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This documen t summarizes the key findings and presents the back-
ground materials relevant to the study entitled “Systems Analysis
of Arctic Fuels Dispensing Equ i prnent .~ The report presents a
systems analysis approach and eva l uation of alternatives considered
for arctic fuels dispensin g equi pment. The report is submitted to
the U.S. Army Mobility Equipment Research and Development Command
(MERADCOM) at Fort Be l voir , Virg inia by Arthur D. Little , I nc.,
20 Acorn Park , Cambridge , Massachusetts 021 40, and was prepared
under Task Order No. 9 of Contract No. DAAK7O-77-D-0024. The report
was prepared under the guidance of Mr. Leon Med ler and Mr . Tay lor
Jefferson of MERADCOM . Questions of a technica l nature should be
addressed to Dr. Donald B. Rosenfield , the manager of the stud y and
princ i pa l investi gator , at (617) 864-5770. Other key contributors
included Mr. Irving Aarons , Mr. Edgar A. Gilbert II I , Mr. John S.
Howland , and Dr. Gordon Raisbeck.
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— EXECUTIVE SUMMARY

T The Uni ted States Army has I dent if ied a requ i rement for fuel dispensing
4. systems for military units to supply fuel in the arctic at tempera tures

down to -60°F. The U.S. Army Mobi lity Equipment Research and Development
conunand (MERADCOM) coninissioned this st udy to determ ine the most pro-
m i s in g app roach to develop arctic counterparts to two of the Army ’s
current fuel d spensing subsystems; the fuels system supply point
(or FSSP) and the forward area refueling equipment (or FARE).

•. There were two major problems in modifying the current subsystem design
for use in the arc t ic: f i rst , It is very difficult to start and operate

r pump drive equipment in the arctic at temperatures of -60°F; and second,
elas tomer ic mater ials become too bri tt le to f~nctlon at low temperatures .
I t was necessary to iden t if y mater ials and components tha t overcome these
problems or system concepts that avoid them and then to devise a method
for solici ting from among these the most prom ising candidates for develop-
men t, considering a l l  technica l and pract ica l cons train ts The study

- was carried out as follows :

e All systems that we could conceive as possible for arctic
fuel dispens ing were tabulated .

• All possible systems attributes that bear on system utility
were also tabulated . More than th i rty attribu tes relating

-~~ to pe rformance, ava i l a b i l i ty and re l ia b i l i ty , development
risk, cost, and fl exibi lity and ease of use were considered .

• A scorIng system (actually, a sequence of Increas ingly more
refined and detailed scoring systems) was divised to relate
the value and importance of each attribu te to a conunon scale.

• Compet ing systems were eva luated according to the scor ing
-
- j system. An initial eva l uation with an abbrev ated list of

aggregated att ributes was made f i rst to red uce the nunter
of cand idate alternatives without elimina ting any of the

I best. The remaining alternatives were reeva luated at an
increased leve l of detail.

After the end of the final phase of the evaluation , systems were rated
- [ according to four numeri ca l sunmiary scores . These scores rated the

following consoli dated att ri bu tes:
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- . Life cycle cost -

• Developmen t risk
• Size and weight in dex
• Overall performance

From the scores in those four attributes categories we have drawn the
fol lowing conclusions and recommendations:

I For an arctic application of the AFARE system:

• Wi th additiona l development the current Army concepts
T (See Chapter 1 and Appendix 1) can be used effectively in

the arctic. In particular , a variation of the current
design using a centrifuga l pump and a gas turbine eng ine

— was the highest performing system that we analyzed . This
concept uses eithe r advanced batte ries or a gas start and
magneto. Ne i ther variant is the least expensive among
the alternat ives nor does either require the least develop-
ment, but they are the best performers as well as being
the lightest and the smallest. A reci rculating system
using a d iesel eng ine costs less and performs well, but
i t is heavier and larger.

For an arc t ic app licat ion of the AFSSP system:

• The current concept can be used in the arctic with additiona l
development. The appropriate components would also be gas
turbine eng i ne, advanced e las tomerics , and either a compressed
gas start or adva nced batteries. These system options make
the system more expensive and i nvo l ve more development risk
than some alternatives . They meet the stated size , weight ,

-- and specifications, however, and are the best performing
systems.

_•_ • A lower cost but lower performing system than the modified
- current design that also meets the size and weight restrict ions

is a sheltered system with continuous or intermittent heater
and a diesel engine drive. This candidate is a reasonable
performer and worthy of consideration If the Army is sensitive
to total cost.

For both systems:

V e If the Army is mainly concerned wi th maximizing performance,
V the current designs with both a compressed gas start andT redundant advanced battery would be appropriate. The systems
1 would raise cost, size and weight a moderate amount but maximIze

reliability and other performanc . characteristics.
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The major area s of deve iopment that we foresee for the AFARE and AFSSP
applications In the arctic are advanced batteries and elastomerics.
Elastomerics Is currently the most crucial area of development. Products
manufactured by Goodyear lid Firestone can maintain flexibility at
arctic temperatures but might requ i re additiona l development and ref m e -
ment. Currently, there are no fuel storage tanks that are collapsible
at arctic temperatures of -60°F. Future development in hoses and col-
lapsible fuel tanks Is extremely Important for the successful Implementa-
tion of these fuel dispensing systems.
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CHAPTER 1 - INTRODU CT IO N AND BACKGROUND

The United States Army has identified a requirement for providing fue l
dispensing systems that wi l l  supp l y fuel iii the arctic at temperatures
down to -60°F. Current systems in the military inventory operate with
increasingly poorer efficiencies down to l ower temperature limits in
the range of -25°F due princ i pally to poor low temperature properties of
existing elastomeric components and poor eng ine start-up capabilities in
the extreme cold.

In January 1979, the U.S. Army Mobi l it y Equipment Research and Develop-
men t Command (MERADCOM ) engaged Arthur D. Little , Inc . to conduct a
systems ana l ysis of viable alternative approaches for providing arctic
fue l dispensing equi pment (AFDE) systems . MERPDCOM ’s interest was to
identif y all possible systems and systematically cin~ l yze and rank the
possible approaches. To be inc l uded in the examinat ion of alternatives
were the Army ’s current subsystems , Fuel System Supply Points (FSSP),
to be designated AFSSP (for arctic), and Forward Area Refueling Equip-
ment to be designated AFAI-~E. Included also in the examination of alter-
natives specificall y were to be the elastomeric components of candidate
systems (hoses, seals , gaskets , and collapsible fue l stora ie containers)
and low temperature eng ine start-up capabi lities for the fuel pump drive
systems . Artists conceptions of these systems are presented in Figures
1-I and 1-2.

The U.S. Army has identified the following genera l missions and specific
operations l requirements for the AFSSP and AFARE subsystems of the AFDE
sys tems :

• The broad mission of the AFDE systems is to satisfactorily supply
fuel for military operations in areas with temperatures rang i ng
from +90°F down to -60°F in the arctic.

e The mission of the AFSSP is to serve as the bulk fuel receiving,
storage , and issuing facility for the i mediate resuppl y of
cor ps , divisiona l , nondivisiona l , and bri gade units that are
operating at temperatures down to -60°F. The issuing f un c t i o n
will invo l ve pr hna rily dispensing the stored fuel to small bulk
containers for transport to forward operationa l areas. it will
secondar i ly be capable  of pe r fo rm i ng a serv i ce  sta t ion type
function when necessary and dispense directl y to mobile fuel
consuming equipment.
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• The miss i on of the AFARE is primarily to refuel attack heli-
copters as far forward on the battlefield as possible at temper-
atures down to -60°F. These systems must be deployable by

• ut ili ty helicopters . They mu s t be ca pabl e of rece i ving bu lk
fue l res upp ly by helicopters , by all types of bulk fuel tankers ,
and by C-l30 bladder b irds . The AFARE must also be capable of
refueling ground support equ i pment.

The operationa l requiremeni:s for acceptable systems are listed in Appendix
1. In conducting this study, Arthur D. Little performed the following
tasks :

• Obta i ned a clear definition of the mission and performance re-
quirements for the arctic FSSP and the arctic FARE systems.

• Confirmed the various operationa l , equi pment performance , and
materials problems associated with operations in the arctic
at temperature extremes down to -60°F

• Developed a comprehensive listing of posssibl e equi pment systems
configurations which could perform the missions for the AFSSP
and the AFARE.

• Refined the possible systems into feasible alternative techn i ca l
app roaches

• Performed a rank ordering of the feasible alternat ives.

• Ident fied furthe r development required , relative likelihood
of success , and estimated costs.

• Formulated recommendations for component testing and additiona l
da ta re qui red to a l low a dec i s i on for an adva nced developmen t
follow-on program.

Arthur D. Little ’s broad approach in identif ying, refining, and f i na l l y
selecting the most feasible alternatives began w ith deve l op i ng the most
comprehensive list possible of scenarios which could work. No constraints
such as practicality, de ta i l s  of sys tems des i gns , development costs or
time requ i rements , known Army empl oyment doctrine , or adverse effec ts
of -60°F temperature environment were initially considered in the first
l isting . As explained in detail in subsequent chapters , the alternatives
in this first listing for both AFSSP ’ s and AFARE ’ s wer e ranked and scored
In terms of feasibility with the first elimination based primarily on
the cri teria of acceptable performance in the arctic. Our early study
research into current cold weather practices and technology was used for
this first eva l uation effort and for the development of fina l alternatives.

• - A fina l eva l uation and rankin g of the remaining a lt- ~rna tives was accom-
pu shed based on cost factors and differences in de ia iis of system com-

• ponents.



The results of this study have been orga inized into the fo l lowing topics ,
each of which is presented in a separate chapter.

Chapter 1: In troduction and Back9round

Chapte r 2: Systems Analysis Methodol~~y

This chapter presents the attributes of arctic refueling systems that
have bearing on their usef u lness and a sys tems ana lys is  app roach in
eva l uating alternatives subject to such multiple attributes. The chapter
presents the methodol ogy by which the remaining analysis is performed.

Chapter 3: Techn i ca l Approaches and Alternatives

This chapter presents a description of all the concepts considered for
AFAR E and AFSSP .

Chapter 1+: Preli minary State-of-the-Art Research

This chapter presents the preliminary state-of-the-art research for
arct ic refueling operations. Included are the resu l tc  from an extensive
field trip to the arctic.

Chapter 5~ F ir s t Phase Ev~ luation

Th is chapter presents the systems eva l uation of the various al ternat ives .
The results of the eva luation were a determ ination of a l imi ted set of
al ternat ives ut i l i zed  in a second phase eva luation .

Chapter 6: Fina l State-of- the-Art  Research

This chapter presents the results of second phase state-of-the-art re-
search. These research issues arose out of the results of the first

‘1 phase evaluation and were directed at the uncertainties Involved in the
favored systems .

Chapter 7: Final Evaluation of A i ternat ives

This chapter presents the systems analysis eva l uation of the final alter-
natives which leads to the recommendation for the most favored systems.
The methodology , which includes a four val ued vec tor eva lua t ion of each
alternative , is also presented .

Chapter 8: RecommendatIons for Future Deve lopment and Testiny
¶ fiequ i rements

Based on the fina l evaluation and reco.Twnendations concern ing favored
sys tems , t his chapter presents reconinendat ions for development and testing .
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Figure 1-3 depicts the log i ca l flow of the chapters. Chapters 2, 5, and
7 are geared toward the systems ana l ysis approach of the study. Chapters
3, 4, and 6 are geared toward the eng i neering issues and alternatives .
Chapters 1 and 8 deal with the overall stud y.
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CHAPTER 2 - SYSTEMS ANALYSIS METHODOLOGY

1
2.~ 1 GENERA L METHODOLOGY

The overall method of i dent if y ing concepts most appropriate for the AFARE
and AFSSP systems was a systems analysis approach consisting of two major
steps :

• Identification of alternative system concepts

• Systems eva l uation of the alternative concepts In terms of
the systems attributes

The actua l process was somewhat more invo l ved in that, first , the attri-
butes appropriate for systems eva l uation had to be identified , and
second, the eva l uation procedure was an iterative one involv ing two
phases. A flowchart for the overall p rocedure is depicted in Fi gure 2-1 .

In identif y ing system attributes , those characteristics of the systems
that we believed might be useful in eva l uation were tabulated and cate-
gorized . These attributes spanned the range of cost and performance
characteristics. After each eva l uation , the attribute list was refined

V by aggregation and in some cases , elimination. Attributes were eliminated
if there were no discernable differences with respect to that attribute
among the remaining system concepts.

For example , none of the identif ied system concepts appeared to show any
advantages with respec t to system security, so this attribute was dropped
from consideration. Aggrega tion was ut ilized whenever practica l among
related attributes .

Evaluation of systems attributes was performed in severa l ways. One
method was a qualitative eva l uation tha t compares the relative mer its
of competing systems . As an example , a re lat ive scale of 0 to 5 was
frequently utilized where 5 represented the best re lat ive score for a par-
ticular attribute and 0 represented the l owest relative score. Another
method was the actua l numerica l value of certain attributes. As an example ,
i n the f i nal phase of eva luation , l ife cycle cost in estimated dollars ex-
pended over a ten year period was u t i l i zed  as a basis for comparison.

The most des irable method of analysis would have been to develop complete
detail for all attributes of each system under evalLation . However , this
was not feasible in this ins tance and the heart of the methodology became

8
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FIGURE 2- 1
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an i terat ive eva luation procedure . In the first phase, all attribute
eva luations were qual i ta t ive using relative measures to eliminate alter-
natives that were clearly less desirable than others. In subsequent
phases of eva l uation the remaining systems were def in ed i n i ncreas ing
deta il to permit more detai led comparison of system at t r ibutes.  As the
iteration method proceeded the variation in attributes between compet i ng
concepts were reduced and it became necessary to identify minor differ-
ences between concepts. In the fina l phase of eva l uat ion the l evel of
detail was sufficient to identify the most promising system concept.

The actual overall eva l uation in each of the iterative steps consisted of

• A qualitative or quantitative evaluation of each attribute
for each system or system conponent.

• A scoring or trade-off ana lys is  to evaluate each system
subject to its scores on the various attributes .

The scoring invo lved the weight ing of each a t t r ibute score for an overall
system score. In the f ina l phase of eva l uation , however , a somewhat
modified method of system trade-off was u t i l i zed . The detai led method-
ologies for system scoring and evaluation are described in the first and
second phase eva l uations in chapters 5 and 7.

2.2 IDENTIFICAT I ON OF ATTRIBUTES

In order to evaluate each of the concept systems , a l ist of system at-
tributes was deve l oped . In each of the eva l uation phases , the attribute
list was reduced to some extent to ref l ect possible aggregation and
eliminations (the latter when there was little or no variations among
systems). These are discussed in the sections on first and second phase
evaluation . The at t r ibute l i s t  in this chapter represents a complete
l is t  of system character is t ics judged to be of importance by MERADCOM ,
w ithout regard to re la t ive  importance , overlap, discr iminatory ab i l i t y ,
or l eve l of appropriate detail. Therefore , all of the following were
cons i dered , but possibly not utilized in later eva l uations. Subsequently,
in the first phase eva l uation , the list was modified and reduced .

The a tt r i b utes con s i st of charac te r i s ti cs encompass ing

• Performance specifications
• Availability - Reliability
• Developmen t Risk
• Cost
• Flex ibility and ease of use
• Other factors

i
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and include:

I. Performance Specification s

• Capability of system in meeting requ i rements for

- capacity
- refueling
- off-loading

• System turn around speed for off-loading
• System response capability for refueli ng tasks
• Fuel flexibility

2. Availability— Rel iability

• Probability of system being available and functiona l at

_60 0 F
-50° F
-40° F
-25 °F
0°

+32° F
+90°F

• System Lifetime - Average time until system is scrapped or
replaced due to simu ltaneous obsolescence of major components.

3. Deve lopment Risk

• Prolab i l i ty  of impiementat ion us i ng cu r ren t technolog ies  w i t h i n

- 1982
- 1 985
- 1988

• Probabili ty of develop ing the follow i ng components within time
period

• 
- hoses
— f i l t e r
- pump and drive
- seals
- co l laps ib le  drums
- nozzles
- clo th i n g

• Probability of implementing integrated system assum i ng components
• can be developed

7- -
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• Variability of development cost for

- hoses
— filter separators
- pump and drive
— seals
- col lapsible drums

• Dependence on undeve loped or high-cost mater ia ls.  i.e.,

- very high
- high
- moderate (high cost but def in i te l y ava i lable and needed only

for limited quantities)
- l i t t l e  or none

- .  
4. Cost

• Annua l ized cost of cap ital by component

• Development costs for

- hoses
— f i l ter
- pump and drive
- seals
- colla ps i ble  dr ums
- nozzles
- clothing

• Developmen t cost for integrated system

• Operating cost

- fuel for pump drive
- rep l acement parts
- inventory
- man power to operate
- extra manpower for maintenance

5. FlexibIlity and Ease of Use

• Size
• Weight
• Ease of Operation
• Set-up Time
• Dismantling time
• Terrain performance and on-site restrictions

rugged terrain
- thick brush or timber

12
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• Operational dependence on special tools , sk i l l s
• Ma intenance dependence on special tools , s k i l l s
• Transportabili ty
• Ability of system to stand alone

1 6. Other Factors

I • Safety of personnel
I • Security

• Vulnerabili ty for 9 situations listed in LOA
• Env i ronmental compatibility

j • Maintenance time (man-hours/year) for sys tem as a f unct ion
I of the individua l components

• Ma intenance frequency for system

The goal in develop ing the attribute list was the consideration of all
possible factors In rating competing systems . At each eva l uation stage ,
attributes were refined to a degree commensurate w ith the eva luation .
In the f i rs t  stage of eva l uation the goa l was to rank the competing
systems w i th  respect to the above l is t  of attr ibutes . Attr ibutes were
aggregated only when the precision obta i nable was not commensurate with
the deta il of the origina l attribute list. This procedure is described
in Chapter 5.

I
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CHAPTER 3 - TECHN I CAL APPROACHES AND ALTERNATIVES

This chapter describes the princ i pal arctic fuel dispensing systems and
variants of them that were compared in this study. We started with the
present FARE and FSSP systems , added concepts and ideas suggested by
the staf f  a t ME RADCOM , conducted a “brainstorming ” session with about
a dozen engineers at Arthur D. Little , and informally surveyed the liter-
ature. Af ter assembling an initial collection of concepts , we i nvesti-
gated the plausibility of combining features of one concept with features
of another to make new comb in a t io ns. Fi na l l y , we sorted the resulting
l is t  into groups having s imi la r  features.

In the en d , we had ten basic alternative arctic fue l dispensing system
concepts , most of wh ich had one or more p lausible variants. Some con-
cepts or variants are appropriate only fo r AFARE , some only fo r AFSSP ,
and some are appropriate for both. This chapter describes 17 variants
of the basic ten that were identified for AFARE and 18 tha t were identi-
fied for AFSSP. Each is potentiall y subjec t to four further minor vari-
ations of such a nature tha t they can be applied to any of the 35. Based
on preliminary state-of-the-art information which was gathered shortl y
after these initial listings , these variants were further modified to
16 base scenarios for AFARE and 21 for AFSSP for the first eva l uation .
The four minor variants were changed to include pump possibilities , pump
d r i v e  po s s i b i l it ies , hose alternatives , and storage tank alternatives.
Al l  were ra ted separa tel y and the number of alternative systems were
reduced quickly to manageable proportions for fina l eva l uation as des-
cr ibed in Chapter 5. Nevertheless , the in i t i a l  a l ternat ives which fo l low
form the basis for the fina l alternatives rated further in this study.

The 10 or igina l base concepts inc l ude the following :

• 1. Systems u t i l i z ing  in concept the current FSSP and FARE
conf igurat ion . (See Figures 3-1 , 3-2, and 3-3) Wi th in
these gu idel i nes , there are the follow i ng component
var iations:

a. Pumps

(I) Special scroll pumps (A.D. Little designed Item)
(2) Pe r i s ta l t i c  pumps
(3) Centrifuga l pumps(
~

) Positive displacement pumps

- 4  11+
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b. Pump Drive Systems

(1) Gas-turbine engine
(2) Gasoli ne engine
(3) Diesel Engine
(4) Elec trIca l motor
(5) Double gas turbine

— 
2. Systems similar to the current FSSP and FARE configurations

but which utilize some type of energy storage or alternat ive
energy source to he lp star t  the pump dr ive equi pment. These
devices in cl ude :

a. Exhaus t hea t 1 from the vehicle be i ng refueled
b. Continuous self heater
c. Portable heater for drive only
d. Compressed air/gas start
e. Other type of energy storage
f. Some type of intermittent unattended heater

3. Systems similar to current FSSP and FARE configurations excepting
an accumu lat ng compressed air/gas pumping system which replaces
other pump i ng equipment. Compressed air/gas is generated by

a. Compressor using conventiona l drive engines for
compressed air.

b. Solid propeilent energy source for compressed gas.

4. Systems with an inflatable , insulated shelter erected on
site to protect pump/pump drive and filter/separator assemblies
and operating personnel.

‘1 5. Systems similar to current systems but with the pump/pump drive
and filter/separator assemblies permanentl y housed in a ri gid
enclos u re on a truck , or trailer or within a cabinet , each of
which could be transported as a unit by large helicopters.
Cr i t ica l parts of components w i t h in  the enclosure would be
heated .

6. Systems which have all or part of the components housed on a
vehicle , for examp le :

a. A ll on a truck , such as a tanker truck or trai ler
conta i ning a f uel storage tank , pump , filter/sepa rator ,
and hoses on ree ls.

(Not suitable for AFARE because helicopters have to be shut down on
refueling due to s tat ic elec tr ic i ty r isk - See Chapter 4) .

- 4
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b. All on a helicopter , i.e., a helicopter ded i cated to
this fuel dispens i ng mission which contains a fuel
storage tank , pump , filter/separator , and hoses on
ree l s.

c. All components mounted on a truck or trailer except
the fue l storage tanks.

d. All components mounted on a ded i cated helicopter
except the fuel storage tanks.

7. Systems with added hose and valving arrangement to permit con-
tinuous complete system low rate rec i rculation at temperatures

4 
in the -60°F range.

8. Systems having certain components which a re or wou ld be mounted
permanently on all ground vehicles and helicopters receiving
standard military fuels:

a. One concept would be systems identica l to current
systems less pump/pump drive and filter/separator
assemblies which would be mounted on all vehicles.

b. Another concept would be systems identica l to current
systems less onl y the pump drive assemblies. Pump
dr i ves wou ld be by power take off from vehicle and
and helicopter accessory equipment (i.e., by modifica-
tion of the winch assemblies , etc.)

9. Systems similar to current systems with the pump drive system
utilizing advanced energy sources such as:

a. Atomic energy
b. M icrowave energy
c. Wind power energy
d. Solar energy

10. Systems similar to Current systems excepting rigid fue l storage
containers to be mounted on trucks or on flat be4 trailers and
transported to and parked on sites by ground vehicles . Smaller
rigid tanks could be helicopter transported to sites and re-
placed in the same manner when emptied .

There are four variations on components of the system that can be used
to deve l op the multiple comb i nation described above. These inc l ude:

a. Use of rigid pipeline materials (for instance , aluminum) for
f ~

. l ong runs of pipe~ in conjunction with short pieces of flexible
hose. The short f l ex ib le  hose wou ld be used as required to

• provide flexibility In placing the piping systems on rough ,

16
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unc leared terrain or for connecting components a t varia b le
elevations on site. Transportability, f l e x i b i l i ty and ease
of opera ti on w i l l  decr ease, but reliability and dependence
on hi gh-cost materials could be advantageous.

b. Use of redundancy in i ncorporation of multiple pumps , pump
drive systems, fue l filter/separator units and other key

‘ components in the overall systems for added reliability.
Trans por tabil it y wou ld , of cou rse , decrease.

c. Use of less expensive rubber compounds when developed for
hoses , seals , and gaskets. Reliability may decrease , and
deve lopment cost var ia t ions could increase , but dependence
on high cost materials will  decrease.

d. Use of small d i ameter , higher pressure hose. This option
will reduce the cost , wei ght and cize of hos i ng , but will
necessitate a change to types of pumps which are heavier
and more costly.

The remainder of this chapter presents a description of each AFARE and
AFSSP al te rna t ive accord i ng to a common forma t .

4 17
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AFARE

ALTERNATIVE 1
S imilar to FARE

I . A l l  separa te components as listed be l ow capable of operating at -60°F .
Gro und vehicle and heiic op t cr transportable (exclusive of collapsible
drums which would be airlifted to site separately).

2. One 200 GPM puop and puop dr ive a s se m bl y u s i n q comb i nat ions of any
of the fo ll owi n q:

4
a. Pumps

I) Sc roll pumps (A.D. L i t t l e  proprietary item)
(2) Per i s t a i t i c  pumps
(3) Centrifuga l pumps
(4) Positive Dispiace rnent Pumps

b . Pump Drives

(I) Gas t u rh i ro- cnq inc (30 hp )
(2) Gasoline enq ine
(3) Die sel enq in e
(14) E lectric motor
(5) Double gas turbine

3. One 200 GPM f rn- l I i l t e r / s t ’ I l r r a t o r

14. Fuel ctoraqe consists of t~-~o or -m or e 500 qal ion collapsible drums
carried to site by siinq Ioad ir i u to hel icop ters.

5. Flexible hoses , approximately 300 feet of 2 inch disc harge hose
and 60 fee t of 2 inch suct ~ofl hese w i t h  v a l ves , I t t i ngs , seals
and gaske t s .

6. Two no~’iles and dispens ing p o i n t s  I ipairlo of closed c i r c u i t  and/or
open port refueling of two med i um helicopters simul taneousl y and
other equi pment a’. required .

7. Resu p~~I~ of A 1AR~ acc~ rnp l i shed ‘ y  he l i op~ er t rari s port m g  500 gal ion
rep lacement c o l l a p s i b l e  drums f roo AF SSP .

Advan ta ges / D i  sad~ antages

Fu l l y  a r and qround t ran— , por t a b l e , h i gh on f l e x i b i l i t y ,  f u l l y  f l C I. t s
a l l  c r i t e r i a  , f a i r l y h iqh on de ve lop m en t r i s k s , high on capital costs.

18
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AFARE
ALTERNATIVE 2b~

Continuous Heating

Pui -p arid pui- -p dr i ve  ar id H i t c r / - ~e p i m i t o i - a s s e -- H it ’s r t - ce v i n q
spec ia I t rca t ’- e m t  (Set’ pa r - im7 I a ph 8 he Io~~) . 0 he, Comnporlen t s up—

r ad ed to — 60 F ca pa b I i t cc and ‘ -p I o~ ed i n open , unprotected
s t a t u s .

2. One 200 GPM pu p d r i v e n  Ny 30 F 1 . F .  qas t c m r H n e  c - rn : ire .

3 . One 200 GPM f ue l  Ii It e r/ s eparitor - .

14 . Fue l s t o r l q r -  c ri s I s t s  o f  t i - m m  or more 500 p1 I n i  co I laps i b Ic dru m-I s
car r ied to s i t e  by he l i c o p t e r s .

5. F I e~ i h i r bos~~s , appro~ I ,~~ e Iv ~OO f t  o~ 2 rich d i sc h~) rqe lo~e and60 Ic -c t  of 2 inch smic  t ion hose w i t h  va I es , l it  t i rig • sea ls  and
g a s k e t s

6. T~- o  m i ( - ? ie5 and dispen s i n g  p c mi r m t s  c m ~-iH~ of c lose d c i r c u i t  and/or
open po r t  r e f u e l i n g  ~ f t m - .~’ m m ’ m l i m r : l  h cl i c m ; - t _ - r s  s i m u l t a n e o u s l y and
ot  fit .? 1 c- gil p 1- le n t  as r cqu r ed -

7. Res upp l y of f lA RE a c cr m- p I ished 1 lid i c c - p t e r  t r a r i s p o m  t inn 500 ga l-
lons rep I acc ent co 1 l ap - , N I~ d r III ‘. I rI - - Al S SP -

8. Pi,nmp/p i.ii~p d r i v e  a r id f i  l t e r / s c p  m m  i t  ml m s - ,r - h i cc to he - m o u n ted  in
covered  I i g irt ruck or t ra i  l.- r or in s ki  ml nmo ur i te d c o nt a i n e r  wh ich
is heated by the pump dr ive engine or a lternate heater kept running
almost cont inuous ly during extreme cold tempe ratures or intermi ttentl y
when system not in use at low extreme temperatures. These covered
components to be he licopter transportable.

Advan tages /D i sadvantages

I ncreases r e l i a b i l i t y  of sta rt h g and operations , decreases develo p-
men t costs because key components do not have to meet -60°F entered .
Hi gh opera ti ng and maint enance costs , reduces tran sportability,
increases capital costs.

* This descriptIon applies to 2b and 2e

4 t 
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AFARE
ALTERNATIVE 2c

Por table  Heater

j I . Pump arid pump d r ye and Ii it  em -/separa t or asse-- b 1 cs r e c e i v i n g
spec ia l  rea [m eri t (See para grap h 8 hel oi-i ) - Ot  her co m ponen ts  up—

graded to — 60” F cap a b i l i t i e s  a n t  emplo yed i n  open , u n p r o t e c t e d
status.

2. One 200 GPM pim p dr i yen by 30 N. P . g as  t ur b in c enq l iii- -

3. One 200 GPM h i d  Ii Iter/ separat or .

It .  Fue l storage C o n s i S t s  1) 1 t i-io or : - m i m r  500 gal Ion c o l l aps i ble dru m mm s
car r ied to s i t e  by he l i c o p t e r s .

5. F l e x i b l e hoses , a p p ro x i  ~~e Iv  ~~fl f t  m l  2 i n c h  d is c h a r g e  hose and
60 fcc t of 2 inch suc t ion ho—~ t - . i t  N ~ a I vi’ s , f i t  t I ny , seals arid
gas k e t ’ . .

6. Tmci i,o.’~z les ,irmr ’ d i  spens i rig poi n t  s C m p ) I  le  of  L b - - ed c- i rcui t and/or
open pot t r e u ilt - Ii rig of  [i i i -m cd i u i mm he I i copt ers s i - u i  t a r ,eous  I y and
other equ ipment as reqmi i red .

7. Resupp ly of A FA RE acco p I i  s Iremt v lie I i  cop t or t r a ii-, po r t  I nq ~00 ga I —

Ions rep 1 a c em mcnr t co 1 lap s  hi dr m i i  -
‘ from -- Al SS P -

8. Piu nmi p/ p umim p di iv u’ and l i l t  c i  /sep a r d to  r as -,enrb I i es to be mounted in
cover ed li g ht truck or trailer or in skid mounted container. Pump
d rive unit and filter/separator asseurrb i y would be heated by small
hand-held hea ter (using propane fue l for instance) for sufficient
pe riod before disp ens in g from system to enable equipm ent to heat
up, start , and operate effect iveiy. The covered couriponents to be
hel icopter transportable.

Adva nta~ es/Disadva ntages

I ncreases r e l i a b i l i t y  of start in g but requires delayed startin g of
system . Requires additiona l fue l and ease of operation is reduced .
Reduces transportability and increases cap ital costs.

20
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AFARE

ALTERNATIVE 2c
Compressed Gas Start ing

r~ -~ a n d  pul p O n k - -  a l i t I I t e m  ,‘ -cpa it o r as-j,- H ie~ r c c e  iv  i rig
spec i i i  rt.- ,u~~; t n t  (Set’ j~~u i , i n r m p t m 8 “ b e - -.) - O t E n t ’ m  col lr,c m m r e n t - , up—

~r r  ,idt -d to  — b m t~ F c a p a h  I it  l os  and t ’I jl l~ ynit i mu openr , u n i p r i n t ec t e d
(

2 . One 2 dcl C r~i pu -- p di - I v en ‘y ~ Ct 11 . I’ - - - i ’, t un- I’  i ne - n j  Inc -
3.  One 200 Grit 1m g, - 1 l I lt  C m / se pcu r at  c~ I -
14 . Fuel  S~~OI.iqe cc in—J c t ’ , ti t m -  ti m - ‘r e 1,p3 - i i i  lcini ee l  l aj ~- i h l e  drums

ca r r  led t o  s i t , ’ hr Ir e ! copter s .

5 - F Ic -~. I ’  I e miL ’5 ,_ - S • i, p1 0~~ i t t ’  I 00 t t I  2, H ~ Ii ml i -, ~ Iij r g i’ hose and
60 f e e t  nI 2 n~ m ‘.~~~ f_ di m m os t -  c - i t  ‘i ~~i I yes , i t t  niri , se,i Is  and
q a c k e t  ‘. -

6. Ti-JO n m , ’J’ es  i im ~ d l  S j d ’ l S  lii i d i n t ,  e u p i h  It.’ m n t m. 10- -ed em iii i t  arid/or
o~~~ mi ~- m r t  o f , -l mug ~ t o  - - e t i m  h e l i m ~t npt ~~n s  s l i m i m l t a n e o u s l r  and

~ tht~- r ~~~~~~ ~ m ~~~~ t .15 rt .- j u I d I f  -

7. Resupp l y i f  AFIRE i c o  -p i I sticd I-- . he 1 ic op tem t r ani sport i rig 500 gal —

ions rep 1 a cem re nt cml lap. lb It’ 0 r I m s I ro - m Al SSP -

8. Pump/pump dr ive and f i l t e r /separators kept in open . Compressed dry
nitrogen ga s used to ass is t  pump drive start up by passing the gas through
an air starter motor on the pump drive.

Adva ntages/Disadvanta~~,~

Assists in start up. I ncreases complexi ty of operations somewhat
and increases n-m a intenance requ ire nmi ents.

4 21
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AFARE

A L T E R N A T I V E  3a

Compressed Air Pump i ng

1. Components s i m i l a r  to FARE and able to operate at -60°F excep t t ha t
pu mp i ng is accon mnpl ished by counipressed air  stored for that purpose.

2. Compressed air is generated by a comnrpressor driven by a gas -turbine
eng ine and stored in a separate t an k .  The connpressed air pumps
fuel f ronn a redundant accu uiu u lator tank sys te nmi at 200 GPM to the
dispe nsin g noz.’les. The accum nu lators are recharged with fuel at
low rates by connpressed air  expel l in g fuel from the storage tanks
to the accumulators when the system is not In the dispensing mode.

3. One 200 6PM filte r/ separator u n i t .

14. Two or more 500 gallon collapsible fuel storage drums broug h t fromn
t he rea r  by h e l i c o p t e r .

5. A ppro xim i na tel y 300 feet of flexi b l e  2 inch discharge hose and 60 feet
of 2. i nch suction hose c-ii th valves , f i t t i n g s , seals and gaskets.

6. Two no7zles and fuel d i sp e n s inq points.

• 7. Helicop ter carry rep l acei ment 500 gallon drurni s from the rear.

Advanta ges/Di sadva rit~~jes

Delete requiremen t for conventiona l punmp . I ncreases  comp l e x i ty of
opera tion s and increases maintenance. Reduces r e l i a b i l i t y  and
avai l abi l ity. May entrain a i r  i n f ue l . Cooling effect of air expansion

may cause localized freezing of fue l supply.

4 22
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AFARE

ALTERNATIVE 3 b
Compressed Gas Purnpln~

- 
1 . Cou nn pone mit s s i n m i la u  to FARE and a b l e to Operate at 60°F except that

punmip ing is  accom ’mp l ished b y commmpr cssed c a- stored for that p u r p o s e .

