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Some inves t iga t ions  have been ca r r i ed  ou t  pn a (W) 

ro ta ry  c u l t i v a t o r  t o  s tudy the  e f f e c t  of some f a c t o r s  on 

~ t s  performance. These f a c t o r s  a r e  the  depth of c u t  and 

d r ~ ~ r o t a r y  speed, 

Some of the  perfonaance parameters t o  be considered 

i n  t h i s  work axe the power and s p e c i f i c  eneryy per  u n i t  

mass of s o i l  on the  ro to r  drum. 

H t  has been found , tna t  the  power requirements increase 
w i t h  m t h  t h e  deptn of c u t  and drum ro ta ry  speed. Whereasr 

the s p e c i f i c  energy per  u n i t  mass of s o i l  decreased w i t h  

depth o l  c u t  and increased with d r w  ro ta ry  speed. 

?. - 1NL'hOWC~ZON: 

Powew-driven r o t a r y  c u l t i v a t o r s  have been recent ly  introduced 
i n t o  the Egyptian agxiculture. They have been imported t o  replace 

the  decreasiny hand labour. 

Such machines should be t e s t ed  t o  adapt it t o  the Ugyptian 

environment, the  performance of these r o t a r y  c u l t i v a t o r s  is affec-  
ted by  marq fao to r s ,  amonyest of which is the  deptn of c u t  and 

drum r a t a r y  speed. Let  alone the  f a c t o r s  r e l a t ed  t o  t n e  s o i l  which 

w i l l  not  be considered i n  t h i s  work. The type of the  s a i l  is c lay  

loan. 
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kiowever, the most pr6minent factors to be studied are: 

1) depth of cut, 2) Tne- drum rot& speed. The performance 

parameters are the drum torque and the power requirements. It 

may be, thus possible, in the light of such study, to carry 

out any necessary alterations to adapt tne imported rQtary 

cultivators to the local Eyyptian kmrlronment. 

L - KbVLw OF PHEVIOUS W U h :  

Performance of a power-dr~ven rotary cultivator depends 

to great extent on the kinematics and yeometry of cutting oper- 

ation. Then tne study of kinematics and geometry of rotary- 

cultivation operation makes its possible to have more control 

over it to obtain the required best results. 

Hayarding this point, i-iendrick and  ill" ) indicated tnat 
any point on the periphery of an individual plade describes 

a trocnoidal path. The shape of the soil slice cut is remark- 
asly affected by direction of rotation wit0 respect to forward 
speed. Tney derived a formula for determining the increment 

of cut as given in equation (2-1) below. 

where, 

13 = increment of cut, 

K = rotor drum radius, 
= peripheral-to-forward speed ratio, 

n = number of blades, 

Some performance parameters such as soil pulverization and 
breakup fuel consumption and energy requirements are t n e  prom- 

Anent parameters for rotary cultivation operation. 

As far as soil resistance is concerned, ~urner'') pointed 

out tnat the nature of soil and mo~sture content are the import- 

ant factors according to which tilling methods are affected and 

varied. Por this reason the required torque will also be aff- 

ected. fie reviewed some of the factors affecting the selection 



and operat ion of c u l t i v a t i o n  implement a s  Given below. 

1 - type of s o i l .  

2 - k i r ~ d  of cmp. 

3 - moisture content. 

k i t h  regard t o  soil pulver iza t ion  nendrick and G i l l  ( 3  

pointed out  t h a t  one of the  main objec t ives  of ro ta ry  t ~ l l e r  is  

t o  break the s o i l  i n t o  f i n e r  s i z e  particles. They a l s o  con- 

cluded Chat soil pulver iza t ion  iucreases with deptn. This IS 

because more blades w i l l  pass tkirouyh the  area  and the  p r o b k ~ i l i t y  

of the  s a i l  being rec i rcu la ted  is increased. B i l l a t  ( c i t e d  ~y 
3 hendrick ) indicated t h a t  ro ta ry  speed appeared t o  have y rea te r  

influence on cLoS s i z e  than d i d  the depth of operation. 

