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Abstract: The article presents a study on the application of the space-vector
voltage method in the design and fabrication of the BKK-18-V roll-angle control
unit, intended to replace the BKK-18 unit installed on the helicopter. Based on
the functional analysis of the BKK-18 unit, the authors develop an algorithm to
determine the roll angle from three-phase resolver (synchro) signals using the
space-vector voltage method. The input signals are normalized and digitized
via an ADC, then processed using the space-vector voltage method to calcu-
late the roll angles of three attitude indicators (three channels). These roll angle
values are further processed by an algorithm to detect discrepancies between
channels and to generate roll limit warnings. The system model was developed
and validated in MATLAB/Simulink, showing that the angle estimation algo-
rithm exhibits low error across the entire investigated range, thereby confirming
the validity and accuracy of the proposed method. Based on the proposed
method, the BKK-18-V unit was designed, fabricated, and experimentally
tested. Initial test results show that the device satisfies the fundamental tech-
nical functions and ensures compatibility with onboard aircraft systems. The
study provides an important basis for gradually mastering the technology, re-
ducing dependence on imported equipment, and improving the effectiveness
of technical support for domestic aviation systems.
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’ng dung phwong phap vector dién ap quay
thiét ké, ché tao mé&i khdi kiém soat goc
nghiéng BKK-18-V thay thé kh6i BKK-18 trén

may bay trwc thang
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Tém tat: Bai bao trinh bay nghién ctru (ng dung phwong phap vector dién ap
quay trong thiét k& va ché tao khéi kiém soat géc nghiéng BKK-18-V nham
thay thé khbi BKK-18 trang bi trén may bay tryc thang. Trén co sé& phan tich
chirc nang cla khbi BKK-18, nhom tac gia xay dwng thuat toan xac dinh goc
nghiéng ttr tin hiéu xenxin ba pha béng phwong phép vector dién ap quay. Cac
tin hiéu dau vao dwoc chuan hoa, sb héa théng qua bd ADC, sau doé xir ly,
&ng dung phwong phap vector dién &4p quay dé xac dinh gia tri géc nghiéng
ctia 03 déng ho chan troi (ba kénh). Cac gia tri goc nghiéng trén dwoc dwa vao
xt ly thuat toan phat hién sai léch gitra cac kénh va dwa ra canh bao dat géc
nghiéng gi¢i han ctia may bay. M6 hinh hé théng dwoc xay dwng va kiém
chirng trén MATLAB/Simulink cho thdy thuat todn xac dinh géc c6 sai sé nhd
trong toan dai khao sat, qua dé khang dinh tinh dung dan va dé chinh xac cla
phwong phap dé xuét. Trén co s& phwong phap dé xuét, khbi BKK-18-V dwoc
thiét ké, ché tao va thir nghiém thuc té. Cac két qua thir nghiém ban dau cho
thay thiét bi dap ng dwoc cac chirc nang ky thuat co ban va bao dam kha
nang dong bd véi cac hé thdng trén may bay. Nghién cru la co s& quan trong
cho viéc tirng buéc 1am chd cong nghé, gidm sw phu thudc vao thiét bi nhap
ngoai va nang cao hiéu qua bao dam ky thuat déi véi trang thiét bi hang khéng
trong nwéec.

Twr khéa: Phuong phap vector dién ap quay, BKK-18, BKK-18-V, tric thang.

1. Gi&i thiéu

Hién nay, cac may bay hién dai dwoc dwa
vao khai thac da gép phan quan trong trong viéc
bao dam an toan bay va thyc hién cac nhiém vu
van hanh trén khéng. Cong tac bao dam ky thuat
lubn dwoc chu trong nham duy tri trang thai ky
thuat tét va do tin cay cao cla cac hé théng trén

