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Tém tat:

Xac dinh va diéu khién tw thé 1a phan h¢ rit quan trong ddi véi chit lwrong thwe hién nhiém vu ciia vé tinh khi hoat dong trén
quy dao. Phan h¢ diam bzo d9 chinh xac khi tro hwéng va duy tri sw 6n dinh tw thé. Bai bao nay trinh bay qua trinh phat trién
mot bd cong cu thue hanh cho xac dinh va diéu khién tw thé, tén goi ADCS Kkit, tai Trung tim Vi tru Vit Nam dua trén co sé két
qua nghién ctru chuyén siu vé phan hé nay. Viéc sir dung cong cu chuyén dung trong qua trinh dao tao va thwe hanh vé xac dinh
va diéu khién tw thé rit can thiét véi dic thit hoat dong ciia vé tinh trong méi trwong khong trong lwgng, khong ma sat. By cong
cu dwoc trang bi nhitng phén cirng co ban ctia phin hé nhw cam bién do ludng quén tinh (Inertial measurement unit - IMU) va
cac banh xe dong luwgng cung véi ban ga c6 kha niang gia 1ap trang thai khong trong lugng, khéng ma sat. Cac banh xe duge ga
lip theo ba kiéu cAu hinh khac nhau: ba truc tiéu chuén, kim ty thap, ti dién cho phép thue hién nhirng dang bai thwe hanh diéu
Kkhién tu thé khac nhau. ADCS kit 13 sin phadm dwgc phit trién véi sy tai tre ciia Chwong trinh Phat trién Cong nghé, Vién Han
1am Khoa hoc va Cong nghé Viét Nam.

Tir khéa: ADCS Kit, cong cu thwe hanh, xic dinh va diéu khién tu thé vé tinh.
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Abstract:

The attitude determination and control sub-system is a critical unit for the mission performance quality of a satellite when it
operates in orbit. This sub-system ensures accuracy when pointing satellite and maintains stability during attitude control. This
article presents the development process of a specialised kit named ADCS kit with associated exercises in attitude determination
and control in the Vietnam National Space Center based on the in-depth research results in this field. Using a specialised kit
while training and practising attitude determination and control for the satellite is also required, especially when the satellite
operates in a spatial environment with near-zero gravity and non-friction. The kit is assembled with basic hardware of the
attitude determination and control sub-system, such as an inertial measurement unit (IMU) and several reaction wheels, which
can achieve near-zero gravity and non-friction state. Three wheel configurations, which are 3-axis standard, pyramid and
tetrahedron, are proposed, allowing the execution of several different attitude control schemes for the training activities. The
ADCS kit is a product developed under the grant of the Technology Development Program of the Vietnam Academy of Science
and Technology.
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1. it van de

Dao tao vé& xédc dinh va diéu khién tu thé noi riéng va vé vé
tinh n6i chung 1a linh vuc dao tao chuyén nganh véi nhiéu yéu to
¢6 tinh chit dic thu riéng. Chung xuat phat tir dic thu hoat dong
cta v¢ tinh trong moi trudng khong gian. Khi dugce tich hop vao
trong vé tinh, phan hé x4c dinh va diéu khién tu thé (ADCS) chiu
trach nhiém xac dinh b thong s6 vé tu thé cua vé tinh, trén co s&
d6 thuc hién diéu chinh tu thé ctia vé tinh theo yéu cau, duy tri
d6 6n dinh va dam bao do chinh x4c khi tro hudng. Cac chuyén
dong do ADCS tao ra cho v¢ tinh ¢ trong diéu kién khong trong
lugng, khong ma sat cua moi trudng khong gian. Pong thoi, khi
hoat dong trén quy dao, v¢ tinh trd thanh hé kin khi téng ngoai luc
trigt tiéu va cac noi luc tac dung tuan theo dinh luat bao toan dong
lugng. Do dac thu nhu vay, viéc st dung cac cong cu thuyc hanh
s& gbp phan hd tro tich cuc cho dao tao chuyén nganh vé vé tinh
cing nhu phan hé xac dinh va diéu khién tu thé. Bai bao nay trinh
bay qua trinh phat trién mot bd cong cu thuc hanh chuyén dung
dé x4c dinh va diéu khién tu thé, bo cong cu ADCS Kkit, tai Trung
tam Vi try Viét Nam. ADCS kit s& tham gia hd trg truc tiép trong
hoat dong dao tao chuyén nganh cong ngh¢ vii tru tai Trung tAm.
Bén canh do, sau khi dwoc hoan thién va tién hanh thuong mai, ky
vong vé gi4 thanh cta san phdm s& & mic canh tranh so véi nhimg
san pham thyc hanh turong tu cta nudc ngoai.

