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TOM TAT
Bai bdo dé cdp dén phuong phdp nghién citu dong luc hoc cia co cdu truc khuyu thanh truyén
(CCTKTT )dong co dot trong bing phuong phdp phdn tir hitu han. M6 hinh tinh todn dao déng
cudng bic co cdu truc khuyu thanh truyén duoc thiét ldp nho phan mém ANSYS (M5), FEMtools
(Bi). Két qud tinh todn dua trén mo hinh nay rdt phong phii né cho phép nghién ciiu déng luc hoc
CCTKTT mét cdch toan dién hon, ddc biét la c6 thé danh gid hiéu qud ciia loai gidm chdn xodn cao
su mot va hai bdc tu do (cong nghé moi )

A dynamic reseach of internal combustion engine crankshaft by finite element method is presented
in this paper. Caculate finite element model of engine crankshaft is created by using program
ANSYS (USA) and FEMTools (Bengum). Results of this model are diversified, especially by its
results we can estimate the effect of one and two degree of freedom torsional ruber dampers.

THUAT NGU
Mo hinh khéi phan t hitu han (SFEM), mo6 hinh thanh-kh6i lugng phan tr hitu
han (BMM), giam chan xodn mot bac tu do, giam chan xodn hai bac tu do, dao
dong riéng, dao dong cudng biic.

1. PAT VAN PE

Xu huéng nang cong sudt va toc do quay cua dong co dot trong song song vdi viéc st
dung vat liéu mot cach cé hiéu qua da dan dén nhiéu hong héc trong dong co, nhat 1a hién
tuong gdy, ran nit truc khuyu. Nguyén nhan cua cac hién tugng trén khong chi do qua tai
ma con 1a do cdc dang dao dong theo chu ky xay ra trong co céu truc khuyu thanh truyén.

Tur 1au nhiéu cong trinh nghién ctiu vé dao dong xoén truc khuyu xay ra trong qua trinh
lam viéc ciia dong co da dem lai cac giai phap ky thuat nang cao do tin cdy ctia dong co
dot trong. Vi du nhu viéc tng dung cdc giam chan xoédn cao su va thuy luc don gian (mot
bac tu do). M6 hinh tinh todn co cdu truc khuyu thanh truyén thudng 12 mo hinh tuong
dwong don gian, tai méi diém ctia mo6 hinh ¢6é mot bac tu do (thé hién dao dong xoin).

Ngoai dao dong xodn c6 mot loat cac hién twong khac c6 anh hudng dén tudi tho, do
rung, do on khi dong co lam viéc khong dugc nghién ctu ddy du khi van dung cac mo hinh
tinh todn cii. Vi nhu dao dong doc truc, dao dong uon hoac cac dang dao dong lién két
khdc ctia co cau truc khuyu thanh truyén dong co d6t trong vv........

V6i mo hinh phén tr hitu han (Finite Element Model) co cau truc khuyu thanh truyén
dong co dot trong ma & do tai mdi nit thé hién 6 bac tu do (UX, UY, UZ, ROTX, ROTY,
ROTZ) thi céac hién tugng dong luc hoc xay ra khi dong co lam viéc s€ duoc nghién ctu
toan dién hon

2. MO HINH PHAN TU HOU HAN CO CAU TRUC KHUYU THANH TRUYEN
Xudt phat tir dit liéu cua mot dong co thuc, mo hinh khéi phén tir hitu han (Solid Finite
Element Model - SFEM ) truc khuyu dugc thiét 1ap trong phén tién xtt 1y (Preprocessor)
ctia phan mém ANSYS. SFEM bao gém hitu han cac phan tir 3D 1a SOLID 73. Véi mo
hinh ndy viéc thé hién bién dang hay phan b6 tng suit & co cau rat thuan loi va kha truc
quan trong ANSYS, nhung dit tai trong lén mo hinh tinh toidn va mo6 phong cic 6 d& gap
nhiéu khé khan. DE€ tién hanh khao sdt dong luc hoc ctuia co cau truc khuyu thanh truyén
duoc thuan loi tir SFEM va céac nguyén ly co ban cua co hoc ta thiét 1ap nén mo hinh thanh
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khoi lugng tuong duong( Beam Mass Model - BMM): truc khuyu dugc phan chia thanh céc
phan tir tap trung khoi lugng MASS 21 va ching lién két v6i nhau bang phan tir thanh
BEAM 4.

