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TOM TAT

Piéu khién cdc hé thong bam sat chuyén dung doi héi do chinh xdc cao, cdc hé thong ndy la
mot trong $6 cdc hé th(fng diéu khién bam hién dang dwoc nghién ciru, thiét ké, cdi tién tai nhiéu
don vi nghién ciru, thieong hoat dong trong diéu kién khdc nghiét nén chat lwong diéu khién ciing
nhue tirng thanh phan trong hé thong phdi dam bdo cdc yéu cau thiét ké. Pé nang cao d chinh xdc
diéu khién sir dung thiét bi dau do goc khdc vach tir, tuy nhién, cdc sai s6 tw than thiét bi, sai s6
do ldp rap, ché tao co khi dan dén dir liéu nhan dwoc cua hé thong nam ngoai dai chat lwong yéu
cau. Bai bdo trinh bay Pphuwong phap xit Iy sai s6  do lwong dé nang cao chat lwong dit ligu thu duoc
tie thzet bi do vi tri tuyét doi dau cudi ciia hé thong, dam bao cho sai s6 hé thong nam trong ddi
yéu cau kp thudt dat ra.

Tir khoa: Hé truyén dong bam; Sai s6; Sai 1éch vi tri; Dau do tir; Hé théng diéu khién.
1. MO PAU

Heé truyén dong bam sat hai kénh 1a hé truyén dong pho bién dugc ap dung cho nhidu dbi tugng
k¥ thuat khac nhau. Hai kénh diéu khién & ddy 1 bam sat theo mit phing ding va mit phing ngang
d6 chinh x4c cao gitip ndng tim cac hé thong k¥ thut, mé rong cac kha ning ciing nhu linh viuc ma
ching c6 thé tham gia. Vi tri lam viéc ctia dbi twong thuong duoc xac dinh théng qua cac dau do
goc, hién théng dung 1a dau do goc dang xung s6 ¢6 nhiéu tién b gitup nang cao chit luong hoat
dong, mot trong s6 do la stir dung dau do tir v6i cac uu dlem 1a nh6 gon, hoat dong bén bi trong cac
didu kién moi truong khic nghiét trong mot thoi gian rat dai, d6 chinh xdc cao. Tuy nhién, thuc té
thiét k&, ché tao trién khai tich hop hé thong ludn ton tai sai s6, sai s6 nay lam giam do chinh xéac khi
didu khién hé thong. Bai bao trinh bay phuong phap xt 1y sai s6 do luong dé nang cao chit lugng
diéu khién cho hé truyén dong bam sat hai kénh chuyén dung d6 chinh xéc cao.

2. HE THONG PO LUONG PIEU KHIEN

Vi tri ly twéng

Vi tri thue té

Hinh 1. Sai 56 ldp dat néi tai ciia dau do.

Trudc day, trén cac h¢ théng diéu khién thuong dung dau do dang xen xil va truyén dong dién
EMU v6i d6 chinh xac diéu khlen trong khoang 5 mili radian (mrad). Trong diéu kién hoat dong
hién tai va tuong lai, cac yéu cau & chat luong hé thong s& ngay cang cao hon, trong do, yéu cau
vé do chinh xéac didu khién bam can dat khoang 2 mrad. Dé dap Umg duoc yéu cau dé ra can co
giai phap tong thé cho hé thong do ludng va didu khién cho cac ddi twong k¥ thuat, voi hé thong
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dau do s& thay dang xen xil bang dau do goc dang xung vach tir truong. Khi tich hop hé truyen
dong bam sat s& xudt hién cac sai sb khong mong muon, trong d6 c6 sai s6 cua dau do: sai s6 do
nhidu dién tir gy ra cho dau do; sai sé do lap dat 1éch tdm (hinh 1).

Sai s6 cua dau do khi xuat xuong ciia nha may ché tao dugc thé hién trong hinh 2 dudi day [5].
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Hinh 2. Sai s6 nhiéu dién tir va sai léch ldp rdp gay ra cho dau do.

