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Tom tat

Banh rdng khéng tron gén day dang duoc nghién ctru va phét trién nhdm thay thé céc co céu bién dbi
chuyén ddng trong mot sé trirong hop dic biét, ciing nhw ting dung thiét ké céc bé bién dbi téc d6 vo cép
trong céng nghiép. Tuy nhién, cho dén nay hdu hét céc nha khoa hoc trong va ngoai nwéc méi chi nghién
ctru vé céc loai bénh réng khéng tron cé bién dang la dwong thén khai cda duong tron, con céc loai duwong
cong khac chuwa dé cap dén. bé thiét ké mét loai bénh rdng khéng tron méi véi bién dang la duong cycloid
(dwc‘mg epicycloid va hypocycloid) trong bai bao nay céc tac gia trinh bay phuwong phap thiét ké bién dang
rang cla banh réng khong tron trén co s& str dung banh rang tru tron cycloid léch tam két hop véi didu kién
déi tiép cda ly thuyét an khép. Két qua nghién ctru nay c6 y nghia quan trong trong ché tao céc bé truyén
banh réng khéng tron mai, (ing dung trong thiét ké va ché tao cac co cdu may phuc vu san xuét.

T khoéa: Banh rang khdng tron, bién dang rang Cycloid, Epicycloid, Hypocycloid.
Abstract

Non-circular gears have recently been researched and developed for converting movement in some special
cases as well as in continuously variable transmission. However, most of the research on this topic are
focused on the non-circular gears with involute profile. In order to design the non-circular gear-train with
cycloidal profile (including epicycloid and hypocycloid), the authors present a method to determine profile of
the non-circular gear based on application of the cylindrical cycloidal eccentric gearing combining with
meshing condition of the gearing theory. The achieved results of this work are useful for manufacture of the

new non-circular gear-trains.

Keywords: Non-circular gear, Cycloidal gear profile, Epicycloid, Hypocycloid.

1. Pit véin dé

Trudc day banh rang khong tron (BRKT) khong
duoc tng dung rong rai trong cong nghiép boi qua
trinh thiét ké, ché tao qua phuc tap [1]. Cac nha
nghién ctru va k¥ thuat da rat nd lyc nghién ciru ng
dung BRKT vao thiét ké may va thiét bi ty dong. Tuy
nhién, trd ngai 16n nhit 1a chua c6 giai phap hiéu qua
dé phat trién 1y thuyét bao hinh trong viéc tao hinh
BRKT. Budc dot pha dugc bit dau tir ndm 1949 bai
Litvin, khi ong phét trién Iy thuyét an khép dua trén
dung cu tao hinh an khép véi BRKT [2]. Cho dén
ngdy nay, gia thanh gia cong ché tao BRKT da tiém
c4n voi banh rang tru tron ¢ ty s6 truyen khong doi,
dan dén BRKT da tro thanh chi dé nghién ctru cia
nhiéu nha khoa hoc trén thé giéi [3] va co ba xu
huéng nghién ctru vé BRKT: (i) Cac phuong phap
tong hop dudng lan cta cip BRKT co duong: lan kin,
dudng lan ho, dwdng lan 16i, duong lan 16m dé hinh
thanh cac hé BRKT khéc nhau (hé thuong, hé hanh
tinh v.v..) [4-7]; (i) Phuong phap téng hop bién dang
than khai trong thiét ké BRKT phuong phép: bao

“Dia chi lién hé: Tel.: (+84) 913.530.121
Email: thai.nguyenhong@hust.edu.vn

33

hinh, giai tich, kiém tra cit lem chan ring [8-10];
(iii) Céc giadi phap gia cong BRKT bién dang than
khai nhu: phay lin ring, mai, cat diy ciing nhu
nghién ctru tmg dung tao ra cac thiét bi méi trén co s¢
b truyén BRKT [11-13].

Tuy nhién, theo tim hiéu cia nhom tac gia cho
thdy chwa c6 mot nghién ciru nao d& cap dén tng
dung cac dudng cong khac nhu: dudong cong cycloid,
cung parabol [14], cung tron cla banh rang Novikov

v... vao thiét ké BRKT, mic du trong banh rang tru
tron ¢ ty sb truyén khong ddi da dugc dung hiéu
qua. Vi vay, trong nghién ciru nay chiing toi trinh bay
giai phap Umg dyng ho dudng cong cycloid duong
epicycloid va hypocycloid trong thiét ké bién dang
cap BRKT an khop ngoai bang cach dung banh ring
sinh 1a banh rang try tron cycloid 1éch tam dé tao
hinh cho BRKT.

