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Design of Gimbal Hub for Smart UAV Tilt Rotor

Myeong Kyu Lee, Joo Young Lee and Jai Moo Kim

Key Words: Tilt Rotor(2 E 2 ), Gimbal Hub(J 23| H), CV Joint(5&ZUE)

Abstract

KARI SUAV program was initiated to develop a Smart Unmanned Aerial Vehicle with innovative
smart technologies. SUAV is a tilt rotor aircraft of which rotor system is 3-bladed, gimbaled hub
type. Several existing concepts of gimbaled hub were analyzed and compared to investigate the
applicability to SUAV rotor system design. From the result of these investigations, it was concluded
that a new design concept of low cost and high reliability characteristics was necessary for the rotor
hub development of SUAV. The design requirements of new gimbal hub concept and the design results
were presented. Also, the analysis results to verify the satisfaction of design requirements of SUAV

rotor system were presented.
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Fig. 2 Wing beam damping comparison(Ref. 4)
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UNIVERSAL JOINT #1
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Fig. 3 Concept drawing of concentric double
universal joint
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universal joints
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Table 1 Operating conditions of CV joint bearing
G E= 1357 N-m
57F whe 167 hp
7t EA 922 N-m

57t S E 1290 RPM
28y A 57 2494 2.0 deg.

@ Equivalent Continuous Power
Torque =8159 Ib4n  Speed = 1280 rpm

120000
1000.00
[ |t
5 800,00 =
——]
0
Z stnoo B
J 40000
°
4 20000
0.00
0.00 2,00 400 6.00 800 10.00
Angular deflection, deg
Fig. 9 L10 life diagram
FH +9 A3 9% Fib 2de £829
Ed9 M eaEPE A ¥ 2asd
Miner 3 & #&3}o] Ald A r]ojuts B}
slde olgstgon Asslelsx Friula g

50%4 /¢ 2E R AGHE Aoz AAEA
ARHY wo|F HA 71FL Table 13 Zth

+82Ae wgez HF HAAY wolge
Y GKNA} AF(Size 21, Type 172 CV)old, &

Al WolPGe] uldte] TAGE ne Hea 7
HEAE oA AFdel AA4E B 59 FA
7HAck A" wolyge Ao 88 AH Ex
3500 N-m °o|®, ¢tAAS 158 nagd 3¢
0.79] tAARKE sHAT

Fig. 9= Table 19 571 B3 2 FJALErFo
2 LA ¢4 €97 o L0 FYAE0]
o, JRxe] gezto] Frigtel] wah o]
258 4L /I L1gEe FE sMeAdol
g Jehiy dukdo s MIBFE
SAARLZ BI0 HO 4-sujo] o]EC}® Fi €
Bz 2% 71502 <k 900417 olAtY] Lio #EL
M Aes AaEdoed, MIBF7/I1Foz i
3,600A1%k0] HislE Aoz PEAHT Fig 102
2ntERQl7] FEdd XLz MAR & B

Hojg e AR 7k Fo Aol

rh

KeX
=

-
—

631

Eol7] f% Aot olE

Asne 9

sto], 2HZRE DAsE 2FHo| ul$ FHe
ARt F1el

M7 7

o ok
8 o
tlo

X
.
fu)
&
o
i
[
[H
o)

I
ket
N
2 b
o
rlr
o
o
o
ac
olr

o
e
&
o
l

-
ol
tje

off o (g £

o rlr

o
2 o

~ o
H s
<

o
2
fru
]
S
®

mﬁrsﬁmz
>

oz = Ir o WD JH ST oo o BN ogm v
fo
>

to o {d
Bz o
2 3 o

323 HOY BIX At

2E] Bolzo] wjx A8 aF=E A
AEE UEER] WlolZ(needle roller bearing)o] =%
st Eg Edojzo Z4sle FU1ES 27l Us
£ vojgde 59 sz Ade

=
.
Z328

£



632 o) F -

()

GIMBAL HINGE SPRING

) UPPER SPHERICAL BEARING

CV JOINT BEARING

o179 - A

ROTOR HUB

BLADE ATTACHMENT RUGS

OWER SPHERICAL BEARING

n

Fig. 11 Designed Gimbal Hinge Configuration of SUAV

ANALYSIS OF SUAV TENSION/TORSION STRAPS

Max Collective Pitch(deg)~ 50.80 Operatng Load(N)= 48452
¥in.Collective Pitch(deg)~ ©.00 Nax.Oper.load(N)= §8627 1.1Nr
Max.Cyclic Pitch(deg)s 10.00 Pin Lin. Load(N)= 69771 1. 2Nr
Zero Tvist @ Coll.of(deg)s 25.80 Pin Ult. Load(N)* 104656 1.S#limit
Max. Design Twist= 35.00 Strap Length (mm)= 152.4

Housing Bearing Str(NPA)~ 386.1 (Virs+Matrix)/Vire Ratio= 1.25
Min. Vire Strength(MPA)~ 3182.8 Using a Fitting Factor(Kf)= 1.15
Vire Fat. End.Linit @R=-1e 3448.3 (mcrostr) Vire TensMod(MPA)s 199955

STRAP DESIGN STRENGTH REQUIRED
Required Yield Strength=Nax.Operating Load/0. 9(N)= 65141
Required Ultimate Strength=Regd.Yield ~ 0.548(N)= 118871
Min.Reqd.Deno.Proof Test Str.=Reqd.Yield «0.90(N)= 68627
BOBRIN SIZING
Vire Dia.(am)= 6.t Pin Dia.(am) 14.6
Virepack Height (ma)« 11.4 Bobbin O/Dia.(mm)~ 17.5
‘Optimun’ Virepack Height= 11.5 W/pack O/Dia (mm)- 23.0
Ult. Stress in Vire(NPA)= 20776
PIN MIN. MARGIN af SAFETY= 0.085  <cc<ccec<<<
VIRE MARGIN of SAFETY- 0.008

Fig. 12 Design/analysis program of T-T strap
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Table 2 Operating conditions and Lig life of needle ALA HEE W/eE wojyo &2, Al
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Fig. 14 Feathering hinge configuration
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HUB RETAINING NUT

GIMBAL SPRING COMPRESSION PLATE
ELASTOMERIC GIMBAL SPRING
s SPHERICAL BEARING

GIMBAL SPRING UPPER HUB
RETAINING RiNG GKN CONSTANT VELOCITY JOiNT
FEATHERING SPINOLE
TORQUE TRANSFER KEY -— P1TCH CASE

LOWER HUS - N\ BLADE RETENTION PIN
N \— TENSION-TORSION STRAP
TT STRAP RETAINING PIN

: \ - TILT STCP
- — CREASE SEAL B8OGT

SPHERICAL BEARING —/ i
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Fig. 15 SUAV rotor hub assembly configuration
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