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Copyright & Disclaimer

This handbook has been developed as a pedagogical resource aligned with the National Occupational
Standards (NOS) for the role of Mechanical CAD Designer under the Capital Goods Sector Skill Council. It is
intended for educational and training purposes at NSQF Level 4.5.

Disclaimer: The content herein is compiled from industry best practices, international standards (ISO 128,
ASME Y14.5), and occupational standards. While every effort has been made to ensure accuracy, this
handbook does not replace formal standard documents, legal compliance requirements, or machine-specific
operational manuals. Users must always verify critical dimensions, tolerances, and safety protocols against
the latest published standards and manufacturer specifications.

Intellectual Property Notice: All trademarks, standard references, and NOS codes belong to their
respective owners. The pedagogical structure and explanatory content are provided for non-commercial
educational use.

How to Use This Handbook
Each chapter follows a progressive learning structure:

1. Context & Relevance: Why the topic matters in industry.
2. Core Knowledge: Detailed technical exposition.
3. Practical Application: Workflows, checklists, and troubleshooting.

4. Assessment Cues: Aligned with NOS performance criteria (PC) and knowledge units (KU).

Look for key terms highlighted throughout the text, which are defined in the Index.
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The "So What?" Layer: Bridging Theory and Industry

This handbook is not a software manual. It is a pedagogical bridge designed for the NSQF Level 4.5
professional transitioning from a passive "drafter" to an active design synthesizer. In the modern industrial
landscape of the Capital Goods sector, the distinction between these two roles defines career trajectory,
employability, and contribution to organizational efficiency.

Why This Handbook Exists

Most CAD training focuses on how to use software—which buttons to press, which menus to navigate. This
handbook addresses the why and the so what:

* Why does a specific tolerance class matter for a turned shaft?

® So what if the feature tree is disorganized—doesn't the model look the same?

* Why must we adhere to ISO 128 when the shop floor understands informal sketches?

The answer in every case is accountability across the supply chain. A CAD model is a legal and technical
document. When a procurement officer in Germany sources a part from a drawing created in Pune, the only
guarantee of interoperability is adherence to shared international standards. When a CNC programmer
imports your STEP file, the only thing preventing a tool crash is your understanding of tool access radii and
G-code logic.

The Core Philosophy: Digital Intent Aligned with Physical Reality

Every vertex, mate constraint, and tolerance you define must be grounded in three pillars:
1. International Standards (ISO/ASME): The universal syntax of engineering communication.
2. Manufacturing Feasibility (DFM): Can this geometry actually be produced on available machine tools?

3. Functional Integrity: Will the assembled product perform its intended function under real-world
conditions?

NSQF Level 4.5 Competency Expectation:

At this level, you are expected to work autonomously with minimal supervision, make informed judgments about
design trade-offs, and communicate technical rationale to both engineering and non-engineering stakeholders.
Mastery here means moving from novice understanding to professional competency in the high-stakes Machine
Tools sub-sector.




Chapter 1: The Landscape of Mechanical CAD Design

1.1 Strategic Role in the Capital Goods Sector

In the Capital Goods sector—which encompasses machine tools, heavy equipment, industrial machinery, and
automation systems—the CAD designer occupies a strategic nexus between conceptual engineering and
physical production. Unlike consumer product design, where aesthetics may dominate, Capital Goods design
prioritizes functional longevity, serviceability, and precision interoperability.

The sector's economic significance cannot be overstated: Capital Goods form the backbone of
manufacturing infrastructure. A single error in a machine tool drawing can cascade into production
downtime costing lakhs of rupees per hour. The CAD designer is therefore a risk-mitigation professional

as much as a creative one.

The Designer as Translator

You are the translator who converts abstract engineering intent—often communicated through hand
sketches, calculation sheets, and verbal descriptions—into a digital twin. This digital twin serves multiple
stakeholders simultaneously:

Stakeholders and Their Dependence on the CAD Model

Stakeholder Reliance on CAD Output Consequence of Error

Design Engineer Verification of form, fit, and function Design validation failure; rework cycles
CNC Programmer Geometry import for G-code generation Toolpath collision; machine damage
Procurement Team BOM extraction for sourcing Incorrect part ordering; inventory waste
Quality Inspector GD&T callouts for inspection criteria Acceptance of non-conforming parts
Client/End-User Rendering and animation for approval Misaligned expectations; contract disputes

At NSQF Level 4.5, your work dictates the efficiency of this entire chain. A well-structured CAD model with
proper BOM integration can reduce procurement lead times by up to 30% compared to disorganized data
sets.



1.2 The Designer Profile: Precision and Accountability

Success in mechanical CAD design at this level requires more than software fluency. It demands a specific
professional constitution synthesized from four core attributes:

Attribute 1: Attention to Detail (The Primary Defense)

This is the primary defense against Design Rejection. A single misplaced decimal point—modeling a
25.00 mm bore as 2.500 mm—or an ignored tolerance class can lead to thousands of dollars in scrapped
parts. Consider a batch of 500 turned shafts where the bearing seat diameter is modeled 0.05 mm
undersized: the entire batch may fail interference fit requirements, resulting in complete rejection.

Industry Anecdote:

A major automotive supplier in the Pune-Chakan belt reportedly lost X18 lakhs in 2023 when a CAD designer used
a default "general tolerance" instead of the specified ISO 2768-mK class for a transmission component. The parts
passed internal inspection but failed at the OEM's incoming quality gate.

Attribute 2: Analytical Problem-Solving

Required to identify design flaws during the modeling phase (aligned with NOS Generic Skill GS2) before
they reach the toolroom. This includes recognizing impossible geometry (e.g., a pocket deeper than the
available tool length), identifying under-defined sketches that will fail parametric updates, and flagging
material-thickness violations in sheet metal designs.

Attribute 3: Interpersonal Communication

You must explain complex technical images to both experts (engineers who understand GD&T) and non-
experts (clients who need to visualize the final product). This involves highlighting key functional elements in
renderings (PC11) and articulating design rationale in review meetings.

Attribute 4: Ethical Accountability

Signing off on a drawing—whether digitally or physically—carries professional liability. The designer must
resist pressure to "fast-track” drawings that skip revision control or omit critical dimensions. Revision
control discipline is a hallmark of professionalism.

1.3 The Digital Twin Paradigm

The concept of the Digital Twin has evolved from a buzzword to an operational necessity. In the Machine
Tools sub-sector, the digital twin is the authoritative representation of a physical asset. It must include:

* Geometric Fidelity: Exact 3D geometry with all features fully defined.

* Material Properties: Density, thermal expansion coefficients, surface finishes.

¢ Kinematic Relationships: Assembly constraints that mirror real-world motion limits.

* Metadata: Part numbers, revision history, and supplier information embedded in the file properties.

When the digital twin is complete, simulations (FEA, thermal analysis, motion studies) yield results that
correlate closely with physical testing, reducing prototype iterations and accelerating time-to-market.



