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FOREWORD

Under a contract with the U. S. Army Transportation Research
Command, the Flight Safety Foundation is required to make crash injury
reports of selected survivable aircraft accidents and conduct crashworthi-
ness evaluations of model specifications, proposed manufacturer's designs,
mock-up’s, and current Army aircraft.

In fulfilling this obligation, Aviation Crash Injury Research (AvCIR),
a division of the Flight Safety Foundation, is guided by certain criteria which
it considers fundamental for the crash protection of aircraft occupants.
Following is a brief description of these criteria:

1. Crashworthiness: The ability of basic aircraft structure
to provide protection to occupants during survivable impact
conditions ;

2. Tie-down chain: All components of the occupant seating and

restraint system including the seat belt, the shoulder harness,
the seat structure, the floor, and related anchorages;

3. Occupant environment: The injury potential of all objects
and structure within the occupant's striking range;

4. Transmission of crash force: The manner in which crash
forces are transmitted (magnified or attenuated) to the
occupants by intervening structure; and

Y, Post-crash factors: Post-crash fire, emergency exits,
ditching characteristics, etc.

A more complete discussion of crash safety criteria is given in
Appendix A.
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BACKGROUND

Since 1955, information on the crash safety features of the HU-1A Bell
Iroquois helicopter has been gathered by Aviation Crash Injury Research
(AvCIR), formerly affiliated with Cornell University and now a division of
Flight Safety Foundation. This encompassed two evaluations by AvCIR, one
evaluation by the U. S. Army Board for Aviation Accident Research
(USABAAR) and investigation of five major accidents in which this aircraft
has been involved where crash forces and injuries have been present.

The first evaluation was conducted on an XH-40 mock-up by AvCIR on
15-16 November 1955 at Fort Worth, Texas. This was done under an Office
of Naval Research contract, Nonr-401 (21).

A second evaluation was conducted by USABAAR in conjunction with
the U. S. Army Aviation Board, the U. S. Army Transportation Aircraft
Test and Support Activity, and the Aviation School's Flight Surgeon's Office
on 4-5 November 1958 at Fort Rucker, Alabama. Two YH-40 helicopters
were inspected and evaluated; one was flyable, the other had been wrecked
while undergoing tests.

The third evaluation was conducted on an HU-1A production model by
AvCIR on 22 January 1960 at Fort Rucker, Alabama.

Information resulting from accidents was gathered through three
on-the-scene field accident investigations by AvCIR staff:

1. 21 October 1959, East St. Ilouis, Illinois;

2. 9 June 1960, Fort Carson, Colorado; and

3. 20 August 1960, Fort Bragg, North Carolina.

For two additional accidents at Fort Rucker, Alabama - 3 March 1960
and 26 August 1960 - U. S. Army accident reports were available.

Summary details for each accident together with charts showing seat failures
and occupant injuries are given in Appendix B.

* Accident references throughcut the report will be: Accident ""A'' - East
St. Louis; Accident '""B' - Fort Rucker, (March 1960); Accident "C" -
Fort Carson; Accident "D - Fort Bragg; and Accident "E'' - Fort Rucker
{August 1960).
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This report reviews and discusses findings, conclusions, and
recommendations forthcoming from the three evaluations and the five
accident investigations. The purpose of the evaluations and investigations
is to:

1. Ewvaluate the over-all crashworthiness of the basic aircraft
structure;
2. Draw attention to all features which could either lead to or

prevent unnecessary exposure of crew members and
passengers to serious or fatal injury in accidents where
crash forces are within survivable limits;

3. Make recommendations for remedial action in areas where
deficiencies exist or are believed to exist in order to improve

the crash safety aspects of the aircraft; and

4. Note the existence of effective crash safety features.
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SUMMARY

The initial evaluation of the HU-1A Bell helicopter, on an XH-40
mock-up in 1955, cited a number of ¢~ficiencies which should be corrected
to prevent or minimize injuries in the event of a crash under survivable
conditions. These included items such as:

1. Litter installations amd adjacent tie-down structure;

2. Troop seats and accompanying seat belt installation;

3. Crew seats;

4. Crew chief or medical attendant seat installation;

5. Emergency evacuation; and

6. Major components - transmission and engine mountings.

Many of these same findings were brought out in the USABAAR
evaluation of a test model, YH-40, in 1958; other similar recommendations
also were made.

The investigations of three accidents by AvCIR at East St. Louis,
I1linois, Fort Carson, Colorado, and Fort Bragg, North Carolina, and two
accidents by the U. S. Army at Fort Rucker, Alabama, support a number
of the initial evaluation comments regarding possible deficiencies. For
example:

1. The tie-down of the transmission failed in all five accidents
and, in one case, the transmission did go through the firewall
bulkhead into the cabin area;

2. Failure occurred in 80 percent of the occupied troop seats;
and
3. Crew seats generally failed because both seat belts and

shoulder harness were attached to the seat thus placing
full strain entirely on the seat tie-down.

No accident experience was available on litter installations. In
addition to these three deficiencies, accident experience brought out the
lack of adequate structural integrity in the side vertical supports and in the
aft roof supports. It did, however, indicate several features advantageous
to crash safety:
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The skid-type landing gear utilized on the HU-1A absorbs
a considerable amount of energy during an accident;

The seat cushions currently being used in the crew members'
seats also absorb a considerable amount of energy; and

The location of the fuel tanks, aft of the passenger compart-
ment and on the sides of the aircraft, is an improvement
over those which are located in the belly of most helicopters.

The HU-1A Bell Iroquois helicopter appears to be an excellent air-

indicated.

craft for the purposes to which it is being put by the U. S. Army. However,
for increased and practical crash safety, attention to several features is

Tie-down strength of crew seats should be increased;

Seat belts and shoulder harness of crew members should
be anchored to primary structure;

Troop seats should be redesigned to increase occupant
protection and seat belts should be fastened to the cables
provided rathe: than to "O'" rings;

Litter installations should be redesigned for increased
occupant protection;

Anchorage of both the transmission and the engine should
be strengthened; and

Priority should be given to the strengthening of thz vertical
side supports on the HU-1A. (An increase in the gauge
thickness of the skin, as suggested by Bell, already has been
incorporated into the HU-1B; the alternate of a roll-bar
should be considered as a retrofit program for the HU-1A, if
at all possible. ) B
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Figure 1.

Side View of an HU-1A in Flight
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DESCRIPTION OF AIRCRAFT

The HU-1A Bell Iroquois helicopter is a utility-type aircraft of com-
pact design featuring a low silhouette and low vulnerability to meet combat
requirements. A wide cabin permits the helicopters to be used for trans-
port of personnel, equipment and supplies, for medical evacuation and
emergency ambulance service where facilities for fixed-wing aircraft are
not available, and as an instrument trainer.

