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Design

The design 

process is a 

constrained 

creative 

process.



Design

Design is part of the business driven process of creating 

products.



Concurrent Design









Technical Documentation

• Developed for a new product.

• Includes working drawings apart from 

calculations, technology details, assembly 

scheme, etc.

• Working drawings include:

o Assembly working drawings

o Component working drawings

• Component working drawings for the same part 

may look different for different processes.
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Drawing Form

• A drawing must follow a certain format.

• The scale should be selected to make sure 

that the component would fit the format.

• A preliminary evaluation should be performed 

before the drawing is completed.

• Take into consideration the space for 

dimensions.







Assembly Drawings

• Assembly drawings shows how each component is 

positioned with respect to other components.

• Each component should be identified and listed in a parts 

list.

• Outline assembly – gives the general graphic 

description of the shape.

• Sectioned assembly – shows the hidden features and 

their interdependence.

• Pictorial assembly – usually isometric, indicates how 

the parts, shown separated, are assembled.









3D Models



3D Models



Title Blocks and Drawing Numbers

Are used to record important information and keep track 

of parts:

a) Name and address of the company

b) Title of the drawing

c) Drawing number

d) Dated names of the designers

e) Design approval

f) Additional approval

g) Predominant drawing scale

h) Supply code for manufacturers

i) Drawing sheet side letter designation

j) Actual or estimated item weight





Detail 

Drawings

In a detailed 

drawing of an 

assembly, the 

part name and 

the detail 

number are 

located within 

the drawing 

area.



Modifications and Revisions

• Revisions are required due to changes in design. So to keep track 

of all the modification, revisions need to be numbered and 

maintained

• The track of modifications is kept on the drawing (some new 

approaches are applied on CAD).

• If changes are considerable, new 

drawing is made with OBSOLETE 

stamped on old



Modifications and Revisions

The revision number, a serial number for 

modifications, is kept on the drawing 

(some new approaches are applied on 

CAD).



General 

Tolerance 

Notes



Tabular Drawing (Catalog)













How to Simplify the Design Process

1. Use text descriptions whenever possible to 

eliminate drawing entirely.

2. Use text descriptions whenever practical to 

eliminate projected views.

3. Eliminate views where the shape can be 

given by description e.g. HEX, SQ, DIA,

4. Show partial views of symmetrical objects.

5. Avoid elaborate, pictorial or repetitive detail.



How to Simplify the Design Process

6. When it is necessary to show thread detail, do not 

show them over the entire length of the bolt.

7. Eliminate detail for nuts, bolt heads, and other 

standard parts. Show outlines to show position 

only.

8. Reduce part detailing on assembly drawing.

9. Avoid unnecessary hidden lines that add no 

clarification.

10. Use sectioning only when it is necessary for the 

clarity of the drawing.



How to Simplify the Design Process

11. Simplify graphics for holes and tapped holes with the 

use of symbols.

12. Omit views with no dimensional or written instructions.

13. Kept within limits: a small drawing is usually easier and 

quicker to make than a large one.

14. When two parts are slightly different, a complete 

graphical representation of both parts is not required. 

The note: SAME AS EXCEPT …….. Or OTHERWISE 

SAME AS …. may be written.



How to Simplify the Design Process

15. Drawings made to modify stock or commercial parts 

should be made as plainly as possible. Avoid detail.

16. Use std abbr whenever possible.

17. Whenever necessary, zoom in on small details on 

larger parts for clarity.

18. Draw small parts large enough to avoid crowding so 

that they are easy to read, but not so large that they 

take unnecessary space on the drawing.

19. Do not duplicate dimensions.



How to Simplify the Design Process

20. Use recognized standard symbols to greatly simplify 

drawings for common objects.

21. Eliminate repetitive data with the use of general notes.

22. When drafting, keep free-hand drawing only to where 

it is required, preferring to use instruments.

23. Wherever practical, use geometric symbols instead of 

notes.

24. Wherever it is acceptable, provide rectangular 

coordinates or tabular dimensioning instead of 

dimension lines.









Tabular drawing (catalog)

• Is one on which the dimension are replaced by letters, and 

accompanying table lists the corresponding dimensions for a 

series of sizes.

• Thus one drawing serves for a range of sizes covered.

• But there is a serious risk of misreading the table.



Standardized drawing

To avoid misreading of tables as in tabular drawing, yet simplify

drawing process

• Drawing is 

made without 

dimensioned.

• Copied by any 

methods.

• Dimensions 

filled 

accordingly.



Checklist for a Good Design

1. Is the drawing easy to read?

2. Are solid outlines distinct from dimension lines?

3. Is the lettering neat and clear?

4. Is all of the information on the drawing?

5. Will the drawing print well?

6. Have all the rules of standard drafting practice 

been followed?



