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LAUNCH AND RECOVERY SEGME NT
OF

ARPV STUDY

TRADE STUDY REPORT

1.0 INT RODUCT ION

The statement of work for Advanced REV Sys tem Stud y directs that the scope

of the study program be “extremely broad initially ” so that all feasible

system technica l alternatives are described and analysed leading to a

definition of preferred configuration and technical i-jproaches.

In the Launch and Recovery (L&R) segment of the study, the initial set of

potential candidate systems is indeed vast , particularly if the morphological

approach is considered. This calls for some methodology of reducing this

field to a workable level.

The methodology adopted , however , in orde r to be acceptable had to be free

of bias , be technicall y sound ,and in its output selective enough to ach ieve

a va l id comparison of the relative applicability and measures of merit between

the candidate systems in the L&R field.

A process of selection , elimination and matching of the candidate ~ystem elements

and the complete systems has been developed on the above guidelines. It Is a

simDlification of the P.O.E.D. (Performance Organization for Evaluation and

Decision)* method . It converts a predominatly qualitative evaluation into

quantitative terms.

The POED method is a t r ade  study which in the case of l.&R segment deals with

the cost , design , mission support and operational considerations. It

assigns a scale of acceptance and weighting factors to each of the represent-

a t i ve d e s c r i p t o r / e v a l u a t o r  c r i t e r i a s  and c o n v e r t s  them i n t o  a F i g u re  of

M e r i t  (FOM) . I t s  a d o p t i o n  made p o s s i b l e  an e ar l  d e f i n i t i o n  of r e l a t i v e

merit (inc l uding the  l eve l  of  si g n i f i c a nce)  between t h e  sy s tems and t h e i r

elements.

, *POED (Performance Organizar ion for Evaluation and Decision ,
White , D. R. I; Sco t t , D . L . , and S hu l t z , R . N . ,  A Me t h o d
for Evaluating System Performance I.E .E.E . Transactions on
Engineering Management , Dec. 1963 , pp 177-182

1—1 
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A f t e r  severa l i t e ra t ions , the method produced 16 f i n al i s t  systems . These in

turn were subjected to a life cycle cost study followed by the final cost!

benefits/risk POED evaluation.

Several experienced system engineers , some with an extensive operational

background , participated in the POED trade studies. The numerical ratings

presented in the assessment sheets represent the average of the aggregate

ratings assigned to each of the descriptors.

-~
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2.0 SELECTION PROCESS

2.1 MORPHOLOGICAL MATRICES OF SYSTEM ELEMENTS

The elemen ts of Launch and Recovery can be considered interacting w i t h  a

“freebod y RPV” through numerous func tional and physica l in terfaces. The~’

can be either specific or common to both the launch and recovery domain.

They can be eilher integral with the vehicle structure or external to it.

In turn they connec t with the princ ipal force generating system to c omp le te

the L&R chain.

The diagram in Fi~~ure 2.1-1 sho~ s this generalized arran gement for most of the

existing and conceptual elemen ts and their interfaces. th i s  d i a ~~r ain  was

a basi s of a morpho log i c a l  d e s i gn which resulted in c l a s s i f i c a t i o n  of a l l

launch and recovery sy stems into five generic groups as shown be low.

LAUNCh GROUP RECOVERY CR OI C

I . UNASSISTE D I A I I N L I I  — CO NV E NTIONA L 1 . C O N V E N I I  0~ A1 I A N D I  N C ( I n c  1 o d .
TAKE -OFF ( I n c l u d e s  STO & VTO 1 S. I

2 .  ASS IS FED 1 A I N . l l  2 .  IN  E C R A I  V E P ’ r I C A I  ~OR NEAR
VER F 1CM ) R E C O V F R Y  ‘, I N C  I I DI - ~ .

I. EN F E R N . -\ l RECOVERY 

_
~~~L. __~ 
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In turn each group is subd ivided in to func ti onal  or physical interface as

follows :

UNASSISTED LAUNCH - (a) Lift systems with vehicle interfaces
CONV E NTIONAL TAKE -OFF

( b )  Surface/vehicle interface mechanisms

(c) Operating surfaces (including air)

ASSISTED LAUNCH (a) Lift systems with vehicle interfaces

(b) Propulsive assist systems wi th vehicle
interfaces

(c) Operating surfaces (including air)

CONVENTIONAL (a) Lift sysFems including vehicle interfa ces
LAND INC

(b) Surface/vehicle interface mechanisms

(c) Energy absorbing systems

(d) Operating surfaces (including air)

INTEGRAL VERTICAL (a) Energy absorbing systems
RECOVERY

(b) Surface/vehicle interface niechanisms

(c) Operating surfaces (including air)

EXTERNAL R E C O V E R Y  (a) Energy absorbing systems

( b )  V e h i  le capture mechanisms

(c) Surface/vehicle interface mcchanis~

(d) Operating surfaces (including air~

These five generic groups were paired to produce six morphological matrices

each conta ining the appropr ia te  system e lements .  A typ ical  r e s u l t i n g  m a t r i x

is shown in Figure 2 . 1- 2 . T h e  en t i r e  comp lement of s ix  - morphological matrices

is contained in the A ppendix to th i s  repor t .  ( U a c ~t s  A 4  to A-9 .)

The elements are in te rconnec ted  into feasible system combinations , S t  th at

each cont inuous  l i ne  from the top to the bo t t om repre sents  a separa te , v i a b l e

lau i i ch  and recovery candidate that needs ti he cnncile red In t’ e snol ’~ is.

S
-I W
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In al l , there could be thousands of potential systems, presenting an

impossible task if each was to be t rea ted  ind iv idua l ly in the anal ys i s .

The approach adopted , therefore , was to assess wi th in  each generic group ,

l a t e r a l l y ,  pe r t inen t  launch and recovery elements  w i th in  a hy p o t e t h i c a l

airframe to select the most promising and practical and to eliminate those

which the analysis showed to be less practical. The remaining “grey area”

subsystems were then traded o f f  i n d i v i d u a l ly fo r  e i t h e r  r e t e n t i o n  or

elimination.

This process of elimination graduall y reduced the number of elements in

the matrix. Care had to be taken in not eliminating an element which when

s tand ing alone appeared imp rac tical , bu t coul d work succes s f u l ly in combina-

tion with others as a part of a viable system. 
- 

-

2.2 SIMPLIFIED P.O.E.D. METHOD

The se lec tive process of potential candidate systems , many of wh ich we re

just paper concepts necessarily dealt with predic tions which could be only

based on judgments which , in turn, stemmed from experience and cumulative

group knowled ge of mul titude of ope ra tional sys tems , their me thod of operation

and their associated interfaces. A block diagram typ ical of this “j u d gmental ”

process is shown in Figu re 2.2—1. In the examp le , there are four systems to

be assessed and ranked. The assessing engineering group considers the can-

didate systems in terms of the data bank available which comprises : a) past

history of similar systems configuration and performance , b) group ’s individual

eng ineer ing  back grou nd and op er at i onal expe r ien ce , and c) the operational and

functional requirera rits input from the user. A ~~e t  of descriptor/evaluator

criteria is then developed together wi th t h e  ratin g scales and correspondin g

weighting factors. The assi gnment of rating factors is made on the princ ip le

of probab ility of “ac c ep tance ”. The h ighest ra t in g in the

2-5
- - ---~~~~~~~- - -  ~~~~~~~- - -  ~~~~~-- -  - -- - --
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SYSTEMS TO BE RANKED

I II III IV

r ; ;: i; ;~T1 GROUP
I K!~)WLEDGE F~~~~~ ’I DATA ~ — — f  ENG INEER 1~~

OF SYSTEMS BANK EXPERIENCE 
S

PAST 
- CRITERIA OPERATIONM..

RISTURY R)R JUDGMENT REQUIREMENTS 

J

WEIGHTING RATING
FACTORS SCALES

.4
RANKING -

Si’

1:11

Figure  2. 2- 1.  The Judgmental Ranking Process
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scale is seven (7) rated “excellent” and it gives highest probability of

acceptance. The scale steps down in increments of unity (fractiona l value s

are permitted) to zero (0) which is an unacceptable rating and invalidates

the concept under consideration.

The ranking process give the normalized figure of merit (F.O.M.)

~
F .O.M. . n l

5] n
I
n 1

Where : W . = the numerical value of operational weight ing factor

A . = the numerical value of scale of acceptance

The rating scale values for the ARPV launch and recovery concepts

together with their probabilistic counterparts are shown in Figu re 2.2-2.

It should be noted that the rating number of three “3” repr esen ts l ess than

average rating and is equivalent to the present system status. This rating

al loc ation was based on the analys is and the ~valuation of the existing

system (BGM-34C) within the terms of the descri ptor c r i t er i a  fo r  the ARPV

trade study using the same weighting factors and the orig inal rating scale

with the median at 4.0. In other words , the system to be rated “average ”

in this trade study must demonstrate or at least promise a better per-

formance than the present operationa l ~vstem .

Fi gure 2 . 2 — 3 , the a s se s smen t  shee t , g i v - s  an examp l of a typ ical work-
• ‘1

ing sheet of the rating process p ert a in i i~ , in this case , to conventional

(unassisted) take-off methods emp Ioy in~. s vt n different types of RPV lift

systems . There are 14 descri ptor-cr iteria and their wei ghtin g factors ,

once chosen , remain unalt ci d during the compar ativ i n t - r  and intr a

sys tem a s se s smen t s .

S
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The detailed definition of 14 descriptor/evalua tor criteria with corresponding

weight ing fac tors used in the ARPV Launch & Recovery POED trade study can be

found in Table 2a 2~~1 and 2.2-2. A rationale for the selection of the weigh t ing

factor is also included .

A step by step procedure followed during POED assessment was as follows :

1. From systems under consideration select three systems :

a. Present (or nearest to present), (a) most acceptable , (c) least

accep table  sys tem

b. Assi gn level of acceptance to present system

c. Assign levels of acceptance to most acceptable and least acceptable

~ systems.

d. Interpolate and locate other system rating in terms of the three

bas ic  acceptance  l eve l s  (b)  and (c) above .

2. Introduce weighting f a c t o r  e f f e c t s  for  each p o s i t i o n  ir5 the m a t r i x  and

place the results on the ri ght of the unwe ighted rating .

3. Sum up unwe ighted and weighted ratings into totals

4. Obtain unwe igh ted and we igh ted F igure of Merit by d ividing uriweight ed

total by 14(number of descri ptors) and weighted total by the sum of

we ight ing factors (in the examp le shown - this number is 107).

5. Compare unwe ighted F0M(F0M
~~~

) with wei gh ted FOM (F0M.
~
). A larg e per-

centage increase in wei ghted FOM as compared with unwei ghted FOM

ind icates that the system scores heavil y in the criteria that are

important to the system operation. The oppo site is true when t in FOMW

is smaller than F0M
U~~

. This charact eristic is hel p ful during final

ranking , should two or more systems he close in 1”()M ratin g s.

6. Assi gn rank to each system.

Note: In this report , for the sake of c l arit y , onl y the weig hted ratings a~~-

presented in the assessment sheets that follow.

-‘- - ---- .——‘- -.-— ---~~~~~~ -- -~~~~~~~~~~ -5- - ------ - . -’ —-- ~~-— - - 
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Tabl e 2.2-1 Descri ptor Criteria Definition
(Includes Weighting Fac tors)

DESCRIPTOR CRI TERIA DEFINITIO N
(INCLUDES WEIGHT ING FACTORS)

DESCR IPTO R FACTORS INCLUDED WEIGHT DEFINITION
IN DESCRIPTOR FACTOR OF WEIGHT FA CTO R

1. (X)ST COST PER LAUNCH 10 RATED HIGH. TOTAL SYSTEM COST IS ASSr
ONE OF THE PRIMARY FACTORS IN L&R
EVALUATION OF SYSTEM APPLICABILITY ARW
AND UTILITY IN THE RPV FIELD

2. COMPLEXITY PRODUCIBILITY 10 RATED HIGH BECAUSE IT IS THE INCL
PRIMARY DRIVE R IN COMPOUNDING 1)
MANPOWE R , MATERI AL AND
FUNCTIONAL REQUIREME NT S IN 2)
SYSTEM ACQUISITION AND OPERATION

3) 1

3. SURV IVABILITY LAUNCH & RE COVERY 10 RATED HIG H BECAUSE IN FIELD PREI
PERFORMAN CE OPERATION IT IS THE MAIN DRIVER LAUI
RECOVERY DISPERSION OF TURN AROUND TIME , AND SORTIE SIDE

RATE S. IT EITHER ACTIVATES OR AND
DEACTIVATES THE LOGISTIC CHAIN VEL(

EASE
LAUN
EFFE

4. TECHNICAL -- 5 RATED LOW TO ALLOW SCOPE FOR T IME
RISK SYSTEMS THAT ARE INGVATIVE AND ASSU

CONCEPTUAL AND HAVE NGT BEEN TEQ~
PROVEN YET EITHER ANALYTICALLY PRAC
OR IN PRACTICE. PROC

0FF~
NEW
BE H

5. FLEXIBILITY OPERATIONAL 7 RATED MEDIUM/HIGH - ARPV SYSTEM ABIL
FLEXIBILITY CONCEPT ASSUMES THREE PERMANENT WEAT
T4DBILITY (

~ ) BASES IN DEPLOYME NT . THE SE BASES DAN~
WILL BE P RE PA RE D TO A DESIRED LEVEL TENA
AND SYSTEM FLEXIBILITY CAN BE EXER - FIEI~
CISED WITHIN THESE BASES AT LEAST SYST
INITIALL V . IN VIEW OF THE C3 SUP-
PORT REQUIRE !€NT FOR ARI’~ OPERATIONS
IT IS NG T VERY LIKEL Y THA T AN “ IM-
PRO MP TU ’5 DEPLOYME NT WILL .5E MAI) E

FROM JUST A NYWHE RE AT ANY T tME .

6. LAUNCH RATE TURN AROUND TIME 10 RA TE D HIGH - THIS BEI NG THE NUt~
AND ITS IMPACT ON PREREQUISITE OF ARPV SYSTEM BASI
LAUNCH RATE ACCEPTABILITY AS AN OPE RATIONA L

COMBAT WE A PO N SYSTEM FOR EMP1 I~Y -
t€NT IN AN OPERATIONAL THEATER .

7. AVAILABILITY RELIABILITY 5 RATED LOW - ASS UM I NG A SYSTEM ASSE
MA I NTA INA BI LI ’ IY DESIGNE D TO A REQUIRE D 1 EVLI OF OPER

RELLABI L I F Y  AND MAI~~FA~~~\~~n I T Y  — ASSE
IT IS IN THE FIELD A FUNCTION OF STA!
PLANI’flNG , MA NAGEMENT AND I’ROPER A BOV
EXECUTION OF MA I NTENANCE AND OF F
LOGISTIC SUP PORT CONCEPTS .

_ _  _ _ _ _  . .~~~~~ 
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ades We i gh t i n g  F a c t o r s)

CRITERIA DEFINITION
WEIGHTING FACTORS )

ITION DEFINITION
FACTOR OF DES CRIPTOR

rAL SYSTEM COST IS ASSESSMENT IS MADE ON THE LIFE CYCLE COST CO NTRIBUTION OF THE

~RY FACTORS IN L65 R SYSTEM OR ITS ELEMENT TO THE TOTAL LIFE CYCLE COST OF THE
YSTEM APPLI CABIL ITY ARPV .
THE RPV FIELD

USE IT IS THE INCLUDES THRE E KIND S OF COMPLEXITIES:
IN COMPOUNDING I) MANUFACTURE & ASSEMBLY - NUMBER OF COMPONENT PARTS, NUMBER
IAL AND OF INTER & INTR A SUBSYSTEM INTERFA CE S , ABILITY TO MODULARIZE
IREME NTS IN 2) OPE RATIONAL - NUMBER OF ASSOCIATED FUNCTIONS & OPERATI ONS,
ION AND OPERATION NUMBER OF PEOPLE & SKILLS & SUPPORT REQUIRED

3) LOG ISTICS - NUMBER OF COMPONENT PART S, KITS , FUNCTIONS WHILE
IN STORAG E , ENVIRO NME NTAL REQUIREME NT S

USE IN FIELD PREDOMINA NTL Y L&R CONTRIBUTION TO VEHI CLE SURV IVABILITY DURING
THE MAIN DRIVER LAUNCH AND RECOVERY OPERATIONS. EFFECTS OF ENEMY FIRE CON-

r IME , AND SORTIE SIDERED ONL Y IF THIS AFFECTS VEHICLE SURV IVAL PRIOR TO LAUNCH
ER ACTIVATES OR AND DURING RECOVERY THROUG H EASE OR RESISTANCE DAMAG E . IMPA CT
LOGISTI C CHAIN VELOCITIES AND EFFECTS OF WIND ON VEHICLE DAMAGE . D IF FICULTY OR

EASE OF D ISPERSION CONTROL AND PREDICTIO N . CONTROLLABILITY IN
LAUNCH & RE COVERY FLIGHT PHASES IN PRESENCE OF ENVIRO NME NTAL
EFFECT S - WIND .

LOW SCOPE FOR TIME AND ENGINEERING EFFORT NECESSARY TO DEVELOP THE L&R SYSTEM.
E INOVATIV E AND AS SUME S THAT ALL CONCE PT S ARE CONSIDERE D FEASIBLE . IF NEW
HAVE NOT BEEN TECHNOLOGY IS NEEDED - WHAT IS THE LEVEL OF DEPARTURE FROM
ER ANALYT ICALLY PRACTICES , MATERIAL S , EQUIPME NT , REQUIREMENTS. NEED FOR NEW

PROCESSES OR MATERIA LS. NEW LEVELS OF ACCURA CY IN CONTROL. CAN
OFF-THE-SHELF EQUIPMENT BE COMPONENT PARTS OR DOES IT REQUIRE A
NEW PIE CE OF EQUIPMENT TO OPERATE . CAN THE SCHEDULES PROPOSED
BE MET WITH REASONABL E CONFIDEN CE?

