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ANALYSIS OF STRENGTH OF A FORK OF THE FORKLIFT
BY NUMERICAL METHODS

Abstract. Forklift is an industrial power truck, commonly called forklifts or lift trucks, then usu-
ally have two forks the can be trial power truck used forklifting and transport materials. Fork-
lifts, to this day, the fork strength of a forklift under load still seems to be one of the biggest is-
sues. Fork’s related structural design and detail have a significant impact on the overall per-
formance and reliability of a forklift. In this work, static analyses of a fork forklift were per-
formed using Finite Element Method, on the free software FreeCAD, a multidisciplinary software
application that is the result of a long-term active collaboration between developers and users.
Open science hardware is cheaper, easier to maintain, and more accessible to more people. In
this paper, by calculating the maximum normal stress of the section, the force situation and al-
lowable stress of the fork are analyzed. The fork is made of structural material is 40Cr steel. The
output values of the static study consist in establishing the distribution of equivalent unitary
stresses (stress state) according to the von Mises criterion. The maximum stress of the structure
is 128 MPa, which is does not exceed the allowable. Then in order to enhance the structural
strength of the weak part, the measures of gradually increasing the fillet radius of the fork root
were proposed, and the radius were selected as 35mm and 45mm, the weight of the forklift load
was still 0,5t. Numerical experiments have shown that by increasing the radius from 25 to 45
mm, stresses decrease by 1.1...1.15 times, which is consistent with the theory of basic mechanics
that stress concentration can easily lead to fatigue failure of the structure. Both numerical cal-
culations and visual analysis showed consistency, with stress concentrations observed at the fork
neck, demonstrating the accuracy of the established finite element model.
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Introduction. Because of the varieties, different shapes, different packaging of
the goods, loading and unloading has always been a heavy process during transpor-
tation. Loading operations directly influences the high level of probability that de-
livery will be delivered on time, resulting in an impact to customers' service. Due to
moment's profitable problems, the demand for universal lifting and transporting ve-
hicles with high effectiveness is high. Thanks to this device, the storage capacity has
increased significantly. Forklifts can be used in many places, such as warehouses,
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factories, farms, seaports, construction sites, supermarkets, etc. Forklift usage can
vary from a few hours a day to 24 hours a day, 7 days a week, used indoors and out-
door purposes. In practice, opinions regarding forklifts engagement are left to the
storehouse experts. The existing forklift design has rotation restrictions, and the
structure has potential safety hazards. The gasoline or propane forklifts are much
stronger or faster as compared to electric forklifts, but considered to be difficult to
maintain, and it is also fuel efficient. The most important part of a forklift is the fork
which irresponsible for carrying the load is forklift fork. It should be noted that
while the certification process for each wheel hoist model, the transport and lifting
performance of the equipment is tested and specified, and the limits of operating
capabilities and conditions of use are measured. The fork is the most popular remov-
able equipment item of the fork lift trucks. Forklifts usually have two forks on the
can be moved forward and backward, and they are the reason the machine is called a
forklift and are therefore critical to safe operation [1,2].

Literature Review. The strength of loader attachment is an important indica-
tor of reliability and is the focus of forklift research [1-5]. In order to estimate the
influence of the applied loads on the material, it becomes necessary to assess the
strength of the forks. The fork strength of the forklift under loading still seems to be
one of the biggest concerns till date. The traditional methods of stress analysis and
fatigue research are mainly carried out through static calculation and prototype
trial-manufacture, and modified according to the experimental results [3-5]. How-
ever, it takes a lot of cost to repeat the above work.

The development of finite element numerical simulation technology the
method of calculating structural strength based on computer aided design (CAD) and
finite element method (FEM) has been widely d in engineering field [6-11]. Thus,
researchers paper [9] analyzed static stresses in the telescopic masts of forklift, using
FEM, and the error of analysis and test was less than 10%. In paper [12] using the
FEA method, it was found that, it was found that the maximum stress gradient direc-
tion was in agreement with the crack initiating direction. Usually the crack the verti-
cal to the larger of two top stresses. In work [13], a static analysis of a simplified fork
design was carried out, the results of which served for the structural design of a fork-
lift fork. Cyclic loading occurs under normal operating conditions on various ma-
chine components leading to the role of fatigue failure mechanisms [14-15].

The stresses in the forks depend on the conditions of their fastening, loading
and design features, therefore, the fundamental goal of this work is analysis of
strength of a fork of the forklift by numerical methods.
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Research methodology and results. There was a fork breakdown on one of
the forklifts, all the others were examined. A detailed study of the operating condi-
tions and structural integrity of all in-service forks made it possible to detect cracks
in the forks. Analysis of the work [2] showed the stress concentrations typically serve
as fatigue crack initiation sites.

