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The results of experimental research work as part of an arable unit MTZ-80 with mounted plow PN-3-35 on sandy loam soil in Belarus in the differential and locked rear axle of cross-axle drive in acceleration mode with a deep plow on the go and pre-recessed plow. Using strain gauges, the torque on the clutch shaft and the axles of the tractor rear axle. An analysis of average and peak values ​​of moments we found that when a blocked drive total points on the semi-axes were 5,9–31,3 % more than the differential drive. Over-loaded on all test conditions was the right half. Maximum points on it were greater than on the left on 4,6–20,3 % at lock off and 12,1–32,5 % when enabled.

The calculations of the strength of the semi-axes tractor for peak and average load were completed.

Research loads on the primary and secondary shafts of the tractor gearbox bearing blocks have not found a significant effect of the differential lock on the load.
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Statement of the problem. Universal-row tractors class 14-20kN Minsk tractor factory equipped with transverse differential lock rear axle hydraulically driven, to enable drive blocked for a long time to improve traction and grip performance and its tractor road. At the same time, locked transverse drive power circulation occurs between the rear axle axis due to redistribution of the leading moment that could increase the burden on the details of transmission and undercarriage of the tractor and the deterioration of controllability.

We have conducted experimental research load transmission tractor MTZ-80 during plowing. Determined average and peak (maximum) value of the torque on the clutch shaft axis and acceleration in the arable unit in various programs of deepening the plow on the move and with pre-grooves plow. According to these data to calculate the strength planned axis of the tractor.

In order to identify the impact of the system on transverse differential lock workload of primary and secondary shaft gearboxes we also conducted experimental studies.

Analysis of recent research and publications with a solution of the problem. By the time of installation of the system MTZ transverse locking rear axle hydraulically driven, research about the impact on the blocked steering and traction and grip of the tractor is practically not carried out. During the application of the system of the Department «Tractors and cars» Poltava State Agricultural Institute was awarded a contract with the self-supporting Minsk Tractor Plant. Research conducted under this contract for six years, respectively, consisted reports and publications have appeared. According to [4] experimental studies of the stability of rectilinear motion and control tractor MTZ-80 in terms of various adhesion were conducted, when one side of the tractor moving on a slippery base surface (ice) and another on the surface with high adhesion (asphalt) with little load on hook (3,5–3,8 kN). This mode is characteristic tractor transportation work in winter. Also in [5, 6] studied handling, traction and economic performance of the arable unit. In sources [1, 2] the results of research workload leading semiaxes and shaft clutch tractor MTZ-80 with locked differential for plowing, which mainly assessed the workload on the average values ​​of points on the axis and shaft couplings and autocorrelation functions and features spectral density changing processes leading points. Analysis study of load transmission peak values ​​for points on the shaft axis and grip was given less attention because our goal is a deeper analysis of this issue.
Moreover, we found no studies of the effect of the differential lock on the load bearing supports transmission.
The purpose and objectives of research. The aim of the pilot study is to determine load power transmission parts of tractors MTZ-80 with automatic locking transverse differential during plowing mode of dispersal of deepening the plow attachments on the move and with pre-plow buried by the peak torque values ​​on axis shaft and grip. The resulting research data analysis can determine the size and nature of the dynamic loads on the tractor power transfer and maximum values ​​of points on the axis of the shaft and the clutch, the intensity of their growth during acceleration arable unit.

MTZ-80 tractor mounted plow with PN-3-35 to perform plowing of the area with sandy soil plowing depth of 28–30 cm. Experimental studies were conducting under agreements [1, 3] Minsk Tractor Works MTZ at the test site in Belarus.

In order to identify the impact of transverse differential lock on the load bearing supports transmission shafts we planned experimental study.

 Materials and methods of research. Research was conducted on the transfer from the second to sixth. To obtain the necessary data tractor was equipped with strain gauges that measure the value allowed torque axis on the rear axle, the torque on the shaft coupling, speed of the crankshaft, speed unit, the time of the experiment, the path traversed by the experience. Research on Parameters recorded waveforms using gage mobile station based on GAZ-53A. Oscillograms were processed by mathematical analysis.

Research was conducted by the following procedure. Arable unit moved straight on a flat area of ​​a test field length of 50 m. Arrivals held to transfer from the second to sixth. Traction load posed tractor plowing depth within 28–30 cm. Experiments were conducted at each transmission with disabled and enabled, automatic lock system. Profiles of the unit were as follows: acceleration of deepening the plow on the go (d.p.g.) and pre-grooves plow plowing with constant movement.

