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Outline of session

The purpose of the CDR clinic session is

e todiscuss and clarify questions on CDR submission
* torecap afew points of CDR pro-forma

 toshow examples on design and calculations



Critical Design Review (CDR)

The CDR submission is to present

a satisfactory design solution to meet stated requirements,
a complete record/documentation of the project to date.

The CDR report should be presented using the provided CDR pro-forma

>
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A CDR check List

Executive summary

Engineering and design rationale

Calculations

GA (General Arrangement) drawings

Detail drawings and process sheets

Manufacturing plan, Cutting List and Part List for 3D Printing
Team working and individual contribution



Group CDR submission on Moodle

The CDR submission should be put in a zipped folder and submitted on Moodle
by 3pm, Friday, 9t" December.

The CDR report is a Summative submission. It is worth 20% of the MMME 2044
module.

The CDR pro-forma and template folders/files are available in the Group D&M
project folder in the Design Tutorial and Support on Moodle

Make sure your CDR report (a single file in PDF format) is compiled in a clear
and concise manner to recommended pages.

Place your CDR report, spreadsheet/hand-written files and Solidworks models
and drawings in separate folders as from the template



Preparation of CDR report

Executive summary (1 page per group, 400 words max)
» Give a CONCISE summary of your group’s design solution of the air motor,

* The group’s assessment to the UAP Board’s questions

 Avery brief discussion on specific features of design for proper function
and attention for easy manufacturing in the next stage of the project.

Table of content (optional)



Preparation of CDR report

Engineering and Design Rationale (3 pages max per group)
» Present an updated statement of requirements in tabular form.

» Present your rationale and assessment to the following questions:
* How does the group’s design solution work?

 Are all the functions of design satisfied?

Present an updated morphology chart filling the boxes showing how the Final
Design achieves all the functions and justify that the architecture is highly
probable to that of the RAP motor.

 What are the strengths and weaknesses of the design?
 |Isitlikely to be a low cost product?

 Can your designed air motor be tested using the UAP’s existing test rig?



Preparation of CDR report

Engineering and Design Rationale (cont’d)

» You may use Solidworks assembly images and/or cutaway views to identify key parts
and design features and to describe how the air motor operates for the intended

functions.
B-4 Interfaces:

Interfaces were created to accommodate the ancillary devices onto the engine block. This allows for
easy assembly and attachment. The following figures show two isometric views of the engine block,

which shows the interfaces.

Exhaust
interface

Flange feature

Flywheel assembly
interface

Starter assembly
interface

Figure 3: Two isometric views of the engine block showing the interfaces

Carburettor
interface

An example of individual design: 2-stroke

engine (available on Moodle)

B-3 Mounting of the cylinder/crankcase

To ensure proper alignment of the piston head to the crankcase, a circular sleeve feature has been
added which provides proper mounting which fits into the crankcase.a flange feature has been
embodied in the design and 4 M5 bolths will be used to connect the cylinder heaad to the
crankcase.The following figure is a cross section of the engine block showing all of the designed
components along with the mounting of the bearings.

circular sleeve feature

SKF 6302 deep
grove ball bearings
Small gap (1 mm)
between bearing and
seal

Woodruff key

=il

Compartment to
locate seals and
bearings

HMSA10 radial
lip seal

Figure 2: cross section of the engine block, showig the layout of the engine components.



Preparation of CDR report

Calculations (2~3 pages)

» Present a summary of key equations and summary of results of the force, torque and
power calculations. Other calculations may include the calculations of stressed or
critically loaded parts, e.g. output shaft.

» Detailed spreadsheet or hand calculations should be included in separate files.