Chapter 2: Work Organization, Standards, and Safety

2.1 The Rigor of International Compliance

Adherence to international standards—primarily ISO 728 (technical drawing general principles) and ASME
Y14.5 (dimensioning and tolerancing)—is the non-negotiable foundation of mechanical engineering.
These standards provide a universal syntax, ensuring a design created in a New Delhi design studio is
perfectly interoperable with a CNC machine in Stuttgart or a quality lab in Nagoya.

ISO 128: The Grammar of Technical Drawing

ISO 128 is not a single document but a family of standards covering:

* |SO 128-1:2020 — General principles of presentation, including line types and their meanings.

e |SO 128-2:2022 — Basic conventions for lines (continuous thick, continuous thin, dashed, chain, etc.).
* 1SO 128-3:2022 — Views, sections, and cuts.

* ISO 128-15:2013 — Representation of shipbuilding drawings (relevant for heavy engineering).

* |SO 128-20 through -50 — Specific conventions for various feature types.

Every line on a technical drawing carries semantic meaning. A continuous thick line (0.5-0.7 mm) denotes
visible outlines; a continuous thin line (0.18-0.25 mm) denotes dimension lines, leader lines, and hatching.
Misusing line types is not merely an aesthetic error—it communicates incorrect information about which
edges are visible and which are hidden.

ASME Y14.5: The Language of Precision

While ISO standards dominate in India and Europe, ASME Y14.5 is the definitive standard for GD&T

(Geometric Dimensioning and Tolerancing). Many global OEMs require ASME Y14.5 compliance on drawings.
Key concepts include:

* Feature Control Frames: The rectangular box containing the geometric characteristic symbol, tolerance
value, and datum references.

* Datum Reference Frame (DRF): The theoretical coordinate system derived from physical datum
features.

¢ Material Condition Modifiers: MMC (Maximum Material Condition), LMC (Least Material Condition),
and RFS (Regardless of Feature Size).



2.2 Risk Evaluation and Health & Safety (MCAD)

Risk in the CAD environment manifests in two distinct domains: design integrity risk (the consequence of
errors propagating downstream) and occupational health risk (the physical toll of prolonged CAD work).

Both require systematic management.

Compliance and Risk Matrix

Compliance Requirements vs. Risk of Non-Compliance

Compliance Requirement

ISO 128 & ASME Y14.5: Standardized
layouts, views, line types, and GD&T
symbols (KU1, KU15).

Standard Component Libraries: Use of
ISO-compliant fasteners (ISO 4017 hex
bolts, ISO 4032 nuts) and symbols (PC4).

Revision Control (ISO 11442): Systematic
tracking of drawing versions and change
approvals.

Health & Safety (Workplace): Ergonomic
workstation setup per ISO 9241-5;
electrical safety for high-end workstations
(PC2).

Risk of Non-Compliance Severity
Procurement Failure: Parts cannot be sourced globally; ~ CRITICAL
failure of interoperability between different suppliers.

Drawings rejected at incoming quality gates.

Inconsistency: Custom-modeling standard parts HIGH
increases file size, extends rebuild times by 40-60%, and

introduces assembly errors when substitute parts don't

match.

Version Confusion: Shop floor uses obsolete revision; CRITICAL
manufactured parts don't match current design intent.

Operator Attrition: Long-term eye strain (Computer HIGH

Vision Syndrome), repetitive strain injuries (RSI)
affecting wrists and shoulders, or electrical fire hazards
in the CAD lab.

Ergonomic Workstation Configuration

A professional CAD workstation must be configured for sustained 8-10 hour daily operation:

* Monitor Height: Top of screen at eye level; distance 500-700 mm from eyes.

® Chair: Adjustable lumbar support; thighs parallel to floor; feet flat on ground or footrest.

* 3D Mouse Placement: Positioned such that the wrist remains in neutral (straight) alignment; avoid ulnar

deviation.

¢ Lighting: Ambient illumination 300-500 lux; avoid direct glare on screens; use bias lighting behind

monitors.

* Break Protocol: 5-minute break every 55 minutes (the "55/5 rule"); focus eyes on distant objects (>6

meters) to relax accommodation muscles.

Pro-Tip: The 20-20-20 Rule

Every 20 minutes, look at an object at least 20 feet (6 meters) away for at least 20 seconds. This simple practice

significantly reduces Computer Vision Syndrome symptoms.



2.3 Continuous Professional Development (CPD)

The technology landscape of the Machine Tools sub-sector evolves rapidly. Multi-axis machining (5-axis

simultaneous), additive-subtractive hybrid manufacturing, and Al-assisted generative design are reshaping

what CAD designers need to know. To maintain professional edge (aligned with PC12), a structured CPD

approach is essential.

CPD Checklist for the Mechanical CAD Professional

O

O

Annual Standards Review: Review updates to ISO 128 series, ASME Y14.5, and ISO 2768 (general tolerances).

Subscribe to BIS (Bureau of Indian Standards) notifications.

CAD/CAM Integration Modules: Evaluate new plug-ins and modules that improve DFM (Design for
Manufacturability) feedback directly within the CAD environment.

Emerging CNC Strategies: Research high-speed milling (HSM), trochoidal toolpaths, and turn-mill multi-tasking
machine capabilities to inform design decisions.

Clean Modeling Techniques: Practice "master model" methodologies, skeleton-driven assemblies, and top-down
design to optimize file architecture.

Additive Manufacturing Awareness: Understand DfAM (Design for Additive Manufacturing) principles—Ilattice
structures, support minimization, build orientation effects.

Software Version Transitions: Allocate 15-20 hours per major software release to learn new features and
deprecated workflows.

Cross-Discipline Exposure: Spend time on the shop floor observing CNC operations; correlate your CAD geometry
with actual machined outcomes.

Professional Networking: Attend at least one industry seminar or webinar per quarter (e.g., IMTEX, AMTECH

events).

CPD Logbook (Sample Format)

Date Activity Duration  Learning Outcome Evidence

15-Jan- ISO 128-1:2020 revision review 2 hrs Updated knowledge of line type Certificate of

2026 webinar conventions attendance
22-Feb- Shop floor observation: 5-axis 4 hrs Understood tool access Signed log by shop
2026 VMC operations constraints for deep pockets supervisor

10-Mar- Online course: Advanced 16 hrs Proficiency in composite Course completion
2026 GD&T per ASME Y14.5 position tolerancing badge

Maintaining a CPD logbook is increasingly required for professional certifications (e.g., ASME Geometric

Dimensioning and Tolerancing Professional certification) and may be audited by employers during

performance reviews.



Chapter 3: Fundamentals of Systems, Hardware, and
Materials

3.1 The Digital/Physical Synergy

A Senior Engineer knows that a CAD workstation is a high-precision tool, not merely a computer. The
synergy between hardware performance, software configuration, and material science defines the feasibility
and reliability of your design output. An underpowered workstation introduces latency that breaks creative
flow; an incorrectly configured plotter produces drawings that are physically inaccurate at 1:1 scale.

