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Abstract. Laser surface melting(LSM) was performed on the inner wall of N80 oil tubing by the spiral
mode. The results show that the microstructure of N80 oil tubing consists of zonal pearlite and ferrite.
After LSM, the cross section was divided into the melted zone composed of martensite transformation
hardening zone, high temperature tempering zone and the matrix. The microhardness was improved
significantly, while the maximum appeared in the transformation hardening zone. The uneven wear
phenomenon occurred on the inner wall of the N80 oil tubing, and a lot of plough and obvious spalling
appeared. In addition, the wear resistance of the laser melted N80 oil tubing was improved obviously,
especially the wear resistance of the melted sample with small pitch is higher than the large pitch. The
plastic deformation stopped at the interface of the melted zone and the untreated zone, and the wear
scars are shallow.

Introduction

The friction and wear problem between the tubing and the coupling is a hot issue, which hinders the
production of oil well [1]. The relative motion of the sucker rod and the oil tubing belongs to the
reciprocating movement occurred in the stroke range. The movement speed is usually lower than 1m/s,
which belongs to low speed motion. If the lubricating condition between the friction pairs is poor,
serious wear phenomenon will be caused. Especially the wear problems are very complicated affected
by wellbore structure, working system and the nature of drilling fluid. The serious wear phenomenon
will result in the replacement of the oil tubing frequently, which will increase the production cost [2].

In order to minimize economic losses and to conserve expensive materials, products with enhanced
surface properties are expected. In recent years, advanced rapid solidification technologies such as
surface melting employing laser-beam [3, 4], electron-beam [5] and ion-beam [6, 7] have been reported
to be feasible routes for enhancing the surface properties and have gained increasing technological
interest. Among these surfacing techniques, laser surface melting (LSM) is the simplest and most
economical treatment method. It does not involve change in the overall chemical compositions and no
additional precious materials are needed. LSM has been reported to be an effective method to enhance
the properties [8, 9]. However, few studies are related to the effect of LSM on the inner wall of N80 oil
tubing by the spiral mode. In this paper, the inner light-guide system was applied to strengthen the inner
wall of N80 oil tubing by the spiral machining method. The microstructure and wear resistance were
analysed.

Experimental M ethod

The as-received oil tubing is N8O steel, and the chemical composition is shown in Table 1. The
dimension of the sample is ®76mmx6.5mm, and the length is 100mm. LSM was carried out by a SkW
continuous wave CO; laser with a power of 1000W. A traverse speed of 3850mm/min was applied
during laser melting. The pitch of 6mm and 12mm was applied (As shown in Fig.1), and the laser beam
with a Gaussian energy density distribution was defocused on the surface to a spot of 3mm in diameter.
Argon was used as a protective gas.
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The wear resistance test was performed on the wear testing machine (As shown in Fig.2). The
length of the sample is 260mm, and the dual part is 45 steel coupling. The medium is water and the load
is 500N with the speed of 40r/min and the whole time of 120h. After laser surface melting, the weight
loss was applied to evaluation of the wear resistance of laser melted layer. The cross-sections of the
laser surface-melted specimens were polished and then etched with chloroazotic acid. Vickers
microhardness measurements were performed using a load of 200g. The microstructure of the laser
melted layer and the worn morphology were analyzed by scanning electron microscopy (SEM).

Table 1 Chemical composition of N80 tubing (mass fraction, %)
C Si Mn P S Cr Ni Mo Cu Al Ti v Fe

Bal

032 032 152 0.011 0.006 0.07 0.03 0.024 0.096 0.011 0.004 0.127

N

e

Pitch
Melted zone

Matrix
Fig.1 Diagram of laser surface melting spirally Fig.2 Diagram of wear testing setup

Results and Discussion

Microstructure
The microstructure of N80 oil tubing is uneven, and the zonal distribution characteristic is described
along the cross section, which is composed of pearlite and ferrite (As shown in Fig.3a).
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Fig.3 Microstructures of laser melted N80 oil tubing.
(a) N8O oil tubing;(b) cross section (c) laser melted zone (d) transformation hardening zone (e) high tempering zone
After laser surface melting, the cross section is divided into four zones: meted zone, transformation
hardening zone, high temperature tempering zone and the matrix. The laser melted zone is composed
of lath martensite and residual austenite (As shown in Fig.3b). As we know, the surface was heated
rapidly with high temperature gradient as well as the peak temperature, which led to the growth of
grain and relative large grain size. Then the sample is cooled depending on the heat conduction of the
matrix when the laser beam left. As shown in Fig.3c, adjacent martensite distributes parallel, and the
parallel martensite forms a martensitic field. In addition, one original grain consists of some martensitic
fields, which resulted from the constant phase relationship between the martensite and austenite.
Furthermore, the transformation hardening zone is composed of refined acicular martensite and
residual austenite. In this area, the temperature reaches Ac;-Ac;, and there's not enough time grow up
for the austenite grain. Therefore, refined acicular martensite was formed in the transformation
hardening zone (As shown in Fig.3d). Additionally, the microstructure of the high temperature
tempering zone is similar to the matrix, composed of pearlite and ferrite, but the zonal distribution
characteristic disappears (Fig.3e).
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Microhardness analysis

