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The Properties of an FRP Board
III. The dispersions of thickness and hardness

Kazuhiko Asawo*

Abstract

The dispersions of thickness and hardness of the FRP boards that were formed
by the bending test were measured. The hardness was measured by Rockwell and
Barcol.

The mean and the standard deviation of each measurement are shown in Tables
2, 8, 4 and the histogram of each measurement is shown in Figs. 2, 3, 4.

Regarding the measurements of the thickness, it was problem to divide the
measure points into two groups. But, it has become clear by the problem that
the FRP boards have ups and downs regarding thickness. The differences of the
thickness between Max. and Min. were 0.7~ 1.5 mm each.

Concerning the hardness by Barcol, the standard deviations were about 6.0

10.5 without the extreme low measured values.
Concerning the hardness by Rockwell, the relation between the mean (M) and
the standard deviation (D) is

D= -0.69M + 18.48 R = —-0.76
when the extreme low measured values are excluded
D=-046M + 12.54 R = —-0.89

where R is a coefficient of correlation.
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Fig. 1. Measured points of thickness.
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Table 1. Glass formation of test boards.

Test board No.
Glass Formation LXxB (mm)
Thickness | Rockwell Barcol
T-1 R-1 B-1 MR x8 600 300
2 2 2 MRx4+MRx4 ”
3 3 3 MRx8 ”
4 4 4 MRx4 600x 100
5 5 5 MRx2+MRx2 ”
6 6 6 MR-+MR+MR+MR ”
7 7 7 MRMRM »
8 8 8 M+RMR+M Vs
9 9 9 MR+M+RM ”
10 10 10 M+R+M+R+M ”
fERftE
vA4rur—&~ YUAN 01-M, 0~25mm NSK
vy 2o . VEES 3R (BR) R BIERT
2 — 2 VEEEER GYZJ 934-1 BARBER-COLMAN CO,
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Fig. 2. Histogram of thickness.
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Table 2. Result of thickness measurement.

Test board | Mean | Standard | Max. Min. Difference
No. (cm) deviation | :(cm) (cm) (Max. — Min.)
T-1 14.833 0.211 15,233 14. 155 1.077

2 15. 318 0.436 15. 905 14,060 1.845
3 14.675 0.297 15, 335 14.232 1.103
4 8.114 0.228 8.705 7.682 1.023
5 9.288 0. 359 - 10.085 8.570 1.515
6 7.136 0.286 7.487 6. 789 0.698
7 4,551 0. 185 4,920 4.172 0.748
8 5. 747 0.222 6. 327 5.248 1.079
9 6. 089 0.215 6.533 5.709 0.824
10 6.100 0. 389 6.962 5,480 1.482
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Table 3. Result of hardness measurement by Rockwell.

Test board | proan 1 Standard Mean 2 & Standard
No. deviation 1 | (Number of points) | deviation 2
R-1 23.3 3.1 24.0( 92) 1.43

2 25.2 1.73 25.5( 97) 0.98
3 23.9 2.84 24.2( 97 1.65
4 22.6 2.36 22.8( 97) 2.13
5 24.4 1.72 24.6( 98) 121
6 24.2 1.31 24.2(100) 1.31
T 24.2 1.29 24.3( 98) 0.99
8 22.7 3.19 23.2( 96) 2.02
9 22.9 2.72 23.3( 96) 1.57
10 24.9 0.92 25.0( 99) 0.87
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Table 4. Result of hardness measurement by Barcol.

Test board | prean 1 Standard Mean 2 & Standard
No. deviation 1 | (Number of points) | Deviation 2
B-1 49.2 7.69 49.6( 96) 6.62

2 50.1 5.89 50.4( 99) 5.30
3 47.4 12. 50 50.2( 93) 6.89
4 42.3 6.39 42.7( 98) 5.75
5 46.6 6.81 46.8( 99) 6.45
6 41.5 6.10 41.5(100) 6.10
7 48.6 6.56 48.9( 99) 5.76
8 45.2 5.88 45.2(100) 5.88
] 38.3 7.01 38.8( 98) 5.65
10 37.8 7.55 38.9( 95) 5.64
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Fig. 3. Histogram of hardness by Rockwell.
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Flg. 4. Hlstogra.m of hardness by Barcol.
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Fig. 5. Relation of hardness by Ro-
ckwell without extreme low
measured values between mean
and standard deviation.
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Fig. 6. Relation of hardness by Barcol without
mean and standard deviation.
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