Hardware Architecture for MCAD

Mechanical CAD software (SolidWorks, CATIA, NX, Creo, Inventor) places unique demands on hardware that
differ significantly from general office computing:

Recommended Workstation Specifications for MCAD

Minimum Recommended

Component D R Rationale
Specification Specification

CPU Intel Core i7 / AMD Intel Xeon W / AMD Parametric rebuilds are predominantly single-
Ryzen 7 (8 cores) Threadripper (16+ cores) threaded; rendering and FEA benefit from
multi-core.
GPU NVIDIA RTX A2000 NVIDIA RTX A4500 or Certified drivers for ISV applications; large
(8 GB VRAM) A5500 (20+ GB VRAM) assembly handling requires substantial VRAM.
RAM 32 GB DDR5 ECC 64 GB DDR5 ECC Large assemblies (5000+ components)
consume RAM rapidly; ECC prevents data
corruption.
Storage 1 TB NVMe SSD 1 TB NVMe SSD (OS) + 2 Separation of OS and project data improves

TB NVMe SSD (projects) stability and backup management.

Display 27" 2560x 1440 IPS Dual 27" 4K IPS (or single High pixel density reduces eye strain during
32" 4K) dimensioning work; dual monitors improve
productivity by 20-30%.

ISV Certification Matters:

Always verify that your GPU drivers are

ISV-certified

(Independent Software Vendor) for your specific CAD application. Gaming GPUs (GeForce, Radeon RX) may render
geometry incorrectly in professional CAD environments due to different driver optimization priorities. A non-
certified driver can cause subtle display artifacts that mask design errors.




3.2 System Readiness and Parameterization Guide

Aligned with NOS CSC/N0447, the following workflow ensures your workstation is production-ready at the
start of each shift or project:

Step-by-Step System Initialization Protocol

1. Hardware Power-Up Sequence (PC2):
o Power on the UPS first; verify stable output voltage (230V +10% for India).
o Power on peripherals (monitors, 3D mouse, plotter) before the CPU.

o Boot the workstation and allow full OS initialization (90-120 seconds minimum) before launching MCAD
software.

o Verify that all cooling fans are operational; listen for abnormal bearing noise.

2. Peripheral Calibration (PC2):
o 3D Mouse (SpaceMouse): Calibrate sensitivity such that a full leftward tilt produces approximately 45° of model
rotation. Disable "dominant axis" filtering for free-orbit navigation.
o Standard Mouse: Set DPI to 1200-1600 for precision picking; program thumb buttons for Enter and Escape
commands.

o Keyboard: Configure macro keys for frequently used commands (e.g., Extrude, Hole Wizard, Measure).

3. Software Parameterization (PC6):
o Set units to Metric (mm, kg, N) or Imperial as required by project specifications. Document the unit system in the
drawing title block.
o Configure grid settings: Major grid spacing 10 mm, minor divisions 1 mm. Snap-to-grid enabled for initial
sketching; disable for detailed work.
o Load default drawing templates (*.drwdot or *.frm) that include company-standard title blocks, projection
method symbols (First Angle per ISO or Third Angle per ASME), and default tolerance tables.

o Verify material library path is pointing to the company-standard library, not a local cached version.

4. Output Readiness Verification (PC8):
o Check plotter driver status; print a test sheet with a known-dimension rectangle (e.g., 100x50 mm).
o Measure the printed rectangle with a calibrated vernier caliper. Deviation must be <0.2 mm over 100 mm (0.2%
scale error maximum).
o If deviation exceeds threshold, run plotter calibration routine per manufacturer instructions.
o Verify that line weights are rendering correctly: thick lines (0.5-0.7 mm) for visible outlines, thin lines (0.18-
0.25 mm) for dimensions and hatching.

Critical Reminder:

Never skip plotter calibration when producing drawings for supplier RFQs (Request for Quotation). A drawing that
is 1% off-scale can cause a fabricator to misinterpret dimensions if they scale from the print rather than reading
the explicit dimension values. Always include a "DO NOT SCALE" note on drawings, but never rely on it as your
sole defense.




3.3 Material Literacy and Feasibility

You must possess deep Material Literacy (KU4, KU14). Knowing the density, thermal properties,
machinability, and cost profiles of metals, plastics, and composites is vital for cost-effective design. A model
without ascribed density is merely a shape; a model with material characteristics is a functional part
that allows for weight analysis, stress simulation, and cost estimation.

Common Engineering Materials Reference

Material Properties for Design Decision-Making

Tensile

. Density Machinability Typical Application in
Material Jem? Strength Rati Verdia el
(9/cm?) (MPa) ating achine Tools
Mild Steel (IS 7.85 200 400-550 100% Machine frames, weldments,
2062 / ASTM A36) (baseline) non-critical structural parts
EN8 / C45 7.85 205 600-750 55% Shafts, spindles, pins, axles

(Medium Carbon)

EN24 / 4340 7.85 205 850-1000 45% High-stress shafts, gears,
(Alloy Steel) heavy-duty fasteners
Cast Iron (FG 260)  7.20 110-130 260 (tensile) 80% (but Machine beds, columns,
abrasive) bases (vibration damping)
Aluminum 6061- 2.70 69 310 270% Lightweight fixtures, covers,
T6 non-structural housings
Stainless Steel 8.00 193 515 35% Food-grade equipment,
304 corrosive environments
Brass (C36000) 8.50 97 340 300% Bushings, wear strips,

decorative fittings

Nylon 6/6 (PA66) 1.14 2.8 75 N/A (moldable) = Gears (light-duty), bearing
cages, insulators

Design for Manufacturability (DFM) Material Considerations
Material choice directly impacts DFM (KU5). Key considerations:
* Machinability: Materials with poor machinability (stainless steel 304, Inconel) require slower cutting

speeds, specialized tooling, and higher coolant flow. Design features accordingly—avoid deep, narrow
pockets in these materials.

* Thermal Expansion: In assemblies combining aluminum (CTE ~23x107%/K) and steel (CTE ~12x107¢/K),
differential expansion at operating temperature must be accounted for in clearance fits.

® Galvanic Corrosion: Avoid direct contact between dissimilar metals (e.g., aluminum and stainless steel)
in corrosive environments without isolation (gaskets, coatings).



* Cost Indexing: Material cost per kg varies by factor of 20x or more. EN24 alloy steel may cost 5x mild
steel; titanium alloys can cost 30x. Always validate material selection against project budget constraints.
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Chapter 4: Precision Drafting and Technical
Measurement

4.1 From Interpretation to Execution

Technical execution requires moving beyond conceptual terminology into the realm of absolute
measurement. Drafting is the act of documenting the "Truth" of a physical part—a truth that must be
unambiguous, complete, and verifiable by any competent third party anywhere in the world.