Cam torque of single piston

o
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| Example spreadsheet available on Moodle


https://technologystudent.com/cams/cam10.htm

Preparation of CDR report

Calculations (cont’d)

Crank torque of single piston

For a crank design configuration: T = F,_ XA
From free-body diagram of piston: %Dz X P
F. . =
P=CT " cos 0,
. . I
Based on law of sines: 0, = sin! ,sin 0,
1
Torque arm R should be A =asinb,
I 2
and a=lzc0591+ll\/1—(l—zsin91>
1

where, T is torque (Nm)
Fp-cr is force by piston to conrod (N)

4 is torque arm (m)

Torque (Nm)

45

90 135 180 225 270

315

I1 and 12 are conrod length and crank radius (m) N
p is gas pressure (Pa) & D is piston diameter (m) |

Angle of rotation (deg)




Preparation of CDR report

Calculations (cont’d)
Stress calculation of critical loading parts (e.g. shaft or shear pins).

You may use ASME Shaft Design Equation (refer Shaft Design Lecture slides & handouts) or
the equations for shear stresses due to torsion or direct shear in your calculation.

Reserve or safety factor

Min diameter (m) (often use 2)

/ 1/3/ Max torque on shaft
d - 32N, (Nm)
T
B \ Yield strength of shaft
material (Pa)
Max bending moment
on shaft (Nm)
Endurance limit Example spreadsheet of ASME shaft
stress (Pa) calculation of 15t year Spring Powered Cart

available on Moodle



Common types of loading and stresses

e Types of loading & stress | A i F%ID;F .
; OSSR Q 0N
» Tensile load o = ul E S— - o L/ g'é'
A ! 7777 A=bx
Tensile stress -
F Direct shear stress
> Direct shear T =-—
A R1=R2=%F l F
Y
. R1
> Bendin g =—2 :
g I - %2F
M=1/4FL
. TR
> Torsion T = T L

Bending moment &

shear force Shear due to

torsion



Preparation of CDR report

Assembly drawings (2~3 A3 drawing sheets)

» General Arrangement (GA) drawings are to show the assembled air motor for intended
functions, to identify all parts using BOM balloons itemised in the Part List table, and
to specify necessary fits and assembly instructions.

» The GA drawings should show clearly the detailed design of the air motor using
sections, views and partial views if necessary. The GA drawings should also include all
title block information to BS 8888 standard.

O

Appropriate choice of views, including placement of cross sections and use of detailed views
to show smaller details at larger scale.

Appropriate use of ISO standard fits on any critical interfaces between components.
Appropriate exclusions of features from cross-sections, i.e. fasteners and features with no
internal details such as solid shafts.

Appropriate selection of cross-section hatch spacing and angle to show separation of
adjacent parts.

Appropriate placement of BOM table and BOM balloons.

Appropriate notation of critical fits between components.



Preparation of CDR report

Assembly drawings (cont’d)

An example GA of a roller-subassembly (an exercise of CAE3)

®30 H7/p6

Clearance

Roller subassembly from 15t year
EDP (see CAE 3 brief slides and SW
models on Moodle)

More GA drawings including GAs of a 2-stroke
engine are available on Moodle

In CDR submission, PRINT GA and detail
drawings in PDF and combine the drawing
sheets with the rest of CDR report
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Preparation of CDR report

Assembly drawings (cont’d)
Fits specification using BS 4500A (Hole Basis) (available on Moodle)

Clearance ——| Transi- |«— Inter- —

Fits are defined to ensure proper function of a | ol Inter-
machine system: =

5 |
- Hole I
H11 |

|

— Clearance fits: shaft smaller than hole to
leave a clearance

tolerance

Shaft tol.

—

- HQ s

i
=

— Transition fits: shaft slightly bigger or smaller
than hole for an interference or clearance

— Interference fits: shaft bigger than hole to
prevent relative motion
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Specification of Fits in GA and Tolerances in Detail Drawings
Roller-Sub Assembly as an example (Use BS4500 A)
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Note: BS 4500A & BS 4500B charts are available on Moodle



Preparation of CDR report

Detail drawings and process sheets (no page limit but need to be concisely
presented)

» A detail drawing should include all the necessary information required for the
definition of the part, e.g. material, properties, dimensions and tolerances.

» Dimensions and tolerances are clearly defined for intended function, easy
manufacturing and inspection with datum feature established.

» Only for a machined part, a process sheet is required to describe every step of the
manufacturing process.

o A complete set of required dimensions, drawn from appropriate datums.
o Tolerances on all dimensions that have a specified fit in the GA drawing.
o Appropriate part naming conventions matching the GA bill of materials.