This helicopter is capable of operating from prepared or unprepared
take-off or landing areas and under instrument (IFR) conditions.

Maximum visibility is afforded the pilot and crew by extensive use of
transparent plastic panels at the top, front, bottom, and sides of the cabin.
Crew entrance is accomplished through two swing-hinged doors located in
the forward cabin areas next to the pilot's and copilot's station. Entrance
to the passenger cargo area is affected by means of two large sliding doors,
one on either side of the aft cabin area. -

The passenger cargo cabin area contains 2 two-man troop seats that
can be folded and stowed against the aft cabin bulkhead. When the seat is
folded the area presents an unrestricted loading space for cargo or equip-
ment transportation. For ambulance or mercy mission service a litter
rack and medical attendant seat are quickly installed ard two litter patients
can be carried within the cabin.

The propulsion system is located aft of the cabin and is mounted on a
platform above the fuselage.

The fuselage consists of two main sections, the forward secction and
the aft section or tail boom. The construction of the forward section
consists primarily of two longitudinal beams with transverse bulkheads and
metal covering. The beams provide the supporting structure for the cock-
pit cabin section, landing gear, fuel tanks, transmission, engine, tail boom,
and the attaching points for the external cargo suspension unit. The tail
boom is a semi-monocoque structure with metal covering and is attached to
the forward section with bolts to allow easy removal. The rear of the tail
bcom supports the tail rotor, vertical fin, and synchronized elevator.

The landing gear is of the skid type, attached to the fuselage at four
points. Ground handling wheels are provided.

A normal operating crew may consist of a pilot alone, a pilot and a
medical attendant, or a pilot and a copilot, depending on the mission
assigned.




ACCIDENT EXPERIENCE

Since introduction of the HU-1A helicopter into U. S. Army operation,
there have been a total of five accidents where crash forces were sufficient
to destroy the aircraft and cause injury to all occupants. These five
accidents are described briefly in Appendix B; a chart showing seating
arrangement, seat failure, and occupant injuries accompanies each descrip-
tion. These are in addition to the accident involving the test model YH-40
at Fort Rucker, Alabama, which supported the evaluation by USABAAR.

Although the impact conditions in these accidents varied, they all were
well within known survivable limits {(see Table 1). However, there was con-
siderable buckling, distortion, or collapse to top, bottom, and sides of the
occupiable area (see Table 3) and substantial damage to major componernts,
particularly the transmission (see Table 4).

Fiiteen persons were involved: Five pilots, four perscns (passenger
or crew chief) occupying the copilot’s seat, one crew chief, and five
passengers. All sustained injuries ranging from Minor (abrasions,
lacerations, or contusions) to Critical (brain concussion’'and depressed
fracture of the base of the skull). The latter injury was caused by a
portion of the aft firewall which struck the occupant of the troop seat. (See
Appendixes B and D for complete details of all injuries and Appendix C for
AvCIR Scale of Injuries; see Table 2 for summary.)

All seat belts remained intact as did all shoulder harnesses. (There
was no shoulder harness installation in Accident ""A''.) This probably con-
tributed to the seat failures in the crew compartment since both seat belt
and shoulder harness are fastened to the seat rather than to primary
structure. Where occupied, troop seats generally collapsed, tore free, or
were distorted (see Table 5).

The accident experience and the effects from a crash injury point of
view are discussed fully under major categories in the sections to follow.




TABLE 1

IMPACT CONDITIONS

Accident Obstacle Princi- Fwd. Rate Flight
Designa- Colli- pal Vel. of Path
tion sion Impact (Knots) Descent Angle Pitch Roll Yaw
A None Soft 40-50 1600- 20° level Level None
Ground 2000
FPM
B Trees Soft 35 1300 20° 15 15° 15°
Ground FPM Up Right Right
C Trees Rocky 25 1500 45° 45° Level None
Ground FPM Up
D Trees Tree 9 1500 60° 15° Level 30°
Stump FPM Up lLeft
Soft
Ground
E Trees Soft 0 1000 90 ° Level 75° 30°
Ground FPM Left Left

o

* All figures approximate.

TABLE 2
DEGREE OF INJURY TO OCCUPANTS

Accident Number

Designa- of Degree of Injury
tion Occupants AvCIR Scale
A 2 Pilot - Serious
Crew Chief (copilot's seat) - Minor
B 1 Pilot - Severe
C 4 Pilot - Minor; Passenger (copilot's seat) -
Moderate
Seat 1.-1 - Moderate; Seat R-1 - Minor
D 6 Pilot - Serious
Passenger (copilot's seat) - Serious
Crew Chief -~ Severe; Seat 1L.-1 - Minor
Seat R-1 - Critical ; Seat R-2 - Serious
E 2 Pilot - Minor
Crew Chief (copilot's seat) - Minor
Total 15 1 - Critical
4 - Serious
2 - Severe
2 -~ Moderate
6 - Minor




TABLE 3
DAMAGE TO OCCUPIABLE AREA

Accident
Designa- Left Right Rear
tion Nose Top Bottom Side Side Bulkhead
A Partly Collapsed Distorted Collapsed Collapsed Buckled
Collapsed
B Partly Partly Distorted Distorted Partly Buckled
Collapsed Collapsed Collapsed
C Intact Distorted Distorted Partly Partly Displaced
Collapsed Collapsed Fwd. 14"
D Partly Partly Partly Collapsed Collapsed Partly
Collapsed Collapsed Collapsed collapsed,
displaced
Fwd. 12"
E Distorted Distorted Intact Partly Intact Distorted
Collapsed
TABLE 4
DAMAGE TO MAJOR COMPONENTS
Accident
Designa- Rotor Landing Tail
tion Transmission Engine System Gear Boom
A Torn free to Torn Torn free One cross-tube Torn
the left free with trans- failed, the other free
mission bent & buckled
B Torn free Partly Torn Torn Broken &
torn free, free free Partially
displaced torn free
right
C Displaced Intact Mast dis- Skids buckled, Buckled
Fwd. 17" torted, blades cross-tubes
broken distorted
D Torn free to Intact Torn free Skids bent, rear Torn
the right with the cross-tubes free
transmission failed, {ront
bent
E Displaced Unknown Mast dis- Skids bent, Broken
right torted, cross-tubes
blades distorted
damaged '




