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(Summary)

Title: Project for practical application of service robots, Development of physical assistance robots
based on safety technology, Development of physically assistive robot suit HAL based on safety
technology (FY2009-FY2013) Final Report

The Robot Suit HAL (acronym for "Hybrid Assistive Limb”) is a wearable robot, which enhances
and supports human motor functions by using Cybernics technologies. Our goal was to make the
HAL more reliable for elder or disabled people by research and development of safety
technologies: mechanical, electro-magnetic, functional, and applicational techniques. In this
project, we proceeded 1) functional safety technique while wearing, 2) control technique, 3) safety
management technique, 4) self-examination technique, 5) elemental technique for safety, 6) safety
examination and 7) actual application and trials. Our major progresses were 1) improvement of
limiting function of output and adjusting function and mechanics for shapes of individuals, 2)
improvement of the “Cybernic Voluntary Control” and “Cybernic Autonomous Control” endowing
HAL with function following its wearer’s intension, 3) improvement of logging function recording
operating time and events such as detected failures, 4) improvement of self-diagnosis function
which assures HAL’s operating condition based on embedded sensors, 5) development of safety
battery compliant with an international safety standard and electrodes with reinforced insulation, 6)
development of testing method and acceptance criteria based on risk assessment and conducting
exhaustive verifications (including testing) covered all requirements of related regulations and
standards, 7) validation of safety in practical use with 71 participants. As advanced achievement,
we obtain the world-first certificate of ISO/DIS 13482 and CE-marking as the world-first
therapeutic robot; moreover, we made a huge contribution to working groups of I1SO and IEC
establishing I1SO 13482 and a safety standard for medical robots. These achievements accelerate
our challenges towards industrialization of service robots helping our lives as a leading company.
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£ 1 Y= R, fGBIREE, BEOREMELE L, 20 O OER e
Transfer possibility
TI | T2 | T3 | T4
Occurrence | F1 || F1” FI’ F2’ F2’
frequency F2| FI”’ | F2 | F2’ | F¥’
F3| F2’ F2’ F3’ F¥
F4 | F2 F3’ F3 F4’
Fx, Fx’ are the occurrence frequencies of {hazard, hazardous

situation, harm} as,
x=1: “never,”

x=2: “rare,’

x=3: “occasional,”

x=4: “often.”
Tx is the transfer possibility (avoidability) from {hazard,
hazardous situation} to {hazard, hazardous situation, harm}

as,
x=1: “pever” (*easy to avoid”),

x=2: “rare” (“possible to avoid™),
x=3: “occasional” (“difficult™),
x=4: “often” (“impossible”).

F2 VAT LNLDER

Severity of harm
S1 | S2 | s3 | &4
Occurrence | F1 I 1 I )i |
frequency [F2 | I 1 I Il
ofharm g3 I | m | vV
F4| I m v v

L II, I, IV are the risk levels.

Sx is the severity of harm as,
x=1: “no mjury,”
x=2: “curable or minor injury’
€.g. cut or scrape of skin,
x=3: “incurable or serious injury”
e.g. loss of fingers or limbs,
x=4: “mortal injury.”

c

4
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Summary

In this project, while assuming the application of the Stride Management Assist
System or SMAS to exercise seminars for the elder |y support, particularly the care
prevention, the extraction of the safety issues, the safety evaluation and then
the development of the safety technology have been studied to establish the safety
of SMAS, a human wearable type |ife support robot.

The extraction of the safety issues to establish the safety has been performed by
the risk assessment and based on those results, the safety technology was developed
and it has been verified through the safety inspection examinations in the real
environment. The risk assessment has been done by the extraction of hazard sources
from the work flow and from the environment where exercise seminars are held. As
a result, it became known that the participants cannot be kept away from falling
downmainly because there was not always a person of assistance near the participant,
then it was considered important to evaluate the influence on whether the wearing
of the device gives the increase or the decrease of the damage to a person when
he fal I's down and what effect the malfunction of the device gives to a person wearing
it. It was necessary to record and analyze the phenomenon occurred and the detai led
data of the device itself for inspection of the validity of the risk assessment.
Therefore a recording module and analysis system have been developed as the safety
technology. The experiments in which the fall shock levels have been measured using
the dummy dol| are conducted in cooperation with Robot Safety Center and these
experiments are to evaluate the influence on what effect the wearing of the device
gives to the damage to a person when he falls down. As a result of having observed
the change of the load to the bone when he wears the walk assist and when doesn’ t,
it was found that the risk of the bone fracture remains the same between two cases.
Among safety requirements of 15013482, the items applicable to SMAS were selected
and the device was tested for those requirements. Then, it has been confirmed that
SMAS meets those safety requirements. As the inspection in the real environment
for the device having the safety technology, proof experiments on the elder |y person
at exercise seminars for the care prevention have been conducted fol lowed by
additional proof experiments in the nursing facilities.

By the above, the objectives of this project have been achieved.
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Purpose: Transport a person from one location to another

Size and mass of robot: 1.2 — 1.4 m high (adjustable) and approximately 25 kg

Affected user groups: Mobility passenger, trainer, people around mobility robot (bystanders,

walkers, etc.)
Environmental conditions: Limited to environments with limited unevenness and small slopes.
Other limits/assumptions:  All manoeuvres are handled by a passenger on board, only certified (or
trained) person with no physical disability can be on board,
recommended passenger age is 14 — 50 years old with weight less than

100 kg.
The maximum travel speed is limited to 6 km/h.
Scenario: Transport a person from one location to another indoors on a flat

surface without any gaps
1) User turns the power on the personal transport robot

2) User embarks on to the mobility robot
3) User travels around or stops still on the mobility robot
4) User disembarks from the mobility robot

5) User connects the mobility robot to its charging equipment
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Table X.Y.Z — Risks associated with people carrier robots - personal transport robot

NOTE 1.

It is necessary to determine appropriate and practical SIL levels, based upon the
potential cost to reduce risks and its effect (benefit), although a robot product would become
widely acceptable to the society so long as an estimated SIL satisfies its target value.
NOTE 2. The SIL and PL values as well as the “Risk estimation” shown in the following
table are ONLY EXAMPLES, and thus these values would most likely vary in accordance with
a robot design and specifications, use scenario, and other conditions and limitations.

Hazard Risk estimation Risk reduction Residual risk

Potential Hazard source | Significance of Inherent Safeguarding Information for

consequence risk reduction measures measures use

Collision Mobility and a) Minor 5.8.7.2: 5.8.7.3: Speed | 5.8.7.4:

(Mobility its b) Frequent Restriction of restriction and Training on

crushing to environment c) Low speed (use of Safety-related system

walls, pillars, d) Likely low-power/ speed control information

etc.) e) High speed motors) (PLc/SIL1) 8.2.4: Training

(Scenario 3) 5.8.2.2: Light on any

(Table A.2-1) weight design limitations and
5.4.2: No requirements
sharp 8.2.7: Training
projections / on emergency
edges on outer situations &
covers procedures

Impact Mobility and a) Minor 5.8.7.2: 5.8.7.3: Speed | 5.8.7.4:

(Passenger its b) Frequent Restriction of restriction and Training on

getting crushed | environment c) Low speed (use of Safety-related system

between d) Unlikely low-power/ speed control information

mobility and e) High speed motors) (PLc/SIL1) 8.2.4: Training

ground / walls) 5.8.2.2: Light on any

(Scenario 3)
(Table A.2-2)

weight design

limitations and
requirements
8.2.7:

on emergency

Training

situations &
procedures

I-5-1-42




Hazard Risk estimation Risk reduction Residual risk
Potential Hazard source | Significance of | Inherent Safeguarding Information for
consequence risk reduction measures measures use
Falling from Mobility (cabin | a) Minor 5.8.7.2: 5.8.7.3: Speed | 5.8.7.4:
mobility due to | or foot board) b) Infrequent Restriction of restriction and Training on
sudden c) Low speed (use of Safety-related system
acceleration / d) Likely low-power/ speed control information
deceleration e) Ordinary speed motors) (PLc/SIL1Y) 8.2.4: Training
(Impact) on any
(Scenarios 2, limitations and
3,4) requirements
(Table A.2-3) 8.2.7: Training
on emergency
situations &
procedures
Object Wheels and a) Minor 5.11.2: 5.11.3: Useof | 5.11.4: System
drawing-in mobility body b) Frequent Mechanical fixed/movable information and
(Scenario 3) c) Low design with as guards around Warning
(Table A.2-4) d) Likely little holes or wheels lables
e) High gaps as possible 8.2.4: Training
on any
limitations and
requirements
8.2.7: Training
on emergency
situations &
procedures
Slipping Wheels a) Minor 5.8.3.2: Use of 5.8.3.3: Physical | 5.8.3.4:
(Scenarios 2, b) Frequent high-friction restriction and information for
3,4) c) Low tires control to avoid | use with
(Table A.2-5, d) Likely sudden environmental
A.2-29) e) High acceleration conditions under

