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TOM TAT 

Bdi bdo trinh bdy phuang phdp thicc nghiem ddnh gid dnh huong cua mpt so tham so kit 
cdu vd dong ly:c hoc tai t?p chinh xdc cua con quay hai bac tu do do tdc do goc su dy.ng tren tin lua 
lua phong khong. Ca sa ddnh gid Id cdc bo so lieu thiec nghiem thu duac tu kit qud do, no miiu td 
quan hi giua dai luang dau vdo vd dai luang ddu ra cua con quay. Dua tren cdu true phan cimg, 
phdn mem vd thuQt todn xu ly tin hieu, kit qud thuc nghiem thu duac de ddnh gid tinh chinh xdc, 
gop phdn chung minh tinh dung ddn ciia mo hinh todn hoc. 

Tir khoa: Con quay hai bac tu do, do luang, xu ly tin hieu. 

ABSTRACT 

This paper presents an empirical method to evaluate the effects of some dynamic and structural 
parameters to the accuracy of two degrees of freedom (2-DOF) gyroscopeused on air-defence 
missileto measured angular velocity. The basis of assessment is the experimental data obtained 
from the measurement results, which describes the relationship between the input quantity and output 
quantity of the 2- DOF gyroscope. Based on the structure of the hardware, software, the signal processing 
algorithm and the experimental result obtained to assessing the accuracy and proving the correctness 
of the mathematical model. 

Keywords: Two degrees of freedom (2-DOF) gyroscope, measurement, signal processing. 
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1. D^T VAN D£ 

Trong bai toan danh gia anh huong eua mgt s6 tham s6 kit eiu va dgng luc hpc tdi dg chinh 
xac cua con quay hai bae tu do, viec ket hgp giiia xay dyng mo hinh ly thuylt, mo ta toan hpc mo 
hinh vdi tien hanh do ludng, tinh toan fren mo hinh thuc tl co vai trd dac biet quan frong. Trong bai 
toan cu the, sii dung rat nhieu eac hang so cau tao (mo men quan tinh, mo men ma sat,...) cho truoc 
ma ttong thue te cac tham so nay co the bien thien, dilu nay din din eae kit qua ly thuylt co dp sai 
leeh voi ket qua thuc tl. De kit qua cua bai toan ly thuylt c6 thi dupe chip nhan va dk ehiing minh 
mo hinh toan hpc duge de ra la dung dan thi cong viee thii nghiem la yeu eiu bat bugc. 

Muc dich eua bai bao la khao sat quan he ciia tham s6 kit eiu va dpng lue hpc din dp chinh 
xac cua eon quay hai bac tu do, do tdc dp goc fren ten liia SAM-II. Bdng aees thilt bi do ludng hien 
dai eimg vdi cac phuang phap do da dupe quy dinh dl tiln hanh eac phep do eho con quay dat dupe 
cac yeu cau eho truoc cua he thong dilu khiln. 

Ddi tuong thu nghiem la cum con quay frong he thdng dilu khiln (C-14) tten ten liia S AM-
n (B750B). 

2. X A Y DlTNG HE THONG DO LlTdNG, THU" NGHIEM 

2.1. Ca SOT ly thuyet va cac bai toan nghien cihi thuc nghiem 

Con quay ba bac ty do va eon quay hai bac tu do duac sii dyng frong he thong dinh vi, tu 
dpng dan dudng, tu dpng dn dinh va dieu khien tam hudng cac thiet hi chuyen dgng nhu may bay, 
ten lua, tau vu try, ve tinh, tau thuy, tau ngam, thap phao xe tang..., ggi chung la thiet bi mang con 
quay. Trong qua trinh dieu khien ddi hoi phai xae dinh vi tri ttong khong gian, tdc do goc va doi khi 
ca gia tdc goc cua thiet bi mang. Thiet hi do tde dp gde ciia thiet bi mang dimg con quay hai bac tu 
do ggi la cam bien toe do goc hay con ggi la tde ke con quay. Trong cae tai lieu ky thuat, cam biln 
tdc do goe eon gpi la con quay vi phan. 