Principles of Technical Interpretation (NOS CSC/N0451)

A designer at Level 4.5 must interpret complex data—engineering sketches, legacy drawings, reverse-

engineered measurements—to create a blueprint for the shop floor. This process follows a disciplined

sequence:

Step 1: Data Gathering and Validation

Before creating a single line, gather all available input data:

® Engineering calculation sheets (loads, stresses, material specifications).

® legacy drawings (potentially hand-drawn or from obsolete CAD systems).

® Physical reference parts (for reverse engineering—see Chapter 7).

* Interface control documents (ICDs) defining mating part envelopes.

Validate this data for internal consistency. If a legacy drawing shows a 25 mm shaft but the mating bearing

bore is specified as 24.95 mm, flag the discrepancy before modeling begins.

Step 2: View Selection Strategy

Select views that minimize the number of hidden lines while fully defining all features. The standard

approach:

* Primary View (Front): The view that shows the part in its most informative orientation—typically the
orientation in which the part is machined or assembled.

* Orthographic Projections: Top, right side, bottom, left side, and rear as needed. Per ISO 128-3, use First
Angle Projection (symbol: frustum of a cone with the small end pointing toward the view). Per ASME,
use Third Angle Projection (symbol: frustum with large end toward the view).

* Isometric View: A pictorial view (30° angles from horizontal) for visual orientation. Not dimensioned;
labeled "FOR REFERENCE ONLY."

e Section Views: Full sections, half sections, offset sections, and revolved sections to reveal internal
geometry. Cutting plane lines must be clearly indicated per ISO 128-40.

® Detail Views: Enlarged views of small or complex features, identified by a circle on the parent view and a
scale label (e.g., "DETAIL A / SCALE 5:1").

10



4.2 Measurement Tools and Technical Representation

The bridge between physical parts and digital models is built with precision measurement instruments. A
CAD designer must be proficient in using these tools to verify prototype dimensions, validate incoming
parts, and capture data for reverse engineering.

Precision Measurement Instrument Guide

Common Measurement Tools and Their Application

Instrument

Resolution /
Accuracy

Measurement
Range

Primary Application

Common Error Sources

Vernier Caliper 0.01 mm / 0-150 mm External dimensions, Parallax error (analog); jaw
(Digital/Analog) +0.02 mm (standard) internal diameters, depth  wear; excessive measuring
0-300 mm (large) measurements, step force; not zeroing before
measurements. use.
Outside 0.001 mm / 0-25 mm, 25-50 Precision external Anvil wear; thermal
Micrometer +0.002 mm mm, etc. diameter measurement; expansion from hand
(interchangeable shaft diameters within heat; ratchet over-
anvils) tolerance bands as tight tightening; not using a
as IT6. standard to verify zero.
Dial Bore Gauge 0.001 mm/  Typically 18-150 Internal bore diameter Not calibrating with
+0.003 mm mm and roundness setting ring; off-axis
(with assessment; checking insertion causing cosine
interchangeable cylindrical bores for error.
heads) taper.
Height Gauge 0.01 mm / 0-300 mm, 0-600 Marking out; height Surface plate not level;
(with dial indicator)  +£0.02 mm mm measurement from scriber wear; column not
surface plate; checking perpendicular to base.
parallelism.
Coordinate 0.0005 mm Varies (bridge, 3D geometry capture; Probe tip radius
Measuring / £0.0015 gantry, arm types)  GD&T verification; first compensation errors;
Machine (CMM) mm article inspection reports.  thermal drift; insufficient

Best Practice: Measurement Protocol

Always take

three measurements

datum alignment.

at different positions along a feature and record the average. For cylindrical features, measure at three axial

positions and rotate 120° between measurements at each position to detect ovality. Document all measurements

in an inspection report with date, instrument serial number, and operator name.

11



4.3 GD&T: The Language of Precision

GD&T (Geometric Dimensioning and Tolerancing) is the systematic language used to define the allowable
variation in form, orientation, location, and runout of part features. Unlike simple + tolerancing, GD&T
defines tolerance zones—volumetric spaces within which the feature must lie—and relates features to
datum reference frames that simulate how the part is fixtured and assembled.

The 14 Geometric Characteristic Symbols (ASME Y14.5)

GD&T Symbol Categories and Meanings

Requires
Datum?

Category Controls

Form = Straightness Line elements of a surface or axis No

O Flatness Planar surface deviation No

O Circularity Cross-section roundness at any plane No

(Roundness)
» Cylindricity Simultaneous circularity and straightness of a No
cylinder

Orientation || Parallelism Orientation relative to datum Yes

1 Perpendicularity 90° orientation to datum Yes

ya Angularity Specified angle to datum Yes
Location &) Position Center point/axis location Yes (usually)

© Concentricity Median point coaxiality Yes

® Symmetry Median plane symmetry Yes
Profile ~ Profile of a Line 2D cross-section tolerance zone Optional

a Profile of a Surface 3D surface tolerance zone Optional
Runout 2 Circular Runout Surface variation during rotation Yes

r7 Total Runout Entire surface variation during rotation Yes

Feature Control Frame Anatomy
A Feature Control Frame (FCF) is read from left to right:
e —

| @ | 06e.os ® | A | B ® | ¢ |
| Geo | Tolerance | Primary | Secondary| Tertiary |

| char| & Modifiers | Datum | Datum | Datum |
R EEEEEE——————

This FCF reads: "The position tolerance zone is a cylinder of diameter 0.05 mm, at Maximum Material
Condition relative to datum A (primary), datum B at MMC (secondary), and datum C (tertiary)." The ®



symbol indicates the tolerance applies at MMC; the @ symbol on datum B indicates the datum reference
itself is at MMC—a concept known as datum shift.

12



Chapter 5: Advanced 3D Modeling and Assembly
Architecture

5.1 CSG Optimization and Feature Tree Discipline

Modern parametric MCAD software relies on €SG (Constructive Solid Geometry)—a modeling technique

that builds complex solids through Boolean operations (union, difference, intersection) on primitive shapes

and extruded profiles. At NSQF Level 4.5, you are not merely building shapes; you are building an assembly
architecture that mirrors the physical world and remains robust under parametric changes.

The Feature Tree as a Design Narrative

The feature tree (history tree) in parametric CAD is a sequential program that the software executes every

time the model rebuilds. A well-organized feature tree:

Groups related features into logical folders (e.g., "Base Geometry," "Mounting Holes," "Cooling Fins").
Uses meaningful feature names instead of defaults ("Bearing_Seat_ 25mm" vs. "Extrude-17").

Minimizes feature count by combining operations where appropriate (a single revolve can replace
multiple extrudes for axisymmetric parts).

Avoids "dangling references"—sketch relations to edges that may be consumed by later features.

Feature Tree Optimization Rules

1.

