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TOM TAT

Trong chu ky lam viéc cua lo cho, dudi dap lwc mé lam cho xa néc ciia gian chong ha thap
theo thm gian. Khi 6, dung dich nhii twong dp sudt cao trong cét chong sé drge thao ra mét phan
chay vé dwong dau héi qua van an toan lam giam tdi cho thiét bi chong. Méi chu ky lam viéc cot
chong bi co ngan trung binh khodng 4080 mm, twong g véi heong dung dich nhii twong ap sudt
cao ddy ra ngoai. Pay la lwong dung dich khéng 1om, tuy nhién véi viéc sir dung 80 dén 150 gian
chong trong mot 16 cho thi long dung dich nhii tiwong dp sudt cao bj day ra khoi ¢t chong ciia toan
16 cho trong mét chu ky la déang ké. Hién nay, lwong dung dich nhii twong ap sudt cao dwoc xd truec
tiép vao dwong dau hoi gdy lang phi nang lwong. Do do, nghién civu ndy thuc hién cac céng viéc
nham dwa ra giai phdp tan thu hiéu qua lwong dung dich dp sudt cao bo phi tir cét chong khi gian
ché'ng lam viéc trong lo cho ma van dam bdo an toan cho nguoi lao dong, cdc thiét bi va linh kién
ciia hé thong.

Tir khéa: Gian chong; Khai thac ham 1o; Sap 16; Nang heong.
ABSTRACT

During the longwall working cycle, the roof beam of the support hydraulic system gradually
lowers over time due to under mine pressure. As a result, the high-pressure emulsion solution in
the prop column is partially drained and flows into the oil return line through the safety valve. This
reduces the load on the prop device. With each working cycle, the hydraulic cylinder shrinks by an
average of 40 to 80 mm, corresponding to the amount of high-pressure emulsion solution pushed out.
While the amount of this solution may seem small, when considering the use of 80 to 150 hydraulic
supports in a longwall, the total amount of high-pressure emulsion solution pushed out in one cycle
is significant. Currently, this solution is discharged directly into the return oil line, resulting in
wasted energy. Therefore, the purpose of this study is to propose a solution for effectively recovering
the wasted high-pressure solution from the hydraulic cylinder during the longwall support system's
operation, while also ensuring the safety of workers and equipment systems.

Keywords: Hydraulic support; Underground mining, Collapse; Energy.
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1. PAT VAN PE

Trong twong lai, ngudén ning lugng
ngay mdt can kiét, di kém vdi viéce tiéu thy nang
luong s& gay 6 nhiém moi trudng. Vi vy, viéc
nghién ciru giai phap dé tiét kiém nang luong
dam bao an toan trong qua trinh khai thac than
1a huéng di dung din, bén ving va hop 1y cia
nganh than. Xu hudng khai thac than trong thoi
gian hién nay va tuong lai da phan ap dung cong
nghé khai thac than ham 16 [1, 2, 3]. Qua trinh
khai thac co ban gom chdng giir, khu than va
van tai. Trong do, viéc chéng dd 10 nham dam
bao khoang khong gian lam viéc an toan cho
ngudi va thiét bi. Theo tién do tién guong 10
cho, dién 19 tran s& dugc chéng gilr kip thoi
theo chu ky khau va phai dam bao hai nhiém vu
chinh:

- Chong gitr va dicu khién ap luc da vach;

- Phyc vu viéc pha hoa va che chin dét
da pha héa khong roi vao khu vuc lam viéc.

Pay la cong viéc rat vat va, chiém s
luong lao dong 16n (co thé chiém t6i 60% khoi
lugng cong viéc néu sir dung cot chong don).
Viéc chong d& 10 c¢6 thé thuc hién bang cach
str dung cot chdng két hop véi cac xa noc bang
kim loai, gi4 d& nhu: gia chong va gian chdng
thuy luc tu di chuyén. Trong d6, & cic mo than
ham 16 ¢ Viét Nam va trén thé gii hién nay
dang dan tién toi ap dung gian chéng co gidi
hoa tu di chuyén.

