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TOM TAT

Bai bdo trinh bay vé mot thiét ké roto mdi clia bom Lobe kiéu banh rang xycléit an khép ngoai
dugc dan déng bang cap banh rang elip. R6to mdi la mét banh rang elip c6 bén rang vai bién
dang la dudng xycloit cai tién. Budng cong nay dugc hinh thanh ti mot diém cé dinh trén ducng
tron sinh, khi dudng tron nay lan khong trugt trén elip 1an cla réto. Biéu kién hinh thanh bién dang
dinh va chan réto clng dugc xét dén. Cac géc gidi han cung bién dang dinh va chan réto dugc
xac dinh thong qua mét thuat toan 1ap theo diéu kién 1dn khong truct clia dudng tron sinh lan
khong trugt trén duong elip co s& clia roto. Tu d6 tién hanh xac dinh cac thong sé thiét ké bom
theo théng sé thiét ké dac trung hinh thanh bién dang réto. Luu lugng ctia bom dugc xac dinh
thong qua dién tich tiét dién khoang dong trén mat cat vudng goc véi truc bom. Trén co s& dé
mét chuang trinh Matlab dugc viét tir mé hinh toan hoc dugc thiét lap bdi bai béo dé tinh toan
thiét ké roto. Ngoai ra, bai bdo cling tién hanh khao sat danh hudng clia hé s6 A (ban truc nho/bén
truc Idn cla elip 1an cla roto) dén luu lugng trung binh va khodng cach truc. Két qua khao sat cho
thdy ban thiét ké d A = 0,5 luu lugng 16n hon 52,17 % va khodng cach truc gidm 21,43% so véi ban
thiét ké truyén théng 6 A = 1 day chinh la uu diém cla thiét k& mai dugc dé xuat bdi nghién ciu
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DAT VAN DE

May thury luc thé tich roto ki€u Roots 1a loai may dugc
hinh thanh theo nguyén ly dan dong ctia cap banh
rang dn khdp ngoai, lan du tién dugc dua vao tng
dung trong hé thong thong hoi hdm 16 & My va bing
sang ché dau tién vé loai mdy nay dugc cdp cho anh
em nha Roots vao nim 1860!. Tl d6 dén nay loai
may nay da dugc ting dung trong nhiéu nganh cong
nghiép khac nhau nhu: mdy hiat chan khong, cac hé
théng van chuyén bang khi, cac hé théng cung cip khi,
van chuyén chit long c6 d6 nhét cao v.v.. va ton tai véi
hai tén goi la méy kiu Roots (r6to chi c6 hai rang) va
Lobe (roto cé tii 3 ring trd 1én). Do d6 day la mot
chtt d€ nghién ctiu ctua nhiéu nha khoa hoc tii ndm
1860 cho dén nay, nhdm hoan thién ly thuyét thiét ké,
cing nhu cai tién d€ ning cao chét lugng va phu hop
v6i tiing tng dung cu thé. Vi vdy, ma cho dén nay
da c6 rat nhiéu sang ché trén thé gisi dugc cdp cho
loai mdy nay, mdi sing ché la moét cai tién khéc nhau.
Trong cic nghién ciiu, cai tién thi huéng nghién cttu
cdi tién bién dang roto d€ ting hiéu suét la huéng c6
nhiéu nghién ctiu va séng ché nhit. Trong do6 phai ké
dén: Kang, Vu (2014)2 di dua ra giai phap cai tién
bién dang ma Litvin® da dé xuét thanh bién dang méi
dé€ lam tang 55% hiéu sudt so véi bom nguyén ban;

Hsieh*™¢ da dé xudt bién dang méi bing cich thay
thé duong tron sinh bing elip sinh lin khong trugt
phia ngoai dudng tron lan theo nguyén ly hinh thanh
dudng cong epixycldpit va hypoxycloit. G trong nude
ciing da c6 mot s nghién ctiu cai tién nhung cht yéu
1a cho loai may thiy Iyc thé tich ki€u Roots, roto c6 hai

