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Matching Study of Antiwear and Anticorrosion of Laser Surface

Modification Tubing and Coupling

Zhang Guangming (Materials Science and Engineering)
Directed by Prof. Wang Yong

Abstract

Oil-sucker rod coupling and oil tubing constitute sliding friction pair in the work state in
the oil wells, meanwhile withstands corrosion and alternate load, which cause wear,
corrosion and fatigue failure. With the exploiting of the oil deposit, the oomposite; water cut of
the oil wells is ascending drastically, the eccentric wear condition in oil wells is becoming
worse and worse in most oil fields of China. Amount of maintenance work and the fabricating
cost are ascending with the service interval of the wells becoming shorter caused by eccentric
wear. Centering device and antiseptic wear proof coating are used for prohibiting eccentric
wear, and the problems such as complex operation and environmental contamination exist
with some effectiveness. In order to solve the problems of the side wear between the oil
tubing and coupling in the oil wells, a SkW transverse-flow CO; laser is applied for laser
cladding coupling and laser hardening the oil tubing inwall. The paper mainly studied the
following three aspects of the partial rod and tubing wear issues:

The change of the major organization after laser surface modification is studied;
specimen’s macro-hardness and micro-hardness are tested. The results showed: the
organizational transformation hardening area is black and fine needle small amount of
quenching martensite and residual austenite, ferrite white, continued to show a zonal
distribution; Cladding is composed by the y-Ni based solid solution and distributed on the
mesh or the needle of the boride, carbide and silicid; ordinary tubing hardness is HRC24, the
hardness of common coupling is HRC18.8; hardness of laser-enhanced processing pipeline
inner wall surface is 1.6 times than the ordinary tubing; the coupling surface hardness of Ni35
laser cladding alloy is 1.95 times than ordinary hoop; The coupling surface hardness of laser
cladding Ni60 package 30% WC is three times than the hardness of ordinary coupling; the
hardness that is 0.46mm from surface of laser Cladding Ni35 hoop is the highest , 460HV, 3



around; The highest hardness of transformation hardening tubing is 550HV,; around, the
depth of the surface with the distance larger, the hardness decreases.

Rod wear under water is mainly studied. The wear test revealed that transformation
hardening tubing and Ni60 package 30% WC clad hoopisthe better combination of friction
pair, whether tubing or coupling trends in the overall wear is lower, and after five days of
wear and tear ,the tubing phase hardened still exist in large numbers, lower wear rate, better
wear resistance, then laser transformation hardening tubing with the Ni60 package 30% WC
clad coupling interaction, the sucker rod friction’s anti-bias mill capacity can be improved. It
is showed that in the process of friction and wear, oxide film formed on wear contact layer
constantly falling off, abrasive wear caused by the formation of wear debris, then between the
rod and tubing wear is mainly abrasive wear, by SEM analysis.

Rod abrasion performance under 3.5%NaCl is mainly studied. The abrasion test was
found that combined with friction pair as a whole with the weight loss, transformation
hardening tubing and Ni60 package 30% WC clad combination of friction pair coupling is
-better, sucker rod Friction’s ability to prevent partial wear can be improved.

The paper is validation obtained that transformation hardening tubing with the Ni60
package 30% WC coupling is the better combination of frictional pairs.

Key words: Laser transformation hardening, laser cladding, oil well eccentric wear, rater

of wear
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R EEM, LA D=31.18mm, 4MZ D,=45.60mm, HEHEEME N 40Cr, BE

BEHMELR Ni25. Ni35s. Ni60 £ 30%WC ¥R, HAFEESME 2-2 ixr.

#2-1 N80 MLFERS (wt%)
Table2-1 Chemical compositions of N80 steel (wt%)

5% C Si Mn P S Cr Ni

EH 0.315 0.318 1.518 0.011 0.006 0.067 0.033

2% Mo Cu Al Ti \Y4

P 0.024 0.096  0.011 0.004  0.127
# 22 BRUWERD (Wt%)

Table2-2 Chemical compositions of powder (wt%)

C Cr Fe Zn Sn Co Cu
0.0798 4.16 3.326 0.0008 0.0002 0.012 0.009
Ni35 0.147 8.320 6.642 0.004 0.003
Ni60+30%WC 1 16 3
Al Si B P S Ni
Ni25 1.2412 0.672 0.0006 0.0007 90.498
Ni35 2.480 1.344 81.059
Ni60 & 30%WC 0.010 4.000 34 72.59
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F2w WRHME. BERTE

22 R ERFZE
221 HAgE

MEAREAEEARIHOLRLRRRA KX ERERETRAAE~H
SkW il CO, Bt T RE R & (W 2-1 fim) , k&K FEMRK: ODL-HL-T5000
B CO, #)t2%: @DL-LPM-IV L LBt AT HL; @DL-L64F B NA KB
R KHA: @IGX-1 BEATIRERN: @BTRIFEHE.

& 4 =

B 2-1 DL-HL-T5000 ¥t
Fig.2-1 Laser equipment(Model: DL-HL-T5000)

222 &HEE. RS ERELNK

fE Nikon EPIPHOT 300 %% FHT AR NARRNE, G & 5HANEHE
MELF 3.

(1) YI%l. ABRXEEDNFNASEHE . SEER. BOCHTELRE. B8
¥4 FAE 15mmx15mm M3k,

(2) BB, E2MENI SR 022 R, ERR BEEFaREE.

