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BnnaHne BoccTaHOBUTENBHOW HannaBky Ha CTPYKTYPY
N MEXaHNYeCKne CBONCTBA 30HbI COEANHEHNSI CBAPKOW

TPEHVEM BypUnbHbIX TPYO

How Tool Joint Build-Up And Extension Affects the
Structure and Physical Properties of the Tool Joint and
Drill Pipe Body Friction Weld Zone

006bIBAKOLLMX OTPACASX MPOMBbILLEHHOCTHU

CTPOUTENBCTBO HEPTAHBIX 1 Fra30BbIX CKBaXKMH
COMPSPKEHO CO 3HAYUTESTbHBIM U3HOCOM HapyXHOM
NMOBEPXHOCTU BYPUIBHOIO NMHCTPYMEHTA, B
OCOBEHHOCTM Ha FOPW30HTaSIbHbIX MHTepBanax,
NosTOMY AN PEMOHTA BYpPUIbHbIX TPYD
NPUMEHSIOT Pasd/INyHble TEXHOIOMUN Han1aBKK,
Kak BOCCTaHOBJIEHMSI HAPY>XKHOIrO AvamMeTpa, Tak u
YOSIMHEHNE 3aMKOBbIX COEONHEHWI.

Mpw NPor3BOACTBE CBAPOYHbIX PaboT MO YOS IMHEHWIO
3aMKOBOr0 COeaMHEHNS HannaBASEMbIN ClION
NEPEKPbLIBAET y4aCTKN CBAPKK TpeHnem 1 3TB (3oHa
TEPMUYECKOrO BINAHUS) Ha BbICA>XEHHOW YacTu TPyOb!
1 3amMKa. BnusiHne HannaBkyM Ha OCHOBHOW MeTann

1 CBApPHOW LLIOB, B AaHHOM Cllydae, HefoCTaTO4HO
N3y4eHo.
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he construction of oil and gas wells produces

considerable wear and tear on the outer surface
of drill pipes, especially those operating in horizontal
sections, therefore various tool joint build up
techniques have been used for both the repair of the
outer diameter and to extend the tool joint.

During welding operations to extend the tool joint, the
tool joint build up layer overlaps the friction welded
areas and the heat affected zones of the upset section
of the pipe and joint. The effect of the applied build up
wire on the base metal and the friction weld zone has
not been sufficiently studied.

This study was targeted to determine the impact and

role of the build up wire on the formation, structure, and
mechanical properties of the low-alloy pearlitic steels.
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HacTosuwaa paboTa Hanpas/fieHa Ha onpeaeneHne
PO HannaBKM Ha OPMUPOBaHME CTPYKTYPbI

N MEXAQHNYECKUX CBOWNCTB HU3KONErMPOBAHHbIX
NepNnNTHbIX CTanen.

ViccnenoBanu CTPYKTypy HamnnaBok, 3TB HaniaBok,
30HY CBapKu TpeHunem, nepekpblite 3TB Hannaeskn
n 3TB ceapHoro wea. [NokazaHo cnaboe BavsgHUE
Ha MexaHW4YecKrne CBOMCTBa NEPEKPLITVS 30H.
MexaHn4yeckne CBOMCTBA 40 M MOCe CO3aaHus
COeIHEHUI NOYTU He oTnndanuce. OnpeaeneHsbi
pasMepbl 3EPEH 1N MeXMNIacTUHYaTble PACCTOSHNS.
Pa3mepbl 31EMEHTOB CTPYKTYpPbI, MJACTUHOK Y
BTOPOro (BHELWHEro) C/0s HanaBky NoYTK B NoATopa
pasa MeHbLLE Ppa3MepPOB PEEK U MEXMNIACTMHYATOro
PacCTOAHNA B APYrnx obnacTax nagesamin, Ho
nnacTuH4yaTasa CTpyKTypa nepamMra CoxXpaHsach,
depPpPUTHBIX NONEN Mano.

