Example of 2-D Stick Drawing and 3-D Portrait Drawing	Comment by Johnson, Lila: For any graphic without a text translation table below it, please only translate the title immediately below the original title.
[Translated Title]
[image: ]       [image: ]

Egyptian Art with One Side View and Greco-Roman Art with Front and Side View
[image: ]  [image: ]

2-D and 3-D Drawings of a Hex Nut
[image: ]  [image: ]








Technical Drawing of a Turned Part
[image: ]

2-D Plan
[image: ]










2-D Elevation
[image: C:\Users\a.rutherford\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\T77L8D02\Elevation Karen J. Klaassen.jpg]


2-D Section	Comment by Johnson, Lila: For any graphic with a text translation table, please translate the title directly below the original title, and include the translation of the text in the right side of the table
[Translated Title]
[image: ]
	Conventional rotation
	

	Conventional section
	

	Correct
	

	Not recommended
	





2-D Orthographic Projection or Multi-View Drawing
[image: ]

3-D Projection
[image: C:\Users\a.rutherford\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\T77L8D02\3-D PROJECTION BeamPostPad Karen J. Klaassen.jpg]



3-D Section
[image: ]
	The object
	

	Cutting plane line
	

	Resulting section
	



3-D Axonometric
[image: ]
	Isometric
	

	Dimetric
	

	Trimetric
	












2-D CAD Technical Drawing	Comment by Seitz, Anita: This graphic has a Texthinweis, use original image
[image: ]

3-D Exploded View
[image: ]
	Low-gain antenna (2)
	

	Axial science instrument module (3) and COSTAR
	

	Optical telescope assembly: Focal plane structure
	

	Fine guidance optical control sensor (3)
	

	Optical telescope assembly: Primary mirror and main ring
	

	Central baffle
	

	Secondary mirror baffle
	

	Optical telescope assembly: Secondary mirror assembly
	

	Support systems module: Forward shell
	

	High gain antenna (2)
	

	Magnetic torquer (4)
	

	Light shield
	

	Aperature door
	

	Magnetometer
	

	Solar array (2)
	

	Main baffle
	

	Optical telescope assembly: Metering truss
	

	Support systems module: Equipment section
	

	Optical telescope assembly: Equipment section
	

	Radial science instrument module (1)
	

	Fixed head star tracker (3) and rate gyro assembly
	

	Support systems module aft shroud
	



Right and Left Brain Functions
[image: ]
	Brain lateralization
	

	Left
	

	Right
	

	Analytical thought
	

	Detail oriented perception
	

	Ordered sequencing
	

	Rational thought
	

	Verbal
	

	Cautious
	

	Planning
	

	Math/science
	

	Logic
	

	Right field vision
	

	Right side motor skills
	

	Intuitive thought
	

	Holistic perception
	

	Random sequencing
	

	Emotional thought
	

	Non-verbal
	

	Adventurous
	

	Impulse
	

	Creative writing/art
	

	Imagination
	

	Left field vision
	

	Left side motor skills
	



Design Process Thinking
[image: ]
	Understand
	

	Observe
	

	Synthesis
	

	Ideation
	

	Prototyping/testing
	

	Implementing
	












Five Phase Design Process

	Specify need
	

	Concept development
	

	Preliminary or schematic design
	

	Detailed design development
	

	Final construction drawings
	



Sketching on a Clipboard
[image: ]



Sketching on a Computer Pad, a Quick Computer Sketch, and an MSWord Sketch
[image: ] [image: ] [image: ]

CAD Drafting with Autodesk Software
[image: ]

Technical Sketches from Leonardo Da Vinci’s Sketchbook
[image: ] [image: ]



Simple Drawing Board and T-Square and Table with Parallel Bar
[image: ] [image: ]
	Drawing table
	



Drafting Arm in Use
[image: ]

SolidWorks
[image: ]


Standard Paper Sizes for Metric and Inches
 [image: ] [image: ] [image: ]
	Letter
	

	Ledger, tabloid
	

	Legal
	

	Arch paper sizes
	

	E1 = 30” x 42”
	

	34 in
	

	8.5 in
	

	17 in
	

	11 in
	

	41 in
	

	22 in
	



Example Title Block
[image: ]
	Responsible department
	

	Technical reference
	

	Creator
	

	Approval person
	

	Document type
	

	Document status
	

	Title
	

	Identification number
	

	Rev.
	