2. Compressed gas is generated by i g n i  t i n 9  a solid prope l lant and
stor ed in a separate tank. The compressed gas pumps fue l from a
redu ndant accumulator tank systenm at 200 6PM to the dispensing
nozzles . The accu rni ulators are recharged with fuel at low rates
by comn nprcs sed gas expe l 1 m g  In t el h o r n  the storage tanks to the
accunnu 1.-i t o r s  when the s y s t e m  is  not iii he d i spe nns I rig mnmode.

3. One 200 6PM f i l t e r / s e p a r a t o r  u n i t .

L+ . T i c  or more 500 tj,l i Ion col lIPS lb le ft ie 1 s to rage  d r i j r m ~s brought fromn
t he rear by he l i c o p t e r .

5. App roxim a tely 300 f o o t  o f  f Ie ~~Ib1 ~ 2 inch d ischa r g e  hose and 60 feet
of 2 inch su ction hose w i t h  v , i lves , f i t t i n g s , sea ls  and gaske t s .

6. Iwo noz: 1cc arid f tie 1 d I s pens i rig po I ni t s

7. He l i c o p t e r  c a r r y  r e p l ac e m i c n t  500 ga l  lou drumin s f r o~- m the rear .

Adv antages/ Di sadvauitaqes

Delete r equ i rem inen t f o r  C onve nit I ou i 1 I pump. I n  rca  s es coop I ex i t y of
operations and increases m! ,lin tcniance . Reduces r e l i a b i l i t y  and
a v a i l a b i l i ty. May entrain gas in f uel. Cooling effect of gas expansion
may cause localized freezing of fuel supply.
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AFARE
ALTERNATIVE 4

Inf latab le She lter

P unnip arid pu m p  d r i ye ari d h i  1 t e r / s e p a r a t o r  ass  eoN 1 ie s rec e i v i  rig
spec Ia I t r e a t m e n t  (See piraqi - ap lm 8 he I oil) . Ot lie r com pone n ts up-
gra ded to 60’F ca p a b i l i t i e s  and t-mi mp Ioy~ d in open , unprotected
status.

2. One 200 6PM pum im p d riven b y 30 H .P. gas t urbine engine .

3. One 200 6PM fue l filter/separator.

4. Fue l storage consists of two 0r more 500 gal ion collapsible drums
carried to s i t e  by hel icopt e rs.

5. F l e x i b l e  hoses , app rox ii ;m a t e l y 300 ft of 2 inch discharg e hose and
60 fee t of 2 inch suctio n hose w i t h  valves , f i t t i n g ,  s e a l s  a nd
ga ske t s -

6. Ti-io no7zlcs and dispe n sing p oints capable of closed c i r c u i t  and/or
open port n-e fue l m g of t i- em nmm e d i unnm helico pters simu ltaneousl y a nd
other equipment as required.

7. Resupp ly of AFARE accoi ni p lish ed 0-1 h e licopter transportin g 500 gal-
lons  rep I accin,ent cob laps 1 N lo di u s  f n Qm- m AF SSP -

8. Punnp/pu ntp drive and filter/sepa ta tor asseinib l ies p l aced  w i t h i n

‘1 shelte rs (domes) fabricated on site. These would be inflatable
double -walled domes with aluminized fabric for interna l reflection
withi n the space between walls and the space filled with foam . The
area within the domes would be heated by personnel heating systems
used by operating personnel.

Advantages/D I sadvanta~ es

Increases rel i a b i l i t y  of start in g and operating system , increases
complexity of ope rations and t u n i c  for set up. Increases c a p i t a l
(t~l5 tS .

4 ~~

~ 1: 

~~TI 
4— - ~~~~~~~~~~~~~~~~ ~~~~~~-~~~~~~~~- .~~~~~~



_ _ _ _ _ _  5- _ _  _ _ _

AFARE

ALTERNATIVE 5
Ri g id Shel ter

1. Pump ari d pul’np d i - iv e and filt e r/separ a tor a s se m m- b l  ie s  receiving
special trc at nmn cn i t (See p ira g rap li 8 bel oc-u ) . Other componen ts up-
graded to -60°F capabili ties arid em im p loyed in open , unprotected
st atus. (See Figure 3—4.)

2. One 200 6PM pum im p dr iven Ny 30 H. P . gas turbine er m gine .

3. One 200 6PM fue l f i l t er/sep a rator.

4. Fuel storage cons i st s of tiuc or inm ore 500 gal len col laps i hi e drums
carri ed to si t r ~’ by helicopters.

5. Flexible hoses , npcn r c m ~~i n m i t e I  n 300 ft of 2 inc h di scharge hose and
60 feet of 2 i nrc h —.uc t ion nose i-. i t  Ii -.-a In es , f I t  i ng • sea l s a nd
gaskets.

6. Ti-jo noziles arid d i s p e i m s i n m i  p o i n ts capable of closed cir c u i t  and/or
open port refuel in of t c-io m -cI i u n n i  helicopters sin n mu l taneous l y and
other equ ipm n n e nt as required .

7. Resupply t~ f AFA RE accom p l i s h e d  ny ht.- I  c o p t e r t r a n s p o r t i n g  500 q a l —
lor is rep l a cen m ne nt  c o l l a p s i b l e  d r m i m m s fro mn i AFSSP .

8. Pmjnnp/pu nnip drive and filter/separator assemblies tn be mounted in
cove r ed 3/14 ton t r uck bed , 3/Li tori t railer or skid mounted containe r
which i s  1—ept heated by a battery supp l y or other sources. The
ba ttery supply would be recharged by genera l vehicle helicopte r
elec trical systems periodically.

Advantages/D i sadvantages

Increases ease of s t a r t i n g  and opera t in g  sys te m , decreases deve lop
nien t cos ts  of key components - Decreases system r e l i a b i l i t y  and in-

creases comp lexity of operations. Decreases transpor tability.

4 25
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AFARE

ALTERNAT I VE 6a

Truck Tankers

L All coiniponents housed on a truck tanker containing 1500 to 2000
gallons fuel storage. The truck tanker is an AFARE.

2. 200 6PM pump/p ump drive assemb l y.

3. 200 6PM fuel uitter/separator -assennb l y

4. Two fle xible hoses on reels u .,jth nozzles to re fuel two helicopters
simultaneously and other equipmen t as required .

5. Truck tankers  w i l l  be r e s u p p l i e d  by bulk carriers from the rear or
by replacement tankers (AFARE) fronn the rear.

Advan tages/Disadvantages

Increases ground mo b i l i t y  but negates helic opter transportability.

Increases capital costs. Increases operator efficiency .
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A FARE

ALTERNATIVE 6b

Hel icop te r Tankers

1 . A l l  components mounted in a helicopter dedicated as a tanke r and

4 constitu ting a comm ip letel y mm mohi le AFARE.

2. One 200 6PM pump with poi-ier take-off drive from the helicopter
syS tern .

3. One 200 6PM fuel filter/separator.

4. Fuel storage tanks contained within the helicopter - one , two , or
three 500 gallon containers depending on pay load of helicop ter .

5. Flexible hoses on reels innounted in helico pter , approx i ma t el y 300
fee t of 2 inch hose with valve s and fittings.

6. Two separate reels and nozzles to refuel two med i um helicopters
simu l taneously. Nozzles for closed circuit and/or open part re-
fuelin g of aircr aft and other equi pm nn ent.

7. Resupp l y of AFARE from rear done by f l y i n g  in full helicopter tanker
replacement and withdrawing empty helicopter to be refueled in rea r
area (at AFSSP).

Advan tages/Di sadvantages

Increases air transpor ta b i l i t y  and r e l i a b i l i t y  of components.
Increases capital costs and safety risk to operations.

4 ~~~~~~~
..
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AFARE
ALTERNATIVE 6c

Component s Excep~~Stora~~ Tanks Mounted on Truck or Trailer

1 . All components rnnounted on a truck or trailer except the fuel storage drums .
One truck per AFARE.

2. One 200 6PM punm ip/pu mp drive assemb l y.

3. One 200 6PM fuel filter/separator assennb l y

4. Fuel storage consists of two or more 500 ga l lon  c o l l a p s i b l e  drums
carried to site by helicopter.

5. Flexible hoses on reels on truck w i~~r. valves and fi ttings.

6. Two hose reels with dispensing nozzles to refuel two helicopter s
simultaneousl y or other equipment as required .

7. HeHcopters carry rep lacem ’ment 500 gallo n drums from the rear for
resu pply.

Adva ntages/Disadvantages

Increases re l i a b i l i t y  of conimponents and opera tions. Increases capital
costs , decreases air transportab i lity. Increases operation effi —
c i ency.

4 
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AFARE

ALTERNATIVE 6d

Components Excep t Storage Tanks on Helicopters

1. A l l  conniponents niiourted on a he l i cop te r  ded i cated to m i s s i o n  except
fuel storage drunns. One helicopter per AFARE.

2. One 200 6PM pum nnp/pump drive assetribly.

3. On e 200 6PM fue l filter/separator as s e nm nb l y.

4. Fuel storage consists of two or mere 500 gallon collapsible drums
carried to site by other helicopter-

5. Flexible hoses on reels on helicopter with valves and fittings.

6. Two hose reels w i t h  d ispens ing nozzles to re fue l  two h e l i c o p ters
simultaneousl y or other equi pment as required .

7. Other helicopters carry reolacement 500 gallon drums from the rear for
resupply.

Advanta ges/Disadvant ages

Increases a i r  t ranspo r t a b i l i ty , rel i a b i l i t y  of system and operator
efficiency. Increases capital costs. Increases safety risk.

I-
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f AFARE

A LTE Rt ’~A1 IVE 7

Rec i rculat ion

- Pump amid p u - p  O r i -ic and h i  It yr -/separator as s c ; h i i es rece i V I rig
special t rca t em i (See paragraph 8 be loin) . Other conipon emi t s up —

qraded to -60 °F capab i l i t i e s  and e m m m p boy e d in open , unprotected
s t a t u s .

2. One 200 6PM pump dr ivc- r- m l)y 30 H. P.  gas tu r t i i nie eng ine .

3. One 200 6PM fuc b fi iter/ sep a n-at or.

4. Fue l s t o r a g e  C o n s i s t s  of tn-t o or mote 500 q a l l o r -n co l i a p s i b b e  drums
carried to site by helicopters.

5. Flexi b le lios s , a p p r o x i m a t e l y  300 ft of 2 inch d i s c h a r q c ’  hose and
60 feet o~ 2 I nrc b-n suc t ion lm ~~,c- c-~ it  N va I yes , f i t  t i ny , sea l s  a nd
gaskets.

6. Iwo nozzles arid di spensinq points capable of closed c i r c u i t  and/or
open pent r e f u e l i n g  of too re d i um helicopters si m ultaneousl y and
other equ I pl emi t as requ i red.

7. Rcs m q n p b y of IuFJ(RE acc o ’m p Ii  shn ’uJ b y In I I cc i l it en t ranispor t I nq 500 aa 1 —
Io ns rep lace - mit coil aps I b le dr~ u ; -s 1 m Omi m AF SSP

8. Punnps , filter/separators, v al v i rig , hose lines and fi t t i n g s  kept

o p e r a b l e  by alinnost continuous low rate recirculat in g of fuel throug h

the syste im i when system is not dispens in g fuel. Pump drive system

to be kep t running cont inuous ly dur ing cold te mpera ture  ext remes but
- - can be shut down when tenm iperatures rise sufficiently.

Advan tages/Disadvanta~JeS

Increases system operations rel i abil i ty , Increases operating and
maintenance costs and comp lexIty of operations. Increases capItal
costs s l ightl y.
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AFARE

ALTERNAT IVE 8a

Selected Com ponents t-1ountcd~~~~ V eh i c le s Bein g Ref ue led

I . A l l  separate components as listed be l ow capable of operating at -60°F
unprotected. Punnp /punn ip driv e arid fil ter/separator assemblies mounted
as s ta nd a r d  egu i pn mment on al l  vehicles using standard m i l i t a r y  fuels.

2. Ground vehicles have one 10 6PM p L u m p w i t h  electrical motor d riv e
from vehicle s y s t e m m m and an in t e ina l m eans to r e f i l l  spare fuel drunm s
c a r r i e d  on board . Hel i cop ters have one 50 GPM pum np/pu rn p driv e as-
senibl y mounted on board.

3. Ground vehicles u t i l i z e  fue l f i l ters which are currentl y a part of their fuel
feed systenn . Helicop ters to have one 50 GPM fuel filter/separa tor
mounted oh board.

4. Fuel storaqe consists of tu-no or more 500 gal collapsible drum- n -, wi th
va l ves and fitti n g s .

5. Flexib l e  hoses , approximatel y 300 feet , and 60 feet of suction hose
w i t h  valves and f i t t i n g s , s e a l s  and gaske t s.

6. Two helicopter refueling points wi t h  nozzles to refuel othe r equi p-
men t as re qu i red .

7. Helicopters carry replacenn en t 500 gallon drunns from the rear for
AFARE res upply.

Adv an tages/D I sadvantages

Increases syst enm n r e l i a b i l i t y ,  increases turnaround rate. I ncreases
capit a l  costs si g n i f i c a n t l y .
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AF A RE

I ALTERNATIVE 8b

Power Take-off Drive Systenns

I . A l l  separa te conmnponents as li sted below capable of operating at -60°F .
Ai r  (helicopte r) transportable ; not vehicle mounted .

2 . 200 6PM punnp assembly d riven by mechani cal power take-off from air-
craft and vehicles being serviced . i.e. , f r o m w i nches moun ted or
to be mount ed on a l l  veh i c l e s , etc.

3. 200 6PM f u e l  f i l te r separa to r.

Li .  Two or m ore 500 ga llon colla psible drum fuel storage.

5. Fl exible hoses- approx inm m a t e i y 300 feet of 2 inch discharge hose
and 60 fee t of 2 inch suction hose with valves , f i tt i n g s , s e a l s
and gaske t s .

6. Two ‘-~~zzles and dispensing points capable of closed circuit and/or
open part refueling of two m m nediu ni n helicop ters sim imul taneousl y and

- 
other equipment as required .

~1 
- 7. Resupp l y of AFAR E acconmn plish ed by helicopter transpor ting 500 gallon

replacement collapsible dru nim s fromnn the rear.

Adva ntages/D isadvanta ges

I ncreases r e l i a b i l i t y  of operation but increases capi tal costs
s i gni fi c a n t l y  and increases com ple x ity of operations.

4 32

I-

4 S ________________________________ _ _ _ _ _ _ _ _ _ _ _ _ _  

— _ _ _  — -

— -5- - --- --—-—- 5--—-- — - -c ~~ ’_ 
~~~~~~~~~~~~~~~~~~~~~~ -~~~~



r 

- -_- 

—

~~ 

-- — - ——

~~~~~

-

~~~~~~

— -—- - —

~~~~~

- -----—- - 

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

AFARE
A LTERNAT IVE 9

Advanced Sources of Ene~~y

I . A l l  components si m i l a r  to FARE upg raded to operate at -60°F excepti ng
pump drive uni ts which would u t i l i z e  advanced energy sources.

2. One 200 6PM punip. Pump drives could make use of:

a. Atomic energy
b. Micro wave energy
c. Wind Power energy
d . Solar energy

3. One 200 GPM fue l filter/separator assemb l y

Li . Two or more 500 gallon collapsible dr unnm fuel storage

5. F l e x i b l e  hoses , appro x i nn a te l y 300 fee t  of 2 inch d i s c h a r g e  hose and
60 feet of 2 inch suction hose .-J i th valves , fitt i ngs , sea l s  and
gaskets.

6. Two nozzles and dispensing points for refueling two med i um helicopters
and other equipment as required .

7. Resuppl y of AFARE accocmip l ished by hel icopter transportin g 500 gallon
replacennen t collapsible dr iunms fr o m the rear.

Advantages/D I sadva ntages

Increases developme nt risks and costs sharp ly. Increases niainten-
ance cos t and complexity of operations. May decrease opera tions costs .
Dec reases air transporta b ility.
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AFARE

A L T E R N A T I V E  10

Use of Ri g id Fuel Storage Tanks

1 . Sys tenni coimiponents s i m m n i l a r  to FARE upgraded to be operable at -60°F
exce p t i n g  a l l  fu e l s t o rage t a nks w h i c h  w i l l  be ri g id , not collapsible ;
tanks sized to be carried f u l l  by hel icopters to the forward areas.

2. One 200 6PM puinmp wi th gasoline-turbine eng i ne drive.

3. One 200 6PM fuel filter/sep arator assenmb ly.

Li. Two or mniore 500 gallon rigid tank fuel storage.

5. Flexible hoses , approx imm n at el y 300 feet of 2 inch dischar ge hose and
60 feet of 2 i nch suction hose wi th valves , f i t t i n g s , s e a l s  and
gaskets .

6. Iwo nozzles and dis pensing points for refueling two medium helicopters
and o t h e r  e q u i pment as required .

7. Resuppl y of AFARE accomplished by helico pter transportin g 500 g a l l o n
rep lacement rigid drums from the rear.

Advan tages/Disadvantages

Decreases development of collapsible tank risks and costs. Increases
rel i a b i l i t y  of operations. Decreases air transportability and
increases ca pita l costs grea tl y.

;
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AFSSP

ALTERNATIVE 1
S imilar to FSSP

I . A l l  separate components as listed below capabl e of ope rating at -60°F .
Ground vehicle and air transportable but not perm anentl y mounted in
any vehicles or containers.

2. Two 600 6PM punips and pu mp drive assemblies using conm nbinations of
any of the following:

a. Pumps

(I) Scroll pumps (A.D. Li t t e proprietary i tem)
(2) Peris t a l t i c  pum ps
(3) Cen trifugal pumps
(1+) Positive displacement pumps

b. Pumnip D r i v e s

(I) Gas-turbine engin e (50 H.P.)
(2) Gasoline eng ine
(3) Diesel engine
( 1+ )  Electric nrotor

3. Two 600 6PM fue l f i l t e r / s e p a r a t o r  a s s e m b l i e s .

1~• Six to twelve 10 ,000-gallon colla psible fuel storage tanks .

5. Approximately 2 ,1+00 feet of fl e x i b l e  hoses with valves , fit tings , seals
and gaskets and bulk transfer fuel manifold.

6. Six i i quid transfer loading standards for loadin g tank trucks and
sen-ni - t r a i l e r s ,two f i l l i n g  points for 500 gallon drums and six re-
fueling poin ts for f i l l i n g  vehicle fuel tanks , 55 g a l l o n  d r um s , and
5 g a l l o n ca ns .

7. Storage tanks to be resupp lied by p i pe l i ne o r h o s e l i ne , ta nkers ,
railway tank cars , or tank trucks and semi-trailers.

Advan tages/Disadvantages

F u l l y a i r  and ground tra nsportable , h i gh on f l e x i b i l i t y, f u l l y meets
all cr i teria , fairl y high on development risks , hi gh on capital costs.

- 4  35
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AFSS P

ALTERNATIVE 2a
Exhaust Heat

Pumnm p dni(I pumnnp dr I ye and f I I t  e r /s i para t or as semm mt i I m e -  roce  i v  i nq spec i a 1
t r ea t  men t (s 00 pa raq rap t-n 8 below) . Ut t ier con m mp onen t s u 

~~~ 
q r aded to

—60 °F capahi l i t  il ’s and emmm pl nye d i i i  open , u nprotected status.

2.  Tn-jo 600 6PM pu mp assemmm hl  I n ,  w i t h  50 H.P . gas t u r b i n e  e n mq in c  drives.

3. Two 600 6PM f I l t e r / s e p a l at o r  inn i t s .

4 .  S i x  to t u- ie lve 10 ,000 qa I Ion t o n  l ip ;  i b l e  fue l  storage ta n ks.

5. A pprox inmna t e l y 2 ,400 feet of I l e ’ i h l e  hoses with valves , fit tings ,
seals and gaskets and bulk transfer fue l manifold.

6. Si x I i qui I it t ram s icr load i nq s t  anita m l  — for load i nq tank t rucks  and
serm I — t ra I I e rs • two f I I I i rig p0 li n t s for 500 qa I Ion dr u m s and six
refuel inq p0 inn t s for I I I 1 i nq veli Ic le [tie I tanks , 55 ma I Ion it run s
and 5 qaflon cans .

7. Storaqe tani ks o he resupp I i ed by p1 p ci i no or Ino e I I nrc , tankers ,
ra i l n -ay tank cars , or ta n k trucks and semn i i — t r a i l e r s .

8. Punnp/pun mnp drive and fil ter/sepa rator assenib l ies to be mounted in
covered I I qh t I t ick or ra i I i-r or iii ski d im u o un t i’d com t a i tiers which
is kept heated at a low level t enm mper ature (by exha u st  f r o m a g roun d

‘1 vehicle operating continuousl y during extrem e cold teniperatures.)
This could be supplem n ien ted by heating from exhausts of air craft and
ground vehicles being refueled . A l l  connpar tment heating b y exhausts
could be throug h heat exchangers to avoid exhaust fumes wi t h i n  the
connpar tnm m ents. These covered com ponents to be helicopter transport-
a b l e .

Advan tages/Di sadvarnta ges

Increases re l i a l ) i l i t y  of s ta r tin g and operations , decreases develop
nnent costs because key conmnp onen ts do not have to meet -60°F criteria.
H i gh operating and maintenance costs , red uces transportability, ad
d i t i o na l capital costs.
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AFSSP
ALTERNATIVE 2b
Cont inuous Heat

I
1. Punip and pu~ p drive and ii I t o r / s i - p a r a t o r  a s s t - - hi ic - s  r e c e i v i n g  s p e c i a l

t reatm in en t ( see ~~~~~ rapt - n 8 be l~~n-j ) . Ot nc - i co~-ponvmm t s up—graded to
-60°F capa b i l i t i e s  and emp loyed in open , unprotected status.

2 . T wo 600 6PM pummn p a sse nm mb l les cm i t li 50 H.P . gas turbine eng i ne d r i ves .

3. Tn-jo 600 6PM filter/sep a ra tor units.

4 . S i x  to t w e l v e  10 ,000 ga l l o n  co I  l a p s i h l e  fuel storage tanks.

5. A ppro x im u n atel y 2 ,1+00 feet of f l e x i b l e  hoses with va l ves, fittings ,
seals and gaskets and bulk transfer fuel manifold.

6. S i x  I iqi i i d  t r a n i s f n -r l o a d i n~~ s t a n d a r d s  fo m l oad ing  t an k  t r u c k s  and
5 0 r 1  i — r a i I or s • t m — I  f i l l  lo m i I n i t s 1(1 r 500 ma 1 I on r u ;s a mmd s -\

refine I I nq ~0 m i t  s b r  f i l l  nq vet -n i c i e fu e l tanks , 55 gal lon m druns
and 5 gal Ion cam s.

7. Stor aqu - ta n ks to 1,0 1 C S L J [ ) I i l  i C J  t ’ n p i pe I i n n .- or ioSu .- I in~ , tankers ,
m a I ln-iay ta mm k c a r s ~, or ta n k t n - tick and sc - I i — t ra I I

8. Purnp/pu imnp drive and filter/separator a s s e m b l i e s  to be mounted in
cove red l i g ht truck or trai l e ’ or ii  s k i d  mounted con ta ine r  which
Is heated by the pump drive engine or alternate heater kept running
almost continuously during extreme cold temperatures and Interm Ittent ly
when system not In use at low extreme tempe ratures . These covered
components to be helicopter transportable.

Adva ntages/Disadvantages

I ncreases r e l i a b i l i t y  of starting and operations , dec reases develop-
• mnent costs because key conniponents do not have to nmeet -60°F criteria.

H i g h ope ra ting and mmm ai ntenance costs , reduces transportability,
increases capital costs.

; F
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AFSSP
ALTERNATIVE 2c
Por table Heater

Pnmn; p - u n- I puop (Ii k~- amid f i i  t u ’r / St- p dm .ihm as~~~- i - h I  i - ~ rt ’cn.’ i v i n m j  sp e cial
tr ea t - s - n t (~~~

- u - n m n a n i i rp t m 8 t’~- I ~~ -,) - 01 Inc - I  c m )  r) nm ) m I f  s n ip—graded to
—60 °F cap .ili II i t  i c s  intl m - i r mp f o y r - d j i m  O lneni , m m n m p i m (  ec t - f  s t a t u s .

~
‘ . Two 600 GPM ni -p assc ’ m i bl i i ’-, u m i t i n  I’p H.P . gas t in  I n l i n e  en gin e drive s.

4
1. Two, 600 6PM I i  1 t n .- l / s c ’l m a u . i t o m  ml i i i t S .

~~~ Si ’. to t;- .n. lvi , I0 ,I)00 gi l  Ion i_ uI I - n i’ - . i f , le fu e l storage tanks.

5. A pprm~~i m m i t & - I y ? , 1e ) 0 f t ’~~
-
~~ n i l  f l e x i b l e  hoses with va l ves , fittings ,

seals and gaskets and bulk transfer fuel manifold.

6. Si ’ . l i q u i d  H - m i i s l o r  l o - i l i m i g  st .in id a r ;t s for load in g t a n k 1 n icks ari d
sn- I — t m - i  Ic - i S • two i i i i i m im i ‘cm in - n t s for 500 (Ia i on it runm s -~ mid s I
r elic — I l i n t  p o in mi’ . t o m  f i l l  in q v i- h ic  lo  t m i t - l tanks , 55 ga l Ion drur s ,
am id 5 ‘i -n I I oni ca n i - ~ -

7. S t o r a g e  tam i l - .s t o  I- ne l e s m i p t i l  i c - n l  l iy i i i n - I  i m n ~ rum - I n n S - I  inc . t a m i k - r s ,
rai l n-iay tank cams , or t , mmn k  t r icks a nm ul  se m i — t r a i l e r s .

8. Pum inp/pu mn np drive and fi 1 tvrf separ~ito r a ss emm mh l i c - s to be mnn ounted in
covered l i ght truck or tr a i l e r  or in skid mounted container. Pump
d r ive unit and filter/separator assemm ib ly would be heated by sma l l
hand-held heater (using propane fuel for instance) for sufficient
pe r iod b e f o r e d i s p e n s i nq frommm sys te nmn to enable equi pment to hea t up,
start , amid operate effectivel y. The cove red conmponents to be heli-
copte r transportable.

n4dvan tages/Di sadvantages

I ncreases r e l i a b i l i t y  ol starti n g but requires delayed starting of
system . Requires additio n al fuel and ease of operation is reduced .
Red uces t ra n spor t a b i l i t y and i ncr eases cap i t a l  costs.

‘4 38
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AFSSP
ALTERNATIV E 2d

Comp ressed Gas Star ting

I . Pum ~np amid pu nun p dn i ve  amid f i t  t o n  / scpa rato r  asse r - ~- I los  r e c e i v i n g  special
t r e a t me nt (see para grap h 8 he Ion-i ) . O t  her con mr po nemi t s up-gr aded to
— 60°F ca p a b i l i t i e s  arid em mu p lo yc - it iii open. unpr otected status.

2. Two 600 G~ M pum - m p assei mmbl ic- s n- - i th 50 H.P . gas tu r b i n e  eng i n e d r ives .

3. Tn-io 600 CPH filter/se p a rator units.

‘n . Six to tni e l v e 10 ,000 g all on col l a p s i b l e  fuel storage tanks.

5. A p pro x im n i a to i y 2 ,1+00 fee t of fl e x i b l e  hoses with valves , fittings ,
seals  and gaske ts and b u l k  tr ansfe r f uel ma ni f o l d .

6. Six I i q m . m i d  t n an i s l  or l o a d  i mi g st , 1 m i~~a r 1 ’ , fo r  load i mg tank t r u c k s  arid
Se Irl i— tr a il e r l , . t m - o f i l l i n g  p o i n t s  for 500 gal lon I m u r s  ,irnd s i x
re fue l I ‘mg prul n i t  s for Ii I 1 i rig v e h i c l e  f u e l  tanks , 55 ia I lot -n drummis
and 5 gal Ion cam m s .

7. Storage (a’mk s to I~c resupp l lcd Imy i~ i ‘o l i n m o  or tiose l m c , t a n k e r s ,
ra I l - -iay tanik cars , cur tam ’k truck s and ser - m i — t r 3 i  i t - n - -,.

8. Pump/pump drive and filter/separators kept in  open. Compressed dry
nitrogen gas used to assist pump drive start up by passing the gas
through an air starter motor on the pump drive.

Adva ntages/D i sadvantaq es

Assists in start up. Increases conmn p l e x i t y of opera t ions  somewha t a nd
increases maintenance require m ents.

I
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AFSSP

ALTERNATIVE 3a

Comnipressed A i r  Pu mmn p i n ~ 
-

I . Components s i n m m i l a r  to FSSP amid ab le to operate at —60~ F except that
pump ing is accomm np l i s h e d  b y commn pr ecsed a i r  stored for that purpose.

2. Compressed ai r  is generated by a cnmmmpres sor driven by a gas t u r b i ne
eng ine and stored in a separate ta nk . The co mpressed air  punnp s fuel
f ronr a redundant accum ul ator tank system- at 600 6PM to t h e  dispensing
compomm ents. The accumulators are recharged with fuel at low rates
by co nm pres sed a i r  expel 1 inq f uel fr om - i the storage tanks to the ac-
cum imulat ors when the s y s t e m  is not in the dispensin g mode.

3. Two 600 6PM fil ter/separ mi ton un its.

~ Six to twelve 10 ,000 gallo n collapsible fue l storage tanks.

5. A pproxi ni’ Tm t el y 2 ,1+00 feet of f l ex i b l e  hoses w i t h  v a l v e s , f i t t i n g s ,
seals and gaske ts and hulk transfer f u el m a nifolds.

6. S i x  l i quid- trans fer loadi ng standards for bulk loading, tn-jo 500 gal-
lon dr um f i l l i n g  points , and six refueling points for f i l l i n g  vehicle
f u e l  t anks , 55 gallon drums , and 5 g al lon cans.

7. Storage tanks to be resupp l ied by p i peline , hose li ne , tankers , rail-
way tack cars, or ta nk trucks and sem i mi — trailers.

Advantages/Di sadv~ n t ay es

Deletes requirement for conve nt io na l  pum im p. I ncrease s comp lexi t y  of
ope ra t ions and increases nmainte nance. Reduces r e l i a b i l i t y  and
ava i l a b i l i t y .  May entrain air in fuel. Cooling effect of expanding
air may cause l ocalized freezing of fuel.

-
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AFSSP

ALTERNATIVE 3b

Compressed Gas Pump ing

I . Components s i m i l a r  to FSSP and able to operate at -60°F except that
punm np i ml q is accom mi p l ished by compressed gas stored for that purpose.

2. Compressed gas is generated by i g n i t i ng a s o l i d  p r o p e l l a nt and
stored in a separate tank. The compressed gas pumps fuel from a
redundant accu m ulator tank sys t em nm at 600 6PM to the dispensing
componen ts . The accumulators are recharged with fuel at low rates
by comnnp ressed gas expelling fuel from the storage tanks to the
accu mmi ulators when the systen n i is not in the dispensing mode.

3. Two 600 6PM filt e r/separator u n i t s .

Li . Six to twelve 10 ,000 gallo n c o l l a p s i b l e  fuel storage tanks.

5. A pproxim ”ate l y 2 ,1+00 fee t of flexible hoses n - ii th valv es , fittings ,
seals and gas le ts and bulk transfer fuel manifolds.

6. Six li q uid -transfer loadin g stand ards ~or bulk loadin g, two 500
gallon drum f i l l i n g  points , and six refueling points for f i l l i n g
vehicle fuel tanks , 55 gallon drums , and 5 gallon cans.

7. Storage tanks to be resupp l ied by bulk carrier means from the rear.

Adva ntages/D I sadvantages

Deletes requirenment for conventional pumiu p and pump drive system .
Increases conmip lexi ty of opera tions and increases m aintenance.
Reduces r e l i a b i l i ty. May entrain gas in fuel . May cause loca l
freezing of fue l due to cooling effec t of expanding gas.

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



AFSSP

ALTERNATIVE ~
inf latable She lter

Pump and puIm Ip d r I ye and f I 1 t er/separator as sem h 1 I i-s rece iv i nq spec Ia 1
treatn mm ent (sec paragraph 8 below ) . O t h e r  co m m r pon e nts  up-graded to
-60 ° F capa b i l i t i e s  and e m p loyed i n  open , unp ro tec ted  s t a t u s .

2. Two 600 6PM pu~ p a s s e n m n b i  ic s  w i t h  50 H. P. gas turbine eng i ne drives.

3. Two 600 6PM f i l t e r / s e p a r a t o r  uni t s .

Li . Si x to twelve 10 ,000 ga l Ioui c o l l a p s i b l e  fuel s t o r a g e  t .~nks .

5. A pprox i matel y 2 ,1+00 fe et of 1lex ~ b l e hoses with vales , fittings ,
sea ls and gaskets and bulk transfer fuel manifo ld.

6. Six I I quid t m a n s f e r  load i uiq s ta nmd , m n i t-, f(ir I o,i l i rig tank t rucks  and
se mn i i — tra i I ers , tn-jo f H l  i rig p o i n t s  for  500 gal  Ion drums and s ix
r e f u e l  m d  p o i n t s  fo r f i l l i ng v e h i c l e  f u el  t a n k s , 55 g allo n drums ,
and 5 g al l on cans.

7. Storage tanks t o  he resuppl  led  b y ‘i re 1 inc or t m o s c l  m e , tanker s ,
ra I In-ma y tank cars , or tank trucks aurmi  s c - m i — t r a i l e r s .

8. Pumnm p/ pu nm np drive am -n d fi l ter/se p ar atcu m asse m ni b lic s p l aced  w i t h i n  s h e l t e r s
(domes) fabrica ted on site. These would be i nflatable double-walled
domes wi th aluminized fabric for interna l reflection within the
space between walls and the space fi l l e d  wi th foam . The area within
the domes would be heated by v e h i c l e exhaus t s , throug h heat ex-
change rs , or by personnel heating systems used by operating personnel.

Advantages/Di sadvantages

Increases reliability of starting and ope r a t i n g  sys tenm , i micreases
complexity of operations and time for set up. Increases capital
costs.

- 
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AFSSP

- ALTERNATIVE 5

Ri gid Shelter

n m n - I  r m mm i ,im ice am id I i i  1 m m  I- ,,- f m l r m l m i r  i ’ - - , -- h I i t .- r, - u t - i v i n m m l  sp m- c i a l
I ( - -ye  - . m u n t j  r ip t n i~ I’, - Ii ~- ) - m r  h, i c m ;  i mi - m m  I mnj i— g r , i d c d  t o

— t,o~r ~.ip,il ’i l i t  I - ~ ~nud u p l i m y t il in u i j i m Im . m m m m ; i m t i t e i  t e d  s t i t m o , .

•~. k-~ru (‘Pd hi ’~t t r i m  -p n - .~~- m - I ’ I  I, -’, u-; i b m ,~) 11 . 1’ . g m -  t - ,iu t u i n m n ’  o n i g r r n e  dr j v u - s

( - In., ’ (1(1 ;t ’ti l i l t - i  / 0 1 ’ m n  m I n i  m m m i i i . .

