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The Weatherability of Safety Helmets

by Kiyoshi FUKAYA*

Abstract; Weathering test of various safety helmets were conducted in order to obtain data to
decide the helmets’ working life, because plastics, from which safety helmets are made, deteri-
orate through weathering. In addition the properties of plastics do not necessarily indicate the
performance of the helmet, and there is little data concerning this subject.

Three types of safety helmets, called ABS, PE1 and PE2, were tested. ABS’s shell is made
from acrylonitorile-butadiene-styrene and shells of PE1 and PE2 were made from polyethylene.
They were exposed to the sun and rain from 12 to 30 months, and were tested in several manner.

First they were inspected visually. The changes in appearence were small for PE1 and PE2, ‘
but the appearanée of ABS that were exposed longer than 12 months had deteriorated noticebly.

Then they were tested in accordance with the regulations for shock absorption and penetra-
tion. Because a change of the regulations were expected, both old and new test methods were
used. In addition to the regulation tests, tests in more severe conditions were also conducted.
These were shock absorption test in very low temperature, penetration test with a higher falling
height, and so on.

In a shock absorption test using a hemispherical striker, test pieces of ABS that were exposed
longer than 15 months failed, that is, due to contact between the helmet and the dummys’ head
impact load exceeded the permissible limit. Test pieces of PE1 and PE2 that were exposed for
15 or 24 months showed sympotum of deterioration in a low temperature shock absorption test.
The connection point between the shell and hammock of PE1 broke, and the hammock of PE2
broke in the test. o

In a penetration test of a whole helmet, ABS helmets that were exposed longer than 12
months failed and showed manifest symptoms of deterioration, that is, the striker touched the
dummys’ head or it broke part of the shell and made a hole. _

In a penetration test of shell, 21 and 27 months exposed PE2 failed, that is, penetration
depths were over the limit (10 mm). 18 and 21 months exposed ABS also failed.

In conclusion, all type of helmet showed some symptoms of deterioration. With respect to the
regulations ABS deteriorated clearly, whilst PE2 showed signs of deterioration and PE1 showed
no deterioration.

Keywords; safety helmet, weathering, shock absorption test, penetratioﬁ test.

*HEMPT 758 Mechanical Safety Research Division
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Table 1 Mechanical characteristics and features of plastic used in safety helmets
REBICHV 3 B0 FHBOBEN S L 455D
Mechanical characteristics/Feature PE ABS PC FRP FRP
BRI (MMD ) | (BAG i)
Glass content rate 75 2 E§HE % — — — 30-50 45-55
Specific gravity HE 0.94-0.97 1.02-1.04 1.2 1.5-1.7 1.6-1.8
Tensile strength B{3E S kg/mm? 2.2-3.9 3.5-4.5 6-7 7-17 21-35
Extension 2 % 15-100 50-60 60-100 — —
Compression str. JE#giR X kg/mm? 2.2 5-9 7-8 13-21 21-39
Bending strength Hjifias kg/mm? 0.7 5.5-7 7-9 18-32 32-53
Modulus FI3RMMEEY 252 kg/mm? 40-110 200 230-300 9001300 | 1400-2800
Impact strength 5% & kg-cm/cm? 86 25-40 60-80 50-150 100-200
Specific heat bz Kcal/mH°C 0.33 0.3-0.4 0.3 0.33 0.31
Hardness W) D60-70 R75-115 R118 60-70 (»x—an)
Feature g2 WEdEC | EERRE | 8- ki 5 REHED b D3RR
ZLlw &% EE, W
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Table 2 Major plastics used for safety helmets and its weatherability
RLEBFICHERINZIEL TS5 XF v 2 OBBRAOTHEK
PE ABS PC FRP Ref
Effect of sun shine T5v7 W ICEE WAl 3 L 2)
KRB RZE: BE & Hifk
Estimated outdoor life #EF & 1 year 1.5 ~ 2 year 7 ~ 8 year 3)
Evaluation of weatherability 2 3 5 5 4)
WHEME D 5 B 3 4 2 5)
3 4 4 6)
50% BRI T 53R 3 > 6 month > 6 month > 6 month 7)
F TOFRERFE tensile strength | < 9 month < 3 month < 18 month 8)
. | Exposure period < 1 year > 5 year 9)
in which 50% HEN > 6 month > 2 month > 4 month 7
performance kept | impact strength | < 9 month < 12 month < 9 month 8)
Exposure p.: 80% tensile strength 6.4 year 8.3 year (keep 90%) (5B ) 10)
Tensile strength after 5 year expo. (-9 ~+15%) 11)

STHIRENT E72, 215 % Table 2271 125R T,
B TMENCIE, BEELED DD L BTN Dbt
BB, —RRICBEELIED D D35 FREE LIRSS
&\, TORIZBWTL, BN FRP nFaid
FDMDOBTBEDBIEICH R TR EIREN
Twb, 72, BTTBREDORIED S b T3, Table 2
DE23MWMERD L, PCHrExIcHarEL, Wi
Bl 5 BRPEFHE A5 (BF) L) fHEA» I T
%, ABS & PE i22WwTi3, &RHZ LT, ABS I
3 (THE) T, PEII2 (ZAHHLRTW) &)
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Table A-1  Test methods of Related regulations
BET MBI H TR HFE
JIS M7608-1961 RS (1975) 1SO
R4 WBEEED 40mm LT fEUEFTE A 1000kgf LT 500kg LI F
. FTEE 750kef * 3ms LIT
FIEME 500kgf »° 4.5ms EIF
@ By 10kg ERIFICTEIY 2 MH° | BIGE BB, EE, BXok | RE
o 45mm &% B LI FR LT | PIE—ERER-TB<) L
st kol o &2
i RERFE 3.6kg NHZRZE 1.5m N&ES | 5kg DFRRA b 54 7% 1m | 5kg DEEKRA 54 7% 1m
B PORBEICETIENEL | 0BI2LRABLCETSE | 0B LRBEICETSE
BEOEHE 2L TlE | ABENESOMES CHE | ABENESOMNES cER
T3 EHERET S EEEAET S
X EERCE IR E
2WET S
ERARR AN~ Z A5 15mm BT PR E A \SEIREY Il L
e
R AR R e R A RE EEWEEE
&
. AEBRFE 1.8kg » AT 60° N F#EH kg PHEEHED £ 1m DE
EN Z PS54 H% 0.6mEFEE, LI AN ANFERE E 2
£ TEAENE X 23E ) A FIAAPEMLLWIE R
?ﬁf;‘%ﬂ EMLAE S R FN 2
gn & %)

BEERTEEZANY, MEIRECHERL-R4LE
DHBERBELIT->-TWw3, FRHI2OWT, LUTF
ICBEE 2B T 5,

3.1 RetEEEOSBESER (BB 40 F)

311 BERRCAVEEBBIUVESTHE

LRF—RICEEEDOBEERCFERAINTW AT 5 X
Fo 7, BEEEN 72—/ =1, BJZIXFN
(FRP), a[#{En K1) =+ 1~ (PE), ABS (77
YN, RN, TEVZUBEIVNRFLIDES
), K)A—K2—F (PC)TH 5,

NI b, 7xz—/—)IEIEIEF v 3R B HEM
ELTHWAER=7 54 P LTHYLNT W,
BETEREEIZTEALN T, /2, ABS
EPCUR¥IAETIE, =754 R FRP &AL
EboLL Wi 2HLTwiy, REMEEHTS L
N LB BEDERIIEAFEE CHRLLY, O
EWBAEFT—T7NERPLERIZEE LT TARE
CENBHEDEFL B -7, CHOERE LTIEK
FEXRR R DEIMEIIERIC/ER L THILT 220 &
ZZ LN Twi,

INLDEMERCIEEROBRESREIT 72, R

PHIZME D MP RBR%EH L5 LHTEE L Y 125
mm DFTTARFICRFL, hAKICLZZL D%, 1965
F£5RLN 14, BERICH2EDEER - 5
ISOBEETRBEICEEL, 1.5~37AJkIco
EDOELMNEEAS L TRICRTEHB2ZER L,
3.1.2 FHMEEBROFTES LURRER