- ARPV SYSTEM ABILITY TO OPERATE IN DIVERSE OR CHA NGING CONDITIONS OF CLIMATE ,
THRE E PE RMA NE NT WEATHER , TIt’-IE OF DAY/NIGH T , TERRAIN MANPOWER , SUPPORT LEVEL , 1’

~~ NT . THESE BASES DAMAGE TO SITES BY ENEMY ACTION. THE DEGREE OF CHANGE OR MAIN-
D TO A DESIRED LEVEL TE NANCE OR SUPPORT EFFORT REQUIRED TO MEET THESE CHANG ES IN THE
IBIL ITY CAN BE EXER- FIELD .
ESE BASES AT LEAST SYSTEM MOBILITY ON CHANGE OF SITES .
VIEW OF THE C3 SUP-
r FOR ARPV OPERATIONS
LIKEL Y THAT AN “IM-
~~~~ NT WILL BE MADE

ERE AT ANY T IME . 
-

IS BEI NG THE NUMBER OF LAUNCH AND/OR RECOVERIES CAPABILI TY ON A SUSTA I NE D
ARFV SYSTEM BASIS - RATHER THAN FIRST WAVE BASIS .

S AN OPE RATIONAL
YSTEM FOR EMPLOY-
itTIONAL THEATER.

UMING A SYSTEM ASSESSMENT IS MADE OF THE VALUE OF CLASSICAL QUOTIENT OF
EQUTRE D LEVEL OF OPERATING TIME TO THE SUM OF OPERATING TIME AND DOWN TIME .
MAINTAINABILITY - ASSESS PROBLEMS OR OTHERWISE IN MAINTAINING THE SYSTEM IN USABLE
ELD A FUNCTION OF STATUS. PROBABILITY OF DETERIORATI ON OF THE SYSTEM OVER AND
EME NT AND PROPER ABOV E PREDICTED RELIABILITY LEVELS . ADV ERSE OR OTHERWISE EFFE CTS
INTENANCE AND OF FIELD ENV I RO NME NT ON SYSTEM SERVICAB I L I T Y .
T CONCEPTS .

_ _ _  ‘ - ‘ - - ‘ - ~~~~~~~~~~ -_, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ‘ - -  . - ~~~~~~~~ - - ‘ -  - - ._ ‘ - -- - -
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TabLe 2.2-2 Descri p tor Criteria Definition (Cont ’d)

(I rwludes Weig h t i n g  Fac tors)

DESCRiPTO R FACTORS INcL UDED WE IGHT DEFINITION
IN DES CRIPTO R FACTOR OF WEIGHT FACTOR

8. HANDLING SAFETY 7 RATED MEDIUM/HIGH. AN IMPORTANT ASSESSMEN
MOBILITY (½) OPERATIONAL FACTOR WITH POWERFUL TRANSPOR~

EFFECT ON TURN-AROUND T IME . AND SERVI-
SKILL LEV~
P0 RTAB IL r
UNDER OWN
ARMAME NT I

9. VEHICLE -- 7 RATED MEDIUM/HIGH. AN IMPORTANT THIS DESCI
COMPATIBILITY FACTOR AFFE CTING VEHICLE DESIGN . DE- POTENTIAL

TERMINE S WHETHER THE L&R SYSTEM IS BODY WITH
LIKELY OR OTHERWISE TO AFFECT THE ARPV MISS
ACCEPTED AE RODYNAMIC CONFIGURATION THESE POS~
CONCE PTS OF SHAPE , SIZE AND POWER DRAG , LOW
REQUIRE MENTS ABILITY T~

ABILITY 1~
OR EXTER~~

10. SYSTE M CDRS COMPATIBILITY 5 RATED LOW . MOST OF THE L&R SYSTEMS ASSESSME!~COMPATIBILITY HAVE ONLY AN AVE RAGE IMPACT ON TOTAL INFLUEN(~~
ARPV SYSTEM AS IT IS UNDERSTOOD TODAY INTRDDU~~IAS THEY ABE ALL ASSUMED C(I~1PATIBLE FACILITI~~
BEFORE INCLUSION IN THE STUDY. AS THE RE COG NIZI
ARPV SYSTEM CAN ACCEPT A GREAT VARIETE
OF L&R SYSTEMS - THE WEIGHTING OF THIS
CRITERION IS LOW AVERAGE .

II. LOGISTICS -- 10 RATED HIGH - THE LOGISTIC CAPABILITY INCREASE
REQUIREMENTS OF THE AIR FORCE IS LIMITED AND IN RE SULT 0

TIME S OF CONFLICT WILL BE TAXE D TO WHICH ST
THE MAX IMUM BY MULTISERV ICE D EMAND S . PORT REQ
LOW LOGISTICS REQUIREME NT -S ARE HIGHLY MENT - W
DESIRABLE CHARACTERISTICS OF THE ARPV REQUIREM
SYSTEM TO RANK AMONG THE PRIMARY
FACTORS.

12. FACILITY -- 7 RATE D MEDIUM/HIGH. AN IMPORTANT ASSESSME
REQUIREME NT S FACTOR IN DETERMINING SYSTEM SUIT- BUILDI?L’

ABILITY FOR INVENTORY ACQUISITION. ADOPTING
CLOSELY ASSOCIATED WITH SYSTEM COST
AND ABILITY OF DEPLOYME NT OF THE SYS-
TEM IN CERTAIN GEO/POLITICAL AREAS.

13. PECUL IAR AUX IL IARY 7 RATED MEDIUM /HIGH . THIS RATING IS ALL ITE)
EQUIPME NT EQUIPME NT I NTE NDED TO EMPHASIZE THE DEG RE E OF EX 1STD~

DEPARTURE FROM THE EXISTING AGE IN THE I
CONCEPTS ANt) EXTRA ENGINEERING CONSOLE~
EFFORT REQUIRED TO PUT THE SYSTEM SPECIFII
INT O OPERATIONAL USE ETC .

14. VEHICLE RPV VOLUME /WEIGHT 7 RATE D MEDIUMJHIGH. THE WEIGHT OF WE IGHT F~
WEIGHT RANGE PENALTY 1.&R SYSTEM WHICH REMAINS O~ThO A RD OF THE
CONTRIBUT IO N DURI NG RPV MISSION IS AN IMPO RT ANT WE IGHT

FACTOR AFFECTI NG VEHICLE PERFO RM -
ANCE AND VEHICLE/MISSION CAPABILITY .

~

. -~~~ - __4
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:eria Definition (Cont ’d)

~ting Factors)

N DEFINITION
CIOR OF DESCRI PTOR

AN IMPORTANT ASSESSME NT OF ALL ASPECTS OF SYSTEM SET-UP , MOVEMENT , AL IG NME NT ,

~JITH POWERFUL TRANSPO RTAT ION MOBILITY FROM ONE LOCATION TO ANOTHE R , (WIND-DOWN )
ND TIME . AND SERVICING OPERAT I~ NS , INCL UDES NUMBER OP PERSONNEL REQUIRED ,

SKILL LEVELS , SP -:~~IFIC i rE-UPS IN CONNE CTION WITH SYSTEM TRANS-
PORTABIL ITY , LIFT NG , T~ WtNG , FLAT BED TRANSPORTING , CRANI NG AND
UNDER OWN POWER C.~PABIL iTY . ENGINE STARTING, TESTING AND
ARMAME NT HANDLING .

AN IMPORTANT THIS DESCRIPTOR ASSESSES THE IMPACT OF L&R SYSTEM ON THE
EiICLE DESIGN. DE- POTENTIAL CONFIGURATIO N OF THE ARPV . THE VEHICLES AERODYNAMIC
E L&R SYSTEM IS BODY WITH REQUIRED VOLUME, LIFT AND PERFORMANCE TO CA RRY OUT
TO AFFECT THE ARPV MISSION MAY HAVE MANY SHAPES AND CONFIGURAT IONS . WITHIN

C CONFIGURATION THESE POSSIBILITIES, HOWEVER, THE VEHICLE ITSELF 
~~~~I. 

HAVE LOW
SIZE AND POWER DRAG , LOW RADAR CROSS-SECTION, LARG E C OF G MOVEMENT TOL ERANCE ,

ABILITY TO ASSUME SUITABLE AND SAFE LAUNCH AND RECOVERY ATTITUDE ,
ABIL ITY TO ADAPT TO ACCEPT THE ASSESSED SYSTEM EITHER INTERNALLY
OR EXTERNALL Y IN TERMS OF VOLUME AND WE IGHT

THE L&R SYSTEMS ASSESSMENT TO WHAT DEGREE THE L&R CONCE PT UNDER ANALYSIS
~ IMPACT ON TOTAL INFLUE N CED THE EXISTING PRINCIPLES OF RPV OPERATIONS. WILL IT
S UNDERSTOO D TODAY INTRODUCE NEW FUNCTIONS , NEW EQUIPMENTS, NEW SKILLS, NEW
LIME D C~4PATIBLE FACILITIES, OVER AND ABOVE THOSE ALREADY IN EXISTENCE OR
THE STUDY. AS THE RECOGNIZED AS THOSE REQUI RED .
~YT A GREAT VARIETY

~ WEIGHTING OF THIS

~RAGE .

ISTIC CAPABILITY INCREASE OR DECREASE OF LOGISTICS REQUIREMENT IS ASSESSED AS A
LIMITED AND IN RESULT OF ADOPTION OF THE CANDIDATE SYSTE M. THE STANDA RD AGAINST
ILL BE TAXED TO WH ICH SYSTEMS ARE ASSESSED IS THE PRESENT ESTIMATED LOGISTIC SUP
[SERVICE DEMAND S . PORT REQUIRED TO MOVE FIVE DRONE S , WITH MOBILITY KITS AND EQUIP-
~EMENTS ARE HIGHLY MENT - WHICH IS TWO C5A OR NINE C141 (THIS EXCLUDES LOGISTIC
[STICS OF THE ARPV REQUIREMENTS FOR MOVEMENT OF MARS - HELICOPTERS )
; THE PRIMARY

AN IMPORTANT ASSESSME NT OF SIZE OF OPERATING SITES , NEW LAY-OUTS, NEW
~G SYSTEM SUIT- BUILD INGS , NEW STO RAG E AND MAINTENANCE SHOPS AS A RESUL T OF
~Y ACQ UISITION . ADOPTING A GIVEN L&R SYSTEM.
JITH SYSTEM COST
)YME NT OF THE SYS-
~OLITICAL AREAS .

THIS RATING IS ALL ITEMS OF EQUIPMENT ARE CONS IDERED THAT ARE EXT RANEOUS TO THE
~E THE DEGREE OF EXISTING SUPPORT EQUIPMENT AND CANNO T BE USED BY ANY OTHER SYSTEM
EXISTING AGE IN THE INVENTORY. ALL FORMS OF ADAPTERS , CHE CK-OUT AND CONTROL
~NGINEERI NG CONSOLES , POWER CART S , DOLLIES , SPECIFIC RECOVERY- LIFTERS ,
~UT THE SYSTEM SPECIFIC LAUNCH EQUIPMENTS SUCH AS WIRE GUIDES , STEERING TROUGHS ,

ETC .

THE WEIGHT OF WEIGHT /VOL UME PENALTY IS ASSESSED THAT MAY RESUL T FROM ADAPTATION

~tAINS O NBOARD OF THE SYSTEM. THE PRESENT PARACHUT E (MARS) RECOVERY SYSTEM
IS AN IMPORTANT WEIGHT AND VOL UME ARE USED AS BASIS OF WEIGHT/VOLUME COMPARISON .
1ICLE PERFORM-
SIO N CAPABILITY .

- - - - - - - ~~~~~~ - --- rn ~~~--~~~-~~~~~~--—---  - ----—--- ~
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The next step in the procedure is to calc u late the mean and the s tandard

dev ia t ion  of the FOMs . Those FOMs which are more than  one s t a n d a r d

dev iation from the mean are conside red to be better (or worse) that the

rest. An example of the comparative histogram of individual FOMs with the

mean and standard deviation boundaries for the lift systems in conventional

take-off, is shown in Figure 2.2-4.

It can be seen that the acceptance level of the “own wing” is better while

the “droppable extra wing” is worse than the rest of the proposed lift

systems .

In the example shown several other systems are in the “grey” area and

require additiona l trade-off analysis for fina l, decisions.

5.0 - -

CON V E~T~C~~ L — -— — — — — — — -, 
—

TAKEOFF L I F T  SY ST EMS

4.0 -~~~~ _ _ _ _  
-

X •3.92 I - 
— 

~~~~~

~~~.O12 
—~~~~ - -  -

3.0

2.0

- LO - - 
-

- 

-~ 
—
~

Fi~ ure 2.2-4. r, stogrn :. o Co~ver.tio:.a T a ” ~-O L 1:~ S - ;~~~-~~

2~~I~



~~~~
‘::

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-
~~~

--- ----- -

C76-1324/034c

3.0 DISCUSSION OF RESULTS

3.1 GENERAL CONSIDERATION

This section presents a suri~nary review of the P.O.E.D. trade-off assessment

of Launch and Recovery systems and presents resul ts obtained.

Before proceeding with the evaluation of L&R elements , it was necessary to

descr ibe the ir conf i gura tion and charac teris tics adequately, yet briefl y,

so tha t in the assessmen t process their func tional and opera tional aspec ts

were similarily interpreted by those partici pating in the P.O.E.D. exercise.

For this purpose a glossary of terms was developed for those elements of L&R

which may no t be read i ly obvious. This g lossa ry is included in the Appendix

(Pages A—li to A—27) .

As the assessmen t was to be kept free of bias - all systems were ranked

“across the board la ter all y” rather than one at a time down the descri ptor

column .

When using the above method of comparison of the innovating schemes with the

already existing systems , a jud gment was made based on a realistic lay-out

and, if necessary, a basic schematic of a new system. This approach identified

the items in the new system and related them , where appropriate , to the func-

tional and hardware aspects similar to the elements in the system in existance.

The original Launch and Recovery trade-off stud y us ing  POED techn i que i s

contained in three Rockwell International Internal Letters: (1) ARPV No.

45—75 , d td 27 June 1975; (2) ARPV No. 46-75 , d td 2-’~ June 1975; and (3)

ARPV No. 82-75 , d td 11 Augu st 1975 .  These were passed on to

I

— -
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the SPO moni tor during TIM 1 and TIM 2 (Technical Interchange Meetings).

Since that time , however , the progress in the system definition called

for review and up-date of some of the potential systems . These up-dates

are indicated whenever a reference is made to the original trade-stud y

and a detailed change in descriptor rating discussed. The assessment 
- 

-

sheets in the report show only the updated ratings and F.O .M . values.

3.2 ASSESSMENT SHEET #1 - CONVENTIONAL TAKE-OFF LIFT SYSTEM

In this trade stud y, seven lift systems , including STO and VTO , were 
I 

-

assessed for a vehicle using conventional or unassisted take-off.

Figure 3.2-1 shows the assessment sheet and the resulting histogram.

Basic wing (O.W.) and STO concepts were rated highest while VTO and

droppable wing were lowest. In all , the basic wing (own wing) concepts

were allotted , one (I) excellent (risk) and seven (71 very good acceptance

ratings. The low ratings were for survivahilitv (on account of l o n g  take-

off distances) , flexibility - (because of poor  adaptabi litv to  ch a n g  in g

field requirements) a n d  p oor  fad 1 itics rit ing . These  la s t  three

characteristics were eventuall y the basic c a u s e  of thi s concept eli m inat ien

when the field length requirements were exercised aga inst the ~ v s t e :n .

(See Section 4.3 .) The STO geonietrv was rated second  in the original

assessment sh~~~ ng strength in survivabili ty , f l e x i b i l i t y  and  l a u n c h  -L
rate and generall y good average rat jug t h r o u g h o u t .

The aerodynamic ana !vses of the wing geometry requirements in di cat~ d

t h a t  adequate STO performance existed wi th ni t need fo r  inter na l hi owing

or comp lex c a s c a d e d  a i rfo i l design. Further , the m o d u i , - i r i  t v of  I lie s- y s t , -o

was mai ntain ecl by retention of symmetrical 11 i p— ~ \er ~-in g and .i s i m p l e

,

~ 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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sc rew jack  desi gn for simultaneous operation of leading and trailing

edge flaps. This resulted in upgrading the complexity , weight contri-

bution and vehicle compatibility ratings. While the STO rank number

did not change (#2), its figure of merit (F.O.M.) increased as a result

of these changes from F.O.M. = 4.31 shown in ori ginal reports to FOM

4. 76 shown here.

The next in order of acceptance was the Wing Tip Extensions concept.

Bas ic a l l y, the objective here was to shorten the take-off run and remove

the excess weight of a longer wing, not essential for the mission phase.

Upon more detailed analys is , it became apparent that the wing ti p additions

were to represent up to 50 percent of nominal mission wing area in order to

be effective . This in turn , drove up the cost and the associated comp lexity

also handling and maintenance aspects were adversel y affected. The facil-

ities requirements rating was broug ht to the leve l of SF0 (Rating 5.0) as

it was considered that the take-off performance of the two systems w a s

comparabic - .

The variable geome t ry wings , retractable parafoil wing and the VTO SV 5 t i t ~IS

came well behind the first three candidat e s , and ther appc-ars to be ve ry

little difference in their overall rating. ‘Flit primary concern w:i s their

cost and comp lexity with low log istic ratin g . The veh icle compatibilit y

was also assessed low as none of these systems l e n d s  i t s e l f  to  ma~ ot

part s interchange abilit y or modular approach. The case of t h  rt I r ac t i h l e

para foil w in g required a new concept of the win g with f lcxi b le , r tr a c tahi c

survaci-s , capable of handling span loading of up t o  375 lbs pi foot.

Finall y, the droppabl e wing c on c e p t  with 12 rat in gs -i t or h low h v I o l

‘ le ss than average ’’ -, l i o w  1 k a — t  prom ise in its “1~P
1 i ( i t  iOfl .

L 
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• In the unassisted launch category, the initial candidates were , therefore ,

1. Bas ic wing (own wing)

2. STO - High Lift Wing (without blowing)

3. Basic Wing with droppable ti p ex tens ions

3.3 ASSESSMENT SHEET #2 - CONVENTIONAL LANDING - LIFT SYSTEMS

In this group the STOL (high lift wing) was rated best showning a good

average rating throughout. The basic wing confi guration was next. At this

stage of the assessment the system need for the arrester gear or the micro-

wave approach and landing was not as yet obvious , therefore , the concepts

assumed conventional approach , touchdown and run-out to a stop after

landing. The important performance considerations such as landing dis-

tances , dispersion at impact , glide path ang le , touchdown veloc itie s wit h

associated kinetic energy content were all considered wi thin the descri ptor

criteria such as survivability , handling and facilities requirements. (See

App endix Pages A-2 9 to A-31. The concepts emp loy ing flexible surface wing

devices such as parasail , flexible wing (Rogallo) and par afoil , showed poor

ratings in vehicle compatibil ity (stowage , dep loyment), log istics , veh ici

wei ght contribution and handling; and wer considered impractic al for a

svstem with a hi gh rat e , multi p le m ission sorti e operation.

The variable geome try win g with its cost , comp it x i tv and t in n i l l a c  t on

vehicle design such as large w igli t contr ibution , l ick 01 m odu l -i r i t v and

a comp lex store suspension system did not come thr ou , Ii a s  - I  V iahli conc pt.

Figure 3 .3— 1 shows tlu a s s ( - s s n I (  nt s l i c  et  m u  t ! i i  h i  s t I l g I a !  i t in P. I .F  . 1 1 .

r a tin g in th is group.
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3.4 ASSESSMENT SHEET #3 - ASSISTED TAKE-OFF SYSTEMS

Within this group ten systems were assessed.  Two were the air launched

sys tems , two were c a t a p u l t s , two - powe r sleds , three - rocket assists and

one h ybrid c a t ap u l t  sys tem.  The glossary Section in the A ppendix gives the

description of each of the candidates. Figure3 . 4-1 presents  the r e sul t i ng

assessment and histogram. It should be noted at this point that the

original assessment was conducted at the onset of the stud y when the

mission impact on the vehicle requirements was not full y understood ;

hence the vehicle weight and size requirements to handle the mission pay-

loads was under-estimated . This was the princi pal reason for the h ybrid

truck catapult system to score so well in t h e  ratings. It offered many

features that were beneficial to ARPV opcration ,siich as excellen t flexibilit y

with no need for new facilities . It showed a ~-er~- good system compatib ilit y

and minimum contribu tion to  vehicle weight particularl y if the need for a

landing gear could be obviateJ .

La ter in the study when the required mission range and pay load were

established and the s iz e  of the vehicle more clearl y defined , it wa —

apparent that problems w o u l d  arise in handling 6000-7000 lbs . vehicl

in an overhead rail launching system as defined by hybrid truck launcher

concept. For this new vehicle weight range , the points were lost in

cos t , comp lexity , technical risk , and log istics reducing the F.O.M .

f rom ~ • 45 to 4.O~I . This new value , however , still retained the H y b r i d

‘F ruck Launcher C o n c e p t  (two t rui c k~ as the hi’s t h,~ otInd I aui nc li ass i sI  cv  s t O m .

• With the except ion of  Rn 11 Ca t ap u  I t , wh i cli came c I -co  s e c on d , a 1 1 t i t

others assisted t ake —O I I systems ranked qtu ito ev e-ti lv he ~i~- i ng t u e  i r

Ci 

=—~ --- 
-
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respective strength or weaknesses in different parts of the descriptor

spectrum . In all , only the H.T.L. & Rail Catapul were ranked average ,

the remainder being between less than -the average and the average rating .

The air 1 aunched systems were rated very low ; their weak points being cost ,

launch rate , availability, facilities and logistics associated with the

operation of launch aircraft. The mothership c oncept , in addition , was

low in s u r v i v a b i l i t y ,  i nd i ca t ed  poor t e c h n i c a l  r i sk  (wing f o l d i n g )  and

difficult system handling , both , on the ground and in the air.

The catapults were relatively high-i on the rating scale , their princi pal

shortcomings being cost , lack of flexibility (mobility) and vehicle

handl ing problems. In the case of runway catapult (SATS Catapult) ,

the logistic support needed for system transfe r from one location to

another was considered high.

From the rocket ass isted launch systems - the zero length launcher w i t h  a

RATO TVC rated third among all systems , the external and integral JATO/RATO

being rated 7 and 9 respectivel y. The ZEL with TVC is cost lv , but it m ak e s

out in survivability, flexibilit y and relativel y simple fa cilities. Its

a b i l i t y  to  control thrust vector to maintain th e  required (1 ighi t path and

f l i g h t  attitude d uri n g launch and re— lat i’- ,- I y snial 1 wei  g u t  cen t  r i b u t  j o n  t o

t h e  mis s  ion i t  so i f  (system a ssumc d n I l  l and  ing g ear )  were the c--n t r l h e i  I i  ng

f a c t o r s  t o  t h i s  h i g h r a t i n g . The d e t r i m en t a l  I eature s were: cump l e x i  I ,

e~ & is t m d  l o g i s t i c s  r e q u i r e m e n t s .

