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Thuat toan diéu khién dong hoc tay may khoan
16 nd min trong thi cong cac cong trinh ngadm

Nguyén Hong Thai, Nguyén Quang Thai

Tém tit—Ngay nay trong thi cong cic duong
him & nhirng noi c6 dia hinh phire tap phu’(mg
phap stt dung pho bién vén 1a khoan 16 ndé min.
Pé nang cao hi¢u qua ciia cong tic thi cong, hién
nay ¢ Viét Nam va mét sé nwéc da dwa cac tay
may robot thiy lwe tw hanh véi bay bac tw do,
¢6 diéu khién bang tay nhim hi¢n dai héa cong
doan khoan 13, nd min va nang cao d¢ chinh xac
thi cong. Pé c6 thé diéu khién tay may robot tw
dong khoan 15 theo hd chiéu né min di dwoc
thiét ké béi chuyén gia dia chdt va cong trinh
ngam thi can phai c6 mt thuat toan diéu khién
cai dit vao bd diéu khién ciia robot. Piy chinh
1a ndi dung ma cac tac gia sé trinh bay trong bai
bao nay.

Tir khoi—Tay may robot, khoan 18 né min, thi
cong dudng him, tay may robot ty hanh, cong trinh
ngam.

1 GIOI THIEU

Trong qué trinh phat trién hon siau muoi nim
qua cong nghé khoan 13, nd min trong thi
cong dudng ham da co nhitng bude phat trién dang
ké. Cong nghé khoan 16 nd min duoc biét dén tir
nhirng ndm 1940, vdi viée s dung cac tay khoan
khi nén [1] thi mot ngudi co thé khoan 10m 15
trong vong mot gid. Sau d6 dé ting ning suit,
ngudi ta di dua nhitng gian khoan gin trén gian
gi4o gdm nhiéu tay khoan khi nén dugc biét dén &
trén. Bat dau nhimg nam 1970, cic canh tay robot
thuy luc gin trén xe ty hanh dugc dua vao thi cong
duong him di lam ting ning suat thi cong 1én dang
ké cu thé mot nguoi van hanh thiét bi khoan duogc
125 m 16/mot gio.

Tu nam 1990 tré lai day, véi sy phat trién cua
khoa hoc va cong nghé, cac loai xe ty hanh da duogc
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nang cip v6i hai, ba canh tay robot lam ting ning
suat 1én 275 m 16/mot gio, cho téi hién nay la
500 m 16/mét gid. Qué trinh phét trién cua thiét bi
khoan 15, né min trong thi cong duong him duogc
mo ta trong hinh 1 duéi day.

Ciing theo tai lidu [1] da chi ra rang dé thi cong
hiéu qua thi: xe ty hanh mot tay may thi cong
duong ham c6 dién tich mat cit ngang 1a 20 m?
(chiéu cao ham 4,7 m va chiéu rong ham 4,2 m).
Loai hai tay may thuong thi cong duong ham c6
dién tich mit cit ngang 104 m? (chiéu cao ham
9,7 m va chiéu rong hiam 13 m) va loai ba tay may
thi cong duong him 179 m? (chiéu cao him 10,6 m,
chiéu rong ham 18 m). Ngay nay, véi sy phét trién
ctia khoa hoc va cong nghé, dé nang cao hiéu qua
cong tac khoan 15, nd min trong thi cong duong
him cac nha khoa hoc dd va dang nghién ctru
chuyén sau vé timg cong doan cua thi cong duong
ham, trong d6 phai ké dén:

I =
1900 1920

Hinh 1. Lich sir phét trién ciia khoan nd min qua timg giai
doan [2]

