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ABSTRACT

Aiming at the poor ability of wear-resistance and corrosion-resistance of sucker rod couplings, surface ultrasonic
nano-crystallization treatment of sucker rod couplings was studied. The roughness, hardness, corrosion-resistance
and wear-resistance of the coupling after surface ultrasonic nano-crystallization treatment were evaluated by
experiments. The results indicated that corrosion-resistance and wear-resistance of the couplings after that kind of
treatment is fine and it also can solve the problem of the wear-resistance of tube. The life of sucker rod and tube can
be prolonged effectively.
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INTRODUCTION

At present, it mainly adopts chemical plating, Hgg plating, thermal spraying and other methodsriprove the

surface properties of the sucker rod couplings. él@r, those methods are limited in the oilfield laggtion for the

low adhesion strength and loose coating. Surfac®-gaystallization includes structure nano-crystation and

geometry nano-crystallization[1]. After the struetumano-crystallization, the metal surface hardeessreach close
carbide, which will greatly improve the wear reaigte of mechanical parts. If the metal surface rgues

geometry nano-crystallization, the roughness veitluce to the nanometer scale. Its abrasion resestaéightness,
fatigue resistance, corrosion resistance performann be significantly improved.

The ultrasonic surface nano-crystallization of suckod coupling is used ultrasonic metal surfaceona
crystallization technology to reduce the surfacegtmess, improve the surface hardness and inctbasiatigue
resistance and prolong the life of the rod coupling

The principle of surface ultrasonic nano-crystallization

Metal surface ultrasonic nano-crystallization isivled by high power ultrasonic. It acts on the rhstaface and
makes it occur extremely severe plastic deformatidrich results in the grain has been broken, s abtain the
nano-crystallization structure layer on the surfatethe same time as the squeezing effect ofsdina head on the
metal surface, convex part move smoothly duringhmaizal parts surface control in the traveling nagiem is

uniformly added to sag region, so it can achievey vEigh surface roughness, surface morphology afona
crystallization[2].

Ultrasonic metal surface processing is a shockspresfinishing method (Figure 1), which works alofes: by

ultrasonic surface working head nanometer procgssiapplied along the surface normal directiothtowork of a
certain level of ultrasonic frequency mechanicarations and under certain static pressure andrigecconditions,
working head pressure and ultrasonic shock andatidir transmitted to the surface is rotating meatsrparts to
be processed. Extrusion head impact arising froastigl flow of the work piece surface of the oridimaicro

flattened crest, trough filled position to impraye overall performance of the metal surface.
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Figure 1. Ultrasonic surface processed schematic

M echanical testing of rid couplings after surface ultrasonic nanocrystallization

Effects on theroughness with ultrasonic surface treatment

After surface ultrasonic nano-crystallization, coammode hoop surface changed obviously, the aveyage size
of 50nm layer in the 20-80nm, as shown in Figuréhg;left part of the original surface is 40Cr, dhd right part is
surface ultrasonic surface processing, by comparsarface after ultrasonic treatment with metdiister bright[3].

Figure2. 40Cr beforeand after ultrasonic treatment

With the high precision inductance type surfaceghmess measuring instrument, the specimen of 4@€r lsefore
and after ultrasonic surface processing of roughaes measured, as shown in table 1.

Table 1. 40Cr surface roughness

Roughness ®um __ Average
1 2 3 Rao/pm
Original sample 5.6 5.8 6.0 5.8

After ultrasonic treatment 4 times  0.085 0.12 0.090.098

40Cr

According to the processing of Table 1 for surfaoaghness comparison test resultsve can see that after
ultrasonic treatment of surface roughness redubedt&0 times than before treatment.

Effect of spindle speed and feed rate on surface roughness
By using hard alloy ball to impact the gun, ultnaisosurface processing of 40Cr. Force equals to, Tadcurrent is

equal to 0.6A, equal to 2 times the processingdime
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Figure 3. different spindle speed feed affect the amount on roughness
As can be seen from Figure 3, in the ultrasonifasertreatment process, when the spindle speda isame, the

lower feed rate, the roughness of the treatmentatfl surface will be is lower; and when the feat# iis the same,
the lower spindle speed, the roughness of the metaltment surface will be lower. Based on the abov
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considerations, the metal rotary machinery pattasnic surface treatment process, the spindiedsard the feed
is low, the ultrasonic treatment of metal surfacaghness is lower. But considering the processffigiency, it
selects the appropriate parameters of ultrasosatrivent process.

I nfluence processing times on roughness
With carbide ball for the head impact gun, 40Cr waated on the surface by ultrasonic processiataReters set
as follows: force is 190N, current is 0.2A, thedeamount is 0.07mm / r, as is shown in Figure 4.

As can be seen from Figure 4, when the ultrasamifase treatment other process parameters fixedntdmber of
processing increases, as the metal surface rougmabse is gradually decreased after the treatnmatitating the
increased processing times can effectively redbee surface roughness; processing and during tke tfiree
treatment, reducing the magnitude of the surfacghoess is large, with the increase of the proeggsines, the
decrease in the surface roughness decreases, emdoth, according to the surface quality of paeguired to
determine the processing times of the ultrasonitase treatment, so that the processing efficiesfcthe highest
part.

