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remote-controlled manipulator structure that assists the netlaying operation of digging-
anchor integrated machine. The structure adopts a seven-axis articulated robotic arm with
a top gripper in order to realize the multi-angle and high-precision laying of anchor nets.
In addition, advanced computer simulation technology is used to analyze the dynamic
performance, motion trajectory planning and force characteristics of the robotic arm, and
the structural design and control algorithm of the robotic arm are optimized iteratively to
ensure its stability and reliability in the complex underground environment. At the same
time, a set of adaptive adjustment strategy is developed for the motion control of the robotic
arm, so that the robotic arm can automatically adjust the motion parameters according
to the actual working conditions (tunnel shape, mesh material), and realize accurate and
efficient net-laying operation.

The results show that the automated net-laying equipment significantly improves the
efficiency of net-laying operation, compared with the traditional manual net-laying
method, the efficiency is increased by ore than 20%. Through automated operation, it
realizes the goal of reducing the number of workers by more than 33%, which effectively
alleviates the problem of tense human resources in underground coal mines. The labor
intensity of workers has been greatly reduced, reducing the high degree of climbing work,
reducing the risk of work related injuries, and the labor intensity has been reduced by more
than 80%. At the same time, the automated net-laying process reduces the possibility of
human error and significantly improves operational safety. In the future, with the continuous
iteration and improvement of the technology, this technology is expected to play a more
important role in the intelligent construction of coal mines, and promote the development of
coal mine production in the direction of safer, greener and more efficient.

Mé déu

Moi truong tac nghi¢p trong 10 cia mod
than phtre tap, cong nhén tac nghiép tai hi¢n
truong ludn phai d6i mat véi rai ro vé tinh
mang, dong thoi gia thanh nhan cong ngay
cang tang lam cho vi¢c giam cong nhén tac
nghlep trong 10 (da cit glam) da tro thanh
nhu cau burc thiét ctia cac moé than. Ngoai ra,
moi tru’orng lam vigc trong 10 khac nghlet
tiém an nhiéu yéu t6 rui ro, nhu n6 khi mé
tan, sip do vach, nhiing yéu to nay da tao
thanh nhitng uy hiép kéo dai cho tinh mang
cua cong nhan.

Trude nhiing van dé ma nganh khai thac
than phai d6i mat néu tren didu dic biét
quan trong la "it nhan vién" lam vi¢c trong
16 dé cai thién do an toan va giam ty 1€ tai
nan. Cong tac rai ludi va neo co dinh thu
cong tmyen théng 1a budc quan trong trong
chong gitlr duong 16. Tuy nhién, cong tac nay
can cong nhan van chuyén va lip dugc ludi
trong dudng 10 chét hep va khong on dinh,
khong nhitng ton nhiéu cong sirc ma con rat

nguy hiém. Dic biét & guong dao lo, diéu
kién dia Chat phuc tap va két cau du:ong 10
bat qui tic lam gia tang thém do kho cho
cong tac, de gy ra sy cO cOng nhén roi tur
do cao xuong Ngoai ra, hi¢u suat lam viéc
thi1 cong thap, dé dan t6i chong gnr duong 16
khong kip thot, tir d6 tang rui ro sp d6 duong
16. Nhirg yéu tb nay khong chi 4nh huong
dén chat luong chong glu’ cua duorng 10, con
tang thém tan suat sy ¢ an toan cua cong
tac mo, han ché an toan san xuét khai thac
than. Duong Trach Nguyén (Yang ZeYuan))
— Tong vién nghién ctru khoa hoc than trong
dé tai “Nghién ctru phuong phap diéu khién
khop quay canh tay robot rai ludi trong 10
mo than”da dé xuét phuong phap diéu khién
tu thé khop quay cua canh tay robot rdi ludi
cho thlet bi chong giir. Hé thong diéu khién
tu thé dugc kiém chimg thong qua phan tich
ly thuyet moé phong hé thdng va thir nghiém
mo phong ban vat ly

Zhang Ziling cua Dai hoc Cong nghé
Thai Nguyén trong dé tai “Phat trién hé
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thong diéu khién rai ludi tu dong gian khoan
chuyén dung cho mo thong minh”da phat
trién mot hé théng dicu khién rai ludi ty
dong cho phuong tién khoan neo khai thac
mo thong minh dya trén quy trinh rai ludi
thu cong, glup cai thi¢n dang ké trinh do
tw dong hoa cua cong tac chong gnr du:ong
16. Ngoai h¢ thong diéu khlen rai ludi, viéc
thiét ké va nghién ctru thiét bi rai ludi ciing
dat dugc nhiéu két qua phong phu. Wang
Fuqiang trong “Nghién ctru thiét bi rai ludi
tam tu dong gian khoan (Tap chi may mo
than 2019, 40 (5)-107-109)” thudc Cong ty
TNHH Vién nghién ctru Thai Nguyén thudc
Tap doan Khoa hoc va Cong ngh¢é Than
Trung Quéc di ché tao mot thlet bi rai ludi
tam hoan toan ty dong va thlet ké dong bo
vo1 mot glan khoan neo dé nang cao hon
nira hiéu qua rai ludi. Cac vat li¢u ludi neo
khéac nhau tuong rng véi cac phuong phap
rai khac nhau. Cui Jinsheng trong bai viét
“Cong ngh¢ rai ludi ty dong dao 10 toc do
nhanh ( Trung Quoc CN113982661a,2022-
01-28”)da dé xuét mot quy trinh rai ludi ty
dong dé dao duong lo tbc d6 nhanh dwa trén
ludi mem polyﬁber va ludi hinh lang, gitp
g1am s6 1an noi chong khi rai ludi dé chong
gitr. Ngoai ra, dac tinh da dang cua hinh thai
duong 1o cung 1a thach thirc doi véi cong tac
chong gilt bang rai ludi. L1n1ng Nghién
ctru ky thuat quan trong va két cau thiét bi
chong gitr tam duong 10 hinh ch@t nhat - Dai
hoc cong nghiép Li€u Ninh, 2013 da thiét ké
1 loai thiét bi chdng gii tam & néc may dao
16 khi dp dung cho dudng 16 hinh chir nhét,
thong qua dich chuyén tu:ng budc, thuc hién
viée trai rong ludi neo va chéng giir vach.
Wang Chenglong thudc Dai hoc Khoa hoc
va Cong ngh¢ Tay An da dé xuat va thiét ké
mat thi€t bi tao ludi ty dong trén may khoan
neo mo than, st dung co cau kep de thuc
hién viéc nam, 14t va di chuyén cia mot tim
luéi neo. . )

Tu nhﬁfng dicu trén cho thay, viéc nghién
cuu va ung dung ky thuat rai ludi ty dong
hoa da thé hién dic tinh wu viét va tinh can
thlet rat 16 rang K¥ thuat rai ludi tu dong co
thé tich hop vao trong may dao 16 neo, thong

qua tay robot va hé thong diéu khién thong
minh dé thyc hién lip dit va neo cb dinh
mot cach tu dong ludi neo. Tac gia dua vao
qua trinh lap dat ludi bén mém va ludi noc
cung cia duong 10 mo than va phan tich 1y
ludn, phuong phap mo phong g1a tri so tién
hanh phan tich va t6i wu hoa sau sic d6i voi
tinh nang dong luc hoc, qui hoach quy dao
chuyén dong, dic diém chiu luc cua canh
tay robot, da nghién ctru hinh thire cam nim
cua canh tay robot d6i voi ludi neo khong
dong chat, tlen hanh phan tich co ché diéu
khién chuyén dong cua canh tay robot, nang
cao tinh chinh xac cua lugi neo dinh vi va
cdm nam, lam cho né c¢6 thé ty di€u chinh
phu hop dua theo tinh hinh thyc té€ trong 10.
Thong qua tich hop céanh tay robot tw dong
hoa va hé théng diéu khién thong minh, ky
thuat rai ludi tu dong khong chi ¢ thé cai
thién do chinh xac va hi¢u suét rai ludi, hon
nita giam bét sd luong cong nhan tac nghiép
trong 10, giam rui ro su co, nang cao nang
sudt san xuat. Sy phat trién ctia .cong ngh¢
nay khong chi phu hop v&i nhu cau birc thiét
cua nganh mo than, con dai dién cho phuong
hudng phat trién mo thong minh héa trong
tuong lai.

