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NGHIEN CU’U - TRAO BOI

XAY DUNG MO HINH TOAN BE TAO HINH BIEN DANG ROTOR
CIC BOM ROOTS

DEVELOPING A MATHEMATICAL MODEL FOR GENERATING THE CIC ROTOR
PROFILE OF A ROOTS PUMP

Pham Ditrc Thién*, Nguyén Thanh Tung
Trudng Pai hoc Mo — Pia Chat
*Email: phamducthien@humg.edu.vn

TOM TAT

Bai bao tap trung vao xay dung mé hinh toan cho bién dang rotor CIC (Circle — Involute
- Circle) bom Roots bang cdch té hop cdc cung cong bao gom cung tron & dinh rotor, cung thdn
khai ¢ swon bén rotor va cung tron & ddy rotor. Dua trén cac phép bién doi todn hoc va cdc ma trdn
chuyén doi, phwong trinh todn hoc doan cung tron dinh, doan cung than khai canh va cung tron
day dwoc hinh thanh. Bén canh d6, néi dung bai bdo con gidi quyét cdc van dé vé diéu kién lién tuc
cdc cung cong tai cac diém chuyén tiép. Bang suw hé tro ciia vmg dung Matlab, mé hinh Rotor CIC
kiéu 2, 3 va 4 canh dwoc hinh thanh. Két qua ciia bai bdo thé hién tinh diing ciia mé hinh todn va

cac diéu kién hinh thanh.
Twr khéa: Bom Roots; Than khai; Cung tron.
ABSTRACT

This paper focus on developing a mathematical model for the rotor profile of a CIC (Circle
— Involute - Circle) of Roots pump by combining a circular arc, an involute curve, and another
circular arc. Based on mathematical transformations and transformation matrices, the governing
equations for the circular arc and involute segments are formulated. In addition, the paper addresses
continuity conditions at the transition points between the connected curves to ensure smoothness
of the rotor profile. By using Matlab software, CIC rotor profiles with 2-lobe, 3-lobe, and 4-lobe
configurations are successfully generated. The results confirm the correctness of the mathematical

model and the validity of the geometric constraints applied.

Keywords: Roots pump, Involute rotor, Circle rotor.
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1. GIOI THIEU

Bom Roots (thugc dong bom thé tich)
thuong duoc st dung dé tao moi trudng chin
khong trong cac nganh thyc pham, d6 udng,
hoa chét,... nho cac wu diém nhu két cu don
gian, luu luong 16n, dé 1ap rap va chi phi bao
tri thap [1]. Bién dang canh rotor 1a anh hudng
dén hiéu suét lam viéc cua bom, do trang thai
chan khong dugc hinh thanh béi qua trinh an
khop gitta cap canh rotor. Hién nay, hudng
nghién ctru hién nay chu yéu tap trung vao
thiét ké bién dang canh rotor ctia bom Roots
dé cai thién hiéu sut bom, dong thoi dam bao
tinh phu hop v6i cac cong nghé gia cong hién
dai. Nhiéu nghién ctru da st dung cac duong
cong hinh hoc co ban cung vé6i cac diéu kién
rang budc hinh hoc dé thiét ké bién dang rotor
Roots. Wang va cong su [2] sir dung ndm cung
tron dé thiét ké bién dang rotor va phan tich
anh huong cta cac tham sd thiét ké dén hiéu
sudt bom. Nhom tac gia Niimura va cOng sy
[3] dé xuat bién dang rotor gdm cung tron va
duong than khai nhdm nang cao hi¢u suat bom.
Hsieh va Hwang [4, 5] st dung duong trochoid
va ham da thirc, ham ti 1& trochoid bién thién
dé thiét ké phan dinh rotor, dudng cycloid mo
rong két hop dudng trochoid bién thién dé tao
hinh bién dang canh [6]. Ngoai ra, Hsieh [7]
con st dung duong elip dé tao hinh bién dang
canh rotor bom c6 tinh dén diéu kién cat chan
ring. Kang va Vu [8] dé xuét hai bién dang
rotor cho bom Roots, gdm bién dang ECE
(epicycloidal-circular-epicycloidal) va CEC
(circular-epicycloidal-circular). Gan ddy, nhém
tac gia Wu va Tran [9] dé xuat bién dang rotor
moi gdm nam doan cong, bao gdm mot duong
involute, mot cung tron va dudng dong dang
ctia n6, mot dudng epicycloid va duong dong
dang cua no. Cac nghién ciru trén da dé cap
viéc thiét ké hinh dang rotor bom Roots, tuy
nhién mdi bién dang dé xuat déu co nhiing han

ché nhit dinh. Nghién ctru nay d& xuat mot mo
hinh toan hoc cho bién dang rotor CIC mdi.
Bién dang rotor m&i gdm ba doan cong: cung
tron (Circle) - duong than khai (Involute) -
cung tron (Circle). Ttr co s m6 hinh toan rotor
CIC dé thyc hién cac nghién chuyén sau vé loai
rotor mai nay.

