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Thiét ké va ché tao dong co day sir dung
kh&p no1 tr cho cac phuong tien thuy dudi nudc

Tran Ngoc Huy, Nguyén Thanh Phic, Pham Nam Anh, Lé Khanh Dién

Tém tit — Bai bao gi6i thi¢u vé thiét bi day
duéi nwée siv dung khép ndi tir. Thiét bi nay
dugc thiét ké theo hwéng tich hgp module va
dugc xay dung theo tirng hé thong riéng tir thiét
ké co khi, h¢ thong dién cho dén xdy dung giai
thuat diéu khién dong co cho thiét bi. Thiét ké
nay dé dam bio ddng co c6 thé hoat dong lién
tuc mot thoi gian dai & d§ sdu 100 mét nwée. Noi
dung chinh s€ trinh bay tinh toin, moé phéng
rng suit bé day vé, tinh toin mé-men xoin chiu
dwoc ciia khép ndi tir. Bén canh d6, mdt sb thiét
ké quan trong khac ciia dong co diy nhim rit
ra kinh nghiém, ning cao hi¢u qui ciia viéc thiét
ké. Két qua thye nghiém diéu khién tdc dd thiét
bi diy sir dung gidi thuit tich phan ti 1é
(Proportional Integral Derivative - PID) ciing
dwgc trinh bay trong bai bao nay.

Tir khod: Thiét bi ddy, djng co mdt chiéu
khong choi than (BLDC), khép noi tir, PID.

1 GIOI THIEU

N gay nay thiét ké, ché tao robot dudi nudc
dd va dang dugc nghién ctru va phat trién
hd tro hodc thay thé con ngudi lam viéc & nhiing
ving nudc sdu, nhitng ving nude bi 6 nhiém hoic

khi lam viéc trong thoi gian dai dudi nude [1, 2].
Viét Nam, véi loi thé 12 mot quéc gia ven bién,
¢6 dudng b bién dai hon 3000 km, ving bién rong
16n gép 3 14n dét lién. Vi thé cac hoat dong kinh té,
khoa hoc, du lich va bao vé chu quyén trén bién
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dién ra rat s6i dong. Hang loat cong trinh nhu cau
cang, gian khoan, duong dng din dau, nha gian da
va dang dugc xay dung trén bién. Trong qué trinh
xdy dung va khai thac cac cong trinh trén da nay
sinh mot nhu cAu rat 16n vé viéce tién hanh tham do,
khao sat va tién hanh cic cong viéc dudi nudc.
Cong viéc ctru ho, clru nan, truc vét cling phat sinh
ngdy cang nhiéu khi nganh hang hai phat trién
nhanh. Vi vdy phat trién cac phuong tién hoat dong
du6i nude 1a rat can thiét. Tuy nhién, cac thiét b
day, thanh phan quan trong ctia cac phuong tién
dudi nude, da phan phai nhap khiu tir nudc ngoai
v6i gia rat cao. Do d6 nhu ciu nghién ctru, 1am chu
cong nghé va tién toi thiét ké, ché tao thiét bi day
cho cac phuong tién dudi nude 1a mot doi hoi tat
yéu va cap thiét [3-5] (Hinh 1).
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Hinh 1. Ung dung ctia thiét bi day (Thruster)
trong phuong tién thuy

Bai bdo s& tap trung chinh tién hanh nghién ctru,
thiét ké t6i wu thiét bi, moé phong tmg suat dé chon
bé day thich hop nhat cho vo ngoai, tinh toan tdi uu
mo6-men xodn chiu dwoc cia khop ndi tir dwa vao
tuong tac luc gitra cdc nam cham. Ngoai ra, két qua
thyc nghiém ciing dwoc dé cap.
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2 THIET KE THIET BI DAY

