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~ Japan A-utofrhobile Research Institute

> JARI: Independent lab. for automotive research & test in Japan

v'Research and testing on iy g\ T T
automotive safety and ; 7 A\
environment

v'Expanding our research
and testing field to safety of
robotics in terms of
interactions with human

v'In this presentation,
dynamic measurement
methods for collision of cars
and robots will be reported
and discussed.
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Collision tests of personal care robots

Project for practical applications of service robots
by New Energy and Industrial Technology Development Organization
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Collision tests of personal care robots
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Car crush criteria

Example 1: Rigid barrier / in-position / FMVSS 208

50 % male 5% female
Head |HIC,; =700 HIC,5 = 700
Nij= 1.0 Nij = 1.0
Neck |Tension: Fz.., = 4.17 kN Tension: Fz .« = 2.62 kN

Compression: Fz,.x = 4.0 kN

Compression: Fz ., = 2.52 kN

Chest

A= 60 G

Smax = 63 MM

A= 60 G

Smax = 92 MM

Femur

F_..=10kN

F_ .. =6.805kN

HIC . =

2.5

t
Ia(:CIt <2 _tl:
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Car crush criteria

Example 2: Deformable barrier / in-position / EC

50 % male
FFC(FmaX)
HPC;; = 1000
Head 0 806G 10 o7
3ms 8 @\

Neck [My =57 Nm 7.58 kN

ElOms

6
VC =1m/s

Chest | rhec(s,.) = 50 mm

4

2

Axial Femur Force (kN)

Femur [FFC (Fay)

Knee |Spa = 15 mm 0

O 10 20 30 40 50 60
TCFC(Fax) = 8.0 kN Duration(ms)
T1=1.3

Tibia
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“Car crush dummy
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-~ Car crush dummy
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Car crush dummy
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Car crush dummy
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Car crush dummy
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Calibration of sensors

Static Dynamic Response

Calibration || Calibration | | verification

of sensors || of sensors of dummy
Acceleration v Improving v
Displacement v - v
Force v - v
Torque v - v

UAPAN ALTOMOBILE RESEARGH INSTITUTE




Calibration of accelerometer




Calibration of accelerometer

Dynamic ( up to 2000 Hz)

<10 G
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Calibration of accelerometer
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Calibration of force/torque transducer

Static
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Verification of dummy head response
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Verification of dummy chest response

Chest Deflection Hybrid-Ill 50th

70
“ //-h\\
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0 20 40 60

Time(ms)
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~Verification of dummy chest response

Knee Impact Force Hybrid-Ill 50th
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0 5 10 Time{ms) 20 25 30
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Examples of car crash data

§ 25
35mph Frontal Impact HIC,, = |:t 1 t J'a (:dt} (2 —tl:
=

1t

HIC,; = 518 \@.

Q¥
NS
AN

O(\

NEW CAR ASSESSMENT PROGRAM FRONTAL BARRIER IMPACT TEST
NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION 26
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35mph Frontal Impact
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35mph Frontal Impact
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Example of robot crash data

2000
R,
E 1500
c
S
S 1000
()]
o
§ 500

0

HIC,; = 323

0 0.1
Time (sec)
~ 100
Moving object : = 28
200 kg 3 20
Steel Structure § 60
6 km/h a 50
P
Dummy: 6-Y-O 5 40
Standing = 28
in frontof wall | & 7o
I

0

MM

0.2 0.3

REF: NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION

0 500 1000 1500

HIC 5 ”



Example of robot crash data

[ERN
N

€
£h VAN
e 9 /N N\ Spax = 10mm
2 / AN
S 4
s , N/ M|
RN ALY N~
YV 7V
2 1 i
0 0.1 0.2 0.3
Time (sec)
< 100
Moving object : > gg
200 kg c;E 20
Steel Structure S 60
6 km/h % 50
Dummy: 6-Y-O = gg
Standing % 20
in front of wall 5 10
0

0 50 100 150 200
ChestDeflection (mm)
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Transaucer

\

\ Transducer

Brake pad

Tire
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JAPAN AUTOMOBILE RESEARCH INSTITUTE

i, Pt as

“nﬂm ! M”

Tire tread

Road surface

Transducer

X=2kH=
Yao=12: 0OS68

BAv

1?14 | .".r}l‘vm n"
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200
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X=500 H= ‘ 39 I —

Ya=25. 7874 e ﬁ?
FREE RESP BAvg DXZ0vlp Fr/Ex
Mag
EU2
ELIT
‘4wﬁ0_0
O H= 10k
Yb=586. 128mDeag
FREQ RESP BAvg EZO0Ov1lp Fr#Es
180
Phase

peg [ ‘\ 4.00 V/div 8,00 v E.QO ms/div

=180
Fxd Y O H=
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Dynamic measurement
Tire temperature in actual contact area /1990

.................

Grid Shaped Plate
AN
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Dynamic measurement
Tire temperature in actual contact area /1990

/a0 | ‘ g -
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301
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Dynamic measurement
Tire tread vibration /1999

3200 m/s?

Transducer

V4

Acceleration

I 1 ‘ L ! 1 l

0 0.02 0.04 0.06 0.08
Time (s)

0.016
0.014
0.012

0.01 ¢
0.008
0.006 |
0.004 1
0.002

Real

Imaginary

Transfer function (m/s/N)

0 500 1000 1500 2000

Frequency (Hz)




Dynamic measurement
Tire tread vibration /1999

RS Tread Base (Belt)
4 Y Rubber
,.l;‘ ‘;3
: Load\ Transducer
L}
' H ’
B ¥ :
& 3 T Tread rubber
.0_(. "'.

SIanams ~~ Acceleration
/ Transducer
Steel Table / \
Exciter \ Force Transducer




Transducers

Dynamic measurement
Crash barrier force / 20XX

N N N
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