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[ Abstract] Surface crack of components of the cast nicketbase superalloy was repaired with twin laser beams under

proper technological conditions. One laser beam was used to melt the substrate material of crack, and the other to fill in

pow der material to the crack region. The experimental results show that the surface crack with the width of 0.1~

0.3 mm could be repaired under the laser power of 3kW and the scanning speed of 6~ 8 mm/s. The repaired deepness of

crack region is below 6. 5mm. The microstructure of repaired region is the cellular crystal, columnar crystal dendrite crys-

tal from the transition region to the top filled layer. The phases in repaired region mainly consisted of supersaturated o Co
with plenty of Ni, some Cr and Al, Cry3Cs, Co2B, CoNrMo, NigBs, TiSi and VSi. The hardness of filled layer in re-
paired region ranged from HV( 2450 to HV( 2500, and the hardness decreases gradually from the filled layer to joined

zone.
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1 INTRODUCTION

The cast nickelbase superalloy is the major ma-
terial used for high temperature components of the air
turbine engine, such as vane, turbine tray, combus-
tor. Usually there are more than one thousand of
vanes in a turbine, so a large amount of such kind of
material must be needed. The vanes have to be sub-
stituted in a certain period to guarantee the safety,
which causes a great amount of waste. Many coun-
tries in the world have paid a lot of attention to the
research work of damaged vanes repairing and made

121 According to literatures,

many achievements
currently main methods used to repair vanes are braze
welding, flour activated bonding and melting-weld-
ing. But there isn’ t a reliable method for repairing
surface cracks yet. Nowadays with the development
of laser technology, laser processing and theories have

(3~ 1 " There has been the possi-

made great progress
bility to repair the surface defects of components by
laser. In order to search a new way of vane repairing,
investigation has been carried out into repairing sur

face cracks of vane aviation engine by laser.
2 EXPERIMENTAL

According to the characteristics of surface crack
of vane of aviation engine, cast nickelbased superal-
loy K417, twin laser beams were adopted. One laser
beam was used to melt substrate material of crack re-

gion, and the other laser beam was used to fill pow der
material to the crack region to buildup welding the
hollow ness region. That is to say, at first, crack re-
gion was fused by itself through laser melting; then,
almost at the same time powder materials were filled
to build-up welding the crack region. The filled mate-
rials can be the same material as substrate or different
material, wirelike material or powder material. In
the experiments, Co-02 pow der was used to fill to the
crack region by a pneumatic powder feeding system
using Ar as the carrier gas. The schematic diagram is
shown in Fig. 1.
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Fig.1 Schematic diagram of laser
repairing surface crack of components
1 —Surface crack; 2 —Laser beam used for
melting crack region; 3 —Laser beam used for
filling powder to build up welding crack
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The equipment used for repairing was a SkW
continuous-wave CO» laser system. According to the
characteristics of crack such as the variety of deep-
ness, width, shape, the laser was operated in a range
of 1.5~ 3.5kW. The laser beam diameter varied
from 0. 8mm to 2. 5mm. The traverse speed of the
samples ranged from 6 mm/s to 8 mm/s. Argon gas
was used to shield the melt pool oxidation and to pro-
tect the optics from the fumes and the sputtered ma-
terial.

Analysis was performed mainly on the crosssec
tions of repaired region. Microstructure was exam-
ined under an optical microscope. X-ray diffraction
(XRD) analysis was performed to identify the phases
observed in the repaired region. The components in
repaired region were revealed by electronprobe micro-

analyzer (Type: JXA-88000R).
3 RESULTS AND DISCUSSION

3.1 Technology parameters of laser repairing

As other laser processing such as laser cladding,
laser heat treatment, laser welding, the power densi
ty F and energy density E are important synthetical
technology parameters during laser repairing. The
main technology parameters of laser repairing are as
following, output power of laser P, scanning speed
V, and the beam diameter D. According to the ser
vicing conditions, different power density F and en-
ergy density E can be obtained through changing
above three parameters. Here F= P/TD*(kW/cm?)
was used to express the power amount per unit sur-
face, and E= P/ VD (kJ/cm®) to express the energy
amount per unit surface.

Because the characteristics of surface crack such
as the run direction of crack, shape, deepness and
width can not be controlled, and they have the ran-
domness. The laser beams were changed especially for
the cracks with the great width and deepness. In the
experiments, the power density F ranged from
7.64kW/cm” to 149. 5kW/cm?, the energy density
E varied from 6kJ/cm® to 62.8kJ/cm® when the
deepness of surface crack was below 6.5mm. The
experimental results show that the surface crack with
the width of 0.2~ 0.3mm could be repaired under
the laser power of 3kW and the scanning speed of
6mm/s. The surface crack with the width of 0. 1~
0.2mm could be repaired under the laser power of
3kW and the scanning speed of 8 mm/s. The beam
diameter of 0. 8~ 1. 0mm was used for melting crack
region, the beam diameter of 2. 0mm was used for
filling powder to build-up welding crack, and the re-
paired deepness of crack region was about 4.5mm

(see Fig. 2).