BeepneHue

CTpyKTypa 1 COCTaB CTa/M CYLLLECTBEHHO BANSAIOT

Ha NpPoLEeCcChbl CBapKu 1 Hannaskn. CoOBPEMEHHbIE
TpaHcnopTupyeMble cpefbl 60NbLLIMHCTBA HEDTAHbBIX
MECTOPOXAEHUN XapaKTepU3yrTCa HaIUYMeEM
pacTBopeHHbix CO,, H,S. MosToMy cTOAT 3aa4m
NONY4YEeHNs MPOYHON, HAAEXXHOW 1 OQHOPOAHON, C
NOBbILIEHHOM KOPPO3MOHHOM CTOMKOCTbIO, CTPYKTYPOM
cTanu.

Tpy6bl 06BIMHO N3rOTOBASKOT U3 CMIaBOB CUCTEMbI
Fe-Mn-Si-(V), ctann Tvna 091 2C, 200, 09Irco,
1771C, 1472 MetoT HEBBICOKNIN YPOBEHb
MEXaHUYECKUX XapaKTEPUCTUKU N HUBKYHO
KOPPO3MOHHYIO CTOVKOCTL B cpefax ¢ CO,,.
HanbonbLiyto CTOMKOCTb K KOPPO3MOHHO-
MEXaHNYEeCKOMY paspyLLeHuto nmeeT cTasib 08XMODA,
XapaKTEPUCTUKM KOTOPOW MOXXHO €llie HECKOTbKO
YAYYLWNTb MUKPONErMPOBaHNEM.

BypunbHble TpyObl U3roTaBAMBatO U3 cTanen Tuna
3212, 38XITMA, 40XIT'MA, 40XH2MA. CTpykTypa
HN3KOYrNePOAUCTLIX CTanemn, NPUMeHIEMbIX AN
cBapku — peppuTHo-nepanTHas (Or1C). OIC wea
1 30HbI TEPMUYECKOrO BANAHNA (3TB) nonyyatoT
MoC/ie CBapKM B LUMPOKUX MHTEPBanax BapbnpoBaHUS
TemnepaTypbl HAarpeBa 1 CKOPOCTU OXNaxaeHs.
Ctann ¢ cogepxxaHuem yrnepoga oo 0.25-0.3 %C
obecnednBaroT KA4eCTBEHHbIE CBapPHbIE LLBbI,
PaBHOMEPHOE pacnpenesieHne y4acTKoB nepavta n
deppuTa B cepaLEeBMHE CBapMBaeMbIiX AeTanen 1 B
3TB.

PagunkanbHbIM CNoCO60M MOBbILIEHNS MPOYHOCTH
aBnseTcsa npuMeHeHne nepnuTHeix ctanen (MC).
NS HU3KONErMpoBaHHbIX CTanel pocT NPOYHOCTH
AC 3a CYET yBENMYEeHV O NepnnTa MoxXeT OblTb

www.rogtecmagazine.com

Research has been conducted on the structure

of the build up zones, the friction weld zone, the
overlapping heat affected zones of the build up

area and the friction weld. It was discovered that

the overlapping zones had a low influence on the
mechanical properties. The mechanical properties
did not vary much before and after the tool joint

was connected to the pipe body. The grain size and
the interlamellar spacing were also determined. The
size of the structural elements of the plates, near

the second (outer) facing layer, were almost one

and a half times smaller than the size of the laths
and interlamellar spacing in the different parts of the
elements, however, the plate-like structure of pearlite
remained unchanged, and the number of ferrite fields
was insignificant.

Introduction

The structure and composition of steel has a
significant influence on the processes of welding and
tool joint build up wire application. Most of the fluids in
oil fields have a dissolved CO, and H,S presence. The
task has thus been set to obtain a robust, reliable and
homogeneous steel structure, with increased corrosive
resistance.

Pipes are usually manufactured from Fe-Mn-Si-(V)
alloy, steel types 09G2S, 20F, 09GSF, 17G1C, 14G2
that do not have the feature high levels of mechanical
properties and low corrosive resistance for CO,
phases. The maximum resistance to corrosion and
mechanical failure was demonstrated by steel type
08HMFA, whose properties can be also slightly
increased improved with microalloying.