Preparation of CDR report

Detail drawings and process sheets (cont’d)

Roller-subassembly: Detail drawing of the Shaft

Roller subassembly from 15t year
EDP (see CAE 3 brief slides and SW
models on Moodle

No need of PROCESS SHEET for a
3D Printed part!
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Preparation of CDR report

Detail drawings and process sheets (cont’d)

Sample drawing and process sheets available MRS Aufmn 2008 ! | Tp—
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Preparation of CDR report

Cutting list, Part list for 3D printing and Manufacturing plan (3~5 pages per
group)

» Use the blank Cutting List for machining (available on Moodle) to describe all materials
needed for machining.

» Use the blank Part List for 3D printing (available on Moodle) to give a list of parts of all
3D printed parts.

» Present an agreed manufacturing plan, which includes individual member’s

responsibilities and roles for identified tasks. A champion for machining and a
champion for 3D printing.

» Create an imperial thread Solidworks for proper mounting
of Legris air fitting (available on Moodle by Mr Jason Young)




Preparation of CDR report

Team working and individual contribution (1 page per group)

» Present a summary of team working and individual contributions to project work and
CDR submission in a tabular form

 Group work and identifiable individual contribution to CDR submission, e.g.
Solidworks modelling, drawings (use name convention with Initials)
Calculations (spreadsheet or hand-written)

GA, detail drawings and process sheets

Cutting list, Part list for 3D printing and manufacturing plan

Writing of report or sections

Organisation of CDR files, data and folders and CDR submission

O O O O O O O

Contribution to any other aspects of the Group D&M project

e |Issues for your Design Tutor’s attention



Sample solutions of practical design

Select suitable “O” rings & Groove dimensions (based on BS 4518)

“0” ring grooves cut in piston (shaft).

From BS4518 Table 1 (available on Moodle and Seals Lecture
handbook), 0116-24 is suitable for a $16 mm piston.

0116-24 “O” rings CAD model is available from Solidworks
Toobox BSI part library or you can create yourself.

From BS4518 Table 4, 0116-24 “O” ring should have Groove
dimensions below.

S
G a7 /Rle
Fae/ M\ A N
¢D R )
mmz’ w"l” i 13 >) g
kvl LL O_L

¥ /
15°lead-in %ﬁ% ROZ to 04
chamer 1813
=0

Groove in piston

“O” rings
for pistons

F=2.13~2.2




Sample solutions of practical design
Select a suitable “O” ring Groove dimensions (Groove in piston)

Table 1 — Dimensions of “O”-rings (see Figure 1) and related nominal housing

h :;:;?Tr‘giér B diameters for diametral sealing (see Figure 2)
5 ¥ All dimensions in millimetres
| *O"-ring ref. no “O™rine di i Nominal housing dimensions
(=ee note) Ting dimensions (see Figure 2 and 4.1)
(Si.eCtlo::‘ A Internal Internal Section Section Shaft diameter Cylinder diameter
lameter diameter diameter diameter diameter dq Dy
: ] ! s B tolerance A tolerance
0031-16 3.1 1.6 3.b 6
ion X
= 0116-24 0041-16 41 16 45 7
0096-24* 9.6 2.4 10° 14
@ -24* ] 2.4 11 15
B = ¢ 11.6 mm dp116.24° ( 11.6 < 24 ) 12% < 16°
A= ¢2 4 mm 0126-24* 12.6 24 13 17
0136-24% 13.6 +0.2 24 £ 0.08 14° 18

“O” ring groove dimensions

Depth F=2.13~2.20
Width E = 3.2+0.2
Clearance Gmax = 0.14
Chamfer C=0.6
Radius R=0.5

Table 4 Groove Dimensions for pneumatic applications

All dimensions in millimetres

Cross Radial depth Groove Total Lead-in Max. radius
“O™.rine ref. no section F width diametral chamfer R
g rel no. diameter - +0.2 clearance c
max. min. E |
A G (max.)

