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Tom tat

Bai bdo trinh bay phwong phdp nghién ciu va
phét trién md hinh truc dan hoi dua ly thuyér dong
luc dién va phuong trinh Telegrapher. Trong ky
thudt nay duwoc thuc hién bang viéc mé réng ly
thuyér duong truyén hai day dé mo hinh hoa hé
thong dong luc gilp md ta hoan chink dng luc
hoc cia truc dan héi. Do @6, mé hinh truc dan hoi
dwoc MO ta day di véi cac tinh chdt ddc trung cua
nd. Két qua nghién ciru c6 thé ing dung dé khao
sdt cde dac tinh cia hé théng truyeén lyec trén 6 to.
Tir khoa: Truc dan hoi, Iy thuyét duong truyen hai
day, h¢ thong dong luc, 6 t6, duwong truyén luc,
dong luc dién, phuong trinh Telegrapher.
Abstract

Paper presents research and development method
of flexible shaft based on the theory of electric
dynamics and the
Transmission line modelling techniques are based
on the extension of the modelling theory of two-
wire transmission lines to the modelling of
dynamic systems to describe complex flexible
shaft dynamic. Therefore, the specificities of the
model are determined completely and accurately.
The results can apply to consider characteristics
of vehicle drivetrain.

Telegrapher's Equation.

Keywords: Flexible shaft, theory of two-wire

transmission lines, drivetrain,  vehicle,
transmission line, electric dynamics,
Telegrapher s Equation.

1. Pat van dé

Hé thdng truyén luc cua 6 t6 1a mot hé thdng phirc
tap bao gdbm nhiéu cum, nhiéu phan tir c6 tinh chit,
dic tinh khac nhau nhu tinh chit ma sat cua ly hop,
tinh chat dan hoi cua ly hop, cta cac truc, banh ring
trong hop sd, truc cac dang, ban truc,... Cac dic tinh
ctia cAc cum, phan tir anh huong 16n dén dac tinh

chung cua hé thdng. Trong cac nghién ctiru dong luc
hoc chuyén dong thang 6 to trude d6, thudng coi cac
truc la cac cirng hoan toan nén khong danh gia duoc
qué trinh qua do, cong hudng xay ra trong hé thdng,
[1]. M6t s6 nghién ctru ciing da danh gia anh huong
cua tinh dan hdi cua céc tryc dén dac tinh chung song
chwa dua ra dugc mo hinh toan hoc cua cac truc nay,
[2]. Tir d6, bai bao s& di nghién ctu, phat trién mo
hinh truc dan hoi dya trén ly thuyét dong luc dién va
phuong trinh Telegrapher dé mo ta cu thé cac dic tinh
cua né.

2. Co sé ly thuyét

2.1. Co 56 |y thuyét dwong truyén hai day dan

Mot duong truyén tai dién 13 mot sy sip xép cua
mot cip day din song song ma trén dé ning luong
dién dwoc truyén tai. Qua trinh nay duoc nghién ciu
bang cach xem xét sy chénh léch dién &p gitra cac day
dan, e(x,t) va dong dién, i(x, t), cua duong day truyén
tai tai mot khoang cach ty y, x, tir nguon, es(t), tai
thoi diém t > 0, nhu trong Hinh 1.
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Hinh 1. Puong truyén hai day dén [7]
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Hinh 2. Phén ti ciia dwong truyén véi chiéu dai Ax
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Puong truyén nay dugc phan tich bang viéc phan
tich mot phan tir cia dwdng truyén cé d6 dai Ax. Mach
dién twong duong ciia nd dugc trinh bay trong Hinh 2.

Trong d6, Ry, L4, Yq, Cq ddc trung cho di¢n trg, di¢n
cam, d6 dan dién, dién dung trén mot don vi chiéu dai
cua dudng day (cac théng sé nay co thé duoc coi la
khéng doi). Ap dung dinh luat Kirchhoff tai thoi diém
t cho phan tir trén duong truyén nhu Hinh 2, & vi tri x,
khi 4x — 0:

0, . . 0
aLdl(x,t)+ Rdl(x,t)+&e(x,t) 0 @)

Cq ge(x,t)+Yde(x,t)+§i(x,t) 0 @)

Loai bo ca e va i, cac hé s6 khong ddi bac 2 nhan
dugc phuong trinh vi phan ting phan:
2 2

