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Tom tg“'z.'

Mirc tiéu thy nﬁng lwgng riéng 12 chi tiéu dang dwgc sir dung dé danh gid hiéu qua vé néng lrgng ciia bing tdi md
him lb ¢6 cong suat 16m. Trong bai b4o nay, mirc tidu thy ning lwgng riéng va cong suit din dong dwgc xem xét 1a
ham xap xi cita khdi lwong tai chit trén bing tdi. Quan hé giira mirc tiéu thu niing lugng rleng véi khoi lrgng tai
du'(yc thiét 1ap dwéi dang giai tich. Tiép theo, mirc tiéu thu niing lwgng riéng dwgc ap dung dé phén tich hiéu qua
ve nang lu’(rng cho dang bing tii mé ham 16 ¢6 mdt cym dén dong st dung hdp gidm tdc banh rang con tru véi mot
56 so do déin djng khac nhau. Két qua ciia nghién ciru c6 thé 4p dung cho bai toan phn tich ti wu héa néng hrgng

tiéu thy ciia cdc bing tii mé ham 19.

Tir khéa: Béng tii mo héam 1o, hjp giam téc binh rdng con tru, mirc tiéu thu nang luong riéng.

Chi sé phén loai: 2.3

pat vin dé

Hién nay, meg tai la mot trong nhtmg thiét bi chu dao
trong hé théng van chuyén cua cac mo ham 10, dac biét 1a
cac mo than. Céc hudng phat trién cong nghé gan déy cua
bang tai dang dugc tip trung nghién ciru 12 [1]: Tdi wu hoa
nang luo'ng tiéu thy, tdi wu héa tuyén van chuyén, phan bd
cac cum din dong, phan tich va mo phong.

Céc hudng phat trién nay luén gin ket chit ché vai nhau
vé mat ky thuat ciing nhu vé mat kinh té. Déi voi cac mo
than hién dai, viéc phét trién cong ngh¢ cho bang tai ludn di
lién véi muc tiéu nang cao ning suét va giam chi phl khai
thac [1, 2]. Do dac trung co ban la dia hinh déc, nén cong
suat cua cac bang tai ldp trong mo ham 16 kha 16n do phan
cong suit tiéu ton dé néng vét liéu chiém ty 1& cao, c6 the
1én dén 90% tong cong sudt [1]. Mét khéc, do c6 yéu cdu
ddc thu vé phong chong chay nd nén hé théng dén dong va
bang nam trong s6 cac b phén c6 gia thanh cao nhét. Vi
vay, viéc tdi uu hoa hé dan dong trong thiét ké bang tai 1a
mdt bai toan quan trong, cin c6 10i giai hop 1y [3]. Khi ting
s6 lugng céc cum din dong sé din ti két qua quan trong la
glam duogc cudng do cua biang, gitp cho khéi lugng va két
cdu cua bang tai nhe hon, nhé gon va ré hon. Dong thai, mot
két qua quan trong khac la kha néng chuén hoa céc bg phan,
nho d6 khi chiéu dai cua hé théng va cong suit tang [én thi
van c6 thé sir dung cung loai bang bang cach bd sung thém
cum dén dong [4]. Tuy nhién, viéc tang s6 lugng cum dén
dong ciing c6 thé din toi viéc tang gia thanh cia ching [3,
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5]. Mt khéc, khi tang sb lugng cum din dong, tdi wu hoa vé
néng lugng ti€u thy ciing 14 van dé rat dugce quan tam trong
nghién ctru [1, 2, 5].

Semenchenko va cong s [2] da tién hanh nghién ciru
thuc nghiém vé muc tiéu thu nang luong trén mot bang tai
vén chuyén & mé than. Dua trén mé hinh hdi quy tuyén tinh
gilra cong suit din dong va khdi lugng tai chét trén bang,
céc tac gia [2] cling da phan tich danh gia dugc mirc tiéu
thu nang lugng riéng cua bang tai theo mirc d chat tai. Ap
dung mé hinh x4p xi néu trén, trong nghién ciru cia ching
t6i chi tiéu mirc tiéu thy ning lugng riéng duge sir dung dé
phén tich cac phuong 4n b tri cum dén dong sir dung hop
giam tdc banh rang con tru lap tai vi tri ddu cua bang tai mo
ham 1. Tinh toan cu thé dugc tién hanh trén mot bang tai
cta Vinacomin véi sé liéu dugc cung cép tir két qua dé tai
“Nghién ciru thiét ké, ché tao ndi dia héa cac hop giam tdc
banh rang con tru thudng ding trong bang tai mé him 16”
cua Vién Co khi Nang hrgng va Mo.

