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TOM TAT

Bom béi tron dong co dot trong kiéu banh rang xycléit néi chung va hypdgerdto noi riéng
dang dwoc nhiéu nha nghién ciu trong va ngoai nuoc quan tdm nghién ciru nham cai thién
chat luong lam viéc va hoan thién ly thuyét thiét ké, Tuy nhién, mot van dé ma cac nghién ciru
truoc day chwa quan tam den do la sy chong lan bién dang tw viung chan rang khong an khop
lén phan dinh rang tham gia an khop cua roéto trong va hién tuwong va cham giita réto trong
VOi roto ngoai trong qua trinh lam viéc. Dan dén, sau khi thiét ké nguoi thiét ké phai kiem tra
mot cach thu cong khong thé tw dong hoa thiét ké dwoc va mat rat nhiéu thoi gian. Bdy chinh
la van dé ma nhom tac gia giai quyét trong bai bao nay.
Tir khoa: Bom hypogero, bién dang roto trong; bom boi tron;bién dang xycloit; va cham.
ABSTRACT

Lubrication pumps for internal combustion engines of cycloid gear in general and
hypogerotor in particular are being researched by many domestic and foreign researchers to
improve working quality and perfect the design theory. However, the previous studies have
not paid attention to the overlap of the profile from dedendum to addendum of the inner rotor
and the collision between inner rotor and outer rotor during the working process. As a result,
the designer must check manually and cannot automate the design and take a lot of time. This
is the problem that the authors solve in this article.

Keywords: hypogerotor pumps; inner rotor profile; lubrication pumps; cycloid profile; collision.

nghién ctu dic diém &n khop cua cdp banh

1. DAT VAN DE )
: rang an khép trong bién dang xycloit

Bom hypdgeroto 1a mot loai bom thuy
lyc thé tich kiéu banh ring an khop trong 6
bién dang la duong hypoxycloit va cung tron,
loai bom nay c6 uu diém: kich thudc nhé on,
lam viéc ém va 6n dinh trong thoi gian dai.
V6i wu diém trén ma loai bom nay dang duoc
str dung pho bién trong cac hé théng boi tron
cia dong co 6td, xe may [1]. Thanh phan
chinh ctia bom 1a cap banh ranh hypoxycloit
an khop trong. Trong d6, banh rang cod bién
dang cung tron dugc goi la réto trong con
banh rang c6 bién dang la duong hypoxycloit
duoc goi la roéto ngoai nhu mo ta trén hinh 1.
Vé thiét 1ap phuong trinh bién dang roto va

(epixycloit va hypdxycloit) da duoc nhidu nha
nghién ctru trong va ngoai nudc quan tam [2 -
7], ¢6 thé thong ké thanh ba phuong phéap phd
bién: (i) tAm van tdc tirc thoi [4]; (i) phuong
phép bao hinh [6]; (iii) phuong phap hinh hoc
giai tich [7]. Nhung chu yéu 1a nghién ctru vé
ddc diém hinh thanh bién dang ring phuc vu
thiét ké cac loai hop giam tc banh ring chot
con lan epixycloit [8, 9] hoac bom Geroto (€O
bién dang la dwong epixycléir) [10] con ddi
v6i loai bom hypdgerdto méi bat dau duogc
nghién ctru trong nhitng nim gan diy boi
Kwon va dong nghiép (2009) [11] bang
phuong phap tim van toc tuc thoi. Trong
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nghién ciru ciia Kwon cting moi chi xac dinh

duoc gi6i han cua cac thong s6 R

1min ’ cI max ’

R dé tranh hién tuong giao thoa dinh ring
ctia roto ngodi, con nhimg van dé nhu: (1) va
cham gilra roto trong va roto ngoai gay ket
rang, (2) gidi han cung an khdp cua dinh rang
roto trong gy ra su chong lan giita phan bién
dang chén réto 1én phan bién dang dinh réto 1a
nhimg vin d& ma cac nghién ctu truoe day
chua duwoc d& cap dén ma giai quyét bang
céch kiém tra thii cong va chua dua ra dugc
cac biéu thirc giai tich xac dinh giéi han. Dé
giai quyét nhitng van dé trén ching t6i vén
dung 1y thuyét an khop phang cua Litvin [3]
va 1y thuyét hinh hoc vi phan [12].

