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DEPARTMENT OF THE ARMY 
U S  ARMY AVIATION MATERIEL LABORATORIES 

FORT EU5TIS. VIRGINIA   23604 

This report was prepared by Dynamic Science,  a Division of 
Marshall Industries,  Phoenix,  Arizona,  under the terms of 
Contract DAAJ02-67-C-0004. 

The report contains the results of a dynamic crash test of a 
UH-1A helicopter conducted in an effort to determine the 
effectiveness of a complete crash-resistant fuel,  oil,   and 
electrical system under severe accident conditions.    The report 
also contains design and test data on each of the crashworthy 
components installed in the aircraft. 
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SUMMARY 

A crash test of a UH-1A helicopter was conducted to determine the ef- 
fectiveness of a complete crasli-resistant fuel,  oil,  and electrical sys- 
tem under seve-e accident conditions.    The individual systems employed 
in the aircraft were developed over the past several years and had been 
tested in separate experiments in previous crash tests.    This was the 
first test of a complete system. 

The system included:   (1) special crash-resistant fuel tanks and oil tank, 
(2) flexible fuel and oil lines in those areas in which rigid metal fuel 
lines characteristically fail in accidents,   and (3) self-sealing breakaway 
valves and combustible fluid-line disconnects at strategic locations as 
necessary to allow for relative displacement of key aircraft components. 

The aircraft was flown by remote control during the crash test, in which 
all fuel tanks were filled with emulsified JP-4 and the aircraft engine 
was operating on emulsified JP-4.    Prior to the crash test, a program 
was conducted to investigate the problems associated with engine opera- 
tion on emulsified JP-4.    Manned test flights and calibration flights,  op- 
erating on the emulsion,   had been successfully accomplished. 

The test results indicated that crashworthiness had been achieved.    No 
fuel or oil was spilled from any of the systems,  even though many of 
them were displaced considerable distances.    All of the crash-resistant 
systems that were called upon to function did so.    Many others,  not 
called upon,  remained intact and appeared to be in operational condition. 
All of the fuel tanks and self-sealing valves were salvaged for future 
tests,   even though the crash test was extremely severe. 

in 
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INTRODUCTION 

A U.   S.   Army-sponsored crash fire  research program has been In 
progress at the AvSER facilLty of Dynamic Science in Phoenix,   Arizona, 
for six years.    During this period many   concepts and new methods of 
crash fire prevention have been conceived and documented.    Some have 
been tested in full-scale aircraft crash tests.    The merits of others have 
been determined by static and dynamic component tests.    Still others 
have been proven by other agencies,   military and civilian,   in tests and 
in actual use.    Most of these improvements were included as recommen- 
dations in Chapter 8 of USAAVLABS Technical Report 67-22,   "Crash 
Survival Design Guide",   authored by AvSER and published by the U.  S. 
Army Aviation Materiel Laboratories (USAAVLABS),   Fort Eustis,   Vir- 
ginia in July 1967. * i1) 

Many of the recommendations pertaining to fluid containment and fluid 
modification contained in the "Crash Survival Design Guide" were untried 
in current state-of-the-art aircraft.    A UH-1A helicopter    was made 
available by USAAVLABS as a test vehicle under Contract DAAJ02-67- 
C-0004.    The UH-1,  with its turbine engine and improved flight and 
range characteristics,   is representative of the modern helicopters. 

The fuel,  oil,   hydraulic and electrical systems of the helicopter were 
examined in detail,   and decisions were made as to what systems,   or 
portions thereof,   could be modified to test and/or prove the validity of 
specific crash-resistance concepts.    Most of the modifications that were 
performed are discussed in the "Crash Survival Design Guide"v^'. 

:Revised   -    December 1967 (AD 670955). 



APPROACH TO THE PROBLEM 

The primary objective of this crash-fire test was to evaluate some labo- 
ratory methods of improving flammable fluid spillage control in surviv- 
able aircraft accidents by crashing a UH-1A helicopter whose functional 
systems had been modified in accord with the laboratory methods. 

The concepts and innovations devised to improve flammable fluid spillage 
control were evaluated to minimize the possibility of operational failure 
before they were installed in the UH-1A helicopter.    The fuel system was 
modified by installing new crash-resistant fuel tanks,   self-sealing break- 
away valves,   frangible interconnects,   and frangible tiedowns at critical 
points in the system.    The lubricating oil system reservoir received a 
special protective covering,   and certain lines were replaced and/or re- 
routjd to safer locations.    A check valve was installed in the reservoir- 
to-engine supply line to prevent leakage if the line failed.    A line in the 
hydraulic system was replaced with a new type of flexible metal line. 
Some of the electrical wiring was rerouted,   and rigid tiedown clamps 
were replaced with frangible ones to reduce wire failures due to struc- 
tural deformation.     The battery tiedown was modified and strengthened. 

A secondary objective of the overall UH-1 modification program was to 
test the practicality of operating aircraft on an emulsified JP-4 fuel with 
a minimum of modifications.    The natural flow resistance of the emul- 
sion posed many problems,   including pumping,   line delivery,   and fuel 
control metering.     The effects of the emulsion on screens,   seals,   etc. , 
and the possibility of line stoppages provided possible problem areas. 
With these problems in mind,   methods of operating the helicopter on 
emulsified fuel were explored. 

An auxiliary fuel system was designed to provide liquid JP-4 fuel for 
engine operation until operation on the emulsified JP-4 was desired. 
When the auxiliary system was turned off,   the emulsion stored in the 
helicopter fuel tanks was fed to the engine. 



T E S T P R E P A R A T I O N S 

TEST VEHICLE 

The t e s t v e h i c l e w a s a UH-1A h e l i c o p t e r , F i g u r e 1. It w a s a u t i l i t y - t y p e 
a i r c r a f t p o w e r e d by the T 5 3 - L - 1 g a s t u r b i n e p o w e r p l an t . P o w e r to the 
s ing le m a i n r o t o r and the t a i l r o t o r w a s e x t r a c t e d f r o m the c o m p r e s s o r 
in le t end of the engine by m e a n s of a c o a x i a l t h r o u g h - s h a f t a r r a n g e m e n t 
and an i n t e g r a l r e d u c t i o n g e a r a s s e m b l y . 

The c o n s t r u c t i o n of the f o r w a r d s ec t i on of the h e l i c o p t e r c o n s i s t e d p r i -
m a r i l y of two long i tud ina l b e a m s with t r a n s v e r s e bu lkheads and m e t a l 
c o v e r i n g . T h e b e a m s p r o v i d e d the s u p p o r t i n g s t r u c t u r e f o r the cab in 
s e c t i o n s , landing g e a r , f u e l t anks , t r a n s m i s s i o n , eng ine , and t a i l boom 
and a r e the a t t ach ing po in t s f o r the e x t e r n a l c a r g o s u s p e n s i o n uni t . The 
t a i l boom is a s e m i m o n o c o q u e s t r u c t u r e with m e t a l c o v e r i n g and i s a t -
t a ched to the f o r w a r d s ec t i on with bo l t s to a l low e a s y r e m o v a l o r r e -
p l a c e m e n t . The r e a r of the t a i l boom s u p p o r t s the t a i l r o t o r , v e r t i c a l 
f in , and s y n c h r o n i z e d e l e v a t o r . The landing g e a r is of the skid type , 
a t t a c h e d to the f u s e l a g e at f o u r p o i n t s . 

F i g u r e 1. T e s t H e l i c o p t e r (UH- 1A). 

3 



FUEL SYSTEM 

Fuel Tank 

Both of the standard UH-1A rubberLzed-cloth fuel cells were removed 
and replaced by special crash-resistant ones made of 4-ply nylon cloth 
material.    The tanks were designed and constructed in accordance with 
the design criteria set forth in USAAVLABS Technical Report 66-24, 
"Aircraft Fuel Tank Design Criteria"^2), and in USAAVLABS Technical 
Report 67-6,'Tmproved Crash-Resistant Fuel Cell Material"^   '.    The 
puncture and tear resistance of the 4-ply nylon cloth construction ex- 
ceeded the minimum values as specificied in USAAVLABS Technical Re- 
port 66-24. 

During tank manufacture,  two special valve mounts were molded into the 
tank wall.    A discussion of each follows. 

Triggering Valve Mount 

Five fuel lines exited the fuel tank,   three from the left cell and two from 
the right (Figure 2).    To prevent fuel spillage if the forward crossover 
tube or the tank-to-engine fuel line was pulled from the tank,   a self- 
sealing breakaway valve was installed at each line-to-tank connection. 
These valves were placed in triggering mounts which were molded in the 
tank.    The mounts,   made of a material similar to the actual tank,   are 
shown in Figure 3.     Because the mounts were countersunk into the tank, 
they could allow the valve to separate without interference from collap- 
sing or shifting aircraft structure surrounding the fuel line exit area. 
More detailed information concerning specific tests performed during the 
design of these triggering mounts is given in Appendix I. 

Wedge-Lock Retainer 

The triggering valve mount was used in three of the fuel line exits.    The 
remaining two exits were located at the aft crossover tube attachment 
points.    To prevent fuel spillage in this area if the aft crossover tube 
was pulled from the tank,  a self-sealing frangible interconnect was at- 
tached between the tank and the crossover tube.      The interconnect was 
secured to the tank by means of a wedge-lock retention concept,   rather 
than by the standard bolt technique.    The wedge-lock retention method, 
Figure 4,   allowed the interconnect to grip the tank material around a 
360-degree periphery.    Consequently,   pulling the interconnect body out 
of the tank wall would require the extrusion of the entire hole periphery 
out of the interconnect gripping area.    More detailed information on 

4 



RIGHT SIDE 

AFT CROSSOVER ASSEMBLY 

BASIC CELL WEIGHTS 
Left Side    -   29.0 lb 
Right Side -   22. 5 lb 

CAf-AC^Y  
138 gallons (897 lb) 

Figure 2.    Crash-Resistant Fuel Tank Installation. 

wedge-lock consiruction and tests that were performed during the course 
of its design is given in Appendix II. 

Tank Top Access Covers 

Each fuel cell was normally closed at the top with a large aluminum ac- 
cess cover.    Since these covers could be easily punctured or deformed In 
a crash by the airframe or power train systems,   such as the transmis- 
sion or engine,   they were removed and replaced with covers made of 
fuel tank material. 

'■■■S* 
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Figure i.   Triggering Valve Mount (Tank Mounted). 

Buust Pump Mounting Diaphragm 

The boost pump was normally mounted in an aluminum diaphragm, 
which in turn was installed in the fuel cell bottom.    Adjacent to the pump, 
also in the diaphragm,   a depressed sump area was located for draining 
the cell; see Figure 5.    Protruding from the sump were two drain valves, 
one for spot-checking the fuel and the other for draining the system. 
These drains were especially susceptible to being scraped off during a 
sliding crash.     Also,   the aluminum diaphragm was extremely vulnerable 
to puncture and tear failures.    The diaphragm was removed,   redesigned 
slightly,   and replaced with one made of flexible nylon material.     The 
new design placed the drain valves In a safer location,   as shown in Fig- 
ure 5.     The sump area was constructed of extra plies of nylon cloth to 
provide additional resistance to abrasion. 

Crossover Tubes 

The standard aft and forward crossover tubes,   shown In Figure 2,   were 
replaced.   The replacement for the large aft crossover tube was made of 
material similar to the new tank and was fabricated in two pieces that 
were joined In the middle exactly as the original design.    The tank and 
the left half of the crossover tube prior to installation are shown in Fig- 
ure 6. 



CROSS SECTION OF 
VALVE ATTACHMENT 

BEFORE AFTER 

TANK 

Figure 4.     Wedge-Lock RetentLun Method. 

Special-made self-sealing frangible interconnects were installed in the 
aft crossover cell-entry openings.    The aft crossover tube was chem- 
ically bonded and clamped to the retention nut that was attached to each 
interconnect.    The aft crossover tube attachments to the left and right 
fuel cells are shown,   respectively,   in Figures 7 and 8. 
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ORIGINAL DESIGN (Top and Side View) 

BCCST 
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CRASHWORTHY DESIGN   (Top and Side View) 

Figure 5.    Boost Pump Mounting Diaphragm. 
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F i g u r e 6. P r e - I n s t a l l a t i o n View of L e f t F u e l Cel l , 
Showing Half of Aft C r o s s o v e r A s s e m b l y . 

The f o r w a r d r ig id a l u m i n u m c r o s s o v e r tube was r e p l a c e d by 3 / 4 - i n c h 
f l ex ib le h o s e . The h o s e w a s a t t a c h e d to the t anks with s e l f - s e a l i n g 
b r e a k a w a y v a l v e s . 

F u e l L i n e s 

All l i ne s in the f u e l s y s t e m w e r e e v a l u a t e d to d e t e r m i n e those which 
w e r e in the m o r e h a z a r d o u s and c r i t i c a l a r e a s . The m a i n f u e l l ine , the 
f u e l c o n t r o l vent l ine , and the l ine f o r the f u e l p r e s s u r e / h e a t e r f u e l sup -
ply w e r e r e p l a c e d with f l ex ib l e hose ( F i g u r e s 9 and 10) to r e d u c e the 
p r o b a b i l i t y of l ine f a i l u r e . 

The b u l k h e a d - t y p e q u i c k - d i s c o n n e c t f i t t i n g s w e r e r e m o v e d at the s e r v i c e 
deck w h e r e the f u e l and o i l l i n e s p a s s e d th rough the deck . They w e r e r e -
p l aced with s e l f - s e a l i n g q u i c k - d i s c o n n e c t v a l v e s i n s t a l l e d in t r i g g e r i n g 
va lve m o u n t s , which m a d e t h e m f u n c t i o n a s b r e a k a w a y v a l v e s T h e s e 
m o u n t s , m a d e of s t a i n l e s s s t e e l , w e r e d e s i g n e d to moun t f l u s h with the 
deck and to p r o v i d e a pos i t i ve s e p a r a t i o n point f o r the va lve body. The 
i n s t a l l a t i o n s a r e shown in F i g u r e s 11, 12, and 13. D e t a i l e d i n f o r m a t i o n 
c o n c e r n i n g c o n s t r u c t i o n and t e s t s conduc ted du r ing the d e s i g n of the 
s e r v i c e - d e c k - m o u n t e d t r i g g e r i n g va lve m o u n t s is g iven in Appendix III. 
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V 

F i g u r e 7. Aft C r o s s o v e r Tube A t t a c h m e n t to L e f t 
F u e l C e l l in B a t t e r y C o m p a r t m e n t . 

F i g u r e 8. Af t C r o s s o v e r Tube A t t a c h m e n t to Right F u e l 
C e l l In C a r g o S u s p e n s i o n Unit C o m p a r t m e n t . 
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2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

12. 
13. 
14. 
15. 
16. 

Vent Line 
Check Valve 
Main Fuel Line 
Pressure Transmitter 
Heater Fuel Line 
Pressure Switch 
Strainer Drain Valve 
Main Fuel Strainer 
Engine Fuel Hose Coupling 
Combustor and Seal 
Drain Coupling 
Fuel Control Vent Coupling 
Thermal Relief Valve 
Shutoff Valve 
Aft Crossover Tube 
Forward Crossover Tube 

W* 

Figure 9.    UH-1A Fuel System Before Fuel Line Modification. 
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*1. 
2. 
3. 

*4. 
5. 
6. 
7. 
8. 

**9. 
*10. 

11. 

*12. 
13. 
14. 

*15. 
*16. 
*17. 

18. 
*19. 

Cell Door 
Vent Line 
Check Valve 
Main Fuel Line 
Pressure Transmitter 
Heater Fuöl Line 
Pressure Switch 
Strainer Drain Valve 
Main Fuel Strainer 
Engine Fuel Hose Coupling 
Combustor and Seal 
Drain Coupling 
Fuel Control Vent Coupling 
Thermal Relief Valve 
Shutoff Valve 
Aft Crossover Tube 
Forward Crossover Tube 
Vent Line Selector Valves 
Service Deck 
Self-Sealing Breakaway Valve 

«Denotes change from original UH-1 
** Strainer element removed for emul- 

sified fuel operation 

Figure 10.    UH-1 A Fuel System After Fuel Line Modification. 
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F i g u r e 11. T r i g g e r i n g Valve Mount f o r Se l f -
Sea l ing Q u l c k - D l s c o n n e c t V a l v e s . 