- Nghién ciru vé co hoc dit da: Trén co sé thuc
tidn quéa trinh thi cong duong hdm Vouli & Phan
Lan c6 dic diém dia chat ty nhién v6i nhiéu 16p
tram tich, da ciing dugc hinh thanh tr 17501990
triéu ndm vé trude [3]. Nhom tac gia A. Petko,
R. Ziman da nghién ctru dua ra quy trinh thi cong
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theo phuong phap khoan 16 nb min trong didu kién
dia chét phirc tap. Dé gidi quyét dugc van dé nay
nhom tac gia da tién hanh nghién ciru dac diém co
hoc cuia dat da, tir @6 dua ra quy trinh thi cong bao
gém: ho chiéu né min, k¥ thuat khoan, lidu luong
va loai thuc nd, k¥ thuat nd dé thi cong duong
ham nay. Ngoai ra, nhom tac gia ciing dua ra bd sd
lidu thuc nghiém khi thi cong d6 1a véi ham 6 dién
tich tiét dién cit ngang 90 m? thi can phai khoan
163.471 m 15 nd, 157.333 kg thudc nd va 31.839
kip nd (trong d6 28.495 kip ctia hang Nonel LP va
3.344 kip cua hang Firex VA-T).

- V& hé thdng gia c¢6 duong hiam khi thi cong:
Trong qua trinh thi cong dudng ham cic mé co dic
diém dia chit phic tap nhu moé than Xiajing
(Quang Tay) v6i do sau 600 m gém d4 thach anh,
sa thach, da bun hay mo than G. Zhibiao ¢ d¢ sau
659 m c6 dic diém dia chat la dat cat tho, d4 cudi
két can [4, 5] nhom tic gia L. Xuefeng va
G. Zhibiao di chi ra rang: khi d6 sdu cta cic mo
duéi 1ong dat cang ting thi vin dé vé gia c¢b cac
ving dit d4 yéu rat cAn duoc quan tim boi cac
cong cu hd tro thong thuong chua kiém soat dugc
bién dang, sut lun din dén mit an toan trong qué
trinh thi cong, khai thac. Tu d6, nhom tac gia da
dua ra gidi phap neo bu 16ng Iudi neo thong qua
viéc nghién curu cac van dé cua co hoc dat da nhu:
df day dac, cuong do chiu nén, do bén kéo, d6 dan
hoi, hé so blen dang ngang cua dét da ¢ hai mo nay.
Cung vé van dé nay cé tac gia P. K. Kaiser va
M. Cai [6] ciing di chi ra rang: khi cac duong ham
dan sinh va cac mo khai thac khoang san c6 d¢ sau
ngdy cang tang cac du chin trong qué trinh thi cong
bing phwong phép khoan 15, nd min 14 khé co thé
ngin chin dugc. Hé thdng gia ¢6 cho ham c6 dat da
dé sat 16 khac voi hé thong gia cb thong thuong [4,
5] v&i chire niang chinh 1a ¢é dinh dit da trude tac
dung clia trong lyc. Hé thong chdng cho ham co dét
da dé sat 1& dung trong mdi truorng co tai _trong
dong khi dat da co su gidn no sau mdi 1an nd min.
Heé thong gdm cac b phan: gia cd da va kiém soat
viéc phinh to, giit lai khdi d4 v& dé ngan chan cac
vét nut lan rong va ¢b dinh cac vét nit.

- Nghién cau vé thiét bi d& nang cao hiéu qua
khoan 16 nd min trong d6 phai ké dén:

+ V& két cdu: J. Karlinski va cac cong su [7, 8]
d3 phat trién tay may robot khoan nd min dao ham
thé hé mai, bang viéc nghién ctru, tinh toan thiét ké
thong qua hé thong phan mém hién dai dé phan tich
tinh toan bang phuong phap phan tir hu’u han véi
didu kién bién 1a cac diéu kién thuc té& trong thi

cong dudng ham nham giam chi phi thyc nghigm.