(PL b/ SIL 1)

the mobility can

operate
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Hazard Risk estimation Risk reduction Residual risk

Potential Hazard source | Significance of | Inherent Safeguarding Information for
consequence risk reduction measures measures use
Tripping or Mobility (cabin | a) Minor 5.8.6.2 (a): 5.8.6.3 (a): 5.8.6.4: Warning
Falling or foot board) b) Frequent Mechanical Controlled stop labels on steps
(Scenarios 2, c) Low (mobility shape) | (active stability) | and Proper
4) d) Likely design for easy control during | training and
(Table A.2-6) e) High embarkation & embarkation / instructions

disembarkation disembarkation

5.8.6.2 (b): (PLc/SIL1)

Design of

braking

performance of

the mobility

platform to

prevent runaway

during

embarkation/

disembarkation
Electrical Electrical a) Minor 5.2. 2and 5.2.3and 5.3.1.4: Warning
shock terminals b) Frequent 53.1.2: Low 5.3.1.3: Enclose | labels
(Scenario 1) (connectors, c) Low power circuit all electrical
(Table A.2-9) battery) d) Likely design terminals with

e) High guards
Electrical Electrical a) Minor 5.2.2 and 5.2.3: 5.2.4:
shock terminals b) Frequent 53.1.2: Activation of Charging
(Scenario 5) (connectors, c) Low Isolation of charging power instructions
(Table A.2-9) battery) d) Likely charging only when the 5.3.1.4: Warning
e) High contacts or mobility is labels

appropriate connected

guards over (PLb/SIL 1)

charging

contacts
Fire (or Electrical a) Major 5.5.4.2: 554.3: 5.3.1.4: Warning
Excessive terminals b) Infrequent Elimination or Application of labels
Heat) (short circuit c) Low avoidance of guards around 5.5.4.4:
(Scenarios 1, on d) Unlikely extreme heat electrical Instructions for
2,3) connectors, e) Very high sources terminals handling and
(Table A2-12) | battery) maintenance
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Hazard

Risk estimation

Risk reduction

Residual risk

Potential Hazard source | Significance of | Inherent Safeguarding Information for
consequence risk reduction measures measures use

Burn Circuit or a) Major 5.5.4.2: Useof | 5.5.4.3: Heat 5.3.1.4: Warning
(Scenario 3) motor driver b) Infrequent material and its dissipation labels

(Table A.2-13, | (with high c) Low texture with mechanism (heat | 5.5.4.4:
A.2-31) temperature) d) Unlikely appropriate sinks, air flows Instructions for
e) Very high thermal with fan control) | handling and
conductivity / (PLd/SIL 2) maintenance
dissipation
Continuous Mobility (cabin a) Minor 5.5.2.2: Use 5.5.2.3: Shock 55.2.4:
Vibrations or foot board) b) Frequent vibration absorbing Specification of
(Scenario 3) c) Low absorbing (suspension or the vibrating
(Table A.2-15) d) Unlikely materials and cushion) mobility parts
e) High mechanical mechanism
components
Discomfort Mobility (cabin | a) Minor 5.7.2.2: 5.7.2.3: Shock 5.7.2.4: Proper
(posture) or foot board) b) Frequent Design mobility | absorbing training to avoid
(Scenario 3) c) Low cabin without (suspension or traveling more
(Table A.2-22) d) Likely excess physical cushion) than
e) High stress or mechanism recommended
discomfort time
Stress / Fear Mobility (cabin a) Minor 5.8.7.2: 5.8.7.3: Speed | 5.8.7.4: Proper
(over speed) or foot board) b) Frequent Restriction of restriction and training and

(Scenario 3) c) Low speed (use of Safety-related instructions
(Table A.2-25) d) Likely low-power/ speed control

e) High speed motors) (PLc/SIL1)
Hit / Step over | Mobility body a) Minor 5.8.7.2: 5.8.7.3: Speed | 5.8.7.4: Proper
(bystander’s (wheels) b) Frequent Restriction of restriction and training and
foot or body c) Low speed (use of Safety-related instructions
part within a d) Likely low-power/ speed control 8.2.4: Training
proximity of e) High speed motors) (PLc/SIL1) on any
mobility 5.8.2.2: Light limitations and
wheels) weight design requirements
(Scenario 3) 5.4.2: No 8.2.7: Training
(Table A.2-35) sharp on emergency

projections /
edges on outer

covers

situations &

procedures

II-5-1-45




Hazard

Risk estimation

Risk reduction

Residual risk

Potential Hazard source | Significance of | Inherent Safeguarding Information for
consequence risk reduction measures measures use
Unintended Mobility body a) Minor 5.3.3.2: 5.3.3.3: 8.2.3:
start / move b) Frequent Measures to Notification of Instruction and
(due to c) Low avoid status change training on
vandalism) d) Likely unexpected 6.8.6: Use of prohibited
(Scenarios 2, e) High start-up anti-vandalism usages
3,4) 5.8.2.2: Light | circuitry (key
(Table weight design start or
A.2-36) 5.4.2: No password
sharp protection)
projections / (PLb/SIL 1)
edges on outer
covers
Falling (from Mobility (cabin | a) Minor 5.8.2.2,5.8.3.2, | 5.8.6.3(a): 5.8.6.4: Warning
mobility cabin/ | or foot board) b) Frequent and 5.8.6.2: Controlled stop labels on
foot board) c) Low Design of mass (active stability) | boarding steps
(Scenarios 2, d) Likely distributionand | control during 5.8.6.4: Proper
3,4) e) High shape of the embarkation / training and
(Table robot for easy disembarkation instructions for
A.2-38) embarkation & (PLc/SIL1) safe
disembarkation embarkation &
(e.g. Low step disembarkation
design)
Falling (due to | Mobility (cabin | a) Minor 5.8.2.2,5.8.3.2, | 5.8.6.3: Active 5.8.6.4: Proper
imbalance) or foot board) b) Frequent and 5.8.6.2: mobility balance | training and
(Scenarios 2, c) Low Design of mass control instructions for
3,4) d) Unlikely distribution (PLb/SIL 1) safe operation
(Table A.2-39) e) High 5.7.2.2 and 8.2.3: Training
5.8.5.2: shape on range of

of the robot

applications and
prohibited
usages

8.2.4: Training
on any
limitations and
requirements
8.2.7:

on emergency

Training

situations &

procedures
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Hazard

Risk estimation

Risk reduction

Residual risk

Potential Hazard source | Significance of | Inherent Safeguarding Information for
consequence risk reduction measures measures use
Impact Mobility and a) Minor 5.8.7.2: 5.8.7.3: Speed | 5.8.7.4:
(collision / its b) Frequent Restriction of restriction and Training and
falling due to environment c) Low speed (use of Safety-related instructions
abnormal d) Unlikely low-power/ speed control 8.2.4: Training
operation / e) High speed motors) 5.7.6.3: Active on any
maneuver) 5.8.2.2: Light mobility balance | limitations and
(Scenarios 2, weight design control requirements
3,4) 5.4.2: No (PLc/SIL1) 8.2.7: Training
(Table A.2-41) sharp on emergency
projections / situations &
edges on outer procedures
covers
Impact Mobility and a) Minor 5.8.7.2: 5.8.7.3: Speed | 5.8.7.4:
(collision / its b) Frequent Restriction of restriction and Training and
falling due to environment c) Low speed (use of Safety-related instructions
brake d) Unlikely low-power/ speed control 8.2.7: Training
malfunction) e) High speed motors) 6.2.2.3: on emergency
(Scenario 3) 5.8.2.2: Light | Secondary situations &
(Table A.2-41) weight design independent procedures
5.4.2: No brake control /
sharp protective stop

projections /
edges on outer

covers

to bring mobility
a safe
stand-still stop
and induce a
passenger to
safely disembark
from the
mobility
(PLc/SIL1)
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P(AIS>2, KJR) 0.038 0.13