L
I_ - I

-_ _ _ _
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3.5 ASSESSMENT SHEET #4 - INTEGRATED VERTICAL (OR NEAR VERTICAL)
RECOVERY SYSTEMS

Al thoug h the two main cha rac t e r i s t i c s  in the ti tle are consnon to all seven

system concepts , the approach to their technical solutions is q u i t e  dif-

ferent. The VTOL concept (only augmen tor wing desi gn was considered here)

has the power p lant integrated with the vehicle , and is the onl y one sys tem

that can regulate the descent/ascent rates as required. The foldable rotor

concep t could regula te it s descen t ra tes by change in the col lec tive p itch

of the blades in autorotation and so affect the impact velocity . The othe r

f i v e  are bas ica l ly the steady descen t ra te sys tems tha t are des igned a t the 4
onset .  Out of the group,  the VTOL , the steerable flexible wing, parawing

and the ro tor sys tem can o f f s e t the wind ef f e c ts by control of descent

towards the wind . The other three (parachute , paracone and balloon) float

down with the wind. The impac t dispersion will depend on ability to orient

and react against the wind vector. Figure 3.5-1 presents the assessment

sheet with its ranking histogram. The assessment of these modes of

recove ry ass igns hi ghest rating to a dual mode parachute , a well proven

system in the RPV field.

It scores better than average in S out of 14 descri ptors , the system cost ,

the vehicle survivabilit y and mission weight contribution being the main

adverse charac teristics. The powered vertical landing system (VTOL) was

rated second . It rated low in cost and comp lexity , but had high ccor s in

logistics , facilities and overall system flexibility.

The steerable flex wing (Rogallo) and a parawing w er e  next , their dispersion

controllability feature having strong effect on that rating. The integra l

paracone and the balloon concepts were invalidated as  p o t e n t i a l  r e c o v e r y

systems because of their vehicle Incompatibilit y ratings (rated 0 - ? ( - r o ) .
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The foldable rotor system appeared much more feasible except for problems

in packaging (vehic le  c o m p a t i bi l it i e s) ,  sys tem comp lex i ty  and wei ght  con-

tr ibu t ion.

Each of the vertical recovery systems , with the exception of (VTOL) ver-

tical powered landing system would have to have some form of impact atten- ‘ 
-

uating device , to absorb the vert ical and/or hor izon ta l veloci ty impact.

These interface systems were discussed under Parachute Recovery Interface

Systems (Assessment Sheet #8), and mos t of them can combine with the bas ic

recovery system discussed in this section.

3.6 ASSESSMENT SHEET #5 - EXTERNAL RECOVERY SYSTEM

In the type of recovery discussed in th is sec t ion , the vehicle in either

ac t ive  or passive role I n t e r c e p t s  the recovery sys tem in f l i gh t , is  b roug h t

to a stop rela tive to the sys tem and even tu a l l y is deposi ted by one means

or another on the ground . The group contains 3 innovating concepts: the

MITT (Mid—Air Intercept of Terminal Trajectory); the Paracatch; and the

High-line Arrest System. The initial assessment , bo th MITT and Paraca tch

showed streng th as po ten tia ll y su itable recove ry sys tems, both emp loy ing thi

bouyancy of helium balloons for system vertical dep loyment and partiall y for

vehicle arrestment from low speed fli ght. The subsequent investigation

with participating b a l l o on vendo rs indic at ed areas of potential problems

in handl ing h e l i u m ba l loons  in the f ield , a bi g log istic train associated

with overseas maintenance of the system and finally hi gh operating cost.

Upon reassessment of the ratings in the areas indicated , the~ c two sv— t cr s

still emerged as the leaders In the group, however , with overall ratin g

“less than average”. 
U
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The MARS Helicop ters Recovery rated third. The mothership concept did not

rate well as it was deficient in many areas in the t a c t i c a l  f i e l d .  I t s

hi gh cos t, poor survivability in Europ ean confl ict env ironment , poor launch

ra te , and RPV hand ling on recovery, as wel l  as techn ica l  ri sk associa ted

with an unmanned system in the proximi ty of a large aircraft all point to

a low acceptability rating . The reassessment of the ratings in the lig ht

of new da ta f rom vendors , upgraded the potential of a fixed aircraft MARS

over the Hi gh Line Arrest System. The latter was considered lacking in

flexib ility , demanding of f ai r ly large facility, bo th cos t ly and comp lex.

The major problem in the fixed aircraft MARS system is the problem (this

also being true of the mothershi p) of stowage (or retention of the vehicle)

for  landing of the recovery a i r c r a f t .  This forces  the ARPV wing de s i gns

into fo ldab le  conf igu ra tions with associa ted comp lex ity and cost. Tl’-�

d e t a i l e d  assessment sheet and the h i s t o g r a m  of these s ix  sys tem concep ts

is shown in F igure  3.6-1. Thei r  descr i p t ive  da ta  is con ta ined  in the

Glos sa ry  of Terms .

3• 7 ASSESSMENT SHEET #6 - CONVENTIONAL TAKE-OFF SURFACE INTERFACE SYSTEMS

The nex t s tep in the Launch and Recovery POED assessment was the defin ition

and ranking of the interface systems between the vehicle and the launch

or recovery surface. In some specific cases another element is interposed

between them. In the launch case this is a launch assist , and in the

recovery case a retardation or energy absorbing element (see Figure 3.7-1).

In the conventional take-off , nine interface systems were considered: five

emp loy ing whee l s , including two types of wheel dollies , two using air

cushion gear and one using skids only. On take-off from water , a float/doll y

system was also evaluat ed icainst the a i r  c u s h i o n  sy st e m .  On launch from
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snow , both air cushion landing gear and combined wheels/skis are compared.

This  r a t i n g  is presented under the section Water/Snow Assessment (page 3-20).

The r e t r a c t a b l e  conventional wheels were rated well ahead of the field

having six d e s c r i p t o r s  in very good ca tegory . The p r imary  advantages

were in low technical risk , very good availability , instant mobilit y

and ease of handling. They come internally with the vehicle , therefore ,

they do no t inc rease the log istics volume requirement , ana their demand

for peculiar equi pment is minimal. Their flexibility in actual operations

h~~ bc~ ti demon strated amp ly in th . pas t. Tli~ main LlL ~~~b1ILks W C I ~~ C-~~ I k t L L -

bution to vehicle mission weight and more than average cost.

The d roppabl e whee led d o l ly was rated second . The concept that was asses~ t d

here was that similar to the one shown in the Appendix , Page A-40 which

combined a two-wheeled doll y attached to a retractable skid located cen-

trall y in the fuselage. In this system , the vehicle actuall y leaves the

ground in the tail down attitude with the doll y att ached. The drop is - 
-

affected immediatel y after take-off . Normall y after two or three bounces ,

the doll y comes to rest generall y undamaged as its low pressure tires

absorb the impact energy . It has to be recovered by ground crews for

further use. A steerable three-wheel doll y (wire or si gnal) has r1l t~ d

th i r d , the concept be~~~ similar to that used in the A ustralian Jindivik

Drone Sys tem.  Among o p e r a t i o n a l  problems connected with dollies , is the

i n a b i l i t y  to d i v o r c e  t h e  RI ’V f r o m  l i f t  or crane and a static stand on 
-
‘

which the vehicle h a s  to spend most  of i t s  t ime when i t  is not actuall y in

tr an sit on a doll y . All thu comp lications associated w ith handling, tr ins—

ft r and recovery of the doll y add substanti all y to manpowe r and (-qu ipnlent ,

,~
.

3—ih 

—- -‘-U— -~~~~ - ~~• —,~ ‘
_
_ _ _ _ _  

- -•-- ~-• - ~~~
- - —,—. ~~~~



- _ _ _

C76-1324/034c

as well  as the operat ional  turn around t ime , and can become c r i t i c a l  when

high launch rates are demanded. A detailed trade-off between a conventional

three-cycle gear and a t r i c y c l e  steerable  dol l y is given in Table 6.2-1

and Table 6 . 2 - 2 , “Opera t iona l  Assessment” under respect ive  concepts eva lua t ion .

The Combo wheels /skids  concept for  launch purposes is s im i l a r  to  the basic

th ree-wheel  gear .  By combining the recovery function (large contact area -

skids)  wi th  a launch f u n c t i o n  (whee ls) the obj ec t i ve  was to op t imize  b o t h ;

bit t t he added cost , com p lex i ty  and the  c o n t r i b u t i o n  to v e h i c l e  w e i g h t  seem

to negate  the poss ib le  advanE ages  tha t mig ht  be der ived  f rom t h i s  sy s t e m .

In  the  f ina l ana l ys is  it was ranked lower t h a n  e i t h e r  of the whee led  d o l l i e s .

The a i r  cushion systems eva lua ted  fo r  t a k e - o f f  comprised two basic  approaches :

(a )  the ex te rna l  droppable , none~ as t ic air-cushion doll~’ and (b) the integral

e las t ic , f u l l y retractable , air cushion trunk system . The first of the  two

represents  the approach s imi la r  to AFFDL e xp e r i m e n t a l  sy s t e m  in the  J in d i v i k

drone , the other being on the l ines  of Be l l  pe r iphera l bag t r u n k  concept

similar to the type used on LA- 4  and the Buffalo.

Th e A~~S ~~ir Cushion Land ing System) ove rall assessment in its app licIt i o n

to the A RPV concept was rated generall y low on account of sys tem inherent

comp lexity, poor ground handling characteristic 1, , excessive reliance on

suppor t  equi pme n t and technical risk. Detailed utilit y analysis results

of the ACLS in ARPV app l ica t ion  are g iven in the  A p p u n d i x , Pag cs A-~~l

to A-51. The integral ACLS rated higher than the droppable doll y

on accoun t of expected be t te r  handling and lowe r log i s t i c s  rcqui r~-—

ments.

_ _ _ _ _ _ _  
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In the droppable wheel concept, the objective is to have the benefits of

wide track , low pressure gear during ground handling and take-off and by

dropp ing the wheels - av oid the necessity of providing h igh volume stowage

and extra weight and drag during the mission. The individual wheels on

impacting the ground after drop are expected to have low incidence of

damage . The shock absorbing and retracting system for each strut - would

still be provided. The relativel y high rating of this system resulted

from the fact that it disp layed a number of advantageous characteristics

such as good handling , launch rate , survivability and weight reduction. Its

drawbacks wer e rela ted to sys tem comp lexi ty and comp lications relating to

wheels nonpermanence , recovery and reconditioning after use.

The skids alone were rated a poor take-off interface , al though they are

ex tens ivel y used in the glider field. An excessive contact friction and

resultant long take-off distances were considered to be the princi pal -:

problems.

For the operation from water and snow ,iising A(1.S or spec i ficall ~’ des igrn- d

equi pment such as floats or s k i s  , W I t S  a stib~ ect of  a sllparatc t r a d c - - a f f

anal ysis — shown in  Assessment Sheet #6a be l ow, It should be not d that

o p e r a t i n g  on ACL S f rom w a t I -r , the vehicle must possess inherent buo yancy

to p r e v e n t  the  loss  of  RPV upon damage to  t h e  AC L S.  Whi Ic it is conceded

t h i ~t t as long  ;I s the ai  r f l o w  i s  p r o v i de d  t - - t he ,-\(~ ,S — t he s vs em can

t o l e r a t e  fairl y 1 , 1  r o e  pe r l - r i l t i n n s  W i t h o l i t  l os s  o f  pe r  I (-rmance , O f l C C

h o w e v e r , the  5 I ( p p l V  o f  I l l  r C C i l 5 eS  — t h e v e h i - l U - depends ent in, lv on

tin- i j i t i - g r i  t v  of ti n ’ interna l parking t runk l o u  i t s  s up p l ’r t  - -n  s- - I t  - c .

Should t h is  I l e v e l o t )  s l o w  1111k , t h e  vehicle I I R’ j I1 ( ~ I l -  i i i  (1101 1 ho . - y , t r i i -v

w i l l  s i n k , w i t h  i t i l  t h e  - I t t  l U n d a n t  comp i I c l I l  ions. ,-\ hIl - v I n t  R l ” ’  s i s  t h e n - -

-r e a s s  II~~nI i n I it i s 1 1 5 - s N- Ill- li t -

~~~~~~~ - - - ‘
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These characteriStics are reflected in the cost , comp lexity and vehicle

compa ti b i l i ty descr ip tors. They result in a significant enhancement of

vehicle survivability and system compatibility .

I f  the systems are confined entirely to water operation , then their

respective ratings are quite similar. The advantage of A~LS would he

d i s t i n c t  in an amp h i b i o u s  c a p a b i l i t y ,  provided i t  can n e g o t i a t e  the

“ t r a n s i t i on be l t ” w h i c h  no rma l l y ex i s t s  between l and  and w a t e r  without

special site preparat ion. It should be noted that the winter operation

f rom u n f r o z e n  lakes  - at freezing temperatures - will be impossible

in both re-odes because of the rap id b u i l d - up  of the f r e e z i ng  sp ray  on

wings and control surfaces.

The operation over a deep snow surface will not he typ ica l in  the E u r o p e a n

scenario when operating from dedicated RPV bases. It is expi-cted that t h e

accum ulation of snow in excess of 4 - h  i n c h e s  would have to  be cleared fr-ri

the flight areas — -c o t h e r w i s e , on thaw - r e f r e e z e  cy c l e , the moveme llt

men and vehicular transport would he se r i l - l I s l v  aff ected. In  t u e  I l n i  i k e  I ” —

hood of having to maintain an  op er a t i o n  ev er  d e e p —  ~ rt ’sh  8110W t i l l -  y e l l  IC I

would have to he equi pped with a ski kit or A( 1S . t h e  Issessment ot  the~-

two systems in snow environment is based (in the experiment s and 1 1 5 1

U data on a i r  c u s h i o n  v e h i c l e s  p e r f o r m e d  in Canada  — R e f e r - l i c e ~~— a n d  s k i  —

U eq u i pped QV — l  Mohawk  i i r c ra  f t  Re f e r e n c e  ~~‘(( ‘ 
, where i t W , I 5

noted t h a t  a 15 , 001) l b s  s k i  e q u i pped M - liawh w i l l  o p e r ; It e  s I t  c l v  I r -ir

a l l  t ~-p e s  of snow in depths varying from 4 to I 1  i 0ch1 -s -

* ACV ICING PROBIJ-MS C . A .  & S . J .  DEC . 1971

~dc FLIGHT TESTS OF SKI -MIJ IPPEI) MOh AWK , l .A.  U~l S. ]. - I- \ \. 11 l -~4

_
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4 Assessment Sheet #6(a) in Figure 3.7-2 , shows the comparative ratings

between these two systems . In the overall rating , the ACLS was ra ted

ahead of the sk i equ ipped systems . It rated better in several aspects -

such as survivability, flexibility and cost. The technical

risk , handl ing and pecul iar equi pment were all rated low in the ACLS because:

a) there is no easy solution to ACLS ground freezing on shut-down of the

a ir supp ly; (b) In the ARPV the ACLS requires capability of side force

generation for controlled movement across deep snow by remote means and

(c) a mobile air supp ly generator is needed for vehicle mobility following

engine shut-down.

The skis system would have to be an add-on kit designed so that its

integration with the vehicle does not detract from vehicle performance.

Here again a remote ground control capabilit y is required with attendant

-~ high technical risk.

In all cases the g r o u n d  v e h i c l e s  and personne l d i r e c t  l v  in support -f

the  ARPV s w o u l d  a cqu i r e  h i g h  l e v el s  of snow m o b i l i t y .

U .

~~— 2 ))
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3.8 ASSESSMENT SHEET NO. 7 - CONVENTIONAL LANDING - RETARDATION SYST~}lS
3.8.1 General Considerations

This group comprises three functionall y similar, but technicall y

diverse subsets of recovery elements as follows :

a. Four externally app lied arresting systems (each

interfacing with a wheeled vehicle without brakes)

b. Two integra l decelerators , name ly the parabrake and the

thrust reverser , each with four types of surface/vehicle

interface subsystems

c. Three integra l retardation mechanisms reacting directl y against

the landing surface.

Each subset was assessed separately, al thoug h they all appear on the same

-
~ 

- sheet presented in Figure 3.8-1.

3.8.2 External Arresting Systems

Among the four external arresting systems - the Water Twister arrester

gear was rated highest. This was followed by the landing

harrier (with a capture net), the anchor chain and finall y the piip up

cable , strut engaging device

Water twister arresting system was rated high in tactical mobility ,

relative low cost , and predictable and well proven rapid cycle operation .

• Its adverse points \z(-re - lack of flexibilit y , once the system in

installed , and actua l system handling under diversified environme ntal

c0nditi ons .

Landing barrier, which can either employ a water twister decelerator

or actual disk brake pads — has mttch s lower recovery cvc 1 t- when e -- i pa nt - I l

+ 

w i t h  the arrest ing pt -ar system , because 01 a more comp l i c a te d recovery
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operation. However , it dema nds very little from the vehicle in the way

of spec if ic requirements , and con tributes nothing to vehicle mission weight

(such as the arrester hook system.) The vehicle survival rate on recovery

can also be considered excellent .

Anchor chain arrester is probably the simplest arresting system,

absorbing the kinetic energy of the landed vehicle in the work necessary

to drag the anchor chain on the ground . Its prob lems are the poor recovery

cycle and excessivel y involved ground handling which is not compatible with

high recovery rates demanded by the system.

“Po_p-up” strut engaging devices have been des igned primarily to act as

the termina l decelerators for emergency stopp ing of large aircraft which

were not capable to convert to arresting hooks systems on account of 
U

excessive stress concentration. The level of damage to the vehicle- struts ,

the ancillary equipment lines (such as brake lines),scissors , and the costl y

installation and rather poor reliability of the system (less than 507)

makes it a least attractive arrester of the four types considered.

3.8.3 The Integral Decelerators

The parabrake and the thrust reverser in their functiona l impact on the

vehicle behavior and deceleration after touchdown are quite similar and

for  th i s  reason t h e y  ha v e bee n eva m ated as one g en e r i c  g r o u p  ern p l l i v i n g

four different surface/v ehicle interface units. The n u m e r i c a l  F.O.M . s

represent the v a l ue f or the comb ination , i . e - , the parabrake (or UI rIts t

reverser) p l u s one I l f  the four of the~ie units.

1— ~~L4 
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The assessment rating of these two integral arrestors was generally low

on account of cost , complexi ty, log istics requirements and the mission

weight contribution. There was comparatively little difference between

the interface system employed in conjunction with these decelerators.

The conventional wheels and brakes were rated best followed by skids,

integral air cushion and combo wheels/skids systems.

Wheels and Brakes - This conventiona l retardation method rated only

average in the j1.RPV app l ication . When using this system alone for the

decelera tion of the vehicle , a con tro l le r ’s command link must be main-

tained during the run-ou t and a nose wheel steering mechanism appears

essential. The t ’~tardation performance on the grass fields is much lower

than on prepared runways , and is also less predictable. This affects the

veh icle survivability, and tends to increase the size of the land ing f ie ld .  U

Both cost per vehicle and the system comp lexity increase. The recovery

ra tes are adversely a f f e c ted because of the need to con trol and to moni tor

the vehicle progress in recovery until it reaches safety areas. Most of 
- -

the veh icle control after touchdown could be automated , but this would add

the cos t and the comp lexity .

Integral Air Cushion - In the LA-4 and the Buffalo ACLS the braking is

ob tained by separ atel y inflatable pi llow s bu i l t into the trunk to make

con tac t w i t h  the gr ound upo n in f l ati on of the p illows. The p illows are

r ei nforced wi th the ab ra s ion res isting friction pads. The inflation of

the p illows raises adlacent areas of the trunk body causing the escape

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~it t i r  _
~~
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of air cushion and increased reaction on the brake pillows . The

problem of ma in ta in ing  adequate  control  of the vehic le  during ground run ,

pa rt i cu la r l y i ts head ing and i ts or ien tation in azimu th is cr it ical in

bo th the launch and the recovery phase. It determines the location of the

vehicle after the runout and affects the subsequent chain of activities.

The ACLS, as it is conceived at this date , was ra ted low in the abov e

aspects  as i t  has , as ye t , not solved the problem or s ide fo rce  control

adequa tely. The flexibility and better than average cost give the advan-

tageous poi nts , while the ground handling, the impact on the vehicle/mis-

sion des ign and low survivability bec ause of the con tr oll abi l ity problems

were the detrements in this assessment.

Magnetic Lander - This recovery concept was included in the assessment

because it promises a number of features which could revolutionize the

RPV ’s recovery field in the future. The high po ints of this concept ,

for the retardation of the RPV , are the survivabilit y and reduced facility

r e q u i r e m e n t s .  If the c o n t r o l  of the v e h i c l e  over the  c e n t e r  of the b ag-

ne tic f l u x  can be ach ieved , then the hand ling of the vehicle over its

conducting ground sheet could be precise enough to proceed with an all

automatic control of the vehicle throughout its ground operating cycle.

If the conducting ground sheet is to be only limited to the runout areas , - -

then it will be necc~~saI -v to “dol l y-up ” the vehicle after removal from

the conduct ing sheet. The princ i p le of Magnetic Lander o p e r a t i o n  i s  shown

in the Glossary of Ter--’~ 
- A p p e n d i x  p age  A 27. :

(

1— 2 1- 
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3.9 ASSESSMENT SHEET NO. S - VERTICAL INTEGRA L RECOVERY - GROUND
INTERFAC E SYSTEMS

The results of ass-~ssment of vertical integra l recovery systems indicated

that the dual mode - p a r a c h u t e  was a pre fer red  sys tem fo l l owed  by  t h e

VTOL sys tem . Both of these recovery methods were therefore assessed for

their preferred ground/vehic le interface . This assessment is presented in

Figure 3.9-1.

3.9.1 Dual Mode Parachute

The “dua l mode ” capabi l i ty  of t h i s  eq u i pment  lies in the airborne (MARS I

as well as c o n v e n t i o n a l r e c o v e ry  m e t h o d  - A success f u l MAR S recover~- doe s

not normally result in any damage to  t he veh i c le , as the  v e h i c l e  is l owered

onto the ground by the helicopt er. It , however , the  MA RS r ecove ry  fails ,

or is not a v a i l a b l e , t hen the  sy s t e m  rt - v t - r t s  to a bas ic  p a r a c h u t e  r e co v e ry

and needs impact çrotec t il -n  f r o m  damage at termina l v e l o c i t i e s  of a p p r o x i -

matel y 20-25 ft/sec. The seven categories of these interfaces have been

assessed , and are briefl y described below.

Low Pressure Tire

This concept ll1l 1 i m p a c t  It t ent l l at l lr  was r~ I ted Ii i g l i e s t  . In i t s stowc d

s La L I I  -
~ the low pressu l U  t I re i s com p le t e  Iv deflated oi cupvi ng \‘e ry sma 1 I

vol lIme . The system is let i v ; u t  tU d wi  Lb dI -p l oy m ei it  o l  the p l , h ’ h I I I  e , wh e n

the tire is overin f i l l  (U UI to  ¶ i I ; t y  m u m  permiss i h i t - volume . °n i m p a c t  t l i e

e x c e s —  p r e s s l ir e  is h i  own o f t  I I )  p1- I - v - n t  rebound . (‘lIt ch Imin g I 1 r e s t  t i l e  U
,

~‘ o h j c  ~ can be t I W - I l  l I r  p t I - k t -d I f l  this single tire , t I l t ’ 1, - r e  h i d  i t i t  an d

‘ i t  (U ru I t i l t I up, h1- I ng p r - v e n t  I U d  by . 1  set  ot i nt ec r . I  I sk Id s . I h e  pract ic _ u -

h i  lit y of thts system I I e p U o 1 d - ~ l i i i  t i le  t i r e  ( i l- s ig n  loll de v elo pm en t  of s u i t a bl e 1 
U

c o n t r o l l e d  sl l lpe ,U - i ; I s t  ii m ut t 1 - r i a l  - The h i g h  r a t i n g s  in t h i s  sy Stem IN

1—2 7
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f l e x ib i l ity and post recovery handling . In this group of interface elements

$ any system which upon impact allows instant mobility without the need of — 
-

cranes and tow do ll ies represents a considerable advantage in operational

handling - at high sortie rates.

The low rating were allotted to the technical risk associated with this

concept and possible problems with maintainability.

Skids and Airbag~

This  c oncept comb i nes the shock a t t e n u a t i o n  of the a i rbag  w i t h  the

p a r t i a l  m o b i l i t y  of the sk id .  As i l l u s t r a t e d  in G l o s s a r y  of ‘form s ,

the sk ids  are integral wi th the bottom of the vehicle and they

ar e bac ked b y the  a i rbag  system to supp leme n t th e sh ock abso rh t i o n o f t l i ~~

bas i c  sk id  a b s o r b e r s .  A f t e r  recovery  the sys tem can be t owed on the  t e f l o n

sk ids  over most  of the s u r f a c e s .  The t echn ica l  s olu t  ion to t h i s  concep t  is

not s imp le  as the  sys tem has to absorb  between 34 , 000 - 40 , 000 f t  lbs of

k i n e t i c  energy w i t h i n  1.0 to 1.5 f e e t  d i s t a n c e  b y d i s t r i b u t i o n of t h e

imp a ct reaction over a limited available contact area.

A i r b a g s

This system has  been d e v e l o p e d  and t e s t ed  fo r  t h e  e x i s t i n g  d r o ne s  ( Bc ,M- ~- ‘-~-i

se r i e s ) .  The i n f l a t a b l e  bag is carried externa lly in -‘u c o n f o r m a l 5il Ipe

an d is a c t i v a t e d  by the  compressed air from a bottle carried onhouird h i t  t h t e

v e h i c l e .  In  a d d i t i o n  t i i 1 - sy s t e m  comprises supp ly li n es , c h e c k  and  l sp i r u l t l i r

v a l v e s  and a s i t  of  b l o w — o f f  - s eu l l  c a p s  t 1 1 h _ l I ( ’t (  t i l l ’  p 1 e 5 5 1 1 1 1. on i m p u h e ’ and

p r e v e n t  a rebound - A mere I l l  - t a i l ed  de scr  I pt i On ol ti l l - s vs t I l,i i s j ~~~~ fl j f l

t he  GloSsary of TU -rm s i n  t i I l ~ A ppendix. in the I l \  er il I l i t  i ng  the sv st em

scored t h i  rd . I t s d r a w ba c k s  ut re p o o r  r e  C I  ~ve rv  n I t  e ( re l i t  ed to ext raneohl S

