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ABSTRACT

This paper includes the report on the development of
small-scale production method for large-size exterior
plastic parts of vehicle when it was applied to the
production of the pop-up roof specification of specific
vehicle.

The RTM (Resin Transfer Molding), which is
conventionally applied to a small-scale production in a
development, was not applied to the production of large
size exterior plastic parts which requires high grade
quality.

To use RTM, we tried to:

(1) employ after-cure to produce in high accuracy,

(2) use parts which are produced without mold as many
as possible to reduce investment,

(3) use rectangular extruded aluminum hollow beam,
formed styro-foam core material and hybrid pre-form
material to make products light and stiff, and

(4) use fine glass fiber filled FRP (Fiber Resin Plastic)
to increase the strength.

These measures have resulted in great reduction of
investment and cost. Also, many parts of FRP are jointed
by bonding so that after used up, they are capable of
group collection to be recycled.
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Fig.1 View of field deck in open

Fig.2 View of field deck in close

Rear garnish /\

Pop-up roof upper

Pop-up roof lower

Roof lining

Front garnish

Fig.3 Structure components of pop-up roof
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Fig.5 Product view of RTM method
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Fig.6 Outline of RTM 9

Table 1 Comparison of manufacturing method
in small size product

Classiication .
Save Energy & Total cost Invest Productivity Design Strength
Method Resources ment freedom

:«Fa’:s)Lay Up Method Good Fair Good Poor Fair Fair

(SF"S,Y) Up Method Good Fair Good Fair Good Poor

Sheet Molding Compound
Method (FRP) Good Poor Poor Good Good Good

Bulk Molding Compound .
Method (FRP) Good Poor Poor Good Good Fair

Resin Ti sfer Moldi . . .
M‘;f;ld}i’;f;' sLid Good Good Good Fair Fair Fair

2’:;;;” Mouding Fair Fair Good Fair Poor Poor

lr/;]:cst)mn Moulding Poor Poor Poor Good Good Fair
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Table 2 FRP general characteristic and issue analysis

General Characteristic

Analysis Of Issue

Die costs (investment) : Too cheap

Considerable range of variation depending on the molding method.

Reinforcing by means of overlays and the like is possible.

ﬁ?/ztsf‘ment Material costs : Expensive Few economies of scale and post -process working costs are high.
Processing costs : Expensive Total costs : Cheap Variable costs are higher than fixed costs.
Weight & Specific gravity ; 1.4 (FRP) FRP’s specific gravity is lower than that of aluminium
Gr a\?ity 2.70 (Aluminium) The standard sheet thickness ratio for these three materials
7.87 (Steel Plate) FRP : Aluminium : Steel plate =1:1.5:1.75
Impact strength in the flexible range is high. S . . - . -
Strength Impact strength in the plastic range is low. Strong possibility of destruction by rupturing at high impact levels in the plastic

range. Reinforcements increase costs since they must be done in a post-process.

High degree of design freedom and three dimensional shapes
Design can be used.

freedom The subjective sense of quality and sense of elegance are lower
than in ordinary plastics.

The material will not be used in high -end products.

Repair &

Maintenance Difficult to repair surface scratches and other damage.

Few dedicated repair plaints. Repair cost is expensive

Currently, dimensional precision in individual products is poor.

Assembly The number of assembly processes can be reduced by integration. Large amount of labor involved in making adjustments.
Thermal The thermal expansion coefficient is on par with those of steel and Al. | The material is not easily affected by temperature conditions, making it easier
expansion Almost no expansion or contraction. to control gaps.
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Pop-up roof lower

Shape of before cure

Roof

Shape of after cure

Fig.7 Shape of before and after-cure
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Fig.8 Roof lining of making by punching die
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Fig.9 Reinforcement of styrofoam member
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Index of Interfacial
peeling strength (2/pr)
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Fig.12 Relation of diameter of fiber and interfacial
peeling strength
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