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NGHIEN Cl’U XAC PINH CAC THONG SO bONG LUC HOC
CUA MANG TRONG LU'C VAN CHUYEN VAT LIEU
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Tém tat: Cac loai mang truot va mang con I&n trong luc duoc st dung véi nhiém
vu chd yéu la van chuyén hodc chuyén hudéng vét liéu tir béng téi dén céc thiét bj
van chuyén khac (bédng tai khac, xe véan chuyén...). Céc loai mang nay st dung
trong lurc dé van chuyén vaét liéu, chung duoc ap dung trong nhiéu linh vure, ¢é hiéu
qué kinh té cao. Céc méng con ldn dung dé van chuyén vét liéu dang hdp, bao,
thung. Cac mang truwot co thé van chuyén cac loai vét liéu néu trén va ca vat liéu
roi. O nuére ta hién nay chwa cé nhitng nghién ctru chuyén sédu vé van dé nay. Vi
vay, viéc nghién ctru xéc dinh céc théng sé déng luc hoc cla mang trong luc véan
chuyén vét liéu, phuc vu cho viéc tinh toén thiét ké céc loai méng nay trong nuéc
la hét strc cén thiét.

Ttr khéa: mang truot, mang con I&n trong luc, thong sé déng luc hoc

Summary: In material handling, sliding chutes and gravity roller chutes are usually
used to convey or transfer material from one belt conveyor to another one or to
transport device. The conveying method of these chutes uses gravity, which brings
the high economic effect in many applications. The roller chutes are used to
convey the material in the types of box, bag, or case. The sliding chutes also
convey the same types of material and the bulk material. At present, there is no
deep understanding of these device in our country. Hence, the research on the
dynamical parameters of gravity chutes which is used to calculate and design in
domestic is necessary.
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1. Dat van dé

Cac loai mang trwot va mang con lan trong lwc thwong dwoc st dung véi nhiém vu chu
yéu la van chuyén hodc chuyén hwéng vat liéu rdi, vat liéu khéi tr moét may van chuyén lién tuc
dén cac thiét bj van chuyén khac (bang tai khac, xe van chuyén.. ). Nh& s dung trong lwc dé
van chuyén, cac loai mang nay c6 wu diém 1a két cdu don gian, khong tbn nang lwong dan
doéng, dé st dung, co hiéu qua kinh té cao. Mang trong lwc dwoc tng dung rat rong rai trong tt
ca cac linh vue san xuét, van chuyén, lwu kho, tr nha may ché bién thwc phdm, san xuét dwoc
pham trang thiét bi y t& dén cac nha may san xuét xi méng, nha may ché bién thép... dén cac
cong viéc tam thdi nhw & bén cang hay trong cong trwdng xay dung.

Hién nay tr,én thé gidi cac mang treot va mang con Iég trong Iyc dwoc tinh toan, tiéu
chuan hoéa va ché tao thanh cac vat thé khoi, bao bi... v&éi mau ma da dang, phong phu, cac
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théng sb hinh hoc dwoc cho trué’g trong cac catalogue clia nha san xuét nén rat tién loi cho
viéc Iwa chon Iép~ dat khi cé nhu cau. Mat khac, cac tai liéu dwgc st dung trong Iwa chon, lap
dat mang cling san c6 [2,3,4,5].

O Viét Nam, méc du cac mang trwgt va mang con lan trong lwc da dwoc str dung nhiéu,
nhwng chwa c6 mot tai liéu nao dé cap dén viéc tinh toan cac théng sé clia mang phuc vu cho
viéc rng dung thiét ké moét cach cu thé. Tai liéu [1] da dé cap dén mang con lan, nhung maéi chi
dirng & viéc tinh toan so bd mang con lan dan dong, ma chua dé cap dén tinh toan mang con
lan trong Iwc. N6i dung clia bai bao nay tap trung nghién cltru dong lwc hoc mang con lan trong
lwc van chuyén vat liéu dang khdi. Két qua tinh toan dwoc trinh bay dwdi dang giai tich va da
dwoc ap dung cho viéc thiét ké, ché tao va I&p d&t mét mang con 1&n trong lwc van chuyén bao
xi mang tai Viét Nam.

