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Sw bién doi ap suit trong ciac khoang bom ciia bom béi tron dong co dot
trong hypogerotor

Pressure Change in the Chambers of the Hypogerotor Pump Applied in Lubrication of the Combustion
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Tom tat

Bom hypogerotor la mét loai may thiy luc thé tich rotor kiéu banh rdng dn khép trong, ¢ bién dang Ia ho
dwong cong hypocycloid. Loai bom nay méi duoc dé xuét trong nhitng ndm gan day va da duoc mét s6 nha
khoa hoc nghién ctru vé: diéu kién hinh thanh bién dang rotor, hién twong truot bién dang, lwu lwong
v.v..Tuy nhién, vén dé xac dinh sw bién déi 4p suét trong cac khoang bom tai thoi diém bét ky trong mét chu
ky 1am viéc ctia may duwéi dang gidi tich theo duong &n khép va céc théng sé thiét ké dac trung chuwa duoc
dé cap ma thuong gidi bang phuong phép sé théng qua phén tich phén tir hitu han. Bé gidi quyét vén dé
nay nhém tac gia két hop dinh luéat Bernoulli véi Iy thuyét &n khép cda banh rdng hypocycloid, dé tir dé dua
ra biéu thirc gidi tich xac dinh 4p suét trong khoang bom bat ky. Két qué nay c6 y nghia quan trong trong
viéc t6i wu cac théng so thiét ké ciing nhw xéc dinh tén that va xung luc gdy ra rung dong ctia bom trong
qua trinh lam viéc.

T khéa: Bom hypogerotor, sw bién déi ap suét, banh réng hypocycloid, bom béi tron.
Abstract

Hypogerotor pump is a hydraulic machine based on internal mating gears with hypocycloidal profile. This
type of pumps has just been presented in recent time with researching works on condition for profile
generation, slippage of the tooth profile, flow rate of the pump etc. In order to determine the change of
pressure in pump chambers at arbitrary time during one working period, the numerical methods with finite
element analysis have usually been used. On the other hand, the analytical method using the line of action
and the characteristic design parameters has never been presented. In this paper, the authors combine
Bernoulli’s principle with gearing theory of hypocycloidal gears to propose an analytical formula for
calculating pressure in pump chambers. The outcome of this research can help to optimize the design
parameters as well as to determine losses and impulse force causing vibration when the pump is running.

Keywords: Hypogerotor pump, pressure change, hypocycloid gear, lubricating pumps.

t6i uu kich thudc theo didu kién giam thiéu qua trinh
mon khong déu ¢ hai banh rang trong qua trinh lam

Bom thiy luc the tich banh ring hypogerotor  ia: "par"Chat 13 fim ddng thoi hai thong s thidt ké

