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TOM TAT

Déi v6i céng nghé khai théc 10 cho xién chéo str dung gian chéng mém dé khai théc céc via than day

trung binh déc, déc dimg thi goc dbc hop ly cia 16 cho xién chéo la méu chét quan trong &dnh huéng truc
tiép dén vén dé an toan va hiéu qua khai thac. Pé lira chon duroc géc déc hop ly cta 1o cho, cé thé st
dung phdn mém mé phéng sé PFC2D. Trong bai viét nay, sé lay céc théng sé 1o cho xién chéo cia via
than s6 6A Cong ty than Nam M&u- TKV lam d6i tuong nghién ctru, str dung phdn mém PFC2D mé phéng
cac guong 16 cho xién chéo véi céc géc déc khac nhau dé danh gia hiéu qua khai thac than va dnh hudéng

clia géc déc 16 cho déi véi sw 6n dinh cua guong 16 cho ciing nhw khéi d4 xung quanh.
Tor khéa: géc déc, téc dé, sw én dinh, mé phéng déng luc hoc hat.

1. DAT VAN BE

Khai thac hiéu qua va han ché téida ton that tai
nguyén than 1a mét van dé nhan dwoc rat nhiéu sy
quan tam. Déi v&i céc via than dbc nghiéng va déc
dirng tai ving Quang Ninh, hién nay chi yéu ap
dung cdng nghé khai thac 16 cho xién chéo, chéng
gitr bang gian chéng mém. Viéc xac dinh goc déc
hop ly cia |6 cho xién chéo la mau chét quan trong
dé& dam bao an toan va hiéu qua khai thac, déng
thoi cling 1a co s& cho tinh toan cac tham sé khac
ctia 16 cho [1]. Hién nay, viéc xac dinh goc dbc cla
16 cho' xién chéo chi yéu dwa vao kinh nghiém, dé
dam bao cho céng nhan di lai [am viéc va cac thiét
bi khéng bi tréi trwot trong 16 chg. Théong thudng
goéc déc 16 cho xién chéo dwoc lwa chon trong
khodng ttr 25°-30°. Hiéu qua khai thac 16 chg dwoc
quyét dinh b&i cac yéu tb nhw tbc do khai thac, ty
|& thu héi than, sw 6n dinh gwong 16 cho' va khéi da
Xung quanh.
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Hién nay, ap dung mé phéng s dé giai quyét
cac bai toan ky thuat la giai phap dwoc quan tam.
Chinh vi vay, viéc 4p dung mé phéng sé dé xac dinh
goc dbc hop ly cha 16 cho xién chéo la can thiét.

2. DU LIEU VA PHUONG PHAP NGHIEN CUrU
2.1. Nghién clru phan tich va danh gia anh
hwéng cia goc déc 16 cho xién chéo déi véi
téc do khai thac, ty 1é thu héi than, sw 6n dinh
cua gwong 16 cho va khéi da xung quanh
2.1.1. Giéi thiéu phdn mém mé phéng sé
PFC2D

