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The, mbﬁxonypi-a"prolatc sphereoid shaped grain on an:

oscillating pan, as affected by pan froequency, slope, crank
radius and coefficdient of friction batween pan and grain o
o . / : : o o :
Akernel), was studied. Oscillating pans are used extensively

as conveyors and screens in sced handling and cleaning. To

! . . ’ . ' . X ’
know tho rclaplonshlp~butween-thouvarlables note d-above

would be uscful becauso thc/ affocL Lhc veloc1ty of ‘the

ko:nbls-on the pan:surface. Thn<Pn el‘voloclty and Lherefore

the feod rato affegts thc o£f1c1ﬁncy of the so aratlon process.
e ' The motionfof a whcat‘kennel was observed on-an

ozcillating pan-at various combinations of pdn froquency,.

slbbc-énd crank radius._ An‘adstLonal mode of motlon ‘was
\ v . . o
obo(rwod and was LuuLalecly dchnod as -a splnnlnq and STldlng

mode. °Bccauso two‘modesﬂdf motion‘of the prolatc spherOLd

are rnlatgd to the naLural rocklng Ergguency OF thc spher01d

-‘ * . ! . N . . ¥

,and Lh pan frcquency, an ckprCQSLOn wa's’ dorlv >d to calculato
: ! .

the. hiturdl roc}lnq chuu(ncy of a prolaLe SOhCLOl@._‘Lquatlons

OE'motlon were dorlvcd'for Lhrco modos of motlon and

<

prorl' ntdl Pornﬂl VClOC]LlPS det rmihed'for the rocking and
slidingvade. The velocitiesvatainCd-WCre‘observed to
. ) , T . AR R ‘

increase with an increasec in pan frcquency, slope;ahd crank

radius as‘predictéd by thé'dcriveFJiquatiohs.

o - .
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Onc bbb Loy foans g ce el tao convees g an o et er i g
\“ ‘ .
oy ovchiteving oo e lat ive mobion beebwefns Che T terial o gned o

RNEEIN Thee o ocwe b baton wothont o et Trang !t ation of by

o ot imnarts o relal ivee ot ron to Phe matorioag onogts

. 5 .
, .
GuUrtacoe., Thve material Lravels with o cvelic variation in -
veeloo ity salong the pan suartace.
¢ ) . ¥ -
Osciullating pans o Der o waay advantogess Dover oo
Locase Lhoey at e L cleaning; thero 19 a wintanea e e nla b o
3
O materital o oand btholr power veeprirements aroe low. ACCOT LG
. ge M) 1e e ‘l- ) . [ | N 3 [ -
cto ooty thoey can by constructod cheaply, boing of somede
doesitagn oana not recnlrindg any ooionslve mabterial sy The sorive
howvever is complicated by the nocd to use a siider-crank o

. . . ) ) . '. ; . L
Mecaanl sm. They are able to Jonvey slirty, abrasive granunar

macerials without damadge,: and do not - boecone chOred, camparaod

Fo augors. o ‘ ‘ : « °
The primary use of oscillating pans in agricualture and

d cloaning, grading of seed, grains:

rolated industrios is in
and fruit. Clce¢an and graded seeds and grains arc used for

° -

, brewing and commercials trading.
In gecd cleaning and grading of grains, the kernels

are fed onto a poerforated oscillating pant Undersized kernels,
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Sl obpectas Jor thig bbb Tonach oo e b b L e ) e,
o )

Pt oobgn o b bl and dirt .
o °

[ fort eyl uare oo

The et ron ot g on gn osco bt b oan can be

. S ‘ .
TR S A U I T SIS S Y B I R TS S S P T N R depending on the shapoe

7 o )
I O A A Foroonc category (A), the grain s of irr gular
v, st corn or ahyloe ernel, For o the othner calegory
ooy Ul sl ab the gracln bsoacn pcrolate spheroid,
a N .
Sucicoas cowhearl Rernels The Litoraimro rovicw oy [EIRYESN

Credang el on the basis y/thu:»;.u catoegories.
: 0 )
ool 2dding ttorion - Catoegory A

-
.

berry "7 detines riding of an objoct on an oscillating
r , : ’
panl o as.the motion of an object in which there 1s no relative

not ron botweon the object and the pan; hence the object moves
Fad N ? h - - .

with the pan surtale throughout a crank cycle. e derirved

¢

s . N o
dimensionless ratios or toerms using the variables of "kinetic —
.. . R o e . v e

andg statlc cowulificlents ol friction, convoyor Crequency and
amplitude, and acesleration due to gravity. The rglationship.
: , -

betwden the dimensionless ratios states the condition under

K

which riding would or would not occur,

t T
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A e i . L

£ - . . 3 B i J ) \- . ‘ i . ,‘ : . . 4,
) < L ’ o ’ ’ L .