Phuang trinh mo ta ho t̂ dpng con quay hai bac tu do tten ten lira: 

J / ^ + bl,fi + cll/3 = Hm^cos/i-Hca, sinfi-Id}^-M,. (1) 

I i ? = /.SI - cons( 
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Bdng 1: Y nghia vd gid tri cdc thong so cau tao cua con quay: 

TT 

1 

2 

3 

\ 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Dai lirgmg 

Mo men quan tinh cua khung cae 
dang vdi true 0^, 

Md men quan tinh xich dao cua 
rotor 

Khoang each tir true 0^, den 
dudng tae dung ciia lue giam ehan 

Khoang each tir hue quay O ĵ den 
dudng tac dyng eiia lye can Id xo 

Mo men quan tinh eua rotor doi 
vdi true O ĵ 

Toe do gde ciia rotor quay quanh 
ttucO^^ 

Mo men dpng lugng ciia rotor eon 
quay ddi vdi true 0^^ 

He so gidm ehan 

Do Cling ciia Id xo can 

Tdng cde md men can quanh true 
quay 0^^ 

Tdc do gde cua thiet bi mang doi 
vdi cae true tuong ling: Ox, Oy, 
Oz 

Goc lech eiia khung eae dang 

Ky hifu 

I., 

\ 
i=i.,+ip 

1, 

\ 

\ 

n 

H=i,.n 

b 

c 

M . 

(0,, <a/a^ 

P 

Gia tri 

6,15.10' 

6,30.10' 

6,915.10' 

0,022 

0,021 

1,53.10' 

23.500 

3,762.10' 

2,50 

50,12 

2,37.10-= 

Dffn vi 

[kg.m=] 

[kg.mT 

[kg.m^ 

[m] 

[m] 

[kg.m^] 

[vong/phut] 

[kg.m2.s-'] 

[N.s.m-'] 

[N.m-']. 

N.m 

rad 

rad 

Cdc bdi todn nghiin cuu thuc nghiem: 

- Kiem fra su phy thugc cua gde lech tihh 
p^ cua con quay khi tie do gde ciia thilt bj mang 
thay ddi: p.̂ f̂({OY), so sanh vdi kit qua tinh toan 
ly thuylt. 

- Kiem tta su phu thupe cua gde lech finh 
p^con quay khi thay ddi thanh phin tde dp gde 
giao nhau w :̂ ^^=i{(ii^, so sanh vdi kit qua tinh 
toan md phdng. 

Viec thu nghiem cac thong so cua eon 
quay dupe tiln hanh tai PTN ciia Vien Ten \\xdJ 
Vien Khoa hpc Cong nghe QuSn su va him bin 
Trung tam Ky thuat Vu khi, Hpc vien Ky thuiit 
Quan su, ttong dilu kien nhiet do mdi trudng 
29''C-30«C, dp im khong khi 60%. 

Tren ca so cac bai toan dat ra, xay dung 
sa do chuc nang thiet bi nhu sau: 
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•riota 
PXt 
6123 pbdi iMp 

t t aMu 

: 6 \ 220\' 
SOHz 

i 
GUdia 

GOD quay 2Wciw<iD 

Hinh 1. Sa do chuc ndng he thong 

Cac thiet hi thii nghiem diu dupe nhap 

tir nhung hang chl tao thilt bi do fren thi gidi, 

do cac CO so c6 uy tin ttong nude tich hgp va 

phat trien. He thong do dupe chuin ddng bp theo 

cam biln tai Vien Do lucmg Viet Nam. 

•:• Bo dim khiin NI PXI-W42. NI PXI-
8106, NIPXI-6123: 

Bp dieu khien ket hpp vdi chuang trinh 
phan mem phat trien fren nln Lab VIEW, co vai 
ttd phat cae tin hieu dieu khien che do hoat dpng, 
thu thap eac tm hieu cam bien, xir ly tin hieu va 
hien thi cac ket qua tinh toan. 

do luang, tinh todn, ddnh gid 

Bp dieu khien, do ludng tten nen he 

nhiing cd mgt so tinh nang: Bg vi xir ly dual-core 

2.16GHz, toe do bus 132 MB/s, bg nhd chuin 

512 MB, bp nha cue dai: 2GB, 6 ciing 60GB, 

hd ttg giao tilp Ethemet, GPIB, USB, RS-232; 

Chiic nang giao tiep vdi cac modul md rpng 

chuan PXl; Ddng ho tham chilu lOMHz; He 

dieu hanh Real-time, ho ttp phan mem LabVIEW 

RT Run-Time; Can hinh ehire nang nhd phan 

mem. Tam bg chuyen doi tuong ty so dp phan 

giai 16 bit, tdc do lay miu: 500 kS/s moi kenh, 

dai do ±IOV, dg chinh xac Ion nhit 0.002mV. 

