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TOM TAT

Hién nay, céng téc dao Io bang khoan né min méi chi co giéi héa duwoc khdu xic béc con cac khau
khéc van chid yéu duoc thuc hién thi cong nhu: 1én xa, di chuyén dam dé xa trén (déi véi str dung vi
chéng thép), van chuyén vat tw ttr noi tap két dén guong dao. Ngoai ra, tai guong 10 khdng cé co céu che
chén ngén ngtra dé guong, cling nhw ngén ngtra da roi gady mét an toan lao déng, do dé hé théng hé tro
thi cong chéng 1o duoc thiét ké dé giai quyét nhirng van dé duroc dé cép & trén. Hé thong hé tro thi cong
chéng 10 duroc thiét ké trén nén mo no ray khi nén loai mét ray, day la loai hinh van tai cé nhiéu wu diém:
hé sé phu bi thap; téi da dién tich str dung ctia durong 10, do bé tri van tai & phan trén cda cong trinh; an
toan van hanh cao; lép dat va thdo d& dé dang. Viéc st dung cac con Idn boc cao su hodc polime trong
banh xe dan déng ctia mo no ray khi nén gitp tdng hé s6 bém dinh giita banh xe va ray, giam tai trong
déng va gidm dé én trong qua trinh vén hanh. Tuy nhién, do thiét bj Iam viéc trong diéu kién hadm 16 lam
cho I6p polime trén banh xe mon nhanh, do dé can danh gié dé bén vanh polime cla cac banh xe dan
doéng trong diéu kién van hanh cta chung. Muc dich cta nghién clru ndy nham téng dé bén va dé tin cay
cla hé théng hé tro thi cong chdng 16. Két qud nghién ctru thu duoc sw phén bé tmg suét trén vung tiép
xuc gitka vanh bénh xe véi duong ray, diéu nay giup dwa ra céc bién phép nhdm néng cao tudi tho cla
céc banh xe dan déng ctia hé thdng hé tro thi céng chéng 16 cta ching téi. Nghién ciru da chimng minh
rang anh huéng cda luc kéo, vén téc di chuyén va duong kinh banh xe cé dnh hudng rat Ién dén tudi tho
cla vanh polyme. V&i mé hinh toén hoc da xay dung cho phép xac dinh cac théng sb cua banh xe dan
dong théng qua dé bén cta vanh polyme c¢é tinh dén Iuc kéo I6n nhét cua thiét bi.

Tiwr Khoa: thiét bj hé tro, duong 16, mé hdm 16, mo no ray, vi chéng thép

@ Hoi Khoa hoc va Cong nghé Md Viét Nam

1. DAT VAN BPE

Hién nay, viéc khai thac than xuéng sau & cac
mé than ving Quang Ninh dang la xu huéng bét
budc dbi voi sy phat trién cla nganh than Viét
Nam. Do hiéu qua cua cong tac khai thac 16 thién
khéng dam bao nén cac mé than 16 thién nhuw: Nui
Béo, Cao son, Coc 6, ... da va dang chuan bi phai
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chuyén sang hwéng khai thac than ham 16. Bén
canh d6, mét sé mé than ham 16 khac nhw: Méng
Duwong, Mao Khé, Théng Nhat, Dwong Huy, Khe
Cham, Ha Lam, Vang Danh, ... cling dang dau tw
céng nghé dé khai thac than & cac mirc sau hon
nham dap ng dwoc nhu cau vé san lwong than
st dung trong nwéc hodc xuét khau. Viéc day
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manh khai thac ham 16, ddng thoi cac mé ngay
cang xubng sau dan dén sé mét 16 can dao ciing
tang cao (khoang 300.000 m/ndm). Nhw da biét,
cbng tac dao 10 dwoc xem la cbng viéc nang nhoc
nhét trong khai thac mé, do d6 viéc co gi¢i hda
cbng tac dao 16 duwoc Tap doan Céng nghiép Than-
Khoang san Viét Nam (TKV) rat quan tam. Trong
nhirtng nam gan day TKV dau tw rat nhiéu may
phuc vy cdng tac dao 16 nhw: may dao 16 AM50,
AM45, EBH45, ... Tuy vay, s6 mét 16 dao bang may
van dang con rat han ché, phwong phap nd min
van la phwong phap chinh hién nay, cling nhw
trong thoi gian t&i. Mat khac, dao 16 bang phwong
phap khoan nd min méi chi co gi¢i hda dwoc khau
xtc bbc con lai cac khau khac cha yéu duoc thuc
hién thi cong nhw: khau 1én xa, di chuyén dam d&
xa trén (dbi v&i str dung vi chéng thép), van chuyén
vat tw tlr noi tap két dén gwong dao. Ngoai ra, tai
khéng gian lam viéc (guong 16) khéng ¢c6 co cau
che chan chéng db guwong, ciing nhw ngdn ngira
déa roi trong qué trinh cdng nhan thyc hién chéng
|6 gay méat an toan lao déng.

