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Fig. 1-3 Enforcement device of lambda type
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Fig. 1-4 Movement of the enforcement device of lambda type
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Fig. 2-1 The simple structure collided with the barrier
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Table 2-1 Nomenclature

Mass of the member m
Radii of gyration for the center of the mass k
Distance from the collision point to the center of the mass r
Tangential distance from the collision point to the center of the mass r
Normal distance from the collision point to the center of the mass r3
Collision velocity Vo
Angular velocity o
Velocity at contact point v
Initial angle of incidence w1
Angle of incidence Wo
Initial inclined angle y
Inclined angle

Barrier angle a
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mdV; =dp,
mdV, =dp (2-2)

mk*dew=—r,dp, +rdp

F I SERS C RIS R T DU NRFRI 9 2 2l dvi 36 K O dvs 13k & 72 %
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Dl EDERNE p L 72D F THEMEME L 720, TOBRITBEME~LBITT S, £ L CHE%EK
TS prlliET % L ERITK T 5.
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v3(0) r~

Fig. 2-2 Normal and tangential relative velocity at collision point as functions of normal impulse
(case of continuous slip)
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& (2-7) B vip)=0 LW k&%,

__m(0) (2-8)
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WIHIE O DM IR LR 0 & 72 235680%, ERIFE p [ZHEFGHEINBECTH 2720, WGV 15 1Lk
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vip)

v1(0)

v3(0)

Fig. 2-3 Normal and tangential relative velocity at collision point as functions of normal impulse
(case of reverse slip)
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+
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0=v,(p,)=vs(p,)+m™ B (p, - p,)
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LH728, 20 TR (2-8) BLOK (2-9) 23, ENENNWIE VIZILRFDOTIFE p, B8 L0
KRIEAME1FE p. TH D

2-2-4 EEDHE

B &7 D5E0E, WIHIE 0 AEIERED FE p lCBW TR AERE wp)=0 720, fZi1k L2k
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{:g§={%&ﬂ}wn{2ﬁ@_p) (2-14)
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vip)

v1(0)

v3(0) -7

Fig. 2-4 Normal and tangential relative velocity at collision point as functions of normal impulse
(case of stick)
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+
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JEREIIR RN © 2MEIE (0=p<p.) OHH : 0<y, <1

FOSEARI T 0 M1k (p.=p<p) DHHE : 1<y, < ) (2-17)
. B p .
2 OGS (ps=p) DLE <y,
| mv,(0)
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LEFE T2 Z LTI TE 5. N (2-17) ITBWTHRKEIIFE pr BN L D kETEIE, b
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=B OB 2R~ 5.

__vg(pf) P, P, B _Wg(pf)_W3(pc) (2-18)
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TRV F—J)FEORAREN T 2-5 (R — IFERRE L 0, 238 J ORI Cor S vz sy
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M CIF LT 556, 3) KEMM TELT 52560 3 DI L TR AT . oz x
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NERD.

Wa(tb)_Wa(ta):TFavadt:]‘Va(p)dp (2'19)
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BRI BV THE vp)ida (2-7), X (2-10), KX (2-14) LY p OBEEKTH L7290 X%
ExHZ D E X =13 (2-200 TROLNLDE. A (2200 ZHWT (1) 5 3) IZBiIFs =
FINX— % RO TRV X— PO S U, B, GE#) O R R T 5.
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W3(pb)_W3(pu): 2

vi(p)

v1(0)
w; (Pf) — W (pc)’

pS Pe_ (%ﬂﬂ p

=

v3(0) L7

Fig. 2-5 Energy of normal impulse during compression [#3(p.)] and restitution [Wa(p))-W3(p.)]
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e, ——TS(O) (2-23)
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2, 41@%0) (2-24)

o

L7203 C, &I VIR 2Ed) )RR E & = %V X — T2 RO AR5 0 B fR1E K (2-23) , 2 (2-9)
XL E5.

Pr—D.
e, =—1—"=¢ (2-25)

HEEY: & T R X —NFO B ORI (2-7), (2-23) LowkXLs.

RN ORI

_ Vs (pf) o (2-26)

vi(p)

v1(0) \

Ws(Pf) — Wip,) !

et p

Py

O 7 wyp)

Fig. 2-6 Energy of normal impulse during compression [#3(p.)] and restitution [Wa(p))-W3(p.)]
(case of continuous slip)
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—mv; (0)
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+
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s(p.)-W,(p,) 2B B
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5 (2-32)
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PLEX D, =X — O3 a 803 (2-18) o ===l (2-30) BL O (2-32) 2 AT 5
EWRATROBNLS.

e’ = L Ee (2-33)
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.0 B . “ ~ \2
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+
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X (2-10) £V (2-34) ZHVTREEELZESHRZ D LRAERD.

V3 (pf):_esva(o)\/{%‘/}0(2_‘/}0)"'(1_‘/}0)2} (2-35)

+

X (2-18) BRW (2-35) 56, EHENVFASERE L =1L — 2RO BRITRAL 2%

B

+
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e, = = - (2-37)

2-4-3 REBETHUHEYNELT H5E
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frrrTﬁ“’—””
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0 s pS: p/
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v3(0)

Fig. 2-7 Energy of normal impulse during compression [#3(p.)] and restitution [Wa(p))-W3(p.)]
(case of reverse slip)
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R HEEN )PSO & ORI ORI AL 72 D
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€p = B+ {[1_ 5 )(1—'/70 )+6N} (2'44)
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X 2-7) ITRAT D ERA LS.

2

A, = —]:—Z{Sin 7 €OS ;/(cos 2 a—sin? a)+ (sin 2y —cos? ;/)sin « C0S a}
(2-48)
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C, = [{—1?’2 sin y cos y — u,k  cos 2;/—;11}(1+ e.)
+(k2sin? y + k2 sin ycos y +1)tan v, ] (2.50)
/[{— k2sin ycos y — uk 2sin?y —yl}(1+es)tan v,

+k?cos?y— uk 2sin 7005;/+1]

I Tk=kr& L, BHECHRFREEEIPLEETLE CORMTERLLLIEEDTH S,
IHETHOMNZ SN TV BB A o 2 BERIICEHTE 5 X 91Tl 2 eI
(2-51) XV, EMIERKE, WIIASAA yi, FEELRE w, WIHMBURSY y, R es ITIKFFT 5.

2-6 HEFEHE

ARETIE, ATEICEH LEBERA (K (2-51)) 1ZOWT, BHEH 2 L 7= BHE 22 g L v
o T 5. EEEEL LT, mEALEETOLNE—EREE 2D IREZR TH LM, BX
OVEZE 5 & B B HUL D Al — B IS M ODEZE Td 2 FIAEEBIC 0 T BUER E 21T 0 . BB A
DB T 5 5 & BER & DO BEEIREE X OB, EO X 5 ITEBERA~FEL KT
THORET S, F7-, BRIAFICHOWTITE I EDOERTIRRS.

v

2-6-1 MHiRDEE

MR EER I EH R T 2 mE B2 D. 2-8 |T/RT K DT 2SR EE Vo, AR wo, fH7ZERAHXHH
FE vo CHREIEIZHE 22T 2. MRKOEEE my, P r, BEPOIZET D OB R % k=12,
n3 il & WZSHE N e T AN A% yo, y & BIEREN R T AELZIIAIAR A y1 & L, x e nfhins
T REHAE S o &5 5. PIHMEREAE y X y=a THY, r & nfhnN 2T AEITo=0ThsD. o
THBROE & DX ZENVEI r=rsing=0, rs=rcosd=r TH VY, I (2-5) OEMLRE p1, Bo Bs
TENENRAE 2%

Fig. 2-8 The circular plate collided with the barrier
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A =1+(r32/l€2)=3
5, =r1r3/l€2 =0
=1+ (2 1k2)=1

X (2-7) 1250 (2-55) Z2fAAT 2 & 4B LD BATENEN 4:=—3u, B=1 THY, K (2-47) »»

5B a | IRATEES.

fana, =

_tany, —3;11(1+ es)

t

EXE 0 ABROHZE TIE, FIROPRENE QORI L D TR L OIS, FIAS
A > TEBERAAPREIND.

X (2-56) % HWWTEEBRHOEIC KT 5 BB A OB 2K 2-9 (\ZR3 . Bl BEERE,
A BRI R A2 K. PIHIASA yild 45, BBEEIT =0 BX N1 OFATRHEAE L. B
BARHO EFICHEOVERBERANEMNT 5 2 E08bnbd. F12, KERENKE L 2D LBEBER
ARNAOME BEmS KRR OREEH MO & &) TIHEBERANNSL 20, EBERANIE
DIEL 72 DA TIIREL 8 d. £70, BEEBEN 0 DGEITIIREEEN 0, 1OELLDHAT
HIEB GRS 0=-45" L7275, ZHIUTHEBGEEE v(0)=0 & 72 HEZE T, HIHATE Y BNELLRWEATH

2.
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Fig. 2-9 Dependence of the transition critical angle on the collision velocity
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- — — - Theoretical result (eg=1)
Theoretical result( eg=0)

(case of the circular plate)
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2-6-2 FMEDOEE

A BE R BT 25025 2 5. K 2-10 1Rt X 9 \CHEZSHE Vo, B sGEE vo CTREMIZ
H22 45, MIEBOEEE m, P2 r, EEANOEETLE COREE », HETOICBIT DM
DIEME R % k, na il & BZSHE R 72T NS A % yo, y Hih & L0 3 70 344 JE 2 A ST 4 %
yr & U, xfihe m @S e TBERAE LY o &35, MABROMEZE CTIIAMIAKNA yi=0" &L, T8
A OGS A & BEH A OBIRIT woma THD. KX (2-51) 1ZBWT, BEBERADRIE C, G,
Cs TohHI (2-52) 7B (2-54) 1T y=0 ZRAT D & G, G, GiFENLENZ (2-57) 2B (2-59)
IZEEHZ OND.

