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ABSTRACT
TITLE : THE STUDY ON CRASHWORTHINESS IMPROVEMENT OF HELMET USING
NATURAL RUBBER
AUTHOR : KUNANON SAKKAMPANG
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : MECHANICAL ENGINEERING
ADVISOR : ASSOC. PROF. CHAWALIT THINVONGPITUK;, Ph.D.
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FINITE ELEMENT ANALYSIS

The objective of this study was to examine the use of rubber sponge as an impact
absorber in motorcycle helmets. There were three types of helmets used in this study:
shorty, open-face helmet, and full-face helmet. The specimens were reinforced with
two different patterns of rubber sponge: full area reinforcing and Oregon Aero
reinforcing. The thickness of the rubber sponge were 1 cm and 1.6 cm. The reinforced
helmets were examined by using impact testing machine and compared with the
results of the commercial helmets. The 10-kg dropped hammer was freely dropped at
the speed of 4.85, 5.42, 5.94 and 6.26 m/s to investigate the effect of the impact load.
The impact load was then studied by a standard helmet test method at 5.94 m/s for
shorty, and 7.67 m/s for open-face helmet, and full-face helmet., to study peak
acceleration (Pacc) and Head Injury Criterion (HIC) values. The results of all cases were
analyzed and compared with FEA model. The results of this study revealed that the
helmets that were reinforced with rubber sponges can reduce impact loads in all cases.
The maximum load was raised up to 42.919%, in full-face helmets. As for the results of
Pacc and HIC values, the rubber sponge reinforced helmet can reduce the maximum
acceleration (Pacc) and HIC values to better than the standard value of the commercial.
From the comparison of the results from FEA, it was found that the results were similar
to the results of the experiments in all cases. Finally, it can be concluded that all
helmets equipped with rubber sponge can reduce the impact load in the helmet,
however, when considering the weight and the comfort of the users, The helmet with

1-cm rubber sponge reinforcement is most preferable for the users.
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Fensvageuniniuteafindnatuneusensiviie Ifud nisvageuLsINTzUNNLaY
ANAINITLUNITAATULTINTEUNA (Impact) AUNUNIUFBNITLANENERIINTART AL
(Penetration) Anunsedulunisainld(Retention) wagnisuaaiuvnzainld (Peripheral
vision) 3998191ia8A155A1 120 9 WIneduwmaluladsivusnasyys, 2559: Viulesd)
wnnfudsfefidvenuiomarnazuuady 3 Ussunnndn 9 fe wunwuuesslu nanndy



fsfouvuiulu wasmnnsudoruuufiululanin Fuwsazwuuidnvaldsnimi 1.1 uhn
mnnfudsfomariazldsuinsgusaransnangtiuaiiiafuaueddlasnuitores
T. M. Rice et al. (2010) wuigdudfifinsanldmnniutonszdrvangifimniiiniuneld
74 37% ann1sunduiiiniuanedldds 60% wiannawideves A. L DeMarco et al. (2010)
Algvinsnageunsnssunnvssnnfuioaiinudadas 0.9 8¢ 10.1 m/s wuimnie
misuuu,azmimzLmnﬁmmL%aqqa'mL?;Jumaﬁﬂﬁt,ﬁmwmmL'ﬁ'aLﬁ?NLé’u (Linear acceleration)
geanila 500 ¢ ldguiu Felfdesmuhmmumumednuniglumnniuionfinadenisgn
FUNSHU (Energy Absorption) Im&Jmsam%’uwé’muﬁﬁéamqmaﬁﬁaﬁawmmﬁ%’usﬁmmﬁm

(n) vunAuteaawuusdnlulanin () nanfutsanuuasely

() ynfutaawuuLdnly

AW 1.1 viwaniudien
#iu1: Checkraka.com (2020: Website)

mnnfufioasadnserusuduuuitilunuriesmarauszneuludetudiundn 2 daufo
ushanddenvaanazyiiiedandiJunaiadnuay (Thermoplastic) Atulnaasuouiun
%39 ABS (Acrylonitrile butadiene styrene) d’mm&flu%ﬂufﬁ@ﬁﬂulﬂu EPS (Expanded
polystyrene) (P. K. Pinnoji et al,, 2010) Famnuaslusiuaiiuainisalunissuusanssunn
waznsgedunanu mnniuteawuufnlulantazianuaiunsalunissussanssunnled
fanvisthdumneYanildvidonmnnuazanumunvasivuaisly (0. R Thom, 2006) 911
finsanludosvesmaumuivesliuniglundfianudululdiminifag daunsadunse
nszunnuazgatuNdsulifiaiuUI naYesis s fsueddudsulnunely Ada
HulUlgfagdinavhlinnnduiivssavsamlumssunsdlduniy

p19M5 I eI R uimasugiafiddyuesuseimelng daund 2534 aufs
Haqu Ussinalngiuuszimaiidnisdeosngramsndusudunisweslan laglud 2557
Uszinalnefinisdseansramnsidszana 3.8 §1usiu Tuvngdid 2558 fiuszananisdeoen
Uszanas 3.91 ausiu (@3an waiy, 2559: Vuled) dnuazinuvesssssuviffedinaumie
vejugs 1 eusaneuenungzviiiusmualy s1saznduiugsusanazdvnelndidsadu
yuisleeg19InIg e1essumisdinaatEnfdensumsindaiugadunueutin

ca v Y]

drAlun1sndandndaanfdesondonisusenaududiudig o 1Waeiu (nedss ugee, 2559:



dulad) 1wy snsosud grunuedessuduazgunsaiiannisduasiiiou idudu udnouiiag
thenlUldnantudusing o dusniluazdedinnanansiniiou fusdy asiausein q was
wgninlulituguiemmufeunazeudugs nszuaumsiiFendt Yamsluedu (vulcanization)
videiendt s1ensgU Fadulawesdanamnuaialalawesdaadin (13w u1g, 2553) Tavena
AssURAmmiisautuanduiigaandidiunsiumuussianndusasiaudang ugs
winnzdumsilldou lutagudndnshessssunilivssgndldanunatesuuuu laed
NATBVDI TAUT AUNMEASIIY, JAITWY AR LagNa1sIA ASTen (2553) lhnenesssueif
smanfunuignd arnzatsdduiuduasdufuaiues wulidmaliinns
\WasuwUasaudRidanasng o Teun ﬁua@é’aﬁiwz@m 300% wazAULTaNnTY daunues
01iind afafsnu uazany (2552) Wanntananewsssuwdieldiduian naunugunsal
yyuduiAvihaingsdunssinazdesind1ansaseing nsmageunuItgrsfangn
ansnsnaneuLeaaldd annsngedundanuldge Snveddliansaiiiuiafiaieey
laifigwsuuagrosornidluidovoamdndse Wudu pnfinarinessssuradadufaniiei
thadlalunsthanidutagsessumsnszunnlsidesaniiarumieinazdameugs numuse
nsanuIawaziisAliung anansamilalulsewme
PMnuaveINsAnwLenasRiundidedanaimunniutenildsumnsgiueiig 4 a1y
owaraiuusigiianuvasassanninislianlannntutien wiluuisadsdidudin
dunmimundudealuuisuliannsatesiunisnsznunseiiioui Asuevdegadundsay
NUTINTEUNNLIAND mmuu,mﬂmmmﬂmmiummﬂﬂuuaﬂmmimamLwaimawmwsasu
wssnszunnlédity lunuideiiadunsdientaguosihessssumivienosiensmni
muﬂiumumisﬂugﬂimmﬁmmuaaﬂ (Dunlop process) uvinnsiasuidnluniglumunn
futlonuinaisiessninsfsuzvosduifuuinaluvesmnniietislunisiuusainssunn
Snuilsdu Tneg3duldvhnadenminndution 3 uuufe mantudeauuuadly mnndu
foauuuifisly wazmnniudoawuudilulanii ahnsdnulasasunosiensmuag
yinsAnwlagldnismaaeuuuunszunn (Impact test) liioAnwInav8IN1TgATUNEIIY
(Energy absorption) RRFEAANGIY (Maximum load) ﬁ’]ﬂ’nm'ﬁ'\‘iqqﬁjﬂ (Peak acceleration) Lag
ALnaENTUIMLEUYeaFswE (Head injury criteria value: HIC) et oliiAnaudasnste
fugdudsadnsenusuimnniusasdumsuitgmenssmnianelulssmesngae

1.2 nUszaeAn1sIY

121 lefnwanudulldlunsiesienmnsnussgndldlunadfiuemuainag
TumsSunsanszunnvaauaniuten

122 lefnwmginsailunisiuusnszunnvesmnniuieaiiaiudenesieamn
InaSeuiisuivmnniuiioaLuuuni



1.3 YaULUANTISANE
Tssnsthjsihufnmanuanunsovesiansesihenssssumfmeldusanssunn fiduasie
ANLAINTOIUNNIRATUNGILLAE N RNTIUNIROUANDIRBNINTEUMNYRIMIINAuTloaTn
Snserusuilagisnsmaasalssuiisusunuusiassslnludiodiwud (FEA) Tnefidouly
yostunuildlunsnaaouselud
1.3.1 fAuUsiu
1.3.1.1 monfuieaildlunsmageuduwuumnniudeawuuesslu mnndution
wuuislly waznnniuteawuuifululanti
1312 vnsiasuesiiensnsn 2 dnvay Aouuunquinediudl uaziuuLsy

& 4
EIWISWUN

M13197 1.1 sUuuuvsaniuilseEsuneainenes ssued

AUWUIVDY | ADUEIVDS UsTNNYaIVININ
Waggnawns| nasvsey | anwazveanisiEsunastingnawis | ildlunsnesau
(FuRns)  |Fdeu (wns)
1.2 , | 1. wanfudien
SR |
1.0 | uuuesslu
1.5 v &
i 2. ynnfutien
1.8 . et B R AT
wuuRRITISIR  wuueaE | e s
2.0 NUT a v
wun wuuLidluanti
i,~\ — | v =
1.2 j/.? _ = |1 MIINULLA
1.6 L5 E A s | wuuasslu
' i i 2. nnnfiution
1.8 -l SN uuusly
WUUARNTSAUA UKW o
‘* Py 3. wuaniutlen
2. WUN o w
0 u wuuLidluanti

13,13 prnunuvesleninerssssuantdiasunelumnniutenilddmdu
Mameaede 1 uay 1.6 wuiuns Snvazvssmsiasueningnmnssuandunsed 1.1

13.1.4 Tuns@nwuuiasmisnenfinnesagyinisimunguaiditanild
Uszﬂawmﬂﬁu{iaﬂu,azﬂmauﬁ'ﬁﬁuaamaﬁnsqu3'11'7{13mﬂ%‘[,u|,1,w5'1aamaﬂamﬁama%
nadoulneldia3os Universal Testing Machine Dynamic Type ij‘u Instron 5567A



1.3.2 fuusany
1.3.2.1 tfiudayavesniszagn (Maximum load) A1AIMLSY (Acceleration)
WALANLAMINITUIALIUYBIASYE (HIC) %Qﬁ]%LﬁU%@gﬁ%ﬂﬂiﬁﬁLﬁUﬂﬁ%ﬂamLLazLLUUf\TWaEN
NIABUNILADS
1.3.2.2 AAsgranwuzmsidevnevasmiiniuideaainnmagey
1.3.23 1Ha91nn153AsiuUsIaemsnsuiames fldssidouisinlug
ALUAIYNTIATIZTANMNT LT Y
1.3.3 Jajwaqunu
lunmsnaaeuiilfindemageunisnszunnitldlunsfnuniidnuusdunegsd
punsaifindaiadoudsannsosntululussduaugeing 4 danndl 1.2 uasdiadoavau

1.3.3.1 reudldlunisnaasuldiimingd 10 Alansy

Massm = 20-60 Kg

—

i _ﬂt - '
—
- -

v kel

1 / /
/ /
Data logger Computer

= =
AN 1.2 LATDINATIUNITNILLUNN

Specimen j--h._“\‘\“
Measurement | \. 4

1332 anugadildlumsmaasunisnszunnvaandudeautady 4 szos fo
1, 1.5, 1.8 tag 2 @5 (m)
1333 wuusiaswmsaouiunesildlaeldsedouisinludedwusaae
TUsunsueuIfa (ABAQUS) Sauuusiaasusenausie 4 daussd
1) Waenwnnduieafidunanadin (Deformable)
2) Wunelunsiniudien (Deformable)
3) Wosthenamsuasumelumnniuten (Deformable)
4) urunszunn Amualiluinguianis (Rigid body) fisa wasAusy
5) AswrdianisasduTuay uualnduingudaunds (Rigid body)



1.4 Usslewdiianadnagldsu

nuAteddAdldvhnmdenmnniution 3 uwuie mnnduteauuueisly mnnduten
wuuidinly wasmandudeauuuiiuludamin wwhnsdauvanasurestinensmsuas
yihnsfnuilagldnismaaounuunszunn (Impact test) lileAnwInaread N13QATUNEsIIY
Mavaean earusndadu wasAinasinsuinduresisee siifieluAeaudaondteiy
fiuTsadnseusuinntu Snvisdefinnuaantesadusaldsed

141 Tdmnnfufoaiifintsgedundinuuasysyavinmuesnisfuusinssunniigay

1.4.2 Wunumslunmsesnuuuresiang AegldlunisesnuuuiAsiuiymusauss
nszunn Wy Manszunnemnniulealesnnifingfiveg deaztisannadeTinveivd

143 Ifgunsaippdundsnuiitintnuuazaruudusgs

1.4.4 Gusnmdumsidodietuuadesasianesheansloldludmded



a
unnm 2
¥ & P Av aa ¥
%agawugﬁu VIQU{{]LLE‘W\T]U'J YNLNYIAVDY
Tuunit 2 Wuns@nwmguiitierdeaazaniseiinedesiunmageumnniuiionuay

N15a519LUUINIARInNINTuLien Inelisteazidunlulseiiuree Useinnusanuiniutien
WINSFIUNITNAFRUMIINAUTEA 8195550Y1R N1snEaNBIUI81INI3T @rsailunisuds
No9118719W197 FkUSALEIUNISAENYINITSULTINTEWNN anN15Ya9seslauds lnludediuus
LALINUAENNEITDY FalisazidennsmalUul

2.1 Usznnvaswiuaniuilan
Mmﬂﬁ’uﬁaﬂﬁmﬁ’uQﬁﬁ’u%m%’ﬂimuauﬁuﬁwaﬂL‘fJu 3 UsgLanvan ¢ Ae wuanfullen
wuupTalyu nunduteasuvunlutaznuiniudierwuutdululanin Tnslsaziuufazil
lassaanuandsiueanluudiwagiutasdentd Jaudasuuulidnuusisialyil
v & 4!
2.1.1 BUINNULDAKUUATIIU
o & = ] o & a = & = a
NUINAULBAKUUASI LU wWunuannuueanidasnnuiniduguasimsinauda
AudagiundLaneseauy lunsaliiveay Jiaudewinaindanlusdavaslusid wuan
yiadarunsatasiulaansfAsyrdiuuuwingu danwi 2.1

a v & =
AINN 2.1 WﬁJ'JﬂﬂuuaﬂLL‘UUﬂiﬂTU
#ix1: Rider man (2020: Website)

wmnniutleawuupssluiidiulssnauiidiftyey 8 dwmean 9 fdannil 2.2 Fedu
A dvaalfenvannuazdiuvessedlu Aldlunisgadundeanu Fanndsznnilaz

o v 4

mMsgatundsulsanImIniulenUssnndy 9 Aawidees A L. DeMarco et al. (2010)

=) =)
mo

-
e

@



1. Waenmnn Aedufieguengaiiiandnilg
NANAIBNAERN

2. 50dlu Aelusiilensgadundainy

3. ae¥ane Aedudisatuansliiiielilvmon
fufloangaoanaindsuy

4. wWwses feduiiavanmnuudwednluuay
Judgadundsnudig

5. wiudoy Aeaduiitestunsnszunndudng
Faflumnnidiulu wazealy

6. vaumN Aoduiidostumsnszunndumin

7. Jsau Aedwiitestuaudnm

8. i¥manesauium Aoduiitlidmiusnae
wiusluaedud

ﬂ"lW‘ﬁ 2.2 's‘huﬂ'izﬂa‘lﬂl'e]ﬂﬂﬂ')ﬂﬁuﬁaﬂLL‘UUﬂéﬁ‘I‘U
731: Federalregister.gov (2020: Website)

2.1.2 wunfutiaawuuAuly
v & < =, o & a a o a v 1%
nuINAUDeAkUULALTU Wunnnuisanilasnuruantduiunsinaudaniuyg
LAEATUTAIALDLUIVINTTINTHALAUADAIUNAY AIUNU UL DAIAIUINABATIUANYAN
lunsalnfitiay Jsaudewiandanlusdawaslilid dwnmg 2.3

] v o I3
2A 2.3 uannutieauuutinlu
A Boxzaracing.com (2020: Website)

drulsgnevvemuiniutleaUsznniiusenaumeiUdenmnnfinguasueianue
finuudansamuniuuinnIuuuassdukazaiunsanuniudewsanssunnlduinndmuan
AutloAwuumisiu lngduUsenaunan 9 Aanmi 2.4



. Waenmnn Aeduileguenaniiianduluajndne
NANEHN
2. 50dlu Aelaiilonsgedundanu
3. gedane Aedudisatuasliielilunnsutien
MQNRONIINATYY
I T ﬁaa’auﬁaxammmLLG‘TJW@&IW;JLLazLTJuGTaam
A7) dundsnugae
5. wiulow Aodhuiitloatumsnszunndudng deilly
ity waza3sly
6. aumIIN Aeduiidosiunisnszunndunii
) i 7. nzdfavann Aediuditestunasuandinilunanduds
~/ SN wznIinfutoawuuduly
' 8. fi¥maneSauwiumm Fedwidlidmiusnaeuium
Tuwauedul

—_

AT 2.4 drulsznauvssiuaniulaawuuranlu
71311: Federalregister.gov (2020: Website)

2.1.3 wuanfutlaawuurauludantin
v & I a v < PRS- & a v )
nuInNuleAkuudulutantn Wumnnnuasnnnidugunssnandaniueig
Aunds 2n33lng wazane lunsdindidsay TeauseavhainTanlusdanasludd Wumnnduly
Waransatn AeiluaiuaintunyeaiiuildiutasuUInkasANeUATNFININA 2.5

A 2.5 nuandutiaasuudululaniin
31: Boxzaracing.com (2020: Website)
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wnniuieanuuddlulandhiienuuniuneusinssununniigaiiosandas iy
ANUNUIABUTNINNTMNINTLADY 9 BneallunsaiaBinnivuinviindu laganuison
duusenevvemuINylallaninimi 2.6

(1) 1. Waenmnn Aeduiioguenaniiandnlvey
{s) HARMENAIERN
2. 50dlu Aelnsiilensgadundaany
o 3, ae3aane Aoduiisatuansliiftelalsvenn
A futlervigaeenaindsuy
4. wizses Aeduiiorananuudeweslviuuasiu
fgatunasaumie
5. woumnn Aeduiilesiunsnszunndumih
6. tan Aoduiilosiuauidim

2N 2.6 d?uﬂﬁgﬂaquaﬂ%N’Jﬂﬁ’uﬁaﬂLLUUL&&ITU%WVI{J{']
131: Federalregister.gov (2020: Website)

2.2 WRIFIUNSNAFDUAIINAUTeA
WINIFIUvRINIsadeUnuIniuden 1 udndmilsniinudidgylunisiiazusvenis

o

(%
EY Y

AaunMvasmniutlonveindniazirluvinisdludendyd Snvsdulunisadreai
fulaliifugidende dslunsmaaounnsgiuvensnniuieadmivitulsadnsousudly

e

Useinalnediog 4 nasgruiifesldiulutlagiu fwiolui
2.2.1 w33 The snell memorial foundation (SNELL)

1195571 The snell memorial foundation #38138n311195§74 SNELL 10y
unsgruildteindunaiian finsuiulssvosiian wazdiglviaudedoundian 1ud
gonfuinniigaluglsy Tngazuvammageuldu 2 dufe

nanndeUdIud 1 Aenaaeunisnszunnuasnniuieafinnegnadaszannsenuiiug
swidsulaglduinaiudimemnnnssunfuiiunieFondt mamadeuLuURuTIUEEY
Faamdt 2.7 (n) Tnsnsnaaeuiiianun 2 adsie adsil 1 awvdosmnniuionninanugs
3.06 m ABUAANIIAATUNSIULINATY 150 98 psfi 2 JxianenuIniuiienaInANgs
2.24 m ALAAN1IAATUNFIUNINNTT 110 98 druludiuvesninusadady (Linear
acceleration) Fositeliviu 300 ¢ lumnnsl mﬂwwammmmwawmﬂﬂuuaﬁlmaﬂumm%
suilageimaaeushunismeaeuuuURuTUEEY
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!‘;;n: Test:1
py 306m
- 150 1
Toit:2 Test:2

224m
1)

2Mm
110

(N) NAFBURUUNUIT VLS (v) VAERURUIYUATIINAY

awil 2.7 N1INAEBUUINTFIU The snell memorial foundation (SNELL)
#311: Mocyc.com (2020: Website)

mMsnageudnil 2 Wumseaeusnniuleadidnaiuuuui 1 TaegiseFonns
yAaEULUUET MIvaaeuiufiyuainenay famd 2.7 (1) maveaeusuuiiiunisudes
mnnfutionainfiannugs 3.06 m uazaugs 2.24 m ansEmufuiugULuUyuAinay
Tnendsfl 1 azddosmnniutionninaugs 3.06 m azfoainnsgadundanunnd 150
98 pdail 2 svidoenuiniutionannaugs 2.24 m zfinn1sgadundsanuuinndy 110 94
druluduvesmnusuTaudu (Linear acceleration) AosiiAnliiiu 300 g LuULAEIAUNIT
YAEOULUUNUTIUITEY
2.2.2 wasgrugaamnssuguy
uInsgIugeamnsuduviodenit Js WuuasgruivssmagUuldlunns
maaumaﬂﬁ’uﬁaﬂimEJL%MWM@UMMM%@% Fosrinunnsguiinoudsazing
Fameludseimadule mm%mua} mmimaawﬂﬂammﬂumimaauLLuummmu
SNELL Imammimmaawwm 2 a¥s adadt 1 uJumstaaamwumaaqwmwmﬂﬂuu@ﬂaq
wnnszunnfuiundniFeuiiarugs 2.5 wes dumvageuaiad 2 wunisudesfise
Fraesfiarumnniudenunszunnfuukuindnouiiiaiiugs 1.28 wns laefiedinis
nagoua 2 A% mndndsnumagadundsnuiu 150 ga fotldsusesnmsgiu
2.2.3 41ATFIUNTUNTVUAIUSEIMATNSFALNTN
1ASFIUNTUNSULAIsEMAanTFawEnMde DOT Wummsgiuiianigeuidnn
\Wugvuauinsgiulunislinaasy Tagldsunissensuinduninsgruifdentuiety
SNELL waflinausifiunnsnsennld laguananagnadouuinsgiuiidmuiniuteaundy

WIM3gU DOT angivaeulufsauninlssnuuazauaiunsalunsuansigdnienose
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AUABINISVRINAIAUIE L N1sVAdeUnIINiutoanIuNInsgIL DOT Wun1snagaunige
FundsuilonnniudoansenufuwiuneaeuriiaGeu (Flat Anvih) lag3Bnsveaeuazii
vanfudenaindsuzdians udrUaesasmnlunufefinnugeszuin 1.84 was el
NITUMAUULYIUMARULUUEBUTIAILE 5.7 B9 6.0 insieunit Tnsagiiinausinisnsiadey
NAFOUADNIMAGDUNTYANFLLTINTEUNNIZFBsTlF1AMANsliAY 400 ¢ dhunandilunns
AnAuLsadian 150 ¢ feslaiiiu 4.0 ms wazarfiaainusslunisnssunnian 200 ¢
Tugrsaandedliiu 2.0 ms
2.2.4 wmsguglsy

wmsguglaunie ECE wmsgruiidufitonnlunivglsy $38nmaaouiilyl
LANAI991NYBS SNELL Waz DOT Tenaaeuussnszunnazsifiunisludnuvaziindondaiy
1173571 DOT 9agnadeuNTANTeIATurdansiamvaaniuionansefuaugan
nsswnfuiuTIuEou AenussgeanfiAsueiioygeliiiunsngeufio 275 ¢ Ssmandeu
tagldtumnnfuteadlilunisudetusadnseueudluglsy Totlinasgiu ECE 22,05 i
Snuadldsuamulindatiues ussmnnduieadosimunasinimageudu q dei

2.2.4.1 msuesiiuvesraiuld

2.2.0.2 MIVAABUNITAANAULITINTTUNN

2.2.4.3 MINAFRUUTTANTNIN WATANNNTETUVRIAIBIAANS

2.2.0.4 ANUAINUYDIEIUNTININ

2.2.5 UAIFIUNEASUINAHINNTTY

1NASFIUNIASHIUNARS TigRamnsTmIe ven. lunnsguiivszmealneeen
nqinasidunieliduuinsgiuaiuaiuisalunisgadundsiuresmuiniuden
Tudszwalnetumnuanfuteaildimunsnaaeuninsguiieifinngruneuas iy
umspiueaasade Tagvinnsvadeunisnszumnvessuaesiianmnniudoafini
a1 3 m Inefigunsnidnauissinsilufisusdass seauAamuswomnniuioauuy
wiluwaziduludantdeslaiiiu 275 ¢ warAmnisuinduiidses (HIO) FaslaiAu 2,600 diu
mnnifuforuuuaisludeslahiu 400 ¢ Sntanasgu won. definrsandnaiiineiuss
11NN 200 ¢ Foe LilAuan 2.0 ms wagtiaafiinnnusannnni 150 ¢ Tutisandes
1alAiy 4.0 ms

2.3 919555

g19555091AnIelulsEmalnesend et Ineludsemelvnedeudugniuedig
uwnsnaneiivinunaliasnang Susenideauniiovesussma Tusnunudenlunisugnéiu
granslussUszinaty sresdoidufiedifondgniuograunivatsluwoutsemaly
piinmaedeny jusenidssliuazuszimalunaunening Tneugvosensiifionugnivlunay
wo\Tuny Turenideslde WusBileundadouda (Hevea brasiliensis) dnuwmzvasiugisiiy
devinisndafidrduazdiiduniduiFendt dhensan (Field latex) Tnsluthenaniagd
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&

asusznauwuau 2 dude duimdulilesnd 35% wazdrundutn 65% Tunsalimduinens

I Aa

AUUITAAIAURUILUUYUTENI 0.975 - 0.980 nFumaladans (¢/ml) UAuniaiian

a v a

12-15 Wwufiwesd uaziian pH agfl 6.5 - 7 (amild Aedinasd, 2543)
231 dulsznouvanieny
drutsznouteninensssui (e & wavAny, 2558) fuildutsznoutesans
nanevie iendatiensanunaindugistuasgnuinduanslidvuians Tasdrutsenevves
iheraefidlosnsuiadudiusznaundnogsening 25 - 45% dwilivieasusznavly

Mga13IINLUTAY 158U W1 187 lnganunsagdiuusznouvesnenalanmisnd 2.1

dl 1 % a
A9 2.1 @9UUTTNIUVBIUIYNNETTUVIA

daulsznau Usuauans (%)

ansifuveaudaiaun 27-48
ioenaus 25-45
ansnlusauy 1-15
ANTNINLIRU 1-1.25

e gata 1

ana 1

i drufivideaunsu 100

u: Ay & uazAMg (2558)

2.3.2 lpssadsluananasauUnvasenesssuyi
lA59a39luaNave eI TNYIRd nvaur N3N SEeRIadlaNan Il

aa va 3 [ PN Y & 1 a =
sysuvAdauaudRvesnisulsslilludanildlunuanamnssulailuegsd 1loain
diulsznevvesesssnmaidulalasasveunluditn anluendsazarelanluivinazats lag

= % a = % a a
NN 2.8 uanslasiasialuanarese9eTIuYR BeUseneulsisluena a-1, 4- wedle
193U (cis-1, 4-Polyisoprene) 111A71 99.99% dinuaelalewiu (soprene unit) Uszanu
3,000-5,000 wlesiBluang (A & wavauy, 2558)

—HC CHy—

- “n

M 2.8 1aseadeluanavatenesssuYIa
u1: 98 8 uazAe (2558)
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AUURYDINETINYIA

2321 e1es5unAsinuaTANFluT U sTuIILTRe Sanudandugalagll
Foufnutsansaiiitosiunsdla q dulnglugnavnssudoinienssssuydnldldifuude
asinfawandunEntasioansiving wu geffefldlumenisunnd gt enedares Hudu

2322 #15TUATaNTREmaTa (Dynamic properties) 7if fafind1uudain
ssTIITRaziinnuBavey Elasticity) g¢ WotanlFnuiifemumusegumgidufanuse
thensssaulunanduianiieldnuls wu svsgudnasendesausmmn deldnutusogud
fagnuinannsananusiogamgivesiiuauuiisould Snisdfinaantiflufuanumie:
wagnuUAaNsIEUaNaY

2323 ermmaianuiumnuensdnun (Tear resistance) g9 lothunsdn

(% [
a

FurmdlafidosinstusulneBsnuguvionsintuguiu asnuinssunsdusueenainidy
ngfugﬂuuﬁ]umulﬂimmmuaammﬁumumLﬂmmiaﬂm(ﬂlmw ue NI sHTRTUMILsNSEN
valdliasiigungfinstuggaidasian

2324 1s53mnRazianuBaneu (Elasticity) g9 iefiusanisusninsyiinag
wuUhessTIITAf R ndUALgTUaRReeafisUseiAulU ANt

2325 whsrmAduauliinddlnesiiamusunuliingaEunsse
Fonianusumuliihdumng 1,015 Tovigufiams Snvismanunisngrow i
fadiauninfy 0934 (e & wawany, 2558) Svannsaaosiildivanzdmiviilundaduiages
vi3eidoynls

2326 91Ne5IURIRLANNENTatuAUNTLUTIULRRE e ranvane B wlid1an
AnuanTRvesmiinlianaussiliuuszUldon udidetheoanueliasBenudeshlvdmn
Tuanavessssaumatiaanamuasrilionsianufunndy dedlusatusuluddnashli
Jugdliine witemssztaesnstusUessssuvife desseTvliliorniadludsluend
unaBentsenailidnsuridusUldldifiauuuivesnis

2327 dlethgssssunpuwauiugiiazarsuisiinaziianisnesdald Tag
ﬁﬁuﬁ’ummmmsﬂumimﬁwuﬂaaamamﬁ’aﬁuaﬁaﬁwazmaﬁgu'jwzﬁﬂﬁmqﬁmmswaqﬁamﬂ
toeiindln Famsazansenssssumnludiniazareffidenfe azvsUuUsmmantRlensd
ATIMLILIIN Ty BnitdluusndsenssssmAdiaunsniasuasg aausRazagludas
avaeduvsgusilale

NnAmauTRvesessTTIIATTiTeRANe 1w Tusuasdevey anudumuse
nsaneIn warludumaduauuiia Jagtunuiidinsierssrdludusudundedoei
vannmanewila usenssssunAniidedeidosnessssuvatluanailiduiusgegunnyinli
olauuaauan sendlautazAinnuougann q wvilvisrssssunaiansdenaninléis,
nind leismsudlofe mafvanseilunguuesanstestunisidonanin (Antidegradants)
adllusaiieBaomgmisldnundadasinnediuutu uenandensdsdanmlinunusede

asavansluildn 1wy nsianIauvesasTIWINLNTY WAy
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2.3.3 nsnenelinae

H CH, H H H CH, H H

S S S S0 S S

i’ H Wl L

H H H T T H

R S SS SY CS

T

(m (¥)
(n) waimea -1,4 wedlelenIunewiin cross-link fusynauvesiudiu
(v) uansda -1,4 wodlolwnIundafnuiisenmaidenlosseyindaiana
fuezmesmesiuz AT umieusze

Al 2.9 nszuaumsfiaufisendaanslueduvesensiuiuziulaeiaujiseins
Wwaulseszningluana vasda-1,4 wadlalaniu
Nn: ugly ausANS wavauds 9aN (2557)

Tu .. 1839 9¥a paLies (Charles Goodyear) Wningnmansyiewisiu laauny
nszuaumsvlRe sl st ulnensranessssunAd Uiy S uLasas A SUsuLLn Seae
yhlrAnnszuumMsmaaiifendin mafeufAzenmadenlesseinauiana (cross-linklngiile
thenssssunRumanfuiusfutasas e usuunanialinudeu s1sesasuaniuran
weslunanaindusardlawes uiidnwinisiheurauiuiuussudadudesudounay
o3ueldenn usannamd 2.9 wansliidiudaaiifint ufunisnausewineenafuiusdude
fiuszelunodlelulnaduluanaszilindeenudifniisenmaidenlosszvindanana (cross-

link) NUBEABUUBINUNLOU (iU DUSAND WaLALTY DASTN, 2557)

M 2.10 Msinufisenisweulesszninelinana (cross-link) vasda -1, 4 wadlaluniu
AagaznaNvRITNZaY (dadan)
u: Wiy ausavis waraude 8AsTN (2557)
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NN 2,10 wanensduiaiusEnInimedu (fade) fugns Tngenadida
AugfuluTnaiivinzan awAeiusslaniaudivesiuzfudoudessninlenedlolowiuly
vshumls Feiliensdandiianguiuwesustureadosuuiu nmil 2.11 wansis
AMUEIUNTLSIRS (Tensile strength) Tiiuduvosensiivhliudafuenssssumna Jeidaves
nszuumvhesliuddufomahuiiseitserienstufusduiigungias dnfudod
nMaduansiedunsdna Wy Builamed wanafnluwesuazueuneanduauyt adlsewinedivh
UfAze9e

mshedliuanniigatuszannsoifusueiuldaani 45% Tnsimidn s1eed
Snvnzudauaglalésio udlaeluinuenausiueduadluluens 3% laethmiinuindu il
Anufeuiioamail 100 - 200 ssrnwaidea JadftesmeviliiAansiamslus (vulcanized) wuu
goulsl

Tusgninsmsviiiseniamsluedu (vulcanization) Fesszialailrieandiauvide
oA lvlunszuIunsinn Wesaneendlauainsayinufaseniiansueudisiiiussgues
Tuanaendlddeasdunalyinansamianeilidaudemeld wodnitmaudlvdensifu
weuRteondunuiadulunszuauns

maifiuead UL esedlfniuhldlaenaduansiiamesdluluens
TngansTiaiaesasiinuansivliosinnuudau Tneflame fdeuminnnaniuensdo mey
(Carbon black) @3B swsguazidumnnagBahlienaiirmusuuussfanniunuluge

30
4000 +
Vuleanized
natural
rubber
30001 20
7 8
o Natural =
§ 2000 rubber
b
410
1000
0 1 1 1 0
200 400 600 800 1000

Strain, %

AT 2,11 AnuduRLSsInd e MIBULATAUASEA (stress-strain) YasensTivnlduda
LAZYNNTITUYG
fiun: wsiu ousavs wavaude sasiin (2557)
mMsfnansefinanTan 1wy wealeudane Whivesestafiumumunusenis
anuanezmsdend luvaefinsiuiumiodlunsasdeiilresdinnuudsusduld
Tunswawanaiadiang 1 fugaiu shliAnsaalawesfiauauiRunandatumans
win Tups1ef 2.2 1Junisiseudisvausfvesenssssumdivinliudwaadudaalawes
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o o = 1Y oa ! a A va S oA ¥ a & A
FuAsIERRU 9 BeagnuinvenvesesinazsiinfeauURnuEanguineut e uaiuiun
dunaineneusazyineliA1ANUA N TULTIRNADUTRN dauAAITL LAz M Ty

mMslguazdianlianeiuunnn

AN5199 2.2 audRunegnsvadandlnwasusuiia

dandlaes | ANALINY | AnwEaney| A gaumiinslday
(Elastomer) L59R9 (ksi) (%) AULUY wWusulas 296
(g¢/cm?) (F) Wwaldua(°C)

YNETIUYG 2.5-35 750-850 0.93 60 89180 | -50 014 82
g19819a a3y 0.2-3.5 400-600 0.94 -60 4180 -50 919 82
Tawnladu
glules 0.5-0.9 450-700 1.00 60 §19250 | -50 19 120
gtilangy 3.0-4.0 800-900 1.25 -40 §9240 | -40 9 115
Falrau 0.6-1.3 100-500 | 1.10-1.60 |-178 §3600 |-115%4315

u: LU BUSANS warauTy 9ATAN (2557)

2.3.4 ey
dhensdudunansasiildndugimnsilagnsninfiunasdy Snvarvei
gaardvntu danmdl 2,12 Testhenaiildazdenonii tewan Saheanasiidesisey
Uszanal 25 -30% vesUSinaniensiild Wewnihensanuriunssuiunismaeiiudesiiile
ranTUlERe 55-60% ImEJmsLLUgUﬁﬂmaamﬁﬁmﬁﬁﬁmmaﬁ%ﬁaﬁiawﬁ

AMA 2,12 Thenedu
31 ILOVERUBBER99 (2020: website)
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23.4.1 Fnslianudeuieliissnesanitoianmssemen Wudsnsii
svanlulieufouseudnadaiianmsanyulusuunuueuld Wedesanldsuanufouns
ﬁﬂﬁﬂfﬁﬁﬂuajSuﬂfﬂmqamzmaaaﬂlﬂ nslinudeuiteliduiiduisymesenlBonin
251153528 (Evaporation method) duhenaiildiemiensdu (Evaporation latex)

23.4.2 Fnsviliheainnisuentusienisiinasy (Creaming process) Tng
nsldansiendu (Creaming agent) 33msatludsnslifonsnniniesniinnududounay
Tnaiuu TneduusnidunsihihensaauifivinsBsenslduenluie anduiBunses
dudevnesnienzunsiarldarsiaueuluieuneama (Diammonium phosphate, DAP)
WeanUsuiauwaniidoulutiens duneuseuidonisiidienduniudnfuaisionsa
(Creaming agent) ludsnunazUdesialiUsvana 2 Su thonsildaziinnsusndusewinai
g3 (Latex) futh (marens) Tnsvhensaduddeifensliuiinahensiias Bedesls
dhenawentunnuiile fezldusinaherntumalude Tnemnfisiherdiuendudu
e 4-5 Tu awléfufamaqqﬁq 60%

2.3.4.3 F5nsuenaasluliln Lﬂuﬁﬁmiﬁiﬁi’fﬂi ﬂiWﬂwmﬂ?\iuaﬂuﬁwwﬁLﬁu
asniiiielhinauadosluthens aumﬂmﬂmuamwmaa 7 wndeudilumuszauan
mumuavaumﬂmwLLmuaawmumﬂLUuamvmmﬂmwﬂ%uaaﬂmﬂﬂu SEbANeRlin
ausandalumsueniiens wililgsuauionunnin esanduyulunisndnga

2.3.4.4 33nsdu Lﬂu%%mﬁﬁisffmﬁwé’ﬂmwmLLiﬁﬂ@ﬂ%@ﬂIaﬂ Faldwdnnis
duussisgalaglinaifiunuiluninadeufiveseuninens Tnensiluthenssssuii
Fnegluarswinaesased (Colliod system) fiflayninvessnsuviuassnssaiiogly
fanansdie iy WednsduueniiesssunAniiuasaouassdazinisindeulniuuy
579f8u (Brownian movement) ﬁﬂﬁawmmmmqaaasﬁumngﬁmﬁwamfwmaﬁﬁmwﬁ
desaneyniaeadininnineiy Bn1stuieddedfelfinalunszuiundndesuay
ihensfulssaninngs dodefendosdiofinmguarioshnisdmnaduieldiase

2345 myhemlonih fensldaasiaiiuarlfanufoundenssssumpndariid
gnagUndaidoniisTamsluddiarsiad Tnsnieluiiosssiianaseinianieufatuis
yilviensdidnuasnesih dnvazazadoiungifanuyunn fnmi 2.14 newadanisuan
raeniulsoanldidu 3 338e

