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T6m tat: Dya trén yéu cau ché tao mét hé thong cap kéo thuyen trong khu du lich sinh thdi nwéc
noi, bai bao sé trinh bay mét sé gidi phdp ciing nhw nhitng co sé' 1y thuyét va thyc nghiém cho cac hé
thong truyén dong cap kéo cd chu tuyén cép I6n (@én hang km), tir co sé do sé xay dung mét phiong
an cho hé thong cdp kéo dé img dung cho khu du lich sinh théi nwéc néi. Phirong dn ding dan déng
can bang véi bg truyén vi sai cho phép can bang moment trén hai banh dan déng giam khd nang cap
bi trueot va mon cua bg phdn cdng tac khi lam viéc vai luc kéo 16n sé duoc trinh bay trong bai bao
nay.

Tir khoa: Hé thong cap kéo thuyen, durong cap kéo, truyén déng cap kéo thuyen, cép treo.

Chi sé phan loai: 2.1

Abstract: Based on the requirement for the fabrication of a town cable boat system in ecotourism,
the paper presents a number of solutions as well as theoretical and empirical bases for towed cable
traction systems which has a long cable way (up to kilometers). From that bases, an option for cable
systems that be used for floating water ecotourism has developed. A balanced drive with differential
transmission helps the torque to balance on two wheels. This will reduces slip and wear on the
working parts when they work with large traction.

Keywords: kanamnsie dopozau, town boat ride, cableway, ropeway, planing craft.

Classification number: 2.1

1. Giéi thiéu

Van chuyén du khach trong khu du lich
song nudc va than thién vai moi truong la
van dé cap thiét. C6 nhiéu phuong an c6 thé
thuc hién tuy nhién phuong 4n lya chon can
dap ung duoc yéu cau khong gay & nhidm
khong khi, tiéng 6n va hoat dong cua cac
loai sinh vt trong rimg, dam bao an toan va
dat hiéu qua kinh té. Hé théng tuyén cap kéo
thuyén trén séng theo muc nudc ndi ding
dong co dién duoc lya chon. Mot trong
nhitng cum bd phan quan trong cua hé théng
la b6 phén dong luc. Bai bao s& nghién ciu
giai phap truyen dong phu hop cho tuyén
cap kéo thuyén co chu tuyén dai mot vai km.

2. C4c loai dan déng cap kéo

2.1. Cac phwong an bé tri puly truyén
dong cap kéo

Theo tai liéu [5], trong cac loai cap kéo
nhu cép treo, b phan truyén dong thuong
co cac loai:

1) Dan dong thong thuong c6 mét puly
hoac vai puly dan dong co ranh voi céap
truyén dong udn lién tuc qua cac puly;

2) Dan dong can bang gom cac puly
long mang don dugc két ndi Véi nhau qua
truyén dong can bang, cho phép mol puly
xoay véi van tbc g6c khac nhau, néu can
thiét.

Céc dn dong c6 thé duoc bé tri theo
chiéu ngang. (dan dong ngang) hoic theo
chiéu doc (dan dong doc). Tai cac tram nam
thap, dan dong ngang la hop ly hon (hinh 1)
vé6i su sap xép cua cac puly dan dong & cung
cao do di vao cua cap kéo, giup giam thiéu
s6 lugng cac diém d6i hudng vé sau.
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Hinh 1. Dan déng ngang véi bg phdn kéo cing.
A —Puly dan dong;
B, C — Puly déi hwéng tu do;
D — Puly kéo cang;
_a- Khoang rong dwong cap keo.
Doi véi cac tram cao, ¢ thé sir dung
dan dong dat dang (hinh 2) dugc lap dat trén
nén & cuoi tram.
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Gia tri hé s6 ma séat qui dan x phu thudc
nhiéu vao loai vat liéu cua vanh (vanh kim
loai, I6p 16t) va vao hinh dang cuaa ranh, vi
lyc ma sét Fo = u.Yp 14 ti 1& thuan véi tong
Yp cua &p suat p theo chu vi vanh. Néu
ching ta thé hién Iu:c ma sat thdng qua ap

luyc hudng kinhq = D , bang tong hinh hoc

cta p &p suat binh thuong, thi F, = £.q .Nhu
2.p
q r
Trong do: no: HE sO ma sat cua soi cap
vai vanh puly.

