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ABSTRACT 
MBOF see& sre~popdur in the sub-Saharqn AQiccr pnP Asia. &gwi as il is.callsd. is la. 

7poflIa~ $wt  in Nigeria, k c m e  of the gdiblg see&, which are comonlp wed Jm&e 
pr~~iration h a i  soup .or stew- and SR&. in N i ~ r k  farmers and 01her.we~~ I$ 

m?om perifb~ -melon shelking &?ozg$ :the $armbem~we and waitefu? kwdJ m&i+ds. 
i%ixhSlud~~&:uses an devising a befier,,+nethpd for the rernmtai ofihe shell to obl~.iyr, tise 
weds: Re$& >om .pt;elimhry . ilavesti@j,ms caiyid - out an some phyrkul'7and. 
engineering properties of the pod seed were wed in the design of the shelling machine. 
.Thd~mochinls, comfits- of.a_l"im,i Eke 4 ~ r k  the sklting chamber w unit mQda ~ ? a  
. roidng impeller d&s, rotor ~nd,#he seednor: dbchqge oscil~t, The shefling unit consists 
of a. ralating impeller m d e  of t~ j ld  sreei DJ 15mm rhick The discs are sepurured by 
vanes, 5mm thick, and 2 Omm high. The vanes are attached to provide a centraI feeding 
porf ~f ?Dkym.dim$w and, the geeds am. conzned 30 mov,  between the vmgs" 3%~ 
irnpfler: is m m 8 d  MtmtalJy on t h  vertical .shy?, centra@ pmifioned wifh - a 
cyJin&icul. ring of36Ihnm hfernaI diameter,,and rhFckness 8mm. The- machine wmdmi& 
with melon seeds sr cop~stmr speed and feed rate, wing moisture cunlents crfdridieeds, 
5%; JO%, IS%, 20% and 25% by weight (w. b). Xhe melon shelling eflciency (MSE) 
increasd ar the moistwe coment incremed, bui beyond 20% w.b, there was a decreass 
The mmrintum shelling ec iency  was obtained at a moisture content of 20% w-b. as 84%. 
The high shelling ec iency  ~hbtained in the shelling of melon and minimal loss h shown 
that there is a prospect in the mechanization of the processing and hnndling qveration. 
Kqvwords: Melon, Shelling, Impeller, Evaluation, Eflciency. 

rnTRODDCTION 
MeIon originated in. M i c a  and Asia. The areas where it is widely cultivated include the Caribbean, 
lndonesia and Africa In Nigeria, the existence of melon dates back to the 17th century. Egud melon is a 
popular fruir in Nigeria because of the edible seeds, which are commonly used in the preparation of local 
soup or stew and snack such as fried melon seed ball known as "Row' in South-western Nigeria. In the 
East, the seeds are sometimes boiled and eaten as snacks too. Past survey shows that 73,675 and 82,675 
metric tons of melons were produced in Nigeria in 1963 and 1964 respectively. Also, recent statistics 
showed that 100,000 and 488,000 metric tons of melon were produced in Nigeria in 1992 and 1997 
respectively. The production rare has increased tremendously, However, manual shelling of melon seed has 
been the common method or practice and this is very tedious and time consuming. Advancement in 
Agricultural practices in Nigeria md Africa at large, coupled with tbe ever-increasing production; make it 
difficult for manual shelling method to meet the demand of the teeming popuiation, as large quantities of 
melon are consumed daily in our society, With such a high demand, a well-designed shelIing machine would 
be the solution to the problems of manual shelling. Several attempts have been made to design and fabricate 
machines to ease different sages il~volved in the processing of melon. The objective of this work is to design 
and fabricate an eficiqnt melon-shelling machine that will remove the drudgery of manual processing. The 
melon (Citruljus vulgaris) seeds are small, flat and oval containing cotyledons in thin-walled shells with 
thick ring around the edges. Relevant physical properties have been presented by (Odigboh, 1979). The 
seeds are rich in ail (30 -50 percent) which is comparabie to other oil plants (Omidiji, 1977) and the oil 
contains a high level of saturated fatty acids (Adeniran and Wilson, 1981). Egusi melon is also an important 
component of the tradit ionat cropping system usually interplanted with such staple crops as cassava, maize, 
sorghum, etc. (Omidiji et, a]. 1985). Processing of melott involves depodding (the process of breaking me1011 
pods tr, remove seeds), fennenting. washing, drying. cleaning and shelling. Kushwaha et.al (2005) reported 
the developme~it and perfornla~~ce evaluation of an okro seed extractor. However, the machine cannot be 
used for me1011 depodding and sheliing because of the differences in morphological characteristics of the two 
crops. A melon ivashing machine has been developed by OIoko et a1 (2002) to reduce the drudgery involved 
in [he traditional method of washing melon after fermentation and depodding. Oloko and Agbetoyc (2006) 
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saw that inadequate or improper depodding of melon pods can cause problem in other processing stages srch 
ks separation of seeds from the pods. Odigboh (1979) designed and constructed a kitchen appliance for 
.e l l ing melon. Its design was based on the use of impact force. Seeds were also constrained to move ,in 
mjected spinning disk, Major probkm encountered with this design was the shattering of the serds. 

