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KHAO SAT PAC TINH BONG LUC HOC
TRONG BO TRUYEN BANH RANG CYCLOID
DUA TREN PHAN MEM ADAMS/VIEW
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Tém tat: Bai bao dua trén bé truyén bénh réng Cycloid théng thuong dé xuét bo truyén banh réng Cycloid
bao kép mdi, mé ta phwong phap bao kép va phuwong trinh bién dang cdp &n khép lién hop cua cac bo
truyén. Sau dé, str dung phdn mém Pro/Engineer 4.0 dé dung bién dang cap dn khép lién hop, tir d6 mo
hinh héa 3D cho bé truyén. Théng qua mé phdng déng luc hoc hé théng trong méi truong ADAMS/View &
trang théi khéng tai va day tai, két qué nghiém chumg dwoc dé tin cay ctia mé hinh, déng thoi cho ra dugc
céc két qua cho muc dich nghién ctru rung déng. Két qua mang lai gia tri tham khdo nhét dinh trong viéc thiét
ké céc bo truyén néi riéng va trong linh vuc thiét ké co khi néi chung.

Ter khéa: Truyén doéng banh rédng; banh réng Cycloid: rung déng; mé phdéng déng luc hoc hé théng;
ADAMS/View.

Determining dynamic characteristics of cycloid gear transmission based on Adams/View software

Abstract: The article is based on the conventional cycloid transmission to propose a new double-enveloping
cycloid transmission. The double - enveloping method and the curve equation of the double-enveloping conju-
gated tooth pair profile is described. Then conjugated tooth pair profile is built by using the Pro / Engineer 4.0
software, from which the 3D modeling for the transmission is designed. By the analysis of working condition
in no-load and full-load is done to obtain the system dynamic simulation of cycloid transmission, the results
represent that the 3D solid model of transmission is reliable, at the same time, the results of this paper is useful
for the purpose of vibration study. Finally, the results of the paper have certain reference values in the design
of the transmissions in particular or in the field of mechanical design.
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@ 1. Dit van dé

B truyén banh rang Cycloid c6 két cAu nhé gon, trong lwong nhe, ty sb truyén I&n, hiéu suét truyén
dong cao, khéd nang tai Ion [1,2]... nén bo truyén nay dwoc tng dung rdng réi trong nhiéu linh vwe nhw ky
thuat co khi, k§ thuat nang chuyén, luyén kim, dét may... & trong va ngoai nwéc. Chinh vi vay, bd truyén
banh réng Cycloid tir 1au da tré thanh moét dé tai néng cho cac nha kj thuat trén khép thé gi¢i quan tam
nghién ctvu nhdm cai tién bo truyén dé dat hiéu qua tét nhat hodc thiét ké mot dang mai clia bd truyén banh
rang Cycloid... Két qua la d& co rat nhiéu bd truyén Cycloid maéi dwoc thiét ké Iy luan, ché tao kiém nghiém
va thu lai nhitng két qua rat hiéu qua dap (ng dwoc nhu cdu st dung trong thuc t&, cé thé k& dén nhuw bo
truyén FA, bo truyén Dojen, bo truyén RV, bd truyén Twinspin... Nhitng ndm gan day, bo truyén banh réng
bao kép [3,4] dwoc nghién ctru ly luan mét cach manh mé vi nhirng dac tinh wu viét nhw nang cao dd chinh
xac truyén déng, kha ndng chiu tai tbt hon... Thém vao do, nghién clru méd phéng déng lwc hoc dwa trén
phan mém SolidWorks COSMOS ciing nhu trong phan mém ANSYS Workbench cho thay thiét ké c6 con
lan gay ra sw bién déi chuyén ddng va rung dong Ién hon so véi thiét k& khong cé con Ian, ddng thdi do Ion
(ng suét cla thiét ké khéng co con 1&n cling nhé hon so vai thiét ké co con l1an [5,6]. Hién nay, rung déng
thwdng gay anh huwdng nghiém trong cho ngudi va may. Rung dong va cong huéng co thé lam nit, gy cac
chi tiét may nhw dai 6c, bu 16ng, truc, ... Tiéng &n, két qua cla rung dong, tac dong dén ngudi van hanh may
trong mot thdi gian dai cé thé gay me mat, U tai, 1am viéc kém hiéu qua va mot sd bénh nghé nghiép khac.
Chinh vi vay, dé tiét kiem nguyén vat liéu, chi phi gia cong va danh gia kiém nghiém, dé tai da thiét 1ap mo
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hinh héa bd truyén banh rang Cycloid, sau d6 tién hanh mé phdng bo truyén trong méi trierng ADAMS/View
dé khao sat dic tinh dong lwc hoc, tlr d6 nghiém chirng két qua thiét k& mo hinh, bén canh dé sé cung cap
dwoc cac dir liéu cho muc dich nghién clru rung dong. Két qua phan tich s& mang lai y nghia ly luan quan
trong va c6 tinh rng dung cao trong thyc té.