Drill pipes are manufactured from steel types 32G2,
38HGMA, 40HGMA and 40HN2MA. The structure of
low carbon steels used for welding are ferrite-pearlitic
(FPS). The FPS of a jointthe friction weld and the heat
affected zone (HAZ) were measured after welding

in wide range of heating temperatures and cooling
rates. Steels with carbon content of up to 0.25-0.3%C
ensures high-quality friction weld zones, uniform
distribution of the pearlite and ferrite sectors in the
core of the weld and in the HAZ.

An efficient way to increase the strength is the use
of pearlite-type steels (PS). For low-alloy steels,
the strength increase Ao due to the increased part
of pearlite, can be determined using the following
expression (1)

Ao=2.4M, (1)

where 1 —is a volume fraction of the pearlite
component, %.
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onpeneneH n3 BbipaxeHus (1)
Ao=2.411, (1)

roe I — obbemMHas 4ons NepaAUTHOW COCTaBASIOLLEN,
%.

Opyrnm hakTopom, onpeaensaomMm npupocT
NPOYHOCTU — ancnepcHocTb 1C. B nermpoBaHHbIX
cTansgx obpasyeTcs NCeBOonepUT C COAEP>KaHNEM
yrnepofa MeHblle 3BTEKTOUOHOIO.

KavecTBO BypubHbIX TPY6 3aBMCUT OT 2 OCHOBHbIX
nokasaresnemn: Koppo3MOoHHas CTOMKOCTb U
KOHCTPYKLMOHHas MPOYHOCTb. B cBO o4epenb
CTPYKTYPHbI COCTaB cTanu 1 onpenensiet
aKcnnyaTauyoHHble cBoncTBa. PaboTocnocobHOCTb

N30ennin BO MHOIOM Takxe onpependeT KOHCTPpyKUnA.

MNC nmetoT Bonee BbICOKYK MPOYHOCTb MO CPABHEHMIO
¢ ®rC, n NpeanoYTUTEbHbIM CMOCOB0OM MX
CcoeaMHEeHUs ABNAETCA CBapKa TPEHVEM.

Llenb paboTbl: onpeneneHne CTpykTypbl 3TB,
cepALeBuHbl, HarnaBky 1 061acTh ee coeanHeHus
C NMOBEPXHOCTLIO TPYObI NOCEe CBaPKU TPEeHEM
NepUTHbIX cTanemn.

MeTonobl ccnepoBaHUM N 9KCNepUMeEHTa
Hannaeky 6ypunbHon Tpybbl CBET-89x9,35, rpynnbl
NPOYHOCTM S135 OCyLECTBAANN C MOMOLLIO
cBapoyHoro annaparta Castolin DS-XM ¢ BpalyaTenem
1 LWaroBbIM ABUraTENEM NPOA0IbHOIO NEPEMELLLEHUS,
npoussoactea OO0 «[JIATUIHYM-Cepsuc»,
OOMyCKatoLLMM aBTOMaTUYECKNE PEXNMbI HAMIaBKMU.
[ns HannaBK1 NCNONb30BaaM CBAPOYHYO NMPOBOIOKY
aonamMeTpoM Ao 3 MM, ra3oByto cMecb Tuna Ar/15-
25C02.

HasBaHue petanm

Xumunyeckum coctas, macc. %

Another factor determining the strength increase is PS
dispersiveness. Pseudopearlite is formed in alloyed
steels with lower carbon content than it is in the
eutectoid composition.

The quality of drill pipes depends on two basic
parameters: corrosion resistance and structural
integrity. The structural composition of steel
determines its serviceability. The durability of the
product is very much determined by their its design.

Pearlite-type steels (PS) have higher strength
compared with FPS, and friction welding is a preferred
method for connection connecting them together.

Work objective: to determine the HAZ structure,
the core, facing and areas of its connection with a
pipe surface as a result of friction welding using the
pearlite- steels.

Research and Test Methodology

The build-up wire was applied to a SBT-89x9,35 drill
pipe tool joint, strength group S135, using a Castolin
DS-XM welding unit, with a pipe rotator and length
travel stepper motor manufactured by PLATINUM-
Service, allowing an automated application. A 3mm
build-up wire was used with a Ar/15-25C02 gas
mixture.

The coulometric method was used to analyze the
carbon and sulfur content, using an online analyzer
AH-7529M (for carbon) and type AC-7932M (for
sulfur).