. . - " | (= - '
: froqucncy,’amplifude, slopc \lnotlc coeffch nt oféfrictlon'
3 ’ ’ . ’
L / '
¢ _and'graVLty. Tho convojor uscd in the gtudy bj cnortz and
- . ) - - -
-0 liazen had a SlO)e rat;’r Lhdn an anqLC of atthK'and'hénce
.Lhclr oguatlon is def ronL from that derived by Berry.

. 6 * / ' B3 ”
GCarvie has derivgd dcceleration LuUdtLOnS iOL vositive and
ncgative sliding of. graln on an ‘0sc illatihgjsiové,iﬁ'tgrms of
Sievé‘fruqhency} amps ll_uuo lepe, acchQration'duc’to‘grqvity,

a . A\ L .

: / ° ) : g

“lnLLlC cocf'f 1c1onL'or leCLLOn ang.ghe time poriodS' .

' . ‘ 'a' » ZI . } g
asgoc1atéd_w1tn the beq1anLng Qf'sll@lng do m or ug the ‘sicvés

S . , \ - ° E

Hc;has‘also omeIOJGd an euxatlon that could bc used co_ e
' : . : .

alculd;c a sultaolo gra1n9VOloc1t/ Llnqe for etflclent

S L . S : U Lo < ° . : .

. ; . i . DT . . . . -
scrécning ... oo : ; _ e o D S e AR e
. e . - N M ' ! :

;o 1.Z2.4 Cliowmning S Cat ;Or,oA and B
. - 2 ) .. . . e 2N T 3 ‘ A ‘ b g
Berry” states tha t hoaplnq of an‘object occurs when
the cbject loocses contact “lt the pan'ﬁurxace." This
hanpons when the Vertical dCCLlG atlo 6f the pan donnward 1s

develoned an'equation

r

griea

-

er than that due o gravity; te
for. the range in terms of racceleration due

riction and conveyor

o“‘agtrvith"

e
0
-
0
O
G
o
o

shatad ctne condition:

fall of axn Sbiact as a function of gravitational
and. the-vertical accélerétio@ of the conveyor.
' . - ; : R : . : ) : .
-nas'derivcd'd'L:Q;cAtial czua £10ns ob motion for”

=

air.stream'~(qo“n Ing ‘from a non-osclllatiny
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_Surfa?e. Using an analey computer, these cguatbions were used

“

P

to simi\ate a kernel rebound trajectordies in a combine. shoe.
11

In later work, llarrison used ‘the equations to simulate the

motion of “threshad varticles ‘that are subjected to the rotary &
[ . ) B R . o -
I : ) . . .
Q

motlon ob walkers in, a.combine harvester. He-notes that the,
S : ° S » o

transition from the rotary to frece-fall regime occurs when
the-vertical-acceleration of the walker .«downwards-is ecqual to
the accdéleration of gravity.» Bottcher”™ notes she same for

an _oscillating conveyor. ‘lle states that in a.crank period t, -

i

_ -~ . : o - RS » ,
an objecct leaves +he conveyor surface.at the moment t. and
- contacts the surface again at the moment t_.  athematical

b2

crpressions- for these moments of detachment and jimpact, te

and t}, were dorived by him in terms of convevor frcouuency, - .

amplitude and angle of attack. An expression for the marimam

1

heignt of the hop or jump of the ohjcct from the conveyor |
. . N T . S ) . i &,-,

“gurface.was also derived. in torms of the'abové variables. Ie

,
has also enpraessed thoe meocan yvelocity of “the onject in ‘kher
: . - s w0l . -

[N PP SR 5 - e T i feem £ e o —
norizontal direchion din Eorms ol momoabts of Zditachment and .
P e pu R . ‘—; .3"-» [ R P SR SR S Ay It ey v
Linnalo T oannaii Ty IR STRRARS ST SR RS S R S *\,').1.’_&;‘,{0;

] 2 o .
SN andai Sioattack. =
1.2.5 .