may bay. Tuy nhién, trong qua trinh khai thac va
st dung thwc té, cac may bay van phat sinh
nhiéu héng héc. Trong do, khéi kiém soat goéc
nghiéng BKK-18 trén may bay trwc thang la mét
trong nhirng thiét bi thwong xuyén xay ra sw cb.
Khi xdy ra héng héc, cac khdi nay thuwong phai
dwa vé nha may dé slra chiva, trong khi tai liéu
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so d6 nguyén ly chwa day dd nén qua trinh khéc
phuc gdp nhiéu khé khan. Béi v&i cac trueng hop
hw hdng nang phai g&vi ra nwéc ngoai stra chira,
mét nhiéu thoi gian, gay tén kém vé kinh phi,
déng thoi 1am giam tinh chd ddng vé cong nghé
va ngudn vat tw dy phong.

Do d6, viéc nghién ciru va ché tao khdi kiém
soat géc nghiéng BKK-18-V ¢6 chirc nang tuwong
dwong dé thay thé khdi BKK-18 trén may bay truc
thdng 1a yéu cau can thiét. Khdi BKK-18 1a san
pham do Lién bang Nga san xuat. O’ nuwéc ta dén
nay chwa c6 nghién ctru cai tién thay thé khdi BKK-
18. Trong phan 2 cta bai bao trinh bay tdng quan
vé khdi BKK-18 va rng dung phwong phap vector
dién ap quay trong viéc do cac géc tin hiéu dang
xenxin. Phan 3 cua bai bao dé cap viéc thiét ké,
ché tao khbi BKK-18-V thay thé khéi BKK-18. Phan
4 dé cap dén mé phéng khédo sat, két qua san
pham va ban luan. Phan 5 1a két luan danh gia téng
thé noi dung dat dwoc cla két qua nghién ctru.
2. Téng quan vé khdi BKK-18 va phwong phap
vector dién ap quay
2.1. Téng quan vé khéi BKK-18

Khdi BKK-18 [1] 1a thiét bj kiém soat goc

Nguyen & nnk

nghiéng dwoc trang bi trén may bay trwc thang
dung dé kiém soat 03 déng hd chan troi theo géc
nghiéng dé cap tin hiéu bao héng ddng hd (néu co)
va canh bao géc nghiéng dat gi¢i han cho phép
cla trwc thang. D& dam bao dwoc cac chirc ndng
trén khéi BKK-18 cé ché do lam viéc, tin hiéu bao
va cac tham sé ky thuat sau:

- Khédi c6 ché d6 lam viéc chinh (trén khong)
"PABOTA". O ché d6 nay khéi ddm bao c4p cac tin
hiéu bao:

+"OTKA3 Alnes"- hdng déng hd chan troi trai;

+"OTKA3 Al'npaB"- hdng déng hd chan troi phai;

+ "OTKA3 Alpesep"- hdng déng hd chan troi
dw phong;

+ "KPEH BEJIUK JIEB" nghiéng trai t&i han;

+ "KPEH BEJIVK NMPAB" nghiéng phai t¢i han;

+ "KPEH BEJINK" dat goc nghiéng t&i han.
Cac bao hiéu nghiéng trai, nghiéng phai I&n kem
theo am thanh khi cé 2 hodc 3 déng hd chan troi
tbt chi gia tri nghiéng t&i han.

- O mat dat, khi kiém tra mat dat hoac kiém
tra trwdc khi bay khéi BKK-18 cé cac ché do sau:

+ "TECT-KOHTPOJb"- ty kiém tra;

+ "OBHYNEHWME"- quy khong

Hinh 1. Hinh dang bén ngoai cta khbi BKK-18 [1]
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Tham s6 ky thuat ctia khdi BKK-18 nhw sau:
+ Pién ap cung cap:
e Xoay chiéu 3 pha tan sé 400 + 20 Hz:
363‘6? V;
o Mot chidu: 275 V.
+ Dong dién tiéu thuy:
e Xoay chiéu 3 pha tan s6 400 + 20 Hz < 0,1
A
« M6t chiéu: < 0,65 A.
+ Thoi gian chuan bj ké& tir khi dwoc cap
nguén: < 5s.
+ Pham vi tac dong theo goc nghiéng: Tw -
450 gén +45°
+ Nguéng tac dong cla khdi theo sai léch chi

