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'FOREWORD -

Study 2.4, ”Analysm of Space Tug Operatlng Techniques, ' 'was "
managed by the Advanced Mlssmns Office of ‘the NASA Offlce of Manned
Space Flight. - Dr J. W W11d was the _Techn1ca1 Director of this study,
day- to- day management was performed by Mr ‘R. R. Carley "R. E.
Kendall was The Aerospace Corporatlon Study Director from study initiation

until 3 Apr11 1972 Dr L. R S1tney d1rected the Study from that date

through completlon ‘
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1. INTRODUCTION

This report summarizes the e‘ffort expended under Study 2.4, "'Analysie of
Space Tug Operatmg Technlques " oof Contract NASW 2301 which addressed
the subJects of fault detection techn1ques, sustalnmg engmeermg require-
ments, and off site fac1hty requlrements that result from Tug refurblsh-
ment and spares pr0v151on1ng This effort was conducted durlng the last
month of the study and was not reported 1n the Study 2, 4 fmal report ‘
Aerospace report ATR 73(7314) 1 '



2. SUMMARY AND CONC LUSIONS -

An estimate was made of Tug sustammg engmeermg requ1rements for the
three phases of the fllght program the fhght test phase, the initial opera-
‘tional capab1l1ty phase (IOC), and the operatlonal capab111ty phase (OC)
.Only general conclusions can be drawn from this limited survey of sustain-
ing engineering requ1rements It is obv1ous that a s1gn1f1cant level of con-
tinuing effort w1ll be requlred in a variety. of techn1cal areas. A more
in-depth study should result in the development of approprlate data on Whlch
more real1st1c estlmates of requlrements could be based In the 1nter1m

“the values given in thlS report can be used as examples of manmng

A brief's_t.udy-_Was_ performed to determine the _-off-site_._feasibility requlre-
ments that are rxecessary for‘reflurbishme'nt and. spar’es support after the ’
. manufacturmg phase of the - program has been completed It seems reason-
able to ‘assume ‘that the Tug prime contractor and the maJor subcontractors
‘will be from the establlshed major corporatmns in the aerospace 1ndustry
These contractors and their faC111t1es can’ therefore be expected to be '
available as needed. ‘The refurbxshrnent/repau fac111ty can be located
either on- or off slte. An on 51te location involves the prov1smn1ng of
additional square footage in the mamtenance or storage areas. Off—81_te |
provisions can be:established at the prlme contractor's plant or at an
existing NASA or DoD facility. A variety of special test facilities will
probably be utili_'z:'ed'doring the program to .investigafte problem areas.
Since it is diffjcﬁlt to.vide-rxtify any‘problem,for whvich”app‘ropriate' test faci-
lities will not be available at_N’ASA' centers and l_abora.torie's,' DoD centers.
and depots, o,r private ind(;st_ry facilities;. no dedicated Tug facil_it'iesv are _.

visualized.

A brief study was performed to evaluate the advantages of interface com-
parative testing of identical functional strings of the Tug thrust vector'control '

system as compared with the use of a conventional on-board checkout system



.usmg signal generators and lmnt tests for determmatmn of status For the’
system studied with the selectlon of tests and the as sumptlons made, the
sizing results concluswely'favor the inte rface comparative test technlque

" over the dedicated on-board checkout techmque using 31gna1 genérators and
limit testing. The ratio of sizes (better than 10 to 1) prov1des a consider-
able margin for changes in study as sumptwns w1thout affectmg the major
_conclusions. The results also 1nd1cate great promlse for extensmns of the |
results to mclude more subsystems with’ dxffermg ground rules to flrmly |
prove the va11d1ty of the mterface comparatlve approach If the- sizing
results can be demonstrated consistent. with better fa11ure isolation, maJor

' savmgs in refurblshment costs are fea51b1e. Studles have shown a 50 percent
"accuracy level for fault isolation on current avionics. systems. The gains
 possible if the -fault isolation accuracy level can be’ 1ncreased from 50 percent
to 95 percent are obv1ous, and reductlon of requ1red checkout equlpment

(parts count and we1ght) by a factor of 10 can affect such a savmg.



3. SUSTAINING ENGINEERING .

3.1 GENERAL

Sustaining engineering is that continuing technicaI effort required to support
use of the prime' hardware - in this. case‘ the Tug itself. It is 1n1t1ated at the
conclusion of the or1g1na1 design phase and contmues throughout the life of

the system

The types of. act1v1ty include the ana1y51s and correctron of fa1lures or sub-
nominal performance develOpment of temporary fixes and mod1f1cat10n kits,
-software and procedure rev1s1ons product: 1mprovement changes performance
. 'analys1s, and various functlons assocrated with program management and con-
‘trol.. The actual breakdown employe(l in the analysis-is presented belowin

Section 3. 3, Sus_talnmg Engmeerlng Support Categorles.

It was assumed that no sustalnmg engmeermg would be separately maintained
at vendor plants Any such effort was con51dered to be mcorporated in spares
prov151on1ng, although occasronal temporary support requlrements can be

antic 1pated

It was recognized that the flight test and initial_operati‘onal phases would be
concurrent with the latter stages of the produc_tion actiyity. The sustaining
engineering effort vyas assumed to be restricted to support of delivered hard-
ware and not to 1nc1ude the usual- engineering activity: 1nv01ved in production
of the hardware (e g., engmeerlng orders and drawmg changes, liaison

engineering, etc ).

3.2 'APP'RO"ACH

Sustaining’ engmeermg requlrements for the Tug were d1v1ded into three
categories: (1) the flight test pnase of 5 111ghts, (2) the 1n1t1a1 operatwnal
phase of 20 flights and (3) the operatlonal phase covermg the remainder. of

the life cycle.’ Each phase is separately addressed 1n__the succeeding sections.



For the purposes of this ass‘essrnent the sustammg engmeermg require-
ments were hmlted to 1dent1f1cat10n of direct englneermg, mmanning including
first level supervision. Indirect support and higher level management were
excluded Also, the turnaround and refurblshrnent mannlng were excluded

as they are accounted for separately

The requirements. have been identified 'b'yi-Tug subsystem and engineering
_ support groupmgs in accordance w1th the techmcal dlsc1p11nes involved. V
This not only perrrutted a more detalled evaluatlon but 1n “addition, assured
‘inclusion of a11 pertment engmeermg effort. Further, the overall accuracy
of the prOJected support should be enhanced through off settmg high and low

_'estlmates .

It was also necessary to distiné’uish betw»een",en.gineeri-ng support located at |
the prime contrac.tor's plant and thatv_locatedia‘t each of the two launch sites.
Each of these 1ocat'ions will have both contractorpers‘onnel and government
personnel asso‘c.iated with the "e'ng.ine'ering.effort‘ A third locale-’atnwhich
susta1n1ng engmeermg will be perforrned is the respons1b1e NASA center
(assumed to be MSFC). Both governrnent and contractor personnel requlre—

ments were recogmzed as part of the total support mix, .