Ngay nay, thé gioi ton tai hai xu huéng phat trién bo cong cu
thu nghiém/thuc hanh ADCS phuc vu cho dao tao. Xu huéng thir
nhét coi ADCS 1a bd phan trong mot mo hinh hé théng vé tinh,
thuong 1a loai v¢€ tinh c& pico, nano, nhu EyasSat [1], ESAT [2],
OrbiCraft [3] (hinh 1). Loai mé hinh nay ¢6 day di chirc ning

Hinh 1. B6 thwe hanh EyasSat, ESAT, CubeTAS, VABU-12 (thir tw tie trai
sang phai).

Hinh 2. Hé théng mé phéng thir nghiém phan hé xac dinh va diéu khién
tw thé vé tinh nho (ADCSS).
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ctia mot vé tinh trong d6 c6 phan hé x4c dinh va didu khién tu
thé, cung cép cho sinh vién cai nhin tong quan nhit vé hoat dong
cua hé théng v¢ tinh ndi chung thong qua thuc hién céc bai thuc
hanh. Nhirng tinh ning chuyén biét cia ADCS lai twong ddi don
gian, chi didu khién duoc tu thé 1 truc, nhu vay khong phan anh
duoc hét cAu hinh va hoat dong cua ADCS trong thyuc té. Vi du,
EyasSat ciu tao g6m 1 banh xe dong lugng, 2 thanh tur lyc, 1 cam
bién mit trod, hd tro thue hanh bdn ché do Bang Bang, PID, Sun
Tracking, PWM.

Trong khi d6, xu huéng phat trién thir hai 1a cac bo thir
nghiém/thyc hanh chuyén dung vé ADCS, ¢6 kha nang diéu khién
tu thé theo 3 truc, kém theo b phan gia lap moéi truong khong
gian. Trong do, viéc gia 1ap mo phong dé tai tao diéu kién khong
trong luong clia moi truong hoat dong cia vé tinh trén quy dao.
Nhitng hé théng nhu thé di co6 mot lich sir phat trién kha lau dai,
ké tir bo thir nghiém déu tién do Co quan Hang khong va Vi tru
My (NASA) ché tao nim 1959 [4] cho dén h¢ thong CubeTAS [5],
b6 mo hinh thi nghiém VABU-12 [6] (hinh 1). Cu tao va chirc
ning dugc tich hgp trong nhitng hé théng nhw vay cho phép kiém
tra hoat dong thiét bi trong ADCS va thu nghiém giai thuat xac
dinh tu thé va giai thut diéu khién tu thé theo 3 truc. Vi du nhu
CubeTAS ¢6 cu tao g6m 1 cam bién mat trod, 1 cam bién IMU, 3
banh xe dong luong, 3 thanh tir luc.