(Z ORFOEHEI HIC, K HIC, £ L T & KIS To AIS Z5HRE, ikEED 27

AIS > 4, (severe HfE) (MM EITKMELED 4R EOE BT, BiffEr o KR
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WiE. AIS >2 (moderate, HEEAE. {KIEE. SHE. B, BEFTOHEMEIY T 5
MR 2 7)) HEE L)
#F4. 6. 5 ZMEMN20cm OB LV B IKELE|

(BHEAH D)
il B\ 0 R EE | & B ) | £ J1(MPa)
(G) (kN)
GIE| 45 (71) 3.3(5.3) 33 (53)
i) 39 (63) 3.6 (5.7) 3.6 (5.7)
il 36 (57) 32(5.1) | 0.81(1.3)
PN 30 (48) 1.8(2.8) | 0.16(0.28)
TR 27 (43) 1.5 (2.4) 3.1 (4.9)
= J 41 (66) 1.4 (2.3) 2.8 (4.5)

F4. 6. 6 MM 20cm OB XY HIREGE

(BHEA D)
FEEAE He RHfE
HIC 173 557
P(AIS>4, ) 0.056 0.23
P(AIS>2, KR) 0.009 0.016

BiEZHWS Z L2k v, BEE O HIC I%, 8000 1ZENH K&K FL T, HATH 500
A% OZEEIELE N, o, BEREHALA Y N ERUFEM THLIRIBAT 1 —L
ZHCKBBEICHEF T D2 LT, HETHTEMEDOAISA AU HHEEN, P (AIS>4) =
16, IRTH 28%FTHELIART Lc, WIZEMS I =T I =0, HEZR -
THEZES NI, 20cm DB ZEDLFINLIRE Lo Ga %2 AL 5 (F4. 6. 7)., PR
HE L CAothEDs B ARERE L 723551

F4. 6. 7 LMD 20cm BEIZ 5km/h TEFZE

BEEH V)
SEEEE e RELE
HIC 181 582
P(AIS>4, ffaih) 0.060 0.25
P(AIS>2, KJi) 0.010 0.017
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#F4. 6. 8 IMENSIAL - Kt~ B SREEH

(B EHEL)
B | e KRB
HIC 6901 22196
P(AIS>4, H#) | 0.999 0.995
P(AIS>2, KJi) 0.008 0.014

FRRXY ZI—HBROMREZHBE L THER S Lz TEES - ETESHOMRG ] (ICES<Y
HBERETZAND G, BROFE LA RSN, £ - EFERE T L OMERK
i, ARREFREZ MO TARBREORMEMMEE T V2 ERT 28l 217> T\ 2,

LROBEE. e AN, Ol HES A RSO T O Ch S, NP U
DONZEZH AHEEA v 2 PERENTWDONFERTE 5, BIE., HK% 6 0LL LEOH
ST T, MBI A v & = OIERAS ATREIC /2 5 C & TV B, WAERELIKEE . HIRE
BRSNS TR & MR IR BB 15 413 5 72 o 0 B & Fhi T
)

o
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X4. 6. 4 FI—|2kBHHENTOHER

FERIN 72 2B . NRA~ DB T R 2 L a2 BT, SBEhELR 722 b DR & 2
—EBRZF Lo, EOFBEIIRY I —NERFORITCEE L TN I— RIZER-TE
WZBHE LTS, AOERIL, WTKY I —NBR ORI /2 LR &248E L <
Fhi Lz, ZEDOSGEITHERIZ 0.75 8 & vy S RIIFICE Y [\IEEE— A > K (60. 4Nm) 23/FH
Lize 20X, 7FAME 57Nm%& ERl>T5, £72. ZEOHEZE « ERTIE, KICHERT
DINEFN RO #ER, 4 —0F, T L THETHD, HEIERIICHIT L2,
R RS C ORI G~ DB 2 fidig | CIR Rk L T D, ~b Ay MELOEATT, HIC=1122
ERXOREEEZEA D bDD, ~L Ay FEMFRHIITHIC=5 & Mim K T3 %,

LLbEDZ &0, BEIRICE, BICr ARy D3EE L THY OB RATRIL L, 0k,
PUfe%E, & LC. IcBICHESD. Maie & O HERAL OB R E LU,
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4. 7 EBEOBEZEUCHBREEOAY TIFAIYRARL L 3 VORES K WEIHR

F 0 EBEMNCHEREIFO U A7 2T D701, BESORBREMELZ MR LT FERE
WL REBAEERIS A F A A DR EIERBR L AT A ERE L, ol y MIIEAITV., BEE
fEENTANA VAT AR NEFHET DX I —vs B a R v SRR ) S A5 F0 EIE
. HIC, HEGHERICES ZEPREFIFHI 2 HE Lo, DITNICHEENAL XU
BIZHOWTRT,

INETIE LN FRERRR G L ORI EI ZRE L. &0 ZEMICHEREDO Y 27 %
HREC T D720, REORZEMEZHBE LA v a VEBEZRE L, ZOW A~
vva VEEEERAL TCEBORE L GUIGERBRO - OORE T 0 F a—/ ks LU
bR AT AOREE LT 71,

F7o, v Ry NIFEEIT O RIOKATHIEE LT, 7L —LANDORESNTZAN—ATH
Ry MEH STV AR EITV, TOMEEBRIEL T, EITT7A4 BV AN GOHO
A RTA L OREBER 2T — 2 OINEE K -T2,

4. 7. 1 REOREUZFBHRLEYARV VI VEBEDRESLUVRBR IO ra—)L
BRUEHAI VAT LOEE

nRy N TOEITEREIT O 120, Yt Z — O ERREINFEPN O = onE 925
A=, EITEBRHAORAETL AV ERE LT, ZORFETL—VICBREL
— X RHRE AR FITFHZ LI, BEFEUPEZ > 72 HE X2 HRT 2, [F
o, IEEZS X T X9 RERN, POXOREEMOHFET. HDHVITHREN L
DX BB EEATO T RRCEZ 200 % v 2 b —va T ENTEX D,

BMEBEEZ RO 2 RFETL— T, B ¥ — O = RuCEESHITEECTH S
VICON 73 7 /"= 288D it BITALET D LI LT ETHFOorR Yy F O E0H
FEARFHAIHR D X 5 lc Ui, F72R U < BEPEEIIBREN O =W OuHlE SRR A ~— 2N
DR ITFHZEE D FIZ b RAEITV—ABMET L LI L T, 20 EdrRy bRE
T2 L& o T, ETRICEHLMIEDRMICET 27— 7 OIEEZ /REL LT,

Fo, FEROICEE 2 S0 IEFERBR AT O 72012, Wpk 21~23 £ F TITE b2 3E5E
R REN S [3RER - 31 - 94 ZREICEHET 5 v AT AOHBEL BT LT,
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4. 7. 2 mEEIIHTLSORY FEESTZATURINEDOHROEE

oy M AEIT O BIOEITIIEE LT, 7L —L2HNDRESNZAR—ZATrR Y b
EAESToNT RGN EATV, TOMRERIEL T, ETTA B AN EDTODTA K
TA DI T — 2 DNEEITH- T,

Wt oS EBE T OV L aX=TIEF A xR E Uiz, BREHEL LT, 2 REN
HE L, BT CTH LN T AR T AR, SEIOMIEICET 24 7 — AR
arEU MPELNTZEE L Lz, BRAMEREL LCTiIX, =2 he—/L AR RO & fE3E (IUHHE
HiiiE 180mmHg LA L B W iR LT 120mmHg LA E), ZeER LA 12010 DL E o #E
OFERE - PEIRBERERE T IS X 0 IEENHIR O H 2, MU D & HFRE OS] - 1) kEE
DB, HNEOBRMEN A+ 3 0B FiER & Lz,

7 0 A —N—HEGERER A VY, MG A a Ry R EIERE & e N T v RFIREE IS DT
BEEZAIICELE U7, MBI 254 TRICRARE S, 2 E o i a i)
LHTYPA & LT, VT MEBRREARTH D | BRI CTRE 10430 7 b— K &,
3HTRBTENMEONRNREOEE TRy 7T MBELER, 74 (BiE44. &
PE34) 4l 61~78 ik (¥, 73.1£7.785%) 2B F 22V LIAIEEZ KT LT\ 5,