Chinh vi vay, nghién ctru thiét ké thiét bj hé tror
thi cdng chéng 16 ap dung cho cac md than ham 1o
thuéc TKV dwoc xem la cd y nghia thwe tién va
&ng dung cao dem lai loi nhuan va kinh té. Trong
thiét bi nay, banh xe dan dong la chi tiét anh hwéng
dén kha nang lam viéc va an toan nén can dwoc
quan tam.

2. DI LIEU VA PHUONG PHAP NGHIEN CUrU

2.1. Pau dan déng cua thiét bi hd tro’ thi cong
chéng 1o

DA4u dan dong cla thiét bi hd tro' thi cong chéng
16 (Hinh 1a) c6 nhiém vu kéo cum coéng tac. Két
céu gdm céac bod phan: cum dong co khi nén- hop
giam tdc 5; co ciu tao lwc ép 4; cap banh xe dan
dong 2; khung do 3; than ray 1.

Céac bd phan dau dan dong dwoc dat trén
khung d& 3, treo trén dwong mo no ray qua cac
banh xe. Khi lam viéc, cum cum ddng co khi nén-
hop gidm tbc 5 lam quay cac banh xe dan dong 2.
Céac banh xe dan déng duwoc ép vao than ray 1
(dwdng mo no ray) nhé co céu tao lyc ép 4 tao ra
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lwe kéo dau dan dong. Luc kéo qua mac kéo truyén
t&i cum cong tac.

e

Hinh 1. a) Két cau dau dan déng, b) So’ dé tiép
xuc banh xe dan déng- ray
1- D&m I; 2 - béanh xe dan dong; 3 - khung do;
4 - Co céu tao luc ép; 5 - Cum dong co khi nén

2.2. Cac nghién ctru vé banh xe dan dong
dau dan déng mo no ray

Viéc st dung cac con lan boc polime gilp tang
hé sé bam dinh gitra banh xe va ray, gidm tai trong
dong va gidm do6 6n trong qua trinh van hanh. Tuy
nhién, do thiét bi lam viéc trong diéu kién khac
nghiét ctia mé va ché do tai trong phirc tap lam cho
I&p polime trén banh xe mon nhanh. Cac phwong
phap tinh toan théng sé chinh va diéu kién van
hanh cha banh dan déng trong cac nghién ctu
trwdc day khéng phén anh day dd anh huéng cla
sw twong tac gitra cac banh dan déng véi ray dén
dd bén cda chang. Do d6, nghién ciru &nh hwéng
cda diéu kién van hanh dau dan dong (van téc di
chuyén, lwc kéo) va dwdng kinh banh xe dén do
bén cla vanh polime banh xe |a mot van dé rat
can thiét.

Nhw da biét, banh xe din déng ctia mo no ray
trong mé dwoc dac trwng béi nhiéu théng sb: kha
nang tao ra lwc kéo, hé s6 bam can thiét gitra banh
xe va duong ray, anh hwdng tir sy khéng bang
phdng cta dwdng ray, &nh huéng cla lyc phanh
va trang thai bé mat twong tac cla ray va banh dan
dong. TAt ca cac thong s6 nay da dwoc nghién clru
kha ky dbi v&i cac phuong tién 6 té dudng bod va
dwong sat, tuy nhién cac nghién clru nay chua
phdn anh day du danh gia chung vé anh hwéng
cta diéu kién van hanh ddu may mo no ray trong
mé dén do bén ciia vanh polime banh dan déng.
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Nghién clru qua trinh chuyén dong ciia banh xe
dan déng, nham tang lwc bam khi 1én déc dwoc
thire hién trong nghién ctru [2]. Céac tac giad chirng
minh kha nang tang lwc kéo khi tdng hé sb bam
dinh gitra banh xe va mo no ray, bang cach ché tao
banh dan dong t vat liéu ma sat. Tuy nhién, cong
trinh nay chwa dé cap dén van dé danh gia do bén
cta vanh polime banh xe dan dong. Thiét ké dau
dan dong dau may mo no ray, gilp tang cwong luc
kéo va dac tinh phanh thong qua viéc s dung
banh dan déng boc cao su dwoc dé xuét trong tai
liéu [3, 4]. Viéc st dung vat liéu ma sat dé tang ma
sat gilp tang lwc kéo va hé sbé bam dinh Ién dén
0,35:0,45 va gidm quang dwdong phanh. Cac
nghién ctu trén lién quan dén dd bam ctia banh xe
dan dong nhung chwa dé cap dén nghién ctru anh
hwéng dén d6 bén khi tdng hé sb bam dinh bang
cach boc cao su cac banh xe dan dong. Két qua
nghién clru qua trinh twong tac gitra banh xe dan
dong va dwong ray dwoc thwe hién bang mé hinh
md phong trinh bay trong tai liéu [5, 6].

