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Company Introduction

-Founded in 1937
-Head Office Plant in JAPAN
-Overseas Operations: USA, INDONESIA, THAILAND

Transfer case




Company Introduction ‘ %ﬂ{mﬁﬁ

- 1S026262 [ISO11] regulates the required
safety of components in the system

- whole system safety
- We are open to evaluate new methods
—>includes human factor

We confirmed the effectiveness of STAMP
method for incident investigation
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4WD (Four-wheel drive) system gives power to all
four wheels

Engine

Transmission

Transfer Case

Rear
Drive Shaft 4

Drive Shaft
Front

Differential
Rear

Differential

Picture Source: http://www.4wds.co.nz/
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Step 0: Identify potential accidents and hazards ]

| }

Step 1: Building functional control structure ]

|

[Step 2: Recognizing hazard scenarios caused by an inappropriate control actionJ

|

[Step 3: Recognizing the potential cause that leads to hazard scenario.]

|

\

[Human Mental Model Analysis ]

Method in the Past]




® Sharp corner, unstable vehicle
slip

@ Corner peak

<Copyright 2014 UNIVANCE CORPORATION All rights reserved.>



@ / (® Sharp corner, unstable v®
slip

@ Corner peak

<Copyright 2014 UNIVANCE CORPORATION All rights reserved.> 8



Step 1: Building Control Structure " UNIVANCE

: UNIVANCE CORPORATION

Building control structure:

- Focusing on dynamic process

- Considering that the accident is not caused only by failure
of a single component

Four elements in the system:
- 4\WD System
- Vehicle (Transfer Case)
- Human

- Electronic Stability Control (ESC)

Picture Source: http://www.redpartidos.org




Step1: Building control structure

Driver ,[
|
I
I
I
Driver Inputs :
Acceleration Mode Switch !
Steering ! .
Braking ! Indlce?tors
X 1 Warning
I
4WD Control [ ___ I Vehicle Speed (Speedometer)
Module : |
1 Accelerator :
: . |
R
FR/RR Torque Split P Wheeslepeed
OHE SR i Steering Angle E
1 Brake Signal :
1 ESC Control |
! System '
ESC Vehicle - ' <«——— Command
> 1
(Transfer case)  |----------------- L e o el T
Brake Operation

I

I

1
Engine Torque Moment | Accelerator Opening
i Steering Angle
! Wheel Speed
i Brake Signal
! Sidelong & FR/RR G-Sensors
I
I
|

Yaw Sensor

——— e ————
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Step2: Recognizing Hazard Scenarios

4WD Control L
Module . Accelerator
i Opening
_ ! Wheel Speed

FR/RR Torque Split ' Steering Angle
! Brake Signal
. ESC Operation
| Signal

|, Vehicle -

ESC

(Transfer case)

Brake Operation

Engme Tarque Momeit Accelerator Opening

Steering Angle

Wheel Speed

Brake Signal

Sidelong & FR/RR G-Sensors
Yaw Sensor

- e e e o e e e e e e e e e e e e e e e m e e e =

< Command

q--------- Feedback Data
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Step 2: Recognizing Hazard Sce E,-,‘,!Z;',,,'lf‘g‘%,!}'m?nﬁ

Command No Command LI Incorrect Timing SUUELTACU L
Command Too Soon
g‘éféﬁigr Lo Willinterfere with
4WD Control split commqand brakes if FR/RR
Module FR/IRR  ESC will give W‘i’” e torque split FR/RR torque split
Torque Split command to with brakes command turned command will be
Command to the vehicle; no : . off too late while  given by ESC to
. while ESC in . : .
Vehicle problem. operation ESC in operation. vehicle; no problem.
(Transfer Case) per ’ Vehicle might slip
Vehicle might (UCAD1-2)
slip (UCAO01-1). '
Depending on
drivers skills Depending on Depending on
the vehicle drivers skills the <P g
might slip in vehicle might stip  A71vers skills the
ESC Command 9 P e 9 P vehicle might slip in
. difficult road in difficult road e :
to Vehicle : NA : difficult road bend if
bend if there bend if the ESC :
(Transfer Case) . . the ESC signal to
is no ESC signal to the :
. o the vehicle stops
signal to the vehicle is delayed too early (UCA2-3)
vehicle (UCA2-2). y '

(UCA02-1).
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Step 2: Recognizing Hazard Sce

Command

4WD Control
Module FR/RR
Torque Split
Command to
Vehicle
(Transfer Case)

ESC Command
to Vehicle
(Transfer Case)

No Command Incorrect
Command
Incorrect
FR/RR torque
ESC will give  SPIIt command
will interact
command to )
the vehicle: no with brakes,
’ while ESC in
problem. _
operation.
Vehicle might

slip (UCA01-1).

