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Preface | udra+T

This book, Additive Manufacturing (3D Printing)
Technician, has been specially designed to help students
succeed in both academic examinations and career-
oriented preparation.

It includes detailed Trade Theory, Workshop Calculation and
Science, Employability Skills, and a question bank in mock
test format based on the NIMI exam pattern.

This book follows the latest syllabus prescribed by
DGT/NCVT and is aligned with the latest NIMI
examination pattern. It is structured for easy
understanding and practical application.

The MCQs in this book have been designed at multiple
levels—Remembering, Understanding, Application, and
Analysis—in a dual-language format to enhance
conceptual clarity and examination readiness.

Our goal is not only to help students excel in ITI courses
and NCVT examinations, but also to prepare them for
competitive employment opportunities in both the
government and private sectors.
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How to Study This Book | 39 Y¥dd &l eI hdl

The Trade Theory section is covered in detail. Students are
advised to study this section thoroughly and carefully, and
to develop a clear conceptual understanding with the help
of detailed explanations, diagrams, and a flow-based
presentation.

Except for the Trade Theory section, the other sections
contain important summaries. These summaries are
sufficient in accordance with the weightage of the
respective sections.

Practice the MCQs only after completing the theory part of
the module.

Students are advised to study this book in only one
language, either Hindi or English. They should not compare
the Hindi version with the English version during study.

In case of any discrepancy in technical terminology,
translation, or conceptual interpretation, the English
version shall be considered authoritative.

At the end of the book, practice sets based on the NIMI
exam pattern have been provided. Students are strongly
advised to practice these questions at least twice before
appearing for the examination.

To practice the question bank in a computer-based mock
test format, scan the QR code provided in the last part of the
book.
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Syllabus

Learning Trade Theory

Outcomes

LO-1 Construct different Geometrical figures using drawing Instruments following safety
precautions.

LO-2 Draw orthographic Projections giving proper dimensioning with title block using
appropriate line type and scale.

LO-3 Draw isometric projection from orthographic views (and vice versa) and draw
oblique projection from orthographic views.

LO-4 Perform CAD application in 2D interface.

LO-5 Create and plot assembly and detail views of simple geometrical solid with
Dimension, Tolerance & Annotation in 3D Modelling.

LO-6 Plan and organize the work to make job as per specification applying different types
of basic fitting operation and Check for dimensional accuracy. [Basic fitting
operation - marking, Filing, Drilling, Taping and Grinding etc. Accuracy: + 0.25mm]

LO-7 Perform different measurement with desired accuracy to check the components for
functionality and conformance to defined standard using different instruments.
[Different measurement: linear, taper, surface roughness, angular, thread; Different
instruments: Vernier Calliper, Vernier height gauge, Micrometer, depth gauge, Bevel
protector, sine bar, dial test indicator]

LO-8 Explain Innovation and Design thinking methodology.

LO-9 Explain Additive Manufacturing Technology and emerging trends in Additive
Manufacturing.

LO-10 Make a part applicable for Additive Manufacturing.

LO-11 Explain different processes of Additive Manufacturing and make simple part of
Additive Manufacturing.

LO-12 Develop a prototype/ end use product.

LO-13 Apply process algorithm (3D Slicing Software).

LO-14 Perform Benchmarking study, concept design, feasibility testing, Industrial design,
perceived quality, and Ergonomics.

LO-15 Suggest ways for optimization.

LO-16 Identify and explain basic functioning of different electrical equipment, sensors and
apply such knowledge in industrial application including basic maintenance work.
[Different electrical equipment- multi meter, transformer, relays, solenoids, motor
&generator; different sensors proximity & ultrasonic.] Plan & perform simple repair,
maintenance of 3D Printing machine and check for functionality.

LO-17 Carryout basic maintenance of Additive Manufacturing machines.

LO-18 Create aesthetic models having market appeal.

LO-19 Apply post processing techniques to finish job.

LO-20 Scan and process scan data.

Modules Workshop Calculation & Science

Unit, Fractions

Classification of unit system. Fundamental and Derived units F.P.S, C.G.S, M.K.S and
SI units. Measurement units and conversion. Factors, HCF, LCM and problems.
Fractions - Addition, subtraction, multiplication & division. Decimal fractions -
Addition, subtraction, multiplication & division. Solving problems by using
calculator.

Square root,
Ratio and
Proportions,
Percentage

Square and square root. Simple problems using calculator. Applications of
Pythagoras theorem and related problems. Ratio and proportion. Ratio and
proportion - Direct and indirect proportions. Percentage. Percentage - Changing
percentage to decimal.

Material Science

Types of metals, types of ferrous and non-ferrous metals. Physical and mechanical
properties of metals. Introduction of iron and cast iron. Difference between iron &




steel, alloy steel and carbon steel. Properties and uses of rubber, timber and
insulating materials.

Mass, Weight, Mass, volume, density, weight and specific gravity. Related problems for mass,
Volume and volume, density, weight and specific gravity.

Density

Heat & Concept of heat and temperature, effects of heat, difference between heat and

Temperature and
Pressure

temperature, boiling point & melting point of different metals and non-metals.
Scales of temperature, celsius, fahrenheit, kelvin and conversion between scales of
temperature. Temperature measuring instruments, types of thermometers,
pyrometer and transmission of heat - Conduction, convection and radiation. Co-
efficient of linear expansion and related problems with assignments. Problem of
heat loss and heat gain with assignments. Thermal conductivity and insulators.
Pressure - Concept of pressure and its units in different system.

Mensuration

Area and perimeter of square, rectangle and parallelogram. Mensuration - Area and
perimeter of Triangles. Area and perimeter of circle, semi-circle, circular ring, sector
of circle, hexagon and ellipse. Surface area and volume of solids - cube, cuboid,
cylinder, sphere and hollow cylinder. Finding the lateral surface area, total surface
area and capacity in litres of hexagonal, conical and cylindrical shaped vessels.

Trigonometry

Measurement of angles. Trigonometrical ratios. Trigonometrical tables. Application
in calculating height and distance (Simple applications)

Modules Employability Skills

Introduction to Outline the importance of Employability Skills for the current job market and future
Employability of work. List different learning and employability related GOI and private portals and
Skills their usage. Research and prepare a note on different industries, trends, required

skills and the available opportunities

Constitutional
values -

Explain the constitutional values, including civic rights and duties, citizenship,
responsibility towards society etc. that are required to be followed to become a

Citizenship responsible citizen. Discuss the role of personal values and ethics such as honesty,
integrity, caring and respecting others, etc. in personal and social development.
Becoming a Discuss relevant 21st century skills required for employment. Highlight the

Professional in
the 21st Century

importance of practicing 21st century skills like Self-Awareness, Behavior Skills, time
management, critical and adaptive thinking, problem-solving, creative thinking,
social and cultural awareness, emotional awareness, learning to learn etc. in
personal or professional life. Create a pathway for adopting a continuous learning
mindset for personal and professional development.

Basic English Use appropriate grammar and sentences while interacting with others. Read English

Skills text with appropriate articulation. Role play a situation on how to talk appropriately
to a customer in English, over the phone or in person. Write a brief note/paragraph
/ letter/e -mail using correct English.

Career Create a career development plan. Identify well-defined short- and long-term goals

Development &

Goal Setting

Communication
Skills

Demonstrate how to communicate effectively using verbal and nonverbal
communication etiquette. Write a brief note/paragraph on a familiar topic. Explain
the importance of communication etiquette including active listening for effective
communication. Role play a situation on how to work collaboratively with others in
a team.

Diversity and
Inclusion

Exhibit how to behave, communicate, and conduct oneself appropriately with all
genders and PwD

Financial and
Legal Literacy

Discuss various financial institutions, products, and services. Demonstrate how to
conduct offline and online financial transactions, safely and securely and check
passbook/statement. Explain the common components of salary such as Basic, PF,
Allowances (HRA, TA, DA, etc.), tax deductions. Calculate income and expenditure
for budgeting. Discuss the legal rights, laws, and aids.

Essential Digital
Skills

Describe the role of digital technology in day-to-day life and the workplace.
Demonstrate how to operate digital devices and use the associated applications and
features, safely and securely. Demonstrate how to connect devices securely to
internet using different means. Follow the dos and don’ts of cyber security to protect




against cybercrimes. Discuss the significance of displaying responsible online
behavior while using various social media platforms. Create an e-mail id and follow
e- mail etiquette to exchange e -mails. Show how to create documents, spreadsheets
and presentations using appropriate applications utilize virtual collaboration tools
to work effectively.

Entrepreneurship

Describe the types of entrepreneurship and enterprises. Discuss the process of
identifying opportunities for potential business and relevant regulatory and
statutory requirements. Describe the 4Ps of Marketing-Product, Price, Place and
Promotion and apply them as per requirement. Create a sample business plan, for
the selected business opportunity. Discuss various sources of funding and identify
associated financial and legal risks with its mitigation plan.

Customer Service
Duration

Describe different types of customers. Role play a situation on how to identify
customer needs and respond to them in a professional manner. Explain various
tools used to collect customer feedback. Discuss the significance of maintaining
hygiene and dressing appropriately.

Getting ready for
apprenticeship &
Jobs

Draft a professional Curriculum Vitae (CV). Use various offline and online job search
sources such as employment exchanges, recruitment agencies, and job portals
respectively. Demonstrate how to apply to identified job openings using offline
/online methods as per requirement. Discuss how to prepare for an interview. Role
play a mock interview. List the steps for searching and registering for apprenticeship
opportunities.

Introduction to
Artificial
Intelligence (AI)

Understanding Al. How does Al work? Types of Al. What can AI do? Impact of Al on
Jobs & Industries. Exploring Careers with Al Learning with AlL. Using AI Responsibly.
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Trade Theory

Learning Outcome | 3ifas afRoms - 15

15.1 Concept of Optimization and Performance Improvement of Products

| Il & Srgher 3R UG GUR hi HeheaT

[ TYPESOF 0P¥MIZATION ) PRODUCT OPTIMIZATION PROCESS FLOW  IMPORTANCE IN ADDITIVE |
3P b JBR IAIG AP Aisha1 Hdig MANUFACTURING
— oy fafuior & vga
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@° M PRODUCT OPTIMIZATION PROCESS FLOW « Improve Print Quality ¢
Design Optimization Material Optimization 3dIqg 3{§qe—cﬂ ufesan
(Geometry) (Suntable Material) S o Shorten Production Time
mm =" = e Jam A ger
& ﬁ:gum (mmam) @ - @ - . . % * High-Performance
{l DESIGNII‘IS:;; 'Z‘E‘l‘é?ﬁ{)‘,? snxwkfnom OPIIMIZAIION IESTING o ;‘IJ%LCT Lightweight Parts
I] 5 Rty agA fAam/fazesor xﬁnm: Z
“ LIMITATIONS | fame
Process Optimization  Cost Optimization KEY PARAMETERS @ = | -
(Printing Parameters)  (Production Cost) few e | Q 5 EA
oPrd STRENGTH WEIGHT QUALITY PRINT TIME Higher Initial Needfor  Implementation
(R Ardst @ wwrifa @) | (IEA AP ) BH B arbd GECH g Design Effort S_oftwareTools Complexity
- KEVPARAWETERS MERITS |01 (e AR g ) st e
mxri . Crockeer S~ oy APPLICATIONS | 3gT&voT
o g Q| & X X
smsucm wsmm SURFACE DIMENSIONAL DURABILITV PRINT TIME Reduced Cost Enhanced Aerospace  Automoti Customized
FINISH ACCURACY I iz wwg Better Quality Performance Parts Components Products
{ AR IR T Iae FH A WPREA (RIS R™ UeE A ST

Fig. 15.1: Product Optimization Process and Key Parameters | 3@1g 3igga Hfshar 3 I Riter

15.1.1 Definition and Meaning of Optimization in
Product Development (Fig. 15.1)

Optimization in product development is the process
of improving a product design by selecting the best
combination of parameters such as shape, material,
and process conditions to achieve maximum
efficiency, quality, and performance with minimum
resource usage.

