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* \/ertlcal Flight Origins

WWW\%SFE'%V www.vtol.org/history
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/5 years ago in Connecticut on Feb. 25, 1943
CGC2NJ GKS LizN1LRasS 2% O2ftf SO
AYTF2NNIUAZ2Y OZ2YOSNYAYId U0UKS
¢ Sikorsky Aircraft received its order for the first American

helicopters on January 5, 1943 (28-XKRelicopters)

A The first and longesterving helicopter norofit —
Sikorsky XR-4 helicopter

¢ Founding members Igor Sikorsky, Arthur Young, Frank Piasecki, Courtesy of Sikorsky Aircraft Corp.
Stanley Hiller, Reggie Brie, A.A. Griffiths, etc. -

¢ Included engineers, pilots, operators and presidents from
Industry, academia and government in Allied countries

A Now 6,000 individual and 95 corporate members
A Advancing vertical flight worldwide

First Annual AHS Awards Banquet

Born with the American Helicopter Industry Oct. 7, 1944
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4,~ 75 Anniversary AHS/VFS - July 1943
C

Vertical Flight

o Established by the Pioneers
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* vrticafignt—— \What is The Vertical Flight Society?

Society
www.vtol.org

A The internationaprofessional society for those
working to advance vertical flight
¢ Founded in 1943 as thiemerican Helicopter Society
¢ Everything from VTOUAVSs/UASo helicoptersand
eVTOLlto STOVI(everything vertical except rockets)
A Expands knowledgabout vertical flight
technology and promotes its application
around the world

A Advancesafety and acceptability
A Advocates for vertical flighiR&D funding

A Helpseducate and supporti 2 Rl @ Qa |
(2Y2NNRGQE BSNIAOIE Tt AdKhwaSYoddo S
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4 | Vertial Flght The Journal of the AHS

Society
www.vtol.org
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vertical flight technology 3 Q) e Sacey

¢ Peer reviewed, published quarterly, print & online

¢ Covers all disciplines of rotorcraft design, research,
development, operations, standards

A Jan. 1956, Vol. 1, No. 1

¢ Papers by uistarts Sikorsky,A PiasecA:ki,, B,ell, Kaman,
aOob2yySttz YSttSuuz I At g
cD2@GY b! /135 '{ alNAYySasE®
C Air serviges (ALAV\ alr ta>A<i,vNY alr taxi, Petroleum, Journal
Gb2YOKSRdzf SREX Y2dzyial Ay
¢ Civil airworthiness standards
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4 74 Annual Forum

Society www.vtol.org/forum
www.vtol.org

A Annual Forum attracts 1,300 engineers,
scientists and leaders from industry,
academia and governments

A VTOL aircraft CEOs/VPs/engineers,
military leaders, researchers, etc

A ~250 technical papers

A ~50 panelists F%RU M 74
A~6Sexhibitors AHS INTERNATIONAL

A Grand Awards Banquet™ " =" Prost anzons

A eVTOL short course & industry tour

A Micro Air Vehicle Student Challenge

Forum 74 is May 14-17, 2018 @ Phoenix, AZ
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i\,emcal ight AHS Technical Committees

WWWVStSICC'%V www.vtol.org/tech-committees

A Acoustics A Manufacturing Technology

A Advanced Vertical Flight A Modeling & Simulation

A Aerodynamics A Operations

A Aircraft Design A Product Systems Technology

A Avionics & Systems A Propulsion

A Crash Safety A Safety

A Crew Stations & Human Factors A Structures & Materials

A Dynamics A System Engineering Tools & Processes

A Handling Qualities A Test & Evaluation

A Health & Usage Monitoring Systems A Unmanned VTOL Aircraft
(HUMS) | _

A History Plus: Integrating Technical Teams for

Electric VTOL, Wind Energy, and other

Technical Experts Working to Help Shape the Future
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* Vertical Flight Our Legacy Continues

Society
www.vtol.org www.vtol.org/legacy

A AHS has a proud history of advocacy and support

¢ Helped in establishment of NA&¥my joint office,
VLRCOEs, NRTC, RITA/VLC

¢ Worked with NASA and DOD to save the NFAC wind tunnel

A Provided major support to transformative initiatives A aurtesy o NASA
¢ Joint Strike Fighterd/85B STOVL |
¢ V-22 Osprey tiltrotor

