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This report documents the design and operational requirements and other factors that
have a restraining influence on-expansion of the helicopter market. The needs of operators,

_ users, pllOtS and the- commumty at large are:examined. The impact of future technology de-

velopments and other t trends such as land usg, energy shortages and civil and military hehcop-

ter requn'ements and: development trends are discussed.. Areas where research and development

are needed to provide opportunities for lowermg life cycle costs and removing barriers to

' further- expansmn of the. mdustry are- analyzed
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tempt to; 1dent1fy those technology areas that need research and development to accelerate -
acceptance of hehcopters by operators, users, pﬂOtS passengers and the community at large.
The most important issues to these groups are identified and a level of need is established for
several operat10nal categones based on opm1on‘swurveys and known restraints in the fast de-
'.'j"‘ For example civil helicopter sales increased by 18% in

1976. leferences betwee ?rmhtary and.civil requirements were examined to determine where
emphasm should be placed 'The restraints of future developments in technology, land use,

fuel shortages rmpendmg FAA regulations, the 1mpact of Operational safety in future and

commermal use of hehcopters are discussed. ~

In, general research and development areas that offer opportumtzes,for hlgh payoff inthe .
civil hehcopter fieldare: =~ ° . e e .

Sa‘féty"'ir"‘riproverﬁ’e‘nts*'t"o‘“redu‘c‘e"accident'"rat‘es“to 1/3 of the current rates and reduce
fatalities and injuries with crashworthy features.

Cost reductions in acquisiu'on cost.fs, direct operating costs and fixed costs.

Performance 1mprovements to-increase- payload to-empty weight ratio, increase speed
and range for spec1f1c operations.

Reduce noise ‘both ';e'Xternally and in'ternally for commnnity and user acceptance.
Reduceyibration ~throughout;«t~he a:ir»craft in all six degrees. of freedom.

Develop IFR regulatlons for hehcopter operations and lightweight low cost avionics-
commensurate w1th these regulatlons

Lo Meetmg the cnauenge ot»the rapldly developmg cml hehcopter marketsm the: next "decade ”
will require a dedicated and coordmated effort between operators, users, manufacturers,
regulatory agencies and support organ1zat10ns Benef1ts to the military will result from nearly
all of the R&D: needed for c1v11 hehcopters

45-




Page
Intentionally
Left Blank



TABL%; 53}’ ﬁ‘i‘x{i‘%"*“ '

PR -»——vam,»ukl‘l

R Podebuatc i

et e e e o A A

Page.
ABSTRACT . o o oo
FOREWO'RD............._....'........‘.>..iv
SUMMARY.l.».....'.......‘.............v
LIST OF ILLUSTRATIONS . . . . . . . . . . .. .. ...... vi
LISTOFTABLES . . . . .« . vt v v il i
10 INTRODUCTION . . . . . . . . . ... ... ... 1

2.0 DESIGN AND OPERATIONAI: REQUIREMENTS ... .... 3
2.1 Problem Definition . . . 3

2.2 Operator and User Acceptance e T
2.3 Pilot Acceptance . . . . . . . . . . . . . ... .. 1D i
2.4  Passenger/User Acceptance . . . . . . . . , . . . . . . 117 Y

2.5 Community Acceptance. . . . . . . . . . . ... ... 16

3.0 iMPACT OF FUTURE OPERATIONS AND CONSTRAINTS . ... . | 18

3.1 Effectof FuelCrisis . . . . . . . ... . . . . . . .. 18
3.2 Effect of Noise Restriction . . . . . . . . . . . . . . . 18
3.3 Heliport Development/Land Use . . . . . . . . . . . . 18

3.4  Impact of Military Development . . . . R ¢ T
3.5 Requirements for Human Reliability Demonstratlon N 53 |
‘3.6, Foreign Developments . . ] |

3.7 Durability, Defect Tolerance and Fa11 Safety e e e e e .. 22
3.8 Commercial Air Travel . . . . . . . . . . . . . . . . 322

40 MAJOR DIFFERENCES BETWEEN MILITARY AND CIVIL :
-DESIGN AND TECHNOLOGY REQUIREMENTS . . . . . . . . 24

50  CIVIL HELICOPTER RESEARCH AREAS FOR HIGHEST R
PAYOFFOREMPHASIS . . . . . . . . . ......... [3 ZZ

6.0 CONCLUDINGREMARKS . . . .- . . .......... '3 37
70 REFERENCES . . . . . . . . . ... .......... 38 F%"

APPENDIXA . . . . . . . . v v i e e e A

vii



,,,,,,

L LISTOF ILLUSTRATIONS

Operator acceptance
Causes of unscheduled maintenance
Mean percentage of scheduled maintenance by aircraft system

Cdmparison of failure rate and maintenance manhour by
subsystem with and without vibration absorbers .

Pilot acceptance .
Civil helicopter safety data 1975, 293 accidents .

Breakdown of the causes of accidents attributable to crew
error for fixed-wing airliners

" Percent of pilot error accidents by causal factor

Passenger acceptance

Community acceptance

Improved engine performance

Noise level/gross weight .

External noise spectrum — BO-105 helicopter in forward flight .

E)

Technology — market primary reiationships

Technology — market level of need matrix .

viil

10
12 -

13

1z
14 -~
15 .
17

19



Table

|- EISTOr-TABLEE T 9

i

Ranking of technological improvements which could most
aid operations .

Impact of subsystem unreliability on unscheduled maintenance
and repair parts cost

Military/civilian unique rotorcraft requirements .

Civil helicopter key technology areas/improvements



— g e . .

Deﬁmng requu'ements for c1v1l hehcopters is. a very;eluswe task There are 7, 160 heh~
| copters and 2 547 operatom mr the; Umted States at the pnesent t1me most of Wthh operate

~ agncu}ture cannot Ea‘l‘ce advantage of hlgh speeds but maximum hover payload and maneu-
\\ o vegablhty is.critical. tothe: operauon.wF or this studymthe various-types.of operation- are--

B eategonzed such: that»»smular eperatmns are- grouped and therefore requxrements are -
: ”grouped [P 4 - . e V; :»? N — Aot A B i 0 i

- Ind the past; most. hehcopters have: been developed.to-meet military requirements which are
N generally more stringent: ‘than FAA requirements. Civil hehcopters were therefore adaptations
+  of military vehicles, and i in some cases have carried penalties of weight, perforrnarice and mis-
- . match of cabin size to power capab1hty New civil uses are now creating demands that were
" never envisioned: by m1l1tary needs. The goals for reliability, maintainability and safety now
emerging in ‘mhilitary helicopters.are still ot good encugh for civil-use helicopters in competi-
tion with fixed-wing-airplanes and land ftransportation modes.

‘ : afford to buya new unproven helicopter and introduce itintoa
high- ut111zat10n operat1on where a few minutes of time lost on each cycle can ehmmate profits.
For example, spraying msect1c1de over-20 acres with-a Bell 47 takes approximately 8 minutes
for an overall rate of 150 acres per flight hour. Any malfunctions or incompatibilities in the
hehcopter spraying equlpment or ground handhng can seriously reduce effectiveness. The
operator gets paid for the nurnber of acres that are sprayed and high utilization is critical to
profits. '

.+ Inview of:the largenumberiof opinionsand'varied-experience among operators, it isdifficult
to defme hard and fast rules. Therefore the design and operational requirements listed in this
report must be conszdered general in the1r applicability . for specific operations but nevertheless:
will reflect a concensus: derlved from- operator surveys and literature research.