1. Tinh hinh cong tac rai lwéi duwong
10 dao 10 mo than .

1.1 Tinh hinh rdi lwoi thu cong bang
mady dao lo neo

Quaé trinh rai lu6i noc va ludi bén thu
cong bang may dao 16 neo trong mo than
ham 10 1a cong tac can phdi hop chinh xac
va lao dong cuong d cao. Ludineo duoc st
dung déu can phai van chuyén thu cong Vao
trong guong dao 10, dong thoi do cong nhan
trién khai va khiéng vao noc 10. Ludi neo
binh thuong tuong dbi nang, qua trinh van
chuyen va trien khai can nh1eu cong nhan
ph01 hop hoan thanh. Sau khi trlen khai ludc
noc, cong nhan st dung vat chéng gnr tam
thoi (nhu thanh chong) dé c6 dinh ludi o trén
noc duong 1o dé chung khong truot xuong
Sau d6, cong nhan can khoan 16 khoan 0 noc
16, chén thanh neo nao va st dung chat ¢b
d1nh neo hoic keo déo cb dinh thanh neo,
tor d6 dam bao ludi noéc 10 duoc gan cd d;nh
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chéc chén vao noc 10, thao tac tai hién truong
xem hinh 1.

Lap dat ludi bén can cong nhan véan
chuyén luéi neo tir khu vuc tap két tam thoi
dén thanh bén duong 10, dong thoi trlen khai
theo phuong dudng 10. Cong nhan can kéo
doan ludi neo 1én dén vi tri thanh bén, dong
thoi sir dung thiét bi c¢b dinh dé ¢6 dinh tam
thoi. Glong nhu ludi néc, cong nhan can
khoan 16 trén thanh bén, chén thanh neo
hodc neo cap vao, dong th(n tién hanh co
dinh neo, d€ dam bao ludi bén duge chic
chan. Toan bo qua trinh can dleu chinh vi
tri ludi neo nhiéu lan dé chic chin rang mat
lu6i va thanh 10 tiép xuc chit ché véi nhau,
thao tac tai hién truong nhu hinh 2.

Hinh 2 la qua trinh cong nghe rai ludi tai
hién trudng, viéce lap dat ludi noc va ludi bén

(a) Béo quan

(c) Chéng g oii}

L=

hién ¢6 khong chi doi hoi cong nhéan c6 kha
nang va thé lyc diéu khién tuong dbi cao,
con phai thuc hién cac thao tac phuc tap trén
cao va trong khong gian nhdé hep, tang thém
do kho va rui ro an toan khi tac nghiép.

1.2 Tinh hinh dmmg lo

Puong 10 dao chi yéu cin ctr vao sb liéu
do dugc trong 10 mo than Dahaice ciia Thiém
Tay, thong s6 duong 10 1a 5 900 mmx4 250
mm. Ludi noc 1a ludi cung c6 thé truc tiép
cAm nam duoc, thong sd kich thude ludi
néc 12 3 300 mmx 1 200 mmx36 mm, trong
lugng mot ludi khoang 25kg, két cau cu the
xem hinh 4a. Ludi bén 13 ludi cudn mém,
kich thude 500 mmx 1 50 mm, trong lugng
mot cudn khoang 30kg, két cau cu thé xem
hinh 4b.

(d) Neo co dinh
Hinh 1. Tinh hinh lip dit lwéi néc
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(b) Rai hrdi

(¢) Lién két heoi (d) Neo c6 dinh
Hinh 2. Tinh hinh lip ddt ludi bén

Vira dao 1o vira neo co dinh vira khoan 10

(Nhé& chong gif veot trudce)

| |
| Rai luwdi noc trude |
| |
| |

Lién két giita cac ludi bang thi cong

Hinh 3. Cong nghé rdi luoi
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(a) Ludi ndc cimg (b) Ludi bén meém
Hinh 4. Két cdu lwdi neo

2. Thiét ké hé thong rai lwéi tw dong neo tao thanh, két ciu tong thé xem hinh 5.
toc do nhanh Canh tay robot chu yéu duoc sir dung de
2.1 Ket ciu tong thé tuw dong lay ludi neo trong mot khong gian
Heé thong rai ludi ty dong tdc d6 nhanh can han ché va dua dén thanh 10 tuong tng dé
ket hop co hiru v6i may dao 16 neo, chu yéu neo cb dinh. ) i
g6m 2 tay robot diéu khién tir xa va 1 hop ludi Hop ludi neo chu yéu dung dé bao quan

Tay robot DK tir xa-1
Thanh bén duong lo 1

Hinh 5. Két céu tong thé rdi luéi tw dong
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ludi neo, can clr vao khoang cach gitta may
dao 16 neo va noc duong 10, chleu cao hop
ludi neo thiét ké 1a 800mm, c6 thé chira duoc
20 tAm lué6i noc cung.

2.2 Thiét ké tay robot

‘Tay robot la by phén quan trong cua hé
thong rai ludi ty dong, d€ tay robot co the
van hanh 6n dinh trong méi trudng khéc
nghiét trong 10, chon dung 7 dong co phong

n6 chuyén ding cho mo lam dau ra cung cip
dong lyc cho canh tay robot.

Hinh 6 1a so d6 chirc ning dang cay cua
tay robot. Thiét ké cua tay robot chu yéu
thong qua phan tich bang phuong phap hop
den va tinh hinh rai ludi thyc t€, xac dinh
thiét ké chirc nang co ban va thiét ké churc
nang phu trg. Churc nang phu trg 1a sy dam
bdo thyuc hién cua chirc nang co ban.

cam nam luwdi

v robot

|
|
|
I
Chire nﬁngca.mnim F (Mnng rc-b:::tn&mlum)
I
“ |
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"
|
M rong pham vi quay trdi, | (Khuw tay- dong co- vit- |
|phal 'Eﬂa caﬂh ta".-' Tﬂbﬂt : ong chuq.ren tlgp
I - Nl ctii xuéng cia | _(”Rang hinh quat- truc-
Tir tay robot DK tir xa , cdnh tay {_ ring hinh quat
I
rmmﬂngdr,mgcecua L~
1 \ chirc néng ngéng, cii cia :r Bong co- vit- 1'5'1131"111“11"1‘“
e hin dons the ch , canh tay
e lien dong tac cim ' Thép- ong trong- t trirt-
dgng tay robotva 7 cap _| \ 1 Co dudi cua cinh tay (WEI;:E g- tim
dd ty do khong gian khi | -
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Hinh 6. Chirc nang hinh cdy cuia tay Robot
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Thong qua so d6 chirc néng dang cay, xac
dinh d¢ ty do van dong cua tay robot. Tay
robot chil yéu gom 7 khép tao thanh, duoc
thuc hién thong qua khuyu tay, canh tay 16n/
nho, khép ¢6 tay, dé xoay va mong tay robot,
Mo hinh ba chiéu cia tay robot dwoc thé
hién trong Hinh 7.

