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Tom tit

Bai bao trinh bay phwong phép hiéu chinh sai s6 do dé léch tam va do nghiéng cda dia chia do trong thiét bj
tao goc chuén toan vong béng phuong phap nhiéu ddu doc. Thiét bi nay bao gém dia méa hoa goc quay kidu
gia s6 ¢6 10800 vach chia, trén thiét bi bé tri 6 dau doc chia thanh hai nhém mét nhém gém 4 dau doc céch
déu mét géc 90° nhém con lai gém 3 déu doc céch déu 120°, duoc tich hop bé ndi suy 20 bit. Véi viée st
dung phuong phép trung binh phan doan béng nhau, tir di liéu thu duoc trén cac dau doc cho phép hiéu
chinh sai sé do Iéch tam va dd nghiéng ctia dia chia dé. Két qua la sai sé clia thiét bj dat +0,31d4p tng duoc
yéu céu lam chudn do ludng quéc gia linh virc géc.

T khéa: Chuan géc, phwong phap trung binh phan doan bang nhau, dwdng cong hiéu chinh.
Abstract

The article presents a method to correct the error caused by the deviation of the center, the swash of the
divided disk of the instrument that created full circle standard angles using multihead method. This instrument
includes incremental coding divided disk with 10800 graduations, on which installed 6 sensor heads that is
arranged into 2 arrays: one is 90° interval of 4 heads and another is 120° interval of 3 heads, which integrates
the 2'° bit interpolation. With the use the equal division average method (EDA), from the data obtained on the
head, the instrument can correct the error caused by the eccentricity and swash of the divided disk. The
achieved result is the error of the instrument being + 0.3%, meet the requirements of the national metrology
standard of the angular field.

Keywords: Angle standards, EDA method, Curve calibration.

1. Dt van dé theo, ddu doc 3 s& doc lién tyc cac vach chia di qua, d§

chudn goc 1a dung dia ma héa duge khic vach déu nhau
kiéu gia s6 v6i dau doc quang hoc (Rotary Encoder -
RE).

16n gdc quay cua truc duge xac dinh bang 50 luong céc
vach chia doc duoc va do la do lon goc chudn can tao
ra [1] Sai s6 tao goc cua RE gom hai loai chinh: loai
sai s6 goc cuc bo xuét hién trong pham vi mot chu ky
vach chia do anh huéng cua do chinh xac, chit luong
vach chia va xt 1y tin hi€u cua d4u doc; loai sai sb toan
vong xuat hién do chuyén dong quay cuia dia chia do.
Loai sai sO toan vong nay gy sai s6 10n do do khong
on dinh tim quay gom d¢ nghiéng va do léch tam [2,3].
bé giam sai sO toan vong, thiét bi tao goc toan vong sur
dung 6 dém khi quay dé d&am bao 6n dinh tim quay khi
hoat dong, tuy nhién khi ché tao, lép dat van ton tai do
I¢ch tdm cua dia chia d§ véi tAm truc quay va do
. , nghiéng ciia dia chia d so v6i thudng sai s6 nay khong
Hinh 1. So d6 nguyén ly cua RE gia s6 dap tmg sai s6 cta chuan goc nho hon 0,5”. DE gidi
quyét van dé kho khin nay mot phuong phap co the

) dugc sir dung 1a 13p nhiéu dau doc dé hiéu chinh sai sb
Nguyén ly cau tao va hoat dong ciia RE nhu hinh toan vong.

Mot phuong phép tot nhét duge sir dung dé tao ra

1: truc quay, 2: dia chia d¢, 3: dau doc

1, khi quay truc 1, dia chia do 2 gén véi truc s& quay
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1.1 Sai 56 do léch tim [2,3]

Sai sb do ché tao va lép dat lam cho tdm cua truc
quay O2 va tdm dia chia d O1 khong trung nhau hinh
2

Sai sb do 1éch tim 8, = 8, — 8 duogc xac dinh:

2esing,

e D (1)

Trong d6: e khoang cach léch tam O1,02; 0 : gid tri

gbc quay cua truc ; 0y: gia tri goc do dugc; D: duong
kinh dia chia d¢ [3]

