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PHAN TICH RUNG DONG CUA KET CAU KHUNG VO O TO CON
DUOI SU KICH THICH TU BONG CO

VIBRATION ANALYSIS OF THE CAR BODY STRUCTURE UNDER THE EFFECTS OF ITS ENGINE

TOM TAT

Bai béo trinh bay cdc md hinh phan tir hitu han dé nghién ctu dac tinh rung
dong riéng va rung dong c6 kich thich clia két cau khung v 0 to con. Cac dac
trung rung dong riéng duoc tinh toan, md phong trén phan mém phan ti hitu
han. Trén co s¢ phan tich rung dong riéng, bai bao tién hanh tinh toan, md
phdng rung dong ctia két cau khung v4 dwdi si kich thich tlr dong co dat trén xe.
Thong qua cac két qua nay cd thé so bd dénh gia dugc tinh ndng két ciu clia
khung v6 6 t6 con, cfing nhir &nh hudng clia két cAu dén d6 on bén trong xe.

Tir khoa: Két cau khung v4 6 t6; Phan tich mo hinh trang thai; Phrong phap
phan ti hitu han; Rung dang khung vo 6 to; Tiéng on 6 to; Danh gia két cdu khung
vo; Kich thich tlr dong co.

ABSTRACT

The paper presents finite element models to study specific vibration and
stimulated vibration characteristics of car body shell structure. Specific vibration
characteristics are calculated and simulated on finite element software. Based on
the analysis of specific vibration, the paper conducts calculations and simulations
of vibration of the body structure under the stimulation of the engine placed on
the vehicle. Through these results, it is possible to preliminarily assess the
structural features of the car body, as well as the effect of the structure on the
noise level inside the vehicle.

Keywords: Car body structure; Modal analysis; FEM; Car body vibration; Car
noise; Car structure evaluation; Engine vibration effects.
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1.DAT VAN BE

D06 6n trong xe 6 td con phu thudc rat nhiéu vao cac dac
treng két cdu khung vo ctia xe. MOi két cdu khung vo 6 to
c6 cac dac tinh rung déng riéng nhat dinh. Vi vay, thong
qua cac tham s dac trung rung dong riéng cla két cau
khung vo c6 thé danh gia duoc tiéng 6n bén trong xe.

Trong qué trinh 6 td chuyén ddng, két cdu khung vo xe
rung dong do nhiéu nguon kich thich khac nhau. Cac
nguon kich thich rung déng gém c6: dong co lam viéc, hé
théng truyén luc, mat dudong khéng bang phang, 16p xe,
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ma sat gilra luc can gid va vo xe khi 6 td chuyén déng & téc
dd cao,... Néu tan sd kich thich cla cac ngudn rung déng
nay gan vai tan s6 rung dong riéng clia khung vo xe, sé dan
dén hién tugng cong hudng, sinh ra rung dong I&n va tiéng
0n tang |én, tham chi cé thé pha hong két cau khung vo xe
[1]. P€ nang cao tinh an toan, tinh tién nghi va do tin cay,
can phai tién hanh phan tich rung déng ctia khung vé xe,
tlr d6 tim giai phap gitp cho két cau ¢ thé tranh duoc tan
s0 kich thich cong hwdng clia cac ngudn rung dong.

Hién nay, c6 ba phuong phap phan tich két cau khung
vé xe: phuwong phap phan t& hitu han [2]; phwong phap
phén tich mé hinh trang thai thuc nghiém [3]; va phuong
phap phan tich téng hop [4-6]. Trong d6 phuong phap
phan tich md hinh trang thai st dung phan t& hitu han
duoc (ng dung ph6 bién nhat. Thong qua phan tich cac
tham so ctia mo hinh trang thai, cé thé tién hanh danh gia
khach quan dac tinh do cirng va gidm chan cla két cau
khung vo xe, cling cé thé st dung cac két qua dé dé lam co
s ti€n hanh cai tién két cdu khung vo [7, 8].

Trong cac nghién clru trwde day, cac tac gia da tién hanh
mé phéng rung déng clia khung vé 6 t6 khach [9], va phan
tich rung déng riéng ctia than vé 6 té con [10].