'~akanjuola (1978) developed a centrifugal device based on impact force to shell melon seeds. Three 
different types of impellers.were constructed and tested individuaIiy at four different speeds: I ,350, f $50, 
1,950 and 2,250 rpm respectively. An observation of the performance shows thar the efficiency ofthe de~ice 
was low. Jackson andsAgu ( I  986) carried out an experiment on the respqnse of melon seeds to twist be'nding, 
and compression I0adingii different moisture contents. The resdt of the inwsti&ion revealed thg abknce 
-of moistuwin-&e.ie$d 'emouraged .brittleness of both seed and shell. A d e k ~ l e  .et al; (2000). wg,$d on 
he i&$rovem&t of design h d  cbnstnrctim'of melon +elIer,bqt $tl?e outcome. has-not been. enceur@ng, 

MAmRIALs AM) rnTEQDS 
The Components Of The Machine 
The rnelan she1 Bng machin2 consists of a . m e ,  the hopper, theshe1 ling chm ber. & unit mwdq of a ro#tin,g 
impeller disc, rot'ijr and thecseed or discharge outlet (See plate: 1 & 2). 

Hopper 
The hpper is the component that holds the unshelkd seed before it is conveyed by graviw into. the shelling 
chamber. The hopper is made df I8 guage-galvanizedtsheet and has a capacity of 1 .) x loJ$. The hopperis 
in form of a qlihdrical .based pyramid (300mrn x 240mrn x .80mrn). The hopper was ,desiined , . .  to aid . &sy ?, 

conveyance of unshell&i melon seeds to the shelling unit. 

Frame 
The frame is the mounted support for all the components of the machine. While it is desirable to minimize 
the weight of the frame. It is necessary that it was sufficiently strong and rigid, It is constructed using a mild 
steel angle iron. 

Shelling Units 
It consists of a rotating impeller made of mild steel of 15mm thick. The discs are separatd by vanes, 5mm 
thick, and lOmm high. The vanes are attached to provide a central feeding port of 70mm diameter and the 
seeds are confmed to move between the vanes. ?"he impeller is mounted horizontally on the vertical shaft, 
centrally positioned with a cyIindrical ring of 360 internal diameter and thickness Smm. 

Discbarge Outlet 
The discharge outlet is th_e point where h e  seeds and chaffs from the shelling chamber are collected. 

Machine Operation 
Tfie main function of the melon shelling machine is to break the meion shells and separate the seeds from 
the shall, The. hopper serves as the feeling mechanism through which the rndon is fed into tbe machine. 
The seeds are passed down to the rotor from the hopper. The centrifugal force generated due to the fast 
rotation of the rotor sends the melons through the rotor arms againsr the rods arranged around the periphery 
of the impeller. The impact due to the co£lision of the melons and the rods generate internal seesses on the 
melons which are sufficient enough to break them since tbe hpel ler  is rotating in the opposite direction to 
the rotor. The melon seeds and shells are coIIected at the base by a slanting plate that lead to a discharge 
outlet. UNIV
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Design dcaIations 
- -Mtr&ikil pulley - 

- .Gj$el&en of fie mgk if ~*,.basie p& p~ belIt$tid Ls.nu@er of belts yxedeterrni,nd using 
- f d m d  p e r  tranm'issl6a,belt drives. ataipguei. The d e $ p  riecessitafed jn p r d q  to-~,*n the g+le~. 

diameter required for relative periphera! speeds needed in the melon shelling. 
- ,m ml&i&pmbwen s p t d  @];-tbtal slip.(S) anand the belt tldctwsr(t) iis given as 

where; 
S = Total slip = 4% 
PI2 = Sh& speed = 2900rprn 
N1 = Motor speed = 1450rpm 
R1 = Motor Pulley radius = 7Smm (table 1 & 2,) 
R? = Shdt PulIey radius = ? 
t = Belt thickness = 1Imm 

Substitutin~ for different values 

R2 - - 33.14mm 
Therefore, the diameter of pulley is 3 3.14 x 2 

= 66.28mm 
E 66mm 

BELT LENGTH 
With the pitch diameter know, the belt length (L) required is determined using the formula from Fenner 
( I 994) as: 

L =2C+ 
R + R )  ( ! + 1.57 (R, + R?) .................................. ...... ,... 
4C 

(3.7) 

Where C = cenm distance = 229mm 
R, & & are the diameter of pulley 
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s w r  DESIGN FOR STRENGTH 
The diameter of the shaft can be determined using the equation from Hall er al (19821, it stated that the 
diameter "d" of a solid shaft having Ijftle or po axial I d h g  . can . be calcuIatd from the equation given as , . , 

16 d 3 =  - ,/~K,M~~~+~R,M,)~ ; ............................. ...: ........ (3.8) 
d s  

Mere n. . 

