establish 
a current zero on the flow curve. 

6. 4. 3. 6 Null Shift with Pressure 

(1) Supply Pressure - Increase supply pressure to the high value defined in the specification. 
Generate a flow (or pressure) curve. Measure the null bias. R.educe supply pressure to 
the low value defined in the specification and repeat the null bias measurement. Alge- 
braically subtract each of the null bias values from that at rated test conditions. Convert 
the differences to percents of rated input current. 

(2) Return Pressure - Repeat the procedure described in step (1) with supply pressure main- 
tained at its rated value and with return pressure maintained at the high and low values 
defined in the specification. 

6.4.4 Lap - Generate a flow curve of suitably e~cpanded proportions to permit evaluation of the servovalve lap 
condition. Locate the nearly straight portions of the normal flow curve (See Fig. 3) and with straight lines 
extend them to intersect the zero flow a~cis. The points of intersection, if coincident, indicate a zero lap 
condition. Underla.p or overlap causes a separation of the intersection points which is measured and ex- 
pressed as a percentage of rated input current. See Figs. 6A, 6B and 6C. 
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~ ~ 

6.4. 5 Threshold - Servovalve threshold may be evaluated in conjunction with either flow or pressure measuring 	~. 

equipment. In either case an expanded recording of the output versus input current is preferred, Input 
current to the servovalve must be varied at a rate slow enough to avoid any dynamic effects and the equip- 
ment resolution must be sufficiently high to permit accurate observation of the servovalve threshold. 

Generate a plot by varying the input current to cause first increasing then decreasing servovalve output. 
The servovalve threshold is measured from the recording as the input current change necessary to cause 
servovalve output to revert from increasing to decreasing and is expressed as a percentage of rated input 
current. 

6.4. 6 Internal Leaka~e - The totai internal servovalve leakage at rated pressure with control ports blocked is 
determined with flow measuring equipment as indicated in Fig. 10, A recording of internal leakage 
versus input current from rated current of one polarity through zero to rated current of opposite polarity, 
will enable the maximum leakage to be determined. Generally the recording sensitivity is iricreased to 
improve flow measuring accuracy. Recording speed should be sufficiently slow that an accurate flow 
measurement is obtained. 

6.4. 7 Pressure Gain - With control ports blocked, generate a plot of load pressure drop versus input current 
throughout the null region. When using conventional pen type recorders, it is important to achieve a very 
slow rate of input current variation and thereby avoid pen velocity effects. 

6.5 Dynamic Response (Reference Figs. 13 and 14.2) 

6. 5. 1 Test Circuit Considerations 

(1) The test circuit should be designed to minimize fluid compliance. Factors affecting compliance 
include: 	 i 

~J 

(a) Volume of fluid and hydraulic line length between the servovalve and the test actuator. 

(b) Type of hydraulic line (rigid tubing or flexible hoses). 

(c) Volume of fluid (total displacement) within the test actuator. 

(2) Fluctuations of supply or return pressure should be minimizedo 

(3) The test actuator should have low mass and friction so that the servovalve will be tested at es- 
sentially no load. 

(4) The resonant frequencies of the test actuator and test equipment should be significantly above the 
range of servovalve test frequencies. 

6.5.2 Conditions of Measurement 

(1) A constant amplitude undistorted sinusoidal input current should be provided to the servovalve. The 
peak to peak amplitude of this signal should be adjusted to one-half rated input current. 

(2) The lowest test frequency or reference frequency is usually 5 or 10 cps. 

(3) The frequency range of the test should be selected in accordance with the appropriate specification. 

6.5. 3 Performance of Test 

(1) Plot the amplitude ratio and the phase lag of the servovalve versus the log of frequency throughout 	i •~ 

the frequency range of the test. 	 ~: 

(2) Recorder speed should be sufficiently slow to eliminate spurious dynamic effects of the instrumenta- 
tion. 
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6. 6 Use of Overlays - Assessment of servovalve perforxnance obtained by X-Y plots of both static and dynami~ 
characteristics (see Sections 6. 4 and 6e 5) is readily accomplished through the use of overlays showing ac- 
ceptable performance limits. Overlays are particularly well suited to production acceptance testing and 
receiving inspection of servovalves where clear-cut acceptance or rejection of the servovaive is the pri- 
mary concern. Use of overlays can eliminate manual data reading and graphical construction. They pro- 
vide convenient and rapid test criteria which can be utilized by production personnel with a minimum of 
training and e~cperience. 