15.1.2 Definition and Meaning of Performance
Improvement of Products

Performance improvement refers to enhancing the
functional characteristics of a product such as
strength, accuracy, durability, and reliability to meet
required standards and user expectations.

15.1.3 Importance of Optimization in Additive
Manufacturing and Product Design

In additive manufacturing, optimization reduces
material wastage, improves print quality, shortens
production time, and ensures better mechanical
properties. It helps in producing lightweight and
high-performance components.

15.1.4 Classification of Optimization

Optimization is classified as design optimization
(improving geometry), material optimization
(selecting suitable material), process optimization
(adjusting printing parameters), and cost
optimization (reducing production cost).
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15.1.1 It fRAsra # srggert hY aRurar iR aref
(Fig. 15.1)

I farenta # Srgeher ag Ufehar ¢ faH srmenr, arft
Y IS [EHTE Pl 39 YRR FURT 1T & o =aw
G o IUFNT o AT HfAehdH G&rdl, ot 3R e
T gl

15.1.2 3dral & et gur &Y aRRamer aiiv oref
U&H GUR &I 31 IaTE i hrafcen fatearet S erfer,
Gétepd, fepraua iR fayofradr at TermT § difeh smasas
HT-eh! 3R IUTNTeRdT STaemait el g1 fomar ST e

15.1.3 uffea A=gdhamafin 3k e fRvmea A
STR e I Hged

gfefea agtheralin & srge At Y SIS st hH el
&, flic TureT # GUR ohdT 8, ST THY oh °eTdl & 3R
dgaR ifAes o1 GRTYT Fear 81 T8 gooh 3R =9 uas
gt geen! oh HHTT H UgRIa gidT &l

15.1.4 3rgHeA1 T FffeRor

3ot ol fE9TTe st (unfafa # gur), amf
3ol (IugerT T ehT =), Ufehar srgcper (fUfdm
WRTHYER T THTANSH) SR ATd Sichel (IUTe ANTd |
FHY) & & F giffepa forar Sirar 81
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15.1.5 Constructional Features - Parameters
Considered for Optimization

Important parameters include strength, weight,
surface finish, dimensional accuracy, durability, and
print time. These factors are balanced to achieve the
best product performance.

15.1.6 Working Principle of Optimization for
Improving Product Performance

Optimization works by analyzing design
requirements, selecting suitable materials and
process parameters, testing outputs, and refining
the design through iteration until desired
performance is achieved.

15.1.7 Merits and Limitations of Product
Optimization

Merits include improved efficiency, reduced cost,
better quality, and enhanced performance.
Limitations include higher initial design effort, need
for software tools, and possible complexity in
implementation.

15.1.8 Applications of Optimization

Used in lightweight aerospace parts, strong
automotive components, and cost-effective
customized products in healthcare and
manufacturing industries.

Trade Theory

15.1.5 31 &g fa=r fahg s aret fAwforrares o1
Rmfier

Hegeaqul REfieR # 2feRt, T, Hdlg FHGH, AATH
G&end, feamraum ok fiie gma enfAe €1 &7 a9ft SRl ot
Ggferd e FaiH IedTg e ured fhar Sirdm g1

15.1.6 34T UM GUR & fAQ st ol i
RAgia

31kt fSSTe srrasgenarstt & fasavur, Iuget
3R uferar tRrter & T4, SMSeye & uteroT SR gifesq
TR U 811 ek IRIgRI & A1eas & f3eie ot uisepa
3 <l Ufehar R i e g

15.1.7 3T TFFHA h a1 3R HaArg

ATl H SR G&IdT, SR ITd, I uTaT 3R 39 UeR
A &1 darsh & urfes f3sis varg sifde g,
TIUEaR IUHIUT chl TR 3R hrIT-ag- & ITfad
Sifeetar enfae g1

15.1.8 STIHA & STHART
3R ey g1 fafawfor It & emrd gwret sregfad
Icuret o fafor # foRar Sirar g1

15.2 Customization and Personalization of Products | S@T&l & 3Te 3R

aafaasor

MODIFICATION STRATEGIES IN PRODUCT DEVELOPMENT: CUSTOMIZATION & PERSONALIZATION | 3 faery ¥ ieitum Rorftfaat: srger 3R dafasor

PRODUCT CUSTOMIZATION (3/J%e) KEY FEATURES TO BE CHANGED PRODUCT PERSONALIZATION (Fafdiasor)
_ (@t ST arett g faQwarg)
Functional Change
(@rafoes aRad) SIZE & DIMENSIONS
- ‘ (3mepR 3R 3mam)
SHAPE & GEOMETRY
SIZE MODIFICATION D ———9 (3l 3 safafa)
CUSTOMIZED HAND GRIP (3 3 o) CUSTOMIZED TOOL FIT & ERGONOMICS RAVI'S PHONE CASE CUSTOM NAME/ID
(3rgfeia & fira) (3ot 39@R0T) (fee 3R ntifia) (Rfa 71 1 &) (Fwm /)
Modify standard design for apphcahon/sue SURFACE DESIGN (texture/pattern) Design based on individual preferences/aesthetics
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. [linadluaasit:'l a' fc'gom“p" éﬁts’"(!mméa ) ) USER-SPECIFIC FEATURES (name/ID) || - f;‘;g’u‘;)(a" 1)
[SvavEal-fafere faQtyang (Fm/3méeh)
WORKING PROCEDURE WITH ADDITIVE MANUFACTURING : (Tafsfea irphaafvn & wra o wfisan) MERITS (oT) | LIMITATIONS (#fmrd)
High Flexibility Higher Design Time
Aéj Iﬂ; | % .ﬁ Eﬂi} (3o et e
= —||! - - u[]|]|!: — - E —> [v==,  [Better it & Performance '
g-’ & s © | Sene e s ity oo St
IDENTIFY USER ~ CREATECAD  MODIFY DESIGN  SIMULATE & SLICE THE PRINT USING  TEST & VALIDATE | Reduced Inventory
REQUIREMEI%S MODEL PARAMETERS VER[FYam M(;%EL Amoc?gm PRODli%T CuESH)] Skilled Knowledge Neaded
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A B TgE) mr{n}éa HATH ) IRFAEH) | (FFRAGR) i :

Fig. 15.2: Customization and Personallzatlon Strategles in Product Development | 3@1g faert & srqgpe
3R Aafaaenvor Torifaat

15.2.1 Definition and Meaning of Customization in
Product Development (Fig. 15.2)

15.2.1 31g A 7 srgger i aRvmar 3R aref
(Fig. 15.2)
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Customization is the process of modifying a standard
product design to meet specific user or application
requirements such as size, shape, or functionality.

15.2.2 Definition and Meaning of Personalization
in Product Design

Personalization refers to designing products based
on individual user preferences, including aesthetic
features, comfort, and unique identification.

15.2.3 Importance in Additive Manufacturing
Additive Manufacturing (AM) enables easy
customization without extra tooling. It reduces
material waste, improves product performance, and
supports mass customization with flexibility.

15.2.4 Classification

Customized products: size-based, function-based,
and application-specific.

Personalized products: user-specific design,
ergonomic products, and aesthetic-modified items.

15.2.5 Constructional Features to be Changed
Important features include size (dimensions), shape
(geometry), fit (ergonomics), surface design
(texture/pattern), user-specific features (name, ID),
and functional requirements (strength, weight).

15.2.6 Working Procedure

Identify user requirements — Create CAD model —
Modify design parameters — Simulate and verify —
Slice the model — Print using AM process — Test and
validate product.

15.2.7 Merits and Limitations

Merits: high flexibility, better fit, reduced inventory,
improved customer satisfaction.

Limitations: higher design time, cost for small
production, need for skilled design knowledge.

15.2.8 Applications

Used in medical aids (prosthetics, implants),
consumer products (phone cases), tools (custom
grips), and educational models.

15.2.9 Case Study

Customized prosthetic limb designed using 3D
scanning and CAD modeling provides better comfort
and functionality compared to standard products.
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15.2.2 I f2vime=T A dafaqaneor &6 afkuma ofiw oref
Jafaraenvor o1 31 § IaTe! St AR IUTTTehRd!
rAfAehdratl & STYR R g &er, Sod dicaicaren
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T FEITS A <l TR

15.2.8 SN
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15.3 Selection of Appropriate Additive Manufacturing Process and

Optimization Method | 3ugad Tf2fea a=gtherali ufdhar iR srgger fafe ar

a9

SELECTION AND OPTIMIZATION OF ADDITIVE MANUFACTURING (AM) PROCESS | Tfefea d=gtharafdi (AM) wfehar @1 a0+ iR Sigge
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I AM wifera &t > g 7t v
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i PRINQT; m‘;‘gﬁm __, BENEFITS g;F OPTIMIZATION | FUSED FILAMENT FABRICATION (FFF) G5 Reeriz Shfirdser (FFF)
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fife Amuest i wwmatta Fer MPROVED STRENGTH « APPLICATIONS: Rapid Prototyping | Srat: 2% eterafi
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Fig. 15.3: Additive Manufacturing Process Selection and Optimization Chart | armeres fRfawstor ufdhar aa=
3R g a1

15.3.1 Definition and Importance of Selecting
Suitable AM Process (Fig. 15.3)

Selection of an appropriate Additive Manufacturing
(AM) process means choosing the most suitable 3D
printing technology based on product requirements.
It is important because correct selection ensures
better quality, minimum material waste, reduced
cost, and improved production efficiency.

15.3.2 Classification of AM Processes

Common AM processes include Fused Filament
Fabrication (FFF), Stereolithography (SLA), Digital
Light Processing (DLP), and Composite Printing. Each
process differs in material usage, accuracy, and
application suitability.

15.3.3 Constructional Features - Factors for
Selection

Important factors include material type (plastic,
resin, composite), layer thickness, build volume,
dimensional accuracy, need for support structures,
and post-processing requirements such as curing or
finishing.

