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PREFACE

This is the final report of work accomplished and results achieved
at the Experimental Control Group, Structures Test Branch, AFWAL/FIBT,
WPAFB, Ohio. The digital servocontroller was developed by Southwest Research
Institute, San Antonio, Texas, under Contract F33615-83-C-3201 during the
time period July 83 thru November 84.
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1.0 INTRODUCTION

This document details the results of Southwest Research Institute's
(SwRI) development of a prototype servocontroller system for the Air Force
Wright Aeronautical Laboratories (AFWAL) under Contract No. F33615-83-3201.

. The system which has been developed is a multichannel digital servocontroller
for use in the fatigue testing of airframes. It is shown in Figure 1. The
servocontroller is a self-contained unit capable of controlling test loads
which are applied to an airframe under test. An operator interface which
presents the operator with real-time measurements of the critical control
parameters for each channel is provided. The servocontroller is designed to
be configurable to different load applications. A fiber optic communications
link is in place which allows load profiles to be downloaded from a master
computer to the servocontroller. Additional features which facilitate the
start-up procedures (e.g., open loop bumping of individual channels for
mechanical linking of the structure to the hydraulic struts and step or pulsed
outputs to individual channels to aid in the tuning of the control loops) have
been designed into the system. The system's stand-alone capabilities (profile
generation and execution), versatility and easy operator interface make it
well suited to applications which require few control channels.

Section 2 is a summary of the installation and checkout procedures. The
hardware modifications which were required during this period are discussed.
Section 3 highlights the features of the servocontroller system including ver-
satility, speed and user friendliness. Section 4 discusses the limitations of

- the system. Test data which demonstrate the capabilities of the servocon-

troller system are provided in Section 5. Section 6 concludes this document
with a summary of the program results and recommendations for continued
efforts in this area. ’
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2.0 SUMMARY OF INSTALLATION AND CHECKOUT PROCEDURES

The system was delivered in a disk-based configuration, that is, the sys-
tem had not been "burned” into erasable programmable read only memory (EPROM).
There were several reasons for this: 1) some software remained to be
debugged; 2) certain software had not been completely tested (i.e., master
computer download routines, self-tuning routines); and 3) it was anticipated
that software modifications would be required in software that had been tested
and debugged. It was jointly decided between SwRI and AFWAL persomnel that
the servocontroller features could be demonstrated using the disk-based sys-
tem. Due to the ongoing software debugging, it was necessary to deviate from
the planned verification of the system as discrete components. The interface
between the hydraulic system and the servocontroller was easily accomplished.
Digital control of the hydraulic servovalves was achieved within the first few
days after delivery. The balance of the two-week installation and checkout
period was dedicated to the verification and fine tuning of the servocon-
troller system. Sections 3 and 4 describe the results of the system verifica-
tion in terms of the features and limitations of the servocontroller system.

There were two hardware modifications made to the servocontroller system.
A cooling fan was added above the microcomputer card cage due to the tempera-
ture environment on the test floor. The environmental temperature did not
allow for adequate heat dissipation. The second modification was the addition
of a multifunction module to the microcomputer identical to the one which was
originally installed into the system. One of the original intents of the sys-
tem was to execute the system program directly out of EPROM. However, the
method used in burning the program onto the EPROMs did not allow for this.
Consequently, the system required that the program be loaded to random access
memory (RAM) prior to execution. The multifunction module provides the
required RAM (32 Kb) for this task. The multifunction card was selected over
a dedicated RAM card in order to provide spare serial ports for the system in
the event of failure.
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3.0 SYSTEM FEATURES

The following 1s a list of the important operating features instalied in
the servocontroller system. Details on each feature can be found in the
Operator's Manual - Final Report, Volume I.
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Up to four channels of control provided

Two system modes: stand-alone operation and master-slave
configuration

Two loop modes of operation: open and closed

Four function modes: ramp generation, haversine generation, step gen-
eration and operator-defined function generation

Programmable ramp rates and ramp breaks

Programmable dump rate

Variable loop time, 2 to 10 ms

Synchronization of channels in achieving different load levels

Two methods for determining ramp time between levels: ramp-rate based
and constant-time based

Three hold options: constant time, percent of error and percent of
ramp time

Thfee abort options: dump, hold and lockup
Real~time display of loop variables

Three methods of load profile entry: download from master computer,
operator manual entry and random generation