(3) REEMBHIRMYE. BRAFEKEDR EAHPK80 B)EZHE 4K (2000
H), REERHESRIAMERRMS, HFrhmiieh, BEEmpE, ®T, ARAKE
FRNRFERA R R MIE.

(4) BB, X FHEELAMERE, FH4%HRERRD, EXFSMEM
BTMEMARELX ., PR ANEANEMAR, HABRNE: WTFHOCHEEERER
PE, B 4%ERRERE T, MEHAEWMEXAEAEHALR, FHTE&MBR. RFE
BEKBMEEE, BT KEHR: k=l )BERERTRM, HEIFLREKE,
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PEABHAE CGER) BERLEX

SLEf K, BREKZEPERAFRET, LEREMREANKS. &E, AERK
REAHERT, ELHAEMRETAEREEZNEMAR, FREULE.

2.2.3 BEMR

XTER BB A0 B | B, WOLRLALTR S B AR FEHEAT 2 AR A
W ERFOENEER, WE RSN HR-150A B% RBERE T, MNEREA A 150kg, MK
Y 15s. ZE—%& &k LB AR, SRR EEREEICR: LR G & HEHE
ERSARAZE, MELRUEOAREBINKLERHER, WEREANMH3 HE
MEERE T, AT 300g, INEAS(E A 10s.

2.2.4 BEEERIRE

HENESERRE XA EEY B TR iHENERFBRIAR (nE 2-2 FiR),
ZEF R XA B2 Baiil. BUE R R ERYE, TERZENE 2-3 Fix.
T e A e

Lipy M ¢ e

22 ESREARH
Fig.2-2 'Wear Testing Machine

3 ponan. e = s
e

B 23 HFERARIUREE
Fig.2-3 Diagram of tube and rod wear tester

FH B 580 E R B BRI HOL AL B K N8O i 5 HA AT x BB e, FE AR RIA
oA 2-4 Fir.
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F2E RRHE. RERGE

Ni25 Bt B IR

BOCAHRRE L E

Ni35 BOCE AR

Ni60 £, 30%WC BB F/IERE

24 BEERAEHA
Fig.24 Friction combination

BRI &1 BHRRRHAFAK (BRI MMNRA 3.5%NaCl FHK), ZET
TEERIRE L BT, mE MBS THNFERES, RBIKEEER 33 kK4,
FIRMPFEH 100mm, HREHLFEE K 1000r/min, FrinaaMEE s A 100kg, ALK F LR
AR 1200 (5 K)o EFTHE RGN BRR A, AARERBE. KEHRTDUR
EWRERTOMALE, ERLKZEER, BARKIRKT, REREHFCR. £k
RRAYNE 24 PHRE—K, WEXREE, RRSGHEEHLEEHITAGBREHNR
(R TR LR
225 BIEHRUR

G 7 3T BE I I B R A A B AR AL B R I BUHLBURUE 5 Bl (P A&/ T
25mm), FATRERYE 2R T 5 M 2 75 B E VeI Y 20min, BRATKZEEHR,
RIEARRNKRT, B/5ET ISM-6380LA HHE TURRTERENR.
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PEABKFE ELH) BILEMRX

35 MESEBEHCEAERHEAR

HREYRHA P EFOBREEGE S, AR5R AR BN TH AT AR
BRRE S HEATRAAHE, REFHEERRERS, UHRR-ERAERSFS. &
BIXENMBTHESEREOBOCHRM &, F00THE. RBL2EB0tAERILAR
RAERBRR IR R PRI m .

3.1 HEREHETRELAIE

3.1 HERBRARRBARERBASLRETERE

(1) MEABRESEBRRLR. B 3-1 AR ALTRAEE, AR
W& R it SAT i IR e B e IR R E AL, FFEE B EINES T HEE
g, MR P9 BEFATBHR « AREE F RO KL R : Y2057.5%, B L 5%, Si0,87.5%,
EREE 3h, M4HLEEE N 40vmin, SHBIHEEN S0m/min B, BHUREEEET, B
FRERL, FESETHRENRIMETHR, BRARRE.

B 31 HEBEBRRRASEE
Fig.3-1 Diagram of the inwall coating system

(2) MEBRIARETHERE. BAESARETULHANEEARTHML,
B 32 AR THREE. EMITHERER: Bd—SbFiBotWUEME A BRE,
MR E A RN T. WE 32 FrLUES, ESXRASHOLBS S,
FEANBEEREZHARMER, WENSLLNER, HHTRINBHCRER
MEEBEANRY, KArBEdmg KBt RIPZEME, HEFARFERAFE
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03 % e SEmROt AR R AL

/ T B gg

N 2 e ] i
I_?f;' 2

___\\ Bl =48 /

E32 BASKRE~EE

Fig.3-2 Diagram of laser guiding system
B KIIE R 2000W. [FIFEEBHBOLE B SHES), IERSARELLTHE, &

BB il i B AT AR LN B, B SRR TETIEDN 1500W.
312 MEAREERULETZ

3-3 MR e TRRE L AN TR E R, WE N RBOLRER
L RE I A HRIEH RN A S S RALE X 7 R HA REIRE . ARR PR
Bk AL E R F3.5mm EFE6HE, HEAEHURKIERFA: X-1990 A44507 F64.6. I F,
X-1990 RRGHRGEH X MM AHLS 1990mm, A44507 RRESHRETET
1990mm BRI, A HilEHET 44507°, F64.6 RomFHRLLE X M RITHAERE R
64.6mm/min. EHEULIANASHE, KT HBOLHRE AR RREEE R
2671mm/min, ¥2FEk 6mm.

