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Abstract: In order to solve the remanufacturing and
repairing of universal joint in agricultural vehicles against
surface peeling and evident indentation, laser cladding
technology was applied to prepare Fe 314 alloy cladding
layer on the journal surface of the universal joint.
Metallographic structure of the cladding layer was
observed with metalloscope and its hardness was tested
by Vickers hardness tester. Moreover, a finite element
model of the universal joint load in agricultural vehicles
was established. After load and boundary constraint
were applied, the cloud chart of displacement changes
before and after the cladding was concluded. The
universal joint repaired through laser cladding was
installed onto agricultural vehicles, presenting no surface
peeling and cracking more than eight months later. Test
results demonstrated that the cladding layer combines
with the substrate well and the hardness of the universal
joint improves from 170HV0.025 to 560HV0.025.
Abrasive resistance of the cladding position is improved
significantly and the displacement decreases by 10.8%
compared to that before cladding. Laser cladding could
improve performances of the universal joint and prolong
its service life.
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INTRODUCTION

As one of the most important equipment in
agricultural production, agricultural vehicles mainly serve
in farmlands and rural regions with poorer road
conditions than urban areas. Furthermore, they bear
heavy freight volume. Therefore, the universal joint in the
drive system of agricultural vehicles suffer transient
impact loads and huge pressure frequently, thus
showing surface peeling and evident indentation failures
after being used for 1.5-2 years. Both surface peeling
and indentation will enlarge space of the universal joint,
thus easy to cause fracture failure at the journal and
increasing impact on the main drive system, and even
threatening operation safety of the main driving
equipment and the whole agricultural vehicle. The
installation position and working principle of universal
joint in agricultural vehicles are shown in Fig.1.
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1, 3: universal joint yoke; 2: universal joint; 4: spacer; 5: bearing; 6: holes above the universal joint yoke
Fig.1- Installation position and working principle of universal joint in agricultural vehicles

Many studies have been conducted on the surface
peeling and indentation failure of universal joints in recent
years. Jin et al. [3] made a digital simulation of a
universal joint by using DEFORM software. Although this
simulation shortens the development period to a certain
extent, it fails to improve the performance of the universal
joint. Liu et al. [7] believed that the surface peeling of the
universal joint is related to material properties. They
suggested the use of imported and more advanced alloy-
carburizing steel. However, this approach will increase
costs and goes against popularization. Wu et al. [10]
reported that although increasing the space between the
end faces of the universal joint and the bearing cap can
reduce friction heat, this method can easily cause the
surface peeling of the universal joint. Tian et al. [9]
indicated that optimizing the circular transition at the
journal root can improve the performance of the universal
joint to a certain extent but not significantly. Liao [5]
declared that the simple mechanical re-processing of a
surface-peeled universal joint can recover its surface
hardness and roughness and prolong the service life of
the universal joint. However, this method only fixes the
damage and does not address the cause.

Laser cladding is a flexible, advanced manufacturing
technology that can create high-performance surfaces on
low-cost substrates [6]. In laser cladding, coating
materials are placed on the substrate surface
simultaneously or in advance. The coating materials are
then melted with the substrate surface simultaneously
through irradiation of high-energy density laser beams.
Thereafter, a cladding layer with compact metallurgical
bonding is solidified quickly, thus significantly improving
the hardness, wear resistance, and corrosion resistance
of the substrate material surface. Laser cladding can
repair damaged positions directly and quickly to realize
the size and shape reproduction and high-performance
repair of damaged parts. Laser cladding is superior to
other remanufacturing technologies because of its
characteristics of quick cooling, low-rate coating dilution,
resource saving, small thermal deformation of the
substrate, availability of high-performance metallurgical
bonding coating, automatic process, and few follow-ups
of mechanical processing cuttings. Yao et al. [11], Feng
et al. [2], and Cheng [1] reproduced surface-damaged
bent axles and gear thrust surfaces by laser cladding and
achieved good results. Ma et al. [8] and Lei et al. [4]
made simulation studies on the temperature field and
dynamics of laser cladding and achieved some progress.

A simulation analysis and experimental verification of
laser cladding were implemented on the basis of
universal joints with surface peeling and evident
indentation in agricultural vehicles. The microstructure
and hardness of the cladding layer were observed and
tested. Stress-induced deformation was calculated by
using the finite element method.
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MATERIAL AND METHOD
Laser cladding of the universal joint sample and
universal joint

The laser-cladding test used a YLS-4000-S2 fiber
laser, a Siasun XSL-PF-01B-2 double-bin negative
pressure powder feeder, and a KR30HA robot made by
KUKA (Germany). The cladding parameters include 2200
W laser power, 600 mm/min scanning speed, 3.4 mm
spot diameter; 28.5 g/min powder feeding rate, and 1.7
mm multiple welding landing.

