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  2.1 Definition of Product Architecture; Modular & Integral 

Architectures, Its Types, Component Standardisation, Steps for 

Establishing the Architecture (with examples such as trailers, spanners 

etc.) 

   Definition :- 

Product architecture is the scheme by which the functional elements of a 

product are arranged into physical components “chunks” or modules, 

and the way those components interact through defined interfaces. 

ProductPlan+2stuff.mit.edu+2 In other words: it’s the mapping from 

functions → physical components + the specification of interfaces among 

them. CORE Architectures are often categorised into modular 

(components/modules operate relatively independently via defined 

interfaces) and integral (functions and components are highly 

interconnected, less clear modular boundary). MDPI+1 Component 

standardisation refers to using common parts or modules across product 

variants (or models) to achieve economy of scale, simplified 

manufacturing, easier servicing and variant management. Establishing 

architecture involves steps such as functional decomposition, 

component mapping, defining interfaces, deciding modules, and 

checking standardisation/variants. 

   Explanation (10 detailed points): 

1. Functional decomposition: Break the product into its major 

functions and sub‐functions (e.g., for a trailer: load carrying, 

towing, braking, lighting). 

https://diplomawallah.in/
https://www.productplan.com/glossary/product-architecture/?utm_source=chatgpt.com
https://core.ac.uk/download/pdf/81125804.pdf?utm_source=chatgpt.com
https://www.mdpi.com/2076-3417/14/11/4539?utm_source=chatgpt.com
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2. Mapping to physical components: Assign each function (or group 

of functions) to a physical component or module. This is the core 

of architecture. CORE+1 

3. Defining interfaces: Specify how components/modules connect, 

interact — mechanically, electrically, hydraulically etc. A modular 

architecture has clear, standardised interfaces. Visure Solutions 

4. Modular architecture properties: Each module performs one or a 

few functions, modules are interchangeable/reusable, interface 

defined, high flexibility. Wikipedia+1 

5. Integral architecture properties: One component may handle 

multiple functions; interfaces may be informal or embedded; 

change in one part often affects many others. SpringerLink+1 

6. Types of architectures beyond just modular/integral: Some 

literature mentions “open architecture”, hybrid, platform 

architecture—variations exist. MDPI+1 

7. Component standardisation: Using same parts, modules across a 

product family reduces cost, simplifies service/maintenance, 

supports variants. ResearchGate 

8. Steps to establish product architecture: For example: 

o Identify functions 

o Cluster functions into modules or chunks 

o Map functions to physical components 

o Define interfaces among components/modules 

o Choose modular vs integral for each module considering 

strategy (cost, performance, variety) 

o Apply standardisation/variant planning 

o Validate architecture w.r.t manufacturability, serviceability, 

cost, upgrade path 

9. Example – Trailer/spanner: 

https://diplomawallah.in/
https://core.ac.uk/download/pdf/81125804.pdf?utm_source=chatgpt.com
https://visuresolutions.com/plm-guide/modular-product-architecture/?utm_source=chatgpt.com
https://en.wikipedia.org/wiki/Modular_Product_Architecture?utm_source=chatgpt.com
https://link.springer.com/article/10.1007/s00163-018-0286-7?utm_source=chatgpt.com
https://www.mdpi.com/2076-3417/14/11/4539?utm_source=chatgpt.com
https://www.researchgate.net/publication/4745906_Modularization_Assessment_of_Product_Architecture?utm_source=chatgpt.com
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o Trailer: Could be modular—chassis module + deck module + 

axle module + hitch module, with standard interfaces so 

decks of different types fit on same chassis. Or integral if 

fixed structure optimized for one application. 

o Spanner (wrench): A hand-tool may be integral (single piece 

forged) for strength and cost. Or modular: handle + 

interchangeable head module, standard attachment interface 

so you can swap heads for different sizes—supports variant 

widths/sizes. 

10. Strategic implications: Architecture decision early heavily impacts 

cost, manufacturing, variant flexibility, serviceability, upgrade 

paths and product life-cycle. ProductPlan+1 

    Applications:- 

• Designing a family of trailers where different deck types (flatbed, 

tipping, container) use same chassis and axle modules (modular 

architecture). 

• Designing a toolset of spanners where handles are standardised 

and heads are swapped (component standardisation) for different 

sizes or tasks. 

• Consumer electronics (smartphones, laptops) where main 

platform is reused and modules (camera, battery, screen) are 

swappable. 

