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ABSTRACT

A study on the mechanical properties according to

compression ratio of GMT-Sheet

By park, sang su
Advisor : Prof. Lee, Dong—gi Ph.D.
Dept. of Precision Mechanical Engineering,

Graduate School of Chosun University

GMT-Sheet strong point because peculation subject matter the
PP which is a materials and the glass—fiber are the pricecomparis
on cheap are and the rigidity and tenacity excellent are point.

Recently, the union it is developed the random GMT-Sheet and
the one sided direction GMT-Sheet which the UP(gread-unidirec
tion gread) which it makes used.

Specially, it combines the inorgaric matter and the organic
matter well and the GMT-Sheet which 1s produced will get near
only the bay knows on strength level of thermosetting composite the
productivity which is indicated with vulnerability of thermosetting
composite, recycle characteristic, the inside shock characteristic
back is excellent.

And the strength, the hardness and the chemical resistance which
it has a many strong point and thermo plastic with the basic material

because of description below currently it is a composite which
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the attention it is receiving most from the side of re—application.

With this the application it was becoming larger with the automobile
parts to use the quality of the GMT-Sheet application it is coming
to be wide even at non—-automobile parts.

In this study, GMT-Sheet it is used in the bumper of the automobile
it measures the tensile strength which it follows to the random
GMT-Sheet and the one sided direction GMT-Sheet each compression
ratio. And the random GMT-Sheet and the one sided direction
GMT-Sheet it does a high temperature compression press formation
together and the tensile strength which it follows in compression

ratio it measures.
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Table 1-1 Broad classification of plastic composite material
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Secondary

Hydraulic press (Quench, trim, drill, pierce)

Optional regrind
system

Moid temperature

Auto-blank : = controller

Fig. 1-1 Method of laminate

A:Blank B:Heating device C:Hot blank D:Dies E:Dies cooling system F:Press

Fig. 1-2 Illustration of molding process for GMT -sheet



Table 1-2 Classification of FRP molding methods

Gel Coat

Laminate Molding

Bag Molding

Immass
Production

Rolling Table Molding

FRP
Molding

Resin Injection Molding

Cold Press Molding

Heated Press Molding

Filament Winding Molding

Centrifugal Molding

Mass

Production

Continuous Molding

Stampable Molding

Injection Molding

Fiber Reinforced Reaction
Injection Molding




Table 1-3 Comparison of properties of reinforcement fibers

Glass PAN-carbon
Fib Kavlar
E-glas | S-glas | T-300 AS (AT_‘“) " A9 0
S S (Amoco) (Hercules) rr)loco Hpon
Property
gypici‘l 10 10 7 7 6 11.9
1a1m T
(u?n)e © (round) | (round) (round) (round) (round) | (round)
Specific
gravity 2.54 2.49 1.76 1.77 1.81 145
(g/cm’)
Terflle 724 | 869 298 220 276 131
modaulus
GPal0psi) | (10:5) | (12.6) (33.5) (32) (40) (19)
TtenSﬂfh 345 | 430 32 31 5.65 3.62
stren
GPali0psi)| (500 | (625) (470) (450) (820) | (525)
f;i‘;;e(%) 48 5.0 1.4 12 2.0 28
Coefficient -0.1 to -05 | 05 to -1.2 -2
of thermal (longitu— (longitu- (longitu-
expansion 5 2.9 dinal) dinal) dinal)
(10 °m/m‘C 7 to 12 7 to 12 59
, 0-1007C) (radial) (radial) (radial)
f;’tlizson S 0.2 0.22 0.2 0.35
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Table 3-1 Mechnical prpperty of R2038 R3038 R4038

