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MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS
Type of Contact and Force Origin Action un Body to Be leolated
1. Frwlcihlr: cable, belt, —
chain, or rope - __H anlumrw& b_:.l u A= /
; Weight of cable 0 Mexille l.:uhlp i
o ; T always a tension away )| => (FJ()UZ
T ) negligible I from the body in the v
N | Weight of cable - g divection of the calble,
(Ut — o eigible y g
y] o
/ 2, Smiooth surfaces” . 3
- . Contact foree is
Q)L’A/’(')A)jje"”"" z"&;( X = compressive and is
N "~ normal to the surface,
/’ 3. Bamgh surlaces Rough surfaces are
: eapable of supporting
ol b ~ Faug el ompn
" 7 £ nent & i frictional
B 7 = forcetaswell asa
) normal eompanent
N N of the resultant

contoel foree B,

4 Haoller support

ﬁﬁ:ﬁ

Raller, rocker, or ball
support transmiis a
compreaaive foree
normal to the
supporting surface.

2 -

5. Froely shiding guide

Collar or alider free to
mave along smooth
puides; can support
faree normal to guide
only,
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a/ / ‘// 7. Buiilt-in or Gxed support - A 7 A built-in or fixed

s 8
fJ,J/(,v uob,.,.u - A A /J!(r,/“\ Eluppnrting an axial

4 < ar | — F force ', a tranaverse

= P oree V (shear foree)

MODELING THE ACTION OF FORCES [N TWO-DIMENSIONAL ANALYSIS (sone. |
Type of Contact and Foree Origin Action on Body to Be Iselated

- 6, Pin connection Pin Pin A freely hinged pin
~ free  not free  connection s capahle

Mw’ , I toturn  toturn  of supporting a force

in nny direction in the
/;

plane normal to the
axis; usually shown
M a8 two components 7,
R, ond K. Apin not free

¥
to turn may also
r / r — 2

suppart o couple M.
ala)s s

-

| suppart is capable of

Weld . > and & couple M

- v (bending moment| to
(rdw &« prevent rotation.

8. Gravitationz] attraction The resultant of
gravitational

—_. attraetion on all

lﬂ elements of o body of

mAzs m iz the weight
W =img and acts
toward the center of
the earth through the
center mass G,

W=mg

9. Spring action ; ; Spring foree is tensile
Linear Nonlinear il spring is stretched

N{‘U:Tﬂ-l F F und compressive if
position

| | Hardening 3 compressed. For a
I £ hinenrly elastic spring
! the stiffness & is the |
H'M"l."l'\.‘-é-

Softening foree reguined to
— ¥ doform the spring a

it distance, |
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Mechanical Svatem

1. Plane truss

Weight of truss \

assumed negligible
compared with P _"’

_.J:L

2. Cantilever boam

_[; o .;'L"I:":i m .

-

3. Eh-.'uu B M
= M

Smooth surface
contact at A
Maoss m ST
| l'.'.'-'-"f =
P o

4. Rigid syvatem of interconnected bodies

analvzed ns o single unit P
P o— Weight of mechanism -
neglectid
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CATEGORIES OF EQUILIBRIUM IN THREE DIMENSIONS
| Force System Free-Body Diagram Independent Equations
- | 1. Concurrent
at a point
- IF. =0
"‘“/6’)/’(/4—'] IF, =0
11— - EF,=0
| 2. Concurrent
- with a line
~ | )
SN EF, =0 M, =0
o~ T IF, =0 M, =0
5F,=0
|3, Parallel
o~ IF, =0 IM, =0
__//.‘/(/)/(J/‘_I IM.=0
| 4. General
/- IF, =0 M, =0
e,
IF, =0 IM, =0
- IF, =0 IM, =0
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MODELING THE ACTION OF FORCES IN THREE-DIMENSIONAL ANALYSIS

Type of Contact and Force Origin

Action on Body to Be Isolated

1. Member in contact with smooth

surface, or ball-supported member f
z 2 Force must be normal to the
. : : surface and directed toward
) the member.
Qﬂ),) 75 | | ¥ \J.
B! /’ ) e ol . I"'f +N Ty
X i
2. Member in contact =z z
with rough | '
surface | ! The possibility exists for a
L, [ | 8z7 force F tangent to the surface
. (friction force) to act on the

ar 8 '
(J w”"/ﬁ’lf‘/ﬁ—) o

member, as well as a normal

N\

é{%(«"ﬁ A

X y

o ~y gaw +N ~y force N.
3. Roller or wheel support = 3
with lateral I
constraint A lateral force P exerted by the

guide on the wheel can exist, in
addition to the normal force N,

4. Ball-and-socket joint

VPR

x ¥

A ball-and-socket joint free to
pivot about the center of the
ball can support a force R with
all three components,

~, S Fged connection (embedded or welded) T Ju aiddition 4o tires oocipaneuts
L v £ | of foree, a fixed connection
Y, o ~_| i can support a couple M
. R R represented by its three
T~ = x )FE-" M components.
4
N TR
% * y
x ¥ M,
¥ S
6. Thrust-bearing support + Bearing is copable of
z Thrus is capable o
| supporting axial force R, as
well as radial forces R, and R..
o/ // Couples M, and M, must, in
S7ab > some cases, be assumed zero
- ) in order to provide statical
( i -T7 - y determinacy.
"9 bete)
_ y
X
y ]
1 aJ / Uiz
' i o/
f_—ﬁ®=—— - - / Lt
o’ JL-/-_/J//) (“"/‘ //y‘_y})/n’ fL)' O,J
7
Universal Three force components / — = 7 =
T3 7~
joint and one couple ’/ i g / () n 0
{}“/"d‘;(f// °b"*0‘)/ub ox s p=)
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T= ((2*RA2 - 2*R*2*sin(theta))(1/2)*((R*2*k*sin(theta))/2 - (R*3*k*sin(theta))/(4*((5*R"2)/4 - RA2*cos(theta))*(1/2))
+ (R*g*m*sin(theta))/3))/(R*2*cos(theta))

;) S

9 18=- 30
t -~ .22 N
8 /
7 , a=45°
T=p.23 v
6 | ‘\//
~ 5
z
— 4
3
2
1
0
0 10 20 30 40 50 60 70 80 90

0 (deg)




