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Tém tit

Bing tai dai duoc sir dung trong nhiéu thap ky dé xtr Iy cac vat liéu va hang hoa roi hoic dap tmg quy trinh cong
nghé. Bang tai c6 wu diém ndi bt 1a ning sudt cao mang lai hiéu qua kinh té. Trong khi c4c tai lidu va nghién
ctru vé bang tai & Viét Nam hau nhu chua cap nhat theo tiéu chuén ISO, DIN, JIS va viéc tinh toan chinh xac
néu chi dua theo cic mién thong sé kinh nghiém s& khong t6i wu hoa duoc thiét ké. Phuong phap tinh toan cac
thong s6 nhu khoang cach hai con 1an, hé sb kéo va cong suit dan dong tir luc bén kéo cho phép bang tai con
chwa ¢6 nhiéu nghién ctru. Bai bao s& nghién ciru co s tinh toan, xy dung thuét toan va st dung phan mém
Matlab dé khao sat. Muc dich ctia nghién ctru nay 1a tim ra cac thong s6 hop 1y cho phép phat huy hét ning suat,
cong sut thiét ké, kha nang kéo cta bang tai, cling nhu danh gia mirc do du trir an toan cia cac thiét bi hién c6
khi can ting ning sut van chuyén.

Tir khod: bing tai; con lan d&; hé sé kéo; tiéu chuan ISO; thong sé hop 1y.

DETERMINING THE REASONABLE PARAMETERS OF BELTS CONVEYOR ACCORDING TO ISO
5048:1989

Abstract

Belt conveyors are used for many decades for handling bulk materials and goods or meeting a technological
process. A belt conveyor has the outstanding advantage of high productivity and economic efficiency.While
the documents and researches on belt conveyors in Vietnam are almost not updated according to ISO, DIN,
JIS standards, and the calculation is based on experienced parameters which will not optimize the design. The
method of calculating parameters such as the distance of two carrying idlers, traction factor, and driving power
from the tensile force allowing belt conveyors have not been studied much. Therefore, the paper will study
methods and a survey calculation model based on ISO, DIN, JIS standards. The content of the article will study
the basis for calculating, building algorithms and using Matlab software for survey. The purpose of this research
is to find reasonable parameters that allow bringing into full play the productivity, design capacity, and ability
to pull the belt conveyor, as well as evaluate the level of safety reserve of the existing equipment when it is
necessary to increase transport productivity.

Keywords: belt conveyor; carrying idlers; traction factor; ISO standards; reasonable parameters.
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1. Pit van dé

Bing tai (Hinh 1) 1a mot may van chuyén lién tuc dung dé van chuyén vat liéu, hang héa, hay dap
g mot qua trinh cong nghé trong nha may, bén cang hay khai thac khoang san [1-3]. Vi 1a may van
chuyén lién tuc nén wu diém ndi bat 14 niang suit cao, khoang cach van chuyén tir ngin, trung binh va
tham chi hang tram Kilomet, hiéu qua kinh té va an toan van hanh [1-4]. O Viét Nam van chuyén vat
lidu bang bang tai 1a rat phd bién trong nha may san xuét vat liéu xay dung, xi ming, nha may nhiét
dién, xép do vat li€u ngoai cang.

*Tac gia dai dién. Dja chi e-mail: giangdt@huce.edu.vn (Giang, D. T.)
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1- Tang chu dong; 2- Bang tai; 3- Con lan do trén; 4- Tang bi dong; 5- Con lan d& dudi;
6- Tang phy; 7- Doi trong

Hinh 1. So db bang tai

Dé tinh todn bang tai, hién nay nguoi ta dya vao cac phuong phép 1a theo mé hinh bao toan ning
lwong va mé hinh dya trén luc can chuyén déng [1, 2, 4]. Cac tai liéu trong [1, 2] trinh bay 1y thuyét
chung tinh toan bang tai theo phuong phap gan dung 1a mo hinh bao toan nang luong va tinh toan
chinh xac luc can theo phuong phap dudi diém. Cac tiéu chuan ISO, DIN, JIS trong [5-7] néu cac
phuong phap chung tinh toan lyc can chuyen dong, luc kéo bing, cong sudt dan dong va ning suit,
day 1a co so tinh toan va lya chon dit liéu thiét ké phu hop.