0 0
Pl y(x,t)=L4Cy el y(x1)

0
+ (RdCd +YgLy )5 Y(th)Jr RqYq Y(X!t) )

it y=———; 5=

v LdCd ,

lai phuong trinh (3), nhan dugc:

=Ty sap xép

2 2
7o)t e yuthelhie) - )
Trong d6, y(x,t) thay thé cho e(x,t) hoic i(x,t).
Phuong trinh vi phan tirng phén trén dugc biét dén 1a
phuong trinh Telegrapher, bai vi nd xut hién lan dau
tién khi xac dinh sy phan bd dong dién va dién ap ciing
véi dién thoai cb dinh. Viéc bo qua mot s6 tham sé
trong phuong trinh (3) dan dén cac truong hop dic
biét sau [4]:
Phuong trinh dao ham riéng Elliptic (phwong trinh
Poisson):

Ld:Cd:OVa Kl:Rde

2

0
y y(x,t) = Kly(x!t)

Phuong trinh dao ham riéng Parabolic (phuwong
trinh khuéch tan):
Rg = Cq; Rq hoac Yq = Ly, K= Lde hadeCd
2

%y(x,t):rczgy(x,t) 5)
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Phuong trinh vi phan ting phan Hyperbolic
(phuong trinh Helmholtz hay phuong trinh song):

Re = Y4 = 0 (giam ton thdt dwong truyén) va

o &

— Y(X,t)=x3— y(xt 6

7Yt = —5y(xt) ©)

Do d6, phan tir dwdng truyén cé thé duoc sir dung
dudi cac didu kién cu thé dén dé mo hinh héa cac bai
toan lién quan dén mot phwong trinh vi phan tirng
phan elliptic, parabol hoic hyperbolic.

2.2. Gidgi phap phén tich cua phwong trinh
Telegrapher

Bién doi Laplace phuong trinh (4) theo thoi gian

vé6i diédu kién ban dau bang 0:

7 ;(22 y(x, s)=s2y(x,s)+ (5 + n)sy(x, s)+ (0 )y(x, s) @)

Sép xép lai phwong trinh (4) nhan duogc:

o 1
QY(X.SF?(SZ+(5+77)s+§/7)y(x,s) (8)
bat:
2 1 2 2 1
Y =?(5 +(5+77)S+577)hay7/ =?(S+5)(S+77)
Do d6:
d? )
—5 y(x,5)=7?y(xs) )

dx

Ap dung diéu kién bién va giai phuong trinh (9)
dudi dang ma tran:

bl

Zy

—Z,sinh(x) e(0,5)
cosh(yx) {(O,s)} (10)

Trong d6, y va Zo 1a ham lan truyén va trg khang
clia dudng truyén.

7=y LaCq(s+5)s+7) (11)
_ Ly [s+d
Zo= Cyqy\s+n (12)

Xét hai trudng hop cu thé:
- Ry = Y4 = 0 (Céch tiép cdn cua Whalley va céng
sir [5]), do do:
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7 =5L4Cq V& Zo=,/Ly/Cy (13)

- 0 = (c&ch tiép can cua Abdul-Ameer, [6]):

y=(s+b)/LyCqy VA Zy=4/Ly/Cq (14)
Nhu ¢6 thé thay, truong hop 1 tuong duong véi
truong hop 2 khi 6 = 4 = 0. Vi muc dich minh hoa,
chi truong hop 2 duoc trinh bay theo cach tiép can
Whalley (¢ = Zy).
Néu dau ra caa phan tr tha j 1a ddu vao cua phan
tur tiép theo va coi x la chiéu dai cua phan tu thu j,
nhan duoc:

ej(lj' ) J+l(0 S) J+1<S)

ij(15,5)=1;2(0,5)=i1.4(s) (16)

ejals] §Jctnh( ) §J<:snh(yJ J J+1(s)
e(s)| |-& csnh(y ) gctnhly;l )| i(s) (17
j j ili) & i)

Tan sé lan truyén cho mdi doan cua dudng day
duoc biéu thi theo duong day ¢ tan sé lan truyén Ion
nhét trong mién thoi gian roi rac hoic tan sé gia dinh.
Vi vay, thoi gian lan truyén cia cac song trén doan
dudong truyén j c6 thé dwoc gia dinh la:

At =4l [LiC, 18
e s

(15)

Whalley [3], da chi ra ring dudng co ban e
tao ra tan sé du cao dé tao ra moi s6ng khac tir bo sb
nguyén cua né. Do do, thoi gian tré trong qua trinh lan
truyén cua thé duoc biéu thi:

= A /2 (19)

5va e’ 1a cac gia tri phu thuoc, va:
=gl
s (20)

th(?’J J) (ﬂJZJ +1)/Vf1 Zj— ) 21)
csnh(yjlj):,lctnhz(yjlj)—1 22

csnh(yjlj)z

Khi d6 phuong trinh (17) tré thanh:

_ij+1W,~+1 24
I ijEWj))}( )

)

w? -1
(23)

&ywi -1

{em(wm)} _|TEY
ej(Wj) —EIWE ST Ew;
O dang ma tran chuyén hay trg khang:

{H(WJ)}_ &, 5I1\/W12‘1__ J
|j+1(wj+l g f -1 glile __ej+1

(25)
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Phuong trinh (24) dugc viét lai trong mién z:

oll-gf 2002 eﬂ[ J( 1) @)

ﬂJJ_ ﬁll

1/2 1/2
]+1( J+l) 25]{ Z ] (Z) g][ﬂj J

O dang tré:

-1,-1 12, 1/2
ej(zjl)zgi[%]ii(zjl) Zgj[ﬂ] ]Hl( J+1)(28)

1- Bj'zt
12, -1/2 11
l+1( J+1) 2 {ﬂj /),-1 1 ]i (Z_l) 5 {T,/;_l —l}ﬁl( J_il) (29)

Bang céch ap dung cach xu 1y twong tu ddi véi tinh
dan dién tir cong thic (25), nhan dugc:

1/2 1/2
()éﬁ[”ﬂ | ](zﬁ)— 5 [ﬁ | ]( 2:)@0)

1ﬂ, 1 /),11 1
-1/2.-1/2
ii+1(2ﬁ1):2§1 {If_ﬂ_ - }e (z ) 5 [1 ?1 1]el+1( l+1)(31)
i it

Can Iuu y rang A = 1 khi 0 = 0 (trrong hop 1, dong
it ton that).
3. Ung dung khio sat dic tinh caa hé théng
truyen luc 6 to

Ung dung Iy thuyét dudng truyén hai day, bai bao
tién hanh khao sat dac tinh caa hé théng truyén lyc c6
so @6 nhu Hinh 3.

Ban tryc
3,13,63

T:).({)“ J é“"‘"---“i i '” """

Lyhop | H
ke, Ce | H T"j’;f?1ff3"f o AN 1 ong cac 0ang 2
| 12.12,G2

?Tn.mn
Banh xe

Jw, Bw

Banh 43 “apss
Jt Bt Jg. Bg, ng

Truyén luc chinh
Jd, Bd, nd

Hinh 3. H¢ théng truyén luc khdo sat
3.1. Thong sé ban ddu

Hé thdng truyén lyc khao sét cé thdng s ban dau
nhu sau: M6 men quan tinh khéi luong banh da (BD),
banh rang hop s6 (HS), truyén lyc chinh va vi sai
(TLC vaVs), truc cac dang (CP), ban truc (BT), banh
xe  (BX):  J=0,3076kg.m?  J;=0,003kg.m?
Je=0,435kg.m?;  J;=1,531.107kg.m?; J,=7,952.10°
8kgm?; Jw = 2,0kg.m? Do cling cta ly hop (LH):
ke=27,12Nm/rad; Hé s6 giam chén xodn cia LH:
C=10Nms/rad; Hé sb can nhot cua HS, TLC va VS,
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ctia BX v6i duong: Bg=2,0Nms/rad; B¢=1,0Nms/rad;
Bw=1015Nms/rad; M6 dun dan hdi truot cua CD, BT:
G1=80,8.10°N/m?; G,=7,3.10°N/m?; Chiéu dai CD,
BT: 1,=0,435m; 1,=0,877m; Ty s truyén HS, TLC:
ins=2,08; iq = 4,11.

- Pidu kién md phong: Hé chiu tac dung cia md
men dang xung véi diéu kién ban dau la hé dang &
trang thai tinh.

