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Fig.1.(a) Theoretical and practical load application diagram and ,(b) Practical schematic of the connection of
gearbox test system components
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Fig.2. Mechanisms and components used in the torsional strength testing machine, (a)
Hydraulic circuit of the machine,( b) Torquesmeter and multi-plate clutch, (c) Electro-

pneumatic system, (d) Multi<plate clutch mechanism
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Fig .4. (2) Gear profile before loading and, (b) after driving and driven torsional loading (view from the back of
the gear)
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Fig.5. (a) GMM tooth geometry measuring device in‘this study and ,(b) tooth lead geometry diagram
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Fig.6.Comparison of tooth geometry in the gear manufacturing process
using (a) sheave and, (b) shaper methods
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Investigating the geometrical changes of the
automobile transmission gear under repeated sudden
twisting torque
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Abstract

The gearbox system in a vehicle is subjected to various loading, torque, and speed conversion conditions. In this
study, the behavior of the gearbox imva vehicle with an engine torque of 150 N.m in the starting state by applying a
sudden torsional torque torthe input shaft and under hydrostatic resistant load has been investigated. The aim of
this study is to investigate the geometric changes of the teeth in the gears and determine their strength by applying
repeated loading and graduallysincreasing it up to a range of 400 N.m. For this purpose, a torsional strength test
system has been built using®software fromsthe design group and control systems for precision instruments and
actuators. Subsequently, an experimental test has been carried out by measuring the torque values applied to the
input shaft of a typical vehicle gearboX in the 1st and reverse gear positions in accordance with the test plan table
and providing hydrostatic resistant load conditions at the gearbox output under the aforementioned conditions.
Using the gap analysis method, the “micro<geometric parameters of the gears under consideration have been
compared using a gear geometry measuring device before and after loading. The results show that there is no
change in the gear profile up to a torque of 310 N.m.7Also, during the loading stage and after applying a torque of
385 N.m to cause destruction, the state of plastic deformation in the teeth and various parameters shows an average
deviation of 4% in the tolerance range compared to the conditions before loading.

Keywords:
Sudden torsional torque, repeated loading, hydro-static resistance load, geometric parameters, plastic
deformation
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Introduction

Gearboxes are the main parts of the vehicle to provide movement in different road conditions. Considering the
working conditions of these systems, the need to examine their performance and strength in different stages of
critical and sudden loading after the production stage is one of the requirements of their manufacturers. Onar et al.
[1] have investigated the effect of tooth profile on impact loads on simple gears. For this purpose, an experimental
test ofithe effect of asymmetric profile on impact resistance was carried out. The results show that the maximum
force values increase by approximately 15.3% when using asymmetric profile gears with a pressure angle of 20
degrees compared to the standard design. Rao has investigated the optimization of the weight of the gearbox by
consideringsthe bending strength of the teeth and the torsional strength of the shafts [2]. Bertel et al. [3] have
investigated various types of failure modes depending on the stress state based on extensive experimental research.
In this paper, a distinction is made between failures that occur with the initiation of fatigue cracks on the surface
and below the surface. In particular, those failures that occur with the initiation of cracks below the surface have a
negative effection theload-bearing capacity of the tooth root in the fatigue limit and at a high number of cycles.In
this study,.the geometric changes of the gears of the vehicle gearbox in the starting position by applying repeated
sudden torque, incremental, steps, and hydrostatic resistant load were investigated by experimental modeling, and
the specialized parameters of the gears under load were measured using a gear geometry measuring device.
Therefore the gearbox.is installed on the fixture of the device, and the position of gear 1 or reverse R is selected by
the gear shift lever for the test. The input shaft of the gearbox is connected to the torque generator system through
a digital torque meter and a multi-plate clutch. The amount, number of times, and method of applying torque to the
input shaft are considered based on the. internal technical document of an automotive company, in accordance with
testplan Table and the theory-practice diagram and practical schematic of Fig 1.

Methodology

the experimental test An experimental study was conducted on a 5-gear and 6-gear gearbox (with the geometric
specifications of the gear, including the number of teeth and pitch, etc. (listed in the header of Figure 8), made of
alloy steel. The mechanical properties of this alloy, such as tensile strength and hardness, were considered the most
important factor in resisting torsionaliloads [4]¢ At this stage, after installing the gearbox on the desired fixture and
other test accessories such as poles and making initial adjustments, the electric motor first started to rotate at 750
rpm by the starter-controller and moved the inertial weights through a belt and pulley with a ratio of 1:2.

7. ANNEXE: DETAILS DES TIRS
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Fig 1. Theoretical and practical load application diagram

The loading stages and the amount of torque are controlled by an electronic._controller using pneumatic valves
connected to the clutch and hydraulic valves at the outlet of the cylinders, and with the help of'a display, torque
graphs can be displayed in terms of time Fig 2. According to the test plan table, by‘activating the pneumatic valve
5/2, 2 bar air pressure is applied to the pneumatic clutch and an initial torque of 105 N.m is_applied,to the input
shaft of the gearbox for 1 second. Before the end of this time, the shock torque is applied by reactivating:the clutch
under 2.4 bar air pressure for 0.5 seconds. This step is repeated 2 times. The other steps are also applied in order up
to a torque of 295 N.m and with the number of repetitions mentioned in testplan table by the PLC control’system,
and the values and graphs resulting from this loading are monitored and recorded. Fig 3 shows,the condition of the
gears of gear 1) before and after experimental loading.[5] The device of Fig 4 was used to measure\the.tooth
geometry and determine the geometric deviations created on the tooth profile compared to before loading. The
average values and tolerance ranges of the parameters are also presented in the report obtained from<this
measurement[6].

Results and Discussion

Figure 5 shows the torque-time and repeatability diagram of the test steps experimentally by the display. The data
recorded on the display, in CSV format through the Calculation software, is shown in the diagram in Fig 5. The



diagram shows the repetition of the step and the repeatability of the steps, which are shown in two torque ranges of
130-230 Nm and 230-320 N.m .

.
B e

Fig 2. Torsional strength-esting system Fig 3. Gear profile after loading Fig 4.GMM tooth geometry measurir{g rﬁéchine
According_to the diagram in Figure 1 and after performing the strength test device settings, the practical diagram
obtained‘during the testsprocess is presented in Fig 5. First, the initial torque of 135 N.m was applied to the input
shaft of the.gearboxfor 1 second, and then the shock torque was increased from 135 to 230 N.m and remained at
this level for 0.5¢seconds. Subsequently, and in accordance with the timing, the loading steps were repeated in
accordance with the implementation instructions in both reverse and 1 gears. The results were extracted and
presented in accordance with.the, definitions and specialized parameters of the gears [7]. Fig 6 shows the
Laboratory results of 1 gear.dead. Tooth deflection affects lateral load distribution and is the basis for the design of
lateral corrections [8].
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Conclusion

In this article, by eliminating some degrees of freedom, including macro geometric tolerances, component alloy,
and heat treatment method, a test has been analyzed in two situations, examining the geometric changes in the
microform of the tooth—the amount of deformation in a gear from _the car gearbox. The values of angular
deviation of the tooth profile with a meshing rate of 1/3 toothat a torque of 400 N.m are acceptable. The above
study shows that sudden movement of the vehicle in the maximumsengine 'torque.range does not have a destructive
effect on the performance of the gearbox gears. Repeating such loading due to the presence of resistant loads
(including the mass of the vehicle, inertia, internal clearance of the gearbox components and other parts of the
power transmission system, etc.) can lead to elastic-plastic deformation in these‘elements.
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