in ool liesgidall objoct:

L e . . 5 v Ry i . :
rolls and slides on «wn ocscillating conveyor surfgcae when the

conviyor. i oporated ab the natural rocking
N / U,

S

freguency ©f the object. . Though llann and Gaontry identify the:

s



‘o
Object as-an cllipsoid, it likely was a°prolato.“pncr01d
They Ldfe that in tno rolll)g nd sliding mode, the orientdtion
of" the prolate sphcroid is with the mijor awis yqrpondicula:
. ' . . . N /(} ) )
to the® dircction of conveyor motion. ThmyanVQlowﬁd rwu)tloqp
for a srolate spheroid wilch uxhibits,rolL nq rcmistanco due
[ : o . . ~ .
to surface aﬂLorra.Jo but simulated the motion of a rubber

pall- it'iSinot elear why - a rubbor ball was usad ins tcau of
adwrolate arhcrOLd ! '

™ a

3
o )

1.2.6 Rocring anqASligipg;:;ggteqorz B

S

U . 3 ’ ’
. Hann anq;mgntry obgervou rock ‘ing and slldlng and thC'

Q

-state that a yroldrc splie r01d rocka qnc allqu oﬁ an os@@llatlng

o’
conveyor Wil ¢n tne COnveyor lsfoocrated at fT“CanCl?S above
the matural roe Alﬂq f e”uoncy of "the Syh”rOld The orientation
of the ’3b0r01u.'s with thn major'axiS’paraliol to the dirvection -

oL conyeyor motion. They did not derive equations for this
; . y . . ! o’ L '. . . ) © '

mode of motion and hence it was not simulated.  The wWork, of ..
S T 120 e s e
ncnccrson<anm govman T U is Uuseful ih 5t”q/l.j Category Bomotion
to L . : e : ’ RN 1 S oo 1 S Cy
nicanse tﬁ”v anrst uacrr a prOLaNQ oL rect which has  a o

. P o ’ . . R s, N . ;!
Senldalosnanc Lo g prolate spheroid. Pazy obscrived that the

/ﬂC..O""tC 10T

ng

0.

cob ié'ch:ribcd_wa*ﬁr"aLLCdlly as Q‘Eorh d‘vibration_

LES. ;:.C "'“lllal

fay

of a . viscously damued sin;le degrece of freedom system. The

o



~ cqgquation. The eguation ‘i

“sur face. o ‘ o° ’ f

: ' : e o7
o < . N . \ N . !
forcing. frequency is providea by tne oscillation of the

horizontal suirface.  They - -derived a foreced vibration cquation

ta

. ) y.b.... .. B . - . . N . . ' .
or the oscillating prolate object by using Lagrange's

0

uscful in describing the prolate

5
8

(]

object orisntatians on the hgrizontal surfacd as a function

of the frequency of oscillation of the prolate object and the
. : - | b .

N ' v' B .'/'~ ) <

1.2.7 Summary,
‘#As can boe noted from ‘the above, not rmidch work hés -been
“ione on the motion oi threshed grains om an oscillating pan,

Ldrticularly thermobtion of grains in catcgory B. pecausce of
P X . ’ J .

the importance of grain’cloaning and grading in thé agraicultural:
imdustry, rescarch-on motion of#;;rnels on an-oscillating pan

, _ ' : - > - D
was undertaxen.
1t 3
1.3 .

The study was Limited to motion of nrolate spheroid’

) ’ . o . . - . ) :

sransd grains on an oscillating pan; that iIs category B. The

'or?bnta—

/
T el e e Ty e 3 W S 3 ‘e - 3
oy s Gericod eraxtliong ol mOotion O prolate sLeroid o .

[

o . pe ; . X
onan oscillating. pane e L

.
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. ‘ . . L e——

w,"‘ . . ) ) , . ] \ ‘ . | ' 8
1.4 Studj Method ; "' N . ‘

-~ . [ Lo B

In part 1, the motion of a(whoat kernqel was obscrved
S . ' o . ~_ v ‘ k.‘ i ‘
ontan os¢illating pan using various combinatinns of pan
tredquency, amplitude and. slope. . Since a wheat Perncl has a
shape similar to a prolate spheroid, large sizes of prolate
' spheroids were made of steel and 2luminium to facilitake the
o

studx. Thé¢ natural rocking frequencics of these spheroids
. 2 - a L

vere.doeterifined éxperimentally and theilr metions obscrved

on the oscillating, pan at various pan frequencies,. amplitudes

Wression was derived to defermine the
- . B ';

natural rocking frequencics of nrolat
crpression was uscd to calculate the natural 'rocking froeguen-

v

@,

Sﬁﬁerm}dsh) The

cies of the steel and aluniniun  sphéroids.  The theoretical

i
S

2

and experimencal natural rocking fraeguentd

i

In

ren
..