The composition of the steel was determined through
chemical testing and X-ray spectroscopy, using a
Mira 3 TESCAN Oxford Instruments X-Max electron
microscope.

Chemical composition, weight. %

B | O | SiMn|Or | N MojCu|V Mo A S | P
:,?::b:)%yyﬁ"' 0.26 0.23 1.07 0.99 - - 007 030 0.035 0.001 0.007
jg{;‘;gjg";a 0.36 0.27 0.93 1.07 0.04 0.30 0.06 - 030 - | 0.001 0.007
';S(%‘g%%?f* 0.34 116 1.01 1.04 007 001 01 001 001 - | 0.006 0.014

Mpumedanre: HIM — Hannasnsemas NPOBOIOKa, * — yCI0BHOE 0603Ha4YeHme NiaBKku.

Note: BU stands for “Build Up Wire”, * — melting process indicated.

Tabnuua 1: X¥MN4ecknin CoCTaB a1eMeHTOB BypOoBOV TPYObl 1 HAMIAaBOYHOW MPOBOJIOKN.

Table 1: Chemical composition of drill pipe elements and hardfacing wire
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AHanna cogep>xaHus yrnepoaa n cepbl NPOBOANAN
KYJIOHOMETPUYECKMM METOAOM C MOMOLLbK SKCMpPecc-
aHannsatopa AH-7529M (Ha yrnepon) n AC-7932M
(Ha cepy).

CocTaBbl cTanem — XMMUYECKUM aHaIM3oM 1
PEHTreHOCNeKTPpaslbHbIM METOA0M Ha 3IEKTPOHHOM
mukpockone MIRA 3 TESCAN OXFORD
INSTRUMENTS X-MAX.

XUMUYeCcKuin cocTaB MaTepuana nccnenyembix
netanen npencrtaesneH B Tabauue 1.

[ns onpepeneHns MexaHN4eCKMX CBOMCTB MaTepuana
OypubHOM TPYObl BbICAXKEHHOW YaCTW, CBAPHOIO
WBA, HanMaBKM 1 OCHOBHOIO Matepuasia Tpyobl
NpOBeEHbl NCMbITAHVS Ha PaCTXKEeHNe NPOLOSIbHbBIX
NATUKPaTHbIX 06pa3uosB Tuna lll Ne 7 Ha pas3pbiBHOM
MawwmrHe YOM-10T npu KOMHaTHOM TemnepaType,
CKOPOCTU HarpyxeHus 5 MM/MUH 1 macliTabe 3anmcu
25 B cootBeTcTBUM ¢ TOCT 1497-84 C y4yeTOoM
TpeboBaHum ASTM A370, ncnbiTaHNS yaapHOWM
BA3KOCTU CTaHOAPTHbIX 06pasyos Tuna 11 npu
TemnepaTtype +20°C Ha MaaTH1KoBOM Kornpe KM-30 B
cooTtBeTcTBUM ¢ TOCT 9454-78 ¢ y4eTOM TpeboBaHN
ASTM E23; namepeHue TBepaocTu No MeToay
BpuHennsa B cooteetcTBUn ¢ TOCT 9012-59, no
PokBenny sgaBnmBaHnemM koHyca, F[OCT 9013-59, u
MUKPOTBEPAOCTU Ha npubope NMMT-3 no FTOCT 9450-
71, meTannorpaduyeckuin aHanna - Ha Neophot-32 un
Ha UMHPOBOM MHBEPTUPOBAHHOM MUKPOCKOMNE Zeiss
Axiovert 40MA, 31EKTPOHHO-MUKPOCKOMUYECKIIA
aHanna Ha Hitachi S-3400N n Phenom Pro X.

PesynbTaTtbl n ux o6cyxpgeHme
Kak cnenyet 13 1ab. 1 ong n3rotoBneHus Tpyobl

The chemical composition of the material of the parts
under study is presented in Table 1.

