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Tom tat

Trong qué trinh thiét ké bom thiy luc thé tich banh rang &n khép trong hypogeroto theo luu luong cho
truée, dé tim duoc bd thong sé thiét ké cda banh rdang hypocycloid théng thudng st dung phuong trinh bdo
toan céng théng qua mot thuat toan Iap. Tuy nhién, banh rang bién dang cung tron an khép twong (g thi
chwa xéc dinh dwoc ban kinh chan réng. Ban kinh nay la mot mién véi vé sé nghiém trong mét mién xac
dinh. Bé xac dinh nghiém ngudi thiét ké phai Ian lwot thir véi tirg ban kinh, tuong tng véi méi lén thir sé do
lai dién tich cac khoang bom trén Autocad va so sénh véi phurong phap bdo toan céng cho dén khi dién tich
thuc xap xi véi bdo todn cong dé chon nghiém. Quaé trinh nay Iap di lap lai mét cach thi céng trong qua trinh
thiét ké dén dén thoi gian thiét ké kéo dai va déi khi d6 chinh xéc khéng cao. Bé khac phuc vén dé nay trong
bai béo céc tac gid dwa ra phuong phap thiét 1dp céc biéu thire tinh dién tich céc khoang bom, dé tir dé tién
hanh Iap trinh tao ra mé-dun phan mém tinh toan tw déng va so sanh véi két qué cua phuong phéap béo
toan céng nhdm duwa ra nghiém chinh xéc nhéat. Ngoai ra, phuong phép nay ciing chi ra duoc mét cach
chinh xéc lwong chét I6ng duw thira ddn dén héa cing truc hodc thiéu hut so véi luu lirong ly thuyét cia méi
khoang bom tir khi thiét ké.

T khoa: banh rang xycléit, banh rang hypocycloid, bom gerotor, bom hypogerotor.
Abstract

While designing hydraulic hypogerotor pumps with internal matched gears based on the given flow, in order
to find the set of parameters of the hypocycloidal gears, the equation of work conservation and iterative
algorithm are usually used. However, it is still impossible to calculate the dedendum radius of the matching
gear with circular profile, which belongs to the specified region (with infinite number of root/solution). To find
the solution, the designer need to try in turn with each value of the radius, to measure the areas of the pump
chambers using Autocad for each turn, and to compare those values with the areas determined by the work
conservation method. This repeating process makes the whole designing work more time-consuming, and
also brings a lot of errors. To overcome this problem, in this paper, the authors present the method of
establishing formulas for calculation the pump-chamber areas, also programming a software module for
automatic calculating and comparing solutions with those achieved by the work conservation method in
order to gain the optimal solution. Moreover, this method helps to accurately assess the redundant amount
of liquid (which can lead to hardening the shafts), or the shortage of flaw in each pump chamber when
designing the hypogerotor pumps.

Keywords: epicycloidal gears, hypocycloidal gears, gerotor pumps, hypogerotor pumps.

ta trén hinh 1) c6 bién dang phurc tap hon. Do do, kho

e AL . khan trong viéc x4c dinh dién tich tiét dién mat cat,
Sy bién doi thé tich trong cac khoang bom theo g Viee X : : ; ;

thoi gian thuc d6i voi bom thuy luc the tich banh
ring 1a mot yéu tb quan trong. Chinh vi sy blen doi
nay da tao ra ap suat hut & cira vao va ap suét day &
ctra ra trong qud trinh bom hoat dong [1]. Khac véi
bom banh rang than khai thong thuong, bom banh
rang thuy Iyc thé tich dn khép trong hypocycloid (mé
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céc khoang bom trén mit phang vudng goc Vvdi truc
bom dé tinh luu luong riéng 1y thuyét. Dé giai quyet
van dé nay trong tai liéu [2] d& dua ra giai phap xap
xi bang cach chia ludi phan dién tich mat cat nay
thanh cac 6 vudéng dé xac dinh luu luong riéng cia
bom khi tu dong hoa thiét ké bang phin mém may
tinh. Mat khac, nhu trong tai li€u [3] cac tac gia cling
d3 chi ra rang dbi voi bom hypdgerdto phin ban kinh
chan rang R cta banh rang trong khong tham gia qua
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trinh an khép (xem trén hinh I). Do d6, khi thay dbi
ban kinh nay thi c6 cac kha nang sau:

Khi ban kinh R nh6 hon béan kinh t&i han [R] thé
tich khoang bom ting 1én so v&i 1y thuyét thiét ké.
Nhung luu lugng ctia bom lai khong ddi, do mot phan
thé tich 1a héng s6 khong bién thién dé tao ap luc day,
day phan chat long trong khoang day ra khoi bom
trong mot chu ky lam viée. Dan dén sau mdi vong
quay cua truc dan dong, luong chat 1ong dién day thé
tich nay khong dugc diy sang hét cira xa ma luu lai
trong bom tao ra sy chén ép cua chat long & 4p suat
cao gitra phan dinh rang cta banh ring trong va chin
rang cua banh rang ngoai, gay ra tai trong phu dm dau
lam anh huong dén do bén cua banh rang va 6 tryc,
nggal ra con gay hién tugng xam thyc va dau bj bién
chat.

Cung tron chén

rang banh_rang ’
tor 2

O

Cung tron dinh
rang banh rang
trong

Hinh 1. Bom hypoégeroto

Khi ban kinh R 16n hon ban kinh t&i han [R] thé
tich thuc cia khoang bom giam di so v6i Iy thuyét
thiét ké, dan dén ngay tir khau thiét ké da khong dap
g duoc yéu cau. Poi khi con bi chén chan ring gy
ra hién tuong ket riang khi phan chan ring cta banh
rang trong va cham véi dinh rdng cua banh rang
ngoai.

Nhu vay, phuong phap duoc dé xuit ¢ tai liéu
[2] nhu d& ndi & trén hay tinh Ivu lvong bom theo 1y
thuyét thiét ké & mot so it tai liéu nghién ctru dung
loai bom nay [4, 5] s& dan dén két qua 1a chwa hoan
toan chinh xac. Pé xac dinh thong sd R trong tai liéu
[3] nhom tac gia da st dung giai phap do dién tich
trén CAD thong qua ngdn ngit Autolisp va lap di, lap
lai cho dén khi luu lugng thiét ké dat dén luu lugng ly
thuyet [7], tuy nhién phuong phap nay kha thu cong
va mit qua nhiéu thoi gian dé thiét ké ciing nhu
khong xéac dinh dugc qua trinh bién doi thé tich trong
mdt chu ky 1am viéc. Pé khic phuc nhuoc diém trén
bai bao nay trinh bay phuong phép thiét 1ap biéu thirc
giai tich tinh dién tich tiét dién cua mot khoang bat ky
trén mat ct ngang cua truc din dong duoc trinh bay
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trong muc 2 cua bai bdo, trén co s& do dua ra thuéat
toan tim R dugc trinh bay ¢ muc 3 cua bai bao.

2. Thiét I3p biéu thirc gidi tich xdc dinh dién tich
tiet dién khoang bom theo géc quay cia truc dan
dong

Theo dic diém an khép cua cip banh ring
hypocycloid trong qué trinh dn khdp, cac cap bién
dang ddi tiép ciia hai banh ring ludn tlep xac voi
nhau tai cic diém an khop K; (véi j la diém tiép xiic
thuoc rang thwr j cua banh rang trong) tao thanh céc
khoang bom (phdn gach mdt cdt dwrge mé ta trén hinh
2). Khi banh rang 1 (bdanh rang chu dong co bién
dang la cdc cung tron) duoc dan dong voi van toc
goc o lam banh rang 2 (banh rang hypocycloid)
quay cing chiéu véi van toc goc wy. Khi do, véi
chiéu quay ctia ©; trén hinh 2 ta c6 cac khoang bom &
phan I (qud trinh ddy) c6 dién tich giam dan, con con
cac khoang bom & phan II (qud trinh hif) dién tich
cac khoang bom c6 xu huéng ting dan.