FEERBRI\RLBOCHESZEDLTEEILND
DTHESRE (FHRRN) KL VBERLTML -, R
B, BB BRI 13m oS3 bgR—1%2H
HETSY, EERESOTH~DEHELZHET 5
FEicE -7, Z000RBREZE L LT, BR300
mm, E3 15 mm OFIREEEL T, ZHHLIZ6
mmeDREHITT, PLORPBLCHEEIEH
RETTE22L5 LR bDERVE, COERE
Kﬁﬂ%?i(ﬂ%ﬁ%ﬁﬂ@ﬁ@%@ﬂ%ﬁ%m
SEb, COREHREBMBLTEXZ, TOBRTE?R
BLT, HEROBERNEHZHEIE L,

T, AREDEEFrERICHETLII L 2R
LTEEHIH 52 LHEIEZ Y 30°C 12 2 Bl AN
TBERYHBLTELICHKEBR L,

BRR—NVDERII36kg /21223 kg THY, [
BOLDER VR, CD9 b, 36kg DLDEET
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Table 3 Deformation by impact test (1965)
FRARCLZENRBEFOEHE (mm) (BEF 40 §F)
Exposure | 0 month | 3 month | 4.5 month 6 month 7.5 month 9 month |10.5 month! 12 month
Phenol 1 | 26 ~ 27 | 27 ~ 29 27 28 23 26 30 27
FRP 1 20 ~22 |18 ~ 20 18 22 22 21.5 22 22
PC1 20 24.5 ~ 25 25 24 24 26 24 WO
ABS 1 20 ~21 |23 ~25 20 19 HbicHRik | B B BE % 27 3z |25 3
VAZ Y 28 RENDTV B B B
PE1 31~33 {30~31 38 ez LT ek LT ® %o B %
FUVRE | XV VRE | 8000 RBH L | 850N KB H <
Table 4 Deformation by impact test (1966)
FRERICL I ENZEBEFOTHRE (mm) (B 41 F)
Exposure peri.| 0 month |2 month 4 month 6 month 8 month 10 month 12 month
Phenol 2 29 32 32 28 30 30 31
FRP 2 18 18 20 19 - 17 18 18.5
PC S2 23 - - 24.5 25 25 ® R
PC P2 21 - 21 21 21 22 L
ABS T2 17 20 (19, AT 2759218, AT 25y 7|18, ~T2 55 27(20,~T2735v7| B ®
ABS K2 24.5 25 25 26 25 25 %
PE 2 30 28 BB B 7 S B B
Table 5 Deformation by impact test (1968)
RIS L 3 EARBBAOLEHE (mm) (BBH 43 )
Exposure period | 0 month | 4 month | 6 month | 8 month | 10 month | 12 month | 14 month
PC S3 19 19.5 19 19 18 7 7
PCP3 21.5 22 24 21 20 21 20
ABS T3 18.5 B B B % L7 7 S
ABS K3 25 22 — — - 21.5 25

SRGADERE Table 3 IR,

73, JIS M7608-1961 {£%AE ( Table A-1 HHE)
OEBRERFEIC LT, REMELHE SR
PEET, ZOLIZ, 3.6 kg DEFKR—1L%E 1.5m D
EXDPLETSE L EOBEKOMU LIROE
HEOAEEAEL, 2Rl 40 mm LT TH22 L
PERLTCWS, TRITHBELT, BTES51.3m
LEMEL Lo TRBEWRE D, HEKL LTH
WL T 5728, REERRIIPZ ) BETH

brBbhs,

VU EDBEERROID, BLERRREZIT 72,

o7, ZH#HER%EZ Table 9 127”7,

BIEIC L AEHARTIE, REHIERRRICER
LzbnrBUEKICMIL, JIS M 7608-1961 i
& HEEEEBRICHER T 58K 48 mmR, 3.6 kg # 1§
RIEEICEHITY T, 400 kg 74 X 5 BISERKEIC &
H 10 ~ 250 kg DREICBITA2EHEZAEL, 7
Z v 7EDFRERRZBE Lz, IMES 50 kgf T &
DI % Table 6 1R,

2, FaunA—2 Il rEEOBENREE R
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Table 6 Deformation in compression test (1965)
EREBRICE T IEHE (%) OF1L (HBFI 40 £)
Load
Sample [kef] 0 month 3 month 6 month | 7.5 month | 9 month |10.5 month| 12 month
50 2.4 1.2 1.6 0.8 1.3 2
Phenol 1 100 10.4 8.9 9.5 4 ) 8.9
150 18.3 14.4 21 13.5 15 20
200 26.4 21.6 31 21.6 29 27
250 30
50 0.8 0.8 0.8 0.8
FRP 1 100 1.6 0.8 1.6 1.6 1.2 0.8
150 2 1.6 2.4 3.2 1.6 1.5
200 4 4 3 4.8 2.2 2.8
250 5 4
50 2 2 0.8 1.3 2 1.3 1.2
PC1 100 4 3.5 3.5 3 4 3 2
150 9 6 6 7 7 7 3.6
200 14 12 11 12 13 i3 9.2
250 19 22 ©22 22 21 22 15
(240kgf) (240kgf) | (240kgf) | (222kgf)
50 3 1.5 0.8 1.5 1.5 0.8 0.8
ABS 1 100 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 23 22 16 (140kgf) (160kgf)
50 11.2 6.4 3.6 3.2 2.4 3.2 4.8
PE 1 100 22.5 17.5 17.5 16.7 22 16.7 19.2
150 51 33 32 31
200 60 46 42 35
(180kgf) | (160kgf)

3.2 RRBEHAORTHER (BBF0 41 F)

321 HRERFZOETESN

HIENZRERER T, ABS, PE, PC O#E # A
IERIE S B 2 BB T T ELT B2 L
PiR%o72, UL, CORBERIELICEHE
DENDFFHAZRT b IFTIEH L, FhBEE T
NFBLZBT B2 L) P OET 2VESED Y,
LYRBHI DO W TRERBRIC L 2RO 2 4%
Bl 7, _

B 2EBORBRTIZ, 125 L4 IEIEKE 1966
F£THASE»S 1M1 EE R LB CHREE
L7z, COELNEBLENRERICEREL TEMED
HEBEMNEREL, TRBOUERIT-7, BE
LEBHI 2y ARBI LICHESOXLBDEES LT
BRI L 72,