I : A v11‘ hehcept”e "des ign.a dioperauonal reqmrements m thls re-
port is as ollows Reference 1 presents an approach for establishing priorities for research
prograihs that includes most of the factors and-assumptionsthat must be considered-for de--
ciding when individual proposed programs will have a payoff. A relative value for proposed
programs results from weighting and subjecti\}e analysis. In this report, the objective trees
were used as a starting point but expanded down to the detail design requirement level. Ad-
mittedly, the approach used.in this report is highly: subJecuve and weighted by the author’s

-interpretation-of-extensive review-of the operator surveys, literature research and personal

e Tl e 2l




- rmterwews vylth op rators

msurance underwnte

rehab111ty and malntain
demgners

g., -

operatlons Requlrements having a major 1mpact are discussed in detall to descrlbe a program ,
for meetmg the requrrement ~Minor 1tems are- hsted for cons1derat10n only )

Thls study then hsts areas of des1gn requlrements and I'specification that.canbe changed'and
thereby present opportunities-for reduced d1rect operating costs, fixed costs and increased )
acceptance by operators, users, ‘pilots, passengers and the community. It is emphasized that
the detail life-cycle cost aspects of civil hehcopter operations are covered in another study
report, Reference 5..
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REQUIREMENTS]

2.1 Problem Definition
Civil helicopter growth is restrained by the following:

—  Acquisition and operational costs
—  User and operator acceptance

—  Pilot acceptance

—  Safety and mission reliability

—  Passenger accéptance |

—  Community acceptance,

The overall objective is to increase civil helicopter uses and expand the market. In order
to accomplish this objective it will be necessary to increase the acceptance and utility of heli-
copters in civil applications. This can be accomplished by mcreased acceptarice by users,
operators, pilots, passengers and the commumty :

Operator and pilot surveys, conducted under the direction of Dr. Ira Jacobson of the
School of Engineering and Apphed Science at the University of Virginia (see Reference 1),
provide insight to solving the above stated problems and meeting the objectives. Table lisa .
ranking of the opinions of the respondents to the operator and pilot surveys of technological
improvements which could most aid operations. This ranking provides a good illustration of
the general agreement between the opinions of pilots and operators. In Reference 2, the
predominance of pilot involvement as a cause of accidents was clearly evident from the sta-
tistics, It was brought out that many of these pilot error accidents may have contributory
factors of poor design execution for the operations being performed and poor operational
planning and management. Therefore, it can be concluded that changes in requirements that
have a favorable impact on reducing pilot error type of accidents will have a high payoff in
increased acceptance and reduced opera_ting costs.

“The top four (4 4) factors m’Ta:b]el wereall weighted approximately equa] by both pﬂots and-
operators. Similarly, the lower six ‘factors were also weighted close to each ‘other but were
approximately one-half as important as the top four. It is clear then that higher payoff will
result from 1ntroduc1ng changes to 1mprove

Y

—  Direct operating cost and initial cost’;s

- Airdraft performance and safety.

The factors of improved IFR capability, pilot aids and displays and cockpit environment.
all effect safety by reducing pilot workload and fatlgue ina demandmg man-machine inter-
face environment.
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2 ZNOperator and User Acceptance e

— . R e e

,f 2.2.1 Operator Costs Operator acceptance is hlghly influenced by-direct operatmg costs
3 (DOC's), initial costs and fixed costs. These costs in turn are reduced by increasing TBO's or

going “on condition” for power-plant and dynamic systems, reducing maintenance costs, lower

! spares costs and reduced fuel consumption, all of which are favorably influenced by design improve-
: " ments, proper emphasis-in design’ requirements and increased productivity. Similarly, fixed costs
such as deprec1at10n (based on‘initial value) are reduced by ‘desig :s’u'nphmty, Teduced | parts :

......

" count, use- ‘of low cost«parts and*components -and- standardmatlon-for«hlgh -volume: productlons o

of parts. Insurance costs are influenced: by both the’ hehcopter mdustrv safety record and the; o
safety record of mdmdual hehcopter models and the Operator Deslgn features effect'the § o

safety record both from ‘the material failure standpoint as well as-handling charactenshcs that,

lead to pilot error accidents. Design and operatmnal factors that 1mpacg the above costs are
A

outhnede1gure 1 “Operator Acceptance” C e e e »
F l‘ e REDUCE DIRECT OPERATING COSTS | o
dee '~ INCREASE TBOs OR GO ON-CONDITION L
I | —  MAINTENANCE COSTS (RELIABILITY AND DESIGN SIMPLITY)|
L - REDUCE FUEL CONSUMPTION I
R | ? - LOWER SPARES COSTS AND PARTS AVAILABILITY - |
: vy = - PRO ) e
' I " e  REDUCE FIXED COSTS '

—  DEPRECIATION (BASED ON INITIAL cosr) o |
. INSURANCECOSTS | B Rk S l

;  MISCELLANEOUSOVERHEAD : = - 7i =~ ]
e P INCREASEVEHICLE”APPLIE{ATIQN_S_‘ IR '

- MANUFACTUR‘ER AND. OPERATOR DEVELOP APPLICATIONS ‘

o ~ - TOGETHER:

.. _  INCREASE PERFORMANCE (Pnooucnvnvwo CAPTURE MORE

e - ;t;,.,..,ﬁ,,.;,..OFMAQKE,T : = e

11

.

e (FALSE AILURE WARNINGS (PRECA
— - COMPONENT RELIABILITY -
—  IFR CAPABILITY :

B Flgure l Operator acceptaﬁoe
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: 2.2.1.1 Reference 3'has shown that 78 percent of-the reliability problems of civil heli-
copters can be categorized into 30 problems. These problems were analyzed to determine
- causal factors and to recommend corrective action. Of the 30 problems that were analyzed,
 the following table lists their relative impact by subsystem: -
TABLE 2. IMPACT OF SUBSYSTEM UNRELIABILITY ON
. UNSCHEDULED MAINTENANCE AND REPAIR -

PARTS COST

Relative Unscheduled - o

Failure Maintenance Repair Parts
Subsystem Rate (%) Manhours (%) "Cost (%)
Propulsion | 35.3 251 66
(Turbine power)+ '
Drive 13.9 35 ' » 2_1.3
Rotor 12.2 - 197 ' 11.4
Airframe 19.9 10.1 R '
Landing Gear _ : 9_.4 5.6 o

;,’_A(F'loatS)* S 1.2
Fuel 5 11 |
Hydrauhcs - 41 2.8 B —
+ Only turbine-powered. hehcopters were included in this study. - ,
* An aggressive reliability improvement program has virtually eliminated
floats from the proble_m list subsequent to the data recejved for this study.

