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APPENDIX V - SAFETY (U)

v-1., (U) PURPOSE.

a. (U) Substudy. This substudy is a portion of the Trade-Off Analysis
(TOA) devoted to the Light Helicopter Family (LHX) projected for inclusion in
the US Army inventory by 1995. In general, this appendix will examine design
features that are likely to be critical to the safety of the LHX candidates,
It will further examine these features and attempt to project both associated
accident rates and costs. Implicit in such an examination is the implied
assumption that those features that result in fewer accidents are highly
desirahle from a safety point of view. However, it is also noted that each
feature will have assoclated costs (and projected cost savings) that must be
considered. .

b. (U) Essential Elements of Analysis,

(1) (U) Which critical design features should be incorporated in an
LHX candidate to reduce the projected accident rates and 20-year accident
costs?

(2) (U) What is the minimum acceptable level of crashworthiness?
(3) (u) (B-13) Should the LHX have one or two engines?
(4) (u) (B-22) Should the LHX have a one- or two-member crew?

(5) (u) (B-25) What are the safety implications for each subsystem
and system under consideration?

V-2, (U) BACKGROUND. The Trade-Off Determination (TOD) Board conducted a
study to establish the expected economic losses due to aircraft accidents for
a wide range of LHX candidate aircraft. The candidates and their design
features are summarized in annex II, A 5-year, class A accident baseline (see
annex III) was used to project accident rates. The projected accident rates
and 20-year accident costs determined by the TOD Board are contained in

annex IV, The relative magnitude of these rates and 20-year costs provide an
indication of the influence of various design features in these candidates,

V-3, (U) ASSUMPTIONS.
a. (U) Losses were projected for peacetime operation,
b, (U) Losses were based on constant fiscal year (FY) 84 dollars,

c¢. (U) For retractable gear aircraft, the gear was assumed tc e down
during the accident,

V-3

UNCLASSIFIED

= - =

. e e m mve e o : - - g L —
R R e SRR R I TR T e 2 e AT DRV TR € 3 SOt NTUE N NN O A SRR RO O T o8 ol e



i e e e T W L RSt O S e

UNCLASSIFIED

d. (U) A utilization rate of 240 hours per aircraft per year was used.

e. (U) Losses were based on aircraft acquisition costs and fleet sizes
shown in annex V.

f. (U) Only class A accidents were used by the TOD Board.

V-4, (U) LIMITATIONS. This analysis does not include quantification of the
cost and weight penalties which result from incorporation of the critical
design features or a minimum crashworthiness level.

V-5. (U) METHOD. The TOD Board determined that selected critical design
features will significantly reduce accident costs and rates. Analysis of the
TOD data indicates that the ranking of the LHX baseline and its variationus was
a function of the critical features which each variation possessed, The
Trade-Off Analysis (TOA) approach is to incorporate safety design features
intc a candidate rather than selecting the safest candidate. This method
zives greater flexibility to the TOA Board so that performance can be the
ultimate criterion,

v-6. (U) RESULTS/ANALYSIS,

a, (U) The features summarized in figure V-1 should be incorporated into
any LHX design, Each of these features would contribute to a reduction of
hardware and personuel losses in the proposed LHX.

b. (U) One cannot reasonably expect that incorporation of these features
would result in the complete elimination of all accidents, The statistics are
cited to demonstrate potential accident reduction if the design features are
completely effective in eliminating the baseline accident causes.

c. (U) Any deletion or reduction in the effectiveness of these design
features will result in an increase in the projected accident rates and costs
for the LHX. In some cases, the increase in accident rates and costs will be
small and may be justifiable when compared to the cost/weight required to
achieve a particular design feature. A decision to trade off by deleting or
reducing the effectiveness of a feature should only be made after con-
sideration of the associated risk,

(1) (U) Twin engine with one-engine inoperative (OEI) flight capa-
bility, The largest single contributor to accident costs in the areas of
materiel or design deficiency is engine failure in single-engine helicopters.
Unsuccessful real and practice autorotations are also significant accident
types for single-engine helicopters. These accidents would be substantially
reduced by twin-engine design., The TOD Board determined that a 55.9-percent
scout-attack (SCAT)/38.,4-percent utility reduction in projected 20-year acci-
dent costs could be realized by incorporating a twin-engine design with an
OEL. Twin engines without an OEI would result in reductions of 6.4-perceat
SCAT/ 3.9-percent utility (see figure V-1IV-ll).

V-4
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Crashworthiness
(Modified Military Standard
Flight Safety (MIL-STD) 1290)
Twin engines with an OEI flight Crashworthy fuel systems
capability
High mass item retention
v Effective antitorque control
under all mission flight High energy absorption gear (fixed
environments or automatic extension) and
.. fuselage
No tail r-tor or a high degree
of protection for the tail rotor Crew seat and restraint system
Visionics system for reduced Troop seat and restraiant system
visibility

Noninjurious cockpit environment

Wire strike protection system (WSPS)
Emergency locator transmitter

Backup or redundant flight (ELT)
control system

Wheeled landing gear

Rigid or articulated rotor heads
to eliminate mast bumping

Maintenance and flight data recorders

Performance planning computer

Automated systems to reduce pilot UNCLASSIFIED

workload

Figure V-1, (U) Design features critical for reducing accidents.
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(2) (U) Effective antitorque control under all mission flight
envelopes, This feature will eliminate accidents due to loss of tail rotor
authority., Anticipation by the TOD Board that the LHX would be adequately
designed to minimize this problem was a major factor in reduction of the
accident rate of the base data SCAT to the LHX baseline helicopter SCAT from
4,46 to 1.86 (see figure V-1V-1).

