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1.1 R
I LI Q345 A, HIR )k 150 mm x 80

mm x 15 mm, B k5 [ TR E a6 L.
HibF BRI 4 4 50 2241 HOSMn,Si, ¢1.2 mm,
HAL2E B WA 1, R &R R Co &R MK,
Bt & ¥ % B ER35CrMo #E B 24 461, Ho 42l
¢1.0 mm, HEALSEANE 2 Fis.

F1 RESWLMPLERS (RESH, %)

Table 1 Chemical composition of low alloy steel wire
C Mn Si P Cr Fe
0.1 1.7~2.1 0.65~0.9 <0.035 <0.035 <0.2 R

R2 HEBRNLMPLERS (RESE, %)

Table 2 Chemical composition of medium carbon steel wire

C Mn Si Cu Cr Fe
0.42~0.50 0.50 ~0.80 0.17~0.37 <0.030 <0.25 <0.25 i
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HLEH 20.6 V, HLE N 130 A, 25223 FE K 10 mm/s,
FTENSIE R~ 80 mm x 80 mm x 10 mm.
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Table 3 Technological parameters of flame sintering of transition layer powder

PREES EUETIF /MPa ZJRIE F1Fy/MPa ik F 1 0/(°) BRI T,/ °C FRAATRE T/ °C WA 25 13 h/mm
Rl 0.5~1.0 0.05~0.07 65 ~90 1526.85+ 10 450 ~ 500 150 ~ 200
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3D printing process of drill pipe and drill shank.
(a) drill pipe and drill shank; (b) 3D printing pro-
cess by arc

Fig. 1
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(o) KA 440 SEM 4141

2 RESWN/PHNFEHEMAR
Interface microstructure of low alloy steel / medium carbon steel. (a) microstructure of low alloy steel layer;
(b) interlaminar transition structure of low alloy steel; (c) SEM morphology of low alloy steel; (d) SEM
morphology of interface between low alloy steel and medium carbon steel; (e) microstructure of medium carbon
steel layer; (f) SEM morphology of medium carbon steel layer

Fig. 2

@A MyCy BIRRALY), SRR RTT iR, 2
—TRE BRI KR AL 5 W) ad DX AR AR T
PRIRAER A LU IR, HAERG &R A

TR/ 5 a5 B RE sl 5 T A PR Bl X A el

i ARA MBS, AR TTH R RS
Je e RIMEFEREE, BUBHAT

Bl 2b KA SN2 ET A S, 1 Xoh b —
JZ19 HO8Mn2Si ZZ A ATENIX 5k, 2 Xoh | —T )= 5



88 B

%41 %

2R P X, 3 XN — )2 HO8Mn2Si
2 AHATENIX 3. A 2b FPa] LUE Y B — T2 A 4
JE L2V ALK L B/ D a2 ) M S R R, LR
PRI AT 82 [ IR, R ] = e g | A A T — T J2 1
rn MR 2 B S A/ NVF 22, SR AL R B A

Kl 2d ARG S/ A A2, K] 2d A
M5 6 X, 45l TIX, TIX X IVIX
VIXHVIX. T XRESWry Sk F2H, 5
R, 1 XG4 B KA B i A1 2L, AR D
Ffise, TBAS T XEHERKHARPE. X R
KA 44N Co Krid I 2 B9 L X B B HOR BTtk
PR B E AL, HEE AT Rmk. VX
SRR A DX, S VR Y B S Co R, Ho
HUR I d2 S 4k 5 [ A 2 2, FOR R R R 51 9K
i, 3000 °C LA s, (I Rl i ek e 2 543t
TCEMEBIE, RAIU d2 2. dl MIEAKE
SMIZN Co J2, d3 i P, VIXh Co #it
P25 R 2 B S X, AT ITIX, VX
MR-, /D BRHUIR A 2. VI O i =,
I3 ARHN G 22 3 A1 40 HL b S P R0, TER
BLEYET AL, & 2e v 0L, FRERANJZE TE B4,
T LSR5 0 A
22 EHEXRFEERSHTES AR S S

SR AT LR LA 98 R B OC R P HUE
B, 456 EDS BEIE A aURE Tl DXk o345 4 25 o L
TABIAH, I XRD ST EIIE.

XJ ] 2d 38 HOCHE — DXl I AT 2R
AR E WK 3a IR, SHIKE 4 WA/ ik
B AR T T R SE AT = AT, HA AR
& 3b frc. MWEIHATL, TIX ., TIX, IXK E£EC
2N Fe LR, H A —E# 1Y Mn, Cr, Si THR, 7]
AEJE . Cr,3Cs, CrsFegMng, MnsSi, %5 4 JE L 59,
W TR B STy ], Fe oo 2 78 i 8 )2 W i 19 2 i 45
fr, HAE T IX VIR & AR, X, VIX Ryt
X, FEICE N Fe, CounH. | KHALFEER y-
Fe #, H1 &l 3 W] AL ZURIE RS2 23 V82 Co 4
JER AR RN, T IX 4400 (Mn, Fe, Cr),C; I
T AL, FLAR LB B2 A BT H 9 M3C AL 76
I X Fe TR PR AR, T Co Ju &R W] W 1R 3
i, PE e T FWTE X H 2545 (CoFe) &AL LU
B, HEAh Mn, Cr TR FEAR, 7] e 242 8 CoMnSi
49 T B3t [ A B T . IV XA 240 40 Co H

| T
(a) 1RE S5/ H BRI AT SEM 2141

— Fe =—=Cr ==Co ==Mn

BB d/um
(b) 1A &4/ FP A FLit EDS &%

B 3 {RE&SWEF/PENEaMmSTE EDS &1
Fig. 3 EDS line scanning of the interface between low
alloy steel drill pipe and medium carbon steel drill
shank. (a) SEM morphology of interface between
low alloy steel and medium carbon steel; (b) EDS
of interface between low alloy steel and medium
carbon steel
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Table 4 Results of EDS of spots
(AL Mn Fe Co Si Cr
1 2.12 91.14 3.36 2.36 0.17
I 1.23 63.69 1.40 0.75 0.01
m 1.81 41.65 55.87 0.75 0.01
v 0.43 1.62 85.62 1.22 1.11
\Y 0.34 56.87 40.39 1.38 1.02
Vi 0.44 84.12 8.46 1.08 0.93
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(a) XRD of interface between transition layer and
medium carbon steel; (b) XRD of interface
between transition layer and low alloy steel
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Fig. 5 Microhardness distribution of the whole comp-
osite cross section
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Fig. 6 Load displacement curve of low alloy steel/
medium carbon steel dissimilar material tensile
specimen
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