duogc dé xuat boi Hwang va Hsieh vao nam 2007 [1].
Trong nghién ctru ndy Hwang va Hsich da dé cap dén
viéc thiét 1ap phuong trinh bién dang banh ring
hypoxiclbit va dua ra cac didu kién hinh thanh bién
dang rang nhdm tranh hién tugng cit lem chén ring.
Tiép d6 nam 2009 [2] Kwon va cong sy lai tiép tuc
nghién ctru bo sung mién gidi han chan rang cta banh
ring trong, an khép ddi tiép v6i banh ring
hypoxicloit. Bén nam 2011 [3] trén co so danh gia
anh hudng cua van tde truot tuong ddi tai diém an
khép cua cdp bién dang dbi tiép dén hién mon bién
dang, nhom tac gia da sir dung giai thuat di truyén dé
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R}, rq dua trén phuong phap danh gia anh huong cua
kich thu6c thiét ké dén hién tuong truot bién dang ma
Ivanovi¢ va Josifovi¢ (2006) di trinh bay trong [4] dé
sao cho, van toc trugt twong ddi giira hai bién dang tai
diém an khép 1a nho nhat. Ngoai ra cling ¢6 mot sb
nghién ctru khac trong nude [5 - 9] véi muc dich: xac
dinh cac thong sé thiét ké nham dam bao diéu kién
hinh thanh bién dang; xac dinh vén tde trugt bién
dang; xac dinh luu lugng bom ctia bom da duogc thiét
ké hay thiét ké mai; ché tao banh ring hypoxicloit
thay thé cic loai banh riang khac dé tao thanh bom
hypogerotor phuc vu cic hé théng boi tron, con
nghién ctru vé bién dbi ap suét trong cac khoang bom
thi hau nhu chua duoc dé cap dén. Trong khi d6, theo
tai lidu [10] trong qué trinh ché tao luén c6 sai s6 ché
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tao va 1§ip rap, dan dén c6 ton thét luu luwong do hién
tugng ro ri luu luong qua khe hd (canh rang, mat
dau) duéi tac dung cua ap suat. Mat khac, theo tai
liéu [11] mac du bom Gerotor c6 cap banh rang hinh
thanh bom 1a banh rang epicycloid (bién dang dwoc
hinh thanh tw dwong cong cung ho voi banh rang
hypocycloid) da dugc nghién ctru lau doi tir ndm 1920
[12] nhung cho t&i nay nghién ciru vé sy bién doi ap
sudt trong cic khoang bom ciing chua dugc dé cap
nhidu. Trong [11] cic tac gia dd nghién ctru anh
hudng cua bién d6i ap suat trong cac khoang bom ciia
bom Gerdto dén ton that luu lugng, tir d6 lua chon bd
thong s thiét ké cho cip banh ring epyxicldit nhim
giam bién do 4p suét trong cic khoang bom thong
qua biéu thuc tinh chénh 1éch ap suét giira bén trong
bom va bén ngoai ma Manco [13] da thiét lap. Véi
muc dich nhu trén dé danh gia anh hudng cia cac
thong sé thiét ké dic trung (R, r.) toi su bién dbi ap
suét trong cac khoang bom ciia bom hypogerotor dé
lam co s& cho viéc tiép tuc nghién ctru sau hon vé
loai bom nay. Trong bai bio niy nhém tic gia tién
hanh thiét 1ap biéu thic giai tich xac dinh sy bién doi
ap suat cua khoang bom bat ky, trén co so 4p dung
dinh luat Bernoulli cho dong chat long chay tir ctra
hat dén cira ddy cua bom. Tir d6 tién hanh khao sat
anh huong cua hai tham s thiét ké dac trung 1a R; va
re dén su bién d6i 4p sudt trong bom. Dé giai quyét
van dé nay cac gia thiét dugc dat ra d6 1a: bom khong
¢6 khe ho (khe ho canh rang, khe hé mat dau); khong
xét dén ton that cuc bo trong dong chat 1ong ciing nhur
chay qua bom va dong chit 16ng chay qua bom 1a lién
tuc, khong chiu nén trong bom va hé théng boi tron.
Ngoai ra, v6i muyc dich nhu trén nén céc tham s6 nhu
d6 nhdt dong hoc, nhiét dd cua dau boi tron v.v..
cling khong dugc xét dén.

2. Thiét 1ap phuwong trinh xac dinh sy bién doi ap
suat trong khoang bom bat ky theo géc quay cia
truc dan dong

Néu goi: b, S, (y)lan luot 1a chiéu day khoang
bom va dién tich tiét dién khoang bom (theo mdt ct
ngang vuong goc voi truc bom) khi d6 thé tich
khoang bom thtr j bat ky (khoang duoc tao thanh tir
rang thir i va i +1) theo goc quay cua truc dan dong
y dugc cho boi:

V() =bS,(7) (1)

Gia thiét trong mot chu ky lam viéc cua bom
néu goi ¢, vl1an luot 14 thoi gian va van toc dé dong
chat long dién day khoang hut va day ra hét khoi
khoang day khi do:

b=vt
Thay (2) vao (1) sau khi bién ddi, ta co:

2
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1 dvi(y)
S;(y) dt
2.1. Thiét lgp phuwong trinh bién déi dp sudt trong

khoang hit (chit long di tiv civa hiit vao khoang
hiit)

3

Trude hét xét hai mat cit do 1a mat cét 1-1 (tai
cita vao) va mit cit 2-2 (trong khoang hiit) (xem hinh
1) (hai mdt cdt ndy vudéng géc véi vin toc dong chdt
long chay vao bom), ap dung dinh luat Bernoulli ta
co:

“

Trong do: h, P,v, lan luot 1a chiéu cao, ap
suit, van téc dong chéit long tai rpét ct ’1 -1
h,, P,,v, lan lugt 1a chiéu cao, 4p suat, van toc dong
chit 1ong tai mat cit 2 - 2; p la khdi luong riéng cua
chit long; g 1a gia tdc trong trudng.

