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LEARNING OBJECTIVE

After this lecture, the students should be able to:

LO1: Describe and apply risk and safety concepts and use engineering tools to
analyze, evaluate, and reduce risks



Risk Management Methodology and Tools

*  What-if
* Hazop
* FMEA

Risk identification

» Fault Tree Analysis (FTA)
v Risk Marix » Event Tree Analysis (ETA)

v' FMECA

Risk analysis

Risk evaluation

Risk treatment




D3H




Production distrubances in SME’s




What 1s a production disturbance?

Jon Bokrantz, Anders Skoogh, Torbjorn Ylipa4, Johan Stahre (2016)



Produktion Disturbances Several different factors

* Revenues
* Costs

* Productivity
Affects * Product Quality
 Safety
* Environment

* Ergonomics
- Psychosocial
- Physical




Engineering tools and software

RCA

FMEA, FTA,
HAZOP, What-if,

ETA, DTA, VMEA

Special software



Windchill Risk and Reliability - WRR

~
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Select the modules that you want to work with,

Event Tree .| Maintainability
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Why D3H tools?

Facts based
data
management

Reduction in
production
disturbances

Cost effective
automation

Optimized
resource
utilization

Improved
OEE and
productivity

Smart
Maintenance







ot Total Stop time in Hours

Downtime Reasons

L

Afternoon

Morning

Weekend Qvertime

Grand Tot

Machine Failure

19448

107702

41895

3093.09

Material Shortage

88198

132861

14834

311831

SetUp

1037.02

138063

54135

386231

Uncategorized

319

47599

156718

113046

Work Around

§85.1

1041.68

580.65

3455.76

Top 5 disturbances shift wise

Machine failure is more in morning
shift by 300 hours. Reason could be
attributed to cold start or start-up
losses.

Material shortage downtime is higher
in 15t shift by 400 hours possibly due
to higher buffer consumption in night
shift and improper planning due to
lack of supervision.



Risk Management Methodology and Tools

*  What-if
* Hazop
* FMEA

Risk identification

Risk analysis

Risk evaluation

Risk treatment




Hazard/Risk Identification

*What-if
*HAZOP Study
*FMEA



What-If Analysis

« What-If Analysis is based on creative, brainstorming for examination of a process or operation
« It should be performed by a team, if the process is complex
« It is a powerful hazard identification technique if the analysis staff is Experienced

*The result of a what-if analysis usually address potential accident situations implied by the
questions and issues posed by the team.

* These questions and issues often suggest specific causes for the identified accident situations.
An example:

”What if the container is contaminated by another material”
Consequences: Quality problem, reaction which may

cause corrosion, or a chemical runaway, ...
recommendation: Check up the container before loading



BHOPAL, INDIA

Union Carbide India
Ltd . Measure the distance between two points on the ground

v e 29 oneies ]

Ground Length: 2.49

Pesticide plant, 1970 | ..o o "

Accident:
3.12.1984, 02:30
MIC gas leak

4 000 dead

500 000 injured

491




What-If analysis worksheet

Study area:

Team members:

Meeting date:
Page number:

What-If

Consequence/Hazard

recommendation




Hazard & Operability Study (HAZOP)

What is HAZOP?

It 1s a systematic method for identifying :
* potential hazards
* operability deviations within the system

and
specifying the means by which either the probability of their occurrence

can be reduced or the consequences of undesirable incidents can be
minimised.



Hazar d & Operabi]ity Study (HAZOP)‘ Application of the

method

Parameters
_|_

Guide Words

\

Possible - Deviation =——— Consequences

Causes (from design and/or
operating conditions) \l,

Action(s) required
or recommended

Guide Words covering every parameters relevant to the system under review i.e., flow
rate, pressure, temperature, etc



HAZOP Study Report Form

Study Area: Meeting Date:
Team Members: Page NO.:
Guide Deviation | Causes Consequences Recommendations

Words




SIS multl user licerse: Chaimers Telniska HOgskola Inst f Matertal- & tiverkningstek. Customer number: , Date: 11/6/2020

IEC 60812

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Failure modes and effects analysis (FMEA and FMECA)
Analyse des modes de défaillance et de leurs effets (AMDE et AMDEC)




Automotive Industry DA Verband der
AIAG) Action Group & v Automobilindustne
“\

Failure Mode and Effects Analysis

FMEA Handbook

Design FMEA
Process FMEA
Supplemental FMEA for Monitoring & System Response




FIMEA: Failure Mode and Effect analysis

Failure Mode and Effects Analyses (FMEASs) evaluate
the ways a failure can occurre or be improperly
operated and the effects these failures can have.