R Ta o
SRRy T

B 3-3 RSO N TR E B R
Fig.3-3 Diagram of tube inwall fabricating by laser equipment and fase-change tubing

3.2 #EZFBINREA LR B E
i DL-HL-T5000 & CO, #UOL B HERII R THTHBELE, KAERKLH,
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PEAMKE CER) BULFARX

HBERTH 10mmx1mm, HERN 83mm, FRASBRPHER, BOLBEIEP #
3200~3600KW 2 [, It Ni25. Ni35. Ni60 £ 30%WC ¥R EHI#EE v 25150
250, 300, 150mm/min, 57 Ni60 45 30%WC ¥ 45 7 it 5 5 F 7 E 44 350°Cx1h.
AT ROEEE PR A, AR RIBE T AR E—nERas iR,
KWk, WABES i, FBEFBHRAR, RAEEEBEER, JTEUE, HiEE
FEZEMR, BOEERERENE. XFMEBERT AR gk A E &, EaT L
R EAASAALHEABREERERNEE, BOLEEREENE 34 iR, ATE
TETROHEFERAR, BERELTEL —PHE, HERERIRA
D,=46.00~46.5mm.

B34 BEEH
Fig.34 Cladding coupling

3.3 MAHTBRULBEMHABEREARAMERE
331 AESHEREMEAR

(1) HEEKRHAR

A Dk A d R 5T N8O i B R AR FE AR E-BOLE R S R k-2
Febk- M ERAAREL, X MR, WBA. SERsmEmErAs. TEmES
HEMALR, Wk 3-5. 3-6 fir.

B 3-5 0 500 B =HALE, ATUEH, ERAFRME, HLALLEHS, M
MU B e 7 R SR, AALIH B HFREFIE. B 3-6 PEMGBMET, aTLURA
BHFE L N8O M EEXEA 7 LY 2IAEEH BHTRSME: SEEMET, TLUE
H, KARFERRBE RGBS AEREARAR, HEIOUEFMERAT )M
¥4, EHASRHERBEMENLE T EERN, ERENNTREERES, BiEHE
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B3 & T SRRt R AL

Fi T ZRRERA, BRRFRASRAE, mMEE/IMERMT, BRER/D, HitE
TRAAAHE, SRR, EEUEAZETRAR. WRAZMFELELRMN
NFHREE R ERE, BRASMERT W LhE SREXNEN, RZR2E MG,
BETHFRARNFE, FlEERR ERMPEIEEE; B AT 8RO EEOE
FHRAL DT | BRTTH] S, Bk, WRASHFERFR AR, R, -

B35 WMEMRN=%EE4AR
Fig.3-5 Triaxial microstructure of tube material

E 36 &ﬁmﬁ HEH ERMAR
a. f&f% b. &
Fig.3-6 The optical microstructure of common tube
a. Low magnification b. High magnification

HEXRE, ERBNREENRSE S, XM RARNFEERT EXHEEF. Bt
FHSR A B BT HAERMETARMER, SREaNFERM. BEFARAR
WZEEZFEN S, ERAPETENODNERT, B ALEERTNES
B, EERNBE RO TERT, E2MMH 5 2R RAEE. FE Co, iR T,
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PEAHAS CER) ML

HRALGVIEHMETRESRERM, FERMNAHERWKE, 54EHERMmE L
U247, magtEr WL, HPRALREE, MR T E RO R mhiUR 5 B .

(2) BotHZRELRAR

HESEOHERELAEE, KEBARANE 3.7 fir. BotERIRES, Btk
AXXRIZEABEENRESERAR, FHit, $AFKEHEEEFE=ZK.

B 3-7 (a) HMBPH=RKIFRR: AREAX (1), #EMXRHAZ X (11D,
4k ID.

B 3-7 (b) AMEFELXA HAZ X, #EmXAATEMEX, FTHEXES
AGRGHOERRRKE, FEEEBIA%REENEGE.

(a) BMEBH (b) HEEAX+HAZ () ALK
Fig.3-7 Metallographic organization chart of laser transformation hardening tube
(a) Cross-section morphology (b) Hardening zone + HAZ (c) Hardening zone

B 3-7 (o) IR ARBHMEECX K EHAL: REARXDRGEMSERRR
Kk, aEh%kEE, HNEWRI M.
Bk i% N8O /& 35Mn2V, ABREEE, FTLIBOCIRERILE Y R KD KAtk
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3% M SEBROC It R R AL

EEXDREZER/D, #nREERROERE. Bott@ni i REmE A BHE
BEREEARRTER, HMMRERE, SRKOEEDRIR, 7EREHIE S HERES
BETU BN R KRR TR K. B, 7 ERrARENKX, HinAEEE Aci~
Acs Z AR, BTFHOLREMAR, FOEEHALE T REAKE, BREALHEN, REK
ERIRARKK, SAHBRIMA RS REALN, BREFOERRRRMERK
BRREDRAHZEY, BTUDEFR: B ROKREERCRE ML S,
sk — R AT ARRY B A R, FrUlERER LR, BMORKEND KE
HR, HREKIBDEMRIMOERREAL.