Hai mo hinh trén thuc su tuong duong nhau trén phuong dién dong luc hoc néu nhu
chiing c6 cung chung dac tinh cta dao dong riéng ( tan s6 va dang riéng). Sau khi tinh toan
dao dong riéng nho phan mén ANSYS, két qua dugc tai vao chuong trinh FEMtools dé
hiéu chinh cac thong s6 cia BMM theo SFEM sao cho sai s6 cdac dac tinh dao dong riéng
ctia hai mo hinh 12 nhoé nhat c6 thé duoc. FEMtools c6 5 chi tiéu khac nhau dé hiéu chinh,
chiing ta chon chi tiéu: tdn s6 + MAC ( Modal Assurance Criterion ). Hai mo6 hinh SFEM
va BMM 6 hinh 1.

0 ANENS Rraphics Tiaghis:
- ANSYS

Hinh 1 MO0 hinh khéi phan ti hitu han (SFEM) va mo6 hinh thanh-khoi luong phan tit hitu
han (BMM) cua truc khuyu dong co Diézen mot day sau xi lanh

C4c mo hinh hé thong lién quan nhu: cdc 6 trugt, banh da, gidm chan xoan mot hoac hai
bac tu do dugc két néi v6i mo hinh truc khuyu BMM tao nén mo hinh tinh todn co ciu
truc khuyu thanh truyén ddy du, tai méi ndt mang cta mo hinh nay c¢6 6 bac tu do
(Hinh 2). So v6i SFEM viéc nghién citu dong luc hoc clia co céu truc khuyu thanh truyén
dua trén mo hinh tinh toin BMM thuén loi hon nhiéu. Dic biét thoi gian tinh todn cling
nhu yéu cau vé bo nhé cua mdy tinh giam hang tram 1an.

3. DAO PONG CUGNG BUC CO CAU TRUC KHUYU THANH TRUYEN PONG

CO POT TRONG

Khi dong co 1am viéc co cau truc khuyu thanh truyén chu yéu chiu luc kich thich bén
ngoai do qua trinh chdy cuia nhién liéu trong xi lanh (luc khi thé) va luc quén tinh cua cac
thanh phan tham gia chuyén dong tich ti€n ctia co cau. C4c luc nay c6 tinh chu ky ( hai
vong quay cua truc khuyu do6i véi dong co bon ky) va gy ra trong co cdu dao dong cudng
biic ¢6 cung tin s6 v4i luc kich thich vi thanh phan dao dong tu do c6 can sé tat dan theo
thoi gian. Viéc giai bai todn dao dong cudng biic ctia co cdu truc khuyu thanh truyén bing
phuong phap phén ti hitu han tic 1a gidi hé phuong trinh vi phan chuyén dong ctia co ciu
duoc viét dudi dang ma tran nhu sau:

(MJ{u}+[C]{U }+[K]{u}={F@®} (1
o day:
[M]- Ma tran khoi luong ctia co cau
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NE
ma [M]= Z[Mf] ;[ M/]- Ma tran khoi lugng ctia mot phan ti
i=1
NE — S6 lugng phan tlr ¢6 trong m6 hinh FEM
[C]- Matran can - dugc tinh bang: [C] = o.[M] + B.[K]
[K]- Ma tran do cing cua co cau

va Z [K e] ; - Ma tran do ciing ciia mot phan ti

{u} - Véc to chuyen vi niit

{u) - Véc to van toc chuyén vi niit

{U}- Vécto gia toc chuyén vi nit

{ F(t)}- Véc to luc kich thich bén ngoai

Luc kich thich theo chu ky duoc khai trién vao ddy Furie thanh cac cap diéu hoa y va tai

lén mo hinh tinh toén tai ¢6 khuyu phlt hop véi trinh tu 1am viéc cta céc xi lanh dong co.
Trong phan mém ANSYS v€ phdi cta phuong trinh (1) duoc viét dudi dang véc to phiic
nhu sau:

(Fl) = (e je

hoac

{F(t)t ={F,(cos$, +jsin,)}e’