1) watakuusuasy (Dunlop process)
2) wiadlakuuysiad (Talalay process)
3) wiallAkuUIATaImA (Revertex process)
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2.4 nsuaawesigran

mimﬁmv\laqfwmawwsﬂuﬁ%qﬂ’uﬁauﬁuaEJ"NLLW'i'MmEJ Heanrnetigranisd
AnantAffinmaansalunisfuusanszunaldfuaziiaudaveugs Tusemalnenuing
nsndaweshenansuieltiluTanadoddeing 4 Wy fuou wieds nueuvyu Yagiuuss
NISUNN 18 é’qﬁma’nmLLé"sdwmﬁﬁﬁuNWaaﬁw&mwwswﬁiﬁmi 3 LWUUAe MAtALUUAYA
oYU (Dunlop process) wAtALUUNIT WAL (Talalay process) wagtmAdALUUSIASAYNA
(Revertex process) Ing3sfifdoutuanniilesainnszuiunisudaliduden mmmmusﬂlm
Sewazansiadifildlumsnananunsamlding Aewmadaissuasy (Dunlop process) 33iudy
FBidsuarldindeadolunisudaliuin anani 3.13 Lﬁuqmmi{]‘w%aaﬁ;ﬂwwﬁ
ad1e q funisauteeunds demhenmisudraniduazyinisldasaiiasluiilonasls
\Aanisnesdavesinens trsaziineinimdlunielueaaziinnisnesiinazuds
fragnadh 9 Wuresniiens luitan lnsannaddldlunisdnosienmnndeissuasy

e lHa15ALFAINNT19N 2.3

A15199 2.3 arswadinlgninannugienaneain

ansiadl-Aaiady wihi
10% wouluiilesledien (Ammonium oleate) | a1stelvitinnes
50% fugdiu (sulfur) ansvibienansgy (W)
50% wwnAdd (ZDEC) asiusalviensgn
50% wanwduiit (ZMBT) ansssalviensgn
50% Jeanguea (Wingstay L) asfugnadon
50% FerAvantan (ZnO) AN TLAUMILTS
33% @A (DPG) ansisalviensgn
12.5% Leaioaian (SSF) aselvnedusn

fiun: 25050] ¥9sleega (2559)
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LS8R LA DIRANDILALTY Julawouluile
<—
fnpswarldaswenluiouladien 5 U9
a a o ) < aa y Y a
Wuansiadimugiulezsionoudn | JulAianes
=
T 2 Ui
& TP FF- A ¢ P JuldAnnes
WALANTLALLTARDTHAL AN DA
2 U7
a aa L3 L3 aaa y Y a
WWuaseiTgareanlunwazang — Julmianas
2 U7

v

S GRETGERG GG

Hulvmlpaienssuids

<—
(Y < =
AUTe 1 W9l
A4
WlonhemTIaIN YU TIdeS RTINS
] — o & o
MUz FITUgU 30 UM
auiiaseseuletigamgil Tdnanluniseulet
70 — 100 °C LiiofidnansipiifnnAe  [&———— 60 — 90 Wil Yuagiu
Tuneatdie1emnisn AUVUNVRINBIUNYNS

A4

Y S oA o w I~ Y a &
ANUINDNNIAFITLAUNNANNBA 2 AT

v

Pvlpainegnalumnliuwraduian
8 kg

AN 2.13 YUABUNITNIZ19NBIUIYIINIFT

#u: 2190301 vaslvena (2559)

1NNNAINILAIIINTTUFUN1819IMTIeeITAuae Ut JedAydmilanides
o = s A ° = T o= g = S = S
Aflafisfonduaauelunisine s Fanuindudgmuinlunisivesdiensfioan
gremsnduidnannesiiulidanududulivingu vilimnudilunisiviesinesiold
Tunrusasnduielildvesunensmsidguandfmiaudulunisiiluldanu 38013
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wAtgyyAe ﬁaqmmummL%fasuaamsa%lamfw&m‘l,ﬁmmsa:u mmsﬁwmmaqﬂamaﬁﬂﬁﬁm
ogrannlunsvilivesisronsdauauifiduluauiglidons wednisenisus
aawnilnunadeslodionlivanyan osmaeitaedauautiedoiayfadiolunaui
ihensazdsmaianmudugnsuressrslosnir 3ndiymdonisuafivesesiuaeiisels
Wosiiendlukuuu Aemsuitiensifiuans SSF uay DPG diudlulunssuiuntsndn uay
ﬂfymﬁwuﬂas%wﬁq{jmmﬁamﬂﬂLﬁmmimméﬁ'ﬁL?Juﬂx\laqﬁfwLﬁaqmﬂdwmmLsij’m'fumamfnw
fiveeiiuly A8nsudlofie nsuity SSF way DPG ieldensiinsiwndaliiitu uiisdens
MWlansdihiensdanududuioousineluhesidmeiidossogtng udmnenslaifide
eraviseiiilesnetionnin 9 nsuiiy SSF uay DPG Aldaunsavilverainnosily deiing
:mLﬂuﬁaaéwﬁﬁymﬁLﬁmsﬁuﬁumiﬁmﬂﬁwEm‘vmiﬁLwié’awuﬁﬂwmaﬂ@,m?j!a%uagjﬁ’uﬁa%’a
yawoen fatumsagivesiomnslildnuautRnuideanismssdartunglunsd
Woshuarmnageuiineaans o adsiazdrantaymiliinduls

AN 2.14 Wa9UIg19WI9

mndgymilunsuananseilisuiieraiiefnoniheronsldinnsinfudiunauvos
anafignsiugiulunmssaunosiestudioliiedenistugd Tnsasfenldaunaun
mhemsnauelnsRndaduUSinaEsang o delsuiuens 100 @ulnedmn (phr %)
dufuzdu 2.5 phr maneaanadn §1ilens 100 @ azduiuzdy 2.5 @i nadedaiinig
WasuwlasSnuamsvenaifielildveshiifauanifinuaudesnsvesnanuazn
dnvaraufideanisiiesiluldnu lnsaiusogaesiiugiuvesnisnanaisiadled
Fansnadt 2.4
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M13197 2.4 gaslunisvinenanasin

RREIGEY Usueu (phr %)

ety Henna
e 100 100
10% K-oleate
50% Sulfur
50% ZMBT
50% ZDEC

50% Wingstay-L
50% ZnO

33% DPG
12.5% SSF

N D SHES: E N N S N S RN

1
2
1
1
1
5
3
1

fiun: 259050] ¥9slwBga (2559)

2.5 aaafilunsudariasiienannsn
2.5.1 g1eWasth
gavlosi vielwuanding Fotaniivihaintienssssuvd dnvardiuiiuiiives
wlaainens (skin) HuagiidnuagSovmuifiuiviouwsiwuy neluiidnuvaslnsadiefdu
swyufifmosermasgmelu tnegnsudenazndnviolvaduegfumnuanusalunsiiviesiy
2,52 @siafidmiunanenalaci
asaiivdndivinliiAnemeninfoansiliviliiAnes Tnsasnauasivilfian
sladluthenasssumlduszana 0.2-2 phroe TusgiueudesnisliAnvuaveslaanguly
wlpatens Tunszuauntsfuasuunivldansayerivendion Fesindldunilandeledien
wazthay Tngldifiesdafemieldsuiu Snuilisfonianiourharsfnodasnianios
nlduna@eulansenlediunsaleddnasnuildluunadeulansenled 23.3% wauiunse
100% gt danfimdedusiinussriniuagiingy Tasaunsagléfmsnad 2.5

ANS197 2.5 a@rsnvildinanag

daudsznau Sadrulnevin (%)
nsnledsn 100
hndu 402
lusadenlonsonlen 233
i 43

fiun: 259050] ¥9slwBga (2559)
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2.5.3 @135veveanYs
ansteneaies Aearsiidenduadlundey q fuasitelienainnedaeans
Prelilesiiafiosasindumnssdulienionmnsiianseauazudei lunszuaunis
auaeULlianvan o og 4 Usean Ao
2.5.3.1 @13 Quaternary ammonium LLay Betaines
2.5.3.2 @13 Amino Wag Amine oxides
2.5.3.3 @13 Organic nydroxy
2.5.3.4 @13 Water-soluble hydrocolloids
2.5.4 asvilienensgy
asvirlifensnsguiluansiifquandivefisanuuiaazdiglunindaiives
sloatltiunndu ansfililumsasguihenssssumadnlvgdnagldfuns duiuaduiies
Uszana 2 phros Tnenauiuatsiuulnlug (Bentonite) wazansuiun1snszaneda (Dispersing
agent) §an15197 2.6

M19197 2.6 a5 lenensgy

daudsenau daulagtivn (%)
AUz 50
A13N1TNTLIBA7 1
asuulnlud (Bentonite) 1
i a8

fiun: 251050] vaslvena (2559)

2.5.5 #@15A139
ansfusslunsvhufiserfansluduiseadaasifaufasendundssndudodd
asfsaduinluheissujiten annarlunisiuiiseazgunnfviiufaseidias
Tnsansiuseiildlunisudnersonirfe Ssdlaefialalvlonifuium uazdefuosuanly
wudlnesloa wisslusy 50% Aafiadu dmnsed 2.7

A5197 2.7 @150959

daulsznau Sadaulagtivtn (%)
A13F9L39 50
A13BN1TNTLILH 1
asiuulnlug 1
i a8

fiun: 151030) vaslvena (2559)
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2.5.6 @15ALAN
mﬁéhLamﬁ@mé’ﬂwmzLﬁ@iﬁﬁ/\laaﬁwwﬁmmwﬁqﬁa winsudeiaeslasthensi
axlitofinaudRnunmureus I onuseLsidnuin nsuauaIsELRuinlalnowas
a5l fansedt 2.8 I dudodentu

A15197 2.8 @15AAN

daudsznau Fadaulagtmin (%)
GRETIPIGY 100
A13N1TNTLIBA7 2
i 35-45

fiun: 259050d vasleena (2559)

2.5.7 #@1sfansziudazansnaea
asdanszguiazalsnoaaildlunisudavesingrsasdenld@edaanlad
° Y A O ) v [ J = a a9
nthidunsansiinszdunisasgluasiiuansneavesasens wseslugy 50% fawiadu
AIN3199 2.9

M99 2.9 FTAINTLAULAZEINDLAA

dauusznau Fadawulnethwiin (%)
Zinc oxide(low lead grade) 50
Dispersing agent 1
Soft water 49

fiun: 259030] ¥9slwBga (2559)

2.6 fauusiildlunsAnenisduusanszunn

luﬁﬁaﬁﬁ]zLﬂuﬂdnﬁqﬁf’aLLUiﬁﬁﬁiﬂumiﬁﬂmLﬁﬂaﬁuL‘%@ﬂﬁummemmmmsmm
FomefiAnaInNN3FULTINTEULNN NNIYATUNEIL A1AINLTS (Acceleration) WaZAINNS
UIALU (Head injury criterion: HIC) MAnfuAswryosuywd Fadufuusiazgninluldlu
NsAnwINIsSULSINSEUNATAafunIanfuteasadnserusud TneflduuslunisAne
Feseluil

2.6.1 A152INgANIRNIsEIEYNY

n1583ngR (Critical load or Collapse load), Py waneds anszadausnitvinley

Funuiansdemesesnadanmiiuld o nidusumisiidunsmuansaudiiussswi
ANsELaYIEELEURI (NN 2.15) L‘%Nmﬂamé’amﬂﬁﬂiﬂ/\lﬁﬁugqqﬂuﬁdwLLiﬂ fensgingddl
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finuddyuniunisesnwuuiie il unuiamsdemedeutiwaimnzeay usilu
vnndinsyingRenanediawintuniszgean (P A8 lunsdvesamil 2.15 Tasidfiud
mszgaaadiaviiunsyingfuiontananldianisyingifide Aniseiigefianadaun
Aeuldunsmaganasuazndannysionadidnszgegaiiganitgaiils
2.6.2 A13g9ER

Mszgagn (Maximum load), R e mﬁsqqqmﬁLﬁmfﬁ?uiuﬂiwwsuaqmﬂﬁz
LA TEELEURINAATINNAINTABIB YT Y Farvesnszgsgaalsazeglutag 7
wanzauuazlifosgunnawiulumszasiilisnssslind Wy n1sanmnuiiedis
uitiula 91viliAndunsesesenIeuLLdae

100%

0%

MW 2.15 ANUFURUSTENINeAINITEuAZIZEaUAa (Load - Displacement Curve)
311 Thinvongpituk (2002)

2.6.3 Aszade
AN521088 (Mean crushing load), R MaNefs A1ve3n15Iadenaennsidesy
vadlassadranielinissunszunnauduannisguia Tnesfnudeuifisufuszezguiives
Fua Feransziadeiienuduiuslnensstuamdsnuilassadisannsogaduld Tae
hludimnszedasiiigaielilidmdsnugaduiigwnuluse
2.6.4 WAUQATU
WS1URATU (Energy absorption) E, nngd mwé’muﬁéﬁumummm@m%’u
Fnaonnssunszunnviiensguia danldainmsnuiudldnamssninnssifldtuszes
gustaldannissunssunnuestununielasiadne anamd 2.15 Wunsmuansinssiild
LarIzETgUFANF eI TRdaUNTYUTeAMANnYTnnil MnnsluansefuUsiiinty
sgwhensedeu fie AN1sgadundsnuInmMITIYestuny ansamildnaunsi (2.1)
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E, :des 2.1)

[GEY E. Ao nadanunvunugadulild
Ao N1sEnsEYiiuduY
ds  Ae NswdsulUassrusguAveITUIIY

M0l 2.15 esnndunswvesmszuarszeznsguiliiasiadiatenass
svpzaTiinmsvunszunn fasulumaiiRTuusilildnmsdssnamnmnissiadoni
“ANv89 mean - value theorem lun1smiAIN1sRAdUNRIUDITAA 1NNTTTUATEUNA
Famenlilagldaunsi (2.2)

E. = Poean-S (2.2)

[GEN E. fo ndwunvunugadulile
Prean  P® AN3E9INTEYINAUTUI
S Ao TrEEianTuNULUMliaINSusUAuRaaaYing

2.6.5 WALUAATUTUNE
WAIUAATUTIN I (Specific energy absorption) Eg vuiefia A1n1sgadu

nFanuvadasadianids q Wevfuiminuesilassadaes Tumsmarnsgadundanu
SumngiiAninnisvunssunniu desdsdedafovarsedisiifidninadonisvu Univialy
Furuazansngedundsildnuauainsnvesiisiues Wetunudugadundsnuan
nIruNSzUNN FueeduguimieRufaunsetliannsnguinselddn Snuasiduil
mneds Santunuiuldgedundsmulfifuiug fufuuseivdesdfaggndsludsdudiud
wresnsuntedinnudasady Wusianevesyudlurelagans Unauaisidniiarsan
nsgadundsnulaeifsutumaresialasiaiiaes eldlidunuimaunifulundnie
witiunuaransagadundnuldunusdsunuiinefinifuluAenalimngauiu
Tnssa$rauneviin segradu Tnssaiavessnoudndosunnuzdu q daimdanugady
Fnzannsamldanaunisi (2.3)

E — J.PdS ~ Pmean'S (2 3)
mass  mass '

S
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lng E, fs msgadundsnudinig

mass Ao 1IAVBITUINY
Pean A9 01581000

S fe szeeniagvunugudilannisuiuautageaanring

2.6.6 AIAIULI

AI11L59 (Acceleration) A nswWasuulasauiEirenatiieniaiug uid
fiarnadfintu Sunedu e/ Auii? vdowns/Auni? Snsnseiitedldiufe usddudames
Tan (Gravity) #dld8nwsee ¢ dAasiivindu 32.2 We/Au9? 38 9.8 WAs/AUNN? Forusa
AvuavInYenss Mhliingiin Snsnse 3.2 Wa/ Iundi® Wislduviniu 1 ¢ vlinvessne
159 8 3 Luu Ao

26.6.1 Aussidudunss (Linear Acceleration) fis M3iUasuulasanig
Alsifinswasuiiemg wy msietuanauduenaiesdy nsasaunduveaedesiy
viamsanseananiaiesuroninaan [Wudy

2662 AmnusiiinannsEeluualAs (Radial Acceleration) Ae nswasy
fianns Inofiaundiasd virldAnusniigudnats (Centrifugal Force) 1y n13idisadae
anusnsfivenaiosdu WWudu

2663 ATIiinaInMsasuLUatnEuasfinvianisiaen (Angular
Acceleration) Aa MsiasvenAIesdufiiuasunlas 1emmEa wasfinnig use g Ainlu
Hunasimvessasiswwiausn wazviaiiaosuiu nsduluinenaumes (loop) tTusiu

2.6.7 AIAIUAUN

AR MU (Deceleration) AanisiUasunlasuesninuiisenarffiaomi
anat 9NN 2.16 Wedusasudiitamuduintuedieeiios ninfiansanaiusd
Anduiusasud dan1ndt 2.16 () aztadsudilluiieniafsafuaaiussdusonda
A5 (Acceleration) @aun1nd 2.16 (1) agwuimniiausafniulufianisladied
nsazTtoufuRariiAiausuiniuluiianismsaiudnuEenit aaumiag (Deceleration)
Fatunanldidliiaanussunsedeuiiiduuin mnumisesiieiemunsduay
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—» Accelerating <+— Decelerating

-I—l

(n) NMSNAAIINLSS (Acceleration) () NTNAAIINNUIN (Deceleration)

AN 2.16 AUBANAINTENINIAIULIINUAIUNUN
u1: T. M. Gondal (2019: Website)

2.6.8 AMNUINITUIARUVDIATEE
1 ¢ @ a .. . . < I Ao ¥ =
ANNUTINITUNIALUVDIATEE (Head injury criterion: HIC) luaridnunlguani
FUNTIBANRTUAUATEE MINLARNISVUNSIBNITATELNNANAUINNITUINIUNATEE(HIC) A9
Wound1 500-1,000 fiad1lasnsie dmsunywduwsninal HIC 1@1111A77 1,000 wanadndl
Tonaian1suinliuiifsezann nen1sieszizaiusamianganaiinausgdn
PMNAINTEWNA 2 FraaaziiunmwInlegldaunis (2.4)

t, 25

[a(t)dt (2.4)

27 My

HIC =4(t,-t,)

Tnen a Ao ANULTILuLEUR S
t, t,  fe YRIEIAAANSEER 1nY ;<

2.7 wann1svassuleudsinludediuug

nsuAdeynimiainuianssy Jdruednunlunisadruasuuiulnanuduegves
uywdlsiABetu UnngnisaifiietuanansnesuneldanngunasimeildnduazyinnisUssivg
Juarludnuuevosauniseng 4 1# Ssensegluguuuuauniseyiius (Differential Equation)
wsolugluuuvesaun1sduninad (integral Equation) Wueiu Tneunfudadamiduay
Usgnoueaunmaiseyiusiaenndasiu sunadeulvreuauasieuluSuduiinuven
AvenalRasuiunssdudunadnifiuriiiiwedyminan asuseneufeAvesiiudsng
YUIARN ) ﬂuLLavLUaauLLUaﬂUmmmLmuqmq d suamswﬂfumuu NIDAINALRAUULUNT
Usznausnerang 9 nemuatuidusuueiudar unuflisinmsmeudlunssiivszneuse
Adurusnneng 4 danandsdymilunisufiiannsadiiunsldlag vinnswdsususiu
pssrauaiins et dindudilasyssanuifsuuituld fonsudsudnume
maq{]zyjmﬁ?uaamﬂmaﬁmuﬁ Fafvwneng q fu naraaslneUszanavesusazie AUty
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Fududosaenadesiuaunisideuiuduaztoulusi Fsmununlrdnsudguiiy q 8
mneaIimEnsvesssleuisinludiefumd azEuduainnsiansanusaziodiums ud
yhmsasannsdmiulsazedudlanseessUaTLazeALAlasaunsTiais
Juuniusndudosaenndestuauniaidsoyiuivesiymifinnsaney artuiniaunisves
uiazleAuudiiasstuanlddusznouiudn deliAnszuvaunisyelg) Faanamanenis
nMuamvesnsLgull Andefunisdiemn 4 waudinsuiud delfAndusudis
Snunerestigmiimunaniuisszgndideulvvevaiirivuaulvaduaunisyalngil
wEFwhmsuisruaunsiomn neliifanawmaslneUsyanaiidenisaumunesig q
vesuselaym
2.7.1 Sunsuiugiuvasszfeudslwludiofiuud
AEmsAnvuuusaemalwludieduns e
2511 HuneuvINSIRELLUUSABS (Preprocessing phase)
1) Msa$193Us9v8LUUTIRB (Geometric construction)
2) msuvalamuveswuudnasseeniluedmuddes 9 retulnausaszie
awusiazUsznoulumeluun (Discretization)
25.1.2 A3imungUs1sveaediuus (Shape function) Fauanafianginssumg
NEATNVDUDANUANTONALRALVDILDAIUUA
1) asnaunsamsuediuud
2) fmusedeulusuduansnanuazannzveusliiulam
3) AMvuaRuENUAUeYIAn (Material properties)
2513 Funaun1sAmay (Solution phase) MsuAAImeUTIANNTTI0Y
TustaumsiBadunseaunsliiBaduisdnoudernisnszdailvuasing
2414 MTIATIZARAENS (Post processing phase) MTIATIEHM NSNS
aulafiufuidusienvenagnsuamaudundndud
2.7.2 Waunsalwludiodmudildlunisnu
el flusunsudifagunisiiludiefund (FEA) Fo ABAQUS Faildnuas
wihaeuanmavedusunsuidufannd 2.17 uedesdlendnlun1side sufusmshany
dlatunsldanulsunsuiidedeu Tusunsy ABAQUS Wuldsunsuuindionfondnnis
8¢ FEA lunisfunamaziinsssina (Junislulusunsudu FEA Afeuldauitludiunes
A waznAgRavngsy aunsadnsenlymaimnssulaegavainvate wu Jaym
Frunssu mMsduasiiiou audeu voslua warnsdemeuuunig 9 WJudu Wsunsuid
Usznaulusedumdnvedusunsufiddasai
2.7.2.1 @Uv9IN13a59UUUTNA04
Tudniiunsadrsuvuiasdtuiiowisunsvageu lagauisarile
2 wuv Ae wuuusnlaensld ABAQUS/CAE Fsfidnunizindnefunisdeusululusunsundou
LUUM30199z B Bua USRI Ui uNTS@euL U (CAD) WU Solid Work flé
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warismadnanldlulusunsy ABAQUS/CAE wuufiaeadaulnsnisldmddluntvivedlusunsy
ABAQUS

Tuduiuonanazdesadrsnmeedasiaddliiivuiauasdnvausimiion
i fepninisléadeulydu 4 Mifeates wu quandivesian Reulvvoulun dnwaug
Y03n15:7inszyh Houlvvesinduda vlnvenoduud s1uiuveedwud vinvesnis
Ans1e9t Foyadidesniniu iudy Sedouloimunflflulusunsuasinadensduimuey
nafldannisdm fafuangideidinmmaseuiienamandig q Ay wagih
nsaeuiisulusunsufunanisvaasaiiolidulaiinanisAulIusIswuUTIa N
ARNNIMRIENsalgulATS

B Modd Viespot Yew Bt Pupe Tutge Toch Pgime Hep ¥
IEES A LIREGAL1 23 44 eS0T BA R Ayl 88500

'."‘.'. oK il BE

Crmate Mnded s
5 Wk S gt Model

B E

W o cr0 M

= W Tactremagnetic Model

T Opentutabose T o Sort

Abaqus/CAE
6.13

W Start Tatomal

4
5]
Ly
4
x

A5 siMmuLia

AR 2.17 anvazvtinaeveslusunsy ABAQUS/CAE

2.7.2.2 @UUBINISAIUIMNG
drudlfetunaunisuszaiana WnelusunsuazindeyaiaviRouluniasng
Ilukuuianassunyinnisauiuwazyseaananudsnsnbaseultulusensualunsn Tuaiu

aa a

Janunsorinlianads fo Fausnlagld ABAQUS/CAE F5lanslaunisld ABAQUS/Command
Falusunsuazyihmsmunanaildimunieuluazvoulunasiiulsein o
2.7.2.3 duveinshaninaveslusinsy

duveinIskansuafeduilusunsuwansanisAwandldoann lng
pruanINalusUuUrasnmunuludnumeing q n1snszanefvesiauysiideinis e
ng1 Busu Tulsunsuildillduansua Ao ABAQUS Viewer Tnagtindoyavionadilian
msUszaanaludiy 2 Bendilng oDB wdauansaa WiievhnstufinAndaudseng 4 sauds
Toyafilusunsuviniuiinlfomgynisvaaoy anduagihdoyaluldlunisduammen
nasugadusialy
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2.8 iteinedes

A. L. DeMarco et. al. (2010) Anwsmusunssiiintuiunisnssunnuesnnduden
YOITUTAINTE W UALULAAL TEAUNGINUYBINT¥U (Impact Energy) %aﬁ%%’alé’fﬁmmﬁaﬂ
vannAutfoafilafuimsgunsageusnym sy 4 wwundn q fe wuugUd (Beanie)
wuua3slu (Shorty) wuusfinlu (Open face) was LLUULmuiuﬂwm (Full-face) 1J’Wl’]ﬂ']§
maauimmsmsﬂaawmﬂaqmﬂswl,mmwuamqaaiu (Drop test) mmmﬁmammmmnawu
Faust 0.9 - 10.1 m/s (ANENIUAITNTZUNN 2 - 260 98 AINUGIVBINTNAGDUT 0.0 - 5.2
m) teAnwIA1reInmLTa (Acceleration) Tuusasziuniswdsaunsvuiiiothaiaanss
a3an (Peak acceleration) 13T 1eiluaunadadu annisnageunuInmnniuieawuy
sUf (Beanie) flA1ALsagean (Peak Acceleration) gefis 852 g fiszfiundasnunisvu 29
98 dadurdigann mnnfuiieauuuasdlu (Shorty) fiAiAanssgean (Peak Acceleration)
fl 304 g fiszAundaunswy 256-260 98 drumsniudoauuuiduluOpen face) uazuuy
wWaludant (Full-face) iA1A211139g9d0 (Peak Acceleration) A1n31 400 g A5z &y
WAMUNITUTIgegR (260 98) TaanuanmsnaaeulIdelatiiasgiin anuvuuuandily
yhmnniudeaiinasenisifindimiuisegega (Peak Acceleration) dhunsiivisnniutionadilsl
fanfunszunnneluaaviliifndunsosoddulsadnseueudle

T.Y. Pang, A. Subic and M. Takla (2013) NA&RUAMNAINITAIUAITTULTINTZUNNYDY
vannduten Aldlunsudaiufnadniin (Cricket) InglfiaTaamageu 2 wuufe wuuTEns
Udosingrnedidaszannsenuiunuiniuden (2-Wire drop test) uazsliiadesdaingly
nsynuiusaniuiien (Pitching machine) Inevsdeunuuiifeunnsineiu AewuudinisUaos
Tnganedadaszuinsenuivmuaniulien Wudnwuenisudesgnadniinawinssnuuy
mnnfufierdsdnlvginasdunmsmaseuuuut uiilosnaruavaidunmsmaseugite
Jldimunadomaanuliauaianndstufeuuudsinglunsenufumnniuton Sauuias
uiBnstsgnednifniifiannauiseana 6 - 44 m/s snsenufuvsaniuton deawdy
msvageuiidiaesaniunsaififiedusidunsdifidubgnadnifnulautinufswesiaosd
auvsniutonvesiduinenssdnu lneideldvinnismaaouiis 2 Buasiuiouidioy
fulnemsrasounansmaassluieses AuLsa (Acceleration) AnasinsUIALEUvATYE
(Head injury criterion, HIC) wazn1sgatundanuiaglivinismegeuniniuiien 3 wuufe
LUU N1 M2 uag P3 fanmil 2.18 wagldvinsiiasgsiuinuvesdsseiianisouly 3
dnwarUinuiiAnnvude Mmunihdsys sudhafsusiasiundsdsus
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M2

mwﬁ 2.18 Uizmvmuqnﬁuﬁaﬂmi’ﬂumﬁwﬁuﬁmﬂamﬁm
7u1: T.Y. Pang, A. Subic and M. Takla (2013)

B9HANATNARDINUIIAINTPATUNEINY AIAIBTS UAzAT HIC YDIMLANI 3 LU
falndiAeany wianuITenuINTANNLANYBNANITNAADITENINNSIEIsNINRae Y
2 uwuu sAdelifedesnninauenmadeumanssunnuesniuien e sldedoqds
fnglunsenufumnniution Sadumsmaaeuiireudraniieusss usvisinisideluadedlslly
HunaauslideuiBnadufisudnsinaueiinismasounuulviviitiy

P. Cripton and et a.l (2014) nageun1snszwnnTamuIniuiensndnseulagfedns
nageuLislUIsuisuANuAntlunSAngURMA sEnIgRaldvanfutoafui
Lianldvuanfuiealutsemanauuna Wesaniludssmawauuiarluagtuiigiud
sodnsrudusiuumnidlugunadumeaidoniseaniidnie Tnedulngudadeusinge
Limldnuanduioanartuidnseu ilesannanulisulaimuindudeaszsisannis
vnduiisweld Sniediliaznantlunsldifiosnniiuinumnniutdendnsouasisnume
Hug nanfidulgduiinnuidnmiloumnniidhuasazyilisonyunasaia Jaduuufnves
fidoflazyhmmeaeumsiAngiRmmszninseuilavsnnuas ildavsnniifinansenusefsus
pgils MeeldiaTemarounuuUdesAsusitmumnniutionnnasmnssunnituogadasy
$1 Hybrid Ill headform @efidnwaizyeinisudesAsvzdiansasainiigalszuial 3 -5 m
wnsemufuUInaiusuEey dnmi 2.19
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Single axis accelerometer

AWl 2,19 yanAsBUsY Hybrid il headform
: P. Cripton and et al. (2014)

A338vIn15TnAIAI1UL3 (Acceleration) ANNATINITUIAIUVRIATYY (Head injury
criterion: HIC) Bnitadafinnaiudsuifisuivanuansaannisifingtiuaiiguissoans
Fawanslun gl 2.20 nan1sveaesnuIImInAIANLANsEIInsnstansaniuldldnuan
1A1AM3L39 (Acceleration) #19AUABULIUIN

400 1300
w11 1043
1000
%00 BN Hetmat
- WWith helmet

_ o o
I g
- e H
E 3w
o ith Helmet S0 Helmet E
ki ¥
T IR
E 4

fi]

200 - A aa
10 1 ) 180y
D |
- U 1
5 10 15 n ] 05 1 15 H 25 3
w Time {ms) Drap Helght )

.ﬂ’]Wﬁ 2.20 ﬁ"’lﬂ’ﬂ&lL'SIWJENﬂ”li‘i’lﬂﬂﬂUﬂN?ﬂﬁuﬁaﬂﬁﬂﬁﬂiﬂ’]u
Au: P. Cripton and et al, 2014)

MndunnangUnsiduaznudnA1A1uLse (Acceleration) dA1a9gafitaan 0-5 ms
wazazanasundu 0 Turieaan 15-20 ms Fannuesarnnsinurisaznuinmnldlanuan
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futonaziinAmisa (Acceleration) gaunnyn q ANugeiivinsmaaey duiidunas
Uszidiun1suialdu (The injury assessment reference value: IARV) ﬁ?ulff;lummmgmﬁﬁ’]
maTeudisuindinainislu 15 ms Arnisnsenudeanesvzdedliiiu 180 ¢ wazan HIC
#oslaiin 700 mnAueradusunsodeanssld lunmil 2.21 1uranismageudves HIC
Hueniivsuendedunsiefiistufufsvevidoauomosmyud nuhAsveaesilildinigld
vanndutenazilan HIC gunnidefisuiusuedassimuvnniuton lnefuuudiassilsl
aumnndian HIC ganduuudassfianumannlunn 9 anugeiinismaaeuuaziduietu
AMATEIL IARV Y04 HIC 91 15 ms agdpadianlsiiAu 700 udazdangléiuuudiaosdilails
aruvuInAutiealA1EINIAMINTIIUYN 9 AINES FetuFsaguiinisammuinduten
ansaannsnsznuseausdlamiuegiuin

12000 ie6/@
15000

H Ka helmet 13693
W with helmer

14500

0.5 1 15 F L5 3
Drep Helght [m)

A 2.21 man1sAnEIANainIsUIALSUTasAsYE (HIC)
#311: P. Cripton and et al (2014)

H. Mustafa and et al. (2015) 35189 nIn19A1u3AINSSUVDIULINAULBATH
Fnsoru IneliBnsiauuuuiasaiiewisudisuiunmeaeulufes foans lnegids
Igvinnsidenmnnfutonuriinisinszsd 3 wuuie wuusiag TR (Netti Lighting)
wuULONd? pasalatias (MET Crossover) Laghuutdudi aasa (MET Kaos) lnefianuugss
ANl 2.22

fdelnTgiieTanililunstusunnnuiasuuuiaginnsiesginsnssunnveg
WINT! 3 F1ufe nsEUNNMEIUNT NsTUANIEEIUEILAENsTUANIIEIUNEY ntues
NTESMUUTI80UaE AT IZALUUT 09870 I ludeawmus (Finite Element Analysis,
FEA) daunisnageuvanniuiealuiesl fifnisasliisuvuldes@sueiammnniuionn
nasnszuNNiueENsdasy (2-Wire drop test) NANES 1.5 m snsenufuuTnmiui
nan1IMAaeafitluBnsziie A1AI1Lse (Acceleration) Ba1iAnn1sNsEUNA (Impact

duration) duUsAnSanwusuwuuLitesdu (Pearson correlation coefficient, r) @auJuA7
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AATILVIANUAUNUTVDIAUNTINTEMINTITNILUUINEDY FEA wiatUSauiisunun1snaaau
luresuuanisuazAruansfanumuizandviunisinideyaluly (correlation

coefficient, r2)

audl 222 wuanfufioanuusing ladfs (Netti Lighting) wuutdusdi aasalarias
(MET Crossover) wasuwuuldudi aaad (MET Kaos)
#in: H. Mustafa and et al. (2015)

A15199 2.10 wWan1snaastUSeuisusEninawuuIIamelnludeaiuug Nun1snagau

Tuasufjinnis
Helmet model/ Peak linear Impact Peak |Time | Pearson |Correlation
location acceleration duration score |score | correlation | coefficient
£ c £ c (%) | (%) | coefficient (r)
E |5 |E |3 0
wl wm (NN} (2]
Netti Lightning/Top 176.0 | 170.0 | 10.3 | 11.5 | 96.2 | 883 0.95 0.91
MET Crossover/Top 1955 | 190.5 8.7 9.1 97.2 | 956 0.88 0.77
MET Kaos/Top 153.0 | 176.4 | 10.3 | 10.2 | 86.7 | 99.0 0.80 0.64
Netti Lightning/Side 1835 | 193.0 | 85 8.7 94.8 | 97.6 0.98 0.97
MET Crossover/Side 195.0 | 208.1 9.1 7.6 933 | 835 0.94 0.87
MET Kaos/Side 163.0 | 170.1 | 8.6 7.7 97.0 | 895 0.91 0.82
Netti Lightning/Front | 153.5 | 151.4 | 8.7 9.8 96.4 | 88.8 0.98 0.97
MET Crossover/Front | 163.5 | 171.7 8.4 9.0 95 92.9 0.98 0.98
MET Kaos/Front 156.0 | 169.1 | 8.2 8.6 91.6 | 953 0.89 0.79

fi91: H. Mustafa and et al. (2015)

31NA15199 2.10 Asnanisnaasdlaglduuuinass FEA Wiguiisuiunisvaasuly
eeUfumnis wunlunuddeldalndifs iy n15nIAIAILLEE LIAIIAANITNTZWNN
duuszansaniusuuudiosdu () wazanumuizandmsunisiteyaluly (?) Judeyad
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annsadedald lnegasuresnuitedfensthnsaudldnnmsinseiseuuudasuas
MsVREeUsSt uhnMsiessilaedineadarlinaniseassindedioninty

R. C. Butz and et al. (2015) diauenisiinszvivuiniudeaiiingd@imgainnis
nszunn nefidanuaulaludememisingunsaiesulifinnndufendestufinnaiiunis
Faduiteusuinnlumyinduinse eediteAnimsiandouaiutusaiinalmiantym
TumsauldmsznisingunsaliaduagyiliAansvesivessesunnudnuifandes Jdl
nadeUNINSEUNNYaInnfutieanafiiandeauieudisufunuaniuienilifiandas
Tunsneaesil93in1suuuiasssvefiammnntuteannawinsyunnituegadase (2-
wire drop test) IngldiaSeq Hybrid Il headform Yn1snaaeumaAIves wsafinsyyinsefsue
Uy AL udunse (Linear Acceleration), A2LLSa7ARR N A5LE 82l uLUATAS
(Radial Acceleration) yndaududuvemuiniinszunniuiiu wavaundslunidlémes
mniinszunnfuii InewSeudisuanudilunisageuntsnszunndu anandas Low
Velocity) Us¥ unal 4 m/s kag mmmm (High Velocity) Usgunad 6 m/s inn1snaaau
fetheay 6 A% nansegeUNUImIRNTiRandesidvesnrunsaiidudunseiiniiun
fufloniildfinndes daudnrussiinannsderiuuldoi wantuteaiiiandodudas
AE 4 m/s azdandiindmanndildfandes wideanudigaiud 6 m/s vaaniude
AfiRandosardiaAnnusiiiinannisdsluwldsiigandmmnitlifandes Saunnss
fuusaidmanelufisesassiinwewsiiiintunelufiseesassdidusweminiinn
ndosmnimnnitlifiandemn 4 Anmis

S. Maw V. Lun and A. Clarke (2012) Anw1usanszunniindunielunuaniuion
dmiuldlufmaiuuuannniags lnefwissinnifningiRmaiulesnds uiazidu
puRmpludnunzvasdsusilunssunniuinigfunssunniivovauy Tnslusuddeiiite
Heanisnaaeuisnnuuandavemuaniuioaiifivuiauas sunssiissfuindnanseny
amqlwamimwLmﬂuuLLmuﬂum gunn (Crash pads) IﬂamumwimLaaﬂimﬁmiﬂaaa
fswediaes faunuanfudonnnamnnszunniiueg1dassuninismagey Lwamaams
NIUNATBIAIAILVLI (Deceleration) Tngldutsnisnaanteaniiu 2 diufie dwd 1 fe
nsidenvunadurnAudnaavemuindu 4 wwn fie 4 %0 10.2 cm 6 Ao 15.2 cm
7.75 e 19.8 cm uay 12 #2958 30.5 cm wvinsvadeuLuuUdesfisusiiaaunuan
ﬁuﬁaﬂmﬂaammmmﬂ‘ﬁuaéwﬁaizﬁswzmmqq 0.30 m 1.00 m 2.25 m uay 4.00 m
Fanmit 2.23 Wietuiinuavesenaruming (Deceleration)
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0.30m 1.00 m 225m

AN 2.23 N1sNAdaURl8ISNIsUdReRsesiadunuaInfiulaaildlufwiainnasun
ASSLNNNUBENIDETY
#ix1: S. Maw, V. Lun and A. Clarke (2012)

druil 2 Aemsideneiinulwewaunuinuyinisiiarsan lnsusazSasiaulasay
Tmuanaunn 8 47 uvnsnageuiiudndefmundadanuldady 5 vuinnuldsie
4,6,7.75, 12 way 15 47 9INN1TNAGDUNATDIVUIALAZ AL TRV IMNINTITiNaR DS
nszunnesnanfudeadililufiwad idenuimnndutonvuindnuazvunniaiinialds
lsiunnaediAnnumuag (Deceleration) sndimnnfiffuuiauazdaiinaldsgs vadfide
Andinasdunaunainanudiinuanvunadniminldunasfianudlunisnszunni
UosnnunIunlg

F. Fernandes and et al. (2013) dnauenislészifoudsnisinludiedmudiiiosiaes
nsnageulszansamvesnuiniuteafildlunisdul sadnserususifvieiialuniy
vieanann Bve CMS SUV Apribile Tnefinmsasasuuvuvsnniudenaddlunimd 2.24 Taefide
Aoin1snTvdeunveaesluisnmmegeunnniutioaniuuinsgiu ECE R22.05 wWisuwisu
staIsnslludiediuud (FEA) lnadefvasnisiaisnisasiauuudiansfenisanantaanalu
nsneaeuLarduisnsviunsnafiwiug TnenudseiidunounsnienTinssiA1ves
AL ALY ARSIt uduTIte T lunsnanrunduden TnaSeuiiisufiunis
A1V FEA dunauil 2 Aonisiasizsianwes AmLss (Acceleration) Awed HIC Tng
Anwnednwaznsvuly 4 suresmuiniutealSsuieununisiiasies FEA amm*aﬂams
asrzndwansznuidusasudsdunisiinnisuindureausdaslduuusiaesdsus i
W laeuvnIngdeanisysn (Strasbourg University) 31nnsmageunainiutionnuuuy
1IM3§14 ECE R22.05 agn139539aulneIon15a3519uudnasy FEA v Adelaviini e
aawiﬁmmmmnuuaﬂmmmimaammammwLmaqmaammm (Universal testmg
machine) LLau‘lJW“UE)iJaﬂ’]i‘V]@ﬁ@‘UﬂmaM‘UGWIIG]&J’WI’]ﬂ’]SﬁiNLLUUﬁ]’]ﬁ@QL‘WE]VI’]‘LHEJN’& ALY
ThuuusiaswewaniudeauarAsesiuiievnismaaeumAinnuss (Acceleration) way
NauD4 HIC $1933n15na09uazIan5ad1aluusiand FEA HAINNNSNAGDUNUIIAIAIINLSS
(Acceleration) waznaves HIC Sunafilndldesiu fannd 2.25
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AN 2.24 wUUIIRRIMNINAUTIaAERe CMS SUV wazAsezdnand
9u7: F. Fernandes et al. (2013)

A o

druludrunisuinluiiindvanssnuiteinnistduvudnassdsveivauilay
N Ingaean1$ysn (Strasbourg university finite element head model) 3e#ld%aeain
SUFEHM Tunasviruena wuaamuaniuteaiilasuninsgiuldanuuuiiosauuaziinanis
o 3 v < | v a1 ] . |
wganudululdvesnisuiniiuseauasauiiazid1n1uise (Acceleration) Wagan HIC
AININAMINT ECE R22.05 nuuald Fenaniladinuandudeaildiuniufiesauuminiia
guRmaAilananiianisuinidunisluausdls winnntuazldsuunnsgiunisaaauuIwd?
[
g

