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Abstract

In recent years, with the rapid development of China’s urbanization process, the shortage of land
resources has become more and more obvious, and the development of underground space has
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become more and more important. The shield method has become the first considered construc-
tion method for tunnel engineering because of its characteristics of less interference to the envi-
ronment, higher efficiency, and more safety. The shield machine mainly relies on the cutters on the
cutter head for excavation operations. In hard rock geology, the hob is the main cutting compo-
nent, so the cutter ring is required to have sufficient hardness for rock breaking work. The work-
ing environment is very harsh, and frequent replacement of the cutter ring will seriously affect the
construction efficiency. Based on this, in this paper, laser cladding technology is used to modify the
surface of the shield machine hob cutter ring with AlCoCrFeNi series high-entropy alloy plus in-situ
TiB; as the reinforcing phase. The appropriate heat input range for this series of alloy powders
was determined through experiments, and the results showed that the hardness of the cladding
layer was significantly higher than that of the base material, increasing by about 337 HV2.0.
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1. 518

TEREA PR 2 T, TBM ¥R T AR E BN Al a T [1], 7 & A4 it T A AN Tkt S b 238 iR
IR BRI, AHE RO AR S A S Ak, — B IR R AR, sUE Al G L R kAT S )
H[2], KRBT AEF=20%, At AR T BE A B2 & A4 it T3k B 1 W s 1 IR 2K 3]

TBM & JJ EAREE T 5 o W AT s TAE[4], BRI ER i T T Bl b4 B3R T R 32 1y 1 3k
FE[5]o 4R RP BRSO 7 vE S A b T . AL ORI A K IR, SRR+,
RAEZFRAE RS T 2P T 22ReE . LEMNEK, REH. HRE848E6 . 5 5R S, Iit
Ab, BWOGINFE K AL BT RRER T S A BR . BEE R R, RINFBOCHIHIL, BOGEEFEAME
NRMEER AR —F, HHEABELES . RGBSR, R R A . B R aF. R MM
SR, 93] TR R (6], WO T F AN RO LG A 4 SRR A SR S 3 T LAY N — S P AR A A B i
FH[7], Bl WC. TiB,. SiC Sk w8 = (il B2 S5 VERE[8] . BRAA[9]4E 40CrNiMo AN I oLt 78
Ni BB S G 7 2 R LTS NG RS 16 78 2 B WA B iR, SR AL & T 2.27 fiF. 1%
101 LAR TIM BN B I I WO IE B P RS &5 WC HA M RIRF WC X 5 & 147 2 1I5a el
H, ROUAEZHIERE WC B8 2 mAr 2, 24 20% WC I #4575 2 i HhIZMEE 2 WC il
BIREIAER, ik E] WC &k 50%), A i 2 i s . TER AR XM LSH Fe
. NiJE, Co HASMARE M EHESMAR, Sa L h sl E& S8 o LIS
IRHCBOESEBER LLAH G AL, BTG AT 5 BER & AE 5%~35% M I R, 1E M i & &8 R i A b
BRORL, MRS G S E AR, IR G Sk R L AR GG 6ok AR LA S i 10 S R A S
Ao MSTIR[11]E1E 45 SH N A I IOE 157 CoCrFeNiSiy R4 &4, IR KIS Si SRR
Tb, REREMAEE TR, £ x = 2.0 B, 74 566.5 HV0.5. fEAZ W, MMM SR &4+
FICRM GBI R RS B 2, X AE & &b AL H AR ST IR E 5RE
PERE I T D
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LT, A SCLE 40Cr B RIS E A8 AICoCrFeNi R4 &R a 4 s Ar [ 42 TiB, 1 Jyt o kH kit
TR BRALACE, WFCIRIEREE, DA IS %,

2. RIFTE

I HEA IE A 40Cr, 12 (FE 4, %)A: C0.37~0.44; Si0.17~0.37; Mn 0.50~0.80; S 7t
YA & <0.035; P R4 S48 <0.035; Cr0.80~1.10; Ni ok & & <0.030; Cu fLiFka s
H <0.030, 5L 40Cr it e V) EI AT N TACEE, i TR SF4 100 mm x 60 mm x 17 mm. {5 34453531
FH 60 #. 120 #. 240 #. 600 #H W ARBEAT IR AT B, LB RH M EAE AR5, RIAHREE Y Ra=0.2 pm,
Z G RIS e R T2 R S ihis, SRE R Aa T . A =42 r) Al Co. Cr.
Fe. Ni (4t 99.5%, #ifEy 300 H)¥ARVENIGEZMEL, SRE1E RGN BRI 2:1 (1 B
A Ti JGER AR AL F A TiB, (E I 58RAH, K RUEE R LN AICOCIFeNiBg o Tioos I A0 AR, I B SE 1T
T2 —HTFRPFIATHRERTEM RO E, SEMRMEARS WE 1. fFhREEHSE, AT E
Bk R AR, SERE B AR TR AT 2 SR T s, MR 100°C. Rk R+
SEERIE, SRAPUE M ARVEIR G 35 BT BB oK AR TR We i3k R T, JEAEZ8 1.5 mm.