TABLE 5

DAMAGE TO SEATS, SEAT BELTS, AND SHOULDER HARNESSES

Accident
Designa-  Left Right Left Right Seat Shoulder
tion Front Front Center Rear Rear Belts Harness
A Slightly  Seat pan Not Not Not All None
distorted & seat occu- occu- occu- intact in-
back dis- pied pied pied stalled
torted.
Tie-down
intact
B Not Seat pan None Not Not All Intact
occupied distorted. occu- occu- intact
Seat back pied pied
distorted.
Supports
broken.
Anchorage
torn free.
C Intact Intact None Intact Seat pan All Both
support collapsed. intact front
& anch- Back torn seats
orages free. Sup- intact.
distorted ports col- Rear
lapsed. scat
Anchorages none
distorted
D Partly Torn free. Seat Seat pan Seat pan All Both
torn free. Seat pan torn partly  partly intact front
Seat pan distorted. {ree at torn torn. Sup- scats
distorted. Seat back seatpan free. ports dis- intact.
Supports buckled. Seat sup- Sup- torted. One Outer
broken. Supports ports ports  support and rear
Rear an- broken collapsed pulled pulled out seatls
chorage Anchor- out of of clamp. none
torn free ages clamps Seat back
intact. torn free.
Seat pan
broken.
E Intact Torn free None  Auxiliary fuel tank All Both
at this location, intact intact

which ruptured and
partially spilled its
contents




SECTION I

EVALUATION OF BASIC AIRFRAME

GENERAIL DISCUSSION

During analysis of this aircraft in both evaluations and accident inves-
tigations, it was found that a number of desirable crashworthy items are
incorporated into the aircraft:

1. The skid-type landing gear incorporates energy absorption
capabilities;
2. The location of the fuel tanks offers protection against post-

crash fire; and

3. The exits in the aircraft are adequate for post-crash
evacuation.

The skid-type landing gear consists of two lateral mounted arched
cross-tubes attached to two formed longitudinal skid tubes. The gear
assembly is attached, with clamps, at four points of the fuselage structure.
The two cross-tubes act as energy absorbers. The location of the cross-~
tubes and the inner action effects peculiar to this gear provide a nearly
equal distribution of landing loads between the cross-tubes for all level
attitudes. The favorable energy absorption capabilities of this gear have
been demonstrated in at least four of the five accidents. It also wus cited
as a desirable objective in the initial AvCIR evaluation of the XH-40,

The fuel system utilized in the HU-1A consists of two inter -connected
rubber fuel cells. The normally installed tanks are located just aft of the
cabin area, one on the left and the other on the right. From a crash injury
viewpoint the present installation is far superior to that where the fuel tanks
are in the belly. The side-mount tanks are situated in a position which
prevents rupturing due to the collapse of the aft lateral skid support. It
also should be noted that the engine exhaust is not in a position to ignite the
fuel in the event of spillage. This frequently occurs with reciprocating
engines due to the downward reflection of the exhaust system. To date no
post-crash fires have occurred in HU-1A accidents.

The pilot's and copilot's entrance doors are jettisonable to provide
emergency exits. The jettison handles are cradled by brackets attached to
the forward post of the doors. Pulling the handles operates a cam to pull
the hinge pins and depress the door latches to allow the doors to be released
from the helicopter. The main cabin doors are not jettisonable; however,
should they become jammed or inoperable the large windows could be
broken out to provide an adequate escape route. At the present time there
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SECTION I

are no operating instructions on the exterior of the cabin doors to assist
untrained rescue personnel in regard to the operation of these doors. It is
suggested that clear readable operating instructions should be pluced on the
exterior near the operating handles.

Additional markings should be added to the exterior of the aircraft in
regard to the location of the hand fire extinguisher for the benefit of un-
trained rescue personnel.

COCKPIT/CABIN FUSELAGE

The extreme forward portion of the roof structure of this aircraft is
supported by the front door frames and the center strip of the windshield
frame structure. The main support is provided by left and right vertical
support members shown in Figure 2. The aft end of the roof is supported
on a secondary type of structure, the aft firewall bulkhead, also shown in
Figure 2.

Figure 2. View of the vertical side supports. Arrow 1
denotes the vertical side support; arrow 2
depicts the aft firewall roof support.




SECTION I

The lower attachment points of the vertical support members on the
right and left side of the cabin consists primarily of two "L' stringers, one
fore and one aft. The outer skin of this support extends into the roof
structure and is attached to the longitudinal roof support. At the present
time, according to the Military Specification, this vertical support is re-
quired to carry only a normal air load.

Failure of these main side supports plus the failure of the aft bulk-
head support permits the roof structure to lower sufficiently to strike the
occupants or the seat backs in the occupiable crew and cabin areas. This
is clearly demonstrated by the accident experience where the side vertical
supports failed in every one of the five accidents, ranging from partial
failure in Accident '"C'" and Accident "E'' to complete failure in Accidents
"A'" and '""D" (Figures 3 through 18). The aft end of the roof also failed in
all but one of the five accidents (Figures 19 through 24). Only the absence of
forward deceleration probably precluded any forward movement of the aft
roof supporting structure in Accident "E'.

Figure 3. Vertical side support failure in Accident "A'. The vertical
side support failed at its lower attachment points. The tri-
angular cutouts (arrows 1 and 2) allow the ""L'' stringers to
pass through the floor vertically. The '"'L'" stringers and
the inner and outer skin of the support member attach the
member to the fuselage. The line of rivet holes (arrow 3)
indicate where the skin attaches to the floor.
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Figure 4. Upper attachment failure of the left
vertical side support in Accident "A'',

Figure 5. Right vertical support member, lower attachment point,
failure in Accident '"A", Depth and type of failure of the forward "L"
- stringer is shown by Arrow 1 (as compared to that of the aft ""L."
stringer). Arrow 2 indicates some application of force against the
upper area of the member in an aft direction during its failure.
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Figure 6. Right side support failure in Accident "B'. The upper right
side support (arrow 3) was torn free, the bottom also failed. Arrow 1
depicts the pilot's right anti-torque pedal, Arrow 2 damage to collect-
ive pitch, while Arrow 4 denotes a hole in the roof caused by the pilot's
seat as the roof collapsed.

Figure 7. Left side support failure in Accident "B'". Arrow 1 depicts
the failure on the bottom of the left side support. The top remained
attached. Arrow 2 depicts the broken seat attachment, Arrow 3

shows the bent seat tube support.
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Figure 8. Failure sustained by the top of the right side
support in Accident "C!'',

Figure 9. The bottom right side support partially failed
in Accident "C''.
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Figure 10. The top of the left side support failed
in Accident "C''.

Figure 11. The bottom of the left side in Accident
a "C'" showed signs of failure.

-13-




SECTION I

Figure 12. The top left vertical side support was
torn completely free in Accident '"D'".

Figure 13. The entire left side support in Accident
"D'" was torn free with the exception of the wiring.
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Figure 14. Side view of the torn free support in
Accident "D", left side.