ﬂ']Wﬁ 2.25 ﬁﬁ‘VIﬁﬁﬂlﬂﬁﬂ’]ﬁniztmnwu’mﬁuﬁaﬂﬁ]”mm’iwﬂaawaﬁ F. Fernandes
#iu1: F. Fernandes et al. (2013)
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D. Krzeminski et al. (2014) Anwin1stuguvesianilivuindutondnufnowsiu
wWnvea 1osannlugaaunssunisudnnuaniudeaunisndnvimuinduten uelsle
Filsdsqaunimuestaniindniu fifeatufnuiefunimeaeuivestagiléviuden
wnn Wedinsldasindevuiudonmuanidorn Su-0afia onwman (n-Butyl acetate) 39
TuauAdediideldiniaueiaitninadouiadonmnndisnatu 4 38 Ao (1) Wemusny
(2) 1938n3yuasdlusreiiiansidu-0afia e (n-Butyl acetate) (3) uraslugns 1u-
T7fia o WWunan 1 92l (4) wiadlugne WBu-Tafia enawaduiian 2 4alus e
Wivudisutunsldidansidu-gafia onwen Taedevhnisiadevasaiiasaundiayinis
nagounaaLTRvosTanluiesues # naideguresusiuiudenuan anamunusommgl
NAADULIIAY Larn135uusang WevhnsSsuieuidnsedovarsaiiniSluumungay
Tunisldaulumsiadeuidenmnniuioauindign gavisainnismaassagulsinnisidy
asdu-daiia enen duduasildlunsiedovinudenmuantution nuirduanuiiings
Wuasiou-0aia oLueneisia 9 ﬁmmuﬁmmmmwuwm%ummﬁwﬁuﬂiumm 4%
wmﬁ mu‘lumusuaammmmmumammmLLa ﬂ'13m&Jmmsauﬁuawumwumimaau
Aaduauay ummmm’maummu LAy mmmmmsawamawquﬁuuuua inasio
AmNuaNInvednuaNtRnavestanianas

L. B. Tan et al. (2012) l§AnwianuanmnsalumsivussUzngannsyquiuiifanu
200 wnsAoIuUd UzngAunuindudeadiltlunissuvomms Taegideliinisutmaan
vy 2 wuufe wuuanesniidsue (Strap-netting system) washuURHUlNLTOITULSY
As2UNN (The oregon aero: OA) RINngi 2.26

Strap adjustment

OA Pads
T x pleces

(N) WUUEBTANAT WY (1) WUUBNUINLTDITULTINTEWNN

AINT 2.26 BUINAUTANITAINSUNITIUVRINKAS
#ixn: L. B. Tan et al. (2012)

FIUVVRIVIINAUTANY 2 389 HAukanaeiunsInkuvanesanAserazidudneuy
FnsanuAseelnatainld wikuuwkulnusossulsInsewnnidudnwusuaabEully 7 wiy
W3095uAsHEIelIsouATye Tnansiwsgiluunanuilizuannisasisyalunismaaeund
[ I3 -:4' a a -zl'd ’.f v [y 2 <@ 1 1
anwaluriasBnszguiunsinaundumin 11.9 nu MeAuiminnidd 200 wasse
U W ldnuindutioanilAdsuediasdly 2 AUAD AIUNTIVDINUINLALATUTI9VDINNIN
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oA wINANTENUTBINTYAFUNEINU AIAILILSS (Acceleration) Snunrvomauiiingy
nN1sBanseguuazn1Tnzaueanszauilsjudiluiagnuandudon laedidelsinig
WIBUNBUNITNAFUTEUINNAAINNITNAADINUIUTUNTNASTIILU VT899 LagdIuves
Wrnnsufildlunisadrswuudiaesdeluswnsu Abaqus.cae Wiasdunisviunenanasidunis
WIBUIBUAUNANITNAADI9TY 21NA1TNAADITENINAITITIONITAT LUV LaznIs
naaedluviosufuRnsdnalindidsstu

osnuavesinuautAvesiandie q uazainnisnaasayilinuinisnig FEA

£
aa Y a4a

annsalflumaiunenavesnisnsgnuveanszauidsevsnniutenald 1ng3s FEA diidedne
annatlumInaaey annsufoRluiemesssdaderlidnowarannsomulsednsnmmn
Fosnseenuuumnniutenrlmitudielfnudeluluowan

D. Caroline and W. Remy (2013) ¥n1s@nuiwuusiaasdsusiivmunlneuniing de
am%‘uﬁﬂ (Strasbourg university finite element head model, SUFEHM) 11%1n1531A518%
AIANITAIAILTULTIVOINISUIIUN18TuR s B a8lUsuATY Ls-Dyna tnauwuusiaes
SUFEHM 1duuuusiaesdildaiues Von mises stress wagA1u93 Strain energy 41%1N13
Aszidianudsseanisuiadu gideldihnisiieinisieseingnisaldasuas
naaauluelfUAns 2 d1uve9n19AANIINIEUNNABNITIATIERLUY Nahum’m
e sginssiiiaduntsluauesuaznisinsizinisuiniulaeisdassuuy
Yoganandan’s ¥1%1n153msziustaranuidemediindudiunslnandsey Tnesnns
nagoulaglduuudians Nahum’m Aemslddeuriadiluuuinuduninesfsuslagi
wuudiaosdsueiviamides 45 ssm fanndl 2.27 (n) d213591899UUU Yoganandan’s e
nsUdesingrsanassnnssumnAUAsYEUTRaISuUL faamil 2.27 (1)

l v=7.1m/s

Rigid sphere
Diameter 96mm
V=6.3m/s Mass 1.213 Kg

Padding

45° ZL The base of the skull was
x embedded

Lx
() LUUTNABINITIATIENAUUY Nahum’m (2) WUUIIABINITIATIERUUY Yoganandan’s

AT 2.27 WUUT1AR9I5NIINAFBUNISNTZUNNVDY Nahum’m waz Yoganandan’s
31: D. Caroline and W. Remy (2013)

nudidelddenyiavesnsuinidvaesan 59 nsd (gUuRmnanuewmeslys owdiu
Wavea n1siian1svuluvae N nUAUAUTIDIAUL) H11VINNTTANLIANYAIUTULIIVDINTS
vduilu 2 ednsie wuuiilleausainnis@nuia (Diffuse axonal injuries: DAI) kagwuUdl
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Amwidenentuauad (Subdural Haematomas: SDH) kagitNTIATIENANATILVBIAILLAL
(Von mises stress) fivinliAnnisuiadutu DAl AawilauagafviiliiAanisuiadudy
SDH fiwinla lnen153iAsesinIuisuuuveuiga (Nahum’s impact) kag 8an11uuaIa
(Yoganandan’s) ff3denunaiiansnsaiinsgiliinageanvossasiuuesnandu (Von mises
stress) AvlAnNITUIRTuLUY DA thadintdesfie 28 kPa wazArivhlsiAnnsuInduuy
DAl unssiiAngagnil 53 kPa daudwinigaiviliiAnnsuinduuuy amzidenseniuanes
(SDH) B99an1n30RiASZRAIUBINEINUAMUASER (Strain Energy) 71 4,950 iadya

B. Zahid and X. Chen (2013) lé’fﬁﬂmmsﬁﬁugﬂLiJ5aﬂwmﬂﬁ’uﬁaﬂé’m%’uﬁﬁawiw
van1valneldfagdameniluusiuianan (Keviar - 49) uuugnle (angle-interlock fabric)
fAfeldvhnmsdkuanan (Keviar - 49) imitnmsdeutuiiietuguidudnuusaunisng
Viugauiu 5 WuuAe 1 wsy (FS) WUU 2 Wiy 0, 0 89A1 (FDS) WUU 2 WUy 0, 90 84e
(FDD) WUU 3 Wil (FTS) haghUu 3 wiugsl 0, 90, 0 831 (FTD) ln@nwianuanunsalung
pndundsnuuazauanasalumsiuussestanfiliviiudenunnia 5 uuu Tnedisedugy
mnniuderdufanmil 2.28 uazvinnsveaeunsnszunnlaenisudesiannag 4.66 kg ag
1nszunnUInARNaweIanlagAITULRINMINTEUNNLULTY 3 sefundanude 5.6,
15.6 Uag 25.6 98 MUAIAU

A15197 2.11 wamsmmaaun'ﬁ@ﬂ%’Uwé’wﬁuwﬁanmmﬁ’uﬁaﬂ

Sample |Impact energy (J) | Energy absorbed (J) | Normalised energy absorbed (J)

FS 5.59 3.825 3.978
FDS 5.56 4.020 2.110
FDD 5.53 4.037 2.140
FTS 5.58 4.026 1.472
FTD 5.63 4.162 1.498
FS 15.62 9.961 10.358
FDS 15.58 9.946 5.221
FDD 15.53 9.946 5.272
FTS 15.51 9.976 3.648
FTD 15.47 9.953 3.582
FS 25.61 16.597 17.258
FDS 25.61 17.016 8.933
FDD 25.59 16.771 8.889
FTS 25.52 16.705 6.108
FTD 25.41 17.839 6.421

fiun: B. Zahid and X. Chen (2013)



a2

] =)

IINMINAFBUNUIMUHULUY FS Ansgadundenuliiesianiiasnniinnumuntey
™ - -

Mgn druukuLuy FTD danuaiunsalunisgadundenulagangaiiiesainiinauvuiuin

a

fign aonadosiulusunsunssesTanfiuuy FS Tnsdeinuusslufsfsust 8.73 kN dau
WUU FTD nisdssiuusalfsdsued 267 kN sedundsanu 5.6 98 Wuisaduiiszfu
nEaunsudn 2 sedufianumuivesusiuanlauy 3 du azanunsagdundanuldind
wuududeademnsed 2.11 uag 2.13

-
- -
(N VaTa b ) g lal o]

(A) WAUNAFBUBIINTLLNN (@) WasnnunAutioaNvinanruLAnaEn

AN 2.28 wiuNagauNIsNTEINkaziUaanuNInAULlan
#ix1: B. Zahid and X. Chen (2013)

A5199 2.12 wamswmaaumi@meifuu,sﬂul,wiazszé’uwé’amumiﬂmmnLﬂﬁanwmnﬁuﬁaﬂ

Sample | Impact Impact force Force Normalized | Normalized
energy without transmitted force attenuation
@) specimen (kN) transmitted | factor (%)

(kN) (kN)

FS 5.59 9.242 8.253 8.737 5.466
FDS 5.56 9.242 7.643 4.080 55.857
FDOD 5.53 9.242 7.613 4.103 55.600
FTS 5.58 9.242 7.643 2.842 69.253
FTD 5.63 9.242 7.584 2776 69.967

FS 15.62 15.513 14.311 14.813 4.510
FDS 15.58 15.513 13.721 7.170 53.784
FDOD 15.53 15.513 13.692 7.224 53.435
FTS 15.51 15.513 13.544 4.929 68.224
FTD 15.47 15.513 13.397 4.800 69.061

FS 25.61 19.666 18.649 19.214 2.300




a3

AN3T 2.12 HanIRsRUNMsRRtULsiuLAaIAUNasUNMINSTMINIUGanwINnfuilon

(%)
Sample | Impact Impact force Force Normalized | Normalized
energy without transmitted force attenuation
) specimen (kN) transmitted | factor (%)
(kN) (kN)
FDS 25.61 19.666 18.088 9.379 52.311
FDD 25.59 19.666 18.000 9.423 52.083
FTS 25.52 19.666 18.038 6.522 66.837
FTD 25.41 19.666 18.029 6.410 67.408

fiun: B. Zahid and X. Chen (2013)

B. Zahid and X. Chen (2013) la¥inn15a319uuudnandudanuuiniulianue 161519

Usruaansatiierinsiasgvianuaunsalunisgedundanulagisnisinludiefuud (FEA)

lnegdelivinnismegeunisnszunnuadUienvain 3 AUVDIUS AT e NaUTIINAUTD

a v a v Y v v o o en'
ARD AMTUUUATEE ATUINNATHELATATUNRAIATYY IﬂUWﬁQQWUﬂWiﬂi%LLWﬂ‘W 5.6 15.6 ay

25.6 38 WBNAFOUMAINITRATUNSINURAZUTINTELNNTAngIann1elufsyednass Nty
Aidglevinnsaianvuinassdenruinuazsvednass@uieldlusunsulunsinsen
WSguieununN1sMaandase e lavinn1sasakuuaneaInanIng 2.29 (1) kagAnuaAUSID

AN15nTewNNlAgLVIlane AInNINg 2.29 (1)

=

) kuuINaawlann

mNAution

Bolt with

Force Sensor

Headform

Impactor

Helmet Shell

/

() hUUTIaRINInsEunndanunniuiion

AN 2.29 wuUTaswldannuINAUTiaAYaInis2ausIUIaRA

flun: B. Zahid and X. Chen (2013)



aq

PMnMSNAFRULUSBUBuNanSIdLuuT1aamabiludiediuuduasnisnaassnuindan
TnalAssiuianInd 2.30 daunsderinuusiuiziinanissiaesiineannsuaassusianad
Dunurlduldlufiemaienfunisnnae uaedesefundsnunisyuanndunsasiulsfas
1naulusng

(=]
o

==—Helmet Top
(Simulated)

—+Helmet Back
(Simulated)

=s=Helmet Side
(Simulated)

=—Helmet Top
(Experimental)

[
(=]

Energy Absorbed (J)

——Helmet Back
(Experimental)
—~Helmet Side

: T T T T 1 (Experimental)
0 5 10 15 20 25 30

Impact Energy (1D

MR 2.30 ANUFURUSTENIINEIUNTNTEUNN (Impact energy) Wagn15AAYy
WAIITY
31: B. Zahid and X. Chen (2013)

T.J. Huang and L.T. Chang (2009) VT’m’lia@ﬂLLUULLﬁ%ﬂ%’NLLBJUEJN@J@%’ULLNﬂiSLLV]ﬂ‘mGg
Tuauaissuzin esndynidnidnidugunsailumuasisaziasifanndudsy
nszunnitu Tneideldhnslduiunsadosaduiuduuuwesdudsandudnus i
@Jm%’mmmmmmgﬂ%’qﬁq FouknFsislévhmaudadu 4 wou suanumuvesdusodusi
gudnaneneludeis Ao 1:3 1:4 1:5 uay 1:6 auddy danwdt 231 Tunismaaeudideldld
Fnsnszunniiuegnedase (Drop test) TngUdosfsuzdansasmnainiiguionsenuiuusu
SehaFuusanszunniiniund 4.4, 6.2 uay 7.6 m/s nuddy ilenageumAIALLSIgIEn
(Peak acceleration) uay HIC wa3@swzsians Snvienisnaaesddsldnisadrsnuuiians
iieiinseilaeTsluludiedmd (FEA) ilelunsiuiouiisunadniie
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accelerometer

hemispherical
headform

supporter

i rubber tile

2NN 231 uugaduusINTEUNNFUTIHLaENINAEaY
#31: T. J. Huang and L. T. Chang (2009)

mamsmaamudmﬂu%’uLmﬂizLL%ﬂgU%ﬂﬁﬂLLUUﬂawmmuwLLLiu 1:6 dauanunsaly
mMsduussnszunnldffianinedien Peak acceleration 71 166 ¢ daunsaiilaifiuruiuunss
nszunnilAngafis 239 ¢ AANAEINNTNTEUNN 5.9 WATHTIUNT drufiananiadu 9 Aflen
Wuswildudeadu Tuduen HIC AdeandesiuainIuisegedn (Peak acceleration)
FUNUAMUNUINYY 1:6 A7 HIC 71 1,247 drunsallusiurusunsgeda 3,903 finnuda
NINTEUNN 5.9 WAsHeuNT nalufafunndnianniidu q daansliiiuiiusiuens
Suusanszunnildenograunlun1syigFulsanTEumn

S. Norhazariah et al. (2015) ¥i1n13@nwwiufAsentaasludvestenanislneld
ansiiuussfeansneaaILuL (Carrageenan) lnedidelavinisuusnsnaaesdu 3 35fe (1)
nsnaaedlasnsliiBrunugangiiviedliifiuansla q sisdu (Control) (2) TmavhFAzen
flgumgdl 70 °C Ina1sABaaNIuLY (Method 1) (3) FBmsvihufAsenfigumgiunfiiiuans
ApaanIuuU (Method 2) ilenaaeuanauiisuauuds mnudanguiagainumuiuiui
Anturessaudy Tasnismaassmuin BashufAsefigungiundiduaisaeaaduuy
(Method 2) ianuandi@nanigalusnuaiunuintuvesiussidenles (Crosslink density)
71 8.55 x 10° 2M/c wazilAuseis (Tensile) uazanuBaveuiianiidn 2 Bawmnait 2.13

M13199 2.13 n1svedauaMaNURvaHueluIuITEVas S. Norhazariah

Properties Control Method 1 Method 2
Mio0(MPa) 1.072 0.494 0.71
Msgo(MPa) 4.497 1.06 1.374
Tensile strength (MPa) 27.28 6.54 17.88
Elongation at break (%) 1258 928 1168
Tear strength (N/mm) 44.66 33.88 61.38

fiun: S. Norhazariah et al. (2015)
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A. Nomoto et al. (2016) An®1A1ALLAULAYAIILLATEAYDINBILIB1INITIHE
Fnslilufedwuduomenionmnsuuu 2 37 Tnednwmlasienmnsiiifiaumuiuy
duiimseing 9 Ap 0.42, 0.56, 0.72, 0.80 uaz 0.86 WduNIguENa1valaseINIAfe 1, 2, 4, 6
uay 8 fadlns mudwu Tunsaifiswsumiauevunadurinugudnarsfanind 2.32

1.2+ =&~ Rel density 0.86

>
-5~ Rel density 0.80

= =&~ Rel density 0.72

] =5~ Rel. density 0.56

% 0.8 4 -5 Rel density 042 a
S0mm ?

7

' 0.6
Rubber specimen Unit Cell e

AN 2.32 KUUTIAINBILNENNITILELNITNAFIUAMENUA TN
1111: A. Nomoto et al. (2016)

lngn1nadeuaznaaeun1siusnvesianivenaaaumatvesnuauiRianiteliieuiu

9
a 3

NANTSNARDY WENANISNAABIIINAIMNT 2.33 NuIn1sanwIlaedsnsinludmeduaiunis
naapimuandniuneauasilesanauauRnldlulusunsuonadimnmianaiaiadu

(M)
ik ﬂ.‘_\,.,ua._.-‘l,_...-u‘ i~
- G jon test 0,86 X - X
08157 Gorontas 0 » bPoeoeoe®.
= Curnpression test 0.72 L FA?HE .;F ';'“.E
= (]6_..0- Hnmoganizatinnanalysisﬂ.&ﬁ 0M [ HY
a 27|+ Homogenization analysis 0.80 4 H E p | E F 5
s el Homor,snlzatlunanalysisO.?Z'._ I E E "E i E \F
3 044 AT iy MK X X | compression
b o0 |
w2 AR & A A
| [eecee
SOOI XX
0.0 | T | & X X X i’.HE
0.00 0.04 0.08 0.12 ' XXX E"Z
K U K X Y

Sirain

AN 2.33 AUFUNUSTTUIN9AIANULAURATAINULATEAVDINDIUIE19NIS AT NS
IWludauiSsuiisunun1snaaae A. Nomoto et al.
u1: A. Nomoto et al. (2016)

Shtunt Sounsva (2555) Anwmaseddidnassiuasaiunsdluneniedlasfnumg
vosUSnandnaossoauivemosiiens Ifuddnuuslassadasnsuremasinens A
sy asudein mmsguiadesainnisda wWesidusinismaiuaznisguin wesens
W3BndenszuIunsduasy Usunadnasefidnuife 0, 2 uag 4 phr 9InNn1sNAaBINUIN



ar

dedingraseadly famidnvesensienimenuiiwadennialvadu puvuiududhased
waviliauuuiuresenieruiiniu Tnefinnunuuduvesiesinensdildannns
Vg aglurae 0.13 - 0.26 g/cm’ USunandnaeed 4 phr ﬁmwwmLL“Ljumﬂﬁquazmm
wdaufindu Amsguiaudesminnsnadnanas Wesidudnisaduaznssudauiiviu tae
Wosensiiiiudnassuszanas 2 phr é“maguislu%u@mmw RU 20 M118103§IUQAEI1NTTY
Fam59ii 2.14

M191991 2.14 WANITNATDUNANNUTININNINTFIUNAAN N YNFINNTIH

Usunauinase 0 phr 2 phr 4 phr
wsenafivilvenarlostnanas 25% neuousae 0.81 2.39 0.14
ANSou (Alavania)

Ausanaiiasulundeniseusienuseu (%) 12.09% 12.06% 0.80%
ANAURUITIanAsIINAMUNURINASRIUNS | 13.33% 4.66% 11.33%
99 (%)

svozguiUAsulUnIzozgufLAumdaann 28% 12% 24%
NIUNTOR (%)

Y

fun: SATUY Smunsvy (2555)

Ben)

giua ey uaznieyy Sunsdegl (2559) Anwndlewmunianiunssumnainunay
naestihesTsumAiiensuudmzahaheenlidniuldifumadenvesTantunssunnd
Jufinsedswndonununsliinunedalaiunasdunisirfaqwdefianenisinuasunld
Usglonidnene Taefiduldnantaniunszunnsenszuiumsuuuiuasy dsfinsaunuin
w3 18ud Vinamazauinveunay Vinaniensmns Yiinaesed nawdn mnuiiseu
warguvnd antuidldhmanaseuesiduinimmnd Wesidudnsiuduiesanuseda
uaziledidudnisnsndsinesagfunssunniindatuin Ssinnisitenuiianfunssunnd
fiUTunaunau 30 nfuvesdiunasinun Hugnsiiffigalunisudn Tasfiesdudnismed
Wiy 19.96% nsAuRdesaInussdaminfu 18% waziUosidudnisnseidedayindy
48.16% nwan1snadeulasTndsauldinagdunsrunnanunaunaunene 1955
fgAdoiwutuniuanmsniluldouldats widedinseinnuduamaasegaans
wuilielmAnmudulunisamu Wesnddununsuangsniiliy weddleFuun

W3fng Usenieudlned wazany (2552) AnwdnswavesUTunuaisiiiuiaaigey
A$uiun Aifinaseauiinisnisn et tlasireinfuiinioulfanihesssusfifioan
suyu Tngldthersdurfauenluidoguazansiafiu 50% uraiBouasuaiusluuTum o, 5,
10, 20 waz 30 phr d1n5u A3EUIUM SRS IRt Ll S TsuLUUsuasy Tnedl
A19UNTITHAL CaCOs; NBULATNAINITRY K—oleate WUINITN15LRY CaCOs ABUNNTLAY
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[
=

K-oleate 4287 lHauTRlngsauv0se1mosiftuLdfi08 1919 s illdTRntves
fegsenmlasilideuidou fnvusdunguiy q Snvuzresedldaiiavonazens
wgﬁf]ﬁmiqué}’aLLazLﬁaU%mmafﬁéf';LauLmaL%amﬁuammLﬁuﬁuﬁaaéwwww\mﬁwﬁmi
quﬁmmﬁmﬁulﬁ%’mﬁﬂ%mm CaCOs 10, 20 wag 30 phr @m5uisn19tAY CaCOs %aINT
Wiu K-oleate faogeenanlaairiiiiy Cacos; 20 phr uaz 30 phr faegsitldAeudiuds

ne1UkaziinIsEUMUMEAINISHY CaCos VS 5 uag 10 phr azlameg1egnane g

dnwagnlluAsudeRnaAeRIntNvewIpg19eeas S sULdeuLaY dnwaeeIena
AouTNEELaLlafITUNINNaNISNAaRUAUAzLTIUlAIN Fegnenamain Wiy CaCOs
a va < v A I3 a a 1 Y] 1 g A a
10 phr fanUAnullalazfvdanundLtenannifiog19819We9UI9LAN CaCOs 5 phr
YueNA18g19819WB AN CaCOs 5 phr TautRA1unuLsng1AIN15yUALLDd31N
LIINALAZNITUNLIIANTIAI0819819WIUTLAL CaCOs 10 phr LazlilaUINaNITNAADUT
Lo WisuWeuiuunggu wen. 1425-2540 wuneeaadiiiiu CaCos 5 phr asilaudf
VNUANNUIATEIY

_~ Central vertical axis
o~ %

Reference planer
i

(n) wuudaemuaniulendiasuta (1) USIAUTIVIAEaUNIINTZLNNYDINLN
avglilengusans fullen

a a v R & v v 1

¢=I v & < a v n:' a v Y]
ATNN 2.34 ‘Wll'?ﬂﬂuuaﬂLLU‘ULG]%JIUUGMUWVILﬁiil’]ﬂ@’é]&‘glltu%]&lgﬂiﬂNQL‘UUi‘U’Jﬂ@‘U’JEJiU
LIINISLLNN
#iy: G. D. Caserta et al. (2008)

G. D. Caserta et al. (2008) lavinn1sAnwiwvudtasadlaedsluludediuudveawuan
fufioruuuilulamihilaiutanosafifeusuisadutandissuusanssunnaegluliumes
mnnfufiordmiuddusodnseiusud Tnsuuusiaedldvhnmsosnuuunisiiearsliusna
FAunt fuuLLazsunsesInntution sunmd 2.34 (n) wazvhnisveaeulusunsuiie
WIgueuiun1snnaeg

uﬂ'sﬁmlmmmiﬁﬂmmmmm (Acceleration) MSNSELNNYDIMINT 3 AU wummm
P B way R fenIndl 2.34 (1) umiﬂivl,mnﬂ‘uwu 2 anYLAe S1ULS8U (Ftat Anvil) Lavivy
U395¢ (Kerbstone Anvil) ASEUVNTIAIIUIEY 7.5 m/s AINNANITNAABINUITIUS AR IUUY
mawmﬂﬁ’u{iaﬂ%ﬁﬁhmwméamﬂmsmzLmﬂqaﬁqmﬁ 206 ¢ drudnudsuning 182 ¢



a9

WAZAUMAIN 202 g NUSHATIUANURUUTIUSEU dululuuiiuauuluuuiuse (Kerbstone
Anvil) iA1AILeENaRLIBNITNIELNAAIUULT 184 ¢ FadlethunlIeuiisunisnaaeariy
nsasuuvIzasuazineilag s lvludiediuud wuihilaudenndesiufansen 2.15

AN51991 2.15 WANISNAFIUAIAULIIVRIRNINAUTaAUSEUIBUAUNISNAdaUADY
wuvanaenelnludeaiuunves G.D. Caserta et al.

Flat anvil Kerbstone anvil
Impact FEA prediction | Experimental | FEA prediction | Experimental
point [¢] [¢] [g] [¢]
B 199 (+9.4%) 182 150 (+6.0%) 141
P 203 (-1.5%) 206 156 (-16.0%) 184
R 194 (-4.0%) 202 140 (+2.9%) 136

fiun: G.D. Caserta et al. (2008)

M. Fahlstedt, P. Halldin and S.K. Neuronic. (2016) #n®1nSMAISNTEULNAVBIRNIN
futlorvesldulsndnseuiviliaueainnisuinidvainiign 3 nsdifviinisiiudeyalag
| v aw dgvd o ax s a s Y o =
nquiinIdenldrein KU Leuven uvinisvaaeulagdsnisiludiedwud lngldviinisiden
= = o = o | Y
ASUANYIAB case 4 case 15 WAY case 58 ANATINYI 2.35 UININITNAFBUNG 2 NJUNAN )
AD 1 NAUAIANLIIGIGATIAIATUNTIVADUA AIALIUTUAY (Linear acceleration) AL
Aaa & . < aay v . 1 I
NRAN19N15L887 (Angular acceleration) tagA13t53LUANLAY (Angular velocity) GG
2 narivhliiAneiaussaega Wewisuisunisuiaduiindudunismageuly

Mo uRnIs
va o ¥ o A v & Yo oo A a o & P a
Aidulavinsiiennuiniutionresiduidnseunndnlaedan 3 4u As warainaiely
wnn wWaenwuon warlnuduluvemuin Jausdazdunsiinuaudiianiiunnaaiy nua
nsnegeunuIdiaulndifesiuseninmanisneasslasuanisassuudnas IneAndu
v v fa vy o ] - T =
ANUFUNUSIBLEUT 1INNTT 80 LWaSFuUA M15197 2.16
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v.=l2mis
w__=18rad’s

a = v & Yo o [ a o 14 a
ANN 2.35 ﬂimﬂ']'iﬂ'izLWIﬂ“UENWSJ’Jﬂﬂqu]ﬂ?JENQ%U%ﬁﬂ%ﬂﬁﬂ’]ﬂﬂ‘l’l’]ﬁlﬂﬁuaﬂLﬂﬂﬂ’ﬁ
valuaniign 3 nadl
iy M. Fahlstedt, P. Halldin and S.K. Neuronic (2016)

AN5199 2.16 ANAINAINTENIN9ITNITNAADILATNITASIMUUTIABY M. Fahlstedt,
P. Halldin and S.K. Neuronic

Ratio of peak value Ratio of timing of peak value (%)
Linear Linear Angular Linear Linear Angular
acceleration | acceleration | acceleration | acceleration | acceleration | velocity
Back 85% 98% 83% 80% 79% 78%
Lateral 94% 96% 94% 98% 96% 85%
Pitched 94% 86% 94% 54% 61% 90%
Radial 94% - - 99% - -
Average 92% 93% 90% 83% 79% 84%

‘17;31'1: M. Fahlstedt, P. Halldin and S.K. Neuronic (2016)

(0 U (e)

AN 2.36 Anvauzvawinaniu 3 wuuRswuulisivau (Without rim) wuuilvau 8 Hadwns
Bazwuulvau 13 Jaduns
u1: H. Ning et al. (2017)

=

@ U]
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H. Ning et al. (2017) @nwiniseenuuusaznisasimuaniutdeanmisiaenisldian
WanaRnwuU Long fiber thermoplastic (LFT) fifinsiaSuduleasveuiioidunisifiuniny
whwaatBonmunn lunsfinuddsdnuninssuisnstutansedumnnlaeldfusdnume
N 3 wuuAeuuulifiveu (Without rim) wuufiveu 8 mm (8 mm deep rim) uag
wuuiveu 13 mm (13 mm deep rim) fan1ndl 2.36 lun1smageudadenuuuvesnaianin
sedlundenumnnidu 4 uwuu utadu Pattern A Patten B Pattern C wa Pattern D fan il
2.37 Ingagihnsnatudiusesludenuuaniivhmin 450 N

(c) (d)

AT 2.37 wanaansasludenvuindu 4 uwuu wiadly Pattern A, Pattern B,
Pattern C way Pattern D
#31: H. Ning et al. (2017)

Tnganmsnwinuintudiu Pattem C \utudndiiaumumusiousanaanniian Tng
WUTUUTYOU 13 mm anusamuniusenisinsislauinndtuuuliiveviis 60% lusu
ihninuirdidhainvenudenmnniauusndstudndesfuuuiifivisauviesmann
Tuduseammanmeluiileliagianuszneuiiinsdulouda (Long fiber thermoplastic:
LFT) agflhuaidnunninis 40% wazgavienisnaaeuidevnsesluiudenuuaninldiu
WaesnmnntunuidmanumumusenisTisiauntuis 679% dethmdniidiuty 200 lu
mAfeildinmsienginaresnmmasoshaeandesiumamaaoulagds  Inludiefiuud
aney

S. Gupta et al. (2017) Anwmansenuiiisduiuanes Aelsaidonsenluaues eiia
gy lunsldsadnsemesudlulssmaiuge ngldvinsnwisteniafiaziindensen
luausavesUsraugURmaluiianou waadnieu a.a. 2013-Hu1AL A.A.2016 NUIINITTA
ptAmalagliaumuandudendanudululifaziindennadluateannniinisasmnn
fuflen Tavfuszavgtimgiliaammnniudonuinduidntesiis 43.7% viaduaiaiides
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rfnanes 39.6% geniifuszaugtAmafianddnnniuion lnegfianldmnniutend
ansuaiudnies 11.8% viaiuawaiidesindnaues 16.7%

De-shin Liu and Yao-Te Chen (2017) ¥#1n15@nw1luuinasswesmiiniuiaaLuuLfiu
TudantiidnisenzseslulusunsulilufiedwudlaeyinisAnwdnvaznisnszunnlag
FB3nsEUNNLUL Drop Test ianadaumaiauiseanisnszunn lngldnnudvesnis
AsEUNNT 598.9 m/s Tngseeiinnue119e93dl 150 mm Auni1awin 8, 14, way 18
mm fan i 238 Tudauvesnuudaesiufideldinsidenmnniuieaiifiiudeniin
wAmanTan ABS Plastics dulwuduluduvindeTagluu EPS Tne Tanildlunisldaaautd
Tuluudnany

headform s
initial
velocity

foam
shell

anvial

{d) (e) {f)

A 2.38 nuusaeslusuidevasues De-shin Liu wag Yao-Te Chen
#137: De-shin Liu and Yao-Te Chen (2017)

250 T T T Smm T T

L A open-face
mm
200+

150+

100+

Acceleration{G)
T

Time {ms)

AW 2.39 WANISANEILUUINABINNINNANITIYIZT DS
#111: De-shin Liu and Yao-Te Chen (2017)
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NN 2.39 mansanwnuusassnuitlunmsiuieudisuluduresmnniutendiss
lailsvinsienzses mnndudeauvuiitludaniiagiidanussesnsnssunnegil 197 g
dumnnuuuidnluaziiainuiisegil 235 ¢ wagmnnuuuaisluaziiinauisegi 303 o
mnusdluguamznnfuieawuuinluifinsmesestunundildladnsenzseamuin
muanfifinisienzses 8 mm azfAiAaisegegnegi 160 drunuanfiinsiangiesvun
14 mm uaz 18 mm 2efiAANsIEEnegi 175 uay 150 g AuARy

Afshari and Rajaai (2008) f4annuduiusseninsaanudunisluauesifinaiiosnin
nsnszunnuesdswlunsaifuyudlianldnnniudoauisuisuiunsdiuyudammnn
fuflonlagn1sAnwiuudiaeamia i ludea i uiing e inavednnuse AULAY LIIFy
meludiswrdians Ingldlusunsy ANSYS lunmsiasiziuuusiasssanind 2.40 audaly
miﬂ'mwmﬁ 8.28 m/s

Brain
Skull
Foam

Rigid Surface

Shell\\

Al 2.40 dnwaznIsnszunvasAseeiildluudseves Afshari and Rajaai
7u7: A. Afshari and S.M. Rajaai (2008)

NnransAnymuIuUiassiildldmunntudensziidmnuisaganiuuudiassd
aaumnniudenlnonsdammunniuiionasiidnnuiseiiniud 1,180 ¢ daunsdilda
mnnfulionaziinnunsel 280 ¢ aonadesiumusuiiistumeluauesiitmamusuaislu
uAneeRUgsand 31%

§1UUNn5 TywA1nn wazende Favushs (2561) l9rin1391899n15MAdaUNISNTEUNNUBY
vndudeanvuiduluidenidmiuldsdnsoueudivinumunivesmnniuten
LaZVINNTIUTIUTIBUAINLANANNTEWINHANITNAADUNITNTLUNNTINUNITI1A9910
nsssuiisunuiiaanussgeaaiiinduuludssenaaevdsldannissiassdies
IWludeduddamnuuansisiunanisnagouass 5.95% sejunisundslnlufiedmud
11§1889015NAFBUNTNTEUNNVBINLINAuToaaursat Ll T uuuInstudulunis
genuuumniuiieald e treanmlddelunsesnwuumnniionmaasussdls
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S. F. Khosroshashi, M. Ghajari and U. Galvanetto (2015) ¥'1n15AN¥1A1509ALUY
nszdaminvesnuiniuiion lnensinsieilaesuileuislludwdwud §3dedonnis
NAAOULUU Snell M2015 uag ECE 22.05 11v1N13310094UY 2 T8N1NAZBUABNISNTEUNN
fusnunsetmhlnenssfunsnssunnivindudennnasndeauimnszunnduiiu
Faamil 2,61 wazgAdulsvinnsimunanumuivesnsedmiing 0.445, 0,465, 0.485, 0505
wag 0.525 mm lagldlusunsy Ls-Dyna vMN15IATIENNIAIY8S AIULI9gn (Peak
Acceleration) An1sUIALEUTIRTYE (HIC) wawsvrgufT83TUNY 2NNISANYINUTIATY
ﬁmﬁmﬁu%ﬁﬂﬁmmmLﬁ'qqqqﬂ MsuaLduiidsys LLazﬁwzquﬁmaaéﬁmm einan
topas ludrunailianuuudassfannsaieshlulfifieUssfiunaiifafunisuindud
Arwzundnlushunmsuiniduiiegnelunslvandswruaznszgndunds

S kg, 0.01m’ area
Ral :mpactor

v=a5cml

130 mm dameler
fiat steel anvil

AW 2.41 33nmadeunseiwitvewinaniudisasauanaslud
7u1: S.F. Khosroshashi, M. Ghajari and U. Galvanetto (2015)



3.1 LUINENISANEN

UNn 3
A5 HUN1SIVY

nuideiilunisdnavenisuszendldvesienmsunldiiesuwsanszunnniglumin
futloadmiuddulsndnseueud Tunsunisfnyasneaeuly 2 dwndn 9 Aen1snedeuy

nelurealUinisuazaziinuIsuiisudunisasiawuuitasniednssilne seideu
aql s a [ g g o P v & =
Folludediuud (FEA) Tnetunaurednisnnassiuazyinnisidenuuiniudeauuuassly
o I N o o a H & Y aa Y a
wisluwagalutanid uvinmsiasuresieemsnvusumeisnisauasUlnglunisasy

Wosnvziuniseeniuugliuunsasuaaiiiilianunsasunsanssunnlanign Bnvidy
AnwiiadnAanuruvesenininaveinisyivaniiinanusinszunn drudnuiainisnaaes
ADNIVAABULIINTEUNNTIBAN YINAVDIAIANILTINAENITUIARUNATYE (HIC) ANMRT3I

Yoaunfutiaaldludaniavd dulusiunisnaasdlaedsnislulusiodiuud (FEA) agvin
AMFASIa UL NINT U AKALYIINNSAN YIRS IzITlLlU SN SULBS s UL s UNaTEYINg
ANSVNAABIVTILALNNTASILUUINEDY TIT18aLLDUAVDIUIFUUILLAAILUNINT 3.1

£ )
finyimstugivea

YNNI

= = ==
ANEINI: Iaaitnannng

¥ \

- ¥
aanuuuyluuumsaEsulanh
¥

s uasAnmanuiuaah

1 uaz 1.6 cm.

ufemiiaumsnaasaniz TvaailtianAnn=unn

funwuiiandlaerzons 1 ludiodnmed

AA¥IAIIIT WAz HIC Ritha

NNMINTZUNA

wisudisufnyianusaaz HIC AfAnAAATZUNA

funpuasaTagszdou s W ludo dnud

AN 3.1 TUABUNISANYI9IUIRY
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3.2 nsdanUsznnruiniuiloauasfseednass
v & =
3.2.1 vaniulleanuunidly

mnfueauuuaielu Wunuinguasmssnaufidasudsaziundsdsve
nesERUYYeIlTul vinnlatanunsadesfuliiamefsvedinuuinngu lunwideidfise
ladenvuevesmnniutlenwuunidluduseufsuen 54 cm uagAugamuINiUlonogT
18 crm AIUNUNTBINATERNDY 4 mm wazAuvwvetlunelunuaniutena 27 mm lag
A1311509 FUUUVVBIMINLAGINNGA 3.2

7l 3.2 sUsuuvasiNIniuliaawuuasely

3.2.2 wunfuiloawuutiuly

Al 3.3 sUsuuvesianiuloawuuinly

mnfutaakuuduly Lﬂwmﬂgﬂmﬂﬂam%ﬁmeﬁwﬁwwé’qLﬁmaLmeﬂﬁlﬂs
LAYAUADAIUNAIATUNLLUALNUBAIAININABADIUANEANAINTINT 3.3 YUIAVDINUIN
LY~ [~ P! a o e’l’d (Y] = 1 al
AudlsakuuinluildlunuideiidvuninseuAsyeaved 65 cm AMEd 25 cm WagAIY
PUVINANERN 4 mm duneluildannuanillnufianuruinelunuindudien 27 mm
IganinsansukuuYeminlafn g 3.3
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3.2.3 wwanfutleanuuinlulavii
vnfudeauuuidslulantiagiifianumuniusaznusdeussnseunnuiniian
doswnTaguarumusoudsnnnimanyiadu q uagdnidsdsunssdadaniiadu
vavomnduoauuuidiluililunuideiinsoudsurogi 65 cm Auga 30 cm A
WvINAIERn 4.5 mm anunuvedinumelumnniuien 27 mm lneldnuagvemnn

