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Crash safety of unmanned vehicles for pedestrian protection

Narukawa, Terumasa

3,000,000

Small unmanned vehicles moving on sidewalks must have high collision safety
in order to avoid injury when collision accidents with pedestrians occur. In this study, we proposed
an active bumper with a series elastic actuator in order to generate a desired force applied to the
bumper and ensure collision safety performance even in case of failure of the active bumper. The
series elastic actuator consists of an elastic element in series with a table driven by a ball screw
and servo motor. The optimal motor torque for minimizing the maximum deflection of the object of
the collision is derived, and it is shown that the active bumper with the series elastic actuator

have high collision safety.



B X C—19,. F—19—1. Z—19,.

1. AFZEBRAE S D =
RIERLY TR ER BT H#NERE
M ARIEBIC LD A B RE T D
MR L TR0 | EEDSOHBRITHE L O
% [A3EES D HIEIC W TS < ORFZER T
b T&EY, LanL, HESCEYMN THE)
I B /N L CIR AR T E & o
G a se L 2 LITIER IR TH D,
L7 o T, MAPREENL2SER SND
TeDIZIE, BITH &Pl U7 BRI TR IR
ErAbERWI D em Wl 2rERER
RKOLND,

2. WrZEDHI

ABFFETIE, BECEYN L L2 BT 5
/NI N\ 5 B DS RAT T LTSS L TSR IR
ITEICEREADERVWFR S LT, #fit))
ZREENICHIE T 57 7 T 4 TN R E g
HL., ZTOEHRZEMRERENALNTT L L
AL T D,

3. WOk

(1) BEXEMET 7 Fao—F 2R W=7
T AT NN EEGT D, T T 4 TN
WCHWAT 7 F ax—H %, TN &ER%E
L, 2»OBETHDZ L, HilHRLTHHEIE
[ROERREZRMENFTOND Z EDBRKLET
b, MMLOREN ZEBT H72DIIix. Hi
X1 % 7 40— KXy 7 LT hHiliE %
1THZENREZOLNDD, MO K 5 ITER
I COREN L RIGAIIE, T7F a2z
— A DB KX WEREII AR E Th D,
F 7=, T 2 2RO A I RARIR O 2e 4
PHREEMET DI EITE LV, FZ T, K
e cix, IMIREDT 7 F 2o —F TrY
DIEFEL, 2o, MELTEGAIC S RIK
FR O 22 I RE A HEfR 3 D T2, /N
—ARE—ZLAR— LR CICLVEREI SN D
T =T K LT, BB A ESNICEE L
AT 7 F 2z — 295+ 5, A
FUREME T 7 F 22— XX 2 FE TITHEEA
PR B A~DWE BN B 5OV,

(2) 77T 4 TN ROF#ER AT % H
T 5, HEBEOMELEITBWT, ER T
SZE R FIETREZME L TW =02kt
L. BB D 26T 5 2 & TRAD
EEZRRT 2 HEPRES LTV HE00,
AWFIETIE 2B JATHFIED HiEIc S & |
WE M ORRER &2 RN T DT 7T
A TN NOEEBEENEE T 5, 7,
TIT 4 TNCRPFTEORAE 525
X 5 BN 7T T B W T HEE 22 o
WRER N /e T HREDNERTT 5,
WIZ, BAWMET 7 F ax—2 2 [N T 7
T A TN N W THRTE Y O I KREE
BER/NCT HESNHEET 7 F a2 —H2 O
E—F M ERENT S, 277U, T
— & hV 7 OB I\ THEE~OM A A
BEME AT A ORI EZHRIT 5,

CK—19 (d:m)

—2SBHOHIFINEIT 7T 4 TN RO E R
[ZOWTOHEDOTHY, —>HDHIKITE—
EDFERNNTIZONTDOLDTH D,

(3) /Ny TNUREWT 5 = b CTifZe

LRMREDFHMN 21T 5, AW CTIRET 5T
T T4 TR NP EWE R SR EA T
B2 L aRTIEOIC, HIEEROL THERK S
Nl TR RNt x T 0T
S TN RN B RN & L THE RO
FBEZHET 5, RS, 7277 4 730 30%
e NHRIR BN RITH L HZE LTz & & OffiZE
HWEIN L TE—% bV 7 OH 25 %221
SHBILENTEAZENFIETHDZ &
D5, RO B B\ 2L A VERE
5,

(4) T T 4 TR ROEWEERTTH, IV
P—RE—F LAR—LALICLYEFI SN
DT — T AKX LT, R A E A
L7- BT 7 Fax—R 2 W=7 7
T AT NN ERWET S, FTEO R 584
NEERTH-012, BEINIEE S 725k
BEOEENPPNEFTEE 72 & O 1 F 2 E
BRET D, T 7T 4 T8O ~HENY
N\ L FEA~DOBEEET D,