In an FM.

HA, each individual failure 1s

considered as an independent occurrence with no
relation to other failures in the system

In short, FMEASs 1dentify single failure modes that either

directly result in or contribute significantly to a
production disturbance, an accident, etc.



The purpose of FMEA

Identify and evaluate during the design process, what can go
wrong, how, and what the effects of it can be

Identify the component that directly leads to system failure
Avoid errors in previous designs repeated
Search and compare alternative solutions

Provide a basis for improvement of a product and initiate
preventive measures

Identifying areas where special measures of quality management
and maintenance required

Ensure that product specifications are met
Detect any deviations from established safety requirments

Replace the old way of working to find and fix errors ("fire")
with the new learning and prevent errors




CHALMERS

Fatigue cracks occurred in the window corners, which were too sharp!




=2

Space Shuttle Challenger, January 28, 19868

The night before the start

was cold, and an O-ring in

a of solid fuel rockets
were not tightly, i.e.

The ferry starts to fall
apart 73 seconds after the
start




Insulated tank for liquid
oxygen and hydrogen to
the main engines

A piece of insulation fell
off the tank during take-off
and struck the left wing
on the ferry

re-entering the
atmosphere before

The ferry broke apart on E
p/.
_ {
landing ’



Windchill Risk and Reliability - WRR

Name: Garage Door Opener FMEA Identifier: FMEAL

Design Responsibility: Page 1 of 1

Key Date: Prepared By:

Core Team: FMEA Date {Orig.) (Rev.) 2011-11-152

] Action Results
Item / Potential Potential S Potential Current ] . Recommended Responsibility
Function Failure Effect{s) of ] : Cause(s), Controls . Actions & Target Actions S 0O D R. RPN
Mode Failure s Mechanisms ] . Completion Taken e cC e P. Improve.
of Failure Date ¥ C t N. %o

0,00
0,00
0,00
0,00
0,00

M dda 4 Fiai e & % B o ~ 44 A4 40



Windchill Risk and Reliability - WRR

~

CHALMERS

-
Modules Selection

Select the modules that you want to work with,

E Event Tree ’iv\ Maintainability
ﬁ FMEA a Markov
iml FRACAS 1 Prediction
m FTA E RED

7| Lce ,'j weibull

| clearal || selectan |

[ Do not ask me this again

e




W S POTENTIAL
Q FATILURE MODE AND EFFECTS ANALYSIS

(DESIGN FMEA)
MName: Garage Door Opengr FMEA Identifier: FMEAL
Design Responsibility: Page 1 of 1
Key Date: Prepared By:
Core Team: FMEA Date (Orig.) {Rev.) 2011-11-18

] Action Results
Item / Potential Potential S Potential Current ] . Recommended Responsibility
Function Failure Effect(s) of ] : Causels)/ Controls . Actions & Target Actions 5 0 D . RPN

Mode Failure 5 Mechanisms ] . Completion Taken e C e o Improve.
of Failure Date ¥ t L7

0,00

(1)
(1) Item / Function, e.qg. "cylinder”, "shaft” or a i

"bearing”. Try to write simply and in plain language so that outsiders
understand what is meant

[}

Don’t forgett the prestanda and secondary functions! i

4




Secondary functions - ESCAPES

* Environmental integrity
 Safety / Structural integrity

e Control / Containment / Comfort
e Apperance

 Protection

» Economy/efficiency

 Superflous function



WQS

POTENTIAL
FAILURE MODE AND EFFECTS ANALYSIS
(DESIGN FMEA)

Mame: Garage Door Opener FMEA Identifier: FMEAL

Design Responsibility:
Key Date:
Core Team:

Item ; Potential
Function Failure
Mode

Page 1
Prepared By:
FMEA Date (Orig.)

Effect(s) of 3 Z Cause(s)/ Controls . Actions & Target Actions 5]

3 o

Potential S Potential C Current ] . Recommended Responsibility
; C

Failure 5 ™Mechanisms L Completion Taken ]

of Failure r Date

of

0]
C
C

D
e
t

1

(Rey.) 2011-11-18

Action Results

RPN
Improve.

