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Abstract;: To deeply understand the true triaxial mechanical characteristics of coal-rock combinations

under mining disturbance, the octahedral shear stress theory was adopted to systematically study the true
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triaxial mechanical characteristics and energy evolution mechanism of coal-rock combinations affected by
the interface inclination angle during mining disturbance. Finally, based on Drucker-Prager criterion, a
true triaxial damage constitutive model for coal-rock combinations considering the influence of the interface
inclination angle was established. The results show that during the excavation disturbance stage, the axial
strain of the coal-rock combination increases linearly with time. The energy is mainly converted into elastic
energy, and the dissipative energy gradually increases as the strain increases. When the interface
inclination angle exceeds 60°, the shear stress increases significantly, and the node of shear siress increase
is postponed to the end of the excavation stage. During the mining stage, the energy of the specimen is
mainly used for deformation and failure. When the interface inclination angle is less than 60°, the
specimen undergoes two deformations before the shear stress reaches the strength limit. At the end of the
mining disturbance, there are two sudden increase nodes in strain, and then the shear stress drops
sharply, with the proportion of dissipative energy approaching 1. When the interface inclination angle is
greater than 60°, the peak value of axial strain decreases, the sudden increase node of strain is postponed
and is synchronized with the sudden drop node of shear stress, and the deformation and failure of the

combination mainly depend on the rock mass part. After model verification, the goodness of fit is higher
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Fig.1 Stress change process of coal rock

assemblage under mining disturbance
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Fig.4 Stress-strain curve of true triaxial constant confining pressure test for coal and rock assemblage

MIE 4 ]

1) MEA A ARSE B /N T 60° /T, A Y
o7 74 B AR £ 14 R 320 T g, e R 2 Rt
W& o, R 1, BEE o, J5 [ 138k, Bk
SEF RN, P EURMRLE IR, IR IR A ik
(RS S Z IO PR SR

2) A B KT 600t iR AR H AR T 4R
o, 7 FIREMEH , A A AR 2R
FE o TRFER AR T A RN AR 5 I A A
TRBHIR = L T2 AR B

3) MU A R4S T R N AR 357 Bl 25 58 S T A £
A1 DR T 1 15, L3S S A A ek 60° )5, 34 e R
BEWK, Hob o, Jr AN AR AR Ak 3G K T
o, J7 ) oy 2R AR Ak i E AR AL R B R R R K, 1
HH AZ FL B A 16 K5 o, T 181 2 S 350 M R4
FEAAR 53 5032 7, B0 5 B 541K ) B A 43 5
HELBER , T 80N AR R,

4) 3 3k B = A A LR R R g Ry AR 2R B
AT A N g AR AR AL Tl S s, Ho,
oK o I7 W IEE N JT, MPa; e, 4 o) 77 1] I IR
NS 7, K oy D7 T Y WEAE BT 1V 1, MPas e, N o, JF
[ (UG B 220 1 A, E 28 B AR R 2 60° i
TR g R AE AR R R, DL B0 0E T M 2 3
Gy SEIRRAE o) 7 )T, T 76 58 ST A 3k 60°
Jei , TR (B0 7 107 28 W S 38 K SR UE T e At A
Gy GEWTRI K B S R S, EL S Hhar L
Eil,e, [ o, BRI, o, WELT &, ZBALTE B
B PRI A2 A A L = B 5 R R 4 R 5 A
T o, D7 ) 0 AR R R AR Ak TR B = A R AR
L[] R PR AR R AE

- WEAE R )

V=0.47x+115.42

0.03 —o— W fE R AR, 0.01

o BTN,
40 0.02 0.00
0 20 40 60 80 0 20 40 60 80
B S R C) HOH S R )

Bs5 BEAGTE=MHEREESR
RIIEER N () 51
Fig.5 Peak stress (strain) characteristics of true
triaxial constant confining pressure test for

coal and rock assemblage

3 REFEMHTE=HIXEFIE

3.1 REHMHTE=HHFREZIT

AR CE R B R A ) 2 R A A
Bl R 4 g 2 2R | AR R AR A s iy 08 55 itk
T P42 B TAE T R ) AR T A 2 A R =k
F12ER G B A 2 ER R T S B TR S AR
R EIE 6 FiR,

HAREAEQTR

1) BYBe AL %R JE BRI T T 48, PR =]
N1 (o, o, Fl o) FEETE 10 MPa,

2) BB B :LLO. 1 MPa/s FIMINAR K ] i34k
SRR T, TR B WY S BT AR HL R RS R
=S¥k 25 MPa(yH) o

3) BYBEC,: L 0. 1 MPa/s ()% F1 3858 SR Ak 4k
BK o, [FIRLL 0. 04 MPa/s [ 7 151 48 80 R [ AR
o,k 0.08 MPa/s W J7 H1 # i HREAR o, , B
o, .0,.0; RAEI R 37.5 (1.5yH) ,20(0.8yH) |
15(0. 6yH) .



