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Trong qua trinh an khap cOa cap banh rang hypoxycioit an khap trong, tk ca cac cap rang ddi tiep diu tham 
gia qua trinh an khop Di ung dung trong thiit ke bam ngaai ta da Igi dung sg biin dii thi tich cua cac 
khoang tring cija cac cap rang ddi tiip trong qua trinh an khap di lam khoang bam. Daai tac dijng cua mo 
men xoin tren true din dgng tai mil thOl diim an khop cac rang cua banh rang trong se truyin mot Igc len 
cac rang cua b^nh rang ngoai lam banh rang ngoai chuyin dong de tao sg biin thien thi tich a cac khoang 
bam tao ra ap Igc hut va ap Igc day. Ngok ra, trong qu^ trinh an khap cac c§p bien dang doi tiip voa lan 
viJa trogt tren nhau din din co van tic tragt twang doi glOa hai bien dang doi tiip tai cac diim §n khop. 
V$n toe nay se din din hi§n tagng mon khong diu cua cap banh rang. Vi vay, trong qua trinh thik ke 
ngoai thiit ki phai Iga chgn hai thong s6 la Ri va rci day la hai biin thik ki bien dang roto cua bom. Da co 
mot si nghien cau vi vin de nay nhang choa tim ra mii quan he cda hai thong si nay nham dam bao diiu 
kien mon deu ma phai so dung cac cdng cu khac nhau di so sanh va Iga chon. Bi giai quyit van de nay 
bai bao se trinh bay each thiit lap tim ra mil quan he nay. 

I d khda: Bam hypogeroto. tru-ot bien dgng, b^nh rang hypoxyclolL 

Abstract 

Dunng 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 ofthe tooth space to trap fluid and to force it around the outer periphery. The variation ofthe tooth 
space generates suction and discharge effects. Dunng 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 Ri and rd 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. 

1. Dat vdn de thiiy lyc the tich va dugc ggi Id bcrm Hypogeroto. O 
, , , , - , . , nghien cuu cua Hwang va Hsieh da de cdp ddn viec 

Bom thuy luc the t,ch bttnh rang xycloit an ^j^,,, , y_^ ^..^ ^^ ^^^ ^^ ^.^ j ; . „ 
khop tag Geroto dang dngc sir dung rgng rai trong ^_._^ ^,_^ ,^.^^ ^ . ^ ^ ^.^ ^^ ^ . ^ ^j„g „g„., 
cac h| thong boi tron cua dong co dot trong cung nhu ^^^ ^ . ^ ^,.„ ,,., , ^ ^ ^,,j„ ^ ^ ^ .^^^^ ^„ , ^ 
cac thiet b,_ cong nghiep do cô  uudiem trong qua ^^ ^=^ ^ . ^ 2„(„ j^j ^^^^ ^^ ^^^^ ^^ ,̂ i ,j<p ^ ^ 
tinh an khop, tat ca cac rang_ deu tham gia an khop ^jg^ ^^ ^ , ^ . ,^,.„ g_̂ , , , ^ ^^^^ ,5^^ ,f,̂  
lam cho qua tnnh an khop dien ra em d,u khong gay j_j_^^ ^x^ ^ ^ ^ 2011 [3] tren co so danh 
tieng on kich thucrc nho gon, tuoi thg va hieu suat ^.^ , . ^ , ^ ^ j j ; ^.^ ^^^ ^,•^^ ^^^ j4i ,i^p 
".° ' I '? ' : Ji-y •*«=". ':'"> «=" niy ™= •*" f^^^^O" tai diSm an khop, Kwon va cong su da su dung giai 
tren the gioi van tap trung vao nghien cuu loat bom ,^^ . , ^. j„ ^ . ^^. ^^ y^^ ,^„^^ ^ j ^ gij„ ,yg„ 
nay nham tot mi kfch thuoc, cung nliuca, thien chat ^..^ ^^^ ^ ^x^ ^^^ ^,^^ ^ . ^ ,5„g B4„ 