2.1 Lua chon y twéng thiét ké
Qua qué trinh tim hiéu va nghién ciru cac thiét bi
déy cua cac hang trén thé gioi, nhém nghién ctru da
dua ra danh sich nhiing yéu cau ki thuat dé phu
hop véi cac muc tiéu dé ra, bao gom:
- Lya chon vat liéu nhe, c6 kha nang chéng an
mon tdt, chiu duge ap lyc ¢ do sau 100m.
- Pam bao thiét ké thiét bi diy kin nudc.
- Gia tri lyc day lién tuc vao khoang 4-5kgf.
- Cong suét vao khoang 300-400W.
- Kich thuéc nho gon véi dudng kinh vao
khoang 100mm, chiéu dai vao khoang
300mm.

Bong co DG | THe !

el | chan vit I

Hinh 3. M6 hinh 3D thiét bj day

Viéc dua ra cic y tudéng va so sanh nhiing y
tuong vé giai phap thiét ké, cach b tri theo cach
truyén théng lan theo phwong phap méi da giup
nhém nghién cttu chon dugc nhirng thanh phan cua
thiét bi, dam bao dat duoc cac yéu ciu ky thuat
cling nhu nhitng tiéu chuin cua viéc thiét ké. Qua
qua trinh so sanh va phén tich cac y tudng va giai
phép, nhém nghién ciru da quyét dinh chia thiét ké
ra thanh cac module, phu hop theo tirng yéu cau vé
kich thudc, va cac didu kién dé van hanh thiét bi.
Céc module chinh cua thiét bi gom (Hinh 2, 3):

- Vo thiét bi.

- Dbong co BLDC.
- B0 khép ndi tir.
- Chan vit va dng dao luu.
2.2 Tinh todn sitc bén vé dong co ddy

Véi yéu cau ky thuat da dé ra ban dau, nhém
chon vat liéu hop kim nhém T6-6061 dé lam vat
liéu vo ctia thiét bi, voi do bén kéo 1a 310 MPa va
(g suat chay déo 275 MPa.

Thong qua module Simulation cta phin mém
SolidWorks, ding phuong phap phan tir hiru han dé
md phong kha ning chiu 4p lyc ciia vo. Roi su
dung két qua mo phong dé chon chiéu day nho nhat
¢6 thé dam bao cho cic quy trinh cong nghé gia
cong duoc thyc hién dé dang.

Két qua md phong nhu hinh 4 cho thdy véi do
day cua than vo thiét bi 1mm thi 4p lyc 16n nhit tac
dong 1a 47,077 MPa < 275 MPa, gidi han ng sut
bién dang cho phép cua vét liéu, co thé chéip nhan
dugc. Nhimg ving con lai ciia ndp vo chiu ap luc
thip hon. Do d6, do day vo da thiét ké hoan toan
dap tng dugc yéu cau ky thuat dé ra.

Hinh 4. Truong tmg sudt Von Mises tac dong 1én
thanh éng day Imm

Két qua mo phong mg suat tic dong 1én vo chi
tiét.

Hinh 5. Truong tmg sudt Von Mises tac dong 1én than vo thiét b
dong co day
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Hinh 6. Truong tmg suit tac dong 1én déu vo thiét bi

2.3 Khép noi tie

Thiét bi ddy phai lam viéc trong moi truong
nude do d6 can phai co phuong an ngin phan bén
trong cua thiét bi day tiép xuc voi nude. Khép ndi
tir 1a dang khop nbdi khong tiép xtc, sir dung tir
truong dé truyén chuyén dong, do d6 rat phu hop
v6i yéu cau trén

Vich ngan

Nam chim

Khop din

Khép bj din |

Hinh 7. C4u tao khép néi tir

Khdp ndi tir dwoc chia 1am hai dang chinh: dang
mat (axial magnetic coupling /disc coupling) va
dang tru (radial magnetic coupling /concentric
coupling). Déi v6i thiét bi day thi viéc sir dung
khép nbi tir dang tru s& gitip ting hidu suit dong co.
Mot khép nbi tir dang tru s& gdm ba cum chinh nhu
hinh 7:

Cum déau tién 1a khép dan (driving coupling).
Cum nay sé dugc truyén dong tu truc I va duoc
diéu khién boi dong co BLDC (Hinh 2).

