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Barone, Ronald J.

FG-13

1825

FSDO-EAQ03/AGC

3000 Lebanon Church Road
Suite 300

West Miffiin, PA 15122
Phone: (412) 466-5357 x-238
E-mail: ronald.i.baron @faa.gov

Blanset, Stephen A.

FG-13

1825-13, A/W

SO-FSDO-09

1500 Urban Center Drive

Suite 250

Vestavia Hill, AL 35242

Phone: (205) 731-1557

E-mail: stephen.a.blanset@faa.gov

Brister, Jeffrey R.

FG-14

1515-14

Washington HDQTS AA1-220
800 Independence Ave. SW
Washington, D.C. 20591 .
Phone: (202) 267-9887
E-mail: jeff.rbrister@faa.gov

Cachero, Theo C.

GS-14

(GS-1825, Airworthiness

Las Vegas FSDO

7181 Amigo Street

Suite 180

Las Vegas, NV 89119

Phone: (702) 269-1445

E-mail: theo.c.cachero@faa.gov

Crawford, Frank D.

FG-12

1825-12, AV /A/W

Juneaun, FSDO-05

3032 Vintage Park

Suite 106

Juneau, AKX 99801

Phone: (907) 790-7382 ,
E-mail: frank.crawford @faa.gov

Crowley, Jerry M.

FG-13

1825-13, A/W Avionics
Lincoln, NE FSDO

3431 Aviation Road

Suite 120

Lincoln, NE 68524

Phone: (402) 475-1738

Phone: (402) 458-7825
E-mail: jerrv.crowlev@faa gov
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Dunn, George Raymond
(GS-1802, OPS (Flight Operations)
AEA FSDO-23

#1 Airport Way

Suite 110

Rochester, NY 14624

Phone: (585) 436-3880 X-212
E-mail: none

Ernest, Daniel J.

GS-14

1825-14, A/W

FSDO — Greensboro, NC

6433 Bryan Blvd.

Greensboro, NC 27409

Phone: (336) 662-1051

E-mail: daniel.j.ermest@faa.gov

Eubank, Harold C.

GS-14

1825-14, Avienics

AGL-13 MKE £SDO

4915 S. Howell Ave.
Milwaukee, WI 53207

Phone: (414) 480-2920
E-mail: harold.eubank@faa.gov

Franklin, Bill

1825-14, Avionics

Long Beach FSDO

5001 Airport Plaza Drive
Suite 100

Long Beach, CA 90815
Phone: (817) 649-6328

E-mail: william | franklin @faa.gov

Hardie, Roy

GS-12

1825-12, OPS

Fresno FSDO

4955 E. Anderson

Suite 110 )

Fresno, CA 93727

Phone: (559) 487-5306
E-mail: roy.hardie@faa.gov

Hsueh, Ti-Kuan

ASIFSD - CAA, MOTC

340, Tun Hua North Rd.

Taipei, Taiwan, R.O.C.

Phone: 886-2-23496392
E-mail: hsueh@mail.caa.gov.tw

Jackson, Clovis L.
FG-14

1825-14, A/W (Maint)
Atlanta FSDO-11

1701 Columbia Ave.
Suite 2-110

College Park, GA 30337
Phone: (404) 305-7200

- E-mail: clovis.l.jackson@faa.gov

Kempf, Boyd W.

FSDO SwW-17

10100 Reunion Place

Suite 200

San Antonio, TX 78216

Phone: (210) 308-3313

E-mail: Boyd. W.Kempf@faa.gov
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King, David L.

FG-14

1825-14, A/W

Orlando FSDO SO-15

5950 Hazeltine National Dr.
Orlando, FL 32822

Phone: (407) 812-7753
E-mail: david.iking@faa.gov

Mavridoglou, Theo A.

FG-13

1825-13, OPS

Jackson, MS FSDO (ASO-FSDO-07)
100 W. Cross St.

Suite C

Jackson, MS 39208

Phone: (601) 664-9812

E-mail: theo.a.mavridoglou@faa.gov

Miller, Johnny D.
FG-13

1825-13, OPS
Portland FSDO NM-09
1800 NE 235%

Suite 15

Hillsboro, OR 97124
Phone: (503) 681-5560
E-mail: none

Novotney, Theodore J.

FG-13

1825, A/W

ANC-FSDO-03

4510 W. International Airport Road
Anchorage, AK 99502

Phone: (907) 271-2025

E-mail: ted.novotney@faa.gov

Robinson, Wayne F.

GS-13

1825-13, AVS

SO-FSDO-13

125-B Summer Lake Drive

West Columbia, SC 29170
Phone: (803) 765-5931

E-mail: wayne.f.robinson @faa.gov

Salazar, Mary A.

FG-08

1801-AST, OPS

PDX-FSDO

1800 NE 25™ Ave.

Suite 15

Hillsboro, OR 97124

Phone: (503) 681-5500
E-mail: mary.salazar@faa.com

Schuur Ir., David B.

FG-13 .

1825-13, OPS

Portand FSDO-09

1800 NE 25 Ave.

Suite 15

Hillsboro, OR 97124

Phone: (503) 681-5500

E-mail: david.b.schuur@faa.cov

Stockton I, Richard L.
FG-13

1825-13, OPS

Long Beach FSDO

5001 Airport Plaza Dr.

Suite 100

Long Beach, CA 90815
Phone: (562) 420-1755
E-mail: pgck.stockton@faa.gov
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Usrey, Charles H. (Chuck)
MSS-3

AT-2152

Support Manager FAA/AT/ZLA
Los Angeles ARTCC

2555 East Ave. P

Palmdale, CA 93550

Phone: (661) 538-2430

E-mail: chuck.usrey@faa.gov

Vernon, Carrie
GS-7
- 0462-07, Forestry Technician
(Helicopter Manager)
Fire Management Office
Sequoia National Park
Three Rivers, CA 93271
Phone: (559) 565-3168
E-mail: carre_vernon@nps.gov

Wallis, Elizabeth (Betsy)

FG-8 v

1801-8, AST (OPS/AW)
GL-FSDO-11

8303 West Southern Ave.
Indianapolis, IN' 46241

Phone: (317) 487-2400 X-2451
E-mail: betsy.wallis@faa.gov

Warren, Richard P.
FG1825-14

Sr. Aviation Safety Inspector
ACE-48 Vandalia MIDO
3800 Wright Drive

Vandalia, OH 45377

Phone (937) 898-3991
E-mail: rnch.warren @faa.gov

Wiglesworth, Linda

FG-08

1801-AST, OPNS

ATL-FSDO

1701 Columbia Ave.

Suite 2-110

Atlanta, GA 30337

Phone: (404) 305-7268

E-mail: linda.wiglesworth @faa.gov
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Helicopter Emergency Medical Services (HEMS)

During the period of 1991 to 1997 there has been a relatively low amount of EMS
accidents, averaging approximately 2 per year. Since 1998 there has been a significant
increase in these numbers. The accidents that occurred between 1998 and 2003 (to date)
make up 75% of all EMS accidents in the 1991-2003 time period. Despite this increase,
however the percentage of fatal accidents is declining. EMS accident data from several
sources, the National Transportation and Safety Board (NTSB), Helicopters Association
International (HAI), and Air Medical Pilots Association (AMPA) have been reviewed
and displayed in the following tables. Accidents that occurred during maintenance
flights, check rides ferry flights, etc. were not included in the study. Chart 1 shows the
increase in accidents since 1991. Table 1 below shows the number of accidents, fatal
accidents and fatalities.

Chart1. EMS Accidents 1991-2003

Table 1: Number of EMS Related Accidents,
' Fatal Accidents and Fatalities

Year Accidents Fatal Accidents Fatalities
1991 2 2 7
1992 2 1 2
1993 2 2 5
1994 5 3 9
1995 2 0 0
1996 2 1 3
1997 3 2 5
1998 7 4 14
1999 10 3 10
2000 12 4 11
2001 10 2 2
2002 13 S 13 )
2003 1 1 2
Total 71 30 83



Tables 2, 3 and 4 describe the number of accidents by time of day, weather condition and
leg of flight respectively. Approximately 14% more accidents occurred during the night
than day. Accidents that took place at dusk were also placed in the night category. Only
15% of the accidents were in adverse or instrument meteorological conditions (IMC),
while 53% occurred on the leg going to the accident.

Table 2. Number of EMS Related Accidents

By Day/Night
Year Day Night
1998 2 5
1999 5 5
2000 4 8
2001 5 5
2002 7 6
2003 0 1
Total 23 30

Table 3. Number of EMS Related Accidents

By Weather Conditions

Year - VMC IMC/Adverse
1998 5 2
1999 7 3
2000 11 ]
2001 10 0
2002 12 1
2003 0 1
Total 45 8

Table 4. Number of EMS Related Accidents By Leg
Year Going To Accident Transferring Patient Returning to Base
1998 4 3 0
1999 5 2 3
2000 3 3 6
2001 6 2 2
2002 9 4 0
2003 1 0 0
Total 28 14 11




Three times as many accidents were caused by pilot error or technique, 64%, compared to
mechanical and weather related which accounted for 21% and 15% respectively.
Approximately one-third of the pilot errors were weather related. The largest number of
accidents occurred in the Western Pacific region, 22%. Pilot information; average age,
total flight hours and total flight hours in type are indicated in Table 7.

Table 5. Number of EMS Related Accidents by Cause Factor
Year Pilot Error/Technique Mechanical Weather
1998 2 3 2
1999 6 1 3
2000 9 2 1
2001 7 3 0
2002 10 2 1
2003 0 0 1
Total 34 11 8
Table 6. Number of EMS Related Accidents By Region
Regions Accidents
AWP 12
ASW 11
ASO 9
ANM 9
AGL 8
ACE 3
AEA 1

Table 7. Average Pilot Age, Total Hours and Hours in Type

Age

Total Flight Hours

Total Flight Hours in Type

45

5134

673
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Data Show Downward Trends in
U.S.-registered Helicopter Accidents in 1991-98

An analysis of information gathered by government agencies and a helicopter trade
organization shows an average accident rate of 8.74 accidents per 100,000 flight hours
during the period and declining trends in the number of accidents and fatal injuries.

Joel S. Harris

* An average of 185 helicopters were involved in
accidents each vear. Although more helicopters
were involved in accidents in 1998 than in the
three previous vears, the linear rend line (the !
graphical representation of the trend of the dara)
shows a slight decline during the eighi-year penod
(Figure 3. page 3);

U.S.-registered helicopters were involved in 1.482
accidents from 1991 through 1998.' Of those
accidents, 277 resulted in fatal injuries. This report
presents a statistica) review of the accidents, using
data from the Helicopter Association Intemational
(HAI). the U.S. National Transportation Safery Board
(NTSB)and the U.S. Federal Aviation Administration
(FAA). .
[l @TN I g - An average of 35 helicopters were involved in
FOUNDATION accidents that resulted in fatal injuries each year.

- The data show a declining wend during the eight

FAA data show that the number of U.S.-registered
helicopters decreased from 1991 to 1993, then

SINCE 1947 -

vears, although the 1998 figure of 34 fatal
helicopter accidents was the highesi number

increased each year through 1997, the last year for
which estimates were available.” From 1994 through

1997, the number of piston-powered helicopters increased more recorded since 1994 (Figure 4. page 3);

than 39 percent, and the number of rbine-powered helicopters

increased more than 46 percent (Figure 1, page 2). +  The average accident rate for the eight-year period was
§.74 accidents per 100,000 flight hours. Annuazl

Figure 2 (page 2) shows the FAA-estimated number of mult- accident rates ranged from a low of 6.79 accidents per

engine turbine-powered helicopters and single-engine rurbine- 100,000 flight hours in 1991 to a high of 12.27

powered helicopters from 1993 through 1997. accidents per 100.000 flight hours in 1994. The trend

» ) during the eighi-vear period was statistically level
Accident rends were mixed during the period. HAl data on (Figure 5, page 4); and,
helicopter accidents during the period 1991 through 1998 show
the following trends: continued or. page 4




Estimated Number of Active U.S.-registered Rotorcraft, 1991-1987
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U.S.-registered Helicopters Invoived in Accidents and
Linear Trend Line, 1991-1998
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U.S.-registered Helicopters Involved in Fatal Accidents and
Linear Trend Line, 1991-1998
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Accident Rate of U.S.-registered Helicopters and Linear Trend Line, 1991-1998
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The average fatal accident rate was 1.63 accidents per
100,000 flight hours. Data show a downward trend in
the fatal accident rate, even though the 1998 rate of 1.59
fatal accidents per 100,000 flight hours was the highest
since 1994 (Figure 6, page 5).

Three tvpes of aircraft were represented in the data: piston-
powered helicopters, single-engine turbine-powered
helicopters and multi-engine turbine-powered helicoprers.
Figure 7 (page 5) shows the accident rates and. fatal accident
rates for each type.

Helicopters with a single piston engine were involved in about
55 percent of the accidents during the period 1991-1998. Dara
show 810 accidents during the period and a rate of 24.11
accidents per 100.000 hours flown in this rype of helicopter.
Single-engine piston helicopters were involved in 106 fatal
accidents with 149 fatalities, and the fatal accident rare was
3.15 per 100,000 flight hours.

Helicopters with a single turbine engine were involved in
approximately 39 percent of the accidents. There were 587
accidents, including 137 fatal accidents with 284 faralities:
the accidenr rate was 6.03 per 100.000 flight hours, and the
faral accident rate was 1.4 per 100,000 hours flown.

Multi-engine turbine helicopters were involved in 6 percent
of accidents. Data show 2 total of 85 accidents and 34 fatal

accidents with 74 fatalities; the accident rate was 2.20 per
100,000 flight hours, and the fatal accident rare was 0.88 per
100.000 hours flown in this helicoprer rype.

The NTSB accidenvincident database? for 1991~1998 includes
final reports for 1.336 U.S.-registered helicopter accidents. In
1.259 of these reports (94 percent). basic weather conditions at
the rime of the accident are described as visual meteorological
conditions (VMC}). Sixry-nine reports (5 percent) described
weather conditions as instrument meteorological conditions
(IMC). The accidents that occurred in IMC rypically were more
serious than accidents that occurred-in VMC. NTSB data show
that 53 percent of accidents in IMC resulted in faialines,
compared with 17 percent of accidents in VMC. Eight final
reports did not describe weather conditions. Nevertheless. NTSB
reports indicate that the percentage of accidents occurring each
vear in IMC is decreasing (Figure &, page 6.

NTSB final accident reports indicated light conditions for
1.328 accidents. Of that number, 1,179 accidents occurred
in davlight conditions, 98 accidents occurred in darkness,
18 accidents occurred at dawn and 33 accidents occurred at
dusk (Figure 9, page 6).

NTSB accident reports typically cite multiple causes and
conwiburing factors to accidents. Therefore, the probable
cause determination often identifies the combined influence
of more than one factor in an accident. An analysis of 74
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Fatal Accident Rate of U.S.-registered Helicopters and
Linear Trend Line, 1991-1998
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Accident Rate Comparison of U.S.-registered Helicopters, 1991-1998
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Visual Conditions During Fatal Accidents
Involving U.S.-registered Helicopters,
1981-1998
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Figure 8

NTSB final reports (5.6 percent) on fatal helicopter accidents
and nonfatal helicopter accidents from 1991 to 1998 shows
that pilot error was either a cause or a contributing factor
in 78 percent of all accidents and 88 percent of faral
accidents.*

( U.S.-registered Helicopter Accidents in Instrument Meteorological Conditions and
Linear Trend Line, 1981-1998
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Figure 8

Table 1 (page 7) shows NTSB dara for accident rates® for all
general aviation and air taxi aircraft, as well as HAI data for
accident rates among U.S.-registered helicopters during the
period 1991 through 1998.

HAI data show that 2,908 people were involved in the
1,482 helicopter accidents that occurred from 1991 through
1998. Of these, 1.496 people received no injuries, 566 people
received minor injuries, 362 people were injured senously
and 484 people were injured fatally (Figure 10, page 7).

NTSB final helicopter accident reports show that
berween 1991 and 1998, 378 helicopters were destroved,
947 helicopters were damaged substantially and 11 helicopters
recetved minor damage or no damage (Figure } 1, page 7).°¢

Notes and References

1. Darz 15 available from the Helicopter Association
Internavional, 1635 Prince St., Alexandria, VA 22314-2818
U.s.

[N

. U.S. Federal Aviation Administration (FAA) estimates
of the number of active aircraft are on the Internet:’
www.api.faa.gov/ga97/TAB_1-2.DOC.

3. The U.S. National Transportation Safery Board
(NTSB) accident/incident database is on the Intemnet
www.asy.faz. gov/asp/asy_nisb.asp.
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Table 1
Accident Rates and Fatal Accident Rates for
U.S.-registered General Aviation and Air Taxi Aircraft, 1991-1998

Piston Single-engine Mutti-engine
General ) All Turbine Turbine Turbine
Aviation” Air Tax!* Helicopters Helicopters Helicopters Helicopters
Year Total Fatal Total Fatal Total Fatal Total Fatal Total Fatal Total Fatal
1981 7.85 1.56 3.93 1.25 6.79 1.3 20.00 2.22 3.70 1.18 1.91 0.70
1992 8.36 1.80 3.86 1.22 8.98 1.80 29.33 4.33 5.32 1.53 2.02 0.40
1993 8.94 1.74 4.16 1.18 8.82 2.02 26.76 4.58 6.71 1.49 2.31 1.03
1994 8.97 1.81 4.59 1.40 12.27 2.48 29.54 4.34 8.96 1.81 4.18 2.23
1995 8.24 1.66 4.39 1.41 8.21 1.27 26.41 2.08 541 1.33 2.21 0.60
1996 7.67 1.45 4.43 1.43 8.30 1.51 13.87 2.20 7.81 1.22: 2.35 1.28
1997 7.28 1.39 3.64 0.67 7.87 1.34 25.00 2.33 5.79 1.34 1.50 0.56
1998 7.42 1.36 3.03 0.71 8.93 1.59 30.46 4.02 6.04 1.28 1.82 0.73

* General aviation and air taxi categories include fixed-wing aircraft and rotary-wing aircraft.

Source: Joel S. Hamis

Injuries in Accidents Involving Aircraft Damage in Accidents involving
U.S.-registered Helicopters, 1991-1998 U.S.-registered Helicopters, 1991-1998
Fatal Minor or None '
17% 1%
Destroyed
28%
Serious
Uninjured 12%
52%
19% Sul;ir;nual
Source: Joel S. Harris Source: Joel S. Harris
Figure 10 Figure 11

4. The author randomly selected for analysis 74 (5.6
percent) of 1,328 final helicopter accident reports in the
NTSB online database. Sixteen of the accidents that were
selected involved fatal injunes.

office said that “minor™ damage rypically is considered
to be any damage that is less than substantial.

About the Author

5. FAA. Siatistical Handbook of Aviation. 1999. Joel S. Harris holds an airline transport pilor certificaie and

a flight instrucior certificate with ratings in both helicopiers

6. U.S. Federal Aviation Regulations Part 830 defines
“substantial” damage as “damage or failure which
adversely affects the structural strength, performance,
or flight characteristics of the aircrafi. and which would
normally require major repair or replacement of rhe
affected component.” Ted Lopatkiewicz of the U.S.
National Transportation Safery Board public affairs

and airplanes. He is a U.S. Federal Aviation Administration-
designated piloi-proficiency examiner, ¢ Federa! Aviation
Regulations Part 135 check airman and safery counselor.
Harris is assistani direcior of standards for qualiry assurance
a1 FlightSafery International. He has administered more than
10,000 hours of flight, simulaior and ground-school training
to professional pilots.
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: Tagacr¥ V6154
INTERNATIONAL CVIL AVIATION OXGANIZATION

AIR NAVIGATION COMMISSION

ANC Task Ne. OPS-9102:  Review of hellcopter safety statistics

(Preseated by the Director of the Alr Navigation Buremn)

SUMMARY
This paper presests i summary of the repiies received from selected Stares
to 2 [eger requesting informartion relaed o swristics on helicoprer safery
experience; and findings of the Secremriar's amatysis of this informarion.
CO-CRDINATION
AIG ‘
REFERENCES .
AN-WP/E556 * C-Min. 131719
AN-WP/E361 Ampex 6, Perr 1T
= AN-Min 1274 BETIOPS/L, 2, 3 and 4
C-WP9213 reports (yellow cover)
C-WP/3034 ’
* Principal references

L. INTRODUCTION

The Alr Navigation Commission (127-4) reguested the Secreearizr o devalop
questionnaire 1o obtain statistical information cn helicoprer safery expesience. The questicunzire was s=
10 twenty-four setected Stares and four imernational organizations under cover of lersr AN 11/32 da

25 July 1991,

2 BACKGROUND
The ICAO Helicopter Operztions (EELIOPS) Panel was msked 1o preduce Pere I ¢

2.1

Armex 6 to address imernationzi helicoprer operztions o 3 mumer similzr o thar for aeroplane

(Anpex 6, Part ). The objective of Amnex 6, Part [T was 0 provide 2 level of safery equivaiesz t

(12 pages)
OPS/AIR

@ 05 VT 1994
[ &
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aeroplane operations, particularly in Section I, "Internstional Commercial Air Transport.” It is useful
tonote that Annex 6 Standards are written for International Commercial Air Transport, that is, aircraft
operations involving the imernational transport of passangers, cargo or mail for ramuneration or hire.
As such, thesc Standards and Recommended Practices (SARPs) are not applicable to hslicopters engaged
in aerial work which is defined as "an aircraft operation in which an aircraft is used for specializad
services such as agriculture, construction, photography, surveying, observation and parrol, search and
rescue, aerial advertisement, etc.” It is-worth noting also that Assembly Resolution A29-3 "Global Rule
Harmonization® urges. in particular, States to take positive action to promote global harmonization of
national rules for the application of ICAO Standards.

22 Amendment | to Annex 6, Part [I, was developed by the HELIOPS Panel over a period
of five years, from 1983 to 1988. Amendment | imposes restrictions on the operation of Performance
Class 3 helicopters, eguivalent, gen:ra!ly,.to single-engine helicopters, as follows:’

a) no operations from elevated heliports and helidecks in congested areas (Annex 6,
Part III, 3.1.4 and 3.1.5 refer);

b)  no operations at night and/or IMC (Annex 6, Part III, 3.1.2 refers),

2.3 The Standards in both 2) and b) of 2.2 above apply to imernational civil air transport operations
only, not to international general aviation.

2.4 Amendment No. 1 included, in addition to helicopter operations and performance
operating limitations, fuelling practices for helicopters while passengers remain on board, -certification
for ditching and recording of operational informarion in helicopters with electronic flight displays.

2.5 Following consultation with States on the panel’s final proposals, the Alr Navigation
Commission (122-5, 7 and 8) conducted its final reviews on the basis of AN-WP/6369 and Addenda
Nos. | and 2 and AN-WP/6361 and Addendum No. 1. The Counci took this into consideration when
considering C-WP/9034 in the process of adopting Amendment 1 to Amnex 6, Part I on 21 March 1990
(129712). Consistent with ICAQ practices, States were given the opportunity to register disapprovals
prior to the amendment becoming effective, :

2.6 On 12 December 1990, the Council (131/19) considered a request from several
Represenzatives that the applicability dare of 15 November 1990, which had been established for:
Amendment | to Annex 6, Pan IIl, Imternational Operarions ~ Helicopters and for Annex 14,
Volume II, Heliports, be delayed pending further study of some of the requirements set out in those
documents. The Council was concerned about the restrictions placed on single-engine helicoprer
operations and. in particular, restrictions placed on turbine single-engine helicopters. Amendment | 1o
Annex 6, Part ITI did not distinguish berween turbine and piston-powered aircraft. Although the Council
did not agres 1o the requested delsy in the applicabilkty date, it referred the matrer to the Air Navigation
Commission for study and report back to Council.

