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1. PURPOSE:

1.1 General - It is intended that this ARP will set down guidelines for the develop-
ment and test of reliable rotary vane and/or linear gas sctustors. Speeifie
oparational and test requirements shall be specified in a detail specification.

1.2 %ﬂciﬂc - The sreas to be discussed are: BRequiremente (performance, environ-
fe, and reliability), design and fabrication, snd test considerations.

2. BCCrE:
2.1 TDefinitions

2.1.1 Gas: OCas :l‘or th.e purpoae of thia ARP, shall be defined as the gaseous

F‘Oﬁmt( EIEraa vrlluh of
Tiguid of as heated N,,

, o0 [(steam), ete., which may have similsr physical mical proper-
ties as phe defined "gas"”, are usged to effect testing e , they may de
conside

2.1.2 Linear Aptuator: For the purpose of this ARP, a r actuatagr shall be con-
aidered fto be any gas powered device, generally isting of a piston and cy-
linder, inh in its energy converting stoage rﬂages gas energy to a direc-
tiomal (push and/or pull type) mechanical

£.1.5 Vane Acthator: or the purpose of this §gﬁ. e vane actuator be con-
sidered to be any gas powered device, rally consisting of g rotating shafi,
with one| or more vanes, enclosed in ing, which provides inlet and

outlet pprt. In 1ts energy convert stage the vane actustor |changes gas
energy tp rotary mechanical power@ith generally less than one |complete re-

\O

To be consiclelgﬂ in the development of the "gas detuator” but
of this Ai’@e puch devices as the servo control walve, speed

2.1.4

-

cutput conver devices, servo loop feedback mechandlsms, snd dy=-
racteristic the driven load.

-

2.2 Design Co ﬁinlerat;sﬂn

2.2.1 L.T..t‘e. 'H'i..Ll generally define the life requirements of |"gas actuators”
Tor thre categories of flight vehicles.

2.2.1.1 Long Range Alr Breathing Vehicles - The actuators for this type wehicle
generally will have both a long operational and ground checkout life.’

2.2,1.2 Manned Re-emtry Vehicles ~ Actuators for this type vehicle generally will
have a moderately long operational life, but will be significantly less
than their ground checkout life.
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2.2.1.3 8ingle Use Vehicles ~ Actustors for this type vehicle have a long ground

checlkout life with o short operational life.

Lrom o

Bavironment ond Performanca:

The operational
few seconds to several. hours.

life may range

This ARP will be confined to discussing the en-

vivonments and gas temperatures most likely to be encountered, listing sore of
the perdowmonce paronmeters without numericelly defining them, and to specifying
tests to show complisnce with the periomiance and reliability requirerents

vndex the

expected environmentel conditions. This ARP will not

Sie "gos actvator".

3.  DiESIGH ARD FABATCATION:

3.1 laterisls -
ations oy -

[

ALL masen)
that stre
life wequ

Poctors b
nerabure
stress le
rosion, &

Protectiv
et be u
of berper
lide roau
SoLiG=nhe
advisoble
peratures
dlven to

speciol ¢

The use o
sccelevalb

11l naberisls nust be carefully selected
hermal exponsion hetween adjacent reibers.

bs-creep at temperature is held to s nininmwm, ag.over
Lyerents.

b he considered i'or ‘the selection of materials ot the
o o given bime gholl include: therma)l coefficient o
rel. ot thet temmereture, creep, corrosion end heat res
N4 nueleor environtent.

&

|*

coatings to guard asainst oxidetion end corrosion of
ped wherever the bese netol may be subjected to levels
btures ebove its upper limib of oxidetion resistance,
.rerRents.

e Gry lubricanbs tvo xeduce friction forces and increa
viere the tenperature renge is such thet they may be
beyond the useifullness of dry type lubricants conside
boft oxides of smsting moterials.

Orxzonde mpberiols fox seals, dlaphrepsns, ete., may be used with

pnsiderotion given for epplicetion and life.