& 6 1]

TRIESE A5 SR A VSN A TR = ) ARk S A e T - 115 -

4) BBt Cyio, Ml oy YREEARARS E—Br BOIRE,
JELL 0. 04 MPa/s (1) )0; J7 #H1 2H HEFEAR o, , BT
YETH | R BN, |2 o, 0, 0y 50035 B 62.5
(2.5yH) 10 (0.4yH) 5 (0.2yH) ;

5) BBt D.4i+F o, THETE 62.5 MPa, [Fif o,
o, QRS FF b — B BOR S B 2 X FEOR , B S 15
Il

62.5

A B C,
I i /s
B 6 HE=HNHiXIeFERIERE SN EE
Fig. 6 True triaxial mechanics test excavation

and recovery stress loading path

3.2 REFMHTEZHRNINEXFR
TFAZ R 1R N 3 A T 5 LB A2 SRt T {5 £ 522 W) )
PR G VR L =0 g/ WA I TR) DG 2R it e n 51 7
N
30
25
<20

[}
S1s
10

0 200 400 600 8004 0 200 400 600 800
I [8l/s I [Al/s

E7 BEEASEFEZERERENKETEN/
Ry 7 - 1) 2%
Fig.7 Stress/strain-time curve of coal-rock assemblages

under excavation and recovery stress loading path

NG AR

1) FHAZHRBIB B, Bt 4 Pt 1) by A8 14 K okt
RGN, A FHHE A /N T 60° 384 BY 1
JI R, A2 ST G B A 60° 1A Y 1 ) A8
A B SE 5 22 T2 40 s8R 0, HL B R g 34 < 3 A2 e
o B 2H G AT Ny ) AR Ak S RO T o B R Y
EARER Y

2) BRI ARM, oA A2 s I BB A
SE S ARG O 07 A8 BRI (14 S A I R YT S8 T S
S, 23R S P B A /N T 60° HL BTN ) s H
9o JRE AN PR, 03¢ 380l g 7 28 2 R I 202 Al Y

FAOE (I RERLE ) | IR G IS & 2R 2 RO
B WTARE 2 AL R I3 70 ) R AR, AE 52 B TH
I 60° )5 , WAL BRI 1 ki B ARIRB B, 1k
RSN IGE ) 1) 107 A2 R 57 17 g ) T B iR R
B HETERRAE

3) ke A B A I 60° I AR T A /)N
T 601 R 17 13 A8 A BT ik /), HL W AR 2R AR A IR
PHIES . [RIRESSIE 722 S M K T 60° AR ke
PRHR AL o) T5 1) o 46 32 SR BT, LA
FH A WA IR T A R B R

4) LT Z K BRI T AR =i 1
PANTRA RS 44 €110 35150 g T S (W A Rt A
B8 frw, Ho, o, N P35 H 2 IE W 77, MPa, M
Pl 8 AT LA i, S 45 PR IR AR I/ T < B )i
I B AATRI AL ¥ 5545 A5 BB R ) 5 3 IR TG
B UREREIR I e ) T B 37 3 B~ 45 7 8 1o
TGRS PSR A, W B R 7 e s R by
WL I PR R 5 P BRI 728 it~ 329 A AR I D 9 38 R

eI/ NEIER
3071 10.07
L TOC[
29| ¥=60.34x7-(5.82x 10"
+(1.97x10%x)-2x10° 005
2_ Y.
s 28) R=0.89
[ )
2 B
3 A
|-O 27 [ e
y 40.03
® ¢ /.-
261 y=(-1.84x10°°)°+0.091x>-5.81x+93.84
R*>-0.94

