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5 Lo PREMISES OF STUDY

Three Axis Stability Augnentat:.on is required to ﬂy the vah:.cle
during most if not all of its mission.
It is desirable to stay mth:.n the nta ve of the art and use prove

techniques wherever possible consonant Hith‘other' requirements.

The following trade-off criteria has been considered as a guide:

Performance ' 35
‘ .Faﬁsafety 20
| Higsion Sugcesla 30
‘Haintainability 3

Cost - 10
Hoight _20
160.

II. - GROSS CONSIDERATIONS

Side Moctric Stick v Stde Electric Stick plus Hochanical BacksUp
1. The aiﬁ'z;a:ﬁe _has- 3£a‘bed that the vehicle must bave a faile
opei-'ational SAS because SAS is neseded in order for the
pilot to be able ﬁo control the vehicle over a large portion

of ' its mission.

2. This being the case, it becomes hard to justify a mechepical

back-up system since tha mchamcal back-up can not be used CF!”C”’%: A)

without @ and:

a. 150 - 250 pounds of weight could bo eliminated.
-bs Trim wheels ﬁnd triple pick-offs replace non-reduvndant
bulky trim actuators.

to The X-20 did not have a manual mechanical gystem.
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d. The YF~12 SAS has been more relidble in actua) usage
than the manuzl control system. |
e.. We can eliminate linkage problems associated with cock=
pit raising.
fo Gear shifts, mixers, q't'c‘o., can be ‘eliminated.
B. Parallel VBo Series Servos.

1. If we use a parallel Bervo, it must be locatednear _the cock~

I

pit so that its disengaged friction will not adversely affect

the break-out :i‘oi'é_ca—bf the center gticks ~THIS ther means @

long cable run af% to the surfaces. f.“_This in turn wlll result
in:é&j:tionaﬂ. undesirable no.zx-;li;:éar dynamics between the SAS
and the sirface. This could result in additional surface
activity and vehicle motion which is undesircble considering
the typa of payload: - '

2, In addition; using only a parallel servo will resuld in short
period damping corrections boing reflectsd at the center sticks

3. Opsration of the triple Stability Augmentation System through s .
single mechanical system contiol linkages; gear shift and mixer
not only degrades the probability of mission success to some
extent but makes it possible for a single failure in the

mechanical back-up to bs catastrephic.,

C. Electronic vs. Hydraulic Voting of Servos
The YF-12 and the SR"?l uge electronic majority veting of redundant
servos based on servo position. This scheme is fail operaf.ional
for first failurs and failsafe for a second failure writh pilot
option for re-cycling, There has not been a "system! faijure

to date with ¢his system in thousands of flight hours.
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{cont'd)
The F-1l1 uses & detection-correction scheme of hydraulic voting

~ a3 contrasted to hydraulic majority voting. Althoug,hi this scheme

does not offer as good a reliability es a hydraulic majority -
voting scheme, it weighs less and may offer pilot indication in

a simple manner.

Inherently, the hydraulic scheme has the advantage of less dynamio
lag in-the voting because it doesn't need to wait for the oubpit
ram to integrate into position. However, in the electronic scheme
of voting there is more flsxibility in the adjustment of allow-
able system errors and thus the capability of ad;)m.ting the system
optimumly between nuisance disengage and failsafe operat.ion limits

to achieve ef fective operation.

If electric pick-offs '(LHVT's) are to be used on the servos regard=
less of whether hydraulic or electronic voting is used, tben the
electronic voting will weight considerably less: If mecharical
feedback is used, thare will still be a slight weight advartage
with electronic servo voting. |

The electronic (solid state) voting is subject to random failures
as is the hydro-mechanical voting, However, the hydro-mechanical
voting is also subject to wear which will require much more main-

tenance to keep the system in a ready stétus:,-
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A triple redundant electronic system should be employed withcut
mechanical‘ Sack-*upo

If a mechanical back-up were to be used serles servos located
as far aft as possible are preferable {o parallel servos 1ocat.ed
near the co_clcp:.ta _ '

Electronic Servo voting is probably more advantaegeous than hydro-

mechanical voting, but £inal selsction need be made foi a specific

servo/surface actué.tor combinaticn.

Iv. SEWO/SURFAGE ACTUATOR CONFIGURATIONS CONSIDERED IN DETAIL STUDY

A.

B.

Present Syst.em
Figure ) shows a simplified block diagram of the present system.

This system has a manual back-up system. Thréa multiple input
parallel servos are located close to the cockpit and provide for
all SAS -and Autopilot Inputs,

System "An |

System A ~shmm in the block diagram form in Figure 2 uses cne multis
ple input valve dual ram servo in each of the thres major axes.

The center stick, cockpit linkage extender, tﬁm actuators ard the
bulk of the control system linkages would be deleted. .T.he SErves
would be loc'ated‘ in the aft portion of the v?ehicieo The mizer