2.7 AL the fourth meeting of its 127th Session, the Commission considered AN-WP/EE5E
which presented the Council referral, as well as the request of one State w obrain currem statistical
tnformation on safery experience with Performance Class 2 and 3 helicopters. During its discussion of
the issue, the Commission was informed that such information wzs not availzble in the ADREP system,
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as there was no ICAO requirement to obtain accident data on aircraft in that weight class. It was
observed that the present world hellcopter fleet was predominamtly sinpie-engine and mostly in the weight
class of less than 2 250 kg.

2.8 The Commission agreed 1o obtain statistical data on helicopter-safety pecformance from
selected States and international organizations and, accordingly, requestad the Secrstariar to develop ao
appropriate questionnaire. The Secretariat developed 3 questionnaire related to helicopter activity levels,
including night operations and operations from off-shore helidecks and elevated structures. Informasion
.was requested with respect to piston single-engine, wrbine single-engine and mrbine multi-engine
helicopters to support subsequent analysis of the safety performance of those thres types of aircrzft. The
questionnaire was dispatched to the following States and imernational organizations:

Australia, Brazil, Canada, China, Colombia, Prance, Germany, India, Indonesia, Italy,
Japan, Mexico, New Zealand, Norway, Papuz New Guinea, Philippines, Poland, Spain,
Sweden, Switzerland, Union of Soviet Socialist Republics, United Kingdom,

. United States, Venezuela, European Helicopter Organization, Helicopter-Association
International, IATA and IFALPA,

3. DISCUSSION

3.1 While responses were received from sixteen States, few completed the questionnaire, and
only two States provided information of adequate specificity to distinguish between the observed
performance characteristics of piston single-2ngine, wrbine single-engine and turbine multi-engine
helicopters. These two States, however, represent about 64% of the known world-wide distribution of
¢ivil hellcopters. .

3.2 Afrer further clarification of the information reported from the two States, the Secretaris:
compared accident rates per 100 000 flight hours for piston single-engine, turbine single-engine and
wurbine multi-engine helicopters for the period 1983 through 1989 (Table A-1 &nd Figure A-1).

3.3 One State reported night accident rates for the peciod 1983 through 1988 (Table A-2 and
Figure A-2) as well as accidents per 100 000 helideck operations and aecidents per 100 000 on-shore
elevated strucrure operations, which are presented in Table A-3 and Figure A-3 in the Appendix to this
paper.  The State of the report accounts for approximately 58% of the known distribution of civil
helicopters.

4. FINDINGS

4. ICAOQ received less information from States than had been requested. Moreover, not
#l] of the information which was received usefully supported this analysis. With the benefit of hindsight,
the ICAO questionnzire could have been bezer designed. Additionally, however, it appears that not all
States possess readily availabie information necessary 1 support 2 comparative safety analysis of
single-epgine piston. single-engine turbine and multi-engine helicopter operaions.
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4.2 Notwithstanding the above, the statistics presesmted in this report represent & large
segmem of the helicopter population. The Secretariat views the information as representatve of the
industry generally. A

4.3 An analysis of helicopter safety statistics derived from more than three million hours of
flight rime accumulated over seven years indicates that single-engine piston helicopters are more accident
prone than ‘single-engine turbine helicopters. Indeed, on the basis of accidents per 100 000 fiight hours
of operstion, the single-engine turbine helicopter performance is closer to that of the twin turbine than
to the single-engine piston, This is not reflected in Annex 6, Part I, whers identical operating
limitations are specified for singls-engine piston and single~engine turbine helicopters.

4.4 The night-time accident rate for the single-engine turbine helicopter was actually better
(less) than that of the twin turbine. As no obvious explanation for this finding can be derived from the
darz available, it may be concluded that the performance variance i¢ nil. Single-engine piston helicopter
night accident rates are considerably higher than either singie- or twin-engine turbines.
4.5 Accident rates for helideck and on-shore elevated structure operations also suggest thar
turbine helicopters are safer than piston helicopters. The smaller mumber of flight hours and accidents
reported for these operations, bowever, may comtribute to the relative differences. in helicopter
performance characteristics both for belidecks as well as elevated stracture operations.
5. ACTION BY THE AIR NAVIGATION COMMISSION

The Air Navigation Commission is invited to:

2) note the information presented in this report;

b)  review the findings reported in paragraph 4;

) decide on appropriate follow-up action; and

d) instruct the Secretariat regarding preparation of a report. to Council on the issue.
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FIGURE A-1

COMPARATIVE ACCIDENT RATES
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COMPARATIVE NIGHT ACCIDENT RATES

TABLE A-2

{based upon U.S. data)

1983 1984 1985 19861 19871 1988) _AVQ, 19831988 |
SINGLE PISTON : .
Night accidents 0 4 4 6 2 4 11
Night flight haurs (000) 2632 15.68 14.34 2382 1953 1881 19.75
Accidents per 100 000 hours 0.0 25.5 219 25.2]. 10.2 213 169
SINGLE TURBINE
Night accidents 7 9 1 13 2 6 733
Night flight hours (000) 4436 67.50 7534 100.30 8932 10553 8039
Accidents per 100 000 hours 15.8 13.3 93 130 2.2 51 2.1
[TWIN TURBINE
Night accidents b} 3 4] k] 1 1 2.50
Night flight hours (000) 0.60 821 6.96 19.62 2504 .64 14.01
Accidents per 100000 howts 5000 366 574 153 10 12 178




FIGURE A-2

COMPARATIVE NIGHT ACCIDENT RATES
{Average 1983 - 1988)
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TABLE A-3

COMPARATIVE HELIDECK ACCIDENT RATE

{based upon U.8. data)

o\ ibBa|___18BA[iBgs[_i6ga| _10A7]jBss| AVEBI=8d
BINGLEPISTON |7 | , =5
ACCIDENTS __~ 0 1 0 ) B 1| o5
HELIDECK OPERATIONS {000) | 0.83 1.00 1.33 1.66 2.33 28 1.60
ACCIDENTS PER 100,000 OPS 0.00]_i00.00 0.00 60.24 0.00 35.34 30.05
SINGLETURBINE

ACCIDENTS o 8 2 3 g 1 .2 3.67
HELIDECK DPEHATIONS {00D) 3816 J681 3547 2768 2851 aioa| _ aosa.i7
ACCIDENTS PEH 100,000 OF8 0.14 0.08 0.08 22| = 0i4 0.08 0.11
TWINTURBINE

4}.@@4‘@!!-!%1 2 3 -2 2 2 3 233
HELIDECK OPERATIONS (000} 537 572 612 450 440 571 531.93
|ACCIDENTS PEH 100,000 OPS_ 0.7 052 033 0.44 0.45 0.53 0.44
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COMPARATIVE ELEVATED STRUCTURE ACCIDENT RATES

TABLE A4

{based vpon U.8. data)

iaa4]__ 1085

— ) N1 O 1.1
SINGUE TUIBINE — —
ACCIDENTS _ . i i 1 ] j A 0.83
OPERATIONS (000) o a3 348 424 369 423 357 375.33
ACTIDENTS PER 100,000 OP 0.30 029 0.24 0.00 0.24 0.28 0.23
TWIN TURBINE — *

AGCIGENTS ] 5 B B i .
OPERATIONS [000) il i 8 21 63 100 103 ;wWw
ACCIDENTS PEI 100,000 OPS 0.00 0.00 0.00 3835 0.00 087 1.00
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INTRODUCTION

Safery has always been a factor in the growth or lack-of-
growth of the helicopter industy. The perception of the lack
of safery has caused fleet groundings and the prohibition of
helicopter operations. There are many facets of safety, but
the bottom line is that occupant safety is achieved by the
management of risk. If you can reduce the risk, safery has
improved.

CIVIL HELICOPTER HISTORY

The civil helicopter history started with the first civil centifi-
cated helicopter in 1946, the Bell Model 47, registry of
NC1H (Fig.1.). The civil helicopter industry, like the mili-
tarv helicopter industry, has since grown and spread
throughout the world. . The Model 47 series included about
4,600 civil and military models until all Model 47 produc-
tion was stopped in 1974. The safery history of the Bell
Model 47 series, which was the most popular helicopter in
those early days, is typical of the early aviation. The 47 ac-
cident rate was very high at the start of civil helicopter avia-
tion, as the operators were finding new ways to use the heli-
copter. The designers were fixing those problems due to the
aircraft as they became evident from accident investigations.
The annual accident rate decreased over time with the martur-
ing of the 47 fleet, but it stabilized to a fairly constant rate
(Fig. 2). The large fluctuations in annual accident rates in
the later years are due to inaccuracies of the FAA's esti-
mates of Model 47 flight hours. Basically, the Model 47
accident rate has been the fairly constant for the last 40
years.

WHAT IS AN ACCIDENT?

When an unusual occurrence happens in or around an
operating aircraft, the severity of the damage or possible
injuries can vary widely. Thus there is a threshold beyond
which the government must be notified of a serious
occurrence. Events severe enough to be called accidents are
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required to be reported to the government and some trype of
investigation is warranted. Events less than this threshoid
level, such as maintenance or Vvery minor events, are
generally not reporied to government.  Therefore the
location of this dividing line berween reguired reportable
and non-reportable events becomes quite important and must
be defined. Each government has an agency tasked to
investigate such serious occurrences with the goal of
reducing that type of problem in the future for the flying
public. In the United Statés of America (USA), that
government agency is the National Transportation Safery
Board (NTSB). Each of the Military Services has a similar
segment of the service that is tasked to do accident
investigations.  Countries that are signatories of the
International Civil Aviation Organization (ICAO) have
agreed to standardization of accident investigation (2s much

Fig. 1. NC1H, the first civil certificated helicopter.
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Fig. 2. Model 47 annual accident rates for 50 years.

as possible) based on ICAO Annex 13. Each country then
bases its definition of a reportable event on the definition in
Annex 13. NTSB’s definition is defined in 14 CFR Part
830.2, which states: )

“Aircraft accident” means an occurrence
associated with the operation of an aircraft
which takes place berween the time any
person boards the aircraft with the inten-
tion of flight and all such persons .have
disembarked, and in which any person suf-
fers death or serious injury, or in which the
aircraft receives substantial damage.

Substantial damage requires further definition, as the range
of damage may be quite wide. Therefore 14CFR Part 830.2
continues and states:

“Substantial damage” means damage or
failure which adversely affects the struc-
tural strength, performance, or flight char-
acteristics of the aircraft, and which would
normally require major repair or replace-
ment of the affected component. Engine
failure or damage limited to an engine if
only one engine fails or is damaged, bent
fairings or cowling. dented skin, small
puncture holes in the skin fabric, ground
damage to rotor or propeller blades, and
damage to landing gear, wheels. tires,
flaps, engine accessories, brakes, or wing-
tips are not considered “‘substantial dam-
age” for the purpose of this part.

Examples of this wide range of what is considered an acci-
dent with substantial damage range from a minimal accident
of a wrinkled tail boom requiring maintenance with no inju-
ries during a poor landing (Fig. 3.) 1o a very serious accident
where the aircraft is destroyed by fire and all occupants were
faually injured (Fig. 4). As a side note, the aircraft data plate
from this foreign accident shown in Fig. 4, was sold for
$1.00, and another aircraft was counterfeited using that plate
and a military surplus UH-1 fuselage. That counterfeited
aircraft later crashed in the USA due to a military surplus
part failure.

Accident rate comparisons should always use a common
definition of what constitutes an accident. Otherwise, one
data set will be including only extremely severe events
whereas the other data set will be considering minimal dam-
age events as well as severe fatal events. With civil aviation
around the world, the definition of an accident is quite com-
monly based on the. ICAO Annex 13, and does not change
over the years. The U.S. Military Services under Depan-
ment of Defense (DOD) use a different classification system.
Both the civil NTSB and the U.S. Military Services include
a serious or fatal injury as pant of the accident definition
threshold, but differ in the aircraff damage. The DOD defi-
nition for aircraft damage is based on the cost to repair. This
level of aircraft damage cost for a Class A mishap has
changed over the years from:

* $100,000 or more, then changed'to
e 5200.000 or more, then changed to
e $500,000 or more, then changed to
¢ 5$1,000.000 or more (present level)



Fig. 4. Aircraft destroyved by fire with fatal injuries.

Thus one should not attempt safery comparisons between
civil helicopter safery and military helicopter safery, due to
the lack of a common event being measured. Safety com-
parisons should stay within common guidelines of events
and rypes of exposure 1o be meaningful.

PERIOD OF EXPOSURE TIME

Measuring risk can only be done by knowing the amount of
exposure o risk. Some people express risk in terms of acci-

dents per deparwre or takeoff, which is quite misleading.
You are at risk at all phases of flight. not just during the de-
parture/takeoff. In flying, you are exposed from the time
you leave the ground until you return to the ground; that
period is referred 1o as the flight time, measured in hours.
Thus the flight hours of an aircraft type must be known in
order 1o develop the different types of risks relative to that
aircraft type. The only official U.S. Government source of
flight hours is the FAA General Aviation Avionics and Ac-
uvities Survey (now called General Aviation and AIr Taxi



Activity Survey), which is conducted on an annual basis.
The FAA sends out a questionnaire 1o a sampling of opera-
tors of U.S. Registered aircraft base on models and the state
of the owners. The FAA then develops annual flight hours
based on the questionnaire responses. Unfortunately, the
FAA has stopped providing flight hours by model series,
beginning in 1997. Thus the latest year for developing
meaningful risk measurements is 1996.

The helicopter accidents used to determine frequency of
occurrence must be applicable to the flight hours available
for that model. The amount of flight hour exposure was
determined for this study by helicopter model for the last 10-
year period of 1987 thfough 1996 from the FAA dawa. Heli-
copter models deleted to improve accuracy were those mod-
els with less than 50,000 flight hours for the 10-year period,
homebuilt/kit helicopters, and those with non-U.S. registry
numbers. Also, if a model had an accidemt in 2 year in
which there were no FAA flight hours estimated, that acci-
dent was deleted. This resulted in the elimination of 181
accidents. The remaining 1534 accidents and their respec-
tive flight hours were separated into five groups for analysis.

The “Military Surplus UH~1" group was separated out. This
is a rapidly growing segment due to the U.S. Department of
Defense (DOD) services (Army, Navy, Marine Corp, and
Alr Force) release of military aircraft as surplus aircraft into
the civil fleet. These single rurbine-powered helicopters
were designed and produced by Bell to military require-
ments and not to civil certification requirements. These air-
craft include UH-1A/B/C/D/E/F/H/K/L/M/P/V  military
models. The military services have modified their aircraft
design over the years before their release into the civil
world. Some of the UH-Is are being used well beyond
what they were designed to do. which has caused a growing
number of accidents. The military surplus UH-1 aircraft are
in many severe uses, such as repeated heavy lift and log-
ging. The FAA flight hour estimate is a mixwure of these
military surplus UH-1s and the Bell civil cenificated 204B
and 205A1. The 204B and 205A1 flight hours in some
vears were separate; in other years, the flight hours were
combined into the military surplus UH~1. The 1996 U.S.
registry showed that 93.2% of this group of 616 aircraft
(UH-1, 204B, 205A1) were acrually military UH-1 aircraft.
Therefore this singlé turbine-powered helicopter group is
predominately military surplus UH~Is and is treated as
such. Since more UH-] aircraft are scheduled to be sur-
plussed in the future. they will continue 10 be major growing
segment of civil aviation.

The “206™ series is a group of its own, since it flew 40.9 %
of all helicopter flying during this 10-year study period.
The single-turbine-powered 206 helicopter continues to be

the most prevalent helicopter in the USA and the world. LTotals

The “Other Single Turbine” group consists of the remaining
single turbine-powered helicopter models with FAA flight
hours, which are the 369/500/600, AS350, and SA316/319

models.

The “Singie Piston”-powered group consisted of the foliow-
ing series: R22, 47/H13, 269/300/TH55, F28/280, and
UH12/H23. The term “piston” is commonly used to de-
scribe a reciprocating engine that has pistons. Those acci-
dents of aircraft where the original piston-engine cernificated
configuration was modified to a single wrbine configuration
were also deleted.

The “Twin Turbine™ group consisted of the following series:
BO105, BK117, 412, 212, AS355, 222/230, A109, §76, S61,
and SS8T. The flights hours of exposure and the .number of
accidents for these five groups are Table 1.

The helicopter models within this study of Table 1 ac-
counted for 9,841 U.S. registered helicopters as of the end of
1996. The percentage of each group's fleet 1s Fig. 5.

RISK TO THE AIRCRAFT

When the amount of damage or injury exceeds the definition
of an accident discussed earlier, that event is an accident and
must be reported to the government authorities. The fre-
quency of those reported accidents also determines the fi-
nancial risk of operating fleet of those aircraft. The proper
meric is the common accident rate calculated as the number
of accidents of a time period divided by the flight hours
flown during that time period. This rate determines the like-
lihood of having a reportable accident for all causes, but that

Table 1. Helicopter groups with 10-year accidents and

exposure
. Percentage
Accidents of
Helicopter (1987 - Flight Hours Flight
Group 1996) (1987 - 1996) Hours
Single piston
(reciprocaring
engine) 864 4,974.42) - 23.3
206 Single
Turbine 306 8,739,554 40.9
Other Single
Turbine 226 3,734,015 17.5
H-1 Military
Surplus Single
Turbine 35 496,204 2.3
Twin Turbines 83 3.406.927 16.0
! 1534 | 2135112 1000 |




is not the same as the likelthood of the occupant being in-
jured or killed. Different types of aircraft have different
accident rates. Further, the types of operations (missions)
being flown by these aircraft are likewise very different.
Some types of operations are extremely safe and others are
extremely hazardous. So the same helicopter model can
have significantly different accident rates, depending on how
it is being used. As a starting point, the risk to the aircraft of
a government reportable accident is shown in Fig. 6. The
five helicopter groups of this study are noted in red color.
“R/W™ indicated rotary-wing aircraft (helicopter), whereas
“F/W™ indicates fixed-wing (airplane). Fixed-wing airplane
segments of U.S. Aviation are noted in blue color. Sched-
uled 121 Air Carriers and Scheduled 135 Air Carmier (Com-
muter) operations are the typical airlines used by the flying
public. The Non-Scheduled 135s group is made up of com-
mercial operations called Air Taxi, which are predominately
fixed-wing airplanes.

The “HSAC Gulf of Mexico” is a select group of helicopters
(single-turbine and twin-turbine) that operate offshore in the
Gulf of Mexico to and from oil/gas rigs. Note that the
HSAC aircraft risk of a reportable accident is significantly
lower than the other three turbine helicopter fleets of this
study that include all rypes of operations, even though their
over-water operations can be quite hazardous. HSAC (Heli-
copter Safety Advisory Conference) is a group of oil compa-
nies and helicopter operators who have banded together as
an organization to improve safety for all that operate in the
Gulf of Mexico. Their accident rate is about the same as
General Aviation turbojet airplanes and the Commuter Air-
lines.

Accident rates are risk of a reportable accident occurring,
which is not the same as the risk of injury to an aircraft oc-
cupant.

Military
. surpius
Tw?n Ut~1
turbine 6%

Single
piston
41%

Other singie
wrbine
19%

206 single
turbine
24%

Fig. 5. US Registered Helicopter Fleet in 1996.

RISK OF ACCIDENT DUE TO INITIATING
CAUSE

The overall accident tate just shown in Fig. 6 is the total of
all of the accident causes that required the reporting of an
accident to the government agency (NTSB). Accident
causes are separated into two major categories. One cate-
gory consists of those accident causes thar were due to the
aircraft (called airworthiness causes, as thev directly relate to
the centification of airworthiness). The other category con-
sists of the non-airworthiness causes of pilot error, weather,
maintenance error, other persons, and unknowns. The acci-
dent rates from all causes and airworthiness-only causes are
shown in Fig. 7. The Twin Turbine helicopters had the low-
est accident rate (risk to the aircraft) for all causes and the
Single Piston helicopters had the highest accident rate. Con-
sidering only the accidents thar are due to the aircraft (e.g.,
airworthiness failures), the lowest accident rate is shared by
the Twin Turbine and the 206 (a single rurbine) at a rate of
0.7/100,000 hours. The highest accident rate due to the air-
craft airworthiness failures was the Military Surplus UH-1s
at 5.4/100,000 flight hours. This 1s an indicator of the severe
use (and sometimes abuse) of using an aircraft to do mis-
sions for which it was not designed. )

Again all of these aircraft are used in mahy different types of
operations (Table 2).

ARE YOU SAFER WITH A TWIN ENGINE OR A
SINGLE ENGINE?

This question has been around for years and the myth has
unfortunately continued into the turbine helicopter fleets.
The rwo-engine safety myth is based upon early 1900s avia-
tion, when airplanes were equipped with extremely unreli-

‘able reciprocating engines that failed quite often. This his-

toric multi-engine airplane thinking has mistzkenly been
applied to helicopters. In commercial airline operations, we
started with two-engined airplanes, then went to three-
engined airplanes, and then went to four-engined airplanes.
The commercial airlines then switched from reciprocating
engines to the new and reliable turbine engines. In the last
decade or so, commercial airlines have gone from four-
turbine engines, to three-turbine engines, and to the present
two-turbine engine aircraft. The reliability of the present-
day turbine engine in airplanes and helicopters is extremely
high. Even on the latest large transport airplanes (Boeing
767, exc.) used by the arrlines. ETOPS regulations allows the
two-turbine engine airplane in commercial service, afier an
engine failure or is shurdown, to fly up to 3 hours on the
remaining c_nginé (now it is a single engine aircraft) before it
is required to land. Even with the major engine reliability
irnprovements is aviation over the years, some people. still
mistakenly believe the myths of Table 3,
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* Table 2. Helicopter civil types of operations.

FAR TYPE OF CIVIL OPERATIONS
137 Aerial Application

133 External Loads (Logging)

133 External Loads (Others)

135 Air Taxi (Air Medical Service)

135 Air Taxi (Commercial Air Tour)
135 Air Taxi (Commercial Passenger — Other)
135 Air Taxi (Cargo)

91 Aerial Observation/Patrol

91 Alr Medical Service

91 Business

91 Commercial Air Tour

91 Corporate/Executive

91 Elecmonic News Gathering

91 Instructional (Part 61/145)/Training
91 Maintenance/Test Flight

91 Personal/Private

91 Positioning/Ferry

91 Sightseeing

91 Utility Patrol & Construction

91 Other Aerial Work
N/A

Public Use/Government Use
(FARSs not applicablie) '

All of the beliefs in Table 3 are FALSE. They are only
myths that are not supported by actual facts.

The single-turbine 206 and twin turbines from Fig. 7 had the
same airworthiness accident rate of 0.7/100,000 flight hours.
Airworthiness includes failures of all components of the
aircraft such as the engine(s), airframe stucture, rotors,
drive systems, hydraulics, electrical, controls, etc. Compar-
ing just the engine failure portion to the rest of the aircraft
failure causes shows a different distribution of where the
airworthiness failures are being initiated (Fig. 8). On the
206, 80% of the airworthiness accidents were due to the en-
gine, and the Twin Turbines had 12% of their airworthiness
accidents still caused by engine failure. So the second en-
gine in a twin did not eliminate all accidents due to power
loss and thus dispels one of the myths. The non-engine air-
worthiness (the rest of the aircraft) causes accounted for
20% for the 206s and 88% for the Twin Turbine’s airworthi-
pess accidents. It is obvious that the “remainder-of-the-
aircraft-stays-the-same™ belief is not true, and is only a
myth. -

There are many factors at work. One should not count num-
ber of engines, as that is misleading from a safery point of
view,

Sometimes a single turbine is best choice for safery; some-
ume a twin turbine is the best choice for safery. Most of the
time, it doesn’t marer for safery reasons, and the choice
should be based on payload and economic issues. The spe-
cific type of operation being planned, where it is to be done,
and how you will do that operation are far more important
than an engine count. The above is only related to the
chance of a reportable accident occurring and does not con-
sider the myths related to the acrual risk of an occupant be-
ing hurt, which will be discussed later.