Fig.4 shows the hardness distribution of N80 oil tubing after LSM. The microhardness in laser
meted zone and transformation hardening zone is much higher than of the matrix, which is resulted
from the microstructure induced by rapid heating and cooling. With the increase of distance from the
surface, the energy absorbed by the matrix decreases gradually, and the refined martensitic structure
generated, which leads to the highest hardness in transformation hardening zone.
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Fig.4 Hardness distribution of N80 oil tubing by LSM

Wear resistance

We can see from Fig.5 that the weight losses of N80 oil tubing and the coupling increase with the
prolonged testing time. After wearing 120h, the maximum weight loss is up to 5.31g, and that of the
coupling reaches 1.98g. Weight-loss curves of laser melted oil tubing with different pitches are shown
in Fig.6. As it is can be seen, the weight loss with large pitch is higher than that of the small pitch. And
the maximum weight loss with 12mm pitch reaches 3.5g, while that of the oil tubing with 6mm pitch
only is 2.7g. That is, laser surface melting is helpful to improve the wear resistance.
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Fig.5 Weight-loss curves (a) oil tubing; (b) coupling Fig.6 Weight loss curves (a) laser melted N80 (b) coupling

According to Fig.7, serious wear occurred on the surface of oil tubing with the deep plough. For the
laser melted oil tubing, spalling appeared in the untreated area, while the surface of laser melted region
was smooth with fine wear scar. The uneven wear occurred on the inner wall of the N80 oil tubing, and
a lot of plough and obvious spalling appeared (As shown in Fig.7b and Fig.7c). Therefore, the wear
mechanism of N80 oil tubing is fatigue spalling. The hardness of N80 oil tubing is low. During wear
process, the surface hardness is improved obviously due to the work hardening. In the subsurface the
flaking cracks propagated parallel to the surface to form the lamellar spalled pits.

Fig.7 Wear morphologies of N80 oil tubing .macroscopic morphology (b) and (¢) at high magnification

After laser surface melting the inner wall of N80 oil tubing is divided into two regions: laser melted
zone (A) and untreated zone (B). As shown in Fig.8a, the wear stopped at the interface of the melted
zone and the untreated zone. Especially obvious plastic deformation was generated at the interface (As
shown in Fig.8b). The wear resistance of the laser melted zone is high, and the wear scars are fine (As
shown in Fig.8c). However, the wear mechanism of the untreated zone is same as the as-received N80
oil tubing (As shown in Fig.8d and Fig.7) with distinct fatigue spalling.

The microhardness of the laser melted N8O oil tubing is significantly improved due to refined
microstructure and the martensitic structure. Furthermore, the working hardening resulting from the
transformation from the residual austenite to the martensite under high stress condition contributes to
the improvement of the hardness. On the other hand, the transformation hardening zone with high
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microhardness plays a role of supporting the laser melted zone. Thus, during wear process, the
formation of cracks in the transformation hardening zone as well as the propagation is difficult, leading
to the improvement of the wear resistance.
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Fig.8 Wear morphologies. (a) macroscopic pattern (b) interface (c) laser melted zone (d) untreated zone

Conclusions

The microstructure of N80 oil tubing consists of zonal pearlite and ferrite. After LSM, the cross
section was divided into the melted zone, transformation hardening zone, high temperature tempering
zone and the matrix. The melted zone is composed of martensite, where the microhardness was
improved, but the maximum appeared in the transformation hardening zone. The uneven wear
phenomenon occurred on the inner wall of the N80 oil tubing, and a lot of plough and obvious spalling
appeared. And the wear mechanism of the as-received N80 oil tubing is fatigue spalling. In addition, the
wear resistance of laser melted N80 oil tubing was improved obviously, especially which of the melted
sample with small pitch is higher than the large pitch. The plastic deformation stopped at the interface
of the melted zone and the untreated zone, and the wear scars are shallow.
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