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1.0 INTRODUCTION

The Maintenance, Logistic Support and Training concept developments are es-

pecially important for ARPV system definition since previous experience with

high sortie rate RPV operations of the type required does not exist. Much

of the analysis conducted on this contract in these areas is documented in the

Reliability/Maintainability Allocation , AssessmeAt and Analysis Report and

the Integrated Support Plan (CDRL AOOB and CDRL AOOC) . These reports in-

clude time lines detailing ARPV Turn-Around-Time (TAT) and ARPV preparation

time for storage to operationally ready status, Qualitative and Quantitative

Personnel Requirements (QQPRI) and a surtznary of peculiar support equipment

requirements.

This volume documents trade studies in the following areas:

• Basing Concept

• Logistics Concept - Overall Concept Development

• Storage/Packaging Concep t

• Maintenance Concept

• Training Concept

• Avionic Support Equipment Concept

~ *I k’ 1—1
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2.0 BASING CONCEPT

2.1 CONSIDERATIONS

The ARPV operating base concept was selected after considering five possible

alternatives with regard to location, base layout and operational elements

considered vital to operational capability. Figure 2-1 illustrates the five

alternatives considered and identifies the operational elements associated

with each concept.

2.2 ANALYSIS

Evaluation of each concept was accomp lished by the identification of factors

affecting the acquisition and operation of the base. The factors utilized to

evaluate the five basing concepts are:

(1) Geography and Political Feasibility

(2) Cost - Land Acquisition

(3) Launch and Recovery Rates

(4) Operational Vu lnerability

(5) Billeting and Administration

(6) Logistics Support

(7 )  Ease of Deployment

(8) Interference with Tactical Operations

(9) Command and Control

Each of these factors was assigned a weighting factor. The five basic concepts

were then evaluated for each factor and assigned a numerical score on a scale

of 1-10 with the preferred concept having the higher score. Table 2-1 dep icts

the factors considered , the weighting factors assigned , the definition of the

factors and the appropriate definition of the weighting factor.

* 
2.3 CONCLUS IONS

Table 2-2 depicts the results of the described analysis and clearly i llus tra tes

2—1
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that Basing Concept #2 offers the most advantages. This Base would be

located near a host TAC base, dependent upon the host base for basic

services and supply, but independent with respect to ARPV operations.

To facilitate this approach, considering that the ARPV operations should

be mobile in nature for tactical reasons, mobile maintenance and storage

facilities are proposed for OCONUS (Outside CONUS) operations. Figure

2-3 illustrates the facilities envisioned for OCONUS operations which

would provide the I level maintenance capability. Standard military

vans (Mil-VANS) would be used to house ready-for-issue spares to

support operations.

Figure 2-2 illustrates the envisioned facilities required for CONUS

operations. These facilities utilize existing capabilities.

I
2— 2
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3.0 LOGISTICS CONCEPT - OVERAL L CONCEPT DEVE LOPMENT

3. 1 CONSID ERAT IONS

A number of system requirements have direct bearing on the selection of an

overall logistics concept. First, and most important, the mission analysis

study determined that effective application of the RPV force in the f i rs t

few days of the conflict is absolutely essential. Second, dep loyment ground

rules specify operating bases OCONIJ S and in CONUS. Also, all equipment

including mobility kits and War Readiness Supp ly Kits must be air transport-

able in C-l30 and larger aircraft. Finally, since peacetime training will

involve a minimum of actual flying due to operational and cost considerations,

a significant portion of the total RPV force may be in storage.

Based on these considerations, the following three logistics concept

alternatives were evaluated:

(1) Deployment and logistics support of training squadrons in CONUS

with War Ready reserve material in CONIJS storage.

(2) Deployment and logistics support of training squadrons in CONUS with

War Ready reserve material prepositioned in OCONUS storage.

(3) Dep loyment and logistics support of training squadons in CONUS with

War Ready reserve material prepositioned in OCONUS storage with back-up

War Ready material positioned in CONUS storage.

3.2 ANALYSIS

Logistics Concept (I) provides the following advantages: (I) a short pipe

line for spares; (2) no required dup lication of test equipment and associated

spires; (3) a wide choice of storage sites; (4) utilization of existing faci-

lities ; and (5) protection from destruction due to enemy action. The main

disadvantages are the reaction time required to deploy Combat Ready material

10 to the required OCONUS site and the associated problems of priorities for

3—1

~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ -_ - 04~—, ~~~



- -.=~~~~~ . - - -‘~~~ —

C76-1324/034C

transportation and establishment of operational sites and capability.

Concept (2) provides the capability of quick reaction to operational

demand dependent only on the deployment of operating and maintenance

personnel and assembly and check-out time for activating stored vehicles,

thus eliminating the transportation and priority problems associated

with Concept (1) and the need for establishment of operational sites/

facilities on an emergency basis. The disadvantages of this concept are

that a longer pipe line for spares is required to support storage and

operating failures and that all resources are exposed to possible destruc-

tion at first engagement with no existing back-up capability provided.