Nghién ctru xac dinh va diéu khién tu thé da duoc Trung tim
Vi tru Viét Nam quan tam thuc hién trong nhiéu nim tro lai day.
Dinh hudng nghién ctru khong chi cho viée tich hgp ADCS trong
vé tinh ma con chu trong phat trién thiét bj hd trg nghién ctru va
a0 tao. Trong khudn kho dé tai “Nghién ciru, thiét ké va ché tao
h¢ thong md phong xac dinh va diéu khién tu thé vé tinh quan
sat trai dat co do chinh xac cao” mi s6 VI/CN-03/14-15 thude
Chuong trinh khoa hoc va cong nghé vii try, giai doan 2014-2016
[7], nhom nghién ciru ctia Trung tm da phat trién thanh cong hé
thdng mé phong thir nghiém xéac dinh va didu khién tu thé vé tinh
nho (ADCSS) (hinh 2). Hé thong c6 cau tao gdm: ban gia lap trang
thai khong trong lugng, khong ma sat, khung gia lap tr truong, bo
gia 1ap huéng sang Mat troi két hop voi mo hinh ADCS tich hop
3 banh xe dong luong, cam bién IMU, cam bién hudng Mat troi.
ADCSS duoc str dung cho muc dich nghién ctru va dao tao chuyén
sdu vé xéac dinh tu thé vé tinh, diéu khién tu thé vé tinh, can béng
tu dong. Mot ) thuat toan didu khién da duoc phat trién dé cai dat
cho ADCSS [8].

2. Noi dung nghién ciiu

B cong cu ADCS kit dugc phat trién dya trén céu hinh
ADCSS véi ciu tao duge don gian hoa va kich thudc thu gon dé
phtt hop voi muc dich thuc hanh. i tuong sir dung 14 sinh vién
béc dai hoc. CAu tao cua ADCS kit chi g6m 2 ph?m chinh: ban gia
lap trang thai khong trong luong, khong ma sat va khéi xac dinh
va diéu khién tu thé theo ba tryc. Trong d96, xac dinh tu thé chi
stt dung cam bién IMU va diu khién tu thé thong qua cic banh
xe dong luong. Dy 14 hai loai thiét bi co ban nhét trong phan hé
ADCS. Mot s6 loi ich ma ADCS kit ¢6 thé dem lai 1a: thao tic va
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di chuyén dé dang vi c6 kich thudc gon, khdi lugng nho; van
hanh don gian; sinh vién duoc 1am quen v&i nhimng thiét bi co
béan trong ADCS.

B ADCS kit c6 kha nang thuc hién nhiing bai thyc hanh
nhu sau:

- Thuc hanh tim hiéu hoat dong cua banh xe dong lwong va
cam bién IMU, tich hop hé cam bién con quay hdi chuyén, tir
truong, gia toc;

- Thue hanh thuat toan xac dinh tu thé vé tinh dua trén dit
lidu cua cam bién IMU st dung bd loc Kalman;

- Thyc hanh thuat toan diéu khién tu thé vé tinh theo ché do
diéu khién huéng Mt troi hodc didu khién quay 3 tryc.

Hinh 3 minh hoa vé phuong 4n thiét ké 3D ciia bo cong cu
ADCS kit. Khéi xac dinh va diéu khién tu thé bao gdm cum
banh xe dong lugng (101) va thanh phan dién - dién tir (102).
Ban gia lap trang thai khong trong luong, khong ma sat bao
gbm ban ga (201), cum bdn con trugt khdi lugng (203). Ban ga
dugc ghép véi chan dé (204) thong qua bd khép cau dém khi
(202). Bé ADCS kit hoat dong theo ding yéu cau vé thuc hanh
da dé cap & phan trude, hai dic diém k¥ thuat bit budc cua bd
cong cu la: gia 1ap dugc trang thai khong trong luong va khong
ma sat; thay ddi duge ciu hinh banh xe dong luong cua cum
(101) theo ba dang: kim tu thap, t&r dién, ba truc. Phan tiép theo
s& trinh bay rd hon vé timg dic diém va giai phap ky thuat da
tién hanh dé giai quyét chung.

101

Hinh 3. M6 hinh 3D ctia bo cong cu ADCS kit.