Hinh 2. Tiét dién mat cit cia bom theo phuong
vuong gbc vai truc cua bom

Nhu vy, néu goi Kj;, Kj1; 1an Iugt 1a hai diém
an khop lién tiép cua rang thi j va j+1 trén banh ring
trong dang an khop véi banh rang ngoai hypocycloid
tai thoi diém ma banh ring chu dong (bdnh ring
trong) quay véi goc @; bit ky. Khi d6, mién dién tich
thuc Stj(®;) s€ 1a dién tich cta khoang bom thu j
(khoang bom dwoc gioi han boi bién dang cua banh
rdng trong, banh rang ngodi tai hai diém an khép K;;,
Kj+1: va dugc cho boi:

STj((Di):Sz/(q)i)_Sl_,‘((Di) (1
Trong d6:

+ Syi(®;) 1a mién dién tich trén mit cit vuong
gbéc voi truc bom dugc gidi han bdi duong cong
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hypocycloid tai hai diém K, Kj.1; (hinh 3b) va dugc
tinh trong muc 2.1 duéi day.

+ Sy(®;) 12 mién dién tich trén mit cit vuong
goc voi truc bom duge gidi han bdi hai cung tron

i
a) Dién tich khoang bom bét ky

an khop

b) Dién tich phan gi¢i han
banh rang ngoai tai hai diém

hinh thanh bién dang banh ring trong, tai hai diém an
khop K;i va K1 (hinh 3c) va dugc tinh trong muc
2.3 dudi day.

c) Dién tich phan gioi han
banh rang trong tai hai diém
an khép

can tinh S;(®;)

Hinh 3. So @5 m6 ta cach tinh mién dién tich S;(d;)

2.1. Dién tich S2(®)

Tai thoi diém i bat ky khi banh ring trong quay
véi van toc goc ®; tuong tng véi quay goc d; dugce
mo ta trén hinh 4.

Khi d6, cung cong cua banh rang ngoai K K, quay

di mot goc ['(D,) =iCD[..

Z1+1

Hinh 4. So dd tinh di¢n mién dién tich Sy(®;)

bat ky
Nhu vy, tai thoi diém nay phuong trinh bién dang
banh ring ngoai sau khi quay mét goc I'(D,)so véi

gia co dinh, va dugc cho boi:
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y (q);) ZB(Z,F(CD[))KM (2)
Trong d6:

_|cosI(®,) —sin[(D,)
Bz1(®.))= [sin I'(®,) cosI'(D,) }

r,;- 1a toa do cua bién dang géc dugc cho boi
phuong trinh (5) ma nhom tac gia da trinh bay trong
tai liéu [6].

Tir phwong trinh (2) ta c6 mién dién tich tiét dién gidi
han béi duong cong hypocycloid mo ta trén hinh 3b
duoc cho boi:

Ti1(®2) yrh(r-) (q)z)
S,,( @)= [ x (0)EdD,  (3)
L (@) 8(1),-

Trong d6: T,(®,), T, (®,)la géc quay tuong doi

gitta hai banh rang (bdnh rang trong va banh rang
ngoai) dugc mo ta trén hinh 4 va duoc cho boi:

[OF
(@) =—"
z+1 @)
T, (0)= 2@ +27
z(z; +1)

2.2. Di¢n tich S1j(Dy)

Theo tai liéu [1, 6] bién dang banh rang trong
duoc ket hop tir hai cung tron (cung tron dinh rang va
cung tron chan rang mo ta trén hinh 1). Trong do6,

d) Dién tich khoang bom
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cung tron dinh rang c6 ban kinh rg, cung tron chan
rang c¢6 ban kinh R (R bdn kinh cung tron tiép xiic véi
hai cung tron dinh rang lién tiép) va duge mo ta &
hinh 4. Vi vay, mién dién tich Sij(®:) (hinh 3a) dugc
cho béi:

Slj((Di) =S ‘((Di)+S12A/(CDi)+S13j((Di)
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(6))

Trong d6: dién tich cia cac mién S11j(D3), Sizj(Ds),
Si3i(®;) phan di¢n tich dugc mod ta trén hinh 5 va
duoc tinh:

i) Dién tich S11;(®y), S13i(Dy)

0 (@yg (@) (6)

J+Li

s S NAa ==
, N
7

\\“

Sllj((Di) =

Hinh 6. Dién tich thanh phan cua S(®;)

Si3;(®) = xK @)y, (@) Q)

(@),
Vs (@) 1an luot 14 toa d6 diém an khop Kj; va

Trong d6: x¢ (@), yg, (P;), Xk

JHLi

Kj+1,; duge cho bdi phuong trinh (7) ma nhom tac gia
da trinh bay trong tai liéu [7].

i) Dién tich Si;(®y)
Mién dién tich Sio(®;) (hinh 6a) 1a mién dién tich
dL{QC gidi han bdi bién dang banh rang trong tai hai
diem an khop K;;, Kj+14, cung nay bao gom 2 cung
tron (cung tron dinh rang va cung tron chan rang).
Khi 6, dién tich ctia Si»(d;) 1a tong cla cac
mién dién tich thanh phﬁn S]z]j(q)i), S[zzj(‘bi),
Slz3j(q)i) (hii’lh 6b, 66, 6d) va du‘()’C cho boi:

S12j (@) =815 (P;)+ 8100 + 8123, (P;) (®)

Trong d6: dién tich cua céc mién S121j(D5), S122i( D),
Slz3j(q)i) duqc xac dinh duébi déy.

Digén tich S123(D)

Mién dién tich Si23(®;) dwoc cho boi:

Smj (D,)== %;;,,Rl[sin o —sing,(D,;)] -
©)

1
_Erj[” _é_ai(q)i)]
Trong d6: cac thong i, ¢ khong phu thudc vao goc
quay cua truc dan dong ®; (8 = const; ¢ =const) va

c6 gia tri:

5 = cos R +(R+r,)* —1?
2R (R+7;)

2
{=R, cos[lj + \/(R + rcl)2 - [Rl sin[zJJ (11)
2 2

(10)

a) Midn dién tich Sizy(®)
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¢) Dién tich 2S121j ()

b) Dién tich 'Sy (®)
Hinh 7. So db tinh mién dién tich S;,(®;)

Dién tich Si2;(®Dy)

Mién dién tich S121j(®i) (hinh 7a) duge giGi han
bdi cung tron dinh rang tdm Bj+, mién dién tich nay
bao gém hai dién tich Se(®i) (hink 7b), S1(®y) (hinh
7c) va dugc cho boi:
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Si2i, (@) IS (@,)+7S,,,(D,)
:%;},R1 [sind +sine,,, ((D,.)]+ (12)

+ rj [7-0, +a,,(D)]

Dién tich S12(®y)

a) Mién dién tich
S122(D)

b) Dién tich
"S122(®)

c) Dién tich
2S122(®)

Hinh 8. So dd mé ta cac mién dién tich dé xac dinh
Si2j

Mién dién tich S5 dugc gi6i han boi cung tron
chan riang ban kinh R (hinh 8a) va bang hiéu cia
mién dién tich hinh 8b trir di mién dién tich hinh 8c,
do do:

Siy; = Rlsin®—R*O (13)

2.3 Vidu ap dung

Xét by thong sb hinh thanh cip banh ring
hypocycloid thay thé cho cip banh ring epixycldit
trong hé thdng béi tron ctia dong co D20(ZS1110) co
cac thong s6: E=3 mm; z; =4 mm; R; =12.5 mm;
ra = 2.4 mm; R = 12mm ta c¢6 d6 thi bién thién dién

S o]

tich thuc (1 thuyér) cua khoang bom S; theo goc quay
cua tryc dan dong duoc md ta ¢ hinh 9.

