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DANHM, CCACKYHI U,CH VIeTTdT

1. Danh m ¢ cac ky hiu

1.1. Cac ky hi b" ng chu la tinh

Ky hi u Dv’h " Gi[i thich ky hi u
A e Di n tich V] ti/p xtc ¢ a banh xe thj (j=1+4) v. i
mHul “eng.
Khol[ng cach_t tr ng tamthanx e/h ki c du  tcr
% m vatr cfusaul o t he o %apnga®hng n
B, . ChiQu r ng tinh toan ca tiin md f L' “ég bih dthg
trong mo hinh khéng gian
b, . ChiQu r ng tinh toan_ca dfm mé " L' “éhg bi/h dthg
trong mod hinHL/2d ¢ xe, md hinH/2 ngang xe
bL m |[ChiQrnggalpxe
] . Kho[ng cacht kh itamg a t h @mv/Ixi/e xat
béntrai vabénphliL o t h e o 2apnga@dn n ¢
Kho[ng cacht kh'itam¢a t h @h mHpangl
© m trung binh ca nhip trai va nhiphli thu ¢ h treo.
[C] Matrcdhdng ac h . h
CL N.sm |H s c[n ¢ abanhxe (mod hinh 1/4 va 1/2 ngahg
CLf, CLr N.sm |H s c[n¢ abanhxethyucdu tcrd@ sau
CLj N.sm |H s c[n ¢ abanhxeth j(j=1+2hotbj=1+4).
Cr N.sm |H s c[n ¢ ag¢ mtreo(mé hinh 1/4 va 1/2 ngahg




viii

« % I:] h n . - %
Ky hi u ) Gili thich ky hi u
Y
H S c[n ¢ agilm chbh trong caa, mtreo §u  tcr
Crf, C1r N.s/m
cfu sau
H s cln ¢ agi[m chah thu c ¢ mtreoth j (j=1+2
Crj N.¥m )
hotbj=1+4).
Cs Nsm?|H s cfnganilLehg(nr L " 1. nh
H s L ¢ ngunvaxohc atbsinmé L “eng bih
D, Dc, Dk .
dthg.
4 g ChiQu dai Vi ti/p xuc ¢ a banhxe hotb banh xe th |
» Ocj m
o ( Ltleop h € tehugh | n).
M6-L ulh™ niclavd li' u dFm hab thh 1a md hinh
E N/m? . N
¢ al ehgbi/h dthg.
- \ H pcalcldxo, gim chih bW dj n banh xehotb
o banh xe th j.
Hpcalcldxo, gim chah thu c ¢ m treohotb
P By N .
C. mtreo th j.
= Véct hckich thich
EE N Gia tf kiwh trac a R p | ctrongg m 10 xo- gifm
L chtih b dj n banh xe, heb banh xe thj.
MO-L ulh™ nit It t€ adfm hdb thh md [ L ‘g
G N/m? | .
bi/jh d4hg.
Go N |Trng’ ngtan xe.
Ge N |Trng’ rig€acfuxe, hdbdut rcedu sau

Gcl, Gcz




Ky hi' u r’]v.h " Gili thich ky hi' u
hs m | ChiQicaoc a Fmmé f L “égbi/h dthg.
hp m | ChiQudayc atih bMidi n ° Lhgbi/h dchg.
I kg.n? | Mémen quan tinh.@ dfm md 1 L “éng bih dthg.
e . C_h@ caoEso vimtb "h€ danh._ arbign
dthgmHuy  hge
e e . C'hi(:m cao Eso VI rrjl-b "B danh._ arbign
dthgmHs  bhgd8d v t banh xe bén trai, bén ph
oedy | kgt M6 menquan tinhkhi “hg®€a t hOiv ik e
d c xe(tr, c OX) vatr, ¢c ngang xe (frc QY).
M6 men quan tinh khi ° hg& a du tcrvdedu
Jeu k2| kgt saul” | vxciltr.,_= cd cxe(trc O>g<) i ’
[K] Matrch . £ nggac h'. h
ke N/m |H s L c ng ¢ abanhxe(moé Hnh 1/4 va 1/2 ngang
Kis, Kir N/m |H S L ¢ ngc¢abanhxecfu tcyd® sau
ki N/m |H s L ¢ nggabanhxeth j(j=1+2 hdbj=1+4).
Kkt N/m |H s L ¢ ng¢ag¢mtreo(md hinh 1/4 va 1/2 ngang
ks, Ky N/'m |H s L ¢cnggagmtreocfu tcrvagfu sau
K, N/m |H s L ¢ ngg¢ac mtreoth j(j=1+2 hdbj=1+4).
ks N'm? |H s L cngganilLehg(nr L " 1. nh
L . ChiQu dai ¢ca dfm bW dj n " lhebi/h dthg trong

mo hinh1/4 va mé hinh 1/8 c xe




. ¥ I:] h n - - o %
Ky hi u ) Gili thich ky hi u
Y
] ChiQu dai ¢ca dfm bW dj n " lhebi/h dthg trong
m
o mo6 hinhl/2 ngang
] ChiQu dai ¢a tih biwi di n " LhgEbih dthg trong
m
P mo6 hinh khéng gian.
ChiQu dai ¢ a kich thich ntt * hg&lthg xunghay
Le m |chiQu d "~ ¢ séig®a kich thichmtb ° Bgelthg
song hinh sin nkdu chu IBlién ti/p.
- ChiQu daig akich thich ntb * hg@thg xungtd v/}
, m
" banh xe bén trai, bén ph
[M] Matrchkhi "hg€a ch h
m kg |Kh'i ° hg®€athanxe
Me1, Me2 kg |Kh'i " hg€acfu tcwaefFu sau
My, My, \ Cac nd men (n va xadh ¢ a tih biw dj n L “éng
m .
p(x,y,t) | N/m? | Ham mé { quy lud phan b ap s ti/p xdc
Cac lam bMi th s t h a'y ¢ d &p stll theo thi
P®t), Pi(t) | N/m2 | o . o, _
gian Y vJi ti/p xac hotb t4 v/} tiJp xudc th j.
d,, q Véct ha  suyrngg axevag ac h'. h
R R \ PAHnlct mH ° hgeac dng 1én banh xehdb
o banh xe th j.
n cao(tinht mtb "B€ danhg aranhvp
I'p, I'p; m

ti/p xdg ha-b tam v} ti/p xacty banh xe th j.




XI

: nhn . .
Ky hi u ) Gili thich ky hi u
Y
ro m | Bankinh ¢ a banh xe
Thams trthg thai tip xGcg a banh xenoHb banh xe
S, S .
) th v imh ° bge
Cac ammoé ©'s t h a'ytheb thi gian ¢a ham
Te, Ton chuyi v ¢ a dfm hdb thh (bW th L “éhg bilh
dthg trongcacmé hinhph3ng vakhoéng gian)
Up, Uct, Uc2 m | Chuy v th?®h g ndic athan xe,fu tcrcf@ sau
Hammo T quy lud phan b apsidlt he o p h €
U(x), Ui(X) chuyd g ( p h ©tH g ti/p xic hab wi ti/p
xacc a banh xe thj.
\Y km/h | Vch f ¢ chupM | g ¢ a xe
wo(t), Chuy v th?h g ndic al \whti/p xtcd ki/hgi a
m Q
Wp;(t) banh xehorbbanh xethjv. imtb  hge
wW(X, t), Ham chuyd Vv ¢ a dm hab tHi biwi di n ° LheE
w(y, t), m _ .
W(X, Y, t) blf_h dl'hg

1.2. Cac ky hi b’ ng chu Hy LY p

Kyhiu |nhn GiTlli thich ky hi" u

J b Vo radian |Cac chuyd v gbcg a than xe

Ve Ve | radian | Goc b ngang cathan,cfu tcwvagfu sau ca xe
c, Toant Cronecker

a,, m Khe h tach banh xe vdktbanh xe th j.




Xii

Kyhi'u | nhn Gilli thich ky hi" u
Kh'il @g riéngg, a va li' udfm ha-b thih mo
r kg/m? . T
L «ehg birh d4hg.
3 H s Poission (Poaxéng)

Dz, Dz; m Bi/h dthg thn g ndi ¢ a bantxe vabanhxe th j.

1.3. Danh nA\c céac chv vi/t tat

Ch Vil tdb Gilli thich ch vi/J} tadb

BDMn Bién dthg ntb * hge

nLH nnglchec.

PTVP Ph€hng tr.3nh vi phon

MLK MEd lién k.
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M, n bl U

1.Lydochn Qtai

Ot6 l1alod p h €h mgiaotthidong phbi/h nhE hi n nay chinh vi th]
ma vi ¢ nghién cu vQn - I g yva nbdnl ‘& s quan tdm ca nhiQu
nha khoa'hc va nha Bn xuddl M, t trong nhng vBh QL n  ‘lc€© M |
khithilfk/jt t mb6L@s an t o &mdu éhupi  ng. Dao
L ngtin g ndicaodtdkhichuyd g trriq Hadyinh Khog
b3ag pHng 1a nguyén nhan chy/u lam gim | 8m du chuydd  ndg. Wh
gifmthWw dang mt ¢ &8 ¢ h' kboa ha thiQuaghién cu vQdao
Lngca ' t’icthlckinthéd nhng md hinh khac nhatd ngay cang
I ‘& hoan thin.

n & ta, ®ng nghip! t “c cdl & mt trong nh ng nganh céng
nghip ml in, pmacwy, L | cs nghip cong nghip hoa, hin Ulhda
LH | ©,§5p pfn khong nh vao s phat trMd ¢ a i kinh vJva o [
anninh qucgia T th ctJL ;vi cnghiéncucacnidungle n qh@én
t 1 L« VPtclhhahn glc@ guan tdm ca cac nha khoa ls. C6 H
nhi ¢! ng tQtalnghtén cu Bhpa hie vt  t * ° clcéng i, @ t
phfn L 8WMrgng kL - | rig cndntrinh nghién @ vQL, ng | ¢ h c va
d aongg ao to.

Khi 6 t6 chuy g, d a ongt a than xe va cac phdh s€xuld hi n
nh€thhn "ng& hubDao nly t t 1 "ilgiatmap!l mycad
banh xe tac.chg xingmkb " b€, | "gédtii & nhgli ¢ atfi tr ng,
d JJvicl " m fa nphahngg al *ehgvacac b pha ¢ a xe.
neng cang bpha hngthil|c k2 ¢ h tng%e xe tran§ qua ttinh
chuyd g ¢~ ngc tBph&ghnggdadx e v hglQcénhg]n.
Chutrinhphahng xe ngriayrB@nglam c hu t ngdtiéuh
ccdn ‘lcwlb hotbgiim thiw.

t §
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Ap | c ti/p xtc 8 cac banh xe c6 quan fehHuchEv. i knfn bt nfp t |
nhah | ¢ kéo,l ¢ phanh, Ekhi chuyd  rg thing va khi quay vongvikb du
daonglra | " m_alanmgim dpMcti/p xicsovitlitrng t onh
nhengQmHAtng tim h 3 dgalam gfm cac | ¢ néi trén.Khi m ¢
L, d a on d; LLh, banh xe c6 Wtach ra khi mHy * hg®ay ra hin " nge
mH lién kT (nglgida hi n “ng@ach banh). SmHi ti/p xdc ¢ a banh
xevimtb * hgeElam il t Qnkhiw (phanh, 14, tc | I co thabay
mid an toin chhongnghe a vh. Thal]ehotiy, bim€hng
t “@g nHilién k} 1a i d x[y ra, ngay € khi xe chuyd g vivch tc
kha nh.

MHo du ndilién Kt lamthin " ng&ul hi n ph bi/h trong thc t]
nh€eng c¢ §alythgyl i, ¥hkbchEvOmH ¢ dcorhkha khiém .

XuHl phat t nh ng phan tich néu trémghién cu sinh I < QxuHl LQtai
ANghién ou d angthAh g onf cva 6 tétheo cadc mé hinh khac nhaao
tin h MnhiM  1itng Nt lién kA giva banh xe vamit  yihgo .

2.n"i " hg@ghiénc u
n"i ° hg@ghiéncuc aluh anlacaen! h 3 n g gdad 09, gin
md hinh 1/4 (quarter model), mé hinh ¥ (longitudinal halfcar model),

mo& hinh 1/2ngang (laterahalf-car model) va moé hinh khéng gian (spacial/

full-car model).
3.M,cL 2 adghiénc u

M cl 2 adhién cu ¢ a Qtii la hoan thin cac md hinh nghién a
d a ongk; a 6 tétrén cag h € h nnghod fic va h ¢ thud nh KWJh m t
c §cigthicacyut gmbi/hdhhgga “lheShin °ngartlién ki
gi abanhxevimbb "Bgevas t hdy Kk 2 ookl v tiexice a cac

banh xe



4. PhUm vi nghién ¢ u

-Otbchuyd ngtigvivdhtc k hlirdgialir n3n trong
phémvit ¢  ¢hupd  dgl ‘& nha $n xudlq u ynh. L

- ng X ¢ acaccm lo xo- gifm chah trong cac mé hinh la tdly tinh.

-Kiw k2 ch t ihg2lackich tdich éhg tih nh. T h e o bidh -
dchgmHb ° bg@mbd md b © bhoEl « C dbB | tc,céahWmo T bRag
toan hc.

-COKWMIh bihdhgca “lhgehin "ngardllienkl, s t hay L
k 2 ¢ hcganwEti/p xticva quy lut phan b ap suditd dii n tich tip xic
gi abanh xevimHtb ° Bge

-S mHimatvhfc v~ n tdoga cthEdam ldi i lién k3 ri
lienkptr 1YL ‘& h qua
5. N idung nghiénc u

Luch &n €kh[o s §t ngd;a 6 t6 theo 4 moé hinh h € Qo™ L
trén.M, i mé hinhs€triw khai cac nidung ¢ thWh h €: s a u
-Xaydng m! h3ngdahdea-8 aigk/th p (mé hinh ly).
-Thi/tldoh ph€hng tr3nmgya cpth€n dao L
-Chuyh ph€hng t r(PTWR)d & ongpolti®an p h €hng t
'S ham rieng @h PTVPt hr@cothwili "Eng ph<€hng phsgp
-Xayd ngch€hng t r 3s1¢amdhinhh €h edtnong pHn
mQn Matlab).
-Khlosatl § mg d aga; aé tod (tHAhi n qua cac ta | lvch f c,
gia f ¢ suy rng, ! clién ki3 t4 v/} ti/p xdc ¢ a cac banh xe) vin h * g€
cacacypt ca xengvadte€ thupw | rg KiT qu khlo satc a
luch &ns€ ' ‘& so &nh vi k/f quf nhcdh  “Llc® cac md hinht rc€ L -
(khdng RMJh hi n -~ ngart lién K} va bih dthg ¢ a  * lhgehdb ch kW
L/h m t trong hai yu f trén)nh3n kh?3y g ' n B, tib cdy ¢ a md hinh HoL
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bit |~ TavhcgdhN fhai nc’ ngartllién ki.
6.Ph€hng ph8§m nghi °n ¢

Luchanhs dng ph€hitydghuyft EHp v i tinh toanva md
phngs.C thWhh€: sau

-S d ng kilh th c chung catodn hc,c h' ctaly thuyy} dag L
ca ! Waydngmo hinhwtly vamod hinhtoarg a ¢ khlorsat

-Ld ¢ h€h ntigh taam Bag § trong pfFn mQn Matlab L'Wxac
I'nh,biWi djn  d ang ¢ d’cac b phch xe, | cti/p xtg x § ¢nh th i gian
mHi lién ki1 tY cac banh xea ko satfn h ~ Mg €acacyp t .

7.B" ¢ c¢ aludn an

B ccgaluhangmcéac pfin:m Lfu,4 ch<€hnglleth2 nh,
chung, danhpt ¢ 8§ ¢ ¢ ! ‘rcgbng fr VA @RI u th&n kijo. Trong
L., 4 ch<ealdganbdogmh ¢

C h €h n(gng fluan Qvbh Qhghién cu) gi i thi u nh ng VB QL
chung Qnghiéncu d ang 6 &t hi n ~ hgard lién ki (MLK) va nh ng
tdic H ¢ ang tinh hinhnghienas t r ong Vvc'; niig dg@d xan €
L' nh m c tiéu nghién cu ¢ a luch an.

Chehndio2 s gk ngdca @ toltheo md hint/4) hi/} Idp md
h3nh dg@oll4 x#hion- “~ngRiKhgi d banh xe vi mky
I “ang,bihdthgg a “lhegevast hay K2 cchptiphxégi a banh
xevimtb " BhgeKh[o s § tn gl Sdpagog ake kifqu khfo s §a L €
so sanh giac § ¢’ ng Ir p@6 RMJ hab khéng M MLK vabi/h déhg
ca lhgekHosats [nh “fmg€amts U4 "heghl LB ndlc
hc (nlakevangthigian MLK.N idungga c h€hn'@thWw ™y |
hi ntrong baibao's[ 4] It ednglb@ a tac of.

Chehnldlo3 s §t ngdza 6 t6 theo md hink/2) r ° n * b s
hinh1/4 x¢° ¢ h ‘©h n gay d ngymd hinh1/2 d ¢ xe vamd hinh1/2



5

ngangxe, fongt ng mé hinhc T @ t Fhrhhn [ingdVILK, bi/h dthg
ca lhgvast haykz2lc hcwlhi/exac.T. h PTVPd a ongl; a
h xe-Lehgklhp °‘lc@ild, trongtng md hinh tih hanh klo sat
L 8§mg daggaldtovaln h "“mg@awvahtcchuyd rng/hl L §p
'ng nLBénxeh L -, L <€aQl®ia gs od agogalke gia
mo hinh 1/4 vi mé hinh 1/2 ngang im L 8§ n Qs ¢ @§thich gia hai
m! h3 nh t Qoknngkictctitaintg biéih dthg mtb * BgeN, i dung

ca c¢h€ehn'gthwhi rytrong€daibao] 1], [ 5] “ovwdng[ 6]
b ¢ atacgf.

Ch<ehnkglo 4 s 8t ngd a @td theo mod hinh khéng giathi/} I
b i t o8mg dlaot ' theo m! hAhimn ‘kyvkKg gi -

bi/h dhgc a “lhgast hay K2 cchi ttfhxé& € cac banh xe
T€hngn ht€ ch€ebh&hB gl rifppanh klo satl § mg dao
L nggadtovaln h " mg€avaht cchuyd rdglyph L Bgm L H a
xe, sosanh @ 8§ m g d agog alke gia mo hinh 1/2°cc v i md hinh
khéng gian nRn L 8 n Qs ¢ ie&thigh gi a hai mé hinhN, i dung ¢ a
c h€©hn g onthWyi ntioBg cadaibéol 2], [ 3] "acongp7] L
c atacgi.
PHn K} luch chung:Néu mts kifquc h 2 Bth "EEnh mic a
ludh §nnk Mmg®@ptcm r ngn idungnghiéncut rong t €hng
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Ch€hng 1
T°"NG QUAM[WNgng NGHIaN C U

C h € hnaygE trinh baym t s vbh Qthung Qd a ongt aod tdtinh
hinh nghiéncu t r oaqwvgtréntl®giic - | i °J/h Qtpiduahran tl
L -ratra nhng n i dungmaludh an §ntdo trunggili quy/i.

1.1.DAO n. NG C_ A D TD

1. Khi 6 t6 chuyd | g, nhiQu nguyén nhéan lamchoma o, nly n h €:
s khéngb3ag ptRng ¢ abQmHy ° Bges khdng tron ca cac banh xes
mHi can Rag ¢, a cac b phdh chuywt | ig cé chu B, s lamvi c ¢ al, ng
c h,  c© 8rgxdilhi ntrong quatrinhah h " n h nchpBanh, quayg t
vong, v.v. Trong cac nghién o vQd a o ng b t6,ngu n kich thichgay b i
s khbngBagptfRngcalQmit " h @ " dlbit quan @& do
hanh co th\can thip Wgilm thd - d ang cidhg ich . D agogaylbi
cac nguyén nhan khéac co tlwtinh ¢ h u (¢ 1am vi ¢ 1a xud hi n). Luch
a n "~ ys€ahlqrugg n J/h ©chang tH g nd.c a 6 t6 chuyd  rig
thhgvivdhfc Kk higagbils khéng BRag ptng ¢ a Qmtb * hge
2.Daol,ngca6tdcofn h “tg@ucc JJL c o ni, hang a
L ‘&chuyénch, "h€ gi ao b kathnith, ¢ alcach phd, tinh
n £ n Qukhiw va s an toan chuwi g ¢ a chinh no
Céac nghién cu [13], [17] ch' ra rragkhic o n * irp@hu g lau
trong mgi dagpealdtd cothwh sEmd phli nh ng b nh VQ
thfn kinhvandoV.inhng h” " nh kh&8cmhgli amkhts nh
V. i ti/ng” nco thgay choh's m tm i. Khichuyénchn g &6 sckh e
k h® qrgbfd(bnhnhancighh ) , dgcadtdcothti " m inkh ng t
trthgbnhidgah.V.i h ™ ng cthuyan cti, € d a@qud mc céd
thwpha hng hd-b lam glm ctil °* hg@h c v ¢ a no.
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D a o nglt; a6 télam phat sinh cadittr n g, ngvafirrng thay U
t 8 cng t c ti/p Ién cac b phdh ¢ a xe gay ra squa {i vas pha hng vi
mi.Ngodivicgayrafitr ng thay digopa ! tlamtctinngg gi !

tr | nntHicafitr ngticdngxing ¢ | ~ mc t fthalgng.tS
phahnggca "lh@/pL’tmnhd | " m_ o tdapg g6 to, da
Lh | 7 mct imdinggcadx e v hg. Cheetrinkid a ong £pha

h ng-d aongtvv.oc I Epildviimec , Hg"y ¢c" " ng titng.
Da o nglgaotélamt h a ygialtr ¢ adpl c ti/p xdcgi a banh xe
v. imHb © bg®al cnaycofn h “mg@hl c bAm céc banh xe ¢hl, ng.
Nh€ Qcep,mtb d¥% nyaalanmt t,n.qalamgilm ap | c tifp xic
(soviaplc t)theohhigian n h€n g ngt®Mhistt h a ynayla
ttucc.S t hail cbamamxalh L [fn tknhg nhd cac | c lién quan
Lh khint ng Wc hdigy V@i khdichuyd g h b K&oval c
phanhnkobit,khim ¢ . 8 a on g, |.Lh, banh xecé thAmE ti/p xdc v |
mH * bgBam mE t Qnkhiwi A gay ntll an toan cho xeChinh vi vy,
vi c nghiéncud a ongt a 6 toco KA hi n * ng@rdl lién K} gi a banh
xevimtb ° hg@ i cfn thif.
3.Da 0, nd'c a6 tdco thAL ‘& thwhi n ha-b Ll ‘& biw dj n théng qua
nhiQu YL ° hg®hacnhau n h €:
- Cac chuw v, vah f c va gia'tc suy rng.
-L clién K} hayl c ti/p xtc t (cac) banh xe v mib * hge
-Giatr | nnhitica c¢$§ ¢ hg@atrén.
-GiAtrt rung b3nh b3nh ph€ehnga (cr8occotl
| @ g ~ ¢ag@antam hobbi tlagiatc d angvalcti/p xic
- Th i gian i lién kT t9 cac banh xev.v.
TrongcaclH t r 8mhgec g B 6 td thi chuwi v, vah f ¢ va giatc
cat h©n “xg " td@@tamhiy hhn do c.-ctipi/Ln gt
c o n " inhgn@ héa va trang thib chuyén ch.
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Giatr, hatbquy it t higigtr theothi gi & nh b dj
catiicfc § & Thg®Mrén €nhch ‘lc® tcach trcti/p t qua trinh
knfo s §t ngd a @tdtheocacmod hinnmaldn  8Qed,t'r ° n cah s
vicgiih ph€©hng tr3nhnggca oh®ly ¢pheipsg p
nhc8§c ch<€hngvit.r3nh t2nh t

1.2 CACMOHINH KH4 O SDCATO n. @GO TO
1.2.1. C8&c yJJu t° li°n quan LJn vi ¢

nWeo thWkh[o s § t ngoga d@ toLvic | " mtién faelfi xay
dng ~ & hinh ca nd, bao’gm md hinh ¢ Iy va md hinh toan (h
PTVP chuyd  dggca C h €mmg.Cacyut [nh " mg@hii cxay
d ng md hinh bao gn:

-Chh ttb th c ¢ a 6 td cac b phdh ¢ a xe va lién R gi a chdng, s
cfu x e, c lphaylph thu c ¢ a h th ng treo,v.v. (lién quan tr ¢ ti/p
L/ mé hinh  1y).

-Cacglthi "E& dng L ¢ ngg acac b phd (co thAL ‘& xem
la c ngtuyt “ibay khong) ng x tuy tinh hay phi tujh ¢ a cac cm 10
X0 - gilm chi, quy lud phan b ap suditrén din tich tip xdc ¢ a banhxe v i
mH © hgERWJh hayh quacacyuf n hsh dhgca " lheehin " hge
mHllién K}, s mEimatvhtfc v °  ‘mgva gimkh&ach banh, v.v.

- Cach tp m6 hinh ca banh xes d. ng m t hay nhQu d 16 xo- gifm
chbh, ng X ¢ a cac 10 xda tuy/ tinh hay phi tufh, c6 thwehu d” kéo va
nén hay chchu nény.v.

- KiW kich thicht bién dhgmtb ° bhggtigr "nb hay ngu nhién) va
cach mo f ching (dhg xung, dhg séng hinh sin n@il chu KB lién ti/p, hay
dthg g gifmt ).

-M,c LvapHim vi nghién cu (phtm vinghiéncu | i ° nh qu at
cacypu f L ‘& kWJh habh qua trong md hinh).



9

-Ph€hng ph § p: lyrhgytinf ph ng hayth ¢ nghim (m i
ph€hng p hng{kiWmo hinhfriény

THIc[ cac y t trén €L ‘& quan &m khi xay dng cac mé hinh_cthw
‘"c8c ch<€ertdasau c

1.2.2.Cac mé hinhkh[fo s8t dao L, ng c¢c,a ' t1

Trong nghiéencu dang¢ddtd ‘niga® d ngcac mod hintsau
[17]: m6 hinh 1/4quatercar model) md hinh 12 d ¢ va 1/2ngang (haHcar
model) m6 hinh khong gian (fultar model) C[ b’ n dhg mé hinh néu trén
L'Qu cé gid frvQmibh cthudv i | dacthcvaphcth t fmg d

M6 hinh /41 = m* h 3mridl N h n E € d ng khi ch’ quan
t ©mhdla ongth?n g ndvab quacacthanh gh d ang got ca cac
kh'i “hg@&QmH ngdng, m! h’3cn hd Yhghén'¢u®i cf i
€u hthangh t Qekbd h thing phanh,Wd nd Mt g
khlo séat cac €hg kich thicht bién dhg mtb * hgdB D M) Hth chi]g a
moé hinhnaylac h €a > 8énk/itq kh['o sat thiu chinh xag¢ khdng
L' §nh ‘it fpe@ph ¢ acackh'i ° hg@ong quéa trinhdao
I, ng, khéng plfn & n bhcadd@ ongyocg a than xe va&accku.

M6 hinh 1/2d % n \gkh[8 satd a o ng trong nttph3rg d c xe, hotb
mHyph3pg ngang xe(x ®t t, mgechuydh @lg caxe). Theo LW,
gi t°n c¢8c _mdlandhinht/2d c®inmobcinh 1/Aagang.

Trong md hinh 1/2°ct, d a@ttg nly v~ nglghodc a
kh'i “h @ dtreo (mthanxevacackh "~ h ¢ dcBuyénch) ‘€
KWIJh. M6 hinh nay co th ‘& s d. n gWhhiéncu t €hgi @xevas c
I “eng, hays phan b t[i tr ng gi a cac €u khi phanh. Hh chjg a md hinh
n"y |7 kh?!nog dagihhganycatkei °~hge ngth i
khongthWhi nlL ‘&t §cngl t €hhg@ohph€©keng ngang

M6 hinh 1/2ngangphln 8 n h ng t?p g Ihdg vad a g ng U

It
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ngang ca than xeva cfu xe.N6 co th\ ‘& s d n g WkH[o sat tinh n "nh
Idgaxehichupd . g tTrrrogn rgéhi °ng " nggmamygmd tr °
bQmHutrén hai vt banh xecé s khéac bit |, n, hatb khi quay vongHth ch]

¢ a md hinh nay la khéngMJh d a ongld ¢ xe, khdnghwhi n I ‘& s

khac bit vQl ¢ kéo val ¢ phanh trong quainh chuyd  ngdo khéhg mé
trmilienh d a ongli a cac §u xe.

M6 hinh khong giakWJh d'd a ongtin g. nlg v 7, nglgédoot[ L
d ¢ va ngang).ca than xe va cadfa xe. Dothwhin ‘lcei . hhn c §¢c
thanh pfin dangcdétdovamilienh gia ch¥nglamdhinhl ©y
gfnv. ih th cntEtrong Bn kM mé hinhl. « “d € €a r a.vicTuy
nghién ¢ u theomo hinh khéng gian plt th h h n Qust v i cac m6 hinh
t rce LI'vQxay d ng mb hinh va kfo sat tinh toan.

Trong cac mo hinh Klos § t  dgag@ 6 16, tuy thedHo  Vih k/T chili
vatinh ctivad Iy ¢ at nglod ° hg@ thWwmabi/h dthgg a * lhgsco thw
L'e&hqua haWM/Hicacldd "B gi ao thhgg t
dol p bQmtbva cac lp nv “lh@ ° ¢1&@n theo cac tié chuh ki thud
nén bih dhgca “lhg@ he o p R&h ndgla nh lvaco thih qua
V. icac I " nhgeed | p bQmiuhotb cac [p N yu hthi bi/h dthg
thhh g. ngica "lh@ | ~ WHAE okMJkbih dchgnayla gn thif].

M& hinhcd WMJh bih dchg ga “lhgkhikh[o s §t ngdza 6td L
t hegladmhorbtein L YirtrennQr L 7, hKelaith M6 hinh dm v, i
mHucdbngang hinh chnhd trén i L " h & #€d ng cho cac md hinh
1/4 va 1/2 trong khi md hinth ch nhd trén v L " bl ‘@& Ap dng
cho moé hinh khong giahién klfcadm t rong c¢ 8c, ng¥4véd 3 nh
12 cOtW ‘& chnlakWt a L HmiQhoHbngam trénEh a fu (db s
nh<€ nQhimluhcv vinghltga hfa)lLiét k] g atn trong md
h3nh mg& nli gi an Wt®rfgn ct-€hthogd btn cthh.

Tuy nhién, lien K kiwita L hiniQt*eddngph b/h hhn [ 6 3]
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Nv L. h HKbI ¢idnmdhig Bag h 16 xo - gilm ch&h phan
b LQutheo ch dai ¢ a dm, hdb theo din tich QmHbg a thin ch nhd.
M6 hinhd a ong k& a xecé KMJh birh dchg ¢ al “ehgl ‘& g i 1a md hinh
xe- L “eg K} h p.

Trongcl b nmo hinhkfio s § t nga;a 6 t0 tha Idh an quan tam,
bi/jhdhgca "h@QEL&® tfhndo L., c 8§ca nigema 3 nh
‘“tr°n L« &Ledamgng.b”y s

1.23.CacdYng k2ch th2ch dao L, ng ¢, a ?

Nh€ t rQcdp, luthédnchqu an J/hv®aokhbsatd a ongt a
6tdkhichuyd g t rrigkhéng®agping t r o n gwhthuc ¢ § ¢
than xe vacacftichdaol, ng t h e o 3pd ®pDHy kichhhich dao
L nggadtdl © k2 c mghchgaydhs khoéng Rag ptng (mbp mo
¢ alOmk © hge

MKy duB D Mrrong th ct/]lam t hay mts mHucd dthg khong gian,
nh<engphfedintichQmis nhi  ce§cl thr§ nthuw & [nmh
ha g/hl danog Lv = It §uargtaml Mbkhac, do chu r ng ¢ a cac
b&8nh xe ’'linh nén@hihcpo da ¢ §ke thulciB D Mrva i
tren vlti/p x ¥e kK€m | 7 kihltnhge ot hpatye@dhhge. t r
V. ilydonay, biendhgnmtt "b€® trong c8cngod thQtnth W
I ‘& quy WQdth g ¢ &g cotig®hng Man trong mtbphg thiin g nlyg L i
qua tam ca V/} ti/p xuc.

Theotailiu[13],[17],k 2 ¢ h t h Agdds ktémeRad png ¢ a
BDMmayracothl. & pho©n th" nh 4 nh-m nh€ s:

Nhom1l: BDMn  &hg sémghinh sin nhiQi chu KB lién ti/p. noy |~
dthg kich thich ph bi/h nhditrong nghiéncu  d angg a6 td

Nhom2: BDMnthglx ung Ehhgn .n "Dy nd v@ it mbd mo
c6chiQu dait h e o p h @&h nignhc T giant§ ¢ ngd’¢ akich thich
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dthg naylén cac banh xk bé(tac ¢ ng xung).

Nhém 3B D Mrdthg g gilm t ¢ (speed bumg). Dthg kich thich nay
baogmmts xung Ldontri¢fienhay “tnlge |~ Qatbuah L
kéo dai qualchai bén vt banh xe

Nhom 4 B D Mrkiw ngu nhién, dthg n " y ,t hBaDyNénlt c
vakhongtheoquy lud. D lfuvQk 2 ¢ h t h AgckiM ngdke on H.i' ¢ n L «
thu thdp bRag th ¢ nghi m va x ly bag cac cong,cc a xac st th ng ké

Trongbn nh- m k2 mghh ¢ KWirénc ham Kich thich, @ ba
nh - fucdthWmd Tt rcéag todn hc v “c¢ gll dBung 1a kich thich
kiQu tizn b (pre-determination)Vi luch anch’ gi i hth vi ¢ nghién cu
d a ongli a 6tdyikich thichkiwitign ‘nth  nWpbmc vLvi ¢ kh[o sat
c8c chEehhbeio|lri@y®aychitf h&md tfwoadn hc ¢ a
mts BDMn €©h mgy ikich thichkiW tigv “nh.

a) Bien d ng Mt yig kiQi song hinh sin nEl chu Blién tidp

Kiwi BDMn ‘rc’bwdiln@®énHinh1.1, t r a¥x®) labham
bW dins t haycalchQucaosongmp mémt "bh€ t heo ph-
chuy | ng.

