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Our Vision and Values

We contiribute to the “mass production of happiness”
by inventing our new cars.

: S UL Technology Development
Bw S TN o /" 16 Moon

Mobility 2.0 (expansion of mobility into new areas) Feedback fo
" ﬂ&i .> B "
?f"igd ﬁ‘& M iy R0 Earth —

Mobility 1.0 (Extenswn of the value of the car)
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Background : Safety & reliability development

From the Earth To the Moon

Ground Vehicle Development PR Development
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Operation
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Lunar environment §
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Operation
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~Return safely _ i ~

from anywhere~ | Every terrain, Everywhere

= ' Science Mission §
= (10 years)

Various roads/terrains forge We’ve never been to the Moon..
the vehicle development method on Earth

We needs to transform the development methodology
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Background and Objectives

e From the ground vehicles

« Field experience data on the earth

« 1 Billion automotives in the worldwide.
« To the moon exploration

« Unknown extreme environment

« Off-road capability

IEC 61513 \ coo0o0 / PIEc 61131-6|
rogrammable

O bJ e Ct | V e S ke \ / ggntrollers
« Safety & Reliability Development; ENSo1Z8 T G 6ra00-5.2
Applications Speed Drives

combination with ground vehicle and spacecraft s Wyl

IEC 61511 1SO 26262 IEC 62061
Process Industry Automotive Machinery

Functional Safety ISO 26262

Avionics Machinery Medical Home
D0178, D0254 I1SO 13849 IEC 60601 IEC 60730




1SO026262 Process -
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Effect Analysis of functional failure Define Safety Goal

Recovery steering action,

System FMEA is conducted to assess the importance of function. ) .
as soon as possible before vehicle lane out.

ASIL was determined based, Severity (S), Exposure (E), and Controllability (C)
XASIL : Automotive Safety Integrity Level

< Effect analysis>
Funo Guide

Lane out

/ Inside Lane(Safe)

tion| €™ | word Effect S E C ASIL < ASIL Matrix> .
--------- an
Str. LOCZ' Over = )
roa - N C ~ |nside Lane(Safe)
ow C1 C2 C3
Soorate o;[E2[ QM | OM | QM
pposite E3] QM OM |ASIL A
Highway| Over |2neout E4] OM | ASIL A JASIL B N VFault(Steering)
(to center) ELl QM [ _OM | QM Lane | System Backup
Lane out E2] OM OM_|ASILA Clearance[m]
Low (from S2 - : :
center) E3] OM | ASIL A |ASIL B ——>i——> Not Back Y Hazard(lane out)
=7 =3 E4]ASIL A[ ASIL B [ASIL C Dptection | Recovery e
Lane out S3 (Frequently. | (Hard to El] QM QM JASILA ' o ! Time[msec]
Loss (from (Serious : q y Y, e o3 E2[ QM | ASIL A |ASIL B iFTTI(FauIt Tolerant Time Interval)i
center) | Injure) | € dpr?:er)on Cod”rigzr) y E3[ASIL A| ASIL B |ASIL C ' “Time to Effect, CBCS
_ F4[ASIL B| ASIL C WD) ) )
Vibrate [ ] Detection and recovery action shall be completed
Opposite before hazardous event.

Automobiles are promoting safety development in accordance with ISO 26262, oriented from
general safety development. Good tailoring with spacecraft development is necessary.




Systems engineering : scenario analysis

HAZOP guideline words TOYOTA
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Visual validation

=

Power

Pressurized Rover I Veh. Coord. Sys **""%
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Target Command

Ground System

Human Lander System
EVA Crew / LTV

Relay Orbiter / Gateway

Self-State Estimation

Remote Control

Ground System
Relay Orbiter / Gateway

Ground System

Human Lander System
EVA Crew / Lunar Rover B
Relay Orbiter / Gateway
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Safety & Reliability model (FMEA)

