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Table 2.1 Properties of TSN125 (Carbon-epoxy)

Property Unit Value
Longitudinal modulus MPa 140,000
Transverse modulus MPa 10,000

Shear modulus MPa 5,000
Poisson ratio 0.3
Compressive strength MPa 105~170
Ultimate tensile strength MPa 82.7
Longitudinal tensile strength MPa 1,500
Longitudinal compressive strength MPa 1,200
Transverse compressive strength MPa 250
In plane shear strength MPa 70
Izod impact strength J/em 0.1~0.53
Tension stiffness GPa 2.4~2.8
Density g/cm? 1.1~1.4
Specific heat KJ/(kg K) 800~1300
Thermal conductivity W/(m K) 0.17~0.23
Thermal expansion 10°/C 92
Thickness mm 0.01
Width mm 25
Roll tape length m/roll 150
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Fig. 2.1 Chemical formula of TSN125
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Root-end section

1st mid-section

Transition section

2nd mid-section

Tip section

Fig. 2.3 The base model of blade geometry
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(g)Front web
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(a)LE cover

Fig. 2.4 Cross-section of blade
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Blade design

Blade geometry

Mold design

Structure analysis

Molding material

selection

Parameter

optimization

U

Mold measurement

J

Blade molding

Mold

manufacturing

Blade measurement

Performance

evaluation

Fig. 2.5 Development process of main rotor blade

Fig. 2.6 Automated tape laying
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Table 3.1 The conditions of flow analysis

Size mm 7.171x554x164
Material Grade Epoxy
Mold temperature (6 60~140
Melt temperature T 100
Part weight g 284,030
Volume _.______cms — 165,577
4 F e =, x\.
F, s 1

l.ll.l.ﬂ: n
(; o ﬁ.l.tml

Thickness distribution

Fig. 3.1 Analysis results of main rotor blade (Moldflow)
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————— Requirement specification s—e—e Flow analysis results Experiment
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 —
Flow analysis results

Heat up rate (‘C/min) 0.45~1.47
120~130C range (C/min) 0.17
Experiment
Heat up rate (‘C/min) 0.56~1.13
120~130C range (C/min) 0.31
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Upper temporary under structure

Main rotor blade

Lower temporary under structure

"

Fig. 3.3 Aqss'jéfnbly design;fpr'qude mold manufacture

Qil-heating Controller
system

Fig. 3.4 Oil heating system for blade mold
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Molding temperature (°C)

Molding temperature (°C)

FOE. = 100°C — 120°C
40
as |-
3ok —
i rd T
7
.-". .K"'--.,
25 |- 7 S
b L
7 - ""--._____
7 - g N
20 |- F T SNy il
L g T
i b ’ e
I ——— s
15 — —— >
10 Pl % Bl 1 1 -
-150 -100 -50 o] 50 100 150
Distance from nip-point (mm)
Fig. 3.5 Measurement by changes: of outlet temperature
—30l/min —---60I1/min —--— 90 |/min
40
35
z0|
[ o
25 |- P i,
B __r‘ T "\,‘_‘
Fd r T S oy,
| _I ~ T R,
20 |- 7 = =
N 7 7 T
B V3 7 T
. r 4 ”
15 e e e
jol—u . .3 — P [ - 1 NP IR
~150 -100 50 0 50 100 150
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Fig. 3.6 Measurement by changes of gas flow rate

_18_



40

35

30

25

20

Molding temperature (°C)

15

38.1mm/s

----28.6mm/fs —--

— 19.1mm/s

b=

Te | L i

Distance from nip-point (mm)

o

150

Fig. 3.7 Measurement by changes of velocity

Table 3.3 Temperature of thermosetting composite material of TSN125

Temperature (velocity 38.1 mnvs, gas flow rate 30 1/min)

Heating temperature (C) 70 100 120

Max. temperature (C) 20.9 23.1 29.7
Gas flow rate (velocity 38.1 mmnvs, outlet temperature 70 C)

Outlet gas flow rate (I/min) 30 60 90

Max. temperature (C) 20.8 23.8 27.3

Velocity (outlet temperature 100 C, outl

et gas flow rate 30 I/min)

Velocity (mm/s)

38.1

28.6

19.1

Max. temperature (C)

235

27.8

35.1
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Table 3.4 Mechanical properties of SS400

Young’s module MPa 205

Poisson ratio 0.29

Density kg/m’ 7850

Thermal expansion e-005/K 1.17

Yield strength MPa 230

Table 3.5 Structure analysis results of blade mold

Mold properties Unit Upper Lower
Maximum compressive stress MPa 1.18 0.402
Tensile strength MPa 0.191 0.367
Global error rate % 17.89 13.37
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(a) Upper mold
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(b) Lower mold

Fig. 3.8 Structure analysis results (CATIA)
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(b) Mold of the same height as the structure coupled

Fig. 3.9 Structure analysis results (NX Nastran)

_24_



v \ e

(a) Design of weight balance

(c) Design of oil groove

Fig. 3.10 Design of weight balance, slide core and oil groove
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(c) Mold parts
Fig. 3.11 2D plot for blade mold
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[ Master template 64pc ] [ Surface/Resin groove waviness