Bai bao sir dung phuong phap phan tr hitu han dé
phan tich, mé phéng dac tinh rung dong riéng va rung
doéng khung vo 6 t6 con cd ké dén kich thich dong co, tir d6
danh gia so bo két cdu khung vo xe.
2.CO SO LY THUYET PHAN TiCH BAC TINH RUNG DONG
RIENG CUA KET CAU

Dugi su kich thich hinh sin, phwong trinh déng hoc két
cdu khung vo 6t6 khach:

[MI{x} +[CI{X} +[K]{x} = {F}sin(wt) 1)
Thuc hién bién dai ta co:

M J{%a | +IC\1{X4 } +IK1{X4} ={Qy}sin(wt) @)
Trong dé:

[My] =[A]" [M] [A] 1a ma tran riéng khoi lvong.
[Cu] = [A]" [C] [A] la ma tran riéng giam chén.
[Ky] = [A]" [K] [A] la ma tran riéng do cling.
[Qu] = [A]"[F] 1a véc to bién db luc kich thich
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[Mul, [Cul [Ky] @8u la cac ma tran dwong chéo, hé
phuong trinh ¢6 n bac tv do c6 nghiém duy nhat {X,}, cé
dang:

{Xa} = AKX+ A X+ AT X, 3

Tir d6 ta cé thé tinh duoc trang thai 6n dinh tai cac nat
cla két cdu khung vé 6 t6 con.

Ba6i v6i phuong trinh (1) khdng khéo sat giam chan va
lyc kich thich thi ta cé phuong trinh:

[MI{x} +[K]{x} ={0} (4)
Gia sir hé dao dong diéu hoa:

{x} ={X}sin(wt+q) (5)
Thay (5) vao (4) ta dugc:

[K]- o’ [M]{x} = {0} (6)
Phuong trinh théa man;

(K]-w*M])=0 ()
Giai phuong trinh trén ta dwgc tan s6 rung dong riéng
0,

Thay vao phuwong trinh (7) ta dwge hinh dang dac tinh
rung dong riéng.
3. XAY DUNG MO HINH PHAN TU' HJU HAN KHUNG VO
OTOCON
3.1. Nguyén téc xay dung mo hinh phan tr hitu han
khung vo xe

Bang 1. Bang tham khao kiém soat chat lrong Iui md hinh than v xe (gia
tri kinh nghiém)

- Tile

Kich | Kich Td';? Ghe Gac GAc tronglGéc trong phan

thuéc | thude)| . . |vénh| Tis0 (I6n(nhd)|lén (nhd)|tk tam
. . [rong|nghiéng| .~ |. o Y
[6n | nho |7 2| Y~ =1 16n |jacobian|nhét clia|nhatcla| gic
x ~ | 16n |lonnhat] L e
nhét | nhat | | . nhéat tirgidc |tam giac|chiém
nhat 5

cho

20mm|5mm| 31| 45° | 10°| >0.6 |130°(45%)|100°(30°)|<10%

Viéc xay ding mo hinh khung vé xe can can clt vao yéu
cau can doi gitra do phtc tap ctia mé hinh va dd chinh xac
mo6 phoéng. Trwéc khi xdy dung mo hinh, can tién hanh
phan tich va quan sat ti mi tdng thé khung vo xe. Déi voi
khung vé xe thi cac két cAu &nh huéng dén tinh nang dong
lvc hoc khung vd xe cé vai tro quan trong, nhu: cac xa
trwéc, gitra, sau cla than xe, két cdu tru va két clu gia
cwong, két cdu cac tdm dién tich I6n,... Nam ré két ciu san
sinh ra &nh huéng thi cdp déi voi tinh nang dong luc than
xe, nhu: 16 cdng nghé nhé, cac tdm phu thudc thi cap,....
D0Gi v6i cac két cau chinh yéu, can ddm bao day du kich
thwéc va dac trung hinh hoc; déi véi bd phan thir yéu, can
Xt ly don gian héa, pht hop véi diéu kién lam viéc, tranh
lvgng cdng viéc tinh toan tang Ién va khéng dat dugc tinh
chinh xac ctia mé hinh [5-7]. Cac nguyén tac chinh dé xay
dwng mé hinh bao gém: don gian héa mo hinh, kiém soéat
chét lvgng ludi phan tlr va pheong phap lién két. Théng
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gua kinh nghiém cuta nhitng nghién ctu trwéc, chi tiéu
kiém soat chat lvgng ludi ciia mo hinh than vo xe tham
khao trén bang 1.