2.1. Gia ldp trang thdi khong trong lwong va khong
ma sdt

Nhu di gi6i thiéu ¢ phan trude, quy dao cua vé tinh nam
trong moi truong khong gian khong trong lugong va khong ma
sét. Diéu khién tu thé clia vé tinh tuan theo dinh luat bao toan
dong lwong véi gia thiét vé tinh 1a hé kin, tong ngoai luc tac
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dong triét tiéu. Trong khi do, bo cong cu duogc van hanh & diéu
kién trén mat dét, ludn ton tai vecto trong luc hudng vé phia
tam Trai Dat va chuyén dong thudng chiu anh huong cua lyc
ma sat. Tac dong cua cc ngoai luc nay anh huong dén hoat
dong didu khién tu thé cua ADCS kit.

Khép cau dém khi 14 co cau co khi dac thi, c6 kha ning tao ra
chuyén dong quay tu do theo ba tryc voi ma st rat nho, dugc sir
dung dé gia 1ap trang thai khong ma sat. Nguyén 1y hoat dong cua
no6 dugc minh hoa trong hinh 4.

Trong tam Tam quay

o’
N/

Khinén/

\Khi nén

Hinh 4. Giai phap gia lap trang thai khéng trong lwong va khong ma sat.

Khép cau dém khi co ciu tao gdm hai phan tach roi, thir nhat
la dé, duoc gin c¢b dinh va c6 ong dan khi nén ndi ra bén ngoai;
thir hai 14 phan khop cau, hinh dang ban cau hodc chom cau, tiép
xuc tryc tiép véi dé. Khi khi nén vao dé, thong qua céc 15 thoat
khi bé tri déu, gitra bé mat tiép xtc cta dé va khép cau hinh thanh
16p khong khi mong. Hién tugng nay cho phép khép cau chi tiép
xtic v6i 16p khong khi d6 va c6 thé quay tu do voi ma sat rat nho.
Trong ADCS kit, ban ga (201) s& dwoc ghép v6i khdp cau trong
khi chan dé (204) duoc ghép véi dé ctia bo khép cau dém khi
(202). Do 6, chuyén dong cua ban ga da gia lap dugc trang thai
khong ma sat. Goi F 1a lyc ndng can thiét ctia 16p khong khi va
P 1a tong trong luong cua khdp cau va cac vat duoc g lap cing,
ta c6 quan h¢ nhu sau:

F=k(P)xP (1

trong do, k(P)>1, dic trung cho ton hao gay ra do qu4 trinh thoat
khi ra xung quanh khép cdu. Khop cau dém khi duge tich hop
trong bd cong cu ADCS kit do nhom nghién ctru ty thiét ké va
ché tao trong nudc voi chi phi thap hon so v6i san pham twong tur
clia nude ngodi. San pham ché tao dap tmg duoc yéu cau vé tai
trong cta bd cong cu ADCS kit, khéi lugng 14 12 kg va c6 thong
s6 k¥ thuat dugc liét ké trong bang 1.

Xét trong trudng hop tong quat, goi khoang cach giita trong
tam va tdm quay la R, trong lyc cua h¢ vat 1a P va sinh ra mot mo-
men quay M tac dong lam hé vat c6 xu huéng quay dén vi tri can
bang bén. Mé-men nay duoc xac dinh theo cong thirc nhu sau:



M=PxR 2

Bang 1. Thong s6 cta bd khép cau dém khi.

Théng sb Gia tri

Duong kinh khép cau (mm) 70

Dudng kinh ciia 16 thoat khi nén (mm) 0,2

Sb lugng dAu khi nén 6

Pham vi quay (d0)

- Roll (nghiéng) +50°

- Pitch (1én xubng) +50°

- Yaw (quay ngang) +360°

Néu toa d6 cuia diém trong tim tring véi tim quay cua khop
cau thi ta ¢ M=0 va hé vat dat duoc trang thai can béng phiém
dinh. Khi d6, hé vét s& co xu hudng giit nguyén tu thé bat ky va
khong chiu tac dong cua thanh phan trong luc huéng tam. Day 1a
giai phap gia lap trang thai khong trong lugng cho ban ga. Xét hé
toa do khong gian ¢6 gdc nim & tim quay va vecto khoang cach
dugce xac dinh theo biéu thirc sau:

R= [rxr‘ r.] 3)

trong do, r_ I, la khoang cach theo 3 truc diém trong tAm so véi
tam quay dau cua khop cau.