Cum thtr hai 1a vach ngin (shroud), d6i véi khop
ndi tir thi ddy 14 bd phan quan trong vi nd s& ngan
nudc chay vao tir chan vit.

Cum thi ba 1a khép bi dan (driven coupling).
D6i voi thiét bi ddy thi cum nay s& truyén momen
truc II gén vO1 chan vit.

Twong tw v6i viée tinh toan sirc bén cho vo thiét
bi, thi viéc tinh toan cho phin vach ngin trong

khop ndi tir cling can thiét. Chon chiéu day thanh
ctia vach ngan ban dau 1a Imm. St dung viéc chia
lu6i tvr ddng cua module Simulation trong
SolidWorks véi kich thude ludi 1a 0,02mm.

von Meies PN A2 (MPal)
P
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»
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12,468

Hinh 8. Truong img sudt tac dong 1én vach ngin

Vi vat liéu duoc chon, ta duge két qua phéan tich
nhu hinh 8. Ap lyc 16n nhit tac dung 1én thanh vo
la 37,389MPa, nam trong khoang chay déo cho
phép ctia vat lidu. Ap luc tic dung xung quanh nam
trong khoang tur 12,465 tdi 24,927 MPa. Noi chiu
ap luc it nhét 1a chan dé cua vach ngan vai ap luc
khoang 3,119 MPa. Véi cac két qua phan tich nhu
trén ta thy: voi do day 1a 1mm, vo dam bao do bén
khi thiét bi ddy 1am viéc & d6 sau 100m.

3 NGHIEN CUU SU' ANH HUONG CUA NAM
CHAM TRONG KHGP NOI TU

Nhu ta da biét, khép ndi tir 14 mot bo phan rat
quan trong trong dong co day. Con nam cham lai
chinh 14 thanh phan ¢t yéu tao nén mo-men xodn
quyét dinh kha ning hoat dong cia khép ndi tir.
Cho nén viéc tinh toan, thiét ké, xac dinh kich ¢, vat
liéu..chon nam chdm 14 nhiém vu rit quan trong.

3.1 Vat liéu nam cham

Mot loai nam cham dugc st dung kha phé bién
hién nay cho cac ung dung co dién tir la nam cham
dat hiém. Nam cham dat hiém chia lam kha nhiéu
loai. O day, ta s€ chon loai nam cham dat hiém
manh nhit 12 NdFeB (neodymium), véi muc dich
t6i da hoa hiéu suit cho khép ndi tir. Nam cham
NdFeB c¢6 luc khang tir 16n (hon 10kOe) va tr do
bao hoa rét cao (t6i 1,56T).

3.2 Thiét ké nam cham trong khép néi tir

Theo tai liéu [9], m6 hinh thiét ké, bd tri tdi wu
nhét cho cac nam cham trong khép ndi tir 1a hai
nam dbi dién nhau sé déi cuc, cac nam cham trén
cung mot khop s€ duoc bd tri voi cac cuc xen ké
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nhu hinh 9. Nhu vay, hi¢u sudt va mo-men xodn
chiu dugc ciia khép ndi tir s& 14 16n nhét.

Khép din

Céc nam chim Cie nam chiim
din bj din

Hinh 9. B tri nam cham trong khop néi tir

3.3 Luc twong tdc giita hai khéi nam cham

Luc twong tac giita hai khdi nam cham bao gém
3 thanh phén lyc 1a F,,F,,F,, dugc tinh toan thong
qua cong thirc sau [6]:

F=—grad W (1)

Vi W 1a nang lugng tuong tac gitra hai nam
cham [6].