Sau khi diéu chinh 6n thda chat lveng lwdi ctia mé hinh,
m@&i cb thé ti€n hanh xt Iy diém han, vi sau khi x ly diém
han thi khong thé tién hanh diéu chinh chat lwvgng phan tl
lan can cla két cdu lién két tvong ho.

3.2. Xay dwng m6 hinh phan ti hitu han khung vé 6 t6 con

Toan bd khung vé 6 t6 duoc lam bang thép, ching
duoc 18p rap tir hon mot tram chi tiét va thuc hién bang
phrong phap han. Can civ vao nguyén tic xay dung mo
hinh phan t& hitu han trén, sau khi chuyén mo hinh CAD tl
phan mém Catia sang phan mém Hypermesh [11], ta tién
hanh thiét 1ap m6 hinh tdm va x& ly bé mat cac tdm, ta cé
mo hinh CAD nhu trén hinh 1.

Sau do ti€én hanh chia lwéi cho tlrng chi ti€t riéng biét va
Xt ly lwéi clia tirng chi tiét, dam bdo cac phan ti ti giac 1a
cht yéu, déng thoi han ché phan ti tam giac. Sau khi chia
lwéi va xt ly luéi ta dwge mo hinh phan t& hitu han co ban
clia khung vé 6 t6 con

Sau khi hoan thién chia Iwdi ta ti€n hanh tao cac moi
lien két han. Can ctr vao s6 lvgng mdi han xe thuc té, ta 4p
dung phan t&r CWELD d€ tién hanh mo phdng doi véi diém
han, duvong kinh vét han (méi han) hai I6p (phan t& vo 2
I6p) la 6mm, dwong kinh vét han (méi han) ba 16p (phan t&
vo 3 l6p) la 5mm. va st dung thém mot s6 it phan ti han
RBE2. Ta c6 mé hinh phan t& hitu han nhu hinh 2.

Hinh 2. M@ hinh phan i hitu han khung vd 6 t6 sau khi tao lién két

Thdng tin co ban ctia md hinh PTHH khung vo 6 t con
nhu bang 2.

Bang 2. Thong ké thong tinmd hinh

Phan t& ,
Tl gidc Tamgidc | CWELD RBE2 Nat
56 lvong 170860 650 5825 182 182762
Phan t(r tam giac chiém: 0,38%
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Sau khi hoan thanh cong viéc xay dwng mé hinh phan
t& hiru han, tién hanh dinh nghia thudc tinh vat liéu trong
két cdu than xe. K&t ciu than vd xe chi yéu dung thép cac
bon thap, do thudc tinh céc loai vat liéu thép cac bon thap
sai léch nhau khéng nhiéu, anh huvéng dén két qua tinh
toan c6 thé bo qua. Ap dung tham s6 vat liéu nhi bang 3.
Bang 3. Thudc tinh cla vat liéu trong md hinh
Thams6 | Mo dundanhoi HEé s6 poisson Khdi lrgng riéng
Giatri 2,06e5 (MPa) 0,3 7,893 (kg/m?®)

Buéc ti€p theo la loai trir mot s6 van dé trong md hinh,
nhu: bo sot lién két han, mat cac tdm,... Sau khi hoan thanh
qua trinh xay duwng mo hinh, thi ¢ thé tién hanh tinh toan
mé hinh.

4, KHAO SAT BAC TINH RUNG BONG CUA KHUNG VO O
TO CON
4.1. Tinh toan rung doéng riéng ctia khung voé 6 t6 con

M6 hinh trang thai la mot loai dac tinh riéng clia két
cdu, no chi chiu anh huéng cta hinh dang, hinh thic rang
budc, dac tinh vat liéu clia két cdu, ma khong chiu anh
huéng cla cac dau vao khac (nhu tai trong). Muc tiéu cha
yéu ctia phan tich mo hinh trang thai la dé tim hiéu céan ké
vé vlng tan sd cong hudng, dé dua ra dugc dinh hudng
trong thiét ké két cdu, tir d6 lam co s6 tinh toan cac rung
déng va tiéng on.