Khi cac banh dan déng clia dau may mo no ray
chuyén déng, cac vanh polime clia cac banh dan
doéng chiu ng suét tiép xuc theo chu ky do s tiép
xuc cuc bd clha vanh polime vé&i duwdng ray. Viéc
xac dinh d& bén cha vanh polime tuy thudc vao
diéu kién van hanh, cho phép chung ta xac dinh
céc thong sb kha thi vé mat kinh té, k§ thuat khi tinh
toan lwa chon loai hinh van tai béng Mo no ray.

2.3. Xay dwng phwong phap xac dinh tubi
tho ctia banh xe dan déng vanh polime

Cac nghién ctru nhdm xac dinh anh hwéng cua
lwe ép trén banh dan ddéng cum di chuyén cla hé
thdng hé tro thi cdng chéng 16 dén d6 bén clia vanh
polime clia banh xe dwoc thyc hién bang cac
phwong phap tinh vi phan va tich phan, phan tich
toan hoc va dién giai bang db thi.

D6 bén clia vanh polime va cao su clia banh xe
dan dong trén dwong ray dwdi tac dung cua tai
trong dong cé thé dwoc xac dinh theo tiéu chuan
Bailey [7]:

)
dt
N-[o oD = 1 (D)

Trong do:
N - sb chu ky lam viéc trwdc khi bi pha hay;
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L = L(o,T) - d5 bén ctia san pham cao su hoac
polime dwéi tai trong tinh, MPa;

o- rng suat pha hly cda cao su, MPa;

T- nhiét do tuyét dbi ctia vat liéu vanh (nhiét do
ctia khi quyén trong mé), °C;

O = IV - thdi gian ton tai cla (ng suét (thoi
gian tiép xdc cla vanh véi ray), m/s;

V - tbc do trung binh ctia mo no ray, m/s;

I, - chiéu dai tiép xuc git)a vanh va ray,m.
Chiéu dai tiép xuc (Hinh 1b) dwoc xac dinh theo
cong thwrc Hertz [8]:

lk _ 4‘Fd.r m (2)
m.Ey,’

Vé&i: E,,- M6 dun dan héi twong dwong cla

banh xe va ray, MPa,;

E,, =1t ,MPa (3)
P E,+E,
Trong do:

E;, E; 1an lwot 1a mo dun dan héi cha vanh banh
xe va duwdng ray don, MPa;

r - ban kinh clia banh xe, m.

F;- Lwc kéo khi c6 su twong tac gilra banh xe
dan déng varay, N;

F; =Ny.f,N (4)

V&i:

f- hé s6 ma sat trwot gitra cao su varay ;

Ng - phan lwc trén banh xe, N

l
Na = 1PN (5)

Py - lwc ép clia 16 xo, N

\__//"

Hinh 2. So’ d6 Iwc tac dung trén banh xe dan déng
1- Dam I; 2 - banh xe dan doéng, 3 - 16 xo
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Thay (5) vao (4) ta dwoc:
l
Fd =l_PvaN (6)
1
Bang 1. Lwc kéo I&n nhat sinh ra khi banh dan
dong quay véi lwc ép twong trng

Lwc dat trén | Phan lwc trén | Lwc kéo cuwc
X0 xo Px, kN banh xe Ng, dai Famax, KN
kN
10 17 6
15 25 9
20 34 12
25 42 15
30 51 18
35 59 21

D6 bén cla vanh banh xe dan déng & ché do
tai tinh c6 thé dwoc tinh nhw sau [2]:

Apoo UO —7V-O¢p
L(o) =14-In (pr — Apkr) exp( 0T ) ,MPa @)

Trong do:

T, - Chu ky dao ddng cua cac nguyén tir trong
phan t& dan hoi;

Ap..- 'ng suét pha hiy gay ra bdi dao dong
nhiét, MPa;

Apy- ng suét t&i han cha vat liéu, MPa;

Uo - Nang lwong can thiét dé pha vé lien két
hoa hoc cta vat liéu lam vanh, J;

k' - Hang sb Boltzmann;

y - Tham sb nhay cadm vé céu tric cla vat liéu
lam vanh [9].