&

Hinh 1. Bom béi tron hypogerdto
Cua dong co Diesel D20

THIET LAP BIEU THU'C XAC
PINH MIEN GIOI HAN CUNG
TRON PINH RANG ROTO TRONG

Theo tai liéu [13, 14] da chi ra cdp roto
trong bom hypdgeroto co dac diém an khop:

i) Roto ngoai an khdp trén toan bd chu vi
bién dang rang va theo [14] phuong trinh
bién dang duoc viét trong hé quy chiéu cua
réto ngoal.

X« ()= A+B+C (1)
Y« ()= D+E+F
Vi :
FA= RCOS =, cos[a(y)+ 4 J
z,+1
1y ) 4
C = Ecos(—~ -
(21+1) D Rlsm(Zl 1)
— 15 Y _|" F=Esin(-2L
E=-r, Sln(a(j/) + . J (21 +1)

Trong d6: E 1a d6 I¢ch tdm gitra hai truc
quay; z1 la so rang cua roto trong; R la ban

Y1

27

kinh duong tron di qua tdm cac cung tron
dinh rang cua roto trong; rq la ban kinh cung
tron dinh rang cia cua roto trong;
a(y):tan’l(Ezlsinyi(Rl—Ezlcos;/)l) la goc hop
boi phuong phap tuyén nn' véi truc Oxy (xem
hinh 2); y 1a géc quay cua rdto trong so véi
gia ¢b dinh (géc quay cia truc dan dong).

i) Roto trong chi an khép & phan cung tron
dinh rang c6 ban kinh r, v6i cung bién dang
tham gia an khop A:A\21 (xem trén hinh 2),
con cung tron chan rang ban kinh R khong
tham gia vao qua trinh an khép.
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Hinh 2. Gigi han lam viéc cua dinh
rang roto trong

Ttr hinh 2, ta ¢6 chiéu dai cung tron 1am
viéc banh rang trong dugc cho boi:

R
Aij AZj = 2rclamax

Trong d6: «,,

)
o 12 gOc gioi han mién lam viée
cua cung tron dinh rang roto trong.

Dé xac dinh ¢ ta dao ham a(y) theo y:

2Ezlsin3—7/sinZ

(3)

a' =
”) R —2REz, cos(y) + Ez,

Ta (3) ta ¢co: o'(y)=0 khi y=2kn/3

hodc y=2kr. R



o8 S Chi Khoa Hgc Giéo Duc Kj Thugt Sé 61 (12/2020)
Truwong Dai Hoc Sw Pham Ky Thugt TP. Ho Chi Minh

+ Voi y=2kr thi 0=0 nén A A, =0 khong
théa man.

+ Véi y= 2kn/3 goc a(y) dat gia tri cuc tri va
cho boi:

J3Ez, (4)

X ax arctg(2R £z, )

Nhu vay, dé qua trinh an khép dugc dién
ra ding thi phan bién dang chan ring (cung
tron bdn kinh chdn rang R) phai tiép xuc voi
cung tron dinh rang ¢ dudi hai diém Aqj, Agj
(xem hinh 2)..

Hinh 3 duéi diy mo ta vét tiép xuc theo
gbc quay cua truc dan dong ctia bom bdi tron
hypogerdto co cac thong sb thiét ké E=5mm,
z1=5mm, R1=30mm, rg=10mm.

2
/ ~
~
\\
N
< /
= iy

0 5 10 15 20 25 30 35
Hinh 3. Sw thay doi vét tiép xtc theo goc
quay cua truc dan déng
(E =5mm, z; = 5mm, Ry = 30mm, g = 10mm)

3. THIET LAP BIEU THUC XAC
PINH GIOI HAN CUA BAN KiNH
CHAN RANG ROTO TRONG

Néu goi Gj 1a diém tiép xuc giira cung
tron dinh rdng c6 ban kinh re vé1 cung tron
chan rang c6 ban kinh R (xem hinh 2), theo

dac diém an khép cua roto trong thi diém
tlep xtc Gj khong nam/t;e}A1 A,; ma thudc