Trong [4] nghién ctru mo hinh toan hoc x4c dinh kha ning kéo ctia tang din ma sat, tinh toan lyuc
kéo bang tai theo phuong phap dudi diém, ding may tinh khao sat mot sé truong hop hé sé kéo va goc
nghiéng bing twong mg, goc 6m bang tai trén tang, tai trong, cudng do bang tai. Két qua tinh trong
[4] gitip cho viéc danh gia va dy doan rii ro tranh bang tai bi truot, cach tiép can nay c6 thé dam bao
kiém soat va giam sat bang tai dé tranh bi mai mon qua mirc, hoat dong dugc tét. Trong [4] chua danh
gi4 sy anh hudng khoang cach con lin d& dén hé sé kéo bing tai. M6 hinh bai toan tinh cong suit dan
dong bang tai trong [8] dwa vao tinh toan luc can chuyén dong theo [5—-7] va mé hinh bao toan ning
luong. Bai toan trong [8] dugc xdy dung dé danh gia sy anh hudng ning suét, van tdc, thoi gian t6i
cong suit dan dong. Trong [9] thiét 1ap mo hinh bai toan khao sat mic tiéu thu ning luong bang tai
nghiéng vai cac bién theo ning suat va van tdc, dya trén mé hinh lyc can chuyén dong bang tai xéc
dinh theo [5—7]. Phan tich két qua mo phong cua [9] cho thay vé6i ciing cong suét van hanh nhat dinh,
mirc tiét kiém nang lugng trung binh giam khoang 7,42%. Nghién ctru [10] xem xét ba hé thong bing
tai khac nhau, tién hanh khao sat mot s thong sé dong hoc, cong suat tiéu thu dua trén mé hinh bao
toan nang lugng. Nghién ctru trong [11] twong tu [10] nhung c6 xem xét thoi gian st dung va bai toan
hé nhiéu bang tai. Trong [12] da thiét 1ap mo hinh thiét ké bang tai, khao sat thoi gian va van tc van
chuyén, khao sat moi quan hé Van toc va cong suit dan dong Céac tac gia trong [13] trinh bay mdt
nghién ctru tong quan vé mot s6 yéu t6 tac dong toi cong suat nhu vat lidu lam con lin, kich thudc
con lan d, anh hudng toc do bang tai.

Nhu vy qua cac nghién ciru ké trén c6 thé thay da c6 nhidu nghién ctru va cac tai liéu cong bd
vé phuong phép tinh toan luc can va cong suat dong co, danh gia anh hudng cac thong sb toi cong
suat dan dong va hé sb kéo tang dan hay thong s dong hoc hé thong. Phuong phap tinh toan Iyc can
chuyén dong bang tai theo cac tiéu chuén ISO, DIN, JIS duogc phén 16n cac nghién ctru dé cap va
sir dung trong tinh toan, xiy dung mé hinh nghién ctru. Tuy nhién cic nghién ctru trén chua dé cap
phuong phap tinh toan tir diéu kién luc bén kéo cho phép bang tai dé xac dinh khoang cach 2 con lan,
hé s6 kéo va cong suat din dong. Céc gido trinh, cdc nghién ctru & Viét Nam lién quan t6i bang tai noi
riéng, may van chuyén lién tuc néi chung méi chi dimg lai viéc tinh toan dya trén mo hinh bao toan
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nang luogng, tinh toan chinh xac luc can ding phuong phap dudi diém dya vao viéc lua chon thong
s6 theo kinh nghiém ban dau. C6 thé thay riang cac tai liéu, nghién ctru & Viét Nam hau nhu chua cép
nhat theo tiéu chuan ISO, DIN, JIS [5-7] hodc néu c6 chi yéu 1a lién quan dén k¥ thuat diéu khién
tu dong [14] va tinh toan chinh xac néu chi dya theo cic mién thong sb kinh nghiém s& khong t6i vu
dugc thiét ké.

Dua trén cac phan tich tir cac nghién ctru da cong bd trén, trong bai bao nay s& chon phuwong phap
tinh toan lyc can chuyén dong theo cac tiéu chuén ISO, DIN, JIS [5-7] dé xay dung mo hinh tinh.
Trong pham vi bai bao trinh bay phuong phap thiét ké bang tai theo cac tiéu chuan ISO, DIN, JIS,
thiét 1ap bai toan va xay dung thuat toan khao sat xac dinh cac thong s6 hop 1y 1a khoang cach cac con
lan d&, hé s6 kéo cho phép, cong suat ddn dong can thiét. Trong bai bao sir dung phuong phap s véi
céc cong cu va dd hoa trong phan mém MATLAB 14 co s& giai bai toan xac dinh cac thong s6 hop 1y.
Két qué tinh toan khao sat dua ra bg thong sO bang tai muyc tiéu 1a phat huy hét kha ning cua bang,
ning suat, cong sudt thiét ké va qua d6 co thé danh gia mirc do duy trit an toan thiét bi da c6 khi can
tang ning suét van chuyén.

2. Co sé dé tinh toan, lra chon cac thong so bing tai
2.1. Luec cdn chuyén dong béng tdi
Trong trudng hop tong quat theo [5—7] cac thanh phan lyc can v6i bang tai tinh toan theo cong
thirc:
Fy=Fg+Fy+Fg1+Fsy+ Fsr )]

FU=C.FH+F31+F52+FST (2)

trong d6, Fy la téng cac thanh ph?m luc can, (N); Fy la thanh phﬁn lyc can chinh (N); Fy 1a thanh
phan lyc can phy, (N);Fs; 1a thanh phan lyc can chinh trong trudng hop dic biét khac, (N); Fs» 1a
thanh phan lyc can phu trong truong hop dic biét khac, (N); Fg7 1a thanh phan lyc can do goc nghiéng
bang tai, (N); C 1a hé s6 cho tinh toan thanh phﬁn canFy.