F i g u r e 12. Valve I n s t a l l a t i o n s a s Viewed F r o m 
Engine Side of UH-1A S e r v i c e Deck . 
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F i g u r e 13. Belo 'v -Deck View of Valve I n s t a l l a t i o n s . 

The f u e l c o n t r o l vent l ine , being 1 / 4 inch in d i a m e t e r and con ta in ing s e v -
e r a l e lbow f i t t i n g s n e a r the f u e l c o n t r o l , posed an add i t i ona l p r o b l e m . 
T h i s l ine , with a l l the r e l a t i v e l y w e a k f i t t i n g s , w a s m a r g i n a l l y s t r o n g 
enough to c a r r y the load which would be app l ied be tween the engine and 
the s e l f - s e a l i n g qu ick d i s c o n n e c t l oca t ed in the s e r v i c e deck when the 
e n g i n e w a s d i s p l a c e d du r ing the c r a s h . T h u s , load to the qu ick d i s c o n -
n e c t had to be t r a n s m i t t e d by s o m e o t h e r m e a n s . A load t r a n s f e r cab le 
w a s i n s t a l l ed be tween the eng ine and a union p l aced in the vent l ine , j u s t 
above the qu ick d i s c o n n e c t ( F i g u r e 14). The cab le would then t r a n s m i t 
n e c e s s a r y loading f r o m the eng ine to the qu ick d i s c o n n e c t wi thout app ly -
ing the load d i r e c t l y to the l ine i t s e l f . 

F u e l V a l v e s 

To p r e v e n t f lu id f r o m sp i l l ing t h rough open f u e l l i ne s at po in t s w h e r e the 
l i n e s c o n n e c t e d to the tank , o r at po in t s w h e r e the l i n e s p a s s e d t h r o u g h 
bulkhead c o n n e c t o r s at the s e r v i c e deck , two types of s e l f - s e a l i n g 
b r e a k a w a y coup l ings w e r e u sed : a c e l l - t o - l i n e - t y p e va lve and a c e l l - t o -
c e l l - t y p e i n t e r c o n n e c t . 

C e l l - t o - L i n e V a l v e s 

C e l l - t o - l i n e - t y p e v a l v e s w e r e i n s t a l l ed at e a c h end of the f o r w a r d 
c r o s s o v e r tube , at the eng ine f u e l supply l ine a s it ex i t s the tank, 
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RIGID ATTACHMENT 
TO ENGINE 

TO FUEL 
CONTROL 

FUEL CONTROL 
VENT LINE 

TRIGGER MOUNT 

QUICK DISCONNECT 

Figure 14.    Load Transfer Cable. 
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and at the service deck just below the engine.    As discussed 
earlier,   the tank-mounted valves were Installed In triggering 
valve mounts molded Into the tank.     The service-deck-mounted 
valves were Installed In steel triggering "alve mounts. 

The valves used were quick disconnects.    The orifice sizes were 
compatible with existing plumbing.     The qulck-dlsconnect valves 
that were used In the fuel tanks are shown In Figure 15. 

The three qulck-dlsconnect valves used In the fuel lines at the 
service deck were modified slightly to Increase the load required 
to cause valve separation.    However,   the basic operational char- 
acteristics were unchanged.    A discussion of the modification to 
the valves Is presented In Appendix III. 

SOCKET/NIPPLE 
CONNECTED 

SOCKET NIPPLE 

Figure 15.    Qulck-Dlsconnect Valve. 
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Cell-to-Cell Interconnect 

Cell-to-cell,   self-sealing breakaway-type Lnterconnects were in- 
stalled at each end of the aft crossover tube.    These Lntercon- 
nects (Figure 16) coupled the fuel tank to the crossover tube. 
The self-sealing breakaway-type interconnects used were the re- 
sult of an interconnect test program in which five companies were 
asked to design and build samples that would comply with a set of 
Dynamic Science-furnished specifications.     The interconnects 
were then subjected to a series of dynamic tests covering a vari- 
ety of loads typical of the crash environment.    Each interconnect 
was also evaluated for other desirable values.    The Type A inter- 
connect scored best overall; consequently,   it was chosen for use 
In the UH-1A. 

A detailed discussion of the interconnect test program is pre- 
sented in Appendix IV. 

Structural Attachments 

To lessen the possibility of tank rupture caused by displacement between 
the fuel cell and the helicopter structure,   three special Installations 
were made.    Frangible couplings were Installed between the fuel tank 
filler cap assembly and the alrframe,   between the boost pump Installa- 
tion area and the alrframe,   and between the main fuel line tank outlet 
area and the alrframe.    Should displacement occur,   the frangible cou- 
plings were designed to break,   thereby allowing the tank and its compo- 
nents to move relative to the fuselage without spilling fuel. 

Tank Filler Cap Assembly 

The new crash-resistant cells were manufactured to take advan- 
tage of the existing fuel filler opening In the helicopter skin.    The 
same filler cap and the accompanying hardware into which the 
cap Is normally secured were used for the modification.    A more 
beneficial attachment method was used.    The original method, 
Figure 17,   sandwiched the helicopter structure between the cap 
retention ring and the fuel cell.    It also used a total of six bolts. 
The new method,   Figure 18,   attached the cap retention ring di- 
rectly to the tank and attached a frangible ring to the retention 
ring.    The same six bolts served both these functions.    The 
frangible ring was then,   in turn,   attached to the hellcoptor struc- 
ture.    This required six additional bolts. 
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TANK WALL- AIRCRAFT   STRUCTURE 

INTERCONNECT   SEPARATION   POINT 

CROSSOVER TUBE 

TRIGGERING 
"        CABLE 

Figure 16.     Type A Self-Sealing Breakaway Interconnect. 

The modification allowed the filler cap to remain with the tank, 
preventing spillage; whereas the earlier design kept the cap with 
the fuselage,   thereby insuring spillage. 

Detailed information concerning the design tests conducted with 
the frangible ring is given in Appendix V. 
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n 
SECURING 

BOLT 

\ 

HELICOPTER STRUCTURE 

|]^^^^NUT RING MOUNTED IN TANK 

CAP RETENTION RING 

CAP 

1(11 

■TANK 

Figure  17.    Filler Neck Attachment (Original Design). 

FRANGIBLE 
RING-TO-A/C 
STRUCTURE 
BOLT 

CAP 

HELICOPTER STRUCTURE 

TANK 

NUT RING 

CAP RETENTION RING 

FRANGIBLE RING 

FRANGIBLE 
RING-TO-FUEL 
TANK BOLT 

FAILURE 
POINTS 

TO AIRCRAFT TO TANK 

Figure 18.    Filler Neck Attachment (Crashworthy Design). 
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Boost Pump Installation 

The UH-1A single boost pump was reinstalled in the left-hand 
crash-resistant i'uel cell in the same general manner that it was 
previously.    However,   there were two exceptions;    the wires con- 
necting the pump Into the electrical system were rerouted,   and a 
frangible connection was employed In attaching the pump assem- 
bly to the helicopter structure at the bottom of the cell cavity. 
The rewiring of the pump Installation Is discussed in the section 
on the electrical system.     The frangible boost pump connection 
is discussed below. 

The boost pump is normally bolted to a mounting diaphragm, 
which,   in turn,   is bolted to the tank.    The pump and mounting 
diaphragm assembly are secured to the tank and to the helicopter 
alrframe with the same bolts.    When displacement occurs be- 
tween the tank and the helicopter,   the mounting diaphragm usually 
is torn from the tank.    This hazardous situation was reduced con- 
siderably by installing the diaphragm In the tank with one set of 
bolts and by attaching the diaphragm to the helicopter with fran- 
gible screws.    Figure 19 Illustrates how this was accomplished. 

The screws used to attach the pump area to the alrframe were 
made of aluminum and were designed to break away before any 
load could be applied through them that would endanger   the tank. 
Detailed information concerning tests conducted to determine the 
load-carrying capability of the aluminum screws is given in Ap- 
pendix VI. 

In an effort to demonstrate the practicality of the concept,   a sim- 
ulated rough terrain impact was chosen for the crash test.    A 
large rock was attached to the aircraft directly beneath the pump 
area; see Figure 20, 

Tank Wall Stabilizer 

The standard UH-1A fuel tank was bolted directly to the helicop- 
ter airframe In the area of the tank-to-engine fuel line exit.    This 
was done for two reasons:    to allow the airframe structure to 
carry the weight of the line and fittings rather than the tank wall, 
and to stabilize the tank wall in the lateral direction to prevent 
the fuel line from continually moving in and out through the open- 
ing in the airframe. 
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ALUMINUM 
NUT RING 

FUEL 
BOOST 
PUMP 

TANK 
MATERIAL 
DIAPHRAGM 

FUEL 
CELL 
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RETAINING 
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AIRCRAFT 
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Twelve steel 
bolts hold 
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hold this assembly 
together. 
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RETAINING 
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Figure 19.    Boost Pump Installation. 
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an-
F i g u r e 20. Rock At t ached Benea th H e l i c o p t e r To S i m u l a t e 

Rough T e r r a i n I m p a c t on Boos t P u m p I n s t a l l a t i o n . 

S ince a l l r i g id a t t a c h m e n t s be tween the f u e l tank and the a i r f r a m e 
w e r e p o t e n t i a l tank f a i l u r e po in t s , th i s i n s t a l l a t i o n r e q u i r e d m o d i -
f i c a t i o n . F r a n g i b l e tank wa l l s t a b i l i z e r s w e r e m a d e of f i b e r g l a s s 
and i n s e r t e d into the tank t r i g g e r i n g va lve m o u n t s ( F i g u r e 21). 
The s t a b i l i z e r s w e r e bonded into the va lve moun t and bol ted to the 
a i r f r a m e th rough the o r i g i n a l s t a b i l i z e r h o l e s . No m o d i f i c a t i o n s 
to the h e l i c o p t e r w e r e r e q u i r e d . The f i b e r g l a s s s t a b i l i z e r s w e r e 
c a p a b l e of c a r r y i n g f u l l f l igh t l o a d s , yet f a i l e d at l o a d s a p p r o x i -
m a t e l y o n e - s i x t h tha t r e q u i r e d to f a i l the tank . 

ENGINE 

The T 5 3 - L - 1 g a s t u r b i n e p o w e r p lan t w a s l o c a t e d a f t of the cabin and w a s 
m o u n t e d on a s e r v i c e deck to p r o v i d e m a x i m u m a c c e s s i b i l i t y f o r s e r -
v ic ing and m a i n t e n a n c e . The engine w a s a f r e e - t u r b i n e - t y p e power p lan t 
and c o n s i s t e d of an a x i a l - c e n t r i f u g a l c o m p r e s s o r , an e x t e r n a l a n n u l a r 
v a p o r i z i n g c o m b u s t o r , a g a s - p r o d u c e r t u r b i n e , and a f r e e - p o w e r t u r b i n e . 
The c o m p r e s s o r c o n s i s t e d of f ive a x i a l s t a g e s and one c e n t r i f u g a l s t a g e . 
The t u r b i n e c o n s i s t e d of two a x i a l - f l o w s t a g e s . The f i r s t - s t a g e t u r b i n e 
d r i v e s the c o m p r e s s o r , and the s e c o n d - s t a g e f r e e - p o w e r t u r b i n e d r i v e s 
the s h a f t . 
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Figure 21.    Frangible Fiber Glass Wall Stablll zer. 
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The complete engine unit and main power transfer system were Inclosed 
by an easily opened or quickly removable lightweight cowling. 

Fuel Flow 

Fuel {JP-4) from the helicopter's tank system was delivered to the fuel 
control unit,  filtered,   and then boosted In pressure by the dual-element 
high-pressure fuel pump.    It entered and passed through the fuel and 
power control unit to two discharge ports:    main and starting.    From the 
control,   fuel flowed directly to the main manifold for distribution to the 
combustion chamber. 

Test Fuel 

The fuel chosen for this test was an emulsified jet fuel.     Penetrometer 
tests on this emulsion showed a consistent yield value of 27. 2 mllll- 
meters In 5 seconds (1880 dynes/cm   ) using a 30-gram cone on a Pre- 
cision Scientific universal penetrometer.    Appendix VII presents a de- 
tailed explanation of the test procedures used to obtain these values. 

Emulsified Fuel Operation 

The procedure for operating the engine on emulsified fuel was as 
follows: 

1. Make normal start on liquid JP-4. 

2. Bring systems and temperatures to normal for takeoff con- 
ditions. 

3. Switch fuel supply to emulsion. 

4. Monitor Instruments for satisfactory performance of mis- 
sion. 

5. Switch fuel supply back to liquid JP-4 diluted 10 percent 
with Isopropyl alcohol. 

6. Operate engine until JP-4/alcohol mixture has purged all 
emulsion from engine fuel system. 

7. Make normal shutdown. 

(For the remotely controlled test flight and crash,   only the first four 
Items In the procedure were necessary. ) 
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A u x i l i a r y F u e l S y s t e m 

The h e l i c o p t e r f u e l s y s t e m w a s f i l l ed wi th e m u l s i o n f o r the c r a s h t e s t ; 
h o w e v e r , a s o u r c e of l iquid J P - 4 had to be p r o v i d e d f o r s t a r t i n g and 
shut t ing down the eng ine . A 5 - g a l l o n a u x i l i a r y tank w a s f a b r i c a t e d f r o m 
c r a s h - r e s i s t a n t m a t e r i a l ( s e e F i g u r e 22) to moun t e i t h e r in the a i r c r a f t 
o r on the g round . The boos t pump i n s t a l l e d in the a u x i l i a r y tank could be 
o p e r a t e d on a i r c r a f t e l e c t r i c a l p o w e r , b a t t e r y p o w e r , o r g e n e r a t o r 
p o w e r when used e x t e r n a l l y . The supply l ine f r o m the tank c o n n e c t e d 
into the m a i n s y s t e m be tween the eng ine and the m a i n f u e l s y s t e m shutoff 
va lve . 

F i g u r e 22. A u x i l i a r y F u e l Tank . 

LUBRICATING OIL SYSTEM (ENGINE AND TRANSMISSION) 

The t e n d e n c y of the eng ine and t r a n s m i s s i o n s y s t e m s to f a i l , r e l e a s i n g a 
p r e s s u r i z e d , hot , h igh ly ign i t ab le m i s t , h a s been d o c u m e n t e d in m a n y 
a c c i d e n t r e p o r t s and c r a s h t e s t m o t i o n p i c t u r e s . To m i n i m i z e t h i s p o t e n -
t i a l f i r e h a z a r d , s e v e r a l p r e v e n t i v e m o d i f i c a t i o n s w e r e m a d e d u r i n g 
p r e p a r a t i o n s f o r the t e s t . 
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R e s e r v o i r 

The o i l r e s e r v o i r w a s r e m o v e d and s h e a t h e d in a t igh t , f o r m -
f i t t ing , 1 / 2 - i n c h - t h i c k f e l t c o v e r i n g ; s e e F i g u r e 23. The p u r p o s e 
of the f e l t w a s twofold: (1) it would r e a d i l y change i t s con tou r to 
c o v e r any shape tha t the m e t a l r e s e r v o i r m i g h t a s s u m e du r ing a 
c r a s h , and (2) it would soak up any oi l tha t m igh t sp i l l into the 
f e l t f r o m a f a i l u r e in the m e t a l r e s e r v o i r . The f e l t w a s coa t ed on 
i t s e x t e r n a l s u r f a c e with a p o l y u r e t h a n e r e s i n to m a k e the shea th 
l i q u i d - t i g h t , to e n h a n c e the f i r e - r e s i s t a n t p r o p e r t i e s of the f e l t , 
and to p r e v e n t the e x t e r n a l s u r f a c e f r o m func t ion ing a s a wick if 
the f e l t soaked up any sp i l l ed o i l . 

fc: 
F i g u r e 23. Oil R e s e r v o i r With C r a s h - R e s i s t a n t C o v e r i n g . 