PFC2D (Particle Flow Code in 2-Dimensions)
l& phdn mém mé phdng sb dwa trén phwong phap
phan t& r&i rac (Discrete Element Method - DEM)
cho phép phan tich chi tiét cac hién twong déong lwc
hoc clia hé hat trong khéng gian hai chiéu. Trong
mé hinh do phdn mém tao ra, cac hat rdi rac dwoc
xem nhw nhirng don vi déc lap, twong tac véi nhau
thdng qua cac luc tiép xic, bao gdm lwc phap
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tuyén va luc tiép tuyén, dwoc bidu dién duwéi dang
céac 16 xo va bd ma sat vimé nhdm mé phéng chinh
xac hanh vi co hoc thuc té clia cac hat. PFC2D
cung cap kha nang mé phéng vi md v& chuyén
doéng, rng suét, va bién dang cla hat, d&c biét hiru
ich trong nghién cru cac hién twong phuc tap
trong linh virc ky thuat khai thac mé, dia ky thuat,
va co hoc dat. Phan mém c6 thé dwoc tng dung
dé& mo phdéng qué trinh khai thac than va khoang
san, danh gia tac dong ctia nd min va hoat déng
co hoc clia may khau dén sy pha v& than ciing
nhw sy &n dinh cla gwong 16 cho trong diéu kién
tai trong bién thién, gitp dw doan chinh xac muc
dd 6n dinh cta hé théng mé va hé tro quan ly an
toan khai thac. Ngoai ra, PFC2D con dugc str dung
dé nghién ctru sy pha hay lién két trong vat liéu,
danh gia do bén kéo, mé dun dan hdi, va kha nang
chiu tai ctia cac két cdu. Tai Trung Quéc, phan
mém da dwoc trng dung réng rai tai cac mo than
dé phan tich sy lan truyén séng nd, xac dinh khu
vire tap trung (rng suét I&n trong da, va téi wu héa
thiét ké khai thac, tir d6 nang cao hiéu qua san xuét
va gidm thiéu nguy co tai nan. V&i kha nang tai
hién chinh xac cac hién twong vi mé va linh hoat
trong md phéng, PFC2D la cong cu khong thé thiéu
trong nghién ctu khoa hoc va thuc tién ky thuat,
dac biét trong cac linh vuwec yéu cau phan tich chi
tiét va chinh xac hanh vi co hoc clia hé hat. Mot sé
két qua ng dung phan mém moé phéng s PFC2D
da dwoc thuc hién tai cac mé than Trung Quéc.

H6 Ngoc va cong sw [3], da tién hanh nghién
ciu ng dung phan mém mod phdéng sé6 PFC2D
dwa trén ly thuyét mé hinh twong dwong nham xac
dinh cac théng s6 ky thuat khau than hop ly, bao
gdm tién d6 khau va chiéu cao khau. Bang cach st
dung md phdng sb, nghién ctru tap trung phan tich
anh hwéng cua tién do khiu dén quy luat dich
chuyén ctia gwong |6 cho va khéi da xung quanh,
qua dé lam sang té mdi quan hé gitra tién d6 khau
va su 6n dinh clia cAu tric mé. Két qua nghién ciru
da xac dinh tién do khau t6i wu cho 16 cho co giGi
héa tai mdé than Thanh Trang la 1,6 m, gop phén
nang cao hiéu qua khai thac va dam bao an toan
trong van hanh. Nghién ctru khdng chi khdng dinh
tinh (’ng dung ctia PFC2D trong mé phdng cac qua
trinh khai thac phirc tap ma con cung cép co s&
khoa hoc dé t6i wu héa quy trinh khai thac tai cac
mé than co diéu kién dia chat twong tuw.
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Dé& nghién ctu quy luat phat trién treorng vét niet
trong 16 cho khai thac co gidi hoa toan dién tai diéu
kién d6 sau v&i g suét I&n, Jiang Chenghao va
cong sw [4], da ap dung phan mém mé phéng sé
PFC2D nham mé phdng sw bién dbi do 1& roi trong
khu vuc da khai thac ciing nhuw dac trung phat trién
clia cac vét nirt tai guwong 6 cho'. Nghién ctvu da lam
sang t tac dong clia hoat ddng khai thac 16 cho dén
sw thay ddi vé& do 16 roi clia gwong than va khéi da
xung quanh. Két qua chi ra rang, khi gwong 16 cho
tién dwoc 15 m, ty & 1& rdi cuc bo clia khéi da va via
than da ting dang k&, cho thdy sy mét &n dinh ban
dau tai khu vire nay. Khi gwong 16 cho tiép tuc tién
dén 90 m, ty l& I& roi cha via than trwéc guong 1o
cho c6 thé dat dén 0,98, ddng thdi, vét nit trong
tAng da phu trén phat trién lién tuc cho dén khi dat
gia tri I&n nhéat. Nghién ctru khéng chi cung cép hiéu
biét sau séc vé dong lwc hoc pha hay trong diéu kién
khai thac co gi¢i hoa tai d6 sau Ién ma con minh
chirng kha nang ctia PFC2D trong viéc phan tich cac
hién twong co hoc phtrc tap, tao co s& khoa hoc dé
dwa ra cac gidi phap ky thuat dam bao an toan va
hiéu qua khai thac.