and the gear shifter (elevon/elevator and pitch gimble) would be

retained. Trim wbuld be accomplished in the triple elsctrumics.
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- o Systen B | |
éy'siem'a i}s shoim in the block diagram of Figure 3. System®
uses one mﬂ.t:n.ple :.npui. valve d:u-ecu}.y on each of the seven | .
e e _sBupfdce _ac,tugt.p;'sf, The cenber stick, cockpit linkage extender,
trim éctuators, mixer, geaz'..shn.fter and 211 of. the mechenical.
control syst.em lin.cages wovld be removedo Mixing, éhiftin“,
and tm.m z:'ould be accompllsheii in the tr1p1e redundant eJ.ectronicao
D. System C ' | ' :
System c $s shown in the block diagram of Figure b,, Systen C 18
confi.gured as follcms*
1. One mmltiple input seﬁro dijivefs both f;ldcier s_urfacé éctpa‘bﬁrso
2e Oﬁa zm;lt_iple input _Sewo drives each elevon actuater. '-
. o 3. One mltiple imput £&¥%0 .drives both 'elm'ra-*.!;or aci'_.uat.m's'.o
. C e . Lo Oue mt.lltiple, input ser:;rq'di'ives the gimbled e@e nozzle, .
' The center stick, cockpit linkage extender, trim actuator, m;.xér,
| gear shifter and nearly all of the contiol ﬁnkages are removed.
Only the short ﬁni;ages between servo and. its associated actuators’
remsin, AlL mixing, shifting, and trim would be scoomplished in.
the tripls redunmiant electronicgel o -
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V. EVALUATION OF SYSTEM WEIGHT AND RELIABILITY
.The Table below presents a tabulation of .t.he syStem relative weights
‘and relisbility for ths four system configurations being considered.

TABLE T
Present T froposed Systems
Systenm A i B . C
Veight . . . 3¢? # 2B # 127 # 163 #

, Probabilit.y of Success for a
one hour aﬂ.ssion‘i‘ L .

00999962 |'0.999968 | 0,999966 | 0.999961. .-

i

“Mean Time -fBetwe_en_..;.Eéi.lii:re 26,196 hrs. 31,188 ‘J'h?.rso 29,766 hrs.| 25,345 s,

It is to be noted that all of the proposed systems weigh less than ths

present system (from 150 to 250 pounds less) and are at least comparable

in relisbility. -

Teble II gives a detail breakdown of the weight estimates used at arriving
at these system weights. Conservative figures have been used so that

even more welight savings are likely,

Figuras 5 through 8 inclusive show the reliability models for each of

the systems under consideration,
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: 1
P TABLE TC
: Retarive Weignr Comparizon
Unir Descrienon | Fer Unr | Bresenr Conbroumnon] Couprourapon A ConrcurAes & | Copeurarod G- |
- weignr  fA'+ Used } »g‘ehf | A’ Used Waght | An't Used | Weight §Amy Used
b i Hufkplc Tapubl Sorve M4 ibe. 3 » '?Z tbe 3 ‘?& Vas N/n - 5
2. Mubhple Tipub Volue 10 1bs | Y - N/a - T 70 ths | N/A
3. T ¢ Feel Sazﬁm 14 1bs 3 T %2 1y ) Not Uzed — 0 Mot Used Not Used |
. (1) ; !
4 Medhanical Cobie Run 316 ib}(-}- 180 & 61 lbs | Met (hed - Not Ut d Mot Used
. . . ’ »
23 .
! 5. Elechcal Cable Kun € Tolblor | Notlied] — | 18O | 220 420 6] 52ibs | 3co bt
6. Cenber  Shet T lbe | 7 lbe | Net Used - Nt Use.d - Not Used
b1 Umkage Exbeudor © 5 Ibe 31 15ibs [Net Ueed | = Nk Ueed | = [N Ued| -
8. Shfh /M 80 Ibs 1 80 ibs ! 80 bs || Not Ued | = § Not Used ~
E - : ) , .
| 9. SAS A(‘L‘lﬁt}‘mws ¢ 2,2 l&/umi‘ N/ﬁ - N/A - 2 5 ibs 1 . . 'bS
. ) .
| 16. L.nf(ajes 6 s fumik 19 114 1y 5 00bs || Not Used _ q 54 (hs] .
b 1. Other ' - Seme weght (g apphf.able te el C0ﬂ€|ﬂuTa_flovl s ]
’ | Torns |37 1 | L 284 s | 1270k || L163 el - 1
'\ (1) Tedider quedrants, dewsion Spronss ke evem:fd over table run length :
i' (2) TIncludes tommectors auuagui gvar cable yun ‘anﬂq ) .
(30 Toehides szrve amps, electricai +rm, elecirica) miver

i - Y ‘T"a.;’l.uhu Votlanin. Ve  wnde !Jﬂrr’nl( f‘nmmr’mﬂc - ’ ’ . _ . . s ) e “‘_.
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from VADD, HAVY, and Honeywell sources.

VI. WEIGHTED VALUE TRADE-OFFS OF THE SYSTEMS BEING CONSIDERED

Page 16

The failure rafes used in deriving these models have been gathered

-

Based on the foregoing information presemted, the following system

~ irade-off table was

preparad.

- TABLE Iz

Systom Trade-0ff Results

. /  Proposed Systenm

‘ . 65:;5@/ /
Veight %ﬁ A -B ¢
Performance 15 5 10 15 12
Failsafet; 20 12 16 |19 18
na_ _J % = .
Reliability 30 21 25 - 2L . 19
Maintainability 5 I 5 3 2
Cost 10 70}-1 709, : . 705 703
Weight 20 A0 1 - 17 . 16
'I‘ot.a.l 59n5 779.9 8505 ?hsB

Iy is 1o be noted that all of the proposed systems are better than

the present system in total, and indeed in almost every sub-category

being ratved,

|

-
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i VIl CONCLUSIORS -

The concluéions of this detall study are as follous:

. No mechanical Back-up system should bs employsd.

o Full authority, series-command, multiple input, r’edﬁndanﬁ

- §ervos or valves should be employéd amd located as far aft
aé poasible consonant with other considerations.

o Selection of System A, B, or G should bs made after refine-
ment of weight and cost figurses by the airframe suppliers .

o Type of sorvo voti.:n'g to be employed should be made after datail
discussions by the airframe supplier and the ﬂigirl': control |

| supplier.

? Declassified and Approved For Release 2013/11/21 : CIA-RDP71B00265R000200130004-1




