
A B S T R A C T

An. in ves t i g a t i o n  has be en car ried out w i t h  p o w e r t i l l e r  

operated R o t a r y  and Combined M a c hin es  for ti ll ing of 

unsatu r a t e d  soils, from m e cha ni cal and ergonomic 

c o n s i d e r a t i o n s .

T he or etical  analysis has been done to evaluate  the 

coefficients r e p r e s e n t i n g  the fraction of total S p e cifi c 

Energy for acti ve  and pa ss i v e  tools. Oc t a g o n a l  ring 

transducers are d e s ig ned and used to mea s u r e  h o r i z o n t a l  and 

vertical soil r e a c t i o n  forces in l a bo ra tory tests.

L a b o r a t o r y  tests are carr ied out under c o n t r o l l e d  

conditions in a soil bin us ing one Ro ta ry M a c h i n e  and four 

Combined Ma chi nes . These are o p e ra ted at d i f f e r e n t  levels of 

rotor speed, linear speed and depth of working. R e s u l t s  

o b t ained are ev a l u a t e d  in terms of S p e c i f i c  Energy, M e a n  

Weight D i a me te r of soil a g gr eg ates and Inv erse P e r f o r m a n c e  

Index. B as ed  on the results an ot he r d e t a i l e d  s t u d y  has be e n  

made w ith one of the more p r o m i s i n g  C o m b i n e d  M a c h i n e s  

comp r i s i n g  of two fixed shovels sp aced at 10 cm apart 

followed by the R o t a r y  Unit. T h e  p e r f o r m a n c e  of this unit too 

has been eva l u a t e d  in terms of S p e c i f i c  Energy, M e a n  We i g h t  

Diamete r and I n v e r s e  P er fo r m a n c e  Index.

Erg onomi c st udies have also been c o n d u c t e d  in the 

l ab or a t o r y  as well as in the field. I n itially  three s u b j e c t s

are se lecte d to represe nt  5th, 50th and 95th p e r c e n t i l e  of 

p o w e r t i l l e r  o p e r a t o r  p o p u l a t i o n  b a s e d  on th eir  b o d y
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measurements. T hen a detaile d study is c a r r i e d  out to find 

the effect of Temperature, R e l ati ve  H u m i d i t y  and imposed U ork 

Load on Energy  E xpendi tu re Rate w i t h  three s e l e c t e d  subjects 

under co nt r o l l e d  conditions in a P s y c h r o m e t r i c  Chamber.

Fro m the results of the l a b o r a t o r y  exp eri ments

Re gr essi on  Mo dels are d e ve loped for Inverse Perfor m a n c e

Index, S p e c i f i c  Energy, Mean Ueight Diameter as well as Heart 

Rate and En e r g y  Expend it ur e Rate.

On the basis of lab or at ory studies, a n e w  tool bar has 

be en d e s ig ned to incorporate the s e l e c t e d  Fixe d M a c h i n e  in 

the power ti lle r in addit ion to the R o t a r y  Unit. The R o t a r y  

as well as the C o m b i n e d  M a c h i n e  are then tes t e d  in the field 

from m echan ic al  and ergonomic con siderations.

Field r e s u l t s  indicate that the s e l e c t e d  C o m b i n e d  

Ma ch i n e  gives be t t e r  p e r f o r m a n c e  in terms of q u a l i t y  of w o r k  

done and c o m p a r a b l e  p e r f o r m a n c e  from all other m e c h a n i c a l  

considerat ion s, for a single  pass of the Po wertiller. The 

ope ra ti ons of the Ro t a r y  as well as the C o m b i n e d  M a c h i n e  are 

o bse rved to be ” M o d e r a t e l y  H e a v y  ", a c c o r d i n g  to s t a n d a r d 

cl assifica tion.
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KEY W O R D S  :

Powertiller; Rotar y Machine; Com bined Machine; Speci f i c  

Energy; M e a n  We ight Diameter; Inverse P e r f o r m a n c e  Index; 

Horizontal soil r e a ct ion force; Vertica l soil r e a c t i o n  force; 

Rotor Speed; Linear Speed; D epth of Working; Ergonomics; 

Subjects; Heart Rate; Oxygen C o n s u m p t i o n  Rate; Energy 

Expenditu re  Rate; R e gr ession Models.
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	SOME INVESTIGATIONS ON ROTARY AND COMBINED MACHINES FROM MECHANICAL AND ERGONOMIC CONSIDERATIONS

	JAGDISHWAR SAHAY
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	Rn = 			(3-7)
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	Rc = Rpc ± Rac		(3.17)

	Ep Ap = Er = . Sp. Ep ± M. Et
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	STRAIGHT BLADE

	FIG. 4.3	SWEEP
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	» i i » eplication (R )	: 3 (Rl, R2. R3)

	ANTHROPOMETER

	BICYCLE ERGOMETER

	FIG.4.11 SCHEMATIC DIAGRAM OF EXPIROGRAPH

	1%

	Specific Energy (MJ/m3) for Maclaines

	Table 5.4 Average value of mean weight diameter of five tools at different rotor speed, linear speed and depth of working


	_ Linear speed : 0-156 m/s

	Rotor speed, rev/min (a)	Depth = 0.025

	Rotor speed, rev/min (b)	Depth = 0-025m

	FIG. 5.6 EFFECT OF ROTOR SPEED ON MEAN WEIGHT DIAMETER AT TWO LINEAR SPEEDS

	Contd ... (Table 5.6)
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	Rotor speed» rev / min (a) Depth = 0*075m

	(b)	Depth «0-075m

	o qpFED ON INVERSE PERFORMANCE FIG. 5.9 EFFECT OF ROTOR WEE^ ^ spEE0S

	(a)



	T4 8.99 2.12

	x2

	Source of variation Reduction in Degree of Mean sum of F-value sum of square freedom s<jJare

	Specific energy

	e

	£ 0.2 <v

	Rotor speed, rev/min (a)	Depth = 0-075m

	0.2

	Linear speed, m/s (a)	Depth = 0-025m
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	Inverse performance index

	5.5	Experiment 8

	•^presenting respective 5th, 50th and 95th percentile

	Temperature, C
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	FOR FOUR LEVEL OF RH FOR SUBJECT S2


	relationship betwee»;	loadwithND

	v = b„ + ! bJ ij

	,.9708 + 1.4033X1 + 0.2622*2 * 0.6045X3 correlation coefficient = 0.884
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	34. Gill, U.R. and Hendrick, J.G. The irregularity of soil

	SPECIFICATIONS OF INSTRUMENTS AND ACCESSORIES

	Gould Recorder

	120x0.12	2

	nu Zn I = l> riM nx lT) = i n y 11 J = 1 > ii M nu ii i = l» n YXXIT,J) = xX (i,J)
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	t- j = L J + i

	CAPBb ( I, J J =. o.i> * B (LJ )


	IF iJj .FU. 0 ,uD. MM .lF. 1) ThFiM


	nu 70o i = x, M|1

	'F ^VAUJ^.L,. 1.01	‘ ’ ''''ALU':

	Th i-lj . tfc,	NrSlNJ = i^PnJnT - 1

	Tp=,sn

	c:uM = n.o
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