@ 2. M6 hinh héa b truyén banh ring Cycloid
2.1 Cap an khép Cycloid bao kép

Cap an khép lién hop trong bod truyén banh rang Cycloid théong thuwéng 1a do bién dang rang cla
banh rang Cyloid va bién dang cta con lan. Trong Hinh 1 trinh bay cdp an khép lién hop dwgc (rng dung
dwa trén hién twong tiép xdc hai lan trong truyén déng banh rang. Tl d6, cap an khop lién hop Cycloid hai
lan tiép xtic dwoc suy luan ra thong qua viéc rng dung phwong phap bao kép, cdp &n khép nay la do bién
dang banh rang Cycloid théng thwérng (banh réng Cycloid ngoai tiép) va bién dang clia banh rang bao kép
(banh rang vong ndi tiép) hinh thanh, nhw Hinh 1.b thé hién.

Banh rang

Con I&n chét vong noi tiép

“ Banh rang Cycloid
ngoai tiép

a) b)
Hinh 1. Cédp &n khép Cycloid théng thuong va bao kép

Banh rang Cycloid
ngoai tiép

nguyén ly an kh&p banh rang, bién dang rang lién
hop la bién dang do sw chuyén dong tiép xtc cho
trwdc cha phdi va dao cat ma hinh thanh. Trong bo . Bénh ring Binh ring
truy&n banh rang Cyloid thong thuong, bién dang | M F—Y cycoid [V  ving

rang cta banh rang Cycloid la do bién dang cua [ l ] 1 | ]

Hinh 2 m6 td phwong phap bao kép. Theo - -
Chuyén dong bao Chuyén dong bao
thit nhat thit hai

con lan déng vai trd 1a dao cat, théng qua chuyén - PR A T

. L x . JOR PO P Bo truyén banh rang B0 truyén banh rang
dong tiép xuc twong doi gitra ’dao cat va phdi gia cycloid thong thuomg cycloid bao kép
cdng ma dat dwoc. Sau dd, néu nhuv bay gid xem I I
bién dapg rang cOa’bénh rang Cycloid dxéng vai Puong tiép Hai duwong tiép
tro la bé mat dao cat, dwa trén sw chuyén dong xiic don xiic tai mot vi tri

tiép xuc twong ddi cho trwéc gitra bé méat dao cét
va phoi gia cong, sé thu dwgc bién dang rang cla
banh rang vong bao kép. T d6, c&p &n khép lién hop dwoc hinh thanh théng qua viéc két hop gitra bién
dang rang clia banh rang Cycloid va bién dang rang cta banh rang vong bao kép, dwoc goi la cap an
khép Cycloid bao kép.

Hinh 2. Phurong phéap bao kép

2.2 Cap an khoép cycloid bao kép khéng hoan toan

Cap &n khop Cycloid bao kép nhidu wu diém ndi bat [3] nhw loi dung tiép xuc kép dé& nang cao kha
nang chiu tai; sy gia tdng thém dudng tiép xtc gép phan lam gidm sai sb thong qua hiéu (rng quan binh
héa sai sb, tir d6 s& nang cao d6 chinh xac truyén déng; ngoai ra, dic tinh &n khép clia dudng tiép xuc
the hai c6 loi cho viéc nang cao tinh nang béi tron va dé bén tiép xdc. Tuy nhién, dac tinh tiép xtc doi cta
truyén dong nay yéu cau sai s gia cong cling nhw sai sb 1ap ghép cho cap &n khép lién hop nay vé cling
nhay cam, ciing c6 thé néi la trong trwéng hop nay thi do chinh xac gia cong 1a rét cao, tir dé mai c6 thé
thwe hién duoc qua trinh tiép xtc ddi trong viing &n khép nhat dinh, khi d6 méi cé thé phat huy hét dac tinh
&n khép néi troi clia dwong tiép xuc thi hai. D& gidm bét d6 nhay cdm cua sai sb gia cong cap an khép
Cycloid bao kép, ddng thoi van gitr dwoc tinh nang ndi bat clia dwéng tiép xdc thi hai, trong néi dung nay
dwa trén c&p &n khop Cycloid bao kép ban dau sé dé xuét ra cap an khép mai: cép an khép Cycloid bao
kép khdng hoan toan.
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- Phén 161 Banh ring cycloid
Phan 16m _ thong thudng

