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Tong hop dwong lin ciia hé banh ring khong tron kiéu hanh tinh
Pitch Line Synthesis of Noncircular Planetary Gears
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Tom tat

Trong qua trinh thiét ké hé banh rdng khéng tron, téng hop dudng ldn cla céc bénh réng trong hé nham
dam bédo hé banh rang &n khép diang ham truyén la mét trong nhiing buéc quan trong. Vi vay, trong nghién
clru nay céc tac gia trinh bay mét phuwong phap téng hop dudng 1dn méi cia hé banh réng khéng tron kiéu
hanh tinh trén co s& biét truéc duong I&n cla banh réng vé tinh. Ngoai ra, nghién ctru ciing da xéc dinh
duoc diéu kién dé duong lan ctia banh rang trung tdm thir hai bao duwoc hé banh hanh tinh khuyét phia
trong ma cac nghién ctru triéc day déu phai dua vao kinh nghiém. Béng thoi nghién ctru nay cing da dua
ra quy trinh téng hop dudng l&n cta hé bénh réng khéng tron kiéu hanh tinh day da.

T khéa: Banh réng khong tron, hé banh khong tron kiéu hanh tinh, hé banh réng hanh tinh, dwong lan.
Abstract

During process of designing noncircular planetary gearing system, one of the most important tasks is
synthesis of pitch lines of the gears with condition of preserving correct transmission function. In this work,
the authors present a method for synthesizing pitch lines of the noncircular planetary gearing system based
on given pitch line of the planetary gear. In comparison with previous experience-based methods, this work
also sets the condition for the pitch line of the second sun gear, which will cover all the inside planetary
gears. Moreover, the authors propose a synthesizing process of the pitch lines of the noncircular planetary

gearing system.

Keywords: noncircular gears, noncircular planetary gears, planetary gear train, pitch lines.

1. Dit van dé

Nguodi dua ra y tudng déu tién vé thiét ké va tmg
dung banh rang khong tron (BRKT) la Giovanni
Dondi (1330-1388) nha ché tic dong hd nguoi Y.
Thiét ké dau tién cuia BRKT dugc ong gidi thiéu day
da trong ban thao “Tractatus Astrarii” va dugc tng
dung trong thiét ké dong ho thién vin vo clng tinh
sao va phtrc tap [1]. Nam 1410 lan dau tién, dong hd
thién vin ché tao theo thiét ké cua Giovanni Dondi d3
duoc lép dat tai Praha, Cong hoa Séc cho dén nay van
con hoat dong va duogc coi 1a dong hd thién van co
nhit trén thé giéi. Hon mot thé ky sau, BRKT lai
duoc nha bac hoc Leonardo Da Vinci nghién ctru tng
dung trong thiét ké, ché tao may moc va thiét bi nhu:
déng hd, nhac cu, cac cong cu ty dong, may lam chia
khoa chuyén dung, co cdu Manto, bom.v.v.. Nhimng
thiét ké nay da duoc luu lai va xuit ban chinh thire
vao nam 1493 [2]. Cho dén nhimng nim gan day voi
su phat trién ctia cac may gia cong diéu khién sb hién
dai, gia cong c6 do chinh xac cao cung véi su xuit
hién cta cac phuong phap gia cong méi, cling nhu sy
phat trién cta nén cong nghiép san xuit phy trg di
lam gia thanh san xuat BRKT tiém can v6i gia thanh
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san xudt banh rang c6 ty sé truyén khong doi truyén
thong bay la dong luc cho viéc nghién ctru va phat
trién cac loai BRKT trong d6 phai ké dén Boyd
(1940) dd nghién ctru thiét ké bo diéu khién co khi
bang h¢ banh rang elip thuong [3], Dooner va cac
ddng nghiép d& xuit sir dung bdn cip BRKT tao
thanh mot hé thuong két hop v6i hé banh ring co ty
sO truyén khong ddi dé ché tao hop bién doi toc do vo
cap CVT cho dong co dét trong c6 cong suat 200 HP
[4], nam 2011 Zheng va ddng nghiép lai tiép tuc
nghién ctru phat trién hoan thién hon vé cac b CVT
do1 méi nay [5], hay mét huong nghién ctru khac do
1a Gmg dung banh ring khong tron trong thiét ké co
chu danh l4i cua 6 t6 [6, 7]. Ngoai nhitng nghién ciru
mg dung ké trén con c6 cac nghién ctru vé thiét ké,
ché tao nhu [8 - 10] v.v.. Tuy nhién, cac nghién ciru
thuong tap trung vao thiét ké mot cap BRKT [11, 12],
hodc 1a cac hé BRKT thuong [13], con hé BRKT kiéu
hanh tinh c6 rat it cong trinh nghién cru. Mat khac,
viéc thiét ké duong lan 1a mot trong nhimng bude thiét
ké dau tién dé hinh thanh mot hé BRKT di dugc
Litvin [13] va D. Mundo [14] dé cap dén. Nhung
Litvin tap trung nghién ctru vé hé¢ BRKT thuong, con
D. Mundo d3 thiét 1ap cac diéu kién phuc vu cho thiét
ké cac hé BRKT kiéu hanh tinh ddy du khi biét trudc
ham truyén va khoang cach truc ctia mot cap, tu do6
suy ra cac cap con lai. Véi phuong phap cia Mundo
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viée x4c dinh cac tham s thiét ké phai dwa trén kinh
nghiém cua nguoi thiét ké nham dam bao dwong lan
cua banh rang trung tam ngoai bao toan by cap banh
ring hanh tinh khuyét phia trong. Dé khic phuc
nhuoc diém trén cia Mundo trong bai bao nay cac tac
gia trinh bay mot phuong phap téng hop duong lin
méi va dua ra cac diéu kién bién 1am co s& khoa hoc
cho viée xé4c dinh cac tham sé nay.

