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ABSTRACT

Asynchronous motor drive systems are recognized as one of the pivotal
technologies in modern industry. Numerous industrial applications, such as
fan systems, water pumps, and hoisting winches, are operated by modern
alternating current (AC) drive systems. Furthermore, modern electric
transportation systems like electric vehicles (EVs) and e-trucks also utilize
these drive systems. Recently, high-efficiency asynchronous motor drive
systems have become a primary research focus aimed at reducing energy
and fuel consumption. This paper presents recent trends and advancements
in asynchronous motor research during the 2020-2025 period, including:
the development of specialized asynchronous motor used to achieve high
efficiency and high-performance drive capabilities; concurrently, it
analyzes development trends in asynchronous motor design.
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TOM TAT

Hé truyén dong dong co khong dong bd (KPB) duoc cong nhan 1a mot
trong nhitng cong nghé then chdt trong cong nghiép hién dai. Nhiéu tng
dung cong nghiép, chang han nhu hé théng quat gi6, bom nudc va toi
nang, déu dugc van hanh bang cac bd truyén dong xoay chiéu (AC). Hon
nita, cdc phuong tién giao thong van tai dién hi¢n dai nhu xe dién (EVs)
va xe tai dién ciing str dung cac hé truyén dong nay. Gan day, cac hé truyén
dong dong co KPB hi¢u suit cao da tro thanh ddi tuong nghién clru trong
tam nham giam muc tiéu thy ning lugng va nhién liéu. Bai bao nay trinh
bay cac xu hudng va tién b gan day trong linh vuc nghién ctru dong co
KPB giai doan 2020-2025, bao gém: sy phét trién cta cac thé hé dong co
KBB chuyén dung dugc stir dung dé dat dugc hiéu suét va tinh nang truyén
dong cao; déng thoi phan tich xu hudng phat trién trong thiét ké dong co
KDB.
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1. MO PAU

DPong co khong dong bd (KPB) hién dién
phd bién trong cong nghiép, chiém gan 85% tong
s méy dién, trong d6 phan 16n 1a loai roto 10ng
s6c [1]. Nho két cau bén ving va kha ning diéu
khién thu4n tién théng qua bo bién d6i dién tir
cong suat, chung duoc ing dung rong rii & nhiéu
dai cong suat khac nhau, tir thap dén cao. Pic
biét, dac tinh van hanh khong phat sinh tia Itra
dién (do khong sir dung vanh gOp—chdi than)
gitp dong co tr¢ thanh lya chon an toan cho cac
moi truong khic nghiét nhu nganh dau khi, khai
thac than va nhiéu linh vyc tiém an nguy co chay
no6 khac. Tuy nhién, trudc yéu cau ngay cang cao
vé giam tiéu thu ning lugng, tiét kiém nhién liéu
va nang cao hi¢u suét hé théng, cu tric cua
dong co KPB da va dang tré nén phtrc tap hon,
dong thoi can duoc thiét ké toi wu dé dap tng
nhitng tiéu chuan va diéu kién van hanh méi [2].
Trong nhitng ndm gan day, ngoai cac loai may
dién thong dung, cu thé 1a may dién mot chiéu,
may dién KPB va may dién dong b, thi da xuat
hién cac loai may di¢n mai va bd truyén dong
ciia chung thé hién nhiéu tinh ning tha vi vé
chuyén doi nang lugng [3]. Do d6, chung tro
thanh tng ctr vién phu hop cho céc linh vuc ung
dung moi, chéng han nhu cong ngh¢ robot, tau
dién, may bay, xe di¢n, san Xuét nang lugng gio,

hé théng day khong ngudi lai, ...

My di¢n

1 1
C6 choi than Khong choi than
] Il
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May dl@p Mdy dién ~ Mdy dién My dign NCVC My dién
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Hinh 1. Phan loai may dién [4].

May dién c6 nhiéu ciu trac khac nhau, din
dén cac cach phén loai da dang. Truyén thdng,
ching dugc chia thanh hai nhém: may dién mdt
chiéu (DC) va may dién xoay chiéu (AC). Tuy

nhién, v4i sy xudt hién cua céc ciu trac méi,
cach phan loai nay khong con phu hop. Hinh 1
dé xuat so d6 phan loai may dién v6i nguyén
tac, may dién duoc chia thanh hai nhom: may
¢ c¢d gop (dung cb gbép va chdi than) va may
khéng cb gop (khong dung cd gop va chdi than)
[4]. Xu hudng hién nay tap trung vao phat trién
cac loai may khong cd gép dé nang cao hiéu
suit cua dong co.
2. TONG QUAN VE PONG CO KDPB