~~~‘ t  Iv it L I - s  c I ) n I lL ( - t  e l  W i t h  i l t a i n i n g  mi-ihi l i t v )  , ma i u t uu i iruu bi li t ~ p rohlI U n ~; ,

h _ 2 h 1
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the system comp lication of m a ny  p a r t s  and f u n c t i o n s  and f i n a l ly

c o n t r i b u t i o n  to ex te rna l \U U h I i c l e  d rag .

Impact Attenuators

The primary candidate for this approach is a corrntercial strut development

known by t r a d e  name of TOR SHO K (R . It  is b a s i c a l l y a m u l t i p l e  t e l e s c o p i n g

met a l  t ub ing .  Placed between the tubes is a length of bound wire which

d e f o rm a t e s  in r eac t i on  to the relative movement between the tubes either in

compress ion  or e xt e n s i o n .  This sys t em once used can be r e se t  to be r e u sed

aga in . E i t h e r  th ree  or f o u r  of these  a t t e n u a t o r s  could  be r e t r a c t e d  in to  th e

bot tom of the RPV bod y and lowered to the recovery position after dep loyment

of the p a r a c h u t e . The used a r t i c l e s  a f t e r  recovery would be d i r e c t l y re-

n i a c e d  by e i t h e r  new or r e s e t  i tems , and locked in to  p lace fo r  the next  m i s s i o n .

in the  over - i l l  a s s e s s m e n t  t h i s  sy s t em showe d a numbe r of p o t en t i a l  shor t -

c o m i n g s :  ( 1) Poor h a n d l i n g , t he adverse  effects on m a i n t a i n a b i l i t y  and

-system operation and rtU sultant low r e co \ -e ry  r a t e .  The presence  of a

l i f t i n g  crane and r c ~ v er y  veh i c l e  is i n e v i t a b l e  w i t h  a t t e n d a n t  m a np ow e r

and t r a n s p o r t a t  ion requ ir t - n i e n t s .

Body R e i n f o r c e m e n t s

The shock a t t e n u a t  : on  c a p a b i l i t  v of c r u s h a b l e  m a t e I -i a l s  l en i l s i t s e l f  to 1P

p lication in the p a r a c h u t e  r ecove ry  mode.  The concept envisa~ es t-ody fittin c .
-

I

c r l i s ’ Ia b le sec t  i I l l s  wil i cli l U  readi ly rep lii ceuthl ~ ii ftc r I I s a L~e - t i le v ar e  U-

exteridahle prier to impa ct and ‘ er f o r m  work  t I - p e t h er  w i t  Ii t h e  e x t  t - n s o n s  -

They score heav ii v in  t h e  : I s s I - s sm e n t  in  p o i n t s  re l 1tt  I n p  t1 velu cli CIlnip I t i — I 
-

h i l L  tv  , lack ~t f  C l  rnp lex it V -111(1  u l h ) s t - l l c e  l i t  pecn I i  a r equ  I pnre n t  to  uIC c ompan v

the syst em. The cL t rime ~i t  a I 15 ~ ee t S a re  t i ll leg 1 s t  h i - s and is ~-s te rn  hand Ii up

-ifter T ’ i - u l iv e r y .  T i l t -  l U i t  r ating in t i l t  i v ail.thi l i t - -  rd Il’ ~ ’ t S t i le  p o t e n t  lUl l

damage p—onness If t l l l  i l i l p i c t  t r e e  15  [lot t-veii I~- I I I  St t -l ’iil t ehl On l u I n d i l i g .

‘I - l t t  - 
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Pallet and Airbags

The pallet airbag impact attenuator has been extensivel y used with success

in aerial drop delivery techniques of t r uck , j e e p s  and even medium sized

t a n k s .  The problems w i t h  t h i s  type of system j~ RPV app l i c a t i on is i n t he

area of veh ic le  c omp a t i b i l i t \ , l o g i s t i c s  and a c t u a l  h a n d l i n g  a f t e r  recovery

tha t  a f f e c t s  the t u r n  a round  and a v a i l a b i l i t y  of the sys tem fo r  the  next

s o r t i e .  The p a l l e t  would  have to be an i n t e g r a l  par t  of the  v e h i c l e  bod y

and wou ld  have to b lend  w i t h  it w i t h  minimum c on t r i b u t i o n  to weigh~ and

d rag .  The c u r r e n t  a p p l i c a t i o n  is s u i tu ib l e  o n ly  fo r  s to re s  w i t h  near

v e r t i c a l  descents  and i n t e rna l  c ar r i a g e  in the l o g i s t i c - d r o p  a i r c r a f t .

R e t r o - R o c k e t s

We re ra t ed  low because of t he i r  t o t al  d e p e n d e n c e  on cr ’und p r o x i m i t y  sen s tn g

eq ui pme n t , t h e i r p resence onboard  the  ve h ic le d L I r i n ~ the m i s s i  on , the weigh t

and pac k a g i n g  problems and l a s t  b’~t no t  l e a s t  the c o m p l e x i t y , t h e c o s t  a n d

t he s a f e t y  of v e h i c l e  h a n d l i n g  whi le  en the  ground . In a d d i t ion  to  the  re t ro-

u n i t s  an d the a s s o c i a t e d  sys t em - the v e h i c l e  wou ld  s t i l l  have  to c a r ry  s imt ’

measu re of impac t  a t t e n u a t i o n  t o  ensu re  t h a t  n 1 , or o n ly  n e g l i g i b l e  IlalilulpI ’

to the structure resulted .

3.9.2 The VTOL Systems

It was mentioned earlier that l int of tin’ fie Id of p otential svs t e r I c  , the

V tO!, c o n f i g ur a t i o t i  t b - - i t  LI--is considere d in thi s t r a de  s t u dy  w a - s  the  I l I p I l l e l i t e d

w i n g  concep t  s i m i l a r  t o X V F I 2A , now under 1le~-e i opmentJ ‘ I t  Ro&-kwel 1 i n t e i —

n a t i o n a l  Co lumbus .  T h i s  g roup  of e q u i p m e n t  was assessed  on t l I L  -iu, sur rhltion

t h a t  the v e r t i c a l  v e l o c i ty  component  d u r i n g  the terminal cont act was ve ry

low , in the n e i g hborhood  of 0 - 15 f t / s c c  ( m a x . ) .

I - t i
4
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VTOL - Tricycle Wheel Gear

The retractable VTOL wheeled gear was rated highest because of its simp licit y ,

ground mobil it\ and low technical risk. The retraction concept making this

system attractive from the drag po int o f v iew can  be i n co rpo ra t e d  w i t h  ease .

The wheeled gear has a lso the advan tage  of p r o v i d i n g  r o l l i n g  S ’FOL i n t e r f a c e

in case of V TOL overload .

S k i d s / W h e e l s  (VT OL/Whee ls  for  m o b i l i t y  over p r e p a r e d  s u r f a c e s ’t

This concept is descr ibed  and i l l u s t r a t e d  in G los sa ry  of Terms in the  - 
-

Append ix .  The system is r e tr a c t a b l e  fo r  drag  r e d u c t i o n .  T h i s  adds to com-

p l e x i t y  and cos t .  The adverse  aspects of this concept are limited mobility

and genera l  c o n f i n e m e n t  to prepared  level  s u r f a ce s .  A l so  in t h i s  c o n c e p t ,

the t r a n s f e r  f r o m  VTOL to STOL o p e r a t i o n  is not f e a s i u l e .

1’

‘t 
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4.0  ELIMINATION PROCESS

4.1 FIRST ITERAT ION MATRIX

The objective of the POED assessment to this point was to perform a trade

stud y selection between the candidate e lements from the group of morphological

matrices. As this was accomp lished , it was decided th at the best way t i

avoid missing a potential system was to perform the selection in toi l wa ys 
- -

(1) to select the best  three  as shown by POE D assessment  sheets  and (2)  t i  - :

s u pp lement s e l e c t i v e ly those  b e s t  three systems by arty o the r  system wh i ch is

particu larl y compatible with the ARPV m i s s i o n  a l t h o u ~ h i t s  r a n k in c. based  on

Fi gure of MERIT might have been inferior.

This process resulted in t h e “FI RST ITERATI ON MATRIX’ i s h - l w n  in Fi gu re  -4 . 1 - 1  
-

which  r e du c e d  the number of v~’t en t i aI  l a u n c h  a nd r e~ cry  ca ndi  ~Ia tes to 1
(

manaceable level . I t  comprised a majorit~ of t h e  systems in clud e d iii tile I

S t a t e m e n t  of Work , p ira grajiirs 3.2. 3 — a , h and c , t or -~u ti c q u € - n t

a n a l y s i s . -

-lI

e-

14~~ l - -
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The critical review of first iteration matrix indicated that in addition to

numerous technicall y feasible and economicall y practical launch and recovery

systems, tha t th i s  ma t r ix  could genera te, there  were a l so  many which  were

i n c o n g r u o u s  as they meant  dup l i c a t i o n  and lack of i r i t e r c o m p a t i b il i t v  and

in some combination of elements were quite impractical .

As a r e su l t  of th i s  review a second i t e r a t i o n  mat r ix  was genera ted  w i t h  the

o b j e c t i v e  of f u r t h e r  reducing  the po t en t i a l f i e l d  of Launch  and Recovery

cand ida tes .  The process of assessment sheets review continued together
r

with the elimination of less p r a c t i c a l  cand ida te s  and t h e i r  c o m b i n a t i o n s .

I n a d d i t i on , t he L o g i s t i c  Group was asked to perform a POED a s s e s sm e n t  o f

their own emphasizing the logistic aspect of Launch and Recovery .

The comparison between the two POED assessments is shown in Figure 4.1 2.

The original Launch and Rec -~-erv POED ratings are- shown in a continuous

line , while the logistic assessment is denoted by the dashed li n e . The

results indicate that the difference between the individua l system rank was

on average 1.58 with a standard deviation of 0.82. It can he seUeIi that in

‘U. 17 out of 70 cases the r a n k i n g  was i d e n t i c a l , in  l~ cases it diffe rt - tt by

or~ 1 one rank level. Thesc results indicated that t h e  log istic - I s p e c t s  of

L&R corre late re-asI inIIhl v close with the origina l lpe-rati I ln a  I ;lisses SflIeIit i f

t u e  sy s t e m s  co n c e p t s .

It should he n o t e d  t h a t  t he lee n U t  i t  1 1 ( 1  t ion matrix wit i cii v -so I ted fr - - I l l

- - t i l t  cOlilhiliV (! anal yses 10(1 r [ U v  l I W S  o f  the ( I S  ~l N t I l - l i t  s i [ e lU t s  and  t it’ lo ,p i  s t  h e

Lnp ltts has  net as ~ et  been S ib  jectl -d t o  vig orous impact I - i f  ( I e t U I i  1(’U I ml iSS I I I I i

r e q u i r e m e n t s .  I t  was s t i l l  a eu c - r i  lized S e I ( t t i I l I l  p r l h ( ( U -ss ( I I I I m I t  t i l t

number of candi dat I s - -S t ems t o  a pra e - t i c - I l l e v e l t -r i t  more compreile-nsi VI

co s t / b e n e f i t  ana l y s i s .

-V 
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4 . 2  SECOND ITERAT I ON MATRIX

The second iteration matrix is shown in Figure 4.2-1.

Listed below are the elements of the first iteration matrix that have been

droppedfrOm inclusion in Lhe second interation matrix t ipether with ti l l

principa l reasons for their removal from furthe r anal ysis .

Unprepared Fields The A RPV op e r a t i o n s  w i l l  he c o n d u c t e d

4 from three bases prepared in advance.

The o p e r a t i o n  f rom u n p r e p a red f i e l d s  w i l l

be u n l i k e l y  e v e n  in the e v e n t  of a b a n d on  inc

these b ases .  The t ime n e c e s s a ry  in

e s t a b l i s h i n g  a tacticall y responsive

o p e r a t  i on  from u n p r e p a r e d f i e l d s  on “ act

hoc” basis with the attendant comp 1ie~lt jot-i

of  log i sties support and theater inter—

conui tunica t ions  is not  c o m p a t i b l e  w i t h -i

l a rge  so r t i e - -~~e ra t  ion . T u e  U I  f a l l h a c k ”

ba ses a d e q u a t e l Y  p r e p a r e d  n i t ’  he r eq i l  ir e - I  -

Ve r t  ica 1 L a n d  iJ~~~~~~\ c L I T I  Tu e u)oi~~e U r ed  ver  t ica 1 1 m i  ng S \ s  t Cr1 1 S

m t  r i o - s i  c m  11 y I in k e d  wi t l l  t ie- Ve r t  h e - I l

t a l e t - — - i f  — tI ll vsteoi w h i c h  O ’ l S  c el ls j 1 1 1 rc- lI
—

ill - . 1 r i n  accept ~l n r e  t t- - so t ht~ e~~ ’S t a nd d 1511

p l ox i t  v . m rid I ’  t~ l t I l t  for f li - - s t it c-rat 
I 

-

matrix. Ho- l l l l l r ( e l l t t t  1011  ( a c t  i r e qu l  i 1 ’d

t 11 I i  ft ,- m p j - i r l l x  I ma (ci V ) l ) I l  I b - ~ I 0111 U

ye rt I cli i I v  vi t ( l i e  I U X  I I ng RPV c - u p j o t - s

wet, l e t  be mb I I I  . i l l - I  t ii i s  h i s  not
I

1 1 - I - T I - icit i I V U Ii I s  Vc~ t i t t  aligment n w i l i P

1 Ill~~~[i fl t . 

-

~ 

-

— U- — - - - - - - - - 
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Parawi~ g Lack of c o n t r o l  p r e c i s i o n , l a r g e  bu lk

and turn around comp lications.

Launch rate and rec overy rate n o t  com p a t i b le

with massive sortie operation .

Va r iab le Geomet r y Wing  Excess ive  com p l i c a t i o n , we igh t , a n d h igh co s t

to ac hieve  s un e thin g  t h a t  can be ob ta ined

more simp ly (STOL/high speed airfoil.)

Droppab le  Wing Tips  Excessive logistics rio relief for t h e
(On T a k e - O f f )

la n d i n g  case .

Dro ppab l e  Ai r  Not cons ide red  s u i t a b l e  fo r  h i g h  s o r t i e  r a t e
Cushion D o l l y

system . Poor ground handling and subject t o

strong environmental effects (wind , freezing up).

Zero  L e n g t h  L a u n c h e r  Not  s u i t a b l e  fo r  h i g h  so r t i e  r a t e  and r a p i d
(NC )

turn-around t ime . It represents a “one w a v e - ”

capab i 1 it\- w i t h  long de lay  between launch

A very high cost sortie s~~siem .