Duéi sy hoat dong cua 16p dat da vach,
gian chéng thity Iuc co gidi hoa co co ché 1am
viéc nhu sau [3, 4, 5]: Trong Hinh 1, chét long
cao ap duoc cung cap tir tram bom dén cac thiét
bi tiéu thu nho cac 6ng dan va duge diéu khién
bang van thuy luc 2 (van 4/3). Bé tao luc chong,
ban dau gat tay diéu khién ctia van sang vi tri A.
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Chat 16ng thuy lyc di qua van mot chiéu 3 va di
vao khoang duéi ciia cot chong 1, ning xa noc
cua giém chbng ap vao da vach tao luc chong
ban dau, khi 4p sudt chéng dat gia tri P, (4p
suit chdng ban dau) gat van vé vi tri cii (vi tri
O) Sau mot thoi glan chéng (T,), dudi su sup
d6 ctia da véch, ap suit trong cot tang dan dén
diém P , (Hinh 2). Luc nay, ap suét trong cot da
vuot ngudng cho phep clia van an toan va bt
dau xa bot chat 1ong vé duong thap ap lam cho
ap suat trong cot glam xuong dén P,. Chu ky
nay dién ra lién tyc dén hét thoi gian 1am viée
TZ’ sau do gat van 4/3 sang vi tri B ha cot dé
tién hanh di chuyén gian chéng voi thot gian xa
laT,. Tiép theo di chuyén gian chéng vé phia
guong 10 va két thac chu ky 1am viéc cia gian.

Caa dp

Todp dp

Hinh 2. Chu ky lam viéc cia c¢ét chong thity liec

trong lo cho [2, 3]
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Trong hinh 2: T - Thoi gian hoan thanh
mot chu ky chong, T, - Th01 gian ap luc chong
ban dau ting dén gia tr1 lam vi¢c cua van an toan;
T, - Thoi gian van an toan 4 1am vigc; T, - Thoi
gian thu cot chéng; T, - Thoi gian di chuyen
gian; T, - Thoi gian tao luc chdng ban dau.

Qua do, ta théy rang c6 mot luong chat
long ap sudt cao nhat dinh trong thoi gian T, da
chay vé duorng thap ap, didu nay s& gy ra su
lang phi néu chung ta khong c6 giai phap thu
hdi hodc tan dung duoc ngudn ning luong nay.
Vi vay, viéc nghlen ctru tinh toan thu hoi ap
suat cao cua cot chong trong qua trinh lam viéc
duoc xem 12 cén thiét.

2. NOI DUNG NGHIEN CcUU

2.1. Nghién ciru sw hinh thanh niang lugng
cua qua trinh khai thac than trong 10 chg

Dé khai thac mot tan than trong diéu
kién khai thac than ham 10 cta bé than ving
Quéng Ninh, trung binh ¢6 t6i 6 + 11 tin dat da
bi sup d6. Nhu vay, hang niam c6 t&i 200 + 500
triéu tn dat d4 bi dich chuyén (sup d6) & cac 1o
cho tai vuing mé Quang Ninh. Trong qua trinh
dich chuyén cua da vach nhu vay, da tao ra mdt
lugng 16n nang lugng duoc gidi phong.

Pé lam 1 qua trinh nay, tién hanh khao sat
dién bién ap luc mo trén pham vi khai thac, qua
trinh nay dugc thé hién qua so do sau (Hinh 3):

Lép dé co
ban

Pa vach
trwe tiép

Via than

Neén 1o

Ving 5 [Ving4 [Vang3 [Ving2 [Vangl Viing

Hinh 3. So do twong tdc ciia gian chéng va vach

Trong do:

- Vung 1 1a ving 4p lyc tinh trong khi
than (vung ap luc nguyén sinh).

- Vung 2 1a vung ap luc tya trudc guong
khai thac. D6 day cua ting cang 16n thi ving 2
cang rong;

- Vung 3 1a vung &p luc tua cua dé vach
lén gian chéng, & day cac thong sé chinh vé
trang thai cia n6 cé thé duoc xac dinh béng
cach do truc tiép ap suat trén cot chong.

- Vung 4 la vung khong gian da khai
thac, xay ra hién tuong sup do truc tiép phia sau
khi dich chuyén gian chdng theo 10 cho.

- Vung 5 1a mot phan ctia khong gian
khai thac, ving nay c6 ap luc duoc thiét lap lai
& trang thai can bang.

Do su dut giy cta dat da vach trong quéa
trinh khai thac 10 chg, mot lugng thé nang W nhat
dinh dugc giai phong, gia tri cua n6 khac nhau
dua trén sy sap 16 ctua dét da tai vung khai théc.

Trong truong hop tong quat, cin bang
nang lugng cho khu vuc dang khai thac cua 10
cho ¢ thé dugc biéu dién dudi dang phuong
trinh nang lugng nhu sau [2]:

W=W +W,+W,+W,+W, (1)

