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ABSTRACT 

In an attempt to facilitate the processing of vegetable material which is a daily nutritional food 

requirement of man, a vegetable slicing machine has been developed. This paper therefore 

presents the developmerit of a vegeuble slicing machine which is a mechantcat device that is 

used for slicing vegetable materials instead o f  the cnlde cumbersome and 

unhygienic method of manual slicing of vegetable materials. l*he dwdoped machine 

consists ofthe hopper, the cutter housing, the cutting blades, thc sprout. the shaft, and a 

wooden handle. The machine was designed to enhance the hy~ienic slicing vegetable 

materials for both dowstic and commercial consumption and it can aceommodate up to 

fifteen cutting bfdes made of high s p e d  steel matetial. 

Keywords: Vegmble Slicing Unhygienic Method, Cutting Blade, High Speed 8-1. 
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- Vegetable slicing jga ppmcers of wning vegetable materids with a well sharp objeot such as knife, 
..: q,r, ,,., . . .  '- ' . ' - 3  

and it. is usu J l y  done domestically or commercially using the vario~available methods of slicing. Vegetable - 'ST.. .. . ' - 8 , .  

Slioifig is mllaliy done locally king s knife- like slicer to cut vegetable materials into bits or slicer. The need 

for a more re1 iable and conveinient method of slid% vegetable materials necessitates the design &d 

mafi&qme of a local and pmie vegetable slicing machine. 

The principles of sIicing macbine is based an the action of shearing by blades and other types of cutters with 

primidlei . . ap the slicing which -.. include , .  t h  irnpact-type'cu~r, the mower cutter bar and the knife drive . - 

A w i n g  to Fmnk (2004), Otto Rohwedder designed and manufactured the Rrst slicmgmachine that 
". . " ' " : ; . r  . 

'wouklukl.slii%&d wrap brkd'in &hi$ the first meat slicing machine ww invented bi anqArne$m in 
..I, . 

1873. Tke m a n e  made use of an oblique knife in a vdcsl sliding frame for slicing dry bki. and it worked 
I '  

%th;did&tne holding the meat while slicing it against the cutting blade, (Hadim, 2001). The conventional 

slicing machine was orig@#y designed to slim meat into pi- of uniform thickness. It was dso used for 
slicing cheese, vegetables, ham, onions green peppers and sandwich ingredients (Tannahil I, 2003). There are 

WCalb'- ofslicer; the gravity slicer, the horizomt slicer, and the bacon slicer and thee three 

groups of slicer have their own shortcoming, The dicing machine for sficing food, such as meat, cheese, 
sausage and vegetable wnsists of a conveying device, a rotating blade and a knocKmg-off mechanism for 

transfeming the slices from the conveying device to deposit area, (Odior, 2007). Ohaneche, er n1.,(2005), 

skudid a vegefabie slicing machine and divided the operations Into four stages, consisting of material intake. 

mrrteri J transmission, trtateri4 slicing and matel-ial ejection. He also stated that the vegetable slicing machine 

mechanism is simply the action of sharing by the blades j ust like thd of meat slicing machine. 

2.0 PARTS AND OPERATION OF VEGETABLE SLICING MACEllW. 

The developed vegdable slicing machine was designed to slice dl types of vegetables including; ham, 

onions, g m n  peppers andmdwich mgredients. It can 
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Plate 

F i g 1  . Sectiotial V i w  bf Vegetable Sliciig Machine. 

accommodate q to fifleen cutting blades, The machine consists of the following major components: the 

hopper, the cutter housing, the cutting btades, the sprout and a wooden handle. The machine is presented in 

Figure 1 .  

2.l The B6ppek 

The hopper is the component ofthe machine which receives the vegetable. matet.iats to be sliced 

before discharging them into the slicing zone. Slicing does not take place in the hopper'as it is only far tl~e 

vegetable materials intake. 

2.2 The Slicing Cutter. 

The slicing cutter consists of some helical grooves w h i ~ h  pick up the vegetable materiais to b sliced 

from the hopper for onward transmission to the cutting zone. 

23 Cutter Housing. 

The cutter housing consists of the cutter down pipe and the w of cutters, The set of fifieen cutting 

teeth mourned on tbe cutter drum are all enclosed in the cutter housing. The actual slicing of the vegetable 

materials is performed within the cutter hwsing. 

2.4 The Cutting Bbdes, 

The cutting blades'h incorporated on the cutter drum which is fixed within the cutting housing. 

There are fifteen cutting blade which are spaced I O mm from each other. Each of the btades is IS rnm high 

and 90 mm long. 
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2.5 The Sprout 

The sprout is lcrcated at the battom of the dicing machine. It is 1 80 mm in length, 88 mm wide and 45 
" , +  ;. I' , 

mm in height. The sliced vegetable'mkkrials we a l l e~ ted  through fie sprout into the basin. 