8 2B B2 5 DEERERIZ IS KHREINTWS
PEARICEZRE O CHRRBR 21T - BADEH &

FRENDLDELE LS, 2.3kg DEER—L% 1.3m
HT3E2HEDAEITES L L, BHMICE
B E I RBRE T2 - 72,

72, FIHHORRICBW T Y a7 Fant—
PIRENVBEIRELLZIDE, E2HE LN x—2
WIBIHBRICEEL, BRDERLMER I L,
322 BHMEIrORBER ,

HERBROER® Table 4 12, FHERBROZEES
Table 7 i2, T3 HERDER % Table 10 I2RT,

FRP OFBHI DV T, HERRER & EHERBRO W
THRIZBWTLBENEIIAD 6w, 5
NDERBEMIIRBORBL L HICEL GREEL, F52
WHELRTICEL LT &2,

Tx/ = (R=7F4 }) OFRHZOWT D, FRP
ERI U K BBRBBOIERD LREIC L 2 B8 3D
TE%W, &L, FRP YU REICHELL 7,

PCoHOEEHI6 ~ 104 BREL-DDIIRBRIC
D HELBIPROLNT, X, 7L ENIEE
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Table 7 Deformation in compression test (1966)
ERFRICSUTIERE (%) OF/L (BB 41 F)
Load )
Sample [kgf] 0 month 2 month 4 month 6 month 8 month | 10 month | 12'month
50 4 1.6 2.4 1.6 2.2 2 2.3
Phenol 2 100 12.8 9.6 10.8 10.4 11.2 10 10.5
150 224 19.2 19.2 21.4 21 21.2 21
200 28 20 29 "33 28.8 29
(180kgf) (170kgf) (155kgf) (180kgf) (170kgf) (170kgf)
50 0.8 0.8 . 0.4 0.6 1.4 0.6 0.6
FRP 2 100 1.6 2 1.6 1.4 2.1 1.4 14
150 3.6 3.2 2.8 3.2 3.5 2.6 2.8
200 7.2 8.8 5.7 7.4 8 6.2 6.0
250 12.8 12.8 14.4 11.8 14.8 14
(240kgf) | (240kgf) | (210kgf)
50 0.8 1.4 0.8 0.9 1.2
PC S2 100 1.6 2.6 2.2 2 2
150 3.2 4 4 4 3.6
200 5.6 7.5 7.6 6.5 9.2
250 12.8 15.6 16.8 15 15
50 0.8 1.3 1 1 1.6 1.3
PC P2 100 2.4 3.2 3.6 3.7 3.2 3.5
150 8.4 6.7 7.2 7.2 7.6 7
200 14 12.2 13.3 13.3 12.6 12
250 23.6. 28.6 19 23 22.9 24.5
50 0.4 0.8 0.8 0.8 1.35 1.6 0.8
ABS T2 100 0.8 2 2.3 1.35 2 24 2.3
150 1.6 2.4 3 2.6 2.7 3.6 3
200 2.4 3.2 4 2.9 3.5 4.8 3.5
250 7 6.4 6.8 5.2 5.4 7.6 - 5.6
(230kgf) | (243kef) | (230kgf) | (225kef) | (222kef)
50 1.6 2.4 1.75 2
ABS K2 100 6.4 6.4 4.6 4.8
150 15 17 13.6 14
200 20 20 18 17.5
250 25 24 . 23.5 22.4 -
50 3.2 4.8 2.4 2.4 3.6 4 4.8
PE 2 100 12.8 15.2 11.2 14.4 14.7 15.2 17.2
150 23.2 24 20.8 24.8 24.8 21.5 (90kgf)
200 37 39 27.2 - (110kgf)
250
DERILSBEBIRDLNL WY, 125 ARED BRCTESITH L7, 42 RUKE 105 AREOREHS

B BB ER TR L7z,

ABS OFEHZDWTIZ, HEEMPRE O W
HET &, RRERHBEORE K » 2FHIcO>WT
HERE ERE L7, ) .

25 AREORE T IcoW T ERBESEIFIC LY
30°C T 2 BRI L 2B 0 EERKEBR T, THEN

KREOREE D) 3 mm OMMERL 20T E2v

75, RERE L 2w DIFEIR 18°C o & 2 HER

DWTIREE L7 b DITERRER OO L 2w s,
BHESOBRBICHZ7 F v 7 04EL, BENEICE
T51~25DR8M%L 77y 7R D LNz,
ABS 0 K BIZOWTIIHERROBERIIRBE
DFEHIHEBR LT 25 AOREH 0.5 ~ 1.5 mm 2
EOEHEDEME AL T TCRELYDEE I
Do, FICHEIFREORRE & ITHMT
AfEmICH B,
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Table 8 Deformation in compression test (1968)
EMEBRICB I IERE (%) OFE(L (R 43 F)
Load
Sample [kef] 0 month 4 month 6 month 8 month 10 month | 12 month | 14 month
50 0.5 1 1 1.5 1 1 0.5
PC S3 100 1.5 3 2 2 2.5 2 1.
-150 2.5 6 3.5 3 3 3 2.5
200 4.5 10 5.5 4 6 5 3.5
250 10.5 19 13 11 12 11 9.5
50 1 1 1 1 1.5 1 1
PC P3 100 2 3 3 . 3 4 3 3
150 6.5 6 6 6.5 7 6 5
200 11 10 10 11 12 10.5 9
250 19 18.5 15 19 21 20 16
) 50 0.5 0.3 0.3 0.2 0.5 1
ABS T3 100 1 0.5 0.5 0.5 1.5 2
150 1.5 1 1 1.3 2.0 3
200 2 2 2 1.8 2.5 4
250 5.5 55 5 5 5 6.5
50 1.5 1.5 1
ABS K3 100 5 6 5.5
150 12 12 10
200 16 16 16
250 20 19 20

PE 3, ® 1 B ENREREIFEARRBRICB T,
64 ABBD DD LHEFEL2Y, Bkl Lz,
E2RBENERTII 4 AN LDOTHREL TV 3,
MBI 4 BETTELOEBRERLAZET,
4 BZRETCLENEERBBLLEWIETH B,

3.3 RLEEGDREHER (BB 43 F)

1968 £ 12 B2 6 1 EFichz- T, PChH%EL
g% 2%, ABS DL 0% 2BHIZHOWTRERER
BITo72, S CT, Hi2 BORERKEFEL & BEELHE
BIENRLEEICOWTERENMETHRE LN -
72DT, SRIOEBTIIERNA LA, /2, Bl
fign S B, PEICOWTit, £1EHETIZ 755 A,
2@ HTId 4 A THIHTERE N, T -HaiaE
CLMEFH-720T, BA LA, RELLEES
27 RZCLICHYEAL, E2RENLELELLLEF
BB, TR, WERE, BEoRERT-72,

BERBRIER S Table 512, FHERROBEES
Table 8 |2, FEMENERE Table 10 I2FRT,

ABS #35 bTRE ABS-T i3, BIEOREBRTIE~
T2 Ty 2 HRELR DO Ui lpolods, 4
BORERTIIRERY 45 ALLEIC % 5 L BB

TR 7z, 38 ABS-S TIIZREIC L Db

NI Ty I BRELRY, 1ERELLLNTLER

EIIEA Lz E L kol

PC » 5 HTHE PC-S DL D TIIRIEFR, &%
1 ECTHERABROBESNEZEL L, L2 L, BE
PC-P 0L D IHIEIIRERICE - T b VR AEL
fohs, SZ1ER-THENEELLL P72,

34 3ONRTBHBOI LY

R LEEHIERDOTHIRIN TS D% fwn
ele®d, ZEITHRBOMEEIE) DL H B, #
RS PE, ABS, PC I3REI L Y HLT 3
CEBBELPE ST, BT, PEDL DL, 1EH
Tl 65 A, 2EEHTIE 45 A THILOZEIRN,

PE miRIIEHRIERIFTh 3 120, BEFRERRL
L LThR ) IREBICHEB I N T 20y, g
P RERTHRIES OB E D L BRERE L BLDME
mich -7z, /2, ABSHEIRIC X 3 L biHEED
BEPLBERICPCHOLDICESHE bNLDDOH -
720 PC I3 PE, ABS D b DTN B &4 whs, 1
FELEZE UG A T3 Bbn B ER BT 5 i n
C ERER I NI,



BAENRDm

Table 9 Durometer hardness of shell (1965)
EARBBEAOF10A—-45EE (B 40 §F)
Exposure | O month | 3 month | 4.5 month | 6 month | 7.5 month | 9 month |10.5 month| 12 month
Phenol 1 73 72 72 72 72 74 70 7
FRP 1 86 89 87 87.5 86 85 83 87
PC1 70.5 78 71 78 79 74 70 73
ABS 1 71 70 70 73 75 76.5 74 74
PE 1 51 53 54 54 54 57 55.5 55
Table 10 Barcol hardness of sheil (1986, 1988)
ST L AEEDAA—ONFES (B 41 5, 43 F)
Exposure pr.{ 0 month 2 month 4 month 6 month 8 month | 10 month | 12 month | 14 month
Phenol 2 83 83.4 87 92.4 93.6 95.4 95
FRP 2 88 88 90 92.4 93.6 95.4 95
PC S2 71 71.6 76 76.8 76.8
PC P2 71.8 75.6 72.2 75.8 77 77
PC S3 71.5 76.5 76.6 75.4 76 79 79
PC P3 71.8 77 77 76 76.6 77 78
ABS T2 61.4 67.8 70.6 71.4 71.2 70.4 71.4
ABS K2 52 63.4 65 65.5 65.8 64.7
ABS T3 61.4 69.8 71.6 71.2 73.1
ABS K3 52 63 .67
PE 2 34 36.4 39.6 35.8 38.8 41 38.5

35 HBICsLTHERLARSEOMESE

FRP, 7z—/ =N, PCOEAIMIZHOWT, 2B
g, {135, EXRTHEE BREARELCCHERH
L72b D2 aF 171 HED THEERBR 21T~ 72, JIS
M 7608-1961 iZ & B 1EHEEHER, %S HEROMICIEHE
HER, N2 NEIFRRER T ok, L, HER
BRIZBOWTIIFERBZFIGDO LD LB TITF- 72
3.5.1 FRP

