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TOM TAT

Bai bdo da ra gidi phdp xdc dinh goc tw thé truc rulo nho sir dung cam bién con quay do toc
do goc phuc vu bai toan hiéu chinh. Goc tw thé méi truc rulo hinh tru dwoc ddc trung boi mot
vector chi phwong €. Vector chi phuong ndy c6 thé dwoc xdc dinh théng qua hai vector phdp
tuyén véi mat rulo ¢ hai diém khac nhau 0, R, nho tinh chdt nhan c6 hwéng hai vector. Dé xdc

dinh vector phdp tuyén véi mdt rulo sir dung thiét bi do ma trén dé ba con quay do toc do goc dat
vuéng goéc véi nhau. Tin hiéu toc do géc quay tir ba con quay do toc do géc dugc sur dung dé xac
dinh goc tu thé thiét bi do nho thudt todn tinh todn. Do dé, vector phdp tuyén ciia mdt phang do
ctia thiét bi do nay cing dwoc xdac dinh. Mat rulo co dang hinh tru nén khi dat thiét bi do sao cho
mdt phang do tiép xiic voi mdt truc rulo thi vector phdp tuyén ciia ching ¢ diém do tring nhau.
Nhuw vdy, dé xdc dinh cdc vector phéap tuyén véi mat rulo n,, N, trong qua trinh do can dat mat
phdng do ciia thiét bi do tiép xiic véi rulo ¢ hai diém khdc nhau. Tir thong tin nhdn dwge vé cdc
vector phdp tuyén véi mdt rulo 1, R, cho phép xdc dinh vector chi phwong €. Trong bai béo
vector € duwoc xac dinh trong hé toa do gan vdi trdi dat, tir d6 cho phép xdc dinh goc huwdng géc
ta ciia rulo. Bé thuc hién kiém tra danh gid giai phdp dwa ra trong bai bao thuc hién mo phong,
khao sat thudt todan xdac dinh goc tu thé truc rulo trong hé toa do gan voi trdi ddt nho sie dung
phan mém Matlab Simulink.

Tir khéa: Goc hudng truc hinh try; Paralign alignment; Con quay do téc d6 goc; Phuong trinh dong hoc Poison.

1. MO PAU

Trong cic nha méay gidy, nhia may carton, nha may can thép tam,... sir dung cac rulo hinh try
dit song song véi nhau dé tao hinh cac tim mong gidy, carton hodc thép. Do song song giita cac
tryc ndy s& anh hudng 16n dén chat luong san phém tao ra. Néu cac truc can nay khong song
song s& dan dén dut gy, do day cac tam khong dong déu. Ngoai ra, d léch song song con gidi
han kha nang tao ra nhiing tam mong véi kich thude theo yéu cau. Do d6, khi xdy dung day
truyen san xuat méi hodc khi bao dudng stra chira can thuc hién thao tac hiéu chinh song song
gitra cac truc rulo dang hinh tru [7, 9, 10].

Pé xac dinh do 1éch song song gitra cac tryc rulo hinh try co thé sir dung cac thiét bi quang
hoc. Tuy nhién, khi cdc rulo can hiéu chinh phén bd & cac ving khong gian khac nhau s€ yéu cau
phai thiét 1&p céac vi tri hi¢u chinh chuin khéac nhau. Diéu nay sé din dén sai s6 danh gia do 1éch
song song 16n hon so véi yéu cau khi sb lwong rulo can hiéu chinh 16n. Dé giai quyét bai toan
nay tap doan PRUFTECHNIK (Cong hoa lién bang Duc) di dua ra thiét bi Paralign sir dung ba
con quay quang hoc do toc d6 goc dit vudng goc voi nhau dé xac dinh d6 1éch song song giita
cac truc hinh tru [1, 2, 5, 6]. Thuit toan thuc hién xt 1y tinh toan dé xac dinh do léch song song
str dung trong thiét bi Paralign khong duoc cong bé.