Coole r 

The s t a n d a r d UH-1A oi l c o o l e r i n s t a l l a t i o n p l aced the in le t and 
ou t l e t f i t t i n g s on the s ide of the c o o l e r ( F i g u r e 24). In th i s p o s i -
t ion, the l o w e r o i l r e t u r n l ine and f i t t ing w e r e e x t r e m e l y v u l n e r -
ab le to c r a s h d a m a g e c a u s e d by the u p w a r d d i s p l a c e m e n t of the 

26 



BEFORE 

OIL SYSTEM AND 
COOLER DRAIN 

RIGID 

AFTER 

Oil cooler 
rotated 90' 

OIL SYSTEM DRAIN 
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Figure 24.    Oil Cooler Modifications. 
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airframe structure and the aft landing gear crossover tube.     The 
cooler was rotated 90 degrees, placing the Inlet and outlet fittings 
on top of the cooler as shown in Figure 24.    The oil cooler could 
still be drained by using a conveniently located extra hole In the 
cooler. 

Lines 

The following rigid aluminum oil lines were removed and re- 
placed with standard steel-brald-covered flexible hose: 

1. The oil line between the reservoir and the cooler. 

2. The oil line between the service deck and the cooler. 

3. The oil line between the reservoir and the firewall 
shutoff valve. 

A check valve was Installed In the oil line between the firewall 
shutoff valve and the reservoir.    Should the engine be displaced 
In the crash,   It was anticipated that this oil line would break free 
either at the engine pump coupling or on the engine side of the 
firewall shutoff valve.    In either case,  the check valve would pre- 
vent reservoir oil from draining onto the hot engine. 

The engine-to-cooler flex line passed vertically through the ser- 
vice deck below the ergine.    A steel triggering valve mount was 
installed,   and a self-sealing quick-disconnect coupling was 
placed In the line.    The valve and mount operated In the same 
manner as the fuel values discussed under Fuel Lines earlier In 
the report. 

Pressure Trans mitte r 

The engine oil pressure transmitter was removed from Its 
mounting pad directly on top of the engine and was relocated on 
another pad on the right side of the engine.    This relocation was 
performed to reduce the vulnerability of the transmitter to dam- 
age and leakage If a roll-over-type crash were to occur. 

Transmission 

The transmission oil pressure transmitter mounted on the upper right 
side of the transmission could be subjected to damage from many sources 
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in the event of a crash.     The crash resistance of its connecting fluid line 
was improved by replacing it with a flexible metal line; see Figure 25. 
Flexibility in this line was achieved as the coils were compressed or ex- 
tended, 

The standard transmission-to-sump oil line was a rigid metal line.    It 
was replaced with a flexible wire-braid-covered hose that could deflect 
and elongate under crash loading; see Figure 25. 

Figure 25.     Transmission Oil Supply Area. 

An experiment was conducted with the flexible metal line to evaluate the 
capability of the line to remain liquid-tight while being subjected to an- 
ticipated elongation.    A colled tube 9 Inches long was rigidly attached to 
the base of the transmission sump and to the side of the helicopter air- 
frame,   as Illustrated In Figure 26.    The distance between the two con- 
nection points changed continually while the rotor system turned,   be- 
cause the transmission was free to pivot somewhat about Us tledown. 
During a crash,   this 9-lnch distance could Increase considerably if the 
transmission were to be deflected. 

HYDRAULIC SYSTEM 

The major components of the hydraulic system were located In the center 
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Figure 26.     Trnnsmi.söion Schematic Illustrating 
Coiled Tube  Experiment. 
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section of the helicopter.     The reservoir and the ground test coupling 
were mounted on the forward firewall on the right side above the service 
deck, while the pump was installed nearby on the transmission.     The only 
modification attempted on the hydraulic system was to install a flexible 
coiled line as a replacement for the rigid reservoir pressure bypass 
line.    This line is visible at the right side of Figure 27. 

Figure 27.    Hydraulic System Showing Flexible Metal 
Fine on  Right Side of Installation. 

EFECTR1CAF SYSTEM 

Electrical system components were located throughout the helicopter. 
The nature of the service performed by them also serves to provide an 
extreme ignition potential throughout the airframe.    Many of the elec- 
trical components were installed in small sealed compartments sur- 
rounding the center portion of the helicopter and were in relatively pro- 
tected areas.    However,   some of the components (namely, the battery, 
the boost pump,  and certain wiring) required additional protection. 

Battery 

The weight (72 pounds) of the battery dictated that it be positively 
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restrained in Its installed posLtlun.     If it were to be released Irom its 
tiedown,   it could destroy the  surrounding compartment,   sho rt-ein uit its 
connecting wires,   and impinge on the fuel cell located just ahead. 

To reduce the probability of release,   the two retainer brass tiedown rods 
were replaced with steel rods.     The two thin sheet-metal restraint 
brackets    (see Figure Z8)    were  replaced with four 6-inch-long alumi- 
num angle clips.    The four clips were bolted to the compartment shelf on 
which the battery was located. 

Boost Pump 

The electrical wires normally exited the boost pump at the boLtom of the 
fuel tank.    Structural collapse in this area would allow the boost pump 
wires to be cut or broken.     Abrading action of the underbelly's  sliding 
across the terrain could also damage these wires and thus provide an 
ignition source.     The original boost pump wire routing Was particularly 
hazardous because it placed electrically energized wires in an area in 
which crash-Induced fuel spillage was likely to occur. 

The Ignition hazard was greatly reduced by rerouting the boost pump 
wires. The pump was modified slightly, as shown In Figure 29, to allow 
the wires to exit Inside the tank. ae wires then traveled up through the 
fuel In a standard flexible hose. The hose was approximately 30 percent 
longer than would be normally required; thus, it could allow the fuel tank 
to rearrange Its volume without placing tension loads on the hose i.t 
wires. 

A terminal board was moved from a position beneath the left fuel cell to 
a position near the cell top on the framing around the cell cavity. Elec- 
trical wires for the boost pump, formerly routed beneath the cell, were 
rerouted to this board. 

Compartment Wiring 

Wiring In the battery compartment deserved special attention since It 
was located In an area Immediately adjacent to a fuel cell.     Any fuel 
spillage from the cell was likely to come in contact with the wiring.    De- 
formation of the compartment,   under crash conditions,   could place ten- 
sile loads on the wiring that would cause breakage; also,   If the battery 
were to break free of Its restraint,   It could easily fail many wires. 

Felt padding was used to Insulate some of the lower mounted wires 
against Impact or chafing contact with the helicopter structure.     The 
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INSTALLATION 

Figure 28.   Battery Installation. 
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Figure 29.     Boost Pump ModlfLcation. 
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padding , which w a s 1 /2 inch th ick , i s shown in F i g u r e 30. 

F i g u r e 30. I n s u l a t e d Wir ing in B a t t e r y C o m p a r t m e n t . 

M e t a l l oop - type cush ioned c l a m p s a r e n o r m a l l y u s e d to s e c u r e the v a r i -
ous w i r e s , o r bund les , to the he l i coDte r s t r u c t u r e . U n f o r t u n a t e l y , t h e s e 
c l a m p s hold the w i r e s so s e c u r e l y that when s t r u c t u r a l d i s p l a c e m e n t 
s t r e t c h e s the w i r e s , the w i r e s b r e a k . To p r e v e n t th i s b r e a k a g e in a r e a s 
of a n t i c i p a t e d s t r u c t u r a l d i s p l a c e m e n t , the w i r e s w e r e a t t a c h e d to the 
a i r f r a m e s t r u c t u r e with I r a n g i b l e nylon c l a m p s . E a c h nylon c l a m p w a s 
capab le of s e c u r e l y holding the w i r e s du r ing a l l c o n c e i v a b l e f l i gh t and 
landing l o a d s , but it would r e a d i l y f a i l when loads w e r e app l i ed to it t ha t 
a p p r o a c h e d the s t r e n g t h of the w i r e s . 

Nylon c l a m p s w e r e i n s t a l l ed to r e p l a c e 10 r i g i d c l a m p s a t s e l e c t e d l o c a -
t ions in the b a t t e r y c o m p a r t m e n t . S ta t i c and d y n a m i c t e s t s r e v e a l e d t ha t 
the nylon c l a m p s would f a i l at l oads below the t e n s i o n f a i l u r e point of the 
w i r e s they he ld . A t yp i ca l f r a n g i b l e c l a m p i n s t a l l a t i o n is shown in F i g -
u r e 31. F o r d e t a i l e d i n f o r m a t i o n c o n c e r n i n g t e s t s conduc ted with the 
f r a n g i b l e c l a m p s and t yp i ca l e l e c t r i c a l w i r e s , s ee Appendix VIII. 

R E M O T E F L I G H T C O N T R O L SYSTEM 

The r e m o t e c o n t r o l s y s t e m c o n s i s t e d of an a i r b o r n e and a g round c o n t r o l 
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s t a t i on l inked by a t r a n s m i t t e r and a r e c e i v e r . The a i r b o r n e p a c k a g e 
w a s d e s i g n e d to o p e r a t e the t h r e e p r i m a r y f l igh t c o n t r o l s : c o l l e c t i v e , 
cyc l i c , and d i r e c t i o n a l c o n t r o l p e d a l s . The cyc l i c c o n t r o l and the d l r e c 
t lona l c o n t r o l p e d a l s w e r e c o n t r o l l e d by a g y r o h o r i z o n and d i r e c t i o n a l 
g y r o . T h i s f e a t u r e p r o v i d e d a u t o m a t i c c o n t r o l of the p i tch , ro l l , and 
yaw a n g l e s du r ing the f l igh t . The c o l l e c t i v e , p r e s e t d u r i n g c a l i b r a t i o n 
f l i gh t s , w a s a c t u a t e d by the r a d i o l ink to the g round c o n t r o l s t a t i on . Th 
r a t e of c l i m b w a s a d j u s t e d by a c o l l e c t i v e v e r n i e r c o n t r o l , a n d l eve l 
f l igh t w a s in i t i a t ed by a c o l l e c t i v e b i a s c o n t r o l , both of which a r e con-
t r o l l e d f r o m the g round s t a t i on . In addi t ion , m i n o r c o r r e c t i o n of the 
l a t e r a l f l igh t path could be m a d e f r o m the g round c o n t r o l s t a t i on . 

F i g u r e 31. F r a n g i b l e Wir ing C l a m p I n s t a l l a t i o n . 

H e l i c o p t e r I n s t a l l a t i o n 

The r e m o t e c o n t r o l s y s t e m w a s m e c h a n i c a l l y connec t ed to the f l igh t con 
t r o l s by i n s t a l l i n g s p e c i a l h a r d w a r e on the c o p i l o t ' s cyc l i c s t i ck and d i -
r e c t i o n a l c o n t r o l p e d a l s . A s p e c i a l a l u m i n u m pla te w a s d e s i g n e d and 
f a b r i c a t e d on which the s e r v o a c t u a t o r s , c a b l e s , and pu l l eys w e r e 
m o u n t e d , a s shown in F i g u r e 32. 

A s m a l l p a n e l w a s added to the p i l o t ' s cyc l i c s t i ck to p r o v i d e a m o u n t 
f o r the p i lo t c o n t r o l s w i t c h e s f o r the r e m o t e c o n t r o l s y s t e m ( F i g u r e 33). 
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F i g u r e 32. R e m o t e C o n t r o l S y s t e m I n s t a l l a t i o n and 
Connec t ion to Copi lo t F l i g h t C o n t r o l s . 

F i g u r e 33. P i l o t C o n t r o l Switch P a n e l on C y c l i c S t ick . 
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The d i r e c t i o n a l and a t t i t ude g y r o a s s e m b l y w a s moun ted in the c e n t e r of 
the cab .n f l o o r a t S ta t ion 87, a s shown in F i g u r e 34. 

F i g u r e 34. Gyro I n s t a l l a t i o n . 

INSTRUMENTATION 

A c c e l e r a t i o n s and t e m p e r a t u r e s w e r e to be r e c o r d e d du r ing the t e s t . 
The r e l a t i v e l o c a t i o n s of the s e n s i n g i n s t r u m e n t s a r e shown in F i g u r e 35. 

T h r e e Type A - 5 S t a t h a m a c c e l e r o m e t e r s , o r i e n t e d t r i a x i a l l y , w e r e in-
s t a l l ed on the a i r c r a f t f l o o r be tween the c r e w s e a t s in the cockp i t . 

C h r o m e l - a l u m e l t h e r m o c o u p l e s w e r e i n s t a l l e d to r e c o r d t e m p e r a t u r e s at 
f o u r l oca t i ons in the cockp i t and t r o o p c o m p a r t m e n t , at s ix l o c a t i o n s on 
the engine , at the r e a r of e a c h f u e l c e l l cav i ty , and be tween the c e l l s . 

A P h o t o s o n i c s m o d e l I B h i g h - s p e e d c a m e r a w a s moun ted above the r e -
m o t e f l igh t c o n t r o l s i n s t a l l a t i o n at the copi lo t s e a t pos i t i on . C o l o r f i l m 
w a s u s e d , at 500 f r a m e s p e r s econd , to r e c o r d the p e r f o r m a n c e of an 
e x p e r i m e n t a l s e a t (a s e p a r a t e e x p e r i m e n t not c o v e r e d in th i s r e p o r t ) and 
the g e n e r a l a r e a s u r r o u n d i n g the f u e l ce l l . T h i s c a m e r a is shown as 
I t e m 16 in F i g u r e 35. 

T h i r t e e n m o v i e c a m e r a s w e r e pos i t i oned a round the i m p a c t a r e a to r e -
c o r d the t e s t f l igh t and i m p a c t of the h e l i c o p t e r . T h e i r r e l a t i v e p o s i t i o n s 
a r e shown in F i g u r e 36. 
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ACCELEROMETERS 
(TRJAXIAL INSTALLATION) 

^7   DUMMY PELVIS 
^7   AIRCRAFT FLOOR 

THERMOCOUPLES 

COCKPIT HIGH 
COCKPIT LOW 
TROOP COMPT    HIGH 
TROOP COMPT     LOW 
ENGINE INTAKE 
ENGINE FORWARD 
ENGINE CENTER 
ENGINE REAR 
TAIL PIPE 
EXHAUST GAS 
LEFT CELL AFT 
RIGHT CELL AFT 
BETWEEN CELLS 

HIGH-SPEED CAMERA 

lb £1500 FRAMES PER SECOND 

Figure 35.    Onboard Instrumentation. 
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DCTJ 

FIXED fj     | 

TRACKING 

Figure 36.    High-Speed Camera Locations. 
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TEST CONDITIONS 

The desired test conditions at impact were: 

Horizontal Velocity 65 Feet Per Second 

Vertical Velocity 40 Feet Per Second 

Impact Angle 30 Degrees 

Pitch Angle ±   Z3 Degrees 

Roll Angle ±   10 Degrees 

Yaw Angle ±   10 Degrees 

Gross weight breakdown: 

Pounds 

Helicopter 4000 

Fuel (emulsion) 897 

Seat Experiment 450 

Instrumentation 250 

Pilot (simulation) 170 

Drone System 50 

Gross 5817 
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TEST OPERATIONS AND CRASH ANALYSIS 

The helicopter was subjected to an Intensive pretest quality control pro- 
gram to insure that the system modifications were operationally accept- 
able and that the problems of engine operation on emulsified fuel were 
resolved.    A 1-hour test flight was accomplished at low altitude after the 
system modifications were completed.    Gro1 nd engine operation on 
emulsified fuel came next,    followed by a sustained hover at 4 feet.   This 
part of the program took place over a 2-week period preceding the actual 
crash test date. 

