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Construction of a multi-dimensional evaluation model for dust removal and cleaning performance of coal flow

conveying systems
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[ Abstract] Addressing the lack of unified and reliable quantitative indicators for evaluating the dust removal and
cleaning performance of coal conveying systems, this paper proposes a comprehensive evaluation model for dust removal
and cleaning performance of coal flow conveying systems based on a multi-dimensional indicator system. An evaluation
indicator system is constructed from five dimensions: dust removal efficiency, cleaning effect, operational stability,
economic benefits, and environmental protection indicators, containing 15 secondary indicators. The weights of each
indicator combination are determined using a combination of the Analytic Hierarchy Process (AHP) and the entropy weight
method, establishing a multi-level fuzzy comprehensive evaluation model. Taking the dust removal and cleaning system
of a belt conveyor in a coal preparation plant in Shaanxi Province as an example, the system performance under four
operating conditions is evaluated. The results show that after the upgrade, the system's overall evaluation score improved
from 58.3 to 82.4, and the evaluation level improved from “average” to “good”. Dust removal efficiency had the largest
weight (31.8%), making it the core indicator affecting system performance. Sensitivity analysis of the model showed that
the coal dust concentration reduction rate and respirable dust removal rate were the most sensitive indicators. This model
provides a quantitative evaluation tool for the design optimization and operation management of dust removal and cleaning
systems in coal preparation plants.

[ Keywords] Coal flow transportation; Dust removal and cleaning; Performance evaluation; Multi-dimensional

indicator system; Combined weighting; Fuzzy comprehensive evaluation

HEH R 5Kkoh (1998-) B, AFl,

- 105 -


https://jer.oajrc.org/

ik, R, Kot XUEEE, AR R, OKE, S

BT 2 P AR A R AR T RE VA R A

1 518

FEIRIE o ik R h, gk 57 40 DA %
WIATH 2T FIFRE L, HH a2 hm
SR B2, B AR RE SR AR SRANN G M B P 18 4%
AIREE, R I BRI 2 38 A7 N S R
T g A4, CHEMERNEIR, TR BN A
Tt i,y 2 LR B B R B T IA B 200-500
mg/m?, ZNE KL TAFRAERRE 1) 4.5-25 61, [#
I, BERURTE AT A AR R CCNE R TE
AR A B 7 R G ) R

ERxtfmikizd, TRECZERES . TR, &
RN FL R AN S5 2 PR AR B 2R 1681, T AT 90 0] 2 B 544
FRVLEABRAABCRETIREZ, MW RAHBNIBITE
HIL3 A RBUITEARN A & o SEprA =, B ds
BT P BRARR, 7ERIFEA R BUEIE AR )
AR 1847 B F DL R KR F A5 D THAT vT REAFAE B
222 0 A AN DARE — I R AR B 2R R W st 1
RO BRIR L Z 7, AP T 5 BLE 1T S H0R BRI L
it E ki,

BT FIR TREFR R, AT R ah) . a2
WAIBAT AN WS RN F—TFNTHESE . H %
AL Z YRR AR R, TR AHP FUBEGE 3RS 32
FBE, HAEMHEA F AT GBS s R 2 9
BOWIZR GV 45 th RAE R E157. FRALLLBEDE
S IR AR DB usE B TR R,

T HR GG AT E AN E THLT B SLhRiz 7 R0 .

2 THMEIRBIES AR

2.1 AR N

TRPR I E 1 Je % I 2 75 Re e e e IS Hdh
AN & B Al B SR B bR o WA — 281k RE, LR Y
RO U Ref® AR ISR BN ST S B4R A
XF T RIE N AT AR bR, WA IRR D E RS R
[FIIST, PPAN P92 BE A 26 0 A2V FE AN B AR, 2R
e BIEAT . AR S K R . B2 T X — M
P, FEbRRR C SARYERE— VPRI 4R R — AR TR 12
R ZRAMN, DU 5 ST B THE A 73 0P

22 %Y B ARRERATRA £

G CERTURH ILs AT Ie M 5 WO, Xt
A B2 PR ANE T RO R R AT IR I J5 , AR B S
MVEMAERERN 15 TR d8hs (B 1) o Hrp, B4R
ESYR i ot I N=R 5 R Mg ve NI R 1o ]
MAREARDGL, 18 AT FRE e PP WA RREE AR RE
ZETE R R AR TR AR U T4 B R K Is AT A
REERZmA 04,

