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STEBG-TD
SUBJECT: Final Report of Test , “Military Potential Test , Compati-

bility of the Automatic Closed-Circuit Refueling System for
CH-47( ) Helicopters , ” USATECOM Project No. 4-7-0 100 -
0z

e. Letter , STEBG-TD , US Army Aviation Test Board , 11 December
1967 , subject: “Interim Report , ‘Military Potential Test , Compatibility
of the Automatic Closed-Circuit Refueling System for CH-47 Helicopter , ’
USATECOM Project No. 4-7 -0l00 -OZ. ”

1. BACKGROUND

a. Open refueling is used for CH-47 ( ) helicopters. Refueling in
this manner is hazardous because the fuel is subject to contamination,
and fuel vapors emanating from the filler neck may become ignited. A
suitable closed-circuit refueling system could provide safer refueling ,
eliminate contamination from external sources during refueling , and
preclude the necessity of engine shutdown , thus , minimizing ground
time .

b. The US Army Aviation Laboratories (USAAVLABS) developed a
closed-circuit refuel ing system for the UH - 1(  ) helicopter. The US
Army Aviation Teat Board (USAAVNTBD) tested thi s system in FY 1967 ,
found that it had military potential , and recommended that development
be continued (reference la). USAAVLABS modified the helicopter-
mounted components of the system to fit the CH-47( ) helicopter. On
30 March 1967 , the US Army Test and Evaluation Command directed
the U SAAVNTBD to conduct a military potential test  to determine com-
patibility with the CH-47 ( ) helicopter ( reference Ib) . The system was
received for  test on 3 May 1967. In Jul y 1967 , an automatic refueling
nozzle assembly of different design than that used previously was
received and incorporated Into the test program (reference id).

3. DESCRIPTION OF MATERIE L The automatic closed-circuit
refueling system consists of four units: filler-neck flange assembly,
automatic shut-off nipple assembly, automatic shut-off refueling nozzle
assembly with quick-disconnect socket , and conventional refueling
iipple assembly. The f i rs t  two items are installed on the helicopter.
rhe automatic shut-off refuelin g nozzle is attached to the fuel supply
hose and used on aircraft  equipped with the closed-circuit system. The
conventional refueling nipple assembly attache s to the automatic shut-off
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SUBJECT: Final Report of Test , M i l i t a r y  Putential  Tes t , Compati-

bility of the Automatic C~ s , ’ i — C i r ~ uit R e f u e l i n g  Sy~- t t .n1 f o r
CH-47( ) Helicopters , ” USATECOM Projec t  No. 4 -7 -0100-
01