2.3 Thiét ké két cau mong robot

Can clr vao dic diém két cau cua ludi bén
va luéi noc trong duong 10, dé xuat 1 ‘mong
tay robot thong dung loai mdi, chu yeu bao
gom co cau dan dong tay moc, tay moc quay
va gia do c¢b dinh, dong thoi thye hién cam
nam va rai ludi noc va ludi bén, két cau cu

DBong co

A 3 Cin tay robot
phong nod :
chiyén /
ding cho . r
mo

Cin 16m tay robot

——

Bé quay tay robot

thé xem hinh 8.

Trong qué trinh cam nam luéi thyc té,
tay robot thong qua co ciu kéo ludi ¢ noe
dé hoan thanh cam nam luéi noc, dong thoi
nang ludi noc dén phan noc duong 16. Do
ludi bén thudc ludi cuon mém, trude khi
dung tay robot dé cam nam, can sir dung
cong cu chuyén dung de rai ludi bang phang
Sau do, thong qua co ciu kéo ludi ¢ dé canh
tay robot tryc ti€p cam, ndm ludi bén, sau d6
rai ludi bén dén mat bén duong 10, thao tac
cu thé xem hinh 9.

2.4 Phan tich luc hoc quy dao

Cénh tay robot thong qua din dong bang

Khdp khuyu tay robot

it Mong tay cam, nim ludi

San trurgt, dich chuyén tay robot

Hinh 7. M6 hinh 3 chiéu tay Robot

Co cau keo ludi o noc

#___.-*"

Co cau moe lirdi

Co ciu kéo ludi & dé

Hinh 9. Qud trinh cim nim luéi bén
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bd phan dong luc, khong gian hoat dong cua
canh tay robot c6 mdi quan h¢ rat quan trong
voi1 tu thé cuia canh tay robot, phuong phép
D-H thong thuong duoc dung cho miéu
td moi quan h¢ gilra tu thé va khong quan
canh tay robot. Bang cach gan mot hé toa
d6 chuyén dong cb dinh trén moi vat rin cia
canh tay robot dé mo ta mdi quan hé vi tri
cua canh tay robot voi hé toa do tinh trong
khong gian, s& thu duoc chuyén dong cua
vat ran.

Tay robot diéu khién ttr xa 7 mirc do tw do
duoc thiét ké trong bai viét nay chu yéu gorn
khop di dong va khop chuyén dong. Vi Vay,
can xac dinh hinh thtre thay doi gilta cac
khO’p, xay du’ng mbi quan hé thay d01 gitra
cac khop v6i nhau. Hinh 10 cho thdy, O la
diém xac dinh, h€ toa do quay quanh diém
O, tu thé cuia hé toa do trong qué trinh quay
12 mdi quan hé gitta vi tri, tu thé véi khong
gian cua canh tay robot. Pé tién cho miéu ta,
thiét ké vecto don vi trong hé toa do A 1a (ia,
Ja, ka) T, vecto don vi trong h¢ toa d§ B la
(ib, jb, ko) T.

Str dung vecto don vi trong hé toa d0 A va
B d¢é tién hanh ma tran hoa:

iu ' l’b ia ’ jb ";a : kb
R - ,;a'fb J'u'.)'.") J':r'kb
kﬂ “Ip ku *Jb k:r ) k!;

Trong do, vecto R 1a vecto don vi, co thé
xac dinh trang thai khong gian cua canh tay
robot, ngoai ra R dap ung:

i}R BRT ART

Theo cong thirc, aR 13 hé toa do A, lay hé
toa do B lam hé to do tham chleu De thuin
tién cho viée tinh toan, phep bién 601 xoay
va phép bién d6i tinh tién duoc thong nhat
thong qua ma tran bién doi thir cép.

Str dung h¢ toa do tinh 1am hé toa dd
tham chleu va bay hé toa do chuyén dong
con lai biéu thi bay bac tu do doc lap cua tay
robot, nhu thé hién trong (1) dén (7) Hinh
11. Trong Hinh 11b, m6i h¢ toa d§ dugc biéu
thi bang XYZ va céc chi s0 duéi cua chir cai
tuong ung véi cac sb ki hiéu hé toa do tir 0

den 6. Hé toa d6 0 thé hién chuyén dong cua
cang tay, hé toa do 1 thé hién chuyen dong
nghiéng cua cang tay, h¢ toa d6 2 thé hién
chuyén dong cua dia dé may, hé toa do 3 thé
hi¢n chuyén dong goc phu(rng vi, h¢ toa do
4 thé hién chuyén dong xoay cua cang co khi
(moéng robot), hé toa do 5 biéu thi chuyén
dong quay cua canh tay 16n, h¢ toa do HE 6
biéu thi chuyén dong cua dé, ‘trong do gbe
ctia hé toa d6 0 dén 2 duogc thlet lap tai khop
quay khuyu va hé toa do 3 dén 6 duoc thiét
lap tai khép quay tay.
zZ

X

Hinh 10. Khéng gian va tw thé

Hinh 11 thé hién viéc thiét 1ap hé toa do
ba chiéu cho canh tay robot va giai phap mo
hinh dong hoc cua canh tay robot dé xac
dinh s6 luong khép va thanh ndi cua canh
tay robot. Vi tri toa do va mbi quan hé goc
cua tung diém trong h¢ toa do chuyén dong
so v6i hé toa do dung yén cé thé thu duoc
thong qua phuorng phap D-H. Sau 4o, lap
ham muyc tiéu t6i vu héa dé thyc hién phan
phéi hop 1y gitra quy dao chuyén dong cua
tay robot va tu thé khong gian. a 1a chiéu dai
thanh néi, biéu thi khoang cach giita hai tryc
khop lién ké (theo phuong vudng goc chung
cua hai truc), dugc xac dinh theo phuong
truc cta nd, anh hudng tryc tiép dén khoang
céch xa nhat ma b phan thuc hién dau cubi
ctia canh tay robot cé thé dat t6i trong khong
gian; d 1a d6 léch lién két, biéu thi khoang
cach giira hai truc khép lién ké (doc theo
hudéng truc khép trude d6), d moé ta do Iéch
ctia thanh ndi theo hudng vudng goc véi truc
khop, didu nay rat quan trong dé hiéu duoc
vi tri twong dbi giira cc thanh lién két;
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Thanh néi 7 — (7)
(a) Hé toa do 3 chiéu
d,
~ 'r‘ R
_XJ Ya Ys Z—t Zﬁ
a, 7,
Zs
Y,
a, “ .
a2 - o |
Z, [X
S X on/
d| 1 Zl) Z}
X
Y, !

(b) M6 hinh van dong
Hinh 11. M6 hinh giai phap
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Ngoai ra, trong phuwong phap D-H, moi
thanh lién két dugc cho mot hé toa do cuc bo
¢0 lién quan v6i nhau thong qua cac thong
s6 D-H. Viée thiét 1ap hé toa do tuan theo
nguyén tic sau: Truc Z thuorng trung voi truc
khop va chi chiéu quay cua khop. Truc X
nam trén dudng vudng goc chung cua hai
truc Z lién ké, huéng tur i-1 dén i (hoic tuy
tung truong hop cu thé). Truc Y dugc xac
dinh béi truc Z va truc X theo quy tac ban
tay phai.

2.5 Phan tich déng lwc hoc canh tay robot

2.5.1 M6 hinh giai phap canh tay robot

_Hop cong cu Robotic Toolbox trong phan
mém MATLAB dugc sit dung dé hién thyc
hoa viéc thiét 1ap mo hinh mo phong canh
tay robot bay béc tu do. Thiét lap bbn thong
s0 cua phuong phap D-H: chiéu dai thanh
nbi al, do xodn bi, d§ léch thanh nbi di,
goc khop 01, 1 dén 1 dén 7. Gan gié tri cho
cac thong 5O khac nhau cua canh tay robot.
Thong so chi tiét D-H xem bang 1.