(3) (U) No tail rotor or a high degree of protection for the tail
rotor. The benefits of shielding or eliminating the tail rotor were quan-
tified by the TOD Board. Figures V-1IV-ll and V-1V-12 show there is a direct
correlation between the amount of protection provided to the tail rotor and
the reduction of accident costs, The ring fin-type tail rotor with the small
amount of protection showed an accident coust reduction of 16.8-percent
SCAT/6.9-percent utility., The fan in the fin-type tail rotor, which provides
a high degree of protection, showed savings of 25.5-percent SCAT/12.0-percent
utility. The no tail rotor type of antitorque system showed a reduction of
42,6~percent SCAT/2l.l-percent utility,

(4) (U) vVisionics system for reduced visibility. The benefit of
such a system would be in its ability to penetrate clouds, fog, battlefield
obscurants, blowing dust, and snow for a minimum of 200 meters., The TOD Board
noted that such a system decreases the accident rate associated with inad-
vertent instrument meteorological condition (IMC) by approximately 10 percent
(see figure V-I11-2). Care should be exercised to ensure such a visionics
system 1s reliable and adequate attention is paid to the man-machine interface
or the accident rate may actually increase.

(5) WSPS. The TOD Board determined an adequate WSPS would account
for a 16.1-percent SCAT/20.l-percent utility reduction in the accident rate
for the LHX (see figures V-IV-ll and V-1IV-12), The low cost of such a4 system
indicates that the prevention of just one class A LHX accident would pay for
the fleet installation,

(6) (U) Backup or redundant flight control. The TOD Board deter-
mined a potential accident reduction of 6 percent could be realized with
redundant or backup flight controls on the present fleet (see figure V-111-2),
For the LHX, this feature will be extremely critical since fly-by-wire or fly-
by-light systems are being considered. If no backup system is used, the
redundancy must be complete throughout the flight control system. The routing
of control lines must be devised to prevent simultaneous interruption of each
redundant system,

(7) (U) Wheeled landing gear (fixed or automatic gear extension).
Skids tend to get caught in the trees, runways, or obstructions (such as
wires), The TOD Board determined a 3,2-percent reduction in accident rates
could be achlieved 1f such accidents were eliminated (see figure V-111-2),
Wheel-type gear are much less likely to get caught.

(8) (U) Rigid or articulated rotor heads to eliminate mast bumping.
The elimination by design of potential mast bumping caused by pilot input (not
flight control system faflure) would reduce accident rates by approximately
4 percent (see figure V-1II-2),
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(9) (U) Maintenance and flight data recorders, With the projected
increase in complexity of the LHX, it will become increasingly difficult to
establish the cause of the accident, thus preventing corrective actions,
Currently, 11 percent of all accidents are unsolved. A much greater
percentage of LHX accidents may be unsolved without the incorporation of
flight data/maintenance recorders, The TOD Board noted that 20-year savings
of $237 million (FY 82 dollars) could be expected for the AH-64 if such
recorders were installed, The LHX savings would be at least as great. There
would be additional cost savings not included in thr AH-64 figure from reduc-
tions in unnecessary maintenance actions and cost savings from the iden-
tification of maintenance problems that would otherwise escape attention,

(10) (U) Performance planning computer. A performance planning com-
puter will aid in the elimination of accidents caused by the crew placing the
aircraft in situations that require power in excess of system llmits, The
present system for performance planning is cumbersome at best. As greater
perfomnance requirements are established due to the air-to-air combat mission,
the crew will need a more sophisticated method of performance plauning. An
automated system is an excellent method of relieving the crew of an arduous
task.,

(11) (U) Automated systems to reduce pilot workload. Such systems
must be "user friendly" so as not to reduce the number of tasks only to
increase the complexity of those tasks which remain. Graceful degradation of
electronic systems should be used to ensure aircrat® control remains the
highest priority,

(12) (U) Crashworthiness,

(a) (U) Modified MIL-STD-1290 level of crashworthiness. The TOD
Board reported that a relaxation of the level of crashworthiness from a
42-feet-per-second (ft/sec) vertical rate of descent throughout the
20 degrees (©) by 20° pitch and roll (20 x 20 P&R) envelope, as currently
required by MIL-STD-1290, to 42 ft/sec for a 10 x 10 P&R and down to 36 ft/sec
for the remainder of the 20 x 20 P&R envelope had no effect on the projected
accident rates for either version of the LHX. This was a result of the fact
that no class A accidents which occurred during the 5-year baseline used in
th: TOD occurred in the boundary between the 10 x 10 and 20 x 10 P&R
envelopes, Based on this data, it appears that a relaxation to the modified
MIL-STD-1290 level of crashworthiness would have little, if any, effect on
future accident rates,

(b) (U) The TOD Board recommended a TOA methodology which required
the selection of the characteristics for landing gear, airframe, and seats.
This methodulogy was rejected. A system approach to crashworthiness should be
used to attain a modified MIL-STD-1290 level of crashworthiness. This
approach conforms to the performance-oriented nature of the LHX and allots a
degree of flexibility to the developer, 1t permits trade-off between the
crashworthiness of the landing gear, airframe, and seats so as to ensure the
reduction of crash forces which reach the occupants to a level consistent with
the requirements of modified MIL-STD-1290,
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(¢) (U) The LHX baseline aircraft with a UH-60/AH-64 crashworthiness
level performed well when put into the crash conditions of the baseline acci-
dent aircraft, The TOD baseline accident data is derived primarily from
aircraft with performance levels similar to the UH-1/AH-1 (see figure
V-11I-1), Only a few UH-60 accidents were available to include in the acci-
dent baseline. As a rule, the UH-60 crashes are much "harder" (i.,e., greater
impact velocities, etc,) than the UH-1/AH-1 crashes, due primarily to the
grzater performance capabilities (higher autorotative sink rates) of the
Uii-60. It is reasonable to expect that the LHX will crash under conditions
even more extreme than the UH-60 due to the anticipated increase in perfor-
mance. Therefore, in order for the LHX to achieve the same level of effec-
tiveness despite more extreme crash conditions, the level of crashworthiness
must also be increased. An increase to the level of the modified MIL-STD-1290
should compensate for the expected performance increase, Ut is recommended
that the LHX performance capabilities be analyzed in order to establish
expected crash conditions so that the recommended modified MIL-STD-1290 level
of crashworthiness can be empirically validated.