3.0. SL;IClNG IMECHANJS~ 

The cuttipg mechanism ofthe vegetable slicing-machine is similar to down - cut Mion of a milling 

process. The teeth an the Wer are helical so t h ~ t  each t,o~th cuts with a progressive action instead of its 

whole length ~ m i n g  inp action at pce.  The helical natuk.of the cutting edge also brivgs side raki! into the . . 
cutting action. 

The sli~ing mechanism of a cutter with radius R mm, taking a cut h mm on the vegetable material over a 

width b rnm of the cutter is shbwn in Figure 2. 

Fig. 2: wing Mechanism of the Machine. 

A B ~  = AC? + c02 

but AC2= 0 ~ ' -  UC2 

:. AB' = OA' - oc2 + CB' 
= R" (R - h)' + h2 

= R ' - R ~ + ~ M -  h2+h' 

= 2Rt.1 

I - I e n c e , ~ ~ =  &% = G. 
where D is the diameter of the cutter. 
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When the pitch of the teeth is more than this, the cutting conditions become m shown in Figure 3,wheg TI, 

T2, T3 etc are the teeth with helix angle '4 . As can be seen from 

- .  - --- - - - - .  F&-3, Y~tJ1tch~~f I ~ G - ~ C ~ ~ .  . 

Fgum 3; Ts is just leaving the ~utting wne while T:! is coming into mion an the length. 

%:@tch bf cutter of€he vegetable slicing machine is small so there are always two or mom teeth in 

engagemem during cutting operation. 

LRttp=pifCh 

Z = numb&.ofketh on the m r ,  

D = cum &@-new, 
.nL 

Y = helix angle. 

Ckmfwence 04 c m r  
t =  

Number d teeth 
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Tbedead of tooth helix is obtained from . 
: .'cirwrmwm& of cutler badoftooth Wix= 

Circumkrence d cutter 
tan ry ='- 

Leadoftmihhdix Mn ly 

Z - n u m b  of teeth on rhe cutter, 

H = depth of cuf pet tooth (mm). 

!P = helix angle. 

3.1. Forces on the Cutter 

The normal force. tangential force and the end thrust on the c~rtter are shown in Figure 4. 

Fig. 4: Forces on Cutter Tooth. 

Here, Fn = amnmf%force on the tooth. 

F, = tangential force on the tooth. 

F, = axial force or thrust on the tooth. 

Y = helix angle. 

3.1 : Computation of the Number of Cutting Biades. 

Let p = pitch or spacing af blades (mm) 

n =Number of blades required 
D = Outer diameter of drum Cmm) 
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But p = l Omm (specified) 

- Therefore the requited number of cutting viacm is 15. 

3,0. OPBUTION OF THE MACHINE. 

The p~inciple of operation of the vegetable slicing machine b by the &tion of shwridg by he &ner 

blades. The blades are mounted vertically on the cutter down with B distance of 10 rnm fmrn'each bthk. The 
. . 

, blades are 35 mm high with a length of 90 mni. A thick plate with a slot is lnmrpomtd at of the 

hopper and is wqsmhed a mowe up or down in a v d c d  farm. ~urhjgtbe intake ~@&,'the-ire&hble' ' 

- &Is are .collected between the pitch of the blades. Actual slicing occurs when a f&e' is *&lied he 
handle and the shearing of the vegetable materials at a suitable clearance occurs betwen the thick pl&e and 

the Hades. Each of the b l a k  engages lumps of vege$able materids until the fifteenth blade mounted on the 

cutter drum finally engages s sizable amount of the vegetable materials and when the handle crank moves one 

cdmplete turn, the cutter blade wil I cut fifteen times. The sliced vegetable materials are collected at the 

bottom of the machine through the sprout. 

4.0. SRAFT ANALYSIS DBIGN, 
The paint of maximum bending moment af the uniform1 y distributed loading on the shM, can be 

determined by considering Figure 5. 

'I' 2- #N 

F i g 5  Uniformly had& Shaft 
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' Fi 6:hiicIion. Form at Point C. 

horn Uic force slialysis, it can be seen that the reaction at point C isbm bi; 

Rc= Fv=Fy= 1 2 0 ~ 0 ~ 4 5 ~  =85N 
:. Fv =Rt = 85 N, ------*---.--..- (31 

Also from the force analysis of the cutter - housing in Figure 7, we have the foliowing; 
1 

Fig.7, Force on Cutter - Housing. 

where Ft =-tangentiat cutting force, 

FH = horizontal cutting force, 

FV = Vertical cutting force, 
WH= uniformly diwbuted horimmal loading, 

WV = unlfumly distributed vertical loading 

r, = radius of curter, 
-* - 
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T = applied torque, 

L = Length of shaft 

T 'Also from the Figwe we have that F, = - 
rt 

but r, = 9mm 

Fmm.Equation 4, the cuttim form can 

. Also FH= F, ~os45 '  = Fv = 1 ;87C~s45*+ 

.'. FH=Fv= 1.32KN. 

So from the hvrimtal and vertical forces, the uniformly distributd loading is given as 

.'. WH = W v = 13.2 Nlmm. 