Hardening and tempering 45# steel with the same
material as the universal joint was used, and the
components of this steel are listed in Table 1. The
cladding material will have good wettability because of
the similar coefficient of thermal expansion and melting
point between the cladding material and substrate metal.
Considering the requirement on hardness of the cladding
layer, Fe314 alloy was used as cladding material; its
chemical composition is shown in Table 2. Before the
experiment, the sample surface was polished by
sandpaper, and then the rust, oxide film and greasy dirt
on the sample surface should be eliminated by using
acetone and high-purity ethyl alcohol. Samples were
preheated to 250 °C for 2 h before laser cladding.
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Table 1
Composition of substrate material (mass fraction/%)
Elements C Si Mn P S Cr Ni Cu Fe
45# 0.42-0.50 0.17-0.37 0.50-0.80 <0.035 <0.035 <0.25 <0.25 <0.25 Bal.
Table 2
Composition of cladding powder material (mass fraction/%)
Elements Cr Ni Si B C Fe
Fe314 14.82-15.24 9.22-11.12 0.93-1.14 0.92-1.14 0.09-0.11 Bal.

Fig. 2 presents a universal joint journal with surface
peeling and indentation deeper than 0.1 mm. However,
this universal joint journal cannot be used normally. In
this paper, this universal joint was mechanically cleaned
to remove the coating and fatigue layers, and it was laser
cladded by using the same equipment and method as
stated above. To obtain a good cladding layer, the
distance from the laser head to the universal joint journal
surface should be fixed, the traveling speed of laser spot
relative to the universal joint journal should be constant,
and the laser beam should be kept at the top of the
universal joint journal. The inconsistent matching
between the laser beam and universal joint journal will
change the laser power, thus influencing the morphology
of the cladding layer. Fig. 3 shows the laser cladding to
the universal joint with surface peeling and evident
indentation. The cladding layer on the universal joint
journal after cladding is shown in Fig. 4.
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Fig.2- Universal joint journal with surface peeling
and evident indentation

Fig.3- Laser-cladding process

Fig.4- Universal joint journal surface after cladding

RESULTS ANALYSIS
Cladding layer microstructure of the universal joint
sample

Fig. 5 shows the universal joint sample after laser
cladding. The sample was cut into 60 mm x 60 mm x 30
mm pieces and then polished to make metallographic
samples. The microstructure of the cladding layer was
observed by using an optical microscope. The cross-
section morphology of the cladding layer is displayed in Fig.
6. The cross-section is divided into three parts, namely,
cladding layer, interface layer, and substrate. The cladding
layer has a compact and uniform structure without cracks
and pores. Furthermore, the cladding layer forms a suitable
metallurgical bonding with the substrate.
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Fig.5- Laser-cladding sample
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Fig.6- Cross-section morphology of the cladding layer

Hardness of the cladding layer of the universal joint

The micro-hardness of the cladding layer and
substrate of the universal joint sample were measured by
using a DHV-1000 Vickers hardness tester under a 0.245
N load (25 gf) and 10 s loading time. Each sample was
measured at least five times and the mean measured
value was taken as the final value. Fig. 7 is the variation
curve of the cross-section hardness of the specimen. The
horizontal axis is the vertical distance from the measuring
point to the cladding layer surface, and the vertical axis is
the hardness of the measuring point.
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Fig.7- Hardness of the cladding layer, interface layer, and substrate cross-section

In Fig. 7, the hardness of the cladding layer increases
from approximately 170HV0.025 of the substrate to
approximately 560HV0.025. This increase is mainly
caused by the quick solidification of the molten pool and
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the refinement of the grains of the cladding layer during B N b B S L e b [ s
laser cladding, thus, compacting the structure and N B i T DR R ] 5 8 2 ) R A, 2

enhancing the grain boundary well. Furthermore, the GIEEs | R P T IRGFI 5 SRR AL E R, A8 S i B AR
wear resistance of the cladding position is improved

significantly. E e R
Stress analysis of the cladding layer BRI AT
Stress analysis of the universal joint == 52 F155 8T
The tolerable rated moment of the universal join X2z BELEI X, SF354 5k 4 L+ 75, FrRg&z

installed on the Shifeng SF354 agricultural vehicles is

expressed as follows: HIBIE S
T= 9549xE:322.9le (1)
n
where P=25.7kW, and the engine power of the Hrh, P=25.7kW, & FHZERIHLIIE,

agricultural vehicle n=760 r/min is the rated speed. _ S
The driving force acts on the middle cylindrical surface n=760 rimin, HUEFE .
of the driving shaft neck of the universal joint. The FEBN IR T -1 il B A 2 0 AR T b, B

resultant force on the shaft neck F is then expressed as o ) B B R F7, ST R0 2 41 F N
follows: . '

