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Prototype design and test analysis of a beans particle separating machine. Simolowo 0.E eta/. 

Notable researd~ works have been done on the sepmtbn of cowpeas (commonly known as 
bans) from unwanted metedals. Feller, [4], worked on the effect of oscillating screen motion on the 
passage of particles through peffomtions. Some physiEal and aemdyna&c propertres relevant In 
dpstoning some grain crops were also studled IS]. m r  mlevant and applicabk works indude b a n  
produdon without irrlgatIon, dry bean produdon and works relati% to applied geophysics IQ]. The 
common process by whlch foreign padides or unwanted partldes are removed from beans prlor to 
oonsumptlon Is maJoriy that of separation by hand picking. This method is time consuming and 
inadequate when laqw quantity of beans is needed for corwumptlon. 

To dean  is etther to formulate a plan for the satMaction of a specified need or to solve a 
problem m. Also the of design is essentrorlly an exercise in apptied creativity 181. Based on these 
slated prindples, the objective of this work is to design and fabricate a beans partide pneumatic 
separating machine that can be operated by a single operator, capable of separating unwanted materials 
fmm large quantity of bans within a short time prior to cooking and consumption. However, the design of 
a machine for separation of fombn unwanted particles from large quantity af bans would probably be 
difkult without the study of the physimi &r#l amdynamic properties of beans. These propertias indude: 
size, shape, angle of re-, static coeffiderrt and terminal velochy of whkh the terminal velocity b the 
main CrlterBon for the design of the beans partide sepamdng machine. The machine was des$ned such 
that a fan Mows the chaffs whkh has tmlnal  velocity Mwe8n 7.0 - 9.01111~, while the second fan Mows 
the beans with an average terminal vetocity of 1 3m/sS As part of the initial design processes, the two fan 
M m c s  were tested Mer constnrclbn by allawing madurn of bans and unwanted partides to fail 
through their air s!reams and the best angk  of tilt with m-um performance determined for both fans. 

2.1 Machine P m  

The main mponents of the beansipartides separating machine at this Rrst design stage are 
shown in figure 1. They are: (I) The Frarnq This forms lhe skeleton on which all other components of the 
machlna hangs and also withstands the vibrations, sbsws and the $barns on the machine during 
opewon. (IT) The Hopper; thls part Is used as a means of i-uclng and regulating the feed rate of the 
unclean beans Into the machine. (iii) The Inclined Plate; this plate Is inclined at a predetermined angle 
based on the angte of repose and shtk cdfident of friction of the beans. This is to ensure the smooth 
fall of the undean beans into the air flow Hnes of the f a .  OThe fan Blowers; these are two centrifugal 
fans made up of the fan housing shafts and Wades. The free air Inlet and duct outlet prindple was 
adopted for the fans -use of its moderate effid8ncy and stability. (v) Grab Colledor; this is made from 
w u d  materia1 to reduce cost and noise of hnpacl of grains as they fall into R. It Is pamoned into two for 
the collection of h W e r  stones and lighter dean beans. (vi) Eiectrlc Motor; This is used to drive all 
mwing components of the machine through the pulley belt system. 

2.2 Machine Opedon 

The k n  partide-sqmating machlne uses the air separation mettrod with the aid of two identical 
blowers to separate foreign materials from bean seeds, whlch is finatly yllected at the base of the 
machine in the grain oolector. An e l m  motor, which has a double gmwe pulley, Is used to power the 
machine with the aid of iwa 'A' type flat belts. One belt connects the electric motor to the first blower and 
the other joins the mator to the second blower (Mower d m r  to the ground). 
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Pmtdype h l g n  and test analysk of a b i n s  particle se- machine. Sholowo 0.E et aL 

The grain mix is introduced In the hopper and wgulateci with the aid of the feed mechanism. The 
grain mbc comprlslng mafnly of beans, stom and chaff dmp directly from the i&r on the inclined plate 
and rolls down amss the air -am from the Mower. The lirst fan located above blows off the chaff at 
this point. This Is because the fan Is designed such that the air doc i ty  at that outlet is slightly higher than 
the terminal velodty af the chaff but I-r than those of the beans and grains. The beans and stones 
cgntinue to fall freely end at a Fate unaffeded by the first Mower. The second fan, which has a velodty 
sligMly higher than the terminal velocity of bans and I w  than that of he&r stones blows further the 
beans fmm the path of free fall Into a different compartment but alIowing the stones to fall separately. 