3.2. Két qud va thdo lugn

Trong cac cong thic tai Muyc 2, thay thé cac bién
e, i boi T (md men), w (vdn toc goc), Li, Ci, Wi, Tis, &
bai cac cong thic sau:

1
. Gi‘]i . elw is 1

[p; L
7is = 2Ly LiG; =2; g?fi: C_I_:Ji PiGi
I I

V6i cac thdng s6 & Bang 1, cac thong sé tinh duoc
nhu sau:
C: = 8,08.10° [L/Nm?]; L, = 1,19.10° [N/s?]
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Hinh 4. Pgc tinh tén sé bién dp ciia truc CP thir nhét
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Hinh 5. Dic tinh tdn sé bién dj ciia truc CP thir 2
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Hinh 6. Bdc tinh tén sé bién dp ciia ban truc
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11 = 5,4.10% [s]; & = 3,84604 [Nm/s]

C2 = 6,45.10°° [L/NmZ]; L = 14,97.10° [N/s]

Tos = 11,9.10 [s]; &2 = 48,16546 [Nm/s]

Cs = 1,62.10% [L/NmZ]; Ls = 6,21.10% [N/s]

115 = 11,14.10* [s]; & = 0,95389 [Nm/s]

Sir dung phan mém Matlab tién hanh mé phong
xac dinh dac tinh tan s bién do cua cac phan ta dan
héi (Hinh 4, 5, 6), hé théng (Hinh 7, 8, 9):

Pic tinh tan sé bién do cua hé thdng truyén lec
duoc thé hién trén Hinh 7, 8, 9.

Bai béo tién hanh md phong dac tinh cta hé thong
truyén lyc dan hoi (véi cac phan ti: CB, BT dan hoi)
va hé thdng truyén luc ciing (véi cac phan tiz CH, BT
1a citng hoan toan) dé co su so sanh dic tinh dong cua
hai h¢ thong. Dic tinh cta hé thong truyén lyc dan hoi
va hé thdng truyén luc cing trong mién thoi gian duoc
thé hién trén Hinh 10, 11.

Qua két qua khao sat trén d6 thi tir Hinh 4 dén
Hinh 9 nhan thiy, cac tan s6 cong hudng cua cac thanh
phan dan hoi trong hé thdng tuong (g vai cac tan sd
cong huong cua cac hé thong. Ddi véi 6 16, dong co

200 DAC TINH TSBD GIA TOC TAI HOP SO

N\
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Hinh 7. Pgc tinh tén sé bién dj cia gia toc tai hgp sé
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Hinh 9. bic tinh tan sé bién dp ciia gia toc tai ban truc
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MO MEN CUA CAC CUM

a. M6 hinh dan hoi

MOMEN TAI CAC PHAN Tt

MOMEN [Nm]

1
Timnels]

b. M6 hinh cing
Hinh 10. M6 men ciia cac cum trong hé théng truyén luc

thuong 1am viéc trong khoang van téc tir 1000 dén

6000 vong/phut tuong (ng vai tan sé lam viéc tur

16,67 dén 100Hz, do d6 céac tan sd cong huong cua

cac thanh phan dan hoi nam ngoai vung 1am viéc cua

doéng co, khong gy rung dong cong hudéng lam phat
sinh tai trong dong trong hé thdng truyén lec. Két qua
nay hoan toan phu hop trong thiét ké o to.

Khi md phong trén mién thoi gian (Hinh 10, 11),
v6i hé thong c6 phan tr dan hoi hé théng mém hon
thé hién su xuit hién dao dong trong hé théng do do6
thoi gian dé hé tro lai trang thai 6n dinh dai hon. Day
chinh 1a tinh chét caa hé thdng c6 cac phan tir dan hoi
(phan tir tao dao déng) trong céac linh vuc ky thuat.
4. Két luan

Bai bao di tién hanh xay dung va phét trién mo
hinh truc dan hoi duya trén ly thuyét duong truyén hai
day trong k¥ thuat dién. Bong thoi da tng dung md
hinh dé khao sat dac tinh cia mot hé théng truyén lyc.
Két qua khao sat da danh gia duoc anh huong cua cac
truc dan hdi dén dic tinh chung cua hé théng. Tir d6
¢6 nhirng so sanh cu thé véi mé hinh ctng.
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