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Thiét ké ché tao bd truyén cycloid bang vat liéu
két hop lam viéc trong mo1 tredng an mon

Dang Xuan Phuong

Tom tit—Bai bio nay trinh bay phuong phap va
Kkét qua thiét ké bd truyén cycloid 6 nhiéu dic
diém noi troi nhw lam viéc ém, ti ) truyen cao,
c6 kha ning mang tii l6m, lam viéc trong méi
trwong in mon. Piém méi ciia nghién ciru nay 1a
sir dung két hop cac vat liéu polymer va kim loai
¢6 khi ning chéng in mon trong méi trudng
nwée hoic Am wét, dic biet 1a trong linh vuc co
khi thuy sdn, gép phan tiét klem vat lleu, lam
giam khoi lwong va tang tudi tho ciia thiét bi.
Ngoai ra, viéc thiét ké bd truyén ring cycloid
bang vat liéu két hop, bdi tron biang nwéc, sir
dung kém véi dfng co dién kin nwéc 1a mot y
twéng nghién ciru méi cé tinh kha thi phu hgp
diéu kién nudi trong thity san so véi trudng hop
sir dung dong co dién thwong va hp giam tdc
truc vit banh vit truyén théng. Mét bd truyén c6
cong suit 1,5 HP, ti s6 truyén bing 29, sir dung
1am hdp giam téc trong may dio nwéc suc khi
trong nudi trong thity san dwoc thiét ké. Phwong
phap nghién ctru dwge sir dung la gidi tich toan
hoc két hop v6i md phéng bang cong nghé
CAD/CAE (computer aided design/computer
aided engineering) dé tinh toan cac théng sé co
ban ctia bd truyén, sw in khép va kha ning chiu
lwc. By truyéndd dwoc ché tao va dang thir
nghiém dé danh gia kha ning lam viée dé tir dé
¢6 thé nhén réng viéc ap dung trong linh vuc co
khi thiy san.

Tir khéa—Cycloid, hép giim tic, vt ligu két hop, in
mon, thiét ké, co khi thiiy sin

1 GIOI THIEU

Gué)ng dao nudc suc khi duge st dung rat phd
bién dé hoa tron 6-xy va tao dong chay trong
ao nudi trong thuy san. Hién nay, dé din dong va
truyén dong chuyén dong quay cho cac gudng canh,
nguoi ta st dung dong co di€n va hop giam tde truc
vit banh vit nhu hinh 1 & nhiing vung c6 luéi dién.
Nhuoc diém cia loai truyén dong nay 1a hop giam

Bai bdo nay dwoc giri vao ngay 25 thang 06 nam 2017 va
dige chdp nhan ding vao ngay 5 thang 10 nam 2017.
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tbc bi han gi nhanh chong khi lam viéc & moi
truong nuée min do vo cta hop giam tde dwoc lam
bang gang. Do vy, tudi tho cua thiét bi giam, lam
tang chi phi diu tu hodc sira chita. Hon nita ban
than bd truyén truc vit banh vit c6 hé sé truot 16n
nén sinh nhiét cao trong qua trinh lam viéc. P2 co
nghién ciru thir nghiém thay vo hop giam tdc bang
gang sang vat li¢éu composite nhung khi d6 bai toan
giai nhiét cho nhét 1am mat va boi tron bo truyén bi
that bai. Vi vay van dé dat ra 1a can nghién ctru mot
bd truyén mdi ¢é ty sd truyén 16n twong duong voi
bo truyén truc vit banh vit dong thoi c6 kha ning
lam viéc trong méi trudng dn mon dé co thé thay
thé cho bd truyén truc vit banh vit. Méc du trong
nudce ¢6 mot sé nghién ciru vé bo truyén cycloid [1-
4] nhung viéc tmg dung bd truyén cycloid ché tao
béng cac loai vat lieu két hop, chéng an mon, co
thé boi tron bang nudc trong thiét bi gudng dao
nudc suc khi nudi trong thuy san mot hudng tiép
can moi.