Base Feature First: The primary shape should be the first feature. For turned parts, this is a revolve. For
prismatic parts, an extrude. Subsequent features (cuts, holes, fillets) reference this base.

. Fillets and Chamfers Last: Apply cosmetic features (fillets, chamfers, draft angles) at the end of the tree.

These features are fragile—they break when referenced geometry changes—and are computationally
expensive to rebuild.

. Patterns Over Manual Repetition: Use linear, circular, and sketch-driven patterns instead of modeling

identical features individually. A circular pattern of 12 holes rebuilds in a fraction of the time of 12
separate hole features.

. Reference Geometry Isolation: Place all reference planes, axes, and points in a dedicated folder at the

top of the tree. These are the "skeleton" on which the model is built.

. Suppress, Don't Delete: When exploring design alternatives, suppress features rather than deleting

them. This preserves design intent history and allows rapid comparison.

Performance Metric:

A well-optimized feature tree for a component with 50-100 features should rebuild in under 2 seconds on
recommended hardware. If rebuild times exceed 5 seconds, investigate feature order, circular references, or

excessive patterning of complex geometry.
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5.2 Assembly Constraints and Interference Logic

The true test of a CAD professional is not individual part modeling but assembly architecture—the art of
constraining components such that the digital assembly behaves as the physical one would, while remaining
flexible enough to accommodate design changes.

Workflow for Complex Assemblies (NOS CSC/N0448)

1. Optimized Base Modeling (PC1): Create primary geometry for each component while optimizing the
feature tree as described in Section 5.1. Reducing feature count ensures faster assembly rebuild times
and stable file references.

2. Ascribing Characteristics (PC3, PC4): Apply material density, surface textures, and vertex normals for
accurate physical and visual representation. A component without density cannot contribute to the
assembly's center of gravity calculation.

3. Assembly Constraint Strategy:

o Concentric (Coaxial): Aligns cylindrical faces. Used for shafts in bearings, bolts in holes, pins in bushings.
o Coincident (Mate): Brings two planar faces into contact. Used for flange faces, mounting surfaces.

o Distance/Offset: Maintains a specified gap. Used for clearance fits, spring compression limits.

o Angle: Constrains rotational orientation. Used for lever arms at specific angular positions.

o Tangent: Maintains tangential contact between curved surfaces. Used for cam-follower interfaces.

4. Degree of Freedom (DOF) Analysis: After constraining, verify remaining DOFs. A fully constrained rigid
component has zero DOFs. A sliding mechanism should have exactly one translational DOF. A rotating
shaft should have exactly one rotational DOF.

5. Interference Checking (Clash Detection): Run the assembly through the software's interference
detection tool. Set the analysis to check for both static interference (overlapping volumes at rest) and
dynamic interference (overlapping volumes through the range of motion).

Interference Fit vs. Clearance Fit vs. Transition Fit
ISO 286 Fit Classifications

ISO Symbol

Shaft/Hole Relationship E I Application
xamples

Clearance Fit Shaft always smaller than hole; free H7/g6, H8/7, Sliding shafts, spindles in plain bearings,

movement H9/d9 locating pins
Transition Fit ~ Shaft may be slightly larger or H7/k6, H7/n6 Bearing inner rings on shafts, dowel
smaller; precise location pins in reamed holes
Interference Shaft always larger than hole; H7/p6, H7/s6, Bearing outer rings in housings, press-
Fit requires force or thermal assembly H7/u6 fit bushings, permanent assemblies

In CAD, an interference fit will appear as overlapping geometry in clash detection. This is intentional and
must be documented in the BOM with a note: "Press fit assembly required — heat housing to 120°C before
insertion."
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5.3 Designing for CNC (Turning and Milling)

A professional at Level 4.5 must design with the machine in mind (KU11, KU12). CAM (Computer-Aided
Manufacturing) and CNC (Computer Numerical Control) are not separate disciplines—they are downstream

consumers of your CAD geometry. Every design decision either enables or constrains the CNC programmer's

ability to produce the part efficiently.

Design Rules for CNC Turning

Avoid Sharp Internal Corners: Turning tools have a nose radius (typically 0.4 mm or 0.8 mm). An
internal corner specified as "sharp” is physically impossible. Always specify a minimum internal radius >
tool nose radius. Use a relief groove (undercut) at the base of shoulders where a sharp corner is
functionally required.

Provide Relief for Threads: External threads require a relief groove at the termination point to allow the
threading insert to exit the cut. Without this groove, the thread will fade out gradually, creating a stress
riser.

Consider Length-to-Diameter Ratio: Unsupported turned shafts with L/D > 10 are prone to deflection
during cutting. Design with a center drill feature on the tailstock end for live center support, or specify a
steady-rest diameter.

Standardize Groove Widths: Use groove widths that match standard insert widths (2 mm, 3 mm, 4 mm,

5 mm). A 2.7 mm wide groove requires a custom tool or multiple passes.

Design Rules for CNC Milling

Internal Corner Radii = Cutter Radius: This is the most common DFM violation in milling. A pocket with
a square internal corner cannot be machined by a rotating end mill. The minimum internal radius must
be > the radius of the largest cutter that can access the pocket. For deep pockets, specify a radius that
increases with depth to account for tool deflection.

Avoid Deep, Narrow Slots: Slot depth-to-width ratio should not exceed 3:1 for standard end mills.
Deeper slots require specialized long-reach tooling that is prone to chatter and breakage.

Provide Tool Access Clearance: Features near walls or in corners must have sufficient clearance for the
tool holder. A 50 mm deep pocket with only 30 mm of overhead clearance cannot be machined—the
tool holder will collide with the part.

Flat Bottom Holes: Standard twist drills produce a conical bottom (118° or 135° point angle). If a flat-
bottom hole is functionally required, specify a counterbore or use an end mill for the final depth, and
note this on the drawing.

Understanding G-Code Logic

G-Code is the programming language that controls CNC machines (KU12). While you may not write G-code

directly, understanding its structure informs better design:

; Sample G-code for a simple turning operation
N10 G21 G9@ G95 ; Metric, Absolute positioning, Feed per revolution
N20 Me6 Tel1el ; Tool change to Tool 1, Offset 1 (roughing tool)
N30 G96 S200 Me3 ; Constant surface speed 200 m/min, Spindle ON

N4© GO X52.0 Z72.0 ; Rapid move to clearance position
N50 GO1 X48.0 FO.25 ; Linear feed to diameter 48 mm

N6@ GO1 Z-80.0 ; Turn along Z-axis to length 80 mm
N70 GOO X55.0 Z75.0 ; Rapid retract




N80 MO5 Me9 ; Spindle OFF, Coolant OFF
N9© M30 ; End of program

Key insight: G-code operates on tool center point coordinates. When you design a 48 mm diameter, the
tool tip moves to X=48.0 (diameter programming mode). Understanding this helps you appreciate why
sharp internal corners are impossible—the tool tip has a physical radius that cannot occupy a zero-radius
corner.



