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ABSTRACT : 

The o b j e c t i v e  of t h i s  work i s  t o  s t u d y  t h e  e f f e c t  o f  

some o p e r a t i o n a l  f a c t o r s  on t h e  pe r fo rmance  o f  t h e  m i l l  

such a s  f e e d  r a t e  and  m o i s t u r e  c o n t e n t  on t h e  power c o n s -  

umed, r e q u i r e d  t o r q u e r u n i t  e n e r g y  consumed and  a s h  c o n c e n t  

i n  t h e  m i l l e d  f l o u r  ( p r o d u c t ) .  The samples  of wheat  Sakha 

8 v a r i e t y  u s e d  i n  t h e  e x p e r i m e n t a l  work. From t h e  e x p e r -  

i m e n t a l  r e s u l t s  t h e  f o l l o w i n g  c o n c l u s i o n s  a r e  o b t a i n e d :  

1 .  The optimum f e e d  r a t e  (8 .1  k g j m i n . )  o c c u r s  a t  m o i s t u r e  

c o n t e n t  1 4 . 5  % .  

2 .  A s  t h e  m o i s t u r e  c o n t e n t  of  h ~ h e a t  i n c r e a s e s  t h e  power 

consumption d e c r e a s e s .  

3 .  A s  t h e  e x t r a c t i o n  r a t e  i n c r e a s e s  t h e  a s h  c o n t e n t  

i n c r e a s e s .  

1 . INTRODUCTION: 

A n a t u r a l  s t o n e  m i l l  a s  t h a t  shown i n  F l g .  ( 1 )  used 

i n  t h i s  s t u d y .  I t  i s  composed o f  two h o r i z o n t a l ,  p a r a l -  

l e l  and c o a x i a l  s t o n e s .  B e s e  s t o n e s  a r e  made f rom g r a i n t e ,  

and t h e  d i s t a n c e  between them may be a d j u s t e d  i n  o r d e r  t o  

m e e t  t h e  r e q u i r e m e n t s  o f  t h e  g r a i n s  t o  b e  m i l l e d .  The 

u p p e r  s t o n e  i s  r o t a r y  and h a s  a n  open h o l e  i n  t h e  c e n t r e  

t h r o u g h  which t h e  g r a i n s  may b e  p a s s e d ,  w h i l e  t h e  l o w e r  s t o n e  

i s  s t a t i o n a r y .  The g r a i n s  whlch f a l l  thrc..!?h t h e  c p m  h o l e  

of t h e  u p p e r  s t o n e  a r e  p u l l e d  and move2 outward by c e n t r i f q a l  

f o r c e  S .  



The n a t u r a l  s t o n e  m i l l  i s  equipped w i t h  an e l e c t r i c  

motor 30 HP and 1450 R.P .M.  The power i s  t r a n s i m i t t e d  thr- 

ough 4 b e l t s  where t h e  r o t a r y  s t o n e  r o t a t e s  a t  210 R.P.M.[1,2]. 

Experimental  t e s t s  were c a r r i e d  o u t  u s ing  t h i s  m i l l .  

The o b j e c t i v e  of  t h e s e  was t o  s tudy  t h e  e f f e c t  of o p e r a t i o n a l  

f a c t o r s  on t h e  performance of  t h e  m i l l .  These f a c t o r s  a r e ,  

f eed  r a t e  and mo i s tu re  c o n t e n t  on the power consumed, r e q u i r e d  

t o rque ,  u n i t  energy  consumed and a sh  c o n t e n t  i n  t h e  f l o u r  

(p roduc t )  . 
2. SCOPE OF ~ ~ G K K :  ' 

Experiments were c a r r i e d  o u t  on t h e  n a t u r a l  s t o n e  m i l l  

t o  s tudy  t h e  e f f e c t  of  some o p e r a t i o n a l  f a c t o r s  on t h e  m i l l  

performance* . These f a c t o r s  may be cons ide red  a s  fo l l ows :  

1 .  Feed r a t e :  The f eed  r a t e  i s  t h e  most impor t an t  f a c t o r  

which h a s  a s i g n i f i c a n t  e f f e c t  on t h e  pcwer consumption 

and t h e  f l o u r  e x t r a c t i o n  r a t e .  