Cung AE,;- Do do, khi diém tiép xuc Gj= Ej

thi cung tron chan rang roto trong s€ co6 ban
kinh nhoé nhat R = Rmin, cOn khi Gj= Asjcung
tron chan rang c6 ban kinh 16n nhat R = Rmax.
Céc gia tri Rmin, Rmax dugc xac dinh nhu sau:

Xdc dinh gidi han nhé nhit ciia R
Tu nhiing 13p ludn & trén va tu hinh 2,
cung tron chan rang cua roto trong c6 ban nhé
nhat Rmin khi diém xtc G;j trung véi Ej khi do:
. T 6
Ryin =R sin——r, ©)
Zl
Xdc dinh gidi han Ion nhit ciia R

Tuong tu nhu trén ta cling c6 ban kinh
cung tron chan rang cua réto trong dat gia tri
Rmax khi diém tiép xtc Gj= Asj. Nhur vay, ta co:

R=R, =Ry (7)

Néu goi ¢ 1a goc hop boi phuong BjAs;
véi phuong BjEsj (xem hinh 2) thi & dugc cho
bai:

(8)

7
£=E+ﬁ—agh

Trong do, f la goc hop bdi gitta phuong
01B;j v6i1 phuong O1Dj va dugc cho bai:

5= 211 9)
Khi do, ta co:

D,;D,; = B;D,;tge (10)
Vi B,D,; duoc cho béi:

B,D;, :Rlsinzll D
Thay (11) vao (10):

D,;D,; = Rlsinzlltgg (12)
Mat khac, cling tir hinh 2 ta c6:

Ru; =+/(Dy,D;, F +(B,D, F -, (13)
Thay (11) va (12) vao (13):

(14)

Ry, = Risin = /(tgef +1 -,
Zl

Tir (6) va (14) mién gidéi han kich

thude R ban kinh chan ring roto trong dé
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khong xay ra hién tuong chdng lan duoc
cho boi:

R1Sinzz— Iy < R< Rlsinzl\/m_ o (15)
1 1

Ap dung bat phuong trinh (15) vao thiét
ké bom hypogerdto co thong sé: E = 5.5mm,
z1=4, R1 = 23.5mm, r¢i = 4mm thay vao (15)
ta c6 mién giéi han cia R: 11.66 mm < R <
35.23 mm. Trén co s& d6 chon R = 34 mm ta
6 ban thiét ké cap roto hinh thanh bom duoc
mo ta nhu hinh 4 duéi day.

Che

rang

Réto

AN
NI

Ro6to

Hinh 4. Réto trong va réto ngoai cua
bom hypogeroto

Tir hinh 4 ta thiy mic du R ban kinh
cung tron chan rang cua roto trong thdéa man
bat phuong trinh (15) nhung van xay ra hién
tugng va cham gitra chan rang réto trong véi
phan dinh ring roto ngoai, giy ra hién tugng
ket ring. Vi vay, can xac dinh thém diéu kién
ctia R dé khong x4y ra hién tuong nay.

4. PIEU KIEN TRACH VA CHAM
GIUA PINH RANG CUA RO TO
NGOAI VOI CHAN RANG ROTO
TRONG

Néu goi pmin, pmax lan luot 1a ban kinh
cong tai dinh rang va chan rang cta réto ngoai
(xem hinh 5a), con p(y) 1a ban kinh cong bién
dang roto ngoai (xem hinh 5a). Nhu vay, pmin
Va pmax s€ la cac gia tri cuc cua ham p(y) .