The m1t1a1 nature of the study precluded an adequate acqu1s1t10n, evaluatlon, 2
and apphcatlon of current programs' sustaining engmeermg experience.

This should be made the subject of a more extended analysis in which rational
comparison of the"Tug' to other cornpa rablehard'ware‘pro‘grams (including
aircraft) can be estabhshed and manmng data from those programs ut111zed

to project a more accurate determination of probable Tug support levels

The figures in thrs study represent mdgemental est1mates which are to be
consrdered as more subjectwe than rxgorous and for exarnple purposes

only.



3.3 | ~'SU‘STAININ‘G ENGINEERING SUPPORT CATEGORIES»

Sustaining engmeermg was 1dent1f1ed in several discrete groupmgs of tech-'
nical categories.  These were estabhshed accordmg to the usual engineering
‘department functional orgamzauon along lines of 51m11ar ‘technical effort
and speéialization.: All Tug sub__sys.tem-s are eov’ered_as'\_vere engineering
functions which cut across s_ubs?stem lines. The categories are as S

follows:

’Strncfnre and Stress
'Mam Propulslon _ - ‘
Auxiliary Propulsion and Attltude Control
Thermal Control _ ' '
“Electric Power and Control _
_ Commumcatmns and Instrumentatlon :
Gu1dance and Nav1gat10n
' -thht Control ‘
'Data Processing/'Analy‘sis :
Flu1d Systems (Hydrauhc, Pneumatlc)
Mechamcal Systems (mcludmg Dockmg and Ordnance)
Support Systems (Electrlcal/Mechamcal GSE Fac111t1es)
Rehab111ty/Ma1nta1nab111ty ‘ . ,
M1ssmn Planning and Pe rformance (Includmg Welghts)
Conflg,uratlon Control Procedures Management Interface
’Control L '
Te_st»Eng1neervi_n'g :
- P‘I.'V(:).g'ram Control and. Management
General Engine’ering- Support |
Logistics Management

Techmcal L1a1son/Engmeer1ng Representatwes



‘The functional"responsibiii"ties of each group should bereadily apparent
In some cases, an arb1trary d1v1sron was made but an attempt -was made
“to identify all conce1vab1e eng1neer1ng tasks and to prov1de a comprehensive

support organization,

Software rev1srons ‘and add1t10ns were assumed to be supported by the
technical group concerned (e. g. , the gurdance and navrgatron group would

be respon51b1e for its software changes)

The Ge_neral En‘gineering category was evstablisbed to ;recognize rhe support
required in spec'ialize‘d technical' dis‘cip‘l'ine's such as fluid dynamics, thermo-
dynamics, electromcs (many areas) and laboratory support The leirel'of
effort w111 vary accordmg to dlscrete real-time. requlrements and can only
be expressed on an equlvalent manpower ba51s _An arbltrary percentage

(10 percent) of the total mannlng was used but exammatmn of current pro-
grams experlence will be requlred before a defensrble prOJectlon can be

made

As noted, the categories were established with the prime contractor.'s 1n plant
Vorgamzatmn in mmd : and where separate groups or 1nd1v1duals would be | -
assigned. All of the functional areas are equally apphcable to on-site sup-.
port considerations and to government pe rsonnel requ1rements, although

much more consohdatlon of functlonal respon31b111t1_es was assumed.

3.4 SUPPORT REQUIREMENTS ANALYSIS

3.4.1 Flight Test Phase

The flight test phase, conS1st1ng of the first five fhghts, will requlre the
greatest and br_oadest level of support. It is during th1s period that infant
mortality effects are felt, with consedue~nt demands for. mvest.gatron and

analysis in all areas. Data acquisition and reduction will be extensive and
many procedural changes ‘wiﬂ be made. Numerous corrective actions will

be taken which will affect such areas as configuration management. Initial



flights w111 uncoyer flawr.s-""in separati’on,:»"d'ock’ing'-and retrleval lope'rations
‘and all Tug subsystems will be rev1ewed to 1dent1fy 1nadequac1es or potential
1mprovement An expanded degree of mterest in the payloads commumty can
be anticipated if fllghts are successful calling for extended work in the
performance and mission apphcatxons area. If flights are below expectation,‘
considerable effort will be apphed to determmmg the causes and solutlons
for sub- nommal_ performance.v A poss1ble mannmg d1str1but10n for this

phase is given 1n Table 3-1. All fl1ghts were assumed to be from KSC

3402 Ini‘ti.alvO'perationalvPhase

: During ’this'period the:'n_eXt ZO_tlights are mad_e. There’ should be a marked
drop off in 'proble:r'ns involved with the original‘ c0nfigura’tion; but this will be
‘off-set by 1ncreased activity due ‘to the h1gher fhght rate, by the introduction-
of product 1mprovement changes and. the development of mod1f1cat10n kits,

The latter will be both for the purpose of' expandmg the capability of the Tug
and. for special‘adapta’tions 'req’uired by payloads. The expanded capablhty
kits may be 31m11ar to those prov1ded by the Agena system and include in-
creased electric power, additional telemetry recordlng and/or transrmsslon
-capab1l1ty and refmed pointing accuracy It can. also be expected that requests

for changes to 1mprove ma1nta1nab111ty w1ll 1ncrease as expenence in turn-

- around operations bullds up..

As noted in the G’eneral se‘ction the 'study.excluded that ‘envgineering effort' |
1nvolved with the or1g1nal desugn release and subsequent product1on phase
support If it is assumed that productlon of the Tug fleet is completed by
the end of the th1rd year, the sustammg engineering staff w111 be increased
by transfers from the productmn engineering staff as contmumg functlons

are assumed (de51gn maintenance, shop halson for spares productmn, etc. ).

The second phase also includes introduction of' the se'con'd launch s'ite,_ with an
IOC at the begmnmg of the third year of Shuttle operatlon assumed, The. staff at
KSC will be essent1a11y duphcated at VAFB, but with an expansion of the sup-

port enginee r1__n,g',pe rsonnel due to- 1nstallat1on and actlyatmn of the ground system



.'Ta.blé"3-l. Sustalnmg Em.,lneerlng - Manmng

thht Test Phase (5 thhts)

Taunch Site.

-In-Plant

. KSC

VAFB

NASA Center

Functional Category’

Structures /Stress
Main Propulsion

Auxiliary Propulsxon/
Attitude Control

Thermal Control - ’:‘
Electric Power and Contr_-ol'

Communications and
Instrumentation . .