Figure 15. The top of the right side was supported
by the wiring, Accident ""D'.
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Figure 16. Wiring supported the bottom on the right
side support in Accident '"D',

Figure 17. Bottom of the left support in Accident "E'' (aircraft fell
on its left side). Partial failure may be noted in the side supports.
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Figure 18. Partial failure occurred on the top of the
support, left side, in Accident "E',

Figure 19. The downward
collapse of the roof in
Accident "A" is shown.
The dotted line depicts the
normal position of the fire-
wall.
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Figure 20. The collapse of the aft bulkhead allowed
the roof structure to impinge into the occupiable
area in Accident "B'".

Figure 21. The arrow depicts the forward movement
of the aft bulkhead, left side, in Accident "C'.
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Figure 22. The aft roof
structure failed on the
right side in Accident "C'\

Figure 23. Wiring was the remaining support of
the roof structure in Accident "'D'.
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Figure 24. The forward
displacement of the aft
roof support is depicted
by the arrow, Accident
IIDH.

It is evident, therefore, that the strength requirements of both the
main side supports and the aft bulkhead support are inadequate. They
should be able to withstand impact forces and conditions of a survivable
nature without gross failure. This apparently has been recognized recently
by both the military and the manufacturer. ''Requests for Alteration' have
been studied by the Bell Helicopter Corporation on each of these two
features.

The following is quoted from the Bell study of vertical support:

"Request For Alteration No. 12 requested that the contractors
study the problem of adding vertical support members to pre-
vent collapse of the roof structure upon occupants during a
crash landing of survivable "G'' forces. As a result of these
studies, it is the opinion of the contractor that the most logical
approach would be one of making a general increase of gauge
thickness of the sheet metal structure of the door post to in-
crease its column load capabilities. The weight increases per
helicopter would be approximately 3.5 pounds. The column
strength would increase from 1, 750 pounds to 2, 690 pounds
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per door post for a total increasc of strength of approximately
54%. This change could be accomplished on production HU-1B's
and does not involve serious tooling problems. A second
approach which the contractor investigated was the addition of

a roll-over structure to the pilot and copilot seats. This change
would add approximately 3.5 pounds per helicopter, and would
provide structure capable of withstanding.a vertical load of
3,500 pounds per seat. This change could be incorporated into
production aircraft or retrofitted to aircraft already built with
changes to the seat assembly. "

The Bell study commented as follows on the aft bulkhead:

"Request For Alteration No. 11 submitted during Reference

(a) requested that the contractor study the aft cabin bulkhead

to improve the structure. As a result of these studies, the
contractor is of the opinion that the most logical approach to
improving the strength of this bulkhead would be to. change the
structure above W. L. 54 to a honeycomb type structure. In
order to affect this change, it would be necessary to make ex-
tensive tooling changes, such as fabrication of a bonding fixture,
and to re-engineer the mounting of those items such as hydraulic
and electrical equipment which are attached to the bulkhead. By
changing the sheet metal structure to honeycomb type construc-
tion, the pure vertical load carrying capability of the bulkhead
would be increased from 14, 900 pounds to 35, 000 pounds. It
should be noted that these are comparative figures only and

do not take into account lateral or fore or aft displacement of
the bulkhead under crash loading conditions. Displacement

of the bulkhead would materially reduce the vertical load
capability of the bulkhead; therefore, the two crash load
capabilities of the bulkhead can not be calculated. "

The Request For Alteration No. 12 in regard to increasing the gauge
thickness of the sheet metal structure of the vertical side supports has been
approved and is being incorporated into the HU-1B. It is suggested that the
second approach, the addition of the roll-over structure, be studied for
retrofit of all HU-1A aircraft presently in service.

Request For Alteration No. 11 also has been approved and will be
incorporated in the HU-1B beginning with ship No. 47.
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AFT FUSELAGE

The aft fuselage incorporates the propulsion system, consisting of
the engine and drive system, and the tail boom.

The engine and transmission are located aft of the cabin and mounted
above the fuselage on a platform which provides footing for maintenance
personnel while servicing the helicopter. They are enclosed by cowling
that can be quickly opened or removed for easy access. Use of this type of
drive system, with its independent mounted units and quick disconnect
couplings, allows rapid servicing, repair or replacement under combat con-
ditions. This results in maximum availability of the helicopter for mission
accomplishment,

The tail boom is a semi-monocoque structure with metal covering and
is attached to the forward section with bolts to allow easy removal.

The transmission and the engine in this aircraft are stressed for the
following loads: 4.5G down; 1.5G side; 8.0G forward; and 2. 0G up.

Normal anticipated crash loads can cause the transmission unit to
break frece and pass downward through the bulkhead into the cabin, striking
occupants.

Engine mount failure may cause the engine to push the transmission
through into the cabin.

(Both ot these hazards were cited in the initial evaluation of the XH-40
mock-~up; the transmission hazard was cited also in the USABAAR evalua-
tion of the YH-40 test model.)

It is interesting to note that in the five accidents covered in this
report, two of the transmissions were torn completely free (Figures 26 and
29) while partial failure occurred in the remaining three (Figures 25, 27,
and 30). Also, it should be noted that in Accident ""C" the transmission
penetrated the occupiable area to a depth of 17 inches (Figure 28). Herc the
occupant seated directly ahead of this penetration was extremely fortunate
in that his seat failed and his safety belt was loosely adjusted causing him
to move forward and down away from the jagged metal on the transmission.

The transmission mount also was cracked in the wreck of the YH-40
at Fort Rucker.
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Figure 25. The arrow depicts the faiiure in the transmission mount which
occurred in Accident ""A'". The transmission, mast, and rotor assembly
were partially torn free as a unit.

-

s

Figure 26. The entire unit was torn free when the blades contacted a tree
in Accident "B'"., The arrow depicts the area normally occupied by the
transmission.
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Figure 27. The arrows depict the fractures in the transmission mounts
which occurred in Accident "C'.

Figure 28. In Accident '"C' the transmission penetrated 17 inches into the
occupiable area. The loosely worn safety belt plus the failure of the
seat permitted the occupant to bottom as depicted in this posed photograph.

-24-




SECTION I

Figure 29. The entire transmission was torn free
in Accident "D'".

Figure 30. The transmission was displaced in
Accident "E'.
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As for engine mounts, the engine tore completely free in Accident "A"
(Figure 31); partial failure occurred in Accident ""B'' (Figure 32) and in
Accident "D" (Figure 33). No failures occurred in the other two.

Considering the loads for which the transmission is stressed and the
fact that a failure occurred in every accident including the YH-40 at Fort
Rucker, it is believed that an inherent deficiency in structural design
exists.