'Y

A

O V7277777

X0

Hinh 1.1: B D M n Wisanghinh sin nhiy chu kB lién ti/p
C8ch Lt r_ekign thich dhg nay labién | Bong(he), chiQu dai
b & sbéng hinh silmaychu kK8 song (g), conx, vad =tan* dz/ dx1|x:y0 Ifn €
lata  t heo xiipéheign gM crigwy  dic ¢ a bién dhg U
L Wh bty fult;, asong.
nd " hg@®t €hmgyvi qu«mgichiy®cadtotthi Wi
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barfu H'thi Whimaxekb Ful L i Y " thekhéng Bag ping.
N.- "BE€l €a av M&[mWotinhtngquatcavicméf,va W L
| "m teEmgr $ng te b d o BJogu Khlo sat.

Ph€hng Wd fbiehdhy ittt * hg@rénHinh 1.1 |a:

§O:(x< X,)
|

z=j, . &2 @ (1.1)
{hESIngL—p(X- %) 6(x 2%)
| u

éle

Trong cacthidkh[o s §t ngd a ®t6,ta . ¥t ©€h mgy iV tri
¢ a M it/p xic tinh todn_ca banh xe vimkb " hg&v t r 2 nirigy t h
I ‘& ch n la tdm V] ti/p xdc). N6 ¢6 quan hv. i vah f ¢ chuyd | g VvV
( L &gilthi/i  k h'4) e g xeltheo cong tte:

x=V 3t (1.2)

Khi "l&- ,zthwhins t h a ychiQ cao ¢a tam v} ti/p xdc
(chiQu cao nip md)sovimtb "B§ danh n'gclhypohaulardva L€
ph thu c vao thi gian nh€e sau:

e0: (t<t,)
_1 \
Thesing- 2V (t- 1) gt 2) 3
I e-e u
trong=xV:-l" kholng th it=QilhnWmh hxtéh" H d

Lfu Li v o LoYn L€ ng khing b3ung ph-
Trong c¢8c ming d¢o3nhigh barthaxe thilcac coéng_th
(1.1)+(1.3) €L ‘& vifchophuhpv ikichthichti b&nh rge t€hn
b) Biéndngmt yihgk@ xung L_n
Kichthichdh g x ung WKkRnc hl "t hiieghgp kamgthct h €
t/] dthg hinh hc th ¢ ¢ a chang lald ph ¢ t9. Vi vdy , Wed tHAth ¢ hi n
I ‘& céc tinh toan Kfo sat,ching ta pfi mé f ching mt cach gn L Yn g
b2ag bMi th ctodnhc t €mgn g
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Hinh 1.2 ttWhi n m t s dthg hnh h ¢ tiéu bW ¢ a dén dhg mi
L “ehgkiW  x u n, g Elsdcrac di[3], [17] LOxuHL

Hinh12:Cacdh g xung L hn
(a. Xung hinh simoa chu I8, b. Xung hinh sin it chu Btrzn v\,
c. Xung parabol, d. Xung cung tron &nghinh thang can
Cac thong'slko t r @mign dognmtb "hgafhg xung L hn
g m chiQu cao bg), chiQu dai (g) va b\ th ¢ toan he  t ‘©hgn@hng
hth, v i xung parabolinh 1.2c), biw th ctoanhc t €hgriag

€0:(<x) G0x % )
TR (% ) (x xex ew) 4
| E

T cbngthc (1.4), chungtacoWi/jbMithcmé(k 2 ch tndp2 c h
h ¢ bRag cach thay b i rp, xvaxe Ifn ~ Ik b8 VBt va \Bt,. Cac dhg xung
L hn Kk hHml2cri°nngcnd€mt c8ch ho" n to ' n t
c) Biéndng mit vyig kidu gy g m Xc
G gifmfclamthay mts dli nhan tb L ‘& tob ra trén @mH
I “eng 1 nh ng v tri cfn thi/l nh3n c[nh bao heb bu ¢ cac 14 xe pf gilm
t ¢  ,ILMmblos an toan giao thonds gifm f ¢ c6 thM” ‘& ch]ttb gh
bagkimlod, c T n g Wabé tandy, nha °lheSs h my. L ‘& gdb hab
Lbthémvao kb "B € d a n,hitb mégnhtchay mts dfi vudnggoc
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Vi phehnwcgdi c &b uprh @hrniygnKizliceh c ¢ ehcéeg
gimtc ‘tnhg€ ¢ ©q wlytrog céc tiéu chfr k thud.

Hinh 1.3biWidinmtf h pgm3g gilmf c cé thAgHp trong thc
t/] Ckbc tlk €nggcdmtdh plg gifmf c bao gm: chiQi cao(h)
vachiudai{()camig , khdng cachd) gi a cacg va ham méfts thay
"ichicaocagt heo ph®&hmg chuy

Vét banh xe bén trai

Hinh 1.3: Minh h acc g gifmf c

Bién dthg mtbecdbngang cacacg gifmfcl © nh€cmiga d €v ~
xgh X cacdh g t €mh'§lthtg x u n\§ vdl ddech mé f cac ham
bWwdins t haichi@caocamig gifmfc t heo pWe€HNg ¢
clng t®h®g c € oMdankichthichmt "bhgethg xung Lt
Céc g gilmt c ch khac nhau L Wh bt Fult, a chang.

So vi B D MrkiW song hinh sin nku chu B lién ti/p va kM xung
I hkiWg gifmtfccomts Lo Mihkhacbitn h€ s au:

- Kich thichtréncongmg L& xem | 7 _@maha&/tbahhau g
xe béntrai va bén phi (c[ vQdthg hinh hc vath i L Wh bab Fult; ag ).

-S | @g g gifmt ccothwam thotonhiu  h hn

13.HI " N ThMNTEIl gN KeT

MHi lién ki} (MLK) Ia hi n " ng&anh xe tach ra khmHy * hg&rong
quatrinhchuwi ng.Hin "ngd y ¢ cmildh®h 11ngtach banh
hayhiM g nmt tidp xdc V. i cdc mé hinh 6 t6 c6 n@i banh, hin " nge
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ML K "BE€xem [Vyrakhlcé it mhil m t banh xe ca n6 tach ra kh
mH © Bge

Hin “hgeMLK co thW[y ral’iv. i 6 tokhi m ¢ d ang th3ig
L ngc andl, | n, khichupd ng t rrfigmghién@ngangv . dc
L. | n, khiquay vong vit ¢ _ khéng pht hp, hdb khi ki} h p cac nguyén
nhan KAtrén.

NGi chung, ntifl lién K} 1a hin " ng&iéu cc. N6 lam gim hab mH
c §c t 2 n khiddt(léai, phaiih, tc  )lg a xe co thvbq JJivi ¢ gay
mkl an toan chuyd  g. Ngoairahi n "ng@nHiliénk ¢ . n |~
tr | nnitigafitr ng m'ng JA€ic b phch ¢ a xe plfi chu, 6 JJ
| * m tck nibahngvagimtuith ¢ aching.

Trongcactinhtoan kffo s &gl cBcgadtd, hin " nhgdLK co
thW. ‘& nhch b/} théng qua pfn | ¢ lién ki} td vit ti/p xic ¢ a cacbanh xe
v.imtb " hgehabhius chuyi v thn g ndiga hfa i mId xo va
gilm chiah bW dj n banh xe.

14MD HCNH DAO n. NG C. A BCNH XE

M1 h 3 n ng glaabanh Xe la nt b phd quan frng trong moé hinh
d aongl; a6 t6.D €itac ¢ ng ¢ a cac | c gay ra bih dthg (tn g nd)),
banh xe tivhi n '3 HEtinhqu § n  t Zhvdcn L d ang. GHInh vi
vdy, md hinh dao dhg tHh g_ndi ¢ a banh xe& hreg ¢ 1 .d ddhg
mth daonglyicacpfnt kh'i ° hg@d xo, gilm chah. Trongcac mé
h3nhkhL “ hg€a b §n hctxaljnttodykhi °~ hg€ a du xe co
lién quan

Cac m6 hinh d o, nd’¢ a banh xe khac nhalf ¢ mé hinhvd ly va mo
hinhtoan VQmé hinh v Iy, m i banh xe c6 t'\’ ‘& biwi dj n blag m t
¢. m 10 xo - gifm chah (ph bi/h), hay mts ¢ m 1o xo- gifm chah ghép

song s on g65phoegido nhaudigdmca b &§nh x 63]n h €

Tuy nhién, xét Qly thuy/}, m i h bao gm nhiQ ¢ 10 xo- gifm chsh QL

i

1
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cO thW ‘& thay tH]b i ( qiulinh)inth g m ch m t 10 xo va mt
gilm choh d a trén nguyéndbLfmbfos t ‘€hn g Ol @thayghuyi v

[16], [52]. Nh kh[n £t n g ~¢lu-yna i xét vQb[n chd, cac mé hinh

khac nhau_ca banh xeh' khac nhad coéng thctinhh pl ctrong h 10 xo
vagilm chbh t€h n .

ngx gacacemloxo-gifmchEhbMidin  t 2 n"hvatinhdgn h

¢ a banh xe c6 WNa tuyh tinh hdb phi tuy. n Qi nay khéng chph, thu c
vao tinh clil vd Iy ¢ a banh xe thc ma con phthu ¢ vaocach | a ch n mo
hinhbanh xevacéc gl thi/l L ‘& ap d ng. Cac gl thiJj ch y/ célién quan
Lhvicxaydng m? h 3ng Ga bdrd re A

-Quanhl c-bi/ndhg trong mhgclabanthxe Gg/p
tinh hay phi tuy/h.

- C6 hay khongWJh birh dhg ¢ a * lhg®ahi nt “@g ntlién k7.

-Cohay khongkW/ns t hay K 2 aclg a wlhiA xic va ap s
trén J} ti/p xdc. N c6 thi RALJh  n h])&ho? h

-nengtacdngcal ¢ L™ival 6dntrongg mld xo- gilm chbh
bi dj n banh xecé lacacl “ehgthng L, ngvacé triang nhathaykhéng

Hinh 1.4bii dinm! h 3 n hng d @ t b&nh xe c6 ng x tuy/h
tinh khi khong MJh hin “ng@rHllien k. Th e o i - . d €ddp 10
X0 - gilm chih b dj n banh xe luén fp xtc v i mkb © Bge

Piém gin vdi cau xe
HJ,
m A Fi

2 I_'j c Piém tiép Xuc vo1 mat
- -~ duong the

Chiéu cao map mo

mit duong D=B
o )]
P N
Mit duong / Chuyén vi t‘héng
danh nghia ding cua nén duong

Hinh 1.4 M*  h 3 n g glasbanh Xe khi khonghhi n ° ng@ILK

-
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Trén hinh &

m-kh'i ~h ¢ dagdgch Bkh'i ° hg€ abanh x@,

kk-h s L cnggaldxomdhinh (hin  t 2 n'hic dbanh xeh

c.-h s cfn ¢ aglm chah md hinh (tWhi n tinh ¢n ¢ a banh xe)

A, B-c § cwh lién K} phiatrén vaphiad @ (v, i cfu xe va iy~ hg®
¢ a ¢ mlo xo- gifm ch,

D - hinh chiy ¢ aAvaB trén bié dthg mH * hgdD ludn tringv, | B
khi khdng RALJN hi - ° ng@nkilién Ki7),

Ur-chuyd v thh g ndica VMhAsovimtvitrimec n~ " ah®e- (
v trican o g t ‘drikhi Jo xov trthg thai t nhién v.v),

Up - chuy v thn g ndica WhDsovimtb "h€ danhingho
L g khdongBagpn g v~ Hbihdhgtthup L& x '8h il

u, =w, (1.5)

t r o nrgla ¢hiQu cao nigh mévawp la bih dchg thin g ndica el
I' \th D (wp = Okhi khéng RMUh birh dthg ¢ a * Lhe®

céng thc tinh Apl c ga ¢mld xo- gifm chh bW dj n banh xe

t r o n gg htpkhéng M mEi lién KT 1a:
Fo=k(u -u) &(y ) (1.6)

congth ctrénl ‘& s d ng khiua L ‘& tinht v tri_ ng v i khi 16 xo0
mod hinh trthg thait nhién ¢a na

M: h3 nhngdalmnhlxe cOWLh hin “ngard lien kK L «
L ‘& mts tac gl LQcdp JJL Tuy nhién, do cac mé hinh nay kha phth
vakhoéngthehtinchovicapdng n°n ¢ hYowginhbdyllncgy L €
mas€l @giithiuchiti} hlrongc h€hnwgtn® h3 nhngdao
¢ a banh xes€ I’ ‘& tac gf luch  §QxuHilchot T n@ h p c6 RMJJ hi n
t “@g nHilién kpvabihdhhgga “lhgingyi m! h 3 mghhgd a o

1/4 ¢ a 6 tb.
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15 TCNH HCNH NGHI ahN., R®JODAO

Baitodn WQd a ongla !

" € #H nHIQECcAcC tac di trong va ngoai

n & quan tamS L a ‘hgltrongcac nghién cu vQdaol, ngc ad td L ‘&
quyl} nlibicac yu f n h @[ thi/J vQmo hinh nghién_au, cong thc
banh xe, m6 hind a ong & abanh xegi[thivQ ngx L nglchcga

cac ¢ m 10 xo- gi[m chah

trong

nghiencu, ph<€hng p h&p.Blnghlitrinh bagac dthg bai
t 0 8 nng(nghienc u)d aonglga dtdéd atrénmts ¢ h phan IH
tiéu b,
B[ng 11. Phan I8! cac dhg bai toan nghiéna  d ang 6 té

M,c L2ch_wmghi

TT Ch" phan loY DUng bai toan
- Hoan thin mé hinhnghién cu.
-X8c'nh I'nSgp d agqchusvd
v,vchtfc, giatc,l ¢ t €hwnw.
1 -niQukhwi dang. L

- Tinh toan thi} k/JvakiVkh nghi m
xeva/hotb L “ng.

- nQxuHl quy phtm khai thag s
dng xeny L€

- Nghién ¢ u ly thuy/} (gili tich).
- M0 ph ng Brag pin mQn.

C u

2 \Ph€hng phg&p n-Th cnghim
-KJIh ply thuy} v ith ¢ nghim
va mé phng.

3 Gil thi/f vQm& hinh nghién | - M6 hinh ping (m6 hinh 1/4, 1/2)

- M6 hinh khéng gian

m21ng, RV kidh thitla e LL 2 ¢ h
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TT Ch" phan oY DUhg bai toan

- Xe 2 du.

- Xe nhiQu dfu.

-Hthng tclpo L
-H th' ng treo ph thy c.

4 |'S cfu xe.

S |KiW h th ng treo

ngx Lnglchcgacac-. ngx tuyh tinh

G m 10 xo- gifm ch. - ng x phituyh.

- Kich thich kW tiGh " nh.

- Kich thichdthg ng»u nhién.

- CO WU bivh dchgg al “ang.
- Khéng RAL bish dbhg g all ang.

7| Dthg kich thich

8 |Bi/Jndhgca °lhe

- M, t cHp 10 x0- gilm ch.

9 | M hinh banh xe. _ . _ .
- NhiQu d 10 xo- gi[m chuh.

Hi n “hgentilien W gi a/-C -t/ milierky.

10
banh xe vimHs ° hge -Kht ng Jptnitidn KL
1 Sthaiy kK2 chpt|-Coxétsthayi L
ti/p xdc -Khongxétst hai L
Sau gt bagmts h @gnghiéncutitubWc - | i °/h qua

IQtailudh &nl " m “chovis x &knill dung v~ ph<€ehng
c uca Qtai
151.Nghi °n c¢_. u da &hérgk Wwg b3 ddtslincgkithd n g
v’ hi mblt €l hdgn kIt

Vi ¢ kio satd a ong & a 6 tokhongkWh birh dchg ¢ al “angl ‘@
LHura trongtr€ngh pbih dchgca " lhg@anh, cothAh qual ‘& L Y%c L -
La g dxémlacngtuyt "ikadaongltad toch y/u gay bis
khong ag pfing caB D MnCotiapdngnt h3 nh n " “yigleph o ¢
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thctJnh€ xW dihtérycacld " hgéha, "nlge b° t'cng L
khai thac 1au dai, khdng corit ¢ Ian. CAc nghién cu 't nig b trung vao
victi €u hQ khiivh th fgitreo, kflo s, Snibp nibc aB D Mn
nh3n thu thp d |i" u vQkich thichx § ecnhllc t ©h n g “@hg¥adl. §xneh
gial, ém du chuyd  ng.
Trong gi 8o, ndga® nth[1TftBegbV Il ald L« tr 3
bay chitif ¢ K thisy} chung Qnghién cud a ong b t6.Tac gl ” @i i
thi u cacch’ tiéu VQL, an toan va, ém du chuyd _rg hi n ° ng@ach
banhx e c i ng Unhken t 8€¢ W antolin chuyd _ g ¢ a xe.
Theo tac df, khi x[y rahi n ~ ng@ach banh (hin ° ngénd lién ki), tinh
I Qu khid ¢, axe £b suy glm habb mHlihoan toardos suygim¢ al ¢
bam Tuy nhién, &i i unayc h €Q@cd JH vi c khlo séat ¢ thwhi n ° hge
MLK mach ' €a Qi la nxlyirac ana
Ludh an tih s ¢hudkg a tac gif Nguy n V£ n [1H]%nnghién
cuhin “hg8dbngang( d a og nbanglc a6 tdfn h “fg€amts
thbngs ca x e ngUhh e  ng®ay[n h “fg€a d aigngdhg
LJhl ¢t €©hn gl @d@kbi xexchuyd gt g QL t r bl €
mo vakhixechuyd | ~ n’ nghbdgm itlcE caa, L ©y Fv8S ¢ i
d. ng gi thi/f banh xe ludn fip xtc v i mky ° BgeKJT qul nghién cu cho
thby d a ongtgang lam dim gia tr ¢ atfitr ngt banh xetdc ¢ ngxu ng
mHs " bg@ong cac kofngthi gi anh.Bi@cingthayl " m tkEng |
ntng t ¥ hyrh&othc Bl mahin ~nhg@ch banh gay ra.
Luch antih s thudlg a tac gi Nguy n Ng ¢ Tu[23] nghiéncu’ n
'nh “tvakBga L o. rayyheph€hng t r 3Eulerl ®swt on
d. ngLWhi/tIdp h PTVPd a gngt a ¢ hSimulink trong Matlab L ‘&
s d nglWkay d ngc h ‘©h n giinhtvani® pthngd a onglka ¢ d €h
tdc ¢ ng ¢ akich thicht BDMnNh L - ,ch | & niim ta«quy let dao

L nggacacmd uvagji hth mdli" n 'nbh ¢a 6 td kéo moocPh €h n g
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phap phanchiamBun ¢ ho pim& pach thda ty n gla tf ¢ acac
thong § Lfu vaophthpvimec L2 ch wghi °n c

Trong cac cong trinf7] - [12], nhémtac iVl Cl ng H™ m

v

n3nh DI fpgalllSqmge A onghkalc t €hn gl egcadde

hai duv i h th ngtreo phthuc, chu k 2 ¢ h nghtca ankt Thge
t r °°nng tig@gva L “ehg nghiéngtheo md hinh khéng gian 7dbt do.
Trong cac cdng trinh nagji/h dchgca “th'@ k h *crkglyhlkieh thich
t BDMda kW tiQr ‘nb, L& mé 't r c®3g cac ham gi tich. Hi' n

t “@gmkilién K mkb  d Y& Q& trong nghién cu [11], n h €n iggil v

thi/t banh xe ludn fp xtc v i mH ° Bge

Cac tac di Xuan-Toan Nguyen, Vaibuc Tran vaNhatDuc Hoang60]
I «ghiéncull § mgn L H, axetfiba du trong h k/1 h pgi axevacfu
(bridge)c: xR hi u Ing phanhCactacgil € dng ph<€hnfm
t huhh ( F BEWhjo sdt plin n g, nd ¢ a du trong vai trd mt dfm
lién t cvati/h hanhth cnghimtd hi n “tnrg®kbi g'n B, tihcdy g a
k/T qul” nghién cu. Cac K} qu nghiénc ucho tibyd a ongliin ¢ a du
ttng | Wi€ill 8oy ¢&cacl ¢ gt heo p RSh ndgp
I'Ho bitlakhix e * dpBanh ¢ t ¢ , Baa KJ} qu nghién cu co thw
L ‘& s d ng lam tai fiu tham kifo B sungcho qué trinh thi} kjJva thi
congcac ma gu hi ntd* Vi t Nam.

Cé4c tac df Van LiemNguyen, Khac Tuan Nguygb7] L « d. ngphfn
mQn MatlabSimulink 'W. § n h[n & i° 8g€ac § oQ KL i lam vi ¢ (vah
t c, i tr ng) ¢ a xe fi hthg ntbg chuyw | g trén cac rib ~ hg&iéu
chify Uh L, ém du chuyd g vas thanthinl'iv i ~ hged a trén
tiéu chu§r 1SO263L1. Xel ‘@& kh[o satlaxebaful ‘&ldd m: hB
dlhgmth daongll3btt dochupd ngvivahfct 10m/sl/h
30m/s Céc ch]L, t[i L ‘& kho satl “fy tfi, n a i va qua Fi. Bién dthg
mHs © hg@ ‘& 1B theo tiéu chi ISO 8068 4 dp . A, B, C, D. Gic K}

n h

(
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qul” khlo sat cho tBY I, ém du ¢ a xe b gilm Init cachrd r t trén b
I “ehgcochy  C,Dvarkikém” cHp  Dkhixech quanafi. T[itr ng
L, ng tY cacbanh xethu c cfuth 2cét § cng tithh ntH i v i mHy
I’ “@ng vala nguyén nhan chinh lamhg mtb * hge

Mahmoud Rababad va Atanu BhuyfB] L «<s dng ph€ehng p

Skyhook(phehng plcéhm mp hy® pcactgid &rfo ¢ Bg mlod xo -
gilm chethu ch th' ng treg L'V § ¢n hl ¢ § ag moggpmun ¢ a o o,

| " m “dhHp kBvati €u th nogtredhT r, €tién, cac tac dgi L' 4¢nd
ph ngtheomo hinh 1/4quartercar mod® b3ag phfn mQm Matlab Simulink
nh3n phan tich ng x ¢ ah th ngtreo.Saul’ ; cac K} qul L ‘& ngd suy
cho m6 hinhLfy _ [full-car model)c a xWkh[olsatlL 8 jmg. T. kJI qul”
nghién cu, cac tdc gi nhch ‘nhrag hin ~ng®ILK rEid x[y ra dol ;
cfn khl[o satthém hin ° nhg@aytheomd hinhkhéng giannhan nhch  “lc€
cackijquL 8nh gqgitgctsm8th hvn.

A. Bala Raju vaR. Venkatachalan25] L' «xghién cu L 8gfn s
cadtdoyih thng t r eoldbC8crtac 8 L «ay d ng mé hinhdao
I, ng dhg khong giang a0 t0 yi 7 bt t dochu kich thicht B D M ki
tiQv “nb dhg ham sinKJ} qul khl[o satl’ ‘& so sanh \vi cac K qul ¢ a xe
t €ehmgn h€n g thengtreotlng)t r on g Qokdamtg L Gk ra
kifluchvQ ngx L, nglchcgatoanbh th ng.

A. Mitra, N. Benerjee va cacng s [27] L ® d ng pHn mQ@n Matlab
Simulink LM\mé ph ngd a gngl; a 6 tov. i h th' ng treo b L, ngtheomd
hinh khéng gian 74t t dochukich thicht B DMl @ dthgg gilmt ¢
(L « ° ¢t cho§r h6g. Cactac gl &khlo satin h “ mg€a . € ngc a
b xova h s c[ng agilm chahthy ¢ h treolJh chuyd v th?n g ndj va
chuy v géc ¢ a than xeKJ} qu nghién cu cho phépkhlo sat cac h
th' ng treov. i kiwit €h nrp3ntf i €©u  h e t@u A th ngrireo.

Agostinacchio, D. Ciampaa S. Olita[26] L « dsh g m!  h\Akh[t

1/ 4
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sat]c gt mHb ° bg@ac dnglén 3131 xe, g m xe i, xe mn vaxe but.
n eng trong moé hintkh[o s §d 1B} the® tiéu chi¥ 1SO - 8608 KJ} qu
khfosattMhi n . ddShgl th bi ° RtfnlS ¢ al ¢ , Aychothby xe but
cobi ° nl cl, gl nnrHl s a u Jixe {i ¥a xe conNghién c u nayl ‘&
dunglam ¢’ kchosvi ¢ LQxuHl gili phapch ng rungl, ng cho cac cong trinh
n3n cthhl “éng giao théng.

Vladan llie[58] L' € ng ki} cac nghién cuth ¢ nghi mtrén th]gi i vQ
miquanh gi afc  dichugax e vmb mdécamtb * hgeKl}
quf ca vic tng K} ch’ ra raag khi ch s L, nhamg a L “eng IRI
(Il nternational Rotuighgiedtsr Tindgle®) ngt n ¢
lendofc  Hichupdcaxegimni@ n~ yfal mggeucclh
sckhevatimlyc an g £ Qrkhiw, hanh khaclvd s an toanc ahang
héa.Bn f ng k}c | rchp they s | “@g cac cong trinh nghién o vQm i
quanhgi afc . thuy ngcaxeval, mEhmé ¢amHs ° hgeon it.
Vi’ ¢ so sanh cakJ/} qul nghién cu trongcong mt Qtkinlagn nh €
khong thWdo khong thWduy tris n h € n htacu, ke gi a cacfn th
nghi m. Qnnayg ©y k hcho vkdxtIythéng tin Qt ¢ | Ke va tinh
trth g * tig@ congmtth i W hay cong mt v tri.

Keren Cherva cac cng s [38]L wghiéncutfi ©u  th ngtrech
cd_ng x phituyh ¢ a xe fi hthg rHbg. M6 hinh ko séat la mé hini/2
d c, v i kich thicht B D Mmdthg L @ hoa va &hg xungla cac hancé sh
trong pfn mQn Matlab $mulink. Cactac il ¢« dng ph<€htich ph ¢
h pl a frpm@n (integrated multi software methodya thud toan ditruyQ
IWi €u _lhhladaebphdhthuch thng treo, rmgau L
cho m! hhgdatodnaboxe.Mr ° n ° cde Kisqu nghién cu,
nhdm tac g L &huyh ngh vi ¢ ti/p t ¢ hoan thin mé hinh h th' ng treo
c6 cac ép 10 xo- gifm chsh_ng X phituyjhc h 0" ng h p&/3 h p nhiQu
ngU n kich thich.



25

1.52.Nghi °n ¢ u d&@koW Tminfhiirifg t2€ ng nhen
kW/Jn hi mblkti€ mgkJt

Bi/h dthgc al “engl ‘& KMJh khid tochuyd  itg tr °°mg c § ¢
conQr " lh@khdng n “nb (Wa ti/p t ¢ lan), hab trén cad’ “éhg khong
L&lamgh  ( n"hn@h p g a® t6 quan shot | nk trongl” a hinhr. ng
n%i ). ‘ThgopmydaoBdca ! t! ngca disgd hig
I ‘& khlo satl ng thitrongcungmt ¢, iyhtdthgca 1@ ~ ¢k
L/h nh vi cldo mé hinhca “Lh@ | idé@g tinch nhd L™ trén ih
L n tMhc Lrigi@mcu trhge | “n hx §ln§ daol ng ¢ a cac
b phchxevalc t €hngl@gc xe

Ch€hngaluh actih sa&taccgi Nguyn n3 nh[3]Mikn g
nghiencul § mg dagovalle t €hn gl @g\wicae dhg kich
t h 2 odh ckhac nhaut r o nbiyh d¢hgca " e ‘& KWJh. Xe 6 to
haiduvih thngtreophthuc ‘lcig m? hidehgh d &ongl
khénggian 7t d o, cn g dl4emd hinh dbhgtihch nhd L~ n
hitrénrQv L ~, hKelwirh LA m t trong nhng nghién cu fu'tién” Vi t
naml « WRh bi/h dhg ¢ a  * Lhgkhi kh[o satt ‘€h n g L HE &xe va
I “@ng, luch anl. «g6ép pin hoan thin mé hinh kifo sat ™ ng th i 1am sau
sdd hhin diung v~  pdht@hgrviee ti/p bd8va gl quyst bai
todan P h €hn g dpMarfipg KWl gu't h u cd aBuch an tbch * khoa
h ¢ cho vi ¢ tinh toan, thi} k/]va khai thac c6 hu qu c[x e v hg. Thye
nhién, lch anv¥ s d. ng gi thi/T banh xe ludn fp xac v i mHy * hge

Lu Sun[41] L. kh[osat ngx n L K, ah xe-L “ehgk/th p.Ba khia
cth h " dg@an tdm langp mémkb " Bgelc t €hnglL@§c vXe L §
ngdaognglta c h@htacdngcatitr ng, ndgay bikich thich
mH * Bg@lthg ngu nhién.Md hinh ¢a €lh g ~ & x8 dngd @ dthg
2D (2 chiQu), bQmHs b @ ~ ¢ pRan tichtrong mh fn s nh s d ng
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phép khai tvd Fourier écham tyn hoan.Nghién cull «<h ramilién h
md thilfgi amgh mdé ntb " Bg®afc | di chuyM ¢ axev, icéacthéng's
thwhi n_ng X ¢ ah th ng treo.

Shaohua Li, Yongjie Lu v&laoyu Li[49] I «aghiénculn h " itg€a
cactham s h thnglyp ngx nL K, ah xe-Lahgkifh p.Xevih
thng t ickocd lhgx phituyh ‘le®p md hinhd @ dthg h dao
L ng7bLt do. €m g °~ ¢l mo hinhd @ dthgtein L ™ Ni 2 ptrén
nQ L " n, tphhtuyh.Cactac il « L dangk & n h Ll nghi* §ig
[n h * mg@ a cacthéngs h th' n gJ/hbiatc thn g nd ¢ a than xe va
s bi/hdhgth? g nga °lhe

Liu Yong Chen, Sunli, Liang Kun, Xulichapt0] L « [k hs 8t ngd a o
¢ a0 td theand hinhl / 4 ¢ Jh bifh2déhdng al’ * hgen € ng bi/h dthg
I ‘& biW dj n bg dfm EulerBernoulli trén i L'nh b Kelvin. Céc tac
gilf L « o, niy mdg amHy * hgdh cr i phan tich ph cac § li" u nhch
I ‘& vaap d ng vaomo hinh toan. ngx ¢ ah xe-L gk} h p (tuyh
tinh) I ‘& xacl'nh bag cach ap chgphép bip il t 2 ch phon v
phap chng criinghi m. Nghién cu L ‘«a réadpbi/h dchg ¢ a * IngSgay
bis mbb mdbQmHuvachuyd v th?®n g nd ¢ andtrong qua trinh dao
L. ngla qua trinh ndu nhién khéngn "nb.

RongXia Xia, JinHui Li, Jie He, DengFeng Shi[47] L « d . ng md
hinh 1/4lWhghién cus phahng nmtb * hg@ay bi tfitr ngg axe va fi
tr n g, nd.ngd nhién. Cac tac fil « dsng moé hinhphfn t h u hth 3D
'Wphan tich. § m g, ndll ccamtb "~ hgéha x § cnhdh' s ng s
camil p ‘lngvacacthamshiuqugaxel'ivi Lrgga e
I ‘& nghién cu. KT qul nghién cu ch ra rag khi chiu saunQ L “éhg
ttng | °nngtad ¥ lhgSgipm, Bplc .rdhca h@® titng | °
t tnagndcah thngtreovalp, giml k hi  dmgga giim chh
h th ngtreo vagilm chh bii dj n banhxe.



27

Yang Shaopu va og s [63] L «ighiéencull § pmgn L K, ah xe-
I “ehg k/ h p theo cac mo hinh khac nhau o n g ~ Hg-bi/hldeg L ‘&
bW dinbimtdimhotom tthn 2| ptrén L'nh hKelvin (tuy/h
tinh hdb phi tuyp) v. i lién ki kiwt a Lchwmk 2 ch tngRacth L
BDMrco dhgh " mQhda Cactac gill « dsng ph€hngng ph §
chdinghim, ph<€hng phg8p GalWhanktichrva mépmg 2 ¢ h
h thng, @ u &m cad thi nghim kiwh ch ng t4 hi n  “tng.®F qu’
nghiénculamt _bB#®pochquanirng itih thc khi/hdadnh |
Lngga ‘lhgpi/hdhg Tr *ti-chcgt«tf®BbsGti v~ L §
[h h * mg©a céc thdng'svQxe, ' “ahgva cac yu f vch hanhlJh L Bgp
nLH act.