- I ‘ ~~ I ye lr l , dPi) i i i  I I~ ‘ m n t o l  l j i i  - - - i In 11 - I m e I - , N mr ig~~
- t n mk -,

A pp i tm~ i ,~~u m el ~- -
, 

, 1+00 I - c t  mu I I b - . II’ I e hoses with valves , fittings ,
seals and gaskets  and b u l k  t r a n s f e r  f u e l  m a n i f o l d .

ti~_ S i x  I i q u i - .f t m i , n — , k — m  I c ’ i d i m n g  , t m n i , I m n i I - , I’  I m i .i, f i n m ~m t a n k  t n — nicks and
—,,— ‘ m i —  t m u i  It — n ’ .. f m - in I i l l  l i i i ‘iii n t — . I i’r m 0 ( ~ t r i l  t o r i  ‘ i m  m i s  ~i m n,I six
ru ’ f LIi’ l m uir  m ’o m m i  - , I i ’ n t i l l  i mn tj v elm ic Ic I mit - I t - i m i k s , ~5 gal Ion d r m c u i ~~,
unit 5 — ma I I on 1

,
‘ . St - n aum ~’ I n m i k s  Ii’ I ’ m ’ m e - ~nip~n i - ,t Iu~’ ui 1’,- I i m n i . iii m m - - 0 I  i n m e , t a n k e r s ,

—- r a i l m . u y  L am i k m . m m - , , m m  ( , m m m I ~ t r m m c ~~- , m m d  - , n - m m i - t r - m i l m - r s .

8. rum nn p/pu m mnp dr ive  and f II t e r / s c p a r d t - n r  , i s s c m b i  i - s  to be irm oun ted in
cove red 3/Li ton t r uck  bed , 3/1+ ton trail e r or skid mounted containers
w h i c h  i s  kep t hea t ed by a ba tt ery supp ly or other sources. The

• battery supply m -iou ld be recharged by ground vehicle ~ r he l ico p t e r
elec tri c a l  systems periodicall y.

Adv a ntages/D I sadvan ta~ es

• Increases ease of starting amid operating -- .y ste mmm , decreases develop-

ment costs of key components. Decreases system r e l i a b i l i t y  and
increases complexity of operations. Decreases transportability.

43
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- AFSSP

I 
ALTERNATIVE 6a

Truck Tankers

I

I . A l l  components housed on truck tankers containing up to 5,000
gallon fuel storage , pump/pu mm np drive units , f ue l  f i l ter /
separators , and hoses o” ree l s .

2. 200 6PM pump/pump drive as~ ennm b l y .

3. 200 6PM fue l filter/separator assembly.

Li . Two flexible hoses on reel s w ith nozzles to refue l helicopters ,
500 gallon dr ums , 55 gallo n dru m mrs , 5 gallon cans and other
bulk carriers.

5. Several truck tankers at a site w i l l  make up the I’~FSSP .

• 6. AFSSP resupp l y w i l l  be by bulk carrier mnmeans from the rear
or by rep ia cem-ment truck tankers.

Adva ntages/D i sadvantages

I ncreases f l e x i b i l i t y  of enmp loy mnnent and m i l i t a r y  security of
operations. Increases capital costs , decreases rate of
ref ueling or supp ly ing bulk fuel. Decreases air transportability.
Increases operator efficiency.

-‘ 
:. 41,

t 
n .

A I 
_ _  _ _ ____ ___ -- - -— — -—

- . _ , m _ .
_________



AFSS P

ALTERNATIVE 6b

Helicop ter Tankers

I. All comnponents fo, half of an AFSSP syc te imi  mounted in a
helico pter ded i cated as a tanker and two such helicopters
constituting a com um p l ete l y nm i o bi lc AFSSP.

2. Eac Ii hel icopter has one 600 6PM 1r~ nm l fi w i t h  power a ke — of I d r I ye I r Olin
the helicopte r systenmr .

3. Each helicopter has one 600 6PM fuel filter/separator.

Li . Fue l storage tanks contained within each h~ i icop ter — one , t~~~,
or three 500 gallon contai n ers depending on pay l oad of the
helicopter.

5. Flexible hoses on reels nm mo unted in each he l icopter , approx i mately
1200 fee t of hose with va l ves anni f i t t i n g s  per he licopter.

6. Each h e l i c o p t e r  hav ing one d i s p e n s i n g  point for refueling 500
gal Ion dru m s amid up to tlrre e d i s p e n s i n g  p o i n t s  for 5 gal Ion
cans and 55 gal Ion dru m nns .

7. Resupply of AFSSP helicopters don -ne by bulk carrier nnieans
from the rear.

Advan tages/Ui sadvantayes

I ncreases air transportability and r e l i a b i l i t y  of system components.
Decreases f l e x i b i l i ty of operations arid bulk storage capacity unless a substan tial
helicopter fleet is maintaIned which , in turn , i ncreases cap ital costs. Decreases
f l e x i b i l i t y i n  dispensing operations. Increases safety risks to
operators.
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AFSSP

ALTERN AT I V E 6c
Components Except Storage Tanks Mounted on Truck or Trailer

I . All components immoun ted on a truck except the fue l storage
tanks. One hal f of AFSSP syst e m comnnponents w i l l  be mounted
on one truck , therefore , two trucks per AFSSP.

2. One 600 6PM pummnp/pump drive a ss e rmb ly per truck.

3. One 600 6PM fue l filter/separato r per truck.

Li . Total of six to twe l ve 10, 000 gallon co llapsible tanks
placed on ground and connected by manifolds as required .

5. I-loses on reels u -ith valves and fit t i n g s  on truck.

6. One bulk loading hose and dispenser , one 500 gallon druni f i l l e r
hose , and one 5 gallon can Il I ler hose per truck.

‘1 7. AFSSP resupp l led by bulk carrier nreans from the rear

Advantages/Di sadvantages

Inc reases reli a b i l i t y  of components arid operations. Increases
capital costs , decreases air transpo r t ability, Increases
operator efficiency.

4 46
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AFSSP

ALTERNATIVE 6d

COM PONENTS E X C E P T  STORAGE TANKS ON H E L I C O P T E R S

I. All com ponents m ounted on a helicopter dedicated to that
miss iom m except the fue l storage tanks . One half of AFSSP
system components w i l l  be mounted or-n one helicopter ,

r t he re fo re , two helicopters per AFSSP .

2. One 600 6PM pumnnp/pu inrp d rive asse m bl y per helicopter.

3. One 600 6PM fue l filter /separator per helicopter.

Li . Tota l of six to twelve 10 ,000 g allon co l l a p s i b l e  tanks
placed on gro und and connected by m i ranifo l d s 3S required .

5. Hoses on reels with valves and fi t t i n g s  on helicopter.

6. One bulk loading hose and dispenser , one 500 gallon drum
f i l l e r  hose , and one 5 gallon can f i l le r  hose per helicopter.

7. AFSSP resupp l i e d by bulk carrier ‘means fronmn the rear .

Advan ta~ es/Di sadvantages

Increases reliab i l i t y  of components and operations. Increases
‘1 cap i ta l cos t s  and decreases f l e x i b i l i t y  in dispensing operations.

Increa ses operation s turn-around tim i ie. Increases air transportability.
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A F s SP

A L I I R NA 1  I VI  7

Rec i rcul at ion

I . Pumm np amid p u mmm t u ti r m m i m i I i I tu - m / s e p a m .i t ‘‘1 ,o -,emm mb I i c — -, r o u c  i v  i nq s p e c i a l
m - C a t ’ m - e m m t  (see par aqrjpti 8 i’~~lo u) . Pt tm ~~r c o - l c m m ~ ’m m t s  u p —m ~r ided to

— 60 ° F capa b i  l I t  i c ’ .  ~ t icf  • mm i ~u l n m v e ~f i l l  um( ’ u ’ mm , lini li rotc ’ c t c d s t a t u ; .

2.  Tw o 600 6PM p im p as sc m -- I  I icc n-i i t h  50 II . I’ - gas u rI) inc emig inc d r I yes

3. h o  bdi u 6PM II 1 t e l  / sepi ra t 1 ’  r un i t S

4 . Si  ~ I m m Ii c IV O  10 ,000 ga l lo rn co l  lap s h u b  m - f u e l  s t o r a g e  t a m r k s

5. A p p r o s  inmn , ltc I y 2 ,/4 (1 0 ft - c t  of  I Icx i !’ l, - r m , I , tmer  c o mmm jnn u nd hoses w i t h

~ il c c c , f i t  I r m i u s  , so ils  amid :• i c kc  t ,  arid bulk t r a m s f c r  fuel  man I f o l d .

6. S i  ~ 1 i q u i c l t m a i m ’ .  I or loam1 I r n )  s t  - i n , I a m  ( I - , I i ’ m l o u d  i mg t anik t r m n ~~ks and
‘.e m l m i — t r a i  len - ,, t m . ’ f i l l  im i g p o ints I u - i  ‘ m t O n - m I  In n ml ru r m s  a n d  S i x

r c ’fur I j r - n i l  po l i n t ’ .  h u m  I I 1 I i mg vt ?) i ~ I 0 ~~~ I tanks , 55 ga l b omi drum s .
and  5 gal Ion c • mn is -

7. St O ri ~u ’ am rk s I - i 1mm ’ m - 
~~ mnjm p I m c i  I ‘y i l I u m ’ I I r io  o r nose 1 inc , t amike r s

r a i lt - .ay t a m r k (an ’ . , or t a nk t rm m c I -
‘ ,imnd - m - ~ i — I i- a l  1, - m s

8. Pimmu r p~ . I lI ter/sc -pa ra tor S , V~i Iv i mi mi ,  hose I i no’. and l i l t  n nm r -, kept
operable by a l mnuos t con t I n m u o u s  I o-m r aIn ’ rec I rcu Ia t I mm q o h  I ue I through

the system when system is not di s p e n s i n g  fuel. Pim m mmp d rive syst e m

to be kept running continuo usly d cmrin q cold temperature extremes

bu t can be shut down when tenip eratures rise sufficientl y.

Advanta ges/Disadvanta~es

Increases syste m operations r e l i a b i l i ty , Increase s operati ng costs

and conm p lex ity of operations. Increases cap ital costs sl i ght l y.
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AF S S P

ALTERNATIVE 8a

Selec ted Co m po ne n ts Mounted on Vehicles Be i mig Refueled

I . A l l  separate counu p on -nt~r - n t s  as l i st ed be low capab l e of ope ra t i ng
at -60 ’F unprotected . Punnip/ p urm ip drive and f i l t e r  ‘sepa ra tor
asser ’mb l ies mm ourmt ed as standard equ i pmmren t on ,il I vehicles
using standard n i b l i t a ry fue ls .

2. Ground vehicles have one 10 6PM p u m p  with electrical motor
drive f rom~ vehicle syste mn i and au interna l mmneans to r e f i l l
spare fuel drum-ms carried or-n board . Helicopters have one 50
6 PM purmip / punmip ~I r i ye as sem nrb I y mn ro un ted on board

3. Ground vehicles u t i l i : c ’ fuel f i l t e r s  which are currently a part of their
fue l feed sys t e m . H e l i c o p t e r s  to have one 50 6PM fuel filter !
separator mounted on board.

4. Six to twelve 10, 000 gallon -n c o l la psible fuel storage tanks.

5. A p p r o x i m a t e l y  24 00 f ee t  o f  f b e x i l ’ l e  hoses wi t h  valves , f i tt i n g s ,
seals am id gaskets , amid bu lk  t r a m i - - ,fer  fue l m a n i f o l d .

• 6. Six bulk l oad i ng standards , tn- .’o 500 gallon drum f i l l  points , and
six 55 gallon dru m and 5 gal lou cam -n r e f i l l  poi nts.

7. Storage tanks to be resupp l i e d  by bulk carrier rrm eans from
the rear. AFSSP ’s can load bulk fue l carriers by using punimp
drives and filter/separators rmmounted on the bulk carriers
(50 G~ M probable max.).

Advantages/ Ui sadvantages

I ncreases system r e l i a b i l i t y ,  i ncreases turn-around rate. Increases
capital costs si gnificantly.

I
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I AFSSP

ALTERNATIVE 8b

Power rake-Off Drive Systemm n s on Refmj elec4 Vehicles

I

I . All separa te commmponents as listed be l ow capable of operatin g
at -60°F . Ai r transportable arid i-not vehicle mounted .

2. Two 600 6PM pumnp as sem nrblie s driven by mechanica l power take-off
from mi aircraf t and vehicle s , i.e., from -nm winch es mounted or to be
moun t ed on all  vehicles , etc .

3. Two 600 6PM fuel filter/separators.

I~. Six to twelve 10,000 gallon collapsible fuel storage tanks.

- 5. Approx i nratel y 2400 feet of fle x i b l e  hose with valves , f i t t i n g s ,
seals and gaskets , and bulk transfer fue l manifold.

-- 6. Six li quid-transfer loading standards for loading tank trucks
and senm n i t ra il ers , two f i l l i ng points for 500 gal Ion dru m s ,

• and six refueling points for f i l l i n g  vehicle fuel tanks , 55 gallon

- -  
dru mn ns, and 5 gallon cans.

7. Storage tanks to be r e s u p p l i e d  by p i p e l i ne or ho s e l i ne , tankers,
railway tank cars or tank trucks and se unmi tra i lers.

Advantages/Disadvantages

Increases re l i a b i l i t y  of operation but increases capital costs
s i gn ifican tl y and increases comp lex i ty of operations.

4 50
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AF S S P
ALTERNATIV E 9

Adva nced Sources of En~~~y

I. /~l I cc piune ot s s ~~ l a r  to F S S P  upgraded to operate at  —60 °F except ing
punnmp dr I ye un I ts u- il i ch wou ld  mi t  i I lie unusual energy sources.

2. h - n  600 GPM pmim ps - Punup d r i v e s  cou ld  nm uake use o f :

a - A t m ’ m l  c e n w m g y
1 .  M i  c r ui-;d~~t’ c m r e r g y

- W i n d  rm i~ t’r ener gy
ml . Solar energy

3. Two 600 6PM fun’ I filter/separator asse nmn b l ies.

4. Six to tn - -d ye 10 .000 ga l l o n  c o l l i i ’ — i b l c ’  fmi c ’ l st - i- r a te t a ’ i ks .

5. A p p r o x i m a t e l y  2 ,/400 feet of f l e x i b l e  hose w i t h  va l ves , f i t t i n g s ,
seals aid gaskets.

6. Si~ hu lk l oa d i ng  s t a n m d a r d s , t u.o 500 g a l l o n  d rum nn r e f u e l  m g  po imits ,
amid s i x  55 q a l l o m i  dru mn i or 5 gal Ion can r e f i l l i n g  points.

- ? 7. Resupp l y i~~ f AFSSP  b y bulk carr i er “ c a n s  froi m the rear a rea .

Adva ntayes/D I sadvant~~ es

I nc reas e s  deve lo pnm e nt r i s k s  and c o s t s  sharp l y .  I nc reases  m m n a i n t e n —
an ce costs and com pl exity oh O l m e r a t i m m n s .  May dec r ease opera t io n s
costs. Decreases air t r a - i s p o r t a h i l i t y .
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AFSSP

A L T E R N A T I V E  10

U sc of R i g id Fue l Storage Tanks

1 . Sy sI c’nm comlm ponem -nt s S bin i I ar Ic - n F S sr m:tmgr,ided to be ope rab Ic at —60° F
except imi g a l l fuel storage tanks n-.’h i c h  w i l l  he ri qid , non collapsible ,
tan ks .

7. Two 600 6PM pumm mp s w i t h  q a s — t u r h i n c  eng ine d r i v e s .

3. Two 600 6PM fuel Ii  Iten/separator as se mm r hl les.

4. Six to twelve 10, 000 gallon rigid  f u e l  storage tanks. These tanks
to be mn mou nt~ d on trucks or on fl i t  bcd t ra I I ers an-nd transported
em m i p ty to au-nd parked on AFSSP sit e s. They w i l l  be fi l l e d  on site.

5. A pp i o x im um a t cl y 2 ,400 feet of flexi b le Imose with valves , f i t t i n g s ,
seal s , and gaske t s and bu t k  t ra n sf er f uel  nman i f o ld .

6. Six bulk fue l loadin g standards , two refuel ing points for 500 gal-
lon drums , au-nd six r e f i l l  imig points for 55 gallon drums and 5 gal-
lon ,ans.

7. Fuel storage tanks to be resupp l led by bulk carrier means from the
rear areas.

Advantages/ U i sadvan tages

Decrease developmuien t of collapsible tank risks and costs. Increases
reliability of operatiom -n s. Decreases a i r  transportability and in-
creases capital costs greatly.
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FIGURE 3—1

SCHEMATIC DIAGRAM OF AFARE SYSTEM
(All Components Exposed)
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FIGURE 3—2
SCHEMATIC DIAGRAM OF SINGLE PRODUCT AFSSP

D I S P E N S I N G  SYSTEM
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FIGURE 3—3

SCHEMATIC DIAGRAM OF FUEL PRODUCT DISP ENSING AFSSP SYSTEM
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F:~GLJRE 3—4

SCHEMATIC DIAGRAM OF AFARE SYSTEM WITH RIGID SHELTER S
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CHAPTER 4 - PRELIMINARY STATE-OF-THE-ART RESEARCH

4.1 INTRODUCTION

In order to perform the first phase eva l uation of the various systems ,
preliminary information , without detailed feasibili ty data , was needed
on:

• hos i ng and pipe compoaents
• sea ls
• collapsible fuel storage tanks
• pumps and alternatives
• pump drives
• shel ters
• other components
• current cold weather operating practices

A great dea l of th is  info rmation was readi l y a v a i l a b l e , but to supplement
this , some preliminary state-of-the-art research was necessary. This
research was d iv ided into three areas:

• current cold weather practices and techno l ogy
• current availability of drives , particularl y turbines and diesel
• solid prope llents and accumulators

Research in  these three areas is presented in this chapter. Research In
elastomerics and cold weather batteries was also performed , but these
two area s we re not needed until the fina l evaluation , and in addition ,
represented the two areas where future development is of extreme im-
portance. For these reasons , most of the research and state-of-the-art
for bat ter ies and e lastomer ics are presented in Chapter 6.

A complete l i s t i ng  of information sources for this study is presented In
Append ix 2. One of the princ i pal early research activities was an AOL
f i e ld  t r ip  which included visits to: The U.S. Army Cold Reg i ons Test
Center , Fort Gree ley , Alas ka; the 222nd U.S. Army Av ia t ion  Bat ta l ion ,
Fort Wa inwrlght , A laska ; the U.S . Army Combat Developments A c t i v i t y ,
Alaska , and the 173rd Infantry Brigad e both at Fort Richardson , Alaska ;
the U.S. (Navy) Support Forces Antarctica and Nava l C i v il Eng i neering
Labora tor ie s both at Por t Hueneme , Califor nIa; and the home office of
the An tarctic Support Division of Holmes & Narver , Inc., Ora nge ,
Cali for ni a , the opera ti ng cont rac tor for the various bases of the Natioral
Science Foundation in the Antarctic. Also included in this trip were
v is i ts to and conversations w i t h  severa l bulk petroleum and commercial

14 57
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fuel dkpenslng equipmen t suppliers , cont rac tors , and A laskan A ir li nes
in Alaska . Much information was obtained regarding current cold weather
pract ices and technology. -

Extens ive information was gained from MERADCOM and equi pment manufacturers
on the availability of gas turbine engines and diesel engines which would
be suitable for arctic fuel dispensing pump drive units. Arthur D.
LIttle also received in some detail information regarding solid propel lents
as an energy source for use in an innovative pump dr ive concept alter-
native. Information from all of these areas is presented in ti-mi s chapter.

4.2 CURRENT COLD WEATHER PRACTICES AND TECHNOLOGY -

The U.S. Army cannot operate effectively in remote areas of the arctic
where tactica l helicopter operations are required and where there are no
roads or airfields within satisfactory range for effective helicop ter
operat ions. The princ ipa l reason is that the current FARE and FSSP sys-
tems cannot operate at tempe ratures below -25°F . Some details of a number
of cold— i nduced problems are described in later paragraphs of this section ,
but the major problems i mm ed iate l y fo l low:  A l l  the elastomer ic components
cause troub le , espec ially, collapsible discharge hoses and the collapsible
dri~ns (bags) and tanks which become brittle and crack at temperatures
below — 2 5°F (with the exception of 10 ,000 gallon tanks to some extent.)
Additionally, the unvented 500 gallon collapsible drums w i l l  onl y partially
collapse at -60°F. Current Army practice is to set up 5-point or 10-point
refueling stations for arctic tactica l helicopter operations using the
FSSP 350 GPM components and LI inch suction (reinforced) hoses and 5,000
gaflon fuel tanker trucks as the bulk storage containers. These refueling
stations must , therefore , be accessible by road. A feasible alternative
also In use employs temporary airfields , eithe r makeshift as on frozen
lakes , or at existing and abandoned air strips , to set up the 10-point
refueling system using the current 350 GPM components and the 10 ,000
gallon collapsible tanks for supply point fuel storage. These tanks
must be spread out , emplaced , and filled warm (above -20°F). Once in use,
they will operate satis factorily down to -60°F. Bulk refueling of these
stat ions is accomp lished by using C-130 aircraft bladder birds.

• Fuels

The various fuels used in the arctic evidence no increase in
viscosities at temperatures down to -60°F. These fuels in-
cl ude MOGAS , Diesel Fuel Arctic , JP-Li , and JP-5. Fuel filtering
Is still requ i red , however , regular diesel fuel wHl experience
coagulation of paraf ins at low temperatures which will precipi-
ta te out and clog fuel filter/separators.

• Pumps

Centrifuga l pumps are considered the most satisfactory type for
extreme cold weather use. They a r e  rugged and provide the steady
higher p ress u re re qui red . Rotary vane pump s exper i ence breakdown
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at very cold temperatures due to brittle fractur e of the vane
blades. Recipr o catin q pumps are heavy and expensive. Other
specia l  pumps such as perista l tic and scroll pumps would not
pe r fo r m sa t i s f a c tor i l y at very cold temperatures. Pumps of
200 and 600 GPM capacity a p pea r  feasible for AFAR [’s and AFSSP ’s
res pec t i v e l y

• Pump Drive Eq~ i pnmen

Gasoline eng ine pump driv e s are reputed generally to be unsatis-
fac tory at -60°F. They are very d i f f i c u l t  to start and once
s tar t ed , experience continuous shut down problems when running
in the open at temperatures down to -60°F .

Diesel eng ine drive units are di f f i c u l t  to start from a cold
soak condition , hut once started , they operate w e ll. They are
heavier than other drive units but are rugged and have proven
r e l i a b i l i t-1 - . Fu r t her d i s c u s s io n on d i e s e l  eng ines is presented
later in this chapter .

Gas turbine engine units appear to have many advantages. They
requ i re ei t her  ba tter y i gn ition of air motor starting mec hanisms .
The y are l i gh ter t han mos t o t her d r i v e  un i t s a nd a re  h i g h l y
des i rable for AFARE subsystems in tha t they burn multiple fuels.
They can therefore use the same fuel for burning as is be i ng
dispensed by the syst ’—I11 . These type units are used in helicopter
auxi l iary power units (APU ’s) and work satisfactoril y in the
arc tic. App lica tions for the fue l dispensin g systems , however ,
have not been developed and therefo,e have not been tested in
the arctic. Fur ther di scussion on gas turbine engines is pre-
sented later in this chapter.

Elec tric motor use at -60°F is reported to be somewhat undesirable
due apparen t ly to moist ure freezing in the mechanism on the next
start up. These motors need an electrical power source.

• Fue l Filter/Separator Units

U.S. Army personnel in Alaska stated that they experienced no
operational problems with the 350 GPM fue l filter/separator
(F/S) units at temperatures of -60°F. Those operators , however ,
had not tested the fue l quality before and after passing it
throug h the units and the fue l presumably has been quite clean.
The operators stated , howeve r , that the F/S equi pment must be
carefully maintained , that they prefer field maintainable filter
elements over throw away elements , and that the larger F/S units
should be whee l -mounted for ease in positioning i n  the f i e l d
when full. References listed in I tem No. 7, Appendix 2 regard i ng
arctic testing in 1 967 of the 350 GPM F/S down to -56°F and the

- 
- 50 GPM F/S down to -50°F stated that the units were considered

~~~~~~~~~~~~~

. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_  

T .~~~~
- -5--- ~~~~~

5-
- -5-- — — .5--— 