5.4 Pro-Tip: Managing Missing Dimensions

In professional practice, you will frequently encounter incomplete data—legacy drawings with missing
dimensions, verbal instructions from engineers, or incomplete specifications from clients (PC7, PC10). The
ability to make reasoned, documented estimates is a hallmark of the Level 4.5 professional.

The BASE Decision Framework

When faced with missing dimensions, apply the BASE framework:

e B — Base Information Review (PC7): Examine all available data for clues. Is the part symmetric? Are
there standard hole patterns? Does a mating part drawing provide the missing interface dimension?

e A — Apply Engineering Logic: Use industry standards and engineering principles to estimate missing
values. If a bolt circle is missing its diameter but uses M10 bolts, the standard pitch circle diameter for
that fastener class can be derived from ISO 273 or the machinery's handbook.

e S — Standardize the Assumption: Round estimated dimensions to standard preferred numbers (ISO 3
series: 1, 2, 5, 10, 20, 50, 100...). Avoid non-standard values like 23.7 mm when 25 mm is functionally
equivalent.

* E — Escalate and Document: Every estimated dimension must be flagged in the BOM (Bill of Materials)
and drawing notes for engineer approval. Use a specific note format: "DIMENSION ESTIMATED —
AWAITING ENGINEER VERIFICATION."

Critical Rule:

Never assume a missing dimension based solely on "it looks right" on screen. Screen resolution and zoom level
create optical illusions. A dimension that looks proportional at 50% zoom may be wildly inaccurate at 1:1 scale.
Always verify against a known reference or calculation.

Documentation Protocol for Estimated Dimensions

. . . . Confidence .

Dimension Basis of Estimate Approval Required
Level

Bolt circle @ 120 M10 bolts; standard PCD per ISO 273 = 120 HIGH Engineer review
mm mm for 6-bolt pattern
Wall thickness 8 Similar casting in product family; structural MEDIUM Engineer sign-off + FEA
mm analysis pending validation
Surface finish Ra General machined surface; no specific callout Low Quality engineer
3.2 on legacy drawing verification

The BOM and drawing must carry a revision note summarizing all estimated dimensions until formal

approval is obtained. This traceability is essential for professional accountability and audit readiness.
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Chapter 6: Visual Communication: Rendering and
Animation

6.1 Technical Storytelling and Client Buy-In

High-fidelity visualization is the tool of technical storytelling. In the Capital Goods sector, where
equipment purchases often involve capital expenditures of crores of rupees, the ability to demonstrate
assembly sequence, operational logic, and aesthetic quality before a single piece of metal is cut is a decisive
competitive advantage.

The Purpose of Technical Visualization

Unlike architectural or entertainment rendering, mechanical visualization serves specific engineering

communication purposes:

* Design Review: Photorealistic rendering reveals surface discontinuities, awkward proportions, and
ergonomic issues that may not be apparent in shaded wireframe views.

* Client Approval: A rendered image of the proposed machine tool in the client's factory context (with
accurate lighting and environment) builds confidence and accelerates procurement decisions.

¢ Assembly Documentation: An animated assembly sequence provides a visual manual that transcends
language barriers, clearly communicating the designer's intent to shop floor technicians.

* Marketing and Tendering: High-quality renders in tender documents and marketing collateral

differentiate your organization from competitors who submit only line drawings.

The Stakeholder Communication Matrix

Visualization Deliverables by Stakeholder Type

Stakeholder Preferred Visualization Key Information to Convey Typical Format

Engineering Section renders with Internal clearances, material High-res still images (4K PNG)

Manager annotations interfaces, functional logic with callouts

Client / End-User = Photorealistic exterior Overall appearance, scale, Marketing-quality renders
renders operator interface layout (8K+) with environment

Shop Floor Exploded view Assembly order, fastener MP4 video with step-by-step

Supervisor animation locations, torque sequence annotations

CNC Isometric views with Machining datums, stock size, Annotated technical views

Programmer stock envelope critical tolerance zones (PDF/EASM)

Safety Auditor Animation with guard Moving part envelopes, pinch Interactive 3D PDF or
transparency points, guard coverage eDrawings file
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6.2 Visualization Quality and Render Passes

Professional-quality rendering is achieved through systematic control of camera, lighting, materials, and
post-processing—not by accepting default render settings.

Visualization Quality Checklist (NOS CSC/N0449)
1. Camera Settings (PC5, PC6):

o Focal Length: Use 50-85 mm equivalent for product shots (mimics human eye perspective). Avoid wide-angle
lenses (<35 mm) for technical renders as they distort proportions.

o Camera Angle: Position the camera to highlight functional features. For machine tools, a 34 front elevation (30°
horizontal, 15-20° vertical) is the industry standard—it shows the front, side, and top in a single view.

o Depth of Field: Use subtle DOF (f/8-f/11 equivalent) to keep the entire product in focus while slightly blurring
the background. Avoid extreme DOF that obscures product details.

2. Lighting Configuration:
o Three-Point Lighting: Key light (60% intensity, 45° left of camera), Fill light (30% intensity, 30° right of camera),
Rim light (40% intensity, behind and above subject).
o HDRI Environment: Use a high-dynamic-range image for realistic ambient lighting and reflections. Factory-floor
HDRIs are available for industrial context renders.

o Shadow Quality: Enable soft shadows with at least 16 samples. Hard shadows look artificial; completely absent
shadows make objects appear to float.

3. Material Accuracy (PC4):
o Ensure textures reflect industrial finishes: anodized aluminum (subtle grain, matte reflections), cast iron (rough
surface, low reflectivity), machined steel (directional tool marks, medium reflectivity).
o Use physically-based rendering (PBR) material definitions with accurate roughness, metallic, and normal maps.
o Avoid "plastic-looking" metals by ensuring the metallic parameter is set to 1.0 for all metals and roughness is

appropriate to the manufacturing process.

4. Render Passes and Post-Processing:
o Render separate passes: Beauty pass, Ambient Occlusion pass, Depth pass, and Material ID pass.
o Composite in post-processing software to adjust contrast, add background, and fine-tune without re-rendering.

o Output at minimum 3840x2160 pixels (4K) for print-quality stills; 1920x 1080 at 30 fps for animations.

Pro-Tip: Render Budgeting

Allocate render resolution based on final use. A render destined for an A4 print at 300 DPI requires 2480x3508
pixels. Rendering at higher resolution than needed wastes time. Use region rendering to test small areas before
committing to a full-frame render.
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6.3 Mechanical Animation Logic

Animations in a mechanical engineering context (PC9) are not for entertainment; they demonstrate the
operation and assembly of the system. Every animation must have a clear technical objective and adhere to
physically realistic motion constraints.