Depending on
drivers skills
the vehicle
might slip in
difficult road
bend if there
is no ESC
signal to the
vehicle
(UCAO02-1).

NA

Incorrect Timing

Will interfere with
brakes if FR/RR
torque split
command turned
off too late while
ESC in operation.
Vehicle might slip
(UCAO01-2).

Depending on
drivers skills the
vehicle might slip
in difficult road
bend if the ESC
signal to the
vehicle is delayed
(UCA2-2).

UNIVANCE

Hurnanity and Technology

UNNANCE CORPORATION

Command Stoped
Too Soon

FR/RR torque split
command will be
given by ESC to
vehicle; no problem.

Depending on
drivers skills the
vehicle might slip in
difficult road bend if
the ESC signal to
the vehicle stops
too early (UCA2-3).
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Step 3: Recognizing the potential cause

Incorrect power source voltage (alternator deterioration)

4WD Control Module ESC
+ECU damaged (damaged circuits) + Electronic control unit damaged
+Unsuitable algorithm > ol . (damaged circuits)
- Incorrect operation due to noise rocess model mcorrect) < . ; ;
No power (harness or P or incomplete Unsuitable algorithm
connector broken) No signal output (harness issue)

Insufficient power Signal too short (high harness resistance)

Incorrect signal (noise)

Actuator Sensor
\ 4

*Motor deterioration *Sensor deterioration

-Motor damage *Sensor damage Delayed signal

«Overheat + Ambient Temperature Incorrect/missing

«Overload * Wrong measurement ESC signal

A

Cannot transfer torque
(Broken shift mechanism) Information not transmitted (failure)
Incorrect torque Incorrect information (incorrect position)

(Shift mechanism wear) Vehicle (Transfer Case)

*Damaged components
*Time deterioration
* Ambient Temperature

\4

A

Unanticipated
noise/temperature
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Step 3: Recognizing the potential cause UNIVANCE

UNIVANCE CORPORATION

Incorrect power source voltage (alternator deterioration)

4 ESC

Damaged components

(damaged circuits)
No power (harness or * Unsuitable algorithm

mnare | = TIMe Deterioration m
W = Ambient Temperature

- Delayed signal
-Overheat * Ambient Temperature Incorrect/missing
-Overload *Wrong measurement ESC signal

A
Cannot transfer torque /

(Broken shift mechanism) Information not transmitted (failure)
Incorrect torque Incorrect information (incorrect position)

(Shift mechanism wear) Vehicle (Transfer Case)

*Damaged components I
+Time deterioration

\4

* Ambient Temperature

A

Unanticipated
noise/temperature
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Step3: Recognizing the potential cause
|

oltage (alternator deterioration)

Delayed Sighal

+ Electronic control unit damaged
(damaged circuits)
+ Unsuitable algorithm

A

wwend [NCOrrect/missing [~

connector brol

No signal output (harness issue)

Insufficient pc E S ‘ S I n a | Signal too short (high harness resistance)
Incorrect signal (noise)
Actirrer=——"
— Sensor
*Motor deterioration *Sensor deterioration —]

*Motor damage . Sens<.)r damage Delayed signal
*Overheat : Ambient Temperature

Incorrect/missing
«Overload M ESC Signal

A

Cannot transfer torque
(Broken shift mechanism) Information not transmitted (failure)
Incorrect torque Incorrect information (incorrect position)

(Shift mechanism wear) Vehicle (Transfer Case)

*Damaged components
*Time deterioration
* Ambient Temperature

\4

A

Unanticipated
noise/temperature
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Step 3: Recognizing the potential cause

Incorrect power source voltage (alternator deterioration)

4WD Control Module ESC
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Depending on
drivers skills the
vehicle might slip
in difficult road
bend if the ESC
signal to the
vehicle is delayed
(UCA2-2).