~~~~~~~~ LV!jnr ~~~~~~~~~~~~~~ - .  !~~~~~~~~~ -~~~~~~~~--~~~ 
-
~~~~~~ 

-
~~ --~ -

. 5-5-5-—5-5-~ .~~~~~-



_ _  _ _ _ _ _  _ _ _ _--

suitable for U.S. Army use in an arctic winter environment
prov i ded a heated area was made available to period i cal l y
thaw accumulated ice. These units passed only fue l meeting
the requirement of MIL F - 890lA at the above low temperatures.
MER.ADCOM after years of research wi th F/S units , however , states
emphatic all y tha t the current F/S equipment in the arctic is
not designed to operate at temperatures of -60°F and that this
equ i pmen t at those low temperatures in fact does not effectively
fi lter unclean fuels. MERADCOM states that satisfactory F/S
units must be developed for arctic fuel dispensing equipment
systems .

• Hoses

Current collapsible discharge hoses are unsa tisfactory at -60°F
in that they become brittle and crack .  The short suction hose
lengths (these have reinforced construction) are satisfactory.

There are current off-the-shelf arctic hoses (e.g., Goodyear
Flexwing) that according to the manufacturers remain flexible
at -60°F and can be rolled up on a reel. They wi l l  not collapse ,
however. These non-collapsible hoses are produced in diameter up
to four inches. Production of collapsible hoses up to four inches
in diameter had been done at one time on a special order basis by
Goodyear for the Alaska pipeline project , according to one equipmen t
supplier in Fa i rbanks , Alaska . In any case , minimum lengths (at
least) of flexible hoses of appropriate material must be available
in the portion of the fuel discharge hosing or piping close to the
nozzles to enable fueling nozzles to be raised to the refueling
ports on the vehicles at -60°F .

• Seals and Gaskets

The standard Army seals and gaskets are unsatisfactory at -60°F.
They take on a permanent set when the systems are assemb l ed at
those temperatures and the slightest component movement often
causes leakage. There are some commercial seals available
under the commercial names Viton , Teflon , and Buna-N which re-
ported l y are satisfactory in extreme l y cold temperatures. Phos-
phonitr il ic fluoroelastome r , a semi-inorganic rubber (by Firestone) ,
also appears well suited for these uses.

• Connections

The Army uses cam-lock quick disconnect connections which are
very satisfactory, particularl y for use by personne l wearing
heavy arc t ic clo th i ng and mit t ens .

60
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• Metering Systems

Information is lacking on the availability of meters in the Army
inventory which wi l l  work adequatel y and accuratel y in the fue l
dispensing systems at -60°F temperatures. A commercial fuel
oil distributor in Delta Junction , Al aska , however , states that

I the Brodie flow meters (measuring 65-200 GPM) in his system
exposed to temperatures be l ow -60°F have worked without problems

I for years. He used fuel oil level ind i cators with mechanica l
linkages to measure stored quantities in his fixed tanks. It
appears reasonabl~

j to assume that satisfactory flow metering can
be accomplished with current equipment if metering in new systems

I is des i red .

• Pi peline Fittings and Accessories

I There are no problems with gate va l ves in current system s nor
with other fittings and connectors. The number of connections ,
and therefore potential leakage points , mus t be kept to a minimum.

• Nozzl es

Problems with leakage in nozzles at -60°F is f a i r l y extensive.
Ope rators keep spares wa rm and trade-off wi th those in use.
Closed circuit nozzles are best but are not generall y in use for
the lig h t helicopters. Arctic seals and diaphragms in nozzles
are not available ye t, however , OPW supplies nozzles with teflon
seals for the swivel connections of those nozzles , and this
alleviates some of the problems.

- • Collapsible Fue l Storage Containers

Rugg ed te r r a i n , large trees , and poo r p ilot vi s i b i l i t y  from ice
fog and from whi r l i n g  snow caused by helicopter downwash on
landing approaches make it desirable for the 500 gallon fuel

-- dr ums being ai r l i f t e d  forward to resupply the AFARE ’s to be
flexible to avoid rupture on fairl y hard touchdown . However,

- - curre nt 500 gallon collapsible drums are unsatisfactory at —60° F,
- for they crack at -40°F to -50°F. They are not vented and will

not collapse fully at -60°F . The 10 .000 gallon collapsible tanks .
if in place and opera tional at -6O~F , will  operate satisfa ctoril y.
At -60°F , the Army canno t , however , take fo lded up 10,000 gallon

- collapsible tanks to a sit e , unfold them for use , and refold and
- 

- 
move them to new sites when the tank ma terial has not been warmed
up. Withou t warming the tanks , they become too brittle and crack.

• 4 • Work ing with Helico p ters

Helicopters gene rate a great dea l of static electricity from the
- whirling blade s when land i ng in extreme dry cold. Additionall y,

the blade downwash raises the wind chill factor greatly for per-

61
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sonnel underneath. Hence , all helicopters are shutdown before
refueling for safe ty considerations in the extreme cold. With
the engines shutdown , exhaust heat cannot be obtained from
helicopters for start-up energy sources as would be possible for
wheeled vehicles. Helic opters also do not have mechanica l power
take-off capability as do some of the tactica l wheeled vehicles.

With regard to customizing vehicles for refueling, attack hel l—
copters and u t i l i t y  helicopters are heavily loaded with extra
survival gear for the crew in extremely cold temperatures.
The re fo re , to attach components of fue l dispensing system s to
helicopters as installed accessories would require redesign of
the helicopters , resulting in large added development costs.

• Personnel Issues

I t is axiomatic that the first priority the Army establishes in
ope rations in extreme cold is for t roops to establish warm shelters
i mmediately in any l oca tion where they are not moving while per-
forming their opera tions. Five-man or ten-ma n arctic tents and
Yukon stoves are standard equi pment for arctic shelters. Accord-
ingl y, should Army doctrine require that all AFARE ’s and AFSSP ’ s
deployed for operations be manned at all time s, warm personnel
shelters wi l l  be available for protecting batteries and other
components which would become ineffec tive when not in active
use. This could be an alternative consideration to providing
batteries and other components which w i l l  remain fully effective
at temperatures down to -60°F .

With regard to work ing  in the extreme cold , operators and main—
• tenance personnel take three to fou r times longer to perform

ope r a t i o n s  a t  -60°F than at norma l temperatures. Furthermore ,
petrole un arctic nittens are not currently available for -60°F
temperatures , and they are vi t a l l y needed .

• Transpo r ta b i l i t y  I s s ues

Inasm uch as m i l i t a r y  ope rations may be in areas withou t roads
and i n  deep snow , operation s n-may have to be conducted by per-
sonnel using snow shoes , sk i s , and helicopters. AFARE equipment
and fue l resuppl y dr ums must be transportable by helicopters.

I n  add i t ion , due to limited roads in the arctic , AFSSP ’ s must  be
air transpor table to requi red locations and must be capable of
receiving bulk resupply by air (as well as from othe r means at
other locations having road and rail networks).

‘
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• Tactica l Vu ln erabi l it y Issues

Tactica l security for the current Army fuel dispensing systems
is obtained princ i pall y by pa s s ive  measures .  These i n c l u d e
dispersion and camouflage of the operating supp l y points whenever

I possible. In the arc tic , some of the components are painted in
the standard alternating white and olive drab irregular patterns.
Camouflage nets are also used . Dispersion and camouflage of

I AFSSP l ocations should be somewhat easier inasmuch as direct
helicopter refueling operations would be minimized and these
points would probabl y be more fixed than AFARE ’s. Such passive

I 
protective measures would be somewha t ineffective for AFARE ’s
since their genera l locations would be disclosed by continuous
helicopter refueling operations during heig htened military activity.
It would appear tha t AFARE ’ S would have to be relocated frequently
in  forward areas for secur i t y  from energy countermeasures .

There appears to be no protec t or ~o r these fue l d i s p e n s i n g
- systems from detection by inf , ~ed (IR) radiation equipment or

by the no i se that the pump dr i~~ equi pment qenerates in operation .
Security from direct ememy attack and from pilferage c~ sabotage
would have to be performed by loca l security forces. There is
no protection for the systems from enemy exploding munitions
othe r than from dispersion and physica l barriers found in the
l oca l terrain features. Burial or digg ing in the components is
extremely di fficul t in the frozen conditions at low arctic temper-
atures .

- ‘ • Other 0p~ rationa l Considerations Usin g Current Technology

An additional cold weather problem i S  nozzle blowback. Excessive
fuel line pressures in the dispensing systems must be avoided
to prevent nozzle blowback in the operators hands when refueling
helicopters. Blowback may cause operators to spray fuel up at
the helicopter hoL exhaust parts and result in fire and explosion .

— Cold stiffened flexible fuel lines l eading to the nozzles corn—
- pound this problem.

- As for heating possibilit i es , much use is made of Herman-Ne l son portable
heaters to warm equipment for start-up. Swing fire portable heaters are
new i tems which have been tested in the arctic , are satisfactory, and
highl y regarded . Such equipment is very slow to start-up f rom cold soak
conditions.

W ith regards for alternative approaches , designs using compressed air and
exhaust energy sources must consider severe freeze up problems from water
vapor.

. A final prob l em is the static electric problem alluded to in the discussion
- 

- of hel i copters. Fuel dispen sing systems and vehicles be i ng refueled must- .  be g rou nded , and this is difficult in the winter extremes.

14 
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One can draw severa l conclusions given the present practices in the
arctic. The current proposed AFARE concept is difficult to implement
for renmote operation . Furthermore , eiastomeric s pose a severe prob l em.
On the other hand , gas-turbine pump drives offer a great dea l of promise ,
and 200 and 600 GPM pumps appear feasible for AFARE and AFSSP respectivel y.

I 
4.3 GAS TURBINE ENGINES FOR PUMP DRIVES

I In view of the promise of gas tu rb i ne e n g i n es , Ar thur D. Li t t l e , I n c .
conducted a research of the availab i l i t y  and pe rformance of suitable gas
turbine eng ines (GTE) to serve as prime movers for the arctic fuel dis-

I pensing systems . GTE ’ s made by Solar Turbines Internationa l and by The
Garrett Corpo ration were investigated and descriptions and specifica tions
are attached as A ppendix 3.

4 1 Applicable units investi gated were:

AFSSP (600 GPM pump) - Solar Titan 1-32 , 150 HP
Garrett GTP 36-51 , 75 HP

AFARE (200 GPM pump ) - Solar Gemini , 27 HP
Garrett GTP 30-67, 32 HP

Additionally there appears to be a 47 HP version of the Solar Gemini and
a 42 HP version of the Garrett GTP 30-67. The ma jor  concl us ions  f o l l o w :

Except for the Garrett GTP 36-51 , which has been in tegrated for a proto-
type with a pump , these units are all used currentl y with a generator

- 
or an alternator as portable electric power plants. The Ga rrett GTP
36-51 has optiona l gearboxes which can supply a variety of output shaft
speeds for integration with a pump . The Garrett GIP 30-67 has an op—

1 tlona l gearbox for a 3600 RPM output which mi g h t be suitable. The Sol a r
I 

Gemin i drives a 3600 RPM generator in one version , and therefore , a

• gearbox is available at that speed . The Solar Titan output speed , however ,
— i s  e v i d e n t l y 6,000 RPM , w h i c h  may be h i gh for convenient in tegration with

suitable pumps.

Sma l l  quantity prices are estimated to be:

.. Solar Gemin i with 3600 RPM g en e r a t o r  - $60,000 - $70,000
Solar Titan without generator or gearbox - $20,000 - $25,000

• Garrett GTP 36-51 , turbine and gearbox - $25,000
Ga rrett GTP 30—67, turbine alone - $23 ,000 - $24,000

The sizes of the units are shown on the specification sheets in Appendix
3. Weights range from 89 lbs. to 900 lbs., the upper end inc l uding con-
siderable generating hardware. For the single case where th~ turbine and
gearbox alone are shown , i.e., the Garrett GIP 36-51 , this comb i nation
has a weig ht of 370 lbs.
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All of these units have an electric starter which operates from a 24 VDC
battery supp ly (e.g. ,  two 45 amp-hour ba t te r ies  in se r ies ) .  The GTE ’ s
have al l been tested and/or qualified for starting at temperatures between
—65°F and +130°F . The Solar units cite a 30-second start throughout this
temperature range . For operations at -60°F, the batteries should be the
type tha t wi l l  be fully functiona l at those low temperatures . (Batteries
for cold weathe r ope rations are discussed in Chapter 6. An alternate
starting system using pressurized dry nitrogen and an air starting motor
for the GTE’s is also discussed in Chapter 6.)

All of the above gas turbine eng ines can operate on all four of the fuels
of interest in arctic operations , however , leaded gasoline should not be
used if possible or used only in case of emergency due to i ts  corros ive
effect on the turbines.

Air-cooled diesel eng ines of the sizes required for these applica tions
are also readil y ava i l ab l e  and these , as well as others , were eva l uated .
A comparison of the various engines are presented in the first phase
eva l uation , Chapter 5.

4.4 SOLID PROPELLENTS AND ACCU MULATORS

One of the alternative arctic fuel dispensing system configurations
developed during this stud y was the rep lacement of the conventiona l pump
and pump drive units with a system i nvolving the generation of a com-
pressed gas by i gnition of a solid prope llent. This compressed gas would
pump fue l by means of a set of accumulators. A sketch of such a system
is shown on Figure 4-1 . There would be severa l fuel accumulators so
that the empty ones would be recharged with fuel from the storage tanks
as fue l was being pumped out of others during dispensing operations.
Some initial research was conducted for this t ype of alterna tive to
assess its feasibility. Investigation of solid propellents to generate
compressed gas for this dispensing scenario revea l ed tha t such prope l Tents
are ava i l ab le  for p roducing non-toxic gases. Atlan tic Research Corpora-

— 
t ion (ARC ), Gainsv i l le , V i r g i n i a , is one manufacturer. These prope llents
have been produced for use in passive restraint dev i ces for the automobile
industry. Principa l gases produced by one type of propel lent are water ,
carbon dioxide , and oxygen (another type not made by ARC is available
which does not generate water). The major solid component of the type

- - 
prope llent i nvestigated is potassium chloride and all chemicals used in
making the prope l Tents are readily available.

As a rough examp le of materials and equipment required for this compressed
gas/accumulator system , we will use a requirement to dispens€. 100 gallons
of fue l at a pressure of 150 psi 9 as our base. This will  produce the
requ i red head of about 350 feet for AFARE. We are assuming that carbon
dioxide and oxygen are available as working fl uids since water will con—
dense out at low arctic temperatures. This mixture would be 76~ carbo n
dioxide and 24~ oxygen.
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Referrin g to the s/stein -,hown in Figure 4-1 the gas generator cartrid ge
would operate at about 2 ,000 psi and would pressurize a 2.5 cubic feet
gas  accumulator volume up to 200 psiq . Gas would be bled from the gas
accumulator and regulated to 150 psi q to displace fuel from the fue l
accumulator. Abou t 18 lbs of gas ar c requ i red to do this and this gas
weight would be p roduced by a prope llent mass of about 51 lbs. The pro-
p e l l e nt would  be i n t he form of a solid cylinder about 5 inches in
d i a me te r  a nd 47 inches long. It would be wrapped with an inhibit or so
tha t it would burn on one end like a cigarette. At -60°F , it would
burn abou t 54 seconds. Thus , two such gas generators would have to
operate at all tim e s to produce an average flow of fue l of 200 GPM.
Presumabl y, this could be achieved by four or more para l lel gas accumulator !
fuel accumulator systems arranged so that at least two were pumping at
all times while the others were fi l l i n g  with fuel and being recharged
with prope ll ent cartridges. In suf icient quantities , the propellent
cartridges are estima ted to cost about $150 and the percussion i gniters
about $1. Since each cartridge pumps 100 gallons of fue l , the pump ing
cost per gallon is $1 .50. An advantage to this pump ing system is tha t
the energy source is independent of the fue l being dispensed by the
system and solid prope l lents have been developed by industry.

Thoug h the use of compressed gas generated by burning solid prope l lents
to pump fuel from an AFARE or AFSSP system appears feasible , there
appea r to be severe penalties associated with the planned use of this
system. First , the pumping costs are very hi gh. Second , the develop-
ment time and costs may be hi gh in  the areas of solid prope l lent ignition
procedures for arctic field use, fue l transfer procedures from the stor-
age tanks to the fuel accumulators , gas cooling procedures in the gas
accumulator following in i t i a l  generation , gas scrubbing procedures to

- -  remove combustion particles after i c inition , and possibly compressed
gas/liquid fuel separation p rocedures before the fuel enters vehicle
fuel tanks. Third , the system may be virtually impossible to design
for effective automatic , unattended operation. Fourth , component main-
tenance requ i rements may be excessive and costl y, particularly for the
gas scrubbing/gas accumulator equ i pment. Fif th , the large numbers of
components may penalize the system in meeting system vo l ume and weight
criteria. Sixth , the system would require machinery to load the solid
prope llent cartrid ges at rates of two per minute or would require quick
manua l reaction by operating personnel , all of which lowers the system
reliability. The evalua tion of the system is presented in the next
chapter.

1.
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CHAPTER 5 - FIRST PHASE EVALUATION

5.1 INTRODUCT I ON

This chapter presents the results of the first phase evaluation of the
various alternatives tabulated in Chapter 3. The purposes of this pre-
liminary eva l uation were :

• to eliminate from further considerations those alternatives
that fall far short of fulfilling the mission objectives;

• to reduce the number of candidate systems to a much smaller
set on which a more detailed evaluation can be carried out;

• to discover the eva l uation criteria with high discriminatory
power and to eliminate criteria tha t do not effectively dis-
criminate among alternatives;

• to find out where more research and analysis must be carried
out to gather more information or to refine the comparison
methodology so tha t the next eva l uation phase can be carried
out.

In the preliminary eva l uation it was i mportant to recognize concepts whose
performance is high , even though their development risks , after an initial
examination , appeared also to be high. An example of such a system was
the baseline system proposed by MERADCOM (Alternative 1). Prior to a
systema tic eva l uation of all the alternatives , we qualitatively rated the
baseline system with respect to the initial set of attributes . The vari-
ant considered has a gas turbine drive and a centrifuga l pump . The
qualitative evaluation presented in Section 5.2 demonstrated severa l
things. First , it deomonstrated the i mportance of development risk;
second , it demonstrated that the baseline system had excellent potential;
and third , it emp has ized  the i mpor ta nce of a f l e x i b l e  and easy to use
system.

After the preliminary eva l uation of the baseline system , a l l  of the i n i t i a l
candidate systems were systematically evaluated . When alternatives that
fall far short of mission performance requ i rements were eliminated , the
onl y alternatives left were variations of the baseline system . Various
opt ions included hosing, type of drive (gas turbine or diesel) existence
of a shel te r , and type of starting system .
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The organization of the chapter is as follows : Section 5.2 presents the
preliminary evaluation of the baseline system , Sec t ion 5.3 p resen ts the
steps in the eva l uation , Section 5.4 presents the attribute refinement ,
Section 5.5 presents the decomposition of alternatives , and Section 5.6
presents the scoring methodo l ogy. In Section 5.7 the scoring results
are presented along with the alternatives selected by the eva l uation pro-
cedure.

5.2 PRELIMINARY EVALUAT i-jN OF STANDARD BASELINE SYSTEM

In this section we present a preliminary evaluation of the attributes
of the baseline system . The subalternative considered is a centrifuga l
pump with a gas turbine drive. The othe r subsystems will result in
similar eva l uations for many of the attributes. The sample eva l uation
be low is geared for the AFARE system. AFSSP eva l uation will be similar.

A system concept diagram of the concept is depicted below:

FIGURE 5-1

DIAGRAM OF CONCEPT 1 FOR AFARE WITH CENTRIFUGAL PUMP
AND GAS T U R B I N E  E N G I N E

Tank 1 _______ _______ _______

iTa~~~
J

1L 
~~~~jConnector ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:~~~~~~~~~~
:::

~~~~~

Each of the components of the system is depicted by a box with the name
of the component within the box. Reliability or availability of the
sys tem can the n be ca lc u la ted in terms of the rel i ab i l i ty and a v a i l a b i l i t y
of each of the individua l components.

~
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The eva l uation of each of the attributes is evaluated as follows :

I. Performance

• Capability of meeting requirements - h i gh
• Fill i n g  rates - 200 ( G P M )

• System turnaround speed for fuel off- laoding - fast
• System turnaround speed for refuel ing - fast
• Fuel f l e x i b i l i ty - hi gh

2. Availability - R e l i a b i l i ty

• Nozzl es - Close to 1
• Hoses - availability of 0.9 - hoses are more ~u1nerab le

when the system is idle and the fuel is not flowing throug h
i t

• F i l t e r  - Moderate
• Pump - a v a i l a b i l i t y  and re l i a b i l i t y  is moderate to high

• Tanks - availability and rel i a b i l i t y  is moderate to high

3. Development Risk

• Probability of i mp l ementation using current techno l ogies
w i t h i n
- 1982 - low
- 1985 - moderate
- 1988 - moderate to high

• Probability of developing components within time period :

a. Hoses - high
b. Filter - moderate
c. Pump and Drive - hi gh
d. Seals - high
e. Drums - moderate
f .  Noz z l e s  - h ig h
g. Clothing — low

• Probability of imp l ementing i n t e g r a t e d  system assuming
components can be developed - high

• Variability of development costs for

a. Hoses - low
b. Filter separators - moderate
c. Pump and Drive - low
d.  Sea l s - low
e. Collapsible drums - low

• Dependence on undeveloped or hi gh cos t ma te r i a l s i s h i gh
I. to very high

4 
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4. Costs

• Annualized cost of capital by component - moderate for most
components

• Developmen t costs - hi gh
• Developmen t costs for integrated systems — low
• Operating costs

a. Fuel - low to moderate
b. Replacement parts - low
c. I nventory - low
d. Manpower to operate - low
e. Extra manpower for maintenance - not known at present

time

5. Flexibility and Ease of Use

• Size - small size , high score
• Weight - low weight , h i g h score
• Ease of operation - low down to -40°F , mode ra te to

difficult at tempera tures below this

• Set-up time - shor t , h i g h score
• Dismantling time - short , hig h scor e
• Terrain performance and on-site rfstrict ions — h i g h  score

for both rugged terrain and thick brush or timber
• Operational dependence on special tools , s k i l l s  - low score

because gas turbines require special tools and skills
• Transpor tab i l i t y  - hi gh scor e

6. Other Factors

• Safety - mode r a t e

• Security - low
• Vulnerability for 9 situations listed in LOA — high vulner —

ability and low score for each
• Environmental compatibility - low

• Maintenance time for system as a function of the individua l
components - moderate , system could require substantial
maintenance due to advanced collponents

• Main tenance frequency for system - moderate

The overall initial eva l uation of the system was that It would be f lex ib le ,
transportable , easy to use , and have good performance specifications.
However , in the initial anal ysis , it appeared that the system would
require substantial techno l og i ca l advancement and the results of this
woul d pose reliability issues for operation in the temperature range
desired by the Army . Consequentl y, it appeared tha t the system would
have serious drawbacks in the areas of reliability and deve l opment costs.
It was also clear , however , that the system would be eva l uated in the
second stage of scoring.

4: ~~.::i~ ~~~~~~~~~~~ ~-~I~::: 
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Having performed onl y a preliminary evaluation of the system , it was not
clear whether the development risk issue would , in the final anal ysh ,
be a severe detriment to the rating of the system. Hence , research on
fuel supply systems was directed at some of the development risk issues
posed by this initial eva l uation. In later stages of evaluation the
development risk issue was not as serious as orig inally charged and
additiona l research also showed that the re l i a b i l i t y  issue was also not
a serious issue. However , the evaluation did show (1) which areas future
research should be directed and (2) the potential of the baseline system.

5.3 STEPS IN EVALUATION PROCEDURE

The overall evaluation procedure evaluated the competing systems in each
of the various attributes. The steps in the procedure were as follows:

• Consolidation of system attributes into categories that
can be estimated in a first pass eva l uation

• Decomposing the rating into severa l categories. For
examp le , base systems were rated separatel y from pumps
and h o s i n g  sys tems

• Evaluating each alternat ive and component choice for
each attribute , with an absolute score that can be added
to scores for other attributes

• Totalling scores for each scenario

Each of these principles is described in the following sections and the
resulting ana l ysis is presented in the fina l section.

5. 14 C O N S O L I D A T I O N OF A T T R I B U T E S

The list of attributes presented in Chapter 2 includes all possible sys-
tem characteristics that we could conceive as relevant to MERADCOM . In
the first phase of the evaluation , however , not all of these attribu tes
were absolute requirements of the systen and could be eliminated for the
purposes of evaluation . In othe r words , if the system did not receive
an adequate rat ing for the a t t r i bu tes , it could not possibl y be considered
for further evaluation . As a result , those attributes which were just
minimum requ i rements were omitted from the analysi s since each system
by design would meet these requirements. Other attributes were Judged
to be superfluous. For examp le , tran spcr t abi l it y was omitted and was
judged to be totally a function of size and weig ht. Other attributes
were aggregated with others to simplif y scoring.

Those attributes eliminated because they were either superfluous or minimum
requirements for the system included :

• Capability of meeting system requirements
• Variability of development cost
• Transportability
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In addition the following aggregations were performed to simplif y scoring
and to reflect the fact that only a certain leve l of detail could be
obtained in the first phase evalua tion .

• Probability of system being available and successfully
func tiona l (i.e., r e l i a b i l i ty) at various temperatures
was s i mp l i f i e d  to r e l i a b i l i ty at -60°F and -20°F as the

• o thers were jud ged to be superfluous.

• Imp l emen tation probability using current technology was
aggrega ted in a sing l e  r a t i n g  fo r  a l l  phases

• Probabili ty of developing components was aggregated into
a single index.

• Developme nt costs were aggregated for all  the components
and the integrated system.

• Operating costs for the rep lacemen t parts inventory and
extra manpower for maintenance was aggregated into other
opera ting costs.

• Operationa l and maintenance dependence on special tools
and skills was aggregated into a single special tools and
sk i l l s  dependence fac tor .

Thus , the f i n a l l i s t of attribu tes utilized in the first phase eva l uation
consisted of:

0ff-loading speed
Response capability
-60°F Re l i a b i l i t y
—20°F Rel i a b i l i t y
Lifetime
Imple mentation Probability Using C urrent Techno l ogy
Fuel Fl e x i b i l i t y
Probabili ty of Develop ing Componen ts
Probability of Integrating System
Dependence on Hig h Cost Ma terial
Cap i tal Cost
Develop ient Cost
Fuel Cos t
Manpowe r Costs
Other Ope rating Costs
Size

— Weig ht
Ease of Ope ration
Se t-up and Dismantling Time
Rough Terra i n Performance
Dependence on Special Tools and Skil l s
A b i l i ty to Stand Alone
Safety
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Secu r i tv
Vulnerability
Env i ronmenta l Compa t i b i i t y
Ma in t e n a n c e  Ti me
Main tenance Frequency

5.5 D E C O M P O S I T I O N  OF A L T E R N A T I V E S

As noted in Chapter 3, t he re  were severa l concepts proposed for both
AFARE and AFSSP . I n  a d d i t ion , there were severa l component variations
of these. Starting from the orig inal list of scenarios and considering
variations where appropriate ,2 we noted the follow i ng range of scenarios :

16 Base Scenarios for A FARE
- ‘ 21 Base Scenarios for AFSSP

14 Pump P o s s i b i l i t i e s
5 Pump Drive Pos s i b i l i ties
6 H o s i n g  Al ternatives
2 Storage Tan k Alternatives

The number of comb i nations of these cho i ces was a very large number. For
example , the numbe r of AFSSP scenarios was 21 x 4 x 5 x 6 x 2 5040.
As i t was infeasible to separately eva l uate all of these alternatives ,
we decided to decompose the eva l uation into base scenarios , pumps , pump
drives , hosing alternatives and tank alternatives. That is , we rated
each pump drive separately, each base scenario separatel y, and so forth.

This approach is the onl y fea sible one under the circumstances; however ,
it should be noted that there were im p l i c i t  assumptions in this approach.
The key assumption was that the effects of each variation were additive
and independent. That is , for example , it was assumed the effect of a
diesel engine was the same for a system without an inflatable shelter as
for a system with an inflatable shelter. Although effects are additive

-
. i n  most cases , it was not always the case. For the example cited , a

she l ter was much more useful for a diesel engine system than for a gas
tu r b i n e  sys tem .

It was judged that the two phase scoring system would overcome this pro-
blem. For example , suppose the 21 base scenarios were reduced to 5, the
number of pu -r,s reduced to 1 , number of pump drives to 2, the number of
hosing alter natives to 2 and the number of storage tank alternatives to
2. This would leave a table of 40 complete scenarios (including all
combinat ions~ . It would be f e a s i b l e  to rate each of these s€~arate l y.
As a resul t of the decomposi tion approach , the results in this chapter
treat the base system and each of the components separately, where the
base sys te m s are assumed to be using (unless othe rwise specified) ~ gas

2 
For examp l e , we coun ted the separate variations of alternative two ,

but aggregated 2b and 2f . We also aggregated 3a and 3b.

-4 . 7,4
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turbine eng ine , centrifuga l pump, and flexible hosing. We also considered
variations on some of the ori gina l alternatives. For examp le , the in-
flatable she l ter was posed as a separate alternative for each type of
heater.

The candidate AFARE system include:

Standard or baseline
Con tinuous heater
Portable heater
Compressed Gas Magneto (gas start)
Othe r energy storage
Compressed air/gas accumulator
Inflatable shelter with continuous heater
Inflatable shelter wi th portabl e heater
Rigid shelte r with continuous heater
Rigid shelter wi th portable heater
Helicopter tanker
Rec i rculate
Components placed on vehicles
Microwave energy drive
Wind energy drive
Solar (for shelter heat only ) energy drive

The candidate AFSSP system include:

Standard or baseline
Con t in uous hea ter
Portable heater
Exhaus t heater from vehicles being refue l ed
Compressed gas magneto (gas start )
Other energy storage
Compressed air/gas accumula tor
Inflatable shel ter with continuous heate
Inflatable shelter with portable heater
Inflatable shelter exhaust heater from vehicl e being refueled
Ri gid she l ter with continuous heater
Rigid shelter with portable heater

• Rigid shelter exhaust heat from vehicles being refueled
Truck tanke r

- - Rec i rculate
Components placed on vehicles
Microwave  ene rgy  d r i v e
A tomic energy d r i v e
W i n d  energy  d r i v e
Solar energy drive
Take-off shaft from vehicles
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Both the AFARE and AFSSP system reflect all possible variations from the
first 9 alternatives l isted in Chapter 3. (The 10th variation is treated
as a storage tank a l t e r n a t i v e ) .

The pump alternatives include:

S c r o l l
Perista lt ic
Centr ifuga l
Positive Displace ment

The pump drive al ternat ives include:

Gas Turbine Drive
Gasoline
Diesel
Electrica l Motor
Double Gas Turbine

Note: The double gas turbine drive is an example of a redundant
componen t which we discussed in  Chapter 3.

The hosing alternatives include:

Advanced
Advanced Small Diameter
Economic
Economic Small Dia meter
Rigid
Ri gid Small Diameter

The storage tank alternatives include:

Collapsible Tanks -60°F
Ri g id Collaps ible Tanks

As noted in Chapters 3 and 4, there were some alternatives posed for
collapsible tanks and hoses. With regard to collapsible tanks the col-
lapsible feature was viewed as a characteristic that may not be feasible
with moderate developmen t and capital expenditures. For hoses , the
state-of-the- rt materials are also extremely expensive . The economic
alternative was envisioned as a future flexible collapsible hosing at a
substantially l ower cost than the current state-of-the-art. This , as
shown in  the scoring section , was not rated extremely well. However ,
as born out by field data research (Chapter 4) and elastomeri c research
(Chapter 6) some state-of-the-ar t alternatives such as Goodyear Flexwin g
are more moderatel y priced . This type of hos i ng is not collap sible and
was not considered directl y i n the first phase of scoring. When various
state-of-the-art materials were considered i n  the final eva l uation ,
specific alternatives such as Flexw ing were considered .

4 76

4 1 -

~~~~~~~~~~~~~~~~~ -:- :~~~



~ -
~~~~: 

—_-

5.6 SCORING METHODOLOGY

For each component alternative and each AFARE and AFSSP alternative , each
attribute was rated on a scale of 0 to 5. The results of this scoring
are presen ted in Table 5-1. Note that each score is onl y a relative
score. A 5 on one alternative may have a differen t implication than a
5 on ar-other alternative. In order to convert these relative scores
into an actua l comparative score , a transformation was then utilized .

For the relative scores , a 5 generall y represented the best among alter—
natives and in particular consistent wi th Army goals. A 1 represented
a relatively poor rating and a zero represented a serious deficiency.
For certain attributes all ratings were fairl y high , in which case there
were onl y minor degradations in actua l attribute performance. For examp le ,
all of the systems were reasonabl y good performers for manpower costs.

For various attributes the interpretation of the rela tive scores for the
alternatives are as follows : -

-

Off Loading Speed :

4 - Rapid off-loading
5 - No set up

Response C a p a b i l i t y

- Moderate delay in response
5 - No delay

(Items that slow response down include working outside , carry ing batteries ,
and heating up components.)

Reliability at any g iven temperature

- 50~ or less probability
5 - Almost surely works

Lifetime

4 - Less than two years life
5 - Two years or more

Imp l emen tation Probability

1 - Really not feasible with current techno l ogy
1+ - Current technology acceptable except for tanks
5 — Curren t techno l ogy totall y acceptable

Fuel Flexibility

- One fue l only
5 - Flexible
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Probab i l it y of Develo pi ng Components

0 - Extreme l y unlikely
2 - Not likely
5 - Very probable

Probability of integrating sys tem

T 1 - Severe interface problems
5 - Integration no problem

Dependence on Hi gh Cost Materials

1 - Great dependence on exotic or high cost ma terials
Li - Hoses and collapsible tanks are only issues
5 - Very li tt l e dependence on hi gh cost materials

Capital Costs (See Text)

- $100 ,000,000 for A FARE or approximately two orders of magnitude
larger than baseline for AFSSP .

5 - $2,000,000 for AFARE , no more than baseline for AFSSP

Developmen t Costs

- Significant Development
5 - None or little

Fuel Cos ts

2 - Thr ee ga l l o n s  pe r hou r fo r AFARE , 9 for  AFSSP
5 — Nothing in excess of the fue l being transferred

Manpower Costs

3 - Needs ded i cated manpower
5 - Can be unattended

Other Ope rating Costs

- A hi gh degree of operating cost
3 - Frequent inspection and moderate parts with 3 to Li ove rhau l s

per year

S i ze

- Rigid with some size problems
5 - No bi gger than standard baseline system

8k
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Wei ght

For AFARE
— I ,200 pounds or more

3 - A pprox imate ly 1 ,000 lbs.

a- 
- Sta’~hr d , abou t 900 pounds

5 - Nothing

For AFSSP
I - Signific a ntly heavier than baseline
4 - S flq h t l y heavier than b a - d i n e  on a percentage b asis
5 - Abo ut t he same as the b a s e l i ne , or we l l  w i t h i n  gu i d e l i nes

Ease of Opera t ion

-‘ 3 - Some di f f i c u l t y
5 - Easy

Set-up and Disman tling T i m e

1 — D i f f i c u l t
5 - None

Ro ug h Terrain Perfo rmance

3 - Some difficulty
5 - No degradation

Dependence on Special Tools and S k i l l s

- Specialized expertise required
5 - None required

A b i l i ty to Stand Alone

- M u s t be manned
3 - Attendence Preferred
5 - Can be left alone

Safe ty

- Some safety problems
5 - No unusua l prob lens

Security, Vulnerability

- Very “ulnerab le
3 - Sys tem somewha t vulnerable
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Env i ronn’en t .~ 1 Compat i b i l l  ty

3 - Can inf l ict env i ronmental damage

Maintenance Time , Frequency F
— Frequent or lenqthy ma int enanc c

5 - No unusua l requ i rements

Note tha t for some categories , the scales for AFARE and AFSSP are not
the same . For examp le , weight is more critical for AFARE and is mod ified
more si gnificantly by component variations. Rating scales for components
were rated on an analogous basis as the alternative systems .

The conversion of the relative scores into absolute scores was accomp lished
by means of a transformation table. The table of transformations is
presented in Table 5-2. In developing the transforma tions there were two
princ i p les emp loyed .

I . Non-linea r utili t y
2. Unequa l weights of attributes

The non-linearity of uti l i t y  is necessary to differenti ate between ac-
ceptable and unacceptable alternat ives. For example , in deve l oping capital
costs for AFARE , a 1 represented a cost of about 100 million dollars , a
3 represented a cost of about 10 million dollars , and a 5 represented
a cost of about 2 mi l lion dollars. T h i s  was based on a rough estimate
of 100 AFARE systems and 5,000 vehicles be i ng refueled . A helicopter
system , for example , would requ i re 100 helicopters at a cost of about
a million dollars a piece which would result in score of 1 . A more
inexpensive system would represent a score of 3 to 5. A helicopter
system is clearly unacceptable and we transformed a relative score of

• I to an absolute score of 0. On the other hand , we rated a score of
3 at 470, a score of 4 at 495, and a score of 5 at 500. With this type

• of scoring transformation , we reflected the fact tha t there is not a
great dea l of emp hasis on capital cost within a specific range (for
example , there is very li ttle difference between a 3 and a 5) but there
is a huge penalty for a large cap ital cost (1 results in a score of 0).
The other sources in the scoring table reflected the non-linear trans-
formation where necessary . A graph depict ing the transformation of
capita l costs is presented in Figure 5—2.

The other princ i ple in the scoring transformation was unequa l weights.
Attributes tha t were relatively i mportant showed a spread of 100, attri-
butes tha t were moderately i mportant showed a spread of 50 to 80, and
attributes that were not i mportant showed a scoring spread of 25 or less.
The scoring table indicates the relative importance of various attributes
as ascertained in our conversations with MERADCOM.
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In establishing the transformation values , conversa t ions wit h MERADCOM
staff were initiated to establish the rela tive importance of certain
qual ities. Levels of an attribute were rated as either essent ial , very
important , moderatel y i mportant , of minor i mportance , or of no importance.
Fo r examp le , high -60°F reliability was rated as very i mportant while
high -40°F reliab i lity was rated as essential.

The equation for total score was

S
i 

= ~ F .(X ..)

— whe re

S. tota l score for concept i
F , = transformation function for attribute i

X~ . = relative score of concept i for attribute 
~

5. 7 SCORING TOTALS, I NTERPRETAT I ON, AND CANDIDATES FOR FINAL EVALUT I ON

This fina l section presents the tabulated scores , ana l yzes and interprets
these sco res , and presents the candidates subsequently chosen for further
analysis. The interpretation was not simply a matter of choosing the
hi ghest scores in each category, but also included an analysis of feasible
comb i nations. Fo r examp le , could the highest scoring hosing alternative
be used with the highest scoring pump alternative? The analysis addressed
this and o the r i ssues.

The total scores for each scoring category are presented in Table 5-3 - 5-5.

The subsequent analysis was split into three steps :

I. Refinement and reevaluation using the in itial scoring systems .
2. A more detailed ana l ysis of the pump and hos i ng issue .
3. An appra i sal of the evaluated scores.

The first step, refinement and reevaluation was performed to account for
additiona l considerations tha t arose in discussions with MERADCOM per-
sonnel. The origina l scores are omitted from this report. The refine-
ments included :

I . On comparing systems utilizing heaters it was noted that
there would be some severe feasibility problems without
shelters. We therefore adjusted scores relating to
reliability of those systems utilizing heaters

4 89
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TABLE 5-3 — A FSSP SCORING

Alternativ e Score

Inflatable Shelter with Continuous Heater 2059

Inflatable Shelter with P’ rtab le Heater 2049

Inflatable Shelter with Exhaust Heater 2034

Rigid Shelter with Portable Heater 2024

Rigid Shelter with Continuous Heater 2014

Standard Baseline 2009

Comp ressed Gas Magneto (Gas Start) 2007.5

Rigid Shelter Exhaust from Vehicl e Refueled 1 999

Rec i rcul ating System 19814

Portable Heater 1963.5

Continuous Heater 1928.5
Truck Tanke r 1893

Wind Energy Drive 1892

Exhaust Heater from Vehicle Refue l ed 1891

Other Storage 1855

Solar Energy Drive 1 782

Compressed air/gas Accumulator 1735.5

Components Placed on Vehicles 1671.5

Take-off shaft from Vehicle 1629

Atom i~ Energy Drive 1061

Microwave Energy Drive 617

90
4

Ii
4 - -  - . . - .

~~~~~~~~~~~~~~~~~~

.

ii - 

~~~~
‘ ç

____ - —  — — — - -,--~~~~~~~ - —-- --- --- — — — - -- - - .-- -, --.— .-. . -. ______________



_____________________________________________ —7.- —-
~
---

~ 
.. -

~~~~~~~

TABLE 5-4 - AFARE SCORING

Alterna t ive Score

Inflatable Shelter with Portable Heater 2026.5

Standard Baseline 1 999

Inflatable She l ter with Continuous Heater 1999

Compressed gas/magneto (Gas Start) 1997.5

Recirculate 1969

Portable Heater 1938.5

Rigid Shelter with Portable Heater 1921.5

Continuous Heater 1916

Rig id Shelter w i t h  Continuous Heater 1894
Wind Energy Drive 1807

Other Energy Source 1802.5

So lar Energy Dr ive  1688
Compressed a i r /gas Accumulator 1682

Components Placed on Veh ic les  1 6 7 1 .5
Helicopter Tanke r 1251

Microwave Energy Drive 517

4 t I  91
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TABLE 5— 5

Pump Scor ing

A l ternat ive Score

Centr i fuga l 1 625
Posit ive Displacement 1577 .5
Scrol l 875
P e r i s t a lt i c  590

Drive Scoring

Gas Turbine 17 82.5
Diesel  1 635
Gasol ine 1615
E lect r ic  Motor 1597.5
Double Gas Turbine 1312.5

Hosing Scoring

Rigid Small Diameter 1318

Advanced Small Diameter 1314 .5

Rigid 1288

Advanced 1259.5
Ecomonic Small Diameter 11914 .5

Economic 11414.5

Tank Scori ng

Rigid 13314

Colla psible 12214.5
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As i result  of th is  adjustment , systems w ith heaters
and she l te rs  score better than systems w i t h  heaters

- -  
and no s he l te rs .

2. Due to MERADCOM ’ s concern w ith ope rat ing costs , we upgraded
the scale of these categories. (This particular change did
iot result in any changes in ra t I ngs . )

3. Some of the highest scoring systems included systems placing
components on vehicles or deriving power from take-off shafts
on the vehicle. In the initial analysis , these systems scored

— extremely well. However , after some discussion with MERADCOM ,
it was concluded tha t the capital cost for such a system would

• be prohibitively high. In order to implement such a system
every helicopter and vehicle in military i nven tory wou ld need
retrofitting, an extremely expensive proposition .

It is worthwhile to present some discussion concerning some systems that
were outstand i ng performers but extreme l y expensive. These systems in-
cluded tankers , ded i cated helicopters , systems with components on the
ref ueled veh i cl es , and systems deriving power from take-off shafts.
MERADCOM has des i red in the course of this stud y to recognize systems
that were outstand i ng performers despite the leve l of the cost. All of

• these systems named would fall into this classification . If the capita l
costs were not considered in the scoring, these systems would have placed
highest in total scores. There were , however , order of magnitude dif-
ferences between the cost of these systems and systems tha t were variants
of the standard baseline system . It is worth noting in the report ,
howeve r , how well these systems scored in othe r categories.

In formulating the final candidates for analysis , a separa te analys i s
was necessary to examine the issue of pumps and hosing. The first phase
evaluation analyzed systems and components as separate scoring problems .
In other words , it was assumed tha t the interaction of component based
systems was independent. Since this was not the case , it was necessary
to look at the combinations of the components and systems to determine
the feasibility. To some extent this analysis could be performed in the
fina l phase of the eva l uation but some issues had to be resolved pri or
to the formulation of the fina l candidates. The most important of these
issues was t1-ie compatibility of hoses and pumps. In particular , because
hosing systeris utilizing small diameters and hig h pressure scored very

• wel l , it was necessary to examine the issue of which comb i nation pump
and hosing type would be the most des i rable.

The followinq observations were made concerning the use of smaller diameter
pipes and ho’~ing .

. 4  93
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For the AFSSP:

-. (a) A reduction in pipe s i ze  f rom 6” to 4” wou ld raise the
pressure from 100 psi to around 600 psi. Furthe r
reduction of pipe size except for small sections would
be impract ica l .

(b) The higher pressure of this range of power leve l would
probably requ i re a piston type or positive displacement
pump . This would weigh somewhere in the range of 1500
lbs .or more. For comparison the centrifugal pump
required to produce 600 GPM at 100 psi weighs about 230
lbs. A gear pump also capable of 100 psi would weigh
about 800 lbs.

(c) The cost of the centrifuga l pump is $1200 to $1500. The
comparative positive displacement pumps would cost much
more.

For the AFARE :

(a) A reduction in pipe size from 2” to 1” results in an increase
in pressure from 150 psi to several thousand .

(b) If such a change were feas ib le , the system would requ ire
a piston pump with a weight of 1150 lbs . for 200 GPM
compared with the centrifugal pump which weighs 230 lbs.

(c) A pos i t i ve  displacement pump would again be extremely
expens ive . For the envisioned system , therefore , hoses
less than 2” in diameter are impract ical .

If pipe and hosing were not decreased in s i ze , and system pressure were
not increased , the fol lowing comparisons would appl y:

I-I

600 GPM ~ lOQ~~j. 200 GPM @ 150 psi

Centr i fuga l 230 lbs. 230 lbs.
Gear Approx . 800 lbs. 190 lbs.
Piston Approx.1500 lbs. 600 lbs .

1
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Since the positive d i— -ilacement pumps are more expensive , more subject
to wear and failure , and larger , then , as borne out by the scoring, centri-
fugal pumps would be superior and would be the cho i ce for all systems i n
the fina l eva l uation.

In view of the limitations of small diameter hosing it became apparent
tha t hosing would become an extremely critica l issue in the fina l costing
and evaluation. As noted previously, additiona l research into elasto-
merics became necessary. In the fina l eva l uation , of course , various
types of advanced state-of-the-art hosing were considered . (It should
also be noted that the design diameter for AFARE hosing, two inches ,
is not extremely large.)

The fina l step in the Phase I analysis was a subjective evaluation of
the scores. These eva l uations included the following observations ,
some of which have been noted above.

1. Aside from cap ital costs , gas turbines were clearly a
superior drive.

2. Centrifuga l pumps were judged to be the most desirable.

3. As noted above , hig h pressure hosing was ruled out because
of the pump imp lications. This left various types of
advanced hosing and rigid p ipes with flexible connections
as alternatives.