BN E R NEAZ IR I B JZE 0 SR
KRR ARIEE LR A ERE ;s A2 HHBR AR IETEROR
BATRGEME . TN RTEPs 5 DM R
ERFR A 1S TG s AT Gt Fe bR X AL
JZEEAREE T 35 2 FR AR B SC, L AE T S I )
SR BRI BNV G R

x 1 RREERSFEE R IER AR

T2 Z Rt b 1 TEINE
BredeR (0.318) PEAR R Cl (OB TV -S0E 5 1R /UG AT x100% iz &
PR A 2R 25 B C2 IPIR AR (PM10) V575 N B/ JRUA V7B < 100% o A i
LB pRE C3 BRI AR BT M SR VEE X100% A &
TEERR (0.207) IR R > 2 C4 DS 5 IR R R/ B IR R < 100% R 2
MRS R C5 THVE S MM AR R D AU H < 100% NTHes
LA Co iy T ik B D 5 2 11 4K PG s
BfrfaEt: (0.180) B HE C7 ] FH B ] TR] < 100% BITHE
135y 5 TR KR 1 (] €8 PO R 2 [R] (¥~ 151847 I TRl /h WAILT
ZHEENF C9 PRI R N/ S Kb e /b e A I
ZUFaS (0.162) FEALIA C10 FLAFEKHRE+ N 4 5 A4 JIEEIE S
B C11 SPLBLAEAT L A/ 45T
AL A C12 HEIBAT B4R AL PR 5540
HfRERR (0.133) By A HERGRE C13 A EM AT/ mgm3 b2 AN
JEKE H % C14 [ei FH K B/ A J 7K BB < 100% KR
I P PEAIE C15 i S e R ARAB/AB (A)D G

- 106 -



ik, R, Kot XUEEE, AR R, OKE, S

BT 2 RO A B AR T VR RE VP A R A

a BtRE
i =
TR R BET k=i e
2 4 BpE Jii =3 A HERGRIE
il iicy i o o
3! E
et il e A e
15 (15T —Z&FEHR)
1 B EERMIX R A E A s IR A IR IR A RIES
=2 ENE AHP ¥ E5EME RN E
s BRAZR T ROR ZBiTRase it LR IRIE bR AHP L H
[ 1 2 2 2 3 0.352
PR VEN] 12 1 1 2 2 0.198
BT E 12 1 1 1 2 0.168
BV 1/2 172 1 1 2 0.156
WRFEFR 1/3 1/2 12 12 1 0.126
CR=0.027<0.10 — U

3 V&I EE

3.1 AHP Z UK &

K HZ R T2 7€ & 48 FR TR0, 351
S AR ANFARAIIRE 52, X U J2 3% 4k B AT R A L
B, MERIWOERE (R2) . R 19 bR, A
FAEN ERE ) = .

oY T J2 S W B AT — B A 5%, T A B K
FEHEME Amax=5.12, —E PR C1=0.030, BEHL—EL
PEILR RI=1.12, —3MEH CR=0.027<0.10, 2 —
FOPEER o [F) B8 b 2 4 WA R AT — AR 5,
CR %/ T 0.10.

3.2 WAPUEBERAE

gk G 2 WA P o 1, SR RG2S
BCEDT, MRtk Ie 7 2 Wizl 12 M H
(3037 W 0 H50H0 RS VPAN B o X S AR s A T
AL FR S, TS FRARIAE B

-107 -

BN IR HEE P51 8 X={x1,X2, ..., xn},
HArHEAAE -

pi =xi/Exj, (j=1,2,...n) (D
= A
Ei=-(1/Inn) x Z[pj * In(j)], =1.2,...n)  (2)
TSRS«
wi=(1-Ei)/2(-Ek), k=1.2,..m)  (3)

THRAS S YE AU WAL E Ay BRANRR 28.5%.
TEEROR 21.5%  is T E M 19.2% ZUF A 16.8%-
WRFEDR 14.0%.

33 BAEREH L

KH EZMEEE KA ETBGES, X AHP 30
U AR A2 A HEAT 2 AU & WAL R
N oai, BUNERN oi, HEREN:



ko, R, K, xUEEE AT, OKE, B

BT 2 RO A B AR T VR RE VP A R A

Wi = (ai x 0i)/ Z(oj X o)), G=1,2,...,m) (4)

TR A S BEE P 2 fron, R4k

BATREME 18.0%:

%

K 31.8%. IHTEZCE 20.7%-

BERLRE 16.2% HRIEFR 13.3%. PR YE AL E
R, Ui IRV S N PR R i R B AT v R GTPERE R
LAVE L T

E2 {HEEFES AL

(a) =FPBAN T IEANESSbL

(b) HENEN T

0354 — AHPEAURE
— AR URE
— BARE
- s
mr 0.20
g
0.15 -
0.05 TR i
0.00 W;ﬂg ﬁ%{ﬂ% %ﬁﬁi\‘i I Pycc
PHEAE
E 2 FEIERESSE
4 1SR ETENMIRE REEEANX (B3 .
4.1 M EL5EE LK X IE R TEbs (EBKELE) , RAFEEE 2
PP 45 BRI AU S : L R — . 2, s ST imdabs (EB/NEREE , R BRI 5