SR THER L2EWRIEE, HAOREIE 72
O, BERWICHL YD EEED, BHLNR
72H8, 5 ~8F 115 BOEALLEARTH-TH,
HEERBRLIEROBIFRICLIEREADOLNE
yoa Rl Al

LFEILS, EICBEPIYBR) BRECERL.
TERIZ, BREOBIEIRIN, &T XM MEERD
EEICEHLTEY, FEEOLLENIED S

iz, 2 ~ 5 ERBMER LR T, EHRRBROE
R, BEOTEICEL 2L bENAEEE LI {F
THHETEL TV AHAE, HEOBERTHE
HHNb,

ERMERETHERLUZBERCOW T, BRAR
DY) BEELEET S ~5EFERLLLDT, &
DOEAAIEIC, EHE (FMRE 45 mm) L4 2@0®
I, BOmm FHITo5NTEY, ILOBRIIET
E5L, BIKEAERD, BEDLBRIBIEIZE
LSTH, BEEHISINTH S0, BEDLLE
NHPBEEROIMFIIILZTEL TRV IDIZ, 1§
KOBERERTIIZENIZERED LN\,

352 Zxz /=N (R=254F})

BRI, BREREE KHREFROGEFIELN
HERIE, T/ B EREICL A 2D
MM ORRICE ), RHRMOERICL 2HEHX
FRIZFERZ T B2 T vy, ZoBDOIEEKIT
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Table 11 Characteristics of test pieces and results of official test
BEAEA L RS MOM%E £ IS SEORRES
3 | Shape Clear- | Weight | Shell Shell Hammock Impact load [kgf] Pentration
ample P ance 8] color material | material hot cold wet | depth [inm]
ABS MP # 41 350 White ABS PE 260 460 300 4.5
PE 1 MP # 44 365 White PE PE 260 470 320 5
PE 2 | ¥3kign 35 365 Yellow PE PE 720 500 370 6.5

TRTUHBEMIOBICEEC L > TERBINTEY,
BUMOERD S biz, ¥ LTHLBEDIZICER
STLNT, BHOEIKELLEFREEL2T -2,
Y o) LA, WM oh o N 2okE b
THYNT, Z2DWMWHD LR EZRIBLR2T 2D,
HREBE TR L b BN S,

L L 7=/ —VIBKRIZ FRP L 8% D, BED .
LEIN, 1D R &% OB FDEEIZ D WS, B
MmUY HEARICIIEHEDNKREZWI LR
HREZL W, UL 7THEERLLEET, BEDGIT
TWZWwhald, HRECER2AD SN wiEKD
Ho7z,

353 HKYH—FKHx—}

1665 A~ 34MH, BRISICEELAERCS
W72, 3 4R B LR A EE I,
HELSZOERELTBY, BIMERE L-1T51T
TOWBTOEHOERTH Y, BoOREDIKIEL,
MEAENTEEZ L & L, 4% 30 ~ 60 mm D&,
CEPCEEOMMAEHY), a7 ) — kA
ALERZBVRAZR L ) RRROEIFER I N,

) A — KA — } % E OBFEERS L, fekbh
HRFBAR P DEIMRIT L AEHEESAL, 72035
BEGEORE—, B2 EWMEZENR LW L
PHETIEH 37, WEREIFRWDOT, BRKLINE
CHEAINTWS, ShonlE0 S biitEico
WTRBEEZEBAEBRBRECLIY 1~ 1448
FIT B L PHERL T B,

L2 LBAMEETHERLTD, BRI S k
DHILT B ETICi, BREBEOEL LB, ¥
Uhb 2~3EEPPEIDEEZLNL, TO/
D ERIEFEL LICEBICROZ LIEITTRETH 50
T, WREDOBREHIOERIIEL LTHEATOE L
EIMRBILEDHEA LBERT, & 51CkERED

BEICLIMENRMICE 2L EBbN A,

10

BETOERRFLERERMAO B EOIY H\>
HRVICERYH 255, 3EMERA L7 40 f@izDwn
T, RANRTERTIE, 70 T0%FREPEERERIC L
D, FrELUICHEEINIEEZFEEL Lo
ZERFER L,
FEEFEIHCLHE 6, A~ 5488y AEALER
BHZOWTIE, £ LTBAEETHY, EHEI
S EFDHBEIIERTE 2%, BRER I %
JHRBTHERALTEY), BHOME - %2208
BEERBROMR, 1E618 & 1E -8y BEHLR
BORELSLBERSADLN, 3~ 4552887
AR £ <12, HERARIC L 2RO ED L
PROLN, FEEERVNTE 757 v bowkis
bWy 2SR S,

4. R H &%

41 BREHER

BRICHIFRFTNICB W TRLEDRERREZT-T
WBH, T7RFy 7 EMOtERER L, BRI
BB L > TREEOWERE M ELTWE &R,
ZEEDHEBRFEIEIR - EHRER» 6T - HE
FRANEEINAC L EICEY, chbnFT—
IHEDEZHEHATE L DI TIRIE V., FOl, &
HTERFREIC L DERERERZ21T - 72,

FHERRICAWLELEOMEL (T Table 11 i
RY, RISRT L2, BEOMEIZIABSDLD L
PEDbDEHW2, IN6DRMEMERR, BibL 7>k
I TRV, —75, FRP % PC (3, WHEMES
BNTWAH728, ABSRPEDHILTL IS
FLEwEEZLND, FEHBPBRLONT WS
72, AL, 2 ~3ETHIFRLNE LEbR
% ABS X PE nZ&M@ExHic L7z,

FEE, ERTLWEAIBEERE GUREEE
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Photo 1 Weathering of safety helmets
RBHRBROKR
o 1807
E 1
5 )
=
—120 -+ /\
: /
5 N\
2 60+
fond .
= J
° 0 . . . — : .
® 0 5 10 15 20 25 30
Exposure period [month]
Fig. 1 Mean of global solar radiation in Tokyo

EBPEPORTOAHFE (FRFHE~N)

M) DYRTLEBREOBLET, 19874 108 &Y,
1990 £ 4 HETD 24 65 AT -72, BREDOWKINE
Photo 1 I/ T, BEIZRLNZ LI, HmED
ZV—AIZRxy bEED, HTUVDH, ~Ny P23 FT
oy MCRSWEEEE L7z, JIS OREIC & 2EHK
L BBEHARZ 0,2,4,6,9,12,18,245 B TH 2 %%, AFED
FECid, ShEI3®EA 0,12,15,18,21,24,27,30 %
Rl i, 1FEBETRBILELVWINLE
ZL, HnBENSZ L3N8 2, Wh
CRERTB720TH 5,

ZEARIIBWT, HHEEGHILICKRELBES
Fov, ZOMBOERICEIT 5 BHORE R Fig.
1i2R7,

1 BEOELBITOWTIL, KEIRT STHEOR

BReiT-7z, ZoizHic, 5MORZEMEHER LR,

ﬁof,lﬁﬁ%04OM@§éE%ﬁﬁLto%®

release
/; guide
hmagc?ﬂ | accelerometer
ea ] | hemispherical striker
] (flat striker)
I
magnetic i
i N i fall height
I
guide | - i
wire ~J_| i
safety _| !
helmet™ |
| oo
1 :
/// headform
/ load cell
|
e e congrete block
i
-~ i 3 | - | /
l | strain recorder
meter
Fig. 2 Shock absorption test apparatus

