ISSN 2354-0575

ANy,
BN O "
o We,

o

%, @
“onyg oow

AlPhy
b,

NG L
0

3
7 A
2 of
W oy g

VE MQT THUAT TOAN LAP TRINH
TRONG TiNH TOAN PONG HQC CAC HE CO HQC

Khéng Doin Pién"2, Vii Xuin Truong', Nguyén Duy Chinh', Nguyén Tién Phong!

1 Truong Pai hoc Su pham Ky thudt Hung Yén
2 Hoi Co hoc Ha Noi

Ngay nhan: 20/2/2016
Ngay xét duyét: 22/3/2016

Toém tat:

Bai bao nay trinh bay mot thudt toan phan tich dong hoc ap dung cho cdc hé co hoc khac nhau. Tinh
linh dong cua cua thudt toan dwoc thé hién & ché cé thé ap dung cho moi hé co hoc va ¢ moi thoi diém. Y
twong ciia thudt todn nay xudt phat tie sicc manh tinh todn trén trieong véc to, ma trdn cia cdc phan mém
todn hoc (chdang han Maple). Tuy nhién mét khé khdn phat sinh la viéc xu Iy tinh todn s6 liéu & dang tham
SO (symbolic), két qua tra ra sé o dang biéu thirc goc RootOf, trong khi chung ta can két qua o dang tham
56 (symbolic) hodc s6 (numeric). Van dé nay sé dwoc trinh bay va gidi quyét thau dao trong bai bao nay.

Tir khoa: Phan tich dong hoc, tich vo hwong, tich co hudng, biéu thirc goc, tham 56, lién hop.

Cac ki hiéu va dién giai

Ky hi¢u Dién giai Biéu dién
v Vécto van tde V=<v,v, 6 v>
a Vécto gia toc a=<a,a,a>
w Vécto van tde goc | 0=<w,, 0, 0,>
€ Vécto gia toc goc | e=<¢€,€,€ >
X Tich ¢6 huong CrossProduct(a,b)
cua hai vécto
Tich vo hudéng DotProduct(a,b)
cua hai véc to
Ky hiéu | Véc to hoac ma -
dam tran

1. Pit véan dé

Phan tich dong hoc gdm ba bai toan: bai toan
vi tri, bai toan van toc va bai toan gia tdc cua diém,
vét ran va hé vat ran. Dé thuc hién duogc viéc phan
tich dong hoc cac hé co hoc ¢6 nhidu phuong phap
chang han phuong phép giai tich[1,4,5], phuong
phap hoa dd, phuong phip ma tran truyén [2],
phuong phap Danevit-Hartenbeg, Crag, [6] ...

Ngay nay, véi sy phat trién ciia khoa hoc
cong nghé cac phﬁn mém toan hoc hd trg déc luc
trong viéc tinh toan cho con nguoi da ra doi. Phai
ké dén nhirng phan mém manh nhu Matlab, Maple,
Mathematica,... Viéc tinh toan trén truong véc to va
ma tran 1a cong viéc kho khan cho viée tinh toan thu
cong, tham chi khong kha thi. Nhung tinh trén trén
truong véc to va ma tran lai 1a sitc manh cua cac
phan mém toan hoc.

Bén chat chung cta cic phuong phap giai
tich 1a phan tich bai toan ¢ truong véc to nhung sau
d6 phai chiéu phuong trinh véc to d6 1én cac truc

8  Khoa hoc & Cong nghé - S5 9/Thang 3 - 2016

cua hé toa do dé chuyén vé dang giai tich thuan loi
cho viéc tim nghiém dong hoc. Viéc nay khong phai
lic nao ciing dé dang béi khong phai lic nao ciing
xac dinh dugc goc hop bdi vée to d6 voi cac truc
toa d9. Tinh linh dong cta nhitng phuong phap nay
khong cao vi chi ap dung cho mét thoi diém. Mai
mot thoi diém c6 mot ‘meo’ chiéu khac nhau sao
cho phuong trinh giai tich thu dwoc don gian hon.
Bai bao nay trinh bay mot thudt toan phan
tich ddng hoc ap dung cho céc hé co hoc khac nhau.
Tinh linh dong cia cua thuat toan dugc thé hién ¢
chd c6 thé ap dung cho moi hé co hoc va & moi thoi
diém. Y tudng cua thuat todn ndy xudt phat tir sirc
manh tinh toan trén truong véc to, ma tran ctia cac
phan mém toan hoc (ching han Maple). Tuy nhién
mdt kho khan phat sinh 1a vi¢c xur ly tinh toan s6 liéu
& dang tham sb (symbolic), két qua tra ra s& ¢ dang
biéu thire gbc RootOf, trong khi chung ta can két
quéa & dang tham sb (symbolic) hodc sé (numeric).