TP E V={V1, V2, V3, V4}1={90, 75, 60,45} . F
FHBETE 7341 HY S g R H 00200, ST &R FR0T % S5

i DUBEZRIREE FRER CERRRRD N, HFJE R
Hon:

UVI(X) = 1, x > 85; (x-70)/15, 70<x<85; 0, x < 70 (5
WV2(x) = 0, x <50 BX x > 85; (x-50)/20, 50<x<70; (85-x)/15, 70<x<85 (6
UV3(x)=0,x <30 3§ x> 50; (x-30)/20, 30<x<50; (50-x)/20, 45<x<50 7
uV4(x) =1, x <30; (45-x)/15, 30<x<45; 0, x > 45 (8)
— (V1) R (V2) == R (V3) =} (V4)
= — K 1*®
1.0
0.8 -
i 0.6
o
i
0.4 -
0.2 -
0.0
0 20 40 60 80 100
AR AEALASS)

B3 IFNIEIRR B R

- 108 -



ik, R, Kot XUEEE, AR R, OKE, S BT 2 RO A B AR T VR RE VP A R A

42 % BAEMLGZSIFN ARG IR U B PR A e 1A R R TR
B ZE A VPO R 20T . B —ZOHRIR R RS0, B 12 % Ui, Hb 7 I AIK
TR IR, 2 RO HEN R AT SR AV A0S » U T EAUEET AN T, 817

— P R ANER FIOSE § GRS, T T LR KR R TR R SR 1 it
SR rij=(rij 1, 2, 13, rijd], MBI RIEME  RTEEE RS EAL AT E © B S BT
Ri, M WA BT % B i B KR 1 B R, TR

Bi = Wi x Ri = [bil, bi2, bi3, bid] (9) F A PRI G BHE T HIE SR AL B R R4,

UGt T R R R R 52 AR R o

W R(BL: B2: B3 B4 BS], i Uit DO BURHERS R )74k, el /5
B WxRo(bLb2baba] (o) ISIREEIISA IS 72 b, RS

i L RAAIBAT. S IR R % 3 A
RIFEFAFREEIEN, B b k=max bk EVPAT 7 B bR p i 5 % EL A0S, 76 SR L, Sk d 4 Fi

. RIS FUATRAEPEI S TOEAT E 00, T8 2%
S =B x VT =X(bk x vk) an TE LHVEI PPN 85 R R S IR S B2 R
Horpr, VT=[90, 75, 60, 4519 VP4 S JUARFAEAE AR B 53 iPfEE R E0H
L2 OB 4 S T AU A BE2 1] HORTAHRS L KIS 4 IR IOBER S & B, KB
5 K& R B SI04E JE LR BSOS 4 BT R A G HEREHT IR (I 4.
5.1 B R E BB By .
#*3 WEAEEETHIEREE
Eizp i BUE 5 i JE AR A A BG4 E 19 o
PR TR % 0 72.5 72.5 76
WRIR AR 20 25 KR /% 0 68.3 68.3 72
B AR T kD /% 0 85.2 85.2 89
ARG % 22/% 0 91.5 91.5 93
WA 2% 82.3 96.5 96.5 95
SENTL AT 7T 0 203 78 82
WAHBOZE/ (mgrm-3) 285 8.5 62 68
K [l I 22/% 0 88.5 88.5 92

B4 BEREEROTEEMRETF AR

(b) RRITH FE4EFH

(a) BUERTEMERERTEL —— AT IR= —.— IR
TEEHR - s (R = R
—o— TRt
S
—o- THRIA

RSP

R Twm
(14

B4 BRmmEkReEEMeEThER



skith, R, GKSE, XUEEE, DA, K, B

BT 2 RO A B AR T VR RE VP A R A

WG R R ONBUERTZR G155 58.3 48, VN
SRR I BUESELRETR 82.4 4y, TN ER
HCR” BRI 241 r . QBRACERYERESUE T E 1S
S EEEREROR (43 43D, RMERIRT R B ENLE. O
A TR, BUE 73 COLvF il (88.8 730 5 MIKEK
T (67.2 40 , Y RAELEMCHE FBRARE T
B

5.4 FAIEE

BRI AL A AR —F S 55, A
53 58 TAEN G0 RGIZATIRGLHPEN 247 0T 1,
MEMHRRE 0.89; HK, BLEIFMERE5LSR
SR AR R BB AR FI W EAT LA, — B 92.5%. LA,

F [\ — PP IR AR T o — FRIR IR s AT B RS, 15
B EG W 5 I LIRS AT AR
ANETE S, AR R S AR E ML X 7 RS e
F, B B 2 KA I s | iE .