N6i dung nghién citu

Xay dung quan hé giai tich giira chi sé mirc tiéu thu nang
lugng riéng va khéi lugng tai chét trén bang cua bang tai
mo ham 16 dua trén: Phuong phap tinh cong suét theo cach
tiép cdn vé can bang nang luong, rdi rac hda qua trinh chit
tai clia bang tai mé hdm 10 v sir dung xAp xi tuyén tinh cua
cong suit theo khéi lwong 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 mirc tiéu thy ndng lugng riéng thu dugc dé so sanh
hiéu qua vé nang lugng cua cac so do dan dong kiéu don - don,
kiéu kép - don va kiéu kép - kép cho dang bing tai mo ham 1o
c6 mot cum dan dong véi hai tang dan sur dung hop giam tdc
banh rdng con tru. Trong tinh todn, nhém nghién clru da sir
dung céc s0 liéu tir mdt bang tai dién hinh cia Vinacomin.

Két qua va thao ludn
H¢ 50 chat tdi va hé s6 mirc tiéu thu ning lugng riéng

Pé danh hiéu qua nang lugng cta viéc van chuyén vat liéu
mo, mirc tiéu thu ning lugng riéng £ duoc sir dung. E dugc
dinh nghia 1a nang lugng tiéu ton dé vin chuyén 1 tan vat ligu
mo bang bang tai trén cy ly 1 km, duoc xac dinh nhu sau [2]:
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Trong d6, O la ndng sudt trung binh (T/h), L 1a cu ly vin
chuyén (m). Cong suat dan dong cho bing tai la P (kW):
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voi I, 1 lyc cing hitu ich (N): v 1a van toc cua bang (m/s);  1a
hi¢u suat cua cum dan dong. Hién nay, c6 hai cich tiép cin pl16
bién de tinh todn luc cing hitu ich F, duge sir dyung trong cac
tiéu chuan thiét ké bang tai. Thir nhat la cach tiép ciin vé cén
bang luc st dung trong céc tiéu chuan ISO 5048, DIN 22101,
CEMA. Thir hai 1a céch tiep can vé cin bing nang luong st
dung trong tiéu chuan JIS B 8805 cua British Coal.

Theo cach tiép can ve cin bing nang lwong thi cong suat
cua bang tai co the chia lam ba thanh phan chinh la;

P=F,+F +H (3)

_ Trong d§, P, la cong sut dé dn dong bang khong tai, P
cong suat dé vin chuyén vit liéu theo phuong ngang, P, 1a cong
sudt dé ndng vt li¢u theo phuong dimg.

Beé don gian hoa, khi xdy dung cong thirc (3), nghién ciru da
bo qua thé.m}l; phan cdng suat dé khic phuc cac luc can phu nhu
lue can tai vi tri phéu nap li¢u hay luc can cua bg phén lam sach
bang. Ba thanh phan cong sut néu trén dugce xéac dinh nhu sau:

£y =gf (L, +L,)qv /1000 (4)
B, =gf (L, +L,)q.v/1000 (5)
£ = gHvg,. /1000 (6)

voi g= 9.81 m/s* 1a gia tic trong truong; L, la khoang cach van
cl?v._lyf:n theo phuong ngang (m); E la chiéu dai diéu chinh (m),
voi L, = 3(}0ﬁ]200 m thi L, =45 m; H la chiéu cao vin chuyén
(m); f'1a h¢ s can cua céc b phan chuyén dong, dbi véi bang
tai thon;g th‘u'fmgf= 0,02, con ddi véi bing tai o mo thi /thuong
duogc lay tir 0,025 den 0,035 [2], trong [2] ciing khuyén nghi
tdng hé 50 can fthém 30% trong tinh toan cho bang tai ham 10,
cu thé Ia;_f: 0,05, do hién turong ket con lan d& thudng xay ra
trong mm‘tru’(‘mg lam vigc & ham 1o, British Coal yéu ciu 1 lay
trong kh(?ang,Q,OS dén 0,041 [4]: khéi lvong don vi cua tai q..
(kg/m) va khoi lugng céc b phan chuyén dong phin bb theo
chiéu dai cuia bing ¢ (kg/m) duoc xac dinh theo cac cong thirc:
1000W

: (7)

(8)