^^J ;!',l'S: ' " " ' ' " " ?'• / ° ^ ^ 5 ^ " " " ^ * « ' 14 tim d6ng thoi hai thong s6: ban kinh duong 
«a Hsieli (2007) [4] da de xuat dua cap banh rang ,_.̂ „ ^. , j , , , ,^j„ ^ ^ ,5„g ^ ^ ^ ,j„g „„„g 
hypoxycioit an khop trong vao th.et ke bom boi tron ^^ ^, ^.^^ ^.^^ ^^^^^ ,̂ j,„ ̂ ^f, ^^„^ ^^^^^^ j5„g tt„„g 

r^,, dua tren phuong phap danh gia anh huong ciia 
!T~ kich thuoc thilt kg den hien tugng trugt bien dang 
B|a chi lien hi: Tel.: (•̂ 84) 0913.530.121 ^^ Ivanovic va Josifovic (2006) [6] sao cho van tic Email: thai.nguyeDhong@hust.edu.v 



Tap chi Khoa ho' 

trugt giira hai bien dang tai didm an khdp la nhd nhdt. 
Ngodi ra, cflng cd mgt hudng nghien ciru khac dd Id 
sir dung thudt todn tim gia tri nhd nhdt cua duong 
cong trugt giiia hai bign dang cho tdt ca cdc bd sd lieu 
thiet ke thda man luu lugng cho tnrdc ciia bam dg lya 
chgn dugc bg diong sd (R,, i-d) [7, 8]. Tuy nhien, 
yong qud trinh nghien ciiu danh gia anh hudng ciia 
tirag thdng sd thiet ki ddn hien tugng trugt bign dang 
[9], nhdm tac gid da chi ra rSng khi thay ddi thdng sd 
?-ci se lam dnh hudng rdt ldn ddn hien tugng uugt bien 
d p g , cdn thong sd Rj anh hudng khdng dang kg, Dan 
dgn, bai todn dat ra la neu nhu tun dugc mdi quan he 
giila Rj va rd, thi bai todn tdi uu theo dieu kien radn 
deu se dugc dua ve bdi toan tira cue tri cua hara mgt 
bign don gidn hon rat nhieu so vdi giai thuat tdi uu 
cua Kwon vd cdng su (2011) khi xet ddng thdi cho cd 
hai bien Ri vd rd. Viec tira mdi quan he giua Rj vd rd 
chinh Id ngi dung nghign cuu ciia bdi bdo ndy. 

2. Xac dinh ban kinh dinh rang banh rang trong 
rd theo dieu kien mdn deu 

2.1. Phuffng trinh xdc dinh he so trugt bien dgng 

Neu ggi: ^,(y). ^;(j')ldn lugt la he sd trugt 
bien dang tai diera an khdp K giura cap bign dang 
rang ddi tiep thiiy bdt ky ciia banh rang ttong vdi bien 
dang rang ddi Uep cua banh rang ngoai, theo [9] la 

^Ar) = i-i2 

Ur) = l~h: 

'V, (?') eos[/?, I,. I 

' ' )c ,(r tcos[A(/l] 

%McosUhtrn 
(I) 

'•ft(r)cos[A(,')l 

Trong dd: 

+ yla gdc quay cua true din dgng. 

+ /21, '21: la ty s6 truydn giua banh rang 1 va banh 

rang 2, theo [10] tht ti sd truydn ndy dugc cho bdi; 

'12 =^2/^1 cdn ijj =1/(12 (vdirj =1 , +1 )• 

+ A ( / ) ' A (r) xem ttgn Hinh 1 va dugc cho bdi: 

^ cosS,(y)=— ^ ^ ^ - ' ^'•'J 

2r^^(y,)PK(y,} 

+ %(rj)- OiK(rj), r^^_(y^)- Oii^iXj) vadugc 

cho bdi phuang trinh (13, 19) cua tdi lieu [ I I ] . 

2.2. Thiet lap dieu kien mon deu 

Theo dac didm an khdp cua cap banh rang 

hypoxycioit, bdnh rang ttong chi tham gia an khdp 

trgn radt phan cung trdn dinh rang. Do dd, dudng 

cong trugt ^̂  (y) ludn mang gia trj duong cdn dudng 

cong trugt ^, (y) ludn raang gia tri am [9], nhu vay d^ 

hai bien dang ddi tiep mdn ddu trong qud trinh an 

khdp thi j'?|^,3.^(r) + ^2^„,(/)|phai tidn tdi 0. 