5.0 DESIGN OF SEPARATOR MACHINE COMPONENTS 

Fan W i g n  

The rnacttlne has two fans (as shown h Flg. 1) one fan Is to blow olf the chaff and the other is to 
Mow out the beans from the stones. These fans are Identical in shape but they are different in speed due 

' 

to the diffmces In the termlnrrl vdodtles of'the chaff and beans. The design is therefore. based on 
dilcllng the diameter and speed of the fan pulley that will produce the required air velocity at the fan outtet. 

me equatl0II presented In (I) Is used to debmine the diameter *of each of the fan pulleys 
(the driven pulleys) @].The m s p d w  terminal vehdlies (VJ for the first and second blower designs 
applied in equatbn (I) are 7mfs and t3mls. They also correspond to those of Chaff and beans 
respedhdy [q. The d W e r  of the fan impeller from peripkml center (dz), the impeller width (b-3 as 
shown in Fig. 3 and the diameter of the motor (driving) pulley @a 4m chosen within design limits [I], i3]. 
Ap k3 the m s - s d o n a l  a m  of fan ouWL Also from equation (Z), the d&en speed of the Mower fan can 
be calculated. Whem, 

N a P m  (2) 
N, is the driving (motor speed) Nz is the driven speed. The electric motor used based on further 
d-n (section 3.4) is a Angle phase 2hp with a speed of 1420 rpm 

The first fan b to blow the chdf and dust from the bans as they fall down from the inclined plate. The 
terminal velodty at thb point is that of the chaff and is abut 8 mls [q. lherafore the design is based on 
'the'pSOtby thM +wIh mirce tMs vekidy. Usiw equation (11, Vt b 8 mls, the4*d&rSrsdi and h are 
based on geometry; N, is motw sped;  0, Is motor pulley di#meter. The first fan pulley diameter D( is 
Obtained. Using equatlon P), the speed of the fan pulley (N2) Is obtained. The same procedure is carried 
out to obtain the diameters and speed of the second fan pulley. 

3.3 Design of Fan BeIts 

The objedhe of belt design Is to determine the powet that Is transmi#ed by a particular type of 
belt with given dimensions. The ftaf belts were used in !h?s deslgn due to their high effidencies at high 
speeds and ability to transmit large amount of power over long center distance. The equations employed 
in the deMmtrWon of angle of wrap M for h e b  1 and 2 as shown In mums (1) and (2) are ghren as: 
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Prototype design and test analysis of a beans particle separating machine. Simolowo O.E. et al. 

Whem R ts radii of larger pulleys; r is radi3 of smaller pulleys; Ca c e h  distsnces from the two 
pulleys being conasdered; a! a' and a a" are the warp angles of the two pulleys with respect to the belt 

being considered. The &dent of frjctlon f for leather on cast iron is used white a Is as determined 
In equatlon 3a and 3b in radians. 

3.4 Total Power Tmnsmitted In Ebb 

Before we can calculate the pwer  transmitted we have to calculaie the angle of wrap of the belts using 
equations @a) and (3b). After the determination of the map angles, equation (4) Is used to obtain the belt 
tension m) in the tfgM skfe, Whem S 1s maximum allawable stress, b is bett width and t is belt thickness, 

q =Sf 

To determine the tension on the loose side, equations ( 5 )  and (6) are used. 

M = b p  ($1 
Where T2 is b B H  tension in loose side of belt, p is density of leather, M M mma&+r unit length of belt and 
V is llne speed of pulley given as equatfon (7) 

Whem N is speed of pulley gweming design, RD is radius of pultey ~oveming deslgn. f he smaller value 
of the pulley governs the deslgn. The ponrer (P) transrmltfed between the fim pufley is given as 

Using equations (3) - (8) the power transmitled between ?he motor and the first pulley PI and that 
between the motor and the second pulley P2 am calculated. The total m r  PT transmilied to the belts is 
the additron of the two v r s  as in equation (9) 

Pr= P, + Pa (9) 

This total power obtained is the basis for selecting the electrlc motor wed in driving the machine. 
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Prototype design and @st analysts of u beans partkh mpadng machine. S i i a w o  O.E. et aL 

The two pneumatk separators for the beandpawes rnachlne were designed, construded and 
assembled so as to make the alteration of the tilt angles of the air flow Iine to @horizontal level possible. 
The best angle of fib at whlch the machine will be most effedive was themafter determined. The beans 
were weighed before separtrtton and the same was done for the chaff. The beans and the chaff were then 
mixed together and fed into the separating machine thmugh the hopper at feed rate of 0.5khJmin. 

The W u m  was then Introduced into the line of airflow of the fans. After the separation process 
was completed, the partially cleaned beans were collected and the chaff and beans were separated one 
from the other and the d i f b m  weights taken again. This process was repeated three times for each 
angle over the results used to det8rmjne the Mldency of the fans a? ea& of the tilt angles. 2.5 kilograms 
of bans and 0.5kg of chaff- used forthe analysis. 

