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MO DAU

1. Tinh cap thiét cia dé tai

Nhu da biét, viéc tinh toan dao dong x0dn hé tryc tau thily con gdp mot s6 kho khin trong
viéc xac dinh cac lyc can trong cua vat li¢u va két cAu bién khuyu, cac xi lanh va lyc can cua
nuée 1én chong chong do tinh chit phuc tap ciia bai toan. Lyc can, ma sat bdi tron v.v... 1a nhiing
dai luong kho xéc dinh hon so véi luc dan hdi va luc cudng buc khac do chung la cac dai lugng
bé bac cao hon va kho do luong chinh xac hodc khong thé do ludng dugce trong thyuc té. Cho dén
nay, thuong cac dai lugng nay dugc xac dinh béng cac cong thirc thuc nghiém hoac béan thyc
nghiém nhu trong [1]. Tuy vay, dong co tau thiy va chong chong hién dai da khac nhiu so véi
vai chuc ndm trudce diy vé kich thude, dic diém két ciu va ban than cac dong co, chong chong
hién dai ciing rat da dang vé kiéu loai va dic diém dong luc hoc. Vi vay, c6 thé khang dinh rang
st dung cac cong thirc cho cac dong co va chong chong trudce kia 1a khong con phu hop nira, do
d6 nhiing tinh toan theo cong thirc truyén thong khong cho két qua phu hop thuc té.

Hién nay, nhiéu co quan thiét ké va dang kiém st dung cac gia thiét 1a: coi cac hé sd strc can
trong & dong co 14 hing sd; md men can ti 18 v&i van toc goc dao dong cua cac khéi luong (con
goi 14 hé s can tuyét dbi) hodc vaoi van tée goc bién dang xodn (con goi 1a hé s6 can twong d6i);
Heé s can cila nude ddi v6i chong chong tinh theo cong thirc ciia Arche [2]. Tinh todn dao dong
v6i cac gia thiét trén khé thuan tién va tuong d6i phu hop voi muc tiéu thuc tién, thoa man céac
yéu cau cla cic co quan Ping kiém dbi véi viéc tinh dao dong xoan trong thiét ké dong mai.
Tuy vay cac s liéu vé cac hé sd stc can cua dong co va chong chong déu do cac hing ché tao
may cung cap cho nén viéc tinh toan thiét ké & Viét nam con bi dong.

Vi nhing 1y do trén, muc tiéu nghién ctru cua dé tai 1a tim cach xac dinh cac hé s6 stc can
no6i trén dira vao két qua do dao dong xodn cia cac tau khi thir tau sau dong méi, dé tir d6 tong
Kkét, théng ké danh gid va rat ra cac cong thirc xac dinh cac hé ) nay cho nhirng loai dong co,
chong chong dac trung khac nhau.

2. Tong quan vé tinh hinh nghién ciru thudc linh vue dé tai

Hién nay, nhu tac gia duoc biét, strc can dao dong xodn dugc tinh béng cac cong thuc ban
thuc nghiém: cong can nudc tdc dung lén chong chong tinh theo cong thirc ciia Katudop va
Cherski, can trong cua vat li€u theo Teykym; cac loai hinh can khéc trong dong co (1én hoac bén
trong cac co cdu bién khuyu theo Holzer, Wydler...[1] hoic Timoshenko... Ciing c¢6 thé con
nhiéu coéng thirc khac duoc cac nha san xuit dong co, co quan thiét ké hodc Pang kiém nudc
ngoai dé xuat nhung co s Iy thuyét va phuong phéap xac dinh khong duoc trinh bay cu thé.

3. Muc tiéu, ddi twong, pham vi nghién ciru
Muc tiéu cta dé tai la tim phuong phéap xéac dinh cac hé sé sirc can xoan khi co két qua do

dao dong xoan. Khi da c6 nhiéu dir liéu vé cac hé so nay, tir két qua do cho nhiéu hé truc
khac nhau, va két hop voi cac cong thuce da biét, dua ra cong thirc hi€u chinh tinh cac hé

s6 nay phuc vu tinh dao dong xodn ¢ giai doan thiét ké.

Déi twong nghién ctru: hé truc chong chong, dong co chinh 1a diesel, truyén dong co khi.

Pham vi: v&i hé truc ¢6 sé khdi luong tdidalall.

4. Phwong phap nghién ciru, két cAu ciia cong trinh nghién ctru
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Phuong phap nghién ciru: dya trén 1y thuyét dao dong, phuong trinh vi phéan va dai s6 tuyén
tinh va su dung géi Symbolic cua Matlab.

5. Két qua dat dwoc cia dé tai

- Pua ra duge thuat toan tinh cac hé sb stc can: voi mdi hé truc cu thé, cho biét s6 lugng Kkét

qua do can c6 va sau khi c6 két qua do thi s€ tinh dugc cac hé so can chua biét.



CHUONG 1. CO SO LY THUYET

1.1 Co s6' 1y thuyét
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Hinh 1. M6 hinh dao dong xodn hé truc tau thuy

Hién nay, mé hinh tinh dao dong xoan phd bién co cac dic diém sau (hinh 1):
- He truc dugc coi twong duong véi hé thdng dao dong xoin gdom n khéi luong rdi rac, lién
két nhau bang cac khau dan tinh khong khéi lwong nhu ¢ hinh 1 [1, 2].
- Céc lyc cudng buc dao dong 1a cac lyc tac dung 1én cac khuyu truc va chong chéng.
- Céc loai hinh strc can chinh dugc ké tdi 1a can trong co cdu piston-bién, cac khuyu tryc,
cac can trong vat liéu cac doan truc va nude 1én chong chéng.
Ki hiéu goc bién dang xoan cua khdi lugng thit i 1a ¢, md men xodn cudng birc tac dung 1én
n6 l1a M;, mé men quén tinh khéi luwong lugng tap trung li, hé sé stc can tuyét d6i 1a a
(stc can tac dung 1én khdi luwong tap trung), hé sb strc tuong dbi bijs1 (gitra cac khdi lugng
i, i+1) va do cing chdng xo0dn Kijs1. Trong do, cac hé sd strc can trén déu 1a cac hing sb.
Str dung cac gia thiét va dung cac ki hiéu nhu trén ta 1ap duoc phuong trinh chuyén dong cua

khéi lugng th I ¢6 dang:

—b_ o, Ko+ Lo+ (@ +b oy +0 )0 + (K, + K)o —b oL, - Ko, =M,

voi o i=l..n. Q)
H¢ phuong trinh dac trung cua (1) c¢6 dang:
2’1 +2.+K =0, 2)
trong do:
I, B, K- tuong ing la cadc ma tran khéi luong; hé sb strc can va do cung:
Lo _(a1+bl'2)...—b1’2 ............. i
| PO PR - PSP @, +b,+b,.).. by,
- = ;
O b,,,.@ +b,,,)




(Koo Ky e
— Ky (Kyp + K)o = Ky

Pé tinh cac tan sb dao dong tu do va cac bién do tuong dbi, néu str dung Matlab thi c6 thé
dung ham polyeig: [R,A]=polyeig(Ao,Ay,...,Ap), trong d6 A 1a véc to cac gia tri riéng, con R 1a ma

tran cac véc to nghiém cua h¢ phuong trinh
(A +A*A+. .+ *A)*R=0.

Néu str dung ngodn ngir 1ap trinh khac khong c¢6 ham trén, ¢ thé xac dinh cac nghiém riéng
ctia hé (2) bang cach tim z 1a 4n cua phuong trinh

det[z°.1 +z.8+K]=0 €)
bang cach dat z=Re'” = R(cosg +isin @). Sau khi thay z vao (3) thu duoc hai phuong trinh ddi
v6i phan thuc va ao cta vé trai:

- 40: det[2Rcosp*[1]+[£]]1=0;

- thyce: det[R?cos2¢*[1]+ Rcosp*[B]+[K]]1=0.

Trong hai phuong trinh trén, cac 4n can tim 1a Rcosg va cos2¢. Sau khi gii phuong trinh
thir nhét, tim duoc Rcose rdi thay vao phuong trinh thir hai s& tim dugc cos2¢ va cudi ciing xac
dinh duoc z.

Trong trudng hop tinh nghiém cho tau B 170-V, véi cac thong sd ciia hé truc va dong co

chinh Sulzer 6RTA62U nhu sau:

- Céc thong s6:

Bing 1. Cic thong so

STT Tén chi tiét Momen quéan Do cling, Puong kinh, Goc no,
tinh, kg.m? MNm mm do
1 Bo phan dau truc 9181.0 1201.92 670.0
2 Xilanh 1 7999.0 940.82 670.0 0
3 Xi lanh 2 7999.0 940.82 670.0 120
4 Xi lanh 3 7999.0 940.82 670.0 240
5 Xi lanh 4 7999.0 940.82 670.0 180
6 Xi lanh 5 7999.0 940.82 670.0 300
7 Xi lanh 6 7999.0 1434.39 670.0 60
8 B0 truyén dong truc 5422.0 1934.24 670.0
cam

9 Banh da 9538.3 77.16 500
10 Truc trung gian 857.9 101.04 570
11 Chong chéng 48240.1

Hé s sirc can trong dong co RTA62U va & chong chong:

- hé sb can tuyét dbi (trén mot khuyu): 16800 Nms/rad;

- tuong d6i giita hai khuyu: 316200 Nms/rad;

- & chong chong, tai vong quay 113 v/ph: 237.3 kNms/rad [1].
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- Cong suat max cua dong co tai 113 v/ph 1a 13320 kW, twong tig ap suét chi thi trung binh
pi=1.931 MPa.