+ Xac dinh thong s6 cong nghé khi khoan: Dé

xéc dinh thong sb k¥ thuat va chidu sau khoan cua
buia khoan “Jack Hammer” khi thi cong dudong ham
trong diéu kién dia chat 1 cac loai d4 ctng, tac gia
V. Raghavan [9] d tién hanh thi nghiém trong hai
truong hop d6 1a: Trudng hop thi nhit sir dung
bia khoan “Jack Hammer” thong thuong con
truong hop thi hai nbi dau bia khoan nay véi mot
xi lanh khi nén dé thi nghiém khoan vao céac loai d4
xanh, Syenite, Limestone v&i tde d0 khoan
1,5 m/phut va loai da Biotie & d6 sau 2,5 m/phut
voi ap luc khi 4 kg/cm?. T céc thi nghiém nay tac
gia dua ra két luan khi n6i thém xi lanh khi nén t6c
d6 khoan cat an sdu dat da cao hon. Cung véi
hudéng nghién ctru nay con cé tac gia R. Phillips va
cac cong su [10] da dua ra giai phap dung dong co
dién mot chiéu dé thay thé cho khoan khi nén va
thuy Iyc. Két qua di dugc thir nghiém trén robot
ExoMars cua dy an hop tac gilta co quan vil try
Nga (R0SCOSMOS) va co quan vii try chau Au (ESA)
trong viéc khoan ldy mau dat d4 ¢ hanh tinh d6 nham
tim kiém d4u hiéu cua sy séng trén hanh tinh nay.

4 Gia khoan
Tay mdy Robot 7 bdc F ) dap xoay
tw do ‘ )
Cabin diéu \
khién b —— ———— ]
Xe hai than 4 20
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Hinh 2. Xe tu hanh ba tay may cua hang AtlasCopco

+ Ngoal nhitng nghién ctru vé& phin cung thi
phin mém ctng dugc quan tam nghién ciru trong
d6 phai ké dén M.Torrngren [11] da mg dung hé
diéu khién phéan tan dé diéu khién cac thiét bj thi
cong thuy lyc trong thi cong du an “Noddator” nam
1989. Ngoai ra khi thi cong duong ham (Boliden &
Thuy Sy va Kemi & Phan Lan) cac tac gia G.Nord,
J. Appelgren va Casper Swart [12, 13] da dua ra
thuat toan ABC dé diéu khién mot cach tich hop hé
théng may tinh, bo diéu khién dé co thé khoan mot
cach ty dong trong qua trinh thi cong. Ngoai ra hé
théng nay ciing ¢6 ché do didu khién bang tay nhu
cac hé thong khac khi can thiét.

V& linh vyc thiét bi thi cong cac cong trinh ngdm
0 trong nudc chua dugc quan tdm nghién clru ma
hau nhu chi tap trung vao khai thac, van hanh, bao
dudng cac thiét bi nhap khdu vi du nhu cong ty
Liing L6 da nhap khiu cac xe tu hanh hai tay may
ctia hing AtlasCopco dé thi cong, cac cong trinh c&
16n nhu: thuy dién A Vuong (Quang Nam), thuy
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dién Pa Mi (Ham Thuan).v.v...

Ngoai ra, con mdt s6 cong ty khai thac than ciing
da nhap khau xe ty hanh (Sandvik Tamrock) hay
BFRK1 (Deilmann - Haniel Mining Systems) dé¢ dao
cac dudong him khai thac than c& trung va c& 16n.
Mit khéc, cac hang san xuét trén thé gigi thudng san
xuét cac thiét bi thi cong duong ham c¢& 16n. Trong
khi mot van dé thuc tién hién nay & cac thuy dién c&
nho va vira cac duong ham dan dong thuong duge
thi cong bang khoan 16 nd min mot cach thi cong
véi cac bua khoan khi nén cim tay vi du nhu: PP-
30, PP-24, PP-54, PP-63 cua Nga, YT-25, YT-27,
YL-18, YL-24 cua Trung Quoc PLB-241K cua
Thuy S§... dan dén chit lugng nd min khong cao do
16 khoan thudng bi sai léch nhiéu so v6i ho chiéu
thiét ké va nang suat thap lam hiéu qua kinh té
khong cao. Ngoai ra trong linh vuc an ninh quéc
phong ciing c6 nhu cau 16n vé xay cac dudng ham
cong binh ¢& nho nim trong cac khu vuc co dia
hinh hiém tro. Do d6, viéc nghién ciu, thiét ké
cac xe tu hanh tay mdy robot trong viéc khoan 16
ndé min phuc vu thi cong cac dudng hdm nho &
Viét Nam la can thiét.

