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Tom tat

Trong qua trinh an khép cua cédp banh rang khéng tron én khép ngoai c6 bién dang réng la dwong cong
epicycloid va hypocycloid, bién dang rdng cda banh rdng chd ddng va banh réng bi doéng &n khép ngoai voi
nhau theo nguyén ly &n khép ctda bé truyén banh réng khéng tron. Do dé, hai bién dang nay la bao hinh cta
nhau dén dén trong qué trinh &n khép cdp bién dang dbi tiép vira Ian vira truot trén nhau sinh ra vén téc
truot twong doi gitra_hai bién dang tai diém &n khop. Bay la mét trong nhitng nguyén nhan gay ra hién
twong mon khéng déu & cdp bién dang dbi tiép, dé danh gia hién twong nay ngay ter khi thiét ké nguoi fa
dang hé s6 truot. Vi vy, viée thiét 1ap biéu thirc gidi tich nhdm phan tich, danh gla hién twong nay Ia cén
thiét, day chinh la muc dich cta nghién ctru ndy. Ngoai ra, két qué nghién ctru cta bai bao ciing chi ra khi
trng dung té hop duong cong epicycloid — hypocycloid it Iam bién dang cta cép banh rang khéng tron cé wu
diém hon so véi bién dang than khai la dwong cong trurot luén déi xing, do d6 luén mon déu va khéng cén
phai hiéu chinh bién dang théng qua cén bang hé sé truot.

T khoa: Banh réng khong tron, bién dang réng cycloid, epicycloid, hypocycloid, van téc truot.
Abstract

During the matching process of the non-circular gear pair with cycloidal profile (epicycloid — hypocycloid), the
profiles of the driving and driven gears are mating following the gearing principle of the non-circular gear
train. These profiles are generated by each other, and they will be rolling and sliding when working,
producing a relative sliding velocity at the contact point. It is one of the factors causing the irregular wear of
the mating gear-profiles. The sliding coefficient has been used to access this phenomenon when designing a
gear-train. Therefore, it is vitally necessary to set up analytical formulas to analyze, evaluate the profile
sliding process, and it is the goal of this research. Moreover, the achieved results also show that the
combination of the epicycloid and hypocycloid profiles has an advantage over the involute profiles, because
the sliding curve of the firstly mentioned profiles stays consistently symmetrical, which means both mating

profiles are equally worn, and no adjusting of the sliding coefficient is required.

Keywords: Non-circular gear, cycloidal gear profile, epicycloid, hypocycloid, sliding velocity.

1. Pit véan dé

Trong qua trinh an khdép clia cdp banh rang
khong tron (BRKT) an khdp ngoai c6 bién dang rang
la t6 hop cua hai dudng cong epicycloid va
hypocycloid, cap bién dang dbi tiép (7", 7"2) cua hai
banh rang vura lan vira trugt trén nhau tai diém tiép
xtuc K (diém an khop). Nhu vay, tai diém an khop
van tc trugt tuong ddi giita hai bién dang dbi tiép
theo phuong tiép tuyén chung 7’ s& gay ra hién tuong
truot bién dang, hién tuong nay la mot trong nhiing
nguyén nhin giy ra mon khong déu cua cip bién
dang ddi tiép [1-3]. Vi vdy, trong qua trinh thiét ké,
nguoi thiét ké phai higu chinh cac tham s thiét ké
bién dang dé can béng hé sb trugt (1, i) nham dam
bao cap bién dang déi tiép (I, I') mon deu [4]. Tuy
nhién, theo tim hiéu ctia nhém téc gia bai viét nay khi
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nghién ciru vé BRKT cho thiy dén thoi diém hién tai
chua c6 mét nghién clru nao dé cap dén hién tugng
trugt bién dang. Vin d& nay chi duoc nghién ctru
trong cac bd truyén banh ring co ty s6 truyén cd dinh
dang tru tron nhu cdc nghién ctru cia Wang [5] vé
hién tuong truot bién dang cia cdp banh rang
epicycloid [6, 7] va hypocycloid [8] hay xuét phat tur
diéu kién mon déu dé dicu chinh tham so thiét ké
bién dang rang [9]. Vi vay, khi tng dung t6 hop hai
dudng cong epicycloid va hypocycloid 1am bién dang
rang cua BRKT thi hién tuong trugt bién dang gay ra
mon bién dang ring khong déu cua cip bién dang ddi
tiép nhu thé nao, c6 can phai hiéu chinh cac tham s
hinh thanh bién dang rang hay khong. Bay chinh 1a
noi dung nghién ctu cua bai viét nay, dé giai quyét
vén dé nay noi dung bai béo trinh bay:

i) Thiét 1ap phuong trinh dudng an khop thue cua cap
BRKT c¢6 bién dang la t6 hop hai duong cong cycloid
voi bién dang phan chan ring la duong cong
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hypocycloid, con phan bién dang dinh ring la dudng
cong epicycloid.