vart 2, diffcrential eguations of . m

derived -for various mndes of moticn observed. For: £

S

ing and 3liding mnode the wvolocity of” wheat kerncel on
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SThe pan BC and- the rod AR were rigidly confectad and thus
AC novaed as one picce in a non-lincar transiation. The pan
was 31 din. long by 13 in. wide.  The grain whs fad onto the
: , . : o : \

pan ot B oand was_oboorved as it moved along the pan-to C,

Yo - o 1 S ' . _ I
The grain was collocted in o hopper after passing C. | The

)

suspoension arms DC and EB were 12 in. long and D was adjustable

relative to E to.achicve various pan slopes or langles. () .

The angle Lot Was 12.87.. The pilitman arcm AF 'was 4.5 1in. long

and the cran¥ radius r could be varied from zcero to 0.75 in.
Various pan frequencles were obtained by using diffcront sizas-

"o pulleys moumted on the pan drive shaft at 0. The pulleys

Jwore driven by a constant spoed electric motor «through a "v"

Lelt. Aol in. sgquare grid, 1 ft. andg 1 'in. long and 1 fr:.
wide was mountod- 3 1n. abBave the pan surface; the moednting -
Leing done on the pen frame.  The use of the grid was to aid
. . ) . oL ’ . Q e
“in observing the orientation of “prolate cpheroids on the - ¢

oscillating pan surface. & - 16 mm. movi

0

A ! ) | ) P >‘.. x
ccamcracwith provision): -

sizdlag A

n additional aid 0 -l

han. PSR

.
. R
cCLes
Gadevsl sroel and
Larinbur it 1n i rnatural .
P R ~ 7 - £ amad oy d 3
I L 1o 15 .for Hornadlsoolozmall grains.




Lach prolate was disturbed

. ' . . ' S N ' o N ,v ' -
in the vertical plance to start it rocking and the numboer of

oscillations poer minube wore calculated

o b rials aroe shown,in lable 2.1.

by (lifqil(/JLrKJ e
/ .

FREQULENCLIES. Y

"

K o AN
' i g

nans

coentore ot

Tl rosult s oof !_Iir?(‘:c

v
TABLE 2.1
s ' ’
- JAPRRINENIAL HAVURAL . ROCK TG
LU ) ! ‘ Lo

.

Prolate Spheroid o

18 l ,

-~ ) : : L R |

(in:) ﬁ¢§3y~(cpn) (Cbn)

Lals Avaradge

3

of Tr
T

(CpMy -

- — T Y

Alunifiam

° \ LT
. -

A4y 152 .15

1

; Q )
192 136

4 Prolate

Woves ol i Lo Lilatindg wan s figure 2.1) at
AT InusE Ll : I sLlmedes and siopes. 48 already

B 2 . . . -
ot L llhnn o, X w20 oDsorsodcthat abt o oapan o
D RS RN . ot e Lnnohavicalt retoring freguaency of B
ToT LA inium . copl DLAE-CENM), the ordentation of the .

12ncy 0f ~the

iirection
CPr) above

the orientation-



.o 1.2

ot the spheroid was with the major axig oo . Cobhee Jddrgotlon

o pan motion.  With the major ais perpondicus v oo the
. T !
. \
!

dircetion of pan motion (ban Lrgnency loos Lhoan the aataral
rocling froejuency), it was obsarved Lhat the sphoroid rolls

and slidoes on the pan sarfdc.oe. In the rol ling and oliding |/
moder,  there was rol Ling with and without sliding (phasoes) in
aosing be oranic ceyeles wWith th®major axis of the sphoerodd

savallel to the dircction of van notibn o(pan frequoncy greater

natural rocking Lrequency), it was obscerved that the

- - .
giheroid rocks and slides ons the pan surface. In the rmocking
And slkiding mode; there wds rocking without sliding (il e.