I1.0.C

Nguyen & nnk

sb gitra truyén cam Al héng va gia tri trung binh
cla cac truyén cam Al tt 1a : 70+ 20(5° + 99).
+ Tin hiéu géc nghiéng giéi han dwoc cap khi:
e Bay & ché dd “MAPLUPYT”: +33%+ 4°
e Bay & ché dd “NMOCAKA”: +15°+ 2 5°
+ Thoi gian che khdi BKK-18 c4p tin hiéu bao
hdéng khi c6 sai léch tin hiéu ctra vao vuot ngudng
I6n hon1+£0,5s.

+ Kich thwéc bao clia khéi (dai x rong x cao):
(354 x 90 x 88) £ 5 mm;

+ Khéi lwong cla khbi BKK-18 la 2,3 kg;

Hinh dang bén ngoai cla khdi dwoc thé hién
trén Hinh 1.

I'n2

tir AT phai

T

Uex~

thie

tir Al pes

U~ I'#3

—————— —)'Y3:
tr AT trai I
I1.0.C

"Quy khéng" AT phaitét _CO bédo hong
Uy *—AT phai

113 ~ Hong AT phai

Un \ “Op #27V° % 7
U, N Nghiéng phai téi han
Kanan Tin hi1éu am thanh
IipeoensHvix Nghiéng trdi té1 han
KpeHog

i Hong AT pes
N
O .

U~

Tu kiém tra

c
¥

Bo so sanh
=
W

Vempoiicmeo,
aemoman.
obHVIerH A

A - i
Nguon cua khoi
[

Co bao hong

AT tréi tot :
AT trai
Uy .-

27V Hong AT trai

Hinh 2. So’ d6 chirc nang khdi BKK-18 [1]

So dd khéi chirc nang ctia BKK-18 dworc thé
hién trén Hinh 2.

Khéi BKK-18 c6 cac thanh phan ciu tao bén
trong gém:

+ Y~: bd khuéch dai tin hiéu xoay chiéu;

+ ®YB: bd khuéch dai nn dong nhay pha;

+ Y=: bd khuéch dai tin hiéu mét chiéu;

+ LUMM: b6 diéu ché do rong xung;

+ Bién tré (1, 2, 3) diéu chinh hé sb khuéch
dai tin hiéu xoay chiéu:;

+ M3: phan t& nguéng;

+ B0 so sanh (YcTponcTBo cpaBHeHMe);

+ N.0.C: phan héi dwong;

+ YM: bo khuéch dai cong suét;

+ Kanan npegenbHbIx kpeHoB: kénh bao hiéu
goc nghiéng gidi han;
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+ YcTponcTeo aBTomMaT 00HyneHunda: mach tw
dong quy khong.