Figure 31. The arrow depicts the engine, torn free,

in Accident "A'',
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Figure 32. A partial failure in the engine mounts
] occurred in Accident "B',

SECTION I

SR
Figure 33. The arrow depicts a partial failure in
i the engine mounts in Accident ""D'".
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This report concurs in principle with the following two recommenda-
tions previously made:

Recommendation

"It would appear desirable to install tension cables (cables or tubes)
between the top of the transmission cage and the aft end of the work plat-
form in order to moderate the transmission unit "peeling'' off its base
mount. It may also be desirable to use higher strength factors in the design
of the rear mounts in order to assist the transmission unit tearing free in
an aft direction as torsional loads are applied due to blade damage. "

(AvCIR - 1955)

Recommendation

"That some means be provided to insure that the transmission fails

(mounts or bolts) away from the occupant to reduce the possibility of injury. "

(USABAAR - 1958)

Actually, all failures have been associated with the magnesium
cradle on which the transmission rests rather than in the mount itself,

CONC LUSIONS

After analysis of the basic airframe and components, the following
desirable crash safety features were noted:

1. The skid-type landing gear incorporates energy absorption
capabilities;

2. The location of the fuel tanks offers crash injury protection
from a post-crash fire; and

3. The exits in the aircraft are adequate ,

Several undesirable features which have or can contribute to occupant
injury also were noted:

1. The vertical side supports will buckle or collapse and the
aft roof support will fail under crash forces well below
survivable limits. This results in the roof impinging upon
the occupiable crew and cabin areas with serious effects;

- 28-
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2. The tie-down strength of both the transmission and the
engine is inadequate. Failure at crash force levels well
below survivable limits may result in the transmission
being projected through the aft bulkhead into the occupiable
cabin area;

3. The absence of operating instructions on the exterior of
cabin doors could increase the exposure time on the occu-
pants in the event of a post-crash fire; and

4., The absence of exterior markings in regard to the location
of the hand fire extinguisher also could increase the ex-

posure time in the event of a post-crash fire.

RECOMMENDATIONS

Based on the foregoing conclusions, the following recommendations
are made:

1. The following elements should be redesigned to provide in-
creased strength requirements compatible with survivable
crash force magnitudes, directions, and time duration:

(a) vertical side supports;
(b) the aft roof support; and

(c) transmission and engine installations, particularly
the transmission.

The vertical side and aft roof supports are being strengthen-
ed plus the addition of a fifth transmission mount are being
incorporated in the HU-1B. However, if this modification

is not practical it is then suggested that consideration be
given to the installation of a suitable roll-over structure in
all HU-1A aircraft to prevent the roof structure from col-
lapsing downward into the occupied area of the aircraft;

2. The exterior of the main cabin doors should be placarded
as to the method and direction of operation with letters
large enough and with sufficient contrast to be easily
recognized as an escape area by untrained rescue personnel; and

3. Exterior markings giving the location of the fire extinguisher
should be added.

-29-




SECTION I

EVALUATION OF CREW COMPARTMENT

GENERAL DISCUSSION

This aircraft contains a well-designed and spacious cockpit. Maximum
visibility is afforded the pilot and crew by extensive use of transparent panels
at the top, front, bottom, and sides of the cabin. The noise and vibration
levels in the cockpit are considerably less than in helicopters utilizing
reciprocating engines.

The instrument panel is well arranged as is the console located
between the pilots' seats. It is felt that the panels are located sufficiently
forward to preclude being struck by either occupant, provided the restraint
system (safety belt and shoulder harness) is utilized and the seat tie-down
does not fail.

It should be noted that the lower edges of the instrument panel
(Figure 34) are quite sharp and unprotected. Statistics reveal that the
lower extremities receive the second largest percentage of injuries. The
lower edges of the instrument panels should, therefore, be padded with a
high energy absorbing material. '

Figure 34. Over-all view of the instrument panel in the HU-1 and HU-1A,
The arrows denote the sharp unprotected lower edges of the instrurment
panel.
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PIL.OT'S AND COPILOT'S SEATS

The pilot's and copilot's seats are the adjustable non-reclining type,
mounted on fixed tracks (see Figure 35). The lever for height adjustment
is on the left side of each seat and the fore and aft adjustment lock is on the
right side. Each seat is equipped with a lap safety belt and an inertia reel
shoulder harness; the inertia reel is attached to the rear of the seat. Design
of the seat permits the use of a back-pack parachute or a standard cushion
on the back of the seat and either a seat-pack parachute, pararaft kit, or a
standard cushion in the seat pan.

Figure 35. A side view of the pilot's seats. The inertia reel manual
locking lever is conveniently located on the side of the seat pan (arrow).
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The seat back cushion is shaped to provide maximum comiort and
support. The back cushion is constructed of three laminated layers of foam
polyeurethane and is four and one-half inches thick at the center, two
inches thick at the edges.

The seat cushion utilized in this aircraft incorporates desirable
energy absorbing qualities, The cushion is approxirnately six inches thick
and consists of five laminated layers. The top layer which is approximalcely
one -half inch in thickness is soft foam rubber. Beneath this layer arc two
layers of moderately soft ensolite, each approximately one inch thick. The
bottom two layers of the cushion consist of a firm ensolite, cach Jayer
being approximately one inch thick. By utilizing the various densitics of
foam rubber and ensolite the occupant is not only provided comfort, bul
also considerable protection in the event of high vertical forces.

The pilot's and copilot's seats are constructed of sheet metal with a
tubular frame supporting structure. The aft portion of the seat pan contains
a perforated sheet metal baffle type structure which acts’as a spacer to
accommodate either a back or seat type paracflute or pararaft kit.

During the AvCIR evaluation, conducted in 1955, the following hazard
and recommendation was noted:

Hazard
""Rear portion of seat attachment clip rail is "open' and
will permit spreading and loss of seat under forwanrd

crash load.'

Recommendation

""Close open end of scat attachment clip rail. "

The safety belts on the crew members' seats are attached to the sides
as depicted in Figure 36. A reinforcing plate is aitached to the outside of
the seats for additional strength. It should be noted that this safety belt
attachment is not an omni-direction attachment. Helicopters {requently
encounter side loads during an accident, and this type of anchorage would
have a prying effect on the attachment with possible end attachment failure.
1t is suggested that the end attachments incorporate a self-aligning omni-
directional anchorage.
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Figure 36. Close-up of the safety belt end attachment (arrow). The metal
baffle type structure is also depicted.

The inertia reel and shoulder harness incorporated on the pilot's and
copilot's seats is shown in Figure 37. A manual lock-unlock handle is
located on the left side of the seats. When the inertia reel control lever is
in the unlocked position, the reel cable will extend to allow the pilot to lean
forward; however, the reel will automatically lock when subjected to a 2 to
3G deceleration. Locking of the reel can be accomplished from any posi-
tion and the reel will automatically take up slack in the harness. To
release the lock it is necessary to lean back slightly to release tension on
the lock and move the control handle to the locked and then the unlocked
position. Manual locking of the reel should be accomplished for all emer-
gency landings.