ii) Thiét 1ap phwong trinh gii tich xac dinh vén Eéc
truot tuong doi gilta hai bién dang doi tiép tai diém
an khop K, trén co s¢ d6 dua ra cac két luén danh gia
ve hién tuong trugt bién dang rang khi ung dung
duong cong cycloid lam bién dang rang ciia BRKT.

2. Phan tich dong hgc BRKT

2.1. Thiét lap phwong trinh dwong an khop

Pudng an khop Sk 1a quy tich cac diém tiém xuc
K cua c@p bién dang doi ticp (/" ,7"%) khi cdp banh
rang an khép véi nhau.

Hinh 1. So d6 thiét 1ap duong an khép

Néu goi @{Oﬂfyf Zf} 91{01x1y1 Z]} 192{02)62)/2 Zz} 151’1
luot 1a hé quy chiéu ¢ dinh gin lién véi gia, hé quy
chiéu dong gin trén banh rang 1, hé quy chiéu dong gan
trén banh rang 2. Theo [10] phuong trinh duong an
khép dugc cho boi:

OI‘K(al(Q))zR(z,al)HK(ﬁ) 1)
trong do: R(z,,)la ma trdn quay quanh truc z, cia hé
quy chiéu 9, con a, 1a goc quay cta banh rang chu dong,
'ro (0) 1a véc to xac dinh diém K

trong hé quy chiéu 9 v6i @ la tham s6 cia 77/ va duge
cho bai phuong trinh [11]:

]rK (0) =
(—l)grcos[(Zz] —(—1)g)¢9]+r[2zl — (-1 JcosO—e
—rsin[(Zzl—(—l)g )9] +r[ 2z, = (=1)* ]sin@

quay quanh tdm Oj;

@
trong cong thire (2) :
+ g=1khi I"! dinh ring c6 bién dang 1a dudng

epicycloid va g = 0 khi I/ chan ring c6 bién dang 1a
duong hypocycloid.

+ He{il,(zﬁrl)

Z

ﬁ} Vi i =0+(2z, 1)

Z
trong truong hop cung epicycloid thi i chan, con cung
hypocycloid thi i l¢é.

+ z, 1a sO rdng cua banh ring 1.
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+ ela tam sai cua banh rang 1 (d¢ léch tam cua banh
rang 1).

Vi du dp dung: voi bo thong s thiét ké cap BRKT cho
trong Bang 1, Hinh 2 1a cap BRKT dugc thiét ké, con
Hinh 3 1a dudng an khép ctia cip BRKT dugc trich dan
tr Hinh 2.

Tir Hinh 2 va Hinh 3 ta d& dang nhan thay duong an
khép cua cap BRKT bién dang cycloid (epicycloid —
hypocycloid) 1a duong cong kin phirc tap tudn hoan va déi
xting qua duong noi tdm O;0; cla cdp banh ring, chir
khong phai 1a dudng thing nhu cp bién dang than khai.

Béng 1. Bang thong s6 thiét ké cip BRKT bién dang
cycloid [11]

- ) Ky | bon Cap BRKT
én goi P ;
& hicu | vi ["gr, [ BR,

Ban kinh duong lan 1 R mm | 37,50
10, R)
Béan kinh duong tron r mm 1,251 ...
sinh X5(Os, r)
Do 1éch tam e mm 15,001 ...
Modul m mm 5,00 5,00
S6 ring z 12,00 36,00
Budce rang trén duong mm 15,71 15,71
lan
D¢ day rang trén duong mm 7,85 7.85
lan
Ranh rang trén duong mm 7,85 7,85
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Hinh 2. Qua trinh an khép cta cap BRKT
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Hinh 3. Buong an khép Jx cua cap BRKT
2.2. Vin téc tuyét déi tai diém an khép