refueling nozzle for use on a i r c ra f l  or ~ quipm ent  . L i c h  do not  h;~ve the
closed—ci rcu i t  system installed. (A nL ~ •

~~~~;
- ap h the  ~y st e n~ is  a t t ac h ed

as inclosure 1 . )

4. OBJECTIVE To determine the compatibi l i ty  of the automatic
closed-circuit  refuel ing system w i U  the CH -47(  ) helicopter and the
maintainability and reliability of the nt~’v r e f ue l i ng  nozz le .

5. SCOPE AND METHOD The USAAVNTBD conducted this  Category
I teat  at Fort Rucker , Alabama , f r om 5 M a y  1967 to 19 Feb rua ry  1968.
wo refueling units were installed on one CH—47A Helicopter with an

additional weight of four pounds and nine ounces.  Four un i t s  w e r e
installed on each of two CH — 4 7 B  lIe 1ico~~t e r s  wil l  a c~~u ij incd \vel~~l 1t of
nine pounds and two ouncc~.. The cr ve tio~.~d r e f u e L i .~ ~~t w e  asse:~~~~’.
was used to fuel the internal aux i~ia ry  tanks. Time to r e fue l  u s in g  t h ~
closed-c i rcui t  refuel ing sys tem waa compared  wi th  th ~ t u s i n g the c’~r-
ventional refuel ing method. The iu t o i t i a t i c  r t w~1i~u! no zz le  as
(.m4e~~~~~ lc) was installed on a standard Army 5 , 000-gal lon t~~n k e r .
To obtain r e l i ab i l i t y  and rnain tu  in .  hi lity data on the  new a~~’ ~ u t  iu ’

nozzle  a ssembl y , one refuel ing q u i t  was in - l u l l e d  on a ~ z _ ga 1l n d~ in~ ,
and the new automatic shut-off  r e fu e l ing  nozzle  was  in~~t a1 1ed on a stand-
ard Army 1 , 200— ga l lon t anker . T v ’  t h o t ~su c ) i: ve h u n d re d  and  - i

refuel ing operations were conducted using the 55-gallon d rum . The
helicopter accumula ted  1, ~83 fl ying h o ur s  ~ u r ~ a~ the t e s t  and w a s
refueled 232 time s with t l i ’  t 1 o ~u c l - c i r ~~ l i t  sy St e r i ~ .

6. SUMMAR Y OF RESULTS

a. Weights and Dimensions. The dimensions and weights of the
system components were:

Length Width Height Weight 
_______

(in. ) (in. ) (in. )_ (lb. ) (o~~j
‘l e .c ..

Flange Assembly 5 5/8 4 4 1 10 ‘ L ii

~~: J f C ~ &,~ ~,
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STEBG-TD
SUBJECT: Final Report of Test , “Military Potential Test , Compati-

bility of the Automatic Closed-Circuit Refueling System for
CH-47( ) Helicopters , ” USATECOM Project No. 4-7-0100-
02

Length Width Height Wei ght
(in.) (in.I (in.) (ib.) (oz.~

Automatic shut-off 6 5/8 2 2 0 8 3/4

nipple assembly

Dust cap 3 11/16 1 13/16 1 13/16 0 1 3/4

Automatic shut-off 13 3/4 5 1/4 5 1/4 5
nozzle assembly

Conventional nipple 11 3 1/2 3 1/2 1

as sembly

b. Installation Requirements.

(1) One Multi-Engine Tandem-Rotor Helicopter Repairman (MOS
67U20) using an Aircraft General Mechanic’s Tool Set and two ei ghteen
inch pipe wrenches accomplished the installation.

(2) Procedures and time required for installation of one refueling
sy stem were:

Time
(man- mm )

(a) Detach existing flange from helicopter. 2

(b) Install closed-circuit flange on helicopter. 3

(c) Remove standard nozzle from re fueling hose. 2

(d) Install automatic shut-off nozzle on refueling
nose.

Total 9

4
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bility of the Automatic Closed-Circu i t  Re1~ie l ing Sys tem for
CH-47 ( ) Hel icop te rs , ” 1J -4 \ T E C O M  Project No . 4 -7-0  100 -
02

Installation instructions were not f u r n i s h e d .  T h e  he l i c o p t e r - r i  a u nt  e!
flange assembly was marked for proper pos i t ioning .  Howev e r , the
assembly had to be turned 90 degrees  to the ri ght of i ts marked posi-
tion so that , when the automatic shut-of f  nipple was ins ta l l ed , the
sensing tube would he parallel to the  fuel  cell .

c. Operation Suitabili~y.

(1) On the basis of s ix ty  refue1in~ op e r a t i o r .~ or each , r e s u l t s  of
the time comparison between the conventional 5ystem and t ia- c l ose d-
circuit system were:

(a) Conventional sy s t e i i i  -- ave r age  ~~. 6 u u u i u t ~. s; gc. i l i u i i
495.

(b) Automatic  c l o s e d — c i r c i u t  syst em - a v e r o e , 10 . 6 r ; ;~ n u t e s ;
gallons pumped , 43~~.

Actual fuel ing time ‘va g n i ne  r e r~ ent less  w i t ) ,  t he  c ’onver )ti •na l  sys tem .

(2) The p r e s su r e s , flow r a t a  -
~~~, and whether  anto n  a t i .  ~hu t -o I1 w~.a

obtained were:

Line Pressure (p. s. i.) Flow Rate (g. p. m.) Automatic Shut-Off

10 18 No

60 40 Yes

80 56 Yes

Maximum flow rate was 56 gal ln i i s  per minute . Automatic shut-off
would not function at line pressure  of 18 p. s. i. and be low .