BRI 2R R EZIHEE TRHITH, FIREN D KALR LR —ME
B, HEREKFEHDKREREERNEKEED, FitnEnRE2ELa
TIELAERSE, XA MDRAHA. &EERES AR KEFEN AL,
FXESREEAR KRERE, FHD REMRENE, i 2inEaERNGEHHite
REARKEG, FHFENOBERRRRAEBRBESERES, W12 560 B2t
REMN, BAEBRERS, R{/ERER D REFRHFRIMAFTENT), BRRE
NIRRT Rk, BrLliRE T HUEmSLI.

332 ERSHEEMAER
(1) Bl & S MARIT

o — s

& 3-8 Eﬂm*ﬂiﬁﬁﬁﬁ
Fig.3-8 Organization chart of common coupling metallographic

B 3-8 (a) I AEMEEMETHERENEMAL, HRCHREASMEECN
R R E AL 40Cr |ETFHBMA, BEMK Ac) FE, Acy RIEE (40
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PEAMKYE ER) BRI

Ac, 7 724°C. Acs i 790°C, 40Cr 4 Aci  743°C. Acs i 782°C), RIRHRIEHEMEARR
# E. S SHEHERK, #F 40Cr MEZRM HIBRLAE BHEXF 40 FRUEES,
BR A BRSO  BE MR e, T LABCEREE AR A 4 o e ] 3-8 (b)
B THEAURM, BEAEAPAEBRUY TR . 40Cr RPREAEN, EBER,
B, BTHTH Cr. Si. Mn B4&TEBBTES, BRERRBK, B
BT EGNEE. EE. WEEREEE.

(2) MABEBREHR

BABEBERAUSA=AR: BEE. HEEX., E4.

HEWX: ZREHOLEBERPAGREMER. FEHCIENRD., BHEER
g, RERMREME, EIHEHAETERRKR, HAMLUMEZRBHEE L
FHERRBURE. REWXMHELAREFRD KA.

PEMEEERBFE— 4 EEREHERHRTREEABKNRHEERIOR
#, XEMTERBEEEPEERERENAKEEREK (BETFS) HEREFE
DFPEREKHER: ANURBEBEESEAETRREESE.

BER: BOURER, AeBitMRETRE— N ERERLR, WEEICLRHY
HELER, FERMETESS, EEMKTKHNE AT RIEATIEL; BHEEE8
4, WEEBRAWRESLERBRATER. HEZ LEREHEH m A&
%G, FEREE: BELEY, EAATREEANIMER, JECLREITER
G, EEBLESNMEEREREERNS. £FEZ LN, BRE R ETGEES
ERAD, BETRPSENRSISIEONRBIEREE, XK, BEEERREHRK
BEECHRESSNEMMESONERAT, SRATHEN [N MR,

ONi60 £ 30%WC B KB EEZ

B 3-9 (a) ATLUEHBERITRES D SEET AL FE ARG, RER
ECEERHTOOMESAR, BEZASBRURBESENEEARES, AAFE
HE& W. Fe. Cr MIBLLLK v (Fe-Ni) . FEMRIERKGFE—EEEREHLE
EMBETREEACHAES, WHE 39 (b) fir, AREWXHARIRERD KA.
B 3-9 (¢) FH WC Bk g FEOLMGEBE R, KI5 WC TEBE TR+ — 8o BikEm
MR, 5—805 Cr SnEERESHARAFETRGRE, BF—BoERE TR
F, RE LMy BRERN, BRIEESHEELEY, F WC E2EH, BEWC
R UK A &R0 T 5k S s y 3t M R0, B G IE g /NBUR A & £ 3R
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3% mESEEROGE I RIUA SRR

), HIZE WC BURLh¥AT Fe. Cr. Ni % U, MIEL4H WC BR. BT WCRIM
A, Ehr LEBIFESSHEGOMER, T ABRCRKE WC MFE, WP TH &
—H KK, FRHRERSELETE. WCTTLLALE R, E—RIERT, SR,
W& BEIRE, BHEMPIME BT, AR BRLNECR, AN BEREBERERER,
TR E T 468 2 B PR AECY.

Bl 3-9 Ni60 8 30%WC BEERSALALR
(a) EEFTHREE (b) BETHEEE (o) BEEFTH
Fig.3-9 Microstructure Chart of Ni60 package 30% WC clad hoop
(a) Low magnification cladding layer (b)High-power cladding layer (c)Lower cladding layer

@Ni35 M ARBOLEEE

BABEANKARESS, VEBHES AAWERENIER. EMAREEH
y-NiZE R & 3 E 4% B9 FURER & £HR B9 BG4 . Bk R RE AL 41 P, fnE3-10
(b) 7R, 100065 °F, A LAVEMIE B4 E 2+ My B3 B4 misid. dE3-10 (a)
i, WEBEEALBEUMBE SN FEARES . REPRKTEXR, ENEESE
BEESEGFEATERAN umERH AR, RUTFEGNEKESERRTREKE
ki, ARHHRREEEGSREZ AFERIFIEREEES, WE3-10 (o). AR
3-10 (d) AUEH, AEMROAFCHAEERD KiE, BEAEREFHTHERFIR
ML, BMRBERMERREPHITREAR Ty He gk, ERRELES,
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PEERAYE ER) BiLFAie