15.3.4 Working Procedure for Process Selection

First, analyze product requirements such as strength,

accuracy, and surface finish. Then select material
type, compare AM processes, check machine
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(Fig. 15.3)
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3R U Iugertar # fA= gidt 81

15.3.3 fAmfonares fatuad - aa= & FRe

Agaqul shRepl # ATt T UehR (Wi, S, dhaifaie),
Y SMaRIhdT, TUT TRe-TIATRRT SaRgehad S aaifar a7
fopfafaT anfaer &1

15.3.4 ufehar aa= 6t wrifafa

Y Ugel IUTE ATTGhdl3 S8 AT, TélehdT 3R Tdg
foRfaar opT fasctwor hd | foRR Tt TR oht 9o+ e, TUH
ufcharail i gem e, ARMA dt erar di Sifg &y, 3R
ITE oh folg Ted Iugad Ufchar ot sifaw & &)
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capability, and finalize the most suitable process for
production.

15.3.5 Working Procedure for Optimization
Optimization involves adjusting printing parameters
such as part orientation, infill density, support
structure, layer height, print speed, and
temperature. These adjustments improve strength,
reduce printing time, and minimize material usage.
15.3.6 Importance of Correct Process Selection
Proper selection improves product quality, enhances
mechanical strength, reduces defects, and controls
production cost effectively.

15.3.7 Merits and Limitations

FFF is low cost but less accurate; SLA and DLP
provide high accuracy but are expensive; composite
printing offers high strength but requires complex
setup.

15.3.8 Applications

Used in rapid prototyping, customized products,
medical models, and functional end-use
components.

15.3.9 Case Study

For a complex prototype requiring high accuracy,
SLA is selected. Optimization is done by reducing
layer height and proper orientation to achieve
smooth surface finish.

Trade Theory

15.3.5 31t hl Fwrifafa

3cper # fUfdT Refier 5 uré aiRudsm, sfha a9,
AT A 81 T GRS Aot dgrd g, fUfdT a7 gera
& 3R It IUANT i FATH Hd g

15.3.6 T ufehar 994 &1 "ga

IR = ITE UraT H GUR AT 8, FifAch ASTdl
FGIAT 8, I aht A Thdl & 3R ST ANTd hl T T
T g w=ar gl

15.3.7 &1y 3k dAg

FFF &9 @Td aTedT § aifchT hH Téleh &; SLA 3R DLP 3=
AT UG el & Afh Sfee Yeard hl STTa=ThdT gt
gl

15.3.8 gy

T 3T ITTNT ekl & IuANT fohaT STraT 81

15.3.9 &g &3l

I GIehdT i ATAIhdT dTet Ueh Sifeet Hietersy & fag
SLA &1 9 foram STTdT 81 31l URd TS chl hH hich
3R I SfifREeq gRr fehar Sirar g arfes fAep-t Tdg
fopfArer T gt Tah|

15.4 Evaluation of Feedback for Product Optimization | 3dTg 3iJgHeA &

fore thrzdas &1 iR
(IMPORTANCE & PRODUCT DEVELOPMENT FEEDBACK COLLECTION (KEY POINTS T0)
MERITS AR e _ CHECK _
| Hged AR ey iz % Cqil [(FHFTEfE
e Improved Quality == = e Function
* Reduced Defects | ppopyct peveLopment A P
$H a.q mﬁﬁ;ﬂ]’ User Feedback Performance e Surf Finish
« Higher Reliability e B - 51| i fonfrar
ﬁ ﬂ Modify Design Z4
Ba Wﬂa m—w Dimensional Accuracy . Layer Ad.hesu)n
 Reduced Waste e ooy [ AR =1 ) 7 IR ATH
) m Loloaich SRl e Manufacturing Quality ) A g
* Increased Satisfaction . S
| T E R e OPTIMIZATION
= Prototype T | dietersy Tt
* Prototype Testing &oT
APPLICATIONS |l o |ndustrial Parts | oot
* Customized Products | 3rgepfera Iaurg

Fig. 15.4: Feedback Evaluation and Optimization Cycle in Product Development | 3ag faeera & ufaferar
Hich 3R JHeA daoh
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15.4.1 Definition and Meaning of Feedback in
Product Development (Fig. 15.4)

Feedback in product development refers to the
information collected from users, testing, and
manufacturing processes about the performance
and quality of a product. It helps in identifying
errors, defects, and improvement areas in 3D printed
components.

15.4.2 Importance of Feedback Evaluation for
Optimization

Evaluation of feedback is important to improve
product quality, reduce defects, enhance
performance, and minimize material wastage. It
ensures that the final product meets design
requirements and user expectations.

15.4.3 Classification of Feedback

Feedback is classified into: user feedback (comfort,
usability), performance feedback (strength,
durability), dimensional feedback (accuracy,
tolerance), and manufacturing feedback (print
quality, defects like warping or layer shifting).

15.4.4 Constructional Features - Points to be
Checked

Important points include function, proper fit,
strength of material, surface finish (appearance),
ease of use, and print quality such as layer adhesion
and dimensional accuracy.

15.4.5 Working Procedure for Collecting and
Evaluating Feedback

Feedback is collected through user surveys, testing
reports, inspection tools, and observation. Data is
analyzed to identify defects and compare with design
specifications.

15.4.6 Working Procedure for Using Feedback for
Improvement

Based on feedback, design changes are made such
as modifying dimensions, adjusting print parameters
(temperature, speed), or selecting better materials.
The improved design is re-tested for validation.
15.4.7 Merits of Feedback-Based Optimization

It improves product quality, increases reliability,
reduces rework, enhances customer satisfaction, and
supports continuous improvement in manufacturing.

15.4.8 Applications

Used in prototype testing, industrial part
development, customized products, and improving
surface finish and dimensional accuracy in 3D
printing.

15.4.9 Case Study

A 3D printed gear showed poor fitting during testing.
User and dimensional feedback indicated tolerance
issues. The design was modified by adjusting
clearance, resulting in smooth operation and
improved performance.

www.teachtoindia.com
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15.4.1 3ang e A Fisaes 6t afyurar siR oref (Fig.
15.4)

IdTe faarg # hisde § 3R 39 STFhR 9 & S
IugRTehdrat, Tteror 3R fAafor ufeharstt @ Ide & erfF
3R T[T o IR H Yok ohl It g1 I8 3D fiidE geant A
FAfeat, ahui ok GUR o &5 hl Uga™ e | Tgraar il
gl

15.4.2 3 & fAw Frsds geaic &1 Aga

A, UeeH dgm iR Y i gafd) t gAaw & & fag
Agaqul g1 g GRfYd sear g fos sifaw Iarg feeimga
TR 3R IJUTNThdT LTS ehl YT T 8|

15.4.3 fhisdeh o1 Ffferzor

e it e UeRt F afiepd fohar irar 8: SuaTeRdt
thigde (STRM™, IuIfaT), Uesi= higde (Faigdt, wifd@),
I higd (Téiendr, Ggasfierdn), 3k Aafor hisds
(fSie TroTer, faepfa a1 o fRAIfwT S gtw) |

15.4.4 fAwioneres fRAAwarg - s & fig

Agayui fagan # swrierdr, 3R fthe, Tt &t AsTed!,
gdg ftfaer (fearee), IuaiT & TRerdr, iR fUie qurer s&
TR TSeRM dUT STATHT élehdT M &

15.4.5 thgdeh Teha &+ 3R Jedich1 Y &R ufehar
thigddh ITANTehdT Tderor, Tteror Raté, fteror Iuavont
3R 3Taetieh o ATEOT Y Tehd fohdT ST g1 ST ahl fasetwor
h SISl ht UgaTe <t ST & 8fR f3omea fafAdan & oy
T Y I &

15.4.6 YR & fAQ hrgds & Iuahn HY &rf ufdsar
thigde & YR W fgareg # uRad= forg sird €, 99
3t & ened, fiie tRifier (QraamE, 71fa) o g,
1 dgaR Al &l =8| GuTRd fEST1e st damu & fog
g: TRieroT fohar Sirar g1

15.4.7 Fisd-meniRa rgghe & d1d

g IcUTE <hl T[UTe H YR T 8, faya-iaar sgrar g,

YA Sl hH AT 8, TTgeh T JerdT g 3R fafor o

Hdd YR T GHY a1 81

15.4.8 v

g Uleiersgy udieror, ftenfien i fae, sragferd Iaral
3Rk 3D fiifé & Tag fOrfAsr qur smar aéiadr gur &
39T ok STaT 81

15.4.9 &g w3

Tah 3D fiids feR 7 gdieror & R @R fhfé s
IUANTeRdT 3R AT Hhigae = GgaRfterar geeft auwrst
@ RITAT| Tl ot THMESIa ek fesie § gane=
foram mar, fored gemes Samer SR dgar weslH ure ga
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MCQ's | srgfaeredta as

Q1. The primary goal of optimization in additive
manufacturing is to improve which of the
following? / ef2fea d=gthamafi & srggert
(Optimization) @t z=a Se2a =1 7 & ford guraT 82
(a) Design aesthetics / fE<ig= &t gazar

(b) Material wastage / @t i safdt

(c) Production cost [ IdTe @RTd

(d) All of the above / SuterT gaft

Ans. d | Sol. : Optimization focuses on reducing
material wastage, lowering production costs, and
enhancing design efficiency. / /& T Ig T TRTT <l
FATET hH AT, IATEA AT HeHT 3R fEsmea Fi qerar s
gl &1

Q2. Personalization in additive manufacturing
primarily refers to which aspect? / ef3fea
Agthara T # gefeTgie 9= w49 § e uge &Y
HafHfa wear g?

(a) Mass production / 3 B9 R IdTEA

(b) Unique user-specific features | g Iuahmehdi-
fafre fasivard

(c) Reducing energy consumption / it @Ud &H &<AT
(d) Standardized components / AFehlchd Tceh

Ans. b | Sol. : Personalization means creating unique
products tailored for individual users. | TSR Rl
31 g caferiTa IuANTeRdtelt & foIg Srepfra sifgdta Iame
CEIEI

Q3. Which file format supports customization
features in 3D printing? / 38 fiiféw & seenmgsim
gfaemsit o1 w9 F a1t IS Hide S a1 8?

(a) .DOC/.DOC

(b) .STL/ .STL

(c) .PDF/ .PDF

(d) JPEG [ JPEG

Ans. b | Sol. : STL files are standard for 3D models and
support design modifications. / STL %Iga 331 Afsal &
forT Omes & ofk fESTTg Gyt or guef axdt €1

Q4. Which concept helps in reducing material cost
during 3D printing? / 3& fiiféw & R arht v w9
& d i It sraurRoT SgrEa gt 82

(a) Over-extrusion / 3iferes Yergst

(b) Infill density adjustment / 3fthet B9 THTASTA

(c) Increasing nozzle temperature / TSTel ATYAH FMT
(d) Using larger printers / & fifex a1 3uahT

Ans. b | Sol. : Lowering infill density reduces material
usage while maintaining structural integrity. / 3ftha
Y9 T ¥ TREAAIH AST! I1Y I@d gY qrfl &t @ud
A BIdT

Q5. Understanding optimization in 3D printing
helps to balance which key factors during
production? / 38} fiifén & siffeuTgsier & TwsrT
AT & IR fahT g FReAl &t dgfad e # weg
T 8?