ETHERE

Photo 2

Penetration test assembly

FEHBRBAR

) BLFRIRETREBR L 5 l2 K< 35 @nk4eER
=ELR,

1
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Table 12 Test items and comment on test methods
SREREBRURBR ST ZOEE
abbr Test HEAG Samples Measure items/Test method H#ZEHE HEAFE | Ref
Shock absorption test impact load, acceleration, striker position
1. test of helmet 4.3.1
flat (1) flat striker whole 1 /flat striker, normal temperature
hemi (2) hemispherical s. whole 1 /hemispherical striker, normal temperature
low (3) low temperature whole 2 /flat striker, low temperature
ham | 2. test of hammock hammock 4 | /flat striker, hammock with iron shell 4.3.2
Penetration test penetration
pis 3. test of helmet whole 3 /3.0kg cone striker, fall 1m 4.3.3
4. test of shell shell 4 penetration, impact load, acceleration, position 4.34
foe (1) fall height 0.6m /1.8kg cone striker, fall 0.6m
f03 (2) fall height 0.3m /1.8kg cone striker, fall 0.3m
f12 (3) fall height 1.2m /1.8kg cone striker, fall 1.2m
pip (4) pipe striker /1.8kg pipe striker fall 0.6m
Material test
ps 5. Static penetration shell 5 load, deformation 4.3.5
htn 6. Tensile test hammock 5 | load, deformation 4.3.6
7. D hardness test ’ 4.3.7
shd (1) test of shell shell 4 D hardness
hmd (2) test of hammock hammock 5 | D hardness
col 8. Shell color test shell 4 color, reflection right intensity
= i 8 = S had e
42 HEBEE ARRBERE LA NS4 A 2BY 1T 5 2 L TlEHE

421 HETEBRRREER

BT, RBICED LN TV AR FEICHEL 7>
HETIT 72, TOWMEERDLREE T, HEE
DHEBREY £ IS0 o RBEED 3R L > T
B, FEEHEE ISO HIBICEAIR L) L niFix
PhoTz7e, MEDFETIT->72 GEETIZ, ISO
DHBREREICHEERT 2 L 5 ICHIEI N AR
BAITINTw3, LUTTI, 2REFNIEHRE, ¥H
LWL, COMBDEE L E WL, Table A-1 %
ZRINTZ, 28, BREHERZLEICOWTI,
ISO AR ITHEN L wicd, ERE) DRBRFEL
RERHEHER IV T\ B,) |

INHDRET, BLBOERERRE LTEEL
b, ERRNAREEEBRRTH 2, TNLHD
BEREAIT) OB ERNORBEZ2HERAL T2,
L2L, WERORBRDL, —EDAEERZ W LA
BRICHIA T 2 BRIGRICKLE 2 3sE, 20 LI
—EDHK - BEEDRA I 74 W 2EHETIE2 &
WO RTHBTEHSL 2, 20, HERR
EETHERICA NS4 4 & NFEHER A2 BT RE 7%
BENDLDENHNE TELRSBRE L LTH, H
ﬁﬁﬁi@ﬁﬁ%@@%&ﬂﬁﬁ@ﬁ#,ﬁﬁﬁ%

12

NDEBREBRLIT-72e ZOBETEHELERBREOFTHSE
DEBERNRERFOBR F Fig. 2 ITRT, 72, ¥
CBEMEL - EBRBAEE # Photo 2 IZ7RT,

BEBED 53 ISO BEEORBORER TIZ,
ANBEREBOTICHRE L HERT, WEMZHET
5, Hrwit, BRESIFPHETNIEIRBV-DOTH S
B, EOMICHEAICMEEBLUR 4 HHLE
DBEZIT) REMMLTH 5, Rz R
LB, ShsnfSmBlEEEnulEs X7
LrRARDFMEEL2OTH 5,

MEEORERZ, A FTFA4HCTEHYMFITEDY
RIEER 2 BWTiT-7e RV H ET V70O
BEBRTIT> T 595, ETFEERIZY — 728
NBI2D /A XHRAT DHAND 72,

AP A ANBORER, BRRT—NMITE -7,
bbb, XAMNFADDETFTHL FCHERX T —L
DFEY ~y FRERMT, FAZEICHA[R T —L
2EUTFCTHEIE L2,

BERENFZA A ZOEBRETOHTICR 5%
WX I T ESITE R L, RREED
A FHFBIIEIER BT D009 H NV ETHA
FEXREMBEFERT 505, FRICHNETE S L
B RDODELHIBAN L, T2, 1lm B TR
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Photo 3 Penetration test machine of ISO type

1SO X EBHER#

BREEEEDS 4.4m [sec LIRWBEIREICL 305, &
NI TEL 2L, E2OFG2H-TIOLLT
INERA, AEHWIEERA T —VoAREL, 7
T T RAT £ 2 mm, IDEEED 50m/sec, 53R
BEHT 0.5 mm TH D,

A MFAHMABRIZED B, HEREOEMENL
HEDBEYL, 2 M54 HDOHIEY DHETH 5.
L L, BB OBRRICIE, 774 FEniEmbdhy, %

FLO—EEBCEDP L WD, TRATY R B

L, BIEE) 2L ko,

422 ISOREBEHREE

ISO FROE&HERIL, WHAESBICLEX M54
7 E NTEERISETEE OS5l % ERAVERIC L DB
THEHATH 27, RREFE2EXAT28HAITE, X
FIA A BERNCERT 2 FRIBREVHEIE Y X
TALETFEBTRLELN DT, REBREENLAIZ
TThh -7, #0725, Photo 3 ICRTHEANR
BREBZHEH L,

HERIE R C B E

RIS, FriHORBEREC & 2 EHERIGRER, B
BRERICEL 2HER, BLIUETHEIENENKE2E
RIcHABREIT -T2, T2, BRICED 2RBRIZTT
<, MEEBRINLEAR LT,

Table 12 IZ4T > 7 REXOEE L FH L2885 &

43

13

URBOBEL2RT, F72LUTIC, fTo7-RB0E Kk
MANELZ AT,
431 SERBOEERIKER

[HHAZZ 2 IFRBCER L 2BBRTHY, Fh
N, BESkg DPFHER R PS4 B 7213 R b
4% (¥FE48 mm) #HNWT, BeBIcE TEE
M CREEZFHEY 5. RBROTIEIZ, FEF
D _EICEAHT 2 AR 22 ded, RS
A%7% lm DESHPLET IR D, ZOBRDOEES
BLHERERRZEEL, —EHEUTTHEH2E
I TARBEHET 5, E£EMEIL, BB TIZ 1000
kef, FHMETIL 5 kN (500 kef) TH 2,

BERE T, SR, RELEFIZRKL
BDWT L ORI R T 72 b D iD= THEER
WEBR21TI. LA L, RFERTI, BroaBRELD
TWHETITS 7200, BIREZER L, T4b
L, BRT—2DFBHZOVWTERA S 4 A2k
LEERIVKER 21T\, KICERZA PS4 A2k B
EERIRIRER % 1T - 72,

HERELHEEICED S LT\ BEEIBIATEN IS, fn
BELAFFADDMBOBIZERIT -2

%8B, FIREOEIREZ PS4 22 HCLEA, 18
HEOEHEIKE & 5H, Rk PE2 13, FFERkigsy
THOEEMT EIHPI VD, FRTH-TDH,
BERIFE RN I — -~y FEEESICEM LEE
HEERE L\, TR, BELELDDEHKEX
FT A AT L BEERRERIITh Lo 72,

BEREICL2HBONIC, HILoFEL L VH
FEICR B2z, 22HBREHFE2HELLARRD
To72 Tebb, HIIZ L - THEEIINIT 3 &
2 HN55, KEBICEBWTRELFERENLE DT,
—20 EOREIC 2B EBE T 2 L v BB D
#%ic, FHER b4 Ak AERRIRER % 17 - 72,
ZNH-20FE L\ iRERR, ISO BEIC L atEES
FOREWICHT 2RI BITEHDTHY, —i%
DEAEENEELEICBIF2-10 EL VL % -
T3,

432 FBEFOEFRBIVEE

FEIRIUL, FICHFEERIZL->TIT LT3 E
FEZLNBY, TOBERDBILEERL2DICE
RERDHERNARR 2T -7, Thbb, TOERK
DED T, BEOBERICEREEZI) M, Gidoxk
BRERROEBREIT > 70, SAEEARIE, ER~VA Y
FEIMLLZDDEREGW, EERADBFEEKDIRMT
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L, &8 ABS, #B PE1 TREAERS T

FHOELLyTHY), HF PE2 Tl3tms m 2o
T—FThb, 8 ABS & PEL T3, ~">Tv 7
DERBRBE—THY, 2OBMSTUNENELRL D
DHTHBNDT, SHEWEED L AEZ HE D HE

L, MEIHEA L, 88 PE2 ZIRFHTHEHNISE
BDTR—DBEFERTEY, EYHEET—F
Ho 2 oniEEsAEL:, B, BREEER, &
1.18 kg, 1.1 kg TH N, 75X F v 7IEKkD 4 ~ 5
fETH 5,