Pau doc

Pia chia o

Hinh 2. Sai s6 do 1éch tam

Pau doc

b) [
Hinh 3. a) B§ nghiéng chia dg,

b) sai s6 do anh hudng do nghiéng
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1.2 Sai sé do dp nghiéng ciia dia chia d¢

Sai s do anh hudng do nghiéng cia dia chia do
khi dia chia d0 nghiéng so voi truc quay mot goc y
hinh 3a

vong tron khic do sé bi bién dang, khoang cach giira
céc bude chia thay doi dan dén sai sb goc hinh 3b. Sai
s6 gbc nay phu thuéc duong kinh dia chia do goc
nghiéng v.

Sai s6 goc Oy 16n nhit do d6 nghiéng dia chia do dugc
xac dinh

gu =S-S5 )
Trong d6: S, Si Khoang cach 16n nhét, nho nhét gitra
hai vach chia hinh 3b.

D

2% %

D
S=—x"—,8 =—cosg x— 3
2 n’ ' 2 ? n )
Trong d6: n s6 vach chia cta dia chia do
Tur2va3tacd
D
g =220 -cos) H )
n 2

Tu cong thic (1) va (4) nhan théy sai s6 toan
vong c6 tinh chét tudn hoan, sai s6 do do 1éch tam c6
¢6 chu ky bang chu ky quay cua dia chia do, sai s6 do
d6 nghiéng c¢6 chu ky bang nira chu ky quay cua dia
chia 9. Hiéu chinh loai sai s6 nay dugc thuc hién bang
cach st dung nhiéu dau doc, xac dinh sai sé do 1éch
tim §,va d0 nghiéng dia chia d§ 9.

2. Phuong phap EDA dé xay dung duong cong hiéu
chinh cia thiét bi [4,5,6]

Phuong phap EDA (The Equal Divition Average
- EDA) la phuong phép st dung nhiéu dau doc, bé tri
cach déu nhau nhu trén so dd nguyén 1y (hinh 4). Sai
s6 ctia vach chia thir i so v&i gia tri danh nghia ky hiéu
12 a;, khi d4u doc thtr nhét dang doc vach thtr i déu doc
thir j s€ doc vach chia thr i+(j-1)Ng/Ny hay 1a déu doc
thir j phat hién vach chia bi cach vai vi tri vach chia
thtr i mot doan 1a (j-1)Ng/Ny ( géc 1éch pha)

Hinh 4. Nguyén ly ctia phuong phap EDA
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trong d6: 1 (i=1,2,3,...Ng) Ng s6 vach chia, j
(7=1,2.,3,...,Nu) Ny téng s6 dau doc. Thir ty tin hiéu ra
ctia mdi dau doc hinh 5 cho thdy khi dau doc dau tién
phat hi¢n ra vach thi i tai cac dau doc khac cling phat
hién ra cac vach chia khac tuong ttng trong cing mot
thoi diém. Khi d6 d¢ 1éch ctia vach chia do du doc thir
j phat hién 13 Hj; duoc xac dinh

H.

ij = QNN %)
Sai s6 goc gifta dau doc thi nhét va dau doc thir j
ky hi¢u la &;; duoc xac dinh nhu sau:
a4,;= Hi,l _Hi,j =0 TGN gy, (©)
Sai s goc dugc xac dinh bf?lng gia tri a; tai dau
doc thtr i dugc trir di mdt lugng bang trung binh cdng
Wi cla tat cac cac gia tri do 1éch cua cac dau doc, cac
d6 thi duong cong 1éch pha mot luwong 2n/Ng . Gia tri
trung binh p;1a duong cong hi¢u chuén cta RE.