(a) Speed, cost, and quality / 7ifd, RT3 T[oTEIT

www.teachtoindia.com
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(b) Color, size, and weight / T, 3THR 3R ao=
(c) Temperature, humidity, and noise / aTgd™, 3Tgar
3R 2R
(d) Energy, light, and sound / 3, wemrer SR eaf
Ans. a | Sol. : Optimization involves understanding
how to maintain quality while reducing time and cost.
| SifeATgsiad # ag 9T MiHe & foh quresn ol a91g ad
BU THY 3R N e A
Q6. How does understanding layer height settings
optimize 3D printing performance? / @I grge ¥fdw
& gHsET 38 fifén & ueels ol F siifeurss Frarg?
(a) By changing filament type / fthaiic UehR sgetet
(b) By balancing print speed and detail quality / fiic
i 3R faaRoT TuTeT et dqfed e
(c) By altering power supply / TR T8 FEAdh
(d) By modifying printer size / fiiex @T 3TehR IgeTehy
Ans. b | Sol. : Understanding layer height allows for
optimized printing based on project needs. / @R g8
! GHSHT URITSTAT Y SaThdTsT & STYR TR Ui
IR e Y rgafd AT B
Q7. Product personalization is used for? / 3@1g
Fafaaeor fhads fAw suah glar 8?2

PRODUCT PERSONALIZATION (dafawasor)

6

RAVI'S PHONE CASE CUSTOM NAME/ID
(2f 31 B %) %mm/ﬂ@)

a) Custom design [ & 3
b) Metal cutting / &Tq seTs
¢) Machine cleaning / 79 98
(d) Heat treatment / 3T TR
Ans. a | Sol. : Product personalization is used to
make a product as per user choice, like name or
design. / ITE JAfeRTeA U hT IUTNT UTgeh i UG h IR
9 a7 {35718 STieA & fore fohar Sirar 81
Q8. Understanding the concept of topology
optimization helps in achieving what in product
design? / ciaieisht siffeArgsie™ 6t sraeron &t aws
Iearg fasme=T & o Ut et | Hgg et 82
(a) Adding extra material / SifaRe gt steam
(b) Maximizing strength while minimizing material
use / FSTg et SHfehad ehvd Y Al ITANT &l AaH
AT
(c) Making the product heavier / IdTE &t WK ST
(d) Ignoring load distribution / &g faa=ur &t smeEr
AT
Ans. b | Sol. : Topology optimization understanding
leads to efficient, lightweight designs. / edters
SHITCHATSSIA chl GHSHT FHAT, §ech [SSITEAT chl TR o ST 81
Q9. Selecting the correct infill pattern in 3D
printing improves which aspect of a product? / 3D
fiféw & 9t sFra et g | I & v ugqg & gur
g g?

(
(
(
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)
b) Internal Strength / 3fiaRe FsTget
) Color Accuracy / 31 &t Géiehdt

) Printing Temperature / fliféT amaam=
Ans. b | Sol. : Choosing an optimal infill pattern
enhances internal strength without unnecessary
material use, optimizing performance and cost. / T&
UG 3fhet e I § affefRe Foraelt Sedt & 9k
AT AU IUANT ¥ S4T9 gl 8, forad uee 3R avrd
T SThe BidT g
Q10. Personalizing a product design using CAD
software helps mainly in which area? / CAD
HITedaR &1 ITANT T IdTE 351184 ol dafaaepa wet
A 7 wu @ R & & #ee e 22
(a) Reducing Machine Wear / #fi< fogmae &a &t
(b) Enhancing User Satisfaction / IugiTerdf T agmT
(c) Minimizing Power Use / forsTell IuaT &d &t
(d) Increasing Filament Shelf Life / fthamde & gror
Sftet &Y ST
Ans. b | Sol. : Customization ensures the product
meets individual user preferences, improving

satisfaction and usability. / dafaenor ag gFfAd wear g
foh Icure eafanTa IuatTeral mrafAearet ot g7 &, orad
3T iR IuTHTar Fgcdt g1

Q11. A customized product is mainly made for? /

31gfad IdTg gEad: fohadh fag a=mar sirar @2

£
|\ g
Customized Products
{4

(a) Surface Finish / @dg &t fefAer
(

(c

(d

)
b) Cutting metal / o1g ehreAT
) Machine cleaning / #f9 9T &A1

) Welding work / afcd et
Ans. a | Sol. : A customized product is made
according to the customer’s specific need. / 3r&fed
IS UTgeh <hl fANT STIIRT & SR TR ST 8|
Q12. Personalizing a prosthetic limb using 3D
printing mainly benefits in which way? / 3D fiiféwr
T ITANT ¥k HIAA 3T i AfFAGd He I F&I ATH
frawu A glarg?
(a) Reduces Printing Errors / fliféT Ffeat va axar 8
(b) Matches User’s Exact Measurements / SUdRTehd! &
Géldh A9 T AT @TaT &
(c) Lowers Electricity Cost / fsTet @FTd gerar &
(d) Increases Machine Life / 93fi9 Sfiaq derar &
Ans. b | Sol. : Customization ensures that medical
devices like prosthetics fit perfectly, enhancing
comfort and functionality. / 3afeieReor ag MAfAa oar g
foh S si S8 Rfchcar Sueor gt arE fhe &, orad simm
3R FHrfeTHar Sedl 8|

a) Customer need / gk chl 3MTaThdT
c

(
(
(
(d
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Q13. Analyzing a 3D print failure due to weak
internal structure, which parameter adjustment
would most effectively optimize strength? / &a<iR
3fiaRes weeT & Rt 3D fiie frwear 1 fAsawor e
g fohe Refler TS | Aot &1 Tafey srggad
ghm?

(a) Increase Infill Density / Rha a9 SIgAT

(b) Reduce Layer Height / tRd ST &H &l

(c) Use Transparent Filament / urgsff foheme @ Suai
(d) Decrease Nozzle Temperature / STel ATUAT GeHT
Ans. a | Sol. : Higher infill density directly enhances
internal strength by adding more material support
inside the print. / 3ifden 3fRAcT g STiafkes AT ohl
FeIdT g THifch Tg fiie & 3iex 31T qrft THd Sisar g
Q14. Analyzing print warping issues, which
optimization method would be most effective? /
foie fapfa (afthn) swa=amatt @1 fasduor ad Twg & @
Srgga fafd g yondt givfi?

(a) Use Heated Bed / g1¢E S hl IUANT hd

(b) Increase Print Speed / fiiec 7fd Tgd

(c) Reduce Nozzle Size / TISTeT 3MThR hH e

(d) Use Hollow Design [ @iae fEsiga IuahT &

Ans. a | Sol. : A heated bed prevents uneven cooling,
reducing warping by keeping the base layer adhered.
| 8IS S AT 38k oh! AchdT & 3R SR URT ht AT
TG fApfd st hH AT B

Q15. Analyzing a situation where a product is too
heavy for its intended use, which design element
is key for optimization? / 5 faeft SaaTg &1 ao= 3WH
Rreffa uai & forg aga ol &, at srgger & farg
I |1 f3rg ae wgayqut 82

(a) Use of Lattice Structures / SITeil G-T3T AT STTNRT
(b) Increase Support Density / TUiE g9 FgMT

(c) Use High Infill / 3= 3Rkt IugiT &t

(d) Thicker Base Layers / #AIEl STYR U=d

Ans. a | Sol. : Lattice structures reduce weight while
maintaining structural integrity, optimizing product
performance. / STelt GV TSl i Sl & 3R

G HSTd! §TY XEet &, forad Iame a1 wesH=
STIGferd gt &1

Q16. When analyzing a drop in product
performance due to weak joints, which
customization factor is critical? / AR Sisi &
SHRYT ITE Ue2A # fRrae &1 fAscwor #va awg & ar
FafFAHRT FRE Agaquf 8?2

(a) Increase Shell Layers [ @ tRd Sg=1

(b) Change Filament Color / fthare 1 SgaT

(c) Use Faster Print Speed / st fiie 7ifar a1 SuaiT

(d) Reduce Bed Temperature | '€ aTgq &H AT
Ans. a | Sol. : More outer shell layers strengthen
joints, improving durability and performance. / 3ifd@&
g # gUR glar g1
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Learning Outcome | 3ifemy afRoms - 16
16.1 Identification of Basic Electrical Equipment | Ia fag[a Suruit &t

Multimeter (Measuring Device) Transformer (Voltage Converter) Relfg%(Switqhing Device) Solenoid (Actuator)
1 YR B (G FHICR) (feafeim Iuwm) - WiaAIgs (TFUeR)
probes fiwa: primary AR ; ¥ : nfewA
% 0.00v winding — ¥R W_c/{\ HE 33|a @R Linear Motion
& RPN | YR P s
S > | e  avsh S L e
= Current awfen e I ¢ I_— " ]
< -> ot q Linear Motion
£ > N [ st | v e
% Input Voltage _)Magnelic Field N \%EE}; & ufeq Electric current
TR RN Gon i afde fogga umr
Measures electrical parameters. Works on electromagnetic induction. . Controls circuits by energizing a coil. Converts electrical energy into linear motion.
3 AT gl eI R I A gl | | FEd o) Ay 7 wide At w8l tRefda sar el
Motor (Electromechanical Converter) ) Motion Systems  Automation Systems | | Generator (Electromechanical Converter)
) ﬁpowen’gl':l‘"g'y U"“Sﬁ Control %‘;’:‘5 (3D Printer) T oMt
% S{Sa“” ;%taw _ T I el srgaai deam Commutator
g Importance and Uses / Hgcd Khegeunit i agfen SR
5 Importance / E - ' 2 TR
= fRrq Ensures Proper Power Supply / fawtelt ffya s TRF A e f—N Rotational
a R‘(T;Tgm Control of Motion / Tfat @1 fardmr -||_ = C— ‘ggeed
= i Sensing & Safe Operation / }RFT 3R TR Harer gg I\ —") fa
= Agm'{‘am" Fault Finding & Maintenance / 2 wirorn 3R T FRa| v Magnetic Flux
2 | Input Power Mametic Feld YS! e% Safe Handiing & Proper Replacement / =i &sf¥ ot 3fa wfure e A
2| FeTw gnetic Fie RCCIGES
- Wm Industrial HSE# In /Wmm%
Produces mechanical rotation. Machine achines Generates electricity via electromagnetic induction.
i ol o= S 21 L&Mﬁ’&ﬂ%ﬁ 3D Printing Systems / 3D ffér R i'g];mﬁaa}:;%:qmm
Fig. 16.1: Electrical Measuring, Switching and Electromechanical Devices | faga #ra=, f&afir sik Rea-
Tifeh IuehvoT
16.1.1 Definition and Importance (Fig. 16.1) 16.1.1 afkmuT ik wg (Fig. 16.1)

Electrical equipment are devices used to measure,
control, convert, and utilize electrical energy in
machines. In 3D printing systems, they ensure
proper power supply, control of motion, sensing, and
safe operation. Correct functioning of these
components is essential for accurate printing and
machine reliability.