Wusannig 3.4

29 3.4 E‘U LLUU“UEN‘VISJ’Jﬂﬁ"U‘Ij’é]ﬂLLUU Laﬁﬂ‘Uﬂﬂﬁﬁﬂ

3.2.4 fswruywdingns
Al 3.6 udnunzAsuriaomenyuslunifedfldfswsansiivianld
fdnwarlndiAsiuferayudaia Tnsfidmiin 3 kg uinvandusoufvuragsening 53 cm
LazAILgeIRaINANEmHINLegT 20 cm Fannd 3.5 Bederivesnislifsurdransd
AdeiuRsyruywdafe WumBanuindutealivuinaiunsaduuwsinszunnlaagied
UsravsnmuarlndiAssiudnuneronisingifimase

AN 3.5 ANWALATELINa9IINISNAADY
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3.3 mﬁugﬂﬂaqﬁﬁmqusﬂﬂanszmumsﬁuaaﬂ
nsfnuildnstugunlesihenammienssuiunsduasy nszuaumananlnluensain
thesssumiuuudiuasUiuordondnnisiinendlifnneserna uagldarsieiaangiedi
071 Tndsuddnengeslsd (sodium silicofluoride) TunsyilsiWeiensia nsyuIung
fuasUaninsaUszgndlilviisunuiinlfuas lidudou
33.1 gunsaituguasinenamns
Tunstuguronienamnniuiiduasdesdiqunsaiuazanaindiving q weraeluns
Juguihermsduliduresiniieldsuusinssunn Tnsgunsaiuararsiafiazsznoude

aaa

M1319% 3.1 asiAsiAduANURAzeN

snsiadl-AaLiady wthil
10% waxlunilealadion (Ammonium oleate) | astaelvinwos
50% fnugiu (sulfur) ansviiiviensaagy ude)
50% wwnddy (ZDEC) aseLseliensan
50% wanwduiil (ZMBT) ansfassliensan
50% anduaa (Wingstay L) asugnadon
50% Fareantun (ZnO) A1INTTAUAILS
33% @A (DPG) ansisalviensgn
12.5% Loaioaen (SSF) astelivesduda

3311 asadimuauUiizen amsedamuauuiiseivemisiesiete
fafpsmunuUTinamsnugns fwne1efl 3.1 uasdsuasienninmussasie T

33.1.2 LA3estisans su BSA (BSA Series Balances) ladosdanuuidneatiannga
AT iU R 0.1 Tadndu e 8,200 n¥u Fenmil 3.6

A9 3.6 1AT09Y9ENT JU BSA
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33.1.3 ipsewauasndl Ilunswananswiliuingdinaudiiulunniuniuag
Tlunsiieliianosens Tdnvazdaning 3.7 lnensemauasindazaunsausuannusale
1Y A < ! I < 1 I <
3 5¥AU fio AUEITOU 180 S0UARUIT AUEITEU 240 SOUARUNT UagANSITOU 360
FaUsEUi

2NN 3.7 1AS0INANATSIAN

= [

33.1.4 ainatusumiieensy Wuaienvinandanezaiiden danind 3.8

9 Y

A11150n5EMeANUSaUla v NIVINNTaUNDIUNEN9NT

M 3.8 mnezgiiiley

33.15 goupnuiou Wudeulagldlouliauieou A 3.9 lneniseu
Westhesavaunigumgil 100 eI waLgya



AnA 3.9 gauanuiou

332 gasmuwaanUasigudanududy (% phr)
AnUasuRAulLgU % phr (Parts per hundred of rubber) AantaanWaLENs
TneAndnaLUSinmuansing 4 awleutuens 100 dnildlumsesngnsens Wy Wuasiuedy
2.5 phr mneALIEens 100 @ ssdiuiusd 2.5 ohr d@ulaganunsanldanaunisi

(3.1) Fastoluil

% ATANNIYTIT

= (% phrx100) / (% vo3a13.A%)

TumAdeiiagldusinaasiaillunstugunesdienans) Awnsadm 3.2

A13199 3.2 gasinensdu (70%)

GRETGEY % @siad % phr % asadiflea3e
1.Ammonium oleate 10 2 20
2. sulfur 50 2 4
3. ZDEC 50 1 2
4. ZMBT 50 1 2
5. Wingstay L 50 1 2
6. DPG 33 2 6.06
7. ZnO 50 5 10
8. SSF 12.5 8 64

60

(3.1)



3.3.3 NMsUUgULeATY
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A159N819A5YL Ae Nshaasnemsuaslulutnensaniald 1 - 2 Ju densanazuen
panidu 2 Tu AatunensiAdLTUg ey TuniieadduivEe nisendt mahens

FSNeeRsNUneeAsITla e maNiUMuZiY asALAN 13RS aNsNsTRULaY

ansteatuihensdevann agladuiheneesunserngnanauunig antuastitiensasuuyi
P I - Aaa X Y] 1

Msnadasiadl Wenagduguidunesdienanilagasdisnmstugudeseluil

gnstdlunsvieneasy TusddeilagAwinaindienstui 1,000 n3u laganunse

milaanauns (3.2) uag (3.3)

% Ne19TU
% ANSLALNIILA

% 819A3

% YBIETNIT34 % YBIESNIY X % &19ATY

AI0YNNITAIUI bUU

W % Y19ASY = 1,000 = 48%

210.07

Y % VB9 NN = 167.4 x 4.8 = 803.52 N3l

M13197 3.3 gasildrugunainganis

(3.2)

(3.3)

GREIGE % VaIESTI / % wasEnsHda3e /i
Yiwiin 1,000 3y 1,000 n3a

1. thenetu 167.40 803.52
2. K-oleale 10.18 48.86
3. Sulfer 5.05 24.24
4. ZMBT 2.04 9.79

5. ZDEC 2.07 9.94

6. Wingstay ( 2.54 12.19
7. DPG 2.49 16.75
8. Zn0O 15.04 72.19
9. SSF 2.26 10.848
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Tupn3197t 3.3 wansdaUsunandvansiaiildastesetmiinsiuvesansiadl
Wara 1,000 n3a TnendaainmseunssuIunsaLas AT lueSosmaLasIATinuTunous
Funeulunmdl 2.13 ué axthlueudelethgamad 100 ssmwadeaiieliliesihenms
San il 3.10

2NN 3.10 ANWUZWBIUIYIINITI

3.4 dnwazvawanniuieafiaiuiaguesienan

TusAdedlivhnsudsdnunslunmsimoshensnsdunadndu 2 Snvuzlasly
iAdeiazidondt wuvudusnanwadnuazLuunquiisiud Inglunaiaiuusiunei
EmwwswLLUUﬂquﬁy’qﬁuﬁ%Lﬁmﬁmmwm 1 cm (2wl 3.11 (7)) wag 1.6 cm (1wl 3.11
(1)) Tngaziumageun1snssunvesnAeufiniugs 1.2, 1.5, 1.8 uaz 2.0 m Ineiileiads
wpsihenammazisnune fnmd 3.11 (a)

(n) w@SuNeIU1 1 cm (¥) w@sune91 1.6 cm

¥
=]

AT 3.11 MSLERUNBNEIINITIUUARNTNNUN
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(n) FnwaEn1sHIASIveIMIINAUTeATETUND NN TILUUAGUVIANUAN

AN 3.11 AMSIESUNDILUNENWITILUUARNTINNUT (5iB)

A13797 3.4 IUIUFURUURIINAUTBAEUVBINNE T RLUUARUTIIIUTYINN IAsay

Uszunuuaniuilen SruaunSefinageu/AnunuIvB LN TR THESY
Ty AURUN AUYUT | AINUEIVBINNT
Taivesu 1 19ufns | 1.6 lwufwns | Uaesriafou
Vel ¥nsnegeusn | vinsvnaey 121518
\.\ NAEOUT 3 ads 1 3 Ads Uaz 2 Lung
3 s
wnnfudenfiasy
WE]ME’]EJ’NW’]?’]
LLUUﬂquﬁ”’qﬁuﬁ
¥nsMadeus | vinsveaey 121518
3 ads 1 3 p%q Uz 2 LWUng
wnnfutiendiasy
Wostenawns

1 lﬂ;l lﬂl
BbUUBNULRNWIESNUN
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wilanwazvesnniuiionudazedauazdoulunismeasdunsdlveenisiasuwmy
vxlamfwsmwmLLUULﬁuﬁQﬁuﬁagﬂLLazLLam‘LumiNﬁ 3.4

Tudauﬂﬂsmaawmﬂﬁ’uﬁaﬂﬁLa‘%mi’a@Wmﬁw&mwwmLLUULLsiu’NﬂamumLﬁmawwz
HufiRlaTinsesufinumun 1 om wag 1.6 cm Tneldurufiddnunsdunsiureni 5 uiu
@sunslunnniuioadanind 3.12 (n) druruinvesudunesinfildvinnisiasuazivuin
W It 3.12 (2) LLazmmm@é’ﬂwmzmiLa‘%uLLsJuWaqﬁf]squiﬂé’mﬂmwﬁ 3.12 (p)

\

7.2 eEuftms

=

12 iU
12,5 I Uf N

(1) JULUUNSLER NN UULHUIIALEN (¥) anwauzlaunes 5 uHu

¥

(A) ANWULNITNIASIVDINLINAUTDATILASUN DI E1INITILUULH UL NI Z U

AN 3.12 ASLESTUNDIUIYINITILUUHURNIZNUN

3.5 NINAHBULIINTZUNALAZAIULIININNITATIUNN
3.5.1 LASOIVIAFAUNISNTIUNN (Impact Testing Machine)
wdomagounsnszunnililunisinyivasesificiugeedi 2.49 m duandly
Al 3.13(n) Bsilgunsaisznouseihfeudiannsauiusesuaugasine o 1o wazudesls
pnasetedassifielinsenuiuiumistunusudiudiswesados fuandlunmd 2.13
(%) FeaReuanunsavuiasumaaldnaus 3-60 ke Inglunisneassiasldiminideud
10 kg 1vadeUNIINIERVNtuRINNiUleannnsdl
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nsnageusenszunnazidumsimnniudoaiiliesunewihemisuazmun
futendildmnisasunesieansudtlunglumnnfuionSeudesuds vurnanumun
1 cm wag 1.6 cm uminsvageulagiaiemaaouusIngzunn fienugs 1.2 (V = 4.42 m/s)
1.5 (V = 5.42 m/s) 1.8 (V = 5.94 m/s) wag 2 m (V = 6.26 m/s) lngazuianuiniuiien
ponudu 5 Yssanfe muanitliildvhninaiuresit (M) mnnaduosiuuuaguiidsuy
1 cm (H2) mnma‘%mxlaaﬁwLLUUﬂquﬁ’jﬁsw 1.6 cm (H3) snEs oL ULKYIInaY
uLEn 1 cm (HA) mnnasumlasiuuuurusnasvwadn 1.6 cm (H5) Swuansuden
Tuusiazluazshnsmadevegidy 3 At ndwintuestmaildudinsesingm ednwm
ArveerLaINNsaluN1sTULTINSEUMnvemIInfutien nannnseuvemNINAuTeATith
W@Nﬁﬂmqum%ﬂui’amﬁu wazUszansanlunisiunsinssunniinturosmanman
AutloAusazuseinm

3.5.2 YURBLNITNAHBURSINTZUNN

Adnwngaunsnszunnldlunsinuifdnuusduregs fuandunmi 3.13
(n) Tnevegedifinugs 249 m fgunsaifindeidoudsannsnentululuseduanugeing q
rouldetlvinneagnidasy (Free falling) Witennnssnudunusiuasiigiududsveuaiosds
Al 3.13 (@) 1§Rnes Load Cell iifotuiinAussufiseniiintussninenisnszunnaes
Funuuagiadou Tne Load Cell fandmannsnsuiindeyaldinnuigeanis 10,000 e
Jundl Fadeuililunsnagevanunsadsuiminldsewing 10 ke

. Impactor

Drop height
_Helmet shell

Helmet Foam

bber s i
Rubber sponge J "~ Head form

Load cell

* [

(n) wsewmaaeuLsinsEunnldlunisd@nen  (¥) SULUUNIVIA@RUTRIATEIIARDY

27 3.13  leazunsuanewasn1sIIeIUYD9LATaINAEaULSINTEUNN (Impact Testing
Machine)
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Tunsnwildlusunsalunistufindoyaiiidodn KYowA DCS 100A Fanmwi
3.14 Inanwadfldlunsiausaanuamisnuussnssunngaagnls 200 kKN 483 KYOWA
Model LC-20TV wazgunsaifililunsuuasdyanavesinii @e Data logger ¥iin PCD-300
Series 47 dwisunsAnsagunsalifionaseuusnssunniituneuddeluil
3.5.2.1 Wousearslnanwadidniu Data logeer wazdaaraiadasn Data
logger ingirdosnoufiunes
3522 Funminvewiideu vldlnethfdeuncuulnansad anduiiuvie
anmidniidesnsvegey lumsanwiivhdeudmi 10 ke
3523 amél'jmé’aam’]m%aqa ioldlunistuiinngfinssunisnevauestuay
Tnetuitndunmedeulm dmsumsususelulusunsuiiseazidoadil
1) Anuazdeslunmstufinamedauln fe 1,000 fps
2) ANUSWALWDS Ao 1,250 nwsaIund
3) AuRALASEY1Y fie Manual
4) 35uued A 5.0
5) auliues Ae 400

5.LASDINAFDU

7.Data logger

6. 100N
(Spotlight)

2 FUNU

8.ADUNILADST

] a ] L4 E
AN 3.14 ﬂ’]‘i’ﬁlﬂﬁl\i’e}lﬂﬂimﬂ’ﬁﬂﬂaaﬂ“uaﬂLﬂiﬂ\iﬂﬂﬁﬂULLﬁ\iﬂi%LLﬂﬂ
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3.5.2.4 faswaenbil (Spotlight) tewfiumuaindliiutuny lunsAnuidld
vaealuwn 1500 Tad siaviun 2 viaen
3.5.2.5 Supeumnaaesiidunsusseluil
1) fehfeusesenuewmesliii muanugsiidiosnismaass dmsulu
nsfnwifldenugessrinnaetunuuasdaeifewyiniiu 1.0, 1.5 wag 2.0 m
2) Mevueniluszduisnans UUFIUTOITULTINTZUNN
3) Udeehifounssunnaetunuy
4) Juiinnslugisszninanseunnanlusuns
5) ﬁ’uﬁﬂmwmﬁauimé’wﬂ5aqumL‘%’Jqq
6) AATIZANANITNABDY
3.5.3 LA3BINAFDUAINLIIVDINITNTENNN (Impact absorption testing machine)
A3 INAABUATNINTIVOINSNIEUTNTRIIINTUTeR dwSunmniutendivinnis
s TanrlaahenamnsudnsihumaaeuIAITe AN SENUNAFE UM ANLEITUS ST
na1fulssuazafuA1ves HIC Inganaiwil 3.15 1uyanaaeunisganduusnszunn
(Impact absorption testing machine) 31nesUfURin15vesAUENada v ueud a0y
g1usUd FsansavadeumriniuiennuLUUNTAREUYDINASEIU ECE 22.05 lngiBnIs
naaeUReazimIntuteamnAsuzdians ududesamnlunuifsfinnugaUszanas 3.00 m
ielsinszunnuuwiunaasukuuEeuinnmss 7.67 m/s Tunsdvannuuuidinlusasziisl
Ynnih druanuidilunisnszunn 5.94 m/s Wifumnnfuioawuuaislunniuasuanaa
VYOIAULIIDDNN WU AN DT

AN 3.15 YANAHBUNITAANAULTINTEUNA
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3.5.4 SUABUANSNAFBUAIINULIIINNTATIUNN

NSNARBUAINLTI9INATNTELNN T U ST mLn R udoaftlaiiasuno i
ravnsuazmanudendildinisasunesingsnsudnluneglumnniudenSeudesudn
YUINAMUNUA 1 cm waz 1.60 cm 11N 15naeulngLA3oanadeuLSINTELIN ﬁmmqq
3 m Ingazuismnniuteafenuanduteadiuly Fwuinduiealusdazluazyinisnagey
o8n9aE 3 A% FesaTmunAY 45 NSl AeveaeUUIANsEINA LM wdtanTuaztNa
Fleuiaszinsn iefnwmiA1veIALaIsaluN1SSULSINSEUMNTeMINTUT oA Na
mﬂmwnﬁuaamnﬂﬁ’uﬁaﬂﬁﬁﬁmqaﬁwmqummLflui’ama'%m wazUszansamnlunissuuss
AssunnTifingure smnnfutioausdazszinmn Tngianmeaeuiidssolud

3.5.0.1 AISNTELNAUSLIUATUNT

1) wisumnndudeaildlusadnseeuiuuudiulu Tnevhnisasvaey

wazidngeiiazyhnsnszunnlidugaientunaly danmd 3.16

Muil 3.16 nsiAgeTiazitnisnIznn

2) dhuanldndswednasanldlunissunsainssunn lneusulvndsee
FIAWAIUNUINYIINTNTEUNNTYY 35° LHDLATEUNITNTEWNN AININA 3.17

A 3.17 asuSulidseedaesiauuIninnsnssunniiyy 35°
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3) Wedsliiasemaaevenvuandululilanaiiues 3 m lunsdvan
wuuinlusazfuludandl dwmnnuuuassluazuiufianugs 1.8 m iilewseun1svagey
LAS099zYINNISIRd e Tl uNITVAEEU AININT 3.18

7MW 3.18 inTasnasauenuuInAulUlElaNANE 3 wns

5) dewniomeaeulidyaialunsnieunnaauwdy 38Nl
Mdasnniuiionainegadasyanasnnssunniuiu

6) ABLAILADSILTNNNTUSTUIUNAYDINULS LA AINISUIAE U AT Y
ponulusurasdoyasiay neganeaeuiiliananidususudiduannsnduiing HIC a1n
nsneaeuusiazasaldlaetufinuasuanmawuusalusiBnunoufiames

t, 2.5

[a(t)dt (3.9)

27 My

1

HIC =4(t, -t,)
a = Linear acceleration, t;, to,= Peak Linear acceleration Time, t; < t,

3.6 MInadeuauaNUAvaTagUaNIniulien

wemagauililunismaaeuamaudivesianiidedn Universal Testing Machine
Dynamic Type §u Instron 5567A Awaansalun1sna 100 kN fauaaslunimil 3.20 990
osUfuAansmaaeuanInemans qudindesiionats unine deveunnu Jmdnnis
yhauvenades lasldussduitulunstundeunsimeaeuliiedeufiiielfAnusensesh
vutusunelsruurenfianosauey usaiintuazgninlaginanisa dunisiudsunias
sUS19v0sTuIUNAasuIzgninlassrarn1siAdoufiung Actuator w3 Extensometer
Snwzrestunuiifeunisunourhnimaaevasiizusadefusuua laedvundanind
3.19
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A, ASTM Dw 38, Tyoe IV
T 3.3 r.r|m e
10
-~ L 25 I ——
_iﬂ i 2 mm

(M) LATDINARDULTIA (1) NSIUEATUIY

AW 3.20 YANAHBUAMENURALINNAYDITHA

TutuvesmsnaaeunuantivesTasluamidded sndunmawisstuamilummegey
m@mauﬁ’aL%aﬂaﬁuaamﬁaﬂﬁw"wmﬂwmaaﬂ%ﬁm Acrylonitrile butadiene styrene (ABS
Plastic) warnaainensmafildiadulunaaniution s 3 uuv wwueddly wWiluwazdlula
i1 22¥N1IFATLNUAINLNATEIL (ASTM-D638-2010) Tiidnuaedanind 3.21(n) Tnely
mimaaumﬂmauﬁ’aL%ma%ﬁ']mséf’;amaﬁqéfﬁumuﬁaammﬁ’; 50 mm/min ietusu
PINNAUfazyiinRAUNaNITIAGEU WU AsLduAIIIATEn TaananaRndildinuden
mnnfuieatunaildainnimegeunaninnuduiussening enuduiuszsesnisaiives
Funu Fasnedt 3.5 9Inn1mnaeswUiAIAIAUGIERRD 46.77 MPa uarAagdanIIA
Bangufio 1.983 GPa drurlastingnsmistuagiien A1anudugegaiio 0.25 MPa waze
uegdanuiavguie 003826 MPa fams1eit 3.7 Tudrwvadlriuseddunuaniudoatush
91n¥an Expanded Polystylene Foam (EPS Foam) aztflunsisienfandudindsuiiioasii
nmadeunmautRdnavednilasasdunisnatunudinind 3.21 (o) ndufivhimado
foyaidesnis nailsnnmamaaouuaninuduiussenng anufufuszoznsindies
FUITU 21AAI5199 3.6 N1IMAADUNUINTUIILAIIITaSUATERNe qReE Maximum
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Compressive load A® 640.10 N A1 Compressive Strength Aa 0.42 MPa A1 Modulus
(Young's Modulus) @@ 14.73 MPa wagm1 Compressive strain at Break 55.30 %

(n) Mawseudulunmegeumguand®  (v) Manseuduailunimaasumauaudn
Fanavesddenvunniuiion Fanavesnuvuaniulien

AN 3.21 NsAsENdEnLiNeinN1INAFaUAMENTURYDIIEN

a51efl 3.5 AuuautAdanves ABS Plastic

Property Description Value
P Density (kg/m’) 1500
E Young’s modulus (GPa) 1.983
v Poisson’s ratio 0.3

A1319% 3.6 AMEANUATENVBY EPS Foam

Description Value
Density (kg/m?) 150
Modulus (Young's Modulus) (MPa) 21.09
Compressive strength (MPa) 4.20
Maximum Compressive load (N) 1050.72
Compressive strain at Break (Standard) (mm/mm) 0.936
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M19197 3.7 AuANUATERYRINBIUIE1IWI

Property Description Value
p Density (kg/m”) 100
E Young’s modulus (MPa) 0.03826
U Poisson’s ratio 0.4

3.7 msadnuuasminanduionaiionsanewuusiasmis ludedwud

NS dunisnaaeunuinfudoafiiasunesineranislagagyinnsinenaan
LUUTIABIMNY FEA 1iiUTouifisufunaannnsvaans 91nimayineannsainanuusnas
1U°usnstaGialULﬁaWLé’sUwaammﬂﬁ’uﬁaﬂﬁLﬁ%mwgqﬁwsmwwmﬁmmm%’uu,sanﬁsl,mﬂ
a ﬁaﬁ%umauiumsaswLLuumaaaw'ﬂ,éﬁmEJmsaﬁﬁwmﬂﬂuuaﬂiuIUsLLﬂiu Solid works 1%
fuunawiioufuiunueds fuansuinded 3.2 Tagavimsuontududy Wasnmn Ty
sedlunarieuinenannsdanslusnegawesnnfudoauuudalulaminiiasudsnoni

NI IMUUARUTINUNLAZLUULHWMNANIWIAEN U 3.22

LLUU‘{I’]a’e]\‘iL‘lJﬁaﬂﬁiJ’Jﬂﬂuuaﬁ (@) LmeamIWmiaﬂwmmuuaﬂ

8=

(m) LmeaaaLLNUWaqmmqum

AN 3.22 wuvudnassuaniutieasuudulunldlusmuise
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1Al 3.22 Wudegrsuvudassmuiniuioauvuiduluiiadaazgnuanld
Ainszilulusunsy ABAQUS Tnsnwdi 3.22 (n) Wudnwazveaddenwuiniudeniifinan
v 4 mm Tagluaauuurasaddenmnnagliimsnanszandmthvesmnniudenios
nlunsnaeuiugideldliinssandsfouldlunsvasesniedae dwnmd 3.22 (2) Hu
dnwazvodnusedumnniutendeliaumn 27 mm susuroutreiidmldannluuisd
At 3.22 (a) iWudnuzvssuduanieianuededulnuseduudiiaumuies
1 Tngaztwuneuvgesusuoniensl 1 way 1.6 cm augtuuuildlumavnaeuads

N

(N) WUUINADIVBIIADU (V) WHUSULSINTZLAN

AT 3.23  WUUTIAB9VRIING LUNITNTTUNNUALTUL IV

ol dlulusunsu ABAQUS wérifu iflesanimstiemeiuuuiaedlusmifodas
JunmsiinegiuuiingifanudunnssunnduianiisdesnsasAnymielulusunsuas
391 Dynamic/Explicit lagagfesairanuuiiansvesing (Fadeu) Advurmdusiu
Audnans 140 mm AN 100 mm Fan1wdl 3.23 (n) wazunuiuusanszunnliianiisnas
#nw Tnefdnwagfufimasudniasunn 500 x 500 mm dsnmd 3.23 (1) dauduneulunis
Arsgiazuuuinantazyiinsiingied 2 sUluunsiiassieinsziuuudiasdunsdliivh
Aeunnasnszunniusvedrassiianumuaniudenlagldanuiinisnszunnd v = 4.42
5.42, 5.94 ugz 6.26 m/s lngAumnANNgesallunsnszunniasldaunis v = /2gh
Tnefian ¢ = 9.81 m/s? warldauge h = 1.2, 1.5, 1.8 waz 2 m auedsiu lngguuuuves
mMsvaaed WlelTeuifisunaresnisglvanainnsvnasilaznsaisuUUIaes daudnwils
nsdifearrhnnneiuuuaesissefiaumnniuiennnamnseunniuiiuiianuds
7.67 m/s Tunsdlwmnnuuuidulunazidiululend duanusilunisnszunn 5.94 m/s 14y
mnnfuioauuueisly WelSsuifisunaredrAaniaaInnIsnszunnuazaAn HIC 53131
nsneaeIwazLUUIIaes InsfineasBenvesnsaiiauudansieiolud

3.7.1 mdwszikuudnassmaniuileatunsdinsmagaunsnszunn (Impact Load)

Tumsnwiuuudrassmnniuieansdiivhdeunnasnnszunniufsuedasai
aununnfutiealpeldnnuidinsnszunnd V = 4.42, 542, 594 uay 6.26 m/s s1l4n15
Ansesilnglusunsy ABAQUS.CAE Tnsmssianstiuagldiin1ssnadaguuuunasdnunzues



74

nsneaesfiviesufiinag Tasanami 3.24 iWunsimuaieuldlunsiinseginuuiaes
Tnemuslidoufigninualiduresuds Rigid body) Hunnasluwuiunu Y (Free U2) i
finsimuatmdnd 10 ke unszunniudswesiassifuvesuds Rigid body) fiaau
wuuaesnntutien lnsagivunlidsuwysiassuliifnnsindeudile 9 (U1, U3, URL,
UR2, UR3 = 0) lunsnunifagrvueliaduusyansvesanudsaniuvesindudaves
Fuuiufldiiu 0.1 wavaziunavesnnssivanainnisnszsunniiiatuiiusnudiuais
yosAswrdansdign RF1 nmil 3.25 1udnway Mesh uazruin Mesh vosiaslunuudians
lngiiAsuwayfsued1aodagyiinisninua Mesh Wujuuuy d-node 3-D bilinear rigid
quadrilateral (R3D4) u1n 20 mm esannisimunsuuuuresowdandedululusinss
wldAnnmsdsmevesingififeiadenld Mesh Afiaududoutiosiigaiiioliiedenis
Jisgsiuuuiians dawlunsdvenudenuuan usedly wasvesiienamisaggn
Avuabiilu Deformable lnefiguuuuaes Mesh Wuwuu 10-node modified quadratic
tetrahedron (C3D10M) #a 3 Yanaauvuiaues Mesh vaaiudanuuan Trusasly uay
woetinenamna aglduuin Mesh 7 10 mm amgueanIsfisun Mesh wuu C3D10M &s
Wudnway node WUy quadratic ﬁawmsa‘im3'1uﬁLLU‘Uf\i’waaaﬁﬁé’mwmmmlﬁwaﬁaeﬂ,é’
#n1 node wuudu 9 mﬂwmimmﬂaaﬂmmﬂ TnluuazwosienamnsagnuiiYaniud
aulAsmusUdnuneesisus agiun1sfinun Mesh WUy C3D10M Fadudnuny node
WU quadratic azteantlyniiiezsitavestsunsulddiian nissdmstuuauneiiuae
fsanmunnavIzaure et u ez fldlunsin e

Impact Hammer

Rigid body

Element R3D4

. - - Velocity = 4.42 5.42 594 and 6.26 m/s
Impact initial velocity v
! Displacement = U1, U3, UR1, UR2, UR3 =0

Displacement = Free U2

Time period = 0.012 s
History output = Reaction force Y (RF1)
Frietion = 0.1

Contact = General Contact

Headforms

\ Rigid body

Element R3D4
Fixed = ULU2, U3, URL, UR2, UR3 = 0

AN 3.24 nsnruaaulylun1sAIASISELUUINED9INSAINISNABUNISN ST NN T UNS6
ANSNAFBUAITATELNA
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Shell Hebmet

Deformable

i ™ - ABS "
Rigid body Matertal - AHS Plasth

Element ~ CIDIOM

Element R3ID4

Foam

Deformable
Material ~ EPS Foam
Elemen 1t = CIDI0M

Rubber
Dreformable
Blaterial = Rubber

Element = CIDIAN

AN 3.25 Msivueanee Mesh uazguuuuvas Mesh vasdanlunuudnaaslunsel
N1IVAHBUATINIZUNN

3.7.2 MIIATIARUUTIAUNINAUTEATUNIAINIINAGIUAIANLINAINNIINITZUNN
Anghaisufisuiunimaassaieiu ludmuinves Mesh Yantuazsin
nsidonldguuuures Mesh uazvuialiiaenndesiudoulunisinasdunsdinismaaeuns
nszunnLULTeunszunniufsey Tasdenvaan Tiusedlu uagresiienamnsaggn
Avualiilu Deformable Tnefigunuuras Mesh 1uluyu 10-node modified quadratic
tetrahedron (C3D10M) 14 3 TandrmuInves Mesh vasiUdonuuan Ty sasly uazlasi
gans wlduunn Mesh 7 10 mm dawtanfifiusnanlunsdusnAedisearhnsadieiiu
wuusuBsuitivuadusitugudnans 15 cm Tnefvualiidu Mesh sUluy d-node 3-D
bilinear rigid quadrilateral (R3D4) awn 20 mm fan i 3.26 Tuduvesdeulunissiass
sUnuuiilunmdl 3.27 agvhnisivuslvidswesrassiiaslamnniuionargnimuslfiu
vaauda (Rigid body) Sunnasluuwiunu Y (Free U2) LLazﬂ%’UQmmﬁimﬁﬂaaaﬁﬂizmeW
nszuNAUSHASuMTTnnYsm 35° Aufulvianasnnssunnduiuunuideuiliians
waeudla 9 (U1, U3, URL, UR2, UR3 = 0) fA113t33n1snseunniinfiu 7.67 m/s e
1AsgIuTeIMsageumnnuteaildludundsddmiunsdnaaeunnniutoauuuii
TuwasiiuluTanii anlunsdvesmnniufioruuuaisluduasdansaruniilunianssunn
71 5.94 m/s FatdulumumsguvessvaaeusnnAutoafildludnded Tuduveagn
fldlunaivdeyanarusdusuudaesiufufoyaiivinunsnoveisuydans (RP1)
dielaenadesnmsnsinfagugesinanuisdunmnaesais



Rigid body

Element = R3D4

Foam

Deformable

Material = EPS Foam

Element = C3D10M

Shell Helmet

Deformable

Material = ABS Plastic

Element = C3D10M

Rubber

Deformable

Material = Rubber

Element = C3D10M
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AW 3.26 MsTUAANYME Mesh wazguluuYad Mesh vasianluiuudaaslunsel

NITNAGEDUAIINLIIAINAIINIZINA

Time period = 0.012 s
History Output = Translational Acceleration Y (RP1)
Friction =0.1

‘Contract = General Contract

l Impact Velocity

Headforms
Rigid body

R3D4

Velocity = 7.67 m/s and 5.94 m/s
Displacement — U1, U3, UR1, UR2, UR3 — 0

Displacement = Free U2

L

Flat Anvil

Rigid body

R3D4

Fixed — U1, U2, U3, URL. UR2, UR3 — 0

a ° = a ¢ ° = =
AINN 3.27 N15A1TRUA N’e]iﬂ,’lﬂuﬂ’]i’l Lﬂi’]ZﬁLL‘UUQ’]ﬁaQﬂﬁmﬂ']5V|ﬂﬂaUﬂ']5ﬂ5$LW|ﬂ1uﬂ5m

NITNAGEDUAIINLIIAINAITNIZINA



UNN 4
NAN157¢

Tuundl 4 Gilun1sinsizinanisneasswearuaniutonfiasudanWaauig1ansme

[
=1

mﬁm'%mLLUUﬂquﬁy’aﬁuﬁLLaymsLa'%mwﬂ%LwiuLa'%mawwwuﬁﬁmmwm 1 cm 4agAIy
wun 1.6 cm lagldaznminimageunsenszunnluies fURnsiewTeuliisunaes
wuudaeslnssudouislnludiodiuud Tunuitedasutansinsedesnduzuuuuminn
3 sUuvUAsmALUUATTly mnnuuuiftlutazrnuuuifululanii ienaaeume
NIINUARIANNFURUSTENIN9N5E AR ULIAT ANNAUTUSTENINAINLTIAINNITNTERNN
funan uagn1InadeuAINITUIAEUARTYE (HI0) TsasdinTeianuduiuseng 4 Tuide

fasalul

4.1 wan1sANEINISNIEMINYaWNINuTioAkUUATIU
4.1.1 nshaszianuduiudseidniniseivantunatveinnduionauuuassly

ANSANEINTNBUALOINDNITSULSINITUNNTBIMUUS BN T uToAwuUAS Y
sxlduvuassmnniutoauuuesdlufiinnuunnsieiu 5 wuuseiu wuud 1 Sunuand
Lifinnsiasuresiensmns wuud 2 ﬁawmnLa'%mwgmfwmawwswLLUUﬂqmﬁy’aﬁuﬁﬁmwwm
1.0 cm wazwUUTian ﬁawmﬂLa%MWaqﬁwsmWﬁwLLUUﬂquﬁa‘ﬁuﬁﬁmmwm 1.6 cm WUl
4 Aovannasunesinenansuuuldusuas sy 1.0 cam wasuuud 5 fe
vannasurlesnen s wuUld L LES RN LTI LY 1.6 cm Feazivuniiou
$raesiifinmstvununad 10 ke asnsTUINfURUUSaannsudeaiininusy 4.85, 5.42
5.94 uag 6.26 m/s iy Tagludiuvesmsnad 4.1 wgAnTsun1syuULTINTELNNYDIMLIN
fudeauuuaidy Fsazuananmlunsdldiasumoningranis nsdiesunesingamsang
w1 1cm 17]’;\‘1LLUUﬂamﬁgﬂﬁuﬁLLa”LLUULQW’l‘”ﬁuﬁ Laznsaasurasienmnsinumn 1.6
cm mwmammwuma wuutanE Ui damuimnnuuuliasuduasiinisueninie
LaammawumummmmmﬂLLUULasMW@NmeWﬁW

Pnamd 4.1 WunsmuanamgAnssunisiuusanssunnvesmnniudoauuuais
TufnszunnAMIEWN 9 AENUIINIINTLUNNVBIIFDUALNGANTIUTULTINTEUNNYDS
vimﬂLLUUﬂéﬂuﬁlﬁLa%mLﬁ@milﬁamwmﬁamiwnmaﬁ Iudamawmﬂﬁﬁmil,a%mmaﬁw
g1 uartisannisyinaniitinainnisnsrunnasldlasaniziininuia 4.85 m/s il
mmLmﬂmwmmiﬂfma@gqqmzmwwmmlmlmmsLaimWaammqusmwmﬂ‘mLaim
wgqﬁwmawwswLLUUﬂqmﬁy’aﬁuﬁﬁmwwm 1 cm waneefuds 42.04% mnfiansaniinaugs
6.26 m/s wWUhAMUUANARINsEIvangeansrritmanAudeaiililitinisasimoni
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[ 77 ]
v a a

Y A a H =1 I~ W
AUNLINMLETUNDIUIEINITIMUUARUTTNUNTNIAIUVLY 1 cm edANUUANAIAY 21.97%
Fanunfiwesi@udmnuuansnsiianaiiofinanusagdu

A15197 4.1 weRnssuNIsSULSINSEUNNYB NN uTaauuuATely

Aol NORNTIUNITSULSINSEUNNYaIaNiudiaatuuassly
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1 cm huunAgy
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1.6 cm LUy
¥ 4
AANYNNUNLAE
Y o
LUULRWIE WU

1N md 4.1 JinseRldifianusidulosidsannsaldeuldodaed
UsyAnsnmdunssunsnssunniigannudideifivemilunisnssunndurlasiienanns
wilszavsnmlunsuussnszunndianas LazannngAngsuvesnsnszunalusaz AL
funuimanismeaesiieuaenadosty nanfedleruiilumnszunniigiunissinan
fiinarnnisnszunnmnnfutienfasdidngstumiludae uasmnniieuneainensmsmn
wuuagdianselnaniisnnimnnililddnseureshermslunanudinisnszun
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30 30

| ®—  Comercinl Helmet *—  Comercial Helmet

25 A V=4.85 m/s | —i— With Rubber 1 cm. EER V=542 m/s O— With Rubber 1 cm,

‘ = With Rubber 1.6 cm. —{r— With Rubber L6 cm.
With Modified Rubber 1 cm. 20 i < With Modified Rabber 1 cm.

|

L

O With Modified Kubber 16 cm. With Modificd Rabber L6 ca.

Load (kN)
Load (kN)

#—  Comercial Helmet —®— Comercial Helmet

V=5.94 m/s O With Rubber 1 em. 28 V=6.26 m/s C— With Kubber 1 cm.
—— With Rubber 1.6 cm, o With Rubber 1.6 cm.
w D= With Modified Rubber 1 em.

< With Modified Rubber 1 em.

—{— With Modified Rubber 1.6 cm. o With Modificd Rubber 1.6 cm.

Load (kN)
Load (kN)

Al 4.1 WHRANTIUNTTFULSINTTUNNVBLUUTaesisIniuTiaauuuaSslu

4.1.2 nshAsTikuUSIaswmaniulisawuua3sly

PNNSHanINAnIIUNIs UL szunnaslusuuSaesanfuieauuuassly
FdAuuananety 5 wuu awdt 4.2 Bunsiuansenuduiusseninantsyvaniitintuile
Lﬁ&J‘UﬁJ‘UL’Ja’ﬂmEJISULLUUQWaENELuﬂE)NWQLG]E)?&JWL‘UiEJ‘UL‘V]EJ‘UﬂUNﬁﬂﬁi%ﬂﬁ@ﬂiu%@ﬂUgUﬁmi g
gpvinswuanslindu 2 suuuufe u,wmaawmﬂLai:JWaqumW'ﬁ']qumumwuwm
AT 9 LaruuUTasmanEsune e wuUlLESuan s Rufifinug
FIN9

g 4.2 Wunsmuansnuduiussy i an i una1veInIsNAaedas Ity
Luusiaess wuimadildannnismaasuariuusiassiauuandstudntosriiaseile
IuuUTiansiildiinisadistuiiienndnsigrituiidiuUseneuresudenvuan Ty way
Woainenennsn Fedlaildiuiuseazidonludiuvestudiuvesansdnnng frseslumuan
nszanfuauvemuan vhlrnanissiassiuinnuamaedsuliainnisvmaasiass uazsnas
wilaflagildnanismaasuasMIATERLUUSaesdinnum e aeufutuinldanaulae
yoamnnfuioaidauldsldvinfurieliadnaueyinlfidevunaduuuiiassiufasvinli
ARAIAINLAALAROUINLUUALINDS LG
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Load (kN)

Load (kN)

Laad (kN)

Load (kN)

LUUINADINUINLASUNDIUILIINIS)
WUUARUTSUA

=

-

Exp. Commercial Helmet
—#—- Sim, Commereial Helmet
—&— Exp. With Rubber 1 cm.

O = Sim, With Rubber 1 cm.

—fr— Exp. Wilh Rabber 1.6 em.

“Ee Sim, With Kubber 1.6 cm,

o 5 10 15 0 15 L]
Time (ms)
25 | T T T T
- Exp. Commercial Helmet
| ~®— - Sim. Commercial Helmel
x V=524 m/s 1
i e Exp. With Hubber 1 en
: — == Sim. With Kabber 1 cm,
16 4 5 e Exp. With Rubber 1.6 cm. ||
) — - Sim. With Rabber 1.6 em.
!
10 4 " 1
5 1
[ = T
o 5 10 1% 0 35 30
Time (ms)
25 T -T -
—®— Exp. Commercial Helmet
. V=5.94 m/s — @ Sl Conmereisl Heluet

Exp. With Rubler 1 em
Sim. With Rubber 1 e,
Exp. Wilh Rublber 1.6 cu.

© Slm. Witk Rubber 1.6 em.

s

Exp. Commercial Helmet
o Sim. Commereial Helmet
Exp. With Rubber 1 cui.
- Slm. With Rubber 1 cm.
Exp. With Rubber 1.6 i,

Sl With Rabber 1.6 em.