Hinh 3. Bién dang banh réang Cycloid

Dwa trén dac diém bién dang banh réng cla
Cycloid, d& xuat phuwong phap tao hinh bién dang
banh rang Cycloid khdng hoan toan nhw sau: bién

Banh ring
cycloid méi

dang ring duwoc tao nén bdi hai phan, trong doé:
mot phan gidng véi phan 16i clia banh réng Cycloid
théng thuwdng, phan con lai la cung tron dwoc ding
nhw la dwong cong chuyén tiép. Trong Hinh 3.a, &
duwong cong A BCDE, la bién dang mét réng cla
banh rang Cycloid khéng hoan toan, dwdng cong

BCD la phan 16i ctia bién dang banh rang Cycloid,
giébng vé&i phan 16i ctia bién dang banh réng Cylcoid
thong thwong; dwong cong A,B va DE, la phan 16m
cla bién dang banh rang Cycloid, tuy nhién phan
Idm cla banh rang Cycloid m&i nay khdng tham gia
&n khép trong qua trinh bo truyén lam viéc. Hinh 3.b
thé hién sy so sanh gilra hai bién dang: bién dang
banh rang Cycloid théng thwdng va bién dang banh
rang Cycloid méi.

b

Hinh 4. Hé toa dé

Hé toa do duwoc thiét Iap nhw Hinh 4, trong d6 banh rang vong thé hién 1a thanh phan 1, thanh phan
2 thé hién banh rang Cycloid-cung tron ngoai tiép, trong dé duwdng cong A, B thé hién bién dang phan 16m
dich chuyén cla banh réng Cycloid-cung tron, con dwéng cong BC thé hién bién dang phan 1i clia banh

rang Cycloid-cung tron.

Phuong trinh bién dang phan 16i X2 ctia banh rang Cycloid-cung tron tai hé toa do O,X,Y,Z, dwoc

thé hién nhw sau [4,6]:

X,pc =R sin[(i —1) B, ]+ r, cos[0 — (i —1) B, | - esin(if3))
Vage = R.cos[(i=1) B ]|+ r.sin[0—(i—1) 3] —ecos(if3)
Zypc =V

A =[Rz(i—1)cos¢9—iecos(é’+ﬂlﬂwl =0

N E(ﬁz’”)

(1

Bién dang phan I16m A,B clia banh rang Cycloid-cung tron la duwdng cong chuyén tiép, khong tham
gia trong qua trinh &n khép. Phwong trinh bién dang clia cung tron nay dwoc thé hién nhw sau [4,6]:

X, 45 =Lsiny
Yoy =R. —e—Lcosy

Zoap =V

)

Phwong trinh bién dang ctia banh réng vong néi tiép dwoc thé hién nhw sau [4,6]:
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[(l 1)(a1+lﬂ1 }+FZCOS|:9+1;.ia1+(i_1)ﬂli|
1

_e{sin(Tl)+sm(—al +zﬂlﬂ
.

(i~ D(al +if) }rz sin[6+¥al +(z’—1)ﬂ1} )

+e[co (—1 - cos(—ot1 +ip, H
i

Z =

¢, = sin(al +ib jsin(é)— A +(i_2)ﬁlj= 0
2 2

2.3 M6 hinh héa cdc bé truyén béanh riang Cycloid

=R, cos

Banh réng Cycloid 1a mét chi tiét dang dia c6 cac 16 dwoc phan bd ddng déu, bién dang réng cia
banh rang Cycloid la mét nét dac trwng clia banh rang nay; viéc tao ra dwoc bién dang rang Cycloid 1a mot
diém khé cta chi tiét nay. Do trong phdn mé&m Pro/E 4.0 khdng cé cac lénh dé vé dwoc bién dang ring cla
banh rang Cycloid, nén trong phan nay sé dwa vao cac phwong trinh bién dang twong &ng dé tinh toan ra
céc toa do didm, tr d6 d& dang hinh thanh nén bién dang rang Cycloid nhw Hinh 5 thé hién.

Twong tw, tién hanh ap dung phan mém thiét ké 3D Pro/E 4.0 d& mé hinh héa thwc thé 3D cac chi

tiét cht yéu cla cac bo truyén, sau dé tién hanh Iap rap cac chi tiét dé tao thanh bo truyén banh rang Cycloid
nhw Hinh 6 thé hién.