Specimen Test Unit P2038 P3038 P4038
Thickness mm 3.8
Glass fiber
% 20 30 40
content
Tensile
Iso 527 Mpa 53 60 90
strength
Tensile
Iso 527 Mpa 3000 4300 5600
E-modulus
Table 3-2 Mechnical prpperty of U4038 U4238
Specimen Test Unit U4038 U4238
Thickness mm 3.8
Glass fiber
% 40 42
content
. Longitudinal Iso 527 Mpa 250 276
Tensile
strength
Transverse Iso 527 Mpa 80 60
. Longitudinal Iso 527 Mpa 9300 10100
Tensile
E-modulus
Transverse Iso 527 Mpa 5800 5310
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Fig. 3-1 Ilustration of GMT-Sheet pressing process
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Fig. 3-2 Illustration for slab-—shaped part compression molding



Photo. 3-1 Fan circulated oven model: E122-1200

Photo. 3-2 Heat press Carver, model : 2518
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Fig. 3-4 Relationship between temperature and weight of GMT-Sheet
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Photo. 3-4 UTM for tensile test (Hounsfield, Load Cell : 5 tonU.K.)



Photo. 3-5 Before tensile test jig

Photo. 3-6 After tensile test jig
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Fig. 4-1 Comparison with tensile force and tensile strength of compression ratio

P 2038 (random glass mat 20wt%)

T mm)/U4=E A 5 (N) A4 52 (Mpa)

1.2/0.684 1,234 80.971
1.5/0.605 1,532 80.420
1.8/0.526 1,687 73.797
2.1/0.447 1,734 65.017
2.4/0.368 1,872 61.417
2.7/0.289 1,999 58.268
3.0/0.211 2,088 54.803
3.3/0.132 2,185 52.136
3.6/0.053 2,201 48.141

Table 4-1 Average with tensile force and tensile strength of compression ratio

P 2038 (random glass mat 20wt%)
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Fig. 4-2 Comparison with tensile force and tensile strength of compression ratio

P 3038 (random glass mat 30wt%)

FAmm)/Ud5E Al st (N) 94 52 (Mpa)

1.2/0.684 1,350 88.583
1.5/0.605 1,623 85.197
1.8/0.526 1,390 82.677
2.1/0.447 2,193 82.227
2.4/0.368 2,338 76.706
2.7/0.289 2,470 72.033
3.0/0.211 2,540 66.667
3.3/0.132 2,600 62.0338
3.6/0.053 2912 63.692

Table 4-2 Average with tensile force and tensile strength of compression ratio

P 3038 (random glass mat 30wt%)
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Fig. 4-3 Comparison with tensile force and tensile strength of compression ratio

P 4038 (random glass mat 40wt%)

FAmm)/Ud5E Al st (N) 94 52 (Mpa)

1.2/0.684 2,175 142.717
1.5/0.605 2,678 140.577
1.8/0.526 3,152 137.883
2.1/0.447 3,176 119.085
2.4/0.368 3,265 107.119
2.7/0.289 3,487 101.691
3.0/0.211 3,640 95.538
3.3/0.132 3,723 88.833
3.6/0.053 3,876 84.777

Table 4-3 Average with tensile force and tensile strength of compression ratio

P 4038 (random glass mat 40wt%)
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Fig. 4-4 Comparison with tensile force and tensile strength of compression ratio

U 4038 (unidirectional glass mat 40wt%)

FAmm)/Ud5E Al st (N) 94 52 (Mpa)

1.2/0.684 2,269 148.885
1.5/0.605 3,325 174.541
1.8/0.526 4,139 181.059
2.1/0.447 5,309 199.063
2.4/0.368 5,623 184.482
2.7/0.289 6,823 198.979
3.0/0.211 7,890 207.087
3.3/0.132 8,954 213.648
3.6/0.053 8,561 187.248

Table 4-4 Average with tensile force and tensile strength of compression ratio

U 4038 (unidirectional glass mat 40wt%)
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Fig. 4-5 Comparison with tensile force and tensile strength of compression ratio

U 4238

(unidirectional glass mat 42wt%)

