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Investigating an airbag enhanced head protection solution
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ELIN CARLSSON

Department of Industrial and Materials Science,
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Chalmers University of Technology

Abstract

Traditional, foam-based helmets do a sufficient job protecting against linear impacts, but
are not designed for angled ones. In other words, if you were to crash with your bicycle,
as long as you wore a helmet you most likely avoided skull fracture - the injury type most
related to linear impacts. You could however very well have suffered a concussion, which
is the most common type of injury linked to angled impacts.

Angled impacts bring on rotational acceleration to the brain, causing its structures to shear
and stretch. This is something that it does not cope with well. The brain has an in-built
protection against some levels of rotational violence, but it has not evolved to cope with
the speeds and forces related to e.g. skiing or cycling. As a reaction to this, Mips AB
developed their 6Multi-directional Impact Protection Systemd - the MIPS layer. It is the
most successful solution to address rotational violence in helmets today.

The company has filed a patent on a helmet concept that uses air filled elements - or
fiairbagso - to achieve the same function as the MIPS layer. The project has started
from the patent idea and investigated whether the idea is feasible, predominantly through
prototyping and testing in Mipso test lab in T2by.

Keywords: mountain biking, MIPS, concussion, brain injury, rotational violence,
helmet, head protection, airbag, H®vding
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7TKHILUVW FKDSWHU JLYHVY EDFNJURXQG WR WKH S
DORQJVLGH GHWDLOV UHJDUGLQJ LWV VFRSH DQG (

SURMHFW LQLWLDWRUDQG SUREOHP

OLSV $% LV WKH PDQXIDFWXUHU RI WKH ptOXOWL GLUHFWLRQ
DKHOPHW VDIHW\ SURGXFW GHYHORSHG WR SURWHFW WKH
FRPSDQ\ZDVIRUPDOO\IRXQGHGLQ DQGLVWKHRXWFRPH
RUDWLRQEHWZHHQWKH .DUROLQVND ,QVWLWXWHDQG 7KH5
7HNQLVND +|JVNRODQY .7+ LQ 6WRFNKROP 6ZHGHQ

5RWDWLRQDO YLROHQFH WR WKH EUDLQ RIWHQ FRPHV DV D |
7KLV FRXOGH J EHIURP IDOOLQJRII\RXU ELNHDQG KLWWL
GRHV QRW KDSSHQ DW DQ B@JWKHWRPHQWUH LPSDFW WKH E
DVSLQQLQJPRWLRQLQVLGH WKHVNXOO 7KLV OHDGV WR Vk
LQVLGH WKH EUDLQ VRPHWKLQJWKDW LW LV QRW ZHOO HTX
FRQFXVVLRQLVDFRPPRQFRQVHTXHQFHRIWKLV W\SHRILQ

7UDGLWLRQDO KHOPHWY GR D VXIILFLHQW MRE SURWHFWLC
VLIJQHG WR PDQDJHDQJOHG LPSDFWV DQG WKHLU FRQVHTXH
RIORZ IULFWLRQ SODVWLF ILWWHG WR WKHLQVLGH RI WKH
OD\HUV Rl WKH KHOPHW WR VOLGH VOLJKWO\UHODWLYH WR
LV DOORZHG E\WKH FHUHEURVSLQDO IOXLG WR URWDWH VOl
RZQ SURWHFWLRQDJDLQVW URWDWLRQDO YLROHQFH $PRU
ZRUNV DORQJZLWK YDULRXV LQMXU\W\SHV DVVRFLDWHG Z
LQ FKDSWHIRUHWLFDO EDFNJURXQG

'LWKLWVLQWURGXFWLRQ WKHO,36 0D\HUEURXJKWDQLQQF
WKDW KHOPHWV KDYHEHHQ FRQVWUXFWHGDFFRUGLQJWR W
DEVRUE OLQHDUIRUFH 7KLVLVDOVRUHIOHFWHGLQ WKH ID
H[LVWLQJVDIHW\VWDQGDUGY WKH\DUHRQO\WHVWHG IRU C
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J)LIXUH $Q DQJOHG IDOO FRPSDUHG WR D VWUDLJKW RQH LPI