RIRFNTxF LT, 1A2047, WH2[E DN B R E Y 7 4 ZHH L CTBA¥E L 723l 2 636 [
1ot MBI EE Y T ¢ (IPC L HEMRLAN THEGE S, PCRCA > A h—/L & /-5 H
7’0 7T L TCCRT~DOBG DIRPToN T, AfMIET =275 —LDETHE 2 6, M
FIIBHOBRERLEBESEHLZ LT, 77y MaEEL, HTFEOa— MIFTHIET,
ORI T, ST EHITHE . Functional Reach Test (FRT). = /LEh#E# T Cross test,
T DBEET v 7 (Kin-com % L CEHAI), Timed Up and Go test (TUG) 7¢ & DRl %
1ToTzs AR T L723% DOfE 3% DL IR,
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Fa. 7.1 @EREICHTLIRRY FEMEo72NT o ZFR
Cross test (cm)D 221k
mA y MElRERE | RERFs R
Case 3 2.78 0.31
Case 5 1.64 0.62
Case 7 6.98 -0.64
FRT(cm)DZ 4k,
ARy hElREE | GER A
Case 3 4.5 2
Case 5 2 -0.5
Case 7 3 -1
tandem gait speeed(cm/s) D21k,
=R N 1S S i [ S
Case 3 4.2 -4.2
Case 5 6.9 6.5
Case 7 8.4 0.1
TUGE)DEL(ED L= F B RH D)
ARy hEIREE | AER AR
Case 3 -0.8 -0.3
Case 5 0.1 0.2
Case 7 -0.17 -0.4

BTN I HOERND TIEH LN, Dl EbERAERERTH AL, —EHMON
T ANBREAT T2 DY, NT ARSI DB PRI T OB B3 28 s 5
MBI, BRERTEITHO 4 H 0, 5% I DITREES Y 7 v— M iED,
204 DPRRENTET T 52 L& BIICHRAEED 5, Z OfE R4 FEERIETHE B L O
RIC R ARy NE ST EDNT VA0 L, ET 71 B AT 5D
I, EEOEITHE 21T ) RENZENRE L T L— LN TONRT V ZFFE T4 72 D e,
A RTA ANERRTDIZHED RN 727 — 2 L LTRHIHTE 5.
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4. 8 BAILENFENAVARIARYKMZIDWNT, COREZEETDHAKRST I —vs
BE#EORy FOBEEEREN SHEIFMELERE (AIS) | HIC, BERERICEDOIZEM
T EFHIETHE & HEE

AABHB)BEMFEET & LR T, NF I -2 5, B, HEESICERIEREND
AR 2 E Z SEehae, RmlaT—Yx 7y b, ~v Ay b ZLT,
RS 7 —%DOEE/NT I —IZEESED Z LI L AREROFEDEEELHIRA~D
HEIZOWT O 2, 877, IS OB 2K & B (KRR BERE ISR A 2 5 BT,
WA T 7 N1 A 3HTCd D TRISS Z A L T ARG FEA LTZBEO TR AAFEOF
KLUVl OF AEIZOWTH LT LTz,

4. 8. 1 AI—%#RAVEAKESGICETIHE

HA BB EMFEET & LR TN I —% B, g1, BEES I CHRIEREN LR
BICHAICHEE R S8, ZOHRGOIMEE, €— A2 MEOYFRREZFHIL, /I
S -NARERE A EZ LG AORE S HEOkEEE T2, &b, MMmAT T —Vy
vy b~V Ay b ZLT, BERERADI I —EDORELZ/NFI—ICEFEIELT LITLY
LD IEE ELHR~DORBEEWEERA T, £, REI—L/INF I =5 BT
BH, T L CHBHESECREH, EWVICERZEZ S CERLZMZ21To 72, B,
DN BE S5 D W PRV ZER & S RN ESEFE ISR A 2 2 BT, MAEHIZRT U M1 A CTh
% TRISS Z#E A L7z, Z® TRISS 1%, ffEHIFHIEIELE D HIC R AIS Z LI L72 1SS &
RE BT E O AT FHEE Z HIWTZ RTS 26T 0V A7 T V¥ XX Th b, TRISS D
WAL D NMEBEERRAE LT BREO P HRAEFRTR LIVl TRE & 72 5,

H A BBV EATFERT O ) D b &I RBIME DIRFER EICH WO ERET L HF I —
Hybrid-1Il AFO5 % ffi > THEBR AT -7, FHMEEORIE L LT, MHIFHEEGE TH D
HIC. AIS, Ny % L THIEs~DHEEE 60G (588m/s®) & HEueL L=, EBRIE. MITEaM 2>
DAV Ay NOFEE BGEEONV Ay SOFEE B ERH FR 7R E O FEERICE 2
V9 DfERe i AR E LC, SR L A EOINEE A G L7, K4, 8. 1 &X4.
8. 2|ZHA I X DERBIRF O OFHAIT — &% LR & Bk L7=.
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—fesultant Head Accel  —Resulvant ChestAccel

L. mifsms) -
. 8 8B 8§ 8 B

_L‘?‘ o D

[:E5) (%3] .5 035 a7 0.8

time{s}

4. 8. 1 fmesf] ~L Xy MEL

—Resultant Heed Accel  —Resultent ChestAccel

m/f{s%s)

4. 8. 2 #FEMAE ~L Ay Y

F o, BEF AN L DIEHCHT A~ OB MO R EZXK 4. 8. 3LK4. 8. 4R
L7,

3000
2500
2124

2000

o
= 1500
1000
500

127 17 6
o ! I
Without helmet With helmet | Without helmet  With helmet
{6 Eo s £ EAEE

4. 8. 3 ~JLAv kLA
FHE HIC
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0.401

0.267

Without helmet = With helmet | Without helmet | With helmet
{6 i & 75 5

4. 8. 4 ~JLAv NELEEE R
$E N

PHEE OZEIT, ~V Ay FOEEOHFBIZLVENRRE S ER o7, ~L Ay b
B SN TORFZIE, HIC2124, AIS6 (IZIFFELE) Z/R LIS, ~L A » hOEEFIZLY
HIC127, AISO L 720 | fREAIFHEEBEN KRS S EE SN, ~V Ay Ne¥EETH LT
AEEE TR 6 43D 1 BB L, i it & o #EfiiRef#] I 0.002s 225 0.013s &£ 721 6.5
ERWEEZ R Lz, ZAUI~V A Y b OREREM D ESERICETE - ESN L Z LIk
i & ORI 2NME Y, & 2 —DFEENZIT 5 ERKRE LSO LIZZ itk b,

A FEAAE) TUE . e RIER A BN IT A~ A > b OREEDOHFEIC L BT 53, &
LHDOBE L EEETH %S 606G % kA% 664.5 m/s®, 858.3 m/s® Z ¥tz R L1z, —fkIZ,
BN ~DORFIER 1L 60G & STWb, LinL, BHEAERNTORRE - BE7ERIC,
FOE iz o HEEAEEL X, ZOEEEZB X 5008 KN, ZO7HIic, BEE - HIC X
aAR v MEOE IS OMMEFMEEE L U CRUM IR SRS (HOReIEHEL
MUTEWY) o 5, WEHEEICEL Tk, TANFRAZE Z T RESCRIZ & O i1
WRE] DEREND (HOKEELZOEFEHEHT 52 LIC@EMNED)  SEHMICBE L T,
VA sy b OFEIZERR | FREORAMPEHENICHEND Z LB Lz, Zodmix,
LB CHRVE I 2 2L S CHIRFFEN D, X, SEELSOESY 8. B, B0
NV RV) DEPNCHIE &L T B0 R X —ORINT S, F T, FERICITH
BB SN DB BFE LV 725 L b s, SHEBEEIENE Ny 1205, % HHsERC
H 1L TOfEEZR L, SERICET 2 RARELEHIZ L TVD, IDHIC, BRI s%S
AR O R A RN 1, ~ LA R OFEEIZ LY 1253 mis” & 137.8 m/s” & e 0 FEYE(E
NThHoT-, ZAUTBIIDBHEICEZIBREE T, E/FFON 7Y v 7% LT
ERBHI A Lo FIC L D, ZOREBENREROEE L WO BRI, MHE&EO
r—ALRBROBHNE 2 b,
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4. 8. 2 FEMOEBAHIINT HEERBRF

SHER S 32 T D E BRI, ~V Ay POEFOFEZI Y RS RRDY, BEBEAO~
VA FOFEIC KV KIEIZ HIC 2ME T L, BEEHEEGICARITH L Z LRSSz, 20
ShRIE, B & M & OHARRF O KIE 2 INTER T 5, ~ A v FEZEE L THRN
SHERIC AR N AR S L2 — A T, BEERICND 2 B 380 L2k &2 3 (X 4 .
8. 4), LML, ~ Ay boFRIX, VAR Z L EHREEEZ~L Ay FOME
FPEICIKE L CREKEEE D, ZOEALZRIC KD HEHEFHZER L TR OB
L5,