' waberiol. combinotions whose chemical reactions to ca
A byhigh tenperoture shell be avolded.

define & speci-

ninst wide vari-

Lols vncer highly stressed conditions must be carerully selected so

1ed by their

pperating tern~
' expansion,
Lstence, er-

the base metal
and durations
iepending upon

se life may be
hoed. At tem-
rattion may be

caubion with

bl other are

3.2 Design and

ponstructlon =

Design and construction ofl the ectuator sinall be such

thet the eryosion or bulld up due to the reaction of the gases and the materials
will not result in reduced relisbility or sbnormal. operstion at the required

tempaerature

Lor specidied tine.

roximm loads fox the Gesign life of the uvnit.

Rotating mexbers sholl be mounted in bearings of adequabe size to carry the

Inagimen as no hondboolt dato exists on bearing opevetions ot highly elevated

tenpevotvres, caubious judgenent should be cizercised at all times, even at the
posgible expense off odded weight, to insure sgoinst seizure or gelling.
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3.2.3 In applications where output shaft seals may be required, low-force, pressure-

balanced seals should be eumployed.

If shaft seal leakege is critical, as out-

lined in the detall requirements, there may be some advantage in dual shaft

All actustor clearances should be selected so that a minimum quiescent flow is

attained when the unit is motionless uncder a static load, or unloaded, as spe-
cified in the detail reguirements.

All moving members shall be mounted in such a mammer that G loadings and shock

do not deteriorate performance and life, and so that they do not cause de-
structive vibrations in themselves or to the rest of the actuator and related
snd/or atteched equipment.

seals.
3.2.4
3:.2.5
3.2.6 The Momey
piston ay
with rugg
plicatior
3.2.7 Due to tj

actuator
consumpt
as low g
under qui
usage wil
on the ad

3.2.7.1 The chgq
actuatd
tional

In all
be held

3.2.7.2

3.2.8 In the ey

escent conditions.

tuator.

environments.

to a minimuom.

actuator

3.2.9

[T of Inertis of the robtabting members Ol Ghe Vane actug
d rod of ‘the linear actuator, shall be as low as poSsil
edness, relisbilibty, and good design practice.

the maxirmum allowable Inertia should be specified.

e high weight penalty for the hot gas to be used in mo
s overall gas consumpbtion shell be as lou‘as possible.
on at maximum output horsepower may noty\in meny cases
s consumption at either low output toxdgue, low oubput

1 be at less than 10 per cent of peak power, with high

ice in selectlion between linedr type actuators and van
brs 1s dependent upon a carelful review of rated conditi

cases the volume of“the pressurizing gas, not doing us
This means that stroke displacements,
volumeg rmust be minimized.

rent that any‘dynamic spring-mass systems are used in e
system, they shall be sufficiently damped to insure ag
) under eonditions of anticipated vibration.

For an]

In all probabildity a large amount

Lor, and the
ble consistant
r specific ap-

5t cases the
However, gas
be as critical
speed, or even
bf the actuator
system pressure

e rotary type
bns and opera=-

pful work, shall
tlearances, and

ither type
binst adverse

require the
thrust loads

be mounted in

such a, manner to the speed reducer or other use functlon that the nisalignment
load imparted to the output shaft is minimized.

3.2.10 In many cases the actuetor may be designed to opérate with a servo valve of

specific performance characteristics.

In the design of the servo, the entire

sexrvo loop must be considered to the extent that the asctuator dynsmics mateh
the dynamics of the valve, speed reduction, driven menber, and necessary feed-
back circuitry.
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Becouse of the high wveliebllity requirements, o high degree of workmanship
st be exereised in fabricoting the actuator. In perticuler, care must be
exexclsed to ovold free perticles, henging burrs, or other contaminents which
noy dlslodge during operation end initiate a malfuncetion within the actuator
or within the system in which it will operate. In addition, great care must
be ‘talken to insure thot the correct surfaece finishes and clearances are
specified eand accomplished so thot random failures, premature wearout, and/ox
unnecesgery loss of efficiency cen be minimized. @Quality control inspection
of the highest caliber, most rigid integrity, end utmost thoroughness must
be exercised on even the nost insignificant seeming cormponent of the actuator
to ingure ogoinst faulty workmanship.