Guxdance and Nav1gatwn
Fllght Control o
Data Processmg/Analysis

Fluid Systems (Hydrauhc
and Pneumatic)

Mechanical Systems (inclﬁding, :

Docking, Ordhance)

Support Systems (Electrlcal/
Mechanical GSE, Facnlltles)

Reliability /Mamtamab\hty

Mission Planning"an,d Pe rform-'

ance (including Weights)

Configuration Control,
Procedures Management
Interface Control"

Test Engmeermg
Program Control/Management
Logistics Management

General Enginee rmg Support

(@ 10%)"

Technical Llalson/Engmeermg
Representatives -

TOTAL

PHASE TOTAL - 245 :

- | Contr. | Govt, |

Govt..

Contr, | Govt.

Contr.] Govt.

1w |- ]

140 | 8

Cohtr‘.

’ ,‘(’

W Wb N

29

- 3
- )

[
W

1
N~

1}
[T I . NI N




Table 3-2 presents an example manning matrix for the early operational

phase.

3.4.3 Qperationa-l Phase.

The remaining )tear's of the program should :see‘ a gradual reducti‘on,ivn engi-
neering staff requirements ’l‘his will be mostly in launch 'site and NASA
Center mannmg In- plant contractor support may be expected to. drop off

to some degree, ‘but not S1gn1f1cantly as modification requests will contmue,
failed equipment reports will probably accelerate as service time is built

up and planning‘ for major overhauls instltuted ..There' should also be a
gradual reduct1on in the technical level of support w1th a consequent lowerlng

of annual dollars per man allocatlons

The in-plant contractor reductions will occ’ur’ mostly in the vs'ubsystem
support areas. Rehablhty and ma1nta1nab111ty support should continue at’
the same level w1th maintainability reductions offset by 1ncreased rel1ab111ty _
analysis and pred1ct10n effort as statrstmal data builds. up. The Conf1gura-
tion Control Group should contract shghtly as its functions become more
'routme, and the Program Control act1v1t1es should be only moderately

affected,

It was assumed that the primary field activity was centered at KSC where
the majority of flights take place. Only resident liaison personnel should

be required full-tirne‘a.t VAFB.

The manning of the NASA Center will probably drop ‘significantly althougl'l
the on-going nature of the program and. contmued mod1f1cat10ns proposals

will require moderate staffing.

Table 3-3 presents an estimate of antic lpa.ted manning_‘ for the fully opera-

tional phase,

10



Table 3-2,

Sustaining Engineering - Mannmg

Inlt1a1 Ope rational Phase

Launch Site
Functional Category ~In-Plant KSC VAFB NASA Center
S Contr, | Govt, ] Contr.] Govt, ] Contr. | Govt, ] Contr.] Govt,

Structures/Stress - 8 R - - - - 2
- Main Propulsion 4 - _ - - - - 2
Auxiliary Propulsion/ 4 - : -O_‘ - - - - 1
Attitude Control - B :
Thermal Control 3. - - - - . - 1
Electric Power and Control -3 - - - - - - 1
Communications and . 8 - - 2 - 1 - 2
Instrumentation ] ) )
Gmdance and Navxganon 11 - - - - - - 3
Flight Control - - - - - - 1
Data Processing ‘Analysis - - 1 - - - 3
Fluid Systems (Hydraulic 2 - - - - - 1
and Pneumatic) )
Mechanical Systema (inzluding 4. - - - - - 2
Docking, Ordnance) : ) _
Support Systems (Electrical/ 7 - 4 s b - 3
Mechanical GSE, Facilities) o '
Re llablhty/Mamtamablhty 3 - - - - - I
Mission Planning and Pe rform- I 1 - - - 3
ance (including wexghts) ' .y . :
Configuration Control, 6, . - 3 - 3 - 3
Procedures Management, : C
Interface Control’ . _
Test Engineering 5. - - | - - - 1
Program Control/‘Ménagemenl‘ 7 - - 3 - 3 - 3
Logistics Managerﬁem t - - 2 2 - 3
General anmeermg Suppnrt . 10 - - 2 ! - 4
(@ 10%) . ) .
Technical Liaisdn/En'gineering - 6 4 - ¥ - 4 -
Representatives 4
TOTAL 107 b 6 | 4 19 3 16 4 40
PHASE TOTAL - 199
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Table 3 3

Functional Category

Sustammg Engmeermg - Manmng
Operatwnal Phase :

.L.aunch Sité

In- Plant

KSC -

- VAFB

"NASA Center

Structures/Stress
Main Propulsion

Auxiliary Propu\sioﬁ/
Attitude Control

Thermal Control
Electric Power and Control

Communications and
Instrumentation

’ Gu'idance and Navigation
Flight Control
Data Processmg/Analysls

Fluid Systems (Hydraulnc
and Pneumatic)

Mechanical Sy stems (mcludmg :

Dockmg, Ordnance)

Support Systems (E\ectncal/
Mechanical GSE, Facilities)

Reliability/Maintainability -
Mission Planning and Peﬁéfm}
ance (including Weights)

Configuration Control,
Procedures Managemient,
Interface Control

Test Engineering

Program ContrulA_/Ma'n_ag‘e ment -

Logistics Management

General Enginee’ rmg 9upport

(@ 10%)

Techmcal Liaison /Fn;.,meermg :

Representatives
TOTALS

PHASE TOTAL -.140

Contr.] Govt.

Contr.{ Govt,

~N s o W
4

Contr. | Govt, |

go. | s -

Contr.] Govt,

- I
- 1
- 1o

i
w NN




3.5 TYPICAL EXPENDABLE sT’A-GE

An example of sustammg engmeermg requirements for a current expendable
vehicle is shown in Table 3-4, The part1cular contractor does not identify a
'51gn1f1cant level of effort as "sustammg engmeerlng, ""but rather is organized
into separate program support groups. Further, the' varlous programs
employing the ‘veblc_le. are fre'quently those in which the contractor is prime
for both the vehicle and the 'payload_ and, therefore, the manning is also
concerned with the payload itself. It was cons.e'quently difficult to single out
purely vehicle. engmeermg support Only contractor requirements are given,
' :ﬁand general engmeermg support is not identified. The contractor‘ organiza-
tion includes aux111ary propuls1on and attltude control in- the thht Control
category SO a separate flgure is not g.,1ven for the former. Also," several of
the categorles 1nclude allowances for computer s1mu1at10n work, mcludmg
software development “The flgures are cons1dered typ1cal of a fully opera—

t1ona1 phase;

13



- Table 3-‘4_.:' ‘ Typical'_Exp_endabl,e'S_tagé Su_stainihgr Engiheerihg

Functional Category

Taunch Site

In- Plant

‘KSC - VAFB

NASA Center

Structures/Stress
Main Propulsion V

Auxiliary Propulslon/
Attitude Control

Thermal Control
Electnc Power and Control'

Communications and
Instrumentation

Guidance and Navigation
.-F.light Control

Data Processmg/Analysxs '
and Software

- Fluid Systems (Hydraullc

-1 and Pneumatic)

Mechanical Systema {including
Docking, Ordnance)

Support Systems (Electricai/
Mechanical, GSE, Facilities)

Reliability /Maintainability

Mission Planning and Perform-

ance (including

Configuration Control
Procedures Management,

] Interface Control

Test Engineering

Program Control/Managerment .