2. Co sé ly thuyét thiét’ké dwdng lan cia cap banh
riang khong tron khi biét truéc mét duwong lan
2.1. Thiét ké dwong lan ciia cdp BRKT ian khép
ngoai khi biet trudc mot dwong lan

Néu goi: X! 1a duong lan ctia banh rang 1 voi
gia thiét dudng lan dugc cho trude; P;la diém bat ky
trén X'/ tai thoi diém tht i; p, (¢,) 12 khoang céch tir
P; dén O tim quay cia banh ring 1; @, 1a goc hop
b61 O; P; v6i O;0; duge mo ta trén Hinh 1.

rd

21

Hinh 1. Xac dinh duong lan dbi tiép cta cap BRKT
an khop ngoai

7Nhu Vé.y, sau khi banh rang 1 quay di mdt goc
¢, dé dua diém P, vé trung voi P (tdm an khop) trén
010 theo [15] thi tuong ang dbi tiép voi diém P; ta
s& c6 mot diém P; trén X ? duong 13n cla banh rang 2
lan khong truot doi ti€p voi banh rang 1; p, (¢,) la
khodng cach tir P; trén X2 dén tdm quay O, cua banh
rang 2; ¢,(p,) la goc hop bdéi O:P; véi O;0;;
a,, = 0,0, 1a khoang cach hai tim quay. Nhu vdy, ta
co:

Pp ((92((91)):“12 - Pn(®) (1

Ty sb truyén cua cdp BRKT dugc cho béi:

o= 2n (:(9) _ a1 = py (@) @
Pn(@) Pn(®)

Lay tich phan cong thic (2) theo goc quay ¢, ciia
banh rang 1 ta c6 géc cuc ¢, (gol):

®,(¢)) :? M b 3)
0 Phn ((pl)

Tir (1 va 3) xét trong hé quy chiéu 9yOxpy;} gin lién
vOi gia, phuong trinh duong lan 2 2 dugc cho dudi
dang dai so:

=Rz @)o 0 —pu@)] @

Trong do6:
cosg,(p) —sing,(p) a,
R[Z’ (%3 (@1)]: sing,(¢,)  cose, (@) 0
0 0 1

2.2. Thiét ké dwong lin ciia cgp BRKT in khop
trong khi biét truéc mot dwong lan

Hinh 2. Xéc dinh duong lan dbi tiép cua cap BRKT
an khop trong

Trong trudng hop nay 23 duogc gia thiét 1a biét
trudc. Tu Hinh 2 v6i 13p ludn nhu trén ta co:

P, (93) = a3, + pp (93) ()

Con ty sb truyén cua cdp banh rang (3, 4) duoc
cho boi:
Pr,(@3)  ay +pp(py)

i (;) = = 6
() Pr (@) Pr(9s) ©

Goc ¢, tuong ung voi ¢, , tai thoi diém thu i

duoc cho bai:

Ppy (@5) :(’]-3 M 2 (7
0 Pry (@)

Tu (5 va 7) xét trong hé quy chibu 9704xff}
gan lién vé6i gia, phuong trinh duong 1an 24 dwoc cho
boi:
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r@) =Rz 0 o)) ®

trong do:
cos@,(p;) —sing,(p;) ay
R[Z’ Dy (503)]: sing,(p;)  cosp,(¢;) 0
0 0 1
3. Tong hop duwdng lin ciia h¢ banh ring khong
tron ki€u hanh tinh