Human Mental Model Analysis:

Skill-based behavior -> Experienced Driver

Rule — based behavior -> Regular Driver
Knowledge-based behavior ->Inexperienced Driver
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Human Recognition behavior could be divided:
- Detection

- Identification

- Decision

- Action

Human Mental Model Matrix

PROCESS

LAYER (DDetection |@]lIdentification @ Decision |4 Action
(DSKILL-BASED

BEHAVIOR
(I )RULE-BASED

BEHAVIOR
(I KNOWLEDGE-

BASED BEHAVIOR
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Human Mental Model Analysis

= Raallc ERDILES

S I1"INR

3. Decision 4. Action

Successfully

cornering.

Process
Layer
1. Detection 2. Identification

SKILL-BASED Sharp road
BEHAVIOR P

) bend/curve
Professional

. detected.

Driver

RULE-BASED Sharp road
BEHAVIOR bend/curve
Regular Driver detected.

Identify , that
venhicle will slip.

KNOWLEDGE-

BASED Sharp road

BEHAVIOR bend/curve |dentify danger.
Inexperienced detected.

Driver

Decide to reduce Incorrectly assume
vehicle speed and that it is OK to enter
change vehicle  the corner without
direction. slowing down.

Unsure how much

Decide to reduce
. to slow down, make
vehicle speed and
the wrong

change vehicle :
) . assumption, enter the
direction.
corner too fast.
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Method in the Past

Quality Function Deployment

Quality

Characteristics

Demande R&D Dept. of vehicle
: Qulity sheet 1
d Quality y manufacturer
QC characteristics
FTA/EMEA ) _ _  _ _  _S}————— —_——
Bt R&D Dept. of
Design Qulity sheet 2 QAsheetA | — Qulity sheet 3 parts manufacturer
‘ Manufacturing QA sheet B ‘
Design SPEC Design SPEC Production Dept. of
etc. etc.
5 No defect parts manufacturer
= made
Drawi P
— =~ # QC process graph
5 No defect
- goes out
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Quality Sheet 1

Quality
Characteristics
Demande R&D Dept. of vehicle
. Qulity sheet 1
d Quality v manufacturer
QC characteristics
o R&D Dept. of
Design Qulity sheet 2 QA sheet A Qulity sheet 3 parts manufacturer
Manufacturing QA sheet B ‘
Design Production Dept. of
etc.
° No defect arts manufacturer
. F made
Drawing 3 ﬂ QC process graph
o
5 No defect
- goes out

nitial echnical Details XX
. .. X
Quality Characteristics o
2 x [ x| x| x
4 x | x x| x| x
Sl ] x| ¢
z x| x| x| x
& x | x x| x| x
x [ x| x| x
x || x
= xfl ol < ff < ff < ff x| x| x| x
£ k k x x x x x x x
Oualitv Demanded £l
Product Function | Quahty ) Quallt%/ required| Quality reqgired ($econdary) in priotity| A | Al a|lalalals]s B
Name Characteristics Primary) detail
safet hard to get hurt |Stable when accelerating at the sharp road curve B o
art A As a detail of x Stable when braking at the sharp road curve A A @
suitability casy to drive | Stable when road lane changing at the sharp curve A O 10
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Initial Technical Details XX
. . e XX XX
Quality Characteristics o
g X X X X X
] X X X X
Q x x X X X
2 X X X X
78 X X X X X
= X X X X
o X X X X X
X X X X
X X
g X X
g k k
Oualitv Demanded o
Product Function Quahty . Quaht}./ requ1red1 Quality reqired (Secondary) in priority| A | A | Al Al AalalB B B
Name Characteristics (Primary) detail
safety hard to get hurt |Stable when accelerating at the sharp road curve B O
. Stable when braking at the sharp road curve A A ©
Part A As a detail of x suitability easy to drive Stable when road lane changing at the sharp curve A O 10

Quality Quality required
Characteristics (Primary)
safety hard to get hurt

suitability easy to drive
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UNIVANCE CORPORATION

Result and Observations

- STAMP/STPA within human mental model matrix is
valuable method for safety engineering

 Additional guidance needed for Human Mental Model
Analysis

* Explore additional opportunities for STPA process
enhancement

* UNIVANCE will continue to enhance methodology for
product development in the future.
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Thank Youl!
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