	Date of issue
	

	Sheet
	

	Wikimedia Commons
	

	P&I diagram
	

	First issue
	

	Feed unit with tank
	



Advantages and Disadvantages of Different Techniques	Comment by Johnson, Lila: Please translate the text of this table into the empty table below
	Sketching

	Strengths
· Quick
· Manual sketching may enhance thought process
· Easy communication
	Weaknesses or opportunities
· Does not look professional or finished
· Lettering may add to professional look. 
· Adding a bit of texture or color may enhance the sketch.

	Manual drafting

	· Off the grid back-up
· Better understanding of construction methods and design processes
· Can be personally rewarding 

	· Consumes time and time is money
· May not be as accurate as computer
· Useful when electronics or computers are not available (as in remote areas of some third world or island countries)

	Computer drafting

	· Most accurate 
· Less time consuming than manual drafting
· Modeling software can create prototypes or products using CAM.
	· Errors can occur with inexperienced CAD operators.  With experience, errors diminish.
· Save often to avoid losing work in case of computer crashes. 





	
	
	

	
	
	

	
	
	 



Architect (Frank Gehry) Sketches
[image: ]

Drawing Board with T-Square and 45° Triangle
[image: ]

Pencil Choices
[image: ] [image: ]

Portable Electric Eraser
[image: ]







Drawing Paper
[image: ]

Sharpening the Pencil
[image: ]

Technical Pens
[image: ]

Holding the Pencil
[image: ][image: ][image: ]

Geometric Terms: Circles and Curves
[image: ][image: ]

	Arc
	

	Chord
	

	Center
	

	Radius
	

	Diameter
	



Drawing Ellipses
[image: ]

Sketching and Shading Forms
[image: ]

Perspective Drawing
[image: ]
	1 pt perspective
	

	Horizon line
	

	2 pt perspective
	

	3 pt perspective
	













Comparison of Graphic Projections
[image: Comparison of several types of graphical projection]
	Perspective
	

	Elevation (multiview)
	

	Plan (multiview)
	

	Isometric (axonometric)
	

	Dimetric (axonometric)
	

	Trimetric (axonometric)
	

	Military (oblique)
	

	Cavalier (oblique)
	

	Top-down (oblique)
	








Three Axonometric Projections
[image: ]
	Trimetric
	

	Dimetric
	

	Isometric
	



Isometric Projections
[image: ]
Hinweis: Please use original image






Common Isometric Forms
[image: ]

Isometric SpaceX Projection
[image: ]
	SpaceX Corporation Dragon C-2
	

	Isometric view
	



Isometric Grid
[image: ]
Everyday Isomeric Projections
[image: ]

More Everyday Isometric Projections
[image: ]

Dimetric Projections
[image: ]
	Dimetric
	



Trimetric Projections
[image: ]
	Trimetric
	



Trimetric Projection
[image: ]

Assignment Three: Sketch the Following Drawing
[image: ]
	Flywheel
	

	Airbearings
	

	Shaft
	

	Cup with viscous fluid
	






Assignment Four: Accurately Sketch the Following Drawing
[image: ]

Self-Check Question, Unit 2.2
[image: ]
	30 degrees
	



Options for Projections
[image: ]

	Graphical projections
	

	Parallel projections
	

	Perspective projections
	

	Orthographic
	

	Oblique
	

	1-Point
	

	Multiview
	

	Axonometric
	

	First-angle
	

	Isometric
	

	Cabinet
	

	2-point
	

	Third-angle
	

	Dimetric
	

	Cavalier
	

	3-point
	

	Plan
	

	Elevation
	

	Trimetric
	

	Military
	

	Curvilinear
	



Projection on to Picture Plane
[image: ][image: ]






Architectural Projection
[image: ]
	Floor plan
	

	South elevation
	

	East elevation
	

	West elevation
	



Three View Projection: Example A
[image: ]
	Top view
	

	Front view
	

	Side view
	

	Top
	

	Side
	

	Front
	



Three View Projection: Example B
[image: ]
	Projection lines
	

	Top
	

	View
	

	Right
	

	Side
	

	Front
	



Three Panel Microchip
[image: ]
Six Primary Views
[image: ]
	Top
	

	Back
	

	Right
	

	Left
	

	Bottom
	

	Front
	



Analyze Complex Forms
[image: ]






Two-Panel View
[image: ]
	Top view
	

	Front view
	



Three-Panel View	Comment by Seitz, Anita: This graphic has a Texthinweis, use original image
[image: ]