2. XAY DUNG BIEN DANG ROTOR CIC
BOM ROOTS

Nhu biéu dién ¢ Hinh 1, bién dang CIC
ctia rotor 1a duoc két hop bai ba ho duong cong.
Bién dang rotor 1a ddi xiémg truc nén chi can
xac dinh cho mot ntra bién dang. Poan dudng
cong phan dinh rotor AB 1a mdt cung tron c6
ban kinh p dugc sir dung dé dam bao diéu kién
khép kin véi phan vo ciia bom. Khe hé giita
phan dinh rotor va thanh trong ctia vé bom s&
tré 1én dai va hep hon, viéc nay s€ cho duong
lam viéc tdt hon va cira vao rong hon. Poan BC
12 mot duong than khai duoc sir dung dé ngan
chan mon bé mat rang trén duong lam viéc doc
theo duong tron 1am viéce. Va cubi cung 1a doan
CD la mot dudong cung tron day ddi tiép voi
cung tron dinh cia rotor dbi tiép.

(b) Poan bién dang rotor CIC
Hinh 1. Hé toa do xdy dung moé hinh toan rotor
bién dang CIC
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Dé thiét 1ap phuong trinh toan cho mo
hinh bién dang rotor méi CIC, ta chon hé truc
toa do S, (Ol_lel,) gén trén rotor 1; hé truc toa
do S, (0,-x,y,) gan trén va rotor 2; h¢ truc toa
do S (O -X y) and S, (O,-x,y,) 1a h¢ toa do
chuyen dong "Rotor va canh rotor ¢6 tinh déi
xtng nén vi¢e xay dung bién dang rotor duoc
thuc hién trén doan cung cong CIC co s¢ (hinh
1b), tir @6 dua trén cac phép d6i xtimg, phép
quay dé thiét 1ap toan b bién dang rotor.

*Voi doan cung tron AB: Cung tron AB
co tam O nam trén duong tron chia ban kinh
I, ban klnh cong p, mot diém M trén tron AB
dlmc xac dinh thong qua phuong trinh (1):

rLAB(0):[(R—rp)cos9+rp,<R—rp)sin0,1JT (1)

Véc to phéap tuyén don vi cia cung AB
duoc xac dinh theo phuong trinh (2):

or (0)
n_,(0)= (L() X kj (2)

00

Trong do, R va p 1a ban kinh duong tron
qua dinh rotor va ban kinh cung tron AB, 0 1a
goc tham sd clia cung tron, giatri6  <6<6_ ,
k 1a véc to phap tuyen don vi theo truc Z, Tlaky
hiéu ma trén chuyén vi. Cung tron dinh AB nay
s& d6i tiép v6i cung tron day cta rotor ddi tiép.

*V &1 doan than khai BC: Viéc tao hinh
bién dang than khai BC dugc xac dinh theo so
do6 tao hinh duong than khai nhu Hinh 2.

Rotor CIC

Hinh 2. So do tao hinh cho dwong cong than khai

Goi he toa d0 S (0. x y,), S, (Oxy,)
13 hé toa do cb dinh gin véi thanh rang va tam
banh rdng. HE toa do S (O x.¥.) S, (O.x.y,)
13 hé toa do chuyén dong gan tai tam an khop
va tdm banh rang. Quy tich cac diém trén bién
dang cung than khai dugc xac dinh theo phuong
trinh (3) va véc to phap tuyén tai diém do duoc
xac dinh bdi phuong trinh (4).

T e (u,a) = [(rp +ucosa)cos/1 —ucosacotasin,

ucos(A—a)cota +r, sin A,I}T 3)
Ox oy !
)| T | @

Trong d6: Tham s6 u cta thanh ring
dugc xac dinh bol -u, <u<uy;olagocap
luc; ¢ 1a tham s6 goc quay cta banh rang; W, la

ﬂ%
) VA
, Z 1a s0 rang; A 1a gbc phu va dugc xac dinh

bén day thanh rang va dugc xac dinh w, =

ucosa

: V4
bang cong thirc: A=—-
& & 27 r,

Gifra cung tron AB va cung than khai
BC nbi v6i nhau tai diém B. Dé dam bao qua
trinh néi tiép lién tuc, chung thoa man ba dicu
kién sau:

(1) Piéu kién lién tuc vé vi tri tai diém
B thé hién qua phuong trinh (5):

Sra = (¥ + i)~ (¥ic +ic) =0

s

2 2
[(rp+ucosa)cosl—ucosacotasinﬂ.} +[ucos(/1—a)cota+rp sinl] =0

)