A Providing major foundational support to new
transformative initiatives
¢ Future Vertical Lift (FVL)/Joint MuRiole (JMR)
¢ Electric and hybrigklectric VTOL (eVTOL)

Future Vertical Lift (FVL)

A HS WO I kS to Advan ce Vertl Cal Fl I g htl Sikorsky-Boeing Defiant and Bell Valor
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‘ \/ertlcal Flight
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2008-2017

Russian Helicopters, 17.91% -

Airbus Helicopters, 13.158%

Leonardo, 9.707% - ‘

A Bell Boeing V-22

Decreases by $10B

FORECAST
n INTERNATIONAL

Forecast as of 23 Feb 18

Stabilized Market Share
Total (Civ + Mil) % by value

Sikorsky. 20.665%

~ KAl 0.718%
MHI, 0.864%
HAL, 0.951%
Robinson Helicopter, 0.855%
= Eurocopter, 1.227%
AVIC, 2.952%
All Others, 3.363%

NH Industries, 5.261%

Bell Helicopter, 5.971%

- Boeing, 7.485%
Bell/Boeing, 8.813%

Sikorsky, 18.144%

2018-2027

Robinson Helicopter, 0.803%
TAl, 1.186%
HAL, 1.211%
All Others, 1.616%
Not Selected / Opportunity, 2.034%
KAl 2.44%

- AVIC, 3.972%

Russian Helicopters, 18.348%

$202.2B

— Bell/Boeing, 4.803%

Airbus Helicopters, 14.938% - NH Industries, 4.8%6%

Boeing. 6.644%

Leonardo, 10.657% - Bell Helicopter, 7.308%

© Vertical Flight Society: G&¥SA 4.0



o
FORECAST
) Changes in Market Share PARREERST
Ve rtlcal F Ig ht . . Forecast as of 23 Feb 18
L—"m,ég,c,lsgv Civil % by value
Airbus Helicopters, 27.196% - All Others, 0.093%
- Helicopteres Guimbal, 0.122%
- HAL, 0.133%
2008-2017 - Enstrom Helicopter, 0.234%

~ Kawasaki Heavy Ind, 0.32%
AVIC, 0.559%
— MDHI, 1.068%
AgustaWestland, 1.206%
— Eurocopter, 2.476%
- Robinson Helicopter, 3.137%

Leonardo, 25.256% Sikorsky, 10.817%

! __j Bell Helicopter, 11.15%

; ; o Kaman, 0.175%
Airbus Helicopters, 33.718% HAL. 0.212%

Russian Helicopters, 16.235%

2018-2027 oo Holiveo 0.236%
Kawasaki Heavy Ind, 0.443%
MDHI, 0.756%
Axlo%i;§31r|8 ‘::elico ter, 2.37%
. Sikors:y. saai
A Airbus Up $5.5B
A Leonardo Up $3.5B | $84.58
Russian Heli ,10.577%
A Bell Doubles Sales Value o
A Russian Helicopters Down 30% Leonardo, 28.285%

A Sikorsky Down 50%

Bell Helicopter, 15.242%
© Vertical Flight Society: GB¥SA 4.0 10



i\/emcal fione Traditional Technology Development Path

Society
www.vtol.org

A Military Research & Development
¢ Engines
¢ Systems
¢ Airframes

A Research Organizations (NASA, etc.)
¢ Aerodynamics and Modeling
¢ Structures Composite Airframes
¢ Propulsion Alternate Fuel Engines

A CompanyFunded Innovation and R&D
¢ Airliners, helicopters, tilt rotors, compound helicopters
¢ Light aircraft Innovation Burt Rutan Cirrus, Diamond
¢ New Aircraft classesRegional Jets, singéngine turbopropssingleengingets

© Vertical Flight Society: G&¥SA 4.0
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* | Vertical Flight V/STOL Considerations