Bang 1.
Khop i 0. d mm a, b/rad
1 T 15 0 /2
2 /2 0 25 /2
3 /2 0 0 T
4 T 25 15 -m/2
5 /2 5 -m/2
6 T 40 0 0
7 0 0 0

Két hop théng s6 da biét trong phu:ong
phép D-H, xay dLrng trinh ty thong s6 quan
trong (pi la ma s6 thay thé trinh ty may tinh,
thé hién “n”):

ThetaDH= [pi, pi/2, pi/2, pi, pi/2, pi, 0];

dDH=[15,0,0,25,0,40,0]

aDH=[0,25,0,15,5,0,0];

bDH= [pi/2 pi/2, pi, pi/2 -pi/2, 0,0]

Cudi cung tao thanh m6 minh md phong
ty 18 canh tay robot 7 cap tu do, xem hinh 12.

2000 |
1000 }
N 0l
1000 |
2000 L

2 000
2 000

<2000 T 2000 <

Hinh 12. M6 hinh mé phong ty I¢ canh tay robot

2.5.2 Pham vi van dong cua canh tay
robot

Pham vi vén ddng cua canh tay robot la
thong s6 quan trong quyét dinh muc dich
st dung cua nd. Trude ti€n can cai dat goc
chuyen dong o m01 khop.Cénh tay robot dé
cap & day bao gdom 6 khop quay, bd tri goc
thuc hién van dong cua khép 1 1a [-1000,
1100], ngoai ra géc van dong cua khép 2- 6
thiét ké 12 [-1800, 1800]. Nhap vao thong s6
cai dat bang ma thay th€, thong qua tinh toan
ham s6 da dinh dé v& mo hinh d6i v6i dau
cu01 thanh noi ciia canh tay robot. Trong do,
diém vé 1y 1.000.000, pham vi khong gian
c6 thé lam viéc ciia canh tay robot xem hinh
13. Két qua cho thay, than canh tay robot la
tam quay, khu vuc van dong co ban co thé
che phu, dap tng phan 16n yéu cau vé méi
truong tac nghi¢p.

2.5.3 Phan tich quy dao canh tay robot

Ké hoach quy dao cua céanh tay robot
nhiéu khép 7 cap tu do st dung kiéu nhleu
hang myc, thong thuong st dung ham s0
polyﬁt cua phan mém MATLAB, tirc c6 thé
md phong toc do nhanh quy dao cua canh
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tay robot. Hinh 14 13 duong cong vi tri, tbc
do va gia toc cac diem khép cua canh tay
robot trong qua trinh van dong. Thong qua
so d6 duong cong co thé thay, duong cong
thay doi vi tri cua cac khop bang phang tron
tru khong khue khuyu, téc do va gia toc cua
goc canh tay robot cling xuat hi¢n hi¢n tugng
tron tru lién tyc, khong c6 diém nhay.

3000

2 000

1 000
0

-1 000
-2 000

-3 000,
3000
20

(@) Pham vi lam viéc theo mat chinh di¢n
Hinh 13. Pham vi lam vi¢c ciia canh tay robot
3000 ¢
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1 000 +
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-1 000 +
=2 000 t
=3 000 , ; ; i
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X
(@) Pham vi lam viéc theo mat chinh bén

Hinh 13. Pham vi lam vi¢c cua canh tay robot

Trong dudng cong tég do va téc dg goc,
diém bat dau va diém két thuc deu bang 0,
phu hop véi y€u cau thi€t ké cua canh tay
robot. Vi vay, tat ca cac khép noi va bo phan
chuyén dong cta canh tay robot déu hoat
dong tron tru.

Ngoai ra, can ctr vao dong tac thuc hién
trong qua trinh rdi ludi tu dong, tién hanh
phan tich quy dao van dong thyc t€ cua canh
tay robot. Hinh 15 1a quy dao va thong so
cua 10 chg trong qua trinh rai ludi noc. Tu
hinh 15 cho thdy, phoi hop gitta canh tay
robot trong qua trinh rai lu’g')fi noéc co trat tu,
khong c6 diem nhay va diém bi gidn doan.

-1.2

Toc dd
quay/ —l4p
(rad.s™)
1.6 s : . —
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Thér gian/ s
(a) Vitri
0
0.2
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(b) Toc dd
2
Tae 49 \
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o \
_2 i i i i
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Thii gian's
(c) Gia toc

Hinh 14. Théng s6 quy dao

Hinh 16 1a quy dao va dau ra thong sb
16 cho trong qué trinh rai ludi bén. So voi
ludi noc, quy dao rai ludi bén 1a phire tap,
chénh [gch déu ra dong tac twong do6i lon. Tur
duong cong thong so6 quy dao cho thay, khi
rai ludi bén, quy dao van dong cua céac linh
kién trong 10 chg tron tru, khong nhdy coéc.
2.5 Phan tich lyc hoc canh tay robot
Xay dung m6 hinh b phén chiu tai quan
trong cua céanh tay robot va dua vao phéan
mém ADAMS, cén ctr vao tai trong thyc té
san sinh trong qua trinh van dong, tién hanh
phan tich lyc hoc.
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Hinh 16. Quy dao rai ludéi bén

Hinh 17 13 so d dam mdy mo phong lyc
hoc cua khép quay va cén van dong. Céan
clr vao tiéu chuan tac nghi¢p trong mé than

ham 16 dugc dé cap trong nghién ctru nay,
yéu cau vé cuong do ap luc chiu tai lon nhat
cua khop quay d€, canh tay robot va 4 khop
lan luot la 85, 35, 113 Mpa. T hinh17a co6
the thay, chd khop quay dé (2) duogc coi la
két cau chu yéu ciia bo phan dau trén canh
tay robot chiu tai, cudng do ap luc chiu tai
ctia nd cao nhat 1a 36Mpa, thap hon yéu cau
cuong do ap lyc chiu tai lon nhat; canh tay
robot — thanh ndi 2 phai chiu ap luc phan
trén va luc Xoan nhung trong hinh 17b so do
dam may the hién cuong do ap lyc lon nhét
ctia n6 xudt hién ¢ chd lién két can va khop
chuyen dong, hon nita cuong do ap lyc 16n
nhat khoang 14Mpa, phu hop voi yéu cau
chiu tai lon nhat ctia thiét ke canh tay robot;
Khép 4 chu yeu chiu luc Xoan cuong do ap
lyc 16n nhat ctia n6 chu yéu phéan bd & vi tri
cuc bd cua truc chuyen dong, nhu hinh 17c.
Tu trong hinh 17¢ so d6 dam may mo phong
c6 thé thiy, ap luc chiu tai 1on nhat cua khép
4 1a 90Mpa, phu hop v6i yéu cau chiu tai 16n
nhat. bi€u do chimg to, két qua mo phong
cho thiy phan chiu tai trong canh tay robot
déu dap tng yéu cau lyc hoc, s& khong Xuét
hién chiu lyc khong dong déu va chiu luc
qua 16n.

3. Thuc hién ky thuit rai lwéi tw
dong toc d6 nhanh

3.1 Qua trinh thyc hién rdi luoi dm)’ng lo

Hinh 18 la qua trinh thyc hién rai ludi.
Trudc tién, st dung tay nam c6 dinh dé cam
nam ludi noc cimg trong hop ludi & do cao
nhat dinh; Sau do, tay robot dich chuyen
tir dé 1én trén san den gan hop ludi neo va
chuyen dong tay robot dé cam nam ludi ndc;
Cuoi cung, sau khi tay robot nim duoc luai
néc, dich chuyén dén vi tri ludi can lap dat,
dong thot thong qua canh tay robot co, dudi
dé hoan thanh lap dat ludi noc va ludgi bén.