Nhu vay, v6i dau do nguyén ban da ton tai sai sé nhz"it dinh do tac dong cua nhiéu dién tir va sai
léch co khi trong qua trinh lap rap, ché tao, sai s6 tong hop & vao khoang + 0,67 ly giac. Trong
diédu kién 1y tudng sai s tich hop cua toan hé thong s& tiém can véi sai sé dau do, thuc té khi tich
hop hé thong nhét 13 voi cac hé thong khdi lugng 16n, c6 thoi gian lam viée 1au nam thi sai s6 tong
thé thuong rat 16n, didu nay anh hudng truc tiép dén chét lugng diéu khién hé thong.

Vi kénh tAm nhom tac gia da dé xudt giai phap ¢ cong trinh [1]. Bai bao nay tap trung vao hé
thong diéu khién kénh huéng. Géc diéu khién ciia kénh hudng nam trong gidi han tir 0 d6 dén 360
d6 (twong dwong tir 0 dén 6000 ly giac, ¢ thé tinh gan dung mdi ly giac bang 1 mrad). So dd hé
thong diéu khién kénh hudng ctia hé truyén dong bam duoc thé hién nhu hinh 3.
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Hinh 3. So do hé thong diéu khién kénh huéng hé truyén déng bam sdt hai kénbh.

Khao sat sai 1éch hé théng ciia hé truyén dong bam sat hai kénh, xdy dung bang sai 1éch giita
goc hudng do déu do hé thong tra vé va goc hudng théng qua do dac bang may kinh vi do chinh
xac cao, két qua thé hién ¢ hinh 4 dudi day.

Sai s6 qua cac lan do dac doc lap cho két qua twong dbi on dinh, do d6 c6 kha nang giam thiéu
sai 1éch bang thuat toan. Dé don gian va dé dang Umg dung vao trong thuc tién, nhom tac gia lua
chon phuong phép tuyén tinh hoa ting doan dé bu sai 1éch. Ly do liwa chon phuong phap: thuat
toan gébm cac budc don gian, phit hop vai cdu hinh  may tinh nhing dang trang bi; khong can bude
tinh toan bén ngoai, bang dir liéu dugc nap tryc tiép vao may tinh; voi tn sb 14y mau phu hop s&
khoi phuc tin hidu trong khoang sai sb cho phép.
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KHAO SAT SATI LECH PAU PO GOC HUGNG HE TRUYEN PONG
BAM SAT HAI KENH
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Hinh 4. Két qua do sai léch géc hwéng hé truyén ddng bam sdt hai kénh so véi may kinh vi.

Sau déy s€ trinh bay cu thé phuong phap xu 1y sai s6 do luong dé ning cao chét luong dir liu
thu duogc tur thiét bi do sai léch vi tri tuyét doi dau cudi ctia hé thong, ddm bao cho sai s6 hé thong
nam trong dai yéu cau ky thuat dat ra.

3. XAY DUNG THUAT TOAN XU LY SAI SO PO LUONG

Mo hinh xéc dinh sai s‘é hé théng nhu trong hinh 5. Mit phang lip dat hé truyén dong theo kénh
hudng dugc chinh can bang va on dinh dwa vao cac chan kich. May kinh vi gan ¢6 dinh, thang
bang trén truc di qua tdm va vudng goc voi mdt phang ngang.
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Hinh 5. M6 hinh xdc dinh sai sé hé thong.

Co s6 lya chon diém ngém: trong diéu kién cho phép thi c6 thé cam bia tiéu chuan, do twong
phan cao sé& dé dang ng?im hon. Tuy nhién, trong diéu kién thuc té, c6 thé loi dung dia hinh dia vt
dé lua chon diém ngdm c6 dinh d& quan sat nhu c6t ang ten, cot thu 18i,... Lua chon diém ngim c6
cu ly trén 1 ki 16 mét nham giam thiéu sai s6 qué trinh do dac do mat ngudi ngam va sai léch do
vi tri dat may kinh vi 1&ch.