2 3
tanar=3\/— 27C, +2C; -9C, C, +\/[27C3+2C13—9C1C2j {SCZ_ZQZ)

54 54 9
(2-51)

2 3
.| 2iereci-occ, |(21e, +2c-9c,C, Y (3C,-2ct) 1
54 54 9 3

C, = [{k2sin ycos y — ik 2sin? y— Y1+ e.)
— 2k ?sin ycos y + ik Z(sin? y —cos?y)] (2-57)
/(I?’2 cos® y — u,k 2 sin y cos ¥ +1)

C, =k *in?y —cos?y)-2u,k *sin ycosyii+e,)
+ 42 (sin 2y + u,sin ycos y)+1] (2-58)
/(I?’2 cos 2 y — u,k “*sin ycos y +1)

C,=1{-k Zsin ycosy -k 2008 y -, fL+e,) (2-59)
7 - 2-59
/(k‘2 cos” y — s,k ~* sin 70037+1)
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Yo

Fig. 2-10 The cylindrical bar collided with the barrier

2 (2-59) 1B W TEERI O ATk 5 B A OBIMR A [X] 2-11 (2733, K02 BEEIR L,
M N BB R AL R T, MIWARAIZ0 , PIERAIX 167 , EME PR k=3.0X10°m, #
fil i OB B L E TORERE r=5.2X10°m, KIEREITL es=0 B L1 O5A THEAE L. KPick
WT, EREAAITFICEDMEE 2o TS, Ziuk, MERORIRICIW CRER A 1A OfE T
%, WO TOEREL 257D Th 5. FEEMMK & RARICEELRE O EFI O ERBER A0
RELRDZENDND. L, MOBREICR L TiE, ORREIE OB LW BRI R A H K
EL 5N, HROEGE LT 5 L, ERESAICIIRERENR SN oo, £To, BEHER
BN 0DBETHLEBERANDICRLRN-T-. ZHIERVHEAAZHREL TNAEZHTHY,
AR B CHIMER A y=16" , BEREMRH =0 DHE, MIEBEN 0B LN1 0L &, ERER
AIIENEN 12 BIO1L L2, EBERAPPIHIERA LD/ NSWEE, BM2-10 1077 X
N, nmns JERERIZBIT D EEP LD m FIMOANENIEOE L 70D, ZO5E, EEREO D
[EERIEREEEEID L 70D . Feb b, Bl OBMEEEIXRIAIC K 2 8 T n BV TR O
DRFEL IR D, ZDT, HEflREEE vo DEEFRT MR TEREEIZ K - TR LIF I3 5720, B
BARHD 0 DG A THLEBERAANEDHE L2 5.
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Fig. 2-11 Dependence of the transition critical angle on the collision velocity
(case of the cylindrical bar)

2-1 %8

AREETIE, BEMRISRHEZE T 58 O #2812V T, NBRED SR~ ER T 5 AN A
ThLHEBESAZENT 52 LA HME Lo, BB ML, B & 5A OB, IR,
HIAT OAEVERFIE, FIHIASS S, MR ICERET 2 2 2o NI L.

BRI ORREF R L LT, REZE, ROEEO S OE RIS TRIT 21TV, EER
s KON HT T D B e B~ T, B & U CIE R OS5 6 TR, WLEEOS
BIFHERL Lz, ZofR, BBEAAITIRE L OROEZRO ELLDEETYH, KIEMREL
D HBEEBIREBO TR RELSZET L L RbhroTo. ERFEBREBUTH L TE, BERPREICL > T
BT LRGN RRY, HREETH 2HRDIE D NMEOLEETHLHAMBRI Y RESKET L Z
EhRbhol.
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o5 3 BEM CRHETZS S D EAM O R S Eh AT

-1 #E

TWROERICIBNT, FHIEBOSGE CIE IR TEE E 7L RTINS L
A, —IRTE 25 O TE R B = R L X —RIURFEICBI L C, 2O ER I TG -
(9 TWROTHEIZETIE, —IRITHEZE & RRRICE 5% OE, TV F—RIROBREN eI Tiy @
19 SE FESCEM TR TS T TR S WEA KRG T D 2 ENHAL N LIRS T D, 2 T TR
R E ST, HEFOEHTHLHEIEY, HIFY, FEEPEEZOLERCHEIMEEST HZ LI1XHE
X DIDD, EERIZEZEPOZEE) & ZOBROFEHIIE L TS S EERBRE R ETT LA ERN
DNBARTH 5.

TR ZE OBFEHRAE TE, 5% O ROV X — RIS AT b ONEL HD 7
U9 A ORI A S A R, i B S L, BHSARERICEESE NS, Zok
T OBIKOETIIAT A/ NESWGETITEICEBEEE TH L0, AFANRKEIWIGE TiLE
TSRO JEL O MIT A L OE S O R REROHTH D, ZbO®RETIE, IEHOT H
BIfR, = L X —IRIE L AFAORBREZRAE L CWDA, EENSHIT L 725 A OBEBSM
R EE LTI LT, EZEE OEBICEIIARN AIKGE T 5708, ZIRICE ZERF OIS
DI ZEE P L X — WA 2 R 3 5 72 O (IR 2 078 0 280589 5 A A OS&M%
HEICT HAVERND 5.

WO ZFEHTHDLEIEY, WiRY, BEEICELTEE 2 ECHmMNICZOFEMEZ R X720, KRET
IEEBRMICIE V X BOBB R CHLIEBBERNAZHONCT 5. RHEZEFEBRTIX, EEEEN IR
22 & 70 5 [ & OMR/OETZE & 70 5 FFERRORBRIR 2 L7z, FROEEE, % Nk
xR — X —ClllaZ 5 2% F SEBEmICERSE 5. HEEOSRAIE, =7 —F
NE AR A O CREMICHEZZ S D, EHLLDOBFATHEEDKETF 2 A A — R AT T
RAATO . EBMENT LV, BEmREZEH OER T D A 2l L, BT M O b &
BRIZ & D HARRRE A M AA DRI B O ZIT S . MERICIBWNT, 52 B TEHH L EBER
S OER T CTh D BEERES LOWIMIAR A 2L X 256 L, R CIEenn, mlREZE
HEROE M Z B ST D12 DIC AGHERE, MBRAMEEZER G G0FEREERT L. 2L
THFHRAOHE M LB R & RS2 e U, HEERAET O ME 2 st L ORHE§ 5.

3-2 FHERK

3-2-1 HIFEREBRTHULLIHRAERK

3-LITART X 91T, REFRTHO 2 EERAIZR T LS 30mm, &S 10mm o PR TR 135 55 6

(S50C) BLOT /= A54 (AS053) THDH. MBROMIEIZRS THNLL, SHITH Yy R—
sN— #1000 CHFEE L7=. IEICHAE T ZOITAEHMTOEELE R T & & IS 2 Mz T
L5700 TH5S. ABAERHIIZIIN 32 ITRTXIRF =y W—~—h—% 10° AHT, F.L01b
18mm & 23mm OALEZHE Y F1F7-.
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Fig. 3-1 Circular plate specimen

Fig. 3-2 Checker maker

T A=~ I — DIENLES KOV FEZEAG R © B ORI 3 L OV S 2 AT 2 0 Bk LB
JURPE I LT, BHOTIERICE LTI 3-4-1 TH Tk 5,

BE 13 S50C 1ZHE & ANVLER A Jiti L, i & = A U — 34— 3—$240, #2000 O 2 FERH CHFES L 7=
RIFHRERIR & OBEEREIIZNZEN 03, 02 THY, T/ I =0 AEealBRik & OEEEEHIL 0.2
Thotz (TI=0 LEEABRIKTILH240 THIEE LIZBEH O A Z ). 22 TH240 THIEL
T BE I 2 BE [ #1240, #2000 THFEE L 7B 4 BEf #2000 & FE5.

PEEAREIE, B 3-3 1R T L D1, BRI SRAEHE 2 F W 7ol 5 20 S IRRBR 0 O B HY L7, BEERAR
BEREST D ET, M3-41R-T X918, REHITREREK 2 #, 7I=0 A58 TITRRIK 4
A VTR, ToMICUAY—%EEL, RBRET v v 7 IcER Lz, SIEREEIE 1L.omm/s T
B0, FBEEICK LT 5 BT OEBREAT 5 7. [ 3-5 (SRR B TRE # 240 DA O E—
BT RO — B Z 773, ZBArAY 0mm 225 0.5mm £ TIFRBRKIIE L L TRBY, T4 v —DfOse
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DI XS TEMNELTWBIXITH S, 0.5mm I[ZEE L TRRHIEEE L 20, RERENR
B 9. 2% 0.5mm 25 5mm £ TIIRBRAN B X ki), BB LZEBEIN —ETHBETH. =
DOXFNENEE S TH Y, BIEEIOVHMELY 7 —ar - TE L R OIER] (u=FIN) H 5 BEERR
BB U, BRBRIRHS R ZE M CRER 240, #2000 DA DFEREZTNENE 31 BLUF 321
T EERBRANT LI =T AE4ET, BEE#240 OBA O R E # 3-3 1R T

Tension testing
machine
specimen

barrier ]

==

Fig. 3-3 Measurement of the frictional force

Specimen
Wire
7N
O
Bolt Nut
0 O/
NN

Fig. 3-4 Specimen of the frictional force measurement

Dynamic friction force
—

Static friction force

=
ol

0.5

Friction force [N]
(=9

‘—_H‘

0 1 2 3 4 5
Displacement (mm)

Fig. 3-5 Load-displacement curve (specimen material of carbon steel, barrier #240)
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Table 3-1 Friction force and

coefficient of friction (barrier # 240)

Number of | Frictional | Coefficient
experiments | force[N] | of friction
1 1.3 0.31
2 15 0.35
3 1.3 0.32
4 1.6 0.38
5 1.4 0.34
Average 14 0.3

Table 3-2  Friction force and
coefficient of friction (barrier # 2000)

Number of | Frictional | Coefficient
experiments | force[N] | of friction
1 0.89 0.21
2 0.90 0.21
3 0.97 0.23
4 1.0 0.24
5 0.98 0.23
Average 0.95 0.2

Table 3-3  Friction force and coefficient of friction (Specimen material of aluminum, barrier # 240)

Number of | Frictional | Coefficient
experiments | force[N] | of friction
1 0.45 0.15
2 0.53 0.18
3 0.50 0.17
4 0.58 0.20
5 0.57 0.20
Average 0.53 0.2

3-2-2 {mIMEREERTHUVDSHERK

3-6 [ZRT L9, AREBRTHWLRBARILEL 29.5mm, £ 100mm O AR THE L
R (S50C, BE F) BLUT A I =0 LG4 (AS053, TET) ThHhoH. MHHOMEI & 785
AT RS M LAEfE L, S HITH Y RN—X—#1000 Tt EIF &2 L7z, AZAHT 201X 3-2 Hid
MR & FARIC AR COM %2 72 < T 720 Th 5. MBRIRE BTS2 5 8mm & 13mm DAL E |2
WRIERRIZK 3-2 IR T L 9T = v h—~—h—%HEAIZ 20° ZATY (1572, ZO~—T—D
A KOHEEEN G, BT PaIE O 3 O3 2 B AEAT & 0 B Uil R B
T UT-. BHGIEIL 3-4-1 TS, BEmIE3-2-1THTRLIZDDERICLDOEMEH Lz, BEER
FREGCBI LTIk, MR ERBROMERS X OEHRMN T2 Liz720FE—E LT, 028 X003 0 _fkH
s LAY
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Fig. 3-6 Cylindrical bar specimen

3-3 EREE

3-3-1 HiREEREER

X 3-7 1R T & 9o PRI, ©—%—, RBREEEET 158, B, fAREHREMEE
FENL RZE > TREREND. IFETRBAEZETE L, TOEMICEY FF7-E—4—I2k->T
FERZ AN 5. 2L T, [FENRAED £ ERlBRIAA A% NS EREmICHEE ST 5. HEOKT%
INA A — RH AT X0 B 1% 41200fps (B2 k@ 0.024ms) Tl L7z, AFEBRTILH &
THRA T BRGSO BR T 2 MEE T 572010, FEEREGS L ORI K4 & BB R4 oG
A Lo, Fio, BERT IRV, AREES JORBREME A LT L ERITo 72, B
FREIL 5 AATEF L. SRERAE TO IEOERNS 1 ETHLREBRE LM SNTBE, £
D% RNIFIRRE L LTz,

BT OIS AICI T DERERTIE, RIBMABREEZH, FEEL 2ms —E & L, % F#
JE% 2, 3, 4mfis TITV, FIHAAS A 2B S8, 20 L X UMARAITETNZEN 45 , 34° , 27°
Ths.