Hinh 5. Banh rang Cycloid Hinh 6. M6 hinh 3D b6 truyén banh réng Cycloid

@ 3. Két qua va thao luan

Sau khi thiét l1ap cac thong sb dau vao va cac diéu kién bién cho b6 truyén banh rang Cycloid trong
moi treerng ADAMS/View, tién hanh tinh toan trong hai truéng hop thu dwoc cac két qua nhu sau:

3.1 Bdc tinh déng Iwc hoc cta bé truyén trong diéu kién khong tai

MODEL _1

— g Sposd
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g
H
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b
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3
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z
g o
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%
E M5
450
0005 0034 0063 0092 0121 015
Tirme (sec)

Hinh 7. Sw thay déi vén téc géc cua truc ra theo thoi gian
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Sau khi tinh toan trong diéu kién khong tai, thu dwoc cac két qua nhw Hinh 7 va Hinh 8 thé hién.
Trong d6, Hinh 7 thé hién sw bién ddi van tdc gdc cta truc ra theo thdi gian, cé thé thay réng: do ban dau
trong bo truyén con tdn tai cac khe hé khé tranh khéi, nén Itc bat dau chuyén déng, sw thay déi van téc
géc ¢6 tinh chu ky twong ddi Ién. Qua thoi gian rat nhanh, sy bién dbi van tbc géc tré nén 6n dinh va dan
dat dén gia tri van tdc goc trung binh 13 -13.8334 rad/s, tir d6 dé& dang tinh ra ty s6 truyén trung binh cla bd
truy&n banh réng 1a i = 10.97; so vd&i ty s truyén ban dau la i = 11 thi sai sb rat nho, do d6 c6 thé nhan thay
mé hinh 3D clia bd truyén banh réng cycloid méi ¢6 tinh chinh xac cao.

D& khao séat sau hon vé déc tinh déng luc hoc clia bd truyén banh rang Cycloid méi nay, két qua da
cho ra s bién ddi gia téc géc clia cac chi tiét chi yéu, ddng thoi théng qua phwong phap bién déi Fourier
dé thu dwoc cac phé tan cuia cac chi tiét chu yéu trong bo truyén. Hinh 8 thé hién sw thay ddi gia téc goc cla
banh ring Cycloid mai theo thoi gian. Sau khi st dung phwong phap bién dbdi Fourier déi véi sy bién dbi
gia tbc ctia banh réng trén, thu dwoc dwong cong dac tinh phd tan gia tc goc ctia banh réng Cycloid nhw
Hinh 9 thé hién. Twong tw, cling thu dwoc dwdng cong déc tinh phd tan gia tbc goc cua truc ra bd truyén
nhw Hinh 10 thé hién. Dwa trén hinh 9 va 10, tién hanh chon ra 7 vi tri c¢6 gia tri tan sé gia téc goc Ion nhat
ddi v&i ca 2 chi tiét banh réng va truc ra clia bo truyén nhw dwoc thé hién trong Bang 1.

Model_1.Unload
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Hinh 8. Sy thay déi gia téc géc ctia banh rang Cycoloid theo thoi gian
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Hinh 9. P&c tinh phé tan gia téc géc cda bénh réng Cycloid
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Hinh 10. Péc tinh phd tan gia téc goc cda truc ra
Béng 1. Péc tinh phé tan clda céc chi tiét chi yéu & trang thai khéng tai

S6 thiy tw 1 2 3 4 5 6 7
Banh rang Tan s (Hz) 131.8 290.5 580 816.8 870.5 1080.5 | 1291.7
cyclcoid Do Ion (rad/s?) 25 129.8 92 39.16 83.66 98.38 4427
T ra Tan s (Hz) 131.8 290.5 580 816.8 870.5 1080.5 | 1291.7
i Do lon (rad/s?) 28.7 225.4 49.56 18.8 21.3 59.2 25.1
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KET QUA NGHIEN CUU VA UNG DUNG 1’2

Dwa vao Bang 1 c6 thé thdy rang: tAn sé cla ca hai chi tiét banh rang Cycloid va truc ra vao khoang
290.5 Hz déu xuét hién gia tri d6 1&n cwe dai, diéu nay co thé duoc gidi thich & do tan s6 IGc nay va tan sb
an khop gitra banh rang Cycloid va banh rang vong (f=i*(n/60)=266 Hz) twong dbi gan, va khi d6 tri sb do
I&n sé& dwoc khuéch dai 1én.

3.2 Bdc tinh déng Iwc hoc cta bé truyén trong diéu kién day tai

Dé khao sat dac tinh dong lwe hoc clia bd truyén trong didu kién day tai, tién hanh thiét lap mémen
x0&n dat trén truc ra. Sau khi tinh toan, thu dwoc két qua nhw Hinh 11 thé hién.

