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Tém tat: Bai béo tién hanh phén tich dao déng riéng ctia hé truc- banh réng hép sé co khi 6 té bang phuong
phép phén t& hitu han. Muc dich cua bai béo Ia xay dung mé hinh truyén dong ctia hé truc-banh réng hép
s6 rdi tién hanh loai trir céc bac tw do phu thudc dé chuyén bai toan tir hé bénh rdng nhénh tuong duong
V6i truc mét day. Trén co’ sé mé hinh twong duong mét day, ta tinh toan duoc duoc tan sé dao déng tu do,
dang dao déng riéng va cac diém nut nguy hiém nham trénh cac hién tuwong céng hudng va héng héc cé
thé xay ra trong khi van hanh.

Tir khéa: Dao déng xodn; hop sb co khi: phan tir hivu han; dang dao déng riéng; diém nt.
An analysis of specific vibration of automobile transmission by finite element method

Abstract: This paper is to present modal analysis of vibration of a shaft-gears system in automobile trans-
mission by finite element method (FEM). The purpose of this work is to create a transmission model of the
shaft-gears system and then the “dependent” degrees are eliminated so that the gear-branched system
equivalent to a straight-geared system. Based on the straight-geared system, natural frequencies, mode
shapes and nodes on the shaft are determined to avoid resonant, damage within operating speed.
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Dao déng xoan la mét trong cac nguyén nhan gay ra cac hw héng Ho LS04
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nghiém trong xay ra trong cac truc truyén dong nhw gay truc khuyu ctia déng [ -
co, truc clia hop sé. Trén 6 td, cac hé thdng truc cé thé gay ra cac dao dong ==

x0&n nhw: ban than truc khuyu; toan bd hé théng truyén céng suat bao gdm
truc khuyu, banh da, ly hop, hé théng banh rang va truc trong hop sb, truc
truyén dong, cac truc clia ciu sau va cac banh xe la nhirng thi thwdng gay
ra nhiéu van dé nhat. Vi 16 trinh noi dia hda nhirng san pham coéng nghiép
6 t& Viét Nam, viéc san xuét hop sb 6 16 1a can thiét, cling v&i cac nghién
ctru vé thiét k&, cong nghé gia cong, cdng nghé nhiét luyén. Bé san pham
hoan chinh dat chat lwgng cao can phai tién hanh nghién ctru vé& mét dao
dodng, dac biét la dao dong xo0dn cla hé banh rang hop sb co khi. Trong bai
bao nay, tac giad lwa chon phwong phap phan t& hivu han (FEM) dé tién hanh
tinh toan dao ddng xodn cla hé banh réng hop sé co khi trén xe tai 3T [1]
(Hinh 1).
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@ 2. Xay dwng moé hinh phan ti hiru han
2.1 M6 hinh phan t hieu han hép sé co’ khi