HESLmbMXEERKEL, BRSMARRETEN, BRT —ERBENREmN
X: BTFELEMIEA AR, EREFAENX 2RXALHRE, BAPHER
DRALAA. AANESSRRPEFRENS SR, BOtHERTRERRELE,
NifEl AP EB K EBCr, Si, BHLK, BEELEE, RESKERER, ALFHT

@k, EEOREE N R R BT R B R A T RED.
}@ FHIAE, H 5% 5:5 ::"". T v

(a) EETHEE b) BETHER (o) WEENHAZ (d) HAZ

Fig.3-10 Organization chart of Ni35 cladding coupling Metallographic
(a) Low magnification cladding layer (b) High-power cladding layer
(c) Cladding layer and the HAZ (d) HAZ
@Ni25 B RBOLHEE =

BE 3-11 (a) ATUEH, BEEAH=AX: HEE (1), WK (1), &
#h (D, ZEEBAL UM SN EEHRES. LYHOEEAFN, ERLERGRE,
BT AEEETEAE, AR REETRE, FEA0EFEENREHE, #ka
YRR R R T R A, AR BIRTT AR B AR R [ AP REAE K I B R AR
(A 3-11 (o) FirR). BE% EARSF AR MfE e R, BBERERBE G EHRD,
BEREANBACES HRY, HREENEERKNESPEITEH . HEEFEEILAHE
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3% SRS R R AR e

FEUNR R E KRR BOLEE A, b5 T QR EE R V=Vicoso(Vy, A
AR, 0 HE/RIEEE T A SHOERAMT AEKA), ERMENES, B VR
AN, BREAERR T EARATH P &E, BEEARITE, cosd EHEK, HKFTT MBI
B R HREAPY, Xif, BFRSEOGHER, ERMERE T B E K,
B KW R AR, 5B BB 7 By BT B 77 1) B K BB R«
HHEREE T A TFEKERMERANEKNRBATEE RN ERSHER, ZFR
MR RYGERE RS K. MOCBBE T ZSHAEN, iIENF AN RXETEER,
MAMEE KB ETUESE, ESEZRASNEERKHEZOH KM &E@AE 3-1
(b) FiR), MERBERRE, REEEEKR, HA@TREHAMERE, T0HBARH
I REREFHAAR, WA 3-11 (D iR,

S0 0m

B 3-11 Ni2s REEAR
(a) BEELH ) BEEER (o) BARSEGESL (O BEETH
Fig.3-11 Ni25 cladding layer
(a) Cladding layer (b) Bottom of cladding layer
(¢) Junction between matrix and cladding layer (d) Top of cladding layer

3.3.3 BEAEEINR
(1) 7 T B K
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PEABKYE ER) BRI

FFB HR-150A B8 REEE T3S EmE . ORI EHMmE. TEEME. Ni25
PSS . Ni3s BB Ni60 £ 30%WC B BT EMEE R, 4RWME 3-1
iR

H# 3-1 AfLAE . EBmEiERE R HRC24, il B4 1 EEE & HRC18.8; Ut
FEAERE AL AL TR A N BE SR T AORE I R IE B 1 1.6 15 BOLEE Ni2s BERMEE
BB I B B A BOLRE Ni3S AR REHRERONEEREY
WIS 1.95 1%, BREOLAEEAREEEMES: BOLHEE Nic0 & 30%WC A RE
MR R LI 3 5, BOtHATE LM SRR 1.5 1%, BRAREEE NI EELK
BE. . B=HEEHEEUERE 2R OmELAS.

£ 31 WMERREAEUERR
Table 3-1 Macro-hardness of the table of tubing and coupling

BR (HRC) 1 2 3 4 5 T
HEmE 24.0 22.8 24.0 23.5 26.0 24.0
BOLHAEE L E 36.5 36.0 40.0 39.3 39.0 38.2
B 166 17.6 19.5 205 19.6 18.8
Ni25 &% 20.5 19.2 242 24.8 24.0 225
Ni35 i E R 38.4 36.0 34.0 37.8 37.0 36.6
Ni60 1 30%WC B B 5 574 55.5 54.5 58.5 56.5 56.5
(2) BHEEE
OmE BHHERE

B 3-12 Frm g A BRI LB A RE 0.13mm RAL, BOLSRILXE AR
02mm M—MEFEHEMERERE>MM%. NESTEL, HRELENEERRA
550HVo3, HELEPHEERE, 5T HRCS1, REYBHEEENHES: REZ
B R, B ERAARSEEAR, AEELKHEZHERT HAZ X, &TE
1k,

B 3-13 £ AEEHERE 0.06mm & FF 4580 0.1mm 37— MEEE I RN EREE
fithgk. BE 3-13 EWMIEE ML AR, MEELENESEEEREMRZRN SR
WAE, MERERETHH, HERFEGRATE:
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F3E ME SEBHOLSIELERIAS R

550J .
500 4 /'\ / \
450 /". x
00] o 4 N
o2 I \11 m

300 4 \
[

250 'R /_/\
g
; '\.'.