MODEL_1
00
—Input Speed
- = = Cutput Speed
5 1500
g
5 1o
]
s
> 500
3
g 00 }
500
ojo 01
i MODEL_1 FullLoad
10
5
125
3
s
=
§ 120
s
]
g 155
170
00 0.0375 0.075 01125 015

Tme (sec)

Hinh 11. Sy thay déi van tc géc cta truc ra theo thoi gian

Dwa vao Hinh 11 cé thé thay van téc géc trung binh clia truc ra bo truyén la - 13.7835 rad/s, tirc ty
sb truyén trung binh 1a 11.0155, so v&i ty sb truyén Iy thuyét 13 11 thi sai s rat nhd, c6 thé bd qua. Mot 1an
ni¥a cho thdy mé hinh 3D clia bd truyén banh rang Cycloid dat dwoc dd tin cay cao.

D& khao sat sau hon dén dac tinh dong lwc hoc clia b truyén banh rang Cycloid & trang thai day tai.
Twong tw nhw trén, dwa trén sy thay ddi gia tdc géc clia banh réng Cycloid va truc ra théng qua phwong
phap bién dbéi Fourier dé thu dwoc cac dwdrng cong déc tinh phd tn cta 2 chi tiét trén nhw Hinh 13, Hinh
14 va Bang 2 thé hién.

MODEL_1 FullLoad
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Hinh 12. Sy thay déi gia téc géc cta banh réng cycloid theo thoi gian
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Hinh 13. Péc tinh phd tan gia téc géc cta banh réng cycloid
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TAP 11504

TAP CHi KHOA HQC CONG NGHE XAYDU'NG T




KET QUA NGHIEN CUU VA UNG DUNG
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Hinh 14. Péc tinh phd tan gia téc goc cda truc ra

Béng 2. Péc tinh phé tan cla céc chi tiét chi yéu & trang thai day tai

S6 thir tw 1 2 3 4 5 6 7
Banh rang Tan s6 (Hz) 290.5 580 791.1 870.5 1054.9 1160 1317
Cycloid D6 Ion (rad/s?) 193.3 90.5 12435 100.7 154.2 133.5 65.8
Tan s6 (Hz) 290.5 580 791.1 870.5 1054.9 1160 1317
Do Ion (rad/s?) 213.9 140 1078.8 73.3 110.7 73.6 51.51

Truc ra

Dwa vao Bang 2 c6 thé thay rang: so v&i cac tan sb clia ca 2 chi tiét & trong Bang 1, thi tn sb c6 sw
twong ddng véi nhau, tuy nhién tri sé dé I&n 1a khéng gidng nhau, cu thé & trang thai day tai cé tri sb I&n
hon. Ngoai ra, trong Bang 2 cé thé phat hién: khi tAn sb clia ca 2 chi tiét banh rang Cycloid va truc ra vao
khodng 790 Hz d&u xuét hién tri sé gia téc géc I&n nhét (twong trng banh réng Cycloid & 1243.5 rad/s? va
truc ra la 1078.8 rad/s?), khi d6 s& anh huwéng dén rung dong trong b truyén, bd truyén sé& lam viéc én hon,
tham chi la hw héng trong ltc van hanh.

@ 4. Két luan

Bai bao dwa trén bd truyén banh rang Cycloid théng thudng, gidi thidu cac bd truyén banh rang
Cycloid bao kép va bao kép khéng hoan toan, trinh bay cac phwong trinh an khép va phwong trinh bién
dang cac cap &n khép lién hop cla cac bd truyén, ddng thei thdo luan déc tinh &n khép ctia cac bo truyén.
Sau d6, trng dung phan mém thiét ké 3D Pro/Engineering 4.0 & mé hinh héa cac bd truyén. Cudi cung,
théng qua moé phdng dong lwe hoc hé théng trong méi trwéng ADAMS/View dé khao sat déc tinh dong lwc
hoc clia bd truyén & diéu kién khong tai va diéu kién day tai, két qua nghiém ching mé hinh 3D cla bo
truy&n c6 dd tin cay cao, bén canh dé bai bdo dwa trén sy thay ddi gia tbc goc clia cac chi tiét chl yéu cla
b truyén théng qua phuong phap bién déi Fourier dé thu duwgc cac dwérng cong déc tinh phd tAn ctia ching.
Két qua phan tich mang lai gia tri tham khao nhét dinh trong viéc thiét ké bo truy&n ndi riéng va trong linh
v thiét ké co khi néi chung.
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