Overlays provode only a"go, no-go" acceptance criterion. Also, the most convenient overlays for ac- 
cessing servovalve linearity and lap do not represent precise interpretation of the definitions given in 
Section 4. However, overlays can be constructed which provide rigid control of these servovalve para- 
meters and often they give even tighter control of servovalve performance. 

Overlays should be prepared on a material having good dimensional stability such as translucent mylar*. 
Usually the overlays for all static perforxnance tests can be contained on a single 8-1/2 x 11 in. sheet, 
and overlays for dynamic performance tests on a second sheet. Typical acceptance test overlays are 
shown in Figs. 14, 14. 1, and 14.2. 

The overlays should contain both reference axes for careful alignment with the actual servovalve data plot, 
It is recommended that actual plots be obtained with zero X and zero Y on each servovalve data sheet for 
use in aligning the overlay (rather than trust to preprinted grid paper). 

Part (A) of Fig. 14 is an overlay for the no-load flow plot taken throughout the range + 100% rated current 
input. Alignxnent with either null point should confirm acceptable rated flow, polarity and null bias. The 
maximum separation of the no-load flow plot should be within the hysteresis limit of Part (B). 

Either side of the actual no-load flow plot is generally used to access servovalve linearity. 5everal dif- 
ferent types of overlay limits can be used for linearity, and the most suitable type will depend upon the 
control needed for specific nonlinearities (ee g. , flow saturation, flow' irregularities, servovalve lap, and 
symmetry). A convenient overlay is a pair of parallel lines drawn at a slope corresponding to rated flow 
and rated current (C). These overlay limits define the straightness of the flow curve throughout the length 
of the overlay. 

This length can be selected to control nonlinearities throughout any desired portion of the flow curve. The 
overlay shown in Fig. 14 extends from about -10% to +100% of rated current, so includes flow saturation, 
flow irregularities in the normal control region, and nonlinearity of the lap region. A second pair of limits 
can be included and used in conjunction with the first for a check of symmetry (as illustrated). 

The linearity overlay shown would be rotated as necessary for use with servovalves having rated flows 
throughout the allowable range. If servovalve linearity, as defined in paragraph 4. 3. 8, is measured from 
the overlay, there will be a small variation corresponding to rotation of the overlay. This variation will 
depend upon the scale factors selected for the flow plot and the range of rated flows allowed. Typically, 
the variation of the linearity limit due to rotation of the overlay will be +5% of the specified linearity, or 
±1/4% rated current for a±5% linearity specification. 

An alternate linearity overlay could be a pair of arrows similar to (B), Fig. 14. This limit wouid be used 
in conjunction with a line drawn on the servovalve flow plot. The line would be drawn parallel to the norm 
flow gain line and through a point of maximum nonlinearity. 

An expanded current scale is generally used for the servovalve pressure gain plot. Performance limits 
for pressure gain are shown in Part (D), Fig. 14.1. Servovalve threshold should also be measured with 
expanded scales, using suitable overlay limits (E). If flow gain at null is critical, then a separate overlay 
may be used to assess linearity through null. This overlay could be similar to the linearity overlay dis- 
cussed previously, but would be used in conjunction with an expanded flow plot in the null region. An over- 
lay can be used for checking servovalve leakage, as shown in Part (F), Fig. 14.1. 

I 	*Registered trademark DuPont 	 I 
l 
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Limits used for the overlays should reflect the intent of the specification requirements in areas where 
overlays do not give literal interpretation of performance terminology. In these cases both customer and 
supplier must agree upon actual overla.y limits, and both should use duplicate overlays for their servo- 
valve teat criteria, Often the servovalve specification requirements can be expressed by overlay limits 
rather than by individual performance specifications. 