' 0.|5 ' l.IO ' 1.I5 ' 2.]() ' 2.]5 ' 3.10 ’ 3.15 4.]0
) — ¥R FE 15 bt ) @ BE 5 /mm
312 F—HELHERRELREES A
[ —HRELX [—HAZ X [M—&4&
Fig.3-12 Distribution of phase-change the same depth of hardened layer
on the tubing hardness
I -Transformation hardening zone II-HAZ III - Matrix

) RELBRETZRT, EATEALETREMENERAR, RESHKE
1K, 1E5EEBLERRSE

) BFAHERGEM, FHROAEX RN, BRTRENAT DK,
WRWIERNE, AREERS. MTRELZBOTEMTRELIRD, AHERERIK,
FRAARMAEXEKR, HERBRUERRTHERX. HEMERETLES, BUELE

—a— EEmE
—o— HEEIE

/HV 3

R

200+

500

450

SV, 5

8
T

250 - ./’-\t//.\._—.
T v T v T M L M T

0.0 . 0.1 0.2 I 0:3 04 0.5 0.6
1R 5% B P B /mm

B 3-13 BN REEE
Fig.3-13 Distribution of the vertical depth of tubing hardness
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BEAMKE (ER) BILEARI

i B PHAE FE 39 7E 420H V3 LA b, S EIE AT 500H Vo3 2 s Bk PR EEAE 250 HVo3
EA, BAIEHBLEEEMANEFEREST —F.

QB HMIEE

P 3-14 2 M BE 45 K [ 0.06mm &b FF 462 17 8 K% 0.1mm HX— M8 BE(E O O () IR P BE
EafmgE. AEBEFTUEN, $BEEEERI, EHEEE 2100V EAH; H
W Ni25 B4R, BMIERELE 260HV £4; RER Ni3S BEBEERS, BB
JEREENBS B A B EEEERE 0.06mm & FIEEE A 330HV 3 24, RE T 0.46mm
RTEREE R E, 7E 460HVo3 Zh: Ni60 B 30%WC BHEEAERS, X2EN WC 21
Bk, FFEER HVo,1800, BARMABELHTCEHE N, BotBELRETHEY
HREH) WC XULE MR EBENYSREHT Y, AEEERMERNER, 5B
ST WC AT KA Sk, BERFMMAAEEEL, BREEENEERK
Wi, #—SIELRB T LRAHTE 0 DR EE A e A DL EBRAR R e A SR R R, R
BEATHEHIE T

8504 —V v.
600 - \/ \ v
1| —=— HEBERE
5507| —e— Ni25#H :
o 500 | —A— Ni35HfiE
S} —w— Ni60f130% WCH:fE
> —
g 450- A/A \A A
B 400
_fg_ :
]]]q 350-.' &
300 4
4 [ ——
250 4 l\. @ :\.__. °
p [ ] ./ \. - -
200 v T T T Y T M T T T v T T 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
R & B B /mm

B 3-14 WA RREEELS
Fig.3-14 Distribution of the vertical depth of coupling hardness

ELHFTREMT, BEFRERBHEETREK, A5 R R L 1
MiZ, HERREERTREN, MUREZRENEEZENRY, WEEERIFYE,
IR E T 8% 5.
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F3E BTSRRI EER KA

3.4 KENG

1) N80 EH AT EULEE, ARREFAMUS=EAK: HRELX. HEm
R IE- 2

2) MEBARHMAL N BERPREXDRAENDBRARKE, BOKRER,
MEHRSM; AEMXPALAREMBX SN D REMDBRRREKE, RLEE
W AR E MBI

3) BHMBABEREESN KRG, HRERESNBERE. HAZXNEE: BEE
AL FE B v-Ni BB E R Lo A5 K RREE SRS R AL 4
B, HREEANSHS. WHESE. BRENTFER (AR AXMXTEXEFE

—4REREFHEEMBE TREEAMHARY: BAAL ARG RELENEEN
RO FHREE.

4) i@ mhENRERE 2 HRC24, i ILMEMIEE 2 HRC18.8; BULIHRMEILALER)
WERBRREREER LB MEN 1.6 5 BOGEE Ni2s 5 R i B ol 8 i %
AT 3 e OB B s OB BT Ni35 & &M KB OB R T pORERE Rl AR 0 1.95 1%,
PRI B TE A 4 BOLEE Ni60 2 30%WC HE R MR 2 E @M 3
%, BOLHEBEHEREEN 1.5 . BOLHEE Ni3sS HMEERE 0.46mm LEE &,
7E 460HV,3 A WMEHEELENRREELE 550HV,: £4, BEEBERBNRE
TR, BERZER.
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TRAMAE (EL) B2

F4E RHMESEGETEEREN e
4.1 318

BINKERE T % A i B AR A AR LUK 2 ON 2R T S50 5 B v B AN S A D el
BERERE], KNP T B RRE R, HERLREE B & ERER
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(1) BEEATHE L:
L=2n'st

AA n-IRBHLEIHIKR, K/ s-RRALMFRE, mm; XK E, min.
(2) BinE AW:

AW=W-W,
A W BERATRG AR, g W ABREHNAGRE, g
(3) BHREK, (g*min'*m’):

K.,=10°xAW/L

43 BERRBERSITE

R RMER A RE 41 FoR, BT HRENOAN, BRESREHRES
B, W8 4-1 iR, 841 BRBIEE 4-1 PHERR S,

% 4-1 HEGERAIE 4-1 TLLEMNOE -

(D) BEHE SRR BN OERA TR SEEREH BN ERAS;