FEA does not require physical prototyping and can be used to analyze any
part/component of the overall system under specific operating conditions. The de-
signing dimensioning and modelling of the fork was executed on the free software
FreeCAD, a multidisciplinary software application that is the result of a long-term
active collaboration between developers and users [7]. Open source scientific hard-
ware promotes open science by facilitating the comparison of scientific experiments.

The model was developed in step [16]:

1.Modeling the geometry: creating the geometry with FreeCAD.

2.Creating an analysis. Adding simulation constraints such as loads and fixed
supports to the geometric model.

3.Adding materials to the parts of the geometric model.

4. Creating a finite element mesh for the geometrical model.

5. Solving: running an external solver from within FreeCAD and postprocess-
ing: visualizing the analysis results from within FreeCAD.

Accurate and reliable computational model is the basis of finite element analy-
sis.

In this paper, the 0,5 t loader is used as the object.

The fork studied in this paper is a widely d hanger type. In fig.1 shows the solid
3d model (a) and dimensions (b) of forklift fork.
Lo
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Figure 1 - 3d model (a) and dimensions (b) of forklift fork

The forks are made of steel structural material is 40Cr steel. Fillet radius of the
fork root R=25 mm. According to the actual use of the fork, the constraints and force
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loads of the finite element analysis are determined (fig.2) and triangular element
mesh wads, as shown in fig.3. Most literatures [9,12,14] regard the load as a concen-
trated load (fig.2).

Figure 2 - Fork support’s restricted Figure 3 - Mesh model
degrees of freedom

The output values of the static study consist in establishing the distribution of
equivalent unitary stresses (stress state) according to the von Mises criterion. The
fig. 4 shows that under concentrated load, the fork has stress concentration problem
in the fillet area of the fork root, then are in accordance with the theoretical force
analysis, which verifies the accuracy of the model to a certain extent. However, the
maximum stress of the structure is 128 MPa, that is greater than the allowed stress
121 MPa.

From Fig. 3 it can be seen that the stress concentration is mainly in the fillet
area of the fork root. Therefore, in order to enhance the structural strength of the
weak part, the measures of gradually increasing the fillet radius of the fork root were
proposed, and the radius were selected as 35mm and 45mm, the weight of the fork-
lift load was still 0,5t. The calculation results are shown in fig.5, the relationship be-
tween the maximum structural stress and the fillet radius which is shown in fig. 6.

Figure 4 - Result of finite element analysis for R=25 mm
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a) b)
Figure 5 - Result of finite element analysis for R=35mm (a) and R=45 mm (b)
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Figure 6 - Dependence of maximum structural stress and fillet radius

From Fig.8 it can be seen that as the radius increases, the stresses decrease,
which is consistent with the basic mechanics theory that stress concentration can
easily lead to structural fatigue failure, the dependence is nonlinear. In our case, the
stress drops in 1,1...1,15 times

The maximum stresses at the fork section can be explained are the result of the
contribution of the bending moment and the load being lifted. The analysis of the
presented results shows of the fork root, which is a dangerous working condition and
the fork is prone to excessive and may ca surface damage or even breakage in the fil-
let of the fork root, which is a dangerous working condition. the fork is prone to ex-
cessive and may ca surface damage or even breakage in the fillet area of the fork
root, which is a dangerous working condition. Consequently, it is more appropriate
to change the fillet radius to 45mm to meet the strength requirement that the
maximum stress is less than the allowable stress.