In terms of unscheduled maintenance manhours and cost of repair parts, the propulsion,
drive, and rotor subsystems represent over 80 percent of the reliability problem. Since these
subsystems also have a major impact on mission reliability (aborts) and safety, it is clear that
major emphasis should continue to be placed on improving these subsystems. Because of the
significant number of problems and the unscheduled maintenance manhours involved, airframe
reliability also needs improvement. '

2.2.2 Increased Vehicle Application. — The manufacturer and the operator must de-
velop apphcatlons by conducting experimental programs jointly to xmprove equipment and
refine mlssmn detalls (see Fi 1gure 1).

Helicopter manufacturers need to study fixed-wing and ground/water transportation
methods to discover where pressure points are and where opportunities exist to become more
competitive, for example, 1) higher block speed; 2) higher external lift capability (bulldozers
and container ship loading and unloading, firefighting equipmierit 16ad capability and water
dispersal; and, 3) specialized loading and unloading equipment for agriculture and forestry work.

6




_The operators would like the. manufacturers to prov1de demonstrator orrental models |
for speclflc roles to work out bugs and provide: support Operators could install their spec1a1 E
equipment and develop optimum techniques for a most cost effectwe match of. the hehcopter
and special operational requirements. §

, Increased performance and productmty is required to: capture more of the market
Higher speeds and greater endurance will improve block times and ‘make helicopters more . .
competitive with fixed-wing aircraft at greater dlstances Increased ‘'speed (up to 125jk"ots) =
and tank capacity (payload) is agnculture work will i mcrease acreage covered per fhght hour
There is a-need for increased external payload (using larger hehcopters§ CH-47 and HLH) for
contamershlp offloadmg and loadmg and lifting bulldozers in and out for. f;reflghtmg and: con-

struction work. Marketmg surveys need to be conducted to . determine size, payload, range, -

. endurance and spemal requirements to be competitive where land-and sea transportatmna&

' 'now used. De31gn emphasls should be placed on convertibility-and versauhty Convertlblhty S

problems should be worked out so operators can have multi-use helicopters (i.e., internal

.} cargo, external cargo, passenger seating, ferry range tanks, hard points for mounting seed slmgs,

§ spray booms, hoppers, etc.). In agricultural work, for example, new methods-are being devised ..

to use ultra-low concentration levels of insecticides and herbicides. More efficient techniques

/. mean greater acreage for a given payload, less applicator cost and less adverse impact on the

‘' environment.

2.2, 3 MISSIOD rehablhty is essent1al in c1v1l hehcopter operatmns No data has been
published on civil helicopter abort rates (to the author’s knowledge). Data is presented in
Reference 3 on the OH-58 which is the military counterpart of one of the most widely used
civil helicopters, the Bell Model 206. The magnitude and source of the problem experienced
by the military are an indication of the importance of mission reliability to civil helicopter
fleets. Not only are mission aborts a nuisance in lost time and revenue, but sometimes cause
‘accidents.

The dominant source of mission abort is warning lights (50%), many of which are false or
premature chip indications. A new rugged magnetic chip detector with a capability for fuzz
removal has been installed on some of the newer helicopters and has (reportedly) virtually
" eliminated false chip‘indications. A significant improvement in abort rate can be expécted
. from this development: ‘The second major source of mission aborts is engine failures. Engine

. failures have the highest percentage of hazardous aborts, resulting in one-third of the major
. accidents, over 40% of the incidents, and 5% the precautionary landings. As discussed above,
. reliability of turbine engines needs substantial improvement.

The operator survey (References 1 and 6) showed that, in the operator’s opinion, un-
scheduled maintenance causes were as shown in Figure 2, and percentage.scheduled main- |
‘tenance by-aircraft- system as-shown-in-Figure 3..-The significance of vibration is-also- shown-

_in Figure 4, which is a comparison of failure rate and mamtenance manhours by subsystem
: thh and mthout v1bratlon absorbers (Reference 7) o K A

S ——
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CAUSE
VIBRATION ' : : 77
'VEHICLE DESIGN 1z
OPERATIONAL ENVIRONMENT 58
ENGINE FAILURE : 29
AVIONICS 6
HARD LANDINGS 5
{ 1 L ] ] i 1 i
10 20 30 a0 50 60 70 80
NO. OF OPERATORS REPORTING THIS CAUSE'
NOTES:

1. SOME GAVE MORE THAN 1 REASON.
2. MEAN UNSCHEDULED MAINTENANCE IS 20% OF TOTAL MAINTENANCE.
3..163 RESPONDENTS TO OPERATOR SURVEY-(REFERENCE 1).

4 ' - '
5( L7 :} i
PR N
; /.,;/ d fi"i
' Figure 2. Causes of unscheduled maintenance '
: B 8 ,{/
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SUBSYSTEM
ENGINE

DRIVE

~ AIRFRAME

. ROTOR

AVIONICS

OTHER

' NOTES:.

29.7

21.8

216

16.5

1.4

16.7

- 1

10 20

-SCHEDULED MAINTENANCE — MEAN %

1. WILL NOT ADD TO 100% BECAUSE NOT ALL REPORTED EACH ITEM.
2. MEAN SCHEDULED MAINTENANCE IS 80% OF TOTAL MAINTENANCE.

3. 163 RVESPO.NrDAENTS TO OPERATOR SURVEY-(REFERENCE®). .

Figure 3. Mean percentage of scheduled maintenance by aircraft subsystem

-
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AVERAGE FAILURE RATE (10~3) AVERAGE MMH/1.000 FH

g
B 80 SuBSYSTEM LEVEL® 200 400 600
— | AIRF 0.97/1.23 —_—
vz A 'R FRAVE 0.36/0.49 -
| 1.36/1.56
| DRIVE 0.50/0.56
| 0.56/1.28
~ UTILITIES
| 0.29/0.48
I | LANDING 0.41/0.32
| | GEAR 0.23/0.28 £
! | 0.42/1.18
LIGHTS 0.27/0.63
0.65/0.78
FUEL 0.36/0.53
FLIGHT 0.79/1.32: !
CONTROL 0.36/0.55 ;
COCKPIT 0.34/0.73
FUS . 0.25/0.49
0.51/1.14
ELECTRICAL 0.34/0.40
| HYDRAULIC 1.30/1.35
e ' POWER © 0.49/0.56
| INTERNAL 0.33/0.75
COMMUNICATIONS  0.22/0.52
RADIO 0.34/0.75
' NAVIGATION 0.30/0.51
: AIR CONDITIONING 0.74/1.30
HEAT 0.36/0.52 E

[ WIiTHOUT ABSORBER
SOURCE: REFERENCE 7 | , ' WITH ABSORBER
*g LEVEL GIVEN AS HIGH/LOW RANGE

. ’ Figure 4. Comparison of failure rate and maintenance manhours by subsystem with and without
— vibration absorbers - '
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2.3 Pilot Acceptance - - - { - -

F1gure 5, Table I and Appendix “A” outhne the factors that mﬂuence pllot acceptance ;;w-ﬁ——* H A

¢ K 2.3.1 Improved performance was discussed under ‘?“OperatOrfAcceptance” inlparagraph'.‘; g G
221, . - . - o e e i} 10 '