P r i i i i i ; m b l e  W h e e l s  To r I t a in  w h e e l s  i n  the ~eh ic1e ~I t  ter t a k e — U I !

is a s m a l l  p r i c e  to  pa y for l o g i s t i c s  ati t

m a i n t e na n c e  ~iri )hlems connect I- I l  wi th this s e ’ S t l - n l .

A n c h o r  C h a i n — r e t a r d  Poor  r e U c l lv er v  r a t t - and  I ‘~~
- essive- l I l l l ~~ 5 1 0

Sy s t em rI- q Il i r I me 0 tS.

I,

_ _  -- - - U--  - ‘  ~~~~~~~~~~~~~
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In all , the second iteration matrix comprised 23 basic elements from

which the final list of matched launch and recovery systems was to be

formed . This matrix was the basis for a determination of a fina l matching

list comprising comp lete and operationall y practical launch arid recovery

systems . The total number of such systems as a r e s u l t  of e lement ma tch ing

was approximately seventy (70).

~~~-1

M a t c h i n g  C r i t e r i a

A l i s t  of c r i t e r i a  which governed  the  s y s t e m  m a t c h in g  p rocess  is o u t l i n e d

be l ow .

• Vehicle Configuration Compatibility

Systems m u s t  he compatible as to airfrane , il-cation , volume ,

weig h t and required performance .

Avoid  u n p r o v e n  c o n f i g u r a t i o n s .

Avoi d m a t c h i  [ I l ~~S r e s u l t i n g  in  d u b i o u s  c 10cc -p t  s f o r  the  sake -

o f ui - v e l t v .

• I~~R Commonality

A i m  a t  one is C - s t  t i n  f o r  h o t i l  I acinct i i r i d  rec eve r~’
i - i

If poss ib le  u t i l iz e  e lements  a!  the same s y s t e m  in bo th

launc h and recovery

• Rejection I f  > t l I t I I I i l \ - t~ X l - l l i 4 l V U -  ( I I I

Cons il l - n - n I  v tilose sy s t e m s  t Ir , m t ‘ire  rOut 1 1 1 1  l v  U

c o m p a t i b l e .

I

~ 
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• A im at High Survivability for Both L&R

• Look for Compatible Space Requirements

• Match Systems t ha t  have  Low Sk i l l s  & Man Power Requirements
fo r  bo th  L&R

• High Turn  A r o u n d  T ime fo r  both  L&R

• Low A c q u i s i t i on  Cos t  fo r  b o t h  L &R

• L ow T e c h n i c a l  R i s k  f o r  b o t h  L&R

• High A v a i l a b i l i t y  leer l a t h  L&R

• Low Log i s th s  Stipp rt R e q u i r e m e n t s  f o r  b o t h  L&R

• C i - i n s  j I l l U F r l , I o r r c I U  t i - i he a S pec ia l Case or Exclusive

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Cases  (Recce  O n l y)

NI lt L I  I 1 ~~ I I l ’ ~~l I - r I d as A u t o m a t i c  B a c k - t ~~~~~~s~~~m to  G r o u n d  L z o u r c l r .

Ii-
U-
i

4_ l I
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4.3 IMPACT OF MISSION REQUIREMENTS ON L&R

Fol lowing the ma tch ing process  each sys tem was an alyzed for  comp liance

with the launch and recovery requirements. These were provisionall y for-

mulated for pres~ ntation during the Syr tern Requirements Review at ARPV

SPO in WPAF B on June 9, 1975 , and were later reviewed and modified. (For

list of requirements pertaining to L&R, see Appendix , Pages A-27 to A-37 .)

Among the number of requirements (or goa ls  a t  tha t  time ) p resen ted , t he re

• are f o u r  major  ones which have a s t rong impact  on L&R sys tem s e l e c t i o n ,

as fo l lows :

( 1) The d i spe r s ion  d i s tance  from p red i c t ed  poin t  of impact

(or stop) a f t e r  recovery .

(2 )  The s i ze  and s u r f a ce  c h a r a c t e r i s t i c s  of the o p e r a t i ng  f i e l d .

(3)  The c ap a b i l i t y  to p rov ide  a h i g h s o r t ie  r a t  S in op e r a t i o n a l

env i ronment .

(4) Sys tem o p e r at i n g  s a f e t y .

• 4 . 3 . 1  D i s p e r s i o n  D i s t a n c e

To i l l u s t r a t e  the impor tance  ol ’ this requi rtr ~ent a siiip le ’ examp le is

g iven of a parachute thscending through 2,000 feet v e r t i c a l l y a t  20 ft/ se- 1

w i t h  the  ori g inal  p o s i t i o n  error of  150 f e e t  - 1 sigtna (ll~ ) being  subjce t

to a wind velocity i l I an ~~e in a fix e d direction of 5 km (lo-). Taking tl ~

RSS ot thes - two valul s the’ disp ersion radius t rom t i l t  orig inall y prc -

d i c t c d  p o i n t  of i m p a c t  w i l l  i i, 858 t I C  t ( 1 - ’). Assu r r t i n g  tha t t o r  S a l t  lv

considerations ti-ic rec overy equ i pment  mus t  be posi  t i o n ed  ~m t t . - v a i u t  I rots

the i n t e n d e d  po j o t  a t  impac t  — t h e n  t i l l  ~ r - l i t  1 \  t U r  t h i s  l o c a t  ion

ho - 15( 5 a c i rc I e of 2 , 5 7 - 4  f m t r a d i u s , wh I I  i l  i S I l i l t  - I  ~m I .in. . - m  r~ a

_____ ~~~~~~~~~~.
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r equ i r ed  for  th i s  type of opera t ion .

I n i t i a l ly the f i g u r e  for  the d i spe r s ion  goal was set a t  50 f t  ( l r r )

in order  to exercise  the systems evolved from second i t e r a t i o n  m a t r i x

agains t  tha t  goal.  Onl y three  major  systems f a i l e d  to s a t i s f y this

requirement - name ly - the parachute recovery, the conventiona l landing

us ing  in tegra l  air cushion wi th a parabrake, and the conventional land-

ing with a landing gear wi thout brakes using a parabrake for d e c e l e r a t i o n .

The conventional landing method using arrester gear , landing barrier or

wheel brakes (with nose wheel steering) as well as the external recovery

systems (Paracath and MITT) s a t i s f i e d  th i s  s t r i n g e n t  r equ i r emen t .

La te r  in the s t u d y,  as the  m a i n t e n a n c e  suppor t  f u n c t i o n s  w e - r e  f u r t h e r

i nves t i ga ted  and the  t ime  l i n e  anal yses  p e r t o r m e d  f o r  the  turr i - - i r o und

time between the m i s s i o n s , the 50 f t  ( W )  d i s p e r s i o n  d i s t a n c e good s- - is

r e l a x e d  as it became obvious that larger dispersions were tolerable.

The sys tems , ho we -vt- n , which showe d t e n d e n c i e s  to alg er dispersions than

200 ft (li) were considered the borderline because ti n y t e n d e d  to at l e d

the  s i z e  of the ope ratin g f i c Id adversel y.

11



_ _ _ _ _  

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- _ _ _ _ _

C76-1324/034C

4 . 3 . 2  F i e l d  Size and S u r f a c e

The pa rame t r i c  p re sen ta t ion  of take o f f  d i s tances  over 50 f t .  obs t ac l e

for  conventiona l take o f f  method is shown in Fi gure ~L 2-l . The SC L
parameter  p r a c t i c a l  range va r i e s  between 25 ( f o r  STOL con f i -  TO

gura t ion)  and 80 - for  unaugrnent ed l i f t  wings .  The pa ramete r  for

typ ical RPV t a k e - o f f  a l l  up weig h t s  and p r o j e c t e d  en g i n e s , ranges

between 0.35 and 0 .70 . Between these two sets  of parameters  the  a c t u a l

t a k e - o f f  d is tance  can vary between 2 ,000 and 5 ,000 f t .  An a d d i t i o n  of —

1,000 f t .  would  be r e q u i r e d  fo r  m o b i l i t y  e f f i c i e n c y  - b r i n g ing the f i e l d

s i z e  between 3 ,000 and 6 ,000 m et. These dimensions are typ ical of a

secondary c a t e g o r y  a i r t i e ~ d w h i c h  no rma l l y o p e r a t e s  p r i v a t e  l i g h t  or

spor t s  a i r c r a f t  above 5 , 01)0 l b s .  a l l - up  wei gh t  ca t egory ,  with or without

runways and w i t h  s u r f a c e  h a r d n e s s  c a p a b l e  of g iv ing  m u l t i p le- wheel  passing

(coverages)  as d e f i n e d  by R e f e r e n ~ e ( * ) - -

R e f e r e n c e  ( *~ ; 
) l i s t s  a t  least  56 of such airfields in the West G e r l I a l i

f e d e r a l  R e p u b l i c  in a d d i t i o n  to o ther  m ajor  c i v i l  or n d i i t a r v  a i r f i e l d s .
I

The cumulative number of ti n t ~e type of air fields in the neighbor i n &. ~AT0 -1

countries ( i n c l u d i n g  Fr a n c e )  is 425 .  T h e i r  av e r a g e -  t a k e - o f f  run  l(1n~~tll

15 a p p r o x i ” n a t e  i y 3 , 500 I c -e t .  I f  cc a s su - ’w  t h a t  t h c  acquisition ot t il e

re- - i l  e s t a t e  or - he ALP\ ’ b m , ses i5 to  h e - a p rohl r ’~ in Wi-st Le rT- ,-Iuv — ti l l I I

t he  s e c o n d a r y  a i r f i e l d  1 11 1 sIn es a pr in l a r \ — c a n d i d a t e  f o r  t h i s  a c t  i~ ’ i t ~ - . In

a ny case the track o l  Land  to l l -  -ary or Op rrm t 1- t i l l  b a s  to I I I  lud t i l t

s a f e - t v  a r ea s  may i l l  c i  ii i n  e X c e s s  i)f — t Oil  a er s. I lie : - ~ salt tv areas Int

r n - , r r n a  liv pre st nt In the cxi ~- t i tig a i r f  it ’ Ids .

* A l ’  1 - 1 ) 1  — T R — — -~~~ 
— 1 1i I I V t  i c a  1 l a n d i n g  G e ar  — ~o i i  m l  r ac  t ion

*~c Int erav ia A l , 1’~ — I n t e r n a t  ion,,i ‘\I-rosp I ll D i m  (-d ory Cat.

- 
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When the f i eld requ iremen t was exercised agains t the second sys tem

iteration matrix , the basic wing systems (those without lift augmentation)

had to be dropped from considerations because of excessive take-off dis-

I’ tances except in conjunction with the launch assist systems .

--t .3.3 High Sortie Rates

The analysis of the mission requirements in terms of dail y sortie rates

indicated the need for selection of the system capable of p r o v i d i n g  up

to 300 sorties per base per day. This requirement puts an emphas is on

the systems with instant mobility , minimum prelaunch or post recovery ac-

tivity connected with the turn-around phase  of the mi s s ion  and the

obvious  need for  p r e d i c t a b i l i t y  of the o p e r a t i o n . In app ly i n g  t h i s

requir~inent against the second iteration matri x , the systems showing

lack of predictability and in need of RPV transfer onto transporter

or t r an spo r t  do l l i e s  b e f o r e  d e l i v e r y  to the maintenance turn-around

areas took second precedence over those which could be handl ed d i r ec tl y

by taxiing or towing.

-.~~~ l . o S i t e - t v

In the absence of the’ pilo t in command 1)0 board  t i n t  v e h ic l e  a l l  t i l e

safety aspects in ° l>  ration of the ARI’g rust t o c o n t r o l l e d  xtc rmi a l ly

and a I so remotel y. This imp li e s - for XiItiI l l 1€ that if t h e  y e  lii c I t’ can
U- i

hI launch i-d su cCe ss I ul Ly by its own p~n,.ce I c-i thout tll ( prob I ( O I l s  asso-

ciated with the -‘mS slst ‘- y st ~ nis , t hu ir interfa l I S  a imil kim tic em r .v

glncrat ion and disp o s i t j o n , t l i t  it t i l l  s a t e  t v  a n p e d t s  I l l t h e  S e l I — S U s l u i t C d

sys in inn should he b c-I t I . Any sys t t i n  whit I I  -it t V h~ C I 1111 l I d  ~l I r l n o r n t

d i~~;inses 01’ i t ’  p a r t - - and drop s t h e - i - i  to t h e  ~r o tmnI l , t n t  l i l t on s a l t  t \

aspect s against t i n oll~ ra t - i r s  l U , w e l l  li- t t i i , — i  - I t i lt ( L V I I  populat ion

- -
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that may be in the area. In any case - the provision of safe ty areas is

then requ ired wh ich adds to the requiremen ts for the size of the ope rati ng

field. In this category is also a sys tem tha t barel y makes “over the

fence.”

4. 4 THIRD ITERATION MATRIX

Hav ing appl ied these four  “core” requ i rements as wel l  as cos t and

comp lexity considerations against the second iteration matrix -

several cand ida te sys tems wh ich p l a i n ly did no t sat i s f y the majority

of them were marked as those to lie removed from further consi-

deration. These are marked with an asterisk in the list below .

Reason Fails Requir emnie in

*Basic Wing Excessive takeoff Airfield Sizc
distance

Wheeled DoLl y Jettison of wheeled Operating Safe t n
Droppab lc- d o l l y a lt e r launch

*Parabrake Unpredictability of Dispersion Safet y
p o s i t i o n  on recov r~-

Integral Air Unpredictability of Dispersion Safety
Cushion position on recovery I-h i gh Sortie Rate s

P a r a c h u t e  U n p r e d i c t a b i l i t y  on D i s p e r s i o n  Saf e t y
a i r  r ’~r o v c r v  H i g h  So r t i e -  R a t e s

*W ’hee- I Brakes  w i t h  I o r np  h x a m i d  c o s t l y — I ) i s p  n’ s ion
h o s e  tfhei I S t e e r i n g  p o s s i b l y u n p r e d i c t a b l e  ( o- - t / C o n n p h x i t v

Landing  B a r r i e r  ke cov r~ too s low for  H i g h So r t i i  R , - 1 t t - s
turn—around

T h e  third iteration matrix whi Jl was thus I or n’nnt l nm t ed l’ t f l r t  -- i n t i -  a ti e a m

f I nit I a 1 i gnmen t of po t e  i n t l  a I sys t I I S S  w hh  hi c 1  I t  I - he i - nate hed and I lie n

t r , o h c - t o f f  on ti n e < ost l i t m - I j t ~~ b l a s t s . T h i s  m n i a t n j x  i s  shown in

l i g u r e  -t .41 .

-

~~~~~~

--- - -  —- - - ------ - -— ~~~~~- --- —- -- - - - . £4



____________- ~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~ ~~~~~~~~~
- -

~
-

~~
-‘ ____ ________

I

r ~ -v 1 ~ss n~ , .-

J 
li’U S T E M S

“N

1 ‘0 SAu d J 1 , 1  L F

L I~’ m M -  ST ’~ Ire 

,,,,j 
W1\e . os - - n m

,—‘rci FOl il li
Ri lIt-i 5ARl.d OR(1PPAllt.E 5111: -

____________________ ____________________ - FR ( c A r s ’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ 
_ _ _ _  _ _ _ _

- 
/
/  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

/

[ 

r10lRtl

/ 
- - - -

14 di 

- — 

I 

- 

- - / 

(
7

-Is  B A R R I E R  — -

N

~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~ 

_ _  H i L ~ I L _ _  _ _

L -~~~~

, 

~~~~~~~~ - - I ] ~~

.1 1 .  I _
~~~~“ :\ ~~~~~ - ‘  

-

‘

I iI t- - U . 
U~ — J i m  1 1 t~~ n;m I 1 1 1 1  “~ I - I

- —  
-- -~~~



_ _ _  _ _ _ _ _ _ _ _ _ _  - ‘ - - - _ _ _ _ _ _

C76-13241034C

4.5 FINAL SYSTEM MATCHING

The final list of matched systems is presented in Table 4.5-1 . It I
w i l l  be no ted tha t the f i rst fou r sys tems in tha t lis t do not deriv e -

‘

di rec t ly from the third  iter ation ma trix bu t are addi tional to i t as 
-
~~

fol lows : H

(a) DC-13OE/MARS

(b)  ACLS MODIFIED JINDIVIK (with  STOL and a r r e s t e r  gear)  1
(c) BASIC JINDIVIK TYPE (including STOL and arrest landing)

(d) Combination of b and c.

These four operationa l or nleve’lopmen tal systems were included for functional

trade-offs and to provide the cost base comparison for the other systems.

In this list a STOL designation denotes a hi gh lift-wing (LE and T,E, fl aps) 1
wi thout internaL or externa l blowing.

The matched syster :.s of Table 4. 5-~ all ornp ri st separate launch and recov rv

elements which for the- purpose of cost assessment can h~ addressed individually

and in aggragation produce th input to the life cycle- cost of ti-ic- s y s t e m :.

-

I

-- -~~~~~ - --- - —-—-U- -— S—-— —- —-U-—-— 
-
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Table 4.5-1 Final List of Matched Systems

• VEHICLE LAUNCH RECOVERY VE HICLE
W ING/LIF1 SURFACE LAV NCH Si’RFAI,E WING /LIFT R E C O V E R Y

NUMBER CONFIGURATION INTERFACE METHOD INTERFACE CONFIGURATION METHO D

Basic A /C Py lon / A i r  Launch HHS5 Dual Mode MARS
i l i r i g  H a r sp o i n t  D C - i 3 i E A/c lAIRS Para c hu t e

V a - tu c c
Kit

2 STOL Air Cushion C .T,O, Air STOL Conventiona l
D ol l y (conventional Cushion Landing
(Droppab le) t ake off) m o -  4r ai Arrestor Gear

3 STOL Si r e  Cu i -ie , : .T.O, SKIDS STOL Conventional Landi n g +
Whee l I c i l y A r r e s t e r  Gear

STOL Wir e Gul ,li- i c.T.O. Air STOL Conv entional Landing *
Whet- I 00111 Cushion Arrester Gear

11111 ~ r a l

5 STOL ill ce -led b u y . - - 5 5” - SlOt Con~ en t tonal Landin g
(D rcppa l - 1 .  - A n t  - I - - i  Ge a r

6 STOL S l i c e  I D o l i t  C • 1 ,0 - I i , t U  m a  I STOL Convent i Ofl a I L a n d - U
~~

t i r  I ’ l l  I A l l  C u s h i o n  A rr U slcl Ll - l 1
(ALLS )

ST UL W I n  - Led D o l t i  - U 0~ Air Dual S C I  V r r t t c a l

l i i i  ~~p p - c l - I e  - R a g  i l l - I l ,  S O I l  lit ’ - ‘ 1d b

- STOL -: 11 1 C- I - . : - - i - i  t nt l ona l STOL I , ‘i o  c i i i  i ci,i l L , , U i d  i l l ,.

i , c U r -U A r r e s t e r i.e~ ii

STOL Whn- ~ i e d  D o l l y C~~1 U 0 Lcv P~~ 0 , 5 1 1  STO L I i o t n t i c n n l  Lan d in g
‘C i t e  A F T U  S l o l  l U

It) STOL Ccn~ m t  i snol C - . 1 1 ’ . l O t ,  m u  STOL M 1 1 .1.
( c ar  A i r  M a t

11 B a s I l  Sit i p u l t  ,R s -c ’ : I - i v  A i r  W s h .  B a s i c  i C ~ U V l l l I  I i i U i  L a n d i ng
5,1 i 1 i , I k U  c i  C i , , U U C d  n,I S v l t - i ’ . W i n d  A u  U - C I I  r l5~~1t

- - I O l _ i ~~liIt

12 5101 ~~~~~ 1 - F x t l r n a l  P o r l ,  S it . ,  I , i .  I I I  h
Doll y A i r  Mat

I~~i STOL C o n v c n t j c i i i t  C.T,0. I’etul’n a l Par a chut e ’ I’ , l l , U . i I ~~ Ii
A i  ‘l U l

i ’ U  B I s i C  C a t a l l u i l A — - , i , l  sK IDS N ,~~- S U i S U n U I  - l U l l
W l i u , :  R a i l  I US U ,i I 1~ ii ,, A r c  U — t~ U I • U  I n

- U t  1 5 C C

(, a I U l  i l l , A c - ~~ - I  i O t l d f l _ U I k ,i’-o .1 I r
Wi n, Ra i l  T U t U  i t  A i r  ‘1 S c .