BT0 D NGRS T DEEFERTIE, REMRBREEZMEH L, WIHARMAEZ 45° CTEELE.
ANGHHEE % 2.8m/s, 4.2m/s, 5.7m/s IZBWT, TNENOWE FEERS L OVEEE L~ L, AHHEE
2.8m/s T 2m/s, 4.2m/s TlI4 3m/s, 5.7m/s TII4 4m/s TH D

FL70 2 FEEAR AT 35 T DML TR T, WIWIAS M4 45° , AST#HEE 5.7m/s TREE L7z, #BRK
ITRFMTH Y, A U7 RE A B #240 (BEEMRE0.3) L EER #2000 (BE#4R%0.2) O _FffA
Z b L7z,

B2 DB DEZEERTI, PIIAG A% 45° |, AFHER 5.7m/s, BEEERS 0.2 THEEL
7. MBREMEEZRZMBLOT VI =Y LA FETIT-o72. 20L& M L2 BT
¥ (R —\2 3 B 72 DI R B AR (R CIRBE £ 2000, 7L 2 =7 MG ARBRIA CIIEER #240 %
-,
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Fig. 3-7b  Impact test used the drop type impacting machine

3-3-2 {mIMEIZERER

3-8 IR T K ICZ T —H U NENCRBR IR AR E L, BN RERICER I, 2O 1IN
A AE— R AT %AW THREIERE % 41200fps (FREZMKR 0.024ms) THRE L7-. AFEBRCIIFE 2 &
TR BB R A ORER T2 RAET 72010, BERHEN G2 2B EZREL-. £, Hia
FRMTICB W CHIA L L2, BB TRV, ARBER I ORBRAMEEZZEE LZER Y
1Tol=. BERAEILS AATEEL, FAETOSEIOFERNS 15 THREIREE L B Sh-35
A, TOAEERIRIRIEL LTz

B0 D BRI BT A S ER CIE, IRFBHRABRIEE Y, FIIASAE 07, ASEHEE 10m/s
TEE L, BEm#240 (BEEELRE0.3) & REH #2000 (BE#4RE0.2) O “FE At L.

B0 D NIHHFE IR 2SR ClE, REHRABREZHH L, WA A%Z 0° |, BEEAEZ 0.3
THEE L, AFHEHEZZNZ1 10m/s, 15m/s, 20m/s TIT-7-.

IR DG X DEEER T, AN AL 45° , AFHEE 10m/s, BEERE0.2 CHIEL, &
BRISHIE & IR FEEH (S50C) B LT VI =7 A 54 (AS053) TITo7o. 20 & i L 7= i3
BARE R A — 23 25 72 DI R FIMGER (K CTILBE R #2000, 7 /L 2 =0 AG4A e BRIR CI3EE R #1240 %
-,
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TR
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Fig. 3-8 Experimental apparatus
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-4 EBREMICLDBYEEBOHRAE
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(Dipp motionV) % MWW\ T, BERIRIZHE Y (1 7o F = v B —~— B — OBEmEERR, BRI N X
OAERLEZENT 5. 20k, BAENICEETLOBE 2R, Bt GEEZRH L. |E
FORIBIRRE D HI BN L EZE R OB E > D HIWr9~ 5 2%, TR EIT 5 720, #flGHEZE(b
FA =,

3-4-1 EftSREORMFENELAZE

3-91Z, IHAEZRIZ 1T 2 Bl il L 2 B S D 72 D DR RIS . BRI S F
T N— = —Dm FRBE R FROEME, 2OOF = v —~<——%FEATERRE ns
e N2 TAHELRMNTED. T =y I—~v— 0 — OB & B & 3 BRIR O M3 ) D E
BEHOHEEL RO, BEMAEEELENT S, Fo v —~— I —OEE v, B
Vs, RBRIEOE B LOBIERE 1, EREEE Vs, Bl OBRGERE v, B v, REBRAEO
AHE L o, RBIEOYEEr, BEVPOLPOTF =y I—~v— I —FTOHRE/ T 5. HBREDE
BHLOER, EREEIXT = v I —~— T — O, EHREEL L OEHEE ro 2 HIRA L 72
%.

Center of mass

N
Specimen /
Barrier /

v V3

Fig. 3-9 Geometric condition of circular plate collided with barrier

V, =V —r'wcos 6, (3-1)
Vy=v',—r'asing, (3-2)

L7ehio T, WBRIKOEETOHE & AHE LY, Bl OBER, BRI ITRAL 2D,

v, =V, —1r'wCoS O, +re (3-3)
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v, =V,—r'asing, (3-4)

¥ 3-10 12, fm/OEZRICIS T D Befils ﬁf%%ﬁﬂ‘ét@@é@ﬁ%éﬁﬂ#%ra‘ BEMICKR LTk
PR na i, BERGMAZ nfihe U, BSERAE T 5. BTN F =y W—~—h—P;
DBEHIZXF L CHeRR, ERREENEH TE, %ﬂ%ﬂé’\u, Vel D, FTEPLBIOPERAR
EAR LICHETONH D720, ZOEBOAELLIVEETLOMARELRETE L. ARikD

HE&EPLIHOEMEETE r, Ty h—~—D—0OLHEEPLETONRBEL ¢, BEEAEL o, &
BRLETF =y =~ = —ERE AT LR D E BN L ERATERO RS AEZ n LT 5.
Fo, HETLOER, BHEEELZZNZEN I, Vel L, BEMUSOER, EREELZ ZNEI v,
ve, AL 0 T 5. Ty H—~—h— O, EHREENSEHET.LOOER, BSEE TR
KEb.

7
Vi

Specimen /

Fig. 3-10 Geometric condition of Cylindrical bar collided with barrier

'\

|

I

i\ Center of mass

V=V, +laesina (3-5)
V,=v,+lacosa (3-6)

L7eDo T, EEPOOERR, 1EMERE) SHMmOBGR, EHEE 2R 25 L RAlL 25,

v, =V Hlasina -rasin(a - y,) (3-7)

v, =V, @ Cos a — ra cos(a — y,) (3-8)

3-4-2 BEIRH L UERMARE —BHEREICK S8, FEREOHA
—HlE LT, K311 56 LU 3-12 ICHERFER TOMREOL A, X 3-13 5 LUK 3-14 I241#
ZERRTORMRIED 5B OREAMAHEFE — IR LONA A — RO A T TR L lifg 20w
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T BEfb R — RERIRR XS IV TR SRR, MEH SRR SOEE A R U, RS ns TR (BEMEIC
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T, BE L XL SED L, BmEHBERENOHENEGEL 0 L5, Z0%, EEIXER LERED
X0 &725 LHER LEZENE T T5. m FROEEIZHBWT, REOSA TIXEZERLAN O
B IR LT D b ODOMEZEHE T £ T MICIE Y felt, BERIERED 0 12725 2 &30,
ZFD=%, B X O EREER NS ZORBELZ IBIRREL L, EBREEOHBIZIT- 72,
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-~ 4
. ~——
g O 75
5 0 004 @08 0.l2 014
< -2 rd
£ 4-
§ -4 == Small Small
% displacement displacement
Time (ms)

= = = Normal component of velocity at contact point

Tangential component of velocity at contact point

Fig. 3-11 Discriminating method of sliding condition
(barrier angle 20° , velocity of contact point 4.5m/s, initial angle of incidence 27° )
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Fig. 3-12  Sliding condition with barrier angle «=30 ° and collision velocity ¥,=10m/s
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Fig. 3-13 Discriminating method of non-sliding condition

(barrier angle 15° , velocity of contact point 4.5m/s, initial angle of incidence 27° )
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Fig. 3-14 Non-sliding condition with barrier angle =15 ° and collision velocity V,=10 m/s

3-b HIBEEDERER

3-5-1 ELRDHAHFREICLHEEER

EREAA RSB O TASFEEICKFE T B L8 &, REBRTIE, AHEENE
Tl A OB T & 72 5 03 E ERINTHRGET 5. SBRIKOPIMIAS /A % 45° T—@EIlC L, g
FE % 2.8m/s, 4.2m/s, 5.7m/s O ZFEFECHEE L=, TNENO% FHEERS L OVE#E T %L, AH
W 2.8m/s TF 2mfs, 4.2mfs TIX4 3m/s, 5.7m/s TIZ4 4mis TH 5. 3-4-2 TH TR 7B 515 &
D, RNIEIRREAHE LTz,

F 3-4 (2K ASHEEE 2 I81T 2 B ER A 130 O BEE A4 B 0 F2BRFE R A "3, X 3-15 I[C ASTE A
%I HEBERAAOEGEEZRT. RPOLZEIIXBREIREE, ONERELZET. KB\ TER
W2 mOMERA (X (2-56)) MO L EBE R AL RT. MERDERERTHY, K ER
ROTIRMENFIIREETCH o oI KAE, ERENEREBLE oo IOMELR L, B EOME
HPHNIOEBIERAN D 5. £ 35 /BT 5 LT, AEOHIBIT A 72 5 il sk 2 — R
IR AICRT. ERER LY, EREAAIIASEED EFICHENRELS DL IICHZDN,
AREBRTOWUE EOSRREIXS THY, BETLIHEASNEE COAEEILS THLI b,
EHZIEBBLE—ELB2bND. EBRERE X OGRS EH I N BRI % LT 5
&, PIEIASH 45° OE, B L EH S ERE A AT (2-56) L0, AFEEICKST
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4 THY, ZTOEIEISEE 2.8m/s TIX 4 5 9%, 4.2mis TIEEBRME RO ICHRENH Y
5.7m/s TiX1° 7»"H 6" ThHhD. 207D, EFFER L VGO ERER T MAITEZSHE I3 L TR
EL BN, BEBKER L DB LU R & O2=IT/NEL, WESFREOMETHH L Z
EMD, BRERAMIIAFFEECLILT -ETHDL V2D, RERTHOWZ AFEEGEANICE
WTIFHEERRIC K 0 ERERRAOHEENATRETH 5.