V=626m/s ]

20

Load (kN)

Load (kN)

Ll (KN}

Load (kN)

¥
WUUIIRRIINLESUNBINE19NN
124 1
1 a Iy I
o
BLUUBNULAIHEANISNUN
5 - . - - :
—%— Exp. Commercial Helmet
w 4 V=4.85 m/s —#—- Sim. Commercial Welmet ]
—{— Exp. With Modified Rubber 1 cm.
-~ Sl With Modified Rubber | em,
15 4 S —&—  Exp. With Modified Rabber 16 em, | |
A —~f—= Sim. With Modificd Rubber 1.6 cm.
i |
10 o
3
0
] ] 10 15 0 5 30
Time (ms)
15 . ]
- Exp. Commercial Helmet
— = Sim, Commercial Helmet
20 —
V=5.24 m/s —{F—  Exp. With Modified Rabler 1 em.
©0 Skm, With Modified Rubber 1 em,
13 Exp. With Modified Rabber 1.6 e,
= i, Wik Medificd Rubber 16 cmi.
10
s
0 e .
L} 5 0 15 20 28 3
Time (ms)
it .
—®—  Exp. Commereial Hebmet
— #— - Sim, Commercial Helmet
—C—  Exp. With Madified Rabber 1 om.
A Shm, Wik Modified Rubber 1 om.
e Exp. With Medified Rubber L6 cum.
el o S, Wi Modified Kabber 1.6 cm.
=
h\
3 Ao
0 s 10 15 20 bt »
Thme (ms)
5
& —&— Exp. Commercial Hebmet
i W Gim, Commereisl Helmet
T Exp. With Madified Rubber 1 cm
O Sim, With Modified Rubber § cus,
13 il Exp. With Madified Rubber 16 cm.
— <l Sim. With Modified Rubber 1.6 cm.
10 -
s V=6.26 m/s
o e,
0 s 10 15 20 2 0
Time (ms)

P I 3 o L =
AMA 4.2 NSIUSHUIBUSEHINLUUTIa9NUNISNNADIVDINUINLUUATI LU
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9NM3T 4.2 nuilesiduinuuansissswinsnsnaaesTuLUUSAD T
fiAnegsening 1 - 12% wbusnsdiludsfioiduioonsuldmaiasanfuuuiaosdlle
Winduseasdenludurestudnsmnsy 1 ludwvesiiivsuendnuduisluis
duresnslssninensaaearkuusiaes () nuheudiiusvesnsdulngjdufien
IndAssiu lngmnanuduiusvesnsmseninenimaasshashuuitaesdianuidudadu
denfuduiildaziidndlndaintu 1 Fsanmseasnuimnitldldinnsasunesi
gremtusdiauduiusidaduresnmaaetuazuuuiaesiiindidsstuiignaglugag
0.73 - 0.90 dnlunsdifiasuenmnsniniomnmsnvuuusaesiumandulsvinsii
Yaneratundudinlunisinszisn 1 du milddanududuiliasianuainndou

1NANIMLINLUVUNANT LATUADNNUINALINY 2 YU

M13199 4.2 N15WTEUIEUTENd19019E 1 angeEATENINeNIsNAABILATLUUINABIYDY
wuIniuiaakuuassly

sUMUUYBIAIIN | Ana3a | mselvangega (kN) | Aa1uwaneing | R-Squared

(m/s) A1SNA8BY | LUUIIADY (%) (@)

1o wonildldiesy | 4.85 14.20 13.95 1.76 0.88
Woath 5.42 15.12 15.42 1.98 0.73
5.94 16.29 17.38 6.69 0.79

6.27 19.52 21.92 12.29 0.90

2 wnnEsues | 4.85 8.23 8.13 0.60 0.82
U'NW']T]LL‘U‘UV’]QN 5.42 9.76 9.41 3.58 0.63
Wi 1.0cm | 594 13.40 13.35 0.37 0.85
6.27 15.93 16.85 5.77 0.62

3. mnnesulosd | 4.85 7.12 7.18 0.84 0.74
VNTMUUARY|  5.42 9.07 9.26 2.09 0.89
i 1.6 cm | 594 1239 12.76 2.98 0.78
6.27 14.56 15.34 5.35 0.82

4. vannasulosi 4.85 7.67 7.13 7.04 0.74
TN 5.42 9.78 8.53 12.78 0.53
it 1.0 cm 5.94 13.74 13.55 138 0.42
6.27 16.29 16.03 1.59 0.40

5. wnnEsues | 4.85 6.89 6.69 2.90 0.72
YIWNWIINRNE 5.42 9.10 8.03 11.75 0.57
Nuft 1.6 cm 5.94 12.37 11.78 4.76 0.64
6.27 15.20 15.90 4.60 0.77
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5, Mises S, Mises
(avg: 75%) (g 75%)
+4.4338+07 +5.0B5:
+3.4288+07 +3.5000+
+3.143e+07
2.857e+07
+2.971e+07
+2.289e+07
+2.000e+07
+1.714e+07
+1.428e+07
+1.143e+07
+8.571e+06
+5.714e+06
+2.857e+08
+2.008e+01
Commercial
helmet
S, Mises
(Avg: 75%)
+7.237e+06 +1.018e+07
Ig gggg:gg +3.5008+06
+2.8178+06 138350108
+2.626a+06 42 6250406
Zoaantoe +2.3330+06
Ti5azaroe +2.04Z8+06
t1481e408 +1.750e+06
1708 +1.458e+06
+8. 7840 +05 +1.167e+06
+5.8710+05 8.750e+05
+2.5580+05 +5.834@405
+4.52404032 +2.9178+05
+2.583e+01
Modified

Rubber 1.6 cm Rubber 1.0 ¢m

+5, -
+2.917e+05
+0.000e+00

Modified
Rubber 1.6 cm

MA 4.3 LUUTIRBLANINGANTIINIINTEUNNTINNSE InangedniiANaE) 6.26 m/s Ua9
nunfulloakuuassly

A a = a ¢ v ~ aa 13
WaNansanfsUuuureInsEinangeanannnsiasevinlg seideudsinlud

a 13 au & Y 1 = PN < A N
i lunuidellazvesndieg1dlunstinisnseunninnusigeanae 6.26 m/s 99NN
4.3 JuzUluraeNifinn s InangaanuamuIniiag kU UUS A UULTBINNAENUI anni
LilagdnisiaSuneaiienanisasilAves von Mises stress MlAM911NAT1 21.4 MPa TUsLan
asnawesanniuien dulunsaninseiunesauienmnsiuaives von Mises stress agil

I Ao 1 I 1 d’l’ d' gj = v 91::{&{

AITANNTT 2.14 MPa Wudiuunvesitunvaaniunnefenaantilunisnszanewsslanuu
NINAL TelAT von Mises stress LUUAMIUIUDNTINNTTINLIINUYDS Principle stress Wiavun
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I dupfauny stress asiluIouiiisudu Yield agsiunensidemevesian devin
finnsannnsmeassaivluriesu fuRnsiidnuazvesidounnaminssunniiviinuna
vesfsvzuaziTeuiusiuludassasnuitlenaiuinaiedemevesiagvie
Jununiigafeuinansnatmesnniaenndasiufuamanuudaessasduléilu
nsdimnniilildiasuneaiieranisn von Mises stress fiingsgaazoguiunsanalaves
mnn dawlunsdiadunesingnuiinisnszansres von Mises stress fiunnninvilddnd,
Tomademevastunuiagiiosninuluie mnfinsanangmnniiadunesienmng
RagnuI1NInTEa18901 von Mises stress axfidnwmuriindrofufenszangluiiiufives
mnnfufionisiasnuiinnaSimesiheensiameiui 1.6 cm 5uazwudwﬁmqa;mﬁﬁm
von Mises stress qaﬁy’qﬁlﬁmmﬁLﬁﬂﬁ?ul,ﬁuszmﬁuaﬁaswiasuaq%mmﬁLﬁmmﬂsﬁugmmuﬁwaaﬁq
yl¥iTien von Mises stress 7igandn 3.20 MPa thluunsqauindu

4.2 WAN1SANYINITNITRNNVBINNINAUTaARUULANTU
4.2.1 nsIATIZRANNANNUESITnIenTEInannUavasruIniullaauuLinTu

A15197 4.3 WERANTIUNITFULSILUUNSEUMNYB NN uTiaauuuinlunsaleng 9

nsal Wi]ﬂﬂ’iillﬂ’]’i%l‘ULL’i\iLL‘U‘Uﬂi%LWIﬂ
_ e _

Talasy

EH
Icm
WUUAGUTS

& o

Wufuae

WUULRNE
&
Wy

W3
1.6 cm
WUUARNYIY

& o
Wunuaz
WUULRNIE

¥ ]
a

T
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AMSANEYINITNDUAUBIRDATTULTINSEUNNYaamUInAutaaluutdululaenis
nagouLsnszunnluviesufjiinig azldshegslunsmaaouidumnniuieauuuidaluidl
ALLANENITY 5 WUUMIETY WuiRsatuiunsdinedeuniiniutoauuuasdly Fezivun
Wkaudiasiifinisiuunuiadi 10 ke awnszunnfusuusiasmunfuieniinanuss
4.85, 5.42, 5.94 uay 6.26 m/s AR

NA5197 4.3 wqmmsmmis‘uLLiqmumeammﬂﬂuuaﬂqumaflu Fazuans
i‘lﬂﬂﬂiﬂﬂmLﬁiﬂJW@ﬂU’]EJ’NWﬁ’] nsdlasumlasiensmnsiaumun 1 am mmmaumwuvi
LazLUUYNELT warnsalasurlosiionannsiamnumun 1.6 cm mLLUUﬂqumwumauwu
wEiiui vndnssiUieudisuiunisnaassnnuuuaidly Fanuitlunsdnuinuuy
aadluiiliaSuneainvsiinwasanudsmerestunuisinniuuuiulu fensduuanads
Tutursiinsunniinvesddonmuanuioluuisaduisnisunnegiasidonlunsailumuan
wuuluftlahaSumesh udmnnuuudsluiuaglimunsuansinrestunulunnnsd

10 30

—®— Comercial Helmet —&— Comereial Hdmet
25 4 V=4.85m/s O— With Rubber 1 cm, 2z V=5.42 m/s - { —o— With Rubber 1 cm.
—— With Rubber 1.6 cm. £ With Rubber 1.6 can.
20 . —&—  With Modified Kubber 1 cm. 20 . fror . { =—0=— With Modified Rubber 1 em.

— i With Medificd Rubber 1.6 cm, Or ‘With Modified Rubber 1.6 cm.

Load (kN)
Load (kN)

] 10 15 0 5 30
b i Time (ms)
n 0
—=#— Comereinl Hlmet —=#— Comerelal Helmet
V=5.94 m/ V=6.26 m/s
15 =. N i u’ With Rubber 1 cm. 15 . o With Rubber 1 em.
—— With Rubber 1.6 em. —— With Rubber 1.6 cm.

20 - % i - < With Modified Rubber 1 cm. 20 —=— With Modified Rubber 1 cm.
2 O With Modificd Rubber 1.6 cm. 3 /.\b —— With Modifled Rubber 1.6 am.
= 1§ L. = 15 ? ¢
_g‘ LA g \h

! - | + : e} -
s '1\.-'\ E
A “/\I. \"- i i
. n L ,ﬁ
< — ﬁr-g)‘#f{) . : . ﬁgﬁ: o it
A . i e
(" Y 1\: /;’“/{(’ 5 §p~
o - : h o
guo-é-'g%f, : h“-%{‘}:gﬂ-( T uu-f)-’g : ! T \&t'an—un
[

£ 10 15 m 25 30 [] 5 10 15 0 15 a0

Time (ms) Time (ms)

Al 4.4 WeRNTIUNTFULSINTTUNNVBLUUIaBsnniutiaauuuaNTy
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A 4.4 Funsmluanmginssunmsmegeulsinszunnuesaniuoauuuiy
Tufinsefinnnudieing q Tnengfnssudnvazrensmnissinanasiidnvaraonadosiudiu
nsdinmaaeunINLULATIlU 91NNTINNUIINISNISELNNTE IR UANL NG AN T TN UL
nszunnvesmnnfuieauuuidiluilieTuAnnsdevnouniigalunnnsd Wedlaseiis
Wedldusiruuansinsszinamssnangegaunniigadelunsdiianmia 4.85 m/s Taguaan
flalldtinsaSuresheansagiiniesivaniigands mnnfiesuesniemsuuuagusis
fufifierumun 1 cm uag 1.6 cm uanenefiu 39.39% uay 40.28% Ay daunsdinann
fiaSunesienamisuuungiuiifianum 1 cn uag 1.6 com asfiesidudany
Lmﬂ@mﬁuwmﬂﬁiﬂéfﬁﬂ’]iLa%aW\Iaqﬁ']mqumagjﬁ 38.98% way 42.91% MIUAINU NN
fi9sannaiafigean (v = 6.26 m/s) Arauuansafusznitamndlildviinigasy
sostfunuanfiauresiuvuagquiteiufiininumu 1 cm wag 1.6 cm unneafiy
25.60% Wz 26.82% AW daunsdivaaniadureniienmisuuuanziuiiiey
w1 1 cm wag 1.6 cm agiefifudamuuandstumnnitldléfinmaadresienmineg
7l 21.09% waw 26.31% nudiy Fmuhiesifudauuandsiianasilefinruniigedu
1nnmaaemnuuuisluiugidnvazuuuiiertutunsdnsmeaeunuantu e
AkUUATIU Mndfiasanfinnuidndunesihdianunseldauldedsivsyansameu
msfuusanszunniigannudideifinaruiilunsnssunnduneniensnsasdusyansam
Tunsfuussnszunniianas LLazmﬂwqaﬂiimaamimmmﬁlumazmmL%ﬁﬁuwudmami
naaosianuaenadosiu safinnsanlusugunuuvesnnssriemnniuteauuuaidly
fumnnfudeauuuduluaznuidnseivanvemnnuuuiisludeiansnszunnag e
Gi"'m:immrwLLUUﬂ?ﬂU%QLﬁmmﬂgﬂmwawmﬂLL‘UULﬁﬂuﬁﬁﬁuﬁﬂsauﬂqmﬁwzﬁmmdﬁ
mnnUUUATLU AR s sULUTIMaE IR NI ST LU UAqET LT
funutiawiziud feumunientudl 1 cm manaSulesihuuuaguiisiiufiasdainise
Tnansniuuuiasangituilidnteslnounnsafuil 3.02% (v = 4.85 m/s) 3.65% (V =
5.42 m/s) 2.80% (V = 5.94 m/s) uag 5.51% (V = 6.26 m/s) amasu Tuvazfinnumud
1.6 cm vanniasueshuuuaguisiuitsdianss Inaasn S e Nufiunndig
ﬁuﬁl 4.36% (V = 4.85 m/s) 0.01% (V = 5.42 m/s) 4.57% (V = 5.94 m/s) uwag 5.85% (V =
6.26 m/s) anuadiu Snuilsusuiiufedszdiudiuanunuveslonhildlunisiasuded
AU 1 cm UaE 1.6 cm ENUIIMIINLUUARITIRLATia L 1 cm agiiedidud
ALANFsININTEsInesth e 1.6 cm agj‘ﬁ 1.58% (V = 4.85 m/s) 3.47% (V
= 5.42 m/s) 15.81% (V = 5.94 m/s) kag 1.67% (V = 6.26 m/s) Anud1fu drunsalfiuuy
AN RuALAnA R uTl 2.97% (V = 4.85 m/s) 6.17% (V = 5.42 m/s) 5.37% (V = 5.94
m/s) wag 1.36% (V = 6.26 m/s) Mu&asu %qaﬂﬂﬂagaﬁwuiwgﬂqumiLa%aJWaaﬁﬁﬁ?uhjﬁ
Ariusnsstusarannsafirldsunuuaduameuiideldouldlnefintnuesiavaan
fanaamiuuuaguisiu Fanlidnvasuiificuaeandostutumnnuuueidy
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4.2.2 nsaasIzikuUTIassraaniuiisawuuinly

Tumsuananginssunsiuusanszunnnielusvudasamnniudoauuuiislud
fanuuananeiu 5 wuu nndl 4.5 Hunsmuansanuduiusseninmssivasiiintuidle
WeuiunalagldwuuinassursuiwesuiUssuiisuiunanisvaaedluneslfufinig loy
awvinsuiinalfdu 2 sUuuude wuuasmnniaSurlesninensmnsuuuaguiaiuii
ALLEIANG wazwuUsasnEs iU e e iuiinaung
g 9 Wuienfudneaznsieseilunsdininnuuuesdiu Tnemnnuuuiiiluignuvazaes
msglnangsgaaziiamnitmunuuuaisly uagannisiesgisUuuuresnsiniunydi
wuudassuaznsmaaesuiosujiinisasiinnuaoandosiulususuuuuvesnsmidl
SnwaurlAsndnegun drumiauLAnesErinUTaestuN naeITIvEuNU I KaTiAY
Tndidsstulufidiifevosndresslunsdiinuiigsgalunisnaaoud 6.26 m/s A
wandssEinmeasduesl finsiuuuudaedlunsdnanilsiety wudiaomnn
e TLUUARNTEUT 1 cm wuuSaesnEINDstE T ILUUAGNTTS
flufl 1.6 cm wvuamaniaiudonhemmuuulfuiuaiuensiui 1 on uas
wuSaemnnaiurestheenuuUlFikuES e iu 1.6 cm aziofifudunnsig
fufl 3.72% 7.03% 4.30% 3.10% ua 6.06% nud1iy Feeuuansnsfiatutiufdunan
Mneandealudmvesiudiuresasinans trsedlumnn nsvanfuauveman uazAI
THswesdmumnndsilinanissisesiudarumaedeuluanmmanesnie

9197 4.4 aznuiedidudmnuuandnaseritsmvaasafuuuusaesues
mnnfuderuuudsludulidegssning 0.15 - 1042% Sonniisuifisuiunmasedlunsd
mnnfuieauuueidlutuiieimanismaaesiléianuadisadafu wansdauuimianis
Aszsingndedlunsldmmuniteulalulusunsy FEA TudiuvesAfivsuanisamduiug
Tuidadureansmseninisvaaeuazuuudiaes () wudmunilildinisnadureni
gemsTinasiauduiusidadurosnimassuazuuuiasilndifesiuiignogludag
0.61 - 0.92 dnlunsdifiaduensnaiuioninnsinumuuusaesiumnnduldvhmadiy
Yaneratundudinlunisisesidn 1 du ilddanududuiliasianuainndou
unnimsnnuuudndlasdanglédmnnuuuiiliaduaziian 2 fuinnd 0.72 usdmiy
mnfifinnasuresinersmsluviensdivu mnnaduresineswsuuuaguiiaiud
1.6 cm fiAus1 6.27 m/s duasiian P egdl 0.61 Fadunamnanmadiufageradiandu
dnlunmsiesesisn 1 suilimslesgiianududounniu
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Load (kN)

Load (kN}

Load (KN}

Load KN}

5

LUUINADINUINLESUNDIUIYIINT)
WUUARUNIIUAN

20

10

Exp. Commercial Hebmet

- Sim. Commereinl Helmet

V=485 m/s

Exp. With Rubber 1 em.
<= Shm, With Rubber 1 em.

e Exp, With Bubber 1.6 cm,

——— = Sim., With Rubber 1.6 .
e na :
5 10 15 b 15 3o
Time (mis)
- — - —
—&— Exp. Commercial Helmet

im. Commereial Melmet
@i Exp. With Eubber 1 em.
“eCl= -« Sim. With Rubber 1 co,

Exp. With Rubber 1.6 cm. |7

- Sim, With Rabber 1,6 cm.

o 5 0 1% 0 15 30
Time (ms)
25 T v 1
@ Exp. Commercial Helmet
20 V=5.94 m/s —-#—- Sim. Commereial Helmet

25

Exp. With Rubler § o,
< Slmi. With Bubber 1 em.
Exp. With Rubber 1.6 cm. ]

© Slm, With Rubber 1.6 em,

23 ki
Time (ms)

Exp. Commercial Helmet
Shm. Commercial Belmet
Exp. With Rubber 1 em.
© S, With Rubber 1o,
Exp. With Rubber 1.6 cm.

- Sim, With Rubber 1.6 cim.

V=6.26 m/s

Laad (KN)

Load (kN)

Load (kN)

Load (kN)

5

25

20 4

LUUINADINLINLESUNDIUILIINF)

LUULNULESURNIENUT

—#— Exp. Commercial Helmet
V_4 85 S - Sim. Commercial Helmet
' —O—  Exp. Witk Modified Rubler 1em,
=) Sim. With Modified Rubber 1 em.
——  Exp. Witk Modified Rublier 16 cm.
== Sim. With Modified Rubber 16 cm.
L T
o 5 10 15 0 5 3
Time {mz)
*  Exp. Commereial Helmet
V=5.24 S —#— Sim. Commercinl Helmet
: T Exp. With Modified Rubber 1 cm,
= Sim. With Modified Rubber 1 em.
e Exp, With Madifled Rubber 1.6 cm.
- Sim. With Modified Rubber 1.6 co.
o - 10 15 0 23 30
Time {ms)
@ Exp. Commercial Helmet
| V=5.94 m/s . ~ #—- Slm. Commereial Helinel 1

Exp. With Modified Rubber 1 em.
Sim. Wil Modified Rubber 1 cm,

Exp, With Modified Rubber 1.6 cm,
Sim. With Modified Rubber 1.6 cm.

-
o e,
o
o 5 10 15 10 25 k]
Time (ms)
—8— Exp. Commercial Heluet

@ Sim, Commercial Helmet

Exp. With Modified Rubber 1 cm,

* Sim. With Modified Rubber 1 cm.
Exp. With Modified Rubber 1.6 cm.

Slm. With Madified Hubber 16 em,

AN 4.5 N15USHUMIBUTENINRUUIIADIAUNISNAaRYBIRLINLUULANTU
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M13199 4.4 N19UTEULNBUTENIN9NN 5 IANEeEATENINNNITNARBILAZUUUTIABIYDY

v & <
nuINNUtaALUULANTY

FUBUUVBINUIN AMUEY | mseluangesa (kN) AU R-Squared

(m/s) | MsNAaae | WUUINaaY | LANRIY (@)
(%)

1. mnndililiasy 4.85 11.45 11.14 2.70 0.72
Woah 5.42 12.83 12.41 3.27 0.72
5.94 14.5357 14.57 0.27 0.85
6.27 16.8200 17.36 3.21 0.88
2. wnniasulosi 4.85 6.94 6.75 2.73 0.62
g1NTILUUARY 5.42 021 9.95 2.54 0.68
WUt 1.0 cm 5.94 11.16 11.11 0.44 0.78
6.27 12.51 13.39 7.03 0.80
3. ynnasulo g 4.85 6.83 6.94 1.61 0.89
BTN UAGH 5.42 10.55 9.45 10.42 0.83
Vi 1.6 cm 5.94 11.40 10.60 7.01 0.76
6.27 12.30 11.77 4.30 0.61
4. ynnaSuweani 4.85 6.73 7.23 7.42 0.66
EINSIRMERUT | 5.42 9.39 10.06 7.13 0.71
1.0 cm 5.94 11.72 12.34 5.29 0.87
6.27 13.20 12.79 3.10 0.92
5. wnniasulosi 4.85 6.53 6.54 0.15 0.82
gransaweiui | 5.42 10.63 9.94 6.49 0.61
1.6 cm 5.94 11.79 11.34 3.81 0.75
6.27 13.0284 12.23 6.06 0.75

Tunnd 4.6 Wugunginssuniselvangegaiiintuusnamuuuvemuaniuile
anvuinluanmsinseiiiessfeuisiludedwud Tunuidetsvesndqegislunsd
nInszunNaUsIaEnfe 6.26 m/s anjuluvasiinnnseivanasgnuemuInuaaghuy

' av M va a H a . Aa ]
gnudn nuanAkiladinasiasuneadne1anis19eiiA1ved von Mises stress NHAEININAT
21.4 MPa NUSNUATINANVINIINTULDA §911nNIAs1mUSeueufunTahuUINanIvs
MAINAUTRALUUASIUTUIZNUIININIZANEFI8d von Mises stress MARTLALIN1TNTEAN8E

994 stress UpeNIMWUUATI IneludrulunstNIn1sEsuneIu1819WISIUUAIUD von Mises
stress A=HAMAINN 2.14 MPa WudiuannvesiudiowSeudisuiunuiniudieawuunsaiu
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8nene tunmnefauandinmnnuuufiluiuanusagaduisanssunnlafniinisnszans
wsaznseglafnduuuaidy

5, Mises S, Mises
e e o (Ava: 75%)

4108 t +06
134280407 R
13133007 +3.208Be+06
t2Esen? 121017e:06
12.5719407 126250406
+2.285e+07 +2.3320406
+2.000e+07 20420406
+1.714e+07 117508406
+1.428e+07 +1.4588+06
+11438407 e L
+8.571e+06 5 7o0e0s
+5.7136+06 2130ee02
taesTerne 129176405
+0.0008+00 +0.000e+00

Commercial
helmet
Rubber 1 cm
5, Misas 5, Misas
{Awg: 75%) (Avg: 75%)
10482407

1533832182 135006406
+2.292a406 +3.2088+406
V20830406 420170408
18750406 42.6250406
+1667806 +2.3330406
+1.458a406 +2.0420406
+1.2508+06 +1.7508+06
4110420408 +1/4582406
48.3330405 +1167e+06
:3?3?:‘3% +5.8338+05
2.0838+05 +29170405
+0.0008+00 +0.0008+00

Modified

Rubber 1.6 cm Rubber 1.0 cm

5, Mizes
(Avg: 75%)
+1.215a+07

+4.822e400

Modified
Rubber 1.6 cm

AWl 4.6 wuuIIABLEATWARANTIUMINTEIMNTInTsEIiangednfin1usT 6.26 m/s
vasuuIniueakuuinly

NN 4.6 NINAINTUNIULALINUMLINKUUATIUTLILNUIINITNTEUNNTDS
wfeufnnaswnfsuinainat astuganileniadenievesmuinuiniigadeuiuge

!
=2

= = A a H & Aa a -
ﬂﬂﬂaqﬂﬂsﬂgiﬂFJIUﬂim NUINLETUWDIUIYIINITIUY NUINNUAITLETUNDIUIGIIWITULUU

[
Y

AQUTISHUT 1 cm 9edlA1 von Mises stress 9ziiA19g5ew319 1.75 - 2.04 MPa 1Juduuin

9
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vosiiufinann manfifininadunosihermiswuuaguiteiudl 1.6 cm asfid1 von Mises
stress flAnag5ening 5.41 — 6,54 MPa tuduunn WuiReafuninaiunesniieamts
wuulamgiufiaznuiminiiinisaiurlesihemsuuuianiziud 1 cm asdld von
Mises stress axfif10g58%313 1.75 — 2.04 MPa \udausnvesituiivaan vanfifinnsiadu
wlostireramnsuuuanIEiufl 1.6 cm gl von Mises stress axdiAnagszning 1.67 -
2.08 MPa LHudusn anmsvaassaidluiesufifnisidnvazvesifeunnasnnssumn
Ausnunawesdsvelazihunuisuifisuiuuudassaznuitenaniuinuigidome
vosTanrietusuniigafouinuesinansesannidenadesiuiunmainuuudastay
Fuldlunsduannilailfiasaumostihenanis von Mises stress MiAngsanazaguiianings
nanswasvann dulunsdiaiumoainaenuiinianszatevas von Mises stress fiunnninild
Fnilenmadsmevestunuiazdesniimuluie snfinnsuianisnuiniiaiure
§19M151A LN UIIN1TNT2218U04 von Mises stress axdidnwnzindrofuonszaiglumm
fufnvesmnnfuiieasaznuifivinniadurleshenamseniziuil 1.6 cm thuaswuid
U199971LAR von Mises stress qu?qﬁtﬁmmﬁLﬁmﬁ?ul,i‘;luszmsuawawia%a%umuﬁLﬁmnﬂéfu
sUuvuraesiwilsilan von Mises stress figandn 2.14 MPa ﬁ/’lﬂumaf\;ml,vhﬁ?u

4.3 wan1sAnwINIsNsEuNnvamNIniuliaanuuinlulUanth
4.3.1 N15IATITAAMUFUNUSTENIesEInannuIa1veaIniutaanuuauly

Unnin

ASANYINNTABUAUBIRBNTTULIINTEUnAvRssIniuteaLuuddluUauntlng
nsnedeuksinszunnluviosufiRng wldmetslunmaeaeuliumnniudeauuuidulud
fianuuaneneiu 5 wuussiu Wuisriutunsavageunuiniudoawuuasduazifiuly
Fagsmuaideusiassiifinisimuauiadl 10 ke asnnszunniukuuTasmnniutend
ANML57 4.85, 5.42, 5.94 Uay 6.26 m/s ANNAIGU

A5 4.5 neAnssunsuusanszunnvemsaniuteauwuuily é?fqaxl,t,amqgﬂ
Tunsalliiesunlosienmns nsdasurenignmnsiamumun 1 cm ﬁ%mmquﬁ%ﬁuﬁuax
LUUR NI 1aznsEEsUNeiNeNINITIAILLY 1.6 cm %ﬂLLUUﬂquﬁ'@ﬁuﬁLLaszu
Wit mndrsei3sudisufunismeassnnuuueidusaziuuinly awuivaan
wuufaludanihiidnvarnsdometisenimuanie 2 wuuiinanundeiu dulngazld
nunsuanidsmeuinaiudenuann fiflsamviudiuusdudiungaeenusintu dude
Wibuiisufunsdluvumanneddunuirlunsdivunnuuuaisluiildiasunesiasignvue
arudemevestunuuariemudemedmalugsiuiliiiutagsedduminn daunsduuy
Waluanthduaglinunisuansnuestunulunnnsd fadeasurenienmnsudiluly
snnadaduludantadeilinsdemefivsnamanazanamiulise
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o a [ v & [ a VY A
M1919N 4.5 Wi]ﬂﬂ’i’illﬂ']’i’i‘ULL’i\iLL‘U‘Uﬂ’iZLWIﬂ‘U'e]\WiSJ’Jﬂﬂ‘L!uE]ﬂLLU‘UWISﬂ‘U‘UﬂVN’]ﬂ’iﬂJWN |

nsal NHANTTUNITSULIILUUNTZUNN

IV GE

GERY
1 cm LUy
L 4
AAUVINUN
LagLuU

'
al

=
EIWISWUN

GEHY
1.6 cm LUy
ﬂquﬁﬁﬁﬁﬁ
AUy

'
al

&
EIWISWUN

Al 4.7 Wunsmluanmginssunsmageulsinssunnvesaniudonuuusy
Tulavihiinseiauidisng 4 lnenginssudnuazveanimnnssvanisiidnuuraonndos
fufunsdinsvageunuanuuuasslusastiulu Tnsarnnsmnuiivuandldldvinisiasy
WaaﬁwzﬁmmiﬂwamﬁgqﬂdmmﬂﬁLa‘%MWaQ‘f']EJ'NW']'i’fLunﬂm’mﬁa waziilowSeuiiou
funsainuanuuuaislusazdalulunsailaldvinnisesunosinensmis sznuindinse
Tnanvewsnnuuuitlulaniuuuiliesuneniasiidniseivanisnitmania 2 wuud
NEINIV1AY ﬁgaﬁfﬁ;luwammmgﬂLLUUGUammﬂﬁﬁmmmamquﬁuﬁmaﬁiwﬁmmﬁq@
mﬂfmwé’qumfwLﬁaﬁmsmﬁwmﬂﬁﬁwmiLa'%aJWaQ‘fwmqusﬂunﬂgﬂwazwudwgﬂuw
ﬂ’liLﬁ%uwaﬁﬁ’lEJ’NW’]‘ﬁ’H]‘“Gﬁ’JEJaﬂﬂ’lﬁviwaﬂlmumﬂﬂiﬂjua”LﬁaLU%EJULﬁEJULQ’]WMJJ’JﬂﬁL?{%ZJ
WaQuWEJ’NW’li’WlﬂLLU‘Uﬂ‘UWJ?ﬂLLU‘Uﬂ’iﬂU Wallu waztfuluanindamuinunuuuidululne
‘mm‘mLaiuwgqmmawwwauumiuimammﬂmiﬂsuLmn‘mm‘ma@ dliodmsziaalosidus
m’mLmﬂmqszmmﬂiz‘[uamgqqmmﬂmqmﬂaiuﬂsmwmmm 4.85 m/s Tnmuandildlad

[V 7]
=

Nsiasuneal1g1annsinselnanigandt vanfEsunene NS UUAGUISNUATY
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ALY 1 cm waE 1.6 cm waneneiy 31.02% way 33.49% auaidiu drunsalnanndiesy
Woah eI URMERUATIAILY 1 cm uae 1.6 cm 9ziiUedifudanuunnsieiu
wmﬂﬁlﬂiéfﬁmua‘%uﬂmﬁwemwmagﬁ 31.520% Waz 34.73% Auandu 1uieafud
f-m:uL%ﬁﬁqaﬁﬁufumsﬂmamﬁLﬁmf"w’wmﬂﬁLa%MWaqﬁwsmmﬁﬁ?mw?mdmmﬂﬁlﬂlé’ﬁﬂms
@sulonin lufidazendegneiininuida 6.26 m/s nuinAIAILLANASTUSEWIN N
ladldvhnsaduneshfumaniiasuresiuvuaquisiiuifinnumun 1 cm wag 1.6 cm
WANFNaRL 9.57% LAz 28.66% AU drunsdivnniasumosiensnsuuanziui
frunun 1 cm way 1.6 cm axiefidudauunnsiunuaniililginnsasunesi
mquswag’ﬁ 14.01% waz 16.87% auaidu danuiniilesidusanuuandfianasied
arundagetu Wiludnvazuuudefusunsdnmeasunnnfutoauuuaisluuasiuly
Fas1zilainfinnuEsdune swhdiaunsaldauldedadussansamdunis3unss
mmmmﬁqqmnLm'Lﬁal,ﬁummL%ﬂumiﬂizLmmquaaﬁwmqum%ﬁﬂﬁzﬁw%ﬂﬁwiuﬂnﬁ%’u
WS9INTEUNNTianas LLazmﬂwqﬁﬂsimmmiﬂszLmfﬂ,uLwiazmm,%aﬁ?uwudmamiwmaaqﬁ
AUADAAADINU Lﬁ@LU%‘SU’gULLUU‘U@WﬂHﬂﬁg\‘i 3 WU 91NN 4.1, 4.4 uag 4.7 Wle
3meﬁa’mmﬁ‘v\I¢mmLéaqqqmﬁ' 6.26 M/s N15E1MANTEVNINIMUINLUUASIIU MINWUULA
v wazmnnuuudlulanthilalgvinisesuneswhesnuldimnnuuudsludaninasd
miaﬁiwamqqqmmmsﬂizLmﬂﬁaaﬂ'jmmﬂLLUUL&M"LULLam?ﬂU 9.57% way 27.16%
AUAU mnﬁﬁmmﬂuéfmgﬂLLU‘UGUawmmijwmﬂﬁuﬁaﬂLLUU@?&IUﬁwmmﬁ’uﬁa
anuuidluznumasEinanvesnnuuuiitlulant Wedinnisnssunnasdiandisni
mnnuuuasslusazfiuly fainangunssemnuuuiuluiiifuiinseuaguisue i
wnntvinnuuueidlukazfialy ﬁ?ﬁ%JU;JULLUU?JENﬂ’]iLEi%@JWENﬁ’]ﬁ?ULﬂuL“UI‘ULaEJ?ﬁJuﬁ}U‘VTMDﬂ
wuusiinlu ﬁammLmﬂﬁhaumfwmiuiwammmna%uﬂmﬁwmqumwmauﬁgﬁuﬁﬁu
LLUUﬂamLawwkumvmmmLmﬂm'mﬂul,aﬂuasj Tnefiaununfiedduil 1 cm wuanLasy
WaamLLUUﬂaumwum ¢iiAniseinandiniuuuasuanisiufidntosTnsuanaisiui
0.71% (V = 4.85 m/s) 0.012% (V = 5.42 m/s) 1.06% (V = 5.94 m/s) wag 4.89% (V = 6.26
m/s) audsy Tuvaigfiannamun 1.6 cm MJJ’JﬂLﬂ%ﬂJWEWj’]LL‘U’Uﬂqmﬁgﬂﬁuﬁﬁlzﬁﬁ’mﬁﬂﬁaﬂ
ARSI S RUTILAN AU 1.93% (V = 4.85 m/s) 1.05% (V = 5.42 m/s) 4.57%
(V = 5.94 m/s) uay 13.22% (V = 6.26 m/s) AUa1aU %amﬂsﬁagaﬁwudwgﬂqumim'%m

WaaﬁwﬁuhjﬁmmLLmﬂﬁmﬁuLLa mmﬁaﬁ%viﬁﬁsﬂLLUULa%:uLawwwuﬁlﬂaﬁmulﬁimﬁ

% o
)=

umuﬂmmmwmﬂwaﬂmmﬂLLUUﬂammwu Founliudneuudftauaenndssiuiu
mnnuuuAssluLagidialu
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30 30
—#— Comercial Hlmet | ~—#— Comereinl Helmet
V=4.85m/s ¥ —iF—  Wilh Rubber 1 cm. | 25 V=5.42 m/s 1 =L With Kabber 1 cm.,
L With Rubber 1.6 cim. ‘ —&—  With Rabher 1.6 cm.

20 ——  With Modified Rubber 1 em. 20 3 Fie i O With Madifled Rubber 1 cm.
= O— With Modificd Rubber 1.6 e, l a —Cr— With Modified Rubber 1.6 cm.
o =
ek 7o -E 15
E]

- -
10
o T
0 s 10 15 0 25 30 ° w b e 28
Thme (ms) Time (ms)

30 a0

—#— Comereinl Helmet —#— Comercial Hdmet
V=5.94 m/ V=6.26 m/s

5 - S O With Rabber 1 cm. b —i— Witk Rubber 1 cm.
& With Rabber 1.6 cm. £ \With Rubber 1.6 cm.

20 ’ - : O With Modified Rubber 1 cm. 20 4 A, T O With Modified Rubber 1 con.
= O Wilh Modificd Rubber 1.6 cm. i —O— With Modifisd Ruubber 1.6 s,
4 3 -
= = 15 Yulin
3 g )

= ﬁ{’\h
; i
10 G
i AT\
. /,C/'\ sl
= /
s A
o = §U\(
| vt Aovoe
0o ; . : Ll

L] 5 10 15 0 25 a0

Time (m=)

Time (ms)

Al 4.7 WHRANSIUATTIULSINTTUNNTRLUUINaeianiuliaauuuinTuTUantn

4.3.2 mMsnanziuuudtassuaniuteauuuanlulanin

N15ATITINaNITIIasveIniuloawuuinludaiazuansguuuudy
2 sUuuu LLUUf\TwaawmﬂLa%mNaQﬁ’/wmqusqmequﬁgﬁuﬁﬁmwm%ama 9 WAZKUUTIADY
mnngsueshenmisuulduiuasansiuiiianuidaa 9 LlWULRYINUANYUENIT
nzailunsdinuanuuuaidlusaziiinlu 9N mM7 4.8 BNUIUUUTIADIUEIMIINWUUY
Tulanthiswuuiiasuresihemnuesliaiumoshemsasiidlndidssiutudoya
INN1INABDY Iuﬁﬁasﬁwmiams“hasmmﬁmﬁsﬁﬁﬂsajmmL%faqqqﬂ'ﬁ' 6.26 m/s A3
uanAnsszriteyammasedluriesufifimsvesmnniufonSsuifisuiuuuudaosis 5
WU Aewuudasdlunsdinuaniiliiady LLUUf&’waammﬂLﬂ%MWaaﬁwmqmﬁLLUUﬂquﬁ’jﬁuﬁ
1cm LLUU’«JO’]aEJWiﬁJ’mLﬁ%MW@Qﬁ’]EJ’NWﬁWLLUUﬂQNﬁQﬁuﬁ 1.6 cm WUUINRDINNINLETY
Wosthenamnswuulduiuaduanziuil 1 cm wazuusIaemInES I e 1IN
wuuldusuesiangitui 1.6 cm aiiesidudunnsneiuil 17.09% 2.66% 5.84% 0.68%
way 2.76% AIUAIGU
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Lead (KN}

Load (kN)

25

LUUDIADINUINLETUNDIUILNENITT

WUUARUTIIHUT

20

V=485 m/s

—#— Exp. Conmercial Helmet
-»- Sim, Commercial Helmet
G- Exp. With Rubber 1 cm,

—-—- Sim. With Rubber 1 cm.

—— Exp. With Rabber 1.6 em.

— === Klm. With Rubber 1.6 em.

o 5 10 15 20 25 Rl
Tiame {ms)
26 T
@ Exp. Commercial Helmet
s 24 ) — - Sim. Commercial Helmet
V=5. m/s @ Exp. With Rubber 1 cm.
O b With Bubber 1 em
15 - ——f—  Exp. With Rubiber 1.6 cu, |
—f - S With Rabler 1.6 cm.
10 1
L] 5 10 15 20 25 30
Time (ms)
26
& Exp. Commercial Heluet
20 V=5.94 m/s —®— - Gl Conmereial Heluet

i Exp. With Rubber | em.
—-3—- Shu. With Rabber 1 cni.
——  Exp, With Rublber 1.6 cm,

i Sim. With Bubber 1.6 cm.

15 0 3 30
Time (ms)
v 4 +

= Exp. Commercial Melmet
Shm. Commercial Helmet
Exp. With Rubber 1 cm.
Sim. With Rubber 1 cm.
- Exp. With Rubber Léem. |7

- Sim. With Rubber 1.6 cm.

