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This paper studies the ultrasonic vibration assisted lifting laser cladding technology.
Firstly, the simulation model of ultrasonic vibration-enhanced Ni60 self-fluxing alloy
powder coated with 45 steel substrate is established, and the variation law of temperature
field and temperature gradient in ultrasonic vibration strengthening process are analyzed
by using Ansys finite element analysis software. After that, the microstructure, micro-
hardness and surface roughness of the cladding layer are compared with that of the
cladding test blocks with and without ultrasonic vibration. The results show that as the
ultrasonic frequency increases or the scanning speed decreases, the temperature increases
everywhere along the Z-axis, and the temperature gradient from the cladding layer to the
interface area decreases. Compared to the cladding layer without ultrasonic vibration, the
microstructure of the cladding layer obtained by applying ultrasonic vibration is finer and
denser due to the effect of ultrasonic cavitation, and the microhardness is increased by
1.87 times and the surface roughness is reduced by 36.6%.

Keywords: laser cladding, high temperature and high pressure, ultrasonic vibration,
process research.

B pabore paccmaTpuBaeTrca TeXHOJIOTHA JA3€PHOU OOJUIOBKU C IOMOIIBIO YJIBTPA3BYKO-
BOII Bubpanuu. ¥YCTAHOBJIEHA HMUTAIMOHHAS MOJLEJb IIOKPBITUS, HOJAYUYEHHOTO CAMOIIOTOKOM
JgeruposaHHoro mopomka Ni60 45 craapHoM mommoxen. Mcemonbsys mporpaMMmHoe obeciiede-
HUe Ui aHAJIN3a KOHEUYHBIX JIEMEHTOB ANSys, aHAINSUPYETCs HNSMEHEHHE TeMIIepaTypPHO-
ro moJd M TEMIEPATYPHOr0 IpagudeHTa B IIPoIlecce YIPOUHEHUS YAbTPASBYKOBBIMHU Kojeba-
HUAMY. MUKPOCTPYKTYPa, MHKPOTBEPLOCTL U MIEPOXOBATOCTH IIOBEPXHOCTU OOJIHUIIOBOYHOIO
CJIOA CPAaBHUBAIOTCSA ¢ MHKPOCTPYKTYPOI M OOOJIOYKONM TECTOBBIX OJIOKOB IIOCJIE YJILTPA3SBY-
KOBOM BuOpanumm W g0 Hee. Pe3yabTaTbl IIOKA3BIBAIOT, UTO IO Mepe YBEIHUUYEHHS YaCTOTHI
YJAbTPAa3ByKa MM CKOPOCTM CKAHWPOBAHHUS TeMIepaTypa o0pasia yBeJINUYUBAETCS IIOBCIOLY
BIOJb OCU Z, & TPAANEHT TEeMIIEPATYPBI OT CJIOA OOOJIOUKH IO ILIOIIAIU Pa3fesia YMeHbIIaeT-
cd. Ilo cpaBHEHMIO ¢ IIAKUPYIOIUM cjaoeM 0e3 yIbTPasBYKOBOH BHOpaIUy MUKPOCTPYKTYpa
ciod 000JI0UKM, IIOJYyUYeHHAd HPU IPUIIOMKEHUM YJbTPas3BYKOBOW BuOpamuum, sABiIdeTcda OoJee
TOHKOH M ILIOTHOU M3-3a BJIUAHUA YJIbTPA3BYKOBOM KaBUTAIMU, & MUKPOTBEPAOCTD YBEJIUIN-
Baerca B 1,37 pasa, IepoxoBaTOCTb IIOBEPXHOCTU CHMMKaercsa Ha 36,6%.
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HocrmigxeHHA BILIHBY YJbTPA3BYKOBOI BiOpamii Ha BIacTHBOCTI JlazepHOTO O0JHIIO-
BaHHS BHCOKOTEMIIEDATYPHHUX i BucoKoHamipHux meraneir. Che Lei, Sun Wenlei, Zhang
Guan, Han Jiaxin