BLADE MOLD2} MASTER TEMPLATE SETTING B0

Fig. 4.1 Measurement of blade mold using master template

Table 4.1 “Measurement results using master template

Element characteristic |=Unit | Measuring method| Measuring results

Surface/Resin groove

. mm CMM 0.0198
waviness

Surface roughness
tester

Tool surface roughness | Ra 0.0732

Sliding core mating

Fill No-
tolerance mm et o-gap

True position tolerance
of mm Master template & 0.072

. . Laser tracker
Blade twist axis

A gradient of Blade
air-foil twist angle

Master template &

072
Laser tracker 0.07

angle
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Fig. 4.2 Measuring points on blade mold
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Table 4.2 Results of blade mold measurement

No Length(Y) Depth(Z) Error(+) | Variation
(mm) | Nominal (mm) [Measured (mm)| (mm) (mm)
1 119.70 42.70 42.655 0.07 -0.045
2 619.70 42.70 42.712 0.07 0.012
3 1119.70 42.70 42.731 0.07 0.031
4 1619.70 42.70 42.750 0.07 0.050
5 2119.70 42.70 42.725 0.07 0.025
6 2619.70 42.70 42.716 0.07 0.016
7 3119.70 42.70 42.697 0.07 -0.003
8 3619.70 42.70 42.665 0.07 -0.035
9 4119:70 42.70 42.671 0.07 -0.029
10 4619.70 42.70 42.663 0.07 -0.037
11 5119.70 42.70 42.658 0.07 -0.042
12 5619.70 42.70 42.653 0.07 -0.047
13 6119.70 42.70 42.651 0.07 -0.049
14 6619.70 42.70 42.643 0.07 -0.057
01
0.08 f—
’g 0.06 ; ____________________________
é 0.04 |-
§ 0.022—
O o b
v F 500 1500 2500 3500 4500 5500 6500
..3 -0.02 _—/
g -0.04 ;—
8 -0.06 |-
-0.08 ; ____________________________
-0.1 :

Length direction (mm)

Fig. 4.3 Geometric error of mold according to length direction
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Fig. 4.4 Measuring points at main rotor blade
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Table 4.3 Measured results at main rotor blade

-0.3

No Length(Y) Depth(Z) Error(+) | Variation
(mm) | Nominal (mm) [Measured (mm)| (mm) (mm)
1 119.70 42.70 42.656 0.2 -0.044
2 619.70 42.70 42.587 0.2 -0.113
3 1119.70 42.70 42.574 0.2 -0.126
4 1619.70 42.70 42.558 0.2 -0.142
5 2119.70 42.70 42.579 0.2 -0.121
6 2619.70 42.70 42.583 0.2 -0.117
7 3119.70 42.70 42.605 0.2 -0.095
8 3619.70 42.70 42.629 0.2 -0.071
9 4119:70 42.70 42.617 0.2 -0.083
10 4619.70 42.70 42.641 0:2 -0.059
11 5119.70 42.70 42.650 0.2 -0.050
12 5619.70 42.70 42.675 0.2 -0.025
13 6119.70 42.70 42.682 0.2 -0.018
14 6619.70 42.70 42.691 0.2 -0.009
03
oz N ol _ N ___eN_ S ____
E f
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o i
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Fig. 4.5 Geometric error at main rotor blade according to length direction
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A study on the helicopter blade molding using
thermosetting composite materials

Lee, Hui-Chul

School of Mechanical Engineering
Graduate School of Pukyong National University

Abstract

The purpose of this“study was to identify the characteristics-of thermosetting composite
materials and the optimum conditions of the helicopter blades ‘molding process. The
characteristics/ of thermosetting composite were investigated through“the simulation and
experiment.

As a results, The carbon-epoxy prepreg TSN125 used for helicopter blades had optimal
molding temperature, 126C. And this temperature was approaching required specifications
that showed proper temperature at a fast curing point and efficiency.

The structural stability of the blade mold of SS400 material was confirmed by structure
analysis. In the results of structure analysis, the deformation of mold was occurred as
0.03~0.09um. But._ the.'mold without structure deforms..to over 60um. The maximum
compressive stress of-mold with. structure was distributed as 0:402~1.18MPa. The tensile
strength, as 0.191~0.367MPa;.was higher than conventional material properties.

The dimension of mold and blade was evaluated by the 3-axis coordinate measurement
machine of Hexagon lambda 706030. The dimensional errors was distributed within the
range of tolerance. The mold measurement results to Y-axis length direction from the
reference point has maximum (+) error 0.05mm at 1619.70mm and maximum (-) error
0.057 mm at 6619.70mm. The blade measurement results has maximum (-) error 0.1425mm
at 1619.70mm and minimum (-) error 0.009mm at 6619.7mm point. At maximum (+)
error part of mold, the blade showed the maximum (-) error. The change of thickness
of blade was caused by shrinkage and pull of resin. Thus, the amount of Epoxy filled
in cavity between mold and thermosetting composite materials affected the dimensional

accuracy of blade.
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