Load (KN)

Laad (kN)

Load (kN)

Load (kN)

15

m -

13

0

5

kL

LUUTIRDINUINLETUNDIUIYINITT
LUUNULESULRNIZNUN

—&— Exp. Commercial Helmet

—-#—- Sim. Commereial Helmet

V=485 m/s

T Exp. With Modified Kubber 1 cm.
- Sim. With Modified Rubber 1 em.,
—ir— Exp. With Modificd Rubber 16 cm.

— == S, With Modificd Rubber 1.6 cm.

- Exp. Commereial Helmet
V=5.24 m/ — @ Sim. Comumereial Helumet
e s ~Ch— Exp, With Modified Rubber 1 cm.
= Sim. With Modified Rubber 1 em,
i Exp, With Modified Rabber 1.6 cm.

— - i, With Madified Rubber 1.6 cm,

—#— Exp. Commercinl Helmet
V=594 m/s —#—— Sim. Commercial Helmet

“=Cl= Exp. With Modified Rubber 1 en.
Sim. With Medified Rubber 1 cm.
Exp. With Modified Rubber 1.6 em,

Sim. With Modified Hubber 1.6 cm.

Thme (ms)

—®—  Esp. Commercial Helmel
—#—- Sim. Commercial Hetmet
=l Exp. With Modified Rubber 1 cm.

== Sim. With Modified Bubber 1 em.

S Exp. With Modified Rnbber L6 cm.
-

Sim. With Modified Hubber 1.6 cm.

V=6.26 m/s

O
S .
5 10 15 20 25 w0

Time (ms)

AN 4.8 N1SUTIUIBUTERINUUIIaRINUNISNAaDUasrnaanwuUtAnTulantn
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A15197 4.6 N15UTEUTEUTERI1IN5EINang1§AsTnd1In1sNAReasUUTIABIYEY
wuanfutiaakuufulutanii

FUBUUVBINUIN AUET | n1szlnangedn (kN) A R-Squared

(M/s) | ASNAABY | WUUINABY | LANKNS (@)
(%)

1 mondildlfiasunoniy  4.85 10.12 9.2747 8.39 0.71
5.42 10.20 10.13 0.68 0.72
5.94 14.20 14.27 0.49 0.64
6.27 1533 17.95 17.09 0.54
2. wnniasulosi 4.85 6.36 6.28 1.25 0.79
YNNITWUUAGH 5.42 7.95 7.49 5.78 0.50
WUt 1.0 cm 594 | 12.20 12.24 0.32 0.87
6.27 13.88 13.51 2.66 0.93
3 Ut 485 | 690 5.64 18.26 0.59
EINTIUUUAG 5.42 8.52 7.01 17.72 0.77
Vi 1.6 cm 594 | 1027 10.18 0.87 0.90
6.27 10.95 10.31 5.84 0.75
4. yenniasue i 4.85 6.25 6.15 1.60 0.57
grenTaEig | 542 | 7.95 8.10 1.88 0.51
1.0 cm 5.94 12.33 12.20 1.05 0.72
6.27 13.20 13.11 0.68 0.74
5. wnniasulosi 4.85 6.60 5.86 11.21 0.67
growsnaneiuil | 542 | 861 6.86 20.32 0.59
1.6 cm 5.94 10.74 10.44 2.79 0.78
6.27 12.76 13.11 2.74 0.58

NTYALTATILILATIVIN T UL UUTIRR Ikl N swESuasn

gaNIEdiAANLLANANSEY 17.09% Ssauaiaedouiiiatuldidesinmnnuuuifily
YoniilldlunismagevluiesujdinisluvinfaiuesiitudiusvasBonvemuand
outnananetutiandseneuiu vililuusedadiotinasauuusaesiudeudisduind
afanuudaesiifineazifoavesgunsailinsunauuuaiduriesufiinng Suilvdlonia
Aaanuaaiadeudeudiegs wagaindeyalunsmaznuinduvesnsuuusiaestud
Snvagdilidulumudunsnnismeassnnin ilkevdwaisdoyanududadudg

naluideseld
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NM59 4.6 nuInUadidudanuunndissenitanismaassiusuusiass
vowmnniufoauuuiinludamiiufiaiogsening 032 - 20.32% Fotmanismaaesiiden
Aruuandsiusnnigaluduaumaaniia 3 kv seiidesanmanuuuiislulantidud
gunsnivietudursandeanslumnnaeuiiszuinnimnnuuuaidluuagdalusil
Aarauaandeuiiuinnimanwuudy q Tudiuvesaiivaenisnnuduiusludadu
YDINTIN wudflmmé’mﬁuﬁ‘ﬁmLﬁumaamsmaaqLLazLLUUﬁi’ﬂaaaﬁangLuGﬁN 0.51 - 0.90 &4f
genadastunaveuladifudanuuanisseninammaassiusuusaesiivaaniaiulude
wihaziinnueanandsusnigamaSsuifisuiumnndudeauuueidunazifuly

5, Mises 5, Mises
(Avg: 75%) (Avg: 75%)
34509407 +6.765e+06
t3a3eesn? +3.500e+08
+3.143e+07 +3.20B8+06
+2.8578+07 2.017e+06
2.5710+07 +2.625e+06
+2.2852+07 +2.333e+06
+2.000e+07 +2.042e+06
1.7142+07 +1.750e+06
+1.428@+07 +1.458e+06
+1.1438+07 +1.167@+06
+E8.571e+06 +8.750e+05
+g ;é;eigg +5.833e+05
b = +2.9170+05
+0.0002400 +0.0002+00
Commercial
helmet
Rubber 1 cm
5, Mises 5, Mises
(avg: 253:}5 . (Avg: 75%)
+6.045040
+3.428e+06 :5 sgég-rgg
+3.1432+08 +3.143e+006
+2.8572+06 +2.857e+06
+2.5718+06 +2.5718+06
+2.285%52+06 +2.285e+06
+2.000e+ +2.000e+06
+1.7 14@+ +1.714e+06
1428 +1.4280406
1.1 +1.143e+06
+8.571e +8.571e+0%
+35.714a+05 +5.714e+05
2.8570+05 +2.857e4+05
+2.629e+00 +0.000e+00

Modified
Rubber 1.0 cm

Rubber 1.6 cm

S, Mises
(avg: 75%)
+7.633e+06

+1.195e+01

Modified
Rubber 1.6 cm

MA 4.9 uUUTIRBUANINGANTIUNINTEUNNTINNSE IangedniinNaa 6.26 m/s Ua9
wuanfuteawuuidslulandi
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1w 4.9 usungiinssuniselnangeaniiiatutinuduuuremaaniy
foauvuiiinludaniinnnisiieseiieszdeudisinludiedmud Tunuideiasve
sndhegndlunsdinisnszunniiauiiigsgade 6.26 m/s mngUluvaiziiinniseInangaan
YomnnusazuuIznud vnnilllidnsiesunenihenamnsiagiidives von Mises stress
fifiAngannnnin 38.6 MPa MU3uAsINaIsvesIniutien denniiangisouliisuiy
nsduuusiaewomnniuoauuuaislusazifinluiu sznuimnnuuudiludandheyd
N13N529188383 von Mises stress TiAntuaziin1snszaefves stress Hesniwuuaisly
wazidiulu mnRarsalunsdiifininadureanhenansdudives von Mises stress axdian
N1 3.50 MPa iluduannvesiiuiidlewiuiisufumnnsuteauuunassludnde du
mnedsnnandiinmnuuuiiuludaiiuamsageduusnszunnldfniinisnasaiouss
msreldAniuuuaidutazuuudaly

NN 4.3, 4.6 uay 4.9 mnfiansaieuiisudu 3 sUluuvessniuie
afemnnuuuAidlu wuufislukazuuudaludaniasnuimginssuvessnuuusitlula
wii19zdian von Mises stress axfinaulndiAssfutunuinuuuaislukazuuuiduluiu
duu1n lneawian stress agluyae 1.71 - 2.28 MPa dlefiasaangmnniiasumesin
B9 RENUIININSZABVEN stress Axdnuaziindefufensyargluihiiuiveminn
fuflaastiaznuinfivannaiunosiesmnsianeiui 1.6 cm duagnuhiluegeiiia
von Mises stress qqﬁgqﬁlﬁmmﬁLﬁmﬁ'uL“‘L‘Juszhwaﬁawiamaq%mmﬁLﬁmmﬂﬂs‘z’?ugﬂ
wuuaesdevinlvidan von Mises stress figendn 4.58 MPa thdluvisqaiingu sadlannnng
AAsginanii 3 wuvasnuindonngedivfeunnasinssumnfunntdudugaieatu
ADUSIANAUULYDIATYE FIRAINLANAIITENIN von Mises stress Te9uINuAasiluy
fuliuandnafumnninidemnfiuiilunsuusanssunniindrofusanastuiiaulfwess
mnndntosity Iennnsfnwuuusiaemesmnniuieafiaiunosihemisuuy
anriufiduenafinauaiaiadeuves von Mises stress lunasiasegsiluuided
foutraunn esnndnvarvesnisiasurlosiheramnsianziuiity anelunuanduaed
Snwaigveseniaiiognislurieitssenindsseiulny fslunuideilildldauantivos
pmaftegluderiadily Fauandrsinnisquusiuesihviaiuiiflifiommnifedeii
1%5Uv03 von Mises stress 9199zAumaindsuluanauduaiald uagmnfiansangs
nszunniiiugadu 9 Aldlivinanandsey Alanudululdasiliifiunnuunniig
sgyinagUiuuresmnnfiinnniiy feiluemAdeilildnmginanssunniiondu 4 ves
mnnilesangidedesnisivgimunvuiasdiiinnuaeandostuiunsmaasiassied
lailaAnsesiludiiduiy
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4.4 WavaIAIA1UL3e (Acceleration) wag HIC 3MNN1SNSEUNNVYBIVNINAUTDA

Tun"sAnEIAILLSS (Acceleration) wawAn HIC vosmunnAudoans 3 wuutuazyiinis
nageulurosjuanslagmnnuuuaidluaglinimmaseuiiannuilunisnssunn 5.94 m/s
dumnnuuudslusasduludantiagldnsmageuiinanudalunisnssunn 7.67 m/s uay
3zN15USeusuNan1InaaedlureUfURn1sAUNaaINNITIATIBALALLUUTIa0INT
FEA eidumislunisliuuudaeslumsiiesgifisuuuudu o Tuewan lnesieaziden
YoINANINAdBULALNT AT Eanu s derelul

4.4.1 WANISNAFBUAINTY (Acceleration) waz HIC vasmuanfufaawuuazsiu

At 4.10 WWunsuanInuduRuSsENI9AIAIULSITOINITNAGDUNLIN

futioauwuuadsluifiunian S?famﬂﬂiﬂwzakudwmmmLi'ﬁmam (Peak Acceleration, Pacc)
ﬁuammﬂﬂuuaﬂvﬂ,uLﬁi:ﬂﬁ/\laamsmw*rﬁ'mvumawaw 693.03 g mwmﬂﬂuuaﬂmaﬁm
Wosthenamnsifiaanumun 1 cm ‘I/NLLU‘UﬂﬁlWNW‘L!V]LLa LUULRNIE qummmmmam
(Peak Acceleration) fi® 277.94 g Az 290.66 ¢ MIUAINU LAy mnﬂﬂuuaﬂwlmmwgam
§19M13171A WU 1.6 cm ‘17?(1LLUUﬂqmﬁg\‘iﬁuﬁLLazLLUULQW’wﬁuﬁd’Juﬁﬁ’l 221.05 g uag
204.17 g MUAIAU Aipszildnisiasureshenmsudnlulumnnfutenamnsoand
AR LA mumwwmsuaam5LaiuWaqmmawwmuummmLLmﬂmwaammmmam
V]Lﬂﬂsuuvmﬂ’]ﬁmﬁmLLUUﬂﬁJJVIQWHViLLa“LLUULaiﬂJLﬂuU’]\‘ia’JthLﬂﬂﬂ’J’IZJLLMﬂG]’]\‘i mumwm 4.1
Wunaveari HIC mawmmuuaﬂLLmauLLUUWaamﬂamﬂummmLiqqaqwmmﬂwmn
futlonemnerananisgeaniiangefazidunalsid HIC fagsmulde Faainnsmaass
wuten HIC sesmnnfuiioaitlliinisesunosienmnsiian 4,313 drunanduteniiasy
WQqﬁWmQWﬁ’]ﬁm’mwm 1cm ﬁ'ﬁLLUUﬂqm%ﬂﬁuﬁLLazLLUULQW’]Sﬁuﬁﬁﬁ’] 2,109 wag 1,805
AU wazmLanAuteniasuNe N8 NTIRALRYY 1.6 cm ﬁauumqmﬁy’aﬁuﬁuaz
LU EUTATAN 1,276 wag 1,362 fuaeu

800

—&— Commercial Helnet
—%F— With Rubber 1 cm

—1— With Rubber 1.6 cm
600 - —$— With Modified Rubber 1 cm i
—&— With Modified Rubber 1.6 cm

Acceleration (g)
]

200

Time (ms)

= v v ¢ 1 1 1 . [ v & =
AN 4.10 ANUAUNUTIZIRINAIAMULIY (Acceleration) ﬂ'UL'Ja’]?JEJ\‘MN’JﬂﬂuuaﬂLL‘U‘Uﬂi\ﬂ‘U
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5000

4000

3000

... ECE:22.05 =2,400

HIC

2000 -

1000

Commercial  With Rubber With Modified With Rubber with Modified
Helmet 1cm. Rubber 1 cm 1.6 cm Rubber 1.6 cm

AT 4.11 @1 HIC vasnsnadaunuiniudeauuuaIslu

4.4.2 NMFIATIZAUUUIEDIAIAULTS (Acceleration) waz HIC vasuniuiloawuy
Asdlu
Tunsiesziiuusiasanisnszunniionagauaimuswemniuionuuy
a3dluluiifavuanawaiannil 4.12 wudwasewirsnsneaeulufesufifinstunanes
LUUR18895AILANANSA LT INEELATS 91NN1TIATIEHNUTILUUS @8I UNU I INLUL
pslufilalévihniaiasamesiiensmnsrazdian von Mises stress fiAnaglugag 26 - 40 MPa
wazdidnuazvesaruduiiistuduuinaun hanimenniadmeshosnslunnnsd lay
mnnfufeauuuaiduiasimasiensmnslunnsuuuuagiia von Mises stress agluzas
wenfuiumnnililfiasurleuihusesiidhvazvosmuduiiduuinanidesniuuuiild
Igvinsiasuneai Wew3suisuanuunnsiasenitsuuusiassesmunnuuuliesy
wlaaeramagnuiAausgEafildannnimeaessdiawinty 693.03 ¢ drunaves
wuusaesiuasila 595.76 ¢ FIENUITANULANANAUST NI INANSVIAADILAZILUUTA81
ﬁ'ﬂﬁimﬁw‘lﬁ’hLﬁmmﬂmﬁLﬂinzﬁﬁ?uﬂ%’aiﬂé’a%ﬁﬁwazLﬁammaaﬁﬁiaﬂiuwuaﬂ a1u5n
A wazdnldsassunnnideruldmemnndueniidaruldshivfuvioldaiiaue
vlisletunadrsuusiassiuiazyilfiinAinnuaiaedouainuuunuanassld win
Angiuuieomnniaiuresihenamsluiivesniegrmmnnuuuaquitsiiud 1 cm
IENUIIAIANUSTIlFINNIsNRaesaLiiA Wiy 269.58 ¢ dunavesuusasstuazila
271.67 g witmavosnusigaanazalndifsiuuidnuugyosgunsmiduiiinnuunneis
funeaumsidnfunasnaldmemnniudesitinrulslivifusuientu
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nnfulian
Flalleasy
Weath
8197157

PUINTLATY
W91
YN LU

L g
ARUVIANUT

1cm

Ty
Weath
YWV Y
ﬂquﬁy’qﬁuﬁ
1.6 cm

PUINTLATY
W91
YN

¥ g
RNIENUT

1.0 cm

PUINTLATY
W91
YINIT U

¥ g
RNIENUT
1.6 cm

:

¥

Acceleration (g) Acceleration (g) Acceleration (g)

Acceleration (g)

Acceleration (g)
£

S— FEA

A

|
I3
/ Ii
{ ECE22.05 standard = 275 g
{
Il’r |I
And
==\

P, e

o 2 4 & 8 i (13 i

ECE22.05 standard = 275 ¢

B

g

2
A

g8 B

H

2
N
I

'\
J
L = T
o 2 4 L] 8 10 1 14
Time (ms)
20
o0

ECE22.05 standard = 275 ¢

¢ U

L { || 1 |'l
I _ll I\
1 \
140 k p : '\‘
Pl VN
0 /{ 7 \ \
i et T
o 4 6 L] n I 4
Time (ms)
300 S e
ECE22.05 standard = 275 g|
250 4
200 '.(' Y
Vo
A}
150 \l\ “I'I
WA
1
1040 - \‘ \
l‘ \\
=0 | \\ ~,
T
P A
0 2 4 & 8 10 12 4
Time (ms)

AT 4.12 NAYBILUUTIABIAIANNLSY (Acceleration) vasmuaniutloauwuuasely
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AN3197 4.7 UARIHAYBIAIAILITIGIEN (Pacc) WazUTanas HIC inTufuvsan
wuuadslulunnnsdl F991n1ms1emuitlunsdved Pac Ka¥8IN1TNARBITUNITIATIEY
wuusiaesazdinnulndifsiu widefiarsanfnsmiifinnuunnsatusilie HIC duasd
Auuanastuneaum s duramngULUUTendun TNty dmiue HIC A
Jufumnniutonsuuuusing 4 wutmnnilildfnnasumonhosmsaeuuufouuuais
Tuwazuuuidisilufien HIC ogffl 4,131 Faduariigandtninnamiuinsgiu snfiarsanysn
ﬁuﬁaﬂﬁﬁmiLa'%wlaqﬁw&mwwsmﬂgﬂuuuﬁu%ﬁm HIC aglluaag 1,300 - 2,100 Faildnein
ninasiasguitmualy Taee HIC Wuefivsuenfednisuiaduiifses win HIC fien
\Aundn 2,400 Aagiinasonsuiniuiidsuzvosyudld

M13197 4.7 HaYRIAIANLINENEALas HIC Yasnulnuuuaisly

FUARUIN Pacc (g) Pacc (g) HIC HIC
(EXP) (SIM) (EXP) (SIMm)

wnnfutesildldasuneni 693.03 595.76 4,131 4,228
YWNII
wmmﬁm‘%mﬂmﬁﬂmawwﬂ 277.94 271.67 2,109 2,503
LLUU@QNﬁgﬂﬁuﬁ 1cm
MmﬂﬁLa‘%uWaqﬁ'}maWﬁﬂ 221.05 256.10 1,805 2,309
LLUUﬂE}QJ‘i};}g\‘iﬁuﬁ 1.6 cm
wNTLasuNe eI 290.66 277.99 1,276 1,126
LLUULQW"I%‘ﬁuﬁ 1.0 cm
wNTLasune eI 204.17 216.92 1,362 1,238
LLUULQW’]%‘ﬁuﬁ 1.6 cm

4.4.3 HANSNAFBUADIULIY (Acceleration) wag HIC vasisnniuiaauwuuidiulu

msnageumnnsudoanuuifitluasiianuunnseanmanuuuessludniesie
anusaildlunsnageumunsgiu ECE22.05 Sursvadeuiinnuss 7.67 m/s Inglunini
4.13 1 Junsmiansanuduiusseningaanusswesn1snageundinfudeawuuiiuluiieu
1an marmmwxlf\]uwmwmmmmma@ (Pace) vomanfudioaitliiasunewionmnsasdl
mawaw 322.03 ¢ dhumnnfufioailasunesiensmisiinaumu 1 cm mmﬂuaﬂu
309U09LATTIUAMNATVBY ECE22.05 vmmaa‘uuuazwmmmgjwmmmgmmmh Wil
Tumuﬁmaauﬁ’uﬁ%’ﬂﬁﬁﬂmiﬁw’iﬁaﬂuﬁae}i sninalnuiuRsyzoaniiofensingd
NORNITUAINLANAIITY mwmnasuﬂmuﬂmluLasaJWaqmﬁNmemmaq Pacc umaqmw
Un@ iumuﬁuammm/mmsLasm\Iaqmsmwwammwwm 1cm mLLUUﬂaumwuma WUU
LaiuLQW’luwumuummﬁmiﬂqaqm (Pacc) D 229.15 LAz 236.33 ¢ AMNAIAU Lag RUIN
fudepfiasuneingranisfinnumun 1.6 cm fl’j\‘iLLUUﬂQNﬁQ‘ﬁUﬁLL@SLLUULﬁ%NLﬂuv’]\‘lﬁ%uﬁ
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A1 223,30 war 217.21 auddu Tinseildininaunenisrmnsndldlumandude
ALUUIRNANNTIanANAMISIgean Al azanasNeEgAIINASIgILT ECE22.05 Avuaillsl
U9 275 ¢ a"gumflwuwaamiLﬁ%quﬁ;’]mqumﬂfu@hmmLLmﬂGimeﬂmmiqqqqmﬁ
Andutursdanalndifestu sedmnfinsaludunsauldfiaznnasuisagiming
fumnnuuuiaiurlesihiamziuiifiniumu 1 cm dufarunsofiezdisanainuisean
nszunnlegluinggiu ECE22.05 myvualseeaUasnsiy

800 T T T T T T T

—=#— Commercial Helmet
—7— With Rubber1 cm

—+— With Rubber 1.6 cm
600 —{— With Modified Rubber 1 cm .
—2— With Modified Rubber 1.6 cin

400 - -

Acceleration (g)

Time (ms)

2 4.13 ANUFUNUTIENI19A1ALSS (Acceleration) AUaIvasuINAuliaawuuiuly

A5 IATIERRATes HIC vesmunnuuuidsludulunni 4.14 Junavesen HIC
veamnnfudenudazuuudsaonndesiuainnuissgeaaiindunuiniudondeninan
Anussgsgaiiargefiaziunalitan HIC fidrganulufe dernnsmeassuing HIC ves
wnnfuderdilifinsasumesihenamisiia 2,679 dumnnfufesiasumeninenamisd
AUNUT 1 LGURUAST ﬁ'jaLLUUﬂqmﬁ”’qﬁuﬁLLazLLwLa%mﬁﬁh 1,998 uag 1,967 A1UA10U LAy
wnnfufoafiasuneinganisfienumun 1.6 wuiwns W;TIQLLUUﬂqmﬁﬂﬁuﬁLLazLLUULﬁ%Nﬁ
A1 1,745 way 1,762 AUEIRU 91NN1INAA0IaYaInIa e sEilainAgesnussiiinfu
wnnuwuuinludursdamnimuanuuuassiu seiimnnuuudsluildldasareshayiia
genimmsgiudntios wiilunsdvunuuuiiluildldinsesureniormisasiien
Pacc g HIC ﬁgm’hmmgmﬁﬁmwﬂLwiﬁﬁmammﬂﬂﬁiﬁﬂﬁ']'ﬁaﬂuﬁagﬁzwiﬂv@mﬁ’uﬁwg
ponlunudTed FaAn Pacc ﬁqqﬂdwﬁwumﬁﬁqmﬂﬁﬁh HIC ﬁqqﬂdﬁﬁmummulﬂé’w daulu
nsdmnniiadurlesiesmnaluynuuutunuidien HIC idniuesguivunidnmes
g lonihenansasudlulunnnfudondiunsarasan Pac uaz HIC AnTuld dau
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E‘ULL‘U‘Uﬂ13Lﬁ%iJ‘V\laﬂﬂfﬁEJNWW?W&ULLUUF]QN%&%U%LLazLLUULﬂ%@JLQWWﬁuﬁﬁwﬁﬁ’] Pacc Way
HIC #lndiAeaiy drlunsdiaumuvesasihenmnsidunuinnisasumesifiaumun
1.6 cm 28998807 Pacc Waz HIC Tnnninnsiasunesing1snisidl 1 an dntiey de
sUswwesmnnuuuinlufiidnuasaquiidsuzvesiiulidoioudsuiumnnuuuaidud
fignwarUntesamzadmuuresdseewiiu silinaniifinisauldenaasdosindadaimin
mawmnﬁtﬂwﬁumﬂLa'%m/\lmﬁwmwmwmmdﬁLLUUﬂ?@IUﬁﬁﬁnwﬁﬂﬁaaa&_jLLé’a WINRATEUN
Tugrunisanulafimunzautunnnfudeauvudaluiasurosinesnsiduasiigimin
wnnmnunAfililfiasunesiegneaumsfatunmaiauneaiersmnsiiinnumuun
Lﬁulﬂﬁ'jumﬁ]Lﬁmﬂiijﬂuﬁmmmazmmm;E%’U%lé’lﬂiuﬁu

5000

4000 -

3000

ECE22.05 standard = 2,400

HIC

2000 +

1000 +

Commercial With Rubber With Modified With Rubber With Modified
Helmet 1cm Rubber 1 cm 1.6 cm Rubber 1.6 cm

AN 4.14 @1 HIC vasn1snagdaunuiniuiisawuuiulu

4.4.4 A15IATIZHUUUINIABIAIAMULSS (Acceleration) wag HIC Yaeusnnuiien
wuuinlu
dlefiarsunainang 4.15 ENUINGNYUEIULUUVDI von Mises stress U84
wnnuuudsluRldl@inmsasure s iidnvnzdunanisnimnnfesune s
19M1519¢huY9 27.90 - 43.84 MPa FeariimnuadondsiunnuuuasluLAs Ny a9
115329850 IAMUAYITE TN IMLINLUUASILU LazrnRiansanainuuaniudend
[@SureEINTIIENUTAYBs R LARAUS DN Audenaziinisnsrnetiosnin
ImmwmmmmmuaaamJawmﬂLLUUL&iMW@ammawwammUL.Luuuumﬁ] L‘Uuwmamaa
FudruLUUTIa0e Femnfiansandausnasy ‘ mlmlmmmaumum ENUIIAIAILEUT
Lﬂmu%umwaq”l,uizm'm 30 — 35 MPa #99vinzsiavsnavemlasienmnsiuoand
AT ITARTULAzanA AR UTIART U sluran Autonld Wefiansanainnsw
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WU3HULTIUTENINN TNPABILAZNNTAZ1ILUUTIABIITNUTT AN Pacc VDIUUUTIRD UL
ﬁqﬁumﬂmﬁqa1ﬂﬂﬁimmaaqagwaamﬂaidﬁnﬂ%atnﬁauﬁbwamaqwuaﬂuUUﬂéﬂU‘ﬁﬁiﬁQQWﬂ
drusznausaviuduresnuuuiitlutiuiaadudousnnnimnuuuaisy siildnns
a5 19uuusiassiianaseiusannitmnnuuuassiu 3eildnavesnsnainnTinE g
wuaesuiidnvardeuinauanisannimaaesass nguszasdvosnuidetitudeans
JipswRuuUsiasiienstudunanisnaaerie e tuTIsane Pac Tdaseayii
WEuuUaesiiasstuiiednaunsothanldlunstudunanisvaassladlagenaasiAiaing
LANANNSENINRANISNAABIAULUUTaasUNeluuensel

FEA - EXp FEA
RUIN ' ' ' ' ' =

Autioai
Tallonasy
Nogun

B

Acceleration (g)
-

YNNI

Time (ms)

ECE22.05 standard = 275 ¢

VUINTLATU
o9
Y9N0

Acceleration (g)
E

WUUARNTY
Wi 1 cm

Time (ms)

PUINTLETY T o
Pogun

YNNI

Acceleration (g)
]

WUUARLTS
Wudl 1.6

cm

Time (ms)

a o 1 1 . v & <
AN 4.15 WAYDILUUINABIAIAIIULIY (Acceleration) Yasnuannuiaauuutaulu
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FEA — P FEA

ECE22.05 standard = 275 ¢

Wnndesy
Wosih
YNNI
LUULANE
Nt 1.0

Acceleration (g)

cam

Time (ms)

ECE22.05 standard = 275 g

PUINTLATY
Pogun
&IN5

LUURNE
NUN 1.6

Acceleration (g)

am

Time (ms)

AT 4.15 NAYDILUUINABIAIAIIULTY (Acceleration) Yasnuniutioawuusinly (6)

MIATIIHATDIAIAINITIGIER (Pacc) WazUinas HIC AAnTufuman
wuudaluluynnsd anessil 4.8 wudilunsdlues Pae wavesnsnaassfunsiiasigs
wuudasawesmnauuuifnluaziinnuuanssfutisluuiansd wazidefiansanaingy
dunsmiduuansatufiazdmaliian HIC duasdamuuandratuneauans maisuiisud
nan sl givamanuuuaiiluty nanismaaestesmnnuuuiiluasiauninedon
11 usmnlduasinuuusiasudionlunisBudunaainnismaasutufasnuia
wuudraesmnnuuudinlutuanusaldanld dwiue HIC Afndufumnniuteauuuid
Tugtuuusing q nudmnniililddinsaiueshenminassuuuRsuuuaisluasuuuiy
Tuflen HIC 98 2,679 Fadudriigsninitnusinasgrudntdes mafinrsamuaniudend
ﬁmim’%quﬁW’NW’ﬁMﬂgﬂLLUUﬁ?u%ﬁﬁﬁ HIC ¢/luaiag 1,700 - 2,000 Fedlansninauet
wmsgrufiinualy Tnsndeyalunssiagnuimnnfiaiunesiormnsiudisannis
vnduiiintuisszayesldlunsuuuureamaiaduasi
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A131971 4.8 WAYBIAIAALTIEIEARAZ HIC YasnaanwuuLiNly

FUANRNIN Pacc (9) Pacc (9) HIC HIC
(EXP) (SIM) (EXP) (SIM)

vannfutieadilllaasunes 322.03 324.06 2,679 2,392
YNNI
MmﬂﬁLa‘%uWaqﬁ'}maWﬁﬂ 229.15 269.15 1,998 1,833
LLUUﬁQNfl’jﬂﬂﬁuﬁ 1cm
MuﬁﬂﬁLﬁ%uWa\‘iﬁ’lﬁl’NW’li’l 223.34 245.40 1,745 1,633
LLUU@QMVT’Q‘ﬁuﬁ 1.6 cm
MuﬁﬂﬁLﬁ%meﬁ’]mﬂW’]i’] 236.33 279.20 1,967 2,237
LUt 1.0 cm
wnTLasunle e 217.21 235.94 1,762 2,037
LUt 1.6 cm

4.4.5 WAN1INATDUAIULSY (Acceleration) wag HIC vasvuaniudaanuuinly
Uaniln
lumsiianeinnusuaga HIC vasmnnuuudiilulaniiduazsnisnageu
AmdwesmsnszunuRsuRUnsannauuudluiinnuss 7.67 m/s Inglunwd
4.16 \JunsMuanInuEUTUSIEnINeAIANLseInIsageuitInfudoALuUAL TR
luifiguiian ezm'mm'mla] WUIIAIAIULSIG9EA (Paco) %wmmuuaﬂmimmmmqm
gnannsaediangeiigedl 305.07 ¢ daumnniufonfiaiunosiiermnsifinum 1 cm i
LLUUﬂﬁ&JVNWLmILLa”LLU‘ULﬁ’iwLUuU’Na’Juuﬂ’lﬂ’J’mLix‘iﬂx‘iaﬂ (Peak Acceleration) Ai® 259 a6 ¢
uay 251.93 ¢ uEdy uay mnnfuieafiaiuresiermisfinrumun 1.6 cm fauuy
pauTsiuTLazuUIESI UL 203.30 ¢ uar 211.25 ¢ AUAIFY INNTTVARDIY
nuidaussgegaiifntuiumnnuuudslulantidasiadesfigndeiisuiteut
mnnuuuaisluagiiiuly Meiidunainangunswesmnniifiauaseunquisueiinindias
Usznoufunseeniuutesnniifdnunzadeguneatiiomsinuauiifidesanuuanyda
fazdoaldunnlunsudstufmudedusadnseiueus mnunsgiuil ECE22.05 fwuaitlsl
Wi 275 ¢ W‘U’jmmﬂﬁlﬂléfﬁwmiLﬁ%u’V\Iaq‘f’]EJNW']i’]fwﬁ@hLﬁuﬂﬁﬂmmgmﬁmum
Bntles danlummanuuuiiaduvenieemnsiluynuuutudeoiiegaininnmusiuinsgu
AU



107

800

—&— Commercial Helnet

—%— With Rubber 1 cm

—O— With Rubber 1.6 cm

600 —&— With Modified Rubber 1 cm
—Z— With Modified Rubber 1.6 cm

400

Acceleration (g)

Time (ms)

A9 4.16 ANUFURUSTENI19A1AULSe (Acceleration) AULIavaInaINUTaALUY
vinTuUantin

Tudiuveinsiasiesnaves HIC vesnuanuuuidsludulunwit 4.17 Huwa
984 A1 HIC vasnsnduteauwuutduludantn %aaamﬂﬁaqﬁ’ummwL'ﬁ'qqaqmﬁlﬁﬂﬁu
wnfutleafeninaAinnnusgsandageiastunaliien HIC Srgewnulusig anmsiine
wuie HIC veavsnnuuudialulamiindursdansniianasgiu ECE22.05 nauuudaunnsng
ﬁ]’lﬂMM’JﬂLLUUﬂ?ﬂULLﬁzLﬁﬂUﬁﬁUN’gULLUUﬁuﬁ’l HIC %ﬁ@hﬁqm'jwmmgmﬁmum NN
7 4.15 nsmeaeanuinan HIC GUaﬂwujﬂﬁuﬁaﬂﬁlﬂﬁﬂ’]ﬂﬁ%ﬂﬂ@ﬁﬂfﬁ8’1\‘1‘1/\1’15?31ﬂ"l 2,083 @1
wunnfudeafiesunonienmnsifienumun 1 cm VNLLUUﬂaiJVNWLWILLauLLU‘ULﬁﬁJQJﬂ’] 1,805
way 1,813 auansu @runsalnuaniuienafiasuresionmnsfinaumun 1.6 cm Hawuy
ﬂqmmwumamwmmmm 1,362 way 1,638 AUAIAU INNSNAABIRLENNITOIATIEIT A
Avosmssiinfumnnuuudidlutussiiinfignimaniudeauuueidunasidialy

4000 —

3000

ECE22.05 standard = 2,400

HIC

1000 +

Commercial ~ With Rubber With Modified With Rubber With Modified
Helmet 1cm Rubber 1 cm 1.6cm  Rubber 1.6 cm

AT 4.17 @1 HIC vasnsnadauvuaniudeauuunuludanti
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4.4.6 N1SAATITRUUUIIABIAIAIULIS (Acceleration) waz HIC wasuuniuden
wuutinTulandn
sUnuvresnnuuutlulavidunuudaesifimnududeusnniigaiiesan
wuanedadsiaulfiiliaiiauedardmanonisimszilusuusianddaeds FEA o
9150019727 4.18 gNUIIENWAEFULUUTBY von Mises stress Yaannniuuislule
sthilaildhnsaSueshemnsegiidnuasduaninimnnfiesueshenamineg
Tug39 20.04 - 40.80 MPa wlefinnsaunusuifisufunuinfuteasuuiinluasnuiivun
woudisludamihduasdiaanuduiidesnindntiosrsiidunauainguuuuvosmunia
Snwarlunisfunsanszunnldind mnfiansanluduvesnnuuuduludantdfiasy
woshensmsiunnuuuagansatsanmuduiAniuaInnanssunalfidudeatunsd
mnmvuuLﬁu%ﬂﬁgmﬁuaﬂLLUUai’waaﬂumu%%’aﬁﬁaé’ﬂwm:ﬁﬁuaﬁaaﬁiaiw’jwﬁudauﬁum
wuudaes damnfinnsanfeuinady q Alldgadouditusnuimanuduiiiefuasd
Aflagluszwing 20.46 - 35.80 MPa mniUSsuifisuianigmnnuuuiiadurlesihenamsly
nsdmnuuudnlufusuudiilulant ssnuimuandeuuaiidnvar v
MnMsnsTunATintuadeiy WeRansanannsiUisudisussninsnismnasuaznisg
A319UUURIA0IRENUT A1 Pacc V0UUURIa0TURERATILANAIS9INN1SNAREY TeadnunTe
Anredldimnouuudinlulaniilflunmeseulukesl fifnsdulitudiunaisiuun
Uszneuiu daunuusassivlilildseazdenvostudindnanundesoilinavesns
Ansziuuudiaeniufinnunaedeuninmsnnassarindunnniidanuuanissening
nan1svaaesfuLuUTIaeniian egnslsfiniulunuifediuiohannsaiuildlunis
BudunanisnaaedlalaynazdaInNLANAINTENINRAN1TAaRIAULUUTa09U T UUNg
NIt uLAgIRuRUTBINLUUGNLU
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FEA EXP FEA
NN o
v & a . ECE22.05 standard = 275 g |
Autload o
Tailawesy g -
4 = 150
Noau g
YIWNWIIN s
Time (ms) .
dl a 00 N . . .
PRUINN Lajm ECE22.05 standard - 275 ¢
ea B
YNNI %
WUUARNTY fmi 4
WUN 1 cm ui
Time (ms)
A a 200
NRUINN Lﬁill ECE22.05 standard = 275 ¢
Wo9un -y
YUNTUUY g -.
g X A k! \
ﬁQlIVl\‘i‘WUVI Z o
1.6 cm %
) Time (ms)
‘V]lnﬂﬁl’a‘%ll o ECE22.05 standard = 275 ¢ |
Woai
C
YNNITUUY 5
ﬂ’J dl E 150 _.'|_
NIENUN £ S
1.0 cm ) . S
Time (ms)
RUINTILASY &l " ECEZ2.05 sandard = 275 3
Woai oo
YNNIV -
& A =
LAWISWUN g o
1.6 cm wf
- Time (ms) )

AN 4.18 NAYBILUUT1ABIAIAAIULTY (Acceleration) vawnnutlaawuunululanii



A131971 4.9 WAYBIAIAILIIEIEARAZ HIC Yasnaanwuuiisly

110

& 4
LUULRWIEWUN 1.6 cm

FUANRNIN Pacc (9) Pacc (9) HIC HIC
(EXP) (SIM) (EXP) (SIM)

vannfutieadilllaasunes 305.07 292.81 2,083 2,393
819N
MM’JﬂﬁLﬁ%ﬂJW@\Tﬁ’]HNW’]’i’] 259.46 238.18 1,805 1,722
LLUUﬁQNﬁQﬁIuﬁ 1cm
MiJ’JﬂﬁLa%EJWE]\‘iﬁ’IEJ’NW’]’i’I 203.34 212.07 1,362 1,389
LLUU@QMVT’Q‘ﬁuﬁ 1.6 cm
MM?ﬂﬁLﬁ%MW@Qﬁ’]B’NWWi’] 251.93 274.63 1,813 1,934
LUt 1.0 cm
wnTLasunle e 211.25 249.93 1,638 1,322

15999 4.9 WURAIATIZINAVEIAIAIINLTIZIER (Pacc) wazU3una HIC Mifn
Fuununwuuhululunnnsdl wudnlunsdaed Pacc HAVRINIINAABITUNITIATIZN
WUUTNARINWUULALLUTAnENAElANULANA19 UUTuUN Sl EMINRRNTUN Pace

NUINAIINATNARDINUNITIATIERRUUTIa0IUUAEHA lAALABIAY LanINNRITUNDS
A1 HIC duaziiauuwanaeiunaidmninsgnanaunisi 3.4 aswuinen HIC Mintuegiv
naAnAMUTIAATUNTY 2 91987 FedrulngaAUIUNTINIAIN 2 ms wag 4 ms

FayndunstuiinnuwanaetutuAazyinlia1ves HIC dullanuwanaiaduaiuldaie

AIUUINANTITN 4.9 9ENUINAT HIC TANULANANAUTENINNNAVDILUUTIADINUNITNAADY

a v i g ] A a o I a v & a1 o ]
Wniasalusua HIC duagnudnen HIC Aiiaduniinwuudalulantnuuasdainingd
WINTFIUN ECE22.05 AM9AUA LasiInfiansannuanyiy 3 wuudenuinikuuasdty uluuey
wnlulanihtusznuimanuuuiuludaniiagden HIC isfiandsdanudasndelunis

alduniige
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dgunan1Innasg

Tumafedifunsinwmaaounssnssunnvesmnniufiouaziuusassmnniution
vosfdudsndnseusudlaglianiemnsnduianaiy efivrannsslven arunss uay
HIC AAnTuaINNAngTRmnvesiul Ssnnsineinansnasuasuuudaosturh
Tfanansnagunanisnaaedladsd

5.1 8fUs1ENANTTNAADY

5.1.1 defasandmunnuuuundfdldlfiasunonhenmis wuiennisdne
yedoULINSTUTNURIIANTuTonth 3 uuuFennndutieanuuaislu il uazduludauii
swwuimnnfudeauuudtludamihazannsaiuusinssunnldiiign lagannisnszunnd
AI1L57 4.85, 5.42, 5.94 Uag 6.26 m/s Aua1su sznudmanwuuinlulaiinisyivan
Ejﬂ?j@mﬂmiﬂisLLVIﬂﬁLﬁﬂ%ﬂﬁ@ 10.12, 10.20, 14.20 wag 15.33 kN anuaisu %aﬁmﬁaaﬁqm
Sowdsuitsusumnnuuuaislusasiiululuyn 9 e deiifuwauiaingluuuves
nuanfiiinisaseuaquitufivesdsvefiuaniian sniadsfidamifneosmuaniiuinnis
duUsEneuvestudusng 9 Wy aesane Sudniidans “an Admududeusnnn il
ansnunlosdsuzveayudldfnimnnyiiedu