2.2.2. Thiét 1ap mé hinh

Can clr vao diéu kién dia chat thuc té via than
6A cla Cong ty than Nam M3u - TKV, cac théng
s, tinh chat co' ly clia da& vach da tru via than va
khéi da xung quanh, nhom tac gia thiét lap ba mé
hinh twong dwong mé phéng véi géc mé 16 cho to
[6 van tai chan trong moé hinh la 54°, 59° va 65°,
twong ng v&i cac goc dbc 16 cho xién chéo la 25°,
30° va 35°. Tién hanh nghién ciru phan tich va
danh gia trén hai khia canh la: (1) Téc do khai thac
va ti 1& thu hoi than; (2) Pac trung va xu huéng
phat trién cac vét nirt ciia gwong 16 cho va khéi da
xung quanh. Trén co s& két qua phan tich md
phéng sé Iwa chon duwoc goc dbc 16 cho xién chéo
tdi wu, dap ng cac yéu cau 16 cho 25°, 30°, 35°
nhw: tbc dd khai thac; ti 1& thu hdi than cao; anh
huwdng cha nd dén sy 6n dinh cla gwong 16 cho
va khdi da xung quanh la it nhét.

Trudc khi thiét 1ap mé hinh, dau tién can gan
cac gia tri thuc t& cho cac tham sb vé tinh chat co' ly
cta than, da thu dworc tai khu ve khai thac dé mo
hinh dat dwoc trang thai can bang ban dau, cac mé
hinh & trang thai can bang cé cung cac tham sé, chi
khac nhau vé goc déc 16 cho [5]. Két qua mé hinh &
trang thai can bang duoc thé hién trong Hinh 1.
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a) 54°
Hinh 1. M hinh twong dwong v&i cac géc mé 16 cho khac nhau & trang thai can bang ban dau

Dé phan tich dic trwng khai thac than cda 16
cho xién chéo véi cac goc déc khac nhau, tién
hanh nghién ctru so sanh tir hai khia canh la hiéu
suét khai thac twong déi va tbc do khai thac twong
dbi. B&i ba mé hinh cé cling cac tham sé, chi khac
géc dbc, théng qua viéc thay ddi luc lién két gitra
cac hat ctia khu vue khai thac trong mé hinh démod
phdng két qua anh hwéng clia qua trinh né min pha
v& than, tiép theo bang cach cho cac hat tw dong
trwot dwdi tdc dung cda trong lwc cta nd, dé mo
phdng qua trinh van chuyén than trong mat lam
viéc badng mang trwot, s dung phan mém théng
ké trong mdi khoang thdi gian cb dinh sb lwong hat

Ball displacement

1.1834E+01

I 1.1000E+01
1.0000E+01
9.0000E+00
$.0000E+00

| 7.0000E+00
h 6.0000E+00
5.0000E+00

3 4.0000E+00
3.0000E+00

e 2.0000E+00

- 1.0000E+00
— 0.0000E+00

Ball
_mag Balls (35911)
4.6253E+01
4.5000E+01

4.0000E+01
3.7500E+01
3.5000E+01
3.2500E+01
3.0000E+01
2.7500E+01
2.5000E+01
00E+01
2.0000E+01
1.7500E+01
1.5000E+01
1.2500E+01

b) 59°

_mag Balls (37067)

4.2500E+01 |

C) 65°

than dwoc khai thac [4]. Do géc dbc cac md hinh
khac nhau cho nén dwéi cling mét tién d6 chiéu dai
16 cho, téng sb hat than khai thac dwoc trong pham
vi khai thac cé sw khac biét, do dé viéc so sanh toc
do khai thac dwa trén téc do trung binh theo buwéc
thoi gian tinh toan. Cai dat cac khoang thoi gian
tinh toan trén ba mé hinh 1a gidéng nhau, tir d6 c6
thé phan tich danh gia dwoc dac trung téc do khai
thac va ty 1& thu hdi than cla tirng 16 cho twong
&ng véi méi goc déc khac nhau. Két qua sw thay
déi gwong 16 cho trong cac budc thdi gian khac
nhau ctia ba m6 hinh v&i géc mé 16 cho la 54°, 59°,
65° dwoc thé hién trong Hinh 2, Hinh 3 va Hinh 4.