The excessive width of the shoulder harness guide, depicted in
Figure 37, permits the occupants entirely too much lateral movement.
Again, it must be emphasized that a large number of helicopter accidents
involve side load conditions. When this condition exists, excessive width
of the shoulder harness guide permits the occupants sufficient lateral move-
ment to strike surrounding structure, such as the cockpit door.

The pilot's and copilot's seats are designed to the following loads:
8.0G forward, 5.0G aft, 15.0G down, 7.5G up, and 10. 0G side.
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Figure 37. The arrow depicts
the inertia reel attached to
the rear of the seat. Note
the width of the shoulder har-
ness guide at the top of the
seat. This is considered ex-
cessive,

The shoulder harness is capable of sustaining 4. 5G forward while the
safety belt is capable of sustaining 5. 5G forward. This gives a total of
10. 0G forward restraint for each of the crew members' seats.

No pilot or copilot belt failures occurred in any of the five accidents
covered.

As previously stated, the shoulder harness with inertia reel for the
pilot's and copilot's seats, as shown in Figure 37, is attached to the rear
of the seat. This arrangement is not desirable from the crash safety point
of view since the effectiveness of occupant restraint depends upon the seat
tie-down strength. Attachment of the shoulder harness to basic aircraft
structure would relieve the seat of much of the crash load during crash
deceleration and offer some degree of occupant protection even when the
seat tie-down failed. The advantage of attaching the shoulder harness to
basic aircraft structure is unquestionable since it eliminates the torque on
the seat exerted by a shoulder harness anchored to the seat. This is con-
sidered essential until such time as the seat tie-down criteria more nearly
approach the accepted limits of human G tolerance, 40G.
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1t is felt that the injuries sustained by three of the occupants, one in
Accident ""B'' and two in Accident '"D", would have been considerably reduc-
ed had the reels been attached to basic structure. A securely anchored
reel probably would have prevented two of the occupants from being thrown
through the windshield and considerably reduced the injuries to the third
occupant as he was thrown into the pedal well.

The pilot's and copilot's seats in Accident "A" differed from those
normally found in operational aircraft. These heavier upholstered seats
were individually mounted on large, flat supporting plates with forward and
aft adjustment. No failures occurred in the pilot's and copilot's seats in
Accident "A' and "C"'.

A "Request For Alteration, No. 24" to the manufacturer asked that
the contractor study the possibility of anchoring the crew safety belt and
shoulder harness to some structure other than the pilot and copilot seat.
The contractor indicated that the safety belt and shoulder harness could be
anchored to the floor structure without involving serious changes to the basic
airframe; this arrangement would relieve the seat of almost all forward
crash loads. The contractor also pointed out that if this change is incorpo-
rated there is the disadvantage of having to adjust the seat belt and the
shoulder harness each time the position of the seat is changed.

The operating characteristics of the shoulder harness and inertia reecl
would not require any adjustment of the shoulder harness with seat adjust-
ment when in the unlocked position. With regard to the seat belt, it is
suggested that a survey be made to determine the {requency with which the
seats in this helicopter are adjusted during flight to determine whether seat
belt adjustment would create a serious problem.

Photographs in Figures 38 through 46 show the seat failures in
Accident "B', "D", and "E'.
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Figure 38. The pilot's seat
failed in Accident ""B''. The
arrow points out the failure
which occurred at the
casting.

Figure 39. Side view of the failures in Accident '"B''. The rear attach-
ment failed at the casting (arrows 1) while the front failure occurred
at a drilled point in the front cross-tube. Arrow 2 depicts the broken

collective pitch.
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Figure 40. Damage to the
pilot's seat pan in Accident
"B'". The bottom arrow
depicts the distortion sus-
tained by the seat pan. The
side arrow points out the dis-
tortion to the seat tube,
Accident "B".

Figure 4l. Seat carriage in Accident ""B'. The arrow depicts the spread-
ing of the seat carriage permitting the seat to separate from the track.
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Figure 42. The arrows denote the failures in the leg castings in Accident
"D'" (right seat). Note the similarity in the failures in this accident
with those in Accident "B'.

Figure 43. Left seat failure in Accident "D'. The right rear leg tore free
from the carriage while the left rear leg ripped the track from the floor,
permitting the seat to pivot forward. The front attachments were torn
free by rescue personnel.
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Figure 44. The pilot's seat, right
side, in Accident ""D''. Note the
similarity in the damage with the
seat in Accident "B'".

Figure 45. Dampage to copilot's
seat, left side, in Accident '"D'.
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Figure 46. In Accident "E'", failures occurred in the
leg casting and also at a drilled point (arrows).

CREW CHIEF/MEDICAL ATTENDANT SEAT

This seat is located just aft of the pedestal and was primarily design-
ed as an aft facing Medical Attendant seat (Figure 47). In some cases the
seat is reversed, forward facing, and is utilized by the crew chief. The
safety belt is attached at the junction of the seat back and the seat pan and
is stressed for 5.0G aft and 10. 0G side loads when utilized in the aft facing

position.

The seat and its supporting structure is designed to the following ulti-
mate loads when in an aft facing position (200-pound man): 10, 0G forward;
15.0G down; 10. 0G side (through belt); 5. 0G aft (through belt); and 7.5G

up (through belt).

Out of the five accidents, this seat was installed and occupied only in
Accident "D'". In this case, the seat was attached facing forward and occu-
pied by the Crew Chief. Upon impact the seat tore free from its leg
attachments and permitted the Crew Chief and seat to be hurled out through
the windshield.
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Figure 47. View of the Crew Chief/Medical Attendant
seat mounted in an aft facing position (arrow).

Figure 48. Crew chief seat failure in Accident '""D''. The arrows depict
failures of the leg structure,
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Figure 49. Damaged crew
chief's seat.

The discussion of seat belt and shoulder harness installation on the
E}ilot and copilot seats also applies to the crew chief seat when utilized in
he forward facing position.

EMERGENCY EXITS

Crew entrance and departure is accomplished through two swing-
hinged doors located in the forward cabin area next to the pilot's and co-
pilot's stations. The pilot's and copilot's doors are formed aluminum
frames with transparent plastic windows in the upper section. Ventilation
is supplied by sliding window panels. Cam type door latches are used and
the doors are equipped with interior jettisonable door releases to allow
release in flight. The jettison handles are cradled by brackets attached to
the forward door post. Pulling the handles operates a cam to pull the
hinged pins and depress the door latches to allow the doors to be released
from the helicopter. At the present time it is impossible to jettison the
cockpit doors from the exterior.