Dé giam thiéu chi phi cho nguoi nuoi va doanh
nghlep thuy san can thay thé hop glam tdc truyén
thong bang hop glam toc méi ma van dap ung dugc
nhiing yeu cdu veé ti s6 truyén cao, kich thudc nho
gon va tudi tho 1au dai. Dya trén tiéu chi d6 thi hop
giam tdc cycloid 1a Iya chon hop li. Hop giam tbc
cycloid cho phép thiét ké véi ty s6 truyén 16n, mdi
cap tir 8 dén 65. Kich thudc nho gon, co thé sir
dung dong co dién quay nhanh dé giém gia thanh.
Cac bo phan hop giam toc dugc 1am bang vat lidu
chéng an mon dé ting tubi tho Do d6, chung t6i
tap trung nghién ctru bd truyén cycloid 1am bing
vat liéu chdng dn mon (thép khong gi va polymer)
g dung trong nudi trong thiy san.

Hinh 1. Gudng dao nudc suc khi sir dung dong co dién va hop
giam téc truc vit banh vit
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2 PHUONG PHAP NGHIEN CUU

Nghién ctru nay st dung céc tiép can phan t1ch
so sanh, tong hop va ké thira cac nghién ciru vé bo
truyén banh ring cycloid bang vat liéu kim loai dé
xdy dung phuong phap thiét ké bo truyén nay khi
sir dung két hop mot so vat liu phi kim loai va kim
loai dé tang cuong tinh chéng in mon, cai thién hé
s6 ma sat va lam viéc ém.

Nghién ctu nay ciing st dung mo phdng do va
cong nghé CAD-CAM-CAE (computer aided
design-computer aided manufacturing-computer
aided engineering) dé khic phuc khé khan vé viéc
xdy dung, tinh todn mo phong va gia cong bién
dang phtrc tap cia dia rang cycloid, tao thuan lgi va
su linh hoat cho viéc thiét ké, chuan bi cong ngh¢
va gia cong ché tao bang may CNC (computer
numerical control).

V& phuong phéap nghién ctru, ching t6i sir dung
cac phuong phap sau:

- Phuong phéap nghién ctru tai liéu: nham muc
dich ké thira cac 1y thuyét va kinh nghiém cia cac
nghién ctru trudc bang cach phan tich, tong hop va
5o sanh.

- Phu’ong phap phi thuc nghiém: khao sat, tinh
toan thiét ké dua vao mé hinh hinh hoc, toan hoc va
co hoc.

- Phuong phap thuc nghiém: thuc nghiém ao
bang mé phong nhd sy tro gitp cta may tinh. Ché
tao va khao nghiém thiét bi dé danh gia két qua.

- Lap quy trinh cong nghé gia cong bd truyén
trong d6 co tng dung cong nghé CAM dé dam bao
dugc do chinh xac cua bién dang phtc tap va tinh
linh hoat trong cong nghé.

- Gia cong ché tao, lip rap bd truyén véi cong
suat 1,5 HP, chay khio nghiém san pham (13 mot
hop giam tde dung cho may dao nudce suc khi trong
nudi trong thuy san) va danh gia két qua thiét ké 13n
ché tao.

3 COSOLY THUYET THIET KE BO TRUYEN
CYCLOID
3.1 Phwong trinh bién dang banh rang cycloid
Phuong trinh bién dang ctua dia cycloid duoc
biéu dién nha sau:
re- yD

\' 2y yD
Ly Yo + \/T (l)

Trong d6 xp va yp dugc xac dinh bing cong
thur:

X, = R,cosp — Acos(1+z,)p
Yo = R,sing — Asin(1+z,)¢

@
(0o i i e in i
X = —Yp + Az;sin(1+2,)p @)
Yo = Xp — Az;c0s(1+2,)@
Trong do:

A la do léch tam

R21a ban kinh vong tron 1an cua dia cycloid, z; la
s6 riang dia xich va rc 1a ban kinh chét. Goc ¢ bién
thién tir 0 dén 2.

Ty sé truyén ciia bo truyén cycloid dwoc tinh
bang cong thirc

u=

o @)
trong do:

Z;: s0 rang dia cycloid

Z3: s0 con ldn (sO rang vanh rang chot)

Thong thuong so chot con lan 16n hon so rang

trén dia cycloid 1a mot nén ty sd truyén u = z;
3.2 Tinh todn cdc théng sé ciia bo truyén

Momen xo0an trén truc vao:

P 1,119
T, = 9,55.10°.—+ =9,55.10° . =—
2900

n

= 3685 (Nmm)
Trong do:
P1 la cong suit cua dong co, P1 = 1,119 (kW)
n; = 2900 (vong/phut) 1a sb vong quay dau
truc vao (truc dong co),
Momen x0én trén truc ra:
T, =T.un
=3685.29.0,85=90835 (Nmm)