Concept (3) provides for a quick reaction to demand by prepositioning

Combat Ready material and support spares and test equipment in sufficient

quantities to support a short duration engagement. Existing CONIJS facili-

ties are utilized for the storage of back-up material while new or exist-

ing OCONUS facilities are used to establish an operational capability prior

to demand. Disadvantages of this concept are that supporting test equip-

ment and spares must be duplicated for CONUS and OCONIJS operations, thus

increasing the life cycle cost of the system.

3.3 CONCLUS ION

Concept (3), illustrated by Figure 3—1 , is the selected ARPV logistics con—

cept.. This concept combines the desirable features of Concepts (1) and (2)

in that a quick reaction to operational demand is provided and, at the same

rime , all resources are not committed , thus providing a back-up capability .

A long p ipe line is required to support a long duration engagement. However,

for short duration engagements, turn-around time at the weapon system level

is enhanced by prepositioned essential spares for both operational hardware

-04
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and supporting test equipment. Existing CONUS facilities are utilized for

training and war ready material storage. OCONUS facilities consist of

mobile maintenance vans and military vans for storage of selected spares.

4.’
I
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4 .0 STORAGE/PACKAGING CONCEPT

4 .1 CONSIDERATIONS

The storage and packaging requirements are a function of the operational

requirements , the adopted Logistics Concept , and life cycle cost con-

siderations . Since many air vehicles and their associated equipment are anti-

cipa ted to be In storage , time to convert the equipment from storage to an

operationally ready status must be minimized. The manpower and equipment

required must also be minimized . Testing of stored avionics equipment must — -

be achieved wi th a minimum of cost and handling .

Based on these storage and packaging requirements , the following concepts

were evaluated:

(1) Packaging (Assembly) of discrete assemblies , i.e., fuselage , wings , dis-

crete CORE avionics Line Rep laceable Units (LRIJ), mission pods , mission

avionics , etc., for later system build-up.

(2) Packaging (assembly) of major assemblies into discrete units ready for

operational utilization with little or no assembly required.

4 .2  ANALYSIS

Packag ing Concept (1) is not considered a practical approach in that assembly and

subsequen t testing of the assembled weapon would require an integration

facility and capability not normally within the scope of Air Force operations.

In addition , this approach would not facilitate a rap id response to oper-

,0 f ational demand .

Packaging Concept (2) facilitates the requirement for a rap id response to
4)?
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operational demands in that the weapon is completely assembled and tested

prior to storage. To facilitate shipp ing , handling and storage, the RPV

is packa”vd In modules: the airframe with CORE avionics installed , the

wings , the tails , and the mission pods wi th mission associated avionics.

The airframe module and mission pods are packaged and stored in a cocoon

with the capability of avionics testing while in storage withou t removal

of the cocoon. The wing and tail assemblies modules are designed for quick

installation and stored in separate shipp ing crates.

4 3  CONCLUS iONS

Packaging/storage conc’~pt (2) provides the required features to implement

the overall logistics concept. This concept is dep icted in Figure 3—1.

400/s

4-2 
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5.0 MAINTENANCE CONCEPT

5.1 CONSIDERATIONS

The mission analysis st  ~!v identified a requirement for the RPV force to

conduct high sortie rnt& operations. This requirement together with life

cycle cost consideraLions of minimization of manpower and skill level re-

quirements , and support equipment requirements were the primary maintenance

concept selection criteria employed.

Development of the ARPV maintenance concept involved consideration of the

following four different maintenance policies:

(1) System repair at the organizational maintenance level by fault iso-

lation , remove and repair of the faulty unit and subsequent re-installation

of the repaired unit to accomp lish system repair.

(2) System repair at the organizational maintenance level by fault isolation

t the faulty unit , rep lacement of the faulty unit with a like item and dis-

carding of the faulty unit.

(3) System repair at the organizational maintenance level by fault isolation

to a faulty unit wi th removal and replacement of the faulty unit and repair

of the removed unit accomp lished at the Depot maintenance level.

(4) System repair at the organizational maintenance leve l by fault isolation

to the faulty unit removal and replacement of the faulty unit with a like

t~~rm and repair of the faulty unit accomplished at intermediate maintenance

I- -- ~ 1.