4. Both collapsible and non-collapsible tanks remain possible
cho i ces. Although collapsible tanks would be highly prefer-
abl e, there is clearly an issue of development risk.

With regard to the fourth conclusion , the collapsible tanks remain
anothe r serious development problem for the baseline systems . Collapsible
tanks may not be a feasible goa l for the design systems . Together with
hosing, the development issue for collapsible tank points out the re-
maining problems in elastomerics. Additiona l research on this subject
is presented in Chapter 6.

Because of the dom i nance of gas turbine over diesel eng i nes, we exa min ed
cost issues ~rior to posing the f ina l Phase II a l ternat ive .  A cost and
wei ght cc mpa- ison was performed as fo l lows :

Cost (S) S ize , I n 3 We i ght ( lbs . )

20 HP Gas Turbine 214 K 9K 89 (W ithout gearbox)
20 HP Dies e l 2K-31( 18K 300 - 400
50 HP Gas Turbine 25K 20K 370 (Wi th  gearbox )

200 (W ithout gearbox)
F - 50 HP Diese l  5K 40K 1 000
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The engine issue was also affected by the independent issue from ana l yz i ng
components and systems separate ly. Even though gas turbines were superior
to d iese~~ in severa l scoring categories , we had not answered in Phase 1
whethe r a ~ iesel engine would be su f f ic ient  to meet the design c r i te r ia

-- w i t h in  the base line systems posed in Phase 1. In other words , we were
not sure whether the gas turbine wou ld be any superior to diesel  w i th in
the systems posed as a l ternat ives.  Since the diesel  eng ine was so much
more econom ica l, we were ob ligated to incorporate the diesel engine
w i thin some of the Phase II a l ternat ives.

Wi th  rega rd to part icular base a l te rnat ives , we simply chose the highest
— scoring a l te rna t ives  for both AFARE and AFSSP. In res t r i c t i ng  ourselves

to one type of shelter , we noted that there was very l i t t l e  difference
in scoring between in f la table and ri gid shel ters.  Our conclus ion was

- that the best shelter concept would be some type of shelter tha t could
be read ily d ismant led and constructed , weigh very l i t t l e, and occupy

- .  very l i t t l e  space when transported . However , we wou ld consider a shelter
large enough to house an indi’,idua l , as th is is in l ine w i th  the inf latable
she lter concept. We cut off heaters without shelters as they are dom inated
by heaters w i th  she l ters.  As a result of these considerations we arr ived
at a f ina l set of a l te rna t i ves .

In examin ing the f inal  a l ternat ives the othe r outstand ing research issue
In addition to elastomerics was bat ter ies .  Severa l of the f inal alter-
natives would need some type of advanced battery and the availability
of these batteries were extremely important in the Phase II analysis.
The discussion of the research invo lved in th is issue is also presented
in Chapter 6.

- 
As the Phase I ana lys is  was being completed it was noted that the standard
base line system had a hi gh degree of potent ial .  it was f lex ib le  and
transportab le. The gas turbine eng ine was an excellent performe r , and ,
as ide f rom elastomerics , t he only rea l issue was In start ing. Use of
e ither advanced battery or a compressed gas and magneto system would be

‘1 suf f ic ient .  The overal l  desi gn m ight not be as rel iable as others such
as the continuousl y rec irculat ing system . For this reason , we posed an
add i t ional a l te rna t ive  which was the standard baseline system w i th  both
a comp ressed gas/magneto s tar t ing  system and an advanced battery. The
compressed gas would dr ive an a i r  motor to start t he gas turbine engine.
The redundancy in s tar t ing  might increase the re l i ab i l i t y  to a point
where such a system dom inated a l l  others.

Thus , t he f ina l a l te rnat ives  (for both AFARE and AFSSP) chosen for Phase
II analysis included :

1. A system with some type of co l laps ib le  shelter u t i l i z ing
a smal l  portable heater whenever the system is to be placed
i n operation . The system utilizes a diesel drive and a
centrifuga l pump. (All alternatives would utili ze a centri-
fugal pump.) The system would uti i i. ’~ an advanced bat tery
and therefore there was no adva ntage to us ing a gas turbine
engine rather than a diesel engine.
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2. A system w i t h  some type of col la ps ib le  shel ter and ei ther
an intermitten t or continuous heater. This system would
ut i l i ze  a d i esel eng in e and would not require advanced
batteries.

3. A continuously rec irculating system w i t h  a diesel eng ine.
Because of the high fue l consumption by a gas turbine
engine at idle , i t was judged that this system would
more appropriately use a diesel engir 1e.

4. (This al ternative was appropriate only for AFSSP.) A
system with some type of collapsible shelter and a heating
system based on the exhaust of the vehicles bei ng refueled .
This sys tem wo u ld re quire an adva nced ba ttery and wo u ld
thus be appropriate (as System 1 would be) only for a diesel
eng ine.

5. A system similar to System No. 2 but utilizing a gas turbine
engine. Because of the shelter , the sys tem wou ld not need

- 
advanced batteries .

6. The standard basel ine eys tem as suggested by MERADCOM. This
system would require some type of advanced battery. The
system would utilize a gas turbine eng i ne. A diesel engine
would not be appropriate because of cold weather starting
problems .

7. The compressed gas/magneto system with a gas turbine eng i ne.
- - The comp ressed gas sta rt wo u ld re p lace the batteries in System

No. 6. An example of a su i table compressed gas would be
bottled dry nitrogen compressed gas.

8. The standard baseline system with both a compressed gas!
mag neto sys tem and an adva nced ba ttery for red undacy in
starting.

In add i t ion to the above base s ys tem , we posed the fol lowin g varia t ions :

1. Ei ther collapsible or rigid tanks , and

2. Some type of state-of-the-art flexible hosing or ri gid tubes
• w ith flexible connections. Very small diameters would be

used only at the nozzle ends of the system.
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CHAPTER 6 - FINAL STATE-OF-THE-ART RESEARCH

1
6.1 INTRODUCTION

In eva l uating the fina l list of technica l alternatives , development risk
p lays an important role. In the f i r s t  phase eva luation , some of the
concepts requiring advanced development were e l iminated.  These included ,
for example , the accumulating compressor and the atomic and wind-powered
advanced energy storage devices. However , many of the remaining systems
require advanced development. As an example , the sheltered systems
requ i re some development on shelter design. Existing shelters inc l uded
both inflatable shelters as well as rigid shelters. A second area is
the development of compressed gas starters. The ,echnology has been
developed , but some additiona l development is requ i red for a rc t i c  fue l
resupply systems .

Of t he various areas for poss ib le  development , there are two areas of
particular interest. For both of these areas , the current state-of- the -
art indicates that appropriate products can be developed for the AFARE
and AFSSP systems but , in both cases the technology is new and expensive .
The two areas are those of advanced batteries (our name g iven to recently
developed batteries which essentially function normall y at very low
temperatures) capable of starting gas turbine engines at —60°F and
elastomerics for both flexible hosing and collapsible fuel tanks. Because
of the i mportance of these technolog ies in the performance of the A FARE
and AFSSP systems, sections on the state-of-the-art for the two areas
are presented in the rema i nder of this chapter. These two a reas , adva nced
batteries and elastomerics remain as the critica l areas of future deve l-
opment !n the p rocurement of the fina l AFARE and AFSSP systems .

6.2 ADVANCED BATTERIES

The most important characteristic of a battery for engine starting is a
capability for high rate discharge. This capability for different types
of batteries is conveniently demonstrated in the attached plot of specific
power versus specific energy shown in Figure 6-1. For very hig h ra te
d i schar ge , using a 0.1 hour rate as a guideline , onl y four systems qualif y-—
l ead-ac id , nickel-cadmium , nickel-zinc , and lithium- i norganic (thiony l
chloride). Of these the first three are rechargeable , the lithium battery
is a primary system . Also the nickel-zinc system , tho ugh ava i l ab l e  for
severa l years , is not an established technology and p robably should
not be considered in an application where hig h reliability is important.
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FIGURE 6-1

1 
PERFOR MANCE CAPAB ILITIES OF VARIOUS BATTERIES
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The behavior of lead-acid batteries as a function of temperature is given
in Figure 6-2. More specific information on the power capabilities at
very low tempe ratures would be dependent on cell design and configuration .
One point that is apparent from Figure 6-2, however , is that the lead-
acid battery would not meet the requirements of engine starting at -40°F
or below. The reason for this is the rapid increase in viscos i ty of the
el ec t rol yte , (See Figure 6-3) which i mpairs its circula tion in the pore
structure of the pla~es. This results in loca l freezing due to dilu tion
of the electrolyte on discharge. On this basis a lead-acid battery is
not suitable for this application unless some form of heating were in-
corporated in the design. (Note tha t there is capacity available at
-60°F at a low rate.)

The nickel-cadmium battery i s recogn i zed as one of the bes t syst ems for
low tempera tu re use , though very high rate operation at -60°F Is reachin g
to the limit of the capability of the system and does require a more
concentrated electrolyte than norma l . The available capacity at norma l
discharge and at the 0.1 hour rate are shown in Figures 6-4 and 6-5. At
the 0.1 hour rate the power density i5 approximately 20 m W/cm2. Some
“bootstrapp ing ” is possible in nickel-cadmium cells in which hi gh ra te
discharge raises the interna l temperature which in turn improves perform-
ance. The magnitude of this effect is dependent on cell design and duty
cycle. The therma l conductivity and therma l mass of the cell are more
favorable for nickel—cadmium than they are for lead-acid ,

Li th ium-th ionyl chloride primary cells are chosen for low temperature
duties mainl y because they can deliv e r 1e0~ of thei r norma l temperature
capacity at -60°F (See Figure 6-6). Their peak power density, however ,

-. falls from 250 m W/cm2 at -60°F. “his means some 20,000 cm 2 of elec trode
surface to deliver I OOA which is not beyond current technology in fairl y
lar ge cells. For example , Altu s Corporation makes 500 Ahr cells that
ca n be d i scha rged a t b O A , and if 100 Ahr capacity is required at -60°F
then cells as large as 500 Ahr nom i na l might be requ i red . However, this
performance i s no t rea l l y superior to that of the nickel-cadm i um system
which offers the advantages of a secondary battery. Costs for the two

- -  systems are also comparable. Batteries are constructed with inter-cell
heating pads. Each is a custom design and their effectiveness depends
on frequency of use of the battery, time for recharge , duty cycle , extent
of insulation , etc.

• From our examination it would appear tha t a custom desi gnated nickel-
cadm i um battery would be the most appropriate power pack for operation
at -60°F and that appropriate batteries can be developed .

‘ I
6.3 ELASTOMERICS

The resu l ts  of Arthur D. L i t t l e ’ s searc h fnr info rmation on the low temper-
ature propertie s of e ’astomers re~~a ’ed that there is apparentl y l i t t le
information available on the subjec t of elastomers and rubbers useful
for fue l deli .ery systems under a rct i c  condit ions. What information is

I i available points out that elastomers tha t will function at extreme l y low
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FIGURE 6-2

RELATIVE CAPACITY OF LEAD-ACID STORAGE BATTERIES AT NORMAL AND
LOW TEMPERATURES

Percentage of Capacity
I Temperatures at 80°F, 20-Hr Rate

°C °F 20-Hr Rate 20-Mm Rate

1 27 80 100 46
15 60 90 39

40 77 31
- 7  20 63 24

I —18 0 49 16
-29 -20 35 9
-40 -40 21
-51 -60 9 --

FIGURE 6-3

EFFECT OF TEMPERATURE ON THE VISCOSITY OF SULFURIC ACID SOLUTIONS ,
AND THE LIMITATIONS IMPOSED BY FREEZ I NG PO I NTS
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FIC~RE 6-4

CAPACITY OF Ni-Cd POCKET CELLS AT DIFFERENT TEMPERATURES AND
DENSITIES OF ELECTROLYTE. End VOLTAGES: AT -40 and -30°C.

- 0.90 V : at 20°C 0.95. V: at 0 and +25°C. l.~’3 V. Curve
a. density — 1.30 g/ml : Curve b. densit y — 1.19 g/ml

I I 1 1 I I I I I

—60 —~~i0 —40 -30  —~~ O — 10  0 + 00  +20 .30 +40
TemI’era Iu,C . C

FIGURE 6-5

CAPACITY OF HIGH-RATE N i-Cd CELLS AT DIFFERENT TEMPERATURES AND
LOADS TO A FINAL VOLTAGE OF 0.80 V. DENSITY OF THE ELECTROLYTE
1.21 g/ml. DISCHARGE RATES. CURVE a. 0.1 XCA : DISCHARGE RATES.
CURV E b. 0.25 CA: DISCHARGE RATES. CURVE c. 0.5 CA: DISCHARGE

- RATES. CURVE d. 1.0 x CA: DISCHARGE RATES CURVE e. 2 . O X C A . C  —
RATED CAPACITY
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FIGURE 6-6

I
DISCHARGE OF L i /SOC L2 : l . 8 M LIALCL 4/C CELLS

AT VARIOUS TEMPERATURES
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temperatures either do not possess adequate p h’1si c al st re nq ths or do not
possess adequate fuel res istance for long ter ’ use i n  t h e  intended ap-
plication . The results of Arthur D. L i t t l e ’ s research and possible
solutions for t h i s  app lication follow. Some po du~ t~ are available now
(or may become available shortl y) that may he appro~’r iate 

1or the pur-
poses of this mission ,

Information on the low temperature properties and chemical resistance of
elastomeric materials have been summarized in Figur es 6-7 and 6-8. A
listing of other physical and mechanical properties of severa l elastomers
is shown in Figure 6-9. The followin g is a di scussion of some properties
of elastomers to be considered and a listing of some potentiall y useful
elastomers for materials in the arctic.

• Stiffness of Elastomers at -60°F

When rubbers are exposed to low temperatures , two major
effec ts occ ur , crystallization and transition into a g lass y
s~ate. Both effects lead to a large increase in stiffness
and a decrease in the usefulness of the rubber at the tempera-
ture at which these effects occur. Crystallat ion is a slow
p rocess and is dependent on the polyme r chain structure. The
glass transition temperature (T ) is rate dependent. Under
rapid cycling or cooling the ~~ can be raised considerabl y.
The Tg is also dependent on the polyme r chain structure ,
compound composition and the incorporation of plasticizers.
On prolonged storage at low temperatures above the I or upon
slow cool ing, certain rubbery materials stiffen due g to
crystallization .

A useful method for determing the useable low temperature
limits of an elastomeric material is the low temperature
stiffening point as measured by ASTM D 1 053. This test
method measures the stiffness of a rubber strip upon the
application of an angular torque. In this manner the torsiona l
modulus versus temperature is determined . For most elastomers, a
point Is reached where the modu lus rises rap idly with decreases In
temperature. A practica l l i m i t  has been defined a~ the point where
the modulus reaches about 70 kM/sq. m (10 ,000 psi) or the T
value , or 100 kM/sq. m (14,500 psi) the T100 val ue (where.7 kM = 100,000 kilograms). An alternative approach Is to

.7 define the low temperature flexibility limit as the point
where the torsiona l modulus reaches 100 times the room tempera-
ture value or TR va lue.

The se val ues fo r a number of e las tomer ic mater i als whose T
70is greater than about -40°F are shown In Figure 6-7 In

descending order. From this data , the most useful elastomers .7

in terms of low temperature stiffness at -60°F or lower are
the first seven , with the best being the styrene , butad i ene ,
block copol yme r , thermoplastic , elastomers and the silicone and
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FIGURE 6—7

LOW TEMPERATURE STIFFNESS OF ELASTOMERS

• T~~ T
100 

TR
I Elastomer —40°F ~7~°F _~~~~~~~ °F °F Trade Names

Thermoplastic — 171 —110 —112 —99 Kraton.7 
(—98°F)

.7 Silicone — 171 —81 —85 —81 Silastic

Fluorosilicone — 711 —80 —81 —87 Silastic

Polyether Urethane - 1280 —74 —78 —81 Adiprene

Butadiene — 2133 —71 —74 —74 Diene

Polyester 1792 3001 — — — Hytrel

Chiorobuty l 213 3840 —63 —67 —60 Butyl

Butyl 241 7965 —60 —62 —60 Butyl

EPDM 213 8676 —60 —62 —62 Nordel

Natural Rubber 171 8534 —62 —63 —69 —

.7 Isoprene 270 12800 —60 —62 —65 —

Polysulfide 455 21334 —51 —53 —58 Thiokol LP

SBR 1422 — —36 —38 —78 —
.7 Chloroprene 2560 - —35 —36 —80 Neoprene

Nitroao 1707 — —36 —40 —35 —

Notes:

T
70 

— 70 kM/sq m (10 ,000 psi)

.7 
T100 —100 kM/sq m (14,500 psI)

—100 tIme s room temperature modulus

(4 I 105
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FIGURE 6—8

CHEMICAL RES I STANCE OF LOW TEMPERATURE ELASTOMER

Minimum Continuous Chemical Resistance
Elastomers Use Temperature °F Allphatics Aromatics Synlubes

Silicone —178 P—E P—E P—E

Polybutadiene —150 P P P—F

Fluorosilicone —90 E E E

Propylene Oxide —80 F P—F F—c

Epichlorohydrin —80 E VG F—c

Styrene Butadiene —75 P P P

EPDM —70 P—C P F—C

Natural —70 F P P—F

Thermoplastic —70 P P —

Polyurethane -‘65 E F-G P—C

Isoprene —60 P P P—F

Nit rile —60 E G F—C

Chloroprene —60 C F P

Chlorinated PE 60 E P P

Polynorbonene —60 P P G

Olefinic —60 F—C P

Copolyethe rester —60 G—E E E
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.7 fluorosi licone rubbers. Othe r potentially useful materials.7 (down to -60°F) include the urethane , butad iene , pol yester ,
chl o ro  but yl , butyl , EPDM , and natura l and synthetic natural
rubbers. The remaining material s will  be considerabl y stiffer
under low temperature use conditions.

• Chem i ca l Resistance of Rubber Materials

A numbe r of references were found that list the chem i ca l re-
sistance of variou s elastomers to aliphatic , aromatic and
synthetic lubricant materials. No data was found for the
chemical resistance of the elastomers to these materials at
low temperatures but generally the reaction is the same ,
onl y at greatly reduced rates . Figure 6-8 presents the
genera l chem i ca l resistance characteristics of severa l of
the useful low temperature elastomeric materials. Fuels
are considered to be aliphatic in chem i ca l nature .

On the basis of fuel resistance , the fluorosi licone and
epichlorohyd rin rubbers should receive prime consideration .
Other possibly acceptable materials inc l ude the silicone
pol yurethane , EPDM and n i trile rubbers.

• Othe r Rubber Materials for Consideration

Some other more exotic rubber materials do not appea r in eithe r
of Figures 6-7 and 6-8 above . This may be because they are
not in genera l use (because of hig h cost) or were not available
for testing at the time of publication of the reference mater-
ial from which these tables were formulated .

Some comments about these materials and others of interest
to MERADCOM are presented below .

• Epich lorohydrin Rubber

Epichloroh ydrin elastomers are noted for their resistance
to fuel , weathering, and heat , and their low temperature
fl exibility. There are two types of products produced by
the two manufacturers. B.F . Good r i ch produces H y d r l n 100
and Hydrin 200, wh i l e Herc u l es produces Herch lo r  H and
Herchlor C. In both cases the latter desi gnation Is the
copol ymer with ethylene ox i de , wh i ch possess the be tter
low temperature properties down to -40°F. However, the
homopo l ymer has the better oil and fue l resistance. The
copo l ymers can be compounded to retain flexibility as low
as -65°F.

(4 108 
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• Pol ysulfide Rubber

Polys u l f id e r ubbe rs , develo ped by Th i oko l Chem ica l
.7 

Corporation , are generally considered excellent for
solvent and fuel resistance. They can be formulated
to give a I of -104°F, but are normally found in
the —1 1 °F g to - 45°F range.

• Thermoplastic Elastomers

As noted in Figure 6-7 the the rmoplastic elastomers pro-
duced by Shell Chemica l and Phillips Petroleum under the
trade name Kraton have the l owest stiffness temperature
or torsiona l modulus of any of the elastomeric materials.

.7 However, their fuel resistance and physica l strength proper-
ties are not very good in comparison to other materials
noted in this report.

• Fluoros ilicone Elastomers

The fluorosil icone elastomers provide the best oil and
fuel resistance along with excellent low temperature
flexibility. The only drawback with their use Is poor
physical strength properties. They might be useful as
an inner fuel resistant liner combined with an outer
casing of higher physica l property attributes such as the
urethane or butadiene rubbe r materials.

• Car boxy Nitroso Rubber

Carboxy N itroso rubber (CNR) is a fluorocarbon elastome r
developed by Thioko l Corporation for aerospace applications.
Originall y developed for resistance to strong oxidizing
f ue l s  an d for  f l a me res i stance i n pu re oxygen , this material
has excellent oil and fue l resistance and unusually good
low temperature flexibility to -38°F unp las t ic i zed and down
to —54°F with plasticizers. In thin coatings over fiber-
g lass , CNR shows flexibility down to liquid Nitrogen
temperature.

• Pol yfl uorophosphazine (Phosphonitri lic Fluoroelastomer ) Rubber

Pol yfl uorophosphaz ine , an “inorganic rubber ” is being devel-
oped by Firestone Rubber Company . Mixing alkoxy substituents
into the material gives elastomers with low glass transition.7 temperatures . fluoro alkoxy substituents provide good
resistance to petroleum fluids while offering I ‘s down to
-90°F. Poly fl uoroa l koxyphosphazene (PFAP) can 9be compounded
to be serviceable down to -70°F w ith greater physica l proper-
ties than the onl y othe r oil-resistant low temperature
elas tomer, fl uorosilicone rubber.
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One spec i f ic type of elas tomer under the genera l class of
po ly fluoro phosphazine rubbers of considerable promise Is
phosphonitril ic fluoroelastomer (PNF). PNF has been worked

.7 wi th to try to develop compounds wh i ch could be fabricated
.7 In to collapsible hoses. Severa l formulations looked feasible ,

however , the good low temperature serv i ceability constraint
severely limited the number of reinforced agents. Only
relativel y lar ge par tic le s ize black such as FEF wou ld provide
good workability and low temperature flexibility.

Us ing an FEF black compound , it was demonstrated that large
l engths of both collapsible and suction hoses could be manu-
factured . These hoses showed good flexibility at -70°F. Further-
more, the hoses possessed ver y good d imens iona l sta b i l i ty and
physica l strength. Rathe r low tensile and tear strengths were
the major deficiencie s of these hoses. Low adhesion of tube
and cover to inner plies were caused primarily by the low tear
strength.

All trial hoses showed good fue l resistance. The fina l large
le ngths of hose showed adequa te vol ume swel ls  but high levels
of residue from the existent gum test. It appeared that consid-
erabl e amount s of f uel components we re p rese nt in the resid ue
alo ng with some low molecular weight PNF. It can be concluded
that mod i f ied PNF can be u sed fo r arc ti c fuel hose w it h ut i l i ty
at -70°F and will therefore meet the temperature requirements
of this study. Further studies are needed toward improv i ng
tensile and tear strengths and eliminating any low molecu lar
wei ght material in the pol ymer.

• Summary of Elastomeric Considerations

The genera l physica l, mechan i ca l and chemica l resistance proper-
ties of selected elastomeric materials are presented in Figures

‘I 6-9 in descending low temperature applicability. A brief des-
cription of the selected elastomeric classes in Figure 6-9 is
p rovided in Appendix 4.

Inasmuch as some e lastomers a t low tempera tures possess excellent
strength but poor fue l resistance and others have the opposite
qualities , it is conc ei vable that comb inat ions of mater ia ls could
p rovide the desired properties . The selection of highly fuel
res i s tant elas tomers as an in ner liner backed up by stronger ,
f lex ib le  elas tomers for the outer casing of f uel l in es should
work. We have been unable to discover any references combining
materials in this manner. Further work w it h phosphon ltrl l lc

.7 
fl uoroelastomers may produce a suitable material also .

Wi th regard to current off—the-shelf products , Firestone anti—
pates marketing PNF . The antici pated cost is $40 per pound . .7
Goodyea r ’s Flexw ing (whose composition is iot presently known to us)
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i~ $15 per foot for 2 inch diameter hose and is currentl y
.7 being used in the arctic. Both of these products can be

.7 used , but have certain d rawbacks such as hig h cos t and
wei ght and in the case of Flexw i ng no collapsibility. It
is antici pated that a suitable developmen t program could

-
~ improve upon these. Both of these are considered as

examples in the final evaluation .

- The other elastomeric issue is collapsible fue l tanks .
Commercial research on suitable materials for fabrication

.7 - -  
of collapsible tanks and drums for fuel storage at -60°F

.7 appears to be lacking. Current materials and products are
unsuitable for arctic use as intended by the Army and further

.7 research is required . PNF may be a possibility though its
tear strength (thus adherence to fabric qualities) needs
imp rovement.

The problem s of satisfactory ma terials for use in seals ,
gaske ts, and diaphragms may be less severe. It appears

.7 that teflon and PNF may be good materials solutions for
such application .

‘1
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CHAPTER 7 - F I N A L  E V A L U A T I O N  OF ALTERNATIVES

7.1 INTRODUCTION

This chapter presents the fina l evaluation of arctic fuel resupply alter-
natives. The form of the chapter w i l l  emphasize the method of evaluation
and reserve the presentation of the recommendations to the last section
of this chapter. Actua l policy followed by the Army in implementing
arctic fuel resuppl y systems depends somewhat on a fina l interpretation
of the results presented here . For example , the recommendations depend
on the sensitivity of MERADCOM to cost. The method of eva l uation is
therefore presented before the fina l recommendation.

The method of eva l uation is to collapse the numerica l ratings on various
attributes to a numerical summary vector consisting of four different
values. These va l ues comprise:

• Performance Index
• Size and Weight Index
• An Index of Development Risk
• Life Cycle Cost

Because each of these attributes are in themselves extremely important ,
.7 and because it is difficult to perform a quantitative trade—off among

these four attributes , we chose to qualitatively evaluating each system
on the merit of the four va l ues for the four attributes above. In this
manner , the performance can be assessed without regard for other issues.

As for hosing we compared various state-of-the-art materials with rigid
pipe. Certain assumptions were made on how development might improve
such products as Goodyear Flexwing in areas such as wei ght.

7.2 STEPS IN ANALYSIS

The final eva l uation was performed in three separate steps. I n  order
to more intelligentl y make the final evaluation , we reduced the fina l
attribute list from 28 to 1 1 . Thus , the first step was a reduction of
attribute values to the smaller list. This reduction was performed by
combining attributes and eliminating attributes In the case where all

.7 the ratings were the same . The following attributes were eliminated as
there were no significant differences w it~1 respect to the attributes
between the competing systems (althoug h there mi ght have been differences
when all systems were considered in Phase 1).

4 1 1 2
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• Off-loa ding Speed
• Lifetime
• Imp l ementation Probability Using Current Technology
• Security

.7 • Vu l nerability
• Env i ronmental Compatibility

In addition , the following consolidation s were formed :

A. -60°F and -20°F reliability were combined to a single
reliability index.

B. Probability of developing components , probability of
integrating system , and dependence on high cost materials
were all combined into a single development risk attribute.

C. Procurement cost , development cost , fuel cost , manpower
cos t , and othe r operating costs were combined into a si-igle
life cycle cost numerica l value.

D. Set-up and dismantling time and rough terrain performance
we re combined into a single attribute.

E. Dependence of special tools and skills and ease of operation
were comb i ned into a single attribute.

F. Maintenance time and frequency were comb i ned into a single
attribute.

Th u s, the fina l list of attributes included

• Response capability
• Reliability
• Fuel Flexibility
• Developmen t risks
• Life cycle cost
• Size
• We i ght
• Terrain performance and set-up and dismantling time
• Dependence on special tools and skills and ease of operation
• Abili t y  to stand alone
• Safety
• Maintenance time and frequency

In the second step of the analysis all of the rev i sed attributes were
evaluated and where possible actua l va l ues were used in lieu of a relative
index . Those attributes eva l uated by actual values Included response
capability (minutes), l ife cycle cost (thousands of dollars over a 10
year period), size (pounds), and wei ght (cubic feet).

1 1 3

4 -- -.-~~~~--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~ 

.7.7 .7 
::.. 

_ _ _ _ _ _



.7- .7 .7— — . 7- - - —-.- - - -- - - .7 — - -—

In assigning qualitative ratings to the various performance attributes ,
• it was noted that there were often onl y minor differences in the competing

systems . The fina l eva l uation was designed to identif y al l  d i ff erences
.7 and hence , the rating scales for each attribute were often expanded to

.7 reflec t this. An example of this expansion was for reliability. In the
first phase of the analysis there was a wide range of reliability. All
of the systems in the second phase of eva l uation , however , were reliable
with relatively small differences . The scale was therefore expanded to

.7- reflec t these differences. Th us, a range of reliability ratings of 2-5
represents systems tha t are highly reliable.

In determin i’ig the life cycle cost the total capital costs was estimated
for the system and added to an estimated operating cost based on a 10
year lifetime and peace time scenario. Under the peace time scenario
it was assumed that these systems would be used for training two months
out of each year . Th u s , for the rec i rculating system it is assumed
that the system w i l l  be running 16.7* of the 10 yea r period. For the
othe r systems it was assumed that for each training month the system
would be running 16 hours per day over 2 three day periods. Thus , the
systems would be running 96 hours per training month or 192 hours per
year and hence about 2.2* of the 10 year period .

In perform i ng this ana l ysis the rec i rculating system had signficant ly
higher operating costs than the othe r systems , and this tended to work
against the capita l cost advantage of this system. The major part of
operating costs were fuel consumption . For the recirculating system
with a diesel eng ine using 3 gallons per hour approximately $5,000 would
be expended per yea r for fue l for the AFARE (based on a fuel cost of one
dollar per gallon). Using 9 gallons per hour for FSSP abou t $15,000
per yea r would be spent. It was also estimated that the rec i rculating
AFARE system would incur an additiona l $5,000 annually in other operating
expenses while the recirculating AFSSP system would incur an additiona l
$20,000 annually in other operating expenses . (These would be mostly

‘1 labo r). Thus , for the rec i rculating system , the total annua l operating
-- costs were estimated to be $10 ,000 for AFARE and $35,000 for AFSSP. For

othe r systems , the annua l ope rating costs were estimated to be $3,000
for AFARE and $12 ,000 for AFSSP .

The major part of the life cycle costs , of course , is the capital pro-
curement cos~~. Table 7-1 shows cost estimates for the standard baseline
systems with a gas turbine engine. For systems utiliz i ng diesel eng ines ,
the data from Chapter 5 were utilized . 

.7

~
- 

~~~
.

For othe r systems and components , d i ffere nces from the basel in e we re
costed . As an example , a l te rna t ive  7 requ ires a magneto (which is corn-

. parable to a generator) and compressed dry nitrogen gas and a i r  motor- starting for I to 2 minutes to conservative l y allo w for the 30 second
GTE start-up time . The required magneto , a ir motor and compressed gas
accessory equipment cost about $3, 000 to $5, 000 and weig h about 100 lbs.

.7 ‘ -  The various costs of components for systems other than baseline are
presented in Tab le 7-2.
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TABLE 7-1

B A S E L I N E  SYSTEM COSTS

AFARE

Componen t Quant i ty Cost ($)

200 6PM Pump (Carter in quantities of 10) 1 4,000

200 6PM Fi l ter /Separator  (Es t imate  from MERADC OM ) 1 3, 000

4” Gate Valves (iron) (Quote) 2 410

4’’ ELS (quote) 2 23

4” TEES (quote) 2 52
4” V (quote) 1 215

4 x 2 COUP (quote) 3 39
Closed C i r cu i t  Nozzles (from MERA DCOM) 2 1 ,200
Miscellaneous , Fitting & Hardware (Estimate) 1 ,000

20 HP Gas Turbine w/o Bat tery (Mfg ’ s Information) 1 24 ,000
Assembl y, etc. (Estimate) 6,000

Hoses (Mf g ’ s Information ) 360 f t .  ~ 4” diameter 12 ,900
Batter ies (Est imate)  1 5,000

Tota l 57, 800
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TABLE 7- 1 (CONTINUED )

AFSSP
A pproximate

Co~ponent Quantity Cost (.$)
Aluminum Pipe (12.50 f t . )  (quote) 1 596 f t  20 ,000

Disp. Nozzles (quote) 6 300
1k” T (quote) 2 104
2” CAP (quote) 2 10

6” CAP (quote) 14 182

3” CAP (quote) 6 33
6” 1 (quote) 27 1 ,350

3” T (quote) 6 120
6” V (quote) 2 600

6 x 4 RED (quote) 3 72
6” Gate Va lve (quote) 30 10 ,000

4” Gate Va l ve 3 600

Manifold (Estimate) I 1 ,000

600 6PM Pump (Carter) 2 8,000

600 6PM Fi l ter /Separator  (MERADCOM) 2 12 ,000
10,000 Ga llon Tanks (F luo rosi l ) (ME RA DCO M) 12 84 ,000
Miscel laneous Hardware (Est ima te )  5,000
50 HP Gas Turbine w/o Battery (Mfg ’s InformatIon) 2 50,000

A ssy.  etc.  (Est imate )  15, 000
Bat ter ies  (Advanced )( Est imate)  2 10 ,000
Hoses ( M f g ’ s Information ) 740 f t .  at various s izes  15,000

233, 000

.7 
1
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TABLE 7-2

APPROXIM ATE COSTS OF COMPONENTS (NOT INCLUDING DRIVES)
FOR SYSTE MS OT HER THAN B A S E L I N E

I’

Component 
~~antity Cost ($)

M i n i m u m  W e i g h t
Rig id Pipe for A FARE 360 Ft. or
(Extruded Aluminum Seamless Tubing) about 500 lbs . 1 000

Compressed Gas Starting System I ‘~ooo
She lter (AFAR E) 1 2000
She l ter (AFSSP) 1 6000
Portable Heater 1 5000
Continuous Heater 1 5000

‘l Exhaust Heater 1 4000

4 117

4 - . 7 .7. .  .7 —,~-— .7 -
~
-;_ .7-

~~~~~~~~~~~~~~~~~~~~~~~ .-



- —--.7.7-- . 7 - . ,-__—--_ - .---- .7 - - - - -—-— --—~~~~~~—---.7-- .7 .7_- - -_—--.7- -.7

Some d iscuss ion  is wor thwhi le  on the treatment of hosing i n  the cost and
attribute calculation . 360 feet of flexible hosing are required for
AFARE and 740 feet are required for AFSSP . The Goodyea r Flexw i ng pro-
duct wei ghts 1.36 lbs. per foot is rated at 200 psi and costs $15 per
foo t for  two in ch hos e. Firestone anticipates that phosphonitri li c
fluoroelastcmer (PNF) material wi l l  cost $40 per pound . Two-inch dis-
charge PNF hose should wei gh about 1.0 pounds per foot and two-inch PNF
suction hose should weigh 2.0 pounds per foot. Given present alternatives
the Flexwing is considerably cheaper and was used as a basis for AFSSP .
For AFARE , weight was a crucial issue , however , and the use of Flexw i ng
could vi olate weight as well as collapsibility requirements. Resonable
weight can be obtained using PNF as discharge hose and Flexw i ng as
suction hose , as this was used as the basis of cost and weight. It is
anticipated , however , that p roducts can be developed in the future tha t
may be even lighter. In this sense , our cost and weight numbers may be
conservat ive , but we cannot predict exactl y how much weight can be
reduced from hosing.