Trong d6:T2 12 momen xoén trén truc ra
u=29 la ty s6 truyén ctia hop giam tdc cycloid
Hé s6 bé rong vanh ring dia cycloid:

(chony; =0,1)

Hé s6 RAz dé tranh hién tugng lem chan rang,
ving gia tri cia RAz nén chon khi phén tich bang
db thi [3] tir: 1,5 + 2. Chon RAz = 1,8

Hé sb tai trong Ky khi tinh vé& d6 bén nén:

Ky = Ky - Ky - Kpy=1,2.1,02.1=1,224
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V6i Ky 12 hé s6 phan bd khong déu tai trong
1én céc rang hodc céc con lan cé chiu luc tac dung,
phu thudc theo sb ring dia cycloid, sd ring dia
cycloid cang it thi Kya cang 16n, ta co

Kue = 1,15 + 1,25, chon Kyq = 1,2

Kip 14 hé sb phan bd khong déu 1én chiéu rong
vanh rang. Nguyén nhan cua su phan bd khong déu
1én chiéu rong vanh ring 1a do bién dang cua truc,
0, con lan va ban than cac dia cycloid ciing nhu do
sai s6 khong tranh khoi khi ché tao va lip ghép bd

truyén.
. c ., .
Véi W, =0,1 chon duoc gia tri
cla Ky, =1,02

Knv 12 hé s6 tai trong dong do ddc diém an khép
ém cua loai bo truyén nay, chon Kny = 1.

Heé s6 goc tiép xtic Ko phy thude vao sb ring
dia cycloid Zy va hé s6 RAz. Véi z1 = 29, RAz =
1,8 c6 K, =0,28.

Heé s6 sb rang dia cycloid K, phu thudc vao sd
rang dia cycloid dugc tinh bang cong thirc:

1,5 15

k,= = = 14,27
T T

tg| —— tg( )

g[1+zl] 1+29 (5)
Hé s6 ké dén co tinh cua vat lidu Zy duge tinh

bang cong thc:

7 = [ 2.E,.E,

Vn[Ez(l 'le) +E1(l '”22):| ©)
Trong d6

E1, E; 1a md dun dan hdi vat liéu 1am banh
ring va con lin (hodc chot).

i1 VA pzhé sb poison cuia vat liéu lam banh
rang va con lan.

Nhya POM : E; = 2600 MPa. 1;=0,386

Inox 304 : E; = 190000 MPa. up= 0,29

_ 2.2600. 190000

" _\/n[190000(1 -0,3867) +2600(1 - 0,297) |

= 43,8(MPa)
Bén kinh vong tron qua tdm céc con rang lan

chét Ry dwoc tinh theo cong thirc:

ZMZ'KH'ku'kz3'T2 (7)

R, 2>
’ §/4.z.\pgd.(kz -1)* [o]

Dua vao cac gid tri 7 K, k,, k,, T, ¥, [c]

da tinh dugc ¢ phia trude thé vao cong thuc (7)
duoc:

4.1.0,1. (14,27 - 1)*. 507
< R,>995
Chon Ry = 120 mm.
Bén kinh con lan ring chét re. Chon re = 6 (mm)
Tinh lai gi4 tri hé sb s rang dia cycloid:

\/43,82. 1,224.0,28. 14,27°. 90835
R,=>3

Bé rong dia cycloid b duoc tinh theo cong thirc:
b=2(R, -1r,)¥$, =2(120 - 6)0,1 = 22,8 (mm)
Chon b =25 mm.

Tinh lai gia tri cia hé s6 bé rong vanh rang

diawy;,:
¢ _ b _ 25 _
“ 2(R,-r) 2(120-6)

Khoang léch tim cuia bd truyén A:

Ao Ry 120
RAz(1+z,) 1,8(1+29)

= 2,22 (mm)

Chon A =2,5 mm.
Kiém nghiém banh ring vé 6 bén nén:

Cong thirc kiém nghiém dia cycloid vé& d6 bén

nén:
3
o= Z, K,k .k, .3T2 <[o] (8)
2(k, -1)\ z.¥iR,
Thay cac gia tri da tinh toan vao cong thirc (8) ta
duoc:
4 1,224.0,26.20° .
_ 438 , 0,26.20 390835 ~ 402 (MPa)
2(20-1) 1.0,132.120

Ung suit bén cho phép cua nhwa POM la 71,5
MPa. Vi viy chi tiét du bén: 5 <[o]

3.3 Kiém nghiém irng sudt trén dia cycloid bang
phirong phdp phan tir hitu han

Do dia cycloid dugc ché tao bang nhya nén ting
sult tac dung lén dia la mdt thong $6 quan trong
can phai tinh toan chinh x4c. Ngoai cong thirc giai
tich xac dinh cac théng s hinh hoc co ban cia dia
béng c6 xét dén yéu t§ d6 bén, phuong phap phan



84 Science and Technology Development Journal, vol 20, No.K5-2017

tir hitu han con dugc sir dung thém dé kiém nghiém
két qua.