C 

~~~~~~~~~~~~ 
- - _- -_ _ _



- — - —.

C76— 1324/034C

5.2 ANALYSIS

Maintenance policy (2) was discarded due to the cost involved to discard

faulty units and to provide spare major/complex units or assemblies. Main-

tenance policy (3) was discarded for the costs of having excessive spare

assemblies on hand to maintain system availability while the faulty units are

in the supp ly p ipe line.

Maintenance policies (I) and (4) were then analyzed on the basis of meeting

operational requirements for system availability and on the comparative number

01 spares required for the turn-around-time associated with each maintenance

po’licy .

44 percent system operational availability was determined to be required

I r ’  r ’I (( 1 a mission demand rate of 200 missions in a ten-hour day. Maintenance

‘down tim ’ ’ assoc iated with maintenance policy (1) was determined to be 1.6

houic . The down-time associated with maintenance policy (4) was determined to

lo~- 6.0 hours. These parameters will be discussed in detail in the Reliability/

Maintainabilit y Allocations , Assessmen t and Analysis Report , reference CDRL

; lu (’nce AOOB. rJsi ;~ thece parameters , the probability of repair comp letion

w i tl-’in the time constraints and the number of spares required to provide a

( I i )  po-rcent confidence band was determined .

Table 5—1 depfcts tho de te rminat ion  of the p robab i l i ty  of repair completion

~9 i t h i n  the indica t~~! timc constraints for maintenance po1icy~

Tihirs 5—2 and ‘-3 dep ic t th c de termina tion of the amoun t of spares required

t o -  li e m hand for each of the time constraints noted.

5-2
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5.3 CONCLUSION S

Inspection of the Probability of Repair Completion , Table 5-1 , clearly shows

tha t maintenance policy 4 provides the best possibility of maintaining the re-

quired system operation availability parameter. Inspection of Tables 5—2

and 5-3, Spare Requirements, also indicates that maintenance policy (4) is the

most economical approach.

}- Lzur c 5-1, Organ iza t i on  f~eve l Maintenance Concept and Figure 5-2 , Inte rmediate

Mai ntenance Concep t, dep ic ts the selected concept based upon the basic main—

tenance policy of removal and replacement of faulty LRU’s at the Organizationa l

~-‘aintenance level with  repair  accomplished at the Intermediate maintenance

1- v el.

I

I
3

5 8
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6.0 TRAI NING CONCEPT

Development of the ARPV operations and maintenance training concept evolved

fro m consideration of the alternatives suggested by:

1. Composition of the training staff.

2. Extent of simulation employed in training.

3. Composition of the force to be trained.

In addition , the overall training concept was shaped to conform with equipment

delivery schedules and the most expeditious formation of nine combat ready

ARPV squadrons along with their supporting elements . Highest priority was

assigned to initial training of three squadrons to support the overseas corn-

ni tment.

6.1 COMPOSITION OF THE TRAINING STAFF

6.1.1 Considerat ion

The concept of using long term contractor training support was compared with

early introduction of an all “blue suit” instructor force.

6.1.2 Anal ys i s  
0

As designer and integrator of the ARPV system, the contractor ’s eng ineering s taf f

possesses the inherent sole capability for initial training of service per-

connel. This training would of necessity be conducted at the contractors

facility by training specialists who also will support Initial Operational

Test  & Evalu at ion .  -\ cadre of USAF military and civilian technical personnel r
will he trained for parti cipation in lOT & E and pre-operational activity

leading to formation of l h -  first APRV squadron .

6-1
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The depth of training required to support the “remove and repl ace” organiza-

tional and intermediate level maintenance concepts for the ARPV not onl y

negates the need for prolonged contractor technical assistance , but  it

also permits dep loyment of a Field Training Detachment concurrent with attain-

ment of Initial Operational Capability.

Due to the depth of engineering experience required in the early phases of

depot overhaul/repair , training by the contractor should continue until the core of

USAF technical personnel trained at the contractor ’s facility has demonstrated

capability for performing this task.

Continued training by the contractor beyond b C , other than special situations

a t maintenance depots , would appear to be outweighed by advantages of an all

“blue suit” training force. The use of military instructor permits unrestric-

ted and optimum use of personnel by ~rovfding a dual capabili ty for both com-

bat operations and training. Furthermore, this approach is compatible with

current practice , particular ly where overseas rotation is involved.

6.1.3 ‘Conclusions

Training staff composition is determined by the requiremen t to attain an Initial

Operational Capability as expeditiously as possible. To accomplish this task:

1. The contractor will provide all operations and maintenance training

preliminary to lOT & E.

2. The contractor s,ill train any initial core of depo t level maintenance per—

sonnel and provHe standby assistance as required.