3.3 Static Performance = Tox vene type rotory asctuators the following three tests

chell epply:

3.3.1

3.3.2

34343

31]5-

Frictlong

Systen Dynpmicy -

Appliceble tests shall also apply to other types of sctuators.

gtell Toyque: The moxinum alloweble stell torque shall be - @effined in inch
pounds. [Sinece the stoll torque will have a significant efifect pn the weizht
of ‘the upit, it should be optimized based on a trade between servo torque

ragponse) rabte, end supply pressure.

Phe waxlrmn: ellowable breakout friction shall be dejfined in inch
pounds. |Since the breakout friction will hove g gignificant eflfect on sexvo
resolution, it should be minimized within the. clearence limits [required for
low leokpre.

fQuiescenp Jeokase:
desined
oeross b
oroidin, o
leakoge
‘the load

The noximu allowable" quiescent lealksge ©flow shall be

in pounds per minube of gas. It will occur in tuo forns, leakage

1¢ lood ports ond external ledkage to the ambient sbuogphere. I!ere
trode ostudy rust be made Lo determine the optirum condition. All

s detrimentol from e fuel-consumption stondpoint, but [Lleakape across
ports adds dewmping tocthie sexvo.

The actvobor with its speed reducer, driven fumction, input

BEYVO VoLV
control. ne
st be inpegrated.
Loop.

31 Il'ol

3.2

3.3

3ol e

30,5

e, onplifilers, cemmond input, ond feedback network shall comprise the
vo systen. In econsidering the actuator dynamics, the |entire system
The /dynemic values should be those for the whole actuation

The inexpio loads shell be specified in 1lb.in.=-sec. 2 for rotayy motion, in
1. sec. 4/incly Por lineor motion and reflected to some specified point in ‘the
systenl

The moximm load shall be specified in in-lbs/redien for rotary actuator and
in 1bs/inch for the linecor octuotor end reflected to some specified point in
the systen.

The serodynomic spring rate shall be specliied in in.~1lbs/radian.

The woximum surfoce deilection shell be specified in + radiens.

he oubput motion shall be specified in radiens per second in the case of
rotoxy motion, end inches per second in the case of sliding motion or a com-

binotlon thereof.

Page 4 of 8
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3.k.6 The frequency response shall be specified as the ratio of output to input in
db versus frequency with a corresponding phase lag envelope, and measured ab

3.h.T

3.4.8

L.

some Tixed and specified input signal amplitude.

Assuming a rigid atbachment point to structures, the minimum alloweble natural

frequency shall be specified in radians/sec.

The static stiffness, assuming a rigid attachment point, shall be specified in

in=1bs/radian reflected to the output shaft.

ENVIRONMENTAL CONDITIONS:

4,1 Vehicle Environment - The vehicle environment is that environment to which the

actiabor will be subjected due to the requirements of the vehicle mission pro-

Trile.

Suelt environmental parameters as ambient temperature, abtmo

sure, vibrgtion, acceleration, shoeck, ete., fall into this catege

h.1.1

4;1.2

h.1.3

i TN

h,1.5

Anibient
cipated
a detail
2000°71.

emperature: The ambient temperatures shall be based o
igsion profile and shall be defined for each, specific
specification. These may vary in the neighborhood of

Vibration: The amplitude, frequency, and g loads of the vibrat
to which the actustor will be subjected dependon the type of v
profile ¢f the mission in which it will be msed. Some applicati
quire th t a Random Excitation Spectrum be ' specified as well as
Lnvelope

e actuator shall be capsble of withstanding the requi
ong any axis without compromising its performance. Th
d represenbs the maximuw condition to be expected in t
portation of missiles and/or missile and alrcraft comp
S,

ion: The maximwm accelersbion along any sxis shall be
each actIator application in a detailed specification.

