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Annotation. Problem. The T-156B hinge frame of the loader, which is an upgraded frame of an agri-
cultural tractor, creates loads during work operations for which it was not designed. Such loads lead to 
breakdowns and further shorten the life of the entire machine. The frame is the basic element around 
which the machine is built. The loader that had just been removed from the conveyor did not have built-
in durability and reliability. While designing a road construction machine, an account of the features, 
nature, and conditions of its operation should be taken. Goal. The goal is to develop a hinge frame 
design technique that takes into account the loads experienced by the frame with a virtual simulation of 
real-world situations during the loader process. Methodology. The adopted approach is based on the 
use of a Solidworks computer program with three-dimensional modeling and an Ansys motion program 
for calculating the dynamics of multicomponent bodies taking into account the hinge and contact inter-
action. Results. In the work three cases of technological operations of the loader were considered. 1. 
Lifting a full bucket. 2. Collision with an obstacle that is difficult to overcome 3. Movement over an 
uneven surface with the raised loader arm. The results of the calculations provided forces and torques 
in the hinge of the half-frames, as well as the effort of the frame. Based on the results obtained, the 
endurance of the frame in the Ansys motion software package was calculated. Originality. The analysis 
of load-bearing systems with a virtual simulation of the machine’s actual behavior with the help of Ansys 
motion software allows to obtain more accurate results, significantly reducing the time for the design 
and cost of field testing. Practical value. This approach to the analysis of the carrier system behavior 
can be recommended for designing and determining the technological capabilities of wheeled, tracked, 
and special machines. 

Key words: load-bearing system, strength, durability, 3D simulation, dynamics, Solidworks, 
Ansys Motion. 
 
Introduction 

When designing units of articulated machines, in 
particular tractors, there is a question of ensuring 
the strength characteristics and durability of the 
load-bearing system (frame). When designing the 
frame considered several design modes: hanging, 
rotation on the spot, and plowing (for agricultural 
machines). In the next stage, bench and field tests 
shall be carried out in all these modes [1-3]. 

Designing of the loader T-156B frame went 
by upgrading the serial frame with retaining uni-
fication with the agricultural tractors (Fig. 1), 
since there were no methods to fully analyze the 
loader’s behavior during the design phase, and 
testing of each new model was very expensive 
and time-consuming. 

This design method is not effective because 
the upgrade of the serial frame did not consider 
the working conditions and purpose of the de-
signed machine. 

 

 
Fig. 1. Rear half-frame of loader 
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The main disadvantage of the production 
frame is the presence in the design of the horizon-
tal hinge, which critically affects the stability of 
the machine, as well as the presence of a rear axle 
spring suspension, resulting in the rocking of the 
loaded machine during the execution of work op-
erations. 

Analysis of publications 

Nowadays the problem of rational design and du-
rability of carrier systems is solved by the finite 
elements method (FEM) [4-9] and specialized 
complex calculation programs. Analysis and cal-
culation of the hinge frame with the help of the 
Ansys design complex were considered in the 
works [10-13]. 

The loads obtained during natural experi-
mental studies [14] were applied to the serial 
frame. Based on the results of load calculations, 
a prototype welded frame was designed taking 
into account all tension [15, 16]. But to get acting 
on the frame loads is not enough for a complete 
analysis of the carrier system. The durability of 
the structure plays an important role. The issue of 
durability was considered in the works [17-19], 
during which the Ansys calculation complex was 
also used in conjunction with nCode DesignLife. 
The results of the calculation showed that during 
the operation of the loader there are weaknesses 
in the structure of the frame, which start to break 
down when they are affected by the workload. 

Purpose and tasks 

To create a method of strength and durability test-
ing with the help of modern calculation com-
plexes for the newly designed bearing systems by 
computer model analyzing with modeling the 
machine working operations. For this purpose, a 
created computer model of the loader should be 
the most relevant to the real machine. To deter-
mine the workflow load. 