Table 3-4 Discrimination of contact condition on contact surface (case of change in incidence velocity)

Number of experiments

Incidence velocity(m/s) | Barrier angle (degree) 1 2 3
-5 X O O

2.8
0 O O O
0 X O O

4.2
5 O O O
5 O O X

5.7
10 O O O

12
10
s 8
>
3 6
@
> 4
c
@©
s 2
8
2
S
= 2
[%2]
c
S -4
=
-6

O : sliding condition
X : non-sliding condition

Incidence velocity (m/s)

Theoretical result

Experimental results (range of transition critical angle)

Fig. 3-15 Dependence of transition critical angle on incidence velocity

3-5-2 ELDVHPANAICK BEREEER
AREBRTITUAS AP ERERA~G 2B ERHE L. VIARNAIZ 277 , 34° , 45° T
bHD. 2T, WIIARA 27, 34° , 45 2BV, RERKROTE TR FFEH 4.0m/s, 3.0m/s,
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2.0mis TH Y, JEEHET 2.0m/s T—E CHEEERA LMLz, 3-4-2 IHTHRAHBIHEL O E,
AUEEERI LT, R 3-4 ([ZHEHIHIAGHAITxT U CEBRER A T &R U 7= BE i 4 i 0 SEBR G R &
RL, X 3-16 I[TEBEE A & AR A OBRZ/RT. RF OGRS XD RERE, OnkEs
£, MICBWTERNE 2 2o R R (2-56)) 7»OMEH LI-EBERAEZRT. HERSER
FERTHY, BEBREED TIRMESRURIRGE & 72 o T KARE, EIRIESTIREE & 722 - T2 e 9] D
EaEL, BEOAERANICESBERAND S, £72, £ 3-4 2RI 5 LT, NEOHBIH
N b O B — RERAR B A B A LR EBRFEIR LY, WA A ORI L & HITERER A
IS BRB T Enbnd. WHPEEZZ(LESE720, PIARMAL & BICASFEE L EIT 5
2, AT CEBBER A AIIASHEE OB L Z N 0 h, RIEFRFE SIS 4 OB T
HHENWZS.

HER L EERAER L0 S O BB R A A i3 5 LI, WIS AN 277 CliEERfE 23°
IZXF LT3 76 8, 34 TIHHERM16° 1Tk L T1L B T7° , 45 TIIHEFRMS x5
D 107 Loz, FEBRE L ERRREOZEICB LT, AIE CRAHIESMERE 5° 2B BTN E
WEWNx D, Lo T, MifERIIBELIZ %L TRY, PIHIAKA 27 15 45° IZBW TR
ML o TEBERAAOHENRETHD.

Table 3-5 Discrimination of contact condition on contact surface (case of change in initial angle of incidence)

Number of experiments
Initial angle of incidence Barrier angle (degree) 1 2 3
(degree)

-5 X O O

45°
0 O O O
10 X X O

34°
15 O O O
15 X X O

27°
20 O O O

O : sliding condition
X : non-sliding condition
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Transition critical angle (degree)
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Initial angle of incidence (degree)

Theoretical result

| Experimental results (range of transition critical angle)

Fig. 3-16 Dependence of transition critical angle on initial angle of incidence

3-5-3 ELHEEBRFRMICLLIERER

ARFEFRTIE, HmA LGN ERBERAOLER T ThHOBEREE T A =2 L LT, B
PR ERBEE A~ 2 DB ET 5. HBRIK L BEm O BEMAHIEL 0.2 BEL 0.3 @ 2 FiJH
T, MEZEHEL 5.7m/s, PIMIARA % 457 & EE L FERE I LT

7 3-6 |ZHBREIREIC T 2 BB A AT OBER A L O FEEBRERZ R L, X 3-17 I(TEB A
EBERBOBRE RT. BHOGEIXXBAUTIRE, OB IFREEZERET. KICBWTERMNE 2 &
OGN G (2-56)) N HEH LI-EBERAZRT. HERPAERBERECTHY, KFEBRERLO TR
BN RIGIRRE & 72 o - e RAEE, EIRMESIIREE L R o o WO AEEE L, B EOAEGHENIC
BEREERANDDH. £ 3-6 ZIERT 2 LT, RNEOHEBNT - Bl nGE B — IR A
RS, EBRRERLY, EBERAIIEERHO PR L BICRESRD I LRI, ERE
B I OHEHGRHAN OB LN BB R AL T 5 &, 2o, BELRH 0.2 TIXERS RO
PICHER BTSSR o 0, BEBUMREL 0.3 TIFHERE 4° 2L T 1 726 6° Thd. FEERFER LM
WALV EONZEBRERAAOETNSL, BBEZ-HLTWD. 2O, BELEHEN 02005
0.3 OFIPHN TIIABRGRARNT L 0 RO -GN E2H WL Z L T, BBERALHEET D LN TED.

Table 3-6  Discrimination of contact condition on contact surface (case of change in coefficient of friction)

Number of experiments
Coefficient of friction Barrier angle (degree) 1 2 3
-10 O X O
0.2
-5 O O O
5 O O X
0.3
10 O O O

O : sliding condition
X : non-sliding condition
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Coefficient of friction

Theoretical result

I Experimental results (range of transition critical angle)

Fig. 3-17 Dependence of transition critical angle on coefficient of friction

3-5-4 EEHIMEBEIZKkDHEREEER

BN ORI T, M B X OBEm AR L LTI 21T o 72, RFERTIE, 725
AR IR X D22 B D, WHERCTHLEA TRENS 02 HE T 5. WEOYMISERME L LTHIIA
GHh 45° , S 5.7m/s Tiro7z. A LERBRIKIIRFZMB LI OT VI =0 2548 THDH. il
FRERIR L BE & OEREMREIT 0.2 T, BEEEN T L0 E AV,

37 ICHRBEEREICE T 2 BB R AT OBEE A K OEBRFEREZ R~T. BHOFEEIIX AR
TEIRRE, O MIREER KT, £ 3-7 Z1ERLT D ETIB, RIBOHIBINT T Bk G B — FRERTHR XX
ik AR, EBRFER IV, BRENAIIRFZMTIZ-E 726-100 , TAI=U LG8 TIEO
MH-5" Tho. FBHERLY, MEBRRIGHITEBERMLRLRY, MENEL 25 L EBE
RTINS D ERHABEMNE RS T-.

HHA L v ELNZEBER AT (2-56) L0-7° THDH. ERERLHEGIVEONTERS
RAELET D L, ZOEE, KEMOLE, FHNIC X 2 EB R A OMITERE R OFPEN
ZHY, —HLTWD. TAI=TLEEOHEETIE2 267 Thy, HmlEEZrR®5. 7v
L= U LAAEITRFM I LTI S 03, BiERE OZITOFRE 5 AFE T U hE
LWz b, 20D, HEERNOBBEEMNAIIAAZGR CH 525, HEERICBWTHLEHA R TH S
EBZ D Ak, AFHEECHMEZ SO A D TW S LERD 5.
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Table 3-7 Discrimination of contact condition on contact surface (case of change in material)

Number of experiments

Material Barrier angle (degree) 1 2 3
-10 O X O

Carbon steel
-5 O O O
. -5 X O O

Aluminum

0 O O O

O : sliding condition
X : non-sliding condition

3-6 mLERDERER

3-6-1 ELHEEBFRBMICLHIERER

AREBRTIE, AT W CEBR A ORER 1 Th 5 BEAEE 2K L LT, EBERAL
A L 7o, ERERICI VD TR & BE O BEEIREZ 02 B L V03 0 “fffH L LT, HEREEHEL
10m/s, WIIAGfMAZ 00 & LTz,

# 3-8 ICHRBEBARBICE T 2 EBEERAMT O, RUpREE &HIB0 U 7 BE A o R R 2R
T, X 3-16 [Z R BT 2 B AA OBMRE Y. RPOTLFIIXBEE, ORI 2%
T KB\, EEAERA G (2-51) MHEH LERERAAZRT. MRS ERBERETH
0, BEBRERO T RENNERE L R oo KA, FIRENEREBE RoTRYIO[ELERL,
M EOAEGREANICESERANRS SH. £ 3-8 Z1EHKT 5 ETHE, REORBN 7Bl OE
— FERIRREIT A8 B IR d . EBRER LY, B EBEERKICx L CEBIE AT LN ELS, =
DEFFAIC I TEBR I DOEEII IR SN o 72, BHHAR I OERE R L 0G50 5 BB
R a3 25 &, T OETEERE 0.2 TIFEGHIE 22° 12X LT7° 25 12° , 0.3 CI3ERE
32° ([T LT12° 6177 ThD. ZDOJFINE LT, RERIAE FIC Xk 20 ASAOENE Z 5
b, HIAEA0° & U CHGRMBIT 21T o722, EEOERTIE, REBRIENSFN ST DEEHIC
#2245 % T 20cm DN H Y, ZOXMICBOWTRBRISIZHBE TT5. 2070, KR L
LCHHETEZSBEL, HEmMICIARNAZRD D L, RBRIKOYIIAKAIZES THY, i
EBRFERICEE LI EZDONS. X 3-16 ([ LR O A4 2 %58 U= BiimiE (X (2-51)) %A
BRC/RT. TORER, FEERER L HHAIC L 2EBBERAOZIT/NS ot BEELRE0.2 TiEB
BLZE—HT 250, BEMSREH03 TIXELENRKI V. BEEMSRH 03 DLEDEICE LT, EEIZL
HREHSOBNEZ BND. FETIEX 3-12 (R & 5 (CRBRIE O BN E L 5. 3
Btk ORBRIRE S 2, B TIE® 28I T 5 LEHERIE Th X DNICEmORENE D> TV
7. 32-1 HOBEELREOPE TR LI L DT, MK EBRENELT D, T0izn, WA
DOEMFEOM I N ED ST Z LI L0 BEAEN D L, B Zn4ECeBZxond. £
FH O X S EETH # 240 [ XEER #2000 & bR LW, BRBRAEAm O SN L0 Bk L, B
PR 0.2 L0 HEERA L ENAE U, LR - T, BEERE 0.2 DA ThHIUTHEGRNE OEN/NE
<, HEmMICEBBIERAAZHE TE D B2 5. 4%, EEAZOREM S OFELERE LR
ZED TS MERDH L.
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Table 3-8 Discrimination of contact condition on contact surface (case of change in coefficient of friction)

Number of experiments
Coefficient of friction Barrier angle (degree) 1 2 3 4 5
02 15 X X X X O
' 20 O]l 0| O] OO
03 15 X O O O O
' 20 O]l O | O] OO
O : sliding condition
X : non-sliding condition
__ 45
(<5} /
e 40 -
g 35 L
= //
2 30 -~
g 25 ’,‘/”
S 20 ',/
5 15 /
S 10F
2 5
o
— O
0 0.1 0.2 0.3 0.4 0.5

Coefficient of friction

Theoretical result(Initial angle of incidence 0° )

- — = - Theoretical result(Initial angle of incidence 5° )

I Experimental results (range of transition critical angle)

Fig. 3-16 Dependence of transition critical angle on coefficient of friction

3-6-2 ELDHAFEREICLDIEEER

EREERA ORI EHICB W T ARNBEEIEKAFEL RN EZ2H NI L. KERTIE, AH
M BRSNS 2 DB OWTHREET 5. ASHEEE X 10m/s, 15m/s, 20m/s & =FEFE & L,
ATHE & 0 WIS AR 5° ) RFIHABR IR CRE #1240 % -, FRBRIK & BER #2240 & OEEEIREL
103 ThH5%.