25 1 1 Il Il Il Il 1 001
31.4 31.6 31.8 32.0 32.2 324 32.6 32.8 33.0
a/MPa

8 FEREIRENEETEZHIXEIEERYE
Fig.8 Peak stress (strain) characteristics of true triaxial

tests under excavation and recovery stress loading path

3.3 EEMHTE=HeE=FEWLIFT

K RE P E B o A A A R IR i f v
RE AR HL - AR IRARHE , HEBR IR FAFE , W A1 g XA
I RER R U, Ak il Ee SR e RE U, fZd
BAEHRE U, MI/m’

FETFRIABFIERER B 9 R T IR K [ml R
N 1A T REA A R R BE | MR RE FITFE L RE AR
FRFRAE, M9 el

1) THZBBUE A 4 A R FE R RE Fn s e RR YA
Fr¥E N ABAERL ARG L A S W BB B,
PRI LR 2R 2 W A A, s e AR (b N, R 28028
JETT IR iR RE 1 25 A bR Re IR =0, (U



hoE e B o e $35%

- 116 - China  Safety Science Journal 20254F
MRSy BERLFET 3) MEE L AR SN A AR bl 1 28 S By

2) BERBYE:, RN BER I e S SR BUA /N T 60° B 2 AR RE B SR AR fR
REFEASORFFAVAE  FERLBE S AR SR AR PEIEANSG, R AV, 52 B I ABUAA 32 WA 50 /0 | 58 9 50 ot ok
W B A R GO RN I & e T FERURE I £ 6005, iR SR RE B L HE OR sHe Inp aCRE E EER

TR R I 7 AR A SRR A AR R

6; 5
st :i 4 :l /

”’;_54 - ) T3 - ) y

53 5 E/ 5 H

52 =
: !
0 o
0. 0.00 0.01 0.02 0.03 004 0.05

&

00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05
3 3

1 1 1

9 FERERENBETHEEAEHEETL
Fig.9 Energy change in true triaxial compression process under excavation and

recovery stress loading path
T TFAZ e IR B AR L = Al A 3) TES 2 YCHIF R B R BIRR B, A A K
B BT 4Z 5 MR ) i TR G CRGDRER B R M 18] 52 J738 5, 191 B B ik
PIRE AR T 3K 3 B b A FE B LL B A AL AR AR A0 Irs2 ATy A 2 i Al Dy iRE RS0 TR BNOR Y R

10 R it LR SE R BAFERRE LB T 1,
1.0 s Lt —_ =]
e 4 THREHKESEZHBRHREEER
08} v 5
~ 4.1 BABAFEZHIRG AR
2T B o PEFRHLZ— B IR A 28 5 PR 5 T
Soab FT0%0s BAFE | RO B, FEMERAL A AR AR AL
I ST PR} 2 HOAM I SRS, B S ST 1 SRUELS , LA
I I 30050010 0015 PR AR I G AR L SO T EC R D 2
’ 1 B ORISR AR B , R R 1

OO L L L L L ]
-0.01 0.00 0.01 0.02 0.03 0.04 0.05 0.06

e FEAR T LA i
B0 iR ER AT 55 I = AR R L I AT ) FRIE, I A SRR
Fig. 10 Change of dissipation ratio of true triaxial tests A 2 1A 10 0 3 40 10 e R 2 o KB R
under excavation and recovery stress loading path 3T AR A AR ORI A 34 T s 32 faf P 45 A2
D,

M 10 HrEp A P . Frym

1) IR ) B =i g o o, D.=] PFAF=1- exp(— (Fj ] (2)
A RBRERFERUL VIR o) JTNE &) BIMKH o, o S Ocm B S 8 iom Fy WS
SeGHREA S BOV IR B FEZ AN 528 m s T o 2% 00 B 00 R 1 A 2K SRR R
PEREST ™ A g ARk, B 5 L SUR i Fy s T Bi A5l T 4 A 3
FEHCLL IR o) J5 ) AR REAEIE I TE A 52 B B A5 BB W I, 7775 WD HA 58

2) o, HINAE & 2 0~0.02 JEHE N, A Fmdids , WAAEiAE g ai g, 4 S gz 9k
AbTFEE 1 RE R B B, B B R L i T KO X2 PR SRR A | A B I R 5 B A8
WA Z I R TP I FE R RE # T, Z T Z I B e S AR AR A A R L = AR A A AR
W, 0052 RS e e B | S B R AT S _EE, (_ (F* jj

= ) > PN g, = exp e+ (ky + ky)peo,

J1784E , BB B RR AR A, R AR 2 o S FE R RE LA 2L E, F,
K. (3)