The influence of transverse differential system of automatic lock on the load shaft bearing supports transmission gears carried on from first to sixth while working tractor on wheat stubble, plowed field and asphalt road with different loads on the hook of the tractor. We measured strain gauges vertical and horizontal components of the forces acting on the bearing front bearing primary shaft and secondary shaft rear bearing.

The results of research. The research results obtained after processing oscillograms and analysis showed that the differential lock during plowing performance provides increased traction on the hook due to better grip of the right wheel that moves in the furrow. Overall it leads to better use of coupling tractor weight, increase the total moment on the driving wheels and traction, slipping significantly decreases. When plowing with disabled blocking redistributed between the axis of the lead since the frictional forces due to the differential was 7–9 % of the total let down since. When working with operational blocking of redistributed moment rose to 15,5–33 % of the total let down since.

Average time of uneven distribution coefficient between the axis of plowing on blocking was off 1,08–1,15, and when enabled, blocking – 1,34–1,70. The value of this ratio was increasing with decreasing depth of plowing and total driving torque.

Workload transmission shafts determined by the average values of torque on the axis of the shaft and grip, the size of their peak values and the internal structure of process variation points by measuring the distribution of energy in frequencies.
Gage sensors were intended the left axis Ml.max on the right axis Mr.max, since the shaft of clutch Mc.max. In the processing of oscillograms determined maximum value points. Analytical determined total time on the axis [image: image1.png]


 points and the difference between right and left semiaxis.

The research results are presented in table 1.
1. The maximum value points to the shaft axis and grip during acceleration arable unit
	Gear
	Blocking
	Acceleration mode
	Мl max, Н∙м
	Мr max, Н∙м
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, Н∙м
	Н∙м
	Мc max, Н∙м

	II
	disabled
	d.p.g.
	5256,2
	5858,5
	11114,7
	602,3
	150,1

	
	
	recess
	5924,3
	6698,3
	12622,6
	774,0
	187,4

	
	enabled
	d.p.g.
	6674,7
	8070,7
	14745,4
	1396,0
	177,6

	
	
	recess
	7592,9
	9372,5
	16965,4
	1779,6
	189,3

	III
	disabled
	d.p.g.
	7341,8
	7736,2
	15078,0
	394,4
	214,8

	
	
	recess
	7509,6
	7871,5
	15381,1
	361,9
	287,4

	
	enabled
	d.p.g.
	7509,6
	10448,6
	17958,2
	2939,0
	255,1

	
	
	recess
	8219,8
	10932,6
	19152,4
	2712,8
	237,4

	IV
	disabled
	d.p.g.
	8260,0
	8738,7
	16998,7
	478,7
	296,3

	
	
	recess
	8447,4
	8907,5
	17354,9
	460,1
	296,3

	
	enabled
	d.p.g.
	8050,1
	10017,0
	18067,1
	1966,9
	346,3

	
	
	recess
	8200,2
	11260,9
	19461,1
	3060,7
	310,0

	V
	disabled
	d.p.g.
	5506,4
	5792,8
	11299,2
	286,4
	326,7

	
	
	recess
	6174,4
	7746,0
	13920,4
	1571,6
	319,8

	
	enabled
	d.p.g.
	6091,0
	8214,9
	14305,9
	2123,9
	323,7

	
	
	recess
	7509,6
	11130,4
	18640,0
	3620,8
	359,0

	VI
	disabled
	d.p.g.
	5006,0
	5541,7
	10547,7
	535,7
	314,9

	
	
	recess
	6376,5
	6966,1
	13342,6
	589,6
	377,7

	
	enabled
	d.p.g.
	6749,3
	9764,9
	16514,2
	3015,6
	387,5

	
	
	recess
	9093,9
	10349,6
	19443,5
	1255,7
	406,1


Analysis of data from table 1 allows to conclude that the maximum value for axis points during acceleration arable unit increased by increasing the number of transfer order II to IV inclusive transfer. In V and VI programs maxima points were somewhat smaller, which can be attributed falling rate of acceleration due to an overload of the engine and increased skidding tractor. In all experiments, the load on the axis (points Σ M, Ml. max, Mr.max) during movement of the pre-grooves plow were higher compared to the regime recess on the go. The workload was more semiaxes as during acceleration from a locked differential. The maximum on the right axis were always larger than the left and vary within 4,6–20,3 % at Off blocking and 12,1–32,5 % when enabled. It can be explained by the fact that the right tractor wheels in the furrows moving, therefore the right axis coupling redistributed greater weight, according sold more time are also important factors of different grip.