(2)
=({F 3+, e
Tuong tu véc to chuyén vi niit s& dugc tim dudi dang véc to phic:
— ¢ ot . Y

fup = {uge’” e = ({u} + jlu, )™ 3)
o day:

{u,} = {u,cos@d} - phan thuc clia véc to chuyén vi niit

{u,} = {u,sing} - phin 4o cha véc to chuyén vi nit

Thay (2) va (3) vao phuong trinh (1) ta cé:

(v M)+ jredCl+ [K Nty b+ ey Ve = (B, 1+ J4F,, e
o Ml e Kl ) =1+ 70 @

V6i mo hinh tinh toan 1a moé hinh tuyén tinh, nghia 1a cac s6 hang cta ciac ma tran [M]
[K], [C] 12 hing s6 thi phuong trinh (4) 12 hé phuong trinh dai s6 tuyén tinh ¢6 bién phiic.
Dé giai phuong trinh trén trong ANSYS c6 nhiéu phuong phép, ta chon phuong phép khir
Gauss ( Frontal Solver).

Két qua tinh toan thu dugc rat phong phd, c6 thé biéu dién bang dé thi ham dao dong
cudng biic (cdc bac tu do tai moi nit) theo thoi gian, ting vong quay cua truc khuyu hay
d6i v6i pham vi vong quay lam viéc ctia dong co. Nho d6 ta c6 thé ddnh gid toan dién dnh
huong cua cac dao dong trén déi v6i co cdu cling nhu hiéu qua cua cac giam chan duge ap
dung.

Qua d6 thi bién do tong hop dao dong xodn clia ba phuong 4n (Hinh 3): dong co khong
¢6 giam chén xoan, dong co co glam chan xodn mot bac tu do,dong co ¢6 giam chan xodn
hai bac tu do c6 thé két luan ring: mic di bi han ché bdi tinh chat ctia vat liéu cao su,
nhu’ng gidm chan xoan hai bac tu do ¢6 hiéu qua dap tat dao dong cao hon so véi chan
xo0an cao su mot bac tu do ngay ca doi véi cac dang dao dong cudng bic ¢ chu ky khac
(dao dong udn, doc truc vv....) xay ra trong dong co.

Ngoai ra két qua tinh todn con dugc tai nguoc lai mo hinh khoi (SFEM) dé chi ra nhiing
vi tri ing xuat cyu dai trong qua trinh lam viéc cua dong co ( Hinh 4).
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4. KET LUAN

Phuong phédp nghién citu dong luc hoc co cdu truc khuyu thanh truyén dong co dét trong
bang cach tinh todn trén mo hinh phan tir hitu han BMM la rat hiéu qua. N6 con 1a tién dé
tot dé ti€n hanh t6i wu hod két cau cha dong co .
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Hinh 2 Mo hinh thanh kh6i lugng co céu truc khuyu thanh truyén dong co dot trong véi:
a) giam chan xodn mot bac tu do. b) giam chan xodn hai bac tu do
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Hinh 3 D6 thi bién do tong hop dao dong xoén ctia ba phuong dn
a) Dong co khong ¢6 giam chén xoédn
b) Pong co ¢6 giam chin xodn mot bac tu do
¢) bong co ¢6 giam chan xoan hai bac tu do

2so00
2s00
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ANSYS 5.4
OCT 25 1999
12:01:54
HODAL SCLUTION
STEP=1

SUB =1
TIME=1

E)ed [AVE)
TOP

RE¥S=0

DMX =1.717
SMN =-21.718
SMNE=-4903
SMX =305.71
SMEE=5304
-21.718
14.663
51.044
87,425
123.806
1le0.18¢6
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232.948
269,329
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ANSYS 5.4
oCT 25 1999
11:4Z:08
HODAL SOLUTION
STEP=1

SUB =1
TIME=1

Y2 [Ave)
TOP

RE¥S=0

DMX =1.717
SMN =-21.718
SMNEB=-4903
SM¥ =305.71
SMXE=5304
-21.718
14,663
51.044
87.425
123.806
160.186
196,567
23z.948
269,329
305.71
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Hinh 4 Phan b ting sudt & ma khuyu xi lanh thit 6 cua dong co Diézen mot day sau
xi lanh
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