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BIOSATELLITE ATTIIUDE STABILIZATION AND CONTFOL SYS1EM *

This papexr will present the Attitude Stabilization and Control
&ﬁgggxﬂtﬂle&p
System for NASA's earth orbiting Biosatecllite, The object of the €S
experiment is to show extra~-.nrrestial effects upon.the life cycle of
cértain plant and animal life, , '
The Attitude Stabilizalion and Cantrol System is required to control
the effects of gravity, and to align the venicle altitude prior to relro
fire., The operational description of this system will be inciuded, showing
the control technique employed and the block diagram development for each
mode of operation, The system description Qill include all sensors employed
in gaéhering the required body inférmation for accurate vehigle control, and
. the system transfer function diagram and stability analyses, The vehicle
, modes of operation will Le defined with an explanation-fos esch, This
papor will also cover the analyL1ca1 aspccts of *he desxgn, and w:]l specify

[ [ T : PEr— - e . ey

the guldlng equatlons utillzed . Spec1§1 case analyses will be included,

PO T

‘showing the effects of natural phenomena upon vehicle response.
Since the fundamental operation of the centrol system is non-linear,
single axis phane plane analyses will be performed to describe the stability

of the system, Critical factors of the analysis will be identified, such as
. . .
acquisition time and gas consumption for the two basic modes c¢f operation,

The optimization of the torque level and switching lines will be discussed

in light of the vehicle requirements,

In addition, the anal&tical'studies will be compared with the results

Y R ARy B et Attty et T A ,m( NpATen ».r-\, 2 v

uwof the kgbrld smolahon mhd\ ;wes ‘conttderation o the qccond oxdep o et el

effects upon vehicle performance.
% Work is being performed on Contract, NAS2-1900 from the National Aeronautics
and Space Administration, Ames Research Center, Moffett Field, Calif.
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Be oV IREHENTS,

v

Biosatellite is an earth orbiting biological satellite designed to operate

for extended periods of time outside the limits of the earth's gravitational

. Reoenlitdte.
field. Th? purpose of 'Wme!' is to determine the effects of radiation and

I" a
weightlesséess upon the life cycle of plant and animal life. In keeping with the
! ¥ .

mission bﬁjectives, tﬁé attitude cont;ol system (ACS) on board is required to
maintain the acceleration forces on the experiments within 102 G for 95% of
thé orbitay flight, and not to exceed the absolute limit of 0.95 X 10'4 G.

in addition, at the end of the flight, the ACS is gequired to aligh the vehicle

in the proper attjtude for retrofire and eventual vehicle recovery.

The attitude control system on board the spacecraft is a closed loop

- [Eapees LI SE et
snverm

rate damped nonlinear control system which is required to stabilize the
spacecraft in both a rate mode and a position mode du}ing the respective two

phases of the exospheric flight. The block diagram of the ACS is shown below

[}
in figure | . The maximum allowable rate limit was established to comply with

nm——

the acceleration requirements of the mission, and this criteria was determined

by studying the dynamics of rigid bodies. .
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The chove equacions were cvaluated at the experiment location (Rx=-1.,975 Rym=0.70/,
i
A

Rz=0.888) for values of a)and;b varying between 0,.115-0,40 degrees/sec and

wsr\
0.0~0,06 dcgreea/sacz,respccitvely, to aaeertainﬂcombinations £ $ach which

o Yoo

would satisfy the C requirements, It was decided that the rotutional disturbance

accelerations upon the uncontrolled vehicle would not be allowed to exceed

e I A R o — e e SETL et TV RRERIAER USETs U RS U PETSRssEEEE 0¥ smmm oo CooE ETvTmIT T o o

0.5 X 10°7 G. By applying this critmia, fipure_ Z (plot of equation 3 for

spiv rate) estnblishes the maximum allowable rate about each of the three

¥
E=3 B R B T

axes at approximately 0,286 degrees/scc.* iihen the Mehicle Fates are being = .

e - o e 2 N SRS ENINE W : Dy oE E EET Y W T vt @ o

controlled about all three axes (a worst case condition), figure__ 3

_establishes the control acceleration at 0.045 Jegrees/sec?, The rate limit will now

P

. gy TN 16y T MRS ECII WA VERER ey pwms wohr U eiemas, 5 Erbowe S0 28 & owmer B 1 BEETE T I

be utilized as the control threshold, which is restrained by pneumatically 3\ |

& io—— oomn o M

1nduced control torques acting about each of the VthcLe axes.