At 0845 hours on 23 February 1968,   the helicopter was crash-tested by 
means of the radio-controlled flight system.    The lift-off was normal, 
and the helicopter,   in a 10-degree nosedown attitude,   climbed to an alti- 
tude of approximately 65 feet.    The collective pitch control was then bot- 
tomed,   causing the aircraft to descend in a 250- to 300-foot-long glide 
path.    Conditions at impact were: 

Horizontal Velocity 81 Feet Per Second 

Vertical Velocity 23 Feet Per Second 

Impact Angle 15. 5 Degrees 

Pitch Angle 12 Degrees Nose Down 

Roll Angle 0 Degrees 

Yaw Angle 3 Degrees Left 

After Impact,  the helicopter slid 189 feet.    After sliding in a relatively 
flat attitude for approximately 90 feet,  the forward portion of the heli- 
copter dug into the ground, causing an overturning moment to be applied. 
This caused the helicopter to roll to the right for three-quarters of a 
turn,   finally coming to rest on its left side.    The tail boom was sheared 
off,   as were both landing skids (Figures 37 and 38). 

The main rotor blades remained attached to the rotor head.    The main 
transmission,   as well as the engine,   broke free of all mountirgs and 
displaced leftward,   as shown in Figures 39,   40,and 41.    Most of the 
cabin roof was torn free,   and the fuselage broke,   nearly separating, 
where the aft passenger compartment vertical bulkhead joins the floor; 
see Figure 42. 
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T a l l Boom B r o k e n F r o m F u s e i a g e 

F i g u r e 38. VLew of H e l i c o p t e r U n d e r s i d e Showing 
D a m a g e and A b s e n c e of Sk ids . 
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F i g u r e 39. Main T r a n s m i s s i o n and R o t o r M a s t In W r e c k a g e 

F i g u r e 40. P o s t c r a s h P o s i t i o n of Eng ine 



F i g u r e 41. P o s i t i o n of Ma in R o t o r B l a d e s in W r e c k a g e 

F i g u r e 42. Bo t tom View of F u s e l a g e B r e a k . 



There was no fire on impact,  during the slide,  or when the helicopter 
came lo rest. 

There were some flammable fluids released into the crash area from 
transmission and hydraulic system failures.    The spillage was not con- 
sidered to be particularly hazardous and will be discussed in the 
following section. 
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TEST RESULTS 

FUEL SYSTEM 

All of the system experiments functioned satisfactorily.    No fuel was 
spilled at any time during the crash sequence or the follow-on investi- 
gation. 

Fuel Tank 

The crash-resistant fuel tanks were not punctured,  nor did they release 
their fuel load at any point,   A bottom corner of the right cell was 
gouged when the supporting structure surrounding it failed and then dis- 
placed back and forth against the corner;   see Figure 43.    No other 
damage to the fuel cells was discovered.    The tank system is shown re- 
assembled in Figure 44,   a photograph taken after the cells were re- 
moved from the wreckage. 

Triggering Valve Mount 

The valve mounts were undamaged during the crash. They were leak- 
checked for several days after the crash, and no seepage could be de- 
tected, 

Wedge-Lock Retainer 

The two wedge-lock retainers performed as designed.    They securely 
held the frangible interconnects,  preventing fluid seepage during the 
crash and the subsequent leak check. 

Boost Pump Mounting Diaphragm 

The mounting diaphragm operated satisfactorily during the crash. It 
protected the sump drains from the rock-simulated rough terrain and 
prevented diaphragm failure in the boost pump area. 

Crossover Tubes 

The aft crossover tube,   made of flexible crash-resistant material,   re- 
mained intact and can be seen in Figure 44.     The aft tube was not dis- 
placed; consequently,  the frangible interconnects at each end did not re- 
ceive the necessary force to make them separate.    The forward cross- 
over tube,  made of flexible hose, was intact and the valves were still 
attached to the tank. 
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F i g u r e 43. D e f o r m e d S t r u c t u r e and E x p o s e d F u e l Ce l l . 

F i g u r e 44. Tank S y s t e m and Aft C r o s s o v e r A s s e m b l y 
R e a s s e m b l e d A f t e r T e s t . 
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Fuel Lines 

A1J flexible fuel lines functioned as designed.    During the crash,   the 
engine was displaced to the left for a distance of several feet,   placing a 
tension/bending load on the two fuel lines that passed through the service 
deck.    The movement caused separation in the quick-disconnect fittings; 
see Figure 45.    No fluid spillage occurred.    The severance of the main 
fuel supply line initiated engine shutdown. 

The load transfer cable on the fuel control vent line functioned satisfac- 
torily,   protecting the small 1/4-inch elbows from failure. 

Figure 45.    Service-Deck-Mounted Triggering Valve Mounts 
Shewn After Fuel (Arrow 1) and Oil (Arrow 2) 
Lines Separated at Impact. 

Fuel Valves 

All fuel valves functioned as designed.    The three quick-disconnect 
valves and the interconnect couplings mounted in the fuel tanks survived 
the crash without separation.    The fact that they did not separate is in- 
dicative that: 

1.    The load applied to the valves was not great enough to cause 
separation.    The fact that they will separate during a crash 
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when the loads are high enough has been clearly demonstrated 
in previous tests;   see Appendixes I and IX. 

2.    More reliance can be placed on the breakaway valve concept 
since the hazards of inadvertent separation during normal 
flight conditions and under crash loading appear to have been 
eliminated. 

The three modified quick-disconnect valves located at the service deck 
separated and sealed themselves.    The functioning of these valves was 
considered to be a major safety contribution in the crash test.    Had any 
of them failed to separate or seal,   a crash fire would most likely have 
occurred. 

Structural Attachments 

The three frangible attachments functioned satisfactorily during this ex- 
periment.    Prior to the crash,   the attachments supported their respec- 
tive components In a satisfactory manner.    During the crash,  they all re- 
ceived some loading; however,   it was not severe enough to cause sepa- 
ration.    There were no related or adjoining system failures caused by 
the fact that the frangible attachments did not separate. 

The frangible ring located at the filler neck showed some evidence of 
load application;  however, the load was considerably below that required 
to cause a complete separation. 

The fiber glass tank wall stabilizer also showed some signs of loading. 
The loading was more severe than for the ring,   but it was still well be- 
low the failure point. 

The boost pump area was Impacted from below by the large roctc (Fig- 
ure 46).    As the rock moved upward,   It penetrated the outer aluminum 
skin,   contacting the boost pump mounting diaphragm and the fiber glass/ 
honeycomb helicopter structure comprising the cell cavity bottom.    The 
honeycomb panel was displaced upward several Inches by the rock.    The 
tank area surrounding the boost pump moved upward with the cavity 
floor; consequently,   there was no displacement between the tank and the 
helicopter structure.    The frangible aluminum screws were apparently 
not loaded; thus,   they were not called upon to separate. 
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Figure 46.    Postcrash View of Boost Pump Installation. 

ENGINE 

The engine was successfully operated on emulsified fuel during this test 
program. It was first test-flown and then crashed as a separate experi- 
ment. 

Pertinent observations were as follows; 

1. Since the engine had to be started on liquid fuel,   and the 
RPM maintained above 75 percent for successful change- 
over to the emulsion,   an auxiliary fuel system had to be 
built which could be turned off and on and fed into the nor- 
mal fuel system at will, 

2. Since changeover to emulsion caused the main rotor blades to 
drop 50 RPM,  the fuel control had to be readjusted slightly. 

3. The screen in the main airframe fuel filter had to be removed 
to allow for a greater fuel flow. 

4. The standard fuel control filters functioned satisfactorily, re- 
quiring no substitutions. A photograph of the removed filters, 
after the test flight on emulsion,   is presented in Figure 47. 
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Figure 47.     Engine Fuel Control Filters After 
Test Flight on Emulsified Fuel. 

Thermocouples were placed in several locations on and around the en- 
gine.     Temperatures were measured during starting,   during ground op- 
erations,   and in flight,   with both the liquid fuel and the emu.'sion.     There 
were no measurable differences in temperature. 

One observation was made that might be of future interest.    When the 
aircraft was operating on emulsion,   the fuel which exited the fuel control 
via the vent return line was in a liquid state rather than in an emulsified 
state.    Since this return line empties into the forward crossover tube, 
in effect liquid fuel was displacing emulsion in an area where severe 
impact and displacement could be anticipated. 

LUBRICATING OIL SYSTEM 

All lubricating oil system experiments functioned satisfactorily.    No en- 
gine oil was spilled in the crash sequence or the follow-on investigation. 
Some main transmission oil was spilled,   but it was of small quantity and 
not considered to represent a serious ignition potential. 
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Entune 

Reservoir 

The oil reservoir,   sheathed in the felt cover,   sustained a severe 
blow at the top.     The aluminum container was compressed down- 
ward for 1 inch, and a 2-inch opening occurred in a welded seam. 
Oil spilled into the felt,   but external leakage was prevented by the 
polyurethane surfacing; see Figure 48. 

Figure 48.    Crushed Oil Reservoir. 

Cooler 

The rotated oil cooler and its protruding fittings were not dam- 
aged,   even though 20-percent crushing occurred in the structure 
beneath the installation.    Had the cooler been in its original posi- 
tion,   impact damage to the fittings would have been likely and 
considerable oil spillage would have occurred. 

Lines 

All flexible oil lines functioned as planned.    The engine-to-cooler 
line,   which passes through the service deck,   separated and 
sealed at both ends.    The engine-to-reservoir line broke free at 
the engine-driven pump (see Figure 45); however,   fluid loss from 
the reservoir was prevented by the check valve. 
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Pressure Transmitter 

The transmitter remained intact in its new side-mounted location 
and survived the crash without permitting spillage.    Had it been 
left on top of the engine,   it is likely that it would have been 
knocked off,   resulting in pressurized oil spillage. 

Transmission 

The transmission was torn free of the airframe basic structure.    It dis- 
placed laterally several feet at the  rotor end and 8 inches at the sump. 
The main case casting failed at the tiedown point,   releasing the case 
fluid.    The fluid was spilled throughout the cargo hook area but was not 
in evidence above the service deck.    All oil line experiments conducted 
with the transmission were successful in that leakage did not occur. 

The flexible oil line placed between the transmission case and the lower 
sump was displaced,   elongated,  and crushed in several areas as the 
transmission moved laterally within the airframe (Figure 49).    The flex 
line held,   preventing any spillage. 

The flexible metal line installed on the transmission-mounted oil pres- 
sure transmitter remained fluid-tight as the transmission was broken 
from the mounts.    Both the line and the transmitter installation can be 
seen in Figure 49. 

The flexible metal line installed between the transmission sump 
area and the airframe structure extended the 8 inches required to ac- 
commodate the diöplacement and was subjected to a variety of impacts 
from the surrounding structure and loose objects.    The line was 
stretched,   crimped,   and compressed in several locations; however,   it 
was still attached to the transmission and to the airframe and was liquid- 
tight; see Figure 50. 

HYDRAULIC SYSTEM 

Oil was released from the hydraulic system during the crash.    The res- 
ervoir (Figure 51) sustained a 3/4-inch V-puncture,   causing the loss of 
about one pint of fluid.    The two flexible lines that connect the hydraulic 
system with the pump were broken at the pump fitting (Figure 52),  spil- 
ling about one pint of fluid from the lines. 

The flexible metal line (Figure 51) was not subjected to any gross dis- 
placement; however,   it was bent slightly.    Its full capacity to deform or 
elongate was not required during ehe crash. 
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Figure 49.    Postcrash View of the Transmission Area. 

Figure 50.    Colled Metal Line Experiment. 
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Figure 51.    Postcrash View of Hydraulic System. 

Figure 52.    Hydraulic Pump Broken From Trans 
mission Mount.    (Arrows indicate 
broken (1) pump and (2) fittings. ) 
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ELECTRICAL SYSTEM 

All of the electrical modifications functioned in the desired manner.    The 
battery did not move from its tiedown point.    The wires directly below 
the battery and similar wires in the compartment to the rear of the bat- 
tery were still intact.    Seven of the frangible clamps holding the wires 
broke,   allowing the bundles to move with the structure (Figure 53) 
rather than to remain rigidly attached and be broken.    The felt insulation 
placed around three bundles of wires in the battery compartment suc- 
cessfully shielded the wires from the collapsing structure. 

Figure 53.    Electrical Wires Separated From 
the Frangible Clamps. 

REMOTE CONTROL SYSTEM 

The remote control system functioned as designed,   stabilizing the heli- 
copter throughout its flight profile.    During the final descent,  the heli- 
copter tended to glide farther than it did during the initial test flights. 
The possibility that the collective pitch control might not have fully bot- 
tomed was explored.    However,   postcrash tests indicated that it was in 
the fully bottomed position.    At present,  there appears to be no satis- 
factory explanation for the extended glide path of the test helicopter. 
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• 
INSTRUMENTATION 

Unfortunately,   during this test,   the airborne recording oscillograph sus- 
tained a power failure between lift-off and the final crash.    A thorough 
postcrash investigation of the equipment failed to disclose a component 
failure.    The recorder was returned to the laboratory and the circuitry 
was bench-checked.    It proved to be satisfactory.    Investigation dis- 
closed that the battery used to power the system was discharged to a 
point where it would not power the Inverter,   which in turn powered the 
recorder.    A recheck of the crash procedures revealed that there had 
been several slight delays caused by last-minute adjustments to the re- 
mote control system.    Each delay was followed by a recalibration of the 
sensing Instruments.    These recallbratlons,   coupled with a slight delay 
at lift-off,   caused the battery charge to drop below the required power 
output during the crash. 

FOLLOW-ON TEST 

Following the full-scale crash test,   the crashworthy systems were rein- 
stalled in the center section of the fuselage and were dropped from a 
drop tower.    This test,  yielding additional Information In that forced 
separations of the many breakaway components was achieved,   Is pre- 
sented In detail as Appendix IX. 
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CONCLUSIONS 

The following conclusions were drawn as a result of this test program: 

1. Crash-resistant fuel and oil systems can be built today that 
will prevent flammable fluid spillage in crashes above the 
human survival range. 

2. The possibility of inadvertent breakaway valve actuation 
during flight is doubtful.    (Every valve not called upon to 
separate by load or displacement requirements during this 
test remained in its original position. ) 

3. Properly mounted quick-disconnect type fittings will prevent 
fluid-line failure,   thus reducing the probability of spillage 
during crashes. 

4. The use of steel-braid-covered flexible hoses in lieu of con- 
ventional rigid lines will prevent fluid loss during crash en- 
vironments. 
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RECOMMENDATIONS 

Based on the results of the test program,   It is recommended that: 

1. The "Crash Survival Design Guide",   the manual which dic- 
tated many of the crashworthy features demonstrated in this 
crash test,   be continually updated and disseminated through- 
out the aviation Industry. 

2. More definitive data be obtained on frangible attachments and 
couplings.    This field Is virtually unexplored,   and benefits 
could be gained by a thorough investigation. 

3. Specifications that govern the design and utilization of frangi- 
ble materials,   crash valves,   and Interconnects be prepared 
and distributed throughout the aviation Industry. 

60 



LITERATURE CITED 

Turnbow,   J.   W. ,  et al,  CRASH SURVIVAL DESIGN GUIDE,  AvSER, 
A Division of Flight Safety Foundation,  Inc. ; USAAVLABS Technical 
Report 67-22,   U. S,  Army Aviation Materiel Laboratories,   Fort 
Eustis,   Virginia,  July 1967,  AD 656621 (Revised December 1967, 
AD 670955). 

Robertson,  S.  Harry,   and Turnbow,   James W. ,  AIRCRAFT FUEL 
TANK DESIGN CRITERIA,  AvSER,  A Division of Flight Safety 
Foundation, Inc. ; USAAVLABS Technical Report 66-24,   U.  S.  Army 
Aviation Materiel Laboratories,   Fort Eustis,   Virginia,   March 
1966,  AD 631610. 