Checklist for a Good Design

7. Is the nomenclature correct? Will everyone understand 

it the same way?

8. Is the drawing title truly descriptive?

9. Are all the necessary views given?

10. Are all the dimensions shown?

11. Are there dimensions which are given twice?

12. Are all the notes properly located?

13. Could any of the notes be misunderstood?

14. Do the parts agree with the list?



Checklist for a Good Design

15. Are all standard parts specified correctly?

16. Is the scale mentioned?

17. Are finishes specified in the drawing?

18. Are there any heat treatments?

19. Have standard manufacturing processes been 

followed?

20. Can the part be produced more simply and/or 

more economically?



Checklist for a Good Design

21. Are the materials specified?

22. Are standard parts used to a 

maximum?

23. Are standard part suppliers indicated?

24. This is your design. Are you ready to 

approve it?



Technical Data Presentation

Technical communication require enhanced ways 

to convey data and numerical information
MAG(TREN) PHASE(TREN) IMAG REAL MAG PHASE MAG(TREN) PHASE(TREN) IMAG REAL MAG PHASE MAG(TREN)

26.1287 -180.0000005 2.15324E-07 -26.0287 26.0287 -180.0000005 26.0287 -180.0000005 2.15324E-07 -25.3287 25.3287 -180.0000005 25.3287

26.1288 -180.0000317 -0.000809 -26.0289 26.02890001 -179.9982192 26.02880001 -179.9991098 -0.002295 -25.3289 25.3289001 -179.9948085 25.32880005

25.64784981 -131.6957183 2.04 -8.3 8.547022873 -193.8086224 20.20154096 -184.6022807 -10.33 44.3 45.48844798 -13.12584485 32.0486827

28.95132643 -97.96415498 -4.533 29.1 29.45094377 -8.853989418 22.51389166 -140.6652079 0.71 32.5 32.50775446 1.251493346 32.16345064

31.40878786 -77.13796096 -17.98 37.1 41.22730163 -25.85650422 26.25657366 -117.7034671 -15.48 31.5 35.0981538 -26.17082038 32.75039127

33.53802407 -62.16180586 -10.672 31 32.78553925 -18.99643745 27.34473459 -101.2522955 -4.442 31.9 32.20778421 -7.927328138 32.65995676

36.62170197 -31.43062462 0.213 35.2 35.20064444 0.346700343 28.873392 -71.19451205 2.424 43.4 43.46764056 3.196793128 35.68311352

39.44612293 -0.86542368 0.514 41.6 41.60317531 0.707897407 31.46910455 -41.07682595 1.688 41.4 41.43439808 2.334824517 38.36736318

42.34289628 5.519800663 1.966 40.2 40.24804537 2.799846426 36.7526083 -8.308747817 1.526 41 41.02838866 2.131537061 37.62401996

43.22825258 5.533797457 2.664 40 40.08861305 3.810272 38.52555318 -6.198037581 2.164 44.1 44.15306214 2.809267431 39.56490457

43.42345535 4.711813463 2.894 40.8 40.90250892 4.057272989 38.47142106 -1.212408047 0.455 46.2 46.20224048 0.564258374 41.41558569

43.13192018 2.204145796 0.57 42.9 42.90378655 0.761227802 40.15779561 2.080536161 2.38 43.6 43.6649104 3.124512684 43.32510672

42.58493131 1.937115398 2.099 41 41.05369412 2.930705805 41.13330389 2.511203738 4.429 42.7 42.92908153 5.921751583 43.23534688

42.48909705 1.329458943 1.006 43.7 43.71157783 1.31875001 41.4847043 2.613012505 1.196 40.8 40.81752584 1.679071923 43.13253484

42.39515945 0.906209117 1.407 42.7 42.72317461 1.887260061 41.89722585 2.460914778 1.107 42.5 42.5144146 1.492049174 43.38020583

42.01642917 0.434922695 -0.16 42 42.00030476 -0.21826858 42.21584113 1.789491348 0.388 42.6 42.60176691 0.521834454 43.12165663

41.93178682 0.322315106 1.66 41 41.03359112 2.31851401 42.23768816 1.499698185 0.96 43.6 43.61056753 1.261354636 42.68971114

42.17634917 0.610967193 -0.853 45.9 45.90792534 -1.064655224 42.73837796 1.195384347 -1.023 42.3 42.31236851 -1.385393831 42.46428749

42.38516948 0.060112993 -1.495 43.5 43.52568236 -1.968356085 43.150376 0.378874032 2.075 40.2 40.25351693 2.954809095 42.01836005

42.21847736 0.136864276 -1.826 42.1 42.13958087 -2.483528788 42.88837651 -0.254839101 0.634 40.5 40.50496212 0.896853268 41.9662661