Conquay Lab\TEW NIPXI-1042 NIPXI-8106 NINI-6I23 

Hinh 2. Con quay vd bo dieu khien, do luang 

• Bdn dieu khien vd gid thir con quay: 

Ban dieu khien va gia thu con quay theo ba bae tu do ed mo hinh 1573 Ideal Aerosmith do 

My san xuat. 

#,1̂  
Hinh 3. Bdn dieu khien vd gid thir con quay vd bien tdn 
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Ban xoay 3 bac tu do model 
1573 eua hang Ideal Aerosmith 
cd 3 true dilu khien tu dgng toe 
do va vi tri cd dac diem chinh la 
sir dung khoi dieu khien ty dpng. 
Ban xoay ed the dupe dieu khien 
dpe lap thong qua giao dien cua 
khdi dilu khien hoac dieu khien 
tir xa thdng qua may tinh nhd khoi 
dilu khiln AERO-832. 

Bien tdn 3x36V-400Hz: 

Bien tan sii dung nguon 
mpt chieu dau vao 26V c6 chiic 
nang tao ra ngudn dien xoay chieu 
3 pha 36V400HZ. 

3 THirC NGHIEM DO LlTOfNG, PHAN TICH, DANH 
GIA ANH HirdNG CUA CAC T H O N G SO KET CAU 
VA DONG Lire HOC TOd BQ CHINH XAC CUA CON 
QUAY HAI BAC TV̂  DO 

3.1. Thuat toan chirffng tr'mh do Ivomg, phan tich, danh gia 

D I thuc hien cae phep do, ta thay ddi cac gia tti o)̂  diu 
vao, sau do do cac gia tri dien ap ra Û  va bien doi thanh tin 
hieu ra ^.^ Tuy nhien, ttong qua tiinh do lucmg, gia tti dien ap 
ra U luon dao dpng do nhieu nguyen nhan (an mon ea khi, 
nhidu dien hi trudng,...), nen tin hieu ra p.j, ciing bi dao dpng 
theo. D I nang eao dp chinh xae cua phep do va qua trinh phan 
tich, danh gia Pj, ta su dung thuat toan xir ly tin hi?u, lay tiling 
hinh va Ige nhieu thong qua sii dung phin mem AlaVarS. B5ng 
each do tin hieu ^^ ttong mot khoang thdi gian nhit dinh 
(t = 10s) vdi khoang N̂ IO.OOO miu, qua xii ly tin hieu ta se 
thu dupe gia tri trung binh p^, phuong sai tin hieu o theo cac 
tieu chuin nhit dinh va phan doan kieu nhieu tae dpng vao h? 
thong. 

Giao dien chucmg trinh phan mem xir ly tin hieu AlaVarS 
nhu hmh 4: 

i:'1^(TryW;yi-'^y 
l i s 

^^T.!-' X 

^L2± 
Hinh 4. Tin hieu ddu vdo vd ket qud tinh trung binh. phuang sai tin hieu 

3.2. Ket qua thv nghidm 

3.2.2. Ketquaphu thugcp.^theo a khim=0 

Khi 0)̂ =0, phuang trinh (1) ttd thanh: 

I //? + W,/? + c/;^ = H(OyCosJ3 - M^ 
\H = I„n = const 

(2) 
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Gia tri goc p.,. theo cong thiic giai tich ley hieu P^T; Gid tri goc ^^ theo tinh toan mo phong 

ky hieu la P^MP; Gia tri goc ^^ theo thuc nghiSm la: P^TN; Do qua diju chinh. 