In addition to life cycle cost and capital cost , we also considered the
total development costs on a per system basis. It should be noted that
a procurement of 25 to 50 AFSSP systems are envisioned and 50 to 100
AFARE systems are envisioned . Even with a mil l i o n  dollar deve lopment ,
this would result in only an extra 10 ,000 dollars approximately per
system . Hence , development cost wil l  not be a substantial part of
total life cycle costs. To account for possible differences , however ,
we added 5,000 dollars per system for those with relatively low develop-
ment risk and $10 ,000 per system for those with relatively hi gh develop-
ment risk. The overall life cycle cost was the sum of the capita l costs ,
estimated operating costs , and share of development cost. Total life
cycle costs are presented in Tables 7-3 and 7-4.

In the next step of the evaluation the nume rous performance attributes
were comb i ned into a single performance index . These atttributes included
response time , reliability, fue l flexibility, set-up and dismantling t rne
and terrain performance , special skills and ease of operation , stand-
alone ability, safety, and maintenance time and frequency. The consoli-
dation method is discussed in the next sec t ion .

The othe r consolidation computed in determining the four value vector
eva l uation of each of the systems was the aggregation weight and size
into a sing le numerica l size and weight index. For the AFARE sys tem ,
the recommended size and wei ght is a lim i t i n g  constraint. All of the
systems were estimated to be slightly la rge r and heav ie r  tha n the des ig n
goals. For AFARE the size and weight index was computed to be equa l to
10 times the ratio of desired weight (900 pounds) to the actua l wei ght
times the ratio of the des i red vo l ume (65 Cu. ft.) to the actua l vo l ume.
Thus , a score of 10 represented a system that would meet the size and
vol ume goals. If a system , fo r exa mp le , was 50% in excess of both size
and weight goa l , the size and weig ht and index would be equa l to 10
divided by l.52_ 4.4. For the AFSSP all of the systems were within the
weight and vo l ume guidelines (even using current weights for arctic

11 8
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hosing). In this case , this score was set equa l to 10 plus an extra
point (or two) if eithe r the weigh t or vo l ume (or both) .‘.‘ere somewhat
less than competing systems . All the weight and volume indices for AFSSP
were 10 or above and were judged to be acceptable. The estimated weights
and volumes for the eig ht systems are presented in Table 7-5.

With regards to hosing, the only practical alternative is the substitu-
tion of ri g id pipe with flexible connections for AFARE . This would reduce
cost by al most $12 ,000 (as we l l  as development cost and risk) and the
extruded aluminum pipe mig ht save a small amount of weight .  Hoviever ,

.7 the rough terrain performance and set-up and dismantling time would be
a great dea l poorer and reliability might suffer due to the increased
numbe r of connections . To formall y assess the utility of ri gid p ipe ,
we evaluated a n ineth system consis t ing of the basel ine system w i th
rigid p i pe. It is noted that the advantages of cost and risk are small
compared to the performance disadvantage. Thus , the flexible hosing
appears to be the logical development cho i ce.

The fina l step of the analysis was a qualitative eva l uation of the re-
ma i n i n g four consolidated attribu te values. This is discussed in the
conclus ions.

7 .3 PERFORMANCE RATING

The score sheet for performance a t t r ibu tes  is presented in Table 7 6.
In Table 7-7 various methods for weigh ting these relative scores are
presented . The addition was a simple addition of the relative scores.
We also cons id ered add i t i on p lus an add iti on to the total sco re of ex tra
attribute va l ues corresponding to the attributes that were considered
especiall y i mportant. These included response capabili ty and ability
to stand alone and , in anothe r related scheme , rel i ab i l i ty. (Reliability
is certainly an extremely important attribute; however , in one of our
schemes we did not add an extra value of that score because all the
reliabilities for the system are extremely good and the relative scores
show only small degradations in qua l i t y . )  In another scheme , we utilized
the weighting scale developed in Phase I. Final l y, in a point reduction
scheme we gave each system a score of 100 and took off single points
for each minor deficiency and up to 5 points for each major deficiency .
Major deficiencies included poor response time . Minor deficiencies
inc l uded degradations in all othe r areas except safety. (The range of
scores for the rec i rculating system was obtained by considering the
degradation in ability to stand alone as anything from an extra minor
deficiency to a major deficiency) . The overall performance rating,
which consisted of a qualitative assessment of the various weighting
schemes , is presented in Table 7-8.

7,~~~ 
CONCLUSIONS

The values for the L attributes for the AFARE and AFSSP systems are pre-
sented in Tables 7-3 and 7-4. Our conclusions concerning the various
sys tems are as fol l ows:
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TABLE 7-8

11 OVERALL PERFORMANCE RATING (Out of 10)

S.

I. Shel ter-Portable-Diesel
- 2. Shelter-Continuous-Diesel 4.5

.7 3. Rec irculate-DIesel 6.5

4. She lter-Ex haust-DIesel 2

5. She lter—Contin uous—GTE 5

6. Base line-GTE 9

7. A i r  Start-GTE 9
.7 

8. Battery and Air Start-GTE 10

9. BaselIne-GTE w i th  hose replaced 5.5
by r igid Connec t ions

.7 ~

- 
i .

ii
.7 . 1

- 1 125
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1. For AFARE , the systems that perform very wel l and come c losest
to meet ing the size and weight restrictions are the baseline
systems utilizing a gas turbine engine. One alternative uses
advanced batteries , a second uses a gas start and magneto.
These systems are more expensive and require more development
than many others , but are really the only ones that approach the
size and weight restrictions. The recirculating system us irg
a diesel engine costs less and performs reasonabl y well , but
it is heavier and larger.

2. For the AFSSP , the hi ghest performing systems are the same as
for the AFARE system. However , again these systems are more
expensive and i nvo l ve more d’..velopment risk than some others.
Unlike the AFARE , however , the competing diesel systems are
within the size and wei ght restrictions. In particular , the
shelter with continuous heating and a diesel engine is sub-
staniall y less expensive than the GTE systems and performs
reasonabl y we ll. Although the performance index is only 4.5
compared to 9 the performance did not suffer significantl y in
any category. Consequently, this sheltered diesel system is a
reasonable alternative and is less expensive . (The recirculating
systems turn out to be nearly as expensive as a GTE system
because of the high operating costs.)

3. Reliability and performance on all of the competing systems
(with the possible exceptions of the shelter with a portable
or exhaust heating) are good performers and are highl y reliable.
The best performing system , of cou rse , is a baseline system with
both advanced battery and a redundant gas start. If the Army
wishes to maximize performance this system should be chosen for
AFSSP. For AFARE this system also maximizes performance but
raises costs and adds additiona l size and weight where size
and weig ht are constraining limitations.

In eva l uating the numbers in Tables 7-3 and 7-4, the decision—maker can
treat the multi-attribute eva l uation in severa l ways. He can attach
weights to reflect his utility for each attribute. He can eva l uate per-
formance and size and weig ht index without a great dea l of regard for
cost and developmen t risk. Finally, he can subjectively evaluate the
numbers. We canno t determ i ne prec i sely the utility that MERADCOM places
on the four sets of numbers and we hesitate to formulate wei ghting func-
tions. Performance and size and weight indi ces , however , appea r to be
more i mportant than cost. On this basis we would recommend the basel ine
systems with eithe r a gas start or advanced batteries or both , and we
would rank order the alternatives according to the performance index.
As far as size and weight restriction s for AFARE are concerned , MERADCOM
must make a uti l i t y  judgement with respect to size and wei gh t i ndex and
consider the options cited in comment under two above.
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CHAPTER 8 - RECOMMENDATIONS OF FUTURE DEVELOPMENT AND TESTING REQUiREMENTS

This stud y has affirmed that the current FSSP and FARE systems in the
Army i nventory wil l  not work satisfacto rily at temperatures be low -25°F
and the need exists for arctic refueling systems at temperatures down

f 
to -60°F .

As the previous chapters of this study discuss , there are severa l com-
ponents of arctic fue l dispensing equ i pment systems needing furthe r
developmen t and testing to enable the most desirable system alternati ves
to be effective. These include elastomerics , advanced batter ies , adapta-
tion of gas turbine engines as pump drives and fuel filter/separators
in the systems . Each shall be discussed in turn. The questions of
tactica l vulnerability and surv i va l should be resolved also.

• Elastom eric Materia )s

Elastomer c components are needed for flexible hose requirements ,
for collapsible tanks and drums and for seals and gaskets
throug hout the systems. To meet vo l ume and weig ht Hmitations
for these systems , furthe r elastomeric development and testing
is required to p rovide collapsible discharge hosing which will
remain flexible at -60°F. It is vital that the hose mate rial
that is finall y developed meet tensile and tea r strength criteria
and that it neither contaminate the fue l nor be contaminated by

.7 ‘~ - 
the fuel. The two inch collapsible hosing should wei gh l ess
than I lb. per foot if possible. Suction hosing made of the
same material with additiona l reinforcement should weigh only
slightl y more. This would min im i ze hose wei ght , an item criti-
cal particularly for the AFARE. Current work in phosp h onitr ilic
fluoroe lastome r compounds is encourag ing for this application .

.7 Research is vitally needed to develop and test elastomeric
material which would lend itself to fabrication of collapsible
fue l storage tanks ~nd drums that would remain flexible at —60°F.
These collapsible fuel containers must be capable of discharging
95 percent of their fuel contents and being folded up , t ra nsported
to another location , unfolded , installed and filled with fue l ,
all at -60°F . The tensile and tear strength of this material
must meet criteria and the material must resis t contaminat ing
the fuel contents or being contaminated by the fuel. Little

4 
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.7 research a c t i v i t y  on e lasto .mer ic mate r ia ls  for this application
appears to be in progress.

It appears tha t sea ls , gaske ts , and d iaphragms can be fabr icated
of teflo n , PNF and certain othe r materials currentl y ava i la b l e
which will remain flexible and will function satisfactorily at
—60°F. Thes e it ems shou ld  be f i na l l y  developed and tested for
use in the fuel d ispensi r ’ j systems.

• Adva nced Batteries

Nickel-cadm i um advanced batteries appear to be the most practica l
.7 type of battery to emp l oy for arctic fuel dispensing systems .

A battery cell heating arrangement should be included in these
battery systems to provide a more reliable , longer lasting
battery component.

• Pump Drive Systems

The most practical pump drive equipment for use in the arctic
fuel dispensing system appears to be the gas turbine engine.
Such equipmen t in varying sizes has been developed and it is
a matter of manufacturing these eng i nes in the required sizes
with the appropriate power train for appl y ing power from the
eng ines to the pumps. These eng ines can be started either by
advanced batteries discussed above or by air starter motors
driven by compressed dry nitrogen gas. Such air motor starting
equ i pmen t may be desi gned using current commercial technology
for this role. The gas turbine eng i nes are lig ht , require
little weathe r protection , and burn multi p le fuels.

• Fuel Filter/Separa Units

The Army should proceed with the research and development re-
quired to p rovide F/S units for these systems which wil l  filter
unc l ean fuel products to the required military specifications
at -60°F. This includes remova l of ice particles without inter-
ference to the othe r filtering and separating action . Considera-
tions should be g iven to simp licity requirements for cleaning and
maintaining these units by operating personnel at remote locations
in the field. These units should be wheel-mounted for ease of
positioning in the field , particularl y when loaded with fuel
being dispensed .

.7 
• Tactica l Security Measures

Both the AFSSP and the AFARE sys tem s are vu lnera b le to de tec t ion
by IR detector equipment and by the equ i pment noise generated
wh i l e  opera tin g. The loca t io ns of these f uel su pp ly  poi nt s can

I -  also be exposed by the traffic patterns of vehicles be i ng re-
fue l ed , particularly AFARE exposure during heavy helicopter 
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operations. Both equipmen t and operators are vulnerable
to enemy exp losive muni tions.

.7 

Though vulnerability to enemy action is a common prob l em
.7 

in wartime , the fuel dispensing systems may be i mportant
enough to warrant the Army ’s further study and developmen t
of procedures , material and equipment designs which would
significantly lessen detection from IR equipment , eng ine
noise , and visual sigh tings and lessen damage or loss from
enemy munitions or personnel. Protective coatings , camou-

.7 flage netting , equi pment noise dampening devices , and armour
protective coverings would be investiga ted. Added system
weight , howeve r , must be continuall y watched in such development.

Ph ysica l security from direct enemy attack , sabotage , or p 11-.7 - ferage is a problem similar to that faced by othe r military
facilities having control over such highly attractive targets.
Protective security forces must be figured into military
operations i nvolving these systems as well as deceptive man-
euvers , continuous supply point relocations , and refueling
and deployment schemes.

• Testing Requ i rements

We realize that the U.S. Army has prescribed standard specif I-
cation and testing requirements for new materials , equipment
and operating systems . Therefore , this study will not make
detailed recommendations in those areas. References In this
chapter to testing simply mean that testing of newly developed
components and systems should be done in accordance with standard
military procedures and would incl ude , of cou rse , cold weather
field testing of both new components and complete arctic fue l
dispensing systems at temperatures down to -60°F.

4 
129
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1. GENERA L REQUIREMENTS APPLICABLE TO BOTH AFSSP AND AFARE SYSTEMS:

A. Air and Ground Transportable as follows :

I. AFSSP systems deployable by eithe r ground transportation
or C—l 3O a ircraft.

2. AFARE systems dep loyable by either of those means and
also deployable by Army util i t y  helicopters.

.7 3. Systems need to be light , packaged in a small volume
and rugged .

4’ B. Able to operate at -60°F temperature and under othe r severe
arctic weather conditions. Able to be stored at those
temperature extremes wi th no detriment to i mmediate use.

C. Simple to operate in extreme cold and designed to accomodate
equipment operators wearing arctic mittens.

D. Protected against statis electricity and containing adequate
features to provide maximum safety to operating and maintenance
personnel.

E. Capable of storing/issuing all types of military hydrocarbon
fuels (I.e., arctic and regular grades , alternate fuels
presently available and anticipated fuels).

-- F. Can be operated tacticall y under both daylight and night
conditions.

a G. Eq~~pped w i th  storage tanks which w i l l  a l low a minimum of
.
~ 95~ evacuation of fuels and which w i l l  not fa i l  In the

--  extreme cold.
- -  

H. Employ ing p ipe i ng which is: li ghts , eas i l y  packaged for trans-
portat ion w i t h  a minimum volume ; eas i ly  assemb led (connected )
and disassemb l ed under tactica l conditions; satisfactory when
storC ’d , transported or used at -60°F; easI ly repaired or replaced ;
non-corrosive or contam inating to full; and adaptable to rugged ,
variable terrain. If hoses are used , they can be coiled and
remain flexible for i im’.ediate use when uncoiled at temperatures
of -60 °F.

.7 1 I. Pumps which can be p laced into immediate operation and having
pump drive equipment which is reliable and can be started easily.

.7 . Noise  reduction should be considered .

4 
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I

.7 
.7 J. Gaskets , sea ls , and 0-rings which do not deform , deteriorate ,

or fail under repeated use in extreme cold and which sea l
.7 properl y in use.

.7 K. Connections which are simple and quick to operate for pipe
joint ing and joining pi pe fittings and accessories (i.e.,
adaptors , v a l v e s , couplings , reducers , connectors ).

L. Nozzles which are simple to operate and whose seals , gaskets ,
and components will  not leak , deteriorate , or fail in the.7 

I extreme cold.

M. Filter/separators which wi l l  operate efficientl y without
clogging or freezing i n the cold.

N. Features providing maximum protection from fragmenting mun itions.

4’ 0. Equ i pped with dua l inlet/outlet prots , manifolding, and metering
dev i ces.

P. Systems and components selected which:

1 . Have a high reliability
2. Requ i re an absolute minimum of special tools , equipment ,

spa re parts , or lubricants.

3. Are easily repa i red and maintained .

1+. Are cost effective.

5. Are reasonably resistant to seismic activity or shock
i mpact from battlefield explosions.

6. Are reasonably quiet in operation for military security.

7. Are reasonably secure from pilferage . .7

8. Can be stored , transported , assembled , di sassembled , opera ted ,
and mainta i ned using minimum manpower.

2. ATTRIBUTES AND REQUIREMENTS APPLICABLE TO AFSSP

A. Can be set up in one to two hours.

B. Must provide 60,000 to 120 ,000 gallons storage preferably using
co llapsible tanks/drums.

C. Should weigh approx i mately 27,000 pounds and occupy a cube of
about 1 ,700 cubic feet.

t. A-2
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0 . Have capabi l i t y  to simultaneo usly load and unload four bulk
fue l transporters inc lud ing 5, 000 gal lon tankers , rai lcars ,
bladder bird s, GOER’ s and tank and pump units; can dispense
fuel to 600-gallon pods , 500-gallon nonvented co l laps ib le
drums , 55-gallon drums , and 5—gallon cans; and can issue
d i rec t l y to mobi le  fuel consuming equi pment. Emp loys a
600 GPM pump at 225 feet head.

E. Can be divided into a complete two p roduct storage and dispensing
facility.

3. ATTR IBUTES AND REQU IREMENTS APPLICABLE TO AFARE

A . Can be set up by two to three men in 30 minutes to an hour.

B. Preferably utilize 500-gallon collapsible tanks capable of
being sling-lifted by helicopters to forward emplacement areas.

C. Can be deployed primarily by utility helicopters.

D, System should weigh approx i matel y 900 pounds (excl uding collapsible
tanks) and occupy a cube of about 65 cubic feet.

E. System capable of be i ng filled from an AFSSP , any type of bulk
fue l tanker , and a bladder bird ,

F. System must be capable of refueling two med i um helicopters
simu l taneously at a rate of 50 GPM to 300 GPM with closed
circuit and/or open port refueling (for othe r equipment In
addition to airc raft as required). Current thinking, however ,
involves emp l oying 200 GPM pumps at 325 to 375 foo t head .

t
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I SOURCES OF INFORMATION AND REFERENCES

I. Sources of Information

A. U. S. A rmy Cold Regions Test Center , Ft. Greeley , Alaska .

I (Tele. 907-872-4201 )

B. U . S. Su pport Force Antarct i ca , Por t Huene me , California.

I (Tele. 805-982-3198)

I C. Holmes & Narver , Inc., Antarct ic Suppor t D i vis ion , Orange, Cal i forn ia .

(Tele. 714-973-1100)

0. 222 d u . S. Army Aviation Battalion , Ft. Wa i nwri ght , Alaska .

(Tele. 907-353-6270)

E. U . S. Army Com ba t Deve l or men ts Act i v i ty, Alaska , Ft. R ichardson ,

Ala ska .

(Tele. 907-863-1201 )

F. G i l b ertso n C hevron Bulk  Oi l  Dealer , Delta Junction , Alaska .

G. Jackovich Tractor & Equipment Company , Fa i rbanks , Alaska .

.7 (T~ Ie. 907-456-4414)

-
~ H . Director of Installations Office (Mr. Hebert, Chief POL Section),

Ft. Greeley , Alas ka . -~~~~~

I . Director of Installations Office (Lt. Hitz/SFC Crawford , Petroleum

Division), Ft. Richardson , Alaska .

(Tele. 907-863—3217)

J. Na bors Alaska Drilling, Inc ., Anchora ge, Alaska .

(Tele. 907 — 278 — 25 ~ ’ )

K. C. 1.G. Equipment Company , Anchorage , Alaska .
.7 (Tele. 907-344-0592)

L. Alaska Airl ines, Anchorage , A laska .

(Tele. 907 -243—3300 )
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1. Flaval Civil Engineer ing Laboratories , Advanced ~ar ine Fueling,

(Mr . Clark Hoffman), Port Hueneme , Cal ifornia.

(Tele . 805-982-3308)

N. HQ U. S. Army Av iation Research and Development Command , Directorate

for Develo pment and Engineering (~r . Herb Jones), St. Louis ,

fl i ssour i .

(Tele. 314-268-5828)

0. Parker Seals Com pany , Lex i ngton , Kentuc ky.

• (Tele. 606-269-2351)
4’

P. Goodyear Tire & Rubber Company , Sales Of fice , Kent , Wash ington.

(Tele. 206-854-3380)

Q. Gates Ru bber Company , Denver , Colorado .

(Tele. 3O3~74hI_ l91 1)

R. Goodyear Tire & Rubber Company , Akron , Oh io.

(Tele. 216-794-2121 )

S. Firestone Rubber Compa ny, Centra l Research Laboratories , Akron , Ohio ,

— 

(Dr. Dav id Tate)

(Tele. 216-379-6445)

T. U. S. Army Cold Regions Research and Engineering Laboratory , Hanover ,

New Hampshire .

(Tele. 603-643-3200)

U. Un i royal , Inc ., Mishawaka , In di ana , (Mr. C. Kennedy )

(Tele. 219-255-2181)

V. L.T.S. Sales, Ltd., (1,1 . Jones), Mississauga , Ontario , Canada .

(Tele. 416-678-2131 )

w. U. S. Army Natick Laboratories , (H . Iladrick) , Natick , Massachusetts.

(Tele. 617—653—1000 , Ext. 2546)
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V . S’\I I (‘~orpoi -~ t i on , i t i d t i - ~t r i a 1  Pottery t )ivi ’~ ion , ([. Heck), Rooriton ,

New ~lei’~
.-e~

I (Job . ~Ol -1~1 -0/On )

I 
7. U. S. Ai r  I o -~ e F l oc t . ro r i i  c Sy~ t eii:s 1)1  vi ‘~ ~ori , Hans coin i\I ’B ,

iss~~~ f it i~~~ t t S

(Job . t- 1 7—~h l— 2~l5)

AA . U. S. Air Force !)ewlino Office , (W. Evans), Colorado Springs ,

Colorado.

(Tele . 3 03 - 5 °l - 4 9 2 9)

BB. Felec Services , Inc . (IS!), (8. Du nnell s), Colorado Springs ,

Colorado.

(Tele. 303-574-5850) (Dewl i ne Operation s Contractor)

CC. American Biltrite , Inc., Boston Industrial Products Division ,

(R . Lord), Cambrid ge , Fassac husetts.

(Tele. 617-876-6000)

-- DD. ~eynolds Aluminum Company , Wel les le y H i l ls , ~1assachus etts , (F. Cerny).
- .  (Tele. 617-237-5143)

EE. U. S. Army Mobility Ec~u i pment Research and Development Comand ,

Fort Bel vo i r , Virginia.

(Tele. 703-664—(EXT))

- T. Jefferson--Ext. 5382

C. ~rown e—- Ext. 5781

P . Touchet -- Ext. 5488

L. Medler-—E xt. 4458
W. McGovern Ex t. 51459

4 FF . Atlan tic Research Corporation , Gainsv ill e , Virginia (G. Hamm)
• Telephone 703-7514-1411 1
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ga llons 4x4 XM438E2 , August 1963.

h. AD402-949L Service Test of Aircraft Auxiliary Fue l System
X I I , Apr il 1963.

i. “Special Study of Low Temper~ tt~re Fue l Hose ,” Apri l  1978.
.7 CHAPT ER 5

1. Decisions w i th  Mul t ip le Object ives , R.L. Keeney and H. Raiffa , J.
WIley , 197 6.

.7 
CHAPTER 6

I. N-78 18432 “Phosphonitri l ic Fluoroelastomer Fuel Hose Ut i l izat ion of
Extruded Tubes ,” F irestone Centra l Research LaboratorIes , October

1’ 1977, AD AD47960 , Report No. 1432-2 .

1. 2. N-77 28306 “FabrIcation of a Low Temperature Fuel Hose from Phos-
phon it r i l lc  Fl uoroelas tomer ,” Fires tone Centra l Research Laboratories ,
November 1976, ADA036903, Report No. 1432-I.
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Chemica l Corp ., Rubber Chemistry and Teëhnology, Vol. 41 , No. 1 ,
February 1968.

16. Carboxy Nitroso Rubbers, Thioko l Chem ica l Corp., Rubber Age , May 1969 .
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Model T-62T-32-1 Titan
Auxiliary Power Unit

Performance Data
Rating at 590f , Sea Le~eI 114 7 pc iaj ’ • h(KE rpm . (om bination starte r and dc

— • Pr,niarv pi )s~. i’r pod 0(1 k’~% t~
( 41 ~) I / ~eni’rator ANt ) 10262

12(1 20i1 ‘~o • (2~ () rpm . power take-off , suitable for
• ~ta rte r generator p0(1 ‘ k ~. .i ~( ~. th ~

( ~ I amps h~-drauln pump. AS469RPosser take oft pad to shp tli ‘) kva Io~d on Engine Rotor Speed
start ,-r generator or ~1 I Sh Ji ~\ ill) iii ) Io~d on Ii 1 ()q 1 1-plu
sta rte r generator Max imum Continuous Temperature (Full Load)

I ~- ( I r,it,ng ss ,th a g( ’ ri ( - r .it( ’ r It! ( f t  sI~~r0- r t 1 (~ U~ 1180°f 1 ( I
i t ’  ni’rator octal It’d ~Veight
Multi.IueI CapabiIit~i - (HI lb rn ludec eng,ne and gearbox , starter and

(II \iI I I -1’~ 121 generator and tubular f r am e  Other mounting.7 511 1 I lhWU ‘~\ I !1+~~I 1 ) r~’~.-I tr~ni~’c nia~ he subst ituted for this tubular frame
‘.11 1 ( • H)’,4 Motor I ,, ~i,I,r,, Maximum Fuel Consumption (60 IWI

• . SIll C ‘572 ~ \ (  • - \ ‘~ 1fl’~ pph.7 5111 J~~624 ~~ 4 and II’ S Generator
V ft, 21 I. Kerosene • I t(’(~~(Vfl ( ~, reg (l l a l , 00 - (I to 30,6 adiustable ± Hz

• Oils • ‘0 col lage rt ’gtilat on - (1 S°~ at (onstant load
Pcll I I 2104 Pctl I I Hi (0 • 1 )( c oIta~e regu lation 1) 7S°’~ at constant load

• . MII I H I2’)~ Mu I •‘H ’  ‘ • I rt ’q(n•n(  ~ .wl pict ra n ge - ~88 to 41 2 lIz
Output Pads • \( oltoge ad1uct range q~ to 110% of rated—— • 6 (XW ) rpm pr,mar~ an poss ,-i -\NI ) _‘(~~~W , 

~~~.7 XV I -13 • I )~. o I r a i~ t ’  ad~ust rangt’ - 2 ’, to .31 vo lt’

A-lO
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Stan dard Features Standard Access ories
• \nnL i !an  ( i,iiihiistiir • ( I ~ hc’rriio( i’)Up le
• \ i it ,t, i i , it , i  ‘0 , t’le r o(it r i  ( (~~1 ( f t  1 • I Ie( Inn ‘~ta rtn ’ r
• Sl it  oniat ( Star t  Solid ‘1 ate Speed Sequencing • I iiel ( t u f t  rol
• ( old-I  nd o n c e  • l u,’I I , I tn• r

• I nih ‘\ij lomato ( ocf lri ,J S~~’~t * iii • l(~flIt iO f l  ~ sc t n ’ m

• I i’ itn’gr,i I Oil S~ ~t e ’ r i r  • I ~i n ho tru ni~ or Droop ( ontrol
• I occ ( ~ii f’ rn’ssure I’rot ( ’ ( lit  in Iiu ~l and Rn’rinite P~in*’l s
• ( )ce rsp t ’ n’ d I’r’ t t ’  t i  iii • \ t i c i ’ ’i  ii ‘-ipc’v(l Pi kup
• ( 

~\ n - r t i ’ i f t p t - r . i ~ n i t -  Pit t i ’ ,  ‘1 . ( )d I r i t e r

— ‘  • l ’ ,iralI ,’ lrn~ ( ap,)bI! i t\  l ’ ’t ~~ ,’, r ~ I ~~~ • ( )il Pr,’~cii r~ I-~,’gii lator
• ‘-r i r , 1 l ,- “ t , i , ’ ’ R ,n f i , i I  1 ~~~~~~ • ( )‘I I’rt ’~’.iirt ’ S~~it~ h
• S,rigle- ” ti ~i Rad ial I 01 to~ 1 ii rbint • ~ ers peed 555 tI- h

.

~ 
Starts ss ith,n tO ¼t i i  ‘in !~ t i Of l)  h~ t n 1 tfl0I ( )c n’rteriiperature 55% it (  h

• R n- s e n s e  ( urrent Protect,on , “~( and DC
• ‘~oitd Sta t - Speed Sequencing and Temperature

nr t ro l  t ‘ nit
r • I 1(f t ’ rt rn’q ( ien( S

• L rulers il t agn’

SOLAR
TURBINES

~~~ ~~~~~~ ‘;::: ‘;;;~~ ~ INTERNATIONAL
flt ’~r , i ’ t nn n i  ‘ - r  (W) An Operatin~ Group .f Intsru ~~~ uIat~~~.w.e Ist

• F , j i l ra l  I ‘‘i: ‘‘ , - Di sic i Ill ‘ - c r  i- ,~ ‘ 4 
~~~ ~ 

I- in i)n-,, ii’~t~
. San De’qo Caitfotnia 92138

14 11 ~~~~~~ 
4,, Su it ,ifl(1 r r t - ’  .r~ • . ir ,rt~ lu ti ,~~~

, ‘ • r , j i l t  it n I r,-~~irt ’ n~ ’u I (,‘, u n t t ’ ’ n n ,ni,r i i i ,nI t larsn ’ctn ’ r  ( or1 nIrn~ in (h r Li S Pa(pnr 0ff,ct’

‘2 ’ S ) ?  1 1 ~~~
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PRELIMINARY ~ GTP36 ~51
GAS TURBINE SPEC DATA

29.0

(~~ r) 
19 .3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _

_ _

_ _ _

_ _

21.0 31.0

N O t E :  t r IME N SI ON S SIlL AP PPOXIMA fl

ENVELOPE DATA MEIGHT I 310 LB (O p Y i  INLET A RLA u 50.0 SQ. IN.

EXHA UST ARESu 12 . 3  SO, IN , (4  IN, 015 .)

PERFORMANCE DATA AND LEADING STANDARD FEATURES:
PARTICULARS: c~ FULL CONTAINMENT- COMPRESSOR AND TURBINE

m EtS- XE SFNF lET ri _ Ftc ) AND DIESEL ~ sioii.t: CAN - F I E LD  REPLACEABLE COMBUSTOR
- . .110. ‘

,~ 
‘ o IGNITION SYSTEM - LOW ENERGY

FUELS . UNLEADFP ,ASOI.INE , LEAPED 
0 LItRE SYSTEM - EXCEPT HEAT EXCHANGERG A S O L I N E  (EMF.Rr.FNCYI in FUEl. SYSTEM - LOW PRESSURE

OILS: NUMEROUS MINERAL AND SYNTHETIC 0 OVERSI’EI’.I) AND OVPRTEMP PROTECTIVE SENSORS
OILS ARF . APPROVED (MONOPOLE ANt’ THER1-IOCOUPLE)

DIRECTION OF ROTATION : CCW (FACING 0 CLCiTRICAL STARTER - 24  VOC
OUTPUT P1St’) n Ot T r t ’T  PAD - SP.E .1617a-4

ii 
in O U T F I T  PAl) SPEED — 3 6 0 0/ 3 0 0 0  RPM, BUILT—IN GEAR

SHA FT HP: ( S E A  LEVEL , F~0 F DAY ) CHANGE
o CONTINUOUS DUTY : ~S HP 0 3% SPEED 1SD~ IISTMENT

‘ o STANDBY DU TY : 82 HP o OIL l EVE l, DIPSTICK

~PEFD 80 000 PPM ci CAST PARTS - TURRI NE AND COMPRESSOR
- TU R B I N E  HOUSING

CONTINUOUS DUTY . h U E  RATING ) n ’~~ ~~~~~ 
- COMPRESSOR INLET AND SCROLL

LIFE ECONOMICAL PERFORMANCE WITH CON- - GE ARR OX

TTNUOUS HEAVY DITTY LOADS . OPTIONAL FEATURES:
~~STANDBY DUTY . THE MAX T MI? M I IORSE’ ci ELF.CTRONIC LOGIC PACKAGE (MATED TO ACCEPT STANDARD

POWER OBTAINED W ITh RF.”UCED 1.1F F , MAI.I’(JNCTICN INDICATOR AND START/OPERATION/SPEED
WITHOUT SIGNIF ICANTLY DF.GRJIDTNG CONTROL FUNCTIONS)
ENGINE RELIABILITY . ci GRAVITY FEED FUEL TANK

o 50/60 HZ , 30 XW GENERATOR WITH REGULATOR AND
BATTERY CHARGER

o OUTPUT SP PED S : 1500 , 1800 , 6000, 8000, 12,000 RPM

o OUTPUT PAD - AND 20006-10 OR AND 20002—S

* 0 OUTPUT SHAFT

INDUSTRIAL ENGINES AND PRODUCTS, THE GARRETT CORP.
4 402 SOUTH 36TH ST., PHOENIX , ARIZONA 85010

.7 A - l 2

_ _
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G TP36 51 ~~~~ ‘~~L LOW UR (( EAT ING V/~!C E
EQUALS 18 ,400 BTU/LB

PRELIMINAR Y 2. ENGINE INLET TOTAL PRESSURE

PERFORMANCE: EQUALS STATIC PRESSURE AT
ENGINE EXHAUST EQUALS

— AMBIENT PRESSURE 
_____

- • PERFORMANCE SHOWN IS FOR SEA LEVEL 
3. OUTPUT SHAFT SPEED EQUALS

OPERATION WITH R(~ INSTALLATION 
3600 RPM

95 — _______

4. DELTA EQUALS ENGINE INLET TOTAL

I 
• ALTITUDE PERFORMANCE MAY lIE ESTIMATED PRESSURE , IN. HG ABS , DIVIDED

BY REDUCING HORSEPOWER SHOWN ON CURVE ~ DV 2 9 . 9 2
BY 3& FOR EVERY 1000 FT. GAIN IN 85 1
ALTITUDE. TO 10,000 FT. CONTINOUS DUTY RATING 1660 °F

STANDB Y DUTY RATING 1750 °F T
z 

_ _  _ _ _ _  _ _  _ _0 75 —MINIMUM —

OUTPUT SHAFT
POWE R, SHP/Ô=80

~ 65

_ _

40//7
’

~~

__
~~~~~~~

_20 f/ /// _3~~~~~~
4

~~~~
/ / / __/

40 60 80 lO r ’ 1 0 ~~ENGINE INLET
____ ____ _____  _____  

TEMP .,°FI
25

‘1 CUSTOMER INSTALLATION CONSIDERATIONS
FUEL REQUIREMENTS :

SUPPLY PRESSURE - L IQUID - (RAVITY TO 20 PSIG
TEMPERATURE - -6 5°  ~~O +140°F

ELECTRICAL REQUIREMCNTS :

STARTING - 24 V CONSISTING OF 2 SERIES 2 UN BATTERIES
OR EQUIVAl ENT - 45 ANP-HR SUPPLY

OPERATI ON -
18-JOy fl-C-

( nT ’ F R A T  I MG ENVI Pfl’OtE’ITS
TE~41’ERATURE - I:NGINE INLET AIR - -65°F TO 4120 °F
A L T I TUD E  — SEA LEVEL TO 1 0,0 0 0  FT (30 TO 20 IN HG)

NOMINAl . EXHAUST - (~~tS r l ’ A R ACT F .RI S T ICS :

Fl OW - 0 .92 LB/SEC (721 CFM)
TU 1PERATURF — 12 0 0 °F

- 

LU RPI CA T IO ’~ REQU IREMENTS:
CAPACITY - 5 QUARTS , HEAT EXCHANGER SIZED FOR 120 BTU/MIN # 2 . 5  GPM

A —1 3
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SOlAR
Model T-20G-1 Gemini
10 kW Auxiliary Power Unit (APU)

Performance Data 
J
~~~~1 ’  ~~