Table 1. The mole percentage of each element of the alloy powder

# 1 BEMAITRNERBSLL

Elements Al Co Cr Fe Ni B Ti

Mol% 1 1 1 1 1 0.08 0.04

WRICHTFH O a 2 TR ik 3 KW RIS BEos s, EREM RO a B iR, ot
BENEAZ 2.8 mm (1 B FEOEBE, BOETh 2 800 W, 1100 W 1400 W. 1700 W. 2000 W, $9 43 & 4 5 mm/s.
8 mm/s. 11 mm/s. 14 mm/s. 17 mm/s, SBOCTHZRMBAREEIATH S, FEEARMER, HEaAER®R
TR, SN 350 Lihr, HHATHIEECCISE R, AT 25 HARMREEH . FvEEH Kb &
W AR I AN R], Herp 40Cr B AU B8 2R i &N J0 R I 553 0 A : K544 1500°C, Al 660°C . Co 1495°C
Cr 1907°C. Fe 1538°C. Ni 1453°C. B 2075°C. Ti 1668°C, X7 Zi@it 2 4RI T I, R EURAR
M T2, DISRIRAE AWM AR GE MR NTEE, PR E AR Es=P/IDV, it P 208
IThe, D R ER, V R AREEE ., fFRiEiotsmEel)s, WEEEZNRTEH,
PRI TE 2 TSR I L L T 43 591 ] 600 #. 1000 #. 1500 #RPACHEATIT S,  BE R LT I EALE,
SRJEAEBEIONL I EAT & WA PO YGBOEEAT I, o' 52 B 5 R 2 G B FCRERE, it A 484 2 2.0
Kof, 2 FIORFERT (]2 15's, RRALAREMR I /0 AIE 5 AN AL, BRim KE MR/ ME, HRH=/MEICF
Bl BOLARESEINH G K ANIE 2 Fis.

Table 2. Different combinations of laser parameters
R 2. HATESHESE

5 FHEZ mm/s TIZRIW N JImm?
1 800 57.14
2 1100 78.57
3 5 1400 100
4 1700 121.43
5 2000 142.86
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Continued
6 800 35.71
7 1100 49.11
8 8 1400 62.5
9 1700 75.89
10 2000 89.29
11 800 25.97
12 1100 35.71
13 1 1400 45.45
14 1700 55.19
15 2000 64.94
16 800 20.41
17 1100 28.06
18 14 1400 35.71
19 1700 43.47
20 2000 51.02
21 800 16.81
22 1100 23.11
23 17 1400 29.41
24 1700 35.71
25 2000 42.02

