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1. Pit van dé

Hi¢u chinh ban kinh dinh rang banh rang trong cia bom béi trom

hypoxycldit nhim dam bao diéu kién mon déu
The Correction of the Addendum Radius of the Internal Gear in the Oil Hypocycloid Pump
to Achieve Equal Wear Rates
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Tom tat

Trong qua trinh &n khép cua cép banh réng hypodxycléit &n khép trong, tat ca cac cap réng déi tiép déu tham
gia qué trinh &n khép. Pé (ing dung trong thiét ké bom nguoi ta da loi dung sw bién déi thé tich cta céac
khoang tréng cta céc cdp rdng doi tiép trong qué trinh &n khép dé lam khoang bom. Du6i tac dung cta mé
men xoén trén truc dén dong tai méi thoi diém &n khép céc réng cua banh réng trong sé truyén mot luc 1én
céc rdng ctia banh réng ngoai lam banh rdng ngoai chuyén dong dé tao siw bién thién thé tich & céc khoang
bom tao ra &p luc hat va 4p luc day. Ngoai ra, trong qué trinh dn khép céc cdp bién dang déi tiép vira I&n
vira trirot trén nhau dén dén cé vén téc truot tuong déi giika hai bién dang déi tiép tai cac diém &n khop.
Van téc nay sé dan dén hién tuong mon khéng déu cia cdp banh réng. Vi vay, trong qué trinh thiét ké
nguoi thiét ké phai la chon hai thdng sé la R1 va ro day la hai bién thiét ké bién dang roto ctia bom. Ba c6
mét sé nghién ctru vé van dé nay nhung chuwra tim ra méi quan hé cua hai théng sé nay nhdm dam bao diéu
kién mon déu ma phai str dung céc céng cu khac nhau dé so sénh va lya chon. Pé giai quyét van dé nay
bai béo sé trinh bay céch thiét Iap tim ra méi quan hé nay.

T khoa: Bom hypégeréto, treot bién dang, banh rang hypdxycléit.
Abstract

During the meshing process of a pair of internal hypocycloid gears, all of the mating teeth are in contact to
their counterparts. In order to apply in designing rotary positive displacement pumps, one has used the
variation of the tooth space to trap fluid and to force it around the outer periphery. The variation of the tooth
space generates suction and discharge effects. During the meshing process, there is profile sliding between
the teeth in each mating pair, which results in unequal tooth wear. Therefore, practitioners have to select two
parameters Ri1 and ro for the rotor tooth profile during designing process. Up to date, the optimal
combinations of these two parameters in order to achieve equal wearing rates have not yet been
established. This paper presents a method for finding this relationship.

Keywords: Hypogerotor pump, profile sliding, hypocycloid gear.

thity Iyc thé tich va dwoc goi 1a bom Hypdgerdto. O

, 3 . < A % nghién ctru cia Hwang va Hsieh da d& cap dén viéc
Bom thuy lyc thé tich banh rang xycl6it an & ua swang v D e