Manual control of servocontroller gains

Fiber-optic link between a host PDP-11 minicomputer and the
servocontroller system
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4.0 SYSTEM LIMITATIONS

This section's intent is to recognize the limitations of the servocon-
troller system. An objective of the system which was not realized was the
gself-tuning feature. The method for self tuning which was implemented did not
operate as expected on the test stand. The reasons for this failure are not
clear but may be traced to three sources: 1) the self-tuning algorithm chosen
may not have been the proper one for the applicaton; 2) the self-tuning algo-
rithm may not have been implemented properly; and 3) the system model used for
the self-tuning algorithm may have been too simplistic. The constraints of
time and money did not allow for a thorough investigation of the problem.

The servocontroller system as designed presently cannot be used as a
“"dumb” controller. That is, it cannot accept external analog commands but

operates on internally generated setpoints based on the profile which has been
entered.

The hold option operates such that a hold will occur only as a discrete
load level. Therefore, if a hold is initiated while the controller is on a

ramp to a certain load level, the ramp will be completed and the hold will
occur at the programmed load level.

5

e N e e T s

(ST P P

Wt e e e - ). Lt S
- . c . - .t - .- = e -~ > - - PR - - 0 O N Iy * v - -
ot Tl -,-.'.‘,.‘..,_'._ PR W S Sl SIS, 5 Pl S TV S Sl A Sl VP Nl Sl & WA LU W, U WLPY W .. St
- s A &




....... — _ R B
(€ 30 7 193ys) .
6 NOILVMNOTANOD "
. 21 - % d0d¥3 QTIO0H =
LSAL YITIOYINOIOA¥IS 71 ANADIA ¥O¥¥Z - NOILJO QTOH “
i t: :: _:FE Hi dWVH - NOILONNA JdWVY Mr
~1.r5 .:* ﬂ _ sw 7 - dW1L 40071
1 | ! % - STINNVHO
5 i | INIL - IAOW, NOILONNA
1 + @3so1d - FAOW 4O0T
“. LI i
| "ANY13ATTD
w “ONI G71N0Y 'NOISIAIA SINIWNYISNI HSNYY
1 s i T i
| (it T A
A A I
g I | !
: i
e H .A_, H {H __1 + 1 1 N
. I AT HH H
: A A i
-n.. #xrl 114 ! 4 144341 {) 4 JF {1 14 JM ]
3 E: L (b ] _EL L 1] _
o B T SENN ST S S wTLlIITJTIl|T+l|iITLl* Rt iEE BT S I O S SR S|
. _; il ;ﬂ +_ il N
| TR 1
L .—\‘ %L : #J\W hit t ! bl I .
| il ity
' % A_ , i 11&\\‘._ _
.., | J* ! _ _ AF | Mm 1 \_4 H1 . .._
¥ h,:L L_ | Z. ? I B :Eq W:b 1l r. F»:t: Al il .:m.
‘Ado> 3jqepeae Isaq
. woy ku:voawx.
g EM
. it
: mi
: M
N !
: m
. m
_.~ _
_ |




N SR R T Mg
LM oty L B T 1 1 + 1 '
(€ 30 1 393yg) i
3 6 NOILVINDIJINOD ]
_ . sw 0001 -~ IWIL dIOH
LSAL ¥ATI0¥LIN .
n. 020A¥dS "zl F¥ADI14 AWIL - NOILJO G'10H
] dWVY - NOILONNd dWVH
3 I sw 7 - AWIL 4001
B | % - STANNVHD
] SH AWIL - FAOW NOILONNA
3 , w aiso1d - FAWOW dOOT
p e eans RSP RS R AREIPIET SR RUDS EIRI SRS CRFS EELN! ERRET SRS £ 581 3 P
'..
y
.
V..
T.
a i
b ‘ ]
. i
_... q
a ﬂ
1
- 4 _ Hi _
w.‘ _ — 1 ~
. I i
- ~ H \\.\Tr'i Il H
| Ll iR
i _
] I ! 3
i g “d
IH i X
~. H A v %L .\ -L
Al POty J45¢ ~.“u
..-.ﬂ
.\nu
...1.