(3) 

Bang 2: Ket qud tinh todn vd do dac thuc nghiem suphiA thugc ̂ ^ theo co 

<». (36) 

P^LT 

WO) 
P,MP 

(as) 
P,TN 

WO) 

8 ( % ) 

0,4 

0,0492 

0,0460 

0,0432 

12,20% 

1 

0,1521 

0,1387 

0,1360 

10,60% 

2 

0,3223 

0,2940 

0,2881 

10,62% 

3 

0,4926 

0,4492 

0,4420 

10,26% 

4 

0,6628 

0,6194 

0,5995 

9,55% 

5 

0,8330 

0,7896 

0,7520 

9,72% 

6 

1,0032 

0,9597 

0,9116 

9,13% 

7 

1,1734 

1,1298 

1,0660 

9,15% 

8 

1,3436 

1,2999 

1,2150 

9,57% 

9 

1,5139 

1,4700 

1,3730 

9,30% 

10 

1,6841 

1,6400 

1,5283 

9,25% 

*». WO) 

P,LT 

Wo) 

P,MP 

WO) 

P,TN 

WO) 
5 ( % ) 

11 

1,8543 

1,8100 

1,7030 

8,16% 

12 

2,0245 

1,9799 

1,8780 

7,24% 

13 

2,1947 

2,1498 

2,0250 

7,73% 

14 

2,3649 

2,3196 

2,2120 

6,47% 

15 

2,5352 

2,4894 

2,3410 

7,66% 

16 

2,7054 

2,6591 

2,5240 

6,70% 

17 

2,8756 

2,8287 

2,6850 

6,63% 

18 

3,0458 

2,9982 

2,8430 

6,66% 

19 

3,2160 

3,1677 

3,0410 

5,44% 

20 

3,3862 

3,3371 

3,1840 

5,97% 

(a (do) 

P , LT 
(ao) 

P ,MP 

WO) 
P , T N 

WO) 

6 (%) 

21 

3,5564 

3,5064 

3,3780 

5,02% 

22 

3,7267 

3,6756 

3,5490 

4,77% 

23 

3,8969 

3,8447 

3,6970 

5,13% 

24 

4,0671 

4,0137 

3,8580 

5,14% 

25 

4,2373 

4,1826 

4,0250 

5,01% 

26 

4,4075 

4,3514 

4,2030 

4,64% 

27 

4,5777 

4,5201 

4,3560 

4,84% 

28 

4,7480 

4,6886 

4,5180 

4,84% 

29 

4,9182 

4,8571 

4,6990 

4,46% 

30 

5,0884 

5,0254 

4,8510 

4,67% 

Ket qua xay dung dac tuyen tinhcua con quay pT=f(coy) theo ly thuyet, mo phong va thue 

nghiem {hinh 9). 

Nhan xet: Tir cac ket qua tten ta eo nhan xet sau: 

- Vai toe dp goc co <0,4 (dp/s) goc p.j.=0, con quay khong nhay cam dupe; dieu nay phii hop 

dac tinh cua con quay theo ly thuyet. ^ 
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- Voi (B >0,4(d6/s) con quay bit Sku cho ta tin hieu va goc p^ hau nhu ty le thuan voi tdc dg 

goc toy, dilu nay phu hgp voi ly thuyet. 

- V8 dinh tinh P^ tang ty le thuan voi to .̂ 

- Vk dinh lugng sai s6 Idn nhit giiia ly thuyit v^ thuc nghiem la 12,2%, do con quay thii 

nghiem la cip 2, tinh toan ly thuySt co sai s6 do phuong phap tinh. 

3.2.2. Kit qui su-phu thuoc fi^ theo ai^ 

Bo qua 0)^, ta co: 

j/^+blffi+cllfi = Ha^cosfl -Holism/I- M^ 
(4) 

Do qua dieu chinh: 

PjMP 
(5) 

Xay dung dae tinh tTnh con quay khi co^^so thuc (vai co^lO dg/s^const). 

Bang 3: Ket qud tinh todn mophdngvd do dgc thuc nghiem suphy. thuoc^^ theo Q}_: 

*>, WO) 
P^MP 

WO) 
P T T N 

WO) 
s (%) 

0 

1,64001 

1,52900 

6,77% 

1 

1,63516 

1,52800 

6,55% 

2 

1,63034 

1,52200 

6,65% 

3 

1,62555 

1,51400 

6,86% 

4 

1,62079 

1,50900 

6,90% 

5 

1,61604 

1,50600 

6,81% 

6 

1,61133 

1,49800 

7,03% 

7 

1,60664 

1,49900 

6,70% 

8 

1,60199 

1,49900 

6,43% 

9 

1,59736 

1,49900 

6,16% 

o>, WO) 
P,MP 

WO) 
P ,TN 

WO) 
8 ( % ) 