41.88493263 -0.0657412 2.141 41.7 41.75492643 2.939152132 42.72700181 -0.079523756 0.391 41.5 41.5018419 0.539806914 41.79750398

42.1187724 -0.285318156 0.054 43.7 43.70003336 0.070800241 43.01028991 -0.031345619 -0.7496 44.2 44.20635588 -0.971601797 42.06493548

42.21872329 -0.463976165 -1.432 43 43.02383786 -1.90737779 43.3419977 -0.735660919 -0.744 44.1 44.10627547 -0.966530983 42.14755347

42.0851383 -0.304524959 -1.662 42.5 42.53248457 -2.239460898 42.77942424 -0.931461865 1.408 43.6 43.62272875 1.84964292 42.36594684

42.1385488 0.089452888 0.4739 41.4 41.40271224 0.655828118 42.42559589 -0.494097831 -0.3641 42.5 42.5015596 -0.490844305 42.74062062

42.49211165 -0.245667084 -1.258 42.8 42.81848391 -1.683582822 42.5387464 -0.360773503 0.21 43.1 43.1005116 0.279165162 43.1732122

43.29182953 -0.160636482 -0.415 44.4 44.40193943 -0.535519281 42.97991523 -0.939885406 -0.052 43.8 43.80003087 -0.068022355 43.5562437

43.27557789 0.150206713 0.689 44 44.00539423 0.897126498 43.03080871 -0.802164363 -0.2 43 43.00046511 -0.266490076 43.3552619

43.40966443 0.073794376 -0.466 43.8 43.80247888 -0.609562235 43.16058221 -0.58586177 -0.1582 42.7 42.70029306 -0.212275195 43.1209315

43.27713138 -0.142675763 0.075 42.9 42.90006556 0.100167345 43.22184571 -0.19592373 -0.775 42.5 42.50706559 -1.044689606 42.93498764

43.39393482 -0.760324385 1.5824 43.8 43.82857504 2.069073663 43.62615617 0.039617194 -0.7336 43.4 43.40619966 -0.968391277 43.08576098

43.44211693 -0.248308477 -0.845 43.5 43.50820641 -1.112847021 43.74110992 0.134739828 0.1445 43.9 43.90023782 0.188592488 43.21904868

43.34311043 -0.402616155 -0.923 44.8 44.80950713 -1.18027955 43.80903787 0.027279783 -0.2284 44.7 44.70058351 -0.292757095 43.36914079

43.47586226 -0.696349923 1.4439 44.3 44.32352476 1.866819388 43.86205963 0.188895265 -0.1262 44.1 44.10018057 -0.163961624 43.5524267

43.49149462 -0.542411587 -0.598 44 44.00406349 -0.778653791 43.89565706 0.160713339 -1.591 46.2 46.2273867 -1.972328475 44.14027564

43.99602958 -0.749872392 -2.136 44.5 44.55123451 -2.74808818 44.17085189 -0.313995915 -0.7122 42.8 42.80592516 -0.953324497 44.19008557

44.11254763 -0.741396757 1.649 43.5 43.53124396 2.170931552 44.12129671 -0.2970196 -0.135 43.6 43.600209 -0.17740609 44.22242046

44.09434601 -1.032328006 -1.025 46.6 46.61127144 -1.260058061 44.63847421 -0.321554774 -1.473 44.4 44.42442717 -1.900129293 44.30978535

44.26422053 -1.195217451 -1.1115 45.2 45.21366422 -1.408659887 44.70583373 -0.359618163 -1.6215 44.7 44.72940042 -2.077503081 44.31458817

44.41678863 -1.351351063 -0.785 44.4 44.40693893 -1.012894174 44.71973609 -0.839570424 -2.399 44.9 44.96404342 -3.058396462 44.45856531

44.61795215 -1.512559036 -0.254 44.7 44.70072165 -0.325569829 44.83584578 -0.76405643 -1.159 44.8 44.81498947 -1.481941956 44.22316577

44.76373079 -1.32142198 -2.362 45.5 45.56126693 -2.971676037 45.00418452 -0.801321073 -1.836 45.1 45.13735588 -2.331197269 44.61173756

44.86045293 -1.119904293 -1.604 45.8 45.8280789 -2.0057835 45.38699034 -1.497440248 -1.419 45.3 45.32221929 -1.794175159 44.89873927

45.21199918 -1.24733524 0.148 44.9 44.90024392 0.188858456 45.10181909 -1.255954162 -0.951 46.3 46.30976572 -1.176687377 45.21296237

45.37789574 -1.21329093 -1.092 48.7 48.71224142 -1.284527892 45.68491529 -1.235265496 -2.349 47.2 47.25841513 -2.84908554 45.63446482