Gia tri Y; duoc xac dinh:

1
—24,/ =a-—I(a +a,, N, T
HJl NH

@)

a .ta

i+2NG /Ny i+ (j— I)/N(J/I\H)

Nhan théy khi ting s6 lugng dau doc thi d6 chinh
xdc cua thiét bi tang tuy nhién diéu nay ciing cling lam
tang kinh phi ché tao mit khac khi tang qua nhiéu dau
doc dan dén bd xu 1y tin hiéu mat nhiéu thoi gian thuc
hién anh hudng dén qua trinh xi 1y tin hiéu. Do d6 can
thiét tinh toan s6 luong, bd tri ddu doc phit hop s& gitp
cho viéc thiét ké, ché tao thiét bi dat hiéu qua

ii-1

ﬂ?ﬁ 7

[T

Hinh 5. Tht ty tin hiéu ra cta cac dau doc
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3. X4c dinh mé hinh chufn géc toan vong
3.1 Lwa chon so dé bé tri diu doc

Theo nguyén 1y ciia phuong phap EDA cac du
doc phai dwoc bd tri cach déu nhau trén vong tron khéc
vach cua dia chia d§. Lya chon so lwong, so dd bd tri
dau doc phai thoa man cc yéu cau sau:

- 6 lugng cac dau doc phai bao gdbm s6 1& va sb
chan dé dam bao cac day du cac thanh phan cta chuoi
Fouries

-Sé luong dau doc it nhit co thé dé dam bao hoat
dong cua thiet bi

Trong céc dau doc s6 1é thi s6 3 1a truong hop
nho nhat dé co thé chia vong thanh cic doan bing
nhau. Ddi voi truong hop s dau doc 1a sb chan, viéc
chon s6 lugng dau doc tinh dén kha ning b sai s6 léch
tam. Néu chon sb luong dAu doc 2 khi d6 ddu doc ndm
trén duong kinh ctia vong tron khic do bu sai s léch
tAm theo mot truc. Lép dat thém 2 dau doc nam trén
duong kinh vudng goc thi sai s6 léch tim duogc hiéu
chinh theo hai hudéng vuéng goc. Vi vdy chon s dau
doc 1a 4 dé dam bao cac dau doc nam déi xing nhau
qua tim dia chia d6 khi d6 tin hiéu ra cua ting cap dau
doc s€ 1éch pha mot goc 180° gidp cho viéc hiéu chinh
sai s4 léch tAm dat hiéu qua cao.

Hinh 6. So d6 bd tri dau doc

Trén co so da phan tich nhu trén Iya chon s6 dau
doc phu hop la 6 va dugc phan thanh hai nhom nhu
trén hinh 6, nhém 1: bao gdm 4 dau doc bd tri cach déu
mdi ddu doc cach nhau mot g6c 90°; nhém 2: bao gém
03 dau doc bd tri cach déu nhau mot gée 120° trong dé
dau doc H, duoc st dung chung cho ca hai nhém hinh
7. Sai s6 goc # duoc xac dinh bing trung binh cong
clia gia tri sai s goc 8; va f, tinh trong tung truong
hop nhom riéng biét [6].

Nhoém 1 bao g6m 4 dau doc cach déu gia tri sai 1éch
gbc 8, duoc xac dinh
1
. =H, _Z(Hl +H,+H,+H;) (8)

Nhém 2 bao gdm 3 déu doc cach déu
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1
g3=H1—§(H1+H3+H5) ®
Gia tri 8 duoc xac dinh:
94193
=== 10
5 (10)

Véi so d6 b tri dugc chia thanh hai nhém hinh 5
khi d6 sb lwong dau doc c6 thé tinh 1 4x3 (7 dau doc)
do diu doc 1 dugce st dung chung trong ca hai nhom,
so dd nay c6 sb lwong dau doc dap tng dugc yéu cu
k¥ thut dé ra va c6 s6 lvong dau doc t6i thiéu.

3.2 Xdy dung thiét bi thwe nghiém

Thiét bi thuc nghiém tao goc chudn toan vong
dugc thiét ké sir dung dia ma héa kiéu gia sb c6 10800
vach chia gia tri vach chia 1a 0,02 mm, duong kinh dia
chia 36 D= 68,75 mm, d6 phan giai cta dia chia d¢
120". Pé nang cao d6 phéan giai cua thiét bi tich hop
thém bd ndi suy tin hi¢u 10 bit (x 1024), dd phan giai
thiét bi sau khi noi suy tin hi¢u 0,12". Thiét bi tao goc
chuén goc toan vong ché tao dwoc thé hién trén hinh 7