6 it

6.1 AR B S AT

B RN B W R A 25 51557, A 2%
SV 25 R BCE BN S . L& AR AR A HTALE N
Bk, Al A IR 20%, HARTHEOD R R
A, FBHELGER IR, B 6 4t 7 &18
PREUBN G IS5 9, 0T H LA TR e i bR i e 4V 7 B
UK

E5 ZTAEHERETFNLER

LRE&155): 88.8 LRE1§4): 82.0

100 A

80

60

FRE

40 1

20 A

—-—
LRE185: 824 RET —
-—

Tir— Ii—
(BRETER) (BEELT)

TR= T
LR et

Bl 5 ZIREMEATFNER
Ele {HHERIGURENYT (HERE)

SEEHE

BARFRREEIRE 4

AEHEMIRE

FHARAE

BETTRE |

EFEHHIR D

PR A TR

R EERIRER -4.2%

. AE +20%
- AE -20%

-6 -4 -2

0 2 4 6

RABNENE/%

Elo IHERBGURMDT (REXED

-110 -



ik, R, Kot XUEEE, AR R, OKE, S

BT 2 2 P R A B AR T P B VP A R A A

B 6 FTLLEH, AR ZRE15 5 R
AAHIE o BREATRE T B2 AR 20%0), ZR619
AL N -4.2%~+4.5%, & T Ebs R R T
PR PR 2R RBRFE IR 2, KL N-3.1%~+3.3%.
FHEZ N, 3B Z AR K R 2 13 s 51 -
1.2%~+1.3%M1728 4k . B L] UL, BEAL A 20 25 2 4R
PREEINEUR, X — 25 R SRR MR SR E A
b 5 i A AR5 R AH L EAIE

6.2 S %N H ATk

B — R R R G I e B A B R AR
(17, H A T LB BRIk S R AHE B H TR . 4
wn, BRARRERPEE PR %, AT ReAE AR R, W%
A FHZRFEAT AR ERIUAFE, 1B FB AR PN T2k
BUIXAN R . AR R R HIHN 5 ANYEFE,
T A AN S R L O R — 1P R, DRt
BERE (R B A R 351X — A% 0o F8hn, HAEE R RGLETE
T RREIBAT AN FMA T TH AR .

6.3 BALE Rt 5 Bk

MR TS G, A B 3 A B A I 2 e D 8
(AR AR R G0, P TR, Brl i A
| RS B RS . HR R Tk A s A
MBEEPA TR AHP 3058 & 5 HIk,
BRI o FHE TR EARKGE L Z PR IE; Y
ST T IR 1) KM I8 s kR AR ROR R, B F A TT
75 M A S R ORISR b . 58 RE 5 NAELR B
PR T RCEMSEEE, W — P S A B
T FE B R

7 iR

D PN AS B R BR AR — Mabr . At
FORGBRARCR . IETHEACR . BT REtE . &5 e IR
BN — K R, TERR 5 ADNERE 15 T2 d6 45
AL S A AR SRR ARV R AR ITIRE .

2) AHP 5WPUER BN EZRHE )G, 5 A4
FIRLEE 437514 0.318 0.207+ 0.180. 0.162 F10.133. [k
DR e A, (B RYEREAN IR T ERLE,
fEVP 25 A2 e 4 R BRI AR 4B bR ik - -

3) LREBIEAN LB GG IS, &%
UG RTTF50 N 58.3 47, UG JE h 82.4 43, 2Tt 24.1 47,
Sl R N YR . SIS FRARS R
DA — 5 B R e R B, BT RGP e
1 BAG BT IR e

4) BT ORI
WM A2 22 BRI B VE A e K BRI, S5 SRR AR

ARGV RGN, NACSE DRIE SRR A2 4R B ) i 5
AEHIBOR s RIS 75 ZER R AN AT AR 21 R
BATEAE, EhA TR AR 2 S IE R (K -

S 3CHK

(1] EEE, BRI, B kA= A S R AT 5[], 5
AR, 2023, 28(4): 567-574.

2] ZiEE, G AL A= L) R s R &
SAHTII]. A IR, 2024, 52(1): 22-28.

3] EFRZEWEBEILR. B2 2MREIS] dbat:
Tk AR AL, 2022.