, substantral 1mprovements in hehcopter acc1dent rates to date (see: Reference 2) Smcerapproxl-
. mately. 20% of helicopter accidents are still attributed.to. matenal fa11ures this item should' .
continue to hold a high priority. However, the fact that in approxu'nately 60% of the acc1dents
the pilot is listed as the prime causal factor, much more attention should be given to this
issue than lias beén in the past (seé Figiire 6). It hias been’ found'“uf ‘studies of commercial air-"| |
.- line accident data in Great Britain (Reference 4) that “crew fallibility""iis-the cause in 46% of -
g the total accidents and that “error of ]udgement and’ mcorrect "t‘lirmg technique” accounted
. i for 58% and 25% respectlvely of these crew falhblhty accldents (Flgure 7).: Figure 8 showsa = .:
B i comparable breakdown for civil helicopter crew error acmdents in the Umted States:in 1975." =
. (See Appendix A for a further breakdown.) Inthe hehcopter case;’ 434 were judged to-be
.\ “improper flying technique”, 25% were “error in ]udgement" 19% were. due to “madequate
* preparation and planning”, 8% were "ﬂymg'in‘to obJects" and 5% were| miscellaneous factors ,’
" .4 suchas fatlgue diverted ‘attention, lost or disoriented. 'These statistics ﬂlustrate that the Hel-
. icopter has: unique cockpit and human factor requ1rements because of Iow level flight; fre- :
quent takeoffs and-. landings-and.other specral ‘missions, such as. loggmg,»constructmn and... of 2
agr1cultural work, which'is-much more hazardous and demandmg of the prlot than_ﬂy_mg .

airliners. ' S A L [ A

3
: . C P . B e e . RS S NN ORI

4

tlmed_ in. Frgure 9 These BN
“y and merovmg comfort

areforcm]hehcopters ' L _,,,;;j..‘;‘.\.,: i
e ]

| 2.4. 1 Reduced ,tra\gel costs are assoclated wrth operator s hfecycle cost mcludmg*drrect
151 operatmg costs, flxed costs and acquisition costs covered in paragraph 2 2.1, In addmon, the
accessibility-of pubhc-use heliports near the-travel-origin- and-termination locations can-have-a; '*

significant impact on travel costs as well as travel time as discussed below. - -

v U

e

17
48

H

NG 2.4.2 Reduce Travel Tlme — The need for hehcopters in the air taxi and commuter role
52 3 i isitied d1rectly to the Speed, range and accessrblhty of heliports. These factors are all highly
S srgmfmant in capturing an increasing. market. for hehcopters from fixed- wmg and groun

o e ey oo

i:ﬁ transportation modes. B O e




IMPROVE PERFORMANCE _

: IMPROVE SAFETY

MORE EFFICIENT ENGINE/LOWER FUEL CONSUMPTION

INCREASE SPEED
MOR E PAYLOAD/RANGE

INCR EASE COMPONENT AND STRUCTURAL RELIABILITY

- ENGINE OUT CAPABILITY AND POWER MARGIN

" IMPROVE CRASHWORTHINESS (ENERGY ABSORBING LANDING
: GEAR/SEATS AND -FUEL CONTAINMENT)

~REDUCE-PILOT.WORKLOAD AND. IMPROVE FLYING QUALITIES

IMPROVE. MISSION PLANNING

IMPROVE PILOT TRAINING (MORE EXTENSIVE USE OF

- SIMULATORS)

""""TIMPROVE"’DIAG’NOSTICS'“AND' SYSTEMS MONITORING

REDUCE OBSTACLE STRIKES

IMPROVE COCKPIT
' REDUCE NOISE TO IMPROVE COMMUNICATIONS AND COMFORT

REDUCE VIBRATION

= IMPROVE PILOT AIDS AND DISPLAYS (MALFUNCTION WARNING)

IMPROVE COCKPIT ENVIRONMENT (SEAT COMFORT AND AIR!
CONDITIONING OR SEAT COOLING)

12

\\\\\\\

7



L
38

E
{
i

| DISTRIBUTION OF PRIME CAUSAL FACTORS.
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PERCENT.

JIMATERIALY . |
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Flgm:e 6. Civil hehcoptersafety c-l'zi't‘a‘(ref 2) 1975, 293 accidents
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4| INCORRECT
¥ FLYING TECHNIQUE

2 NAVIGATION ERROR’

]

§

"INCORRECT CHECK-LIST

 DELAYED DECISION
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{ NOTE: MORE THAN ONE FACTOR i$ LISTED FOR MOST ACCIDENTS.”
§ PERCENTAGES ARE BASED ON NUMBER OF TIMES THE FACTOR
IS CITED DIVIDED BY THE TOTAL NUMBER OF FACTORS
LISTED (416). SELECTION OF CATEGORIES BY BOEING
VERTOL COMPANY.
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" Figure 8. Percent of pilot error accidents by causal factor - o §
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e REDUCE TRAVEL COSTS
' —  OPERATOR LCCs
B . REDUCE TRAVEL TIME

—  SPEED AND RANGE v _
—  PUBLIC-USE HELIPGRTS CONVENIENT TO PASSENGER NESDS

; ' ™y IMPROVE SAFETY .
: —  MAIN AND TAIL ROTOR BLADE HAZARDS ' v

—  CRASH SAFETY (ENERGY ABSORBING SEATS AND DELETHALIZE
CABIN INTERIOR)

] IMPROVE COMFORT ‘
—  NOISE, VIBRATION AND GUST SENSITIVITY

Figure 9. Passenger acceptance ... . . . .. .. ..
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2.4.3 Improved safety is covered under pilot acceptance paragraph (2.3.2.)" Specific - »
safety concerns of the passengers are main and tail rotor blade hazards, and crash safety which g
can be alleviated with energy absorbing passenger seats and eliminating: hard sharp objects that
cause head injuries. Lightweight sound absorbing earphones with headrprotecuon are also N
practical. : o

2.4.4 Improved comfort will require reductions i m noise, v1brat1on and gust sensitivity
and cabin air condmonmg for hot humid areas. At present the cabm mtenor ‘noise is intol- b
erable without sound absorbing earphones Vibration in the 20- to. 30-knot transition speed
regime and at high speed is objectionable. Gust sensitivity is objectional in some helicopters
as a function of blade aerodynamic loading, and effective hinge offset and mutual mterference
effects between main rotor and fuselage, main rotor and tail rotor and rotor and control
surfaces.

2.5 Community A’cceptance 3

Figure 10 outlines the major factors impacting communlty acceptance The major im-
provements needed are increased operatmnal safety, reduced extenor noise levels and reduced ‘
engine emissions. : : - ,””‘" : ‘

2.5, l Operational safety is covered under paragraphs 2.3.2 and 2.4.3. The significance B
to commumty acceptance is that all publicity relative to hehcopter safety is negatlve at the
present tlme because air acc1dents make news.

2.5.2 Reduced exterior noise levels are mandatory if addltlonal hehports are to be built
in populated areas and low-level (under 500-feet altitude) overﬂlghts are to be common. In
order of importance are blade slap, main rotor rotatlonal noise, ta11 rotor harmonics, broad-
band and engine noise.