rc?ﬁinq and "ridiwey) and rocking with sliding (

< L

) ohases) 1n a
e .

single crank cycle. - o BN

* At pan freoqucncies much above the natural rocking .

frecuaoncy of

the spheroid (griater than 405 CPH), tho spheroid

“ o
.

ne pan surface. This motion has not been

T

Loun and slid on

noted In b litcrasure arnd thorefore s mode is - defined

. - ° ) N
. 3 N - . -1 S 2 N
as:zzinninyg and slidaing.,
. . .
. . . . .
. - v PRSI [ . . « 3 oo . - “w e, e . LN 2= A
Sb Graeanar cuan Uroecanrinoles and slonas, Lt o was observed
O .\ R 5. R N 5 :
PRV Ral e B N AP CoTartial Ly witn Phe oan in oA
y T s eyl 3
ConrLR Ty oTer ol oY Lo man surioace, Toe honoing
i L3 nod oonnonnLan Trioiuaancy andd siocoe.
C o
e T s - ot v g B E SN . N
She p ot QanoveE ars Lhne Iour motions of a
t o " . ) : J . - (=4
P T T S - e e k] N PR P T L T S-S SE VS Sl SN
LrOoLate o sLnaroin opsorvod o on o ozscilidifiag wan. LNy are
o3 in LA,




203072 SOl i oo S rdiieg Mo

- Fiagnre 202 shows o prolato Sobveroid o the ol ling

. .
.
Pilaguraes 202 gowand Slidding Mode
r 3
il ol lag i, For thilsoomode Lh sonviraid oriontation is
wnn R nesjor chnis Lorseoddicular o the divection of wan,
stion (o Thiros 2.08) . Soofiore cletiod Lol tion of
h -~
S gt Tom Rl oyl Lo inieswsrn ko Dicrnro 203 whieere theoan
\ -~ . N P
Loniand g shiown [or warions or cungias. The difraoctions
7 ! v
LT oAt lon o Gomateranion of the rolate soherold at
e L S e cYn churing oo oyt le of noan aoscillation are
4
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the sphermid trajectory is slightly diffcrent Srom that shown
’ ey ) [ ‘ )
1in FMigure 2.9.
. .

g

o

uency of a prolate. spheroid

is defined as the nunber «0of cvydles peor unit time the spheroid-:

oscillates,when the? centre of mass in the vertical plane
. . ’ o M ) ! ; . ' o
containing the major axis is displaced,  #Hs-already noted,

of a.onrolate spheroid deternmines

the natural. rocking

‘the mede of convoyance off tho spheroia on an oscillating van.

Por veny snall.eiiccors which arce of-nrolate spher

cossinle or wractical
“ -~
ancy eHnverimentally

whtoowas made to
v ot hooraetically. This

3 ’ . 2 !
cor -

was accomue i zhed by

0]

criving dn eguation ‘based . on th
~ ) v

corscrvation of energy.. . : o

2 4l Rocking S
.. .

natural freguency of f

" o3

ce.

coseiliation ho masimum sinetic energy of thel . spheroid is
ecuatedt Lo thelaanimum o potehtidl energy. T o The edguality
. H i G : - . T .

K : o S . . . S .
tne system is conscrvativep that 1s, the kotal -

. S i B -
constant and s the . sum 0f the:

)

;Jténtial etic .energy-. - .The pdtential éngfgﬁﬁisx

°
o
[
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o3
«

i
T,
(r
-

S
9
2
~y
e

L potorntial energy since . olastic dcformation

s neglacted; thy prolate spheroid being treated as a riyid
O, s ototal enerdy is constant: . . : - .

. . : °19 : - '
oty = constant T : 20201

Y
M

tic energy., .-

OIS ol T 13 tho kiros

. . ‘/_ /

U is the wotential energy.