Khdi BKK-18 kiém soat sw mat déng bod cla
cac ddng hd chan trdi hoat ddng theo nguyén ly so
sanh cac tin hiéu twong tw dwoc cip téi clra vao
ctia khéi tlr cac truyén cdm géc nghiéng dang xoay
chiéu va mot chiéu. Trwde khi so sanh, tin hiéu ti
céac truyén cdm dwoc chuan hoa so bo. Khi do, &
clra vao cua thiét bi so sanh sé ¢6 3 tin hiéu dwoc
chuén héa nhw nhau, bién dbi véi ciing hé sb theo
géc nghiéng ctia may bay. Thiét bj so sanh sé xac
dinh kénh nghiéng ctia ddng hd chan troi bi héng
trén co s& sai léch chi sb cla ddng hd nay so véi
chi sb trung binh cta 2 ddng hd con lai vuot qua
mirc cho phép. Thong tin vé déng hd (kénh) bj
héng dwoc khuéch dai rdi cdp cho mach chi thi.
Théng tin nay dwoc nhé trong chuyén bay, dwoc
x6a & mat dat (sau khi kénh bj héng da dwoc stra
chira) bang cach c4p tin hiéu quy khéng tir céng
tac “OBHYINEHWE” hoac khi két thuc lénh “TECT-
KOHTPOJIb”. Hoat déng cla kénh kiém soat goc
nghiéng gi¢i han dwa trén co s& so sanh dién ap
trung binh cta 3 kénh (Uy) v&i cac gia tri dién ap
nguwdng (UyM, Uyl) twong (’ng vG&i cac gia tri gioi
han clia géc nghiéng & ché do “MAPLUPYT” va ché
do “rMOCAOKA”. Khi cé diéu kién Uy > UyM (UyM),
phan t&r nguwéng sé tac dong, dau cla tin hiéu ra
phu thudc vao d4u cda tin hiéu Uy. Dién ap cé dau
twong trng tlr clra ra ctia phan t&r ngwdng cép toi
mach twong (rng dé chi thi may bay nghiéng trai
hay nghiéng phai qua mirc. Déng thdi cac tin hiéu
ra t c& hai mach cap t¢i bd cong dé tao tin hiéu
vuot ngudng (khdng phu thudc vao dau) cép toi
mach b&o hiéu bang am thanh. Tin hiéu vuwot
ngudng khong dwoc nhé, tw dong mét khi géc
nghiéng nhé hon gia tri gi¢i han. Tin hiéu vuot
nguéng cling khéng dwoc hinh thanh néu cé tin
hiéu héng ca ba ddng hd chan troi.

Dé kiém tra kha nang lam viéc cla khdi, tin
hiéu tw kiém tra “TECT-KOHTPOJb” duoc dwa
dén dau vao (Y3=), b diéu ché dd rong xung
(LLAM), ca ba tin hiéu "OTKA3" dwoc tw tao va
kénh gi&éi han géc nghiéng. Khi do tin hiéu
"OTKA3" va "KPEH BENWK" dwoc hién thi & cac

Nguyen & nnk

mach b&o hdng riéng biét cling nhw & mach téng
hop tin hiéu "MICMNP.BKK", mach nay bao tét khi da
dwa tit ca cac tin hiéu ctra ra cla BKK-18
("OTKA3" va "KPEH BEJIMK") vao mach hién thi.
Sau khi két thuc lénh “TECT-KOHTPOJb’, thiét bi
tw dong tao xung xo6a bé théng tin héng héc.
2.2. Ung dung phwong phap vector dién ap
quay dé do géc tin hiéu xenxin

Trén may bay tric thang tin hiéu géc nghiéng
tr 03 ddng hd chan troi dwoc dwa dén khbi BKK-
18 la tin hiéu xenxin. Do d6 ching c6 thé str dung
phwong phap vector dién ap quay dé xac dinh gia
tri goc clia chung - chinh la géc Iéch cua rotor va
stator ciia xenxin. Cac nghién ctu gan day cho
thay phwong phap vector dién ap quay cé wu diém
vé kha nang trién khai s, chéng nhiéu va gidm anh
hwdng cla sai léch bién dd gilra cac pha, dac biét
phu hop véi cac hé thdng xt ly tin hiéu thoi gian
thwe va &ng dung hang khéng yéu cau do tin cay
cao [2—-10]. Theo phwong phap vector dién ap quay
[11-13], dién ap cua tirng pha clia xenxin sé la hinh
chiéu cla vector dién ap stator 1&n cac truc cudn
day pha twong rng cua stator. Hinh 3 dwéi day
biéu dién vector khéng gian dién &p stator trong hé
truc ap. Khi rotor clia xenxin quay mét géc nhat
dinh tao ra vector dién ap stator mét gia tri twong
rng tao ra vector khéng gian dién ap stator twong
tng. Vector khéng gian dién ap stator mot vector
cé mé dun xac dinh (|us|) quay trong mat phang
phtrc mét goc twong rng géc quay cla xenxin.
Vector khdng gian dién ap stator us va cac pha dién
ap dwoc thé hién & Hinh 4. Bang cac phwong phap
dai s ta thwc hién tinh toan gia tri géc léch gitra
rotor va stator ctia xenxin. Gia str goc léch gilra
vector us va truc a la @.