2. Xac dinh cac théng s6 co’ ban cia mang con ln trong lwc

Mang con Ian trong Iyc dung dé van chuyén vt liu (téi) dang khdi, thuong nam gitra
cac may van chuyén trong hé théng may van chuyén lién tuc, cé hai loai phd bién 1a mang
thang va mang cong. N&ng suét van chuyén cGia mang con lan dwoc xac dinh theo cong thirc:

Q0=

v6i | la khodng cach gitra cac tai, m 1a khdi lwgng mot don vi tai, v 1a van téc di chuyén cua tai.

Trong thiét k& hé théng may van chuyén, viéc lwa chon, b tri va diéu chinh cac may hay
thiét bi van chuyén phu thudc vao thdng sb quan trong nhét 14 ndng suét. C6 thé thay nang suét
phu thudc vao ba théng sé v, m va I. Théng s khdi lwgng m cuda tai thwong la cb dinh véi mot
hé théng van chuyén cu thé, hai théng sb con lai dong vai trd 1a cac théng sb diéu chinh. Déi voi
mang trong lwc, tai di chuyén nhanh dan déu trong mang do &nh hwéng cla trong lwc va chénh
léch cao d6 gitra hai ddu mang, do d6 théng sé van tbc cla tai la mot ham phu thudc cac théng
s6 hinh hoc clia mang, cla cac van tbc gi¢i han tai dau vao va dau ra mang.

2.1 béng lwc hoc mang con lan tru

Cho mét tai c6 khdi lwong m di chuyén trén mét mat phang nghiéng so véi mat phang
nam ngang mot géc « tao bdi cac con l&n d& cé dudng kinh d. Do tac dung cla trong lwc, tai
sé& chuyé&n dong co gia téc trén cac con lan tlr dau dén cudi mang (hinh 1). Cac ngoai lyc tac
dung lén tai bao gdm: trong lwc, lwc quan tinh cla tai khi chuyén déng nhanh dan déu, luc can
l&n clia cac 6 d& con I&n va lwc can lan gitra tai va cac con lan.

Hinh 1. M6 hinh co hoc cua tai trong mang con lan tru

Theo dinh luat Il Newton, phwong trinh chuyén déng cua tai la:

Fyy—F, —F, =0 (1)

c
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trong do: Lwc dan déng do trong lwc cta tai va do déc mang:
Fy =mgsina (2)
Lwc can chuyén dong do ma sét:

F, = umgcosa + 4,3 m, g 3)
i=1

vOi p1a hé sb can lan cua tai trén cac con 1an; 4 1a hé s6 can lan cta 6 d& con lan; M la khoi
lwong cla con |&n d& tai, n 1a sb con I&n d& tai.
Lwc quan tinh tac dung vao tai:

F,=ma 4)
Mat khac, gia tbc cla tai dwoc xac dinh theo cong thirc:
V2 -V,?
a= -2 1 (5)
2S

t
vGi V, & van téc cla tai khi vao mang; V, 1a van téc cla tai khi ra khdi mang; S, la chiéu dai lam
viéc clla mang.

Tw (1), (2), (3), (4) va (5), taco

mg sin a — (umg c03a+,ucimcig) 2S,
i=1

V, = — +V,? (6)

Diéu kién tbi thiéu dé tai co thé di chuyén dwoc trén mang twong (rng v&i van tbc cla tai
khi vao mang V, =0 1a:

Fq=F (7)

Ap dung ddng thoc lwong giac  asinx+bcosx=+a’+b’sin(x+e),
@ =arctan(b/a),a > Othay vao (7), goc nghiéng nhd nhat cho phép clia mang duoc xac dinh:

n
M Z My g
a >arcsin| —=2—— |+arctan u ®)

M1+ 1

Néu goéc nghiéng clia mang qué I&n cé thé lam tai bi l1at quanh diém A. Diéu kién dé tai
khong bi 1at 1a:

Iv'">k 9
M|_Od ()

. mgbcose . . L mghsina . .
trong do: M g :Tla mo men gitr cho tai khong bi lat; M, = T & mé men gay

lat cho tai; K, 1a hé s6 6n dinh; b la chiéu dai cla tai; h 1a chiéu cao cla tai.