TAmm)/Y5E HA 5 IN)  AF 53 (Mpa)
1.2/0.684 2,350 154.199
1.5/0.605 3,600 188.976
1.8/0.526 4,623 202.231
2.1/0.447 6,140 230.221
2.4/0.368 6,879 225.689
2.7/0.289 8,561 249.665
3.0/0.211 9,763 256.247
3.3/0.132 10,768 256.932
3.6/0.053 9,874 215.161

Table 4-5 Average with tensile force and tensile strength of compression ratio

U 4238

(unidirectional glass mat 42wt%)
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Fig. 4-6 Comparison with tensile force and tensile strength of compression ratio

U 5038 (unidirectional glass mat 50wt%)

FAmm)/Ud5E Al st (N) 94 52 (Mpa)

1.2/0.684 2,876 188.714
1.5/0.605 3,600 188.976
1.8/0.526 5,342 233.683
2.1/0.447 6,820 255.718
2.4/0.368 7,879 208.497
2.7/0.289 9,561 278.828
3.0/0.211 10,763 282.493
3.3/0.132 11,768 280.792
3.6/0.053 11,043 241.535

Table 4-6 Average with tensile force and tensile strength of compression ratio

U 5038 (unidirectional glass mat 50wt%)
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Fig. 4-8 Force-Displacement curves of P 2038-U 4038 (thick 3.60mm)

Photo. 4-1 P 2038-U 4038 specimen (thick 3.60mm)
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Fig. 4-9 Force-Displacement curves of P 2038-U 4038 (thick 4.06mm)

Photo. 4-2 P 2038-U 4038 spicemen (thick 4.06mm)
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Fig. 4-10 Force-Displacement curves of P 2038-U 4038 (thick 4.72mm)
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Photo. 4-3 P 2038-U 4038 spicemen (thick 4.72mm)
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Fig. 4-11 Force-Displacement curves of P 3038-U 4038 (thick 3.41mm)

Photo. 4-4 P 3038-U 4038 spicemen (thick 3.41mm)
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Fig. 4-12 Force-Displacement curves of P 3038-U 4038 (thick 4.70m)

Photo. 4-5 P 3038-U 4038 spicemen (thick 4.70mm)
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Fig. 4-13 Force-Displacement curves of P 3038-U 4038 (thick 5.08mm)

7
Photo. 4-6 P 3038-U 4038 spicemen (thick 5.08mm)
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Fig. 4-14 Force-Displacement curves of P 4038-U 4038 (3.37mm)

.

Photo. 4-7 P 4038-U 4038 spicemen (thick 3.37mm)
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Fig. 4-15 Force-Displacement curves ofP 4038-U 4038 (thick 4.69mm)
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Photo. 4-8 P 4038-U 4038 spicemen (thick 4.69mm)
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Fig. 4-16 Force-Displacement curves of P 4038-U 4038 (5.05mm)
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Photo. 4-9 P 4038-U 4038 spicemen (thick 5.05mm)
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Fig. 4-17 Force-Displacement curves of U 4038-U 4038 (3.62mm)

Photo. 4-10 U 4038-U 4038 spicemen (thick 3.62mm)
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Fig. 4-18 Force-Displacement curves of U 4038-U 4038 (thick 4.63mm)
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Photo. 4-11 U 4038-U 4038 spicemen (thick 4.63mm)
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Fig. 4-19 Force-Displacement curves of U 4038-U 4038 (thick 5.66mm)

Photo. 4-12 P 4038-U 4038 spicemen (thick 5.66mm)
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Fig. 4-20 Force-Time curves of P 4038-U 4038 (3.41mm)

Table 4-1 Drop-weight test results to Gmt-Sheet Thickness

] Thickness Absorbed energy | Maximum force

specimen [mm] E L] [N]
3.60 3118.89 178

P2038-U4038 4.06 2946.44 182
472 3232.66 254

3.41 22779.98 133

P3038-U4038 4.70 3272.37 211
5.08 3126.08 305

3.37 3060.99 201

P4038-U4038 4.69 3114.79 306
5.05 2889.38 310

3.62 2903.87 208

U4038-U4038 4.63 3139.02 333
5.66 3094.90 417
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