SDUW RIOLSV $%fVGDLO\ZRUNLV WKHUHIRUH WR DOVR SXV
GHYHORS WHVW VWDQGDUGY WR HYDOXDWH KRZ ZHOO KHOF
7KHFRPSDQ\KDVRYHUWZR GHFDGHV RI VFLHQWLILF UHVHD

OLSV $% ZLOO KHUHRQ EHUHIHUUHG WR DV OLSVY

SUREOHP VFRSHDQGDLP

OLSVLVQRZORRNLQJIRUQHZ SURGXFW RSSRUWXQLWLHV W
WKHLU ORZ IULFWLRQ OD\HU 7KH FRPSDQ\ KDV ILOHG D SDW
WR D KHOPHW VWUXFWXUH WKLV PDNHV XS WKH SURMHFW !
GHWDLOHG LQIRUPDWLRQ UHJDUGLQJ WKH SDWHQW FDQ EH

7TKHSURMHFWR/FBSHXVHRIDLULQDQLQWHOOLJHQW ZD\LQ
7TKHPDLQ REMHFWLYH IRUWKHDLUEDJ ZRXOG EH OLNH WK
IRUFHV RQ WKHEUDLQ FDXVHG E\DQJOHG LPSDFWV WR WKH |
WKHZHDUHU DV ZHOO DV EULQJ D XQLTXH VHOOLQJSRLQW W
ZKHWKHU WKH LGHD LV IHDVLEOH E\HYDOXDWLRQ WKURXJK
OLSVYIDFLOLWLHVLQ7IE\ MXVWRXWVLGHRIB6WRFNKROP

'"HOLPLWDWLRQV

$OWKRXJIJK OLSV LV SUHVHQW LQ VHYHUDO VHIPHQWYVY WKLYV
ELNLQJFRQWH[WWRQDUURZ WKH V FRGWH WORRAHURLHDEBHEXHD. @
PRGHODQG FRQWH[W
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'"HOLYHUDEOHYV

7KH SURMHFW ZLOO HYDOXDWH WKH YLDELOLW\RIWKH SDWF
WKURXJK WKH PDNLQJDQG WHVWLQJ RI SK\VLFDO SURWRW\
GHOLYHUDEOH DV ZHOO DV WKHEDVLV RIWKHGHYHORSPHQ

SHSRUW RXWOLQH

7TKHUHSRUW H[SODLQV WKHLPSOHPHQWDWLRQ RI WKH SURNM
ORJLFDOPDQQHU ZLWKDIHZH[FHSWLRQV VXFKDVH J WKH

&KDSWHU RQHDQG WZR VHWV WKH IUDPH IRU WKH SURMHFW
GHSWKLQIRUPDWLRQDQG WKHRU\IRUWKHLQWHUHVWHG Ul

&KDSWHUWKUHHGHVFULEHVWKHJIJHQHUDO SURFHGXUH RIW
WR WKHPHWKRGV XVHG

&KDSWHU IRXU LV WKH UHVXOW RI D UHVHDUFK SKDVH DQC
EXVLQHVV PRGHO DQG WKH FRPPHUFLDO VHWWLQJ RI WKH S
XVHU VXUYH\

&KDSWHU ILYHWR HLIKW DFFRXQW IRU WKH LWHUDWLYH SD!
WHVWLQJKDYHEHHQ SHUIRUPHG WR HYDOXDWHDQG IRUP D

7TKHUHVXOWVDQG WKH SURMHFWDV D ZKROHDUH GLVFXVVH
&KDSWHUWHQ FRQFOXGHV WKH SURMHFW
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7KLY FKDSWHU KLIKOLJKWYV WKH PRXQWDLQ ELNLQ:
WKH SURMHFW JRHV GHHSHULQWR KHOPHWY DV WK
DQG FRPSDUHV LW WR ZKDW OLSV RIITHUV

