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Implementing quality with risk
management: Aligning with
design control for

all design phases
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“Everything that « ENGINEERED « UNXT9QUE ..

...and 4a¢ @ PROPENSITY ti FAIL”

>> To KNOW your DESIGN is to CONTROL your DESIGN >>
<< DESIGN your KNOW to is DESIGN your CONTROL To <<
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What is RISK MANAGEMENT?

_, Application of “Risk
—s—2 Management
for Medical Dewces

“RISK MANAGEMENT isa‘ MINDSET”.

Following the ISO etc does not “‘magically” enable risk managed devices

3| MDT Confidential @ Medironic



“RISK MANAGEMENT isa¢ MINDSET”.

Senior
v Manager

Head of Head of
Development Quality
7

' Design \ ' Manufacturing \ I .
Engineer1 Engineer Sl
7

Risk management needs to be a mindset throughout an
organisation, to be successful.
From senior management to all involved in the project
including development and manufacturing engineers
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“RISK MANAGEMENT isa¢ MINDSET”.

¥

Types of risk:

Product Risk

&

TGS

They are interconnected
(risk / benefit)

&\

Project Risk

Vs

\
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S cena ri 0. Introducing Part “Boxy”

(It's cube with a hole

“RISK MANAGEMENT isa¢ MINDSET”.

" During development, the design engineers  -Representing any Medical

Device with a “specification’).

have determined that they need more time
than originally planned to successfully
launch the product

>>At the same time....

The senior management have learnt that O
a competitor will launch a product similar
to Boxy one year before the original
estimated launch date.

>>What is the compromise?

« Accelerating the project = risk of poor product delivery

OR

« Delaying the project= risk of product having limited
commercial value when launched & Medtironic

AN



"‘Anyone can deliver rubbish on time *”

“RISK MANAGEMENT isa- MINDSET” ;
2 \—’ﬂ /—//

i\\ ‘ : I :

Successful delivery of a design is the correct balance of
product and project risk

Deliver project earlier Minimise Device design risk
Accept some level of device design Design and test out failure
risk, modes
Risk: fail to assess (or ignore) all potential Risk: Extend project time, delay
risks, have serious failure issue, recall device project, fail to deliver project (Project
(Device / Product risk), Management risk), no income to company,

&5 Meditronic
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Wh;t are we trying to achieve with Risk Management? i

The perfect product with no risks and therefore no failures on the market and in use?

1

“Everything that « ENGINEERED « UNIQUE ..

...ano 4ase @ PROPENSITY ti FAIL”

Nothing engineered (designed manufactured) is ever 100%

failure free l}

Engineering rule; Second Law of Thermodynamics — “entropy )\)—\
increases” v 40 A
Drop a fragile object, it breaks and will never recover it's original fornt
8 | MDT Confidential @ Meditronic




Do the very best designs
work 100% successfully?

theguardian

News Sport | Comment Culture | Business | Money | Life & style Travel Environment '

News Technology iPhone

TECHNOLOGY

+ .
MailOnline \‘.‘

Home | News | U.S. | Sport | TV&Showbiz 0"l Health | Science | Money | RightMinds |

P L ———

You're holding it wrong (again!): Apple pulls [

Previous Blog home
Steve Jobs solves iPhone 4 reception e | 254
problems: 'don't hold it that way' ¥ Tweet 261
Antenna design on new iPhone is acknowledged as source of poor Rt
connectivity - but Apple says problem is inevitable and advises Email

different grip. Or you could try duct tape...

“Everything that « ENGINEERED « UNX9QUE ..

...and 4ae @ PROPENSITY ti FAIL”

out same old excuse to users who complain
about purple haze on iPhone §

« Apple's customer support says ‘purple haze' in images is ‘normal behaviour'

- User told he to stop pointing his camera at light sources - reminiscent of
Steve Jobs telling a user to 'stop holding his phone the wrong way"

By EDDIE WREN)

PUBLISHED: 1313

ctober 2012 | UPDATER: 20-18 GUT, 3 Octsber 2012

Wiwen 14 Hike

Two years ago, IPhone users were frustrated
afler finding themselves with poor signals on

By
Stevs Jobss mfamousy erse repy to Antenns- I
n a direct email 1o a user, that he was

gate'was, ma
hoiding his phone wrong.
Vo 1reers of the Phone 5 are romniaining in

@ brteme |1

s

Who

tests a

pen when they
pick up a new
one?
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If everything that is engineered can fail, why in Medical
Devices is there an expectation from some people that the
product will be 100% fault free?

@- Medironic



Good Risk Management is actually about knowing how
and when your device can and will FAIL

When should we learn the limitations of our device design?

@Develo@ After Launch

How do we learn the limitations of our design?