Mo no ray duwoc st dung trong hé thdng thiét bi
hé tro chéng 16 dé van chuyén vat tw trong pham
vi d3o 10, noi nhiét do cta khi quyén md gan nhuw
khéng dbi. Khi tinh dén diéu nay, cé thé bd qua anh
hwdng cla sy thay déi nhiét dd dén dd bén cia
vanh polyme. 'ng suét khi tiép xuc gitra hai bé mat
c6 thé dwoc xac dinh bang coéng thirc Hertz. C6
tinh dén céac lwc téi da phat sinh khi ray tiép xuc voi
banh dan déng, &ng suét sé xuét hién trong vanh
cao su hodc polyme, gia tri trung binh clia (rng suét
nay trén doan tiép xuc la:

E,..F
pr “dmax
= |[—— "max  yp 8
Ocp m.(1—pu?).r.B’ ¢ ®)
Trong do :

V8 SO 5 - 2024

u - Hé sb sb Poisson clia vat liéu vanh polyme;

B - Chiéu réng ctia banh xe, m.

Sw thay doéi rng suét trén vanh banh xe theo
thdi gian dwoc md ta bang mét parabol c6 dang:

a(t) = A;t?,MPa C)

Trong d6: A1 - Hé sé dwoc xac dinh bdi hinh
dang cla (rng suét.

Hé sb A1 co thé dugc xac dinh theo gia tri g
suét trung binh (8) va khoang th&i gian ctia chu
ky © tiép xuc cla vanh banh xe v&i ray:

30

A =53 (10)

Tl cac phwong trinh (1), (7) va (9), ta xac dinh
duwoc tudi tho vanh polime T, theo cong thirc sau:

1,74.1073 .
Ty = f@ ar ,gio (11)
0 Ape Up —y.0c,(8)
Toln (pr = Apkr) exp ( KT )

Khi khao sat phwong trinh (11), ta thu dwoc sw
phu thudc cuia tudi tho clia vanh banh xe vao luc
kéo, van téc di chuyén va dwong kinh banh xe
duwgec trinh bay trong Hinh 3 =+ Hinh 5.

10000
9000
8000
7000
6000
5000
4000

5 10 15 20 25

Trong lwong cua thiét bi va vat liéu

van chuyén (Fd), kN

Tudi tho clia vanh polyme, gi®

Hinh 3. Sw phu thudc cua tuéi tho ctia vanh
banh xe vao lwc kéo
(Sé liéu dau vao dé khao sat: Py = 17 ~ 59 kN; T
=30515K; V=2m/s; r=150mm; B=77 mm)

25000
20000
15000
10000
5000
0

1 2 3 4

Van t6c di chuyén cda thiét bi (V),...

Tudi tho clia vanh
polyme, gi¢

Hinh 4. Sw phu thudc cua tuéi tho ctia vanh
banh xe vao van téc di chuyén
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(Sé liéu d4u vao dé khao sat: Py =25 kN; T =
305,15 K; V=1+4m/s;r=150 mm; B =77 mm)
10000

9000
8000
7000
6000
5000

4000
70 120 170 220 270

Tudi tho clia vanh polyme, gi®

Ban kinh cGa banh xe (r), mm

Hinh 5. Sw phu thudc cua tudi tho cua vanh
banh xe vao ban kinh
(Sé lidu dau vao dé khao sat: Px =25 kN T =
305,15 K; V=3 m/s; r = 80+225 mm; B =77 mm)

2.4. Xac dinh cac théng s6 banh dan déng
mo no ray dam bao dé bén yéu cau tudi tho Ty
cuia vanh banh xe

Dwa trén cac phu thudc dwoc trinh bay & trén,
ta c6 thé xay dwng dwoc thuat toan dé xac dinh cac
théng sb clia banh d&n déng mo no ray (céc théng
sb chinh can xac dinh bao gébm ban kinh banh xe
va vat liéu vanh) dé dam bao tudi tho Ty can thiét
cho vanh banh xe (Hinh 6).