Y poboTi posriazacThLCA TEXHOJIOTiA JazepHOl OOMUIIOBAHHSA 34 JOTOMOTOI0 YJILTPA3BY-
KoBoi Bibparii. Beranosaeno imitarifiny Momens MOKPUTTS, OTPUMAHOTO CAMOTIOTOKOM JIETO-
Bamoro mopomkKy Ni60 45 cramepoi migkmagxu. BUKOPHCTOBYIOUM mpoTpaMHe 3a0e3medeHHs
IS aHaisy KiHIIeBUX eJleMeHTiB Ansys, aHaNi3yeTbcs 3MiHa TeMIepaTypHOTO TOMAA i TeM-
mepaTypHOTO TpajieHTa y Tpoleci 3MillHeHHS YJALTPA3BYKOBUMU KoJaWBaHHAMHU. Mikpo-
CTPYKTYpPa, MiKPOTBEPAICTh 1 MOPCTKICTL MOBEPXHI OOJUITIOBANBHOTO IITAPY TOPiIBHIOIOTHCA 3
MiKPOCTPYKTYPOI0 i 0GOJIOHKOI0 TeCTOBMX OJOKIB micas yabTpasBYyKoBoi BibGpamii i mo wHei.
PesynnTaTi mMOKasyoOTh, M0 31 30iJBIIEHHAM YaCTOTH YJIBTPA3BYKY a00 NIBUAKOCTI CKAHyBaHHS
TeMIlepaTypa 3pasKka 301JIbIIyeThCA YCIOAM B3AOBMK oci Z, a TpafieHT TeMIlepaTypu Bif mmapy
O0BOJIOHKU [0 TIJIOII PO3ALNY 3MEHNIYyEThCA. Y MOPIBHAHHI 3 MIAKUPYIOUUM IIapoM 0e3 yJanTpa-
3BYKOBOI BiOpalrii MiKpoCTpYyKTypa ITapy O0OJIOHKU, OTPUMAaHA TPW JOJaBAHHI YILTPA3BYKOBOL
BiOparii, € GBI TOHKOIO i MIITEHOIO Yepes BILUIMEB YJILTPa3BYKOBOI KaBiTallii, a MiKpoTBepmicTh

8bimbimyThest y 1,37 pasu, mopeTkicTs moBepxHi 3HMKYThHCs Ha 36,6% .

1. Introduction

Pore and crack defects are still the main
problems in the additive repair technology,
because that laser power is large, the depth
of molten pool is deep, and the charac-
teristics of the rapid heating and cooling
also make the molten pool of metal solidifi-
cation quickly, away from the equilibrium
state, the cladding layer between the clad-
ding layer and substrate materials and in-
ternal creates, has a high temperature gra-
dient and cladding material and the thermal
expansion coefficient between the substrate
material is different, in the bonding zone
will produce a larger residual stress, crack
extremely easily, cause waste. Ultrasonic
degassing, dispel oxide film, fine grains and
homogeneous structure composition and re-
duce stress function, the workpiece has no
damage, and the safe and reliable [1-3], so
at the same time of laser cladding on the
substrate and molten pool melt applying ul-
trasonic vibration compared with not apply-
ing laser cladding method, ultrasonic vibra-
tion can improve the performance of clad-
ding layer of cladding layer cracking effect
is better.

At present, researchers have done a lot
of research on the technical parameters of
laser cladding. Ramirez A. et al. [4] have
shown that high intensity ultrasonic treat-
ment can significantly refine the micro-
structure of magnesium alloys. Fan Yangy-
ang et al. [5] will be introduced to the ul-
trasonic vibration in the form of mechanical
coupling of 304 stainless steel TIG welding
process, the plate welding experimental re-
sults show that after applying ultrasonic
welding penetration increased, deep wide
ratio increases, microstructure refinement,
fusion zone structure homogenization. Xu
et al. [6] used ultrasonic vibration to effec-
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tively remove the pores in liquid A356 alu-
minum alloy, and found that the smaller
the amount of liquid metal, the higher the
removal rate of pores by ultrasonic. Tian
Yuxin et al. [7] of ultrasonic compound TIG
arc weld width and depth of molten under
study found that ultrasonic composite TIG
welding can increase welding penetration,
and improve the weld surface, reduce the
workpiece deformation and heat affected
zone, and to improve the quality of the
welded joint. Although the researchers on
the study of ultrasonic vibration for a vari-
ety of ways, and made a lot of significant
research results, but has some reports
mostly stay in the study of casting, welding
and other traditional techniques, such as have
not too much involved in laser cladding mate-
rial repair technology research, especially ul-
trasonic vibration influence on the laser clad-
ding temperature field and temperature gra-
dient, as well as to the cladding layer on the
surface roughness, microstructure and micro-
hardness of reported less.