"Ado> ajqejene




.

v

g NOILV¥NOIINOD
1530 ¥ITTOYINODOA¥ES 11 d¥Ndii

Sw o] 3Nt L UIOH
dWIL D - NOllc QIORH
sw T - FWle V0T

= - S 1INNVHD

IWIL - SCOW NOILONNA
G3SQ’iD - 3AOH 40071

JUUIEE QRPN AN S
b

‘Ado> 3|qejieae 152q
wouy pa>npo.iday




—oNIaIne 1 I
[T T A i £ NOILV¥NOLNOD i it
t | ik M il 1S31 YITIONLNOOOA¥IS 01 J¥NOId il it
! It i it
: : 1 ] Iy : _::_:::::_:::_:::_:::_ L\} i i i | xL..
T % 1 H tsh il _ su g = AWIL mnm»oq_m il {Mm T | ! {;
HiTHHE T T il ml_ﬂ,j ! 1
I H ne i ] I L L\x‘A B .T N ,_ ~ _
I l I N \\ i H ! _ m il
, A il ii i i i
my i} BT i
e e B e B S e B e e LT i A e B e B B e B e S R I RN B
[T A RO i HitiIA _ I ity
L .ﬁ ) i ” ﬁ : H __. _ | x: ﬁl
L i * il | ! SWw 9 = FWIL dOOT _ |
. il
m ! i i L | : |
- R B N LA Ny
h | ‘] i 4 xv.. 1 1—, J : N i x\-\\ L] !.r.jz M\\‘_ﬁ\
a e Bt it
g | i
- i i I il
r V'S'N NI Q31NIHd OIHO "GNV
h, | L R S S B e e e e B B e A R
- 'ONI GINOY 'NOISIAIQ SINIWNHL - ]
T b AL ﬁ
GO | 1 ! _ |
SR A i Il !
v” :_ ! | : it ! B » i
T Mq M| ] | ﬂ "\xx N i P
™Y L7 NG
3 ! Y 1 3% 1 o
o nY ! i \\A. | i !
i | e G
S * _ st | AR O A i 1 :f__._f
3 Hi Lt LRI JTHETE T ERRSFARE AR e i A gL
3
3 -t At — e e S e B e o B S E el st AR SRR St N S S SN SO SN SN SN B B "
g i !
‘ !
' 1
- |
N :

*Adod s|qejieae is3q
woi} padnposday



. T = o , i . - .
*@ NOILVINOIINOD LS3L YITIOIINODOAYIS 6 MiNNIA A = s x.::‘:‘i.::.r“‘;:..f.A" .

R ,_
it | 0] I O _L-Lxﬂ .

[SPES S
H

i
M

te

sw 00t - dWIL AI0H

JHIL - NOILdO JIOH | .
dWvyd - zOHHoz:m dRVY |

sw 7 - FIWIL 4007 | .}

7 - STANNVHO

IWIL - JFAOW NOILONAJA

q3dsS01d - IAOW 40071

P Sl

—
[ S pyeio i s afus)