It should be clearly understood what edge of the overlay limit lines constitute acceptable performance. 
Here, it is recommended that the outer edges of the limit lines be drawn to the performance limits, so 
that the servovalve data which is visible outside the limit lines show unacceptable performance, Suitable 
allowance should be made for plotter pen effects. 

6. 7 Environmental Tests - Environxnental tests are not usually run as a part of normal acceptance testing. 
They are most often conducted on a small sample, representative of production units, as a part of a 
development or qualification test program. If the specification can be satisfied by a standard servovalve 
design, it may be possible to qualify by similarity. In this case, the servovalve manufacturer may have 
sufficient applicable data already documented. 

The environxnental tests described in this section include all environments noted in this document. GeneY 
test philosophy is presented and special precautions are notedo MIL-E-5272C may be used as a guide for 
environmental testing. 

6. 7.1 Temnerature - Temperature environmental testing discussed in this section is intended to establish 
compliance with Type II requirements for hydraulic components, operating with MIL-H-5606. The basic 
temperature range of -65 to +275 F is broken into three regions of interest: (1) extreme low tempera- 
ture, storage and start-up (-65 F), (2) low temperature operational (-20 F), and (3) high temperature 
operational (+275 F). 

Equipment definitions will be the same as those noted in Section 6. 2 as applicable except that the fluid 
source must provide for fluid temperature control between -65 F and +275 F. Some special precautions 
are necessary, however, in the fluid system. Care must be taken to remove all traces of water from the 
operating fluid. If ice particles form at low temperatures, servovalve performance can be affected, 
Likewise, at high temperatures it is important to prevent fluid breakdown. For example, MIL-H-5606 
will begin to carbonize at higher temperatureso Therefore, it is recommended that an inert gas head be 
maintained in the reservoir for operation above 150 F. 

When conducting -65 F tests, the unit should be cold soaked until stabilized at this temperature. Prior 
to any performance test (see paragraph 5. 2. 3. 3(1)), the unit should be cycled with -65 F fluid, with 
control ports blocked, at ±50% rated signal for a maximum of 20 cycles at a maximum rate of 1/4 cps. 

At -20 F and +275 F some operational parameters are usually measured. It is important to stabilize 
the servovalve and fluid at the test temperature prior to conducting the test. It is common practice to 
run tests under standard test conditions, before and after the tests at -20 F and +275 F so that perform- 
ance changes, such as null shifts, can be deterxnined. 

6.7. 2 Altitude - Since servovalves are designed to operate at very high absolute pressures, the change in ex- 
ternal pressure due to altitude changes is insignificant and can be ignored. Insulation resistance, how- 
ever, can be affected; especially where terminal connections are e~cposed to the environment. Therefore, 
only this test need be conducted during application of the environment. Since no permanent performance 
changes result from this environment it is not necessary to run pre- and post-environmental performance 
tests. The insulation resistance test is conducted in accordance with paragraph 6. 3. 1 with the specimen 
placed in a suitable vacuum chamber. 

6.7. 3 Vibration - One purpose of this test is to prove that the servovalve will maintain its structural integrity 
during and after application of the specified vibration levels. Another aspect is servovalve performance 
during the presence of vibration (in particular, null shift and control flow caused by the vibration fre- 
quency). To determine servovalve performance during vibration, it is necessary to operate the servo- 
valve and make appropriate measurements. It is impractical to perform tests for individual servovalve 
parameters during the vibration test. Therefore, it is recommended that the sErvovalve be cycled in a 
low gain closed loop during vibration with command, output, and error signal continuously recorded. 

. ~ 

.: 

~ ~ 
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The amplitude and frequency of the command to the closed loop should be low so that flow saturation does 
not occur. Error signal traces will then reflect servovalve threshoid, d-c null shift, or any servovalve 
instabilities that may occur. The recommended procedure is to adjust the loop gain to about 40 sec -1  and 
apply a triangular command signal of 1/3 eps which calls for a velocity not to exceed the equivalent of 10% 
maxunum servovalve flow. 

The servovalve vibration fixture should be designed for low cross talk and so that no resonances occur 
below 3000 cps. The fixture should allow the unit to be vibrated along each of the three mutually per- 
pendicular axes and provide all hydra.ulic and electrical connections. In addition, the fuiture shail contai 
provisions for accelerometer mounting near the attach point of the servovalve for each of the three axes. 

