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®  Project title: Enhancing Technical Drawing Skills in Design & Engineering Education Using AR and VR Tools

= Problem Statement: There are concerns from higher education (HE) institutions and industry about the
decline in standards of technical drawings (TD) (BS-8888) due to the lack of understanding of basic geometric
construction and the conventions of drafting skills that underpin the best practices.

®  Aim: Using a multi-disciplinary design-based research methodology, this European funded research project
combines pedagogy and technology to approach TDs education problems;and to develop an AR/VR education
solution to address learning difficulties.

®  Funding: €156k (Co Funded by the Erasmus+ Programme of the European Union)
= Duration: 2 Years

= Outputs:
= Animations / Simulations
® VR app development for HTC Vive
= AR /VR Development for Android Mobile platform
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As well as comprehensive literature review, we carried out a “Needs Analysis™”’ where 25 Likert-type scale (five-point) and
5 open-ended questions were asked in a survey with 320 people in different education and sectoral positions in three
different countries. In this survey, 252 people from Turkey, 58 people from Bulgaria and 10 people from the UK participated.

Figure |. Distribution of groups participating in the survey

® Engineenng / Design
Student

B [nstructor/Lecturer
B Sector Employee

B Vocational College
Student

¥ Vocational High
School Student

B Teacher Trainer

| - Dimensioning and Tolerances

2 — Sectioning, Projections and Perspective Drawings

3 — Dimensional Tolerances, Edge Tolerances, Shaft and Hole Tolerances
4 — Geometric Tolerance/Form-Position Tolerances

5 — Surface Treatment Markings/Surface Roughness

6 — Production and Assembly Drawings

*Needs analysis is an element of designing or reviewing a curriculum. Its purpose is to establish key learning outcomes and requirements in the design and

delivery of a course or learning activity.
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As an example, ‘““Analysis of the perception of Technical Drawings questions’’ showed that:

76% of the participants believe they have "efficient Technical Drawing knowledge and skills required
by their profession"

70% find themselves confident for "'using a common language in technical drawings and
awareness of standards such as BS,ASME, ISO, DIN".

73% said they have good skill in “Practical TD to support their theoretical technique knowledge".
88% of participants think that it is vital “to have technical drawing reading skills for technical staff*

84% of participants are aware of the importance of TD perception due to “ technical drawing reading
mistakes which cause discarded or low quality products"



TOOLS

Software:

SOLIDWORKS and 3DS Max (3D Modelling and Animation)
Photoshop, lllustrator and InDesign (Storyboarding and Editing)
Unity and Programming (C#) (VR/AR Applications)

Adobe Premiere and After Effects (Video and Sound Editing)

Keyshot (Rendering of Animations)

Hardware:

HTC Vive
Android 7.0+ Smartphone
Samsung Gear VR

Work:

Huddersfield — Design, Ideation, Storyboarding, Digital Modelling,
Animation, Technical Drawings

Bulgaria — Car in production by Bulgaria,VR Development in
Technical Content

Bizpark —Web Development, AR Application

Uludag — Engineering Knowledge, Technical Requirements
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Vehicle being produced by Bulgaria
for Formula student race team used
as the centrepiece of the project to
show real world applications.




METHODS:
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Towards full
product development
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Erasmus AR/VR P
boarding by Huddersfield
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ANIMATION PROCESS

https://www.youtube.com/watch?v=0OwzmQS4yubl&list=PLRzfaY GqHLCrGfX7M-CtC-MI5GCWGn-3r&index=3
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SOLIDWORKS Car Model (Model assets if needed)
SOLIDWORKS Drawing of part needed in Animation
Key frame Animation in 3DS Max

Export from 3DS Max to Keyshot to Render

Import frames into Adobe Premiere

Edit any frames in Photoshop to add information
Add Sound and Information to animation

Export

Feedback

Improve


https://www.youtube.com/watch?v=OwzmQS4yubI&list=PLRzfaYGqHLCrGfX7M-CtC-Ml5GCWGn-3r&index=3

ANIMATIONS

B Animations available on website. Link: http://vrindesign.org/en/Courses

Centreline

Used to show the centre of holes
and symmetrical features

ection Line

Used to show the surface in the
section view imagined to have
been cut along the cutting
plane line

RULES FOR SECTIONING

Show contours and
edges that are going
to be visible behind

the section plane

Remove hidden Iines
that are visible in
section views. They
can be used if they
improve the clarity of
the drawing

A section cut area is
always shown using a
visible line

Perspective

. " " All lines will meet at a certain
ection lines in the i i il i
fesibl b point. Depth is shown in this
parallel. Section lines view
going in the opposite
direction is an indication
of more than one part

Visible lines must
never cross into a
sectioned area of a

© A set of instructions can also be

included within the technical
drawing. This would help the
user to further understand the
drawing and part

@ 62mm
2 61.99mm
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Projections

These are the other
projections in third angle
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Due to the size, dimensions
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http://vrindesign.org/en/Courses
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GHOOSE YOUR OPTION

.
sss 1,

©E© O

CHOOSE YOUR OPTION

Gamification exploration done in Unity
to understand the impact on T&L

(Credit: Navid Azhar — Digital 3D
Designer)