Dé gbép phan vao giai quyét van de nay trong bai
béo nay chiing t6i trinh bay mét s6 van dé sau:

- Trinh bay mét cach tom tit vé& quy trinh dao
ham theo phuong phap khoan 15, né min dé tir d6
dua ra yéu cau cho bai toan thiét ké robot. Van dé
nay s€ duogc trinh bay & muc 2 cua bai bao.

- Tir cong doan khoan 18 theo ho chiéu nd min va
khoan 16 gia cb duong ham duoc trinh bay ¢ muyc 2,
bai bao tién hanh moé hinh hod va thiét 1ap phuong
trinh dong hoc cua robot trong muc 3.

- Muc 4 cia bai bao trinh bay quy trinh thiét ké
quy dao diéu khién chuyén dong tay may trong cong
tac khoan 16 min theo mit guong.

2 QUY TRINH THI CONG BUGNG HAM
THEO PHUONG PHAP KHOAN LONO
MIN
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Hinh 3. M6 ta quy trinh khoan 16 nd min trong thi cong
duong ham

)

Hinh 3 mé ta quy trinh dao hdm bing phuong
phap khoan 16 nd min, trong do:

® Cong tac xac dinh ho chiéu nd min: O cong
doan nay nguoi ki su dia chit xac dinh toa do tir 15
khoan dya vao cdu tao va kich thude ham can dao
dé thiét 1ap vi tri khoan nd min.

@ Cong doan khoan nd min: Trong thyc té sir
dung céc tay may dé khoan céc 16 nap min ¢é chiéu
sau tir 2 m + 4 m ddi véi ham c& 16n con ham c&
nhé 1a 1,2 m + 1,8 m. Trén thé gidi, cac hdm cb
dién tich tir 7 m? dén 12 m? sir dung xe tay khoan
ty hanh mot tay may robot khoan dao him con tir
12 m? str dung loai 2, 3 hay 4 tay mdy.

® Cong tac nap min: Thong thuong nguoi cong
nhan dio hiam s& nap min thi céng vao cac 18
khoan min, vi v@y trén xe ty hanh con tich hop
thém cac gian thao tac dé phuc vu cong tac nap min
dugce nhanh chong (Xem hinh 2).

@ Cong tac nd min: No lan luot tir vi tri nd pha
dén nd bién dang ham (Xem hinh 4)

- Nhom 16 khoan tréng: dugc khoan vudng goc
v6i mat guong ham. Nhém 16 khoan tréng c6
nhiém vu lam 1am yéu khdi d4 trén guong, rut ngén
dudng khang nd nhoé nhit cua khdi da kep giira
chung va cac 16 min lan cén, tao diéu kién thuan loi
cho qua trinh n6 min pha v& khdi da kep gitra do.

Nhém 16 pha phu

Nhém 16 tao bién
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Hinh 4. Ho chiéu nd min trong mdt mat guong

- Nhém 16 min dot pha: dugc khoan vudng goc
voi midt guong him. Nhom 16 min dot pha duge diéu
khién nd dau tién trén toan mit guong nhim dot pha
khdi da xung quanh, tao ra khong glan tu do phu,
g1am dudng khang nd nho nhat cia kh01 da con lai
d6i v6i nhom 16 min pha phuy lan cén, nd vi sai tiép
sau, tao ra sy cong huong cac ung sut sinh ra boi
chiing, 1am tang hiéu qua nd pha dé ctia ching Ién.

- Nhom 15 phéa phu (thuong bd tri 1an can cac 16
khoan tréng va cac 16 min dot pha): dwoc khoan
vudng goc véi mit gwong ham. Nhom 16 pha phu
duoc nd vi sai sau nhém 18 min d6t pha, nhung vi
sai trudc nhoém 18 min nd tao bién. Nhom 18 min
nay duoc diéu khién nd dé pha v& khéi da can ké,
kep gitta chung véi khong gian tu do phuy, hinh
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thanh sau khi nd dot pha va tao thuan loi cho qua
trinh pha v& d4 ctia nhom 16 min bién nd vi sai tiép sau.