45.83508362 -1.423295629 -1.168 46.1 46.11479398 -1.451348297 45.9695578 -1.308341183 -1.552 45.8 45.82628835 -1.940808661 45.77817231

45.98406846 -1.314399808 -0.605 44.1 44.10414975 -0.785981229 45.87012915 -1.385076417 -0.355 46.6 46.60135218 -0.43647228 46.07589943

46.16880553 -1.389934208 0.421 46.1 46.10192231 0.523228908 45.96023838 -0.802592259 -1.14 45.7 45.71421661 -1.428963795 46.17204288

46.68523761 -1.225693349 -0.418 46.3 46.30188683 -0.5172567 46.03920637 -0.554504459 -0.79 46.5 46.50671027 -0.973318531 46.36945804

46.85216417 -1.237761519 -0.763 46.5 46.50625946 -0.940059289 46.30687563 -0.742657417 -0.517 47.8 47.80279583 -0.619681234 46.61829639

46.93505102 -1.217024477 -1.2466 46.4 46.41674279 -1.538959942 45.92429252 -0.785062758 -2.0666 48.1 48.14437491 -2.460180457 46.76595636

46.57108109 -1.289876158 -2.827 45.7 45.78735556 -3.53980381 45.86971945 -1.133138677 -0.77 46.2 46.20641622 -0.954841254 46.829311

46.54453147 -1.638768449 -1.802 46.3 46.33505373 -2.228831751 46.24153678 -1.373613764 -1.225 46.2 46.21623768 -1.518850397 46.76512525

46.3615153 -1.656238333 -2.635 47 47.07380615 -3.208861662 46.40351742 -1.995628859 -2.185 47.4 47.4503343 -2.639297818 47.0544782

46.11691725 -2.082386929 -2.535 46.6 46.66889998 -3.113772151 46.46468628 -2.428381434 -5.255 50.3 50.57375826 -5.964234837 47.73231953

45.88860612 -2.275704328 -3.677 48.6 48.73889955 -4.326666078 46.83679296 -2.992815899 -1.159 48.9 48.91373305 -1.357737791 47.91747574

46.18612712 -2.117264657 -2.213 47.3 47.35174093 -2.678713827 46.99262598 -3.18277488 -3.553 49.5 49.62734941 -4.105522771 48.16463815

46.6069711 -2.183620976 -3.868 49.1 49.25212101 -4.504344574 47.57008689 -3.343531674 -2.218 48.6 48.65058606 -2.613043614 48.57199979

47.025252 -2.216683154 -1.705 46.8 46.83104766 -2.086455527 47.65275254 -3.319802303 -1.365 48 48.01940467 -1.628909729 48.87252763



Encoding Data and Markers



Plots

2D scatter plot 2D connected line plot



Plots

Regression line graph Mean and standard deviation



Plots

Bar graph (horizontal) Composite bar graph



Plots

Histogram (distribution of 

image) 3D scatter plot



Plots



Exercise

Please pick up a pen and a sheet of paper.

• Please draw a bolt and a nut to the best of your ability.

• Is not necessary to provide your name on the paper.

• Please leave the sheet on my desk.

• The paper will be used in a study that is directed towards 

creativity versus knowledge.

• Make-up class – next week, Tuesday, December 6, same 

time as usual. If you wish to do so, you may bring 

problems which you would like have solved.



NEXT LECTURE

MECH 211 – Mechanical Engineering Drawing



Design a Catapult

• You are an engineer (start imagining 

yourself as one).

• Your kid sibling is asking you to make a 

catapult for play during the winter season.

• What are the things that you should know 

before you design and manufacture this 

catapult?



Needs or Functionality

• What you are going to launch with it?

• How fast do you want projectile to go?

• How far will your catapult launch the projectile?

• Which mechanism will be used in the catapult?

• How will you to design it?

• Once it is designed, how will you produce it?



Preliminary Design Constraints

• The projectile: “assume an eraser, used in the drawing 

class”.

• The eraser must be launched to a minimum distance of 

10 meters.

• Since you are designing this for your kid sibling, you 

cannot use unsafe elements, such as:

o Mechanisms which produce a lot of energy or sound, 

such as explosive materials, etc.

o Gasoline or heat to power the device.



Design Requirement

Since the catapult should be easily built, you must consider 

the following:

• Using a minimum number of parts in the assembly 

(<=15).

• Using power sources like springs, air cylinders, rubber 

bands or other similar objects.

• The geometric parameters of the components in the 

catapult will have an effect on its performance.

• Using mostly standard parts in your design.



What do you have to do?

Come to the next class with a piece of paper 

outlining the design, including the following:

• Components, their sizes and specs.

• Your considerations in choosing those particular 

dimensions and sizes.

• 2 or 3 written lines describing the operating 

mechanism.