Oil _____ 

- 

Li
\t Il I 2H)4 ,\~II L~~’~(tR 

__—

~~~~

‘ •

• Out u Pad 
I .‘ U~~I’b

Rating at 59°F Sea Le~ieI 114.7 psial
/vro R~t’I’d 1)’, hp
/.‘rn shp 2(1 lb ni uI ~ hI1’~’d 2 1 prl’s~ur(’ r,it i c c  Ma~unium fue l Consumption

Maximum Continuous Temperature Full toad, Continuous Dutyl
1 HN)°I I ( .T ‘

~ ti ~ Ic~
Wei ght TRO

~~ ~ - Ic “(‘1 I i ’ , 1 1 1 ( 1 1  c~, ’ ’ c i ’ i  , c t n r  ,it,rl st ar (t ’ r ‘ c ci 6 Icr ~

c i ;  q -n ’~~~iy :8001 -
0 ‘ — ii:: 

~400 !~
I’ 4 ’ ’ . ”, ,~~~~’~~~:( ‘

~~
‘ 600

~~~~~~~~~~~~~~~~~~~~~~~~~

I J M P H I ’ . ’.fl I All ‘~; I’ TIMPIRA T IJRI C ii’ ‘‘ 
-n

S
“ 4’ ~I’ 0 ~O 1’ 60 HO

c ,yI’ .’~ I p q~ ~,p ’  r. •‘  c, ‘ n~ ~~ ‘,r

I’( fl ~,‘ ‘ COMP*!SSOH *rn MLII TIM II*TUNE ‘C

‘‘ I l l  S ‘‘I 111(1(111 ‘‘ . ‘1 O~~’lI x I (ISSI S
I ‘ -i ‘ (‘155 (‘1! 7”, I ‘, ‘‘ ,r f l ’. !flR~ ‘.~~c c i

~

• — A l ‘I • I I I I  (. 011111 (11.’~ I. ’. ~‘ ~1 7
A l R F I ;~V. I l ic( I I I ,l l f ’ _ I
I II I ~I

A ’ i(~ ,l t ’ I p f t ’ ( 01

IS ~~IM:’ .O( 
~~ fl0~S sn 5; I I I  ‘‘. ‘ ‘

~~.
‘, ‘ c ’ c ~ pT)of l m’ I I ’~ : l i p . ~5(’t s

A -1 14
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- Standard Features Standard Accessories
• lIl t ,’Ur, jI ~~i l ‘n’s ‘,tc ’ in • ( ) il f ’ iii~

n
~
,

• \ i c ’ h ’ r , c t i t c r ,  ( nr,tro l • ( )i l I t i t e r
• “titnin,it i( Sta r t  ‘ Soltd • I t ic ’ !  I i l t c - r
‘nt ,it*’ S ()c’efl SP( li eIl( ifl h~ • Or) it (cli S~ ’st rn

• I tiI l~ ~‘,t t t ( ’ i)1,Ihi( I ‘intro! • I t i c ’ )  ( (c l itrol

“~ ~t t ’ i cc  • ( ) i  I f’ rpcsi ire Regulator
—. • “niiigli’ “t,igc’ R,)(Ji,) i • I ( T I ~~~~~~ OtipIL’

( ccnip r~’s’nir S ( )‘,i.ri,;’ ic ’e~d Ss’,it
• ‘niflt~I*’ 5(,ILZ(’ Ra(I ial i i) tl0~\- • Oil I’rc ’~~iire ‘il. \ It (h

I tir hine • ( )~ ert i’r i i pt’rat t i re  ~~ i tc h
• ( old F nd I - • \tagnt’t ii Speed I’ic kup

.7 5 ( ,in ( (‘1111 hu’tor ~ it h Ps~otor ( tip • ‘ill) id St~~( i Spet”d

‘\t(irlu ~er ‘1(’(I( iE’l’1i rcg ,iii d
• ‘nt ,cr t ’~ ~‘, t h i n (I) ‘nt’ nods Tc ’riiper,ctu re ( oritrol I_ ’

~iI(

(mm (~~‘I to 1 ~)°I • I ic ’  t r I (  Star t e r
• Oper,i t i rcg A t t  it U(l(’

— (4. (()oI) it( h + U)°RnlI)
• ( )~ c’rspec ’d I’rotv ’ h ioti

.7 
. S ( )‘, c ’ r t r ’ ,iH ‘ ‘ratiiri’ F’rotc ’ (  (ion

— 
I cc t ’, Oil I rf ’ssu rr’ I’rotp ctinn

SOLAR
f~~’P (flor(’ ,nt orp i ,; t,00 L % T 1t

S,’iI ,tr hirhin~~s lnter ’iatI (irI ,

I ) j s r t r n r n r ’)( ) R,ul i, i !  INTERNATIONAL
• An OperatIng Group ol Intornatlousal N.rvssls,

1200 I IllS 2200 P, , ii ’ i ll l i’ ,~,i~ 1 0  ii , 62 U,,’ S,~i- fl’r’ n~,’~ ( ,il ,i n, -n,? Q , 1 1~

Ii,’ ~no,dc Sola r and (‘ 4~r f l l f l t  .lçp ’ IrIFI g Ii,’,,’ in a rc ’  iradrni,trl, ’, r~-glsIc- ’(’( I h3 i i i t , - , n n . , ’ ,,,n,i I I i,,r,,’O,’ , I ~ onp.~nc In I)’ .’ I S I’,it’’nl ( lit,, c’

7
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ISSUED 1O’17/ ~~~.

I 258 1N - ~~‘ 6 9 1N 6 2 1N

~~~~ iN ;

70 IN 
I 

, 21 IN 

~~ 

nUNT~~3

Ii

i

1 6 8  ir~ I 90 IN ~~ M O U N T  S~ 2 M O U N T

ZONE 2 ZONE I ~~~~
—- -- - -1 9 9  IN #1

EI\IVEL~Jfl~~ W ”crI ‘ - ~~Cl~~ lBS (DRY) Inlet Atea 456 SQ IN
O I\’T /\ /‘ I i ’~~’ , ’ .’ 1” ‘ ~~~~ ~~~~

.--- -——--.-. ——. -‘— ‘ —- .7-. -- ————- -.7 — ——.7- -- - . 7 .  ‘.7 — ——-, ---— .— ,- ——‘ —-— —.7-——--. “.7-—— —

PERFORMANCE DATA AND
LEADING PARTICULARS:
F’ ‘ELc• MIL-G-3056 (TYPE I), MIL.G.5572 MIL

J-5624 (J P - 4 &~ J P 5’( , V V- K  2 1 1  AND

V V- F.8 00  (DF A . D P i , A D r - 2 )  ‘ ‘

OILS: MIL-L.7808D

(
~‘JTPUT PAD (S): AND?0002. TYPE XII  A

DIRECTION OF RO IA I I ( ” ! t -  8.000 RPM CW 
-~~

(FACING PAD)  
- 7 / \

RATED EGT’ 1300 F 
‘ / / \

- 
ROTOR SPEED- 52 870 RPM / / /~,.7 RATING: (FOR INDICA1 ED APPI ICA1 ION~ . , - , 

‘1’ , : , ; 4 1
— AMPIEN1 COtir) 59 F SEA LEVEL

PLO. AIR FLOW’ NONI

- .  
TEMP: N/A l’PESS N/A ,~ 

I ‘ .7

PPESS RATIO N / A  sii~~rr Hr ~~ 
“ 

/ ,

COMBINATION I ( ‘ 6 !) ’  NONE ‘

- I ~~,_ , — ‘ — — ‘. 7-—-—-- —.7 . 7——  .

‘ I  
—‘——.7 — — ‘.7

SPECIFICATION DATA: 
- 

.7 - ’ ’”

.7 INS1 AI .1 A 1 I( ii’I Pr’1\~ 
‘
~~~ 3R~~ $(~2 1

~ 
~~ . 

MODEl . srrc . SC 5665 . :

- .  
BASIC sr Fr . - MIt P 8686 .5 MIL (‘

~ 
i(17C’,C) / ‘ -

APPLICATIOt-i’ EMU 12’F GENERATOR SF1 

/ 

U

14 fli~~~5 FA ~~i t I 1A ~ 1i It ‘t’ TI IHING COMI’A ?IV 01 Aw?0r4 n , 402 SOUTH 36TH ST , PHOENIX , ARIZONA

A—1 6

S 
‘ ‘ I ’‘1, V

_ _ _ _ _ _ _  
— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —‘
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I
I STANDARD FEATURES: 

— _ _ _ _ _

(‘O MPEt N ( V AU’I OM~’~ T I C  ( (  ‘I I ROL M L E  IS MIL I.6lblO t.Ml Ri U, j I F ~~. :
‘; NT S

4 S\ ‘~ T E M  (51 A R T  C Y C L t  E” ( t ( .iI)F U)

1 ( 1V E  R I  F MPE RAT URE CON E 1/ 01 NT F~~RAL OIL RF 5’ ‘GiR

( )V FRSPEED CON tROt. RA I ) lA I  INFLOW 1 L i?F1IN[

1)250 INCH MF.SH INU T S( ’I.’l. l N SINGI F CAN COMBUSTOR

I
OUTPUT SPEED C O N T R O l  4 0 7 !  ‘fl~ SINGLE S TA G E  C E N T R I F U G A L

(STEADY STATE) I~~t M O T E LY  A C T U AT E D  C O M P R E S S O R

STANDARD ACCESSORIES: OPTIONALS:
- (INCLUDF 0 IN UNI r W E I G H T )

- D C  S T A R T E R  E l EC T R O N I C  ENGINE R EA L - L O A D  CONTROLLER

CON I ROE

OIL FILlER ISOCHRONOUS SPEED AND
CHROMEL ALUMEL Ff5 1 LOAD CONTROLLER

OIL P U M P  
TF’4FRMOCOI.JPLE

- 
OIl LEVEL DIP STIC~~

HOUR M E T E R

CONTROL TH ERMOSTAT
.7 

1ACHOMI- IER G E N E R AT O R

* FC( I. CON FR O L  WITH 
~~ AD DE D w irc4c .u~

- IGNITION S YS T E M  I NT E G R A L  FU E L  PUMP - ‘IANO NG TI-iF BASIC ENGiNE

CUSTOMER INSTALLATION CONSIDERATIONS:
- 

I IJEL REQtIIPEMFT-I I S
- f r I - ’ . ’ :  I t O  5 PSI ABOVE TR U E  VAPOR Fløw ‘ 60 LBS /HR AT

PRESSURE TO 20 PSIG (MAX) RATING

I I 1C1 PICAL RFOIJIRF.r”4F1’i IS:

Stnttir~~-- M S 2) i~~~7 N I - C A D  B A T T E R Y  Oper~’~t ion — SAME
I .  OR E Q UIV A L F N T

p

‘‘rERA TING ENvIpr)Nt~4Er~J 1 S. -
““00 F ‘~~~ ‘ ‘One SSOR INLET AIR1’ rlnipr’ c .‘iturr’ ‘~~“'~ ‘ 
~~~~ F 5 ~.,1 . -S5 TO ‘.30 F

/\ I ( t ’ i r f r ’  S T  ART f’~ C) ( ii ’ L RA ,T E FR~~ P,’ S5 \ L F V E L  TO io.ooo r

‘4 5.

‘I ‘ IN’ , T A L L A T i O N  ( c l A nAn  i* N I DT ,C S  Wi l l MCIII! n- Si A T !  ‘~ ‘ ~ ‘iO,’ ’ \ NC I

~ 

~~~~~~~~~~~~~~
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ill ~.\\ w i l l ’  ‘ l I I l~. I ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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General Charac(eris(ics

Model Fuel T ’1pes
\iI P - I  12-\ I!’ -I ~

‘ \i,ir ine I)n’sc ’ l  Diesel DI -1 , Df-2 ,
— 

Classifi cation 
,,l~i ii 1111’

• I ~l( ti ,ii ‘ t i Iit~ Control Panel
Electrical Output Rating \ i u t  inc h 1 Pc ‘N c r11 (nail \~eter

II ) k\\ ItIl I I, ~~~~ e,~ 1 2 1 1  
I rc’tp ~c’nt \ \lc’ter Ratt ( ’ r ~ 

( har~ ing

ill K\\  (dl II’ ‘~ )(~~i I~ - ’ - t  lIl ’ ’I m dii ,lter I Inurnlc’tv r 1 ,11111 Indicator

III k~ \ I’l ’ I, /ilII*) I t - , - ?  ~)5~ I I ii~hts \ ‘ i I t , ic lc ’  I rf ’q( l c ’f l (  v Adtu st .
~~t l PIt) Ri I - ,iki ‘r  S~s Ill Ii - Start-Stop Switch

Output Connection
12(1 2 IR ~ oils t In t  c ’ ph i ’” to ut  ss in’

I ,‘t i  241 1 5( 111 ’  ‘.ing lc ’ p IT ,i ‘I’ (Iii’” - ~ ~~
- Th is model is equipped for all-weather operation.

12( 1 ~~ It ’, 5011111’ ‘Il l~!’ h \ I i  \‘, I I I

Operating Speed
‘ I  I ‘41(1 I~I’M I T (tI III RI’M I ,I - r 1 t- i , O I , r  ‘u1~ c - d )

Weight 
I ’ ll, p Intl n r T i , ( t , , ) i  v. - ii S ‘!a’ 1)11 ,s,on of Inte rn ati on al

1(~Il potinds 
I ? ,t ’ ~ e - s I t  ‘ !( t ’ r ut  hoc c~~ I ’I YI (4  92 ) 38. (.1 5 A

• Size
-l’~ 11( 1)1 ’S’ lon g 2’I t il l  IT , -  ssnlt ’ 24, 1 1 ) 1  Ill’s I)it!I)

Fuel Consumption 
I.

II gallon” h o u r SOlAR TURBINES INTERNATiONAL

14 An Operating Group of Inter national Narvsst•r

1250/1077

ft-1 P

A- - ~~~~~~~ 

“ ‘  _ _ _ _ _ _ _ _ _ _  - _ _

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

—



.7. “.7,, ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ _-~~~~~~~ ‘.- - . — . - . — - - - -_ -- _ _ _

I S” ‘ ‘~~~~~~ ,NNE ’~: INTERNATIONAL

I 10 KW 00 HZ GAS TURBINE 10 KW 400 HZ OR 28V D.C.
GENERATOR SET TURBINE-ALTERNATOR SET

I I~ 
~l) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CONTROL P A N E L  POWER CONDITIONING UNIT

256 8 5 1  5 8

I ‘

~~~~~~~~~~~~ ~~o 
I~~~~~~~j  

4 2 ~ Ti~ ; ’T
~ I 

~~~~~~ 
~~~~~~~

‘

~~~~~~~
;- 

— 

I
230 

6 !  

15~~~~~~~~~n~~ 

210 

~!b-~~ i

FRONT SIDE FRONT TOP

‘1 ENGINE GENERATOR ENGINE GENERATOR

~~~~~~~~~~~~~~~ 

~~~~~ r!j~~~~~.s

~~~~~~ 3 8 5 l~~ ,.,
~~~~ 

LIO.O6~ L . - 26.33~~~~~~

WE IGHTS WEIGHTS
• • ENGINE GEARBOX OENE RA 1OR 289,5 • ENGINE GENERATOR 125.0

CONT ROL/D IST ASSY . .  38,5 • POWER CONDITIONING UNIT , . . - . . .  125.0
- 

• FRAME/BATTERY ACCESS ASSY 142.0 • FRAME . 85.0

4 . TOTAL 450.0 TOTAL 335.0

1’ A~ 19

_ _ _  TT -
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Specification Performance Technical Dato

Cooling ~~~~~~~~~~~ 

- - 
0 .. Rev/nu n 6S649 continuous

- 
b h  k WBy fl~ wheel 11)1)1 in it on Ian , - -

I n n ~~ th~niiq~ f~ H flow ~ t~ 
~(lt I U

1500 12.0 8.9Governing 
, , 1200 9.4 7.0

loBS 649:1958 , - - 
Class A2 for constant speoci enqr’li’c , 

, ,,.,...._ 1 ’ 
- R(/V/ ifliF) Din 6270 B Rating

Iat 1 500 and 1800 re v / I u u I u u  on ly - 
_ _ _ _.,,,_ __ -

~~~ 
CV/PS 

-- 
kW 

-Class (‘3 for variable speed c’uIqucr’ c . -
3000 23.4 17.2

Starting 2600 22 .3 16.4
2000 181  13.3By haitI) fronu the canuslual l Is A Co,,u,n,j uiis hil ~ ~t DiN (1270 - 1800 16,3 12,0—. st andard. B ‘ l t i ierr i ti i ,’nT Ii h I’ (1 DIN 6270 8’ 1 500 13.4 10.8

Einquties may be starte (l at the , 1200 10 5 7 7fl ywheel end using in creasing gear C M,1*Irnin,n q’oss hIt ,‘ -

‘1 Electri c sta r t ing also availabl e D Torc iufl ic t inh,,rrn~~li”ti ‘ . t O t t Q  itt,i DIN 
TO QIIO at 10% overload at 1800

• ‘ Power take-off t ru.’~ C onsu lttpt iOnt ‘ii 11111 ~~~ -nIi.’s ’ r oV / n l u n l  IbI ft 46.85
lIqlirnS cppl y io f uil y ,~~~ 

, n~~ 
kgf i-n 6.48

F’ till power at the flywheel (Till) tIc utp,f , h,o~ m g i . -  A tlunlil pow ’t — _________

(~~raiu ksha ft  spoed) and from the .Thci irbi tg optional arr . ’SS’ )’ I f ’ S Number of cylinders 2
catiu shall extension ( h i l T  c ran k s h a f t ni inrnls5,of lc , gn~s rbcux ” s nrc

cperl.I) Bore x Stroke in 3.75 x 3,5
Dnra i,r’g lot ‘~‘tiip. ’ia ’un.’s ,ib,ivc’ 30 C
IRS Fl intl al iit i i,f. ’s .iIt nv” I SOn, 500 IllIfl 92.25 x 88.9

Rotati on ii I iirt,t I iutnj i i t ty It’ I t t  I , ’ ’ i t t i l , ’  w ,il, -

I i t i t . ’ ,  rotation availal ,Ic CS 64)1/19(18 Swept vculnnnw j u’ 77,3
‘ litre 1 .27

Standard Equipment Rating CS 649 ‘1958 (~ind Din 6210)
I’ii. ’ l rilter t i ctinic .a liinn tui l fill er Tlu, c is Itt ’  him wh.ch ii ,n I’ IqOt t ’ tS 1)1001) at 1800 rev / nucn
L,ift ii ini E~e Air Clr’ani’’r Start inq c,u ,,1~ 1cr ~t ~~~~~~~~ ~ u1 I t t I t fu i~~ y -t IbI/in ? 83 .1

- s t a ut d cranl,shntft spnc’d ct :iccoi dance wel t
8 - P,aitijlo - Operators handbook and the condit ion s specilicu d in BS 649/ 1958 bar 5,73

Part’~ list. Din ‘A ’ ) .  ‘The eng ine sh, li he c,upable of
- . s,i t isf , itn)o t i l y  prOvid ing i t t  O t i i ) i i l i  1OI’~ in Cyclic t n n t ’ ( l ( I ( i i n j t y  with standard

For deta iled itn! or un ;a t ionu ,ttf l)Ut 
~amn s PP” cf ; 

H S con’ init c, tst  r a 1 n I I r t  .ut
1
uiit- Ii , ~~~~~• ‘ Standard ‘Build’ r,OnlI,allra? onu s sip of twe lve  1 ,1 ,1 ,5  COt tS i ’C I I t I v ! ’ t Iui!flif lq (0’’’ 1800 ‘ITV “ mini 1/76

l,,t .’- ,I ( ) v ic :n list, 8 )  I t ’ ’ ( t ’ SS II IV I t . q  i , I i I I n  f nnq , t l  W ,Iii!t 1500 ‘ V .  (T I l l )  1/53
• ItiIttt I’’i l~it tc  t , i’ I tttIic ’ t . n t I l I t i  - ‘ ‘ l I l i Pf l t t ’ t i )

Please consult 8, A. Listc ’t or wh it c.v ’’ ’ Irt,t,t IS  ‘ t O  ~t ’’~~~!, 1 ‘ifI./(~iqt) I of I t : i r t ’  , - ( qn i i i’
‘ acI v ’ cc ot t  applications fur  lX’l ’dS Non- o.u to°’, OVCrIO, l I t  wit Din ‘ B ’  lb 375
consideration nuutist ll~ given) to the ThI s IS tt r)flt)ail y ~~t ) , t I i t , ’ n t  i f ( , ’ r  .t fl.’ruft( itf4 ~ above 7600 rev / 111111 Special ‘aui ’iqs :tpfl ( y onl y to .i  I,iilv r un in negi,t.’ kg 170

F
‘ ,lpprt)xIcna ?eI y 50 hou its !tinninq, hul if .effects oI increased noise ,itnl sp~ClaIi y n.’qntiaied . engines eec, hr A u lIt ~5 II. (25 ~~) for cast iron fanvilir;,tinn at  Iluece higher ‘~tii ’r’tmo ~.u. tnIin,I tI ’’iivi ’’ itii i IIct ’s ,’ I’t i iuiui’n ,., w tr ~ shrou d

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ -- T. 1
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Principal Dimensions CODE H Hydraulic Pump Adaptors CODE 0 Mountings
Fl y wh ’-~’l en i  Ho lding down bofts

A 21 2 1690rnm1 0 85’ i 2 l 6m r n I C,eat end

CODE R Recommended Sp res
B 70 1 I525 rnitr l F 12 0  I3OSmrr f CODE .1 Proleciion Devices and 2500. 5000. 7500 and 12500Solenoids hour kitsC 79 3 720,iinr l F 9 0 I228u,ml A ,n uprnpcra i l i c’ and oil press ute

sw ,ichc ’s
Soii’no’ rls lit , fuel conirnl ~tuI CODE S Sundries

OPtiONAl. ACCESSORIES Ieco’ np , i ’ cs r t r s  Primer or Lister green paint
- - CODE A Air Cleaners f i n i sh

Ht’ ,,~~~ fut~ dry ?ypi’ GOOF K Controls Operators handbooks and
SI ‘ I’ I ‘ I r Parts l ists

— t n - I l , , )  I d .  - I V  V t  Va,i,ihin cr” ’- if lc’ v c’ r nt’e-l cable Instruction plate loo se
CODE C Flywheel End Drives cc’ r’nr ’i 

Tool kit
Sha it  t ’ i ionsic,,Is R’’r’ n II ‘‘ n~~~ ’ ’w Ien,l,’,i silt It
Hill o i i i t i  I”O~ I I  For lull details of our wide range ofPulit ’y ’~ acces sories please ipter to latest priceC(uu,:h 

- -  listAd, p)i,t I r Il l  11 l11 ’ )  ~ .‘ ci i , ICh COO E I lubrication Equipment
ii ’ ’O(I ) ’ -  F ~~‘ nt I lapt i’iI

CODE C Close Coupling Adaptors I cinq ti,nn Iiq PqI i lp toenu lilly
SAE 4 ft 0 6 c l -n I hl SHIPPING SPECIFICATIONS

CODE 0 Air Duct Adap •or (approximate )
- • - CODE N Ezhaust Equipment 

‘ - — _______

COt)F F Stdnti nq Equipment (SIC - s, ’eni c ’ -
I ha,, I c l it r l  n, ,

~~, ii ’V i,, ~, ,~ Basic neft weiqht 375lb 170kg
1 2v , .~ e c u - n  ‘.i~ t ) we loose , - .  h .‘ p,hauc’ pipe

s 1,n~ rn.eci.” Basic grass weight 470lb 10kg
• B ‘ne c Votuime ?6.2ft3 0.47m~

CODE F Fuel Supply qurpmmni CODE P Gauges
[ r i c j l r l t ’  On 11 I’,. f IiI’~
W t i i  1 1 ( 1 1 1 ’ q 1 1 - I , I lb W i r,~

, ‘ ~ ‘“a’ h i p  .nfo mation given in this catalogue Is.7 i i,  in 1 , - I ’ l l ,  ,~~I i ,- ,- ~) initended l~ , the as sistance ol users and 5I ~‘ ‘‘ i ii ,is,’ i upon tesul ts obtained from tests- ‘“~t” ’ d ” ’~ tii ’ l~’ , i- -c t out at the place of manulaCture,I .(’tPF 0 C,,,ards ic’ -” h I ’ ’ I’ - - v.. I c i  ,~~~~~~, ,. T i’- ~‘cnmpany does not guarantee that the
same results will be obtained elsewhere

lo t  h ‘..n~ I’l l S t’ ‘1 I p(, , ‘‘C - ‘ I t ‘ ‘ 1 )  - h ’ 5  ,~ i’ -I’ Q t i’ u - - i ~ a ’ ’ -  r s n t  ~ihe under different conditions, Prices and
v,i’II Ii in ‘ii ’ Op il, lit 1 fi A I ste t n . , ’  ~~ it , the r.quin.-nr..’.’s I the ~~~~~~ t”il specifications ar~ subiect to amendment

1
~~~~

, , I II , .5 n’ ’” i’ ‘ .t ‘ ‘I~ .~ ~~~~~ ~ ‘c I ’ s ’”’ I “~~~ ~ “ i~ ” ’ t ~~~~~ ~~~ 
, ‘- -Iri s’ 9 iVP t t  suhlect  to r 1’ie Company s current

Si l t  ‘~~ i’ w -~ ‘ ‘c ‘ ci  I 174 UK I ‘c ‘ ‘ ‘ it o ,  err ss e Q i~~5t i0~~ t i y r t ’ a n ,  IC Withtliit not ice and all information given is

Ii-  ‘ - - .‘ I in, ‘‘- . ‘~~~~~
, ‘ , . s~ ’ , (‘otril lio nS c,f Tend.’, and Sate.

HAWKEF . S(OOELEY
L LIST ER DIESELS

C A IJSTE R & CO I T f l  Ot 1PSL FY C,lOtJ(EST ERSHIRE G I l t  4 if’,
TFt (‘ )t iRStFV 0453 4 t4 ’  lEt EX 41261 CABI ES MACHIM fly DI 1851 IV
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Specification Performance Technica l Data

Cooling 
. - - -

~~ fJ~~ .Ii.’ l nn i icn i t t ’ i I  t , i t i  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 ‘158 rev / t r i l l)  hhp

Lu brication - - , 2000 41 25
A not iFy ) ) L i t t i p .  l ’ I t)W  n~ I I c - v o l  

- 

‘ 
~~~ - 

_ .~
,

C 
1 800 37 5

I 1111100 O il 1111 (11 ’) I)
~ 

.101’ !l , ro i i ( l I l  
‘ - -  

.7

,

— 
, _ ‘ “

s

- 

Din B ~i nig

(‘ l , c o 4 for i ( l i I - . t , i li t ‘I ~- - I  I l i l h l i l  - - 
- , , , - , 2000 4 6 0

Cl~,c’~ B fo r  v,tn~atilc’ SJ 1I’ I’ n l  I ’ I  - l u ! ,  - 
~~~~~~~~~~~~~~~~~~~~~~~~ - 1800 4-1 8

Starting
qr~ ~,- . blip ,3f 2200 rev ’ m In 55 0St i r l I l i l  II’, ILitill I’~ ‘ 1 , 1 1 1  u I  t I  

— —(‘ 11 11c r iriuit of ‘ I i il i t i (’  El - i II IL
ll\nfral i lic or air ~l , i r l i t i 11  I ‘ . ‘ I t  1 0 .  ‘ I I .‘ l n q i I I -  at 1 0 ’  overload,
iv iil’t~,l • 

- ‘ ‘ ~~~ ! - i ’ , I  2 ’  at 1500 rev /m m 
‘ - .‘ ‘ ““ ‘ I ’  ‘- I ’ t ’ . lhf ft 124 2

Power take-off I i ’  - n I I ’ ’ , )  I~~ I’ I’ .‘ - kg f m 17 2F I I ” ’ i l ~ h ’ , 1 , ‘ , , ‘ ‘ , i i  I 
Al c’illi ’r t”nid of Ii I i,’iii ksh~i ft ‘ Il l . ’ -  ‘ ‘i i , I-, t , , I~~ nil’ ‘ r ~ ncr,, .I ’ n ,iI’’’i — 

_ _ -_~
_ _ _ _ _

-. f i l l  I1l~~\- i ’ l  ~~~~~ m i i i  t’ l,n f l y~’,1 l n : I ’ I  ~~~~~~~~~~~~~~~~~~~~ I
, “ 

~~~~~ ‘ I Num ber c c cyl inders 3
1 1 ) 11 liii Ill — I l  itt iV el. It””, ’ — —
11 1,  t i  m a y  l~ ’ taken (toni  I10 II’’ -~ ’ ‘ - ‘  ‘ ‘  ‘ I ~r ‘ ‘ ‘ ‘ ‘ i ~~ ‘ “‘  i . o ’  ‘‘~~ v ’  - I ‘8~ 

I, Bore x s t roke in 4 25 x 4 5
- i i i  b r  approved ,ippl il no;  ‘

~~~~~~

‘ Y’:. ~~
‘

. 
‘~~‘~ ~~~~ ‘

~~
. , 

~ 
‘‘ - ‘ 1)111 107 95 x 114 3

Rotation —

- R A T I N G  
~n ,,~~li ’ V I n i l i l i l It  11

1 191 5A t i t -  CIii~ ki,’, 0 1)11k i i ij  ii 11 n - B S. 649 - 1958 (and Din 6270) crii~ 31 35fly~ - lna’ l . Clock V. i ’— t -  ro t a t i o n  Th i s  ic nItP ~i i n p . wh i r I. l i ne  P091114’ 5
is’ii l’ulilp l ii  i t .  1 -(‘‘ I I ’’ l f l q  c- ri) ‘ i tmot i i I~ at a

‘ 
‘ 1 , , !’ ’ ’ ’  - , l l ~~ 0, i i , ,  II , 1 ’ ’ . . - ’ in a m .  - ‘ l i - n - i t ’ l l  ii 1 500 ‘ 4 - V  t il l)

St’titd ird ~quapnient II i 1 ‘ 
1

1
1

10
1 

r A I I’ p c i i i  I lb / 1  I 88 9
( ‘hun- I s i l ’ -ni. , - t  Fiirr l f i I ~~- n hI” i n n  ‘ii - , i ) , - . t ,,rI - n ’~ b r ’ ’ ~~ . n i b ’ l n I  ib, li ,ir 6.12

nil (I ii’- liili,~ n . i l u n n (  1)1 1 I i i ! -  r ‘ , ‘ j — l l l  I i i  ri i’.r ’’n c n f  liii’ B S —
I n I t r ) n ~~’ 1 1 ~ 1’ Oil 1 , 1 1 1  a i r  r l l , I i I , n n i ’ , h nc  ‘ I i  b l i J  .1! ¶1,0 5 l r t’ ,’  ~

i1,.
~ ’1I I, ’ ’  Cy I  III I I i i’ (l i I I i t 1 i’ ~’ - ,. th standard

- 011th inur - ‘ 1  ~c 0 - ,l pen I n i  )c% I’ ci’ hou’L II I ’’ ~‘r t i r t i l i 9  Ido l1 ’ ronsPcii t iv p runt op (DIn B i in l~~~s t I ’,~,’n h c i n , i ’
( t t s f r i j C t j o o  books and parts Ii -,t n l i i v n n ! 1  C o nO n  inn q ,u i ~ 31cr pumps, fans ~ rn I 1 800 rev mi ni 1 / 299Ttiii l it .- I h o ,  s , r , h - . ,~ ) 0Ii0I!lr,li~nt w ire,, 05 .r m i n i  Ic 1500 105’ li l lY) 1 ,~ 201110’ ~~~ f l r ’ ’ ! r ’ nI

Noise No,,’ 1 1 3 )  10’, ‘c - o n  l ilt ,1 I,I Din B W eight of liar engin e\f~Iri’ rc quiet ini’ ,( c ll alici r io an t ’  ‘ ,1I,rh ~~-~ d ihInl y n’’i ’~ In’ 1u11v ‘Ufl’lil P 091 0 0  
II 

—

required , ( ,OnI f ,m i  I our T i n , c  Ic  I ‘ ‘ n e  l i l y ,ril,i irt ’  I , uf te r  ,i ppr iod of 7

A pplici t ion Dr ’plrln ill l i t  fr -n ç ,p,~ al (‘ n I I I  
h!riii c ii” 1111 b~ n I k g 

—advice cl I ;,in m r C n l ‘I’ ’~~~lhr ,.rq rhece  ni i l I r i n~ c 4’ , ~ - e ’~~ Add BOIb I 36ko l f i r  Cast iron fan shroud

4
A-22 HR3
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Principal Dimensions ~; i i n l I l t

1 :‘~~ ~ ¶ r  l~ ‘ i ll) (~t i.
A .~~ii ( 1 6  ‘il i l n i  ( 35 0 i l  i , iil l i l ) )  1 15 15 I l i h i n i i i n n  Ii n t - u t n ?  I t’ ’ ,’, ba t te ry

‘ ii ’ ’  I bl Pi n e  n i  D 1 ‘ ( 1  1 1 n - i~~n I 1 1 6,’ ~ I . 10~ m~~ I 
i n r - . ,t r i t oi  I

‘,l !Ii Il I  I ’ l l  !n) i’ ’, l’ i
1,- I c -  ‘ I n  i t~~i( ‘,‘,,i t bi

0 ~.,tional Extras ‘ i i ’  . I n i  i i i t  1, 1 0 1 1  I n n  i l l  11 . 1 1 1 1  ‘ l i O n ’ ’  I I  - - t l . c l t i ’ Y y .
i i  - I ’ ’  I t .  I l i i i  - 1 , 0 1 1 ,  I i )  - - (Ii li nt lc~c.7se )

I n~~n I i r ~ I -
- ‘ I J , ) l  IS _ , ~i ) l l  I, n , i r t n i )  ,lf

.1 ~, ~‘c ~~~ ‘ (  I - - n - - - - 1 , , ‘, I n i l , ’  - ,l t i t i m t  i n n  I ‘ I ’  ‘ I  i ’ ’  11,1 11 1’ -

- 
- 0 ,01 1 ,1 ‘ l i l tIt I cioliii~t cO ,e it l,’l Il~ i ll  f t c ,  I m i n i  II I r n i r i l  l i i i  L i i h I  V I I  1m m’ , ‘t 1 n, p -  (F - - ‘ I i l n , ) i ,n nh() at

I I l’ I f n I n l ’ n i n i  r - i t i - .I I il;it b it’ ; 
I n  , Ib i) t i r ,  lIy v~ Ii. ‘ i ‘l it

-\ - e l i’ ,c r t , ’ t  I , , ’  i t r ’, ¶ ; 1 1 n  iti. ’ l t l i Iiil 
‘ - 0 , - n  ! n , n n n  ‘ I , c - i n , . ’ ,  . ( ‘ uU.n l I n - ‘ ‘n i i i ;  star t ing
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I

Silicone ~MQ. PMO ~~ 3 I’VM Q IC . Poiybutadlen. (B~1, AA ) This gen eral- Fiu o ro : i ln con o :(FVMQ FI~u T h ’s typ e of
FE. GE) Silucont’ ruht’- , Jm1n h~n n ~, S  se’ Li’ i~~0SP, C nIu~~u’ ~ i i’bi,’ ,,’d wbber is even SiI ’ curn e I”n ’ s i m J ,’S most CO fI n , usefu l goal-
sati te fami l y of sein’ ,- r  inc  s~ rt t0e t l cs 100cc rerif ent tt t: m n ndfc ~,dl rubber it was ut tes of t i n , ~ r egu lar n ’ ,co,m,’i, plus c,n—
that took ail,I feel lIke u n t i l  i ,uc ‘ u m ~ n~ ‘n , ~et the matec , ,mI that maij,~ the solid golt ball proved ‘esictance to nn.lri y t l u- ! ’  L m r°o-
have a comp lebely d ’ t t c ’ r , n lv :  ,i u . ? ‘ ! r us ’ po~ sibIc it uC also sni ~ ’en om to natural nub- t ,011s a c  lc’tones and Li’huc-pi;.i’ -,’ t ’c ie rs .
lure iron, other rubbeis ihe Li :~~~~~.‘ ‘t ’  of bem to  IoA ’tet no€ ’ ,atu (e f leSI bu Itty and cx-  however , I VMO rubbers c ,n be to - -  ‘d od
the nutb er is no t a c r m a n u i  oi int . ’ri dlO rfl~ P u b i S  ie~ S O~~rl ,;,’flic hej t buIldup ft d e s , w i th  coi i . ’ nt i onal dumetl’i~ l si5 ,, ’n’1~but an anianqc’mc’nl u t  v i  rn ,,rr .1 •v~ f )owevt’r  Lin c’ m, Ii,,~ tO unp nr ~i.Ss ; !- ‘n : r [ ~~inI ;  W lliCt’i h35,  - ‘,od n (’snslance to bl ic ‘,‘ ~~~~~~
g”n al~ ms 11)1; 5 t ru ~u,l~,’ , ‘ n ,i 3  .‘ ‘,c ‘ , ‘ - c  ‘i’Ll c - mi? ’ , ,, ‘ t n  ru ’ S u Sf a t , Ce c’ I I L  I’ ‘,‘i;’ Li ’ am te m pe r , it utc ’S(O 3)0 F The F’,’ t ,’~) rub-
ibt e chain ss,t h ssea k nt t o ” . ‘ ‘ - - c  Li “‘i ’ s’. , t t t  rl’itut ’i t r , i ! tso i  or SSIT n ’ m r n - bi 5 ale 01 , c- I i~setut where th e bc-s t tm low-
*hich pros -I’ ’ a rema ,k ,,L y ) - ‘ r ’ .: I.I . ‘ ‘c’ c r o c i -  rh - r  ii;’.’,- ‘“rr’~ n a t o ’ s- l - S I I m I d ~ tC tip~~tJI,. lnm ’ ai t iu l i t y  is required rt àd Im-
in dyl an,0 ch . i- -, l ¶ , .