AS f o r  the y e w t r y  of cu t t ing  operat ion and power required,  

Wendrick and poinbed out t h a t  the  power requirement in-  
creases with the length of m t h  of We blades. I n  an endeavour 
t o  o b t d n  the m;iainrum length of path,  a t  which the  power require- 

ment w i l l  be Illinimum, they s tudied  t h e  r e l a t i o n  between the  drum 

radius and the  depth of cut.  They found t h a t  the  optimum theor- 

e e i c a l  diameter-to-depth r a t i o  a t  which the  length of path-to- 

depth r a t i o  is mhimum ranges between 1.13 t o  1.33. Siihne (Cited 
oy invest igated the  inf  Luence of ro ta ry  speed on average 
torque. We reported t h a t  the  average torque increases l i n e a r l y  

witn ro tary  speed. Moreover, Mains and k ' u r l ~ a n ~ ( ~ )  s tudied  the  

effect of rotary.spead and drum radius  on horsepowe,r. Tney found 

t h a t  the  required power increases with t h e  ro tary  speed and drum 

radius. In  other  words, the  power requirement increases with tile 

drum peripheral  speed. 

3 - YuUIPMEWT: 
3-1 Rotary Cultivator: 

H (lug) rg ta ry  c u l t i v a t o r  was used as a power-driven ro tary  

c u l t i v a G ~ r  t o  b e - t e s t e d  i n  t h i s  work. It is composed of a 13 np 
motor and a power-driven 40 an diameter drum t o  which tne  cu t t ing  
blades a r e  attached as shown i n  Pig. (1). The blades a r e  arranged 



i n  4 courses equally spaced on each s i d e  of the machine. kach 

course contains 4 blades a t  equal angular spacing viz.  90'. The 

e n t i r e  drum w i d t h  amounts t o  105 c m ,  

To contro l  tne  deptn of c u t ,  a deptn reyula tor  t i m e  is  att- 

qcned a t  the  r e a r  of tne  machine as  shown i n  Eiy. (1). It con- 

t r o l s  tne  depth of c u t  through its sinkage i n  the  s o i l ,  Tne 

operator  holds a i d  cont ro ls  the  machine ~y using t h o  handle-bar. 

3-2 Instrumentation: . 

A torque transducer was used t o  measure the  drum t o ~ ~ u e ,  It 

was mounted on the  r i g h t  hand s i d e  p a r t  of the  drum as  viewed 

from tne  rea r  a s  shown i n  Fig, (2 ) .  The s i g n a l  coming from the 

transducer was received by a carrier-frequency measuring bridge. 
It was used a s  a conditioning u n i t  f o r  measuriny t h e  torque, The 

output s i g n a l  from t h e  conditioniny u n i t  was  t ransmit ted t o  

achar t  recorder. Recording waa c a r r i e d  out  with a pen on a r o l l  

of graph gaper. However, the  schematic block diagram of t h e  

measuring apparatus i s  a s  shown i n  Pig. ( 3 ) .  

The ro tary  speed was measured by using a ~ u l t i - ~ a c h o m e t e r .  
The experimental work was c a r r i e d  ou t  i n  the Faculty of Sngineer- 
i n y  and Technology i n  Snebin EL-Kom. 

4 - EXP~XI.IWL~TAL PWCEDUHf.;: 

Pour courses of blades were mounted beside the  torque tran-  

sducer a s  shown i n  Fig. ( 2 ) .  The bridge readings and chart recor- 

de r  values were then ca l ibra ted .  

4-1 Torque Measurement: 

The transducer was connected t o  the  conditioning and record- 
ing u n i t s  $through a s u f f i c i e n t l y  long c&le t o  &low f o r  machine 
test strokes.  The maximum and minimurn values of torque were taken 
from bridge readings. The average value of torque was determined 

from t h e  cha r t  recorder, 





4-2 Deptn and Speed rvleasurements: 

Depth measurements were c a r r i e d  out  on both s i d e s  of tile 

drum a t  regular  i n t e r v a l s  of 2 metres. The engine ro ta ry  

speed the  measured w i t h  the  tachometer. The forward speed was 

measured by using a s t o p  watch. 

5 - HESULTS HNL, UISCUYSIUh: 

5-1 Theoret ical  Approach: - 
The performance of the  ro ta ry  t i l l e r  under considerat ion 

depends t o  g r e a t  ex ten t  on the  operator.  A bettel:  understand- 

ing of t h e  t i l l a g e  operat ion as  c a r r i e d  out  by t h e  r o t a r y  t i l ler ,  
is therefore  very he lp fu l  i n  achieving a better performance and 

effeciency of t i l l a g e  operation. The macnine works by v i r t u e  of 

the  drum rotat ion.  The operator  nolds tne  handle-Bar of the  

machine and lets the  d r u m  r o t a t e  by means of the clutch.  A s  the  
drum r o t a t e s  it s t a r t s  t o  penet ra te  deeper into tbe s o i l  under 

the e f f e c t  of v e r t i c a l l y  downward fo rce  a ~ t i n g  on the drum. By 
v i r t u e  of the  c u t t i n g  process c a r r i e d  ou t  by toe blades of the  

drum ro ta t ion  the  machine goes forwazd a t  gerticuLar Eorward 
speed V. Uuring the  advance of the  machine tire taoil is c u t ,  pul- 

verized and thrown backwards by the  blades oE the  drum. 