Ball

_mag Balls (36373)
3.4570E+01
3.2500E+01
3.0000E+01
2.7500E+01
2.5000E+01
2.2500E+01
2.0000E+01
1.7500E+01
1.5000E+01
1.2500E+01
1.0000E+01
7.5000E+00
5.0000E+00
2.5000E+00
0.0000E+00

Ball displacement

_mag Balls (35380)
5.9597E+01
5.5000E+01
5.0000E+01
4.5000E+01
4.0000E+01
3.5000E+01

|| 3.0000E+01
2.5000E+01
2.0000E+01

1.5000E+01
1.0000E+01
5.0000E+00

0.0000E+00

1.0000E+01
7.5000E+00
5.0000E+00
>

0.0000E+00

(c) Time20
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(d) Time30
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Ball displ
Ball displacement mag Balls (34652)
_mag Balls (34897 J
5.5892E+01 5.3283E+01
I 5.5000E+01 5.0000E+01
5.0000E+01 4.5000E+01
4.5000E+01 4.0000E+01
4.0000E+01 3.5000E+01
. 3.5000E+01 3.0000E+01
i 3.0000E+01 ' 2.5000E+01
2.5000E+01 2.0000E+01
2.0000E+01 1.5000E+01
1.5000E+01 1.0000E+01
10000501 5.0000E+00
>-0000E:00 0.0000E+00
0.0000E+00 &

(e) Time40 (f Time50 - '
Hinh 2. M6 hinh twong dwong véi goc mé 16 che 54°, twong trng goc doc 16 che’ xién chéo 25°

Ball Ball
_mag Balls (38119 _mag Balls (37323)
9.3078E+01 9.4202E+01
9.0000E+01 9.0000E+01
8.5000E+01 8.5000E+01
8.0000E+01 8.0000E+01
7.5000E+01 7.5000E+01
7.0000E+01 7.0000E+01
6.5000E+01 6.5000E+01
6.0000E+01
6.0000E+01 5.S000E+01
5.5000E+01 5.0000E+01
5.00005:01 l 4.5000E+01
4.5000E+01 4.0000E+01
4.0000E+01 3.5000E+01
3.5000E+01 3.0000E+01
3.0000E+01 2.5000E+01
2.5000E+01 2.0000E+01
2.0000E+01 1.5000E+01
1.5000E+01 1.0000E+01
1.0000E+01 5.0000E
5.0000E 0.0000E+00
0.0000E+00
Ball
Ball _mag Balls (37323)
_mag Balls (37323) 9.4202E+01
9.4202E+01 9.0000E+01
9.0000E+01 8.5000E+01
8.5000E+01 8.0000E+01
8.0000E+01 7.5000E+01
7.5000E+01 7.0000E+01
7.0000E+01 6.5000E+01|
6.5000E+01 6.0000E+01
6.0000E+01 5.5000E+01
5.5000E+01 5.0000E+01
5.0000E+01 4.5000E+01
' 4.5000E+01 4.0000E+01
4.0000E+01 3.5000E+01
3.5000E+01 | 0000E+01
3.0000E+01 Zos
2.5000E+01 2.5000E+01
2.0000E+01 2.0000E+01
1.5000E+01 1.5000E+01
1.0000E+01 i.oooog-m
5.0000E- R
0.0000E+00 00000500,
Time24
Ball
Ball Mplicoment _mag Balls (3732
_mag Balls (38119) 9.4202E+0!
9.3078E+01
9.0000E+0/
9.0000E+01 8.5000E+0]
8.5000E+01 8.0000E+0]
8.0000E+01 7.5000E+0]
7.5000E+01 7.0000E+0]
7.0000E+01 6.5000E+0]
6.5000E+01 6.0000E+0!
6.0000E+01 5.5000E+0!
5.5000E+01 5.0000E+0]
5.0000E+01 I 4.5000E+0]
4.500015:01 4.0000E+0
4.0000E+01 3.5000E+0]
3.5000E+01 3.0000E+0]
3.0000E+01 2.5000E+0]
2.5000E+01 2.0000E+0]
2.0000E+01 1.5000E+0
1.5000E+01 1.0000E+0]
1.0000E+01 5.0000E+0(
5.0000E+00 0.0000E+0(
0.0000E+00