Chét I6ng

{ Tiét dign tai
vao

maét cét 2- 2

%)

Tiét dign tai
maét cat 1-1

Hinh 1. Vén toc dong chay va ap suat tai ctra hiit
bénh réng hypéxycloit (banh rang ngoai)

banh réng cung tron (ban rang trong)

Buong an khép

Hinh 2. Ban kinh an khép xét tai khoang thir j bat ky
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Trong truong hop nay, do 4 =h, va van toc

doc truc tai ctra vao la rat nho, nén v, =0 vi vay

phuong trinh (4) dugc viét lai:

P, -P :

)

Néu goi: AP,(y) 1a do chénh 4p & bén trong
khoang bom so véi ctra vao theo goéc quay cua truc

dan dong, khi d6 thay (3) vao (5) ta co:

avmY
AP, =P -F= ( J 6
= 282\ e j (6)
Mit khac, tir tai lidu [5] ta co:
de(J/)_ b,
R G G

Trong d6: e vén tbc goc ciia banh ring trong
hay vén tde goc cua truc dan dong; con Pk (¥) s

Px,., (V) lan Iugt 1a khoang cach tir tim an khép P dén

hai diém &n khop Ki va Kj+; cla hai banh ring dé tao
thanh khoang bom thir j bat ky (xem hinh 2) trong qua
trinh an khép va gia tri dugc xac dinh bdi [6]:

p,(n= ([zK,-(y) rp]r[rK,-(y) KPDO’S Voi (j =ivaj=

i), con rg(1) =[xy () ve()] va r,lan luot 1a
toa do diém K; va P trong hé quy chiéu gén lién véi
gia, ¥ la géc quay cua truc dan dong theo thoi gian ¢.
Nhu vay, thay (7) vao (6) ta co:

2 2
AP,(7) = - ”@)wmm%mz®

85 (y)(z, +1

Tu phuong trinh (8) ta nhan théy ap suét trong
khoang hut cia bom lu6n nh6 hon so véi bén ngoai
clra bom dé tao 4p sudt hut chit 1ong vao khoang
bom.

2.2. Thiét 13p phuong trinh bién dbi 4p suét trong
khoang day (chat long di tir trong khoang bom ra
cira day)

Tuong tw nhu trén viét phuong trinh Bernoulli
tai hai mat cét 3 - 3 (trong khoang day) va 4 - 4 (tqi
cira ddy) (xem hinh 3), trong truong hop nay van tbe
chat long trong khoang ddy rat nho do d6 cé thé coi
vy = 0. Sau khi bién ddi ta co su chénh 1éch ap suét
trong khoang day va ctra ra dugc cho boi:

AP, (y) = — L2 )[pim N -prMF )

857 ()= +1
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T phuong trinh (9) cho thiy ap suat trong
khoang day luén 16n hon bén ngoai cira day dé tao ap
luc ddy hét chat long trong khoang bom ra ngoai.
Trudce khi xét vi du ap dung tir (8 va 9) ta nhan thay
ap suét trong khoang bom ty 1& nghich véi s6 khoang
bom (turc tang z, thi sw chénh ap giam di)

Chét Idng

B

Tiét dlgn tai
mat cat 4 -4

Tiét d{en tai
méatcat3-3

Hinh 3. Van tdc dong chay va ap suét tai cira day

b)
Hinh 4. Anh chup bom ché tao va ban v& thiét ké

Trong dé: 1 - V6 bom; 2 - 6 truot; 3 - then bang; 4 - truc bom; 5 — réto 1; 6 — réto
2; 7 —khéa" chdn;8 — dém ameang; 9 — nap bom; 10 — vit M8x15;
11— chét dinh vi $3x10

Vi du ap dung:

Ap dung phuong trinh (8) va (9) cho bom boi tron da
dugc nhom tac gia ché tao va c6 ban thiét k& mo ta
trén hinh 4 v&i bo thong s thiét ké: R, = 34 mm, sb
khoang bom 1a 5 (z; = 5), khoang cach tdm quay hai
banh rang £ = 3mm, ban kinh dinh rang banh rang
trong r;; = 8 mm, chiéu day khoang bom b = 10 mm,
truc bom quay v6i van toc goc @, =107z rad/s, chat
long chay qua bom 1a loai diu boi tron ¢6 khdi lwong
riéng p =890kg/m’. Dé thuan tién so sanh trong
cing mot d6 thi trong truong hop nay xét
AP(y) =|P,(»)|+ P, (7) . Nhu vay, v6i bo thong s6 da
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cho hinh 5 1a db thi m6 ta sy bién ddi dién tich tiét
dién khoang bom theo goc quay truc dan dong (frong
mat cat vuong goc voi tryc bom) va dugce tinh theo
phuong phap giai tich ma nhom tac gia da thiet lap
duogc trinh bay chi tict trong [14], con hinh 6 1a do thi
md ta sy chénh ap ¢ trong khoang bom so vdi bén
ngoai (cira hut va cia day cua bom).

Tir hinh 5 va hinh 6 ta dé dang nhén thay trong
mdt vong quay lam vi¢c cua truc dan dong, qua trinh
hut dién ra khi goc quay truc bom y € [0° + 144°] U
[324° +
truc bom y € [144°% + 324%). Tai vi tri y = 144° thi
khoang bom ¢ gitra ctira hut va cua day, day 1a vi tri
thé tich khoang bom lon nhat — chat long bi nhot gitra
khoang hut va day, khong cho chat long ro ri tur
khoang hut sang khoang day (khodng trong nam giita
B va C) (hinh 7) ,
khoang bom gﬁn voi tdm an khép P (vi 71 D va A)
(xem hinh 2 va hinh 7).

360°] con qua trinh day dién ra khi goc quay

con tai vi tri y = 324° 13 vj tri
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Hinh 5. Dién tich tiét dién khoang bom theo goc
quay cua tryc dan dong ¥
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Hinh 6. Sy bién dbi ap suat trong khoang bom bét ky
theo goc quay y cua truc dan dong

=
=
<
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Khi vé gan tdm an khép ap sut trong khoang
day giam rat nhanh tir Pps vé 0, sau d6 khoang bom
chuyén sang phia ctra hut lam ap suat trong khoang
hut ciing tut xuéng rat nhanh, tao ra sy chénh ap gilra
bén trong khoang hut va ngoai cira hiit 1am cho dau
chay tir bé vao budng hiit. Ly do khi khoang j chi can
1&ch ra khoi vi tri tdm an khép mét vai do 1a ngay lap
tae khoang j duoc thong voi khoang thir (j + 1) phia
sau n6 boi két cau cua cura hut — tir diém A t6i diém B
(hinh 7) lam ap suét giam rat nhanh tao su chénh léch
ap suit so voi bén ngoai.

3. Anh huéng cia tham so thiét ké dén sy bién doi
Ap suit trong cac khoang bom

3.1. Anh hwéng ciia tham so thiét ké R; dén sw bién
doi dap sudt trong cdc khoang bom

bé danh gia anh huéng cua tham sO thiét ké R, toi sy
thay doi ap suat trong cac khoang bom. Chung t6i xét
vo1 bd ghéng soO thietké z;=5, E=5 mm, r,= 10 mm
theo di€u kién hinh thanh bién dang roto ngoai (hanh
rang hypocycloid) [2, 6] thi R; = 25.78 mm. Cho truc
dan dong quay v6i van toc goc @, =107 rad/s, dau
boi tron ¢6 p = 890kg / m* va ldy gia s khao sat AR,
= 2,5 mm cho bén truong hop véi R =R, +AR, (i

=1+3, R;;=37,5mm).

1,i+l

Banh rang ngoai

Biém an khop
Hinh 7. Vi tri ctia hut cua day

V6i bd s6 liéu nhu trén hinh 8 1a @ thi mo ta su bién
dbi ap suét trong cac khoang bom theo tryc dan dong.
Tir d6 thi hinh 8 cho thy khi ting ban kinh R, thi su
bién d6i ap suét trong cac khoang bom giam di rat
nhanh. Diéu d6 c6 nghia, mudn giam bién do cua sy
bién dbi ap suit trong cac khoang bom thi ting ban
kinh R,. Nhung dbi lai kich thudc hudng kinh lai
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tang 1én dang ké do d6 can xem xét luu ¥ truong hop
nay.