Hinh 7. Thiét bi tao goc chuan toan vong:1) Ban do,
2) O dém khi, 3) Bau doc, 4)bia chia d

p—

10

wafpf

20
e
= 0
;§’| i i -
3 10

——CH1 CH3 .CHS
50
a) 0 80 120 180 240 300 360
Witri goc (%)

:(;WJMMM

= 0
!
2 -20
ﬁ =40

[

b W o] OH1 | _CH3 I_CHS

(] 60 120 180 240 300 360
Vi tri goe (%)
Hinh 8. a) D) thi sai s 3 d4u doc riéng biét, b) DS
thi sau khi dich pha
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4. Két qua thye nghiém
4.1 Xdc dinh dwong cong hi¢u chinh thuc nghi¢m

Puong cong hi¢u chinh theo cong thirc (7) dugc
xéac dinh bang thyc nghiém trén dd thi thong qua dit
lidu cuia timg dau doc riéng biét. Khi quay dia chia do
mot vong quay, dd thi sai 6 cua dau doc duoc thé hién
nhu trén hinh 8a 1a d thi sai s6 ctia nhom ba dau doc,
(CH1,CH3, CH5 ky hiéu timg dau doc). Thuyc hién
dich pha dd thi sai sé cua dau doc CH3 va CH5 gbc
dich pha 120° va 240° c6 db thi sai sé tvong tng hinh
8b

Db thi sai s6 cua nhom 3 dau doc duge xac dinh béng
trung binh cdng cua dir liéu nhan qua tirng dau doc sau
khi dich pha thé hién trén hinh 9.

Tur dit lidu cta dd thi sai s6 ctia nhom 3 dau doc thyc
hién bién do6i Fouries tinh toan s6 hang thit 2 clia cong
thire 7

+a.

12NNy T

i+(j=1)/Ng /Ny ) (11)

1
N (a; + Qi NGIN,

H

Két qua thu duge nhu trén d6 thi hinh 10

15
10

= o
£
-5
b
= -10
-15
o &0 120 180 240 300 360
Vitri gée ()
Hinh 9. D6 thi sai s6 nhém 3 dau doc
5
4
2
sl B
i 2
]
z 4
-6
o 80 120 130 240 300 360
Vitri géc (7)

Hinh 10. D06 thi sai so trung binh cdng cta 3 dau doc
riéng 1¢
20
15
10
5
a
e
-10
5
=21

o &0

$al 58 gdc (")

120 180

Vitri goc (%)

Hinh 11. B thi duong cong hi¢u chinh nhém 3 dau
doc

240 300 360
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Theo cong thire (7) du li¢u trén @b thi hinh 9 trur
du liéu trén @6 thi hinh‘ 10 ta c6 d6 thi duong cong
hiéu chinh ctia nhém 3 dau doc hinh 11

Qué trinh xtr 1y két qua do xac dinh duong cong
hiéu chinh thire hién béng chuong trinh xur 1y s6 lieu
duoc viét trén phﬁn mém Matlab. V&i nhoém 4 dau doc
tinh toan twong ty nhu véi nhom 3 dAu doc ta c6 dd thi
dudng cong hiéu chinh dugc thé hién trén hinh 12

. V—
\V AR V4

120 240

20
15
1o

n

Sais6 goce, (")

180 300 380

Wi trf gée ()

Hinh 12. D) thi duong cong hiéu chinh ctia nhom 4
dau doc

Tur dit liéu cua db thi duong cong higu chinh cta
nhém 3 va 4 dau doc, dd thi duong cong hiéu chinh cua
thiét bi bang trung binh cong sai s6 ctia hai nhom dau
doc thé hién trén hinh 13

\

Sai 56 géc8 (")

AN

] 60 120 150

Vi bri gz (%)

240 300

Hinh 13. 6 thi dudng cong hiéu chuan thiét bi
Trén do thi chudi Fouries ctua duong cong hiéu
chinh hinh 14 nhén thay thanh phan chudi Fouries it
hon so vdi s lqug dau ’dc_)c vi du nhérp 4 dau doc
khong c6 thanh phan c6 so thi tu 1a bdi so cua 4.