Chiéu gia tri cha vector us 1&n truc thuc va
truc do ta co:

Usq=Us COS @, Ugg=UsSiN® (1)

Chiéu gia tri ctia vector us I&n truc cac pha A,
B, C ta co:

Ugy=Ug COS @ ;

Ugp=UsC0OS(120°-¢);
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Uge=-UsCOS(60°-¢). (2)
Thwe hién trién khai cong thirc (2) va thay
cac gia tri & cong thre (1) vao ta co:

1 V3 _ 1 V3
Eusa"'jusﬁ’ Usc==5 Usa=7 Usp (3)

Usa=Usq, Usp™=-
Thuc hién bién ddi (3) ta sé tinh dwoc nhw sau:

1 1
Ugg=-Ugh-Usc, Usﬁ=ﬁusb'ﬁ Usc (4)

Im (B)
A

Nguyen & nnk

T d6 ta xac dinh dwoc géc xenxin can dé 1a:

;
u T=Usc—7zUsb
@=arctan U—SB =arctan > —¥3 =~

sa UsptUsc

)

Do d6, khi biét dwoc gia tri cac tham sb dién
ap cac pha twong rng sé xac dinh dwoc vector us
cling nhw goc léch ¢ gilra rotor va stator ctia xen-
xin.

Cudn day
ha A
P o

>

Cudn day
pha C

u sa — u.\'(l

Hinh 4. Vector khdng gian dién ap stator us va cac pha dién ap trong hé truc af [13]
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3. Thiét k&, ché tao khbi BKK-18-V thay thé BKK-
18 trén may bay trwc thang

Trén co s& phwong phap vector dién ap quay
dworc trinh bay trong phan 2, xay dwng so dé chirc
nang khéi BKK-18-V. So d6 khdi chirc nang mach
s6 hoa, bién dbi tham sé goc nghiéng clia cac dong
h6 chan tréi dwgc thé hién trén Hinh 5.

O mé dun x& ly tin hiéu clra vao cac tham sé
goéc nghiéng tr cac dong hé dwoc dua tdi dudi
dang tin hiéu xenxin ba pha. Cac tin hiéu nay trwdc
hét dwoc dwa qua mach chuin héa nham bién dbi
va can bang bién dd, ddm bao phu hop véi dai lam
viéc cta khéi xt ly s6. Sau dé, tin hiéu cla tirng
pha duwgc dwa qua bd don kénh va chuyén téi cac
bd ADC 12 bit dé thwe hién qua trinh s héa, thu
nhan gia tri dién ap cla tirng kénh. Qua trinh lay
mau dwoc dong bd véi tin hiéu chuan 36V—400Hz
cta hé thébng may bay. Tin hiéu chuan dwoc bién
ddi thanh dang xung vuéng cé tan sb 400Hz va
swon lén cla xung dwoc st dung lam thoi diém
ddng bo 14y mau T,. Phwong phap nay ddm bao
céac kénh tin hiéu dwoc 1dy mau dong thdi, han ché
sai s6 do |l&ch pha giira cac kénh.

Nguyen & nnk

Qua trinh xt ly sb dwoc thue hién bi vi diéu
khién ATmega128, |a vi diéu khién 8-bit thudc ho
AVR, tich hogp bd ADC, bd dinh thoi va cac giao
tiép ngoai vi, phu hop cho cac trng dung do lwéong
va xt ly tin hiéu thédi gian thwe. Sau khi nhan div
lidu tlr cac kénh ADC, vi diéu khién tién hanh tinh
toan theo cong thirc (5) d& xac dinh gia tri goc
nghiéng twong tng, déng thdi thue hién cac thuat
toan diéu khién can thiét. Cac dac tinh va kha nang
cla vi diéu khién dwoc tham khéo theo tai liéu ky
thuat cia nha san xuét [14].