Chinh hudng can diéu khién va may kinh vi dong huéng vao diém ngam da chon. Tién hanh
qui 0 gia tri dau do va gia tri  may kinh vi. Thue hién quay mat phang ngang mot goc can khao sat,
khi d6, may kinh vi dugc gin Vi vao dbi tuong s€ quay theo, tién hanh chinh duong ngim may
kinh vi vé diém ngam. Ghi lai s6 lidu goc hé truyén dong bam sat hai kénh do dau do hudng do
dugc va goc may kinh vi thay ddi, quy hai goc vé ciing thang do 0,1 mrad, hiéu sb 2 goc chinh 1a
sai 1&ch hé thong. Thiét bi tiéu chuén dé 14y dit liéu chinh x4c 1a may kinh vi c6 d6 phan giai dén
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1 gidy goc. Lya chon mdy kinh vi d6 chinh xdc cao Satlab SDT2 (d6 chinh xéac 2 gidy goc) [6],
dap g yéu cau, dé lap dit, c6 hd tro can bang co hoc.

Phan tich tim nguyén nhén sai s6 gdm cic nguyén nhan chinh: sai s6 do bién dang co khi (hé
thdng co khi khéi luong 16, hoat dong 1au giy ra ro rdo, bién dang co khi); sai sb ga lip dit dau
do 1éch tam bai hop sb ty 18 truyén 1:3; sai s ngau nhién do cac nguyén nhéan: khe ho banh ring,
d6 ro co khi, sai s6 encoder, sai sb dau do, phép do.

Nghién ciru trong bai bao nay tap trung vao xac dinh nguyén nhan va giam thiéu sai s6 hé thong.
Sai s6 chinh gdy ra boi hop s0, boi sai s6 gia cong banh rang va ga lap encoder chua chinh tAm.
Do ci tién thiét bi cti, hop 56 dugc ché tao trong nudc do dong déu va chinh xac chua cao nhung
do sai léch trén mdi thiét bi 12 6n dinh nén c6 kha nang bu bang thuat toan.

Diim ga cd dinh encoder
Tim quay

J A

0 -
Tiam encoder khi quay 1 vong 13 by giic)
hinh tron

Hinh 6. Sai léch ldp dat tam dau do véi tam quay. Hinh 7. Pé thi ham sai so.

Voi ga ’lép co khi nhu trén hinh 6, encoder duoc gitr bing gia d& mé,m,’khoéng cach tur tam truc
encoder dén tam quay la 1 =50 mm, sai s0 do lap dat 1éch tdm r. Sai s0 t6i da do lap dat 1éch tdm
l1a r=0,5 mm.

Do sai s6 lap dat 1éch tam, trong qua trinh hoat dong truc cuia encoder quay tron quanh tim gay
ra sai sO theo chu ky, hinh sin véi bién d¢ 1a:

g(max) = (r /1)x1000 = (0,5/50) x1000 =10 (ly giac)

Ham sai s6 ¢6 thé biéu dién duéi dang: f (x) =10sin(x) (hinh 7)

I (ly gisic)

T T T T

e

) f)é~ giam sai s6 xudng dudi 1 ly gidc thi can tan s 1dy mau du 16n. Can tinh toan khoang cach
lay mau t0i thi€u dam bao sai so trong khoang cho phép.
Sai s ctia phép tinh ndi suy tuyén tinh dwoc tinh theo cong thirc: R, = f (x) — p(x)
Trong d6, p(x) biéu thi két qua tinh theo phuong phap ndi suy tuyén tinh, f (x) 12 ham biéu dién
gid tri sai so.
Trong d6, p biéu thi da thirc ndi suy tuyén tinh duge xac dinh boi:
f(x) - (%)
X =%

P = (%) + (X=%)

St dung dinh 1y Rolle [7], néu f c6 dao ham bac hai lién tuc thi sai s6 duge gidi han bai:

2
—X
|RT|S(X1 - o)

£ ()|

x0<x<xl
Dé dam bao sai s6 dudi 1 ly giac thi khoéng cach 1dy mau thoa man:

x0<x<x1
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Do

f (x) =10xsin(x)=> max
Xg SXSXg

Goi h 1a khoang céch ldy mu thi h=x —X,. Tt (1) va (2) c6 h~0,8944.