Time32 Time40
Hinh 3. M6 hinh twong dwong véi géoc mé 16 che 59°, twong trng géc doc 16 cho xién chéo 30°
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Ball displacement
_mag Balls (39814)
1.4012E101
l 1.4000E+01
1.3000E+01
1.2000E+01
1.1000E+01
1.OO0OE 01
9.0000E+00
8.0000E+00
7.0000E+00
6.0000E+00
5.0000E+00
4.0000E+00
3.0000E+00
2.0000E+00
1.O00OE+00
0.0000E+00

Time1

Ball displacement
_mag Balls (39291)
2.425T7E+01
2.4000E+01
2.2000E+01
2.0000E+01
1.8000E+01
1.6000E+01
1.4000E+01
| 1.2000E+01

1.0000E+01
8.0000E+00
6.0000E+00
4.0000E+00
2.0000E+00
0.0000E+00

Timeb

Time9
Hinh 4. M6 hinh twong dwong véi géc mé 16 cho 65°, twong (rng géc déc 16 cho xién chéo 35°

3. KET QUA VA THAO LUAN

Can cw két qua cac mo hinh md phéng bén trén
c6 thé thay tbc dd khai thac, sw xuét hién cac vét
nit & guwong 16 cho va khdi da xung quanh véi ba
mé hinh ¢ géc déc 16 che khac nhau cé sy khac
biét dang ké. Theo tirng khodng thi gian, & giai
doan khai thac ban dau tdc dd khai thac than cla

m SO 1-2025

Ball displacem
_mag Balls (39
2.0641E-
2.0000E-
1.8000E-
1.6000E-
1.4000E

1.2000E-
1.0000E-
8.0000E-
6.0000E-
4.0000E-
2.0000E

0.0000E

Ball displacel
_mag Balls (3
I 2.5169E
2.2500F
2.0000E
1.7500E
1.5000E
1.0000E
7.5000E
5.0000F
2.5000E

2.5000F
| 1.2500E
0.0000E

Time7

Ball displace
_mag Balls (3

295221
2.75001
2.50001
2.25001
2.00001
- 1.75001
1.50001
1.25001
1.00001
7.50001
5.00001
2.50001
0.00001

ba mé hinh v&i ba goc déc 16 che' gan nhu khéng
c6 sw khac biét, tuy nhién & giai doan khai thac
théng thwong thi goc dbc 16 cho' xién chéo cang
I&n téc d6 khai thac cang nhanh. Téc do khai thac
va ty & thu hdi than khai thac twong déi ctia ba mo
hinh dwoc thé hién trong Hinh 5.
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(a) méi quan hé téc do-thoi gian

100 ~
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50
70

60

) 1 L L. | I L L 1 1 1 L I
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Thin gian (Time)

(b) méi quan hé ty |é khai thac va thoi gian

Hinh 5. Bidu db thé hién téc do khai thac va ty Ié thu hdi than khai thac twong dbi

V&i mé hinh géc mé 16 chg 54° twong (rng goéc
déc 16 cho xién chéo 25°, tbc dd khai thac cham
nhat va ti 1& thu hdi than khai thac cling 1a thap
nhat. Sau 50 bwéc thdi gian trong cung diéu kién,
ti 1& thu hoi than khai thac chi dat t&i xap xi 89%.
Trong md hinh nay géc déc la nhd nhat, nén chiéu
dai I6 cho xién chéo 14 I&n nhét, trong lwc tac dung
doc theo chiéu nghiéng ctia 16 cho 1a nhd nhéat, ap
Iwc tac dung Ién gwong than va khu ve da xung
quanh la nhd nhét, vi vay guwong than va da xung
quanh twong dbi 6n dinh, sw phat trién khe nit
twong d6i cham. Tuy nhién, do géc mé 16 cho' nhd
nhat, nén khéi than tam giac & phia trwdc guong
16 cho tiép giap 16 song song chan kha méng da
xuét hién cac vét nit va bj pha v&, diéu nay ciing
sé anh hwdng dén tinh an toan va mdc do khai
thac lién tuc ctia mat lam viéc.

