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Weathering of the Shell of the Safety Helmet

The shell of the helmet shall be made of materials that are hard and durable.

by M. Mitamura
S. Sueyoshi

Many materials

are in existent for suitable, but we were already recognized that thermoplastic resin is spoilt by

ultraviolet rays in sunshine.

Our outdoor weathering was given period of time, which are 0, 3, 4.5, 6, 7.5, 9, 10.5, 12 months.

Materials made an experiment on falling weight test, compression test, hardness test.

test as followsi——

Falling weight

The shell mounted on the fixed steel plate, the 3.6 or 2.7 kg steel ball shall be dropped vertically
on the center of the shell from a height of 1.3m measured from the bottom of the shell.
On falling weight test, 7.5 month’s exposed PE and ABS, 12 month’s PC was broken down,

another test showed weakened conditions.
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Table 1. Weather Conditions (1965~ 66)
the Weather |1n0nths‘ 5 | 6 } 7 1 8| 9 1 10 ' 1 l 12| 1 ' 2 \ 3| 4 s
clear days a.m. 6 10 9 19 14 23 14 20 23 11 17 14
p.m, 7 13 9 17 12 24 11 18 20 10 18 17
slightly a.m. 1 3 3 5 4 4 5 6 5 13 3, 8 3
cloudy days p.m. 2 1 7 4 4 8 7 8 11 2 4 1
cloudy days a.m. 3 10 5 1 5 1 8 2 1 1 6 5 2
p.m. 4 5 5 2 2 1 7 1 1 4 8 7z 1
rainy days a.m. 4 3 10 7 2 3 2 2 ' 3 ! 5 3 0
p.m. 3 7 12 1 2 | 4
|
. lowest \ | o - - | =2 6
Saitama pref. temp °C 7.1 11,5 18.6. 17.3 10.8 7.2 0.1 -3.5 -6 4.7 24‘ Zﬁ 6.4
. . highest ’ f ‘
Kumagayadist. temp °C 28.6| 32.2 37.2 36 31 27.8 24.7¢ 20 19 17.4' 18.8 26.2 29.7
| |
Iwatsuki Shop M€2% | 23 9 23.5 25.8 32.2 25.4 20.8 19.3] 12.2 7.8 10.5 10.5 14.520.5
temp °C | | | | f ; !
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Table 2. Weather Conditions (%)

e elapse
\ 3 months | 4.5 months| 6 months | 7.5 months| 9 months {10.5 months | 12 months
the Weather |
clear days 46.2 46 53.8 52.4 54,4 52.7 57.2
slightly cloudy days 10.9 13.7 13.0 16.4 18.6 18. 6 16.5
cloudy days 20.5 16.5 14.5 14.2 12,2 13.7 13.3
rainy days 22.4 23.8 17 17 14.8 15 13
Table 3. PE Transformation
scale m/m upper space-2. 3kg middle space-3.6kg under space-penetration test
new artile ’ 3 months l 4,5 months 6 months | 7.5 months’ 9 months ‘ 10. 5m0nthsj 12 months
| il
17.5 20 19 22 25 29 crush crush crush | crush
30 31 31 30 38 ” " ” ‘ ”
7.5~9 . 9.5~10 l 9.5~12 7~12.5 ‘ 8~12 l 7~12 } 8~12
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Fig.1 Cracks which was grown around the
top of the helmet’s shell by falling
weight test, (PE)



Fig.2 A part of cracks. (PE) Fig.5 Seven point half months exposed PE. The

Center of this figure, two dark point (large and shell was sunk, and made a 80~90 m/m hole.
small) are dents which grew dy penetration test.

Fig.3 Six months exposed PE (3.6kg) Fig.6 Nine months eposed (PE). Cracks was grown
By falling weight test, the shell was sunk, and all around, however was not sunk, left-side of
made a 80m/m¢ hole. the shell cracked to the bottom.

Fig.4 Seven poiut half months exposed PE (2.3kg) Fig.7 Nine months exposed (PE). This was sunk
Crack grew from left behind, front side clung and made about 90m/m¢ hole:
60 m/m long.
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Fig.8 Twelve months expsed (PE) Fig.9 Twelve months exposed (PE).
This was sunk and made a 100~110m/m hole. This was sunk and left-side of the shell separated.

Table 4. A.B.S Transformation

scale-m/m upper space-2. 3kg middle space-3. 6kg under space-penetration test
| i
new article 3 months ’ 4,5 months ‘ 6 months ‘ 7.5months ‘ 9 months ‘ 10. 5Smonths l 12months
i

13 17.5 19.5 17 13 crush crush 20 1 22

20 21 23 25 20 19 27 ‘ 25
| |

3~4 | 4~s55 ‘ 4~7 | 4~ } 5~10 i 6~7 | 7~9 | 7~8
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Fig.10 Six months exposed ABS (3.6kg) Fig.11 Seven point half months exposd ABS (2.3kg)

Cross crack which was grown at the top. The shell separated.
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Fig.12 Seven point half months exposd ABS

(3. 6kg)

The shell separated.

Fig.14 Twelve months exposed. This was not
separated but cracks were many streak and

radial to the bottom.