- Nhom 16 min tao bién: c6 goc nghiéng khoing
85°+87° so voi mit guong va cd hudng cim vao
bién. Nhém 18 min tao bién dugc diéu khién nd sau
cing, nham mé rong khong gian di nd v trong
1ong ham 16 dén bién can thiét.

® Cong tac hat khi doc sau nd min: Sau khi nd
min, tao ra rat nhiéu khi doc va bui, dé con nguoi
¢6 thé tién hanh thao tac va van chuyén dat da trong
ham can c6 hé théng cip khi va hit khi doc ciing
nhu bui ra khoi ham.

® Van chuyén dét d4 ra khoi ham: Dé tao thanh
dudng ham sau khi nd min can phai dwa dat d4 ra
khoi dudng ham bang cac thiét bi chuyén dung nhu
xe xuc 1at, xe ben dé van chuyén toan bo dat da ra
khéi ham.

® Cong tac stta him: Trong qua trinh thao tac
truge khi thu hoi dat d4 tao duong him ciing nhu
1ap lai chu trinh tiép theo can phai stra dwdng ham,
tao bién dang ham, pha v dat da yéu, gia c¢b tam
(phun vay bé tong, gin gong chit C) dé dam bao an
toan.

Cong tac gia cb tao dudng him: Trong qua
trinh dao ham, dé dém b4o an toan thi cong, chong
sut lun, pha1 gia ¢d dudong ham bang cach khoan
neo va gan cac gong hinh moéng ngya dé do tam
dudng ham bang cac tay may khoan n6 min.

3 THIET LAP HE PHUONG TRINH DONG
HOC TAY MAY THUY LUC

Dé dap tmg yéu cdu trong thi cong dudng ham
theo mat guong nhu da trinh bay & muc 2 robot
phai dap ung:

- Khoan 15 n min ¢ mit guwong v6i chidu siu tir
1,2 m dén 1,8 m, goc nghiéng 85° so véi mit
guong.

- Khoan neo gia c6 duong ham.

Tw nhiém vy dat ra nhu trén ma cic robot nay
thuong co tir 5 dén 7 bac tu do. Hinh 5 duéi day 1a
mdt tay may robot thuy lgc thuc hién thi cong
dudng ham.

3.1 Mo ta nguyén ly cdu tay may

Ttr so d6 két cdu tay may thuy luyc duge mé ta &
hinh 5 ta c6 so dd nguyén Iy hoat dong dwoc dién
giai nhu hinh 6 (c6 cac mach vong dé ting d9 cimg
ving-ciu tric ndy thuong thiy trong cac tay may
¢6 tai trong lam viéc 16n) vé6i cac khép chuyén
dong chinh 1a cac khép tir 1 dén 7. Trong d6 cac
khép quay 1, 2, 4, 5, 7 duoc didu khién théng qua
cac Xi lanh thiy Iuc nhu mé ta trén hinh 7.

3.2 Thiét ldp hé phicong trinh déng hoc tay may

- Thiét lap hé phuong trinh bién ddi toa d va
huéng tir gia khoan dén hé quy chiéu gan trén xe

Dé thiét 1ap hé phuong trinh dong hoc tir két
cau va nguyén ly phuc tap ¢ hinh 5 va hinh 6 (la
ciu truc lai gitra chudi dong hoc kin va chudi
dong hoc ho) duge dua vé dang chudi dong hoc
hé twong duong thuan tay dwgec méd ta ¢ hinh 7.
Trén co s& d6 cac hé quy chiéu duogc dat theo
Denavit- Hartenberg (D-H) [14] (dugc mo ta trong
hinh 8). Tir 46, ta c6 bang thong sé6 D-H dugc mo
ta 6 Bang 1.