Trong phan nay trinh bay phuong phap tong hop
duong lan cia hé BRKT kiéu hanh tinh day du duoc
mo ta trén Hinh 3. Trong d6 khau 1 la banh rang
trung tdm, khau 2 1a can, khau 3 14 banh rang v¢ tinh,
khau 4 13 banh rang trung tdm thir 2 ctia hé. Trong
truong hop ndy duong lan X3 cua banh rang vé tinh 3
la duong tron léch tim duoc gia thiét 1a biét trude.
Bai todn dit ra la phai tim duong 1dn X/ cua banh
rang trung tim 1 va duwong lin X # cua banh ring
trung tam thir 2, vin dé nay dwoc trinh bay trong muc
3.2 va 3.3 dudi day.

Hinh 3. Lugc dd xac dinh duong lan cia hé BRKT
kiéu hanh tinh kép

¥s |

Hinh 4. Dudng 1an cua banh rang 3

3.1. Phuong trinh dwong lin X3 ciia banh ring vé
tinh 3

Néu goi duong tron Z*(O,R) 1a dudng lan cua
banh rang v¢ tinh 3, véi: tdm quay léch tdm mét
khoang e; P; 1a mot diém bat ky trén X3, Xét trong hé
quy chiéu ${Osx3y3)} gén trén X7 ta co: pps 12 khoang
cach tir diém Ps bat ky trén 23 dén tdm quay O; khi

do6 ta co:
DPps(0y) = ecos @, ++/R> — e sin” @, 9)

VOi: @, € [0 + 27[]

3.2. Xdc dinh dwong lin X! ciia banh ring trung
tim thir nhat theo dwong lin X3 ciia banh rang vé
tinh

Dé xéac dinh duong lan 2/ theo duong lan 27,
ap dung phuong phap doi gia coi can 2 1a c¢o dinh
(Hinh 3) va goi a,,la khoang cach gifta hai tam quay
O;, O3 cua cdp banh ring (1, 3), khi do pp;1a
khoang cach tir diém P;; trén duong lin X/ téi tim
quay O; dbi tiép v6i P3; trén X3, xét tai thoi diém
P, =B, =P tai vitri I, trén Hinh 3 ta co:

Pris(@31) = a3 — Ppy(03)) (10)

Thay (10) vao (2) ta c6 ham truyén i,;(@;,):

iiy(y) = a;; = Pri3(@31) (11)
Pri3(@31)
Tu (11) ta co:
"1 q,. —
Pi3(p5) = | Ma’%l (12)
0 Pri3(@31)

Thay cac cong thirc (10 va 12) thay vao (4) hoan
toan xac dinh dugc X7,

Xét trong trong chuyén dong tuong dbi gitra
banh rang 3 so v6i banh rang trung tam 1, khi banh
rang 1 quay dugc mét vong, dé 33 lan khong truot
trén X'/ thi banh rang 3 phai quay duoc n, vong. Nhu
vay, theo tai liéu [12 - 14] ta c6:

27
2r a,; —
_:J‘( 13~ Prei3(@51) s, (13)
n, Priz(@3))

0
Giai phuong trinh (13) xac dinh dugc khoang

cach truc a, =a,(ny,e,R)véingla s6 nguyén

duong. Sau khi xdc dinh dugc a,thay vao (10, 12)

va (4) thi X/ hoan toan x4c dinh.

3.3. Xdc dinh dwong lin X* ciia banh ring 4 theo

X3 ciia banh ring vé tinh

Trong truong hop nay, coi hai tim Oy, O; 14 ¢
dinh va khi d6 cap banh rang (4, 3) 1a cap banh rang
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an khop trong. Néu goi ay, 1a khoang cach giita hai
tam quay O; va Oy con pp,,(@,,)1a khoang cach tir
diém Py trén 2 # dén tAm quay Oy, xét tai thoi diém
P, = P, = P tai vi tri I, trén Hinh 3 ta c6:

Pray(@34) = sy + Py (@34) (14)
Thay (14) vao (6) :
I (@3) = (‘134 + Ppas (%4))(/7/)34 (9034))_] (15)
Tu (15) ta co:
P34

O (P3) = I (a34 + Pr3g (@34 ))(pP34 (93 ))71 do,, (16)

0
Tuong tu nhu trén, khi banh rang 4 quay dugc mot
vong dé X7 1an khong trugt trén X' thi banh rang 3
phai quay n'; vong, vi vay:

2z
2z
Z. I( Pr3a(Ps4) ?u (17)
n'y 9\ @yt Pru(@s)

Giai phuong trinh (17) x4ac dinh dugc khoang
cach truc a, =a,(n's,e,R)véin';1a s nguyén
duong. Khi x4c dinh dugc a,,thay vao (14, 16) va
(8) thi X' 7 cling hoan toan xac dinh: Mit khac, tir
phuong trinh (13) va (17) ta nhan thay q,;,a,; phu
thudc vaon, va n';con e, Rla cac thong sd cho
trude. Nhu vay, khi chon n, theo quy luat cua i, thi
n', phai chon thé nao? va thoa man diéu kién gi? Van
d8 nay s& dugc trinh bay trong muc 3.4 dudi day.

3.4. Xdc dinh diéu ki¢n @é X * bao dwoc hé hanh
tinh khuyét ' va 33

Ta d& dang nhén thdy dé 5 * bao dugc hé 27 va

X3 thi:

Pamin > @13 + Apy (18)
trong do: Ap, = P, = Pimin (19)
Mat khac, ta co:
A5 = Piin + P (20)
A3y = Piin ™ Prmin 2

Thay (19, 20, 21) vao (18) ta co:
A3y > A3 F Py = 2Psy (22)
Do p,(p,) ludn duong, vi vay:
ay+p(0)> a4 o =20 +2)(0) (D)

Tu (23) taco:
pe)
a}4 +p3((0?)

<
A3t P _2p3min +,03( 3)

Lay tich phan 2 vé ctia (23) véi @, € [0 + 27;] ta co:

zj” P3(‘/’3) do <Zj” Pz(%)
0 3yt s ((03) 0413+ Py = 2Psmin + P (("3

Két hop (25) véi (17) ta co:

)d% @)

2
2_77 .[ Ps (‘/’3) dop,  (26)
l’l'3 0 a13 + pSmax - 2p3min + p3 (¢3)
Tu (26) ta co:
n'y> o 27 27)

J'[ ,03(%) jd
@
0 al3+p3max_2p3min+p3(¢3)

Bét phuong trinh (27) cho phep xac dinh X 4 bao
dugc h¢ X I va ¥3 @ tao thanh hé BRKT kiéu hanh
tinh day du.

4. Vi du ap dung

Cho trudc duong lan cua banh rang vé€ tinh 3 1a
duong tron (O,R) v6i tam quay O3 ¢c6 R =100 mm va
dd 1éch tim =20 mm, chon n3 =3 thay vao phuong
trinh (13) va (11) ta c60 a; =398 7mm. Tu
R=100 mm va e=20 mm ta c6 p,., =80mm,
Pimax = 120mm, thay vao (27) ta c6 n',> 5,589. Mat
khéc, tir (17) thi »'; phdila s6 nguyén duong, vi vy
dé ¥*bao dugc hé X! va X3 thi n'y> 6, con khi nho
hon thi X' * khong bao dwoc hé X'/ va X3, Bé chimg
minh diéu nay ta hiy chon n'y=3va n'y=4 khi do
khoang céc truc lan lugt 1a a,; =196,6 mm va
a,; ~295,4 mm, duong ldn twong tmg dugc cho trén
Hinh 5, con v&in', = 5 khi cho banh ring 4 c6 dinh dé
dam bao hé banh rang (1, 3, 4) cung trén mot mat
phéng theo lugc do6 Hinh 10b thi xuat hién giao thoa
giita dudng lan 2'# va 27, nhung khi dé cac cip (1,3)
va (3, 4) quay tuong doi voi nhau trén cac mat phang
song song thi van d4p ung ham truyén.

Vi vdy, dé dudng lan X# bao dugc hé £/ va 27
thi phai chon t6i thiéun'y = 6. Nhu vy, bo thong so6
thiét ké duong lan cia hé BRKT kiéu hanh tinh day
du dugc cho trong bang 1.

Bang 1. thong s6 thiét ké duong lin ciia hé BRKT
kiéu hanh tinh

R e ap Ay3 n, ny
[mm] [mm] [mm] [mm]
100 20 398,7 493,3 3 6

Tir di ligu thiét ké ndy ta c6 ban thiét ké duong
lan cta hé BRKT hanh tinh day du dugc mo ta trén
hinh 6.
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a)ni1=3,n:=3 b)n1=3,ns=
Hinh 5. Cac truong hop duong lan X' # khong bao
dugc X' va X3

Hinh 6. Puong lan ciia h¢ BRKT kiéu hanh tinh

Trong d6 ban kinh p,,, p, , Pps cua ting banh
rang so véi tam quay dugc md ta trén hinh 7.