Fig.13 Nine months expoped ABS (3, 6kg)
With Fig. 11~12 same crack was given,
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Table 5. PC Tranrfosmation
scalc-m/m  upper space-2,3kg midder space-3.6kg under space-penetration test,
new artile ‘ 3 months ‘ 4.5 months ‘ 6 months } 7.5 months ‘ 9 months | 10.5months| 12 monthe
10.5 19 i 15 13 16 12 18
20 245 25 | 24 24 24 26 24
5~6 ] 36,5 ‘ 6~7 68 ’ 6~10 ‘ 6~7 ‘ I~10 ‘ 8~9
Table 6. FRP Transformation
scale m/m  upper space-2,3kg middle space-3.6kg under space-penetration test
new article 3 months } 4,5 months | 6 months | 7.5 moths ‘ 9 months 710.5months\ 12 mnths
13 14 I3 15 15 12 16 16 16 15
20 22 18 20 18 22 22 21.5 22 22
7.5~9 8.5~9 8~9 9~10 911 ‘ 92210 7~9 8~9
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Fig.15 Twelve months exposed PC (2.3kg).
This separated three pieces.

Fig.16 Twelve months exposed (3.6kg).
The top of shell was broken down and crack
marked reached bottom.

4) FRP

Fig.17 Seven point half months exposed FRP.
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Table 7.

Phenol resin
scale-m/m upper space-2.3kg middle space-3.6kg under space-penetration test.

Fig.18 Nine months exposed FRP.
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Transformation

new article 3 months | 4.5 months| 6 monthe | 7.5 months| 9 months | 10.5months | 12 months
19 20 19 21 21 21 22 19 22 19
26 27 27 28 27 28 23 26 30 27
12.5~15 13.5~14 13~14 12~15 12~18 11~16 12~16 12~16




Fig.19 Twelve months exposed Phenol.
Crack was not grown.
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Table 8. PE Deformation (%)
load (kg) new artile 3 months 6 months |7.5 months | 9 months |10.5months| 12 months
50 11.2 6.4 3.6 3.2 2.4 3.2 4.8
100 22.'5 17.5 17.5 16.7 22 16.7 19.2
150 51 33 32 31
200 60 46 42 35
250 — | (180kg) (160kg) [

3 A2 ¥540kg  TOLIEHI & A UL TH -
7o, 50kgLh BT i\ COLE A OB A % 7 L
oo

6 » FBER DRI 40kg TE M DS HT M L O3 # /]
DRABD PP L, 100kgTlHIZIE 3 H ARTED & ©
EREDOE 2R, 180 kg LA LDIEHETIX 2 &3
D BAEML 7=,

7.57 J], 80kgE TOLEIZL 6 » ) okt & 1] U
fEIE TS, 90kgi s\ TILAf D I B i B Ak 6 »
A 3.6kg & [BiTs v VA Uty v L O S RAEVEIER
D A AP DI % o THIA S DT L7 v skl
X,

9 # )18 ¥E D U O 40kg (s 4 NS R, A RED

OB E T B & LY L F D RO ff ik 100kg &
EQ) &f.ﬁ')ﬁ:o

10.55 B8, BAMECOW TR REOMB L e
AUAE T+ 5,

125 ARBEORENL, 6 ~10.54 AR I #kL T
ZHETOLEMEIWEMOBHA AR, &AW
WCHiED10. 54 A0k L h2.5%8IML TW5 DI,
Ao M —ERE (30°C~ 2B fftoT L H
B i ds U H E R F OB LB b,

3nH, 65 ARHEDRNKE180~200ke ¥ THEHIRHE
THotob Db, LUREDHEERCIE100~130kg D H#E
EELRIRETH - oD, WHMCHREEOH T X
Liifbop Lz bhb

Table 9. ABS Deformation (%)
load(kg) new drtilc 3 months 6 months | 7.5months 9 months | 10. 5moths | 12 months
50 3 1.5 0,8 1.5 1.5 0.8 0.8
100 4 4 1.6 2.5 3 1.5 2.4
150 6 6 3 4 5.5 3.5 4,8
200 14 12 6 crack 9.5 10 crack
250 2 22 16 (180kg) (160ke)
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Table 10. PC Deformation (%)
load(kg) new article 3 months 6 months | 7,5months | 9 months | 10. 5months | 12 months
50 2 2 0.8 1.3 1.6 2 1.3
100 4 3.5 . 3 3 3 4 3
150 9 6 6 6 7 7 7
200 14 12 11 12 12 13 13
250 (240kg) 19 22 22 20 22 (240kg) 21 |(240kg) 22
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Table 11. FRP Deformation (%)
load(kg) new article 3 months 6 months | 7.5months | 9 months |10.5months| 12 months
50 0.8 0.8 0.8 0.8
100 1.6 0.8 1.6 1.6 1.2 0.8
150 1.6 2.4 3.2 1.6 1.5
200 l | 4 3 4.8 2.2 2.8
250 5 1 ! 5 4
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Table 12. Phenol Deformation (%)

load(kg) mew astile 3 months 6 months | 7.5months ‘ 9 months |10.5months| 12 months
50 2,4 1.2 1.2 0.8 1.3 2
100 10.4 8.9 9.5 4 8.9
150 18.3 14.4 21 13.5 15 S 20
200 26.4 21.6 31 21.6 29 27
250 30
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Fig. 20 The Relation between Duration of Exposure and Hardness.
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