3. RIE R
3.1 BERABERRARES

WOLEER 3 NEERN TS5, /B0t R EAMIGEEE. Yot g /M, A
REAE & Jm b R IR IE I, AT e S M ARIS AL B IS A R 18, 5 B0 7 2 0 3R T H IR AT BR A
VR ). A 2R (I 0 T o R B B RS T R R RGN, IS RS & B R RN S, ahAs
A 2, AL, (I 2 R T R e o W IR R B s K RIS, A O34k a8,
EM R ARE &, FEMEERL, NG REERE, SEEESRENERE TR BOBEE®E
RO C TR 2 R AR, Ml e, SR RS, 154 B EAR (V)5 8 AL
o HWOCIEEIEELIR, S EROCRAERMRAAEER AT, BARAET RIS, I HI M 1)
AT LB EARN R Z R E WA IR R, ARSI — AR B — R, B R AE
AT AT . — MR UL/ N PCTE AR 7 2 R BT, HR W ARG BRI /N G AR T3R5 K T AR
MIEHEZ . BRSNS ECHEE ER TR ASR LR, T2 AR . T B AT] =& LR H
IRHEEZ R, SR T HREESR RGN . BT 1 LA 140 2 41, 8 4. 9 4. 10 4.
14 4. 154, XJUHAMFmESEL, 6 4. 74, 114, 124, 134, 16 4. 17 4. 18 4. 19 41,
2041, 21 4H. 22 4H. 23 4H. 24 4. 25 HIX)LAHRMZR B ZE, FEEILEZFHIBEE SEMT
BELEEMEENG. 34, 44H. 54X LA EE KRR HAD A L ECR UL AT, HASEZ 1Y &7
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TEERCIRIERY . WNIGAKRE, 14, 24, 841, 941, 1041, 14 4. 15 41X JLAH A% A\ LE 55~90
Jmm?,  7E AN X 18] 0 s OB AR RENE 8 AL, IR SR R A S B e I % . 6 41, 7 4.
1041, 1241, 1341, 16 41, 1741, 1841, 1941, 2041, 21 4. 22 41, 23 4. 24 #H. 25 X JLAH#K
BINET 55 Imm?, B GRS B R R R TE L, BERE AR AEL, S8USEZE R HI
ARERFIZIA ) 8. 320, 4 40 5 AP KT 90 Imm?, Pl Ao w5 Aol AR B BRI g FebA
FEREAY, ST R IRRRE R R, (EIF IS BB I & G SRR, TS A0 AR I #vii N TE 55~90
Jimm? BT AP B R ER R 1 2 THI R

Figure 1. Single-pass laser cladding morphology

1. BEHOLEERR

3.2. WESH

PR R 1 24, 841, 941, 10 4. 14 41, 15 ZHMNRHAERE, I H 5]l uba R
A AT s, A 5 AN, B K E AR ME, RT3 AMERCPIE, FEMMEE
S AG R MR EE B 3 s (BAAz: HV2.0). @it Origin /EFSIRIE, 8BS B LU RS A4 AN BRIl O 1 7 )2
(RREE RN, FCREREXT Lo tn (] 2 frs e MNP A mT U 78 )2 R Rl R A 35078 32 1y T 24« 40Cr B4 11
YR e 228 HV2.0, oAl (Rt #/E 540 HV2.0 LA L, T8 J% S i /2 5 14 41, T8 5 {H N 565 HV2.0.
JR R AL RO RE B 5 R B R R E 22 A 2, (A2 5 A REEAIEM 242, T Re i R R 2
PE N S, M AL, IS EMTS R T IEEE

WOCHE T I FE A e — AN [ N A AR A B B AR, WA BEAR RIS IR A 2 T8, iR E i
AL ARG, TERA RIS a0, AEIEHE MRS DAt E6 8RR R i &S0 oK 2 8 HAH
] T ORI A BT A, X e b B AR SR B A RO G 8 = i R B R BRI ER, DR s 78 2 i
FEAEBEART S 153 7K.
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Table 3. Hardness test results of different groups (Unit: HV2.0)
2 3. TEIHEFIREEMRER(EA: HV2.0)

45 Fk K H=IX £l EERR/ FEE
FF 229.1 229.8 227.6 221.6 235 228
1 531.3 560.7 542.5 526.1 552.3 542
2 553.3 564.0 569.1 574.0 545.9 562
3 534.3 572.0 551.0 552.7 567.5 557
4 550.1 550.3 568.9 539.9 535.7 547
5 244.6 227.3 266.5 237.8 233.0 238
8 571.3 541.1 558.1 544.2 535.1 548
9 541.5 572.7 566.6 548.2 557.0 557
10 567.3 533.7 530.5 555.9 563.8 552
14 556.6 585.5 551.0 552.7 587.4 565
15 558.3 563.3 570.4 570.0 558.1 564
20 519.8 553.1 570.9 558.7 566.2 559
650
600 565 564
550 %25_625_57£7 54_8@@——@
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Figure 2. Hardness histogram of different groups
& 2. TREIHEAEEIERE
4. &g

AR O G AT (77 1A 40Cr Fb4 14 T AICOCIrFeNiByosTioos il G & H 2, B T AR
(AR N A 78 2 R T T SRR 2 (5, 3048 T LA R 458
(1) FIHTBOC I AR AE 40Cr ik R EhH1 % T AlCoCrFeNi 251 sl & &AL B 24 TiB, 1 Ao
MR ERIE, BT IS AW AR BB NG F & 55~90 J/mm?. 78 i AT Bl iR 2 2 1 B =
B TR, EEZEANRAER T RIFKRESS
(2) JA78 2 A8 & Ek 565 HV2.0, FEMA I R A 228 HV2.0, #i& T K% 337 HV2.0, &k

T HORE AR -
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