Vay p= . = Uy S

b} _ a’:{Eﬁ’/

T
R

Hinh 2. Ddn déng doc 6 bé phdn kéo cang (d) va
khéng c6 bg phdn kéo cang (c)
So @6 nhu (hinh 3) 1a mot dan dong mot
long méang kép.

Hinh 3. Dan déng nhiéu puly long mdang dat nam
theo phuong ding (e) va logi mgt l1ong mang kép (f).
2.2 Co sé ly thuyét va thuc nghiém
cia loai dan dong cap kéo thong thudng
Céc loai dan dong thong thuong gom co
cac puly dan dong, puly d6i huéng, hop
giam tc va cac thiét bi phanh duoc lip dat
trén khung kim loai.

s 2 Z @ =2 b7

Hinh 4. Cdc so dé dan déng mét 1ong méang (a, b) va
hai long mang (c, d).

a)

P —‘—“3._

q= Zpsi

Hinh 5. Biéu do ap luc khi 1ong mang dang: Ban
nguyét (a, b); hinh ném (c); xé ranh (d)

2P
q

vao hinh dang cua ranh, xac dinh boi su
phan b cua ap suit phap tuyén p doc theo
chu vi cia né. Véi vanh phang khéng c6
ranh thi & = 1 va u= uo.

Néu, theo hinh. 5a, cac diém cua cap s&
doi vi tri do mon dugc xac dinh bai goc g,
ching ta c6 thé gia dinh rang:

pP__P = const (@D)]
b acose

Hé sb cua hinh dang & = phu thuoc
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Va nhu vy, ap lyc phap tuyén tai bt
Ky hai diém p1 va p2 s€ tuan theo dinh luat:
P P
COS@, COSQ,
D¢ tang do bam cua cap st dung long
mang hinh ban nguyét c6 ranh cat (hinh 5a)
Tong ap luc trén long mang:

= const (2

2] d
=2| p—de. 3
>p ! p-dp 3)
2
Tu (2) voi p = pmax  khi ¢ = ¢min ta
nhan duoc:
cos
P= P (@)
cosZ
2
Ta co:
Po
D> P = Prax [ cospd
cosE L
_ . 5)
sin ¢, —sin =
= pmaxd 2
cos L

_ De tinh Pmax, ta st dung diéu kién can
bang:

T d d %
q=2[ peosp—do = p,,,,—— | cos’pdy (6)
) 2 7y
4 cos~ L
2 22
Thay thé ¢ day gia tri:
P 2]
Icos%odgo=%j(1+ cos 2¢p)de
7 7
2 1 2 1 sin2 0
/4 b Y
==|p+=sin2 S ANt < T &
W 2 (”1 2((” 27 2}
2
/4
4cos’
q cos’) 4
P == . —=—7.(8)
d (2¢,—7)+(sin2¢,-siny) d

Thay pmax VAo biéu thic (5) ta nhan

duoc:
4[sin @, —sin7j

(29, -7)+(sin2¢, —siny)

Y P =Py =0 =& (9)

Véi 1ong mang puly c6 rdnh cat khi
V4

%ZE-

_sin?
Z D 1-sin 2
E= —4 _
q (m—y—siny)
Va hé sé phan bé ap suat khong déu:

(10)

0 cos”
r=-med =4 2 (11)
q (r—y—siny)

Dbi véi mot ranh hinh ban nguyét ma
khéng cat y= 0 va cho po=n/2 ta nhan dugc
E=1=n/A.