f'(x)|=10 ()

S6 mau can lay trong mot vong quay ciia encoder 2z 1a: N =27/h~7,025. H¢ truyén dong
thong qua hop s6 ty 1& truyén 1:3, do d6, s6 mau can iy cho toan dai la: N* =3x N ~ 21,07

Viy s6 mau can thiét khao sat toan dai cho hé thong 16n hon N”, lya chon sé méu 1a 24 qé
khoang qéch cac mau la 250 1}( giac thu{m tiéq trong viéc do dac. Do chon 1a 24 mau thi sau 8 lan
do cac két qua s€ 1ap lai nén do thi sai s0 ¢o két qua nhu trén hinh 4 1a hop 1y.

Qua trinh xac dinh sai s6 1a qué trinh xay dung tap dir liéu dugc tién hanh theo cac budc sau:

Buée 1: Lap dat, thiét 1ap hé théng, quy “0” méy kinh vi va mach doc dau do hudng;

Buéce 2: Didu khién hé th(f)ng quay theo cac goc r}ém trong dai do, budc ‘do 250 ly giac, thyuc
hién khdo sat 1 vong quay. So liéu thu dugc 1a hi€u so gitra may kinh vi va dau do goc hudng;

Buée 3: Tién hanh lap lai do dac & Budc 2, thuc hién doc 1ap dé 1dy sé lidu.

‘Buge 4: Lay trung binh sai s0 tai cac diém do, ddy Ia gid tri t6i wu nham khu sai 1éch 13p lai la
thap nhat. Lap bang sai 1¢éch, 1a bang cac gia tri trung binh sai so ung voi cac di€m do.

Tuwr cac gia tri do thu duoc xay dung tap cac g’ié tri bu sai s6 khi hé théng hoat dong. Tap co n
gid trido X, X,,..., X, tuong ing véi n gia tri sai sO €,,€,,...,e, dugc xac dinh badi cong thirc:

e =aX, Vo X €[X, %], k =1n-1, trong do, a, =arctan [M]
Xer = X
(Géc hé truyén dong bam sat hai kénh) = (Gia tri ddu do) + e.

Luu db thuat toan duoc thé hién trén hinh 8 dudi day.

Sau khi chuan bi tap dir liéu dau vao, tién hanh xay dung thuat toan xir 1y sai s6 theo cac
budc sau:

Buoc 1: Tién xu 1y dir lidu do dac: dir liéu sai sé cua dau do hudng tuong tng cic goc duoc
phat trién tir bang dir liéu do dac voi 24 gia tri do thanh bang v6i 6000 gia tri do. Viée xu 1y gia tri
dp tai thoi diém khéi d(f)ng’ muc dich nham giam thoi gian tinh toan ¢ cac budc sau, dam bao yéu
to thoi gian thyc cia hé thong.

Bude 2: Kiém tra g6i dir liéu thu dugc tur dau do, kiém tra bit 13i, quy ddi gia tri goc vé do phéan
giai 0,1 ly giac.

_ Buoc 3: Anh xa gi4 tri do qua bang gid trj khir sai léch dé 1ay gid trj bu, thuc hién bu sai léch
bang cach lay gia tri do cong voi gia tri bu.

Bude 4: Kiém tra diéu kién giri di¥ liu 1én trung tim: thu tuc giri dif liu theo co ché hoi-dép,
trung tdm guri 1énh xudng hoi thi mach xur ly gui dir liéu goc hudng 1én trung tam. Néu diéu kién
sai thi quay lai Budc 2, néu ding thi thyc hién Budce 5.

Bude 5: Gia tri goe hudng duoc dong goi dir liéu vao ban tin guri 1én trung tam diéu khién cta
hé truyén dong bam sat hai kénh.

Bude 6: Kiém tra diéu kién két thuc chuong trinh, néu diang thi két thic, néu sai thi quay lai
Budc 2.