:

K4. 8. 4 fEEEEIELME 4. 8. 5 KHIZHEZERFOIEIEN

SHERIE, Kl & DR IC R K DOEE AT 5 O TRV, BHOEHS P OMEE (X
4. 8. 5), MEET—FnoiifEE Lz, P ROBEIIEZROMO THY , AIZITRY
v, L, Brd—fr@E (C 5 X, EHICx DADFMNTILI AT, E OIREFZE
LIZEHR b DIZ72 D, & I —HAFO ML NMRBFEOEIZTW EUET I, Z DOFR,
FHIEA & 1. 02em D CHGRIEB 250 5 (ZOE I h), S HIT, HRICK > THENE
& @0t B —(IEN 2m I EWT 2 &N D, ZOHEBEODNHN, HE L
FFOESE DOV LD, ZOMMEINIX, OFAO 1 IRIZHH] L T HilE o
X EFERY OFTHOEmKITHHI L TWD,

LAy FOIEFITL Y A C OEENMREN 2T S, ® S hid 20 mn FifE Th Y £k
Ao, i, RRKIEAIL6 ~Tmm LIV ELS TPo V& LIzRE L 78D, fEH.
IR7» B OEZEREH] 1. 8 msec O &' — 7 ORFHIFEIFE O MIZ, BHEHIIRWER 2321 5, Z DR,
1 msec OFRFHEMFEFITK 24kN OFRWVENNE < LSz, 612, B —frED
TR ST, ~L Ay P EEEEF LRWER TN 2~3mm L3l S D, Z OfERIT, K
FEFWIIRERI 7 oBBZEZ SEMNOHMASIEEZTHRREEZXOND, o, ~
VA FEEFELUZERTIE, B —IEOWDIRSIE, ~ Ay PR LOK3fEH KR
ELEMT DD, ~V Ay FONEOFRIAATF 17— /LB KEETE LR\ Es) 2 RKIX
THEEZOND,
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4. 8. 3 EfICIEREORMHKEETIL

I —DH RN~ — I — 225 U, B - iK%, mREREZITo72, TOKT%
RIMETI A T THRE L, RSO~ — T — O & 758 LTz,
FHHORE R, A R OB IR MAR ORSENREIL TRV . £ OB IS MBI TRl vl HE
ThHLENEP L. (T4, 6 ANMKBEET -2 X—ANLDNRT XA —=FDFELZDIE
HEzELTarvEa—FyIal—ralilloTnA VAT AR b EITE - HEET D
HiEEmE 2 . ZOMAENS T AOIERE T oRRIL, BEEEICEX, F1
S B R FOAKER L AE s EWOBERET LV ERE CTE I,

1. BDHAS—OME (BREE)
HY:32~42Nm < 57Nm
#EL: 69Nm = H#EZ#BZ 5

2. NLAYEDEADFHE
FHY: 91.4Nm
#L: 81.4Nm
ANLAYRE, BL1I0Nm LT

3. HFIL, #AELUATKE
—AZEY 63NmM~223Nm

4. 55 kR 6.3kN

(5% :EEER 24kN)

4. 8. 6 FHRLM T COEEM

Fo, AREHEICE SV I 21— a T, ADHEETOMR OHIET — & 76, B
=, DK, KRINEZRI AU L%, BEMEOH LA vy v azElLiz, Ayl
ST DAV ENLOFHEEZEL Y 723 5 BT DAL, B, BEEL &2 FHASRL L7,

PSR SN EEE A2 VT FBAICHDE 60cm/s ORI EZE L 7= 34 O EEE OA&HE 12 B
O AT o T2 -+ T ORER, BN THABEIEALICE D LT, WIS 2812
Aoz, &I, Tix. SEEENEHAEME L OKTHRZINHa s, K4, 8.
TITRSINTZ R DI, MIFEBFAET D — ATk LT T,
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FAE D THEOHE

X4. 8. 7 HREFREMHEHTLET EE
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4. 8. 4 HEWLT I MHOLDW

PEEEMINLIG N B | AME O EIEEREIX, FAE LI AME D D O & AR & L@
ST oD, TAUL, BREFLN 2 L R T — 2T B3OSO WEMTH 5,

HIEDHEIIZRNT 5 & 3OO ABFEET D, DF V., REHIFHIEEE (HIC, AlS,
Nij 72 &) | ARFREEGE (Bl Vv, DOREHIME, PPN E) | £ L THRESR]
HBEEOEIHIESS FRNTH L, BROH MBI ST o hEzZdhid,
EONMEREL D2 ) LW G TIE, S I TRENZRBELEL TXE AIS LV GF
B AIS) | OV IFAT VT ORERETH D, AIEIL. A1, ET1, IG5 OB EK]
LAY - EFRINER E OMORREOXGEROREMETHY . i, HBEILLLT S
v I TNANOHEREE S 25, BxlL, 7V M ASHTO TRISS (Trauma and Injury
Severity Score)z HWNT, AMEIZE D AR RS 230 LT, YNSRI EEE
(HIC, AIS 72 £)% Fv T, NISS (New Injury Severity Score) % &t L7=, D%, BEFEMENR
2Rk D AR B R ) EAE S 2 48E L T, RTS(Revised Trauma Score) DHEE 24TV, B A
TRISS Z W TR ZFH AR LTz, MEfIELS L TO TRISS Z BERSHIICFE 2 b THeat
T2 LT, AISLLULFOEEN AT DRl 2 W& « FHllEZ AV TRBLT 2FIC
BILCTE T, DF 0, AMROEFEIIZ T 5 AISL BLF OB ERAMmEIRSA R X, =
DR EFR L ~VVZERET D Z 12 L 0  TRISS DT 100% AN EIFHEMR S D, T,
TRISS >0.980 (Z ™B NISS <4, RTS>7.8408 & 72%) i%, max TRISS = 0.98404 (NISS = 0,
ETOAIS =0 REZEL TR, DFED, £2TOAIS LU FAEETFAEL~LE L
TEYTELEEX D, AH%OFERAIL, O AIS1 ., HHHO AISL, faio AISL %% B
RH 2 E CRELT 2 Z LITEADKRON D, EETNE 2 &Id, AISLITBIENFEAE L
TWHRETHY . AMRIZBICHEEZZ T TVWHE NI ETH D, ko ntr
%) .

AISLIZAMFRP OO - EHETH D | A7 100% % (RET 2 EETH H I E 220,
HIEZIZH < ETEREAISO TH D, L, A& aRy hOATEZERCHREN B FHILIZ 72
LENTRIN, @EE OB X SE, WESCFLN, 5% S OITHEINT 5 HENES
IND, ZOTDIZNKBE BT TEALRWERTH L2 61X, VAZEHROLE (FF
KIVATZ L) ELTAISLUTZBETDZME.ENSH D LB TNHITBE 20, £z,
TRISS 1%, ZRMEIMEZFHIT 223, FiUL, ZE LIZHEHLZ & DK 32D AIS A
AT DHEMEL TWVDIZEES>TND, 2F D, [F—EBICZHEITHFIET D20M5 & |
RAK3OLSD AIS b & TIEHSIND, SHIC, FMEONBE MU FEZNLLEE V) X
DK RMIR X 5 L VO IR Z o5, 2Tk, #illmind & aimimd iy
(RHERE-DUIR BB ICAAAE T D R & 7208 H) « BRI R B (L2 BE L TV B L2 5,

TRISS I, AR THRHEEATT THHN, ERRORKEMET DI HRGTOT
B“THELZHNT, RO REHE, B8ETHLENELTL D,
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Fd. 7. 2 TUNILGHEROTIMEIZHES EFRORIED Y
NISS S IME BLrsME
= ¥ (maxAlS)? EFER AR
R DOAISOH P(s) P(s)
:(1st,2nd,3ed AIS) RTS=7.8408 RTS=7.8408
NISS ;
0;(0,0,0) 0.9847 0.9843
1;(1,0,0) 0.9834 0.9833
2;(1,1,0) 0.9820 0.9822
3;(1,1,1) 0.9804 0.9810
4; (2,0,0) 0.9788 0.9798
8; (2,2,09 0.9706 0.9739
9: (2,2,1) 0.9681 0.9722
12; (2,2,2) 0.9594 0.9664
17; (3,2,2) 0.9397 0.9541
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5. AARDER

TR AR v ME, PR, B - SEEOZER, 47 0 A, REICEDET,
REFEZHONL, MOBEKCEEY) & [F—2ZHNTHRERAMRE/R Z kbbb, £
T, ARBHECIIAESEr ARy REREHMCTALRAET 2LV OIRR T TAICEZD
ERPER U 27 | BRGSO NSBE O ATRENEZ T - GF L €, LatEriticisd 28k
ERMETD0, AEEEe R v NOREMEOFEIEER E B - NS O sk TH
fi L. BE L ST AR U A 7 SO BRBERGETE LT, VAT AR MnbHER
RUARTES R m ANy MO 2 28 b L, EirlBid L OE 2GS (JART I2BW\WT0) %
FhE L, LLTO 2 SO E5T-.