Tir hinh 7, d& dang nhén thdy ban kinh p thay
doi theo chu ky va so chu ky bang », . Ngoai ra, mét
diém can luu ¥ 1a: dé khoang cach truc khong doi
a,,va a,, bang hang so thi bién do p phai bang nhau
trong truong hop nay Ap,=Ap,=Ap, =40mm. Nhu
vay ty sO truyén ctia cip banh rang (1,3) va (3,4) cua
hé BRKT dugc mo ta trén Hinh 8 va Hinh 9.

V6i diéu kién phan bd déu so ring trén duong
lan va théa man diéu kién khong cat lem chan rang
[14], ta tinh dugc thong s cta thanh rang sinh: M6-
dun m = 1.758 mm, goc ap lyc a = 20°, budc rang
t = 5.5232 mm. Nhu vay, s0 rang cua banh rang try
than khai 1¢ch tam 3, z;3 = 20.

Ap dung phuong phap tao hinh bing thanh ring
sinh d6i v&i banh rang v¢€ tinh 3, sau khi tao hinh bién
dang ring cua banh ring 3 dé banh rang 1 va 4 clng
Mo-dun véi banh ring 3, 1dy banh ring 3 lam banh
ring sinh dé tao hinh cho banh ring 1 va 4 theo
phuong phap bao hinh cua tai liu [16] tr d6 lap
trinh bang AutoLisp trong méi truong AutoCAD ta
c6 ban thiét ké hé¢ BRKT hanh tinh dugc mé ta trén
Hinh 10a. Hinh 10 1a h¢ banh rang khong tron duogc
thiét ké trén co sd két qua dudng lan duoc mo ta trén
Hinh 6. Néu ¢ dinh banh ring trung tim 1 hoic banh
ring trung tdm 4 ta dugc hé BRKT kiéu hanh tinh day
du.

|
| |
| |
=+ = 1
| | | | | |
| | | | | |
200 ———t————F——— +-——————t————F———+4
| | | : P : : Il
| | I 3 1
[ ——— - L = ]
| | | [N
0 I L L | . L 1 Ig
0 50 100 15 20 250 300 350

Hinh 7. Ban kinh p cua cic banh rang trong hé
BRKT hanh tinh day du

Hinh 8. Ty s6 ~truyén cua cap BRKT (1, 3) theo goc
quay cua truc dan dong

A

i34( 4

N
(&)

Hinh 9. Ty s6 truyén cua cip BRKT (3, 4) theo goc
quay cua banh rang 4
5. Két luan

Diém moi cua nghién ctru nay la da xac dinh
duogc didu kién dé duong lan cua banh ring trung tim
thir hai bao dugc hé¢ BRKT hanh tinh khuyét phia
trong, khi thiét ké hé BRKT kiéu hanh tinh day du.
Diéu kién nay cho phép tu dong hoa thiét ké duong
lan ciia hé banh ring nay véi sy hd tro ciia may tinh
thay vi kinh nghiém cua nguoi thiét ké. Ngoai ra,
nghién ciru nay ciing dua ra duoc quy trinh tong hop
duong 1an mai khi thiét ké hé BRKT hanh tinh day du
nhu sau:

Buwéc 1: xac dinh phuong trinh X 3 ctia banh
rang v¢ tinh.
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a) Ban thiét ké

N

—
2 3 ‘

b) Lugc dd hé théng banh rang
Hinh 10. Hé BRKT kiéu hanh tinh

Buéc 2: xac dinh X theo 2 3

+ Tinh khoang céach truc a,; =a,;(n,e,R) theo
phuong trinh (13) v6i n, 1a chuky ciia X'/ va xéc
dinh ham ty s6 truyén i, theo cong thic (11).

+ Xac dinh tham sb doc cuc ( pp,5,@,;) cia X/ theo
cong thuc (10, 12).

+ Thiét 1ap phuong trinh cia X/ dudi dang dai s6
theo cong thuc (4).

Buéc 3: xac dinh X ¢ theo 2 3

+ Xac dinh s6 chu ky n',ctia 27 theo bat phuong
trinh (27) dé dam bao X' * bao duoc (27, X7 ) va
thiet 1ap ham ty so truyén theo cong thue (15)

+ Tinh khoang céch truc a,; =a,(n,,e,R) theo
phuong trinh (13).

+ Xac dinh tham s6 doc cuc ( ppy; > @3 ) ciia X7 theo
cong thuc (14, 16).

+ Thiét 1ap phuong trinh cia X/ dudi dang dai sb
theo cong thire (8).
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