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(A theoretical study on the shock-absorbing
characteristic of safety helmet)

Abstract

The need for the protection of workers in many industrial workstations has long been recognized, and many
types of protective equipment have been devised. In many protective equipment designs, this study set limits to
the safety helmet,

The direct closed head impact problem was idealized as a linear-damped spring model. This study concerns
what properties of helment should afford optimal protection in a direct closed head impact problem,

The solution to the problem was achieved through analytic method and numerical computation, The answer
was found in terms of 4 parameters : 1rigidity of shell, 2) viscosity of shell, 3) rigidity of harness, 4) viscosity
of harness,

The choices are as follows 1) to reduce the rigidity value of harness as small as possible 2) to increase the
viscosity value of harness as large as possible, 3) to select the rigidity value of shell sufficient for preventing a

breakage.

I. M2 e AAeA %‘fﬂ FTFAEY A%e FIstuz
2 Bow #th Mo Yl w3, %
delel S WA vl e Yol BA A 3, FATER 0] $IR5 U slewt 7

F3P7} o] FOIAT roborr} QU7ke] B WASHT  ATE AN AR o] FAL Fetel
Sosh obie @ gkl oA el A & W MEsR FAT 4BE Wk AT e
siafo} sh= HoRgol ol Wob k. 2t F¥aA RAuE RS Fesbl B
53] WAl wakel @ MY MR el oloh
ofate] ojFolxm gLopR oF] ohl EAlE ol ol PARE BAI9) Hht A 37
o zesn @ & At g}, vizlel A, SRl Wel FARAF
A7 aAel ehgulR ofezbAst QAR 2T
9% P Fad 28 velg wasld FE o geh RAEAe GBe B8 ¥ 4 dE

t staaebrlagd AEsta k714l / AAA AT
% -

tt B




S Qdmg As) e duel e AA
A1 ek Ar} Wast,
& Ao ol e 34 FAe
q myg A9 FAgte M hdw A 1
SEE ek wr e Jlg s
7l A1 b HA) =ee iz} bh:} it
= AAB] fsiME meldl MslAE 2Bl 2
g olslistao} skt vlajol Tl K 250
et Be A7) daso] gkon) 11 sge
7HA7} Qleh
A FolR 25 Agox 7hast lumped-
parameter model S ARR3l=

m m}m

—‘ﬂ

Zeld], o) parameters
Fate] e
Y 11 5L o]EHQ impact tolerance curve plot
off o]} R} 2,3]. o) ziehet oscillator-type
9] model®] FHL- a7} vl A zheks] ez HAY
o] ol Holr},

Yool SRS material filled elastic container
model& AHE3HE ZQ1H) o] model2] FAERe o
zélo] 5]\,} Aﬂmo] 6}]_4 b}-o]x—l “:H" 0“ ”x]]oq
213 oug se)A BET(3, 4).
BN D) B doje) e
ol @3t Ay AL sl st} olelsh
e modelE E3le] HA) 1 Zald BN
T ‘5@4 77—}«]‘,,}_ il
3 gl 2ol olae Aeg VA

el AT 7} Qlzpe] Hax
594 23S AT g Aot

¥ mechanical impedace measurementS

pad}

m{u

a8 o r_>.i r
Hfﬁ o

og_‘, i)
= -h
4
Jo
_E
2 g
)
h“
il
°

£ 12 oz 9 o1

Y
20
0
U
HU

2. QRRO| ZHESMS AY.

KSE 4901 7742 JIS T-81339] #4342 Iz u}
& ez g wie oes )

2.1 2 eA1E L.

(2% 1) 2o] Al nd o) tuve Fas)

I AFE wololM HAYRE AuaiAich
AR PRI R S 2R G sh e ulg

e B sl sHos gezon Ao o

8 Kg olF 32Kg °l8t= 3l Al wejus el v}

2o sEAE Fash 4%

3 HAIA Al
HHEFE AF 127me] g2 ﬁé!ﬁ%é?ﬁ% z
i, KSD 350300 3% 22 4 =

FE T3 gbz s}

o
j)h
)
T
-
AN

£

il
ol
_,_.
E«
v
3

. i ],
N "
o — I heliistole)
sbol . sfojo] e
NEa (e
Py L
L' W1 e
4 HAshg ot 4 || ¥
bq
]
\‘ 2ie] $2
J:L 3 L) ek Moy
e ENCEIN
5 s,

e 77,

(2% 1) 2 E4E5 AFEE

22 Ag
AIWHM OJJE—S_ Z¥zt -18°C £2%, 49T +2¢
2 wAlsle] £l 152 o]

R A

Lg e Sk
= RA| 9] Ao A
76mm QFS} (S8 W 4.8em +0.8em o1m 19) 7o)
7F 7.6emetel PO ol 3hH) A H x| 22
FE 5 feet(1524 m ) Eolol M AfEIAlA AY &

oluff FA7FEL 2)F peak?] Hi HAY Ao
4450 N & 293 ot m 3781 N ojafe] A
FAEo] 3ms o] A&E o= <rET7].