FDA (21 CFR 820. 30)
ISO 13485:2003 section 7

Design Control is primarily about defining and documenting correctly the
development history of the device — the knowledge of the device design ™€



Product Development “Path”

Feasibility - Development Post Launch

N

Feasibility
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This is the phase were most design knowledge and (most

risks) are generated
12| MDT Confidential % Meditronic



Feasibility

rototype development begins..

I n
v
)
P4

Look at this
great design!

Ermm...Ignore this feature
here, as I'm changing that on
the next prototype version!




, . — T
I'm changing the " Need to capture -
design because: SR W

...it might not fit Design Risk Design FMEA

(with another part)..

..not sure we can Manufacturing Risk ©= Process FMEA
really make it...

.that’s a bit difficult = Usability Risk | Human Factors
to move...

\—Y—/

Related to Hazards / Harms (1ISO14971)

14| MDT Confidential @ Meditronic




D Product Related H ds* .
Risk Assessment Cascade

Example
(Drug delivery system)

ISO 14971 ,Hazards”

| *Administration of drug and
device use hazards
*Biologic and non-biologic
contamination Application FMEA

*Environmental hazards
*Device misuse (reasonable Human Factors
and foreseeable)

*Energy, electrical or
mechanical hazards

Hazard Analysis System FMEA

System FMEA

Design FMEA

Process | Assembly
FMEA FMEA

>> 0L JOYLNOD Inok NOISI(

<< N9IS3Q inohk JOHLNOD
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>> 0] TOYLNOO Inok NOIS3A S! 0 MONY Inok NOISIQ >>

<< N9IS3A inoA JOULNOD 0} S| N9ISIA inok g g

Risk Assessment Cascade

*Hazard: No dose Example

Severity of Harm: (Drug delivery system)
Death or serious injury

Application FMEA
Human Factors

<Patient unable to actuate device

Hazard Analysis (High torque required > target System FMEA
population s capability) Design FMEA

*High torque to actuate device-
System FMEA high friction in mechanism
*Device mechanism fails to *Component interaction within

function correctly on actuation mechanism fails — insufficient
friction

Process Assembly
FMEA | FMEA

«Components «Components

mpoou?g;/d incorrectly

(short shot) assembled
causing

mechanism
failure

causing
mechanism
failure

16 | MDT Confidential % Meditronic



Feasibility : Development Post Launch

.\\

Development

>> ol TO¥LNOD Inok NOIS3A s! O MONyI Inok NoIs3a >>
<< NOIS3a ok JOYLNOD 0} sI NOIS3A InoA MONM oL <<

As the design progresses, focus shifts from
concept to designing a manufacturable product
that Wi" Iau nCh 17 | MDT Confidential %Mmﬂc



“Boxy” now has a mating part;

Design assessment, Rod is smaller than the hole;
Rod fits and is ok.

Nominal size difference 10.0 - 9.8 = 0.2 clearance

Max size 9.90 Min size 9.90 2

»
»

>> 0L TOMLNOD nok No \
<< N9IS3A 1noA JOYLNOD 01 S| N9IS3Q 1IN0k MONM OL <<

P
<

—> 10.00 +/- 0.1
9.80 +/- 0.1 18 | MDT Confidential @:Medtm“ic




Interlude: Knowledge space, Design space

Safety Factor | Safety Factor
Nominal +/- tolerance”

h Design Space e
ﬂm{ \ e

1. Determine the limits of the design; the “cliff edges”
1. The point where the design is known to fail
2. Design specification is set within the Knowledge space with an
acceptable safety factor between the limits of the Knowledge

space and Design space
P gn sp 19 | MDT Confidential %Nledtmmc
*mm, m, inches, N, Nm, ml, cc etc..




Note: Having a good knowledge of the Design de-risks the likelihood of failure
of Design Verification

Feasibility Development Post Launch

Safety Factor Safeiy Factor
Maminal rtnlerance

Design Verification ‘

Design Validation ’

End of Interlude
Timings of Design Verification and Validation will vary
depending upon each project complexity and associated

project / product risks oo coienis -y Meddtronic



e R

Manufacturing Assessment -

We're looking to
manufacture this part: @

What size is the
tolerance on that hole?

+/-0.1

We'll not hold that in
manufacture.

——

—

=" Think think think

Can we open the
tolerance???

MDT Confidential % Medironic




“CAN WE OPEN THE TOLERANCE”

Yes, what
tolerance
would you like

| No thé aesign
iIs FROZEN

ois3a >>
noA MONM oL <<

It’ll cost you...

>> 0L JOMLNOO ok NOIS3Q ! ©F MONM nok N
<< NOIS3a InoA TOYLNOD 0} sI NOIS3a 4

What does a specification REALLY mean ??

22 | MDT Confidential % Meditronic



What does a manufacturing specification of ﬁ ¢
10 +/-0.1 mean?