Cook,   R.   L. ,  Huyett,   R. A.,   and Baker,  R.  E. ,  IMPROVED 
CRASH-RESISTANT FUEL CELL MATERIAL,  Goodyear Aerospace 
Corporation; USAAVLABS Technical Report 67-6,   U.  S.  Army Avi- 
ation Materiel Laboratories,   Fort Eustis,  Virginia,  April 1967, 
AD 813165-L. 

61 



APPENDIX I 
FLEXIBLE TRIGGERING VALVE MOUNT TESTS 

(TANK MOUNTED) 

OBJECTIVE 

A series of tests was conducted to determine if a quick-disconnect fitting 
would function as a fuel line breakaway valve if it was installed in a 
flexible type triggering mount. 

TEST ITEM 

The test item was comprised of a self-sealing quick-disconnect valve 
(see Figure 15) installed in a special Dynamic Science-designed trig- 
gering valve mount.    The flexible mount is shown in Figure 54,   and the 
method by which any pulling action on the protected line is converted to 
a tension load is illustrated in Figure 55. 

TEST METHOD 

The test item was installed on a special mount that extended behind a 
3/4-ton truck.    Figures 56,   57,   and 58 show the experiment/truck in- 
stallation and the mounting methods used for obtaining tension,  45-de- 
gree,   and shear/bending load application.    Figure 59 is a schematic of 
the load application modes.    The truck was driven at 30 and 70 miles per 
hour,   depending upon the test condition,  over a ground-anchored cable 
snare device.    As the truck passed over the cable,   the snare coupled 
with the linkage attached to the quick-disconnect valve,   thereby imposing 
rapid loading on the valve. 

Thirteen tests were conducted:    two in tension,   two in the 45-degree 
mode,   and two in a tension/b  'ling combination for each speed,  plus one 
extra test ia the 45-degree m« ue at 70 miles per hour. 

INSTRUMENTATION 

A high-speed camera,   mounted on the truck bumper,   recorded the kine- 
matics of the valve and tank material during separation. 

RESULTS 

Results of the 13 tests are presented in Table I. 
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TO LOAD-PULLING CABLE 

FUEL TANK 
MATERIAL 

TRIGGERING MOUNT 
(Made of Tank Material) 

SELF-SEALING NIPPLE 

SOCKET 
RETENTION 

CLAMP 
SELF-SEA LING SOCKET- 

TANK SEALING 
LOCK NUT 

Figure 54.    Flexible Triggering Valve Mount. 
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STIFF SECTION 

LOAD 
TENSION LOAD 

AT VALVE 

FLEXIBLE SECTION 

LOAD 

Figure 55.    Method   for Converting Off-Center 
Loads to Straight Tension Loads. 

fp 

Figure 56.    Valve and Trigger Mount Oriented for 
a Pure Tension Load Application. 
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^ 

*v. 

Figure 57.    Valve and Trigger Mount Oriented 
for  a 45-Degree Load Application. 

Figure 58.    Valve and Trigger Mount Oriented for 
a Shear/Bending Load Application. 
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TENSION MÜDE 
TANK MATERIAL 

*  {20 in.  x 20 in. ) 

TRIGGERING MOUNT 

.     LOAD 

FLEX HOSE 

LOAD 

^ 

^ 

SHEAR/BENDING  MODE 

LOAD 

Figure 59.    Schematic of Load Application Modes for Tank-Mounted Trig- 
gering Valve Mount and Self-Sealing Quick-Disconnect Valve. 
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TABLE I. FLEXIBLE TRIGGERING VALVE MOUNT TESTS 

Run 

Type of Te St 

Speed Shear/ 
No, Tension 45-Degree Bendi ng (MPH) Separation 

1 X 30 Yes 
2 X 30 Yes 
3 X 70 Yes 
4 X 70 Yes 
5 X 30 Yes 
6 X 30 Yes 
7 X 70 No* 
1A X 70 Yes** 
8 X 70 Yes 
9 X 30 Yes 

10 X 30 Yes 
11 X 70 Yes 
12 X 70 Yes 

* The al uminum nipple bent in the soc ket and jammed. The con- 
nect in gh ose pulled out of th e fitting 

»Is* Stainless- steel nipples were substituted for the rema inder of the 
test series.    There were no further jamming tendenc les. 

■I 

CONCLUSION 

As a result of these tests,   it was concluded that a quick-disconnect type 
fitting could be used as a breakaway valve,  provided it was installed in 
a flexible mount that would convert shear/bending loads to tension loads 
at the valve. 
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APPENDIX II 
HIGH-STRENGTH TANK FITTING 

BACKGROUND 

Fuel Is often spilled during a crash when a molded-in tank fitting is torn 
from the tank.     The standard fitting is restrained in a tank at about 200 
pounds of strength per inch of fitting circumference.    Even with standard 
.30-caliber self-sealing fuel tanks,   this is only one-third the tank wall 
strength.    New tank materials are approximately four times stronger 
than the present tanks.    In order that the fittings not be pulled free of the 
tank until actual tank wall failure occurred,   completely new fitting re- 
tention methods had to be developed. 

PROBLEMS BEARING ON DEVELOPMENT 

Tank fitting tear-outs occur as a result of poor load transfer between 
crash-resistant bladder-type fuel cells and their various attachments. 
This problem stems from the fact that the reinforcement materials used 
In fuel cells have a much higher strength In tension than In Interlamlnar 
shear or bearing.    An example of this proble* -. Is Illustrated In Figure 
60.    In cases where the combination of bearing and shear strength Is at- 
tempted,   progressive failure of the bond uiually occurs before the pins 
are loaded.    Also,   the use of bearing holes creates stress risers In the 
cell wall,   which usually result In tearing after the load transfer mecha- 
nism has failed.     Figure 61  illustrates this problem. 

All of the problems mentioned are easily eliminated by the use of fittings 
which are designed to give a highly uniform load transfer equal to the 
basic material strength.    Two such fittings are the wedge-lock and 
fiber-lock fittings discussed below. 

WEDGE-LOCK FITTING 

The wedge-lock fitting Is shown In Figure 62,   and several applications of 
this device are shown In Figure 63.     Wedge inserts have been made of 
metal,   of wood,   and of fiber reinforced elastomer.    All materials have 
demonstrated a capability to sustain high compressive loads without dan- 
ger of extrusion.     The basic wedge can be made Into as many segments 
as necessary to transfer the load throughout the laminated structure. 

Wedge-lock samples were tested statically and dynamically to validate 
the retention concept.    The static tests were conducted on an Instron 
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Best single-lap shear bond: 
600-lb-per-in.   width. 

DOUBLE LAP BOND 

1 IN. 

I 

' 1  1 

4-PLY 
1 
1 

NYLON 1 
CLOTH 

1200-lb luad before pullout. 
(Double-lap shear) 

+ mmMß^J^iZD \+ 

1/4 IN.   BOLT 

Best bearing strength for 1/4 in. 
hole: 530 lb. 

JT 

1 
4-PLY 

N.| NYLON 
CLOTH 

O 

530 lb load before pullout. 

T O 

''«Basic material tensile strength - 2800-lb-per-in.  width. 

Figure 60.    Conventional Load Transfer Methods. 

Figure 61.     Tank Wall Failure as a Result of 
Overstressed Bearing Holes. 
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Wedge-lock retention capability in 
excess of tank material strength. 

1 IN. 
4-PLY 
NYLON 
CLOTH 

2800-lb load before 
material failure. 

Figure 62.    Wedge-Lock Fitting. 

tensile test machine,  and the samples were pulled at 20 Inches per 
minute.     The dynamic tests were conducted on a drop tower,   subjecting 
the specimens to a 60 to 80G crash pulse,  with a "G" rate of onset In the 
6, 000- to 30, 000-per-second range.    In all tests,   the wedge-lock suc- 
cessfully held the tank material In the various clamping devices,   causing 
failures to occur In the tank wall rather than at the clamp. 

FIBER-LOCK FITTING 

The   fiber-lock fitting Is shown In Figure 64.    The basic elements of the 
fitting are a metal insert,   elastomer Impregnated fiber bundles,   and a 
rubber flange.    The evenly  spaced fiber bundles distribute the load on 
the fitting throughout the fuel cell material,  avoiding stress concentra- 
tions on any part of the fitting attachment. 

Fiber-lock samples were tested statically and dynamically to determine 
the attachment strength of the fitting.    Static tests were conducted on a 
Tlnnlus-Olsen tensile test machine at a pull rate of 20 Inches per minute 
and on a Dillon tensile test machine at a rate of one Inch per minute. 
The dynamic tests were conducted on a drop tower^ subjecting the speci- 
mens to crash pulses up to 125G,wlth a "G" rate of onset In the 6, 000- 
to 40, 000-per-second range.    The strength of the  fiber-lock attachment 
was equal to the strength of the basic fuel cell material. 
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A.    TANK TO METAL 

ESS- 

TANK MATERIAL 

GRIPPING 
'CLAMP 

SINGLE WEDGE 

DOUBLE WEDGE 

 i 

B. TANK TO TANK 

GRIPPING CLAMPS 

C. TANK 
TO VALVE 

VALVE BODY 

■RETENTION NUT 

Figure 63.    Wedge-Lock Load Transfer Method. 
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RUBBER FLANGE 

FUEL CELL MATERIAL 

Figure 64.    Fiber-Lock Fitt 
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APPENDIX III 
RIGID TRIGGERING VALVE MOUNT 
 (AIRFRAME MOUNTED) 

OBJECTIVE 

A series of tests was conducted to determine if a quick-disconnect fitting 
would function as a breakaway valve if it was installed in a rigid-type 
triggering mount. 

TEST ITEM 

The test item was comprised of a self-sealing quick-disconnect valve 
(Figure 65) installed in a special Dynamic Science-designed stainless- 
steel triggering valv-e mount (Figure 66).    This test assembly,   in turn, 
was installed in a section of simulated alrframe structure.    Figures 67 
and 68 Illustrate the triggering techniques used to apply the straight ten- 
sion and lateral loads.    The rigid mount converts any pulling or lateral 
displacement action on the protected line to a tension load at the valve. 
A pure tension load acts on the valve release ring to effect separation. 
During lateral hose movement,   whether under tension or not,  the cam- 
ming action of the mount forces the release ring back,   thereby causing 
the valve to release; Figure 68 illustrates this feature. 

An addition in the form of a collar (Figure 65)    was made to the nipple 
half of the quick disconnect to distribute the camming load smoothly 
around the periphery,   rather than to force a load concentration on each 
corner of the nut.    The modification also tended to keep the nipple cen- 
tered In the mount. 

TEST METHOD 

The test Item (valve and rigid valve mount installed in an alrframe simu- 
lation) was installed aboard a drop tower cage.    A 58-pound weight was 
attached to a hose screwed into the nipple half of the valve.     The setup is 
illustrated In Figure 69. 

The entire assembly was repeatedly dropped from the tower,   subjecting 
the valve and the mount to crash pulses of 60 to 80G maximum with a 
loading rate between 6000 to 8000G per second. 

Six tests were conducted:   five In shear/bending and one in tension.    The 
single tension test was conducted to serve only as a base reference. 
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STANDARD CONFIGURATION 

SOCKET NIPPLE 

COLLAR 

MODIFIED CONFIGURATION 

SOCKET MODIFIED NIPPLE 

Figure 65.   Modified and Standard Configuration Quick-Disconnect Valve. 
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FLEX HOSE 

STAINLESS-STEEL 
TRIGGERING MOUNT 

HONEYCOMB 
AIRFRAME 

STRUCTURE 

QUICK-DISCONNECT 
VALVE 

Figure 66.  Rigid Trigger ggering Valve Mount. 
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LOAD 

RELEASE RING 

/ 

Figure 67, Rigid-Mount Triggering Technique Used During 
Straight Tension Load Applications. 

LOAD 

CAM SPREADING 
ACTION 

Figure 68.     Rigid-Mount Triggering Technique Used 
During Lateral Load Displacement. 
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///////////z 
RIGID ATTACHMENT 
TO DROP CAGE 

SIMULATED AIRFRAME E 
STRUCTURE 

FLEX 
HOSE 

RIGID TRIGGERING MOUNT 

QUICK-DISCONNECT VALVE 

58-LB WEIGHT 

DIRECTION 
OF LOAD 

APPLICATION 

Figure 69. Rigid Triggering Mount Test Setup. 
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since the tension     separation capability had been demonstrated In pre- 
vious tests. 

INSTRUMENTATION 

A 4000-pound load cell was Installed between the weight and the flexible 
pull hose as shown in Figure 69. 

A high-speed camera,   mounted on the drop cage,   recorded the valve 
separation kinematics. 

TEST RESULTS 

There were no failures in any part of the system.    Individual drop test 
results are shown in Table II. 

TABLE II. RIGID TRIGGERING VALVE MOUNT TESTS 

Onset Rate Load 
Test/Mode (G/sec) (lb) Max G Separation 

1 - Tension 5280 120 66.0 Yes            1 
2 - Shear 8350 70 78.5 Yes            } 
3 - Shear 8250 96 79.5 Yes 
4 - Shear 5200 108 65.0 Yes           j 

j      5 - Shear 5570 120 67.5 Yes           1 
6 - Shear 4950 122 62.0 Yes 

1                                                                                                                                                              1 

CONCLUSION 

As a result of the tests,   it was concluded that a quick-dlsconnect-type 
fitting could be used as a breakaway valve,   provided it is installed in a 
rigid mount that converts bending and shear loads to tension loads at the 
valve. 
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APPENDIX IV 
SELF-SEALING FRANGIBLE INTERCONNECTS 

OBJECTIVE 

The objective of this test program was to evaluate five experimental self- 
sealing frangible interconnects to determine which design would function 
best in a crash environment. 

TEST ITEMS 

The interconnect designs were fist-sized "one-shot" valves attached to- 
gether with a frangible sleeve (Figure 70).    The valves were designed to 
serve as a fuel flow passage between two side-by-side mounted fuel cells. 
Upon fuel cell displacement in the interconnect area,   either between cells 
or between cells and airframe,   the interconnects were designed to close, 
preventing leakage,   and to break apart through the frangible sleeve if the 
displacement was too great. 

Three of the valves were made of aluminum, one was made of aluminum 
and fiber glass, and one was made of synthetic material (Teflon and del- 
rin).    A brief description of each interconnect is presented in Table III. 

1. Plug 
2. Cap 
3. Ball 
4. Piston 
5. Spring 
6. Body 
7. Nut 
8. Sleeve 
9. Spider 

Figure 70.    Frangible Interconnect,   Type A Illustrated. 
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TEST METHOD 

The interconnects were evaluated by two methods:   by dynamic tests and 
by evaluation against the Dynamic Science-developed Frangible Cell-to- 
Cell Interconnect Crashworthiness Rating.    Each technique will be dis- 
cussed. 

Dynamic Tests 

The interconnects were mounted in specimens of fuel tank material 
(Figure 71).    An aluminum sheet,   simulating aircraft structure,  was 
placed around the interconnect and was sandwiched between the tank ma- 
terial sheets.    The entire assembly was then mounted in a support frame 
attached to the rear of a 3/4-ton pickup truck.    A schematic of the gen- 
eral test setup is shown in Figure 72. 

Each interconnect was subjected to tests in the bending,  tension,   and peel 
modes,  as shown in Figure 73. 

The truck was driven at 70 miles per hour over a hook which snared a 
cable attached to either the tank material or the simulated aircraft struc- 
ture,  depending on the test desired.    A rapid load was thereby applied to 
the interconnect,   causing operation or failure. 

Crashworthiness Ratin £ 

An evaluation form was prepared to help rate the crashworthiness and 
operational acceptance of each design.    The evaluation procedure as- 
signed a given number of points to seven areas.    Each area was further 
broken down into specific weighted situations.    All five interconnects 
were subjected to the rating.    The mechanics of the evaluation form are 
as follows: 

FRANGIBLE CELL-TO-CELL INTERCONNECT 
CRASHWORTHINESS RATING 

INADVERTENT ACTUATION DURING NORMAL 
FLIGHT OPERATION 

Points 

300 

Evaluate the interconnect's resistance to an inadvertent 
actuation which could result in fuel spillage or fuel iso- 
lation during normal flight operation (taxiing included). 
This form of inadvertent actuation does not include an 
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12 in. 