~. A core of contractor trained Air Force training personnel wi!l phase in

C o I 
~~ with a mix of contractor instructors during lOT & E and up to b c .

0 1 ~

- 

y
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4. USAF will conduct all routine operations and maintenance training sub—

sequent to IOC.

6.2 EXTENT OF SIMULATION EMPLOYED IN TRAINING

6.2.1 Consideration

The use of simulation and its effectiveness for training in both operations and

maintenance were compared with the advantages and disadvantages of using actual

hardware in a real world environment for the same purpose.

6.2.2 Analys is

The large number of ARPV ’s envisioned in tactical operations will requir e a

proportionally large number of training and proficiency missions for operating

personnel. Actua l flights for this purpose would be expensive in terms of oper-

ating costs and predicted vehicle attrition. Furthermore, any such flights

will continue to be restricted to unpopulated areas, which are far removed

o from overseas deployment sites.

Fortunately, the semi—autonomous ARPV mission is ideally suited for simula-

tion by the inherent nature of its “pinball machine” monitor and control.

Actual control consoles could be adapted and programmed to display any variety

of missions and associated problems which the operator could not distinguish

from “real world”.

Lau’-ich and recovery can be dup licated to a largc exte~ t with timed launch

and recovery drills using real hardware. The simulatlon is not as realistic

as in the case of flight control, but it can be combiined with actual flight

exercises on a spot check basis to provide training jnd assure proficiency.

4.
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t 
Maintenance training which requires on-the-job experience is somewhat more

difficult to provide via simulation. However, fault inducement in real hard-

ware can satisfy this requirement if it is implemented in a well discipline

program which is careful to avoid any semblance of “make work”.

Despite the potential use of simulation for training, actual f l ights  will

still be essential for tactics development, particularly in support of manned

aircraft strike operations. A limited number of flights may also be generated

by a requirement for system equipment verification. Finally, an actual flight

check of randoml y selected operations and maintenance personnel will remain

the ultimate test of combat readiness.

6.2.3 Conclusions

The most cost effective and practical training for ARPV operations and main—

tenance personne l will combine extensive simulation using operational hard-

ware and a limited number of actual flights.

1. The bulk of flight training will consist of operating real control con-

soles programmed with simulated missions.

2. Launch and recovery t raining will consist mostly of timed drills with

op’ rational hardware.

3. Much maintenance training , especially the proficiency aspect, wilt employ

fault inducemen t in real hardware.

\

~ 4. Overall performance will be spot checked during flights conducted and

supported by selected operations and maintenance crews. These flights

may be combined with those generated by the need for tactics development

and equipment verification.
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6.~ COMPOSITION OF THE FORCE TO BE TRAINED

6.3.1 Consideration

The full-time ARPV training squadrons in CONUS and the deployed squadrons

would obviously be composed of regular Air Force personnel. However, the

compositinn of four standby squadrons in CONUS dedicated to contingency auginen-

‘a t ; C ~r r,f the overseas force was considered with respect to the employment of

- eservtsts .

~.L2 Anal ysis

To support the overseas wartime contingency, the four CONUS based standby

ARPV squadrons must be full y manned regardless of the regular/reserve corn—

nosition. Since their own assets will be in ready storage and training with

the adjacen t active squadrons assets will be severely restricted to proficiency

requirements , the total training and operational activity will be minimal. For

a fully manned regular Air Force organization , overall cost effectiveness would 
0

not onl y be low, but the low level of activity required by such a limited

mission would have an adverse effect on morale.

The- u se  of reservis ’.~ , if available , to man these squadrons would be an ideal

-~o 1 ,t ion . The level of training activity required to maintain proficiency

~oU1d he a challenge to the part time reservists. In addition , any conflict

arising from the use of equipment borrowed from the adjacent active squadrons

bt resolved i n  ftc typical weekend operation of the reserve force. The

‘f shared assr:ts p lus the significantly lower personnel costs of the re—

.52rve organization make it very cost effective in th i s  application.

Unfortunately , th~ nucnning requirements of four standby ARPV squadrons, corn—

6—5 
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posed entirely of reservists, are more than the present population base of the

Davis-Monthan AFB area can support. This assumes that the same general ratio

of present ly organized AF Reserve or AN Guard Squadrons to their adjacent pop-

ulation base is app licable. If the area adjacent to Tucson is extended to 200

miles , then the Phoenix area is included and the total population base could