Két qua tinh dao dong tu do duoc trinh bay & bang 2, ddu (*) chi hinh thic dao dong va tin
s6 dao dong tu do khi xét t6i ca anh hudng cua cac luc can. O day chi dwa ra toi ba hinh thic dao
dong g voi ba tan sb nho nhét.

Két qua tinh dao dong tu do khi khong ké téi anh hudng cia cac lyc can thu duge hoan toan
khdp véi cia Co quan thiét ké tau Ba lan (bang 1). Khi ké dén anh hudng cta cac luc can, cac
nghiém riéng cua phuong trinh dic trung 13 cic nghiém phirc, phan thuc déu c6 gia tri m va cac
dao dong riéng sé& tit dan. Tan s dao dong tu do c6 giam di mot chut so véi khong co can, song
sai 1éch nay c6 thé bé qua. Didu nay ciing d& hiéu vi ¢ day, d6 cimg cua truc 16n hon nhiéu so
v6i luc can va quan tinh. Modun ctia bién do twong d6i khong thay doi dang ké so v6i khi khong
can, song c6 dic diém can cht y 1a khi c6 can, pha dao dong cua cac khéi luong sé khac nhau.

Pé tinh dao dong cudng birc, ta thay momen cudng birc tai cic xi lanh bang chudi:
M; =D M, sink(at + £) =D (M®isin ket +M % coskat), (4)
1 1

va tim cac nghiém riéng hé (1) ¢ dang:
@, = (S, sinkat +C;  coskat) . (5)

1

Bdng 2. Dao dong tw do

STT Bién d¢ tuong do6i
ts=354.1 | ts=353.33 ts = ts=1197.4 l/ph * ts= | ts=2373.31/ph*
lan/ph |/ph * 1197.6 2373.6
lan/ph lan/ph
1 1.01061 1.0105- 1.13656 1.1365+0.0042782i 1.89366 1.8930+0.065814i
0.00096886i
2 1.0000 1.0000 1.0000 1.0000e+000 1.0000 1.0000
3 0.97475 0.97485- 0.69181 0.69181+0.00099684i -0.66695 -0.66759-0.015174i
0.0014428i
4 0.98311 0.93835- 0.29111 0.29111+0.0032338i -1.98356 -1.9843-0.029563i
0.0031679i
5 0.89050 0.89090- -0.14853 -0.14851+0.0056162i -2.25827 -2.2583-0.049786i
0.0051441i
6 0.83248 0.83307- -0.56830 -0.56829+0.0069529i -1.34676 -1.3455-0.068169i
0.0073336i
7 0.76472 0.76552- -0.91208 -0.91210+0.0062317i 0.27216 0.27490-0.065227i
0.0096933i
8 0.71444 0.71542- -1.05750 -1.0575-9.6545e-005i 1.23989 1.2412+0.015521i
0.011739i
9 0.67438 0.67552- -1.11876 -1.1186-0.0042216i 1.74308 1.7412+0.076932i
0.013625i
10 -0.44443 -0.43901- -0.47895 -0.47887-0.0036165i 1.04463 1.0406+0.078248i
0.069535i
11 -1.293858 -1.2851 - 0.07358 0.073561+0.00014533i -0.03666 {0.036587-0.00078627i
0.11094i

Thay cé4c biéu thuc (4) va (5) vao (1), can bang cac thanh phan sin va cos, ta thu dugc hé

phuong trinh dai s6 2*n phuong trinh ddi véi timg bac diéu hoa k dang



[ (ke)* 1 +kap +K |[¢]=[M], (6)
trong do: I, f, K- tuong rng 1a cac ma tran khéi lugng; hé sb strc can va do cing (2n*2n); [go] va

[M] 1a cac cot gia tri bién d§ xoan va md men cudng birc.

Sau khi giai (6) thu dugc cac bién d6 dao dong cua cac khdi lwong.

Bién d6 ung sudt tai cic vong quay khac nhau tinh theo chuong trinh cua tac gia duoc thé
hién trén hinh 2. Két qua nay kha thong nhét véi két qua tinh cta Ba lan (hinh 3.a). Vé mat dinh
tinh, két qua tinh thu dugc kha phu hop vé6i két qua do khi thir tau (hinh 3.a): dai vong quay cAm
tir 53- 66 v/ph, tai khu vuc ndy Gmg suat dao dong vuot qua cho phép d6i véi ché do lam viéc
lién tuc (xac dinh theo dang kiém Dtic). Vong quay nguy hiém nhat 1a 59.1 v/ph, tai bac diéu hoa
k=6.

Hinh 4 biéu thi bién do dao dong max tai tryc trung gian & cac vong quay khac nhau nhau
qua trinh thtr tau. Hinh 5 biéu thi Gng suét thay ddi theo thoi gian do duoc tai truc trung gian &
cac vong quay 39.1, 54.1 va 65.4 v/ph. So véi két qua do thyc té (hinh 4, 5), gia tri bién do thu
duoc bang tinh toan 16n hon so véi do dugc (bién do Gmg suit tai truc trung gian tinh dugc tai
cac vong quay 39.1, 54.4 va 65.4 v/ph la: 8.9416, 27.565 va 24.494 MPa so v6i do duoc (hinh 5)
13 8.1, 24,4 va 24.4 MPa) song kha gidng nhau vé dinh tinh: vong quay c6 tng suat cuc tri. Co
nhiéu 1i do dan dén cac sai 1éch trén, nhung két qua nhu vdy hoan toan c6 thé chip nhan dugc va

cho phép két luan 1a mo hinh tinh toan phu hop véi thuc té.

120 Ung suat xoan tong theo vong quay
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Hinh 2. Bién d6 ung suat truc trung gian tac gia tinh dugc & cac vong quay.



Vibatory Torgue and Stress Intermediate Shaft
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Hinh 3.a. Bién d¢ tmg suat tinh theo vong Hinh 3.b. Bién d6 ung suét theo

quay tai tryc trung gian ciia Balan [2]  vong quay do tai truc trung gian [2]

1“ MPa 30.10 rpm.
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Hinh 4. Ung sudt theo thoi gian do tai truc trung gian ¢ cdc vong quay [2]
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SLOW PASSING TROUGH THE BARRED R.P.M. RANGE

b)
Hinh 5. Dao déng do duwoc khi chuyén qua viing cam nhanh chdm khdc nhau
Néu sir dung phuong phap gan diung véi cac gia thiét nhu van thuong dung trong thuc té

(hinh thirc dao dong cudng birc khi cong chin twong tu nhu dao dong ti do va chi xét téi anh
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hudng cia cac cudng birc & cac bac diéu hoa giy cong chan) thi thu dugc bién do ung suit dao
dong tai cac vong quay cong chan nhu trén do thi h. 6. Vong quay nguy hiém nhat =~ 59.1 v/ph,
do cudng birc diéu hoa chinh k=6. Cac gi4 tri nay ciing tring khop voi két qua tinh theo cach
tinh chinh xéac trén (ké ca gia tri ing suit) va nhu vy ciing hoan toan c6 thé 4p dung duoc khi
tinh nghiém dao dong cong hudng cua h¢ truc, tuy vay, & cac vong quay khac nhau (khéng cong
chn hoic cong chin tng voi cac didu hoa khong chinh k#6, thi gia tri ing suit thu duoc do gia
thiét ké trén s& nho hon so véi thuc té kha nhiéu. Nhu vay, can nhan manh thém, chi khi cong
chin xay ra ¢ cdp chinh (bac diéu hoa c6 bién d6 hinh hoc 16n nhét), thi anh hudng cia cac
cudng birc ¢ cac bac didu hoa khac ¢ thé c6 anh hudng khong dang ké. Dao dong lac do rat
gidng v6i dao dong didu hoa.

Do thi US/wg tai truc trung gian

. |
. n
i R
. R
. B

. - L~

20 30 40 50 60 70 80 90 100 110 120
Vong quay, RPM

US xoan, MPa

Hinh 6. Ung sudt tinh gdn diing tai cdc vong quay céng chan (diém gdp khiic)

Can luu v khi str dung cac phuong phap gan dung dé tinh dao dong cudng birc ddi voi hé
truc c¢6 hop $6. Trong truong hop h¢ truc c6 hdp s6, dé thuan tién cho tinh toan, thuong qui doi
hé truc thuc vé hé twong duong (khong co hop s6), trong d6 do cimg va khdi lugng cia cac khoi
luong sau hop s6 duoc nhan vai i2 1an (ilaty $b truyén: i=nout/Nin). Song sau khi tinh duoc dao
dong tu do cua hé tuong duong trén, dé tinh dao dong cudng birc ta phai dwa hé nay vé hé thyc.
Bién do dao dong va momen dan héi, can... , cia hé thyc ¢ sau hop sé phai duoc twong img nhan

va chia cho i 1an. That vy, phuong trinh dao dong ctia cac khdi luong trude va sau hop so:

. in  --in in - in in in
_k%s—l,hsgohs—l - Khs—l,hsqohs—l +1 hs@ hs + (a hs + bhs—l,hs)¢ hs + Khs—l,hsq) s =M hs

out -« out out - out out . _ out
I hs®@ hs + (a hs + t%s,hsﬂ)q) hs + Khs,hs+1¢ hs — bhs,hs,+1¢|+l - Khs,hs+1¢hs+1 =M hs
trong do6: hs- chi so ctia hop s0, chi so in- trng vdi dau vao hay banh dan; out- dau ra hoac cua
banh bi dan. Néu thay @™'ns =i*@"ns va i *M* =—M" vao hai phuong trinh trén, thu duoc:

out

. in out  +2y --in in £27 .in
- bhs—l,hs¢hs—1 - Khs—l,hs¢hs—1 + (I hs + 1™ hs )(D hs + [a‘ hs + bhs—l,hs + (a hs + bhs,hs+1)I ]¢ hs +
.2 |n - . -
+ (Khs—l,hs + Khs,hs+l'I )(D hs — I'bhs,hs,+l¢i+1 - I'Khs,hs+lq)hs+l =0.