& 6 1]

TRIESE A5 SR A VSN A TR = ) ARk S A e T

- 117 -

X E, NaE R AR R B, S AR SRR
E, AR A R SR & MPasu, 3258 5t
T SN R BN L sy 1 e, 52504 o, Rl o,
(0 ) T 080 2R B Ak T 5 R ) i A AR ik
0,=25MPa k,=0.4,k,=0.2,
R B AT SR BEE R A 5 SEERAE
e MR (A5 2 SR A m] 15
1
E Ege,

In

Elo, = (ky +ky)ugo,]

m=

o, +(k, +k;)o,

o, — ko,
F() = qD +
0. = Oy + k)T, 3o, - (k, + by gy

E)’ I
Cp(m)”

E.E,

(4)

He(4) A (3) AT LAAR BN ITAZ B (8] 5R )

BEARTR , B PSS S T BTAR A R A PR I = Bl At
AHRERY

H=EREEAT o, Fl oy MR, W25 22

GRS RV E RS LA A B O R34

E.E F™\"
o, = Bexp(— (F j jal + 2ug0,  (5)

E, 0
130 . 130 L. 130
((/‘—rf - L e
100 L 100 e 100 p
s
§ ot § ol § 00
< |y 1=0.981 S|/ R=0.979 < Y
401 o/ —MELR 40| —BEER T 400y
/ - RBAR - REAR
10 10 10

1
E Eze,
n
Ey (o, - 2:”’,6"’0)

o, +20 6
“zP RO j()
T = M0y J3 (o) = 2u0,)

2 1
e(m)"

O-c _0-0

E.E,
HEEERE =R G R EER T

MR ST 1 %5 P A B A B A IR L =
A AS R A IR R 0 245 SR A5 B ) 7 g AR 2,
T SRR R A E AR A e o A S ) 5 =
SEHff e 5 B A0 R U B e AL B AR R
B oo, Mle, , W3R 1; 55 5T Matlab F 5 98 H /)N
ZARAUALTE 5 (1sqnonlin ) 3 25 S 38 45 4 18 1k 2 5k,
ST R ESAR Y 5 i 00 A B AR A D R, 3
TR0 N Iz B AR R AR TR AR TR i 4 A 1, 1 ik
RS T B =l &5 1 e 7 g o7 728 5080 47 P00 40
B, S5 RE 11 s, )3 AR S 0 42 K )
SR T AR T 75 A B TR B B 4 G A L =l
F 0 A FE SR RN 46 45 2R | 326 e iR I O i 42
1R 1 ) B AR T I 7 1 A8 R s A T LG o A, 46
WKl 12 fin .

4.2

120 160

< 90 Y 120 N
< e < ~
[ x o
R=0.96 2% / R=0.97 & 80 / R=0.95
—aame © —mamR S | — AR
Rpgg 30 - WBER 0] - R R

11 E=WHEEERRSEIER
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Table 1 Extreme point parameter of true triaxial damage

constitutive model

ARG, A AR 7R 35 AR I R i v o B
ﬂi’"fﬁo

1 &, g, £, g,
X T R TR e a0 iy 9??‘:[5“5;’2 e i LSBT LA
20 0.030 | 119.27 0.038 62.79 S FEHCRE & LR s T RER B
40 0.029 | 117.77 0. 045 62.85 B FEHLBE S5 AR SR MR IE AT OC , bR RE W ta e 2
60 0.027 | 118.85 0.016 56.05 FL U AT REBRE
o A 2RI IR E, H l’*ﬁtf“m? 90% Wff%??”jv
5 &k W T 2 R ESR A B P AR T T
1) ARG A A R e e e HONTREIEIE B S ot R A R g R
'%Eﬁfﬁﬁ,60°E7¥<ﬁ¢¢‘f¢5ﬁ*‘*ﬁj‘7%ﬁrE’JEE—I&J SRS E
& £ X

(1] w8 REIAR R LENEIRLT]. 6 DFSTIEFIR, 2005, 24(16) .2 854-2 858.

HE Manchao. Conception system and evaluation indexes for deep engmeermg[] 7. Chinese Journal of Rock Mechanics

and Engineering, 2005, 24(16) . 2 854-2 858.

(2]  famel, Bl t’ﬁﬁ F. RBIHRSIEDZNARLI]. SCNFSTIEFR 2005, 24 (16) :2 803-2 813.