Ba gia tri goc nghiéng thu duworc tir cac kénh
do dwoc dwa téi mé dun x& ly trung tdm dé thuc
hién tdng hop, xt ly theo thuat toan va diéu khién
cac ché do lam viéc ctia hé théng. Tai day, hé thdng
khéng chi str dung ba gia tri géc ma con két hop
v&i cac tin hiéu diéu khién lien quan nham nang
cao dg tin cay cla qua trinh danh gia trang thai.
M6-dun x@& ly trung tdm st dung vi diéu khién
PSoC 5LP, 1a hé théng tich hop kha nang x( ly sb,
ngoai vi twong tw va cac khéi 1ap trinh linh hoat,
phu hop cho cac bai toan xt ly tin hiéu va diéu
khién thoi gian thuc [15].

Panel xir ly va chuan
hoa tin hi¢u ctra vao

ATl zes.
Y
7
Alnpas s{ Mach xir Iy tin hi¢u
AT'pesep N Xenxin
7
Ché d§ "Test"
L
A AR "NV SEp g ’
Ché dg "M Mach xir ly céc tin

Ché dj "Reset" hi¢u diéu khién

OTKA3 Al'znen +27\\’

&

OTKA3 ATl'mpas  +27V
<

rd

Panel Panel

xir ly khuéch dai OTKA3 AT'pesep +27V
trung tin hiéu -
tam cua ra MCIIPABHOCTb +27V

>

KPEH BEJIMK

7

+27V
S

=27V

~36V/400Hz

A A
Panel cung cap nguon

Hinh 5. So d6 khéi chirc nang khéi kiém soat goc nghiéng BKK-18-V

L

223



JSTT 2026, 6 (4), 217-229

Dwa trén div liéu dau vao, vi diéu khién thyc hién
thuat toan so sanh gitra cac kénh dé phat hién sai
léch, tr d6 xac dinh 16i cdm bién (FDI — Fault
Detection and Isolation), ddng thdi tinh toan va
giam sat gia tri géc nghiéng t&i han ctia may bay
theo dung chirc nang cla khdi. Khi phat hién co 16i
cam bién hoac khi géc nghiéng dat dén ngudng
gioi han, cac tin hiéu canh bao twong &ng sé dwoc
tao ra va truyén t&i mo-dun diéu khién va khuéch
dai dau ra. Tai day, tin hiéu dwoc khuéch dai cong
suét va dwa téi hé théng canh bao, ddm bao cung
cap théng tin kip thei cho ngudi van hanh.
4. M6 phéng, két qua va thao luan
4.1. Mé phéng kiém chirng

Xay dwng chwong trinh mé phdéng trén

0 0.001 0.002 0.003 0.004
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MATLAB-Simulink d& khao sat phwong phap do
dwoc trinh bay trong Muc 2.2. Nhw dwoc miéu ta
trén so' dd Hinh 4, véi mbi gia tri pha @o (gia tri goc
léch gilra rotor va stator clia xenxin phat tin hiéu)
ta tinh toan dé dwa ra dwoc cac gia tri dién ap ua,
Up, Uc trong Png cla xenxin phat tin hiéu. T 3 tin
hiéu ua,, up, Uc ta dwa vao bd xt&r ly tinh toan theo
cong thire (5) dé xac dinh gia tri ¢+ (gia tri géc can
xac dinh) va so sanh gia tri @o va gia tri @1.

Két qua cho thay 2 tham sbé nay cé két qua
bang nhau, ta cé thé thdy buwéc dau kiém ching
thuat toan xac dinh goéc theo phwong phap vector
dién ap quay la dung.