[ns Sguivs g |
Syabel
B fa i

1
PEReSS oaNEp el
pipeedontp s

L3 bt o e T T

o
Al

‘Adod 3|qejiene :un_

wouyy Pa>npo.iday




L [1Ht M gwq. R | I i L M M A
4 1 [TH N ! FJL il i 4
' } ' ! 1 RE
g Hhititt f I _m_ il 14NOD § :“ %$¢ - 1309V Qvol + -
. w L Tt _ i 4
} H i | 0k HH . .
... n _ | i TP i BH eI Ly's =4 1
S J il il i A fiin L676¢ = v ,
. . 1 J,. . ‘
2 i it I i LT, tr 20€ - AVINE AWVE |
g bt | i _ e ; /%01 - 7 3LVH dHWVY |
‘.w 1 1 2 pu Al I ERSY bOS 1 SN Y m\c\oON - M N..F§ mg <
g T S T e e o S S et o SRR S I % - STINNVHD
h_. dWVY - JAOW NOTLONNA
SO s R A (R T LIt e L a350TO - 3AOH 400
[ i g i ” it | s
p w i J A¥3A00dY 1Y09V Y _ g I # W } x I w | i
b H \ L '
g I _ AL i h I ! N It
- 1Ry | I Ml = NOILdO L¥ogv [l i ! I st itih i
2 !31%3 ] N Il i B UM | M g w ,_ “ | _ ) ;M
1 M L7 ittt _ dl it | il L
TN * H /u”sr_lrm : v . i 1 | w _
{ Y f il HHi i * t it
- AL ST SRR RRRERTRRTATN [l Jil ~ W AR
B o e S e S S e T LA A S o e S e e e e e Al B e e e A LSS TH 3.2
.”. ! . ‘ ! b ! , j | ] T
| T T T A,
' dW0Q = NOILAO 1HOSY | dWnd = NOILJO Ly0gV dnna = NOILdO 1¥08V
H 41
_ N H 1 Gl i | A WA " H A N LK _._ N
: AN I} AN LN JUIH LN :‘L“_x
A Y H1 d xvx Jr | |
) B 3 ﬂ 7‘ it 1
: [HH %ST H %06 |} %2001 I!
! | ~ } 1951 11 ISUSIRAN | TISEITTRTS! i JYEN L
SOl i il i it i
..H 1
g 1 e il !
, L ! : ik HinLst
,, i H ik
“p p _ _j% HIL . L T 1 .w
i | i G i
. ' . | _ ! ! ) i
; THsE . r” | i . r ,. Y__
: | il ? HITHIR H
{ | ad JM it | Hliid 4
", ;ﬁ b1l ._ L _‘_ : L ‘TI _ 2y w : HLM ! 18
o e e e L e T e O e T T T T
i




L4

" x~ it H £ [
: i , it i % NOILVMNOIJANOD LS3L i ” T 68l s6°2 m
il i YITTIONINODOANAS L AUNO1J | LY i
! i i ; - il f i T
T H : H 14414 H
: HHHH H LI HT f \ i1 ! 31
{ 13 H i
{ il i HEH ‘
s ; ] H i1 } $: 4 2 <t HHH
H i it HE L i m { 4 i
: HHHH : 1 $ H H1 Hi !
] AR T Il
sg° 1 sg°1 .
- , i 16—l
i : e i i
i i | | x x Hilesse i
isgy 1 o H i m
I#ll« 0 " -P # u ” i 4 i 'S 'l H i } 4 Il 4 1 i
} —t—t——t—t—t———— Attt
1 B :
i
HHT il H %001 - TWIL % QIOH HiHHH
, ! i IWIL % - NOILJO QTOH
: i HEHIN T BRI s /7001 - 1 41vy AWV HIEE
K T g v - STANNVHO HifiiHi
dWvYd - JQOW NOILONNA HijiHHi
NZdO - FAON d40O0T it
] H i HHHHE
i i i
=~>Q 1S
\ woy vogvo.o”u
i r Hiittitid T i x i S
H i i 3 £ % it 11111 3t :
H i i 3 HR1H L1 ik
: f Hi L
; | |
F 1
! il
~.
g e T T e e S B e e B S St Sk St S B
....




A Tt i Ve e

0 Aa b

e

T

R B € NOILVYNOTIANOD 1S3l ) il ; H

i AR _ ITTI0HINODOANES 9 FWNOIA | 1‘ i
[l i it

_ | il
i | H dit i
HHHIL ] m

Llii! _ 1l
i 1k _ B IE 1l

| s e St

Srwh S ST U DI

R 4

t

T T i 121k i3 ol [ Sreseweees
TR ERRLD L ili | |
H _ T 1 4
1 hxx I *
i
: i
4
i
| |
i
I} i 1
m —
—+- +——— t—t—t 3=+ +—t+—————— 4 —t—t+—t+—3F 4t
H I T 1 ! ]
EITRIIE ; ! _
i
it | :
} AN {43414 xJ% ' s
x h 1] Hts
il \! \ h -
| A
i |
il + T
! ; |
1 1§51 3) ! .
il Bl ifi ‘ il _ i L]
ANISYIAVH
: Bl Tt
| ! i |
L 4 4 r
| | i) ]
o .m A L m
: | ]
i il it
| L
] it i
J 3t ! .
u il ! !