Luc tac dung lén dia cycloid gdm c6 2 nhom
chinh: nhém tir cac chdt ¢d dinh 1én vanh rang (Fr)
va nhom cac luc tir cac chdt truc ra 1én céc 13 tron
trén dia cycloid (Fp) (hinh 2).

Hinh 2. Céc luc tac dung 1én dia cyloid

won Mises [N/mm#2 (MPa))

6.318e+000

6.318e+000

5.792e+000
_ 5.266e+000
_ 4.740e+000
- 4.214e+000
_ 3.687e+000
T 3.161e+000
_ 2.635e+000
_ 2.109e+000
_ 1.582e+000
d 1.056e+000
5.300e-001
3.798e-003

Hinh 3. M6 hinh va két qua phén tich sirc bén ciia dia cycloid
béng phuong phap ph?m tir hitu han.

Két qua phan tich bang phwong phap phan tir
hitu han sir dung phdn mém Solidworks cho két qua
nhu hinh 3. Ung suit 16n nhit sinh ra tai cac 15
truyén cho cac chdt truc ra voi gia tri 6,3 MPa xuét
hién trén céac 16 1ip v6i chdt truc ra. Ung sudt nay
nhé hon nhiéu so voi g suit nén cho phép ctia vat
liéu (d6 bén kéo dirt ciia nhya POM 1a 71,5 MPa,
d6 bén nén 1a 100 MPa) nén dia cycloid da bén.
Két qua cho thdy g suat mo phong tinh nho hon
{mg suat tinh toan thiét ké bo truyén theo phuong
phap giai tich do béan kinh R, va chiéu rong b cua
dia cycloid dugc 1am tron 1én so véi tinh toan. Ung
suét tiép xuc gitra cac chdt (con ldn) va bé mit cua
bién dang cycloid nho hon tng suét 16n nhit sinh ra
trén cac 16 ldp ghép cta chdt truc ra. Ly do cua két
qua nay la dia cycloid cung mot lic an khdp voi
gan nhu mot nira sd lugng chét trén bo truyén nén
luc tac dung s€ dugc phan bd tai nhiéu Vi tri. biéu
nay gitp cho kha ning mang tai ctia bo truyén

cycloid tang.

4 KET QUA NGHIEN cUU

Di thiét ké duoc hop giam tdc cycloid bang vat
liéu két hop: thép khong gi SUS304, nhya POM va
PA (hinh 4), lam viéc duoc trong moi truong dn
mon nhu nude bién. Cac thong sd co ban ctia hop
giam toc nhu sau:

- Ty s6 truyén: 29 (tbc d6 dong co 1a 2900 v/ph)

- S6 rang dia cycloid: 29

- Buong kinh vanh rang dia cycloid: 240 mm

- Chiéu rong dia cycloid: 25 mm

- COng suat dinh muc: 1,5 HP

©)
Y

b u
asj 7 / (12)
14 @3 =
1 Dong co dién 9 Bich chan 4 truot
2 Khép néi 10 Truc ra
3 Bichchandlan | 11 O trugt
4 Bich ¢ dinh 1 12 6 lan
5 bia cycloid 13 Bich éng néi
6 Chét 14 O 13n trén truc vao
7 Chét ¢6 ren 15 Truc vao
8 Bich ¢é dinh 2

Hinh 4. Ban v& lip hop giam téc (da 14p dong co)

Hop giam téc cycloid s& duge ldp véi dong co
kin nu6c (hinh 4). Sau khi thiét ké, san pham duoc
tién hanh ché tao va thu dwoc két qua nhu hinh 5.
Ban dﬁu, bo truyén duoc kiém nghiém & ché do
khong tai sau do cho mang tai dudi dang ma sat
trén truc ra. K&t qua cho thiy b truyén an khop tét.
Tuy nhién khi 1am viéc ¢6 hién tugng rung véi tan sb
cao v6i bién d6 nho do chua can bang tot do léch
tam & truc vao.