Gamaleldine Elnashar, Rama B. Bhat Ramin SedaghafB4] L «hl[o
satln h * mg@© a cac théng'sn h & t ke, mbHd md ntbl & g, ¢ g
canQ ‘lhgvah s cngfmchsicah thng t vhe ol 8ym L H
¢ ah xe-L“agk/ph p. M6 hinhx e °~ d.cBn Whghién cu la md hinh
1/4, “ehg bi/h dhg L ‘& b di n bagm t dfm lién t ¢ EulerBernoulli
talhhcfhaifu dnBDMN ‘& mé {d@ dhgh ™ mQ lhda.
Ph€hng ph §p&caatdc giékdinglW €a PTWVPd a ong &6
cha ph€hni% hamrieng @1 PTVPt h i theo bihth i gian va
cOth\Wili L ‘& ba g p h €h n.gCacp/h®Ipkhls satcho tiBy nh ng
nQ “lngx -, clngthgdbn h “m@hl L Bgm L H, akenh@h hn s o
v.inh ngnQ “Ilngx - clngcao. Ngoairak hi tm € nng @c
I'nh,n/uh s cln ¢ agifm chah trongh th ng treocang | n thi tac d ng
gifm damgg #né canggifm. Do Qlchnh h K igifm chbh ¢ a xe
lamt ¢ §kikh ot vagimthW L § gl nglchctiéuccgad
X e V hg Qactac gi c | rkigh ngh vi c ti/p t ¢ hoan thin md hinh
khlo satd a gng € a cacxe i hthg rnHhg, tr o n ggokivict 2 Nhbiji
dthgg abanh xecfn  xJ/@hi n L’ ng®LK vaca H t ti/Bxriggi a
banhxev imtb * hg@Whhch ‘le@tgquich2 nh x8c hhn.
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153.Nghi °n c¢_u daloW@Onndie® mglet Icii°n kIt
b&§nh xe v, i mHt L€ ng

X®t tr°nnpl@ithidk i nhngda®dtd d6 M
hi n “nhg®ch banhlamé hinha ¢ ko lién K}t h & ythed thi gian.
Do lien K} lam th phd cb thanh ca m6 hinh nén st h a g, allién K}
kéotheost h a ig almé hinhK h -k h hHitrohgxayd ngmé hinh
daongl;adtdcod M/nMLK [ah p niEivi ¢ mé f bRag todn hc lién
k/lgi abanhxevimtb " Bg€ h a i’ ndg hrp@6 va khong Ry ra i lién
k/}, conk h -k mrtHitrongkhlo s § t ngdhaioc x & ¢nh ¢ac thi
I Wh x[y raMLK vathi Whlién kptr 19 cfn  “Llc@ c hi nngay trong
quatrinnkfo s 8t ngdNbha gLl k h - Wierhch tiwWalkaguyén nhan
d JHvi cs | @gcac nghién cud a ongl; a 6 td macod KWLJh hi n
t “@g MLK ¢ h dh nayconkha khiém tn , Ho lti t & nh ng nghién cu
Lfmblos chrbchEvQmibe h c.h

Nh ngcongbl i °n Jgpuakhlfol s §t ngdgad tothup
L'ng t Trighdbliré ¢u theo cac md hinb6 kWJh hin °* hgeMLK
t 2 nnth i Wb hi n nayt h @ ch’ d ng Id° cacmd hinh pfng. Trong
cac cong b L - L,“ehg hdbcfu bi/h dchgl ‘& biWi di nbragm tdfm L~ n
hiténrQy L tkhéngco@ L 7 tv in hing hé xe chuyd g
trén du), x e Idin® hinhd @ dthgh d a ¢ ng ph?hg theo md hinh
1/4hotb md hinhl/2dc. M, ¢ Lrgliédm cu try®@x § cnhl§ mg
daonglaxelahgval ¢ t €©hgi gchtingBan ¢hhl ;mts tac
gifcl ndosktfin h “mg€©acactham’sn L H.ac x e ng/hhl e
t “@g MLK.D€i L ©gmts nghiéncu ti@éubWc - | i °/nhicqqu an
t “@gMLK.

Trong bai bao khoa It [11], cactac fiVI C' ng Hhmn3 Ngu
D1 nlgaghién cu hin “nhgMLK gi a banh xed tdv. i mtb * hg&yay
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bi dagtfRtg nd O tdkh[o satla 6 t6 hai §u v i h th" ng treo ph
thu c L ‘& Ido mé hinhd @ dthgh d a o ng lfuyh tinhkhéng gian7 bt
t dochu k2 chnghltt 8 DMBHh t i@ mhi, L © il thi/}
banh xe luén fip xac v imkb “ Bg® « dsng, s xudlhingahin °“nhge
ML K "EMluchd avaost h a ydallg al clién K} gi a banh xe vi
mHy * bgeCéactinhtoan s L « "raffaghi n “nhg@LK 1a riid x[y ra
vi th/] vi ¢ &p dng gil thi/T banh xe ludn fp xic vi mHb * hg@rong mo
hinh ko séat chco thaehigh nhch e ®ong mt phcm vi kha .

Y. S. Cheng cung cacngs [66] L «ghiéncud a ongadu .d<€
ticdngca c8&c prhdechuyg ti °n nWhhinchgak®et L
g,a ph€hmgoghQntbcfu. Gu L' rdkp m: hedshg d€
m tdfmliént cs d ng gi thi/] Euler-Bernoulli. DFmM nayco thAL. ‘& xem
las ghépnicacacfm L, h@kinghépni t €ilgwvg QLK n
bientigi _ thungcahainhp. Mi ph<€mhn'tcRl i m* hBEnh
dchg mth d a ongHi chuy trén ¢dm, h d a o nghay g m hai kA |
| “@g lien K} v inhauBag mtg mldo xo-gifmchih, ging nh<€ mt |
1/ 4 rhhgBat ¢ n h”ikd'tinhdhgabanhxeTa&cdngca ph<€hng
ti nlén du ‘lc@ay thlbag ham lc  t €©hgn(@h) thu ¢ vao md hinh
ca ph<€mnhgm ma [ kich tich, chuyd v ¢ a du td v tri ¢ a
ph€ehmg .t iPh€hng t r Agrgladw i'lc@lhb@ng dpaho€ hin ¢
phap tach bhs c ho hagih ptdv@®khong gy ra MLK. Th i Wh i
ML K "B €x &ktt hle @ kilhichuyah Mlcva ¢u tivitricva ph_ _ ng
tivhpdi nh_ va hlaayngdipr _

Dan Svacaccngs [30] L «h[o s §t ngdcaduchm tnhp.

CFul ‘&ldmd hinhd @dthgmtdfmL ~ nivhlién kit al his hai
'fu,chu  t $gcalmth d a onghaib&t do ¢ ‘©h nmd hinhdao
L ng ¢a6td dhg 1/9 d i, ng’trénbQmtbg and. BOmtbg a dm  Lce
xem la hoan toandag piin g . |, Myica B d a ¢ ng irén ¢fm |1a nguyén
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nh©n goyngthgyh gdndiga Lc HDadl, ngga c H ‘@hkhlo
satcot 2 ninhi "nhgeLK vas t h a yt cl, Ho va cim khi lién ki}
tr 1U.H PTVPdaol,ngca ¢ i @hthifldovagli tronagg hai
h p khac nhau, ng v i c6 va khéng Ky ra MLK . Cac K1 qul nghién cu
cho ttBy, khivch f c ¢ ah d a on d'ngtlén thihi n " ng®ILK d_ x[y ra.
inh ‘Mg@a  Engloxovats giacackhi "h & ¢ teo va
kh!ngctrdb€ah daongl/h dangcddmvahin ~hgdMLK
c | n gc ki[esat

T cacKjqut hu cl €& ha@®éuynhonméac gl [30] L ¢i/ptcm
r ng m6 hinhkh[o satkhi nghién cu d a ¢ ng I a cfu nhiQu nhp theo mé
hinhdfm lién ¢ (dfm v i nhiQu g it a) L ‘& kich thich bim t h dao
L ngd i nglkhadc c bt do(md hinhd a ongll/2 dcg a6 td [31].
Cack/} qul kh[o satc T n g g l’s khac bit L SMgiga vike co va
k ht ng /nthiznn hng@®ILK, LHobi tlal ¢t ‘©hgi gxevagfa.

By Luis B.vacngs [28]L &kh[o s §t ngd alo xek cfu (bridge)
bag phehnfnt plwBip ph ong J/Hhinc ng®LK mah L
va chHm khi lién K} tf 149. CFu  “Llc#hfo séat 1a mt k/ chl dthg khung,
m t nhp, chu liéen KF b[n IQ c[h a Fu. Xe ° E&1& md hinhd @ dthg
m th da o, nd.theomd hinh 1/4)H PTVPd a on ¢ ° & ti#} Id cho
hai  nglrp@dvakhonggy raMLK. TRi Whky r a Méxdac L€
I"nh théng qua st h & yvQdbl ¢ al cti/p xGc gi axe va gu. Thi Wb |
lienktr 14 "€ x’'8ted alvao hiuchuywd v thih g ndica ¢ Sdc L i
ti/p xdcd ki/p.in h “mg@avackm LTc@WMJh t h: ngcnfwa b
trong giatrc acacvhtfcsuyrng n g &yangay uth Whlién
kptr 14,

D.Y. Zhuva caceng s [33] L «Qxullvi capdngp h €hnggap h §p
bai toanbu tuy/h tinh (linea complementarity problem (LCR)Akh[o sat dao
I ngg ah xe-cfuklfhp t heo ph €miniguhshhcékWMJp h
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hi n " nhgVLK va mbp mdc a mHucfu. Blag cachxay d ngm i quan h
tuy/ tinh gi a chuyd v t ‘©h nig, a Banh xe va kucfu t4 L \wh ti/p xdc

V. i &p | ctifp xuc, cac tac @il « phiil “EHPTVPd a ongta ¢ h
trong nghpcovak@ngRyrahin "ng®ILK, Qin "~ Yrad «

s thuch [ i nhEl "nli cho quérinh tinh todn

Yao Zhang cungcacngs [65]L ®« dng ph<€ehng phgp

p h €h n gNeptin&gphsorn’Whghién cut €h n g L t§8 axevacfu
(vehiclebridge interactionVBI) gay b i mbb mé mHcFu, cé6 kWJh hi n

tengMLK vavackin L ¥inCfth ‘lcigp md hinh dthgm tdfm L~

hKivilénkifta L kcph a ifu, Hién dhg mgp méomtucfu Lo @y

theo tiéu ch). Md hinh caxe ‘lt€ dnglamdhinh1/4 tr &pg

dngmoé hinhlpdhg La | . Jhx(oonlimedr imultspang tire,
NMST), thcctHlamth | , xo gh®p s ong 3nsgomig
Tinh phituyhva hin “ng®LK L ‘& mé T b2ag cachy I, ¢ ng ¢ acac
10 xo la Rag § khac 0 khiMLK khong Xy ravab3ag 0khi MLK x[y ra.
Cac fn s riéng tinhtheo m6 hinlNMST vamo hinh 1p m t 16 xo phi tuyh

(nonlinear singlespring tire, NSSTY ‘& so sanh vi nhauvav, i k/1 qul

th ¢ nghi m. Cac K} qul tinh toan cho thf mé hinh1p La | . Jjx o

5

cotinhxacthc cao hhn

Ya Gao, Jin Shva Chenxu LU62]L ¢ h ©n t 2 ¢ h L Hjicdxe g

v dg@y co MUnhin Thg®ILK gay bicac yut bl “tng tn

I “eng ray (ngh mo). M6 hinhca x eclditocacmdéhinhphg t €hng

t nh€e m: h3mgray! ‘lako & £t tdfh €l nin, i md
h3nh {ox@ndng€t heo ph@Hhgu n.IQ8am h p/p
xicgia b&nh “xg v acyblMEigh bag mt 10 xo phi tuyh

h

t

Her t z, quand phytuylh-gi al cti/p xicvabi/hdhg t €hng

gia hfaloxd{t heo p¥h&Emiyg ctbheoh thc x it

¢ aly thuy/f Hertz.n Qu ki n MLK gi abanhxevi "B€® ray «lng

L

€

~
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métTho " n t o’ nhe€efehghBTVPphituyhgca c Ii@h

gifit he o hsah, climd&inchdicandl ©~ ph€hnfhtiphh@&p tu
KJI qul khlo sat cho tBY nh ng yu f bEl  “tngt@nl “éng ray co th\gay

rahin "hgdMLK vaMLK s€x[yravitfnsidd cao hhhc kthi
chuyd  ngc axe

154.M, t sL Qv blt r a nghiénct 3unohd Bhc3nrighd

T. nh ng tim hW va phan tich trén chiing taco tiwit ramts nhdh
Xét sau:
1.Da o, ndcadtdlamtch LQL ‘& nhiu tac g[ trong va ngoai
n & quantamghiéncuv.inhngmc L2 chakh 8k nindgn h d
L ‘& $ d n gWhghién ¢ ubao gm d ba |4 md hinh1/4, mé hinh1/2 va
mdé hinhk ht ng gian, trongl2ldcchidpgmttningh3 nh
Il n. Qmaylahplyvicac mé hinh /4valclanhng m! h3nh
giln, co yn g h_gnaQmkuh ¢ thud.
2. Kich thichl, ng h ct B D Mrrong cac mé hinh nghiénel ‘& QL
cdh  cf hai dhg ngd nhién va @ nb. Tuy nhién,céc kich thich &hg
xung m t dthg kich thichril “tnh @b trongthc tJ ¢ . n " tQEp €
LJh m t cad chi tif].
3.S cac nghién cu cOkWJh birh dhg ¢ al “éhg con kha khiém'tn,
I'Ho bi t 1a cac nghién cu theo md hinh khéng giaffrongcacnghién cu co
kWh bihdhgga “lhegex e v h g L dé@mxét trong vai trd cac,b
phch chl thanh cacongmt  c kgilh xe-Leg ki h pyma’ L -
L g * ¢l md hinhd @ dthg dfm hd-b thin = bg nil (va I u ™~ g
chdl  \Rig Img@hifdin ngang k) tdrhdbkhongran trén
ngh L" . ©h nh
4. Hin “ngardlién K L'« mlt € tacgil trén th]gi i va trong
n& quan t ©in mhdealihg gc@>c ¢ u hotb Ling Ixc hxc
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L yng., L - fuhdb “lheglanhngl' i ° hg® ‘& quan tAm concac
p h€h'mghuydi g t Trighaytirefu (n h &0, tau ha, v.v) thi
I ‘& nhinnhdh d€ g gafltrng, c h ¥glge bhme hinh
d@dthgmiteitrangtop t r uing hobimit BMd a dn 4 ithg
(moving oscillator)

5.V. i cacnghién cuvQd a ongl a 6 tdco WMJh hin ° hgadMLK
nh€ng MUHbijgdhgcal g, nHllién kit h gL ‘& biW dj n
bng cachdpo m6 hinhca b & n hidshgm tckp 10 xo - gilm chiah cd
I, ¢ ngkvah s c[ncn ™ @} (Khac O)k h i dyhreeMLK xa cocHp gia
tr nay clngbag 0 khi Xy ra MLK. M, t S nghién cu kiwh soath n °nhge

MLK b3ag cach Kwh tragiatrg al clienkjtd c¥c t12inh t o&n,

v¥h $ d ng gi thi/J banh xe luén fp xtc v i mkb ° Bgd Qi nay lakhodng
Llmblos chrbchEvQe h c.h

6. Trongcacnghién cud a gngl¢ a 6 té6co KWMJh d MLK va bih
dthg ¢ al' “&g (hdbcfu), PTVPd a ongl,a “1h@ ~ & ld va gli cho
hai nghpe danog lg®c (khikhdngXy ra MLK)ngv "

do (khi ¥y ra MLK). Nhi my quanfrng ~ ¢ #lta” I' ©ly" xnBcac L

thi WhkyraMLK vathi iwdliénkptr 19t edgnygcac thi
I \th PTVP nay hay PTVP kiach ful’ ‘lc€ d, ng. Cach lam nay ¥ Jj
nh ng x ly riiph ¢ t% trong qué trinh tinh toan khi cacB T V P’ ¢ gi[e
bng ph€ehng ph8p s

7. Trong qungca atd khinchydia oigten ntb ° hge
mbd mo,s t h a g alffi tr ng tac gng trén tr c banh xe kéo theo ghay
'i k2 cchw}tt/fhx@c vaap sdiphanbtr°n L-. Tuy
khfosatgthWwh " o m~™ t r dmsgt Ha iy t & 2ndehv]ltihxés
vaquy lud phan b ap sl trén cac ¥ ti/p xdc nay.

8.KhikhWfo s §t ngadadtddd MIJhhin " ngardlién ki, trén
th ¢ t]ludn xuH hi n hi n " ng&va ckn t9 cac thi W §ién K} tr 14.

d a

nhi
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M ts taic gl L « WRh t §@g ¢ alva cln bag cach kifo sat s can
bxag nLmgghh I/ xuHlhinb&niygavwhic danggi B
cacthi WH i n g agvangay®auth W lién k1tr 14. Tuy nhién,do
vachmlahin " ng®h c tth, khé kMih soéat va phthu ¢ vao nhi y/ £
nh€chggacacwud, t c , Ehupd g, dhg hinh hc va tithg thai IQ
mHuti/p xUg v.v,nénvickhfo s §t ngad@Rkalunlva chim v a i ph ¢
t%9, 19 v. a cho K} qul kém tin &dy. Chinh vi nhng Iy do trénludh an €h

s mll m&t ~mglvanvdn t ¢ cRuyd | gt cacthi  Wh khi cac banh
xe b miilién K} valien K tr 19 v. i miy ° Bg@rong Hi ¢ cdc md hinh
khlo sat.

16.NHI ° M V. NGHI aNLOxM CNA

Théng miavi ¢ phan ticnh ng k/i qul” nghién cu tiéu bW trong va
ngoain ‘@ vQdaol, ngcaotd, luh 8 n nkrhag vl QEFnti/pt c
nghitncu nhe€ sau:

-Xaydng m! h3nylgalhshoe dOWJh hin ~ hgLK
gi abanhxevimtb "Bg&ast hady K2 oclgawihie xic.

- Xay d ng cac md hinha ly va mé hinhoanc, a bai toarvQd a ongL
caodtdotrongEb ndthg1/4,1/2dc, 1/ 2 ngang v~ Wkhtn
L/h d hin " ng®ILK vabi/h dhg ca " heEM t trong nhng nhim v,
quan trng trong xay dng mé hinh toan la chiti h PTVPd a ¢ ng xud
phatcéch a p h €h n'g hamriéng @h BTV P° ng bh&€phép the
hi n cac tinh toantag s .

-Xaydng ¢ h€hn gtodnis <hoh ngtmd hihh ¢ thwtrong
phfn mQn Matlab. Sdng ch<€hng tm§Wkiiilo L8 txMgy a a
¢ a 0 tov, i cac dhg kidh thich th "nh khac nhaul’” ng th i khl[o satlnh
hewgcamts yuf nLH " khajcnglg8&rh {Ltgquy
phan b ap sl vah f cchuyd g, v.v) /o LBgmL K a ch h
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17.Ke T L WdHNh NG

Daol, ngc a 0 td khi chuyd _ rgtr® n * g hin ~nhgdh bi/h,
con h “mg@®ucc Jflsckheca nidéehanh khach va san toan
cho hang héa trang tfjib chuyén ch. Dangcdxegayracact  rj
cogiatrl nvalamgimtuith caxeva | ~ mct #Hmdgngtc a
I “eng, tt nén chu trinh pha Bbv. im ¢ | t t nfig thed thi gian. Vi w,
vi cnghiéncu d anggadtdlathcs cfnthij.

Daonglga ! "tpHnl€nh dwat rc€idigy vehhta,y
gafcsuyrng,lc t ©hn @ cat gl “@gj hay cac gia'tl n nH
gatrt rung b3 nh_a3aéhc pdeathimge cl a ongl,
| ns€d¥ JiLhin " ngénHl ti/p xGcgi a banh xe vi mbb ° BgeHi n
t“@g n" y cgilanmdliée ki, hay hin °nhg&ach banhHi n * nge
mtt lién K} lam gim kh[ ' n £ n g ¢l 8ambanh xe v mHul “ehg, gay ra
s mll an to ' n t @dkhhiw XéyuweHukhoashao, ihin L inge
mHilién K} gayrast h a ycHilirdc ca ¢ kheotthi gian, trong khi mi
chitracd t ©gngmth ph<€hng tr 3 n\W  KgiDop h!©n,
nghiencu d angc d6 t6 c6 RMJh hin ~ nhg@Hilién K} v ackn thifg,
va mang 1 ncgghoa khoa h

Dao ndca ! t ! L'« rHnhi@ nhh kabahdt€® ongvan€
trén th] gi i quan tam nghiérc u. Théng qua vic tim hMi va phan tich
nh ngcoéng b cé timhu thp  “leich & n Lixh ‘xd®&c nHim v,
tr ngtamefntdp trunggliquy/Jt r ong ¢ 8/ptheoh €hng t i

(
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Ch€hng 2
KHiO SCT DAO n. NG C, A D TD THE!

Ch €hn gtrinhbaycacni dung Ufiviaokhgus®t ngd a o
cabdtdtheomd hinh1Mr on QML d hi k ~ hg®ILK va bih dthg
ca lhgebaogmcacgithif £ & dn g Qxulflmd hinh wt ly, thij}
Ido h PTVP, ¢ &ucki nLbién, chuyd “ith PTVPd a o nglcé cha
p h €hn g bthanfriériy @ PTVPt heg, @& n fllkay d ng
thud todnvac h €hng t r 3 nduictrglath c bi o Bmg ko séat
va so sanhfm thi/].
M c fUtienca c h€hstgiithiuym? h 3 n mng gaabéanh L
xe cO RMJnh hin °ngaMLK gi a banh xe vimtb * hg® ‘& tac gl luch
anva nhémnghiéenwlQxudl . Tr ong miquanRgila Ec M
t r €n g ch 3(nch§ ch clbénk »e va bh deng thn g ndi ¢ a no, hinh
dh g v~ _lkc¥ktifip xtichveh th ¢ x ‘@ilch pll ¢ ¢ a ¢ m o xo-
gilm chah bW dj n banh xet r on g ry & p cotva kBOng Ry ra hin
t @gMLK L & thifldo. M! h3ngbta da®Hn Ac gkighi w' €
L ©sgZl &apgdng trong 2c38&calich&hng

21. MO HCNH DAO n. NG C_, AKHBICNKqg XEe N HI
Th™ NG M T LIlaN KeT
2.1.1. M* h3nh dao L, ng c¢c,a b8&8nh xe

Tehnaght ngh®ccu tcr @ ', hitnn hng d alwinhlke
cOMINMLK lamth phdhquantrng trong mhgcladtd.h da
I ©gactinhchiiqu &§n t 2"avadn Ldanghd b&nh xe

L ‘& bW dinbagmth kh'i °~ hg€ld xo - gifm chah. Kh'i ~ hg€ a
banh xe h gL ‘& kWJhtrong khii °~ hg€ a du xe c6 lién quan.
V. igilthifcacgmlo xo-gifmcbh t r ong ming hadrich da
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cd_ng X tuyhtinh(n h € t Movigghignicu), m* h 3 n mg gaa o

L

banh xec6 WMMJh hin “ngardllien K “Et@c gl ludh  8§QxuHL n h €

thWhi n trén Hnh 2.1.

biém gan vai cau xe

U,

L__

° Mo hinh bénh xe khi
xay ra mat lién keét

e i |

T
N\

Wpn

Mat duong / Diém tiép xuc dur kién
danh nghia vo1 mat dwong thue

Hinh 2.1: Md hinh da 0, nd’¢ a banh xe&hi cOkWJh hi n * ng®ILK

Trén hinhve, (k. c) Ifn " £ 1388 m 10 xo - gifm chish b dj n banh xe;
A Blac § cwh Bh K} ¢ a ¢ m 10 xo- gilm chsh v i cfu xe va nhb ~ Bge
Dlahinhchipt he o p R@hmig ad $Hcwh AvaBtrénmtb © hge
(DL&gi IWwhti/xic d ki/h); ua-chupv th?n g ndigca VA Sso
V. iV tri_ ng v ikhi miilién K} khéng Xy r ag th i [d xo k. n3n trong
trthg thai t nhién up - chuy v th?n g_ nddca WhDsovimH ° hge
darh n ghnochuw j ¢ a ~ LhgSiwp) va chiu cao nipp md ntb ° hge
(rp) t4 v trig al \WwhD.

Khic h €y ramiilién K , MaBvaltiongnhay “ngthi dr
| @ g z=gppi uathWhi n birh dthg th g ndi ¢ a banh xeKhi x[y ra md
lién ki, hai L \Wh B va D s€ khdng trung nhaupic nay WiBn3n c ao
sovi WAD(n h @AhitnhirénHinh2.1) V" ° @z =Gqz = (UaT Up)
I ‘& g ilakhe te tach banh

GiF lahplccalc L¥imalk dntrong ¢cmld xo- gifm

h hi
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chih bW dj n bénh xe Rl1apHn | ct mH * bhggén banh xe. TL Qu
ki ncanag| cc abanhx¢ h e o p M&h migta dd:h

F =R 2.1)
Tr on'gng b p KBONg Xy ra mdl lién K}, cdng th ¢ tinh Ap | ¢

trong ¢, m 10 xo - gifm chah b din banh xeho " n t o~ mhi€hng
t Tn@hp kh?! ngnmBki@tk] va céd dhg:
Fo=k(p -u) ¢(y W) (22)
Tr on'ong i pxi randlién K, pinl clien kit mtb ° Bg@ac
d. ng Ién banh xetag 0 R=0), nén theod.1) ta co:
F =0 2:3)
Tuy nhién,n/u s d ng cdng thc (2.2) LWinh chot T n@ h p x[y ra
mti lién K} thi ta €nhch  “lc§ia tt am ¢ aF.. DHI Am trong gia trc al ¢
matankh ‘lc'€l ©tgwhi nrag nHlién kT IRkea. x
Nh @y, v HL
F=k (&b -u) &l ) (24)
vagi F lagiatrmki@Gn trac ah p | c trong ¢p 10 xo- gilm cheh biwi dj n
banh xethi gia tr th ct/Jc. a h p | ¢ naytrongh a i® ng hr p@6va khong
x[yramdllien KL ‘&  x @hcthed cong the sau:

§F  khiF20 . _ §F khiFz0
L= L UF=7 _ o (25)
10, khiF <O {0.F , khiF<O
Theo olgth,c@26)cOthN ‘& vi° dhggn hhn :nh€ sau
Fo=sF k(y 4 ey W (2.6)

t r o nsgl khi F2 0 (mHilién ki} khong Xy ra) vas=0 khi F <0 (mHilién
k/T x[y ra). Tham'sst r ° nl ‘@& @ijla tham &t ng thai tidp xic Vi ¢
L €a v~ 0 trbnghhainf]p »gic cho phép sd. ng m t cong th ¢ duy nidl
'Wtinh R p | ¢ trong ¢m 106 xo - gi[m chah bW dj n banh xe cho[chai
t Tt n@h p mHllién K} x[y ra va khéng gy ra.
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Trong qua tinh ko s § t ngd; a 6 td, lHo khéng thbi/  _tc th€
I \Wwh x[y ramHi lién ki vathi W iién k1 tr 19, nén gia frg a tham s
trthg thai tip  x ¥%c "l tinh B * tH1€] cacb € tinhd a vao dil ¢ a
F theo @.4).
21. 2. C8c LHc treng tiJ]Jp x%c c¢c_, a b8gn

C§ db Lt r/nigliéntquantrct/p lvicknfo s 8&tnggdao L
6t6cot 2 nhhi & " ng@nHlién KT, bip dhgga “lhgast hay L
k2 chcgawRi/pxictrongg § t r 3 ndaVivdg ching §n ‘lc€
quan tam lam ro.

C§ db Lt r/Exigbactgim:

- Bi/j dthg thRn g, ndi.¢ a banh xe (ky hiu 1a Dz,).

-Hinhdh g v~ _k#%ktifp xich €

-Miquanhga ckc tl €n gy idg!lrtvphic
- Quy lud phan b ap st vi ti/p xdc ¢ a banh xe vimkb * hge

1 ! o
o 0 “
. y B
4 _ Al X
R k |_-- c
D

LAz /) D=B| { u,

a) br R

A o)

br

Hinh 2.2: BAnh xe bbi/ndthgy © &8 ct 2€n g
(a- Banh xe bbi/n dthg, b- Vi ti/pxig Mt h3 nmgdao L

Hinh2.2biWi di n banh xe vibi/ndthg t heo 3Ip . eFDLg t h
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v:® m! h3ngbamnbatdhg thaikhongRKyrantlienk , trong
phFn chu vi banh xe An ngodi ving fip X Ysc th B rBdh 1a cung tron vi
ban kinhrok h't ng "itshaiy _tkhEb bi/h dthg. Bi/nh dthg thing
L. ng (Dz,) ch ¥ n t9 khi kndng Xy ra nti lién K} va ph thuy ¢ vao fi
tr ng tac dng Ién trc banh xe @) ,. ¢ g ¢ a banh xek). Hinh\Ec | n g
biwdinhinndh g v~ _ k{gifthi/)tc b v ti/p xcgi. a banh xe vi
mb "hge L Oyt h3nhngdaob§nhcb\edlcho
t T n@h p khdng Xy ra nti lién ki} nhan thudch ti n cho vi ¢ xay d ng céac
cobng th c co lién quan.

Hinh dthg trén thc V)¢ a W ti/p xtc Hi ph ¢ t9, ph thu ¢ vao hih
dhg v~  kegalp, éaprst@ h p,itfi tring tA g_nd trén trc
b&§nh xk, tcEagla3BDMMh, v.vW Hnfrnyéudn hi °r
an th a nhch Wi ti/p xac cé dhg hinh ch nhd v, i k 2 cclb3dt, h & h €
I ‘& gij i thi utrong cadai li u[3], [63].

K2 ¢ h ch fg€lachizuring vt tidp xad It 8 blag chii r ng
calp vic Ixem | “itkbhggqlg§ngrT€Tnh &adochl
de (g ilachizu daivittid xigl = k2cht héd&® pWehpvy c hu
thay €¥%ng qu&ggadidbnh dao L

TheoHinh22v® c¢c8c ph<e€ehngtatorcd&chth ca2 . 1) , (

d, =2y -, -z (2.7)

Dz =, 4, (28)

R=F =gk B o

Cac h th c th c trén thWWhi n mi i quan h gi a bih dthg tH g nd
¢ abanh xéDz ) v, i chiQu dai v} ti/p xic @) va fi tr ng @) tac d ng trén
tr cbanhxe. Trop qu 8§ t g, dofitrdng@! W?! n " tnémakich L
t hesjt/p x %c clithgo. t hay L

(2.9)
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PHN | clién K}t mH ° Bg@ac dng Ién banh xe (k R trong cdng
th ¢ (2.9) va hinh2.2) vQbln ctii chinh 1a hp | ¢ ¢ a &p stil phan b trén
di n tichti/p xdc. Quy lut phan b ap suditrén din tich tip xdc ténth c U]
la Hiph ¢t vaph thu cvao nh@u yut n h € Wh hinh hcg a banh
xe, bién dhg mtb " Bgef ¢ . chuyd | g, tfi tr ng tac dng trén trc
banh xe, vwT uy n ML Agilpchdvickh[o s §t ngdhenoy, it
¢ ab td, 4p siiphan b L ‘& cac tac di[12] gifthisplaLl’ ix ngsoyimHy
phngti g nlg  Li, chanaxewarcht hay Eheo pWe€hng
Lng( Le&kyhiu |~ phwemmgg c§c ming ghadluahhan, d a o
khtnig ttheocgapthehdrmgh xe y)(Lpoh@mig kJ ng
th acac quy ld phanb apsil L' - .

Hinh 2.3 biW dj n 4 quy It phan b &p sl & ‘& céc tac di[12] LQ
xuHl, bao g m: quy It phan b L'Qu, quy It parabol, quy Idt cdsin va quy
ud c*sin b3®nh ph€ehng.

!
< n £
N

. rd \\\- X
Y ) G A L

Hinh 2.3: Cac quy ldt phan b ap su
(1-Phan IXL2u, 2Parabol, 3C6sin, 4B nh ph_) ng <c¢t! s
Apdng ph<€ehng J/p&,&an bsdcnhuybud phan b ap
suHltrén ] ti/p xtc & m i banh xe c6 A ‘& Vi | ddéhg:
p(x y, 9= P(9.U(X (2.10)
t r o nRft) 1&m tham plfn &hh st h & ¢, alap stiitheo thi gian, U(X)
la ham b dins phan b ap sidl  t h e o x. plAM@®BX)N(khong th
nguyén ph thu c vao quy ldt phan b ap sudl ma ching ta la ch n.



42

Vi RIah p ¢ aéplcphan b trén din tich tip xtc(di n tichA. trén
Hinh 22b), nénta co:

d, /2

R=pAp(x y 9dA= {F) U ¥ p dx 3b P)t, (211)
A -d, /2
trong L -:
d, /2
lo= fjU (x)dx (2.12)
-d, /2
V. i hambii Wu th  g@By Ishdb ph&hntg cht

Uux)L€ ¢ ch n ndgh€ tkhmige 2latg), o€ enxge
' nh t_. ¢! ng€'tticthbagt r(o2n.g2.PO)fi g s a u :

BRg2l.C§c quy | udt pheon, tadi 8§ s1gblt

TT | Quy lud phan b ap sl U(X) I,
1 |Phanb LQ UX) =1 |, =d,

2 |Parabol Ux)=1-(2x/d. ¥ |I1,=2d./3
3 |Cbsin U(X)=cos(p/d.) |I,=2d./ |
4 IB3nh phe€ehng|UX=cos(p/d.)|l,=d./2

Céc cong thc (2.9) va (2.11) cho phép suy ra hth ¢ mé ' m' i quan h
gi ahamP@®) bW dins t h a ythed thi gianv i bi/h dthg tHh g_ nd
¢, abanh xeDz, :

d(Dz)
dt

S e

P(t):Ib g

k (2.13)

L€eu T,khrng&nh xe khmig (t €M gxy¥%d’ \p,
mblt | it°hesvidflttng b3Jung 0. LWREcl - dUmigWw

Q

L " nh O0/OROL” ng th i
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22MOHINHDAO n. NE&, A Cu H’

M6h3 nh  mbg aotédthg 1/4c6 MMJUh hi n ~ hgdLK vabi/h
dlhgca “lh@ "¢x8 dng t he ol xealherg W] h p, trong
L. Xeldplam? hedehgh d €onghaiktt d o Vv hg blhe
dh g " ¢b8dinblagmtdim L VirénQr L, bKelwirhy, i lién
kita Lthmafu L
221 . C8c gi [ t bhinljt x©y d ng m?

cung v i cac gl thi} thu ¢ phth vi nghién cu va cac di thifj L ‘&
I ©a khirx@y d ng md hinh banh xe,érhinhd a onglka c i ‘G@hxay
d ng d atréncacgil thi/Jb sungsau:

- Tr ng tdm ¢athanxe vacfu xen3m trong nMrbphpgth? g ng. dh a
mHuccbngang” i X ng ¢ a dm.