To determine the mechanical properties of the drill
pipe upset end, friction weld, the build up layer and
the base metal, tensile tests were carried out for
fivefold longitudinal test specimen type lll #7 using a
tensile test machine type UEM-10T (YOM-10T) under
room temperature, the load application rate of 5mm/
min, and recorder scale of 25, in accordance with
GOST 1497-84, taking into account ASTM A370
requirements; through the tensile impact test for
standard specimen type 11 under the temperature
of +20 OC using impact testing machine type
KM-30 in accordance with GOST 9454-78, taking
into account ASTM E23 requirements; through

the Brinnel hardness test, in accordance with
GOST 9012-59; through the Rockwell hardness
test using cone indentation, GOST 9013-59;
through the micro-hardness test using PMT-3
device, in accordance with GOST9450-71; through
the metallographic analysis, using Neophot-32
instrument and digital inverted-stage microscope
Zeiss Axiovert 40MA; through the submicroscopic
analysis, using HitachiS-3400N and PhenomProX.

Review of the Results

As it follows from Table 1, low-alloy steels, similar by
their composition and mechanical properties, were
used for manufacturing the pipe body and the tool
joint, featuring rather high tensile strength ( at a level
of 1000 MPa) and KCV of not less than 120 J/cm2 ,
Table 2.

Schematic diagram of weld seam and build up zones
is illustrated in Fig.1.

MexaHuueckue Mpepen BpemeHHoe OTHOCUTENBHOE YnpapHas TBepmoCTb,
cBoncTBa \ TEKy4eCcTn COMpOTUBJIEHUE yonnHeHne (6), % BSI3KOCTb HRC (3oHa Ha
HasBaHue petanu (00.2), MNa (oB), MINa Elongation per unit (KCV*2), Mx/cm? puc. 1)
Mechanical Yield strength | Ultimate stress limit length (6), % Impact strength Hardness, HRC
properties \Part (00.2), MPa (oB), MPa (KCV+9), J/cm? (zone in Fig. 1)
name
Teno Tpy6e 1020 1090 21 159 31,8 (8)
Pipe body
BapHOM LLOB
CBapHou o 810 890 19 120 28,6 (5)
Weld seam
Teno 3amka
Joint body 1010 1100 21 128 31,7 (1)
HM
BW 830 1080 10 - 30.0
Mpumedanve: HIM - Hannasnsemas nposonoka  Note: BU stands for “Build Up Wire”.
Tabnuua 2: MexaHn4ecKkne CBOMCTBA 3/1IEMEHTOB BypOBOM TPYObI 11 HAMTAaBOYHOW MPOBOJIOKM
Table 2: Mechanical properties of drill pipe components and hardfacing wire
www.rogtecmagazine.com ROGTEC |99
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1 3aMKa 1Cnob3oBann, 61M3KME MO COCTaBY U
MEXaHNYECKNUM CBOMCTBAM, HN3KOJIEMMPOBAHHbIE
cTanuy ¢ 0OCTaTOYHO BbICOKUM NPEOESIOM NPOYHOCTA
(Ha yposHe 1000 Mla) n ygapHou BaA3kocTb KCV He
MeHee 120 [x/cm?, Tab. 2.

CxemMaTtnyeckoe n3obpaxkeHe CBapHOro LBa 1
HannaBoOK nokasaHo Ha puc. 1.

PesynbTaTbl UBMEPEHNN MEXAHNYECKMX CBONCTB
NPy UCMbITAHUN Ha PaCTSHKEHNE, pacnpeneseHne
TBEPOOCTU (pUC. 2) N yaapHasa BA3KOCTb, yKa3biBaOT

Ha TO, YTO CTasIM MEIOT CTRYKTYRY MEepsIMTHOro Tuna.

TBepOoCTb B NOBEPXHOCTHOM CJ10€ HanaBKu
MMeeT 3HadeHns 290-300HV, 4To obbacHaeTcs
BbICOKOW CKOPOCTbI OXTaXKAEHNS pacniaBa u
dhopmrpoBaHmem copbuTo-NEPIUTHOM CTPYKTYPbI.
B cpegHen yacTu HanaBNEeHHOro C/0S 3HAYEHUS
MOHOTOHHO CHIKAOTCS, YTO 0BYC/IOBEHO
3aMea/1EHHBIM OXJTAXKAEHNEM.