Dé giai quyét bai toan hiéu chinh song song, trong nghién ctru [5] dua ra thuét toan xac dinh
tu thé cac truc hinh tru nho thiét bi con quay do toc do goc. Trong qua trinh do thuét toan can xéc
dinh thoi diém thoa man diéu kién rang budc nhét dinh dé thyc hién thuit toan tinh toan. Do do,
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khi str dung phuwong phéap nay can sir dung thuét toan xtr 1y phirc tap va do chinh xac do bi anh
hudng boi rung lic tay khi thuc hién thao tac do dac. Dudi day trong bai bao s& dua ra thuat toan
xac dinh hudng truc hinh tru st dung tinh chit nhén co hudng hai vector. Viéc sit dung phuong
phap nay cho phép ta don gian hoa thuét toan tinh toan va loai bo anh hudng rung lic trong qua
trinh thuc hién do.

2. XAC PINH GOC TU THE TRUC RULO TRONG KHONG GIAN

Tu thé ctia mdi rulo hinh tru duoc ddc trung boi mot vector don vi & va nd chinh I1a vector
don vi nam trén tryc X, cua hé toa do X,Y,Z, nhan dugc bang cach quay hé toa do co s&
X;Y;Z; quanh tryc Y; va Z; cac goc y,,$, twong img nhu trén hinh 1.

Hinh 1. Xdc dinh géc tw thé rulo hinh tru trong khéng gian
1- Rulo; 2 — Thiét bi do; 3 — Pé xdc ldp hé toa dj co so; 4 — Chot dinh hudng.
Vector chi phuong € ciing c6 thé xac dinh thong qua hai vector phap tuyén n, f, cua bé mat

rulo nho cong thirc

[ﬁl xﬁz]
sin(f,, n,)

é:

(1)

Sau khi xdc duogc duge toa do vector € trén cac truc cua hé toa d0 X;Y;Z, cling co thé xac
dinh dugc géc hudng w,, goc ta 4. cua truc rulo theo cong thirc
8 =asin(e,)

e, ) 2)
c0s 4

r

w, =—asin(

Dé xac dinh cac vector M, N, st dung thiét bi do ma trong d6 ba con quay do téc d6 goc co
truc nhay vuéng goc voi nhau. Tin hiu nhén dugc tir cac con quay do tbc do goc nay cho phép
xa’lq dinh goc huc’;ng cua thiét bi’do so v&i vi tri l?an dau cta no. Bé xac lap \{i tri ban dau cho
thiét bi do mot ’dé kim loai dat co dinh ’trén mat dat ma trén dc’),sfr dung céc chot dinh hudng sao
cho khi dat thiét bi do doc theo cac chot nay h¢ toa do cua thiét bi do X,Y,Z, trung voi hé toa
do co s¢ X;Y;Z; nhu trén hinh 1. Dya vao thudt toan xur 1y tin hiéu nhan duoc tir cadc con quay
goc tu thé cua hé toa do gan voi thiét bi do X,Y,Z, so voi hé toa dd X,Y,;Z, luén dugc xac
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dinh. biéu nay cé nghia 13, ta co thé xac dinh duge vector chi phuong éy cua truc Y, trong hé
toa do X;Y;Z;. Thiét bi do duoc thiét ké c6 mat phéng do song song voi mat phéng X;Z; nén
vector €, ciing chinh 14 vector phép tuyén ciia hai mt phang nay. Khi dt thiét bj do 1én mét rulo
hinh try mt phing do cta né s& tiép xuc vOi mat tru nay. Do d6, ¢ vi tri dat vector phap tuyén

cua mat phang do chinh 1a vector phap tuyén v&i mat try cia rulo. Nhu vy, khi dat thiét bi do
1én hai diém trén mit rulo s& xac dinh dugc toa dd hai vector phap tuyen n,, N, trong hé toa do

co s& X,Y,Z,. Sau khi xac dinh dugc cic vector A, fi, ta co thé xac dinh dugc vector chi
phuong tryc rulo € dua vao cong thirc (1) va tu d6 xac dinh duoc goc huéng w,, goc ta y, cia
truc rulo nho su dung cong thirc (2).

