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A Study on Calculation of Cross—-Section Properties

for Composite Rotor Blades Using Finite Element Method
II-Ju Park*, Sung Nam Jung**, Jin Yeon Cho** and Do-Hyung Kim****

ABSTRACT

A two-dimensional cross-section analysis program based on the finite element
method has been developed for composite blades with solid, thin-walled and
compound cross-sections. The weighted-modulus method is introduced to determine
the laminated composite material properties. The shear center and the torsion constant
for any given section are calculated according to the Trefftz’ definition and the St
Venant torsion theory, respectively. The singular value problem of cross-section
stiffness properties faced during the section analysis has been solved by performing an
eigenvalue analysis to remove the rigid body mode. Numerical results showing the
accuracy of the program obtained for stiffness, offset and inertia properties are
compared in this analysis. The current analysis results are validated with those
obtained by commercial software and published data available in the literature and a
good correlation has generally been achieved through a series of validation study.
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Table 1. Comparison of cross—section properties
for single-cell box section

A MD e
Properties KSec2D Patran Diff'(%)
Area (m?) 1.4 14 0.0
. y—dir | 10 10 0.0
Centroid (m) == 3 ™ 0.0 0.0 00
Area moment | y-dr | 0.13787 | 0.15787 | 00
of inertia (M") | z—dir | 046187 | 0.46187 | 0.0
Torsion constant (m* | 0.3503 | 0.3191 | 891
y—dir | 09999 | 1.0000 | -0.01
Shear center ()=~ 575 0001 | 0.0000 | 0.01
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Fig. 5. FE mesh (a) and warping distributions
(b) of I-section
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Table 2. Comparison of cross—section properties
for I-section

Table 3. Comparison of cross—section properties
for double—cell box section

) MD oo ' MD (o
Properties KSec2D Patran Diff'(%) Properties KSec2D | astran Diff'(%)
Area (m?) 15.0 15.0 0.0 Area (m?) 0.64 - -
Controd (m |29 250 250 0.0 Area moment of | YdIr| 000413 | 0.08390 | 025
z-dir | 3.50 3.50 0.0 inertia (M) | ,—qir | 027793 | 027470 | 1.18
Area moment | y—dir | 101.25 101.25 0.0 Torsion constant (m) | 021973 | 0.21845 | 0.59
: h 4
of inertia (M) | —gir | 2125 | 2125 0.0
Torsion constant (m?) | 5.5451 53333 397 Table 4. Comparison of cross—section properties
y-dir | 24988 | 25000 | -0.05 for compound section
Shear center (m) di 3.4992 3.5000 0.02
z—dir : . -0. ’ MD e (o)
Properties KSec2D | \astran | Diff (%)
Area (m?) 1.64 - -
: : i y—dir | 1.08537 - -
£ ¥ Centroid (m) :
gs 2 z—dir | 0.50000 - -
& (4 Area moment of| Y=dir | 0.17747 | 017777 | 02
1] an A h 4
i inertia (M") | ,—qir | 123032 | 120439 | 29
;: <P Torsion constant (m?) | 0.48642 | 0.50537 37
DR e R R R R R R R R y—dir | 1.17659 _ _
- - Shear center (m) :
2 z—dir | 0.50000 - -

Fig. 6. FE mesh of thin-walled double-cell box
section

Fig. 7. FE mesh of MD Nastran for double—cell

box section

ALte] E7FsstEZ #AgA] 9 vIER 44T vl
3t THTable 4). BIEH 459 Aole of 0.6%=
KSec2D+= o] F A ©@hdo] s = H A3 A}
7 7bsds & 4 o

Fig. 82 o]5 Al A3 T 13 ddo]
7 R EA 7]EY @ FAA 75ke] o] 29
AHgo] A &2 o Fyo|tt o]He nd T3
MD Patrans ©]-8- 34 o] E7}5317] W& MD
Nastrans ©]-&3td AEXE AL AT

MSC/Nastran 3l 4} oll+= 6560071 ¢] 847 118 &
27 AHEER e, f32 4 AL Fig 99 2t

Fig. 9. FE mesh of MD Nastran for compound
section

KSec2D2] & Aol = 1,32170 9] 343 4+zt
7} AHEE S H, MD Nastran#o] H] il
Table. 49 YJERN QT 238 3L ek
A o] zfol= Hof of 3% 5 BYlom, vE
8% %k 37%2] zteo]E B AT KSec2DE

rr N of!t
off B ox i K o

oo 0, 10 ox MU k>

=

T

Jo
Oft c)\I

o
ox
=2
e}
:olg
>
F
i
>
ot
i)
_ﬂ
o
2
i
)
N
N,



=
tl!'?'—_l‘r" O

448

349 - 249 - 4=

ofl
&5
E
=
HE
1
H
4B
iz
fod

Table 5. Comparison of cross-section
properties for thin-walled
composite box section

KSec2D
281.80
696.00

84.40

CORBA | Diff'(%)
295.75 4.7
730.76 4.8

82.35 2.5

Properties
Bending Rigidity | y—dir
(Nm?) z-dir
Torsional Rigidity (Nm?)

0.000127 |

T e e e e e e e S e e
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0.2421

Fig. 10. FE mesh of thin-walled composite box
section
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Table 6. Comparison of cross—section properties
for C-channel section

, MD o
Properties KSec2D Patran | Diff (%)
Area (m?) 04 04 0
y-dir | 2.9938E-01 |2.9938E-01| 0
Centroid (m)
z-dir | 1.0500E+00 | 1.0500E-00| 0
Area moment y—dir | 2.6733E-01 |2.6733E-01| 0
A : 4
of inertia (m’) z-dir | 4.1958E-02 |4.1958E-02| 0
Torsion constant (m?) 1.5001E-03 | 1.3333E-03 125

y—dir |-3.2072E-01-3.2500E-01| -1.32
1.0500E+00 |1.0500E+00| 0

Shear center (m) -
z—=dir

T.C

ne——
0
(@)

Fig. 11. Locations of shear center and tension
center for C—channel section
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Fig. 12. Locations of shear center and tension
center for composite blade with
NACAQ012 airfoil

Table 7. Comparison of cross—section properties
for composite blade with NACA0012 airfoil
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KSec2D Diff'(%)

1t moment |V-dir|0.0000E-00
of area (M) |,_gir| 1.9337E-06 - -
y-dir| 7.5754E-10| - -
z-dir|3.0314E-08| - -

Polar momegl
of inertia (m®)

Area

Property Area moment

of inertia (m"

3.1126E-08 - -

Principle axis (deg)
EA (N)
Ely (N.m?)
Elz (N.m?)
GJ (Nm?)

0.0 Deg - -
7.3840E+06 - -
7.9408E+01|7.7141E+01| 294
3.2085E+03 - -
2.5662E+01|2.5427E+01| 0.93
y—dir|2.7432E-02 - -
z-dir| 0.0000E+00 - -
y—dir| 2.7661E-02 - -
z—dir| 0.0000E+00 - -
y—dir| 1.6825E-02 - -
z-dir| 0.0000E+00 - -

Stiffness

Center of
gravity (m)

Tension

Offset center (m)

Shear
center (m)

et lon, o] & 93 KSec2D Ed3Hol= 636
Mol 47k AHEE A
Fig. 12+ ZF2EAO]914 A" NACA0012
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