400
350
300
E 250
200
150
0 5 10 15 20 25
Paccrosinue (0T NOBEPXHOCTH), MM
Distance (from the surface), mm
400 g
350

Puc. 1: CxemaTtuyeckoe 1306parkeHe CBapHOro LLBa 1 HarmnaBokK.
1, 5, 8 — MeCTO 3amepa TBepLOCTV Ha 3aMKe, CBApHOM LLIBE

1 Tpybe, COOTBETCTBEHHO, 2, 7 — NepBas 1 BTopas HamnaBky,

3 — 3aMOK, 4 — cBapHOW LLOB, 6 — Tpyba, 9 — LnpUHa 30HbI
TepMmyeckoro BansHus (3TB).

Fig. 1: Schematic diagram of weld seam and build up zones. 1, 5, 8 -
hardness measurement points from the joint, weld seam and the pipe,
correspondingly, 2, 7 — the first and second build up zones, 3 —joint,
4 —weld seam, 6 - pipe, 9 — heat affected zone (HAZ) width.

400
350
300
E 250
200
150
0 5 10 15 20 25
Paccrosnne (0T NOBEPXHOCTH), MM

Distance (from the surface), mm

6

0 5 10 15 20 25
Paccrosinme (0T 3aMKa), MM
Distance (from the joint), mm
B

35 40 45 50 55 60 65

Puc. 2: IameHeHve MMKPOTBEPAOCTY B 3aMKe (), Tpybe (6) 1 NMpu 3MepeHnn OT 3aMKa K Tpybe Yepes 30Hy CBapHOro LuBa (B).

Fig. 2: Measurement of microhardness in the joint (a), pipe (6) and step-by-step measurement from the joint to the pipe via the weld seam area (g)
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Mpw OBVXXEHUM OT HanaaBKW K MaTepurasy OCHOBBI
3amMKa 1 Tena Tpybbl TBEPAOCTb MOHOTOHHO
nosbllaeTcsa 0o 280-340 HV, puc. 2, (a, 0),
VM3MEHEHNsA TBEPAOCTM B 061aCTV HaNMaBKM BUOHbI U
B 30Hax TepmMuyeckoro BangHuga. B 3TB coxpaHsaeTcs
TBEPOOCTbL Ha ypoBHe 260-280HV, MrHMMansHas
TBEPOOCTb OnNpefesieHa Ha PacCTosHUU 6 MM OT
HaPY>XHOWM MOBEPXHOCTU HanaBKMU.

www.rogtecmagazine.com

by th

Measurement output data for mechanical properties
during tensile test, hardness profile (Fig.2) and KCV
indicated that the steels have the pearlite-type
structure.

Hardness in the surface adjacent zone of the build up
layer shows 290 to 300 HV which can be explained
e high cool-down rate of the puddle and by the

S i s T PSR S oL

Puc. 3: MukpocTpyKTypa nepBown (a) 1 BTOPOW (4) HannaBok,
3amka (6), cBapHOro LiBa (B) 1 Tena Tpyosi (r).

Fig. 3: Microstructure of the first (a) and second (e) tool joint zones,
the joint (b) weld seam (c) and the pipe body (d) (d).
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3amepbl TBEPAOCTM B MPOLOIBHOM HanpaBieHnu,
puc. 2 (B) BbIMOJTHEHHbIE B OCHOBHOM MaTepuane
4yepes BeCb obpaseL, nokasaau, 4TO Npu cBapke
TPEHNEM 30Ha CBAPKM NO TBEPAOCTU HE CUTBHO
oTAn4aeTcsa OT apyrux obnacten. B 3TB ceapHoro
liBa MMKPOTBEPOOCTb Haxoaunachb B nHTepeane
209-220HV. MUKpOCKONMYECKM 1 BU3yaslbHO
M3MeHeHus BUOHO, puc. 3, 4. HebonbLion

pOCT TBEPAOCTU BONN3N MOBEPXHOCTEN U 30H
TEPMUYECKOIO BANSHUS 0OBACHNM B0Nee BbICOKOM
CKOPOCTbIO OX1aXKAEHWS.

B pesynbTaTe 9n1eKTPOHHO-MUKPOCKOMNYECKMX
nccnenoBaHni NoayYeHbl cnenytolie AaHHble O
CTPYKTYpE, puc. 4, Tabn. 3.