LY

(2) o
(2) Failure Mode: What can happen that make it a o0
function disturbed or absent? Write down all possible -

Failure Modes before the next point deals!

0,00




W S POTENTIAL
Q FAILURE MODE AND EFFECTS ANALYSIS

(DESIGN FMEA)
MName: Garage Door Opener FMEA Identifier: FMEAL
Design Responsibility: Page 1 of 1
Key Date: Prepared By:
Core Team: FMEA Date (Orig.) {Rew.) 2011-11-18

] Action Results
Item / Potential Potential S Current ] . Recommended Responsibility
Function Failure Effect{s) of ] : > AL Controls . Artions 8 Target Actions S 0 D . RPN

Mode Failure 5 ] s ] . Completion Taken e e . Improve.
Date ¥ C t o %o

@) o

T | T | | ||
(3) Failure Effect: How is the customer affected (or any
other) if the failure occur? o
Note that the effect may occur long after the failure
occurred!

0,00

0,00

0,00




POTENTIAL
WQS FAILURE MODE AND EFFECTS ANALYSIS
(DESIGN FMEA)

Design Responsibility:
Key Date:
Core Team:

Name: Garage Door Opener FMEA Identifier: FMEAL
Page 1 of 1
Prepared By:
FMEA Date (Orig.) {Rev.) 2011-11-18
: Action Results
Item ; Potential Potential S Potential Current 3 . Recommended Responsibility
Function Failure Effect(s) of ] : 5 Controls . Actions & Target Actions 5 O D . RPN
Mode Failure s ] 5 3 . Completion Taken e [ e . Improve.
Date ¥ C t o %o
( 4) 0,00
0,00

(4) Severity: Enter a factor of 1-10 as a measure of how
serious it is (for the customer or someone else)
iIf the failure occurs




Serverity If a failure occurre

Serverity Consequence Factor

Reasonably This failure can result in impaired function of the
serious product




S POTENTIAL
WQ FAILURE MODE AND EFFECTS AMNALYSIS

(DESIGN FMEA)

M ame: Garage Door Opener FMEA Identifier: FMEAL

Design Responsibility: Page 1 of 1

Key Date: Prepared By:

Core Team: FMEA Date (Orig.) {Rev.) 2011-11-12

: o Action Results
Item ;/ Potential Potential S Potential C Current ] . Recommended Responsibility
Function Failure Effect{s) of 3 : Cause(s)/ C Controls . Actions & Target Actions 5 0O D . RPN
Mode Failure s Mechanisms L ] . Completion Taken e C e . Improve.
of Failure r Date ¥ C t . %o

0,00
0,00

(5) Cause: What reasons are there for the failure occurs? o0
Discuss and try to understand what should be done!

0,00

0,00




The Little
Black Book of
Maintenance

Excellence

Latent or Systemic
Cause

I_+

Human
Cause

|_+

Physical

Cause

|—+

Failure )

Mechanism

|_+

Discovery and
Prevention

Failure
Mode

I_*

Discovery and
Prevention

Statistical
Likelihood

Ij

Failure




The value of understanding the Path to Failure is knowing that both the
failure mechanism and the defect can be discovered before failure, and
that the failure can be prevented. Wise people also learn from
failures, and they identify the three levels of cause in time to take
corrective action.

In order to create Predictive Maintenance tasks, you need to understand
the failure mechanisms that "are" at work and those that "can be" at
work. That is an important point to emphasize. Many people simply copy
the PM tasks recommended by the manufacturer, and then perform

them by rote without really understanding why they are doing them.

Predictive Maintenance tasks are intended to:

1. Evaluate failure mechanisms that are known to be at work.
2. ldentify failure mechanisms that can be at work.

CHALMERS




WQS

Mame: Garage Door Opener
Design Responsibility:
Key Date:

Core Team:

Potential
Effect{s) of
Failure

Potential
Failure
Mode

Item /
Function

POTENTIAL
FAILURE MODE AND EFFECTS ANAL YSIS
(DESIGN FMEA )

Recommended
Actions

Potential Current

Controls

Responsibility
B Target
Completion
Date

FMEA Identifier: FMEAL
Page 1 of 1
Prepared By:

FMEA Date (Orig.) {Rew.) 2011-11-18

Action Results
Actions = o D RPN

Taken ] [ ] Improve.
¥ C t o %o

Failure to occur

(6) Occurrence: Enter a factor of 1-10 as a measure of the probability for the




Probability of occurrence

Probability Frequence Factor

1 p& 1000 4

Medium 1 p& 500 5
1 p& 200 6

7

8

OQO




POTENTIAL
WQS FAILURE MODE AMND EFFECTS ANALYSIS
(DESIGN FMEA )

Name: Garage Door Opener FMEA Identifier: FMEAL

Design Responsibility: Page 1 of 1

Key Date: Prepared By:

Core Team: FMEA Date {Orig.) {Rev.) 2011-11-12

Action Results

Function Failure Effect{s) of ] : Causels)/ Controls . Actions & Target Actions S 0 D R. RPN

3 o

Item / Potential Potential S Potential C Current ] . Recommended Responsibility
C
Mode Failure 5 Mechanisms [

] . Completion Taken e C e P. Improve.
of Failure r Date ¥ C t N %o

7) o

(7) Control: The control / management. Describe existing controls or control
to prevent the failure from occurring or to detect it if it occurs (e.g.
testing). Also describe any improvements to these measures,
and indicate when they are inserted




“WQS

Mame: Garage Doar Opener
Design Responsibility:

Key Date:

Core Team:

Item ;/ Potential Potential
Function Failure Effect{s) of
Mode Failure

POTENTIAL
FAILURE MODE AND EFFECTS ANALYSIS
(DESIGN FMEA)

Recommended

Controls . Actions

Cause(s)/
Mechanisms
of Failure r

[n]

Potential C Current
C
[

Responsibility
B Target
Completion
Date

FMEA Identifier: FMEAL
Page 1 of 1
Prepared By:

FMEA Date {Orig.) {Rew.) 2011-11-12

Action Results
Actions = o D o RPN

Taken e [ e Improve.
v C t o i

(8) Detection: Enter a factor of 1-10 as a measure of the probability for the
detection of a fault before the effect reach the customer (or anyone else)




Likelihood of a failure Is detected

Probability Factor

Moderately high probability that the fault is
detected

Moderate probability that the fault is detected 5




POTEMNTIAL
WQS FAILURE MODE AND EFFECTS AMNALYSIS
(DESIGN FMEA)
M ame: Garage Door Opener
Design Responsibility:
Key Date:
Core Team:

3 o
Item ;/ Potential Potential S Potential C Current ] . Recommended Responsibility
Function Failure Effect{s) of 3 : Cause(s)/ C

u

Controls . Actions & Target
Mode Failure s Mechanisms Completion

FMEA Identifier: FMEAL

Page 1 of 1
Prepared By:
FMEA Date {Orig.) {Rev.) 2011-11-18

Action Results

Actions = o D o RPN
Taken e [ e . Improve.

of Failure r Date

(9)

v C t o o

0,00

0,00

(9) Risk Priority Number = RPN: Calculate the RPN, i.e.

RPN = Sev*Occur*Detec




Risk Priority Number = RPN

RPN 1s calculated as the product of severity (factor 4), occurrence
(factor 6) and detection (factor 8). Since each of the factors in the
range of 1-10, we have:

1 <RPN <1000

The RPN 1s a basis for prioritization. High values indicate where
action should be initiated. Low values should also examine whether
any of these three factors has a value of nine or ten. This 1s
especially true 1f the failure probability or severity 1s high



100




POTENTIAL
WQS FAILURE MODE AMND EFFECTS AMNAL YSIS
(DESIGN FMEA)

MName: Garage Door Opener FMEA Identifier: FMEAL
Design Responsibility: Page 1 of 1
Key Date: Prepared By:
Core Team: FMEA Date {Orig.) (Rewv.) 2011-11-18
] o Action Results
Item ; Potential Potential S Potential C Current ] . Recommended Responsibility
Function Failure Effect{s) of e £ Cause(s)/ C Controls . Actions & Target Actions S 0 D R. RPN
Mode Failure v 5 ™Mechanisms L ] . Completion Taken e [ e P. Improve.
of Failure r Date ¥ [ t N %a
(10) 0,00
0,00

| (10) Recommended actions: What should be done to eliminate the cause of
| the Failure to occur?

| One should therefore prevent Failures, and not primarily focus on to detect
and correct failures that have already occurred!