Céc phuong trinh cho cac khéi lwong sau hop s6, vi du hs+1 sé& co dang:



. out out . .
- bhs,hs+1¢) hs — Khs,hs+2¢ hs + Ihs+l¢hs+1 + (ahs+1 + bhs,hs+1 + bhs,hs+2+)¢hs+1 + (Khs,hs+1 + Khs,hs+2)¢hs

- bhs,hs,+2(0hs+2 - Khs,hs+2¢hs+2 = Mhs+l'
Dé loai bo bién @*"ns @"ns ra khoi cac phuong trinh, ta nhan tat ca cac phwong trinh sau hop so6

1én i 1an, va thay @™"ns =i*@"ns =i* ¢, , thu dugc hai phuwong trinh trén ¢ dang;

out

. in out  +2y --in in £27 .in
- bhs—l,hs¢hs—1 - Khs—l,hs(Dhs—l + (I hs + I hs.1 )(0 hs + [a hs + bhs—l,hs + (a hs + bhs,hs+1)I ]¢ hs +

-2 In -2 . - -2 -
+ (Khs—l,hs + Khs,hs+l'I )(0 hs — 1 'bhs,hs,+l¢i+1/I -1 'Khs,hs+l¢hs+l/| = O’

-2 . -2 -2 . - -2 . .
-1 'bhs,hs+1¢hs -1 'Khs,hs+2¢hs +1 Ihs-¢—1§0h5+1/I +1 '(ahs+l + bhs,hs+1 + bhs,hs+2+)¢hs+1/I +

.2 - .2 . - -2 - _ -
+1 '(Khs,hs+l + Khs,hs+2)(phs /I -1 'bhs,hs,+2(0hs+2/| -1 'Khs,hs+2¢hs+2/| - I'Ivlhs+1'

Nhu véy, bién d6 twong dbi cua hé thyuc (¢j, trong do6 j>hs) sé& 16n hon 1 lan so véi bién do
ciia hé tuong duong (bang @j/1) va momen cua ching bi gidm di i lan so voi hé qui d6i (c6
momen quan tinh khdi luong va do clg, hé sb can tang i% 1an).

Két luan: str dung gia thiét cac luc can ti 18 tuyén tinh véi toc d6 dao dong thuan tién cho
tinh toan bang may tinh va co thé cho két qua phu hop véi thuc té. Van dé tiép theo can giai
quyét 1a cac phuong phap xac dinh cac hé sd can, hé sé cac momen diéu hoa cho cac loai dong
co... Trong trudng hop chi nghiém dao dong xodn cong huong & bac diéu hoa cap chinh thi co
thé str dung céc gia thiét vé hinh thirc dao dong gidng véi tu do va chi xét anh hudng cua cudng
btic cong chan.

Ngoai ra, uu diém cta sir dung cac gia thiét ndy 1a cho phép tuyén tinh héa hé phuong trinh
vi phan va tinh dao dong cudng blirc mot cach lién tuc theo vong quay [3]. Khi coi sttc can phu
thugc khong tuyén tinh vao bién do dao dong va van tdc dan dén phai giai hé phuong trinh vi
phan khong tuyén tinh nén chi thuong dung dé tinh toan dao dong cong hudng véi gia thiét 1a
hinh thirc dao dong cudng birc gidng nhu cta dao dong tu do [1, 3]. Xong van dé can thiét dit ra
hién nay 1a xac dinh cac hé s stc can trén nhu thé ndo. Néu chi phu thudc vao nha san xuat va
s6 liéu cta ho dua ra, thi léy co s& nao dé cho réng no6 1a tin cay? Dya vao dau dé kh‘fmg dinh
dugc viéc tinh todn dao dong & giai doan thiét k& dam bao chinh xac? Co thé suy luan réng, Xac
dinh cac hé sb trén van con 1a van dé can duoc giai quyét ngay ca dbi voi nganh dong tau thé
gidi vi cac co quan Pang kiém nudc ngoai van doi hoi phai do lai dao dong xodn d6i v6i nhimg
thiét ké moi.

1.2 Thuit toan xac dinh hé s6 sirc can

Gia su trong bai toan tinh bién do dao dong oan khi biét cac hé sb strc can, ta lap dugc hé

phuong trinh dai s dang (6):
[ (keo)’ 1 +kop+K |[¢]=[M],
bat:

F=[ ko)’ | +kep+K |=] f, ; ]vabiéu dién (6) & dang:
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FA =M, (7
trong do:
M, =[M°, . M®,, . M° MC L ME, M8 T - vée to edt cua cde bién dO mO men cudng buc
tai cap diéu hoa k;
A, =[S,.S,10-- Sk CrisCoir-nCoi " 12 véc to Ot cua cac bién do goc xodn tmg voi bac didu
hoa k;
Fr = [fij ] 1a ma tran vudng cap 2n, cac phan tir fij 1a ham cua ko, d§ ciig cac doan truc
Ki,i+1, momen quan tinh I; cta cac khdi luong va cac hé sb stre cén a;, bii+1 [4].
Néu xac dinh duoc céc phﬁn tir fi; cua Fy, thi cac bién do bién dang x0dn cua céac khdi luong
do cép diéu hoa thir k s& 1a:
A FM, ®)
Tir d6 bién d6 mdé men dan hoéi xodn & cip diéu hoa K trén doan tryc i, i+1 tinh dugc bang
cong thirc:

Eilfi+1 = Ki,i+1\/(si,k _Si+ll< )2 +(Ci,k _Ci+lk )2 = Ki,i+1A(”|,i+1' (9)

Gia str c6 m gia tri hé sd can aj va bj, j+1 chua biét can x4c dinh, thi vé nguyén tic, ta can do
va phan tich md men dan hdi thanh cdc ham diéu hoa dé thu duoc m gia tri bién do mé men dan
hdi xodn trén mot doan tryc i, i+1 (xem hinh 2). Tir d6 ¢6 thé 1ap dugc m phuong trinh dai s6 (8)
dé giai duoc m gid tri a; va bjj+1 chua biét d6. Tuy nhién, hé phwong trinh thu dugc 1a hé nhiéu
an va bac cao nén dé co thé giai duoc, sé phuong trinh phai 1ap c6 thé nhiéu hon m nham thu
duoc hé phuong trinh tuyén tinh véi cac an méi 1a t6 hop tich cua cac an ci:
x =a™a,™..b" b, ...

That vay, néu do duge Eki,i+1 thi ta co thé tinh dugc Ap -

Agig = Eilfi+1 K- (10)
Mat khac, AS

i+l

c6 thé duogc tinh tir phuong trinh (8) nhu sau:

{[q)i+:l..l...2n ] - |:(Di,l...2n ]} x [Mk ] =AS, det(F,);

{I:q)n+i+1,1...2n ]} - {[q)nJri,l...Zn ]} x [ M, ] =ACi det(F,),

nén thu duoc:

A(Piz,m det® (R)= {([(Diﬂ,l...Zn ] - I:q)i,l...Zn ])2 + (I:q)i+l,l...2n ] - [q)i,l...Zn ])2} M k2 ) (11)

trong d6 [®,,,; ,,] VA& [®,, ,.]... 12 cdc hang thir i va i+]1 cla ma trén [®] c6 cac phan tir x4c

dinh bang: @, =D,;, v6i D,; 1a phan phu dai s cua phan tir (J,i) cia ma trén F¢. Phuong trinh

i

(11) c6 m an can tim 1a cac hé s strc can chua biét. Chung ¢ thé duoc xac dinh néu ta co m

va AC

hodc nhiéu hon cac gia tri AS iix1 tuong Umg voi tig ay gia tri ko.

i+l
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DPé minh hoa ta xét mot vi du don gian. Gid su hé co 2 khdi lugng, cac 4n chua biét 1a cac hé
s6 can tuyét dbi ay, a, va tuong ddi b. Ngoai ra, gia su biét do cting truc Ky, md men quan tinh
cac khdi lwong |1 va I, ciing cac bién d6 moé men diéu hoa tac dung 18n khéi luong M°;, M%, M®y,
M°S. Cac phﬁn ttr ctia Fy duge biéu dién nhu & bang dudi, trong do:

C=K,; C,=—, (ko) +K,,; C,=—L (ko) +K,,; C,=ko; x,=a,+b, X;=b; x, =a, +b.

