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truc (skip, thung cdii) 1a thiét bi quan trong. Do

an toan, tin cay khi lam viéc clia né anh hwéng
tGi do an toan, tin cay cla cac thiét bi trong hé thong
noi riéng, clia ca hé théng néi chung. D& dam bao
thung truc lam viéc an toan, can tinh toan bén két ciu
thing truc. Théng s6 dau vao dé tinh toan bén la cac
lre tac ddng Ién thang truc. Hién nay, trong tinh toan,
Ie tinh toan hay con goi 1a luc tiéu chuén chi bao
gbm tai trong do khéi lvong ban than thang truc va
hang van chuyénr trong thing tryc. Mot sO Iwe tac
dung phu khac chua tinh dén, trong dé c6 lwc ma sat
va va dap va lyc Coriolis tac dong 1én thung truc. De
chinh xac hon trong tinh toan két ciu thiing truc, can
kh&o sat, danh gia cac Iyc nay.
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1. Két cau dan hwéng thung truc _

Trong khi lam viéc, thung truc chuyén dong 1én
xubng nho |l_.I’C cﬂa cap nang, doc theo dwong dan
hwéng cla cot giéng. Do cbt giéng co dudng dan
clng (cot giéng ctng) duoc st dung phd bién hon,
c6t giéng cé dwodng dan bing cap thép, cho nen o
day chi xem xét thing truc lam viéc véi cbt giéng
clrng. Lién két gitra thung truc va duéng dan huéng
dugce thue hién bang cac dan hwéng, 1ap cb dinh trén
thiing truc. Dan hudng cha thing try ,CO cac loai:

» Dan hwéng cling, trwot: kiéu kin (hinh H.1.b),
kiéu hé (hinh H.1a, c);

» Dan hwéng dan héi, con Ian (hinh H.2).

Dan hwéng cling, trwot (dAn huéng ciing) ding
cho dwéng dén ché tao tir cac thanh dan bing thép ray
voi van toc nang thung truc nhd hon 8 m/s. Dan hwéng
dan hdi, con 1&n (d&n hwéng con lan) ding cho dwéng
dan ché tao tlr cac thanh thép hdp véi van téc nang
lon. MGi con lan c6 bd phan gidm chén riéng, bé mat
dwoc boc cao su. Bé dam bao an toan, thung truc 1&p :
dan hwéng con 1&n van phai trang bi thém dén huong H.2. Dan huéng dan héi, con Ian cda thing truc:
ctrng lam nhiém vu dan hwéng an toan. a - Thanh déan thép ray; b - Thanh dan thép hép

H.1. Dan huéng cimg, trueot éﬂa thang truc: | &
a, ¢ - Kiéu hé; b - Kiéu kin :
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2. Lwc ma sat

Trong khi lam viéc, cé nhidu yéu td tac dong
lén cac thiét bj cla truc tai giéng ding. Mat
khac, cac thiét bj clia hé théng cling tac déng
quadlai véi nhau [1], [2], [3]. Poi véi thung truc,
khi lam vigc, thung truc tac dong vao duong dan
cht’ gleng Do vay, git)a dan hu#b#ng va dwdng
dan )_(uat hién lwc ma sat. Lwc ma sat tac dgng
tlr thing truc téi dwéng dén cua cot giéng la: luc
ma sat trwot khi dung dan hwong crng; Iwc ma
sat lan khi dung dan huwdng con lan. Lyc ma sat
dwoc tinh theo cac cong thire sau:

Fimst = \/ [Z;Pm‘ )2 - [Zrﬂ Pbijz'“ t
Finsl = \/ (Z; Pri )2 + (ZL Poi ]2 Hy (5)

Trong d0: Fre, Fme - Lwc ma sat trvgt va ma séat
lan gitka dwong dan va thung truc, N; n - Sé lvong
dan hwong clia mot thing truc; Pri, Pyi- Ly tiv dan
hwéng thr i phia mat va phia bén tac ddng |1én
dwong dan, N.

Lwc ma sat ty 1é thuan voi cwdng d6 nang. Hinh
H.3 thé hién m6i quan hé nay. Mbi qguan hé nay co

Frmst=N.1i(: (1) thé thé hién gan dung bang cong the:
(Frog=Nipy. (1) Fins=A.ln+B. , o 8
Trong dé: N - Phan luc tac dong tir dwdng dan én © Trong d6: A, B - Cac hé so phu thudc vao bwdc cot

dan Hu’é’ng N; py w - Hé sb ma sat trugt va ma sat

lan cla dan hwong thung truc (u=0,4; 1=0,01+0,02
MY Bl ol M

Phan luc tlr dwdng dan la dai lwgng vécto, xac

dinh theo cong thirc:

giéng, loai dwérng dan va loai dan huwéng cla thung
truc (xem Bang 1); I,- Cwong d nang, MJ.