2. Co s6 1y thuyét [1,4,6]
Dinh Iy lién hé vén toc:
VB = VA + VBA
vV, =0 X AB
Dinh ly lién hé gia toc:
a =a ta,
= 8 X AB - ®W’AB
Dinh ly hop van toc:
V.=V, +v,
trong dov,v, vav, lan luo”[ 1a véc to van tbc cua
diém trong chuyen dong tuyet dbi, chuyén dong kéo
theo va chuyén dong tuong ddi.
Dinh 1y hop gia tdc:
a=a + a + a.
Gia tbc Corlohs duoc xac dinh boi biéu thirc
a.=2m, XV,
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trong dé:a ,a vaa lan luot 13 véc to gia tc cua
diém trong chuyen dong tuyet d6i, chuyén dong kéo
theo va chuyén dong twong ddi;

a_la gia tbe Corlohs

(D 1a véc to van tbe goc trong chuyén dong
kéo theo.
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3. Thuat gidi 1ap trinh va xir ly

Xét mo hinh ¢6 mé hinh nhu Hinh 1 [5]. Tay
quay chi dong CB quay déu véi toe do n (ve/phut).
Cho biét cac d6 dai OC=a, CB=b, OD=c, DA=d va
céac goc o, B

Xac dinh van toc va gia tdc diém D?

H

Hinh 1. M6 hinh dong hoc

Phan tich giai thuit
+ Bai todn vi tri

- Theo dinh ly ham sin
a __b _ OB
sin@ — sin@  sin(w— (0 +0))

[6 = arcsin(%sin 0()

=1 . +
op - ante.0)
- Tinh toan cac véc to
CB=|bcos(a+0) bsin(a+6) 0f )
OB =[0OBcosa OBsina 0] 3)
OD =[—ccos(at) —csina 0] 4)

D

DA =[—dsin(f) dcosf O]T (3)
Céac véc to CB, OB, OD va DA phu thudc
vao cac dai luong da bict nén hoan toan xac dinh.
+ Bai todn vin téc

T
=[0 0 a)]T;a):3—g (6)
DH = [0 0 CODH]T (7)
T
®p, = [0 0 a)DA] (8)
Vp = 0py X OD )
Vy=vptwp XDA (10)

Do diém A truot doc theo phuong y nén v, =v [2]
Nhu vay muén tinh toan véc to v, can phal
tinh hai véc to @, va @,

Hinh 2. So' d6 phdn tich vin téc

Tir so @b phan tich véan tdc trén Hinh 2

vl =w,; % CB (11)

Vc :wDHXOB (12)
R{ rang muon tinh @, tir (12) ta phai tinh vo.

Mit khac v? = vZ +v? (13)

Trong (13), v” chua xac dinh nhung v” 1L v”
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nén thuat toan rat don gian nhung hiéu qua ¢ day la
nhéan hai vo huéng hai vé ctia phuong trinh (13) véi
v? bang viéc sir dung cau 1énh DotProduct. Tir d6
xéc dinh dugc v/ va tinh toan duge @, tir (12).

Tuy nhién két qua tra ra s& & dang RootOf
(biéu thirc goc).
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V& mat co hoc ta biét réng cac dai lugng
ching han a, b, ¢, d 1a chidu dai nén hién nhién
duong, nhung khi tinh toan trén cic phan mém toan
hoc chéng han Maple a, b, ¢, d s€ dugc hiéu 1a cac
dai lugng tong quat (c6 thé 1a s6 phirc, sé thuc, s6
nguyén, c¢6 thé am, c6 thé duong, ...) boi vay khi
tinh toan sé tra ra két qua & dang biéu thirc goc. Dé
xtr Iy van dé nay ta thém thudc tinh conjugate=false
trong biéu thic tinh tich vo huéng. Cu thé:

AaA

DotProduct(a,b,conjugate=false)

Nhu vay dén day da x4c dinh duge @,
tr (9) tinh duge v,. T phucmg trinh (10) ta xac
dinh duoc v, theo co , (chua biét).

Thuat toan t1ep theo 1a 4p dung diéu kién
bién cua chuyén dong dé xac dinh ®,, . O day
do con trugt A chuyén dong theo phuong y nén

é[1] =0. Giai phuong trinh nay ta thu dugc @, , va
de dang tinh dugc v,.

+ Phdn tich bai todn gia téc: Tuong ty nhu phan
tich bai toan van toc

Hinh 3. So' d6 phan tich gia toc

a’=a’+a’+al (14)

O day thanh phan gia toc trong d6i cua diém

B 1a a” chua biét nhung a” 1 aZ (hodc a” 1 v”)

nén ta nhan vé hudng hai vé cua (14) v6i a2 (hoic
v? ) tir d6 xac dinh duoc €, va tinh duoc a,,.

a, = €p; XOD — @}, 0D (15)

Mit khéac: a, = a,+ €, X DA — @, DA (16)

Ap dung diéu kién bién vé chuyén dong

a, [1] = 0 giai duoc €p, tor d6 véc to a, hoan toan
duoc xac dinh.