2.5.3 Reducing engine emissions is largely a matter of reducing visible emissions or smoke.
As engine efficiencies are improved, the visible emissions will virtually be eliminated. In fact,
current turbine engines which have improved SFCs are not bad and thls problem will eventual
ly be much reduced. : : o >

2.5.4 A major impact on community acceptance is the continuing adverse publicity on
subjects such as safety and noise in news media. Industry periodicals such as Rotor and Wing .
and Aviation Week and Space Technology are doing an-excellent job-of informing people with;in ‘
the industry on problems, solutions and discussing new uses for helicopters. HAA is credited {
with substantial improvements in helicopter safety. However, there is no advocacy group
which is systematically showing the positive side of helicopter operations to the general pubhc
) ,Cons1derat10n should be given to creatmg an advocacngronp that can inform the public on i e

controvers1al subjects and emphasize the need for growth. Thi 1d be in the form of |

advert1sements and selected new releases in appropnate news media.

7:’5«; Loy bl e _ ' ‘16 S T
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INCREASE OPERATIONAL SAFETY (SEE PILOT AND PASSENGER
ACCEPTANCE)

REDUCE EXTERIOR NOISE LEVELS (OVERFLIGHT AND GROUND
OPERATIONS)

~  BLADE SLAP

—  MAIN ROTOR ROTATIONAL NOISE
—  TAIL ROTOR NOISE

—  BROADBAND NOISE

— ENGINE NOISE

REDUCE ENGINE EMISSIONS

— 'IMPROVE SFC
—  REDUCE EXHAUST SMOKE

CREATE HELICOPTER ADVOCACY GROUP TO INFORM PUBLIC ON:
—  SAFETY RECORD AND CONTROVERSIAL SUBJECTS

—  USEFULNESS '

—  COST BENEFITS

3
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‘ Figure 10. Community acceptance
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-designs

K, By the year 1990 fuels will amost certamly be in shorter supply and costs wﬂlhbwe dp S
7 3sigmflcantly This increase: will .force fuel ‘costs: to be: a higher. percentage. of :direct operat- : -
““ing costs from the current; 2 4% (see Figure 11). *Englne technology exists to prov1de ap- -

......

:}é 'prox1mately 0 45 sfc whn"h isa 18% reducuon from~thescurrent sfc of 0 57 at cruise power
4

The FAA is currently draftmg a regulatxon wh1ch wﬂl lumt the noise wh1ch future hehcop

ters w111 be perrmtted to make and st111 certlfy Although the rule is also requlred to be “Eco-

‘ a level such ‘that ‘many current hehcopters would have dlfflculty meetmg them The trend to
decentrahzatlon and mdustrlal parks in suburban areas has created both a demand for hehc0pter

_noise and tall___rotor noise
3 * become predominant and treatment ‘of these noise sources may become necessary F1gure 12
] shows the relatlve 1mportance of noise levels from these 'sources.

forpubhc heliports. v . r air

:; and for‘l’i’ d'range ‘tnpt_;of up to apprommately 400 wiiles, The ™

o major problem"wﬂl be c0mmun1ty and local government acceptance of helicopters which are > N
cons:dered Amﬁsome areas to be a nuisance. . RS

3: I T DTN EL TR, La3iliies o S SRR R ; - :

.6 . ot . “:%;W_,gi

It appears likely that the military will continue to develop: helicopters to'meet future war-

: ., fare needs. -However, these needs will problably differ substantially from.the major needs and

39 requirements .in -the. civil market. The military. emphasis on survivability in a nap-of-the-earth,

5% alléWeather,dair‘-a;ld night; hostile environment will generate technology-of.limited use. for

N
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Figure 12. External noise spectrum — BO-105 helicopter in forward flight - -
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P cml apphcatlons C1v1l operato:s are preoccupled w1th product1v1ty and cost effectweness in

i system components are necessary Future cml-use hellcopters w111 be demgned to meet c1v11
operator needs w1th maJor 1mprovements m safety and nde comfort and a substanl:al reducuon
K t1me M111tary developments for reduced pl].Ot workload ina NOE envrronment w1ll be useful -
" in civil hehcopters except: that the m111tary avionics will probably be much more sophlsucated
and expenswe than those requlred for c1V1I use. Perhaps a greater challenge wﬂl be to develop i
nfcs for c1v11 uses Co : :

'?.

- h }; 3 5 Requlrements for Human Rehablhty Demonstratlon

¢

In the more recent mlhtary procurement of hehcopters there has been mcreasmg emphas1s
.&! that the. one remammg part of themsystem that is: unpredlctable mvolves human factors whlch
‘7 includes both pilots and mechamcs Defect tolerance and redundancy has, to some extent,

% reduced the adverse effects of maintenance errors, but this area still needs a substantial im-
provement “Many Givil hehcopter Fecidents arec caused by poor guality control i in’ eéngineand
dynamic system component overhaul w1th resultmg mfhght failure.

‘; 33 The remammg area that snll needs the most attentlon is the pllot error accldent Approx1-
24 mately 60 percent ‘of all cml hehcopter acc1dents in 1975 were attnbuted to pllot error. Of

o ]udgement 19%.by. madequate preparatlon and plannmg, 8% from fallure to see/avoid obJects
and 5% from fatigue, inattention, lost or disoriented. (See Appendix A and Figure 8.) Tt
appears the man- machme mterface needs a ma]or effort 1f a substanual reductlon in acc1dents
! is to be aclueved V B Uy '

R st

Future requlrements will bel developed for a human rehablhty demonstratlon in new heh~
_ copters to insure that: pllots are capable of safe operatlon of the aircraft under prolonged high
. stresses and mental concentration.” Qmet comfortable cockplts with controls and displays
. that promote 1mproved~commumcatmn 3reduce ptlot fatlgue and provide simple cues that
reduce errors in Judgement are. needed wThe f1rst step mzachxevmg the. goal of substantml re- .

P

off autorotatlon sunulatlng sudde engme“fallure -2) hi 'h gross weight, margmal power takeoff
.; and landmg approaches ‘ nd condmons 3) prec1s10n hovenng at 150 feet to 300 feet
above ground”“level asii

§

: facturers to introduce new designs such:as thé:Bell 222 and the S1korskywS-76 in order to meet

mcustomer demands..-At. the»present time.there. i xs httle act1v1tywm the civil helicopter. market to.} ;
~ 8 LA W !

Zl’ o ' BUSELAEIE

- 3.6 Foreign ﬁevelopments : ' - ‘

Pressure from foreign helicopter manufacturex;gas still intense and has forced U.S. manu- | o




- _come out W1th new helicopters with gross weights over 10,000 pounds. This market is being
- filled with mod1f1cat10ns of proven hehcopters such as the Boeing Vertol 107 and the -237.
- These hehcopters will be: useful for the fiext 15to0 20° years but after that, much more eff1c1ent
~ turbine engmes and- hghtwerght airframes should be available for new models. These new large
. models W111 be deS1gned w1th emphas1s on. productmty for heavy constructmn, ﬁreflghtmg, ,

needed for extremely large loads 1n constructlon conta1nersh1p loadmg and unloadmg, eté.