Nhdn xét: tir @6 thi hinh 9 ta d& dang nhan thay véi
mot khoang j bat ky qua trinh hat (khoang bom ting
dan thé tich) dugc bat dau dién ra tai tri goc quay cua
truc dan dong @; = 315° dén khi @; = 135°, con qua
trinh x& (khoang bom thu hep dan thé tich) dién ra khi
®@; e [135° 315°]. Do @6, khi thiét ké cira hut va cira
déay nguoi thiét ké can phai luu ¥ dén qua trinh nay dé
bd tri cira hut va cira day ngoai viéc phai xac dinh gan
tadm an khop.

3. Thuét toan xac dinh ban kinh chan ring banh
ang trong

3.1. Di¢n tich khoang bom tinh theo phwong phdp
Iy thuyet an khop

Theo tai li¢u [3] ma nhom tac gia da trinh bay
thi sau khi bién d6i phuong trinh (7, 8) ta c6 dién tich
tiét dién khoang bom S; trén mit cit vuéng goc voi
truc bom:

)

m (cDi)_ij (D))] (13)

SLTj(q)i): [,012<

J+l

Véip, (D)), py l(CI)l-) 1a khoang cach tir diém an
J JH

khop Kj, Kj+i vé tam an khép dd dwoc nhom tac gia
trinh bay trong tai liéu [3]. Dé minh ching cho hai
nhan xét (i va ii) trong muc dat van d¢, bay gio chung
ta hdy xét ba truong hgp cho cdp banh rang
hypocycloid dung trong bom bdi tron ctiia ddng co xe
may (hang HonDa) c6 dung tich 100CC véi cac thong
sO thiét ké bién dang banh rang ngoai: E =1 mm; z, =
7mm; R;=7.5 mm; rg= 1.5 mm.

12

100

& [*) o]
S S S

Dién tich tiét dién khoang bom Sj(®)

o
(=]

I
Qua trinh xa

Dl

——

0 50 100 135150

300 315 350 360

Hinh 9. Bién thién dién tich khoang bom trong bom Hypdgerdto trong hé thong boi tron ctia dong co Diesel

D20 (ZS1110)
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Hinh 10. Bién thién dién tich khoang bom trong truong
hop R =2 mm

Truong hop 1 (xem hinh 10 va 13a): ban kinh
chan riang banh ring trong R = 2mm, do thi mé ta su
chénh 1éch dién tich tiét dién khoang bom dugc mo ta
trén d6 thi hinh 10. Tir hinh 10 d& nhén thiy rang dién
tich thuc 16n hon phan dién tich 1y thuyét rat nhiéu,
phan t6 mau phia dudi 1a phan chénh léch tai ting
thoi diém va gia trj 1on nhat xap xi 13% day sé la
phan dién tich c6 hai cho may.

Truong hop 2 (xem hinh 11 va 13b):

g
£l
18 T
16 Dién tich i
o 14 theo ly thuyét
©
S
10—~ 7
<
T 8
g 6
<
Lapf At e o
s§>- 2 ®°
Q -
0

1
50 100 150 200 250 300 350 360

Hinh 11. Bién thién dién tich khoang bom trong
treong hop R =2.5 mm

Khi ban kinh chan rang banh rang trong R = 2.5
mm, dd thi md ta sy chénh léch dién tich tiét dién
khoang bom dugc md ta trén do thi hinh 11. Trong
truong hop nay ta nhan thiy hai phan dién tich xap xi
nhau gia tri chénh I¢ch lon nhit 13 2.5%.

Truong hop 3 (xem hinh 12 va 13c): ban kinh
chan ring banh ring trong R = 3.5 mm, do thi mé ta
su chénh léch dién tich tiét dién khoang bom dugc
mo ta trén do thi hinh 12. Trong truong hop nay ta
nhan thdy phan dién thuc nho hon rat nhidu day s& la
phan dién tich gy ra hién twong giam luu luong so
v6i thiét ké, trong truong hop nay gia tri 16n nhat xap
xi 19% va khi d6 xuét hién sy va cham giita dinh
rang banh rang ngoai va chan rang banh rang trong tai
vi tri gan tdm an khop (xem hinh 13 ¢).