Trang thai khong trong Iwong dugc xac lap theo trinh ty hai
budc nhu sau:

- Budc 1, phan bb déu khdi luong trén ban ga dé hai thanh
phan va thoa man:

e =0

{ry ~0 “4)

- Buéc 2, diéu chinh vi tri ctia cac con truot (203) dé diéu
chinh thanh phan thtr ba theo cong thuc lién h¢ nhu sau:

= Z m;r; )

trong do, m la khéi luong cua cd h¢, m 1a khéi lugng con trugt thir
i, 7, 1a khoang céch cta con trugt thit i.

2.2. Co ciu chuyén d@oi cdu hinh binh xe dopng lwgng

Trong khi cau hinh ba tryc 14 cdu hinh tiéu chuan trong diéu
khién tu theé vé tinh theo ba truc. Hai cau hinh khac bao gom kim
tu thap va tir dién. Ching chinh 1a cac cau hinh dugc str dung pho
bién trong phan h¢ ADCS cua v¢ tinh, dugc minh hoa nhu hinh 5.

Kim tw thap

Hinh 5. Ba cau hinh banh xe déng lwgng.

Xét trudng hop tong quat, ba thanh phin mé-men quay vé tinh
theo ba truc s€ ¢ quan h¢ voi cac mo-men sinh ra bai hé cac banh xe
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dong luong thong qua mot ma tran chuyén d6i. Ma tran chuyén a6i
gitta céc thanh phan mé-men sinh ra béi timg banh xe dong luvong véi
mo-men thanh phf?m theo h¢ toa do ba tryc cua vé tinh thay doi tuy
theo cAu hinh cta banh xe dong luong. Goi cac ma tran 14n luot 1 ba
truc - D, , kim tu thap - D , tt dién - D ; ching dwoc biéu din theo
cac bleu thuc sau [9]:

100 6
= [O 1 0] ( )
0 0 1
cosf 0 —cosf 0
D,y = [ 0 cosp 0 —cosﬁ] 7
sinf sinf  sinf  sinf
cociociocl
Die=|cy ¢i ¢ c (8)
ct ¢z & o}

trong do: /# 1a goc nghiéng gitta truc quay cua cac banh xe dong luong
va tryc X, y; cac thanh phan thoa man nhirng dicu kién nhu sau:

cprcitotey= )

{c§+c£+c§+c§:0
cttci+ci+ct=0

Tir biéu thirc lién hé noi trén, ta thdy dwoc cau hinh kim ty thap
cung cép nang luc du phong, van tao ra dugc mo-men quay cho ca
ba truc ngay ca khi c6 mot banh xe dong lugng bi hong. Cau hinh
tir dién 1a1 ¢6 kha nang cung cap md-men gép doi tai mdi truc néu
S0 VGi cau hinh ba tryc tiéu chuan. Véi nhitng dac diém nhu véy,
cac cau hinh ba truc, kim tu thap, tor dién dugc lya chon dé tich
hop trong ADCS kit.

Pé thay d6i dugc cdu hinh banh xe dong luong, mot co ciu ga
lap dé hd tro chuyén doi gitra cac kiéu cau hinh da duoc nghién
ctru va phat trién. Giai phap da duogc cap Bang doc quyen sdng ché
s6 30577. Hinh 6 minh hoa Ve ¥ tuong thiét ké ciia co cdu nay véi
mit nghiéng cho timg kiéu cdu hinh: tir dién trong khoang 109°,
kim tyr thap trong khoang 52°. Dong thoi s6 lugng banh xe sir dung
va vi tri ga lép cho timg cau hinh 1a khac nhau. Co ciu cho phép
thyc hién chuyén d6i ga lap giira ba cau hinh dwoc nhanh chong
va thuan tién. Qua do, gitp hd trg viéc thao tac van hanh b ADCS
kit cting nhu thyc hién dugc nhiéu dang bai thuc hanh diédu khién
tu thé vé tinh.