support four standby ARPV squadrons , provided no other organized Air Force

Reserve competition is considered. However , this support is based on another

assumption, namely that the non—flying ARPV squadron has the same appeal to

the reservist as the manned aircraft squadron. Since the inducements of

f light are not present, the appeal of the ARPV squadron would probably be less,

and the voluntary serve affiliation would be correspondingly reduced.

If an all regular AF standby ARPV organization is not cost effective, and

an all reserve unit is not presently feasible , then a mix of the two elements

should be considered as the best compromise. Using the present population base

of the Tucson—Phoenix area, as well as current trend , a proposed regular re-

serve manning mix of 50/50 would appear conservative to support the overseas

wartime contingency as rapidly as possible . Initial manning would probably

be predominantly regular AF, although a weekend training routine to accommo-

date reservists would be implemented. As reservists are recruited and trained ,

rcgular AF personnel are released as replacements for the active squadrons. The

mix of reserves to regulars could be adjusted upward as the population base

increases.

Precedent for the mix of regulars and reserves has been set in various organi—

zations of Military Airlift Corrznand under the Associate Reserve concept.

Success of the Associate Reserve program has resulted in enthusiastic endorse-

ment by the Secretary of the Air Force and Chief of Staff.

6-6
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6.3.3 Conclusions

A flexible mix of regular and reserve AF personnel appears to be the best

solution to manning the four CONUS based standby ARPV squadrons. Reservists

would be employed under the Associate Reserve concept. Proposed manning would

include the following features:

1. Standby squadrons will be established with core of regular AF person-

nel.

2. Standby squadron training activities will be geared to accommodate

reservists. Shared training assets will be utilized seven days per week.

3. Regulars will oversee initial training of reservists.

4. Qualified reservists will replace regulars on a man-to-man basis.

Regulars will serve as replacements irP-active squadrons.

5. Reservists will remain in CONUS except in emergencies or dep loyment ex—

ercise. Regulars will fit in the overseas rotation cycle.

6-7
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7.0 AVIONIC GROUND SUPPORT EQUIPMENT

The following trade study is primari ly based on work performed by Lear

S ieg ler , Incorpora ted , As tronics Division and presen ts the anal ys i s

behind the selected avionic ground support equi pmen t concept.

‘.l CONSIDERATIONS

Th e ARPV sys tem is designed to suppor t ve ry high sortie rates. From these

sort ie requi rements ti me l ine anal yses may be made and it can be shown tha t

to support the high sortie rates , the avionics system checkout must be

limi ted to under 10 minutes for undamaged vehicles. Additi onally, the mean

time to repair a vehicle must be less than 1 hour at organizationa l level

and less than 4 hours at intermediate level.

The short time available for turnaround drives the entire ground handling

philosop hy as well as certain desi gn features of the vehicle. Automated

testi ng is a must. BITE is hi ghly desireable. Small easily handled LRU ’s

are desired over larger integrated single packages to reduce handling diffi-

culty . The ground support equi pmen t in terf aces should  be simp lified to avoid

having to take time to make and break many connections . Up load of m iss ion

Information must be a quick , easy process.

Fli ght line test equi pment must be highl y mob i le , rugged , r e l i a b l e , easy to

use , and weather-proof. The test equi pment itself should not become a signi-

fic ant part of the maintenance problem , requiring little or no calibra ti on.

Th fl i ght line test should check 90°!. of the core avionics with no ambiguity

and 10°!. with ambigui ty no grea ter than 2 , as a goal.

The full intermediate level shop checkou t equi pment should be able to handle

either the comp lete vehicle and test to LRU leve l , or test individual LRU ’s

and isolate faults to the Shop Replaceable unit (SRU ’ level. This i tem of

7— 1 
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ATE , wh i ch we shall call the Shop Test Set (STS), will be used to periodicall y

test and calibrate each vehicle , f u l l y certify a f r e s h l y assembled veh i c l e  or

a just repaired vehicle. Checkout times must remain at a minimum in order

that hi gh sortie rates may be supported.

Th e STS sh a l l  be capable  of testin g the f u l l  core avi oni cs in the veh icle to

t h e  following limits:

(i) Test of ‘)~~~ . of sys tem to a conf idence leve l of 95% th at al l

malfunctions have been detected and that the amb iguities between

LRU ’s is held to less than 5°!..

(b) Test of IR [t s to 100°!. wI th a 93°!. certainty of fault detection

and less thin l O ~, ambi guity to identif y ing faulty shop rep lace-

able units.

(c) Full vehicic t s t  t ime s h a l l  be lesc than 1 hour.

(d) [RI’ fault isolation test time is [RU dependen t but no LRU

( i n t e r m e d i o t o  l e v e l)  t e s t  s h a l l  exceed  U) m i n u t e s .  Mos t

[RU ’ s w i l l  r e q u i  r~ less than 2 m i n u t e s .