Bang 1. Théng s6 D-H cua tay may khoan 16 nd min

Khép 0i di ai ai

1 01 D1 ai /2
2 02 0 0 /2
3 /2 ds 0 /2
4 04 0 as -1/2
5 0s 0 as -1/2
6 0Os Ds 0 /2
7 07 D7 ar 0

Trong d6: ds, 01, 0,, 03, 04, 05, 06, 07 1a cac bién khép, con
ay, a4, as, a7, D1, D4, Ds, D712 céc thong sb kich thude cac
khau

Hinh 6. So d6 nguyén 1y hoat dong cia tay may
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Hinh .7. Chudi dong hoc hé tuong dwong ciia tay may

Theo tai liéu [14, 15, 16] ta cd cac ma tran bién
dbi toa do tir hé quy chiéu $.1{Oi. Xi1Yi1zi1} sang
hé quy chiéu &{Oi xiyi zi} dugc cho boi:

ai cos Hi —‘
a; sin 0;

lrcos 0;
sin Hi
sin aj;

| 0 Cos a di
L 0 0 0 1 J

Nhu vy, ma tran bién dbi tir gia khoan ciia robot
vé khau c6 dinh gén trén xe:

0 CA :

A7=11 A4 wii=1+6 )
i=0

- Phuong trinh xac dinh vi tri va huéng cua 16
khoan trén mat guong

Néu goi:

+ Ej 1a toa do tim cac 16 can khoan trén mit
guong (xem hinh 8) so voi hé quy chiéu

—sin 0; sin aj sin 0; sin aj

cosHi cos a —cosei sinai

i-1

90{O0yo Xo} gén trén robot ta co:

TEj :[XEj YEj ZEj]T ®)
+ OBE la ma tran cosin chi huéng giita hé quy

chiéu 9g{Ejujvjw;} (gin trén mat guong) va
90{O0yo Xo} (gén trén xe) ta co:

0 Uy Vx Wy
RE =]uy vy wy @
uz; vz Wy

Tir (3), (4) ta c6 ma tran bién doi tir mat guong
vé hé quy chiéu 9o{OoYo Xo} trén robot dugc cho
béi:

Tir (3), (4) ta c6 ma tran bién doi tir mat guong
vé hé quy chiéu 9¢{Ooyo Xo} trén robot dugc cho
béi:

_| R rg
9_{0 1

} vwi0=[o oo (5

Can bang hai phuong trinh (2) va (5) ta c6 hé
phuong trinh (6):

Véi a 1a khoang cach tir hé quy chiéu 9{Oo Xo Yo
20} dén mat guong.

Nhin xét: Hé phuong trinh (6) voi 7 an 6
phuong trinh 1 bai toan du dan dong vi vdy ta cn
phai c6 thuat toan dé giai bai toan nay. Van dé nay
dugc trinh bay trong muc 4 dudi day.
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?:u'ﬂ[{—msﬁ'l. sindy .08 &5 —sinfy. sind; ]!u:crsﬁ's + 008 6. 003 6. sines]ms Em 75".1'.1_—:0581.31'1184.51'118_.‘- +sinéy. sy ) 5in 6
- 300 e0s 8y singy ooz d; —zin gy sin g ) sindg + 300,008 .00 6. 00 Fg + 500 + 510 oz £y sin g, sin g — 610zin g, coas:
-135cosfy.sindy. 008 85 - 155 sin ) .sinds - Th.cosfy sindy + 35.sind) —we fr.dy = o

ﬂ{sinel.msﬂ; + 03 6] 5in 6. sin 6y ) cos 65 - cos &, sin gy, s.in.S':-,] tos 8y + | sin gy sin gy - cos A singy s sy }.‘5-1‘11.!95}'20’55?
+[1_s1'n.5'1.ms£'4 + 008 &) .5in . sindy ) sinfg + 008 8. msEJ.msE'j]sinEj = cos f.c0s y —5in osin foeiny