Trudng hop bing tai ngin hon 80 m tinh theo cong thirc (1), trudng hop bing tai dai hon 80 m
tinh theo cong thirc (2). Trién khai ap dung phuong phép tinh timg thanh phan Iuc can quy dinh trong
[5-7] sau do6 cong lai. Trong bai bao thiét 1ap cho bang vai cao su co két cAu 1 con lan, 2 con lan, 3
con lan nhanh c6 tai khi bé qua thanh phén can phu déc biét Fs,. Ky hi¢u céc thong ) trong cong
thirc va don vi tinh trinh bay trong Bang 1 va Bang 2. Két qua tinh toan luc can khi ap dung [5—7] nhu
sau:

Trudng hop st dung 1 con lin nhanh c6 tai (Hinh 2(a)), khi chiéu dai bang tai nhé hon 80 m theo
cong thirc (3) véi bang 161 vai, cong thue (4) khi bang 151 thép va 16n hon 80 m theo cong thure (5):

1,%pgl F\d
Fu = fLglqro + qru + (245 + 46) + cos 8] + Lp(v = vo) + L2 LEL 93(140 + 0,01—) £
(v+v0 ) b2 B/ B
i l (3)
+ 0,005— FT + uoLegpgcosdsineg + ———— by pg + Apus + Bk, + q.Hg
I,%pgl d
Fu = fLelgro + qru + 2qs + qc) + cos ] + Lp(v — vo) + ““—pfb +12B (200 +0 01—) z
v+t() b2
(437) )

uilpgl

Vzb% + Apus + Bk, + q.Hg

d
+ 0,005 BOFT + poLegpg cosdsine +
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uilpgl

Fu = CfLglgro +qru + (245 +q6) + cos 01 + poLeqpg cos osine + =55 + Apys
1

)
+ Bk, + q.Hg

Trudng hop st dung 2 con lin nhanh c6 tai (Hinh 2(b)), khi chiéu dai bang tai nhé hon 80 m theo
cong thire (6) vdi bang 161 vai, cong thire (7) khi bang 16i thép va 16n hon 80 m theo cong thirc (8):

2,2 pgly F\d
Fu = fLglqro + qru + (2qs + 46) + c0s 81 + Lp(v — vo) + 22282 4 4 op (140 + 0,015) .
y+vo© b2
d 1,%pgl ( ) ©
+ O,OOSBOFT + poLsqpg cos Acos  sin & + % + Apus + Bk, + g-Hg
1%
1
21,2 pgly d
Fu = fLglqro + qru + (2qs +46) + c0s 81 + Lp(v — vo) + 2228 1o (200 +0 01—) .
y+vo© b2
do I l ( ) @
+ 0,005 — FT + uoLsgpg cos Acosdsine + Ky pg + Apus + Bk, + q.Hg
. mlpgl
Fy =CfLglgro + qru + (2gB + qG) + cos 0] + poLegpg cos Acosdsine + 7 + Apus ®
1%
1

+ Bk, + q.Hg

Trudng hop c6 3 con lan nhanh c6 tai (Hinh 2(c)), khi chiéu dai bang tai nho hon 80 m theo cong
thirc (9) voi bang 161 vai, cong thirc (10) khi bang 161 thép va 16n hon 80 m theo cong thic (11):

2l pgly

Fy = fLglqro + qru + (2qB + qc) + cos 6] + Lp(v — vo) + 5
(v+v0 ) b2

+ 93(140 + 0,015) d
BB

)

il pgl

d
+0,005=2 F7 + CoptoLe(qs + gG)g cos d sin & +
D vzb%

+ Apps + Bka + q-Hg
2l pgly
(v+v0 )2b2

I l
s pg + Apus + Bk, + q.Hg

d
Fu = fLalaro + qru + (245 + qc) + c0s 6] + Lp(v — vo) + +12B (200 +0.01— ) "

+0, 005 FT + CeuioLs(gp + gg)g cosdsing + ———

(10)
wil,pgl

Fu = CflLglaro + qru + (245 + 4c) + cos 61 + CeoLelqp + go)g cososine + ——5 (11)
1

+ Apus + Bk, + q.Hg
Trong d6, ky hiéu cac thong sb trong cong thic va thir nguyén trinh bay trong Bang 1 va Bang 2.
Pé truyén luc bang ma sat khic phuc luc vong 16n nhit ma bing tai khong bi truot trén tang dan phai
thoa man cong thic O le, véi mo hinh trong [5, 7] nhu Hinh 3 ta ¢o:

F| < Fret? (12)
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Ciing theo [5, 7] tir diéu kién cong thic O le (12),thi lyc cing nhanh nha xéac dinh theo cong thirc
(13):

Fa= Fy—— (13)
Béng 1. Ky hiéu cac thong s6 va don vi tinh
Thong sb Ky hiéu Pon vi Ghi chu
Ning sudt van chuyén Iy m?/s
Goc nghiéng cua bang 0 °
Van tdc ban dau cua bang tai Vo m/s
Luc kéo trung binh ctia bang tai F N
Chiéu day biang d m
Puong kinh ngoai cua tang D m
DPuong kinh ngdng truc tang dan d, m
Hop cac luc tac dung vao tang Fr N
Géc 6m cia bang trén tang dan @ rad
Heé s ma sat giita tang chu dong va bang tai u
Strc cang nhanh cubn F N
Strc cang nhanh nha F3 N
Hé ) phu thudc d6 nghiéng bang k
Dién tich mat cét ngang tiét dién van chuyén N m?
Bé rong tiét dién dong vat liéu trén bang tai b m
Chiéu dai 1 con lan I3 m I3 =039B
Goc nghiéng cua tiét dién dong vat lidu 0 © 6 = 0,35¢g
Goc dbce tu nhién vat liéu & trang thai tinh ©o ©
Hiéu suit truyén dong co khi n
Khoang cach 2 con lan nhanh mang tai ao m
Khoang céach 2 con lan nhanh khong mang tai ay m
Chiéu dai bang tai phan bén trén L m L = Lcosd
Goc nghiéng ctia mit trén bang so v6i mit bang e ° e=90
Chiéu cao van chuyén H m H = Ltano
Heé s6 ma sat giita bang va tim gat 773
Chiéu dai ving chuyén dong giy quan tinh I m

B

b = 0,9B—0,05 m khi B <2m
b = 0,98-0,25 m khi B >2m

(a) Loai 1 con lan d& (b) Loai 2 con lan do (c) Loai 3 con lan d&

Hinh 2. Cac dang con ldn d& va tiét dién mat cit ngang bang tai
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Hinh 3. Mb hinh xéc dinh lyc kéo trén tang dan bang tai

Bang 2. Ky hiéu céc thong sé cho trude va don vi tinh trong vi du tinh toan [4, 7, 15]

Thong s6 Kyhiéu Giatri Donvi
Hé sb cho tinh toan thanh ph?m can Fy C 1,06
Hé s6 ma sat phu thudc vao dic diém thiét bi f 0,02
Quing dudng van chuyén bang tai L 1140 m
Gia toc trong truong g 9,81 m/s?
Khdi lwong riéng phan bd trén mét dai con lan nhanh mang tai qRo 24 kg/m
Khdi lwgng riéng con lan phan bd trén mét dai nhanh khong tai qru 7,33 kg/m
Khéi lugng riéng phan b cua bang qB 16 kg/m
Khdi lugng riéng phan bé vt liéu q6 69,44  kg/m
Heé s6 ké dén goc nghiéng con lin canh Ce 0,4
Heé s6 ma sét giita con ldn va bang tai o 0,3
Hé s6 ma sat gitra vat liéu va bang Ui 0,5
Khéi lugng riéng vat liéu van chuyén Jol 608,3 kg/m3
Chiéu dai ludi gat l 1,2 m
Van tdc bang tai v 2 m/s
Chiéu rong cia tAm chin b; 0,5 m
Dién tich thiét bj 1am sach bang tai A 0,2 m?
Ap luc giira tim lam sach véi bang tai P 50000 N/m?
Hé s6 ma sat gitia vat li¢u va thiét bi lam sach U3 0,05
Chiéu rong bang tai B 1 m
Hé s6 thiét bi do tai ka 1500  N/m?
Khéi luong vat li¢u trén mét dai van chuyén qc 69,44 kg/m
b6 vong/khoang céach 2 con lan hla 0,0035
Heé sb an toan bén kéo bang m 4
Go6c nghiéng cta con lan A 20 °

2.2. Ndng sudt va céng sudt dan dong
Ning suat bang tai I, trong cac cong thirc tinh toan lyc can ké trén phy thugc vao dién tich mit
cat ngang bang, van toc bang, hé so phu thuoc do nghiéng bang. Trong [5, 7] quy dinh tinh nhu sau:

I, =Skv (14)

Dién tich mat ct bang tuy vao dang bang tai loai 1 con lan S = S, 2 con va 3 con lan thi
S =81+ S, nhu Hinh 2:
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S1= [l3 + (b—l3)COS/l]2t—

b— co — 15)
S, =11 ( 13) sAd (b l3)COS/l (
2=+

Heé s6 phu thudc d6 dbc bang k nhu sau:

Sy cos2d — cos26
k=1-21(1—ky); k= 4 OOV 16
52( ) ki =y (16)

Cong suit ddn dong dwa theo mé hinh bai toan luc can chuyén dong theo [1-9]:

«_ Fuv F(xi)v
471000 10007

a7

trong d6, Fy = F(x;) 1a téng cac luc can phu thudc vao cac thong s6 can lua chon va thiét ké hop 1y,
(N). Ky hiéu céc théng so6 trong cong thire trén va don vi tinh trinh bay trong Bang 1 va Bang 2.