2 .  Moisture  c o n t e n t :  Mois ture  c o n t e n t  h a s  a  s i g n i f i c a n t  

e f f e c t  on t h e  power consumption, f l o u r  e x t r a c t i o n  r a t e  

and ash c o n t e n t .  

3 .  EQUlWENT AND MATERIALS: 

Samples of  wheat used i n  t h i s  s t udy  was t aken  from t h z  

wheat Sakha 8 v a r i e t y .  I t  was ob t a ined  from t h e  provience  

of  A g r i c u l t u r e  Behera Governorate .  Wheat was c l eaned  through 

c l ean ing  equipment which were e x i s t i n g  i n  t h e  u n i t  o p e r a t -  

i o n  [ I  I . The u n i t  o p e r a t i o n  c o n s i s t s  o f :  

1 .  S i eve  s e p a r t o r :  used t o  s e p a r a t e  s t r aws ,  sand and f o r e i n g  
seeds .  

2 .  Scorner:  used t o  remove t h e  adhe r ing  d i r t s  o u t  of t h e  

g r a i n s  s u r f a c e  by f r i c t i o n .  

3 .  A s p i r a t i o n  a i r :  used t o  s e p e r a t e  d u s t ,  sma l l  s t r aws  and 

o t h e r  l i g h t  p a r t i c l e s .  



The s i e v e  s e p a r a t o r ,  s c o u r e r  and a s p i r a t i o n  are shown 

i n  F ig ,  ( 3 ) .  

4 .  Washer F ig .  ( 4 )  : used t o  s e p a r a t e  t h e  s t i c k i n g  d i r t  from 

t h e  s u r f a c e  of  t h e  wheat g r a i n  and t o  s e p a r a t e  t h e  

mud b a l l s .  

5. S i l o s  F i g ,  ( 5 )  : used  f o r  c o n d i t i o n i n g  t h e  wheat g r a i n s .  

4 .  MEASURING DEVICES: 

The fo l l owing  measuring d e v i c e s  a s  t h a t  shown i n  F ig .  ( 2 )  

were used i n  t h e  p r e s e n t  work: 

( a )  Wattmeter: t o  measure t h e  p o w e r  c c n s l ~ n ? p + J ~ ~ .  

(bl Cur ren t  t r ans fo rmer :  t o  reduce  t h e  i n p u t  c u r r e n t  t o  

t h e  wat tmeter .  

(c )  P o r t a b l e  d i g i t a l  tachometer :  f o r  measuring the number 

of r e v o l u t i o n s  of m i l l .  

( d )  Stopwatch: t o  measure t h e  t ime  p e r i o d .  

( e )  E l e c t r i c  muf f l e  fu rnace :  t o  measure t h e  a sh  c o n t e n t .  

The measuring d e v i c e s  s p e c i f i c a t i o n s  a r e  i n d i c a t e d  i n  

Appendix . 

5. EXPERIMENTAL PROCEDURE: 

A q u a n t i t y ,  W,Kg of wheat g r a i n  was t aken  and p u t  i n  

t h e  f eed  hooper  t o  be  f e d  i n  o r d e r  t o  keep t h e  f e e d  r a t e  

i s  a  c o n s t a n t  a s  p o s s i b l e .  

The t ime dur ing  which the above q u a n t i t y  i s  f e d  was 

measured u s i n g  a  s topwatch,  t hen  t h e  f eed  r a t e ,  R f ,  =W/T kg/min. 

Where , 
Rf : f eed  r a t e  kg /min. 

W : Wheat g r a i n  q u a n t i t y  kg. 
T : Time p e r i o d  min . 
During t h e  exper iments ,  t h e  m i l l  speed was measured 

us ing  a  d i g i t a l  tachometer  a t t a c h e d  t o  t h e  m i l l  a x i s .  The 

power consumed was measured us ing  wat tmeter .  The a sh  con t -  

e n t  was determined accord ing  t o  A.A.C.C.,[3] and t h e  mois- 

t u r e  c o n t e n t  was determined acco rd ing  t o  A . O . A . C . ,  [ 4 1 .  