HE Manchao, XIE Heping, PENG Suping, et al.

Study on rock mechanics in deep mining engineering[ J]. Chinese

Journal of Rock Mechanics and Engineering, 2005, 24(16) . 2 803-2 813.
(3]  oKEB,CTA, KIOR, 5. HREBEEEE Rﬁﬁﬂﬁﬁﬁ&i?&ﬁﬁﬂﬁ[]] hEIERT ,2012,38(5) :54-57.

ZHANG Yong, ZHANG Jiangli, ZHANG Xibin, et al.

Research on supporting technology in coal-rock roadway based on

theloose circle theory [J]. China Coal, 2012,38(5) . 54-57.

(4] kiR, B&2E, BN, & FPRES
1 699-1 709.
ZHANG Dong, BAI Jianbiao, YAN Shuai, et al.

heterogeneou@ composite rock roadway[ J]. Chinese Journal of Geotechnical Engineering, 2022, 44(9) .

XBEREMtSsSEERIRBIESEALI].

[5] —rxm% /7K|:|

SEESEANERREZEARARL]. 8L TEZR, 2022, 44(9):

Failure mechanism of surrounding rock and control of floor heave in

1 699-1 709.
KU SEREH TSR, 2020,3(3):5-13.

CAI Meifeng. Key theories and technologies for surrounding rock stability and ground control in deep mining[ J]. Journal

of Mining and Stmtd Control Engineering, 2020, 3(3). 5-13.

(6] 3SLEEN, 8=
34(3): 464-471.

@R, BEEEE ﬁ/ﬁﬁtﬂﬂﬁﬁfi’““iLﬁHﬁ&IﬁTEﬁ[]]

XU SZ2 TR, 2017,

KONG Xiangsong, SHAN Renliang, JU Tongda. Model experiment of deformation and failure mechanism of coal roadway

surrounding rock and its engineering application[ J]. Journal of Mining & Safety Engineering, 2017, 34(3). 464-471.
(7] M8, T, 008,5 2BES N ARIMBRSAERNZ/HIE LB IEN]. PEZENZFR, 2024,

34(6) .136-145.

DU Feng, WANG Kai, SUN Jiazhi, et al. Mechanical properties and failure characteristics of coal rock combinations with

different inclination angles under uniaxial compression[ J]. China Safety Science Journal, 2024, 34(6) .

136-145.

[8]  ITK, EBoT, 30R0, % A=W 05N MR NSRS RBIEREIRL)]). PRZENSHR,

2023,33(6) :105-113.

LIU Yubing, WANG Enyuan, ZHANG Dongming, et al.

Mechanical properties and failure characteristics of coal rock

combinations with different inclination angles under uniaxial compression[ J]. China Safety Science Journal, 2023,

33(6). 105-113.

(9] HREE %2R, 8.5 HERsSERFRF/EAPHMOMISuHARLI]. PELZERNFEZER,2016,26(4)

102-107.
XIAO Xiaochun, JIN Chen, PAN Yishan, et al.

proneness of coal-rock combinations during failure process J]. China Safety Science Journal, 2016, 26(4) ;

(10] &, HER, &, F ETRSSHESUER T HRSBERAHIRZHEIRLI].

2017, 34(3). 527-534.

Experimental study on acoustic emission characteristic and outburst-

102-107.
XU SLZ=TESR,

WANG Meng, XIAO Tongqgiang, GAO Jie, et al. Deformation mechanism and control technology for semi coal and rock

roadway with structural plane under shearing force [ J]. Journal of Mining & Safety Engineering, 2017, 34 (3).

527-534.

[11] CHAI Yanjiang, DOU Linming, CAI Wu, et al. Experimental investigation into damage and failure process of coal-rock



#

&

TRIESE A5 SR A VSN A TR = ) ARk S A e T - 119 -

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

(20]
(21]

[22]

(23]

composite structures with different roof lithologies under mining-induced stress loading[ J]. International Journal of Rock
Mechanics and Mining Sciences, 2023, 170. DOI. 10. 1016/j. ijrmms. 2023. 105479.

LIU Jie, LI Qiuping, WANG Xiaoran, et al. Dynamic multifractal characteristics of acoustic emission about composite
coal-rock samples with different strength rock[ J]. Chaos, Solitons & Fractals, 2022, 164. DOI. 10. 1016/j. chaos.
2022. 112725.