•TANK MATERIAL 

A 
SELF- 
SEALING   ^ 
FRANGIBLE 
INTERCONNECT 

SIMULATED AIRCRAFT 
STRUCTURE 

Figure 71.    Interconnect Installation in Simulated 
Aircraft Tanks and Structure. 

ATTACHMENT 
TO TRUCK 

RIGID SUPPORT FRAME 

TANK MATERIAL 

RIGIDLY 
ANCHORED HOOK 
(Ground level) 

INTERCONNECT 

RETENTION BOLTS 

SIMULATED AIRCRAFT STRUCTURE 

Figure 72.    General Frangible Interconnect Dynamic Test 
Setup.    (Peel test configuration is illustrated. ) 

CABLE 
SNARE 
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LOAD 

BENDING 

AIRCRAFT STRUCTURE 

VALVE 

TANK MATERIAL 

rm  mn 

TENSION 

LOAD 

LOAD 

PEEL a: ID 
LOAD 

Figure 73.    Direction of Load Application. 

installation error or triggering which may occur during 
routine maintenance.    These hazardous situations are 
evaluated  under a separate heading. 

The following evaluation items should be considered during 
environmental conditions,   both physical (accelerations, 
temperatures,   creep,   etc. ) and chemical (fungus,   corrosion, 
etc. ): 
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1. Inadvertent triggering (100) 
(Most r   sistance - most points) 

2. Valve separation (   70) 
Fuel isolation and/or loss implied 
(Most resistance - most points) 

3. Bellows leakage (   50) 
Fuel loss implied 
(Most resistance - most points) 

4. Loosening of valve components (   50) 
Fuel isolation and/or leakage implied 
(Most resistance - most points) 

5. Re-cocking capability (   30) 
(Easiest to re-cock - most points) 

Points 

B.    VALVE TRIGGERING 200 

Evaluate the probability of the valve's triggering when 
loads applied between the two valve assemblies are in 
the tension,  shear,  peel,  and a combination of com- 
pression and shear directions.    Items to be considered 
during this phase of the evaluation include: 

1. Valve distortion interference (crushing,       (   40) 
buckling,  bending,  and similar-type 
valve body and/or inner components dis- 
figuration) 
(Least likely - most points) 

2. Number of moving parts and sequencing       (   40) 
parts 
(Lowest number - most points) 

3. Bellows or interconnect coupling inter-        (   30) 
ference 
(Least likely - most points) 
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Failure of a triggering component (   30) 
(Least likely - most points) 

Environmental considerations (   30) 
(Least likely - most points) 

a. Physical (creep,   temperature, 
etc. ) 

b. Chemical (corrosion, fungus, 
etc. ) 

Other observed hazards (   30) 
(Least noted - most points) 

Points 

C.    VALVE CLOSING 

Evaluate the valve closing sequence starting from the 
completion of effective triggering until the closing sur- 
face (piston,   sliding gate,  etc, ) comes to a stop at the 
end of its travel.   Items to be considered during this 
phase of the evaluation include: 

150 

1.     Failure of the actual closing device 
(pistons, etc. ) 
(Least likely - most points) 

(   30) 

2. Number of moving parts and sequencing       (  30) 
events 
(Lowest number - most points) 

3. Number of possible interference methods    (  30) 
(bent components,  foreign-body inges- 
tion,   bellows,   interference,  etc. ) 
(Lowest number - most points) 

4.     Environmental considerations 
(Least interference - most points) 

a. Physical (creep,   temperature, 
etc. ) 

b. Chemical (corrosion,   fungus, 
etc. ) 

(   30) 
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5. Closure speed (   20) 
(Fastest - most points) 

6. Other observed hazards (   10) 
(Least - most points) 

Points 

D. SECONDARY SPILLAGE 150 

Secondary spillage refers to fuel spillage that occurs 
as a result of the valve, but not through the valve it- 
self.    Items to be considered include: 

1. Likelihood of the valve's (or a portion (   70) 
thereof) being pulled or torn free from 
the fuel tank 
(Least likely - most points) 

2. Likelihood of the valve's puncturing or (   40) 
cutting the surrounding fuel tank (valve 
geometry,  etc. ) 
(Least likely - most points) 

3. Other observed hazards (  40) 
(Least observed - most points' 

E. VALVE FUEL LOSS 100 

Evaluate the probability of fuel loss at the interconnect 
during the following situations: 

1. Premature interconnect separation (   40) 
(Least likely - most points) 

2. Interconnect coupling leakage without (   30) 
separation (cut bellows,  etc. ) 
(Least likely - most points) 

3. Interconnect separation after piston (   20) 
closure 
(Least loss - most points) 
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4.      Other fuel leakage possibilities 
(Least loss - most points) 

(   10) 

Points 

VALVE CLOSURE SEAL 

Evaluate the sealing capability of the valve closure 
method.    Items to be considered are: 

70 

1. Inadvertent reopening 
(Least likely - most points) 

2. Number of primary sealing surfaces 
(Least number - most points) 

3. Number of redundant sealing surfaces 
(Most number - mosL points) 

4. Valve body or component distortion 
(Least likely - most points) 

5. Environmental considerations 
(Least influence - most points) 

6. Other observed hazards 
(Least number - most points) 

20) 

10) 

10) 

10) 

10) 

10) 

G.    INADVERTENT ACTUATION DURING CRASH CONDITIONS      30 

Evaluate the valve from the standpoint of suscepti- 
bility to inadvertent or erroneous actuation. Items 
to be considered are: 

1. Installation error 
(Least likely - most points) 

2. Maintenance interference 
(Most trouble free - most points) 

3. Re-cocking capability 
(Easiest - most points) 

( 10) 

( 10) 

(   10) 

87 



TEST INSTRUMENTATION 

Dynamic tests were recorded on high-speed film,   and 4x5-inch black and 
white photographs were taken before and after each test. 

TEST RESULTS 

Dynamic Tests 

The Type A,   Type C,   and Type D interconnects passed the dynamic tests 
without any failures that would cause fuel spillage.    The Type B inter- 
connect weighed the least; however, it was not rugged enough for the se- 
vere tests.    The Type E interconnect was the most fragile of the five; 
however,  this was due primarily to the fact that the interconnects were 
made of Teflon and delrin (see Discussion).    The Type C interconnect 
was rugged enough to withstand the crash environment; however,   it 
would not operate satisfactorily in the bending (Figure 73) mode.    A 
summary of the performance of each interconnect is presented as Table 
IV. 

Evaluation Results 

A tally of the points given each interconnect is presented in Table V. 

DISCUSSION 

The points given on the rating indicated that both the Type A and the 
Type C interconnects were equal and that both were more acceptable 
than the other three.    However,  the dynamic tests demonstrated that the 
Type A interconnect would operate during all three loading environments, 
whereas the Type C interconnect would not do so during the bending 
mode.    As a result of these tests, the Type A interconnect was selected 
for inclusion in the UH-1A crash test program. 

The Type E interconnect deserves further discussion,   as it was rather 
novel.    An attempt was made to fabricate the fuel-tank-mounted com- 
ponent out of materials that would not spark when struck with bullets. 
From a fire point of view,   this was an important consideration and 
should be explored in detail.    Unfortunately,   little is actually known 
about the dynamic behavior of synthetic materials when subjected to 
high G environments;  consequently,  the designers of this valve under- 
took a major problem.    The valve design was "typical"; however,  it is 
felt that a more compact design could have been used. 
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TABLE IV .    COMPARISON OF INTERCONNECTS 

Test Type A Type B Type C Type D Type E 

Bending 

Valve Closure Yes Yes No Yes Yes 

Interconnect 
Separation Yes Yes No Yes Yes 

Fuel Spillage No Yes No No No 

Tension 

Valve Closure Yes Yes Yes Yes Yes/No 

Interconnect 
Separation Yes Yes Yes Yes No 

Fuel Spillage No Yes No No Yes 

Peel 

Valve Closure Yes Yes Yes Yes Yes 

Interconnect 
Separation Yes Yes Yes Yes Yes 

Fuel Spillage No No No No Yes 

/ 
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The method of valve triggering was new to this application; however,   it 
was not new to Type E designs.     The concept involved the use of two 
1/16-inch-diameter ,  hollow,   pressurized,   stainless-steel tubes which 
were laced between the interconnect valves and the surrounding structure. 
The pressurized system holds two bellows assemblies {one inside the 
other) extended,   causing the valve to  stay open.    Rupture of both lines al- 
lows pressure bieed-off,  thereby closing the valves.    The use of two in- 
dependent systems provides a redundancy which is preferred.     The pres- 
surized system also lends itself to cockpit monitoring of the valve posi- 
tions and could also be used to cycle the valves. 

It is felt that the two concepts demonstrated in the Type E interconnect 
are sound and are worth further investigation. 
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APPENDIX V 
FRANGIBLE MATERIAL TESTS 

GENERAL 

Four frangible material test series were conducted during the course of 
this research effort.    The purpose of the material tests was to gather 
data which could be used for the design of various frangible components. 
The subjects of the series were: 

First Series      -     Basic Material Tests 

Second Series   -    Frangible Filler Neck Mounting Ring Tests 
} 

Third Series     -    Frangible Boost Pump Mounting Ring Tests 

Fourth Series   -    Frangible Baffle Tests 

FIRST SERIES   -    BASIC MATERIAL TESTS 

Objective 

The objective of this test series was to determine the tension and bending 
loads required to fail frangible material specimens. 

Test Items 

The test items were rectangular specimens (Figure  74) made from 6- 
ounce-per-yard,   square weave, fiber glass cloth impregnated with rigid, 
unsaturated,  orthophthalic polyester resin.    They were fabricated in 
2-ply, 4-ply,  5-ply, and 6-ply configurations; the thicknesses were .023, 
. 035,   .042, and .048 inch, respectively. 

Test Method 

The tension and bending tests were conducted on a Dillon universal tester, 
with the loads being applied at a 1-inch-per-minute rate.    The test setup 
for the tension test is presented in Figure 75; the setup for the bending 
test,in Figure 76. 

Twenty-four tests were made, twelve in each failure mode.    The test 
specimens were loaded until a clear break in the material occurred. 
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TENSION TESTS 

N 

0.50 IN. -* 

< 0. 25" 
IN. RAD 

3. 00 IN. 

J     K 
-1.00 IN? 

BENDING TESTS 

0.50 IN. 

Figure 74.    Frangible Material Test Specimen. 

Instrumentation 

A 1000-pound load cell was installed in the test setup between the rigid 
tiedown and the test specimen,   as shown in Figures 7 5 and 76.     The 
loads were read directly as they were applied,   until specimen failure. 

A load link measured the loads applied on the Dillon tester,   and direct 
readings were read on a strain indicator.    Statham A-5-100G acceleronv 
eters and load links measured the accelerations and forces resulting 
from the drop tests. 

Test Results 

Results of the static and dynamic tests are presented in Table VI. 
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Figure 75. Tension Load. 
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Figure 76.  Bending Test. 
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TABLE VI.      FRANGIBLE MATERIAL TESTS* 

T ension Tests                                                 Ber ding Tests 

Breaking Point** Breaking Point** 
Specimen (lb/linear in. )                 Specimen (lb/linear in. ) 

2-ply 235                                     2-ply 68 

4-ply 741                                      4-ply 112 

5-ply 811                                     5-ply 170 

6-ply 866                                     6-ply 238 

^Material composition:    6-ounce-per-yard,   square weave,   fiber glass 
|       cloth imp regnated with rigid,   unsaturated,   ortho phthalic polyester 

resin. 
**Average8 for 3 tests each. 
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SECOND SERIES - FKANGIBLE FILLER NECK MOUNTING RING TESTS 

O b j e c t L v e 

The objective of this test series was to determine the tension and shear 
loads required to fail frangible rings designed as couplings between the 
filler cap access area and the UH-1A helicopter fuselage skin. 

Test Item s 

The results of the static and dynamic tests are presented in Table VII. 

The items to be tested were frangible rings (Figure 77) made of fiber 
glass matt fill,   sandwiched between four plies of 6-ounce-per-yard, 
square weave,   fiber glass cloth.     The 0. 1 20-inch-thick laminate was 
bonded together with rigid,  unsaturated,   orthophthallc polyester resin. 

Test Method 

The frangible rings were tested statically and dynamically in both the 
shear and the tension mode (Figure 78).     The static tests were per- 
formed on a Dillon universal tester with the loads applied at the rate of 
1  Inch per minute.    The dynamic tests were conducted on the drop tower. 
The specimens were subjected to 60 to 80G crash pulses which had G 
rates of onset In the 5000- to 8000-per-second range.    Load cells re- 
corded the load at failure,   and a high-speed movie camera recorded the 
failure kinematics. 

I 
Instrumentation ; 

A load link measured the loads applied on the Dillon tester,   and direct 
readings were read on a strain indicator.    Load links and Statham A-5- 
100G accelerometers measured the drop tower cage forces and accelera- 
tions. 

Test Results 
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Figure 77,     Frangible Ring. 
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Figure 78.    Frangible Ring Load Application Diagram. 
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TABLE VII FRANGIBLE h ILLER NECK MOUMT1NC RING TESTS- 

Static Dynamic 

Test r* lo. Load at Failure (lb) Test J \'o. Loa d at Failure (lb) 

Shear Shear 

1 3900 7 4375 

2 3758 8 4740 

3 4280 

Tension 

9 4850 

Tension 

4 1720 10 1750 

5 1596 11 2020 

6 1705 12 1840 

:::Rlng naterlal com position:    6 -ounce -per-y ard, square weave,   fiber 
glass cloth impreg nated with rigid,   unsaturated, ortho] )hthalic poly- 
ester resin. 

i                                                                                                  .                    .                                      i 
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THIRD SERIES   -    FRANGIBLE BOOST PUMP MOUNTING RING TESTS 

Objective 

The objective of this test series was to determine the tension and shear 
loads required to fail frangible rings designed as couplings between the 
UH-1A fuel boost pump and helicopter structure. 

Test Items 

Four items were tested:    two rings made of frangible materials and two 
sections of UH-1A helicopter fuselage structure.     One ring was made of 
fiber glass cloth and polyester resin and the other was a linen-based 
phenolic.     The structural test items were fiber glass-covered aluminum 
honeycomb panels used as attaching  structure for the fuel tank filler neck 
assembly and the fuel boost pump in the UH-1A helicopter. 

Test Method 

The frangible rings and structure were tested statically in both the shear 
and the tension mode.    Figures  79 and 80 schematically illustrate the 
methods by which the load was applied.    The rings were installed on a 
Dillon universal tester, and loads were applied at a 1-inch-per-minute 
rate 

InsU umentation 

A load cell measured the forces applied on the Dillon tester,   and the data 
were read on a strain indicator. 

Test Results 

Results of the static tests are shown in Table VIII. 
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Figure 79.    Shear Test. 
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FRANGIBLE RING 

■ LOADING FRAME- 

•LOADING CLEVIS 

TOP VIEW 

RING TESTS 

b; j     ^ c 
\ 

SIDE VIEW 

^ 
LU ■ HONEYCOMB STRUCTURE 

\ 

LOADING FRAME 

LOADING CLEVIS 

LOAD 

TOP VIEW 

STRUCTURE TESTS 

Figure 80.    Tension Tests. 
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TABLE VIII.    FRANGIBLE RINC STATIC TESTS 

..  . 
4 

< } ?   n       C( ̂  

\              ^ V   t 
\ 

7 ^ 

—A — B  C 

DIMENSION REFERENCE / 

Thick- D 
W 

imen- 
Test 
No. Material 

ness 
(in.) 

slons 
(in.) 