5. 1 AR 3 UvKFEMHABRBICKDVRIREDI SATITELUVETIAE
VAREDI=ODHA FZ4 VEREICDOVNTORE

el B K 2R Bt R BE O (ZaxiR) ZIRE LR, Ay a v
RIFGEABRIE 25 E L, BEEMRNALTLBEOY A7 BED T F747 V7 (NMEHEET —
B R—=2 LB NEREOHETE) . E#ITTA B ANEDTZODTA RTA » ZREICD
WTIRETZ1T o 72,

ZORER, Yo Z—fFEkE ) N T — g URHNICRE LT A v g R
BRI 2 VT, EHREEH 6 4. mlEE & 4 £ 10O\ CERGERBR A FEl L, AREE %
AL LI LW ESEONREMHER L., ZOZENLHEITIA B ADEM,LE LT,
FHBCE DS KA E L TR E LT 2 &L Sz,

5. 2 ARy FEADEMEEOLIRILI—EFMI., FHRTMAIDOES) X VBT
RAWSNTA—2ZEHRER (UARI IZEWNT) ARG
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3—1—1—2—4. "= U= 7RSI OINRER
TAO-Aicle-Safety ¥ A7 LA CHEHT H— R =7 ORZEGTE I LT, ~N— ¥
=T BRI OEMEIAEE LTI TO#EY TH 5,

VAT MER (1 ER,

ETOERMIZ DTl bR

2 HR,

Wr, FIWTRILZ E % L. FMEDA2Z ZEHi 4 %

SHEARDEIR) OWRET D
VAT LATHERTAEMORE T L ICKEE— RERET D
(ISO 13849 #—¥irI ). HfED =

I3

i

. DC ¥

HEE [BERE 1SO13849BBTEX [EZ fraction | RE fraction BT
open open-circuit RGO TADORFFTE 1S013849-2 D. .
80%| 1y
B
R short short-circuit —iFMOa—k 10%]
B drift Random change of value 0.5Ry < R < 2Ry fault mode? [EFF £, EDFEEE X LY
where Ru is the nominal value of resistance | DEIEERLEETHIIETE. 10%
(see remark 2)
Short-circuit between connection 1 and 2 short-circuit between any two adjacent pins | BEYB--E~ D, 10y[1S013849-2 D7 [B9961 %D.1
METEE DHBE e Sk ) I57 Vb RUSEARI S
or i ly inserted when g inserted DR OAPFE A RICEESHENESITHST
not prevented b means when not prevented by means  |WHIFETE
Short-circuit of conductor 1 to earth Short-circuit of any conductor(see remark 3) |£TDHRITHLTHLMET
to earth or a concltive part or to the
CN conductor
ARH%  |Short-circuit of conductor 1 to conductive part Short-circuit of any conductor(see remark 3) |£TDHERITHFLTHLLMET
to earth or a concltive part or to the 10%)
conductor
Short-circuit of conductor 1 to the protective Short-circuit of any conductor(see remark 3) |£TODBMICHLTHELMET
conductor to earth or a concltive part or to the
conductor
Open—circuit of individual connector pins 1 Open—circuit of individual connector S THOHT 80%|
Open-circuit of connestion open—circuit of any connection L2THRVHTBESHY 90y1S013849-2 D21 |EHTHE
TUTSRINET
short-circuit between any two connection AHAELDORBHEDEITONTHE
(RYI7DBEF VT —CDOBDIHF
Short-circuit between connection DB 20%
ZLWFORTF OHULE
Ic stuck-at HIGH of [Stuck-at—fault
CPU#E  |[stuck-at LOW of Stuck-at-fault
oscillation Parasitic oscillation of outputs oscillation B 88 T ] BE £ ) 8% RH i o
T 5ESBEBOLONHHE
2. ZOREEZHEEDIE, 20%)
EMC, RE)IS DL THEE,
REHELDHBE,
Changing value Changing value hDBELELEETHNIETE. 20%|
Open-circuit of connection 1 open-circuit of individual connection 30415013849-2D.19 [B9961 D1
HEERF 24t hT5
. Short-circuit between any two input connecions short-circuit between any two input 304
FHNTT | Short-cirouit between any two output connections short-cirouit between any two output 30%)
Short-circuit between any two connections of input 1 [short-circuit between any two connections of [IEC60249(Z#E 3L . IEC60864-1:1992(<
and output 1 input and output ot RIS TVNBIB B IEEELAL 10%
R DI A B Permanently low resistance at output zq?{msmg-z D.10 [B9961 &D.1 EEAAVF
HERA(VF
HAEB DA KALISBK high tance at output 25%
R (5 [BAEOTR Interruption in power suppl 30%
EREEIEIZ LD R 1y FHEETRE No operation of switch due to mechanicl 0%
failure
RERICBNTIHERALS R a— Short-curcuit between the three connections 108
of a change-over switch
Contact will not close 1S013849-2 D.8  [B9961 RD.1 RAvF %BHICH
Contact will not open ?;fj@ﬁ;:é;s ATHE
EREY [1vF
A4yF |Contact will not close Contact will not open FEEI R VFDHERIATRE
Short-circuit between connection 1 and 2 Short-circuit between adjacent contacts RERA(YFIE LRI AT RE
insulated from each other
Simultaneous short-circuit between three terminals of |Simultaneous short-circuit between three EIYBZR(VFOBEREE
change-over contacts terminals of change-over contacts
Open-circuit of pin 1 open-circuit of any EALTLVELNEFEE BBV E 1S013849-2 D.18 [B9961 RD.1 FARVU—hHEikK
Ehon-mmuit between 1and2 short-circuit between any two L GaRRE E5FILTVSH, MIEREAR
a Short-circuit between all short—circuit between all 55 HERTHE
KEREF [ harmonic PR Change in )) (IEC61508) =58
super harmonic (758 i (Change in ) |(EC61508)
Change in Change in characteristics fthDEFEEELEE THNIETE,
open open—circuit 40415013849-2D.17 [B9961 %D.1
LTy ERZAVZ ]
short short—circuit 40%
aAVFoY |drift Random change of value 0.5Cn < C < Cn + fault mode % EEF (X, [EDHEES 2 LY
tolerance where Cn = nominal value of thDHHEEELEE THIIEFE, (/31 10%
capacity (see remark 1) SRV T DBETE,)
Changing value tan 0 Changing value tan 0 RiE 10%]