2.3. Phwong phdp tinh todn cdc théng sé theo hé sé kéo va gidi han luc bén kéo

Trong thiét ké bang tai, thong thudng mot sd
thong s6 vé két ciu con lin d&, goc nghiéng con
lan va kich thudc con lin ldy theo con lin tiéu o
chuin hoidc cong thue kinh nghiém [1, 2, 5, 15]. '
Viéc chon bang tai theo chiéu rong bang va két céu | s=sa=dia=a |
bang thong qua luc kéo pha huy bang taiFr, gia !
triFr cang 16n thi két cau bang cang phuc tap va [ f-roaifi-rew |
dat tién. Dac biét ngay nay bang tai duoc san xuat
theo cac day tiéu chuén, viéc lua chon bang tai can
pht hop v6i thong sb dinh trude. Hé sb kéo bang
can dam bao diéu kién khong bi trugt tuvong tmg
cong sudt can thiét. Khoang cach con lan d& trén
va con lan d& dudi phai dam bao diéu kién do vong
cho phép. Luc kéo 16n nhit 2 nhanh twong dwong
nhau, s& cho phép phat huy hét kha ning chiu tai
cua bang da chon va dac biét giam sb lwong con
lan khong can thiét ¢ goc nghiéng bing tai khac
nhau. Céc van dé trén dic biét c6 y nghia khi thiét
ké k¥ thuat bang tai, gitp nhanh chong lya chon
loai bang, khoang cach con lin d&, cong suat dan
dong va co thé danh gia muc do dy trit an toan thiét
bi khi cin tdng nang suét van chuyén. —

z ~ Céc thong sb va khuyén co ky thuat phuong

Goi ¢ 1a hé sb kéo cua tang dan bang tai, tir an thiét ké
cong thue (13) ta co:

Céc dir liéu cho trude va

bung

[€1= 12,8, F )i, = £@,-8) P = f(1,.8.[e"])

!

O = 6 < [5] ;H[hmn < Cl“ < a()max
<a, <

e >[e" a a

> “umin u umax

Dlng l

Hinh 4. Thuat toan xac dinh cac thong sb

hop bang tai
et = % +1 (18)
2
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Theo [5, 7] luc cing bang tai can thiét ¢ dam bao do vong cho phép ddi v6i nhanh mang tai va
khong mang tai la:
ao(gs + q:)g

anin > — (19)
8_
a
ayqp8
Flin2 —— (20)
8_
a

trong d6, ky hiéu cac thong sd trong cong thirc va don vi tinh trinh bay trong Bang 1 va Bang 2. Cong
thire (19) ap dung cho nhanh mang tai, céng thirc s6 (20) cho nhanh khéng tai. O day luc cing bang
t6i thiéu Fpin (N) trén nhanh c6 tai va khong tai dé dam bao bang khong bi vong vuot qué gia tri cho

. h
phép la ti s6 d6 vong trén khoang cach 2 con lan, — = (0,005 + 0,002) [5, 7]. Truong hop F» 1a stic
a
cing nhanh nha cua tang dan duoc xac dinh o diéu kién dam bao d6 vong cho phép cta bang tuong
g F". . khi d6 hé s6 kéo cua tang din ma sat la:
Fy 8h
v = U 20y
ayqps8 a

1 @n

Luc kéo ctia bang tai 16n nhit Fpay la gia tri 16n nhét trong cong thure sau [5, 7]:

Fmax = FU + I
Fumax = Fy + FS, (22)
Frax = FU + Fglin + F3
trong do, F3 la lyc cang trén nhanh cudn tang bi dong do trong lugng bang va luc can con lan nhanh
khong tai (N). Gia tri F3 xac dinh bang cong thuc trong [5, 7].

F3 = Llgpsino — f(qru + gpcoso)lg (23)

Trong md hinh tinh, ta xét trudng hop F; 1a sttc cing nhanh nha tang chu dong twong tmg diéu
kién ddm bdo d6 vong cho phép F| . , khoang cach con lan trén nhanh c6 tdi nhé hon nhanh khong tai
ap < ay. Voi gia thiét trén dicu kién bén khi tinh chon bang tai theo cong thiic (22), trong pham vi
bai bao chi la:

Fy + "

min

F

+ F3 < £

m

Fy+Fe <iF B

Ut i < ;

trong d6, Fr 1 gidi han lyc kéo pha huy bang, (N); m 13 hé s6 an toan. Luc kéo pha hiy bang tdi da
cho phép Fr trén nhanh c6 tai va khong tai:

ayqs8

8—
a

Fry=m|Fy + + Llgpsind — f(qru + gpcosd)]g (25)

ao(gp + q96)g

h
8=
a

Fro=m FU+ (26)
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Chon bang tai theo gia tri gidi han lyc bén kéo bang tai {Fr}, gia tri gidi han lyc bén kéo thudce
mién:
{Fr} ={Fru} N {FFo) (27)

trong d6, {Fr,},{Fro} 1a mién gia tri gidi han luc bén kéo bang tai nhanh khong tai va nhanh co tai
tinh bai cong thirc (25) va (28).