T& mé hinh nguyén ly ctia hop sb ta thiét 1ap mé hinh twong dwong
tinh toan dao dong clGa hé banh réng hop sb nhw Hinh 2. Ta xét trwérng hop Hinh 1. M6 hinh hop s6
hép sb dang & tay sd 1, hai cp banh ring &n khép va truyén cong suét 1a co khi xe tai 3T
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cap (0,0’) la banh rang chu dong va banh rang trén truc trung gian, cap (1 1’) la cap banh rang an khép & tay
sb 1. Sau khi loai trir cac bac tw do rang budc clia cap banh rang (0,0’) va cdp banh réng (1 1°) ta con lai 8
bac tw do [2,3]. O day ta xét g = {0,.6,0,0, 0L04 6, 6_}"1a véc to cac bac tw do con lai cia hé twong dwong
(Hinh 3) dung dé tinh bang phuong phap phan to huu han. Trén co s& do ta xay dwng ma tran do clrng va
ma tran khdi lwong cac phan tor (cac phan tir dwoc danh sb tir (1), (2)...(7)). Cac thong sb v& méd men quan
tinh va d6 cing cac phan tir clia hé dwoc cho trong Bang 1.
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Hinh 3. M6 hinh phan td hitu han
Béng 1. Céc thong sé hé dao déng
Banh ring Truc ] APh.u:(yng Fr.inh dao dénq tw do
- . . . cta hé viét dwdi dang ma tran nhw
M6 men Gia tri Do cirng Gia tri 4.5
quantinh () | (x102%kg.m?) | truc (k) | (x10¢Nmfrad) | Sau[4.5@
264,64 . [1(6)+[c)ie}+kfe} =0
Iy 30,32 ky 1,35 trong dé: [/] 1a ma tran khéi lwong; [C] 1a
I 45,50 K, 1,32 ma tréan do can; [K] la ma tran dé cirng;
I, 60,70 k, 1,33 {0} la véc to chlra cac bac ty do cla hé,
I 54,51 k, 133 & day la véc to cac goc xoan.
I 68,12 K, 135 _ Trénco'sé cliamo hinh phan te
I 59,86 K, 126 hLJ’U ha?'(Hlnh 3) ta xay cjungﬁ du”qc ma
tran khoi lwgng [/], ma tran d6 cirng [K]
I, 48,79 nhw sau:
I, 73,25
I, 195,98
Idc 0 0 0 0 0 0 0
P
0 [0+RO[0 0 0 0 0 0 0
0 0 I4 0 0 0 0 0
0 0 0 13 0 0 0 0
[1]1= )
0 0 0 0 Iy 0 0 0
0 0 0 0 0 [2 0 0
0 0 0 0 0 0 I+ REL 0
K 0 0 0 0 0 0 Iy |
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K, -k, 0 0 0 0 0 o |
—k, k,+Rk, Ryk, 0 0 0
0 Rok ky+hy -k, 0 0 0 0

- 0 —k, kg + s —k, 0 0 0 3)

0 0 0 —k, ky + K, —k, 0 0
0 0 0 0 —k, ky+k, -k, 0
0 0 0 0 0 -k, k o+ Rke Rk

K 0 0 0 0 0 R ke ke

trong do: R, = 43/22, R, = 6,54 la ty s6 truyén clia cap banh rang s6 (0,0') va sb (1,1°).

2.2 Phan tich téc déng ttr mé men xoéan ctia déng co’

Khi déng co lam viéc sinh ra lyc khi thé, lwc quan tinh clia cac chi tiét chuyén dong. Cac luc nay thay
ddi theo géc quay truc khuyu va ciing 1 nguén déng luc gay nén dao déng xoén clia hop sé. Luc quan tinh
va lwc khi thé clia déng co 1a nhitng lwc cé tri sb I&n va thay ddi theo chu ky nén mang tinh chét va dap.
Mé men clia nhitng lwc nay 1a md men kich thich tac déng 1&n hé thdng truyén lwc néi chung va hop sb ndi
riéng. Mé men tlr ddng co c6 thé bidu dién dwdi dang ham sb nhuw sau [6].

T=7;+ZTysin(7a)t+ay) 4)
trong do: T 1a mé men trung binh; o la tbc dd goc clia dong co; y a cap diéu hoa, dong co 2 ky v = 1,2,3...;

dong co 4kyy=05,1,1.52,25,.; T |abién d mo men didu hoa cép y; ay 1a pha ban dau ctia mé men diéu
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Hinh 4. Gidn db véc to mé men diéu hoa ting véi cac y khéc nhau