V6 dong co duge 1am bang thép khong gi, kin
nuée nén co thé lam viée dugc trong moi trudng
nude man. Dé giai nhiét cho dong co ciing nhu bdi
tron va lam mat cho hdp giam téc, mdt canh quat
phu gan hop giam toc dwoc thiét ké dé vung toe
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nudce 1én dong co va hop giam toc (hinh 6). Nhu
vay dic diém méi ciia hop giam te cycloid nay la
modt bd truyén hg, boi tron biang nudc bién. Piéu
nay khac hin voi cac hop giam tdc cycloid truyén
thong (kin va bdi tron bang diu nhét). Pic diém

nay gop phan tiét kiém dugc nhort boi tron.
P

Hinh 6. Phdi canh l3p dat hop giam tdc vao hé théng dong co
dién kin nu6e va gudng canh dao nude suc khi

Két qua phén tich cho thdy tmg suat 16n nhét trén
dia cycloid 1a 6,3 MPa, do vay dia cycloid c¢6 hé sb
dir trir bén cao, dam bao kha ning lam viéc lau dai.
Nhia POM c6 hé s6 ma sat thap khi lip ghép voi
kim loai, chéng mai mon t6t va tinh 6n dinh kich
thudc cao nén s& dam bao tot chirc ning lam viéc
trong bo truyén cycloid.

Gi4 thanh ché tao ban dau v6i dang san xuat don
chiéc cua bo truyén 1a 6,6 triéu dong trong d6 gia
vat tu 13 2,6 triéu dong, gia thué khoan gia cong va
lap rap 1a 4,0 triéu dong. So vaoi hop giam tdc truc
vit banh vit c6 cling cong suat va cong dung trén thi
truong 1a 3,6 triéu dong thi hop giam tdc cycloid
ché tao béng vat liéu chéng an mon dit hon.

5 KET LUAN VA BE XUAT Y KIEN

Nghién ctru nay da thiét k& va ché tao dwoc mot
hop giam tbc c6 ty sb truyén cao, lam viée dwoc
trong moi trudng dn mon, bdi tron bang nude, ding
dé truyén dong trong hé thong gudng dao nudc suc
khi trong ao nuoi trf)ng thuy san. N6 c6 kha nang
thay thé cho hop giam tbc truc vit banh vit vo bang
gang c6 nhidu nhugc diém nhu chéng bi an mon
trong mdi truong nudc bién. Hién tai, bo truyén
dang duoc thr nghiém trong diéu kién thuc t& dé
kiém nghiém va danh gia kha ning hoat dong cua
n6 trong linh vyc co khi thiy san, tir do ¢6 thé cai
tién, diéu chinh va 4p dung rong rai. Mic du gia
thanh ché tao don chiéc trong giai doan thir nghiém
kha cao, chua canh tranh dugc cac cac hop gidm
tdc khac loai dang duoc sir dung, nhom nghién ctru
hy vong rang d¢ bén ciia no trong méi truong in
mon va kha ning giam gia thanh khi ché tao hang
loat s& giup dua két qua nghién ctru nay vao trong
mg dung thyc tién.
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Design and manufacture of cycloid reduction
gearbox made by combined materials for
working in corrosive environment

Dang Xuan Phuong

Abstract—This paper presents research result
of design and manufacture of the cycloidal
gearbox with some advantages such as low noise,
high transmission ratio, high load, and erosive
resistance. The new point of this works is the
utilization of combined stainless materials that
can be worked in an erosive environment,
especially in the aquatic mechanical area, in
order to save material and to increase the cycle
life of this equipment. Besides, the cycloidal
gearbox with stainless steel and polymer
materials can be lubricated by water and is used
with water-resistant or submersible electric
motor. This new cycloidal gearbox can replace

the worm gearbox. A 1,5 HP cycloidal gearbox
with the reduction ratio 29 that is used in
aquaculture  has  been  designed and
manufactured successfully. In this work, the
analytical method and numerical simulation are
used to design and manufacture the gearbox.
For the future works, this cycloidal gearbox will
be tested in the real environment with
aquaculture aerator system so that its
performance will be fully verified and assessed

Keywords—Cycloid, reduction gearbox, combined
materials, erosion, design, aquatic mechanical
engineering