/KHEUDLQDQG KRZLWUHVSRQGV WR L

7TKHEUDLQVLWVLQVLGHWKHVNXOOVXUURXQGHGE\FHUHE!L
FXVKLRQ DQGJLYHV WKHEUDLQDQLQ EXLOW SURWHFWLRC
LWWRURWDWHVOLIJIKWO\ZLWKLQ WKHVNXOO +RZHYHU WK
ZLWKIRUFHV WKDW DUH D UHVXOW RI ZDONLQJDQG UXQQLQ.
IRUFHV WKDW FDQ EH WKHUHVXOWRIH J VNLLQJRUELNLQJ

7TKH EUDLQ ZHLJKV DURXQG RQH WR RQH DQG D KDOI NLORJU
GHVFULEHG E\VXUJHRQV DV WKD\W RU HQZEG BWR DWQY ERRNHG W
PRGXOXVY L H KRZUHVLVWDQWD VXEVWDQFHLV WR FRPSU
WKHVKHDUPRGXOXV ,QRWKHUZRUGV WKHEUDLQWHQGV W
WKDQFRPSUHVVLRQ DQGLVWKHUHIRUHPRUHVHQVLWLYHV
.OHLYHQ 7KLVFDQEHLOOXVWUDWHG ZLWKDVFHQDULRIUR
UHFHLYH VHYHUDO VWUDLJKW SXQFKHV WR WKHIDFH EXW LC
XSSHUFXW 7KH VWUDLIJKW SXQFKHV FDXVH WKHEUDLQ WR I
VRPHWKLQJWKDWLWFDQKDQGOHUHODWLYHO\ZHOO :KHQ
RI WKH EUDLQ JHW VWUHWFKHG DQG VKHDU LQ UHODWLRQ W
FRQVFLRXVQHVV 7KHLQIRUPDWLRQLQWKHDERYHSDUDJUL
I[JURPLQWHUQDO SUHVHQWDWLRQV DWOLSV

+HDG LQMXULHV FDQ EH GLYLGHG LQWR pFRQWDFW LQMXUL
*HQQDUHOOL D UHQRZQHG FOLQLFLDQ DQG UHVHDUFKHU L
&RQWDFWLQMXULHVDUHWKHUHVXOWRIDGLUHFWLPSDFW \
DQG HSLGXUDO KHPRUUKDJH ZKHUH D EOHHGLQJFEDXVHV D
DQG WKH EUDLQYV RXWHUPRVW PHPEUDQH 7KLV EXLOGXS W
JRUFRQWDFW LQMXULHV WKHKHDGBRWNKQRWEBWHIQWR EH \

, QHUWLDOLQMXULHVDUHFDXVHG E\VXGGHQDFFHOHUDWLR
KDYHWRLQYROYHGLUHFWFRQWDFW ([DPSOHVRILQHUWLD
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LQMXU\DQG LQWUDFHUHEUDO KHPRUUKDJH D W\SH RI KHPF
WLVVXH &RQFXVVLRQLV QRWDQ H[DFW PHGLFDO VWDWH 9
DQ\ VWUXFWXUDO GDP D %0OW R NHWK BOPERUBILDMXHR WKH PHG
GHILQLWLRQ FRQFXVVLRQLV D FOLQLFDO VIQGURPH FKDUL
DQG IXOO\UHYHUVLEOH ORVV LQ EUDLQ IXQFWLRQ DV D UH\
WKH ESMHQLFDQ $VVRFLDWLRQ RI 1HXURDB W.\SDL.E B ® FHLURHEV
FRQFXVVLRQWKHSHUVRQORVHVFRQVFLRXVQHVVDVDQLPF
W LV WKH PRVW FRPPRQ KHDG LQMXU\ DFFRXQWLQJIRU DU
KRV SLOWDLY HQ

6\PSWRPV FDQ LQFOXGH PHPRU\ SUREOHPV KHDGDFKH QD:
DFWLRQ WRHD/OWPKOIL@RUH WKDQ SHUFHQW RI SDWLHQWYV
ZLWKLQ WZRPHHMNY 'LIIXVHD[RQDO LQMXU\ '$, LVDUHVXO
WKHEUDLQ WKDW WHDUVDQG VWUHWFKHY WKHD[RQV WKH I
WKH SHUVRQ EHFRPLQJ XQFRQVFLRXV LPPHGLDWHO\DIWHU
RUYHJHWDWLYH VWDWH 7KHPRVW FRPPRQ FDXVHRI'$, LV
EHWKHUHVXOWRIFKLOG DEXVH VXPKWOLIQDIVKDRBL EDE\ V