Bang 1. Hé sb A va B dé xac dinh luc ma sat tac
dung 1én thung truc [5]

ldﬂ

10
Cuwéng dd néng In, MJ

N=N_ +Ng 3) Cocaudan | Puong [Buoccot| Héso
B ] . hwong dan |giéng, m|[ A B
Trong d6: N=4N2 +NZ : Ny, Ng - Phan Iuc theo Cimg 3,125 | 8,62 | 4,04
hwéng mét va huong bén tir duong dan tac dong trugt  |hepray | 4,168 | 422 | 3,87
Ién dan huong, N : 6,25 14 | 3,68
Luc ma sat gitba dwong din vao thung truc, Pan hdi 3, 10537021
bang tdng lwc ma sat gitra dworng dan va cac dan con 13n. Thép hop 4 0,254 10,195
hwéng cha thung truc, vi vay: 2 6 0,0951|0,191
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H.3. B4 thi quan hé luc ma sat va curong do nang [5]: a - Ma sét truot; b - Ma sét lan

. Pham vi 4p dung cta co cau dan hwéng thing
truc theo quan diém gi&i han hop ly cla lwc ma sat

tac dung |én thanh dan, sé dugc gidi thiéu trong
Béng 2.
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Béang 2. Pham vi 8p dyung céc loai dén huéng [5]

Khéi lwong

Budrc cbt giéng 3(3,125) m

thung truc, tan

Van tdc Ién nhét thing truc, m/s

10,9 4 | 6 8

10 12 14 16 18 20

20,3 Cung, truot

30

45

DPan hai, con lan

60,9

100

PR L L Bady

4 (4,168) m

10,9

20,3

30

Dan hdi, con lan

45

60,9

100

6 (6,25)m

10,9 Cing, treot

20,3

30

45

60.9
100 l

3. Lwc va dap khi dan hwéng con lan chuyén
dong qua vi tri néi cta dwung dan

Khi Iap dat, sai léch bé& mat lam viéc gitra dau céc
thanh dan n0| tiep nhau cla duong dan, ndm.trong
pham vi sai s6 nhét dinh theo thiét ké, dé& dam bao ém
diu ctia thung truc khi chuyén déng qua cac vi tri ni
nay. Tuy nhién, trong qua trinh van hanh, do tac dong
tir thiing truc, ciing nhw do bién dang clia v giéng, tai

vi tri nbi co thé c6 khe hé, sai léch vé cac phwo’ng cla
hai du ndithanh dan vuot qua sai s nay. Nhitng sai
léch nay gay ra va dap véi dan hudng thing truc khi~ -
qua vj tri ndi thanh dan. Déi e dan huwéng con lan,

khi chuyén déng qua vi tri ndi, s& xuét hién tai trong
finh va dong. Hinh H.4 thé hién so db Iuc tac dong
gira d&n hudng con 13n va dwong dan tal vi tri not hai
thanh dan. ; o T " =

J AR
1

h

MV,

H

- vx

H.4. So db luc tac déng gitka dan huong con 13n va dwong dén tai vi tri noi hai thanh dén
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Poéng Iu'é)‘ﬂg va dap, tan.m/s
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Trong hinh H.4: P - Lyc tac dgng phia mat tiy
thung truc t&i thanh dan, N; v, =V, =V - Van toc
ctia diém Cva E tai thoi diém bat dau va dap, m/s;
V, =V, - Van toc cla diédm C va E sau khi va
dapsm/s; w2- Van tbc géc tire thoi sau khi va dap,
rad/s; s - Pong lwgng va dap, kg.m/s.

Khi banh xe tiép xuc v&i diém D, banh xe bi va
dap. Chuyen dong tinh tién cla thung truc va banh
xe tlz}c th@i thay doi thanh chuyen dong quay quanh

.D. Lap he toa do ny gan voi diém D va viét

phwong trinh bién .ldoL_mo men doéng lwong.
Lo Sl -ZM (87 (7)
Trong do: LD1, LDQ' M6 men déng lugng quanh

“Spy = V(M +m) —

diém D, kg.m’/s; S, - Dong lwgng va dap clia
ngoai lyc tac dong Ién diém D, kg.m/s.