P —— e e — ,A . L
0036-24 t0 0176-24X([2.4 ) 220 213 D 3.2 0.14 06 ) (05 )
0195-30 to 0445-30 | 3.0 2.77 2.70 : 0.7 )

0443-57 to 1443-57 |57 538 522 75 0.18 10 10
1441-84 to 2491-834 |84 7.96 71.75 110 0.20 12 10




Sample solutions of practical design

Select suitable Circlips (Retaining rings) for axial location /) | f\
6’9{ Dt D

(a) Bowed external (b) Beveled internal (¢) Crescent exter

» Circlips used to provide the axial location of the External internal xternal
needle bearing (as shown in the figure).

» Circlips are a standard part available from
different suppliers based on, e.g. BS3673 prt4 &
DIN471 (German standard)-D1400 (available on

S024M external End cap, C|rcI|p & lock nut
Moodle) circlip for the
TR . 24 mm shaft '
» S024M external circlip is suitable for 24 mm L Inafag NK24/16
shaft. Needle bearing

» S024M external circlip CAD model are available
from Solidworks Toobox BSI or DIN part library.

Note: S024M & other sized circlips are available in EA
Workshop or may be purchased from many suppliers.



Sample solutions of practical design

Circlips (Retaining rings) and Groove dimensions

S024M (S=24 mm) circlip design specs

Circlip details:

Diameter D = 22.2
Thickness T=1.2

Note: In Table 1
tolerances for the
circlip & groove
are also given.

Groove details:

Diameter G = 22.9
Width W =1.3

@d

4

D

S

e

Table 1 — External series

C

1 2 5 4 | &8 | 8 | 7 8 ) 10 11 [ 12 | 13 | 14 16 18
Beferemce| Shaft Mimim e
number of | diameter Groowve details Circlip details external

circlip clearance
Diameter| Tolerance | Width (Tolerance (| Edre |Diameter|Tolerance (Thickness Tolerance| Beam Lug |Lughols |Fitted | During
margin approz. | depth |diameter frttimg
mim. AT mim.
5 [} W n D T M L d [ Cy
50138 13 1z.4 0.9 119 20 34 192 8
501081 19 1E.0 17.5 2.5 38 25.8 A
S020nL 20 19.0 1.50 185 26 40 270 8.0
S0Z 18 1 0.0 19.5 2.7 21 282 0.2
] ] ™ le]
502 2 2 210 <1.5 205 < 19 2.8 473 294 i14
50230 23 220 ns +0.21 249 43 20 306 26
—
50240 @ (=3 o 014 223 _0.42 30 |a4 317|338
S0ZEE |25 y.m 8 -0.21 0 <1.1‘ﬂ ) -z 0 30 44 327 |348
50260 26 249 2472 —0.06 31 £5 339 (360




A few more items for CDR submission

A\

Work effectively as a Group on various components of CDR submission

A\

Bring your draft CDR report, GA & detail drawings, cutting list, etc, for your Tutor to
review in the next TWO Design sessions

Use SW models of NG24-16 needle bearing & Legris air fitting
Use SW Toolbox standard parts, e.g. fasteners, circlips & set screws

Make sure your Air Motor can be mounted on the test rig

Compile SW models and files using the template folders

YV VYV V V V

Back up all your files, Solidworks models, drawings, CDR report,

regularly to avoid sudden loss of data

» One Group member to submit your CDR on Moodle by
3:00pm, Friday, 9t" December




Feedback

» Feedback will include completed mark sheet (available on Moodle) and
feedback on design in the 15t Design Session in the Spring semester

o Satisfactory - The deliverable was achieved on time to a satisfactory standard —
you can proceed with your final design solution.

o Category 1 Deficiency - The deliverable was not achieved or there was a major
deficiency. The deficiency needs to be addressed before manufacturing
sessions.

o Category 2 Deficiency - The deliverable was achieved but there was a minor
deficiency to be addressed before manufacturing sessions.

o Observation - Iltems that are acceptable but can be improved.

» Additional feedback on the presentation, quality and clarity of contents
of the CDR report and possible areas for improvement
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