16.1.2 Classification

Common electrical equipment include multimeter
(measuring device), transformer (voltage converter),
relay (switching device), solenoid (actuator), motor
(converts electrical energy to mechanical energy),
and generator (converts mechanical energy to
electrical energy).

16.1.3 Constructional Features

A multimeter consists of display, selector switch,
probes, and internal circuits. A transformer has
primary and secondary windings with a laminated
core. A relay contains coil, contacts, and armature. A
solenoid has a coil and movable plunger. Motors
consist of stator and rotor, while generators have
armature, field winding, and commutator.

16.1.4 Working Principle

Multimeter measures voltage, current, and
resistance using internal circuits. Transformer works
on electromagnetic induction to step up or step

www.teachtoindia.com

faregd Suenvor 09 47 g1 € St #=f=t A fega it oAt A,
fRifa e, TUfaRa T auT ITTRT e o folg ogerd
gid &1 3D fuifén gunferat & & IRa faega smyfd, nfa
AT, e qur Qi darem gfgd exd g1 87
31T} hl gl i T Tdteh fUifdm sk afia &
fayg-aar & folg smasae g1

16.1.2 affenzor

T fAgld IRl | AcEiHIeR (ATO I), S
(RS aRkada), et (i @), dieiss (TagueR),
ez (faegd St at Tifes Sort & gRafdd sear 8), aun
TReR (Tifen St ot faggd Seif & gRafdd sear 8) e
gl

16.1.3 G fAghwary

TR ¥ feoet, Tddaer f@g, uisg ok eriaikes uRuy
gid 81 TR # urdfies gd fgdiae gear & a1y
AfAAEE DR gidT 81 R & apigd, hi-daey 3R AR gl
&1 gierss | sisat 3R Mfaiiel wioR gt 81 el # @Wex
3R AR gid &, STafch SFRex H R, Hies arsfa ok
FRICR B Bl

16.1.4 *rd RAgia

ufaRte et HTUaT 81 githieR fAedaderdhia kot & Rigid &R
&1 TRl g 9T aieesT ol deraT aT gerar Srdr g1 Ret
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down voltage. Relay operates by energizing a coil to
open/close contacts. Solenoid converts electrical
energy into linear motion. Motor works on
electromagnetic force to produce rotation.
Generator works on electromagnetic induction to
generate electricity.

16.1.5 Importance in Maintenance

Correct identification helps in fault finding, safe
handling, proper replacement, and efficient
maintenance of 3D printers and industrial machines.

16.1.6 Applications

Used in power supply units, control panels, motion
systems of 3D printers, automation systems, and
industrial machinery.

Trade Theory

HISA Pl ISTd ch i~ Pl Wi /TG el i
T ¢ | HierHiss faegd el &t 3t iy F uRafda aar
g1 Hiex Agdgecha §eT oh SMYR UR YU I= il 8l
SReR faeggaderhia IRt gRT fAg[d Scu= hear 81

16.1.5 3rR&I0T & A

&l uga O Sl I Uar oA, FRiS Sarer, Sfka
gfawmge a2t 3D fliex 3R sfienfite af=t & g
STRETT § EraaT et 21

16.1.6 VAT

geTehT IUANT fegld SMmyfd gehrsat, Mdsor a1, 3D iR &
Tfa yonferal, Teamer vomferat gt sienfies afi=dt & fohar
ST 81

16.2 Identification of Proximity and Ultrasonic Sensors | uifeafadt aan

Segraifae R 6 uga™

AT | GO (SENSORS IN AUTOMATION)

qRYTST 31k #Ed (DEFINITION & IMPORTANCE)

TR[@ WR (KEY TYPES)

wafta o offe gren
(Machine Control & Safety)

Y

gty W

(Proximity Sensor)
’ IegTatE R

(Ultrasonic Sensor)

(Physical Change) farega Sahal & uftafda
Physical Change |

« fRfa (Position) (sggf)n) > (Converted into

. g goist?nce) ) Electrical Signals)

. Presence

grfta dar fAafor sik ad Rgia

(PROXIMITY SENSOR CONSTRUCTION & WORKING PRINCIPLE)

JregraiAe g Fmfor ik arf fRgia

(ULTRASONIC SENSOR CONSTRUCTION & WORKING PRINCIPLE)

(Sensing Face) (cim) (Oscillator) (Amplifier) (Output Circuit) (WORKING PRINCIPLE) (Combina} Transducer) (Emitted Waves)  (Echo / Reflection)
TR R = e o) (((((*;'V,-'a;[
(Normal State) — - . B
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Fig. 16.2: Sensors in Automation and Industrial Applications | TaTe= & R R st srgu=rT

16.2.1 Definition and Importance of Sensors in
Automation and Machine Systems (Fig. 16.2)
Sensors are devices used to detect physical changes
such as position, distance, or presence and convert
them into electrical signals. In 3D printing and
automation systems, sensors ensure accurate
control, safety, and monitoring of machine
operations.

16.2.2 Classification of Sensors

Common industrial sensors include proximity
sensors and ultrasonic sensors. Proximity sensors
detect the presence of objects without contact, while
ultrasonic sensors measure distance using sound
waves.
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16.2.3 Constructional Features of Proximity and
Ultrasonic Sensors

A proximity sensor consists of sensing face,
oscillator, coil, amplifier, and output circuit enclosed
in a protective housing. Ultrasonic sensors consist of
a transmitter, receiver (or combined transducer),
control circuit, and casing.

16.2.4 Basic Working Principle of Proximity Sensor
Proximity sensors work on electromagnetic or
capacitive principles. When an object enters the
sensing range, it disturbs the field generated by the
sensor, causing a change in output signal.

16.2.5 Basic Working Principle of Ultrasonic
Sensor

Ultrasonic sensors emit high-frequency sound waves
and receive the reflected waves from an object. The
time taken for the echo return is used to calculate
distance.

16.2.6 Importance of Correct Sensor Identification
in Industrial Applications

Correct identification ensures proper selection,
accurate sensing, and reliable machine performance.
Wrong selection may lead to faulty detection and
machine errors.

16.2.7 Applications

Used in 3D printers for bed leveling, object detection,
position sensing, conveyor systems, and obstacle
detection in automated systems.
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16.3.1 Definition and Meaning (Fig. 16.3)
Functioning of electrical equipment and sensors
refers to the way these devices operate to perform
specific tasks such as measurement, control,
switching, and detection. Electrical equipment like
motors, relays, and transformers convert electrical
energy into useful output, while sensors detect
physical parameters (position, distance, presence)
and convert them into electrical signals for control
systems.

16.3.2 Constructional Features Affecting
Functioning

The performance depends on components such as
coils and windings (in motors and relays), magnetic
core (for flux generation), contacts (switching
action), diaphragm (in pressure sensors), sensing
face (in proximity sensors), and terminals (for
electrical connection). Proper insulation, material
quality, and design ensure reliable operation.
16.3.3 Working Principle

Electrical equipment works on electromagnetic and
electromechanical principles. For example, a relay
operates when current flows through a coil, creating
a magnetic field that closes contacts. Sensors like
proximity sensors use electromagnetic fields, while
ultrasonic sensors use sound waves to detect
objects.

16.3.4 Working Procedure for Examination
Check power supply, inspect terminals and wiring,
measure input/output using a multimeter, observe
response of device, and compare with standard
values. Ensure safety precautions like insulation and
proper earthing.

16.3.5 Importance in Industry

These devices enable automation, accurate control,
safety, and efficiency in machines. They reduce
manual effort and improve productivity.

16.3.6 Applications

Used in motor control circuits, relay-based switching,
position sensing in robotic arms, object detection on
conveyor belts, and distance measurement using
ultrasonic sensors.

16.3.7 Case Study (3D Printing Machine)

In a 3D printer, stepper motors control movement,
proximity sensors detect end positions, and
temperature sensors monitor extruder heat. The
controller uses these inputs to ensure precise layer
deposition.
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16.4 Safety Precautions During Examination of Electrical EQuipment and
Sensors | fagld IRl Td AR & gAeror & R TR Jraanfaar
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and reduces machine breakdown.
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16.4.4 Use of Personal Protective Equipment and
Insulated Tools

The technician should use safety shoes, insulated
gloves, safety goggles, and properly insulated tools
such as screwdrivers and pliers. These reduce the
risk of shock, burns, and accidental contact.

16.4.5 Working Procedure for Safe Testing and
Examination of Electrical Equipment

Identify the equipment, isolate power, visually
inspect parts, select the correct instrument, connect
leads to proper terminals, test step-by-step, observe
readings, and disconnect safely after completion.

16.4.6 Importance of Isolation, Proper Range
Selection and Correct Terminal Connection
Isolation prevents accidental live contact. Proper
range selection protects the meter and ensures
correct reading. Correct terminal connection avoids
reverse polarity, wrong measurement, and
component damage.

16.4.7 Applications of Safe Practice in
Maintenance of 3D Printing Machines

Safe practices are used while checking heater
cartridge continuity, thermistor resistance, power
supply voltage, stepper motor wiring, limit switch
operation, and cooling fan connections in 3D
printers.
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16.5.1 Definition and Importance of Tool and
Material Selection in Repair Work (Fig. 16.5)
Selection of proper tools and materials means
choosing the correct items required for inspection,
repair, replacement, tightening, wiring, cleaning, and
testing of 3D printing machine parts. Correct
selection is important because it improves repair
quality, reduces breakdown time, prevents damage
to components, and ensures safe and efficient
maintenance work.

16.5.2 Classification of Tools Used in Electrical and
Machine Maintenance

Common tools used in maintenance are
screwdrivers, spanners, Allen keys, pliers, wire
stripper, cutter, soldering iron, multimeter,
continuity tester, tweezers, cleaning brush, and
lubricating tools.

16.5.3 Classification of Maintenance Materials
Maintenance materials include wires, connectors,
terminals, screws, nuts, bolts, washers, insulation
tape, heat shrink sleeve, cable ties, lubricants,
grease, cleaning liquid, fuse, switches, sensors, belts,
nozzles, and other spare parts. These materials help
in repair, replacement, insulation, fastening, and
smooth operation.

16.5.4 Constructional Features of Commonly Used
Repair Tools and Materials

Repair tools are generally made of hardened steel
with insulated or plastic handles for safe grip.
Electrical materials such as wires have copper
conductor with PVC insulation. Connectors provide
secure joining, while screws and fasteners are made
of steel for firm fitting. Lubricants reduce friction and
wear.