(3) Fuel leakage did not occur during the connection , refueling ,
or disconnection during refueling ope rations.
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SUBJECT: Fina l Report of Test , “Mili tary Potential Test , Compati-

bility of the Automatic Closed-Circui t  Refueling ~ v ~t e rn  fo r
CH-47 ( ) Helicopters ” USATECOM Project No. 4-7-0 100-
02

(4) The position of the tank s and the nea r l y strai gh t -up  luel  tank
opening prevented quick disconnect by he licopter  l i f t - o f f , w i t h o ut
notif ying the ground crew. (Tests previously conducted on the (JH -l (
for quick break-away and ascents without notif ying the groun d c rew
were considered sa t i s fac tory . )  The onl y method for  quick disconnect
and hose removal was for the refueler  to actuate the q u i c k - d i sc o n ne c t
socket and remove the automatic refuel ing nozzle with hose f r o m  the
helicopter.

(5) The automatic closed-circuit refueling system was safe r as it
eliminated all contamination and fume s emanating from the open f i l l e r
neck that would occur during conventional refuel ing.

(6) By eliminating the necessi ty of eng ine s h u t — i u v . n , r t 1 u  ih ~~ -~ u s
40 percent faster  with the closed-circui t  r e fue l in g  sys tem than with t h e
conventional system.

(7) Connecting the automatic shu t-o f f  r c f ~~ ’ ) m n . r  n c r z l e  t the  a i 4 c -
matic shut-off nipple (on the hel icopter)  was d i f f i c u l t  becau~ c ol t~~e
nearly upri ght desi gn of the fuel tank opening ,  the  h e i~j h t  ahn ’ e t I e
ground , and the angle at which the supply hose a tt a c i i eu  to the r e f uc ii ~~
nozzle.

(8) If the valve on the refueling nozzle did not lock when opened , it
coul d snap shut and , be cause of the closeness of the t u r n - o n  handle to
the nozzle supply inlet , it could pinch f i n ge r s  badl y.

(9) The manual release button located on top of the automatic shut-
off refueling nozzle had to be held in the UP position when the valve was
opened to assure  a positive turn-on and lock.

d. Maintainability and Reliability.

(1) No maintenance or instruction manual was furnished with the
system.
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SUBJECT: Final Report of Test , “Mil i ta ry  Potential Test , Compati-

bility of the Automatic Closed-Circui t  Refuel ing System for
CH-47( ) Helicopters , ” USATECOM Project No. 4-7-0100-
02

(2) No scheduled maintenance was required during the test .  Un-
scheduled maintenance required two rnan-hour k .

(3) The system was easy to maintain , and faults could be located
easily.

(4) The system was considered sat isfactory f r o m  a human factor
engineering stand point with the exception of diff icul ty encountered in
making the connection (paragraphs 6c(8) and Ec( 9) ) .

(5) Repair part  usage was as follows:

(a) Four seals , rubber , ring .

(b) One seal , socket assembly  to nipple assembl y.

(c) One a ut o m a ti c  shut — t i l  ni~n . 1e ~~ sern >l y.

(d) Six sensing tuh

(6) Maintenance could be p e r for m e d  at the or~~in~~ ati ir t i ~e~ nl by
a Multi-Eng ine Tandem-F a l or  h e l i copt er  R e p a i r m a n , ~~~~ 6 7 U Z 0 ,
using an organizational tool kit and one special tool. This tool , locall y
fabricated , was needed to dismantle and tighten the automilt ic shut-of f
nozzle socket assembly. (A al~etch c t  t he  tool is at t ach e d  as i nc l u s u re
2.)

(7) Four fai lures  occurred in 232 a i r c r a f t  refuel ing operations ,
resulting in a fai lure rate of one per ‘~8 operations. No t ai lu r e s
occurred during 2, 580 refueling operations using the 55-gallon drum.
The failure rate for the entire test was  one p er  703 refuel ing operations.

