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Tém tit:

Mikc tiéu thu niing lwong riéng la chi tiéu dang dwoc sir dung dé danh gia hiéu qua vé niing lwong ciia bing tai mé
ham 10 c6 cong suit I6n. Trong bai bio nay, mirc tiéu thu ning lwgng riéng va cong suit din dong dwoc xem xét 1a
ham x4p xi ciia khdi lwong tai chét trén bing tai. Quan hé giira mirc tiéu thu ning lwong riéng véi khoi lwong tai
dwoc thiét 1ap dwéi dang giai tich. Tiép theo, mirc tiéu thu ning lwong riéng dwoc ap dung dé phan tich hiéu qua
vé ning lwong cho dang bing tai mé ham 16 ¢6 mdt cum din dong sir dung hop giam téc banh riang con tru véi mot
s6 so' 6 din dong khac nhau. Két qui ciia nghién ctru c6 thé ap dung cho bai toin phén tich téi wu hoa ning luwgng

tiéu thu cua cac bang tai mé ham lo.

Tir khéa: Bing tii mé ham 16, hop giam toc banh ring con tru, micc tiéu thu ning lwong riéng.

Chi sé phén loai: 2.3

Pat van de

Hién nay, bang tai 1a mét trong nhiing thiét bi chu dao
trong hé thong van chuyén cua cac mo ham 10, déac biét 1a
cac mo than. Cac hudng phat trién cong nghé gan day cua
bang tai dang dugc tap trung nghién ctru la [1]: Tbi wu hoa
nang luong ticu thy, t6i uu hoa tuyén van chuyén, phan bd
cac cum dan dong, phan tich va mo phong.

Céc huéng phat trién nay ludn gin ket chat ch€ voi nhau
vé mit k¥ thuat ciing nhu vé mit kinh té. Déi voi cac mo
than hién dai, viéc phat trién cong nghg cho bang tai lu6n di
lién v6i muc tiéu nang cao ning suat va giam chi phi khai
thac [1, 2]. Do dac trung co ban 1a dia hinh dbc, nén cong
suét ciia cac bang tai lap trong m6 ham 16 kha 16n do phan
cong suét tiéu ton dé nang vét liéu chiém ty 18 cao, ¢ the
1én dén 90% t téng cong sudt [1]. Mat khac, do co yéu cau
déc thu vé phong chong chay n6 nén hé théng dan dong va
bing nim trong so cac bd phén co gia thanh cao nhit. Vi
vay, viéc toi ru hoa hé dan dong trong thiét ké bang tai la
mdt bai toan quan trong, can c6 1oi gidi hop 1y [3]. Khi tang
s6 lugng cac cum dan dong s& dan téi két qua quan trong la
giam dugc cudng do cua bing, gitip cho khdi luong va két
cAu cua bang tai nhe hon, nho gon va ré hon. Déng thoi, mot
két qua quan trong khac 1a kha nang chudn hoa cac bo phén,
nho do khi chidu dai ctia hé thng va cong suit ting 1én thi
van c6 thé sir dung cung loai bang bang cach bd sung thém
cum dan dong [4]. Tuy nhién, viéc ting ) lugng cum dan
dong ciing co6 thé dan t6i viée ting gia thanh cua ching [3,
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5]. Mat khéc, khi tang ) lugng cum dan dong, t6i wu hoa vé
nang lugng ti€u thy ciing 1a van dé rat dugc quan tam trong
nghién ctu [1, 2, 5].

Semenchenko va cong sy [2] da tién hanh nghién ctru
thuc nghiém vé muc tiéu thu nang lugng trén mot bang tai
van chuyén & mo than. Duya trén mé hinh hoi quy tuyén tinh
giita cong sudt dan dong va khdi lugng tai chat trén bing,
cac tac gia [2] cling da phan tich danh gid dugc mic tiéu
thu ning luong riéng cia bang tai theo muc do chat tai. Ap
dung mo hinh xap xi néu trén, trong nghién ctru cta ching
t6i chi tiéu mirc tiéu thu ning luong riéng dugc st dung dé
phan tich cic phwong 4n b tri cum dan dong sir dung hop
giam t6c banh rang con tru lip tai vi tri dau cua bang tai mo
ham 16. Tinh toan cu thé dugc tién hanh trén mot bang tai
ctia Vinacomin véi s6 lidu duoc cung cap tir két qua dé tai
“Nghién ctlru thiét ké, ché tao noi dia hoa cac hop giam tde
banh riang con try thuong dung trong bang tai mo ham 10
cua Vién Co khi Nang lugng va Mo.