Logistics Management
General Enginecring S'qpp'ortv

Technical Liaison /‘Er'\g.i,hee'ring
Representatives

TOTAL

|1 PHASE TOTAL -

Contr. [Govt,

Govt.

12-14

> -b‘:xziw

‘89-94 -

Cdntr. Govt, |Contr.

Contr,

Govt,

14




4, OFF-SITE FACILITY REQUIREMENTS

4,1 REFURBISHMENT SUPPORT

There are two major specialized facility requirefnehtsifor Tug refurbishment,
a vacuum chamber and a Tug maintenance/refurbi'shr‘n-'é'nt_.facility. The
vacuum chamber must be large enough to hoAusve the Tug é.nd hé.kle the capa-
bility to obtainz”a'vacuum of 10-3 torr. No cold- wall or heat lamp capability
is required. The vacuum chamber is used pr1mar11y in the per10d1c verifi-
cation of the propellant tank insulation system and could be located on-site or
off-site. The refurblshment/mamtenance facility must prov1de the necessary
square footage and equipments required for Tug maintenance. The extent of

the facility requirements is dependent on the degree of maintenance performed.

The approach _takeh in thi"s refurbishment study 1s a combination of on-site
and off-site re'furbishmerit. Routine maintenance such as visual inspections,
functional checks, leak checks, minor recalibrations, etc., is performed
after every mission at the launch site maintenance fac'ilit.y. At perlOdIC
‘intervals or whenever a failure oécurs, the équipmerit is removed from the
vehicle and sen t to a refurbishment/re.pair facility for a tear-down inspection
or repair, This refﬁrbishment/repair facility could be an integral part of
the on-site maintehé.nc_é facility; a separate facility at the launch site, or an-
off-site facility. The results of the refurbishment study are independent of
the location of the' refurbishment/repair facility since';che cost of refurbish-
ment or repair of the piece of equipment was assumed to be a percentage of
the cost of a new umt Off-site fa01l1t1es could be estabhshed at the Tug
prime contractor's plant or at an ex1stmg NASA or DoD facility. In any

case, a dedlcatved fac111ty is not considered to be required.

For example, the main éhgine is inspected and minor'éalibration and adjust-
ments are made after each flight at the maintenance facility at the launch
site. After 5 hours of operation (10 missions), the engine is removed from

the vehicle and returned to the engine manufacturer for a tear-down inspection,
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After 10 hours of operation (20 missions), the engine is 'removed from the
vehicle and returned to the manufacturer for a complete overhaul. The
off-site facility requirements would be normal engine asserribly and dis-
assembly areas (clean rooms) and a test stand for engine firing. These
facilities are not considered to be ded1cated “only fac111t1es that are used

by the contractor for other development and hardware programs.

Other vehicle ar'eas, such as av_ionic:s, auxiliary 'propulsion, electric"a’.lvpower»,
propellant tank ihsulation system, etc. , should not require any_dedicated
off-site facilities.v. The equipment thnat wi.11> be required consists of the usual

: »equipment utiliz‘ed for assembly and—c.heckout'd'u:ring_‘the manufacture of the
~hardware and-could, for thev rhost part, be utilized for other hardware pro-
grams., No Spectalized equipment needs are-anticipate'd " If the original
manufacturer is utlhzed for the refurblshment/repalr function, no additional
facilities will be required; however; if a separate mamtenance._contractor is
used, the facilities must include all of the equipment 'necessary_ for disassem-
bly, assembly ‘a'nd_ checkout of the hardware. -This w'ould require duplication
of most of the equipment used by the origin_al manufactu'rer during the pro_ducQ
tion of the hardware'. Hdence, to minimize the off- site facilityv requirerhents
any off-site repa1r or refurblshment of hardware should be done by the original

manufacture r.,’

It seems reasonable to assume that the Tug prime contractor and major
subsystem contractors will. be from the estabhshed maJor corporatlons of the
aerospace 1ndustry These contractors and their fac111t1es are assumed to be
available as needed durmg the Tug operat10nal phase A variety of special
test facilities will probably be utilized durmg the prograrn to investigate
unique problem areas. It is difficult to identify any problem for which |
appropriate test facilities will not be a\}ailab at NASA oenters and labora-
tories, DoD centers and depots or prlvate 1ndustry fac1ht1es therefore,

no dedicated Tug facilities are- v1suallzed
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4.2 SPARES SUPPORT

The extent of off-site facility requirements that result from spares support
is a function of the approach taken in s_paresvprovisioning;_. Two approaches

~ to spares support are: (Al) buy all of the spares at the_beginning of the pro-
gram; and (2) purchase the spares from the\ori'ginal manufacturer over the
life of the program on an as-needed basis. >The first app'roach would 'appear
to have the leastimpact on the 'supportireq-uirements;'hoWever, it would'onl»y
be feasible if the-question of what and how many spares would be requirect |
during the life of the program could be answered. The unknowns mvolved
relat1ve to the ma1nta1nab111ty and reusab1hty of the various Tug systems

.‘ make this questlon d1ff1cu1t to answer. Vehicle modifications required by
either early design glitches or design .changes brought about by technological
advances later in the operational program could result in the obsolescence of
spares that were'purchased at the b'eginning of the program. Another prob-
lem with purchasing all the spares at the beginning of the program has to do
with peak funding . The cost of purchasing the spares requlred over-a ten

to twenty year period could be significant. On the other hand the early pur-
chase of spares does have the advantage that one does not have to be con-
cerned about whether or not the original manufacturer w111 still be in ex1stence

5 or 10 years later to build the partlcular spare item when it is needed

The purchase o_f’-:spare's over the life of the program .on an as-needed basis
could be expen's.i\te, sinc_e this woulid require the rnanufacturer to maintain a. .
production capability after the main production run has been completed.

This approach‘_requires that the manufacturer'remain in business for the

life of the program. This assumption may be valid for the Tug prime
contractor and-the major. subcontractors but not necessar11y for many of

the smalle T cont ractors.