Types of Mechanical Animation

Animation Types and Their Technical Purpose

Animation Type  Purpose Keyframe Strategy Typical Duration

Assembly Demonstrate the order and Linear explode along assembly axis; 60-120 seconds

Sequence trajectory of component components appear in BOM order. Use for assemblies
assembly; validate that all parts ~ "dissolve" transitions between major sub-  with 50-200
can be physically assembled assemblies. parts

without collision.

Operational Show the machine performing Cyclic keyframes; ensure motion starts 10-30 seconds
Cycle its intended function through and ends at the same position for per cycle

one complete cycle (e.g., seamless looping. Use velocity curves

clamping, cutting, retracting, (ease-in/ease-out) for realistic

ejecting). acceleration.
Maintenance lllustrate disassembly sequence  Step-by-step with pauses at each major 90-180 seconds
Procedure for service technicians; step. Overlay text annotations indicating

highlight access panels and tool type and torque values.

tool clearance requirements.

Kinematic Validate mechanism motion Physics-based simulation with gravity, Variable (driven
Study range; detect link interference; contact, and motor constraints. Export by mechanism
verify that actuators achieve displacement/velocity graphs. cycle time)

required stroke lengths.

Animation Best Practices

* Anchor the Base: The machine frame or base component must remain fixed in world space. All motion is
relative to this anchor.

® Use Sub-Assembly Grouping: Animate at the sub-assembly level, not individual component level,
unless the component motion is independent.

* Velocity Profiling: Real mechanical systems do not start and stop instantaneously. Apply acceleration
and deceleration ramps to all motions. A linear motion might use an S-curve velocity profile: 0.2s
acceleration, 0.6s constant velocity, 0.2s deceleration.

* Collision Detection During Animation: Enable real-time collision detection in the animation
environment. Pause and investigate any detected collision—it may indicate a design flaw or an overly
aggressive motion profile.



* Export Format: Export as H.264 MP4 (universal compatibility) at 30 fps. For interactive review, export as
3D PDF or eDrawings file that allows the recipient to rotate and zoom during playback.
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Chapter 7: Specialized Skills: Reverse Engineering

7.1 Measurement-to-Model Workflow

Reverse engineering is often the starting point for modern design, whether for maintenance of legacy
systems (where original drawings are lost), competitive analysis, or development of replacement parts for
obsolete equipment. It is the process of moving from the physical to the digital—extracting design intent
from an existing physical artifact.

The Physical-to-Digital Workflow (NOS CSC/N0450)

1. Preparation and Documentation:
o Photograph the physical part from multiple angles (minimum 6: front, rear, top, bottom, left, right) with a scale
reference (ruler or known-dimension object) in frame.
o Record the part's condition: wear patterns, corrosion, previous repairs, surface finish variations. These
observations inform later "idealization" decisions.

o Identify the part's function and interfaces. Which surfaces are bearing seats? Which are clearance faces? Which
are cosmetic?

o If possible, determine the original manufacturing method (turned, milled, cast, forged) as this influences the logic
of feature reconstruction.

2. Precision Measurement (Data Capture):

o Use vernier calipers for external dimensions, internal diameters, and depths with £0.02 mm accuracy.
o Use outside micrometers for critical diameters (bearing seats, seal surfaces) with +0.002 mm accuracy.
o Use dial bore gauges for internal bores; measure at three depths to detect taper.

o Use height gauges on a surface plate for step heights and shoulder locations.

o For complex freeform surfaces, use a CMM (Coordinate Measuring Machine) or 3D scanner to generate a point
cloud.

o Record all measurements in a structured inspection report with sketch annotations indicating measurement
locations.

3. Geometry Reconstruction in CAD:
o Begin with the primary datum features—the surfaces that locate the part in its assembly.
o Reconstruct features in the order they were likely manufactured. For a turned part: main diameter revolve first,
then steps, grooves, threads, and finally chamfers.

o Use the measured dimensions to constrain sketches. Where measurements vary (due to wear or manufacturing
variation), use the average of three measurements rounded to the nearest 0.01 mm.

4. Validation: Overlay the digital model on photographs of the physical part. Print a 1:1 profile view on
transparent media and overlay it on the physical part to check for gross errors. For critical features, re-
measure the physical part and compare to the model dimension.
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7.2 Troubleshooting Physical-Digital Discrepancies

When the digital model deviates from the physical part, a structured troubleshooting approach (GS3, KU18)
is essential. Discrepancies are not failures; they are data points that reveal information about the part's

history and manufacturing process.

The Discrepancy Troubleshooting Framework

Step

1. Identify

Systematic Approach to Physical-Digital Mismatches

Action

Quantify the discrepancy precisely. A
0.05 mm deviation on a bearing seat is
significant; a 0.5 mm deviation on a
cosmetic cover may be acceptable.

Key Question

Is the discrepancy a
measurement error, a CAD
software configuration

issue, or a real physical

Tool/Method

Repeat measurement
with different
instrument; verify CAD
units and scale factor.

deviation?

2. Analyze  Check if the physical part has worn down, Is the measured dimension  Wear pattern analysis;
corroded, or "drifted" from its original smaller (suggesting wear) comparison with
design intent. Compare with mating parts if  or larger (suggesting build- =~ unworn regions;
available. up or deformation)? review of mating part

dimensions.

3. Classify ~ Categorize the feature as: (a) Functional — What is the functional Functional tolerance
must be restored to original design intent; consequence if this stack-up analysis;

(b) Worn — can be idealized based on dimension is incorrect by consultation with
mating part requirements; (c) Cosmetic — the observed amount? design engineer.
approximate dimension acceptable.

4. Resolve  Apply innovative solutions to "idealize" the What is the best-fit ISO 3 preferred
geometry for modern CNC manufacturing dimension that satisfies number series;
while maintaining functional integrity. This functional requirements standard tolerance
may involve rounding to standard preferred = and is producible with tables; CAM feasibility
numbers, applying standard tolerance available manufacturing check.
classes, or modifying geometry to suit resources?
available tooling.

5. Record the discrepancy, the resolution Would another engineer Revision notes;

Document rationale, and the approval trail in the part's  reviewing this file in 5 years  inspection report;

revision history and inspection report.

understand why this
dimension was chosen?

engineer sign-off.
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7.3 ldealization for Modern Manufacturing

The final stage of reverse engineering is idealization—the process of adjusting measured dimensions to

create a design that is optimized for modern manufacturing while preserving functional compatibility with

the original system.

Idealization Principles

1. Round to Preferred Numbers: A measured dimension of 24.87 mm on a clearance feature likely

originated as a 25.00 mm design intent. Round to the nearest preferred number from the ISO 3 series
(R10, R20, or R40 series depending on precision requirements).

. Apply Standard Tolerance Classes: A measured bearing seat diameter of 30.012 mm (with some

measurement uncertainty) is almost certainly intended as a 30.00 mm k6 tolerance (30.000-30.013 mm).
Apply the standard ISO tolerance class that best fits the measured range.