r~ STS shall be air tr a-~sportable , accept standard AC power from military

e r a t o r  sources , - m d  l’ave a self test and verification capability . It shall

he e a s i l y  s e r v i c e d  by use  of removeable  modules , and a s i l y adap tab le  to

v ’h i c l e  c o n fi ;~u r a t i o m  c h a n g e s .  Software shall he in a HOL language appropriate

t ) r st systems.

This stud y evaluated five approaches towards maintenance support of the vehicle

I C i O T 1 I C S .  These cnrm ~~i s t ed o f :

(a) Full B I T E
( h )  Manual I e ~~t Se t s

7—2 
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(c) Computer Operated Test Sets.
(d) Combination of par tia l BITE and Compu ter Opera ted

Tes t Se t
m e )  Combination of partial BITF., Compu ter Operated

Test Set , and Manual Fli ght Line Test Set.

The followiri ~ paragrap hs will describe the options available and discuss

importan t performance , maintenance , and cost parametcrs that must be

cons idered.

7.2 ANALYSIS

7.2.1 Full BITE

B I T E  con sist s of hardware , software , or both added to an avionics unit to

perform a self test operation and indicate go-no-go status. Some imp le-

mentations even indicate failed shop rep laceable unit (SRU). BITE rare ly

checks 1OO7~ of a unit especiall y sensor transducers since the stimulus of

the non—electrical pa rame te r be ing sensed is gene ral l y difficult to provide.

Items in this category include Air Data systems and inertial systems . Re-

cciver front ends and transmitter outputs are other items that are often not

checked. The LSI A R N  10~ LORAN , however , is able to check itself from th-

ant enna coup ler all the way through with a 1 or 2 PC card add-on since th~

RF Irequency of LORAN is only 100 KH
~ and a simp le output of the processor

c lock  provides ftc appropriate test signal. This is an exceptional re’~u l t

rather than the rule.

Increasi ng numbers of avionics equi pme nt s are bec om ing av a i l a b l e  wit h a t

least some BITE instal led , and , whe re a v a i l a b l e  at reasonable  pr ices -

and no performance compromise - they should be considered for ARPV . The

developmen t costs of adding BITE to present day equi pmen ts to be used by

ARPV are gener a l l y proh ibitive .

7-3 
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The table -1 shows a list of the baseline ARPV core equi pment and the

status of BITE for each i tem.

Upon reading the table it is obvious that ARPV will carry considerable

BITE. It is also obvious that while a large portion can be tested with

BITE , that there are certain key i tems that require test remaining. i-fow-

~~cr , wi th the on-board computer , a self-test program (initiated from a

suitcase tester , for instance) , can send commands to the control actuators

and observe the position feedback responses , read the barometric altitudes ,

and observe wind gust activity in the airspeed output. This will leave

onl y the landing gear activation system , the radar altimeter RF secti ons ,

and poss ibl y the GPS RF sections untested. These tests are more qualitative

th mn quantitative but a reasonable degree of confidence of operation can be

achi eyed.

Since most units do their own testing and set their own failure flags , the

degree of ambiguity is also minimized.

It is also interesting to note that the computer (using surp lus KOP/S capa-

bilit y, as dead time , and surplus memory) will run in-fli eht back ground self-

t est. The ARN 101 LORAN also runs a back ground self-test in time periods

hi tween expected LORAN inputs. The MLS Receiver w ill do a self-test if

initiated by the core avionics computer , the last waypo int before land i ng

rattern would be a good p lace for this. JTIDS ucc-~ t h e  bc~ inning and end

cal each pe r iod as a se l f  ch eck w h i l e  do ing appr opr iate s i~ nal time ali gnment

corrections. The th ree estimates of altitude , inertial , baro , and radar

L 
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can be cross compared to assure that the radar and baro altimeters are

reasonably correct (a high accuracy cross check is not possible here).

The str apdown p lat for m checks the erec tion c i rcu its con tinuousl y, however ,

f ai lu re of the pla tf orm wi ll resul t in vehicle loss , bu t the telemetered

(V ia JTIDS ) fa i lur e f l ag  dur ing the last seconds of f l i ght may be of some

use.

7 .2.2 Manual Test Sets

\ manual l y operated test set consists , generally, of a coll ect ion of general

purpose and sp ecial purpose test equi pmen ts collec ted toge the r in a conso le

or rack wi th various operator conveniences such as central disp lays , selec ti ve

c~i tching panels and the like as possible add-on items. The operator follow s

a printed procedure and manuall y se ts up each tes t , records the resu l ts , and

jud ges the result. The acquisition cost of this type of system is generall y

lowest , but the time required to perform the tests is large , the chance for

error great as is the chance of i tems tested early in the test failing before

the test is over. .- \ dci iti re-ully,  i tems such as gyros get large amounts of

running time and require service more often.

The test can be very comp lete , and the confidence level of locating the

failed IRU can be very hi~;h , bu t degrades the -~ystem MTBF.