M, = foriional moment on tbe shaft 
Mb = Bending moment on the shaft 
Kb = combined shock and fatique factor applied to bending moment 
K, combines shock md fatique factor applied to tbrsiiofial moment. 
S, = shear stress on the shaft 
d = shaft diameter 
From the ASME code, rhe torsional moment MI of a shaft can be calculated from equation (Hall et 

at., 1982) as 
M,=(T, -Td R .................* (3.9) 

Where TI = Tension on the tight side of the belt @I) 
TI = Tension on the slack side of the belt N 
R = Radius of pulley an he shaft (m) 

Substituting the values 
MI = l6Nm 

DETERMINATION OF ROTOR AND IMPELLER W n  
According to Oyenim and Imoisifi (19831, 
Breaking load of melon = 34M 
This is the force required to break melon 
Analysis this force, we have 
Let F I =  rotor f a  on melon 

El = Impeller force an meion 
Fa' Melon breaking force 
FI + F 2 = F b  

The machine employed the principle of double impact for&, the impeller speed is twice that of rotor speed. 
The radius of rotor R2 used is JOOrnm 

DETERMINATION OF NUMBER OF RODS ON IMPELLER 
Diameter of impeller = 36Omm 
Melon average width = 12mm 
Thickness of rods to be used = 6mm 
Circumference of impeller = n d 
Center distance of the rods = 14mm 
Number of rods = pitch circumference of impeller 

Center distance of the rods 
= x  x 360 

14 
= 80.79 rods 

Therefore, the number of rods used is 8 1 

ROTOR ARMS 
The total number af rotor arms is 6 and they were placed at angle of 60' to each other. 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Design, Fabrication and Evaluation of Melon Shelling Machine 

BE-G SELECTION 
The correct size of bearing was selected using the parmeter shown in bearing dimensions &la11 & 
H o h d o l .  . -_ - 

- ,  Power'reqaired to drive the 'machine 
The. power required to drive the shelling .machine Esn he, cnlnaed,as a function. &the power required to 

- .overcoke the i m i a  of the M - o f  the rotating w a n d  the-tpgtajaI in @e hopper. - . . . . . - ,  

' ' -he.pawer r e q u a  ~lculakd.psing the equ&oq8;ven tryr Tat&= ( 1395) that 
Pnwes(P) =- Fr.V. 
ww Fr . ,+  n e  to* might of mtating.&.k,mg~. 

= The tangential qelocity dflhe rotating parB'(m/s) . 
Ttierefore, I .  . Fr = (Mp+Ms+Mh+Mr)xg 
W h m M  = . Mas$ofpulley =., 2.0Q . 

- . , Mw> of @it fi.OQ;, ii . 
hat . = ' . ' U s  of matdaI in the hopper =1.20kg . . .  
Mt = Mass of &or = 3 . 0 4 ~ ~  
g -  = . acceleration due to gravity = 9.81 m/$ 
F ~ .  ' '=  (2.0+6.0+1.2+3.0) x 9.8 1 - - ' . 12;20,~9.81- 

I ' 
- - 119.682N ' 

The mgentid velocity V of the rotating parts = I 1 . 4 d s  
P.= Fr. V = 1 19.682 x 1 1.4 

= 1364.38 watts 
Estimated Power P = 1364.38watts - - 1364kw 

NOMINAL POWER OF T3E SHELLING UNIT 
Using a design fator of 0.95, this is ta account for ottrer losses of power such as friction on bearing and air 
resistance. 

The nominal power was calculated from Ukatu (1993) equation. 
Estimated Power 

No min a1 Power = 
Design Factor 

Estimated power = 1364.38 watts 
Design factor = 0.95 

1364 
Nominal Power =- = 1436,1gWafis 

0-95 

- - 1,436kw 
Therefore, r prime mover of 1.5hp, single phase and of speed 1 450rpm was chosen and used. 
Other specifitations are: 
Shaft diameter - - 66mm 
Sh& speed - 400rpm 

DYNAMIC LOAD FACTOR FOR SHELLING UNIT 
In order to account for the effect of shock and vibration on the dynamic loads acting m the machine, 
dynamic laad factor tabIe was used. For V-belts drive (SKF, 1989): dynamic load factor of 1.2 to 2.5 is  

- .- recommended. Considering the belt tension, a .dyrtaInic..l~ad factor ~f 1.5 .sgleg!e;ted.. $inze thq,rrting , 

shaR is constant in magnitudeand direction, dynamic load is not applicable. 