Throughout the  advance of the  machine with the  drum ro ta t -  

iorl each blade on each course on the  drum c u t s  a new slice of 
the  s o i l .  The width of s o i l  s l i c e  i n  d i r e c t i o n  of t r a v e l ,  c a l l -  

ed width of oite and denoted by 8, is  a s  given by equatlon(2-1). 

With regard t o  the  fo rce  ac t ing  on the  machine, these  forces  

may be so r t ed  out  a s  shown i n  Fig. (4)  a s  follows: 

W =.machine own weiyht ac t ing  a t  C.G, 

hd= so11 react ion  on drum, t h i s  fo rce  m y  be measured t o  be 

ac t ing  t angen t i a l ly  on drum circumferance a t  i; po in t  d 
a t  the  middle of t h e  depth of c u t  a t  a v e r t i c a l  d is tance  

f as snown i n  Fig. (4). 



p ig ,  ( 2 )  The r o t a r y  c u l t i v a t u r  used' In the 

experirne.rltn1. work, 





H and Vc = S o i l  horizorital and vert ical .  react ions on depth 
C 

reyulator  t i n e  respect ive ly4 

H V + =  Operator reac t ions  on handle-bar, 
P 4  P 

Wd = my added dead weights on the  handle-oar. T h i s  

force  a c t s  v e r t i c a l l y  downwards. 

Considering the  hor izonta l  comnponents ac t ing  on the  m a c r i ~ n e ,  

= Vert ica l  component ok s o i l  reac t ion  on the 

drum. 

Since the  drum i s  the  most important p a r t  of the machine, 

some fu r the r  study of the forces  ac t ing  on t h i s  p a r t ,  may be 

of good use i n  - inves t iga t ing  the t i l l a g e  operatlon as c a r r i e d  
out  by the  drum. Consider a f r e e  body diagram of the  drum as 
showu i n  Pig. (5). 

J = The drum weight plus the  v e r t i c a l  reac t ion  of the  

rnacnine a t  t ne  drum cen t re ,  
12* = Norizontpl component of the  r e su l t an t  reactLon of 

the  machine, 

= ~ingu la r  speed of drum, 
= Speed r a t io .  

.............. tience, T = TS -t Tc (5-3) 

where % = The torque needed f o r  c u t t i n g  and pulverizing the 

s o i l  which is such t h a t ,  

Tc = Kd.K 

The r a t i o  between tnese two types of torque depends tc yreat  

extent  upon the  s o i l  type. 

5-2 Depth of Cut: 

ljeptn of c u t  can De changed ~y tne  depth regula tor  t m e .  
Increasing tne  depth 02 t r i e  depth-regulator t i n e  leads t o  in-  

creasing Hc a d ,  consequently, Ad as  indicated ay  equation (5-1). 



Pig .  (4 )  Ver t i ca l  f v r u o  relat ions  f o r  the rotary cul t i  vstor 

if: the v e r t i c a l  plane parallel t o  t h e  d i r e c t i o n  o f  

t rove11 . 
c" 

4- 



~ssurning t h a t  tne  r a t i o  vd/lid is c o ~ s t a n t  Vd w i l l  increase  a s  

a r e s u l t ,  i.e, increasing the  depth of cut .  

The re l a t ionsh ip  between the  r e l a t i v e  pos i t ion  A of t h e  tine, 

and the  average depth of c u t  is as  shown i n  Fig. (6 ) .  The r e l a t -  

ion  between H and 2 has been s t a t i s t i c a l l y  found t o  be as  given 

i n  equation (5-4) below. 

r = 0.99 

The r6I;ition between H and Z i nd ica tes  t h a t  the average depth 

increases l i n e a r l y  with the depth of the  reyula tor  t ine .  

5-3. Power Requirements : 

Ttle power transmit ted from the  engine is general ly expended 

on t h t e e  t-ypes of power requirement a s  c l a s s i f i e d  below. 

P1. = Poqer f o r  c u t t i n g  and pulverizing the  s o i l .  
P2 = Power required f o r  dr iv ing the  machine forwards. 

Pa = Power for throwing the c u t  s o i l  backwards. 