Thec_)_diéu kién bai toan mé men dong lwong co
ZMD(SIG) =0, do d6 Lps=Lp.. Gidi phwong trinh (7)
voi didu kien " M; (SF) =0 va voi c4c thong sb hinh
hoc ctia banh xe dén hwéng con lan, cua thung
truc, voi cac thong so dong hoc khi va dap tai vi tri
ndi thanh dan, ap dung dinh Iy bién ddi dong lwong
chuyén dong cua hé thung truc - banh xe khi va
dap co6 dwoc dong lwong toan phan cia hé [5].

SF =Sp = /82, + 52, . (8)

Dong lvgng theo phwong x va phuong y la:

[(H +R - Ah)+m(R - Ah)P

s Ly MH +R - Ah) + mR
LI O MBmR B Mp2

hwéng con £ t&i trong tam thung truc, m; R - Ban
kinh banh xe dan hwéng, m; m, M - Khéi lwong
banh xe dan hwéng va thung truc khi day tai, kg:
Ah - Chénh léch gitra mét 1an cla hai thanh dan tai

Vi tri ndi, m: V -'Van téc.thing truc, m/s; p - Ban

kinh quan tinh qui d6i cla thung truc, m;
+(H+R)? —2HAh +2A h?

=\/a2§-b2
12 4

Tai day: a, b - Kich thwéc chiéu cao theo phu’dng X
va chiéu rong theo phwong y, m. .

Trén hinh H.5 trinh bay d6 thi méi phu thuéc
doéng lwong va dap va van téc thung truc tai vi tri

(10)
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Van téc skip, m/s
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n
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1,5mR 2 +Mp?

=AM\ + m)v2R Ah— ARZ

~Trong d6: H’- Khodng cach tir tdm banh xe dan

Péng lvong va dap, tan.m/s

(9)

ndi. Ngoai viéc thay ddéi huwéng dong Iwo’ng chuyén
dong, tai vi tri méi ndi xay ra sw phan bb lai tai trong
khai thac (hoat tai) theo phia mat va phia bén, tuy
theo phuwong léch clia dau thanh dan tai vi tri ndi.

{Pnd=P (b)-COSP

Pesi mib)- .sinp i

an(b)
Trong do6: P,y - Lwc thanh .phar tai vi tri ndi theo
phwong ding, N; Pmp) - Lwc mat (hoac bén) tac
dung Ién dwong dan tai vi tri ndi, N; Pamp) - Lwc
thanh phan phia mé&t (hodc bén) theo phuwong
ngangy N;

cosp = (1-Ah/R); sinf = (Ah/R).(2R- Ah).  (12)

o
w

i
W

O —
o v = ;N
{ R, |

[]
(4]

10 15 20
Van téc skip, mis

b)

—+=m=1137 - m=20371—* m=30T

—%-m=60,97T % m=100T

H.5. Do thi quan hé dong luong va dap va véan tbéc nang tai vj tri noi [5]:
a - Thanh phén theo phuong ding; b - Thanh phén theo phwong ngang

CONG NGHIEP M. 536 - 2018 I
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Cubi cuing co:

Két qua tinh toan tai trong theo phwong ngang

F"fnd =|3m(b (1=Ah/R); (13) va dirng, phu thudc vao tai trong thung truc khi di-
qua vi tri néi bj I&p d&t khong chinh xac trinh bay
P =Pt (AVR).(2R - A1) (1) tran hinh H.6.
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H.6. DO thj quan hé tai trong khai théc do sai léch 18p rép Ah & vi tri néi thanh dén [5]. Buong kinh con -
fan: a, b - 2160 mm; ¢, d - @250 mm. Hwong tai trong: a, ¢ - Tai trong ngang; b, d - Tai trong ding

4. Lwc Coriolis

Trong hé thdng truc tai gleng ding, thung truc
chuyen dong theo phwang thang dirng cua gleng
Néu xem xét dén ca chuyén dong quay cla trai dat
quanh truc ctia minh, thi thing truc tham gia vao
chuyén déng phire tap: chuyén dong twong déi cia
thung truc so vo&i g:eng va chuyén dong mang do
trai @at quay. Van téc goc o cla trai dat nhw sau:

w=2n/24x60x60= 1/13.700 rad/sj.