Muc dich clia phan tich mé hinh trang thai cda khung
vo 6 t6 la nhan dugc tan s6 rung dong riéng va hinh dang
rung dong cuda két cdu khung vo, khong ké dén hé so can
gidm chén cua vat liéu [8].

4.1.1. M6 hinh tinh toén

Tién hanh thiét 1ap md hinh tinh toén, xac dinh cac tinh
hudng tinh toan, thiét Iap cac tham s6 tinh toan clia moé
hinh, s dung Optistruc clia Hypermesh dé giai bai toan
(hinh 3).

Hinh 3. M& hinh tinh toan rung dong riéng & trang thai tu do
4.1.2.Kétquatinhtoan

Sau khi chay mé hinh mo phéng ta cé két qua tinh toan
nhu bang 4.

Bang 4. Két qua tinh todn md phdng rung dong riéng khung vo 6 té con

STT |Tans6[Hz] Md ta hinh dang rung dong
1 22,23 | UBn cong phurong ngang toan xe
2 27,19 | Xodn toan xe
3 38,46 | Rung dong cuc bd dudi xe
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4 44,22 | Hop thanh xoan dau xe

5 48,99 | Rung dong cuc bd dudi xe

6 50,18 | Bién hinh cira gi6 néc xe

7 51,36 | U6n cong theo hung thang ding

8 57,69 | Rung dong khoang hanhly

9 61,14 | Bién dang dau xe, vach ngdn khoang dong co va dudi xe
10 61,8 | Rung ddng cuc bd sau ndc va dudi xe

Céc hinh dang rung déng ctia mé hinh trang thai khung
vO xe, theo cac tan s6 khac nhau, duoc thé hién nhu trén
hinh 4, 5.

Hinh 5. Hinh dang rung dong & tan s6 thir 2

Tién hanh phan tich so b két qua tinh toan, tan sb rung
dong riéng thr nhat la 22,23Hz, ¢6 hinh dang rung dong
uén cong theo phrong ngang toan xe. Hién nay, cac xe con
déu la loai vé chju lyc nén tan s6 ctia md hinh trang théi
phd bién la tir 20Hz trd 1én. Dang riéng thi nhat ctia mo
hinh trang thai khung vé 6 t6 con tinh toan phu hgp véi
quy luét thong thudng.

Qua khao sat cho thay, dang riéng thir nhat ctia mé hinh
trang thai khung vé 6 t6 con tinh toan phu hep véi quy luat
thong thuong. DE ki€m tra dd chinh xac ctia mé hinh va két
qud tinh toan can tién hanh thi nghiém. Tir cac két qua nay
cling so bd cho thay két cdu khung voé 6 td con con c6 mot
s0 vi tri chwa hop ly can céi tién, dac biét la mang néc xe.
4.2. Khao sat rung dong ctia khung vé 6 td con co6 kich
thich ctla déng co

4.2.1. Xay dyng m6 hinh tinh toan rung déng c6 luc
kich thich

Trong qua trinh 8 td lam viéc, ddng co khdng can bang
lvc va méat duong khong bing phang san sinh ra rung
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dong, phan biét théng qua gbi d& dong co hodc banh xe va
hé théng treo truyén dén khung xe, dan dén cac tdm mong
than xe rung dong, tir dé bic xa ra tiéng 6n huéng vao
khong gian trong xe. Kich thich ddng co la nguon kich thich
chu yéu, dai tan s6 kich thich nay twong déi rong, tr vai Hz
dén hang nghin Hz.

DPong co lién két véi khung vo qua 03 chan may, dé don
gi&n trong qué trinh md hinh hoéa ta dét lwc kich thich tai vi
tri trong tdm déng co cé dang: P, = Pcoswt = Pcos(2mf)t

Trong dé: P la bién dd lyc kich thich rung ddng
(P = 4mrRAw? = 7482N)

Pong thoi tai 04 vi tri dat giam chan cla hé théng treo
ta dat cac rang budc (rang budc nay duoc thie hién bang o
X0 gidm chan). M6 hinh sau khi thié€t 1ap nhuv hinh 6, cac
diém tinh toan rung dong la vi tri 14i, phu va sau ghé lai trén
hinh 7.