Hinh 4 14 gian db véc to' quay clia cac md men clia cac xi lanh (ng véi cip diéu hoa y khac nhau.
T Hinh 4 c6 thé thay, khi y =3 thi tAt ca cac véc to m6 men déu cung phwong, tat ca cac xi lanh déu sinh
mo6 men tac dong lén hé truc ctia hop sb. Khiy = 0.5; 1; 1.5; 2; 2.5 tbng cac véc to mdé men cla cac xi lanh
bang 0, nghia la cac mé men clia cac xi lanh sé triét tiéu nhau, khéng gay ra md men tac déng 1én hé tryc.
T d6 co thé rut ra, cac cap diéu hoa la boi s6 cta 3 thi véc to md men cla céc xi lanh 1a cung phwong,
khi d6 tAt c& cac xi lanh déu sinh ra mé men tac déng I&n hé truc ctia hop sb. Trong cac mdé men clia cac xi
lanh, tai thoi diém bat ky ludn c6 mdét mé men kich thich chinh, cip diéu hoa thap nh4t cia mé men chinh
thwerng déng vai trd quan trong gay ra hién twong cdng hwéng trong pham vi tbc d6 lam viéc clia dong co.
Cép diéu hoa thap nhét ctia mé men kich thich chinh trong mét chu ky lam viéc ctia déng co dwgc tinh theo
cong thire sau:
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trong do: z 14 s6 xi lanh; 7 1a sb ky.

Khi tAn sé ctia md men kich dong tir déng co bang tan sé dao dong riéng clia hop sb thi sé& xay ra
hién twong céng hwdng. Tirc la:
yo=f (6)
n 30
hoac: 7—=f—>n=—f (7)
30 V21
trong do: 14 tAn sé dao dong riéng clia hé banh rang hop sb (Hz); n 14 tc dd dong co.
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@ 3. Két qua va thao luan

3.1 Tan sé dao déng tw do va dang dao déng riéng

St dung phan mém Matlab dé tinh toan tAn sé dao dong tw do va dang dao ddng riéng clia co' hé, két qua
tinh toan 8 tn s6 dao dong tw do clia hé 1a w (rad/s): 0; 36,10; 79,87; 134,49; 176,77; 205,67; 251,68; 300,51.
Trong d6, tan s dao déng thir nhat = 0 twong trng co hé cirng tuyét ddi (rigid body), thwe chét trudng hop nay
ta thworng khéng quan tam dén. Bang 2 |a dang dao déng riéng twong (rng (mode shapes) clia hé twong dwong,
(véc to riéng clia bai toan tim trj riéng va véc to riéng clia ma tran dd cirng va ma trén khi lwong).

Hinh 5 la cac dang dao ddng riéng twong (rng v&i cac véc to riéng trong Bang 2. Dang riéng the 0
hé clrng tuyét dbi nén bién dd goéc xoan la nhw nhau tai cac truc. Dang riéng thir 1 cé mot diém nut gita
banh réng sb 3 va banh rang Iui (L). Dang riéng th& 2 c6 hai nat, nat thir nhét tai truc cha dong, nat thir
hai tai diém gan cudi cla truc trung gian. Dang riéng 3 c6 ba nut, mét nat tai truc cht déng, mot nut tai truc
trung gian va mét nut tai truc ra. Dang riéng th&r 4 c6 4 nat, mot nat & truc chd déng, hai nat & truc trung
gian va mét nat tai truc ra. Biém nut [a diém ma goéc xoén thay ddi tr am sang dwong va nguoc lai. Tai day
la nhibng vi tri xay ra nguy hiém cla hé truc cAn phai lwu y khi tinh toan thiét ké va ché tao. Hinh 6 la goc
x08n 0, va 6, theo thoi gian. C6 thé thay, cac dao dong nay la dao dong diéu hoa cé bién do goc xoan rat
nhd, trong diéu kién hoat dong binh thwéng clia hop sb thi ('ng suat do md men xoan tac dung lén hé truc
banh rang |a twong ddi nho.