VOl L =1, /cosd; W la tong khdi luong tai trén bing (T): D

de = ___Q.,.- =
3,6v

9=dqpo +qp, +2q,

la khoi lugng dq11 vi b phan quay cua cac con lin d& trén
( Iig/m)':'q 2o 12 khoi lqungldom vi bd phan quay cua céc con lin
dfr duc:: (kg/m);’qﬁ la khoi lwong don vi cua bang (kg/m). So
Saflh vE cong suat tinh toan theo céc tiéu chuin khac nhau cho
mOt bang tai cy thé [4] cho théy két qua tinh toén theo British
C:()u I. cao hon mét chit so véi theo céc tiéu chuin khac do ¢6 hé
sqacan_f ap dung cho bang tai trong mo than 16n hon so véi didu
kién thong thuong,

Trong cdc tiéu chuan tinh toan néu trén thi tai & trén bing
duoc coi la tai trong phén bd déu q,» xac dinh theo cong thirc
(7), co nghia la khi tinh todn mirc tiéu thu nang luong cua bang
tai thi ‘lufm Ung voi tai 16n nhit. Déi voi bing tai str dung trong
ham 10 11]31r mo than, do)diéu kién dia chit, khai thac vg trung
chuyén nén qua trinh chét tai lén bing thue té 1a mot qua trinh
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ngau nhién, boi vay viéc chég tai trén bang khéng lién t.l_lc.yé
khong déu. Mot cach md ta gan ding la qué trinh chat tai dlér!
ra theo tirng dot, khoi lugng chat tai mét dot dugc déc trung boi
khi lugng tai trén bang cia dgt d6. Khi nghién ctru anh hudng
cuia viéc nap liéu khong déu doi vdi cong suat va tiéu thy nang
lugng cia bang tai trong mé than, trong [2] 4p dung m(? hinh héi
quy md ta sy phy thudc clia cong suat theo khoi luong tai nhu sau:
F, = F, + WAF, )
Trong d6, P, W, lén lugt Ia cong suat din dong va khxéi
lugng tai trén bang tai dot thir i; AP, (kW/T) 1a cong suat dan
dong cén thiét dé van chuyén 1 tan khoi luong tai W, Sir dung
cong thirc xap xi (9), két hop véi (3) ta co:
W = Pl—E’b = Pfl.i+1)l.i
‘"TAR, AR '
trong do, AP, dugc xac dinh tir (3) dén (6), voi chi y 1a khoi
lwong don vi cla tai img véi 1 tan Agg =1000 /L;
Ag;
1000

(10

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

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

(11)

Tir (1), (7) va (11) ta c6 chi s6 rpt'rc tiéu thu nang lugng
riéng E, twong (ng v&i khoi lugng tai W

1000P P
EW,)= AT )

P+ fL, +L)+HIW /L

- 3,6vH,

Pé phan tich quan hé giira mirc d¢ chét tai va m}'rc do tiéu
thu néing lugng riéng, ta c6 thé sir dung hé 6 chat tai:
_
T

max

(13)

C,la dai lugng khong thir nguyén, co g.ié trj ‘n‘r 0 dén .l', t!]é
hién mirc d9 cua khéi luong tai W, so voi khoi lugng tai lon
nhit W . W__ dugc xac dinh bang cdng thirc M, t.L.mng ng
v6i nang sudt i6n nhét Q, . V6i cde mirc dd chat ti C, khac
nhau, sir dung céc cong thire tir (3) dé{lk(l2) ta 6 thé xac q}nh
dugc cac cong sudt din dong va muc tiéu thu nang lugng riéng
tuong ung.

Phan tich mitc tiéu thy nang hegng riéng f_‘ﬁa l:dng tai n:é
hém 1o ¢6 mpt cum dén djng vdi hai tang din sic dung hgp
gidm toc banh ring con try

Xét mot dang bang tai hay sur dung trong ‘mc’) than ‘gﬁa}
Vinacomin nhu hinh 1A. Cac thong sc;) co baq cua béng tai la
ning sudt thiét ké Q,, cu ly vén chuyén L, chiéu cao nang H,
goc déc 8. Do han ché vé khong gian lam viéc nén cic bing tai
mé ham 16 c6 nhiéu tang dén, trong do loai hop giam tdc banh
ring con tru thuong duorc'sfr dung vgl céc 50 Po d,an dQnAg kiéu
don (1 dong co - 1 gidm toc/1 tang fian) va kiéu k\ep Q dfmg co
-2 giam téc/1 tang dn) nhu cac hinh 1B, 1C. Hinh 2 14 so d6
lyc cang bang cua cym dan dépg véi hai tapg dan. anl thle!; géc
6m a cua bang trén cac tang va hé soma sat glua’ban.g va céc
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 c6:

E_E_F_ e (15)
F, R F

Sir dung (15), luc cang béng hiéu dung trén tang diu F,
trén tang dan tht nhat £ va thir hai F,la:

F,=F,~ F,=F@ -1)
Fy=F,~ F=F(e=-1)
F.=F,~ F,=F(e" -))

(16)

Theo céc tai ligu tinh toan théng dung [4], thuong 1y a =
230°va p= 0,25, tir (15) ta xdc dinh duoc cac luc cang nhu sau:

F = 2,121F;F, = 2,121F,;;F,= 2 M1F,; F,= 2,727°F, a7
Thay (17) vao (14) dugc:
1
F,=————F, =0,052F,
Yot (18)

Két hop (16), (17), (18) cb quan hé giita luc cing bing lén
nhat F | v F, F,vé6i lyc cing hiéu dung F: '

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

Céc lyc cang hi¢u dung F, va thir hai F,, thé hién phén b6
déng lyc ciia cum dan ddng, cong suat yéu cau trén tang din
thir nhat bang 2,727 lan cong suat yéu ciu trén tang din thit hai,
theo ty 1€ phan tram tuong tmg la 73,2 va 26,8%. Sau khi da
xac dinh dugc céc lyc cang hiéu dung F,F,,F,urcong suat
cua bang tai P (bing 1), s& xac dinh dugc cong suat yéu cau
trén cac tang dan thir nhét va thi hai, P, P, va tOng cong suat
yéu cau trén hai tang P, P, + P, va mirc tiéu thy ning lugng
riéng tinh todn E (bang 2).

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

- TH1 (kiéu don - don): M&i tang c6 so d6 din déng kiéu
don, cong suat ciia moi by dong co - giam toc bang cong suit
tinh toan trén tang, p=p, P =P

2t

- TH2 (kiéu kép - don): Tang dan thir nht co so d6 dan
dong kieu kép, tang dén thr hai c6 so d6 din dong kiéu don, ba
bd dong co gidm toc giong nhau cé cong suit bang 1/2 cong
suat tinh toan trén tang din thir nhit, B, =R, =P =P, /2,

- TH3 (kiéu kép - kép): Cac tang din c6 so 46 din dong kiéu
kép, cong suat ciia mo6i bd dong co - giam tdc bang 1/2 cong
suat tinh toan trén tang dan do, =P, /2,R =P, /2

)

T

1
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i
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(A) (B) (@]

Hinh 1. (A) So dd din dgng clia bang t3i mé dién hinh; (B) So db
dan dong kiéu don; (C) So dé din dong kiéu kép.
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a F; 2

Fy
Hinh 2. Luc cing trén cum dan déng hai tang dan.

Bang 1. Két qua tinh cic théng s6 co ban ciia biang tai.

o, (T/h) 320 n 095 P, (kW) 92,2
L{m) 1005 gy, (keg/m) 16,5 P, (kW) 458
5(d6) 16 qkg/m) S P, (kW) 2513
v (m/s) 2 g, (kg/m) 34 P (kW) 389,3
L,(m) 45 g, (kg/m) 44,44 F.(N) 193290
s 0,05 W_ (M 46,5 F,MN) 74611
F,0N) 27061

Bang 2. Diéu khién cong suat clia cac so dd din dong tuong ting
vdi hé so chat tai.

Tizh tefn THI o Tﬂl ) o TH3 o i )
C"’ ﬁ: E WP’u" 7Pa P 7P:_ P: ﬂm P, 7Pu ,Px ”Pma Py Plz, Py Py
M G0 G a0 @) N W) G () ) ) ) (W) @) W)
00t 10 M5 40 145 2156 1582 514 1582 BBl 1018 B R7
010 46 675 495 180 256 1582 574 1582 nloBlo1078 B 87
020 93 89 66 3 256 1582 574 1582 BBl 018 B B7
030 139 1004 737 267 256 1582 574 1582 BB 1018 Bl 17

040 186 le8 &7 LI Use 182 574 B2 WL OWI W) ASE WL W/ 87 287
050 22 1333 918 355 US6 182 4 B2 W/I WP WL o256 WL MW 87 87

080 M9 1497 199 B9 S6 182 T4 B2 WL WL WL 56 B W1 OB %7

070 325 162 IR0 M2 256 182 514 B2 MWL WL W1 us6 H/E WL BT 87
080 372 IR6 1340 486 256 1582 574 BI2 W1 MWL W) 256 W) W1 287 87
030 418 191 1461 530 2156 1582 574 22 WA WI W AS WI MW 87 27
10 45 56 1582 S4 A6 182 T4 B2 W1 WL W/ A6 WL M 87 87

E(kWh/Tkm)

: g S g =y 9 — -
0 01 0.2 0.3 04 00.5 0.6 07 0.8 0.9 1

Hinh 3. Quan hé¢ giifa miic tiéu thy nang lugng riéng va hé so
chit tai clia cac so dé din dong.