Based on 45 steel substrate as the re-
search object, this paper established the ul-
trasonic vibration strengthening cladding
substrate material Ni60 self-fluxing alloy
powder in the simulation model of Ansys
finite element analysis software is used in the
process of ultrasonic vibration is analyzed to
strengthen the change rule of temperature
field and temperature gradient, and through
the test to get the cladding block of the mi-
crostructure, microhardness and surface
roughness of the comparative analysis.

2. Ultrasonic vibration assisted
repair process test method

The laser cladding powder material is a
Ni60 self-fluxing alloy powder with a pow-
der diameter of ( 100 to 150 )um. The base
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material is 45 steel. Before the test, the
powder is placed in the oven to high tem-
perature of 150 °C, and lasts for 2 h, in
order to achieve the purpose of drying the
moisture. The matrix material is ground
with sandpaper, then cleaned with acetone
to remove the oxidation layer and oil, and
then dried.

For research, we used testing equipment
from a company in the United States to
produce 4 kW of fiber laser systems, con-
tinuous gas CO, laser for processing and
ultrasonic vibrating plate. When the ultra-
sonic vibration plate starts to work, ultra-
sonic waves are transmitted from bottom up
to the molten pool through the matrix ma-
terial. Before the test, the ultrasonic vibra-
tion plate was first opened, followed by
laser cladding synchronous powder delivery
after 1 min. After the laser cladding test,
the ultrasonic vibration plate was closed 2
min later.

Laser cladding technology parameters
used in the test are laser power is 1400W,
spot diameter is 2 mm, scanning speed is
3 mm/s, feed rate is 22 g/min , defocus
amount is 16 mm, powder feeding gas flow
is 200L/h. In order to reduce evaporation
and oxidation of the surface material dur-
ing the cladding process, argon is used to
protect the bath. The height and width of
the prepared single cladding layer are
1.5 mm and 3 mm.

3. Simulation analysis of
temperature field and
temperature gradient of laser
cladding with ultrasonic vibration

3.1 Establishment of finite element
model for ultrasonic vibration laser
cladding temperature field and temperature
gradient

(a) Because the ultrasonic vibration plate
is connected to the bottom surface of the ma-
trix material, the ultrasonic vibration bound-
ary condition is approximately treated by
combining dynamic boundary condition and
ultrasonic vibration energy conversion [8,9].

P = 2nfpcA-cos(2nft), (1)

where f is the ultrasonic frequency, Hz. A
is the ultrasonic amplitude, m; p is the den-
sity of matrix material, kg/m3; ¢ is the
transmission speed of ultrasound, m/s; ¢ is
the time of ultrasonic vibration action, s.

The heat generated by ultrasonic vibra-
tion absorbed by melt is
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Q = 4atpc(nfA)?, 2)

where a is the ultrasonic absorption coef-
ficient.

The heat flux produced by ultrasonic vi-
bration on the system is

_Q
q_S, (3)

where S is the area under ultrasonic ac-
tion, m2.

(b) Energy absorbed by the melt in the
molten pool from ultrasonic vibration [10].

The inner energy of the molten pool can
be the sum of the internal energy of the
molecules, so the internal energy of each
molecule can be obtained by the following
formula:

u= utr + urot + Zuv ’ (4)
v

where u,,. is the translational kinetic en-
ergy; Uu,. is the rotational internal energy;
u, is the vibration energy of each compo-
nent of the fluid.

The average energy per unit mass in the
molten pool is:

U, = (n)%fvlle% ’ (5)

where n is the number of all molecules
per unit mass in the molten pool; n, is the
number of molecules with vibration per
unit mass in the molten pool; f,; = n, is the

ratio of the first order excitation; %kT% is

the average energy of the degree of freedom
of the excited v class of molecules; £ is
Boltzmann constant; T, is the temperature
of the vibrating molecule.