Trong do, F, 1a thanh phan luyc quan trong
nhét trong viéc tao ra mo-men xoan giira hai nam
cham trong khop nbi tir. Trude tién, ta s& xem xét
cac thong s6 co ban cua hai nam chdm d6i nhau
trong khop nbi tir.

Hinh 10. Céc théng sé nam cham

Ta goi hai nam cham vinh cuu dugc xem xét la
nam cham 0 va 1, dugc dac trung boi d tor hoa
khong ddi va ddng nhat J, don vi 1a Tesla. Nam
cham 0 (nam cham bi dan) dugc gin véi gbe toa do
va co cac kich thudce 1a a, b, ¢. Cac kich thude cua
nam cham 1 (nam cham dan) 1 a', b', ¢'. Vi tri ciia

n6 xéc dinh boi toa do orr Yor Zo1) ia dinh O1 va

goc 0 giita hai mat phang (XOY) va (X'O1Y") clia
cac nam cham (Hinh 10).

..r“-.f_l_
l.,-".ol e, Zan)

o

Hinh 11. Nam cham 0 cb dinh va nam chdm 1 quay

Nam chidm 0 va nam chdm 1 nim trén nhiing
dudng tron dong tam, ta cho nam cham 0 ¢ dinh
va nam cham 1 quay (Hinh 10). Cac toa d§ cua
nam cham 1 ¢6 thé duoc xac dinh nhu sau [6]:

© s 2
Yoo = —@5'”(‘//+¢) *5 @

8
1
Yor =~
01 co

v cos(y +¢) - T, .

Trong d6, goc ¢ ¢6 thé dugc tinh thong qua mot
nira bé rong ciia nam cham 1.

¢ = arctan (Zbr]
' 4

Goc 1éch 0 giita hai nam cham (Hinh 11) bang

véi goc quay ¥ [6], o=y
Phuong trinh cta thanh phan lyc tiép tuyén
dugc mo ta nhu bén dudi, véi u, v, w, y’, 2’ 1a cac

f,1, f,, 6, f

bién trung gian; 6 1a cAdc ham trung

gian; #01a d¢ tir thdm cua moi truong ngan cach
gitra hai nam cham, dugc thé hién trong tai liéu [6]:
F, (0. %01 Yo, Z@,b,c,@',b',¢, J)
=—f,(Xop X1 + @', Vo1, 201,6,0,0,1',¢", J )
+ £ (X —a, Xy —a+a’, Y1, 24,,6,0,0,b',¢", J)
—f (X —a X, —a+a’, Yy, 2,,6,b,0,0',¢",J)
+ £, (Xos Xoy + @', Yo, 201,6,0,0,0',¢", J)
—f(Xy—a Xy —a+a Yo, 2y,,6,0,c,0',¢", J)
+ £, (Xops Xor + @', Yor: 201, 0,0,C,1,¢7, J)
- fl(xovxm + a,l Your ZOl,Q,b,C,b',C', J )
+ 1 (Xy—a, Xy —a+a’, Y. 2, 0,0,0,0',¢, ) (5)
Trong do:
£ (V,W, Yo1, 21, 6,0,C,0',¢", J)
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poo [f,(V,W, Yoy, 241, 6,0,¢,0",C")

— £, (V. W, Vo1, 261, 6,b,€,0',0)] ©)
Vi
£, (Vo W, Yog, Zoy, 6,D,C,0',2°)
=+, (W, Y1, 21, 0,b,€,0',2")
— 14 (V. Yo Zops 0,b,C. D', 2)
=, (W, Vo1, 21, 0,b,,0,2")
+ £ (V. Your 21, 6,0,6,0,2") @
Trong do6
£ (U, Yor 201, ,D,C, Y, ') =

Uf, (Yor Zo1,0,0,€, Y IN[ U+ £ (Yoy, 201, 0,0,C, Y, 2') |

_Ufe(ymr Zoys o,b,c, y')

