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Tém tit

Nghién ciru trinh bay phwong phap thiét ké duong
lin hé bdnh ring khong tron kiéu hanh tinh. M6
hinh toan, cung voi thudt toan xac dinh cac tham
$6 ciia dwong lan banh rang dwoc phdn tich va
trinh bay thong qua cac vi du lam sdng to cac
bude thiét ké ciia phirong phdp. Mot chirong trinh
tinh todn s6 dwoc viét trén phan mém Matlab
nham kiém chimg tinh diing ddn ciia Iy thuyét. Két
qud cho thdy tinh ding ddn cia co sé Iy thuyét va
thudt todn, dong thoi chimg minh cho kha ndng
ing dung ciia phwong phdp dwoc dé xudt trong
nghién ciru va thuec tién.

Tw khéa: Banh rang khong tron, dwong lan, hé
banh rang.

Abstract

The study presents a method for designing the
centrodes of planetary non-circular gear. The
mathematical model, together with the algorithm
for determining the parameters of the gear
centrodes, is analyzed and presented through
examples to clarify the method's design steps. A
numerical calculation program is written in
Matlab software to verify the theory's correctness.
The results show the correctness of the theoretical
basis and algorithm and demonstrate the
proposed method's applicability in research and

practice.
Keywords:  Non-circular  gear, centrodes,
planetary gear.

1. Gioi thiéu

DPuogc thiét ké va ché tao véi muc dich truyén
chuyén dong quay giita hai truc theo mot ham ty s6
truyén xac dinh, ké tir khi ra doi vao thé ky XIV,
banh ring khong tron (BRKT) ngay cang khing
dinh vai tro ctia minh nhu mot phuong 4n thay thé
hiéu qua cho cic co ciu co khi truyén thong nho két
hop wu diém cua banh ring try va co cau cam. Két
hop véi cac co chu khac, BRKT c6 thé thyuc hién

cac chuyén dong phtrc tap véi @ chinh xac va hiéu
suat rat cao.

Céc nghién ctru vé BRKT khong chi ding lai ¢
ung dung ting cap banh rang riéng 1¢ ma con hudng
t6i két hop cac cap BRKT voi nhau va véi banh
rang try tron thong thuong nham tdi wu kha ning
hoat ddng cua thiét bi. Trong d6, hé BRKT kiéu
hanh tinh 1 bé truyén dat hiéu suit truyén dong cao
nhat véi thiét ké mot hang va kich thuéc nho gon
[1], tuy nhién cho téi nay chua c6 mot quy trinh
thiét ké hé hanh tinh voi cac banh rang trong hé déu
1a BRKT dap tmg diy du cac diéu kién ctia hé banh
rdng vi sai nhu: biéu kién déng truc, diéu kién lép,
diéu kién an khop ding,... Nghién ctru v& hé BRKT
kiéu hanh tinh c6 thé chia thanh hai huéng tiép can
chinh d6 1a: (1) Chap nhan vi pham diéu kién dong
truc cia hé banh rang vi sai, trong do, truc banh
rang trung tim trong khong dong truc véi banh ring
trung tadm ngoai, dé thuc hién mot chuc nang cu thé
[2]; (2) Thiét ké banh rang hanh tinh dic biét dé
dam bao diéu kién déng truc cua hé banh rang.
Hudng tiép can thtr hai duoc cac nha khoa hoc quan
tam nhiéu hon véi cac nghién ctru ciua Volkov va
Lin. Trong khi Volkov [3, 4] dé xuat thiét ké bom
thay luc sir dung hé BRKT kiéu hanh tinh v&i banh
rang hanh tinh 1a banh rang tru tron, thi trong
nghién ciru ciia minh, Lin [5] sit dung hoan toan
BRKT cho hé banh rang, trong dé banh rang hanh
tinh kép an khép cung lic véi hai banh rang trung
tam. Mic du da dé cap dén diéu kién bao cua duong
13n ngoai véi dudng lan trong, tuy nhién giéng nhu
Volkov, Lin van chua dua ra dugc diéu kién bao cho
toan bg hé banh rang.