-n €ngtacdnggal cld xo val cgilm chbhtrong cung mt ¢ m 10
X0 - gifm chat (¢ a h th ng treo vag, a mé hinh banh xéjuing nhau trén nt
I “engthpgth?n g ndiv © L i° nggamahart xe

-K2 ¢ h trdgfcthBDMrkiWtigr "nb) L & tinh theambp md
td tam v} ti/p xdc
222.Mdhinhdaol., tg a ch h’

Tr °n° céclgfthifvand® nh b § n hc trinrebayl’ trén, E6-@W
xaydng m! h3ngbahdxeol@gkithp tr omgdipt L€ng
X ®t , dhhint 20g@MLK KA biphdhgca " lhgd ht@nHinh2.4a.

Hinh 2.4 biW din md hinhca ¢ hv tit nhién (vtri ng v ikhi
mHb * hg@oan toantag piing, ntilién KT ¢ Wyear ag, th i thic cac
| . xo0 tr oQ khongt bi/thckhg)hH tiicta , € L'nhOxyzding
I'Wkh[o s §t ngda o ¢ i ‘@hch n sao cho'gc O nm td fulbén trai
¢ a dm, cac nibph3ng Oxy (N3 ngang) veDxz (th3 g nd) trang vi cac
mHugi agcadmkhidm ¢ h Pahgb i



VT
| —
i vV ..
ky % | %:l ¢ — U, ,u, T p 1M,
|
| G,

¢ |
k, c; ﬁirhdggg u, ,z'{'ET Tmc
o pzsgn i
X 1
SEFTETITITEL.

Hinh 24: Mt  h 3 n mgcdad ¢d dtig1/4c6 RAUh bih dchgga e
(aM! h3 nmgl-8o Blul cg athan xe vafu xe)
Cac ky hiutrénHinh24al &gli t h2ch nh+€ sau
S, S -tr ng tm ca than xe vaju xe;
m, M.-kh'i °~ hg€athan xe vafu xe
krcr-h s L cngvahs clngagmldxo-gilm chah thu ¢ h
th ng treo ca xe;
k,co-h s L cngvahs c[ngagmloxo-gilm chah biwi dj n
banh xe;
ks cs-h s L ¢ ngvah s cfn¢ganQ amnhttinhtrénmt L'hn
di n tich ©mHy
Ub, Ue, Up - chuy v ¢ athan xe cfu xeva Ll \Wh ti/p xtc d ki/h trén
mHs ° Bg®inht v trit nhién);
w(x, t) - ham chuyd v ¢ a dm b di n bih dthgg a * lhee
L ©©u b, chuyM v up bao gm chuyM v th?n g ndica ° lheFwp)
vachiQi caombp mo ¢p) t4 L Whti/p xicd ki/n WD) gi a banh xe vi
mH * Bg® h @nhit nhqua cong the (15). T § ¢ ngl; a chuyd | g /h L
daongtin g ndica ! °ttwhiln@ua s thayl’ iliént c theo thi
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gian ¢ achiQi cao ngp mé €1 L Wwh D ¢ a banh xe vi mtb * hgeNgoai ra,
khiotbchuyt g t rrigthcl i@hfcVn ™ o, Vliiric anothay
"isovi " hggh c; Qlnay dq Ji's t h & ychiQ caog al \kh ti/p
xtc d ki/h (do s khéng Bag pHng ¢ a lOmib * Bge Chuywi v naycling
vivdhfcchupd ngcadtéssl& L<€a v o B W& nh q
mamttrongnhngthid gavic L<€a v~ o ¢(13.1 " ctng t

23H° PHhuNG VRCRHAN DAO n. NG C. A Cu
23.1. H ph€ehng tr3nh vi phon dao L |

H PTVP dngoa Lt “tthijldp@ avaosh ~ Ehul ctheo
p h €©h Rgg_ ndle athan xe vafu xel ‘& bW dj n trénHinh 2.4b. Trén
s h,(G,,G)-cactrnglc, F-h pg¢al cloxovagim chah b dj n
banhxe, (F,,Fi)-h p ¢ al clo xo vagilm chih thy ¢ h th ng treo
H pl ctrong cac cmld xovagifmchl ‘&  x '8hn hl€: s a u
F=F %, d) ciu, uy (2.14)
Foedk (b - @) +e(y ] (2.15)
tr o n gslatham s trthg thai tip xdc.
Do u, =w, +, (theo(1.5) nén cong thc (2.19 tr thanh

F=dk(w+p -u) €(w K Wi (2.16)
t ronw,rdlifn “kl&chupd v ¢ adm ( tigeva chiu caombh mo
mH © hg®l I Whti/p xdcd kiJhgi abanhevimib © hge

Gia tf (1 hab 0) ¢ a tham s trthg thai tip xGcs L ‘& quyl niid a
vao dall ¢ a giatrkiwh traca h p | ¢ 10 xo- gifm chih biwi dj n banh xe:
Fak (U - u) +a (i W=k(w & W e(w § % (217
BiW th ¢ WK § ¢nh ¢huyM v ¢ adfm b dj n " lhegbih dchg

I \h ti/p xtc d ki/h (D) nhdh L & nh gil thi/t vQv tri ¢ a xe trén fim:
Wo =WOX O [l o0 W SWMX DI (2.18)
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P h €©h n gl nh lud32 Néwtonvi/} cho hai khi ° hg@&nHinh 2.4b:
mi=FKF -G, my £ K G (219
KJI h p cac céng the, (2.14), (2.16), (2.19) val €u ud Gyamy,
G=mgtanhch ‘lc® PTVPd a ongk a6 to:
Térrbtwcr% Gy ky ku w9
imi- gy €6 BQ)'Y sc'y Ky + (2.20)

[+ sk )u skw =g SK CoF

232.Fh€hng tr3nh vi, aphl@) ndgao L 6 ng c

Nh et r ° n_ it ,€ngbi/h dhgl & Id md hinhd @ dthg
mtdfm L ¥inrénmQr L . tKelwirh DFm co tif di nngangk h * nig L
hinh ch nhd v, i chiQu daiLs, chiQi r ngbg vachiQi caohs. Vd Ii u dfm la
" ngchil ;3 ¢, mg@kh'i ~hg@éngr vamél un TEN h

nWthi/l Icp PTVPd a ongt a dm, ta xét can Bag ¢a mt phant
dfm gi i hth b i hai mccbngang cota | £ h e o XA anigdx)

n h€ Hinh2.m5,

N

|
z dz RV

Hinh25 Sh™ Ilcgapant dimbW din ° Lhgbih dthg
L. ¢ tac d ng trén phan tdfm baog m:
-Tr ng | c¢: dG=) gbshgdx

2
-L ¢ quan tinhdF, = @m% dx

-Ap | ctY v/3ti/p xticg abanh xedQa=p(x, y, )brdx v. i p(x, y, t) [a
ham phanbap sl (gil thi/t kit n g fih atyh & oY) il kiRiFprxiar
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¢ a banh xe vi bOmHuL “ehg (dfm) L ‘& x "@lcthedi cong the (2.10).
-Hpcalc L™ival bdngand atnh t:

dF, = kow( t)dex+CSMN(u)t(’ Y
-L cdc, | ¢ adbva mdmen un trén hai niticdbbén trava bén phi:
N, N+u dx, Q, Q+“de MvaM +L1de
X X kX
niQuki ncAnaggaphantdfm t heo zp h€hng
dr, -0 30 P axdde do dE-o0 (2.21)
¢ K =

Thaycac bW th ¢ | ¢ tAc dng trén phan tdfmL «  xn§ ctrémvao
(2.21) varat g nnhch L &

Jhs”vﬁ(ti(’t)ﬂs Mzt) How e t, —’)Q p U)o (2229

Ph€hng tgnomenca®n ctic gng trénphant L' iv i
tam ntucdbbén trai

M- Mgy 9 5dC ¢ dF df X EAR g oo (223
¢ HX 2 c M hd

B, qua cac vo cung bébhai va rat gn (2.23), nhch  ‘lee
_w
X

(2.24)

Thay @.24) vao @.22), chu yraag M = ElI oW
X

EulerBernoulli[19], v i Elamé-L ulh ™ nicglavd i’ udfm, | 1a mémen
quéan tinh Un ¢ a mtbedbngang ta nkeh "Ll BTVP daol’, ng ¢ adfm biw
di nL “engbi/h dthg:

W Wy B %:wa () (229
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Chinga t hbly ph€hng tr3nh (2. miénp. |~
Ng hiw=wfx,) ®dcaFn th, a m«n c8c LiQu ki’
EW(X, 1) o= wW(x, D)1}, =0

|
W B _ fw(x

i
SNV S M

23 3. H ph€ehng tr3nh vi phon dao L |

o (2.26)

X g

H PTVPd agnglkah xe-Lagkifh p L a nckh[d s&la s
kifhpgah PTVP dngoaxt@20v: PTVP nglgaao °lHE
(229.n©y ph€emng &adécPiVPe hreg v phe€hng t
ham riéng.
24PHhuNG PHCP BIVRDA® n. NGCE@HA
24 1. ChuyWn h' PTYR QW&o tthEVghax. a ch

N h € bil}«h PTVP chuyd ngcah xe-L“hgk/th pcocha
ph€ehng bthantrigngZ25 n ° n Wil t2ati/p hlcewna
gua kh- khEsts n'ngp h@hicg gpdvESalerkid [2]biW
L €a p high2aR28 vQPTVPt h kg theobi/h th i giant. Trinh t th ¢
hinnh€ sau:

1) XHd X ham chuyd v w(x, ) ¢ adm di€hg mtchy i hamtha
m« nQ Kkiin bién(226)., L ©y ~ d mgchaii ~ hg@iac co &hg:

w(x, 1) =g§1 T,(t)sin(z"Lﬂ (2.27)

t r o nH(t) -tham ch ph thu c th i giant, N-s cac § hthg ¢ a chui
d Yan\WKHbIX hamw(x, t).

L €u 2j cac hanrsin(z"Lﬂ (1=1,2,..)L ¢l tuyh tinh va c6

B

tinhtrc gi ao, nghoa | 7 :
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Lﬁsin(ZI—l)px @ -y, _ eOI |
0 B L |L/2|—|
2XThay bi Wwkxttheo@2, , @” o p h 22bnvgtinh r 3 n |
c8§c LQow hnhmdn L€ ¢ m t pph€hggtt?hhh,
c.(@29c - dUing:
nat &bt B e g B2

= B B r B (2.29)

o ato @@ D8 steouw e

3)V.imigatr cak=1, 2, ...,N, ching ta nhan hai/i{2.29 v, i

(2.28)

Xk(x):sinw r'i By tich phan haifca ph<€hng tc 3nh

theo bihxt 0 JJlLg (tich phan trén toan bchiQu dai dm) c/htwh T L
tr ¢ giao @.28), tankth €lcmth g m(N) PTVPt h g c6 dhg:

ot (4, t éka SEUP g Al B pa

B L‘E u LB bB (Zk' 1):0
t r o nkdfn L k n@h cac gia frl, 2, ... N va

L ] (Lg+d,)/2
o= A 0sinEE P g =7 Ty gsin DA G (231
0 Lg (Ls- d.)/2 Lg

Trong ph<€a80gLUt rifg@® la pambiviti s t hay L
theo thi gian ¢ aquy lud phan b ap suit v} ti/p xic S d, ng cong thc
(213)v. i | GlgDz[ =, 4 W f+y, tanhdh ‘lce

P(t) = §) W b+l (2.32)

| b
t r o nlgph lthu c vao quy lat phan b 4p sHU(X) . & chn vic L €
trinh bay trong8[ng 21.
T (218 va(227)tat 2 n’hc wl v@W, (ph thu c vao thi gian).



50

Wy =& T (Hsin

=1

- R1C

X (2.33)
W, =8 T (9sin

=1
Thay(2.33) vao (232) r i thaybiWi th ¢ nhch  “Lc€aP(t) vao @.30),
tanhh ‘lc®th gmNph€hng tr3nnp: vi phon t he€e

it (mau Agde + ¢ WL M)

L R 1C

X 4hg (2.34)
+.. N H 1_|+1 t —_ B r r .
AEH Y d RO TN JeG G
k=1, 2, ...N)
trong L-
¥ A4
= By oy, mE P (2.35)
IObLLB bBLB
d, :{é(l)’ E:: (dy la toan t Cronecke).
1Yy Ry

Ngoai ra, vi wp, W, X § ¢nh theo(233) h PTV P dng ga dtd
(2.20) tr thanh:
mu+cl -cU ky ku g
mi- G4 ¢ SYY @Al DO kg (k+ skd (236

KA (DT =gtk e

nh L OPITVF dago220), 225 ¢ca ¢ H «h dcBuy
thanh mth ph€©hng "tbaogmlicacRTYV P’ ng (2.85) va (2.34).
Chingtagih PTVPt hgnayldhMoh_ _ ng tréhm YiLi ph O
24 2. DYng maPTtriPdmdaco, a2 . hng c¢c_. a ch h'
H p h €Hrmtgchuyd " i n - i ° civiff ° nild&ig@na teh:
[Mld+[dq kKRG * (2.37)
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t r onglavéet ha . Buyrng, F lavéct hc kich thich vaN], [C],
[K]Ifn “ktl@&matehkh'i ° hg@mnateh dnva mateh | B ng. Haivéc
t ko - k2 ciNt2Fh €&n 3 math ¢ - k & @©H2)® (NH2)€eCac
véct Mmatth n "y k@b Bhe€e sau:

d=[u,(9, u.(), T, T(D,..., LT (2.38)
& -m,g
S -mg+kp %)
g % -m(kLrD Gl-_r.-D)
. é P
F_g - 443?:'8 _nZ(kLrD GI-_rD) (239)
é
€
¢ 44dh .
€ - (kLrD GI-_rD)
é (2N-1)p g
-Ma trdn kh i 1€ ng c¢c- dlng ma trdn
[M] =diag([m,, m. {4 b . B... . k) (240)
ec - C 0 0 0
&C G ¢ s¢ sc .. (D sc
€0 -nr + - ()
e0 -mc 7, G -4 ... (B ,@m
é.
é N+1
éo - mCc RT, - 0 e G 6_1)' n a7
ek, -k 0 o .. 0
Skookosk sk sk (¥ sk
éo . H, 4o - .. i)
[K]=¢ ) # i ( )Nl i (242
éo nZkL gkL H, - z’k] . (Y 2|{77
e,
é N+1
éo ”KIkL qu - m HN 6_1) Nkp
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2.4 3. ki inGuu
Daonglgah L' @&khosattrong Th@hp xe L &h gig chu)
trén mb " Bgehoan toan fag pg ri L iv 7~ o th L dhgEcod nbp mo.
niQukin fussl &chn t €hgngkhi xe ¢, n Hcrhé€a L
L¥%c L-khdmwmg indmréd @k n fll t €©hgn/ggiatr ¢ a cac
LY “hgelienquan ttthg t h§i tonh.
Quy. c@llgiatrca c8c hgetrthg th&i tonsh Kk r
"0"° trénhdb d€trthg t h&ih dhtWwhex e m b hg§én
( khiadh h d agdlg. nd)nénta co:
dll.=¢ =0, dll,=4, 8, 4qll.=d, (243
Véct bhupd v t ¢ @, ko6 thAL ‘&  x "8fcbRad cach thagac gia fr
(2.43) vaoPTVPchuy  ngdthg ma teh (2.37) va suy ra:
[K1,G,=F, Y G,=[K§F, (2.44)
t r onfK],,[E-lagiatrtdth i Whi b &wnE=Q) ¢amateh L ng
[K] vavéct h c kich thichF .
Tdthi Whi b g dolxe chy trén ntb ° hg&Rag pRg vahi n
t “@g mHilién k/3 khéng XV ra, do vdy:

r,=0,r, 0,;s 1 (249
Thay @.45) vao @.39) ta nkcth  “lc€
.
. e 4r gh, 4 gh, 4 gh ¢«
F,=ang mg vee —— =B & (2.46)
0T gm p  3p N 1) |

nWk § cnh [K]otrong(2.44) , . cttién@ phi t 2 adp| dtif xdac
(hotophinl clienk]) trlhg t h Eil QkopmchAnfa g t axeh c
FP=(m, +m) g (2.47)
Lac nay,bi/n dthgtinh toan ca 10 xo biM di nbanhxe™ trthg thait ¢ n h
L& x'8hcbil
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0
K, K.
T congthc(27)t a xn&c’ ¢edQdaivit/p x ¥%c nmg€hn g
d =212 -(r, -z (2.49)

n/h Lwiyquy lud phan b ap sitiU(X) ch nt reta <€t 2 nhe L €
gatr 1°¢ca 4L hg@tdth i Whi b Funthed(2.31) va gia tr ¢ aly
| “@glotheoB[ng 21. T. L ;t 2 n’tc gifi 89K], ¢ a ma teh [K] d a theo
cac cong2.35) va(242). N h &y, véct ha t Buyrngtdth i Wh ban
'Fu ho " n’ct ox'&d &R0(2.44).
Ham chuyv ¢ adm” trh g t h §'ic suy b edig thic @.27):

2l -L 1px

o =w(x D, B T sint (250)

B
tront’l L. él8§chgd T'Wh T ¢cavéct hha | Buyrng trthg
t h §il & ‘@ tirth heocodng th ¢ (2.44).
244.Tr®*nh t gili h" PTVP dao L, ng c,
Ph€hn g3nr&hnPTVPt hg vicac mateh h s [C], [K]
t h a ythedthigian.Trinht gilibda g ph<€hngheh§pus
1) Gangia tr ¢ acéacthdng s vQxe, L “ehgvafc . ehupd | rg.
2) Mo t[ bién dhg mb " 1 @ |, idl@g cac hamp = rp(t), 1, =r, ().
3) Ch n ham bWM di n quy lut phan b ap s U(x) va gia trg aN (s
cacsS hthggachyi " h & gi §BkEdKUangv=w(x, t)).
4) Ch n khdng th i gian tinh toan [Otma] vab € tinhDt.
5) Gani:=0, t:=0, s=1, §” =0, " :=0td o #hhb a rfu v& tinh
giatr gV =¢,¢ avéct ha . uyrngd tdth ittheo trinh t sau

-Tinh D2 vad? IFn It th@o cong the (2.48) va (2.49).
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- Tinh 1o theo(2.12) va tinh céc gia tix (k=1- N) theo(2.31).

- Tinh céc gia trm, Hx (k=1- N) theo(2.35).

- Tinh gia tr [K]9=[K]o, [C]? = [Clo ¢ a cac ma th [K], [C] tY th i
LWkh fU theo(2.41) va (242).

-Tinh giatr Fy ¢ avéct W tUth i Wb i b dunthedi(2.46).

-Tinh giatr " =g ¢ avéet G tUth i Wh i b Funthedi(2.44).

nh Loy, tachg” g’ g% [M§[CIrK]DvaF®"
[ \h tinh th i.

6)T2 nh Uc shg@'t, g, gt heo phaENewmark

7) Tinh Wi =3 () *T0 ¥, Wi =3 (1) *T' ¥ theo ¢ va

=1 =1

YL « 1.bi

8) Tinh r{™ =r ¢, +tE, r{*™ =r ¢, +tJtheo cac hamp(t) var, (t)

9) Tinh gid tr F=k (Wi +#{ 9 gl %) ckw ¥ £ {9 g
thi WAt+Dt. /m L ©y, [otgxlymi kh

- N/ F >0 thi MLK khéng Xy ra, néns=1. V. i s=1, chiingta c6 thw
t 2 nheDE @™ £ o Pv 8 cihg®, lo, Ik, m, H (k=1- N)
IFn "k s€d, ng cac cong thct € h mgy2.7), (2.12), (2.31) va(2.35).

-NJu F ¢0 thi MLK L' « . ctshx[y ra, hdb b Fulx[y ra néns=0 va
F =0.Dop(x,y,t) =0 n °Un " ig.do, Ikm (k=1 N) LQu bag 0.

10) Tinh c&c ma th [C]*D, [K]™*D va véet Ik ' \ih tinhth  (i+1).

11) Gani:=i+1, t;=t+Dt valHp 14 qua trinh tinttoan bt fult b & 6.

Qua trinh tinks€ kJT thuc khit; >tmax

Bng cachdh ch<€hng t r 3thedtrinh? tréh, chting §arcoé s

thwhhch  “Lc€hc K} qul tinh toan ¢ thWsau:
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-6 ham s biW di n chuyd v, veh f cvagiatc d ang ¢ a6 td theo
th i gian, G m u, (1), u,(9), 4,9, (), Y (9, uld.

- (3#N) ham s cho phépbiw di n chuy v, vah t ¢ va gia tc dao
L, ng ¢ adfm biwi dj n L “éhg bih dchgtheo thi gian:

T O T TO L0 T T IO, T
- L clién ki} tY hai ¢ m 10 xo- gilm chah , Fo [l t1a ¢ m 10 xo - gifm
chih biwi di n banh xe cho phép kb séat nidl lién KT.Th i gian nti lién k.
Ngo~“i ra, ch€ehng trPeidinh 2mmg€aaid ng
yJut nhdcthams L nglchcgadtdvag and  Lheks C9, vch
t ¢ chup g (V),caclHb t r €n @ ¢ akicin thichlva quy ld phan
b 4psud vv. JhLngx Lnglchcgca ch h
245.C8c tr<€ ng W p PTiVPngtam dc hnd’
nWe - ‘cshsashnAnthby ‘lc® nglgia WMEIHhhin " nhge
MLK,dfn L €aPTFTWP hogoa Lt t ! t mphpgiéngcSac t r
md hinhkifosa c 8mghpr €i °ng n "~ g witéae mé hinleh n g
L « "dx& dng .t r Oy k MWUJhHUImdhg g théeva hin " nge
MLK hohb c6 RMJ m t trong hai khiaéhh trén Co bnt T n@ h p riéng
¢ abaitoan’ &sh xptheotht t L hnfn gitphctth nh€ sau:
1T ryng h p 1(TH 1): khdong IO/ MLK va bith ¢ ng wva  \ihg.
Tronoggtpn® doh quabihdhggca 'lh®@ n°n ph<e€ehn
(2.25) € khong tham giaH PTVPd a gngliac h' thu vQh ph€hng
trinhgariéeng? t 1 (2. 219 1do khdng Mdh nisilién Ki:
gmi+cy -¢y ky ku w9
M- 6l €6 ®)Y ky (K B nrgl kg + e
TTrynghp2(TH 2). c6 KOLMMMLK N h_ ng Byl bitxgd nig
cva \hg

(2.51)
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H PTVPd a onglta c ticrnaych conldh PTVPd a ongl; a
0 totheo (2.29, t r oHwg=01a-i, F0:
gmi+cy -¢u Ky ky g
M-l €6 sy ky (k sku  @Eo(skr Q
1T ryng hp 3(TH 3). khong IOLAMY MLK n h . n gOLM bi & ng
cva \hg.
Do khong MJh hin " hgahtdlien kpnénss 1. H PTV P dng o
ca C k omgngth praytr thanh:

mu+cy -qu ¥y ku =

(252)

mi- ¢y €6 €)Y ﬁi(ﬂﬂﬂl ky (k+p

N (2.53)
-ka(ymmo =mg (kt ¢

T (mau agde + ¢ BEL )+

raBH, YT RO S e an)

TTrynghp4 (TH4): c6 BLM € hivi  1hg MLK va bin ¢ ng wa
L yng.n ©y Inghptrn® qu§t vidungrgménm culca luh
an,hph<€hng_at rcchadfmc c §8c ph<€hng t6).3 nh

25 M, T S° KeT QUY KHH4O SCT

M. cnay €gi ithi umts k/I qul tiéu bW vQkhlo satd a ong a
1 t1 theo ming hréemBéndhd X Oy [wsatin § * hyie
camts ypt Wht §mg ndab tdon h €hg hthh hc ¢ a kich
thich dchg xung quy lud phan b ap sudl t4 vJ3 ti/p xdc, vah t' ¢ chuy
L ngcaxe , dngcand lhe

Otokhfo s &¢ Xem L Win g gc h uigmaglpEng v i
vchfc khtirs@ul Ttquam@ntg mdnmt "~ hg8Cacs lii u fu
vaochungd¥san g\khfo s §tngl add L nh€ sau:

L

(2
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- Cac thdng'sthu c vQx e ~ dIptheo xe Gab6[18] va [3]:
my,=1500kg, m=500kg, k=246 10°N/m, ¢r=1,5% 10°N.s/m,
k.= 8008 10°N/m, ¢, =62 10°N.s/m,b.= 025m, ro=0,45m.
-Cacthdng'sl i ° n Jjg ulkn® ~ EIEptheo tai fiu[63]:
E=1,610°N/m2, § =%gh® 5x 10
ks= 48 10°N/n, cs= 3 10°N.s/nt,
Lg = 20m,bg = 045m,hg = 050m.
-Giatr s hth g d Vikdgigx hem chuy v w(x, ) ¢ a ~ Ihg®N=5
-Cacthams | i ° n Jjgtinatodn ' to= 0,55 tmax= 4s , t=001s.

251.Kh[olLg§8pPt ng da®@md L, ng c_, a

M. c nay €trinh bay mts k/} qul tiéu bMvQL 8§ m g d agogal
xe, cAc K} qul khlo sat €1 ‘& so sanh Vi k/fquf cungIdd* ¢ § ¢" ng r €
ri °ng nh€e [ck4H°u trong m

Khlo sattd vch f ¢ xe V = 20km/h, bién dhg mtt * Bgathg xung
parabol(Hinh 12c) v, i k 2 cclhe=10,608,he = 0,12m, qy lud phan b
ap suditréndi n tichti/p xdc gi abanh xevimktb * b € °~ d.ckn theo dhg
parabol(Hinh 23). M ts kijqu L ‘& thwhin® dth g tHt H3 nh JJj2 . 6 |
Hinh 2.9.

0.05

--TH1

0_

-0.05

u, (), [m]

Thoi gian, [s]

Hinh 2.6: Chuywi v th?® g_ ndic athan xe
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i, (7), [m/s*]

_20 1 | | 1 | | 1
0 0.5 1 1.5 2 2.5 3 35 4
Thoi gian, [s]
Hinh 2.7: Gia f cth?® g_ ndi¢ athan xe
5o X107
|—Khe hé tach banh xe trong trieomg hop 4
7 ]
g 100 :
S
= 5
0 I I
_5 1 ; ; | 1 | | | 1
0 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Thoi gian, [s]
Hinh 2.8: Khe h tach banh xe khify ra MLK
5 x10°
k10t | ' | ' --TH1
25 [ Z Z ' ' ] -~ TH2
' ' —TH3
_2r —TH4
E': 15 SRR R Eeeies I -
0.5F .
0 L
-0.5 ‘ .
0 2.5 3 3.5 4

Thoi gian, [s]
Hinh 2.9: L cti/p xic gi a banh xevimkb * hge
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T cack/fqu nhchl ‘& cothMmitracacnthx ®t nh€ sau:

-V i QUki nkhosatchotBy mHlién KFL «[yx r & m'ig L€
thwhi n rénb i s khac 0 ca khe h tach banh (Hinh 2.8), trén Hinh 2.19
MLK "E®@®\hinbinhng Wloth trangyvi "~ Bgdcagiatrl c
ti/p  x ¥ac tng o m2yvat tr mgah p 4.

-COs khacbitrortvQl § mg dagcabtot rong mg§c t
hpc- t/nh ™ L khYmngliégnkp ht g p 2 va 4 so vi
t Tn@hplva?3).

-Khi xev ttimgpwmdnt * hglt=05t h3 bdaongll
than xe va lc tifp xtc giabanh xevimtb "hg@ tnh hm sau L -
L ngtcbdfn . Qnil gknhlngx ca c RpHuhpvith ct]

25 2. Kh[o s§&tcafdhthmphet hgt e8ma h ¢ c_ a

M. c nay €so sani’ 8§ mgd a ongt axekhichuk 2 ¢ch tndp2 c h
h ¢ dthg xungl’ ‘& mé [ theo3 dthgham laparabol, hinh sin'ra chu I8va
hinh sin mt chu KBt r o n qg htpre@®&RMJh d MLK va bi/h dthg ¢ a
Lhgt Tr@hp4. Tinhhingkdo s &t <cl nbec®Hmrcac t
kJJ qul ofn quan tansEl’ ‘& trich bay dth g~ th valng s.

2—0 T T T T T

—=Sin 1 chu ky
—Parabol
__10F —8in 1/2 chuky
R
g
= 0
-
e
:"""“-Q
=10+
220 | i
0 0.5 1 1.5 2 25 3 3.5 4

Thoi gian, [s]

Hinh 2.10: 4n h * g€ a cackiW kich thichdthg xung
L/h gia t ¢ th?n g ng than xe
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[ —sin1 chu ky
—Sin 1/2 chu ky
{ | —Parabol
&
= _
05 | | 1 | | | 1
0 0.5 1 1.5 2 25 3 35 4

Thoi gian, [s]
Hinh 2.11: 4n h * g€ a cackiW kich thich &hg xunglyh
| cti/p xic gi abantxe v imks * hge

B[ng 2.2trinh bay mt s k/} qu vQ[nhh g ¢ a cac KiM kich thich
dhg x@g@gtrt rung b3 nh b3 nhnnphc@igimge v -
th3n g. nd than xe RMS(U, ), Max(u,)), |, ¢ ti/p xdcgi. a banh xe vi mH
I “ehg (RMS(FL), Max(F.)) va t ng th i gian MLK gi a banh xe vi mtb
L “eng (Tie).

Blng 22.4n h * g€ acac kW kich thich ghg xunglUh L. § mg
L nglchcgadtd

csgcl [heghol CackMt k2 ch t hZnghkung DM
treng Parabol | Sin1/2 chu 8| Sin1chuls

RMS(ij, ) (m/<) 3,8363 3,7373 3,8677
Max(t, ) (m/s) 178037 18,1526 165457
RMS(FL) (N) 216135707| 213721735| 210266194
Max(FL) (N) 193303376| 193512487, 193095623
Tic (s) 0,149 0,137 0,157

T cackjqu nhch ‘lc®coOmts nhdh x®t nh€ sau:

- Khéng c6 s khéac bit nhiQu vQgia f ¢ th3h g_ nd than xe va Ic ti/p
XUc gi a banh xe vi mb * hg®i a kW parabol va kM hinh sh n a chu




61

k8 clhaik\i k2 ch t@2ch  bra°ongllh hhnikisM v
hinh sin moét chu&(Hinh 2.10vaHinh 2.17).
-K2 ¢ h t h2 cW hiBhBiM mt chui k8 c6 gia tr Max(U,) va gia
tr RMS(FL), Max(FL) 1a nh nhHin h €hrg thti gian MLK [9 | n nHl
n Q nay cho thy, W xét vOmbém duchuyd g t h3 k2 ch th
kiW hinh sin mtchuk8laft h hnpihadadhgenH n h@nHgan v
toan chuyd  rig I khong t t bRag.
- Trong ba KiM kich thichtrén thikiW hinh sin ha chu B ¢c6 t ng th i
gian MLK lanh nhdl , d o Qmruanxc®i chiyd g thindtt h hn
hai dchg con H.
25 3. Kh[o s8§tc§ahdldwghgdt, pho©n b~ §|
Khlo sat H vah { ¢ chuyd | g 3Gkm/h v i dthg kichthicht B D Mn
theo kM séng hinh sin nh@ chu 1B lién ti/p (Hinh 11) v. i Lg=8m,
he=0.15m CAc quy lut phan b 4p sl ° & 8o sat' gm 4 dthg (phan b
'Qu, prabol, hinh sin‘ra chu lBva mtchu ), ki qu khfo s §¢apl €
dng chrghp4ts kil qu kh[o satvQln h * ig@ a cac quy
lud phan b ap sudl Jpl § mgn L H Ix'&e trinh baytrénblng 2.3
Blng23.4n h "tg€amts dthgquy lud phan b ap sl /pll § mg
L nglchcgadtd

cscli heHol Céac quy ludk phan b ap sl
treng nQ Parabol Cosin BP Cosin
RMS(i, ) (m/<) 77665 77666 7.7666 7.7666
Max(d,) (m/s) 205291 20529 20529 205289
RMS(FL) (N) 238022407| 238022721| 238022746 238022884
Max(F.) (N) 329761149 329760154 329760075 329759636
Tic (s) 0411 0411 0411 0411

Céck/} qul trén dng 2.3 « “ra lRagit co s khac bit vQL § mg
L, ng| ch c¢ axegi acac dhg quy lut phan b ap sudl
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25 4. Kh[o s8tks[nh h€ ng c_ a

Dochc- “mngrh® 3 ‘vnghpr £ | " Jjcbih dhgnQh L

Lhg nénta8khfo s 8§t t rmgrhg ndy.a il Oy (i@ sfl vao
L ‘& 1By n h €c 253, quy lud phan b 4p sl c6 dhg parabolks c6 gia
tr t 308 10°+50% 10° N/m?. Céc K} qu vQ[n h ' ig€aks LU gia tr trung
b3nh b3nh "pthehnng thanixe vatk ti/p xac (RMS(U,),
RMS(FL) L ‘& thivwhi n° dth g~ th (Hinh2.12 vaHinh2.13.

. 79 ——TH 3

& | : ——TH 4

L 78 ] S S S — S—

g A —————

A AR — S — T —

o é é

2] | e

5 Z T S R
7.5 A S S °

30 34 38 42 46 50
6
ks, [N/m?] x10

Hinh 2.12: &in h * ng©aksl/h gia tr RMSgia t cth?n g ndithan xe

x103
23.9 :
g ——TH3 —TH4
E 238 fAETATTA—— :‘-;- ----- P
~
Sl = T A N
S H
2
523.6 | — S G .
23.5 '
30 34 38 42 46 50
ks, [N/m?] x10°

Hinh 2.13 4n h * g€ aks U gia tr RMSI c ti/p xtc
T cac K} quf* dth g~ titi trén cac Hinh 2.12 va 2.18hdh thb} v |
b S liuksl ‘& kho satthi[n h “hg@a n/h gidtr RMS((,) va
RMSFO)t rong nglap Itr€khMWng L&ng k
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2.55. Kh[osat[n h “hg@ avdnt cchuy | g

Vch t cchuyd  ngg axelamtthéng s vdh hanhquantng, do L
trong mc naysSkhfosatsn h "mg€a nWpmts L8§mg nLH xe
trongcl[ 4 ‘tng KEp. Vch t ¢ xel ‘& khlo satt  0+80km/h, kich thich
B D Mdthg xung kiM prabol (Hinh 12¢) v. i Lg=0,6m vahg=0.12m, quy
lud phan b ap s coé dthg prabol(Hinh 23). Trénl ©y t s k/ngul
cth quan cth@m Byl tht H3 nh JhHibhd2.1T

10

——TH1 -+-TH2[ : 5 5
—=—TH3 ——TH4| i P

]

(2]

(o) ]

B

[\ ]

................................................