• Automotive platform design: common platform chassis + modules 

for engine, transmission, body variants – supports many models 

with same architecture. 

• Industrial equipment where high performance custom machine 

uses integral architecture for maximum compactness or 

integration of functions. 

   Advantages:- 

1. Modular architecture allows reuse of modules, faster development 

of product variants, lower cost per unit in volume. 

https://diplomawallah.in/
https://www.productplan.com/glossary/product-architecture/?utm_source=chatgpt.com
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2. Standardisation reduces inventory, simplifies supply chain, 

improves serviceability and maintenance. 

3. Good architecture means easier upgrades, maintenance, service 

and product life-cycle management. 

4. Integral architecture can lead to higher performance, compactness, 

fewer modules/interfaces means fewer failure points. 

5. Making architecture decisions early helps align design, 

manufacture, service and marketing, reducing downstream costs 

and risks. 

  Disadvantages:- 

1. Modular architecture may incur more interface overhead, possibly 

higher cost or reduced performance compared to fully integrated 

design. 

2. Integral architecture is inflexible: changes or upgrades require 

redesign of many components; poor for quick variants. 

3. Too much standardisation may reduce differentiation or 

innovation in product design. 

4. Establishing architecture demands upfront investment (analysis, 

mapping, tooling) and careful cross-functional alignment. 

5. If wrong architecture chosen (e.g., modular when performance is 

critical, or integral when variety is needed), product may suffer in 

cost/performance/market fit. 

     Summary:- 

Product architecture ka matlab hai product ka structure—functions ko 

parts/modules me baantna aur unka interface define karna. Modular ya 

integral architecture ka decision business strategy, cost, performance aur 

variant-management pe depend karta hai. Agar architecture sahi ho, to 

product development aur service dono smooth hote hain. 

https://diplomawallah.in/
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  2.2 Ergonomics – Definition; Necessity of Ergonomics in Product 

Design; Design Considerations for Qualitative & Quantitative 

Displays; Design Considerations for Controls like Knob, Levers, 

Handwheel, Toggle Switch 

   Definition :- 

Ergonomics (also called human factors engineering) is the scientific 

discipline concerned with understanding the interactions among 

humans and other elements of a system, and applying theory, data and 

methods to design in order to optimise human well-being and overall 

system performance. ITCILO Training In product design context, 

ergonomics means designing products, systems, displays and controls 

so that they fit the human body, cognitive capabilities and usage context, 

https://diplomawallah.in/
https://training.itcilo.org/actrav_cdrom2/en/osh/ergo/ergonomi.htm?utm_source=chatgpt.com
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making them safe, efficient, comfortable and easy to use. Poor 

ergonomics can lead to discomfort, fatigue, inefficiency or errors—so its 

necessity in product design is high. 

   Explanation :- 

1. Human anatomy and anthropometry: Product design must 

accommodate body sizes, reach, posture, movement capabilities 

(e.g., hand reach for levers, comfortable wrist angles). ITCILO 

Training 

2. Display design (qualitative vs quantitative): 

o Quantitative displays show numerical or measurement values 

(e.g., speedometer, temperature gauge) – must have legible 

numbers, clear scale, good contrast, placed in line of sight. 

o Qualitative displays use indicators, lights, colours (e.g., 

green/red LEDs) to show status or discrete states – must be 

clear, unambiguous. www.slideshare.net 

3. Control design – Placement & Reach: Controls (knobs, levers, 

hand-wheels, toggle switches) must be placed within comfortable 

reach for the user’s typical posture, frequency of use, movement. 

ITCILO Training 

4. Control design – Motion and feedback: Controls should follow 

logical mapping (turning clockwise increases, etc.), provide 

feedback (tactile, visual) and allow safe, correct operation without 

undue effort. www.slideshare.net+1 

5. Control design – Shape, size, materials: Knobs should allow easy 

grip, levers require correct pivot lengths, hand-wheels sized for 

required torque; surfaces should be non-slip and comfortable. 