433 SERGOERRER :

P (ISO¥W) ITHESNTYWEERTHY,
ORI D IR P OEE S kg DA FA A% Im D
BERLNETLRLE, RL2BEEBTLIIEID
HEZITI, HEIMICERE RITAEERIC, &
SiEE P EE, RPSAHEEFETEE, X F7A4A
YATEEEIDGEMT A Y D R ERNEEICL D
HET 5,

B, ¥ PE2IL, BRI THYBEESPTE X
PN S Wi, FROERICBLTLEENEY S
S—~vy FEERCERT 2D, REL-LOD
KB ITbhhhro7,

43.4 (BAROBEBEMRR

IHBRIBCREINTWERBRTH Y, H#EEOL
IEROBE 18 kg DA MSAABHET LA,
HLEEErEBT I2HrELPOHELITH. HEBERDOE
) e FORMEERRHEAEBRIC, TLW\EEz
P, ArFA A% 06mOBILNETFIHE, X
kA AR E IERDNEITEE Y 7 bR &
D10 mmPUETFHEIE2UTERLEET S, B
BLAPEP, RBRERBEHICEWZEELICZ
WIEBCHET 5,

AR TIE, BTHRREE EWEBARBRHFBRED
LM ER—OHKZ2EOBE (Photo 25H]) , B
SUBRBBRHDA F 74 22 HAWTIORRZIT-
2 SHITXD, BICEBOBENATIILC, HE
MR EER & Ak, ERFEE, HRmRE, H%
BOBENOPEIHETUT- 2. B, BBOFE
(FETE) 3, REED L2 He TN,

Fi, BRBRICLBZFEBRONC, REFATDET
B EHBOESB I MBI LR LT,

BhiZ, AbFAL4HELT, HEEDLDDAT
3%, 4 7% (EZE25 mm, RE 2.5 mm) O
LDRDWT HRBRDOREBREIT -7, S, LIET
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Photo 4

Change of appearance by exposure: ABS
RELCL 348HOTIL (BH ABS)

MEREHROBEKEFFRL TR LABO RS
BBl OWTRBR 2T/ &, XA THAETHIZ
Lo TEEFBERBLES ESH o727, Bzt
TRBEOREPRLNEDTR I ENVWI T LR
LD TH S,

Z N H DM IAERER IR~ EEL & W TIT - 72,
2O, ITRERFR—CE LWL, £E
P % 48T CATERRENCER Y fHiT 72,

435 PEEOBNEERR

ZEEEFEZHERSBRARE ISP S, BED
BERABTHWRA N 74 hokimEl (H#EE, -~
A7H) BHCT, EESARE (Frioy) THE
LIHEBELEMZHE L, AKBI A2 %2H
WEAITIS, 20 mm BBT A THEL, 47
BAbS A4 hnBAIIE, HETbkETTMEL
2. B, MEFEIL S0 mm/min & L7z, TOR
BICBWTY, BRI 1>THEDT, REMEEHE
IEMABFRI—IC e 5w L H I Ll
43.6 BEEEDSIREERR

FEROBELY, "o FvI70—ARETOHL,
BIEREREE (oY) THRBERRELIT-7,
FIBREEY, HAEED 500 mm/min & L7z, Th
BRI LBRERT 22520000 TH 5,
43.7 BUSLUERGED D EEOZL

TLEER (FanxX—7%) CEREEHOEEZ
E L7, EERLRE TR, RRHIPTFROER
DLDEFABDTH LY, ZITIE, BEEZD
FF R, BIEFIEL, MEO¥IR (F4% 48 mm)
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Photo 5 Minor crack by exposure: PE2

KREBIZI-TREL-DMBE (B8 PE2)

Photo 6

Line by exposure: PE2
FBLCL-oTHRALH (B# PE2)

D LECEERE PSS, T4 FIRB->TEERLES
B 3, SEOME CHEHZ BRI Lo rEE
PHAIMoT, INESEREDRLFHE L -7,

iz, FRRICTLABER T vy 7 REOEE
PRIE L, ABMOFEHREIZ N2y 72EBE,
vEy ZOBEEMRLAEMEL, ~NrEYy 7D DIE
EERAE Lz, TOHAD 5 EEE LEEE L -7,

72, RRICTLBER Ty JREOHEE

ZHIE L7, SBOPREICNVEY 7EEE,

15

Photo 7 A case of pin and shell failure by shock
absorption test (~20°C)
BRI URER (-20°C) THEFEOE »H* R}

7=

b

Photo 8

A case of hammock failure by shock
absorption test (-20°C) -
FETRBUNSRER (—20°C) THERFHURT L /-5

YRy ZOBEEHALEMEL, ~"rEYv DD
EZ2zHlE Lz, ZOHAED 5EHRIZELESE & 572,
43.8 MEEOTBEDARE

#Hik g5 L) ICRBICL - TEENI S TATHRE
P HIREIZEILL, $h—BEELRLN-DTS
NEFAT 5729, BORELIT-72, BIZERZ, 3E
IR T 5 320Xt EEOBEEER (b
73y BM-7) 2@, 2hick-T, AEREE
x,y CEEL ZRZELL, BE LI, BAXoRSt
RETHY, BRHICL-TEL D720, BIFEIL, M
DIH W L 2B T—ENE (BB + A3E)
TTHEELDRLCEREBICLS LI ITLTiT- 72,
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Table 13 Damages by shock absorption tests and judgements
ERBNARIC L 2 AHOBREKEr B
Exposure Sample ABS Sample PE 1 Sample PE 2
- period
[month] flat ‘hemi low | ham flat hemi low | ham flat hemi low | ham
FREEHAM Ra IR RIR | FE® R Yk KR | HE “EH HIR iR | #
[(A] RFFAARESA A & REI24 AR 547 kK (RFFA4H|RFA S i
G X
12~ P - N
15 -
18 P’ -
21 X P - N
24 X -
27 P X -
30 . X Z
P: Break of shell, 1§k &> #8551, P’: Break of pin, ¥ #&iT 3
N: Break of hammock, 2 S5RBEHT, X failure, L&, — ! No test, RERZ T heh -1

ABS sample Exposure period :15 months,
I test condition -20°

Impact load [kgf]- i lmgqct_ ! bty

100 kgf/div

Striker position [mm]
10mm/div ;
Deformaﬁp

Acceleration [G] i
50G/div

Fig. 3 Shock absorption test data and characteristic

values

ERBNART — 5 CEHEO TS

LIt

5. HBEER

51 REHBRRESR

BE L > MR EOEINR bz,
HEABS 3, BE1EEPLBRVAL LD,
72, BROLERENEIC L), WKL Ti71
K2 &) LEEHR LN, 21 % Photo 4 12577,
SEIEHR & LB O LRESBOZDTE &
BL 35, RRDETIL, BREMEI E 2213
EE L hotz, ZRUSE T, HEOEEFKEC

16

EEL, El—Er BT LR LN,

B PEL 3, BREZRIER GNTEILRS)
TH5IET, BEOURBEFLHRESRERELS, 7277
L, AR TH LN nWBERIESE L,
NDOFEFRITIL, BEEEICEL b5,

&8 PE2 i3, 3% PE1 LB, WiRlcr D
KREEET 505, —EABNOEEFRLNE, 72
L, BEI1FEEBLRICH 2R DOEELIC
DUFREL, 72, JoxRkkHz I3, HEEGIC
BB L2, 25 % Photo 5,6 1257,

52 FERBIGRERER

EFERIABRDKER, P L 272 shE L BAki3IE
EAER LGN D, —BORBHCOWTIRE L
DR Ty 7 DBEBEOBHES R 5, SR
5 D—fil% Photo 7,8 IZ7RY, BHENH I & s
EfEIZ L BBENDED (BKR PS5 A D LT,
SKN, FHZ + 74 2D LDTIE 1000 kgf LITF) #%
FEMMEICHLTE L D72 D% Table 13 12573

Fig. 312, WSMNRBRONE T — 2 O—F % 7
To TDF—2LY, Y2 E%%5AR- TR
Tole, HEFEB LVUMEER, E—2l2%4
3,

72, BALZOWTUE, INEEIREO S FhtoT
PHoE—~7 ETERARSE, UL, X FSA4 A
BRCEBML TP LRIBT T2 TON Y
Ty Z7OWN L 2MEEN kAR (LITHICEA &
ML) BRT,
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ABS sample