................

RMS(ii, ), [m/s

o

0 10 20 30 40 50 60 70 80
Van toc, [km/h]

Hinh 2.14:4n h “tg€avdh t cchup g lyh
gia tr RMSgia f cth®n g_ ndithan xe

50

——TH1 -+ -TH2
—&—TH3 ——TH4

40

Max (i, ), [m/s”]

0O 10 20 30 40 50 60 70 80
Van toc, [km/h]
Hinh 2.15: 4nhh @hggcavdhf cchuyd  ng/hl
gia tr Max gia t cth? g_ ndithan xe
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x 103
—e—TH1 -+-TH2]| |

—a—TH3  —aTH 4 [

RMS(#7), [N]

0 10 20 30 40 50 60 70 80
Van tc, [km/h]

Hinh 2.16:4n h * mg€©avdh f cchuy | gL
gia tr RMSI c ti/p xuc

~e-TH2 ——TH4 | | 4

T, [8]

0 10 20 30 40 50 60 70 80
Van toc, [km/h]

Hinh 2.17:4n h “mg€awvdh f cchuyd | gLt ngth i gian MLK

T. cac K} qu trén nkdh thby:

-n’iv igiatcthr g nd than xekhi vch f c chuyd gt £ b g
20-80km/h thiv. i ¢ § ng hip cO&WIJh hi n " nhgdMLK céacgia tr
RMS(i,) va Max(i,)t £ ng 1t%dnc § & ng It p&hdngkWLJh hi n
t “@g MLK gia tr RMS(i,) 14 gifm n h €gidggtr Max(ii,) cot t n§ €n g
khtng WHinhZl4va Hinh 2.15

-n"iv. il cti/p xic gi a banh xe vi mHb * Bgekhi vah t ¢ chuy
Lng t Lgidgtr RMB(F) trong Bicfc §c  nghip& I g ng nhen
V.ihait Th@hp kht! nf MLRcadiatil n h hQinaylahply
(Hinh 2.16)
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-n"iv it ngthigian MLK: khi vch f c chupd gt t thigt ng
thi gi an ML kg hpr2o4c [tnrg€ t £ n g khikd b,
trén 60km/h tht T n@h p 2 cogiatr | n  hnhi@ (Hinh2.179).
26Ke T Ux BHh w NZ

Chehng 2 ng md hinf@ya gagth3n g ndi¢ a banh xe cé
t2nhhit "hgeMLKv.i ckc t ik B vani quan h gi a
ch¥%ng. ‘Tr-E,m g @y Sdn® hinhd a ongkMi1/4 ¢ ah xe
-Lgk/th pc - t/Am h ~8gavLK, bi/h dhgc al “ehgvas thay

ik 2 ¢ hcvijh/jexiac. H PTVP chuyd . ngca bk lkocha ph<€hng

t r 3 Ypmamlriengl & ‘& thifldpv = ° dcBuyd vQh PTVPt h g
bng cach ap.chg ph<€hng pGalérkn. TBnh b @ifiw PTVP
chuyd ngca c¢ wannts ki qu kh[o sats tiéu bW L « °~ dtdhh

bay ¢ thWT. céac K} qul kh[o satcod tivat ramts k/flushn h€ s au:

1)Hi n " ngérdlién K} gi a banh xe vimtb * hgetld x[y ra(khi
vah t ¢ chuyM  ngc a xecon Hinh , khdng 5km/h).

2)Cos khacbitl § n\WQLkE m g nclaketrongcact Tn@h p
c- t/Anh” Lkhfhmiogn trganshiénki.

3)Vdhtf cchuy  ngcéfnh “mgen /JJL L Bp nlaH cch

4V igiatr L«hngab s liuvQxe Vv hg ke dmg€a L
c ngnd " lheeke Jhlgiatcthdr g ndic athan xe vd c ti/p xdc gi a
banh xe vimkb * hg@ khongl § n\W Kk

5 idn h *iy€a cac dhgham mo F quy lud phan b ap sudl /il § p
ng nclakeitco s khac bit.

6) Trong ba KM kich thichdthg xungl. ‘& kh[o séat cac xungkiV

h

parabol vahinh sin na chu lBBgfncho kg n h€ ~mQLa8ung nlLH

¢ axe, trong khikiWi hinh sin mt chu KBcho t ng th i gian MLK |, nh h.n
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Ch€hng 3
KHiO SCT DAO n. NG C, A D TD THE!

Ch €h rs@kh[@satd a gngl; a & B theocacmd hinh1/2, ¢ m md
hinh 1/2d ¢ (d a ong biRng d ¢ xe)va moé hinhl/2 ngang(d a ong bing
ngang xe) t r &Wdh clthi n "~ ng@ILK, bi/h dthg ca " lhgvas
t hay K2 cch}tiphxé&.M1 h 3 n hng dabdnhixd <rinh bay
trongmc2.1lvat/ptc ‘L€ dngD t 1clid mdhinhd @ dthg
cach d a ongéebtt doval “engbi/h dhgl ‘&ld m? hedihh d €
mtdfm L “imrénmQr L . tKelirhv iliéen kit al h'nc[h a fu. L

H PTVPd agongtta ¢C loéchaph€hnglbmamndmne i ng
L'e LeaPWPt h®nh adng ph€ehng pGaléln. Bub
Trinht gifih PTVPd aonglkta c lsaubhuwt “ilcT ngc LE€a r a
Ch ©h n g tinh todnrs b viJ} trong pn mQn Matlabc ho p h ®&p x 8§ ¢
L § mgdao ndca c akhosatfnhh egg acacypt ofn quan
tamh LE68p dag L-

M d% c¥%ng | " ngrki 1Ba men g almail ant! h
knfo s &t t r o napblrdhtEidhac ghauc] vPp h ‘€ h nmovd I |
(s phfnt kh'i ~ hg®@acach lién K} gi a chiang, Ehg chuyd | g va nib
ph3g chuyd  ng ¢ a cac khi "~ hg@.v),h PTVPdaonglt ©~ ph€hn
phap gii ching
31. MOHINH DAOn. NG 1/ 2 D" C
3. 1. M! h3nh dao L, ng

Tr°n celibgadtdothcvacacdithifn h€ L'«m aZ2u
trong crmo@inhd@ olgll/2dcl ‘&thwhi nn h € Hinh3.1n
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k,, ¢, i . c.. Mat c?rro’r.zg
- N : . L danh nghia
Lot
1 & iyt e

Ls)2 L,]2

Hinh3.1:M* h3nh dt%hrbdg 2 cghgc @ t?

c- kW LJn biJn d4ng c¢c, a L€
Hinh3.1bi Wu di. n ch h° % v téankhixe€hng
ndbm tr°n mHt L€ ng ho" n totftnmtimdmg pl

than xe fn trong ntbph3g ch a mHucdb ngang chinh gia ¢ a dfm. Trén

h3nh vE€

$ S, S2-tr ng t©m ¢, a thon xe, cfu ¢tr
AB-Li Wm gdine tddaad t b©mi.m xxdhbln ;t hu, c
Dy, Do-Li Wm ti fl]p x%c d _ kg/Jjwm, t h@, 6 b § mhu
(M, Jp), (M3, mex)-c 8¢ L Hc8n rt€nmgh qau, a t h©n x e
(kr, cr)(krzcr)-h™ sé_ g c. a | . xgi ¥m k'hbl
thu, ¢ h’ treo cfu tre, c¢c v"™ cfu s
(kiy, c), (ke c2)-h™ sé. g c. a | . xgiym khbl
bi Wu badhxepmh2a tr<€ ¢ v° ph2a sau,;
kscs-h™ s L, c¢_. ng viQue :nsgy cln nh, t
w=wXxt)-h" m chuyWn v [c€ang figi /bri Wu4 di
Up/b-ChuyWn v th3ng L. ng ;v™ chuyWn
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(Uet, Ue2), (Ua, Ug)-Cc huy Wn v~ thha3din gc flu n¥gB; ch aai
(Ub,Up2)-c huy Wn v thha3in di,iDWWimg c_. a
T. m! h3nhhW@®. hicwWiuaydWAngy Lt hg CcA a ¢
vaBqua c¢c8c t :a L, suy r., ng
Uy =W, 48/, U B 8 (3.1)
Cac chuWd V Uy, / b, Uct, Uz ttb thanhvéct ba | €uyrng ¢ ao to:
q\/:[ub’ ﬁb ! clu CJT (32)
3122 H ph€ehng tr3nh ai! ptht©n dao L. nc¢

B2ag cachgili phong lién K} chocac pfnt kh'i °~ hg@a nkh ‘lc€
s h’ clul c ¢ athanxe, du tcwva@fu saun h KBnh3.2

"2 A, el (.,
Gc_?‘ FL’

Hinh3.2: Sh” chiul c ¢ acackhi ~hge
Trén Hinh 3.2, (G,, G, G,) la tr ng | c ¢ a than xe va haifc;
(F.,, Fi, Fr,, Fi) lah p | ctrongc m 10 xo- gifm chah thy ch treo du
t rc®adusau(F,, F,)lahplcgagmldxo-gifm chah biw dj n
banh xe thuc fu  tcwva@fusaulr s ¢ a ccthanhpfnl cnh€ s au:

?Gb:”Lgr G, =My 9 G T, g
’I‘FT1:F'T1 :le(ucl HA) CI'-'l-(ucl ul}

=kp[u, (U, &byl e M (;u, ¥ (3.3)
F,=F', X (U, by cHu, Uup

Skulug AU, a0)] 6 W (pu, B

— ) ) ———
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Bi/h dthg tinh toarDz; ¢ a caclo xo b di n banhxe va khe h tach
b § nzytU Banh xe th j (liz; ' n t9 khi Dz;<0,j= 1 8 2°)  IXx'‘@ch i:L
Dz, = & (W §F Y:-dg & -y 5 H 34
t r o nvgy, rd la chuyd v than g ndigadmbiWidi n ~ [ngEbim dthg
v ' cHocanghmoénmt "hg8ovimih "h€® danba nipivp a
xticd ki/hD;.
T Hinh3. 1 t actta2 rkh achc€WhD,vacacll ° hgy; :
X1 = Le/2 8, W WOOL D) % /2 85 W, W) (39
T. caccong thc(26) va (3.4)tanhch L ‘@& congthc WK § ecnh IE,

Fi=sh k(Y & ) gty of +l (36)
t r o nsga tham s trthg thai tip xdc ¢ a banh xeh j.
Giatr ¢ as (b%ag 0 hay Bag 1)L ‘& quy} 'niid a vao dii ¢ a gia
tr kiwhtracah pl ctrong ¢ m 1o xo- gilm chih bii dj n cac banh xe:
Fo=k (v # w) ¢HW,  §+ ) (=12 (3.7)
Ap d n g nhllud 2 Newtoncho cac pfint kh'i ° hg®nhhl e:
\I'é”L'L'L =G K R Y, FR F3
imat,= Gy Fy Ry mpl, 6, Fd-Fo
Thay (33) va (3.6 vao 3.8) vath ¢ hi n nh ng bi/h " ilcfn thi} ta
nhch ‘L PTVP chg@a6ld
emi, + (G, o) u (o2 &a , GUr Gl
tky KU, (kna k3, kgl kU,  MEg-
v t(Cnd -Cra)l, (gd &&J, Gaw GHAY
thua k), Mod kd) . kay tkpau, O
Maly- Gl -G, (G 3 W Ky kad , ( kit SRy,
=M, g $k(w, B Gctw B
Mo, - Colh +Cd , (G, FQ) W Ky kg, ( kit oS Bt
= M,g 8K, (o, + 1) (W, )]

(3.8)

(3.9)

—_—) =) =) =) =) =) =) =) —) —
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313 Ph€hng tr3adhovE e Omg

V3 tigBi/h dthg wh L & Idp md hinhd @ dthg &m L *irtrénh
nQr L~ nKelimv iliénk}ta LU tchh afu, L d ag trotig nib
ph3ng th g ngOxz nénPTVPd a onglka g cé dhg (2.25):

ﬂ‘ﬁr J’*WEJ’ ﬁ+P¢L}x (=h)¢ (3.10)
}JIZ CS p S bB Xil.l bB :hQ.

Nghi mw=w(x, ) ¢ a p h €h n% hamrriéng (38.10§fn th a man
c § oQ ki i bién(2.26):
BW(X, 1) [lo= WX, D)} 4, =0
|
TRIwWx O _ (X Y
| 2 - 2
|' x=0 M’

Jhg

o (3.12)

X 4

X

314H phe®@hhrvg ph©n deadh 'L, ng c. a

H PTVPd aonglah xe-L¥hgk/fhp trong mingh?3 nh
dc Landgs kKE®pcgah PTVPd a ongk a6 t6(3.9) vaPTVPdao
L, ng ¢ al “&hg (3.10).

315, Ph€©hng ph&pdagi [, @y hPTVP

315. 1. Chuy®n hM PTVPZdhM PTNB thayaoc
Vi c chupd h PTVPdaonglta chkédnaph<€ehngltht r 3 n
ham riéng(3.10) c I ngc th €hin blagcachdap dng ph<€hng p
BubnovGaleakin [2]. Tuy nhién, @ L ©3p d ng chomd hinh1/2 d ¢ nén
nidungva b} qu ¢ avicapdngconhukhacbitsovi ch€hng 2
Trinht ti/hhanhn h€ s au:
1) XBd X" ham chuyd v w(x, ) g admth a m«Q@ ki i bién 8.11)
d @ dthg:
W( X, t)='ah'l_'l,'(t)sin(2|_|_ﬂ (312

=1 B
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2) Thay b thcgaw(x t)" trénv ™ o p h €h3lf tatnmd® n h
L' &ph€hngXtxudtt nh d

& 2-1 g 2, - N 2 1
at )8 e gt BB g L2
=1

B | 2 B (= B (3 13)

= St . (A -1 '
+_aT(t)( 4)p A -Hpm
by = L4 L,

%P(t).u ) 3 gh

B

3)V.imigatr cak=1,2,..,.N,L enmhanhai¥jca ph€hng t

(3.13) v i Xk(x):sin(LJ( i Iby tich phan haijlgca ph<€hng t

t hu cthe®blhxt 0 JHLg (tich phan trén toan bchiQi dai ¢m), cha y
L'Jh tinh tr ¢ giao(2.28), tanhch  ‘lc® th PTVPt h g co dhg:

El (2k - l
;hT(+>cJt€ka rE Zomet g ) 20 @1
bB f (2k- T)p
trong L-
e Xp1 10,5041 )
HO= & U, x)sintZ DXy
T Xp1- 0,50¢; LB
‘I Xp, +0,5d (2k l) (315)
~ D2 ; c2 ) _ X
}Ilﬁ): i Uz(x)smL—pdx
| Xp2- 0,5d, B

Cac hamPy(t), Po(t) t r ong pBh nlgest cnhthedcong
th c(213,t r on Bz W& Iy t €hgng hai banhxe ¢ amé hinh
I a n gv "x @t ©x @hcthed cong the (3.4):

PRO= o Th(: # 4) G0 bt Wk
i : (3.16)
TR0 o oW o ) ot o W)

vild, 19L& x'8hd atheoquy lud phan b ap sl * & 4 dng
I & ‘& trinh bay trondd[ng 21.
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V.o iwx t) L e xtp X bag chyi * hg@iactheo(3.12),t a t 2cnh L €

P, =06, 0 A 6T, w, ED g gy
! N @N& LY (347
JfWDZZ\N()%Z, t) :a_. CI( )T(t), V\ﬁz —th—z’ a &)T(D
trong L -:
cl(l):sin%; ) :sin% (1=1N) (3.18)

Thay(3.17) vao G.16), r'i HbBIW th c nhch  °Lc€ a Py(t), Pa(t) vao
(3l4vasp ¥p U, tankch ‘lc®th g mNph€hng tr3'mbg Vi

JheT, (- W)CLlucl ) /ﬁ)CLzucz a( s 4'1k)m|_1 (1|) c (ﬁl ¢ (|2)) Lt
1=1
N

) nf)kLlucl } ’ﬁkLzucz a( kd_lk 'E)’wu (Il) ¢ %) k[p (|2)) T(") (3.19)

=1

4 . ;
= _A4oh AP (Kaloy Citfo) B (Kulp, Cofg)

(2k- 1o
trong L -:
25 1Y 2s, 1I1? El(2k- 1)'p*
) — k =—2k H kK + 3.20
oG 7 AE, s T (529

(dq la toan't Croneckey
Ngoai rat cdngthc(3.17)h PTVPd a ongi3.9) ¢ a o td tr thanh:
emi, +(G oy, (a &a , GU Gl
Lt KU fkaa ka), ksl kg, MEg-
ot (Cnd -Cra)l, (@ &), GAw GHBY,
Hld kpa)y tad Kd) o Kl t kU, 0
M- Gl -y o 3L s G DU kY k¥ g5

N
tky sk)u, skA P TX =mrg $Kkd o
I=1
mczucz' Crzub +C|'2§j‘b (+Cr2 ?q_).L%Z 299253:. éﬁ)-ﬁ(t)' krzuo +krz@/.b
tky 8k)U, skac? MY =9 £%d P
I=1

—_) =) =) =) =) =) =) i) —) —) —) —)
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nhL ©y ,PTWP chuyt  np (3.9) va(3.10 ¢ a ¢ Hh[chsatco
cha phehn@ thimnh iiB ni Sl RIWR.cBuyd ~il(3.21)

va (3.19, g m (4N) PTVPt hrgcothwili "EMag ph<€hn.g ph§|

315. 2. DUy ng m&@PT™MPdano Evaglhm

H PTVPchuy "~ il{3.21), (3.19co th\l. ‘& vl . dldéhg ma teh:

Mld+[Qq KRG # (322
tron@lavket h™ a L, Blayéctrh nag ,k2 chME[B]2 ¢ h,
K] | fn €t |1 " ma trdn kh i 1€ ng,

(44N)3 (4+N).

Cacvéct Mamatth t r tvi/jnit@achcthwhh€ sau:

-Véct ha  Suyrng:

a=[4(9./ (D u (D, u(9, T(D, T(D, T(Y., RO (323
- Véct hc kich thit:
-mJg
0

-m,g +§( Kl b1 1%1"[31)
-m,g +§( K_z b QZTDZ)

4 .
A% o, et Akt it

1p
. | (3.24)
) %,UhB _nf)(kLerl O115) @)(kLZrDZ e
4 2 ‘
) %IJ.'B -nél)(kLerl 11 é%)(kLZrDZ FCuafp2)

T
|
MD>M@~ D~ (D~ (D~ (D (D (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D

49 ,
(2N - 1)p m(Kaloy @ufo) A Ko CFo)

-Matrch khi ° hg@amateh °lhgchéo):

[M] =diag([m,, J,, My, M B B, K., ) (3.25)
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-Ma trch | & ng [K] v. i (4+N) hang (mi hang gm (4+N) phfn t )
L&vif nh€ sau:

[Kyl =[k, %, kna kha, kg ky0,0,0,...,0]
[Kal=[ ¥na k,a, k.8 k38, k;@ k,20,0,0,...,0]
[Kil=[ %, kna, k, $%,0, s kg s9-k cs% k

""" - S 4211) K_l]
[Kil=[ % k.30, k, 8k, s & s% ke s7-k
yerey SZ ﬁ)lﬂ_Z]’
[K5i] =[O’O’ '81(1) E.’ _fzg: L2 ’k 1 l_ﬁ'l) |_18(11) k iz)"'l_z gé)’
g’ key + LK Vs Pk ¥, &) & (3.26)

gl ke + 1% L KB
[Kal =[0,0, -&f’ k, -2, k5 P& 3, & &
Hyo+el) k6@ #2,Kc P g Pk 4, &)
€5 KCY + 3% L KB
[Kin1=00,0, 80 Kk, -RE Lk g 0& &, £
ey key' +1E L KE N gk F L, ¢E)
coH e b HE LK
- Ma trdh dn [C] c6 dhgt €hngh € dna, K&tng [K]. CO thw
nhch ‘le@a teh [C]t ma tich [K] bRag cach thay cac ky hi {Hy, kra, kra,
kui, kio} 1Fn 7 | bE cac ky hiu {Cs, Cr1, Cr2, CL1, CLo}.

315. 3. ni Zu ki Mn Lt u

nkin fll ‘lc€hn t @hnhgeitoan kifos §t  dcatioeo L
mdé hinh1/4 r ong cth®©hmay i gatrc § & Thgetrthg thai
todhh L- ta c-

:_O, q”t:O :q’o (327)
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Véct bhuywiv t o g, led thA ‘& x ‘8t cach thay (27) vao
PTVPd a ongdthg mateh (3.22) ¢ ah va suy ra:
[Kl,G,=F, Y G,=[K o F, (3.28)
t r onfK], IF lagiatrtdthi Whi b gnit=0Q ¢camateh & ng
[K] vavéct h c kich thichF .
TU4th i Wh i b §uydolke chy trén ntb * hg@Rag pHng nén ta co:

s=s A, b B OFfp M= C (3:29)
Thay 3.26) vao B.2]) ta nkth ‘lc€
;
- _€ 4rghy 4mgh 4 gh 408 «
=2ma 0, , , - (3.30
gm)g mg Mg 1p 3p 5p (Z\| 1) L( )

H p | c trong hai cm 10 xo- gifm chh bW dj n cac banh xe vphn
| ct mtb " Bg@ac d ng Iénhai banh xdl ‘&  x ‘@iket 1IQu ki n can
bxag t amtd c

~

a © a a
8 K B B M (331
ata, = c At

nnh L oO©yW 2cn'hcdgith® tr‘hg t h§a ¢ 9lemdco
| i ° n Jjgecd@aphin tLc a ma teh [K]o, nir@hlygi t, ald ko biad
di, n cacbanh xe Pz, , Dz,), chiQu dai cac ¥ ti/p xtc d2,, d2,):

3
Fi=R =m, W
¢

0 0

DZ’, =i, ) Lo (3.32)
kLl kL2

df?lzz\/ro2 '(ro 'ZEDZ 1 dc?z 2\/402 (ro - 282)2 (3-33)

nh L ©y c¢ h¥nh?iyn i tdcfac pfnti ¢ a ma teh [K]o va
t 2 n'hc glt+o (3.28). T L' - cO thwt 3 m c Ha chuyd v ¢ a Fm’
trtth g t h &g céchpsid.mg déng thc (3.12):

W = a To(t)sin &~ DPX Ll)px (334)

B
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v.icg cU L hg&°trong (3.3) lacacthanhgmt th 5 Jjlth (4+N)¢c a
v ®cd.h

3154.Trinht x gidi hM PTVP dao Ling cva c

H PTVPchuy ildthg ma teh (3.22) cOthM. ‘& gilibln g p h €hn ¢
phap s theo trinh t n h sAu:

1) Géan gia trcac thong sthu ¢ vQxe, L “ehgvat ¢ . Ehuy  rg.
Tinh cac'ta | ¥pi=Lg/2+a; vaXpr=Lg/2-ay.

2) M6 T bién dthg mtb * hg@,=r, ¢ ), rp=ry ¢).

3) Ch n dthg ¢ ahamU;(x) biw di n quy It phan b &p suii td cac
v/T ti/p xc vascac s hthgNg achyi  d Ykbh X Hamw=w(x, t).

4) Ch n khdng th i gian tinh toan [Otma] V. C tinhER.

5) Tinh gid tr g, c avéct tha . Buyrng g td thi Whibdgum L
theo trinh t sau:

- X§ ¢ nhiph[n | ctY cacv/} ti/p xtcva h p | ¢ trong cac.cm 10 xo-
gilm chah biwi dj n hai banhxe theo (331). Tinh bih dthg ¢ acéaclo xo va
chiQu daicacv/} ti/p xuctheo (332) va (3.3).

- Tinh cacgia tr 1Y, 11? theocac cong thc trongBling 21 va cac gia
tr 19, 112 (k=1- N) theo B.15).
-Tinh cac giatrel, e?, He(k=1-N)tdth i Wb i b guthed §.20).

- Tinhgia tr cac pfnt ¢ a ma teh [K]o theo @3.26).

- Tinh giatr ¢ a F, theo @.30).

-Tinh gia tr g, ¢ avéct KtUth i Wb i b Futhed (328).

6) Gani:=0,t;:=0, 5,=s,=1.

7) Gang® =0, V=0, 4" =g,

8) Tinhg'™®, g, """ theop h€©hng ph&p Newmar k
9) S d ngcéaccongthc 3.12 v i (j=1, 2) Wihh:
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W= (T W R
+1- 1 ]
10) Tinh r§™, ¢ ¥ theo cac hamm, (t), ry ) L « JL.b i
11) Tinhgia tr ¢ acéc | c kiwh tra F™ (j=1, 2)theo (37):

Ifj(i+1) kL (V\é 1) J l)) (E_l_(vg 1)+ |( 1) + q( ]__))

nfh LOy, [atbtnlyemx koh

- N/p F'™ >0 thi mHi lién K} khong Xy ra td banh xe th j néns=1
vaF,(t,)=F'". Vis=l,tacotht 2 n'hc [c@ c hg®z, d,, I,

107, e Hy (k=1-N) t4 Wb tinh th (i+1) bRag cach's d, ng cac cong
th ¢ (3.4), (40), (2.7), (2.12), (3.15) va (3.20).

- N/p F'™ ¢ 0 thi mb lién K} beb fulxfy rahotb L « . ctshx[y ra,
néntac6s=0vaF,(t,)=0. L%c " yh & cl§ic® Mitrthoutain L
ti/p x vacDz,ndy. @, 11V, e LQubag O ( k=1 N).

12) Tinh caama tich [C], [K] vavéct Ir td b & tinhth (i+1).

13) Gani:=i+1, t;=t+Dt va IHp |9 qua trinh tinh, 8 fult b & 8.

Qua trinh tinh toan/k thac khiti>tmax

CacKjqu nhch ‘lc®ctipt ch€hng tr3nhoah2nh cl
t €hnmgh € t 1 mgm @ khfo s&Etheo md hinh 1/4
316 C8c tr«€ ngahhpdaPlTVYB®ga ch h’

nWe - ‘c$o ss§&mh L&Y s r a nglBpcrieng ¢adh
PTVPd a ong€ ah xe-Lgk/th p (dhgsauchuy i) nuh€ s a

-T ryng h p 1(TH 1). KhéngkWh mHllién ki va bim dchg g a * lhge

Tron‘gnghhpn& h PTVPd a ongt ac h' tlong md hinh dao
I ng 1/2 dc L ‘& thu \Qh p h €h n g(3.9 hoPbri321)c ariéng 6 to
t r onlfss£s, [ 1 vawpi=wpa[ O.
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-Trynghp2(TH2).KWJh hin “nhgatdliénkin h€ng kih! ng
Lhbihdhgga © lhee

Ldc nay, h PTVPd a gnglta ¢ H ‘@hc | nhg vQh PTVP dao
L ng(39) ¢ adtd,t r o nlgbwdi=wpo[ . O

-T ryng h p 3 (TH 3). KhdngkWJh hi n " ng@rHl lién ki n h €adg
KWhbi/h dhg ca © lhee

Tr ongng i pn&y do khongkWJh hi n ° hgénH lién kT nén h
PTVP dngga Lch¥baogmc §c p h€H3I2E vat(3.19)n h
trong¢gisEs( L1

-T ryng h p4 (TH 4) C6 WMMJh e[ MLK va bi/h dthg ¢ a * lheeH
ph€hng._at rc3hadjmc c §c ph€hng tr3nh (3. 2.

3. 7. M, t s kJJt qul khlo s&§&t

Tinh hi ng kio satl ‘& chnkhi 6t * L a ndg  rdcgh utyrign L €
bg plngvivhfc k hting sla’u qud mt mgpend mb ° Bge
c6 dhg xung(Hinh 12) hotb dthg sénghinh sin nhiu chu K lién ti/p (Hinh
1.1).K/tgukhf[o s 8t | hgc §agoglagepvaln h ~ g€ a vah
tc Jmts L4 "hegbl t r €nlgixecho n

CacsSliu fUU v~ o ‘c Ibntteeo dacdai’liu[3], [18] va[63]. Sau
Loy | ¢Be v hésndr®shungcho cac ndung ko sat:

- Cac théng'sthu c vQx e ~ dIEptheo xeGaz66[18] va [3]:

a;=1563 ma=1,737 m,ro=045 m,b. =025 m,g = 9,81m/$

my, = 220kg, Jp = 275Kg.n?, My = 660kg, me = 580kg,

kr1= 246 10°N/m, kt2= 196 10°N/m, k.1 = k> = 80G 10°N/m,

cri=cCr2= 1,3 10°N.s/m,cL1= c» =62 10°N.s/m.

-Cacgiafrc athams | i ° n Judfralh” Wivandr L™ inh th
K e | v icrthart ko trong[63]:

Lg = 160m,bg = 1,00m,hg = 0.30m, E = 1.68 10° N/n?,
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r = 250kg/m?, ks = 8 10° N/m?, cs= 303 10* N.s/nf.
-S cac s hthgNd Yan \gkbEbIX ham chuyd v w = w(x, t): N=5
- Kholng th i gian tinh toanto= 0,5, tmax= 4s, Dt =0,001
3171 Khd oL8§gtong daddd Li ng cva
M ts k/lquf L\ hinhvQl 8§ m g d agog alkesE L ‘& so énh
V. inhautrongdt Tn@hp( nh3m6)tdvchtc20k m/ h, BDMn
dthg hinh sinnhiQi chuchu K8 lién ti/p (Hinh 1.0 v. i Lg = 10mva heg =
0,15m, quy lud phan b 4p sl ° & 18 theo dhg cé-sin (Hinh 23). Sau
L ©y  ts k/joul khlo sat

0.15 ——77 1 : :
0.1{--TH2 | E ©
—TH3 1 \ !
0.05| —T1H4 |/ N a
g 0 ‘ |
< -0.05

-0.1 ‘ . .
ol Vo

) T S i___ ______4; _________ | i Y S S \ I SR
02 . a a . a ‘ i

Thoi gian, [s]

Hinh 3.3: ChuyWi v th? g_ ndithan xe

@, (1), [rad]

0 0.5 1 1.5 2 25 3 35 4
Thoi gian, [s]
Hinh 3.4: Chuy v géc d ¢ than xe



80

--TH1 N 1 '

Thoi gian, [s]
Hinh 3.5: Gia f c th®h g_ ndi than xe

0.033 —Banh xe cau tru6e T T . ,
0.03 | —Banh xe cﬁg sau |
E 0.02 - |
g 0.01 |
: /\
-0.01 | i i | i | i | i . | . | ‘

0 02505075 1 12515175 2 22525275 3 3253537
Tho1i gian, [s]

Hinh 3.6: Khe h tichbanh xekhily ra MLK Xxmtpttdnpg t
cfMLK vabi/hdchgga °lhgyTH 4)

.

10 x10° |
| | | | --THI
: ! ! --TH2
i ' | ! —TH3
6f e | —

F,(0), [N]

Thoi gian, [s]
Hinh 3.7: L cti/p xtc t banh xe fu  tcr €
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FLJ(r)n [N]

0 0.5 1 1.5 2 25 3 3.5 4
Tho1i gian, [s]

Hinh 3.8: L. c ti/p xtc & banh xe gu sau

T cackifqu Lk t r @n glc<ehb thy:

- MLK L «[y ra trén ¢ hai banh xe, banh xge¢ tcrx[¥ r acdd r €
L'i oohmdénib ~ b€ . ¢ MEBién k] L ‘& thwhi n trénHinh 3.6b i
c § cth kKhong trung vi ~ hg® ¢ a khe h tach banhtrén Hinh 3.7a
H: nh 3.8 ‘tchihi Mihikc Slceh X ¢h trangvi ° hoed ca
giatr [ ctipxact r o n gghtp &t r n@h p4.

-COs khac bitvQquy lud v ° g iatasthdhphfn dang L
t hoen xe ndhrp®2sayi t ©€mghp co@d.

-C&c’ nghpgkhongkMJh hin “nhg® L K “(ng h €L va 3) thi
cackKiqugfn nh<€ t rl%n gl Whihtahdn h * mg€ a bin dhg
Lahg/hl LBpg daggal ch " hkhtn L8&ng kK

31.7.2.Khd o0 nsh§th de ng cva vgn t Xc chuy®©On

Trong m ¢ nay €khfo satfn h " mg@&h f c chupyd  ndglyhmts
L § mgn L H agetrong T n@h p co RIJh d bi/h dh g ° ig@a MLK
( t ng@ p 4), khi xe chu kich thicht B D Mn hai dthg la xung parabol
va dhg soéng hinh sin nhiu chu KB lién ti/p, vch f ¢ xe ko sat t
0+80km/h, quy ldt phan b &p s cé dthg césin (Hinh 23). C§ cU I hge
nLH ac xec Lg@an t ©ml inhd (Max), gifitrStrung binh
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b3 nh pRMSheagia t c th?n g ndg than xeval c ti/p xic H hai
banh xet ng th i gian MLK t4 m i banh xe. 8 u y EE@ i vigmi t
dungkh[o sat.

a) Kich thich Wing xungParabol

K2 ¢ch tng#cthB D Mmdthg xungparabol(Hinh 12c) v. i cac
thdng § he=012mvale=0,65mSau L ©ys K} qu th‘& quan tam
thwhi n° dth g” th't H3 n h JyBHInA 3.12.