(d) (uU) Crashworthiness design features.

l. (U) Crashworthy fuel system, This feature has been proven effec-
tive in many previous aircraft designs. Any external fuel systems for the LHX
should be designed to MIL-T-27422B. No relaxation of this standard should be
allowed, Any external fuel tanks considered for use on the LHX should also be
adequately crashworthy,

2. (U) High mass item retention., High mass items, particularly
those above the crew or passenger area, should not break loose during any
crash sequence as defined by MIL-STD-1290., The attachment parts of such items
must, therefore, be appropriately strengthened.

3. (U) High energy absorption gear (fixed or automatic extension)
and fuselage, The LHX should, as a goal, meet the level of crashworthiness as
outlined in MIL-STD-1290, It appears, however, that trade-offs to a modified
version of MIL-STD-1290 level of crashworthiness are the most desirable
approach to providing for crew survivability., Fixed or automatic landing gear
extension is a desirable feature to ensure gear extension during a crash
sequence and to preclude the failure of the pilot to extend the gear prior to
landing. Any automatic gear extension feature will require some function time
for the gear to extend; therefore, partially extended or gear-up crashes can
be anticipated. The ultimate level of crashworthiness will be heavily
dependent on the status of the gear on impact. If a design incorporating
retractable gear with automatic extension is selected, the airframe and seats
must be sufficiently crashworthy to prevent fatalities and to minimize
injuries in impacts where the gear is fully or partially retracted. The
airframe should provide energy attenuation in the subfloor, allow retention of
high mass items, and provide a protective shell for the occupant.

4. (U) Crew seat and restraint system, This feature has a tremen-

dous impact on the number and severity of injuries associated with a crash and
should conform to MIL-STD-58095. The technology for the Inflatable Body and
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Head Restraint System (IBAHRS) should be developed so that the system can be
incorporated into the THX,

5, (U) Troop seat and restraint system, Premature failure of troop
seats has been a problem in many utility aircraft, including the UH-60. Troop
seats should be designed to meet MIL-STD-85510, 1If roof-mounted, particular
attention should be given to crash loads on roof structures to prevent
premature collapse.

6. (U) Noninjurious cockpit environment., The cockpit environment
should be designed so that a restrained crewmember will not be subjected to
injury due to a cockpit feature. Control configurations that allow the pilot
to maintain proper posture (back support and arm rest) should be used in order
to reduce the incidence and severity of lower back pain associated with con-
ventional flight coatrol systems. Conventional control systems tend to cause
the pilot to lean forward, thus failing to provide adequate lower back sup-
port, The lilkelihood that the cockpit will be as compact as current designs
increases the need for the TBAHRS in order to minimize the occupant's crash
impact motion envelope,

7. (U) ELT. The weight and cost penalties are small compared to the
added benefit of reducing the time that the survivors have to spend on the
ground beforz r=2scue,

d. (U) There are two issues which have generated a debate in the
development/user community as to thelr effectiveness versus cost, Decisions
on the minimum acceaptable approach to these features/issues can only be made
after a careful risk analysis,

(1) (U) Une versus two crewmembers.

(a) (U) No conclusion has been reached by the TOD Board on this
f3sue due to the limited accident data available. Crew work overload has been
identified as a significant hazard and a 'driver" of pilot error-associated
accidents, The removal of the second crewmember would require the automation
of his workload so as not to overload the remaining crewmember, It may be
feasible to reduce this workload through automated systems such as voice acti-
vated systems, automatic fire control, etc, Crucial to this analysis is
whe ther the current state of technology allows the necessary workload reduc-
tion. Systems which are designed to perform tasks normally associated with
the second crewmember must be designed so as not to overload a single
cre:wsmember even when the system is in a failure mode or operating with
degraded capability., It ls the opinion of the TOA Board that curreat tech-
nology is not sufficiently sophisticated to meet these safety requirements,

In addition, the second crewmember reduces the likelihood of aun accident since
he is able to validate the actions of the pilot., He provides a second set of
eyes to watch for unsafe acts or conditions which might ordinarily be
overlooked by a single crewmember and thus lead to an accident., Unless the
single crewmember concept can be empirically demonstrated, the LHX should be
planned for two crewmembers,

V-9
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(b) (U) It is not necessary for both crewmembers to be rated pilots;
however, redundancy of flight controls would be desirable for training and
survivability considerations, Consideration should be given to training the
nonrated crewmember to make emergency visual flight rule (VFR) approaches and
landings. It is imperative that the second crewmemhber be adequately trained
to perform his duties. Insufficient training of the second crewmember leads
to pllot work overload and accidents,

(2) (U) One versus two engines., The reduction in projected accident
rates and costs associated with two engines with an OEI capability is con-
tained in annex IV, Power-off, autorotative flight performance would become
an important characteristic if a single-engine LHX were selected. This per-
formance characteristic is heavily dependent on the aircraft configuration
but, within certain bounds, is determined by detailed aircraft design require-
ments, The power-off performance for a single-engine LHX must be adequate to
allow autorotative descent and landing to level terrain without damage. The
TOA Board concluded that a single engine LHX is not acceptable due to the
magnitude of the accident rates and costs associated with single-engine
aircraft.