,PSDFW GLUHFWLRQ

KHQ IRUFHV DUH REOLTXH L H DIIHFWLQJ WKH KHDG DW D
IRUFHV WR WKH KHDG RWHIHW L RXQUDHD IRUFHV DQG WKHLU FRUU
RQWKHEUDLQDUHPRUHFRQQHFWHG WR WKHLQHUWLDO LQ
VHH ILJXDHH WKH UHVXOW RI GLUHFW 3VWUDLJKW RQ" IRUF
GLUHFWLRQDORQJDUDGLXVOLQHIURP WKHFHQWHU RI WK
LOQOMXULHV WR WKHEUDLQ

JLIXUH $Q DQJOHG RU REQIXXH $OLQHDU GLUHFWLRQ RI IR
GLUHFWLRQRIIRUFH
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+HOPHW GHVLJQ

+HOPHWY KDYH GLITHUHQW ORRNV DQG IXQFWLRQV GHSHQG
IRU WKRXJK WKH FRPPRQ SULQFLSOHIRUDQ\KHOPHW LV WF
DEVRUELQJWKHHQHUJ\RILPSDFWV GLUHFWHG WRZDUGV LV
WKLV LQ ELF\FOH KHOPHWV LV WR XVHVRPHNLQG RISODVWL
7TKHIRDP WHFKQRORJ\WKDW PRVW KHOPHWD/PEXUUHQWO\ XV

"KHQ D VHYHUH HQRXJK LPSDFW DIIHFWV WKH KHOPHW WKH
IRUPV SODVWLFDOO\ 7KHHQHUJ\IURPWKHLPSDFWLVWUDQ
7TKH FUXVKLQJ OHQIJWKHQV WKH KHDGYV VWRSSLQJ WLPH K
WKH EUDLQ HI[SHULHQFHYV D% LOF URHOWHX ©RMO R IHWKGDIL FEB/D FQNV W L W
$ PDMRULW\RI KHOPHWV DOVR KDYH D KDUG RXWHU VKHOO
RYHUD ODUJHUDUHD RIWKHIRDP SURYLGHV DEDUULHUDJD
WKHIRDP DQG NHHSV WKHIRDPIURP EUHDNLQJ XS

,WDOVR VHUYHV D SXUSRVHLQPDNLQJ WKHKHOPHW VOLGH
WKHKHDG JHWV FDXJKW LQDQ REVWDFOH WKHDEUXSW VWF
IRUFHV LQFOXGLQJLQFU$WIHG URWDWLRQDO IRUFH

J)LIXUH :UHQFKLQJDVD UHVXOWRIDQREMHFW HJ DKHOPH

ORVWELF\FOHKHOPHWYKDYHVRPHNLQGRIFRPIRUW SDGGL
OD\HUV DQG WKH KHDG 7KHUH LV RIWHQ D VAIVWHP WKDW DC
KHOPHW HJ WKURXJK WLJKWHQLQJRID ZLUH WKDW SXO0O
+HOPHWY KDYH DLU LQOHWY WR SURYLGH WKH ZHDUHU ZLW
PRXQWDLQ ELNLQJ DUH PRUH RU OHVV DHURG\QDPLEDOO\ \
IREXVHG WKHPRXQWDLQELNLQJLY 7KH\FDQORRNIDLUO\ VI
RUURDGUDFHELF\FOLQJLIWKHLQWHQGHG XVHLV FURVV FR
WA\SHV RI PRXQWDLQ ELN+RZH QHVH PRIXRQDLQ ELNH KHOPHW
YLVRUDQG HWHQG WR FRYHU PRUH RI WKH EDFN RI WKH KHD
PLQRUEUDQFKHV KLWWLQJWKHIDFHDQGHOLPLQDWHV VRP|
GLVFLSOLQH RIPRXQWDLQ ELNLQJULGHUYV XVXDOO\ZHDU I
GHVLJQHG ZLWK FKLQ JXDUG WR SURWHFW WKH IDFH