Trong truong hop rédnh hinh ném (hinh
5¢), cap cham vao hai diém 1 va 2 va do do,
> p=2P néu chiing ta thay thé gi4 trj cuia
P tur da giéc lyc:

soXP 2P 1 1 12)

q g sino cosE

2

Khi ranh mon, mot vanh 10m duoc hinh
thanh, cap bi ha xuéng (hinh 5c) va lyc ma
sat giam do goc ¢ giam. Buong ranh hinh
ném kém hgp 1y hon ranh ban nguyét, vi nd
lam ting cac ung suat tiép xdc va khi cac
g6c bang nhau e=y luc bam s& bat lgi, nhu
c6 thé thdy tir biéu do trong (hinh 6). Do
bam tang tai 10ng puly c6 ranh cit 1a do sy
gia ting 4p suat phap tuyén, hé sé khong
dong déu trong d6 ting nhanh hon luc ma
sét, khi cac goc cat qua lén (y > 1150) cap
c6 thé ket. Vi vay, can han ché goc cat dén y
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Hinh 6. So' d6 cuia cac hé sé & va t cho cdc ranh ¢é
hinh dang khac nhau.
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DPé dam bao céc gia tri tinh toan c6 hé
sb & va nhu vay dam bao d6 bam tét, can dé
sao cho cép nam &p sat trong cé4c ranh. Do
do, ban kinh cong r cta rénh trong cac puly
dan dong vai vanh kim loai nén nim trong
khoang hep r = (0,52 + + 0,53) d.

Ta khao sat hién tugng vat ly xay ra
trong qua trinh hoat dong cua puly dan
dong. Luc cing day khi di qua puly dan
dong (hinh 7a) s& bi thay doi theo luc cua
luc vong U = tmax-tmin, tir d6 twong tng voi
su thay doi twong dbi chiéu dai cua day

(13)

Trong do:

- Ex: M6 dun dan hoi cia cap;
- F: Mat cat ngang cua cap.

Hinh 7. So d6 luc cing cap trén puly dan déng khi
lam viéc (a) va khi phanh (b).

Két qua 13, c6 mot phan cuaa cap truot
dan hoi khong nhin thiy khi vong qua vanh
cua puly, lyc cing cap bat dau xuit hién
thay doi tir goc ¢ dugc xac dinh theo diéu

kié:ntm;ax =e“? Nhu vy su truot dan hdi bét
min

dau di tr goc ¢; trén phan con lai cua goc

om, luc cang gitr nguyén gia tri tmax Vi

viéc s dung hoan toan do bam ¢= a va

tm—axe’“/’, sau d6 cap khong chi dich chuyén
min

dan hdi, ma con truot doc theo bé mit cua

puly.

Thi nghiém cho thdy ving khéng 6n
dinh xuét hién tai diém giao nhau cua cung
nghi, cung truot va & goc nghi g <0.2a thi
mot ¢6 vung lam viéc chung xay ra (khéng
truot) doc theo toan bo cung goc 6m a, lam
tang d6 mai mon. Didu kién f > 0.2a s&

duoc théa man néu tmex < guose Tuong ung
min

v6i hé sé cua luc kéo (khi ché do 1am viéc

on dinh).

K= t . (e" -1 S e’ -1
U eyO,Ba _1
Cho a = 2z vau = 0,16, ta thu dugc k>

1,4. C6 ba loai trugt cép trén puly:

- Truot dan héi, chi dugc gay ra boi tinh
chat dan hoi cua b phan kéo;

- Truot cap qua puly, co thé xay ra
trong quéa trinh di chuyén cua cap (ngoai
truot dan hol),

- Truot cua cép trén cac puly, xay ra khi
khong con tong luc bam trén cac puly dan
dong.

2.3 Co s& ly thuyét va thuc nghiém
caia loai din ddng can bang

Dan dong can bang bao gém cac dan
dong don duoc diéu khién boi mot dong co
va truyén dong cho cac banh ring khac
nhau, cho phép mdi puly quay doc lap véi
nhau véi sé vong quay khac nhau. Do do,
tbc do dai trén tat ca cac ranh caa puly la
nhu nhau. Vi vay, khdng c0 su trugt cua cap
khi qua cac puly.