Testing and evaluation 
Tests were conducted on the machine to as~ertain its performanca. The purpose was to determine the 
effectiveness to shell melons and eval~~ate the effects of moisture on the performance of the machine. 
Preliminary performance- evaluation of the sheller was conducted using one of rhe mast avai table type of 
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unshelled egusi melon (Bara), procured from Bodija Market, Jbadan, Oyo State, Nigeria. Melon seeds 
bought were divided into six samples. Test was conducted for one of the sample in its dry state while the 
other five samples were soaked in different volume of water for 5 minutes. Three hundred wholq fuld clean 
seeds from.each empje were use for each of the moisture levlls, run-in m d o m  order of three.jfepiicates. 
Each run was evaluiited to study the main and interactian effects of the moisture contents on: - 

i .  The percentage number of seeds shelled and unbroken 
ii. ThepercentagenumberofseedssheIledbutbroken 

iii. . The percentage number of seeds unshelled and 
, . The percenhge number of seeds unshelIed hut broken 

Meton seeds were fed manually into the machine. The machine was operated empty for 5 mkutes before 
',# ;.the ged  &as.fed:into it, The ou@ut.fmm the swd outlet were collected and sep&ated into different units by 

manual methods. 

DATA COLLECTION PROCEDURE 
The procedure adopted involved collecting three hundred whole and clean s&ds +m each sample of shelled 
mixture th~,  &-discharge outlet and segregatbg'them into lots as specified below: 
I )  Seed shellediand unbrpken 
2)  Seeds shelled but broken 
3) Seeds unshgvqd 
4) Seeds unsbelled but br&en 
However, the performance data on experirnerital shelling machine at various moisture contents are shown in 
the table 6. 

Table 6: Performance data on shelling machine at various moisture contents 
1 sin I No of seeds I No of seeds shelled I No of seeds I No of seeds unshelled 1 
Volume of shelled and but broken 
water or % unbroken I 

MELON SHEWIZNG EFFICIENCY W E )  
The shelling efficiency was obtained using the formula .klow: 

Mean value of shelled seeds 100 
x -  

Meaa value of ernshelled see& + Mean value of shelled seeds 1 '  
For dry seeds sample 

MSE = 
11.5 + 7.5 100 X- 

(77 + 4) + (1 1.5 t- 7.5) 1 

The results were summarized in the table 7:- 
/ 
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Table 7: Comparison of moisture content level with melon shelling efficiency 
Moisture contents % Melon Shelling Efficiency % 
Dry seed I9 
5 25 

RESULTS AND D;ISCUSSION 
The effect of. m o h e  on the Melon She1 t iirg Efficiency WSE) of the machine is p k n r e d  in Tabla 7. The , 
results from ,ta@b: ? qhwLthat the .shelling efi~ienq of the machine imreased with -inmaw h-voluma of 
water added (Moi tm Level), for its dry form to 20% moistue content (i.e 19% and. 84Ymmspecti~dy). 'Bat 
an increase in the volume of water beyond this point decreased the shelling efficiency of the machine (i:e. 
At 25%. moisture contern, the shelling efficiency is 80%)..The highest melon shelling efficiency wzts 
achiwee'd at 300/p m* content Iwel for the v* of seed used (84%). Also the lowesf melon.sheliing 
eficiency was a? its dry state (19%). 

CONCLUSION 
A machine for shelling melon seed has k e n  designed, fabricated and evaluated for performance. The _ .: 
.sigaifiamt~ancbian hrn h o r n  the results of this. investiga~iaais that the shelling f i c imcy  depe&.an 
the moistwe conteat of melon, Also, the optimum rnoisiw level at which lo= wepe m i n i d  was 
obtained for the variety of melon used. 
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APPENDIX I 

5 .  
6. 
7. 
8. 
9. 
1 0, 
1 1. 
12. 
13. 
14. 

Base (1.5" x 1.5" angle iron) 
Bearing (4Omm pillow bearing SKF) 
Shaft (60mmby 300rnm shaft) 
Bolt andNuts (12" type) 
Sheet metal (1 18" plate) 
Thick plate for discharge outlet (1 14" plate, 2" x 2") 
Iron rod (1 4") 
Flatbar(l2") 
Paint 
Labur 

1 FL 
1 
1 
5 
!4 FL 
'/FL 
1 !4 FL 
% FL 
% gallon 

1000 
800 
2000 . 
40 . 
2,500 

,1000 
800 

,2000. . 

200 . 
2;5bP 

1,SOQ 
3000 
1,20Q 
750 

1,500 
3000 
1,200 ' 

750 , 

7.500 
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