50 "
—a—Than xe

10 ——Cautrwse |G i
——C3u sau

0 10 20 30 40 50 60 70 80
Vin tdc, [km/h]

Hinh3.9:4n h " tg€awvdh f cchuyd g lynh giatr RMSc¢ agiafc
th?n g nd.than xecfu tcivagfu sau

x103

Z ——Tai BX cau trudéc | | K
- 30 ——Tai BX causau |i | [ e
~ 1 : :
LL:J
:1 20 -----------------------------------------------------------------
]
)
A 10 b
5 0

0 10 20 30 40 50 60 70 80
Vin téc, [km/h]

Hinh 3.10: 4n h " mg€©avdh f cchuy | nglyn gia tr RMSc al cti/p
xtc td banh xe fu  tcvadbanh xef sau
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x 10°

——Tai BX cau trudce

——Tai BX cau sau

Max(F;,,F;,), [N]
B

0 10 20 30 40 50 60 70 80
Van tdc, [km/h]

Hinh 3.11: 4n h " ty€awvdh f cchuy g lUyn gia tr Maxc al c ti/p
xtc 4 banh xe ut 1 c@a banh xefw sau

0.8 3
——Banh xe cau trudc \

2, 06 | ~Bénhxecusau | | 1

:. } | i

2 !
[—i 0 B e T T

3
H-l 0.2 et e e

0 »~

0 10 20 30 40 50 60 70 80
Van téc, [km/h]

Hinh 3.12 4n h “Mg@©awh f c chuyd i g/hfngthigian MLK t4
banh xe fu  tcwvadanh xefw sau

T cackKlgu kh[osattacomts nhdh x ®t nh€© sau:

- MHi lién k7 b fulx[y ra khi xel'& 5km/h va khi ¢h f ¢ chuywd
ngt tng ngthi> gi an MLK nh3n ctinbqugludc ! ng
thwhi n khong ré rang trénfch ai b &§nh xe Q(nByphthu 8. 1 2)
vao cac mi quan h ph cth gi a cac thong'shinnhc v~ _mke, c
'€n g, B DMintcehuyy, rg.

-Khivah t cchuywt | dgg axet £ n giat cth® ggndi ¢ a than xe
vahaigdu cl ng t g dunch @ntgl n hrhi@ sothan xe,
I Qu nay lapha hpv ith ctin. T cacHinh3.9+3.11 nkh thb} veh t ¢
caxecO[nh "tg@il n /AL § mg nlLakke.c



84

b) Kich thich ©ing hinh sin ntdu chu I8lién tip

K2 ch tng# cthbiéh dhg mb ° BgekiW songhinh sin nhiu
chu kK8lién ti/p (Hinh 11) v i cac thong she =10mvaLe=0,15m, s au L C
lamts k/}qu khlo sat:

N —=—Than xe ‘ : . ;

E 25 ——Chu trude SR S— e e \
— ——(Cau sau i ' i i \
o~ 90 b e

O

BRSO S A S AU 1 A S —

S )
'F"‘t‘ 10 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

LD

\C;')/ o T et e e T i I e SR

E 0

0 10 20 30 40 50 60 70 80
Van téc, [km/h]

Hinh 3.13:4n h " ty€avdh f cchuy g lyh gia tr RMS¢ agiafc
th?n g nd.than xecfu tcwvagfu sau

& 250 <

%) ——Than xe

= A .| ; | a s \
E 200 | ——Cau trudc b S S——— -
Py ——(Cau sau

:d 150 O £ T —
B [ - il S e e
o

:::/ 50 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
&

2 0

0 10 20 30 40 50 60 70 80
Van toc, [km/h]

Hinh 3.14 4n h " thg€avdh f cchuy | g lJyh gia tr Max g agiaf c
th?3p g. ndithan xecfu tcwvagfu sau
T. Hinh3.13vaHinh 3.14nhch thby, gia t ¢ th®h g_ ndi ¢ a than xe va
haidu t £ ndpfdkchuydt vilg t £ n g4t KhEOkmer Ui t hs3
giatr RMS t £ ng nlh-&wmsay cod gia'tip mnbHl con than xe 1a nh
nhil (Hinh 3.13. Gia tr Max ¢ a hai §u xecé giatrgfn nh€ nhau v
mthh khivehf ct £ n ¢ ntv B n Qursdvii than xe Hinh 3.14).
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x103
30 -
Z ——Ta1 BX cau trudc | ‘ \
~ 25 ——Tai BX ciu sau SRS S Y/ A — r
~ ! 1 .
R : : : .
=,
:; 20 e AT e
]
<3
~—r
é’) 15 T
10

0 10 20 30 40 50 60 70 80
Van toc, [km/h]

Hinh 3.15:4n h " tgy€avdh { cchuyd g lJyh gia tr RMSc¢ al cti/p
xtc 4 banh xe gu  tciva@anh xefw sau

x10°
160 _ — .
——Tai BX cau trudc . ’
120 | —Tai BX cdusau | jp®

Max(F,, ,F,,), [N]

0 10 20 30 40 50 60 70 80
Van toc, [km/h]

Hinh 3.16:4n h " tg€awvdh f cchuy gl gia tr Max ¢ al c ti/p
xtc 4 banh xe gu  tciva@anh xefw sau

2.5

——Banh xe cau trudc| |

2

——Banh xe ciu sau  |-i-doe b

Tes Toeys [8]

30 35 40 45 50 55 60 65 70 75 80
Vin tde, [km/h]

Hinh 3.17:4n h “Mg€©awh f c chuyd i g/hfngthigian MLK t4
banh xe fu  tcwva@anh xefw sau



86

T cacH?3 n h B HIS3.1F nbh thb): Banh xe u  tcrvdEbanh
xe dusaufn “kba FulklyraMLKk h i Gwdn t d’40km/h va 45knt,
nhin chung khighfc t £ n'ggian MBKt& h h a i b8nh xe nh
lud thWhi n khong rd rang tréncai banh xe (Hinh 3.17)

Gia ttr RMS va Maxc a | c ti/p xtic § m i banh xe c6 skhac bit rA
| nvQtr s (Hinh3.15 Hinh3.16), khivdhf cchuyd . w'g ttng t h?3
trtr°n clng t&tndvatlme d HmiQENQ hagla oIyt r
32MD HCNH DAO n. NG 1/ 2 NGANG

321.M* h3®nh dao L, ng

- c | C

% -G

b emlig2 [

Ic C ’i I{I -C—.]"____A.

] "

_._.,z"?_*!,jv_ '"'Sc'ej’mg;‘J;g""'(?Q"““'

1 Mt dirong
kL CL i kL CL p "
u w1 anh nghia
D% I D2 1T(y )D; lum
LI LI L2520
% T <r']"sLIJCs% 5 % T % T % Y
b b

I‘Bn / 2 I’Bn / 2

&

G
—t
S

o

Hinh 3.18: M®*  h 3 n mgdéhg b2 njang; a 6 td
cOkWIh bih dhgca e
M hinhd a ong /2 ngang; a 6 tdco KWJh bi/h dthg ¢ a * Ihera
hin “ng®ILK L ‘& thwhi nn h €© Hinh3.18 Ot6 L' ‘& khlo séatla 6 to
coh th ngtreo phthu c, g mhaikhi °~ hg@han xelva du xe2) L ‘&
I mdh 3 n hidég@nth d aonglpfngv. i 4 bkt do. n€ ng bih
dch g "¢l mt hedehgmtden L “itréenQr L . bKelwirh
chulien ki kiwita Ltejh & Fu DEm co tip di nch nhd v i chiQu
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r ng b vachicaohgk h1 n g " ittrénayt chiu daiLg.., L ©gil thij}
rRagmkbphngl ix nggadto (mbphipgthin g nlg L i nggamecat r
than xe va fu) ch a mbcdbngang chinh gia¢adm. MHbphfn g d mgo L
¢ ah vuéng gécvi p h €h\Wwg ngdph@hy)g
Cécky hi utrénHinh3.18c - T nghioa nh+€ sau
S, S -tr ng tam ¢a than xe vafa xe
D, D21 L\Whti/p xacd kifh;
1, 2, INPNLNj&j2Njj § cwh tida ¢ acacg m 10 xo- gilm chi;
(my, Jp), (e, Jp) -c 8 ¢b Lt r €n g _ qihd@we vagaxeh ¢
(kr, cr) - cAccHp 10 xo - gifm chatithu ch treo( ¢ T ngs L ¢ nd
vahs clnga "iL " h e t @ng
(k., c.) - caccHp 10 xo - gilm chih biWi bj n banh xe;
(ks, C9) - cac 10 xo va dim chih (phan b) biwi di n L “éngbi/h dhg;
w=w(y,t)-ham chuyd v ¢ admbW di n ° Lhgbih dthg;
(U, Y1) - chuy v th3n g ndiva chuyd v goc ¢ a than xe
(Ue, Yo) - chuyd v th? g ndiva chuyM v gdccg acfu xe.
CAac chuyd V Uy, Yb, U, Yc L & tinht v trit nhiéngca ¢ hchihg
tt thanhvéct ha | guyr ng ¢ a xe:

A, =[U, ¥V U Y (339
322 H ph<€hng tr3nch ai! ptht®©n dao L ng
T r. €Nh7], ching ta BiM dj n chuyd v th3n g ndic ac § cwh dida 1,
2,1',2', 1", 2"trénHinh 3.18qua cac'ta , uyr ng;
U=u -&, Y U +g
U.=U, -, Y =U +G (336)
ul“ :uc 'b{c, 9 =cu +cb
HPTVP dgoahlxe-L'ahgkthp ‘lci}ldd atrén &
" chu| c ¢ athan xe, fu xesaukhi gi[i phéngkh i cac lién K} Hinh3.19
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Hinh 3.19: S h” cliul c ¢ athan xe vafu xe

Tr°n", GhGWacactrng! ¢, (F,, F,, Fj,, F-,) 1ah pl ctrong
hai ¢ m 10 xo- gifm chbh thy ch treo, (F,, F.,) la h p | ctrongcéacg m
10 X0 - gi[m chiah biWi di n banh xe¢h's 1 _ng v i béntrai,ch's 2. ng
v. i bénphli).

H pl ctrong cAg, mldo xo-gifmchitthuch t r e’  Lx‘@hthony
quachuyvt €hniga L ¢c Wcgdl it r ° mg achingd €

\.e-FleF'Iil :kT(ul‘ ul) Cf'(l'l ]-J)'

Il _ . S (3.37)
i Fo=Fi, *(u d) cfl U)
H p | ctrongcacg m ld xo- gifm chih biwi dj n hai banh xe
gFL=s[k(w, +5 4) o€, Tt Y,
| o (3.38)
TFe=s [k, +o, &) o, T+ w},
tronw(EL; 2l chuyWn v’ th3ng L. ng
ding &¥iWmc8d x WOj; ij;| ©~ L (socaq i mHL
ngho.aa miipLt mLtStaolg Wps, 1 © t ham s’

X¥%c c¢c.a hai b8nh xe, L€ c¢c x8c L’

Flflsz(Wm o Hy) KWy, ot )

i . . . (3.39
TFz :kL(WDZ oo Hzi). CL"(W)z oot L&)'}

Cv:

-

C

L €

t r Y
n h

C
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Ap d n g nhlud 2 Newtoncho than xe vafu xed at he o~ cdth L
| c¢ achingn hBnh3.19t a’ cl €
Aemol% = 'Go Fl'l F‘Fz
139, = Frc FeC

| .. \ .
TMmu = 'Gc 'F1|1 I:TZ I FLT FLz'
I ‘ch c :F1i1C FTZQ I:le FL-Eb

(3.40)

Thay (3.36) vao (3.37) va (3.38), kil qul nhch L & thay vao (3.40) va
chiyG =mg G =mc¢Tankh ‘lcie PTVPd aongiadton h€: s au
mi,+2¢y -2c¢y 2ky 2ky #
IV, +2¢°C, ¥2 ;"¢ 2y’ , Kely, C
rncuc- 2er) "[2Cr 6’? ?) 9].9 (15 2$'|_0ch $ LC'D1W 2 stzc
'2kTub {2kr 6§ %Blf]lé (? zc)'Lk\pc %Lk-DlW 2 LSk (3-41)
=mg $(kk G'h) stkp ¢B)
JcYc'ZQZCb Y(l '%) LSC {‘2+p2u (1+C2)G|'_ 2].5
tsgbiy, -seby 2ky, (s 5. kb
+[2kTC2 "(§ f%) If B]Yc ?‘Lk Dp Wo SDZk
= sh(kg &) sttkp ¢%)
323.Ph€hmg nth vi phon @ aog L. ng c, a
nWhi/l Ido PTVPd a ongli adm b dj n * Lhgebirh dthg, xét can
blaggcamtphant dfmnantd v tri_ngvif a , §va cod chiy daidy
n h Kenh3.20

0 A%
S (-
L, Mg
¢ '
Y 2y i

Hinh 3.20: S h” Ilc ¢ aphantdfm bMidi n  * Lhgbih dthg



90

L. ¢ tac dngtrén phan’t dfm baog” m: | ¢ quén tinhdF,, | ct nQn
L n, tkelvin dF,, tr ng| cdG, ap] ct banh xedQ, (ch't" n t trén cac
v/} ti/p xuc) clng vi cac | ¢ cab Q, Q+( @/ yudy va mdémen un M,
M+( M/ ypdy. BMith ctinhgabnl| c futién la:

dF, roBth‘:It dE |<sw @—‘z hdy dc up d
R (342)
dQ, = aenlO(xyl)dxqﬁly— el X Y( X dx dXD Pt
%d) (§

Trongcodng thc (342), p(x, v, t) laham phan bap sl ‘& x &k L
theo cong thc (2.10), néi chung khac nhau_ga hai banh xe vah ph thu c
vaoxvat(doglthi/ kh? n'g ttthay _lpdadanhge); tom,
lachiik d~ i t hxea Vi@t ganhxethj (=1, 2)(Wutn
td). Gia tr ¢ a 1" ph thu c vaod, va quy lut phan b ap sl ‘& ch n
nh€ tr3nBlhg2ly trong

T ph€hng t Rayhdgapi@mtdfimt heo pEhehpb€hnc
trinh can Ba g m?! mie n tin mHbcdb bén trdj sau khibi/h - ilva sgp
x/p 14, ching tanhch L ‘& P T V P, nglgaafmlbiW dj n " LhgEbimn
dhg nh€e sau:

thl.lz_\;V '*Cs—w ko y 9 4X=E' ‘:y Pg:[)x|(1)
Mt u by yb B
Chingtathy ph<€hng t r 3tn hp h(€h ndp3hpmmiérig. hm L
Nghi mw=w(y, §) ¢ anécfnth a m« n Qukigndién'cia dFm:
éW(y, 0 [l==wW(y, 1] 4, =0
AuW(y, ) I Q'R

I 2 2
y=0 M

I lJ'y

gh (343)

o (344)

Yy #gn
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324H ph€ehng tr3nh vithph©n dao L, ng

H PTVPd aongltac h' Lhngxétlas k/t h p ¢ a cacPTVP dao
L ngcadto(B34) vaPTVP dngga L' hee(B3.8).n - | th m
ph€hngcoétchraphi@hng Yt ree"nn rli ° np, Q@ L «
[nh “fgen JL ph<€hng ‘mh 8lmgmpdl&ca Lch h
325, Ph€ehng ph8pdagoi [, @y hPTVP

325. 1. CHMyYyP®RVP dao WiZnd McWa V®® thMy nc
nWchuyi h PTVPd aongla ¢ teoch a Yham riéngvQh

PTVP nghtieoyl mmdngp h €h n gBulmdv&alerkin Trinht va

cac K gu nhch ‘L€ nshue
1) XHb X ham chuym v w(y, ) ¢ a Fm bag chui Ns hthgth a mén

I’ Qu ki n bién (3.44)
Wy, H=8 TOY() =aT(sinE 2L (349

Bn

t r o nTgt) lAcac ham§ o timph, thy c th i gian, Yl(y)zsm(ztﬂ

Bn

la cac hant, c Id tuy/h tinh va cé tinh trc giao:

Len i ' s0: 1|
fsin (2d-1)p sin (2" Dy gyz‘? ) (3.46)
0 Bn I—Bn |,LBn/2:|:|'

V. ivi cxgh X ham chuyd v theo(3.45), véct ha . Buyrng ¢a
toanb c h Lh& x '8 hle s au:
a=[w(®, ¥, (0, WO, %O, TO. TO, TO. T (347
2)BiWidi nh PTVPd a ongl a6 tdqua cactal, suyr ng.
TheoHinh 318, chingt a x8c L nhhé& pkhEhadqhi
Li Wi J]p x %2, Dgvac tku yj\p ,wy,c, a dfm t Yi ¢ 8§«
vy, =0,5L, b;y, 5L, b (348)
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nnh L©O©y chWiWwdhale€- th

é N (2-1 N,
Sy =w(y 0, A ThsinE DB 5wy,
’I‘ 1=1 LBn (=1
1 N . (2-1 N,
g, =y O, A T(sintE oD P 5 oy
| =1 Bn | 3
i N ] N (3.49)
i, =2 H FpsinE NP o),
,:\ ut Y=Yp1 =1 LBn | 4
1. N . (2-1 N, .
Lig, =2 s B Ber = 5 g1
| ut Y=Yp2 =1 LBn | 2
trong L - :
Cl(l) ginM’ I(a S#\M (350)

Bn LBn
Thay cac hth c (3.49) vao(341),tanhchL ‘&h PTVP dgoa L
O tobiW di nquacacta . $uyrng(3.47)nh€: s au
mi+26Y -2c¢y 2ky 2ky #
JY,+2¢c?¢, ¥2 . °%¢c, c2y’ [ kc?y. C
mu-2¢Y 26 &5 FHeu (s F-oh

a6 ¢ 3 eTO) 2ky 2k (5 +9 K+
=1 (351)

(s -9kl A(sP L) 0T t

= mg s(kp o) Stkp ¢
IN-26 ¢ ¥(y 8) LS. @hU (re)e s

+§1(a€’ s gebl(} 2ké&, ($- .6k

H2kS {s 9 kB, &(s P c,s?) ck(X
= sb(kp &b) SHKkE G
3)Chuyd "Il PTVPngdtao lhpQh PTV P ng.h €
- Thay bW th ¢ (3.45) ¢ aw(y, t) vao B.43) tanhch ‘lc®h€hn g
trinh & xukt
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thg_ﬁ(t)sin(ZlL DL aT(t)sm( - DY Py aT(t)sm%
BTN n;meﬂ” Toes
bB Ela L—BnT(t) in m bt = ghyr

-V.imigiatrk=1,2,..N,nhan2¥jca ph<€hn3p2vir 3 nh
sintZK-D ¥ ,Filpytichphan haifjca ph<€hng ‘tcthéorblny t h u

Bn
t 0 JHLg, WY W tinh tr c giao B.46) tanhch L ‘& Np h€hng tr 3
phonng he€

it e teig ke Sete@ U Py,
2 2 2 B 2 L
P MIY - (2k- 1 2r (353
ple @D By - 20k g N
0 bB LBn (Zk' 1)p

Do ham phan bap silip(x,y,t) ch th ¢s t ntdtrén W} ti/p xtc ¢ a

hai banh xe nén tich phan tro(®53) ch L ‘& tinh trén hai i ti/p xdc nay.

v/T ti/p xtc ¢a banh 1, ta . § n3m trong khdng [y1, y2], con" v/} ti/p

x(c ¢ a banh 2, ta | ¥ n3n trong khqng [ys, y4]. Gia tr ¢ a cac eh tich

phanyy, yo, v, ya L ‘& x ‘&lcbRag cachd a vaomé hinh dad’, ng Hinh
3.18v " ° dn#hh ha trénHinh3.21

______________

______

......

Hinh 3.21: X § cnh Bac eh tich phan
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eyl You 050y 3, 0¥Q;

(3.54)
|Y3 Yoo 'O’SbL; Yo 32 O-JSQ
T LOY suy ra:
EY,* Y 2Yoi Yo % 23y, (355)

(Y- Y . % IF
V. i cac K} qul (3.54), (3.55) ta co thWtinh ngayl’ ‘& tich phan cond
trong phe&dwgditprhahm g( 58)vQdwhdy ( 3.
() T §Lks : & Lf AL JO BRI P80 oL (350
k=12, ..N)
trong L - :
p® = 415" sinK-D i . (2K 3) yp
(2k- 1) iy 2L, Lan
b = 4157 Sin(2k_ 1) i Sir‘.(2k 1) yp
(2k- 1) iy 2L, Len
4) BiW di n cac hanPy(t), Po(t) trong(3.56) qua cac ta . €uy r ng.
nfu tién, s d ng cac K} qu (3.36) va(3.49), tavi/j L ‘& biw th ¢
tinh toan (do WU mdl lién k) chobi/h dthg thin g ndf ¢ a cacbanh xe
nh€:sau

(357)

ON ~
Dz, <96 %) & o UTO b (4 WO
AN ) (358)
Dz, AW, %) W ga OTE b g b
=1 -
Ap d ng cdng thc (2.13) cho t ng banh xevas d, ng (3.58)nhch  Lc€
e aN 0 3 N
I:i(t) Q @. €)T B W bl?g@%llm:tm rt Y L
Le G -k ' (359
_ e al , 0 Mo ..
P =7ekad OTO & & bz ge @ @, |
l bLe Ci=t - | £
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Thay @.59) vao (356) va th ¢ hi n nh ng bi/h " ilcfn thif}, ta nhch
L ‘&Np h€hngvit rpihn@onco dhh: €
rhyT () (e #) & U+ ) g . c bry

FALde (B9 D¢ B O) B OT (10 ) rp

=1

N (3.60)
+(&) - &) kb&A[ «d HF Pec? e Jc|()
=1
4y . .
= 'ﬁp 8|£1)( krD1+CLrD1) _8(k2)( Kozr +L DQ) r
k=1, 2,...N)
trong L - :
El (2k - 1)* b (h
Hk - kS +b_x( L4 ) 6’ 88) |§L(1)E)X ’ g) |2(S_2)kk)x (361)
B Bn 0 B 0 B

dv - toAn t Kronecker.
n/hl @ PTVPdaol, nggah xe-Lagkihp L ang x@a
chuyt “ithanhh ph€©hng t r 3 nW ilhao gonh(43NX) PEVR u y
t h g B51) vaE.60), cothngilitr ctifpbrtag ph€hng ph8p s
325. 2. DU ng m@&TtViPodaovding hM

H p h€©hn gvi phanéhoywd " il(3.46), (3.53L ‘& vi . dldéng
ma tidh:

[MIg+[Qq FHG * (3.62)

t r ondglavéet bha = Buyrng 8.47), Flavéct h ckich thich; M],
[Cl, [K]Ifn “ktl@&mateh khi °~ hg@ma teh dn va mateh | B ng. Hai
véct ko -k 2, ¢ @\ hteng khi3 ma tidh  QLla ma teh vudng ¢
(4+N).

Véct h ckich thich va3 ma tich c6 thAk § cnhll*& m t cach ¢ thw
d avaohp h &fHrinhchuyd "iL nh€ sau:

-Véct hc kich thich:
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-mg

0
-mg ts(kp €F) stkp ¢¥)
'%dlﬁr}l +q.rl.)1) fﬁdlﬁsz Qi'Ez)

'% (Kot 150 (.8 kD)

363
'% & (Kol 108 7518 k%) 569

_Arghy
op

T
1

1 ; 2 .
'Sé)( ’_(Dlr "[rDQ' Sé)( I_(DZr +|_ DE;) r

(D~ D~ (D~ (D~ D~ (D~ (D~ D~ (D~ (DN D~ (D~ (DN (D~ (DN (D (D

4 1 . 2 -
, ﬁp _8'(\‘)( I_(Dlr "T_DQ r%\l)( L &2 K--ED

™@

-Matrchkhi °~ hg€6 dhg mateh " lhd@chéo:
[M] =diag([m,, J,, m, 1.4 B . ..., R ) (3.64)
-Matrdh | & ng [K] c6 (44N) hang, mi hang gm (4+N) phfnt L ‘&
vi;k nh+€ sau:
[Ki] = [2kT, O,-2kt, O, {0, 0, O, ..., 0}];
[K2] =[O0, 2k, ¢, 0, - 2k, ¢, {0, 0, 0, ..., O}];
[Ka]=[-2k, 0,2 +(3 +8)k.-(s -s)kk
{-s¢ 3 8k-(s€ 3 78k,
56 3Nk, .- & s DK
[Ka]=80. -2¢¢, 8 $)kh2kt (s 9t
{(sc?” -s B kb(sPc sC) kb (365)
(scy’ -5 ©kh...(syc s0) kMg
[Ks]=1[0,0,-(e” +&) ., (- §) .k
(ot @ ) 0% P+ B,
(ecy +& £) L, (ec)) +& ©)
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[Kel =[0,0,- (e +&) ., (- &) Kk
(el +8 B) H,+(c0 & 4 0 .
(ecy +& @) [, (elcy +& )
[Keni =10,0,- (e +§) o, (e¥- &) .k
{(edcy +£ &) (e +§ B
(e +£ ®) Lo 6 € C8 )
-Matdhdn[Clcédhg t €hhe reha KBtng [K] vaco thw
nhch ‘Lc€ ma tich [K] bRag céch thay cac ky hi {Hy, kr, k.} b* i cac ky
hiu{cscr,almt c¢c8chngt €hng
3253 ni Zu ki Mn Lt u
nkin f' L ©y E®rclynt€hngn htéhai mt _dh3nh
L (xe L%ngramhodh®antgping t h3 Gbi'lhgcdo L «
mbd mo, thi Wht= 0 “€c@n tcr & hi  x & ngl md). Theo L €
L-dthi Whibdguntadd
Allo=0.0 s =0l & (3.66)
Giatrgadg, L @swytr ct/pt ph€hng362k3mpw iy c
s d ng (3.66):
[KleGo=F, Y@, £K 5 F, (3.67)
nW 2 n'lc gl t 2" e ma tthgX],vaveet I, (giatr ¢ alK]
vaF tdthi Whibdw Lt egvgtrthgthdicanBag t.antft hce
h.TUth i WHtEO, b xe chy trén mit ° hg@Rag pHng nén:
s=s A, & OFiy =0 (3.68)
Thay (3.68) vao 8.63), tanhch ‘lc:€
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agh, 4moh 40k ‘ (3.69)
1p 3p (N 1) §

T L@kincanBa g t adatdx &cn hl” ¢pln| clién K} tY
cac V} ti/p xtc va hp | ¢ trong cac_cm 16 xo - gilm chah bW dj n hai

- e
=¢mMg0, mgo
e

banh xe

FO=FS R OR €M o 370

T L. xXrBke dbdhdh g t. acadld xo bW dj n haibanh xe
vachiQ daihaiv/} ti/p xic trthgthdicanBa g it on h

FO FO
=B & = (3.72)
2 k Kk
d(?l:dgz :2\/"02 ('ro Zﬁlﬁ 2\/%2 (ro 'Zfz)% (3-72)
nh L@y §cnhticfc8& Thee | i °Fcagpfanh L

camateh B ng tthg t h gicacpnr hg a ma teh [K]o theo
(3.65).T L - t 2onghthet(®67).M t Kk hi’ ct,3sbt® i ©thém
chuydv ¢ adm™ trth g t h &g céachpsnl mg ddng thc (3.45):

N -
w =3 TosinZ -V P (373
=1 Bn
c8c LUYT’twrong(@3m)y | © c8&8c th" nh pHNfncta

vec bhe ¢ x§@B6M nh t.
3254.Tr3nh t, gili h° PTVP dao L, ng c,

T c8c " lhuyg L « t're@mdd thid ©atrinha gifi h
PTVP dgchuyt “ilg ac h theomd hinh 1/2 ngang h sau:

1) Gan gia frcacthdng S L'fu vao g;a xel “angvafc  ¢thuy  ng

2) Ldp cac hammo t bién dhg mHb ° Big@oa(t), 1, (t), roat), F.,(t).

3) Ch n dthg ¢ aham bW di n quy Iud phan b ap switd cac v ti/p
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xUc (U(X), Ua(X)) va s cacs hthgNg¢ achyi WHHD X hamw=w(y, t).

4) Ch n khdng th i gian tinh [0,tma] vab & tinhDt.

5) Tinh giatrg, c avéct ha , guyrnggtidth i Whib dn L

- Tinhh p | ¢ trong @c ¢ m 10 xo - gifm cheh biw di n hai banh xe
theo (370), bi/h dthg ¢ a 10 xo bWM dj n hai banh x¢heo (3.71)va chiQu dai
cacv/y ti/p xic (dcy, deo) theo(3.72).

-Tinht a | Y ¢ atam cac i ti/p xtc(yp1 vaypz) theo (3.8).

- Tinh gia tr ¢ a 1Y, 112 theocbng th c trongBlng 21 va cac gia ir
b{", b’ theo @.57).

- Tinh cac gia trHy, £ va &!? theo(3.61).

- Tinh gia tr ¢ a F, theo (3.69) ¢ a[K]o theo (3.6) va d, theo (3.67)

6) Gani:=0,t;:=0,s5=5=1 cholL Wht 2 rfuntién.

7) Gang” =0, =0, " =4, .

8) Tinh ", ", g™ tU th i Wb t.,=t+Dt theop h€hng ph ¢
Newmark

9) Tinh chupd v vavdh f c ga ¢ 8§ ti/p’xiic d ki (n3m trén
I “ehg) 4 Wb finh th (i+1) theoc&c cong the sau (suy t (3.49)):

N Ny
WU =E ET 0 R, 62,2

=1 (1

10) Tinhc § 1 Thge,,, r,,, ry,, Iy, t9 Wb tinh th (i+1) theo
hamr, (t) var, ) L « J1.b i

11) Tinhgia tf kiwh traF,, F, ¢ ah p | ¢ trong cac.cm 106 xo- gifm
cht bW dj n hai banh xéheo (339) vasuy ra gia irg a cactham s trthg
thai tVp xtcs, s;t4 Whdinhth (i+1). Tr ¢ d - c krftls " dl€c$c L

| “@g Dz, d,, e’ t4 WhtinhL ang x ®t

cj?

12) Tinh cac ma ¢h [C], [K] vavéct i chol Whtinhth (i+1).
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13) Gani:=i+1, t;=t+Dt va IHp |9 qua trinh tinh, &b fult b & 8.
Qua trinh tinh K thic khit>tma. Cac K} qul nhdh  “Llc€© qué trinh
tihnhtoansc I ng t mehgait m* h3nh L« x®t.

3.2.6. C8c tr€ POWPthap EjRdgghcha h

nWe - ‘csasashvQl § mg dageakegi a c § nghtpeoe
va khéng MMJh hi n " ngdMLK vabi/h dhg ca "l dn b ra h
PTVP chgahuytl it r ong’ ngB priéngrB@t T ngh priéng
¢c thWhh€ s au:

-T ryng h p 1 (TH1). Khdng RIJ© nHllién ki vabih dchgga * lhee

Ldc nay, h PTVPdaol, ngchuyw “ilc, a ¢ Hronh md hinh dao
I, ng 1/2 ngand. ‘& thu\Qh p h €h n g(3.4) hédtn(51)c ariéngo to
trongussEs, [ Llwpd=wp[ 0.

-Trynghp2 (TH2).KWJh hin “ngatdliénkf nh€ngWkh?
Lhbihdhgga ©lhee

Trongng hp My, h PTVPd agnglga ¢ H ‘@ithu vQh
PTVPd a ong(834)ca ' t 1, Hwpr=avplg Q. L

-Tryng hp3 (TH3).Khdong MUp hin “ngardlliénkf nh€ng
KWJh bih dhg ca * lhe®

Lic nay, dohi n " ng®ILK kht n g  ckWehnénhPTVP dgo L
ca ciwhtleogm c8c ph€ehng tr3nh H3s6B1). v

-Trynghp4 (TH4).C- t mdMLKvabi/hdhgca °lhgh
PTVP dgpa Lcgmhc&§c ph€hng tr3nh (3.51
327. M, t s ks#ft qul khTlo

Tinh hu ng ko satla 6 tacchuyd  ngvivahfc k htisay khl
L « [ d¢mtik8[ng cachxotinht thi Whi b dnt=0) , Bnaut @ -
v @ qua mt mgp md mb © hg€ v/ banh xe bén dh va bén train h €
Hinh3.22hotb ‘v ddamtg gifmfc nHing13. Ngoai cac ni dung
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nh@hinh1/2dc L« tr3nhcnaycpn €ar oagQng ps §n
.ng daga akegiambhinhl/2ngangv. imé hinh1/4 r ong Q Yng
ki nkich thichnhaml § nh Qgt €hn g _tahai nedhinty i

e
—

== #__Rh xe bén phai

Hinh 322 Hinhdh g v~ _lcbiénithgtni€ hge
D, li u fuvaochunglWs d ngtinh toan
-Cacthong'sl i ° n Jjg u'a n t MY theoRe GAZ-66 [18] va [3]:
b=090m,c=060m,ro=045m,b. = 025m,
my, = 2150kg,Jp = 650kg.m, m. = 660kg,J. = 720kg.nd,
kr= 250 10°N/m, k.= 803 10°N/m, cr= 1,53 10°N.s/m,c.= 62 10°N.s/m.
-C8d Uhg®ucvonQr ‘Lheva dm L ‘& Ib) theotai Ii u [63]:
ks = 483 10°PN/m?, cs = 303 10°N.s/n,
E=1.610° N/m? r = 2,53 10%kg/n?,
Len = 15m,b;= 0,45m,hg = 0,50m.
-Cactham'sl i ° n Jjgtin@todn$ thax= 4s,to = 0,5s,Dt = 0,001s
-S cac s hthgNd Yan\GkbEb X ham chuyd v w = w(y, t): N=5

3271.Khd oL8§gtong daddd Li ng cva

O t6 kHo séat covch t ¢ 15km/h, bien dhgmtt " b€  Hihh8.22¢6
hai mgd mocéd clingdthg parabol. ic § ¢ k 2chd* 0,10mB= 0,75m,
hr= 0,12m,l+ = 0,80m,d=1,0m, quy ldt phan b &p sl t9 di n tich tip xdc
gi abanhxevimtb * b €@ ~ ¢ I theo dhg césin(Hinh 23).Sau L ©y |
mts kijgud L ‘@quantamthin° dh g  tin h€ s au:



, (1), [m]

w, (1), [rad]

0.02

-0.08

0 05 1 15 2 25 3 35 4
Thoi gian, [s]
Hinh323:ChuyWn v ct th&mxg L _ ng

0.2 - . ‘ .