v-7. (U) FINDINGS.

a, (U) The features summarized in figure V-1 should be incorporated into
any LHX design.

b. (U) The minimum acceptable level of crashworthiness is defined by the
modified MIL-STD-1290,

c. (U) The LHX should be planned ior two crewmembers.

d. (U) The LHX should be designed for two engines.

e. (U) It is recommended that the LHX performance capabilities be
analyzed by the developer in order to 2stablish expected crash conuditions,

This would allow the modified MIL-STD-1290 level of crashworthiness to be
empirically validated.
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ANNEX I TO APPENDIX V
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V-1-1., (U) Nepereny, G. J.; Hicks, J. E.; Projected Accident Costs for the
LHX Aircraft, US Army Safety Center Technical Report 83-8, September 1984,

V-1-2, (U) Shanahan, D, F., Back Pain in Helicopter Flight Operations,
Advisory Group for Aerospace Research and Development Lecture Series No. 134,

April 1984,

v-1-3, (U) LHX Trade-Off Determination, Annex J (Safety), October 1983,

V-1-4. (U) LHX Trade-Off Determination, Section CC (Crashworthiness),
October 1983,
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ANNEX I1 TO APPENDIX V

CANDIDATE AIRCRAFT DESCRIPTIONS (U)
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ANNEX II TO APPENDIX V

CANDIDATE AIRCRAFT DESCRIPTIONS (U)

(U) Descriptions of the pertinent design features of each candidate aircraft
were assembled from technical data received from the Light Helicopter Family
(LHX) Trade-Off Determination Board. A summary of the descriptive data is
contained below and in figure V-1I-1,

a., (U) Scout-Attack (SCAT) Candidates,

(1) (U) AOH-58D. The AOH-58D is a modified Army/Bell OH-58D heli-
copter. The following modifications and features will be incorporated:

(a) (U) A four-bladed rigid rotor system,
(b) (U) A 250-C30R engine.

(¢) (U) Communication equipment: nap-of-the-earth (NOE), ultra high
frequency (UHF), very high frequency (VHF), Single-Channel Ground and Airborne
Radio System (SINCGARS).

(d) (uU) Navigation equipment: Global Position System (GPS),
Doppler, Attitude and Heading Reference System (AHARS).

(e) (U) vVisionics: Pilot's Night Vision System (PNVS), radar-
millimeter (mm), forward-looking infrared (FLIR), television (TV).

(f) (U) Crashworthiness of the OH-58D.

(2) (U) AH-1X. The AH-1X is a modified Army/Bell AH-1S helicopter.
The following modifications and features will be incorporated:

(a) <{U) A four-bladed rigid rotor system (412).
(b) (U) A single T700-GE-701 engine,

(¢c) (U) Remove the telescope sight unit (TSU) and replace with a
cathode ray tube (CRT).

(d) (U) Suction feed from tank to engine,

(e) (U) Communication equipment: NOE, UHF, VHF, SIMCGARS,
(f) (U) Navigation equipment: GPS, Doppler, AHARS,

(g) (u) visionics: PNVS, radar-mm, FLIR, TV,

(h) (U) Crashworthiness of the AH-1S,

V-11-3
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A wire strike protection system (VISPS).

AH-64X., The AH-64X 18 a modiffed Army/Hughes AH-64 heli-

copter. The following modifications and features will be incorporated:

(1) (v)
(3) (v)
(a) (W)
(v) (v)
(c) (v)
(a) (v)
(e) (v)
(£) (v)
(g) (v)
(4) (u)
Corporation A-129
incorporated:
(a) (v)
(v) (V)
(e) (u;
(d) (uv)
(e) (V)
(£) (0
(5) (u)
following assumed
(a) (v)
(v) (V)
(c) (V)
() (u)
(e) (W)
(£) (v)
(g) (u)

---------

Twin T700-GE-701 engines,

Remove the optical relay tube (ORT) and replace with a CRT,
Communication equipment: NOE, UHF, VHF, SINCGARS.
Navigation equipment: GPS, Doppler, AHARS,
Visionics: PNVS, radar-mm, FLIR, TV,
Crashworthiness of the AH-64,

A VWSPS.

A-129X, The A-129X is a modified Agusta Aviation
helicopter, The following modifications will be
Twin TM 333B engines,

Communication equipment: NOE, UHF, VHF, SINCGARS.
Navigation equipment: GPS, Doppler, AHARS,
Visionics: PNVS, radar-mm, FLIR, TV.
Crashworthiness of the A-129,

A WSPS.

LHX-SCAT. This is a new development program with the
features:

Twin ATE engines,

Crashworthiness levels of the AH-64/UH-60A,
Two pilots,

Retractable wheeled gear,

A WSPS,

Communication equipment: NOE, UHF, VHF, SINCGARS.

Navigation equipment: GPS, Doppler, AHARS.
V-1I-4
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(h) (u) visionics: PNVS, radar-mm, FLIR, TV,
(1) (U) A fly-by-wire or fly-by-light flight control system.
(jJ) (U) Conformally mounted stores.

b. (U) Utility Candidates.,

(1) (U) UH-60X. The UH-60X is a modified Army/Sikorsky UH-60A heli-
copter, The following modifications and features will be incorporated:

(a) (U) Crashworthiness of the UH-60A.

(v) (U) A wsPs.

(c) (U) Communication equipment: NOE, UHF, VHF, SINCGARS.
(d) (U) Navigation equipment: GPS, Doppler, AHARS,

(e) (U) visionics: PNVS, radar-mm,

(2) (U) UH-1X. The UH-1X is a modified Army/Bell UH-1H helicopter,
The following modifications and features will be incorporated:

(a) (U) A four-bladed rigid rotor system (412),

(b)Y (U) A single T700-GE-701 engine,

(c) (U) Crashworthiness of the UH-1H.