(8) The four failures required a total of two hours to repair ,
resulting in a Mean Time to Repair of 0. 5 hour .

e. Deficiencies and Shortcomi~~~~ One deficiency and four i~h~~rt-

comings we re discovered durin g the test and are listed in inclosure 3.
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STEBG-TD
SUBJECT: Final Report of Test, “Military Potential Test, Compati-

bili ty of the Automatic Closed-Circuit Refueling System for
CH-47( ) Helicopters , ” USATECOM Project No. 4-7-0 100-
02~~~~~

(
7. DISCUSSION During the mil i tary potential test  of an automatic
closed-circuit  refueling system for UH-~l(. ) helicopt e~~ , (USATECOM
Project No. 4-7-0100-01) ,~~ 20 connect ~~~, re fue l ing ,  and disconnections
were accomplished. No contamination f rom this operation was I ound~~

8. CONC LUSION ~~ he automatic closed-circuit  refuel ing system is
compatible with CH-47A and CH-47B Helicopter8.

9. RECOMMENDATIONS It is recommended that:

a. The deficiencies be corrected. -

b. After correction of deficiencies , the automatic closed-circuit
refueling system be service tested.

c. The possibility of using this system on o ther  A r m y  a i r c r a f t  be

inve stigated.

d. The s h o rt c o m i n g s  l isted in i t  c l o s u r e  3 he c o r r e c t e d  ~~~ t ech ni-

cally and economicall y feasible .

FOR THE PRESIDENT:

3 Incis C-~ / H. R. NU’~7 Ou~%~as I 1LT , AG~~
A djutant

DISTRIBUTION :
Commanding General 2 copies
US Army Aviation Materiel Command
ATTN: AMSAV-EAC
P. 0. Box 209, Main Office
St. Louis, Missouri 63166
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DISTRIBUTION (continued) :
Commanding General 2 copies
US Army Materiel  Command
ATTN: AMCPM-POL
Wa shington , D.C .  20315

Commanding General 2 copies
US Army Materiel  Command
ATTN: AMCPM-CH
W ashington, D .C .  20315

Commanding Gene ra l 2 copies
US Army Materiel Command
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Automatic Closed-Circuit  Refueling Syste m

A. Filler-neck flange assembly.
B. Automatic shut-off  nipple assembly.
C. Conventional refueling nipple assembly.
D. Dust cap.
E. Automatic shut-o f f  refuel ing nozzle  assembly.

INC LOSURE 1

_ _ _  
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INCLOSURE 2



DEFICIENCIES AND SHORTCOMINGS

1. Deficiencies.  The following def iciency was d iscovered duriri iz the
tes t :

Suggested
Deficiency Correc t ive  Action

Special tool was not Provide special tool None.
provided to remove similar to that  shown
or ti ghten the auto- in inclosure 3.
matic shut-off  nozzle
socket assembly.

3. Shortcoming.~~ The following shortcoming s were  discove r~’~I dur ing
the test :

Suggested
Shortcoming çor r ect i~~ Action

a. No maintenance Provide main tenance  -
~ one .

package was f u r -  package consis t ing of
nished. technical manuals ,

p a r t s  li s t , and spare
parts .

b. The inlet hose Increase the ang le N one .
at tachment  to the between the nozz le
automatic shut-off  turn-on handle and
nozzle assembly is  the supp ly inlet fr om
too close to the t u r n-  45° to 75°.
on handle.

c. The sensing tube Make the sensing tube None .
broke when bent to f rom softe r a l u m i n u m
adjust liquid level in tubing.
fuel tank.

d. The manual re -  Rede sign the turn-on None .
lease button located mechanism so that
on top of the nozzle it will lock when the
had to be held in the valve is turned on.

INCLOSURE 3
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Sugge sted
Shortcoming Corrective Action Remarks

UP position while the
refueling valve was
being opened in order
to lock the automatic
shut-off nozzle open.