(2) Tk REBEEMENBERSRE LS, MEE LGS0 EREE LY
BN, L0 EEME 153-1/2;

3) TRERELBEBHENELCR SATELHESTE, BCEE Ni3s. Nie0 &
0%WC BEHKENBENERENEELEERENERAS, HALEREY
1/10;

(4) FARELIME 5 Ni60 18 30%WC BHEERI N RARE, SHEEERIARL
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B 4T BT SERE T ERRENIERE

HERKERK.
# 41 EBRREMKIEER
Table 4-1 Friction wear weight loss results
Fi K EERER/(x10° g* min'*m™)

R = BRI mhE s
1 HAEELME S WS EEE A 6.944 7.996
2 HEmESYEEEB : 8.838 5.471
3 AR TEL IS S Ni2S 5 A 9.680 35.774
4 HWEMES Ni25 % B 31.776 7.155
5 FEEAME S Ni3s i A 10.522 0.631
6 WAME L Ni35s 5% B 19.360 0.631
7 B EL S 5 Ni60 £, 30%WCHEE A 5471 0.842
8 B 5 Ni60 &, 30%WC #5% B 17.256 1.263
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Fig.4-1 Wear rate histogram of tube and coupling friction pairs
AT EMERMEE ST, BBEARELE RS BT ILAHE T IR
431 L@FEESTBAETMYLEATEULBRE MR
V2 5HRTF, WEMRERERAEMZNE 4-2. 4-3 iR,
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Fig.4-2 'Weight loss curves of tubing wear Fig.4-3 Weight loss curves of coupling

H44 1. 2 SHEREERERR A
(a) HZEBEALHE (b) HERE (o) A (1) £EB
Fig.44 1. 2 tubing and coupling wear macro photos
(a)Transformation hardening tubing (b) Ordinary tubing (c) Coupling A (d) Coupling B
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2%, RERARFHYUBEFEEFALRYT B, BLENITEAREKEIRAE, K
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AR R D
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s A FINMES R, BRAEWHEEM, ey, 4o s)mEmniEl
X, B4R, ZHEENEFEELRRE, G844 (o) TLUEH, BiEARORE
KiE, BEHAAS, BRER, EBRRAIRTRERRIERE B XEHRK: 5
X E R B A B EERESII RS, KEHREHLEY, HE 44 (D TUE
H, BB REARSAHEFITHARN HRBRIK.

Z LRk, 5@ ER, BotHREAE K E M ER R EBORAE M
ERBE—DBRIKNKTE, AEZRAMER A BREREWEOLHE, HEEK, £8
BERANEFRELREMR B SEHFK, FHLBHAR ST ZABRE.

4.3.2 137 Ni2S ER S LB AEMP LB TELAER R

35, 4 5RBF, HENEBEERKREMZWE 4-5. 4-6 Fir.
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SARMEREHEELRKRELE, BAXKELEE. NTEHEBRAEME L
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Fig.4-5 Weight loss curves of tubing wear

Fig.4-6 Weight loss curves of coupling wear

S
B 47 3. 4 SMEREERERES
(a) MZFLHE (b) HEBE () BHEA (d) EHB
Fig.4-7 3. 4 tubing and coupling wear macro photos
(a)Transformation hardening tubing (b) Ordinary tubing (c) Coupling A (d) Coupling B
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MEBHMEREMEZEWRETE, #— RPN EERFENERZEH, BE—XKit
BEBERIREFREM, B 4-7 (@ FTLUEH, Ni25 #4 B REFRZIEMEMR
bu, WFEE—SRPTHRG.

g Lk, 5 Ni25 #4xT B, Bt E A ) E BB R ERCRLE 1
MEHEFE—MHBEMAKTE, REHZLRPRESZEEM Ni25 #H A BHRHLE
TE; SHEmENEN, BR Ni2S BRAERRYEEEZRANEERERER
K, HEFHEERORAE. |
433 378 Ni3s BESTRATMRAETELRENE
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Fig.4-8 Weight loss curves of tubing wear Fig.4-9 Weight loss curves of coupling wear
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Fig.4-10 5. 6 tubing and coupling wear macro photos

(a)Transformation hardening tubing (b) Ordinary tubing (c) Coupling A (d) Coupling B
REEBRUKFRKERYE . HRELRE B ARERETEN, LITATAREVESR,

EF=ZREANMERUEXOED, M BIUERER, ERNRITHBELRETS,
R EHFRE L, 5 Ni3s EAEEa a2 mE R E, BRARERHEM, MWE 4-10
(a) EATUEH, ARGHEARELEERCHES, K TR Ni3s REBRELH
EREAEEA, SUBHIRERN, T 0 B Y B R AR A A v AR

B 4-9 Fin AX BN ER R ERL, TUENH, EFEETARKIAR,
EEERENER, 5REEENHEHEIEE A RBREABRIEY, #AE=
R, BABE/LTFHREEKRE, NE 410 (c. d) EWMATFH, Ni35 ZHEREILTFR
HEHR, RELBERY, RHBEE, Ni3SEHESEZMNERERE, HinBIERT.

