THEQRETICAL ANATYSIS

Consider the motion of a small block on the simple

conveyor shown in the figure.
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Let a = erank radius *
1 = lenzth of comecting rod
e = link inelination
W = weight of the block
R = reaction between the block and the trough
n = coefficient of frietion between the block
and the trough

F = frictional force
w = angular velocity of crank
t = time
x = displacement of the trough



and then i = a - a cos wt
% = aw 5in wt
3
—“1—5%:_:—2 = af.gecos wt

The acceleration vector diagram for the block will

be as shown.
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For the reaction R to remain positive,
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Let slipping of the block commence at angle wt = Gl.
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At this point,
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E aw cos Ql cosg = H}.J.‘H[l + -—g“L cos Gl sina )
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i.e. cos 8 = 2 -
. 1 coso + pu sine

As first approximation, assume that slipping velocity

is always low and so F = pR - while slipping as R varies.,



Let 8 = displacement of the block in space measured

from the point where slipping Iirst occurs.

Therefore, & ﬂESE = - uR = - i (1 9—2003 t sina )
R e = A i
dgs awg
352 = - pell + g 08 wt sine )
%-% = - pgt - pawsinwt sine + A
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s =—‘E§E+ Mo coswt sine + At + B
kﬂlenﬂt=gl, a8 = 0 4#4.4{1)
Ell'l'li %’% = ﬂwsinh..l't ﬂﬂﬂﬂ, -1:-1{2}
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From (1), 0 =~ gg-(e_—ﬂl} + pa cos 6;sine + A(ZL) + B

1----(3)
From (2), awsin 6,cose = -pg[g-l} - paw sin ©;sine + A
eoena(4)
A = awsin Gl{cosnh-;.: singt ) +}1g(§1]

Substituting A in (3), we have 5
2
-—%ﬁl[%l} + pa cos 6;sine + pg('%l}

0 =
Q
+ (Zl)awsin 6, (cosa+ p sind ) + B
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B = +-%g-(‘%l} - jpa cos Glainnc.
- awsin Ql(cusmau).t sjn&)(‘%-l]
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Therefore, 8 = --*'"‘Jr—ét + Ja coswt sind

+ 2wsin 0;(cosa + u sinet )t +pg{‘%1)t
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—%E(r%l} ~ pa cos O, sina

- awsin 8, (coset+ u ainal-){g-l).



Let slipping cease at wt = Oy, i.e., t= 22,

2
agl_. gg = —%2(92— 913 + ﬂ-[}.l sina (cos 92 - Cco8 Ql]
+ (cos ot + p1 sina ) (8, = 6;)sin Ql]

lfow when wt = 92, the accelerutions of the trough and the
block will be equal,

ieee, = ug(l + -E-'fgﬂzcoa Gz gineat) = awacos 8, cos a
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glving cos 9, = casmf; sina
i.e., cos 91 = cos 6,
2 "
hence Bgl-' GE = - %EE{G?-Q]_} + alcosa + psine }(Gz—gljsmel

Displacenment of the trough in space during same period
equals zero,hence the zbove represents the relative motion

of the bloclk.

Let second slipping period commence at @t = 95.
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At this point,
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-“-auuz cos 8§, cos @ = +;ﬂ?{1+ﬂ"’—cos 0, sinet )
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i.e., cos 93



With the same assumptions as before :-
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-g--g-,EE:. + pR = + pW(l + . cos wt sina )
ds 2w 2
22 = +pg(l + =% cos wt sine)
%-_% = pet + pawsinwt sina + A

2
g = Egi - pa coswt sine + Ayt + By

Yfhen @t = 93! 8 .= 0
ds :
and 3T = fwesin wt cosa
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From (14) 0 = %E(g-ﬁ} = p8 cos 6;sing + ﬁ.l{%}} + By eees(34)

From (24) awsin Gﬁccsu = ,.ug(&ﬁ) + pawsin G3sim!.+ ‘ﬁ“l (4A)

Al = awsin Qﬁ{cc}sm-,u gina ) - P-Efgﬁ}

Substituting A, in (34)
2 2
0 = BEE3) - pa cos 6ssina - ug(2)

+ ©;a sin 6. (cose - a1 sinet) + By
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By = *%’5(‘%3} + ma cos O, sin o
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- ae;sin %(cosu - M sinol)
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Therefore, 8 = 1_151 - aa coswt sinat
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+"%Ef§3} + pa cos 6; sina

- 80;sin 93(0,05&. - sine)

Let slipping cease at wt = 94, i,0., & -_~§-4¢

+ awsin 93(0051-;1 sinal )t -,ugt(%j}
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sg3_ o, + 2—%2(94— 0z) - a[p sinet(cos 6, - cos ;)
- (cosa- smajieq_ - 6;)sin G.f’]
When @t = 94, the accelerations of the trough and the block
will be equal.
a e 2
peg(l + fg‘"i cos 8, sinee) = awcos 8,cos &
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+ EWE

cosEot — A Sine

giving cos 94
u g - B cos Gﬁ = co8 94
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hence 393_ 94 = %&Q(Qr »93} + alcosa- si.*lot]{94— 93}5m93

50 nett displacement of the block S5 = 8q.- 0 o
1= -
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+ alcose+ sinu.}(ez- @1) sin 0,

+ a(cosa- p sinﬂ.)[94— 93} sin 65
Finally, the mean velocity of the hlock is

v = HNett displacement S x—-g%l;—-—

where N = speed of crank rotation in rpm.
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