Then t h e  t o t a l  paver required from the  engine is aa given i n  equat- 
ion (5-5) below: 

The power PI depends on t h e  s o i l  s t r eng th  whicn is ,  i n  turn ,  

dependent on the s o i l  type and conditions. It is the  only useful  

power taken from the  engine. PI is ,  i n  f a c t ,  the  power needed t o  

overcome the  r e s i s t i n g  torque Tc and it can thus be expressed as 
given i n  equation (5-6) below. 

PI = Tc. .............. (5-6) 
With kegard t o  t h e  power P2 required f o r  d r iv ing . tne  ina6hine 

forwards it is as given i n  equation (5-7) a s  follows. 

.............. Pp = V (kit + Hp) (5-7 ) 

It i s ,  therefore ,  evident  t h a t  P2 increases with Hc which increas- 
es with depth of regula tor  t ine .  Then, increasing the  depth of 

t n i s  t i n e  leads t o  increasing the  p a r a s t i c  power P2. This power 



Depth regulator t ine posi t ion.  ( A )  

Pig. (6) The o v e r a l l  avarage of panstratlon V8.  d e p t h  

~ e g u l a t o r  t i n e  p o n i t i o n  :it var iow levoia of 

?T~LI I  r o t a r y  speed. 



-*57 - 
depends a l s o  on human f a c t o r s  a s  is evident  by including n 

P 
i n  equation (5-7). 

As f o r  Pj, it is the  power required t o  overcome tne  torque 

*s- 

5-4 The &$Tect of Ueptn of Cut and urum Kotary Speed on 

HoC&-i ,~qa l ,  Rawer : 

The ro ta t iona l  power is the  major p a r t  of the  t o t a l  power 

transmit ted from the  engine. I t  can be readi ly  ca lcula ted  a t  

each ro ta ry  speed f o r  various values of depth of cut .  Pig. ( 7 )  
shows the  experimentally found r e l a t i o n  between the  deptn of 

c u t  and power requirement a t  various l e v e l s  of drum ro ta ry  speed, 

It is c l e a r  from th i s  f i g u r e  t n a t  tne  ro tary  power increases with 

both the  depth of c u t  and the  ro ta ry  speed of the  drum. Tne power 

d i f ference  at a p a r t i c u l a r  depth of c u t  is not  proport ional  t o  
the  correspondiny d i f ference  i n  ro ta ry  speed, It might oe help- 

f u l  to have- s o w  l i g h t  throwu on t h i s  pheriomenon. I n c r e a s ~ n y  kne 

drum speed r e s u l t s  i n  an increase  i n  the  speed ra t io .  AS a aon- 
sequence, the  t i l l i n g  pitch o r  the  width of bite B decreases 

according t o  equation (5-2). Tnis leads  t o  g rea te r  s o i l  pulver- 
i z a t i o n  which e n t a i l s  g rea te r  energy(3),  i .e,  Tc increases w i t h  

the  drum rotary  speed resu l t iny  i n  a y rea te r  ro tary  power requir-  
ement. 

The spec i f i c  energy per  u n i t  mass of t i l l e d  s o i l  is computed 

versus depth a t  the  same values of t h e  drum rotary  speed as shown 

i n  Fig. ( 8 ) .  It is indicated from Fig. (6) t h a t  the  r a t e  of 

change of the  s p e c i f i c  eneryy per u n i t  mass of s o i l  increases 
with t h e  drum ro ta ry  speed. 

The ex i s t ing  power-driven ro ta ry  c u l t i v a t o r s  nave ueen found 

t o  be disadvantageous i n  some respects. Oue t o  f a t igue  e f f e c t  
caused by v ibra t ions  and react ive  forces  r e s u l t h y  f roin land 
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undulations and sprocketive constrlactior~ of c u t t i n g  blades,  

it is necessary t o  replace  the operator  a t  s h o r t  in t e rva l s .  

However, t h e  power and energy requirements, w e r e  experlraen- 

t a l l y  and t h e o r e t i c a l l y  s tudied  a s  a f fec ted  by both t h e  depth 

of c u t  and the  drum ro ta ry  speed. 'the re levant  empirical  r e l -  

at ionships between t h e  depth of c u t  and drum ro ta ry  speed as 

independent var iables  and ro ta ry  power and s p e c i f i c  eneryy as  

dependent var iables  have been s t a t i s t i c a l l y  derived from t h e  

experimental date. The ro ta ry  power has been found t o  increase  

with both depth of c u t  and drun ro ta ry  speed. Whereas the  

s p e c i f i c  energy per u n i t  mass of s o i l  has been found t o  dec- 

rease  with depth of c u t  but  it was hiyher a t  higher r o t a r y  

speeds . 
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