khop trong Gerdto dang duge sir dung rong rai trong
cac h¢ thong boi tron ctia dong co ddt trong cling nhu
cac thiét b cong nghi¢p do c6 uu diém trong quéa
trinh an khdp, tat ca cic rang déu tham gia dn khép
lam cho qua trinh an khép dién ra ém diu khong gay
tiéng on, kich thudc nho gon, tudi tho va hiéu suét
cao [1, 2]. Tuy nhién, cho dén nay cac nha khoa hoc
trén thé giéi van tap trung vao nghién ctru loai bom
nay nham t6i wu kich thudc, ciing nhu cai thién chat
lwong lam viéc ctia bom [3], cho dén gan diy Hwang
va Hsieh (2007) [4] di dé xuét dua cdp banh ring
hypoxycldit an khop trong vao thiét ké bom béi tron
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thiét 1ap phwong trinh bién dang va dua ra cac diéu
kién hinh thanh bién dang rang cia banh rang ngoai
nhim tranh hién twong cit lem chéan rang. Trén co s&
d6 dén nam 2009 [5] Kwon va cong su lai tiép tuc
nghién ctru va bd sung mién gi6i han chan ring cia
banh rang trong, dén nam 2011 [3] trén co s& danh
gi4 van toc truot tuong ddi ctia cap bién dang ddi tiép
tai diém an khép, Kwon va cong su da sir dung giai
thuat di truyén dé t6i uu kich thudc nhim giam thiéu
hién tuong mon khong déu cua hai banh ring. Ban
chat 1a tim dong thoi hai thong sb: ban kinh dudng
tron di qua tdm cung tron dinh rang banh rang trong
R; va ban kinh duong tron dinh rang banh rang trong
ra, dya trén phuong phap danh gia anh hudng cia
kich thudc thiét ké dén hién tuong truot bién dang
ctia Ivanovié¢ va Josifovi¢ (2006) [6] sao cho van tdc
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truot gitta hai bién dang tai diém an khop 13 nho nhét.
Ngoai ra, cling ¢6 mdt hudng nghién ctiru khac do 1a
sir dung thut toan tim gia tri nho nhit cua duong
cong truot giita hai bién dang cho tat ca cac bg s liéu
thiét ké thoa man luu luong cho trudce cia bom dé lya
chon duoc bd thong sb (R, r«) [7, 8]. Tuy nhién,
trong qué trinh nghién ctru danh gia anh hudng cta
timg thong s6 thiét ké dén hién tuong truot bién dang
[9], nhém tac gia da chi ra rang khi thay d6i thong so
7o s€ lam anh hudng rat 16n dén hién tuong trugt bién
dang, con thong s6 R; anh hudng khong dang ké. Dan
dén, bai toan dat ra 1a néu nhu tim duoc mdi quan hé
giita R; va r, thi bai toan tdi wu theo diéu kién mon
déu s& duoc dua vé bai toan tim cuc tri ciia ham mot
bién don gian hon rat nhiéu so voi giai thuat tdi uu
ctia Kwon va cong sy (2011) khi xét dong thoi cho ca
hai bién R; va r. Viéc tim mdi quan hé giita R; va ro
chinh 1a néi dung nghién ctru cia bai bao nay.

2. Xac dinh ban kinh dinh riang banh rang trong
ra theo diéu kién mon déu

2.1. Phuong trinh xdc dinh hé s6 trwgt bién dang

Néu goi: &(7), &(»)lan lugt 1a hé sé trugt
bién dang tai diém,én khép K gilta cdp bién dang
rang doi tiép thtr j bat ky cua banh rang trong voi bién
dang rang doi tiép cua banh rang ngoai, theo [9] ta
co:

-
Vi =

T, (1) cosL B, (7)]
() =1y =
S =1-i re, (1) cos[B,(7)] o
&) =1-i g D eoslAD]
2 12 I, () cos[ B,(7)]
Trong d6:

+ y 14 goc quay cua truc dan dong.

+ iy, : 1 ty s6 truyén giira banh ring 1 va banh
ring 2, theo [10] thi ti s6 truyén nay dugc cho béi:
I, =2,/z,c0n iy, =1/7, (vVéiz, =z +1).

+ B(7), B, (y)xem trén Hinh 1 va duoc cho boi:

[7, (7)) +[PK (7)Y ~[Ez )
ZI’K/_(}/I-)PK(]/I-)

Vi i=1,2)

*cos fi(y) =

+ rKl(}/j): OIK(}/]') s er(}/j): OZKO/]') va duge
cho bdi phuong trinh (13, 19) cua tai liéu [11].