I , t i , i ~~ i l I

Bas i c C_ a se 1 I I  .5 5 11,11 B a S i l  I O n U I , f l i  U

Si  n,~ Rnnn e.’av 5 1 5 , 0 - i l  - ‘, U n  W I l l ., A,  I U I - U I- , U
i c— nil, ci i - i c i l  I. i n c - u i

17 Ba s i C - H ø 1 i U  I 1 1 I  ro l  ISo- k - ( I I I ’- li _ U~~~~ C - - c i ,  n u l i c i i , I  I~
i c i n g  1 1 ( 1  I.;t~iu i ,h i r W u i ~~, A t : -  I , :  CIC t I

- - (( k, t l i e- n id tn I 1,11- t i _ t i  I 1 , 1  S i i U  I~U l i l ’  U i ,

leuiI. t h c I l . n 1 ,010, U — A~~c H a l

‘I I’ _~ i c c  I ni i ic lI, ’ i /ll, - k  I l l ’  N _ i S  - I - ‘ U  c l i i i  I L i i
I i i i ~ l i l t )  I ’  -n ’ ) T V l . ) I-i c i , ,

i l l  h U t  -, - I t ,  1 , - i  A S - i  U i v  - ~mneal l U U  - U FIUI ‘ C -  ~ i Ii
h l n U , I  - , U U t U t t L I  I A., ‘Is

II 5101, ((no k e l  (i l - r i  I I n c  I ~I 0 l I l t  oh  -nc , I l an d s
, u i n i ,  I i U I IL V U Rn U -- I .  - . at

14
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5.0 LIFE CYCLE COST ANALYSIS OF LAUNCH AND RECOVERY SYSTEMS

5 . 1  METHODOLOG Y

The objective of the preceding analyses was to es tabl ish a log ical and

methodical elimination process in the launch and recovery selection based

on the conversion of qualitative into quantitive terms and to reduce the

launch and recovery cand ida te f ield to those po ten ti a l l y app licable in

ARPV systems.

The next step in the ana lysis was to compare the remaining selected and

matched systems in terms of cost , so that later in the study the Preliminary

Desi gn and Trade-offs Analysis (paragrap h 3.1-2 of SOW),where costs and

benefits are compared ,could commence Leading to detailed system desi 1~n.

The criterion seLected as a basis of cost comparison between matched sy st e I ss  of

Table 4.5-1 is the cost per sortie. It is derived by obtaining a cumula-

tive life cycle cost estimate of each system block element comprising the

launch and recovery system in the Table and dividing it by t h ~ e s - t i ~’ : - t t i1

number of RPV sorties.

In comp il ing the “cost per sortie” comparison between the L&R building blo cks

it was assumed tha t an RPV unit comprised 50 RPV ’s, the total force lev e l w,-is

450 RPV ’ s and number of sorti es per RPV on the average was ten , g iving in

all , 4,5O() sorties against which the unit cost was arnortizated .

R
I:

Ti-i c- tile cycle cost cs e r a given numb er  of  years (n) has he n th t f r i ed  hv

Ref ert- nc - * as :

= (RDT& E Cost) + (Procut-~~’ent Cost) +

( To t a l  Ow’nersll i p (os 1 4 (Disposal/Sal Vaee c-os I

a * Proceedings N A I 1 I ’ V  -‘5 — 4cond A~ n u a i  Symp osium l i ii C ycl e I s e - I  .-\ n a l s - s i s

L 

As App l i e d  To RPV RI)TAF .

5— 1
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In the l i f e  cycle cost anal ys is of the launch and recovery sys tems onl y

the first three terms are considered and the treatment of these terms

is simp l i f i ed  by combining the RDT&E costs with the procurement costs and

by assuming tha t the ownershi p cos t over the l i f e  cycle is bas ica l l y equa l

to both of them (except for the rep lacement factor described below). The

ownershi p cos t is in turn d ivided equall y in to log ist ic support cost and

the operations cost. The log is tic suppor t segment wh ich inc ludes al l

expenditures relating to maintenance , spares inven tory handling and train-

ing is mod i f ied  by a “rep la cemen t fac tor ” which imp lies the level of

expe cted u til iza tion and wear dur ing the l ife cyc le of a par ticu lar laun ch

and recovery element. The operations cost includes cost of personnel ,

system transportation , set-up and dismantling of launch and recovery sites

and expected administrative and support services , etc., needed during these

opera tions.

A number of cost items , in both the log istic support and operations , i s

addressed  s epa ra t e ly in the  ana ly s i s  in order  to a l low fo r  t h e i r  a c t u a l

identification and their impact on inclusion or other’1-ise within the

g iven sys tem b u i l d i n g  b lock .  These i tems are as fo l lows :

AuxiLiary Equi pmen t Cos ts

Cos t of Fac i l it ies

S i n g le Launch/o r  Recovery  Cost - M a t e r i a l s , P ersonne l

Additional Log istic Cost (primaril y cost of a i r b o r n e  t r a n s p o r t
of special equi pment or stores)

Cost of Vehicle Interna l Avionics Related Stri ctl y to 1~~R

Cost of External Avionics Ro tated to Launch and Recovery

S

‘I 
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5 .2  LIF E CYCLE COST MATRIX

Table 5.2-1 represents a cost matrix for the Launch and Recovery  b u i l d i n g

blocks identified in Table 4.S-lfrom which the costing of a matched or

comp lete system is derived. The method of arriving at dollars per sortie

f igure in Column 17 of the ma tr ix is shown below:

Colu mns

4 2 x 3

8 ( 1 + 4 + 5) 7

12 = 11 x 4500

16 = 8 + 9 + 10 + 12 + 13 + 14 + 15

17= 16
4500

Using the cost data for  each of thc- building blocks , a life cycle cost was

derived by proceeding with the arithmetics of the columns. A typ ical

methodology of this approach is shown in Table 5.2-2 in connection \vith the

system concept No. 8 of Table 4.5-1 which was finall y selected as a base-

line system. Each matched system was so costed. The results the Life Cy cli

C o s t  Per S o r t i e  — w e- r e  co l l ec t ed  and a s sembled  i n to  a comparative h is t o ,’, I’ .-il:

of a l l  21 systems under assessment  shown in Fi gure 5.2-1 presenting fi’om top

to bottom the numerical estimates for LCC/sortie for each system.

The lowest  cost sys tem so d e r i v e d  was the hi gh l i l t  wing  (STO) confi gurat ion

u s i n g  t r i cy c l e  convent ional  gear in a c o n v e n t i o n a l take  o f f  mod e” ( C T O ) , atcil

l ow speed (high lift wing) conventiona l land~ tIl, usin1 ,~ arrester 1- ea r .

I

rl —
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The STOL conf i gurat ion emerged as a poten tia l l y attractive system because

it can be utilized with the majority of launch and recovery techni ques.

The cost estimates are based upon assumption that STOL performan ce of the

ARPV can be obtained without internal blowing wi th associated eng ine!

airframe comp lications and without compLex cascaded airfoil design as

usually is the case. A simpl e geometry of lead ing ed ge droop and p la in

trailing edge droop mechanization appears to promise a sufficient ~~ CL

ga in to g ive ARPV a significant reduction in launch and recovery velo-

cities. This reduction , in turn , results in much lower kinetic erzer g%-

demands either for propulsion or arrestment in t h e se  two critical phases
I

of the mi s s ion .

The h ighest cost system was the present air launch nethod by DC-130 v ith

l~1AR a recovery when dedicated carriers are used.

5.3 SENSITIVITY ANALYSIS

A sensitivity ana lysis was performed next to determine how does tI lt iOSt

c-r s o r t i e  vary w i t h  the i n c r e a s e  in t h €  e st i , :,~ ted cost  of some ~~i li~ t~ d

build i ri 1. blocks when considered Ei t ll ’ r separatel y or in c o n j u n c t i o n  s~- i t I

t ach other . The modified cost lini s can be sc-cu lus t above t h€ h is t l c , r - s - -

and the associated legend is atLiihc d til l re to .

The sensitivit y ana lysis tends to indicat tha t the present laun ch and

r ecovery  methods  are  very  c o st  I v  and stand w e - i l  ; t l t o v e  o c t  Q I  t h  ~ , I) r~

e X i e s S i V C  C 0 5t  11 c c  ( l i c t i c l I l ’ of otlo t syst es s t Ic - i t  can I l l  made at tI~ pr i ‘ i s t .

-.5
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5.4 REVISION AND UPDATE OF COST DATA

The cost data in Table 5.2-1 and Figure 5.2-1 , reflecting the cost of the

elements  and the comp le te  matched systems , r e s p e c t i v e ly,  was being up d a t ed

wi th the new i n f o r m a t i o n  f rom the vendors .  Table 5.4-2 presents new

figures on some of the system elements , and in addition , introduces several

new system component elements which were not shown in the ori g inal table.

These are~ a r r e s t e r  b a r r i e r , a i r f i e l d  m a t t i n g  AI’~2, arrester hook , new

ARPV ded ica t ed  c a t a p u l t  and a m o d i f i e d  SATS c a t a p u l t .  E f f o r t s  were  made

to obta in  new d a t a  on a l l  L&R e lements  l i s t ed  in Table 5 .2 -1 .  Some still

remained just guessed e s t i m a t e s  p a r t i c ul at l y in the a r ea s  where  onl y

paper concepts were addressed. If upon revision any concept did no t

i n t r o d u c e  a si g n i f i c a n t  change in the cos t  per sortie esti ra t e s , I.t  S c - I S

l e f t  u n a l t e r e d  f r o m  the  va 1ue~ e s t a b l i s h e d  in the  or i g i n a l  t ab l e -  as  i t

would most likel y have little effect on the outco r-s of the fina l rat - : ~~~ .

The bi g changes were in the cost  per s o r t i e  of ARRESTER CI’AI-  v h i c h  c H ~~n t I

f r o m  or i g inal  f i gure  of $50~ 4 per sor t i e  to $1231 p e r  s o r t i e  i i  i~ ~~t t

concep t  u s i n g  m o d i f i e d  SATS c a t a p u l t  a s suminc  the  p r i m a r y  e q u i j l ’ c 1 W 1 -

available from inventory at no cost , and onl y cost of modi I ic at io n~ v s

counted. (This type of approach was cons id cit d valid onl y in a CiSc w!~ e

the  e q u i p m e n t  was o b t a i n e d  f r o m  a n o t h e r  b r anch  of s e r v i c e .  I t  c o u l d  nc- t

be- app lied to DC—i 30 and III! 53 in tile r i j t  l a u n c h  rind r e c o v e r y  L U  c d t  bc - c cu’

t h e  charges f o r  t h e i r  use  w e r -  l e v e l e d  di i - c  tly against t h  A i r  ~~o r( I

- \ p p r o p r i a t  i o n s . )

In assessing the i r p ’ Ic t of t i O new d a t a  on thc cost c l  r sort it 0! c- ri d Ii

matched s stn , a new s t  of fie u re s w a s  de riv d t’or sy ,s t e r - L s  whi ch WI I l

d i r e c t l y  ,‘iff i- c ted by tht- I I I  Sc data. The count in ,~ lah it s c i t  - how -n  bt low

fo r each o f t i l l ~- I  sv — I t  Ic- - Uf ld C  r th~ 1 r I t -  S~~ CC (1 v~ t i tEt s . 

~~~~~~~~~~~~~~~~ ----- - - - - “--- --~~~~~~~- - - - - - - - - 
_
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It should be noted that while the cost of vehicle arresting came down rather

dras ti cal l y,  the new elemen ts that were not listed in Table 5.2 .1 (arrester

barrier , hook and field matting) introduced new costs and had , therefore , an

al leva ting e f f e c t on bi g cos t reduc tion in sys tems us ing arr es ting

gear.

A rev ised “low cos t” part of histogram is shown in Figure 5.4-1 - I t

can be seen tha t  up dating of cost data resulted in r e l a t i v e l y mino r changes

in this part of histogram. A major one was the p la cemen t of WHEELED STEERED

DOLLY + STOL + ARR. GEAR + INTERNAL AIR CUSHION (used only for landing) in the

second p o s i t i o n  behind the conven t iona l  gear c o n c e p t .  P r e v i o u s l y the  w h e e l e d

do l l y concept was rated 6th in terms of cost. Another shift from costl y L ~‘ R

method to the low cost was registered by a SATS catapult sys tem SATS(MODS)

where only the modification to the present system was costed (from 17th to

6th p o si t i o n ) .  If , however , a new catapult is designed for this s\-st err , t i l~~~I l

the expected jife cycle cost per sortie would move from $16K to $25K cat eoo rv .

5.5 COUNTING TABLES

STOL + CONVENTIONAL GEAR + ARRESTER GEAR

NE W OR1GINAt

H i g h F l o a t a t i o n  3 W h e e l
Gear Inci. 14.L.S. ‘,293 t , 511

STOL Configuration 1 ,7~)I 1 ,7°I -

ARRESTER GEAR 1,231 0 c , 1 L~~~~

HOOK 4(1(c - 
—

ARRE STER BARRIER i ’ (-2 -

A IRFIFI.!) ‘-l - \ 2 , 1 2-~ — 
U

-~~ l 3 , 5 1) 1  $ 1  I I ’l l .

5 - I l

- ‘ ~~~~~ 
---- - - - - -- - -
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1~

STOL + WIRE GUIDANCE WHEEL DOLLY + SKIDS + ARRESTER GEAR
5,~

NEW ORIGINAL

STOL 1, 791 1, 791

WHEELED DOLLY (WIRE GUIDANCE) 4 ,2 37 4 ,237

C- SKIDS 2 ,500 2 ,500

ARRESTER GEAR 1, 231 5 , 044

HOOK 400 -

ARRESTER BARRIER 662 -

FIELD MATTING 2 ,124 -

MLS to be added 2 ,500 -

$ 15 ,445 $13 ,5’2

STOL + WHEELED DOLLY + PARACHUTE + INTERNAL AIR BAG

NEW OR I ~ N A I

STOL 1 ,~~Q I

WH EELED DOLLY h , 156 c , 156

PARACHUTE 3 , I c 4 A

I \ ‘i I R N , - \ I ,  A IR BAGS 2 ,
1
~~( - h  2, ~T’~

$ I~~,55T ~ 1~ t , l 1 I ,

0_I
l

.1
-:4

~~~ ) 1 1

- - - - “ --C--- --* -~~~~~~- --- ’~~~~~~ -C--- - - - - - -  

- _
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STOL + WHEELED DOLLY + ARRESTER GEAR + INTERNAL AIR CUSHION

NEW ORIGINAL

STOL 1, 791 1, 79 1

WHEELED DOLLY (STEERABLE) 6 , 156 6 , 156

ARRESTER GEAR 1, 231 5 , 044

INTEGRA L AIR CUSHI ON 1,922 1 ,922

ARRESTER BARRIER 662 -

FIELD MATTING 2 , 124 -

I-IlLS (Inci. MLS) (m ci. MLS)

HOOK 400

$14,286 $14,913

STOL + CONVENTIONAL GEAR + SATS CATAPULT (MOD) + ARRESTER GEAR

NEW 0RI~~ I S A I .