,QELF\FOH KHOPHWY YHQWLODWLRQLVDFKLHYHG WKURXJ
LQGLUHFWFRQWDFW ZLWK WKHVXUURXQGLQJDLU 7KH\DUE
,QHJ PRWRUF\FOH KHOPHWYV WKHUHDUHQRQHRU YHU\ IH.
RXWVLGH ,QVWHDG YHQWLODWLRQLVDFKLHYHG WKURXJFk
ZLWKLQOHWY WKDW IDFHWKHZLQG 7KLV W\SHRIYHQWLOD\
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KLJKHU VSHHG JHQHUDWLQJ ZLQG DQG D PRUH VWDWLF ER
LV QRW DV JUHDW LQ PRWRUF\FOLQJDV LQ PRXQWDLQ ELNLC
YHU\KLJK 7KHDPRXQWRIYHQWLODWLRQDIIHEWV WKH ORR
ELNHGLVFLSOLQH LWLV GHVLJQHG IRU

JLIXUH +HOPHWV IRUGRZQKLOO WUDLODQG FURVV FRXQW1L

6LIHDQG VWLIIQHVVDUHWZRYDULDEOHV WKDWDIIHFWKHOF
FDQDEVRUEHQHUJ\ | IWKHUHZHUHQR SUDFWLFDO OLPLWL
DVELJDV SRVVLEOHLQD VRIWPDWHULDO $VRIWHUPDWHU
EXWKDYHWKHULVNRIERWWRPLQJRXWZKHQVXEMHFWHG W|
FDQ SUHYHQW ERWWRPLQJ RXW KRZHYHU WR NHHS KHOPHW
DUHXVHG LQVWHDG 7KLV ZLOO SUHYHQW ERWWRPLQJ RXW
WKH PDWHULDO ZLOO QRW GHIRUP DV PXFK UDHMWXEBWIDQX LQ |

WLV SUHIHUDEOH WKDW WKH KHOPHW LV QRW ZLGHU WKDQ \
LW WKHUHDVRQ IRUWKLY EHLQJWKDW LWLV EHWWHU WR K
\RXU KHOWBN HW DO$OVR LI WKH KHOPHW LV YHU\ WKLEN LW :
PRUHVKRXOG LW JHW VWXFN DJDLQVW DQ REVWDFOH LQ WKt
VWUDLQ RQ WKH QHFN DQG SRVVLEO\ BODR URWDWLRQ\D O |R
WKDW DUH WRR ELJLQ FLUFXPIHUHQFH ZL9%IOF DPRIOHRHB O ® HR\Y F
6DIHW\ ,QVWHEWXWH

KHQ D KHOPHW KDV UHFHLYHG PDQ\LPSDFWV WKH IRDP KDV
WLFDOO\ XQGHUQHDWK WKH RXWHU VKHOO L H LWKDV GHII
WR LWV RULIJLQDO VWDWH 7KLVUHGXFHV WIKIDOKRFN KDQG(
7TKH IRDP LV FRPSUHVVHG IURP WZR VLGHV VLQFH ZKHQHY}
FRPLQJIURP WKH RXWVLGH WKH KHDG LQVLGH WKH KHOPH\
IURP WKH LQVLGH 7KH JUHDW PDMRULW\ RI KHOPHWY DUH
DQJOHG LPSDFWV EXWFDQDFWXDOO\VWLOO SURYLGH VRP
7KLVLVGXHWRWKHKHOPHW EHLQJDEOH WRPRYHDURXQG
IRDP OLQHU FDQ DOV RBoRK IR R UYHDADEMQ FD OO\

ODWHULDOV XVHG LQ ELF\FOH KHOPHWYV

7KH SODVWLF IRDP FDQ EH HLWKHU H[SDQGHG SRO\WW\UHQF
(33 (36 LVPRUHOLNHO\WREH SHUPDQHQWO\FRPSUHVVHC
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