Sai s6 cua viée x4c dinh vector don vi e theo cong thirc (1) c¢6 thé xac dinh nhu sau

g = O X e [0 x5 ®3)
sin(n,,n,)
& day, o, va S, 14 vector sai sd x4c dinh vector T, i, twong tng.
Ta c6 bét dang thic
|[5ﬁ1Xﬁ2]+[ﬁ1X5ﬁ2]| |[5, %A, ]| [n1x5n2]| |51+ o, (@)

| | ﬁ2|+sm(nl, )| lsin(ri,, )|

Tir bat dang thirc (4) ta thay, néu goc gitta vector n, va n, bang 90° thi sai s xac dinh goc

sin(n,,n,)

huéng vector e ludn nho hon |S| +|5M,| < 28, . Trong do, &, - P 16n sai s6 cuc dai khi xac
dinh vector f, N, nho thiét bi do.
Sai s6 x4c dinh goc huéng ., , goc tarulo & khi sir dung cong thirc (2)
oe +sin19re2519r

Gy )
oe 2
59 = R V. cos Y, cos“ 4 (5)

r 2

1-e} [ e
cosd

Trong do, de,,de, 1a hinh chiéu vector sai léch 8& khi xac dinh vector don vi € 1én céc truc

Y; va Z, trong hé toa dj co so X;Y;Z; .

Tir cong thirc (5) ta thdy, sai s6 xac dinh goc hudng vy, , goc ta rulo § phu thudc vao cac
thanh phan e,.e,va & . Khi do 16n cic toa do e ,e, va goc § nho s cho ta do chinh xac xac
dinh géc huéng rulo cao. Do dé, dé dam bao duoc diéu kién e, e, vagoc 9, nho can dt thiét b

do sao cho d6 1éch truc X, ctia nd so véi truc cta rulo 1a nhd nhat c6 the. Liic nay, ta c6 thé xap
2

J ~1. Do @6, cbng

xi cac dai lugng sau ’fl_ei =1; cos4 =1, MEO; 1—( 6,

cos* 9, cos 9

r
thirc (5) c6 thé viét dudi dang riat gon nhur sau

o8 =de,; Oy, =-0¢, (6)

Dua vao cong thirc (6) cho thiy sai s6 danh gid goc hudng, goc ta rulo phu thudc vao sai sb
xac dinh cac thanh phéan e, e, cua vector € .
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3. MO PHONG THUAT TOAN XAC PINH GOC HUONG TRUC HINH TRU

Qua triph thyuc hién do d’ac xac dinh cac goc tu thé rulo dién ra theo bfi giai,doan: Gia}i doan
xac dinh toc d§ goc tuyét doi hé toa do co s¢ X;Y;Z,, giai doan di chuyén thiét bi do dén rulo,
giai doan thyc hién do.

O giai doan dau tién thiét bi do duoc dat 1én dé va nhd cac chdt dinh hudng tryc nhay cua cac
con quay do toc do goc doc theo céc truc h¢ toa do X,Y,Z, trung véi truc tuong g cua hé toa
do co so X, Y. Z; . Pau ra cta con quay do tdc d6 goc cho phép xac dinh vector toc do goc tuyét
ddi cua hé toa dd co so a"); . Tin hiéu dAu ra cta con quay ¢ giai doan nay phu thudc vao vi do vi
tri dat dé ¢ va cac goc tu thé cua hé toa do co so Vo, %, 7,50 vOi hé toa do dia ly dia phuong
theo biéu thirc

cos 9, cosy,, sin, —C0s &, siny, 0
@) =| —C0Sy,COSy,SinG, +siny,siny, COSy,C08Y,  COSy,Sinw,sing, +siny,cosy || w,cosp
siny, cosy, sin ¥, +cosy,siny, —siny,cosd, —siny,siny,sing, +cosy,cosy, )\ ®,cose
Giai doan hai bat dau dugc tinh khi thuat toan xac dinh phuong duoc thuc hién. Thuét toan
dinh phuong thyc hién nho viéc giai hé phuong trinh vi phan sau [3, 4, 8].

