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The results of experimental research of work of arable aggregate are presented in composition of the tractor of МТZ-80 and hinge-plate plough on sandy-loam soil at the differential and blocked interwheeled drive of back bridge. It is set as a result of analysis of the obtained data that at the blocked drive tangent tractive of tractor force increases in limits from 3, 99 to 21, and 5 % as compared to a differential drive. The increase of tangent force takes place due to the increase of twisting moment on a right wheel that is in a furrow. Additional tractive force is used for overcoming of increasing force of resistance to motion of aggregate. The blocked interwheeled drive results in worsening of dirigibility of tractor and increase of expense of fuel on the average on 12 %. For maintenance of rectilineal motion of aggregate it is necessary to retain the forewheels of tractor turned to the right, thus, at the blocked drive the corner of turn of wheels increases.
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Statement of the problem. Universal-tilled tractor of class 14 kN of Minsk tractor plant equipped with transverse differential blocking of rear axle with hydraulic drive, that allows to turn on blocked drive for a long time in order to improve pull-coupling parameters of the tractor.
In the process of plowing of soil by aggregate in the tractor MTZ-80 and a mounted plow right and left wheels of tractor is on a different grip conditions, besides the redistribution of its weight occurs because the right wheels are in the sulcus and the left – on the field surface. In this regard, the study about the effect of blocked drive of transverse differential on pull-coupling quality, fuel efficiency and handling of arable aggregate is interesting.
Analysis of major studies and publications which discuss the problem. Earlier [2] experimental studies of the stability of rectilinear motion of tractor MTZ-80 in various traction were conducted when one side of the tractor was moving on slippery supporting surface (ice), and the other – on the surface with high adhesion (asphalt) with little load on the hook (3,5-3,8 kN). This mode of tractor operation is characterized for transport work in winter.

During the studies there were found that with a blocked transverse drive for providing rectilinear motion it is necessary to keep the tractor front wheels rotated at an angle of 5,160, and with the differential drive – on 2,180. Angle of rotation of the wheels increases with the speed of the tractor. There were found that control of the tractor with blocked drive worsens and patency improves. The power of rolling resistance is also increasing.
The purpose. The aim of the study was to establish the influence of blocking of transverse differential of rear axle of tractor MTZ-80 and the speed of aggregate motion on his pull-coupling parameters. Tractor performed plowing with mounted plow on the area with sandy soil. Depth of plowing – 20-22 cm. Experimental studies were carried out according to the agreement with the Minsk Tractor Plant. [1]

According to the targets, set by the customer of the research, the trial of arable aggregate was held within operating speeds (4-10 km / h). Moments on the semiaxis of the tractor drive wheels, engine torque and rotational speed of the crankshaft were measured In the process of analysis of the results of research attempts to estimate fuel aggregate economy for different modes of work were made.
Materials and methods. The research was conducted on the transfer from the second to sixth. To obtain the necessary data the tractor was equipped with strain gauges, which made ​​it possible to measure the value of the torque on the semiaxis of the rear axle, the torque on the crankshaft of the engine, the speed of the crankshaft, and the speed of the aggregate. The parameters of the research were recorded on waveform using mobile gage station based on GAZ-53A. Coefficient of blocking and tractor traction was calculated analytically.

Studies. The results obtained after processing of oscillograms are presented in Table 1.

1. Indirect meaning of research results of the arable aggregate work
	Transmission
	V, km/h
	Blocking
	Мcl, кN∙m
	Мcl, кN∙m
	ΣМк, кN∙m
	ΔМк, кN∙m
	Кm
	Рк,

кN
	Nd, кW

	II
	3,58
	Off
	3,15
	3,42
	6,57
	0,27
	1,09
	8,90
	20,09

	
	
	Turn on
	3,18
	5,20
	8,38
	2,02
	1,64
	11,32
	20,82

	III
	6,09
	Off
	4,55
	5,02
	9,57
	0,47
	1,10
	12,94
	29,44

	
	
	Turn on
	4,51
	6,03
	10,54
	1,52
	1,34
	14,25
	31,87

	IV
	7,48
	Off
	4,93
	5,69
	10,62
	0,76
	1,15
	14,36
	38,42

	
	
	Turn on
	4,24
	7,59
	11,83
	3,35
	1,79
	15,99
	41,58

	V
	8,85
	Off
	4,74
	5,22
	9,96
	0,48
	1,10
	13,46
	43,42

	
	
	Turn on
	5,02
	7,49
	12,51
	2,47
	1,49
	16,90
	51,81

	VI
	10,37
	Off
	5,36
	6,18
	11,54
	0,82
	1,15
	15,59
	49,31

	
	
	Turn on
	4,84
	7,18
	12,02
	2,34
	1,48
	16,24
	41,95


The total torque ΣMk is determined by the formula:

[image: image1.wmf]êëêï

Ì

K

SM=M+

,                                           (1)

where: Mcl – torque on the left semiaxis

Mwr – torque on the right axis.

The difference of torque is determined by the formula:
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Coefficient of uneven distribution of torque between semiaxis Km is determined by the formula:
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Tangent traction force of tractor Pk is determined by the formula:
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where R = 0,74 m – radius of the driving wheels.