Xét chuyén dong tuong dbi cua cap BRKT trong
hé quy chi€u gan lién vai gia I Oppyrzst.

peoo(on)) |
n n
VKI = VK;‘

Hinh 4. Van tde trugt bién dang tuong ddi tai diém an
khép K cua cap BRKT

Tai thoi diém an khép K hai bién dang ddi tiép
I'\Ir’sgcoK;, el vak; e '’(K; =K; =K) va ¢
van toc dugc cho bai:

{VKl(al) = a)lpKl(al)

. o 3)
Vi (e () = 0, (i, (@))) ™ py, (e, (a)))

trong do: py, (@) , prr (2 (), ilZ(a])lén luot la
ban kinh an khop (khodng cach tir O;, Oy dén diém
K), o, =-o,(i,(a,))" (do cdp banh ring dn khép
ngoai), ham ty s6 truyén cua cap BRKT va duoc cho
boi:

prn(@) =[x (@ @] [r(@@)])

Pk (0!2 (al )) = ( [er (0!2 (al )) —TIy, ]T [rm (al (a] )) Ty, ] )0-5
. __ 4y

ip(a)= o (@) 1

“
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Véi: {raz = [alz 0] (5)

Py () = (R* =&’ sin® &)™ —ecos

Trong cong thie (5) R 1a ban kinh dudng tron
tam tich sinh cia banh rang 1 (bdnh rang cycloid léch
tam).

Néu goi: nn’, tt” 1an lugt 1a phap tuyén va tiép
tuyén chung cua 7/, 7" 2 tai diém an khép K (xem
Hinh 4). Khi d6 tai diém an khép K hai bién dang I
I ["2 yira lan vira truot trén nhau va gdy ra vén tdc
trugt twong ddi Vy,,(,) , Vi (@y(a,)) theo phuong
tiép tuyén #”:

{V,:;z (@) = Vi (@) ~Viy (@ (@)

ir ¢ . (6)
VKZ] (az (al )) = VKZ (az (a1 )) - VK] (al )

Véi: Vi, (@) s Vin(ay(e))) 1an lugt 1a van tée truot
cia 77 so voi 7% va ciia 172 so voi I/ tai diém an
khép K; Vi (e,), Vi, (a,)lan lugt 1a hinh chiéu cia
Vi s Vi, 1én phuong tiép tuyén chung 7’ va dugc cho

boi:
{V,gl (@) =V, (a,)cos B (a,) -
VIéZ (0!2 (o, )) =Vys (0(2 (al))cos B, (0(2 (al))
Véi g (), B, (0!2 (al)) la géc hop bdi Vi (),
Vi (a, (@) véi tiép tuyén #’ va duge cho boi:
i (@)W, ()
B(a) = 7 _arccos| LK Tkl
2 i ()| [P ()
3)

i (@) (2, ()
i (e)[Ps (@ ()

B (ay (@) = %— arccos

trong cong thire (8):

n, (al )= [(XK (al )— pp) Yk (al )]T

Vi du gip dung: voi bd thong s6 thiét ké & Bang 1,
Hinh 5 1a do thi m6 td ban kinh p,,(¢,) , Py, (e, (1))
theo goc quay ¢, cta banh rang 1, con Hinh 6 1a dd thi
van
tbe Via(a) Vi, (e, () (VKZ (e, () =V (o )) )
Vile,), Vi,(a,(e,)) khi banh ring 1 quay véi van
tbe goc , =15 (rad/s).

T Hinh 5, Hinh 6 d& dang nhan thiy mic
du py, (a,(,)) > pg, (@) , nhung do banh rang 2 quay
cham hon banh ring 1 theo ham truyén i, (e,) . Do do,
Vo (o, () # V., () khong dan
Vi), Vi, (a,(a,)) xap xi nhau, ddy chinh 1a wu diém

nhi€u dén

cta loai bién dang nay.
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Hinh 6. Van tde Vi1, Vo, (Vko- Vki1), Viki, Viko theo
gbc quay a;