N R T Wb R Gmemog . Caiiedk BES CSEMIBD ek TRTRBO TS O MR TR Cees 7 @ sk kedvrdbeiams 81 2% Spn 5 a3 g% 0 Y ooomes L ooy

m\-rc HoDE

While operating in the rate mode, the vchicle‘position is allowed to Loy

drift and only the vehicle rate exror is nulled to within the ACS rate
threshold of o.286 degrees/s%c. Shown i gigurq__fa___ is the block diagram of
a single channel of the system while oper;ting'in this mode. The rate error

. signal of the vehicla is sensed by'the rate gyro. This signal is amplified
in the attitudg control programmer,which receives all signals from the sa;sors

and telemetry to be utllized in the ACS, The amplified signal then goes.tb

the jet controller.where it is fed into a threshold detector. 1f the error
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signal is of a sufficient amplitude, the threshold detector operates the appropiate
solenoid valve to reduce the vehicle rate by releasiﬁg the prescribed amount of
No/CF¢ gasecous mixture., This type of control is either full on or off, thus

; .
JENI "
recelving the mane EMng~E%ng nonlinear control system which may be analyzed
on a phase plane (see appendix A), and shown to produce stable rate control for
ot a’):t‘[fil 1':!,
the vehicle., 7o prevent the system from/repeatedly cycling on and off whenever
the rates exceed the threshold and are summarily reduced below the threshold,
hysteresis is built into the control loop. This eliminates pneumatic sputter '
and improves the efficiency and performance of the limit cycle. The switching
lines utilized in the rate control mode are shown below in figure_ 5 .
However, there is one drawback with systems of this type. The amplifiers,
threshold detectors, solenoid drivers, sensors, logic and other circuits
consume large quantities of electrical power, For missions of extendled
duration electrical nower must be conse'rved, and thus necessitated the mfa 'GGP
1)
automatic rate control mode. While operating in this mode, and when the rates
are below the threshold, all the ACS electronics are off, except for some sensing
circuits. Hgowever, once the vate threshold is reached the control system
(Asvsdmg NEGLIGABLE  TIHE detays)

electrohicspfre triggered on by the rate gyros, and contrel is resumed in the

usual fashion. The‘hystersis built into the control system,as shown in the
T QpuTTaR i3 THE UNDEVRABIE SPRAIIDG  of GAS 1w AW VW ConTROWED Fashion . (T issgeesh B BAPIO crctmcl
of THE SLeunn YALIE, WHERE THE RESNOSE DMe of Tl SOt WNE Eviélos THE DEAY TIMe of The PUCHIAAT|

ExHAV ST, | :
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v ,
c¢mtrol diagram, figure G ,. also pregg%nts the ACS from switching b ck and
. \ ¥ :

forth between high and low power. The block diagram of the rate control mode

is modified as shown in figure [

PosiTlod wHooE
The position mode of operation is required to stabilize the spacecraft
CJ" il .

. ! W ' /4
in the proper attitude for retrofire. The Beorbit Mode as it is referred to,

1is commanded via telemetry at the end of the mission. The vehicle is again
controlled by the same bang-bang thrusters as in the rate control mode.
HOwever, the control equation is modified to correct for position errors.

~
£ Als / n
v L

The position error signal obtained from the attitude sensor is summed with

the rate error signal. Both of which are processed in the ACP before they are .

summed. in the jet controller. AS shown in figure & ,after the signals are.

[l

l':"
summed, they are also amplified in the jet controller, and corried to the T/D.
TRAMS M T4 4

1f the signal is of sufficient magnitude the T/D operates the proper solenoid
[} .
valve until the position error is nulled. The control equation which directs
the vehicle motion in the position mode is shown below.
8*7(';):20

The deadband of 2° is selected based upon the élottment of tolerable

error to each somponent fo the subsystem (established by the subsystem error

- —— - s oo
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éqalysis), and the required pointing accuracy for successful deorbit é 1 recovery,
The gain of 7 sec, in the rate loop over the position loop was selected to
minimize the acquisition time and maintain the rate threshold, The switching
lines for this equation are shown in figure <) . The slope of the unsaturated
switching line is -1/7. At 4° the positidn signal is saturated, this prevents

of
the vehicle rates from becoming excessive, possibly reducing the system
performance by causing the gas consumption to increase during acquisition,

end also maintains the rate limit at 0.286 deg/sec. The rate limits, determined

from the positicn saturation of the control equation, are shown below.