4. WFRERER

(1) BT 7 F ax—F AW T 7
T A TN RERFT DD ET MEE
1To7ze EAEMT 7 F ax—H N7
T T TN RNPEER S T AL L
BATE RSN E LT HEEZK 112
AT XOBRNFETLELTRLE,

X X, X, X

2 < X

E—4 FR—ihal ([Eh HIERY

1 HEIET 7 Faxz—H 2T 7T 47N
URDET IV

BEY T 7 Faxz— I VT ¢ B
EXFTAR— VR ERET L —HRE—
X BHEE—A MLV —FRIDOR—LHL,
A=V RCIZE VB S NS EE m, OHBR
BhR B 22 S 2 B i my, DN N
BEBREN R & NN ORICEE S D IXR
ER ks ORI TR SN D, B&E m. D
AR EE B m OWEZEMIIE 1 L4 TN
WCDOHRBENT B, WEZEYOIXREERIL .
MR ¢ &9 5, HIRENZ x.. #EEE
ROEN % xo /N INDENZ x5, HEETZEY)
DENZ x LT DL BHE m, DX RTE
42777 4 700347 £iX. iih
DI xexp EITNREE b, DFETIRED, L
72RoTC, —FRE—HIZLVFA—1rhalsn
BRE) L gBREN AR DAL E 2 Hl# 5 2 & T, B



DN FEENZGDZENTE D,

(2) T 7T 4 TN ROEERAE S & EH
L7z, 77 2R T EIETT T 4 TN
VORINETEOIRAT) f &5 25 K5 e B
TR T AT W THEET 220 O fx KT 1 %
wANETHRAENER M L, 2L, 77
T A TR RO BN & AT ISR
5z 07, b TE IR RE R A B
{b U CHIERTBRNEZ V=,

X, b X
v ?d_ t—fg
X

FOFAT—H WERY

2 BORENEEZDT VT 4T/ ROET IV

EURRNE ST (AP QIR IV aWrek 30 TR 7100 54
KREBEER/MMET DT 7T 0 783D
AT L OWE S OB B4 T, H2E
BERICKRERBAEN 25 2, IOWEZEY O
B EN G KEFMITECT—E LD LT
HZETHRREE L THRRERREZ KB T
L EEHLMMTLE,

100y | &E008
2 50 Wo. 00
R 0 0. 04
# |
g 90 £K0.02

-100:% 0,00 !

0.00 0.10 0.20 0.30 *"0.00 0.10 0.20 0.30
B#FEE] (S) E%ﬁsﬁ (S)

3 B RFEAET] f & WA DT &

WIZH 1 TR UTCESEET 7 F ax—X
WZEDBT 7T 4 TN RN & X2k
EHREMORRKEREN RN RDE—H b
VTt EBEEE L, PR T TN
RO RN BEN R > & —HF LT D
M T 2 e R T SO & Bz kR
A Z e L CRIERTEEE VWD Z &
Theli7e®e—4 ML 2R L,

0.0 0.1 0.2 03
BERE (s)

4 BIp HESEHE TORE MLy

X 4 22282 1.0 m/s, 1.5 m/s, 2.0
m/s D& X\ THEEZE) O F KETE 8% Fe/MNT

THE—H M7 OBEEERERT, 72720,

TIT 4 TN N YE R D INT A —H

DOMEIEFFR LIS THOE W,

K1 RTA=H
Mg 14.6 kg - 100 Ns/m
my 0.2 kg I 5 x107% kg m?
m 0.2 kg I .01 m
m 10 ke max 0.1 m
ke 10000 N/m | rmin -0.3 N
k 5000 N/m | pioex 0.3 Nm

(3) M7 I/ Faxz—X 2 HN =T 7T 4
TN TR TN R L TE W
FER e Em T2 Eh R LTz, RNy
TN RTIER 5 IR T K DI NITHEE
IERAEY [T HTNG, /Ry 7R
THWEHRIE R EZEEE 2.0 m/s D & X
W ABETR ORI ZTTZ L, 2o, giE
EMDOIRREFREN TR/ E 2D ITRERD
oL Lz, M6IZEFIHET 7 Fax—H
WCEDBT 7T 4 TR R BN & X0k
WY DOERREE Xy TR R
& X DWW O ETE & O LighE R 2R,

X, X, X
E: N 23
i
E<el WEEY

5 Ny T NRUROET IV

PV
=79 T4 T8N

0 08. 0 0.1 0.2
B (s)
(a) FHFZEHEE 1.0 m/s
APV
0.031-75F % I8¢
E
0.02
]
a\é
£40. 01
0 08, 0 0.2