BenuvunHa cpegHero 4encTBUTENbHOro pasMepa
3epHa BapbUpPyeTCcs B Y3KOM MHTepBase OT 15 MKM
B 30HE MOBEPXHOCTW HamnaBku 0 44 MKM B 30HE
OCHOBHOroO MaTepwuana, Tabn. 4. Pesynstat XopoLuo
CornacyeTcs ¢ JaHHbIMU MEXaHNYECKUX NUCTbITaHWI.

CTOUT OTMETUTb, YTO AedeKTbl MeTalyprnieckoro
XapakTepa Tumna HecrnoWHOCTU, MUKPOTPELLMHSI,
nopbl B CCEyeMbIX CTRYKTYpax He 06HapYy>XeHbl.

102 | ROGTEC

sorbito-pearlitic structure that formed. The values
uniformly decrease in the mid zone of the applied layer
which is conditioned by cooling.

Hardness uniformly increases from the applied layer to
the tool joint and the pipe body material up to 280-
340 HV, see Fig.2, (a,b); hardness variations can be
also observed in the heat affected zones. Hardness in
the HAZ stays at 260-280 HV, the minimum hardness
value was determined at a distance of 6 mm from the
outer surface of the tool joint.

Hardness lengthways measurements, Fig.2 (B)
carried out in the base metal throughout the entire
test specimen revealed that, when performing
friction welding, the weld zone did not differ

much by hardness from the other areas. The
microhardness value in the HAZ of the weld seam
was in the range of 209 — 220 HV. Some changes
could be observed both microscopically and visually,
Fig.3, 4. A little increase in hardness near the
surface and heat affected zones can be explained
by higher cooling rate.

- . ~ - -
WD 15.00 mm E

Det: BSE 2 pm

Puc. 4: MukpocTpykTypa nepeomn
(), BTOpPOW (1) HaniaBok, 3amka (6),
CBapHOro LWBa (B) 1 Tena Tpyosi ().

Fig. 4: Microstructure of the first (a), second
(e) toal joint zones (b), the weld seam (c) and
the pipe body (d).
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MecTto aHann3a

Spot of lysi
pot of analysis Fr———

CpenHun pasmep n1acTUHOK
Ferrite plate average size

MexnnactuH4yatoe
paccTosdHue, HM

LieMeHTUTa, HM Interlamellar spacing, nm

Ferrite, nm Cementite, nm
Hannaeka N2 1 (puc. 4, a) 190 170 360
Tool joint zone # 1 (Fig. 4, a)
S o 0
Cosproh o e 49
:,f;yeﬁ(aﬁ(g_ o ;)’ " 240 235 475

Tabnuua 3: PegynbTtaThbl aHanm3a niacTUHYaTon CTPYKTYpPbI

XapakTepuctuka mecta namepeHus
(N2 30HbI Ha puc. 1)

Measurement point characteristics
(Zone # in Fig.1)

Table 3: The results of the plate-like structure analysis

CpepnHun onamertp
3epHa, MKM
Average grain diameter,
mkm

Homep 3epHa
Grain number

Hannaska No1 (2)

Tool Joint zone # 1 (2) 8-9 15-22
3amok (3)

Joint (3) 6-7 31-44
CapHow LuoB (4)

Weld seam (4) 8 22
Tpy6a (6)

Pipe (6) 7 31
Hannaeka N°2 (7)

Tool Joint zone # 2 (7) 8 22

Ta6nuua 4: PesynbTaTbl aHanmaa 3epeHHol CTPYKTYPbI

BbiBoObl

CBapKa TpeHnemM OKa3blBaeT He3Ha4YnTesibHOe
BNNSIHNE HA CTPYKTYPY U pacnpenenerne TBepaoctu B
30HaxX TepMMNY4eCKOro BANAHNA.

