-— . .
—— ¥ oru

ELTHDIZER, AL Sh B AR A I

TRAIBLR

= R E°

(1. F B TR ZEAR PO, LT 100029;
2. PAL T W H A AR SRR FT, K 300071)

[fAE]

WZSMT AN ZR AR ZRRBNA TREREF) RABRGERABTHARLEARE

A5 LEm RAHEL; MET SAAFR I L5 AAR KT Lo A F= R 2, .3 NASA ) LCTR2 #%3) &
GoTr &, AR AN Fa W RAG) TN T £ e, LFE Rk 5 RARRGE BN FTHETRZ,
KR REkAE3h A v ATHALE 3l 248 ; LCTR2
DOI:10.16080/j.issn1671-833x.2016.08.046

= B

HEMRZE T L RHRHOTE
B, EENEEANKA, BS, W
HETH R

TEETHHLEOAR B K JE0039 , i
st A TR IR, B H L
Jie B 2 S TSR S [T (LI A 3 )
k. A 2 P BURE M bR
TE—SEIRAE T IR B AL, (i T
REAS 2 25 98 0 BT HL 8l e A0 3l
R B B AR, st

46 ML RIELA - 2016 415 810]

MERE RN AR R, PR AR —
BT[] P B 2k R P o

SRINT, Bl ELTHIL AT B 1Y) %
Wit BERE S mEET CIRE T
JESE 1S sl B85 22 Il ok ik, < 8y
PERERR A A 5% o 22 BE LR Rt 22 1K
[ Bt o 11%) R e L, e o
15 H AT PIACIR S T < sh ik
e, JFH, I FEAVEIT LT
B U HR S A AU B B R
CFD. CSD S5 Ry & i, [ 2 i 3
T TE T AEMERE | T A R 25 T ok
F14) VR 15 70 B 7 T R Y 40 2k A
FEFF LR/ o

20 20 90 AR A, A% I e 3
TR R R, 2= % HIALA R R
MR LA BDBFRIAY EC135 gifdi ] 1 a]
AR R TES , B PEE IS T B L
RS LS 3%, EEAY Frontier
NSEITFRI AL6OT “#5%” Jo N E T
B, 2 Tl A 5 T i ZE A s e A At
ERES TR T 2R A J
“UeALBE HE3R” (OSR) FiA, %4
AR 2 3 F e, iR A PIRAS

P BE 3L 5L AR 50% F1 100% 5
Z [T, 25 4 FLfh — Se B R gt
A160T LR ) Z28% T 20h,

M 20 fiE 42 0K 21 122 %) T Bh,
S EEE MRS TR,
HELT —RIH AL, an g R
ST X2/S-97/SB>1 WUUR / 53 )
V=22 DUR /By s - F5HrRe s
A AW609 ., %5 & ELFHHLZA A X3 45,
e HERAL CAT R, R EOLE A
[F] AT B g AT T ARl
e PG PR e SR R ) e SR AR AR, B
SRy 7R Bt VAU BB OR R e ) L A B
To WG ARG RUAE o SR G
et AR AV A 3 Dk SR T A 7 2 7 A
W AU e SEALIUE: i T BT
2R [ 2 SR T AR AN ],
PR R T IX ), W NASA IE
FETF R0 R R i e AL 27
(LCTR2) B34 7 &b, B4R &
AR 1 S5 L T AR 34300 R
627r/min F1 338r/min'"!, AL, 28
BRI LT HLEY [ e 3 A nd ik it
HPEREI SN KATME LU 337, PRl AR



Key Technology of Helicopter Eﬂmjé%ﬁ*

o U A IR TERE

AN [ A8 78 1) T AL XS T2 T 1Y
o 2R A BT X 1 U T 3L
TR T TAEBAR], 77K
1) A SR AR AR R B K, A XV =15 7E
fit] o A X e 3L R L e B LA
KT T 29 17% (FH 400r/min [
% 333r/min ), V-22 H4RK T X4
B R ARATE R 16% (1 397v/
min [% % 333r/min ), 7 NASA LCTR2
HG R B T 46%% (WL 130) 5
5ZAE T R TR R i 5
BT L R 15%~20% , 40 7 R} JE
N H] X2 S 19% (H 446r/min & &
360r/min ), %5 % EL AL 7 (R RRCEL
INED)X3 WA 15% 247, I HBE&E
R RATH A, X —Yu ik &
PR T TR AL B TR
TR K AT R A R ], LA A
A5 SR B AE 10% 547 BIVAT ] i3
JE BRI K B RS TR
SRR AL