Thuat toan tinh dén cac théng sé cia dwong
ray va dau dan dong, giup xac dinh luc tiép xuc cuwc
dai trong vanh polime ctia banh dan déng. St dung
phwong phap trén, cé thé xac dinh cac thong sé vé
hinh dang cla sy thay ddi (rng suét theo thei gian,
ciing nhu tinh toan d® bén cla vanh, cé tinh dén
céac théng sb cla khi quyén mé va vat liéu cta no.

Thuat toan nay c6 thé duwgc st dung ca trong
qué trinh phat trién cac thong sbé ky thuat va thiét
ké cac banh xe cta du dan déng mo no ray ap
dung trong md, ciing nhw trong nghién ctru nham
cai thién thiét ké clia cac bd truyén dong dau may
tau héa mét ray trén cao. Ngoai ra, thuat toan va
phwong phap tinh toan c6 thé giup ich cho kj sw
van hanh ctia cac doanh nghiép khai thac mé dé
giai quyét cac van dé vé do bén va cai thién dac
tinh hiéu suat cac bo phan chuyén déng ctia cum
dan déng mo no ray.
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Két thac

=

St dung vat liéu
Ca6 dd bén cao hon

Hinh 6. Thuat toan xac dinh cac théng sé co
ban ctia banh dan déng mo no ray mét ray

3. KET QUA VA THAO LUAN

Két qua phan tich cho thay khi lwc nén banh xe
tang tr 10 Ié€n 35 kN twong &ng voi lwc kéo tang
tr 6 dén 21 kN, thi d6 bén clGia vanh polyme cla
mo no ray gidm 1,6 lan (tr 9600 xubng 5600 h).

Tw @b thi Hinh 4 thay réng van tbc trung binh
cua thiét b tang ttr 1 dén 4 m/s thi tudi tho cia vanh
polyme gidm 4,0 lan.

Tw d6 thi hinh 5 thdy rang khi tang ban kinh
banh xe tir 80 I&n 225 mm thi tudi tho banh xe tang
2,1 1an.

Tém lai, cac thong sb van hanh cua thiét bi anh
hwéng rat Ién dén tudi tho cla thiét bi.

4. KET LUAN

> D4 xay dwng dwoc mé hinh toan hoc dé xac
dinh d6 bén vanh polime clia banh xe dan déng, c6
tinh dén Iwc téi da phat sinh khi banh xe din déng
tiép xuc véi dwong ray;

> Anh hwéng cta ché d6 van hanh nhu luc
kéo, van tbc va kich thwéc clia banh xe dan hudng
c6 tac dong dang ké dén do bén vanh banh polime
dan déng cta cum dan déng mo no ray;

> Xay dwng dwoc thuat toan dé xac dinh cac
théng sb cla banh dan dong déng mo no ray nhw
duwdng kinh banh xe va vét liéu lam vanh ma sat
nham dam bao dd bén Ty can thiét cla vanh O
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ABSTRACT
Nowadays, the process of excavating the tunnel through drilling and blasting has only mechanized the

loading and unloading process. However, other stages are still primarily carried out manually, including
raising support beams, moving beams to support the upper beams (using steel arch supports), and
transporting materials from the gathering place to the excavation tunnel location. Furthermore, there are
no shields at the tunnel excavation site to prevent falling rocks, creating a potential safety hazard. The
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system for supporting mine tunnel construction is designed to address these issues. It utilizes a single-
rail pneumatic monorail platform, which offers numerous benefits such as a low mass coefficient,
maximum usable area within the tunnel, increased safety during operation, and easy installation and
dismantling. The use of rubber or polymer-coated rollers in the drive wheels of pneumatic monorail helps
increase the adhesion coefficient between the wheels and rails, reduce dynamic loads and reduce noise
levels during operation. However, because equipment working in underground mine conditions causes
the polymer layer on the wheels to wear out quickly, it is necessary to evaluate the durability of the polymer
rims of the drive wheels under their operating conditions. The purpose of this study is to improve the
durability and reliability of the system that supports mine tunnel construction. The research results
obtained the stress distribution on the contact area between the wheel rim and the rail, which can help
propose measures to enhance the lifespan of the drive wheels in a mono rail drive system. The study
revealed that traction, travel speed, and wheel diameter have a significant impact on the lifespan of
polymer rims. The developed mathematical model allows for the determination of drive wheel parameters
based on the durability of the polymer rim and the maximum traction on the device.
Keyword: support equipment, tunnel, underground mine, monorail, steel arch support
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