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Design on High Efficiency and Light Composite Propeller
Blade of Regional Aircraft

Changduk Kong’;r - Kyungsun Lee** : Hyunbum Park*** - Won Choi****

ABSTRACT

In this study, designs of the high efficiency composite propeller blade for a high speed turboprop
aircraft, which will be used for a next generation regional commercial aircraft in Korea, are performed.
Both the vortex theory and the blade element theory are used for preliminary aerodynamic design and
performance analysis of the propeller. Then the aerodynamic design result is confirmed through
performance analysis using a commercial CFD code, ANSYS. The carbon/epoxy composite materials is
used, and the skin-spar-foam sandwich type structure is adopted for improvement of lightness and
structural stability. Finally, it is investigated that the proposed propeller blade has high efficiency and
structural safety through both aerodynamic and structural analysis and experimental test of a
prototype propeller blade.

= =

2 dAFoAe =9 AAY TZFF7]0l AeE HEZE &F7]§ 188 B34 229y &
goj=o HAE FPsATE oF o2 EEol= A 24 oS 83 7B FHAHEA 2L A
T e FdFT FHAA Ades AYE AAFAEA Z2 I3 ANSYSE o] 83 A
53 gelstanh. =2y Fx A A FHR/AZA BFASI HLEHNoH, sl P kA
4 MAE 8t 2220 AEQA FE FAE A Add 24 EYol=es Y
2 Fx MG AAF Z2de Bl TR AFE T3 2 A& Ak FxYel AE
=AY

Key Words: Propeller Blade(Z=H2 E#°]E), Composite Materials(H£ A %), Aerodynamic
Design(3 ¥ “4), Structural Design(7-% A7)

* Y, =AUy FE ¢TI
= Y, =AU et 3 =
S EEREE LS e P LME
ok 48, AT FAAEF
+ 22142}, E-mail: cdgong@chosun.ac.kr ZzHAHE 1 EN ZASE olFoA 1

— 2563 —



AEEe YEY 27 337 21 AA=
A2 E AT B F171 8l Hla) Aol A
»}Emm W] AAHo 2w

L
2
ol
o
filo
T ST 2}

>
<)
futal

2 AY 1A= EFA A8 7leel
HHA gt 2 4 SUsE oquA A

=1
e Al TaF A7 =8 ¥ 4479
Zl A

2 fr 2 X o

k1
N
N,
i
4
&
o
[
il

(o]
2 o
)

s
. H
N

il
h)
mlm
> 4
&9{;11
_O|L
=
E)
£

= FUIO
of
=(I)|=¢

e K

]
2 HgHgen, AYAE NG 2

A 2-
23 72 FHE At HF 2A2 87
Edol=e] ¥Y &&o] ek FxF kA
ol FdE Aoz HEHANY. 944 o= 1
FE 554 F2E A&t sEo 92 H=

A stlen T2 HE Tol e

2. memR{ 3z M U oA

21 =24y FE A

B AT Y #3371 58 FIVIEA &3
49 5200m & Hﬂﬂoiotﬁ, AA a7 =1
2 Table 1¢] HASAT. =7 38 HA @A
o EByol= AL 67 EHo= FEHIoU
7€ z2de B 38 &S 9FE ALS
Y BHol=E AAstT Bty X &S T
A7171 st o8 dAe] AA WAL 53
HZT &/ Edol= FHE AAFHJG4]. FE
AAE RolEF EHolE 3 84 o]EoF
AAER o H[12], &= 75% Ao ALZ
olg} EHols 7 & F|AE ASIT. B A

To AL&3 o] &4 22 ofyfo WAF nie}
Zom, kA AL wbA 75% A9 A4 o]
E 7IFoE st A9 / AAHE o] &5t &
Radius station®] A|91& ZAAstAT. 2A A3
+ Table 20l A} T}

Aldo]l g Beole Zt, 1A A4k
47(r/R)

BRbpV?C,

2rr N @)

p=1.507 Rtany 3)

1)

=

f=tan !

: number of blade

: chord length

: section blade radius
: propeller tip radius
: pitch

: blade angle

: air density

: section pitch angle

e /T I AT

Table 1. System specification

Rotation speed(RPM) 980
Flight speed(m/s) 142
Thrust(kN) 10.36
Power(HP) 2229
Efficiency 0.89

Table 2. Aerodynamic design results

Diameter(m) 4.07
Number of Blades 8
Blade root chord(m) 0.347

Fig. 1 Aerodynamic design result of propeller assembly
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Fig. 2 Aerodynamic performance analysis results using
commercial CFD code, ANSYS
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Table 3. Mechanical properties of materials

Longitudinal modulus(MPa) 140000
Transverse modulus(MPa) 10000
Shear modulus(MPa) 5000
Poisson ratio 0.3
Longitudinal tensile 1500
strength(MPa)
Longitudinal compressive 1200
strength(MPa)
Transverse compressive 250
strength(MPa)
In plane shear strength(MPa) 70
UD prepreg thickness(m) 0.000125
Skin
Foam Spar

Fig. 3 Schematic blade sectional view with the

skin—spar-foam sandwich

Table 4. Thickness distribution of spar and skin along
blade radius station

Station Spar flange Plies :
Station 1 [ (+45,0590)10 ]s 140 Fig. 4 Spanwise stress distribution of skin (ist ply)
(Root) Y
Station 2-1 | [ ($45,04,90)6,%45,0s |s | 94
Station 2-2 [ (£45,04,90)4,%45 s 60
Station 3-1 [ (£45,0490)3,+45,0 ]s 48
Station 3-2 | [ (+45,0590),,+450, |s | 36
Station 4-1 [ (£45,04,90): ]s 28
Station 4-2 [ +45,04,90 ]s 14
Station Skin Plies
Station 1~5-1 [ +45,,0,90,+45, s 20
Station
5-2(Tip) [ $4550 ]s 10

4. 20|l = sl Fig. 5 Spanwise stress distribution of spar (23th ply)
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Fig. 6 Stress contour of joint part (steel bolt insert)
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Fig. 7 Static strength test load

Table 5. Comparison between predicted and measured
strains and tip deflections

Analysis Test | Error
Item
results results | (%)
_Tip 42 mm | 44 mm | 48
displacement
Lower
surface strain at +221uS | +236uS 6.8
A point
Lower surface
strain at B +191uS 211uS 10.5
point
Lower
surface strain at +560uS 5831S 41
C point
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Table 6. Comparison between measured and predicted
natural frequencies

Analysis Test
Mode shape
results results
First flap mode 79 Hz 85 Hz
First lead lag mode 126 Hz 135 Hz

Fig. 8 View of prototype propeller assembly with 8
blades
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