Ba truc Kim tu thap T dién

Hinh 6. Co’ cdu ga 1ap chuyén ddi cac kiéu cau hinh banh xe dong lwong.
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2.3. H¢ théng dién - di¢n tiv

Hé thng dién - dién tir 1a thanh phan khong thé thiéu ciia khoi
xac dinh va didu khién tu thé theo ba truc. N6 thuc hién nhitng tic
vu chinh nhu sau: diéu khién cum banh xe dong luong, t6i da 4
bo; doc dit liéu tir cam bién IMU; két ndi truyén thong khong day
v&i may tinh thong qua giao thuc Xbee; thuc thi cac thuat todn xac
dinh tu thé va diéu khién tu thé. Cac tac vu nay 1a co so dé téng
hop nhimg bai thuc hanh da dugc dé cap & phan trudc: tim hiéu
hoat dong ctia banh xe dong luong va cam bién IMU; thuc hanh
thuat toan xac dinh tu thé va thuat toan diéu khién tu thé. Hinh
7 minh hoa so do khdi ciia hé thong dién-dién tir ciia by cong
cu ADCS kit. Kit diéu khién trung tdm st dung mach diéu khién
trung tim Mbed LPC1768, cam bién IMU MTi-3, dong co servo
EC-i 40 kém mach dém diéu khién cong sudt, mo-dun thu phat
khong ddy Xbee. Cac thiét bi dién, dién tir dugc Iya chon ciing
nhu cac bo mach dién tir ty phat trién déu c6 kich thudce nho gon,
cho phép d& dang tich hop va ldp rap vio bd cong cu ADCS kit.

Khéi pin
(x4)

Hinh 7. So’ db khéi cuia hé théng dién/dién tir trong ADCS kit.

< Lo -
3. Ket qua va ban luan

Hinh 8 minh hoa san pham ADCS kit da dugc lap dat hoan
thién. Thiét ké nho gon cho phép ADCS kit duge b tri gon ngay
trén ban, thuan tién cho viéc thuc hanh.

Hinh 8. Hinh anh thwc té ctia bd cong cu ADCS kit.
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Diéu nay dap img dung theo muc dich dat ra ban dau. Khong
gian phia trén mat ban chi ga lap co cum banh xe dong lugng, theo
mot trong ba cAu hinh kim tu thap, tr dién, ba truc. Ngoai ra, mot
s6 tai phu duoc lap ddt thém dé bu khéi luong cho xir 1 can bing
ban, gia lap trang thai khong trong lugng. Hé thong dién - dién tir
dugc ga lip ¢ bén dudi mat ban. Trong khi cac khéi pin co khdi
lugng chiém ty trong trong ddi 16n, chung dugce bé tri déu ¢ ciing
vi tri bdn con truot khdi luong tai bdn goc ban. Vé co ban, cong
cu ADCS kit ¢6 bd tri thiét bi can ddi theo hai truc x, y va cac con
trugt khéi lugng dwogce dung dé can bing theo truc z dé gia lap
trang thai khong trong lugng. Cudi cling, ban gia 1ap dwgc trang bi
thém co cau chong 1at, cho phép gidi han goc nghiéng thuc té cua
ban khong vuot qua 30° dé dam béao an toan. Bang 2 liét ké cac
thong s6 ky thuat chinh ctia bo cong cu ADCS kit.

Bang 2. Thong s6 cta b cong cu ADCS kit.