% TOYOTA

INPUT : failure flag of each components

4 . Lers . A OUTPUT : failure tolerance flag
System safety/reliability modeling Safety (1FT) l
Connecting each subsystems by Comp. Failure mode
“Power”, “communication”, “Thermal”, “Force” Battery f(‘)’fvr INPUT(test case) OUTPUT
= === — MAIN(leg 1 >UB
E ;I‘:l T__."_';ui Open (leg 1) (leg 2) o Flag .
i W/H Short 120V BAT + S IV =Y Failure
] T — [— =B (l;nstable Generator RLY-A|RLY-Bf = - - r_<|>h §. % % 1 OK rate
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=5 3 DcpC Low TEST-CASE-** * ¥ O lO0lO] 1 [@x0
= . B Loss TEST-CASE-** ‘* X Of x 0o [®x9
. J
= | ™
333 - T
e == Reliability INPUT : failure rate of each components
Eail te f EMEA OUTPUT : estimation of failure rate
aliure rate rrom .
- trepair tall
F= ) fiXpagX n Xfo+ f1(1—d) x P X f2
all all
pq.probability of failure detection,
S ) \f1:primary failure rate, f,: secondary failure rate )

Estimate of failure rate for every fail combination
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Autonomous driving on the Lunar terrain
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After detecting rocks and craters, PR driving avoid them

Sensors

“" - B spABInterior

@ SPAS Interice

> WA
o T

* i C SPAB Basin Ring

wee CLYSouth Pole

Regions of Interest in South Pole Aitken Basin
(Fig. from GER3)

Uncertain driving route
Uncertain surface profile

Risk of misdetection of obstacles -> high load into the vehicle
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The probability of rock detection
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TOYOTA
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The rock height estimation accuracy;

High

depends on the sensing resolution. 2 [SBLES @l e [2: o
needs reactions from at least two points. E s
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Detection probability is estimated using sensing resolution
and lunar surface profiles. < >

Near . ar
w' TRISMAC 2024 Distance between rock and sensor L [mf 17

Probability of recognition P,




Example of driving on the Virtual Mc
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1 M5 Madet
'. Vi = $.200000  Fr peve 601

0 NS Madet § NS Modet
Franons - Ve « S.000000 : Fr ave 601
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DRBFM (Design Review Based on Failure Mode) Eﬁ
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Concerns Regarding When and How Effect to
Co‘mponcm Function Change (Failure Mode) Concern Points appear Customer [
*"3:’;“;5 ;Any Other Any Other (System) TE
’ Potential Failure Modei concems? |Re0t Cause / : Consideration 2
due to Change i(DRBFM) | Pominant Cause ; for Cause? g
i (DRBFM) 5
AT T — T T There are always gaps between the

design documents and products/usage.

Current Design Steps Recommended Actions (Results of DRBFM) .
IF’ awf)id g‘on;crlns I Reflect in [RP| 1 Reflect in X&) | Refl Resp. | Action “Hien H 1 I
inc. Design Rule, s t o 2 § t ect 1 o .
el Bl I Dol 10 Rl I B ? Desian Review is the best approach
& Check Items) line line Process” _line - o S
E L] ———1 , to remove them.

Logical review process over
reviewer’s impression

®
o

SAE Paper 2003-01-2877
FMEA + Design Review

Toyota’s prevention method for reliability concerns; GD3 = DRBFM

Good Design
Good Discussion
Good Dissection

We consider unexpected concerns too with DRBFM i




Failure rate estimation based on ground vehicle experienc

Considering the changes to the ~Target FR
(using Weibull distribution) '
Failure rate (Earth) Target Failure rate (Earth) Earth 7 Am
% A BA
0 5
=) )
E /4] m 5 Moon
p- uf@\\ / variation
E S | 7 N\
> O >
S Driving distance = Risk rank Moon Ea rgh
O ) Istance
(damage) (Severity) (damage)
N Y,

failure modes, targets (Earth) x variation (environment)

-> target (Moon)
.............. 22




Conclusions
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Safety & reliability development;
« Considering extreme environment on moon surface.

« Using the automotive development experience as carmaker.

Future work

« Clarifying a lot of unknowns, uncertainness.
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Our Vision and Values
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