: Co e
A5 Ccan bhe saon from cauation 2.2.1 if the potential eherqy
o . -
- v Lt T _ . : . : . - . ’y - o
15 20r0, then oo glnetic eneryy is maximum and if the kinetic

Ny

eneryy. is zerc, thon the potential cnergy is maxindumn. Asgsuming &

- : v

consorvation ol onorugy then; '
1
o
T = U ' 2.2.3 k
nar. ma. T

can be

LULJ O TIO is

IR : TOE e Uy A et = S e - s 2 : :
Dummonic. s mhe oangle ol oscillation, &, is Small (see
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I3 . r . .
4 “r 1 " - ’
where Y'o= dy/dus
[C . . . ) - '
Solving cruation 2.5%.6 for X, ‘ : : e
, o
o . i o
) i R ——
v B -
%X o= 5N e 2 Pl
2N (B - an(Cyo-1)
- B T, u,
and sunstituting Zor X fron cuaation 2050115 ‘
= .o TF T 5 . ,
c - 4R (CYT-1) . ’
.
. A .
Honce, (27 - = 0 ° .
.
% :
. A S ’
A = T IR
and thorcciors, Y= B 2.5.12
PTEOEEE S
[+]
o

From ejuliionsg 2o 7 tand. 2.3.92; -

C

o2
nCe= EEDLL B
= :-‘._ —~ »2 ‘—-12; -
- ‘
‘ 1 ! 2 2..2 2 2.
= T 55 [{coz™i+sin )T=2cosTs1in j]
2°b :
. . : 4 N
= + = ~2coé2351n29] - -
2,2 ¢ SO S & .
a“p™ .
A3
2 1
= - . cos“:s1inT i+

o

ky
Q
3
(3]
o]
L
f:f-.
C
]
[\N]
wn
oy
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. Figure 2.12(a) : Figure 2.12(b)
Steel Prolate Spheroid Wheat Kernel -~
- Rollindg Motion Rolling Motion
Pan Frequency Natural Rocking Frequency'
[
|
x.
- - z - —
' : >
ot
o = .
Z
> ‘ =
i :
v
‘Figure 2.13(a) . : Figure 2.13(b) -
Ste Proléte Sitheroid ;:‘: Wheat Kernel -~.

el
‘= Rocking Motion® Rocking Motion

. Pan ?requenpy Natural$Rocking Freguency
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a.
- : .32
s, e . .
B ois Y; o ® )
ES a 4
: o
1s 12 /in. and-»e
n = ¥ = 0.75 1n,
Tmas. TRE . o Tl s
. ‘
thorciore, sinnzryh{R = 0.75/12 =.0.062. ..
> .
- ‘7 ) o = o
Henca, e < 5° o . ;
4 < 2 o ) -
cosy = 0.99 =1
and Y = R(l-Cosy) =< 0~ o o
ol e T s - e ] v‘ ” ; ) -
LT mplies that the motion
oL tal since GO is rigid.
o . . v . . R
A : L ;e
ind 5 1se that the only
fovo v . the sinsusoidal
woeoshaerntion of  the pan and Gravity when' the kernel is in
ceotact withe the “pan; havin® acyledted. forces due to rolling
- ' o . e : ; . " S

s s ke . Yoy e oy T S
TCsLstance,  xernel it

]
=
o
[}
]
I_‘A
0
3
o
{.

d ‘ran wall offects.

v

o From tnhno geonmetry of Tigure 2.1(b) &~

‘
“ ’ . 0 5
S = U Lsiny P orsdin P ¢ 3.4.1
1‘/ o 'b . ;
S = fcos:i + rcos R 3:.4.2
itfion,) 3.4.1 ° Y PR
2 / ‘/I.
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~
Cos e 1. Lhmrsing)
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21
o
ubshlsuning in 30402000
N Py -
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. L ATCOS risin?e S
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e L. _ 2 hsind . reosw °
§ . - 2 s ing TCOG A <
Hence, S :'~,‘r1~“?—4-f 2 + cosu} . 3.4.4
. - —)
. . . - [
. . o . 4 : . . a
- e . . o . CLl - X . [\
For.the. oscillating par usced (see Figure 2.1): °
‘ . . * o E o -
|
g A = 3.33 in.,
manx. °
. . {
- 7 e
L = 4.5 1n., '
! < . . [
» o
e . r .75 . °
Cnerefore 0= ='5=— = 0.166. »
: - LT 4.5 ‘ : a o
1 . . &
. a . . . ~
@
: . : . : : :
eniZ ol cov. “ °

&)
[}
o
.
o
—
c
5.
H “
-
o}
0
[0}
&
4}
(@]
J
[S)
Ul
}..4
3
bl

Tnys, (pcos; )L 1s noaligibles o
. , ; . . o .
o 1 [z
Zguation 3.4.4.1s5 aprroxinately;
) o N o

3.4.5

. ° .« . o
e

ccuation 3.4.5 ple harmonic .