Két qua mé phdéng dwoc biéu dién trong cac
Hinh 6, Hinh 7 duw¢i day.

e

[~ WATLAB Functoniua |
MATLAB Function/ub |
KMATLAB Functon/uc

0.005 0.007 0.008 0.009 on

Time (seconds)

Hinh 6. Gia tri dién ap cac pha cua xenxin khi géc Iéch la 0°

| |

0 0.001 0.002 0.003 0.004

)

| A MATLAB Funclion/ua

MATLAB Functionfub |
[ MATLAB Functionfuo |

0.006 0007 0.008 0008 an

Time (seconds)

Hinh 7. Gia tri dién ap cac pha cua xenxin khi géc léch la 15°
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4.2. Két qua, san pham va thao luan

T so d6 khéi dwoc xay dwng & trén va
phwong phap do dwoc dé cap trong phan 2.2, tién
hanh xay dwng so' dd nguyén ly va thiét ké mach
cho khéi BKK-18-V.

Két qué so d6 mach in clia BKK-18-V duoc
thé hién trén Hinh 8 va Hinh 9. San pham khéi
BKK-18-V dworc thé hién trén Hinh 10.

Quaé trinh th&r nghiém khéi BKK-18-V dang
tuan tha cac bwédc thr nghiém theo chuin hang
khoéng va quéan sy, duwoc thwc hién theo hwéng
danh gia tuan tw tr cAp Mo-dun chirc nang dén cap
hé théng hoan chinh. Cac néi dung thir nghiém bao
gdm kiém tra & cap md dun chirc nang tap trung
vao kha nang tiép nhan tin hiéu xenxin ba pha t
cac ddng hd chan trdi, chuén hoéa tin hiéu dau vao,
sb hda théng qua bd ADC, thuat toan xac dinh géc
nghiéng tirng kénh, truyén dir liéu gitra cac md dun
chirc nang, thuat toan xac dinh goc nghiéng trung
binh, xac dinh 16i cdm bién, xac dinh géc nghiéng
téi han va tao tin hiéu canh bao dau ra. Sau do,
khéi BKK-18-V dwoc thir nghiém bang thiét bi kiém
tra chuyén dung TAl-32 (MynstT aBTOHOMHOW
nposepku MAM-32), hién dang dwoc st dung dé
kiém tra khéi BKK-18 nguyén ban, nham danh gia

2@ P9
D e
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merc do twong thich chirc nang gitra nguyén mau
thiét ké va thiét bi gbc. Bén canh cac thir nghiém
chirc nang, nguyén mau BKK-18-V con duoc thir
nghiém trong diéu kién phong thi nghiém, cac diéu
kién ther nghiém méi trwong cia khdi BKK-18-V
dwoc xay dwng trén co s& yéu ciu khai thac cua
thiét bi dién tlr hang khéng lap dat trén Truwc thang
va tham khdo cac tiéu chuadn thir nghiém moi
trwdng, co hoc dbi vai thiét bj dién t&r quan sy Lién
bang Nga nhuw TOCT 20.57.406-81, NOCT B
20.39.304-76 va FOCT 15150-69, bao gdm thir
nghiém nhiét do lam viéc trong dai tir -40°C dén
+60°C, th&r nghiém d6 am khong vuot qua 95% &
nhiét do 35°C va thtr nghiém rung xdc v&i gia téc
khong vwot qua 4g (39,226 mm/s?). Két qua cho
thay hé théng duy tri dwoc trang thai hoat dong én
dinh trong cac diéu kién mai trwéng thér nghiém.
Sau khi hoan thanh cac th&r nghiém trong
phong thi nghiém, khi BKK-18-V dwoc 1ap dat va
théng dién kiém tra trén Truc thang tai mat dat theo
quy trinh kiém tra khdi BKK-18 hién dang ap dung
trén may bay (Hinh 11). Cac két qué buwdc dau cho
thay thiét bi ddm bao hoat déng dung chirc nang
va lam viéc ddng bd voi cac hé théng trén truc
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Hinh 8. So' d6 mach in khéi BKK-18-V - Mé-dun xt ly tin hiéu ctra vao
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Bang 1. Két qua kiém tra chi tiéu tham sé ky thuat co ban khdi BKK-18-V