6. 7.4 Sustained Acceleration - Sustained acceleration conditions allow for specific parameter measurements 
during application of the steady state environxnent. The pertinent servovalve parameters that may be 
affected by this environment are threshold and null bias. Each of these parameters can be measured in 
the blocked load condition. Therefore, only supply and return connections need be provided, with pres- 
sure transducers in the two blocked control ports. 

Special precautions should be taken in this test set-up to avoid servovalve contamination. Since hy- 
draulic fluid must be supplied to the test specimen through a rotary joint, it is unportant to carefully 
fiush the entire system prior to servovalve test. It is also advisable to include a filter in the supply line 
downstream of the rotary joint. Additionally, care must be taken to keep pressure instrumentation as 
physically close to the valve as possible to minimize errors resulting from accelerated columns of oil. 

6. 7. 5 Shock - Shock tests are intended to prove structural integrity during and after application of the speci- 
fied shock level. Because the time of application is extremely short, it is virtually unpossible to mea- 
sure actual servovalve performance during the shock test. The primary measurement consists of com- 
paring servovalve performance before and after the application of shock. Normally, the servovalve is 
pressurized during this test. 

If a measurement during the shock test is necessary, pressure transducers with high dynamic response 
can be placed in the blocked controi ports and the unit pressurized during shock applications. If the 
shock wave causes a servovalve oscillation, or null shift, this v~rill be detected by the pressure trans- 
ducers. 

The shock test fixture should allow servovalve orientation in three axes and should not have any signifi- 
cant resonances below 3000 cps. In addition, the fixture should provide supply pressure and return con- 
nections to the servovalve and if required contain the pressure transducers in the servovalve control 
ports. Oil volume in the blocked control ports should be kept to a minimum. 

6. 7. 6 Humidity - This environmental test is classified as passive so the servovalve need not be operated nor 
pressurized during application of the environment. The insulation resistance test per paragraph 6. 3.1 
should be run before and after this environment. 

No special test equipment unique to servovalves is required during this environxnental test. Special 
precaution should be taken to seal the base ports of the servovalve with a dummy manifold and insert the 
mating electrical connector prior to the humidity tests: 

6. 7.7 	Salt Spra.y - This environmental test is classified as passive so the servovalve need not be operated nor 
pressurized during application of the environment. The insulation resistance test per paragraph 6. 3. 1 
should be run before and after this environment, and external leakage per paragraph 6. 4. 2. Again, 
caution must be taken to seal the base ports of the servovalve and to insert the mating electrical con- 
nector during application of salt spray. 

~

6. 7. 8 Fungus Resistance - This environmental test is classified as passive so the servovalve need not be 
~~ 	 operated nor pressurized during application of the environment. The insulation resistance test per 

paragraph 6. 3. 1 should be run before and after this environment, and external leakage per paragraph 
6. 4. 2. Base ports should be covered and the mating electrical connector inserted prior to testing. 
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~ 6. 7. 9 Fluid Contamination - This environxnent has not been standardized nor ha.s acceptable performance of 
the servovalve been clearly defined by past practice. Additionally, it is ve,ry difficult to control the 
contamination conditions during this teste 

The recommended ma.xiinum contamination level for meaningful servovalve testing is Class 8 per 
NAS 1638. 5ervovalve performance, as affected by contamination, is assessed in two ways: Operation 
during application of the environment is continually monitored to measure general performance, and 
threshold in particular. Effects of fluid erosion are measured by complete performance tests before 
and after application of the environment. 

6. 7.10 Life - Servovalve life tests are directed towards establishing the extent of performance degradation 
a£ter the specified life requirements. Servovalve output is continuously monitored to insure that the 
test unit remains operational during the entire life test schedule. Complete performance tests are 
run before and after life testing. Intermediate performance tests are optiona.l. 

The primary purpose of life tests is to assess performance degradation due to normal usage. There- 
fore, it is important that the servovalve not be exposed to abnormal environments during the test 
program. In particular, contamination level during the test period should be carefully controlled 
since servovalve wear is largely a function of contamination. . 