Engine power Nd is taken from [1].

Analysis of the survey results (Table 1) leads to the conclusion that the differential blocking of rear axle increases the total driving time ΣMk (and therefore traction force Pk). This is evident also from the graphs presented in table 1.
[image: image5.emf]2

3

4

5

6

7

8

3 4 5 6 7 8 9 10 11

Mкп

Mкл

v, 

км/год

М, кН·м

8

10

12

14

16

18

3 4 5 6 7 8 9 10 11

Викл

Вкл

v, 

км/год

Р

к

, кН


Table 1. Dependence of the tangent tractive force of tractor from the speed

This is mainly achieved by growth of the moment on the right wheel Mwr, which is located in the furrow, as weight of the tractor due to its cross slope, as shown in Table 2 is distributed on it.
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Table 2. The dependence of torque moments on the semiaxis on the speed of the tractor with a blocked cross-axle drive

  A higher value of the moment on the right wheel was observed even with differential blocking for the same reason, but the coefficient of uneven distribution of moments in Km was significantly less than that of the blocked wheel drive. Thus, according to studies (Table 1), the uneven distribution of moments with off blocking by the blocking action of friction forces in differentials reached ΔMк = 0.27 ... 0.82 kN ∙ m (7 ... 9% of the total time).
The average coefficient of uneven distribution of moments Km was within Km = 1,09-1,15. Value of the coefficient Km tends to increase with the increase of aggregate speed.

When plowing with an operational system of the differential blocking a part of the moment on the driving wheel was 15,5-33,0% of the total (ΔMk = 1,52-3,35 kN ∙ m) was redistributed which corresponds to the values ​​of the coefficient of uneven distribution of the moment Km = 1,34-1,79.
Work with switched blocking, according to a study, led to an increase in the total driving moment from 3.99 to 21.5% compared to plowing under the same conditions with blocking off. Accordingly, traction force of the tractor Pk is increasing (Table 1). Additional thrust with a blocked drive was used to overcome rolling resistance force of tractor because for maintaining its rectilinear movement it was necessary to rotate the right front wheel to the right at a greater angle than with a differential driven by the need to overcome moment deflection caused by various moments on the semiaxis. So, working with blocked transverse drive affects handling of tractor during plowing.

There was growing resistance to traction plow with an increase in aggregate speed within 43.1% of the differential drive and 33.0% of blocked.
It must be noted that the work on the second and the sixth gears for speed motion does not comply with agro-technical requirements for plowing.

Engine power Ne, according to research, in the greatest extent (88% of nominal) was used on the fifth transfer with the blocked drive (Table 1). On the sixth transfer engine speed decreased due to overload – and it did not develop full power.
Received data from the studies show a small positive effect of the differential blocking on pull-coupling qualities of the tractor ​MTZ-80 in the process of plowing on weakly coupled sandy soils.

Attempt to analyze fuel economy of tractor on plowing with blocked and differential drive was made. For this turns of crankshaft of engine nd was determined by the formula:
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Specific fuel consumption ge depending on speed of the crankshaft is determined with regulatory engine performance [3].

Fuel consumption per hour Gt was defined by the formula:
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The results of calculations of fuel consumption are presented in Table 2.

2. The results of calculations of fuel consumption
	Transmission
	V, кm/h
	Blocking
	Мd, N∙m
	nd,

min-1
	Nd, кW
	gе, g/кW∙h
	Gt,

кg/h

	II
	3,58
	Off
	76,02
	2524,1
	20,09
	−
	−

	
	
	Turn on
	86,33
	2303,2
	20,82
	367,2
	7,64

	III
	6,09
	Off
	123,61
	2274,5
	29,44
	292,4
	8,61

	
	
	Turn on
	133,42
	2281,2
	31,87
	300,0
	9,56

	IV
	7,48
	Off
	163,83
	2239,6
	38,42
	262,5
	10,09

	
	
	Turn on
	175,6
	2261,3
	41,58
	265,2
	11,03

	V
	8,85
	Off
	191,30
	2167,6
	43,42
	254,3
	11,04

	
	
	Turn on
	230,53
	2146,3
	51,81
	250,0
	12,76

	VI
	10,37
	Off
	245,25
	1920,1
	49,31
	246,2
	12,14

	
	
	Turn on
	234,46
	1708,7
	41,95
	250,0
	10,49


Analysis of the data of Table 2 leads to the conclusion that with blocked transverse drive of rear axle the hour fuel consumption increases compared with a differential drive to 9-16% (average 12%).

Conclusions:

1. With blocked transverse drive of rear axle of tractor MTZ-80 the tangential thrust Pк ranging from 3.99 to 21.5%, compared with differential drive increases. Additional thrust is used to overcome the increasing resistance force of the tractor.
2. The growth of tangent traction is mainly due to increase of torque on the right wheel, which is located in the furrow.

3. To maintain rectilinear motion of arable aggregate it is necessary to keep the front driven wheel of tractor turned to the right.

4. With increasing of aggregate speed the traction plow resistance significantly increases both with the differential and drive blocking.

5. Blocked cross-axle drive leads to poor handling of tractor and increase in fuel consumption by an average of 12%.
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