3.2 Phdn tich két qua thure hién

Bai viét thong qua nghién ctru ky thuat rai
ludi tu dong téc do nhanh, thiét ké 1 bo tay
robot diéu khién tir xa dé thyc hién rai ludi
bén va ludi ndc. Thong qua so sanh vGi cong
tac rai ludi hién co, ¢6 vu diém nhu sau:

1) Giam b6t nguoi. Hinh 19 la so d6 cau
trac cong nhan lap dat ludi bén.
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Hinh 17. Mo phong luc hoc

Tay robot nim lay hedi

Hinh 18. Qud trinh rdi ludi tw dong

. Cong nhén lap dat ludi bén chi yéu bao
gom 4 cong nhén rai ludi, 2 cong nhan phy
trach vén chuyén vat liéu, 1 nguoi dleu
khién. Tuy nhién, thong qua lap dit thiét bi
rai ludi ty dong héa toc do nhanh, hai bén
chi can 2 nguoi rai ludi, 2 ngum diéu khién
tir xa canh tay robot va cong viéc phu trg. Vi
vay, su dung phuong an méi ¢o thé cét giam
33% sb luong nhan vién.

2) Nang cao hiéu suat. Lip dat ludi bén
hién c6 can cong nhan kéo ludi va chong do
lugi. Thong qua thyc hién ky thudt rai ludi ty
dong toc do nhanh, cong nhan co6 thé thong
qua canh tay robot diéu khién tir xa dé thuc
hién cAm, nam, dua ludi va rai lugi. Cong
nhan & mo Dahaice - Thiém Tay chi can 8-10
phiit ¢6 thé hoan thanh rai ludi, néu sir dung
canh tay robot dé rai ludi ty dong thi thoi
gian tac nghlep khoang 6 phut, hi¢u suat rai
ludi duoe nang cao trén 20%, dong thoi giam
cuong do lao dong ctia cong nhan trén 80%.

3) Tang d6 do an toan. Trong phuong

an tac nghi¢p rai ludi hién co, cong nhén s&
cung khoi dong voi may khoan va tay cét
khi treo ludi, do d6 ¢6 rui ro an toan rat 16n.
Tuy nhién, ky thudt rai ludi tu dong toc do
nhanh c¢6 thé thyc hién treo ludi bang canh
tay robot, cong nhén co6 thé cach xa khu vuc
nguy hlem

4. Ket ludn

1) Lap canh tay robot dleu khién tir xa
bang may dao 10 neo, co thé thuc hién lap
dat ludi noéc va ludi ben cua duong 10 trong
qua trinh dao 10.

2) Thong qua phuong an su dung quy dao
canh tay robot, phén tich dong luc hoc va
két qua mo phong luc hoc cho thay, canh
tay robot dap ung yéu cau thiét ké rai ludi
duong 10, ¢6 thé hoan thanh cong tac lap dat
ludi bén va ludi noc trong duong 10

3) Cong nhan thong qua céanh tay robot
diéu khién tir xa hoan thanh thuan loi cong

(Xem tiép trang 39)
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Tong quan vé cc hé thong thong gi6 mo ham 10

A. Sandeep Kumar, A. Saikiran, B. Sivasandeep Reddy, P. Pavan Kalyan Reddy, P.
Harish, A Review on underground mine ventilation system, © 2021 IJCRT | Volume 9, Issue
8 August 2021 | ISSN: 2320-2882

>> CN. Lai Thi Linh Chi, Cong ty CP Tu vin dau tw mé va cong nghiép - Vinacomin (Bién dich)

Tém tit: Dé hd trg va cai thién stic khoe cua tho mo, thong glo mo 1a mot trong nhung
khau chinh trong hoat dong khai thac ham 10. Nho co thong gi6 mo, nang suat va hi¢u qua
tang lén, lugng khi doc trong gi6 duoc giam xudng dén murc an toan Hé¢ thong thong gi6 1a
phuong phap dua glo sach vao mo. Viéc phat trién cac ky thuat dé duy tri chat lugng thong
216 la di€u hét strc can thlet Déi voi thong gi6 & cac 10 cho, cac thiét bi klem soat thich hop
da dugc str dung de kiém soat gié va cac ky thuét khdo sat thong gio day du can dugc phat
trién dé duy tri chat luong va luu lugng gi6. Bai bao nay trinh bay tong quan vé hé thong
thong gié mo ham 10, cac thiét bi khao sat thong gid va cac thong sb thong gié giup thong
gi6 hi¢u qua.

Abstract: To support and improve miner's health, ventilation is a major aspect of
underground mining. As a result, there is an increase in productivity and efficiency. To
reduce the number of toxic gases in the air to a safe level. The ventilation system is a method
of bringing fresh air into the mine. It is necessary to develop techniques for maintaining
the quality of the ventilation. For ventilating in the working faces, the proper controlling
devices were used for controlling air and sufficient ventilation survey techniques are to be
developed to maintain the quality and quantity of air. This present paper shows a detailed
view of the underground mine ventilation system, ventilation survey instruments and different
parameters that contribute to provide ventilation effectively.

1. Giéi thi¢u nguy hiém

Khai théc 1 qua trinh khai thac cac khoang *  Loai bo bui
san cO gla tri kinh te tu Trai dat Nguoi lao «  Loai bo nhiét
dong va may moc can gié chit luong tot dé . Cung cip oxy dé tho

tho, pha loang cac loai khi ty nhién va khi
dua vao (vi du: khi thai dong co diézen), lam
loang hodc khu bui va lam mat. Trong céc
mo 10 thién, néu c6 bat ky loai khi doc nao
phat thai ra thi chung s& dugc tron 1an véi
cac loai khi ¢6 trong moi truong, nhirng loai
khi nay s€ khong anh huong den cong nhan

Céc nguon phat thai khi chinh bao gom:
a. Phuong tién giao thong

b. Con nguoi

¢. Khoan va n min

d. Khi duogc tao ra tu nhién.

2. Muc dich

Bai bao nay nham muc dich ra soat cac

trong mo. Trong cac mo ham 10, khong co
cach nao dé khi thoét ra ngoal ngoai cach
duy nhét 1a thong qua thong glo

Trong thong gidé mo, chu yéu s€ co hai
loai:

1) Thong gio tu nhién;

2) Thong €16 nhan tao.

Trong cac mo, gio_s& tr mat bang di
Xuong gleng hodc 16 bang. Muyc dich chinh
ctia thong gié mo ham 10 1a:

 Lam loang va loai bd cac loai khi

hé thong thong glo mo ham 10 va céc thiét bi
giam sat thong glo

3. Gi¢i thiu cac h¢ thong thong gio

Heé théng thong gi6 trong mo ¢6 thé duge
phan loai thanh hé¢ thong thong glo chéo
hodc don hudng, hé thong thong gio trung
tdm hodc hai huong, hé thong thong gid
két hop, tuy thudc vao vi tri twong doi cua
duong gié vao va duong gio ra.

3.1. H¢ thong thong gio chéo hodc don
hwong
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Hé thong thong 216 chéo hodc don huong
la hé thong co glo don hudng tir 16i gié vao
vao dén 101 gi6 ra thong qua duong 16. HE
thong nay cho den nay la hé thng hiéu qua
nhat, can it thiét b kiém soat thong gio nhat
va mang lai hi¢u sudt nap lén (70-80%).
O dang co ban nhit, hé thong nay duogc s
dung trong cac mo kim loai khai thac ¢ cac
mach quang déc, c6 cac gleng gid vao va gié
ra dugc b tri tai cac glol han duong phuong
ciia mo. O phia hong can ¢6 mot gieng glo
vao trung tdm va hai giéng gi6 ra hodc cua
gi6 & mdi dau. Hai quat hut duoc lap dat
trong khu vuc nay.