Ogat *+ 76 = +20 ¢ @ = vehicle rate

. . X2 - Ogat

© Semncnmnnnaa © =vehicle poszition
7

€ = position saturation
1y

@ 4
Osat = X 4° DB = 2° © = -2/7, 6/7 respectively ;
egat =+ 4° DB = -2° & = -6/7, 2/7 respectively

o
Once acquisition is obtained the vehicle will limit cycle about + 2 (see
appendix A).

Each of the three axes is controlled independently of the other in both

-

" , ) S “' ,
the rate control mode and the Peorbit ektitude Jpde.”” However, during the

oy

..’%&' 4

' R ‘ . ‘
the deorbit attitude acquisition both roll and pitch must be‘&?quired before

e 13
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yaw control is initiated. This reqﬁirement i1s necessary because of t. \ nature
H

of the position sensors utilized in the control system. The roll and the pitch

A

position gensors arc infared horizon sensors, which null their respective (P
i otJ‘ ch
$0§ qe&f'

Pa l o'.‘t
vehicle axes errors with respect to the earth, This establishes a pléneﬂin

/ ! DESIEED ORI EVTRT I OA /u
“which: thr vehicle may rotate. In-order to obtain the third aﬁi@m yaw, a

i, ¥4

/ |
magnetometer is employed to sense the earth's magnetic field. Since the
magnetic field intensity and declination.(dip) angle varies widely over the
earth, only the horizontal component is utilized for vehicle control. This

necessitatés the magnetometer being in the horizontal plane before yaw control

me.y be obtained.

i ~ The arrangemgnt of this type of sensor system provides.the vehicle E UBU*6~::
Lo
. - e : Ppu‘llbé 2ETIC "gé(-n«"p'

with the capability of deorbiting anywhere along its trajectoryp Of course,

SINCE TR AESOTRY JEWCUS
o setttr p,tﬁoEBfT

BACK . «)P

‘- certain areas are more desirable than others, PaRT TICOLARYY 5
s To BF pecoveled  RY AR SAATEN oler THE BiCIFie,  quspareny Wi AN AATR4 SO0

W FHKT A pscodel] fo0e 5 TR i PecaveEr? MRCRAFT j Awo
(1T SXF T TITUDE CONTROL SENSORS ,S«;:Fkt?%s::\:qg o \ |

Rate Sensor-'The Biosatellite three axis rate sensor package is a triad of
single axis rate seésing gyros mounted such that their input axes are orthogonal
t? each other, and in the same coordinate system‘as the vehicle control axes.
Each gyro is corntrained to one deg?ee of freedom with its output linearly

proportional to the rate inmput.
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\' A rate gyro is essentially a rotating wheel mounted in a frame cs.led
the gimbal. As.illustrated in figure 1O , the gimbal of a single degree .
of freedom gyro rotates about only one axis with respect to the frame.

i7rs SP/NN IV G) MASS
The fundamental principle of a gyroscope is thatJAt prefers to stay fixed
within its coordinate system., If anlpxternal torque were applied to the
gimbal, a precession would result about the base, This phenomena is defined

by the relationship-

T=1xkx
- P I - inertia of the gyro wheel

.
“r

s - spin rate applied to wheel

‘LQ- precession rate
In the case of a rate gyro, the precession axis is the input axis, and the
tofque measu¥ed is therefore proporﬁional to this precession rate. A convient .
way of mea§uri;g this torque is to restrain the gimbal with a spring, and the ‘-
deflection of the spring will be proportional to the torque. This deflection,
in turn, is then measured electrically with a potentiometer or similiar pickoff,

To summarize the operatioms of a gyro:

‘

1. V ehicle rates are input agbout the gyro precession axis.
2. The precession 1s then converted to a torque by the gyro.'

