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XAY DUNG VA TiNH TOAN MO HINH DAO DONG CUA HE THONG
VAN XA NHIET TRONG DONG CO POT TRONG

CONSTRUCTION AND CALCULATION VIBRATION MODEL FOR THE HEAT
EXHAUST VALVES SYSTEM IN THE INTERNAL COMBUSTION ENGINES

Truwong Chi Cong
Khoa Co khi, Truong Dai hoc Cong nghi¢p Ha Noi

TOM TAT

Trong néi dung bai bdo, tic gia da dwa ra mé hinh tinh todn ciia hé thong van xd nhiét ciia
dong co dot trong, sau do dp dung 1y thuyét, két hop véi chwong trinh Maple dé tinh todn doi voi
mé hinh dao dong dé. Cac két qua thu dwoc givip ta hiéu ré ddc tinh lam viéc ciia hé thong van xa
nhiét va cho ta thay ré dao dong ciia céac thanh phan cu thé trong hé thong.

Tir khoa: Van xa nhiét; Péng co dot trong; Luc kich dong; M6 hinh dao dong; Tuan hoan

on dinh.

ABSTRACT

Contentofarticle author has given the calculation model of the exhaust valve system of internal
combustion engines and then applied the theory, combined with the program Maple to calculate for
that vibration model. The obtained results help us to understand the working characteristics of the
exhaust valve system and show us clearly the fluctuations of specific components in the system.

Keywords: Heat exhaust valves; Internal combustion engines, Excitation force; Vibration

model; Stable circulation.

1. PAT VAN DE

Hé thong van xa nhiét trong dong co
d6t trong 1a mot trong cac cac bd phan may hét
suc quan trong. Trong qua trinh st dung, bd
phan nay cling 1a mdgt trong nhirng b phan gay
ra dao dong anh huong t6i chat lwong cta ca hé
thong. Do d6, viéc mo hinh hoa, thiét 1ap tinh
toan chi rd dugc nhitng dao dong, cac dac tinh
chuyén dong vé van tdc, gia toc s& gitip cho
viéc nghién clru gidm bdt cac anh hudng co6 hai
do dao dong gay ra.

Noi dung bai bao nay, tac gia da mo
hinh hoa va thiét 1ap mé hinh phu hop cho hé
thong van xa nhiét ciia dong co ddt trong, sau
do6 ap dung 1y thuyét, két hop vé6i chuong trinh
Maple dé tinh toan d6i v6i mé hinh dao dong
do.

2.SO PO VA MO HINH HOA HE THONG
VAN XA NHIET

So dd hé théng van x4 nhi¢t cua dong

co ddt trong nhu hinh 1. Biét thanh don AB ¥
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quay quanh truc O c6 mo men quan tinh 1a J,
khéi lwong xupap AC la m khéi lwong nip
xupap va 10 xo 1a m, , d6 cing cua 10 xo 1a k ,
trong lugng ban than cua 10 xo tinh todn trén
co s& phuong phap Rayleigh co thé 1ay xap xi
m, /3 tap trung tai diém A, can day BD c6 khoi
luong 1a m, ¢6 d6 cimg k, 6 1a goc xoay cua
thanh don AB.

X | m
7,

-

Hinh 2. M6 hinh hoa hé théng van xd nhiét.

Yéu ciu cta bai toan dat ra 1a phai thu
dugc diung déc tinh tan s6 cua h¢ thong. HE
thong dugc mo hinh héa nhu hinh 2.

3. THIET LAP VA GIAI BAI TOAN

Tu so d6 va mod hinh hoa ctia hé thong
van x4 nhiét ta xac dinh dugc dong nang cua hé
thong nhu biéu thue sau:

I 5 1 RS | 2
T:EJE»’ +Emr(1’29) +mep(319) (D)

1 m * 1 2 2 1 2 .'J
+ P 3"‘ (,,0)= E[J +ml, +m I + 8 m, L j 6"

Tai diém B cta thanh don AB ¢6 téc do

la: x =1,6, khi do, biéu thtic (1) tré thanh:

1
J+ mtlz2 + mxpll2 + g mbcll2 .

T=— : 2
2 2 G

Ta quy vé khéi lugng twong duong tai
diém B la:

J+ml + mxplf + ;mlxlf

m= E )

Thé ndng cua co hé:

U= ;k, (L,O) + ;k,x (16) = ;(kllj +k 10 (4)

Trong do, 6 = wt. Mét khac, tai B ¢6 dich
chuyén 1a: x = a0, khi d6, biéu thirc (4) trd thanh:

2 2
U= %(—ktlz ;klxll sz (5)
2
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Khi d0, tai diém B co do cing twong
duong la:

2
k=k +k, [ll—]j (6)

2

Do do, tan so riéng cua co hé la:

2 2
o = E: ki, + k. (7)

1
J+ml + mxplf + gmlxll2

Néu don gian héa can day BD 1a thanh
clmg tuyét dbi, tac 1a do cing cua can day k=
0. Tuy nhién, trong thuc t€ vat li¢u luén co tinh
dan hoi nén k luén = 0.