+Uf5 ( y01r Zo1: 9, b, C, Z')arctan

(— fZ (You 2oy, 0,b,C, ') —U? +ufy (Yo, 201, 0,b,C, Y, z')}
fs(Yov z,,,0,b,c, Zl)- fs (y01' Zy,,0,b,c, yl)

1 Al '
+Eu;r\ 5 (Yor: 20y, 0.0, 2")[sign[ f(Vop. 2o, 0.0,C,y") |

1 Vo
+E fe(ym,zm,é’,b,c, yl) fa(yml ZOl,Q,b,C, y,z )

1 1 ’ ’
+E[u2 + £ (You 201, 0,0, 2 )IN[ f; (Vo1 Zo1, 6.0, Y, Z')

+f6(y01,201,9,b,c,y')] (8)
Voi:
f5 (Yo, Zon, 0,0,C, Y, 2') =
\/uz + £ (You, 201, 00,6, 2') + £ (Yo, 2o, 0.0,C, YY) (9)
Trong do:
fs (Yor 2, 0.b,C,2) =

—Y01:5IN(0) + 75, cos(6) + bsin(6) —c.cos(9) +z'  (10)

fe (y01v 201,9, b,c, yl) =
—Y01.€08(8) + 25, 5in(6) —b.cos(6) —c.sin(6) + y'

3.4 Tinh toan mo-men xodn

Theo tai lidu [7], ta s& tinh todn mé-men xoan
theo cach sau. Dau tién, tinh todn mo-men xodn
sinh ra gitra mot nam cham dan j v6i mot nam
cham bi dan theo goc léch @ . Puong cong clia mo-
men xoan sinh ra boi nam chdm dan tiép theo (j+1)
thu duge bang cach dich chuyén dudng cong trudc

di mot goc 7/ p va bing cach nhan mo-men véi
(-1)" dé thé hién su thay doi huéng tir hoa. Mo-
men xo0an trén mot nam cham bi dan 14 téng cta 2p
moO-men xoan da thay doi. Lay gia tri nay nhan véi
2p, tong s6 nam cham bji din, s& cho ta tong mo-
men Xo0dn truyén.

Phuong phap nay cho ta cai nhin 16 rang hon
tuong tac gilra tung nam cham trong toan bo khép
ndi tir. Mé-men xodn dugc xac dinh trong cong
thure sau [8]:

r= (7"0 + %)2?312;2'51% (NC.NC;)

Trong d6, i dai dién cho nam cham thir i trén
khép bén trong (khép bi dan) va j dai dién cho nam
cham thir j trén khép bén ngoai (khép dan), 2p 1a s6
lvong nam cham trén mét khop.

Tuy nhién, do su bd tri xen k& cac cuc cua
nam chdm nén anh hudéng cia nhitng nam chidm
dan khac (nhitng nam chdm khong nam ddi dién
v6i nam cham bi dan dang tinh) 1én mot nam cham
bi dan dang tinh 1a khong dang ké. Nhu ta thay trén
hinh 12, vi cac nam cham dan déu c6 cung kich

(11)

thude va lam tir cing mot loai vat lidu nén lyc tiép
tuyén F, ctia ching tac dung 1€n nam chdm bi dan 0
chi phy thuéc vao goéc léchd. Nhung vi gbc
léch @ nho va cic nam cham ddi ximg vé hai phia
cia nam cham 0 tac dung nhimg lyc ngugc chiéu
nhau nén cac luc ndy c6 xu hudng triét tiéu 1an
nhau. Trén hinh 14, ta s& thiy nhiing luc d6 1a cac
cap luc FyvaF,, FyvaF,,, F,vak,.