POTEMNTIAL
WQS FAILURE MODE AMND EFFECTS AMNALYSIS
(DESIGN FMEA)
Mame: Garage Door Opener
Design Responsibility:
Key Date:
Core Team:

Function Failure Effect(s) of 3 : Cause(s)/ Controls . Actions & Target

3 o

Item ; Potential Potential S Potential C Current ] . Recommended Responsibility
C
Mode Failure 5 Mechanisms L

Completion

FMEA Identifier: FMEAL

Page 1 of 1
Prepared By:
FMEA Date (Orig.) (Rev.) 2011-11-18

Action Results

Actions = [n] D o RPN
Taken ] C e . Improve.

of Failure r Date

¥ [ t o %o

(12) i

0,00

(12) Action taken: At the next meeting notice the real
measures that have been taken




POTENTIAL
WQS FAILURE MODE AMND EFFECTS ANALYSIS
(DESIGN FMEA )

Name: Garage Door Opener FMEA Identifier: FMEAL

Design Responsibility: Page 1 of 1

Key Date: Prepared By:

Core Team: FMEA Date {Orig.) {Rev.) 2011-11-12

Action Results

Function Failure Effect{s) of ] : Causels)/

Mode Failure 5 Mechanisms ] . Completion Taken e C e . Improve.
of Failure r Date ¥ C t N LX

EAERESE
(13)

Controls o Actions 8 Target Actions = o D o RPN

3 o

Item / Potential Potential S Potential C Current ] . Recommended Responsibility
C
u

0,00

0,00

(13) Results after action: New assessments under paragraphs 4-9 of the
result after improvement actions. s

If the new RPN is not acceptable you may think about it again and recommend
new measures. |

What is an acceptable risk?




Risk Management Methodology and Tools

Risk identification

» Fault Tree Analysis (FTA)
» Event Tree Analysis (ETA)
» Swiss Cheese Model

Risk analysis

Risk evaluation

Risk treatment




Risk Analysis

* Fault Tree Analysis - FTA
* Event Tree Analysis - ETA



Bow-Tie Diagram

Multiple Consequences
afterevent

Multiple Causes —
leading to event

Initial
undesired
event

[/

\‘ [}
\\\ E / //
\ . //
\ L] o -
Preventive . Mitigation
measures . measures
| ]
-
| ]
-
— The focus of FTA = The focus of ETA —_—
-

56



Fault Tree Analysis (FTA)

Is a graphical and logic technique
It is a backward method

Is used for cause analysis of a top event as an
output of "Hazard Identification”

It can be used for calculation of frequency of
an incident



Gate Symbols

Gatel

Eventl

o

Main FTA Symbols

INHIBIT
Output fault
Occurs if single
Input fault occurs

Event Symbols

Gatel

Intermediate
Event

Q

Basic Event

1 repeat

Event4

i

Event3

é

Repeted Event

Undeveloped
Event

Transfer Symbols

Gate3

A




A Typical Fault Tree

L\
[ ]
Intermediate event 1 Intermediate event 2
Gate2 Gate3
Eventl Event2 Intermediate event 3 Event5
Gate4

A

Event3 Event4




FTA: A Gas Station




61

Explosion in a gas station




Application of Boolean Algebra to Fault Trees

Probability relations associated with Fault Tree logic gates

A
I
OR
s
Start
B C
Boolean algebra relation Probability relation

P(A) =P(B or C)=Pg + P - PgP- =1 - (1-Pg )(1 - P.)



Application of Boolean Algebra to Fault Trees

Probability relations associated with Fault Tree logic gates

ND

A
]
A
R o
|‘l‘| Start
B

C

Boolean algebra relation Probability relation

P(A) = P(B and C) = Pg*P,



Fault Tree Analysis

What IS cut set? A cut set is a set of events
which must all occur in order for the
top event to occur



Event Tree Analysis

Initiating | Safety Safety Safety Accident
Event Function 1 | Function 2 | Function 3 Sequence Description
P, P, P, P,
Initiating Success
Event P,

Failure




Initiating | Safety Safety Safety Accident
Event Function |Function |Function Sequence Description
1 2 3
Py P, P, P
P
P : P0 Pl P2
1 P.
Po Py Py (1-Py)
e Success
Initiating 1.p
1 - P3
P, PoP; (1- Py)
Failure
1- P,

Po(1-Py) (1-P3)




A Simple Example of an Event Tree

Sprinkler Call to Fire Qutcome Consequence
System Dept
OK .
Success
; 2
Eire Partial Damage
Partial Damage 5
Failure

System Destroid 4



AN EXAMPLE PROBLEM...