Load (lb) 

Shear Tension 

1 4-Ply Fiber Glass/Polyester 
Resin Laminate 

. 034 A 
B 
C 

.6250 

. 1406 

. 7500 

33 00* - 

2 4-Ply Fiber Glass/Polyester 
Resin Laminate 

. 034 A 
B 
C 

.5625 

. 1406 

.7500 

5040 - 

3 4-Ply Fiber Glass/Polyester 
Resin Laminate 

.034 A 
B 
C 

.5625 

. 1406 

.7500 

- 846 

4 4-Ply Fiber Glass/Polyester 
Resin Laminate 

. 034 A 
B 
C 

.5625 

.1406 

.7500 

- 820 

5 5-Ply Fiber Glass/Polyester 
Resin Laminate 

. 041 A 
B 
C 

.5625 

. 1406 
. 7500 

5880 - 

6 5-Ply Fiber Glass/Polyester 
Resin Laminate 

.041 A 
B 
C 

. 5625 

. 1406 

.7500 

6422 

^Material Broke 
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TABLE  VIII. Cuntinued 

Test 
Thick- 

ness 
Dimen- 
sions 

Load (lb) 

Nu. Material (in.) (in. ) Shear Tensior 

7 5-Ply Fiber Glass/Polyester 
ResLn Laminate 

. 041 A 
B 
C 

. 5625 

. 1406 

. 7500 

- 929 

8 5 Ply Fiber Glass/Polyester 
ResLn Laminate 

. 041 A 
B 
C 

. 5625 

. 1406 

. 75Ü0 

- 905 

9 b-Ply Fiber Glass/Polyester 
Resin Laminate 

. 045 A 
B 
C 

,5625 

. 1406 

. 7500 

- 1026 

10 6-Ply Fiber Glass/Polyester 
Resin Laminate 

. 045 A 
B 
c: 

. 5625 

. 140 

. 7500 

- 950 

11 LrPly Fiber Glass/Polyester 
Resin Laminate 

. 045 A 
H 
c: 

. 5625 

. 1406 

. 7500 

6535=:= - 

1Z Fiber Glass/Polyester 
Resin Laminate 

. 125 A 

B 
C 

.5625 

. 0625 

. 7500 

4868 ~ 

13 Fiber Glass/Polyester 
Resin Laminate 

. 125 A 

B 
C 

. 5625 

. 0625 
, 5625 

5200 - 

14 Fiber Glass/Polyester 
Resin Laminate 

. 125 A 

B 
C 

.5625 

.0312 

.5625 

4137 - 

15 Linen-Based Phenolic 
Insulating Board 

. 125 A 

B 
C 

. 7500 

. 1250 

. 7500 

4114 

16 Linen-Based Phenolic 
Insulating Board 

. 125 A 

13 

C 

.7500 

. 1250 

. 7500 

- 1000 

*M aterlal Broke 
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TABLE  VIII.     Continued 

Test 
No. Material 

Thick- D iiuen- 
ness sions 

(in.) (in. ) 

. 125 A . 7500 

B . 1250 

C . 7500 

. 125 A . 7500 

B . 1250 

C .7500 

Load (lb) 
Shear   Tension 

17 Linen-Based Phenolic 
Insulating Board 

18 Linen-Based Phenolic 
Insulating Board 

5120 

1119 

19 Section from aircraft 
fuselage:'::': 

20 Section from aircraft 
fuselage^':;::;: 

21 Fiber Glass/Polyester 
Resin Laminate 

125 A .5625 
B .0312 
C    .5625 

3523 

1070 

828 

22      Fiber Glass/Polyester 
Resin Laminate 

125 A .5625 
B .0625 
C    .7500 

961 

'Complete honeycomb panel containing the boost pump opening was 
removed from UH-1A for this tension test. 

'Complete honeycomb panel containing the filler opening was re- 
moved from UH-1A for this shear test. 
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FOURTH SERIES   -    FRANGIBLE BAFFLE TESTS 

Objective 

The objective of this test series was to determine the load required to 
pull two different-size bulkhead-type fittings through a frangible baffle. 
The fittings were a straight union and an elbow. 

Test Items 

The items tested were 0. 042-inch-thick,   8-inch-square panels made of 
five plies of 6-ounce-per-yard,   square  weave,  fiber glass cloth bonded 
together with rigid,   unsaturated,  orthophthalic polyester resin. 

Test Method 

Fittings were placed,   one per fiber glass panel,   in a frame mounted at 
the rear of a truck,   as shown in Figure 81.     The truck was driven at 30 
miles per hour or 70 miles per hour,   depending upon the test,   over a 
cable snare device.    As the truck passed over the cable,   the snaring de- 
vice coupled with the linkage attached to the hose that was attached to the 
fitting,  thereby imposing rapid loading on the fitting. 

Thirty-two tests were conducted.    The method of load application is pre- 
sented in Figures 82,   83,   84,  and 85. 

Instrumentation 

A high-speed camera recorded the kinematics,  and a load cell recorded 
the force required to separate the fittings and baffles. 

Test Results 

Average results of the 32 tests conducted in this series are presented in 
Table IX. 
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V 

F i g u r e 81. G e n e r a l T e s t Se tup Showing T r u c k , F r a n g i b l e 
M a t e r i a l , F i t t i n g , Cab le , and Sna r ing D e v i c e . 

S t r a i g h t Union F i t t i n g - P u r e 
T e n s i o n Load Appl i ca t ion . 

F i g u r e 82. 

108 



F i g u r e 83. Elbow F i t t i n g - Bending Load 
App l i ca t ion . 

F i g u r e 84. Elbow F i t t i ng - S h e a r i n g Load 
App l i ca t i on . 
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F i g u r e 85. S t r a i g h t Union F i t t i n g - Bending 
Load App l i ca t i on . 

« 

! 
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TABLE IX.    FRANGIBLE BAFFLE TEST RESULTS 

Test Setup 
(in.) 

Static Tests 

Loading Rate 
1/2 in.   per min. 

Load at Failure 
(lb) 

Dynamic Tests 

Loading Rate 
45 FPS 

Load at Failure 
(lb) 

Loading Rate 
105 FPS 

Load at Failure 
(lb) 

A* 

A 

B 

B 

C 

C 

D 

D 

3/8=: 

5/8 

3/8 

5/8 

3/8 

5/8 

3/8 

5/8 

340 

420 

502 

600 

420 

430 

775 

952 

220 

714 

955 

1015 

780 

1190 

1310 

1500 

210 

850 

:::Test Types 

A = crii' Load 

AN 832 Union 

AN 833 Elbow 

:;:;;;jest Types 

3/8 = 3/8 in.   fitting size 

5/8 = 5/8 in.   fitting size 

= ^ 

Frangible 
Baffle 

\ 

-► Load 

c =   >* 

D   =    \ 
^ 
^ 

^ 
^ 

ff 

Load 

AN 833 Elbow 

.   AN 832 Union 

Load 
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APPENDIX VI 
FRANGIBLE FASTENER TESTS 

OBJECTIVE 

A series of tests was conducted to determine the failure loads of selec- 
ted bolts and studs to be used as frangible fasteners.    The fasteners were 
designed to serve as frangible connectors to attach various components 
to the airframe. 

TEST ITEMS 

Six basic fastener configurations were tested,   all of the 1/4-inch-diameter, 
20 -threads-per-inch configuration. 

CONFIGURATION DESCRIPTION 

A 

B 

Aluminum studs {2024-T4) 

Aluminum round head machine screws 
(2024-T4) 

D 

Standard aluminum machine bolts 
(2024-T4) 

Standard aluminum machine bolts 
(2024-0) 

Aluminum 100-degree countersunk 
machine screws (2024-T4) 

Fiber glass/polyester resin studs 

TEST METHOD 

The six fastener configurations were tested in several modes.    Some of 
the basic configurations were modified to vary the failure load.    All 
tests were conducted on a tensile test machine with the load being applied 
at the rate of 1/2-inch-per-minute.    A discussion of each test series 
follows. 
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CünlL^uratlonB A,   B,   C.and D 

These configurations were statically tested in both the tension and shear 
mode.    The fixtures,   in schematic form,   are shown in Figure 86. 
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Figure 86.     Test Fixture for Single Fastener Static Tests. 

Configurations A and B were also tested in a 12-group pattern that dupli- 
cated the installation at the fuel boost pump mounting plate.    The test 
fixture,   in schematic form,   is shown in Figure 87. 

Some of the fasteners were modified to cause them to fail at a load con- 
siderably below that of the solid configuration.    The modification con- 
sisted of drilling various size holes lengthwise through the threaded 
shaft.    Some of the holes were circular and some were broached hexag- 
onally to conform to various Allen wrench sizes. 
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The results of tests conducted on configurations A,   B,  C, and D are 
shown in Table X, 

TABLE X.    FRANGIBLE FASTENER TEST RESULTS - 
CONFIGURATIONS A, B, C, AND D 

M ultiple T est Averag es 

Tension Shear 
T orque Failure Torque Failure 

Configu- S etting Load Setting Load 
ration Test Item                   (in.-lb) (lb) (in.-lb) (lb) 

A Aluminum studs (2024-T4) 
Single stud (solid) 20 503 20 363 
Single stud (1/8 in.  hole) 20 318 20 171 
Twelve-stud combination 20 6040 20 4350 

B Aluminum round head 
machine screws (2024-T4) 

Single screw (solid) 20 506 20 361 
Single screw (1/8 in.  hole) 20 318 20 169 
Twelve-screw combination 20 6052 20 4340 

C Standard aluminum machine 
bolts (2024-T4) 

Single bolt (7/64 in.  Allen 1125/ 
hole) 20/40 983 32 681 
Single bolt (1/8 in.  Allen 
hole) 25 876 32 481 
Single bolt (9/64 in. 
Allen hole) 20 400 15 240 

D Standard aluminum machine 
bolts (2024-0) 

Single bolt (1/8 in.  Allen 
hole) 15 394 10 272 
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Configuration E 

ConfLguration E (2024-T4 aluminum countersunk machine screws) was 
statically tested in the tension mode. The screws were installed in two 
different hole geometries. As a base reference, a standard 100-degree 
countersunk hole was used. The screws were then tested in a 100-degree 
countersunk hole which was slotted. Sketches illustrating each hole ge- 
ometry, and the data obtained during each test series, are presented in 
Table XI. 

TABLE XI. FRANGIBLE FASTENER TEST RESULTS - 
CONFIGURATION E 

Configu- 
ration Test Item 

Multiple Test Averages 
Torque               Tension 
Setting        Failure Load 
(in.-lb) (lb) 

Aluminum 100-degree countersunk 
machine screw (2024-T4) 

Single bolt (standard hole) 
Single bolt (slotted hole) 

20 
20 

(fi) 

459 
456 

I 
AA 

STANDARD HOLE SLOTTED HOLE 
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Configuration F 

Configuration F consisted of threaded studs made of a fiber glass cloth/ 
polyester resin laminate.    The studs were statically tested in both the 
tension and shear mode.    Two types of studs were manufactured to pro- 
vide various failure loads.    Type A had fewer windings of glass cloth, 
whereas Type B had the maximum amount of fiber glass cloth practical 
to place in the stud shape.    The results of the test series are shown in 
Table XII. 

TABLE XII.    FRANGIBLE FASTENER TEST 
CONFIGURATION F 

RESULTS - 

Configu- 
ration Test Item 

Mi altiple T est Averages 

Tension Shear 

Torque 
Setting 
(in.-lb) 

Failure 
Load 
(lb) 

Torque      Failure 
Setting         Load 
(in.-lb)          (lb) 

F Fiber glass/polyester 
resin studs 

Single stud (Type A) 
Single stud (Type B) 

20 
20 

149 
185 

20 
20 

71 
114 
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APPENDIX Vll 
METHOD FOR DETERMINING THE YIELD VALUE OF 

EMULSIFIED FUELS BY CONE PENETRATION 

SCOPE 

This method covers a procedure to measure the yield value of emulsified 
fuels and Is a modification of ASTM Designation:   D217-65T,   Tentative 
Method of Test for Cone Penetration of Lubricating Grease. 

DEFINITION 

Penetration Is the depth in tenths of a millimeter that a 30-gram cone 
assembly penetrates the sample under prescribed test conditions. 

2 
Yield value represents the stress In dynes/cm    required to cause the 
emulsified fuel to flow. 

SUMMARY OF METHOD 

o 
A cup was filled with emulsified fuel and was stabilized at 76 ± 4  F. 
The surface was leveled and smoothed,   and the cone assembly of the 
penetrometer was released for 5 seconds.    The depth of penetration was 
shown on a dial Indicator of the penetrometer.    The penetration depth, 
the cone weight,   and the cone dimensions were used to calculate the yield 
value of the fuel under test. 

APPARATUS 

Penetrometer 

A penetrometer,   similar to that shown In Figure 8b,   was used to mea- 
sure the penetration of the cone in the fuel.    The cone assembly,   or the 
table of the penetrometer,   was adjusted to enable accurate placement of 
the tip of the cone on the level surface of the fuel while maintaining a 
"zero" reading on the Indicator.    When released,   the cone fell  without 
appreciable friction for at least 4. 00 centimeters,   and the tip of the cone 
did not hit the bottom of the sample container.    The Instrument was 
leveled with leveling screws and a spirit level to maintain the cone shaft 
in a vertical position. 

Cone and Rod Assembly 

A cone manufactured of plastic having an aluminum tip and stem and 
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Figure 88.    Pene^rometer. 
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conforming to the dimensions shown in Figure 89 was used.    A rod man- 
ulactured of aluminum and weighing 15 ± 0.06 grams was used to support 
the cone.    The combined weight of the cone and rod assembly was 30 ± 
0. 1 grams. 

Aluminum containers for the samples exceeded the requirements for a 
minimum Inside diameter of 3-13/16 Inches and a minimum height of 
2-1/2 Inches. 

PROCEDURE 

An emulsified fuel sample was placed In the container In such a manner 
as to remove large air pockets that may have been entrained.    The sur- 
face of the sample was smoothed and leveled with the Up of the container 
by scraping with a spatula.    The penetrometer was leveled with the aid 
of the leveling screws and the spirit level.    The cone was carefully 
cleaned before each test.    The mechanism to hold the cone In the "zero" 
position was then set.    The sample container was placed on the pene- 
trometer table,   and the assembly was lowered so that the tip of the cone 
just touched the surface at the center of the sample.    (Watching the shad- 
ow of the cone tip was an aid to accurate setting. )    The cone shaft was 
then rapidly released and allowed to drop for 5. 0 ± 0. 1 seconds.    The 
release mechanism did not drag on the shaft.    The Indicator shaft was 
then gently pressed downward until It was stopped by the cone shaft and 
was then read from the Indicator dial.     The surface was then carefully 
releveled,   and two additional readings were taken In different locations 
by the same method.    The yield value was obtained from the graph In 
Figure 90. 
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APPENDIX VIII 
FRANGIBLE CABLE CLAMPS AND ELECTRICAL WIRE TESTS 

OBJECTIVE 

A series of tests was conducted to determine the load capabilities of se- 
lected "off-the-shelf" electrical cable clamps and wires in shear and 
tension modes.    The feasibility of the frangible clamps as replacements 
for rigid metal clamps was evaluated, 

TEST ITEMS 

Two types of frangible loop-type clamps were tested.    The first was a 
Teflon clamp in a standard loop configuration; see Figure 91.     The sec- 
ond type,   a nylon clamp,   is a loop type with a self-locking feature that 
adjusts to the diameter of the cable being supported; see Figure 92. 

i 
Single strands of electrical wires (20,   18,   and 8 gauge) were tested. 
Standard wiring installed on military aircraft was removed for the test 
items. 

A standard cushioned loop-type metal support clamp was tested for com- 
parison with the frangible clamps. 

TEST METHOD 

All of the clamps were tested statically,   and the nylon clamp was also , 
tested dynamically.    A Dillon universal test machine was used to apply 
the static loads.    The mounting angle of the test items was changed to 
achieve tension and shear applications.    A drop tower was used for dy- 
namic loading,  with the nylon clamps mounted in different positions for 
shear and tension load applications.    A 10-pound weight was attached to « 
each test clamp, and the clamps were mounted in a cage on the drop 
tower.    A 10-foot free fall of the drop cage onto a prepared sandpile 
loaded the test items at a 5000 to 6000G onset rate. 