The molten pool is affected by ultrasonic
vibration, and the characteristic time t, of

equilibrium is satisfied:

dT
o_ 1. 6
at ~ g, 0T ©

By introducing the influence of viscosity
and heat conduction into the basic hydrody-
namic equation, the following equation can
be obtained:

o . 2 jot, (1)
B=——jo,—= ) (M) ax— >
co 1T Ev:( vMmaxy e
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Fig. 1. Temperature field distribution cloud
maps of the test blocks with (b) and without
(a) ultrasonic vibration.

o .
where o is the number of waves or
0

propagation coefficient without attenuation;
0, is the classical attenuation coefficient; o,
is the relaxation attenuation coefficient of
type v molecular vibration mode; A is the
wavelength of unattenuated sound waves.
(0, ) ax is the maximum value of o A, when

, is relaxation

c
wr=1, it is VEw-1)% , 1
2 <y

c
time, T, = ——~— and is constant, N
v nkaUNCU Bv v
is collision number per unit time of class v
2
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molecules, ¢, = — T, exp— 7 |
The relaxation term can be simplified as
2 jot, )
o, ==(o A — Y =
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where w,=-—, — is the relaxation fre-
b 2T
quency.
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Fig. 2. Temperature curves along the Z-axis
between ultrasonic vibration and non-ultra-
sonic vibration.

3.2 Analysis of ultrasonic vibration laser
cladding temperature field simulation re-
sults

3.2.1 Comparison of laser cladding tem-
perature field between ultrasonic vibration
and non-ultrasonic vibration

Fig. 1 shows that the temperature field
distribution cloud diagram of laser cladding
with and without ultrasonic vibration. As
shown in Fig. 1, whether applying ultra-
sonic vibration, or in other process under
the same conditions of laser cladding tem-
perature field distribution are shown as ap-
proximate elliptic, but applying ultrasonic
vibration of laser cladding temperature
variation is relatively soft, the temperature
gradient of the smaller range is big, overall,
the distribution of temperature field is
more uniform. After ultrasonic vibration
was applied, the minimum temperature of
the matrix increased from 292.08K without
ultrasonic vibration to 421.359K. Mean-
while, the maximum temperature of the
melt in the cladding pool increased from
1601.95K without ultrasonic vibration to
1652.76K, but the degree of temperature
increase was smaller than that of the sub-
strate. The reason is that after applying
ultrasonic vibration, the vibration energy,
consistently with the laser energy absorp-
tion of melt pool and matrix, and into the
melt and the matrix of the internal energy,
so the molten pool was increasing the tem-
perature of the melt and the matrix, at the
same time, the ultrasonic vibration energy
increased with the increase of propagation
distance attenuation, combined with ultra-
sonic vibration of molten pool melt have
similar to the mixing effect, has a cooling
effect, so the molten pool melt temperature
increases are smaller than the substrate.

Fig. 2 shows that the temperature
change along the Z-axis under the condition

Functional materials, 25, 4, 2018
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Fig. 3. Temperature curves of ultrasonic fre-
quency in the direction of Z-axis.

of applying ultrasonic vibration and not ap-
plying ultrasonic vibration. From the clad-
ding layer surface to within 1 mm of the
surface of cladding layer, applying ultra-
sonic vibration of the temperature of the
laser cladding temperature and not twisting
vibration downtrend basically consistent,
this is because the surface cladding layer,
the influence of the laser energy dominant,
and the influence of ultrasonic vibration
heat effect because of the propagation dis-
tance attenuation to the impact can be ig-
nored. With the increase of distance from
the surface cladding layer, the temperature
under the action of ultrasonic reduced more
slowly, finally applying ultrasonic vibration
and applying ultrasonic vibration of the
laser cladding temperature are stable, but
applying ultrasonic temperature a little
higher. The reason is that the laser energy
is continuously transmitted to the matrix
through heat conduction. At this time, the
energy of the matrix is mainly the synthesis
of laser energy and ultrasonic vibration
thermal effect. However, with the increase
of space from the surface cladding layer,
the laser energy decreases on the heat con-
duction of heat affected zone, the matrix
effect, however, applying ultrasonic vibra-
tion of the heating effect of the laser clad-
ding with ultrasonic vibration generated, so
the temperature drop a softer. In the lower
part of the matrix, the laser energy of the
heat transfer effect can be ignored, the
heating effect of ultrasonic vibration domi-
nate, so applying ultrasonic vibration of the
laser cladding of applying ultrasonic vibra-
tion and temperature are stable, but ultra-
sonic cladding temperature a little higher.