In Accidents "A'" and "D' both cockpit doors were torn free. In
Accidents "B'" and ""C'' the left door popped open and the right door was
partially torn free while in Accident "E' one door was inoperable due to the

aircraft lying on its left side, but the right door was operable.
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At the present time, with the exception of outside emergency releases,
it is felt that the emergency exits in the cockpit area are adequate.

CONC LUSIONS

Based upon the foregoing evaluation of the crew compartment, it is
concluded that:

1. The sharp lower edges of the instrument panel could con-
tribute to lower extremity injuries;

2. The seat back and the seat cushion provide adequate comfort
and protection to the crew members;

3. The safety belt does not incorporate a self-aligning omni-
directional anchorage;

4. The seat belt is attached to the seat instead of to primary
structure and, therefore, the safety belt does not provide
maximum possible protection;

5. The inertia reel is attached to seat instead of to primary
structure and, therefore, the shoulder harness does not
provide the maximum possible protection;

6. The shoulder harness guide on the crew seats is too wide;

7. The tie-down requirements for the pilot and copilot seats
are inadequate;

8. The tie-down requirement for the Crew Chief/Medical
Attendant seat is inadequate; and

9. The absence of exterior emergency releases could increase
the exposure time in the event of a post-crash fire,

RECOMMENDATIONS

Based upon the evaluation of the crew compartment, it is recommend-
ed that: '

1. The lower edges of the instrument panel be padded with
an energy absorbing material;
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The present safety belt anchorage be changed to a self-
aligning omni-directional attachment;

The seat belt be attached to primary structure;

The inertia reel on the pilot and copilot seats be attached
to primary structure;

The shoulder harness guide be reduced to a minimum
width;

The Military Specification dealing with the tie-down re-
quirement for the pilot's and copilot's seats be revised to
provide strength requirements compatible with survivable
crash force magnitudes, directions, and time duration;

The Military Specification dealing with the tie-down
requirement for the Crew Chief/Medical Attendant's seat
be revised to provide strength requirements compatible
for survivable crash force magnitudes, directions, and
time duration; and

Equip both pilot and copilot cockpit doors with outside
emergency door mounting releases to permit jettisoning
of doors regardless of distortion or damage to the doors
and/or adjacent cabin structure.
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EVALUATION OF THE MAIN CABIN

GENERAI DISCUSSION

The passenger-cargo cabin area in this aircraft contains two, two-
man troop seats that are foldable and stowed against the aft cabin bulkhead.
When the seat is folded, the area presents an unrestricted loading space
for cargo or equipment transportation. For ambulance or mercy mission
service, a litter rack and medical attendant seat are quickly installed and
two litter patients can be carried within the cabin.

Entrance and exit from the cabin area is possible through two large
sliding cabin doors, one on each side of the aircraft. These large cabin
doors are track-mounted and operate in a fore and aft direction. At the
present time it is impossible to jettison these doors from either the interior
or the exterior. The large kick-out windows in the cabin doors would pro-
vide an escape route in the event the doors became jammed.

TROOP SEATS

The troop seats are arranged along the rear cabin wall and face for-
ward. The seats are designed to he folded and stowed against the rear cabin
wall when not in use.

The seats currently being utilized were built in accordance with the
strength requirements of MIL-5-5804 and will sustain the following loads:
seat bottom - 11. 0G; seat back - 3. 0G; forward seat tube - 1.1G; and leg
load - 5. 0G.

The seat pan consists of a nvlon fabric which is attached to the for-
ward and rear seat support beam. The seat pan folds around the rear
support beam and is sewn and riveted to the underside. The seat pan is
attached to the forward seat support beam by means of screws and rein-
forcing strip.

The seat back consists of nylon webbing straps which are sewn to the
seat pan on the lower end, and extended from the upper seat support beam
by the use of clips. The seat back is pulled taut by means of adjusters.

The forward seat support becam is separated from the rear support
beam by a spreader which clamps between the two beams. The seat legs
are attached to the forward support beam by an encircling clamp with a
friction lock and anchored to attachment points in the floor.
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Accident experience has shown that the currently utilized trcop seat
fails structurally when subjected to relatively moderate crash forces. When
seats of this design fail, numerous injuries have been experienced as a
result of broken, exposed ends of the tubing coming into contact with occu-
pants, occupants being thrown free and coming into contact with other occu-
pants and/or various parts of the aircraft.

In the five accidents covered in this report, 80 percent of the occupied
troop seats sustained either a partial or complete failure indicating an in-
herent weakness in the seat design. The load-carrying capabilities of these
seats are considered unrealistic when an 11G seat bottom is attached to a
1.1G forward seat tube. The testing procedures are also considered inade-
quate. The following test procedure is quoted from a manufacturer
supplying these seats:

""A. Install the troop seat in an appropriate aircraft.

B. Apply body weight to the seat assembly at various points
to check structural rigidity. "

Figure 50. Cabin seat failure in Accident ""C'. Arrow (1) denotes the
failure in the forward cross-tube. Failures also occurred in the cross-

tube which supports the seal back due to the penetration of the trans-
mission (arrows 2, 3).
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Accident experience has proven that MIIL-S5-5804A requires revision
to provide strength requirements compatible with survivable crash force
magnitudes, directions, and time duration. Furthermore, the troop seat
should be subjected to dynamic testing in order to obtain a more realistic
appraisal. The cabin area in Accidents "A'' and "B'' was unoccupied;
therefore, no seat failures occurred. In Accident "E'' the seats were
folded and replaced with a ferry tank.

Figure 51. In Accident ""D'" both seats on the left side were completely
collapsed and broken. The seat was set up for photographic purposes.
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Figure 52, The right side cabin seats in Accident
"D" were broken.

Numerous investigations and evaluations have shown that the cabin
occupants' seat belts are being attached to an '""O'' ring which is attached to
a rear longitudinal seat support. The correct and incorrect manner of
attaching the seat belts in this aircraft is depicted in Figures 53 and 54.

The belts are stressed to withstand 11. 0G at a 45-degree angle up-
ward, forward, and inboard. The seat belts should be attached to the
cables which are tied directly into primary structure (Figure 54).

To fully utilize the skeletal strength of the human body, the seat belt
should pass across the hips approximately 45 degrees to the longitudinal
axis of the airplane. When restrained by a seat belt only, which is commeon
in the cabin area, the occupant's body will flex over the seat belt during a
forward deceleration. If this flexing of the body occurs at the lumbo-sacral
joint, the strain on the spine will be minimal.

When the seat belt is attached to the "O'" ring, Figure 53, the spine
is forced to bend or flex at a much higher level which often causes flexion
fractures of the spine. '

The incorrect belt installation also permits the seat belt to 'ride up'
and could cause rib and/or chest injuries due to flexing over the belt buckle,

in addition to possible spinal injuries.
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Figure 53. The incorrect method of attaching the safety belt to the "O"
ring is depicted by the arrow. Note that the belt crosses the cccupant

at approximately 90°.