Trong trwdng hop nay, ngoai gia téc khi chuyén
déng twong dbi so véi giéng, thing truc sé co gia
téc Coriolis [6], xac dinh theo cong thirc:

Wy = 2.00.vy (15)
Trong d6: ® - Véc to van tbc goc quay cla trai dat;
vy - Véc to van téc chuyén déng twong ddi cua
thung truc so v&i giéng. Véc to van tbc goc cla trai
dat hwéng theo truc trai dat vé phia Béc, con véc
to gia tbc Coriolis W, tiép tuyén véi dudng vi
tuyén tai vi tri dat giéng dieng. Huéng véc to dwoc
xac dinh thy theo hwéng chuyén déng ctia thing

cONG NGHIEP MO. SO 6 - 2018

tryc: Khi thung truc chuyén dong tir trén xubng day

‘giéng (hwéng vao tam trai-dat), vec tor co hwong ve®

phia Tay con khi thung truc chuyen déng fén (roi xa
tAm trai dat) véc to cé hwéng vé phia Dong

_ Gia trj tuyét ddi cla véc to gia téc qulolls . |

W, xéac dinh theo cong thivc:
Jth| =Wﬂ :2(0Vn3!n(ﬂ/2—(P)-; &
(16)

Wi = 20v4C0s0 -
Trong do: ¢ - VI do dat gleng, do. -
Luc Coriolis xac dinh theo cong thire:
=(2Qovy/9).cos0; Po =k Qvy. ©  {17)

Trong do: k=[(20/g)/cosg] - He s6 tinh toi vi doxay
dwng giéng, van_tbc géc quay cla trai dat; gia toc
roi tw do, s/m; Q- Tai trong I&n nhat tac dung Ién
cap nang, N.

Do thung truc co giai doan chuy&n déng cé gia
téc, Qx xac dinh theo cong thirc:

Q=M.(g+a). )
Trong do: M - Khdi lwgng thung truc ké ca banh xe
khi day tai, kg; g, a - Gia toc roi tu do va gia tc 1on

....,.
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nhat do dugc bang dong hd ghi cua thung truc,
m/s?; Gia tbc a I&n nhét tai cac giéng dwng vung
Donbas ghi nhan dwoc cé thé dat 75 m/s?[5].

Céac md than Ion tai Viét Nam nam tap trung tai
tlnn Quang Ninh, nam trong vi do tir 20°%40 dén
21240 (tring binh 21°10') vi d6 Béc [7].

‘Gia. téc thung truc theo biéu-dd nang cla ‘cac
gleng dtrng Méng Dwo’ng Ha Lam va Nui Béo

~0; 75 m/s?. Str dung két qua danh gia gia tbc a=75
m/s®, danh gia lwc Conolls tac dong Ién thang truc
hé thong truc tai giéng dirng xay dyng tai Quang
Ninh. Két qua thé hién béng hinh H.7.

Két qua tinh toan cu thé lwc Coriolis tac dung
lén skip cac giéng _dirng tai Quang Ninh trlnh bay
trong Bang 3.

= 2500
& )/
2 5000
[+]
F )‘O
w
3 1500

1000

500 -

0 T T T T 1
0 20 40 60 20 100

Khoi luong thung truc, tan

—4—\=5mfs =@=v=10mfs =—gf=v=15M/s =2=v=20m/s

H.7. Luc Coriolis tac dong Ién thang truc
tai khu virc Quang Ninh

Bang 3.:Lure Coriolis tac dung 1én skip cac giéng dirng tai khu vire Quang Ninh

5. Két qua va thao luan-:

5.1. Lurc ma sat

Phan tich két qué cho thay, do dan hwong cirng
c6 hé sb ma sat Ion, liwc ma sat tac dung doc dudng
dan c6 thé dat 40 % tong tai trong ngang tac dong
Ién thanh dan cua dwong dan (u=0,4), vi vay, pham
vi st dung co' ciu dan hwéng loai nay-bi han ché vi
phu thudc nhiéu vao buéc cbt giéng va cwong do
nang cta hé thong truc tai (xem hinh H.3 va Bang

2). St dung dan hwéng con lan cho phep giam luc

tac dong Ién dwong dan 15+20 lan (phu thudc vao
budc cbt gleng va van téc nang) do gidm lwc ma sat.
Vi vay ddi véi hé théng truc tai cwong d nang lon
nén s dung dan hwdng con lan.