(d) (U) Suction feed from tank to engine,

(e) (U) Communication equipment: NOE, UHF, VHF, SINCGARS,
(f) (U) Navigation equipment: GPS, Doppler, AHARS,

(g) (U) visionics: PNVS, radar-mm,

(h) (U) A wsPs.

(3) (U) UH-76. The UH-76 is a modified Sikorsky S-76 helicopter,
The following modifications and features will be incorporated:

(a) (U) An ACAP fuselage,
(b) (U) Twin GEM2-3 engines,
(c) (U) ACAP crashworthiness,

(d) (U) A crashworthy fuel system,

V-1I-5
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(e) (U) Communication equipment: NOE, UHF, VHF, SINCGARS,
(f) (U) Navigation equipment: GPS, Doppler, AHARS,

(g) (U) visionics: PNVS, radar-mm,

(h) (U) A wsPs.

(4) (U) LHX-Utility, The LHX-Utility is a new development program
with these assumed features:

(a) (U) Twin ATE engines.

(b) (U) Crashworthiness levels of "AH-64/UH-60A."

(c) (U) Two pilots,

(d) (U) Retractable wheeled gear.

(e) (U) A wsPs.

(f) (U) Communication equipment: NOE, UHF, VHF, SINCGARS.
(g) (U) Navigation equipment: GPS, Doppler, AHARS,

(h) (u) visionics: PNVS, radar-mm.

(1) (U) A fly-by-wire or fly-by-light flight control systenm,

(§) (U) Six-passenger capacity.

V-1I-6
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SCAl urLity
DESIGN FEATURE AQH-58D AH-1X AH-64X AH-129 LHX UH-601X UH-1X UH-2¢ LHx
a. Lending gear
(1) Type Skid Skid Yhael Whesl Yheel Whesl Skid Wheel Wheel
(Retractable) (Retractsdise)
(2) lupsct Cep-
sutlity (fps) 12 8-10 28 15 20 30 8-10 30 20
(3) Longitudinal CAR ¢ HIL-S- i59n 109 t10% +100 MiL-S- sloop +1098
and letersl 8598 12090 100 | £159 to s100P 5698 * 39 to +15 to
strength -59% -50p ~so p
b, Fuselsge No Na Yeos 90th & You Yos No Yeos Yos
(1) Muintain Crash
livebls voluame
in 95th percent-
ile crash
tuading
(2) Mithetand No Ne You Yoo Yeou Yee No You You
fuselays
plowing
{(3) withetend 15 No No Yoo Wth Yoo Yeou No Yer Yoo

fpe longltudinal
wull sepact w/o

pilot injury UNCLASS'F'ED

{§) Trensmivsion 136, 166G, +206, 166, $206G, 2206, 166, 1206, - 2206,
tie-down 6G, a6, +20G, 136, 1186, 166, 8c, +106, ¢106,
otrength 136, 166G, +206,-10G, 14G,-0G, +20/-106,; +20/-10G;, 16C, +20/-106;, +20/-10G,
(3) Engine tie- 166, 156,  ¢£166, 166, +206, 2206, 166, £206, £206G,
down strength "%, 36y t136G, 156, ¢18G, 106, G, 2106, t186,

166G, 156G, o196,-106; 146G, -06, +20/-10G, +20/-10G, 146G, *20/-106; +20/-10G,
(6) Ffuselage No Na (11 L1 (11 [ 1] Neo (1] 46

rouf strength
tor rollover

(1) Tetlboowm ] ] 20 13 20 0 [ ] 20 20
deeign aink

spoed (fps) |

{0) wsks Yoo Yee Yeu Yoo Yas Yoo Yoo Yoo Yoo
{9) Withatand No No Yeu Yoo You Yoo No You Yeou

100 fpu, 5 deg
impact with
tarraln 5

¢. Fual Systea

(i) Crewhworlhy Yeou You Yeu Yeou You You You Yoa You
asin fuel

systue

{(2) Rotiover Yoo Yos Yes Yoo Yo Yoo Yeos Yoo Yes

vent valves or
syuivelent

(3) Crashworthy No No No No Yeos Yos Yes Yes Yes
sunilisty fuel
oyotom

Figure V-II-1, (U) Comparison of pertirent design features of candidate
aircraft (continued on next page).
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d. Sesting

Crashworthy crew Ne
seats

- Botore

a. Main

(1) Feanglble

tipe te reduce Yoo
loud on

transajeslion

(2) Low creck Yoo
ptopagation rete

(3) Moderste Yoo
fcing
protection

(4) -0.5C Yoo
cepabllity

(5) 4500 feligus VYee
deaign life

b. Tsil Reter

(1) Sieplified No
flex beasa

(2) Protected No
from ground
strike

(3) Protected No
fl‘?l tree
strike

(4) Tolerent te No
gtournd etrike

(5) 4500 hour Yoo
fatigue 1ife

Hydraulic
Flight
Controle

‘s, Dusl mechshicel - No

non-rotating

- f1ight controls

b. Redundent N/A
fly-by-wire

f1ight conttals

4-blade

AOH-300 AH-IX _ AH-¢AX  AW-139 LMK

Ne Yoo Yes You
8" atroke
A-blade 4-blade A-blade 9-blede
(4)2)
Yoo Yes Yoo Yoo
You Yes Yoo Yoo
You Yoo You Yoo
Yeou Yes Yes Yoo
Yoo Yeou You Yoo
Ho Yoo Ne Yoo
No Yoo Yeos You
No No Ne Ne
Ne Yoo Yeos o
No You Yoo Yes
No Yoo Yos N/A
(beck wp (detk up
fly by wire) fly by wire)