Qua trinh tinh toan buérp 2, budce 3 duogce lap Iai‘ lién tuc theo thoi gian t}}uc, df”)ng th(‘)i‘dfr liéu
sau khi tinh toan khir sai s0 dugc dong goéi va truyén Ién trung tam diéu khién cia hé truyén dong
bam sat hai kénh.
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Hinh 8. Luru do thudt todn khir sai sé do goc kénh hudng hé truyén dong bam sat hai kénh.
4. KET QUA KHI AP DUNG THUAT TOAN

Ap dung thudt toan trén, xac dinh goc hudng cia h¢ truyén dong bam sat hai kénh, khao sat sai
léch véi 24 diém lay mau du d€ mo ta sy bien thién cua sai 1éch trong toan dai.

Tir cac két qua qua trinh khao sat thu duoc trén hinh 4, phén tich cac yéu t6 anh huéng dén sai
léch phép do dua ra mot sO nhan xét:

- Buong d6 thi thé hién sai sb trong cac lan do tuong d6i dong dang, thé hién sai sO do co ciu
truyén dan dong, nguyén nhéan gay ra sai léch la do lap dat co khi, d 1éch tdm, udn vén, bién dang
co khi cua cac co cau dan dong nhu hdp so, banh rang.
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- Cac duong sai s dong dang, tuy nhién, tai mot diém ngidm & cac lan do khac nhau c6 sai s6
khac nhau, day la sai 1éch do d ro co khi, khe h¢ banh rang va sai s6 do phuong phap tinh diéu
nay gy ra sai sO ngau nhién cua phép do nhung sai s6 nay nho dudi 1 ly giac, sit dung phuong
phap 1y trung binh dé giam sai s6 ngau nhién.

bé gidm céc sai sb cta hé thong can ap dung thuat todn bu sai léch. Sau khi xay dung thuat
toan, 18p trinh va cai dat h¢ thong cho h¢ truyén dong bam sat hai kénh, tién hanh kiém tra sai s
hé thong thu dugc cac két qua nhu trén do thi hinh 9.

KET QUA SAI SO CUA HE TRUYEN PONG BAM SAT HAI KENH
SAU KHI BU SAI LECH
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Hinh 9. Sai 56 hé thong sau khi thwc hién phép todn khir sai léch.

Tir dd thi, so sanh trudc va sau khi &p dung thut toan ta thdy sai s6 cua hé thong da giam di,
bién d6 sai s6 da giam tir 8,2 ly giac xubng con dudi 1 ly giac. Sai s6 phép do con ton tai 1a sal sO
ngau nhién do d¢ ro co khi, khe ho banh ring,... va c6 thé cai thién thém bang cach nang cap hé
truyén dong co khi. Cac két qua khao sat trén ching to thudt toan da c6 tac dung giam sai s do
ludng phi hop véi Iy thuyét.

5. KET LUAN

T cac két qua thuce nghiém va kiém tra trén hé thong ta thdy duoc thuét toan khur sai s6 da hoat
dong ding nhu mong muén, gitp giam sai s6 hé théng vé ngudng yéu ciu, ning cao chit luong
diéu khlen bam cua hé truyén dong bam sat hai kénh. Thut toan da dugc thu nghiém va timg dung
vao thyc té, két qua dap g cac yéu cau k¥ thuat dé ra, trong twong lai s& tlep tuc nghién ctru phat
trién va so sanh két qua cta thuat toan véi cac thuat toan nhan dang sai s6 khéc.
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ABSTRACT

Improving measurement quality, reduce errors
for two-chanel tracking transmission systems

Controlling specialized tracking systems requires high accuracy. These systems often
operate in harsh conditions, so the control quality as well as each component in the system
must meet design requirements. The two-plane tracking transmission system is one of the
tracking control systems currently being researched, designed and improved at many
research institutions. To improve control accuracy, use an angle measuring device with
engraved magnetic lines. However, errors in the device itself, errors due to assembly and
mechanical manufacturing lead to data received from the system being outside the required
quality range. This article presents a method for handling measurement errors to improve
the quality of data obtained from the system's terminal absolute position measuring device,
ensuring that the system error is within the range of set technical requirements.

Keywords: Tracking transmission system; Error; Position error; Magnetic measuring head; Control system.
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