5.2. Lyc va dap

Khi chuyén déng qua méi ndi, do thay doi

'}'hwo’ng quay cua hé banh xe- thung truc, ngoai

thanh phén,_;.,dc:)ng lwong theo phuong dirng, xuéﬁt
hién thanh phan déng lwong va dap ngang, cé thé

*dat 1.200+3.600 kg.m/s. tiy theo tai trong thiing

fruc (xem hinh H.5). Tang dwéng kinh con lan cla
dan huwong tr 160 mm 1&n dén 250 mm c6 thé
gidm thanh phén tai trong khai thac.theo phwong
dirng va ngang duoc 2+5 % (xem hinh H.6). Thuwc
té cho thay rang, tai trong do va dap khi co cu dan
hwdng chuyén déng qua vi tri ndi tham chi co thé
lam mét kha nang lam viéc, bat thung truc ra khoi

~ dwdng dan tai d6, tang d6 mon tai vi tri ndi va cac

hau qua tiéu cwe khac. Néu trén mot san cét giéng

- Skip Van toc Lwc
Thongsd Kich thwére, m | Dung tich, m® | Khéi liong khi day tai, kg |nang, m/s|Coriolis, N
Giéng skip mé Mong Duong 7x1,65%1,33 6,6 11.320 4 118
Giéng skip md Nui Béo 12,9x1,09x2,856 16,7 38.700 10 806
Giéng skip mé Ha Lam 11,3x1,55%2,4 16 40.400 8,2 629

cung bd tri 02 méi ndi dwéng dan phuc vy mot
thiing tryc thi c6 thé xay ra nguy co tang hai lan tai
trong tai cac vi tri ndi, cho nén dé xay ra sy cb.
Theo @6 thi trén hinh H.5, c6 thé thay, véi van téc
va khéi lwgng skip khi day tai nhw trong Béang 3 thi
dong lwong khi va dap clia Skip mé Nui Béo theo
hwéng ding la 102 tdn.m/s, theo hwéng ngang 1a
1,05 tAn.m/s, con ctia mé Ha Lam twong ng la
87,73 tn.m/s va 0,9 tAn.m/s. Nhu vay can tinh dén
cac lwe theo phwong dirng khi tinh toan thing truc.

5.3. Lwe Coriolis

Phan tich dd thj trén hinh H.7 cho thay, Iuc
Coliolis tac dung 1én thung truc cé gia tri dang ké&
khi khdi lwgng thung tryc I6m (60 tAn dén 100 tan)
va van tbc cao (15 m/s dén 20 m/s). Phan. tich két
qua tinh toan trong Bang 3, cho théy, lyc tac dung
lén cac skip tai khu vwe Quang Ninh khéng Ion,
cao nhat dat 806 N, vi vay trong tinh toan thing
truc cé thé khdng tinh dén lwc nay.

6. Két luan

> Poi thung truc lam viéc voi cbt giéng clrng,
khi lam viéc chiu tac dong clia cac lwc ma sat, luc
va dap khi qua méi ndi duwéng dan va lyc Coriolis.
Gia tri cac luc nay tang khi van téc, khéi lwong va
tai trong thlng truc tang;

> Dbi vai thung truc nén s dung dan hwéng
con 1an v&i dwdng kinh con l&n I6n dé& gidm lwc ma
sat va va dap trong khi lam viéc. Trong tinh toén

(Xem tiép trang 37)
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~ ¢0 nhirng nghlen cteu sau hon trong thon glan toi

nham dap ung yéu cau cap béach cta cac mo than
ham 16 c6 st dung giéng dirng hién nay.0
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. SUMMARY

The paper presents the new direction of |
. reseéarching on the effect of back filling at the |
| mine to stability of concrete lining of a shaft. |
| Three-dimensional finite element models were |
. developed to conduct the parametric analyses {
_ using the commercial FE package, ABAQUS. |

M The future study on the parameter study will |

show the effect of distance and width of back
| filling-at the mine around shaft wall to stability |
- of concrete lining of a shaft. The results obtained

§ by this study can be applied to underground |

mines in Vietnam in the equivalent condition. -

NGHIEN CUU LUC MA SAT. ..

(Tiép theo trang 43)

thiing tryc v&i van téc, khéi lwong va tai trong 1on
can lwu y dén tai trong do ma sat va va dap;

» Trong Iap dat va bao dudng dwdng dan cot
giéng cing, can dam bdo sai léch mat lan clia cac
thanh dan tai vj tri ndi trong pham vi cho phép,
khéng cung b tri hai méi nbi du’crng dan phuc vu
maot thung truc trén modt san c6t giéng dé gidm lyc
va dap tac dong:lén thang truc;

> Dbi voi thung truc s dung tai Quang Ninh,
khi tinh toan co thé khéng tinh dén e Coriolis.0
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SUMMARY

. The paper presents the research results of |/
| friction, impact and Coriolis forces, affecting on |

| conveyances of vertical shaft mine hoist. Based on |
- that, the authors present recommendations -in ||
~ calculating, using, selecting parameters for |
- designing conveyances. 3
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