F 39 ITH NG IC BT 2 ERBEE AT OBERMA IRV T, AUHIREE &R L 7= 25
RERT. BRPOGLBILIXDBAREIRE, ONIIRELERT. £ 39 2/EKT % LT, NEOHRIIC
FAN T B b pUHR E — RERTARIXNI A A8 B 13, X 3-17 (S ASHEE (2%t 2 R A O BIfR &R
T KIZBWTC, EEAERA L (2-51) MHEH LERERAAZRT. MRS ERBERETH
0V, BEBRERO TIRENSIEIRIE L R o TR KA, EIRESERIE L Role RO MEER L,
M EOAEFGREANICEBERAND S, ERHERLLY, AHEEO EHICx L CGERERAITEL
T —ELRole., ERERBIOHGBAL VG ONIEBEAA LT S L, 202 T mE

46



29° TR LT 9 5 14° Thotlz. FE TR LI-EEERFIZOEFIM I L 2B L2 EE
T UL, AFEHED EFICK U GEBERAIZEZNL L TR, ABREEIKFE LRV E WL
5. AFHEEEE 10m/s 205 20m/s IZB W T, AREEEIZ X O T HEGRIOEBRR AL HE TE D LW
z5.

Table 3-9 Discrimination of contact condition on contact surface (case of change in incidence velocity)

Number of experiments
Incidence velocity(m/s) Barrier angle (degree) 1 2 3 4 5
10 15 X O O O O
20 O O O O O
15 X X X X X
15
20 O O O O O
20 15 X X O O O
20 O O O O O
O : sliding condition
X : non-sliding condition
35
B 30
o
S 25
2
g 20
3+
S 15
S 10
2
% 5
g
— 0
5 10 15 20 25

Incidence velocity (m/s)

Theoretical result

I Experimental results (range of transition critical angle)

Fig. 3-17 Dependence of transition critical angle on incidence velocity

3-6-3 ELDIMEICKDHERRER
BRI O AR T, MBS L OEEmZ IR L LT 21T o7z, ARRTIE, ®eD
BRIV TC R ER S, BEARTHOEM TIENE 0 ZHE T 5. BRSO EITIRFEE &
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BT NAVI=ULEE&THD. BREEMEE LT, UIFIANAS , S50 10m/s TH Y, Wtk
& REM & OEEBRENT 0.2 T, BEUREN BT 2 b0 x -,

# 3-10 [IZHAMENT BT 2 ERBER AT OBER A LIV T, AEREE &I U 72 ERs R 4
AT BHFOLFIE X BARIERE, ONBRELZET. ERGERLVEBERAMIIREMS ZOT
W= LAEEIIBNTIS 7H 200 THY, MEICLLT—r L o7z, Blamal (3L (2-51)) B
FOEBRBRIVEONTEBIE A Z LT 5 L, TOETHERM 23° 2L T 3 o 8 T
Hoto. ZOHETI6-LETRUIEBEEBRKICE 2D THD EB DI, MENNREMREL VKN
WL =0 AAETHEBERAICEITR. D78, BEREIZB WO TEHM 2RI & L7723,
WHERDOLGAE THEBERALZHETTRETHL LB X D.

Table 3-10 Discrimination of contact condition on contact surface (case of change in material)

Number of experiments
Material Barrier angle (degree) 1 2 3 4 5
15 X X X X O
Carbon steel
20 O O O O O
15 X X O O O
Aluminum
20 O O O O O
O : sliding condition
X : non-sliding condition
-1 &
ARETIE, 5 2 H TR RHE LB L OB A B L CHERRINICHREST 2 2 L2 AL
L, TEZEEREN IR EZE GRERIASTZIR A HR) 3 X OMmLE2E GRERATZIR S o%aI1ckslT

A B L EBRIZ DN T IR 7=,

SRR T, BB RAOBBR T Th 2 AR, BERRK, BERFTIAROAS
W, MEZZESE. ZOMR, RERNTTHLMPASAITK L T27° b 45° OFiPH, FEE
BURBIC I LCIE 02 705 0.3 DRIIT, ML 0 A7 BBERAITHE5 £ £ —H L, BRiIcE
BRI A A TR Th 5. E BT TR, AR L O E & 250 S 4754,
YHHEE 2.8m/s 705 5.7mfs THIERIZBNTHHEGH AL VG EBERAZEHTE I L 2RL
7z,

IROEZEER T, BT T 5 BRI LT, BEEARE 02 1235\ T KR 1 & MRtk
DGO TS, BB & T TH 5. BB L ASE
FECE BT —ETHY, £TAI =0 AAGICHOTERER L FRAIT S RI5 5 2 —% L
7. ZOiz, AEHEEE 10mis 225 20m/s O#iPH TR DS E THERmADEH TE 5 2 & 21
ST LT,

B2 ECHE LB A ORHE 8L, BHEAORFI N LETH D b DD, ERIRREIC
IO ERS I CEATECHDL D L BT LT
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BB G (M Ok, BAE, ke &) OfEEFEROMEAN GER L7 & OIEEFK
TOEER L DM ZBi<2dll, EBEEEEE (7 v a b FTLRTNE T viarinl)
ARETDHILETRE~OEEWELZEINL CTVDEH, RE L TEERITE . N5 OERE
RS B (XA ZEE OO = 1 L ¥ — 2 TR K o TRIN L B BB A 3R FIAY IS HI B S & 5208, 2 ORFORGH
ENRKREL RV FEENMEENRETHZENHD. DD, HEKOBEBELEMT L L L HIZE
D% DTEB) T 1)L X — 2 FEEERIC L > TINS5 A BUHIEMARBISE S, Eh LIt TW 5. HHIEL
AR EN AL I EEE R 7 EOER THRAES CHEH SN TETWEIN, REAMBITOER THFT
1A BRI BN R DR E BEEES R CE R WIENR S Y, THEHG~OEAICLAEXERED
AT D HEHMNFAEL TWD. F7- A BHIEMRO FIEhEEEE 7 & OB REICBI L T, ERICK 28
ERREINTVARETH Y FERIICERIZ I TR, 0729, A BIHIEMRO T 72 2 H B i
RED EZ21T 5 72012, BEOHE, B Ol (b-CHl BRI 2 B D NS T A MERH 5.

AR TITEOE—BREL LT, A MHEBVROMEFCHEORNIC E T HREICER L, TohTT
—LDRHELAELYERD.

RETIE, HEBFREOHIES O — A A EOFE AT O 72012, HIBhEERER L O A BUHIEh (R
DT —IAEFHAAZENT 2 AR E TS, A TRHIEARO R EIZEE)N T 7 — 202 A EhE ) il L,
T—AEEBOHND. TO%, PFHERICEZE L 2RISR T o REsE A X & U ClalisES) 4
ITOWEBHE E — &L LHEIT 5. 7 — AICHBEAEMT 2BV T, Mons BEIENT —
DT D52 e, 2 ECRANIREZRFE A L, 77— A8 7RO B B) BUHE 25K
DD, EBIZ, T—AAEICBOTRRENDIFIRIE L R 2 BB R AZIRET S, 7 — Ll
e TRED B BB 2 ISk & LT, BhaEAR IR Z2e o0 B B B 4 = 1L —{RAFAI L 0 g H
%, BIREMRE 221212 A BRI BRI XA E®) L BB & — R G & 2 0 fE), (FIRIZE D2, B
IR E 1% O BB DR E A WIS LT, =R VX —RAFR & 0 BB OB 24T 5 . RlEE
XA EAE Y, TR —RFNOZRTEE U HENHEE S b a2 1T 5. RHEZERE A L
T23A & =RV X —IRFRI OB DA D, OO R RGN S BUEEHE 21T\, H228)E,
T — LA, BB AL ST A ORIBIRREO R &, BT A —HZ DH 2 DR BEDORGE,
B & OVRME S HE FaE ) o A 2P E 2 Rl 5 % .

4-2 #EEBFEERALEARFBEAOFBEHOEH

H B E)S L BRI BN A IS B 22 L T D135 £ TOHIEEREZ FRRIICI S c T 5 7212,
@ A BT TS5 2 5. (1) HEVERGERS T — AT DB, (2) 77— AEHE T %D
LT — L&Y BN PEREEE T, ) PIREREEZNOEIEETIINT 5. (1) OB TIX
B2 MCIRATRME R AEH L, 7 — L& TIRO J1FE) D2 0RO BB OB &L 00
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filifs T 2 BTN IE S £ COMBEI = R L —Z{b, T —LEERY LS L EOEBEIZE DR
NFXF—HREELL DL LT, BRERFO BEBEOREZRD D, £ D% A BHEROEER
iz SR AR L BN E — IS & e D, —IMEMEROEBITH D (3) OFEETIE, —Mb
W & 7o TR AF IR T 2 F CORM A HIENEREE LT, ZOHM TOEE) = 1/ —28K A% A U]
R TR OB & B & ORI I ) = x v F =01k sh D & LEilEERE 2 S+ 5. 22T
BOREMET S22 IR 1T A Y BN AR [T R 2 SRS RIS U BB & — (R b3 5728, FHEIC X 2 =% —4
KITIEGS 5. £, RHEREZEZEN L72BE ORMEERFT 5720, (1) ORHEZESET) 45
MET, HREELZ (2) OZEHOMHSRMGE L, £ L T IKMUBEROEERTHL (3) D%
TR F—ORAFR 2 I T Hl BN EERE OB $1T 5 .

4-2-1 RMEEFEZEA L7 —LEMKRTEROBSEEE

ARIETIXT — 2 EAREO B B EEENIZ OV TRFTT 5. 4-1 1TRT & O I A BN EZSHE 1o
TAMGERD T — M T 25625 2 5. BEIE L OV BRUHENMAIIRNIA &5 %, Eoessfn
REIZB W T A RHIEN AR KO BB EOBENREHE 0 LIEL, 7 —AMOAEZMEEL L CTHRT
5. £, BEEOFERE AT DO A BED L RHEIRD T — M THEZE LR, BEAROFTRTIC
E22 LRTIICIIEE LW Th D, BEHEOEES m, EEHOICEIT 5 BB EOEME K-
%k, EEHEARZ R & LT B A AR R CTd 2 x-y AR R 35 I OVl 22 i i O BER 7 1h) 6 KL ONE
WRIT 0 D EFE R % ni-ng JEAR &5 4. RIS AN OWTIIREEHRID 2 1E L35, F72, naifilh & H22
HWENLTAFTAZ pob L, ylllE mA2TAE a & TDE woma THY, 7T—LAK 0 & A
A o DFRIT =02 —yo TH D, m-nsEIERIZB T HDEETOLEEL (r, rs) &3 5. HE2EHEANS
DOEEFPLETEr, r &y NI AEEZy L L, r & N 2T AEELZ EFTDL0 =y, -y
Thd. RALIIKGL T EXTOEMEERE LI LD ERT.