Hinh 6. M hinh tinh toan rung dong ¢ liyc kich thich clia dong co

Diém Kiviio sit thir 2

Hinh 7. Biém khao sat rung dong

4.2.2. Kétquatinh rung dong c6 luc kich thich

Sau khi xay dung mé hinh va thiét Iap théng s6 bai toan,
sl dung bo giai Optistruct dé chay chuong trinh ta c6 két
gud nhu hinh 8.

S —

Hinh 8. Dap (ing tan s6 tai nat s6 107452 (vi trf [3p ghé 14i)
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K&t qua déap (ng theo phurong thang ding va phuong
doc tai vi tri ghé lai dugc thé hién nhu trong cac bang 5, 6.

Bang 5. KAt qua dap img tan s theo phirong thang ditng tai nit 107452 (vi
tri ghé 14i)

Tansd | Chuyénvi Pha | Tansd | Chuyénvi | Pha
ST R R
(Hz) (mm) ®) | (Hz) | (mm) (D9)
1 20 0,580558 176,558 520 1,7446 157,345
2 100 0,623771 176,234 | 600 5,75145 | 113,836
3| 160 0,933517 | 168,662 | 680 3,6013 56,3831
4 | 280 0,608338 174,939 760 1,22893 359,644
51 360 0,765122 175,619 880 0,653467 20,201

Bang 6. Két qua dap img tan s6 theo phirong thang doc tai ndit 107452 (vi trf
ghé lai)

STT T?SZS;O Ch(tr‘Ty];r;‘” Pha (Do) T(a:zs;o Ch(tr‘Ty];r;‘” Pha (90)
1| 20 | 00998 | 3652 | 520 | 0138331 | 322215
2| 100 | 0142698 | 354966 | 600 | 189525 | 280,024
3| 160 | 0568407 | 338.161| 680 | 139532 | 982919
1] 280 | 00s71912 | 187649 | 760 | 0223506 | 964797
5| 360 | 000443009 | 355288 | 880 | 014968 | 29,8658

4.2.3. banh gia kétquatinh toan

V&i nguon kich thich tir ddng co thi khung xe rung déng
vGi bién do cuc tri tai tan s6 600Hz, bién dd theo phuwong
thdng dirng va phuong doc la I6n nhat, rung dong theo
phuong ngang la twong d6i nhd so v6i hai phuong con lai.

Tai tan s6 160Hz khung xe rung dong tang Ién rd rét,
rung dong theo phrong théng dirng va phurong doc tiang
déng thoi, rung dong theo phrong ngang khéng dang ké.
Rung dong tai vi tri 1ap ghé phu lén hon rung dong tai vi tri
Iap ghé lai va vi tri 13p ghé sau.

V&i tdc do lam viéc clia dong co xang 6 td6 Toyota Camry
nam trong khoang 700 dén 6000 (vong/phut ) twong (ng
voi 23,3 dén 120Hz thi rung dong khung xe khong xay ra
vung tang bién dd rung dong dot ngot. Do do khung vo 6
t6 thiét ké da tranh dugc cac ving rung déng cong hudng
trong vung téc do lam viéc clia dong co
5. KET LUAN

Véi viéc st dung phan mén CAD hién dai, ching ta cé
thé xay dwng md hinh khung vé 6 t6 con sat véi thuc té,
sau do (rng dung phuong phap phan tich CAE dé tién hanh
phan tich m6 hinh trang thai ctia khung vd 6 t6 con co6 ké
dén diéu kién bién.

Thong qua tinh toan, phan tich déi véi mo hinh trang
thai clia than vé 6 t6 con nhan thay tan s6 rung dong riéng
thiv 1 rat gan véi tan so kich thich clia déng co khi khéng
tai, dé dan dén cdng hudng va bién do rung dong tang cao.
Nhu vay luc kich thich cia ddng co chay khéng tai la mot
trong nhitng nguyén nhan quan trong dan dén cong
hudng. Bong thoi phat hién két cdu cé nhitng vi tri khdng
hop ly can cai tién.
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Huwéng nghién cttu nay dwgc cac nwdc c6 nganh cong
nghiép 6 td phat trién nghién cu tir rat sém. Song d6i voi
Viét Nam, n6 con la van dé méi mé chua duoc quan tam.
No6i dung nghién cru nay méi chi la buwéc mé dau cho viéc
nghién clru rung on cla 0 t6, tdng tinh tién nghi cho
phuong tién.
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