Joupnol ol[ Science - \/ L U T E

ISSN 2615-9945

NGHIEN CU'U PONG CO PIEN TRANG
BI TREN OTO PIEN TESLA

ANALYSIS INTO THE INDUCTION MOTOR
OF TESLA VEHICLES

CAO HUNG PHI !, PHAM DANG HUY?

"Truwong Dai hoc SPKT Vinh Long,

Truwong Cao Pang Nehé Kién Giang,

+ Lién hé tac gia * Email: pdhuy(@caodangnghekg.edu.vn

Nhdn bai (Received): 09/11/2022; Phdn bién (Reviewed): 20/11/2022; Chip nhén (Accepted): 07/1/2023

TOM TAT

Bai bao trinh bay két qua khao sat mdi quan hé giita tan s6 dong dién dén mé men
xodn va téc d6 ctia dong co cam ung trén 6 t6 dién TESLA. Phuong phap chi yéu la
nghién ctru 1y thuyét, thiét ké mo hinh mé phong trén va thir nghiém khao sat cac thong
s6 va danh gia két qua trén phan mém Matlab-Simulink. Tir cac két qua khao sat, tac gia
dua ra két luan khi thay doi tan sé dong dién cung cap cho dong co thi téc d6 va moment
cua dong co co sy bién thién theo, tir d6 ta c6 thé biét duoc ung voi cac trang thai lam viéc
clia 6 t6 bo bién tan s& cung cAp mot tan s toi wu dé diéu khién dong co khong dong bo
trén 0 t0, giup cho 6 t6 co thé van hanh 6n dinh & cac ché d6 khéac nhau.

Twr khéa: xe dién; dong co khong déng bo, bién tén, moment, tan s6
ABSTRACT

This paper presents the results of surveying the relationship between the current
frequency to torque and the speed of induction motors on TESLA electric cars. The main
method is to study the theory, design the above-mentioned simulation model, test the
parameters and evaluate the results on Matlab-Simulink software. From the obtained
survey results, it is concluded that when changing the frequency of the current supplied
to the motor, the speed and the torque of the motor change accordingly. Therefore, it is
revealed that with regard to different working states of the car, the inverter will provide an
optimal frequency to control the asynchronous motor in the car, helping the car to operate
stably in different modes.
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1. PAT VAN PE

Dong co di¢én trang bi trén xe dién
Tesla dugc xem nhu 13 ngudn dong luc
chinh thay thé cho dong co ddt trong cung
cAp moment cho cic banh xe chu dong.
Bong co dién co rat nhiéu vu diém so véi

2

dong co ddt trong. Nhitng vu diém nay
duoc thé hién thong qua tinh chit dong
luc hoc cua 6 t6 khi chuyén dong, n6 duogc
thé hién qua ddc tinh dong luc hoc, luc
kéo, cong suat kéo, cac luc can, nhan tb
dong lyc hoc, thoi gian va quang duong
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tang toc, van tc, gia tdc, khi chuyén dong
trong diéu kién mit duong khac nhau hodc
do tac dong diéu kién nhu ting giam ga,
quay vong khi phanh. Dé giup 6 t6 van
hanh 6n dinh v6i céc diéu kién trén thi né
phai duoc diéu khién thong qua phuong
phép thay doi tan sé chinh vi vay bai bao
nay trinh bay su thay d6i tin s6 dong dién
cap vao dong co dién trén 6 t6 TESLA s&
din dén sy bién thién ctia moment va toc
dd cua dong co dién.

2. PONG CO PIEN TREN O TO
PIEN TESLA

2.1. M6 hinh toan hgc dfng co dién
trén o to Tesla

Pé xay dung mo hinh mé ta chinh xac
dén muc t6i da dbi twong diéu chinh. Doi
tuong diéu chinh ¢ day chinh 1a dong co
khong dong bo ba pha trén 6 t6 dién Tesla,
do d6 mo hinh toan hoc thu dugc khong
nhirng can phai thé hién rd cac dic tinh
thoi gian cua ddi tuong dicu chinh ma no
can phai mo phong chinh xac vé mit toan
hoc dbi twong dong co. Véi yéu cau nhu
vy dan dén can c6 cac diéu kién duogc gia
thiét trong khi 1ap mo hinh. Cac diéu kién
do6 mdt mat don gian hod md hinh c6 lgi
cho cong viéc thiét ké sau nay, mat khac
chung gay nén sai 1éch nhat dinh; sai léch
trong pham vi cho phép giita ddi tuong
va mod hinh. Sau nay, cac sai léch do6 phai
duoc loai trur béng céac bién phap thudc vé
ky thuat diéu chinh.