For the purpose of possible product improvements, it may be desirable to perform a complete dis- 
assembly and inspection of the servovalve subsequent to the life test. 

7. QUALITY ASSURANCE AND RELIABILITY CONSIDERATIONS 

7. 1 Quality Assurance Considerations 

~. i. i scope 

It is the intent of this section to discuss quality considerations unique to servovalves and to compliment, 
rather than to recommend, a quality assurance program. It is presumed that both servovalve manu- 
facturers and their users mainta.in effective quality assurance programs, pla.nned and developed in con- 
junction with their other functions. 

7.1. 2 Contamination Control 

7. 1.2. 1 Built-in Conta.mination 

Control of sources of contamination during the assembly of a servovalve requires the application of 
stringent controls to assure all parts are free of burrs and residual contamina.tion from previous 
manufacturing processes. Assembly areas must be well controlled to minimize airborne contamina.- 
tion and be isolated from equipment which can generate conta.mination. 

7. 1. 2.2 Hydraulic Fluid Contamination 

The control of the contamination and properties of the hydraulic fluid are extremely important in the 
manufacture and use of servovalves. Contamination not only contributes to operationa.l failures but 
can result in decreased life and erroneous test results. 

7.1.2.2.1 Filtration 

The importance of adequate hydraulic system filtration cannot be minnnized. The filtration system 
should be capable of controlling the particle count and distribution within a prescribed tolerance 
range. Contamination below five microns can have a significant effect upon the silting character- 
istics of a unit utilizing lapped spools and sleeves having diametral clearan0es of this same order 
of magnitude. 
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7.1.2.2.2 Samplin~ 

The proper sampling of a hydraulic system is a vital factor in the control of contamination. Proper 
design and placement of sampling valves coupled with controlled sampling procedures are necessary 
to minimize the introduction of contamination by the sampling procedure. 

?. 1. 2. 2, 3 Analysis 

Once a representative sample has been obtained, the analysis of this sample is of prime importance. 
Many methods have been devised to determine contamination levels of a fluid; however, the most 
widely accepted sta.nda.rd is the method described in SAE ARP 598, regarding particle counting. 

7.1. 2. 2. 4 Hydraulic Fluid ProAerties 

The control of the physical properties of the hydraulic fluid is important in obtaining consistent per- 
formance characteristics from a servovalve. Duplication of test results from one facility to another 
can be influenced by differences in the fluid's properties. 

7.1.2.2.4.1 Viscosity 

Fluid viscosity is influenced principally by temperature and the mechanically shearing of the vis- 
cosity ixnprovers. Control of viscosity is significant in obtaining consistent leakage measure- 
ments. 

7.1.2.2.4.2 De~radation 

Excessive water content can produce gelatines in some fluids. Also, particulate contamination 
can accelerate fluid degradation by acting as catalysts to form ~iarmful by-products. 

7. 1. 3 Test Equipment and Ga.gin~, Calibration Tolerance 

The manufacturers of servovalves will normally maintain a calibration system in conformance to 
MIL-C-45622A. However, it should be understood that within practical limits and state-of-the-art 
boundaries, calibration tolerance ratios of 10:1 will be sought as a goal. The calibration ratio is the 
accura.cy of the caiibrating standard to the accuracy of the equipment being calibrated. In the cases of 
extreme accuracy the standa.rd is sometimes used as the measuring instrument, resulting in a 1:1 ratio. 

7.2 Reliability 

7.2.1 Scope 

It is the intent of this section to discuss reliability considerations unique to servovalves and to compli- 
ment, rather than to recommend, a reliability program. Reliability requirements in the form of either 
a numerical value or a reliability program, or both, are sometimes specified for a servovalve. When 
specified, reliability requirements should be wel~ defined and should reflect boundary conditions parti- 
cular to the system in which the servovalve will be installed. This requires consideration of certain 
aspects pertaining to servovalves as discussed in the following paragraphs. 

7.2.2 Considerations 

7.2.2.1 Application 

The application will normally govern whether reliability requirements are specified, and the extent of 
these requirements. This may be decided by failure consequence in a higher level equipment, by a 
higher level equipment contract requirement, or by other factors. 