The equation used for the determlnatlon ,of effidency Is given as 

Where Wb IS Weight of beans b f o m  separatbn; We (w Is Welght of chaff before separation; Wb {Ad 
is Weight of bans Mer separation, W, {Ad is WelgM of chaff after separation. On the completion of the 
performance test for the M m r  fans, the resub obtained are as shown in Table 1 and 2. Presented 
graphically in Figures 2 and 3 an the Mdendes ofthe fans at vadws tilt angles. 

6.0 IhWERPRETATION OF RESULT 

As shown In Table 1 and 2 when the fans are at horlroplfal podtion (04 the foms produced (rate 
of air flow from the fan Wet) is at maximum. However the effidency of the first fan is reduced {from 
equation 8), since an appreciable amount of b a n s  is Mown ofF with the chaff, When atre fans were both 
fled to lo0, the dtaff was Mown away with some beans and some stones. At the first fan, Inmesa in title 
reduced the intensity with which the air velocity Is expelled at Uw.outld, themby allowing some beans and 
stones get to the alflaw of the second fan. 

However at this angle the second fan does not blow the beans and the stones indicating that the 
intensity of the air velocity fm the second fan Is not enough to terminate the beans from the line of free 
faU. To In- the alr WadQ of the second fan, the fan is Wed back to 0' for reasons discussed earlier. 
The second fan at this angle starts to work as desited and it Is of note that t is at only thk angle that the 
second fan can effecthrely Wow the beans frwn the lines of free fallAt 500 the efficiency begins to drop 
again, since air velocity at the outlet has Wen a litlIe below the termlnal velocity on the chaff. This causes 
some chaff to be carried wer to the second fan, which is undesirable. 

6.0 WMCLUSDN AND RECOMMENDATION 

The mdn owe* for whkh !he machlne was designed is to accomplish the separation of the 
beans and chaff uslng the prlndple of Teminal Velodty. The termlna velodties of the partides 
considered are as falaws, the chaff 5.0mls, the beans 9 M s  while that k the stone is 14 mls. The 
mechlne was powred by singlemase 1.5 KW elWc motor with a speed of 1420 rpm. The first fan that 
blows the chaff has an air doc i ty  of W s ,  while the second fan that blows the bans has an air velocity 
of 1 W s ,  m e n d e s  of the machine were debmined based on the angle of tilt ofthe fan Mower. 
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Prototype de!sIgn and test s m b  of a beans partick separating machine. Simolowo O.E. eta!. 

The air w10dty at ihe outlet of the fans blower Is pramount in acoomplishing successful 
separation of the grains, The velod&y ofthe fan blowers can be regulated by tilting them to dierent angle. 
The air velocity can also lm varied by changing the ske of the drMng pulley. For easier regulation of the 
air velocity the use of multiple speed ElecMc Motors Is recommended, thereby making the separation of 
other grains like rfce, maize among others posslble by regulating the speed of eiedric motor within the 
snge of temdnal velockk of grains. 
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Pmtotype design and test analysis of 8 beans particle sepamting machine. Simolowo O.E. @t 81. 
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Prototype design and test analysis of a beans particle separating machine. Simolowo 0.E et al. 

F i g m  2 Set up of b l o w  fans at t# an$bs dwiy!esthg 
k '- 

F l g m  3: Im- Mtda &sign p m m t m  and Bs pclsitbning UNIV
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Prototype design and best W o l s  of a W partltle separating machine. Simolawo O.E. et al. 

- Tabk I: PMmnefm Ted Rest# tbr Fan I 

Fan tilt InZlial Wigfits 
fa Test 2"d T& 3* Test Average 

Angle Bemm ~ests 

Table 2: kibmmnce Test Result for Fan 

3d Test Average 2"6 Test 
Fan 

Initial Weights 
tilt + 

Before Tests 
I*TW 

Angle 

wb@d w@d wb(Ar) wb&) w&). W m  wdkl wb(A3 wc(Ar) 

0 ml) w m (Kg) 1 m) m) IKg) 
0" 2.5 0.5 2.2 0 2.2 0 2.3 0 2.2 0 

10" 2.5 0.5 1.5 0 1.6 0 I .5 0 1.5 0 

20' 2.5 0.5 1.1 0 1.2 0 1.2 0 1.2 0 

30" 2.5 0.5 0.9 0 0.8 0 0.8 0 0.8 0 

40' 2.5 0.5 0.6 0 0.6 0 0.7 Ti 4.0 0.6 0 

50" 2.5 0.5 0 0 0 0 0 0 0 0 
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Prototype design and test andyslii of a beaxw particle separating machins. - Sirnolow0 O.E. et al. 

Figure 4: Efleciendes ai m-otls lilt mgksfor fm b i b ~  1 

Figure 5: EficieRcfes at vmims tilt aPlges fm fm b h r  2 
k + 
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