3.2.2 Effect of ultrasonic frequency on
temperature field

Fig. 8 shows that the effect of ultrasonic
frequency on the temperature field on the
Z-axis. As can be seen from the Fig. 3, as
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Fig. 4. Temperature curves of the scanning
speed on the direction Z-axis.

the ultrasonic frequency increases, the tem-
perature on the Z-axis direction increases.
When the ultrasonic frequency increased
from 30 kHz to 50 kHz, the temperature at
7 mm from 414.32 K to 501.55 K along the
Z-axis increased from 414.32 K to 87.23 K.
The maximum temperature of the molten
pool in the cladding layer increased from
1774.1 K to 1795.9 K, only increasing by
21.8 K. Investigate its reason is that the
bigger the base at the bottom of the ultra-
sonic frequency, ultrasonic vibration effect
is significant, and melt into a matrix, the
greater the internal energy of the ultrasonic
vibration energy all along the Z-axis direc-
tion everywhere temperature is increased,
however, with the increase of ultrasonic vi-
bration frequency will lead to the molten
pool is similar to the effect of stirring melt
also more and more intense, accelerate the
cooling of the molten pool melt, so bath
melt under the influence of ultrasonic fre-
quency as substrate.

3.2.3 Effect of scanning speed on tem-
perature field

Fig. 4 shows that the effect of laser clad-
ding scanning speed on the temperature
field in the direction of Z-axis. As can be
seen from the figure, as the scanning speed
increases, the temperature on the Z-axis de-
creases as a whole. When the scanning
speed increased from 2 mm/s to 4 mm/s,
the temperature at 7 mm from the cladding
surface along the Z-axis decreased from
507.77 K to 425.48 K, decreasing by 82.29
K. The maximum temperature of the molten
pool in the cladding layer decreased from
1805.5 K to 1775.7 K, only 29.8 K. Investi-
gate its reason is that with the increase of
scanning speed, not only make the stay in
laser cladding layer on the surface of the
powder time reduced, reducing the melt pool
for the absorption of laser energy, but also
shortens the ultrasonic vibration acting on
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Fig. 5. Temperature gradient distribution
along the Z-axis.

the substrate and molten pool of time, re-
duced the ultrasonic vibration energy into
internal energy of substrate and the melt
pool.

3.3. Analysis of ultrasonic vibration laser
cladding temperature gradient simulation
results

Fig. 5 shows that the temperature gradi-
ent distribution along the Z-axis. It can be
seen from the figure that the temperature
gradient of laser cladding with ultrasonic
vibration along the Z-axis is smaller than
that without ultrasonic vibration, and the
two finally tend to be the same. Applying
ultrasonic vibration to sum up, the laser
cladding can effectively reduce the internal
cladding layer and the cladding layer and
substrate interface combined with the tem-
perature gradient, reduce the inner cladding
layer and the residual stress of interface
bonding area, to reduce or even eliminate
inner cladding layer and interface bonding
area crack.

3.3.1 Effect of ultrasonic frequency on
temperature gradient

Fig. 6 shows that the effect of ultra-
sonic frequency on the temperature gradient
of cladding along the Z-axis. Along the Z-
axis direction of cladding layer on the sur-
face of 3 mm, with the increase of ultra-
sonic frequency, temperature gradient de-
creases, investigate its reason is that the
bigger the ultrasonic frequency, the greater
the ultrasonic energy into the matrix, the
smaller the temperature gradient. From 3
mm to a deeper distance, the influence of
ultrasonic frequency on temperature gradi-
ent is no longer obvious, and finally tends
to be consistent.

3.3.2. Effect of scanning speed on tem-
perature gradient

Fig. 7 shows that the relationship be-
tween laser cladding scanning speed and
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Fig. 6. Temperature gradient of the ultra-
sonic frequency on the direction Z-axis.

temperature gradient of cladding layer

along Z-axis. Along the Z-axis direction of
cladding layer on the surface of 3 mm, with
the increase of scanning speed, the tempera-
ture gradient is also gradually increase, in-
vestigate its reason is that the smaller scan-
ning speed can increase the laser on the
molten pool of powder and the effect of
ultrasonic vibration time, at the same time
increase the energy density of the cladding
layer and substrate of internal energy, but
in the cladding layer 3 mm along the Z-
axis direction, the interface bonding area
due to the action of ultrasonic vibration is
the most remarkable, the energy density of
the region is the largest. Therefore, the
lower the scanning speed, the lower the
temperature gradient from the cladding
layer to the interface area.