Analysis of surface micro hardness

The hardness changes of 40Cr after surface ulti@s@mo-crystallization treatment are measured ByVZI0O00
Vickers hardness measuring instrument in the tt@skrdirection [4], the applied load is 10g, thectiea time is 10
seconds. Figure 5 shows the surface after ultrastreatment nanofabrication sample surface hardeiessges in
the thickness direction.
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Figure4. Processingtimeson the curvetrend of roughness

As can be seen from Figure 5, the ultrasonic pgingssignificantly increased the surface hardnésheosample,
and with decreasing with depth, the surface hasimeadually increases. Compared with no changersdou
microstructure core part (about HV347), the sanguidace hardness (around HVI460) increased by athwee
times, hardness within the depth range of 100 ulovbéhe surface were significantly improved. As ithepth
increases further, the value of hardness is gridsiabilizing.
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Figure5. Three coupling hardnesswith depth curve

After nano- ultrasonic processing, the improvenwnnetal surface -hardness can be attributed tim gefinement
and hardening of both effects. As can be seen thentorrespondence between microstructure and giepef the
sample, the sample thickness along the directiothef grain size increases, and the hardness desretiss
phenomenon is consistent with the traditional kbafleh relationship, but also with other mechanprabperties of
ultrafine-grained materials research results aragieement, so we can draw a conclusion that the-natrasonic
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processing of the metal surface structure can gtaynmportant role in enhancing surface-hardnegs tlaus can be
used to improve the mechanical parts of the atiida and abrasion resistance [4].

Wear testing on couplings after surface ultrasonic nano-crystallization treatment

M easuring the amount of wear

Setting J55 tubing as a friction materiake selected nano couplings, common couplings, edthooupling at a
relatively low speed conditions to compare the vrsween 5kgf and 10kg f loads respectively. [5]

Tests were carried at room temperature, continugiisding for 120 min without lubrication. The wear
weightlessness of docking hoop sample are measwmitbdan electronic balance with accuracy of oneraes
thousand o, and the test results are shown in 2able

Table 2 Results of different coupling wear

NO. coupling The friction pair  The friction pair(kg) After the test load (g)
1 Nano coupling J55 5 0.0850
2 Nano coupling J55 10 0.1946
3 enhanced eoupling J55 5 0.1908
4 enhanced- coupling J55 10 0.2445
5 Common coupling J55 5 0.2894
6 Common coupling J55 10 0.4341

By the friction and wear data in table 2, the weaight erosion rate of the match of nano coupéind J55 oil pipe
material is lower than the other two kinds of nha When the applied load is 5 KGF, nano couplivear weight
is about 55.5% of the regular coupling , and naneping wear weight is about 70.7% of the imya coupling ;
while the load is 10 KGF, nano coupling wear weighabout 20.4% of the regular coupling ,anchaneoupling
wear weight is about 55.2% of the improved couplin

All in all, nano coupling, compared with other twind of coupling wear is significantly smaller. Bmalysis its
reason, Partly because the surface quality wasfisaymtly improved, the friction coefficient becosyemaller; on
the other hand, due to the increase of the sampiditioning state relative to the dislocation hastain screw
rolling effect, it becomes difficult to relativehgmote sliding, so vacancy produce in the surfacgubsurface such
as space is less. In the process of friction anarwdue to the small surface of nano-crystatscan play a role in
lubrication. When the friction and wear processggliad load is large, the amount of wear nano-dogptan be
reduced by about 50% to common coupling. The negairhent can significantly improve wear resistance.

M easuring of friction coefficient

Experimental material is 7/8 inch couplings and d4f3he circumference of the pipe diameter of Zhaw of J55.
The pressure exerted on couplings is 1000N, andaties with the time of mill are measured and rded daily[5].

As can be seen from Figure 6, as time increasesfrittion coefficient of the sample are first df mcreases
sharply and then gradually tends to a constantevaltiroughout the course of the trial, the ordethefcoefficient
of friction: common couplings enhance couplinggygings nano described USRP process helps redadeidtion

coefficient of the surface of the material, but tegree of improvement and no wear of the frictihen the load
is applied increases exponentially, the frictioeficient increases in proportion accordingly.
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Figure 6. different coefficient of friction couplings
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As can be seen from the Figure 6, with the incredigane, all of the friction coefficient of sampédart first, then
gradually tends to a constant value. In the whatecgss of test, friction coefficient of the sizetbé order as
follows: the common coupling, strengthen the caupli nano coupling , explain USRP treatment is beiaé to
reduce the friction coefficient on the surfacelaf tnaterial value, but the degree to the improvérkthe friction
and wear no apparent. When the applied load mieitipl and the coefficient of friction is proportanto the
increase accordingly.

