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IMPACT OF BLOW ON THE STABILITY Of DETAILS OF WHEELED MACHINES
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Abstract: investigated the effect of blow on the stability of the steering bipod. SolidWorks/SolidWorks Simulation was used as a CAD/CAE system. Impacts with the left and right wheels when turning the car were considered, as well as the basic option – turning on the spot (without impact).
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Stability of the car is a set of its qualities which provide movement in the necessary direction without lateral sliding or overturning. Stability when driving on rough terrain or maneuvering is especially necessary, because there are additional forces that affect these parameters.

Stability is one of the most important performance properties of a car, on which traffic safety depends. When driving an unstable car, the driver is forced to closely monitor the road conditions and constantly adjust the movement of the car so that it does not go off the road. When driving such a car for a long time, the driver is nervous and quickly tired, which increases the likelihood of an accident.

The stability of the vehicle is divided into course, longitudinal and transverse.

Course stability is a property of the car to move rectilinearly without corrective actions of the driver, that is at invariable position of a steering wheel. A car with poor stability spontaneously changes direction, posing a threat to other vehicles and pedestrians. The resulting centrifugal force can quickly reach the value of the traction force of the tires. The reasons for the loss of stability are the impact of the wheels on the unevenness of the road, excessive play in the steering, and so on.

The main cause of car destruction and injuries in road accidents are shock loads. These loads are pulsed, and although their effect is short-lived, they reach large values due to a sharp change in vehicle speed.

The load acting on the wheel (the part of the total weight of the car that falls on this wheel), causes in the contact spot equal to its magnitude vertical (normal) reaction force from the road. When passing unevenness there is an overload (reaches at fast movement on the broken road to 3g, and at blows on an obstacle – and to 4,5g) that causes corresponding change of vertical reaction which is perceived by a suspension bracket at its working moves [1].

In modern cars with a low center of gravity, the overturning in the longitudinal plane is practically excluded, if we do not take into account the emergency situations of the car exit from the cliff, etc. Only skidding of the wheels is possible, which causes the car to slip, for example, when a wheeled machine dynamically overcomes a steep rise of great length.

The most probable and dangerous loss of lateral stability, which occurs under the action of centrifugal force – the transverse component of the weight of the car, the force of the crosswind. The critical situation connected with loss of stabilization of the car can arise and at overcoming of separate inequality (a hole, a ledge, etc.). After the front suspension is triggered, the impact is transmitted to the body, there is a "jump" – a short-term unloading of the front wheels, and then the oscillating movements of the suspension can cause resonance and loss of lateral stability. If this phenomenon occurs before entering the turn or on its arc, then to stabilize the car requires considerable time and high skill [2].

When driving a car in the track there are sharp blows on its side, which prevent the maintenance of continuous contact with the road. If the track (obstacle) is high, then a blow from below on the unloaded wheel can lead to a sharp overturning of the car or contribute to the simultaneous rebound of two wheels.

An even greater danger lies in the "jump": 1) for a relatively long time the car loses control when off the road and landing due to repeated throwing due to the reaction of the reacted suspension; 2) during the "jump" the car leans forward (in cases where the engine is located in front) and when landing gets hit on the ground by the front suspension. And these are breakdowns of the engine crankcase, breakage of the oil receiver of the pump, disturbance of angles of collapse and convergence of wheels, etc.

It should be noted that the dynamic overcoming of obstacles, which occurs even on a good road, leads to tire breakdowns, suspension breakage, wheel failure. This is caused by the impact on the obstacle, the emergence and sharp increase in the magnitude of the inertial force that prevents the accelerated vertical movement of the front axle of the wheeled machine. In this case, other power factors acting on the wheels do not have time to appear.

Hitting a wheel that moves on a bump with high linear acceleration can cause an accident. Therefore, the aim of the study is the effect of blow on the stability of parts of wheeled vehicles, in particular, the steering bipod.

For such calculations actively use the methodology of integrated design. It is based on the principles and methods of design and modeling of structural parts using computer integrated CAD/CAE systems. The method is based on the development of three-dimensional structural elements with the following computer calculations. This allows you to design prefabricated structures with specified characteristics of static strength, fatigue life, tightness, etc. at minimum mass consumption [3].