The labor investment ove r a 10 year period would he ve r y  1 n r ~ c .  However ,

the manual tester concep accommodates changc in vehicle confi guration

fairl y eas i ly.

The ab ove assumes a f u ll checkou t of the av ionics  in l ie u of BITE.  As we

hive seen BITE will e.’-.ist on ARPV in any C ISC . Thus , a very simp le manu a l
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test box to give the flight crew an interface into the core avionics system

to read status , initiate selt-test , up load mission , check mission wiring , etc.,

becomes quite practical. This option will be exp lored in later paragrap hs

under combination systems.

7~ 2.3 Compu ter Automa ted Test Sys tems

In recent years , wi th the advent of low cost minicomputers , the compu ter

automated test system has come into its own. The manual test equi pment is

rep laced by programmable instruments , and the computer program causes the set

up of ranges and scales , directs the connection of inpu ts and outputs , causes

the readings to be taken , times events , makes computations , compares results

to stored test limits , si gnals go or no-go , enters diagnostic routines and

identifies the faihd unit. Test times are literall y reduced to a few mil li-

seconds fo r  i n d i v i d u a l  measuremen t s  and the overall accuracy of measuremen t

i~ generall y improved.

Because the Lime per mc-msurement is so small , most test pr ograms are ex—

panded to do r ,  mor thoroug h test than is feasible wi th manual me thods.

rI)t hum an e r ro r  f a c t o r  is vastl y reduced , and the wear out of the vehicle

reduced.

Conputer operated t s L ~ test one item of a v i o n i c a  a t  a t ime  (or one end-to-

t , d  paLch) , and e-~p rience has shown that for ‘.-c ’ticles of the n a t u r e  of

A R PV test time r f  about I hour for a full calibrotion is required. BITE

~vstems can have si veral u n i t s  all churning away at once yielding test times

around 5 or 10 mi ni ,~~ -~. However , BITE cannot detect failures in BITE so

the degree of con fi’ fc r’ e in these tests cannot compare with the full computer

,mm ,tomated test. Fm these reasons , the RITE tc-sts arc generall y supp lemented
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with at least periodic full system checks by external equipment.

The full power of computer automated testing in the RPV field is just

beg inning to be appreciated. The man-hours are reduced , the opera tor skill

level required is lowered , training is simp lified. One operator might have

several vehicles under test at one time , since , once started , the test

systems requ i re  l i t t l e  f u r t h e r  a t t en t i on .

The further advantage of computer automated test systems is that tests of

incredible complexity are relative ly easi ly performed , whereas if manual

methods were used , the test would be dropped as too difficult.

Unfortunatel y, the computer automated test systems tend to be large , bulky,

and environment sensitive. Thus they f i t into hangars , transpor table

she l t e r s , or poss ib ly trucks . As a r e su l t  they are not as por table  as mi gh t

be des i red  to suppor t  f l i gh t  l ine operati ons. This leads us to some combina-

ti on sys tems where the bes t of each sys tem may be obtained.

7.2.4 Combination of Airborne BITE and Computer Au tomated Testing

In th i s  combinat ion , some BITE is car r ied  aboard the a i r c r a f t , a l t h o u gh not

complete , and a computer au toma ted tes t sys tem is emp loyed on the ground for

a thoroug h checkou t and f a u l t  i so la t ion .  The work done by Lear Sieg ler on

the UPDATE program and the fol low-on BGM-34C progr am are exam p les of this

marriage . A prefli gh t self-test program is initiated just before each ground

launch , or while fl ying under the wing of the DC-130 launch aircraft. A full

system check with the Shop Test Console (STS) is used before each up load on

the DC-130 or ground launch rail. The STS check requires 60 minu tes maximum

and the prelaunch self check runs abou t 4~ minutes. Prelaunch self-check is

initiated from the fi i~~h t  con trol operators console , or from a ground launch

control panel. Co-no-go results and fail discretes are displayed on these
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panels , which technically qualify as “manual testers.”

7 . 2 . 5  Combinat  )fl of Airborne BITE, Computer Automated Tester, and

Manual Tester

Because the airborne BITE leaves some room for undetected fai lure , and the

Computer Automated Testing takes too long for ARPV sortie rates we are led

to seek sti l l  fu r th er ref inemen ts in the f l i gh t ready verification process.

If one considers that the very fac t of recovery of a previously lau nched

vehicle is in itself a clear demonstration of the vehicle ’s opera ting

conditi on (assuming no damage upon landing), then the BITE self- test routine

takes on added confidence. Thus a highly por table manual test box that can

initiate the test , r ecord the resu l ts , ind icate f a i l  discre tes , and up load

the nex t m issi on da ta i s a l l  tha t is needed for f l i ght line support. This is

along the lines of manned aircraft operationa l philosophy. The computer

automated test equi pmen t wou ld then be used af ter repair  of damaged veh icles ,

af te r some prescr ibed num ber of successfu l  f l i gh ts , and af t e r  uncra ting a new

