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Analysis of the load-bearing system of the loader
according to the results of dynamic tests in the
environment of Ansys motion
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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-
sighed machine.

Fig. 1. Rear half-frérﬁe 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).
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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.
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Fig. 4. Torque in the hinge of the half-frames

In order to better visualize the tension flow in
the frame, loads on the VVonMises 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/mm?. Loads in the
hinge and at the junction of the half-frames range
from 200 N/mm? to 300 N/mm?. This mode of the
loader operation is the least loaded as there are no
impact loads.

1

Flg 5. Tensions in the frame side view (right
front wheel hidden)

Flg 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.
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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/mm?,

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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F|g 10. Tensions in the frame

ifig. 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.
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Fig. 14. Tordﬁe 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/mm? 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/mm? with extension to the
entire hinge assembly and the lengths of the front
half-frame (Fig. 15) and (Fig. 16).

F|g 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.

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.

F|g 20. Frame life cycle

F|g 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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AHaJi3 Hecy4yoi cHCTeMHM HaBaHTa)KyBaua 3a pe-
3yJbTATAMHU JMHAMIYHHX BUIIPOOYBaHb y cepeso-
Buii Ansys motion

Anomauisn. Ilpoonema. [lpu suxonanni pobouux one-
payii wapHipna pama naganmaxcysaya T-156b, axa
€ MOOEPHI308AHOI0 PAMOIO CLIbCbKO2OCNO0APCHKO20
mpakmopa, 3a3Ha€ HABAHMAIICEHHS, HA AKI 60HA He
oyna pospaxosana. Taki HasanmadxiceHHs NpU3E00AMb
00 NOJIOMOK T HAOAE 00 CKOPOUEHHSL MEPMIHY CLYHCOU
eciei’ mawmunu. Pama € ocnosnum enemenmom, Ha-
6KONO AKOI nobydosana mawuna. Taxum uunom
MiTbKU WO BUNYUeHULl 3 KOHBEEPA HABAHMANCYBAY
8ofce He MA€ 3aKIA0eHOi 008208iYHOCMI MA HAOIUHO-
cmi. Tlpu npoexmygani 00poiCcHb0-0y0i6enbHOI Ma-
WUHY CIO 8PAX0BYB8AMU OCOOAUBOCII, XapaKkmep ma
ymosu it pobomu. Mema. Pozpobumu memoouxy npo-
eKMYBaHHs WAPHIPHOT pamu, 8 sKill 6y0ymb 8paxo-
6AHI HABAHMAICEHHSL, WO OTIOMb HA PAMY, ULIAXOM 8-
PMYANLHO20 MOOENI0BANHS PEANbHUX Cumyayii npu
BU-KOHAHHI MEXHONO2IYHUX ONnepayili HABAHMANCY-
séaua. Memooonozia. [putinamuii y pooomi nio-xio
3ACHOBAHUL HA BUKOPUCMAHHI KOMN'tomepHOi npo-
epamu  mpusumipnoco mooemoganus Solidworks i
npozpamu 0751 pO3PAXYHKY OUHAMIKU 6A2amoKOMNo-
HeHMHUX Mil 3 YPAXYEAHHAM WIAPHIPHUX WA KOHMAK-
muux e3aemoditi Ansys motion. Pezynemamu. Y po-
b6omi Oyn0 po3ensaHy-mo mpu 6UnaoKu GUKOHAHHSL me-
XHONO2IUHUX onepayit Hasanmadicysaya. 1. ITidiu-
MAHH5 NOBHO20 KoswA. 2. 3iIMKHeHHS 3 HenepebOopPHOo
nepewxoooio nio yac Hanoguenus koswa. 3. Ilepemi-
WjeHHs N0 HepiBHIli NOBEPXHI 3 NIOHAMOI CMpINo. 3a
pe3yIbmamamyt. po3pAxyHKie Oyiu ompumani cuiu i
KPYMHI MOMEHMU 8 WIAPHIPI 34]IeH)8AHHS HANIBPAM,
maxodc 3ycunns, wo die Ha pamy. Ha ocnosi ompuma-
HUX pe3yibmamis 0y10 Npo8edeHO pPO3PAXYHOK Ha

8MOMHY 008208IUHICIb PAMU 8 NPOSPAMHOMY NAKemi
Ansys motion. Opucinanvhicme. Ananiz necyuux cuc-
mem WLIAXOM BIPMYANbHO20 MOOENI08AHHA PealbHOT
N0BeOTHKU MAWUHU 3a OONOMO2010 NPOSPAMHO20 Nd-
xemy Ansys motion dozeonsie ompumamu 6inbus mouni
pe3yavmamu, 3a60aKu SHYUYKUM HALAUIMYBAHHAM, iC-
TMOMHO CKOPOMUMU YAC NPOEKIYBAHHS | 8UMpamu Ha
dopoee nposedenHs: Hamyprux eu-npooysans. Ilpak-
muyuna yinnicme. Januil nioxio 00 ananizy no6eoiHKu
Hecyuoi cucmemu mogice 6ymu pekomMeHO08aHull OJisl
NpOEKmy8aHHs Mma GU3HAYEHHS MEXHONOLTUHUX MOIC-
augOCmel abCONOMHO PI3HUX KOMICHUX MA 2YCeHUY-
HUX MAWUH, d MAKOJIC ITHUWUX MEXAHI3MI.

Knrouosi chosa: necyua cucmema, miynicme, 00820-
BIUHICMb, MPUBUMIDHE MOOENIOBAHHS, OUHAMIKA,
Solidworks, Ansys Motion.
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