Atmospheric Pregsitre: The atmospheric pressure to which the ac
haust shgll be_gpecified .in terms of time vs. altitude. It is
especially féx, low pressure units, that an abnosphere pressure
pover curye be 1ncluded so that the actaator can be prqperly si
pover use - . 0, g ]

cases the maxlnmnipower reoulrement w1ll occur at sea level or

Epheric pres-.
r’yl

n ‘the anti-
bpplicetion in
500CF to

ional spectrs
thicle and the
ions may re=-

a Sinusoidal

red impact

e specified
he handlin
pnents and/or

specified for

tuator will ex-
pf importance,
vs. actuator
red to suit the

Litudes.

In many
slightly above.

k.2 Actustor Environment - The actuator environment is thet enviromment resulting

from the use of the gas actuator itself.

Perameters such as ges temperature

and pressure are the principle ones to be considered in this case, although
actvator noise generation and uvnbolanced vibration are inportant.


https://saenorm.com/api/?name=c6373cfe1200fbbd3728e2c52d2df3ff

SAE INTERNATIONAL ARPT777A Page 6 of 8

k2.1 llot (oo Temperature: The temperature of the pressurizing ges for the actua-
tor Will he largely dependent on the fuel selected to provide the gas. her
fectors such og vehilcle anblent tempersture con influence the gas tenperature
in cases where It Is much higher or rmuch lower thon the gas temperature end
the wninsuloted tublng runs are quite long. The actustor shell be designed
so ‘thet 1t will perforn sotisfactorily from a gas source of the temperature
to be encountered in service. Vorious types of fuels will provide pressur-
lzing gos ob ddffexent temperotures depending on how they are used.

k2.1, A hydrosen-oxygen Fvel-oxidizer conbinetion can provide good fuel eificiency
ot gos tenperatures os Llow as TOOCF., ILower SIC's can be obtained by in-
ereaping the temperaturs, bubt the oversll adventeses are sonewhat dubious
in that o {"J.'GB‘GOI‘ oroportion cu. o.r:y{,en is required. Th:l.., reaucec ‘the
oxount o : - abio of hydrozen
1o oxyden (1001’0&9@9 ‘to the stoichlome‘bric conbustion condi‘c::.cn the actual
cos tenperature rises above LOOOOT.

k.2.1.2 Tiquld monopropellents such as hydrogen peroxide end Wydrazide have decor-
positign temperatures in the 1200°I" to 13000F ranges “In the |case of hydra-
zine, Yhe lover Limit (L200°F) can be epproached without e great penalty by
censing o yelabtively high oxmonio dissociatlion 6 occur in the deconposition
chonibey.

k,2.0..3 lost of the solld propellents, either single base or double bYese, have
corbusion temperotures in excess of 2000°F. These temperatyres will un~
aoub tedly be tenpered somewhet by the tine the gos recches the actuator

travel for any distence throusn wninsuloted tubing in o lower

vehldeld axblent temperature.

haa.8 Robed Gog Prespuxe:  This document will not specify the reted [ges pressure,
05 tinls Will be entirely dependent on the propellant and systen selected.
ator type chosen willin turn depend, to a large extentl, on the roted
prassuxe pnd the work funebion selected. The rated gos pressure and its
upper end Lower linlts shall be clearly specified in the detail] specificetion.

k.2.3 Noise Generotion: _The upper limit of ellowable noige generetion radiated by
‘the actvoftor to the-vehicle shall. be specified.

k.3 Stoxosze Faviiromidpbts - The complete storsge envivonments shall bl veviewed ond
considexed fin &he actuotor design.

5. TESE EOULRELTET

9.1 Panctional Tests - Iunctilonol tests may be run on the actuator alone withont the
other portions of the servo loop.
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