7712 ¢6 Iuu lugng 16n va ap suit nho phit hgp cho

ring
thiét ké cic loai quat théi. D€ phat trién mot loai may
thé tich roto dn khép ngoai cé dp sudt1én hon phuc vy
cho muyc dich 1am bom, trong nghién ctiu nay ching
toi d€ xudt mot thiét ké roto méi cho bom Lobe, trong
d6 moi roto co 4 rang dugc dan dong theo nguyén ly
banh rang 6 van tua elip.

Dé gidi quyét van dé néu trén trong bai bdo nay ching
toi gidi quyét cac van dé: (1) Xdc dinh céc diéu kién
hinh thanh bién dang réto méi; (2) Thiét lap biéu thic
giai tich xdc dinh luu lugng; (3) Panh gid anh hudng
ctiahés6 A = b/a (alaban trucldn, b la ban truc nhod
ctia dudng elip lan ctia r6to). Trong d6 roto 1, réto 2
la hai banh rang 6 van tua elip c6 4 ring v6i bién dang
roto 1a duding xycloit céi tién cta elip ldn va dan dong
bang cip banh ring 6 van tya elip c6 cung duong lan
v6i cdp roto nhu duge mo ta trén Hinh 1.

Trich dan bai bao nay: Thai N H, Long N D. Mét thiét ké méi ctia bom Lobe dua trén nguyén ly an
khdp cuia cap banh rang elip. Sci. Tech. Dev. J. - Eng. Tech.; 4(2):861-871.
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1g O van
(wa Elip
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Hinh 1: Bom Lobe dugc thiét ké méi

PHUONG PHAP THIET KE ROTO MO
CUA BOM LOBE

Phuong trinh bién dang réto méi

Tu Hinh 1 bién dang Roto bao gém hai phin do la:
(a) Bién dang dinh réto dugc hinh thanh tit mét diém
c6 dinh trén duong tron sinh {Zgc}, khi {Zgc} lén
khong trugt phia ngoai duong elip lan {Xg} cta roto
dugc goi 1a dudng epixycléit cdi tién; (b) Bién dang
chan réto dugc hinh thanh tit moét diém 6 dinh trén
duong tron sinh {Egc}, khi {£g¢} 1an khong trugt
phia trong dudng elip lin {Xg} cta roto dugc goi l1a
dudng hypoxycléit cdi tién;

Phuong trinh dudng cong bién dang dinh
roto

Tu Hinh 2 va dinh nghia néu trén, theo!® phuong
trinh bién dang dinh I'jp réto dugc cho bai:

reos ((8) £ (6)) + reosé (0) + xx (6)
rsin(y(0)+&(0))+rsin& (6)+yg (0)
0

Ty =

Trong do:

v(6)= %/O Raxgée))er (aysée))z} %de;
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—1( —9x£(0)/96
E(0) =tan~! <%>; xg (0) = rg (0)cos 6;
yE (0) = rg (0)sin 6; theo nghién cdu cta Libardo
va cong su ' ban kinh cyc ctia dudng 6 van tya elip
— 2ab
re (6) = a+b7(afab)cos(26)
tron sinh {Xgc}.

, con r la ban kinh dudng

Phuong trinh duong cong bién dang chan
roto

Tuong tu phan dinh réto, tit Hinh 3 ta clng co
phuong trinh toan hoc ctia bién dang chan réto:

rcos (y(0)+& (0))+rcos& (0)+xg (0)

—rsin(y(8)+& (8)) + rsing (0) +ve (6) |

TecR =

Trong phuong trinh (2) cic

nhu ¢ phuong trinh (1).