16.5.5 Working Procedure for Selecting and
Arranging Tools and Materials Before
Maintenance Work

First study the fault and identify the parts involved.
Then select suitable hand tools, testing instruments,
and required materials. Check condition, size, rating,
and quantity. Arrange them neatly near the
workplace and keep safety items ready before
starting maintenance.

16.5.6 Importance of Timely Availability of Tools
and Materials in Workshop Practice

Timely availability avoids delay, improves
productivity, reduces machine downtime, and helps
complete repair work safely within scheduled time.

16.5.7 Applications in Repair and Maintenance of
3D Printing Machine Parts

These tools and materials are used in nozzle
replacement, belt tightening, sensor wiring, fan
replacement, connector repair, PCB checking,
lubrication of guide rods, and fastening of frame
parts in 3D printers.
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Fig. 16.6: Machine Maintenance Work Planning and Safety Sequence | #2fi9 ¥azara &/ ateT SR gran

16.6.1 Definition and Importance of Work
Planning in Machine Maintenance (Fig. 16.6)
Work planning in machine maintenance means
deciding the job sequence, tools, materials, safety
measures, and time required before starting repair
or service work. In 3D printing machines, proper
planning is important because it prevents
breakdown extension, avoids damage to electrical
and mechanical parts, and ensures safe and
systematic maintenance.

16.6.2 Meaning of Standard Safety Norms in
Maintenance Practice

Standard safety norms are the approved rules and
precautions followed during maintenance work.
These include switching off power supply, using
insulated tools, wearing PPE, checking earthing,
keeping the work area clean, and following
manufacturer instructions. These norms reduce the
chance of electric shock, fire, injury, and machine
failure.

16.6.3 Constructional Features - Points to be
Considered Before Work

Before maintenance work, the technician should
check machine condition, power connection, loose
wiring, sensor status, moving parts, nozzle and bed
condition, and control panel condition. The work
area should be dry, ventilated, and free from
unwanted material. Required tools such as
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screwdrivers, multimeter, spanners, Allen keys,
brush, and cleaning cloth should be kept ready.
16.6.4 Working Procedure for Planning
Maintenance Work Step by Step

First identify the fault or maintenance need. Then
study the machine manual or maintenance chart.
Isolate power supply and ensure machine shutdown.
Select proper tools, spare parts, and PPE. Arrange
the workplace safely. Plan the sequence of
dismantling, inspection, repair or replacement,
reassembly, and testing. Finally, check machine
performance and record the work done.

16.6.5 Importance of Safe Sequence of Operation
in Repair Work

A safe sequence of operation helps avoid accidents
and prevents wrong dismantling or improper fitting
of parts. It also ensures that maintenance is carried
out in a controlled and efficient manner.

16.6.6 Applications - Examples of Maintenance
Planning for a 3D Printing Machine

Maintenance planning is used during nozzle
cleaning, bed leveling, wiring check, sensor
inspection, belt tightening, lubrication of guide rods,
and replacement of faulty fans or heatersin a 3D
printer.
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16.7 Selection of Parts for Repair and Estimation of Material and Time |
YW g MR T T 9T STt Qd 99T &1 A

PRODUCT SPECIFICATION (3dre fafed=n

Process of Refining Customer Needs

f Gy CUSTOMER REQUIREMENTS ANALYSIS BY DESIGN/ REFINED REQUIREMENTS ENABLES ACCURATE CNC
oa® COLLECTED (=0 PRODUCTION TEAM N DOCUMENTED, .'_ PROGRAMMING, TOOL
"‘ ATES B AAASATE 0 Rz dm g AraESaI3i BT E v I SELECTION,
TS BT o te faeraon) it ; — MACHINING
Discussions, Deawines Samales Remove ambiguity, Convert to Dimensions, Material, Surface ficicy T, Iumwer
! > 8% P measurable parameters Finish, Tolerance, Performance T AT 6 Wam Tl ?)
t, s @, i, T) (ML 3 A, WA TR (ST, AT, T T, )
- BRI KR ) wETterT, )
Classification of Product Specifications
DIMENSIONAL SPECIFICATIONS MATERIAL SPECIFICATIONS | PERFORMANCE SPECIFICATIONS QUALITY SPECIFICATIONS
(3manft fafrdw) @wrh R (T fafren)
= Length & (Mild Steel, Aluminium, Alloy Steel) | (73 Load Capacity 4/ Surface Finish
@) Diameter & Alloy Steel M Load Capacity x/  Surface Finish
B Type 2 Load Capacity @ Surface Load @ Product Compatity

MATERIAL: ENS STEEL
: EN8 33T9)

LENGTH: 120 mm
(@ars: 120 fash)

DIAMETER: @ 25 mm _j,

(aam: @ 25 firsdh)

SHAFT EXAMPLE (MU $T 31600
SURFACE FINISH: 1.6 pm

o : 1.6 pm)
TOLERANCE: £0.20 mm
— 240,20 fdh)
\ TOLERANCE: £0.02 mm
(FeTiaar: £0.02 fad)
HELPS PRODUCE ACCURATE COMPONENT, ENSURES PROPER FIT
(T Ted T | 7ag ST 8, gBE s e)

Fig. 16.7: Product Specification and Customer Need Refinement Process | 3arg fafader sii ugs

16.7.1 Definition and Meaning of Repair Planning
for Specific Machine Parts (Fig. 16.7)
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gRRymaT 3R 31 (Fig. 16.7)
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Repair planning means identifying the faulty part of
a 3D printing machine, deciding whether it should be
repaired or replaced, and arranging the required
material, tools, and time before starting work. It
helps in systematic and safe maintenance.

16.7.2 Classification of Machine Parts Commonly
Repaired in 3D Printing Machines

Commonly repaired parts are mechanical parts and
electrical parts. Mechanical parts include nozzle, belt,
guide rail, bearing, pulley, fan, and frame fasteners.
Electrical parts include heater cartridge, thermistor,
limit switch, stepper motor wiring, connectors, and
power supply terminals.

16.7.3 Constructional Features to be Checked in
Faulty Parts

Faulty parts should be checked for wear, cracks,
looseness, bending, misalignment, overheating,
broken insulation, carbon deposit, and electrical
discontinuity. Proper inspection helps in deciding the
repair method.

16.7.4 Working Procedure for Selecting the Part to
be Repaired

First observe the machine fault, then inspect related
parts visually and manually. Check movement,
fitting, alignment, and electrical continuity. Compare
the condition with service limits and select the exact
part needing repair.

16.7.5 Working Procedure for Estimating Material
Requirement and Repair Time

List spare parts, wires, screws, grease, insulation
tape, and cleaning material required. Estimate time
according to dismantling, repair, fitting, testing, and
adjustment work.

16.7.6 Importance of Correct Estimation in
Maintenance Scheduling and Cost Control

Correct estimation reduces machine downtime,
avoids material shortage, controls maintenance cost,
and improves workshop planning.

16.7.7 Applications of Part Selection and
Estimation in 3D Printer Maintenance

Example: replacing a worn nozzle, loose belt,
damaged thermistor wire, or faulty cooling fan in an
FDM printer.

16.7.8 Numerical Problem on Basic Material and
Time Estimation

If nozzle replacement takes 20 minutes, wiring check
15 minutes, and testing 10 minutes, total repair time
=45 minutes. If nozzle cost = 250 and insulation
tape cost = 30, total material cost = ¥280.
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16.8 Repair, Replacement and Assembly of Machine Parts with the Help
of Blueprint | sftic i wgraar @ #fiq ¥ hY 7w, ufawma= sik @ais=

“TECHNICAL DRAWING & MAINTENANCE WORK?” (d-1d 31 3R ¥&vd 3H)

\'\
MStep'&er
Guide rails Motor Mount

TR

Exploded Views
WEieH d@

BLUEPRINT REFERENCE (fSie o)
Check for data: « Tolerances (WfgwqT
« Dimensions (famTd) « Thread Details (znﬁ%sﬂawr)

* Part Numbers (¥7T %%1) « Assembly Order (Id15H %W,
* Tolerances ( %; * Alignment Position (*H'Q'EUT )
» Thread Details (&t & faaRor)  « Mounting Holes (AT3fé 8%)

&

(2) SELECT METHOD
fafa

Y &1 AT

A) REPAIR B) REPLACE

lde(r:\lg% ‘galﬁ:{sglf]]g:r’;z\r/ﬁaﬂ Correct Faulty Part Fit New Serviceable Part
s 4 (Clean, Tighten, Adjust) (Correct Specification!
TEAM, TR, &R, TAd z}wqyimnagé’taafl(wﬁrﬁ, Iqaeh
TG 6 AT B FHA, AN i bkl

B et

WORKING PROCEDURE: REPAIR, REPLACEMENT, AND ASSEMBLY
wfshan: ie, 3R s

(3) ASSEMBLY (@) FINAL CHECK
WA sifan

AN

Follow Sequence  gph & Correct Operation Test
T 3R 7@

fafde A F A S Harer qdamor

3D PRINTER PARTS REFERENCED FROM BLUEPRINT

. afiie A W 3D ez & HrT

P PsO@Y

NozZleBiock Extuder GudeRal Puley BeltPath FanBracket > heo ™"
gl dRTy  ddTase

A =S UERE MR DRAR A AW

Sensor Holder

MAINTENANCE CONSIDERATIONS: (Y&v@rd ﬁﬂﬂ)
« MERITS/LIMITATIONS (VT
Repair: Saves Cost, Less Material. IR AP a8, 9 anatl

Replacement: Higher Reliability. wfawae: 3= ReagrHtaan

* IMPORTANCE OF BLUEPRINT I HEA) .
Ensures: Correct Fit, Proper Alignment, Reduced Fffea T §: wé fe, 3R W, 3Rat
Errors, Standard Clearances. I

Sncad Y S, WS R
* APPLICATIONS ( .
Replace: Nozzle, Thermistor, Heater, Belt, Bearing, Fan. Sfoeme: A7, ufifees, fiew, aw, dafir, dam

Fig. 16.8: Technical Drawing and Maintenance Work Procedure for 3D Printer Assembly | 3D fifeR ar&sret
& forg aer-iihl s iR T & ufdhar

16.8.1 Definition and Meaning of Repair,
Replacement and Assembly in Maintenance Work
(Fig. 16.8)

Repair means correcting a faulty machine part so
that it can work again properly. Replacement means
removing a damaged or worn-out part and fitting a
new serviceable part. Assembly means joining all
repaired or replaced parts in the correct sequence to
restore machine function. In 3D printing machines,
these activities are important for maintaining
accuracy, safety, and production quality.

16.8.2 Meaning and Importance of Blueprint -
Technical Drawing in Repair Work

A blueprint or technical drawing gives the exact
shape, size, fit, position, and relation of parts. It
guides the technician during dismantling, checking,
repair, replacement, and reassembly. It helps avoid
wrong fitting, misalignment, and damage to
connected components.