-The approach to spares provisioning which appears to' have the least impact
on the total spares support requlrements is one whlch is a combination of the

two approaches described in the previous paragraphs. During the initial
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"manufacturmg phase of the program when the flight test vehlcles are bemg
’produced an over- buy of .the ant1c1pated spares required would be made.
Then, if these spares are not needed they could be ut111zed in the production
of the remaining flight vehlcles Hopefully, before the production of all the
vehicles has- been completed, enough experience will have been gained during
the flight test program and early operational flights to permit a better esti-
mate of the spares'-required. Later, in the operational phase of the program
if a need develops for some addit'ional spares or-’vehicle modifications, the
customer could" ask for competltlve bids. In. order to be in a position to do
th1s, the customer must purchase from the or1g1nal manufacturer at the
beginning of the program all of the necessary drawmgs, specifications, vtest ~
equipment specifications, -etc, -Hence, the customer does not neces_sarily
have to depend on the original m_a‘nuvfactur'er remaining in business nor does

he have to acce'pt the original manufa_ctu'rer's_pr,ice'f'or'additional spares.
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5. EVALUATION OF TUG CHECKOUT ALTERNATIVES
'INTERFACE COMPARATIVE VS DEDICATED ‘
ON- BOARD CHECKOUT '

5.1 OBJECTIVES .

To perform its mission, the Tug must 1mp1ement the funct1ons of data

- management; guldance nav1gat1on and control; rendeZVous and dockmg,
»commumcatmn electr1ca1 power genoratlon conversion and distribution;
etc. Each of the-subs_ystems employs trlple or quadruple redundancy to
insure mission success and each subsystem rﬁust be checked for _readiness
before deploymen-t‘ and for operability during flight, The objective of this
effort is to evaluate the relative merits (size, we1ght and power) of two
‘checkout alternatlves (1) interface cqmparatlve, and (2) dedicated on-board

checkout.

5.2 - APPROACH

Because of the short period of time available, a decision wa.'s'_ina.de to limit
this evaluation to one subsystem, the thrust vector control subsystem. This
subsystem is a critical one of moderate complexity for which results may be

extended to other subsystems with a significant degreé of assurance.

To provide a realistic sét of test r'equir'e'ments and associated test points,
the testing of a similar operational subsystem, the thrust vector control
system of the Titan IIIC second stage was éxafnined in detail. Each test
performed on that ve‘mcle was exammed for app11cab111ty to the Tug and a

set of tests was defmed as the bas1s for the checkout system comparisons.

A sizing effort was completed for the interface comparative and the dedicated
on-board checkout system. Conclusions from quantitative comparison of
the two alternatives are described with recommendations and qualitative

comments,
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5.3 " DISCUSSION

5.3.1 » Titan IIIC Second Stage Thrust Vector Control System Testing

VFi'g\ire 5-1 depicts the groﬁnd.and a.i_rbor-tte equipment associated with
testing of the second stage of the Titan IIIC. There ate_ many similarities

" between the equipments employed on board and the op.efating environment
of the stage with the current plahning for the Tug thr'ust .v_ector controll_' sub-
system. ‘A major difference is the requirement for ground checkout oh'ly
for Titan ITIC whereas the operationalA mode of the Shuttle provides a later
opportunity fof checkout and a concomitant requirement for some checkout
of the Tug on o'r.b_it to insure a safe return of the v'eh‘ic‘le" inside the Shuttle. -
- Nevertheless, it was felt that an exemihation of the test requirements pfior
‘to launch of the Titan IIIC (see Appendix A for _detaile) would provide a logi-
cal basis for a realistic setic_)f‘t-est requii'ements for the planned on-board
checkout system of the Tug. A complete description of the tests examined
is presented in Appendlx A and the results. of this exarmnatlon are summa -

rized in Table 5-1 with the rat1ona1e for the tests selected

In addition to the tests selected from the Titan set, provisions for dynemic

response testing were also included in the comparison repertoire.

Another significaht peint relative to the Titan testing which‘will influence the
test planning for t}te.v Tug is the approach to testing of the digital computer
serial elements in ttxevflig;ht contrel system. With a digital corhpu'ter pro-
viding the autopnilot function in the flight control system (FCS), software

takes the place of hardware for mechahization of filters and gain reqﬁirements.
The respon51b111ty in checkout is to functionally verify FCS hardware utilizing
equatlons (software) and to assume the flight software is valid. This approach
employs an end-to-end FCS hardware test that ut111ze_s simple software
equations that are separate from the flight equations. This end-to-end

FCS hardware te'st.d’emonstrates that.each flight controi sensor and

actuating device is performing in an acceptable manner, and that the
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Table 5-1.

IS R A A

T1tan thht Control

System Tests

Test -

- Applicable to_' Tug
Checkout Compa-
rison Study

Rationale .

Gyro Tempe rature and

" No _Sénsors are included in
Spin Motor Rotation ' _guidance system for
Detection = - » - Tug--not flight controls
. thht Control Phasmg No _.Th‘is test _is.la one-time
‘ 'Tests ' ' : | test conducted on initial
' system installation
Engine Alignfﬁ'ent No “Same as 2, above
Verification '
Dynamic Cross Coupling- Yes
, Test
System Nulls and Static .- Yes ..
Gains
Automatic Véhivcle ' Partially " Success criteria requir-
Verification - ing engineering evalua-
- - tion .of analog recordings
-must be designed out
Valve Drive Amplifier - No - This test developed as
Stability Test- : ' ‘a result of a design
- ' - deficiency and is
vehicle-peculiar
Signal Interface Test No "This is a one-time test

at equipment installation
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interconnections between t_he>FCS elements are correct. . The flight control
hardware end-to-end test philosophy is only acceptable when a software
validation program complements the hardware tests, and integrity of the

flight software is demonstrated.i'nbpen loop tests and closed loop trajectory

simulations.

o 5.3.2 . Comparlson of Interface Comparatwe and Ded1cated
' On- Board Checkout Systems :
5. 3. 2 1 Def1n1t10n of Checkout Systems |

"The mterface comparatwe techmque of testmg is based on the principle
. that the hkehhopd_of fa11ur,es_1n multlple_ identical subassembhes is very
low.  The comp.)arative:te.chhique employs a.majority’v_ete (MV) »decis.ion to
determine the corvrect aetion. Figure >5—2, shows in b-lock diagram form the
MV mechanizétidn._ The detail impl'emehtation of the MV block may be
inferred .from»vRef. l. When any two "X" units are in agreement, one

of the two good inputs to the MV is accordingly transferred to the three out- |
puts. The fa‘illevd unit is identified to the usef_-by the monitoring poiht. If
subsequent failure‘ is detected (erratic behavior of the Tug) in the case of
the control system an arb1trary guess may be- made to select one of the

two last known good units by exercising an approprlate bypass control 11ne
For example, 1f X1 and X2 were last known to be good but one has since -
failed, it may be presumed that either the X1 | OF the Y2 > bypass discrete
may be issued to deactivate the MV decision logic a_nd enable direct transfer
of the selected "X signal to all the "Y" inputs. (The other two ."'X" .ou-tp.uts
are disabled byi interrupting power to appropriate units in the preceding
chain.) If err'atic. behavior is not ellimin‘ated, the nevxt, bypass discrete can

be tried.