2.3. H¢ s6 truot bién dang

Khi K = P (diém an khép khéng tring voi tim
an khép) trong qué trinh dn khop cap bién dang dbi
tiép 77! va I"?ludn c6 hién tuong trugt bién dang.
Chinh hién tugng nay gdy ra mon khong déu & bién
dang cua hai banh rang. Dé danh gi4 hién twong nay
ngudi ta st dung hé sd truot bién dang u trong qué
trinh &n khop. Nhu vay, néu goi z(ou), (o)) 1an
Iuot 1a hé ) truot bién dang cia banh rang 1 so véi
banh rang 2 va cua banh rang 2 so vdi banh rang 1
theo goc quay cuia truc dan dong, khi do:

{y. (@) = Vi @)V ()
(e, (o)) = VKt'rZI (o, )(Vléz (o, (e )))71

Thay (3, 4, 8) vao hé (9) ta co:

)

1 Py () cos By (e, (@)
Pri(a;)cos ()
Pri(@)cos B ()
Prr(@y (@) cos B, (e, ()

H ((Zl) = 1_(i12 (al ))
(10)
(ay(a))) = 1—(1']2(011))

Hé phwong trinh (10) x4c dinh hé sb truot bién
dang cua banh rdng 1 so v6i banh rang 2 trong qua
trinh an khép. Ap dung véi bd thong s thiét ké cho &
Béng 1 va khi ddn dong banh ring 1 véi véan toc goc
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o) = 15 rad/s, khi 6 @6 thi Hinh 7 1a duong cong
trugt (ou), u,(a,(a,))tuong tmg véi goc quay cua
banh rang 1 tir 0° dén 180°, con do thi Hinh 8 (phong
to) dugc trich dan tir Hinh 7 khi toan bo bién dang
ring s6 2 cla banh ring 1 tham gia an khop (xem
Hinh 9).

I 1/ H'"
1 I
h f
1 {
1 (
1 (0
1/" I
{
h
! -
1
1

- — -
1
1

160 180
ar®

Hinh 7. Hé s truot u(ay), pa(e(eu)) theo goc quay
a; cua banh rang chu dong
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Hinh 9. Qué trinh an khép trén bién dang ring sb 2
cua banh rang 1
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Tir Hinh 8 nhén thdy voi chiéu quay cho trén
Hinh 2, duong cong truot () di tor + dén - oo
con duong cong truot ,(«,) thi nguoc lai di tir - o
dén + oo khi qué trinh &n khop dién ra bat dau tir vi tri
‘1’ dén ‘5’ tron mot budce rang cua banh rang 1 (rang
s0 2) (xem Hinh 9).

3. Phan tich va thio luin

Tir Hinh 7 va Hinh 8 ta thiy duong cong truot
cang ngay cang sat nhau 1a do vi tri cac rang ctia banh
ring 1 tham gia qué trinh an khop dan dan cach xa
tdm quay. Do d6, nhiing rang & phia xa tdm quay sé&
nhanh mon hon & phia gin tim quay, dy chinh 1a
nhuoc diém cua loai bién dang nay.

Tir Hinh 9 ta nhén thay:

- Tai vi tri s ‘1°, ‘3’, *5* diém &n khop K cua 77/
trung voi diém P (tdm an khop) cta duong lan diéu
d6 c6 nghia K, = K P khi do
Vi (a)=0,V (a)=0 (cdp bién dang doi tiép

cua banh rang 1 va banh rang 2 chi co lan ma khong
co truot) tiép tuyeén chung #’ vudng goc voi duong
noi tam O;0; (xem vi tri “1°, ‘3, 5’ trén Hinh 8).

- Taivitri 2 va ‘4’ trén phan bién dang canh rang

clia ring s 2 banh ring 1, ta nhan thay tlep tuyén
chung 7’ tring v6i dudng ndi tim 0,0; dan d&én goc

COSﬂz (0!2 (al )) =COs :81 (al) = %
M, (a)) = oo (xem Hinh 8).

lam cho g (e,) > o,

Nhu vay, ta co:

cos f (e, () # 0
cos S () =0

Bién d6i (11) ta c6:

{J’Kz (2, (0)y "1 (e (9)) + (x5 (2, (0)) — 4y, )xy, (¢, () # O
V(e (0)y ' (o, (0)) + X, (&, (0))x ', (2, (0)) = 0

(In

(12)