Hannaeka cu/ibHO BAMSET Ha pacnpeneneHme
TBEPAOCTU B NMPUMbIKaOLLMX 061aCcTaX, HO
NO3BONAET COXPaHUTb CTPYKTYPY NMepMTHOro Tuna.
Cynst N0 Noy4YeHHbIM pesyibTaTam MPOYHOCTb
heppuUTO-NepNUTHBLIX cTanel NoAYNHASTCS nNpaBuy
afAuTVMBHOCTY C Y4EeTOM AMCMEPCHOCTU NnepanTa.
BbicoKas CKOPOCTb OXJIaXKAEHUS MOBEPXHOCTH
nocJse onjaBneHus ABNSeTCs NPUUYNHOM
06pasoBaHns copbUTO-NEepPaUTHOM CTPYKTYPbI

B MOBEPXHOCTHOM CJlI0€, KOTopas nepexoanT B

www.rogtecmagazine.com

Table 4: The results of the grain structure analysis

The following data of the structure were obtained
from an electron microscope investigation Fig.4,
Table 3.

The average effective grain size varies within a
narrow range of 15 mkm in the applied layer top
zone, to 44 mkm in the base metal zone, see Table
4. The result fits in well with the mechanical testing
outputs.

It should be noted that no defects of metallurgical
character like discontinuity flaws, microfissures,
pores etc. were detected in the structures

under study.
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B bYPEHVE

NepPJINTHYIO B yOaJIEHHbLIX OT NMOBEPXHOCTU obnacTtax.

BbibpaHHble pexxrMbl HanaBky He BbI3biBAtOT
KPUTUYECKOrO BAIUSHUA Ha CTPYKTYPY CBAPHOrO LWBa 1
ero 3TB, TpeluHbl He 0bpasyoTcs.

[Mpov3BeneHHOe UCccnefoBaHe BANGHUS HannaBky Ha
CTPYKTYpPY 1 CBONCTBa BYpPUIbHOW TPYyObl NO3BONSAET
YTBEPXKOATb O BO3MOXXHOCTN KA4E€CTBEHHOTO
BOCCTaHOBNEHUS TEXHNYECKMX NapamMeTPOB
OypubHbIX TPYD 019 OanbHENLLen aKcnnyaTaymn.

B TO ke Bpems nepcnexkTUBHbIM HanpaBieHNeEM
ABNSIETCH YBENNYEHME pecypca 3aMKOWB BypUIbHbIX
Tpyb YNPOYHEHNEM TBEPQOCNIABHOM HaMIaBKOMN
(XapobeHanHr) — NBHOCOCTOMKOE 3aLLMTHOE
MEeTasI/INYECKOE NMOKPbITUE, HAHECEHHOE METO40M
HanNaBKM Ha HapPY>KHYKO MOBEPXHOCTb 3aMKa
OypurabHOU TPy6bl.

Mpwn OOMKHOM YPOBHE KOHTPOJIA 38 COCTOSHMEM MPU
aKcnyaTaumm 6ypoBoro MHCTPyMeHTa, CobMoaeHem
TEXHUYECKNX PEernamMeHToB, U CBOEBPEMEHHOM
CEepPBUCHOM OBGCNYXMBaHUM He NOTPebyeTCcsa MaccoBoe
BOCCTaHOBJIEHME MEOMETPUUYECKNX NapaMeTpoB
MeTOdaMuV HarnnasKu.
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Conclusions

Friction welding has a negligible influence on the
structure and hardness profile in the heat affected
zones.

The build up wire application strongly affects the
hardness profile in adjacent areas but it makes it
possible to maintain the pearlite-type structure.
Judging by the results, the hardness of the ferritic and
pearlitic steels conforms to the rule of additivity, with
consideration given to the dispersiveness of pearlite.

The high cooling rate of the surface following the
application is the cause of the formed sorbito-pearlitic
structure in the build up layer, which transforms into
the pearlitic one in the areas away from the surface.

The selected build up application modes have no
marginal impact on the structure of the friction
weld and its heat affected zones (HAZ), no cracking
occurred.

The research into the influence of tool joint build up
wires on the structure and properties of drill pipe
makes it possible to repair the pipe without negatively
affecting its characteristics and to extended its run life.

On the other hand, a promising way to extend the
lifetime of the tool joint is to apply a hardbanding wire
to further protect the tool joint. Hardbanding is a wear
resistant protective metal layer, applied to the external
surface of the drill pipe tool joint.

The tool joint build up and extension will not be
required for most of the drill pipes if the pipe owners
implement proper monitoring of the hardbanding layer
condition and height, followed the existing technical
procedures, and inspecting their pipes regularly.
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