3. The torque is proportional to the linear deflection‘of_

the gimbal restraining spring.
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, [
4, The spring deflection is measured with a pickoff,
Hence the spring restrained rate gyro sensor, mountéd such that the precession

axls is parallel to the axis about which the rate is to be measured, will

' TH1s SENAL IS
convert this input rate to an electrical output, whieh—+Autilized to rate

[
]

stgbilize and control space vehicles., An instrument of this type, of course,
4

has certain restrictions to assure linear operation. The bearings must have

an extremely low frictional level so as not to impede the motion of either

the gimbal or the wheel. The wheel is critically balanced so that the cross

EFFECT VLY
products of inertia are appreximetely zero, The deflection of the gimbal is

’

CoVTRAIN £
restricted by mechanical stops, which cenfénes the instrument to both operate -

in the linear range of the spring, and to maintain a small angular deflection
such that sin © = 8, The input-output relationship of the gyro is shown

below. The scale factor (volts/deg/sec) is determined by adjusting the spring

J ‘\Iot-'rs
c . ' f constant, k, of the gimbal restraining
[}
é spring. This output signal is in turn
DEG/SsE¢

amplified; filtered and transmitted to the

attitude control programmer.




“REPRODUCIBILITY OF MHE ORIGINAL PAGE IS

-

4 ”
Infared Horizon Scnsor = The IR censors will locate the horizon of th \carth

by detecting the differential temperature between cold space and earth, Each

sensor contains a rotating prism with a 2° x 89 field of view., The rotation

1

of the prﬁsm scribes a conical surface with a 11.0° apex angle., The seusor is

/
orientedfsuch that its field of view scans both the earth and space as the
/ . st

prism sweeps through a complete rotation,

Before the IR sensor may gather the necessary position information and
. 7
be utilized in the comtrol lvop, it 1s necessary to cstablish earth presence.
This is the threshold which defines the percentage of the earth to sky being
scanned, Too small or too large a pulse will produce poor signal resolution, -

A low signal earth pulse where earth-#ky contrast 1s greatly reduced, makes

noise a limiting factor. Each of these factors, in addition, to excessive

A
pirgaess | ie8SPMT

To obtain attitude ianrmation,t\energyNhich is naturalk;radiated

sunlight determine the criteria for earth presence.

from the earth and its atmosphere, is optically collecte; during the scan.

This energy is then’focused on an infared sensitive detector which produces
i

#

4 voltage that is related to the temperature of the area scanned. This «
detector is a thermistor bolometer. The bolometer is a transducer which

converts incident infared energy into an electrical signal which is proportional

L S
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to the radiant intensity. The output voltage will then appear as a square

¥ nl
4
v ve, as the prism alternately detects the ecarth and space during the scan.

[ T2 pes o B AR L AR

The pulse width of the squarc wave is proportional to thc tins o£ the earth

scan, Vehicle attitude deviation with respect to the earth is derived by

phase detection of the eerth scan waviform with respccttto a fixed reference.

W ogmsnoca o

The reference is initnilly set to codncide with the vahiclc control axis.
Therefore, whenever the vehicle attitude changes with respect to the local

.. vertical, an error signal.is generated by the scngor, This error_signal is

Eo T

then directly proportional to the vehicle attitude error., By utilizing two of these

sensors, one aligned to the roll axis, and one aligned to the pitch axis as: -

®

shown below in figure, [}, the horizontal reference plane of the vehicle g

weim o om o E=] ST My — 5 CEe o BB T GRS

with respect to the earth is established.

. EIIS ok we s e w3 oam M e EITReIRTE e O wEw Owe M *

The IR sensor will yield a position error signal whengver the vehicle
is misaiigned with respect to the earth. vHoweVer, certain natural phenomena
will also affect the signal, output, Clouds circling the eartl are at a
lower temperature than the earth itself, This results in a nonuniform
. earth pulse when the earth is scanned by the sensor. As a result, an eriopn-
eous position signal will be obtained. Another source of er;or is the
grazing sun. Tﬁis occurs whenever the sun rises or seés over the horizoq,

and is in the scanner field of view. This condition does not produce a suf-

’
¥

ficient temperature to activate the sun gate, and appears as part of the

WM s TR RN T W I W TE e smemyme ] L EE e ¥ , -
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earth, again tiving a bad position signal. ] ?

-

The pfobability of these conditions appearing over the deorbit zone is
small, and prior knowledge of the spacecraft performance will alert the

.. .._ground controller to their presence.

o/

. = om-—Magnetometer - The magnetymeter is an electromagnetic device utilized to
4

control the yaw axis of the spacecraft. It consists of 3 windings around

. o a 3. T e e o om

‘& magnétic core, & primary winding, a secondary winding, and the bias winding.

o

The primary winding is excited with an AC signal of sufficient amplitude to

saturate the magnetic material. Because of the magnetic saturation, the

n\\ 1\\ r\ o r\\ n\ r\ ‘ ni:”\ ,Xﬁ,\ .
A SN VIV
ST T TTTTPRIMARY | SECcoNDARY BIAS

t

flux which is inducad in the core will appear as .« square wave of frequency, f.