~ - ¶~~ ‘5 ~ , ,
~~ ~ 

, u,’ SIII V1’ -C 0,1 ,1’ “~~l ; ’ ( ’ r n , n ’ I~ ~-, - Y ’ ’ I n ~~ ‘ n ,n l uuiu : I ‘I) to I:, ,l resistance , alt hOuijii Ft. ,. ‘~ -

ra n gu’ of t(’’rrO, ,,,tUi C ~L’.. . ’!.,’ I . 0” - ‘ I S  ll~~’ ‘ 1- -~~ h i,! ‘ S c - ,  - :n ,t .  ‘d ,iI J much 1.1 -CC t I ,,r~ (e~ peciaIl y th ou,’ C c - -rlI . n t ’
hav e no if lOlc ’ C ,  ‘ t O i l ,’,, Lim o ~~~ ‘ I : -  ‘ 31i,,’i (“ ‘ I ,I( ,, - 1’ I n m ’.’ In Other uIi J 010-1 ’ , I’ c i  is poor er than that of hi’-’
Za t mon Ofl Shr,’tclnl I I ’ )  i ’d  “ . , t ) n c - .  ~ rOç ,-I b — ‘ - ~ , - ii ai~ I ‘ i ”  n c  t imi ih tear IA t~ i’u” I ’ . . ,roCatho ri rubbers Aill “u jr’
sf nc- ngt hei med by O’uiif cir il r, iIl ’n ’’ l ’ 3 i S  mi ”S-S l ,3. l ,  . ;.-ij “ ) r ,, I , ii “ Pr- )  ~~

-
~~~, I . ’ - i ’ ;  have been m md.’ u rn t o e

La rge- voturrot p - ! ~-h ut “d-~ n” use is in ,~,‘fleti;l ( n iLur ith  of the lluOrOsuIlcc,rnfs rub-
Silicone rubbers are ct the PuIulh end of blends w ,fh ~ thpf ;- - 0 , -rr i’s 10 enhance bers. mo m’ durabul i tyunderbothsta,tca nd

the cost range f ,’r ,uCt1’ rs hut On” , c- if  Lit’ lhocr res ut ’e nce and r ‘j uOp  Iue;,t bu”du~ It dynar r- ic 5? tC Sb would greatl y impr ove
made to wi t tms l7n mj  “ ‘i ’ ”, r ,” t j i ’ - ~ as ”’ ’’i IS ,tIy O 

~ -l irn (- r O d s - , IS rC:)InnrInl’ ~ h, ’~b ‘c’- their appl’cafio ri poten tial .
as 600 F with (n Ut Cn ’ ’ i ’ n n , ’;,i t. j f l  10 t o e  ~- I - ,’-n~~- , O s ’ ’  b oaci 0 n~’~’i’~~,O 1 . ” ~J r . n ’n

other end Of t b ’  -~~) - , ,  i i , , ( n , ’ ” . ‘ n ’ ’ ,i F) n , U i ’ SS lIr ! ‘ ; , ( t n 3 I  I i ’” S C mii .lLl l , n i i c n rm F l t uo ros i l uc on e  rubbers have gnoci
usef utfIexib i l~t y at ISO F No pi’i~ t .cn zt.’ ms mounts dielectr ic properties, low comprus~ iun
are needed that might cause s ‘ ‘ lie sac- Set , and escellent res istance to ozor-’ and
nuluce in properties. weatheru og They are expensiv e and tlCf i,

fluId 1 spec at purpose, T ypical applica-
Wh mlet he strength of Sil uc000 rubbers us lions inc lude seals, tank im nincj ~ , d i.

low er than that of other ru ( ’ be rs they have aphragms. 0-rings, and prote ctive boots
out standing tatngue aod f lex resis tance in electrical equipment.
They do rot r equ~ro ri,.j~t t ells’,, ,mru d tear
strength to be Suctab le fo r dyn.inr:nc appli-
cations Fall .c’lt in loos e p ,ocen t .es with
estend.,rd ..‘SPOSUtC t o huj ?m te’olperatu res
is less than for other rubbe rs Bm’s stj nce
to chemical deter iora t ion Oils OS~~9Pfl .
and ozone is also retained under ¶b ncse
conditions. Chemucal inertness rnau~es
these materials of sp(’n u~i! i’t !erest fo r  sur-
gicat and to Od - ptoOCOS nin c F (‘qutprthcot

I I.
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I
I

- Ethyl.ns propylene (CPA . rr(’M; AA , NatI’reIru’ber(O 1413 NA: 02000 AA)- while deformed. Its high inherent re-
BA , CA): Like t h e  but-~Is, the EP ‘ubb~ rS The com m”tcua t Lu:iso ton natural rut’,tmt,’r ,~~ 

silien ce . which ‘s respons-ti e for a very
are of two types One is a fully lurated l~tox , a r,i,IIu-l ko s’nrun m , genera ted by t i - C  low heat bui ldup in f lex i ng,  makes NFl a
(chemicall y inert) copol yit -cer of rt t ;s II’lr t’ trc” :r.ol tr uiu ’ , Hovra Drr su I,~nsis Iho iâte~ 

prime candidato for shod , and sevs,re
and propylene (EPA), t h~ otl me r (EPVIA i IS IS co l: i -c tc -i in much trio sam e f,,~ b in  ,~s dynamic loads. Properl us negatively at-
thesamus as t , i i Sp lus al hmr d polylnerbulid ’ rr,apIe t, ’,,t . Hcnwt ’ver , I,,h.’~ ~houlJ not “a fected by heat suc hasf lox , abrasmon resm s’
lng block (d:ene m000mnc r) ~tt t~Ch ,id tO C~ nfusi -J s it ”  t ’ , , ~~~~~ ~~ ~~,t- - ~~ 

,
~ ~~~ 

taruce cut re sistance, and i~lfdurOnce germ-
the Side of the chai n EP~~M ts cl’ ’ ‘ n c ; t i ’ y ~Oc retc - 3 i f lt ’ . i t i i r c ~r ‘ - s ’  II’ ~ ‘ ,‘ ‘rn~~ a eral l y t~ ;ii th uS be much improved . NH has
ro activeand is capa b le of sullur v ;iiO;, ’iz’t tree cii t i’ n ‘ i l  I ‘ I i “ ‘  ii 1 .1 tuopin~1 low Compi~ ssiOfl set and Stress r~l~xa-
lion. The copolymer must b,a CUiL’d will) cut is C” nl r. I ‘ ,c- i u -  - I i  r ‘~ n C ‘- - ~~~~~~~ ~. ~t i as t IOrm , tPu,’c - ct iaracter istics favor mt~ appli—
peroxide, l3t~ x . P~a lu i u  i n  c-. ’ ‘J ’ I - ~’n’ ~~~~ c- . 

~
,, 

~
, c a c -m’) In t~~alunQ dev ices whe re mamnte-

slon of ru~~ n -n i-~ 
- , , . , ., 

~
, , ~~~ c-~~~~- nanco ~t c m ,n lnn g forces and the surt’ce

These mat”r als y.’~re Ot IC n , i l , 1 I I V t ‘uilr cJ tairi int j ,; - - ‘ :, ‘ ,
~ I i, uri,f n’ ,ia’ i Ic Coil,. IOn :~ of high-quality So Ft stocks

as being th” :-‘ icrnic  iu l! .r, u ;’,- ”  I n i l - I ’ s’’ sUbsf lr ’ccs ‘ ‘ ‘ 1 , 1 , 1 ’ ’ n t - n c - u nc nl aro i”npoli”u : Further adv antaa es are c x -

matefla.S—O i)e tP’ ~ t” L u .i , l Ut in ,utur,i l this 5’l u h , n ’  t n- ,’, to’ ,- l  ,,,c- ’ i ~~ a cel k”ni t gr een (u nc ured) stren gth . ULi il o ing
rubber Out of i)US,II’ ‘i m u ,  n im b i, m c cohereu t C i ’ ,:- .- 5,- ui tac k , and c 1e’-eral processing characteris-
superiority was ner,er ac h ieved , ‘iOw c’st’r tics
because of trio c ’ucr ca s i r tg y n~”d per a. mc Il lS n i a ” - ?  “ntural rutoo-r that all other -

fr om nafur4l ’tubber pla ;-tati ons rubbers t,P’oiifrf I”- ntea~,urcd ~ irr c - -’ Natural rubber does have 50m bP f uries it ss, t i~ I - ’ . ’ co? ~- ru,itjb ‘ c v i i , , :.. ,,rn l shonicom i - c’s, as do tIme Other nu”neral-
Physical piol,ii’rtues of EPfl a id fP[~’A if wa s u,i- I n ’ s ’’n , .O l i  u- v ii I -I. ~ li- C purpo ,~c rubbers There are rubbors for

are not as goou as thO,’e mjbt .utn,.l ;t’ ,- , ‘ t i  I i-SCOvt’: y Cr 1 s i  C_ mt iOu u ‘n~~~l example that maintain initial pr co i ’rtie ’J at
NA HOwevc’m . Qropt,’ rty’ rt ’tc nt iOn I” :- ‘ ‘ h in : m greater estrem es of temperatures. Tm,
than NAun expc’sureto l ,cvl oxi~ ’ it iOn or Synth etic ruihb ’ ts havc ’  ‘t “~ ped useful servi ce temperature of m-’atu ral rub-
ozone . Bonding us sorr-e~~ti0l more Oi l - e ther by acu’ dcu - : or a~ t: - r I r~ s. bor is generally considered to rangc’ from
ficult , especiall y with EPA. sure s of p c - i t . ’ -  I tutu, - . ‘I ,, —65 to t in special cases) +250’F , which

quentunas ,- : .. tt i l . my , h t t ’ ,n’ ‘,‘,l,,- -n i  covers most applications Other draw-
Typical appi cat ions are automotiv e However no r-,nth’ . t i c  ma o. “ ‘ t backs of NA such as poor oil, oxidat ion,

hose, body mounts and pads, O’ rmngs equalled the m,’.”rill en -i nc c- ’i” ‘c- and ozone resrstancecan be mmnim,zenijor
converyor bett ing wine and cab le cover t e r ’ St mC S and conse quent wud ‘ - nude of virtuall y eliminated, either by proper øe-
window chartrc’li’ ,n and ot t uem products application avattab le with NA. sign attention and/or by compound.ng.
req~’ ring excol iont wea ihering resistance These degradative force s a e  essentially

surface effects which can be to ierate,1 by
• As with of her rubbers, many rm rades and using lhicu, c , r cross Sections, shield ing, or

types of NA are avai lable , lhrc, ’  are ore- antioxidants and antiozonants,
duced by varying impurity lpvrI ~ c’i;i~~c-
lion methods, ari d proctn ’.s nq hrc nn-Quj ” s N~turel rubb r often can be the f i rs t
Natural rubt - . ’r is gencnaii 1 Co’msn h oed to choic, for many high-pemformance appli-
be the besf of the qone rai~purpo se cations If it can be m’ide to l ive in the
rubbers - thos e th at  (‘ -‘i :’ -,oI / pro p .  ‘I OS service environment. II tem amns the be” b
and charact r” ,

~ t l cs S i I:.i,”e for br oad en- choice for ttres, shock mounts and Other— . gm neer mn ci ,~: p u n  i I n ( , n S  
~~L .pom n ‘rr ‘ O rTm ’ energy absorbers, seals, icolat ors, coo’

.7 pounds can to’ , ‘s imls C cc.” a cc icr St I l t -  pflngs. bearings and other motion-rmeu range wcth nCtii r,’l r- bluer than with accommodation devices , s prin gs , and
any other material oim d at a competitive other dynamic applications
pr ice which w i l t , In all pnobibitity, become
even more sIgnificant as the energy Situa-
lion worsens ,

Natural rubber is likel y the best choice
for most applications evcc’pt tho~e where
an extreme petformanc e or exposure re-
quirement dictates the use of a special-
purposo tubber , ott~ rm at so m e secr if ice of
oth.r, less critical cha racte risti cs.

Natural riibbef has a large dtrformabiltty
Capacity. This , cOuOlc ’ d w c th it s a ln uli ty to
strain cryst~llize. gises it added str ungtim
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Eplch io ro h~ mir in 1) t i L t  1 uu~ St~iro:,. butad lei,m. u ’ iifl AA IfA) Th ec Ij rcthuune fAl l f I,) I’ , ,i 1 Ii ,c’ r u m n l  ‘r~

Epuc Illorotty diliI ~ i tiu ’m I’ ,,t .I - iii , . 1  ,t 17t010r181,,nuit, r- ’ ‘ , ‘— ~ 
i , ,n 1 Iu ,l , .n i . ’nSutI i,tu ( n , m n u l u . n i  u I , l I it ’ , - j n,I yi~ ’,I. . , - , c’ ~ 

.u 5 i ’ i i n€ ’ i S

hoimnc’pulynn’ i ~ ‘ 
I ’ )  ,iiil.1 .1 I , I l l ,~~Ii  , t l i ’ i  t ito for i L , t c l u l , m n I 5’~.’rli1 W. m i i i ‘‘‘ I cic - ’ ,i’ i f  anmi d i ’  • y. r i,:’, am u- - _ - , i c , I i i  that

(ECO) cI epm P u l , , i , , t u ’ 4 - i , c i t  h t m l  n , . ,  t Its SuiI:.l.uiii l’ for u - i’ mn tu tu ’. ~,in - ’ , j i i ’ -  t i C  Juh ysir .~~i t i m i l t i e t t I ’ ’ , do not ,i, ;.u’i nf c.n
lhesn rti tt t ‘ m ’  t i _ c t ’ ‘ ‘ .1 I in . - m - i - n i ,  f,,i,.t th3t i~~t l t  I - - ‘I . ~~~~~~~~ it t i n t  -~ f ‘1 ( um mi l toum n idm n lj  rm i u , t e r u ,’ln, l,) r u -  ii ~.ncs

strunijtl i amid c ,, . l m , : . t l l r m m u’ ’u ’ - ’’ I. - u i~ . cum ,.: e Oil . if I . ‘. i ,ntrn, t ifl t d ( 1t i i t t ’  i,(Ini’~ -t i — im ~~’.’,t tri i, ibi d uiud~:rcj u t. i l i t  I i~~~i’~ n ‘ i( rm to
an snmus uat C’.n n ’~l - i ’i,il . u t n t  ‘ t I  ‘ I i -  ,~ tivt.i it m t . ‘ .1 1 I n u b  Ii 11 m m ’ m ’ x t ’  n -  - - - u pint  prmuml uc i. a With! va r iet 4 ‘ I corn ; c ‘I ’ll

te r mu tm cs C’n(’ ot t?,, . , ~~. u , , - .. it n u n  ductuori c. p, . ity for Stilt ii li i, it S l ’ tn t -y a m ,  avaulabIr’ as u n ’ ,t . ir.l ‘ or i n i-,,d

whi,-h nt ,m h , ’s t I- - m i t ~. ., ‘ i , -, ,‘
~ 

, I~~~,I 
flu ,ltr ’ r, ,’,m~ _- mn d as solici t.. - i n n i , , ? . - c

lions it uvolcmm’ uij . I’, ’ 1,,, ,, , , t - t  - ‘ ~~~ ~
_-‘.~3fl ‘m O n  u n - c  t i n  I-i’ i _- s  ,b  n i n i i . , n - ~.~ rif t i n , .

ap,nl .1 t i ’  ‘‘ I - u i it - m l  r .  .1 ‘‘ n I  Nil Uu-mi”~u, ie polyrtmc ’ rS have r’ ’c ’  ‘ i - n  I In n .

T ftt’ ti, ,ini,’’~’ s r ’ ’ - ’ m I n ’ ’, . I n i - ’ n ’ n , - n .  ,. . 
m_’v ’ ti f l%o (,i- u il I i  t ’ ’. - ‘ I  l - .,~, ’ It i n ’, ’ ’  lu S uit’ ‘.111 r’-u II I load-bearing c ’ .~ ~- _ .i .’ ‘rd

S~ .t ,jn i, ’’ - ~~ t t ’ , i, , ‘,I  _ , i .1’ l. ’iI - 
y in ’ - o i l y t t i,.l ,, ,,i r n  ‘i. ’ n t  i’ ‘ -i i’ l n , r n ’i,u l . , n t i  ~uoton t ia l . accr ~.mn o n u n - I

s,s i’i I, iCJ t ry  oil’ nt .  ‘ ‘ l., I, ‘ u,  U . , ,. qr’ .i n c c l  .i n i .  ‘ ri— i .  ‘ LlS i i -’  r i _ - I  _ uj’- Ft . u? i n n , , -  .‘, arid out~~lir’.nLir’ cj -

tamm,, ’
~ 

I- ’ , L i t ’ , ,  l’, I ’ll l1 ,’ u i n I  l i i  I~ ‘ ,, 
ii ~J II .5, . .  .1 t i m - I  I i’  m i i i . ’ , , ’  I m u ’ ,, ’ ,. I - .‘ (._it luc r prope rt ies I m , ’ ~~~’ ’ ’ ’ ’ ’

gases, , tn id  i — i .  u’ , - i , ’,. ,, ‘ . i n i n ’ , r ill_ - i -  . ‘ - t o  - - rm ’ i i?. r i m  I n - n i l ’  r t n u  I’ i -u .- tc.it ‘,tf~’ m l iiI either hugh or Ic.’. i’’ i o rFo  - - i

ties ‘ 1h,t ~ n i - I L . - , ‘ ‘ - ,. n 1. . 1 1  ,~ ‘ - ‘ I  i l’  
, i C 5 - ’ 0, ‘i~~ , ~~~~ c l r ~~’n :1 i. - n - ’ , - of f c , n ,t,~ ,n and good cla’ ,t u c n t y .u n~s i ’ j .

C i r st ,,,’ t ‘ li.,tICS , r u _ I i _ sc I,’ i m , , ’ ,- c ,,liii ‘ I ‘v 
l.,;’ir .‘, , .,~~ 4’ . r.t’r-’l (I i  il l . btn ’ i  iS ‘, i ’ ;  c . - , ’ t i c c ’  even in very har d stock-c

itiufit~ only It) :. t’ Cl’ ,it ,ICl.’ r i . l i ,  n ctu5, . r _ - t i y I, i, ’, r,, ’, I i , u lnu i  I n n  I H ‘ ‘ it i,. ’

u-nay imol t’e o. -~~u m , L ’ ’ ,’ ~~ , - . ,- 
~~~~ 

hi- ’lt O-r Pu :1  h,uui,iiuin on I. ~. m j  F ‘ t i m It I’ ~pc r . i ,1pplin~at mons sn ctcur t e s~~;,l~
— . tioii.~ 

u, s1u ’Smic ’ t  h~~ n tm i ” ‘~ i, ’,,j ‘ - u - . . , ,oitii,, t - r i  Lunnic-, :, m m i r ! . u l turmmng ~ju es,  v,u~~o ~~~~~~~~

‘‘‘~~ gui ,lu ll _ ’~ ot P~ Il l,ir k u i r n 1  t . . ii n n ; i’ ’n l n m u , ’ i ’ , m l i _ - t r ig elernomils u-c , l i ’ - r~ ,~,n ’ 1;

is ir ,, ’ u , ’  t - ‘ ‘ ‘ i ’ . ’ -  ,,. - .i it , .  u ’i .- 1 t i i L i _ - i  t.u~lu~uni 9 t a ck  ,ulmd .ni .1.’yor b e l t s .  c- c.c’ei, . i ’~ ct n’ ‘ i”

Iow’te’npcraturt’ fIr ’,,it, ilify f’-’ 4~ i but ‘~ 
dtJr,r., ’ im’ conditions are present

has poorer pCrt i i , ’ .,t’ , 1 ’ Iv  t’t,jn .u , It ’r ~, i , _ -  An •,-nporiant tc ’ isQn) ton tIne coflt’r, j”d

Oil resist .ince ‘I both C u-i- O U r I U S  ~ ~~~~~ 
hugh volume u~e of S6~ is tiu jt it m i d  a

the same creditable lob in ,uassenqt r car t ies h ay-
ing good .JtJras mon nc-’ s~ ‘ i n . -  and geticiai

Typical app !’c.iiuoius t,ir tttei. t’ tobh~ r s  du rc bm iu ty  l ln ’ O e n t t y t h;~t p i c t u re  has

include blodc l.ms , iin .i~~hi ,iiini,~ sibr alion- changec. tm zn .veve, . bu.’cau.-n’ ,,f Iii. 
~ 

n - O Cr

conlrt’t cqun.- meet mouni:’ I ~
. 
~~~~ 

need fo r th~ Ou r - nm stre nq ’n .ini hi iu . l.nq

dampe m s , seat ,. t , i~~~i,’ t 5  fuel lii ,’ .o n - t i e rs  
tack of rm ,rtural n O . 1 , - n  in ra t, ..: li nes ,,nJ ior

and belting the better loW -t  mperctu i ’ m’ lii’ * n U n i i l ~ of
natural rubber fpr snovu - t ’ t u ,S ls, , th t.-IUui~~

being on th~~ ~‘_ - ,  O I , t u II -“ I rn ,r,narmcr’

f i res s,ict as I’ ’t ! ‘ - , -  , i ’’- i u ., r i f t  i - t v,.
always been made ro m n n atural rubber if it
wa s avam lab le

Specific prod uct mi sc of ~. l_ - R rubbers is
Scm mm’w hSt Ihi’ S ‘nun us t i -  ,‘ ‘I’ ‘ t I  nuitubiu r

Ci - ’ r~ ’t for p’ . ‘ _ - i t l ’ ,  ‘ ‘ ‘ ‘ .1. 1. ( 1 1  quJd ii m

soft stat ~S , .ini t . ‘ u “ in.’, . , in ~ ut .ons that

are m it’ U
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A

~

2

~
_ _  -___



Bulyl(IIR , CIIR, AA , BA) The two types Neoprene (Cli, BC BE ) Face it for Polysu l f i d e (P1 Ft AK 13K) These
of rubber in IhiS category are boom based pol ybul. t diu - n ue and pot~.sup tc ’mm e nec- polymers have Oul~ tarndn’c q resistance to

I en crude Oil, The first us polyu:~obutylene pm&’ne n~ ;‘t”fiap~~fhe mon.t tUtf l) iurhlk4 ’Of all, Oils, greases, and solvents, but tun py tn ,ir,”
With an occasional i~~opr’  i~ unt ut un~er1ed par tmn nu fa t l y w mfh regard to d ttan ‘ ~e- 

art unpieasantvdvr , resi lIence mspooi and
in the poly mer chain to erih,ir e vu ,ini~ spon’~~n Nu’oprc’ues .me a large fam iLy of heat reslstatc i’,,’ ,s or,I ~ f a ic  ~~~,- r  c, n’in ru- s.

zation cha,acte ,uslmcs T b’  S,”cunii IS the tubi ’ .’nc fli,,t have a propcr ty profile ap’ la nce IS about hu,~It that cit n i t - n mi

I same, except that ch orine 5 .ic’ h _ -  ~1 l.IP- prou, lt ’ ’lq tt i . i t  of n3tural i ~~~~ and w ith  and tensile SlrC’nutt i r,m n ’’ti - s ftu ,~ t ~‘C’i to
- p rox nma ?ei y I 2~~o by ~~~~~~ n ’ ’ - ‘-u t n n ”~ mn b- - I t - ’ i(’cusLinc - (’ lot is (‘zu iu” , r n, , ,. i tuOfl  1 , 41JL) c,i However, II’ ‘ u. lu’ s aiim c ,’-

g re a te r  vu IC an r za t ,O n ‘ n . ’ c ~~’ 1 t .ini ,tmmd I ,mnu, r 1 .,‘y a,mtm t- - t l _ -’r and do r’ u ’t ta,rnetj alter extended t m ,n: ini’ t ,.cifl in Oil
enhanced Cur e c ;n m çnal - b  ‘ I v  w u t h  s~ lten orm I- ‘at 4 ’ -~~”~u~ - a:t :ir uutii hunjh’

I gene P’pum poce ru Lntn ” rs fu’nnpc:r .ul..in,-’ I -:~ . - r l n, .n . nos i ’ m  ,y hi” lC,c--. ’n Ba~uc ptOpertmeSof pol’vs n It ict C pot s itne rs
I’’ ,. I flu _ il ol NIu tti , -r,.’ ’n- du,-’ ,, ,; , i n -  Nu n art’ ~ -“tc ‘mined by the NP-’ i,if ‘ i ’ m  rI or’

Bu fy l  ~~~ ~~~~~~ ~~~~ ~ n,_- ’- . t ’ , , ,I “q - ‘ - - ic’ earn Li ’ i’ ’ ’  IC n al’ c’ ‘,i ,it n i , ’ , ,lt l ’ nI . ’m lure ,,“,i the numbe,of ’, , ,~i ii r at’.’ s’-- ’ ’”e

meabulity Pc u, ‘ i ’ m ’ ’ . ‘ ‘ ‘ n 1~ - •~ ‘‘n com~ .o t ~~’’.. A s ~t t i _ -  , ,t  th iS , m ’ n K _ - . , ~‘ .,nli t ide grOuc s Inc rca - 0  SuIte ’ -

and ozone me SI, ” “ I’  cl -‘ ,~~~~ ii,,, ’ thj t i i )  5” i:l I~~~) lo i i: ,n I,,,~tt ~. L : ’ .ng rm’~,r’ r Ce n t u . ’i on improves so ivel i an m O oil rosns ~
nenis is f - , n u C ” r  r u ‘ - : ‘ ,, • ‘~ 

,‘, n i  COst ly  110) 1 N _ - n , , I,i l’ r ’ iu r - u  I: “ ,t ’  -c~~t~~_ - l  tdni:(’ . and also reduces I .e  pc ’ m ,. ..I’n i i - i/
rnofecular-v.e. ’ i - t  - nc 05.-n c _ - i ~~

- ‘ F pro~ 
ri “pfc ’i~’ it , .il,.n , ;u . t  , :‘ ,ii’ i tn t’r hila mn t h r a to t  tO gases. Those materials are us in

-
‘ c.$sing . thus c c  ‘ m i ni tt’~~ 40,0 1,1 hol’ natur A l  rut ’L cm t1i,uo~ u’s Uonot hasp the gasotm ne hose. printing rc ils , and nowct- l3-

mixing techniques ljr be lter f .& i s r ~i,,.c t i l ler low- t u ’mnnpi’,, ,turc I’ ‘~~ - O y  of n,iturah rub- Pi,I blankets Other uses mflC tudO cau lhcmn _ -~
Interaction. ber wlm n ,’h tt,’tna ~~tt.- t r e -mi  Ct r ose In s hoc k material s, acihttsives. and binidets ,

or ump ’.ct ,ur ;,I.rat - o’:s
Flex , tear , end auu m .i~ “ r’ ‘. ‘ t,:r” e re-

proach those of r; , t _ i r,,I r u t s _ - n ’ r and General pumrpos.e u n  ‘pl iumli’s .me u sed in

- mod.rat e-s t reng th (/ O~ O pci) ur , rmimn - hose, b,’ibnui w ’ ie  .in,1 c,’t. ‘ t~ utwt’j~
fOrced compoun ds can he nuade at a corn- coated fal’r m- s . t - r r  ~ , mc urut ingS. bearing

• pStltIv cost. They do t~ t,,iu 11,0 tQ t i - ; im nr ‘u5 pads. and pcmp uifl~,tii~ rS
and dunabiiitj of corr o of the ~“nerai.
purpose rubber , howuver

- Th, attr ibutj respo nsib le for the hug h-
volume use a! butyl rubber in autom otuv e

-. Inner tubes and tubeless tilt) inn”, liners is
ii excellent imperm4.abilmty ft, a,r Here.

they occupy a dominant posilmon The
butyls arc also used in bchtmng, stetim host’

~ Curing bladders, 0-rings, shock and vubra-
(Ion produ cts , St ruc tura l  C5 ’ ,uIks and
$.afanfs, wat(’r-b,arnuer applicat ions i~ of
coatings. and gas-nnelor ing diaphmignis
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1
Typ ical propertics ~Hheitnonlas tic clastomers

A ,TM
tcst Pr~ t’~ _____ C o ~~~~Ior S!~~~~~j~~~~~~

0792 Speclflc grvry’ I 1 7 - I  ~~ 093 1 10
Spoc tlc vr’i-,nnr’ (1 ‘ ‘ t - u  — 37 4 •~7 5

0510 V.el.r ,5$orptl’ -ml - h r

‘ p -ur n  ic- i1 ‘ C:’ t’. m q 0 31)

0638 TenJ!o rtrcn~:lh 0u ’ :-~ c i’~ ~~~~ 
“

‘ 0638 Elnmnl~C.ZLOfl I’.! 1’ -‘ ~L- 1,0,,) I
0638 Ter.: lIe modulu s ,~~i ~ , i  - (i a-~ o
0785 H,,rdn’csS , 1,’ ‘~ ‘ ~ “~‘ ‘ C ’  El 9 - A

D7~O F, —~iurr,l ci’.,’ n ’ -  , -

0790 Fi~-x~- .t rnodu.uu’n ‘ ‘ - I , 1 -~~~ 4 - 1 - 0

D2~un lunp ct Ilr,nj (Pr . - - -

_________ - 
‘ n , ‘ 

Copolyes ters Styre r;c copcd~-”ncrS
The I.ty rani( are l i - c  los~ es t pr ICed

Copotyester thermoplastic elastom ners thermoplast ic e las t L  nerS They are
are generally tougher over a broader tern- block-copOl~mnlerS. pmod uct ’d ~ mt fl hard
perature range than the urethanes, They polystyrene s’t~ ments in a matri x of e ither
are produce d by OuPont (H~t rch) in f our polybutadiene or pol ymsoprene
haidnesses ranging from 90 Shore A t~ 72Shore D These materials are suitable for These block’copot ymer elastomerS are
Inlection molding, extrusi on . rotati onal resilient materials avai lable in several
moIdiru~ , and thermotarmung Powder s molding and extrusion grades ranging in
are avr ,lab le for fluidized-bed coatings. hardness from 40 to 95 Shore A Styrene

copolymers arc produced by Shell Chemm-
These efastoplasrucs, whtch are cmi the cal Ca, (K,atan~ and Phillips Petroleum

same price range as the urethanes , have a Co. (Solprene).
high modulus, good elongation and tear
strength , and good resistance to flex Tensile strcn~ th of these materials us
fatigue at both low and hngh temperature. lower and elontriz lIon us higher than SBR
Brittle temperature is below —90’ F, arid or natural rubot’, . and weathe, resist ance
stiffness increases only moderatel y at is ab out the sam -me Other resistance
—4 0~ ~ ch a racle rms t ic s ren be improved by the

addition of nc’~mn s Such as pol ypropylen e
Resistance of the copol yesters to or ethyteno’viny f acetate - The styrenic

nonox idmzm ng act ds. some a iuphat mc hydro’ efastopta sties resist water , alcohols, and
canLons aromatic fuel S. sour gases , al- di lute alkalues and acids, They are soluble
kalt mn e solut ’O ns l iydrauirc lhuucJ~ and out us ri. or are sw elled by, strong acids, chlor-
good to excellent However , strong m m ’  m ated solvents, est ers, and ketones. One
erai acidsar,dbases,chlormna ted solvents, typo h~s a se rvice temperature limit of
phenol s , and Creso lS Soften cnn swell these 150’ F - another grade can he used to
materials. Weathering rcsis t , rice s ow 3O0~ F Both have excellent low-temo’,ra-
unless anlioxidants or carbon blacks are lure f lexibi l i ty to -120’ F.
compounded with the resin

Applications for the styrene-butadmone
Applications of Hytrel etastomers in’ block copol y r .ue rs mn cfn,sc fe disposable

d ude hydraulic hose. power-t ransm mss uon mcdncal product s, food packaging, tub-
belts and Couplings, t racks for s now -  1fl 9 Sh~ct , tm’ - lling, mallet head s. and shoe
mobiles $Ow-prcSSure tires , rolls, and wire soles These material s ace also used in
and ca ble lac~~ting. sealants and press i,ro’sens ,tmv e adhe-
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A systems analysis was performed to evaluate mil i tary  fuel dispensing systems1
for arctic applications. The present systems, the Forward Area Refueling

j  
equipment (FARE) and Fuels System Supply Point (FSSP) encounter problems in
the areas because engines fail to start and elastomerics become brittle at
temperatures of —60°F. The systems analysis consisted of two phases of ‘V

evaluating and scoring system attributes for numerous combinations of systems
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basic designs with gas turbine drives, state—of--the--art elastomerics, and
either state—of—the—art batter~.es or a compressed gas start. It was also
concluded that additional development should be undertaken in the area of
cold weather elastomerics.
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