Figure 54, The correct manner in which the safety belt should be in-
stalled in the HU-1 and the HU-1A is depicted“by the arrow. WNote that
the belt crosses the hips at approximately 45°,
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The following is a quote from the evaludtion conducted November
i 1955:

Hazard
""Safety belt anchorages are incorrectly positioned, causing
belts to ride above the hip bone and below the rib cage. This

position normally will cause severe and/or fatal internal injuries
in a survivable type crash."

Recommendations

"locate belt anchorages so that the safety belt web crosses
E the lateral aspects of the hip bones at 45 degrees to the horizontal
(in the XH-40's this anchorage point will be approximately at the
intersection of the bottom of the bulkhead and the floor).'!

In the evaluation conducted by USABAAR in November 1958, the
| following is quoted:

Findings

"Safety belt anchorages are incorrectly positioned, causing
belts to ride above the hip bones and below the rib cage."

Recommendation

"To locate the safety belt anchorages so that the safety
belt crosses the lateral aspects of the hip bones at 45 degrees
to the horizontal. "

| LITTERS

To date there has been no accident experience involving litters; there-
fore, it is difficult to evaluate the entire litter installation in terms of crash-
worthiness. Apparently, utilized litters are considered ''field exchange'’
items in the military system. Of necessity, then, such litters must be
strong, rugged items of equipment for use under field and combat condi-
tions and must be suitable for use not only in aircraft, but also in ambu-
lances, field hospitals, etc. Unlike components designed specifically for
use in air vehicles, the litter itself is extremely heavy, bulky, and presents
many injurious structures when utilized in the manner required for mass
evacuation of injured in transport or helicopter type aircraft., Considering
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that helicopter accidents are usually associated more with vertical and side
loading than with longitudinal loading, the current minimum strength re-
quirements do not seem to be realistic or compatible with the condition
anticipated during even minimal crash deceleration. In addition, litter
patients are normally restrained in relatively loose fashion and are likely
to "bottom out' against their restraining system (belts, etc.), under
dynamic crash force application, thereby magnifying crash forces which

in turn are transmitted to the structures.

Litter installation requirements (MIL-S5-5705, USAF, Appendix II)
provide that supports and attachment fittings for litters shall be designed
so that they will carry to the primary structure a 250-pound litter load,
multiplied by the following ultimate load factors: forward - 8.0G; side -
1. 5G; vertical - 4. 5G; and down - 2.0G.

While the adequacy of even 8G strength in the forward direction is
questionable, the side and vertical minimum strength requirements should

be at least equal in helicopters.

Consideration should be given to re-evaluation of current minimum
strength requirements as presented in MIL-5-5705 (USAF), and these
requirements should be increased to a point where they are compatible with
anticipated crash load conditions.

The current litter configuration and installation should be dynamically
tested with full-scale anthropomorphic dummies under force magnitude,
direction, and time history conditions associated with survivable crash
loads sustained in helicopter accidents. The results of these tests should
be utilized in the development of a more suitable specification.
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Figure 55. Over-all view of the litters and
supporting frame.

The following hazards and recommendations are quoted from the

evaluation conducted November 1955:
Hazard

""The litters are not securely attached, their attachment

depends on the tightness of the safety belts around the patients.

Recommendation

""Attach litters securely and positively to structure to
withstand side, forward, upward, and downward load. "

Hazard
"Heavy vertical loads will cause the patients to bottom
against the cross beams in the litters, the cross braces in the

mount structure, and against the rigid floor structure below
the bottom litter. '
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Recommendation

"Design litter mount structure to deform under body
impact loads, rigid structure which cannot be redesigned to
be padded with energy absorbing materials or incorporate
metal pans in the mount structure shape D to conform with,
and parallel, the cross-sectional shape of the litter cross

members. "

Hazard

"The vertical support tubes are hazardous in relation
to impact injury and entrapment in kinking action. "

Recommendation

"Eliminate present support tubes, or relocate further
outboard to prevent their being hit by the litter patient; in
suspension mounts or tubes running from the top of the rear
bulkhead might be preferable; a diaphragm or net might be
used from the bulkhead or from the roof downward to the for-
ward edge of the litters. This would permit wide distribution
of longitudinal crach loads on the litter patients. '

Hazard
"The litter safety belt anchorages on the bulkhead are
improperly positioned and can cause serious injuries to the

litter occupants. "

Recommendation

"Lower anchorage hardware to a non-dangerous area. "

The following finding and recommendation is quoted from the evalua-
tion conducted by USABAAR in November 1958

Finding

"Litters cannot be securely attached; their attachment
depends on the tightness of the safety belt around the patient."
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Recommendation

""Attach the litters securely and positively to structure
to withstand side, forward, upward, and downward load. "

EMERGENCY EXITS

Entrance to the passenger-cargo area is effected by means of two
large sliding doors, one lccated on each side of the aft cabin area (Figure

56).

Figure 56. Absence of exterior door operating instructions. The arrow
on the left depicts the interior operating instructions. The arrow on the
right denotes the absence of exterior door operating instructions.

fous—

The large doors permit rapid entrance and departure during combat con-
ditions. In order to prevent inadvertant opening during flight the cabin
doors are not jettisonable. In the event of an accident where the doors .
were rendered inoperable, the large window could be broken or kicked out

to provide an avenue of escape. At the present time, however, there are

no operating instructions on the exterior of the door to assist untrained T
rescue personnel,
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The crew compartment doors are hinged and open outward. On
several occasions it was noted that attempts to open the cabin doors in a
similar manner were made. This could prove to be time consuming in the
event of a post-crash fire if the rescue personnel were not familiar with
the direction of operation. This is discussed more fully in Appendix A.

The interior is placarded with a direction arrow and the word "Pull" for

the benefit of the occupants. The entrances and exits in HU-1 and the HU-1A
are considered adequate for rapid evacuation. However, clearly readable
door operating instructions should be placed on the exterior near the
operating handle.

CONC LUSIONS

Based upon the foregoing evaluation of the main cabin, these conclu-
sions are reached:

1. The troop seats are undesirable from a crash safety point
of view;
2. The safety belts, in most cases, do not afford adequate

restraint due to improper installation;

3. The tie~down and structural abilhity of the entire litter in-
stallation to withstand failure and structural collapse of
the entire assembly does not appear to be compatible with
anticipated survivable crash force conditions;

4. The number of exits are adequate although they cannot be
jettisoned from either the interior or the exterior; and

5. The absence of exterior door operating instructions could
increase the exposure time in the event of a post-crash fire.

RECOMMENDATIONS

To attain greater crash safety, it is recommended that:
1. The specification for the Army troop seat be revised to
prov<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>