H i, AR e 3 vl ik 3 Fhor
AL, — Rl P R ek A & Bl
BLIAY e T80, DT EA 3 i 1 A il —
38 2 IR R B AL BN ) i R AR el H
f U S50, AN AZ OB T AR
PO IRV N G AR A L L TR 23T
SRR S RS L

M R EBARN, EC135,
EC145 BRH TiX—H A Hli Tk
SIHL T AR AR [, AR K2
X & SRR AT B, I X
P e U p ML )N, i
ECI135 [ AIE AT 3%, 5
T RRENS PRIE & ShL TAERCR,
H 1 F 77 & SAL N &R e 45 Fp
TAILREY , B2 AME BE AR X 8K, % & 8l
ML R A R, A 20
20 90 4R =AW AR A AT TR A
BT %6, — BT B R PR B
PRI, 5 =, BV 028 4% 3 22 0 ek
LU 7 ZE R R T MY L e v 1 i
T EE, NASA PURHIT LA 7] DR
I8 A 2 A FEEE TG R AU

ZEWFTEHUIHRITRE TARRAIDTIE .

LCTR2 Il B w] FE §; &% 3h
AR

LCTR2 /& NASA EAE AT —
A B VU T SEATUME & S AR5
WH, HAFFEET 2005 4F NASA FF
1) “TERERALR G TPl
SE B LCTR J7 23047, 7R 5L
fitll AT T2 ST B ORI
b, BFR AT — A~ HR T B
PR 2 e, AT S 2k TRBLAE
FH % e SEALME & 7 %60 PR
EHLAL, %0 H i 32 B AR
SR T Ak s T 1 e sh &R e P

VB8 T B A2 a4k 1) %A 7
i, G b SR L PR 1
K, UL, 0 [ B R R R
FEFNI AT B B L 1 AT AR B el A% 2
RGN CHEEARZ —, X5
NASA 7Ei2551 H [ i I T ARk
SRS, (R A ) TR
AFEXF AT L) 2 RASHAL B T 5o )

A AR EE AL B R G AT T AR
FH NASA A& A B 52 tho0 1 57, %
OO IFR T — RN 5T TAE, &8
B — e AE TAEIRAS T oA %
Sk, Bl AR RS 1% 3 e 2y
9 100:1 F1 50:1 (4 1% 36 & 48 7 %
F5E T AR 5 B4R i 7E 22 AR R4
SRR B R G L

K& AC I 5 O e R 8 1 A 5
I ERIET — AR Sh P A 4T
BEWRENENNRRTE, —F
KL AR K5, 55— G Ko
GINULPNES BE Y R R R P B2 N vy
WG, I 2 SR A T R AR
WG, L EE AN 1 B RS
NASA XTF R T —1P W 2 H4%
BRGNS, AT 1B
WL RS RGBS, By
BPR BT 5 30 ) RGEWTT, FLR 2
EIF CAD BTN 2 firs . SR
X7 AP AR, BPAE Y
A7 L 1 Bl i 5 BT AN — 3 7E

A TAERS, St i AT AL Y
SN KB, e 25 1n) 5 R FHAS A
B2 T e AN T AR, ey b )
5 R BRECARE % 50 7 a5 2 A
Mo PRt AR 07 S8 AL b AT
TR, M HBESE T LA AR sl
FAHL T %, bR T Ll Ry
ZHN A NASA I i e % &
Ty F AR L A e D e L P
BifiJ, NASA Xf FiR e K H A%
FhAR B I AT T RIS, BERE T Fef
() 3 AR S TF SRS ) A4 -
(1) BURTER 2 HAFHE(KE 3 ) 5
2 ImESEAH(0CG )2 %
A (E 4);
(3ATRI LA (E 5 ),
Horh Pt 2 B 7% 1M
T %8 2 5  L B A A ok A ol i