Biéu thirc ciia cac phan tir F

C, -C <% | Cx,
-C G, C.x, | C.Xg
C.x, | C3x, C, -C
<%, | CyX, -C C,

Khai trién phuong trinh (8) nho sy hd tro ctia géi Symbolic Math Toolbox trong phan mém
Matlab ta thu dugc phuong trinh tuyén tinh dbi voi Xi, voi1=1,...,16 c6 dang:

{T1T2... Tie}*{X1 X2 ... x16}' =P, (12)
trong do:

Xq= X12. X5= X1X2, X6= X1X3, X7= X1X22, Xg= X12X3, Xo=X2X3, X10=X1X2X3, X11 = X22,

X12= X32, X13= X23, X4 = X12X32, X15= X1X22X3, X16:X24;

P=M?®, (C5C,2-C?Cy) + M*(C?C,- C1C,%+C3- CC1Cy)- ASii+1(C*-2C*C1Co+C1%C,7);

T; = -M%C’C3 + M CC,Ca- M%,CC,C3 + M°1C,*Cs;

T,= 2M%,CC,C3+MC,C?*C3-M®,C1C,C5-M® C2C5+M®,C1C,Cs -M®,CC,Cs +M%,C,CCs;

T 3= M°CC1Ca- M%C17Cs - M%CC1Ca-M%C?Ca; Ta= AS;41C5°Cs” - M%C,Ca’+ M%C,Ca’s
T 5 = 2 M’,CCq%- 4AS;i+1CC,Cs° +M*1C,Cs% M%CC3%; T 6 =2A8;141C°Cs” - M%CCs%; Tr =
M®,C3;

Tg = -M%Cs’; Tg= M%CyCs%- 4AS;i+1CC1Cs” - 2M*CC3% +M°*1C1Cs%; T10=2M%C3% +M*,Cs%;
T 11 = {2A8;41(C1C2C3° + C°C3%) - M*C1Cs™+ M*,C,Cs% M*1CCs7Y};

T 12 = AS;11C1°C4” - M4 CC*+M*1C1Cy7; Kig= M%C3>-MciCa® - M%,Cs*+ M%C3?;

T 14=ASii11Cs"; Tis = - 2A8;i+1C3"; Tis = ASjs1 Cs*;

Néu ta c6 dugc 16 gia tri P twong tng véi 16 gia tri ko thi s& thu duge 16 phuong trinh
tuyén tinh dang (12). Chu y réng cac gia tri Tj va P duoc xac dinh khi biét kw, con céac nghiém
can tim (la cac hé sb can) khong phu thudc vao kw. Hon nira, céc tri s6 Ti khac nhau va khong ti
1é tuyén tinh d6i voi kw nén ma tran K(16x16) khong bi suy bién va nghiém X xac dinh.

Két udn

Nhu vy, ¢ trén di trinh bay thuét toan va cong thirc cho phép xac dinh duoc cac hé sb stic
can néu do duoc dao dong xo0dn & mdt doan truc bat ki. S6 két qua do can phai xu ly s& phu
thudc vao tung hé truc cu thé (¢ vi du trén thi 1a 16). Str dung phﬁn mém Symbolic Matlab hoan
toan co thé thiét 1ap dugc cong thuc ¢ dang biéu tuong cho cac hé s6 Ti; P va x; ddi véi hé truc
thure. béi vai hé truc thuc té, s6 khdi luong tuy nhiéu hon (thuong trén dudi 10 khdi lugng, trong
d6 s6 xi lanh da chiém khoang 6...8), xong s 4n can tim- tic 1a cac hé s6 can kho xac dinh bang
1y thuyét nhu thuy Iyc chong chong, can trong xi lanh dong co va co ciu bién khuyu ciing khong

nhiéu vi ching nhu nhau trén mét don vi khuyu truc.
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Nghiém cua (12) chi ding (nghia 1a thoa man ca céc diéu kién x4= X12, X5= X1Xo, ..., x16=X24)
khi cac gia thiét cac hé sb can bang hing s 1a dung (hoidc tuong d6i ding). Khi d6, nghiém cua
(4), (5), (6) s& ding nhu trong thuc t& (hodc twong dbi dung). Nguoc lai thi c¢6 nghia 14 c6 sai sb
giita do va tinh toan, va cac gia thiét 1a khong phu hop véi thuc té.
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CHUONG 2. XAY DUNG THUAT TOAN XAC DPINH HE SO SUC CAN HE TRUC
SERITAU B 170 V
2.1 Thuit toan xac dinh hé s sirc can hé truc tau B170-V
Coi hé tryc tau thiry trong duong vé6i hé thong dao dong xodn gdm n khdi luong roi rac, lién

két nhau bang cac khau dan tinh khong khi lugng nhu ¢ hinh 7 [1, 2].

CamDriver
FlyWheel

3 2 = = = =
S6TD | S6T0 | o570 | 3670 | $670 | 3670 | 670 | $6TO |a5

1202 | D4D.E | D02 | 0408 | O40.E | D408 | 1435 1034 T7.6 1o1
— — — — — — 1 =
15E100{316200N 3 1 G203 16200 316200 316200 | 158 10| D_%.tmd

2 [ 5

[an] ] (] e (] (]
5 = = - | = = = = o g
g B8 ' 2 & B -

7009

T dm @
R S T

16200 16200 16200 16200 1&20) 16200

Hinh 7. M6 hinh dao dong xoan hé tryc tau B_170 V, dong co chinh 6 RTA 62 U.

Cac thong sb dic trung tinh toan cua hé truc twong duong:

-S4 khéi luong tap trung: n=11;

- M5 men quan tinh khéi lugng cua cac khdi luong (kgm?):
li =[9181.0 7999.0 7999.0 7999.0 7999.0 7999.0 7999.0 5422.0 9538.3 857.9 48240.1];

- D6 cling cac doan truc (MNm/rad)
Ki=[1201.92 940.82 940.82 940.82 940.82 940.82 1434.93 934.24 77.16 101.04];

- Puong kinh cac doan truc (mm):

D; =[670 670 670 670 670 670 670 670 500 570];

Ki hiéu cac hé sb stic can chua biét a; va bj i+ bang cac biéu tugng s, z, f, y, r va thay ching

vao phuong trinh thay chung vao phuong trinh (1), ta thu duoc ma tran Fx(22,22) cho mdi gié tri

ctia kw (k- bac diéu hoa, w- van tdc goc cia truc chong chéng), ¢6 dang:

Fk =
[1201920-9.18*kw2, -1201920, 0,... -kw*r,  kw?r,... 0]
[ -1201920,2142740-7.99*kw?, -940820, 0,0,0,0,0,0,0,0, kw*r, -kw*z, kw*s,......... 0]
[ 0, -940820,1881640-7.99*kw? -940820, ... kw*s, -f*kw, kw*s, ...0]
[ -kw*r, kw*z, -kw*s,.. -1201920, 2142740-7.99*kw?,-940820,... 0]
[ 0, o, ... ,-77160, 178200-0.85*kw?, -101040]
[ o, ... 0,.. kw*y, ... 0, -101040, 101040-4.82*kw2]

Dé xac dinh dinh thirc ma tran det(Fy) va cdc phan phu dai sb cac phan tir Djj ctia ma tran Fy
clia ma tran Fy ta c6 thé sir dung géi Symbolic Math Toolbox ciia Matlab bang 1énh “det(Fy)”
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néu kich thude ctia ma tran nay d nho (phu thudc vao sb cac phan tir khac khong), két qua thu
duogc s€ 1a cong thirc ¢ dang biéu tugng trén man hinh, vi du:
ans=
2871048086689088639517089901.315*kw #*r**s*z +...+
+2218063572479354423019604109325.3*kw***r**s®z+ ... +12883815368824962090418376

Cubi cung, véi mdi gia tri cua kw, sau khi tinh dwoc tit ca cac phan phu dai s6 Dj; cta cac
phan tr i, j ciia ma trdn Fy & cac hang quan tm, thay chiing vao phuong trinh (11) ta s& thu dugc
phuong trinh, gia str c6 dang:

Cfor’z+..+Cz's*..+C ,s+C y+Cr=C,. (13)

O phuong trinh (13) gia sir ¢6 p hing sd C; & vé trai tuong ing voi mdi gia tri cua kw. O
day, dé xac dinh cac an r, f, z..., ta cAn p gia tri bién d6 mo men xoan dan hoi twong tmg véi p
gia tri kw dé 1ap thanh p phuong trinh (13) va hé phuong trinh tuyén tinh p an: x3=r, x,=f, X3=z,
oy Xi=f" 1".. z,.. Giai hé nay s& xac dinh dugc cac anr, f, s. ..

Néu viéc tinh toan thyc hién dung va s6 sb liéu dau vao (gia tri m6é men dan hoi) co dugce tir
tinh toan nhu md ta & phan trén (gia thiét cac hé sd sic can 1a hang), thi cac két qua phai tring
khop, c6 nghia la:

néu: X;=r, Xo=f, x3=z, x;i=" r"z,

thi: xi=x2" X1"X.

Khi chic chin tinh toan dang, 1iy cac gia tri moé men dan hdi do duogc thuc té thay vao (13)
tinh toan. Néu, vi du: xi#x" X1"Xs, thi tiy theo mirc do sai 1éch ta c¢6 thé danh gia dugc su phu
hop ctia cac gia thiét vé strc can da str dung. Tuy vy, ¢ trudng hop vi dy, khong may 1a ta khong
thé sir dung duoc truc tiép 1énh “det(Fy)”. N6 tao 13i, hodc “Out of Memory” hodc dong cong
thirc qua dai, vi du:

ans=

2871048086689088639517089901.315 kWM A A3 SAM* Z+ oo

+.2218063572479354423019604109325.3*kwM16*r*2*sA3*z  + 12883815368824962090418376...
Output truncated. Text exceeds maximum line length of 25.000 characters for Command Window
display.