F= TE:10091N @)
where L is the straight-line distance from the F acting e L— FAEA SR F )L O LS, L
point to the geometric center of the universal joint, and L -0.032m.
=0.032 m.
The dynamic model of universal joint is shown in Fig. T2 SR ] 8 i
8.

Fig.8 - Dynamic model of uniformly distributed load

on the universal joint Fig.9 - Gridding result of the universal joint

Finite element simulation of the universal joint XA BR o 5

The universal joint model was established in 1F SolidWorks /1 1) 2 + & B B, B H 5 A
SolidWorks and then entered into SolidWorks Simulation ) ) ) . ‘ o N
for gridding and simulation analysis. The universal joint ~ SolidWorks Simulation - #EAT it 7 A1 05 JLo3Hr . 45

model has a complicated structure and cannot be gridded BRR 2K 2 TEVE ST PR A AR R4 RS, B
by using default technology. This model has to cut parts ST ’ "

before gridding. According to the stress analysis of the #4740 %1, FRI MK . WIE+2H0Z 00, BT
universal joint, the universal joint was divided into two o b 2 S L N AR ek
symmetric parts. A total of 68,957 units were divided TR EIPRARAI PR o R R HoR, - 36

through the fr_ee. gridding techniqug, inclu_di_ng_100,050 454568957 87, 100050445 . |- Sl o A% Kl 43 28 B
nodes. The gridding result of the universal joint is shown

in Fig. 9. WEYFTR
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The displacement effect after a 10091 N force and
boundary constraint that were applied to the original
universal joint neck, is exhibited in Fig. 10(a). The
displacement effect after a 10091 N force and boundary
constraint which was applied to the cladding universal
joint is shown in Fig. 10(b). Figs. 10(a) and 10(b) show
that after the load and boundary constraints were applied,
the maximum deformation before cladding is 4.098 x 1072
mm but decreases by 10.8% to 3.697 x 1072 mm after

cladding. The performance and service life of the
universal joint are improved and prolonged.
s
P
URES (mm)
— 4,098e-002
3.756e-002
- 3.415e-002
- 3.073e-002
- 2.732e-002
- 2.390e-002
' 2.049e-002
- 1707e-002

- 1366e-002
- 1.024e-002
6.830e-003
3.415e-003

1.000e-030

(a) Universal joint before cladding
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(b) Universal joint after cladding

Fig.10- Cloud chart of universal joint deformation

The cladding universal joint was repeatedly polished
to the aimed request of the original size and then
installed on a Shifeng SF354 agricultural vehicle in
Sandaoba Town, Midong District, Urumqi Municipality,
Xinjiang, on May 12, 2014. The agricultural vehicle was
used in daily farmland work and the transportation of
agricultural products. Fig. 11 shows the testing
agricultural vehicle with the cladding universal joint. The
universal joint disassembled from this agricultural vehicle
on January 20, 2015, is shown in Fig. 12. No peeling
and cracks were observed, thus indicating that laser
cladding is a feasible repair method for universal joints in
agricultural vehicles.

Fig.11- Testing agricultural vehicle with the cladding universal
joint
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CONCLUSIONS

(1) A laser-cladding test is conducted on the universal
joint samples of the same material and shows a good
metallurgical bonding between the cladding layer and
substrate.

(2) The microstructure of the cladding layer is
compact without defects. Hardness is improved from
170HV0.025 to 560HV0.025. The wear resistance of the
cladding position is significantly improved.

(3) A finite element simulation on universal joint
before and after cladding is implemented, concluding that
deformation after cladding is 10.8% less than that before
cladding.

(4) A universal joint with surface peeling is processed
with laser cladding and grinding and is used in a Shifeng
SF354 agricultural vehicle for more than eight months,
thus confirming the feasibility of laser cladding in
repairing surface-worn universal joints.
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