Trong do: W la biép thién thé ning &
vung 1, day la vung can bang, trang thai ng
suat trén dat da 1a khong doi, sy bién thién ning
luong nay nho, do d6 c6 thé bo qua khi tinh
toan; W, lf:i nang luong sinh ra tai vung 2 gay
nép cac bién daqg tr}rdc guong khai thac; W, 1a
thé nang cua khoi dat da trén vach tac dung 1én
gian chong; W , la nang lgong tiéu hao cho qua
trinh ro1 rac hoa va sup do cua vach; Wi la nang
lugng danh cho vi¢c nén cac da bi sup do ¢ vung
da khai thac dé tién t6i thiét lap trang thai can
bang méi, & ving 5 ciing nhu viing 1 bién thién
nang lugng nay tuong dbi nhé nén cé thé bo qua.
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Vung 1 va ving 5 do ap luc dit da dugc
xem 13 6n dinh, do d6 khong c6 su chuyén dich
vé nang lugng hodc néu ¢ thi twong ddi nho,
nghiala W =0 va W, = 0. Vi thé, nang luong
danh cho sap 16 da vach duogc tinh nhu sau [2]:

W,=W-W,-W, )

Néu thoi gian cta chu ky khai thac t — oo
thi tong thé nang do khdi dat da trén vach sinh
ra trén vung khai thac dugc xac dinh theo cong
thure sau [2]:

W=H.L .L,.y.g.cosa 3)

Trong do: H - B¢ day cua da vach cé
thé dich chuyén (sup dd) sau khai thac, m; L,
- Chiéu dai cua 10 chg, m; L,- Chiéu rong cua
10 cho, m; v - Khoi luorng riéng cua dat d4 trén
véach, tin/m?; g - Gia tde trong truong, m/s?; o, -
La gbéc nghiéng via, do.

Vung 2, 3 dugc quan tim nhiéu nhét
trong cac vung dang dugc xem xét va chung cod
quan hé mat thiét v6i nhau, vi cac thong sO cua
n6 ¢6 thé duogce xac dinh chinh xéac bang ap suét
ctia chét 16ng 1am viéc trong khoang piston cia
cot chdng thuy luc. Do vay, nang luong sinh ra
do sy ha thap cua da vach trén gian chéng co
thé xéac dinh theo cong thirc (4), [2]:

Trong do: p, - Ap suit trong khoang
piston cua cot chéng thuy luc, MPa; n_ - S6
luong cot chong trong 10 cho; S, - Budc di
chuyén cua 10 cho, m/chu ky, D Du’orng kinh
khoang piston ctia cot chong thuy lyc, m; L, -
Chiéu dai ciia 16 chg, m; L,- Chiéu rong ctia lo
chg, m; t - Thoi gian lam viée cua gian chong
thuy luc trong mot chu ky, h; Q - Ning suét ctia
16 cho, tan/h; G - Khéi luong than dugc khai
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thac trong mét chu ky khéu, tan; n, - Hi¢u sut
cua sy chuyén doi nang lugng, n, = 0,99.

T cong thic (4), ching to rang co
thé thu dugc mot ning luong co gia tri la W
tur sy chuyen dich ctia dat da vach thong qua
gian chéng thiy luc va tan thu n6 dé sir dung
lam ngudn ning lugng cung cap cho bom kiéu
piston, két qua 1a dung dich nhii tvong thp ap
dugc ting ap 1én ap suit twong duong véi ap
sudt bom chinh cua hé théng mot cach hiéu
qua.

2.2. D¢ xuit giai phap thu hoi dung dich nhii
twong ap suit cao

H¢ thong thuy lyc cua gian chéng cai
tién (Hinh 4) dugc bd sung thém van 5 (van
3/2), bom 8, van mot chiéu 6 va 7.

Viéc diéu khién gian chéng duoc thuc
hién twong ty nhu gian chéng thong thuong.
Tuy nhién, gian chong cai tién khac biét & chd:
trong qué trinh 1am viéc cta gian chdng thiy
luc, khi 4p suat trong khoang dudi piston cot
chéng dat dén ngudng cho phép thi van sb 5
lam viéc (van an toan 4 chi lam viéc khi cum
thu hoi nang luong gip su cd), tir d6 dong dung
dich nhii trong cao ap dugc diy vao khoang a
cua bom. Luc nay, dudi su chénh 1éch vé luc
trén piston 9 1am né6 di chuyén xudng dudi, do
d6 ap suét trong khoang b ting 1én dat dén gia
tri dat ctia bom, liic nay van mot chiéu 7 mo ra
va chét 1ong cao ap di tir khoang b vao dudng
cao ap cua hé thong. Khi ap suét trong cot giam
xudng dudi ngudng an toan thi van 5 duoc day
vé vi tri ban dau, déng thoi 16 xo0 10 déy xilanh
8 1én phia trén ddy chét 16ng trong khoang a ra
ngoai, ddng thoi chat 1ong duoc rat vao khoang
b tiép tuc chu ky lam viéc méi.
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Cao ap

Thép éE i [

Hinh 4. So' do thity liec b6 sung cum thu hoi
nang luong

Thé tich dung dich nhil tuwong dugc
thoat ra trong mot chu ky lam viéc cua thiét bi
chbng duogc xac dinh theo cong thirc (5):

D’

Vv =Z"c.[ 5

=k )

Trong do: D, - Duong kinh piston c¢ot

chong thuy lyc, mm; L - Hanh trinh ha thap
ctia cot chdng trong mot chu ky, mm.