Tw codng thire (9), xac dinh dwoc géc nghiéng 1én nhat cho phép clia mang:
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)
a < arctan o (10)

od

Tw (8) va (10), pham vi géc nghiéng cho phép clia mang thang la:

n
/ucz mci 1 b
arcsin| —=—— |+arctan u < < arctan (——] (11)

m\/1+ ,le od

2.2 béng Iwc hoc mang con lan cén

V&i mang con lan con, tai di chuyén trén mot dwérng cong dang xoén éc trong khéng gian
(hinh 2a). Quang dwéng di chuyén cla tai tai ban kinh cong phia ngoai Ién hon quang dwéng
di chuyén tai ban kinh cong phia trong, vi vay, d& ddm b&o dinh tam cho tai, cac con lan trong
mang con thwong cé dang hinh cén dé van tbc tai mép phia ngoai tai Ién hon van tbc tai mép
phia trong tai (hinh 2b) va tao lwc hwéng tam dé duy tri hwéng chuyén dong (hinh 3).

Vo

br/2 | br/2
b. R

Hinh 2. Mang con lan cén

Khi tai chuyén déng trén mang con I&n cdn do tac dung cua trong lwc, cac ngoai luc tac
dung én tai bao gdm: trong lwc, lwc quan tinh cla tai khi chuyén déng nhanh dan déu, lwc quan
tinh ly tam, lwc can ma sat clia cac 6 d& con lan va lwc can 1an gitra tai va cac con I&n. Chuyén
déng cua tai co thé phan thanh hai chuyén dong dong thdi 1a chuyén dong véi van téc vong V
do tac dung clia goc nghiéng mang va chuyén dong huéng tdm do tac dung cla goéc con con
lan va ma sat gilra tai va con lan.

Céc thong sb hinh hoc co ban clia mang con 1&n cdn bao gdm: Géc nghiéng clia mang

180h

so v&i mat phang nganga:arctan[ R °J, chiéu dai trung binh cla mang cong
T

¢ 180

mang; h_la chénh léch do cao gitra diém dau va cubi ciia mang cong theo phwong ding.

2
7R
S. = (—ﬂj + hc2 , V&I R 1a ban kinh cong trung binh clia mang; £ la goc clia cung cong
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Twong tw nhw trwérng hop mang con lan try, ta cé phwong trinh chuyén déng cua tai do
trong lwc:

Fdd _Fcl_th :0 (12)

Van tbc cla tai tai du vao va dau ra mang V,,V, twong tng la:

[mg sina — (Mg cos +ycimcig)} 2S,
V — i=1

1

Vs (13)
m

Goc nghiéng t6i thiéu ctia mang dé tai cé chuyén dong g véi van téc dau vao V, =0

He Z mg;

: = 14)
a >arcsin| —=2—— |+arctan i (
M1+ 1
Goc nghiéng t6i da cho phép dé vat khong bi lat khi di chuyén trén mang cong:
1b
a <arctan| —— (15)
od h

Hinh 3. M6 hinh co hoc cla tai chuyén déng trong méng con lan cén

Puwong kinh trong, dwdng kinh ngoai va géc nghiéng cta con lan cén xac dinh theo cac
cbng thirc:

0. & -
TC
0 = arctan % (17)
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trong do6 R,,R, 1a ban kinh trong va ban kinh ngoai ctia doan mang cong; D,.,

D, 1a dwong
kinh trong va dwéng kinh ngoai clia con 1an con; L, 1a chiéu dai con 1an con; € la ctia goc con
cla con lan.

Xét méat cdt ngang mang theo hinh 3b. Vi tai chuyén dong trén cung cong ban kinh R nén
sé& xuét hién lyc quan tinh ly tdm cé gia tri

F, =mV*/R (18)

Lwc ly tam c6 xu hwéng lam tai bi chéch hwéng chuyén dong. Cac thanh phan lwc hwéng
tam giup cho tai duy tri hwéng chuyén dong la lwc can ma sat trwot gitra tai véi con lan va trong
lwc cla tai tac dung 1&én con lan con, dwoc xac dinh théng qua dinh phan luc phap tuyén N. T
phwong trinh can bang luc theo chiéu Ién mét phang ding:

Ncoséd=mg+F,sind (19)

voi lwe can ma sat F, =N, x4 la hé sb ma sat treot gitra tai va con lan, xac dinh dwoc

phan lwc N:
m
N=— 9 (20)
cos@— u, sing
Lwc hwdng tdm dwoc xac dinh theo cong thire:
F,=Nsind+F cosé (21)
tan 6 +
hay L B (22)
1-py tand
Diéu kién dé tai duy tri hwéng chuyén dong la:
F.<F, (23)

Xac dinh dwoc van tdc Ién nhéat cho phép cla tai dé duy tri hwéng chuyén dong

V < MRQ (24)
1-p tand

2.3 Khéo sét dong e hoc hé théng madng con lan trong lwc van chuyén bao xi mang
2.3.1 Céc théng s tinh toén thiét ké

Nha may nghién Hiép Phuéc 1a chi nhanh ctia Cong ty xi mang Chinfon - Hai Phong
duwoc xay dwng tir ndm 2003, trong khu cong nghiép Hiép Phwéc, huyén Nha Bé — TP. H6 Chi
Minh chuyén sadn xuét xi mang ti clinker van chuyén vao béng dwéng thuy do Coéng ty Chinfon
- Hai Phong cung cép.

Theo yéu cau clia nha may, can phai thiét k&, ché tao va lap dat mang van chuyén trong
lwc cho bang tai van chuyén bao xi mang thanh pham t» may déng bao dén Shiploader (thiét bj
xép bao xi mang xudng tau). Mang con 18n gdm hai doan: doan cong ABC va doan thdng CO
(hinh 4).

Trén hinh 4, gbc toa d6 dat tai diém O 1a diu ra ciia mang dén Shiploader, diém A 1a dau
vao clia mang ndi véi bang tai. Bao xi mang sé di tir diém A vé&i van téc 1a V; (bang van tc cta
bang tai 1a 1m/s) theo mét cung cong ABC dén diém C véi van téc 1a V, va chuyén sang doan
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thang CO, dén diém O bao xi mang sé cé van tbc V; (khéng dwoc Ién hon van tbc cla bang tai
Shiploader 1a 1,5 m/s). Nhw vay, van tbc cia bao xi mang khi ra khdi mang yéu cau phai nam
trong khoang 1m/s V3 <1,5m/s d& dam bao cho cac bao xi mang khong bi don & & trén bang
tai, trén mang, cling nhw trén Shiploader. Bao xi mang c6 cac kich thwéc dai b = 0,6m; rong r =

S

Hinh 4. Toa d6 méang con lan theo yéu céu thuc té

Cac thdng sb hinh hoc ctia mang con l1&n duwoc xac dinh theo cac kich thuwédc thuc té nhw

sau (Bang 1):

Bang 1: Cac théng s6 hinh hoc co ban ctia méng con I&n trong luc van chuyén bao xi méng

Théng sé Doan mang cong Doan mang thang
Ban kinh trung binh ctia mang cong R=950mm
Goc cuia cung cong ABC B =58°
Chiéu dai con lan B. = 589mm L= 650mm
Sé con lan ciia mang 10 22
BPuwong kinh con lan Doy = 110 mm d=76mm
Dct =59 mm

Goc nghiéng clia mang a a
Chiéu cao mang he, h
Chiéu dai mang S, St
Chiéu cao toan bd mang H

as 446mm

ar 1896mm
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Céc théng sb chiéu cao h,, h;, chiéu dai cla cac doan mang dugc xac dinh theo céc cong
thire sau:

h =H-h (25)
RS

h =2 26

: 180&*1 (26)

S, =7 + (8, —2R* — 2R°cosf—a") @7)

s, = (ﬂj +h (28)
180

2.3.2 So db khéi khdo sét cac thong sé déng lurc hoc cuia mang

Céc thdng sb ban dau cia mang con lan trong lwc sau khi dwoc tinh toan so bd sé dwoc
st dung dé tinh toan kiém tra cac thong sé dong lwc hoc cla tai cling nhw cac thong sé hinh
hoc cia mang. Quy trinh thuc hién theo so dd khéi hinh 5.