Két qua kiém tra

T N&i dung D:" Chi tigu BKK-18-V BKK-18 Ghi chii
) (Ne 001/2026)  (Ne 730737)
1 Dién ap ngudn:
- Xoay chiéu 3 pha tan s6 V 36%4¢ 36,05 36,02
400£20 Hz
- M6t chiéu Vv 24 27,02 27,01
2730
2 Dong dién tiéu thu:
- Xoay chiéu 3 pha tn s6 A 0,1 0,01 0,03
400£20 Hz, khdng I&n hon
- Mét chiéu, khéng 16n hon A 0,65 0,36 0,45
3 Thoi gian chuan bj ké tir khi
dwoc cip ngudn, khéng 16n s 5 1,5 2
hon
4 Pham vi tdc dong theo géc DO  Tw-45dén  Tur -45 dén +45 Tir -45 dén
nghiéng +45 +45
5 Nguwdng tac dong cua khoi Po +74+2 +75 +8
theo sai l&ch chi sé gitra truyén
cam Al hdéng va gia tri trung
binh cla cac truyén cam Al tét
la
6 Tin hiéu goc nghiéng gi¢i han
dwoc cap khi:
- Bay & ché do “MAPLLPYT”: bé +33+4 + 33,5 +32,5
- Bay & ché do “MOCAOKA”:
bé +15+25 +15 +15,5
7  Thoi gian gitr cham dé khéi s 1+£0,5 1 1,3
BKK-18-V cép tin hiéu bao
hdéng Al (tinh ttr khi c6 sai léch
cac tin hiéu ctra vao vuwot
ngwdng), Khéng nhé hon
8 Kich thuwéc bao (dai x réng x mm (354x90x88) + 354%90x88 354%90x88
cao) 5
9 Khoi lwong, khéng In hon Kg 2,3 1,9 2,2
10 Nhiét do lam viéc °C Tw-40 dén Tl -40 dén +60 Theo Bién ban
+60 thir nghiém vi
khi hau
11 D6 &m cao nhét (& nhiétd6 35 % 95 95 Theo Bién ban
°C) thtr nghiém vi
khi hau
12 Qua tai, khdng I&n hon g 4 4 Theo Bién ban
thir nghiém
rung xoc

227



JSTT 2026, 6 (4), 217-229

5. Két luan

Bai bao da dé xuéat wng dung phwong phap
vector dién ap quay dé& do géc nghiéng clta 03
ddng hé chan troi trén may bay tryc thdng tir tin
hiéu dang xenxin, sau doé bién ddi ching thanh tin
hiéu sb dé xr ly thuat toan, xac dinh cac dong hd
chan troi hdng (néu cé) va géc nghiéng tdi han cla
may bay. Khéi BKK-18-V duoc thiét ké, ché tao
trén co s& (rng dung phwong phap vector dién ap
quay trong xt ly tin hiéu géc nghiéng. Két qua thcr
nghiém buwéc dau cho thay hé théng cé kha néng
dap (rng cac chirc nang chinh cta khdi BKK-18 va
chirng minh tinh kha thi ca giai phap dé xuét.

Pay la co sé& dé tiép tuc nghién clru hoan
thién, kiém dinh va danh gia hé thdng trong cac
diéu kién khai thac thuc té, hwéng téi khd ndng
trng dung trén may bay trwc thang.
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  φ


      u  sα =  u s   cos ⁡ φ ,   u  sβ =  u s   sin ⁡ φ


   u  sa =  u s   cos ⁡ φ ;


   u  sb =  u s cos ( 12  0 o -φ) ;


   u  sc =-  u s cos(6  0 o -φ).


      u  sa =  u  sα ,   u  sb =-  1 2  u  sα +    3 2  u  sβ ,   u  sc =-  1 2  u  sα -    3 2  u  sβ


      u  sα =-  u  sb -  u  sc ,   u  sβ =  1   3  u  sb -  1   3  u  sc


  φ=   arctan ⁡     u  sβ   u  sα =   arctan ⁡     1   3  u  sc -  1   3  u  sb   u  sb +  u  sc
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