Trén dinh cua giéng gi6 vao doi khi su
dung quat gio cuong bre don. Tuy nhién,
viéc su dung quat glo nay can co mot thiét
bi khoa gi6é trén giéng truc, nén khong ly
tuong. Khi moé c6 dién tich 16n theo duong
phuong, ¢6 the chia thanh nhiéu phan ph1a
hong, moi phan cO quat riéng. Quat hut riéng
thuong duoc lap dat trén moi 10 song song
trong cac mo ¢o nhiéu 10 song song, nhung
¢6 thé c6 mot 161 gid vao chung. La chon str
dung quat cudng bue don khong phai 1a lya
chon toi vu.

3.1.1. Uu diém

« Hg¢ thong thong gidé chéo it st dung
céc thiét bi klem soat thong glo

« Hg¢ thong nay gitp giam ro gio va
mang lai hi¢u suat the tich cao.

«  Tiét kiém von dau tu va giam chi phi
van hanh va béo tri. i

« (Co the su dung quat riéng deé thong
gi6 cho hai khu vuc riéng biét cia mo, do do
lam glam tong luu luong ma mot quat phai
xtur 1y, gop phan 1am giam nhu ciu ap suat
quat.

* RO i duge giam xubng ap suat thap
hon. Luu luong c6 thé duge xur ly bang cac
duong 10 thong gio co tiét dién nho hon.

«  Cothé diéu chinh thong gio cua timg
phan riéng 1é va c6 thé tach riéng mot phan
trong trudng hop khén cap.

* An toan hon do co nhiéu 16i thoat
hiém 1én mat bang

«  Dac tinh cia mo hau nhu khéng d6i
trong sudt vong doi ciia mo, do d6 quat ludn

hoat dong hi€u qua.

¢ Mat khac, strc can cua mo lién tuc
thay d6i khi cac duong 10 hoat dong.

. Duorng dic tinh ndm trong hé thong
thong gi6 trung tam, trong do quat pha1 didu
chinh theo pham vi déc tinh 16n cua mo.

3.1.2. Nhuge diém . .

*  Viéc ddo nguogc luong gié gap nhiéu
kho khan hon.

« Chi phi van hanh, quan ly va bao
dudng céac hé¢ thong quat r1eng biét tang 1én.

3.2. Hé thong thong gié trung tim hodc
hai huong

H¢ thong thong gid trung tdm hodc hai
hudng thudng dugc st dung ¢ cac mo than
nam trong via co cac giéng gio vao va giéng
gio ra nam gan nhau & tmng tam khu md.
O bét ky khu nao, gi6 vao va gi6 ra di theo
huéng ngugc nhau qua cac dudng 10 song
song, thuong dugc chia tach bang diém dung
O mat cat ngang gitra chung. Dé nhap vao 16i
gio ra chinh, gi6 ra tr mot khu vyc cling pha1
di qua 16i gi6 ra. RS rang, hé thong thong gio
trung tdm cho phép ro gio véi lugng dang ké
do str dung nhiéu diém tuong chan va duong
giao cat gio, dan dén hiéu suét nap chi 40-

50%. 7

3.2.1. Uu diém

Sau mot thoi gian ngin chuan bi, mo ¢6
thé dugc khai thac, cho phep bat dau san xuat
nhanh hon. Do khong yéu cau cac dudng
1o chuan bi dai nén khong can phai lo lang
vé thong gi6. Lugng khoang san bi ton that
trong céc try bao v¢ giéng dugc giam ¢ cac
giéng trung tam. Chi phi dao cac giéng sau
gan hon duoc giam vi cac giéng c6 thé dung
chung trang thiét bi. Mat khac, cac gleng
ranh gidi nam xa khu vuc dao can pha1 xay
dung duong, mé rong duong day dién va cac
chi ph1 khac. Mdc du ca hai giéng trung tim
déu co thé duoc st dung dé truc tai, nhung
cac gleng ranh gi6i hiém khi dugc su dung
vi s€ can mo rong véan chuyen trén mat dén
chc giéng nay Néu chung ¢ phia nang 1én,
chung cling co the dugc st dung 1am giéng
chén lap (c6 gin ong chen thuy luc).

3.2.2. Nhuoc diém

*  Phuong phép thong gié md trung
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tam lam cham ro ri déng ké do tuong chin
thong gio va duong glao cat gio.

*  Vo6ihé thong nay, ton that hiéu suat
nap ¢ mic 40% dén 50%.

i) Thong gié hudng Ién

Trong h¢ thong thong gié nay, gio sach
dugc dua xuong cac guong phia dudi cua
khu vyc 1am viéc va duogc phép di 1é€n theo
goc doc doc theo cac guong, thu thap nhiét
tur da twoi 10 ra 6 guong, diéu nay co the dan
dén su phat trién NVP dé ho tro 4p suat quat.

(i1) Thong gi6 hudng guong

Thong gi6 hudng xudng tuc la dua gio
xuong cac guong phia dudi tr phia trén cua
mot khu xudéng cac mirc dudi co6 cac noi
lam vi¢c va duong hdi luu ndm & dau dudi
cua noi lam viéc. Thong gio huong Xuong
da dugc chirmg minh co6 thé lam glam chat
luong nhiét bo sung vao glo trong qua trinh
khai thac, ngoai viéc lam giam bui ¢ cac noi
lam viéc.

(i11) Thong gié nguoc hudng

Khi gid va khoéng vat di theo cac hudng
khac nhau thi thong gi6 duoc goi la thong
gi6 ngugc huo’ng

(iv) Thong gi6 dong huo’ng

Khi gi6 va khodng vat c6 cung hudng thi
qua trinh thong gié duge goi la thong gio
ddng hudng.

4. Nhi¢m vu cin thue hién trong thong
gié mé

Lap ké hoach: Tinh toan luong glo can
thlet trong mo va céach thure dua lugng gié do
dén ting khu vuc c6 cac duong 10 khai thac,
ca hién tai va trong tuwong lai. Vi dy, néu mo
ma rong, san xuat nhiéu hon hodc dua vao str
dung thiét bi méi, dac bigt la thiét bi CO gioi,
thlet bi di dong Viéc trién khai bao gom lap
ké hoach va xdy dung cac dudng gié vao va
duong gi6 hudng [én, cling nhu lya chon, lap
dat va bao dudng thiét bi dé cung cap luong
gi6 can thiét.

Nhiét do, mtre bui, luu lugng glo va ap
suat dugc do thudng Xuyen tai moi khu vuc
lam viéc ctiia mo; thiét bi va hé thong thong
glo dugc kiém tra; bao cao va dé xuat vé cac
yeu cau thong gi6 duoc thyc hién. Gio trong
mo di chuyén qua céc cot thong gié (con goi

1a 6ng thong gi0), la cac duong 6ng c6 duong
kinh tuong dbi cao hodc qua cac duong 10
dao, bao gobm duong ham va 10 khiu, trong
cac mo ham lo. Bat ky cong trinh nao trong
s6 do deu c6 thé 1a 1o thong gio. Luong gio
chi xuét hién khi ¢6 luc hodc ap suat tac
dung vao no. Sy chénh léch ap suat & cac
dau 10 thong gio tao ra luong gid trong md
hodc bat ky 10 thong gié nao khac. Tuong
tu nhu mach dién, ma sat doc theo cac vach
cua 10 thong gio hodc tir cdc chudng ngai vat
trong do, cung nhu quan tinh (trong luong
chét) cua gio, tao ra lyc can dbi voi chuyen
dong gi6. Tuong ty nhu cac day dan dién,
luc can cang nho thi dién tich mat cat cua 10
thong glo cang lon. Lo glo vao, doi khi dugc
goi la giéng hudng Xuong, va 10 thong gio
hudng 1€n hodc 16 gi6 hoi dé dua gio ban lén
mit bang déu c6 trong cac mo ham 19.