STOL 1,791 1 , c 1 1

CONVENTIONAL GEAR 7 , 2~~3

SATS CATAPULT(MOD) 4,16é

ARRESTER GEAR 1 ,231

H OOK 4 f l ( I  - —

A R R E S T E R  BARRIER ~~ ‘2 -

A I R F I E L D  MATTING 2 , 12 ~ -

4 -

~~~fr 
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STOL + AIR CUSHION DOLLY ON WIRE + A I R  CUSHION INTERNAL + ARRESTER GEAR

NEW ORIGINAL

STOL 1,791 1,791

AIR CUSHION DOLLY ON WIRE 4,528 4 ,528

ALLS 1,922 1,922

ARRESTER GEAR 1,231 5 ,044

HOOK 400 -

ARRESTER BARRIER 662 -

AIRFIELD MATTING 2 ,124 -

MLS 2 , 500 1 , 200 (on l y
added )

$15 ,158 $1~~,485

STOL + W HEEL FI )  1)OLL Y + ARRESTER GEAR + SKIDS

NEW ORIGINAL

STOL 1,791 1 ,~~~1

W H EEL DOLLY 6,15b 0,15b

SKIDS 2 ,500 2,500
‘I

ARRESTER GEAR 1 ,231

HOOK 4 ( 1 ( 1  -

A R R E S T E R  BARRIER (-(- 2 -

FIEL! )  MATT iNG 2 , 12 4  -

MI~S 2,501) ~~o MI -) 4
$17 , ~t 4 $15 ,~i )1

4

5-13
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ZEL (TVC) + DUAL MODE PARACHUTE + AIR BAG

NEW ORIGINAL

ZEL(TVC) LAUNCH 21 ,243 21 ,243

AIR BAG INTEGRAL 2 ,966 2 ,872

DUAL MODE PARACHUTE 3,644 3,244

$27 , 853 $27 , 359

0_rU~

3-14
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6.0 SYNTHESIS OF TRADE-OFF ANALYSES

6.1 SELECTION OF FINALISTS

The iterative process of selection and cost evaluation of potential systems

presented in preceding sec tions leads log ically to the final phase of TRAD E

STUDIES — namely, the C0~
’ l’/BENEFITS/RISK Analysis. For this purpose the

finalis t systems were selected on the basis of the following criteria:

(a) cost per sortie , (b) capability to sustain high sortie rates ,

(c) instant mobility, (d) flexibility, (e) small field requirements ,

(f) minimum demand for off-vehicle equipment, (g)  inherent surviva-

bili ty, and (h) logis tics requirements.

To the seven sys tems , which became f inalis ts , three existing systems

(operational and under development) were added for competitive evaluation.

The list of the 10 systems so selected is given below. (See Appendix pages

A— 38 to A—48 for concept development.) In this list the STOL system con—

tinues to descr ibe a high lif t airfoil configuration without blowing.

1. STOL + CONVENTI ON-U . GEAR + ARRESTER GEAR

2. STOL + WIRE G I J T D A N C V  WHEEL DOLLY + ARRESTER GEAR + SKIDS/,-\IR BAGS

3. CATAPULT (SAT S MOD) + CONVENTIONAL GEAR + ARRESTER GEAR(N () STOI.)

4. STOL + HYBRID TRUCK I M N C H E R  + A R R E S T E R  ~ ) ‘ -\F + SK I D S / A I R  R-\ (~S

5. STOL + WHEELED DOLLY ( STEERA B L E )  + ARRFSTER GEAR + INTEGRAL -\IR C~2SUl()\

6. STOL + CATAPULT ( l ~A I ’S MOD) + CONVENTIONAl. ;ICAR + A R R E S T E R  GEAR

7. ZEL (Tvc ) + DUA l .  MOI ) I ’ , P A R A C I I U F F  + A I R  BAGS (SYSTEM USED 01 RON SF01 l- -~ )

8. STOL + AL 1)011? (DROPPABI j;) + INi  l O O M  A I R  ( ‘ — ( U  ON + ARRIS ’I’I R Li AR

(v-\ RIANT 01-
, .1 1 N 1 ) I V  I 0 5 1 5 ( 1  M )  U

9. AIR I,A1’N)IU BY DC- 130 H - M A R ’~ RECOVERY BY OFt t I ’ol’FI;R

1°. (IATAI UI 1 ,T RAII(R ATO ) + MI F F + EXTERNAl . AIR MU

6-1 
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Table 6.1—1 presents the positive and the negative aspects relating to

the application of the selection criteria which resulted in the above list.

It should be noted that these (aspects) were based on the analyses presen ted

in Sections 3.0 and 4.0 of this repor t as they were applicable to each of

the matched system that were costed for the final analysis. Table 6.1—1

shows that the CATAPULT/MITT concep t did not sa tisfy a number of the criteria

set out for final selection. It was, however , included in the f inal lis t

because it is the only matched system which p laces minimum demands on the

vehicle for both the launch and the recovery. For the latter case , i t only

calls for a reasonable accu racy of the airborne vehicle impac t at loiter

speeds wi th in the MITT ne tt ing la tt ics . This last consideration p laces the

MITT system as a potential last resort recovery for all vehicles in the

holding pa ttern that could s till mainta in flight integrity but could not

possibly survive any other recovery technique. In this last concept , the

MITT recovery sys tem cou l,d operate in conjunction with any other system

that might  be selec ted for  the ARPV .

6.2 OPERATIONAL ASSESSMENT OF FINAL CANDIDATE SYSTEMS

For this  asse ssmen t a new l ist of quantifiable desc rip tors was es tabl i shed

designed to be predominentl y responsive to the operationa l aspects of the

system. These descri ptors were Leneral lv different for launch (26) and

I 
-
~recovery (21) although several of them were similar. I

The weiLht ing factors w - 1’ allocated to ‘ach cks r i p t o r  and t h e  i nd i v i d u a l

r a t i n g  was a~-ain ba~~ -~I on the s -i1 r -Itin Ls that were ~~ S i ~~fled to jU~~O • F •fl•

The o~x- rat ional rat in~ was - C  (-a rat ( I v  for the I I U m  0 and t i~ rec ‘vt rv

and the re su lt in -L a si (-c~’ Crr n t  ‘ - ( I C C  t - ~ a r e p r e - s ( n t t U I  i n  TahU 1 .2—I ( l a u n c h ~ m d

la bi C 6.2—2 (Re1 ov rv). E ach m a t r i x  c o n t a i n s , ad I c e n t  t - c  i t s  rat in~~,

wei ,’lr t m o  factor with a s h o r t  d c - s c r i p t  ion a !  t ( I k  p t v a i l  in.~ rt aao’n Icr t h e

‘- i t  S ~ r ’ 1  i t
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The descriptors are self-explanatory except for the skill levels descriptor

where the figure in brackets denotes the service skill designation and in

front of the bracket the number of personnel at the skill level that follows.

The evaluation concerns itself with the ARPV in tactical operations. The

results of the operational assessment are shown in Table 6.2-3 as a separate

launch and recovery, as well as the combined L&R FOM quantity.

6.3 COST/BENEFITS ANALYSIS

In order to have a basis of comparison between the numerous systems that

remained as viable candidates , two existing drone systems were selected

as a baseline reference - one ground-launched system (AQM-34V/BCM 34C)

which is represented in this report by the ZEL(TVC) system and an air-

launched system represented by DC-130E(or H) with Mars Recovery. Both

systems have been evaluated in terms of cost and operational aspects

(benefits) in the preceding section. The basic data are given below :

L.C.
COST PER OPERATIONAL
SORTIE $ F.O.M.

ZEL(TVC) + DUAL MODE PARACHUT E
+ AIR BAG 2 7 , 853 4.23

AIR LAUNCH BY DC-130 + MARS 36,260 3.71

• To provide a compatible basis for comparison ( the cost data being in

differen t dimensions ($) than the non-dimensional F.O.M.’s) the mod ified

cost of all systems under this analysis was normalized to these two basic

references by directl y dividing the system cost into the referenced ZEL(TVC)

and DC-130/MARS System Costs. The results thus obtained are shown in the

last two columns of Table 6.2—3.

- _
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Once the respective cost and operational F.O.M.’s have been obtained , the
d

methodology of obtaining the relative merit of the total cost/benefit in corn-

parison with one of the present systems is:

FR = K  L where

FR = Fixed Cost/Benefits Rating

K — 
Cost per Sortie DC-130(or ZEL)

— 
Cost per Sortie - System Under Assessment

L — 
F.O.M. (L&R) - System

— 
F.O.M. (JAR) - DC-130/MARS(or ZEL)

This approach yields the final Cost/Benefi ts figures which are shown in Table 6.3-1.

Table 6.3-1 shows the final results derived from the operational/cost

assessments normalization defined above. The final rating column under

ZEL gives the standing of all remaining systems relative to ZEL. The second

column presents the same results with respect to DC 130 air launch. Column 
:1

3 gives the averages of these two standings in order to arrive at one final

selection number for the combined Cost/Benefits part of the analysis.

6.4 RISK ANALYSIS

In order to assess the risk associated with launch and recovery systems that

were discussed and evaluated in Sections 6.2 and 6.3 above, it was necessary to

define the terminology and the procedure that was used in connection with the

risk analysis.

For the purpose of this L & H trade study, the terminology and procedures used

were as follows :

:‘ 
•‘
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Table 6.3-1 Final Cost/Benefits Assessments Values

FINAL RATING AVERAG E
• 

SYSTEM ZEL DC-130 OF TWO

STOL + CONV GEAR +
ARRESTER GEAR 2.42  3.59 3.00 1

STOL + SATS CATAPULT(MOD ) +
CONV GEAR + ARRESTER GEAR 1.68 2.50 2.09 5

STOL + HYBRID TRUCK LAUNCHER +
ARRESTER GEAR + SKIDS 1.30 1.93 1. 61 7

STOL + WHEELED DOLLY(WIR E
GUIDED) + ARR GEAR + SKIDS 1.795 2 .59 2.19 3

ZEL(TVC) DUAL MODE
PARACHUTE + AIR BAG 1.0 1.48 1.24 9

SAT S CATAPULT + CONV GEAR +
ARR GEAR(NO STOL ) 1.68 2 .49  2.08 6

STOL + WHEELED DOLLY(STE ER-
F ABLE)+ ARR GEAR + INTEGRAL

AIR CUSHION 1.78 2.64 2.20 2

STOL + AIR CUSH DOLLY(DROPP) +
ARR GEAR + INTEGRAL AIR CUSHION 1.59 2.63 2.11 4

CATAPULT RAIL(RATO) + MITT +
EXTERNAL AIR MAT 1.15 1.70 1.42 8

DC- 130 - AIR LAUNCH
MARS RECOVERY 0.66 1.0 0.83 10

4,,

L* ___ _ 
6-9 
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Risk ~as defit~1 as probability that both the launch and the recovery method

proposed in the list of finalists in the L & R systems will not

(a) meet the ARPV mission requirements (high sortie rates , mobility,

survivability , etc)

(b) be capable of satisfac tory development within the ARPV IC)C

(c) meet the specified cost limits ,resulting in cost overruns for the

ARPV program

(d) be amenable to generation of technical alternatives in lieu ,to satisfy

either (a), (b), or (c) above

The other desc rip tors in th is analysis were:

(1) classif ication of a system within technology state of the art

(2) def inition of the problem areas

(3) uncer tainties

(4) actions to a l l e v i a t e  r i s k .

The treatment adopted in th i s  s tud y was a formula tion of a matri x which

addresses all of the above considera t ions and assi gned a rating scale and

weighting factors to each of them. They were then evaluated in a simp litied

P.O.E.D. method to generate a Figure of Merit.

The matrix is presen ted in Table 6.4-1 , ”Risk Ana lysis Matrix ”. The shor tened

l ist of the results is shown below. The high FOM indicates low risk rating .

F.0.M.

5.52 #1 STOL + CONVENTIONAL GEAR + ARRESTER GEAR

5.32 #2 STOL + SATS CATAPULT(MOD) + CONVENTIONAL GEAR +
ARRESTER GEAR

4.32 #3 STOL + WHEELED DOLLY(WIRE GUIDED) + ARRESTER GEAR + SKIDS

• 4 .05  #4 BASIC WING + SATS CATAPULT + CONVENTIONAl. GEAR + H
ARRESTER GEAR 

~~~~~~ • _



-‘~~~~~; :-

II

Table 6.4—1 Risk Analysis Matr~

/

STOL + STATS CATAPUL STOL + HYBRID TRUCK STOL + WHEELED DOLLY
STOL + CONy CZAR + + CONV GEAR + .0.58 LAUNCHER + ARRfSTER ZEL (TVC) DUAL SIODE (WIRE GUIDED) + ARS

— ______________ ARRESTER GEAR GEAR 
______ 

GEAR + SKIDS PARACHUTE + Al BAG GEAR + SKIDS 
—

MANY )HLY 3 SIMiLAR BOTH SYSTEMS WHEELED DOLLY IS
WORLDWIDE SYSTEMS IN ARE UNDER A STAT E OF THE

10 STATE OF THE OPERATIONAL EXISTANCE BUT DEVELOPMENT ART IN DiFFERENT
ART SYSTEMS IN 7/70 —DITTO 7/70 VEHICLE WEIGHT 3/30 IN RPV FIELD 5/50 APPLICATIONS. 5/50

EVERYDAY USE IS 1/3-1/10 OF BGM-34 SERIES WIRE GUIDANCE OF
LRPV ZEL & AIR BAGS WHEEL DOLLY IS —

TECHNOLOGY IS NOT.
CURRENT

— 
CONTRIBUTION TO SIZE OF TRUCK- AIRBAG PACKA - 

— INTEGRITY OF
VEHICLE WEIGHT .AUNCHERS - GING FOR FLIGHT. GUIDANCE &
AND SIZE HANDLING OF PARACHUTE DIS- REPEATABILITY

10 PROBLEM AREAS 3/30 —DITTO 3/30 EUSABLE RATO 3/30 PERSION. ROCKET 3/30 OF THE SYSTEM-
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Analysis Mat r ix

I. + WHEELED DOLLY STOL , WIIFI- 1. DOLLY SATS CATAPULT CONY. STOL + AIR CUSHION CATAPULT RAIL,(RATO)

RE GUI DED)  + ARR S E E - E R - t h E E  + ARR GEAR GEAR + ARR GEAR DOLLY + INTEGRAL AIR MITT + EXTERNAL AIR DC-130 + MARS • -

R + SKIDS I N T E G R A L  AIR CUS ISI OK (NO STOL) 
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CUS H ION + ARR GEAR MAT 
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RECOVERY

LED DOLLY IS STEERABLE DOLLY STAT E OF THE NOT A STATE OF NOT A STAT E OF STATE OF THE
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IN D 1FF ER EY T TH E ART USED IN UNDER DEVELOP-  MINATURE SYS-
ICATIO NS.  5/50 JINDIVIK DRONE. / 5 0 7 / 7 0  MENT 4 /40  TEMS UNDER 2 / 2 0  7 / 7 0
GUIDANCE OF INTEGRAL AIR DEVELOPMENT

L DOLLY IS CUSHION IS NOT
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GRITY OF CONTROL OF DOLLY 
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3.82 #5 STOL + WHEELED DOLLY(STE ERABLE ) + ARRESTER GEAR +
INTEGRAL AIR CUSHION 

t~I

3.52 #6 STOL + HYBRID TRUCK LAUNCHER + ARRESTER GEAR + SKIDS

(Other four systems were not selected for fina l evaluation , and were only

used for comparison.)

In proceeding to normalize the Risk F.O.M. ’s with respec t to the average Risk

F.O.M.  = 4.37, the following table is obtained.

SYSTEM NO. NORMALIZED RISK j
F.O.N.

#1 1.247 LEAST RIS K

#2 1.20

#3 0.97 AVERAGE RISK

#4 0.91

#5 0.86

#6 0.79 MOST RISK

Using the Normalized Risk F.O.M. as a multiplier in conjunction with COst/RE nefits

F.O.M.’s from Table 6.3-1 , a first combined Cos t/Benefi ts/Risk assessment

was obtained wi th the ranks assigned to each system.

The final lis t reads as fol lows:

6— 12
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FINAL COST/BENEFITS/RIS K RANKING

FINAL RANK SYSTEM FINAL F.O.M.
COMBINED

#1 STOL + CONVENTIONAL GEAR + ARRESTER

GEAR 1.247 x 3.0 3.741

#2 STOL + SATS CATAPULT(MOD ) + CONV GEAR +

ARRESTER GEAR 1.20 x 2.09 = 2.50

#3 STOL + WHEELED DOLLY(WIRE GUIDED) +

ARRESTER GEAR + SKIDS 0.97 x 2.19 = 2.12

#4 BASIC WING + SATS CATAPULT(MOD ) + CONV

GEAR + ARRESTER GEAR 0. 91 x 2.08 = 1.89

#5 STOL + WHEELED DOLLY(STEERA BLE) + ARRESTER

GEAR + INTEGRAL AIR CUSHION 0.86 x 2 .20  = 1.89

#6 STOL + HYBRID TRUCK LAUNCHER + ARRESTE R

GEAR + SKIDS 0 .79 x 1.61 = 1.27

The histogram of the F.O.M. values , the average , and the s tanda rd devia t ions

are p lo tted in F igure 6.3-1 .
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7.0 CONCLUSIONS

~~~~
On the basis of trade-off analysis of Launch and Recovery Systems for

ARPV , the conventional take-off and landing method using high lift wing (STOL)

technique , own t h rus t  and arresting gear system emerged as the undisputab le

leader among the candidate systems.

The next system in succession is the STOL configuration using modified SATS

catapult conventional gear and arrester gear. ‘This system is contingent upon

availab ility of SURPLUS SATS catapults. It loc~ses its precedence if such catapults

are not available for relative ly low cost mods. This would also app ly to the

system #4. In such event, the second best system becomes STOL + WHEELED

DOLLY(AUTOMATICALLY WIRE GUIDED) + ARRESTER GEAR + SKIDS . (Th is system is not

unl ike the basic .JINDIVIK System except for STOL, wire gu idance and vehicle

ar rest rnent  by ar res te r  gear.

The third best system comes out to 1e a STOL CONFIGURATION + WHEELED DOLLY

(STEERABLE) + ARRESTER GEAR AND INTEGRAL AIR CUSHION .

In the fou r th  place (again in absence of cheap SATS catapults), the

Hybrid Truck Launcher wi th STOL and Arrester Gear + SKIDS is the final viable

cand ida te  which can be e f f e c t i v e  as a t a ct i c a l  ARPV system Launch and Recovery

Me thod. j~ . -
‘

‘rh e next series of trade-off studies address the selection of the optimum launch 0

and recovery systems within the general terms of conventional take-off and

arrested landing in a STOL (h igh l ift) configuration. These trade studies wero

pe rformed prior to the definition of the baseline system and constituted a par r

of the preferred system selection . The subjects which were addressed were as

f o l l o w s :

1. h i g h  F ’ l o a t a t i o n  Gea ’ VS C o n v e n t i o n a l  Tn -Cy c l e  Gear

2. Sheaffer Tail Hook vs Conventional Tall Hook

6—15
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3. One Pendant vs Multi-Pendant Arresting System (24” water twister)

4. Layout of RPV Base for Intermittent VS Continuous Operation

5. Two-Stage Flare Vs No-Flare On Approach

6. Nose Wheel Troughs vS Other Heading Hold Devices

7. Jeep With Tow Bar vs Tractor and Tow Bar

8. Mat t ing  AN2 vs Steel Mat ting  VS No Matting

9. Separate Control Van f or Launch and Recovery vs Combined L&R Van

10. Manual Override of Vehicle Control on Approach vs No Override

11. Emp loyment of Safe ty Barr ier vs No Bar rier

12. Launch and Recovery Control Trade-Offs

All  of the abov e trad e s tudies  wi l l  be presen ted in the Launch and Recovery

Volume of the Final Report.

The Preferred L&R System

The sys tem selec ted for the ARPV on the basis of the above stud ies is a

conven tional take-off and landing mode using a tricycle , retractable ,

high floa tation gear in conjunction with high lift generating wings. The

high  l i f t  wing employs a syrrunetrical  a i r f o i l  wi th a leading edge and

trailing edge droop for short take-off and low approach speeds. Three

external equipments are used: On take-off , a head ing al ignment troug h , which

k eeps the nos e whe e l cons tr a ined to a take head ing un til 50 KTS is reached , and

on land ing, an arrester gear backed by a safe ty barrier for emergency overruns.

The rec overy head ing and g l ide pa th precision control is vested in a mi cro0.savL

• landing system (MLS) with an on-board interpretative control over the vehicl e

and its thrust, on the glide pat l~ un til touch down . A manual back-up cont lol

system is provided in the event of primary mode control failure .

V V~~~~~~~~~~~~~ ~~~~~~~~~~~~ • V V V V  V~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
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GLOSSARY OF TERMS

ELE1IE~~ 
DESCRIPTION 

-

Own W ing 

~::~:a:: ~~~~~ 

wing without additions which

Own Wing - plus A configuration of biplane or multip lane wings - 
<
-
~
-
~~~ <

Droppable Wing :: the rni:sion , while others d d d
after launch and float to the ground

~~n W ing - 
-- 

,/ 7
E x t e n d a b l e  wing  t i p s  a re  added to the  b a s i c  V 

, .
. -: - -P us wing in order to increase wing span and area - -

Wing-Tip for t a k e - o f f .  The w i n g - t i ps a r e sepa r a t e d  -- - 
-

Extensions after reaching safety speed by exp losive b olts.
They are r e p a i r a b l e  and reusable.

Own Wing This configuration also known as Strat~~~ing ~~~~~~ I

- p lus (Fairchild ~ (1505 flexible leading I ’I I I ~~t ’ wing 
,

— 

<
-
~~~~~ ~~~~~~~~~~

Retractab le extensi Ons t o  obtain lift increase during ~~~~
- - -‘ _ -—~~~~~

(Stratowjn ~) 
launch . After launch - the system reverts t o  

- 
-

- 
• -

/

basic confi gli rati on. _.~~ l•_ ~~~

_

Para foil

1’

- 
In ii fina l I S s I ’~~-~~’, - n t  a v a r i a b l e  p r o f i l ~ ’ w I n g  ‘I -

Own W i ng - Plus wjthot t hl ’~wing lI ~~ ing b o t h  t h e  l e a d i n g  e~I~~t - and  -
1’OI, G~’~ nietrv traili ng edge d r - p  fl ips . (Origina11 ~• b l o w i n g

Conce p t  was C I O c  i d t ’r e d )  . -

• a

A- Il

‘ V ~~~~~~~~~~~~~~~~~~~~~~
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~: ~~~~ ~~~~~~ 

str;ight leading

Wing missLon phase. - 
-~~~~~~~~~~

V .T.O. Ve rtica l Take -Off System - A ny  V .T.O. system
can fall under this category - s u c h  as
augmentor wing , tail sitter , deflected -~

nozzle jets , rotatable ducted fans , fans in
the wing , stowable rotor , etc. Iii this
stud y the augmentor wing VTO sy s t e m  was
onl y assessed based on the  c o n f i g u r a t i o n
of XVF- 12A ( R o c k w e l l . )

Parasail it is a flying wing made entirel y w i t h
Also known ny lon cloth with no rigid members.
as It has an upper and lower surface in
Parafoi 1 the shape of an airfoil sect ion. Th e

ram air enters the leading edge which
the 

- V

p r e s s u r e . I t  is packed and d e p l ’ \ - e I I  ‘/  \ ~~i

as an ord m ary parachute . •

The maximum li i t  d rag ,~r at i  o obt a ined  . 
- -

with this devjc~ i s  e s t i m a te ] t o  be
a b o u t  f i ~~ ’ I,’ , g i v  i ng  t h e  g l  ide ing  Ic
of  approximate lv I I dr-g rt-e s -

(Reference: A Review o f  Para I I I ]  1
A pp l i c a t i o n s , T.  1). N i c e l a i d 1 ’s ,
et a 1) T .  of  A . Se pt -Oct , l ° 7 ( )

Flexible An inflated frame fl ex ibl e wing
Wing packaged i n  t lie t op  e f  t h e  RW b - l v  - I

(R o g i  l ie )  I i f t / d r  ~g I 1 1 10 5  V I I  bt tw( ii 1)

4 0 U sed I c i  t I. r~ 011 1 \ I I I  I V 
•

t h e  l a n d  lug  speed ~ t h e  vL ’h l c  l I  I - ~~~~
- 

- - 
- - -

100 ~t/se ( ’ (60 k t s .  N 
- ~~

A-12
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Parawing A completely flexible flying wing consisting
of a rectangular center section with two
isosceles - triangle outer sections. Usually I
numerous suspension lines are attached to the
wing canopy in order to stabilize it during
dep loyment .  T he canopy  is c o n s t r u c t e d  of
ny lon c~ ot h .  The weigh t of a typ ica l R PV
(400 f t  ) is about  26 lbs with a pack
assembly weight of approximatel y 45 lbs - - ‘
and volume of 1.27 feet cubic.
A pproximately Lift/Drag Ratio = 3.0 .
(Developed by NASA Langley Research Center)

Air Launch By Control Aircraft - DC-130H carries two
to  four RPV s launches them and controls -

their mission from the airborne station ~~~::_~\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

present in the aircraft . ~~~~~~~~~~ 
- ‘ - - ~~~~~

B y Remote Aircraft - The l a u n c h  a i r c r a l t  
-

does not  c o n t r o l the  RPV a f t e r  l a u n c h .
Upon l a u n c h  of the  required contingent
o f RPV s , the launch aircraft r i  urns to
base .

~‘II thershi p — In  th I ‘i c on c e p t  s ev I -r ; I  1 R 1~~s a rI

A i r L a u n c h  ca r r  i € - d onhoa  rd t h u  n i o t h er sh  i ~
i n - I  w h i c h  p er  i I - r ~ms launch

.- \ i r  Ru-cI’vcrv and r & - c - v - i ~~, ’ . R l ~~- s  can i1 ~~o 
V - -

~~~~
be rt - c ly e  red by  r I  I hu -  r s h i  ip i f  -

~~~~~~~ ~~~~~ - 
. , - 

\ _ ‘-

( l i t  \ WI r I  Ii l i n c h i e d  by  remot r ‘ ‘   
- ~~~~~~~~~~~~~~~~~~~ ~~ ~~

_
~~~~-

- ) i r c r - I l  I . ~~~ candidate ~~~- -i.~ 
- - 

V

ai rcr~i II a r -  :~ I i  w i d e  h I ’ ,’
a i r e r i  I t~ I t i c I I  I l l  I l l  C — A r ho
t l t r n — .- IrII I ln ’ I IS e - l r r i l l t I l t  a i t l - r

l a n d i n g .
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~~~~~~ ,

Paracatch RPV , extending a floating ‘-~~-
‘

grapne l engages a catenery ~~~~~~~~ ~~~~~~~~~~~

of a cab le st r e t c h ed —~~~~~~~ ~~~~~~~~~ _4 ® - . Q’
~”between a pair of helium ~~~~~~~~~~~~~~~~

balloons on each side . - ‘~~~~~~~ ~~ -

Parachute is dep l oy e d  . -

~~~ 

‘.

on engagement and the ;
1 fl’® - “v e h i c l e  f a l l s  unde r  the  - 

- 

I

d rag of the  parachute 
I
® 

I

a nd the h t i o y a n c v  f o r c e  - I, ’ ,~~~ 
~

of b a l l o o n s .  P a r a c h u t e  is - 
I 4 .  S

jettisoned when the  - 
~~ I~I~ 

— - 
-

snubbing device senses ~~~ - - h - — — —

vertica l force c i  ba l loon
to exceed that of parachute.
The l a n d i n g  is on a r u b b e r  ma t  a n d
retrieval of  t h e  RPV is mad e  by
a lift transporter.