[ el

- | 3 7 Durablhty, Defect Tolerance and Fail Safety

The trend to defect_ tole_ra_nt dynamic subsystems for the complete helicopter is unmis-

takable. Progress toward that goal shiows sinall stéps being made in the 1960s and giant steps

. being made in the 1970s.. One ‘can project further and foresee that helicopter components to

- be designed in the 1980s will be 100% defect tolerant. Specifications will probably require

" this feature but if they do not it is so attractive to manufacturers and users and practical to
o accomphsh that it will occur. Thus, by 1990, we believe that all new helicopters introduced
into servme ‘will be” 100% defect’ tolerant Reference 14 and Flgure 13

__ 3 8 Commerc1alA.1r Travel -

Commerc1al air travel by hehcopter i§ very ln'mted at present because of h1gh operating

- costs, bad pubhcxty on-accidents’ and«relatwely low-productivity compared to fixed-wing air-

: liners at distances of over 100 nautical miles (Reference 8). It is predicted that trial runs with
. 44-passenger Boeing Model 237 helicopters may be made in the United ngdom in the 1980s
" but this w ould requﬂ‘e government ‘'subsidy in the initial stages.

The success.of commercial air travel ventures will depend on the availability of modern
aircraft and new capltal mvestors on 1nnovat1ve operators; on growth in fixed-wing transport
which results in airport congestion; on community leadership which implements planning for
VTOL utxhzatlon and; on the ava1lab1l1ty of flexible IFR regulations and flexible route
structures :

The fprinciple réquireme‘nts ithat impact a cost-effective commercial operation are:

B proven safety record for the hehcopter model

two to three t1mes the re11ab111ty of present hehcopters

greatly reduced turbme engine fuel consumptmn hlghly reliable and reduced

acquisition costs,

5.  crash safety improvements of energy absorbing landmg geara‘nd seats and fuel
...containment,

{rqr,
¥ roT s
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| PROTECTEDBY 0 7

7. low. 1nterna1 and external noise,

8. low v1brat10n and gust sensmwty (rlde quahty),

9. cruise speed of 200 knots at 200 nautical mile range,

H

100

ihaw — 10. mstruments and equlpment for IFR ﬂlght and madvertent flight in moderate icing.

e

75

% BY WEIGHT OF
DYNAMIC SYSTEM

SAFE CRACK
DEFECT TOLERANCE

47-C

o
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< FAIL SAFE

GROWTH
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1950

1970 1980
DATE OF INTRODUCTlON IN SERVICE

Figure 13. Trend toward 100% defect tolerance *
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- .——{ 4.0 MAJOR DIFFERENCES BETWEEN MILITARY AND
\_gl‘\é’?l. DESIGN AND TEC%NOLOGY REQUIREMENTS .

-

In- thls section,; major- d1fferences between military and civil requirements are examined
to define factors that effect cost:and operations efficiencies. Relating to the unique require-
- ments of c1v1l he11copters research and development needs.are identified. In general, military
designs are for extreme cond1t10ns because they fly in a ‘hostile environment day and night i in
" all types of weather. In V1etnam for example, the hehCOpter operated at high altitudes and
g temperatures- from unprepared sites-and-was-found to-be marginal because of engine power re-
ductions under high hot conditions. This was aggravated by engine power degradation from
... compressor blade erosion and sand filter devices had to be fitted causing still more power loss.
.. Thus, new U.S. Army helicopters such as the UTTAS are sized with substantial power margins
which make for'a’ poor match of cabin seating capacity for the available power if used in low-
~ altitude-offshore- 011 air- tax1 roles for example. See references 9, 10, 11 and 12.

H

7 Table Zisa listing of d1ffe'rences between military and civil requirements, some of which
 result in inefficiencies when m111tary aircraft are adapted for civil use. The effect of these
R dlfferences on civil helicopters is:identified. Table 4isa hstmg of these differences in terms
- of the impact on the civil helicopter market and identification of benefits that will result from
. research and development in these key technology areas.

Examples-of-differences between military and civil operations that require different em-
phasis are discussed below: :

e 'Operat1onal speed for m111tary operatmns 1n NOE are not comparable to the higher
speeds of 200 knots thiat are needed to introduce operational efficiencies in civil off-
shere- operatlons. Further, -in-air-taxi, commuter-and corporate/executive transportation
competition with fixed wings, high speed and increased range are critical to capturing
more of the market. All-weather capability including inadvertent encounters with
moderate icing is required if this market is to reach its full potential. New federal regu-
lations must be written to take advantage of unique helicopter capabilities and low-cost,
low-weight avionics are.required which probably would not be adequate for the military
NOE operation which r’eq_ui_re more sophisticated avionics. :

o Rehab1hty, ma1nta1.nab1hty, defect tolerance and quahty control are more critical to

 civil .operations-than- the-military. ‘This:statement can be justified by the major emphasis
on d1rect operating costs wh1ch can make or break a civil operator whereas the military
operates on a TO&E. The'costs of insurance and related costs of lost time due to lack of
readiness, flight. aborts and acmdents are examples of the critical need for durable easﬂy
serviceable; safe c1v11 hehcopters '

" o Improved ride quality with low noise and vibration and reduced gust sensitivity is es- -
_ pecially needed in civil helicopters with considerably less need in military operations.

S e e B e 24
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i T TABLE 4. CIVIL HELICOPTER. KEY TECHNOLOGY
| . N f.AREAS/IMPROVEMENTS

i

‘”1 Compos1te*Structuresw~

N = crash safety 1mprovements can be built in
5N f’ . e : » - 1
}’ ' o
o L ' , |
I 1mprove corrosmn res1stance o

- - field- repalrable
- reduce alrframe drag__

2 V1brat10n Reduct1on o

"= reduce V1brat10n generated failures
' . = reduce pilot: fatigue
Ty S S wmcrease pllot and passenger comfort and acceptance

M 3 ”Nome Reductlon i
Sl % o External ........ L

S mcrease commumty acceptance »
— " increase ground personnel dcceptance -

'b. Internal

develop hghtwelght/low-cost noise treatment
~ — --increase- p1lot and passenger acceptance (reduce fat1gue)
= nnprove commun1cat10ns L

4. Transmission and Drive

—  increase power to weight ratio

— 3,000 hour MTBR (solve gear and beanng spalhng problems)
.. =..... increase defect tolerance t0.100% .
~ —  .improve ¢ dmgnostxcs/troubleshootmg
L — ‘gooncondition -
, | S e diice n01se generatlon e
: - —--ho, undetected catastroph1c~fa11ures

5 Rotor Aerodynamlc Env1ronment -
. i o s -

i ai . % -

; - reduce rotor mduced v1brat10n
; ~  lower gust response

SERAL 4B 3 T 1y



CLEERT
BN v

IpA

i
&

.
i1
~

10

{YPING C
p:".?i.";~~ < h
- o e
CLARET <

6 thht Systems' -
Pa }thht Controls "

hlgh lo ds at h1gh and low altitude ..

lower SF Cs (0 45 at cruise: power)
_lower costs ($40/SHP. obJectlve)

; 5,000-hour MTBR  reliability -

L

~ improve d1agnost1cs

= e 2 1/2 rrmute contmgency power 125 to 150% of T.O. power

8 Rotor Blades Hubs Upper Controls and Ta11 Rotor

§ﬂ. = mam blade damage tolerance = cut 8-inch: d1ameter hardwood tree

h dhng qua11t1es for autorotative capablhty in h1gh* e

= ftall rotor blade: damage tolerance - cut 1 mch dlameter hardwood
; ;dowel*»/--- e e |
¢ = - main- blade sustam t1p welght loss not catastroph1c ’