6. Control–Display relationship: Good design ensures consistency 

between control movement and display action (C/D ratio), 

direction of motion must be intuitive, avoid user confusion. Your 

Article Library 

https://diplomawallah.in/
https://training.itcilo.org/actrav_cdrom2/en/osh/ergo/ergonomi.htm?utm_source=chatgpt.com
https://training.itcilo.org/actrav_cdrom2/en/osh/ergo/ergonomi.htm?utm_source=chatgpt.com
https://www.slideshare.net/slideshow/product-design-and-development-20me43p-c20-lab-manualpdf/251922735?utm_source=chatgpt.com
https://training.itcilo.org/actrav_cdrom2/en/osh/ergo/ergonomi.htm?utm_source=chatgpt.com
https://www.slideshare.net/slideshow/product-design-and-development-20me43p-c20-lab-manualpdf/251922735?utm_source=chatgpt.com
https://www.yourarticlelibrary.com/ergonomics/factors-to-be-considered-while-designing-the-controls-with-diagram/34644?utm_source=chatgpt.com
https://www.yourarticlelibrary.com/ergonomics/factors-to-be-considered-while-designing-the-controls-with-diagram/34644?utm_source=chatgpt.com
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7. Visibility and legibility: Displays must be readable under 

different lighting and distances; controls must have clear function 

labels or symbols; safe grouping of controls. www.slideshare.net 

8. Minimising cognitive load & error: Simplify layouts, avoid 

clutter, group frequent controls, differentiate emergency controls 

clearly. ITCILO Training 

9. Accessibility and variation: Design must cater to different user 

types (left/right handed, varying strength, age) and usage contexts 

(sitting, standing). 

10. Iterative testing and adjustment: Ergonomic evaluation (user 

testing, simulation) should be part of design to refine displays and 

controls based on real user interaction. 

    Applications:- 

• Designing a vehicle dashboard: frequently used controls (speed 

dial, emergency stop) placed within easy reach; display that shows 

speed/engine status in large clear numbers. 

• Designing a hand tool (e.g., spanner or hand-wheel) whose handle 

is sized for comfortable grip, material is non-slip, torque control 

easy, control surface visible. 

• Designing a machine control panel: toggle switches for emergency 

are coloured red and raised; levers for less frequent use are longer 

and placed at comfortable height. 

• Consumer appliance: a knob controlling temperature on a 

microwave, with clear numbers (quantitative) and indicator light 

(qualitative) for power state. 

• Medical device interface: touchscreen display with large text for 

quantitative values (heart rate), plus visual icons (qualitative) for 

alarm states; controls sized for gloved hands. 

   Advantages:- 

1. Improves user comfort, reduces fatigue, errors and risk of injury. 

https://diplomawallah.in/
https://www.slideshare.net/slideshow/product-design-and-development-20me43p-c20-lab-manualpdf/251922735?utm_source=chatgpt.com
https://training.itcilo.org/actrav_cdrom2/en/osh/ergo/ergonomi.htm?utm_source=chatgpt.com
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2. Enhances usability and efficiency — users operate faster and with 

fewer mistakes. 

3. Broadens accessibility — good ergonomic design serves more 

users including those with limited strength/mobility. 

4. Helps product adoption, satisfaction and brand reputation (users 

feel good using the product). 

5. Supports safety and regulatory compliance (especially in 

industrial/medical equipment). 

  Disadvantages:- 

1. Considering ergonomics thoroughly may increase design time, 

cost (anthropometric studies, user testing). 

2. Ergonomic improvements may require sacrifice in other areas 

(e.g., aesthetic, compactness, cost). 

3. Variability among users (body sizes, abilities) makes “one-size-fits-

all” hard; compromises needed. 

4. Over-engineering ergonomic features may add bulk or 

unnecessary complexity. 

5. If ergonomics are ignored or done late in design, implementing 

changes can be costly and reduce design flexibility. 

     Summary:- 

Ergonomics ka matlab hai product ko insaan ke hisaab se banana — 

displays, controls, handles sab aise hone chahiye ki user use bade aasani 

se aur comfortably use kare. Agar display/control theek design ho, to 

user ka experience better hoga aur product zyada reliable banega. 

https://diplomawallah.in/
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  2.3 Aesthetics Principles – Definition; Necessity of Aesthetics in 

Product Design; Consideration of Aesthetics in Product Design; 

Aspects of Aesthetics in Product Design – form, symmetry, color, 

continuity, proportion, contrast, impression, surface finish 

   Definition :- 

Aesthetics in product design refers to the sensory and perceptual 

qualities of a product — how it looks, feels, and appeals emotionally to 

users beyond just functional performance. It involves the visual form, 

colour, texture, finish and overall impression of the product. Aesthetics 

are necessary because in a competitive market users often choose 

products not only for what they do but how they look and feel, and 

strong aesthetic design contributes to perceived quality, brand identity 

and user satisfaction. 