First and Third Angle Determination
[image: ]
	Second angle
	

	First angle
	

	Fourth angle
	

	Third angle
	

	Vertical plane
	

	Horizontal plane
	

	Profile plane
	



First Angle Projection
[image: ][image: ]
	(a) An object
	

	(b) Six views in first angle
	









Third Angle Projection
[image: ][image: ]
	Left side
	

	Front
	

	Back view
	

	Top view
	

	Left side view
	

	Front view
	

	Right side view
	

	Bottom view
	



Auxiliary Views
[image: ][image: ]
Hinweis: There are 2 images here, they should be side by side in the graphic
	Front
	

	R. side
	

	Auxiliary section
	

	Section A-A
	

	Front view
	

	Right side view
	



Section Cut
[image: ]
	Section AA
	



Full Section Cut
[image: ]
	Section lines
	

	Full section
	

	Note: Lining may be angled in either direction
	



Section Lining Materials
[image: ]
	Cast iron
	

	Steel
	

	Bronze/brass
	

	Aluminum
	



Half Section Cut
[image: ]
	Cutting plane line
	

	Center line
	

	Visible line
	





Aligned Section Cut	Comment by Johnson, Lila: This graphic has already been translated but is used a second time in the script with a different title. Please only translate the title.
[image: ]



Cutting Plane Offset
[image: ]
	Cutting plane offset
	




Architectural Section Cut
[image: ]





Removed Section Cut
[image: ]
	Full extrude cut
	




Isometric Drawing Cut
[image: ]









3-D Isometric Cut
[image: ]

3-D Assembly Drawing
[image: ]






	







Exploded View of Gear Pump Computer Rendered
[image: ]
	Case seal
	

	Drive gear
	

	Suction port
	

	Seal
	

	Drive shaft
	

	Mounting flange
	

	Pressure port
	

	Bushings
	

	Idler gear
	













Exploded View of Bicycle
[image: ]

Exploded View of Gear Pump
[image: ]


Cutaway Views
[image: ][image: ][image: ]

Line Types
[image: ]
	Part outlines
	

	Heavy
	

	Section lines
	

	Light
	

	Hidden lines
	

	Medium
	

	Center lines
	

	Dimension and extension lines
	

	Cutting plane
	

	Break lines
	



Break Line Examples
[image: ]
	Short break (thick)
	

	Long break (thin)
	

	Cylindrical break (thick)
	



Cutting and Viewing Plane Lines
[image: ]

Phantom Line Example
[image: ]
	Thin
	







Technical Drawing of a Screw Joint
[image: ]

Cutting Planes and Center Lines
[image: ]        [image: ]         [image: ]
	Cutting plane takes precedence over center lines
	

	Identification letter not required if only one section shown
	

	Sec. A-A	Comment by Johnson, Lila: Abbreviated “Section”
	

	Sec. B-B
	

	Cutting plane offset
	





Proper Hidden Line Use
[image: ]
	Correct
	

	Incorrect
	



Leader Line
[image: ]
	Leader line
	

	Thin
	









Anatomy of a Dimension Line and Arrow
[image: ]
	Arrowhead
	

	Dimension line
	

	Extension line
	

	1.5 mm gap
	



Incorrect Example of Dimensioning
[image: ]

Proper Annotation in Metric and Decimal Inches
[image: ]
	Dimensioning
	

	Millimeters
	

	Inches
	

	Use zero in front of decimal.
	

	Omit trailing zeros and decimal.
	

	Do not use commas or spaces.
	

	Do NOT use zero in front of decimal.
	

	Use the same number of decimal places as the tolerance
	



Angle Dimensioning
[image: ]

Solving Discrepancies

	Written word
	

	Numerical notation
	

	Drawn line
	




Dimensioning Drawings
[image: ]




Arc and Circle Dimensioning
[image: ]
	Correct
	

	Incorrect
	



Isometric Dimensioning
[image: ]







Baseline Dimensioning
[image: ]
	(REF)
	



Field Notes with Running Dimensions
[image: ]

Practice Lesson
[image: ]

Flat and Curved Surfaces
[image: ]
	Ball end mill
	

	Free-form surface
	

	Free-form path
	



All Surfaces Have Deviations
[image: ]



Nominal
[image: ]

Actual
[image: ]

Measured
[image: ]
	Roughness separated using a “robust” filter
	

	Roughness separated using a Gaussian filter
	

	Trace length
	

	Profile height
	

	Primary profile (black)
	