. Rationalize Feature Geometry: Legacy parts may have non-standard chamfer angles (e.g., 43° instead

of 45°) due to manual machining or tool wear. Standardize to 45° unless functional analysis proves the
non-standard angle is intentional.

. Modernize Manufacturing Features: Replace obsolete features (e.g., square-bottom keyseats that

required broaching) with modern equivalents (end-milled keyseats with relieved corners) where
functional performance is equivalent.

. Preserve Interface Dimensions Absolutely: Dimensions that interface with existing mating parts must

be replicated exactly—no idealization. A shaft that fits into an existing bearing must match the bearing's
bore dimension and tolerance, period.

Case Study: Legacy Pump Shaft Reverse Engineering

A 40-year-old centrifugal pump shaft was reverse-engineered for replacement. Measurements of the bearing seat
showed 34.985-34.995 mm diameter. Analysis determined this corresponds to a 35.00 mm nominal with ISO k6
tolerance (35.000-35.016 mm), with the 0.005-0.015 mm undersize attributed to 40 years of wear and micro-
fretting. The digital model was created with the ideal 35.00 k6 dimension, and the replacement shaft assembled
perfectly with new bearings.

Lesson:

Distinguish between as-built, as-measured, and as-intended dimensions.

Reverse Engineering Documentation Package

A complete reverse engineering project delivers:

Inspection Report: All raw measurements with instrument details and measurement locations.
Deviation Analysis: Table comparing measured vs. idealized dimensions with justification for each
deviation.

3D CAD Model: Fully parametric model with idealized dimensions and standard tolerance callouts.

2D Manufacturing Drawing: Per ISO 128/ASME Y14.5 with all GD&T callouts.

BOM: Listing material specification, surface treatments, and any standard purchased components
identified.

Approval Record: Signed verification by the responsible engineer confirming the idealized design is fit
for purpose.




From the initial setup of your high-performance workstation to the advanced synthesis of reverse
engineering, you are now equipped to manage the lifecycle of mechanical design with professional
precision.
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Index of Key Terms

Term Definition Reference

ASME Y14.5 The definitive American standard for Geometric Dimensioning and Ch. 2,4
Tolerancing (GD&T), defining symbols, rules, and application practices
for engineering drawings. (KU1)

BOM (Bill of Materials) A comprehensive, structured list of all components, raw materials, and Ch.1,5
sub-assemblies required to manufacture a product, including part
numbers, quantities, material specifications, and procurement notes.

CAM (Computer-Aided Software that generates toolpaths and machine instructions (G-code) Ch.5
Manufacturing) from CAD geometry to control CNC machine tools. (KU11)

CNC (Computer Automated control of machining tools (lathes, mills, routers, EDM) via Ch.5
Numerical Control) programmed commands encoded as G-code. (KU12)

CSG (Constructive Solid A solid modeling technique that constructs complex 3D geometry Ch.5
Geometry) through Boolean operations (union, difference, intersection) on

primitive shapes and extruded/revolved profiles. (PC1)

Design Synthesizer The evolved role of a CAD professional who actively contributes to Intro
design decisions rather than passively documenting engineering
intent. Involves applying DFM principles, material knowledge, and
manufacturing constraints during the modeling process.

DFM (Design for The engineering practice of designing parts and assemblies such that Ch.3,5
Manufacturability) they can be efficiently and cost-effectively produced using available
manufacturing processes and standard tooling. (KU5)

Digital Twin A comprehensive digital representation of a physical asset, including Ch.1
geometry, material properties, kinematic relationships, and metadata,

used for simulation, validation, and lifecycle management.

GD&T (Geometric The standardized symbolic language used to define the allowable Ch. 4
Dimensioning and variation in form, orientation, location, profile, and runout of part

Tolerancing) features on engineering drawings. (KU15)

G-Code The programming language (ISO 6983 / RS-274) used to control CNC Ch.5

machine tools, specifying tool movements, spindle speeds, feed rates,
and auxiliary functions. (KU12)

Interference Fit A type of mechanical fit where the internal component (shaft) is Ch. 5
intentionally slightly larger than the mating hole, requiring force,
thermal expansion, or cryogenic contraction for assembly. Creates a
secure, non-slipping connection.

ISO 128 The international standard series governing the general principles of Ch.2, 4
presentation for technical drawings, including line types, views,
sections, and dimensioning conventions. (KU1)

MCAD (Mechanical The category of CAD software specifically tailored for mechanical Throughout
Computer-Aided Design)  engineering, including parametric solid modeling, assembly



NCO-2015

Plotter Calibration

Point Cloud

Sub-Sector Machine
Tools

Vertex Normals

management, and drafting capabilities. Examples include SolidWorks,
CATIA, NX, Creo, and Inventor.

The National Classification of Occupations (2015 revision) code system
used in India to standardize job role definitions and align them with
international occupation classification frameworks.

The process of adjusting large-format output devices to ensure that
printed dimensions accurately reflect the CAD model dimensions at
1:1 scale, typically within a tolerance of £0.2 mm per 100 mm. (PC2)

A collection of data points in 3D space, typically generated by 3D
scanners or CMM probing, representing the external surface geometry
of a physical object. Used as reference data for CAD model
reconstruction in reverse engineering.

The specific industrial niche within the Capital Goods sector for which
this NSQF qualification is designed, encompassing the design and
manufacturing of metal-cutting and metal-forming machine tools.

Unit vectors associated with each vertex of a 3D mesh that define the
surface orientation at that point. Used by rendering engines to
calculate how light interacts with the surface—determining shading,
reflections, and the perceived smoothness of curved surfaces. (PC3)

Ch. 1

Ch.3
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Ch. 1
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ISO 128 Series — Technical product documentation (TPD) — General principles of representation

ISO 286 Series — Geometrical product specifications (GPS) — ISO code system for tolerances on linear
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ISO 1101:2017 — Geometrical product specifications (GPS) — Geometrical tolerancing
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ISO 5459:2011 — Geometrical product specifications (GPS) — Datums and datum systems
ASME Y14.5-2018 — Dimensioning and Tolerancing

ASME Y14.100-2017 — Engineering Drawing Practices

NSQF/NOS References

NOS CSC/N0447 — Prepare and maintain CAD workstations and output devices
NOS CSC/N0448 — Create 3D solid models and assemblies for mechanical products
NOS CSC/N0449 — Generate photorealistic renders and animations

NOS CSC/N0450 — Perform reverse engineering from physical components

NOS CSC/N0451 — Prepare detailed manufacturing drawings with GD&T

National Classification of Occupations (NCO-2015) — Directorate General of Employment, India

Recommended Reference Books

Machinery's Handbook (Latest Edition) — Industrial Press
Geometric Dimensioning and Tolerancing by Alex Krulikowski
CNC Programming Handbook by Peter Smid

Engineering Materials: Properties and Selection by Charles R. Brooks

End of Handbook « NSQF Level 4.5 « Mechanical Engineering CAD

24