—ﬂ{—ccrs £).c08 64 + 5in 8] sin &1, sin 5y ) cos 85 —sin&l.l:csez.sine_.;]l:cses +|-cosey singy - singy singy cossy ) ‘51'11&5}51'11&'7

+[{ms #0086 + sin F).sindy. singy |sings +‘5-‘iﬂEl.l:G'SEJ.I:G'SEj]I:GSEj = Conm.ooE y
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Hinh 8. Pat hé quy chiéu theo D-H cho tay may khoan 15 n min 7 bac ty do
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Hinh 9. Vi trf tuong quan gitra h¢ quy chiéu diém chudn “0”
trén mat guong va h¢ quy chiéu gan trén xe

;'r‘@ _____ E}hh"-.
e, 0.
- IS A & N
g e Q. e
A ) ’,.-E}q\\ Q) N
@ S ] \.‘ "‘ @
‘,.' ?D [9___6 (D G'? 1||
A S P 5 6

- I

G O-0--O - -O--0--O--O-0--O

Hinh 10 Quy luét di chuyén cua gi4 khoan theo mat guong ho
chiéu nb min

4 XACPINH CAC THONG SO PIEU KHIEN
PONG HOC ROBOT

Vi cace bac tu do tr 1+6 12 robot ¢6 thé vuon t6i
moi vi tri va huéng trong mién lam viéc. Tuy
nhién, do ddc thu khong gian duong hdm chat hep
[3] do d6 robot can thém béc ty do thir 7 dé ting
tinh linh hoat va phuc vu khoan neo trong c6ng tac
gia ¢b dudong ham trinh bay ¢ phan ® muc 2 cia
bai bao nay.

4.1 Xdc dinh thong sé bién khép diéu khién tay
may robot thuy lyc thi cong mdt guong

V6i ho chiéu nd min ma nguoi k¥ su dia chat da
thiét ké ta hoan toan xac dinh duoc toa do va hudng
cua cac 16 khoan. Trén co s& d6 bai bao dua ra quy
luat 1ap trinh cho robot dé dua gia khoan dén vi tri
céc 16 nhu mé ta trén hinh 10. Trong truong hop
nay khop quay tht 7 dugc mac dinh 67 = n/2, hé
phuong trinh (6) chi ¢6 6 phuong trinh 6 4n giai
bang phuong phap sb (cu thé la phwong phap
Newton Raphson) ta tim dugc cac nghiém 01, 0,
d3, 94, 95, 96- Trong do 91, 92, 94, 95 la cac bién
trung gian ma chwa phai 1a cac thong sé diéu khién
dong hoc cua tay may robot, dudi day trinh bay
phuong phap xac dinh cac nghiém xac diéu khién
céac xi lanh thuy lyec.

e Xac dinh dz1, da2 diéu khién hai xi lanh thuy
luc khdp vai theo goc 61, 02

Xét khép vai duge cho trén hinh 10. Néu goi
A1, Az1 12 hai tim khép quay nbi khop trén cia xi
lanh véi cang tay khi d6 ta co:

0[As.n =R(x,6,)R(z, 91)3 P psn (7

Trong d6: R(x,6,),R(z,6,) la cac ma tran quay
quanh truc x va z ctia hé quy chiéu S{OoXoyozo} ,
con n =1 va 2 (twong ung voi ting xi lanh cua
khép vai). Tach timg xi lanh vé dang chudi dong
hoc ho va giai theo phuong phap D-H tuong ty muc
3.2 ¢ trén ta co:

Bang 2. Thong s6 D-H xi lanh truyén dong cum khép vai

Khép ai Qi di 6i
1 ai1 /2 di1 O1n
2 0 /2 0 02
3 0 0 dan 0

Trong do: dan, 6in, Gn1a cac bién khép, a;1, di41a cac
thong s6 kich thudc cac khau voin = 1+2.

dl.l - ZA3
d3.n = (8)
cos azln
Trong do:
x2 + y2 d
\ —011 .
0y = Ve T con dia 1a thong so
d1.1 - zA3
kich thudc khau.