2. Thiét ké dwong lin cia cip banh ring khong
tron an khép ngoai

2.1. Phuong trinh dwong lin 3 ' ciia banh ring try
tron léch tam

Néu goi dudng tron X (O, R;) quay quanh tim
quay O; la duong lan cua banh rang try tron 1éch tim;
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P; 12 mot diém bét ki trén 2'7; ppi(¢y) 13 ban kinh cuc
(khoang cdch tir O; dén P1), e = OO, 1a khoang cach tir
0,161 0. Xét AOO,P (Hinh 1) ta co:

¢’ +,0,§, (¢1)_R12 —2ep, (p)cosg, =0 ey

Tur phuong trinh (1), ta cé ban kinh cuc ppi(@;)
duoc cho bodi :

o (p)= (R12 +e’ sin’ D, )0-5 +ecos @, @))

Véi ¢ 1a goc cuc khi quay ¢ tdm quay O; 1éch tam.

Hinh 1. Puong lan cua banh rang tru tron 1éch tam

2.2. Xdc dinh dwong lin X’ ciia banh ring khong
tron doi tiép vdi banh rang tru tron léch tdm

Néu g0i: a,, la khoang cach truc cta cdp BRKT
(Hinh 2); X 2 1a duong lin cia BRKT dbi tiép véi
du(‘rng ldn X'/ cta banh ring try tron 1éch tAm; P, 1a
diém € 2% ¢, ¢, lan luot la goc quay cia banh rang
1 quanh tdm quay O; va banh rang 2 quanh tam O, dé
dua diém P; trén X'/ vé trung voi P> clia 22 tai tAm
an khép P nam trén doan 0,0, P, =P, =P khi d6
X! va ¥?vira quay quanh tdim quay cta banh ring 1
va banh rang 2, vua lan khong trugt trén nhau. Bai
todan dit ra 1a xac dinh tham s0: ¢,(¢),
Py, (@,(p)) cia 27 theo 2.

Hinh 2. X4c dinh duong lan X'? cia banh rang 2 theo
X! ctia banh ring tru tron I&ch tim

Tir Hinh 2, xét tai thoi diém P, = P = Pkhi d6

ban kinh cuc p,, (¢,(@,)) cia X' ? dugc cho boi:

P (@, (@) = a, — pp () 3)
Nhur vy, ty s6 truyén cua cip banh rang:

al2

Pr ()

Iy (¢1 )= -1 “)

Tur (4) va diéu kién lan khong truot cia X/ va X
trén nhau d€ banh rang 2 quay hét mét vong thi banh
rang 1 quay hét n vong ta co:

Pr (@)

27 o)
noga,=pp(e)

do, Q)

Giai phuong trinh (5) xac dinh dugc khoang cach
truc a,, =a,,(n,R,e), con goc cuc @,(¢)cua X ?
duoc cho boi:

0, (0,) = j %d(ﬂ ©)

20 0 20 40 60 80 100 120 140 160 180 [mm
a) Puong lan cua cdp banh rang khong tron

o 5IO 1I00 1:5 22)0 2:50 32)0 3:50 [1
b) Ty s6 truyén ir2 (¢1)
Hinh 3. Buodng 1an cua cdp banh rang khong tron

Vi du dp dung: véi tham s6 duong lan X'/ ciia banh ring
tru tron 1éch tim: R; = 30 mm, e= 10 mm, chon n=73
thay vao phuong trinh (5) va giai bang tich phan sb
Simpson, ta xac dinh duoc khodng cach truc
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a,,~ 118.88 mm, Hinh 3 dudi day la duong lan va ham
ty s6 truyén cta cip banh rang.

Tir Hinh 3b ta d& dang nhan thiy ty s6 truyén
ctia cap BRKT bién ddi tir 2 dén 5, khi banh ring 1
quay hét mot vong, con banh ring 2 quay hét mot
phan ba vong tir diém P dén diém A (Hinh 3a). Nhu
vay, khi banh ring 2 quay hét mot vong s& tao ra mot
chu ky bién thién tudn hoan 1367 .