T

1

1
[N I —

1

1

1
_——— = =

1
~R;=37,5mm; ry =10 mm

o

252 288 324 360

Hinh 8. Sy bién ddi ap suét trong khoang bom theo
thong so thiet ké R,

3.2. Anh hwong ciia tham sé thiét ké v dén sw bién
doi ap sudt trong cdc khoang bom

~ Tuong ty trén aé danh gia anh huong cia tham
s0 thiét ké r; dén sy bién doi doi ap suat trong cac
khoang bom. Chung t6i cling chon truge cac tham so:
z1=5; E=5mm; R; = 37,5 mm, dé dam bao dicu
kién khong c6 hién tuong giao thoa canh rang [6] thi
rer € [0 + 44,9], dau bdi tron ¢6 p =890kg / m* , truc
din dong quay véi van téc goc o, =10z rad/s. Liy
gia s6 khao sat Ary = 1,5 mm va khao sat cho 4
truong hop: 7., =7, +Ar, v6i (1, =5,5mm, con

Ll i+l T

ie [1 +3]). Nhu vay, ta co6 dd thi mo ta sy bién dbi
ap sudt trong cc khoang bom theo goc quay truc dan
dong dugc cho trén hinh 9.

P [bar]

-———r-=--

10

180 216 252 288 324 360

Hinh 9. Sy 'biép d6i ap suat trong khoang bom theo
thong soO thiét ke 7«

Ttr hinh 9 ta ciing thay khi giam r¢ thi sy bién
dbi ap suét cung giam di dang ké. Do d6, dé giam
bién d6 cua su bién ddi ap suat trong cac khoang bom
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thi ta c6 thé giam thong s thiét ké r. hon la ting
R, 6 truong hop trén, vi khi d6 kich thuéc hudng
kinh bom nhé hon. Tuy nhién, can luu ¥ khi giam
kich thudc 7 lai gap van dé hién twong mon do truot
bién dang ting 1én vi thé phai xét thém diéu kién nay
trong bai toan tdi wu thiét ké dé can nhic Iva chon
thiét hon.
4. Két lun

Bai bao da thiét 1ap dwoc biéu thirc giai tich xac
dinh dugc su bién d6i ap sut trong cac khoang bom
theo dudng an khop va cac thong so thiét ké R, va ry
(phuong trinh 8 va 9), day cling la mot trong nhitng
két qua chinh vi theo nhur nhém nghién ctru tim hiéu
thi cac nghién ctru da c6 vé loai bom nay chua dé cap
dén ma hau hét déu dya vao phuong phap sé dé tinh
toan va mot diéu bat tién 1a mdi 1an hiéu chinh tham
sb thiét ké, lai thiét ké lai mo hinh 3D dé xét cac diéu
kién bién. Voi két qua nay cho phép thiét lap mot
phan mém ty dong hoa thiét ké riéng. Ngoai ra con
cho phép nguoi thiét ké danh gia anh huong cua cac
thong so thiét ké R; va ry dén sy bién do6i ap suat
trong cic khoang bom tir d6 lya chon cac thong sb
thiét ké hop 1y cho timg tmg dung khac nhau do6 la:

—Khi khoang cach dat bom 16n thi can chon bd
thong sb R; va r. 16n. Piéu d6 c6 nghia kich thudce
huéng kinh cua bom s& ting 1én theo
R; =R, + 1, — E[6]. Tuy nhién, trong truong hop nay
can xét thém diéu kién dién dy chit long dé tranh
hién tuong xam thyc xay ra.

—Khi khoang cach dit bom nho thi ting sd
khoang bom (z;) hoac giam r, hon la tang R; vi khi
tang R, s€ lam kich thudc hudng kinh tang.

Tuy nhién, trong bai toan thiét ké t5i wu ddi voi
loai bom nay thi cin xét t&i nhidu diéu kién khac nira
d6 1a luu luong, dao dong luu lugng, diéu kién mon
v.v..Vi véy, tily thudc vao timg tmg dung cu thé dé
lwa chon phwong 4n thiét ké, trong d6 két qua cua bai
bao nay 1a mot trong nhitng yéu t6 dé Iya chon. Két
qua nghién ciru nay sé 13 co sé cho nghién ctru tiép
theo v& van dé ton thét luu luong dudi tac dung cua
ap sudt qua cac khe ho (canh rang va mat dau banh
rang voi vo bom), cing nhu danh gia vé dao dong ap
suat gay ra xung lyc tuan hoan lam bom rung dong.
Nhimng van dé nay dang dwoc nhom tac gia nghién
clru va s& cong bd trong mot dip toi day.
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