ZF)I =PI Oa):P
2T, =T, c 0l (7
P =T-PR

voi a): — Van tbc chuyén dong tuyét ddi cua thiét bi do; P. — Quaternion dac trung cho chuyén
dong tuong ddi ciia thiét bj do; P, — Quaternion dic trung cho chuyén dong trong khong gian
tuyét doi cua thiét bi do; T,— Quaternion dic trung cho vi tri hé toa d¢ co sé X, Y;Z, trong
khdng gian quan tinh; a);T =a);>— Van tdc goc tuyét dbi cua trai déat trong hé toa do co so
X;Y:Z, ¢6 thé dugc tinh thong qua ma tran chuyén CJ, chuyén tir hé toa do dia 1y dia phuong
sang h¢ toa d9 co s& theo cong thitc ) =CJ @) vaw) 1a hinh chiéu ciia van toc quay trai dat 1én
hé toa d¢ dia ly dia phuong.
Giai doan thuc hién do b;it dau khi dat thiét bi do 1én mat rulo. O giai doan nay vi tri goc hé
toa d0 X,Y,Z, gan voi thiét bi do dugc xac dinh boi hai goc y va Ay so véi hé toa do rulo
X,Y,Z, nhu trén hinh 1. Tbc do goc tuyét ddi cua thiét bi do a)aB duoc xac dinh béng téng tde do
goc tuong d6i cuia no so v6i rulo va tbe vdcf) goc do chuyén dong quay trai dat. Do d6 van toc quay
tuyét doi ¢ thiét bi do dugc tinh theo biéu thuc
YCOSA
ol =| Ay |+C]Clay (8)
ySinAy
Trong &6 C!, C!, C. tuong tng la cac ma tran chuyén tir hé toa d6 rulo X,Y.Z, sang hé toa
do co s¢ X;Y;Z,, ma trdn chuyén tir hé toa do co s& X;Y;Z; sang hé toa 4o rulo X,Y,Z, va hé
toa d¢ dia ly dia phuong NEUp sang hé toa do co s& X;Y;Z; .

So d6 mo phong thuat toan xac dinh cac goc tu thé rulo hinh try nhy cam bién con quay do
toc d6 géc dugc thé hién trén hinh 2.
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Jl [ 7, Ay]

Phuong trinh dong hoc e e 9r — asin (ey)

Y N . e

sin(n,, n,) W, =—-asin(—=-)
Z cos g

Model IMU Tﬁ r

AP
S L @y cT 0
Thuat toan dinh hueng [, =C; | 1

0

[ 7, Ay]==>C7

[ve S ]=C;

[ Vo, & 70 ]==>C]

@ =, [0, cos g, sing]'
1

Hinh 2. So' d6 mé phong thudt todn xdc dinh géc tw thé rulo.

Trong md hinh mé phong khdi Model IMU sir dung 1a khdi do vector van téc con quay voi
cac con quay c6 do troi bang0,36° / h . B¢ giai phuong trinh vi phan (6) trong khdi Thuét toan
dinh hudng st dung phuong phap Rungekuta.

3
4><lO

3.5

3

2.5

de(rad)
(3%}

0 ; '\j\ - /\ \/\N\’\r-/\/\//\ ~\‘
i VYA

2 3 4 5 0 7 8 9 10
Time (s)

Hinh 3. Sai 56 xdc dinh goc tie thé rulo.

Viéc mo6 phong hoat dong ctia thiét bi do khi xac dinh tu thé rulo dugc thuc hién trong diéu
kién sau: Vi tri thuc hién do dac co vi d6 ¢ =60°, hé toa d6 co s& X, Y, Z, tring v6i hé toa do
dia 1y dia phuong w, =0, 4, =0,5, =0, cic goc tu thé ctia rulo y, =2°; 9 =5°. Trong qua trinh
di chuyén thiét bi do truot trén bé mat rulo véi quy luat thay ddi goc » =0,2t va goc Ay 1a dai
lwong ngau nhién. Viéc xac dinh vector phap tuyén M, voi mat rulo dugc thuc hién & ngay thoi
diém ban d4u cta giai doan do (t=0). Vector phap tuyén fi, v6i mat rulo dugc xac dinh trong
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khoang thoi gian thiét bi do truot trén mat rulo (t#0). Trong giai doan do nh¢o st dung thuit
toan tinh toan goc tu thé ma cac goc tu thé cua truc rulo lién tuc duoc danh gid. M6 phong qua
trinh danh gia goc tu thé rulo dwgc thyc hién trong khoang thoi gian 10s va xac dinh sai s6 danh
gid goc hudng va goc ta rulo. Sai s6 xac dinh goc tu thé rulo dugc xac dinh theo biéu thirc