Nhan théy su can thiét trong viéc thuc hién cac
nghién ctru sau hon vé hé BRKT kiéu hanh tinh, dic
biét 1a vé& duong lan cua hé banh ring, bai bao nay
do @6 sé& phat trién co s¢ 1y thuyét va dé xuat thuat
toan nham thiét ké duong lan hé BRKT kiéu hanh
tinh. Trén co s& thuét toan duogc dé xuét, mot mo-
dun duoc viét trén phan mém Matlab nhim kiém
chting tinh ding dan cua ly thuyét va thuét toan da
dé xuét.
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2. M6 hinh toan dudng lin hé banh riang
2.1. Phuong trinh dwong lin hé banh rang
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Hinh 1. Duong lan hé banh rang khong tron vi sai

Dé thiét 1ap phuong trinh dudng ldn caa hé banh
ring goi { Zci }(i=1,3) 1a duong lan cua banh rang ddi
tiép voi banh riang 2 trong truong hop an khdp ngoai
va an khop trong (Hinh 1). Khi d6, theo tai liéu [6]
duong lan { 2¢; } dugc xac dinh boi:

ri(¢i) =A;+ (-1)° P (¢2)
@)
I A2i + (_1)9 r (¢2) (1)

T r,(¢,) J
() = [| ——22) _|dg,
¢I (¢ ) '([[Azi +(_1)g r2(¢2) ¢

Trong d6: g =0 ddi v6i cip banh rang n khop
trong va g =1 véi cap banh rang dn khép ngoai;
r,(¢,) 1a ban kinh cuc cua banh rang 2; r;(¢) la ban
kinh cyc ctia banh rang ddi tiép banh ring 2; @,,4 1a
gbc cuc clia cip banh ring (2,i); n; 1ahé s chu ky cia
banhrang i sovdibanhrang2. A, 1a khoang cach truc
cua cap banh rang (2,i) duoc xac dinh boi:

T r,(¢,)
2r=n I (Azi +(-1)° r2(¢2>]d¢2

Diéu ki¢n dong truc ciia h¢ BRKT kiéu vi sai

@)

Khong mét tinh tong quat, gia thiét rang duong lan
banh rang 2 1a duong tron 1&€ch tam. Khi do, khoang
cach truc gitra cac banh rang trong tirng cdp banh rang
(1-2) va (2-3) dugc xac dinh boi phuong trinh (2) véi
r,(4,) = (R*—e’sin®¢,)** —ecosg, [1] la ban kinh
cuc duong lan { 2c2 } ctia banh rang 2; R [a ban kinh
duong tron { ¢, } va e 1a @6 1éch cua tdm quay O so
v6i tm hinh hoc cta { 2¢2 } (Hinh 2).

Khoang céch truc cia cdp banh rang (1-2), (2-3)

duogc xac dinh nhd phuong phép lip véi gia tri ban dau
duoc dua ra boi Litvin [1]:
A, = R(n, +1)(1-0.25(n, —12)(e/R)*n, ™) 3)

A, =R(n, —1)(1+0.25(n, —12)(e/ R)*n, ) (4)

} r2($2)

Hinh 2. Dwong lan banh rang tru tron léch tam

Tur phuong trinh (3, 4), phuong trinh lién h¢ giita
A, va A,, duoc xac dinh thong qua:

f(Ren,n;)=A,(R.en)-AsR.en) ®)

Vi muc dich dam bao diéu kién déng truc cua hé
banh rang vi sai dong thoi A, va A,, phai bang
mot gia tri khoang cach A cho trude, cac tham sb ctia
phuong trinh (5) can thoa man phuong trinh:

f(R,en,n)=0A

A=0

Trong d6: A la sai Iéch truc cho phép.

(6)

Céac tham s6 (R,e, n,,N;) thoa man phuong trinh
(6) khong thé dwoc xac dinh biang phwong phap giai
phuong trinh théng thuong do sb an nhiéu hon sé
phuong trinh. Dé giai quyét van dé nay, nghién ctu
dé xuét sir dung thudt toan nhdm tim cac gia tri
(R,e,n;,n;) thoa man phuong trinh (6).

2.2. Xdc dinh diéu kién dé Z; bao hé %1, 5

Xdc dinh nzmin

Puong lan cia cac banh rang trong hé la duong
cong kin c6 ban kinh cyc la ham tuan hoan voi:

Namex < 2(62) < Do 3 AL = By = Do (7)

Famax < T3(6) < Gy 5 Al = By — By (8)

Xét cap BRKT (1 - 2) va cap BRKT (2 - 3) ta co:

{Aiz = Damin F Timax = Pamax + Mimin )

A3 = 3min ~ Vamin = Vamax — Famax

Tir Hinh 1 thiy rang:

Tonin = Ao +AF, (10)

Thay phwong trinh (7), (8) vao (10), sau khi bién
doi ta co:

A= A+ D — 2Mapin (11)

Do r, >0, vivay:
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A23 +h (¢2) 2 A12 e _2r2min +0 (¢2) (12)
Tu (12) ta co:
AP 1, () 13)

A23 + r2(¢2) - A12 + Fmax _2r2min + r2(¢2)
Lay tich phan hai vé ctia bat phuong trinh (13) véi
@, €[0+27] taco:

FACH e ()
'(.J. A23 + r2(¢2)d¢2 : !.‘ Aiz + erax - 2rZmin + r2 (¢2) d¢2 (14)
Két hop (14) véi (2) ta c6:

2z ¥ r,(%,)

dg, (15)

N, 0 A12 + Dmax — 2rZmin +, (¢2)

Bién d6i va rat gon bat phwong trinh (15) tré
thanh:

n - 27 =n,,
; A 0, (16)
0 A+ e = 20 +15(8,)
Xdc dinh nsmax
Twr Hinh 2 ta cé:
A <Tymax < Aoz + Dy 17)
Do r; >0, vivay:
A +15(4) < Aps+ A, — Iy +15(65) (18)
Tu (20) ta co:
6 . (6, )

At 0(8) Ayt Ay =i +1:(4)
Tuong tu nhu phan trén, bién ddi va rit gon bt
phuong trinh (19) tré thanh:
2r
5 (4)
0 A23 + A12 —Fmin I'3 (¢3)
Bét phuong trinh (16), (20) cho phép xéac dinh diéu
kién dé 33 bao duoc hé 2, 5.

nsszﬂ =gy,

(20)

dds

3. Thuit toan xac dinh tham s6 dwong lin theo
diéu Kién dong truc h¢ banh ring vi sai
3.1. Gid tri khéi dau va gia so

Theo [6], dé duong lan cia cic BRKT la dudng
cong kin thi ty sb truyén cua cip BRKT phai 1a mot
ham tuin hoan véi chu ky théa mén:

1L L T

nl nZ n3
V6i Ty, T, Ts 1a chu ky tuan hoan ciia 1 (g) ,
r,(4,), 6 (#,) ; con ny, nz, n3 1a sé nguyén duong.

TU phuong trinh (3, 4), nhan thay ¢é¢ A, A;>0
thi n, >-1,n, >1, két hop vdi didu kién (21) xac dinh
dugc gia tri khoi dau va gia s6 ciia hé s6 chu ky:

n =1 An, =1n,=2, An,=1

(21)

(22)

L_JOURNAL OF MARINE SIENCE AND TECHNOLOGY-

3.2. Diéu ki¢n bién

Céc diéu kién bién giéi han gid tri cac tham sb
duoc dua ra nhim tang d¢ chinh xac cua két qua thuét
toan:

i) Tir phuong trinh (16), (20) ta c6 diéu kién bién
cua hé sb ns:

N <N, <n,, (23)

ii) Tir bat phuong trinh (11), két hop véi didu kién
A=Az =Ataco:

r‘2max < 2r2min (24)
Tt mdi quan h¢ hinh hoc lai c6:
r-2max :R+e ' I’2min = R_e (25)

Két hop phuong trinh (24, 25) thu duoc diéu kién
bién cua @0 1éch tdm e:

R
OSesg (26)

iii) Thay gia tri khoi dau cua n;, n; vao phuong
trinh (3, 4), két hop voi diéu kién (26). Sau khi bién
d6i va rat gon, ta co diéu kién bién cua ban kinh R:

0<R<4A (27)
3.3. Diéu kign két thiic thudt todn

Thuat toan s& két thuc qua trinh tinh toan khi tim
duoc cac gia tri (R,e,n;,n,) thoa man phuong trinh
(6) v6i sai s6 1éch truc cho phép SA:

{|A—A12|£5A
|A_A23| <0,

Véi gia thiét cho trude khoang cach truc 4 cia hé
banh rang, tir phwong trinh (3, 4) nhan thdy ham sé
A,(R.e,n)va A.(R,en,) dong bién trén khoang
xac dinh cia (R,n,,n,) va nghich bién trén khoang
xéc dinh cia e. Do d6 thuét toan diéu chinh ting gia
tri 4 bang cach tang gia tri (R,n,,n,), trong khi dé
giam gia tri A thi s€ tang gia tri e.

3.4. Thudt todn xdc dinh théng sé thiét ké
duong lin hé banh rang khong tron

(28)

Trén co so nhitng phan tich & trén, nghién ctru da
phat trién mot thuat toan duoc trinh bay trén Hinh 3
nhim xé4c dinh bo thong sb thiét ké duong lian cua hé
BRKT dép (g diéu kién dong truc cta hé banh ring
hanh tinh.

4. Két qua va thao luin

Trong phan trén, nghién ctru da trinh bay thuat
toan xac dinh dwong lin hé BRKT kiéu hanh tinh.
Trén co s& d6 mot chuong trinh tinh toan sb trén phan
mém Matlab duoc phat trién dé khao sat tinh dung dén
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START )—> Ao
AR Ae.tny Ang

A, = R(n, + D)(1-025(n, —12)(e/R) n, )

1 = R(ny =1)(1+0.25(n, —12)(e/ R)’

A

n, =n, +An, >

(blng) /\ (Sai)

<4,

Hinh 3. So dé thudt todn xdc dinh tham sé dwong lin hé banh ring khéng tron kiéu vi sai

cua Iy thuyét thong qua cac vi du cu thé.

