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Q/ =~ QGJ . . . .
FUUIZENTUIILREANIU (Coefficient of Friction)
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Q/ a QGI = | . . . .
RUUILRNDLUIILRUANIW (Coefficient of Friction)

NIANNEIZHIY dnUse AN 5oL H AN I®
AN — gl 0.03 - 0.05
Ty - 17 0.30 — 0.70
WIE — bal 0.20 — 0.50
Wibd — LA 0.30 — 0.60

aga‘fuﬁw —agﬁtﬁﬂ&l 1.10 - 1.70




Q/ =~ QGJ . . . .
FUUIZENTUIILREANIU (Coefficient of Friction)
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Q/ =~ QGJ . . . .
FUUIZENTUIILREANIU (Coefficient of Friction)
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* 4 situations can occur when a rigid body is in contact with a horizontal
surface:

N N=Py+W

 No friction, « No motion, « Motion impending, « Motion,
(P,=0) (Py<Fp) (P, = Fy =Fy) (Py>Fy)



The uniform crate has a mass of 20kg. If a force P =

G174 e
80N is applied on to the crate, determine if it remains
in equilibrium. The coefficient of static friction is |l =
0.3.
196.2 N
P=80N i SR P=80N —04m—f—04m—

3
\ Y
'
'O//
~¢4:?_‘
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« Assume no motion (equilibrium,F < Fs) Ne
XE, =0; 80cos30—F =0/,
F =693 N
XK, = 0; —80sin30 —196.2 + N, = 0;
No =236 N
Fogx = F; = 0.3(236) = 70.8 N
check F=693N<F,=708N....... ok No Motion

F=693N



QUiZ If P is 100N, determine whether the system is in equilibrium
and find the value of the friction force. (£/, = 0.3 and £/, = 0.25.)

196.2 N

- 0.8m -
P P 04 m 04m - —

. 30°
30° i '
e i

02m 0.2m

« Assume no motion (equilibrium,F < Fs)\‘

XFE, =0; 100cos30—F =0
F= 86.6 N

XF, = 0;-100sin30—-196.2+ N, =0
No= 246.2 N

Fo.=F, = 0.3(246.2) = 73.8 N
check F = 86.6 N > P:g =738N............... Motion
Then Fyoyq = N = 0.25(246.2) = 61.5 N



Quiz Determine the maximum P in which the system is in

equilibrium.

196.2 N

- 0.8m -
P P 04 m 04m - —

,’«()"' '

« Assume motion impending ;
(Equilibrium, F = E,,;,,= usN = 0.3N_ )

XF,=0; Pcos30—0.3N.=0
XF, =0; —Psin30—-196.2+ N, =0
P= 822 N



Problems Involving Dry Friction

- All applied forces known - All applied forces known  * Coefficient of static

- Coefficient of static friction friction is known

Motion is impending

IS known _ . .+ Motion is impendin
o Determine value of coefficient P J
- Determine whether body of static friction. » Determine magnitude or
will remain at rest or slide direction of one of the

applied forces



A 100 N force acts as shown on a 300 N block placed on an

A DY

inclined plane. The coefficients of friction between the block

and plane are ¢/ = 0.25 and £/, = 0.20. Determine whether the

block is in equilibrium and find the value of the friction force.

« Assume no motion (equilibrium; F < Fs)
> Fx=0: 100N-2(300N)-F =0
v F=-80N
>F,=0: N-2(300N)=0
N =240 N

F, = uN: F,=0.25(240N) = 60N

100 N check F=80N>FK=60N____ . . Motion

/00 The block will slide down the plane.
@0

Foctuar = Fx = uxN
= 0.20(240 N)

= 48N
100 N

N=240 N



Qs | Determine the magnitude and direction of the friction force
Gl I E . .
acting on the 100-kg block shown if P = 500 and 100 N.

\
\ 100(9.81) =981 N

« Assume no motion (equilibrium; F < Fs)

P=500N P=100 N

YF, = 0;500cos20 — F — 981sin20 = 0 XF, =0;100cos20 — F —981sin20 = 0
F= 1343 N F= -242 N

SF, = 0; —500sin20 — 981C0s20 + N = 0 XF, = 0;—100sin20 — 981C0s20 + N = 0
N= 1093 N N= 956 N

F, = 0.2(1093) = 219 N F; =0.2(956) = 191.2 N
check assumption check F =242 N> F,=1912N

F=1343N<F,=1093N Motion down the plane

: _ Factuar = F = N = 0.17(956)
No motion, F = 134.3 N = 162.5N up the plane



Qs ' Determine the range of values which the mass m may have
SrIa ey so that the 100-kg block will neither start moving up nor slip

down the plane.