- “Ado> 5
D Eot

19e)reae
ku:vo.nwu

! S

. . . Voo
¢ NOILVENOL4NOD LS3L

YATI0ULNODOAYES 6 FANvld




: : 1 NOILVMA9IANOD 1SIL T .
¥ITIONINODOANES 4 F¥NOIL | il _
ﬁ i f I i i _f
: i ! 1yl
. . 1 1 _ i __.
. X : 8
] - m iR I
¥ TLASH 1 : Y
S 1 L it
N I :m HiHil il
j ! |
, “ 01 0 R T M Lv's =14
. $9°€C = V
I ] . swpps - IWIL ATOH
T i “ ! M, AWIL - NOILAO Q'IOH
_ m i H §/%001 - ALVi dKNd
%0€ - AVIHE dWVY
; : .A §/%01 - T IIV¥ dWVH
. $/%0T - 1 3LV dWVY
| _ % - STANNVHD
dWvd - FAOW NOILONNd
. ] adso1d - IAOW dOOT
! | m It
' —t——+———+ —t—t—t——+— 87 ——+—+—+—+——+— At At b At
.. Ii T T ty )
: m | i
w I il N N (1T
. { g_q,‘ ; N " N i H1
3 J T
.Y N \_) A ah
" it H %S€ " !
" “% B ;*
'- i : ..‘.
v‘.. _ { thwlx‘ I i !
Vﬁ-
: I ! I il
4 { 7 I 1N
. f ‘Ix m: il
’ f 1 i
hi! i w “ i
s HHI Hil
»_ i ; Hilll Bl ! ,
" m i [T L w
) 1 1 it i
. ! W_ g :._ w; ik Tw H
101 i et EETATENNNTE M 11




HH . sd 3 o
. HITHE il ONINAL TVNNVW - WALSAS i HHEHHT i i HE
! il AATIONINODOAYAS °€ TANOIA : s i i it i 1t
w | ,m ” rx x. ] g m y“x H x:xx } [ H 1 3 3
A il H s HTH jijisiie 338 m.. k313 ] m § TN 3
. N HTHE HE i i H HEHEI R B i i i i }
g HHI HHEIHH T i i i) i
”. . 248 A <n:.!au-2..l
. . — ATAS/AT
i : 07~ o £ PR 0% ; T TR A0~
b i i %0 Hitiii i %0 ] Y JHIEATTHTNT o0 i
: i 0C Mttt i %07 Hi o 1,07 b ‘
q e 07 Hill iR 70 L .
4 00 =9
s —4 — 4 bttt ——
L1°6¢ = V LT°6E

K I T ssge r

23 s ¥ (=)
3 H H




%01

14
AWIL
uado/poso1d
s/NS

oL

3.8, ..

14
FHIL
uado/pesoTd
s/¥s

6

801
sWGe

dWna
ANTLO

v
TWIL
uado/pasotd
s/NS

8

%01
sugz

JR0g
NI

14
THIL
uado/pesoTd
s/NS

L

SUOTIRINBT JUOD 3189] IITTOXIUOIOAISS

201 %01 » 0L
sugz suGy . sugz
S S [y S
auna . ana anna
INT IO FWILO . FNILO
dW aWvy JWN .
sug sug swg suz
L ]

. v v 14
R/INIL Lo Eo JWy
uedg/pesord  usdo/pesord  usdo/pesold usdo/pesord
S/¥S s/NS S/¥S sS/¥s

9 S 14 3

S4AL N

*1 ITqey

0L

dWy
uedo/peso1d
s/NS

z

pasn uotrydo ISNIVH - W/
3883 I9pun I9jawered - .
JAPIS/BUOTY pURIS - S/¥S

WL

W/ 3
uado/peso1Dd
S/NS

i

JutlL / PIOH
S®TL PIOH

% 0113 PIOR
uoT3do 130QY
uoT3dO PYOH
uotdung duwy
swtyl doon
I¥3ex dang
ywoxq dweyw

z 93ex duey

} @3ex daey
sTauuey)
FPON uotIIDUNY
spoy doon
JPON wWeIsAg




]

TN TR

UNVLS 1S31 dTTIOILNODOAYES TVLIOIA ‘T FINDMI

Camaalh Seie meia i)

.
) .
0 -.
. .‘.-n
¥ '-l
A .
' B
¢ .
1 e
o4
.
v, : K
f .
P, g
;] .