Pong co khong dong bd duoc mo ta
bodi hé phuong trinh vi phan bac cao. Véi
cAu trac phan bd cac cudn day phirc tap vé
mat khong gian va cac mach tr moc vong
ta phai ch?ip nhan mot s6 cac diéu kién sau
day khi mo hinh hoa dong co:

- Cac cudn day déu co cac thong so
nhu nhau va dugce bo tri mdt cach doi xtng
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vé mit khong gian (cac cudn day dat léch
nhau 120°)

- Bo qua cac ton hao trong 16i sat tir,
khong xét toi anh hudng ctia tan sb va thay
doi clia nhiét do ddi voi dién tré, dién cam
td1 cac cudn day.

- B6 qua bao hoa mach tu, tg cam
va hd cam ctia mdi cudn day duoc coi la
tuyén tinh

- Dong tir hoa va tur truong dugc phan
b6 hinh sin trén bé mat khe tir.

Péi v6i cac hé truyén dong dién da
duoc sb6 hoa hoan toan, dé diéu khién bién
tan nguoi ta sit dung phuong phéap diéu ché
vecto khong gian. Khau diéu khién bién
tan 1a khau nghép ndi quan trong gitra thiét
bi diéu khién, diéu chinh bang s6 v6i khau
chap hanh. Nhu vdy can mé ta dong co
thanh cac phuong trinh toan hoc.

Quy udc: A,B,C chi thtr tu pha cac
cudn day rotor va a,b,c chi thr ty pha céc
cudn day stator.

Gid thiét :

- Cudn day stato, rotor d6i xtmg 3 pha,
rotor vugt goc 6.

- Tham s6 khong dbi.

- Mach tir chua bao hoa.

- Khe ho khong khi dong déu.

- Ngudn ba pha cdp hinh sin va ddi
xtung (I¢ch nhau goc 2m/3).

v
U,=1.R, +d—=%
. K K™K dt
Voi:
k 1a tho tg cuon day A,B,C rotor va
a,b,c stator.
v, la tir thong cudn day thur k.

Phuong trinh can bang dién ap cia moi
cudn day k nhu sau:
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Céc hé phuong trinh trén 1a cac hé
phuong trinh vi phan phi tuyén c6 hé s6
bién thién theo thoi gian vi goc quay 6 phu
thudc thoi gian: 0 = 0°+]w(t)dt

Tuy nhién néu mod ta toan hoc nhu
trén thi rat phtc tap nén can phai don
gian bt di. Té1 nam 1959 Kovacs(Lién
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X6) dé& xudt phép bién d6i tuyén tinh
khong gian vecto va Park (My) dua ra
phép bién doi d, g.

Hinh 1. Mé hinh déng co dién cta 6 té dién TESLA
trén hé toa dé af3, toa dé dq va toa dé ba pha a,b,c

2.2. Cac phuong trinh co ban djng
co trén hé toa do af
Phuong trinh cén bang dién ap:

R+ —%
sp sisP dt
u =R, + Lt av =0 (1)

dt
R+ i av =0
r r1rB dt r i8]
Phuong trinh tir thong mde vong:
VY =Lsi_ +M.i
v o LS.1SB + M. 1y
Y =Lri +M.i (2)

Vo, =Ligt M
Phuong trinh mémen:
M, =@3/2).P2.(Y i -V 5.0) (3)

Phuong trinh chuyén dong:
J dom

p dt
Nhu vay, tir cac phuong trinh tir (1)
va (2) co the thanh 18p dugc phuong trinh
dién &p cua mo6 hinh chuyén mach:

= Me - Mc (4)
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Ta c6 thé viét ma trdn trén don gian
hon bang cach thay céc dai lugng dién
bang cic véc to va cac thong sb cliia mach
bang ma tran thong so. Sau khi thay doi ta
duoc phuong trinh can bang dién ap:

o di .
u=Ri+L—+w.G.i (6)
dt !
Tu (3) va (4) ta co:

Me = (3/2)p.M.(i i -ii)  (7)

2.3. Cac phuong trinh co ban cua
dong co trén h¢ toa do dq

Phuong trinh cin bang dién ap:

_ . d¥sd
=R.1, + 7t Y,
u =R.i +9¥sa (8)
S s’ sq dt sq
. a¥rd
u, =R.i, . -(0-w). Y, =0
- d¥rq _
= Rr'qu + Y (0-). \Prq =0
Trong do:

“Up U W U - dién ap
va dong dlcn trén stato va roto theo céc truc

dvaq.
- Rs, Rr
va roto.
-¥ ‘P , ¥ ‘P

sd’ rd®
roto theo cac truc dva q

- tr¢ khang trén cac cudn stato
tu thong stato va

Phuong trinh tir thong:

VY, =L, + LM'isq

Y =L.i tL i, 9)
Y, =L.i,tLi,
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d sa 0 3 T
_u 7 Rs isa+ Ls Cll’t d M dlrot 0 .
* Reiop + L 222 & ar i
usﬁ 0 at 0 dt (5)
dis(l a)r,M.ix,B dirot O)r.Lr.irﬁ
ura . d . Rrira + Lr. .
! d[sﬁ’ d[ . dlrﬁ
u —_ Mi M ) Rr.lrﬁ + Lr.
L7A =L Or s dt — @rLrira dt _

Y W L. LT L1,
Ls=1L, +i,
Lr=1L,, +i,

Trong do: L, L - di¢n cam cua cac
cuodn stato va roto.

i - dién cam tan cua cac cudn day
stato va roto.

L,, - ho cam giita cdc cudn day.

Phuong trinh mémen:

M, =G2)P2.(Y i -Y i) (10)
Phuong trinh chuyén dong:
% % =M, - M, (11)
Voi:
o =P o_,;

M, - moment dién tu.
M, - mémen can.

- s6 ddi cuec.
J - moment quan tinh.

T dién dp ba phau, u, u chuyen
sang dang dién ap hai pha u, s ug c¢b dinh.
B0 bién d6i d6 goi 1a bién do1 thuan Clarke.

Phuong trinh bién ddi c6 dang:

2 u, u,
usa:_' ua____
3 2 2

2(\/§ub \/gucj
usﬁzg. — -

(12)

2 2

B bién d6i nguoe tir hé hai pha i,

iS sang h¢ ba phai,i, i_ta dung by bién
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doi nguoc Clarke. Phuong trinh bién doi + Tan s6 £ = 50Hz
c6 dang: Toe l
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TESLA da xay dyng dugc moé phdng
bang phin mém mé phong Matlab cac I
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Hinh 4. Moment dién tirva téc dé ctia déng co iing

2.4. Két qua md phong véi tdn s6 f= 50Hz
Pé 1dy két qua mo phong cua khéi dong . 5 . . |
co khong dong bd ba pha ta lay dau vao la N
dién ap ba pha voi céc tan so lan luot 1a: / \
+ Tan s6 = 25Hz VAN DN, A
T D A A A AL AR KoK A
' LA VAN A A PO
. RINAA%Y, /
ne
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oot Hinh 5. Dong dién cta déng co iing véi tdn s6
T
w f=50Hz
- + Tan s6 f= 100Hz
Emﬂ‘,wi : mrm i
y =
o ﬂII w LK) [ L) 06 ar (1] (L] 1 =
Time(secands) %:: i’\\
Hinh 2. Moment dién tir va téc dé ctia déng co tiing Tu l\ 7~
Vi tdn s6 f=25Hz "
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Hinh 6.Moment dién tirva téc dé ctia déng co iing

Hinh 3. Dong dién cta déng co irng véi tdan sé .~
g ae ong co'ting véi tdn s6 f= 100Hz

f=25Hz
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o :&anml. o Hinh 9. Déng dién ciia déng co ting véi tdn sé f=
Hinh 7.Déng dién cta déng co ting véi tdn s6 ) 150Hz
f=100Hz 3. KET LUAN
+ Tanso f= 150Hz Ttr cac nghién ctru trong bai bao nay, ta

Toye ¢ ¢6 thé rat ra mot so két ludn nhu sau:
I

- Pé nghién ctru vé dong co dién trén 6
to TESLA ta c6 thé sir dung phuong phap
nghién ctru thong qua moé phong 1y thuyét

- Str dung phan mém Matlab/Simulink
— dé mo phong cac trang thé}i hoat dong ctia

T st dong co dién voi cac tan so khac nhau.
™ '/ is - Trong két qua trén ta thay, khi thay
. 7 d6i tan s6 dong dién cung cép cho dong co
S / thi tdc do va moment cia dong co co sy
u— bién thién theo, tir dé ta co thé biét duge
iy mg véi céac trang thai 1am viéc cua 6 t6 bd
e bién tan & cung cap mot tan s6 toi wu dé
ey diéu khién dong co khong dong bo trén 6
Hinh 8.Moment dién tirva téc dé ciia déng coing 1O, gitip cho 0 t6 ¢6 thé van hanh 6n dinh &

véi tdn s& = 150Hz cac ché do khéc nhau.
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