26

®°

350 360

o 50 100 150 200 250 300

Hinh 12. Bién thién dién tich khoang bom trong
truong hop R =3.5 mm

§ Bién dang banh
rang trong

a b) Bién dang bank
Dién tich theo Iy thuyét thiét ké ey
Dién tich thuc

Hinh 13. Cap banh rang trong ba trudng hop

3.2. Thudt todan xdc dinh ban kinh chdn rang ciia
bdanh rang trong

Trén co s6 1y thuyét da trinh bay & muc 2 va
muc 3.1, hinh 14 13 so d6 thuat toén tinh chon R bén
kinh chan rang banh rang trong. Trong do
R . =R sin(2z/z)—r, dugc tinh tir diéu kién bién
tai liéu [4]. Tu thuat toan nay nhom tac lap trinh
modul phén mém tinh chon R ¢6 giao dién cho trén
hinh 15. Bay gio tinh chon ban kinh R cua banh rang
trong ctia bom boi tron dong co xe may (hdng Honda)
¢6 dung tich 100CC véi cac thong sb thiét ké dic
trung bién dang banh rang ngoai: E = 1 mm; z; =7
mm; R; = 7.5 mm; ryq = 1.5 mm. Khi tryc ddn dong
bom & tde d6 2000 vong/phut c6 luu lugng Q = 1.174
lit/ phut; dit AS = 0.01 mm® ta xac dinh dugc R = 3
mm.

Nhan xét: véi thuat toan nay cho phép xac dinh
chinh xac ban kinh R ciia banh ring trong dé hinh
thanh bién dang banh ring. Pay 1a co s dé tién ti co
thé t6i wu kich thudc thiét ké bom theo luu lugng va
tdc do cho trude.
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E; z1, Ry; ra; Q; AS

INhdp cdc théng so thiét ké banh ring ngodi:

|

Tinh dién tich khoang bom theo Iy thuyét:
Sr17(Di) theo cdng thie 13

!

Gan: Rj = Rumin

Tinh dién tich thuc khoang bom theo R:
Stj(®;) theo cong thirc 1

St(D;) - SL1j(Di) < AS

Hinh 14. So d6 thuét toan chon R

Open  Save Analysis  Import CAD

Nhgp théng 55

BléchtimE 1 ]
Ban kinh tamtich banh rang R1 5 sl
s kin ng binh dngtongrcl |15 ]
n kinh chén réng banh réng trong 3 [mm]

Thong s5
Edt jhm o Check Dispiay

Buang an khdp Smuiation

Show

© Bén kinh an kndp
[rom]
[véng/phi]

fpsust

-3

|

Calcubate

Luulugngj thuyét KnnhstQ 1174 [it/pht]

fp suit [bar)

1246 2502 3758 5014 627
Goc quay truc ¢ adng [rac]

Hinh 15. Giao dién modul phéin mém tinh chon R

4. Két luan

Céc két qua nghién ctru cua bai bao nay da:

- Ching minh rang mg v6i mdi bo théng sb thiét ké
bién dang banh rang ngoai thi chi tim duoc duy nhat
mot bd s6 liu cua banh rang trong dap ung dugc luu
luong cua bom. Vi€e thay do6i ban kinh R lam tang
the tich khoang bom s€ dan dén c6 hai cho may hoac

khong du luu luong so véi 1y thuyét thiét ké nhu da
trinh bay trong muc 3.1.

- Dua ra co so 1y thuyét va thuat toan cho phép xay
dung phan mém tbi uu hoa kich thude cia bom trong
bai toan thiét ké ngugc. Khi nha thiét ké dong co da
xac dinh dugc cac thong s6 k¥ thuat cua hé théng boi
tron va yéu ciu mot loai bom cé thé dap ung dugc
cac yéu cau k¥ thuat ma kich thudc lai nhé nhat nham
giam kich thudc dong co.
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