GiERpTE, 5 Ni3s B BN, #OGAERREL A E EE e B TR E
B, BHER, WEELT, HNi3s BEE AN BEHREEN/ERA Ni3s B RE—
B, BESCRATAT AR B P A SR A R A AR R AL B S Ni35 A & H AR R R AT
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Fig.4-11 'Weight loss curves of tubing wear Fig.4-12 Weight loss curves of coupling wear

(a) HZRELME (b) FEME (o) BRA (d) &HB
Fig.4-13 7. 8 tubing and coupling wear macro photos
(a)Transformation hardening tubing (b) Ordinary tubing (¢) Coupling A (d) Coupling B
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REME R RSB EZRENADERTEREST IR, E£E0 LERHRTHKR
R

B 4-12 fin st B RGN BRAEhL, HETUEL, B8 Ni60 & 30%WC
BB AERAELREK, AXWEAL, SRULHEMBEAENEE A BRRKER
B B K, BERAFEBRERIRBL LA, BEM A —FHHFRERE, BH
HEABELRHNE, REETRERMNOGFE, ZETENES. HE 413 (c. ) #©
&, Ni60 & 30%WC HHRE/LFREER, BT, RELEEHY, XEEA
BEZWEERENEER THRECRK. RABHLEIS HOCEBIIRET B ER
WC XUBZHHEREERENSIREGT Y, BEBABERZNER, B4aT
WC AT 5 Sk, & RMMREREML.), WC B thiEm T A E
EAEWRL, SBREREGRERYME, A RS WCRMSTHIER, MERRA
Bk @I EINERE. Eit, &8 WC TTH M A ARG RS L 1 B M H R R & 5
EHBHER, RETUNER, BREALAEER, BRERD, WEHRERED.

g EFTR, 5 Ni60 & 30%WC B EZHEX B, BotiTEAmE T EmE
MEBRREER, BTAREATELENREFELERZERK, WELRY, B
Ni60+30%WC 4 B 47 B3 1k L3 HRAR, B BATT 7T LUE H A EE BRI 52
WA A EREIR T .
435 LBEBINEEIER SHCLETHRMER

B LA LAE 1 5. 5 55 7 SEERILLRIER, BARCHRLEMES
&, BETRBAMBGE— B0, WEMZENERREMLDE 4-14. 4-15 Frr.

HE4-14 AUEH, BEL 1, S SHARBMEBSHAMERLL, LRELRFE,
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Fig.4-14 Weight loss curves of tubing wear Fig.4-15 Weight loss curves of coupling
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Fig.4-13 Common coupling morphology (a) White oxide film (b) Scratch
© B 4-14(a). (b) RBFOLHEE Ni3s B SATELMEX B, HEERZTDE
S (SEM) M. 500 5 T ol M E B RE T R, RALBEREERE, X2d
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B 4-14 BOCBEBEEMRES (2) EAARWEH (b) HR
Fig.4-14 Laser Cladding hoop morphology
(a) Low magnification macro-morphology (b) Thin film
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Fig.4-15 EDS of the black membrane Office
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Fig.4-16 Ordinary tubing morphology
(a) Low magnification macro-morphology (b) High magnification macro-morphology
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Fig4-17 Transformation hardening tubing morphology
(a) Low magnification macro-morphology (b) Larger white film
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Fig.4-18 EDS of the white membrane Office
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£S5 F R HE SEREETEER Bt
51 3lF

M—ZLUKA N RER T EFERRINRAHERL, AFEHHE—PRELHF TRER
BL 3.5%NaCl ¥4 /R B BRI B MG, REVRHIFEFHB WEGET,
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52 BiiBER5i11iE

EFFEMAERE RWE 5-1 iR, ATHEERNSH, BEREEMEHNET

BrER, wE s5-1Fr, B S5-1FARBINE S-1 FHANRKRES.
R51 EERBEMKRELR

Table 5-1 Friction abrasion weight loss results

R KT R /(x10”° g* min'* m™)

RE5 PEEEE| WE i
1 HRAE L E 5 ERE A 8.418 9.470
2 ¥iamE 5 EkEB 12.205 5.682
3 AR 5 Ni3S 0 A 11995 0631
4 M E S Ni3s B B 15.783 0.421
5 AR 5 Ni60 . 30% WC B A 10.943 0.842
6 i@ E 5 Ni60 & 30%WC # B 15.152 0.842

B3R 5-1 PHARME 5-1 AT EMKE H-

(1) ERALEMELZAEELME SRERENENNEMRERZSEE
e fi of BE I

(2) TRESE BB BECREBRBRENE, HRELHENERRRLYE
B E K

(3) ERAESLEMENBEREMERAMEXTE, BOtHEE Ni35. Nico &
30%WC A4MABNERENEDREFIHEELLBRENKES, HHLBEZHED
1/10;

(4) BhELFREERPEENBEETEERNS, FILBRIEREHEZMAX N
BE—i, HORAREE(L M 5 Ni60 £ 30%WC #H EE R N BILE S,
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Fig.5-1 Abrasion rate histogram of tube and coupling friction pairs
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Fig.5-3 Weight loss curves of coupling erosion
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Fig.5-2 Weight loss curves of tubing erosion
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Fig.5-4 1. 2 tubing and coupling erosion macro photos
(a)Transformation hardening tubing (b) Ordinary tubing (c) Coupling A (d) Coupling B
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