Budc 1: Budc 5.
Nhap céc thong s6 dau vao.
1<V3< 15
Budc 2:
Tinh cac thng so clia may.
Bubc 7.
v rg . k) . M S
Budc 3: Kiém tra On d!nlh ctia bao xi mang
Tinh chiéu cao h1 va van toc Khi trugt
v2 clia mang cong. Buéc 6:
Thay d6i cac thong s6 d4u vao.
Bubc 4. Bu’?c 8:7 é)
Tinh chiéu cao ha va van toc In két qua.

v clia mang thang.

5 G >

Hinh 5. So db khéi khdo sat méng con I&n

2.3.3. Két qua khao sat

a. Anh huéng cia chiéu cao mang dén téc dé chuyén déng cda bao xi méng
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V2, V3 [mlsL

Van tc gioi han cua mang cong

15)

Wn cua Shiploader

—— L mL

0.5 1.0 15 2.0

Hinh 6. Anh huéng cltia chiéu cao mang dén téc dé chuyén dong ciia bao xi méng
Puong sé 1, khi h = 0,7m; Buong s6 2, khi h = 0,8m; Puong sbé 3, khi h = 0,88m;

Nhan xét: theo

- V6i théng sb

Puong sé 4, khi h = 0.9m
dd thi hinh 6, ta thay réng:

ban dau cla chiéu cao mang la h=0,7m, thi van téc bao xi mang ra khdi

mang cong V, rat nhd, khi dén dau doan mang thang khéng con dd van téc dé trwot tiép.

- Vé&i dworng cong sb 2 va sb 4 thi van téc bao xi méng V; ra khdi mang 1a qua nhé hodc
qua 1&n, khéng dap trng dwoc yéu ciu cong nghé.

- V&i duweng cong s6 3, van téc clia bao xi méng trén mang cong dap &ng duoc yéu ciu

cbng nghé va khi ra

khéi mang thdng van téc ctia bao xi méng Vs=1,5m/s. Vi vay, ta c6 thé

chon chiéu cao toan bd cia mang con I&n trong khoang h = 0,8+0,88m.

b. Anh huéng doé cong ctia mang dén téc dé chuyén dong ctia bao xi mang
V2, V3 lmis.

al

r Van tdc gioi han cua mang cong

Van tdc gioi han cua Shiploader

4

3

L 1 L L L L 1 L L L L 1 L L L L 1 L L L L L m\_
0.5 1.0 15 2.0

Hinh 7. Anh huéng ctia d6 cong méng dén téc do chuyén déng cua bao xi méng

Puong s6 1,

Nhan xét: theo

khi B = 45°% Puong sé 2, khi B = 55%; Puong sé 3, khi B = 60°;
Puong sé 4, khi B = 65°

dd thi hinh 7, ta thay réng:
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- Khi dé cong clia mang nhéd (dwdng cong sb 1 va 2) lam cho chiéu dai lam viéc cla
mang cong nhd, van tbc cla bao xi méng di chuyén trén mang I&n V;>1,5m/s, do d6, bao xi
mang c6 thé bi don & trén Shiploader.

- Khi d cong clia mang qua lén (dwéng 4), chiéu dai cia mang cong téng, van tbc cla
bao xi mang chuyén déng cham dan, c6 thé xay ra hién twong dén & bao xi mang & trén mang
cong.

- Vi dwdng cong sb 3, bao xi mang chuyén dong dap rng dwoc yéu cau cong nghé, vi
vay, ta chon dd cong clia mang S ~ 60°.
2.3.4 Ung dung cu thé

T cac két qua nghién ciru va khao sat, ching téi da ng dung cho viéc thiét ké, ché tao
va l&p dat va ban giao mang con I&n trong lwc cho nha may nghién Hiép Phwédc. Hién nay mang
con l&n trong lwc nay dang hoat dong tét (hinh 8).

.- E
__E_ s

Hinh 8. Hoat déng ctia mang con lan trong luc
3. Két luan
Cac két qua nghién ctru ly thuyét va khao sat bang sé, da xac dinh dwoc cac thong sb
doéng lwe hoc clia mang con lan trong luc, 1am co s& cho viéc tinh toan thiét ké, ché tao va lap
dat mang con lan trong Iwc cho nha may nghién Hiép Phudc

Cac két qua nghién ciu nay con cé thé rng dung cho mang con lan trong lwc van
chuyén cac hang héa khac.
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