4. Comparison analysis of
microstructure, microhardness
and surface roughness of
cladding layer

4.1. Microstructure comparison

The cross-section metallographic speci-
men of laser cladding layer was prepared by
linear cutting. The corrosion agent used in
the preparation of the metallographic speci-
men is aqua regia (HClI:HNO3=3:1), and the
microstructure of the cladding layer of the
sample was analyzed by MJ21 type ortho-
paedic metalloscope, as shown in Fig. 8.
LEO 1430VP type scanning electron micro-
scope was used to magnify the microstruc-
ture of the sample cladding layer by 3000
times, as shown in Fig. (9).

The Fig. 8 and Fig. 9 shows that apply-
ing ultrasonic vibration of cladding layer is
not bulky columnar crystal, and presents
the irregular state, after ultrasonic vibra-

Functional materials, 25, 4, 2018
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Fig. 7. Temperature gradient of the scanning
speed on the direction Z-axis.

tion is applied to obtain the cladding layer
microstructure morphology changes, the
original columnar crystal disappeared, and
significantly enhanced. Investigate its rea-
son is that ultrasonic vibration can make
the melt in the metal solidification process
formation of cavitation bubble, primary
crystal grew up and is the crystallization of
the organization is its high temperature and
high pressure shock wave produced by the
break up, grow up to speed is affected, the
molten pool in the original direction of co-
lumnar crystal structure also is interrupted,
form fine crystal nucleus is relatively
evenly spread to various parts of the clad-
ding layer, grew up in isotropic, improve
the nucleation rate of the melt, the cladding
layer are refined and dense.

4.2 Microhardness comparison

Section microhardness of laser cladding
layer with HXD-1000 TB digital miecro
hardness tester to test, test the applied load
is 500 g, load duration of 10 s, respectively
in each block of measuring surface along a
straight line from the first layer of the
cladding layer in turn to the direction of
substrate material, such as measuring point
spacing, spacing of 0.1 mm, a total of 19
points, measuring microhardness values as
shown in Fig (10).

Fig. 10 shows that the microhardness
curve of laser cladding perpendicular to the
scanning path section. Applying ultrasonic
vibration can be seen from the diagram, the
cladding layer on the surface of 0.1 mm to
0.7 mm depth within the scope of applying
ultrasonic vibration than the microhardness
of the cladding layer increases obviously,
applying ultrasonic vibration of laser clad-
ding layer maximum microhardness was
998.72 HV, the same depth of not applying
ultrasonic vibration of laser cladding layer
microhardness value is 731.64 HV, in-
creased 1.37 times. With the increase of
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Fig. 8. Microstructure of cladding layer with
ultrasonic vibration (b) and without (a) ultra-
sonic vibration under metalloscope.

measuring depth, two different cases of mi-
crohardness of the cladding layer are pre-
sent decreasing trend, but applying ultra-
sonic vibration of cladding layer microhard-
ness were greater than not applying
ultrasonic vibration of microhardness of the
cladding layer. As the measuring depth con-
tinues to increase, in the junction of the
cladding layer and substrate material and
the heat affected zone, applying ultrasonic
vibration to get the microhardness value of
the cladding layer while still greater than
not applying ultrasonic vibration to get the
microhardness of the cladding layer in the
same depth values, but increases the size of
the smaller. In the case of measuring depth is
still increasing, microhardness eventually will
be more and more close, tend to be the same,
this is because the heat affected zone substrate
material the following part, while under the
influence of ultrasonic vibration, but it re-
ceives laser energy is limited, the effect of
combination of these two didn’t happen.