Noi dung nghién ciu

Xay dyng quan hé giai tich gitra chi s6 mirc tiéu thy ning
luong riéng va khdi luong tai chét trén bang cua bang tai
moé ham 10 duya trén: Phuong phap tinh cong suat theo cach
tiép can vé can béng nang lugng, ro1 rac hda qua trinh chét
tai ctia bang tai mo ham 16 va sir dung xap xi tuyén tinh ciia
cong suit theo khéi luong tai.
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Abstract:

The specific energy consumption is an important crite-
rion which is used to evaluate the energy efficiency of
underground mining belt conveyors. In this paper, the
specific energy consumption is considered as a function
of the load weight on a belt conveyor which is expressed
in analytic form. This formulation is then used to anal-
yse the energy efficiency of a typical underground belt
conveyor in coal mines with single drive unit using bevel
helical gearboxes in compliance with several transmis-
sion schematics. The result of the paper can be applied
to the optimization problem of energy consumption for
underground mining belt conveyors.

Keywords: Bevel helical gearbox, specific energy
consumption, underground belt conveyor.
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Ap dung mrc ti€u thu nang lugng riéng thu dugc dé so sanh
hi¢u qua v€ ndng lugng cua cac so do din dong kiéu don - don,
kiéu kép - don va kiéu kep kép cho dang bang tai mo him 16
¢6 mot cum dan dong véi hai tang dan st dung hop glam tdc
banh rang con try. Trong tinh toan, nhom nghién ctru da st
dung cac sd liéu tir mot bang tai dién hinh ctia Vinacomin.

Két qua va thao luan
H¢ so chat tdi va hé so mire tiéu thu nang luwong riéng

Pé danh hiéu qua ning lu’ong ctia viéc van chuyén vat lidu
mo, muc ti€u thy nang lugng riéng E duge su dung. £ dugc
dinh nghia 1a nang lugng ti€u ton dé van chuyén 1 tan vét li¢u
mo bang bang tai trén cy ly 1 km, duoc xac dinh nhu sau [2]:

_1000P  kWh I
0,L° Tkm

Trong do, O, la ndng suat trung binh (T/h), L 1a cy ly véan
chuyén (m). Cong suat dan dong cho bang tai la P (kW):

Fv

P= ¢ 2
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v6i F la lye cang hiru ich (N); v 1a van tdc cua bang (m/s) nla
hi¢u suét ctia cum dan dong. Hién nay, c6 hai cach tiép can pho
bién dé tinh toan lyc cang hitu ich F, dugc su dung trong cac
tiéu chudn thiét ké bang tai. Thu nhat 1a cach tiép can vé can
bang luc sir dung trong cac tiéu chuan ISO 5048, DIN 22101,
CEMA. Thir hai 1a cach tiép can vé can bang ning luong sir
dung trong tiéu chuan JIS B 8805 ciia British Coal.

Theo cach tlep can vé can bang nang lugng thi cong suat
cla bang tai co thé chia lam ba thanh phan chinh la:

P=P,+P +P (3)

Trong do, P, la cong suat dé dan dong bang khong tai, P,
cong suat dé Van chuyen vt li¢u theo phuong ngang, P, la cong
suat dé nang vét liéu theo phuong dung.

Dé don gian hoa, khi xay dyng cong thirc (3), nghién ctru da
bo qua thanh phan cong suat dé khic phuc céc Iyc can phu nhu
luc can tai vi tri pheu nap liéu hay lyc can cia bg phan 1am sach
bang. Ba thanh phan cong suét néu trén dugce x4c dinh nhu sau:

P, =gf(L,+ L, )gv/1000 “)
F,=gf(L,+L,)q;v /1000 (5)
P, = gHvq; /1000 (6)

voi g = 9,81 m/s* la gia tdc trong truong; L, 1a khoang cach van
chuyen theo phuong ngang (m); L, la chleu dai diéu chinh (m),
v6i L, =300+1200 m thi L =45 m Hla chleu cao van chuyen
(m); f 13 hé sb can cua cac bo phén chuyén dong, dbi v6i bing
tai thong thuong = 0,02, con ddi véi bang tai & mo thi fthudng
duoc lay tir 0,025 dén 0,035 [2], trong [2] ciing khuyén nghi
tang hé s can fthém 30% trong tinh toan cho bang tai ham 10,
cu thé 1a f 0,05, do hién tuwong ket con lan d& thu’ong xdy ra
trong moi trudng lam viéc & ham 1o, British Coal yeu cau f lay
trong khoang 0,03 dén 0,041 [4]; kh01 luong don vi cua tai g,
(kg/m) va khéi lurong cac bo phan chuyén dong phan bé theo
chiéu dai cua bing ¢ (kg/m) duoc xac dinh theo cac cong thirc:

o. 10000
= = _ 7
9dc 3.6v I3 ( )
qd=d4qro t9ry *+ qu (8)

v6i L =L, /cosd; W 1a tong khéi luong tai trén bang (T); ¢,
1a khéi luong don vi bd phan quay cua cac con lin d& trén
(kg/m); g, 1a khdi lvong don vi bd phan quay cua cac con lin
do dudi (kg/m); g, 1a khéi luong don vi ciia bang (kg/m). So
sanh vé cong suat tinh toan theo cac tiéu chuan khac nhau cho
mot bang tai cu thé [4] cho thdy két qua tinh toan theo British
Coal cao hon mét chut so voi theo céc tiéu chuén khac do ¢o hé
0 can f'4p dung cho bang tai trong mo than 16n hon so véi diéu
kién thong thuong.

Trong céc tiéu chuan tinh todn néu trén thi tai & trén bing
duoc coi 1a tai trong phan bd déu ¢ /6 xac dinh theo cong thuc
(7), c6 nghia la khi tinh toan murc ti€u thu ndng lugng cua bang
tai thi lu6n g vdi tai 16n nhat Déi voi béang tai su dung trong
him 16 nhur mo than, do diéu kién dia chat, khai thac va trung
chuyén nén qué trinh chét tai 1én bang thuc té 1a mot qua trinh



ngiu nhlen bdi vay viée chat tai trén bang khong lién tuc va
khong déu. Mot cach mo ta gan dtng 1a qua trinh chét tai dién
ra theo timg dot, khdi luorng chét tai mot dot duoc dic trung boi
khéi lugng tai trén bang ciia dot do. Khi nghién ctru anh huong
cta viéc nap liéu khong déu doi v6i cong suat va tidu thu ning
lugng cua bang tai trong mo than, trong [2] 4p dung mo hinh hoi
quy mo ta sy phu thudc ciia cong suat theo khoi lugng tai nhu sau:

P =P, +WAP, )

Trong do, P, W, lan luot 1a cong suat dian dong va khoi
lugng tai trén bang ta1 dot thtr i; AP, (kW/T) la cong suat din
dong can thlet dé van chuyen 1 tin kh01 luong tdi . Stir dung
cong thire xap xi (9), két hop véi (3) ta co:

P-P, B,+B,

W: i eb _
' AF, AP,

trong do, AP, dugc xac dinh tr (3) dén (6), voi chu y 1a khéi
lugng don vi cua tai ling voi 1 tan Ag, =1000/L:

(10)

AP, = AP, + AP = gv[ f (L, +La)+H]1AO‘1(’)GO

(11)

=gv[f(L,+L)+H]/L

Tu (1), (7) va (11) ta c6 chi sé muec tiéu thy nang luong
riéng £, twong ing voi khoi luong tai W:

E(w) 10002 P
OL  3,6vW, (12)
_ PRyt f(L,+ L)+ H]W, /L
- 3,6V,

Pé phan tich quan hé gitra mure d chit tai va muc d9 tiéu
thu nang luong riéng, ta ¢6 thé sr dung hé sé chét tai:

W, (13)

max

C =

C,la dai lugng khong thir nguyén, c6 gia tri tir 0 dén 1, the
hién muc do cua khdi lugng tai W so vei khéi luong tai 16n
nhat Wm W . duge xac dinh bang cong thirc (7), tuong tmg
vOi nang suit 16n nhat Q. Voi cac mirc do chét tai C, khic
nhau, sir dung cac cong thirc tir (3) dén (12) ta c6 thé x4c dinh
duoc cac cong suit dan dong va mirc tiéu thu nang luong riéng

tuong tng.

Phén tich mirc tiéu thu nang luwgng riéng ciia bang tdi mo
ham 1o c6 mgt cum dan dong véi hai tang dan sir dung hop
gidm toc banh rang con tru

Xét mot dang bang tai hay st dung trong mé than cia
Vinacomin nhu hinh la. Céc thong s6 co ban cia bang tai 1a
ning suat thiét ké 0, culy van chuyén L, chiéu cao nang H,
goc ddc 8. Do han ché vé khong gian lam viéc nén cdc bang tai
m6 ham 10 ¢6 nhiéu tang dan, trong d6 loai hop giam tdc banh
rang con tru thuong duge str dung voi cac so do dan dong kiéu
don (1 dong co - 1 giam tdc/1 tang dan) va kiéu kép (2 dong
co - 2 giam tdc/1 tang dan) nhur cac hinh 1b, 1c. Hinh 2 14 so d6
luc cang bang cua cum din dong v6i hai tang dan. Gia thiét goc
6m o ciia bang trén cac tang va hé sb ma sat p giita bang va cac
tang 1a nhu nhau, luc cang bang hiéu dung dugc xac dinh la:
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F=F-F (14)
Theo cong thic Ole ta co:

i:i:i:eﬂa (15)
F, F F,

St dung (15), lyc cang bang hi¢u dung trén tang dau F,,
trén tang dan thir nhat F,, vatht hai F, la:

F,=F - F=F" 1)
F,=F~ F=F(" -
F,=F,~ F=F" 1)

(16)

Theo céc tai liéu tinh toan thong dung [4], thuong ldy a =
230°va u=0,25, tir (15) ta xac dinh dugce cac luc cang nhu sau:

F = 2,27F,;F, = 2,727F,;F, = 2,727F,; F,= 2, 72T'F, (17)
Thay (17) vao (14) dugc:
1
F,=——F =0,052F
MY b A ¢ (18)

'Ké't hop (16), (17), (18) c6 quan hé giira lyc cang bang lon
nhat /¥, va F , F,v6i lyc cang hi¢u dung F :

= 1,052F; F,=0,386F; F,, =0,141F, (19)

Cac lyc cang hi¢u dung F, va thr hai F, the hién phan b
dong lyc cua cym dan dong, cong suat yeu cau trén tang dan
thtr nhat bang 2,727 lan cong suat yéu cau trén tang dan thy hai,
theo ty 18 phan trim twong tng 1a 73,2 va 26,8%. Sau khi da
xéc dinh duoc cac lyc cang higu dung F, F,, F, tr cong suat
cla bang tai P (bang 1), s€ xac dinh ducc cong suat yéu cau
trén cac tang dan thir nhat va tht hai, P P,va tong cong suat

1’
yeu cau trén hai tang P,P, +P,va mtuc tiéu thu ndng lugng
riéng tinh todn £ (bang 2)

Xét cac truong hop bé tri dan dong cho céc tang dan nhu
sau:

- TH1 (kleu don - dan) Mdi tang c6 so do dan dong kleu
don, cong suat ciia mdi bo dong co - giam toc bang cong suat
tinh todn trén tang, p=p, P, =P,.

- TH2 (kiéu kép - don): Tang dan thir nhat ¢6 SO d6 dan
dong kiéu kep, tang dan thtr hai c6 so d6 dan dong kiéu don, ba
bo dong co giam toc glong nhau ¢6 cong suat bang 1/2 cong
sut tinh toan trén tang dan thi nhit, 2, =R, =R =2/2,

-TH3 (kleu kép - kep) Céc tang dan c6 so do dan dong kiéu
kep, cong suat ciia mdi bo dong co - giam tc bang 1/2 cong
suét tinh toan trén tang dan do, P=p, /2,B, =P, /2

T

L
:

4 b) o
Hinh 1. a) So d6 din dong clia bang tai mé dién hinh; b) So do
dan dong kiéu don; c) So do dan dong kiéu kép.
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Hinh 2. Luc cing trén cum din dong hai tang dan.

Bang 1. Két qua tinh cac thong s6 co ban clia bang tai.

0, (T/h) 320 n 0,95 P, (kW) 922

L (m) 1005 q,, (kg/m) 16,5 P, (kW) 458

5 (d0) 16 4y (kg/m) 5 P, (kW) 2513

v (m/s) 2 4, (kg/m) 34 P (kW) 3893

L, (m) 45 4, (ke/m) 44,44 F.(N) 193290

s 0,05 W, (T) 46,5 F,(N) 74611
F,(N) 27061

Bang 2. Diéu khién cong suat cta cac so do din dong tuong ting
vé6i hé so chat tai.

Tinh todn TH3

G WP p P P P P PP By B B BB, B P

1 o 2 1THI 1 2 ATH? I 2 2 TS i ] A

M W) W) (W) GW) W) W) W) &) RW) R W) W) (W) W) EW)
0021 10 45 400 145 256 182 574 1582 I M1 1078 79,1 87
010 46 675 495 180 2156 1582 574 1582 I 1 1078 79,1 87
020 93 89 66 23 256 182 T4 1582 91 0 1078 791 87
030 139 1004 77 267 256 182 574 1582 0 11078 791 87
040 186 1168 857 311 256 182 574 172 M1 ML MWL 256 91 W1 87 87
050 232 133 978 35 2se 182 574 12 ML ML MWL 256 9L W1 87 BT
060 279 1497 1099 399 256 182 574 312 M1 ML WL 256 91 W1 87 87
070 325 1662 1220 442 2156 182 574 2312 91 W1 M0 256 90 91 287 287
080 372 186 1340 486 2156 182 574 12 M1 91 ML 256 91 M1 287 87
090 418 191 1461 B0 256 182 574 BT M1 91 MWL 256 91 M1 87 287
10 465 256 1582 574 2156 182 574 2372 M1 ™90 90 256 M1 M1 287 287
35
——E
301t ——Eqy
25 \\ +ETH2
P T ETHs
o |
£ L
2 ol
A
10 &\
; \\
0O 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
C