Exposure period : 18 months

Impact load [kgf]
100 kgf/div -

Striker position [mm]
10mm/div

Acceleration [G]
100G/div

time 1 ms/d:iv

Fig. 4 Shock absorption test data (hemispherical

striker

REEOFERNFART —9 (ERXPF4H)

7o, EHERREELRAR- 2,
Fig. 412, &8 ABS D¥IEA M4 AL 5%
BIRINABROFERO—F 2R, HEFEI SRR
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Fig. 6

Impact time [ms']

PE2 sample

~ Impact load [kgf]
100 kgf/div

Without Exposure

Striker position [mm]
10mm/div

Acceleration [G]
100G/div

time 1ms/di:\;

Shock absorption test data of hammock with
iron shell

ERE (KIBER) OEBRRINHER

Fig. 5
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Characteristic values of Shock absorption test in exposure: ABS
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sample PE1 -O-  flat striker
6007 -®- low temperatue
_ | -0- hemisphere striker
5 - "B hammock
_g e e N — o
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Deformation [cm]
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Fig. 7
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Characteristic values of Shock absorption test in exposure: PE1

FBC L 5TRRIFEROBEBEOTIE (¥ PE1)

ZWHNDLIDE ) LEHERT, BB PEL 2B W
T, DI ZEBIEIRSN1T, Fig. 3 D
ENEEERT,

Fig. 5 ICFERDEHRIRNAKBROBET — 5 D—
FlzRd. CORBRTIZ, MBEL L UOEFEHFED
IS EEAME T 3 2 BT hH 5, 18D IE
BLHE{EW Oy 2 I2EHBRE2T 2 L5
WKATEP A P4 7 LEDBmRL T BRASHES &
na,

INHDFAR-IoT—F #BEBLT, ERET &
DEFERRABROHRGTESHFENREL +, £
BHRICHLTCT oy FL2b D% Fig. 6 ~ 8 255
Yo SDT—FD5H, HEERBEHEORED LY
DOERE RL 2MEERT IDOH D 555, B
RZLE L D2EIC L 2TEEMED D B, HL2REMR
ZBRELZDDDNTN L BRBOER 2 RTEAI
i, IO DS ITEAERMERL IEZ SNk, o
DE)LBE» 5, FHRI LS54 ADBANORKE
ABS NEHEME L EEMEE % B 2 HEL B lE
BHI R S, '

18

— i, BRWOHERRBREROITLO 5L, FHa
10%~ 20%FEE L Wb TWwb, FDH b, HLH
DEAHZE 2 HHT 2 FRP ok, AFfe%s=E
VO T —7TOEEKEFERT 20, E55
EPKREL, MM EM AT & B 7 5 H R
BT 2 HTERNEESEFEERLFEHE L LD
BT D&M, WEDNILDER 1,204 —
A—DREMOVREBR TR S &, BWBEN LD
LBMELMEN LD HE 0EI3% L, FinE)IrEEE
JMRBLE L2 LDTIE 20052 ~ T%TH Y, 5
CENHEE L2 DTIE 20414 ~ 20%TH 2,

AEIDFEERITHG2REHT, MR BEE LR
mTHD, Fo0E3NEnWEEbNS, 5k ABS
EBWT, HERHFEISKREERD 200 kef 75 500
kgf B2 2013, 150 XDEETIZE ) B2\,

53 EBHRER

531 ZERKOEBERR ;
PR (1SO %) B@HERMEE % Table 14 12
WY, 7272L, BB PE2I2oWTII, HREKRER
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sample PE2
6007 . 3007
— "\//4 \/0 _ ]
o I )
— 400 ’ = 2004
° o
s 1 - -O-  flat striker =R
o -#- low temperafue. o
@ 2001 -0J- hemisphere striker B 100 N
g -l- hammock o
= : <
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Exposure period [month] Exposure period [manth]
61 40
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£ E ]
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Exposure period [month] Exposure period [month]
Fig. 8 Characteristic values of Shock absorption test in exposure: PE2
RT3 WRBRIGEROBSHMOZIE (¥ PE2)
Table 14 Results of whole helmet penetration test
SERAORBHBRER
Exposure Sample ABS Sample PE 1
period
[month] HE | S % HE | B %
0 22,23 #8
12 H30 #8
15 x | H20 $10
18 H22 9
21 C25,25 ¢11
24 x | H27 #9
27 35,20 ¢17,21
30 X C28,21,24 ¢10

X : Failure 7~4&1%

Cnn: Crack and its length [mm] B2 RA L HE L »
LNBEBIENBRRS (mm) 217,

Hnn: Hole and its radius [mm] 8% MK OE &R D

#EL, Mikoss L £0¥E (mm) 27R7,

¢nn: Dent and its diameter [mm] DN AN FHE Photo 9
EXDEEERT,

Damages by ISO penetration test (ABS:
Exposure period 2 years)

REW|MERER(C & 3 HHORBD
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BZEDLDETLEP12DT, B LBW, 0
HREHITEIT & 0 BERTH ), RIS
LB EFTRENLY, REIL, Hi&nboT
bR T A A NEERERITEER ISR L AR TH Y,
ITEEF S WA 22 36,42 mm BENR S
NBHEEBELT,

FELABS i2BWT, RECLLGFHADNMRIERL
niz, vbb, 16 (MBI FA4 4 EAE
BRTER S ERT ) 2, A LIRAEBLWI b
TR EWHTEERICBERORELRYH  ENHER
BRI, T Photo 9,10 ISR, F7z, T4
oK@y, FIBET 2RF LR 6Nz, 2721,
REBOREL W) RICRUE, 29 L HREHHE
FROBHLNBES T L) DI TRZ, Photo 10 Damages by ISO penetration test (ABS:

B PEL I2B W T, RBRET>THNZEHDT Exposure period 1 year 3 months)

. ZBEEFRRC L 3B 0OBER

Table 15 Results of shell penetration test

BEORERRER
Exposure period [BHE © Fall: 0.6m Fall: 0.3m Fall: 1.2m
[month] :

ZEHE [A] HE | &S BE ES % ®a BE

o 6 ¢4 1 @2 10 5

12 6 C10 1 ¢3 13 C13
15 8 C6,9 1 #3 13 C17,12
Sample 18 X 11 c5,7,7 1 @2 12 C17,12
21 X > 20 H 0 @3 16 C13,21
ABS 24 <10 H 1 @3 18 C23,26
27 9 C10 1 ¢3 16 C15,21

30 8 C8,13 1 3 11 P4

0 1 ¢6 0 fo%:) 13 $29

12 3 ¢6 0 P4 13 P27

15 3 ¢8 0 4 13 $26

18 1 ¢6 0 b4 7 27

PE 1 21 2 ¢6 0 ¢4 7 $25

' 24 < 10 ¢6 0 P4 15 $26

27 3 7 0 P4 14 $26

30 5 ¢8 0 4 15 $26

0 9 C13,13 -3 C6,6 16 C22

12 9 Cl4,14 2 ¢8 13 C17

15 9 C14,16 0 C5,6 14 @25
18 7 C13,13 1 ¢6 12 $25

PE 2 21 X | 14 C13,17 1 3 > 13 C12
24 < 10 C18,25 3 C6 19 C18,28
27 X 10 C15,11 1 @5 15 C17,21
30 9 C20,13 1 ¢4 18 C17,25

X: Failure 4%  H: Hole (part of shell break loose) {Bfx—#HRLEIC L 2 BB RDOKE
Cnn: Crack and its length [mm] BEORE LEFEEL LOBE I ZNBAEE (mm) 25T,
¢nn: Dent and its diameter [mm)] HENNZADFREEL ZOHEEERT,

< ITEEY) 7 &) 10 mm Ryl d L ABMS LW EDAF 2y 7 LIz,

> RS 4 AR & D Aneied, X I A4 A UEOERE R 22,

20
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PE1 sample Exposure period : 12 months

Impact load [kgf]
50 kgf/div

Striker position [mm
10mm/div- .