L= ....{low mamtenance (ehmmate beanngs)

REE "%{ad\}ancéd ‘syétéfrﬁmonitoring/cockpit computer

e gp1lot seat comfort reduce fatlgue

— 'av01d rotor fhcker cntlcal frequenmes

: -7 : ireduce n01se and v1brat10n

10... Crash Safety v;,;.-".;i_;:-;

.. — -energy-absorbing landing geafr and seats
—  fuel containment ; :
—  composite structure '

i delethahze cockplt a"“_
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TABLE 4 Contmued

and mspe
ct: ,:_'rso'“nel from't

C e -.,.W,Crashwort}u ess in military hehcopters is a reality today that is given little ‘emphasis in_

civil hehc0pters Cm] emphas:s should be to use avallable technology from the mlhtary
but develop requlrements for civil hehcopters that vary with the type of operation and
take into account the hazards involved. Because the military emphasis is' on combat sur-
v1vab111ty and there i 1s a. h1gher probability of crashes in combat, the crashworthiness is
probably more stringent than is needed for civil air taxi, for example. Furthermore, as
goals for substantlally reduced accxdent rates are ach1eved the pressure for crashworth1-

ness 1s reheved

Operation'al conditions such as high, gusty winds, needs for flotation on overwater opera-
tions, mountainous terrain operation, high out-of-ground-effect hover in logging and
construction work, requirements for contingency power and more efficient turbine en-
gines, the effect of external noise on the community, and the fact that civil helicopters

‘are continuously loaded up to maximum gross weight whereas the military only operate

at gross weight on occasion, are all differences between civil and military requirements
that result in needs for research and development: Benefits to the military helicopter
programs will result from nearly all of the research and development that is needed for
civil helicopters.
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,,E”""so “CIVIL HELICOPTER RESEARCH AREAS)
1Fon HIG‘HEST PAYOFF ‘OR. EMPHASIS]

x

Asa result of studymg the des1gn and operauonal requirements in Section 2.0, the impact

5 + of future operahons in- Sectlon 3i0: and ‘the major.differences between military and civil heli-
GARGIN s’

i copter requlrements in Sect1on 4 0;a hstmg of key technology areas was gerierated. The matrix "

. shown in F1gure 14 ﬂlustrates the mterachon between key technology areas and c1v11 hehcopter

h market restramts as, d]SC

d‘_m Sectlon 2 0.

......

In Flgure 15 a level of need is developed based on a.review of prior work and current

thinking of the industry, FAA; NTSB, HAA and the users. The needed technology response
Cis md1cated byalto3 rating where 1 is the greatest need and 3 the least in terms of a re-
'» qu1rement for spec1f1c operationis or market segrrients. The level of need illustrated in Figure

g 15 cannot be cons1dered to be a pnor1ty rankmg because the effect of life cycle cost and -

future market trends are not presented For example, if future market growth trends could

be: predlcted and a market dollarivalue were assigned them the relative importance of individual
technology improvements (and their cost benefxts) could be evaluated. Reference 5 deals with
-+ the hfe-cycle-cost effect of technology 1mprovements on civil hehcopters ‘Comparing the

needsona market dollar ivalue. would provide.a. means for estabhshmg realistic priorities for

- those technolog1es Wthh effect only one or-two groups; for example, the value of high-speed
* rotor development whlch 1mpacts the corporate/executlve transport, air taxi and offshore ;-

o exploratlon markets Another example is the result of. safety improvements on an already

- safe operat10n such as constructlon and- 1ndustr1al use helicopters where further 1mprovements '
_ .- would not appear to. offer significant payoff. The response here, of course, is to never relax
' on safety issues and showmg a good record on paper is never enough. Every air accident is
7 given front page attention in news media in far greater proportion than automobile accidents,
k for example wh1ch""are“commonplace The technology areas in Figure 15 are discussed
 below as follows :

Coomer AR Ean 1 31
o e e e

® Safety issues in aircraft can"never be comprornised Increasing attention to product
hablhty will force: contmumg efforts in helicopter safety to achieve reductions of ac-
cident rates-to-1/3-of the-current- 16/ 100,000 flying hours in the next decade. Some
form of 1mproved crash safety s1m11ar to that achieved by the military but to less

rds is also requ' ‘ed but th1s rea needs definition.

i .. N
e Powerplant :unreliabﬂity' is a rnajor 'safety and oper'ational cost shortcoming. The ob-
jective should be 5, 000 mean engme hours between removals and overhaul; a high’
degree of f1eld repa1rab111ty, spec1f1c fuel consumpt1on (SFC) of 0.45; reliable engine
dlagnosnc systems ‘acqms1t10n costs of $40/SI-IP and emergency ratmgs of at least 125%

Drive and Rotor System unreliability is-a-major safety and - operational ‘cost shortcoming.
The objective should be 3,000*hours MTBR for transmissions and 5,000 hours for hubs;
100% defect tolerance for fail safety; a high degree of field repairability; bearingless main
- and tail rotor hubs; light weight transmission-assemblies with redundant lubrication systems;

L ae e e e e e f
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_an order of magmtude lmprovement in beanng and gear (spalling) life and reliable diag-

nostic systems. Damage tolerant composite main and tail rotor blades to reduce damage
from accidental contact with trees, brush and stones are required, with 5,000 hours mean
time: between removals

thht System unrehab1l1ty is prmc1pally a function of so-called pilot error accidents.

Smce the pilot is the most critical part of the flight system and accounts for approximately
60% of civil hehcopter accidents, it is recommended that a detailed study of a large
number of accidents be conducted and contrived difficult situations be evaluated on a
simulator. The objective would be to define design, operational and training shortcom-

~ ings that are creating situations where pilot errors will occur.

Handling qualities need improvement in many operations. The objective is to improve
prec1s10n maneuvering and ease the pilot’s workload in flying the helicopter in takeoff,
NOE, landing, IFR situations and for precision hovering in construction and heavy-lift

operations.

_Noise is a major problem in helicopters. External noise from main and tail rotors and

from bemg used most econormcally in populated areas. Internal noise makes communi-
cation difficult (creating unsafe conditions), is fatiguing and reduces passenger acceptance.
The objective is to-reduce-cockpit-and-cabin noise to fixed-wing levels so that business
can be conducted enroute.

Vibration and gust sensitivity are restraining helicopter passenger acceptance. Vibration
is a major cause of component failures and is fatiguing and annoying to passengers and
pilots. The objective is to reduce-vibration levels to + 0.10 g's throughout the occupied
areas and in equipment compartments in all six degrees of freedom.

The gust sensitivity objective is to set criteria for acceptable limits and develop
methods for predicting mutual interference effects between main rotor/tail rotor/
fuselage.