5.1.2 winfisuilugukuvremnuuuaily Wiluwasitilulaniihfiadumesi
E9MNIMALUY AeuifiamEalumsnszunndng q dumnnuuuiiaunesihenamse
aunsnannsyinangsanasld Tnsianiziinmid 4.85 m/s Tuunensddunauniiasa
waqﬁ’wmquﬁmmmammwiwamqqqmlﬁqqqmﬁq 42.91% ﬁauLﬁamﬂm%aqasﬁuﬁ?u
arwaninsolumMstisfuusnszunnuesastiuaranadluidntios

5.1.3 MvAdeUAATILILAYA HIC Tesnniutionts 3 wuuwudwaandilallfiasy
wowhenamnsifuazilan Pac flganinumsgiu ECE22.05 fvual uidlefinsiaSurlea
gramsndluluynuuutunlaaiienansagdisanan P wazan HIC Iagluunnsgiuld
faiin1smaaeaifiduldvinnisininsedluiiegsendninufususeoniiodeanisdny,
nAnsIuAILANAssERIInsES Ul fuliaSuwesh Tl wes Pac f1A1gandn
Uni smihihseshufiegsevindwadvdsusitnlddialumnnazyiiliandr Pac wagen HIC
adldBnuagmndesmadenmnniiadunlesiensmnsanldauais msaaldfiazainazue
wazmidnudumnnuuuiaSuesiianziuiifienumn 1 cm Jufiawiseiiezdisan
ANASAINN e iegluannsgu ECE22.05 ivunlaeg1sasnde

514 anminngsituuitassmnniuieaililunsdnimeaoundiniselnan
nnansznniiindunyuin WUUT198992AIANLLANAI9RINNNTNAGBIRE 1-20% lag
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WesiiudanuuanaafiinniigafeuuuitassmnniuuidiludamihdaianududeuluFes
vastudusng q Aldlunisuszneunuaniliuuusassinuninndeuly daludu
Arrdudadu () ﬁuLLUUﬁiwamﬁmmLmﬂsmmﬂmimama@ﬂmm 0.6 — 0.8 1Judu
TmﬁaLﬂumamiwmaaaﬁmmaaﬁwLL‘U‘U'«iwaaaﬁlﬂﬁmu&iﬂumﬁmeﬁlugﬂLLU‘USu 5 ety
U

5.1.5 nnsieseiuuudasmuaniuteadildlunsdnisnageumeininuiauas
HIC 99nNSNIEUNNTIARTUNUTIIAN Pace vommmnusiazuuuimilndifostuiunisageu
Tuveaufuanig Weswdidnvuzidunsmazianuuandisfunoannsfedamasionis
AAT1z9 HIC TdAuwmna1eiueg19unlunan1saa oI s uiiguIsniteuudnaoLas
NINARBUIN s?famﬂﬁmmwgﬂwaawmﬂﬁa 3 WU nnwuunlulaninagHaYeeng
Ainsziuuusiasniufinnunandeuainnmsmaassarindunnniifanuuensening
wan1sAaesfuLUUTIasndian esannmnnuuuidsilulaniildlunimeasuly
sosUfuRnsiuiitudrunatstunusyneuiu druwvusiassiuldlildsmeazidaves
FudusananandeIdanumeandousuneduans

516 msfnsandenidmnnuuuilidduneshermsmnnsuuadunesigromn
WnEiuiiinanumu 1 om ﬁ?uﬁmmsaﬁ%maammmLi'amﬂﬂsmt,wﬂiﬁaaﬂummgm
ECE22.05 AvunaldaegnsUaonde Wosnnnisfiansuiainnisanldfiasainasuisuas
ansnsoamiminlfuiadldunnmiuuuiesaquisiui

5.2 Jaymuazaassa

5.21 mIassuuuiaeswesmaniuiea 3 uuwhldreudienniesnniudiues
winnfutleafirududounasizaiinrulfwomnniliviity silidmasonsinsei
wuudnaedlaeseileuTsinludiofiuud

522 mIsfnwiauantivesiaglunisairsuvudassiideinisidumdlumienudu
wazdAldaneroutitadlunisinsed iladedinseiseasidennuandivesiagla
lLiaziBon FsliaunsaiiazldnuauifvesTanlulusunsaldetnazidon

523 lunsneaesinuantifanvomlosihensisduditeldviinisldeuantai

q
o w

d1ARfe AMULILIL HBgaa LLazmmwmﬁuqﬂqmﬂwﬁu é’alﬁlmdﬂmamﬁ’aﬁmmuj 9 VD4
maduangsdatnluilinansiesgituuitassenadanuammadouls

524 punuididinduvewlesinenmisersasinaned vifnvesmuindiiiuiy
Uszneufuiiewasnauenaniiiiianniy msm‘%m\laaﬁﬁmquswzﬁﬂzgmd%a'%m/\laﬂﬁﬂﬂ
uituoravednadensalafiliauisvesdtutle
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5.3 Jalauauu

531 Tutlgtuiiinsiezauuuiasdifvunlndifssiurunvesaislizona
wATdANSYINIAINSINgaUss (Reverse Engineering) mntusuianiin1sfnwadauuinans
fanasazynanm sl neiuusiasdinnunnndeutiovas

532 msiinsanwlranamavesnsyvandiintuivatesin aslnanwiilaozdma
U Sunmeneauesfiniise o1asuludinmsadnuusassesaussluauing

533 msinsfnwaanuseuazan HIC Tuudnady 9 semuinduien wu duda
uazdunds Husu ilelitinanisvanesdanuauysaibedy

534 AsinsAnunduasermanslunisiinesingisnsunldlunisiasumnisse
Tagifunmmaanmnniingaavismanuiniesidisda

535 asinsiiteduduludugedieisaiuesihinelafogafiusauiian
dmunsasulesineansuiteavdisantiminvesnnfuieafiinisasunesing s,
Tweinfleuwindumnnuuuuni
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A191991 N.1 HANISNAABILAZNTTIATIZAUUUINADIVDIRUINUUUATIIU (V=4.85 m/s)

1281 wanlaiiaFurasii wanESuNa LY wuama‘%mﬂmﬁﬂﬂquﬁ%\i wanESurasinan: | wuanaSunasinanig
(ms) (kN) ARuiteuAl 1cm (kN) | Aufl 1.6 cm (kN) fufl 1 cm (kN) fufi 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIMm)
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.975 0.517 0.794 0.000 0.804 0.000 0.587 0.003 1.679 0.000
2 2.120 2.285 1.328 0.000 1.575 0.000 1.338 0.010 1.722 0.215
3 3.028 6.124 1.593 0.000 1.614 0.674 1.966 0.451 1.934 0.932
4 4.248 8.515 2.109 0.008 1.929 1.378 2112 0.906 3.859 1.745
5 6.449 1.278 2.931 0.734 3.439 2.503 3.990 1.233 4.754 2.549
6 7.383 7.920 3.728 1.474 3.954 3.619 5.249 2.741 5.699 4.241
7 9.003 9.999 4.317 3.095 4.504 4.682 6.350 3.744 6.384 5979
8 11.203 11.587 5.194 5532 5.236 5718 7.254 5.270 6.575 6.690
9 13.238 12.746 6.005 7.480 5.799 6.845 7.676 7.130 6.723 6.418
10 14.203 13.951 7.239 8.130 7.126 7.180 7.384 6.955 6.894 5.398
11 12.348 13.436 8.239 7.092 7.023 7.158 1.222 5.752 6.448 4.745
12 9.203 9.876 7.438 5.635 6.153 6.462 6.939 4.192 5.401 4.597
13 6.203 5.682 6.459 4.576 5.776 6.024 5.480 2272 4.257 3.940

44"



AN9197 N.1 WANISNARDILAZNITIATIHUUUINAD9VBINUINBUUATIW (V=4.85 m/s) (fd)

1281 wanlaiiaTurasnii wanESuna s uUY wmnm’%mﬂaeﬁmquﬁ”’a manSuasiian: | wuanaSuastianig
(ms) $ X & 4 X & o
(kN) ARUYIIWUY 1 cm (kN) wWun 1.6 cm (kN) Wun 1 cm (kN) Wun 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIm)
14 5.033 3.383 5763 4.461 5.400 5.121 a.167 2.196 3.266 2.243
15 3.284 2917 4.751 3.374 4.8283 3.458 3.136 2.513 2.360 1.134
16 2.735 2515 3.770 2.248 3.934 2.764 2376 1.323 1.398 0.627
17 1.528 1.628 2.715 1.646 2.791 1.947 1.899 0.746 0.678 0.365
18 0.569 0.837 1.787 1.186 1.882 1.012 1.494 0.825 0.301 0.230
19 0.343 0.344 1.076 0.869 1.350 0.552 1.241 0.723 0.322 0.055
20 0.210 0.000 0.652 0.633 0.942 0.140 1.173 0.320 0.272 0.000
21 0.000 - 0.326 0.000 0.599 0.000 1.020 0.441 0.047 -
22 - - 0.100 - 0.307 - 0.925 0.471 0.000 -
23 - - 0.000 - 0.000 - 0.832 0.000 - -
24 - - - - - - 0.000 - - -

¢ct



AN N.2 WANISNAADILAZNITIATICHLUUINADIVBINUINWUUATIN (V=5.42 m/s)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) (kN) ARuiteuAl 1 cm (kN) | Aufl 1.6 cm (kN) Wudl 1 cm (N) Wufl 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.002 0.218 0.065 0.000 0.422 0.000 0.717 0.000 0.615 0.000
2 0.024 0.927 0.476 0.000 1.257 1.211 1.503 0.000 0.930 0.006
3 0.308 4.394 1.830 0.098 2.852 1.992 1.973 0.944 1.323 1.765
4 1.856 7.947 3.155 1.044 3.297 3.702 2.587 1.724 1.635 2.694
5 4.093 8.937 3.862 2.703 4.245 5.207 4.195 4.403 2.141 3.798
6 5.290 8.151 4.822 5.397 5762 6.629 5.775 5.495 3.012 5.565
7 6.672 9.805 6.423 6.496 6.987 8.134 7.101 6.948 4.043 6.486
8 10.384 12.603 7.822 8.404 7.938 8.979 6.540 8.537 5.260 7.241
9 13.484 13.802 8.799 9.416 8.776 8.828 8.447 7.481 6.833 8.038
10 15.124 15.429 9.391 8.763 9.073 9.268 9.784 6.047 9.186 6.964
11 13.466 13.964 9.767 6.756 8.712 8.626 7.606 3.537 9.100 5.672
12 10.837 8.635 8.893 5.003 7.642 7.903 6.680 2.020 7.051 5.086

vl



AN9197 N.2 WANISNARDILAZNITIATIHUUUINAD9VBINUINBUUATIW (V=5.42 m/s) (fid)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) y X o & X o & o
(kN) ARUNINUN 1 cm (kN) Wun 1.6 cm (kN) Wun 1 cm (kN) Wun 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
13 6.790 4.522 7.230 4.695 6.277 6.554 4.844 2.766 7.574 5.057
14 4.431 3.131 5517 4.268 4.872 4.818 3.243 1.889 7.051 3.711
15 2.142 2.841 3.725 2.606 2.926 4.340 2.269 1.011 4.691 1.920
16 0.969 1.890 2.353 1.941 1.419 3.064 1.615 0.824 2.131 0.937
17 0.521 1.003 1774 1.495 1.023 1.962 0.818 0.838 0.622 0.563
18 0.053 0.444 1.061 0.956 0.821 1.151 0.104 0.520 0.284 0.315
19 0.000 0.000 0.258 0.798 0.387 0.576 0.000 0.225 0.125 0.162
20 - - 0.000 0.333 0.000 0.000 - 0.000 0.000 0.000
21 - - - 0.000 0.000 - - 0.000 - -

Gcl



AN5197 N.3 WANISNAADILAZNITIATICHLUUINADIVBINUINWUUATIN (V=5.94 m/s)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) (kN) ARuiteuAl 1 cm (kN) | Aufl 1.6 cm (kN) Wudl 1 cm (N) Wufl 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 1.100 0.000 0.279 0.000 0.422 0.928 0.411 0.000 1.968 0.000
2 2.895 0.406 1.474 0.001 1.257 3.081 1.243 0.245 2.404 0.393
3 4.163 1.499 3.382 0.767 2.269 4.849 2.249 0.729 2.765 1.870
4 5.131 4919 4.428 1.853 3.312 6.793 2.703 3.009 3.677 3.596
5 8.205 9.846 5.795 5.463 4.628 9.056 4.168 6.972 5.076 5.125
6 10.275 9.854 8.553 9.372 5.539 9.977 5.568 10.874 6.141 8.958
7 12.445 12.793 10.722 12.696 7.486 10.882 10.284 13.558 7.239 10.129
8 16.294 16.052 13.405 13.352 12.394 12.764 13.748 13.327 12.377 11.780
9 15.284 17.384 12.039 11.433 10.294 12.400 11.284 10.648 10.337 10.704
10 11.924 16.453 10.702 8.508 9.924 11.513 9.375 7.856 9.824 9.322
11 9.816 9.824 8.578 6.457 9.102 9.341 9.048 5.245 5.204 8.522
12 5.182 a.737 5.580 6.686 8.712 7.063 7.574 6.064 3.027 7.909

9¢1



AN9197 N.3 WANISNAADILAZNITIATICHLUUINADIVBINUINWUUATIN (V=5.94 m/s) (sid)

1281 wunlsiieBunasti wanESunastuUY WN?ﬂLﬁ%NW@ﬁﬁﬂﬂquﬁﬁ wandSuasiians | wuanaSunastianig
(ms) y X o & X o & o
(kN) ARUNINUN 1 cm (kN) Wun 1.6 cm (kN) Wun 1 cm (kN) Wun 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
13 4.204 3.199 2.129 4.723 7.642 5.665 7.038 3.371 2.904 5943
14 3.029 2712 0.321 2.734 6.277 5.297 6.503 1.440 1.779 3.213
15 1.836 1771 0.078 2.646 4.872 3.182 6.008 1.116 1.002 1.814
16 1.203 0.792 0.000 1.648 2.926 2.171 4.230 1.061 0.937 1.015
17 0.922 0.162 - 1.433 1.419 1.255 3.648 0.523 0.804 0.535
18 0.064 0.000 - 0.850 1.023 0.000 2.245 0.253 0.129 0.187
19 0.000 - - 0.000 0.821 - 0.940 0.191 0.029 0.000
20 - - - - 0.387 - 0.503 -0.001 0.000 -
21 - - - - 0.000 - 0.174 0.000 - -
22 - - - - - - 0.000 - - -

LT



AN N4 WANISNAADILAZNITIATICHLUUINADIVBINUINWUUATIN (V=6.26 m/s)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) (kN) ARuiteuAl 1 cm (kN) | Aufl 1.6 cm (kN) Wudl 1 cm (N) Wufl 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 1.510 0.552 0.221 0.716 0.124 0.000 0.019 1.470 0.024 0.603
2 4.433 1.234 1.284 3.040 1.536 1.319 0.798 3.260 0.748 2.550
3 6.678 2.046 4.284 7.630 2.196 3.897 1.860 5.262 2.097 6.361
4 7.486 5.627 6.395 8.554 5.395 9.687 5.395 8.635 7.305 8.449
5 10.264 10.585 8.338 10.495 8.447 12.394 7.384 9.654 9.294 10.833
6 11.204 10.028 9.374 12.714 10.294 14.259 9.237 11.273 9.927 13.135
7 15.203 11.700 12.339 16.455 12.476 15.332 13.847 13.509 10.284 14.924
8 18.978 16.595 15.934 16.851 14.564 15.344 15.205 16.034 12.348 14.957
9 19.529 20.831 13.204 14.431 14.374 14.042 16.293 14.093 15.204 14.098
10 15.202 21.926 10.274 10.497 9.385 10.675 11.204 12.726 12.385 13.372
11 8.011 16.810 8.204 8.355 8.068 8.321 10.928 10.240 10.385 12.387
12 5.664 8.289 5.204 7.787 5.204 7.998 8.030 7.099 7.405 9.649

8¢t



AN N.4 WANISNARDILAZNITIATIHUUUINAD9VBINUINBUUATI (V=6.26 m/s) (fd)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) y X o & X o & o

(kN) ARUNINUN 1 cm (kN) Wun 1.6 cm (kN) Wun 1 cm (kN) Wun 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
13 1.650 3.638 3.023 5.216 4.294 4.562 5.305 6.270 5.059 5.955
14 0.927 2.795 1.552 3.572 2.385 2.004 2.958 5.071 3.405 3.702
15 0.523 2.284 0.560 3.220 1.851 1.576 1.420 3.099 2.103 1.998
16 0.037 1.082 0.308 2.264 1.345 1.567 0.428 1.928 1.185 0.951
17 0.012 0.208 0.293 2.031 0.945 1.126 0.140 1.122 0.923 0.316
18 0.000 0.001 0.183 0.823 0.601 0.466 0.036 0.464 0.350 0.011
19 - 0.000 0.000 0.127 0.098 0.129 0.000 0.000 0.094 0.056
20 - - - 0.000 0.022 0.049 - - 0.000 0.034
21 - - - - 0.000 0.000 - - - 0.000

6¢1



A1519% N.5 wamsmaamazmﬁLﬂi’]zﬁuuué’ﬁaawawmnLLU‘UL?iﬁfLU (V=4.85 m/s)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) (kN) ARuiteuAl 1 cm (kN) | Aufl 1.6 cm (kN) Wudl 1 cm (N) Wufl 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.018 0.390 0.854 0.000 0.142 0.812 0.199 0.000 0.241 0.000
2 0.273 1.584 2.390 0.000 0.591 1.380 0.668 0.000 0.911 0.000
3 1.402 4.949 2.573 0.000 1.454 2.378 2.041 0.066 1.844 0.664
4 3.476 8.931 3.219 0.224 2.674 3.532 2.461 0.488 2376 1.355
5 6.034 9.306 4.262 1.485 3.236 4911 2.229 2.520 21773 2.681
6 7.091 8.848 5.541 2.544 3.237 5.945 3.143 4.515 3.484 4.187
7 9.098 9.692 6.528 4.705 4.251 6.619 4.749 6.065 4.498 4.947
8 11.455 11.144 6.941 6.525 6.555 6.893 6.284 6.410 5915 6.590
9 11.404 11.023 6.924 6.758 6.840 6.942 6.459 7.236 6.123 6.056
10 10.827 8.202 6.723 5.858 6.837 6.498 6.735 7.217 6.429 6.540
11 8.450 4.401 6.604 4.073 6.735 5.638 6.356 6.828 6.538 6.331
12 5272 3.467 5.495 2.736 6.103 4.622 6.102 4.964 6.483 5.281

0el



A1519% 1.5 WANIINAABILATATIATIZRULUUIIAR B INLUULANTY (V=4.85 m/s) (si9)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) y X o & X o & o

(kN) ARUNINUN 1 cm (kN) Wun 1.6 cm (kN) Wun 1 cm (kN) Wun 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
13 2.669 2.955 4.304 2.167 5.837 3.783 5.332 3.315 5.385 4.428
14 0.550 2.174 3.319 1.939 5.054 2.481 4.897 2.243 arrr 3.682
15 0.164 1.136 2.389 1.866 3.089 1.695 2972 1.912 2.893 2.537
16 0.321 0.464 1.571 1.565 2.073 1311 1.687 2.075 1.383 1.756
17 0.122 0.059 1.081 1.309 1.303 0.776 0.852 1.681 0.639 1.359
18 0.000 0.000 0.629 1.142 0.685 0.403 0.542 1.083 0.463 0.962
19 0.000 - 0.181 0.938 0.000 0.000 0.325 0.677 0.206 0.771
20 - - 0.000 0.324 - - 0.000 0.615 0.000 0.585
21 - - - 0.000 - - - 0.000 - 0.000

1¢1



A15199 .6 wamsmaamazmﬁLﬂi’]zﬁuuué’ﬁaawawmnLLU‘UL?iﬁfLU (V=5.42 m/s)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) (kN) ARuiteuAl 1 cm (kN) | Aufl 1.6 cm (kN) Wudl 1 cm (N) Wufl 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.005 0.274 0.001 0.000 0.008 0.000 0.016 0.000 0.295 0.000
2 0.277 0.987 0.145 0.000 0.246 0.000 0.167 0.000 0.975 0.002
3 0.724 2618 0.753 0.084 0.834 1.614 0.670 0.212 1.954 0.451
4 2.238 5716 2.169 0.739 2.296 2.862 1.907 1.448 2.804 2.703
5 3.496 9.740 3.317 2.715 3.759 4.390 3.472 4.040 3.047 3.992
6 6.382 10.412 3.460 5.695 3.748 5.939 4.384 6.120 3.418 7.249
7 8.571 10.177 4.187 8.628 3.864 7.513 a.rar 1.232 4.867 8.636
8 10.882 10.242 6.018 9.957 6.279 8.491 5.868 9.432 6.670 9.708
9 12.503 11.485 7.923 9.270 8.584 9.203 7.740 8.7127 8.323 9.146
10 12.839 12.419 9.293 6.813 9.762 9.458 9.012 10.070 9.850 9.943
11 12.303 11.305 10.172 4.300 10.552 8.961 9.210 7.242 10.637 9.881
12 10.284 7.250 10.212 2.998 10.046 8.615 9.398 5516 10.636 9.232

cel



A1519% 1.6 WANIINAABILATATIATIZHULUUIIAR VB NINLUULANTY (V=5.42 m/s) (#19)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) y X o & X o & o
(kN) ARUNINUN 1 cm (kN) Wun 1.6 cm (kN) Wun 1 cm (kN) Wun 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
13 8.302 4.055 9.304 2.741 9.120 7.751 9.001 3.187 9.471 7.393
14 5.300 3.064 7.160 2577 7.317 6.620 7.356 2.703 7.352 5.830
15 4.239 2.958 4.959 1.884 4.845 5.634 5.252 2.368 4.892 4.328
16 2.120 2.496 3.270 1.695 2.843 4.192 3.197 2.768 2.258 3.799
17 0.253 1.665 1.626 1.535 1.395 3.041 1.600 1.351 0.502 2.660
18 0.012 0.688 0.805 1.593 0.810 2517 0.925 1.141 0.025 1.632
19 0.000 0.000 0.703 1.410 0.612 1.873 0.613 1.065 0.000 0.653
20 - - 0.598 0.834 0.398 0.735 0.000 0.766 - 0.000
21 - - 0.000 0.000 0.000 0.000 0.000 0.000 - -

eel



AN51991 1.7 WANISNABDIRAZNITIATIZIUUIIaRIvnuInuULinly (V=5.94 m/s)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) (kN) ARuiteuAl 1 cm (kN) | Aufl 1.6 cm (kN) Wudl 1 cm (N) Wufl 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.004 0.125 0.000 0.000 0.026 1.620 0.000 0.000 0.005 0.001
2 0.011 0.423 0.038 0.000 0.415 1.940 0.064 0.000 0.154 2.290
3 0.149 1.322 0.295 0.392 1.904 3.648 0.032 0.298 1.051 1.833
4 1.229 3.865 1.213 1.363 3.771 5.439 0.201 2.165 3.213 4.522
5 3.442 7.711 3.139 4.170 4.248 7.492 1.699 4912 5171 6.930
6 4.354 11.176 4973 5.460 4.969 9.349 3.741 5.837 6.326 7.877
7 5.435 11.602 5.308 7.194 7.051 9.728 5.225 7.239 7.299 9.645
8 8.813 11.735 6.786 8.443 8.835 10.204 6.775 8.739 8.438 10.745
9 11.555 12.968 10.022 10.985 10.637 10.609 8.539 9.067 9.838 10.360
10 13.780 14.576 10.839 11.114 11.408 10.365 10.247 11.621 10.447 10.890
11 14.536 14.015 11.165 9.092 11.276 10.276 10.928 12.346 11.793 11.344
12 12.823 9.479 10.212 5.814 9.949 9.233 11.720 10.956 10.978 9.532

vel



AN51991 1.7 WANISNABDIRAZNITIATIZIUUIIaBIvnuInuULiNly (V=5.94 m/s) (ia)

1281 wunlsiieBunasti wanESunastuUY WN?ﬂLﬁ%NW@ﬁﬁﬂﬂquﬁﬁ wandSuasiians | wuanaSunastianig
(ms) y X o & X o & o

(kN) ARUNINUN 1 cm (kN) Wun 1.6 cm (kN) Wun 1 cm (kN) Wun 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
13 9.354 4.800 7.171 3.642 7.804 7.897 11.476 8.819 9.148 9.118
14 5.886 3.121 3.887 2.904 5.445 6.905 8.812 7.001 7.589 9.535
15 2.881 2.803 1.358 2.964 3.154 5576 6.057 5.005 5.620 7.168
16 0.788 2.550 0.326 2.242 1.716 3.950 3.628 3.575 3.211 5.066
17 0.049 1.693 0.233 1.964 0.969 2.929 1.538 2.816 1.503 4.146
18 0.000 0.693 0.178 1.122 0.596 2.341 0.532 3.315 0.617 3.189
19 - 0.000 0.000 0.847 0.386 1.594 0.336 1.587 0.447 2.696
20 - - - 0.000 0.000 0.923 0.143 1.150 0.285 1.247
21 - - - - - 0.000 0.000 0.997 0.066 0.522
22 - - - - - - - 0.000 0.000 0.000

Gel



A1519% N.8 wamsmaamazmﬁLﬂi’]zﬁuuuﬁﬁaawawmnLLU‘ULﬁst‘U (V=6.26 m/s)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) (kN) ARuiteuAl 1 cm (kN) | Aufl 1.6 cm (kN) Wudl 1 cm (N) Wufl 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.003 0.234 0.005 0.234 0.275 0.000 0.003 0.000 0.014 0.000
2 0.043 0.582 0.304 0.855 1.130 0.583 0.085 0.058 0.387 0.009
3 0.253 1.636 1.565 1.280 2.764 2.235 0.329 1.793 1.283 1.515
4 2214 4.445 3.664 2.264 4.120 4.254 1.881 4.929 2.321 4.579
5 5.122 9.263 4.873 6.032 4.481 6.464 a.707 6.494 4.042 7.726
6 8.253 12.427 5.904 7.473 5.466 8.563 6.145 8.437 4.235 10.271
7 11.909 13.323 8.102 9.300 7.786 10.552 9.882 12.799 6.147 11.913
8 15.284 14.327 9.992 11.105 10.057 11.521 12.385 12.314 9.896 11.403
9 16.820 16.096 11.530 13.396 11.627 11.774 13.204 11.302 12.395 12.232
10 15.734 17.368 12.513 12.742 12.308 11.723 13.104 10.041 13.028 11.966
11 13.446 15.020 11.921 9.734 11.727 11.180 12.410 6.721 12.102 10.031
12 9.492 8.720 9.930 5.998 9.951 9.802 8.703 3.895 11.857 9.464

9¢l



A1519% 1.8 WANIINAABILATATIATIZRULUUIIAR BN INLUULANTU (V=6.26 m/s) (sig)

1281 wunlsiieBunasti wanESunastuUY WN?ﬂLﬁ%NW@ﬁﬁﬂﬂquﬁﬁ wandSuasiians | wuanaSunastianig
(ms) y X o & X o & o
(kN) ARUNINUN 1 cm (kN) Wun 1.6 cm (kN) Wun 1 cm (kN) Wun 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
13 6.022 4.141 7.422 3.807 7.540 8.640 5.100 2.498 8.037 7.170
14 3.554 2.910 5.201 3.493 5579 7.042 2413 3.353 4.378 5.269
15 1.786 2.702 3.371 3.212 3.857 5.846 0.970 1.894 1.572 3.940
16 0.539 2.116 1.850 2.351 2.468 4.044 0.910 1.267 0.265 3575
17 0.069 1.143 0.859 2.156 1.453 3.022 0.028 1.000 0.000 2.257
18 0.000 0.311 0.342 2.047 0.842 2.345 0.000 0.684 - 1.484
19 - 0.000 0.238 1.995 0.594 1.538 - 0.596 - 0.946
20 - - 0.116 1.689 0.000 0.522 - 0.341 - 0.548
21 - - 0.014 0.000 0.000 0.000 - 0.000 - 0.000
22 - - 0.000 - 0.000 - - - - -

LT



AN51991 1.9 WANISNABDIKAZNITIATIZILUUIIaBIvnINLUULNTUYANY (V=4.85 m/s)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) (kN) ARuiteuAl 1 cm (kN) | Aufl 1.6 cm (kN) Wudl 1 cm (N) Wufl 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.001 0.000 1.560 0.000 0.532 0.214 0.001 0.000 0.006 0.000
2 0.097 0.000 2.437 0.000 1.276 0.666 0.025 0.333 0.187 0.002
3 0.302 0.500 3.267 0.050 2.143 1.060 0.036 1.343 0.390 0.015
4 0.885 1.527 3.861 0.555 2.852 2.389 0.164 2.470 0.726 0.641
5 1.995 4.825 4.159 0.986 3.270 3.464 0.517 4.607 1.341 0.759
6 3.182 5.384 4.490 2.223 3777 4.494 1.133 4.099 2.033 1.463
7 3.796 6.848 5.271 3.616 a.787 5.429 2.035 3.892 3.542 2.628
8 4.067 7.238 6.129 4916 5718 5.640 3.423 4.958 4.331 2913
9 5.125 7.908 6.388 5.748 6.623 5.440 4.186 5.305 5.307 4.744
10 7.694 9.275 6.367 6.284 6.909 4.615 5.185 6.155 6.465 5.705
11 9.737 7.653 6.253 5.699 6.659 3.476 6.250 3.449 6.605 5.861
12 10.127 6.764 5.767 4.956 6.100 2.933 6.211 3.987 6.535 5.284

8¢l



AN51991 1.9 WANISNABDIKAZNITIATITIUUIIaBIvnINUULiNTuTantn (V=4.85 m/s) (5i8)

1281 wunlsiieBunasti wanESunastuUY WN?ﬂLﬁ%NW@ﬁﬁﬂﬂquﬁﬁ wandSuasiians | wuanaSunastianig
(ms) (kN) ARUANUA 1 cm (kN) | #uil 1.6 cm (N) N 1 cm (kN) N 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
13 9.735 7.704 5.027 3.818 5.306 2.174 6.182 3.193 6.112 4.620
14 7.167 8.020 4.309 2.786 3.973 1.906 5.838 3.612 5.042 3.497
15 5.063 4.967 3.559 2.246 2.640 0.658 5.195 2.192 3.830 2.309
16 2227 3.259 2.664 1.445 1.774 0.000 4.340 1.778 2.889 2.486
17 1.284 2.496 1774 0.981 1.177 - 3.512 1.168 2.180 1.943
18 0.824 2.250 1.198 0.965 0.780 - 2.740 0.874 1.437 1.555
19 0.337 1.604 0.877 0.989 0.510 - 1.235 0.181 0.784 0.906
20 0.102 0.732 0.692 0.594 0.271 - 0.938 0.245 0.395 0.871
21 0.002 0.029 0.453 0.000 0.000 - 0.000 0.121 0.000 0.000
22 0.000 0.000 0.218 - - - - 0.053 - -
23 - - 0.000 - - - - 0.000 - -

6¢1



A151991 N.10 WANISNABDIRAZNITIATIZILUUIIaBIvanuInuUinlulantn (V=5.42 m/s)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) (kN) ARuiteuAl 1 cm (kN) | Aufl 1.6 cm (kN) Wudl 1 cm (N) Wufl 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.004 0.000 0.201 0.000 0.111 0.285 0.147 1.390 0.094 0.000
2 0.121 0.000 0.565 0.000 0.424 0.812 0.457 2.210 0.721 0.003
3 0.581 0.320 1.283 0.256 1.193 1.356 1.861 1.263 1.391 0.020
4 1.868 1.594 2.334 0.522 2.305 3.067 2.523 4.530 2.801 1.529
5 4.100 2.495 3.359 1.960 3.978 4.408 3.842 7.948 3.793 1.625
6 5.909 3.588 4.086 3.398 5.461 5.729 5.025 5.751 4.761 2679
7 6.885 4.858 5.781 4.294 7.215 6.745 6.993 6.394 6.259 4.374
8 7.764 5.339 7.094 5.126 8.010 6.930 7.512 7.474 7.651 5.485
9 9.141 6.019 7.720 6.868 8.272 7.020 7.958 8.102 8.356 6.127
10 10.208 10.134 7.898 7.497 8.525 6.664 7.921 5.218 8.615 6.867
11 10.120 9.480 7.959 7.332 8.493 5562 7.225 4.817 8.579 5.388
12 8.465 7.526 1.287 6.268 7.289 4.131 6.098 4.483 7.821 4.390

ovt



A151991 N1.10 WANISNABDIRAZNITIATIZILUUIIaRIvasnuInLuUNTulantn (V=5.42 m/s) (i)

1281 wunlsiieBunasti wanESunastuUY WN?ﬂLﬁ%NW@ﬁﬁﬂﬂquﬁﬁ wandSuasiians | wuanaSunastianig
(ms) y X o & X o & o
(kN) ARUNINUN 1 cm (kN) Wun 1.6 cm (kN) Wun 1 cm (kN) Wun 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
13 7.212 7.884 6.335 5.121 5.401 2.153 4.852 4.116 6.012 3.379
14 5.014 7.800 5.535 3678 3.991 0.637 3310 3.361 4.190 3.009
15 2.648 5.214 4.377 2.817 2.682 0.127 2.107 2.397 2.848 2.868
16 1.496 3.166 2.959 1.972 1.764 0.000 1.426 2.065 1.806 2.262
17 0.900 2.121 1.828 1.306 1.250 - 0.815 1.437 0.999 1.417
18 0.480 1.960 1.070 0.999 0.853 - 0.311 0.608 0.524 0.914
19 0.378 1.799 0.776 0.000 0.455 - 0.000 0.309 0.210 0.846
20 0.369 0.604 0.000 - 0.099 - - 0.444 0.073 0.000
21 0.000 0.007 - - 0.000 - - 0.181 0.000 -
22 - 0.000 - - - - - 0.000 - -

372



AN51991 N.11 WANISNABDIRAZNITIATIZILUUIaaIvanuInuUinlulantn (V=5.94 m/s)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) (kN) ARuiteuAl 1 cm (kN) | Aufl 1.6 cm (kN) Wudl 1 cm (N) Wufl 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.001 0.000 0.167 0.000 0.350 0.355 0.486 0.000 0.101 0.000
2 0.007 0.037 0.676 0.000 1.455 0.994 1.394 2.710 0.442 0.002
3 0.040 1.160 2.193 0.423 3.274 1.773 3.000 2.141 1.317 0.021
4 0.361 2.454 4.597 0.888 4.700 4.010 4.269 3.411 2.327 0.247
5 1.7122 6.633 6.582 3.708 5.763 5.845 5.120 5394 3.764 0.370
6 4.974 11.328 8.170 6.234 7.660 7776 6.121 7.450 4.713 1.979
7 8.385 11.919 9.447 8.428 8.477 10.186 8.010 8.214 6.530 3.901
8 10.937 11.741 10.060 11.165 9.431 10.065 10.256 8.856 8.435 7.700
9 12.593 13.849 11.709 12.244 10.229 9.542 11.912 12.201 9.736 9.242
10 14.204 14.271 12.200 11.671 10.276 8.383 12.336 10.129 10.748 10.444
11 13.920 9.745 11.454 10.269 9.680 6.563 11.248 9.286 9.843 9.622
12 11.547 4.390 9.846 8.553 8.225 4.130 8.795 7.667 7.581 6.562

vl



A151991 N.11 HANISNABDIRAZNITIATIZILUUIIaRIvasnuInLuUinlulantn (V=5.94 m/s) (ia)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) y X o & X o & o

(kN) ARUNINUN 1 cm (kN) Wun 1.6 cm (kN) Wun 1 cm (kN) Wun 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
13 7.426 3.134 7.493 6.025 6.872 1.801 6.161 6.716 5.507 5592
14 4.675 2671 5.205 4.327 5.808 0.522 4.034 3.164 3.837 4.342
15 1.706 2.069 3.552 3.283 4.274 0.045 2.500 4.049 2.354 3.631
16 0.928 0.751 2.430 2.098 2.464 0.000 1.810 2.308 1.315 3.116
17 0.235 0.110 1.237 1.676 1.083 - 1.503 2.350 0.757 2.453
18 0.013 0.007 0.346 2.535 0.457 - 1.330 1.087 0.394 1.759
19 0.000 0.006 0.093 0.938 0.103 - 0.926 1.235 0.105 1.492
20 - 0.009 0.000 0.027 0.027 - 0.344 0.892 0.047 0.948
21 - 0.000 - 0.000 0.000 - 0.000 0.000 0.000 0.000

evl



AN51991 N.12 HANISNABDIRAZNITIATIZILUUIIaBIvanuInuUinlulantn (V=6.26 m/s)

1281 wunlsiieBunasti wanESunastuUY wmma%mﬂmﬁflﬂquﬁ'q wandSuasiians | wuanaSunastianig
(ms) (kN) ARuiteuAl 1 cm (kN) | Aufl 1.6 cm (kN) Wudl 1 cm (N) Wufl 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.113 0.000 0.207 0.000 0.334 0.405 0.383 0.000 0.972 0.000
2 0.648 0.435 0.968 0.044 0.999 1.090 1.266 2.720 2.244 0.003
3 1.129 0.778 1.238 0.898 1.850 1.942 3.823 2.626 3.140 0.021
4 1.924 2.569 2.103 4.559 2.778 4.374 4.528 4.344 3.664 0.431
5 2.202 8.452 2.826 6.916 3.905 6.277 5.633 8.603 4.383 1.322
6 4.987 12.581 5.259 7.495 5.580 7.495 6.608 9.165 5.746 2.579
7 7.429 13.312 7.188 9.476 8.284 8.201 7.294 10.385 8.198 5.145
8 9.746 14.571 9.157 10.900 9.854 9.882 9.273 11.399 10.651 8.653
9 13.411 17.953 11.718 13.518 10.732 10.316 12.383 13.116 12.261 11.543
10 15.332 16.295 13.678 12.689 10.960 9.550 13.204 11.828 12.764 13.110
11 15.359 8.620 13.890 10.852 10.043 7.981 10.294 12.004 11.759 12.544
12 11.642 3.459 11.940 8.075 8.276 5929 7.375 9.308 8.968 9.398
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AN51991 N.12 WANISNABDIRAZNITIATIZILUUIIaaIvasnuInuUinlulantn (V=6.26 m/s) (5ia)

1281 wunlsiieBunasti wanESunastuUY WN?ﬂLﬁ%NW@ﬁﬁﬂﬂquﬁﬁ wandSuasiians | wuanaSunastianig
(ms) y X o & X o & o
(kN) ARUNINUN 1 cm (kN) Wun 1.6 cm (kN) Wun 1 cm (kN) Wun 1.6 cm (kN)
(EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM) (EXP) (SIM)
13 7.795 2579 9.048 5.785 6.488 3.355 5.264 9.147 5971 9.463
14 4.414 2.406 6.150 4.071 4.613 1.238 3.948 8.084 3.543 6.766
15 1.229 1.835 4.132 2.483 2.507 0.130 3.006 4.721 1.869 5.074
16 0.000 0.293 2.655 1.632 0.908 0.001 2.201 4.751 0.945 4.710
17 0.000 0.007 1.123 3.697 0.363 0.876 1.519 3.283 0.399 4.041
18 - 0.000 0.093 4.195 0.249 0.000 1.053 3.315 0.133 2.353
19 - - 0.000 2.171 0.139 - 0.824 1.290 0.000 1.857
20 - - - 1.544 0.000 - 0.342 0.778 - 0.735
21 - - - 0.847 - - 0.000 0.213 - 0.000
22 - - - 0.000 - - - 0.000 - -

vl
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THE STUDY ON APPLICATION OF RUBBER SPONGES FOR IMPACT
ABSORBER FOR MOTORCYCLE HELMETS
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Abstract - This study was aimed to evaluate the potentials of applying low-price natural latex for producing rubber sponges as
an impact absorber in motorcycle helmets. Three types of commercial motorcycle helmet: shorty, open-face and full-face were
used in this study. The rubber sponges of 1 em and 1.6 cm thickness were produced and adhered to the comfort foam inside the
helmets and were tested through two series of tests: impact tests and drop tests. For the impact tests, a 2-meter liftable hammer
was dropped and stroked on the experimental helmets. The load response of specimens were recorded. The value of peak
aceelerations and Head Injury Criterion (HIC) were the main parameters focused in this study. It was found that the helmet
with rubber sponges can lower peak load of helmet between 34 — 53 % for 1-cm thickness and between 40 —64.7 % for 1.6 cm
thickness. The mbber sponges can also reduce the value of HIC of commercial helmet, maximum by half for shorty. In
addition, acceleration of helmet can be also reduced by applying rubber sponge to the comfort foam. It could be concluded,
based on those parameters, that the rubber sponge layer adhered to comfort foam inside the helmet can improve the impact
capacity of motorcycle helmets. Many criterions that are linked to severity of head and brain injured were reduced

significantly. This implies that the rubber sponge is potentially to be used as impact absorber for motoreycle helmets.