Giai h¢é phuong trinh (12) xac dinh dwoc vi tri
cua diém ‘2’ va ‘4’ trén tung rang. Tur do, co the hiéu
chinh tham s0 thiét ké dé tai hai diém 2° va ‘4’ sao

cho cos 5, (a, (o)) # % , cos B (a,) # glé chc van dé

néu trén duoc giai quyét.
4. Két luan

Tur nhitng phan tich va thao ludn & muc 3 cua
nghién ctru nay, cho thiy khi tmg dung dudng cong
cycloid (epicycloid — hypocycloid) lam bién dang
rang ctia BRKT thi hé s6 truot (o), 2(c) ludn dbi
xung qua tryc hoanh trong qua trinh an khép (Hinh 7,
Hinh 8). Do d6, cap bién dang dbi tlep luén mon déu
dan dén khong can phai can bang hé sb trugt nhu doi
v6i bién dang than khai [4] khi thiét k& hinh hoc bién
dang ring sau khi hiéu chinh phap tuyén tai 2 diém
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2’ va ‘4’, day ciing chinh 13 diém méi dugc chi ra
boi nghién ciru nay. Ngoai ra, tir két qua nghién ctru &
bai bao nay sé 1a co s& dé tiép tuc cac nghién ciru sau
hon ddi véi loai bién dang nay khi img dung lam bién
dang ring ciia BRKT nhu: tip trung tmg suét, bién
dang, tréc 1o bé mit rang, hién tuong moi, ma sat
giita cap bién dang dbi tiép va ché do boi tron v.v..

Loi cdm on

Nghién 01’1'}1 nay du(yc tai trg 'b("yi B6 Giao duc va
Pao tao trong deé tai cap By, Ma s6 B2019-BKA-09.
Tai liéu tham khao

[1] Faydor L. Litvin, Alfonso Fuentes, Gear Geometry

and Applied Theory, Cambridge University Press
(2004).

Nguyén' Xuan Lac, Nguyén ly may chuyén nghiép,
Nha xuat ban Pai hoc Bach Khoa Ha Ngi, 1969.

David H. Myszka, Machines and mechanisms:
applied kinematic analysis, Prentice Hall (2012).

(2]
(3]

Dinh Gia Tudng, Tran Doén Tién, Nguyén Xuan Lac,
Nguyén Ly May, Nha xuat ban Dai hoc va Trung hoc
chuyén nghiép (1970).

Jian Wang, Shanming Luo, Yue Wu, A Method for

[4]

the Preliminary Geometric Design of Gear
ToothProfiles With Small Sliding Coefficients,
Journal of Mechanical Design, 132 (5) (2010),

054501 (1-8).
http://doi.org/10.1115/1.4001410

Lozica Ivanovié¢, Danica Josifovi¢, Specific Sliding of
Trochoidal Gearing Profile in the Gerotor Pumps,
FME Transactions, Vol 34. No 3 (2006) 121-127.

Lozica Ivanovi¢, Danica Josifovi¢, A. ILIc, B.
Stojanovic, Tribological aspect of the kinematical
analysis at trochondal gearing in contact, Journal of
the Balkan Tribological Association, Vol. 17, No 1,
(2011) 37-47.

Nguyen Hong Thai, Truong Cong Giang, The
Influecen of the Desing parameters on the Profile
sling in an interal hypocycloid ,Vietnam Journal of
Science and Technology 56 (4) (2018) 482-491.

Nguyen Hong Thai, Truong Cong Giang, The
correction of the addenda of the internal gear in an oil
hypocycloid pump to achieve equal wear rates,
Journal of Science and Technology, No.133, (2019)
021-027.

[10] F.L. Litvin, Jan Lu, New Methods for Improved
Double Circular-Arc Helical Gears, Report Army

Research Laboratory, NASA (1997).

Nguyén Hong Thai, Nguyén Thanh Trung, Luu Xuén
Nghia, Nguyén Thiy Duong, Téng hop bd truyén
banh rang khong tron an khop ngoai bién dang
xycloit, Tap chi Khoa hoc va Cong nghé céc truong
Dai hoc ky thuat, s§ 145, (2020) 33-39.

[11]



	During the matching process of the non-circular gear pair with cycloidal profile (epicycloid – hypocycloid), the profiles of the driving and driven gears are mating following the gearing principle of the non-circular gear train. These profiles are gen...
	1. Đặt vấn đề0F
	2. Phân tích động học BRKT
	2.1. Thiết lập phương trình đường ăn khớp