Methods of strength assessment of the 
bearing system based on the results of virtual 
tests simulation. 

Ansys Motion is a specialized dynamic analysis 
program that contains a range of tools for simu-
lating and designing kinematic systems. 

ANSYS Motion combines four closely inte-
grated solutions: rigid bodies, deformable bodies, 
modal analysis, and EasyFlex. This, taken to-
gether, provides a great opportunity to analyze 
systems and mechanisms. 

In the work simulated several similar to the 
real one's situations of the workflow of the loader 

T-156B: 1. Lifting the filled bucket. 2. Collision 
of the bucket with an insurmountable obstacle 
when filling the bucket. 3. Movement on an une-
ven surface with a full bucket (loader arm raised 
maximum). 

The T-156B loader model built by Solidworks 
CAD is used for calculation. The model is im-
ported into Ansys motion, then the model is pre-
pared for calculation. Defined hinges, involved in 
the calculation, relationships between the units, 
and written function expression for bodies that 
will move in the calculation (wheels, loader arm), 
set the total calculation time, and a number of cal-
culation steps. After all the settings, the calcula-
tion starts. After the strength calculation, the fa-
tigue resistance of the structure is calculated and 
it is possible to determine the areas that are prone 
to damage. 

Strength evaluation of the load-bearing 
system 

In the beginning, the case when the loader on the 
spot (Fig. 2) performs lifting the loader arm up to 
the maximum position with the filled bucket was 
considered. Total lift time – 4 seconds. 
 

 
Fig. 2. Postprocessor configuration window for 

full bucket lifting situation 
 

At the end of the calculation were obtained the 
graphs of active forces and torque in the hinge 
joint of the half-frames (Fig. 3-4).  
 

 
Fig. 3. Force acting in the hinged half-frame joint 
 

The action force and torque curve are extin-
guished with sharp oscillations at the beginning 
of the ladle lift and gradually fade to the moment 
when the ladle is maximally raised (4 seconds). 
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After stopping the bucket in the elevated position, 
there are residual vibrations from the inertia of 
the filled bucket lifting, which also fade out. 
 

 
Fig. 4. Torque in the hinge of the half-frames 
 

In order to better visualize the tension flow in 
the frame, loads on the VonMises scale are dis-
played. According to the results of the calcula-
tion, it can be seen that the maximum tension falls 
on the portal of the front half-frame at the points 
of the loader arm attachment to the frame (Fig. 5), 
(Fig. 6), and reaches 820 N/mm2. Loads in the 
hinge and at the junction of the half-frames range 
from 200 N/mm2 to 300 N/mm2. This mode of the 
loader operation is the least loaded as there are no 
impact loads. 
 

 
Fig. 5. Tensions in the frame side view (right 

front wheel hidden) 
 

 
Fig. 6. Tensions in the frame from below (the 

right front wheel is hidden) 
 

Next, we considered the case of impact load 
on the frame. The loader moves on a flat horizon-
tal surface at a speed of 5 km/h, the loader arm is 
lowered, and the bucket in the lower position with 

the impact interaction of the bucket edge into an 
obstacle that is difficult to overcome (Fig. 7). 
 

 
Fig. 7. Postprocessor configuration window for a 

collision situation with an insurmounta-
ble obstacle 

 
At the end of the calculation were obtained 

graphs of active forces (Fig. 8) and torque (Fig. 9) 
in the hinge joint of the half-frames. During the 
start of the movement, there are attenuating vibra-
tions caused by inertial forces due to the move-
ment of the half-frame mass with the bucket and 
the force of the resistance to moving the bucket 
over the surface. Short-term surges in load and 
torque occur at the moment of impact. The force 
increases at 0.78 s to 1,200 kN and the torque in-
creases to 100 kN·m, at 0.9 s to 590 kN and 
45 kN·m, and at 1.1 s to 690 kN and 38 kN·m. 
 