Keywords - Helmet, Impact, Rubber Sponge, Energy Absorption

L INTRODUCTION

Motorcycle helmet is the most important protection
headgear for motorcycle riders because it is an
equipment that helps to lower the severity of head and
brain injured [1]. Wearing a protective helmet
correctly can reduce the risk of death by 43% for the
drivers and 58% for the passengers [2]. However,
commercially available helmets need to meet at least a
safety helmet standard of each country such as DOT
Standard (Department of Transportation) [3], Snell
Standard (Snell Memorial Foundation) [4], ECE
Standard (Economic Commission for Europe) [5], etc.
Before achieving the requiring standards, in general,
all helmets and protective gear must surpass tests to be
certified through different bodies depending on the
country the product is sold such as impact-absorption
test, penetration test, retention test, and peripheral
vision test. In Thailand, there are three main types of
commercially available helmets widely used by
motorcyclists, they are shorty, open face and full-face.
In general, the components of motorcycle helmets are
composed of two main parts which are the shell area
and inner area. The shell area is made from
thermoplastic which usually made from Polycarbonate
or Acrylonitrile-Butadiene-Styrene (henceforth ABS),
while the inner part is generally made from an
Expanded Poly-Styrene material (henceforth EPS) [6].
In term of dynamic load capacity and energy
absorption capacity, full-face helmet is the best
protective headgear due to the materials used in
making the outer shell and the thickness of the comfort
foam inside the helmets [7]. According to the research
of T. M. Rice et al. [8], it was found that helmets can
reduce the risk of motorcycle accident neck injuries by
37% and brain injuries by 60%. In addition, a study by

A.L. DeMarco et al. [1] revealed that a high impact
speed (0.9 to 10.1 mfs) can cause a peak linear
acceleration of 500g. Moreover, it was also found that
the thickness of the comfort foam inside the helmets
directly affect on energy absorption capacity. The
higher energy absorption capacity would be better for
the motorcyclists.

Ower the past 5 years, Thailand becomes the world's
largest producer and exporter of natural rubber.
Natural rubber is high flexibility, therefore it is widely
used as a cushioning material in form of rubber spon ge
or rubber foam. In the production process, natural
rubber latex from rubber trees will be mixed with
some chemical such as sulfur or other catalysts before
forming at elevated pressure and temperature. This
process is called valcarization or it is also known as the
process of forming a visco-hyperelastic materials. The
rubber with high adhesion will has higher tensile and
flexibility and can be used in various applications such
as mattresses, heel pads, cushioning and insulating
materials, and etc. This research is aimed to study
about using rubber sponge as an absorbing material in
motorcycle helmets to reduce the risk of road traffic
injuries and deaths as well as to offer were alternative
use of the natural rubber. According to previous
studies [9, 10, 11], there are many parameters
affecting on the energy absorption capacity of helmets,
types of helmet is one those. However, this study will
focus on three available types of helmet in Thailand
which are shorty, full-face and open-face types. The
natural rubber is formed to be rubber sponge using
Dunlop process. The sponge is adhered bencath the
helmet comfort foam of helmet. The specimens were
tested under impact, acceleration and head injury
criterion value were investigated.
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Outer Shell Inner Comfort Foam
Types Material ~ Modulus ~ Density ~ Thickness | Material Modulus  Densi Thickness
(GPa)  (kg/m") (mm) (MPa)  (kg/m’)  (mm)
Shorty ABS 298 1,120 4.40 EPS 25.33 100.07 2748
Open- face ABS 2.73 895 3.44 EPS 21.19 120.27 16.00
Full-face ABS 2.55 1,128 3.72 EPS 21.26 110.07 30,00
Rubber - - - - Elastics 0.03 110.00 10 and 16
sponge

EPS = Expanded-Poly-Styrene, ABS = Acrylonitrile-Butadiene-Styrene, ABS Plastic
Table 1 Types and properties of the experimental helmets in this study

II. METHODOLOGY

In this study, rubber sponges of 1 cm and 1.6 cm
thickness were adhered to the comfort foam inside the
experimental helmets. The helmets were tested
through two series of tests: impact test for
investigating the load on the helmets, and drop test
for investigating the acceleration and the HIC values
of the helmets. As this study solely concentrated on
evaluating impact absorbing performance of the
helmets with the additional rubber sponge laver,
therefore, the helmets sleeves which were adhered
inside the helmets were removed. The obtained data
was analyzed to compare the differences of the load,
acceleration, and HIC wvalues between the
commercially available helmets and the helmets with
the rubber sponge layer.

2.1 Helmets

Three types of motorcycle helmets: shorty, open-face,
and full-face were used in this study as they are
widely used in Thailand. Typical helmet of those
types are shown in Figure 1. The helmets were
selected by considering the same materials used in the
outer and inner area. In this study, the outer cap of the
helmets was made from ABS plastic and the inside
comfort foam was made of EPS foam. The thickness
of the outer cap and the inner comfort foam were
measured and as shown in Table 1.

(A) Shorty

(C) Full-face
Figure 1 Three types of motoreyele helmet commercially used in
Thailand and adopted to used in experiment

2.2 Rubber Sponges Preparation

In this study, Dunlop process was used in the
production process of rubber sponge because of its
low cost and uncomplicated. During the process, the
latex was blended with some chemical agents and
whipped until the foam is formed and slowly
expanded to the required size.

The production process of the rubber sponge was
explained thoroughly as follows: prepare 60%
concentrated latex as shown in Figure 2(A), put the
latex in a mixer to produce foam as shown in Figure
2(B); prepare the mixture of concentrated solutions:
10% ammonium oleate, 50% sulfur, 50% ZDEC,
50% ZMBT, 50% Wingstay L, 50% ZnO, 33% DPG,
12.5 % SSF as shown in Figure 2(C}); transfer the
mixture into the mixer as shown in Figure 2(D); whip
until the foam formed and expanded to the required
size as shown in Figure 2(E); pour on a tray and heat
in an oven for about 30 minutes at 100°C as shown in
Figure 2(F); wash off and dry the rubber sponge as
shown in Figure 2(H).

After the entire process, the rubber sponge was in the
density of 110 kg;"m3 and Young's modulus was at
30 kPa. The rubber sponges of l-em and 1.6-cm
thickness were adhered to the comfort foam inside the
helmets as an additional impact energy absorbing
material and covered the whole area of the comfort
foam as shown in Figure 3. In this research, there is
no reduction in the thickness of the foam inside the
helmet in order to compare the differences between
the commercially available helmets and the helmets
with the addition of rubber sponge laver.

Figure 2 Rubber sponge moulding procedure
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ABS Plastics Shell —1_)

N

Figure 3 The comparison of the components between the
commercially available helmets (Left) and the experimental
helmets (Right)

(A] 3.5-meter abrorption testing machine

Figure 5 Absorption testing machine

{B] Dropped on the flat platform

2.3 Impact testing set

The impact testing set used in study was a 2-meter
drop tower as shown in Figure 4(A). It was equipped
with a 10-kilogram liftable hammer which is dropped
in guided free fall to strike the surface of the helmets
as shown in Figure 4(B). The drop height was 2 meters
and the impact velocity was about 6.26 m/s. At the
base of the platform, a load cell was equipped to
record to the loading capacity of the experimental
helmets up to 1,000 values per second. At the base of
the platform, the experimental helmet was put on an
artificial head which was placed on the load cell as
shown in Figure 4(B). A high-speed camera, which the
record rates was 1,000 frames per second, was
installed to record the behavior of the experimental
helmets after being stroked by the dropped hammer.
To start the test, the hammer was released and freely
drop before striking on the experimental helmets. The
data was recorded through KYOWA DCS 100A
program which can displayed graph showing the
relation between load and time. The specimens were
also tested for acceleration rate and further to calculate
for HIC. This was carried out using Absorbing Testing
Machine at Automotive Centre of Thailand
Automotive Institute. The CE R22 Standard was
adopted in this test and the experimental set up is
shown in Figure 5(A). In the acceleration test, the
experimental helmet was put on an artificial head
equipped with three axis accelerometer (PCB model

353b18) before being dropped on the flat platform as
shown in the Figure 5(B). For the shorty helmet, it was
dropped from a height of 1.84 meters, while open face
and full face helmets were dropped from a height of 3
meters.

The acceleration rate was recorded by triaxial
accelerometer. For the HIC value, it can be calculated

from the relationship between time and linear
acceleration as in the Equation 1.1.
i 25
HIC =1(t,-1,) Ia(t)dt
27 "1 g
(1.1)
a = Linear acceleration, t,, t= Peak linear

acceleration Time, t; <ty
I1I. RESULTS AND DISCUSSIONS

3.1 Load response under impact

The response of helmets to the impact can be
observed by considering load-time relationship of
specimens as shown in Figure 6 — 8 which show
relationship between the load and time of shorty,
open face and full-face helmets, respectively. From
the characteristic of load-time curve in Figure 6 — 8, it
may be concluded that by adhering the rubber sponge
to the comfort foam can lower the value of peak load.
The shorty, open-face, and full-face helmets with
I-cm rubber sponge can reduce maximum load by
53.53%, 34.77% and 41.56% respectively compared
to commercial motorcycle helmets.

For those of 1.6-cm rubber sponge, the maximum
load can be reduced by 64.53%, 39.90% and 47.32%
respectively. It is also interesting to investigate the
delay time occurred during the tests. Longer delay
time implies that the rubber sponge layer helps
prolonging impact time and reduced the load on the
helmets. As can be observed, the helmets with rubber
sponge have higher delay time in every cases.

25
===No Rubber
2 N = + Rubber t=1.0cm
! s ~—Rubber t=1.6 cm
\
5 15 ;A
P\
K \
g10 \
5
0 =

Time (ms)

Figure 6 The relationship between load and time of the
experimental helmets of shorty helmet
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25
===No Rubber
20 4 = + Rubber t= 1.0 cm
——Rubber t= 1.6 cm
g 15 4
=
210 1
-
5 .
0 2
0 5 10 15 20 25
Time (ms)

Figure 7 The relationship between load and time of the
experimental helmets of open-face helmet

===Na Rubber
20 — - -Rubber t=1.0 cm
——Ruobber t=1.6 cm

0 5 10 15 20 25 30 as
Time (ms)
Figure 8 The relationship between load and time of the
experimental helmets of full-face helmet

3.2 Acceleration and HIC

Table 2. show the experimental results of peak load,
peak linear acceleration and HIC of specimens
according to various standards, acceleration value is
limited to certain value. For example acceleration of
Snell standard is limited under 300 g with the height of
3.06 m test while it is limited under 275 g with 3.0
meter test for ECE standard. The specimens in this
study were also tested for acceleration and the results
are shown in Figure 9-11. According to Figure 9, the
peak acceleration of the shorty helmets without the
rubber sponge layer is 693.03 g, while those of the
helmets with the I-cm and 1.6-cm rubber sponge layer
are 277.94 g. and 221.05 g respectively. Regarding to
the results of the open-face helmets, the peak
acceleration of specimen without the rubber sponge
layer is 322.03 g, while those of the helmets with the
I-cm and 1.6-cm rubber sponge layer are 223.34 g,
and 229.15 g. respectively as shown in Figure 10.
While, the results of the full-face helmets, the peak
acceleration of helmet without the rubber sponge layer
is 305.07 g., while those of the helmets with the 1-cm
and 1.6-cm rubber sponge layer are 259.46 g. and
203.34 g respectively as shown in Figure 11. Asthe
matter of fact, the peak acceleration of the helmets
with the 1-cm and 1.6-cm rubber sponge layer is not
significantly different. According to the result of this
study, it could be noticed that the values of the peak
acceleration in all of the tests of the helmets with
rubber sponge layer are lower than 300 g which are
complied to both Snell and ECE standards.

Thickness of . .

Types of Helmets sponge (cm) Peak Load (kN)  Peak Linear Acc. (g) HIC
1. Commercial Shorty 21.37 693.03 4,313
1 9.93 277.94 2,109
2. Shorty- rubber 1.6 7.54 221.05 1.276
3. Commercial Open face 17.54 322.03 2,679
1 11.44 223.34 1,745
4- Open face- mubber 1.6 10.54 229.15 1,998
5. Commercial Full face 16.84 305.07 2,083
. 1 9.84 259.46 1,805
0. Full face- rubber 1.6 8.87 203.34 1,362

Table 2 The summary of load, acceleration and HIC value in this study

Head Injury Criteria (HIC) is one of the important
index for the study about impact. HIC value means a
value for the characteristics of skull-brain injury
arising from the deceleration forces which result from
a blunt perpendicular impact with the glazing.
Generally, the acceptable HIC value should not exceed
2,400. [8]. According to P. Cripton et.al. [10], the HIC
value must not exceed 700 when the HIC integration
time does not exceed 15 ms. The HIC value is
normally varied as the peak of acceleration wvalue.
Value of HIC achieved from this study is shown in
Figure 12. The results of the study revealed that the

HIC values of the shorty and full-face helmets without
the rubber sponge laver were 4,313.67 and 2,679,
which was high enough to cause head injuries [12].

According to Figure 12, the HIC value of the typical
shorty helmet (4,313.67) is apparently higher than
those with l-cm and 1.6-cm rubber sponge layer
(2,109.67 and 1,276.67). Considering the open-face
helmet design, the HIC value of the typical helmet
(2,679.67) is also higher than those with 1-cm and
l.6-cm rubber sponge layer (1,745.00 and 1,998.00).
Meanwhile, the HIC value of the typical full-face
helmet (2,083.33) is slightly higher than those with
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I-cm and 1.6-cm rubber sponge layer (1,808.00 and
1,362.00). Therefore, it could be concluded that the
rubber sponge can reduce the value of HIC more than
half for shorty and between 25 = 35 % for open-face
and between 13 — 34% for full-face.

i ===No Rubber
= + Bubber t=1.0 cm
===Rubber t=1.6 cm

gz

B

Time (ms)
Figure 9 Acceleration and time relationship of specimens of
shorty helmet
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Figure 10 Acceleration and time relations hip of specimens of
open-face helmet
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Figure 11 Acceleration and time relationship of specime ns of
full-face he Imet

IV. CONCLUSION

A number of tests was carried out in this study to
investigate the possibility to enhance the impact
capability of motorcycle helmets in Thailand. Three
types of commercially helmets i.e. shorty, open-face
and full-face, were adhered with 1.0 ecm and 1.6 cm
rubber sponge and tested under impact.

According to the experimental result, it was revealed
that the adding the rubber sponges to the helmets
could reduce the maximum loads of the helmets
regardless the thickness of the rubber sponges and the
helmet design. Moreover, this research concludes that
applying rubber sponges could lower the peak
accelerations of the helmets significantly to a
standard level, especially in  the case of

2,679.67

1,998.00 2.083.33

1,805.00

1,745.00

1,362.00

Full face

10¢m

n
- Rubbert=

Figure 12 The summary of HIC values

commercial shorty helmets  which  maximum
acceleration value was 0693.03 g. and exceeded the
Snell and ECE helmet standards. In term of HIC value,
the HIC wvalue of the helmets with the additional
absorbing layers was in an acceptable level and lower
than those of the commercially available helmets
which the HIC wvalues were more than 2,000.
However, commercial helmets need to pass various
standard tests such as energy absorption test, tightness
test, vision test, and etc. and should be studied more.
Further studies or those who are interested in applying
the results of this study could be pursue the study on

analysing appropriate density of the rubber sponge for
using as an absorbing material in helmets.
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An Experimental Investigation of a Rubber Sponge Padded
Motorcycle Helmet Subjected to Impact

Kunanon Saklkampang, Chawalit Thinvengpituk

Absiract — This research has aimed to improve the impact absorption capacity of motorcyels
helmet by installing rubber sponge pads undermeath ifts comfort foam. Three typer of Thai
commercial helmets have been used in this study, namely the Shorty, Open-face and Full-face. 4
number af off-the-shelf helmeis and padded-helmets have been s as experimental specimens. The
thickmesses of the rubber sponge pads have been 1.0 cm and 1.6 cm and they have been imstalled
to the helmets with two different patterns, i.e. Full Arvea (FA) and Oregon Aero (OA4). Tweo series
of test, the impact and the drop test, have been carried out. Time-histories of the fransmitted load
and of acceleration have been considered. The peak load, the peak acceleration, and the HIC have
been investigated and discussed. The experimental resulis have indicated that the padding
technigue conld significantly improve the impact absorption capacity of the helmet. The maximum
peak load reduction has been 55.21% in the case of the padded-helmet at the at impact height of
1.2 m. However, the peak load reduction has decreased with an increase in the impact height. The
values gf the peak acceleration and the HIC af commercial helmeis have been found to exceed the
standard value af ECE22.03, particulavly for the Shorty helmet. By padding the helmet with a
rubber sponge, the peak acceleration and the HIC have been also significantly decreased. The
highest reduction of peak acceleration and the HIC were approximately 70% for the Shorty with
1.6 cm pad. In the case of the Open-face and the Full-face, the reductions have ranged in betrween
approximately 12-35%. In addition, this study has revealed that the influence of rubber sponge
thickmess has been more prominent than the one of the pad patterns. Therefore, the OA paftern
may be preferable since it s lighter and uses less material. Copyright © 2021 Praise Worthy
Prize S.r.l. - All rights reserved.

Keywords: Motorcycle Helmet, Peak Load, Acceleration, Head Injury Criterion (HIC)

Nomenclature from the World Health Organization (WHO) showed that

ABS Acrylonitrile-Butadiene-Styrene

a Linear acceleration

DOT Department of transportation
ECE22.05 Economic commission for Europe
FA Full area pattern

EPS Expanded-Poly-Styrens

HIC Head Injury Criterion

0A Oregon aero pattern

Peak Ace. Peak acceleration

Pom Peak load

Snell Snell memorial foundation

fy, 2 Peak Linear acceleration tume, <1

1. Introduction

Among the systems that people have to deal with on a
daily basis, road transpert is the most complex and the
most dangerous one. Considering the current global
sitmation, road traffic injuries are a major problem
whereby the number of related mjunes could be as hugh
as 30 million cases a year, requinng concerted efforts for
effective and sustainable prevention [1]. A 2018 report

Copvright & 2021 Praize Worthy Prize S.nl. - Al righiz reserved

268

1.35 million people died in road accidents [2]. Low- and
middle-income countries face more serious road accident
problems than the high-income ones. In Thailand, for
example., many potential lives are lost due to road
casualties. This 15 much higher than other causes despite
numerous government safety imitiatives over the years
3151,

Motorcycles are a significant cause of injury-related
fatality and disability, particularly head injunes.

Motorcycle helmet is a protective device, which is
highly accepted and world-widely used to reduce head
injuries.

However, some studies have indicated that wearing a
helmet can reduce head injuries up to only 42 % [6]. [7].

In spite of huge improvement on metorcycle helmet,
its effectivensss remains a challenging effort [2], [9].

There are three types of commercial motorcycle
helmets in Thailand: the Shorty helmet, Open-face
helmet, and Full-face helmet. Despite the varieties of
designs, the helmet shell is typically made from ABS
plastic adhered with EPS foam as the mner limer and
comfort liner [10]. The helmet shell provides penetration
protection and some rigidity for the inner liner as it

hops:fdeiorgfl10. 15846/ ireme v1 51521038
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absorbs the energy of the impact

The compression of the inmer liner and the padding
reduces the amount of enerzy applied to the head.

Commercial motercycle belmets have to comply with
standard test such as DOT standard [11], Snell standard
[12], ECE.05 standard [13], [15], [14], etc. Those
standard tests nemmally include impact tests  to
imvestipate the ability to absorb sheck (mmpact) [17],
[1B], the resistance to puncmare fom sharp objects
(penewarion), the tighmess in wearing (retention), and the
wision while wearing it (peripheral vision), etc. [14].

The drop test is the mam process of evaliating the
pffectiveness of the helmets with a free drop of a
headform at the height betrneen 0.5-3.0 m [13], [19] in
order to assess the acceleration and head imjury criterion
(HIC) values.

The effact of the helmst style has been smdied by
Alyssa L. DeMarce et al. [20], by camying out impact
tests on various desipned helmets.

The results hawve revealed that the Full-face helmet has
been the most efficient desigm. In some smdies, the
impact characteristics in different head areas have been
imestigated using & computer simulation technigue [10],
[21], [22].

In terms of head injuries, it has been found out that in
some cases of accident, even if a rider has worn a helmet,
the risk of head injuries has been still high. The
cushioning shell and foam inside the helmet may not
adequately absorb the shock [23]. Therefore, installing
some additienal liner might help in reducing the risk of
bead imjuries in road crashes. This research has aimad to
enhance the impact load absorption capacity of the
motorcycle helmet by adding rubber pad ymdemeath the
helmet comfort foam.

A mamral rubber sponge has been used as additional
liner since rubber is one of the main products of Thailand
[24]. In addition, rubber is widely used as cushioning
material such 83 in tubular mpact materials [25],
playground surfaces [26], off-road rubber racked ground
wehicles [27] amd it is also wused for concrete
reinforcement [28]. This is becanse rubber is highly
resilient [29] and the process of making mabber sponge is
simple, cost-effective and can be straightforvard
molding [30].

This study has examined helmets with two different
mabber pad patterns and toro different pad thicknesses.

Warious heights of impact have been used and the
value of peak load, HIC as well as load histories have
been investigated in derail.

II. Materials and Experimental Methods
IIl.  JSpecimens

Fips. 1 show typical off-the-shelf Shorty, Open-face,
and Full-face helmets used in this study. The outer shell
of the helmets is made of ABS plastic with a thickness
between 3.72 - 440 mm and 3 modulas bepreen 2.55-
298 GPa.

The inner comfort foam of the helmet is EPS foam

Cayppwighs © 2024 Praise Warrky Prize S.el. - Al eights reserved

with a thickmess of 26.00-30.00 mm and a modolus
between 21.19-25.33 MPa. These helmets have besn set
into 2 groups. The first one has been the commercial
helmets, which have been tested without modification.

The second group has been the padded helmets, which
have been modified before testing. The modification has
been done by mstalling rublber sponge pads undemeath
the helmet comfort foam.

The rubber sponge pad used in this study has been
fabricated by Dunlop process with a thickness of 1.0 and
1.6 cm, while the density has been kept constant at 10
k.g."m:‘.

The moduhis of the rubber sponge has been 3E26
kPa. The installation of the rubber pads has been made in
70 pattems.

The first pattern has been the Full Area, referred to as
FA, in which the whole area of comfort foam has been
attached with mabber sponge pad. The sacond pattern has
been an Oregon Aero, which has been based on the smdy
of L.B.

Tan et al. [31] and has been referred to as OA. This
has been done by sticking 5 pieces of rubber sponge pads
undemeath the helmet comfort foam.

The OA pattern has aimed to reduce additional weight
of the padding. The layout of the rubber sponge pad is
shovwn in Figs. 2.

Detailed properties of helmats are listed in Tabls L

(2) Shosty

(c) Full-face

Fixs. 1. Typical Thai commercial halmss

Intermariona] Review of Mechanica! Engiecering, Vol /5, N 2
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TABLEI
PROPERTIES OF THE SPECIMENS -
pea Outer Shsll (ABS) Izner Coxfort Foam (EPS)
HematTypes  Weight(8)  nroguus (GPa) Demsity (kg/m’) Thickmess (mm) Modlus (MP2) Densiry (kpfe’) Thicksess (mam)
Sherty 515
Filem 595
FAl6em 605 295 1120 440 2533 100.07 27.48
OAlcm 565
OAl§cm 575
Open face 780
FAlem 80
FAl6cm 570 273 895 344 119 12027 2600
OAlcm 810
OA 16cm 8§40
Full face 1.200
FAlem 1250
FAl6cm 1250 255 1128 i 2126 110.07 30.00
OAlcm 1250
0A16cm 1260

EPS = Expinded-Poly-Styreme. ABS = AcrylominileButadisne-Styrens, ABS Plastic
FA = Full Arez pamtarn. OA = Oregon Asro patterz

TA paddod - hckra

FA padded - helmet OA paddsd - helmet
(b) Layout of rubber sponge pads for FA and OA helmers

Fags. 2. Compositicn and layous: of rubber pads mn the specimsns

Capyrighs © 202! Praise Worthy Prize S.ed. - All vights reserved Internavional Review of Meckanical Engincering, Vol 15, N. 3
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II.2. Experimenral Serup and Test Procedure

Two series of test have been conducted m this study,
i.e. the impact test and the drop test. The first one has
aimed to observe the crush characteristics of the
specimens. It has been performed by releasing a 10 kg
hammer from different heights to strike the helmet,
which has been fixed on an anvil below. The drop
heights of the hammer have been varied from 1.2, 1.5,
1.8 and 2.0 m in order to perform approximated impact
speeds of 4.85, 5.42, 5.04 and 6.26 ms, respectively.

These speeds have been designed to alizn with
previous studies [15], [34], [35] for further comparison
A load cell (Kyowa model LC-20TV) has been installed
under the anvil in order to detact the transmitted load and
the data has been recorded by data logger (Kyowa PDC-
300 Series 47) for further amalysis. The diagram of
impact test set up is shown in Figs. 3. The drop test has
been carried out to investigate the acceleration and the
HIC of the specimens. The test has been conducted at
Thailand Automotive Institute, using ECE.05 standard
[13], by dropping a helmet wearing-headform from a
certain height to hit a flat anvil at the bottom as a shown
i Figs. 4.

The headform has been equipped with a PCB model
353bl8 three-axis accelerometer for measuring the
acceleration of impact. The spacimens have been tested
at different heights ie. 1.84 m for the Shorty helmet and
3.0 m for the Open-face and the Full-face helmets. The
data has been analyzed to find the relationship between
the acceleration and the time, and then the HIC has been
calculated using Eq. (1).

Hammer

Drop helght
—Helmet shell

Comfort Foam

el apeow: \?__ Head farm -
Load cell \ .
o oEE—
(2) Diagram of mmpact test
Hamaer 1904 Gubog way
Pats bgger
0 :--.. :.
e
Lont ot
Magh cpeed

(b) Installaziom of imupacs test

Fige. 3. Imapact test sethng up

Copyright © 2021 Praise Wortky Prize Sl - All vights reserved

Accelerameter
e form P'w««w
i«
Helmet
1 B
Flat Anvil
il
(2) Dugmnuf drop test

(®) Izstallation of drop tes:
Figs. 4. Drop test serting up

The HIC is the mean of acceleration used to determine
head injuries that occur in milliseconds [36]. It is not
only related to the maximum acceleration, but it also
includes the distribution of acceleration at the time of
mpact [37]. The HIC is sometimes based on SAE
(Safety of Automotive Engineers) standard, which is
calculated from the acceleration value every 3 ms
[38,39]. In this swmdy. the value of HIC has been
determined and recorded automatically by the test rig.
Peak acceleration and the HIC values recommendad by
ECE22.05 have been used as the reference in this study:

n

2.5
J’ a(r)a’r] )
L

HIC=1(1, -1, )[

h—-n

III. Results and Discussion

Irl.  Characteriznics of the Tranzmirred Load

Time-histories of the transmitted load for the Shorty,
Open-face and Full-face helmets under impact are
illustrated in Figs. 5(a)-(c). respectively. The results of
commercial, FA and OA, helmets with different pad

Internationa! Review of Mechanical Enginvering, Vol. 13, N. 5
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thicknesses (1.0 cm or 1.6 cm) under the same impact
height have been pletted W the same graph for
comparison. In general, it has been observed that the
time-histories of the specimens had similar patmerns, as a
bell-shape. Peak loads of the Shorty have been
comparatively higher than the Open-face and Full-face
helmets i every case.

This may have been because of the design of the
Shorty, which is, normally not crashworthy as the Open-
face and the Full-face are. Considering the influence of
mbber sponge pad, it has been obviously seen that the
peak loads of the padded-helmeat have bean lower than
the enes of the commercial helmet for every case. It is
worth mentioning that the load-histories of padded-
helmets, the FA and OA helmets at any thickness, have
provided remarkably similar curve shapes and they had

wery similar valnes. Detailed dara of the pesk loads are
tabulated in Table I

For the impact height of 1.2 m, it has been observed
that the highest reductions of the peak loads of the
padded-helmets have been 5521%, 42.96% and 42.71%
for the Shorty, Open-face and Full-face respectively.

These have been all obtained from spacimens with OA
16om

The lowest reductions of the peak load for this height
have heen in cases of FA with 1.0 em, which hawe basn
42.04%, 39.38% and 36.75% for the Shorry, Open-face,
and Full-face with FA 1.0 cm pad, respectivaly.

In the case of 1.5 m impact height, the padded helmets
have reduced the maximum valwe of the peak loads by
40.01% {Shorty FA 1.6 cm), 17.77% {Open-face FA 1.6
cm), and 22.05% (Full-face FA and OA 1.6 cm).
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TAELEII
SInRLARY OF PEAK Loan OF SPECIMENS UNDER YV ARIOUS IMPACT HEIGHTS
m P [) | e Dedmmon | Fan (D). i Reducmem | Fan(ENE T Deducoon  Faw [ERL Cs Reduchoz
ypa 12m/ED) P LimF(5.D) Faw  1Em/(3D) Faw  1w/(3D) P
Shermy 1420 (1.19) 1512 [038) 1629 (0.11) 19.52 (0.050)
FAlem EM(LET) 4104 576 (0.11) 3544 13.40 (.15} 1774 1583 (055 1839
OAlem TETILIY) 4588 878 (0.11] 3531 13740083 1565 1634 1654
FAlScm TALLEE) 308 9.07 {0040) 0 1235 (.18 2384 L436 (004 1540
04 1.6 cm EER(LIE) 3521 513 {1060) ETRE 123740015 2406 15Mf00ls 213
Opau facs 1145 (0.37) 12.83 0.085) 14.53 {0.060) 16.52 (0.104]
FAlem £54(0.065)  393F 1083 (004T) 14.30 11.40 (0.18) 2154 LL51(0OGE)  15.60
OAlem 6.73 (0.1} 1232 1133 [0.59) 1168 ILTX(0045) 1833 1320 (0086 213
FAlfem £.53 (0.110) 34 10,55 (0.30) 1.7 1LI7 (0055 2243 1230(0050) 2687
DA 16 cm £.53 (0.15) 4196 10,63 (0.2 17.14 1L05 (0037 1367 130200056 1299
Full fars 1091 (0.10) 10.20 (o021 14.20 (0.18) 1553 (.030)
FAlem £50(0.030) 3673 E.51 (0.076) 1647 1L10(0032) 1408 13BE(ROET) 943
OAlem 680 (D0S0) 3950 BAL (0073 15.58 12330080} 131§  1320(0.006) 1389
Filfem EIT(0.0ITY 4144 793 (0.057) 20 10270060 1767 1097 (E26) 2857
DA L6 cm E{EN AT 7593 {1051 e 10,74 {0.17} 3336 L2T6(0.0E1) 1676
TABLEI
EUNBAARY OF PEAK ACCELERATION AND HIC OF SPECIMENS USDER DROEF TEST
Halmaet Thicksoeus of mubber Doek Acc. (=} 13 Reducton Peak Acc. HIC %z Reducoon HIT
Shomy £93.03 +.131
Filem 7T 3589 1108 4585
I OAlem 200,56 506 LE0T 1631
Ty T FAlBcm 7105 6510 1276 6511
04 L6 cm 20417 7054 1362 6703
Opeu faca 3103 LETH
Filem 2915 2584 1995 1542
. OAlem 13633 2661 1.967 1638
Opsn face- rabbar FAlBcm 3334 3065 L7453 3486
04 L6 cm 1731 3255 L1762 43
Full face 30307 1083
Filem 350,45 1495 LEGS 1335
. OAlem 15193 1742 1813 1206
Fall fas- rubivss FAlfem 30334 3335 L1352 1461
04 L6 cm 135 3075 Lg% 1136

The smallest reductions of peak loads for this impact
height have been found in specimens with OA 1.0 con.

The reduction values have been 35.31%, 11.69%, and
15.33% for the Shorty, Open-face, and Full-face
respectively. For the impact height of 1.8 m, the
maximum peak lead reductions of the padded helmets
have been about 2406 % (Shomy OA 1.6 cm), 23.67%
(Open-face OA 1.6 cm) and 27.67% (Full-face FA 1.6
cm). For this height, the lowest reductions of the peak
load have been 15.65%, 19.33%, and 13.16% for the
Shorty, Open-face, and Full-face with O0A 1 cm,
respectively. Considering the impact height of 2 m, ivhas
been observed that the peak lead:s have been reduced
between 16.54%-25.40% for the Shorty, 21.52%-26.87%
for the Open-face, and 9.43%-28.57% for the Full-faca.

According to these data, the rubber sponge pad has
remarkably enhanced the impact load absorption capacity
of the helmet This is very significant when compared
with some prior stadies such as the one of P.E. Pinnoji et
al. [10] who have carried out an mvestization on Full-
face helmet with metal foam shell addition. Their
technique could reduce peak load by 24.75%. Another
similar smdy has been made in 2021 by G. Gohel et al.
[41], but en bicycle helmet. They have nsed carbon Sber
a5 altemnative for conventional ABS shell and @t could
reduce impact load by up to 15.22%. As can be seen,
those results are about half of the ones obtained in the
current study in which the reductions have been betnreen

Capyeight © 22} Praise Wartky Prize S.el. - All rights reserved

'I'.'j

16.75%%-4271% for the Full-face with 1.2 m impact
height However, the absorption capacity of the pad
seems o be weaker for hizher impact heizht. Evidence is
thown in Fig. 6. As can be noticed notice from Figs. 6
(), (), and {c). the gaps of peak load bervesn the
commercial and the padded helmets have been wider at
the impact height of 1.0 m and then they have got
narrewer for higher impact heights, starting from 1.5 m,
1.BE m, and 2.0 m. This may imply that the padding foam
loses its absorption ability for higher impact height. This
finding is similar to the result reported by J. Z. W et al
[40] who have carried out a study on shock performance
improvement of indostial hebmet using air-bubble
cushioning, Their study has concluded that the influsnce
of cushioning decreases with higher impact wvelocity
similarly to the result of the current study.

2 Acceleration and HIC

Acceleration and HIC are important indicators of
impact absorption devices. It is widely accepted that peak
acceleration associated with peak impact lead causes
traumatic brain injury [40]. HIC is based on the value of
peak acceleration and it directly links to the severity of
brain injury. The acceleration and the time histories of
the commercial and padded-helmets are plomed and
shomn in Figs. 7.

Intewmarional Review of Meckanico! Engiecering, Vol 15, N 3
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The values of peak acceleration and HIC are tabulated
in Table III. Focusing on Figs. 7, the acceleration curves
of the specimens had similar shapes but with different
magnitudas.

It is noticed that the peak acceleration of commercial
helmet has exceeded the standard value of ECEZ2.5,
which is at 275 g [13]. In particular, the Shorty helmet
(Fig. 7{a)) had an acceleration peak that has been very
sharp and high mere than 2.5 times higher than the
standard valie. Peak accelerations of the commercial
Open-face and the commercial Fall-face helmets, shorn
in Figs. 7(b) and (c), respectively, have been much lower
than the Shorty one. These are almost half in gensral.

However, they have still excesded the standard value
a5 already mentioned.
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A detziled investigation on acceleration peak and HIC
walues is shown in Takle OI. In the case of the Shorty,
FA, and OA with 1.6 cm pads, they have reduced the
peak zcceleration by about §8.10% and 70.54%, while
OA and FA with 1.0 cm pads could lower the peak
acceleration by about 58.06% and 39.89%, respectively.

However, peak acceleration of the Shorty with 1.0 cm
pad has sull slightly exceeded the standard value. The
peak accelerations of Open-face with FA and OA pad of
1.6 cm have been reduced by 30.65% and 32 55%, while
they have been reduced by 286.51% and 25.84% for the
OA and FA with 1.0 cm pads, respectively. The Full-face
of O0A and FA with 1.6 cm pad could lower the peak
acceleration by 30.75 and 33.35%, while the FA and OA
with 1.0 cm pad could reduce the peak acceleration by
14.05% and 17.42%, respectively.
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Fiz. . Comparizon of peak acceleraton and HIC of spacimens

From the results, it is implied that the mbber foam can
reduce peak acceleration significantly, especially for the
Shorty helmet. It is interesting to see that the specimens
with 1.6 cm pad had lovrer peak acceleration than the 1.0
cm pad by abour 2%-6% for Open-face, about B%-12.5%
for the Shorty, and about 13%-158% for the Full-face.

Focusing on the rubber foam pattem, FA and OA
belmers have not provided large difference of peak
acceleration as long a5 they have been of the same
thickness. It may be concluded that the thickmess of
mabber pad plays 2 more dominsnt effect on peak
acceleration than the pad patterns. However, optimal pad
thickness should be considered because very thick pad
may cause discomfort to the user. The summary of HIC
is also presented in Table IO and the graphical
presentaton is in Fig. B. Similar o the peak acceleration,
the HIC of the commercdal Shorty has been 4,131 and it
has highly exceeded the standard value of ECEZ2.05,
which is at 2,400, The HIC of the commercial Open-face
has been found to exceed slightly the ECE22.05 standard
while the commercial Full-face has been slightly below
the standard The test results illustrate that every padded-
helmet has HIC under the standard value. In gensaral, the
discrepancies between HIC of the FA and OA patterns
are not large, compared to the effect of thickness. In the

Cappwighy © 2020 Praise Warrky Prize Sl - AL rights resesved

case of the FA and OA Shorty, the helmet with 1.0 cm
pad has reduced HIC by 4305% and 356.31%,
respectively, while the 1.6 cm pad could reduce HIC by
G7.03% and 69.11% for OA and FA respectvely. The
FA and OA Open-face belmets with 1.0 cm pad have
decreased the HIC by 25.42% and 26_55%, respectively.
The Open-face OA and FA with 1.6 cm pad have
reduced HIC by 34.23% and 34 86%, respectively. The
HIC reductions of 0A and FA Full-face helmets have
been 12.96% and 13.35% for 1.0 cm pad and 21.36% and
34.62% for 1.6 an OA and FA pads, respectively.
Focusing on the effect of thickness, the 1.6 cm pad has
provided lower HIC than that of 1.0 cm pad by 10.73%
and 20.16% for the Shorty with OA and FA,
respectively. The Open-face with 1.6 cm has given lovwer
walue of HIC than the 1.0 cm pad by 7.65% for OA and
0.44%, for FA cases. For the Full-face, 1.6 cm pad has
provided lower HIC than the 1.0 cm pad by B.4% and
21.26% for OA and FA patterns, respectively. These are
consistent with the peak acceleratioms and it may be
concluded that the mabber foam can sipnificantly reduce
the HIC of the helmet and the pad thickness has
prominent influsnce while the one of the pad pattern is
less om HIC. It is worth mentioning an interesting
technique introduced by G.D. Caserta et al. [42]. 5. Li et

datermarional Review of Mechanicn' Engiecering, Foll 15, N3
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al [43] and E. Hansen at al. [44]). They have aimed to
reduce acceleration and HIC by using aluminum
honsycomb as an addition for cushioning foam in helmer.

The reductions of acceleration and HIC achieved from
this technigue have been 27% and 14% for G.D. Caserma
et al. [42], 24% and 36% for 5. Li et al. [43], and 14%
and 13% for K. Hansen et al. [44]. By comparing these
results with the current smdy of Full-face helmet, it is
observed that the rubber sponge technigue provides
higher reduction of peak acceleration, while the HIC
walues are comparable betvreen both technigues.

IV. Conclusion

This research has carried out an experimental smady on
motorcycle belmet with mbber sponge pad as an exoa
cushion. The specimens have bean commercial helmets
in Thailand, which have been the Shorty, the Open-face
and the Full-face. The helmets have been modified by
adding mubber sponge beneath their comfort foam. This
study has used two patterns of rubber sponge pad, which
have been FA and OA patterns. The thicknesses of the
mbber sponges have been 1.0 cm and 1.6 cm. They have
been tested for peak load, peak acceleration, and HIC in
order to investigate thelr impact absorption capacity. The
result has revealed that the wansmitted load of halmet
could be significantly absorbed by the mabber sponge pad
a3 can be observed thar the peak loads of padded helmets
have been much lower than the ones of the commearcial
one. However, the absorpton capacity of the rabber
sponge pad has seemed to decrease with an increase in
the impact height. The peak accelerations and the HIC of
the commercial helmets have been foumd to exceed the
ECE22.05 value, particularly for the Shorty. Adding the
mbber sponge pads beneath the helmer comfort foam can
significantly reduce peak acceleTations as well as HIC.

The highest reductions of peak accelsration and HIC
have been approximately 70%: for the Shorty with 1.6 cm
pad. In the case of the Open-face and Full-face, the
reduction of peak acceleration sand HIC has ranged in
between approximately 12%-35%. This smdy has also
found out that the influence of the thickness has been
more prominent than the one of the pad pattermn.

Therefore, the A pattern may be preferable dus to
the matter of weight and vehme of marerial. This smdy
is considersd as an early stage of rubber sponge pad
assisted-hebmet. Many issuwes mneed to be further
mvestigated. Some interesting issues to be smdied m
detail are the effect of foam density, the effect of foam
thickness as vwell as other patterns of pad.
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