Truyen dong vi sai cting c6 mot tinh
chat tbng md men xoin dwoc phan bd theo
mét ty 1& nhat dinh, xac dinh theo thiét ké.
Nhu véy, trong bo dan dong can bang, noi
cac puly din dong duoc két ndi véi nhau
qua bo truyén vi sai, thi tong md men xoin
hay ciing chinh I1a luc vong trén mdi puly
dugc phan bd theo mot mot ty 1é khong doi
nhit dinh.

Do d6, dé co thé s dung d6 bam cua
cap trén mdi puly, bo truyén vi sai dya trén
phuong trinh phan phi mé men xoin toi
cac puly dan dong riéng 1é theo mdi quan hé
ti 1é sau

(14)

My Mg (15)
MZ M3
Néu ching ta gia dinh rang tat ca cac
puly c6 cung duong kinh. Gia nhu yéu cau
nay dugc thuc hién, do bam trén tat ca cac
puly s& duogc st dung hoan toan va luc vong
l6n nhat dugc truyén boi truyén dong can
bang s& bang véi luc vong cia dian dong
tuong ty nhu & loai puly nhiéu long mang.
Khi st dung truyén dong can bang trong
bo truyén dong vi sai ddi xting két ndi hai
puly ddn dong, md men xoin dugc phan b
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déu nhau cho ca hai, tic 1a % =1, nhu vay
2

n6 khong thé dap ung diéu kién trén. That

vay, Voi gia tri nho nhét cua ao = 7, ching

ta cd gia tri cho cac puly c6 vanh kim loai

et = 1.46, va ddi véi 16p 16t gb e**o = 1.65

va vai cao su e*%o =2.2.

Viéc sir dung bo vi sai bat d6i xing cho
phép phan b cac md men xoin theo phuong
trinh (15). Truyén céc truyén dong vi sai
khong ddi xtang c6 thé duoc st dung theo
hai cach. Trong truong hop thir nhat, ching
chi phuc vu nhu mét co ciu can béng, ma
khong anh huéng dén ti sé truyén cua bo
truyén va chi bat dau hoat dong khi can thiét
dé can bang toc do cua puly. Trong truong
hop thur hali, viéc bo truyén vi sai hoat dong
lién tuc, tham gia can bang cac truyén dan
khac dé tao ra ti I¢ truyen dong yéu cau;
diéu nay cho phép thiét ké nhé gon hon.
Trong dan dong can bang véi hop vi sai dbi
xtng hinh nén (hinh 8) banh dan dong 1 va
2, di qua banh dan huéng 3 duoc dat o giira.

Hinh 8. Dd}z dgng can bang hai long mang

nam ngang vai bg vi sai.

Véi cing ty sd truyén dong gitra cac
banh rang 12, 13 va 10,11 va cung mét ban
kinh cua céc puly, c&c m6 men va luc vong
ctia chiing ciing s& bang nhau.

MY (16)
M 2 U 2

Néu ching ta biéu thi luc cang nhé nhat
cua cap tai puly, thi lrc vong I6n nhét duoc
truyén bai mdi puly v()’i goc 0m oo S€ la:

Ul = U 2 = mm (e/lao 1) (17)

Do d6, ddn dong c6 thé truyén tong cua
lyc vong Ién nhat:

U=U,+U,=2t_ (e*° -1)
tmin :L
2(e"* -1)
N (18)
V6i mét dan dong puly hai Iong mang
tuong tu ma khéng cé bo vi sai véi tong géc
om trén ca hai rdnh a = 2ao, thi:

(19)

Hinh 9. Ddn déng ba long mang can bang véi
hai bé vi sai doi xung.