Két qua tinh toan & bang 1 cho th?iy,'cc“)ng sudt ding dé néng
vatliéu P, 1én den 64,5% so v6i cong sudt dé van chuyén vt ligu
theo phuong ngang P, 1 | I,8% va cong sudt dé dan dong khong
tai P, 1a 23,7%. Bang 2 cho thay, khi hé sb chét tai C ;< 0,3 thi
v&i céc trudmg hop 2 (TH2), truong hop 3 (TH3) c6 thé giam
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nang lugng tiéu thy bang cich tit bot dong co, cu thé 1a trong
TH2 c6 the tat bét 1 dong co trén tang dan thir nhat, con trong
TH3 14 tt b6t mét dong co trén moi tang dan. R4 rang, véi so o
din dong TH1 thi khong thé tit dugc dfng co trén cac tang dan.
Khi C> 0,3, vi du C, = 0,4, thi mic du tong cong suat trén hai
tang 16n hon tong cong suat yéu cau P =116,8 kW, cling khong
duoc tat bot dong co trén cac tang dan vi phai duy tri cong suét
dén dong 16n hon mirc yéucaulaP =857kWvaP,=31,1 kW.
Quan h¢ gilta mirc tiéu thy ning Iu'qng,riéng va he so chat tai
tmg v&i ba trudng hop néu trén dugc bicu dién trén hinh 3, cho
thay khi C> 0,3 thi chénh léch vé& mirc tiéu thu néng lugng riéng
cua ca ba trudng hgp TH1, TH2, TH3 khong 16n va kha gan mirc
ti€u thu nang lugng riéng tinh toan E,. Tuy nhién, khi C,<0,3 thi
sur chénh I€ch giira ba trudng hop nay 1a kha l6n, trong d6 TH3
¢6 murc ti€u thu ning lugng riéng nho nhit va nim gin E nhat,
nguoc lai 1a TH1. Khi hé s6 chit tai C,cang thap thi ml'rc'tiéu thu
nang luong riéng cang 16n, khi C, =0,021 img voi khoi lugng
tai W= 1T, thi £, =31 kWh/Tkm, E.=22 kWh/Tkm, E, =
15kWh/Tkm, nghia 1a mic tiéu thu nang lugng riéng cia TH2
giam khoang 29% va cta TH3 giam khodng 52% so v&i THI.

Két luan '

Dua trén phuong phap tinh cdng suit theo cach tiép cén vé
cdn bang nang lugng, rdi rac héa qué trinh cht tai va sir dung
Xap xi tuyén tinh cia cong sudt theo khéi lugng tai cua bing
tdi md ham 10, quan hé mirc tiéu thy néng lugng riéng véi khéi
lugng tai dugc thiét 18p dudi dang giai tich. Tiép theo, murc tiéu
thu ndng lugng riéng nay dugc sir dung dé phan tich hiéu qua
veé mat ning lugng ciia céc so db din dong ki don va kidu kép
cho mdt bang tai mé ham 16 c6 mét cum din déng véi hai tang
dan sir dung hép giam téc banh rang cdn tru. So sanh ba trudng
hop bo tri dan dng cho cac tang dan cho thy so db dan dong
kicu kép - kép tiét kiém nang lugng hon so vdi cic so db kiéu
kép - don va kiéu don - don, nhat 12 khi hé sé cht tai nhé hon
0,3. Mirc tiéu thy nang lwong riéng dugc xdy dung trong bai bao
nay c6 the phat trién cho trudng hop bng tai c6 nhidu cum din
dong sir dung hop giam téc banh ring con try, ddng thai cho thiy
ti€m ndng dugc sir dung 1a mét chi tigu ky thuat trong céc bai
todn thiét ke mdi hay thiét ké cai tao nhim phan tich t&i wu hoa
nang lugng tiéu thu cho cac bing tai mo him 10.
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