Vi du 1: Xdc dinh diéu kién 5 bao hé %, 5.

Thiét ké duong lan hé banh riang hanh tinh voi
banh rang v¢ tinh 2 1a banh rang tron 1éch tam voi R
=2500mm,e=500mm,n;=3.Tu bat phuong trinh
(16, 20) xac dinh duoc n, €[5,9] . D6 thi duong lan hé
béanh ring kiéu hanh tinh tmg véi cac gia tri n; duogc
mo ta nhu trén Hinh 4, 5, 6. Trong do6 véi gia tri nz =
5 va nz = 9 duong lan 2 bao dugc hé 2, 2> (Hinh 4,
5), truong hop n3 = 4 duong lan 2, khong bao dugc
hé 2j, 2> (Hinh 6).

Tir Hinh 4, 5 cho thdy hé BRKT kiéu hanh tinh
khong déng truc chi co thé hoat dong néu can C duoc
) dinh tai vi tri song song voi truc hoanh cua dd thi.
Trong trudng hop can C quay quanh tim quay O; s&
xdy ra hai truong hop: a) Giao thoa duong lan banh
rang hanh tinh va banh rang trung tam (Hinh 4) hodc
b) Pudng lan banh rang hanh tinh va banh rang trung
tam khong tiép xtc (Hinh 5). Nguyén nhan duogc giai
thich 1a do khoang céch truc gitta cac cap banh rang
trong hé khong bang nhau, dé khic phuc han ché nay
nhom nghién ctiu st dung thuét toan dugc trinh bay
trong Hinh 4 dé can bang khoang cach truc ciia hé

banh rang hanh tinh.

pyy S L A TS L 3
100 12 i4)5=9850m
50T AT A -
0 LR SRt B SEEEEEEEEEE . et ks
NG boooslor ] N
S0/ VIR I S I 2
- - A23—9965W |
_100[7Vi trlgmo thoa. *************************** |
dwong lin S : : : :

-250  -200  -150  -100  -50 0 [mm]
Hinh 4. Duwong lin hé banh rang voi n3 =5

Vi du 2: Cin bang khoang cach truc hé BRKT,

Ap dung thuat toan hiéu chinh thong s6 thiét ké
duong ldn hé¢ BRKT kiéu hanh tinh dap Gmg didu kién
d(“)ng truc. Sau hi¢u chinh xéac dinh dugc khoang cach
truc 4 = 88,45mm véi thong s6 kich thude dudng lin
banh rang hanh tinh 2: R = 22,15mm, e = 3,00mm,
n;=3, n3=5. buong lan h¢ BRKT sau hi€u chinh dugc
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mo ta nhu trén Hinh 7 cho thay két qua sau hiéu chinh
da dap tmg dugc diéu kién ddng truc, duong lan cac
banh ring trong hé luén duy tri tiép xtc du can C cb
dinh hay di chuyén.

'g T T T
S i "~ Hai dwong lan "~~~ R
B RS T

_______ 7 1 khdngtiepxic  NJ-)
150 T T T =H

...............................

-400 -300 -200 -100 0 [mm]
Hinh 5. Duwong lan hé banh rang voi nz =

.........

[mm]
IS

60
40
20

................................

20
-40
-60
-80

12434 7? 88,45 mm

P

i 7
A= 98,5'0 WlWl/‘: ........

<
<

-160 -120 -80 -40 0 [mm]
Hinh 6. Dwong lan hé banh rang vdi nz =4

H
~
80
60
40
20
0
200
400"
-60
-80
4100

[mm]

Hinh 7. Duwong lan hé banh rang sau hi¢u chinh
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5. Két luan

Trong nghién ctru ndy, co so 1y thuyét va thuat toan
xdy dung duong lan ciia hé¢ BRKT kiéu hanh tinh dép
tg diéu kién dong truc ciia cac banh ring trung tim
duoc dé xuét, day la diém mé&i ma chua mot cong bd
nao dé cap trudc do. Thuat toan dugce kiém tra trong
truong hop banh rang v¢ tinh 1a banh rang tru tron léch
tam, nhung hoan toan c6 thé duoc ap dung cho cac
loai BRKT c¢6 duong lan 1a duong e-lip, 6 van hodc
dudng cong hdn hop. Két qua nghién ctru dong vai tro
quan trong trong thuc day nhitng nghién ctru siu rong
hon vé thiét ké, ché tao va img dung hé BRKT trong
tuong lai.

Lo&i cdm on

Nghién clru nay duoc tai trg boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT24-25.47.
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