Téng hop 4x3 Nhom 4 dau doc

08~

06

0dr-

Fourer Pawer |7)]

* Nhom 3 dau doc

Fourier Coryponel

Hinh 14. Do thi thanh phan Fouries
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Déi véi nhom 3 dau doc khong co thanh phan boi
s6 cia 3 diéu nay gy kho khan cho viéc nhan dang
loai sai sb cua thiét bi dic biét 12 sai sb do do nghiéng
dia chia d6 vi thiéu thanh phan bodi ctia 4. Khi bb tri
thanh 2 nhoém, duong cong hiéu chinh cua thiét bi 1a
tong hop cua cta hai nhom 4 déu doc va nhom 3 dau
doc do d6 cac thanh phan chudi Fouries duoc xac dinh
day du thanh phan 1é va chan gilp cho viéc nhén dién
chinh xédc vé sai s cua thiét bi vé d6 16n ciing nhu dang
sai s6.

4.2 Hi¢u chinh sai so

Cin cir vao dudng cong hi¢u chinh hinh 13 tién
hanh phan tich d4nh gia sai s6 goc ké ca vé do 16n va
dang d thi dé tién hanh hiéu chinh sai s6. Nhan thiy
dd thi dudng cong hiéu chinh sai s6 c¢6 dang hinh sin
v6i 2 cyc dai va 2 cuc tiéu trong mot chu ky quay cia
dia chia d6 do do anh hudng cua d6 nghiéng dia chia
do tac dong dén sai sb cua thiét bi hinh 13, d6 16n sai
6 x4c dinh trén do thi 1a + 18”. Tién hanh cin chinh
d6 nghiéng dia chia do dén khi d thi duong cong higu
chinh ¢6 dang nhu trén hinh 15. Liic ndy db thi dudong
cong hiéu chinh ¢6 dang hinh sin ¢6 chu ky trang v6i
chu ky quay cua dia chia do diéu nay cho thay thiét bi
ton tai sai s6 do léch tam lac nay sai s0 do d6 nghiéng
dia chia d¢ da dugc giam thiéu. Sai sb gbéc do anh
huéng cua léch tim dugc hi¢u chinh bang cach thiét
l1ap duong cong hinh sin c6 bién d¢ la gia tri 6. max,
sau d6 khop so liéu ctia do thi sai s6 v6i duong cong
hinh sin méi tao ra.

15000

oz
= L0000
—
by 5.000
.U
8'} 0.000
E 5000
]
2 SLbLL \“ ”»
0. max = 14,2
.5.000
0 &0 120 180 240 300 360

Vi tri gdc ()
Hinh 15. D) thi sai s6 1éch tim quay
Trong trudng hop sai sé nhu da cho trong dd thi

hinh 16 ham s hiéu chinh léch tim duoc xac dinh

Y = Axsing (13)

Trong do gid tri A=g4, . =142

Hiéu chinh sai s6 do 1éch tim béng cach khop )
lidu trén do thi 15 v&i ham s (13) két qua thé hién hinh
16. Nhan thdy sai s6 goc 16n nhat 1a + 14,2” tuy nhién
sau khi hiéu chinh d6 1éch tam va do dao gia tri sai s6
gocla +£0,3”.
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15 :i:0,3" ) 14,2//
o 10 _.of“‘:” M\-\
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R Vs,
-10 S =
15
o &0 120 180 240 300 360
Vitrigoc (%)
Hinh 16. D6 thi sai s0 sau khi hiéu chinh
5. Két luan

Trén co s6 phén tich cac sai s do anh hudong ctia
dd léch tam va d9 nghiéng cua dia chia d6. Nhém
nghién ctru di b tri 6 ddu doc chia thanh hai nhém
trén dia chia d§ va 4p dung phuong phap trung binh
phan doan bang nhau (EDA) dé hi¢u chinh sai s6 toan
vong tur cac dir li¢u thu dugc trén cac dau doc. Sai sb
cua thiét bi da giam xudng chi +0,3” dap ung dugc
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yéu cau vé chuan goc toan vong trong hé thong chuan
do luong quoc gia linh vuc goc
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