GHOOSE YOUR OPTION
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FORWARD

REVERSE

<LEFT JRIGHT >

FORWARD )\ FORWARD
BRAKE ] REVERSE

REVERSE <CEER “ RIGHT >

< LEFT | RIGHT >

®m  Car in AR —Virtual car in a real environment with the use of a phone camera

Uretim igin Tasarim
gg Geometrik Olgiilendirme ve Toleranslar

Yizey Puruzlulugi

@ imalat ve Montaj Resimleri
E Boyut, Mil-Delik ve Kése Kirma Toleranslari
g Kesitler ve Perspektif

ﬂ Geometrik cizimler, izdisum, olcilendirme,

.
Konu seginiz (] @

® AR application produced by Bizpark
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Welcome to the VR course for

. Leamn
eam - !
Design for Manufacture \;jq*i‘ Tojckiaedolerances

To learn how to get starte
on the controller or press

St
Ty e —
= —~ e

F TStar EECEEe. v v

= VR Development done by Bulgaria for use with the HTCVive (Unity and C# Programming) See: https:/www.youtube.com/watch?v=tJn9 | VWsfaw



https://www.youtube.com/watch?v=tJn91VWsfaw
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http://vrindesign.org/

” HOME ABOUT THE PROJECT NEWS CALLERY PROJECT DOCUMENTS COURSES CONTACT US
VE IN
DESIGN

Home > Courses

= Download application for your
@ voco/ammacen android 7.0+ phone to test
= Choose a module.
®  Watch animations and see R
course content

TD'2 PROJECTIONS, PERSPECTIVE & SECTIONING

TD3 DIMENSIONALSHAFT AND HOLE TOLERANCES

TD4 GEOMETRIC DIMENSIONING and TOLERANCES

TD5 SURFACE ROUCHNESS

TD6 ASSEMBLY DRAWINGCS
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m  Conference Paper: XXVII International Scientific and Technical Conference Automation of Discrete Production ADP - 2018 21-
24 June 2018 Sozopol, Bulgaria

m  Conference Paper:IVAPP 2019 10™ International Conference on Information Visualization Theory and Applications — Prague

m  Conference Paper (Planned) An international conference connecting people in CAD research, education and business CAD'19,
June 24-26,2019, Singapore

®  Journal Papers (Planned) Journal of Computer-Aided Design and Applications - ISSN: 1686-4360

®  Journal Papers (Planned) Journal of Mechanical Engineering Research in Turkey
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Communication and Data sharing:

®  Facebook (Closed Group)

= WhatsApp, Skype and Facebook Messenger for conference calls (Weekly or Bi-Weekly)
m  Google Drive (Data sharing for Non-confidential Data)

m  Visit to partners (2 x Turkey, | x Bulgaria and 2 x UK for all Partners paid by EU)

®  YouTube (Video based progress report)

Difficulty with international partnership
m  [anguage, methods, management, deadlines, workload

m  Access to the tools, hardware and skillset available

Final Conclusion

m  Project is ongoing. The tools developed have not been used for T&L.This will be done in the evaluation phase which will be
in the next 6 months..



QUESTIONNAIRE

https://www.menti.com/

79 16 0

www.menti.com|

Grab your phone
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Go to www.menti.com
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Enter the code 72 16 O and vote!
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m  Generic Questions (2)
®  Question |:Which improvements would you recommend for this project? (Max 5 words)

m  Question 2:Are you interested in collaborating in a similar subject area which uses AR/VR and Animations? If so, which
project ideas (Max 5 works)

®m Quiz Questions (5)

m  Question |:Which platform/technology do you think this application should be developed further (Android, Apple,
Windows, Others)

m  Question 2: Have you used AR/VR applications for teaching and learning? (Yes, No, Briefly, Not Interested)

®  Question 3:To what extent do you agree with the following statement: Computer generated animations gives user a better
understanding of the subject (Yes, No, Maybe, Not Interested)

® Question 4:Which part of this project interests you more?! (AR,VR, Animations, All, None)

®  Question 5:Which of the following communication have you used more for research and collaboration purposes?
(Facebook, WhatsApp/Skype/Messenger, Personal visits, others)
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Go to www.menti.com and use the code 7916 O

Please enter the code
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1 2 3

Grab your phone Go to www.menti.com Enter the code 79 16 O and vote!



I Mentimeter

Which improvements would you recommend for this
project? (Max 5 Words)

It would be good to have an evaluation of Softwares: Nuke Vr/ar collaboration
the implementation of the tools - did they

effective helped learning and how?

— S

bring devices to presentation Colaborativo teching

Drawing/modelling techniques %

Healthcare




Are you interested in collaborating in a similar subject area which Qi Rmeter
uses AR/VR and Animation? If so, which project ideas? (Max 5 Words)

Yes. Construction details [ Yes - looking at other design ateas ] [ In architecture ]
Wellbeing Mix reality healthcare design
< >
Pass Construction criticas processes On site visualization }
K Social housing ]




Which platform do you think should be used for the further "
development of this application?

v v
v

v

Android Apple Windows Other

Continue - to next question



Have you used AR/VR applications for teaching and QRS oter
learning?

v
v

J >
v

Yes No Briefly Not
Interested

Continue [ to next question

3 &




To what extent do you agree with the following statement: Computer R K moter
generated animations give users a better understanding of the subject

v v
Yes No Maybe Not
Interested

Continue [ to next question



[ Mentimeter

Which part of the project interests you more?

v
v

JA

v

VR Animations All None

Continue B to next question



B Mentimeter

Which of the following communication platforms have you
used more for research and collaboration purposes?

N v Vv
3 3
<

18 P "
Facebook Facebook WhatsApp Skype Personal Others

Messenger Visits

Show the winner
@
L% e 11
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