777NN | NN

HhERHE
e

Bl {TERENRSHTREEE
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Fig.6 A variable speed transmission
system concept patent of Sikorsky
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Fig.7 Another variable speed transmission system concept patent of Sikorsky
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Fig.8 A variable speed transmission
system for tiltrotor of Bell helicopter

A b 4 5 R T O A — Dl
R, B — M A R s, R
110 i Y Ay A 0 e 14 3
72488 5 AR TN, e A 4 R A
PR, R o — Mt %
128, DT ek 1 2 s A DA (AP S D
Fa— M ey e

AREABNMEENRS

i SCA 21 AL e AL 2 R Gk
b2 B T N G S ]
T LA AL TR T 5 fe i) 2 9
AR

SR AR E R AR e
B RS AR TR
PIRESE I BRI A, OIS T
AR R A R AT A AL
BEA W 0 L EL LA 54
reE ELTHAIL; AR 25 e T4l 48
AR S — DB HERT . NASA
(i —AJ5 ZIEth o — B AL Bh
B e, IR 1o A ] A S L

H e A S BUHC AR RE AR 1, 390K S8
S BRI ) 2R GE AN 1 5k i S %
PEABV MRS IR TG
K SRR B L B IO A , PRIt
X HAE A T SLAIL L ) 188 A P R
il 5 MANSRAN I e by s il e
AT, SO R — B LA
A RER WAL TR Rt — PRI
SRR E

BT R G AT Y 2 U U B Y
R R S SRR AR A,
A ATURG AR X 5 5, DR SR T AR A
T FCAR AT S A A 5 T 3 A
Y, 5 Hak— a8 55 e e 3 AL s
JFETERC ; SR H L REAE P 2 7]
DI, PRt HORELE P BE a5 ik F)
R R, EPERER BT 0k
LB bl E0 4V WK ERTIB U R o
B AT /NG P PR R e — e R
RN — R

AERERRE

Ay v SR AL Y s R R 2
—, AR WAL B R TE ROk AR
IR, HATKE , A 1
JHE B ALK 22 5 B8 A A i 3 A ol ok 512
BUARTR CI PRSI RCR AR
INPERHTRE LA F Y X2 FARBIEHLAE
o T A = T L A el I A R
RN 80% , LUkt G i T2 0 = A P
PR RT RAR, 1028 % JTHIL
I8 A Y X3 AT EEAE e R R

BRI 24 15% , KR ILABIRH
Ho B HESAL R T AR
ANTFIRS FriX — AR AR B
PR AT LATIUAL , B AR+ JLAFE A e
PR S AILAL S A JI R il 22 P Al
I, 25 b ] AR e AL SRt il
R Z N

TR MUAR Y B TR UG, 124
AR AEGAT 25 P AR A AL A0 e 7 iR
SR IR 2 7] EC135 R HI T4
T3 AR e FAE N B — R I
ARJ5, BERE AR Bl 7K F- AR 3 0.05¢
PAR W R 7P IR T [ B A2 21
BT = Rt 6.5dB . PRI
REAZ T Hh B AR 5 I BE A% 2>
NI R RS, HR e e s HL AT
BN o BRI 208
A BB AN T A B R AL BE
BETE Al B THAL, L 2R S5 TS
PAREHT .

MELARTT KT, 2 G Al
AR A AR — A B R £
Ui, BE B8 A7 25 3 19 JE R R 5 Y fi
F, 9 ELBAHME B AR X HAR, 8 5 7
G VI Gk e R T S I
RO P R F R