N/A N/A N/A Yoo
Yoo Yeo Yoo Yoo

c. Dual hydrou- No
lic systems

Figure V-11-1,

(U) (continued)
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THTT] T UN-¢ Y]
You Ne Yeos Yeou
4-blade A-blade 4-blade 5-blade
(412)
Yoo Yes VYoo Yoo
Yoo Yeou Yoo Yeos
Yes Yoo You Yeou
Yos Yeos Yas Yos
You Yeu Yes Yeou
Yoo Ne Yoo Yeou
Yeu Ne Yas Yes
No Ko No No
Yeo No Yes No
Yoo No Yos Yes
v
No No No N/A
N/A N/ A N/A Yes
Yoo You Yeos Yeao
ML) % & o, ) - - » »
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AOH-58D  AH-1X___AN-¢4X AN-129 LNx UH-60X un-1y UN-76 L

A, Orivelraln
, a. [ransmieslion Yes Yeos Yeor Yeou Yoo Yeo Yeos Yoo Yoo

and gesrbox 30

ain, dry run

capsbility

b, Low crack Yoo Yos Yeo Yes You Yo Yoo Yoo Yes

propagestion

rate .

c. i-ln englne No No Yoo Yos Yeos Yeou No Yeos You

powared

5. Fuul Systea UNC .

s Suction feed No Yeos Yoo Yeos Yeos Yos Yes Yes ° Yes

from tenk te :

engine

b. Englne fire No No Yoo . V;n Yoo No .No Yeos Yoo

extinguishing '

Figure V-1I-1, (U) (concluded)
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ANNEX ILII TO APPENDIX V

TRADE-OFF DETERMINATION (TOD) LIGHT HELICOPTER FAMILY (LHX) DATA (U)
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ANNEX III TO APPENDIX V

‘TRADE-OFF DETERMINATION (TOD) LIGHT HELICOPTER FAMILY (LHX) DATA (U)
Scout-Attack Utilit!

Afircraft
Accidents

Flight hours
Accident rate
Crewmembers aboard

Crewmembers injured,
nonfatal

Crewmember fatalities

AH-1G/S, OH-58A/C, UH-1M

90
2,017,434
4.46

165

84 (51%)

40 (24%)

UNCLASSIFIED

UH-1H/V, UH-60A
96
3,818,220
2.51

353

182 (52%)

79 (22%)

Figure V-1II-1., (U)

TOD LHX study baseline, calendar years 78-82,
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Human
Materiel- Performance-
Number of Related Related
Accidents Accidents Accidents
(percent (percent (percent
Category of total) of total) of total)
1. Malfunctions or inadequacies
of tail rotors 39 (21) 20 (10.8) 19 (10,2)
2. Engine failures 26 (14) 13 (7.0) 13 (7.0)
3. Inadvertent instrument
meteorological condition 18 (9.7) 18 (9.7)
4., Wire strikes 15 (8.1) 15 (8.1)
5. Inadequate performance
planning 12 (6.4) 12 (6.4)
6. Main rotor blade strikes 12 (6.4) 12 (6.4)
7. Inadequately performed
practice autorotations 12 (6.4) 12 (6.4)
8. Violation of flight
discipline 12 (6.4) 12 (6.4)
9., Flight control malfunctions 11 (5.9) 1L (5.9)
10. Dynamic rollover 10 (5.4) 10 (5.4)
11. Malfunctions or inadequacies
of night vision goggles 7 (3.8) 2 (1) 5 (2.8)
12. Inadequacies of skid gear 6 (3.2) 6 (3.2)
13. Mast bumping 4 (2.2) 4 (2.2)

14 Unknown 2 (1.1)

Total 186 (100%) 46 (24,7%) 138 (74.2%)

UNCLASSIFIED

Figure V-II1I-2, (U) TOD baseline accident categories.
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ANNEX IV TO APPENDIX V

PROJECTED ACCIDENT RATES AND COSTS (U)
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ANNEX V TO APPENDIX V

CANDIDATE AIRCRAFT FLEET SIZES AND COSTS (U)

Alrcraft
Replacement Cost
Alrcraft " Quantity (millions of dollars)*

Light Helicopter Family (LHX)

Scout-Attack (SCAT) 1,898 7 4%
Advancing blade concept

(ABC) SCAT 1,898 7.9%*
Tilt-SCAT 1,898 8.1
AOH=-58D 1,898 5.4
AH=-1X 1,898 6.7
AH=-64X 1,898 8.8
A-129X 1,898 7.3
LHX=-Utility 1,213 6,3%%
ABC-Utility 1,213 6,8%%
Tilt-Utility 1,213 7.0
UH="X 1,213 5.5
UH-60X 1,213 7.5
UH=76X 1,213 6.3
*Cost data provided by US Army Aviation Research and Development Command.
**Single- and dual-engine LHX version costs are essentially the same,
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Figure V-V-1. (U) Candidate aircraft fleet sizes and costs
(fiscal year 84 dollars).
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COST ANALYSIS (U)
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APPENDIX W

COST ANALYSIS (U)