0.1
B (s)

(b) TEHZEHE 2.0 m/s
6 EEOLLE

WE Y OB KA\ ER T H &, E%E
WEN 1.0 m/s DL = TIXESEMET 7 F
T—RERAWNTET I T 4 TR TRy
TR RE LT 65 WEH T TR0, H
JEREMN 2.0m/s TIXT 7T 4 TR0 3%
TN R E LT 39 BRI TE TV B,



iz ik, B s@EEEEIcBNTHE T
T4 TN EH NS D Efﬁb‘f%jtﬁﬂi
PERENELND Z EEBH LM LT, RIT
ﬂ%ﬁ?ﬁ%lz%&®Wﬁ®%%@ow
THRHT L., BT 7 F 2 o—X % fniz
T T 4 T NNPE DI EE AT D
T2 O 2l 2 52 D BERH Y . 2
DEXTIT AT NRURPEELTZE LT
YR 22 ) D e RS T B 0D K& 22 88 A3 A
%hzﬁb\ k%ﬁﬁmu L/fio :%L@:J:U\ ﬁﬁ”
WYET J F oz —HEHNTT 7T 4 TN
VR DE G EVERE R X OV fE M 2o
TOHRAMEERA LN LT,

(4) BEXEMET 7 Fao—F B HW=T 7
T4 TN EBEWE LT, 8UWELTET 7T 4
TN RER TIRT, P—RE—ZIZIEE
— X Oalii 2 G T 5 = a—Z R
DT HENRTEY, = a—XICXVEHL
=X ORERAEEERTH L THR—
LRI L0 BRE) X B g BREN AR O B B &
ZRET D, #EEREMAIZIT L —EALE A EL
DT ENTEY, L—YPEMBIZ LD R—
VR T DOWEREIRZ LY L Lo R0 E
PEBRRETE D720, ZicE D R—1rhal
®%%®%kﬂ/ﬂ@ﬁ ZHEINIBLE S
T2 A EROERENRITE L, N /7R0%
ENBHEETE D, N s EERS LES
BET 7 F o — X OFIEIL 0. 1 mFRETH
D, EXNEEMET 7 F 2 —Z O/ N A 2
L7,

Iva—4% E—4 —J)LRal

-~

L—HZEfEt aqiLidh
TRWELET 2T 4 TR

<5 FH 3k >

O KHER, RV h—rv--F70Fy
FG—=vWy, h—earRT 4P A, IMP
NT Y v T, 2010.

@ Pratt, G.A. and Williamson, M. M.,

Series elastic actuators, IEEE/RSJ Int.

Conf. IROS, Vol. 1, pp. 399-406, 1995.
® 7Zinn, M., Roth, B. and Khatib, 0., A new
actuation approach for human friendly
robot design, International Journal of

Robotics Research, Vol. 23, No. 4-5, pp.

379-398, 2004.

@ Kong, K., Bae, J. and Tomizuka, M., A
compact rotary series elastic actuator
for human assistive systems, IEEE/ASME
Transactions on Mechatronics, Vol. 17,
No. 2, pp. 288-297, 2012.

® InEER, AR, REFVE—, KRR,
TIT AT =—ARNVAZ—IZLBEAT

I DR EIRIHIE, B AR s
C #, Vol. 73, No. 736, pp. 3185-3192,
2007.

® Kato, M., Nishimura, H. and Shimogo, T.,
Injury Protection of Occupant’ s Legs
with Feedback Control for Active Knee
Bolster, Review of Automotive
Engineering, Vol. 29, pp. 357-361,
2008.

@ EJIEEE, WEAFHR, GHRE—, AKEE
K, B ARICHE B Lt RRTT1#ET
TV % PN T B il 2 I 0D 36 B 4 R VE D
AT, H AR 5w S C i, Vol. 79,
No. 801, pp. 1396-1405, 2013.

5. EIpFEIGm L
(BFFEREH . Do
(=S

(PR G311

@D Terumasa Narukawa, Tomoki Tsuge,
Hiroshi Yamamoto, Takahiro Suzuki,
Design of an Active Bumper with a
Series Elastic Actuator for Pedestrian
Protection of Small Unmanned Vehicles,
Proceedings of the XIII International
Conference on Motion and Vibration
Control, International Conference on
Motion and Vibration Control, 2504,
2016.

@ Terumasa Narukawa, Tomoki Tsuge,
Hiroshi Yamamoto, Takahiro Suzuki,
Optimal Control of an Active Bumper
with a Series Elastic Actuator for
Crash Safety of Small Unmanned
Vehicles, The 8th Asian Conference on
Multibody Dynamics, pp. 294-295, 2016.

@ pJIl BEE, thfE B, UA 7 R
VeIR, BATHEREL B & Lo/ MV A
WXEHT 77 40 TN RNDE G,
Dynamics and Design Conference 2016,
424, 2016.

Gy A M ONEHERT TR (2

6. WFIEER
(1) B R

BRIl FEE (NARUKAWA, Terumasa)
B ERE « KRB T2 « U0
et Es: 50424205