Khi d6, dé khong xay ra hién tuong chén
rang (xem hinh 4) thi ban kinh chan rang réto
trong R (xem hinh 5b) thoa mén bat phuong
trinh sau:

R<p (16)

&

b) Ban kinh chan
rang roto trong

a) Ban kinh chdn rang va
dinh rang cua roto ngoai

Hinh 5. Ban kinh chdn rang va dinh
rang cua roto trong va réto ngoai

Mat khac, theo ta1 i€u [14] bi€n dang roto
ngoai (banh rang hypoxycléit) 1a bao hinh cta
duong tron X (By, r, ) c6 tim chay trén dudng

hypoxycloit kéo dai c6 phuong trinh:

Xy (7) = R, cos( 4 )+ Ecos(—zly )

“ N (V)
v () = =R, sin(—Z—) + E sin(—27_y
K YT+ z, +1

Khi dé6, néu goi p,(y,) 1a ban kinh cong
cua duong hypoxycldit kéo dai thi ta co:
p(r)=po(r)—Ty (18)

Theo hinh hoc vi phan [12] p_(y,)dugc
cho boi:

( ’ 2 ' 2 12
(¢ )7+ (v )% f

" ! " !
yKZ XKZ XKZ yKZ

(19)

po(y):

Thay phuong trinh (17) vao (19) sau khi
bién doi va rit gon:

R 2 R 3/2
rl[g +1—Zlcos;/}

rn r

Po (7) = (20)

Thay (19) vao (18) sau khi bién ddi ta
duoc:
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R 2 R 3/2
rl[; +1—210037}

n r

p(r) = -r,  (21)

Pao ham (21) va xac dinh cuc tri cua
ham p(;/i)ta co:

2
. —(RAER] (22)
Ez; - R,
__(R-Ea) (23)
pmin - 2 r-cI
Ez; +R,
Thay (22) vao (16) ta co
re(R+EZ) (24)
E22 _ R cl

Tir bat phuorng trinh (15) va (24) ta thay
dé khong xdy ra va cham gilra roto trong va
roto ngoai két hop giita bat phuong trinh (15)
va (24) ta cé:

R+ ErY 25)

. T
R;sin——-r, <R< -,
_Rl

2, Ez?

Ap dung bat phuong trinh (25) cho bom

boi tron c6 bo thong sb thiét ké & hinh 4. Khi

d6 chon R = 25mm € [11.66mm - 27.09mm]

va R=Rmax= 27.09mm c6 ban thiét ké cho
trén hinh 6 dudi day.

a) R =25mm b) R =27.09mm

Hinh 6. Bién dang cap roto theo R

Tir hinh 6 va bit phuong trinh (25) ta
théy mac du tai vi tri
R=Ru = (R, + Ez, ) (E22 = R,) ™ (hinh
6) nhung khong xay ra hién twong va cham
gilta roto trong va roto ngoai. Do do, day s&
1a diéu kién dé kiém tra cac thong sb thiét ké
khi Gng dung cdp banh ring hypoxycloit
trong thiét ké bon boi tron. Duya trén két qua
nghién ctru ndy chung t6i tién hanh viét mo
dun phan mém thiét ké thuan khi cho truéc
céc tham sb thiét ké dac trung E, z1, Ry, rei, R
¢ giao dién nhu hinh 7 duéi ddy bao gém
cic chtrc niang: thiét ké bién dang; kiém tra
thong s thiét ké; phan tich: qua trinh in
khép, luu lugng, ap suét, luc; Hién thi két
qua tinh toan: thong s ché tao, thong sd ky
thuat cia bom theo hudng mii tén chi din
thue hién cac modun.

5. KET LUAN

Diém mdi cua nghién ctru nay so vai cac
nghién ctu cung linh vyc trude day la tim
dugc mién gidi han ctia R ban kinh chan cua
roto trong phai théa man:

—Iy

R, sinzl —r, <R<(R +Ez ) (EzZ? -R)* -,
1

dé: (i) Khic phuc hién tugng chong lan ving
bién dang chan roto 1én phan bién dang dinh
roto trong qua trinh an khop tranh hién tugng
truot bién dang tai ving chong lan gy mon
thuc chat ving nay khong tham gia dn khép;
(ii) Khic phuc duoc va cham giita roto trong
va roto ngoai gay ket roto trong qua trinh lam
viéc.

Trén co s nhiing két qua nghién ctru 1y
thuyét ciia nghién ctru ndy cing véi cic
nghién ciru khac da duoc cong bd boi nhom
tac gia, nghién ctu nay di viét duoc phan
mém thiét ké bom Hypdgerdto v6i myc dich:
tinh toan, thiét ké, phan tich thiét ké.
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