-

a”-‘ >

oL e

<




P'
-
.
3
!
4
»

— qun sy et e SRt diute Jiute Jhue Scfiade i SRk Jadh MR St il il i

5.0 SERVOCONTROLLER SYSTEM EXPERIMENTAL VERIFICATION

5.1 Test Stand

The verification of the servocontroller system was performed on a test
article designed by AFWAL engineers. It is shown in Figure 2. Four hydraulic
cylinders were mounted between four horizontally cantilevered I-beams. Each
cylinder would be controlled by a channel in the servocontroller. 1In this
way, control of intercoupling effects as well as tension and compression loads
could be demonstrated. One- and 2-gpm valves were used in the test stand.
Load cells rated for 5000 1lbs were used to trace the controller signals. As
a result, brush recorders were used for the data recording.

5.2 Test Configuration

The tests which were conducted with the servocontroller system were
designed to verify and exercise the various features of the system. A set of
ten test configurations were created, each testing a particular aspect of the
system. The servocontroller test confligurations are presented in Table 1.
These tests were performed on the system by AFWAL personnel. The final ROMed
version of the system was used for the execution of these tests. Previously,
the system had been tested and verified in a pilecemeal manner using the disk
based version of the system. These final tests demonstrate the capabilities
of the system in its ROMed configuration.

The lack of self-tuning capabilities requires that each channel be manu-
ally tuned. ‘The tests performed on the servocontroller system were made with-
out the benefit of manually tuned channels. Each test, which can be done
without using a tuned channel, was used to evaluate a certain feature of the
servocontroller. However, an example of a test run demonstrating manual tun-
ing of a channel is included.

5.3 Test Results

The following figures are representative of the performance which the
servocontroller is capable of achieving. Figure 3 demonstrates the increased
performance due to manual tuning of Channel 3., Figures 4-13 demonstrate the
system features as shown in Table 1. The load profile used for these tests is
given in Table 2.
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MANUAL ENTRY TEST SPECTRUM
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6.0 RECOMMENDATIONS/CONCLUSIONS

An implementation of direct digital control for air frame structures
testing has been accomplished. The servocontroller system combines a stable
control system with an operator interface which provides the capability to
configure the system in various modes of operation. This versatility can be
used to custom design load profiles depending on the requirements of the
application. Information relevant to each control loop is presented on the
terminal screen in a manner which is most useful to the operator. There is
much potential for continued work in this area to enhance the system. The
following list of items are enhancements which would add to the versatility
and performance of the servocontroller system. They are listed in increasing
degree of complexity in implementation.

(1) Develop and implement software which expands the hold option to
force the system to an immediate hold upon receipt of a hold com-
mand. Currently, the system does not hold until it has reached a
discrete programmed load level. This modification would hold the
system at any point in the profile.

(2) Develop and implement software which would allow the servocontroller
system to accept load commands from an external source through an
analog-to-digital converter. The system could then be used in the
same applications alongside analog controllers.

(3) Investigation and implementation of a self-tuning algorithm. A con-
centrated effort in this area is now possible given this servocon-
troller system. This feature would further facilitate the start-up
procedures of a fatigue load test.

(4) Investigation and implementation of adding a higher speed micro-
processor to the servocontroller system. A faster processor would
allow for the increase of loop time or the number of channels to be
controlled. The faster computational capability would also allow
for the development of more sophisticated control algorithms.

(5) The addition of a Winchester hard disk system would expand the sys-
tem's profile loading and data storage capabilities. It can also

provide software development capabilities if added with a floppy
disk backup system.

(6) The addition of a smart graphics terminal to the servocontroller
system would relieve the system microprocessor of many of the screen
update tasks. Control loop data could also be displayed in a more
useful fashion (color, bar graphs).

(7) The development and implementation of control algorithms applied to
pressure and temperature control would significantly increase the
versatility of the servocontroller system. A system which can con-
trol load, temperature and pressure would be most useful in AFWAL.

.
------




(8) The development of a network of multiple servocontroller systems
linked to a master computer would allow for application of the sys-
tem to large scale structure testing.

(9) The investigation and development of a distributed network of
single-board microprocessor based controllers would divide the tasks
of control and operator interface. A host computer which linked the
controllers would be used as the operator interface downloading only
the setpoints to the controllers. The cost of adding channels would
be decreased. :
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