* part can be fabricated in a o008
the sizes from 9.9 to
10.1, targeted at 10.0 9.9 10.0 10.1

Values can be:
« mm, m, inches,etc.. _

What do design engineers

believe they will get?
 Nominal distribution

around nominal

« On nominal ?

What do Manufacturers

believe they can make?
Reality?
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Fr our two parts ideal production would be... € i

10.00 +/- 0.1

9.80 +/- 0.1

9.7 9.8 9.9 10.0 10.1
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What happens if... Qty required: 100

Options:
1. Supplier manufacturers 100 completely in
spec

2. Supplier manufactures >100, sorts and
supplies 100 within specification

Sorted and rejected

X 3. Supplier manufacturers 100, has sampling
X plan (eg: AQL) and controls 5 from 100, all

X X \ 5 in specification

9.7 9.8 9.9 25 | MDT Confidential @ Meditronic
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10.00 +/- 0.1

What happens if...

9.80 +/- 0.1

10.1

10.0

9.9

9.8

9.7

\

>> To KNOW your DESIGN is to CONTROL your DESIGN >>
<< DESIGN your KNOW to is DESIGN your CONTROL To <<

£ Medtronic
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What happens if...

g |lef

10.00 +/- 0.1

9.80 +/-0.1

9.7 9.8 9.9 10.0 10.1

Actually, X: part measured 3 times:
= 9.91 1st=9.89
2nd = 9.91
:=9.88  30= 993

Mean = 9.91

Is the part really in specification?
| |

27 | MDT Confidential % Meditronic
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i Manufacture for 3 batches
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Controlling manufacture of a part is the ability to
make and measure a part that is EQUIVALENT to

the part you have confirmed works.

* This is Design Transfer:

— Process Control (Process Capability)
— Gage R&R (Repeatability and Reproducibility)

 In reality the actual “value” of the part does
not matter, as long as the measurement |
system is the same and the corresponding
value is the same. :
* (I was once told a CMM measures in elephants)
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0} MONM 4no. S3a
sl N©IS3Q InoA

Our engineer has:

Determined a feasible concept
Risk assessed the design

Worked with the manufacturer to ensure the design
can be made

Conducted Design Transfer with supporting
Process FMEAs, Capability Analysis and Gage
R&R to support it can be made

Verified the product has been designed right

What’s missing...?

@- Medironic



USABILITY

>> To KNOW your DESIGN is to CONTROL your DESIGN >>
<< DESIGN your KNOW to is DESIGN your CONTROL To <<

£ Medtronic
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Scenario; Design Validation, devices are taken to a
target user and asked for usability feedback

ﬂ
Can you use

this device?

No.
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Is Design Validation really the point to obtain feedback
on the Usability of the design?

32 | MDT Confidential % Meditronic



Feasibility Development Post Launch

Design Validation ‘

Can you use
this device?

How far back in
development
do you need to
go to fix?

7 No.

>> o TONLNOD Inok No I
<< N9IS3A 1noA JOYLNOD 01 S| N9IS3Q 1IN0k MONM OL <<
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How about...

Feasibility Development Post Launch

' User assessment > ‘

Can you use

this device?
No. [— Design ‘
s device? Validation

o} MONY InoA NDIS3a >>

this device?

No.
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Can you use Can you use
this device? this device?

Yes. Yes.

34 | MDT Confidential % Meditronic



Risk Assessments also need to have a good “balance” of
characters conducting the risk assessment:

Glass is half full or half empty (characters)
Glass is half empty Glass is half full

That will never e

mode is
Impossible, it

work!!

(Typically the overly critical
Quality Engineer)

will never
happen!!
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(Typically the proud Design
Engineer)
Sometimes realism helps. Sometimes the glass is neither half full nor half empty

(It's a wine glass, think about it...)
35 | MDT Confidential % Meditronic




>> To KNOW your DESIGN is to CONTROL your DESIGN >>
<< DESIGN your KNOW to is DESIGN your CONTROL To <<

£ Medtronic
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Feasibility Development > Post LLaunch

¥

Post Launch

>> o TONLNOD Inok No I
<< N9IS3A 1noA JOYLNOD 01 S| N9IS3Q 1IN0k MONM OL <<
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Post Market Production changes

« Assessment of impact of change on the design (Design
Change, Design Transfer)

* Arguably not required if supplier / manufacturer has a
Process Control Plan and manages changes via change
control to the Control Plan

During Post Market, any changes to ===
the process must be risk assessed by | =
the product development team for '
potential impact on the design

>> 0] TOYLNOD nohk NOJ! I
<< N9IS3a 1noAk TOYLNOD 0} S| NDISIQ INOA MONM OL <<
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How Is the change assessed relative to the
original design?