With section 4.1 of the microstructure of
laser cladding layer, you can see that the
combination of the test of microhardness of
the cladding material Ni60 powder and
grain size meeting Hall-Petch formula of
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Fig. 9. Microstructure of cladding layer with
ultrasonic vibration (b) and without ultra-
sonic vibration (a) under scanning electron
microscope.

the relationship. The combination of ultra-
sonic vibration and laser energy resulted in
different degree of refinement of cladding
structure, so the microhardness of cladding
layer was also increased. Metal material will
form dislocation movement when plastic de-
formation leads to occlusion at grain bound-
ary. In this case, a large external force
must be applied to keep the metal from de-
forming. Cladding layer at the top of the
main organization form for different direc-
tion of high density dislocation plug forma-
tion of small crystal pieces, such as to make
the small crystal block shape change must
exert larger external force, so the cladding
layer microhardness strong plastic deforma-
tion area is the largest. The middle and
bottom of the cladding layer deformation
zone formed by ultrasonic vibration of iso-
metric twigs and refine crystal, with vary-
ing degrees of grain size, grain boundaries
increased than before, the area of disloca-
tions becomes more, the more the plug prod-
uct produced at the grain boundary, the re-
sistance increase, so the strength and hard-
ness of the cladding layer were greatly
improved.
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Fig. 10. Microhardness curve of laser cladding
perpendicular to the scanning path section

4.3. Surface roughness comparison

The cladding layer obtained by applying
ultrasonic vibration and not applying ultra-
sonic vibration is placed flat to establish
coordinate axis. The X-axis of the coordi-
nate axis is the length direction of the test
block cladding layer, that is, the scanning
direction of laser cladding, and the Y-axis
is the width direction of the test block clad-
ding layer. In the direction of the Y-axis,
the displacement between the point and the
datum surface was measured at 0.1lmm in-
tervals. A total of 8 points were taken, and
Fig. 11 was obtained.

The surface roughness can be calculated
by the following formula:

1 9
Ra = ; |y;| ’
i

1

||M;

where y; is the displacement between the
measurement point and the reference plane
of the cladding layer on the test blocks, mm
; n is the number of sampling points along
the Y-axis of laser cladding.

Calculated:

The surface roughness of the cladding
layer without ultrasonic vibration is

R, =0.0863mm = 36.3 um.

The surface roughness of the cladding
layer with ultrasonic vibration is

R, =0.0230mm = 23.0 um.

The calculated results show that the sur-
face roughness of the cladding layer with
ultrasonic vibration is significantly reduced
by 36.6% compared with that without ul-
trasonic vibration. Analysis the reason of
applying ultrasonic vibration, at the same
time of laser cladding, ultrasonic vibration
caused by acoustic streaming effect as well
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Fig. 11. Displacement of sampling point and
reference plane along the Y-axis direction of
the laser cladding layer.

as to the molten pool is similar to the effect
of stirring, make the cladding process cool-
ing condition is good, molten pool of liquid-
ity has improved, to improve the tension on
the surface of the molten pool, thus get the
surface cladding layer is flat and level.

5. Conclusions

Regardless of whether ultrasonic vibra-
tion is applied or not, the temperature dis-
tribution of laser cladding shows an ap-
proximately elliptical shape. Compared with
laser cladding without applying ultrasonic
vibration, the temperature change applied
by ultrasonic vibration is softer and the
temperature gradient is smaller. The tem-
perature of the melt pool and the substrate
both become larger, but the melt tempera-
ture of the melt pool is smaller than that of
the substrate.

With ultrasonic vibration can effectively
reduce the temperature gradient inside the
cladding layer and the interface between the
cladding layer and the substrate, reduce the
residual stress, and achieve the purpose of re-
ducing or even eliminating cracks in the clad-
ding layer and the interfacial bonding zone.

The ultrasonic frequency increases, and
the temperature increases everywhere along
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the Z-axis. As the scanning speed increases,
the temperature along the Z-axis decreases
as a whole. As the ultrasonic frequency in-
creases, the temperature gradient from the
cladding layer to the interface decreases.
The scanning speed decreases, and the tem-
perature gradient from the cladding layer to
the interface area also decreases.

Compared to the cladding layer without
ultrasonic vibration, the microstructure of
the cladding layer obtained by applying ultra-
sonic vibration is finer and denser due to the
effect of ultrasonic cavitation, and the micro-
hardness is increased by 1.37 times and the
surface roughness is reduced by 36.6%.
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