2.2. Thiét lap diéu kién mon déu

Theo dic diém in khép cua cip banh ring
hypdxycloit, banh rang trong chi tham gia an khop
trén mot phan cung tron dinh rang. Do d6, duong
cong truot & (y) ludon mang gia tri dwong con duong
cong trugt &,(y) luén mang gia tri &m [9], nhu vy dé
hai bién dang ddi tiép mon déu trong qua trinh an

a)

o . . . b
Hinh 1. So d0 tinh van toc trugt tai diém an khdp Kjbatky )
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2.2.1 Xac dinh gia tri cyc tri cua dwong cong trugt
Do hé s6 trugt & () va &, (y)1a ham vi tri cia
diém an khop K theo goc quay cua truc dan dong y .
Vi vay, ta can x4c dinh vi tri gbc quay y clia truc dan
dong ma tai d6 ham & () va &,(y) dat cuc tri. Thét

vay, ta co:
o, 2)
dy
Thay (1) vao (2) va bién ddi ta duoc:
siny =0 3)

Nhu viy, trong mot vong quay cua truc dan dong,
duong cong trugt s€ dat gia tri cyc tri tai y =0 va
y =, thay cac gia tri nay vao phuong trinh (1) sau
mot s6 phép bién dbi ta tim duoc:

3 =<§l(n)=1—[z‘“J(RIHC"EJ @

max
z R +r,

_ _1_| & R +r,
égzmm—é:z(”)—l (ZHFJ(RH"’C;—EJ (5)

2.2.2 Thiét ldp diéu kién mon déu

Néu goi F(&,&,)1a ham danh gia coa hién
tuong truot bién dang dén mon déu cua hai banh ring
thi gia tri cuc tri cia hai duong cong truot (&,,&,) khi
d6 phai thoa méan:

F(fl’ 52) = |§1max + §2min

(6)
. . z, +1 .
Thay (4, 5) vao (6), sau do dat a= (a>1va
Z
thi phuong trinh (6) dugc viét dudi dang:

t=R +r1

cl

|
|
i
i
i
i
i
i
i
|
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FE.&)=FO=p-a—--E B
a t—FE at

Nhdn xét: tir phuong trinh (7) cho thdy viéc danh gia

hién tugng trugt bi€n dang cua cdp banh rang

hypoxycldit v cing phirc tap dd dwoc duwa vé ham

F(r) theo mot bién 1.

Nhu vay, dé tim cuc tri cia ham F () ta tién hanh
khao sat ham sd nay sao cho F(¢) tién dan vé gia tri
0. Nhu vay, ta co:

o —aE 1 t _
Fo= £ [a(t—E)JJr(a(t—E)J 0 ®

Miit khéc, theo [11] dé dam bao diu kién hinh thanh
bién dang rang khong bi giao thoa canh rang, nhon
dinh ring, cit chan ring duoc mé ta nhu trén Hinh 2
thi R, va r, phai thoa man:

Ez,(2z,+1)

Ez <R <
z+2

(€)]

3

2

OSrC,S[ 3 J VR = E?22)(z, +1)
Zl_

Do d6, bién ¢ luén khac 0 va E sau khi giai phwong
trinh (8) ta c6 nghiém:

a—1
E (10)

a+l

Ciing tir bat phurong trinh (9) ta c6 R, 2 Ez,do d6 ma
khoang xét dau ctia ham F(&,,&,) theo bién ¢ dé tim
cuc tri chi xét trong khoang [E, + ].

S ian

Hinh 2. Cac hién tugng xay ra trén bién dang cta banh rang hypoxycloit
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Bing 1. bang xét dau dbi véi ham F(r) hudng rat 16n dén hién tuong trugt con thong sd R;
anh hudng khong dang k@. Do d6, voi mot bd so liéu
t E aF + o cho trudc dé dam bao diéu kién mon déu, ta chi can
a-1 tién hanh hiéu chinh théng s6 ban kinh dinh rang
O " 0 banh rang trong r,tai gid tri cyc tri cia ham
F(¢) theo bang xét diu ¢ trén. Dé rd hon vé van dé
F@) |+ \ A Y to nay, ta tién hanh 4p dung vao viéc tinh toan hiéu
£ chinh trong hai truong hop cu the, d6 1a bom boi tron
Voi: A=1-——>—-—"— cua dong co Diesel D20 - ZS1110 va bom boi tron
(a -1 akb EJ trong dong co xe 6 t6 Huyndai-Tucson 2.0 & muc 2.3
a-1 duéi day.
Ngoai ra, nhu di trinh bay & phan dat van dé tir két
qua nghién ciru 6 tai li¢u [9] da chirathongsorganh _
Bom béi tron cua déng co Diesel D20-SZ1110 " 5 Bom béi tron cda dong co 6 té Huyndai - Tucson 2.0
A Y |
3 T T "
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Hinh 3. Duong cong trugt trude khi hiéu chinh ban kinh dinh rang r
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Hinh 4. Gia tri cyc tri cia ham F(r)
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2.3. Vidu dap dung