The electrical wires were tested in a straight tension mode on a Dillon 
universal tester.    The wires were rolled around 1/2-inch rods to secure 
them in the tester (Figure 93). 

INSTRUMENTATION 

A strain link measured the loads applied on the Dillon universal tester, 
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Figure 91. Test Load Application for Teflon Cable Clamp. 

TENSION  LOAD 
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Figure 92,    Test Load Application for Nylon Cable Clamp. 
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and the force was read directly on a strain Indicator. 

A Statham A-5-100G accelerometer,   mounted on the drop cage,   mea- 
sured the accelerations experienced In the drop tower tests.     The accel- 
erometer was linked to an osclllographlc recorder located adjacent to 
the drop tower. 

WIRE SPECIMEN 1/2 IN.   STEEL RODS 

LOAD 

Figure 93.     Wire Pulling Technique. 

TEST RESULTS 

Teflon Clamps 

The results obtained from the static tests of the Teflon clamps are pre- 
sented In Table XIII. 

Nylon Clamps 

Results of the static tests of the nylon clamps are shown in Table XIV. 
The nylon clamps failed in both the shear and tension modes in the drop 
tower tests.    The 10-pound weights,   appended beneath the clamps on the 
cables,   failed the clamps In a clean break In each test.    Peak accelera- 
tions of 65G were recorded on the drop cage. 

125 



TABLE XIII. TEFLON CABLE CLAMP TESTS                               1 

Test No. SLze Clam P (in. ) Mode                 1 .oad at Failure (lb)    j 

1 3/8 Shear 42.42                     | 

2 3/8 Tension 52.53                    | 

3 1/8 Shear 46. 46 

4 1/8 Tension 56.51                    | 

TABLE XIV. NYLON CABLE CLAMP TESTS                              | 

Test No. Mode Load at Failure (lb) 

1 Shear 69.4 

1              2 Shear 78.46 

3 Tension 71.93 

4 Tension 69.75                   j 

Electrical Wires 

Table XV presents the results of the static tests of three sizes of air- 
craft electrical wires. 
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TABLE XV.     ELECTRICAL WIRE TESTS (TENSION) 

Test No. Type Wire Gauge Load at Failure (lb) 

1 K2A20 20 70.2 

2 1.4ZAZ0 20 67.2 

3 H7D18 18 69.0 

4 A2A18 18 64. 8 

5 RF438A20 
(Shielded) 

20 50.4 

6 RF443A20 
(Shielded) 

20 60.0 

7 RL2600A8 8 352.2 

i                                                                                                                                                        _        . j 

Cushioned Metal Clamps 

Results of static tension and shear loading on the rigid metal clamps are 
shown in Table XVI. 

TABLE XVI. ALUMINUM ALLOY LOOP-TYPE SUPPORT CLAMP TESTS 

Test No. Size Clamp (in. )                 Mode                   Load at Failure (lb) 

1 

2 

5/8                              Shear                              1,149.84 

5/8                                 Tension                               332.79 
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CONCLUSIONS 

The frangible clamps tested possess more than adequate load-carryLng 
capabilities to support and restrain aircraft electrical wires under all 
normal flight conditions. 

The strength of a single strand of most of the electrical wires tested is 
sufficient to fail the frangible clamps tested.    Wire assemblies of more 
than one strand of the wires (normal usage) will fail the frangible 
clamps. 

Testing under extreme environmental conditions is warranted to further 
validate the operational acceptance of the frangible clamps. 
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APPENDIX IX 
VERTICAL DROP TEST OF A 

CRASH-RESISTANT FUEL AND LUBRICATING OIL SYSTEM 

TEST OBJECTIVE 

To determine the structural Integrity and effectiveness of the modified 
UH-1A fuel and lubricating oil systems when subjected to severe vertical 
loading on simulated rough terrain. 

TEST ITEMS 

The fuel tank section of a UH-1A helicopter that served as the test ve- 
hicle for a full-scale crash test was prepared for a drop tower test.    The 
fuel tank section lies between FS 123. 0 and FS 174. 0.    All structure out- 
side of this area and above the engine service deck was removed.    The 
test fuselage section is shown in Figures 94 and 95. 

The production UH-1A fuel system had been modified to provide a crash- 
worthy fuel system for the full-scale crash test. In general, these mod- 
ifications consisted of the following: 

1. The two original fuel cells were removed,  and two crash- 
resistant cells were installed in their place.    The new cells 
were of the same capacity (138 gallons total) and configuration 
as the original ones; see Figure 2. 

2. The two original metal fuel tank crossover tubes were re- 
moved and replaced with flexible ones.     The large aft tube 
was replaced with a two-piece assembly made of material 
similar to the tank.    The forward crossover tube was re- 
placed by flexible wire-braid-covered hose joined with appro- 
priate fittings.    Both assemblies are shown In Figure 2. 

3. Self-sealing breakaway valves were Installed: 

a. At each end of the forward crossover assembly. 

b. Where the main fuel supply line exits the left cell. 

c. At each end of the aft crossover assembly. 

4. The standard plastic fuel quantity indicator was installed in 
the left cell. 
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V 

Right Side of T e s t F u s e l a g e Sec t ion . F i g u r e 94. 

F i g u r e 95. L e f t Side of T e s t F u s e l a g e Sec t ion . 
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5. A frangible coupling was installed between the fuel tank filler 
cap assembly and the aircraft structure in the right cell. 

6. Frangible aluminum screws were used to attach the boost 
pump to the structure in the bottom of the left cell cavity. 
The power leads to the pump were routed inside the cell 
through a flexible hose that exited the cell at the top through a 
bulkhead fitting. 

7. A frangible coupling was used to attach the left cell to the 
cavity wall where the main fuel line exits the cell. 

8. The helicopter fuel tank system was filled with emulsified 
JP-4 fuel, and the aircraft engine was operated on the emul- 
sion during the full-scale crash test.    The emulsion was re- 
moved after the crash test and was replaced with water for 
the drop test. 

The lubricating oil system of the UH-1A had also been modified exten- 
sively for the full-scale crash test.    In the drop test,  only the following 
modifications were  retested: 

1. The oil cooler had been rotated 90 degrees in position to place 
the inlet and outlet fittings on top of the cooler away from pos- 
sible strike damage on the right side,   as shown in Figure 24, 

2, The cooler-to-engine  line passed through the service deck by 
means of a self-sealing quick disconnect.    This valve was se- 
cured in a stainless-steel triggering valve mount that was in- 
stalled flush with the top of the service deck.    The line was 
included in the drop test to determine if the inertial mass of 
the valve body would cause valve  separation under high ver- 
tical loading. 

The system modifications mentioned heretofore were fully functional 
when the UH-1A helicopter was crash-tested by means of a radio-con- 
trolled flight system.    The crash was severe,   and the crashworthiness 
modifications were credited with preventing a fire on impact and during 
the long,   destructive slide after impact.     The vertical loading component 
of the impact was not sufficient to activate certain system components 
that had been modified.     The purpose of the drop test was to impose se- 
vere vertical loading and to determine the systems' reactions to rough 
terrain impact. 

The test section weighed 1625 pounds,   of which 1160 pounds was water. 
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TEST CONDITIONS 

The vertical drop tower was used to hoist the fuselage section to a 
height of 30 feet.    A three-point sling was attached to the top of the sec- 
tion,   and cable guides were installed to stabilize the fuselage section 
during descent. 

The rough terrain simulation was achieved by: 

1. Positioning vertically on the impact pad a 20-inch length of 
railroad tie oriented to impact the right tank bottom. 

2. Attaching vertically a 20-inch length of tie beneath the aft 
crossover assembly just inboard of the attachment to the 
right tank. 

3. Attaching vertically a 21-inch length of tie beneath the left 
side of the forward crossover assembly. 

4. Attaching two horizontal ties,   secured one on top of the other 
(28 inches long by 14 inches high),   parallel to the centerline, 
beneath the oil cooler installation. 

5. Positioning vertically a 14-inch length of tie beneath the fuel 
boost pump installation. 

Placement of the railroad ties is shown In Figures 94 and 95.    The tie 
length was adjusted to allow each tested component to receive its impact 
at approximately the same time,   thus reducing any overturning or pitch- 
ing movement which would otherwise occur in the fuselage. 

INSTRUMENTATION 

An accelerometer was installed on top of each cell cavity to record ver- 
tical accelerations.    Five high-speed cameras were located around the 
impact area.    Still and motion pictures were taken before and after the 
test. 

TEST RESULTS 

The fuselage section impacted flatly onto the pad,   completely enveloping 
the railroad ties positioned beneath.    The posttest position of the section 
is shown in Figures 96 and 97.    The condition of the bottom of the sec- 
tion can be seen in Figure 98.    The vertical accelerations recorded atop 
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I 

F i g u r e 96. P o s t t e s t VLew of Sec t ion - L e f t and R e a r S i d e s . 

i II 

F i g u r e 97. P o s t t e s t View of Sec t ion - Right and F r o n t S i d e s . 
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the f u e l c e l l c a v i t i e s had an a v e r a g e peak va lue of 145G; s e e F i g u r e s 99 
and 100. 

F i g u r e 98. P o s t t e s t Condi t ion of Bo t tom of 
F u s e l a g e Sec t ion . 

F u e l S y s t e m 

The t ie benea th the l e f t f u e l c e l l i m p a c t e d the boos t pump , d r i v i n g it and 
the mount ing d i a p h r a g m u p w a r d . A r ip in the c e l l m a t e r i a l c o m m e n c e d 
at the p u m p opening and r a n r e a r w a r d to the a f t bo t tom edge of the ce l l . 
A r i p and a l a r g e opening w e r e c r e a t e d ( F i g u r e 101) a s the a t t ach ing 
h a r d w a r e in the p u m p mount ing d i a p h r a g m pul led t h rough the ce l l m a t e -
r i a l ( F i g u r e 102). An i n t e r i o r c e l l v iew, showing that the t ie p e n e t r a t e d 
the c e l l and tha t the e l e c t r i c a l power l e a d s to the pump w e r e not d a m a g e d 
in t h e i r p r o t e c t e d pos i t i on i n s ide the f l ex ib le h o s e , is shown in F i g u r e 
103. The quan t i ty i n d i c a t o r c o l l a p s e d ( F i g u r e 104) a s the bo t tom of the 
c e l l moved u p w a r d . 

The s e l f - s e a l i n g qu ick d i s c o n n e c t connec t ing the engine f u e l l ine to the 
l e f t c e l l did not s e p a r a t e , s ince t h e r e w a s adequa t e length to the l ine to 
p r e c l u d e i t s being p l aced in t ens ion . The f r a n g i b l e c o n n e c t o r be tween 
the ce l l and cav i ty w a l l did s e p a r a t e as d e s i g n e d . The b r o k e n cav i ty wa l l 
a t t a c h m e n t and the p a r t of the c o n n e c t o r that r e m a i n e d and d i s p l a c e d wi th 
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F i g u r e 101. P o s t t e s t Bo t tom View of L e f t F u e l C e l l . 

F i g u r e 102. D a m a g e to Boos t P u m p and F u e l Ce l l . 



V 

F i g u r e 103. R a i l r o a d T ie P e n e t r a t i o n Into L e f t Ce l l . 

F i g u r e 104. F u e l Quant i ty I n d i c a t o r A f t e r T e s t . 
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the fuel cell are shown in Figures  105 and 106,   respectively. 

The right cell was severely impacted on the bottom but did not rupture. 
The internal pressure built up by volume reduction caused by the tie in- 
trusion (approximately 12-inch penetration) was maintained until re- 
leased after impact.    The tie remained imbedded in the structure and 
cell after the fuselage section was hoisted off the impact pad,   as shown 
in Figure 9H.    The only visible damage to the cell material was some 
exterior surface mars caused by torn structure on the bottom. 

The frangible ring between the right cell filler cap assembly and the air- 
frame was not loaded high enough to cause separation. 

The forward crossover assembly was impacted near the self-sealing 
quick-disconnect connection to the left cell.    The left disconnect sepa- 
rated from the cell and closed.    The crossover disconnect connection to 
the right cell remained attached.    There was no leakage from the as- 
sembly.    All of the water in the left cell exited through the boost pump 
opening.    Both self-sealing quick disconnects were still capable of func- 
tioning after the cells were removed from the fuselage section, as shown 
in Figures 107 and 108.     The posttest condition of both crossover as- 
semblies is shown in Figure  109- 

The aft crossover tube separated from each fuel cell at the self-sealing 
breakaway interconnect.    The disconnects from the right and left cells 
are seen in Figures 110 and 111.   The  interconnect halves that remained 
in the cells closed and sealed as intended.    Both interconnects in the 
crossover tube closed; however,   only the right one sealed completely. 

The left interconnect was prevented from sealing completely by a dis- 
placed O-ring,    The interconnect leaked at a rate of approximately 
1/2 pint per minute.    The interconnect separations after the cells and 
the crossover had been removed from the test section are posed in 
Figures 112 and 113. 

Lubricating Oil System 

The oil system components were severely impacted, but no failures re- 
sulted. 

The bottom of the oil cooler received a severe blow.    A front view of the 
cooler is shown in Figure 114.     The cooler can barely be seen behind the 
fan,   as shown in Figure 115,   a rear view.    Deformation caused by im- 
pact with the railroad tie on the bottom of the unit is shown in Figure 116. 
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F i g u r e 105. P o s t t e s t View of F r a n g i b l e Tank Wal l S t a b i l i z e r at 
the T a n k - t o - E n g i n e F u e l L ine A i r f r a m e Opening . 

§ 

F i g u r e 106. R e m a i n s of the F r a n g i b l e Tank Wal l S t a b i l i z e r 
S u r r o u n d i n g the T a n k - t o - E n g i n e Tank Out le t . 

140 



F i g u r e 107. P o s t t e s t P o s i t i o n of B r e a k a w a y Valve in 
F o r w a r d C r o s s o v e r A t t a c h m e n t to L e f t Ce l l . 

F i g u r e 108. P o s t t e s t P o s i t i o n of B r e a k a w a y Valve in 
F o r w a r d C r o s s o v e r A t t a c h m e n t to Right Ce l l . 
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F i g u r e 109. F o r w a r d and Aft C r o s s o v e r A s s e m b l i e s 
A f t e r the T e s t . 

* 

F i g u r e 110. Af t C r o s s o v e r A s s e m b l y S e p a r a t i o n 
F r o m the Right Ce l l . 
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F i g u r e 111. Af t C r o s s o v e r A s s e m b l y S e p a r a t i o n 
F r o m the Le f t Ce l l . 

A 
F i g u r e 112. B r e a k a w a y I n t e r c o n n e c t S e p a r a t i o n 

Right Side . 
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F i g u r e 113. B r e a k a w a y I n t e r c o n n e c t S e p a r a t i o n -
L e f t Side . 

u r e 114. P o s t t e s t F r o n t View of Oil C o o l e r 
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F i g u r e 115. P o s t t e s t R e a r View of Oil C o o l e r . 

F i g u r e 116. Oil C o o l e r A f t e r R e m o v a l F r o m T e s t Sec t ion . 
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The cooler-to-engine flexible line separated at the rigid triggering valve 
mount in the service deck.     This separation was caused by the weigh,', of 
the flex line and valve beneath the deck mounting. 

DISCUSSION 

This vertical drop test was considered to be a success.    Every compo- 
nent that was not called upon to function during the full-scale crash was 
made to function during this test.    All components functioned as designed 
except the boost pump area.     The fact that the pump mounting diaphragm 
pulled out of the tank by shearing the tank wall at the bolt holes clearly 
indicates the necessity of using the 100-percent retention concept,   such 
as the wedge-lock.     The displaced O-ring in the breakaway interconnect 
was the result of a slight design error and has since been corrected. 
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