 
Fig. 8. Joint force of the half-frames 
 

 
Fig. 9. Torque in the hinge of the half-frames 
 

In order to make the tensions in the frame 
more visible, we will display the load on the 
VonMises scale at the moment of collision with 
an insurmountable obstacle. The hinge joint 
(Fig. 10), (Fig. 11) has the highest loads which 
reach up to 1.2 kN/mm2. 

The third calculated case is the movement of 
the loader on an uneven surface. The loader will 
move at a speed of 3.6 km/h with the full bucket 
raised to the maximum position on the platform 
simulating the pit and potholes (Fig. 12). 
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Fig. 10. Tensions in the frame 
 

 
Fig. 11. Tensions in the frame 
 

 
Fig. 12. Post-processor configuration window to 

calculate the position of the loader mov-
ing on an uneven surface 

 
At the end of the calculation were obtained 

graphs of active forces (Fig. 13) and torque 
(Fig. 14) in the hinge joint of the half-frames. 
During the start of the movement, there are os-
cillations arising from inertia forces due to the 
movement of the half-frame mass and the full 
bucket in the upper position. At 2.4 s during the 
drive of the front left wheel into the pit, there 
is a hanging of the rear right wheel. The rear 
half-frame has a large length, which in turn cre-
ates a larger shoulder, and thus the hung rear 
right wheel creates the most force in the hinge 
of the half-frames. The force is 460 kN and 
50 kN m. of torque. This display gives maxi-
mum load on the frame. Further roll-ups from 
the pit to the pothole and exit to a flat surface 
create less effort. 

 
Fig. 13. The force in the hinge of the half-

frames. 
 

 
Fig. 14. Torque in the hinge of the half-frames 
 

To make the tensions flow in the frame more 
visible, we will display the load on the VonMises 
scale with the rear right wheel hanging when the 
loader drives the front left wheel into the pit. The 
most heavily loaded elements are the hinges for 
fixing the loader arm to the front half-frame, 
where the loads reach 800 N/mm2 with extension 
to the portal sidewalls and lower anchorages of 
the hinge joints of the half-frames, where the load 
reaches up to 500 N/mm2 with extension to the 
entire hinge assembly and the lengths of the front 
half-frame (Fig. 15) and (Fig. 16). 
 

 
Fig. 15. Tensions in the frame 
 

 
Fig. 16. Tensions in the frame 

Evaluation of fatigue durability based on the 
results of calculations. 

Ansys Motion allows calculating the structure 
of fatigue durability (life cycle) based on the re-
sults of the obtained stresses. Fatigue durability 
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is calculated by applying the resultant load to the 
structure of 1,000,000 repetitions. At the end of 
the cycle, a calculation is made of which element 
can withstand how many repetitions, and on the 
color scale it is possible to analyze which areas 
need to be strengthened or weakened to optimize 
the mass characteristics. 

In the first situation, when the fixed loader is 
calculated, the frame does not experience serious 
loads. In general, the design can withstand a cycle 
of 1,000,000 repetitions, only at 358,760 cycle 
repetitions there are small cracks in the sides of 
the hinge attachment (Fig. 17). 
 

 
 
Fig. 17. Endurance of the frame in a full bucket 

lifting situation 
 

The second situation in which the loader is im-
pacted is the most dangerous for the frame. The 
hinge joint unit, the portal sidewall at the point of 
attachment of the loader arm hinge to the portal, 
and the front half-frame spars are already inoper-
able after less than 100,000 cycle repetitions 
(Fig. 18) and (Fig. 19). With all this damage, the 
loader is completely out of order. 

 

 
Fig. 18. Frame life cycle 
 

 
Fig. 19. Frame life cycle 

In the third situation, the loader frame is tested 
by time-varying loads from the beginning of the 
wheel collision into the pit to the exit to the flat 
surface. Although in the third situation, the frame 
is affected by a lower impact load, but still, they 
are critical. 