3.2 Microstructure of laser repairing region
Fig. 3 shows that there is an obvious joined zone

The repaired deepness of crack regior

About 4,5mm

Surface crack running to center of parts

»

Crack deepness about 5.2mm

Fig. 2 Section map of repaired region of steel parts
(a) —Filled layer; (b) —Not repaired crack region

between buildup layer and matrix of vane, i. e.,
there is a transition section ( Figs. 3(a), (c¢)). Above
the zone is a white thin layer consisted of cellular
crystals which columnarly grew. Along the upward
direction, dendrites characteristic of a typical rapid
grow th solidification process can be seen. The struc
ture changes from cell (without secondary arms) to
dendrite ( with secondary and even ternary arms,
Fig. 3(b)) from the root to the top. T he orientations
of the different grains are different. There exists ob-
vious columnar structure which likely consists of par
allel cells center of molten pool
(Fig.3(a)), and which directionally grows from the
interface of the free surface to the center. The sizes of

around the

grains become more and more uniform and smaller
from the interface to center. The structure of repaired
region is far more finer and denser than that of vane

matrix (Fig. 3(d)).

3.3 Components and phases in repaired region

Fig. 4 indicates that the microstructure in re-
paired region consisted mainly of dendritic skeleton 1
and black solid solution 2 filled in the space of skele-
ton. Table 1 shows that dendritic skeleton 1 is com-
posed of elements Co, Ni, Cr, Al, Mo, Ti, Fe, Si,
etc. The composition elements of black solid solution
filled in the space of skeleton are the same as the den-
dritic skeleton 1. But Ni, Al and Fe in solid solution
2 increase in the content, Co, Cr, Mo, Ti and Si in
solid solution 2 decrease in the content.

X-ray diffraction analysis reveals that dendritic
skeleton is the supersaturated oCo which contains
plenty of Ni, some Cr and a little Al. These elements
can reinforce the strength of the matrix of repaired
region through solution strengthening, and increase
the hardness and resistance-w ear property of repaired
region. The activity of Al can be improved when Cr
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Fig. 3 Maicrostructures of repaired region of vane
(a) —Whole cross section of repaired region; (b) —Build-up layer;
(¢) —Join zone of buildup layer and matrix of vane; (d) —Matrix of vane

Fig. 4 Compositions of phases presented in
filled region revealed by electronprobe microanalyzer

and Al coexist. The protective alumina film can be
formed when the content of Al is lower. So the resis-
tance corrosion property at the high temperature can
be improved. The phases between skeletons are
aCO, Cr3Cq, CooB, CooNrMo, NisBz, etc. The
educts located at dendritic skeleton are TiSi and VSi

Table 1 Components of filled region (build-up layer)
in repaired region of vane (mass fraction, %)

Location Al Si Ti Vv Cr
1 2.43 1.11 1.89 0.37 19.36
2 3.25 0.91 1.04 0.35 17.35
Location Fe Co Ni Mo
1 1.21 39.61  32.39 1.73
2 1.29 37.69  36.90 1,21

(black) which are formed in-suit (Fig. 4).

The results of line scanning in the joined zone
show that along the direction towards vane matrix,
Al and Ni contents increase, Si content decreases;
but the content of Si increases obviously in the white
region (Fig.5). The contents of Mo, Ti, V are obvi
ous higher than those in two sides, which is the re-
sults from vane matrix melting and diffusion of Mo,
Ti, V. These are the reasons that more hard phases
TiSi and VSi are produced in-situ. Another, the con-
tent of Cr, Fe and Co increase along the direction to-
wards van matrix, which is led by the mass pass at
liquid and the diffusion at high temperature when the
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Fig. 5 Line canning results in joined zone

by electronprobe microanalyzer

matrix is melted slightly under the action of laser
beam, i. e. these are because of the dilution of vane
matrix.

3.4 Hardness in repaired region

The examinatorial results indicate that the hard-
ness at the filled layer (build-up layer) in repaired re-
gion of vane varies from HVg 450 to HVy , 500.
Then the hardness gradually decreases from the filled
layer to joined zone, the values of hardness keep basi-
cally invariable to the vane matrix. The hardness of
repaired region is influenced by components, mi
crostructure, phases, hard grain, etc. The nonunt
formity of distribution of microstructure and compo-
nents decides the fluctuation of distribution of the
hardness. So there is the difference among the values
in the repaired region. Further more, the hardness of
dendritic skeleton is higher than that of space be
tween dindritic skeletons because they are the pro-
phases with the high molting point. And the hardness
at the location of hard grain is higher than that of
other locations.

4 CONCLUSIONS

1) It is feasible that twin laser beams were
adopted to repair the surface crack of vane of aviation
engine, cast nickelFbased superalloy K417. One laser
beam was used to melt substrate material of crack re-
gion, and the other was used to fill powder material
to the crack region to build-up welding the hollow ness
region.

2) The surface crack with the width of 0.1~
0. 3mm could be repaired under the laser power of
3kW and the scanning speed of 6~ 8 mm/s. The re-
paired deepness of crack region is below 6. 5mm.

3) The microstructure of repaired region is that
the cellular crystal, colummar crystal and dendrite
crystal form the transition region to the top filled lay-
er. The phases in repaired region is mainly consisted
of supersaturated aCo with plenty of Ni, some Cr

and Al, Cry3Cq, Co2B, CooNrMo, NiBs, TiSi and
VSi.

4) The hardness of filled layer in repaired region
ranges from HV 2450 to HV(.2500. Then the hard-
ness decreases gradually from the filled layer to joined
zone.
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