The dedicated '""On-Board C'heckout” technique is patterned after the more
conventional approach employing a signal generator to stimulate the sub-
system. The subsystem responses are measured ahd evaluated. It has .b
become standard practice to use on-board computers to generate the stimu-

lus for checkout. Ground _checkou-_t ‘equipment is used for bulk storage of
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checkout programs (foftr‘ansf,er to on-board computers)i and for meaéuring
and recording the test results (the checkout programs a‘r'e'replaced by flight
programs after completion of checkouts). For the p\;xrpos_es of this study,
the on-board checkout function of each redundant 'subsysté.m will be per-
formed by aﬂsp.ecia,l' purpose,miéfocomputér peculiavx_-ly_dédicatléd‘ to each

subsystem. The ‘general configurafion is sho{vn' in Figure 5-3,

5.3.2.2 S_ysterhﬂ'ObJéct"ives ‘and Assumptions

It is assumed that the checkout system should have the following capabilities:'

—

a. A~monitor-p‘erf0rm'ancle

b. “eévaluate pe rfofma’né.e__

q._". | 1j¢.poi-t malfunction

d. disable' (or inhibvit-). -failé‘d uhif_s.By pc'm.rje‘r shutdown

It is also assumed that the subsystem reliability requirementé will be
achieved by triple redundancy for the control system error amplifier and

torque motors'and by dual redundancy of the actuators.

Performance parameters to be monitored and e'valua.ted are: systefn nulls, .
static gains, dynamic gains, interference from other subsystems, etc., as
noted previously. Either actual or simulated attitude and rate inputs will be
used in checkout. It should be noted that checkout objectives as set forth
represent the minimum necessary to establish a valid comparison between
the alternative checkout schemes. The design status is at a concept level
based on the inexact nature of the existing requirements., Nevertheless, an
attempt will be made to arrive at valid equipment comparisons for the two

approaches.

5.3.2.3 Study Configurations

The reference concept is shown in block diagram form, Figure 5-4. This
configuration is taken from a North  American Rockwell report (Reference 3)

and represents in ﬁapproximate form tﬁe comparative .or majority vote concept.
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The transducer excitation voltage is -_for measurement only to show the res-
ponse of the redundant actuators., The servoactuators are majority voting
' mechaxncal feedbacl\ servoactuators. Any two correct gimbal error inputs
w111 override the other. (A complete description of the MV actuator. may be
found in Ref., 2.°) Actuators are provided redundantly, two for pitch and two
for yaw (it is assumed that roll control will be accomphshed by a separate

subsystem)

‘The dedicated on-board checkout concept is s_hovn}n in _Fig’ure 5-5. An exa-
" mination of Figures 5-4 and 5-5 shows that the differences amount to a
mlcroprocessor vs the MV c1rcu1ts The microprocessor, of necessity,
‘performs the functions of the Data Acqu1s1t1on Unit (DAU) (Ref. 3) which

are:

a. Sample analog diScrete and serial (if appropriate) digital
.-signals from the subsystem and process and buffer store
these data for subsequent transfer to the control computer

(a part of the data management subsystem (DMS)).

b. - Output d1screte and serial (if apphcable) digital 31gna1s to

- the subsystem under d1rect control of the DMS computer

c.. - ‘Output analog S1gnals under direct control of the DMS

) computer.

d. - Be programmable by the DMS computer via the data bus
with 31 instructions (instructions call for signal generation

and measurement samphng)

The DAU and cbntrol subsystem function during cheekout as if in the opera-
tional mode. Instructions to enable the actuators and drive the gimbals are
received and responded to during all checkout phase's (it is assumed that the
DMS responds in turn to commands received via the communications sub-
systems so that on-board programs are not required in the DMS for checkout
of the contr01" subsystem).' The checkout function and performance verifica-

tion is accomplished passively by the MV circuits. .A_ny out-of-tolerance
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condition is >reported and faiied units may be replaced (before boost) or by-
passed by the issuénce of an é.ppropriate bypass control discrete. | (Bypassing
calls for a considered judgment in the case of multiple fa11ures prior to
deployment of the Tug but after deployment bypassmg w111 enable completlon
of the mission for fallure, for example, of up to, 4 of the 6 yaw actuator

signal drives).

The microprocessor apiyroa’ch must also accomplish the function of the DAU.
In addition, as shown in Figure 5-5, in the absence of 'majority.vote; the
‘dedicated mic ropfocessor must monitor and évaluate the performance of the
subsystems. For the sake of equal compari.son it w>i1-1Abbé assume»d that 4
instructions for enabling the actuator and driving the gimbals are received

via the data bus from the DMS computer.

The computer must store the transfer function for the g'imbal error ampli-
fier (GEA) and for the actuator responses. The GEA signal is picked off at
the input to the t'orquers and the actuator response is determined from posi-
tion and delta pressure transducer outp’dtsA. The nulfnbér of'instructiohs

and data words required for theée func'tions héve been estimated (Ref." 3, 4,
and 5) and a number of microprocessors are available with adequate capabi-

lity for the checkout function,

5.3.2.4 Mic roprocessor Sizing-Dedicated Checkout

For the purposes of this study, the rri_icroprocessor size will be taken from
Ref. 4. With triple redundancy, three microprocessors of the CDC 469 type
will be required, " This computer is a 10.2 cm (4 .in) cube, weighs 1,8 kg

(4 1b) and takes 4 watts of power. The standard 1nput/output of this machine.
will have to be redes1gned to 1nclude the DAU function. Slnce the standard
I/0 is a negligible fraction of the CDC 469, it will be ignored; it.is assumed
that an increment will be added to the CDC 469 to accomplish the DAU func-
tion, Therefo're', since both checkout approaches have approximatély the
same hardware for DAU functions, the comparison will be between the pro-

cessor and the majority vote hardware.
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5. 3.2.5 Majority Vote Sizing-Interface Comparative“'Checkout

Figure 5-6 shows an approximation of the c1rcu1try requlred for the MV #3
block shown in Flgu‘re 5-4. A count of gates indicates that the logic of this .
" function can be accomplished on a large scale integration chip (less than a
hundred gates). It is'assumed that three operational ampiifiers will be
required to condition the output signal. The total for yaw and pitch is 12.
Nine signal conditioners are prbvided for status on.each MV module (for a
total of 90 51gna1 conditioners pecuhar to MV for yaw and pitch). Flgure 5-4
indicates that 5 MV modules are required for the 2 pitch actuators. Yaw and
_pitch will have 10 LSI chips total for MV. Thirty-six test signals (pressure,
‘position and temperature) will also have signal conditioners (not shown
because they will also be pfovided for in the dedicated checkout system).