10 

1,59276 

1,49700 

6,01% 

11 

1,58818 

1,49700 

5,74% 

12 

1,58363 

1,49600 

5,53% 

13 

1,57911 

1,49600 

5,26% 

14 

1,57461 

1,49600 

4.99% 

15 

1,57014 

1,48900 

5,17% 

16 

1,56568 

1,48600 

5,09% 

17 

1,56126 

1,48600 

4,82% 

18 

1,55687 

1,48600 

4,55% 

19 

1,55250 

1,47600 

4,93% 

10, (ao) 

P^MP 

WO) 

P T T N 

WO) 
6 ( % ) 

20 

1,54814 

1,47200 

4,92% 

21 

1,54383 

1,47200 

4,65% 

22 

1,53952 

1,45600 

5,43% 

23 

1,53525 

1,44100 

6,14% 

24 

1,53100 

1,44100 

5,88% 

2S 

1,52677 

1,44200 

5,55% 

26 

1,52255 

1,44100 

5,36% 

27 

1,51837 

1,44100 

5,10% 

28 

1,51422 

1,44200 

4,77% 

29 

1,51009 

1,44100 

4,58% 
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Nhdn xet: Tu cae ket qua khao sat thue 
nghiem v l sir phu thugc cua gia tti goc lech tinh 
p^ cua con quay vao nhungthanh phin t6c dp 
goc ©^ ciia thilt bi mang con quay cho thiy: 

- v l dinh tinh quy luat thay d6i p.j.=f (raj 
giiia tinh toan ly thuylt va thuc nghiem la nhu 
nhau. 

- Ve djnh lugng sai s6 giiia tinh toan ly 
thuylt va thyie nghiem khSng vugrt qua 7% 1̂  c6 
the chap nhan dupe. 

i | i > a » n i a i ^ » _ 

CO thi ap dung d l kilm tta danh gia chat lugng 
eon quay hai bac tu do tai cac ca so sira chiia, 
lap rap con quay cua Quan doi ta hien nay. Bai 
bao la tai lieu tham khao cho cac can bp ky thuat 
ttong nghien ciru, su dung con quay hai bac tu 
do do toe do goc ttong he thong dieu khien cua 
cac thiet bi, khi tai quan su.<* 

Ngay nhan bai: 12/02/2016 
Ngay phan bien: 18/3/2016 

T^i li^u tham khao: 

[I]. Biii Ngpe Hoi; Ve mot so yeu to dnh hudng den 
do nhay vd do trSi cita con quay. Tap ehi Nghien ciiu 
Khoa hpe Ky thuat, Chuyen san ten liia, Vien KTQS, 
ttang 59-63, 1990. 
[2]. Bui Ngpe Hoi, Le Van Hoang, Nguyen Van 
Tuyen; Phuang trinh chuyen dong cua con quay hai 
bgc ty: do do tdc do goc co tinh den dnh hudng yeu to 
ket cdu vd dgng luc. Tap chi Nghien eiiu Khoa hoe 
va Cong nghe Quan su, Vien Khoa hpe va Cong nghe 
Quansu, 10/2014. 
[3]. Bp mon Ten Iiia, Khoa V6 tuyen Dien tii; Ly 
thuyet bay vd he thong dieu khien ten liia phong 
khong, tap 1,2,3, Hoc vien Ky thuat Quan su. Ha 
Noi, 1998. 
[4]. Hejitnop /I.C,"0 enwaHHH HHepquH 
paMOK KapflaHOBoro nojiBeea na flBuaceHne 
FHpocKona, yexaHORiieHHoro na Kaiaromeflea 
ruiaA4>opMe", Haynnbie rpynbi Bbieiueii uiKOJibi. 
MaiuHHOCTpoeHHe, 1988, Jf24. 
[5]. AlaVARS manual 2015. 
[6]. LabVIEW manual 2012. 
[7]. NI PXI-8106Datasheet2014. 

Hinh 5: Dgc tinh tmh cua con quay 
l3=f((oJvdp=f(m) 

4. KET LUAN 

K&t qua thuc nghiem va phuang phap xii 
ly ki t qua neu tten la co so khoa hge de ly giai 
va lam sang to anh huong cua mpt so tham so 
ki t eiu va dgng lue hgc tai do chinh xac cua con 
quay hai bac tu do. Phuong phap thuc ng^-sm 
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