; --TH1
f --TH2
0.15 3 o
0.1 —TH4
0.05
0 i
-0.05 |
0.1+ \ | |
0 05 1 15 2 25 3 35 4
Thoi gian, [s]
Hinh324chuy Wn v cgthdnxengang
15 T i i T T T ——TH]
| | --TH2
10 ) Rll ”””” T e _TH3
—TH4
5 - ] =
0
S+
-10 V |
_15 1 1 L 1

0 0.5 1 1.5 2 2.5 3 3.5 4
Thoi gian, [s]

Hinh325Gi a t ¢ tchthimge L' ng
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0.06

0.04 1

0.02

(1), [m]

-0.02 F

-0.04 : ' ‘ ‘ ‘
o 05 1 15 2 25 3 35 4

Thoi gian, [s]
Hinh326:Chuny W  th3Ing L. ng c_,a cf

4
%10
20 T . i
10 ’ ' ' ---TH?2
15+ —TH3
— 5 W_THLI
E‘ 10| .
- 0 E
C\ L ;
~ st 0405 .06 07 08 09 |
[::-I
_5 ! ! I I I
0 0.5 1 15 2 25 3

Thoi gian, [s]
Hinh327:L ¢ tiJp x¥%c t4Yi Db8&nh xe

4
x 10
20 : <ot F-THI
3 ! ~—-TH?2
15+ ) ; —TH3
— | —TH 4
2. 10k 0 ]
< ‘ 2 i |
™~ St 0.6 10.8 1 1:_2
I | | |
Or F L\
_5 ; ; 1 1 ;
0 0.5 1 1.5 2 2.5 3

Thoi gian, [s]
Hinh328L ¢ ti/Jp x¥%c tYi b8&nh xe
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T. c8c kJt qul nthdm Kk®tc ta c- m t

-Mblt | iL%xn XK/t ra tYi hai b8§mAhgxesc
LoWn ttrhang v, tenltl €(HmgB.2Tva3.28).

-Bi °n L, c.a c8c th"wWwWh opfhdmgeambia rih
t hTi Wm xe Li qua snablpd &m! tnalbbte-dlF® nd h §
bi ' t @»L§pt g xkkld k- -ndoebca khignig ak W
tr<§ mvd3sb tvr § M vad) Hinh3.23-Hinh3.26

-Gi g8 tr° | c tiflp x¥%c tYi Db8&nh xe
khi Li gqua mblp m: mht vR€gn§, tsaucl a
i Qu lap'hys vh ip t HHinh3.27vaHinh3.29.

3.2.7.2. Khdo s8§tchahoOh_ Ehggcva von

N i dung nay 8 kh[o satfn h " mg@h  c chuyd  n.g/hLl § mg
nLH ac xe t nphrpgd MUPeS bifh dh g * tig®a hin " nge
ML K “(ng hp4).Vdtc x eckifossatt 0+80km/h v i bién dhg
mt "he ¢ t €hmhg€ a®2.7.1 trinh bay trén con quy ldt
phan b 4p sl Iy dthgeés i n b 3 n (intp28)8sncd [ hg€n
quan tOmtltrundg I M®h tob3nh pmekitMax)( RMS

¢ agiatc than xe va haift xe; th i gian MLK tY m, i banh xe.

40 — ‘ . . .
35 ——Gia tri RMS) | __________ __________ ________ |

30 | —*Gid tri (MAX)

RMS(ﬁb ). Max(ﬁb ). [m/S: ]

0 10 20 30 40 50 60 70 80
Van tbc, [km/h]

Hinh 3.29: 4n h " g€avdh f cchuy | gLy gia tr RMS
va gia tr Max gia f c th?n g. ndic athan xe
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x 103
12 —
R ——(@ia tr1 (RMS) b
E 1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
< os e
5 : i i ; : :
R s T T B
E‘é : : ; ; : : :
R s e e
~ ; : s : : :
T e
> Co
5 "o 10 20 % 4 s e 7
0 10 20 30 40 50 60 70 80

Van tdc, [km/h]
Hinh 3.30: 4n h " g€avch f cchuy | g LJyhgia tr RMS
va gia tr Max gia f c th?n g_ndic acfu xe

x 103
30

——Banh xe bén trai

25

—+—Banh xe bén phai ,,,,,,,,, ,,,,,,,,

RMS(F,, ,F,,),[N]

0 10 20 30 40 50 60 70 80
Van tbc, [km/h]

Hinh3.31:4n h " ig€avch f cchuy | g lJyhgia tr RMS
¢ al cti/p xdc H hai banh e

x 10°
10 . NPT

Z ——Banh xe bén trai ; : ; |

- 8 | ——Banh xe bén phai i pee |
- v ; ; ; : i ‘
[{""’J 6 ..............................................................................

DA e AT
ey 4
S~
éﬁ y S S SR .. S0 IS SN SO S N

0

0 10 20 30 40 50 60 70 80
Van toc, [km/h]

Hinh 332 i4n h " mg€avd f cchuy | nglJyhgia tr Max
¢ al cti/p xdc H hai banh xe
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0.5
——Banh xe bén phai
— 0.4 | *Béanh xe bén trai :
w2 : : 7 T
¢ 03
-
=
2 02
2
=
0.1
0 &
O 10 20 30 40 50 60 70 80
Vin tdc, [km/h]

Hinh 3.33:4n h " tg€avdh { cchuyd gl
f ng th i gian MLK tY hai banh xe

T c §'C th irén nhch thby:

- TY vch £ ¢ 5km/h thibdbs Fulk[y raMLK trén ¢ hai banhxekhi t £ ng
vch f c chuy | dgthith i gian MLK ¢ ahaibanhxa h3 n chung cl
nh€ng b8nh x@& th°hm tbr8§[h(HinkaBg °th p h

-Giafcthh g ngithan xewadu x e t tdnfg chayWi g
ttng nhawgt tlgi@@hmhhn vl nc h HghiQBsovir
gia tr RMS (Hinh 3.29 vaHinh 3.30.

-Khivehfcchuyd g tthilrcg/pxictd hai b8&8nh xe
nheng Maxl§ thidmhiQrgiatr RMS. L cti/p xtctd banh xe bén
phiil nh hm&§nh xe b°n tr8i nHeBGIVRRIPNg q

3.273SosanhL 8§ p ong dao gliiomdinhcli2agany vatmb
hinh 1/4

M cnay€l €a r a Q& msgs§ ndhagoyal x e f ngdipg tr
cO WMJh dMLK vabi/ndthgga "Ih@ “(nghipe 4) traomg c!
ki n kich thichgi a mé hinh 1/Zhgangva mé hinh 1/4yi ¢ so sanh rfn
mc L2cmhkhifaocdths dng m! h3nhin1hBn) Lhh
cho mé hinh 1/2gang (phc td  h.hWho sani: ‘&thid i u Fuvao
trong tinh todn’'sc ahai mé hinh pi t €mg g thWchangphli cé
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cung khi ~ hg@anxevafu xe,hs LI, cngvahs cnc¢ah treova
I” p trong m6 hinl/4ph[il n  h hfn so% i nid hinh1/2 ngang Ngoai ra,
cac thong s vQL “eng, i " Lheeva kich thick, nghct BDMn ¢l ng
phi "E¥y nh€ nhau.

Tr °n' Lec<h nsesuli, ulfiu vaod ¥ n \§tinhitoans trong mo hinh
1/4sELl ‘& Iy d atheo md hint/2 ngang h sAu:

m, = 2150kg, me = 660kg,kr= 50C 10°N/m, cr= 3 10°N.s/m

k.= 1606 10°N/m, c,.= 122 13°N.s/m

ks = 48 10°N/m?, cs = 308 10°N.s/n¥

E=1.61C N/n? r = 2,5 10%kg/m?

Lg = 15m,bg= 0,45m,hg = 0,50m

-Vdh t ¢ chuyd | rig: vV=15km/h.

-Cactham'sl i ° n Jgtinf@oan 9 thax= 4s,to = 0,5s,Dt = 0,001s

-S cac s hthgNd Yan \gkbEbIX ham chuyd v w = w(y, t): N=5

- Dthg quy It phan b ap sl td di n tich tip xuc: casin

- Kich thicht B D M ndthg xung parabol v L= 0,60mhe = 0,12m

Chu y Rag, 'Wed cling &hg kich thicht B D Mrgi. a hai mo hinh thi
trong mé hinh 1/2 ngargEs d ngdthg mtg gilm t ¢ v i mHuccbngang
kiwiparabal do L - “dr@nélini382s8lgeelsf nh€ sau:

he=0,12m,|p= 0,6m,hr=0,12m, I+= 0,6m,d=0,0m.

0.1

' [—Mo hinh 172 ngang
—MB& hinh 1/4

0.05F

1, (1), [m]

-0.05 -

-0.1

0 0.5 1 15 2 25 3 35 4
Thoi gian, [s]

Hinh 3.34: Chuy v th? g_ ndi ¢ a than xe
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—MO6 hinh 1/2 ngang
—M&b hinh 1/4

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0 0s 1 15 2 25 3 35 4
Thoti gian, [s]
Hinh 3.35: Chuy v th?®n g ndi¢ a du xe

30 1 : ' 1 —MOo hinh 1/2 ngang
20 —MO6 hinh 1/4
a0
E
= 0
~~
~
= -10
-20
230 | I i ! i i !
0 0.5 1 15 2 25 3 35 4
Thoi gian, [s]
Hinh 3.36: Gia f ¢ th? g_ ndi.¢ a than xe
5 x10°
—M& hinh 1/2 ngang (banh xe bén phai)
——Mo hinh 1/4
4 -
— 3 B T
&
R — :
n
1r , . ]
of g : —
1 | | | : :
0 0.5 1 15 2 25 3

Thoi gian, [s]
Hinh 3.37: L, c ti/p xtc gi a banh xevimtb * hge
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T. cac K} qul kh[o sat ta nih thby:

- Chuy v th?®n g_ndic a than xevacfu xe,gia f c thhgL ngg a
than xetronghaimé hinh © h o " n t oHinh3.3d-Hith3.86h a u (

-L ct/pxict banhxecoquyld nh<€ nhadicungmen g
th i W ihi | c ti/p xic ¢ a banh xe trongnd hinh1/4c6 giatrl nggd Lt |
(Hinh 3.37), QUnay la do trong mé hinh 1/2 ngafgtt n g ~ ¢ p&an b
LQ cho hai banh xe

- MH lién K} WMra vat ng th i gianMLK ¢ ahaimé hinh = nh €
nhauy Wicth\Wenquacad ehtrangyi ~ bg® trérHinh 3.37.

N h &dy, ¢6 th\khn g nhikhi kich thich haibén b 8&8nh xe |
nhau mo hinh 1/2thi cé tt\s d ng mo hinh 1/4hay thjchomé hinh 1/2
ngaMhlol s &§tngllng pbch cg axe.

3.3. KeT CHRWNNSG

Ch€hng 3 nlg« 2x @t dng qehd tading nd lhinh1/2
d ¢ va 1/2 ngang cOWJh hin " ngardlién K, bi/h dhg ¢ca " lhgva
sthay K2 chjtipxé@& Tr ° n "~ cAbméshinhaly, ludh 8§ n L «
thifldbh PTVP dngoahixe-Legkifhp.H PTVPd aongl
xuldiphatc a cledécha ph€hni hamrrieng b din d ang L
ca lhegbih dhgtrong dh ai’ ng hrp@® ‘& chuy " ilvQh PTVP
t heg, cotWyili "E¥og phehng Q@hd pchs€hng tr 3n
trong pfn mgn  Mat | a bxaydn gl &€ ho prm®plnSgEnd. L
l chcga ¢ MakHosatin h “tmg€amts yut IUh L 8 g, nd
|l chec .L-

Nh ngkJ/1 qul kh[o satnhch  “Lc € thAkh3n g nht

1) Cos khacbitrdrtvQ ngx ¢a ¢t r ko n gg htpreédinh
Ih v k h¥prhgn trg@vibk. Mo U € KM hi nt “@g MLK
trongxaydng ¢ 8c m? ngglad toladgnathe}. L
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2) V. i kich thicht BDMn * dthgxung thi MLKd x[y r a hihn s
kich thich nhiu chu I8lién ti/p.

) Vhtcchuy  dgcénh “mg€nWpl §mg nLHhMxe v©
t “@g MLK, v. i veh f c chuyM gl nthith igianx[yraML K clinn g

4AHTr ong Q@ ¥mgichthichvas t €©hnmy gila cac théng's
cadxe v hgthin® hinhl/4va mé hinhl/2ngangdho " n t o~ n t
thich d o Lcunglt@ ko mkich thich t B D M rithi md hinh 1/4 c6 W
thay thim?  h 3 nWkkhld / 28 thgll'n§ bch c ¢ a xe
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Ch€ehag
KHiO SCT DAO n. NG C, A D TD THE
KHONG GIAN

Chehnsgthi/pfldd m* h 3 mdy¢ addbothed mé hinh khéng
gian (full-car modelt r o nly n L’ ng@ntl lién K, bi/h dchg ¢ a * e
vas t hay k2 chitipx@via ‘loieM/h. Ot 1€ ckho satla
66 hai §uv, i h th ngtreo ph thu c, ' ‘& Idp mé hinh dthgmth dao
I, ngkhéng gian7 bd&ct d o ." ngbEh dth g ~ ¢bdM dj nbagm t thhn
L " nihihhch nhdtrén L ™inh tkKelvin chu lién K} kiwit a L hn
trén d" 4 chh.

H PTVPd aonglkah xe-L*ehgk}h p ’lcsy dng bRag cach
thilt I Qi ki ncanBa g, nd | c cho cac khi °~ hg® ad tdva phan't
thh biwi din  “lheebih dchg H PTVPd aaonglga ¢ hcod tha
ph€hng Ytham mehe Lngec LR PTVP" ng lg€la h
PTVP dngchuyi "ifnh 4pdng ph€ehng pdalékn. Bub
Trinht gilih PTVPd a ongéhuy “ilc T n gc gl i@ u.

Mts kifqu khfosatsnhan s o s 8nglga L € frong mo
hinh ko sat vi I Bgprang & ¢ ~ mgrh @ riengg a n6 (khéng W
mHi lién K} vathdb bih dthg ca " lhgdva ko satin h “ hg€am ts
y/juf titubMWWh LBp ndlchcga ¢ kbl hgctintebay
41.MOHINH DAO n, NG DY NG KHDNG GI AN C, A

Mt  h 3 n hng dihg khorny gianca h xe-Legk/fh pval ‘&
xay d ngt r ° n ap ¢hngcac gl thi/i L « °~ dtéhh baytrong i pim vi
nghiéncu 0 c¢ %oagglthi/J" ch€hwg 2 h3Ngoapgra, L Oy
gil thi/t thém Rag 6 td6 ko sat cé mt mHuph3 g " i X ng la nHphng
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thn g nlg L i ngtameca than xe,¥u  tcvagfu sau.

Tr °n' LEih~ hg®Ho sat vacacgil thif L « rd tiMkay d ng
mé hinhd a o ngltthg khéng gian ca h xe-L“ehgklfhpnh€ tr °r
Hinh4l, tr cacet Cienh§ 1,2 304di nchothanxefu tcr €
vacfu sauc, a 6 t§ véct N biWi dj n chiQu chuyd | rig.

e 8 _— 7 % F
“"I O 72 7 5 771 |
b a 6.J o | 7 F-——"¢a = pa—
ArsS icry Moy Ay 2 wory Kors %&mﬂ My S r@%ﬁ%
g 2 u, = ——T
; &j}ﬁ 2 ez W’W%ﬁ; T ;‘f*g—&?:f‘%:;;”
p Yas uﬂ‘f i&ﬁ?ﬂ; w(x, y, 1) ﬂjz - " ,HM:JM y N cj’jﬂf o '{‘H%iz;f :5'3
> T —
?+?+*‘ﬁ?“"&*?+§+% _ %+§+@-§+@-§+$
a) 6)
R
¢/
'.\!
S
£

Hinh4.1:M*  h 3 n mgddhg khong giarg, ah xe- L “ehgk/th p
(a-nhint bén pli; b- nhin t phia sauc- mHuph3g tVp xdc nhin_t trén)
Trén hinhve.
S, -tf ngtimg a tiin ch nhd biwi di n  ° lhggbih dthg;
S, S, So-tf ngtdmg, athan xe, u terd@sauBkhi ~ hge
(M, Jowe Joy), (Met, Jea), (Me2, J2) -LHO t 1 €nmhe g 3kBin Mg
(krj, crj) (V. ij=1- 4) - cacg, m 10 xo- gilm chhthu ch th' ng treq
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(Kij, cuj) (V. ij=1-4) - cAcg, m 10 xo- gilm chiah biW di n banhxe;

(ks C9 - h 106 x0, gi’m chit phan b bivi dj nnQv ainh t;

a1, @ - khalhg cach t tr ngtam ca t h ©h L ‘@@ tant ca hai
cfuLo t heo =apnga@hng n

2b - kho['ng cach trung binh ga hai V} banh xe

2c¢ - khol'ng cach trung binh ga haihang nhip, bén trai va bénlph

Lo, Bphp-Cc § ¢ Kk 2cg Bibrich @hd biwidi n " Ihgebih dhg;

A -tén gi, c [ n gli nltich ¢ a w7 ti/p xdc € banh xe th j (j=1- 4)
khi mHilién ki1 khéng Xy ra;

D - L \kh ti/p xtc d ki trén b * hgeD; 1a tam ¢ a W} ti/p xuc
th j khi mHilién ki} khéng Xy ra;

1-1i,2-2,i3 3,4 4,5 |, ...- L\Wwh lién K} ¢ a cacc, m 10 xo- gifm
chit (5 Dy, 6 Dy, 71 D3, 8 D4 khi mHilién ki3 khong Xy ra);

(Un, / by Yb) - €cac thanh pfn d ang ¢ d’than xe;

(U, Ya) -cacthanh pfn  d ang¢cddu tcr €

(U2, Yc2) - cac thanh pfn d ang ¢ ddu say

w(X, y,t) - ham chuy v ¢ atih b di n  * Lhgbirh dhg:

(Up1, Upz, Ups, Ups) - chuyi v th3n g ndi¢a MWhit/p xic d ki
trenmtb "B @ t @bwnig tric a4 banh xe;

L €u wfHinh4.1thAhin m! h3 nglgal seel g klh p
tdv t r 2 tnhikigtHic[c § ¢ | Q nox toongltEhg thai t nhién,
I ng th i c[ 4 banh xe cungfp xic vimks * BgeHinhvec T n §hi b h
t2nh nhi®Qe t L2 ti¥hhge° i c 8tnggndc@leac dghi n
| “@g thu ¢ mé hinh.

B[y thanhphfn chuyd v ¢ athan xeva haifa L « t r 3 mémttbb = vy
thanhvéct ba . guyrngc a0 to

q\/ =[ub’ l,'jb’ \()’ <:I1l cly cZ’u CJT (41)
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42H° PHhuNG TRCNH VI PHAN DAO n, NG

421H h®hng tr3nhl vicg ph®ntédao

H PTVPd a ongl;ad td €L ‘& thil Id bag cachgili phong cac
kh'i °~ hg€@han xe, u tcrcf@ say kh i cac lién K} 10 xo, gi'm chbh, vE
s h” chul cgachingvavi/TL@kincan®a g ndl ch ct €©h ma
V. icachtt do.

Sh” diul cg athan xe,fu tcwvad@Fu sausau khi gfi phong lién
k/T °E ®Ahi ntrénHinh 4.2. Hinh € khéngbiw din s kehull c ¢ a
cfusaudadthgchul cganého " n t o  sovic@hng @

-~ - Fy ©
Mgy Iy Fro —;%; |ﬁ’;}%’;
Y S L‘g ¢r

7 b | b Fry

Hinh4.2:Sh” ciul cg athan xed) vadu tcrbe

L. ¢ tac dng Ién than xdaog mtr ng| ¢ Gy, (Go=myg) va | c t 4
¢. m 10 xo-gi[m chsh Fyy (j=1-4). L, ctac dnglén du tecrg@trng |l c
Ge1 (Ger=mug), | ¢t 2¢ mlo xo-gifmchehthych treoFj, F, val c
td hai ¢ m 1o xo-gifm cheh bW din b 8§ ndfFy, Fie. €

L ctrong cac.cm 10 xo- gifmchahthuch t r e'oc  x@lcthotig
quachuydv th3n g ndigca c Bdcgdl it ©hgn g

By =ky(u; -u) &y, v, (] 1) (4.2)
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Tm: h3nmggaao t!,"cta t2nh L€

W=u, 4al, €y, U5 U &

U, =4, +81L,,‘,|,b T U 5 U (4.3)
U, =4, -au, €.y ;U 3z U T,

u, =4, 'azl,jb Ty 42U 3 U %

Thay (4.3 vao (42) tankth  “lc 8 th ¢ cach p | ¢ 10 xo- gi[m chth
thuch thngt r e cvif€€thwWh h€: s au
e =kpf(u, oy ) Cy 8,0 HEY [+ g
iFTZ =kof(uy -0 o) ¢
TFT3:kT3[(u(2 +0(<2) ('
PR =kul(ug -0r o) ¢

'l’Dl-I-(.CbY-l. b t )l ‘
Y 0 by 86 U (e, )] (4.4)
Yy 3,0 PEY MHEe  Wr(CY- )l
Y 5a i -t)]: Y L[l(+- & .LQ' ('CbY'z. b U.)r]
L ctrong caccm 10 xo-gifmcrEhbMidin 4 b § hch xx@t L€
théng qua chgi v th?n g ndi¢a c Wcgdalirén duxevaca c¢ 8 L
ti/p xac d kish:
T'éFLf%?_l Sk W (4 ¥
(Famsh Slh(b 0 ey v 5
IFL3 =5k k(s W) (g W
FL=sF Slk(w, ¥ ey U

t r o ng(j=1:4)la tham s trthg thai tip xdc H 4 banh xe,F; 1a gia tr
kiwh tra ¢ca h p | ¢ 10 xo- gilm chih biwi dj n banh xe th j. Céng thc
tinh ¢ a IfJ labWith ¢t ©tgmRn trong dal [(.)] trong (45).

Cacchuy v trong (45) 'L€x8b hh€e sau:

uDl = WDl +rD1’ u5 EF(:1 W'C]_,

uDZ = WDZ +rD2’ uG GCl bB( cl’ (46)
uD3 = WD3 +rD3’ u7 EFCZ W-CZ’

l"ID4 = WD4 +rD4’ US EFC2 b&’ c2

Thay (46) vao (45) ta nich  “Llc€bngth ctinhh p | ¢ 10 xo- gilm
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chbh biwi di n cacbanh xe:
AéFLl :si{ ku[( Vb1 +rD) ('ucl b&'?)] ({[ﬂ' W '[)1I‘+( ' al . ll}b\
iﬁzzsz{kuu Wo o) (U byl oW ()
TFa=si{kd( v, ) (U, bl o "W (U 7 )l
R =sd{kd (o, +15,) (U, BY )l & W o (Tsu” b
Bay gi cothAWisth p h ©h n gcant®agh h K a than 6 t&va hai §u:
?ﬁ]oLlo = 'Gb 'FT1 F‘Fz FT's" FT4+
I‘belljb = El 1a+ T2Fl aT3 2 F -@4 2 (48)
:'besz F. ¢ oF €5 F=f
\Iémcluclz 'Gcl 'FT1 I:TZ FL"I FLz
|,‘JC1Y(:1: -FTl C+T2F Ctl F L-p
‘I.e.mczucz = 'Gcz 'FT3 FT4 ng FLz
I"ch\'('czz 'Es C+T4F Gt3 F L'p
Thay bMi th c¢ a cach pl clo xo- gifm chEnt (45) va(4.7) vao h
ph€ehng 8- (30hrhith(chi.ncac bih ~ilcfn thifta nkch  “lc®
PTVP dgpa L' t1 (7 mhetbdacg dda):r 2 n h,
mb=-mg 2(¢ Y 2(ca 80, 264U 2 ¢
- 2(ka -I.k'l'r)ub 2(K’fq Kfr Q)Lljb 2 Iﬁ c.{J 2 Tr+|€2 u

. : 2 : ¢ o
Jyly= 206G a1 6) @ 2y &F, @, fi 2 .6 ¢ (4.12)

- 2(kaal 'krraz)LB 2('%4 Iﬂ' é)l’jb 2 lﬁ 1ac1uz Tr 2kc2 a
‘bey.b: -2( q:f -hl'r() 2.9 ¥+Tf Z.Ql Q _'Hz. c:
- 2(ka +krr)C2Yb a'lﬂ zccly 2+Tr 2kczc
mul, = Mg 26y 24 dl, [2G (,5,) s ¢ (¥ 2) 8- ¢
+t2qu, 2kal, Rk (fs rslk (v- )% S k by (414
+slg (W, +6) K(w, ] g6l W, R+ k{ W, F) A

(4.7)

(4.9)

(4.10)

(4.11)

(4.13)
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INa=26 "Co¥(y 8) S acl2byd (+c,)ey’l's, s
+2k. ¢y, (s B, kb, ? Ktc,)+ S| .5 k+b y (415
ol (W +6) k(w ] shel W, B+ kW gl
myl,= M9 2G4 2-¢ &, 26 (5 94) sf*]‘g; (U s -d
t2qu, -2k al, Rk (3s sl k ( $ & k by (416
*5[G (W *h) K (e )] S m .5)+ k(w0 8l -
IN2=26 "¢, ¥(5 8) S ,Cl2b 0 (gc)e 1y, s ¢ !
+2k. ¢y, (s -B, K, b2, * Ki+C,)t, S] oS k b y (417
s (W +h) X(w: B sbhe(w ®+ k(w 5l
Khithanhtph PTV P dngotrérlucdh 8§ n dlng cashth c
sau (xudl phat t th ¢ UJragcac ¢ m |0 xo- gifm chiah bén tréi va bén fh
c acungmtcful ‘@ thifk/JLW6_ngx L nglchc nh€ nhau
kn=k, 3, ks ®), ks ko k3 KoTks ki =Kk,
Cri=Cn T G By G Qu Q7 Gp=G3 G4 =G
trong cis "f'¢"8"d €hmay icfu tcifrént)va du sau(rea).

(4.18)

422Ph€hng tr3nh vi Lpsh@m dao L, ng c. a

N h € trihhcbay trén ° Bg®i/h dhgl & ld mt hpdéhg d €
tthch nhd L7iwichQ d 'y ‘ktehmy W nhKenlhvi n nh
trénHinh4.3.

p / _________ @_ i'_:;Zf’;a___;_T,___'_@___'_____ o
"—'—M A
A __74 - ®___
P I %
EEEETCEEEERELS Sl
Lp

Hinh 4.3: TE L “itrénmQ L ~, bKelmirhbiWi dj n " Lhe
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Lien K} cathnlalién K kWt al hn 4 é&hh Ve |i u thin
I ‘& xem thgin nttl ,  Titugh tmh,yvi cHEc t E €ncgmdt b n h
L " RiEMM6L ulh™ hi hitt®, & s Poatxébngnvakh' i °~ hg@éngr.
TrénHinh 4.3,h 10 xo - gifm chih phan b (ks cg) biwi di n_ ng x
can@ L " nKelmirh Hinh\Ec T n W djmni4 v/} ti/p xtcc a4 banh xe
v. imHb T Bggkhi nHilién ki khong Xy r ag , L § €1 /4. Ham
phan b ap silip=p(x, y,t) ‘E€nth nghoa  timtiaghQmee n b
¢ athih ch nhd, mtbdunéch'th ¢s ' ntdtrén cac v ti/p xdc
Tr°n Igthuypeteh L *in " & ithi utrong[2], co thathif}
Idp c8&§c phehhngiquanh hithhmvd t1 T v~ pih€hn
phandaol, nggatihch nhd L7 ibiwidin " Lhegbih dhg (S d ng
gil'thiJt Kirchhof-fLove) nh+€ sau:
1) Cacthanhgmchuyiv t h e o 3 (xp,tz)€ la n\h bH ks:

eu=u(xyzh = z vu

ivzv(x,y,zi) = Z yu ) (4.19
tw=w(x y, 9
2) Cac thanh gin bih dthg:
2 2
e, =222 e z=ﬁ”‘—;", . L (4.20)
MX M Xuy
3) Céac thanh gin_ ng skt
é E E 4w pw 0
is, =——=( . +)ne—=
,:\ x 1. ﬁ(x y) 1 _2§X2 u y2 ?l
{ E E au’w  fw 0
is, ——(.e +) 421
o TR Y “Hy e R @29
)
i, € g Z-GMW E ﬁw
|

xp- 1 4R p
4) Cacthanhdmnil c:
nWthanhldp céng thc tinh cac thanh gimnil c,t “@ g~ ng €d. ng
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cac ntbedyvubng goc vi haitr ct a | Dx, Oy I'Wach ra mt phan t thin
hinhkhih pch nhdv ichiQudaicacéhhdc hai QxlO@fmn'g €
la dx, dy (Hinh 4.4).

(00 + 5 ty)ax dr (Mt Gdy)dr

° oy oy
‘ iy pleyy)drdy :‘[4/(% S
z Medy i D s e

My dy 7~
P e - dey I
T oripee

Myrdr @ydr (ksw%@%’-)dxdy
dz -

Hinh 4.4: Phan't tbh cing vi cac | ¢ va momen tac, chg
Céc | c va mdmen tac, ahg |én phan'ttbh bao g m:

-Tr n g ° ng #n than ca phan't, dG = r gh,dxdy.

-L cquantinhdF, =

-Ap | cdo s ti/p xic ¢ a cac banh xedQ, = p(x y 9 dxa.
“Lcgarmd L rKelvinhdFs=k wdxdy +cs“‘jv dxdy.

3 a HQ )
K gy By, Qax, 50, + 2 dy g
MX = C Hy +

- Cac | ¢ cti Qy, aQ +

- Cac mémen n: M,dy, S‘éle +%dx ay, MydX, géV'y
¢ KX - ¢

- Cac momen xda:

a UM,
Mxydy’ é\/l Xy + >
¢

X dx 8)’ Myxdx, évlyx-lp

o &

V. i cac_ng sWitinhtheo (421), tax § cnhll*& cac mémen ril c:
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e hy /2 2
M, = ) szdz =D%V ) ﬁ\;v
! /2 KX W
I h
N p/z 2
‘M, = & szdz =oAL AW (4.22)
i /2 HY K
,I\ hp/z lJ.ZW
| ~
~M = tzdz 2B
T e
Eh® o . .
t r o n=nD; Dx= D(1-n)/2, Dszﬁ)(Dte c g i |

c., a t blm).
5) Ph€hng tr3nghatshi ph©n dao L
Bag cachdp ph€hng t rad g h mic @en Hal'trcy, xva
ph€ehng taglch tdh@m zipapeann tgh trénHinh 4.3, sau
I -, gha cac vo cung bébcao va rat'gn, nhdh  ‘le:e

O e

T KX M

T um

My, Mo 6 (4.23
T KX M

(RO K cs— VY gy

Tx M i

Thay (422)vaolmi p h €hfug a(t4.23)3F°ri it rat’

& a 2

7Q, = —u‘;ép%” @, 28B,) y‘ﬁ”

{ ée o X (4.24)
i w

g, = Lo w, 21

P g W “

Thay (424) v " o p h €©hba gong (£3) nifsd ¥4, ching
tanhch Lc®TVPd a onglk atinch nhd trén i L~ thKelirhbivw
di n " Lhgdi/h dhg:
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p'w w o wo e w
D—+2(D. #D,) B R ¥ C.—+ KWw+ 4.2
X ( k/ Piz Yﬁ y4|J p tz |JS t ﬁ F(x y“) gh ( 5)

C

Ph €hng (42% BAmh p h€hn hiamrrigng.hNghin ¢ a
ph€ehng wwixnyh)cfnthy m« n Qdkishdién’sau:
ewW(x, Y, O[lo=w(x v, ], =0
TWOX Y 9 lho= WOX Y, 9}, =0

I 2

THWG Y D Awx D

| T 9 (4.26)
I IJX x=0 N x:t_p

|

TEW Y D Xy ) .

T 2 2

by y=0 M =

4.2.3. H ph€ehng ter,3@hh hvi phon dao I

H PTVPd aongta c H ahkifosatlas k/fh pcga7PTVP
t higt (4.1) Jpl4.197mdéTd aonglkadtévap h €hn g dbthant n h
riéng (425) mé d a ongk a " lhee

43PHhuWNG PHCP BIVNBDA® n. NG C. A Cu H’
431.ChuyWn h° PT&Palam Lv@Ggh PTVP t ht

Dochap h€©hng Wtham néhg (25 n ° nhtlii Wi hay h
PTVP dngoa Lcle hieswilt heewnr@ qua kh- kht
I ©yl ngdnsg ph€ehng viGas e VRuemrP®/Pd a gngl
xuHl phat vQm th PTVPchuy ~ ilch  bao g m cacPTVPt h 18

Trinht t/h h”" nh nhe€e sau:

nfu tién, ta x5 X ham chuyd v w(x, y, t) ¢ a tih biw din " [he
bi/h dhgb3g chyi ~ hg@iac képau(th a m«Q@ki tikién(4.26))

Wzg %Tmn(t)sin(zm_ D K2 3

m=1lnd p B

(4.27)

p

tr 0 N gTmd) - c&c ham £n tim, ph thu c th i gian, ngvit ng dp s
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nguy®°n (minEMnNg- giatr | n nillg amvan trong chui s dung
LWk X, | i ° h Socéicas thd ¢ a chui (4.27) v ‘thinki xac ca
kJT qul tinh toan.