Table 3. Twin-Engine Safety Myths

1. You are automatically safer with two engines than with one engine, since you have one engine left
when the other one fails such that you can always fly away.

2. That the effects of the remainder of the aircraft failing is the same with one or two engines instailed.

3. That the increase of pilot errors from the additional pilot workload, decisions, and mistakes in nor-
mal and emergency procedures is the same with one or two engines installed.

FN
7

That safety regulation should be based on One Engine Inoperative (OEI) performance and the fail-
ures of the rest of the aircraft can be ignored

That the injury.risk resulting from an engine failure is eliminated by having a second engine.

That the injury risk is the same in all types of helicopters.

That the injury risk is the same regardless of what caused the accident.

oo fn

die.

Regardless of being in a helicopter or in an airplane, if you lose all engine power, you will likely




WHAT CAUSES HELICOPTER ACCIDENTS?

The causes of the accidents of the five separate helicopter
groups are Fig. 9. The Engine Airworthiness (Eng AW) and
Non-Engine Airworthiness (Non-Eng AW) were those acci-
dents where the failure was confirmed (i.e. fatigue, broken,
etc.). There was another group in which the pilot “claimed”
that he had a power loss and that was the reason he crashed.
However, during the accident investigation, the engine sub-
sequently ran fine and no failures in the engine or related
systems such as fuel, couid be determined. The dilemma for
the investigator then becomes whavwho to believe. The
hard facts (nothing found wrong with the engine or related
systems) or the pilot's statement? This is a difficult situation
thar will not likely improve in the furure until there is some
type of recording device onboard, such as a Flight Data Re-
corder (FDR) or Cockpit Audio Visual Recorder (CAVR).
Until the investigator can prove one way or the other, this
group of accident causes (Suspected Eng AW) will continue.

During this 10-year study, the Suspected Engine. AW acci-
dents were considered as actual Engine AW accidents, with
the exception of Fig. 9. This Fig. 9 is in descending order of
all Airworthiness failures (Engire, Suspected Engine, and
Non-Engine AW). Pilot Error is the most comrmon cause of
helicopter accidents. The segment labeled “Maint-Other” is
accidents due to gross maintenance errors and other persons
(other than the pilot or mechanic) that caused the accident.
This could include interfering with flight controls or a non-
pilot attempting to fly. The remainder was Unknown causes.
Although most accidents have several causes, the initiating
cause was used in this study.

Engine vs Non-Engine AW
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SURVIVAL IN HELICOPTER ACCIDENTS

Is the risk of an occupant injury determined by the aircraft
accident rate? No. Most of the occupants in accidents are
not seriously hurt. Survival depends on many factors, such
as

*  Aircraft attitude at impact,

¢ The amount of impact load and direction,

*  The type of restraint worn,

¢ Occupant impact load tolerance,

¢ Impact surface,

e Ajrcraft,

e  Type of seat,

*  Post-crash fire protection,

*  Emergency egress

Fig. 10 shows the percentage of occupants that received a
fatal injury or survived in Airworthiness caused accidents
and the remaining accidents (Non-AW causes) for each of
the five groups. Fig. 10 is ordered by descending percentage
of faualities. About 5% of the occupants received fatal
injuries in accidents from airworthiness failures (includes
engines and non-engine airworthiness failures). Overall,
90% of the occupants survived in helicopter accidents. It is
interesting to note that the Twin Turbine had the highest
percentage of faulities for all airworthiness failure of the
five study groups. Again, it is apparent that the number of
engines is not the controlling factor in occupant survival and
the remaining myths are dispelled. Although these values
are perceniages, they are consistent with the injury rates that
are discussed in a later section.

SAFETY IS THE LACK OF INJURY RISK

Webster's Dictionary defines “safety” as “the condition of
freedom from harm, loss, or injury.” There is no absolute
safety in aviation. [f you minimize the risk to the occupants,
you have improved their safery. Safety is the management
of nsk. The key is to remember that safety is primarily an
outcome related to the occupant, whereas an accident is an
event primarily related to reporting aircraft damage.

Some people incorrectly use fatal accident rates as a measure
of safery. A fawal accident in any accident in which at least
one person receives a fatal injury. The faw] accident rate
then is the number of fatal accidents divided by the hours of
exposure. As an cxample, consider a Model A aircraft had
an accident in which one of the two occupants received a
fatal injury and that fleet had flown 100,000 hours. The
Model A fatal accident rate is 1/100,000 hr. Model B also
flew 100,000 hours, and one aircraft crashed and 235 occu-
pants of the 300 occupants onboard received fatal injuries.
The Model B fatal accident rate was 1/100,000 hr, which
was the same fatal accident rate of Model A. Therefore
Model A and B have the same safery? No, there is a vastly
different societal loss. Fatal accident rates are misleading
and should not be used.

RISK OF FATAL INJURY
Safety is measured by an individual’s risk of being seriously

injured. Risk of fatal injury (RF1) is the method to calculate
that individual's risk as. the likelihood of an accident
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Fig. 10. Survival percentage in helicopter accidents.



occurring. times the likelihood of receiving a fatal injury.
Thus RFI can be expressed as follows:

"Number of people
_ Number of accidents

with fatal injuries
Total number of people

Flight hours flown
on board in accidents

RFI is your individual risk of receiving a fatal injury per
100,000 occupant hours to which you are personally exposed
(flying) in that aircraft. The RFI for the five groups was
determined for all accidents (all causes) and for just those
caused by airworthiness failures (Fig. 11).

First, consider what your individual risk is, due to the air-
craft itself. The lowest individual’s RFI was 0.09/100,000
occupant hours for all airworthiness-caused accidents (in-
cluding suspected airworthiness causes) was the single en-
gine 206. This occupant risk in a 206 was a 43.8% lower
risk than for an occupant in the Twin Turbine group. This
indicates that the number of engines on a helicopter is cer-
tainly not the predictor of an individual’s risk of a fatal in-
Jjury—and more myths are dispelled. Likewise, the 206 oc-
cupant RF] for airworthiness-caused accidents was 59.1%,
65.4%, and 80.9% lower than the Other Single Turbine

group, Single Piston group, and Military Surplus UH-]
group, respectively. This points out that the individual air-
craft design and how the aircraft is used, and the type of
operation being conducted, are exmremely important. The
detrimental effect of the Military Surplus UH-1 being used
in operations for which it was not designed is quite evident.
The laws of physics always apply, regardless of civil avia-
tion regulations and aviation myths.

The reality is that you will not die from just airworthiness
failures. Your true risk in flying must include accidents due
to all causes. The lowest individual’s RF! for all causes was
0.43/100,000 occupant hours in the single-engine 206; that
was a [7.3 % lower risk than for an occupant in the Twin
Turbine group. Again, this points out that the number of
engines installed is not the determinator of your safety. The
206 occupant RFI for all causes was 35.8%, 54.7% and
64.2% lower than the Other Single Turbine group, the Mili-

- tary Surpius UH~1 group, and the Single Piston group, re-

spectively. Again, there are many facets of safery that affect
your likelihood of a fatal injury to inciude the design of the
aircraft, its design simplicity and forgiveness in an emer-
gency, crash survival features such as the use of a shoulder
harness, the type of operation being conducted, abusive use,
maintenance, and pilot skills and judgment. Once again, the
actual facts regarding occupant risk prove that the “twins are
always safer” beliefs are all myths.

‘Individual’s Risk of Fatal Injury (RFI)
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LIFE SPAN IN FLIGHT

An individual RFI is an extremely small number and com-
parisons of such small numbers are difficult for the flying
public to comprehend. A more understandable interpretation
of the RFI would be the answer to “On the average, how
many hours can I fly before 1 would die in a helicopter acci-
dent?" The Flight Life Span is the inverse of RFI or 1/RFl,
which answers that question. Another way to express this is,
using the average hours of occupant flight exposure that are
expected 1o occur between fatal injuries. Since each of us is
only allocated one fatal injury, it becomes our life span aver-
age in the flight environment. Your Flight Life Span when
flying in the five study groups for accidents due to Airwor-
thiness and All Causes is Fig. 12.

If one could only die from just an Airworthiness failure, the
individual's Flight Life Spans would range from 384,475 to
1,071,300 occupant hours. The Flight Life Spans for All
Causes (what each of us are truly concerned about) ranges
from 85,684 to 232, 265 occupant hours. That is a long,
long time.

As a general comparison, how does your Flight Life Span
compare to when you are flying in the highly standardized
and consistent environment of the Part 121 Air Camers
(Scheduled and Unscheduied) and the Commuter Air

Carriers (Part 135)? That comparison, plus the inclusion of
Unscheduled Air Taxi (consisting of mostly airplanes) under
Part 135, is shown in Fig. 13. This shows that your
individual risk in wrbine-powered helicopters falls between
the typical Unscheduled Air Taxi operation under Part 135
and the Air Carriers. The excellent history of the Large
Transport Airplanes operating under Part 121 gives us, the
helicopter industry, a safery direction for the fumure.
Unfortunately, that airline safety level is an unrealistic and
non-achievable goal, even as a safety target, for helicopters
due to unique missions that are tire only reasons that
helicopters even exist. Regulators should not expect
helicopters to match airline safety. The helicopter can do
unique tasks that no airplane can. These helicopter tasks are
always riskier that the highly structured (and expensive)
1asks of going from Airpont A to Airport B in controlled
airspace and returning. We in the helicopter indusmy must
use a multi-faceted and continuing approach to reduce risk
of an accident occurring as well as 1o reduce the risk of an
injury when the accident does occur. There 1s no single
solution. Safery is the continuous process of improvement
by the management of risks.

Since no one individual flies 24 hours a day, every day of
the year, a conservative estimate of your flight career lon-
gevity in helicopters can be made. Assume you fly 8 hours a
day on each day of the year. The number of years of your
Flight Life Span is shown in Fig. 14."

Occupant Flight Life Span: Mean Flight Hours Before
Fatal Injury {(All Causes vs AW only)

206 Single Turbine

Twin Turbine

Other Singie Turbine

Miitary Surplus UH-1

Single Piston

1

1.071.3p0

300,000

€00,000 1.000.000 1,200,000

85,684
[ 200,000 400.000
DO All Causes

K Airworthiness

Fig. 12. Occupant flight life span.



Individual's Flight Life Span (1987-1996)

All 121 Air Carriers F/W [ 231 o4 oo

Schd 135 Commuters F/W [ ssa tep i

] 1

206 Single Turbine R/w o232 !

Twin Turbine Rw [l 0.194

] :

Other Singie Turbine R/W . 0.14

{ i

Military Surpius UH1 R'w J 0.105
NonSchd 135 Air Taxi F/IW & RN}EI0.0QI&

1 !
Singie Piston R'w [ 0.086

0.0 1.0 2.0 3.0 4.0
individual Occupant Million Hours per Fatal Injury

Fig. 13. Individual flight life span in helicopters and airplanes.

Occupant Flight Life Span in Years Flying 8 hr/day (All Causes)
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Fig. 14. Occupant flight life span in vears.
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Thus a helicopter occupant could expect a Flight Life Span
period of 29.3 to 79.5 years of flying 8 hours/day (e.g. 2,292
hours/year). In reality, there are very few people who are in
the air 2,292 hours each year, so this is quite conservative.
This does show that an individual is safe when flying in all
helicopters.

SUMMARY

A study of 1,534 U.S. registered helicopters in five groups
for the last 10-year period of 1987 through 1996 found that

e For all helicopter accident causes, your individual
Rusk of Fatal Injury ranged from once in 85,684 10
232,265 occupant hours of exposure, based on to-
day’s fleets and different types of operations.

e For only airworthiness causes, your individual Risk
of Fatal Injury ranged from once in 384,485 to
1,071,300 hours of occupant exposure.

¢  Accident rates are more related 1o airframe damage,
and are poor indicators of occupant safety. Indi-
vidual Risk of Fatal Injury is a better indicator of
occupant safety.

Further, the myths related 10 “twin-engines are always safer
than one engine” was dispelied by actual helicopter safety
history. An occupant in the single-engine 206 has a risk of 2
fatal injury due to all airworthiness failures (engine and the
rest of the aircraft) that was 43.8% lower than an occupant in
a Twin Turbine helicopter. Likewise, an occupant in the
single-engine 206 has a risk of a faral injury due to all causes
that was 17.3% lower than an occupant in a Twin Turbine
heticopter. Overall, it was shown that there are many more
factors to be considered rather than the counting of engines.
In some cases, a single turbine helicopter is safer; in some
cases, a twin turbine helicopter is safer. However, in the
majoriry of cases, the number of engines does not make any
difference, and other issues such as payload, type operation,
pilot issues, and economic factors should determine what
rype of helicopter shouid be used.

All helicopters are safe with some more than others, but we
must improve much further for wider public acceptance.
The key to moving to a new safety plateau level will require
recording devices to document what is actually occurring in
the cockpit during the accident sequence. Only then with
understanding those actions and sequences, can we correct
those elusive human errors.
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MEASURING SAFETY INVESTMENT EFFECTIVENESS RELATIVE TO RISKS

Roy Fox
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ABSTRACT

In aviation, safety is the management of risk.  This paper
addresses several methods of measuring safety to determine
nisks to helicopters and the risk of injury to occupants. Vani-
able factors ‘are discussed that cause accident rates to be
dramatically different on the same type of helicopter.
Groupings of accident causes related to potential safety in-
vestment areas are presented 10 indicate arcas needed for
future improvements and potential frequency of use. Risk
frequencies related to the moce significant safety investment
arcas are determined and compared to the present safety
level and the National Aviation Safety Goal. This compari-
son provides an zssessment of the likelihood of meeting the
National Aviation Safety Goal.

BACKGROUND

A White House Commission on Aviation Safety Study (Ref.
1) investigated commercial airiine safety. Srtudy Recomn-
mendation 1.1 stated: “Government and industry shouid es-
tablish a2 pational goal to reduce the aviaton fatal accident
rate by a factor of five within ten years and conduct safety
rescarch to support that goal.™ President Clinton then an-
nounced that National Aviation Safety Goal and tmsked
NASA 1o dztermine and realign research in those areas that
could assist in meeting the National Aviation Safety Goal.
The NASA Aviaton Szfety Investrment Strategy Team
(ASIST) program brought together . NASA, FAA, DOD,
other government agencies, and the aviaton industy to
work together as part of NASA's Aviation Safety Program.
The Helicopter Accident Analysis Team (HAAT), formed to
support the NASA cffort analyzed 34 selective fatal beb-
copter accidents 10 detcrmmine basic research arcas with po-
tenual for safety intervenuon (Ref. 2). Due to the wgency
and the nature of accident repont selection process, the

T effort was primarily 1o brainstorm problems and so-
lutions. The HAAT sslective accident data could not be
used to determine valid frequencies of potential Safety in-
vestment Areas (S1A). The study presented herein was
structured to sufficiently determine freguencies of major
SIAs to be able 1o predict whether it is possible to actually
mest the Natonal Aviation Safety Goal.

Presented at the Arnerican Helicopter Sociery S4th Annual
Forumn, Washington, DC. May 20-22, 1998. Copyright ©
1998 by the American Helicopter Socicty. Inc. All nghts
reserved.

APPROACH

The overall approach used in this study was to analyze the
Natonal Transportation Safety Board (NTSB) accident data
on helicopters for potential SIAs to assist NASA in deter-
mining effective research priorities. Combined with flight-
hour exposure from Federal Aviaton Administration (FAA)
documents, this analysis allowed the relative frequency of
SIA occurrence 1o be determined for the baseline period of
1990 through 1994. The National Goal was then determined
10 be an 80% reduction (e.g., 8 Gve-fold reducton) in fatal
accident rates from this baseline. The effectiveness of the
various SLAs in reducing their respective frequencies of oc-
currence was then forecast against the NASA National
Aviation Safety Goal, which provided a metric of the likeb-
hood of meeting the National Aviation Safety Goal for vani-
ous SIAs. Such a mexic can be useful in establishing ‘what
SIA combinations are most beneficial and which should be
developed and implemented to achieve National Aviator

Safety Goal.

ANALYSIS ISSUES

There were several challenges in performing such an analy-
sis. The major ones were as follows:

*  The average helicopter did not represent the helicopter
fleet. There was a very large range in helicopter costs,
maintenance, uses, and likelihood of accepting any im-
provements. The helicopters ranged from rebuilt from
crash damaged parts, military surplus, to twin-turbine
powered passenger wanspost helicopters.

e Sporadic quality- and completeness of accident dara
from the NTSB ranged Som excelient for many of
NTSB field accident investigatons 1o rminima! tnforma-
tion for NTSB limited investgatons. The NTSB iim-
ited Investigations are accidents where some limited,
basic information (hence the name “limited investiga-
tion™”) was oblained by investgators from their NTSB
office-the ipvestigators did not acwally go to the acci-
gent site and ses the wreckage. lnadeguate swaffing due
o funding constraints precluded the NTSB from con-
ducung field investiganons of all airczaf accidznts. The
majority of helicopier accidents were only Limited in
vestganons.

«  Helicopter configurations varied significantly due to the
many major modified models, such as conversions from



piston engines (reciprocating) to turbine engines. Many

~of these helicopters were used in agriculmure missions.
Flight-hours exposure data from the FAA were severely
lacking on these modified configurations.

» Flight hours estimated and published by the FAA was
lacking or non-existent on many helicopter models that
experienced accidents. Meaningless accident rates re-
sult when the number of accidents is divided by zero
flight hours.

These issues required the following ground rules and as-
sumptions in the analysis,

Helicopter Grouping

In studies of worldwide Bell helicopter accidents, there are
many factors that bave caused the accidentinjury frequen-
cies of the same helicopter model to vary significantly.
These variability factors are grouped as shown in Table |
from “Riskier” to “Safer™ within cach colummn. These repre-
sentative factors are furnished to provide the reader with an
understanding of the wide spectrum of factors rather than to
establish any mathematical relationships between factors.
For example, readers can get 2 general idea of the risks of

their operatons by identifying where their situations fall
within each column.

This variabiiity is roanifested in the accident rates as noted
in Fig. 1. There arc significant differences in the accident
rates of different families of helicopters and .other types of
aircraft in civil use in the United States. For example, the
Helicopter Safety Advisory Conference (HSAC) is a group
of oil companies and their helicopter operators thal came
together for the commen goal of improving safety in
offshore helicopter safety over the Gulf of Mexico. For the
period of 1989 through 1994, their average flect of 611
wrbine helicopters moved 20.5 million passengers in 2.7
million hours and made 10.1 million takeoffs and landings.
In 19%4, they averaged 4,909 flights cach day of the year.
Even with this much avianon activity over the Gulf of
Mexico, the accident rate of these helicopters was 63.4
percent lower than the toxal civil turbine helicopter fleet
accident rate of 4.1 accidents/100,000 hours. The difference
was not due to the Type of aircraft used; rather, it was due 10
the hurnan side of professionalism in operational aspects.

For the study herein, the original design certification starus
was used for three helicopter groups:

U.S. Civil Aircraft Accident Frequencies
NTSB/FAA 1890 - 1994

Accidents/100,000 hr
10 15 20 25

Pigon RW

Military Surplus UB1 RW
General Aviation FW & RW SRR
Unsehd Air Taxd 135 FW & RW |
Civil Turbine RW

Gulf of Mexico RW *
Cornmuters 135 FW

Sched 121 Air Camers FW

Rotary Wing (RW) & Fixed Wing (FW)

* HSAC data of Gulf of Mexico Rotorcraft Operations;

Fig. 1. US. avil aviation safety.



Table 1. Helicopter safety variability factors.

unknown conditions (on
2 mountain ndge)

near gross
weight, severe
use.

Pilot Machine Environment Mission Crash survival
RISKIER RISKIER RISKIER RISKIER RISKIER
Private license, Aircraft misused and |Harsh landing surfaces  |Logging/external |Lap belt only use
minimal control abused beyond de-  |(water, ete.) First ume to {loads in remote |
and experience sign limits land at remote spot in sites, operaling

Qualified, commer- {Unauthorized (bo-  |Low ievel flying, hiting |Personal, in- Rugged cockpit and
cial FAA license | gus) paris, salvaged, |obstacles, litte emer- structional, cabin, life vests,
& multiple rebuilds | gency reaction time agricultural good emergency
spraying cgress
Professional, self- |{Strictly observe FAA-approved sitcs, Business, on - Shoulder harness
induced standards |operating and main- |sporadic use, VFR flights |demand air taxi, |for each occupant
) tenance procedures ’ . . |ecorporate /ex-  {(increase spinal
- ecutive {tolerance by 6x)
Highly structured  |Onboard rnoaitor Regimented IFR , sched- |Scheduled air Energy aticnuating
professionalism, systems to identify  |uled use, same landing  |carriers seats, where feasi-
CRM/ADM, simu- |{problems prior to sites (airports/heliports) ble, to reduce spinal
latecs used failure, allows timely [are used injury. Crashre-
1scheduled mainte- sistant fuel system
nance 1o reduce thermal
. injunes.
SAFER SAFER SAFER SAFER SAFER |

¢ Civil mrBinc-powcrcd
»  Civil piston-powered
»  Miktary Surplus UH-1

The accident rates for these three helicopter groups in Fig. 1
vary over a large range. The modified piston-powered heli-
copters such as Models 47, H-23, and UH-12 that were
modified with 2 wrbine-engine or 2 new fuselage configura-
tion were deleted from this study. The decision to mmple-
ment any safety intervention approaches o po! is a funcrion

of the cost to the operator. For example, the likelihood of,

getting a safery device costing £50,000 into 2 fleet of aireraft
that cost $5 mililon each is quite good, whereas It is quite
unlikely that the same $50.000 safery device will be foreed
on 2 fieet of aircraft thar are only worth $80,000 per aircrafe
Thus aircrafi value is 2 major factor in the rype of safety
intervention that will be acceptable 1o the helicopter operz-
tors. The typical price ranges of the thres used-helicopter
types sclested are shown in Table 2.

The antcipated composition of the helicopter flet in ten
years is basically the same as that of the fleel that exists
todav. This is due to thres factors. First very few newly

‘affect the makeup of the fleet,

Tabie 2. Typical price ranges of used helicopter types

Helicopter Lower price Upper price
type limnit limit
Civil piston-powered $22.000 $170.000
Military surptus UB-1 $50.000 $150,000
Civil turbine-powered $120.000 $4.800.000

manufactured aircraft are introduced into the fleet each year
compared to the existing fleet. These new amrcraft are of the
same basic designs as the acraft flying today. Totally new
gircraft designs are rare and their iimited numnbers do no
Second, the existing fleet
doss not reduce significantly in size due to accidents. Most
zircraft are repaired if the accident damage is substantial, It
is appropriate (o repair substantially damaged awreraft, but it
is not appropriate, or legal, 1o rebuild an entire aircraft from
an awrcrafl idenufcation dawe plate from a destoyed aircraft
(i, coumerfeil or bogus aircraft), z practes that also
prevents older aircrafi from leaving the civil fleet. Third, the
U.S. Army has been surplusing and contnues to surplus
scveral thousand mibitary-qualified helicopters.  These
military surplus helicopters are going into many uses in the
civi] sectors. For these reasons, it is estimated that over $0¢

of the existng helicopters will stll be in the fieet in U
years. Thus safety intervention coneepts on new helicopter



designs—such-as a glass cockpit—will have little to no
significant effect oo the future fleet accident rates. Safety
interventions need to be applicable to the existing fleet to be
able 1o achieve & significant accident rate reduction.

Exposure Data Limitations

Freguency of a safety problem is measured as a rate of the
problem per hour of exposure. The exposure of flight hours
estimated by the FAA'is the official flight hours, regardiess
of their accuracy. If an accidént occurred to a helicopter
mods! in'a specific year and there were no FAA flight hours
for that model] for that specific year, that accident was de-
leted from the study. Models with annual flight hours for
only one or two years out of the five-year period were also
deleted from the study.