16.8.3 Constructional Features of Parts and
Assemblies to be Referred from Blueprint

The blueprint should be referred for dimensions,
mounting holes, threads, tolerance, alignment
position, part number, section view, and assembly
order. In 3D printers, nozzle block, extruder, guide
rail, pulley, belt path, fan bracket, stepper motor
mount, and sensor holder must match drawing
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details.

16.8.4 Working Procedure for Repairing Defective
Parts

First identify the fault and compare the part with the
blueprint. Dismantle carefully using proper tools.
Check wear, crack, looseness, thread damage, or
misalignment. Repair by cleaning, tightening,
refacing, rewiring, or minor adjustment as
permitted. Recheck dimensions and fit before
assembly.

16.8.5 Working Procedure for Replacing Damaged
Parts and Assembling Them Correctly

Select the correct replacement part as per blueprint
specification. Fit the part in proper orientation and
sequence. Tighten fasteners uniformly, align moving
parts, reconnect wiring, and check clearance. After
assembly, test the machine for smooth and correct
operation.

16.8.6 Importance of Following Blueprint During
Assembly of Machine Parts

Following the blueprint ensures correct fit, proper
alignment, standard clearance, and safe operation. It
reduces assembly error and improves machine
reliability.

16.8.7 Merits and Limitations of Repair and
Replacement Methods

Repair saves cost and material, but it may not always
restore full life. Replacement gives better reliability,
but it may increase maintenance cost and require
spare availability.

16.8.8 Applications of Part Replacement in 3D
Printing Machines

Common examples are replacement of nozzle,
thermistor, heater cartridge, belt, bearing, fan, limit
switch, and stepper motor connector. These parts
are replaced according to blueprint and machine
specification.
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16.9 Functional Checking and Fault Identification of Repaired Parts or
Machine | #3934 fahg g v a1 A2fi4 fY wrateas st ik 9w ug=a=

[ GUIDE TO 3D PRINTER REPAIR & FUNCTIONAL TESTING ]

N

FUNCTIONAL CHECKING & FAULT IDENTIFICATION PROCESS (FTafara sita 3R 3 g wfthan)

DEFIqﬁ,NITIWON & MERNING 1. REPAIRED PART/MACHINE
( SR 3rd) (AT o o wm/afi)
« Functionality testing means checking if T

repaired part works correctly, safely, and as

(2. VISUAL INSPECTION |

required. It ensures intended function without » (G2aTeTa frdtan) :
abnormal noise, error, or poor output. 7
p N 3. POWER ON TEST
CLASSIFICATION OF FAULTS (TR 3ifq
(Guikataicay)) 2
4. MOVEMENT/RESPONSE/OUTRUT CHECK
« ELECTRICAL FAULTS (faeq 3lw) (nfamﬁﬁsm/eimgz i)
« SENSOR FAULTS (&R 3h) T TSRS
« MECHANICAL FAULTS (gif3@® Zﬁ) 5. PRO(F;I'Eg;TL:fb)ICTION ]_;(37- 'YES') IN 3D PRINTER
* ASSEMBLY FAULTS (3t gtw) At (wlﬁ_zﬁwzmm
\ y « After replacing:
6. FAULT FOUND }—» (78t -'NO") Stepper motors, limit switches,
(2w grar ) b S
e - = NG eaters, thermistors, belts,
POINTS TO BE CHECKED (maﬂﬁmﬁg) fans, nozzle assembly.
FAUIK.;;ISOLATION < « Also after bed leveling, extruder
(319 1) __ repair. )
.@) COR&E%'ON (IMPORTANCE OF TESTING (wdieiur &t 7iged)
Wire connection/ Correct sensor Ahgnment of Free movement Smooth travel of « Ensures safe operation, prevents breakdown,
Tightness response uldewa slassemblies  of parts moving parts RETEST improves reliability, maintains print quality,
TR TR rnsg%/ TGV AT 1 35 HTeH T dTet Hial ) A i (g: wtgon) | | reduces downtime, avoids damage. )

Fig. 16.9: 3D Printer Repair and Functional Testing Process | 3D fiiex #rw1a iR swrateras udteror ufehar

16.9.1 Definition and Meaning of Functionality
Testing after Repair (Fig. 16.9)

Functionality testing after repair means checking
whether the repaired part or machine is working
correctly, safely, and according to the required
operating condition. In a 3D printing machine, it
confirms that the repaired unit performs its intended
function without abnormal noise, error, or poor
output.

16.9.2 Classification of Faults

Faults may be electrical, sensor, mechanical, or
assembly related. Electrical faults include loose
wiring, wrong voltage, damaged switch, or poor
terminal contact. Sensor faults include non-
detection, wrong signal, or delayed response.
Mechanical faults include jammed movement, wear,
vibration, or backlash. Assembly faults include wrong
fitting, misalignment, loose fastening, or incorrect
part position.

16.9.3 Constructional Points to be Checked
Important points to be checked are wire connection,
free movement of parts, correct sensor response,
proper alignment of guideways or assemblies, and
correct output of the repaired section. Tightness of
fasteners, belt tension, nozzle position, and smooth
travel of moving parts should also be verified.
16.9.4 Working Procedure for Checking the
Functionality of Repaired Part or Machine

First inspect visually and confirm correct assembly.
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Switch on the machine and observe power
indication. Run the repaired part manually or
through test mode. Check movement, response,
sound, temperature, display indication, and output.
Compare actual performance with the machine
specification.

16.9.5 Working Procedure for Identifying Faults in
Case of Improper Functioning

If the machine does not function properly, inspect
connections, check sensor signal, verify alignment,
examine moving parts, and test output step by step.
Isolate the faulty section and identify the exact cause
before rectification.

16.9.6 Importance of Testing after Repair in
Ensuring Reliable Operation

Testing after repair ensures safe operation, prevents
repeated breakdown, improves reliability, and
maintains print quality. It also reduces downtime and
avoids damage to connected parts.

16.9.7 Applications of Functional Checking in 3D
Printer Maintenance

Functional checking is used after replacing stepper
motors, limit switches, heaters, thermistors, belts,
fans, or nozzle assembly. It is also necessary after
bed leveling or extruder repair.
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TG 8| g SIS-ICISH eh &hH ehidl § 31k S8 §T 9T el
&1fa § e 81

16.9.7 3D fifer #H9 d shrataTas St & Syt
IfifEeR, dee, T a1 Aieid et a5 o a1e fohar ST
81 T8 S8 Al IT GerAgsR AR o a1g A fTasaeh giar
gl

16.10 Rectification of Assembly Faults | &t giui &1 gurR

ASSEMBLY FAULT RECTIFICATION | Tiwaetl G JUR

FIRM TIGHTENING
TGt & HHAT

LOOSE FASTENER
e

CORRECT ALIGNMENT
TE W@

Fig. 16.10: Assembly Fault Rectification and Alignment Correction | 3rSsel 3 GeR 3R W@ gUR

16.10.1 Definition and Meaning of Assembly Fault
Rectification (Fig. 16.10)

Assembly fault rectification means identifying and
correcting mistakes made during fitting, joining,

www.teachtoindia.com

STABILITY SMOOTH
ALIGNMENT MOVEMENT
T s
PART
ME‘SFwG REPLACED
- MTaq PT N U e T
SMOOTH ﬂ » #
MOVEM!rEng COMPLETE
s STOPPED
OPERATION ASSEMBLY
REVERSED PROPER
WIRING — l;'EaC:NNE(;TION
5 | Red = 5 Red = o EFFECTS OF ASSEMBLY FAULTS | BENEFITS OF RECTIFICATION
(G_/Black _(b_ - / Red = - Edic] QR & ™
( Red = Black « Abnormal Noise (3T 2i17) Improved Machine Safety (g %2 TRan
94 EL';EE"&F}‘IgéL g FU':‘%IllgPRML + Overheating (37efeies 0 &) Increased Accuracy ( TAF)

* Part Damage (9T 6 &ifa)

T Reduced Breakdown (& @RTeh)
+ Print Defects (fife )

Reliable Operation (fa2R3-ta HaTer)

16.10.1 3r¥aelt gty g &Y aRwrar sk aref (Fig.
16.10)

St Gy YR AT 31 g A & 9Tl & fhfd, sits,
arafeT ar fefd uior & SR g8 TTefadl &l ug=
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wiring, or positioning of machine parts. In a 3D
printing machine, it ensures that all assembled parts
work correctly, safely, and in proper coordination.

16.10.2 Classification of Assembly Faults
Common assembly faults include loose fit, wrong
alignment, improper connection, reversed wiring,
and missing parts. Loose fit causes vibration and
poor stability. Wrong alignment affects movement
and print accuracy. Improper connection interrupts
function. Reversed wiring may cause electrical
damage. Missing parts can stop machine operation
completely.

16.10.3 Constructional Features to be Checked
During Assembly Rectification

During rectification, check fasteners, brackets,
couplings, guide rails, belt tension, connectors,
terminals, sensor mounting, and part orientation.
Proper fit, correct position, firm tightening, and
matching of parts with drawing or blueprint are
essential.

16.10.4 Working Procedure for Rectifying
Assembly Faults

First inspect the machine visually and identify the
faulty assembly area. Compare the assembly with
the machine drawing or service manual. Tighten
loose parts, correct alignment, reconnect wires
properly, replace missing parts, and reassemble
damaged sections. After rectification, check free
movement, electrical continuity, and proper function
of all connected units.

16.10.5 Importance of Correct Assembly in
Machine Safety and Performance

Correct assembly improves machine safety, accuracy,
and smooth operation. It prevents abnormal noise,
overheating, part damage, and print defects.
16.10.6 Merits of Proper Fault Rectification
Proper rectification reduces machine breakdown,
improves service life, saves maintenance time, and
increases production reliability.