Théng sb Gia tri
Goc tu thé theo 3 truc (do)

Roll (nghiéng) +30°
Pitch (1én xudng) £30°
Yaw (quay ngang) +360°
Kich thuéc ban (mm) 300x300
Chiéu cao (mm) 500
Khéi lugng t6i da (kg) 12

Do chinh xéc (d0) 2-3

Vin toe goc ti da co thé dat (d6/gidy) >0,2

Trong qua trinh phat trién bo cong cu, viée ché tao dugc bd
khop cdu dém khi va co cdu chuyén doi cau hinh banh xe dong
luong (hinh 9), 1a hai diém ndi bat vé mat cong nghé. Ché tao duge
khop cau dém khi cho phép cdu triic co khi ciia bo cong cu hoan
toan duoc san xuit & trong nudc, ty 1¢ ndi dia hoa dat 100%. biédu
nay cho phép san pham ADCS kit ¢6 thé chu dong vé gia cong
ché tao phan ciu triic ¢ giai doan tiép theo. Khép cau dém khi la
thiét bi co khi dac thii va chuyén dung, phai nhap tir nudc ngoai
do chura san xuit dugc trong nude. Do d6, san pham khép cau cua
nhiém vy 12 budc diu tién dé tiép can lam chu cong ngh¢ thiét ké
ché tao khép cdu dém khi tai Viét Nam. Bén canh do, tinh hi¢u qua
cla giai phap k¥ thudt theo Bang doc quyén sang ché 6 30577 da
dugc kiém chung tir viéc ché tao thanh cong co cau d6. Ngudi van
hanh thay ddi cau hinh mot cach nhanh chéng va d& dang thong
qua thay di vi tri ga ldp ciia timg banh xe dong luong.

Hinh 9. Khé'p cau dém khi va co' cau chuyén ddi cau hinh banh xe dong
Iwong.



ADCS kit két ndi v6i may tinh didu khién thong qua kénh
truyén thong khong day Xbee. Hinh 10 va 11 minh hoa mot s6
giao dién bai thuc hanh x4c dinh tu thé va diéu khién tu thé.

BAI THUC HANH 3: XAC BINH TU THE
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Hinh 10. Giao dién thwe hanh xac dinh tw thé.

BAI THLIC HANH 4: DIEU KHIEN TU THE
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Hinh 11. Giao dién thwe hanh diéu khién tw thé.

4. Két luan

B0 cong cu thuc hanh ADCS kit 1a mét phién ban don gian hoa
cta hé thong md phong thir nghiém chuyén dung ADCSS vé xéc
dinh va diéu khién tu thé cho vé tinh nho. ADCS kit dugce ky vong
s€ dong gop tich cyc vao trong hoat dong dao tao cla sinh vién
thudc chuyén nganh cong nghé vil tru n6i chung va thyc hanh vé
xac dinh va didu khién tu thé vé tinh néi riéng. Do tinh chat dic
thu ctia nganh, qua trinh dao tao rat can nhitng b cong cu nhu vay.
Ngoai ra, trong qua trinh phat trién san pham, nhém nghién ctru da
c6 duoc hai dong gop méi vé mit cong nghé. Pau tién, phat trién
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dugc mot giai phap ga lép banh xe dong luong dé tao ra ba cu
hinh khac nhau: kim tu thap, t& dién, ba truc. Giai phap da dugc
cap bang doc quyén sang ché nam 2021. Bén canh d6, budc dau
lam chu cong nghé vé bd khép cau dém khi, san phém duoc thiét
ké, ché tao hoan toan trong nudc.

LO1 CAM ON

Nhiém vu “Phat trién bo cong cu thuc hanh phan hé xéc dinh
va diéu khién tu thé vé tinh phuc vu dio tao cong nghé vii try”,
mia s6 UDPTCN 04/19-21 duoc tai tro boi Chuong trinh Phat trién
Cong nghé cua Vién Han 1am Khoa hoc va Cong nghé Viét Nam
Nam va thuc hién trong giai doan 2019-2021. Nhom tac gia xin
tran trong cdm on.
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