It is estimated that a total of 12 dpamps, 10 LLSI MV chips and 90 signal
conditioners (for instrumentation of MV sta>tus) will be used uniquely as a
part of the MV function. It is estimated that this circuitry will take less
than 2.0 watts and can be mounted on-vone or two multilayer, 10.2 cm x

10.2 c¢cm (4 in x 4 in) motherboards and weigh no more than 100 grams.

5.3.3 Extension of Results and Recommendations

5.3.3.1 Significance of Results

The conclusion of the study effort, namely that the interface comparative
technique affords a size advantage of better than 10to 1 over the conventional
dedicated on-board checkout technique, is very. significant. Previous exa-
mination of checkout system performance in terms of acéuracy of fault iso-
lation has clearly demonstrated that major costs are associated with removal
from vehicles of non-faulty components. Quoting from Reference 6 by
McDonnell Douglas "It is shown that regardless of the aircraft manufacturer,
54 percent of all autopilot LRUs (Lme Replaceable Umts) removed from air-
craft were not faulty when they were removed.' For other subsystems, cor-

responding percentages are Air Conditioning - 35%, Electrical Power - 37%,
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Engine Instruments - 45%, and Navigation System - 54%. . Improving the
fault isolation accuracy level to approximately 95% is predicted to result

in a 15% to 20% reduct1on of total direct maintenance costs

Since many of the false rer}novals‘ are caused by faulty test equipmént, a test
technique which reduces, by a large factor, ‘the required number of test
equipment piece parts can S1gn1f1cant1y 1mprove the accuracy of fault isola-
tion (assuming equal capab111ty of the test system with its dlsplaced prede-

cessor) with a corresponding __reducuon in mamtenance costs.

5.3.3.2 Sﬁggested Further Efforts

Thé sensiti{/ity of the results of this effort to the assumptions made in gene-
. ration of the data was not examined due to the brevity of the effort. A few |
of the areas needing cl'arification include:. (1) the vavlidit}; of the assumption
that the communic'ation system originates test sequences rather than on-
board programs in the data management system, and (2) the effect on the
conclusions of selectlng a centrahzed checkout approach for the dedlcated

system rather. than using mlcroprocessors. _

With coniiden'cé that these clarifications will c'.onfirrin the superiority of the
interface comparative technique for the thrust vector control system, the
applicability of the technique to the to’tai f)roblem of checkout of the Tug on

as broad a basis as possible should be co'nsid'ered The potential for reduc- -
ing refurblshment costs by streamlmmg the testing should receive major
attention in a study mtegratmg airborne system Tug de51gn with on-board
checkout system des1gn, ground system facilities, and refurbishment planning,
The interface comparative test approach must be, int'e,g.rated wibth consistent
airborne system design and reliability requirements aljid maintenance

planning to fully recognize its potential for cost savings.
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APS
DFCS
DRS
FCS
IGS
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SAPS
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VECOS
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APPENDIX A; TITAN IIIC THRUST VEC TOR
© CONTROL SYSTEM TESTS

GLOSSARY

AC De-z.lcdvalectrIOn'ic's'
Auxiliary Powe_:i‘ Suvpi)ly '
DigiAtal_ Flight éontr§1~System
Data Recordihg Set | -
Fliéht Controi Sy.stem.‘:
Inertiai Guidance System
Mis.sivlé Guidance Computel:'
Sw.i't:ch_ed Auxilia;ry Power Supply
Spin Motor Rotatioh Detecti_on
Télerﬁetry |

Véi‘i{é Drive Amiplifier
Vehicle Check-out .'_Se.t

Vehicle »Veri‘fi'catioh.
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APPENDIX A, TITAN IIIC THRUST VECTOR
'CONTROL SYSTEM TESTS

Al GYRO TEMPERATURE AND SMRD (SPIN 'MOTOR ROTATION
DETECTION) DISCRETE VERIFICATION

A.l.1 Objective

To verify the time required for gyro heatef and SMRD discretes to turn on.

A.l.2 Prerequisites
None required. .

A.1.3 Configuration .

None required.

A. 1,4 Colnst'raints

None required.

A.1.5 Tesf De‘scriptio.n‘ .

A.l1.5.1 Temjé'rature B

Apply gyro heatef power and méa,sure- the time for the gyro heaters discrete

to turn On,
A.l1.5.2 SMRD
Apply APS power and measure the time for the SMRD discrete to turn ON.~

A. 1,6 Success Criteria

Temperature '"Go" discrete shall occur Wi'thi_n 40 'mihuteé of application for
gyro heater power. At the Site, the discrete may cycle for a t_otél of one
hour from first reéeipt of temperature _GO. 'SMRD "Go'" discrete shall occur

within 45 seconds of application of APS B\';é;'Voltage Ol

A.2 FCS PHASING TESTS
A.2.1 Objective

To verify proper end-to-end phasing of Flight C_or‘x‘trol*r'S'ystems_;
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A.2.2 _Prergg@isités

Hydraulic system servicing complete.

A,2.3 Configuration
None required.

A.2.4 Constraints

Requires proper mechanical phasing., -

A.2.5 Test Description

The flight controls components shall be mechanically displaced to simulate

vehicle motion while observing the output. The flight controls components

shall be electricaliy torqued and proper phasing verified at the actuators.

A, 2.6 . Success Criteria

Mechanical phasihg shall be in ba'cAc'ordance wi:t'h_ established values.

Electrical phas’ihg' shall be in accordance with established valué_s.

A3 " ENGINE ALIGNMENT VERIFICATION
A.3,1 Objective

To verify that the.Stage II actuators are properly rigged.“

A.3.2 Prerequisites

Vehicle erected.

A.3.3 Configuration
Actuators cdn_nected to the engines.

A.3.4 Constraints

None required,

A.3,5 Test 'Description .

Measure the attitude of the Stage II engines relative to vehicle centérline,
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A.3.6 A Success Criteria

Engine alignment within acceptable limits.

A.4 DYNAMIC CROSSCOUPLING TEST
A.4.1 Objective |

Verify cross channel response stays within.acc_eptable limits when sélected

signals are introduced into a’djéc_.ent channels. -

A.4.2 Prerequisites

None required.

A.4.3 Configuration

TLM operating.

