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1 (a) Use a solution neutral problem statement to describe the overall function of
the new packaging. [10%]

’

“Provide safe dispensing of methotrexate for adult user.’
(b) List the key requirements for the new packaging. (20%]

There are many possible answers here, but the dominant requirements are those
that ensure that the correct dose is taken weekly. Packaging must also be
childproof, yet possible to open by those with arthritis. A system that
differentiates on hand size and/or ability to read opening instructions may be

appropriate. Clear instructions must be provided.
(c) Define a process function structure for the safe use of methotrexate. (20%]

Steps should include: identify dispenser; identify date; confirm dose; open

dispenser; extract dose; close dispenser; take dose.

(d) Identify solution principles for the critical functions identified in (c) und
describe a packaging concept that will ensure the safe administration of methotrexate. 150%]

There are many possible concepts. The better one have clear labelling identifying
the week/date for taking the medication. Separating weekly doses is also
preferred. Dispensers with automatic locks are also possibie.




2 (a) Describe the role of design process models in design with reference to the
key stages found in most process models. [50%]

Reference notes section 1. Key issue is that process models provide a formal
structure that helps to ensure that things are not missed. At a high level stages
are: design; production; use; and disposal. At a lower level design may be
described by: clarification of the task; conceptual design; embodiment design;

and detail design.

(b) Describe the role of evaluation in design with reference to verification,
validation and review activities. [30%]

Reference notes section 10. Key issue is that designs must be proven to be fit for
purpose. Validation — check against user need; verification — check against

specification; and review — check design activities/evaluation activities.
(¢c) Describe the role of risk management in design. [20%]
Reference notes section 8. Key issue is that of reducing risk throughout the design

process. All design activities should strive to reduce the risk of technical or

commercial failure of the project.



3 A small mechanical assembly is shown in its assembled and disassembled states
in Fig 1. The bush and washer are to be assembled onto the pin and retained in place by
the sprung clip. Tolerances on all the components are + 0.1 mm on all dimensions and
all parts are supplied by different manufacturers. The sprung clip has a nominal
thickness of 1.0 mm in its compressed state (i.e. it has been manufactured from 1.0 mm
sheet) and has a nominal thickness of 2.0 + 0.5 mm in its manufactured state (i.e. after it
has been pressed to form a spring). You should assume that 20 represents the variation
from minimum to maximum dimension on all components.

Sprung clip vy

external diameter 14.0 mm I 2.0 mm @

1

internal diameter 6.2 mm i J,
1
1

Washer ———> ! : ] 4.0 mm Plan view of
external diameter 24.0 mm ; 0 sprung clip
internal diameter 8.2 mm EN

Bush ——>

external diameter 30.0 mm
internal diameter 8.1 mm

28.5 mm

diameter 8.0 mm -
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I
|

! x |._._14_]
Pin ——————>| | 32.0 mm :
diameter 8.0 mm ’ : :
i ¥ i
H A H
diameter 24.0 mm ——>> i v 8-0 mm ;
All dimensions are nominal Compbnents Final aésembly

Fig L.
(a) Draw a fault tree to identify all possible assembly failure modes.

Top event is device assembly failure. Main contributory failures are: bush does
not fit on pin; washer does not fit on pin; clip does not fit on pin (two modes).
Incorrect order may be possible, but likelihood can not be predicted. Assembly
may also be ‘loose’.

[20%)]



(b) Calculate the likely percentage of assemblies that will be able to be

assembled correctly.

The assembly failure modes may be modelled to find probabilities of failure.

Dimensional distributions may be assumed to be independent. Rejects are 41%.

dimension 1

dimension 2

difference

sum

(c) Suggest how changes to the design or improvements to the manufacture of

Initial dimensions

mean
deviation

mean
deviation

mean
deviation

bush/pin

8.10
0.10

8.00
0.10

0.10
0.14

-0.707

0.7603

0.2397

23.97

8.20
0.10

8.00
0.10

0.20
0.14

-1.414
0.8214
0.0786

7.86

bush+washer/pin

6.20
0.10

6.00
0.10

0.20
0.14

-1.414

0.8214

0.0786

7.86

34.00
0.14

33.50
0.17

0.50
0.2

-2.236

0.6873

0.0127

1.27

40.97

the components could improve this percentage to 99%. Justify your answer.

Reduction of the pin diameters by 0.25 imm and an increase of the pin height by

0.25 mm result in an acceptable error level. There are many other opions.

dimension 1

dimension 2

difference

P(-2)
1-P(-2)
%

sum

Revised dimensions
bush/pin

mean 8.10
deviation 0.10
mean 7.75
deviation 0.10
mean 0.35
deviation 0.14
-2.475
0.9933
0.0067
0.67

8.20
0.10

7.75
0.10

0.45
0.14

-3.182
0.9993
0.0007

0.07

6.20
0.10

5.75
0.10

0.45
0.14

-3.182

0.9993

0.0007

0.07

bush+washer/pin

34.25
0.14

33.80
0.17

0.75
0.22

-3.354

0.99%6

0.0004

0.04

0.85

[40%]

[40%]
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