(2) Piéu kién lién tuc vé tiép tuyén tai
diém B thé hi¢n qua phuong trinh (6):
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T
OX, g OV, 5c "(or (0
fZ.B:nl,AB'tl,BC:|: al;jc s al;gc:| [ 1’;;( )ij 20(6)

(3) biéu kién lién tuc vé do cong cia
hai cung cong tai diém B thé hién qua phuong
trinh (7):

o, (0) o (u)

=0 7
00’ ou’ )

fis

*V6i1 doan cung tron CD: Cung tron
day CD cuia rotor thir nhat s& déi tiép voi cung
tron dinh cta rotor thtr hai. Diém M,(x,,y,) trén
cung 716mv S, dugc xac dinh thong qua ma trn
chuyén d6i M, , ta co:

M2 - MZ]'MI - M2f'Mf1'Ml

Trong d6: M, 1a ma tran chuyén dbi tir
h¢ toa do S, sang h¢ toa do Sg; M, la ma trn
chuyén doi tir h¢ toa do S, sang h¢ toa do S, .

cos¢ sin ¢ —2r,cos¢
M, =|-sing  cos¢ 2r,sing |Va
0 0 1
cos¢ sin ¢ 0
M, =|-sing  cos¢g 0
0 0 1
cos2¢  sin2¢  —2r,cos¢
— M, =M, M, =|-sin2¢  cos2¢ 2r,sing |(8)
0 0 1
Toa d6 diém M trén cung tron CD xac
dinh theo phuong trinh:

psin(0-2¢)—asin2¢+2r,cosg |. (R—rp)sinﬁ (9)
1 1

pcos(0-24)+acos2¢—2r,cosg (R—rp)cos¢9+r
Iep :lerl,AB =

Véc to phap tuyén cia cung tron CD
trén rotor 2 dugc xac dinh nhu phuong trinh
(10):

n, o :M2lnl,AB =
cos2¢  sin2¢  —2r cos¢
. " ors (0) '
-sin2¢  cos2¢ 2r,sing |. ’a—gxk (10)
0 0 1

Dé cung tron day va cung tron dinh ctia
hai rotor doi tiep thoa man di€u kién an khop
vo1 nhau, n6 dugc xac dinh qua phuong trinh

(11):

_ arZ,CD

fo= o0

DPoan CD va BC nbi tiép voi nhau tai
diém C, nén tai C hai dudng cong phai thoa
diéu kién tiép xtGc va tron bién dang twong
tw diém B. Céc diéu kién dugc thé hién nhu
phuong trinh:

n, ., =sin(¢—0)+sinf=0 (11)

(1) Diéu kién lién tuc vé vi trf tai diém
C thé hién qua phuong trinh (12):

fl,C = (xéD +yéD)_(x12;c +y§c) =0 (12)

(2) Piéu kién lién tuc vé tiép tuyén thé
hién qua phuong trinh (13):

T
o e O o | (O (6
D e D)

(3) biéu kién lién tuc vé d6 cong cua
hai cung cong tai diém B:

2 2
o= Oricy (0) e (u) _o (4
’ 06’ ou’
Cac phuong trinh (1), (3) va (10) ‘thé
hién phuong trinh bién dang CIC moi. Bang
viéc giai cac phuong trinh diéu kién ¢ phuong
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trinh (5, 6,7, 11, 12, 13, 14) cho chung ta gia tri
cac tham s6 thiét ké. Bang sy hd trg ctia cong
cu Matlab va Autocad thi bién dang rotor CIC
kiéu 2, 3, 4 canh dugc hinh thanh nhu hinh 3.

o T 4

(a) Rotor kiéu 2 canh (b) Rotor kiéu 3 canh

(c) Rotor kiéu 4 canh
Hinh 3. Rotor CIC bom Roots

3. KET LUAN

Trong nghién ctu nay, M6 hinh rotor
CIC bom roots dugc hinh thanh dua trén
ba duong cong cung tron, than khai va cung
tron. Dua trén cac phép bién ddi toan hoc, cac
phuong trinh todn hoc cac cung cong tron, cung
than khai duoc thiét 1ap. Cung véi no 1a didu
kién an khép dbi tiép, didu kién lién tuc duoc
thanh 1ap dé tao hinh bién dang rotor. Bién
dang rotor CIC v&i ba kiéu canh khac nhau 2,
3, 4 canh duoc tao ra tir cac mo hinh toan da
minh chirng dugc tinh dung ctia mo hinh toan.
Tir mo6 hinh todn nady, nghién clru m¢ ra cac
hudng nghién ciru tiép theo dé hoan thién qua
trinh thiét ké, ché tao loai rotor CIC md&i cho
bom Roots nay. %
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