' -The paint of maximum bending moment is now determined from Figuce 6 as follows; 
From the loading diagram of the s M  we have; 

b 
=RYIJX 

M M = R Y I ~  X 

but the tatal bending moment i s  given as; 

M = M l r + M 1 2 = R Y ~ ~  X+RYI~X= my11 x L + R Y ~ z ~ X  

85 

Fig  8. Point of Maximum Bending Moment. 

151 
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The ,poiat of maximum k d i n g  m m m t  is o h *  by differentiating Equation**** 

lbrrsfore the maximum &ding moment M is bbtaind as hllowr; 

:. M = ((1 8.03)' + (1 8.03)')~ = 255 Nm. 

The Torque T =,FE x h, 

whereF~= 120 N=f~rceactingoo the handle and h = 140 m m =  length ofhandle. 

.'. T= 120x 140Nmm= 16800Wmrn or 16.8Nm. 

The sh& diameter is estimad from the given equation; 

where d, =diameter of shaft 

D - ~  = yield strength of shetA material, 

Kb = bending load factor, 
IC, = tomional load factor, 

M = maximum hd'ing moment. 
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:. d, > 13.5587 mm, and d, was taken to be 1 8.00mm. 
-t. 

The bending moment diagmm resulting from the shaft design is presented in Figure 9. 

A 

Fig, 9, The. Bending Moment M w m  

5. TEST AND 03SERVATXDN. 

Some vegetables were loaded in the hwper white the crank handle was wound round as fast as 35 
-1 

revolutions pw minute while pressure was applied on the vegetable materids inside the hooper. This action 

was repeated four times and fine sliced bits of vegetable were obtained. Three different types of vegetable 

were sliced with the machine and the time taken to sIioe the same quantity of vegetables recorded as 

presentad in Table 1. UNIV
ERSITY
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Table 1: The Taken ta Slice Some QwntityofY.egable. 

-MODELING THE MACHINE SLICING, TIME. 

The.pumpkin I@ vegetzhle w s  selected to model the time require to slim a given,w@ight of vegetables. The 
pcess  involved the slicing of di fferwrt known weights of vegetables using the .fabricated machine 

while the slicing time is recorded at emh stage. The mult is presented in Table 2.. 

- . TIM% SLicing,T@e for ~ o m p ~ n  LW y&etrblr . 7 . .. . . 

. 
! 

I n  our modeling, y (slicingtime) is the depended variable while x (weight) is the predictor and the results 

h m  our modeling i s  p q t e d  in Table 3. 

wd@f x 

Sli~fng Time, y (min) 

'SNO. 
01 
03 
02 

I I I I 

N = 10. R' = Q.99. Stplnd Error (s) = 0.101 8, DurbinWatson = 1.715913 

1QO 

0.53 

Table 3: Summary of Rwnlts from the Model. 

The resulting equalion from the modd for the machine slicing time is M o r e ,  

y = 0.007212 - 0.323936~. (10). 

The actual values, predicted values and the residual values of machine slicing time are presented in Table 4, 

while h e  plot for the actual, predicted and residual values of slicing time is presented in F i g u ~  1 0. 

TYPE OF VEGETABLE 
- 

Pumpkin leaf 
Bitter leafh. 
Green Vegetable 

Madel 
Factors 
Consrant 
Weighr (x) 

150 ' 

0.75 

WETGTH-@m') . 
475 
475 
475 

Coefficients 

0.0072 t 2 
-0.333939 

SLlcn\lGTME(mia> 
2.0 - 
1.5 
1 ,O 

200 

1.90 

Mean 

2.02 
325 

250 

1.90 

Smndaid 
Deviation 
1.0960 
l51.3825 

300 

1.85; 

Sta~~dard Error af Reg. 

0.3466 
47-87 14 

.350,. 

2.05 

450 

3.00 

400 

2.50 

500' 

3.25; 

550 

3-73 
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Table 4: Aatuat and Predicted Values of SMng Time. 

Actual I Predicted I R&@J~I: 1 , A 
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6.0. CONCLUSION 

 he food pmcqsing eqt~i&~~$helps in produoin$ I , quoantitis and keeps cost unda control; 

vegabjc3Ucing machke was develop4 to enhank the l a d  p-hg 6f v e g e a l s  by cbnsuiwrs. The . - .  - .  
maor kmp&e?nts of the machine which m'fabri lsted uskg locally sourced inaterials include; bopper, . . 
.the au#er housing, the cuttingbtdes, the sprout, the shaft and a wmdea+hdie. . , . : . . . , i .  . 

The development ,oftbe v a ~ l w ~ l i c i n g  machine demonsW .thk f a ~ t  thaksucb -&;d,groc;sstng 
,$ . - 

eqipment htlk in pkd;oing large qu&htiknd ~pk-e0b under kntiol.   he machine-is d&i& 0 6it& . -  . 
oh-, vegetabk, ham, onions, gtesn peppsrs and hd*ich ingredients under good and fiygiknic'canditions 

0% 

and it is designed to xmmmodate up to fifteen cutting bldes made of mild steel material. 
. .& 1 - 1  , . 
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