 Assume motion impending, (Equilibrium; F_., =F.=usN = 0.3N)

1. Mdaaziaeuay ) 2. Mdzineuas
\ 981N x y\\%l N
! 'F: mg
FIIIEI._K'\._
T
20° N

¥F, = 0; N — 981C0s20 = 0
N= 922 N
Frge = F; = 0.3(922) =277 N

XE, = 0;m(9.81) + 277 — 981sin20 = 0
m=6.01kg

2FE, = 0;m(9.81) — 277 — 981sin20 = 0 quihmin 6.01-62.4 nn. awnsos vinaes 100 nn oglu
m=62.4kg auaa (ludeudu/ay) vunu@es




Knowing that #, =25 N and 6 = 30°, determine (&) the smallest value

Q ulZ of Wy for which the system is in equilibrium, (&) the largest value of Wy
for which the system is in equilibrium.

Moo= (3.35
H=0.25 /S IF, =00 N = Wycos30° =0,

N= WB 005300 /

FBD Block B:

« Assume motion impending (Equilibrium; F =F,=u;N = 0.35N)

(a) For smallest Wp, slip impends up the incline, and (b) For largest W5, slip impends down the incline, and
F = uN = 0.35W; cos30° F =i N = —0.35 Wycos30°
N\ EF, =0:  F 25N+ Wysin30° = 0 NI =00 Fp+ Wpsin30° - 25N =0
~ L ", (0.350030° + 5in30°) W = 25 N N/ lv 4 (s1n30° — 0.35c0830°)17 = 25 N
o Wi =31.1N 4 Wpm = 127.0 N <«



It is observed that when the bed of the dump truck is raised to

Q/ 1
frigeny an angle of O = 25° the vending machines begin to slide off
the bed. Determine the static of coefficient of friction between

them and the surface of the truck

« Assume motion impending, (F =F,= usN)

XF, =0; Wsin25—F=0
XF, = 0; N—-—W<cos25=0
Wsin25 = us(W cos25)

Waw FBD (L39lF8anuazifianiy in 25
N ¢ @ A A A ' Sln
ANNWINUNLAANNILARaUNTBINE DY) U =

= tan 25 = 0.466
Cc0oSs 25
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« No motion

A 6 A o
— WUAINTRAILINNGDINIT (6 unknown 6 RUNIT)

— A7IROY F<F, WIITUWIUAsNamMIaunIasauns uas
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WAL TaINULIILREANIH (RALILTI)

« Impending Motion at All Points

T‘—NH

B HB =04 F”= 04‘ NB

1o
0, 100N 3 unknown

A W T F,= 03N, 3 equations
'u.-l = 03

N4

— If the motion is impending, F_ = lL.N

— If the body is slipping, F, = LN

~ 1T damInugY ¢ ‘ﬁﬁfaﬂﬁq@ﬁvlﬁ%uftﬁmgaagll'vl,@ﬂum’sz
auqa (ldanadN)



WA TINULIILREANIH (RAILTI)

* Impending Motion at Some Points

B
fiy =03 H-=0.5
(a) (b)

A A £ A
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The uniform rob having a weight of W and length | is supported at
Q/ 1
@1 3de) 8N its ends against the surfaces A and B. If the rob is on the verge of
slipping when O = 30°, determine the coefficient of static friction [Ls

B at A and B. Neglect the thickness of the rob for calculation.

« Motion impending ; F = F,, ;.= UsN

e =30°
A\-”*-)" FA = .uSNA

Fg = usNp

YF, =0; pugNy+ usNgcos30—Npsin30=0.......(1)
XF, =0; Nyg—W + Ngcos30+ pusNgsin30=0.......(2)

l
IMy=0; Ny l—W5cos30=0, Np=0433 W .....(3)

Fromeqgs.1 and 2
usNy = 0.2165 W — 0.3750 W pg,

Ny =0.625 W — 0.2165 W pg

By division,
Se EBD wasviawlsl TasRansan 0.625u, — 0.2165u2 = 0.2165 — 0.375,
L ’ ud-.w 4 ! dm, pui—4.619u,+1=0
AANIDUNANIAROUN (LIIRUANIH .= 0.228

RANANNATINUTINNLNANTLAROUN)



Beam AB is subjected to a uniform load of 200N/m and is supported
@]’3 a ﬂq\cj at B by post BC. If the coefficients of static friction at B and C are
M, and L. = 0.5, determine the force P needed to pull the post out

from under the beam. Neglect the weight of the members and the thickness of the post.
400 N
B

, 800 N
0.75 m l

- P
1 0.25 m A, +—
P*" mﬁl‘*’ m1
-' N =400 N

M, =0; Ng=400N

W81 FBD TaIL8&W LlagnNanImia o d A . & o o : . &
i _ L NIHN 1 "Lna%q@‘nﬂmﬂuu (B) 1%, n3din 2 loanaanuaiuand(C) winthis
NNINIILAROUN LASTHAVDINIRNNE - |