B % —

=
\J

However, a square wave with the zero crossing midway between the maximum and
minimum amplitude as shown above has no even harmonic components. When a

magnetic field, such as that of the earth's horizontal component, is directed
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which - '

longitudionally down the length of ‘the magnetic core, tbfs has the e ect

_ "REPRODUCIBILITY OF T POOR."" ]

- of‘biééing the square wave excitation signal, As the square wave is biased

so that the minimum (or maximum) amplitude tends toward zero, the even

t
Eapgear, such _that a square wave as shown below has-even and odd

/ l

! !
... harmonics. ;

, J ot
[~ =
w.,.,.!,.,.,_.,_.:__,‘m& : - , -
. _ —_ . — = = —_—— - BAS LEVEL  deJesd
, BY AN ExXTEFENAL

SRS B WY R Y A MAGRETIC FIEes,

harmonics

ey % WramEsy

[ T e

Therefore, the amplitude of the even harmonics is proportional to the

bias field or the magnetic field. Thus é;easurement of the magnetic field ... ' ..

/

e e @Y be-0btained by measuninguthe”relativeyamplipudeuofntheﬁseéond harmonic. B

This " is accomplished by tining thé "sécondsry Winding to the second harmonic.
The signal Zrom the secondary winding or pickoff.may be amplified and rectified
to yield a DC signal proportional to the magnetic field.

]

The bias winding maintains a constant magnetic field in the core. This

is accomplished by applying a fixed DC current to obtain a known constant field.

. / ,
The bias field is useful for the cancellation of known stray disturbance fields

and portions of the earth's magnetic field as on Biosatellite.
When controlling the yaw axis of the spacecraft, the vehicle is rotated

by the propulsion system so as to align the.magnetometer to give a zero output.

g N

A e A e . e
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As shown in figure 12 :“Thc magnetic error signal is null whéﬁ th%
magnetometer 1s perpendicular to the resultant of éhe bias and horizontal
component of earti's field, With proper bias applied to thg magnetometer,
the vehicle may be aligned in any attitude with respect to a known magnetic

field, which will null out,this field.
Y
The scale factor of the magnetometer (volts/degree) is dependent upon the
field being sensed. Therefore, the ggin of the control loop will change
accordingly, and the typical yaw switéhing lines shown in figure_léi_ are
valid for a 400 milligauss field only. As the‘field decreases the slope of
the switclilng lines.will jincrease and the saturation level will therefore r
_-Increase. As the slope approaches zero, the saturation level becomes increase-
ingly important. However; for the range of the earth's field which is sensed |
by the Bias magnetometer (250-400 mg), the decrease of the saturation level

.

will neither affect thé acquisition or the limit cyclé of Ehe vehicle.

L] . ,BE

N MAGNETOM ETEE

FIguee 12 = MAqUGTIC FIELD VECToRs

T .
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Orbital Disturbance Forces

The rate control mode maintains the vehicle rates about each of the axes .

5

such that the forces on the spacecraft do not exceed 10~ G, This rate limit

has been previously calculated to be 0.286 degrees/sec. In space, with an

A &f"ﬂosq«aéc AND’ " (SUQ& AS SolAR f(m.ru,es) -
absence ofj\a gravitational field, the disturbance forceshfre indeed low. ‘
i
X4

However, both translational and rotational forces do exist, and if allowed
‘to react upon the vehicle unchecked, they would quickly induce an artificial

gravitational field upon the vehicle, and invalidate the experiment., The

forces which are known to exist are shown below:

Drag- 201 NM altitude (translational) =-vw-=- 0.11 x 10'5 G

Exhausting Fluids (rotational)=-s~=erecnceccan 0.406 x 10~5 G
-5

Specimen (rotational,oscillatory)--==c-e-we-- 0.220 x 10 G

Except for the translational drag forces, all rotational forces may be contained
with Fhe attitude control system. Figure A1  shows how rapidly forces may
build up, and after 10 days in orbit the exhausting fluids would build up'

sucﬁ that the forces will exceed 10"'3 G, much beyond the tolerable level.
However,, when rate control was utilized, the phase plane of figure QAZ
1ndigétes how these disturbances may be nulled. A boilexr exhausting fluids

for 17 minutes will induce 3 axis rates on the vehicle, and in the pitch axis,’

e ap em e e e
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| ﬂ
these rates will reach a manimum og 0.36 degrecs/sec/orbit, if unche <ed,