Theo phuong phap tinh d§ cliing tuong
duong ctia thanh kéo, nén ta c6 do ctng ctia can
dayBDla: k, =EF /1. (8)

Trong do: 11a chiéu dai can déy BD; E,
F lan lugt 1 moduyn dan hoi va mit cat ngang
cua can day BD.

Goi s la dich chuyén vi tri cta co ciu
cam. Trong thyc té, viéc mo ta giam chan rat
kho, tuy nhién, hé théng giam chan chic chin
t6n tai. Nhu vay, tuy theo diéu kién thuc té, ta
cho co hé mot hé s giam chan ¢ va can cir vao
ham lyc kich dong tir co ciu cam F(t), 4p dung
phuong trinh Lagrange I1, ta c6 phuong trinh vi
phan chuyén dong cua co hé co dang:

m;+c;c+kx=c;+ks 9)

Co cau cam gay ra dao dong diéu hoa
don gian c6 quy luat:

s = h[l— os[”a)tH:;=£ﬁsi (ﬁth (10)
2 B p2 B

Trong do: B 1a goc nang lon nhat cua hé
thong, h 14 chiéu cao nang ciia co cau cam.

Thay cac biéu thuc (10) vao (9) va ap
dung nguyén 1y chong chit nghiém, ta c6 hé
phuong trinh vi phan twong ung viét cho hé
thong co6 dang:

m).c.l+w;1+kx1 _
mx2+ cx.z+ kx, :ﬁcos(”—mj (11)
2 p

m;c.+cyg+kx —ﬂsm Tt
2B

B

k
Thaya)f =—; 2no, :i; A _To
m m

ﬂ a)n
Giai hé phuong trinh (11), ta thu duogc
cac trang thai 6n dinh twong tng c6 dang biéu
thue (12):

h h 1 O
X =—; X, =— — =CO0s| ———¢
2 2 (1—/1) +(2n2) B
he ot (12)
X, = - ——go
Zkﬂ«/l ) +(277/1
2ni
Trong do6: tan @ =
¢ R

Ap dung nguyén 1y chong chat nghiém
& cac trang thai kich thich tudn hoan 6n dinh, ta
thu duoc két qua la:
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1

(ﬂ'a)t
=—|1+ cos
2| Ja-2+2nay B

jCﬂ'

1

. (ﬂa)t
— Sin
k B \a-2) +@2nay B

)

(13)

4. TINH TOAN VOI SO LIEU CU THE

Tir két qua giai tich tinh toan duoc, 1ap chuong trinh may tinh str dung Maple véi s6 liéu cu
thé nhu Bang 1, ta thu dugc két qua nhu cac Hinh 3+6.

Bdng 1. S6 liéu tinh todn thuc té

(0] B h L E F m m,
(m.rad/s) (rad) (mm) (mm) (MPa) (mm?) (kg) (kg)
40m I 13,5 237 210000 75 0,115 0,092
mt klx 11 12 ¢ J N
(kg) (N/mm) (mm) (mm) (N.s/mm)
0,2 26,68 40 64 5 99 1200
20 200000
= | 100000
e 0
;J ! -100000
_5. . 200000
0 02 04 0.6 0.8 1 [} 0.2 04 0.6 0.8 1
. Hinh 5. D6 thi gia toc theo phwong x
Hinh 3. Do thi dao dong theo phuong x cua hé b1
15
théng theo thoi gian t. 10
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7

Hinh 6. Pé thi dao dong cua co cau cam theo
phuwong x

1500
1000
500

- 1000
s 5 . _- Vi 56 liéu dau vao lya chon trong bang

' 1 cho ta két qua dao dong va cac dic tinh vé
chuyén dong ctia cac thanh phan hé thong van
xa nhiét on dinh, dap tmg t6t yéu cau lam viéc
ctia hé thong.

Hinh 4. D6 thi van toc theo phuwong x.
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5. KET LUAN

Tac gia dd mo hinh hoa va xay dung
dugc mo hinh tinh toan hop 1y cho hé thng van
x4 nhiét cua dong co ddt trong, tor do da xay
dung duoc phuong trinh vi phan chuyén dong
cho hé thong d6 va giai ra nghiém cho mé hinh
da xay dung dugc.

St dyng phan mém Maple lap trinh
tir két qua 1y thuyét da thu dugc dang cua dao
dong cua hé thong, cac dd thi thé hién vén tdc,
gia toc chuyén dong ctia hé thong theo phuong
x da chon.

Két qua thé hién ding dac tinh lam
viéc cuia hé théng van x4 nhi¢t cua dong co dbt
trong, do vdy, viéc md hinh hoa va thiét 1ap bai
toan 1a ding so véi yéu cau ban dau dé ra cta
bai bao. <
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