N oL - o e o o.
slope "« (see Figurce 3.4), the asgclerations:
e S e RN . v
and porpendicylar' to the san surface are:

. . : . - e ‘ L .

AS = —oTrlecost 4+ ) sintjcose 3_4,@
LN ° - 0'

by = . -."r{cos: % (E)SLHCJSlnwV  T 3.4.7

5 o ! s
L - 9 -~ e e o 0 '
3.a.1  Polling and 3liding Mode ‘
: T o - o . Lo ’ .
‘ o : : G . B
. T L ) [ v
A5 notede proviously ‘An the relling and sliding mode,
t . . : ) - - ] v F T Q i .

, L A - S L L L A o . :
two. prases of kernel motion,; rolling with sliding and, rolling o

C . R Lo R IR o : LR
without sliding, can-occur in'a crank cycle. In these phases,’

P Ca ot : Lo . L ° N i B _‘ ' v '
z 5f mation, ndrmal roll dewn, reverse poll down,
‘ow . o : ql . . J ey - Cota . » : . . o oo
normalfiroll up and reverse roll up, can occu?f. - The above |
G S R L. U T T
- o A N . R .
- } . X .
. « 0. ° ' ) - <
E ° | o o o *
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osclllating pan obscerved at various pan frequencies
mguations of motion for kernel acceleration
pan-were derived for vargemus modes of motion. The

cxperimental velocities for the rocking and sliding

increase in accordance with the derived equations.
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APDPENDIX A

. : ' BASTC MOTATION -

/ . ° | -

The notation adoplbad in tie Jdeovivation of the

cgquations of motlon are as tol lows:

Mo

n

Y

K

koernel voloncity aad acceleration - relative and

parallel to the pan sactaca. o S G
. . . - e

£ 1

= Fernel velocity and accoeleration rolobive and

K ,‘ N . ’ ., . E\
sevroendicular. to the pan sur facen

<8

= .pan velocity.and accelnration  Udarnendicular to o the:
Lot . < D . - - . N .

e and relabive to the ground.
. ¥ :

= pan velocity;dhd'accelerationlporpcndiqular:to the

= crank fadius.

~

van surface and-relative to the ground. -

N o

= mass moment of inertia of kernel about its

major axis. /_ o ' - x
A L o Q . T
= ‘mass moment of inertia of kernel about its-

“minor axis. L T

= mass of kernel.
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static

. S ‘ , !
the koernel and pan. surface. ‘ ;

rinetic coeolfricicnts of friction botweon

angular velooity and accoloration of koernel relative

to the pan surtface,
natural rocking froeuncency of keornel.

©

crank angular displacenent of pan's slider crank .
: 8! L b K

mechanism. |
qQ
LAy, Lrogquency.

time.

pan slope. - . ’/“
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SLivie down fhie ploage. At

Vs recordod., Then the haoight

o1 lde down

oo until o the bBlock startasd to

stabte shiding, the hoighl wag

tn stoady

Powaored until the block was beginning to docolorate, bhen

[N

s caloulated nnd
B (v

N, verage) = ;.7
2

Socording to Carleton,

PN PRI 3 -
18 Glvens by:

QU ) = 3.2

.20°

reco, Jdod., The whnoloe e srinent was

5oand Tthe averdge valucs Lor ka cuvi‘llz

recocded ras showns.
L ]

in. (for static cocfficiont of friction)

: ‘ o :
O wn. (for winctic cocf¥icient of friction)

.

D

: s _
the static coerficient of friction

tan;l

sin—L('hl/AB) o .

-1

sin (8.20/24)

tanZQ

0.3642



0.338

LTuency:
. o
P oof b Llatin frooquomeices of the

»

noDAn were

- . y : ~ R 8 N . ) - -
fohormiaod usic §othe stroLoscopa. Thee uniit of treqguency
el i the simulasionois

s r.dians/sec.
Yy N

. Q

ne Radius:

radius s Jdeternifned by measuring the
tong'th of a awn by a boncil fixed to the pan [rame.
3 . o '
The length of

1

{4

Line wazs divide:
fal

cus incinches which "is the

by '« to obtain: the crank

unit uscd in the simulation.

(4) Pan Slope:

i
The pan slope was detformined by mes

°, As3Uring’ the height
oL ¢

the eonds of the pan above the horizontal and applying the

known lengtith of the pan. . All angular measurcments in the

simulation were 1n.radians
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