77 p h

Fig. 4-1 The vehicle collided with the enforcement device of lambda type
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Table 4-1 Nomenclature

car mass m1
Radii of gyration for the center of the mass of the car k
Distance from the collision point to the center of the mass of the car r

Tangential distance from the collision point to the center of the mass r

Normal distance from the collision point to the center of the mass r3
Horizontal distance from the car front edge to rear wheels L
Distance from the ground to the car and the arm R
Horizontal distance from the car front edge to rear wheels L

Horizontal distance from center of mass of the car to collision point

Horizontal distance from center of mass of the car to rear wheels

Collision velocity Vo
Angular velocity o
Velocity at contact point v

Initial angle of incidence w1
Angle of incidence Wo

Initial inclined angle

Y
Inclined angle a9

T — LHEME TR HEN R T — L BAIRY BN S, Bt oOEENTIRES D FOTD
T — LHEARBH AR S K T E TCOHBIHEOE EP.OEB LA EEIC O W EEIE & HREORRIT
"X e B,

m, (VGl —Vio ) =—HPy (4-1)
m (Vcs _Vso): Py (4-2)
mlkaGl =(r3,ul +r1)p/. (4-3)

FEfifs TR D IRRITER 2 EoOR Y o (2-24) Z, X (4-1) -:X 4-3) ZenTthAT5 L
T — SfEfbRE TR BB OB B Lot KOV IEE IR L R D

D
Vay =Vip——

1

(1+ eS )/ul COS WO } (4_4)

=V, ssiny, +——= = — —
0{ " 14k ?sind(y, cosd +sind)
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p 1+
Vg =V +—L=V, cosy,i1- = E ¢) = — (4-5)
m, 1+ sin 6?(;11 cos & +sin 6?)

_ngtn o (1 es)(,ul cos @ +sin E)I?’ZVO cos y,

mk? *7 ril+k 2 sin @y, cos @ +sin 4 )}
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Table 4-2  Specifications of the car

Car mass m 8.5 kg
Distance from the collision point to the center of the mass of thecar » |0.17 m
Radii of gyration for the center of the mass of the car & 0.062 m
Initial inclined angle y 16 °
Distance from the ground to the car and thearm R 0.026 m
Horizontal distance from the car front edge to rear wheels L 029 m
Horizontal distance from center of mass of the car to rear wheels 5 013 m
Height from the car body bottom to center of the mass of car K 0.047 m
Coefficient of restitution es 1
90
80 AN
\ Non-sliding condition
70 \
g > \\
g 50
S ~N
e S~
S \
< 20 Sliding condition
10
0
0 0.2 0.4 0.6 0.8 1

Coefficient of friction

Transition critical arm angle

Fig. 4-2 Dependence of the arm angle on the coefficient of friction
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Fig. 4-3 Sliding behavior of the A-type enforcement device
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(a) Moving until stop by integrated body
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(b) Calculation of the center of the mass by lifting
Fig. 4-4 Geometric condition of vehicle and enforcement device in the braking start
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Table 4-3  Specifications of the car and 2 -type enforcement device

Car mass m 8.5 kg
Distance from the collision point to the center of the mass of thecar » |0.17 m
Radii of gyration for the center of the mass of the car & 0.062 m
Initial inclined angle y 16 °
Distance from the ground to the car and thearm R 0.026 m
Horizontal distance from the car front edge to rear wheels L 029 m
Horizontal distance from center of mass of the car to rear wheels 5 013 m
Height from the car body bottom to center of the mass of car K 0.047 m
Coefficient of restitution es 1
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Fig. 4-5 Dependence of braking distance on collision velocity
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Fig. 4-6 Dependence of braking distance on coefficient of friction s
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Fig. 4-7 Dependence of braking distance on coefficient of friction x
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Table 5-1 Pie number of model and scale model

Ratio of inertial force to Coefficient of Coefficient
frictional force friction of restitution
_E_ ¥
Model 7T _E_ 1l T, = U T, =e
Scale 2 _F v o R
model Flougl ‘ ’

TNHDNRAF U N T FER LR L 2D, Lo THB L AL OEE v ORI
m=r \lx, =, e HRATHERNERD.
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— =4 (5-2)

% 5-1 BLUK (5-2) Zii/z SARER 2 AR AT LS, B E ShE oo B &R PRI THRE
STV, BROEEZIET 72018, JFARES JOBARICAE UL Sl B2 MEICT 5. 24
RUHIEH R THEBICAE U 2 BEER ) 13 BEEAL & it & OBATE D OB CTH 2 Z 510, Efilimic £ T
DA Fy L EMET) p OBIRIE, PRSI0 ZRTHLIEORAERD.

F = pl* (5-3)
XA F =& LT L Fy & L Fe=mg O HIZ 38 TR & AR CHRELS A V) 3D, JRRY &
MOHEMMWMELBEEOLL THDL NA T U N—F TN TN 2, =FIF=mglpl*x X O

g =F'IF'=m'g'lpl" Tdb 5. BRI OFRICAEC2EMENZ 8RS E5720 p=p’, g=g’ LVE
&L RS OMELoBRITRAE 2D,

-ﬁc(iy (5-4)
m [

X (5-2), (5-4) BLOEELORKR I VHEBRIOZRMED E & I KOERER THW H#ER 1/10 ©
BRI\ 5 25 5-2 1T T

Table 5-2  Similarity rule of main parameter

Ratio of model to scale model 1/n scale model 1/10 scale model
l 1
Length — I'==1 I'=0.1
/' n
. 1
time 1 = i ==t t'=0.316¢
t' I n
Mass ﬁ.=(éj m':(ij m w =0.0lw
m ) n
Velocity r_|L V= iv v' =0.316v
V' ! n

5-2-2 A EHBAES L UVEBEOEHZER

EZ2F2HRr CH W2 L BRI BV AR O SR OIS X & = D F=F-1EEZ X 5-2 (@), (b), (©) 1TRT.
BRI OERRIZ BN T, 5-2-1 TH TR~ AREIRN 2 VT, ~SHEESEY O 1/10, B &1 1/100 & L
7o ABUHIENA (E 2 0.13kg) ITIXAT U LV ATM ZMH L, B & ORI IXBEEM & LT

65



KT DTz, L RHIE RO 568 2 A5 5 (ZEg, R 572018, BRIESEm & i LT
fii ) 7t & Uz, DRt T2 FIRIC U CEE BRI B HE L, MM ORSI3x 1k &
L7, ABUIR (7 — LA EOE) BHIBFRHEIC S 2 5 B2 R D720, FHOT — LMAFEE27 °
(45-2 (a)) Z=HHAEL L, 0=22° (K52 (b)), 32° (X¥52 (c)) Dt 3FEIHD 2 HHEAZ
TERLL 7. ZOBE, 7— L0 LPGEROREMO®mS hiT—EL Lcicd, 7—LAE 012807 —
LORSIFTETS.

a1
|
103 |
(a)
a1
3
| 103
(b)
a1

103

Fig. 5-2  Simple model of the enforcement device of lambda type

wIZ, HEEOM SR OB L OFETEZ K 5-3 (R T . ABETIIEATHE L L TRA
ok, BE2ME L., —RICHRkSN TV o EE EOE &L 850kg At TH Y, BEHH)
O P YETE R B AR TR P L RX34m, f@, 1.48m, @I 2mUBINE L THIEAR
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HHITWD. L BUGIEMA &[RRI, [X5-3 T/RIETHE R85 kg (BIAIHLA @ 1.8 kg, fldiH
H 0 1 6.7kg) D HBEAES 2K CER L7, BEhERAN T — AZEE LZBREE vy Tl E D0 I
[EIEREE) A 5 . BEERAENTIC IV TT — LB TREO AL OB T, ©y FiliE b OE Mk
B AV IBRETH L0, HHUBARBLOEHEHAL DV OZNENOENE— X N &8 NE,
ST O EHN SR OB ETLED Y OEMHE—RX 2 M RO, FOE, BEHEEMOLE Y
FHhE DD OEMEET— A2 M 0.039m* THD. F-HEHEBAIORTHERICT VIR E R E LFEE
S L FERIC, BB L A BRIENADS R 2 D K oIz LTz,

148
74
. $ o
© =1
)
164 130
233
340

Fig. 5-3 Simple model of the vehicle

5-2-3 REREE

2 HHIEM AR L OB B O SHHEIIC K 2 ERERICLY, A HHIEROT — LM 0 B LOH
SR L D BV E, SRR T TR A S, Sl LBEER & O AT S . FRL 72
SR O I IERECRE) 208, Sl 572012, X 5-4 (R ERERE 2 WV TE R ER 21T -
7o ABRENRI T = 7 U — IR RICERE L, BRAEE38 ° ofm AR L BB EICHEE A B2
BRI, ar 7V — Mg & R O AT BB G O ICHEATE 5 X 9 ICHIRO&)R
WCHfe Lz, sk L72&k 912, 7—2AEICL 07T — 2R EIPE(T B2, A RHIENA L BE)
B OB ZENE A FEHEIC L, RHmBEH 2> 5 400 mm OFHTIC A BUHIEh A &2 5% & U=, BBl o
BESDEEXD I L CHEEHREZESET. SIENEOZEE T A A — KD 2T % Thie
B 1200 fps O L7z, 28 B X Bl OB 2B AT OBEEEEEE 207 L— AL EH L
oo EBREME LT, T—2AEON2° ,27°, 32° O3FED L AHIEMAEZEHL, £ 215
BRI L C BB ELREE Vo=1.6 m/s, 2.0m/s, 2.4m/s, 2.8 m/s CHEZEERRZFE L7=. RedH7T
— N, S A\ TN A B, HIEhEEREO ik 21T o 7.

67



Vehicle

Collision point Concrete road surface

Enforcement device , D
of lambda type A

400

Fig. 5-4 Experimental apparatus

5-3 ERERPIUBER

5-3-1 ELHEREEICHITHEEERER

B2 FEBR IR DB & O —fFl L LT, X 55 ICHEZHEE Ve=1.6mis, A BHIENAD T — )i
0=27" OGEOEILRREZ RS, BEO B HEZemE (¢:=0s), 1 BIH|E A& O RIEL#HES) (,=35ms),
HlE  (.=200ms), 15 IERF (=412ms) O ThDH. HENEN A BIGIERO T — 2icHEft L, 77—
LEWY Ens. Ok AEHIIPEMRICESE L BB ARD BIF 5. BEERTF 2D b
FoEEMEL, BEEFORE ZEH S ERN O REMNITIFEILT 2. BREERICBNT, F 1 HOKX
1-4 TR L7 FEBRD 2 B IEAR O fil @z 8) & Ak OEifE 2 El T & 7-.