3. Thiét ké bién dang ring cia cip BRKT

3.1. M6 hinh todn hoc ciia banh rang tru tron léch
tim

Nguyén Iy hinh thanh bién dang rang I cua
banh rang 1: Phdn bién dang dinh rang 1a dudng
cong Epicycloid dugc hinh thanh trén co sé mot diém
K cb dinh trén duong tron sinh 25(Os,r) khi X5(Os,r)
lan khong trugt phia ngoai tam tich banh rang
X (O,R) (Hinh 4a), con phan bién dang chin rang 1a
duong cong Hypocycloid dugc hinh thanh trén co s&
mot diém K ¢ dinh trén duong tron sinh X5(Os,r) khi
Y 5(Os,r) 13n khong truot phia trong tdm tich banh
ring X /(O,R) (Hinh 4b).

b) Phan bién dang chén ring

Hinh 4. Nguyén Iy hinh thanh bién dang rang cta banh
rang cycloid

Phuong trinh bién dang rang: véi nguyén ly hinh thanh
bién dang nhu trén, theo [15] phuong trinh bién dang
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rang cua banh rang 1 khi xét tai tam O dugc cho boi:
(—1)grcos[(221 —(—l)g)9J+r[221 ~(-1)* Jcosd
1 (0) =
‘ ~rsinf (22,~(-1)¢ )0 |+ r[ 22, - (-1)¢ Jsin®
®)
trong do:
+ g =1 khi /7 1a dudng Epicycloid va g =2 khi /7 1a
dudng Hypocycloid.
LT T T \
+0e {1—,(1 +1)—} voi i =0+(2z —1) trong truong
Z Z

hop cung Epicycloid thi i chin con cung Hypocycloid
thi71é.

+ z, 1a sO rdng cua banh ring 1.

Néu xét tai tim quay O; (Hinh 1, Hinh 2) cia
banh rang thi phuong trinh bién dang dugc cho béi:

r (@) =r(0)~[e 0]

Phdn bé s6 ring trén banh ring I

)

Néu goi T, 1a budc ring trén vong lan X ! cla
banh rang 1, khi do Tz‘ duoc cho boi:

TZ, sz, +SZ, =4rr (10)

Véi: Wz‘ R

S lan luot 1a ranh rang va chiéu day
ring trén X', Nhu vay, chu vi C* cua X7 dugc cho
bai:

C* =zT, =27R (11)

Thay (10) vao (11) ta c6 mdi quan h¢ gitta z,,
R,r:
R

T

z (12)

Trong cong thie (12) néu z,khong 1a s6 nguyén
duong thi phai quay lai bai toan téng hop duong lan sao
cho van dap ting dugc ham truyén ban dau thf)ng qua
hiéu chinh khoéng céch truca,(n,R,,e) bang cich
hiéu chinh tham s e.

3.2. Bién dang rang ctia banh rang khong tron doi
tiep voi banh rang cycloid tru tron léch tam

3.2.1. Thiét Idp mo hinh toan hoc mé ta bién dang I
cua banh rang 2

Dé thiét 1ap mo hinh toan hoc mo ta bién dang
ring I ciia banh rang 2, an khép ddi tiép voi bién dang
rang /7 cua banh rang 1 ta goi: I¢{Oxprzs 1a hé quy
chiéu c¢b dinh gén lién véi gia; ${Oxy; zi} 14 hé quy
chiéu gén banh rang 1; ${Oxy: 25} 14 hé quy gan trén
banh rang 2; cac tham s6 con lai cho trén Hinh 5.
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Hinh 5. So dd x4c dinh bién dang ddi tiép ciia banh
rang khong tron
Tu Hinh 5 mo6 hinh toan hoc mo ta bién dang rang

I cia banh ring 2 dbi tiép voi bién dang 77 ciia banh
rang 1 tai diém an khop K dugc cho béi:

r, =M, *M, M, (13)
Trong do:
cosp,(¢) sing,(p) 0 0
M - —-sing, (@) cose,(¢) 0 O
° 0 0 1 0
0 0 0 1
1 0 0 —q,
010 O
OzMO —
1001 0
0 00 1
cosp, sing 0 0
oM - —sing, cosgp, 0 0O
0 0 10
0 0 0 1