M3—1—1—2.
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EE - HIERE RECTY L] - Altotal) 'S [-'D - Fraction |- DC | - DCHIMEHL - A(fracl-'AS [-"AD [-ADD [-'ADU |- f@#% z
C12  [open wELL 6.00E-09] 1 3 2.40E-09] 2.40E-09] 0.00E+00[ 0.00E+00] 0.00E+00]
short E—4EEBEIR4SVDE=SEAOVIZ | 6.00E-09] 05 05 40%  99%[E—EFS54T. 2.40E-09| 1.20E-09| 1.20E-09| 1.19E-09| 1.20E-11
%% AYRGEREI=E
~EERREBRMIL
TW%. JRVEED
= TILEEERE
E-SEELLERERL
EEAHNIELETE
st D
arift gL 6.00E-09] 1] 0 10| 6.00E-10] 6.00E-10] 0.00E+00] 0.00E+00] 0.00E+00]
Changing value tan & E—SEREHERFSVOE=SfEHOVS 6.00E-09| 05| 05 10%| 99%[E—4KS54T2= 6.00E-10{ 3.00E-10| 3.00E-10| 2.97E-10| 3.00E-12
SVERYIRT MYRGEHAI=E
~EERREEAL
TLV%, YRR R
—vhTIERERFRE
E-SEELLERERL
TRAHIILEERE
ISt D,
Short-circuit between connection 1|BEFRI-kYBRNEHS 5576-13| 1 0 10%| 557E-14| 557E-14[ 0.00E+00| 0.00E+00| 0.00E+00[pinE2iE A\ >%
and 2 BHEREMSISNIL—FABELY TH a—tE
CN1 RFLAEILTEDTRS B ARY:
Short-circuit of conductor 1 to BRENELD 5576-13| 1 0 2% 9.28E-15 9.28E-15( 0.00E+00| 0.00E+00| 0.00E+00)
earth BHBRHSNSNIL—FABELY
AT LDNFILTEDTRE pin #1518 50
Short-circuit of conductor 2 to | BHL 557E-13[ 1 0 2% 9.28E-15| 9.28E~15| 0.00E+00| 0.00E+00| 0.00E+00)
earth pin# 5380
Short-circuit of conductor | to | BZ&/4L 557E-13[ 1 0 0% 2.32E-15 2.32E-15| 0.00E+00| 0.00E+00| 0.00E+00]
part (12V) pin#( 5 B0
Short-circuit of conductor 1 to H/WASRHBL . Y AT LABERELAELY 557E-13| 1 O] 0% 2.32E-15| 2.32E-15( 0.00E+00| 0.00E+00| 0.00E+00
part (48V) DTRE pin #5380
Short-circuit of conductor 1 to H/WASTRHBL . S R T LABERELARLY 557E-13| 1| O] 0% 2.32E-15| 2.32E-15( 0.00E+00| 0.00E+00| 0.00E+00
conductive part (5V) NTERE
f=ELNEE BRI &Y BREERL TS
EHHYZ ALY pin$f 5338 A0
Short-circuit of conductor 1 to AL, VRATLAMRELAL | 557E-13] 1] 0] 0% 2.32E-15 2.32E-15( 0.00E+00| 0.00E+00| 0.00E+00)
ive part (3.3V)
f=ELNEE BRI &Y BREERL TS
Y, MEHISHYZ L pin#8 5318 /0
Short-circuit of conductor 2 to HELULBERICLYE Y —BRA| 557E-13[ 1 0 0% 2.32E-15| 2.32E-15| 0.00E+00| 0.00E+00| 0.00E+00|
ive part (12V) £5%) pin#5iB 50
Short-circuit of conductor 2 to H/WASEHRL . S R T LAEREL/Z LY 5576-13| 1| 0f 0% 2.32E-15| 2.32E-15| 0.00E+00| 0.00E+00| 0.00E+00
ive part (48V) DTH: pin ¥ 518710
Short-circuit of conductor 2 to BERICLYEBRIEELS 5576-13| 1 Of 0% 2.32E-15| 2.32E-15( 0.00E+00| 0.00E+00| 0.00E+00
conductive part (5V) BBHERIISNIL—FABIELY
ATFLMNELTEOTRE
LN EE BRI LY BREERLTS
Y. PEMIcHYZ LN pin$f 538 A0
Short-circuit of conductor 2to  [BERICEUERAHLS 5576-13[ 1 0 0%) 2.32E-15 2.32E-15[ 0.00E+00| 0.00E+00| 0.00E+00)
conductive part (3.3V) HERADONTL—FHTELS
RTFLDFILTEDTRE
ELNBEBICEYEBREERLTS
BEIHYZ ALY pin#8 5318 /0
Short-circuit of conductor 1 to the |B& 7L 5576-13| 1 0 2% 9.28E-15 9.28E-15( 0.00E+00| 0.00E+00| 0.00E+00)
i pin #5180
Short-circuit of conductor 2 to the [FZ&%L 5576-13] 1 0 2% 9.28E-15| 9.28E-15| 0.00E+00| 0.00E+00| 0.00E+00)
i pin #1518 0
Open-—circuit of individual connector [ 2 F AEILREELREDIRELL D 5.57E-13) 1| o 40%| 2.23E-13| 2.23E-13] 0.00E+00| 0.00E+00| 0.00E+00|
pins 1 C: pin 153380
Open—circuit of individual connector [ A F AfEILRAEELRBRDIREL D 5.57E-13| 1l 0 40%| 2.23E-13| 2.23E-13| 0.00E+00| 0.00E+00| 0.00E+00|
pins 2 DTRE pin#( 5810
Open-cirouit of connection 1 AT LEILREEERBORESLS | 578E-09[ 1 0] 6% 3.61E-10 3.61E-10| 0.00E+00| 0.00E+00| 0.00E+00|
x1 DTEE pin #4380
Open-cirouit of connection 4 AT LEILREEERBORESES | 578E-09[ 1 0] 6% 3.61E-10 3.61E-10| 0.00E+00| 0.00E+00| 0.00E+00|
DT pin #5380
. LATFLEILREERAHEOKELLS | 578800 1 0 6% 361E-10[ 3.61E-10[ 0.00E+00| 0.00E+00| 0.00E+00)
Open-—circuit of connection 5 e sin¥53 160
) LA LEILREERAHOKELLS | 578800 1 0 6% 361E-10[ 3.61E-10[ 0.00E+00] 0.00E+00| 0.00E+00)
Open—circuit of connection 8 N
DT pin$ 538 0
Short-sirouit between connection 1 (AR EVBRAEES 578E-09] 1 0 6% 361E-10[ 3.61E-10[ 0.00E+00] 0.00E+00[ 0.00E+00[pinERE N >%
and 4 BHBFEASNSNIL—FABELY TH a—t&
RFLAELTEDTRE A
N - J[PARTLELERELAEORELSS | 578E-09) 1 0 6% 361E-10[ 3.61E-10[ 0.00E+00| 0.00E+00| 0.00E+00(pinBRE N >%
ort-circuit between connection 4 oy s
nd 5 NTRE TOYa—tE
PG
) - [RTLBLEREEAEORELSS | 578E-09) 1 0 6% 361E-10| 3.61E-10| 0.00E+00| 0.00E+00| 0.00E+00|pinF2iE /5%
Short-circuit between connection 5|~ 77 ?
nd 8 NTRE j[d)wa—h{—
BT
. . BETL 5.78E-09)| 1| o 6% 3.61E-10| 3.61E-10| 0.00E+00| 0.00E+00| 0.00E+00|pin&2i& M2
Short-circuit between connection 8 5
and 1 i(ﬂ)‘/a*hi’
AN
Short-circuit between all BERICEVERNEED 578E-09| 1] 0 25% 1.45E-09] 1.456-09] 0.00E+00| 0.00E+00| 0.00E+00
connections BBERNISNIL—FHEELY
ATLDELETEOTRE
Change in characteristics AT LEILRIEECRBRORESLD | 578E-09[ 1 0] 25% 1.45E-09| 1.45E-09 0.00E+00| 0.00E+00( 0.00E+00
DNTRE
[ W) Wz
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AL« BREERFE T VT Y XL - U ATERENEARZ —CRET LT Y X LD
3OMBHERR STV D, AEIEZERNBEN Y 27 F 7 V3 XA Ether
RV —NBETERSINTWDE T AL 2N RG SN KT
A= (RAEF - ) 20 ICAEEEMANBEY X7 25T 5, BRIER
TN AT T AL ZAPEEEINLE/NT A—FIZL D RE
By L, BEE - BEZEMNFEEE - A RHT 5, U
TARWENE S — VBT LY XA, EIRERNBEN) 27 BT LS
U X AR LTS R 2 AT TAO-Aicle-safety DETT 5 0] 51 0 & 8 13 £
ERET D,
LHRBEEY 2—/L

LHEBEETY 2— WL, T 27 /VR— kAT U SRAM (2% L CEfET
— X OB (Z13) ERE (FR) #1795, BUFOBRIITERE T — & 2T
L. EFTHIEY AZHBT 7V r—a o~Bl &S, FEORIZIXY
AVEMT TV r—va bRl EEINEET — 2%t L CTRHINE
25T 5,

WET — % OMAIFRIZOWTIE, IEC61784-3 DRI HIE & e/ K %
TCIAT 272 U R 7 5k R DHEET 5,

VAVEHRT TV r—va v

YZAZEHT 7V r—vasid, AMla=y b (AA 8=y | £
—Z RIA T 2=y ) DOOERBIFEITV, HEHRIEN TGRS AL T
WRWDNERL 21T 5, IHFRIEUS O FEE, CAN @B{ERH CEEE=412T
179, BERENC P ERBEL THDIHAEIL, TitEYa— A ¥ —7x
—2Z (IF) #@fEEHE 5,
& BREYEJR Y L—IF