6 .  RESULTS AND DISCUSSION: 

6.1.  Power consumed anh Required Torque: 

The p rev ious  exper imenta l  p rocedure  was c a r r i e d  o u t  f o r  

wheat (Sakha 8 V a r i e t y ) ,  a t  v a r i o u s  l e v e l s  of f e e d  r a t e  and 

mo i s tu re  c o n t e n t .  The n a t u r a l  s t o n e  m i l '  i t ems  a r e  p l o t t e d  

v e r s u s  t h e  f eed  r a t e s  a s  shown i n  F i g .  (6).  

For power consumption, it i s  shown from F i g ,  ( 6 )  t h a t ,  

f o r  a  power of 2.1 kw. a t  no load . ,  it i s  q u i t e  c l e a r  t h a t ,  

t h e  pow-.- consumed i n c r e a s e s  wi th  t l -  ,: f e e d  r a t e ,  Also it 

can n o t i c e d  t h a t ,  t h e  power consumed i n  t h e  wheat m i l l i n g  

p roc - s s  i n c r e a s e s  when t h e  mo i s tu re  c o n t e n t  d e c r e a s e s .  

1.t i s  thought  t h a t  t h e  i n c r e a s e s  of power consumption 

i s  l o g i c a l l y  accompanied by an i n c r e a s e  i n  t h e  f eed  r a t e  

and dec rease  of t h e  mo i s tu re  c o n t e n t .  

With r e g a r d  t o  t h e  r e q u i r e d  t o rque ,  TR, t h e  r e l a t i o n s h i p  

between t h e  f eed  r a t e  and t h e  r e q u i r e d  t o r q u e  was found 

s t a t i s t i c a l l y  from t h e  exper imenta l  r e s u l t s  [ 5 ]  a s  fo l l ows :  

The above r e l a t i o n  a t  M.C. (Mois ture  content)M.C.=11.8 % * 

b u t  a t  M.C. = 14.5 % t h e  r e l a t i o n  w i l l  be: 

AS i n d i c a t e d  i n  eqs .  1  and 2, t h e  t o r q u e  of  10.22 and 

10.18 kg.m a t  no l oad .  I t  i s  c l e a r  t h a t ,  . the  r e q u i r e d  

t o rque  i n c r e a s e s  e x p o n e n t i a l l y  wi th  t h e  f e e d  r a t e .  Also,  

it can be n o t i c e d  t h a t ,  t h e  r a t e  of i n c r e a s e  i n  t h e  r e q u i r -  

ed t o rque  i s  g r e a t e r  a t  11.8 % M.C.  t han  t h a t  a t  14 .5  % M.C. 

I t  i s  thought  t h a t  t h e  i n c r e a s e  of r e q u i r e d  t o r q u e  i s  l o g i c -  

a l l y  accompanied by an i n c r e a s e  i n  t h e  f eed  r a t e  and an dec- 

r e a s e  i n  t h e  mo i s tu re  c o n t e n t .  

6 . 2 .  Un i t  Enerqy Consumed: 

The g e n e r a l  behaviour  of t h e  g raph  of t h e  r e l a t i o n  

between t h e  f eed  r a t e  and t h e  u n i t  energy consumed p e r  



kg of  heat 1 s  Po d e c r e a s e  r a p i d l y  u n t i l  i t  r e a c h e s  a  minim- 

um ::a1 u e  ai (6 1 k ~ / m i n )  when t h e  X . C .  = 14.5  % a s  shown i n  

F l g .  ( 7 ) .  ~ l s  , t h i s  f i g u r e  i n d i c a t e s  t h a t ,  t h e  v a l u e s  of 

u n i t  m e r a y  a:c g r e a t e r  a t  11.8 % M.C. t han  &a t  a t  14.5% M.C. 

Th i s  n3ay be >ti r i b u t e d  t o  t h e  i n c r e a s e  of  power consumption 

i s  greci ter  a t  ' l i C .  = 11.8 % t han  t h a t  a t  M.C.  = 14.5 %. 

