2023 E7HIET2E

%ﬂ)-ﬁl - %%% FDUNDR’H‘

B B TR R S 38 50 A R B A R (R SR i

Bl B
(1. BTABLBEREEAT,

EEEN:

5o 4L (1973-) , £,
SRIREM, EEWHRS
BAXB FMHIREHN
fE12 i 5 4L T2, E-mail
13997258612@163.com
BifEE:

B, g, MTESI,
EEi&: 13389710640, E-mail:
178660319@qg.com

hEDZES: TG115.5
NEFIRAD: A

W ESHS : 1001-4977 (2023)
07-0819-08

BEemB:
SBaEMARITY (2022
2)742) ; KBERNZFFEA
TRE ( PJ-161588222246836 )
WisHER:

2022-08-17 WEI¥FS,
2022-09-21 WEEITFS .

E1

s~ )

B=EF, F 8, T B O£, % B
BEET 810100; 2. BEAFHMIIZS S, BEHT 810016)

BE: NATEEVNNERFEERIA. WEEJNEDM, RETEBFERME. X-5
75T BOCHERE BRSBTS ZQC S ETRERIA HIT TR, FHFIFEDEMELE
AR, BRI EEIRINERER . M ER DA IRFTASEEE = S A TESL
B, BHRESR. ARFRH: EENNHRESEKNBHRRERSNTIZERR, B2NES
Cr&B8F R4l R ECIR S SRIBFMEN . THEY RERIEEEESR, XEESIER
HEREBELNS T, . BRERREFZR P60 mm : $30 mm : $20 mm=16 : 3 : 1, BILUE
BELGHIERILIZE35%, IRESERIETTO%, WIRAIRFERIBME, ZTIER IR EERL
X, RRBKRFERESE.

XA EEEK; BKE;, EWMELR; KXot BHUTEIL BEEER

IR R EBENFERREZREAY, HEERM AR OE—ERH TR
=, BE2021F K, FEXBENAS129 6785 FE, BHIEKL 1%, BEENER
IR TR SRR SR, RIBTHERINESRWEE—IRY, EEIRET, BExkSd
WA EEIREES KRIEINMAAYY, BMEMKIBEE S EEEEIRRE
B, ARENAEFERRAINHESEMTREIIE, SEXSHEAZRSS
AT 2P, ERERRIM. EXiRih RS . TERREETEEUTHE
FEFASIRAGAAARD . BEIRAR TR0t B T T ERARIRSS, X
HERAREFRAREREE AT RZNIESIER . NBAIREERREEIEES
AOERR, ARIAFRIUEB] BEEVRERENIIRE R AEM, REABEUTEIRGE
EDEMSTIR NEEKBCLLH T T4, MRS 7 EBRINFIRR, Hl T BIRKIRE.

1 BRI
11 KRS RN

7EBBD 40543 TR L MR B P AL ERZQC S EE I P EE SRS . EERTS
IRIRES, HSREIRMBENOTLL . EREEMNERATERIER . WEBEERAOM
SRS FMERERMER . BRI IEIRERER

1.2 HERISE

SRFIEDEM 2020 BTk, MNERIIHT TR, (NREE T HREEIRED .
FFASolidworks {4327 THEEL, HSNEDEMBTHNT . BHIZRLIR TIERE TR
IR IERIEHTS A, EFELR TR MERRIBEBRRIEITSHAYRA
WIRAIRASRER, KRSHREWRIFIR.

NI RIRBEKIRMNGD ZHITBEBMTAOTREAVES, BiyEL i NEDK
REEN2t, EHERH40 mm, RN t. FRIBERERRELLA P60 mm :
@30 mm : @20 mm=1: 2 : 1, ERIIAEPER R ERTEZEEEVEIRRTR
£, 504 TR EERERTTE, BEENTFINET. RESEMITENL0 s, EREILE




Vol.72 No.7 2023

rounory $HEN - §EEE

R1 MEEHESH

Table 1 Characteristic parameters of the materials

kL 42 /mm W) (kg - m®) HEE /N BT IGPa

SR 20 1300 0.3 2x10°
FEER (k) 30/15/10 7700 0.27 45x10"
TR R I I 4% ) 7800 0.3 45x%10"

RR9EEEJ916.6 r/min, (RIESIRMBRNIESTE,
FIEFHIERRECS FZUR2R, BIEHERRES
ERPRR I B F S BT IRE RN RRR RERE
BE.