2]

2
)

)
)

fr

O{)l' it

9

3.1 LA o] modeling

plERsAY ﬂsﬁx}‘— FAHAE mAL H9A g B

=

o
=
nj

) ?H,E%— ZMM x}oﬂ A A= A
Oz
3

& Aol A RSk 49 ol2) 8.8 Folv]

=
o2



ki | — I [ mi ’ x1(t)
| L‘T"—
)

l
e

vit)

HEAD

ky D 2AS A ot EAMY FEAG m I 2Ae] 2y
kot 2GSl 3 o, D AEHS) BAAY m, A HY
f() D7 S48 v () eiged Age 339

(08 2) etz E7t2H.

fated el EAZF TR G| FEITIL

7Pggie 4], weba ool BelE]l 2AY (1)
= 2A9} 2ol ofste] @slE Fly()E Tl
7hgit,

o mASH HgA: A e BoE
Mol way wAlZ A98e ACH3)

olepzre A9 ol (27 2)% ol linear-
damped spring model2 FHE T},

2] 7zl FAHL: BRAE olFw= 24 1
fgol elg AwmAel weh Al ve
ol vl 2HAlE sk B B wet F
Holl et

o] modeld|AE Ao osir] <Qlzte] TR
translation®] Yolubz] Levhn 7HAslar o 3],

(a8 2)el4 mlo] (o)l elated x1(o)ehE
translation®] YU m23= x2(t)VHE translation®]
alofrttt.

oluf k13t 18 HAZ x1(t)-x2(0)¥HE-2] transla-
tion®l a3 #E] AW k29t 2% x2{0)WF
translation® £k2F 213 FHHo] Qo

e ololthet vE AL A9 Thew ¢
=3
miX1(t) Feilxi(t) —%200) ) +Kilxi(t) - 2(1)

e 107 n
me ¥2(t) + (c1tec2) x2(t) —cix1(0) + (k1+k2)

xz()—kIXI()"O ........................... (2)
caxa(t) +kaxe(t) =y (t) ---mmmmmmmmee oo (3)

x1(0) =0, x20(0)=0
%100) =0, %:200)=07
(1), (2), (3)21& Laplace Transform& 3hd

31
oheah #eh

mis*X1(s) +c1s (X1{s) —Xa(s))

K[ Xis) —Xels) |=F(s) -----mmmmmmmee 4)
mas?Xo(s) + (e1+c2) sXa(s) —c1s Xuls)

+ (k -k 9 Xa(s) —kiXu(s) =0
crsXa(s) FkXols) =Y (s) ---ormmmmermmieees (6)
4)5)06) Aol A Y(s) = vhga gk

Y (s) = (cis+k,) (c,s+ky) - F(s)

mym,s*+ (m,c,m,c4meey) s+ (mk,+
mk+myk,+cic) s+ ek, +eky) s+
kik, e {7)
(7) A& kb k29| gkol mi1, me, c1, czoll B3|
AEs] 438 ki K2miimz,cziel, ©) 1001 o4
o] BAZE Ao mz YHHARL AojolEoflro] A3
< 88t dominantdt Al¢g =Halw oS3
Zo] x¥dE 4 AUk
kz

Y (s) B Fls) oo (8)

>

32 HAm Aol 1f HEEA L EA

A71ME 9 229 f(1)9= TASHA HHE
7} R e nfe] ASEAS dotnatk

Z f(1)E s()2 7FP3sPH F(s)=1°] HiL ojujje]
Y(s)& H(s)e} 31 (8)2]2 thaat #o] Foizith
K,

Hs) :mls“r'czs-H(2

"""""""""""""" (9)
(9)2]e ot o] AAdd(transfer function)?’} E

o o] & Tl WaEs thest Bt

’ k2/ml )
H{s) _Sz‘f‘Cz /mis+kz /mi 10

(10) AA wo=vk2 /m1, Cwn=cz /2m1 g} 3}
of thA] WEshd o33 2ok
w?

H(s) :52+2Cwu sk, T ay

(11) 418 Inverse Laplace TranseformE 31 v}
#o5].

h(1) =Ae™@Wnt ginwt ---------mmommemeseme oo (12,

A=w¥1/\[—1——'—? W= Wny 1—§

(12) Aol A Swn =
ural frequency, A= magnitudeE A3 T}

damping rate, w< damped nat




32

ol& ZRIxtY] 9uiglE ke 1B k,>c, m,
°lBE fw,=¢,/2m,, w=Vk,/m (=w,), A=yk,/m;
(=w“)g} 2 4 9o

tele AEEHE 2Z2o] magnitude ZHA|3IT
BLE decay’} doluh= §A4E 2730 webd Ax
A fw, AR Ho] kel HEEALS Qs
£ BoE NAE 5 Utk

