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at.%
It H w5 Ni Fe C Cr Mo Mn Co
IRFERF 053 M4 041 113 033 073
WEVEN)Z 04 HA 091 1.03 033 058 1.68

30 jum
I |

(a) BFEFRIENS
&2

+IER+ M RARRGRSED, WE2 (b) Pim. K&
AR R E 2R 5 B AR RmA A EEAL AERE AR
B, ERKRATSREK, LEEEMR, BREMAFER
FARRETERTS, NERAETEREEMN, mhE
ESIERHINMMR, BN EREEHR S F IS
K. BT REENENFERATRINREARS
BB EALRT Y . EHTREMF, BE
REPTHRERRR, EREN TRAERRRET,
R KRR FIERCRAVB RSN . MEEIRE
KERIEE AR A& 4 I ECIREEES
ER3NEREBEHNNEEmSEEE, NE3 (a)
ALUBREEEEHIREERS A =1KIK, &ELENE
BRX, CRATNEGSEHINEXEERNASE
Meettih, SHEATAHRERTL, EEARN
0.5 mm; FEIEKEXE, 483 mm, R FEAE
KX, EAELRNEN, SXEFEEDHEZEW,
ZE3 (a) FimEESNSEE, SRWES (b)

(b) BB K

BHWNEM SENENEHAR

Fig. 2 Microstructure of sealing ring substrate and quenched layer
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Fig. 3 Worn seal ring cross-section and hardness diagram



20255 SE2HA/FET7AE

Fi~o AILARIINS B EFEE IHV588.6, BN ZEE
(HV657.3) BN R, XREANERERIES
ANRETN, SHEE TR, FXESEMFED
AP RXFIEE NHVAT6.5, EMEERER
HV359.1,
MFIREHRERSTHES T, EERFIRN
El4Fi~. JURMBREAFTIFZIZ . Bk
FEE, BRBERBATE. XERAEEERERY
Ea, WEBHNERRAERINEENEED, MEE
WM TREENRS, BEZHELSIE, =%
BRI, HMSIAMBENT=E ., BUELRTE
B, BREREMRZERRE, ERRER. 28980
F 2R T B TIERS NSRBI N R E

100pm
err—

(a)

Eé*j*il- FOUNDRY

B, YRS EIRATE . B E R S
WRIEZRRR) . BHWEKEERATEZWIEE ER
FEERIEERAVEFLE -

NRREHNERNIE, H—EWE4PERLX
BRI TITR DT, SERMFIMR. AJLL
EMFFETRXIFEAIO. C. Siv AITRIEYERFE
JBXIERIp D BB RIENN, IERREM TR K ERE
FRERHNGRERBR, SEHWERYERE, S
EO. C. Si. AIZERIENN.

2.2 BREREHMAR
BHMESWMESH T, E6NASIE., WEKE
BERHNELR . 1SBERHNERFERS (DR)

(b)

E4 BERESTERRE

Fig. 4 Morphologies of worn marks on the sealing ring
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Tab. 3 Chemical compositions of various worn areas of the sealing ring at.%
X3, (o) Fe C Cr Mo Mn Co Si Al
X351 21.26 66.10 5.40 2.99 1.23 0.29 1.14 1.27 0.41
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Fig. 5 Macroscopic views of sealing ring AS1 cladding layers
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Tab. 4 Chemical compositions of various areas for
the alloys at.%

TiH X4 Fe Co Cr Ni Mn Al Si
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AS1HLE:

DR 37.49 13.69 12.72 13.08 12.14 491 597

ID 3276 14.02 12.64 1381 12.63 7.32 6.83
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Fig. 6 Microstructures of AS1 single and double cladding layers
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Sealing Rings
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Abstract:

The sealing ring is one of the main components on the screw conveyor of the shield tunneling machine.
Facing the harsh service environment of high pressure, impact, and strong wear, the sealing ring components
are prone to wear and tear. Selecting the worn sealing ring on the screw conveyor as the substrate, and the
FeCoNiCrMnAl,:Si,s(AS1)high entropy alloy with high hardness and excellent wear resistance as the
cladding material, the microstructure, phase, and microhardness of the plasma cladding sealing ring AS1
cladding layer were studied and analyzed. Through testing the friction and wear performances of the cladding
layer at room temperature, the wear resistance of the sealing ring AS1 cladding layer was analyzed, and the
feasibility of plasma cladding high entropy alloy repair on the surface of the sealing ring was explored. It was
found through experiment that the microstructure of the sealing ring is mainly composed of ferrite, pearlite
and bainite, and adhesive wear and abrasive wear occur during operation. The AS1 cladding layer is mainly
composed of equiaxed crystals, with the highest hardness(HV721.3), which is about twice the hardness of
the substrate. The wear resistance of the AS1 double-layer cladding layer has increased by about 10 times
compared to the substrate, mainly due to abrasive wear mechanism. Using plasma cladding high entropy alloy
to repair the surface of the sealing ring is a very feasible solution, which is of great significance for ensuring
the smooth operation of the shield tunneling machine.

Key words:
plasma cladding; high entropy alloy cladding layer; abrasion resistance; sealing ring repair; cladding
inspection
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