Bang 2. Dang dao dong riéng cta hé (véc to riéng)

Nut Dang 0 Dang 1 Dang 2 Dang 3 Dang 4 Dang 5 Dang 6 Dang 7
0, -0,78 -0,67 -0,82 -0,19 -0,01 -0,07 0,03 -0,02
0, -0,78 -0,51 0,19 0,51 0,06 0,15 -0,40 0,32
g, 0,15 1,00 -0,36 -1,00 -0,11 -1,00 0,77 -0,62
0, 0,15 0,87 -0.81 -0,77 -0,04 0,18 -0,67 0,78
0, 0,15 0,70 -1,00 0,20 0,09 0,93 0,21 -1.00
0, 0,15 0,48 -0,91 0,99 0,09 -0,26 0,46 0,78
0, 0,15 0,23 -0,51 0,78 -0,06 -0,78 -1,00 -0,87
0, 0,15 -0,02 0,001 0,02 -0,15 0,02 0,013 0,01
0, -1,00 0,14 -0,007 -0,14 1,00 -0,16 -0,09 -0,06
0, -1,00 0,18 -0,08 0,08 -0,28 0,03 0,01 0,005
3.2 Phén tich kha nang xay ra céng huwéng Baéng 3. Ba téc do cong huéng dau tién

Gia str hop sb ta dang tinh 1&p trén 6 t6 tai ¢ .
déng co 4 ky, 4 xi lanh. C4p diéu hoa nhé nhét gay ra Tan so o o, w, w,
mé men kich dong Ién hé truc theo (5) 1a y = 2. Nhw (rad/s)
vay ta sé tinh duwoc sb vong quay cong hwéng dbi Téc d6 n
v&i hé banh rang hop sb nhu sau tai ba tan sé dao L 1083 2396 4034
O s R (vong/phut)
dodng riéng ban dau nhw Bang 3.

edc e0 0

0, 6,
0, 0
ra
0, 0, 6, 0, :' 0

¥ 0’
Dang dao déng riéng Dang dao dong riéng Dang dao dong riéng Dang dao dong riéng
ther 0 thee 1 ther 2 ther 3

Hinh 5. Bén dang dao déng riéng déu tién ctia hé banh réng hop sé
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o 02 04 06 08 1 12 14 L6 18 2
t(s)
Hinh 6. Goc xoan 0, va 0, theo thoi gian

i vai 6 6 tai, tbe d6 dong co thuwdng trong pham vi tir 1000-3000vong/phit, nén ta thay, trudng
hop tai 1083, 2374 vong/phut la c6 kha nang xady ra cong hwdng trong vung lam viéc clia dong co. Cac
trwdng hop tn sé cao nam ngoai pham vi téc d6 1am viéc nén ta cé thé bé qua.

@ 4. Két luan

Dao déng clia hdp sb cé anh hudng rat I6n dén tinh nang van hanh, tinh kinh té, tudi tho va do 6n
clia 6 t6. O’ nwéc ta hién nay, cac cong trinh nghién ctu vé rung 6n hop sé con chwa nhiéu. Trong qua trinh
phat trién nganh céng nghiép 6 t6 & nudc ta, viéc tirng budc san xuét cac sdn pham trong nwéc nham noi
dia hoa 13 viéc 1am can thiét. Do do, viéc nghién ctvu dao dong hop sb co khi clia bai bao sé& gop phan tao
co sé khoa hoc dé tirng buéc qua trinh hoan thién viéc nghién ctru, thiét ké tinh toan va ché tao hop sb co
khi trong nwéc. Bai bao da tién hanh phan tich, tinh toan dao déng xoén ctia hé banh ring hop sé va dat
dwoc nhitng két qua cu thé nhw sau:

+ Thiét Iap md hinh dao ddng ctia banh réng hop sb, str dung phuong phap phan t& hivu han dé tinh
toan duoc tan sb dao ddng riéng, dang dao déng riéng ctia hé banh rang hop sb.

+ Phan tich tac dong cia mé men xoan tir dong co dé tim dwoc sd vong quay cdng hudng. Két qua
tinh toan da tim ra dwoc 3 tAn s6 dao ddng dau tién cé thé gay cong hwéng trong ving lam viéc clia 6 t6.
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