phan  ti:
duoc xac dinh

Piéu kién hinh thanh bién dang r 6to cta

cac thong sé thiét ké dac trung

Xdc dinh méi quan hé giitar cia {X;c}vaa, b
a (s }

Goi Cgc la chu vi dudng tron sinh {Zg¢}, Ck 1a chu

vi dudng lan {£g} d€ ddm bao hinh thanh bién dang

roto c6 4 rang thi:

Cg =8Cqc (3)
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Hinh 3: Nguyén ly hinh thanh bién dang dinh roto

Trong do: Cg =
7/ (2 0)+ 0r2.()/260)2)d6, Coc = 2m0
thay vao (3) va bién déi ta dugc:

(R @+ o) 907)i0
167

Phuong trinh (4) thé hién m6i quan hé gitta cac thong
s6 r ctia {Egc}, va thong sb a,b cua elip lan {Xg} dé
dam bao hinh thanh bién dang réto.

Xdc dinh géc giéi han cung bién dang dinh va
cung bién dang chdn cta Réto 1 va Réto 2

T Hinh 1 nhan thdy viing bién dang dinh va chén cta
hai roto ngugc nhau va dugc chia thanh 8 cung béng
nhau, c6 cung d¢ dai la chu vi Cge ctia duong tron
sinh {Z5c}. Do d6, tuong ting véi cac cung cong trén
dudng 6 van ldn tya elip {Zg} cta hai réto thi dudng
tron sinh sé ldn phia trong va ngoai dudng 6 van nhu
dugc mo ta tai Hinh 4.

Nhu vy néu goi 6;(i = 1+ 3) la géc gi6i han cac
cung elip tuong tGing véi 011, 612, 013 trén Hinh 4a va

863



Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 4(2):861-871

Y1 ‘,

Diém bét déu

(b)

Hinh 4: Cac goc gidi han bién dang cla réto véi (a) la cac goc gidi han ctia Réto 1 va (b) la cac goc gidi han clia

Roto 2

651,05, 0,3 trén Hinh 4b. Khi d6 6 dugc xdc dinh
bai:

i \/(rg (8)+ (Irg (9)/&9)2)d9 —nr (5
T (5) nhan thdy khong thé xéc dinh cdc géc 6; bing
gidi tich ma phai giai bing phuong phép sd tinh gin
ding theo so d6 thuat toan ¢ Hinh 5.

THONG SO KiCH THUGC THIET KE
VA HE SO SU DUNG THE TiCH
Théng s6 kich thudc thiét ké bom

T nguyén ly hinh thanh bién dang ctia roto da dugc
trinh bay & trén va tii Hinh 6 cac thong s6 thiét ké kich

864

thudc hinh hoc ctia bom xét trén mat cit vudng goc
v6i truc quay dugc cho bai:
Khoang cach truc Ajs:

Ap=a+b

Ban kinh huéng kinh 1 cua stato R;:

Ry =a+2r 2)

Ban kinh huéng kinh 1 ctia stato R;:

Ry = Pmax = 4/ rIZdRz 'TdR, ®)
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Igr'
- PS5
G J' r2(6)+@rg(6)/66)2 ) do

+ A8

F

Hinh 5: Thuat toan xac dinh cac goc giéi han cung dinh va chan Roto

Vi rrgg, dugc xac dinh tit phuong trinh (1).

Hé s6 sir dung thé tich

Trong thiét ké bom d€ danh gia hiéu sudt thé tich cua
phuong an thiét ké ngudi ta st dung hé s6 thé tich
N dugc dinh nghia bing thé tich chiém ché cta roto
chia cho thé tich long trong stato. Nhu véy, néu goi
SR> Sr,, Sr 1an lugt 1a dién tich mit cit ngang cua
roto 1 va roto 2 va stato nhu dugc mo ta tai Hinh 7 thi
cong thic xac dinh hé s6 st dung thé tich dugc cho
bai:

_ SR, + SR,

S )

Trong d6 dién tich rdto 1 va réto 2 dugc mo ta tai
Hinh 7 1a mét phén tu cta rdto 1 va réto 2.