The advent of CAD/CAE technology is a major achievement in modern engineering. Their creation was a matter of time, as the costs of design and preparation of production could no longer meet the pace of scientific and technological progress and began to restrain at some point the promotion of new ideas in production.

SolidWorks Simulation was used as a CAD/CAE system. The focus on sharing this CAE-system with the SolidWorks CAD-system has allowed developers to take full advantage of the graphical environment: powerful parameterization, surface and solid geometric modeling, assembly kinematics. An important advantage of using this CAE-system is the ability to obtain the results of static studies of the load-bearing structure at the stage of sketch design [4-6].

In order to start analyzing the design in SolidWorks Simulation, you need to prepare a three-dimensional model in SolidWorks. Next steps: assignment of part material and static boundary conditions; creating a grid; performing calculations; processing of results (creation of necessary diagrams and their analysis); export results.

The considered technique was used in researches [7, 8] for calculation and optimization of a steering bipod of the Izh-2126 car. The authors [9] modeled the effect of skew on the bipod mounting of the LiAZ bus to the steering shaft on the strength and deformation (backlash) of the mounting slots. Continuation of this work (study of the impact on the stability of the steering bipod) does not cause significant difficulties: as previously from the SolidWorks library for bipod material was selected 40X steel.

To study the effect of blow on the stability of the bipod, the following options were considered: impacts with the left and right wheels when turning the car, as well as the basic option – turning on the spot (without impact [9]). A load of 4500 N was applied to the bipod mounting hole (according to [10] such a force acts on the wheels when hitting an obstacle at a car speed Va = 6 km/h for t = 0.2 s) – fig. 1.
The next stage (creation of a grid of a solid-state model of a bipod) for reception of adequate results did not change – fig. 2.
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Fig. 1. Definition of support bipod and load application
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a                                                                  b
Fig. 2. Parameters of the grid (a) and its reflection on the solid (b)

The results of the calculations are shown in fig. 3 (a – turn on a place; b – blow by the left wheel; c – blow by the right wheel).

[image: image4.png]Maxe:[1.961¢-+08

von Mises (N/m*2)
1,961e 408
1,77e 408
16340408
1471408
1,307 408
1,144 408
9,805¢ 407
81710407

65380407

Mo 35850404 =

32710407
1637e 407
3,585 404

— Mpegen ekyuecr: 7800 +08



   [image: image5.png]Maxc:

2120408

Mo

sea4 ¢

von Mises (N/m"2
21240408
1,947 408
17700408
1,503 408
1,4160 408
1,230 408
10620408
88540407
7,085 407
53160407
35470407
17780407

92380404



   [image: image6.png]von Mises (N/m"2)
22860408
20962408
19062408
1715408

1,525 408

Maxe:[2,266e-+08 1,335 408

11440408
4541407
7637007
Mo 2,335 405 5736007
3830007
19276407

2,305 405




a                                             b                                           c
Fig. 3. Distribution of equivalent stresses in the model of the steering bipod

In the table. 1 shows the values of the margin of safety and displacements obtained for them.

Table 1

Dependence of stability parameters of a steering bipod on blow by a wheel
	The turn
	Strength margin (minimum)
	Moving (maximum), mm

	on the spot (without impact)
	3,97826
	0,377904

	of left wheel
	3,673
	0,6649

	of right wheel
	3,411
	0,7686


The largest deformations occur, as expected, at the point of backlash in the hinge (fig. 4).

As can be seen from table. 1 and fig. 4, the minimum margin of safety and the maximum displacement of the bipod occur when hitting an obstacle with the right wheel (0.7686/0.377904 = 2.03 times more than without impact).
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Fig. 4. Diagram of the total moving of the bipod from the impact of the right wheel

Thus, the use of SolidWorks Simulation allows you to explore the strength characteristics of the elements of the car, which directly affect the stability of its movement. These studies make it possible to make adequate decisions when purchasing machinery, as well as to take into account the actual strength indicators in the operation of existing machinery in order to organize its safe use for its intended purpose.
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