Acceleration [G] _
50G/div

time 1ms/div

Fig. 9 Penetration test data of shell
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sample ABS
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Fig. 10

Acceleration [G]
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RTDAT, BEHZ & > TES BN LD TE W,

IR IC BIE L 72 BB B OB B ok 2 45 o) I 2 U

BH—Fl% Fig. 9 12RY, EBRBROBEAICIE, &
BHEICZ{ DU TELZ LR TH 5,

iz, TN LHRAB - A EESCEEIIEELED
FrEE 2 REHRICH LT ey b L72b 0% Fig.
10 ~ 12 IZ7R$,

BEERRTIE, BEAKLIERNEED AT
NERWA, ERICBME BRI -ERES ®
BET B EPIThNTWSE, 20IFLo&(3, 1,2
DA = DHARBRDT— 5 TlE, 205 FHED 12
~20%RBETH 5, HREZIZOWTE, NS
ZHEZITH>TWBEIBELHVDT, IF5DOEIIF
MTHoh, BRIESLRABELE2 5L, Fig. 10
~12DF—=725613, AT T 4 HOEEN
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Characteristic values of penetration test in exposure: ABS

RELLIRBRBOBEENZT( (B8 ABS.)
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Characteristic values of penetration test in exposure: PE1
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Characteristic values of penetration test in exposure: PE2
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LEMEOmEE

— EXPOSUTG penod 30 months b TRERSNS Table 16  Static penetration test
sample'__- sample _ _sample BAYRBEHRER  —EEMRICHT SHEME
.-—.él ABS .1 LPET - /[ - PE2 ' Expo| Cone striker Pipe striker
2 sure | Load [kgf] at Load [kgfl at | ©—7
T 10 15 20{ 10 15 max | ZfL
o
o 84 mon |mm]
2 0 54 85 132| 400 413 - -
= 12 59 94 144| 360 395 -
o Uz SN e T | S B Al 15 63 100 143 | 370 - 429 14
0 i0 20 © 10 20 0 10 20 B| 18 66 100 144 | 330 405 405 | 15
Deformation [mm] : C 21 68 103 138 332 396 3971 14.5
24 67 103 142 | 340 390 403 | 145
Fig. 13  Static penetration of shell (cone striker) 27 68 107 147 340 - 400 | 14
EFOBNEERR (AEMX PS5C1%) 30 66 103 142 | 310 402 403 | 145
0 98 146 - | 438 465 475| 12
12 92 134 197 | 365 410 415| 15.5
_ ABS sample__ PE2 sample P 15 103 145 215 400 430 438 14
400 Ll TS E| 18 98 141 203 | 460 519 520| 15
5 VAIEREREI L EXP°ﬁ"ePe“°d 30 monthe 1| 21 | 102 147 204 | 450 505 506 | 14.8
e - 24 | 99 144 212| 480 504 512 14
, — 27 98 140 197 | 460 500 505 | 14
= T ] PE1 sample 30 | 103 148 218 | 460 463 502 | 14
= L -+ 0 | 73 87 78| 412 300 420 10.5
@ — " 12 68 77  -| 450 200 460 | 9.5
o 200 T P| 15 82 85 92| 407 422 427| 11
2 I - E| 18 74 79 90| 325 415 415| 125
o A 2| 21 75 77 91| 365 401 414 | 115
}Z 24 82 84 95| 370 402 410 11
27 69 76 87| 350 405 416 | 12
30 83 93 97| 340 400 418 | 12

10 0 10 20
Defomation [mm]

0

Fig. 14  Static penetration test of shell (pipe stl;iker)
BEOBRNEERR (I TRIFF4%)
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IR, MEEEZ F 54 2% HW 254812, A8
ABS, 2% PE1 122V TI3IUTEL & I L THE
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FenRL7,

NATHR 54 h % HWE é@ﬂi% 2D

23

—fi% Fig. 14 1RT. EES & HACKEES 2/ L
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Wrhsr 25 2T NI L ) BBICHENMET

¥ 5,

—HikiT2 L ¥A

NS DEROEHEME L LT, 10 mm BROH
&, 15 mm BEBOME, E— 7 HEE% Table 16

2RSS,

F7:, 2% ABS DFEEM

Mo 1465 AUEDD

DIZBWTIE, BRBRICL-T, MESDORLOEH
DHGHICHIEEL, BElInw kit
542 FEEHOSIRMEREER
EREERDIEBRERREZMUET—F D—fl% Fig.
15 iR, E ABS, PE2 20w T, S&ICHE
BERL, HEAFETHER L, #8 PE1IZD2WT
3, Ay X 7HEPFRLNER»PELFIEMIITS
Nz, #OR, BT 2RI F v 226045
CETFRINDT, —FEL LML ZATH
TRE T L7,
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i Exposure period : 27 months |
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Fig. 15  Tensile test data of hammock
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Fig. 16  Tensile strength of hammock
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Fig. 17  Durometer hardness of shell
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Fig. 19  Result of color measurement
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Fig. 20  Decrease of reflection
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Table 17 Judgements of tests based on old and new
regulations
FIARBICEIT (EROHUERRE
Expo- ABS PE 1 PE 2
sure
period | IH %F IH IH =
month |old new| & |old new| £ |old new| &
0 X
12 O - 10
15 X —
18 X O -
21 X X O} x =10
24 X —
27 x| O X =
30 X —

TWBH, I, BEINELELTHERATWS
#k} PEL, PE2 IZ0W T RAE LT %o
72h, REIEBENLETHIZEAEELIZR LA\,

6. % &

6.1 BMBCIIHBRBEROIED

HHEEB L OHHRBIC L 28RO EERB LV
FHMBIRERICB W T, FEEI) FITEOBEEL L,
FIOHE LR LN IR EDFHA % Table 17 IZR
T, Rk ABS i20W T3, HILnBEFHEICEN
TWTC, 135 AUERBELA-DDIIFRAIEL L >
Tw3, &% PE1, Rk PE2 I22oWT Y, RERTHR
AEDLDOHBEN T bnm, E ABS 12 X 1R
FALIIHIETIE e Ve SO EIIMMEITOWTHE R

5. $abbh, Bk ABS BREMH L Feal
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LodbLXREERS TS, RKE PEL, 8% PE2
2D WTIE, BEELNBEOSBILER N TV, TP
BRI, EEHEoZEBEbhs, T4bb, ABS
DL DI, EIMNELADBEFTEEICHNZ LD L
Bbhbid,

6.2 ¥ ABS O%{EicoWT

kL ABS DFRBOEBIRAEER (FIKX 54
ADETEE) BT, EELEESIRLN
%, 2HTHOWT, LUTicksts 3,

1440 FRE L ABS OF RS, Fis.
4I2RLENBLEIIBE—7 2F o, RENE
PEGBEAICII IO -7 2Rz kO hEHBEY
Y% b, CHOE—7IE, HEBOEHENKRES Lo
T, BEKRDI VT T R e, WEERNIEE AE
BRSHBEMTAZLICLALNTHE LRI
2, Tbb, HEIZLIZEREDHERIEFERE
EHZE LM LBERTH 5,

FERIRIEEEE Y, HFEERLEEROBAMERTHY,
ERE T IR N HAL & FEEERDH LD H DV B
WDh b, Thbb, BEROEHEIBMLZP, &
BEEROBHFEIEM L 2PDWTRIC L > T LEE
EDEIMIEZ V1G5,

HEIIHWT 2EEKOADEEREHET 5720DICH
ZLTEZRBELT, AR T4 2R
EBRBRYH L, ZORRICBWTIE, BiExo—
DA TH B, BENAICETEEREZML TN,
HPOEEIREENT W, CORBROERE, £
I2& o T, HRIEESBECETL, ik, HEE
AR DB NT sERIcHL, 2D
i, EEOMERDETORELEDLNDIY, £
THDHETHE, HRERCEENDEHE,BMT 3
LWz b,

F 72, BB 40 ERISIT - o RBRBRICBWT, I8
EROERERBPEHFERERICE W T ABS-K 12i3%1k
Hlends, ABS-T IZRIEHEOEMOMERIAR 5
2, THZLYH, BEOBIDEETHDZ L2
EEH B, '

FEEDBIIZOVTIE, BERNA (SRIFICH
D4R TC) B LEHRRIGEREBISE 1L b, 2D
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