4/‘91 (0 )(a 0 (10
71:/2 <a

_4f . 9 d6+
412 y4(6) ax"(e) o+ (11)

Con dién tich tiét dién long trong clia stato mo ta tai
Hinh 8 dugc cho bai:
SS:2JZZ ((a—|—2r)2—t2)dt

2.2/ (R = (u— (a+)?)du

(12)
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Hinh 6: Thong sé kich thudc thiét ké ctia bom

Hinh 7: Dién tich cia mét tu réto véi (a) roto 1 va (b) réto 2

V6i céc cén tich phan dugc cho bai:
—(a+2r)t = (a+2r)*+(a+b)* R’

2. _
2(a+b) M =
2 2 2
(a+2r)222(-tz)h) —R3 > = a+b+Ro

THIET LAP BIEU THUC TINH LUU
LUGNG TRUNG BINH CUA BOM

n =

Xét trén mét cat vuong goc véi truc ctia bom, néu goi S
14 téng dién tich tiét dién phin budéng bom dugc gisi
han bai phia long trong stato va phin phia ngoai bé

866

mit réto nhu mo ta tai Hinh 9: Bla kich thudc hudng
truc cia bom, 7 la s6 vong quay cta truc dan dong.
Vi gia thiét la khong c6 khe hé va luu chat dugc dién
day khoang hut thi lugng luu chit dugc ddy ra khoi
bom sau # vong quay:

0 =2nBS (13)

Tu Hinh 9 t6ng dién tich phan khoang bom dugc gisi
han bai stato va mat ngoai roto S dugc cho bai:
Trong do:

S=851+%5+S83 (14)
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Hinh 8: Dién tich long trong Stato

1 2
= _ — 15
Si=3 <n‘(a+27r) SR1> (15)
1
Sr+83 = 3 (ﬂR% *SR2> (16)

KET QUA VA THAO LUAN

Thiét ké bom Lobe véi cac thong s6 kich thudce: ban
kinh huéngkinh 1 cta tiét dién khoangbom R} = a+
2r, kich thudce truc B = 40mm, Ry = 70mm. Bang 1
téng hgp cac phuong an thiét ké dugc tinh toan s6
sao cho a,b ctia {£g} thda mantheo phuong trinh (3,
4). Dé dénh gia anh hudng cta A dén luu lugng Q va
khoang cach truc A dit A = b/a.

V6i téc d6 quay cta truc dan dong ldy n = 1000
vong/phut, luu lugng trung binh ctia cac phuong an
thiét ké trong Bangl dugc mo ta trén Hinh 9a, con
Bang 2 la cac goc gbi han dinh va chan réto tuong ting
v6i cdc phuong an thiét ké ¢ Bang 1 theo thuat toan
mo ta & Hinh 5.

Ti Hinh 10 cho thdy: (a) khi A ting dan tit 0.5 dén
1 thi Iuu lugng trung binh giam dén dén gia tri nho
nhét, trong khi kich thuéc huéng kinh khong déi
Ry =70mm vakhi A = 1 thi dudng {¥g} sé suy bién
thanh duong tron va day la phuong an thiét ké truyén
théng ma hién tai vin dang st dung phé bién 714, Véi
phuong 4n thiét k& tng v6i A = 0.5 thi luu lugng
trung binh ctia bom ting 52.17% so véi phuong an
thiét ké tng véi A = 1.

(b) khi A tdng din tt 0.5 (A1, = 88mm) dén1 (A} =
112mm) thi khoang cach truc ting dén gia tri 16n nhat

trong khi kich thuéc huéng kinh Ry khong d6i (R =
70mm). Nhu vy phuong 4n thiét ké ting v6i A = 0.5
c6 khoang cach truc giam 21.43% so véi phuong dn
thiét ké truyén thong ing véi A = 1.