Hinh 12. Anh huéng clia cic nam cham dan 1én mét nam cham
bi dan
Do d6, trong tinh to4an mé-men xodn cho khop
ndi tir ta chi xét &én anh huong cia hai nam cham
d6i dién nhau Khi d6 cong thiic tinh todan md-men
xo4n s& dugc viét lai nhu sau:
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T = (1 +5) £, F(NC, NC,) (12)

Tir céc kich thudc cta nam cham va khép nbi tir
duoc da thiét ké truge dé: J =7 = 14 T;
H, =4m107; a =40 mm; b = 10 mm; ¢ = 3,5 mm;

a’ =40 mm; b’ =10 mm; ¢’ = 2,5 mm; r, =27 mm;
K= 22 mm; T, :r1+%(cénh tay don); 2p = 12

(tong s6 nam cham trén khép dan hoic khdp bi
dan); x,=0.

Cung vai viée sit dung cung cu matlab, ta sé
khéo sat sy bién thién cia mé-men xoan ciia khop
nbi theo goc léch @ (cho @ chay tir —30° dén 30° vi
chc nam cham nam trén cung mot khép ndi cach
nhau mot goc 30° do d6 néu goc 1éch vuot qua gia
tri nay thi mé-men dugc tinh ra cé gia tri kha nho,
khong dang ké) qua dd thi dugc v& theo cong thirc
12 va cac thong sé dugc cho bén trén:

Nhu trong hinh 13, khi géc 1éch @ = 0° thi m6-
men xoén ciing bang khong, tic khong sinh ra mo-
men xodn. Tuy nhién, khi goc 1éch @ thay d6i, mo-
men s¢€ tang dan dén mot gia tri cuc dai va sau d6 la
giam dan vé 0. Mé-men xodn ciia khdp ndi tir s& dat
cuc dai tai goc léch @ ~10°véi gid tri cuc dai la
T =7Nm, day ciing chinh 1a mé-men xoan cuc
dai cho phép ctia khép ndi tir. Khi do, néu mo-men
tac dung 1én khop ndi tir vuot qua T, thi s€ xay ra
hién twong trugt trong khép ndi tir, khop dan sé quay
theo dong co bén trong con khép bi dan s& dimg yén
do bi lyc can nudce 1€n chén vit giir lai.
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Hinh 13. Md-men xofn T theo goc léch &

Khi phé‘m dong co dién bét dau hoat dong sé sinh

N N ¢ T A Ly
ra mdt moé-men xoan 4. MO-men xoan nay duoc
truyén qua truc dong co, qua khdp noi tr dén chan
vit. Mé-men xo@n truyén dén chan vit giup chong

lai moé-men can cia nudc. Mo-men dong

T, . R > A , , o
co, 4 sinh ra luén bang v6i mo-men can tdc dong

A A . T <R A A 5 A
1én chén vit ¢. Biéu d0 mé-men cua truc dong co
duoc biéu dién nhu hinh 13 sau:

T
dc y; rdl Tk . TI!:/ -
\ /A B \/C
Te
®
A B C

Hinh 14. Biéu d5 mé-men xoén trén truc dong co day

Theo biéu dd md-men xo0dn trén, ta xac dinh
dugc mod-men ngoai lyc tac dong 1én khop ndi tur
T.=T

knt c
Mat khac, theo thuc nghiém ta c6 dugc mo-men
xodn 16n nhat ma dong co co thé sinh ra dé chng
T omee = 2NM

lai mé-men can ctia nudc la ~domar va dé

dong co co thé hoat dong duogc thi Taonas _TL‘, voi
dong co day hoat dong binh thuong, c¢6 thé suy ra
ré‘mg mo-men can 1én nhat tac dong 1én chan vit,

Temax = Taonas | Két hop voi biéu d hinh 14, ta cb

thé suy ra dugc mo-men xoan lon nhat tac dong 1én

khép ndi tir 1a:
Tkntrnax = Tcmax = Tdcmw( = 2N

Ta thiy rdng mé-men xo4n 16n nhét tac dong 1én

khép ndi tir Tt <Tmax, mo-men xodn cho phép

cuc dai ma né co thé chiu duge. Do d6, v6i dong co
déy dugc thiét ké co thé hoat dong & do sau 100m,
khép ndi tir s& 1am viée tot ma khong bi xay ra hién
tuong truot.