Dé khic phuc van dé nay, ta phai chia thu tuc tinh todn thanh mot sé budc sau:

- Budc 1: thay céc s6 hang ma tran ban dau c6 dang 1a tong, tich cac bién vai cac hé s6
bang mot biéu twong (cho cong thirc c6 dang gon hon), vi du: 11=-11*kw"2+K1; r= kw*r; 12=-
Ic*kw"2+K1+KX; z= kw*z; s=kw*s; 13=-1c*kw"2+2*KX; 14= -Ic*kw"2+2*KX; I5=
-lc*kw"2+K3+KX; 16= -13*kw"2+K3+K4=16; 17= -14*kw"2+K4+K5; 18=
-15*kw"2+K5+K6; 19= -Ic*kw”"2+K6. Thu dugc ma tran Fy dang:

Fe=

[ 11,-K1, O, 0,0,0,0,0,0,0,0,-r, r0,0,0,0,0,0,0,0,0];

[-K1, 12,-Kx, 0,0,0,0,0,0,0,0, r,-z,5,0,0,0,0,0,0,0,0];

[ 0,-Kx, 13,-Kx,0,0,0,0,0,0,0,0,s,-f,s,0,0,0,0,0,0,0];

[0,0,-Kx,14,-Kx,0,0,0,0,0,0,0,0,s,-f,s,0,0,0,0,0,0];
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[0,0,0,-Kx,14,-Kx,0,0,0,0,0,0,0,0,s,-f,s,0,0,0,0,0];
[0,0,0,0,-Kx,14,-Kx,0,0,0,0,0,0,0,0,s,-f,s,0,0,0,0];
[0,0,0,0,0,-Kx,15,-K3,0,0,0,0,0,0,0,0,s,-f,5,0,0,0];
[0,0,0,0,0,0,-K3,16,-K4,0,0,0,0,0,0,0,0,s,-s,0,0,0];
[0,0,0,0,0,0,0,-K4,17,-K5,0,0,0,0,0,0,0,0,0,0,0,0];
[0,0,0,0,0,0,0,0,-K35,18,-K6,0,0,0,0,0,0,0,0,0,0,0];
[0,0,0,0,0,0,0,0,0,-K6,19,0,0,0,0,0,0,0,0,0,0,-y];
[r,-r,0,0,0,0,0,0,0,0,0,I1,-K1,0,0,0,0,0,0,0,0,0];
[-r,z,-s,0,0,0,0,0,0,0,0,-K1,12,-Kx,0,0,0,0,0,0,0,0];
[0,-s,f,-5,0,0,0,0,0,0,0,0,-Kx,13,-Kx,0,0,0,0,0,0,0];
[0,0,-s,f,-s,0,0,0,0,0,0,0,0,-KXx,14,-Kx,0,0,0,0,0,0];
[0,0,0,-s,f,-5,0,0,0,0,0,0,0,0,-Kx,14,-Kx,0,0,0,0,0];
[0,0,0,0,-s,f,-5,0,0,0,0,0,0,0,0,-Kx,14,-Kx,0,0,0,0];
[0,0,0,0,0,-s,f,-5,0,0,0,0,0,0,0,0,-Kx,15,-K3,0,0,0];
[0,0,0,0,0,0,-s,5,0,0,0,0,0,0,0,0,0,-K3,16,-K4,0,0];
[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,-K4,17,-K5,0];
[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,-K5,18,-K6];
[0,0,0,0,0,0,0,0,0,0,y,0,0,0,0,0,0,0,0,0,-K6,19];
- Budc 2: tinh dinh thirc ma tran trong goc ¥ tht nhét, ¢& nho hon, vi du:
D1=det(Fx(1:6,1:6)), thu duoc két qua:
D1=
- 1I3*I4N3*K1N2 - 11*I4N3*KXN2 + 11*12*13* 1473 + 147 2*K1N2*KXA2 - [1*12* 1472 KX2 +
2*13*I4*K1N2*KXN2 + 2*11*14* KX - 2*11*12*13*14*KXx"2 - K1M2*Kx™M + 11*12*Kx"4
- Budc 3: bién dbi ma tran Fy bang phuong phap Gause, sao ma tran F'(1:6,1:6) thanh ma
tran tam giac, thay ma tran con lai bang ma tran c6 cac phan tu la céc biéu tuong:
B(1:16,1:16) = F'(7:22,7:22)
B c6 dang:
B=
[bl 1,bl 2, 0,0,0bl 6bl 7,b1 8bl 9,bl 10,b1 11,b1 12,b1 13,0,0,0]
[b2_1,b2 2,b2 3,0,0,0,0,0,0,0,0,b2_12,b2 13,0,0,0]
[0,b3 2, b3 3, b3 4,0,0,0,0,0,0,0,0,0,0,0,0]
[0,0, b4_3, b4_4, b4 5,0,0,0,0,0,0,0,0,0,0,0]
[0,0, 0, b5 4, b5 5,0,0,0,0,0,0,0,0,0,0, b5_16]
[06_1,0, 0,0,0, b6_6, b6_7, b6_8, b6_9, b6_10, b6_11, b6_12, 0,0,0,0]
[b7_1,0,0,0,0,b7_6,b7_7,b7 8,b7 9,b7 10,b7 11,b7 12,0,0,0,0]
[b8 1,0,0,0,0,b8 6,08 7,08 8,b8 9,b8 10,b8 11,8 12,0,0,0,0]
[b9 1,0,0,0,0,b9 6,09 7,09 8,b9 9,b9 10,b9 11,b9 12,0,0,0,0]
[b10_1,0,0,0,0,010 6,010 7,b10 8,b10 9,b10 10,b10 11,b10 12,0,0,0,0]
[b11 1,0,0,0,0,b11 6,b11 7,b11 8,b11 9,bl1l 10,bl11 11,b11 12,0,0,0,0]
[012 1,012 2,0,0,0,b12 6,012 7,012 8,012 9,b12 10,012 11,b12 12,b12 13,0,0,0]
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[0b13_1,b13 2,0,0,0,0,0,0,0,0,0,013 12,b13 13,b13 14,0,0]

[0,0,0,0,0,0,0,0,0,0,0,0,b14 13,b14 14, b14 15,0]

[0,0,0,0,0,0,0,0,0,0,0,0,0, b15 14, b15_15, b15 16]

[0,0,0,0, b16_5,0,0,0,0,0,0,0,0,0, b16 15, b16_16].

Trong do, vi du:

bl _1=B(1,1,1:2)=F'(7,7,1:2)=
= [I5*(KX 2% (14%(KX"2-12%13)+ 125 KXA2) + 4% (KXA2* (KX 2-12%13)-14* (14* (KX 2-12*13)
+H12XKXA2)))-KXA2* (KX 2% (KXA2-12%13)-14% (14* (KX 2-12%13) +12*Kx"2)),
I5*(14*(14*(K1M2*Kx"2-13*14*K112) +13* K1 2*KX"2)-KXN2* (K12 * KX "2~
13%14*K112))-Kx 2% (14* (K1 2* KX 2-13* [4*K1742)+13* K17 2* KX 2)];
v(1,1,1:2)=[11,1];

Tiép tuc Iap lai cac budc tir 1, 2, 3 cho dén khi bién doi hét ma tran (22,22) ban dau thanh
ma tran tam giac. Trong d6, sau mét s6 lan bién doi, khi cong thac tinh mdi phan tir tro nén dai
thi ta lai thay chiing bang biéu tugng khac. Vi duy:

C(1:11,1:11) =
[cl 1,¢cl 200, cl 5 ¢l 6 cl 7,000,0]
[c2.1,¢c2 2 ¢2 3,0, c2 5 c2 6, ¢2 7,00,0,0]
[ 0,c3 2 ¢33 ¢340c36 c3 700,00
[ 0,0,c4 3,c4 4, ¢4 5,c4 6,c4 7,0,0,0,0]
[c5 1,¢5 5,0,¢5 4,¢5 5,¢5 6,¢5 7,0,0,0,0]
[c6 1,¢c6 2,¢c6 3,c6 4,c6 5,¢6 6,c6 7,0,0,0,0]
[c7 1,¢7 2,¢c7 3,¢c7_4,c7_5,¢7_6,c¢7_7,¢7_8,0,0,0]
[ 0,0,0,0,0,0,c8 7,c8 8, c8 9,0,0]
[ 0,0,0,0,0,0,0,¢c9 8 ¢9 9, c9 10,0]
[ 0,0,0,0,0,0,0,0,c10 9, c10 10, c10_11]
[ 0,0,0,0,0,0,0,0,0,cll 10, cll 11],
trong do, vi du:
cl_1=C(1,1)=C" (1,1,1:5)=
= [b2_2*b6_6*(b5_5*(b4_4*(b2_2*b3_3-b2_3*b3_2)-b2_2*b3_4*b4_3)-
b4 _5*b5_4*(b2_2*bh3_3-b2_3*b3_2))*(b2_2*b3_3-b2_3*h3_2)*(b4_4*(b2_2*h3_3-
b2_3*b3_2)-b2_2*b3_4*b4_3),-(b5_5*(b4_4*(b2_2*b3_3-b2_3*h3_2)-
b2_2*b3_4*b4_3)-b4_5*b5_4*(b2_2*b3_3-b2_3*h3_2))*(((h2_2*h3_3-
b2_3*b3_2)*(b1_2*b2_1*b6_6+bl 6*b2_2*b6_1)+bl 2*b2_1*h2 2*b3 3*b6_6)*(b4_
4%(02_2*b3_3-b2_3*b3_2)-b2_2*b3 4*b4_3)+b2 2*b6_6*(bl _2*h2_1*b3 3*b4 4-
bl 2*b2_1*b3_4*b4_3)*(b2_2*b3_3-b2_3*h3_2))-
b2_2*b6_6*(b5_5*(bl 2*b2_1*b3 3*b4_4-bl _2*h2_1*b3 4*b4 3)-
bl 2*b2_1*b3_3*b4_5*h5_4)*(b2_2*b3_3-b2_3*b3_2)*(b4_4*(b2_2*b3_3-
b2_3*b3_2)-b2_2*h3 4*b4 3),(b5_5*(b4_4*(h2_2*b3_3-b2_3*b3_2)-
b2_2*b3_4*b4_3)-b4 5*b5_4*(b2_2*b3_3-b2_3*h3 2))*((b1_2*b2_1*b3 3*h4 4-
bl 2*b2_1*b3_4*b4_3)*((b2_2*b3_3-
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b2_3*b3 2)*(bl_2*b2_1*b6_6+bl 6*b2_2*b6_1)+bl 2*b2 1*b2 2*b3 3*b6_6)+(bl_
2*b2_1*b3 3*(b1l_2*b2_1*b6 6+bl 6*b2 2*b6 1)-
bl 2*bl 6*b2_1*b2_3*b3_2*b6_1)*(b4_4*(b2_2*b3 3-b2_3*b3 2)-
b2 _2*b3_4*b4_3)-
bl 2*bl 6*b2_1*b2_2*b2_3*b3 2*b3_4*b4 3*b6_1)+(b5 5*(b1l_2*b2_1*b3 3*b4 4-
bl 2*b2_1*b3 4*b4_3)-bl 2*b2_1*b3 3*b4 5*b5 4)*(((b2_2*b3_3-
b2_3*b3 2)*(bl_2*b2_1*b6 _6+bl 6*b2 2*b6 1)+bl 2*b2_ 1*b2 2*b3 3*b6_6)*(b4_
4*(b2_2*b3_3-b2_3*b3_2)-b2_2*b3 4*b4_3)+b2_2*b6_6*(bl 2*b2_1*b3_3*b4 4-
bl 2*b2_1*b3 4*b4 _3)*(b2_2*b3_3-b2_3*b3 2))-
bl 2*bl 6*b2_1*b2_2*b2_3*b3 2*b3 4*b4 3*b4 5*b5 4*b6 1*(b2_2*b3_3-
b2 _3*b3 _2),b1 27"2*bl 6*b2_1"2*b2_3*b3 2*b3_4*b4 3*b4 5*b5 4*b6_1*(b2_2*b3
_3-b2_3*b3 2)-(b5 5*(b4_4*(b2_2*b3 3-b2_3*b3_2)-b2 2*b3 4*b4 3)-
b4 5*b5 4*(b2_2*b3 3-b2_3*b3 2))*((b1l_2*b2_1*b3 3*b4 4-
bl 2*b2_1*b3 4*b4 3)*(bl_2*b2 1*b3 3*(b1l_2*b2_1*b6 6+bl 6*b2 2*b6 1)-
bl 2*bl 6*b2_1*b2_3*b3 2*b6 1)-
bl 272*b1l 6*b2_172*b2_3*b3 2*b3 4*b4 3*b6_1)-(b5 5*(bl 2*b2_1*b3 3*b4 4-
bl 2*b2_1*b3 4*b4 3)-bl 2*b2 1*b3 3*b4 5*b5 4)*((bl_2*b2_1*b3_3*b4_4-
bl 2*b2_1*b3 4*b4_3)*((b2_2*b3_3-
b2 _3*b3 2)*(bl_2*b2_1*b6 6+bl 6*b2 2*b6 1)+bl 2*b2 1*b2 2*b3 3*b6 6)+(bl_
2*b2_1*b3 3*(b1l _2*b2_1*b6 6+bl 6*b2 2*b6 1)-
bl 2*bl 6*b2_1*b2 3*b3_2*b6 1)*(b4_4*(b2_2*b3 3-b2_3*b3 2)-
b2 _2*b3_4*b4_3)-
bl 2*bl 6*b2_1*b2 2*b2 3*b3 2*b3 4*b4 3*b6_1)+bl 272*bl 6*b2_172*h2_2*h2
_3*b3 2*b3_3*h3_4*b4 3*b4 5*b5 4*b6 1,((b1l 2*b2_1*b3 3*b4 4-
bl 2*b2_1*b3 4*b4 3)*(bl_2*b2_1*b3 3*(bl_2*b2_1*b6 6+bl 6*b2 2*b6 1)-
bl 2*bl 6*b2_1*b2_3*b3 2*b6 1)-
bl 272*b1l 6*b2_172*b2_3*b3 2*b3 4*b4 3*b6_1)*(b5_5*(bl_2*b2_1*b3_3*b4 4-
bl 2*b2_1*b3 4*b4_3)-bl 2*b2 1*b3 3*b4 5*b5_4)-
bl 273*bl 6*b2_173*b2_3*b3 2*b3 3*b3 4*b4 3*b4 5*b5 4*b6 1];
v1(1,1,1:5)=[b1_175bl1 174 b1 173,b1 172,bl 1J;
Va:
D=
[d1 1,d12, 0O, 0 0, Q0]
[d2 1,d2 2,d2.3, 0, 0, 0]
[ 0,d32d33,d34 0, 0]
[ O, 0,d43,d4 4,d4 5 0]
[ 0 0 0,d54,d55,d5 6]
[ 0 0 0  0,d65,d6 6],

trong do, vi du:
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d1l_1 (1:5)=[((c2_2*c3_3-c2_3*c3_2)*(c2_2*c4_4-c2_4*c4_2)-(c2_2*c3_4-c2_4*c3_2)
*(c2_2*c4_3-c2_3*c4 2))*((c2_2*c3_3-c2_3*c3_2)*(c2_2*c5 5-c2 5*c5 5)-
(c2_2*c3 5-c2_5*c3 2)*(c2_2*c5 3-c2_3*c5 5))-((c2_2*c3_3-c2_3*c3_2)
*(c2_2*c4 _5-c2 _5*c4 2)-(c2_2*c3 5-c2_5*c3_2)*(c2_2*c4 3-c2_3*c4_2))
*((c2_2*c3_3-c2_3*c3 _2)*(c2_2*c5 _4-c2_4*c5 5)-(c2_2*c3 4-c2_4*c3 _2)*
(c2_2*c5_3-c2_3*c5 5)),((c2_2*c3_3-c2_3*c3 2)*(c2_2*c5 _4-c2_4*c5 5)-
(c2_2*c3_4-c2_4*c3 2)*(c2_2*c5 3-c2_3*c5 5))*((c2_2*c4 5-c2 5*c4 2)*
(c1_2*c2_1*c3 3-cl 2*c2 3*c3_1-c1 3*c2 1*c3 2+cl 3*c2 2*c3_1)-
(c2_2*c4_3-c2_3*c4_2)*(cl_2*c2_1*c3 _5-c1_2*c2_5*c3_1-c1 _5*c2_1*c3 2
+cl 5*c2 _2*c3 1)-(c2_2*c3 _5-c2 5*c3 2) *(cl_2*c2_1*c4 3-
cl 2*c2_3*c4_1-cl 3*c2_1*c4 _2+cl 3*c2_2*c4_1) +(c2_2*c3_3-
c2_3*c3_2)*(cl_2*c2_1*c4 5-c1_2*c2_5*c4 1-cl 5*c2_1*c4 2
+cl 5*c2_2*c4_1))-((c2_2*c3_3-c2_3*c3_2)*(c2_2*c5_5-c2_5*c5 5)-
(c2_2*c3_5-c2_5*c3_2)*(c2_2*c5 3-c2_3*c5_5))*((c2_2*c4_4-c2_4*ch 2)
*(cl_2*c2_1*c3_3-cl _2*c2_3*c3_1-c1 3*c2_1*c3 2+cl 3*c2_2*c3_1)-
(c2_2*c4 _3-c2_3*c4_2)*(cl_2*c2_1*c3 _4-c1_2*c2_4*c3_1-cl 4*c2_1*c3 2
+cl_4*c2_2*c3_1)-(c2_2*c3_4-c2_4*c3_2)*(cl_2*c2_1*c4 3-
cl 2*c2_3*c4_1-cl _3*c2_1*c4 2+cl _3*c2_2*c4_1)+(c2_2*c3_3-
c2_3*c3_2)*(c1_2*c2_1*c4 4-cl_2*c2_4*c4 1-cl 4*c2_1*c4 2+
cl 4*c2_2*c4_1))+((c2_2*c3_3-c2_3*c3_2)*(c2_2*c4_5-c2_5*c4_2)-
(c2_2*c3_5-c2_5*c3_2)*(c2_2*c4 3-c2_3*c4_2))*((c2_2*c5_4-c2_4*c5 5)*
(c1_2*c2_1*c3_3-c1_2*c2 3*c3_1-c1_3*c2_1*c3 2 +cl 3*c2_2*c3_1)-
(c2_2*c5_3-c2_3*c5_5)*(cl_2*c2_1*c3 _4-c1_2*c2_4*c3_1-cl _4*c2_1*c3 2
+cl_4*c2_2*c3_1)-(c2_2*c3 _4-c2_4*c3_2) *(c1_2*c2_1*c5 3-
cl 2*c2_3*c5_1+cl 3*c2_2*c5 1-c1 3*c2_1*c5_5) +(c2_2*c3_3-
c2_3*c3_2)*(cl_2*c2_1*c5 4-cl 2*c2_4*c5 1 +cl 4*c2 _2*c5_1-
cl 4*c2_1*c5_5))-((c2_2*c3_3-c2_3*c3_2)*(c2_2*c4_4-c2_4*c4 2)-
(c2_2*c3_4-c2_4*c3_2)*(c2_2*c4 3-c2_3*c4_2))*((c2_2*c5_5-c2_5*c5 5)*
(c1_2*c2_1*c3_3-c1_2*c2 3*c3_1-c1_3*c2_1*c3 2 +cl 3*c2_2*c3_1)-
(c2_2*c5_3-c2_3*c5_5) *(cl_2*c2_1*c3_5-c1 2*c2 5*c3 1 -
cl 5*c2_1*c3_2+cl _5*c2_2*c3 1)-(c2_2*c3 _5-c2_5*c3_2)*
(c1_2*c2_1*c5 _3-c1_2*c2 3*ch_1+cl 3*c2 2*c5 _1-cl 3*c2_1*c5 5)+
(c2_2*c3_3-c2_3*c3_2)*(cl_2*c2_1*c5 5-c1_2*c2_5*c5 1+cl 5*c2 2*c5 1-
cl 5*c2_1*c5_5)),((c2_2*c3_3-c2_3*c3 2)*(c2_2*c5 _5-c2_5*c5_5)-
(c2_2*c3_5-c2_5*c3_2)*(c2_2*c5 3-c2_3*c5_5))*((cl_2*c2_1*c3 3-
cl 2*c2_3*c3_1-cl 3*c2_1*c3_2 +cl_3*c2_2*c3_1)*(cl_2*c2_1*c4 4-
cl 2*c2_4*c4_1-cl 4*c2_1*c4 2 +cl_4*c2_2*c4 1)-(cl _2*c2_1*c3_4-
cl 2*c2_4*c3_1-cl 4*c2_1*c3_2 +cl_4*c2_2*c3_1)*(cl_2*c2_1*c4 3-
cl 2*c2_3*c4_1-cl 3*c2_1*c4 2 +cl_3*c2_2*c4 _1))-((c2_2*c3_3-
c2_3*c3_2)*(c2_2*c5_4-c2_4*ch 5)-(c2_2*c3_4-c2_4*c3 2)*(c2_2*ch_3-
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c2_3*c5 5))*((cl_2*c2_1*c3 3-cl 2*c2 _3*c3_1-cl 3*c2_1*c3 2+