Stody Period

The baseline or starting point to be used to forecast an 80%
reduction was determined. The five-year period of 1990
through 1994 of U.S. registered helicopters was used as the
latest period where NTSB computerized accident dara and
FAA flight hours were available.

SAFETY INVESTMENT AREAS

This sudy used the major interventon coocepts of the
NASA Helicopter Accident Analysis Team cffort described
in Ref. 2. Poor pilot judgnent where various forms of aero-
. pautical decision making (ADM) maprovements can make a
_difference was scparated jnto various segments in the HAAT
effort. However, due to the large number of accidents in the
swdy hercin, the detailed investigation nesded to identify
specific judgment factors could not be performed within the
time alictted. From a previous study of the root causes of
buman-error-caused (e.g., pilot) acsidents in Bell Helicopter
accideats around the world (Ref. 3), poor judgment was
found prevalznt in all of these humap-error-caused acci-
dents. Thus the relative patre, feguency, and effecuveness
of the many forms of judgmment improvemnent wete noi char-
acterized in the study herein

The SlAs used in this study are found in Table 3. There is
some overiap betwesn SLAs 1o allow visibility foc & more
specific approach as compared 10 & very general approach,
Moas: accidents had more than ope SIA and some accidents
had po SIA—for example, accidents where the person at the
contrals was not 2 helicopter pilot bul had stolen the heli-
copter and crashed. There is no SLA that could help with
that accident mode. These latter accidents had factors that
are expecied to continue to occur in the future, regardiess of

government/industry attempts to improve safety. Also in-
cluded ip Table 3 is a firsi-attempt at a potengal solution to
better expiain the intervention concept for 2 SIA. The solu-
tion noted is one, but not the oaly, approach that can achieve
an improvement in related accidents. Onmboard and self-
conained solutions in the aircrafi are more likely to be suc-
cessful due to the remoe-locations in which the helicopter is
used.

SAFETY METRICS

How does one measure safery? Actually, we do not measure
safety, rather, we measure risk, which is the lack of safety.
A means of transportaton with.a low accident rate (e.g., 2
low risk of hitting the ground) is considered to have a high
level of safety. The identification of risks that are to be
measured is critical to the outcome and usefulness of a
safety analysis. The core response to rpezsuring risk is o
include the specific factor of concern. Many ways are used
to measure safety (Ref 4) depending oa the item of primary
concern If the primary concern is the risk of not compieting
the mission, the number of accidents (e.g., the number of
occasions of not completing a mission or a flight) per
100,000 departures would be appropriate. This study was
not concerned with the risk to mission completion.

If the specific factor of concern is to determine the risk to
the aircraft (e.g., how ‘often is the aircraft damaged beyond
the accident definition threshold), the appropriate metric is
accidents/100,000 hours. This was ope of the safety metrics
in this stdy, as it is commonly used throughout the world.

" In this particular study, we are responding 10 2 NASA Avia-

von Safety Goal of reducing the fatal accident rate by 80%.
Tous, the specific factor of concern is how often there is an
accident in which there is at least ope fatality. This is 2
misleading memic. For example, compare two different air-
craft Aircraft A, a two-place aircrafl, flies 100,000 hours
with one acsident in which one of the two occupants re-
cejves fatal injunes; Alrcraft B s 2 400-seat eircrafi thar also
flies 100,000 flight bours and has oge 2ccident in which 235
people received fatal injuries. Both Aircraft A and Atrcraft
B had 2 fawal accident rate of one per 100,000 flight hours
and thus were of equal risk.  Obviously, this is 2 false safery
meTic as the societal loss was vastly different between these
two aircraft. A fatal acoident is defined as the number of
accidents in which there is at least one fatality divided by the
fiight bours fiown for that period A fatal actident rate to-
tally disregards the number of fataliies by only counting
accidents in which there was at Jeast one fatality. Neverthe-
less, this study included this misleading metric, fatal acsi-
dents per 100,000 flight hours, in order to directly respond 1o
the Navional Aviauon Safety Goal. ’



Table 3. Safety investment areas (SIA).

SIA
No.

SI1A
Description

Potential
SIA Solutions

OBSTACLE STRIKE. Suikes to wires, towers, mess,
poles, or other structures. Not as descending into a forest
Includes main and tai] rotor strikes and fusclage striking
something.

Wire detection/protection systems, object detection Sys-|
temns, aircrafi instalied systems, and synthetic detection
systems such as GPS compared to moving map database.

LOSS OF AIRCRAFT SITUATIONAL AWARENESS
(SA). SA extemal to the aircraft in real tme. Being
aware of the relative location of the aircrafl to items in its
proximity. Examples arc trees, terrain, water and CFIT.
Obstacle strikes are 2 special subset for individual iterns
such as a wire while raveling horizontally or climbing.
The overall SA loss also includes strikes while descend-
ing which can have additional solutions.

Obstacle proximity detection systems. enhanced radar
altimeter and ground proximity, weather in the immediate
proximity, moving mapy/GPS with real time satellite up-
dates. Systems must be real time with trending to be able
to forecast in tme to allow adequate pilot notification and
interventon.

REAL TIME AIRCRAFT PERFORMANCE
EXCEEDED. Changing conditions, pilot actions, or the
situation is demanding more aircrafl performance than is
available or puts the aircrafi beyond its envelope limits.

Real ume performance indication such as an onboard
systern that tells the pilot how close he is lo exceeding
any airéraft limits in real ime. An onboard system that
calculates/displays the acmal aircrafi performances of]
what is required to fly (i.c., what is pbysically nesded in
this instance) versus what the aircrafi can provide at this
same location and time with present control seftings. The
difference is the safety margin. Trends calculated on-
board will allow the forecasting of reaching or exceeding
envelope limits. Typical problem is attempting to hover
out-of-ground-effect (HOGE) beyond aircraft's ability.
By secing the reduction in safety margins, the pil can
abort or modify his flight to stay within limits and not
lose conwrol.

LOSS OF SITUATION AWARENESS OF AIRCRAFT
INTERNALLY. Pilot apparently did not undersiand what
is happening within the aircrzfi during normal and emer-
gency operations (including approaching the limits), what
can be done, o what should be done.  SA is intanal to
the aircraft and its systermns.

Pilot Aiding Solutions: Onboard systems tha! identify the
problem and lead the pilot through the approprialc emer-
gency procedure such as during an autocotanon, dynarmic
rollover, or ground resonance. Systems that check other
characteristics to verify the prohlern & then advise pilot
Systems that forecast the time remaining undl hmits are

- |reached/exceeded.  Advance systems could modify/take

partial control near envelope extremes.  Examples could
include sofi-stops on controls so you know you are near
the limyts, fuel usage vs available to predict when fuel
exhaustion is going to ocour,

n

LOST OF VISIBILTTY. inability to see, such as i fog,
whiteouts, brownouts, and nadverient eawy into IMC.
Pilot vertigo or z late breakout ¢ VFR condiuons are
likely.

Visibility Aids. Synthetic vision or ocher short term re-|
covery systems that aliow pilot to keep A/C upright until]
visibility is restored




Table 3. Safety investment arexs (SIA) (concluded).

| SIA SIA Potential

No. Description SIA Solutions

6. |INABILITY TO RESPOND IN SHORT DURATION|Automatic recovery Systems are short-time quick-acting
EMERGENCY. Pilot did not recognize the emergency, [systems that take over for the pil in an emergency and
did not know the comrective action, or performed thelgets aircraft back in a stable recovered state. Examples
emergency procedure poorly or oo late. Short time avail-|include mini auto-pilot that can be activated in 2 panic
able for the initiating and complete the emergency re-|and the airerafi would return to and remain in 2n upright
sponse is the key. position and not descend for a few minutes, auto landing

) systems to level aircraft and slowly lower 1o ground.
autornatic system to recover from dynamic rollover ini-
tiation of ground resonance.

7. |AIRCRAFT COMPONENT FAILURE. An aircraft|Health and Usage Monitoring System (HUMS) is a|
component fails while the aircraft is in operation. moaitoring systern that can record failure parameters,

" exceedences, -and usage. Some HUMS can identify an
impending pant failure that can be removed in mainte-
nance prior to the catastrophic part failure. Present
HUMS monitor the drive train, rotors, and engine by
Imeans of vibraton sensors. Rotor out of track is also
monitored.  HUMS today is only a2 maintenance aid but
the future HUMS should be alerting the pilot of irmpend-
ing failure and other degradations of the zircraft heatth. .
Aircraft Health is 2 new concept that goes beyond present

. HUMS.

8 |MAINTENANCE ERROR  Maintenance errors where|Elecronic mazintenance manual, aids, and checklists.
the mal-maintenance is obvious. Examples are not put-|Maintepance errors could be reduced with simplified
ting oil in the gearboxes, not replacing parts as reguired|clectronic maintenance procedures/checklists.  Checklist
by the manual, and not installing all of the aircraft partsjalerting 1o the pilot as to aircaft stawus pricc to flight

ior to flight. . -

9. |COCKPIT ACTIONS UNKNOWN. Whatreally bap~  |Cockpit Activities Recording. A Cockpit ‘Audio Visual
pened or did not happened is rarely known unless the in-  [Recorder (CAVR) that records photo sequence of all in-
vestigation determines it was duc o 2 material failure. struments/lights and pilots control stick motons with
This is because there are no Cockpit Voice Recorder time Ap arca microphone records noises within the
(CVR) or Fiight Data Recorder (FDR) ip the vast major- |cockpit. Playback will show what the pilot did or did not
ity of helicopter accidents. CVRs and FDRs are aaly re- g when it was dons, and the aireraft response. k could
quired on very large helicopiers nvolved in commercial a0 chow insruments or lights change that the pilot re-
work. Except for part failures found, muc§ of the evi- acted 1o, o sounds heard. If the proper procsdure was
dence is circumsiantial. Pilot's SIaL=ments 1o SOME G885 ¢ ojound and he crashed, the procsdures need 10 be cor-
dop't match with physical laws. Example isarcported |y Proactively, CAVR cap b used 2s waining aid
powerloss in & marginal pecformance "“ﬁ":ﬁ:"m ¢ |with 2 student to correct acticavhabits to preciude acci-
engine runs fine after the 2cadent Sinee the FOX loents If a CAVR is fieldsd 2 few years before the year
causes of most pilot errar accideats ars nok now known, it 2008, many of th iden 1d have been jder
is not possibie to determine the appropriate SLAs until A Y ¢ acicent causes would have sazn-
there i docurmentad datz. tified and corective action nitiated. Thus the benefits of|

2 CAVR can be counted as eliminating that coxresponding
accident within the study group.

10. |BAD JUDGEMENT. Exwemely obvious exampies of|Acronautical Decision Making (ADM) waiming and

pilot bad judgement or aircraft operation. Examples are
taking off with skid tied down, water in the fusl, flying
Jonger than fuel available, flying drunk, and flying into
volcano fumes.

raining aids can help in most poor judgment accidents.
Elecrronic training zids that teach judgments are possible.
The total number of potential ADM improved accidents is
much higher than indicated bere. These accidents are only
the mare obvious ones without full investigation into the
details of the individual accident.




However, if the risk of an individual receiving a fatal injury
is the primary concern, then the appropriate metric is the risk
of fatal injury per 100,000 occupant exposure hours (RFI).
Basically, the RFI is the individual risk of a fatal injury per
hour of exposure spent in that type of vehicle. RFI is in-
cluded as the tue safety memc. An occupant’'s RFI in 2

type of aircraft is calculated as
Nurnber of Number of
_ _allaccidents fatalities
Flight-hours  Number onboard
flown in all accidents

Therefore, this study used three safety metrics of
¢ Fatal accidents per 100,000 hours (reguired response).
* Accidents per 100,000 hours (risk to the aircraft).

* RFI per 100,000 occupant hours (risk to an individual
of a fatal injury).

The amount of flying for these thres helicopter types and the
number of accidents involved in this smudy are shown in
Table 4.

ANALYSIS

The present risks for the period of 1990 through 1994 are
shown in Table 5. Also shown is the 80% reduction goals
for ten years hence, assumed for this study to be the year
2008.

Potential Effects of Safety Investinent Areas (SIAs)

The frequency of SIAs in Table 3 were determuned for the
thres helicopter types on an individual basis as if that spe-
cific SIA were the only one selected o be used. Most acei-
dents had multiple” SIAs that could reduce that particular
1ype of accident in the future. The present individual SLA
rates of accidents per 100,000 bours are shown in Table 6.

The present fatal accidents per 100,000 bours for cach indi-
vidual SIA is Table 7.

Table 4. Helicopter accidents and exposure.

Flight Fatal

Hours Accidents Accidents
Piston 2361526 486 &6
Turbine 7,990,747 254 77
Military surptus UH-1 171.049 24 4
Combined 10.523.322 804 147

Table 5. Rotorcraft safety measures of present and future

Civil piston  Civil turbine  Miljtary surplus UH-1

PRESENT RISKS (1990s)
Accidents / 100,000 hours
Fatal accidents / 100,000 hours
Risk of fatal tnjury / 100,000 occupant hours

FUTURE RISKS GOALS (2008)
Accidents / 100,000 hours
Fatal accidents / 100,000 hours
Risk of fatal injurv / 100.000 occupant hours

20.58 3.68 14.03
2.79 0.96 2.34
243 0.76 2.08
4.12 0.74 2.81
0.56 0.19 0.47
0.49 0.15 0.42

Table 6. STA accidents per 100.000 hours.

Civil piston  Civil turbine  Military surplus UH-1
1. Obstacle strike 2.46 0.44 0.58
2. Loss of aircraft situatioqal awareness 7.54 1.00 2.34
3. Real time aircrafi parformance excesded 428 0.68 5.26
4. Laoss of situational awareness within the aircraft (internal) 453 0.53 0.54
S. Loss of visibiliry 0.42 0.58 0.48
6. Inabiliry to respond in short duration emergency 0.97 0.21 0.00
7. Aircraf component failure 4.36 1.08 935
8. Maintenance exToc 2.20 0.3} 1.75
9. Cockpil actons unknown 16.47 2.62 9.54
10. Bad judgment 1.14 0.48 117




The _present individual occupant risk of fatal injury per
100,000 occupant bours of exposure for each individual SIA
are in Table 8.

The previous tables show the differences in risks amoag the
type of helicopters in this study. The three helicopter types
were combined into a common hbelicopter fleet based on
flight hours. Table 9 shows the accident rate, fatal accident
rate, and risk of fatal injury rate for each of the individual
SlAs. The two most frequent SIA rates are SIA § (Cockpit
Actions Unknown) and SIA 2 (Loss of Aircraft Situational
Awareness). This indicated that there was a lack of infor-
mation in the accident report as to what actually was going

on in the cockpit prior to the crash, followed by a pilot's lack
of awareness of where his aircrafi was relative to obstacles
and terrain.

Effectiveness

The SIA rates use the assumption of 100% cffectiveness in
climinating that accident cause. This is appropriate for the
study herein, which was to determine the potential change
from vanous SIAs. In future studies, the effectivensss of a
specific intervention can be estimates as a percentage of the
SIA rates presented berein  Factors 1o consider in an
effectiveness analysis should include the following specific

Table 7. SIA fatal accidents per 100,000 hours.

Civil piston  Civil turbine  Military surptus UH~1

1. Obstacle strike 0.80 0.18 0.00
2. Loss of aircraft situational awareness 1.10 0.44 0.01
3. Real time airerafi performance exceeded 0.17 0.09 0.04
4. Loss of situational awareness within the aireraft (internal) 0.30 0.11 0.00
5. Loss of visibility 0.04 0.29 0.01
6. loability to respond in short duratdon amergency 0.04 0.04 0.00
7. Aircraft componeat failure 0351 . 0.23 0.23
8. Maintenance error 0.30 0.05 0.00
9. Cockpit actions unknown 2.2% 0.74 0.05
10. Bad judgment 0.25 0.18 0.01
Table 8. Present SIA risk of fatal injury per 100,000 occupant hours,
Civil piston  Civil murbine. Military surpius UH~1
1. Obstacle smike 0.83 Q.13 0.00
2. Loss of aircraft sitational awareness 0.96 0.37 0.47
3. Real time aircraft performance excesded 0.10 0.05 1.58
4. Loss of situational awareness within the aircraft (internal) 0.20 0.07 0.00
5. 'Loss of visibility 0.06 0.27 0.58
6. Inability to respond in short duration emergency 0.02 0.02 0.00
7. Aircraft component failure 0.45 0.16 1.04
8 Maintenance error 0.27 0.02 0.00
9. Cockpit acuons unknown 2.01 0.64 1.81
10. Bad udement 0.2 0.13 0.58

Table 9. Combined flest risks.

Accidents /  Fatal accidents / Risk of fatal injury 7

100.000 hr 100.000 hr 100,000 occupant hr
1. Obstacle soike 0.89 0.31 0.28
2. Loss of aircraft situational awareness 249 09 0.57
3. Real time aircraft performance exceeded 1.56 0.13 0.08
4. Loss of situarional awareness within the aircrafi (intemnal) 1.43 0.15 0.11
5. Loss of visibility 0.47 0.24 0.24
6. Inability to respond in short duration emergency 0.38 0.04 0.02
7. Aircraft compooent failure 1.95 0.30 - 0.25
8. Maintenznce eror 0.76 0.10 0.07
9. Cockpit actions unnewn S.85 111 1.04
10. Bad judgment 0.64 0.20 0.17




intervention values multiplied against the overall potential
rate for SIA (as presented herein). In formula form, this is

E =5IApz XSlApopres X Ierr XIysace

where E = effective SIA rate
SlAgx = SIA base rate
SlAmopes = percentage of all modes within the SIA that
arc addressed by the specific intervention
method
Iz = percentage of specific intervention effective-
ness, if used
Iusace = percentage of specific intervention usage
- expected )

The last factor, Likelibood of specific intervention being
used, will require a cost—benefit analysis. It is expected that
cost acceptability will be the driving factor; thus an effective
intervention method for a high-priced aircraft will not be
cffective for an inexpensive aircraft. The key 1o the success
of safety intervention is going to be the acceptability of cost
1o implement changes.

GROUPING OF SIAs

The study focus then became what area or zreas should be
the primary focus with hmited funding? There is no simple
answer. If only one SIA were allowed, it would be SIA 9
Cockpit Action Uniknown. This SIA is the most significant
for all three helicopter types and for all three risk memics.
Since we do pot know what actually happened inside the
cockpil, many of the safery interventions (fixes) may not be
effective.

Most of the accidents had muldple SIAs that could have
been effecuive. For example, the totals of the nisk rates
within the columns of Tables 6, 7. 8, and 9 will actually ex-
cesd the total risk rates due 1o multiple SIAs in cach acci-
dent Te preciuds muldple counting of the same aczident In
deiermining efisctiveness, an accidenl weas counted only
once. Subsequent SLAs could pot take credit for that acci-
denL

The major SIA that is common 1o each risk arez is SIA 9 of
Cockpit Actions Unknown. This is 2 key arcz thal must be
improved to be able to undersiand the accident sequence,
what was indicated in the cockpil, what was the pilot’s re-
sponse, whether the responst was appropriate and mmely,
and whether the emergency procedurss were adeguale.
Onee this knowledge is obtained, the other SLAS areas would
increase in effectiveness. The apporlioaments between the
SlAs are unknown. Thus, the sequence of applying SLAs
was 10 use those bener-defined approaches before applving

the more encompassing SIA 9 area of unknown cockpit pro-
cedures. Use of a cockpit audio-visual recorder (CAVR)
would also prevent accidents if used as a student pilot train-
ing aid. SIA 10 (Poor Judgment) is quite understaled in fre-
guency herein due to lack of detailed accident data. Using
information gained by the CAVR, an understanding of the
many different human erors can finally be obtained in the
future, which will allow the development of raining, de-
vices, and procedures.

The most effective mix of SIAs is shown in Table 10 with
the sequence priority rationale as follows. SIA 2 (Loss of
Alrcraft Simational Awareness) and SIA | (Object Strike)
were selected as the first related group. Therr full elimnina-
tion in the furure would reduce the risk rates from the pres-
ent levels 1o that noted in Table 10. ‘For example, the overall
accident rate would be reduced from 7.64 to 5.07 per
100,000 hours, which is far short of the National Aviation
Safety Goal of 1.53 per 100,000 hours.

SIA 7 (Aireraft Component Failure), then SIA 3 (Real Time
Aircraft Perforroance Exceeded), and then SIA 4 (Loss of
Situarional Awareness Within the Aircraft) were combined
inw the second group. These SIAs share common tnforto?
tion related to the health of the aircraft  The addition of L
second group drops the accident rate from 5.07 10
2.14/100.000 hours, which is still short of the 1.53/100,000
hours goal.

The last group to be added was SIA 9 (Cockpit Actions Un-
known), consisting of accidents not previously climinated by
prior SIAs. Cockpit moaitering by the use of 2 CAVR is
expecied 1o drop the accidemt rate of 2.4 to (.36 per
100,000, which is below the goal rate of 1.53 per 100.000
hours.

Injury Mitigation

The study dealt with the potenual risk reductions using the
accident prevention approach. Although the wnjury preven-
von/reduciion approach was ignored in this study, injury
reduction can reduce risk even if the accident rates never
change. For exampie, the nisks related o helicopter acci-
dents involved in 2 post crash fire (PCF) are shown in Table
11. lnjury mingation approaches such as a crash resistant
fuel system (CRFS) can reduce occupant risks, but the
weight and cost penalties of rerofiming a CRFS into existing
helicopters is high Thus the benefit of 2 CRFS may not be
realized duc 10 non-zcceptance by the operators.

CONCLUSIONS

1. Accidents ipvoiving nrbine-powered, piston-powered.
and military surptus UH-1 helicopters being operated in U.S



Table 10. Combined fiect potential of meeting goals.

SIA Accidents/  Fatal accidentsy  Fatal injuries/ 100,000
No. Risks 100,000 hours 100,000 hours oceupant hours (RFI)
Present risks: 7.64 1.40 1.23
Implement SIAs solutions in order yields the
following residual risks (assuming 100% ac-
ccptance & implementation in the field)
2,1 Proximity detection systems. 5.07 0.76 0.65
2.1, Add HUMS, zircraft health, real time per- 214 0.39 0.37
734 formance, and pilot aids
21,7, Add cockpit monitoring (CAVR) 0.36 0.06 0.10
34,9
Residual risk afier SIAs combined potential 0.36 0.06 0.10
" Year 2008 targets/goals: 1.53 0.28 0.25

civil aviation were analyzed to determine risks, potential
areas for safery inwrventon, and their respectve frequen-
cies. These risks formed the bascline from which to esdmate
the likelihood of achieving potential mmprovements ten years
in the future.

2. Presently, the actnal risk to 2 helicopter occupant of 2
faral injury is 1.23 famalities per 100,000 occupant hour of
exposure. This is the rue measure of occupant risk.

3.- The present risk to a helicopter of being involved in an
accident is 7.64 per 100,000 hours.

4. The risk of being involved in an accident involving oae
or more fatal injuries (c.g., fatal accident rate) was deter-
mined to be 1.40 per 100,000 hours. This fatal accident rate
is misieading but needs 10 be included. as it was part of the
National Aviaton Safety Goal.

5. It appears possible from this study that the National
Aviztion Safety Goal of reducing the fatal accident rate by
80% in ten years is achievable for the entire fielded flest
This assurnes 100% acceptance and kmpiementation prior 1o
the yzar 2008 of the SIAs of Table 10. These combined
SlAs include systems that could (1) detect objects (wires,
rees. etc.) and terrzin in close proximity of the helicopter,
(2) provide alerung systems, (3) provide zircrafi situational
awareness relative 1o its surroundings, (4) advance HUMs
and other aircrafi bealth monitering devices, (5) use real-
time performance indications with forecast capabiliues, (6)
use pilot ziding systems, and (7) usc a CAVR

Table 11. Risks of combined fleet involved in PCF.