Gia tri Fy dugc theo cong thirc (3) téi (11) tuy dang két cau con lin d& va két ciu bang, chidu dai
véan chuyén. Khi xét diéu kién lyc kéo nhanh cing cudn vao tang chu dong va tang bi dong thiét ké
coi nhu c6 gia tri tuong duong nhau, ta xac dinh dugc quan h¢ khoang cach con 1dn d¢ giira nhanh co
tai va khong tai.

ayqsg + SSL[QB siné — f(qru + qp cos 6)1g

= 28
@ (gB + 496)g %)

Mit khac cong thic (24) ldy ddu bang va gia thiét luc cang 2 nhanh nhu trén, ta c6 dugc didu kién
tinh todn lyc can t6i da theo di€u kién lyc bén kéo bang tai.

F a .
FIx = ZF _ qth — Llgpsin S — f(qra + qp cos 6)Ig (29)

8—
a

Thay (29) vao cong thirc (21) xac dinh dugc hé s6 kéo tbi thiéu bang theo diéu kién bén kéo:

F .
8h (;F — Llgpsiné — f(qru + gp cos 6)1g — aqug)

[e] =

+1 (30)
ayqB8

Tir (14) va (17) ta c6 cong suat dan dong can thiét dam bao nang suét van chuyén, Pﬁ (kW):

pr Ful,
-
S cos25 — cos26
1000m (1 5 (1 -V ﬁ]}

Cong suét t6i da theo diéu kién luc bén kéo va dam bao diéu kién khong bi trugt dugc xac dinh tur
(29):

€2))

I e _
P = vayqpg(e ) (32)

h S1 cos?8 — cosZ6
1000nS8—|1— —|1— /| ————
g ( Ss ( 1 — cos26

3. Mo hinh bai toan, thuit toan va vi du khao sat
3.1. Mo hinh bai toan va thudt todn

M5 hinh chung bai toan tinh toan xac dinh cac thong s6 hop 1y bang tai dugc mé ta gdbm cac thong
s6 cho trude X, cac thong sb can khao sat xac dinh hop 1y X, cac cong thirc, diéu kién bai toan va
thuat toan tinh toan. Trong bai bao sir dung phuwong phép sb véi cac cong cu va do hoa trong phan
mém Matlab 14 co s& xac dinh cac thong s6 hop 1y.

Céac thong s6 cho trude Xy bao gém cac thong s6 lién quan vat liéu, kich thudc hinh hoc, cac hé
s6 tinh toan, thong sb két cu con lan, ... cac gia tri nay cho Bang 2.

XO = {C,f’L,g,QR(),QRu,QB,QGaéi,---} (33)
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Céc thong s6 khao sat xac dinh hop 1y X gdom khoang cach cac con lan d& trén va dudi, hé s6
kéo cho phép, cong sut dan dong. Cac thong sb nay theo mo hinh bai toan s& khao sat theo cac goc
nghiéng bang tai 6;. Tap xac dinh cac thong s6 tir gia tri kinh nghiém, yéu cau vat lidu va diéu kién
tinh toan. M6 ta cac théng sb nhu sau:

X = {au, ao, ["¥], Pg} (34)

0 =1{0,61,02,....[0]}
Qymin < Ay < Aymax (35)
Aomin < Ao < A0 max

M > [eM¥]

Céc cong thirc, diéu kién bai toan va thuat toan tinh toan ctia phuong phép tinh theo gidi han luc
bén kéo va hé sd kéo cua bang nhu myc 2.3:
{Fr} ={Fru} N {Fro}
[eﬂ‘p] = f(al,u 6’ FF)
ap = f(ay,0)
Py = f(Iy,6,[¢*])

(36)

Hinh 4 1a thuat toan chung dé toan tinh toan xac dinh cac thong sé hop 1y bang tai phuc vu thiét ké
k¥ thuat dya trén co s& mo hinh bai toan néu trén. Thuét toan bao gém cac budc va ndi dung tinh toan:
céc thong sb cho trudce va gia tri xuat phat, tinh luc kéo pha hity cho phép ctia bang tai tai nhanh co tai
va khong tai, xac dinh mién thong s6 luc kéo bang tai, tinh toan cac h¢ thic lién hé dé xac dinh mién
cac thong sb thiét ké X = {au, aop, [€"4], Pﬁ } cubi cung 1a danh gia va dua ra bo cac thong sb hop 1y.
3.2. Vidu tinh todn

Céc thong sb cho trude bao gdm tap hop dir liéu nhu Bang 2 xéac dinh theo [1, 7, 15] 4p dung
phuong phap cho bang tai cao su c6 3 con lin do nhanh c6 tai. Chon goc nghiéng bang tai khao sat
6; = {0,5%,10°;15°;18°;20°}, mién khoang cach cic con lan d& néu lay theo kinh nghiém agmin =
Aymin = 0,5 (M), domax = Gumax = 5 (m). DT li€u bang tai cua hang R-TEK loai EE 200 chon trong
mién théng s6 F" = 1000 KN/m, FI'™* = 1600 KN/m.