IJ ^ • • (• 

Hinh 1. So do tinh van toe inrot tai diem an khop Kj bStky 
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(7) 
2.2.1 Xac dinh gia tn cue rii ciia dudng cong truat 

D o h e s d t r u g t ^,(y) vd ^3(7)13 hdm vi tri cua " ' I a t~E at\ 

digm an khdp K theo gdc quay cua true ddn dgng y. ^/.^^ ^^,, ^ p h „ ^ g t^nh (7) cho thdy vice danh gia 

Vi vdy, ta cdn xdc dinh vi tri gdc quay y cua tiuc dan hien tugng ttirgt bien dang cua cap banh rang 

dpng ma tai dd hara f,(f) va ^^(y) dat eye tri. That hypdxycidit vd cimg phiic tap da dugc dua vg ham 

vdy, ta cd: 

F{^u4,)-Ht)-\2-a-

F(t) theo radt bidn t. 

KM 
dy 

\dMrl 
[ dy 

0 
(2) 

Nhu vdy, de tim cue trj ciia hara F(t) ta tidn hdnh 

kliao sat ham sd nay sao cho F(t) tidn ddn vg gid tri 

0. Nhu vay, ta cd; 

Thay (1) vdo (2) va bien ddi ta dugc: 

s i n / = 0 (3) 

Nhu vdy, ttong mgt vdng quay cua ttuc dan ddng, 

ducmg cong trugt se dat gia tri eye tri tai / - 0 va 

y = K, thay cdc gia tri nay vao phuong trinh (I) sau 

mpt sd phep bien ddi ta tim dugc: 

F\t) = 
a(t-E)) {a(l-E) 

= 0 (8) 

Mat khde, theo [ 11 ] dg dam bdo digu kien hitih dianh 
bien dang rang khdng bi giao thoa canh rang, nhon 
dinb rang, cat chdn rang dugc rad ta nhu tten Hinh 2 
thi Rf va r^i phdi thda man: 

f,_=4(;r) = l-

f2..=f.W = l-

z ,+1 R, + r,-E 

R,+r 

(4) 

(5) 

Ez, <R,< 
&,(2z,+1) 

'^(R;-E'Z;)(Z,+1) 

(9) 

{z^+]JyR,+rj-E 

2.2.2 Thiet lap dieu kien mon deu 

Neu goi f (^ i ,^2) la ham danh gia ciia hien 

tuong mrgt bien dang den mon deu ciia hai banh rang 

thi gia tri cue tri ciia hai duimg cong trugt (^|, ^^) khi 

do phat thoa man: 

^(^1.^2) = k,™.+^:.ln| (6) 

Thay (4, 5) vao (6), sau do dat a = ̂  (a > 1) vd 

' = ̂ 1 +'•<:/' thi phuang ttinh (6) dugc vidt dudi 

Do do, bien / ludn khac 0 va £ sau khi giai phuang 
trinh (S) ta cd nghiem: 

0 - 1 
aE 

CQng tir bdt phuong trinh (9) ta cd i?, > Ez^ do do ma 

khoang xet dau ciia hara F (^ | , ^ j ) theo bidn t dg tim 

cue tti chi xet ttong khodng [E, + co]. 

Hinh 2. Cdc hien tugng xdy ra tren bien dang cua banh rang hypdxycidit 

file:///dMrl


Tap chi Khoa hf 

Bang 1. bang xet diu d6i voi ham F(t) 

i 

F'(l) 

F(l) 

E aE 
a-t 

+ » 

+ 0 

+ OD ' - ^ . . . ^ A . * +C0 

A = l-

iM 

huong rjt Ion din hien Mgng ttugt con thong so ft 
anh huong khong dang kj . Do do, vdi mot bg so U|u 
cho mroc d l dam bao diJu kien mon deu. ta cm can 
t i k hanh hieu chinh thong sii ban kinh dmh rang 
banh rang trong iv,tai gia tti cue tn cua hain 
F{t) theo bang xet din d tten B i ro hon ve van de 
nay, ta tiSn hanh ap dung vao viec o'nh toan hieu 
chinh ttong hai truimg hop cu the, do la bom boi tton 
ciia dong CO Diesel D20 - ZSl 110 va bom boi tron 
ttong dong CO xe 6 to Huyndai-Tucson 2.0 o muc 2.3 
duoi day. 

