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ABSTRACT

A lay-up tool was developed for prototyping composite propellers. A manufacturing tool was designed using
3D-printing technology, and an attempt was made to determine whether the temperature changes of the tool
according to the temperature of the curing cycle and the vacuum pressure of the autoclave are harmful. A
reduction in production cost and production time owing to the characteristics of 3D printing was confirmed,
greatly contributing to the production of composite prototypes by replacing existing tools.
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(a) FDM printing (b) DLP printing

Fig. 1 3D printings

Fig. 2 Propeller

Table 1 Specification of the propeller

Propeller

Size 152.4 mm

Pitch 50.8 mm
Rotation direction CwW
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Fig. 4 Design of the lay-up tools
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Fig. 3 Curing temperature cycle for CFRPs Fig. 6 Combined modeling of the lay-up tools
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Temperatures Analysis Result

o 2000 4000 G000 BO00 10000 12000
Time (s)

Fig. 7 Temperature-time (FDM tool)

Table 3 Analysis result of the FDM tools

Temperatures Analysis Result

Oventemp
PertLeading Point
PertLegging Foint

2000 4000 6000 8000 10000 12000
Time (s)

Fig. 10 Temperature-time (DLP tool)

Table 4 Analysis result of the DLP tools

Contents Value Contents Value

Max. deviation temperature 184 C Max. deviation temperature 140 C
Temperature between part o Temperature between part 5
points 43 C points 33 C

Cure time 3700 s Cure time 4000 s

Contour Plot
Displacement(Mag)
Analysis system

5.744E-01
4.924E-01
4.103E-01
3.282E-01
2.462E-01

Grids 323826
Min = 0.000E+00
Grids 488852

(a) Lower lay-up tool

Fig. 9 Stress contour of the FDM tools

(b) Upper lay-up tool

Contour Plot
Displacement(Mag)
Analysis system

5.674E-01

4.729E-01

3.783E-01
[2.337E-O1
—1.891E-01
—9.457E-02
— 0.000E+00
u It
M .512E-01
Grids 323082
Min = 0.000E+00
Grids 412855

Fig. 11 Heat contour of the DLP tools

(a) Lower lay-up tool

Fig. 12 Stress contour of the DLP tools
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(b) Upper lay-up tool
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(a) FDM printing

(b) DLP printing
Fig. 13 Slice setting for 3D printing

(a) FDM lay-up tool

(b) DLP lay-up tool
Fig. 14 Lay-up tools
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Table 5 Tool components

Method FDM DLP

Upper : 14 hours Upper : 8 hours

Making Lower : 15 hours
. L Lower : 9 hours
time Post processing : L
Post processing : -
1 hour

Upper tool: 179 g
Lower tool: 190 g

Upper tool: 89 g

Mass Lower tool: 88 g

Surface
condition
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(a) Upper lay-up tool (b) Lower lay-up tool

(a) Upper lay-up tool (b) Lower lay-up tool

Fig. 15 Scanning data of the FDM lay-up tools Fig. 18 Scanning data of the DLP lay-up tools

Table 6 3D scannig data of the FDM tools Table 7 3D scannig data of the DLP tools

Contents Upper tool Lower tool Contents Upper tool Lower tool
Max. deviation 0.67 mm 0.50 mm Max. deviation 0.45 mm 0.30 mm
Min. deviation -0.06 mm -0.04 mm Min. deviation 0.05 mm -0.02 mm

Average deviation | 021 mm 0.13 mm Average deviation 0.14 mm 0.13 mm
FOM Temperature Result DLP Temperature Result
Ouen Temp Oven Temp
i S TP RS [t o 1. - DM Leading »
’;‘ i - FDMN? Lagsirg - SLAR] Leading
- (y' ’i ~ i e SLARY LggING
= ; : g
Y i i =
T et 1 5 20
'é 1 1 5 E & ;
' ‘ 3 0 ,rf

f o LE,
2 I w0 3
) o
0 1000 2000 3000 4000 5000 £000 7000 2000 9000 10000 11000 12000 13000 14000 a 1000 2000 3000 4000 S000 6000 000 B000 9000 10000 1000 12000 13000 14000

Time s} Time (s)
Fig. 16 Thermal change of the FDM tools Fig. 19 Thermal change of the DLP tools
N Temperature Result
femperature Result "
15 -+Between Point Deviation
~Between Point Deviation 4 la + Max_Temp_Deviation
+ Max_Temp_Deviation
2
15
g g
g D
8
3 A
| i 3
/ b ] w"'v/“ AP I i o A
0 o \\\fm;”‘ A AN AN & 1 A AAIAMAA S
= s R =R = T = R = ==
Time (s) Time (s)

Fig. 17 Temp. deviation of the FDM tools
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Fig. 20 Temp. deviation of the DLP tools
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