V&i md hinh géc dbc 1a 59° twong tng véi goc
déc 16 cho 30°, téc do khai thac than twong déi 6n
dinh, sau 40 budc thdi gian trong cung diéu kién
thi gén nhw toan bd than da dwoc khai thac, ti Ié
thu hdi than dat t&i xap xi 98%, sw &nh hwéng cla
goc déc 16 cho dén d6 6n dinh cla gwong than va
cac l&ép da vay quanh twong déi &n dinh. Trong qua
trinh khai thac tuy cac vét nit cling xuat hién va
phat trién vao khu vwc khai thac nhung téng thé
két cAu cla gwong than va két ciu cta khdi da
xung quanh van gitr dworc sw 6n dinh khéng bi pha
v&. Day ciing la diéu kién thuan loi trong qué trinh
khai thac via than déc né gitp qua trinh pha vé
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than ré rang hon, téc dd khai thac sé tang 1&n, dong
thdi gwong than va cac khéi da xung quanh khéng
bi pha v& va khéng co hién twong trwot |6 lam gidm
ap lyc tac dung 1&n gian chéng, gitp gian chéng
lam viéc &n dinh, mlrc dd an toan 16 cho cao hon,
ciing la yéu t6 giup qua trinh khai thac 16 cho duoc
lién tuc.

Con ddi véi mé hinh géc mé 16 cho 65° twong
&ng goc dbc 16 cho xién chéo 35°, c6 thé thay tbc
do khai thac va ti 1& thu hoi than khai thac twong
déi tt, tuy nhién gwong than cta 16 cho khéng 6n
dinh, b&i chiéu dai 16 cho xién chéo I1a nhd nhét,
goc déc déc 16 cho twong dbi 16n, trong lwc tac
dung doc theo bé mat l1am viéc tang I1&n rat nhiéu;
cac dan chdng trong 16 cho khéng 6n dinh dé bj db
dat theo chiéu dbc, c6 nguy co’ cao gay mat an toan
lao dong.

Vi vay qua cac mé hinh véi cac goc déc khac
nhau, xét vé cac khia canh téc do khai thac, ti 1&
thu héi than khai thac, d6 6n dinh clia gwong |6 cho
va tinh hiéu qua kinh t&, mirc d6 an toan. Mo hinh
c6 goc dbc 59° twong (rng véi géc dbc 16 cho xién
chéo 30° [a t&i wu nhét.

4. KET LUAN

> Goc dbc cia |6 cho xién chéo anh huéng rat
lén dén téc d6 khai thac, ty 1& thu hdi than khai
thac, sw 6n dinh cla gwong lo cho va khdi da xung
quanh;

> Sy 6n dinh cta guong 16 cho va khéi da
xung quanh giam ap lyc mo tac dung lén gian
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& KHAI THAC MO

CONG NGHIEP MO

chdng, né d&m bao cho qua trinh san xuat dwoc
an toan va hiéu qua, han ché cac nguyén nhan gay
ra mat an toan trong qua trinh khai thac;

> Dwa trén két qua phan tich mé hinh mé
phdéng s véi géc mé 16 chg 59° trong md hinh

TAI LIEU THAM KHAO

twong ng véi goc dbc |6 cho xién chéo |4 30°, xét
trén cac khia canh nhw tdc do khai thac, ti & thu
hdi than, sw &n dinh clia guwong 16 che va khéi da
xung quanh Ia t6i wu nhat O
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APPLICATION OF PFC2D NUMERICAL SIMULATION ANALYSIS
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ABSTRACT

For diagonal longwall mining technology, soft scaffolding is used to exploit steep, medium-thick coal
seams. Determining the appropriate pseudo-tilt angle of the diagonal longwall is an important key to
calculating other parameters of the longwall. The steep slope angle of the longwall slant directly affects
mining efficiency and safety during the mining process. Therefore, the article takes the diagonal
longwall parameters of coal seam No. 6A of Vinacomin - Nam Mau Coal Company as the research
object, using PFC2D numerical simulation software to simulate diagonal longwall mirrors with different
slope angles. to evaluate the efficiency of coal mining and the influence of the longwall slope angle on
the stability of the longwall mirror and the stability of the surrounding rock mass.

Keywords: slope angle, speed, stability, particle dynamics simulation.
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