® BRENEJH U L —0 ON/OFF (T LV & — & ~DEIFMAE % il T AT

HilE3 5,

> RN FL—v a3 IF

0 AT ALICHEEEZHRHLEBE/AIINNA T L — 3% ON IZLT

PBRE BT D,

& AK—2IF
@ AT AIZHEFEEBMELIZGEAICE— VAL L CHES I
‘ﬂ—éo

OS Owls Industrial Safety Package
Y7~ arQoflfliz e LT, V7 L¥ A5 OS THDH Owls

Industrial Safety Package Z i 1%, A& OS (3L 2BE R L E e
FHL9 25— (TOPPERS/ASP 1 — RV AER—R|ZLIzb D) & T

Im-5-3-23



Ur—va Ak n—Ry =7 OMEREEZSETH74 77V 20
Ff>T%, Owls -Industrial Safety Package 1%, IEC61508 O 3 i CHLE
&b SIL3 @ HR FiEE AW THRE I TS,
> WEEREZ A7 7Y
HERTIIMERL 7 A 77V 2T 2, MEREZ A7 7 Vi ~—
R =7 OMfERRE (70X L= R =T, VA T~T 4 v 7T —)
xS LTW5b, E£iz, BbEfRH T A4 7 7 VIX IEC61508 D5 3 i THIE =
% SIL3 @ HR FEZHWTHE STV 5,
T 2T IVR— K AEY
T~ a2 QeH T~ aQOT—F%2T7 Y v THDDOAEY
Thod, sMErbEmINsE L HEHR, CAN 7—%, 7 <A1 200
HEAMRNT —2 & LTHbhb, WO~ A a2 TRAT 7D, AEY
TEIITER LRV E I ITHEIL CTERET 2,
SRAM
U AZROEER 7 VT ) AL THR S o HERIZ, 7 —F ®ERERT
HDHIDNy T AEY ELTHEHT S,
K= e "— 1IF
VAR T 7V r—a VIRV AT ABRE ERIM LB, 2—F~0
R & LT S,
NATL—a v
YRR T 7V r—2a VIRV AT ABRE ERIM UK, 22— ~0
R & L CHEAT S,
BREhEIR Y L —IF
VAR T 7V r—2a VIRV AT BBREERIM UK, E— X ~D
BREh TR 2 95 7= DI T 5,
BEE=#
F—H RO Y ~OBEREEZE=F V7T LHDIHEHT 5,

Y 27 E5Ea =y h~OERERERCH 5,

3—1—2—1—2. BEHBETa v

WRERRBRXIGI TIEb 228, BEHE T vy 7 OfRER LT 5.
o VT A 2L®
> BEEVa—L
WEEY 22—V TIE, T 27 bR — kN AE U ~OftaE XL ~D L
FaITH.,
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> OS (TOPPERS/ASP)

Y TvA a2 QOHlEERELTY T AZA L 0S ZEHT 5,

e Ether h 73—
BT A AOT =22 OMEE LTHEMNT 2,

e CAN b7 —N
CAN BE DT — i O L L THEHT %,

3—1—2—1—3.

Ry b EREEOREY Y
A7/ NClE, vedRly NEUOBEEY & UTEED RS 2 FEO SRR

v, STkt L SIRGCHBEEE I A TN END Z Lo, K3 —1—

2—1.

212, BV OHEEEAZ £ & OTNZORMN G, EERIL 3 koo L—3H

ot Y NE L TR Y, EEEEOM W ROR HITIE 3 RoTIRBEEE I A T 3 LT

%R
3—1—2—1.

Unit: mm

170

160

55

Unit: mm

Items Specifications
Range 0.3~5.0m (Munsell scale N4.0,
equivalent to reflectance of 12%)
A maximum of 16m (Munsell scale
N9.5, equivalent to reflectance of
90%)
Field of View H 60 degrees x 50 degrees
Frame rate 16fps

Angular resolution

H 20 mrad x V 26 mrad

Operating temperature

=10 - + 50 degree C

Vibrations / Impacts

10-500Hz x 1G-40Hz X 2G.~30G

IP rate

IPx4

Stray light immunity

100,000 Lx or more

Items Specifications
Range 0.5 - 5m
Field of View H 70 degrees x 55 degrees
Frame rate 16fps

Detection requirement

Scm height step at Tm

Transmission DATA

2 Mbyte/sec for all Range sensors

Operating temperature

=10 - + 50 degree C

Vibrations / Impacts

1G ( 10-500Hz ) / 30G

IP rate

IPx4

Stray light immunity

more than 100,000 Lx

( as a target value )

K3—1—2—1. 2

3DV T F ik BRI OO DR E Lz,

a)3 WLt >

b) G 0 A Z

FEE YR 2 OB
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K3—1—2—1. 3 EEWHRMEOEHELE

T ORI TIZ, W' V% Ethernet HUB #N L TY A ZEHEa=y MIIEEEEH
F—A AN L., BEBEYHRBIZIY R I7E3HE 2=y NTITO TES, -7,

3—1—2—2. ZeAFELa S

3—1—2—2—1. Z4EHH=

YRAZ#HE2=y NI, VAZIREHE Y a7 S@EHET 7 v 7 THERS LT b,
AK7aYx 7 TR BN TH L Y A7 &R~ 2 > 7 AT, IEC 61508
SIL2 ([CHEHLSH 5,

U A 7 &EHIE ~ 2 > 7 ik, TEC 61508 SIL2 IZKIGL7=Y 7 b = TR 7 n k& AT
BT 5, 72, A 7 B3OV 7 v AT AIxt L TLEeEHEE]E (Safe Failure Function)

3 90%LL 1 99% R OZW T ik STt 7 4 77 U 2 v 5,

#£3—1—2—2. 1 FUFb— R TR 5HER O )7k

3 IEC 61508 Part2 0 7.4.3.1.3 THE SN 2 MR~ A 2V R ERATE VAT Ak, [T X TOMRERICONT,
HIEE— FPRELSERINTWRWYE TV 2T L) EoHSh, A7 BTHDLHESNS, b, MCU %
BT 2 2 & THREROMAE DI L 2BMERET A, ETORKE— FEERT DI LN TE RV LB S
HTHD,
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EEIEETRS N—F 97D I+— LS N2 %o )
(Safe Failure Function) 0 1 2
SFF <60% HFBRSNTLVEL SIL1 SIL2
60% < SFF < 90% SILT SIL2 SIL3
90% < SFF < 99% SIL2 SIL3 SiL4
SFE_=99% SIL3 SIL4 SIL4

fEE1 CORDBIRISOVTOMIEL. 743.1.1~7431 4558,

BHBLZ/NT'JT) JA—IvPr V70N NTITUWPEEFE N EMMEVIIRKETITEC I BTN DO —Ex 2HRI
A.
553 REHWELNADEEAEIZ DN TO ST (HE3CESRBOIE,

7o, VAIJ#HE 2=y b~DAH N A vE—Y (BET—%) X, IEC 61784 ([ZTH
EINTWDREZEHAT D,
TOLE, GHEOEABRVEELZ10 °/ hUTeERDLICT 5,

F3-1—2—-2. 2 EBAHEVEKLSILOBERK

LAMREICH | BETESBERE VAT MBI HREZRBE AT DIBIT S
F AT EEZ: SIL 1 B do 72 0 OigEsR BRFFRIEAFR Y 5

4 <10°%/h <107'°/h

3 <10 7"/h <10 %/h

2 <10°%/h <10°%/h

1 <10°°/h <10 7"/h

VA7 EH 2=y MIT CAN BENOH/ LN D IER CRECMEL R L7256 1T, B
HIZHEIEJR Y L—IF WA HDOREIE—% DfFEl, KOR—rRonf T L—va %
N — P ~DOIEEW 21T 9, BRSO Ether T2 — A6 5 N5 H TRES
A L= A1, T — 2 ~OEIEIATOTEE® O 1m FhilE TIZ Tkm/h A2 H
EE2IMZ D,
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3—1—2—2—2. ark&rh
YRAVEHBE 2=y FDI AT MERKXZ 7T,

U5 BRI e BIEHETO
FAVr—va-
g WASBET )7 —ras i
= WISE - —IL ol
Y 1
® A

| e

e R S50 o

- Lr:'DUA (ROMF zw 5. RAM

7= =
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