Society
www.vtol.org

A Balance
I Thrust and cg

A Control
I Yaw, pitch, roll
I Hover, transition, cruise

A Propulsion System
I Volume, development cost/time, thrust matching

A Human Factors
T Pilot workload, orientation, noise

A Environmental
I Hot gas re-ingestion, footprint

© Vertical Flight Society: G&¥SA 4.0
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1950 1955 1960 1965 1970 1975 1980 1985 1990 = 1995 = 2000
Transcendental 1(3\‘. f?,fkuzl};sfm 55 H isoecss
pEcsaT H S 250CcT 56 @ Bell XV-3 V 3 MAY 77
\/AUG 5 MAR 60 Bell XV-15 ¢#

B - V 20 Nov 63 . .
Same Propulsion Curtiss-Wright X-100 X 1 Amr 60 R MH 325 AuG ssCurtiss-Wright X-19

H 243uL77

19 MAR 89

Bell BA609

System for Bell Boeing V- 23
Hover and Forward Doak 16 VZ-4 (¥ H_zsirea se A Bell X-22A 14 SEP ssmg T
Flight 8 AUG 66 |H JuN 67
9 PS Nord 500 Cadet
Vertol 76 \1/SZAF‘2R 57\{ il \/ 23J3UL 68
H 7 JAN 58 H 24 NOV 59 V 20 DEC 64 All flights tethered
\/ honovss Hiller X-18e ” 3.?1966 LTV- Hiller -Ryan XC-142 _
Bell 65 ATV ¢ ¢ & JAN 1057 29 SEP 64 1JAN 65 Canadair CL-84 Bell Boeing V-22
H 1955 ¥ Tethered Flight R obertson VTOL MAY 65V H DEC 65
wm JA{E}S?:EB 60 Ryan VZ-3
1959 Tethered Flights
¥ Falrchlld 224 VZ-5
17 FEB 57 24 MAY 58
Bell X-14 ﬁ 1957 19 NOV 60/ 21 SEP 61 VI H Auces m oAy e
Hawker P.1127 Kestrel®——# L 4 n -
H 73uLe1 H 1esere3 BAe / Boeing Harrier
VT AUGs4 Yakovlev Yak-36
AR saﬁ’ Lockheed XFV-1 V 9JAN 63
. H 2novsa 5 MAY 59 . N
Convair XFY-1 ¢#& ¥ SNECMA C450 Coléoptere
V L AUG 54 28 MAY 56
:' 10 DEC 58 11 APR 57 Ryan X-13 Boeing X-32
Separate Power ¥25 ocT|ss
Plant for Hover Short SC. 1ﬁ 2 APR 57 6 APR 60 i;}12 FEB 6&/ H 24 3uL 65 .
y 18 MAR 63 ﬁfizs nov 66 DassaultMirage 1l1-V
DassaultMirage Balzac V h %27 IAN MAR 66
R 63 8 SEP 65
Combined Power EWR VJ f%ﬁ:%x 2 Sg;;u SEP 64 "
o] 6 6 C 6
Plant for Hover H 31aAUGe3 10FEB 16 DEC 67 Dornier Do 31
Llockh zszg(v\?j\zl],B 2k 14 MAR 69 H 26 ocTt 72
(\‘ H 11ress4 ockhee B VFW VAK 191 B
McDonnell XV-1 VH snovs? ) oAy ViosEP T Yakovlev Yak-38
o 10 APR 58 Fairey Rotodyne 26 SeP X 20 MAR 72 2 * ::3 5 OCT 91 Yakovlev Yak-141
H 9 MAR 87 29 DEC 89\/ 13 JUN 9
Augmented Power . \/ 24 MAY 63 X Kheed
Plant for Hover 5 DEC 59 73uL62H ¢ 8 NOV Jég Junes Loc eed XVi4A #zﬁereu Trials
Vanhguard 2C Orﬁ%ﬁ%‘i‘éﬂ%‘y * ¥ Rockwell XFV-12A

17 MAY 614 25 MAY 64H TNOV 64

APR 53:} octes GE-Ryan XV-5A

H 1960 JUN

19642"'}

H FEBS62
Helicopter Mode

Kamov Ka-22 Vintokryl (\‘ 21 SEP 67
. . _ H
Piaseckil6H 1(\0/ Heticopter g X R

Lockheed AH-56

Lockheed X-35
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