The d e p l o v m u - n t  of  the parachute -~~

after grapne l engagement is
speeded tip by the pyrotechnic — . 

- 
~~~~~~~ ~~~~~~

means. -

S .  I ~~~~~~i\

‘p

Pa r ab r a k e  R e t a r d i n g  ~~ racluitedep i ovi d just prior
to or - it I u ch  — d o w n

4 .

r

A-l4
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- EMERGENCY BARRIER
Water Twister System that converts
Arrester Gear kinetic energy to
and Emergency heat through
Barrier 

rotates within 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

s tee l  c a s i n g  f i l l e d
with fluid (glycol
and water) against

v a n e s .  Nv~ o n t ape  ARREST ER GEAR 
~~~~~~~~~~~~~~~ 

- -
~~~~~~~~~~~

is wrapped on storage
reel which is sp l iced to

• top  end of rotor sh a f t .  .

S t ee l  cab le c o n n e c t s  two - W a t e r
a r r e s t i n g  t w i s t e r s  on o p p o s i t e  Twister
side of landing run . Rewind is
by power retriever system . -

-‘V

Mid Air Based on the I - 
‘ 

-

Intercept comb i ned ~~~~ - - -~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
and Termina l effects o f  —~ 1 ~ V.-—

‘rrap helium hal loons  - I

MITT buoyancy and t - - ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
-

t h € i r  a L r o —  I 
~~ ~~~~~~~~~~ ~~~~~~~~~~

I
~ 

I I  l n i lc  d r ag  ~~— -

it c o n s i st s  of , 
- 

- H -
e i g h t  b a l l o o n s  A 2
(approximate lv  - I~~~

’ - I
r )  I / 

— / ‘ 
— 

~~~

a n c h o r  c ab l e s , - ~~ / \

a n  i n t e r l a c e d  / 
~~~

- 
-

1tt~~CI~~~~~~ II& nL ± 
A A 

JLL ~~~~~~~~~~~~ 

V

- ‘~~~~~ OPf ~~ AT I O~~*t 
C Ct N C ( P Top er a t  I ng qIl I 

~~
m o n t  w i t h  art a i r  -

V 

mat . 
-

A - I S
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~~~~~~~~~
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Wheels/Skid Wheel and large
Combo retractable skid 

VVVVVV
~~~~

Retardation operate in conjunction
System with 

‘

~

and brak ing . Two ~~~~~~~~~~~~~~~~~~~~ 
_______ 

V V~~V~~~~~~~~ V

separate airbags act
on the  sk id  fo r  norma l
braking (1 bag) or 

~~~ V V  - -  - -  -

emergency braking (2 bags.) 
~~~~~ ~~~~~~ , .

A f t e r  coming to a s top  the I~~V~~
J 

‘ ‘

v e h i c l e  is raised b y over-  ~~~~~ - ‘  _~~~~) 
-

inflation of airbags and ~~~~~~~~~~ ~~~~~~~~~~~~~~~

locking of the gear in
full y extended position.

- 
flw t *~~~CM 5(40 eeoC!”

Powered Remotely Controlled sleds
Sleds and w i t h  RPV in r e t a i n e r  - 1 T 

~~
:- - - flObsolete frame . Launched when

Airframes sled a t t a i n s  RPV launch I .
- - - 0 ’ ‘It- ~.speed. Sled is arrested ~~~~~~ - -)- -~~~~-~~~- - -- - .1 -

• CONSERT L01 U~~PLU1 *IR1!*Mt S —by arrester gear after
launch and returned - 

- 
- - -

•. ~~~~~~~~~~~ ‘n k~~ ~~ .— Vautomaticall y for next * ~~~~ - 
- -

I a uric h~ . ~~~~~~ —~—~ ‘~-~~~~~~~ -— - ~~‘ —.~~

p 1ST DROGUE (DRAG) 
-

MARS -‘~~~

Mid Air . . . —
- Ex L st ln g  ~ ,~FRetrieval . . - ~-,.-a..e. Va i r -  o-a i i  V% V - —

recovery system ~~~• 
~~~~~~~~~~~~~~~~~~~~

using eithe r CII— I \,—t0ADtINE ‘ 1’
‘‘r (111—53 he! j C~~~ ,V t  i - c - I . -

~~~ 
‘
/ I

This  sy s t e m  i n  case 4~ \
of failure ot  engagemert \~~

_ ~I - / —

r e q u i r e s an  i m p a ct  
~i~c’ I cr ~~~~~~~ (V

~~~S_~\
\ I ~~~~~~~~~~~~~~~~~~~

a t t e n t i at  ion ‘~-~-o te rn  f o r  - ~ - - .  - — . -

su c u u ~~ 4 f I I h  r~~L~) v L r s  ‘
~
‘N 

— 
\l /

4t/
~~~~~~~~~~~~~~~~ > V . 

-
~

c~
. : ‘ - .

STA SILI Z ING OROGUE-\  I -
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Rubber  Mat Two veh ic les  equipped  
~and wi th  fo ldable  rubber  /

A r r e s t e r  deck ing provide an impact s” — ‘
~~~

Gear mat  for a laser  guided ~~~

-__

J.)J ~~~~~~~~

,

~~~~~~~ -
~~~2~~~

4 a r r e s tmen t  b y a r r e s t e r  — 
V

gear cab l e .

Tfl~~~~~~~1U
- 

I

AL ~4 ’  V l

flV

~
TJ

i1~~~~~

’ 

_ _

M o b i l e  A f u l l v  mohi lo- cata p ti It
Ca t a p u l t  u t i l i z i n g  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C a t a p u l t )  driven a
c a p s t a n a s s e m b ly  _._S____ V ~~~~~ ~~~~~~~~~ 

~c o n n e c t e d  to a combining ~~~
- . ~~~~~~~~~~

gear box driven by the ‘—
~~~~~ 

V 
DOLLY ARRESTER 

V

turbine . A rap i. d l a u n c h  SHORT DOL LY 
~~~~ / ‘

V

capabilit y exists t i s i n ~ \
n y l o n  r op e s  d I l l  V - ~~~ . 

V

i r re S tine ITt 5 VS t em II) r PRE POSIT IONED . HPV -~~~~~ - 

- 
- 

-

r a p i d  r e t u r n  of t h t e  d o l  l v  ARRESTE R GEAR - - - 
~~~~~~~~

~~~~~~~~~ CONTfl Q L CONSO~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• POWER P L A N T

~~~~~~~ A—1 7 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Zero Length Vehicle is supported on a
Launcher with launcher/transporter
Thrust Vector from which i t  is l aunched .  - .

Control (TVC) The R .A .T .O . u n i t  s u s t a i n s
the a c c e l e r a t i o n  of the  

V 
-

veh ic le  u n t i l  f l y ing  speed
is reached .  U n t i l  t h a t  time
the (TVC) u n i t  m a i n t a i n s  the ®..rE~ — ®  

_____c o n t r o l  of v e h i c l e  a t t i t u d e  -~~ V _______

by control of thrust vector
ang le  to move in the direction
reducing RPV attitude errors
dur ing  l a u n c h .  RATO is j e t t i s o n e d
(falls off) on burn-out.

Internal RATO Total thrust o f  t h e  RPV
is a u g m e n t e d  by t h e
addition of a r o c k e t  m o t o r

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

31%

V 

and is rep laced  a f t e r  r e c o v e r y  -

~o4

V

.

,

- 

A-~~ 
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Hy b r i d  RPV is launched  from an RPV
Truck dedicated sy s tem of two
Launcher vehicles emp loying inter-

connecting catapult rail with
a rocket propelled shuttle . V

It  is capable  of l a u n c h i n g
RPV from any location and
in any direction - once
the a l i g n m e n t  of the
vehicles and their ground
stability is obtained .

V 

~~~~~~~~~~~~~~~ 3~~~~~~~~~~~~~~~Q~~~~~~ Q~~~~~V

A s h u t t l e i s
arrested at the
end of s t r o k e  b y a s n u b b i n g
dev i ce  a t  h i g h d e c e l e r a t io n
leve ls  (100 gs~ in  a v e r y  511 - i t
d i s t a n c e . A f t e r  c o mp l e t i o n  0 )
loa d  c y c l e , shuttle is r e t u r n e d
and  I t a d e d  w i t h  a new i i S o  r t  I It

the  RATO . The Sy s t e m  i s  a i r  t r , i n s 1 ’ t t , i l t l e .  —

I

Rail A ground
C a t a p u l t  i n st  a i l e d

s tea l s  or
a i r  p r e s s u r e  - -

i-. -

~~~~~~~~~~~~~~~ 

_________________ ________________
St a t  i i ’ -

i n s t  a I I  it I ’ll 
I

wi  t l i  pow - r p l an t
- mid p r e s s u re  t a t i k  . The cvqtpm j q
a i r  t r ~in s p - - i - t i t h 1 e  I i i ) iV ,I p j h l v  e r e c t - i b l t - .
Ri’\’ s u p por t  S I 1 I I t  IC ,  a t  l e t ’  w tr khti g
i s  i e e e !  o r a l  - I  b y  .i h i  g hi ~t i i thhi  i ng &lev j e t -

I

4

---- V —V - - -V V -- -- - --—
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* Externa l Two (or one c e n t r a l l y
JATO located) JATO b o t t l e s

are a t t ached  to  the
vehicle for propulsion ~~~~~

- .

a s s i s t  d u r i n g  take - 7~i -~ ~~~
“

off. They separate — T IT LJ 
~~~~~

after burn-out and V -
are not recoverable V

for  use.  Their light-
up timing is critica l in
order  to obtain best
perfo rmance .

Foldable RV ’! t akes  o f !  conventionall y
R oto r or is c a t ap u l t e d  with its 

- —

Sy stem r o t or  s towe d . On rec ’v e r v
rotor lock is released and
activated 1 a c t  as a l i f t
device for a ri -cove rv as an
a I lt - iy~’ r I I . T h i t ’ rotor in t h e

m r d r i v i t l ~~~U :t t~~~or 

t n (

The eve  I j c  p i t  cii of  t h e  ro t  or
and t h e  p i t c h  11 t h e  t a i  I r o t — ’ r
ire control l ed  by tile a u t o pI l o t

Re cover s -  i s  made  OtT wiiec’ I s  or
sk i  ci s .

H i  —L inc A t i  I ) V ( ~ n i t - a l  st  I spende d
Arr esting — ir r~- s t system with a 

V

System c ap t u r e  m i t t  i n t o  win c i t
t h e vehicle fli es at

~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

s h ’ t I l t .  I ) ( - c C l e r a t i I ) n

i s - I c c o m p  1 i Sill ) b y

r e s t r i c t in g  t h e  sli ppage

~f t h e  I i tie c a r r y  i ng t itt -

slisp t’liS ~ On 11 till’ 111 1 t I —

- - ~~~~~~~~~~~~~~~~~~~~~~ 
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In teg ra l This  sys tem was in v a l i d a t e d
Balloon on account of incompatibility

with remotel y p iloted vehicle ’s
co n cep t s . The s y s t e m  r e q u i r e s  - V

too much weight and volume of
liquid gas and balloon material
to  satisf y ARPV vertical landing \ -
g round c o n t a c t  r e q u i r e m e n t s .

W h e e l s / S k i s  A typ i c a l  w h e e l s / s k i s
(Snow r n t e r f a c e )  c o m b i n a t i o n .  Th is  i nt e r f a c e  i s

f u l ly  retractable . A u n i t  l o a d i n g
normally used is between 2OI~-4OI) l”s/ft
The aspect ratio of a p p r o x i m a t e l y
6 and maximum front bow a ug  l t ~
be twee n 2 00 and  2 50 

a re  common.

E x t  e m a  I A n  1 i r ~~ t i  sli i l f l  s vs  t em
A i r  C u s h i o n  s i t t i i l i r  t o  t i t t - lf l~

0 !  lv  ( D r o p p a b l e )  i t

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V 

V . ~~~~~~~~~~~~~~~~~~r~~~~~~ r . V .

.

V :~~~~~~~~ t _ V
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Retro-Rocket The system for deccelerating
vertically descending loads on
the parachute. The main corn-

I 

~~~~~ 
,
,
7

and the pyro techn ics  to
t r igger  motor  i gn i t ion .

Air Bag An internall y or externally stored
Impact  low pressure , f l e x i b l e  gas bag.
A t t e n u a t o r  It is located d i r e c t ly under the

vehi .le C of C and is either repack-
ageable or rep laceable a f t e r  use .
It  is made of ny lon cloth impregnated
w i t h  NATSY N ELASTOMER . The bag
contains b l o w - o f f  o r i f i c e  assembles
to re l i eve  pressure  dur ing  impac t .
The sys tem can be i n f l a t e d  by a gas b
bottle activated by pyrotechnic means
via baromete r  sensor .  An asp i r a t o r  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

in the  bag sys t em m a i n t a i n s  the bag
r e l a t i v e  p re s su re  at a d e s i r e d  leve l
dur ing  descen t .  The sys tem normal l y
should  incorpora te  p a r a c h u t e  j e t t i s o n
mechanism on impact. 

- 
-

Skids/Wheels 
~ddcd b r  ease of ground han-

~~~: r : ~~~~:w~~~~~: 

~~~~~~~~~~~the  v e h i c l e  o f f  the  s k i d s  f o r  

~~~

.-

A -2 2
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Impact The concept is based on the commercial 
_ _ _ _

Attenuators impact absorbing device by the name of ~~~ - -

TOR-SHOCK . The p r i n c i p le emp loyed is /~
— - 

~~~~~~~~conversion of kinetic energy into a - 
- -‘S fl

non destructive deformation of ‘

V ~

, 
“

material (wire) pressed between the - 
7/  

V~

two displacing metal tubes. The \‘-
~~~

- / ‘-
movement between the two cy l inders  in ‘

compression on impact constantly changes \ ‘ - ‘

the eliptical axes of the wire torroids. -

‘ H
The system can be reset for reuse. I 

~ I I
/ - ‘ L~J U...

V V 
/ / ‘~~/

I
- - ‘~~

- 

~1

Palle t and Ba si cal ly a system of separa te ly
Air Bags inflatable bladders attached at

one end to the veh ic le  i ns e r t  and
at the  o the r  to the p a l l e t  wh ich
in f l i g ht  fo rms  an i n t e g r a l
c losure  at  the b o t t o m  of the  -

veh ic le .  The sys t em c o n s i s t i n g
of hi gh p ressure  s torage  b o t t l e ’s , - 

-

initiation valves , regulators!
a s p i r a t o r s  and 6-8 a t t e n u a t o r  bags
are a l l  contained in a rep l aceab le
module .  The a c t u a t i o n  of the  sy s t e m
is by barometer. After system

ext en d ~t b I e  a t  t h e  t ime  ot p~~1l t t

A- 23
V -— - V - — — - --——-- - -V V- - .- ———
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Low Pressure This system u t i l i z e s  an expandable
Tire  low pressure  t i re  for  impact 

V

a t t e n u a t i o n  and vehic le  m o b i l i t y
after impact. It works in con-
j unc t ion  wi th  a large canopy V

diameter  parachute  to reduce the
ve loc i ty  of impac t to less than
20 f t / s e c .  When r e t rac ted  the
tire is deflated in order to mini- V

mize the volume requirements. Long , _— -—— -

stroke impact shock absorbers
support the tire in the extended
position and absorbs the impact
logistics with the deflection of
the t ire . A blow-off va lve is -

incorporated to reduce the pressure
during impact This action also 7 /{~

reduces tire size to allow vehicle f
tow after recovery . Three - jj I
retractable skids stabilize the
vehicle after recovery . \~~~~~~~~~~~V V 

~~

- /~~~~~~~~~
L’
\-~~ 1(; - -

_

V V V
_)_:~~~~~~

- V

Bod~’ Impact The parachute descent kinetic
Reinforcers energy  i s  absorbed by the ,

‘

deformation and deflection of \\ 1 / 7 V

t h e  honeycomb core material \~~~ ; /
b u i l t  in t o  e x c h a n g e a b l e  I

d i d  
~S

\ I
moder ate- g level can he
a t  L a  m e d  — (7. (Ig) l rov [de -d _

‘
_ -

t ill- impact torce can be
I - v t  n I v d i ~ t r i bu t ed . __ , __ _ ,  _—~~~~~~~

‘
~~~~~~~~~~

-

~
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~
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~
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Spring Lead The hook assemb ly comp rises a
Ar re s t i ng  Hook shank made out of a f l a t  s teel
( A . A . E .  Sheaf fe r  spr ing at tached at one (or two 7
Hook) pronged ends as shown) ‘ o the V 

- -

fuselage and at another to a ~~~~~~
hook point or shoe. In its — - 

I

stowed position the hook is
held agains t the spring force - - -

~ - - V

by a latch device. When latch - ‘ -

is released the hook snaps into V

pos i t ion  w i t h  the spring force  ~\(
holding the hook aga ins t  the V

.1-
I

Wire  Guided The nose wheel of the t r i cyc le  ,
,Doll y doll y is held on a given ~

heading by a set of ground - 

V 

-

wires  embedded in f l a t  - - 
V 

-
- - 

- 
- - 

, - - 
-

top s takes  driven to the - -; 
- 

- - - —

ground . The connect ing V / 
- 

- ‘ V

arms are a t t ached  at one
end to the wires , over .-

which they slide , and at ~~~-
“ 

,
~~~ ‘

the other to the power ~~~ _ .-
‘ 

—~~
“

~~ /

steering mounted above the V

the dolly after attaining

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
,es~ ..’ ~~~

d.”
,/”! • -  

-

a f t e r  the load on the d o l l y  i s
r e l e a s e d .  I t  is towed to t h e  - 

-

p o i n t  of l a u n c h  by a t r u c k  or a
jeep.

a

~
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Skids! i i i i s  concept uses a three  point
Airbags c o n f i g u r a t i o n  of a i rbags combined \ j / ,/

with hinged skids for  recovery . \
~~// ;

A f t e r  impact  the veh ic le  can be V - -

towed away on the skids w i t h
parti & ll y inflated airbags . The —

system is retractable for next
V sortie using vacuum pump and

pneumatic jacks . Airbag 
V V •

attenuation princi p les (blow-off 
- 

- — - - _

valves , low pressure with
aspirators) are used . Delta

V configurations appear most
su i tab le  for  th is  concept .

Integral The elastic trunk of this system is
V A ir  Cushion self  r e t r a c t i n g  to the contour of

Landing Sys tem - the veh ic l e  bod y.  A b i - d i r e c t i o n a l
(ACLS) s t r e t c h  m a t e r i a l  is used to avoid

wrinkles , gathers or bulges when
retracted . The packing system for
the ACLS consists of separate bladders
which are inflated in the norma l trunk
and remain inflated as required. The
system connects to air pre-ssure supp ly ‘

~~~~~~~~~~~~~~~
—

which can be either a c o m p r e s s o r  bleed
air or a separate turbine . Steering
of the ACLS is done by differential
braking of t h e  brake p i l l o w s  which are
se - na r a t e  bladders w i t h  a b r a s i v e  r e s i st a n t
material.

V..

‘
~

V$

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~
V V V V~~~~~~t~~~~~~
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