vehicle. For peacetime missions , where h igh sortie rate is not importan t, the

f u ll compu ter au toma ted checkou t can als o be used to obtain the lowe s t possib le

vehicle loss rate.

The potential perf orm ance of the var ious ground supp ort approaches for  ARPV

was evaluated and th result s are summarized in Table 7-2. A brief dis-

cussion of each of th~~ evaluations follows :

Speed: FuM BIT l akes approximatel y 10 minutes and is paced

pr imar i ly by t h - - i i i gnm’-nt of the strapdown p latform which

requires 8 mirut s. Full BITE will not check Air Data sensors other

than warm body typ - of check. Manual test performance is based on

past RPV experielr.I . From BGM-34C experience the computer au tomated

tests are paced by 2 i tems; gyro drift tests and air data altitude
I
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and air speed calibration time. Additional time consuming items are tests

of flight control time constants , other system timers, and LORAN search and

track. For ARPV , several improvements are possible.

( a )  Use of a recently available Pneumatic Signal Generator

wi th grea t l y improved response time s, accuracy,  and

reliability .

(b )  ARPV ’s time constants are software rather than analog flight

control and do not require special test.

(c) The LORAN used in BCM-34C has no BITE , whereas the ARN 101 LORAN ,

which could be used for ARPV , does.

Percent  System Tested: As noted ea r l i e r , BITE does not test  a l l  items of

the system. External stimuli are required for a good check of air data

systems , the radar portion of the Radar Altime ter is not checked , landing

gear actuators are not checked, and some RF fron t ends do not receive complete

checking. The manual and computer systems can provide the external stimuli

requi red for a l l  of this , except  landing gear and the Radar Altime ter.

Confidence Level To Isolate To Failed LRU: With full BITE, ambiguity is

fairl y low, but testing wi th test equi pmen t that is itself untestable lowers

the confidence that all failures in that portion of the system that is tested - -

are found. In the last column , the lower confidence level corresponding to

the BITE and Manual  Test  Box , or f l i g ht  l ine tes t  por t ion , r e su l t s  from less

comp lete  t e s t ing  and less  comp lete  BITE.

Human Error Factor: BITE and Manual ratings are obvious. The computer

operated tests involve more operator interface and chances for error than

the BITE option and so the error factor is only “LOW.”

4 -
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System Flexibility : If BITE is a requiremen t, then options of using other

non-BITE-containing equi pment are denied , or other methods of testing must be

employed. All other me thods of support are quite adaptable.

Vehicle MTBF Effect: The excessive test time required by manual test methods

wears out the vehicle and results in lower MTBF. The computer automated test

methods involve the least additional vehicle equipment burden and acceptabl y

low test  t imes .

T ra in ing  Factor: The manual  t es t  sc’hemes involve the hi ghes t  t r a i n i n g  costs.

For a l l  o ther  appre~ ches , t ra in ing  is rio t a large f a c t o r .  For the computer

approaches , the main tenance  of software wi l l  r equ i re  onl y a small  number of

persons to be t rained , since sof tware  change s should  not be imp lemented at

the squadron level.

Cost Fac tors: Since f u l l  BiTE is not presentl y a v a i l a b l e , developmen t costs

m u s t  be car r ied  by ARPV. A c q u i s i t i o n  cost increases of the resulting equi p-

merits must  be m u l t i p l i ed  by the to ta l  number of v e h i c l e s  t I  be b u i l t , whi ch

is the ori ginal squadron  count  p lus the pe ace and w a r t i m e  losses. Since the

failure rate of BITE equi pped equipment is somewhat hi~ hcr and the equipmen t

cost  is hi gher , 0&M costs  w i l l  be hi gher .  For the Manua l  op t i ons , the t e s t

equi pment and the veh ic le  equipment are the least costl y, however , manual

con t ro l  panels  r e q u i r e  de si gn and the test procedures must be written and

w r i f l e d .  The console and cabling costs of m a n u a l  t e s t  equipn~ nts are on a

p i r  wi th compute r — ,u t o m - a t e d  systems . Therefore  manual and compute r  system

arc - both r a t ed  m o d er a t e  for  development and a c q u i s i t i o n  costs.  Manual  t e s t

sys t ems  w i l l  be hi gh c o s t  In the O&M phase due to labor Costs and hi gher

v e h i c l e  wear—ou t r at e s .
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The performance se lec t ion  is presen ted in Table 7-3.

7.3 CONCLUSIONS
- 

~Based on the abe~e evaluati on, the following is a ranking of the avionic

ground support equi pment concepts considering both cost and performance:

(1) Combination - BITE, Computer and a Manual Flight Line Test Set) -
—

-
~~~ 

- -
~~~~~- - *  . - - - - - - ~~~~ - - - 04 - -- -*. - ——-.-  —~~

( 2 )  ~ Full BlTE~~ 
- — -

( 3 )  ~~Combina tion - BITE and Computer~~

(4 )  ~Manual Test Set

(5) ~4~omputer Operated Test Set ,

Table 7_ 4  provide  a summary o c h a r a c te r i s t i c s  for the selected

Fl i ght  Line Test Set and the Shop Test Set.
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