5 . 3 .  Effect cf 3 o i s t u r e  Content  and E x t r a c t i o n  Rate on 

Frora E l - .  ( 8 1 ,  it i s  c l e a r  t h a t ,  t h e  ash c o n t e n t  i n  t h e  

y i e l d  cT f l s ~ r  i n c r e a s e s  wi th  t h e  e x t r a c t i o n  r a t e .  Th i s  may 

be a t t r i b ~ t e c ?  -1-0 t h e  i n c r e a s e  o f  t h e  Bran, s h o r t s  and sand 

( s t o n e  c ? u s t )  c o d t e n t s  i n  t h e  f l o u r .  q l s o ,  t h i s  f i g u r e  ind-  

i c a t a s  Lhat t ho  v a l u e s  of t h e  ash c o n t e n t  i n  t h e  y i e l d  of  

f l ~  ~ l e  . _-- a t  11.8 % M.C.  t han  t h a t  a t  14.5 a M.C.  

This  may bc - - i b u t e d  t o  t h e  i n c r e a s e  of b r an  powder con- 

t e n t  ;r. t k c  flo$.r a t  11.8 % M.C. t h a n  $hat a t  14.5 % M.C. 

The fcilcwiing conc lus ions  a r e  drawn from t h e  experim- 

e n t a l  r e s u l t s ;  

1 .  The optimum f eed  r a t e  (8 .1  kq /n in )  q c c u r s  a t  mos i tu re  

c o n t e n t  : ' . '  %. 

2 .  A s  t h e  ??.CIS l c r e  c o n t e n t  of wheat g r a i n  i n c r e a s e s  the  

power CO:ISJ !? t ion dec reases .  

3.  A s  C:c sx t j - sp t ion  r a t e  i n c r e a s e s  t h e  a s h  c o n t e n t  i n c r e a s e s .  
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MEASURING INSTUMENTS SF F C I F I ? . - - '  ^:is : 

. - I n  w h a t  f o l l o w s  i s  a b r i e f  2 e s c r i p t i o n  f o r  ilir n&~,-- 7 

i n s t r u m e n t s .  

a. WATTMETER : 

Its  range f r o m  .O-375 w a t t  a n 2  j t s  a c c u r a c y  2 . 5  w a t t .  

b. CURRENT TRANSFOFGICR TYPE ONF 0 4 0 0 9 9 .  

C u r r e n t  r a t i o  ... ... . . .  * .  . ... 1 : 1 0 0 / 5  A 

... ... ... ... P o w e r  ... 1 5  V A 

... ... F r e q u e n c y  . . . . . .  ... ... 5 0  IIz . 
c. PORTABLE D I G I T A L  TACHOMETER TYPE P R  9 1 3 1 / 0 0 .  

... ... ... S p e e d  range ... m . . 1  : 9 9 9 9  R.P.M. 

... A c c u r a c y  . . . . . .  ... ... error+O. 2%+ 1  d i g i t .  

... T i m e  base . . . . . .  -.. ... ... 0 . 6  S e c .  

... ... ... D i s p l a y  t i m e  ... ... 1  S e c  . 



-- - 1 Peed Hopper. 
F i g .  1 .  Sectional Elevation Through2 Peed Regulator. 

3 Flour Out l a  t . 
the Natural Stone M i l l .  4 Lever f o r - ~ d j u s t m e n c  the Clearmce Betvaen the  t w o  

S t o n e s .  
5 H i l l  Frame. 
6 B a s r i n ~ ;  . 
7 I f a h  S h a f t .  
8 Dr iven  Pul ley  
9 S t a t l o n a r y  S t o r e .  

10 R o t s : ~  S t o - 3 .  

Fig. 2.  Ekperimental Set-up. 



1 .  S i w e  Separator. 
L 2  

2 .  Scourer. 

3 .  Aspiration. 

Fig. 3. S i  ve Separator and Aspiration. 





Pig. 6 . N f a c t  of Peed B a t e  on t h e  R e q u b e d  Torque and 

) l o t o r  Power Consusled. 