Frequency of
Risk occurrence
Post crash fires per 100,000 hours 0.76
Post crash fires in fatal accidents per 0.54
100,000 bours :
RF] in post crash fire accidents per 0.35

100.000 oczupant hours

6. Projected porenrial percent risk reductions of accident
rates, fawal accident rates, and fatal injury (RFI) rates were
95.3%, 95.7%, and 91.9%, respectively. The key is that
these are the maximum poterrial improvements that exist
assumning 100% acceptance and moplementation. However,
in the writer's opinion, it is uniikely thar the National Avia-
ton Safery Goal will be met by the year 2008.

7. Bener means of recocding and compiiing helicopter
flight hours by the FAA are needed now and will become
crivcal in the future when attempting 1o measuring the prog-
ress and rends toward meeting this National Aviation Safety
Goal. A new flight hour gathering method is needed so that
accurate rotocerafl flight hours will be available azanually

‘starting in the year 2000, This new approach could be clec-

wonic and include flight hour dats thal can be available the
year afies the last year measured. This would allow tracking
of progress and realignments of assets and priorities as
nesded 10 achieve the National Aviator Safety Goals in
2008.



8. The key to the success of safery intervention in existing
belicopter fleets is the operators acceptance due to cost
of implementation. This is especially critical on the lower
cost aircrafl, which have the largest contributions to acci-
dents.
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LIGHY TWIN TURBINE HELICOPTERS AND 206 SINGC< TURBINE in USA

Data Sources: Accidents from National Transpotation mma_.< Board (NTSB)
Flight hours from Federal Avialion Administration (FAA)

Light twin-turbine helicopters closest in size lo single-turbine 206 helicopter are grouped together
A109
AS355
BO105
BK117
Light twins flew 400,418 hours for latest period of 1991 through 1994.

206 flew 2,308,990 hours for the same period of 1991 through 1894,

Both Single- and Twin- Turbine Helicopters ARE SAFE,

THE NUMBER OF ENGINES DOES NOT DETERMINE OVERALL SAFETY, RATHER
IT IS THE HUMAN/OPERATIONAL ISSUES THAT DETERMINE YOUR RISK.

IR. Fox NTSBF OX.WK4) Presented 21 February 1997 in AeroExpo 97 in-Acapulco, Mexico
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Risk of Fatal Injury to Occupant

m Risk of Fatal Injury/100,000 Occupant Hr (RFI) NTSB/FAA 1991 - 1994
!

Fatal Injury/100,000 Occupant Hr

0.4 0.6 0.8

I .

Light Twins

Type

206

_ m Engine AW = Non-Eng AW © Human _

?EZ Twins: A109, AS355, BO105, w_A:;




Risk of Serious Injury to Occupant

| Risk of Serious (Major or Fatal) Injury/100,000 Occupant Hr (RS]) NTSB/FAA 1991 - 1994

Light Twins

Type

2086

Serious Injury/100,000 Occupant Hr
1 1.5 2

T - T I

2.

_ m Engine AW = Non-Eng AW o Human

[Light Twins: A109, AS355, BO105, BK117}
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Worldwide 206 Powerloss Study 21 October, 1996

Roy Fox representing: Bell Helicopter Textron, Inc. (BHTI)
and Aerospace Industry Associations (AJA)
and Helicopter Associatiop International (HAT)

In support of the Performance Working Group (PWG), there have been several analyses of engine failure
frequencies of the engine in the Model 206, There are data from different countries and different aircraft
uses. The single-turbine powered Model 206 was used since it (1) has the largest number of a single model
civil helicopter used in the world and (2) there are accident/incident/powerloss data available. Other
single-turbine powered model helicopters would be expected to have similer results if data were available.
This latest study is the summary of the previous pertinent analysis results and additional information.

1. Performance Clegses

There is very limited mishap data on helicopters that are separated into Performance Class 1, 2, or 3. Most
twin turbine helicopters are Performance Class 2 aircraft that can be operated as a Performance Class 1
under specific payload, altitude, temperature, and operating procedures. Each model has it's own
limitetions. Bach menufacturer bas developed specialized procedures (like using a 50 foot drop down) 1o
optimize the helicopter performance so & direct comparison is not possible. Disregarding the additional
performance gained by these special procedures, it is possible to estimate the reduced payload effect
required to operate as Performance Class 1 by comparing the maximum aircraft weight allowed for a OEI
HOGE ( One Engine Inoperative and Hover Qut of Ground Effect) at sea leve! on standard day from
published data, to the aircraft maximum gross weight. The weight penalty to operate as Performance Class
1 is shown in Table 1. More severe conditions like higher altitude or temperature would increase the
payload reduction required. '

Table 1. Weight Penalty to Operate as Performance Class 1

IMODEL MAXIMUM OEI HOGE PAYLOAD TO BE
TAKEOFF IWEIGHT IN REMOVED TO OPERATE
WEIGHT IN POUNDS (kg) PERFORMANCE CLASS 1
POUNDS (kg) IN POUNDS (kg)
212 11,200 (5,080)  |8,700 (3,546) 2,500 (1,134)
S-76B 11,700 (5,307)  |8,500 (3,856) 3,200 (1,451)
S-76C 11,700 (5,307)  |6,700 (3,039)  |5,000 (2,268)
1412 11,900 (5,398) 18,230 (3,733) 3,670 (1,665)
Puma Mk 1 19,000 (8,618) 15,300 (6,940)  |3,700 (1,678)
S-61IN 20,000 (5,072)  |16,000 (7,527)  |6,400 (2,903)
Puma Mk 2 21,000 (5,525) 16,000 (7,527)  |5,000 (2.268)

Due to the severe weight penalty and the increased cost of operation, most twin mrbine helicopters in the
world are operated as Performance Class 2. This severely affects the mishap datz and precludes
documenting exposure time by performance class. Therefore, the study cannot compare mishap histories of
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Performance Class 1 versus 2 helicopters. However, we can look at Performance Class 3 single mirbine
belicopters as a baseline. Performance Class 2 should be better than that baseline in the area of engine
powerlosses.

2. Approach

There were several approaches used 1o look at historical helicopter data to understand the powerloss history
of single nurbine helicopters. The initial approach was to look at dccident frequencies per 100,000 flight
hours for accidents initisted by an engine failure. This included helicopters operated in commercial and
aerial work.

Shepard's "1995/1996 Civil Helicopter Handbook" provided & good estimate of civil helicopters on a
worldwide basis excluding the helicopters of the former Soviet Union. There were a total of 21,596
helicopters with a breakdown of (1) Single Piston 37.4%, (2) Single Turbine 44.5%, and (3) Twin Turbine
18.1%. The single most common helicopter is the single-turbine powered Model 206 with 2 fleet of 4,768
aircraft which accounted for 35% of all turbine-powered helicopters and 49.6% of all single-turbine
powered helicopters. Thus the Model 206 mishap history is the most representative of the single-turbine
powered fleet and is the basis of these studies.

3. 206 Worldwide Safetv History

The worldwide safety history of the 206 is shown in Table 2. These data include commercial and aerial
work operations. Accident frequency are actually the risk of having a reportable accident of the aircraft.
This is really the risk to the aircraft, not the risk to it's occupants. In the vast majority of helicopter
“accidents, no one is injured. Your individual risk of a fatal injury for a given-exposure time (e.g. time in the
&ir exposed to the potential of an accident) due to an engine failure can be calculated as:

Risk of Fatal Injury (RFD) =

Number of Engipe Failure Accidents X  Number of Fatalities in Engine Failure Accidants
Number of Aircraft Hours Flown Number of People Onboard Engine Failure Accidents

This RF] takes into account the number of people onboard as each one is being exposed at the seme time.
The resulting RFI is the risk of a fatal injury to an individual occupant per occupant hour of exposure. The
RFI due to engine failure is also shown in Table 2.

From this table it is apparent that the engine-related safety in the last five years is better than in previous
years. It is also apparent that the likelihood of a fatal injury is not the same as the likelihood of an engine
caused accident. The occupant's RFI due to an engine failure is less than 1/10th of the risk of an engine
fathire caused sccident. It is not correct to assume a fatality occurs if an engine fails.

4. U.S. Aviation Safetv

An exampie of the different use of the same turbine helicopters is evident in the accident rates for all canses
in Figure 1. The types with the lowes: four accident rates are commercial operations with the safest being
commercial air transport airplanes (Part 121). The turbine fleet (single and twin) in general use (commercial
and aerial work) have an accident rate of 4.2/100,000 hr whereas the commercial operators in the Gulf of
Mexico with the same turbine fleet (singles and twins) has an accident rate of 1.6/100,000 hr which is 62
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percent lower. This shows the drametic effect that commercial operators with special efforts can have on
safety.

Table 2. 206 Worldwide Safety History

10 years (1985 - 1994) | S years (1991 - 1994)

[Flight hours flown 19,335,741 7,925,854
[Engine Airworthiness failure caused
accidents/ 100,000 flight hours 0.86 .49

on-Engine Airworthiness failure 0.21 0.28
caused accidents/100,000 flight hours
|Total Airworthiness caused accidents/ 1.07 0.77
100,000 flight hours
[RFL: Risk of Fatal Injury due to
[Engine Failure / 100,000 Occupant 0.08 0.05
[Hour of Exposure .

5. Accident Rates Vary

There are many variables that canse the accident rate of the exact same model helicopter to be vastly
different. Operational use of commercial versus acsrial work is one major factor. A trend of variable factors
have been noted 1in accident investigations. In each factor (column) of Table 3, there is a distribution
ranging from the riskier to the safer end. The worldwide accident date presented thus far have been a
combination of commercial and aerial work. The PWG is tasked to determine the risk of only commercial

helicopters, not for the aerial work helicopters.

NTSR/FAA 1889 - 1982 .

{ U.S. Civil Aviation Safety

Accidents 400,000 Hr

2
2 Miktary Suplus =
% Al RW(Fiston & Turbine)
@ GA (Kot 121135)
§ U.S. Givi Turbine RAW
= Air Tax! 125
5 GMRW* K
E Commner 135 0.8 ) {
=S Schd 121 F 6.2
=

* Gutf of Mexco RAVW. HSAC aata 85 - 54
= 204/0--1 MRary Surplus (75% are UH-1)

Figure 1. U.S. Aviation Safety versus Commercial Gulf of Mexico Helicopters
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Table 3. Trends of Variability Affecting Safety

PILOT MACHINE [ENVIRONMENT | MISSION CRASH
SURVIVAL
RISKIER RISKIER RISKIER RISKIER RISKIER
[Private license, Alrcraft misused {Harsh Janding surfaces Loggmg/external  [Lap belt only use
fminirnal control and abused beyond |(water, etc.) First ime to  |loads in remote
land experience design Limirs land at remote spot in sites, operating near
unknown conditions (on a jgross weight,
monnrain ridge) severe use.
Kmualified, Unauthogzed Low lcvel flying, hitting |Personal, Rugged cockpit &
commercial FAA  |(Bogus) parts, obstacles, littie Instructional, cabin, life vests, good
license ) salvaged, & e€mergency reaction ime | Agricultural CMETEENCY CETESS
multiple rebuilds spraying
Professional, self- |Strictly observe FAA approved sites, . |Business, On - Shoulder harness for
finduced standards  joperating & sporadic use, VFR flights |Demand Air Taxi, |each occupant
maintenance Corp/Exec. (mcrease spinal
procedures tolzrance by 6X)
Highly stroctored  |On-board Regimented [FR., Scheduled Afr Energy attenuating
professionalism, momitoring scheduled use, same Camiers seats where feasible to
CRM/ADM, systemsito identify {landing sites : reduce spinal mjury.
Isimmlators used problems prorto  |{(airports/heliports) are Crash Resistant Fuel
failare, allows osed. System to reduce
schedunled thesmal Injuries.
mamtenancs
SAFER SAFER SAFER J SAFER SAFER J

6. Model 206 Powerloss Histories

Accident/incident data on the Model 206 from several countries represented on the PWG were obtained and
compared in Table 4. In addition, data was obtained from the two largest commercial 206 operators in the
Gulf of Mexico. Their combined commercial 206 fleet included 237 aircraft flying 3.5 million hours
offshore and making 25.6 million takeoffs and landings in the last 15 years. The question of what time
peniod of powerloss data should be used was discussed in the PWG.  The time periods were separated to
allow & look st the latest time period which are more representative of fuure rates that the older rates. The
question of were the newer rates statistically significantly different from the older rates. Table 4 also
includes the statistical significant check that was done by using the "Student T" method. The question being
answered was: Is the annual rates of the last period statistically different (e.g. lower ) from the annual rates
of the prior period? A significance level resulted, such as 95%, which means that you have determined that
the rates of the two periods are stanstically different 95 times out of a hundred. There is a significant
difference in those rates. From Table 4, the later period rates are significantly different, except in the UK,
and thus the later time period was used for further analyses.

There was concern among the PWG that we should consider even those engine powerlosses that did not
result in an accident, the occurrence of abrup: engine powerlosses, and any powerloss for any reason (not
necessarily an engine failure). This last condition is eguivalent to powerloss modes that are used to allow
extended time of operation 1o reach 2 suitable landing site with one engine inoperative (ETOPS) for
two-engine commercial airplanes operating over water or other hostile terrain. JAR Information Leaflet No.
20 provides temporary guidance material on ETOPS. ETOPS modes include engine failure, fuel system
failure, fuel contaminarior, fiying bevond your fuel czpacity, and engine shutdowns (desired and
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inadvertent). Basically, anything that causes a powerloss is counted as a ETOPS event. This also includes
cvents while on the ground. The ETOPS frequency was determined in each of the sets of mishap darta and is
shown in Table 4.

7. ETOPS Powerloss For Short Time Exposures

From the previous analyses and sets of data, there is only one that is representative of commercial helicopter
operations which is the 206 Gulf of Mexico operators. All of the other data, worldwide, included aerial
work. Thus, the ETOPS powerloss frequency of 1.20/100,000 hours of the commercial 206 Gulf of Mexico
operations can be used to determine the risk of a powerloss for shorter ime periods. This is calculated in
minutes of exposure as:

Risk in (T) exposure minutes = (1.20/100,000) X (T/60).

The risk of a powerloss for any reason (engine, fuel system, maimenance, pilot, etc.) is shown in Figure 2
for different amounts of exposure. For general comparison, the commercial two-engine airplane ETOPS
acceptable risk of 6/100,000 br (e.g. 3 hours X .02/1000) in which & two-engine airplane can fly 3 hours on -
one engine to reach a safe landing site is added to the figure. This indicates that the risk of & powerloss for
any reason in s commercially opersted 206 offshore in the Gulf of Mexico for 30 minutes is equivalent to
flying three hours on & commercial two-engine airplane flying on one engine to reach a safe landing site.
Likewise, the 206 powerloss risk for 10 minutes is equivalent to ] hour one-engine-inoperative flight in 2
commercial two-engine airplane. JAR OPS 3.480(2)(8) allows up to 10 mimutes of operation over water
which is consistent with & powerloss risk of 2/1,000,000 hours. In most locations in the world, it takes less
than 30 minutes of helicopter flight to find a suitable and safe landing spot. Thus it is concluded that the
risk of & powerloss for any reason in 2 commercial single wrbine helicopter for short exposure times over
hostile areas is acceptable for exposure times up to 30 minutes.

8. Risk Events

During the 1951 to 1993 time period, the commercial 206s in the Gulf of Mexico made 7,205,753 takeoffs
and landings. This accounted for 3,602,876 flights. With one fatal accident due to & powerloss during that
period, the probability of a fatal accident due to powerloss per flight is 2.8 X 107. The exposure time of
risk is considered to be the takeoff and landing times. There were an average of 3.6 takeoffs and 3.6
landings for each flight hour flown. If we consider both the takeoff and the landing as & Risk Event, there
were 7.2 Risk Events per flight hour. The risks of the various levels of powerlosses can be expressed in
Risk Events as shown in Table 5. The last two entries are interesting. During a million takeoffs, you could -
expect 1.7 powerlosses for ell reasons.
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Table 4. Powerloss Rates and Significance

Early Latest |Significant |Significance
Type of rate/100,000 hr Period |Period |Difference? |Level (H‘.Wf'
Average |{Average [(Yes or No) |sure that it is
significantly
different)
Gulf of Mexico 206 Commercial 81-90[91-95
Operators . (3,561,717 hours and
125.6 million takeoffs and landings)
Accidents only 0.74 0.30 Yes 95%
Engine powerlosses 3.12 1.50 Yes 99%
Abrupt engine powerlosses 2.93 0.50 Yes 99%
ETOPS powerloss related 3.40 1.20 Yes . 99%
U.S. 206 Commercial and Aerial 82-89/90-93
Work Operators
( 11,587,947 hours)
Engine powerlosses 1.06 0.25 Yes 99%
Abrupt engine powerlosses 0.94 0.25 Yes 9%%
ETOPS powerloss related 1.53 0.59 Yes 98%
IAllison Single 250 Series, (206 & All {81 -90 | 91-95
Other Models) Commercial and
|Aerial Work Operators (Worldwide
51,370,185 hours)
Inherent to engine 0.68 0.18 Yes 95%
ETOPS powerloss related 1.39 0.63 Yes 95%
U.K. 206 (Bell & Agusta) 80-8990-94
Commercial and Aerial Work
Operators {385,875 hours)
Engine powerlosses 7.02 13.44 No
Abrupt engine powerlosses 4.68 11.37 No.
[France 206 (Bell & Agusta) 82-95
Commercial and Aerial Work
Operators (111,221 hours)
Engine powerlosses 9.0 l

- - Toss
Abrupt epgine poweriosses
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Figure 2. Commercial Helicopter Powerloss Risk Per Exposure Mimute

9. Survivable Envelope

The PWG requested information to justify a “survivable" envelope following a powerloss when an
autorotation may not be successful. Historically, engine failures are in everyone's mind but they are not the
major initiator of accident injuries. A study of U.S. civil single- and twin-turbine powered helicopter
accidents looked at initiating cause of accidents in which there were serious injuries (major and fatal) as
shown in Table 7. The time period was 1982 to 1986 and includes commercial and aerial work operations.
It is noteworthy that twin helicopters have fewer engine airworthiness caused injuries and much higher
nop-engine airworthiness caused injuries.

Frequency rates are more mezningful than raw percentages. A worldwide analysis was done on the 206 and
Bell medium twin helicopter fleets for the last five years (1991 through 1995) to get an estimate of the
powerloss effects on survivability. The 206 fleet flew 4,627,539 hours and the medium twins fleet
(212/412/222/230/214ST) fiew 1,878,748 hours. Figure 3 shows the occupant's Risk of Fatal Injury for
each of the major cause factors. The RFI per 100,000 occupant hours for Engine Airworthness was 0.05 for
206 occupants and 0.00 for the twin occupants. However, the RFI per 100,000 occupant hours for
Non-Engine Airworthness was 0.02 for 206 occupznts and 0.07 for the twin occupants. The real threat
the occupents is not the airworthiness pertion, but the non-airworthiness portion made of pilct, maintenance,
operator management, passengers, etc. An occupant's RF] is lower in the single-engine 206 than he 1sine
twin-turbine helicopter. It must be remembered that both of these fleets dre 2 mixture of commercial and
aerial work. Specifically, the RFI in z 206 due to engine failure is 5 x 107 cocupant hour which is & quite
low.
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Table 5. Powerlosses per Risk Events.

[Exposure ETOPS Powerioss BCAR Probability |BCAR Severity of
Time Risk in Exposure Time Effects
5 sec 1.67x 10° Extremely Remote Hazardous
10 sec 3.33x 10% Extremely Remote Hazardous
15 sec 5.00 x 10 Extremely Remote Hazardous
20 sec 6.67x 10% Extremely Remote Hazardous
25 sec 833 x 10° Extremely Remote Hazardous
30 sec 1.00x 107 Very Remote Major
35 sec 1.17 x 107 Very Remote Major
40 sec 133 x 107 Very Remote Mzjor
45 sec 1.50x 107 Very Remote Major
50 sec 1.67x 107 Very Remote Major
55 sec 1.83 x 107 Very Remote Mzjor
1 minute 2.00x 107 Very Remote Major
2 mimmnes | 4.00x 107 Very Remote Major
4 mimes 8.00x 107 Very Remote’ Major
S minutes 1.00x% 10° Very Remote Major
6 minutes 1.20x 10° Remote Major
8 minutes 1.60x 10° Remote Major
10 minutes | 2.00x 10° Remote Major
12 mimutes | 2.40x 10 Remote Mazjor
14 minutes | 2.80x 10 Remote Major
16 minutes 3.20% 10% Remote Major
18 minutes | 3.60x 10° Remote Major
20 minutes | 4.00x 10 Remote Major
22 minutes | 4.40x 10° Remote Mzjor
24 minutes | 4.80x 10° “Remote Major ]
| 26 minutes [ 520x 10% Remote Major \
|7 28 minutes | 5.60 x 10 Remote T Major i
30 minutes | 6.00% 107 Remote | Major |




Table 6. Powerlosses per Risk Events.

Type of Powerloss Probability of powerloss J
per Risk Events
[Powerloss Accidents 0.4 X10° |
[Engine Powerloss Incidents 2.1 X10°
iAbrupt Powerloss Incidents 1.2 X10°
[ETOPS Powerloss Incidents 1.7 X 10°
[ETOPS Powerloss Accident with & Fatality 0.14 X 10°

Table 7. Serious Injuries by Accident Initiator Factor

[Known Accident Cause that  |Percent of All Sericus Percent of All Serious
Initiated the Accident Injured Occupants in Single |Injured Occupants in Twin
Turbine Helicopters due to |Turbine Helicopters due to
Specific Accident Caus Specific Accident Cause
Factor : Factor
(Engine Airworthiness Failures | - 14.8% 3.4%
on-Engine Airworthiness 11.0% 31.0%
ailures (e.g. rest of the
aircraft)
[Pilot 61.0% 62.2%
Other Non Airworthiness 132 % 3.4%
(Failures (Maintenance,
[passenger, heliport, etc.)

Of the total number of people onboard in 206 engine caused accidents, 92.9 % survived (fatal to only 7.1%).
None of these accidents were successful autorotations to adequate landing sites as they would not have been
reparted as sccidents. Of the total number of people onboard in all 206 accidents, only 1.3 % of them
recerved fatal injuries due to an engine failure.

Figure 4 shows the vertical velocity component at impact of survivable U.S. civil helicopters. This study
was done to understand the crash scenarios and to develop realistic crash survival regulatory requirements.
The result of this study was the incorporation into in CFRs 27 and 25, the requirements for the dynamic
seats tests the Crash Resistant Fuel System, and the installation and use of a shoulder harness at 1l seat
locations. There are many variables that will determipe the level at which the impact is so severe that it will
likely be fatal If the aircraft attitude is level &t impact, the lznding gears will deform 2nd sbsort some
energy. The mintmum per the FAR is that the landing pear can take up to 10 fi/sec drop and the gear will
be demaged but the rest of the zircraft will not. Depeading or the model landing gear and the gross weight
2t the ime, the crash loads experienced on the occupant are likely to be less than 3 Gs which are not
injurious. This is without fuselage contact. On Figure 4, this equates to about 70 % of all survivable
accidents. Once the fuselage contacts the terrain, predicting loads and survivability are more difficult I
the terrain allows some deceleration motion during impact (like soft plowed field, swamp, snow, and some
Jocal fuselage deformation occurs, it is estimated that the non-injury iimit could go up to approximated 14
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ft/sec which would eguate to about 80 percent of survivable accidents. At impacts with higher vertical
velocities, there will be serious injuries but not necessarily fatal.