	Waviness (red)
	

	Roughness (blue)
	

	6.5	7.0	7.5	8.0	8.5
	

	Ra = 0.516
	

	Rsk = —2.284
	

	RzDIN = 3.697
	

	Ra = 0.492
	

	Rsk = —3.617
	

	RzDIN = 3.809
	

	Wt = 0.496
	



Profilometer
[image: ][image: C:\Users\Karen\Desktop\IUBH\FILES Unit 5\DSC_0556 Measuring Device Close.JPG]

Roughness and Waviness
[image: ]
	Wave spacing
	

	Green line is wave
	

	Nominal geometry
	

	Roughness indicated by orange
	



Waviness
[image: ]
	Normal surface
	

	Nominal surface
	

	Rough surface
	

	Roughness
	

	Wavy surface
	

	Waviness
	

	Wavy surface with roughness superimposed
	

	Combined waviness and roughness
	



Symbols for Surface Deviations
[image: ][image: ]
Hinweis: Please put all 4 tables in one graphic
	Form
	

	Straightness
	

	Flatness
	

	Circularity
	

	Cylindricity
	

	Profile
	

	Profile surface
	

	Profile line
	

	Orientation
	

	Parallelism
	

	Perpendicularity
	

	Angularity
	

	Location
	

	Concentricity
	

	Position
	

	Symmetry
	



Ra
[image: ]

	Mean height line
	



Ra and Rq
[image: ]

	Mean height
	



Rz
[image: ]
	Rz1max
	



Surface Finish Symbol
[image: ]                      [image: ]

	 H is the height of the font used elsewhere on the drawing
	

	3H if used
	

	Surface
	

	1.5H
	

	3H
	



Graphic Surface Finish Symbols
[image: ]
	Optional production method (not machining)
	

	Inadmissible: No material removed
	

	Required removal of material (by machining)
	

	Circle indicates same surface required on the entire workspace
	











Example Use of Surface Symbols
[image: ]
	Mill	Comment by Johnson, Lila: This replaces the word “Frezowac” in the original graphic
	

	Ra 0.8
	

	Ra 1.6
	

	Ra 3.2
	

	Ra 6.3
	

	Ra 12.5
	



Example Surface Finish Specification
[image: ]
	Secondary surface parameter
	

	Manufacturing method
	

	Minimum material removal
	

	Material removal not allowed
	

	Lay
	

	Parallel
	

	Perpendicular
	

	Cross-hatch
	

	Multi-directional
	

	Circular
	

	Radial
	

	Particulate
	

	Material removal required
	

	Surface parameter
	

	D F S-L/Rz N C V
	

	Tolerance direction: upper (U) or lower (L)
	

	Filter type, for example, “2RC”
	

	Short filter cutoff for removing noise
	

	Long filter cutoff for removing waviness
	

	Profile type: primary (P), waviness (W), or roughness (R)
	

	Parameter type, for example, “a” for Ra or “3z” for R3z
	

	Assessment length: multiple of sampling length, usually five
	

	Comparison rule: “max” for 100 percent, “16%” for 116 percent
	

	Specified value in micrometers
	




Nanoscale
[image: ]
	DNA
	

	2.5 nanometers diameter
	

	Bacterium
	

	2.5 micrometers long
	

	Large raindrop
	

	2.5 millimeters diameter
	

	Single-walled carbon nanotube
	

	1 nanometer diameter
	

	Strand of hair
	

	100 micrometers diameter
	

	House
	

	10 meters wide
	

	Nanoparticle
	

	4 nanometers diameter
	

	Ant
	

	4 millimeters long
	

	Indianapolis motor speedway
	

	4 kilometers per lap
	



Tolerance Limits
[image: ]
	Nominal
	

	Maximum upper limit
	

	Tolerance
	

	Minimum lower limit
	



Feature Control Frame
[image: ]


GDT Notations
[image: ]
	Symbol
	

	Description
	

	Geometry
	

	Modifier
	

	Angularity
	

	Orientation
	

	Concentricity
	

	Location
	

	Cylindricity
	

	Form
	

	Flatness
	

	Form
	

	Parallelism
	

	Orientation
	

	Perpendicularity
	

	Orientation
	

	Position
	

	Location
	

	Profile
	

	Profile of a line
	

	Circularity
	

	Runout
	

	Straightness
	

	Symmetry
	

	Total runout
	

	Free state
	

	Least material condition
	

	Maximum material condition
	

	Projected tolerance zone
	

	Regardless of feature size
	

	Tangent plane
	

	Unilateral
	



General Tolerance Note
[image: ]
	Indication of tolerance with dimension measurement of circle diameter
	