A.4.4 Constraints
None required,i )

A.4.5 Test Description

Introduce selected signals for pitch-to-yaw, pitch-t_o—'fo_ll, roll-to-yaw, |
yaw-to-roll, roll-to-pitch, and yaW—to-pitch Crosscoupling for S'tage I_I
FCS channels. ' '

A.4.6 Success Criteria '

Dynamic crosscoupling shall not exceed 5 percent of chahnel response,

A.5 SYSTEM NULLS AND STATIC GAIN TEST ‘: :
A.5.1 Objective

To verify the sysfem nulls and static 'gain_s are within limits,

A.5.2 P:i-ere‘quisites

Hydraulic se r'\lr‘ic-i:hg complete,

A.5.3 Configuration

None required.
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A.5. 4 Constraints -

None required.

A.5.5 Test Description '

Measure FCS nulls with all inputs connected. ‘».Apply FCS stimulus to the
sensor or computer and measure the output response for both positive and
negative inputs. D ' ' o

A.5,.6 Success Criteria

'System'null's and static gains shall be vé,rifi_ed to be within the limits

specified. »
A.6 AUTOMATIC VEHICLE VERIFICATIONb
A 6.1 Objective - ' |

To verify the functional integrity of the flight -coﬁtrols system and selected

other vehicle 'functions.' s

A.6.2 Prer‘égﬁisites '

‘None required;.

A.6.3 Configuration _

DRS and TLM'opé'rating'. - VECOS Automatic VV tapé' installed.
A.6.4 Constraints |

At no time will Inertial Guidance System (IGS) power be applied or removed

from the vehicle with hydraulic pressure applied.

A.6.5 Test Description |

The vehicle verifiéation shall be performed aufbrhatically utilizi.'ng the

Vehicle Checkout Set,
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A.6.6 ° Success Criteria

A,6.6,1 Automatic Verification

Verify GO and VEHICLE GO 1nd1cat10ns occur as requ1red in the proper

frames,

‘A.6.6.2 Interference Susceptibility

Lack of interference susceptibility shall be ferified as follows: Performance
of a successful vehicle verification with other subsystems operating. Analog

recordings shall 1nd1cate an 1nterference level less than five percent of

full scale
AT . VALVE DRIVE AMPLIFIER (VDA) STABILITY TEST
A, 7.1 Oblectlve

To determme the rela.tlve stab111ty of the combination of the MGC VDA and

vehicle wiring.

A.7,2 Prer'equisites

Proper operation-_of‘the test tool ;shall ‘b:evverified using an external 50 ohm

+ 1% resistor.

A.7.3 Configuration

IGS AND SAPS power must be OFF. The flight article MGC shall be
installed. Stége II, hydraulic actuators shall be-e__le“ctriclally connected

with hydraulic _bQWer OFF.

A. 7.4 Constraints

None required,

A.7.5 Test Description

A.7.5.1 Power Off Test

Power must be OFF and vehicle must be disconnected; The mafriage of

the ACDE test tool to the MGC with IGS power OFF and vehicle wiring from
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the MGC to the actuators disconnected shall be verified by driving the VDA
- with a constant current step provided by the ACDE tes_tktool and 'photograph—
ing the response as shown by an oscilloscope across a 51. 6 ohm monitor
resistor. DBoth a p031t1ve and negative going step response for any one of

the nine VDAs shall be photographed

A.7. 5. 2 Power On Test

- Power must be ON, vehicle conne”cted, nmbilicals ON. The transient res-
ponse at the MGC VDA loaded by vehicle wiring including the VECOS mal-
function isolation' monitor lines shall be verified by driving the VDA with a
constant current step prov1ded by the ACDE test tool and photographing the
response as shown by an osc1lloscope going step response for all three
VDA s shall be photographed

A.7.5.3 Umb111cals D1sconnected

Power ON vehicle wiring connected umbilicals dlsconnected The transient
response of the MGC VDA loaded by in- fhght vehicle w1r1ng (i.e., w1th
VECOS lines d1sconnected) shall be verified.

A.T.6 SUCCESS CRITERIA

A.7.6.1 Power Off Test Success Criterie.

‘With the power OFF and vehicle wiring disconnected, the negatwe and pos1-

tive step data must meet predetermmed Success Criteria.

A,7.6,2 Power On Success Criteria

With the power ON, vehicle 'wiring connected and urribtlica.ls ON, there
shall be no detec_tat,ble steady state oscillation whose amplitude is greater
than a signal of 100 millivolts peak—to-peah. ‘Noise amplitude of 40 to 70
millivolts is allowable as characte rized by the heavy’ white band (very high
frequency) of noise as shown in photographs. Noise spikes of unsustained
frequency with‘ an amplitude of 180 millivolts are allowable. The damping .

ratio of each frequency component of each recorded transient response shall
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be calculated usmg the followmg formula

Damping Ratio = P (ln 2 E; - (2 30))
' 6.28 t
- The value of damping ratio so calculated shall be recorded and shall be

greater than 0.030. ' The following definitions apply to: the above formula.

P = the period (in microseconds) of each frequency component. This shall’
be recorded for each frequency component of each transient response It
is expected that three to five 1dent1f1ab1e frequency components will be

observed.

t = the time (in rhicroseconds) requifed for each identified frequency com-
ponent to reach an amplitude of ten millivolts peak-to- peak This shall be

measured with’ respect to tran51ent initiation.

E, = the peak value (in millivolts) with~respect to zero volts of the first
cycle of the transient response of each frequency component. This shall be

recorded for each frequency corﬁponenf of each transient response.

A.7.6.3 Umbilicals Disconnected

The same Succevés Criteria as in Parag_raph A.7.6.,2 above apply to this

test.
A.8 SIGNAL INTERFACE TEST -
-~ A.8.1 Obje'ctive

To verify the electr1cal characteristics of the gu1dance 31gnal mterface prlor
to marriage of the MGC/DFCS.

A.8.2 Prerequisites

. None required.

"A.8.3 Configuratioh ‘

MGC not conn_iected.
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A.8.4 Constraints
None i'equired.

- A.8.5  Test Description

A.8.5.1 Sequence System Load Test

The resistance shall be me_asured between the positive side of each discrete
relay coil and the non- isolated discrete conductor at MGC cable connector.
The polarity of the measurement s_ha‘ll be such that the v.resistance is mea-
sured for a current going from :the'posit»ive side of tij_e’coil' to the MGC dis-

crete conductor.

A.8.6 Success Criteriav' _

A.8.6.1 Sequence SJSfern Load Test

The resistance of the discrete relay coil shall be 64 to 711 Ohms. This
measurement shall be made with sufficient volt_é.ge' to overcome the steering
diode breakout effects. The VECOS tape ad\}ance discrete load resistance
shall be 700 _4:‘105 Ohms at the MGC connector. The FCS NO-GO discrete
load resistanéé_shall be 495 to 751 Ohms at the MGC connector, | -
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