« “Can we open a tolerance? ”&

* Why go to the effort of months of Design
Development work, put months of work into
documentation of Design Transfer, for the supplier
/ manufacturer to make changes without related
design assessment?

i Example of Post Market production changes to Boxy

@- Medironic



Post Market Production changes

 During Post Market, any changes to the
process must be risk assessed by the product
development team for potential impact on the
design, relative to Design Transfer, Design
Verification and Design Validation (and original
needs / Design Inputs)

>> 0L TOMLNOO Inok NOIS3A SI 0F MONM Inok NoIS3a >>
<< N9IS3a inoA TOULNOD 03 sI NOIS3IQ InoA MONM oL <<
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li Summary: Remember the 3 -
“RISK MANAGEMENT is§

“Everything that « ENGINEERED : UNT9QUE ..

...and 4a¢ @ PROPENSITY ti FAIL”

>> To KNOW your DESIGN is to CONTROL your DESIGN >>
<< DESIGN your KNOW to is DESIGN your CONTROL To <<

41 | MDT Confidential @ Meditronic
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Back up slides:

43 | MDT Confidential % Medironic



#VM\//HJét are we trying to achieve with Risk Management?

The perfect product with no risks and therefore no failures on the market and in use?

Why? (Because we really want them too)

44 | MDT Confidential @ Medironic



3 batches of Boxy manufactured, 5 parts sampled per batch

10.01 10.03 10.04
10.02 9.97 10.07
9.99 10.01 10.06
9.98 9.99 10.08
9.99 9.98 10.09

|s Batch 2 = Batch 1?7 Batch 3? (note all are “in specification)”
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From 3 batches of Boxy and Rod we ﬁ @)

have similar distribution

10.00 +/- 0.1
9.80 +/- 0.1
LS
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..but for the 3" batch the fit between them is notably looser..

Is the loser fit acceptable?
el {f]

>> To KNOW your DESIGN is to CONTROL your DESIGN >> w0t Confidental @-Medtmnic
<< DESIGN your KNOW to is DESIGN your CONTROL To <<




‘—-.':r' ERS

Usability: intuitive that rod should fit in the hole?

o

N

S3A sl 08 MONY noA NOIS3a >>
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Feasibility Development Post Launch

s MNBARTS
Product Risk

Design Validation ‘ o

Types of risk:

Project Risk

©} MONM dnok NDIS3Q >>

0T
%’wi -
GG o=

—_— They are interconnected
Can you use

this device?
- . If everything that is engineered can fail, why in Medical
Devices is there an expectation that the product will be
> = 100% fault free?

N Risk Management is ensuring that the level of risk is reduced to the
0. least possible severity. with known incidence:
As Low As Reasonably practicable (ALARP)

>> o TON¥LNOD Inok NOIS3A s!
<< NOIS3a ok JOYLNOD 0} sI NOIS3A InoA MONM oL <<

@ Low

O Hoh fy
Progress at risk? Product v Project? S L \3

* Depends upon severity / likelihood of =
Hazard/Harm from the Usability failure e & Medtronic



Measurement | Measuring
method Person

A A A

First Production

(Functionally tested, confirmed ok)

P »
< »

10.05 mm

Measurement | Measuring
method Person

A A A

! i Second Production

Confidence level part is equivalent to “First
production” ?
High

>> ol TO¥LNOD Inok NOIS3A s! O MONyI Inok NoIs3a >>
<< NOIS3a ok JOYLNOD 0} sI NOIS3A InoA MONM oL <<

A
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o1 MONM JnoA NOIS3a >>

>> 0L TOYLNOD Inok NOIS3Q s!
<< N9IS3A 1noA JOYLNOD 01 S| N9IS3Q 1IN0k MONM OL <<

P
<

10.05 mm

[
»

A

10.05 mm

\4

Measurement | Measuring
method Person

A A B

Third Production
Operator on vacation, another operator used

Confidence level part is equivalent to “First
production” ?

-Depends upon Repeatability & Reliability (gage R&R)
of measurement method

Measurement | Measuring
method Person

A B B

Fourth Production

Measurement machine on maintenance, calipers used

Confidence level part is equivalent to “First production” ?
-Depends upon Repeatability & Reliability (gage R&R) of

measurement method and equivalency to original method _
50 | MDT Confidential Medtronic



Surface defects

Measurement | Measuring
method Person

B B B

Fifth Production

New machine bought, same manufacturer, newer

model
Confidence level part is equivalent to “First

production” ?
-Depends upon many things, not least qualification

& »
< >

10.05 mm and validation of new machine

Measurement | Measuring
method Person

C B B

Sixth Production
Cost saving, alterative “equivalent” machine used,

>> 0L TOMLNOD ok NOISIA S! o MON) Inok NoIS3a > >
<< N9IS3A 1noA JOYLNOD 01 S| N9IS3Q 1IN0k MONM OL <<

Confidence level part is equivalent to “First
production” ? o i
2?7777 —

s = = = = = =
»

P
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