cl 3*c2 2*c3 _1)*(cl 2*c2_1*c4 5-c1 2*c2 5*c4 1-cl 5*c2 1*c4 2+

cl 5*c2 2*c4 1)-(cl _2*c2 _1*c3 5-c1 2*c2 5*c3_1-c1 5*c2 1*c3 2+

cl 5*c2 2*c3 _1)*(cl 2*c2_1*c4 3-cl 2*c2 3*c4 1-cl 3*c2 _1*c4 2+

cl 3*c2_2*c4 1))-((c1_2*c2_1*c3 3-cl 2*c2 3*c3_1-cl 3*c2 1*c3 2+

cl 3*c2 2*c3 _1)*(cl 2*c2_1*c5 4-cl 2*c2 4*c5 1+cl 4*c2 2*c5 1-

cl 4*c2_1*c5 5)-(cl _2*c2 _1*c3 4-cl 2*c2 4*c3_1-cl 4*c2 1*c3 2+

cl 4*c2 2*c3 _1)*(cl 2*c2_1*c5 3-cl 2*c2 3*c5 1+cl 3*c2 2*c5 1-

cl 3*c2_1*c5 5))*((c2_2*c3_3-c2_3*c3_2)*(c2_2*c4 5-c2 _5*c4 2)-
(c2_2*c3 5-c2 5*c3 2)*(c2_2*c4 3-c2_3*c4 _2))+((cl _2*c2_1*c3_3-

cl 2*c2_3*c3_1-cl 3*c2_1*c3_2 +cl_3*c2_2*c3 1)*(cl_2*c2_1*c5 5-

cl 2*c2_5*c5_1+cl 5*c2_2*c5 1-c1 5*c2_1*c5 5)-(cl_2*c2_1*c3_5-

cl 2*c2_5*c3_1-cl 5*c2_1*c3_2 +cl_5*c2_2*c3 1)*(cl_2*c2_1*c5 3-

cl 2*c2_3*c5_1+cl 3*c2_2*c5 1-c1 3*c2_1*c5_5))*((c2_2*c3_3-
c2_3*c3_2)*(c2_2*c4_4-c2_4*c4 2)-(c2_2*c3_4-c2_4*c3 2)*(c2_2*c4_3-
c2_3*c4_2))+((c2_2*c4_4-c2_4*c4 _2) *(cl_2*c2_1*c3_3-c1_2*c2_3*c3 1-
cl 3*c2_1*c3_2+cl_3*c2_2*c3 _1)-(c2_2*c4 3-c2_3*c4_2)*
(c1_2*c2_1*c3_4-c1 _2*c2_4*c3_1-c1_4*c2_1*c3 2 +cl 4*c2_2*c3_1)-
(c2_2*c3_4-c2_4*c3_2)*(cl_2*c2_1*c4 3-c1_2*c2_3*c4 1-cl 3*c2_1*c4 2
+cl _3*c2_2*c4_1)+(c2_2*c3_3-c2_3*c3_2)*(cl_2*c2_1*c4 _4-

cl 2*c2_4*c4_1-cl 4*c2_1*c4 2 +cl_4*c2_2*c4 1))*((c2_2*c5 5-
c2_5*c5_5)*(c1_2*c2_1*c3 3-cl_2*c2_3*c3 1-cl 3*c2_1*c3 2+

cl 3*c2_2*c3_1)-(c2_2*c5_3-c2_3*c5 5)*(cl_2*c2_1*c3 5-c1 2*c2_5*c3_1-
cl 5*%c2_1*c3_2 +cl_5*c2_2*c3_1)-(c2_2*c3_5-c2_5*c3 2)*
(c1_2*c2_1*c5_3-c1_2*c2 3*ch_1+cl 3*c2 2*c5 _1-cl 3*c2_1*c5 5)+
(c2_2*c3_3-c2_3*c3_2) *(cl_2*c2_1*c5_5-c1 2*c2 5*c5 1+

cl 5*%c2_2*c5_1-c1 5*c2_1*c5_5))-((c2_2*c4 _5-c2_5*c4 2)*
(c1_2*c2_1*c3_3-c1_2*c2 3*c3_1-c1_3*c2_1*c3 2 +cl 3*c2_2*c3_1)-
(c2_2*c4_3-c2_3*c4_2)*(cl_2*c2_1*c3 5-c1_2*c2 5*c3_1-cl 5*c2_1*c3 2
+cl 5*c2_2*c3_1)-(c2_2*c3 5-c2 5*c3_2) *(cl_2*c2_1*c4_3-

cl 2*c2_3*c4_1-cl 3*c2_1*c4 2+cl 3*c2_2*c4_1) +(c2_2*c3_3-c2_3*c3 2)
*(cl_2*c2_1*c4_5-c1 _2*c2 5*c4_1-c1 _5*c2_1*c4 2 +cl 5*c2_2*c4_1))*
((c2_2*c5_4-c2_4*c5 5)*(cl _2*c2_1*c3_3-cl 2*c2_3*c3_1-

cl 3*c2_1*c3_2+cl_3*c2_2*c3 _1)-(c2_2*c5_3-c2_3*c5 _5)*
(c1_2*c2_1*c3_4-c1 _2*c2_4*c3_1-c1_4*c2_1*c3 2+cl 4*c2_2*c3_1)-
(c2_2*c3_4-c2_4*c3_2)*(cl_2*c2_1*c5 3-c1_2*c2 _3*c5 1