Rotor aerodynarmcs at hlgh speeds are a restriction in the corporate/executive transport
and air taxi market in competition with fixed-wing aircraft. The objective is to develop

a 200-knot cruise’ speed’ helicopter.” This speed is also desirable in the offshore oil ex-
ploratlon market Smce payload is also critical in most cases it cannot be compromised
for speed and hover  efficiency | must be maintained. In agriculture, construction, forestry
and heavy- Lift operations payload is paramount and speed is not an issue.
Composité-airframes-and- secondary structure offer lighter weight, lower cost, corrosion
resistance, lower maintenance cost, damage tolerance and structural integrity. The ob-
jective is to conduct trade studies, cost benefit analyses and bench testing of composite
materials to determine the most cost effective use of composites for civil helicopters.
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Figure 15 summarizes the areas where e 'arch and deve10pment is needed to meet design

"and operational requiréments-for:civil helicopters. - These technology/shortcoming-areas were

selected as offering the highest. paybff in-terms of impact on marketing restraints, breaking

- "into new marketsiand offermg opportunmes for increasing helicopter sales in competition with .
~ other transportation modes T}us selectron includes consideration of the effect of future de--

velopments and- constramts as well as trends 1n hehcopter technology in critical areas.~A:large -

", number. of md1v1dual deta11 development programs.will be needed also, but in most cases they

- will fall under the umbrella of the general categones that are listed below.

s = Reduce fatal1t1es and mJunes by mtroductlonmo_f c_lf_ashworthmess features. -

Safety . e | c A e a

- Reduce acmdents to 1/3 of: current rate- by-1985 by 1mprovmg subsystem rehablhty
andreducmgplloterroracc1dents. e ;. SR S R _; i

Cd

Cost

- .Reduce acqulsrtlon cost by reducmg parts count desxgn s1mphf1cat10n commonahty
"~ and low-cost parts sand, components

— Reduce operating costs with more efficient engines, reduced maintenance through
* -durability and serviceability; reducedspares-costs and improved quality control -
.of original equipment and spares.

Performance

= Improve payload to empty Welght ratio by hghtwelght design techniques and
matenals apphcatlons .

- Increase speed for some operat1ons with advanced rotor aerodynamms

N01se , . - .
- Reduce main rotor tail rotor and engme external noise.

- Reduce_mternal «n.o,\ls_e,.ln occupied areas.

'V1brat10n 7

¥

3
N SR Jp— , o i i Amires st

- Reduce ;v1bratlon" ’throughout the a1rcraft in all six degrees of freedom.

Instrument Meteorologrcal Condxtrons (IMC)

- ,Defme ‘nevi- FAA: regulatlons for- hehcopter all-weather flight including moderate. .
-icing.

—  Develop lightweight/low-cost av10nlcs to meet the new FAA regulations above.

" Meeting the challenges of the rapidly developiig civil helicopter market in the next

" .. .decade will require.a-dedicated.effort.between operators, users, manufacturers, regulatory

e 36




agenc1es and support orgamzatlons A major problem in c1v1l  helicopters is the uncoordinated
efforts between these: orgamzatmns “This can best be illustrated by a comparison with mlhtary

: hehcopter users who spend millions of dollars defining and monitoring operational and service

test requirements-which-are- admitted to be inadequate in many cases. A similar effort in the
civil field does.not exist. ‘That is. why the AHS and HAA operators’ panels are gaining popularity

- and is the’ begmmng of a useful ul voice in the mdustry
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e  Civil Helicopter Pilot Survey Research Emphasis Ratings
o Pilot%Caﬁsal 'Factor-_s;in:, Accidents wi;th\ Civil Helicopters . S




s CIVIL HELICOPTER PILOT Y (38 PILOTS)

Ref: :Unﬁiib'Iishéd University of Virginia 1976 Survey and
- Report No UVA/528051/ESS77/1 02 dated May 1977

Research Emphas1s Ratmgs (1 L1tt]e Emphams, 7 MaJ or Emphas1s)

- Mean -

- Costs more competmve w1th other systems _ 6.2
'~ Increase system safety ' A 5.8
R ‘Reduce v1brat10n o - , 5.5

. ?Commumty Acceptance »

~-Improve: safety of operatlon S . 5.7
’;—. Reduce external noise 4.2
—  Reduce pollution' v 2.0

o Safety Cons1derat10ns

 —  Increased component re11ab111ty ) ) 6.4
—  Increased structural reliability - ‘ 5.5
—  Engine-out capability .. = ' 5.2

- — -Improved crashworthiness - 5.0
— ...Reduced pilot workload = . 3.9

- — Improved air traffic control system 3.7
—  Increased v1s1b1hty _ o 2.8

® 'Performance Cons1deratlons .

—  More efficient powerplant : 5.7

—  Reduced _fuel}consumptlon 5.3
'— .. More payload - - . - . 51
—. Greaterrange . .. 4.9
'—  Higher celhng , _ 5 S 3.2
'~ Creater rate of climb ' o 3l
- :*'Increased maneuverabzhty i 2.6

Improved" mmumcatmns through reduced

noise levels 5.85
—  Increased comfort by decreasmg noise _
...annoyance. b o ‘ 5.50




— Réduced-vibrétion
= Ir'nproved;seaticomfort'

Pllots Cockplt Alds and D1splays

Improved malfunctlon rat1ng system

i Improved*avmmcs
— Improved:cockpit layout
— RNAV capab111ty
~Weathergadar—— ="~

" 4.1 -

Mean

5.47
44 -

3.9
3.4
2.6
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... PILOTCAUSALFACTORS IN ACCIDENTS WITH
GENERAL AVIATION HELICOPTERS IN 1975

~Percent of -
B : 416 Factors
g oot Cited
° Incorrect FIymg Techmques ‘
—: Failed" to malntaln adequate rotorrpm - 61
- Improper_ogeratl_on of flight controls - 45
—: _Mismanagement.of fuel . o 21
—  Simulated conditions ' 10
—'  Inadequate supervision of flight - 10
—" Improper compensation for wind conditions 7
—  Improper level off .. . 7
—  Improper operation of powerplant and ‘powerplant
© controls ' 7
—  Poorly planned approach 5
—--Failed to attam/mamtam flying speed - 2
—'  Failed to maintain directional control 2
. Subtotal 177 43%
® Error in Judgement - -
—  Misjudged speed-and alutude _— 46 .
—  Misjudged altitude/clearance _ o 22
—. Selected unsuitable terrain 9
— Attempted operation beyond expenence/
o abﬂlty level - : : 9
—  Exercised poor judgement 5
—  Operation with known deficiencies in equipment 4
—  Continued VFR flight in adverse weather conditions 3
= Initiated flight in"adverse weather conditions 3
— Misjudged speed, altitude or clearance- 2
—  Delayed initiating go-ahead' o 1
= Delayed actlon in obtammg takeoff 1
T " Subtotal 105 25%
o Inadequate Preparatlon and Plannmg
-i . Inadequate preﬂlght preparatlon/plannmg 43
—  Lack of familiarity with the aircraft T 13
—  Improper inflight dec1s1on/p1ann1ng ' 11
—  Failed to follow approved procedures/directives - - 10

- -Subtotal » ,I_‘_77';,4_ C19% -




ot o mee C e e e e e
i
i
H

° V1S1b111ty or- D1verted Attention

-Falled-to see/avmd—objects or obstructlons
Subtotal

° PllOt Fatlgue vaerted Attentlon or Lost/D1sor1ented

— Diverted attentlon from operat10n of the alrcraft
= Pil6t fatlgue

—: Lost/disoriented

—  Spatial disorientation .

Subtotal

3

H

B

1 tr
Pl

i

36
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21
416

. Percent of

416 Factors
Cited

8% .. ...

5%

- 100%