[4] GBZ2.1-2019, TAEHFTA = H R B EALRES]. db
5 R EARHE AL, 2019,

[51 MBI EBT R RS RREEAR R[] BRI LS
LRI, 2023, 41(6): 52-58.

[6] AERGHE, EENL NSRRI R, 7
k%2 & SRR, 2024, 52(3): 112-118.

(71 ZEW], ki, Tah IR RGERE R[], &
R THE, 2024, 49(4): 78-83.

[8] WANG H, LIU Q. Recent advances in dust suppression
technology for coal transport[J]. Journal of Cleaner
Production, 2023, 412: 137-148.

[91 EHERI Rk LR ERE S AR A I].
Wb 224 53R, 2024, 52(4): 56-62.

[10] AR, X, R BRAD RGPEREVEN iR PRI
AR, 2024, 30(2): 1-8.

[11] xR, sRek. ZRG PN e R e b AR H
. R ETIERZZR, 2023, 33(5): 612-620.

[12] FAgte, xR, EHT BRAEARIIR &K B F (T
PR, 2024, 30(3): 15-22.

[13] ARSI i os. BRI L5 2760 FE ARRELS].
63T A ERRE AR, 2023.

[14] xR, BREZE. BB RGEFREF BN %R
FIEE[D). Wk 22 4 53R, 2023, 51(4): 77-82.

[15] SAATY T L. The Analytic Hierarchy Process: Planning,
Priority Setting, Resource Allocation[M]. New York:
McGraw-Hill, 1980.

[16] kb, ZE5R. T AHP MF MR RG L 2R
M. HEROR A AR, 2024, 34(2): 145-153.

[17] SRmRAR, XIS B TAE0E I BR R RGN R PR B E
W[N] 2 5R, 2023, 51(6): 88-93.

[18] WANG Y, ZHANG L. Multi-criteria evaluation of dust

- 111 -



ik, R, Kot XUEEE, AR R, OKE, S

BT 2 P AR A R AR T RE VA R A

[19]

(20]

[21]

[22]

(23]

removal systems in coal preparation plants[J]. Energy and
Environment, 2024, 35(3): 234-248.

PR, ZEM. SRR IPINEERD RABRIN
R ] M2 4 5ERMR, 2024, 52(2): 45-50.
CHEN 1J, LIU H. Fuzzy comprehensive evaluation of
industrial dust removal systems[J]. Joumal of
Environmental Management, 2023, 345: 118-130.

FRF, 7558, XUBOHE, 55, i Joah ) SRk R
RGu it S MAKEKD. ERNTS5%ZaHMM,
2025(10): 45-51.

Wk, miE, 8, & EREIE TR AT R
GuIF 5 R S T]. BRI L5 454 R, 2026(1):
33-39.

W], TEBh bR SRS SR AL 5 R BRI T
[D]. PU%: PULRHER, 2024,

[24] xUppe, R, B A s dt RGBS R[], KK
RN L5455 FIH], 2024, 42(8): 67-73.

[25] X, RXEEE. B A s v RGBS R[], R
RN L5456, 2024, 42(8): 67-73.

[26] LIX, WANG Z. Performance evaluation of unpowered dust
removal systems in coal mines[J]. Environmental Science
and Pollution Research, 2024, 31(8): 234-248.

[27] AR, TREA. BRI TRk 25 GG BEUIR 5%
SRT]. EEIEEOR, 2024, 30(4): 28-35.

FRAR R ©2026 12 5 HMERBUH T 7 0 (OAIRC)FT
Ho ALEZBIMPILEE LT RRR K.

https://creativecommons.org/licenses/by/4.0/

D JoreN Accrss

- 112 -


https://creativecommons.org/licenses/by/4.0/

	1 引言
	2 评估模型框架构建
	2.1 模型设计原则
	2.2 多维度评估指标体系

	3 评估指标权重确定
	3.1 AHP主观权重
	对准则层判断矩阵进行一致性检验，计算得最大特征值λmax=5.12，一致性指标CI=0.030，随机一致性比率RI=1.12，一致性比CR=0.027<0.10，满足一致性要求。同理对指标层各判断矩阵进行一致性检验，CR均小于0.10。
	3.2 熵权法客观权重
	3.3 组合权重确定

	4 模糊综合评价模型
	4.1 评价集与隶属函数
	4.2 多级模糊综合评价

	5 模型应用与验证
	5.1 应用案例概况
	5.2 评估指标数据采集
	5.3 评估结果与分析
	5.4 模型验证

	6 讨论
	6.1 模型敏感性分析
	6.2 与传统评价方法对比
	6.3 模型适用性与局限

	7 结论