4. Lap trinh tinh toan trén phin mém toin hoc Maple 18

restart:
with(LinearAlgebra):
with(linalg):

#=—==—==—=-=BAI TOAN V] TRI==—=—=——=

6:= arcsin(%sind):
bsin(a+0)

[OB: = evalf( ey

):#Khoang cach OB

CB:=< bcos(a + 9),bsin((x + 9),0 > :#Vector CB
CB:=<—ccos(Q),—csin(a),0 > #Vector OD

DA:=<—dsin(f),dcos(3),0 > #Vector DA

#=——=——————BAI TOAN VAN TOC=——=—==——
WCB:=< 0,0, > :#Vector van toc goc cua thanh CB
WDH:=< 0,0,w0 > :#Vector van toc goc cua thanh DH
WDA:=< 0,0, > :#Vector van toc goc cua thanh DA

a.= CrossProduct(wCB, CB):#Vector van toc tuyet doi cua diem B
vBe:= CrossProduct( WDH, OB):#Vector van toc keo theo cua diem B
ptl:=DotProduct(vBa,vBe,conjugate=false)=DotProduct(vBe,vBe,conjugate=false)+
DotProduct(vBr,vBe,conjugate=false): #Phuong trinh hop van toc
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solve({ptl},{@0}):
assign(%):
vBr:=vBa-vBe:#Vector van toc tuong doi cua diem B
vD:= CrossProduct( WDH,OD):#Vector van toc cua diem D
vA:= vD + CrossProduct( WDA,DA):#Vector van toc cua diem A
solve({VA[l]},{wl}):
assign(%):

==—======BAI TOAN GIA TOC======—-==
ECB:=< 0,0, & > :#Vector gia toc goc cua thanh CB
EDH:=< 0,0, €0 > :#Vector gia toc goc cua thanh DH
EDA:=<0,0,€1 > :#Vector gia toc goc cua thanh DA
aBa:= CrossProduct( €CB,CB) — w’ CB:#Vector gia toc tuyet doi cua diem B
aBe:= CrossProduct( €DH,OB) — w0*OB:#Vector gia toc keo theo cua diem B
aBc:= CrossProduct(2awDH,vBr):#Vector gia toc Coriolis cua diem B
pt2:=DotProduct(aBa,aBc,conjugate=false)=DotProduct(aBe,aBc,conjugate=false)+
DotProduct(aBr,aBc,conjugate=false)+
DotProduct(aBc,aBc,conjugate=false): #Phuong trinh hop gia toc
solve({pt2},{€0}):
assign(%):
aD:= CrossProduct(EDH, OD) — w0°OD #Vector gia toc cua diem D
ad:=aD + CrossProduct(SDA,DA) — wI’DA#Vector gia toc cua diem A

solve({aA[l]},{€1}):
assign(%):
#=—==————DU LIEU PAU VAQ=——==—==—=—
o cye= T .
n:=1200:0:= 35 :£:= 0:
a:=0.6:b:=0.6:¢:=0.6:d:=0.6:
Y |- Y |
a:=g:fi=¢ » |
#=====—==—=XUAT KET QUA==—=======

evalf(@0),#Van toc goc cua thanh DH

62.83185306
evalf(€0),#Gia toc goc cua thanh DH

-1.3.10¢

evalf(wl);#Van toc goc cua thanh DA

36.27598729
evalf(€1),;#Gia toc goc cua thanh DA

4707.604262
evalf(vA[2]);#Van toc cua diem A

-43.53118474
evalf(aA[2]),#Van toc cua diem A

-911.7150012

Két qua tinh toan dung voi cic cong bd  Tir chuong trinh 1ap trinh & trén, thay d6i thong sd
trong [5] (st dung phuong phap giai tich). BPieunay  dau vao va chay chuong trinh trén Maple sé& thu
chirng té d tin cdy va tinh chinh xac cua thuat toan.  dugc cac két qua dong hoc tai cac thoi diém khac.
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AN ALGORITHM IN KINETIC ANALYSIS FOR MECHANICAL SYSTEMS

Abtract:

This paper presents a kinematic analysis algorithms applied to diffirent mechanical systems. The
flexibility of the algorithm is shown in that can apply to all mechanical systems and at all times. The idea
of this algorithm comes from computing power on a vector, matrix of mathematical software (eg Maple).
However a difficulty arises that the processing of data in the form of calculation parameters (symbolic), the
results will be in the form of original expression RootOf, while we need the results in the form of parameters
(symbolic) or number (numeric). This issue will be presented and thoroughly solved in this paper.
Keywords: Kinetic analysis, DotProduct, CrossProduct, RootOf, Symbolic, Conjugate
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