+cl 3*c2_2*c5_1-cl 3*c2_1*c5 5)+(c2_2*c3 _3-c2_3*c3_2)*
(cl_2*c2_1*c5 _4-c1_2*c2_4*c5_1+cl 4*c2_2*c5_1-cl 4*c2_1*c5 5)),
((c1_2*c2_1*c3 3-cl 2*c2_3*c3_1-cl 3*c2_1*c3_2+cl 3*c2_2*c3 1)
*(cl_2*c2_1*c5_4-cl 2*c2_4*c5_1+cl 4*c2_2*c5 1-cl 4*c2_1*c5_5)-
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(c1_2*c2_1*c3_4-c1_2*c2_4*c3_1-c1_4*c2_1*c3 2+cl _4*c2_2*c3_1)
*(c1_2*c2_1*ch 3-cl 2*c2 3*c5 1+cl 3*c2 2*c5 1-cl 3*c2 1*c5 5))
*((c2_2*c4_5-c2_5*c4 2)*(cl_2*c2 _1*c3 3-cl 2*c2 3*c3 1-

cl 3*c2 1*c3 2+cl 3*c2 2*c3 1)-(c2_2*c4 3-c2_3*c4 2)*
(c1_2*c2_1*c3_5-c1_2*c2 5*c3_1-c1_5*c2_1*c3 2+cl _5*c2_2*c3_1)-
(c2_2*c3_5-c2_5*c3_2)*(cl_2*c2_1*c4 3-c1_2*c2_3*c4 _1-cl_3*c2_1*c4 2
+cl 3*c2_2*c4 1)+(c2_2*c3 3-c2_3*c3_2)*(cl _2*c2_1*c4 5-

cl 2*c2 5*c4 1-cl 5*c2_1*c4 2+cl 5*c2 2*c4 1))-((cl_2*c2_1*c3 3-

cl 2*c2 3*c3_1-c1 3*c2 1*c3 2+cl 3*c2 2*c3_1)*(cl_2*c2_1*c5 5-

cl 2*c2 5*c5 1+cl 5*c2 2*c5 1-c1 5*c2 _1*c5 5)-(cl 2*c2_1*c3 5-

cl 2*c2_5*c3_1-cl 5*c2_1*c3_2+cl 5*c2_2*c3_1)*(cl _2*c2_1*c5_3-

cl 2*c2_3*c5_1+cl 3*c2_2*c5 1-c1 _3*c2_1*c5_5))*((c2_2*c4 4-
c2_4*c4_2)*(c1_2*c2_1*c3 3-cl_2*c2_3*c3 1-cl 3*c2_1*c3 2+

cl 3*c2_2*c3_1)-(c2_2*c4_3-c2_3*c4 2)*(cl_2*c2_1*c3 4-cl 2*c2_4*c3_1-
cl 4*c2_1*c3_2+cl_4*c2_2*c3 _1)-(c2_2*c3_4-c2_4*c3_2)*
(c1_2*c2_1*c4_3-c1_2*c2 3*c4 _1-c1_3*c2_l1*c4 2+cl 3*c2 2*c4 1)+
(c2_2*c3_3-c2_3*c3_2)*(cl_2*c2_1*c4 4-c1_2*c2_4*c4 1-cl 4*c2_1*c4 2
+cl_4*c2_2*c4_1))+((cl_2*c2_1*c3_3-c1_2*c2_3*c3_1-cl_3*c2_1*c3 2+

cl 3*c2_2*c3_1)*(cl_2*c2_1*c4 5-c1_2*c2 5*c4 1-c1_5*c2_1*c4 2+

cl 5*%c2_2*c4_1)-(c1_2*c2_1*c3 5-c1_2*c2_5*c3_1-cl 5*c2_1*c3 2+

cl 5*%c2_2*c3_1)*(cl_2*c2_1*c4 _3-c1_2*c2 3*c4 _1-cl_3*c2_l1*c4 2+

cl 3*c2_2*c4_1))*((c2_2*c5_4-c2_4*c5 _5)*(cl_2*c2_1*c3 3-

cl 2*c2_3*c3_1-cl 3*c2_1*c3_2+cl 3*c2_2*c3_1)-(c2_2*c5 3-c2_3*c5_5)
*(cl_2*c2_1*c3_4-cl _2*c2_4*c3_1-c1_4*c2_1*c3_2+cl _4*c2_2*c3_1)-
(c2_2*c3_4-c2_4*c3_2)*(cl_2*c2_1*c5 3-c1_2*c2_3*c5 1+cl 3*c2 2*c5 1-
cl 3*c2_1*c5_5)+(c2_2*c3_3-c2_3*c3_2)*(cl_2*c2_1*c5 _4-c1_2*c2 4*c5 1
+cl_4*c2_2*c5_1-cl 4*c2_1*c5_5))-((c1_2*c2_1*c3 3-cl 2*c2_3*c3_1-

cl 3*c2_1*c3_2+cl_3*c2_2*c3_1)*(cl_2*c2_1*c4_4-cl 2*c2_4*c4 _1-

cl 4*c2_1*c4_2+cl_4*c2_2*c4 1)-(cl 2*c2_1*c3_4-cl_2*c2_4*c3_1-

cl 4*c2_1*c3_2+cl_4*c2_2*c3_1)*(cl_2*c2_1*c4_3-cl 2*c2_3*c4_1-

cl 3*c2 1*c4 2+cl 3*c2_2*c4_1))*((c2_2*c5 5-c2_5*c5 5)*
(c1_2*c2_1*c3_3-c1_2*c2 3*c3_1-c1_3*c2_1*c3 2+cl _3*c2 2*c3_1)-
(c2_2*c5_3-c2_3*c5_5)*(cl_2*c2_1*c3 5-c1_2*c2_5*c3 1-cl 5*c2_1*c3 2+
cl 5*%c2_2*c3_1)-(c2_2*c3_5-c2_5*c3 _2)*(cl_2*c2_1*c5 3-cl 2*c2_3*c5 1
+cl 3*c2_2*c5_1-cl 3*c2_1*c5 5)+(c2_2*c3_3-c2_3*c3_2)*

(cl_2*c2_1*c5 5-c1_2*c2 5*c5_1+cl 5*c2_2*c5_1-cl 5*c2_1*c5 5)),
((c1_2*c2_1*c3 3-cl 2*c2 3*c3_1-cl 3*c2_1*c3 2+cl 3*c2_2*c3_1)*
(c1_2*c2_1*c5 5-c1_2*c2 5*c5_1+cl 5*c2_2*c5 1-c1 5*c2_1*c5_5)-
(c1_2*c2_1*c3 5-c1_2*c2 5*c3_1-c1 5*c2_1*c3 2+cl 5*c2 2*c3 1)*
(c1_2*c2_1*c5 _3-c1_2*c2 3*c5_1+cl 3*c2_2*c5 _1-cl 3*c2_1*c5 5))*
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((cl_2*c2_1*c3 _3-c1 2*c2 3*c3 1-c1l 3*c2_1*c3 2+cl 3*c2 2*c3 1)
*(cl_2*c2_1*c4_4-cl_2*c2_4*c4_1-cl_4*c2_1*cd 2+cl _4*c2_2*c4_1)-
(c1_2*c2_1*c3_4-c1_2*c2_4*c3_1-c1_4*c2_1*c3 2+cl_4*c2_2*c3_1)*
(c1_2*c2_1*c4 3-cl 2*c2 3*c4 1-cl 3*c2 1*c4 2+cl 3*c2 2*c4 1))-
((cl_2*c2_1*c3 3-c1 2*c2 3*c3 1-c1 3*c2_1*c3 2+cl 3*c2 2*c3 1)*
(c1_2*c2_1*c5_4-c1_2*c2_4*c5_1+cl 4*c2_2*c5_1-cl_4*c2_1*c5_5)-
(c1_2*c2_1*c3_4-c1_2*c2_4*c3_1-c1_4*c2_1*c3 2+cl_4*c2_2*c3_1)*
(c1_2*c2_1*c5 3-cl 2*c2 3*c5 1+cl 3*c2 2*c5 1-c1 3*c2_1*c5 5))*
((cl_2*c2_1*c3 3-c1 2*c2 3*c3 1-c1 3*c2_1*c3 2+cl 3*c2 2*c3 1)*
(c1_2*c2_1*c4_5-c1_2*c2 5*c4_1-c1_5*c2_1*c4 2+cl_5*c2_2*c4_1)-
(c1_2*c2_1*c3 5-c1_2*c2 5*c3_1-c1 _5*c2_1*c3 2+cl 5*c2 2*c3_1)*
(c1_2*c2_1*c4 _3-cl_2*c2 3*c4 _1-c1_3*c2_1*c4 2+cl 3*c2_2*c4 1))];
v2(1,1,1:5)=[c1_178,c1 _177,c1 176,cl 175,cl 174,

Tiép tuc phan tich cic phan tir trén thanh cac sd hang bang cic lénh
“[fijv]=coeffs(d1_l,c1_1)’..., cudi cing s& tinh dugc cac s6 hang cua dinh thic |F|. Sau mdi

lan thuc hién 1énh trén, két qua duogc hién thi trén man hinh, ta lai phai copy lai va soan lai thanh
cong thic theo dung cli phap ciia Matlab va tinh tiép. Do sb lugng phép tinh 16n, hién nay tac gia
m&i dang thuc hién phan tich dugc toi 1an thtr hai, va nhu thay trinh bay & trén, cic sé hang cia
céc phan tir ma tran cudi ciing van con rat dai nén kha niang khi, gia sir khi tinh d1_1 theo cong
thire cudi cung, thay cac biéu tuong Ci_j bang cac cong thirc & bén trén nira (Ci_j=f(bi_j) thi

cong thirc thu duoc vugt qua chiéu dai t6i da.
2.2. Két luin

Bén trén di trinh bay myc dich, co s¢ Iy thuyét va thudt toan xac dinh cac hé sb sirc can
xoan. Tuy vdy, so véi vi du don gian trude day trinh bay & [5], & hé truc thuc té co sd lugng khdi
lwong 16n nén thu tyc tinh toan hoi dai dong. Nhung néu, véi dang ma tran da cho giéng nhau
v6i céc hé dao dong xoin twong duong, thi sau khi dd c6 cong thirc giai tich thi co thé sir dung
dé tinh cho cac hé khac véi diéu kién co s6 khdi luong nhé hon.

Do thu tyc tinh dai, qua nhiéu budc trung gian sir 1y thi cong nén két qua cudi ciing chua dat

dugc, xong thoi gian tdi hi vong s€ ¢o.
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