Néu ching ta st dung puly ddi huéng
nhu mét puly truyén dong, bao gdom ca
truyén vi sai ddi xing thtr hai, thi ta c6 mot
dan dong can bang ba puly, nhu duoc biéu
dién trong hinh 9. Trong trudng hop nay, md
men xoin M duoc phan phdi giira cac puly
riéng Ié nhu sau:

M,=0,5M;M, =M, =0,25M;—+ 2——1(20)
|v| M

2 3
_ Gia dinh ban kinh cua tat ca cac puly la
bang nhau chdng ta co thé viet
U,=U e —1);U,
3 2 mln( ) (21)
U,=U,+U, =2t (e""-1)

Tram truyén dong c6 thé truyén tong
luc vong 16n nhat, theo cac dicu kién bam
la:

U=U+U,+U, =4t

Hoac:

min (e/wto _1) (22)
tmin = L
4(e"* 1)
Vi mot puly ba 1ong méang ¢ mét géc
om a = 3ao, ta co:

(23)

U
min = eﬂaao _1 < tmin

3. Giai phap truyén dong cho hé
thong cap keo trong khu du lich

(24)
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Trén co s& phan tich cac nguyén ly
truyén dong cho cac hé théng cap kéo, dé
thuc hién phuong an cap kéo thuyén trong
khu nuéc ndi ¢ chu tuyén khoang 3km, cac
giai phap dong luc cho hé théng tuyén cap
kéo thuyén da duoc phan tich va lya chon.

Bdng 1. Thoéng sé dau vao.

Thong s6
Chiéu dai tuyén cap (m) 3000
S6 lwgng thuyén (chiéc) 25
S6 lwgng ngudi trén moi thuyeén 9-10
Van toc kéo (km/gio) 3
Luc cang cap 16n nhat (KG) 1900
Cap inox, duong kinh cép kéo (mm) 14

So d6 nguyén ly hé thong truyén dong
cap kéo trén hinh 10, trong d6 2 puly dan
dong (7) nam dudi mat nudce, khi lam viéc
s& cudn cép kéo thuyén di chuysén trén song.

1

5 \,
= 5 = ,
m m
1 1<
488 | -1
A A
s -9 i 8
10 ~10

Hinh 10. So do nguyen ly hé thong
truyén dong cap kéo. \ 3
7 - Puly dan dong;

1- DPong co; Y
2 - Khop néi; 8-0bidd;
3-Visai; 9-0bidd;

10 - Truc d& puly;

4 -Truc cardant; !
11 - O bi chian - da.

5 - Hop giam toc;

6 -Truc cardant;

Két cau hé thong truyén dong cap kéo
trén hinh 11.

Hinh 11. Két cau hé thong truyén dong cdp kéo.

Hé thong truyén dong can bang ding bd
vi sai da thiét ké ché tao (hinh 12) c6 cac
thong sb theo bang sau: ‘
Bdng 2. Théng so hé thong truyén dong
can bang dung b4 vi sai.

Thong s6
Cong suét dong co (KW) 37
Ti s6 truyén bo truyén vi sai 5

Ti s6 truyén hai hop giam toc banh rang | 27
cbn
Puong kinh hai puly truyén dong voi | 3000
I6p 16t cao su bién dang ban nguyét
(mm)

Khoang céach céc tryc pu ly (mm) 4000

Hinh 12. H¢ thong truyen dong cap kéo thuyen dat
trén két cdu khung cong truc day noi di ché tao.

4. Két luan

Phan tich cac giai phap truyén dong cap
kéo ta cO nhan xét:

- Dan dong thong thuong bé tri puly
mot hay. nhiéu 16ng méang s& cho phép két
ciu truyén dong don gian tuy nhién khi lam
viéc trén puly dan dong, goc 6m cap quanh
puly dan dong cé hai cung nghi va cung
truot, diéu ndy 1am bo phan cong tac bi mai
mon;

- Dan dong can bing két cau phuc tap
hon nhung do téc d6 dai trén tit ca cac ranh
cua puly 1a nhu nhau, hiu nhu khéng c6 su
trot cua cap khi qua cac puly, viéc phan bd
md men kéo tly theo két ciu vi sai;

- V6i hé théng cap kéo thuyén trong
khu du lich sinh thai nuéc noi, c6 chiéu dai
truyén cap gan 3000 m, bo truyén dong ding
bo vi sai cho hé théng cap kéo di duoc lua
chon va ché tao, cac puly din dong long
mang dung 16t cao su cé bién dang ban
nguyét véi hé sb ma sat 16n (e%o = 2.2) s&
cho phép ting luc kéo thuyénQ
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