€
To counserve fuel, hysteresis is built into the control, The control system

hystpres%s drives the rates far below the threshold, and since the disturbance

1s still ijprescnt they immediately begin to build up again. YWixhout hysteresis

]

this wgfld cause chatter in the system, and the fuel consumption during this
. !
mode of operation would increase, substantially.
The gas consumption of the system while operating in the rate mode was

: ' &
calculated to be approximately 4.8 lb. This consideredyworst case boiler

(hs ETRHIVEY BY P AAUISIS of THE ToiteR sysTem )
disturbance torqueshpf 17 minutes duration per orbit, and hwsteresis as shown,

To obtain more accu;ate data based upon mission contingencles, a 3 axis hybrid
simulation was generated which considered altitude variations, atmospheric
density, guro performance as well as the boiler torques. vThe reédits-are

ghown in table 4l. The hand calcuations comparzd favorably with the computer
simulation, since the comp?ter predicted a manimum of 5.67 1b at.200 NM altitude.

Gas Consumption Calculation -

A0 = 0.186 deg/sec ~between switching line "on" and hysteresis Moff"

+

e . - 2
8p= 3.56 x 10'4deg/sec ~disturbance acceleration from boiler
§C= 0.045 deg/sec? -control acceleration _ ,

Duration of disturbance =-17 min/orbit

4

time required to build up =Aé/5b = ,186/3.56 x 10" '= 522 sec

excessive rates

e e - a - . wn mas e . GRAEE LR W TE TR N e e A eeaid e ek o b
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A=3

numbsr of control ® 17min x 60sec/min / 522 scc =1.96 = 2
periods per orbit J

control thrust duration = A9/0g = .186/.045 = 4,13 sec

Pneumatic flow rate = 20,2 x 10"4 1b/sce

Mission flow rate = 20.2 x 10™%x 4.13 % 3 x 1/1.5 % 24 x 30 = 4.8 lb/mission

= lb/cec x scc/orbit x nozzles x orbit/hours x
hours/day x days/mission = lb/mission

ot
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Altitude Afir Density

115
220

135
180
130

160

115

220

115

High

High
Low

High
Low

High

High

High

Low

.High

TABLE fY-GAS CONSUMPTY

GAs Congumption

1.25

1,54
1.27

1,94
0,89
1.71

0.51

5.20

5.67

1.87

1b.n

1b-m
1b-m

1b-m
1bem
1b-m

2

1b-m

lbwm

1b-m

1b-m

Commente
Minimum Alt4sude
Maximum Altitude

Maximum~-Nominal Yy roS

Minimum~Nominal gyyud

Max{num-Degraded
Gyros

Minimun«Dograded
Gyros \

Worst Case
Boiler Torquas

Woceat Case
Boiler Torques

tr,
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Decorbit Mode‘Phawe Plane

The deorbit mode phase plane of figure 43 shows the typical performance
P
CA‘V!?:L St}

v !
of an un$rosscoupled single axils of the attitude control subsystem., Since

the ratel may never exceed 0.286 deg/sec; the acquisition time is dependent

I3 - L
! g 1

/ i . n : 1
ypon tg’ magnitude of the position grror. It may be calculated from equation A-1

[ . . . C e

/
below,

1a

" eq A-l 'I;'acq .. ll 9 + 0/ 286 SeC . R e [ P s

The acquisition time for the phase pl;ne of figure @ is 47 sec. It

' ‘ (eery ccrwc)
should be noted that the traJectory "walks up" tpe switching linqk puiur

¢ o m E
+
1'8

to obtaining a stable limit cycle. This normally“an inefficient means of

L]

acqriring the deadband., Cince the fuel consumbtion and acquisition time

1

cf these systems are usually excessive. However, for this particular design,

this is a secondary consideration. The torque/inertia ratio of 0.045 deg/sec2

and the 0.286 deg/sec rate threshold must be maintained to meet the system

£
peTIcE) e L f
requirements. To eliminate Ywaitking” at the sacrifice of either of these two

requirements is unjustifiable, particularly since the trajectory is within the

. peTlicénee i
"deadband limits before the "mlki.ng.‘ begins, AND TiE AT TJDS BIM 4Nal IS

OiTHY THE SIBSISTSM wq(jﬂefﬂéw:‘

' s e oF gag &
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