   Explanation  

1. Form/Shape: The basic outline or silhouette communicates not 

only aesthetics but also function (e.g., ergonomic curves imply 

comfort, straight edges imply precision) LearnPick 

2. Symmetry & Balance: Symmetrical forms often feel stable and 

trustworthy; controlled asymmetry can be used to create interest 

and dynamism. LearnPick 

3. Colour: Choice of colour influences mood, brand identity, 

usability (visibility/contrast) and emotional appeal. Correct 

palette contributes to product attractiveness. LearnPick 

4. Continuity: Smooth flow of lines/surfaces, logical integration of 

elements – ensures product looks coherent and unified. 

5. Proportion: Good relation among sizes of parts (e.g., handle to 

head of spanner) creates harmony; the “golden section” is a 

famous proportional guideline. LearnPick 

6. Contrast: Differences in colour, texture, shape, size draw attention 

to key features, create visual interest. LearnPick 

https://diplomawallah.in/
https://www.learnpick.in/prime/documents/note/1247/industrial-design-engineering-aesthetics?utm_source=chatgpt.com
https://www.learnpick.in/prime/documents/note/1247/industrial-design-engineering-aesthetics?utm_source=chatgpt.com
https://www.learnpick.in/prime/documents/note/1247/industrial-design-engineering-aesthetics?utm_source=chatgpt.com
https://www.learnpick.in/prime/documents/note/1247/industrial-design-engineering-aesthetics?utm_source=chatgpt.com
https://www.learnpick.in/prime/documents/note/1247/industrial-design-engineering-aesthetics?utm_source=chatgpt.com
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7. Impression & Character: The overall “feel” or “character” of 

product – elegant, rugged, playful, premium – which should align 

with target user and brand promise. 

8. Surface Finish & Texture: Material finish (glossy, matte, brushed), 

texture (smooth, patterned) influence how the product is perceived 

(quality, durability) and how it feels to touch. 

9. Necessity of Aesthetics in Product Design: Since functional 

differences among many products tend to narrow, aesthetic 

differences often drive consumer choice; good aesthetics enhance 

brand image and product value. 

10. Consideration of Aesthetics in Design Process: Aesthetics should 

be integrated early, alongside function and ergonomics—not just 

added at the end; trade-offs between aesthetics and 

manufacturability, cost must be managed. 

    Applications:- 

• Designing a premium smartphone: form (slim, curved), symmetry 

in body, colour options (Midnight Blue, Graphite), continuity 

(glass body wrap), surface finish (matte metal or glossy glass) to 

give premium look. 

• Home appliance like mixer or refrigerator: aesthetic choices 

(colour, finish) match modern home interiors; form and finish 

make product commodity into design object. 

• Hand tools (spanner/wrench): handle shape, surface finish 

(chrome plating), contrast colour size markings, proportion suited 

for grip & strength—appearance influences perception of quality. 

• Industrial equipment: colour coding, contrast and surface finish 

used to improve user perception and safety (e.g., bright coloured 

machine parts, textured surfaces). 

• Packaging and consumer electronics accessories: Aesthetics drive 

purchase decision; form, colour, finish align with brand and user 

lifestyle. 

   Advantages:- 

https://diplomawallah.in/
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1. Attractive aesthetics increase user desire, brand value, product 

differentiation and market success. 

2. Good form, finish and design create perception of higher quality, 

reliability and prestige. 

3. Integrated aesthetics with function and ergonomics leads to better 

overall user experience. 

4. Aesthetic consistency across a product line builds brand identity 

and recognition. 

5. Attention to surface finish, material and proportion contributes 

also indirectly to usability (e.g., easier to clean, better perception of 

grip). 

  Disadvantages:- 

1. Focusing too much on aesthetics may compromise function, cost or 

manufacturability (e.g., expensive finishes). 

2. Premium finishes, complex forms may increase manufacturing 

cost and time. 

3. Aesthetic trends change quickly — product may look outdated 

sooner than its functional life. 

4. Over-designing (too many aesthetic features) may distract from 

usability or ergonomics. 

5. If aesthetics are treated as an afterthought (rather than integrated 

early), design may become inconsistent, increase rework and cost. 

     Summary 

Aesthetics ka matlab hai product ka “look & feel” — shape, colour, 

finish sab milkar user ko pehla impression dete hain. Agar ye design 

accha ho, to product attractive banega, brand strong hoga aur market me 

alag dikhega. 

https://diplomawallah.in/
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