The remaining areas are relatively stress free.
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Conclusions. When the fork is subjected to continuous load, it may cause the
crack development and surface to be damaged. The fork’s structural design plays a
key role in the efficiency and reliability of the forklift. According to the actual use of
the fork, the constraint conditions and force loads for finite element analysis were
determined, calculations were made performed using Finite Element Method in the
FreeCAD. After adding geometric model, meshing, setting material parameters, con-
straints and loads, the finite element calculation model of the original fork was es-
tablished. Numerical experiments have shown that an increase in radius leads to a
decrease, which is consistent with the theory of basic mechanics. As experiments [1]
show, the orientation of fatigue zone advocates that crack initiation occurred at the
outer fork side, which constitutes the designed compression zone confirms the accu-
racy of the accuracy of the established finite element model. Calculation results
show the radius from 25 to 45 mm, stresses decrease by 1.1...1.15 times. This study
will be useful for scientific experts in the forklifts.
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AHani3 MiyHOCMI 68U 8UI0UHO20 HABAHINANCYBAUA YU CETbHUMU Memodamul
Hasanmaxcysaui - ye npoMuciosi cuiosi MawuHu, ki HA3u8awms HABAHMANCY-
gauamu a6o 8UNOUHUMU HABAHMANCYBAUAMU, KOMPI Maome 081 8UNKU. Ix WiUpoKo 8UKO-
pucmosyroms Ha cknadax, 6ydigenbHUX MatidaHuukax, y MopcvKux nopmax, cynepmap-
Kemax ma it.. Ix moxcyms excniyamysamu 8i0 0eKiibKox 200uH Ha 0eHb 00 24 200uH Ha
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000y, 7 OHi8 Ha MuXxc0eHb, IK 8 NpUMiljeHHi, mak i Ha eidkpumomy nogimpi. Ha npody-
KmugHicmes ma HadiliHicmb HasaHmax cysaua enau8arms KOHCMpyKyis ma demani, no-
8's13aHi 3 8UIKO10, AKa 8i0nosidac 3a HadiliHe mpaHcnopmysaHHs eaHmaxcy. Ha cb0200Hi
npu 00CNiOHEeHHI HaNPy#eHo20 CMAaHy KOHCMPYKYIli 8 2any3i MawuHo6ydy8aHHs wupo-
KO 8UKOpUCMOBYIHOMb HUCENbHI Memoodu po3paxyHKy, a came MOoOent08aHHsT Memooom
ckiHuenux enemenmie (MCE). AHaniz pobim 3 8U3HAYEHHSI CMAMUYHUX HANPYHEHb Y
KOHCMPYKYIiX 8UNOUHUX HasaHmaxcysauie 3 sukopucmauHsam MCE noka3ase, wo noxu-
OKa mixc pe3yismamamu aHanisy i eunpobyeats He nepesuwjunia 10%. HanpyxiceHHs Yy
8UIAX 3A/IEXAMb 8I0 YMO8 iX KPinjleHHs, HABAHMAXEHHS i KOHCMpYKuUii. Y cmammi 8u-
KOHAHO AHAJI3 HANPY#EH020 CMAHY 68U/l 8UIOYHO020 HABAHMAXCY8AUAd 3d 00NOMO20H0
Memody KiHUesux enieMeHmie y 6e3KowmosHomy npozpamHomy 3ade3neueHHi FreeCAD,
aKull € pe3yaibmamom 00820CMpoK080i AKMUBHOI chienpaui Mix« po3poOoHUKAMU mMda KO-
pucmysauamu. beskouimosHe npozpamHe 3abe3neueHHs npocmiule 8 00C1y208y8aHHI ma
docmynHe 0na 6inbwoi Kiibkocmi niodeli. Buika euzomosnieHa 3 KOHCMpYKUitiHo20 ma-
mepiany - cmani 40X. Byn0 6cmaHoe/ieHo, W0 HanpyxceHHs y 8 001acmi oKpy2JleHHs KO-
PEeHsl BUJIKU € MaKcumManvHi ma ckaadarome 128 MIla. /[na 3MeHWeHHs. HanpyxceHb 0yJ10
3anponoHo8aHo 36inswumu padiyc 3 25 m do 35mMm ma 45 mm. Ilposedeni uucenvHi ekc-
nepumeHmu noKasaiu, wio npu 36inseHHi padiyca 3 25 do 45 mm npussodums 0o 3me-
HuweHHs1 HanpyxceHv Y 1,1...1,15 pa3u, wio y32004cyemscs 3 meopier 6a3080i MeXaHIKU
npo me, W0 KOHUEHMpayisi Hanpy#eHs Moxce Jlezko npuzgecmu 00 8MOMHO020 PYUHY-
8AHHS KOHCMPYKYIL.

Ctpenboiubkuii BikTop BacuiaboBUY — NOIIEHT, KaHAMUIAT TEXHIYHUX HAYK, Kade-
apa Ilig/ioOMHO-TPaHCIIOPTHI MallMHU Ta IHXUHIPUHT MOPTOBOTO TEXHOJIOTIYHOTO
obnagHaHHs, OfgecbKuit HalliOHAJIbHMIT MOPCbKMI YHIBEPCUTET.

BoBHerpa JI1060B BiTaniiBHa - [0lleHT, KAaHAMAAT TEXHIYHMX HAYK, 3aBigyBau Ka-
denpu iHGopMaliiHUX TEXHOJIOTIN IMPOEKTYBAHHS Ta Au3aiiHy, HallioHanbHMI YHi-
BepcuTeT «OecbKa IMOJIiTeXHiKa».

IMaBmmiuko AaHzapiii BoroguMupoBuY - NOLEHT, KaHAUAAT TeXHIYHUX HayK, J10-
1eHT Kadeapyu iHbOpMaliliHMX TEXHOJIOTi} MPOEKTYBaHHS Ta Au3aliHy, HallioHanb-
HUIi yHiBepcuTeT «OecbKa IMOJIiTeXHIKa».
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