Total moment ΣM with a blocked cross-axle drive according to table 1 was 5,9–36,1 % more than in Off blocking.

The maximum points on the shaft coupling tend to increase as you increase the tractor gears. It can be explained by the growth of the forces of inertia that must be overcome during acceleration unit at the higher gears. Most clearly it traced to disperse with a locked differential. Thus, the time off and on blocking II transmission and dispersal of buried plow is 189,3 N∙m, and in the same mode at the VI transfer – 406,1 N∙m and this value is the maximum for the whole series of tests. It exceeds the nominal motor torque (256,2 N∙m) of 1,59 times. The minimum value since the shaft coupling (150,1 N∙m) recorded in the second transmission when switched off blocking acceleration and deepening of working.

The maximum value of the total moment on the axis ΣM we recorded in IV tractor transmission mode of dispersal is buried plow and 19461,1 N∙m is not equal to the maximum torque on the shaft coupling, but is within the error experiment. The minimum total moment of 10547,7 N∙m and VI received in transmission mode at Off blocking acceleration and acceleration unit for recess on the go. It should be appreciated that the test was carried out on a real unit in the field, rather than on a mathematical model.

The difference between the axis points ΔM affects handling tractor as it generates forces that are trying to turn left tractor and overcoming of these forces to keep the wheel of the tractor turned right at a certain angle. According to the research [6], this angle has reached 10o turning the steering wheels of the tractor.

As we already noted in [1, 2], taking into account the mean values ​​of points on the axis at a constant motor arable aggregate, the total stock of their strength is 1,25–1,75, which is 15 % lower than MTZ data. In consideration of peak moments in overclocking mode the unit with a locked differential margin for the most dangerous sections is 1,1–1,41.

The estimated test of stress in different sections of a loaded (right) axis with locked differential, conducted by the method of Johnston showed that taking into account the peak load during acceleration arable unit with in-depth plow margin for torque rounding in the area (16,5 mm right from external support) was 1,58, and in the area of ​​filling the groove (83 mm from the outer right support – 1,02. The total margin in the same sections of track width axis of the rear wheels tractor was 1400 mm, respectively, 1,41 and 1,00, which is 60–65 % safety margin below the estimated Minsk Tractor Plant.

Past research also supports the load on the gearbox bearings. Measure vertical and horizontal components of the forces acting on the bearing front bearing primary shaft, the vertical component of the load on the resistance of the rear bearing secondary shaft and the resultant force of the disabled and enabled blocking on stubble wheat plowed field and asphalt road with different loads on the hook tractor in gear from first to fifth.

The results of experimental studies [6] lead to the conclusion that both components and resulting loads on the bearings significantly below acceptable standards for their operability. Significant differences in the values of loads on the bearing box transmissions work with the tractor locked and unlocked differential were found.

Conclusions:

1. Plowing sandy soil conditions typical of Belarus, work tractor MTZ-80 with a locked differential led to a redistribution of the leading moment axis between 1,34–1,79 times to increase the total driving time of 4–46 % compared to plowing under the same conditions with blocking off. On average, the results of all the experiments, the growth in the total time of driving wheels blocked when the differential was 16 %.

2. The maximum (peak) load on the right axis occurred during acceleration unit with a locked differential value and reached 11269,9 N∙m (at 8200,2 N∙m on the left axis). The average peak values ​​on the right axis during acceleration with a locked differential of 15–70 % higher than the load on the same axis with unlocked differential. The maximum load on the shaft coupling value reached 387,5–406,1 N∙m to disperse the VI blocked transmission of transverse drive. Total moment ΣM at transverse drive was blocked by 5,9–36,1 % more than in Off blocking.

3. General margin calculated taking into account the peak points more loaded (right) axis for the most dangerous sections of 1–1,41.

4. The influence of differential lock on the load bearing primary and secondary shaft gearbox showed insignificant effect on the value of blocking the horizontal, vertical and resultant force.

In these studies we should pay more attention to the impact of the system on transverse differential lock fuel consumption while performing different operations tractor.
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