Thay (9) vao (13) sau khi bién doi ta co:

o= X, cos(¢l +¢2(¢1))+y1<‘ Sin(¢1 +(/72((01))7a12 COS¢2(¢’1)
. Xk, Sin(?’l "'(/72((/71))"')’Kl COS(‘/’I +(p2((/71))+a|2 sing, (¢,)

(14)
Trong phuong trinh (14):
+ Mbi quan hé giita @, va ¢, dugc xéac dinh boi:
P ng
(o) =|— (15)
’ 1 ‘([ 112 (¢1 )

+ Mdi quan h¢ gitta g, va 6 dugc xac dinh tir didu kién
diéu kién di tiép cuia cap bién dang rang [16]:

f0,0)=n,x"v, =0 (16)
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Trong do: n, 1a véc to phap tuyén chung cua 77 va I3
tai K, con v, la van toc trugt twong dbi gitta K;e I va
K> e I3 tai diém an khép K, khi 77 va 73 truot tuong ddi
v6inhau. Véc ton, dugc cho boi:

org (0)
= ! Xk 17
Y (17)
voi k=[0 0 1]
Con"v,, duge cho boi:
(I)Vlz :((l)ml - (Z)ml )erl —(a, x (2)(’31) (18)

T
“)(01:{0 0 —%} [0 0 ]

T
‘%1:[0 0 —dZZ} =[0 0 o]

. T
a, =[a,cosp a,sing 0]

@@, , a,,vio cong thirc (18) va bién

sau khi thay Vo, ,
doi thi:
(I)V — (1+i21(¢1))y1(1(¢1)_a12i21(¢1)5in 2
v (1+ 1, (9)) X1 (@) + 113, () cOS 9,
(19)
Thay (17, 19) vao cong thurc (16):

0 .
f(9=(01) = %((14—1.21(%)))/1(1((01) _a12i21((01)51n(01)+

Ox . .
+£(1 +1 (¢1))xm(¢1)+ a,iy (@) cosp, =0

1

(20)
Rut gon cong thie (20) ta co:

f(0,9)= (y'K1(¢1)yK1(¢1)+x'K1(¢l)xK1(¢l))+ @1)
+('k(@)sing, +x' () cos @) py (6) =0

Giai phuong trinh (21) ta x4c dinh dugc mdi quan
h¢ gitta 8 va ¢,.
S6 ring ciia banh rang 2 (z2)
DPé xic dinh sb ring cia banh ring 2 ta goi: Z,,
T22 ,CZZ lan luot 1a $6 rang, budc rang va chu vi

duodng lan cua banh ring 2, khi do, theo ly thuyét an
khép dé banh rang 1 va banh ring 2 an khop ding thi
budc trén vong lan cua hai banh rang phai bang nhau,
vi vay ta co:
T. =T, (22)
Mat khac, do diéu kién ldn khong truot ciia X'/
va X2, taco:

=4rr
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Nhu vay, bo tham sé thiét ké cdp BRKT phai
thoa man h¢ phuong trinh (26), néu khong théa man
thi can phai hiéu chinh lai sb ring trén cac banh ring

C¥ =nC* =z,T, (23)
Thay (11) vao (23) ta c6:
z,=nz (24)  cia cap BRKT.

Cong thirc (24) xac dinh sb ring cua banh ring 2 theo
banh rang 1.

3.3. Diéu kién tranh cit lem chin rang

bé dé}m bao diéu kién tranh cit lem chan rang sau
khi phan bo so rang trén cic banh rang, theo [17] thi:

wo
A, = 00 ~0
f0.0) _f0.9)dy,
00 06 dt (25)
Vi1 (9) .
12y
A, = 00 ~0
f0.0) _f0.9)dy,
00 00 dt

~ Sau khi thay c6ng thirc (18, 21) vao (25) va bién
doi ta co:

4. Phan tich két qua thiét ké

T phuong phap luan va mo hinh toan hoc da
dugc thiét 1ap o trén, trong phan nay trinh bay 3
phuong an thiét ké cip BRKT véi co so dit liéu tinh
toan va phan bd sb ring & mdi banh ring dugc cho
trong Bang 1. Sau khi kiém tra cit lem chan ring
bang viéc xac dinh d6 thi ciia A’ +A2 cho thiy
Al + A2 #0v6i moi gia tri ciia ¢ (Hinh 6), didu do
¢6 nghia cac phuong an thiét ké ¢ Bang 1 khong ¢
hién tugng cit lem chan ring. Trén co s¢ do tién hanh
lap trinh thiét ké cap BRKT bang phan mém Matlab
ta c6: Hinh 7 BRKT bién dang cycloid 1a banh rang
elip dugc hinh thanh tr banh rang tru tron cycloid
léch tim c6 chu ky tuan hoan 47 ; Hinh 9 BRKT la
banh ring 6 van c6 chu ky tuan hoan 67 ; Hinh 10
BRKT 14 banh ring tir gidc c¢6 chu ky tudn hoan 87 .
Tir Hinh 7, Hinh 8, Hinh 9 cho thy bién dang ring