F {w, = & AL m S FAGRE 7 7
ol AAL AE k:& FALSEE m| & A4
1 gto] Hojrck,

- m 2 A9 FFow Melo} Eo] For
2 32E ash kol BAS AN o Ay
S04 AR =E st 2 AgAE Hul) o,
= A k&= HER 3 st Aol ekwe) 27
AEEAES NANA Fut

33 T3 QA= 4,

APINE FYNEZYSAR) GATIRA] 23
£ Hm 4AE A9 Fod A el 43

& Yohux,
AN PN Rl $AAY modelo] T}elA=

29 (1)} 19| Laplace Trans-form 2}zH13)

(14)¢ 2o,

f{t) =15136 [u (t) —u {t— ) J--rrrrmemmeees (13)
F(s)=15136 (1—e™™) /s rrommmmmeees (4)

T %2 AGA7H(=0.00131 sec)

olw ol HesE A4 y(0E gt ol
Folzc},

y () =h(t) *f(t) oo (15)
(15) 2)& Laplace Transforme 3k (11)3} (14)4)
< st o @

Y(s)=H(s) F(s)
. (L)l? (l_e_tg)
_1513652+2§wn s—i‘w.? S
- wnz
=15136 s (42 twus T wn?)

wn e

s(s?+2 Cwstw?)

shel the-s

(16) A& Inverse Laplace Transform$

#

15136

Lo < sin (/T —Ft— ¢)
1_;2 e Sin\w

y(t) =

—e8 T gin[ /T =& (t—1) —g] > - 17
g=tan™' (Y1 =&/ —¢)

(17) 22 exponentially decreasing M= sine 313 2]
e Zed 23 Ao HuADEAgs Uehl =
Z31 peak ghojr}.

WebA H D peakgtoll A 2 tma(=tan (Y 1— 2
/O oW T= RIS § ong AASHE m,y, o0k,
oAl M m; o] 3-& variancer} FoH LRl A LS
o] HEFH(=044kg) o2 THAZ|HE (17)2e H1
peak§tE A= .9 k.9 42 Waw, o &
FE ymas(c,, ko)t SHIL plocg 3A(2] 3) 2}

Ymax (N)

6190

5510

1820 [~

i SR e S o e
3450 \\ N — K
2760 ~ [~ .\\‘\ ki
2080 = - e
1390 \“\’\ \‘\‘\‘ k2
708 ™ M

0 7.72 154 23.2 30.9 386 46.3 54 61.8 69.5 77.¢
Cy (kg sec/m)
(33 3) ¢, K7t HINLE A0 ojx|= ABE
k2r=10000, k22=20000, k23=30000
k26=40000, k25=50000

S dRE oo} kol gle
asjo} g},

(723 3)0M 2 % ol HIT peakghe 234
ol el A YyAae] 48 Homz oy
23¢ YA Gk o) s

[} golly 2

A
ok

frs

e = 8
el el golstet
4. 88

bmel FAVLEAL W) ASHS linear-
damped spring modelS A9 =2A 9} S o]F
= 28 Aol B miXe 9 B4t

0=] Hkrh,



aefelA] ok Tl A
el s 24 5

2As B G
o HANA P FAUE 7

EH2E
= )

%
gFo] wm

o
3)ell A Fofxich
ol’del Aag olgdhd 2y o U FAUINY

T8 7HAE ok Rl Aol =gl E Aok

{REFFRENCE)

[1] Anthony S.Hu “Head Impact Rotational Measu-
rements and Frequency Response” J. Biomech-
anics Vol. 13, pp. 615-622. (1984).

[2] Benjamin Kuo Automatic Control Systems
Prentics Hall INC(1982).

[3] Bruce a. Simpsonm W.Goldsmith and J.IL.
Sackman “Oblique Impact on A Head-Helmet
System” J. Mech. Sci Pergamon Press, Vol. 18,
pp. 337-340(1976)

33

(4] D.J.Ewins Modal Testing:Theory and Practics
Research Studies Press LTD(1984).

(5] Hrbert Goldstein Classical Mechanics Addison-
Wesley Publishing Company (1980).

[6] Hu, AS. and Chen, H.t. “Frequency Responce
and Differentiation Requirements” Shock and
Vibration Bul, 48, 00. 123-130(1978).

[7] Landkof, B., Goldsmith, W. and Sackman, ].L.
“Impact on A Head-Neck Structure” J. Biom-
echanics Vol. 9, pp. 141-151(1976).

[8] Turbo C User's Guide Borand(1988).

(9] g=rEdTtd HE KSE 4901-1987.

(10] Rt E o] 717 2 4 G a4 (1986).

(11] &£t WEIRAMHE %4 Vol. 31, No. 8
(1980).

[12] %448 JiS-T8131.

[13] #3eio84 2 ARIOEIFRE  HARMS e
5 82% & T726%%(1976).