W-1. (U) PURPOSE. The purpose of this appendix is to document the cost data
provided to the Trade-off Analysis (TOA) substudy elements., It also serves to
document the Trade-off Determination (TOD) Light Helicopter Family (LHX) life
cycle cost estimates (LCCE), post-TOD cost excursions, and LHX TOA force
costing efforts, The appendix also presents the findings and emerging results

of the TOA cost analysis,

W-2. (U) BACKGROUND. The TOD cost report was received at the US Army
Aviation Center (USAAVNC) in January 1984 and provided LCCE for the pure heli-
copter and tilt rotor. 1In late January 1984, the report was expanded to
include LCCE for the compound helicopter, advancing blade concept (ABC), and
ABC compound versions, During the March to May 1984 time frame, various cost
excursions were produced by the LHX Program Manager's (PM) Office, i.e.,
lightweight designs, speed variations, etc, The cost impacts of introducing
the LHX into the force structure were analyzed during the June-December 1984
time frame, Finally, findings and emerging results of the TOA cost analysis
were produced using life cycle and force cost data,

W-3, (U) ASSUMPTIONS. The cost assumptions applicable to LCCE and force
cost estimates are enumerated in each specific section,

W-4, (U) METHOD,.

a, (U) The TOA cost analysis is divided into three primary analytical
areas: (1) TOD cost summary, {2) post-TOD cost excursions, and (3) force cost
analysis, The cost analysis examined all costs that could be isolated and
estimated for each LHX design trade-off configuration. Generally, the total
system cost and standard requirements code (SRC) cost associated with the
operation of the LHX aircraft were the primary cost indicators produced by the
cost analysis, The cost analysis used the total system cost and SRC cost to
compare and evaluate each of the LHX design trade-offs., Input data for the
cost analysis was provided from two primary sources: (1) the TOD life cycle
costs (LCC) and post-TOD cost excursions produced by the LHX PM's Office,
Aviation Systems Command (AVSCOM), and (2) the LHX force costs produced using
the TOA force cost information system (FNIS). The LCCEs were produced in
FY 84 constant dollars, Force costs results were inflated to FY 84 dollars
using information guidance provided by Department of the Army, 19 April 1984,
Elements of the LCC and force cost were estimated by one or several of the
following means:

(1) (U) Application of AVSCOM cost estimating relationships (CER)
which by statistical analysis of historical data define cost as a function of
a characteristic of an aircraft system (e.g., weight, speed, etc.).

w-3
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(2) (U) Use of engineering estimates generated by subject matter
experts (SME) assigned to the TOD.

(3) (U) Use of estimates developed for similar aircraft programs,

(4) (U) Use of the TOA FCIS to compute unit cost of the SRCs
affected by introduction of the LHX into the Army inventory,

(5) (U) Use of the Army Force Planning Cost Handbook (AFPCH) for
derivation of FCIS cost factors,

b. (U) Likewise, during the cost analysis process, incremental design
costs were provided to the various substudy elements for the purpose of
sharing the relationship that exists between cost and effectiveness for each
design associated with a particular trade-off parameter. Therefore,
cost/effectiveness data assocfated with particular trade-offs will appear
throughout each substudy appendix,.

W-5. (U) ANALYSIS.

a, (U) LHX TOD. The information contained within this section was
obtained or derived from the cost section of the LHX TOD. Costs are presented
for the three life cycle cost areas: (1) research and development (R&D), (2)
investment, and (3) operating and support (0&S). R&D costs, in general, are
costs resulting from applied research, engineering design, analysis, develop-
ment, test, evaluation, and managing development efforts related to the LHX
system. Investment costs are the costs resulting from the production and
introduction of the LHX system into the Army's operational inventory. O04&S
costs are those costs resulting from the operation, maintenance, and support
(including personnel support) of the system after it is accented into the Army
inventory. All costs presented here and throughout the repori are shown in
cons tant FY 84 dollars,

(1) (U) R&D estimates, Costs presented for R&D are shown in accor-
dance with the work breakdown structure specified for the LHX TOD. A detailed
discussion of the methodology used to derive LHX R&D costs will not be pre-
sented here, but such a discussion is contained within the TOD. Figure W-1
shows the full-scale engineering development R&D estimate for each of the five
alternative aircraft, The cost data is shown in the form of range, rather
than point data, and the ranges shown do not vary significantly between the
various alternatives,

W=4
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Work Breakdown Heli- Compound ABC Tilt
Structure copter Helicopter ABC Compound Rotor
Airframe 1058 .4~ 1062.5- 1067 .8~ 1085 .9~ 1082,.6-
1478.1 1482,2 1487.5 1505.6 1502.3
Engine (less CIP) 369 .8~ 379.8- 379 .8~ 404 .8~ 379.8-
379.8 404 .8 404 .8 437.7 404 .8
Mission Equipment 206 .5- 206.5- 206,.5~ 206.5- 206 .5~ *
Package (MEP)
Weapons 120.1- 120.1- 120,1- 120,1- 120.1-
513.1 513.1 513.1 513.1 513.1
Integrated LogisticsL 195.8- 196 ,0- 195,.8~ 195.8- 195.8-
Support (ILS) 380.0 380.0 380.0 380.0 380.0
FSIM 63.1" 63.1" 63.1- 63.1- 63.1-
96.7 96.7 96.7 96.7 96.7
Other (in-house) ** 93.4 93.4 93.4 93.4 93.4
Total 2100 .4~ 2121.4- 2126,.5- 2169 .6~ 2141.3-
3147.8 3176.7 3182.0 3233.0 3196.8

UNCLASSIFIED

*Requirements were undetermined at time of publication,
**In-house for airframe and engine; weapons and FSIM in-house costs are
included in the WBS element,

Figure W-1,

W=5
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(U) Full-scale development (FSD) cost, baseline configurations
(FY 84 dollars, millioms).