Braking distance
Fig. 5-5 Braking history of the vehicle and the enforcement device

with arm angle =27 ° and collision velocity V,=1.6 m/s
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#5315 55 BL UK 5-6 2>5 X 5-8 12457 — LA FEIZRIT A Mi2%m g & HlEh EEEE O BfR 21~
9. BRI ERE RS LORMEEZEH 2 EAH L7256 & 3V X —RIFAO OB, SZERE
L OfEEL T, KR O ZE R R LA SH ST L I EhEERE & 2 oA e ENO &
X DFLT W TRT. £, FERNE 4 BEORMEEET 28 LcGa ohBiEms X 4-23))
THY, WP F—REHOHOGE ORIEIEERE N (4-24)) THD. BEwEHREICBWT,
RFEMFREIT 1 &L, FERBIOMHRIC T 2 AshE & A BB AR & OFERELRS, B & A BB (A
DEEREIL, THEN02BLV0.7 & Lz, T OBEBREIIMEH Lo — %51~
BEISEHEBERI VRO, Fo, HmOBEHEH & Lo, MEOZOHIZ, F 4 BB
W CHIED IR S S BB N R bR ET D 2 L 2R LTRY, T LT RE AV CHilEhRREE D #iH
AFRT. BEEREO ETRMIL, REH S22 EOEMEtEN S, B & L BHIEA L4 B
fihoD 7=, BEEHE L L AIHIEMA & ORI 0.2 206 0.6 DFIPFHTH Y W9 L ARIENA & & im & D
PRSI T L& T A7 7 )L M ORI D 05 2D 1.4 OFEPHE /25 00 OV KEEELH O FTF
PRAE A 2 (4-23) IR L, BEERAVICHE M U7 HIBh EEEE D FIRME 2 — S84, TIREZ R84 T
HZ I B R &R LTz

Table 5-3  Experimental results of the braking distance (case of arm angle §=22° )

Braking distance(m)
Collision Collision Collision Collision
Number . . . .
velocity 1.6m/s | velocity 2.0m/s | velocity 2.4m/s | velocity 2.8m/s

1 0.37 0.68 1.02 1.34

2 0.33 0.62 0.98 1.25

3 0.36 0.68 0.90 1.22

4 0.40 0.63 0.91 1.19

5 0.44 0.62 0.93 1.14

6 0.42 0.62 0.84 1.14

7 0.34 0.71 0.99 1.34

8 0.31 0.59 1.04 1.27

9 0.43 0.60 0.95 1.16

10 0.47 0.74 1.00 1.11

Average 0.39 0.65 0.96 1.21
Theoretical result

) o 0.39 0.61 0.89 1.21
(oblique collision)

Error 0 7% 8% 0

Theoretical result

0.42 0.67 0.96 1.31

(enegy low)
Error 7% -3% 0 -8%
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Table 5-4 Experimental results of the braking distance

(case of arm angle 6=27° )

Braking distance(m)

Number Collision Collision Collision Collision
velocity 1.6m/s | velocity 2.0m/s | velocity 2.4m/s | velocity 2.8m/s
1 0.39 0.61 0.94 1.26
2 0.40 0.61 1.01 1.11
3 0.39 0.60 0.90 1.19
4 0.39 0.60 0.97 1.19
5 0.38 0.66 1.06 1.15
6 0.35 0.68 0.94 1.12
7 0.37 0.64 1.10 1.17
8 0.37 0.70 1.11 1.31
9 0.40 0.74 0.83 1.11
10 0.40 0.59 0.90 1.16
Average 0.39 0.64 0.98 1.18
Theoretical result
(oblique collision) 0.38 0.59 0.86 1.18
Error 3% 8% 14% 0
Theoretical result
(enegy low) 0.43 0.67 0.97 1.32
Error -9% -4% 1% -11%
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Table 5-5 Experimental results of the braking distance (case of arm angle 6=32° )

Braking distance(m)
Collision velocity Collision Collision Collision
Number . . .
1.6m/s velocity 2.0m/s | velocity 2.4m/s | velocity 2.8m/s
1 0.46 0.63 1.04 1.10
2 0.46 0.65 1.04 1.26
3 0.39 0.61 0.89 1.13
4 0.34 0.67 0.94 1.21
5 0.49 0.65 0.89 1.03
6 0.49 0.67 0.85 0.99
7 0.44 0.60 0.78 1.10
8 0.34 0.61 0.88 0.97
9 0.41 0.65 0.85 1.27
10 0.32 0.67 0.98 1.32
Average 0.41 0.64 0.91 1.14
Theoretical result
) . 0.36 0.57 0.82 1.12
(oblique collision)
Error 14% 12% 10% 2%
Theoretical result
0.43 0.67 0.97 1.32
(enegy low)
Error -5% -4% -6% -14%
1.4
. / O/
1.2 A
E 1 2 g7
= >4
é 0.8 . S
g 0.6
= Rd P
S 0.4 . s . /
. s ';’/’/% e -
0.2 Z _‘/’ = r
== —
0 e — T
0 0.5 1 15 2 25 3

Collision velocity V,(m/s)

— - - = Theoretical result(x,=0.2, 1,=0.5) O Experimental result
— - — Theoretical result (,=0.6, x,=1.2) X Average

Theoretical result (¢,=0.2, 1,=0.7)
- — = - Theoretical result(only energy low)

Fig. 5-6 Dependence of braking distance on collision velocity (9=22°)
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14

1.2

0.8

0.6

0.4

Braking distance £(m)

0.2

0 0.5 1 15 2 2.5 3

Collision velocity ¥, (m/s)

— - - — Theoretical result (,=0.2, 1,=0.5) O Experimental result
— - — Theoretical result (4,=0.6, ©,=1.2) X Average

Theoretical result (4,=0.2, 4,=0.7)
— — = - Theoretical result(only energy low)

Fig. 5-7 Dependence of braking distance on collision velocity (9=27°)

14

12 ‘,/ ,'g/

;)
P * ,
8 08 T
g / /U
3 :
S 06 L5
g ,/
g 04 //g,
@ .{’ - 7
0.2 /; N <
L= 4=
O g o o o] -
0 05 1 15 2 2.5 3

Collision velocity ¥,(m/s)

— - — Theoretical result (4,=0.2, 1,=0.5) O Experimental result
— - - — Theoretical result (1,=0.6, 1,=1.2) X Average
Theoretical result(x,=0.2, 1,=0.7)

- = = - Theoretical result (only energy low)

Fig. 5-8 Dependence of braking distance on collision velocity (6=32° )
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BEBFERLY, TXTOT7 — 2 A EICBWTHEZEHRE D < 72 512 HBIEHEN R 72 5.
TE 2P (T BN R & S SBE RITT Z LWL E o, Zhid, BEEENREL D
DIZHFENVER =R L X =N KEL 2D, EBET R L2 BRI =RV —|CEBmT HZ LT
HilEh < 2 7o fEEERE S R <722 5.

KBRS D E IR 2 FC, RMEZ2E 268 258 FH L 72356 o Biaa i Bh R B BH 2 — S8R s &
O R TR LT\ A, BEERMAEAT & 0 B U 7o Bh BREERLEE & FEBRAS SR O HIlEh IR 4 el 32 &
HEAEOHFANICE TOEREEN/ A > TWD. ZOZ LR OMIE, ARMENHERTE
7o. BEhEL & A BUHIEh IR O EREIR SR KON A BB IR TR 00 BE =R & B 1f i O BE AR B B
KB O KR X, BEEmHIB AR T, HEN L 25, /o, —BAICH
W DAL D BB O TR Z V5 2 & CREMNCHIEh IR HiRrICHEET 2 2 N TED L
2B

& FEBRAE R OSEEE & RME LT 2 L725E (FER) B X0 =2 X —REFA DL OGS (i
) O FRHENEREA LT 5 L, BRBLZ—H LTV H00, HEEEDO EFICHEVENRKE
Kb ZER Lz, K593 X912, BEED A BHERICEZRT H &, 7T—L%1E0 L3
BIREARICHEZE L, — b9 5 £ CIZ A BUHIBADSBE L T 5 (LR BEhEREE 5 2) 720, &
ZERENEL D L, ZORYBEIEEENAEL /D, HERMEITICBWT, 7T—A10 EXAVEICE
T 50 BEEREIEW S O LE LTc o), FEREE EZNETTZEEZEZ NS, Fo, K5-101C
AT RO, BEEN Y — A%V BEIE, PiRERICEZEL, S OIZH#EREZ BB 25850
AT, T— L0l BENEICHEfE L, 77— 2 L ERORBAEICE N E L 258N b,
T DR EAMEA TS Z LIC KV RERT— AV FBESEICIER L, BEST — LA KR
CICHEBE B2 EEZOND. EEEEN R LIEV 2.8mis 12T, RHEZ%E) 20 A L7 B
5 & DZENMUOFEIDRE & LR TNEL R TWDHDIE, BV BEBHEERH D OO, Rk L7zF;
MR B ERDEEEC K o THIBIEBEN S 2o TND 12D Th D B2 5. 2 BHIEER~D
HEYEDOFY FIF G0, ke 7 —L0faME (HBHERS LIF%RO 7 —2AEE(L (31072
TeR) X DX =) HFIEEREICBIR L TL 5. 2072, ZOBREEE LHEMERED
A BB L OB RGE L O 7= DI bR 2 ED T BERH 5.

PLEXy, mlimeE bEBEROVEMELBBLZ—H L TRY, EIN-EBEEEEEHWD
Z LT, HEERMICHIBIIEEOHEENFRETH D, T D, WHGE & b ICESEES LIS LTH
I FETHDLENZ D, A%, HIBIEHOBRTNZED TN BT, WY BEBIEHEZEZET LR
KR ZEnTHRIND. ZXAF—RFADOHOHGRATITERIE L ORENKREL 2D
DT, FHEEFEHZE LG EORIMENRLIVBEEFICRNDLIBLDOEEZZILND.
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Sliding distance

Fig. 5-9 Behavior of vehicle and enforcement device sliding over the arm and collided with mast

(a) before collision test (b)after collision test
Fig. 5-10 The enforcement device before and after collision test

5-3-2 R0 57— AAREIZIT D 2EER

4 5-11 7> 5 [X 5-14 [T K EZEH LIS 31T 2 A BUGIENAD T — LM B 6 & HIEhEEREOBIR 2 <. X
HOOB XX IIERAER L ZOVETH Y, FERIIRHE 2558 236 FH L7356 O flBiEEE (X
(4-23)), FMRA =R —(RAFRIO B OEE ORBIERE (X (4-24)) THD. 22T, RHEHRHK
X1 &L, BEhE L LRSI AR & OGRS, Wi & A BISIEVAR O BESREIE, 02 B8 L
0.7 & Lz, &7z, KEBEEREO ETIRMEIC X HHIBIEBEO G, MEEEAT 2 72912, A & [FSEF
CHLGH 72 B RO TR L OV R 2 Z e — R8s LU0 R R L.

X 5-11 725X 5-14 1R T X 91, EBRFBEROIE S X1 IH Db 00, HZEFERICLFHHI Sz
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KT — LA D HENEEEO I, T — AAENRKE 72D DI HIEhEEREN D LT
W5 T AAEITHIEER OB 5 X D RN E o

B BEEAR A O T BRAE A O CEERARAT X 0 B U 7o HIlEhERRE & FEBRAE IR o I Bh ERRE A i %
&, RIE & FRRIC— iR & A SERICE E N 2 FANICE TOERERDBA-TND. Lizhio
T, T—LAEERIZR LT A BEEREO TIRMIEEZ V5 2 & TN B EREE 2 BRI HE
ETHIENARETHD.