Thong gi6 ty nhién duge tao ra trong cac
mo ham 16 quy m6 nho khi ¢6 sy chénh Iéch
dang ké vé ap suat ty nhién gilra hai 10 thoat
hiém 1én mit bang dé tao ra ludng gi6 di qua
mo. Phuong phap nay khong dang tin cay
vi chénh léch ap suét c6 thé rat nho va co
thé thay d6i theo ngay dém hodc theo mua,
dan dén tinh trang dao nguoc ludng ngh1em
trong Viéc tao ra mot dam chay ¢ phan xa
ctia 10 thong gi6 co thé gitp cai thién luong
glo Quat dién dugc st dung trong hau hét
cac tinh hudng, dic biét 13 trong cac mo lon
va siu. Chénh l¢ch ap suat dugc tao ra trong
thong gidé co hoc bang cach van hanh mot
hoac nhleu quat trong 10 thong gi6. Khi glo
di xudng 16 théng gio nguoc v lyc can, moi
quat tao ra mot luong ap suit cy thé, sau do s&
giam dan. Phan 16n thg mo ap dung mot trong
hai chién lugc chinh. Quat huéng truc c6 mot
bd canh quat bén trong vo hinh tron, twong tu
nhu quat gia dung, véi ludng gid di ruc tiép
qua tam, duogc day bang cach quay cac canh
quat theo mot goc hodc do cao nao do.

Ludng glo thay d6i huéng khi di qua
quat ly tdm c6 canh quat duogc cung cap theo
phuong tiép tuyén tr bén canh. Quat glo
cudng birc thuc hién day gid vao 10 thong gid
phia trudc chung, trong khi quat gi6 hut thuc
hién hut gi6 ra khoi 16 thong gio, cho phép gio
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sach di vao & dau hut. Quat mo khong hoat
dong doc 1ap nhu quat gia dung dung trong
nha, ¢ noi 1am vi€c va cdc toa nha. Quat gia
dung chi su dung dé thong gi6 ¢ te do cao dé
giup cho moi ngu01 mat me. Quat mo dugc
gan vao 1o thong gio thong qua ong dan hodc
vach duong ham. Cac moé ham 10 khong 16 c6
hé thong thong gio chinh st dung quat 16m,
c6 thé 1a quat hudng truc hodc quat ly tam, e
day glo ra khoi duong hoi, cho phép gié méi
di vao qua mot 16 khac.

Méc du quat ting ap huéng tdm cling
c6 thé duoc dat ham 10 dé khac phuc tinh
trang ton that ap suat, nhung h¢ thong thong
glo chinh thuong la hé thong xa voi quat
xa chinh duge b6 tri trén mat mo. Cac mo
thuong c6 mot s6 10 gi6 vao va 1o thong gid
ra b tri song song.

Hé théng thong gid thir cap phan phbi glo
den cac khu vue khac nhau ctia mo khi can
thlet dugc hd trg boi cac tudng chin va bo
dleu tiét dé ngan ngtra gio thoat ra nhiing noi
can han ché hodc khong can gio.

Duyng man vai bd va phun bé tong 1én dé
tao thanh lop niém phong la mot ky thuat
don gian va khong ton kem dé tao thanh
tuong thong gio. Doi khi can co tuong chin
tam thoi. Co thé s dyng tai hoi, vi chung
dé di chuyen va co thé dung 1én trong vai
phut dé doéng 10 thong gid. Khi van can di
vao mdt murc nao do, cac cira duge dyng 1én
dé phong toa muc d6. Pay c6 thé 1a mot canh
ctra nho trong tuong thong gid cho phep
ngudi di vao hodc mot canh cira thep 16n mo
ra dé xe goong va xe ¢ c6 thé di vao. Cong
nhan phai dugc huéng dan cach dong cura.
Mot dbi trong thuong dugc su dung dé dong

cua tu dong Giam ton that ap suat trong cac
10 thong gio dai, dac biét 1a cac cot (6ng)
thong gi6, bang cach du nbi cac quat o dang
noi tlep Cac duong ham dai duoc xay dung
vO1 cac ong Xa va cudng buc xep chong de
thong gi6. Thé tich thong g10 c6 thé dugc
tang 1én bang cach d4u ndi hai hodc nhicu
quat song song.

5. Thiét bi kiém soat thong glo

Co6 mot sb cach dé cung cap gi6 cho khu
vuc hoat dong ctia mo. Céc bién bao thé hién

vi tri ¢6 gio trong mo. Dé kiém soat thong
gio, céac thiét bi trong h¢ thong thong glo mo
ham 16 ¢6 thé duoc st dung, trong s6 d6 co
cac thiét bi sau:

5.1. Twong chin thong gio

Tuong chan thong gio dugc st dung dé
du’ng ludng gio gitta ludng glo vao va luong
g10 ra khi chiing khong con can thiét cho
qua trinh thong gié. Di€u nay s€ ngan ngua
ludng gi6 bi doan mach. Chiing c6 thé duoc
lam tr gach, da hodc bé tong. Cac kh01 bé
tong hoac kh01 b chéng chay co the duoc
st dung dé xay dung mot két cdu tuong
chan Chung phai duoc neo chat vao vach,
nen va thanh, dac biét la néu cac tang dat da
yéu hoic khong 6n dinh va xut hién than ty
chay trong khi khai thac.
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Hinh 1: Twong chin thong gio

5.2 Bu’o"ng giao cit gié

Duong glao cat gio phai duoc st dung khi
10 glo vao va ra phai chay qua nhau dé tranh
10 1i gitta chung. Duong giao cit gio duge
lap dung trén khu vyc c6 dudng giao cit gid
hién ¢6 c6 mue dich chuyen dia hinh khong
c6 dat da theo hudng di xubng phu hop
L G A

1 N ey Ve
stn aw b, "

Hinh 2: Puwong giao cit gié
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5.3. B dteu tiét

bay la thiét bi tao ra ton that soc dé han
ché luong gi6 qua duong ho hap Luong gid
6 thé thay d6i bang cach diéu chinh chénh
léch ap suat. Kich thude cua 16 o thé thay
d01 Co mot sO bd diéu tiét trong 16 thong gio
hdi dé giam thleu su nhleu loan thong tin.
Xac dinh nguon gbc cha van dé tai dudng
giao cat voi cac duong chia khac cua duong
s€ lam cho ro ri gi6 dugc giu O muc toi thicu.

5.4. Vii vach thong gio

N6 bao gdm mot tam vai bat hoac nhleu
tam vai bat treo trén thanh chong de tach
16 ho thanh cac 16 gié vao va gio hoi. Dé
ngan ngua hién tugng doan mach gi6 xay ra,
ngum ta da su dung c4c thanh chdng va tim
van. Gi6 thong gié duge cudng budc quay
vé 10 gi6 vao.