FR2 BENBHRIRMRE TR
Table 2 Grading scheme for the ball feeding of the coal mill

S BERRHS 1 kg
60 mm 30 mm 20 mm
J5T5 % 500 1000 500
No.1 1000 500 500
No.2 500 500 1000
No.3 1200 300 500
No.4 500 300 1200
No.5 1600 300 100
No.6 300 1600 100
No.7 1800 100 100
No.8 2000 0 0

(¢ ) i

2 FER5HEe
21 KYEKREERSD

IYEKSTERE (REDE%) : 3.06 C,
4.96 Cr, 0.026 Cu, 0.958 Mn, 0~0.010 Mo, 0.711 Si,
0.017 P, 0.027 S, SEZxRB 1T UFREDLIT 681.1—
2019 ( MMBEEB ] BENMEGRAREH) WHEE
™ STERIEHFEINEER, TTHIREERD A
BIRSMNEIKRT RAMAIATEE .

2.2 EREWMERIRSRAMMAR
FEERENASBMEBCRERNERR. FEBERNE
BRINEEERPYEBEK, SWEKFREALIKTLAROED
HOARITT DT . RERSEMAMERIKS B
HMAALRRSEL. B2, B3,
BERAOSBHRIRAMEE.. ESRDHBHECHC
RE, PEREFEERAICIC/NT3.5, UHIZEELS (Fe,
Cr),C+(Cr, Fe) ,.CoRAE!, (Cr, Fe),CBUiR{Y)
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Fig. 1 The microstructures of the non-worn grinding ball
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Fig. 2 The microstructures of the moderately worn grinding hall
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Fig. 3 The microstructures of the severe worn grinding ball
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Fig. 4 The surface morphologies of the non—worn grinding balls
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Fig. 5 The surface morphologies of the severe worn grinding balls
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Fig. 6 X-ray analysis results of the grinding balls in three wear states
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Fig. 7 The hardness distributions in the radial direction of three kinds of the wear grinding balls and the impact fracture morphologies
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Fig. 8 The change of the bond under different ball diameter proportioning schemes
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Fig. 9 The energy borne by lining plate under nine schemes
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Fig. 10 The comparison of the effect between the optimal No.5 scheme and the original scheme
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Wear Failure of Grinding Balls Used in Coal Mills and Strategies to
Reduce Wear

MA Yuan-li', ZHOU Bing', FENG Bao-yu', YU Lei', LI Jian®, HE Sheng—cheng?, LIU Kang®
(1. Huanghe Datong Power Generation Co., Ltd., Xining 810100, Qinghai, China; 2. School of Mechanical Engineering, Qinghai
University, Xining 810016, Qinghai, China)

Abstract:

The grinding balls used in coal mills have the problems of excessive wear and low coal breaking efficiency. The
wear status of ZQCr5 grinding balls was characterized by scanning electron microscopy, X-ray diffraction, laser
confocal microscopy, and other instruments. The ball diameter ratio was adjusted by EDEM software. The optimal
scheme was determined by a quantitative comparison of three indicators: the failure rate of the coal block bond,
the crushing force, and the energy borne by the lining plate. The results showed that low hardness and toughness
were the reasons for the high wear of the grinding balls. It is suggested to increase Cr content and control residual
austenite content to improve wear resistance. In the process of crushing bituminous coal, the tangential grinding
was the main way of crushing bituminous coal, and the surface grinding wear was the main failure mode of the
grinding ball. While changing the grinding ball gradation relationship to: @60 mm : &30 mm : 20 mm=16 : 3 : 1,
the grinding ball consumption was reduced by 35%, the crushing efficiency was increased by 9%, and the loss of
the liner was greatly reduced. The work could provide the reference for improving coal grinding efficiency and
reducing grinding ball loss.

Key words:
metal grinding ball; grinding balls wear; microstructure; failure analysis; discrete element simulation; coal
grinding efficiency
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