!oai ra, nhtt da ttinh bay 6 phan dat van de tir ki t 
a nghien cuu 6 taî  lieu [9] da cW ra thong s6 r^i anh 

Bom boi iron ciia dong co Diesel D20-SZ1110 

:_ J J 

•-'-^f^^=^--\ --
/ i- J J 

f-\---t \ 
; 1 : 

i) OLFimg cong tru-irl o ia phSn ainli rang banh rang 1 so v&i Bien dgng banh iBng 2 

Bom boi Iron cua dgng ca 6 td Huyndai - Tucson 2.0 

- .Pi^" aang pfi4ti_ainh rang banh rang 1 

Hinh 3. Dudng cong trugt trudc khi hieu chinh ban kinh dmh rang rci 

19 20 21 ,(„,„, 32 3Z5 33 33 5 34 34 5 [ 35 . 35 , ^ T T 

a) Bom boi tron ciia dgng ca Diesel D20 - SZl I iO a) Bom boi iron ciia dong co 6 to Huyndai T 

Hioh 4. Gia tri eye tri ctia ham F(t) 
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2.3. Vidudpdung 
Ddu tien ta hay khao sat duong cong trugt bien 

d^g cua banh rang tiong so vdi bdnh rang ngoai theo 
bp thdng sd da thiet kg va che tao cua bom bdi tron 
dugc cho d Bang 2 dudi day. 

Bang 2. Thong sd thiet ke cap banh rang 

Bom bdi tton cua dgng ca z, E R, 
fmm] [rami 

DieselD20-SZlllO[7] 4 3 12,5 
Huyndai - Tucson 2.0 [8] 9 3,5 32 

rd 
[rara] 
2,4 
3,5 

Thay cdc thdng sd thiet ke nay vao phuang ttinh 
(1) la cd dd thi Hinh 3 la dudng cong trugt bien dang 

îVa 2̂ ^^'^ hai bam bdi tian cho tiong Bang 2 
CGng tir Hinh 3 ta de dang nhdn thay 

l^lrad.il'^l^^niinl^'^''' ^^ '^^'^ ^^^V ^^^ '^^P t l d u h t aUg 

theo thiit kd ndy se bi radn khdng deu. 

Nhu vdy, de dara bao dieu kien hai banh radn 
deu ta can tien hdnh hieu chinh ban kinh dinh rang 
banh rang trong rd- That vay, tir bd thdng sd thiet ke 
cho trong Bdng 2 ta thay gia tri cue tieu cua hdm 
F(t) bang 0 tai t = 15 rara ddi vdi bom bdi tron cua 
dpng CO Diesel D20 - SZUIO va ; =35rara ddi vdi 
bom bdi ttgn cua dgng co d td Huyndai - Tucson 2.0 
(xem tren Hinh 4). Tir didra cue tri ndy xac dinh duoc 
gia tri r^^ sau khi hieu chinh theo dieu kien mdn ddu 
ciia hai bign dang ddi tiep, thong sd thiet ke dac trung 
cua cap bdnh rang dugc cho ttong Bdng 3. 

Bdng 3 Gid tri r^., sau khi hieu chinh dg hai bdnh 

rang mdn deu. 

Bam boi tron ciia ddng CO R|[mm1 Jv[ram1 
Diesel D20-SZl 110 12,5 2,5 
Huyndai - Tucson 2.0 32 3,0 

Tir dd thi khdo sdt d Hinh 4 va ket qua hieu 

chinh d bdng 3 ta d l dang nhdn thay l^i^asl =|'?2inin| 

hay ndi cdch khde hdra F ( ^ | , ^2) = F(t) = 0 , didu do 

CO nghia hai bdnh rang se radn deu trong qua trinh an 

khdp khi bom Idra viec. 

3. Ket luan 

Tir Bdng I khao sat bam danh gia hien tugng 

tnrgt bign dang F(t) vd dd thi Hinb 4 dg ddng xac 

dinh dugc chinh xdc thdng sd rj (bdn kinh dinh rdng 

bmh rdng Irong) de ddm bdo dieu kien radn deu do la 

«£ r, -
';/ = R.. Ket qua nay co y nghia quan trgng 

a-l 
trong viec thidt kd cac loai bgm thuy lyc thd tich 
Hypdgeroto thda man didu kien hai banh rang mdn 

deu. Day Id mdt trong nhimg dieu kien nhara tang 
tudi thg ciia bam va cung la mgt diera mdi ciia bdi 
bdo md chua cdng bd nao de cap den, Ngoai ra, day 
con la digu kien bien khi tot iru hda thiet ke bam 
Hypdgerdto theo dieu kien mdn deu cua cap bdnh 
rang an khdp ttong hypdxycidit hinh thanh bara. 
Ldi cam on 

Nghien cuu ndy dugc tai trg bdi de tai nghien 
cuu khoa hgc cap Bd, Bd Giao due va Dao tao. Ma 
sd:B2016-BKA-21. * * ' 
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