CéacbiW th c| “@g giaccung bih $ (x hatby) trong (3.2) th a méan
tinh ctditr ¢ giao:

kil=1, 2 (429

© - - c0: k, |
(20 @ D) py 80 k.
) C C iC/2: k=1

Thay bW th ¢ ¢ aw(x, y, t) theo @.27) vaoPTVPd a o ngl4.25) ta
nhch ‘lc®t p h €©h dXyxutilad emgh

FOyt) +p(xy 0 = ohy (4.29)
trongMtieFOhyit)lamti ngmamis hthgga nQicé thg:

f(xy)= Am(t)sin(sz Y I”"sin(zr‘B Hy (4.30)

p p
(vim=1-M,n=1-N)
LFn "t m=1-M,n=1-Nvanhanhai¥jca ph€hn4p9t r 3 n
v, i cac bwi th cdthg:

sinZC DR Dy (4.31)
L B

p p

r ilBftich phanhaifjca p h€©hn gh tlc@emtban nd ntich bQ
mHug, a tih ch nhd (bi/hxt 0 JHL, bihyt 0 JUB,) , c/n¥nhl L
tr c giao 6.28),tanhch  ‘lc® th PTVPt h g dip hai c6 dhg:

/1 6“l\g hp

2k~ 12 -1p? (432

. . 4
JhTe ()T, t fH)T, ¢ T) WPt
" LB,

(k=1- M,I=1- N)



123
trong L-

2

€2k - 1?p®> (A -1 o

Hy =ks +De( Lz)p g' Bz)2 g u

e p P G

Lpo ) )

P.(1) =f qﬁxy,t)sin(ZkLl)pxsin(z Blm’dxdy (b
00

p p

(a)
(4.33)

DomicHhs nguy° n kd)&chognt( p h€©hnlg (432) 2 n h
néns | @gc § ¢ p h€hn gragt(M3 R)nNti My BHoreblic nayla
tinhcachanP ()t r ong (c4 . x380dhed(4.83b).

Ham P, (t) ph thu c vao quy lut phan b ap s p(x, v, t) . Nhe€e L
bi/t, ham phanbap simtb di¥% Bl nghoa  Himtiohtt o n
mHug athin, n h ©n g "tmes fecnht trén v tich xtc ca cac banh xe va
I ‘& Iby theo gl thif.

S d. ng d“hg (2.10) ¢ a ham phan’'béap sudiva g thémchs t €hn g
- ng(1, 2, 3, 4) cho m banh xeta coé tWist 14 (4.33) nh€ sau

P.(t) =rp-,p W)U(x)sin(Z"l'_l)p Xsint@ DB gy, (4.34)

00 p p

Do ap stliphan b ch'th cs ¥ ntdtréncac viti/p x YacWinh® n L
I ‘& tich phan (4.34)fo0 x Slcadeh t 2 ch pm@®wni,4 vl €hn
ti/p xic.Cact a | K vay,; t4 vi} ti/p xtc ¢ a banh th j (j=1+4) ch nn
trong khdngt €h mg[x”, X1, [y, ¥/’1 n " o. Giatr ¢ a cac eh
tich phan[x??, XV, ¥ ¥t €hmgvi 4 banh xel. ‘& x &kt L
Hinh4lcn h€ s au:

gxV=05L, 40 0.5, %" G, a+ 0.8,
|

T =05B, -b 0.3,y G5 b- 0.3

EX?9 =051, 48 O, ¥ G&, a+ 04,
1y? =058, % 05,y G5B b+0.5%

(a)

(b) (435
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P =05, -3 08, X0 &, a- 08,
C
1yP =058, -b 0.5, G5B b- 0.5
=05, -3 05, %7 08, a- 0,
Ty1(4)‘055 H 0.5,y 0658 b+0.5
Thay @.35) vao @.34), tanhch L' &
¥ y“)
" o . (2k- Dox  ° 2 -1
P, =4 PO {U, (9sinZ X gy g8 D g,
j=1 (i) L B B
X p % P
hay.
4 .
P, (1) =8 ROL” (4.36)
j=1
P %-)p, * @ 1
W= Y, (X)Sln(L—)pxdx gﬁm%’ By (437)
X1 p Y 0

Giattga ¢ c hg®’t h d yliénl, ¢ theo thi gian cing vi s
t hay K2 cclgatabti/p xic. Ching cé it 2 n’hc d | @0 céac
k2 chchHinhegatih L ¥inv thr 2 { i€ mmahinhd td trén I
mHbtbih v © ¢ 8 cccla®¥ctifp txhAe  Kihh@&lct r ° n

Céac hamP(t) trong (4.36) c6 th’ ‘& biWi di nquacacta , &uyr ng
¢ a 0 to va cac hamq(t). Apd ngcodng th ¢ (2.13) cho t ng banh xeta co:

P)=— S o ¢ Dk (4.38)
j | (J)b e j I gt .
Bi/h dthg ¢ acacbanh xetrong4 . 3°8) xI18Kbi:L
DZLl =, 4 ( W, 51)' ( u,- l¥ c])+
DZL2 =, Y ( W, 52} ( u,- b( cl)' ( 439)

DZL3 =,; Y (%3 Bs} (ucz_ W cz)'l
DZL4 =, Y (“%4 I’D4)' (Ucz' w cz)'

nWtinh cac gia trwp; (chuywi v ¢ a t5h biwi di n * Lngbih dthg t
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c 8§ cwh i/Jp xtcd ki/J), Lfu tiénchdngta tinht a | (X, y) ¢ achling da
theoHinh 41c:
%1 =Xp=0,9 L+ay, Xp=Xp,=0,5L,- a
% Yo1=Yps=0,9 B, - b, Vb, =Y,=0,5 B, +b
V. i ham chuyd v ¢ a t5n  1'caby theo (427) va (xoj, Vo) X 8T
theo (440),tatih h ~ ¢ €

(4.40)

M&,$V0=a aLADnﬁ

iW
1 m=1n# .
i (=1+4) (441
0 DY) NN, :
’I‘WDj WV( XDJ yDJ ) :a. a.Tmn(t) (nﬁl
I [.It m=1n3
trong L - :
ct) :sin(zm_ D Py sin(2n Bl) XP (4.42)
p p

Thay bW th ¢ ¢ a wy, va Vi, t (4.41) vao(4.39, I'i mang K} quf

nhdh “lc@tlvéo (4.38) tavilf & M th ¢ ¢ aPj(t) cho t ng banh xe

~

& /M N
0]
H_(t) = (1) ekLl ﬁ a (t) C(l) D1 H cl b-ycl O
b|_ I e (}m—l n# -
(4.43
) ) . @
+C,y a@ (t) Con Hopy H a PVa )
Cm=1n4 G
e aN 0
PZ(t) - b S|2(2) ékLz a@. a (t) 0(221 Hp, Hy b'ycl 0
Lo e Qm=1 n# -
oM N (4.44)
4
*tCp &a a (t) 0(2) Hp, Hy b-B/cl g
Cm=1n%
e av n, 0
10 :%ékwa@_. Tu(DC5 o He BYe
0 & Gman ' (4.45)
aM . 4@

a.. . .
+Cys aa Ton(DCoh Hos 8o b g
u

L
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S é é M N 6
P(t) = b, 1Y gkm al ala(Y Ci) oy b, b¥, 0
m=1n# -~
o n . (4.46)
+ CL4 @- (t) C(4r)\ +rD4 H c2 b-&/cz l‘ﬂ
Cm=1n4 u

Thay bMd th ¢ ¢ acac hanPj(t)” trénvao @.36),s au L -Wthleay
P, () nhdh "lc-@io ¢.32) vasd x/p 14, ching tanhdh L ‘@& m th bao
gmMIN)PTVP ngbMBdjnd aongbal™hg nh€ sau
r hpfkl(t)- (& +Paly, €70 b
bY +f)e.n, 6B Mo b, yA+A T

m=ln3
(b kU 6D WhRD LY (4.47)
M N
(3) + éf))kLr L{:Z (_ (% b(4))kLrb%2 4a a Iriﬁ-rmn(t)
m=1ln2

16r gh A : oo
= (2k- 1)(2 : 1p° a (béj)ku I ﬁ)cu 'bj)
- - =
k=1, 2, ...M; 1=1, 2, ...N)
trong L-

Lo €8 % ey (4

Gr CR % oL (R R c“% Ky (448)
po =4 _sjlé.’_), y £ m=k An 3
LB, b 1" ™ {0:(m, k) qn )

ThaybWithcga c9c’ hd®,, , W, (j=1+4)theo @.41) vao cac

ph<e€hng4mr@IMHmoWdaonglsahai gu),t a c Wndgn b i
I ‘& chingqua cad a , &uyrngc a o tdva cac hanTm(t):
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Myl = Mg 26,4 246 a8, 26, (F,)8 6 (U 3) 8- ¢
+2k U, 2kial, Rk (s, rs) k (U-,)% S k by

+0, 8 dl(d(sem 500 & &.0T. % 9

m=1ln# mEnl=

+5(G by Hih) $(G 6, ki)
‘Jcchl=2 q’f ZCb Y( 1 '%) Lf S. ch[2 bl'fl} ( 1+C 2) G_Lf 2) .Scl S
+2k Yy (8 By Ky HE ® K*tCy)4S) s kI
M N M N
+CLfbé a (D(%Ga) - (nz1 i kabam( )(-E (T%J 2'3(2}?

m=ln% k Bl 1=

+ %d G+ .51 + ka rDl) 'Szu G .rI'DZ ku roz)

rncZ”czz -rTl:Zg 2-C“rrq) Z-Qrgjb [Z'Qr (38-4) %Ir-]& (ISI -4) s_r - cg
t2ku, -2kal, Rk (4s sl (Y- ) S k by

+CLré. a (t)(S:;G(3) +§(nib +Lra( a.mn( )-q-3 (ﬂn SEF(#) S

m=1n2# k El 1=

+%(Q_r il‘D3 +K_r 53) ‘Tﬁ( Qr '54 K-lr- 54)

Jc2Y02=2 Qr 2Cb Y( 3 51) LrS. c2 C[Zbrrlf ( 3+C 4)e||-_r 2) .%2 S
+2kTrC2Yb _( § _4F Lr kc2 u:ijr ? (k3+c4) -tr 52) CZS k t

M N M N
+CLrbé. a (D(%G(S) - AS (rib +Lr kab au( )(-I; (::1)1]; 4-5(?[3$

k=114 k El 1=

5,006, b K ) -s,b(G, b K, bl)
nh LI®PTVPd aonglkdiphatca clkécha ph€hng t
'y ham riéng’ & ‘& chuywi vQh PTVP chuyd " ilg’ m (7+M.N) PTVP
t hrg(4.1) (4.13), 449 (452 va (4.47. s nhamtrongh ph€hng t r ¢
nay la7ta , Buyrngbiwidin d angc dxe vaM3N hamTy(t) biw
din danggcd "lhe

(4.49)

(450)

(451)

(452)

4322DYng ma t PdWPcdaohl ng c_,a ch h’

nWkiWh soat vic t 2 n Hu térndhn L €8 ngk&pdy theo hai
ch's (k, I), hatb (m, n) trong cAcPTVP chuyi " ilvQdthgtng L. an c
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duy ntiim tch s | theo quyéb Lt #8\Whi n trénHinh 4.5.

(n)—=
k(m) 7 Z N
¢ 7| k=8 e NEEM e e -\ =8+(V- 1)l
2 r=9 A=9+H AN=9+(V-1)l
W | h=rru |N=r+20] oo h=7+MV

Hinh 4.5: Quy tdb chuy t ng theo hai chs thanhtng theo mtch' s
Blnchblg avi clamnaylash xp v =~ "U%cadcs hidggat ng
Iby theo hai chs theo mttrinht g u ynh.IC62LH Wih cfn chiy 1)s
cac S hthg ¢ a cac'tng kép 1aM 3N (dok, m=1- M; |, n=1- N); 2)m icHp S
(k, D hay (m,n) t ©fgnm gm ts hthg trongtng kép.

I @g€s dngchs L hinel (k 1), hayl=l(m,n) t hé&adréns h L
Hinh4 . 5, t r o nsghargak hotd o, cac ¢ths ¢ tlal hotbn, con
cons  trong 6 lagiatrt €hmge al.Céngthct ng qWodAM th L
cacmiquanht r °n LO©y | ~:

| fm HYM n,1 fk DM | (453)
V. iquy tdb chuyd “ilch's * trén, co thwist 19 cac t ng kép trong h
PTVPchuwi g dthgtng L hnngnéBngau:

MON TN COMON TN
a an.mel=""gamtVe a &OT0. =6 A Y 459
m=1ln# 18= k1E1 = 81 =

nh Loy Wi/rh PTVRd a gngdthgchuyt “ilca c¢ch h
(4.10)- (4.13), (4.49)- (452) va (4.47 d @ dthg ma teh:
Mg+ Qaq kR G * (4.55)
t r on N, [C]; [K] [& cAc ma ih vubng &p (7+HMN), "Ef r ngt ma
trchkh'i ~hg@matthdnvamath  Engcadtd;qglavéct ha L



129

suyrngm r ngvaF lavéct hc kich thichm r ng. Cac ma ith vavéc
t B’ x'@hg thWhh€ s au:
-Véct ha | guyrng:

q=[u, 0y ¥ & ¥ c2Uer oeen T rees Tuwnd (4.56)
-Véct hckichthichmr ng:
-m,g

0

0

-my g ts(ki b & 6) K KB GRD)
%b( K_f b1 T G; .rllDl) -S t( lﬁf b & ‘Bz)

- n1czg +%( K_r 53 Qr 53) %( lﬁr I£4 Qr+|54)
Ssuk_r Bs+q_r ES) ‘%t( lﬁr s -@r 64)
16 gh, 4 N
- sz 'az-l(bl(lj)ij rDj 'lﬁ)CLj rDj)

i

161 gh 4o o
) (2k _ 1)(2 p_lpz -a (blglj)ij rDj _'ﬁ)cl_j rbj )
j=1

T
1
(D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D~ (D

16 gh, 4 N (457)
A (6P s HeL i,
g (2M - Y(2N -1p? ‘21( i o)

-Matrch khi ~ hg@] la mateh °Lhgchéo:

[M] =diag([m}, dy» Joo My d My Il By, B s 1) (458)

-Matrdh | E ng [K] c6 (7+MN) hang, th t m i hangvicac pin t
e x8d Bhe€e sau:

[Kli]:[z(ka +kTr)12(krf q _K'raQ)’ 0, - 2ka , 0 'Zkrr’ 0,
{0,0,0, .., 0]

[KZi]:[z(kaai- kl'raz)’z(K'fé +l$ra22)1 O’ -Z<Tfal’ O’ Zﬂ'r% ' O
{0,0,0..,8;
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[Ky] =10, 0,2(ky +k;)6?, 0, -2k, 0, €{ 0,00, ..}0

[Ki]=[ 2y, 2k;a, 0,2k, + (s, +s) ki, (S -9 k bO, O,
{-ky(sc® &), ... k(s & .. ks, wcs,

[Ks]=[0, 0.2k, (s -s)k b2k & ¢5 H k%00
{(-sct) &, @) kb .{ s stuFkb, .{ sinc 5K d&b:

[Ke]=[ 2k;.2k, &, 0, 0, 02k +(5 +$)k (§ -9 Kk b
{-k,(sc) +5 &), .. k(s F stb, ... kEs e sdE

[K:]=[0, 0-2k,¢, 0, 0(s -5)k b2k & ts & k',
{(-scl) B, @) kb .. s F stupkeb, .{ s;mcs, ) kH
[Kg]=10,0,0,¢6Y )k, ( $ Ghkb, ( L6 Dy
- 68 + 4k, b{ G..., UG .., ¥B ;

.6 (459)
[KM]—[O 0, 07 (BY, + &)k (Lf% Fbk b ( B “yig,
b + Bl 1B 5B B
e é

€K7+MN,i 5[01 O’ O'_(b&l)\l +4fr\)1)k|_f ( '&2 ﬁbkubl( |E'A3|31b IE/I4I\)3-|q_r
- bn MOk 6 G B

-Matrdhdn[C] "E€x'aht @hnmh € ¢ha Etng [K], bag
cach s d ngcacky hi uCv * thay choctbkyhiuKv ™ 4 troag ct
(459,v i YL hge Tce x @icthedicong the (4.48).
43 3. nilQuu ki n

niukin fI' L ©@yl ngccdh® t @hmhgsQu ki n fu'trong
cacmd hinh1/4valk« tranmdée Bheo,lLMukin Fl t €hng
ngv.itrtthg t hig&vifomhe€e sau:



=0, d] =0 (4.60)
Véct bhuywiv t o g, i ‘@  x 8fcbad cach thy (4.60) vaoPTVP
chuy g dthg ma teh (455) ¢ a h va suy ra:
[K],G,=F, Y d,=[K]JF. (4.61)
t r on[§], E-lagiatrtdth i Whi b Fni=0l¢amateh A & ng
[K] vavéct hc kich thichE .
TU4th i Wh i b &y dolke chy trén ntb * hg@Rag pHng nén
s =1, 0,0, 6(=1:4) (4.62)
Thay (4.@) vao (4.9) tanhch ‘lc€

-~ e 16/ g
FO:é mog, O’ Ov Hll 91 01 n@z 9, 0; ]pzhp y
’ : (463
16 gh, 1 §h, o
- > y see oy u
3p (2M - (N -1) By

nWim [K],, ngoai vic s d, ng cac gia tr(4.62), cfn X ‘Sikch pll ¢
trong cac cm 10 xo - gifm chish biwi di n banh xe théng queacphln | ¢
lién ki1 t4 v} ti/p xtc cacac banh xe, imtb " bhg€ trth g t h Fi
L@kincanla g t adtht & Xntc ELe

é 14 4)
1 Fi=F R R —zm mﬁi &
i 2°¢ ata -
| . . (4.64)
T=0 _ o la a 0
’I[ FL3 - I:|_4 :Rs Rza E‘éfmz % Ef

Bi/h dthg ¢ a 10 xo bW dj n cacbanh xe Dz[’j) va chiQu daic a cac
viit/pxac @dg)” thg t h §lic tx¢BrchiLL €
DRk d glE (6 2)BEGEL2) (4.65)
n/h Lddgng ta co tht 2 n'he tHclecac pn t ¢ ama tich [K],

t

QT
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theo(4.59) v =t 2cnghthet (@61)
Sau k h'icqg G thAt [3@n c hia® chuyi v ¢ atih® trthg thai
t o ridy cdeh s d ng cong thc (4.27):

w’ :'aM‘ N'a"Tn?nsin(zm_ D &gn2n 3y (4.66)

m=1n2 p Bp

C8&8 dl Lhg®® trong (4.6) lacac pint t th 8 Jith (7+MN)¢ a
v®ctah fuyrngd,.
434Tr3nh tPTYPldab B obf h’

Hph€hng tr 3 nW  idthg mahed (@.55cch vy ‘& gil
b g p h€hntheoprihh pau:s

1) Gancac thong sl i ° n Jp o ® Rfokat, Bhvan L " n_tnh
biw di n " Lhgebirh dthg, vch f ¢ chuyd | g, cAcgid tf ¢ aM vaN thw
hin k2 cdg atcHyieiW di n hamw = w(x, y, t). Tinht a . Bac tam
vJ/1 ti/p xGc H m i banh xe Xp;, Yoj).

2) M6 t[ toan hc bién dhg mtb ° hg@rénhaiv t banh xebén pfi va
bén traithWhi n quacac hantp(t) var, (), j=1- 4.

3)L achnquylutphan b ap sl . T r °Ln- , c hrRh&séc hdm
Ui(x) vatinh gia trtd ° hg®? (H? ) theo(4.33a) vac? theo (4.42)

4) Ch n khdng th i gian tinh toan [Otme] V. "C tirh ER.

5) Tinh gid tr ¢, c avéct ha  Buyrnggtdthi Whibeguwm L
theo trinh t sau:

-X § cnhHt pl ctrong cac.cm 16 xo- gilm cht (FS) biwi di nb' n
banh xethdng quacac thanh pfnphfn [ ct Lgtdthi Whi b dm L
theo (464).

- Tinh bih dthg (Dz),) ¢, acéclo xo bW di n b n banh xe va ckb dai



v/} ti/p xtc(dg)

-Tinh giatrc 8§ & hg€’, 1" theo @.37) vacong thc

trongBlng 21.
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t ©rtg thgo (465).

t emgn g

-Tinh cac giatrb? ( ¢ 1T afg’),IF¥ vaGc (k,m=1-M, I, n=1.-N)

theo cac cong trc

- Tinh gia tr [K], ¢ a ma ten [K] tY th |
-Tinhgiatr F, ¢ aF tdth i

trong (448).

W i b futhed 4.63).

-Tinh giatr G, ¢ avéct K tUth i Wh i b Funthed (461).

6) Gani:=0,t:=0, $=%= =% =1, G =0, G, :=0, § = g,

7) TI’nh qi+1' di+1’ ai+1 tLI tﬁ I

phapNewmark.

8) Tinh cac gia tr wi™, W™ td th |

gidtr ry™=ry .., ).ro 5 (., ) theo bién éhg mt

Wi ti.,=t;+Dt bag cach ap.ch g

Wb i b gunthed 4.59).

p h€hnc

W ti.,=t;+Dt theo (441)va cac

"B L& mtot

9) Tinh gi4 tr kiwh tra ¢a cac hp | ¢ 10 xo - gi[m chbh biw dj n 4

banh xe £) tU th i

Wit i1 theo cac cong tlc:

Dl) (-ucl b8" ])]

) (U,

o) (o

a 0¥l
D3) (-UCZ bg’-)]

G " W

-Dlr-l-(.cl
CLE(W .D}H-(.clu
Gi "W 'le’f '

CZ ] t+ CL4[( WD4 +rD4)

U )b
JE
o U )k
2 0§ ol

10) Suy ragia tr ¢ a4 tham s trthg thai tip xdc @) vax § cnh dia tr

¢ ac § & ‘Lhgeb

kI 2

DINTON=E

kI mn?

Gl tq

11) Tinh cac ma th [K], [C] vavéct Hr tY

Qua trinh tinh toanJk thuc khitj>tmax.

Cackjqu nhch ‘lc€ c 1 n g nthéd nnyt

. b t@&h (+1).

. b t@&h (+1).
12) Gani:=i+1, t;=t+Dt va IHp 1Y toan b qua trinh tinht b & 7.

th3 nh

1/ 4 v~
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435. C&c trenqgc RaVvpldao ° . mgch h’

Cact Tm@hpriengcah PTVPd a ongthuyd "ill "E€L @a r a
mc Lsosdhmhiamthby ‘lc€ T navm kAl Jchin ° nhgerdlién
kifvabihdthgca “LheSBat t n@h priéngg thWa:

-Tryngh pl(TH1): khdbngk@nTt lién kX va bith ¢ ng wa \{hg.

Trongng hp My, PTVPd a ongki, a ' lhgkhongtn td, h
PTVP dgoa Lc H@hritgnvOh PTVP dng @ari€ngo to
(4.11)- (4.17), trong L -LHbwpil O, W, [ O vasl 1 (=1 4).

-Trynghp2(TH2): kAtnmtliénkdn h_ n g k®Anbidngd ng
cva \hg

Doh quabihdhgca ‘lhghénP TV P dngga L lhgkhdng
ntd HPTVP dhgoatdanb ¢ h' ch con ¢a 6 t6(4.11)- (4.17),
t ron gbwdl-0 Vg [ 0(=14)

-T ryng h p 3 (TH 3): khnbngkOL/M mt lién kX n h _ ecddgOLM bitn
d ngwva \nhg

H PTVP dngga LcH rion gqg htpnd v bao gm céac
p h €hn g4.10)r(4.18)N4.49)- (4.52) va (4.4%,t r o n gbslll (=1-14).

4. 4. M T S KKig®ATQUU

TinhhingkHosatc | ngcch®® t €mnhge tc §c it h-3 nt
I « [cksht,dtochupd ngvivdhtc khtlisgul khi'cih& Li
kholng cachxotinht thi Wh i b gint=D) , $na ut Evgam t
mbb md ntb * hg€ v/ banh xe bén g va bén train h Knh 322 hotb
vaquamtg giimfc nHinB13. Cac nidungkhfo sat L ©y bao
gm:x §cnhll8§ mg dagogake, cacRaqucl ngcsb $nh gia
4 “tng®p vinhau;lnh ‘mg@avh fcchuy wg/hl L 8
nLH xe tng@pgct r/jef MUK valbi/h dthg ca ° lhe céc
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'Y ° hg@®n quan tAmagiatrt r ung b3 n h(RMS)valgiatplhn€hn g
nhil (Max) ¢, a gia tcthan xe, | ¢ ti/p xdc gi a banh xe vi mHy * hgg ng
th i gian MLK td m i banh xeso sanh @ § m g d mga; a ke gia md
hinh 1/2dc v~ m?1 h3nh kh?! @Qd nkichatiichrnhano n g
L8nh Qgt €hn g _tahat nabhhinhy |
Cacsliu fl v~ o ‘e Ibntleeo dacaailiu [3], [18] va[63]. Sau
Loy | 7 c¢cEae v 'hésndrshung cho cac ndung ko sat:
- Cac thdng'sthu c vQx e °~ dI4ptheo xe Gab6[18] va [3]:
a;=1565m,a,=1,735m,b=0,90m,c=0,60m,r;=0,45m, b, =0,25m,
my,=2750kg,Jn,=760kg.n, Jo,=2135kg.m,
M =860Kkg,J;=780kg.m, m,=680kg,J.=630kg. s,
k=246 10®°N/m, k;+=80C 10°N/m, cr=1,5® 10°N.s/m,c =62 10°N.s/m,
k=196 1®°N/m, k ;=80 10°N/m, cr,=1,5 10°N.s/m,c,,=628 10°N.s/m.
- Cac thdng'svOn@r “Lheeva tih L ¥in iy theo[63]:
L,=160m,B,=40m,h,=0,35m,E=1,6 10° N/m?, r =2500 kg/n,
n=0,25, k=83 1P N/n??, cs=33 10* N.s/n?.
-Cacthams | i ° n Jjgtinatoan's
t0=0,5S,thax= 4s, Dt = 0,001s,M=5, N=5.

441Khlfo s8t L8p _ o dao L, ng c, a

Tinh hung ko satn h € L « 't tréA, nlh© wkhy sat hai thg
kich thicht B DMn Ynhg xund) KM parabol(Hinh 12c) va d-hg séng hinh
sinnhiQi chu Blién ti/p (Hinh 11), quy lud phan b ap suditd di n tich tip
xUc gi a banh xevi mHb ° g ‘& ch n® dthg césin (Hinh 23).
4. 4. 1. lua Kiip m? gnlt L_yng d¢Y ng xung
Vch f ¢ chuy | g V=20km/h cacmbp md ntt °~ hgeed dhg xung
ki parabol(Hinh 322) v, i c 8§ c . & hpeOlOmMtlEF0&0m, h=0,12m,
11=065m,d=15m.Sa u L &y ki Gu quantamneh ‘Lc€
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0.02
0
£ -0.02
&
= -0.04
-0.06
_008 1 i ; 1 ; Il 1
0 05 1 15 2 25 3 35 4
Thoi gian, [s]
Hinh 4.6: Chuy v th? g_ ndthan xe
0.04 | : E : i . "
; --TH2
! —TH 3
0.02 : —THA4
< 0 i e
< .
-0.02 | | s Rt IR
0 05 1 15 2 25 3 35 4
Thoi gian, [s]
Hinh 4.7: Chuy v géc d ¢ than xe
0.05

=)

g 0

=~

o)

S
-0.05

0 0.5 1 1.5 2 2.5 3 3.5 4
Thoi gian, [s]

Hinh 4.8: Chuy v gbéc ngang than xe



£,(0), [N]

ii, (), [m/s”]

£, (D), [N]
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—
tn

—
]

h

1
tn

-10

_15 i i | 1 1
0 0.5 1 L5 2 25 3 35 -

Thoi gian, [s]
Hinh 4.9: Gia f c th?h g_ ndithan xe

5
15 %10 !

05 i s > 25
Thoi gian, [s]
Hinh 4.10: L, c ti/p xtc H banh xe 1

; %10°
! ! " --TH1
%10 ! -—-TH?2
25+ :
—TH3
] - \}___—TH 4
15F :
1+ _
05+ 1
0—/\?& -
-0.5 : ‘ ‘ '
0.5 1 15 2 25

Thoi gian, [s]
Hinh 4.11: L c ti/p xtc t banh xe 2
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5

x 10
25 THY
-—TH?2
2l —1H3
s —TH4
z U
f..': 1
C—
' 05 R
-05

05 1 1.5 2 25
Thoi gian, [s]

Hinh 4.12: L c ti/p xGc H banh xe 3

L x10°
J-TH1
55 |—TH2
—TH 3
5 |—TH 4
Z 15-
S
R
.
05 :
05 1 15 2 25

Thoi gian, [s]
Hinh 4.13: L. c ti/p xtic t4 banh xe 4

T cackpgu ™ dth g~ thinhch ‘lc co mts nhch xét:

-Bi ° ng alcic thanh gim  d ang thah xeva | c ti/p xtiic 4 m i
banh xet t ng nhanh kthcomkgpemd btb * dhg®aa uvdab -
I, ngtcbdfn , iQubay la pho'hp v ith ctin.

- Cé s khac bitrd rtvQL § mgd a gngl; a cac thanh dim dao
I, ng than xe gia ¢ § ng htp c6&nh MLK va khéng tinh MLK.

-ML K Ihwra t@n ¢ b n banh xeniQi  n " ¢ thihiéh tréncéac
Hinh4.10+4.130 inh n g Htengyi ~ bhg® ¢agiatr | cti/p xic
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-4dnh ‘Mg€abihdhg "weEhl § mg daggalketrong
t Tm@hp kh?t!nBHMLRIn'h kth® nyg QI i§ln g thien qua
c §cthikungldic at rn@hplvat rmM@hp3gn nh€ tr%ng n
441.2Khi Li qua m p mMmbhhsmAhi Zuyolgu dk & gl
Vch f ¢ chupyd | g V=50km/h, mp mé mtb * hg&Y hai v/} banh xe
dthg hinh sin nh@ chu B lién ti/p, c§ ¢ k 2, ¢ |h ‘& suy €Hinh 3.22
n h €:mp=8,12m,=10m,h=0,15m,l-=10m,d=15m.Sau L oy kif = m
qurkhfo s Sathwii & dth g° th.

b " --TH1--—-TH2—TH3—TH4
”””””””””””””””””” 5."’"’"’T”"""’é’:r"’""}"""
R S R A
i i AR .'
f | iy
| i SRUER
g s
iFYE VF RF AT NF AT
1 ¥ t v
T A i\
-10 '
0 2 4 6 8 10
Thoi gian, [s]
Hinh 4.14: Gia t c th?n g_ nd than xe
100 SR
R0 F---- Al |-—TH2
—TH 3
60 -1 ——{—TH4

i, (1), [m/s*]
£

Tho1t gian, [s]
Hinh 4.15: Giaf c th?®n g ndl du sau
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F‘;(T), [N]

Thoi gian, [s]
Hinh 4.16: L c ti/p xtc t banh xe 2

L X10 --TH1

Fr3(1). [N]

Thoi gian, [s]
Hinh 4.17: L c ti/p xtc H banh xe 3

T mts kijqu Ll t r @n glc € do ich xét:

- MHilién ki1 L «[y sa 4 hai banh xe, banh x2x[y rat rc& 3 vabd i
mEdbméonmtb “hg® reeniu L ictiM@nbic § cth I ¢h tring
V. i ° hg® trén caélinh4.16 vaHinh 4.17,

-COs khac bitvQl § mg daggalkegia c & aghtpree
t 2 pihmAliénkivi c 8mghipr €ht nhmidikén iy U(ngr €
hp2vadsovi ~thghe1lva3d)
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442.KhTo s8t [nh h€ ng c¢c_.,a vdn t ¢ ch

Khfo s §t °“tgtopn gc -t A€ MLK valbi/h dchgc al “ang
(t ng@ipd)vivdhifcxet 0:8km/h cacsliu FUL v @ IBL €
t €ehnmh €c 4412 trén.Cackiqucfn quan t ©mrufig- |~
b3nh b3nh ph&hmMygg (4R 6 BAN xgvia haifct xe, gia fr
tr RMS va gia frl. n nil (Max) ¢ a | c ti/p xtc €1 4 banh xe, tng th i
gian MLK ¢, a cac banh xe.

30 .

o —=—Than xe i

£ 925 2 A S S S S SR

g ——Cau trudc |

~ 20 | ——Cau sau

R e e e

T — SN SRS SO S WY ol

% S S SRS H S Y g o S S S
0

0 10 20 30 40 50 60 70 80
Van toc, [km/h]

Hinh 4.18:4n h " gy€avdh f c chuy i g /h bia tr RMS
giaf cth?n g ndic athan xe va haifa xe

30

x10°

' ——Banhxel -—+—Banhxe?2

RMS(F,, . F, . F;, F,,) . [N]

—+—Banhxe3 ——Banhxe4

0O 10 20 30 40 50 60 70 80
Van toc, [km/h]
Hinh 4.19:4n h " tg€avd f c chuy i g /h Gia tr RMS
¢ al cti/p xtc H 4 banh xe
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200 x103
z. —=Banhxe 1 < Bénhxe2 | | .
:j, 150 |——Béanhxe3 ——Banhxe4 |ii]
100 e
LLL i H i H of n ‘ i
LL.:' 50 -------------------------------------------------
=
[s~}
= 0

0 10 20 30 40 50 60 70 &0
Van tdc, [km/h]
Hinh 4.20: 4n h " tg@€©awvdh f c chuyd i g /h Gia tr Max
¢ al ctifp xic H 4 banh xe

Hinh 421 4n h “Mg€©awh f cchuyd  rg/htngthigian
mHi lién kT t4 4 banh xe

T c §C th ltrén nkh thby:

-Giatr RMS ¢ agiatcth g ndthan xe,fu tcrvasfu saunhin
¢ h u n gkhitt # mdy{ c chup g Khivaht ¢ d 88km/h thigiaf c
th?n g ndcahaiducégiatrn h€© n h &prng hgianr ¢ athan xe
Khi vah f ¢ trén 60km/h thigiatthhh g ndcadusaulalnntdl sau L
IFn ke t1Jn ut 1 c@athan xe(Hinh4.18).

- Giatr RMSvaMaxg al ctipxictim ibanhxet t ng kbhi tt
t cchuyd  gv ™ t £ n g 50kr/la @ahtr Max |, n h HI nhiQrgia
tr RMS Hinh 4.19 vaHinh 4.20, QL ray la hoan toan Ip ly vi mHi lién
k]  I[weateén §€ 4 banh xe t 45km/h Hinh4.21)

























