	General tolerance note
	



Size Tolerance
[image: ]

Form Tolerance—Roundness
[image: ]
	Or
	



Form Tolerance—Flatness
[image: ]
	Or
	





Profile Tolerance
[image: ]

Perpendicularity Tolerance
[image: ]
	Provides 0.2 wide tolerance interval of hole axis
	






Location—Position (Example I)
[image: ]


Location—Position (Example II)
[image: ]

	Circular Runout
	


[image: ]

	Interference Fit
	



[image: ]
	Solid rod
	

	Shaft with hole
	

	Shaft sleeve with hole
	

	Clearance fit
	

	Interference fit
	

	Space between size of hole and shaft sizes
	

	Minimum hole = maximum shaft size
	

	Section view
	

	Shaft with hole
	

	Shaft sleeve
	



Basic Size and IT Grades for Minimum and Maximum Sizes
[image: ]
	Upper deviation
	

	Lower deviation
	

	Fundamental deviation
	

	International tolerance grade
	

	Max. size
	

	Min. size
	

	Basic size
	



Type of fit Based on ANSI/ASME Nomenclature	Comment by Johnson, Lila: Please translate this table into the empty table below
	Basic
	Basic Internal     
	External Type of Fit
	 ISO TYPE

	H11/c11
	C11/h11      
	Loose running fit
	Clearance

	H9/d9
	F8/h7     
	Close running fit
	Clearance

	H8/f7
	F8/h7       
	Sliding fit
	Clearance

	H7/g6
	G7/h6    
	Sliding fit
	Clearance

	H7/h6
	H7/h6      
	Locational clearance fit
	Clearance

	H7/k6
	K7/h6      
	Locational transition fit
	Transition

	H7/n6
	N7/h6       
	Additional accuracy locational transition fit
	Transition

	H7/p6
	P7/h6     
	Locational interference fit
	Interference

	H7/s6
	S7/h6       
	Medium drive fit
	Interference

	H7/u6
	U7/h6       
	Force fit
	Interference



	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



Tolerance Table for Limits and Fits 
[image: ]
	Clearance fits
	

	Transition fits
	

	Interference fits
	

	Holes
	

	Shafts
	

	Basic size (mm)
	

	Above
	

	Up to and incl.
	

	Upper and lower deviations for tolerance class (values pm)
	



Tolerance Accumulation
[image: ]
	Surface
	















Practice Lesson—Tolerance Stacking
[image: ]
	N.T.S. (Not to scale)
	

	Tolerance
	



Industrial Revolution
[image: ]
	Mechanization, water power, steam power
	

	Mass production, assembly line, electricity
	

	Computer and automation
	

	Cyber physical systems
	



Standard Screws
[image: ]

Screw Threads
[image: ][image: ] 

	Depth
	

	Pitch
	

	Minor diameter
	

	Pitch diameter
	

	Major diameter
	

	Internal thread
	

	External thread
	

	Axis of screw thread
	








CAD Standardized Parts Selector
[image: ]
	Standard parts selector
	

	Name
	

	Description
	

	Collections
	

	Ordered by co…	Comment by Johnson, Lila: For any partial words: Please just translate what is known and replace the partial words with ellipses
	

	Bearings
	

	Various ball be…
	

	Connecting bars
	

	Bars connecti…
	

	I-Beam profiles …
	

	Various rolled i…
	

	Hollow sections
	

	Hot finished s…
	

	Hexagon fasten…
	

	Various standa…
	

	DIN933
	

	Hexagon head …
	

	ISO4017
	

	Name:
	

	Description:
	

	Hexagon head screw
	

	Status:
	

	Active
	

	Key
	

	l (mm)
	

	Add part
	

	Standard parts selector
	

	Vista combinata
	

	Report
	

	Bullone test : 1*
	

	Console Python
	


HH

Written Word


Numerical Notation 


Drawn Line



SPECIFY NEED


CONCEPT
DEVELOPMENT


PRELIMINARY OR SCHEMATIC DESIGN


DETAILED DESIGN DEVELOPMENT


FINAL CONSTRUCTION DRAWINGS
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