e Xac dinh dss, d34 diéu khién hai xi lanh thuy
luc khép cb tay theo goc 04, 05
Vi cach giai tuong ty trén, ta co:

d -z
2.1 /B4
gm=—2 %/B4 9)
cos 82.m
Trong do:
2 2
Xy T VB, dag
0y = ; Bs, Bs la toa do cua
d21 - %8,

cac khép quay trén trong hé quy chiéu Jos{OsXos
Yos Zos} gin trén phan trugt thir 2 cla cing tay
robot, dz1 1a thong s6 kich thude khau.
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4.2 Vi du ap dung cho truong hop thi cong mat guong

+ Théng s6 kich thuére thiét ké robot

D; = 500 mm; Ds = 35 mm; Ds = 620 mm;
D; = 670 mm; a; = 120 mm; as = 70 mm;
as = 155 mm; a; = 800 mm; b; = 1130 mm;
b, =720 mm

Nhu vay diém chia quy dao dich chuyén ctia mot
tay may robot 1a N = 2774 diém.

+ Thong s6 k§ thuat hd chiéu né min

Nhom 16 Bankinh[mm] S6156  Géc nghiéng
. 85 ° so vaoi
Tao bién R1=2000 21 N
duong tdm ham
Pha phu R, = 1500 10 0°
Khoan tr6ng R, =500 4 0°
bot pha (0, 3500, 400) 1 0°

Nhu viy, voi ho chibu nd min di cho va cic
thong s6 kich thuéc cia tay may robot ta c6 cac
thong s diéu khién dong hoc tay may thiy luc theo
vi tri cac 16 khoan trén mit guong gia cong 16 cua
ho chiéu nd min.

5 PHAN MEM MO PHONG

Hinh 11. Giao di¢n phin mém mo phong qué trinh thi cong mit
guong hd chiéu n6 min

Trén co sé md hinh toan xac dinh thong sb diéu
khién dong hoc da duoc trinh bay trong muyc 3 va
muc 4 ciing nhu ban thiét ké két cdu (duoc thiét ké
trén SolidWorks) nhom tic gia di viét phan mém
md phong bang ngdn ngit C++ dé kiém chimg 1y
thuyét. Hinh 11 1a giao dién phin mém mé phong
kiém ching cong thirc da thiét lap.

6 KET LUAN

Két qua trinh bay trong bai bao nay c6 y nghia co
thuc tién trong viéc lap trinh thanh phan mém cai
dat vao thiét bi nhdm tu dong hoa khoan 13, nd min
trong viéc thiét ké robot méi ciing nhu c6 thé cai
dat cho céc robot ban tr dong ma Viét Nam da
nhép ngoai nhim nang cao do chinh xéc, hiu qua
trong cong tac khoan 156, nd min. Ngoai ra, két qua
nay ciing 1a tién dé& dé phat trién cac loai tay may
robot tw hanh ¢6 tich hop dinh vi vé tinh dé thé tu
ddng hoa qua trinh khoan 15 nd min ¢ gidm sét tir
xa theo mot quy trinh di duogc thiét ké, day 1a mot
trong nhitng vin dé nhom tac gia tiép tuc nghién
ctru trong thoi gian toi.
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A kinematic control algorithm for blasthole
drilling robotic arm in tunneling

Nguyen Hong Thai, Nguyen Quang Thai

Abstract—The most typical method of
tunneling in  complicated  geographical
conditions is still blasthole drilling. To improve
the efficiency of the work, Vietnam and several
other countries have used drilling devices fitted
with self-propelled hydraulic seven-link robotic
arms which can also be manually controlled to
modernize the drilling and blasting processes
and improve the accuracy of the work. The task
of controlling the robotic arm to automatically

drill the holes exactly as specified in the passport
of blasting prepared by geotechnical and
underground construction engineers requires a
control algorithm for the controller of the robot.
The matter will be clearly presented in this
article.

Keywords—robotic  arm,  blasthole  drilling,
tunneling, self-propelled robotic arm, underground
construction.



