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Force analysis. Free-body diagrams
Static equilibrium: forces

Arbitrary component
under load

Concentrated force _ o N
idealization Static equilibrium condition

(vectorial representation) :
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‘\ Surface
force

Body

Linear distributed force
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Force analysis. Free-body diagrams
Static equilibrium: forces

Forces acting on a particle or body (vectorial representation):
Zon => K |+ZFyJ+ZFZ Kk

Null vector !l

Individual orthogonal components (scalar representation):

ZFX -0 - Null - Scalar !!




Force analysis. Free-body diagrams
Static equilibrium: moments

Static equilibrium condition
; (vectorial representation):

Mo =0
f, -
m : :

i
Orthogonal components:
rf - - - -
- 2 My T2 My J+ 2 M, K =0i+0j+0K

0 )

Moments Vectorial evaluation:

Zri x fi +Zri xF =0
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Force analysis. Free-body diagrams
Static equilibrium: moments

C=AxB C:/AXB:<ABSin(9>UC

W el

Scalar

Unit vector

C=ABsiné@




Moment of a force: about z-axis

&

Magnitude
of moment:
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Moment of a force: about x-axis

N Magnitude
@ of moment:
(Mo)x =Fz -dy

g =
. . . 2 5
Mechanical Engineering Department @y NS



Moment of a force: null effect

Magnitude of moment
with respect to point O:

MOZO
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Force analysis: example

The 50 |b force acts on the gear in the direction shown. Determine the
moment of this force about the y-axis.

[=501b Approach:

1) Determine x-y-z
components of applied
force

2) Compute moment about
y-axis
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Equivalent systems: are they really?

Force translated along its line of application:

|dealization: similar effects at the support ??
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Equivalent systems: are they really?

Equivalent force and couple/moment system:

M=rxF

|dealization: similar effects at the support ??
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Equilibrium of rigid bodies: equivalent systems

Fp=-F,
(b)

Two-force member Two-force member

*




Distributed loads: equivalent systems

1 w=160xN/m 1H0Nw
Original 3D problem ¥ ¥ ¥ ll l II -
----- 7200 Pa = s O

Equivalent system

NTEC
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Free-body diagrams

Schematic representation:
Operator applies 20-Ib to pedal 201b

. - - /-\
stretching spring by 1.5 in. B .s,,,,
l m.
el
S, ——
{b)
Free-body diagram:
201b Ky
(H ‘
\B Y 1.5 in
\\\ A‘,‘ Wb 4
A Cﬁ lﬁn
e
(a) (B— A4 3 A,
Actual mechanism i._ Sin
A,
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Force analysis. Free-body diagrams

Number of unknowns ?
Equilib. Equations ? l

Is this a statically

Indetermined case ? Overall EBD
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Force analysis. Free-body diagrams

Type of connection Reaction Type of connection Reaction

F
X F‘Q - /// p

Cable One unknown: F External pin Two unknowns: F,, F,

= |

Roller One unknown: F Internal pin Two unknowns: F,, F,

M F,
\( ( ".4_4 :
N ] /g . ( |

Smooth support One unknown: F Fixed support Three unknowns: F,, F,, M
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Force analysis. Free-body diagrams

o\ Number of unknowns ?
P Equilib. Equations ? ™= "l

8\
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(c) Overall FBD

B, B,
L B, B, |
" 1 ‘
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Individual FBD's

(h)



Internal resultant loading

Arbitrary component

under load L .
F, Component is in equilibrium

F; /
Internal forces

maintaining equilibrium

RN\ Y17

section

(a) (b)

F,
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Internal resultant loading

Internal forces _ Mg,
maintaining equilibrium Equivalent \
force and 0
moment at F
the section
EEes—)>
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Internal resultant loading

Torsional
Moment

Components of the equivalent

Mg, force and moment M,
\ 0
Fr
>
Bending M
Moment

©) (d)
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Internal resultant loading

Equivalent forces and
moments at the section

Y Shear
F, Force
- - - - - V .
Component is in equilibrium M, Bending
Moment
F, section F, Oe K X
/ Normal
F, Force
(b)

(a)
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Internal resultant loading: example

Determine resultant internal loading acting on the cross section at C of the
cantilever shown:

Approach:

1) Define free-body
diagrams

2) Apply equilibrium
equations
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Internal resultant loading: example
270 N/m

bm
A —— - i 5

3m ‘é 6 m ‘

| ﬂ !

1 | 1

: 540 N

] 180 N /m

Free-body | My | Te—o
] | e .
diagrams ! e = Section to the
(FBDs): 1 N ' i
; ! | | right of C

: VCPZm | m |

I .

| i |

135 N 540 N

Sectiontothe 9% N/m{:L:: F===-180N/m Use either section
left of C 215N | | Mc to determine
QT ﬁi—-»Nc internal loadings
3645 N-m

l—l—m—%lj m*‘VC
;%é 0.5m
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Reading assignment

* Chapter 1 of textbook
* Review notes and text: ES2001, ES2501
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Homework assignment

* As indicated on webpage of our course
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