Dau tién ta hdy khao sat duong cong trugt bién
dang cua banh rang trong so vdi banh rang ngoai theo
bd thong s6 da thiét ké va ché tao cia bom béi tron
duoc cho ¢ Bang 2 dudi day.

Bang 2. Thong so thiét ké cap banh ring

Bom bdi tron cua dong co  z; E R, Tel
[mm] [mm] [mm]

Diesel D20 - SZ1110[7] 4 3 12,5 24

Huyndai - Tucson2.0[8] 9 3,5 32 3,5

Thay cac thong s6 thiét ké nay vao phwong trinh
(1) ta c6 @0 thi Hinh 3 1a dudng cong truot bién dang
& va &, cua hai bom bdi tron cho trong Bang 2.
Ciing tr Hinh 3 ta dé dang nhan thay
|§1max ¢|§2min diéu d6 cho thiy hai cap banh ring

theo thiét ké nay s& bi mon khong déu.

Nhu vdy, dé dam bao diéu kién hai banh mon
déu ta can tién hanh hiéu chinh ban kinh dinh ring
banh ring trong r.. That vy, tir bd thong so thiét ké
cho trong Bang 2 ta thdy gia tri cuc tiéu cia ham
F(t) bang 0 tai #=15mm ddi voi bom boi tron cia
dong co Diesel D20 - SZ1110 va ¢ =35mm ddi véi
bom boi tron ciia dong co 6 t6 Huyndai - Tucson 2.0
(xem trén Hinh 4). Tix diém cuec tri nay xac dinh dwoc
gia tri r, sau khi hi¢u chinh theo diéu kién mon déu
clia hai bién dang ddi tiép, thong s thiét ké dac trung
cua c@p banh rang dugc cho trong Bang 3.

Bing 3. Gia tri r,sau khi hi¢u chinh d& hai banh
ring mon déu.

Bom bbi tron ciia dong co Rj[mm] e [mm]
Diesel D20 - SZ1110 12,5 2,5
Huyndai - Tucson 2.0 32 3,0

Tir d6 thi khao sat & Hinh 4 va két qua hiéu
chinh ¢ bang 3 ta d& dang nhan thay |£, . |=[&, ..
hay noi cach khac ham F(&,,&,)=F(t) =0, diéu d6
¢6 nghia hai banh riang s& mon déu trong qué trinh an
khép khi bom lam viée.

3. Két luan

Tu Bang 1 khao sat ham danh gia hién tuong

trugt bién dang F(r) va do thi Hinh 4 dé dang xac

dinh duoc chinh xé4c théng sd 1, (ban kinh dinh rang
banh rang trong) dé dam bao diéu kién mon déu do 1a

ak Lo, -
r, = 1 — R, . Két qua nay co y nghia quan trong
a —_—
trong viéc thiét ké cac loai bom thuy luc thé tich
Hypogerotd thoa man diéu kién hai banh rang mon

55

déu. Pay 1a mot trong nhitng didu kién nhim ting
tudi tho ctia bom va ciing 1a mot diém moi cua bai
bao ma chua cong bd nao dé cap dén. Ngoai ra, day
con 1 diéu kién bién khi tdi uu hoéa thiét ké bom
Hypogerdto theo diéu kién mon déu cua cip banh
rang an khdp trong hypoxycloit hinh thanh bom.
Lo&i cdm on

Nghién ctru nay duoc tai trg boi d& tai nghién
ctru khoa hoc cép Bo, BO Giao duc va Pao tao, Ma
s6: B2016-BKA-21.
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