KET LUAN

Tu nhiing thao ludn trén day, nghién ctiu cé nhiing
diém dong gbp méi sau day:

i) Da dé xudt dugc mot loai bom thay luc thé tich mdéi
roto c6 4 rang dugc dan dong bing cap banh rang elip
day 1a mot thiét ké méi cé tiém nang trong tuong lai
cho mot vai ting dung dac biét cin kich thudc nho
gon, ap sudt 16n nhu dong co Napier trong cac tau
chién mat nudc cha Hai quan.

ii) D6i v6i phuong an thiét ké nay d€ c6 luu lugng
16n nhat va kich thudc nho nhat thi nén chon A = 0.5
trong khi khoang cach truc giam di diéu do cho thdy
khi muén luu lugng, kich thudc nho gon thi chon hé
$6 A nho. Cuy thé khi ban thiét ké & A = 0,5 luu lugng
16n hon 52,17 % va khodng cach truc gidam 21,43% so
v6i ban thiét ké truyén thong 6 A = 1.
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Hinh 9: Dién tich tiét dién cac buéng bom véi (a) dién tich buéng bom dugc tao bai réto 1 va (b) dién tich buéng
bom dugc tao béi réto 2

Bang 1: Cac phuong an thiét ké bom

STT a b r A

1 58.4498 29.5502 5.7751 0.5
2 58.0328 34.9672 5.9836 0.6
3 57.5670 40.433 6.2165 0.7
4 57.0508 45.9492 6.4746 0.8
5 56.6026 50.3974 6.6987 0.9
6 56.0000 56.0000 7.0000 1.0
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Bang 2: Géc gidi han cung dinh rang va chan ring cta réto 1, réto 2 ting véi titng phuong an thiét ké

Phuong dn Roto 1 Roto 2
thiét ké 011 [rad] 01, [rad] 013 [rad] 0, [rad] 65, [rad] 053 [rad]
1 0.305 1.013 2.128 0.305 1.013 2.128
2 0.323 1.063 2.078 0.323 1.063 2.078
3 0.341 1.103 2.038 0.341 1.103 2.038
4 0.359 1.135 2.006 0.359 1.135 2.006
5 0.373 1.156 1.985 0.373 1.156 1.985
6 0.393 1.178 1.963 0.393 1.178 1.963
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(b)

Hinh 10: Két qua tinh todn khao séat s6 cac phuong én thiét ké theo hé s6 A vdi (a) luu lugng clia bom va (b) la

khodng céch truc.
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A new design of the Lobe pump is based on the meshing principle
of elliptical gear pairs

Nguyen Hong Thai", Nguyen Duy Long

A

ABSTRACT
The paper presents a new rotor design of an external coupling Lobe pump driven by pair of el-

[l A liptical gears. The new rotor is a four-tooth elliptical gear with tooth profile is a improve cylocid
Use your smartphone to scan this curve. The improve cylocid curve is the locus of the fixed point on the generation circle, when the
QR code and download this article circle a pure rolling without slipping on the elliptical centrode of the rotor. The conditions of the

rotor addendum and dedendum profiles are also considered. The limited supply angle addendum
and dedendum rotor profiles are determined through an iterative algorithm when the generation
circle makes a pure rolling without slipping on the ellipse base of the rotor. From there, we pro-
ceed to determine the pump design parameters according to the characteristic design parameters
forming the rotor profile. The flow rate of the pump is determined by the area of the pockets on
a cross-section perpendicular to the pump shaft. On that basis, a Matlab program is written from
the mathematical model established by the paper to calculate the rotor design. In addition, the
paper also investigates the effect of the coefficient | (semi-major axis divided semi-minor axis of
the elliptical centrode ) on the average flow and axis distance. Survey results show that the design
atl=0.5 flow is 52.17% larger and the axis distance is reduced by 21.43% when compared to the
traditional design at | = 1. This is the advantage of the new design proposed by this study.

Key words: Lobe pumps, oval gear, non circular gear, profile rotor, flow
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