PR T A% By B R LRI fi K A A
JAE T E IR SEE 2 D5

FE T, NASA %) LCTR2 R
RIS R s RGeS ) RSt
BT AT, A “NASA s
PLBE TR HifF NDARC (NASA
Design and Analysis of Rotorcraft )
KT A sh 7 R GERL AT B
NPSS ( Numerical Propulsion System
Simulation ) SFX} 2 JASHAE ) R G
WL S RGBT AR R,
BAEE O N A AL Bl B G Hh Y
IRy 9% T Yok i e ik 24
SRR CEER) 5%~10% (514
RUAT G, 0 Tre S AL e o), 5t
PR S 3 ) H AU AL
BGE CHEEY 0.45%~0.9% , Lk T
FEARR SR AR SCHERE T AR
W AT TARIS R, B TR R

2016 4E55 8 0] - it hiEEAR 49



PR .
—— ¥ oru

F N A —— = HUERA LR UL,
HHE I AR, PR T
FRARIIGT o

SR AR i, U R
MG BIAE LN B A AR SR, 2
IR FELR G T AR PR R AR, [RIR X
ECALATTER 4 7 FF A 156, 325 AT BGE A
2557 B — BB R, H X 2 n) GBS n]
DA 3 4 AR 1) A J o ——fi bk, R
AT LA , 7] A8 5 AT s AR Ak i
sOGH K BCh HE S S AL RE TR T

— A REA

& % x
[1] ACREE C W, YEO H, SINSAY J D.
Performance optimization of the NASA large civil
tiltrotor[R]. NASA/TM-2008-215359, 2008.
[2] MARK R, JOSEPH W, ROBERT M,

et al. The effect of rotor cruise tip speed, engine

technology and engine/drive system RPM on
the NASA large civil tiltrotor (LCTR2) size and
performance[R]. NASA/TM-2013-0014739,
2013.

[3] WAYNE J, GLORIA K Y,
MICHAEL E. NASA heavy lift rotorcraft
systems investigation[C]. Proceedings of the 2nd
International Basic Research Conference on
Rotoreraft Technology, Nanjing, 2005.

[4] R AU R e 3L
ARG ) 1 AL AR K (D). EIBRALES
2013(8):40-42.

LI Hao. Observation on the LCTR2’ s
variable speed power/transmission system
technologies[J]. International Aviation,
2013(8):40-42.

[5] STEVENS M A, LEWICKI D G,
HANDSCHUH R F. Concepts for multi-speed
rotorcraft drive system—status of design and
testing at NASA GRC[C]. The AHS 71st Annual
Forum, Virginia, 2015.

[6] LAPPOS N D, KAREDES E,
VINAYAK H, et al. Variable speed gearbox with
an independently variable speed tail rotor system
for a rotary wing aircraft: US, US7651050[P].
2010.

[71 GARCIA T, GMIRYA Y, PALCIC P
X. Variable speed transmission for a rotary wing
aireraft: US, US7296767 B2[P]. 2007.

[8] EHINGER R T, FENNY C A,
KILMAIN C ], et al. Multi-ratio rotorcraft drive
system and a method of changing gear ratios
thereof: US, US 8449432 B2[P]. 2013.

[9] CHRISTOPHER A S, CECIL W A.
Preliminary assessment of variable speed power
turbine technology on civil tiltrotor size and
performance[R]. NASA/TM-2012-0014256,
2012.

[10] CHRISTOPHER A S, MARK R,
JOSEPH W, et al. Summary of the large civil
tiltrotor (LCTR2) engine gearbox study[R]. NASA/
TM-20100042405, 2010.

Development Need and Status of Variable Speed Transmission for Helicopter
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[ABSTRACT]
sion, introduces the variable speed technology history and application on the current helicopters, discusses the configuration

This paper analyzes the development of helicopter technology, and the need of variable speed transmis-

and the principle of some schemes, such as LCTR2 transmission research of NASA and anothers of Sikorsky and Bell. At

last, the future development technology of variable speed transmission is forecasted.
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[ABSTRACT)]
On behalf of technologies such as overall design, rotor system, transmission system, turboshaft engines, materials and

In recent years, helicopter technology has shown the characteristics of cross generational development.

manufacturing technology, avionics and flight control technology have a major breakthrough, part of the results has been
applied. At the same time, the development of high-speed rotorcraft and unmanned helicopter technologies is accelerating,
which will bring a revolutionary change for helicopter in the near future.
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