& FEERASE F O B EEBE O IE &, FER U 72 BB A VW CORME B A A L 72355 (G5
BILO RNV F—RFAOALDOGE (EH) TEMH L -HIBEEEA T 2 &, éT@T~A%W
ICBWTEBBLE 8 L7, BEEEENEW 1.6m/s 3 L0 2.0mis TlX, FBHEZEss82 M L=
&i*w¥~%ﬁ%@#@ﬂ@ﬁ%_ﬁ%&@m#ﬁEm&w.®ﬁﬁ§#m@%ﬁmzmmk;
O 2.8m/s Tld, =X —IRFHIOH ORI PRI —E & 72203, RHEZEEE) 25 L7256 ol
EhEEEEIL, 7 — A N ﬂbfﬂ@ﬁ%#%<&@ FER T DT EBEROBIR & Rk OMEH
ZRLTWD. X5-14 TRTEIICT —LMAHE 32° ([ZBW TERBROFHRMENK KW, 7—24
A 32° OEBRTIEX5-15 TRT LI %EW®ﬁ% , AEYESPER A8 B D BG4
Uz, ZOBG#ENEEY BT i@ﬁ@ﬁﬁﬁ#ﬁ?#é&&% H B E O FEO Y A B BRI <
7%, BT AR Wﬁ?éﬁ%#ﬁ%b FEEE TN R & L 7p o T2 1= il Eh FERE 2NV E < 72 o
TelBEZX D, HEmTIET — 2 AENE(L L THRBRRHIEBN B2 R T L BEXTWDHN, T —LAE
2K o TARHIBAD I 2T AL L, HEVZRENCEEL T T/ RERe s x5, 20l
b, AREBR I AAHEMROHIEEE 2 e T 5 &V ) ST T — A A E 32° (FE L Tk &
2 HiD. SHOBHEORELE UTHEREY EIFEEERFTT20ERD 5.

Pl bns, mEE bICHBiEEE 2 e vfieCdh v, RHEZEXEE @A 526 Tr—a/fED
ERCEO IR L 720, ERER L FEROBRN A LN, DD, T—AAEEIC
*f U CRMETZE 8N 2 95 2 & OFMEI R ST,

VLN BRI i/ 7 — L EEE 2D &, BN R L EL 2D 7 — LA 32°
Thotzn, EEEFERRLHEEFEEZ R, SOICKE-15 IR TB#EREY EFRETZZ L%
Ez2HE, AVEHERICK L CRERARBPNVIEET DEBRIEN DL VD, 2O, K
WFFETYERL L 72 RIC B W TR b B 7 — A AT 27° Th 5.
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— «+ = Theoretical result («,=0.6, 1,=1.4) X Average

Theoretical result(x,=0.2, 1,=0.7)
— — — - Theoretical result(only energy low)

Fig. 5-11 Dependence of braking distance on arm angle  (¥o=1.6m/s)

1.8

1.6
1.4

1.2

1

08 | . . e e e R

0:6 ___%""“"ﬁ----———-j__'__

0.4

Braking distance ¢

02 —M————=— —

0

20 22 24 26 28 30 32 34
Arm angle 6 (degree)

— - — Theoretical result (4,=0.2, 1,=0.5) O Experimental result

— - - = Theoretical result(1,=0.6, 1,=1.4) X Average

Theoretical result(x,=0.2, x,=0.7)
— — — - Theoretical result (only energy low)

Fig. 5-12 Dependence of braking distance on arm angle  (V,=2.0m/s)
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Fig. 5-13 Dependence of braking distance on arm angle  (V4=2.4m/s)
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Fig. 5-14 Dependence of braking distance on arm angle  (V,=2.8m/s)
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Fig. 5-15 Stopping condition of vehicle and enforcement device

b-4 EEEERLIERMBTEREOLLE

ATER 38 TR SEBR 1T L 2 MRGiED> & BlGm L 0 HIENEEREOHEE N FIiE Ch D Z L2 n LT, £z,
FEEOME L SEERE DI O NETIIE, REHIBWTZRIHESIND L VWa b, BB L
[FARICSERHEERBR OFE R & & PERIE & O 2745 . [¥] 5-16 35 L O] 5-17 IZEHER CTHEH s v
Tl E B S KO BB ROET VERT. &K 56 IEHL-EH THL T HEAEHE (FaXA
#FHEgpAStil~e—27 ) & A RHEROFE T EZ/RT. £ 5-7 (CHEBEER IV HIE S 7 flEh iRk
Zoond U0 K JEE SRS R SRR I H IS T D RS (R EEEEA R L0 DL [X] 5-18 ICEEERIC
BT DEEEE L HIENEBEOBRZ /R T, KPP OONERERIC L 2HEEHEZ R L, RS ID
TR RHEZE B 2 L7256 0GR L 0 S0 6B ERED ETFIRME A <7, 5-3-1 3 & &5
PR 72 I EhEEEE O T IRES L O ERRIEZ 22— s 8 s L O RS Cn Lz, RS
BRIZ I T O AR SEER & [RIERICET 228 O " | Hu il U CHIBIERREDN R E < D 2 &b 5.
RHETZ2 2680 250 A U 7= ERR ORI EhHEE & el 5 &, EBRIEEMNIEF IOV, SEEBEEO
IR A o 7RI RN IC B B L2 ERERDB I E TS, ZOZENLERITEBNT
%ﬁ%m;@ﬂ@ﬁ%w%ﬁﬁﬂ%v%%&wzé.it,%@%%ﬁ@i@ﬁ%ﬁ%btﬂﬁﬁ
Bl D B TRE & SEBRAE ST — B LT, eEERE D SRR & A T RIS — LT\ ah Z L
E<%ﬁ%%@@T@ﬁ%%wf%m%ﬁ5;& LRV, BRATORFHESITR D EBEZLILD.

Fig. 5-16 Full-scale car used vehicle experiment Fig.5-17 Enforcement device of lambda type
(toyota Mark-1I)
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Table 5-6  Specifications of full-scale car and A-type enforcement device

Full-scale car A-type enforcement device
Mass m1 (kg) 1510 Mass m> (kg) 13
] Height of connection parts of the
Inertia 7 (kgm?) 3060 0.44
arm and the mast % (m)
Inclined initial angle vy (degree) 7.8 Arm angle 0 (degree) 27
Horizontal distance from center of o o
1.5 Coefficient of restitution 1
mass of the car to rear wheels b (m)
Horizontal distance from the car 36
front edge to rear wheels L (m) '
Distance from the ground to the car 0.24
and the arm R (m) '
Height from the car body bottom to 0.35

center of the mass of car K (m)

Table 5-7 Experimental results of braking distance (case of full-scale car)

Collision velocity (m/s) Shortest braking distance (m)
11 3.6
8.6
14 7.6
8.3
11.8
11
11
12
12
10.5

17
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Fig. 5-18 Dependence of braking distance on collision velocity  (case of full-scale car)
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Table A-1 Discrimination of contact condition on contact surface (case of change in incidence velocity)

Number of experiments
Incidence velocity(m/s) | Barrier angle (degree) 1 2 3
-5 X O O
2.8
0 O O O
0 X O O
4.2
5 O O O
5 O O X
5.7
10 O O O
O : sliding condition
X : non-sliding condition
- = = - Normal component of velocity at contact point
Tangential component of velocity at contact point
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Time (ms) Time (ms) Time (ms)
No.1,, non-sliding: X No.2, sliding:O No.3, sliding:O

Fig. A-1 Velocity at contact point —time diagram (incidence velocity 2.8m/s, barrier amgle-5° )

s 3
£ N
o ~ \\ -
ocw 1
SE o -
2= £0.06 0.12
O + P d
o < -
T3 -2
> < 3
Time (ms)
No.1, sliding:O

Velocity at contact

point v (m/s)
A UGS SO

™

~

=
N
(=)

Velocity at contact

point v (m/s)

Time (ms)

No.2, sliding:O

92

NPk o R b

N

4.07

4

7

-

Time (ms)

No.3, sliding:O
Fig. A-2 Velocity at contact point —time diagram (incidence velocity 2.8m/s, barrier amgle-0° )
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Fig. A-3 Velocity at contact point —time diagram (incidence velocity 4.2m/s, barrier amgle-0° )
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Fig. A-4 Velocity at contact point —time diagram (incidence velocity 4.2m/s, barrier amgle-5° )
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Table A-2  Discrimination of contact condition on contact surface (case of change in initial angle of incidence)

- = = - Normal component of velocity at contact point
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Fig. A-6 Velocity at contact point —time diagram (incidence velocity 5.7m/s, barrier amgle-10° )
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Initial angle of incidence Barrier angle (degree) 1 2 3
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O : sliding condition
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Fig. A-7 \elocity at contact point —time diagram (incidence angle 45° , barrier angle -5° )

94



— — — - Normal component of velocity at contact point

Tangential component of velocity at contact point
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A-3 B LHEBEHICELHEHRERR
Table A-3  Discrimination of contact condition on contact surface (case of change in coefficient of friction)

Number of experiments
Coefficient of friction Barrier angle (degree) 1 2 3
-10 O X O
0.2
-5 O O O
5 O O X
0.3
10 O O O

O : sliding condition
X : non-sliding condition
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A-4 BRI MEICK DHEREER
Table A-4 Discrimination of contact condition on contact surface (case of change in material)

Number of experiments
Material Barrier angle (degree) 1 2 3
-10 O X O
Carbon steel
-5 O O O
) -5 X O O
Aluminum
0 O O O
O : sliding condition
X : non-sliding condition
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Fig. A-17 \elocity at contact point —time diagram (specimen material of carbon steel, barrier angle -10° )
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Fig. A-19 \elocity at contact point —time diagram (specimen material of aluminum, barrier angle -5° )
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Fig. A-20 Velocity at contact point —time diagram (specimen material of aluminum, barrier angle 0° )
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Table B-1 Discrimination of contact condition on contact surface (case of change in coefficient of friction)

Number of experiments
Coefficient of friction Barrier angle (degree) 1 2 3 4 5
15 X X X X O
o2 20 O] O | O | OO
03 15 X O O O O
20 O O O O O

O : sliding condition
X : non-sliding condition
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Fig. B-1 \elocity at contact point —time diagram (coefficient of friction 0.2, barrier angle 15° )
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B-2 R AHAGEEIZL DHERER
Table B-2 Discrimination of contact condition on contact surface (case of change in incidence velocity)

Number of experiments
Incidence velocity(m/s) Barrier angle (degree) 1 2 3 4 5
10 15 X O O O O
20 O O O O O
15 X X X X X
15
20 O O O O O
20 15 X X O O O
20 O O O O O
O : sliding condition
X : non-sliding condition
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Fig. B-5 Velocity at contact point —time diagram (incidence velocity 10m/s, barrier angle 15° )
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Table B-3 Discrimination of contact condition on contact surface (case of change in material)

Number of experiments
Material Barrier angle (degree) 1 2 3 4 5
15 X X X X O
Carbon steel
20 O O O O O
) 15 X X O O O
Aluminum
20 O O O O O
O : sliding condition
X : non-sliding condition
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Fig. B-11 \elocity at contact point —time diagram (specimen material of carbon steel, barrier angle 15° )
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Fig. B-14 \elocity at contact point —time diagram (specimen material of aluminum, barrier angle 20° )
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