Luong thé tich dung dich nhii twong
duge di vao bom dugc biéu dién thong qua
cong thirc sau:

V.=V, (6)

Tir d6, hanh trinh dich chuyén piston
cua bom duoc xac dinh nhu sau:

D2

La Dz' c

(7)

V6i: V- Thé tich dung dich nhii tuong
di vao khoang a ctiia bom, mm’; D, - Dudng
kinh piston cua khoang a, mm; L - Hanh trinh
dich chuyén cua piston trong khoang a, mm.

DPé bom lam viée dugc thi lyc ddy do
chénh 1éch 4p suét giita khoang a va b phai thoa
man diéu kién sau:

F - F,
AF=—_"%>0 (8)
n
zD? zD;]
a 'pb
Suy ra: AF = 4 4 >0
n
p. . D,
hay—“Z—’; 9
pb Da

Trong do: p, - Ap suit khoang a (MPa),
ap suit ndy bang véi ap suat 1am viéc cua cot
chbng p, = 38,2 MPa; p, - Ap suét khoang b
(MPa), 4p suat nay bang voi ap suat cua tram
bom p, = 31,5 MPa; D, - Duong kinh piston
ctia khoang b, mm; 1 - Hé sb hiéu suat chuyén
d6i nang luong co khi, thuy luc.

Luong thé tich dung dich nhil héa bom
vao hé thdng dugc xac dinh theo cong thirc sau:

2
_ D,

v, =V,

1

L,onz (10)

Thay (7) vao (10), ta duogc:

xD} D?
Vlh: 4b.D_c2.Lc.n.Z (11)

Thay (9) vao (11), ta dugc:

2
Vth=M'&'Lc'”'Z (12)
4 p,

Véi: L, - Hanh trinh dich chuyén cua
piston trong khoang b (mm), v6i L, =L _; n - S6
gian chong st dung trong 10 chg; z - SO cot
chdng trong mot gian chdng.
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3. THAO LUAN VA KET LUAN

- Thong thuong, trong mot 16 cho céd
khoang 80 dén 120 gian chéng lam viéc dong
thoi, mot gian co tir 2 dén 4 cot chdng va mot
cdt c6 dudng kinh trong ctia than xilanh 1a 200
dén 400 mm. Qua nghién ctru v6i cac loai gian
chéng thi trung binh mot chu ky chdong, cot
chéng ha thip xudng 40 dén 80mm tiy thudc
vao diéu kién dia chat cta noi ap dung. Két
qué cho thay lugng chat 1ong ap suat cao mat
di trong mot chu ky chong ciia 16 cho 14 rat 16m,
gy lang phi ning luong néu khong duoc tan
dung.

- Viée cai tién thiét bi chéng duoc
nghién ctru dé tang kha nang thich (mg va nang
cao hiéu qua lam viéc, nang cao an toan, tan thu
nang lugng. Do vay, viéc thu hdi niang luong
thong qua hoat dong cta gian chdng dugc xem
1a giai phap doc dao, c6 thé phat trién va su
dung trong thuc té khai thac than ham 10.

- Viéc str dung dung dich nhii twong ap
suét cao xa ra tir cot chong dé 1am ngudn ning
luong dan dong, day duoc xem la giai phap thu
dugc nhiéu ning luong, khac véi viéc dau ndi
né truc tiép vao duong cao ap ciia hé thong nhu
duoc dé cap trong nghién ctru [5].

Tt nhitng nghién ctru phan tich ¢ trén,
ta c6 thé dua ra cac két luan sau:

- Viéc tinh toan ap luc mé 1én thiét bi
chéng 1a cong viée rat phirc tap, tuy nhién rat
quan trong trong viéc tinh toan thiét ké thiét bi
chéng ciing nhu tinh kha khi ctia viéc ¢6 nén ap
dung giai phap thu hoi ning lugng.

- Pa d& xuit dugc so dd hé thong thity
luc tan thu nang lugng do su dich chuyén cua
da vach trong qua trinh chong, tir d6 nang cao
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hiéu qua ciia qua trinh khai thac, thu hdi ning
lugng xa thai thanh nang lugng c6 ich.

- So dd hé théng thuy luc duoc dé xuét
sir dung dung dich nhil twong 4p suat cao x4 ra
tir cot chdng dé 1am ngudn dong luc cho bom
dugc xem la giai phap hi€u qua, thém sy lya
chon cung véi viéc dau ndi né truc tiép vao
duong cao ap, tir d6 gitp da dang hon trong
nghién ctru.
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