6
2 x10 T T T
Goc nghiéng bang tai 20 do
2 G6c nghiéng bang tai 15 do
c
enl.5
=)
plsv]
©
§ Goc nghiéng bang tai 18 do Goc nghiéng béng tai 10 4o
] =
= Goc nghiéng béng tai 5 a6
a.
o
£
o 0.5
5‘ Géc nghiéng béng tai 0 4o
0 | | | | | | 1
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Khoang cach 2 con lan nhanh c6 tai (m)

Hinh 5. Quan hé géc nghiéng bang tai, lyc kéo gidi han va khoang cach 2 con lan nhanh cé tai
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Céc két qua tinh toan khao sat xac dinh céc thong s6 X = {a,, ao, [€*¢], P§ | biéu dién tir Hinh 5
t6i Hinh 9 va Bang 3. Trong d6 gia tri luc kéo pha hity bang tir 200 KN t&i 1850 KN 14 giao gitta mién
xac dinh cua gidgi han nhanh dudi va nhanh trén. Tra ctru cac dir li€u bang tai tiéu chuin dé lya chon,
vi du chon loai EE 200 ctia R-TEK c6 lyc kéo pha hiy theo day 1000 KN, 1200 KN, 1400 KN, 1600
KN thudc mién tinh toan khao sat.

3 T T
Goc nghiéng bang tai 20 d6

2.5

Goc nghiéng bang tai 18 d6

Goc nghiéng bang tai 10 d-

Goc nghiéng bang tai 15 4o

Goc nghiéng bang tai 5 do -

Khoang cach 2 con lan nhanh c6 tai (m)

0.5 = a
0 Goc nghiéng bang tai 0 dd

0.5 1 1 1 1 1 1 1 1
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Khoang cach 2 con lan nhanh khong tai (m)

Hinh 6. Quan hé goc nghiéng bang tai va khoang cach cach cac con lan theo diéu kién lyc kéo gidi han

Khoang cach 2 con 1an nhanh c6 tai va khong tai phu thudc vao ca goc nghleng bang, gia tri khoang
cach tang dén theo goc nghiéng bang. Do thi Hinh 5 va Hinh 6 két hop voi diéu kién aomin = dymin =
0,5 (M), agmax = Aumax = S (M) s€ gitip thu hep mién xé4c dinh khoang céch 2 con lan d6. Déi voi hé
s6 kéo dé dam bao diéu kién 1am viéc theo luc kéo ti han, can chon gia tri thiét ké ¢ bén trén do thi
Hinh 7. Khoang cach 2 con lin d& cang nho thi gia tri hé s6 kéo yéu cau cang 16n. Rd rang dé ting
hé s kéo, can thiét ké két cau phirc tap hon nhu ding tang phy, ding nhiéu tang dan, ting luc cing
bang, ... Qua khao sat va tinh toan goc nghiéng bang tai § hiu nhu it anh hudng téi hé s kéo. Vi
cac gia tri luc kéo bang khac nhau trong déy tiéu chuan lwa chon, khoang cach 2 con ldn nhanh khong
tai 16n hon 3 m thi gia tri hé s6 kéo giam tuy nhién khong nhiéu, con nho hon 3 m thi h¢ sé kéo ting
1én nhanh chéng. Nhu vay néu chon khoang cach 2 con lan nhanh khong tai 16n hon 3 m thi hé s kéo
cho phép can 16n hon 4.

20 [ \

15

Luc kéo pha huy1400KN

Al 1
s0 Luc kéo pha hity1600KN
kéo
5 -
Luc kéo phd huyI200KN 4 <o pha hiiy 1000KN
0 | | | | | | |
0.5 1 1.5 2 2.5 3 3.5 4 45 5

Khoane cach 2 con lan nhanh khone tai (m)
Hinh 7. Khao sat gié tri luc kéo gi6i han v6i hé sé kéo va khoang cach 2 con lan nhanh khong tai
V& quan hé giita ning suit va cong suit dan dong ciing dugc nhiéu nghién ctru chi ra, v6i thong
s0 cho trudc da néu, quan hé giira 2 thong s6 nay twong img goc nghiéng bang tai dugc xac dinh nhu
Hinh 8. Nang suat va cong suat dong bién, gbc nghiéng bang tai cang lon thi cdng suat cang tang
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nhanh. Hé s kéo ting, cong suit ddn dong cho phép ting. Vi du vdi bang tai chon c6 luc kéo pha huy
1000 KN thi két qua khao sat cong suét theo hé sé kéo cho phép tuong ting goc nghiéng bang tai &,
nhu Hinh 9. Hé s6 kéo chon tdi thiéu déu phai 16n hon 4 cua diéu kién khoang cach con lin. Két qua
cudi cuing ta xac dinh duoc mién cac thong sé hop 1y nhu Bang 3 gdm hé s6 kéo, khoang cach cac con
lan, cong suit dan dong cAn thiét.