4 KET QUA THUC NGHIEM
Phan cimg dugc thiét ké dé thyc nghiém diéu
khién dong co theo mé hinh 1 vong héi tiép vén
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tde, gdbm c6 3 khdi chinh: khdi mach diéu khién,
khdi mach cong sudt va khdi mach truyén thong
(Hinh 15). Khéi mach diéu khién sir dung vi diéu
khién dsPIC30F2010 cua hdng Microchip chuyén
hd tro diéu khién dong co BLDC. Khdi mach cong
sudt dya trén thiét ké khung suon cua thiét bi day
dé thiét ké hinh dang chuan cho board mach driver.
Phdn mach driver, nhém nghién ciru lya chon
MOSFET IRF3710 nhd cac wu diém nhu kha ning
ngit dién tdt, tan s6 lam viéc cao va it nhay cam
v6i nhiét do. Khbi mach truyén thong hd tro chuén
giao tiép ndi tiép (USART) dé truyén va nhan dir
lidu giita may tinh va vi diéu khién.

Hinh 16. Hé théng thuc nghiém thiét bi ddy

Giai thuat diéu khién PID duoc hién thuc héa
trén vi diéu khién dé didu khién téc d6 quay cua
thiét bi ddy. Két qua thuc nghiém duoc kiém chimg
trén mach diéu khién va thu dwoc két qua nhu hinh
16, 17, thiét bi ddy bam tdt cac téc do tham chiéu
khac nhau véi sai s6 nho.
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Hinh 17. Két qua diéu khién véi cac tdc d6 khac nhau

5 KET LUAN

Viéc lwa chon dong co BLDC va khép ndi tir 1a
mot diém méi trong thiét ké, ché tao thiét bi day
dudi nude. Pam béo tinh 6n dinh, d& diéu khién tir
d6 gia tang tudi tho lam viéc cua thiét bi. Theo két
qua md phong 1én thanh vo cua thiét bi, két luan do
day vo 1 mm la du dé chong lai ap luc t6i da 47,077
MPa ¢ d6 sdu 100 m. Dic tinh khop ndi tir duogc
khao sat va tinh toan dé tim ra moéi quan hé giira
goc léch va mé-men xoén. Mé-men xoén ciia khép
ndi tir s& dat cuc dai tai goc l1éch O ~10° voi gia tri
cuc dai 1aT__ =7Nm, yéu t6 quyét dinh dén kha
nang hoat dong 6n dinh cua thiét bi déy. Ngoai ra,
két qua thuc nghiém kiém tra ciing dwoc thuc hién
v6i két qua thiét bi diy bam tbt cac gia tri van tde
tham chiéu.

LOI CAM ON: Cong trinh nghién ctru nay duoc
thuc hién tai Phong thi nghiém trong diém Quéc
gia Diéu khién s6 va Ky thuat Hé thong va duoc tai
trg boi PHQG-HCM trong d& tai ma s C2017-
20b-01
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Design and manufacture thruster with magnetic
- coupling for underwater vehicles

Tran Ngoc Huy, Nguyen Thanh Phuc, Pham Nam Anh, Le Khanh Dien

Abstract — This paper presents a thruster
using magnetic — coupling. This equipment is
designed with  module integration and
engineered with separated systems from
mechanical design, electrical systems and setup
algorithm controlling motor. The design can let
the thruster operate continuously during a long
time at a depth of 100 meters. The main content
of this paper is about stress simulation with a
thickness of the hull, calculations of the
allowable moment of the magnetic — coupling. In
addition, some important designs of the thruster
is introduced to improve experience and
optimize the design. This paper also shows the
experimental results of speed control of thruster
using Proportional Integral Derivative (PID)
method

Index Terms - Thruster, Brushless DC Motors
(BLDC), Magnetic Coupling, PID.