{A] =4+BC =0 (26)  khong dnh huéng téi ham truyén khi &n khop ding va
A,=4,-BC =0 khong c6 khe ho canh rang.
trong do:
40 :
e .
Pk I
L , 3.0 e
A,_(pKl(yKl S @) + Xy, COS¢1)+] |
- ' ros .25 L]
+P51 (Vi1 COS P — Xy SIn ) 5 e
«~ 20 1
<
1% Px1
B, :(1"’ Kl]ykl_auiSlnq)l 15
Pk2 K2
C =YV +y['<21 + X Xg) +x/’<21 = P (Vg sing, +xg, cos @) e
05
4 = Pr1Yki

2

{p;(l (Vi1 Sin g, +xi, cos ) +]
Pz \FPx (Vg cOS @ — X, COS @)

_ [T . _ [ T
K1 - rKIrA’l > IDKZ - rKZrA’Z

350 400

! i
! !
0 75007 100 150 -!-szq L 250 w300
)

Hinh 6. Kiém tra diéu kién cit lem chin rang

Bing 1. Cac phuong an thiét ké cap BRKT bién dang cycloid

Tén goi Ky | Don Phuong én 1 Phuong an 2 Phuong én 3
hléu Vi BR] BRz BR1 BR2 BR] BR2

Bén kinh duong lan 1 2/(O, R) R mm 36.00 37.50 24.00
Bén kinh duong tron sinh 5(Os, r) r mm 1.50 ... 1.25] .. 1.00| ..
Do 1éch tdm e mm 10.00 ... 15.00] ... 10.00] ...
Modul m mm 6 6 5 5 4 4
S4 ring z 12 24 12 36 12 48
Budc rang trén duong lan mm 18.85 18.85 15.71| 15.71| 12.57 12.57
Do day rang trén duong lan mm 9.42 9.43 7.85 7.85 6.28 6.28
Ranh rang trén duong lan mm 9.42 9.43 7.85 7.85 6.28 6.28
Khoang céach truc a;; | mm 108 148 117.34
S chu ky quay clia banh ring 1 n 2] 1 3 [ 4 | 1

37
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5. Két luan

Mo hinh toan hoc dugc thiét 1ap badi nghién clru
nay cho phép thiét ké cac cap BRKT c6 bién dang 1a
duong cong cycloid day chinh 1a diém méi cua
nghién ctru nay. Uu diém cia thiét ké nay so véi bién
dang than khai ma cac cong trinh nghién ctru khac vé
BRKT di cong bd 1a cac riang luon duge can ddi va
déu nhau (do ddc diém hinh thanh bién dang dwong
tron lan khong truot trén dwong lan), con bién dang
than khai thi cac rang cua banh rang khong tron c6 do
day khong déu nhau dan dén yéu chan ring. Ngoai ra,
két qua nghién ciru nay c6 y nghia thuc tién trong
viéc ché tao cac loai BRKT moi phuc vu trong cac co
cu va méay ty dong cua san xuat cong nghiép nhu:
hop bién doi téc d6 CVT ciia dong co 6 to thé hé moi,
may dot dap lién tuc, thiét biy té v.v..

Loi cam on

Nghién 01'1}1 nay ;Iuc;c tai trg boi B gido duc va
Dao tao trong dé tai cap B6 ma so: B2019 - BKA - 09

References

[1] Vasie Marius, Andrei Laurentia, Technologies for
Non-Circular Gear Generation and Manufacture, The
annals of Dundrea de jos University of galati
fasciclev, Technologies in machine builling (2010)

167-172.

Faydor L. Litvin, Ignacio Gonzalez-Perez, Kenji
Yukishima, Alfonso Fuentes, Kenichi Hayasaka,
Generation of planar and helical elliptical gears by
application of rack -cutter, hob, and shaper, Comput.
Methods Appl. Mech. Engrg. 196 (2007) 4321-4336.