Hinh 4: Vi vach thong gio

6. Cﬁng cu

Cac cong cu duogc sir dung trong khai thac
ham 16 gdm:

6.1. Khi ap ké

Khi ap ké 1a mot thiét bi duoc sir dung dé
phat hién ap suat khong khi. Viéc sir dung
khi ap ké ¢ loi trong hoat dong cua mo vi
n6 hién thi nhiing thay doi vé ap sudt gio
khi c6 nhing thay doi nay Viéc kiém tra chi
tiét nhitng bién doi 4 ap suat nay lién quan dén
trang thai khi cua cac duong 16 khai thac
cho phép thiét ké va quan 1y thong gi6 thong
minh hon va thuong co6 thé dy doan tinh
trang khi nguy hiém trong mo6 do c6 su sut
giam nhanh ¢ khi ap ké. Cac chi s6 khi ap ké
thuong xuyen rit quan trong trong hoat dong
khai thac mo vi chiing thé hién tac dong gidn

no do co sy sut glam dot ngot ¢ khi ap ké
hodc sy sut giam 4p suat khong khi. Do do,
gi6 va cac loai khi bi gidi han trong mot khu
vue bi bo di 10n s& bi day vao cac duong 10
khai thac dang hoat dong, 1am tdng dang ké
tinh trang n6 cua gio mo.

6.2. Bong hé do nuwéc

Pong ho do nudc la mot ong thuy tinh
chit U duoc d6 mét phan, hé & ca hai dau
va dugc chia d¢ theo inch. Trong thong gid
mo, dong hd do nude dugce sir dung de tinh
luong dién trong gid. Do do, no phai duoc
lap trong duong 10 thong glo dé tinh dén luc
can toan b cua giéng va mo ma quat thong
gio pha1 vuot qua. Khi dong ho do nude 6 vi
tri nay, chi s6 phan anh ap suat do quat tao
ra, cao hon hodc thap hon ap suét khong khi,
tuy thude vao viée quat dang théi gio vao
hay day gi6 ra khoi mo. Su thay d6i muc
nudc cua cdt nudc maot inch 1a 5,2 pound/
foot vuong.

6.3. Nhiét ké

Mot thiét bi do nhi¢t do dugc su dung de
danh gia d6 am tuong ddi cua gié mo va dé
do nhiét do ¢ nhiig khu vyce bit kin. Cac chi
sO nhiét do thuong xuyén bén trong va bén
ngoa1 mo rat quan trong dé xac dinh xem gié
6 kha nang van chuyén d6 a am hodc hap thy
d6 am tr mo cao hon hay thap hon. Trong
mot mo6 kho va nhiéu bui, cic chi s6 am ké
1a hiru ich nhat.

6.4. Bong hé do gié

Pong ho do gio thuong duoc st dung
trong khai thac than va bao gom mot vong
kim loai c6 canh quat quay. Ludng gi6 va dap
vao canh quat nghleng lam quay canh quat
vo1 mot loat cac banh rang ghi lai s6 vong
quay trén mat dong hd. Thiét bi nay dugc
sir dung dé tinh toan van toc ludng gio trong
16 thong gi6 cua mo, dugc tinh bang feet.
Khi lay chi so hay chon mot dlem ma gioé
di chuyen thang va khong bi chuyén hudng
khong déu sang mot trong hai bén, sau d6 do
dién tich 16 thong gio. Giir ddng ho do gio &
dd dai canh tay sao cho céac canh di chuyen
theo mat phang vudng goc voi ludng gio, sau
d6 su dung can gat thiét lap lai cua dong do
glo dé thiét 1ap lai tat ca cac kim dong ho vé
s6 0, sau d6 nha can gat phanh gan tay cam.
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DPong ho do gid tlep xuc voi ludng g10 trong
mot phut, di chuyén xung quanh dé co dugc
chi s trung binh cho tiét dién dau vao cua 1o
thong gio, sau d6 ddng ho do gio dugc thao
ra. Can gat phanh dugc nha ra va dong ho
do gio tiép xtic voi luong gio va lugng gio6
di chuyen tinh bang feet khoi mdi phut duge
tinh bang cach nhan gia tri do cua dong hd
do gi6 v&i dién tich cua 10 thong gio.

7. Phan loai thong gio co hoc

Tat ca cdc may moc chay bang dién duoc
su dung dé tao luong 816 qua céc 16i vao
hodc O ong dan cia mé déu duoc coi 1a thiét bi
thong g10 co hoc. Quat la thiét bi quan trong
nhat va pho bién nhat trong s6 nay nhung
may nén va may phun cling duoc st dung
trong thong gio.

e Ly tam
» Hudng truc
« Hon hop

s Ly tam
» Hudng truc
« Dich chuyén duong

Phén loai

e May nén

4 « Hinh try

" My phun || © Hinh nén
el .

‘ * Ong khuéch tan

S

Hinh 2: Pwong giao cit gié

7.1. Quat

Quat l1a mft may bom gio6 - co ché tao
ra luong g10 bang cach tao ra chénh Iéch ap
suat trong ong dan hoac 10 thong g10 May
bom glo hodc nguon ap sudt thu gié & mot
ap suat dau vao nhét dinh va giai phong né
o ap suat cao hon trong hoat dong luu luong
khong ddi. Quat 1a mot bo chuyén d6i nang
luong (tir co hoc sang chat 1ong).

7.1.1. Quat ly tam

Quat ly tam: Gi6 dugc hiat vao mdt canh
quat quay va dugc giai ph()ng theo huong
xuyén tam Vao vO cudn glan no trong quat ly
tam. Quat gom cac chi tiét:

1) Thép tam

2) Canh quat

Hinh 5: Quat ly tam

7.1.2. Quat hudng truc

Quat hu:ong truc dugc chia thanh hai loai,
ca hai déu su dyng canh quat trong vo hinh
tru c6 dia lap dat hodc canh quat hinh 1a
gi6 dé cung cap ludng glo huong truc. Quat
huéng tryc dung cho mo st dyng loai ¢
duong kinh 209 inch va cong suat dinh mtrc
5000 ma luec.

Hinh 6: Quat gio hwong truc

7.1.3. Quat hén h0'p

Quat hon hop giong nhu su tap giao gilia
loai ly tim va loai huéng truc, v6i quat huéng
truc loe ra theo huéng ludng gio6 va cac canh
trén canh quat giong nhu sy tap giao gitra
loai ly tdm va loai hudng truc. Loai nay it
khi dugc str dung.
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7.2. Mdy nén 7.2.1. Mdy nén ly tamva mdy nén huong truc
Vi chung cling hoat dong nhu may bom May nén ly tdm va may nén hudng truc

gi6 trong hé thong thong gid, nén may nén trong glong nhu quat cung loai. Chung hoat
dung cho thong gid ¢o thé duoc coi 1a quat dong & ap suét 16n hon dang ké so véi quat
ap sudt cao. va xu 1y luong glo it hon.

7.2.2. Quat gio deO’ng

May thoi duong c6 hai canh quat quay an
khop voi nhau theo cach ma lugng gio duge
dich chuyen hau nhu khong dbi (trong tat ca
cac thiét bi thong gié co hoc khac, thé tich
khi thai thay d6i theo ap suat).

8. Két luan

Thong gio la mot trong nhitng khau chinh
can chi trong trong mo ham 16. Céc tac
gia da tap trung nghién ciru xem xét cac hé
théng thong gio ham 10 cung voi cac thiét bi
dugc sir dung dé glam sat thong glo va thuc
hién khao sat thong gi6. Ngoai ra, céc tac gia
cung nghlen ctru cac loai tuong chan thong
gi6 co tac dung giam thleu ton that dé cai
Hinh 4: Vii vach thong gio thién thong gié cho mé ham 10.

¥

(Tiép theo trang 32)

(a) Phuong an hién c6 (b) Phuong én rai ludi tw
dong toc 4o nhanh

Hinh 19. Co cdau nhan vién rdi luoi

tham gia rai lugi dat trén 33%. di chuyen treo lugi va chbng d5, nang cao

4) Thlet bi ldp dat ty dong toc d6 nhanh  hiéu qua hiéu suat lap dat trén 20%, giam
co the truc tlep thong qua canh tay robot diéu cudng do lao dong cta cong nhan trén 80%.
khién tir xa dé hoan thanh cong tac lay ludi,
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