16.10.7 Applications in 3D Printing Machines
Examples include correcting misaligned linear
guides, tightening extruder mounting, reconnecting
end-stop sensors, correcting motor wiring, and
replacing missing fasteners in frame assembly.
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3R 378 &tk heT| 3D flifdT Asfia 7 ag gRfga axar g ik
goft et fony 7Tg 9T Tgt, TRfed ik gafaa &9 & i
Fe

16.10.2 3raett st a1 aefferzor

AT et arul | el fthe, Teld W@, sfd
PR, IAET AT R TR AR A &1 it fohe
U 3R R [RARAT IT= hdT g | TTeld TRE@T i 3R fife
GEVhdT cht THTIAd heaT 81 SR shriaRM i | ame
I T | IeTct araf fAggd &ifcr a1 RO & Gehdlt 81
RIS |RT A & HeTer &l Ot kg ek Tehd g

16.10.3 3¥srelt GUR & R Wit fohg ST aret
fRmforare fastaard

GUR & GRM BRER, Sihe, hufelT, MES I, dee 28,
P, T, TR AISFET SR 9T <At fem <t Sifa sl
3R fthe, Tet R, Aoigg wara 3R gET a1 sqfiic &
SR 9T Al A 31T 8

16.10.4 31t 3 & Gur 6 wrdf fafa

e uget Hefi ot g7 fAderor ¥ SR Shaguf srdferedt &
Pl UgAH 2| Srde! I JoT ARMA SET a1 daT A3 9
H| St 9T hl vl TREUT Sk e, ART T Tl daheh &
T SIS, Tae 91T ehi Seet 3R &ffard AT el O
ST e | GUR o 916, Hed i, faega FAkarar sik asft
SIS §U SISl o 3fRd et Y i AR

16.10.5 #72fi<T TReam 3R uee A gl srdaeht &1 Aga
eI sr&aett AN hl GRa, TERT R ars dare hi

FoIdt §1 T8 SMETHTY MR, 31fdeh arg, v 6 erfa ik fiie
IS &t Aehdlt &1

16.10.6 3R I YR & ATH

3fRd GuR AM ShST3 hl HH ST §, TaT Sita et
FoIdT 8, TERETT I ! §TdT § 3R ITE chl
fryofraar &t Fear 8|

16.10.7 3D fiféw asfi=i & srguat

ITER0T § TTeAd TR AR 158 Al Sieh e,
AT ohl EHT, US-WIT TTR ! GH: ST, Hiex IRt
&l Sleh AT 3R thiy et & e REAR) ol SgaT
LM 81
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MCQ's | srgfaeredta as

Q1. A multimeter is primarily used to measure
which of the following quantities? / Aedi*ier &1 q=a
®U @ Iy foFg AT ) Arg= & fag farar sirar @2

(a) Resistance / ufaRty

(b) Temperature / aoH™

(c) Pressure /[ g&m@

(d) Humidity / sméar

Ans. a | Sol. : A multimeter measures electrical
parameters like voltage, current, and resistance. /
AeEIHIER dieest, Thee 3R ufaRiy St fagfa ammai t Araar g1
Q2. Which component converts electrical energy
into mechanical energy? / &9 |1 e faga et &t
gifaes St A aRRafda wwar &2

(a) Generator | SR

(b) Transformer / giwIFR

(c) Motor [ Atex

(d) Relay / Ret

Ans. c | Sol. : An electric motor converts electrical
energy into mechanical motion. / fagd ez fagd Ff
&t gifes fa & gRafda &t g1

Q3. Which device steps up or steps down voltage?
| B T YT FieeST ehl TSTAT IT UESTAT 2

(a) Motor / \leR

(b) Generator | SRR

(c) Transformer / giE®FER

(d) Relay / Ret

Ans. ¢ | Sol. : A transformer changes the level of
voltage without changing frequency. / ZIIIFR aledst
& TR ot foT gt aget uRafdd sear 1

Q4. Which instrument is used to check both AC and
DC voltage? / for IuarroT o1 IuahT Tt siir St
aieewt g1 i i & forg R sirar @2

(a) Ammeter / 3R

(b) Voltmeter / aieeHtex

(c) Multimeter | aciHieR

(d) Oscilloscope / fff&epd

Ans. c | Sol. : A multimeter can measure AC/DC
voltage, current, and resistance. / AceiHTex Tet/Sift
giees, e 3R UfaRie AT TehdT 8|

Q5. How does a transformer function in an
industrial setup? / g Sitenfies desra A gawiR &
& AT 8?

(a) It generates electricity / Ig forTell 30 ST 8

(b) It stores electrical energy / ag fagld Seii TUBId T
g

(c) It changes voltage levels | g atedsT TR &t d&adT &
(d) It measures current flow / Ig < UdTg HTIdT &
Ans. c | Sol. : A transformer works by stepping up or
stepping down voltage for safe and efficient power
distribution. / TAHIHR TSt &t T TT T T BRI T
& arfeh fasTeft ot gRf&rd 3k gparet fararon gt a1
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Q6. Why is preventive maintenance crucial for 3D
printers? / 33t fiier & fAw Rars w@~EE™ =i smawas
&
(a) To increase printing speed / fiifé nfd gM & forg
(b) To avoid unexpected breakdowns / A @=T&
Y & forg
(c) To reduce material cost / Gmft AR H &A & fag
(d) To improve design accuracy / fesis= 9dtehar gurA
& foy
Ans. b | Sol. : Preventive maintenance ensures
continuous printer operation by addressing wear and
tear before failure occurs. / fRaRe W@ fAthedr @
Ugt ferdTae sl Steh dhech flier & TR drer st gRfgd
FRAT B
Q7. How does a solenoid function in automated
systems? [ @aifad yonfat # SieHiss Ha &rf wear
&
(a) It acts as a sensor / I8 GTR & &Y H i hedl &
(b) It converts electrical energy into linear motion / g
faega Seif ot et 1fd A seetar @
(c) It reduces voltage / I8 dteesT &H Pl &
(d) It stores magnetic energy / I8 Jechid Joll GUGIA
AT E
Ans. b | Sol. : A solenoid uses electromagnetic force
to create controlled linear motion in machines. /
gieHgs a7 Adfa &g afd Iaa A & fog
faggdgerehta a1t T IUTNT AT B
Q8. A solenoid actuator is mainly used for? /
HifaTss Targuer gead: fohwds faw Suah glar 82
Solenoid (Actuator)
e 1gS (TFHLR)
. A
ﬁla W Linear Motion
nfa
=
Linear Motion
fawga e

Electric cunent
fagga urr

(a) Linear motion / ¥ wifa
(b) Circular motion / g=fta 7ifa
(c) Heating / TR9 &<A & foig
(d) Painting / ¥
Ans. a | Sol. : A solenoid converts electric current into
linear motion. / GiferTtss fagga 4wt &t @ i F Feetar
gl
Q9. While checking a faulty 3D printer motor,
which instrument will you use to measure the
resistance of the windings? / S1& 319 U& @xTel 3§t
fiier Aier it 5w & @ g, a9t aEfEva & uforte A= &
fAQ MY I T IUSHOT ITANT FHH?
(a) Voltmeter / aleedier
(b) Ammeter / THiex
(c) Multimeter | aciHieR
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(d) Wattmeter / afesier

Ans. c | Sol. : A multimeter is used to measure
resistance, voltage, and current, making it ideal for
diagnosing motor issues. / AeEHIeR T ITTNT UfoRty,
et 3R e ATI o g fohar ST 8, ST Atex goansit ar
e & & forg Suger glar gl

Q10. If a fuse blows frequently in a 3D printer,
what should be checked first? / afe 38 fifer & v
IR-IR I3 @I &, dl a9 Ugat T Siign aifge?

(a) Voltage supply / @<t mgfed

(b) Load current / &t &hec

(c) Lubrication level | Tgq &R

(d) Sensor alignment / T&R TREUT

Ans. b | Sol. : Excessive current causes fuses to blow;
checking load current is essential. / siafde sie v
38T I hRUT §IdT &; IS e ST AT gl

Q11. Obstacle detection is used for? / 3aRieI &1 gdT
T fohedh g SuaiT ghar 82

L3

HAAY T gaT T

(Obstacle Detection)
(a) Detect object in path / I=d & a¥g Uga™+ & forg
(b) Increase speed / Tfd FgM & forg
(c) Change colour / 1 sgem & fog
(d) Cut material / G} shreq & fow
Ans. a | Sol. : Obstacle detection is used to sense an
object in the path and avoid collision. / 37/eRte ug=T= a1
TN & H &g T U1 T R TFRR ° Fa+ o forg femam
SIS
Q12. If the V-belt of a 3D printer's motor drive slips
frequently, what could be a possible reason? / afe
33} filer & AR g13a A di-doe IR-IR gt g, at
FHRT HHTFAT FRUT AT g1 FHehelT 872
(a) Belt is too tight / e sgd &l g2 8
(b) Belt is worn out / dee fog 1S &
(c) Motor speed is too low [ #HleR &t 7Tfd agd A &
(d) Excess lubrication / 3rcafdes Tga
Ans. b | Sol. : Aworn V-belt loses grip, causing
slippage. / ot g8 fi-siee yehs @l &t 8, e fOharer gidt
gl
Q13. While analyzing a 3D printer malfunction, you
observe that the relay is continuously switching
ON and OFF rapidly. What could be the most
probable cause? / 33} fiflex # @Rt &1 fasqwor &
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gAY 3119 3@d ¢ fh R dsft & svmar ON 3R OFF & a1
81 3HHT T HHTAT FROT T g FehelT 872

(a) Low voltage supply / aieest Smgfd oA g1

(b) Faulty sensor feedback / @& TR higss

(c) Overheated motor / Htex @ FaT&T T BT

(d) Blown fuse / WSt 38 ST

Ans. b | Sol. : A faulty sensor can send irregular
signals, causing the relay to chatter. / Y& @&RE IR
glar gl

Q14. A 3D printer’s motor is heating excessively
during normal operations. What is the most logical
analysis for this issue? / 33t fiilex ) Ater g
AT & SR AAfds 1 g IF) &1 391 9o difher
fa=dtwor o/ ghm?

(a) Voltage supply is too low / diedst 3mgfd agd & &
(b) Motor is overloaded or misaligned / Aex 3fiazets a1
T WfEd 8

(c) The filament is jammed / fthatrde 5 &

(d) Sensor malfunction / 9= @&t

Ans. b | Sol. : Overload or mechanical misalignment
causes excess current draw and heating. / 3Rt a1
gifen TSt ¥ 3ifdeh die fEaar g SR Alex 7T gidt 81

Q15. A 3D printer stops mid-print and the display
shows a ‘thermal runaway’ error. What is the root
cause based on analysis? / 38t filez Sic » fla d v
ST & 3R R iR e e Ffe fiarar g1 Rsawor &
STYR UR FHHT JA HRUT T 82

(a) Power fluctuation / UTaR & IdR-TGE

(b) Faulty temperature sensor [ @R1& JTOHH TR

(c) Filament exhaustion / fthamdie TuT g1

(d) Stepper motor failure / R Atex fathetdr

Ans. b | Sol. : Thermal runaway occurs when the
printer loses control over heating due to sensor
failure. /| ¥R fAwhetdT & BRI fiiex qroq= ATror @t <1 §,
fSad e erd gl 81

Q16. A generator connected to a 3D printer backup
system is producing fluctuating voltage. What is
the likely cause upon analysis? / 33t fifex assra
fRAen 3 1 AR gl # IaR-ge & @1 21 fasawor
& IR GHIfAd FRUT T 82

(a) Low fuel / g4 & AT

(b) Faulty voltage regulator / @& giees [eieX

(c) Overloaded printer / fiiex sfiaretts g

(d) Dirty air filter / 7iaT TR ftheex

Ans. b | Sol. : Voltage regulators maintain stable
output; failure leads to fluctuations. / diedst IR fRR
JTITYE ST IE 6, fatheldT ¥ SaR-I¢d gidT g
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