The least durable is the side of the portal at the 
point of the loader arm attachment to the portal 
and the bottom attachment of the hinge of the 
half-frame joint. These elements fail after less 
than 100,000 iterations of the cycle. The top at-
tachment of the half-frame hinge is slightly more 
durable, withstanding 200,000 cycle repetitions 
(Fig. 20) and (Fig. 21). With such damage, the 
loader is also completely out of order. 
 

 
Fig. 20. Frame life cycle 
 

 
Fig. 21. Frame life cycle 

Conclusion 

The article presents a method of calculation of the 
loader frame in dynamics on the example of real 
working processes of the loader. The results of 
the calculations are obtained vulnerabilities of the 
frame that need to be improved.  

The most critical is the case of a loader colli-
sion with an insurmountable obstacle. The verti-
cal hinge experiences the biggest short-term 
breaking loads up to 1,200 kN, which negatively 
affects the reliability of the entire frame.  

Fatigue life calculations show that in all three 
cases, critical frame elements do not go through 
a full cycle of 1,000,000 repetitions.  The frame 
receives maximum damage in the event of a col-
lision with an insurmountable obstacle. Shock 
loads greatly reduce the reliability of the frame 
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and already at 100,000 repetitions there is signif-
icant damage to the vertical hinge, as well as 
other important components, such as loader arm 
attachment points and spars. 

This method makes it possible to identify the 
weaknesses of the designed structures in the 
shortest possible time and without significant 
costs. 
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Аналіз несучої системи навантажувача за ре-
зультатами динамічних випробувань у середо-
вищі Ansys motion 

Анотація. Проблема. При виконанні робочих опе-
рацій шарнірна рама навантажувача Т-156Б, яка 
є модернізованою рамою сільськогосподарського 
трактора, зазнає навантаження, на які вона не 
була розрахована. Такі навантаження призводять 
до поломок і надалі до скорочення терміну служби 
всієї машини. Рама є основним елементом, на-
вколо якої побудована машина. Таким чином 
тільки що випущений з конвеєра навантажувач 
вже не має закладеної довговічності та надійно-
сті. При проектуванні дорожньо-будівельної ма-
шини слід враховувати особливості, характер та 
умови її роботи. Мета. Розробити методику про-
ектування шарнірної рами, в якій будуть врахо-
вані навантаження, що діють на раму, шляхом ві-
ртуального моделювання реальних ситуацій при 
ви-конанні технологічних операцій навантажу-
вача. Методологія. Прийнятий у роботі під-хід 
заснований на використанні комп'ютерної про-
грами тривимірного моделювання Solidworks і 
програми для розрахунку динаміки багатокомпо-
нентних тіл з урахуванням шарнірних та контак-
тних взаємодій Ansys motion. Результати. У ро-
боті було розгляну-то три випадки виконання те-
хнологічних операцій навантажувача. 1. Підій-
мання повного ковша. 2. Зіткнення з непереборною 
перешкодою під час наповнення ковша. 3. Перемі-
щення по нерівній поверхні з піднятою стрілою. За 
результатами розрахунків були отримані сили і 
крутні моменти в шарнірі зчленування напіврам, а 
також зусилля, що діє на раму. На основі отрима-
них результатів було проведено розрахунок на 

втомну довговічність рами в програмному пакеті 
Ansys motion. Оригінальність. Аналіз несучих сис-
тем шляхом віртуального моделювання реальної 
поведінки машини за допомогою програмного па-
кету Ansys motion дозволяє отримати більш точні 
результати, завдяки гнучким налаштуванням, іс-
тотно скоротити час проектування і витрати на 
дороге проведення натурних ви-пробувань. Прак-
тична цінність. Даний підхід до аналізу поведінки 
несучої системи може бути рекомендований для 
проектування та визначення технологічних мож-
ливостей абсолютно різних колісних та гусенич-
них машин, а також інших механізмі. 

Ключові слова: несуча система, міцність, довго-
вічність, тривимірне моделювання, динаміка, 
Solidworks, Ansys Motion. 
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