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Updates

O Office hours:

C. Furlong, Instructor: M, Tu, Th, F from 9:00 to 11:00 AM
or by appointment

Rich Jorgenson, M, W, F @ 3:00 to 4:00 pm

O Two help sessions (attendance will be recorded):
Monday & Thursday @ 5:00 pm, HL-230

O Design Project: list of members (Tuesday, 01 September!!l)
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Force analysis. Free-body diagrams
Static equilibrium: forces

i Static equilibrium condition
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Force analysis. Free-body diagrams
Static equilibrium: forces

Forces acting on a particle or body (vectorial representation):
O F=0=4Fi+4F j+&aF,k
Null vector !!

Individual orthogonal components (scalar representation):
é. |:X =0 - Null - Scalar !!
é Fy =0
é. F, =0
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Force analysis. Free-body diagrams
Static equilibrium: moments

Static equilibrium condition
(vectorial representation):

iR

f 4 Mo =0
] Fl
m :
: Orthogonal components:
2 aMy, i+aM, j+aM, k=0i+0j+0k
0 2
Vectorial evaluation:
Moments
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Moment of a force: about z-axis

T Magnitude
of moment:

(Mo)z =K C”Qiy
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Moment of a force: about x-axis

‘o

Magnitude
@ of moment:

(Mo)x =F C"my

! =
. . . % &,
Mechanical Engineering Department gy



Moment of a force: null

Magnitude of moment
with respect to point O:
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Force analysis. Free-body diagrams
Dynamic equilibrium: scalar product

A
\ 9 — B Dot (scalar) product of
vectors A and B is:
A 1B =|A|B|cos(q) = ABcos(q)
Scalar !
-> C=A1IB

/\

Vectors

o =

. . . = =,

Mechanical Engineering Department Ru
186%



Force analysis. Free-body diagrams
Dynamic equilibrium: cross-product

C=AxB

~
C= A3B <ABS|n(q>uC

Wl

Scalar

Unit vector

C=ABsmné




Force analysis. Free-body diagrams
Dynamic equilibrium: forces and moments

0 " Dynamic equilibrium condition
\ / (vectorial representation) :
m - —
akF=ma
/ - F,
F;
0 - ’ (Hg = angular momentum)

Forces )

Dynamic equilibrium condition 7 ]

(vectorial representation) : m : '
Ea_hﬂ(;::F#G }
with 0 4

Moments
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Force analysis. Free-body diagrams
Dynamic equilibrium

Demonstration (in class; review of scalar and cross-products) of:

A Mg =Hg wih He =l +lyayj+1.ak

F=ma

(Center of gravity of entire body)
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Force analysis: example

The 50 Ib force acts on the gear in the direction shown. Determine the moment of
this force about the y-axis.
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Equivalent systems

Force translated along its line of application:

Idealization: similar effects at the support
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Equivalent systems

Equivalent force and couple/moment system:

Idealization: similar effects at the support
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Equilibrium of rigid bodies: equivalent systems

FB 7= _FA
h)

| Two-force member
Two-force member E
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Distributed loads
Equivalent systems

o w=160xN/m 1440 N/m

L

VY

Original 3D problem

Equivalent system
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Free-body diagrams

Operator applies 20-Ib to pedal
stretching spring by 1.5 in.

la)

Actual mechanism

20 1b

Schematic representation:
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Free-body diagram:
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Force analysis. Free-body diagrams

5 Number of
> f/ unknowns ? "= Pl
i\ Equilib. Equations? v
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Force analysis. Free-body diagrams

Draw free-body diagrams of (a) entire frame, and (b) each of the
components
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Reading assignment

O Chapter 3 of textbook
0 Review notes and text: ES -2501, ES-2502

Homework assignment

O Aut h o CaBesstudy 4A, 3-2A, 3-2B
0 Solve: 3-1, 3-4, 3-8, 3-10
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