— Occupant Risk of Fatal Injury by Accident Cause
Woridwide, 81 - 85, 206 vs Ball Twins

RFV100,000 Ocoupant Hr

S TR AT AR

206 Madium Tw ns
B Enpme Arw oftiness B Non-Engme Alrw othiness

W Others (pict, maintenance, passenper, stc)

Figure 3. Occupant Risk of Fatal Injury

Vertical Velocity in Civil Helicopter Crashes
Survivable Accidents in the US per DOT/FAA/CT-85/11 (74 - 78)
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Figure 4. Vertical Velocity at Impact versus Percentage of Survivable Accidents

A misconception exist about the Height - Velocity (HV) Curve that in the pilot's manual. There is 2 fear
that any operation inside the shaded "Avoid" zope means you may get 2 fatal injury. Thus is not true. The
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HV curve is a set of autorotation initiation test conditions determined by the manufacturer's test pilots in
which they could autorotate and land the helicopter. This means that the engine can be restarted or throttle
rolled back up and takeoff for another flight An unsuccessful autorotation could be limited 1o landing gear
damage which is not a reportable accident. More damage will get it into an accident category and only then
. does the potential for injury arise. If the situation is positive on your side with items like 2 headwind, low
lemperature, at see level, low aircraft weight, a quick response, and a few others, it could be possible for a
successful autorotation without damage some places inside the "Avoid" zone. The key word is "Avoid" not
"Flight is Prohibited™. It should be remembered that the HV curve is to provide information that under
certain situations, 2 pilot may not be able to get the aircraft down without doing damage to it. It serves it's
purpose but it should not be part of a regulatory prohibition. Some lifesaving tasks will require that the
helicopter be in the "Avoid" region for a short period of time. '

10. Summary

1. There is wide variations in accident and incident rates around the worid. Most of the helicopter data are
mixtures of commercial and aerial work. There are many variables at work which make the analysis of
specific commercial operation safety very difficuit. The commercial operation by the two largest 206
operators in the Gulf of Mexico (3.5 million hours and 25.6 million takeoffs and landings in 15 years)
provide the best estimate of single-turbine powerloss potential when operated in a commercial environment
similar to JARS OPS 3. The rate of the last five years of these Gulf of Mexico operations (1.2/100,000 hr)
was used to determine powerloss risk for short exposure times.

2. The ETOPS concept of JAR Information Leaflet No. 20 was used to use the equivalent powerloss causes
(i.e. anything or anyone that causes a powerloss even on the ground). The ETOPs powerloss frequency was
determined for the Gulf of Mexico commercial operation and used to determine risk at short exposure
times. This was then compared to commercial two-engine airplane ETOPS allowances (with appropriate
procedures and monitoring equipment) to fiy for three hours on a single engine to reach a safe landing site.

3. The risk of a powerloss for any reason in a commercial single-turbine helicopter (based on the 206 in the
Gulf of Mexico) for 30 minutes js Remote (6.0 X 10 ) which is equivalent to the acceptable risk of a
commercial two-engine airplane while flying three hours with one-engine-inoperative to reach a suitable
landing site. ‘

4. Survivable envelopes were investigated. Considering all occupants onboard the 206 accidents of all
causes, worldwide in 7.9 million hours, only 1.3 % received fatal injuries due to an engine failure. Civil
belicopter crash irnpact study of vertical velocity at impact suggest that in over 70 % accidents, serious
injury were not anticipated at the lower impact speeds.

5. The commercial 206 operations in the Gulf of Mexico had a probability of & fatal accident due to
powerloss 0f 2.8 X 107 on a per flight basis. Or a per takeoff basis, vou could expect 1.7 powerlosses for
all reasons during e million takeoffs.

6. Thus it is concluded that the risk of a powerloss for any rzason in 2 commercial single turbine helicopter
for short exposure times over hostle ereas is acceptable for exposure times up to 30 minutes.
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MEASURING RISK IN SINGLE - AND TWIN - ENGINE HELICOPTERS

Roy G. Fox
Chief Safety Engineer
Bell Helicopter Texton, Inc., Fort Worth, Texas

ABSTRACT

‘Sefety is the management of risk. Many decisions
are made by businesses, government agencies and
individuals using their perceptions of an aircraft’s
safety. Public perception of safety can deny the in-
troduction or expansion of aviation in specific areas.
Decisions to buy, use, repair, install improvements,
insure, sell, and replace aircraft are all related to
perceived safety. Likewise, governmental restric-
tions and rule-meking are based on the perceived
deterioration of safety, as in the proposed single-
engine helicopter restrictions of ICAQ Annex 6. Ac-
curate aircraft safety measurements are thus essen-
tial to bring perceived and actual safety together.
Such accuracy also provides realistic corrective ac-
tions for safety problems and evaluation of desirable
and undesirable aspects of different aircraft configu-
rations, as well as allowing individuals to determine
their risk in flying in specific types of aircraft. Ex-
isting safety measuring methods are discussed,
along with the advantages, disadvantages, and cor-
rectness of each method. Recent safety training and
its effects are discussed, related to improved pilot
judgment and significant reductions in accident
rates—without any regulatory changes.

INTRODUCTION

Safety has always been a paramount concern in avi-
ation. Safety is not an absolute; rather, it is & rela-
tive measure of the risk involved when flying in an
eircraft. Several methods are used by publications
that attermpt to meesure sefety. Some of these
methods are misleading and inaccurate, and create
the perception of & low leve] of safety in helicopters.
Misconceptions about helicopter sefety can cause
overly restrictive regulations and prohibit the use of
safe gircraft. Thus, accurate measuring of helicop-
ter safety is cruciel to the helicopter operators and

the flying public.

Presented et the 2nd AsienVertiflite Seminar,
sponsored by the American Helicopter Society,
Singapore, 24 February 1882.

There is a continuing question of whether an occu-
pant is safer in a single-engine helicopter or a twin-
engine helicopter. Some proponents say that two
engines must be better than one. Others sey, "We
have two engines in commercial fixed-wing air-
planes; therefore, helicopters also need two en-
gines.” However, facts do not support application of
“fixed-wing thinking” to helicopters. Helicopters
have unique uses and designs and are operated in
difficult environments. Thus, helicopters are dii-
ferent from fixed-wing airplanes. One must look at
all causes of accidents and injuries, not just at com-
ponents like engines or tail rotor blades. This paper
addresses the safety issues for both single-engine
and twin-engine helicopters.

Accident date from the United States of America
(USA), the United Kingdom (UK), and Canade were
analyzed to determine the risk to occupants of
single- and twin-engine powered helicopters. These
three nations (States) account for about 82% of all
known (non-Soviet bloc) civil helicopters. Although
the subject of this paper is rotary wing aircraft, the
methodology is equally applicable to fixed-wing air-
planes.

WHY MEASURE SAFETY?

Many important decisions made by businesses, gov-
ernment agencies, and individuals are based on the
perceived safety of an aircraft. Decisions to buy,
use, fix, improve, insure, and sell or replace an air-
cralt are related to perceived safety. Likewise, gov-
ernment operatignal prohibitions are based on the
perceived deterioration of safety. For example, the
recent Amendment 1 w International Civil Aviation
Orgenization (ICAO) Annex 6, Part III (Ref. 1) es-
tablishes three categories of helicopter performance
and recommends certain operational limitations.
The categories are

Performance Class 1. Includes multiengine
helicopters that are capable of continuing norma!
operations with one engine inoperative, regardiess
of wher. the engine fails.




Performance Clags 2. Includes multiengine
helicGpters that are capable of continuing flight
after one engine fails, except that a forced landing
would be reguired following an engine failure: be-
tween takeoff and & specific point and between a
specific point and landing.

Performance Class 3. Refers to single-engine
helicopter operations; a forced landing would be re-
quired after an engine failure.

Amendment 1 to ICAO Annex 6, Part II recom-
mends prohibition of the use of Performance Class 3
single-engine helicopters for instrument flight rule
(IFR) flights, night flying, flights out of sight of the
earth’'s surface, flights with cloud ceilings of less
than 600 feet or visibility less than 1,500 meters,
and flights to elevated structures (heliport). ICAO
itself does not regulate world standards; however, it
recommends that individual member states-adopt
its criteris into their own regulations. The United
States and many other countries have not adopted
the recent recommendations of ICAO Amendment 1
to Annex 6, Part ITI.

Since single-engine helicopters account for three out
of four helicopters in the world, adoption of this
amendment would have & drastic effect on the heli-
copter community and on the public benefit derived
from helicopter use. Some single-engine helicopter
operations will no longer be performed, due to the
higher costs involved, if twin-engine helicopters are
mandated. ‘Most multiengine helicopter operations
are conducted in Performance Class 2. Since the ac-
cident data do not discriminate between perfor-
mence classes, the safety comparisons of Perfor-
mance Classes 2 and 3 from the available data is ac-
complished in this paper by looking at the differ-
ences between single-engine (Performance Class 3)
and multiengine (Performance Class 2 ) operations.
The performeance class restrictions on helicopter op-
erations in accordance with the JCAO Amendment 1
change includes the prohibition of single-engine he-
licopter operations involving transport of passen-
gers, cargo, or mail for remuneration or hire, and
general aviation uses. This prohibition is basedona
perceived belief that twin-engine helicopters are al-
weys safer than single-engine helicopters in 2ll en-
vironments. Thus, accurate helicopter safety mea-
surements are critical to ensure thet perceived safe-
ty and actual safety may be similar. Such accuracy
also allows prioritized correction of safety problems
end the evaluation of desirable and undesirable as-
pects of different sircrafi configuretions. This is of

personal importance to an individual, allowing a
person to determine his risk when flying in & spe-
cific type of aircraft.

Why Worry about Safety?

Why do people worry about safety in the first place?
The primary reason is that no one wants to get hurt
or die. Since none of us wants to think about our
own death or injury, we tend to tell ourselves "I am
never going to be in an accident, therefore I won't
have to worry about being injured or killed.” The
next step in this internal stress coping action is to
essume that all that is needed to accomplish the
goal is to prevent all accidents. This internal pro-
tection mechanism helps each of us go through all of
the stresses of each day.- Aviation accident preven-
tion is based on this concept: "If I can prevent the
emergency, | won't have to worry about my pain and’
my death.” This human coping mechanism works
well for the average individual; but management
(avidtion and regulatory) must go beyond to first de-
termine the actual risk and subsequently manage
the risk to an acceptable level. Safety is the manage-
ment of risk. -

HELICOPTERS AND AIRPLANES RESPOND
DIFFERENTLY TO POWER LOSS

If a power loss occurs, the resulting emergency land-
ings are significantly different for airplanes than for
helicopters. To maintain control of an airplane, its
sirspeed must stay above wing stall speeds until
ground contact. This means the airplane airspeed at
ground contact will be typically 60 to 100 knots.
This high speed requires & shallow approach angle
and a long cleared landing site. Any obstructions
(e.g., trees, buildings, fences, or ground irregulari-
ties) will be impacted with significant crash forces
and resulting injuries.

Conversely, all helicopters have a safety feature ca-
pability to make an unpowered, controlled landing,
called "autorotation.” Figure 1 shows the airfiow
during this emergency procedure. The pilot controls
the pitch of the main rotor blades at all times. In
normal flight under power, the eir is pulled through
the main rotor disc and thrust downward, providing
itft to hold the helicopter in the air and controlling
the aircraft. In unpowered flight or an emergency
descent, the pilot enters autorotation and changes
the pitch or the main rotor blades to allow the air to
come upwerd through the main rotor disc &s the he-
licopter is descending. This airfiow turns the main



rotor blades like the wind turns a windmill. The pi-
lot prevents overspeeding of the main rotor by con-
verting some of this energy being gained to lift,
Thus, the spinning main rotor acts like & parachute
and a near-constant descent rate is maintained. The
main rotor blade structure/weights store this rota-
tional energy in a manner similar to a giant fly-
whee]. Since the helicopter is fully under control,
the aireraft can be maneuvered to the best landing
site, allowing & steep approach into & ¢confined area.
Upor approaching the selected landing site, the pi-
lot flares (aircraft nose is pitched up) to reduce the
airspeed for a slow touchdown. The pilot then con-
verts the stored rotational energy in the spinning
main rotor back to lift and gently lands the helicop-
ter. The typical autorotation rate of descent at
touchdown is lower than a normal landing of a
scheduled airline landing on the runway. The heli-
copter forward airspeed at touchdown will typically
vary from 0 to 5 knots, so emergency landings can
and have been achieved in very small spaces.
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Fig. 1. Helicopter autorotaticn.

Helicopters Have Different Missions and Uses

Using National Transportetion Safety Board
(NTSB) accident data for 1982 through 1985 for
USA-registered helicopters, the type of mission un-
derwey at the time of accident was determined (Ref.
2). As shown in Table 1, single-piston, single-
turbine, and twin-turbine helicopters ere used in
the sarne missions but in varying degrees. Single-
piston helicopters have & concentration in relatively
high risk ereas of flight training, personzl use, end
agricultural work, where relative low cost is & d.riv-
ing factor. These types of usage are major contribu-
tors to the safety record for single-piston helicopters.
I’ twin-turbine helicopters performed similar

w3y

missions and were operated like the single-piston
helicopters, the twin-turbine helicopter accident
rate would rise significantly.

Table1l. Helicopter missions at accident NTSB
data 1982 - 1985 (% of accidents)
Typeof Single Single Twin . = All
Operations Piston Turbine Turbine Helicopters
Personal 26.2 24 .4 16.0 24.9
Business 9.4 23.6 32.0 14.8
Instruction  21.3 2.0 8.0 14.4
Executive/ 0 5.6 16.0 2.4
corporatie
Agricultural 29.8 8.8 4.0 21.8
Observation/ 5.1 5.2 0 5.0
survey
Public use 1.1 4.0 8.0 2.3
Ferry/ 2.3 4.8 16.0 3.6
Positioning
Other work 4.8 21.6 0 10.6

Helicopter Fleet Is & Mixed Fleet

The U. S. FAA Civil Aircraft Registry for August
1990 shows the following distribution of helicopters
(Table 2). The 34 military surplus twin-piston heli-
copters on the Registry were not included. However,
the numbers of aircraft on the Registry can be mis-
leading, because it includes many aircraft that are
wrecked, being salvaged for parts, under repair,
stored, or used as static (nonflying) aircraft. Thus
{light hours are & better indicator of actual eircreft
usege. Flight hours by model series were extracted
from the U. 8. Federal Aviation Administration
(FAA) General Aviation Activities and Avionic Sur-
vey annual reparts for the same time period. If the
FAA esiimated flight hours for 2 model for two or
more years af the 5-vear period, these flight hours
were used. The accidents of that model series were
used if flight hours occurred in the vear of the acci-
dent. 1f no hours or one vear of flight hours were es-
timated by the FAA reports, the accidents and
fiights hours for those affected models were deleted
from the study. The author considers this date to be
the best available and therefore has used it in thic



-Table2. USA-registered helicopters by engine

type (FAA data)
Number of
Helicopters Flight-  Flight-
(11-31-90 hoursflown hours
Typeof Engine Registry) 1984-1988 (%)
Single piston 5,371 2,961,252 25.9
Single turbine '3,642 7,035,846 61.5
Twin turbine 1,108 1,442,116 12.6
Total 10,121 11,439,214 100
helicopters )
. Alreraft with 2,082 5,215,001 45.6
most flight-
hours: 206
single turbine
only

paper. The usable models with flight hours were
then arranged in groups: single-piston, single-
turbine, and twin-turbine helicopters, and the most
common helicopter, the Model 206. The Model 206
flew 45% of &ll helicopter flight hours during the
1984 through 1988 time period. The Model 206 is
the most prominent mode! and is used as a standard
by which other helicopters are typically compared.
The single-turbine engine Model 206 will be shown
by itself as well as being in the generic single-
turbine fleet throughout this paper.

The Canadian, UK, and USA helicopter fleet flight-
hours shown in Table 3 indicate that these helicop-
ter fleets are also varied. The Canadian accident
and flight hour dats from the Transportation Safety
Board of Canade and Canadian Aviation Statistics
Centre were for the period 1982 through 1987. The
United Kingdom accident data and flight hours
from the Civil Aviation Agency were for the period
1980 through 1987. The mixture of the UK fleet fly-
ing is significantly different from that in Canada
and the USA. This helps to explain why attitudes
and helicopter usages vary among ICAO States.
The most common helicopter flying in the UK was
the S-61 twin turbine, which accounted for 28.2% of
the UK flight-hours whereas the Model 206 made up
12.3%.

Disregarding home-built and experimental helicop-
ters, it is estimated that of approximately 15,200
rotoreraft in the world (excluding the Soviet bloc
states) that 12,511, or 82%, of these rotorcraft are in
the USA, the UK, and Canada. Thus the conclu-
sions from these data should be applicable to the re-
maining helicopters in the non-Soviet-bloc world.
The helicopter data are presented by configuration
groups of single piston (SP), single turbine (ST), and
twin turbine (T'T).

MEASURING SAFETY

Now that we have some indication of the helicopter
activities, the next step is to measure safety or de-
termine relative risk. There are various methods
used; some are useful and others are misleading.
Using the total number of accidents that have

Table 3. USA, UK, and Canada civil helicopters by engine type (flight-hours flown)

USA UK/
USA UK Cznada Canada
Engine Type (8<-88) (80-87) (82-87) Combined %
Single piston 2,961,252 61,737 190,884 3,243,883 21.3
Single turbine 7,035,846 239,548 2,678,376 9,353,770 61.5
T'win turbine 1,442,116 932,474 242,686 2,617,286 17.2
Total helicopters 11,438,214 1,263,758 2,511,966 15,214,838 100
Most common 5,215,001 155,648 1,471,675 6,842,324 45.0

eircraft: 206 single
turbine




occurred for & model is probably the most mislead-
ing miéthod. This primitive method does not account
for fleet size and subsequent usage/exposure over
the years and should be avoided. Accident-per-
amount-of-exposure methods are more appropriate.

Accidents per Fleet Ratio

One attempt to address the effects of fleet size is to
determine the ratio of accidents to the size of fleet in
existence at the time of comparison. This approach
is only slightly better than counting accidents. The
ratio is determined by counting the number of acci-
dents that have occurred on & specific model in the
USA since its introduction. The total accident his-
tory.number is then divided by the latest "esti-
mated” number of active helicopters of that model'in
the USA. The ratio technique is inaccurate and mis-
leading because it (1) disregards the changing fleet
size over the years, by only using the latest year’s
“active” fleet, (2) looks at models in different periods
of their service life, and (3) disregards the different
amount of flying done by various models. Also, the
number of accidents will increase as a mode! fleet
. continues in use. In Figure 2, the Model 47, which is
the oldest civil helicopter model, suggests what may
happen to all other models as they mature in the fu-
ture. The number of accidents from 1958 through
1963 were estimated from accident trends before
and after that period. Since the number of "active”
helicopters are seldom known, the actual numbers
of civil aircraft delivered with & U.S. Registry num-
ber were used.. Note that the last Model 47 was de-
livered in 1973 in the USA. The total number of ac-
cidents grows each vear and far exceeds the number
of aircraft delivered. Obviously, the ratio of total ac-
cidents to an existing fleet is going to be different
depending on ‘when that ratio is calculated. If the

170
180 F
150 »
148

;;s ma.nwc.smnd freet “V

\DE
ID
70
SD
50 Amdewwo,ooo fiight nours
40
30
0 \

4l 5D 52 54 56 58 €D 62 64 66 63 TD T2 74 JE T BO K2 82
Yeat

Number
-
k-3

1-NL1O .
Fig. 2. Model 47 accident/fleei ratio.

ratio is determined within two years of model in-
troduction, the ratio will probably be low. Five, ten,
fifteen years later, the ratio continues to increase re-
gardless of the true model safety. Also shown in
Figure 2 is the annual accident rate per 100,000
flight hours. Note that the accident ratio continues
to climb to about 160% as of 1985 even though the
accident rate is basically decreasing over the last
three years. This disparity will be present for all
other models and is dependent on when in the
model's life cycle the ratio is computed.

Accidents per Departure

When comparing vastly different types of aircraft, it
was spparent that some types spent the majority of
their flight time in the more hazardous flight phases
of takeoffs and landings. Thus the accident rate per
departure (or mission) was used. This approach an-
swers the question "Is the likelihood of this mission
failing greater or lesser for Means A vs. Means B?”
but is not concerned with how long Means A or
Means B takes to accomplish the mission. For ex-
ample, if the mission is to get a person from Point X
to Point Y, the following means of travel can gualify
for the task:

-Rocket

Jet girplane
-Helicopter
-Train
-Automobile
-Boat
-Balloon
-Walking.

The number of accidents that occurred from the time
of departing Point X &nd erriving at Point Y would
then be determined for each means of travel. When
divided by the number of missions attempted, this
becomes the accident rate per departure.

Helicopters can perform some missions which no
other transportation means can achieve. These
unigue missions, involving hovering or very slow
flight, cause very short {light times, and result in e
large number of tekeoffs and landings. Since large
airplanes spend the vast majority of their flight time
in cruise rether then in takeoff/landings, compari-
sons with helicopters are sornewhat biased. A study
in 1981 included & look at Part 135 unscheduled air-
taxi helicopter safety related to airplene air carriers
(Ref. 3). The helicopter operators surveyed flew 6023
single- &nd twin-turbine helicopters during the



subject period (1977 through 1979). The percentage
of singles vs. twins is no longer available; however,
the percentage of single turbines vs. twin turbines is
available for 1983, which is the nearest period. The
1983 U.S. Registry indicates & mix of 83% single
turbines and 17% twin turbines. The mix in the
helicopter survey group should have been similar.
The accident rate per flight hour for the combined
turbine helicopter fleet compared to the air carriers
is shown in Figure 3A. This shows that the
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helicopter accident rate per flight hour was slightly
better than that of commuter {regional) air carriers.
To account for time spent in the more hazardous
phases of flight (i.e., takeoff and approach/landing),
the accident frequency is based on number of depar-
tures (ie., takeoffs). The helicopter accident rate
per 100,000 departures was 73% lower than com-
muter air carriers, as shown in Figure 3B. The heli-
copter rate was much closer to the rate for the large
certificated air carriers. Figure 3C, fatal accident
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rate per departure, shows that the helicopter rate
was -69% lower than the commuter air carriers.
Figure 3D shows comparable date for fatalities per
departure. In this case, the helicopter rate is 71%
lower than commuter air carriers and 79% lower
than certificated air carriers. The helicopter
industry in general is safer than perceived by those
outside of this industry, considering the amount of
time spent in hazardous phases of flight. This also

indicates the variability of potential safety
perceptions, depending on the method of
measurement. ‘

The offshore o1l industry in the Gulf of Mexico gives
& good indication of the safe operation of turbine he-
licopters (Table 4). In 1990, there were 1,855,345
takeoffs and landings. About 1,500,000 of these
takeoffs and landings were st offshore platforms.
There were 3,958,525 passengers moved by helicop-
ter. Of the 619 helicopters in the Gulf of Mexico, 138
(22%) are IFR equipped. Single-turbine helicopters
account for 349 (56%) of the total helicopter fleet.
This significant usage of single-turbine helicopters
indicates that single turbines are being operated
safely from elevated platforms and over water.

This method based on departure exposure is accu-
rate for determining the risk to mission accomplish-
ment, but is not accurate for determining safety.
Safety is related to "freedom from harm, injury, or
loss and should be counted in terms of time of indi-
vidual occupant exposure.

Accidents per Patient Transport

This recent safety measurement variation is used by
the emergency medical services (EMS) community.
This accident rate is the number of EMS aircraft ac-
cidents that occur divided by the number of patients

transported during the same time period. This
unique approach uses the EMS primary function of
“moving patients” as the basis for comparison with
the safety of other modes of “moving patients.” This
approach is appropriate for only that medical trans-
port mission comparison of mission commpletion, not
sefety of the crew and patient. Figure 4 (from Re{. 5)
shows the annual EMS helicopter accident rates per
100,000 patients transported. It cannot be used to
compare with "non-patient-carrying” aircraft. Since
many of the EMS helicopter accidents occurred
without a patient onboard (e.g., en route to pickup,
returning after transport, or repositioning), this is a
mission-oriented measurement (similar to “per de-
parture”), rather than “per Human” exposure.