WX, BEB, T, T BedshHBEEEERCIELFRERNANRIARL]. 5%,
2023,44(12) .3 448-3 458.

RU Wenkai, HU Shanchao, LI Diyuan, et al. Study on energy evolution of unloading confining pressure and dissipative
energy damage constitutive model of coal-rock combination [ J ]. Rock and Soil Mechanics, 2023, 44 (12):
3448-3 458.

TN, A, BHKE, 5. 2BERTEESHSALEMER REANIZLI]. BRFIR, 2020,45(5):
1773-1782.

LI Chengjie, XU Ying, FENG Mingming, et al. Deformation law and failure mechanism of coal-rock-like combined body
under uniaxial loading[ J]. Journal of China Coal Society, 2020, 45(5). 1773-1782.

AR, BEE, Rl HESSPNOBE MESHRNMIENE="MSF KT RMmARI]. 5LHZ,
2008, 29(3% 1) .504-510.

XIANG Tianbing, FENG Xiating, CHEN Bingrui. True triaxial and acoustic emission experimental study of failure process
of hard rock under excavating and supporting stress paths[ J]. Rock and Soil Mechanics, 2008, 29(S1) :504-510.
B0, B2, Mg, 5 NEFRFEH NXIDDZOTAMRL]. ERFR, 2011, 36(7) :1067-1074.
XIE Heping, ZHOU Hongwei, LIU Jianfeng, et al. Mining-induced mechanical behavior in coal seams under different
mining layouts[ J]. Journal of China Coal Society, 2011, 36(7): 1067-1 074.

ZHT, KA, @S, 5. A= 0ER P IR DIRRS N2 MR R )], PEV WAZER,
2021, 50(1). 115-122.

LIU Donggiao, ZHANG Shudong, HE Pengfei, et al. Experimental research on mechanical behaviors of the cubic jointed
coal mass subjected to the true triaxial stress[ J]. Journal of China University of Mining & Technology, 2021, 50(1):
115-122.

&, 581, Tl FAERELASKESNNZMNSEEDXEKNEL]. S NFSTIEFIR, 2020,
39(3% 2) .3 297-3 305.

YANG Lei, GAO Fuqiang, WANG Xiaoqing. Mechanical response and energy partition evolution of coal-rock
combinations with different strength ratios[ J]. Chinese Journal of Rock Mechanics and Engineering, 2020, 39(S2) .
3297-3 305.

IR, TET, 85,5, PRLAREBIEEASERFRL)]. 0%, 2021, 42(2) . 379-389.
PENG Shuquan, WANG Peiyu, FAN Ling, et al. Research on elasto-plastic viscous fatigue constitutive model of jointed
rock[ J]. Rock and Soil Mechanics, 2021, 42(2). 379-389.

ZHAO D, SWOBODA G A, LAABMAYR F, et al. Damage mechanics and its application for the design of an
underground theater[ J]. Tunnelling and Underground Space Technology, 2004, 19(6) . 1729-1 740.

WE=ME, (RE, &R, 5. NOMEDESARMHERRNZRELI]. BIRIREARZZER, 2022, 43(6):
801-808.

ZHANG Huimei, CHEN Min, MENG Xiangzhen, et al. New study of damage variable and constitutive equation of
rock[ J]. Journal of Harbin Engineering University, 2022, 43(6) . 801-808.

Nils, MEE, KNE. WHNUD T EREDESEEBRIDAWERN[I]. 5L, 2016,37(9):
2610-2616, 2 623.

LIU Hongyan, XING Chuangfeng, ZHANG Limin. A biaxial compression damage constitutive model for rock mass with
non-persistent joints[ J]. Rock and Soil Mechanics, 2016, 37(9). 2610-2 616, 2 623.

IKER, Z198, XEEFE. NURBS SIS HER/ )N _Seini i B MACEEL ] ITENEIITSBRZZR,
2020,32(4) :568-574.

ZHANG Meng, LI Yajuan, DENG Chongyang. Optimizing NURBS curves fitting by least squares progressive and iterative
approximation[ J]. Journal of Computer-Aided Design & Computer Graphics, 2020, 32(4) . 568-574.

TEEE Y. ik (1999—) 05 WRISE S WA W58 07 [l B 1 9 3% B
By 54 . E-mail : 1603153688@ qq. com,



