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Stress + Strain

Definitions FOS : ultimate strength
allowable stress

o = F force

el .
el

A cross section area

a

E = 1 - 10 L : final length
lo lo : initial

Elastic Region : slope in elastic region measures stiffness E (young mod)
· High E means stiffer material
· Elastic deformation is reversible material returns to original shape14 " Proportional Limit : max point where o are directly proportional

Yeild Point : Stress of which permanent (plastic) deformation occurs.
· some materials have distinct yeild point others you can find using
the offset method (a) (eg .

0
.
2% strain) to find yeild strength.

Plastic Region : irreversable deformation when material stressed beyond yield

Ultimate Tensile Strength : max stress before necking will occur.

Neching : localized reduction in cross sectional area before fracture

Fracture : the point at breahage. Brittle fracture little to no plastic deform.
Ductile has sig plastic deform before fail.



Ductile vs Brittle stress strain curves :

Ductile Hookes Law

u = f ↓
·

· Elastic region
: linear slope up

of to yeild point

Plastic region : Stress remains const

as Strain ↑ then stress
↑ as material strengthens due to defor
then localized thinning precedes
fracture.

Brittle Material : Elastic region linear until sudden fracture with no plastic
Low strain to failure (remember whatEformula is

Aluminum us Steel SS Curre
Aluminum :

· Lightweight % density of steel
Lower stiffness and strength
· Lower YM simplifies forming
· Density : 7. 85 glam

3

· Losses Strength at temps - 200
°

C
· Naturally forms protective oxide layer

Steel :

Higher strain hardening as deforms plastic
· Most mild/low carbon steels exhibit · Higher elongation before fracture
yeild point phenomenon YPP.

· YPP occurs be carbon atoms at interstitial sites of steel microstructure that

require high stress to slip (Y, ) but stress falls after dislocation lines morepasty,
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Beam Bending : when a mechanical member is subjected to pure
bending due to an applied load

tension

n u
compression

O-bending stress
Flexture Formula : 0 : -My M: moment due to load

I I : second moment of inertia

Moment of Inertia : denoted as I quantifies resistance of cross sectional area

to bending or rotation .

b Since his cubed

s for rectangular geometry : I
: bh h it has larger effect on I
12

-Parallel Axis Theorem : allows you to calculate moment of inertia of

cross sectional area about axis parallel of centroidal one.

Farallel : Fentroid + Ad
Ex

.
rect beam has width 1000m height h= 200 ·

Calc

moment inevita about base of reat.

Deflection of Cantilevered Beam ~t: BE
Smax : PL" Point load & free end

3EI

Smax =w(4
8El

Smax: ML" applied moment of free end

LEL

You can reduce S by: PLLPE4I



Shear Force and Bending Moment Diagrams

Cyclical Loading : Fatigue
· Fatigue is the progressive and localized structural damage that occurs when
material is subject to repeated loading and unloading cycles.

· We can use stress life curves to predict # of cycles (N) a steel member

can endure at given cyclical stress (5)
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Modes of Heat Transfer

Conduction Convection Radiation

ID heat transfer heat transfer heat transfer through
through material from surface electromagnetic waves to

to moving
fluid one surface to another

T

. L T2 1

2 & Too9 ItTsa": ~
Ts

T,T2 A
,y..... ha S2PT2

↳ : thermal conductivity ho : arg convective 9r = A
,
F-zo(T,

"
- T
,") = T. - Tz

heat transfer Ri
Fourier's qu : kA/T. -T2) Newton's cooling law
Law

L Ec : hcAlTs-Too) Ru = T
. -T

A, F . 20 (T,
"
- Tz")

Thermal 94 : T. - To Ru : L [c : Ts - Too Re:
Resistance

Rh ↳ A Ra naA

q
= heat transfer rate (w)

Conduction : heat transfer from more energetic to less energetic particles



3 laws thermodynamics ① conservation of energy
: used to find energy heat loss efficiency

② disorder increases
.
As disorder↑ energy transformed into

less usable forms. Efficiency will be always
<100%

& molecular movement stops & absolute zero-273
°

C
.
At this terry perfect crystal no disorder.
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6) &T :

system to define and communicate tolerances on engineering
drawings. It provides info on shape, size positional relationship and
allowable error for form and position.

Difference between coordinate/size and geometric tolerance :

size geometric Modifier GDET Symbols

Geometric Characteristic Symols
&

Individual features application

&

↳ doesn't depend on neighboring features

Related Features application

F/R Types of Parts
Axis synetry parts

R

Prismatic parts
- planar surfaces

Based on type of part,
we must choose 14 &

symbols to fabricate it 3D Contour Parts

- linear + circular surfaces



Form Control (4 Symbols
Straightness 2 types : surface straightness and axis straightness

Surface feature control

frame
t

Axis

Example

straightness without GDET : Straightness with GDET

Maximum Material Condition M

use mus when part function depends on fit and assy clearance

L when part function depends on strength materal , or minimum wall thickness



Flatness : Only applied to prismatic parts where you have planar surface

3 Step Verification

I Size within drawing limits

2 Part has to be in boundary of
max material condition

3 Peak & valley difference

Circularity : only applied to axis symmetry parts w/ circular x-section

Cylindricity :

straightness and circularity both for axis symmetry part



Orientation Control (3 symbols
Datum : used to create a relationship between surface we want to control

and existing surface

Datum Feature : Feature on the object that is restrained

Datum : theoretical perfect surface corresponding to the feature

datum

Datum Simulator : real imperfect surface used to imobaliza part tocyprox perfect

· Part in space has 6 degrees freedom

· If
you hold datum feature against

datum sim 3 DOF are constrained

· Hold against two sims then 5 DOF X
· Hold against 3 cims then part imobile

Datums establish datum reference

frame (coord syst to inspect feature
· Order of which datums applied matters

be all real surfaces are imperfect.

--



Parallelism : controls how close feature is to being parallel with a datum

2 Angularity :

Perpendicularity :
same as parallelism but 90



Location Control /3 symbols)(position best
Position : defines maximum distance a plane or axis can be away

from theoretically exact position used to define location of holes

True Position : theoretically exact position of the feature called out by basic himen

3 Problems w/ coordinate dimensioning
1
. Rectangular tolerance zone 57% larger
2. tolerance can't change Using M based on feature size

3. doesn't give you
reference to measure from

Another advantage of GDET is that allows you to explicitly define relevant datums! and what order they should be considered.
· Primary datum is usually choan
as the one perpendicular to
axis of hole.



Profile of a Surface : follows the chage of the feature with width of syccified tolerance

must be !⑤to A

Profile of a Line

Da



Runout
Runout : used to describe the eccentricity of a surface relative to a particular

axis

Circular Runout : controls the roundness of individual cross sections of a feature

relative to a datum axis

Similar to circularly except runout

was katums so toleranc zones must be centers

on the datum axis .

Circularity us Runout?
slice cucumber 12 check if round

↑

show cucumber and check if it wobble

↑ Iguarnteefeatureisrouna exis
Total Runout used to control runout in axial direction as well so tolerance

Zone is defined by two concentric cylinders

Circular Runont : hold marker on outside
of tire and rotate. low wobble means

runout good. Lot of nobble is bad

Total Runont : More marker along width

of fire as you rotate line should be
smooth for low runout
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Design for Manufacturing 

tolerances of 0 .
1 (general) to10

.025
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