[3] Faydor L. Litvin, Ignacio Gonzalez-Perez, Alfonso
Fuentes, Kenichi Hayasaka; Design and investigation
of gear drives with non-circular gears applied for
speed variation and generation of functions, Comput.

Methods Appl. Mech. Engrg. 197 (2008) 3783-3802.

Yazhou Wang, Bo Chen, Chibing Hu, Shutao Zhang,
Te Li, Yongping Liu, Design of Third-order Non-
circular Planetary Gear, Advanced Materials
Research, Vols. 482-484 (2012) 305-308.

(4]

[5§] Cristescu Bogdan, Cristescu Ana, Andrei Laurentia,
Algorithms For Noncircular Gear Pitch Curves
Generation, Applied Mechanics and Materials, Vol.

658 (2014) 41-46.
[6]

Jian-neng Chen, Jiang-jun Yan, Liang Sun, Ming
Zhou, Analysis of A Novel Traverse Mechanism
Driven by Non-Circular Gears with Fourier Pitch-

Line Applied on Silk Reeling Machine, Applied

39

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Mechanics and Materials, Vols. 536-537 (2014)
1295-1300.

Xin Zhang, Shouwen Fan, Synthesis of the steepest
rotation pitch curve design for noncircular gear,
Mechanism and Machine Theory 102 (2016) 16-35.

G. Yu. Volkov, D. A. Kurasov, M. V. Gorbunov,
Geometric Synthesis of the Planetary Mechanism for
a Rotary Hydraulic Machine, Russian Engineering
Research. Vol. 38, No. 1 (2018) 1-6.

Fangyan Zheng, Lin Hua, Xinghui Han, BoLi,
Dingfang Chen, Synthesis of indexing mechanisms
with non-circular gears, Mechanism and Machine
Theory 105 (2016) 108-128.

Fangyan Zheng, Lin Hua, Xinghui Han, BoLi,
Dingfang Chen, Synthesis of indexing mechanisms
with non-circular gears, Mechanism and Machine
Theory 105 (2016) 108-128.

Fangyan Zheng, Han Xing hui, Lin Hua, Mingde
Zhang, Wei qing zhang; Design and manufacture of
new type of non-circular cylindrical geargenerated by
face - milling method, MechanismandMachineTheory
122 (2018) 326-346.

Fangyan Zheng, Lin Hua, Xinghui Han, Bo Li, Non-
uniform flank rolling measurement for shaped
noncircular gears, Measurement. Volume 116 (2018)
207-215.

Lian Xia, Youyu Liu, Dazhu Li, Jiang Han, A linkage
model and applications of hobbing non-circular
helical gears with axial shift of hob, Mechanism and
Machine Theory 70 (2013) 32—-44.

Faydor L. Litvin, Alfonso Fuentes, Ignacio Gonzalez-
Perez, Luca Carnevali, Thomas M. Sep, New version
of Novikov—Wildhaber helical gears: computerized
design, simulation of meshing and stress analysis,
Comput. Methods Appl. Mech. Engrg. 191 (2002)
5707-5740.

Nguyen Hong Thai, Nguyen Thanh Trung;
Establishing formulas for design of Roots pump
geometrical parameters with given specific flow rate,
Journal of Science and Technology. Volume 53.
Number 4 (2015) 533-542, Doi:
10.15625/0866708X/53/4/3908.

Faydor L. Litvin, Alfonso Fuentes, Gear Geometry
and Applied Theory, Cambridge University Press
(2004).

F.L. Litvin, Jan Lu, New Methods for Improved
Double Circular-Arc Helical Gears, Report Army
Research Laboratory, NASA (1997)


https://www.sciencedirect.com/science/journal/02632241
https://www.sciencedirect.com/science/journal/02632241/116/supp/C

	1. Đặt vấn đề0F
	Từ Hình 3b ta dễ dàng nhận thấy tỷ số truyền của cặp BRKT biến đổi từ 2 đến 5, khi bánh răng 1 quay hết một vòng, còn bánh răng 2 quay hết một phần ba vòng từ điểm P đến điểm A (Hình 3a). Như vậy, khi bánh răng 2 quay hết một vòng sẽ tạo ra một chu kỳ...