UNCLASSIFIED

(2) (U) 1Investment estimutes. DA Pamphlet 11-3, Investment Cost
Guide for Army Materiel Systems, was used as a basis for cost definitions con-
tained in the investment section, The cost elements and assocliated methodolo-
gles for costing of each element are shown in figure W-2. These methodologies
include the use of CERs, ana.ogies to other Army aircraft, engineering
Jjudgment, historical data, and expert opinion, Cost comparisons of the five
alternatives for both the two-man baseline and one-man variation are shown in
figures W-3 and W-4, Figure W-3 compares scout/attack (SCAT) average flyaway
costs for the first 1,000 production units, and figure W-4 provides the same
information for the Utility version., Until total aircraft requirements are
established for the LHX, comparisons of the first 1,000 productior. units are
used, A comparison of the two-man baseline alternatives on figures W-3 and
W-4 reveals that although cost variations occur primarily in airframe and
engine areas, the MEP is the most costly of all subsystems, The MEP cost is
approximately 50 percent of the total flyaway cost for the two-man helicopter
(see figure W-5). The least costly two-man alternative is the conventional
helicopter ($7.1 million flyaway), and the most expensive is the compound ABC
helicopter ($8.0 million flyaway). The one-man variation is typically $200
thousand less costly from an investment standpoint, Figure W-6 shows a cost
breakout of the full baseline MEP suite. The major cost driver within the MEP
is the millimeter wave (MMW) radar costing more than $700 thousand per unit,
This is followed by communications/navigation and target acquisition equip-
ment, Several high-risk technology areas are contained within the MEP and
costs for these items could vary considerably from the costs shown. Costs for
selected derivative aircraft systems which could emanate from currently
deployed aircraft systems are compared with baseline designs in figure W-7, A
derivative aircraft, as defined in the TOD, is a notional aircraft having
technically, to the greatest extent possible, "LHX capability."” The analysis
did not explore the feasibility of the concept or the assumed technical capa-
bility of the derivatives, but costed each derivative as equipped with LHX
MEP, engines, weapons, and comparable airframe major dynamic components,

W=-6
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Element

1. Nonrecurring (2,01)P

b.

Ce

d.

Alrframe

Engine

MEP

Weapons

2. Production (2,02)

b,

Ce

d.

Air vehicle

Engine

MEP

Weapons

Methodology (Flyaway elements)®

CER calibrated to Black Hawk experience used to
develop costs for one production line. Costs
for second line assumed 60 percent of the first-
line costs., Test equipment and related software
costs were developed by analogy to Apache Lots 1
and 2 contracts, Preplanned product improvement
(P3I) costs based upon engineering judgment,

CER calibrated to T-700 experience.

Alr Force historical data and engineering
judgment,

Analogy with other aircraft systems currently
in production plus engineering judgment,

Analogy to Black Hawk on cost-per-pound basis
for Black Hawk Lots 3, 4, and 5 (271 units),
Learning curve of 90 percent applied to first
1,000 units; flat curve thereafter, Technology
factors and complexity factors then applied.

Analogy to T-700 experience using CER with
learning curve of 93,3 percent applied to first
1,000 units; flat curve thereafter,

Expert opinion, engineering estimates, contrac-
tor estimates, consultant estimates with
learning curves applied.

Analogy with advanced attack helicopter (AAH)
equivalent systems and engineering judgment.

a, See footnote a, figure W-3, for definition of flyaway costs,
b. Numbers in parentheses indicate cost element number specified in
DA P‘m 11'4.
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Figure W-2,

(U) Methodology for development of LHX investment costs.

(continued on next page)
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3.

4,

6.

8.

Element

e, Missile and
ammuni tion
costs

Engineering changes
(2.03)

System project

management (2.06)

System test and
evaluation (2.04)

Data (2.05)

Training (2.08)

Peculiar support
equipment (PSE)
(2.11)

Methodology (Flyaway elements)2

Analogy with AAH equivalent systems for
helicopter-launched fire and forget (HELLFIRE)
missile system and 30 millimeter (mm) ammunition
and data from Stinger PM at Missile Command
(MICOM) for Stinger cost.

Five percent of airframe, engine, mission equip-
ment, and weapons total production costs, This
was derived by analogy to Apache program,

Core system project management estimated using
5.5 percent of recurring airframe, engine, MEP,
and weapons costs, Logistics Support Analysis
(LSA) developed in analogy to LSA costs pro-
jected by Hughes Helicopter First Year Logistics
Support Plan for Apache and Martin Marietta Lot
1 and 2 Production Contracts for the target
acquisition and designation system (TADS)/
pilot's night vision system (PNVS). Site acti-
vation support costs from Black Hawk PM Office,

Estimate of 1.5 percent of airframe, engine,
MEP, and weapons total production costs, ILS
estimate assumed 20 percent of total costs of
this element, These estimates based on analogy
to Apache program.

Nonflyaway elements

Estimated at 2.5 percent of total airframe,
engine, MEP, and weapons production costs, 1ILS
estimates assumed 20 percent of total costs of
this element., These estimates based on analogy
to Apache program.

Data provided by LHX TOD training element with
input from PM Training Devices (TRADE) and
USAAVNC,

PSE list compiled from Apache and Black Hawk PSE
requirements,

UNCLASSIFIED

Figure W-2. (U) (continued)

--------------
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Element

9., Initial spares and
repair costs
(2.09)

10. In-house (2,.12)

11. Other (2.13)

Methodology (Flyaway elements)®

Estimated as a percent of total production costs
and calculated as follows: engine - 18.5 per-
cent, avionics - 12,75 percent, alrcraft surviv-
ability equipment (ASE) -~ 7,5 percent, weapons -
10 percent, and PSE - 10 percent,

Analogy to AAH and TADS/PNVS PMOS and data
supplied by MICOM,

Includes all LHX costs associated with Post
Development Sof tware Support (PDSS), special
mission kits, cargo utility hooks, etc. These
costs estimated at 5 percent of total production
costs,
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Figure W-2. (U) (concluded)
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