Source: The Jowmai of Ak Medial Trarsporl, February 1990
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transport operation.

Accidents per Passenger Mile

Accidents per passenger mile is another "per mis-
sion” measurement, with an adjustment for the dis-
tance traveled. Fixed-wing scheduled air carriers
end fixed- and rotary-wing air taxi operators have

Table 4. Gulf of Mexico helicopter safety data

Acciaents

per

Accidents per 100,000

No. of Flight- 100,000 Flight-

Year Fleet Size  Accidents hours Depar;ures Departures hours
1987 708 17 651,655 2,101,850 0.80 2.48
1988 599 10 455,330 1,384,000 0.65 2.20
1389 608 g 515,770 1,885,571 0.48 1.74
19890 619 ] 533,761 1,855,345 0.48 1.69




passenger-carried information from revenue flights;
but General Aviation and helicopters, in general, do
not. Thus comparisons are seldom made in this ar-
ea. Limitations of “per mission” measurement are
easily noted by comparing the safety of an 80-knot
aircraft with & 400-knot aircraft, both having the
same number of passengers and accidents per pas-
senger mile. Some people try to interpret this as the
same level of occupant safety. However, the slower
machine is in the air five times as long as the faster
aircraft for the same distance. Therefore, the slower
aircraft must have only one fifth of the accident rate
per flight hour of the faster aircraft. This dichotomy
is due to the primary concern being “per mission”
and not related to “per human”or occupant safety.
Accident per passenger mile is only meaningfu] if
your primary concern is mission completion of mov-
ing & passenger a given distance, not the safety of
the occupants.

Accidents per Flight-hours

The most common method presently used is "acei-
dent rate per 100,000 flight hours.” This accident
rate per hour is the number of accidents of & model
for a specific period of time divided by the hours
flown by those aircraft over the same time period.
This accident rate per 100,000 flight hours is an
good method to determine the aircraft damage cost
expected in & model fleet or the likelihood of aireraft
damage. Table 5 shows the accident rates per
100,000 flight hours for USA General Aviation
fixed-wing and ratary-wing aircraft in descending
order.

Helicopter accident rates for the 1980s from the
USA, the UK, and Canada for the time periods of
Table 3 are shown in Table 6.

AIRWORTHINESS VS. OPERATIONAL
ISSUES

The causes of accidents resulting in serious (major/
fatal) occupant injury were determined (Refl. 6) us-
ing NTSB deta from 1982 through 1986 for single-
turbine and twin-turbine civil helicopters, as shown
in Figure 5. Engine material feilure (MF) initiated
the crashes that caused 14.8% of the serious injunies
to occupants of single-turbine helicopters, as com-
pared to only 3.4% for the serious injuries to occu-
pents of twin-turbine helicopter accidents. If you
stop here with enly this one piece of information, the
obvious conclusion is that two is better than one.
However, consider only material feilures other-

Table5. USA-registered general aviation ac-
cident rates

(NTSB/FAA data 1984 - 1988)

Accidents
er 100,000
Type of Aircraft ight-hours
Single-piston helicopter 17.83
Single-piston airplane 8.55
Single-turbine helicopter (all} 5.49
Twin-piston airplane 5.12
Twin-turbine helicopter 4.37
Bell Model] 206 single-turbine 4.28
helicopter
Table6.  1980s USA, UK, and Canadian

accident rates (all causes)
(accidents per 100,000 flight-hours)

United
States
United of
Tvpe of Canade Kingdom America
helicopter (82-87) (BO-87) (84 - 88)
Single piston 33.53 73.79 17.83
Single turbine 9.86 17.12 5.49
(all)
Twin turbine 4.67 4.83 4.37
Model 206 8.70 14.07 4.28
single turbine
Single-Turbine Twin-Turbine
Heicoptars Melicopters
e e\ e
{ L i Erigine MF
{ RIS £ 31
\ Piiot

Mon-engine MF = w2

(1ex)

Non-engine Mi —
x.o%)

Percantage of injuries by cause of crashes (NTSE £2 - 56)
1-N112

Fig. 5. Seriously injured occupants by

mccident cause.

than-engine or norn-engine MF. Only 11.0% of the
seriously injured occupents were in single-turbine
helicopter crashes initizted by non-engine material



failures as compared with 31.0% in twin-turbine
helicopter crashes. This is an indicator of the detri-
menta] effects of complexity and more parts. If you
were to consider only this last piece of information,
the obvious approach should be to ban all twin-tur-
bine helicopters and only use single-turbine heli-
copters. Actually, the total material failures, en-
gine and non-engine, should be considered together,
which yields percentages of seriously injured occu-

pants due to all types of MF-caused accidents of

25.8% for occupants in single turbines and 34.4% for
occupants in twins. This is consistent with the
greater number of parts and increased complexity
present in twins. Since deaths or injuries do not
only occur as a result of engine-related factors, it is
essential that all other factors be considered as well,
both material failure and nonmaterial failure (i.e.,
human error). The accident rates for the combined
U.S. helicopter fleet {all helicopters) and the
individual types are shown in Table 7.

Engine material failures are just one of the material
failures (also called airworthiness failures) that
cause accidents; the remaining non-engine material
failures that caused accidents are also shown in Ta-
ble 7. The single-piston accident rate per 100,000
flight-hours for non-engine material failure
accidents is the highest rate, followed by twin
turbines, all single turbines, and (with the lowest

rate) the Mode) 206 single turbine. Table 7 shows
the combined engine and non-engine material
failures (e.g., all airworthiness {ailures), and
indicates that the accident rate for all airworthiness
failures in twin turbines is significantly lower than
for single pistons, and slightly lower than for all
single turbines, but still 51.4% higher than the
singie-turbine 206 rate. From an overell
airworthiness standpoint, there is no justificatien to
reguire twin-turbine engines on ALL helicopters for
ALL mission applications.

Statistical Significance

Individual yearly airworthiness failure accident
rates will vary from year to year due to the random
natures of rare events like accidents, as shown for
turbine helicopters in Table 8. The statistical sig-
nificance of the single- and twin-turbine helicopter
accident rates was used to determine if the rates for
all their accidents due to airworthiness failures
were significantly different or not. The statistical
method used for this determination, “Student T,”
utilized a level of significance of 0.05. This tech-
nique can determine the likelihood that the two sets
of data (i.e., accident rates of singles vs. twins) will
be from the same group (i.e., not of significant dif-
ference), with the observed rate varying only due to
chance. A level of significance of 0.05 indicates that

Table 7. USA-registered helicopter accident rates (Sources: NTSB/FAA for 1984 through
1988) (Accidents per 100,000 flight-hours)
Engine-only Non-engine All
Type of Helicopter Airworthiness Airworthiness Alirworthiness All Causes
All helicopters 1.22 1.08 2.30 B.54
Single piston 1.99 2.09 4.08 17.83
Twin turbine 0.35 1.25 1.59 4.37
Single turbine (all) 1.08 0.61 1.68 5.49
206 single turbine 0.88 .17 1.05 4.28

USA turbine helicopter fleet airworthiness-failure annual accident rates (NTSB/FAA date for

Table 8. :
1984--88) (Accidents per 100,000 flight-hours)
' Average
Type of Helicopter - 1984 1985 1986 1987 1988 (B4 -88)
Single-turbine helicopter (all) 1.85 1.85 2.04 1.5¢ 1.30 1.88
Twip-turbine helicopter 1.78 0.85 2.14 1.82 0.98 1.59
Bell Model206 single-turbine helicopter 0.5 1.46 1.21 0.7¢ 0.92 1.05




the statement being made wil] be wrong no more
thaw5 times out of 100. In other words, the state-
ment being made will be correct 95 times out of 100.
The airworthiness-failure accident rates of singles
and twins are not significantly different 95 times out
of100.

Comparing the all-airworthiness-failure accident
rates of the three ICAO States (the USA., the UK,
and Canadr) are Table 8 and Figure 6, which show
the variability that is a function of the mix of air-
craft models within a type and how they are used in
the different ICAO States. The rates of twin tur-
bines and Model 206s appear to be quite consistent.
It is interesting to note that the single-turbine
Model 206 has the lowest amirworthiness accident
rate in two of the three ICAO States and second low-
est in the remeaining State. These data do not justify
the ICAO Annex 6, Amendment 1 prohibition of
* single-engine helicopters.

Table 9. . 1980s USA, UK, and Canadian
airworthiness-failure accident rates
(Accidents per 100,000 flight-hours)

United
States
~United of
Canada Kingdom Americe
Type (82-87) (80-87) (84 - 88)
Single piston '8.91 18.45 4.09
Single turbine  2.12 4.17 1.69
(all)
Twin turbine 1.27 1.93 1.59
Bell 206-single 1.43 1.17 1.05

turbine

Time-Exposed Comparisons

Accidents are quite rare events. A trip around the
world at the equator would take about 192.3 hours
for & turbine helicopter fiown £t an average cruise
speed of 130 miles per bour (113 kn) Thus, a
comparison of the meean-time-between-accidents
(MTBA) can be expressed in an exposure-time
equivalent of around-the-world trips. The MTBA is
the number of hours flown by an aircraft tvpe
divided by the number of accidents (e.g., the inverse
of the accident rate).

The around-the-world trip equivalent for the Model
206 and twin-turbine helicopters shows the

B ux (s0-87)
Cannda {82 -87)
USA (84 -28)

Acddents per 100,000 fight hours

Airworthiness failure accident
rates for UK, USA, and Canadsa in
the 1980's.

remoteness of accidents from all airworthiness fail-
ures (both engine and non-engine). Using the data
from Table 7, the MTBA for the Model 206 and a
twin-turbine helicopter can be derived as 95,283
hours and 62,893 hours, respectively. Thus, on the
average, the expectancy of an accident due to air-
worthiness failure was equivalent to 495 trips and
327 trips for the Model 206 and for twin-turbine air-
craft, respectively. Likewise, the number of years
for one aircraft to fly those around-the-world trips,
without landing (i.e., continuous 24-hr/day flying)
would be about 10.9 years and 7.2 years for the
Model 206 and a twin-turbine helicopter, respective-
ly. The chance of an accident, for both types, is ex-
tremmely remote. There is no safety justification for
prohibiting single-engine or twin-engine helicopters
from flying over congested areas or hostile-earth
surfaces.

Accident Site Surface

A failure of the engine does not automatically mean

that an accident will occur. The type of terrain can

influence whether the results of autorotation will be

merely & forced landing or &n accident with damage.

If the engine fails over terrain hospiteble to an

emergency landing, such as prepared hard surfaces,

unprepared ground, soil, fields, open terrain, or heli-

pads, then autorotation is possible without further

damage, and no accident occurs. If the helicopter is

equipped with an aircraft flotation system, an emer- -
gency landing can be made on water. Such & water

landing is not considered an accident unless signifi-

cant aircraft damage or an injury occurs; with signi-
ficant damage or injury, it is considered an accidens.
If the terrain is inhospiteble (e.g., covered with
trees, swamps, or walls), the emergency landing
may resultin en accident.



The known impact surfaces for all U.S. civil heli-
copter-accidents from 1984 through 1988 are shown
in Table 10. Accidents from all causes are included.
Unknown site surfaces, inflight breakups, midair
collisions, and unknown types of ground surfaces,
accounting for about 28% of the accidents, were de-
leted as nonusable. The surface category
"Trees/swamp/wall” includes terrain where a suc-
cessful emergency landing without damage is not
likely after a power loss or any other immediately
required emergency landing. This was the surface
for 10.5%, 10.7%, and B.B% of the impacts for twin
turbines, single turbines, and the Mode] 208, respec-
tively. Thus, the accident history for impacts into
trees (inhospitable sites) has not been different for
twin-turbine than for single-turbine helicopters.
Care should be teken in reading Table 10, as the ex-
posure over these surfaces has not been the same for
each type of aircraft. The value of many helicopter
jobs over inhospitable terrain cannot justify the use
of en expensive helicopter, and therefore a small,
less expensive helicopter is often used. The table is
indicative of how aircraft are being used, rather
than pointing out relative danger of impact sites.
For.-example, the twin-turbine helicopter had 33.3%
of its known-site accidents in the "Prepared sur-
face/pad” category, which is the least dangerous im-
pact site. Overall, the table shows that basically all
types of impact sites have occurred with 2l types of
helicopters.

Fatal Accidents per Flight-hours

Safety is typically defined as a condition of freedom
from harm, injury, or loss. Thus, measurement of
those accidents involving fatal injuries is relevant to
the relationship of safety to bhuman suffering. A
fatal accident is an accident in which at least one
person is fatally injured. A fatal accident rate is the
number of fate] accidents per 100,000 flight hours.
Table 11 shows the fatal accident rate for the three
types of helicopters in the USA. These aircraft types
have sbout the seme fatel zccident rate. This
method is still inaccurate, g5 it does not account for
the number of people onboard thet had the chence of
being fatally injured. For example, for a twenty-
place helicopter with ten people onboard, there is
five times the chance of someone being killed as for
s five-place helicopter with two people onboard.
This is cue to the difference in ten people impacting
the ground in one girframe vs. two people in the
other airframe. Obviously, the number of helicopter
seats is not imporﬁant; but the number of people
onboard is important. Thus, fatal accident rates are

1

Table 10. Known accident impact sites

Model 206 All .
Single Single Twin
Type of Impact Turbine Turbines Turbines
Surface (%) (%) (%
Clearing/ 6.4 5.4 0
brush/burm
Rough ground/ 111 1107 0
rocks
Ground/soil/ 23.4 31.9 12.3
unprepared
Prepared 19.3 17.1 23.3
surface/pad
Trees/swamp/ 8.8 10.7 10.5
wall .
Buildings 1.2 1.0 3.5
Auto/boat/ 0.6 0.6 3.5
railroad
Snow/ice 2.9 - 3.7 1.8
Water 24.0 17.4 29.8
Rig 2.3 1.3 5.3
Table 11. . USA helicopter fatal accident rates

(NTSB/FAA 1984 - 1988)

Fatal accidents per

Type of Helicopter 100,000 flight-hours
Single piston 1.89
Twin turbine 1.10
Single turbine 1.08

misieading when they are related to aircraft air-
frame accidents, not to the occupants. Fatal acci-
dent rates shoulc not be used to measure safety.

Risk around Heliports

Some neighbors around heliports have voiced con-
cern about safety of helicopters approaching or leav-
ing & heliport. These concerns are unfounded. The
actual risk to the neighborhood from helicopters was
enalyzed (Ref. 7) to determine the likelihood of &
helicopter accident in & 0.8-km (1/2-mile) radius of
the heliporveirport using NTSB/FAA date for the



period of 1975 through 1978. This analysis was
basedon the Model 206 accident rate of 4.33/100,000
flight-hours. A 3-minute time period spent over the
0.8-km (1/2-mile) radius for an approach or landing
was used to be conservative. One can then calculate
the likelihood of an accident within the 0.8-km (1/2-
mile) radius which becomes a function of how many
takeoffs and landings ere made. The term "cycle” is
used for the combination of & takeoff and landing
(e.g., 6 minutes over the 0.8-km [1/2-mile] zone).
Using the average number of cycles per day for a
year, the average number of years between acci-
dents can be determined using Figure 7. For exam-
ple, for a busy heliport conducting 5 cycles per day
(182.6 hours per year over the 0.8-km 11/2-mile]}
zone), the expected average of years between acci-
dents should be 128 years. One accident in 128
years is an extremely remote possibility.
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Fig.7. Helicopter accidents within 0.8 km
(1/2 miie). }

Likewise, the likelihood of a helicopter striking a
residence or building within & 0.8-km (1/2-mile) ra-
dius of a heliport can be estimated using Figure 8.
The accident frequency used was for all helicopter
gccidents (L.e., single piston, single turbine, and
twin turbine) involved in striking a residence or
building. For the 5-cycle-per-day case, & helicopter
striking & building/residence is estimeted, on aver-
age, once every 4,000 years. This is extremely re-
mote. Figure 9 shows the likelihood of an on-the-
ground person (i.e., not e crewman or passenger) be-
ing injured within this 0.8-km (1/2-mile) radius. For
the 5-cvcle-per-day case, this shows that the average
number of years between injuries to be about 5,000
vears. This is likewise extremely remote.

The heliport operating et 5 cycles per day over =
one-yeer period is an extremely busy heliport. Fora
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Fig. 8. Helicopter strikes residence or
building (within 0.8-km radius).
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Fig.8. On-the-ground personalinjury
(within 0.8-km radius).

private heliport or limited use that averages less
than 1 cycle per day over each vear period, the risk
is significantly lower. Using 1 cycle per day av-
erage, the likelihood of an accident in the 0.8-km
(1/2-mile) area, the likelihood of striking a
residence/building, and the likelihood of an on-the- .
ground person being injured are once in 635 years,
22,400 yeers, and 25,000 vears, respectively. These
average year velues in themseives are not impor-
tant put their magnitudes indicate the extremely re-
mote threat due to helicopters operzating over & con-
gested area.

If only airworthiness-failures-caused accidents are
considered using the Model 206 and twin-turbine
helicopter rates of Table 7, 2 comparison of the like-
lihood of an eirworthiness-caused accident over the
neighborhood can be made. For & constant usage of
5 cycles per day, the expected accident frequency
within the 0.6-km (1/2-mile) radius of the heliport is

N



an accident once in 34.4 and 52.2 years for a twin-
turbime helicopter and Model 206 single-turbine he-
licopter, respectively. Thus one should expect the
Model 206 accident significantly less often than the
twin-turbine helicopter accident. The likelihood for
both helicopter types is extremely remote. There is
no more justification to prohibit twin-turbine heli-
copters than there is to prohibit a Model 206 from fly-
ing over congested (e.g., populated) areas.

Causes of Accidents Resulting in Fatalities

A study of Bell civil and military turbine-powered
helicopter accidents around the world was con-
ducted to determine the accident causes that re-
sulted in fatalities. The period of time was January
1970 through March 1887. The size of the Bell tur-
bine fleet delivered at the time was approximately
18,700 single-turbine aircraft and 1,800 twin-
turbine aireraft. ‘An engine failure was the initiat-
ing cause that resulted in 6% of ell fatalities in
single-turbine helicopter accidents and 3% of &l fa-
talities in twin-turbine helicopter accidents as
shown in Figure 10. However, the percentage of fa-
talities due to remaining airworthiness failures
(non-engine material failures) was 12% and 22% for
single-turbine and twin-turbine helicopters, respec-
tively. Thus the total percentage of fatalities for all
girworthiness failures was 18% for single-turbine
helicopters and 25% for twin-turbine helicopters. It
is apparent that more complex twin-turbine heli-
copters will have a higher total number of material
failures (engine and non-engine) with & correspond-
ing higher total number of fatal injuries than & sim-
pler single-turbine helicopter.

OCCUPANT RISK
Relative Risk of Serious Injury

Accident rates compare the frequency of aircraft be-
ing demaged to such an extent thet it must be re-
ported as n accident. In the majority of acciaents,
there is no serious injury, so the accident reporting
is basically an gircraft damage mishap frequency.
This information is usefu) in forecasting the number
of gircraft expected to be damaged, repaired, re-
placed, or other activities based on aircraft damage.
It does not address the safety of the occupant. A per-
son's safety is & persenal issue, applied or en indi-
vidua) basis, not an aircraft basis. Risk must be
limited to en individua) occupent to be meaningiul.
Occupant safety must be determined for each indi-
vidua) occupant based on his individuz! exposure.

Accident Inrtiator

€2%  Won-material 75%

tailure

12% Non-engine 22%
Pl kil S i
material faiture

AR
PUEAR A
Engine N
Single-turbine fallure Twin-turbine

Helicopters Halicopters

BHT turbine hebcopters 1970 - Mar 87
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Fig. 10.Percentage of fatalities by accident

initiator.

This is done with Relative Risk of Serious Injury
(RSI). RSI is the probability of an accident occur-
ring times the probability of serious (e.g., major or
fatal) injury. The RSl is calculated by -

Number of Number of people with
accidents major or fatal injury
RSI= X -
Flight-hours Total number of people
flown on board in accidents

The RSI or an individual occupant risk of serious in-
Jjury for every 100,000 occupant-hours of exposure is
shown in Figure 11 for all airworthiness-failure
causes. This is the true measure of occupant safety
related to the aircraft design.

NTSB/FAAR (84 - B8)
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Mode! 206
helicopter
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Fig.11. RSIfrom airworthiness failures.

Thus an occupent’s risk of & serious injury due to ac-
cidents caused by all eirworthiness fzilures is the
same in the generic single-turbine and the twin-
turbine helicopters. An occupant's risk in & Model
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206 single-turbine helicopter is nearly half that of
being-in & twin-turbine helicopter. Based on the risk
to helicopter occupants, there is no justification to
prohibit the use of single-turbine helicopters. The
reasons that risks are generally higher in twins
than singles are

1. More parts and increased complexity yield
more non-engine material feilures, causing acei-
dents. .

2. There are more freestanding passenger
seats and resulting seat failures in twins.

3. There are more passenger seats without
shoulder harnesses.

4. More fuel cells leads to increased likelithood
of post-cresh fires.

The introduction of passenger shoulder harnesses,
energy-asttenuating seats for all occupants, and the
Crash Resistant Fue] Systems may lower the RSL
FAA Amendments* will require shouider harness
and dynarmically tested energy-attenuating seats for
all occupants in future helicopter designs. A shoul-
der harness is required for all seat locations in all
helicopters manufactured in the USA or for use in
the USA after September 16, 1992.** FAA Notice of
Proposed Rule Making ONPRM) 90-24 in progress is
addressing a requirement to include & Crash Resis-
tant Fuel System in large -and small helicopters to
minimize thermal injuries due to post cresh fires.
Thus occupants of future helicopter designs may
have even lower risk of serious injury, regardless of
what causes the accidents.

A study (Ref. 8) of U.S. Army helicopter accidents
and injuries found similar results to the risk in civil
helicopters. Table 12 shows the RSI for the four Ar-
my helicopters in the study. The UH-60 is the twin-
turbine helicopter and the remainder are single-
turbine powered. The risk of injury wes lower in the
singie-turbine helicopters than in the twin turbine.
There ere several reasons for this; two of these are
the greater complexity of the UH-60 and its higher
impact speeds. Again, one must be careful to evalu-
ate all aspects of an aviation system since improve-
ments in one area can have detrimental effects in
another grea. One of safety’s goels is to strive for
the best mix to get the lowest risk.

*F A A Amendments 27-25 and 298-29 of
November 13, 1988,

==PA A Amendments 21-68, 27-28, 28-32, and
91.223.

Table 12. Relative risk of serious injury (RSI) in
Army helicopters (Class A & B)
RSI/100,000
Type of Helicopter occupant hours
UH-60 5.11
AH-1 413
OH-58 2.91
UH-1 1.36

Safety Is Risk Management

To manage your risk, you must first understand
your total risk. Prudent risk management will re-
duce both probabilities in the RSI formula (probabil-
ity of an accident times probability of a serious in-
jury) end achieve the lowest possible risk. Accident
prevention programs attempt to reduce the prob-
ability of an accident. Training, standardization,
equipment, maintenance, and positive management
attitude toward safety are key factors in reducing
the probability of an accident occurring. This im-
portant effort must continue. Pre-accident plan-
ning, flight following, aircraft/occupant survival
gear and training, and aircraft crashworthiness fea-
tures address the reduction of the probability of se-
rious injury. This important effort must also con-
tnue. .To believe that you can prevent all accidents
is analogous to a baseball team made up of only 2
pitcher and & catcher. The other baseball team
members will not be needed, because the pitcher
will always strike out the batter. Totally effective
accident prevention is a worthwhile goal, but realis-
tically, it is doubtful that it will ever happen. The
aviation community must work to reduce both prob-
abilities.