Hinh 3. Quan hé gitia mic tiéu thy nang lugng riéng va hé so

chat tai clia cac s d6 dan dong.

Két qua tinh toan ¢ bang 1 cho thay, cong suat dung dé nang
vatliéu P lén dén 64,5% so v6i cong suat de van chuyen vat licu
theo phuang ngang P, 1a 11,8% va cong suat dé dan dong khong
tai P, 1a 23,7%. Bang 2 cho thay, khi hé s6 chat tai C,<0,3 thi
Vol cac truong hop 2 (TH2), truong hop 3 (TH3) co the gidm
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nang hrorng tiéu thu bang cach tat bot dong co, cu thé 1a trong
TH2 c6 thé tit bot 1 dong co trén 1 tang dan thir nhat, con trong
TH3 1a tit bot mot dong co trén mdi tang dan. R rang, véi so do
din dong TH1 thi khong thé tat dwoc dong co trén cdc tang dan.
Khi C> 0,3, vi du C, = 0,4, thi mgc du tong cong sudt trén hai
tang lon hon tong cong suat yéu cau P =116,8 kW, cling khong
dugc tit bt dong co trén cac tang dan vi phai duy tri cong suat
dan dong 16n hon mirc yéu cau lapP =857kWvaP,=31,1 kW.
Quan h¢ gitta muc ti€u thy nang hrong riéng va he s6 chat tai
g v6i ba truong hop néu trén duge biéu dién trén hinh 3, cho
thay khi C> 0,3 thi chénh I¢ch vé mirc tiéu thy nang luong riéng
cuacaba tru’orng hop TH1, TH2, TH3 khéng 16n va kha gan murc
tiéu thu nang lugng riéng t1nh toan E,. Tuy nhién, khi C,<0,3 thi
su chénh Iéch gilia ba truong hop ndy la kha l6n, trong do TH3
c6 muc tiéu thu ndng luorng riéng nho nhat va ndm gin E nhat,
nguoc lai 1a TH1. Khi hé s6 chét tai C cang thap thi mirc tiu thu
ndng luong riéng cang 16n, khi C, = 0 021 tmg véi khoi lugng
tai W =1T,thi £, =31 kWh/Tkm ETH2 22 kWh/Tkm, £, =

ISkWh/Tkm ngh1a la mure tiéu thy nang luong riéng cua TH2
giam khoang 29% va cua TH3 giam khoang 52% so voi TH1.

£ ~
Két luan

Dua trén phuong phép tinh cong suat theo cach tiép can vé
cén bang nang luong, roi rac hoa qua trinh chét tai va st dung
xap xi tuyén tinh cua cong sudt theo khdi luong tai cia bang
tai m6 ham 10, quan hé muc tiéu thy nang lugng riéng voi khi
luong tai duogc thiét 1ap dudi dang giai tich. Tiép theo, mirc tiéu
thy nang lugng riéng nay dugc su dung aé phén tich hi¢u qua
v& mit niang luong cua cac so dd dan dong kiéu don va kiéu kép
cho mot bang tai mo ham 10 ¢6 mdt cum dan dong voi hai tang
dan sir dung hop giam toc banh rang con try. So sanh ba truong
hop b6 tri dan dong cho cac tang dan cho thay so d6 dan dong
kiéu kép - kep tiét kiém ning lugng hon so véi cac so 6 kiéu
kép - don va kiéu don - don, nhét 1a khi hé sb chat tai nho hon
0,3. Mirc ti€u thy ndng luong riéng dugce xay dung trong bai bio
nay co thé phat trién cho  truong hop bang tai ¢ nhidu cum dan
dong str dung hop giam tdc banh ring con try, dong thoi cho thdy
tiém nang dwoc str dung la mot chi tiéu ky thuat trong cac bai
toan thiét ké mai hay thiét ké cai tao nhdm phan tich toi wu hoa
ning luong tiéu thu cho cc bang tai mo ham 1.
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