de =07, — v, ) +(9, - 8

Két qua sai sb danh gia cac goc hudng, goc ta cia rulo duoc thé hién trén hinh 3.

Két qua md phong cho ta thdy & giai doan déu goc tao boi giira vector f, va f, nho s€ lam
cho sai s6 xac dinh vector & theo cong thirc (1) 16n. Khi trugt thiét bi do trén mat tru goc giira
cac vector f, va f, tang dan 1am cho sai s6 giam manh. Tuy nhién, sai s6 niy s& khong giam vé
khong ma phu thudc vao sai sd tich lity cua thuat toan dinh phuong. O dai goc » nhét dinh sai s6
xéac dinh goc tu thé rulo it phu thudc vao goc tao béi giira vector A, va n, ma phu thudc phan
16n vao sai s6 thuat toan dinh phuong sir dung trén thiét bi do.

4. KET LUAN

Bai bdo da dua ra phuong an xay dung thiét bi do cac gbc tu thé rulo so v&i hé toa do co s&
gin v6i trai dat. Thiét bi do nay gdm ba con quay do téc dd goc dit vudng goc voi nhau va trén
do6 xac 1ap mit phiang do. Nho st dung thuét toan dinh phuong vector phap tuyén ctia mét phang
do luon dugc xac dinh so vadi hé toa dd co sd va tir d6 xac dinh dugc vector phap tuyén vO1 mat
phang rulo. Khi biét hai vector phap tuyén v6i mat tru cua rulo cho phép xac dinh vector chi
phuong truc rulo va tir d6 x4c dinh goc hudng, goc ta ciia nd. Viée xac dinh cac goc tu thé caa
rulo théng qua cac vector phap tuyén cho phép giam anh huong sai s6 do rung lic xuat hién
trong qué trinh do. Phan tich dic diém sai s6 xac dinh goc hudng, goc ta rulo theo phuong an dua
ra va giai phap han ché né.

Dé khao sat tinh kha thi ciia giai phap dua ra thyuc hién xay dung mé hinh mé phong dénh gia
goc tu thé rulo. Thuat toan thuc hién do goc huéng, goc ta rulo duge mo6 phong trong phin mém
Matlab Simulink. Két qua mo phong thé hién sai sé phuong an xac dinh goc tu thé rulo ding nhu
md hinh dua ra.
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ABSTRACT

Determination of the orientation of the axis of the cylindrical roller
by using the angular rate sensing gyroscopes

The paper proposes an algorithm to determine the orientation of the cylindrical axis to
correct the orientation cylindrical shaft. The directional angle of each cylindrical axis is
characterized by a directional vector €. The directional vector € can be determined
through two normal vectors with the cylindrical axis base on the cross product of these
vectors. To determine the normal vector of the cylindrical surface, three rate gyroscopes
are used and they are placed perpendicular to each other attached to create a measuring
device. When the measuring device is placed on the cylindrical shaft, the normal vector of
the measuring plane will be perpendicular to this cylindrical plane. Therefore, the
problem is to determine the normal vector of the measuring plane of this device. From the
information received about the normal vectors with the rulo surface, it is possible to
determine the direction vector €. In order to test and evaluate the solution given in the
article to simulate, investigate the algorithm to determine the position angle of the roller
axis in the coordinate system associated with the earth using Matlab Simulink software.

Keywords: Cylindrical surface; Paralign alignment; Rate gyro; Cylindrical shaft; Shaft alignment.
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