UNIQUE SAFETY ENVIRONMENTS

Austrelian CAA Study of Single vs. Twin Heli-
copter Transfer of Marine Pilots

The Australian Civil Aviation Authority (CAA) con-
ducted e study (Ref. 8) in September 1889 to respond
to & recommendeation to mandate twin-engine heli-
copters be used rather than single-engine helicop-
ters for marine pilot transfers. A merine pilot is &
special ship pilot that boards the ship and brings
that ship into & harbor. He likewise will pilot & ship
out of & harbor t0 open see after which he is returned
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to land. A single-engine helicopter is used for this
transfer to and from the ship. A recommendation
had been made to mandate the use of only twin-
turbine helicopters. The study looked at accident
data from around the world. Applicable paragraphs
from the study findings and conclusions are quoted
below:

"The CAA believes that greater weight
should be given to actual accident perfor-
mance figures (where these are available)
than to theoretical assumptions about fatal
accident rates derived from, say, engine shut-

down. For example, it would fail to account -

for the trade-off between the extra reliability
from having & second engine and the lower re-
liability of the more complex helicopter sys-
tem....”

“Informal advice from the industry suggest
that it would approximately double the cost of
transferring marine ‘pilots by helicopter if
twin-engine helicopters were made compul-
sory....

“This report does not pursue costing further
because of the lack of conclusive evidence of
twin-engined helicopters leading to lower fa-
tal accident rates. . ..

"Marine Authorities have indicated that in

some cases the higher cost of twin-engined

helicopters could lead to them reverting to
launches to transfer pilots, which these au-
thorities have stated is less safe than transfer
by helicopter. . .. ‘

“"CONCLUSION

“The CAA believes the proposal to regulate to
make it compulsory to use twir-engined heli-
copters for the transier of marine pilots to anc
from ships should be sheived &t this time.
The CAA concludes that the proposal should
be shelved because the present very low
engine-failure accident rate is accepiable,
and because there is no conclusive evidence
that using twins wouid result in & lower fatal
accident rate.” )

This Australian study is & good example of the im-
portance of enalyzing accident dete for factuel in-
formation considering all aspects.

-
”n

Helicopter Accidents at Elevated Structures

The accident histories of turbine-powered helicop-
ters at elevated structural platforms were compared
to determine if the ICAO Annex 6 prohibition of
single-engine helicopter operation from elevated
structures was justified. The USA accidents from
NTSB for 1984 through 1988 were used. There were
no distinctions made between type of operations be-
ing conducted such as air transport vs. aerial work.
Since the vast majority of helicopter uses are for
hire or remuneration in some aspect, it is not possi-
ble to use the ICAO definitions. Meany helicopter op-
erations in the USA are not clearly within the ICAO
definitions and also can change categories of work
several times in a day. For example, a helicopter
used for emergency medical services (EMS) can fall
in the operational categories of business, unsched-
nled air taxi, and other work. If the owner is a
government/ municipality entity or the civil opers-
tors contract with a government agency for helicop-
ter services, the same helicopter can also be consid-
ered to be in the category of “public use.” The acci-.
dent data should be considered in its entirety to be
consistent with flight hours.

Each NTSB helicopter accident narrative for the lat-
est available data (1984 through 1988) was used to
determine all accidents that occurred on an elevated
landing site or approaching/depearting the elevated
structure. A key word search was used for the fol-
lowing words in the NTSB accident narratives.
These key words were : )

Elevated Helipad Net
Structure Helideck Rail
Platform Heliport Pad
Rig Hospital Raised
Roof Building Deck

The resulting ‘accidents were then separated into
moveble landing structures or siationary iancing
structures. Accidents at movable landing structures
of landing dollies, trailers, trucks, boats, barges, and
portable landing siructures were eliminated as not
being applicable to the safety history of helicopters
operating on an eleveted structure. The stationary
elevated structure accidents are-those that were at
rooftops or offshore platforms. There were no single-
piston helicopter accidents related to stationary ele-
vated platform structures, but some were on mov-
able landing structures.



There were fifteen single-turbine helicopter acci-
dents—at stationary elevated platform structures.
Twelve were at offshore platforms and three at a
rooftop. Of the fifteen accidents, there were four
power losses reported. There were no material fail-
ures found during the investigation of two of these
power losses. The remaining eleven clearly resulted
from human causes &s follows:

Takeoff with aircraft tied down

Lending gear caught on safety net

Landing gear caught on deck obstruction

Main rotor blade strike

Blown off platform during engine start by wind
Elevator cover not.removed prior to flight

There were thirteen twin-turbine helicopter acci-
dents at elevated platform structures. Nine were at
offshore platforms and four were at rooftops. Of the
nine offshore platform accidents; two were due to .
material failures of teil rotor drive shafts and one
pylon mounting failure allowing ground resonance.
The remaining seven offshore platform accidents
were human caused as follows:

Tail or tail rotor strike

Main rotor strike

Flight controls restricted (maintenance error)
Takeoff with wheel in safety net

Flight control loss

Of the four rooftop accidents, two were power losses
due -to fuel exhaustion. A tail rotor strike and a
flight controls restricted (loose object in cockpit)
made up the two remaining accident causes. Two of
these twin-turbine helicopter sccidents on station-
ary elevated structures were deleted prior to the ac-
cident rate calculation as no FAA flight-hours were
available for the year of the accidents. These acci-
dents were two twin-turbine SA-330J helicopters
which were included above to show the types of ac-
cidents (i.e., 13 accidents) but are deleted in Table
13 when accident rates are used (i.e., 11 accidents).
All single-turbine accidents (which were Model
206s) on stationary elevated structures were usable
accidents.

Table 13 shows the USA elevated structure helicop-
ter accident history for 1984 through 1988. This ta-
ble also identifies the stationary elevated structure
accidents that were related to power losses. For all
accidents at elevated structures, the accident rates
for the single-turbine and twin-turbine helicopters
were 0.21 and 0.76 per 100,000 flight-hours, respec-
tively. Thus the single-turbine rate was 72.4% low-
er thar the rate for twin-turbine helicopters. Con-
sidering. only those related to power losses, the
single-turbine and twin-turbine helicopter accident
rates were 0.071 and 0.139 per 100,000 flight-hours,
respectively. The single-turbine rate for power loss
accidents was 48.9% lower than the twin-turbine

Table 13. USA elevated structure turbine helicopter accident history (1984-1988)

Power-Loss
Flee: Flight- All Causes Power-Loss Accident
Type of Aireraft hours All Accidents Rate* Accidents Rate®
Single 7,035,846 15 0.21 5 0.071
Twin 1,442,116 11 0.78 2 0.139
Using hours of aircreft
models involved in
accidents:
Single
206 5,215,001 15 0.28 5 0.096
Twin )
222 932,438 11 1.18 2 0.214
AS355
BO105
S58T
S$76

* Accidents per 100,000 flight-hours
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rate. The second part of Table 10 is similar, except
the fleet flight-hours used were for only the models
that were involved in elevated structure accidents.
In this analysis, the single-turbine and twin-turbine
accident rates for all causes were 0.29 and 1.18 per
100,000 flight-hours, respectively. The single-
turbine rate was 75.4% lower than the twin-turbine
rate. Considering the power loss accidents, the
single-turbine and twin-turbine accident rates are
0.086 and 0.214 per 100,000 flight hours, respec-
tively. The single-turbine rate for power-loss acci-
dents was 55.1% lower than the twin-turbine rate.

- Thus, the actuel helicopter accident experience re-
lated to helicopter operations at a stationary ele-
vated structure does not justify the prohibition of
single-engine helicopters.

Offshore Helicopter Operator Experience

Petroleum Helicopters, Incorporated (PHI) is the
largest commercial helicopter operator in the world.
Most of their flying is offshore oil support and as
such provides an excellent example of safe helicop-
ter operations in a difficult environment. The latest
PHI-furnished flight-hour information and NTSB
accident data on PHI helicopters from 1984 through
1988 indicate that single-turbine helicopters can be
and are operated safely over water and onto ele-
vated platforms. PHI flight hours in Table 14 show
that 66.1% of their flying was in single-turbine heli-
copters. Table 15 compares the PHI accident rates
for all causes with the U.S. civil helicopter fleet
rates for all causes. PHI accident rate for single-
turbine helicopters was 65.8% and 62.2% lower than
the general U.S. single-turbine and twin-turbine
helicopter rates, respectively. This shows that a
safe operation can be and is being conducted using
single-turbine helicopters without severe oper-
ational reguletions like the recent ICAO Annex §,
Amendment 1 change.

Petroleum Helicopter, Ine (PHI) flight-
hours (1984 through 1988)

Table 14.

Percentage of

Type of Aircraft Flight-hours Total
Single turbine 1,064,439 66.1%
Twin turbine 545,670 33.9%
Totel 1,610,117 100%
206 only 982,611 61.0%

Table 15. PHIvs. USA helicopter accident rates
(Accidents from NTSB, Hours from

FAA and PHI, B4 - 88)

Us - PHI
Type of Aircraft (NTSB/FAA) (NTSB/PHI)
Single turbine 5.49 1.88
Twin turbine 4.37 1.65
206 only 4.28 1.73

*Accidents per 100,000 flight-hours
Time of Accident, Day vs. Night

Since the actusl flight hours flown at different times
of the 24-hour dey are not know, it is difficult to de-
termine relative safety of night flight vs. daylight
flight. However, it is possible to approximate the
distribution of flying at night by c¢onsidering the
random nature of material failures. .For the period
of 1982 through 1988, the USA distribution of acci-
dents (all causes) by the time of day from NTSB data
is shown in Figure 12. The breakpoints between
light and dark were assumed to be 0600 and 1859
hours. This distribution of accidents should be con-
servative, as most flying is done during the summer
months when the length of daylight is highest. This
‘indicates that 91.8% and 82.8% of all single-turbine
and twin-turbine helicopter accidents, respectively,
occurred during daylight hours. Figure 13 shows
the time of accident distribution of airworthiness-
failure sccidents (all material failures including the
engine). For all airworthiness-failure accidents,
98.2% and 54.1% of single-turbine and twin-turbine
helicopter accidents, respectively, are occurring in
daylight hours. The two figures have similar dis-
tribution; thus accidents due to material failures do
not appear to be adversely affected by lighting, and
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therefore, there is no rationsle to prohibit single-
engine helicopters from flying at night.

The big difference in helicopter and fixed-wing air-
craft emergency landings is that the fixed-wing air-
craft requirement for a long cleared landing site in-
creases the likelihood of injury during the final
" phase of the emergency. Conversely, a helicopter
(regardless of the number of engines) can use & land-
ing site that is gquite smeall in comparison to the
fixed-wing aireraft needs. Likewise, visibility at
night is not as critical in a helicopter as in & fixed-
wing eirplane due to the helicopter’s lower speed
end greater maneuverability during autorotation.

Likelihood of Material Failure Accident at
Night

Assuming a Model 206 and a twin-turbine helicop-
ter flew 10 hours of darkness every night through-
out one full year, each helicopter would fly 3,652.5
hours each vear. Using the NTSB/FAA accident de-
ta for 1984 through 1988 (Table 7), the likelihood of
an accident due to & material failure (which includes
engine) for the twin-turbine helicopter is estimeted
at once in 17.2 vears whereas the 206 likelihood is
estimated at once in 26.1 years. Both of these likeli-
hoods are extremely remote. Thus the likelihood of
any material-feilure-caused accident is 51.4% high-
er in & twin-turbine helicopter than in the single-
turbine Model 206. Again, there is no rationale that
supports the prohibition of night flights of single-
engine helicopters.

BELL'S SAFETY TRAINING APPROACH

Accident data analyses can be used to determ..ine if
sefety programs or other factors are meking &

change in the accident frequencies. Two out of three
accidents are not caused by airworthiness failure
but are basically due to human error. This is not a
“pilot” problem, but & human problem (Le., the prob-
lem is not merely related to the process of piloting,
but to the larger problem of human limitations). Ac-
cidents caused by human error (generally called pi-
lot error) are an extremely complex problem with a
large number of root causes and an even larger
number of potential solutions. Engineers and regu-
latory agencies are comfortable working on physical
parts as their performance and failure modes are
fairly predictable. Thus aviation safety efforts in
the past have made significant gains in minimizing
airworthiness failures. More attention is now being
made toward understanding and eventual reduction
of human error accidents. An engineering study in
1985 and 1986 into worldwide humen error acci-
dents of Bell civil helicopter models found that poor
judgment was the common factor in all of these ac-
cidents (Ref. 2). Two directions of concentrated ef-
fort at Bell were launched in 1987 to aggressively
attack the complex human error problem, with the
emphzasis on Judgment Training.

Individual Judgment Training Aid

Human Factors Engineering’s approach was to de-
velop an artificial-intelligence based software which
would allow & pilot to use a personal computer (PC)
as a judgrent (decision-making) simulator. This is
roughly & decision-making simulator equivalent of
the present-day six-axis motion simulators that al-
Jow the pilot to test his moter skills without endan-
gering his aircraft or his life. This program, called
Cockpit Emergency Procedures Expert Trainer
(CEPET), also includes emergency procedures train-
ing. A CEPET was developed for the Bell JetRanger
(206BI1) and LongRanger (2061-3), with one for the
212/412 completed late in 1990. The CEPET is a
long-term effort where an individual pilot can use
the CEPET software and & PC to improve his safe
decision-making skills. A CEPET package is pro-
vided with each new aircraft delivery starting in
1891, Pilots can elso purchese a separate CEPET
package.

Group Safety Training

The other direction wes concentrated safety educa-
tion. System Sefety Engineering developed a 3-hour
safety briefing for immediate use with groups of pi-
lots/menagers. This safety briefing presented by the
Chief Safety Engineer includes how to measure
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one's risk, what happens in a crash, how one can im-
prove-his chances of survival, causes of accidents,
root causes of human error, and Judgment Training.
Judgment Training emphasizes the use of &ll re-
sources available to the pilot and is something of &
single-pilot version of the Cockpit Resource Man-
agement (CRM) used in crew-served airplanes.
Judgment Trzining emphasis is on situational
awareness and internal pilot monitoring rather
than crew interactions of CRM. Judgment Training
is also called Pilot Decision Making (PDM) and
Aeronautical Decision Making (ADM). Portions of
the FAA study, DOT/FAA/PM-86/45, Aeronautical
Decision Making for Helicopter Pilots (Ref. 10) are
used in this safety briefing and the FAA report is
given to the student for further self study. This safe-
ty brief is given at operator's and regional safety
seminars and is included in Bell's weekly 206 pilot's
ground school a5 part of the Helicopter Professional
Pilots Safety (HELIPROPS) program.

Bell's Chief Training Pilot also conducts customer
HELIPROPS safety briefings on safety awareness,
professionalism, and management’s role in safety.
These safety briefings are held at Bell, customer
sites, and regional safety seminars. In 1988, Bell's
Customer Support and Service Department (CSSD)
initiated the HELIPROPS program to add continu-
ity and coordination of these safety education ef-
forts. A HELIPROPS Administrator was assigned
full time for coordination and to also conduct cus-
tomer site and regional safety seminars. The

HELIPROPS effort was spread to the other helicop-
ter manufacturers with three companies trained in
the techniques that were working for Bell. These
companies then started their own safety training
version of HELIPROPS.

The worldwide effects of this 4-yesar safety education
effort on the human error accident rate since the
Model 206 effort was fielded in 1987 is shown in Ta-
ble 16. There have been over 5,000 Model 206 series
helicopters produced or 70% of Bell’s entire civil tur-
bine helicopter model fleet. Bell also conducts pilot
flight training in Mode! 206s. Based on these two
factors, the concentrated safety education effort has
been directed at Model 206 pilots. For comparison,
the same worldwide data for Bell's medium civil he-
licopters models (i.e., 204B, 205A1, 214B, 212,
214ST, 222, and 412) are also shown in Table 16.
These medium helicopter data indicate some reduc-
tions in human error causes but were offset with
non-human-error causes; thus the accident rate for
all causes was basically the same over the two 4-
yvear periods. Conversely, accident rates due to hu-
men error in a 206 for the 4-year period before the
initiation of this safety effort-(1883-1986) and the
four-year period since (1987-1990), show a 36.2% re-
duction. This is & significant safety improvement
since we have covered only a portion of all Model
206 pilots in the world thus far. The overall (all
causes) Model 206 accident rate is now reduced by
26.3%. Since many pilots fly helicopters in addition
to the Bell Model 206, we can expect some spillover
of the

Table 16, Worldwide‘ Bell turbine accident rates (Rates per 100,000 flight-hours)

Causes of Accidents

Nen-Human and

Alircraft and Period Flight-hours Human Error Unknown All Causes
Mode! 206
1983 - 1985 7,903,072 2.80 2.05 595
1987 - 1990 9,341,573 2.48 1.89 4.38
Percent change -38.2% ~-7.8% —26.3%
Bell Mediums
1983 - 1986 2,438,515 2.62 2.01 483
1987 - 1990 2,472,081 2.3 2.38 4.68
Percent change -11.8% =18.9% +1.3%
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Table 17. USA human error accidents involving weather

206 Single
Single Piston Single Turbine Twin Turbine Turbine
Flight-hours i
84 - 86 1,899,081 4,167,156 821,679 2,997,911
87-88 1,062,171 2,868,690 620,437 2,217,090
HE WX Accidents
84-86 26 40 7 25
B7-88 8 8 2 5
HE WX Accidents
per 100,000
flight-hours o
84-86 1.37 0.96 0.85 0.83
87-88 0.75 0.28 0.32 0.23
HE WX Rate ~45.3% —170.8% —62.4% —72.3%
Reduction

beneficial effects of Judgment Training (ADM),"

which should affect the overall helicopter-industry
accident rate. Further, since the Model 206 flies
most of the helicopter fleet hours, the industry ac-
cident rates will be lower.

Analysis of human error accidents involving weath-
er shows a chenging trend in the USA. NTSB acci-
dent data and FAA flight hours for 1984 through
1988 were divided, with an early period of 1984
 through 1986 compared to the later period of 1987
and 1988. The results are Table 17. The year 1987
was the beginning of Bell's concentrated safety
training programs to reduce human error accidents
as discussed above. Thus the range of human error
accident rate reductions due to poor weather deci-
sions in the most recent time period has been signif-
cantly reduced between 45% and 72%. This reduc-
tion is due to safety training, not mandatory regula-
tions.

The annuel human error accident rates in the Model
206 were determined for the period of 1982 to mid-
1991 to check the statistical significance at even
longer periods. The FAA flight-hours for 1882
through 1889 were used. The flight-hours for 1950
and 1991 (through June 30) were forecast, using the
trend of the previous B years of FAA data. The ac-
cidents used were from NTSB date (1982 through
1988, the latest available). The accidents occurring
from 1989 through June 30, 1991 were estimated
from Bell informeation. Figure 14 shows the Model
206 accident rates due to human error for the

accident data period 1982 through 1987 (i.e., prior to
the introduction of safety training) and the period
1987 through June 30, 1991 (with concentrated
Model 206 safety training, including ADM). The
human error accident rate for the ADM safety train-
ing period (since 1987) is significantly different from
the previous period 95 times out of 100. This reduc-
tion in accident rate has occurred with no changes to
regulatory restrictions. As a further check, the ac-
cident rate of the Model 206 for all causes was deter-
mined with and without the ADM safety training,
as shown in Fig. 15. Curve A is the actual accident
rate for the Model 206, with the ADM training ef-
fects since 1987. Curve B is the estimated accident
rate for the Model 206 with & continuation of the
consistent human-error accident rate trend of 1982

" through 1986 extended throughout the remaining

on

years. The trend of the accident rates without ADM
is consistent with historical accident rates. The ac-
tual accident rates with ADM safetv training (Curve
A) are significantly different from that normally ex-
pected without ADM training (Curve B) to a signifi-
cance level of 0.05. ln other words, 85 times out of
100, the two curves ere significantly different.

The Canadian government is starting to integrate
PDM into their pilot training requirements as of
1991. PHI, the largest U.S. helicopter operator, in-
troduced Judgment Training as an integral part of
their internal training which has subsequently cut
their accident rates in half. Bell looks for further
accident rate reductions as we continue this worth-
while effort. Judgment Training (e.g., PDM or
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ADM) has more safety improvement potential that

the total elimination of all airworthiness failure
causes (o primary goal since the start of aviation,).

Consideration of the safety education effects of sev-
eral manufacturers efforts on the human error ac-
cident rates of the types of helicoptersin the USA is
found in Table 18. This shows a significant reduc-
tion in humen error accident rates in the turbine he-
licopter fleet. More work i needed in the single-
piston fleet. Since safety education is an ongoing ei-
fort, it will take several vears to reach &ll helicopter
pilots.

CONCLUSIONS

Helicopters are not fixed-wing aircraft and therefore
behave differently when undergoing any engine
failure. The helicopter's ability to autorotate allows
2 low speed emergency landing from an engine
feilure and the selection of suitable landing sites.
One should not meke safery decisions on any one

Table 18. Safety education effects on human
error accident rates NTSB/FAA (USA-
registered)

Rate*® Rate*
Type of Before Since Percent
Helicopter (B4-86) (87& 88) Changes

Single piston 11.16 10.92 —-2.2%

Non-206 single 4.11 3.07 —25.3%

turbine

Twin turbine 2.56 1.61 -37.1%

. 206 single 3.40 1.76 —48.2%
turbine**

*Hurnan error accidents per 100,000 hours
**Concentrated HELIPROPS safety education

helicopter part without considering the safety
aspects of all other parts and the human causes.
Considering all airworthiness failures (all material
failures including the engine), the twin-turbine
helicopter accident rate is 1.5 times higher than in
the single-turbine 206. Considering all accident
causes, the twin-turbine helicopter accident rate is
close to, but still higher than, the Model 206 rate.
Mandating twin engines does not reduce the
likelihood of a material-failure-caused accident, but
merely changes the types of failures that cause
accidents. Single-turbine accident experience
related to elevated structures is better than for twin
turbines. The risk to the neighborhood around a
heliport from an airworthiness-failure-caused
accident is lower for the single-turbine Model 206
than for twin-turbine helicopters. Mandatory use of
twin-engine helicopters around the world does not
make sense from a safety point of view. In some
specific harsh environments such es the North Ses,
the twin-turbine helicopter is, and should be, used.
However, there are many environments and uses
where the twin-turbine helicopter is not the best
choice.

Based on the preceding analyses, there are no
swatistically  significant  differences  between
Performance Class 2 (twin-turbine engine) and
Performance Class 3 (single-turbine engine) accident
rates, and therefore the restrictions placed on
Performance Class 3 operations are unwarranted
from o safety standpoint.  Additionally, these
restrictions can impose severe humanitarian and
economic¢ hardships by denying the less costly
services that could be provided by & simpler and less
restrictive Performance Cless 3 single-engine heli-
copier.



The safety measurement method that should be
used-is strictly determined by the subject of primary
concern. The denominator of the frequency rate will
include this primary concern. If aircraft damage
frequency is your primary concern, then an accident
per aircraft flight-hour method is appropriate. If the
mission is the primary concern, then the accidents
per mission (e.g., launch, departure, takeoff, flight,
trip, passenger mile or patient transport) method is
appropriate. If the primary concern is the risk of an
accident in a neighborhood without regard to the
aircraft occupants, then years-between-accidents
measurement for that specific neighborhood expo-
sure is appropriate. With the safety of the aircraft
occupent as the primary concern, measuring rela-
tive risk of serious injury per occupeant flight-hour is
the best method.

The recent concentrated Judgment Train-
ing/ADM/PDM efforts of manufacturers, operators,
and regulatory agencies have made a significant re-
duction in human error accidents. This major redué-
tion has occurred without any regulatory changes or
limitations. Major improvements in helicopter safe-
ty for the future require the continuation and refine-
ment of these safety efforts. Occupant risk in a heli-
copter is low now but the aviation community can,
and must, reduce it further.
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