3500 : : .

3000 - Goc nghiéng bang tai 20 do
2500 X L . 7
g Goc nghiéng bang tai 18 do
X
g 2000 [~ Goc nghiéng bang tai 15 do
>
01500 - Goc nghiéng bang tai 10 do i
=)
ES Goc nghiéng bang tai 5 do
1000 -

Goc nghiéng bang tai 0 do

500

+ 1 T T 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Nang suat (m3/s)

Hinh 8. Quan hé goc nghiéng bang tai, cong suat can thiét va ning suit van chuyén

2000 T T T T T
Goc nghiéng bang tai 20 do
1500 F .
Cong Goc nghiéng bang tai 18 o Gée nghiéng bing tii 15 dp
sudt 1000 - Goc nghiéng i
(kW) Goéc nghiéng bang tai 0 va 5.do bang taj 10 49

500

0 I I I I I I |
2 4 6 8 10 12 14 16 18 20
Heé s6 kéo cho phép

Hinh 9. Quan hé goc nghiéng bang tai, cong suit ddn dong toi da twong tng hé sb kéo cho phép

Bang 3. Két qua tinh toan khao sat

Goc nghiéng bang tai, 6 (d6) 0 5 10 15 18 20
Cong suit din dong can thiét, P§ (kW) 50 100 200 250 400 600
Heé s6 kéo tdi thiéu twong tmg, "¢ 4 4 6 7 7,5 7
Khoang céch con lan nhanh c6 tai, ap (m) 0,5+0,8 1+1,3 1,5+1,8 2+23 2,3+2,6 2,4+2,8

Khoang cach con lan nhanh khong tai, a, (m)  3,5+5 3+5 3+5 3+5 3+5 3+5

Két qua tinh toan khao sat & Bang 3 va Hinh 8, Hinh 9 so sanh s6 liéu trong [4] khi cting ning sut
1a 0,22 m3/s, goc nghiéng bang tai 180 cac dir li€u vé vat lidu va tai trong, khoang cach van chuyén
tuong duong. Két qua cho thay néu giéi han luc bén kéo bang tai 1a 1000 KN cong suat can thiét 1a
400 kW nho hon 1 20% so véi [4], twong g hé s6 kéo tdi thiéu 7,5. Mién thong sé khoang cach con
lan dugc khuyén cao v6i nhanh c6 tai tir 2,3 m téi 2,6 m, nhanh khong tai tir 3 m téi 5 m. Truong hop
st dung dong co ¢ cong suat téi da 500 kW nhu [4] hoan toan c6 thé ning cao dugc ning sut ting
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36% tir 0,22 m>/s 1én 0,3 m>/s, v6i hé sb kéo can thiét t6i thidu can dat 8,5. Mién thong s khoang
cach con lin duoc khuyén cao khong thay doi.
4. Két luan
Trén co sé phan tich cac nghién ciru trong va ngoai nudc, bai bao da néu phuong phap tinh toan
bang tai theo ti€u chuan ISO 5048:1989, JIS B 8805:1992, DIN 2210:2002 va mé hinh bai toan dé
khao sat xac dinh cac théng s6 hop 1y. Nghién ciru nay dic biét co y nghia khi thiét ké ky thuat, gitp
phat huy hét kha nang 1am viéc bang tai. Dya trén co s& cac tiéu chuan nay da dua ra phuong phap tinh
toan cac thong sb theo hé sé kéo va luc giéi han bén kéo bang tai. Phuong phap nay ap dung chung
cho bang tai cao su c6 tang dan truyén luc bang ma sat. Bai bao da thiét 1ap bai toan va xay dung thuat
toan khao sat xac dinh cac théng sé hop 1y 1a khoang cach cac con lin d&, hé sé kéo cho phép, cong
suat din dong can thiét. Két qua vi du tinh toan khao sat da dua ra bo théng sé cho phép phat huy tbi
da du trir bén cia bang, ting ning suit va cong suat thiét ké. Két qua khao sat cho thiy c6 thé ting
ning sudt 36% khi cling cong suat dan dong so vai [4] voi cac thong sb hop 1y lya chon, két qua tinh
cling cé thé danh gia dugc mure d6 duy trit an toan thiét bi da c6 khi can tang nang suét van chuyén.
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