Comparison of three samples of the friction surfage can see that, the main wear mechanism of aado
enhanced coupling friction surfaces is plow wedrilevthe common coupling is adhesive wear. Whertbi®,nano-
coupling has a small amount of wear of the surfager is peeled off, while the enhanced coupling aammon
coupling have a different degrees of wear and diidastripping layer off. Because the friction pess load is large,
the friction coefficient increased to a larger \glthe temperature rises rapidly during the reactiends to occur
oxidation reaction, and the base body has a teydensoften the creep beneficial micro-crack pratem. During
the friction process, the plastic deformation oé tbubstrate surface under load, so that dislocatlgn and
aggregation, resulting in a lot of vacancies androacracks, and the surface becomes loose orgamahstructure
softened. Forming a layer of softened wear willaely weaken the alloy.

Electro chemical Corrosion Testing

Electrochemical test equipment and methods

By measuring the potential of the anodic polar@atcurve of the scanning motion samples, it carueta the
corrosion resistance of the nano, enhanced and conuoupling. The reference electrode is a saturasdaimel
electrode (SCE), Pt electrode is the auxiliarytetete, the sample is working electrode [6].

«| .~ Cotrosion Solution

W-Sample to be tested, R-Saturated calomel electrode (SCE) , A-Platinum electrode
Figure7. electrochemical test system diagram

The working area of the sample is 10mmx10mm, theradurface of the sealing portion is used witicaile rubber.
Corrosive medium is used with 3.5% NacCl solutiohe Test temperature is 25. The samples are immersed in the
solution after the potential is stable, the pokion is started. Potential scan rate is 18mV/sekVthe current
increase to 10mA, it must stop scanning.

Electrochemical analysis of test results
Figure 8 is a sample surface corrosion macro ghotbevant comparison parameters are listed iteTab

Figure8. Comparison of three sample coupling surface corrosion

From left to right are: nano coupling, enhancedptiog, common coupling. As can be seen from themanson of
the sample surface corrosion photo, nano couplimgpse, the proportion of the remaining fresh swefaorrosion
of metals is higher than enhanced coupling and comcoupling.
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Comparison with the data in Table 3, when the oro potential is the same, in the three couplingano
coupling corrosion current is small, indicating ttlits surface of the electrochemical reaction iskyeso that is
corrosive resistant surface. Analysis of its caysEsere is mainly the following two points, Firsano crystalline
organization can be formed on the surface of tiserial from USRP treatment, it can prevent theasion
process through rapid passivation, literature, asive, low carbon steel plate surface- treated n#mo surface
exposed to air in two years , does not rust ; Secomthe alloy containing Cr, Cr is the main elem@orming a
passivation film , in general , the more uniformstdbution of Cr, the surface passivation film fa@on the denser ,
the better the corrosion resistance , USRP agitattiay be formed on a surface of the same graineefent, so that
the microstructure and a more uniform distributidrelements is conducive to the formation of thegpaation film .

Table 3 Sample current values at different corrosion potentials

olta
St -0.3 -0.2 -0.1

Enhanced coupling 0.0036 0.0095 —
Common Coupling| 0.0013 0.0065 0.0105
Nano coupling 0.0009 0.0058 0.0099

Enhanced coupling corrosion’s current density & ldrgest of the three couplings, due to the sarfaardening
layer contains Ni, which is higher than the pot@ntif the electrode substrate 40Cr, forming a metalosion, the
coupling surface as a cathode and the anode st#hstras it can accelerate anodic corrosion. Inagiroduction,
coupling surface, sucker rod coupling matrix arelltbdy will form a galvanic cell corrosion, enhahd¢ayer on the
one hand due to the present of the high hardne®addrain pipe leading to a large number of prtida¢ on the
other hand it also accelerate sucker and etchiagstibstrate coupling, causing the rod breakingpb&homenon
occurs.
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Figure9. Three different coupling surface anodic polarization curves

Tests measured by the anodic polarization curvig®)Rnalysis after ultrasonic coupling nm procegsich have a

self-passivating metal surfaces, passivation fodnehance the corrosion resistance, excellentcugtate, and due
to the residual the compressive stress is generatethat the surface micro-cracks in the closatkestand the
breakdown potential and can have varying degreesoobsion potential of a positive shift, indicatithat the

method can improve the corrosion resistance ofrthgerial.

Field Application

Dongxin Oil Production Plant carried out four testlls field applications of nano-knot cuff, in Jany
2010.Common couplings were used for comparativéysisawith this. After 320 days, sucker rods weassed and
found severe corrosion and wear in common couplingsle the nano-couplings were good. Common caoggli
matching with the tubing inside wear a groove, flarto-tubing couplings have no corresponding ecicewear.

CONCLUSION
Nano coupling coefficient of friction is lower th@ammon couplings and enhanced coupling;

(1) In the friction and wear test, the surface ahorcoupling theoretical life enhances by 6.38rthan common
coupling, and by 1.8 times than enhanced coupling;
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(2)Nano couplings corrosion resistance has improthesl corrosion current density reduced by 31% tt@mmon
coupling, 75% lower than the enhanced coupling;

(3) Field application shows that ultrasonic surfadenano couplings corrosion wear resistance atteb¢han
common couplings. It also can protect co-ordinaté tihe tubing and prolong the life.
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