Considerable divergence exists with regard to operating characteristics, environmental conditions, 
and duty cycles. For this reason, a universal reliability requirement for servovalves is not 
consideredfeasible. 
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Where it.is deemed necessary to specify reliability requirements, the following factors should be 
considered: 

(a) Servovalve failure consequence in higher equipment application. 
(b) Vulnera.bility of anticipated designs to malfunction. 
(c) Available service experience, applicable to the. servovalve being specified, as to demonstrated 

reliability. 
(d) Demonstrated reliability versus required reliability. 
(e) Practical . potential for improving servovalve reliability. 
(f) Intentions for employing servovalves redundantly, or for providing other redundant features. 
(g) Constraints of program (i. e. , number of servovaives procured, procurement lead time, span 

time of application, cost, etc. ). 
(h) Operational and environxnental conditions particular to the system in which the valve is to be 

installed. 

7.2. 3 Numerical Reliability Requirements 

When a numerical reliability requirement is specified, it should be expressed as a requirement which 
can be realistically measured. Therefore, when a numerical requirement is stipulated, demonstration 
test requirements should be defined to permit the servovalve manufacturer to assess the ability of the 
particular servovalve to comply with the specified numerical reliability requirement. Performance of 
reliability demonstration test may not be required. 

It may be possible to employ similarity data to indicate compliance with the reliability requirement. In 
any event, evidence submitted to verify compliance with specified reliability should be based upon test 
and/or other empirical data and not on reliability predictions based upon questionable arbitrary assump- 
tions and numerical data. 

7.2. 4 Reliabilit.y  Program Requirements 

Formal programs such as those specified in NASA documents NPC 250-1 and MIL-STD-785 are all in- 
clusive and are intended to be applied to complex systems. These programs are not normally appli- 
cable to components such as servovalves. 

If a reliability program is required, a practical, direct approach is recommended. A program plan, 
tailored specifically to the servovalve under consideration, should be prepared and effected to direct 
reliability task. This program plan should specify specific tasks to be accomplished rather tha.n to 
catalog reliability principles. A reliability program may be applied whether or not a new design is in- 
volved, to assure the effectiveness of the design and quality assurance effoits. 

Some reliability program considerations are listed below. 

(a) If a new design is required, inherent reliability can most effectively be achieved through a con- 
centrated reliability design effort performed by experienced designers, started in initial design 
concept phase and continuing through design completion. A failure possibility ana.lysis is recom- 
mended as the initial step, to serve as a guide for reliability design review.• 	 ~ 

(b) Program should provide actions to minimize degrading effects of human factors, tolerances, 
process variances, and other manufacturing limitations. 

(c) Special tests on materials, processes, component elements, subassemblies, etc. , may be desir- 
able to determine or verify reliability of these elements or processes prior to production incorpora- 
tion. 

(d) Production sampling tests may be desirable on certain elements or assemblies, or on the complete 
servovalve assembly, depending upon the potential for and degree of production variance. 

(e) Reliability program should include provisions for failure analysis, da.ta feedback, and design or 
manufacturing correction for reliability retention and/or growth. 

i ~ 
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~/ 7. 2. 5 Reliability Test 

Where a numerical reliability requirement is specified, it is desirable to also specify a high-confidence, 
statistical reliability demonstration test to verify achievement. If this is deemed impractical, consid- 
eration for de-rating, such as application of endurance cyclic multiplication, is suggested to provide a 
qualitative level of high confidence. Other types of hybrid (non-representative) reliability tests may be 
specified, depending upon application and funds available. 

7. 2.6 Reliability Prediction 

Due to unavailability of applicable servovalve piece part failure rate data, and due to critical interfaces, 
reliability predictions using the generic failure rate method or other analytical techniques do not provide 
valid indication of compliance with specified reliability requirements. Therefore, actual service or 
test da.ta should be used when possible, in performing reliability predictions. 

~ 

PREPARED BY THE SERVOVALVE PANEL 
OF COMMITTEE A-6, AEROSPACE FLUID POWER AND CONT80L TECHNOLOGIES 
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Figure 2. Normal Flow Curve 
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