Y, =0; P—Fg—F,=0 Fo = #gNg; Fy=0.2(400)=80 N Fo = #cNei - Fo = 0.5Nc
SE,=0; Ng—400=0 P=320N P=267N
y— = C N, =400 N
IM, =0;—-P(0.25) + Fz(1) =0 F.=240N ¢
N~ 400N F. =200 N
c = F, =66.7 N

* Motion impending ; d' |
F = Eq= usN asNdRULIUTIANIUNIa18a19 (C)

F. =240 N> z.N. =0.5(400)=200 N

ddy 9 9 1 1
ﬂimu“l,mm P 128031 LA U

9 v
Lﬁmmmmﬁum%llﬂawqﬂﬁﬂmﬂuu fuaz laafiarean (C) Ao

(B) viseaeand (C) Aveasiaaol

) paaendu loadundarsarsaie §
o = $% a % = (%
m 203l 151159 267 He1U AN IdUDOANT
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F=F.=usN

WYIRUANIR 500 kg AUy 7 8967 ﬁﬂﬁ%’wﬂizﬁwﬁmmLﬁﬂ@mw’uamﬂ

a %] [ 1 [ o d' v d' dl o v 1 ;a C g J
NIRUNRLNIND 0.3 23U ITWALLIN P ‘Yl%@ﬂ‘l’]ﬁ;(ﬂ ﬂﬂWI%LLVIG%%TEJ‘]J?J%

= 4909 N
F? = usNs

L
.

e
F: e ] ._*
= UsN,

=1773 N,
=03N, f
Y
P —>
—p—
F,
= 03N,
N,

1. Block as free-body

LE, = 0;
ﬂsN2COS7O+stin7O_N3 =0
N, (0.3cos7°+sin7°) — N3 =0

XK, = 0;
—UsNysin7°+ N, cos7° — usN3 —W =0
N, (—0.3sin7°+ cos7°) —0.3N; — 4909 =0

N, = 5909 N

. Wedge as free-body

XFE, = 0;

—usNy — usNy cos7°—Nysin7°+ P =0
—0.3N; — N, (0.3cos7°+sin7°)+ P =0
—0.3N; —2480+P =0

ZFy =0;
N; + ugN,sin7°—N, cos7° =
N; +N, (0.3sin7°—cos7°) =0

N; = 5649N, P =4175N
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Fy =, N‘l '
N:Z

Wedges - simple » Block as free-body « Wedge as free-body
machines used to raise F.-0: F -0
heavy loads. 2P 2.Fy=0: _
— Ny + 45Ny =0 — N5 — N3 (245 C0S6° —sin 6°)
Force required to lift D F,=0: L P =0

block is significantly |
less than block weight. —W — 5Ny + Ny =0 2. Fy=0:
Friction prevents wedge — Ny + N3(cos6° — 155in 6°) =0

from sliding out.

Want to find minimum
force P to raise block.



Q I The uniform stone has a mass of 500kg and is held in place in the
@]’3 a ﬂ’]\cj horizontal position using a wedge at B. if the coefficient of static
friction Ls = 0.3, at the surfaces of contact, determine the minimum
force P needed to remove the wedge. Is the wedge self-locking?

Assume that the stone does not slip at A.

4905 N
‘ I m “ [ 5 ke 5 i
J ' I 0.5m 0.5m -1 N, 70 70
[
0.3 Ny N Impending
A B/ h ().3 AI\',I‘ ( q y I7L I .
| p— P L S e p HOUGN
' ¢ 2 = il 0.3 N
| _/‘ 7.:) o o~
7() 70 |
NA NH IV’(~

fazaeanaananlaurisin LmLﬁmmuﬁ'q@ B ez C 226a9Lvinny
LIIFUANIURDG a’ammu?mmuﬁﬁ;@ A =AINDLNINLIILFLANU
’06) F,<uN,

Fg = 1Ng

Fo = 1N



G084 (618)

4905 N

T‘ 05m—~05m T N, - 70

A [
0.3 Np T Impending
().3 ‘,\’rn / _’ "lf'~_ -

Fy Rinee —h\— P motion
: = \_ 0.3 N¢
J/ 7(1 _“: -
N, ’ N Ne¢

ﬁmsmwmqamammﬁu
>M, =0; —4905(0.5)+ N cos7 (1)+0.3N,sin 7(1)=0
N, =2383.1N

ﬁmsmwaw@gamaaﬁlu
>F =0; 2383.1sin7-0.3(2383.1c0s7)+P—0.3N. =0

>F,=0; N.—2383.1c0s7-0.3(2383.1sin 7)=0
N. = 2452 .5N

P=11549N
1318 P 8 duuinugaddngad [ rissa9 D981 N1InaIan o anan Ly

A be 01U P §mﬁfﬂzmmmagjﬂ”ﬂﬁvl@]“’l@ﬂﬁLLmﬁu"Lajvl,naaam
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