—J11|ii]r

=G

S BACKGROUND/PROBLEM — A subgrade compartment containing
important control equipment is protected against flooding by the system
shown. Rising flood waters close float switch 8, powering pump P from
an uninterruptible power supply. A klaxon K is also sounded, alerting
operators to perform manual bailing, B, should the pump fail. Either
pumping or bailing will dewater the compartment effectively. Assume
flooding has commenced, and analyze responses available to the
dewatering system. ..

* Develop a reliability block diagram for the system.
* Develop a fault tree for the TOP event Failure to Dewater.

SIMPLIFYING ASSUMPTIONS:
* Power is available full time.
* Treat only the 4 system components §, P, K, and B.
» Consider operator error as included within the bailing function, B.

Calculation data for calculation of RBD and FTA:
S (Float switch) 0,10

P (Pump) 0,15

K (Klaxon) 0,2

B (Bailing) 0,3



RED Diagram - Block Diagram

.|.|.|.1.|..|.;1_|.|.|.|.3.|...4.|...5..|.|.5....7.|.|..3.

-
M
= m

- Start

& RBD General Results

Results for Block Diagram 1:
Steady state results: Results at Time 1000,00:
Calculation method: Analytical Reliability: 0,8406
Unreliability: 0,1594
Time Reeliability Unreliability
1] 0,840600 0,155400
100,00 0,840600 0,159400
200,00 0,840600 0,159400
300,00 0,840600 0,159400
400,00 0,840600 0,159400
500,00 0,840600 0,155400
&00,00 0,840600 0,159400
700,00 0,840600 0,159400
300,00 0,840600 0,159400
900,00 0,840600 0,159400
1000,00 0,840600 0,159400




FTA Diagram - Oversvarmning

Yiew Calculation Results

A FTA Results

Results for Gate: Civersvamning

Results at Time 1000,00;

Unreliability (F): 0,155400
Time nreliability
U] 0,159400
100,00 0,153400
200,00 0,153400
300,00 0,159400
400,00 0,159400
500,00 0,153400
&00,00 0,152400
700,00 0,159400
300,00 0,159400
200,00 0,153400
1000,00 0,152400
A Cut Sets
Probahility
1 0, 100000 Float switch: 0,1000...
2 0,045000 Bailing: 0,3000000 Pump: 0,1500000

3 0,030000 Klaxon: 0,2000000 Pump: ,1500000

Oversvamning

Faiils open

Float switch

Gated

Fails

Pump

Gated

Klaxon

Fails

Bailing




Risk Management Methodology and Tools

Risk identification

Risk analysis

Risk evaluation v’ Risk Marix

Risk treatment




Risk Evaluation - Risk Matrix

» Systematic hazard identification and risk
assessment

A Very High Moderate High Risk
Risk
High Low Risk Moderate High Risk
Risk

Q
Q
=
Q
g— Moderate | Low Risk Moderate Moderate Moderate High Risk
3 Risk Risk Risk
S Low Risk Moderate Moderate Moderate
O Risk Risk Risk

Low Risk Moderate Moderate

Risk Risk
Low Moderate | High Very High

Likelihood

>



Risk Matrix

Consequence MAIN ACCIDENT RISKS Identified aggregated accident type

(S=Supply&Trading, P=Preemraff, M=Marketing)

S1 Serious injury

S2 Fire/explosion at depot
S3 Shipping disaster

S4 Truck accident

4. Major

(>500M SEK)

3. Large

(100-500M SEK)

2. Moderate P1 Serious injury
P2 Fire/explosion at refinery
P3 Vital equipment failure

P4 Large oil spill in port

(10-100 M SEK)

1. Minor

(1-10 M SEK)

0. Negligible

M1 Serious injury
M2 Fire/explosion
3 4 M3 Soil pollution

Likely Very likely

(<1 M SEK)

0
Very
unlikely

Unlikely

possible

Probability




CHALMERS