Dong co KPB hay con goi la dong co cam
ung la dong co dién AC, voi tde do quay cua
réto khoéng bang toc do quay cia tir truong
quay do stato sinh ra [5]. V& c4u tao dong co
KDB nhu Hinh 2a, stato gdom cac 14 thép k¥
thuat dién ghép lai vo1 nhau va c6 ranh dat day
quan (voi dong co 3 pha thudng dau hinh sao
hodc hinh tam giac), con roto cling tuong tu
nhu stato 1am bang cac 14 thép k¥ thuat dién
ghép lai v&i nhau va c6 ranh dat diy quan (day
quan roto thuong 1am bang dong hoic nhom

v6i hai dong dau ngan mach véi nhau).
Quat
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(b) Réto diy quin (¢) Réto long soc
Hinh 2. Ciu truc roto cta dong co KPB [5].

Pong co KB truyén théng c6 hay loai roto
day quan va roto 10ng soc 14 loai may dién xoay
chiéu phé bién va dugc sir dung lau doi nhat
trong cong nghiép, ndi bat véi do tin cay, két
cau chac chan, gia thanh hop 1y va kha ning
bao tri thun tién. Nho thiét ké hinh try truyén
thng, dong co KPB ¢6 thé chiu tai co hoc t6t
va d& dang 4p dung nhiéu phuong phap diéu
khién tir don gian dén hién dai, dap tng linh
hoat yéu cau vé toc do va mo men. Tuy nhién,
nhuge diém cua loai dong co nay la mat do
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cong suét thap, kich thudc cong kénh, hinh
dang it linh hoat, dong thoi c6 thé phat sinh tén
that 16i thép cao. Do d6 hién nay, cic nha
nghién ciru di cai tién cau trac ciia dong co
KDB phu hop véi nhu ciu thuce té cling nhu cai
thién hién suit cta dong co KDB.

3. CAC LOAI PONG CO KPB PAC BIET
3.1. Pong co KDB tir thong hwdéng truc

bong co KDB dinh hudéng tur thong [6]
chia lam hai loai 1a dong co KPB tur thong
hudng kinh va dong co KPB tur thong hudéng
truc (AFIMs).

Pong co KPB huéng kinh co ciu tric
gidng dong co KPB truyén thong véi nho do
bén cao va chi phi hop 1y, thuong duoc sir dung
cho céc thiét bi nhu bang tai, bom va hé théng
thong gi6. Vi thiét ké dic biét ciia dong co nay
gitip cai tién va k¥ thuat toi wu, gop phan nang
cao hiéu suét va do tin cay. Trong khi d6, dong
co AFIMs [7], véi thiét ké nho gon va kha nang
tao momen xoan 16m, mang lai loi thé trong cac
g dung han ché vé khong gian. Cac d6i méi
nhu ciu hinh da stato/da roto va chién luogc diéu
khién t6i vu cho phép loai dong co nay van
hanh hiéu qua trong mai truong khic nghiét.
Thanh dan réto

Lo&i stato

DAy quén stato L3i roto

Hinh 3. Cau trac dong co AFIMs don roto va
don stato (SSSR) [7].

Chu tao cua dong co AFIMs c6 tir thong
trong khe ho khong khi c6 hudng song song véi
truc. trong do stato va réto co6 dang dia nhu
Hinh 3. Céac cudn diy stato thudng dugc bd tri
trén mot mit phang.

/
<

(b)Dong cor SSDR — AFIMs (c)Dang co DSDR — AFIMs

(a)DE]ng o DSSR — AFIMs
Hinh 4. Cac loai dong co AFIMs cai tién khac
nhau.

Pong co AFIMs trong nhitng nim gan day

thuong dugc cai tién thanh cac loai nhu sau
(Hinh 4): loai 2 stato 1 roto (DSSR), 1 stato 2
roto (SSDR) va loai 2 stato, 2 roto (DSDR).

Pong co DSSR [8-10] két hop thiét ké cau
tric tién tién v&i dic tinh dién tr vuot troi,
mang lai mat do6 mé men cao, hi¢u suat 1on va
kich thudc gon. Kha ning tdi wu dé can bang
cac muc tiéu mau thuan (nhu hiéu suét va thé
tich) giup chung phu hop cho 6 t6 dién, tuabin
gid va truyén dong cong nghiép. Vi su phat
trién cua cong ngh¢ ché tao, dong co DSSR htra
hen s& thay thé cac thiét ké truyén théng dang
hudng kinh hoac dong co SSSR trong céc Uing
dung doi hoi hi€u qua nang luong cao.

Pong co SSDR [11-12] két hop thiét ké nho
gon, mat d0 mo men cao va kha nang van hanh
ddc 1ap cua céc roto, phu hop cho cac ung dung
yéu cau diéu khién tdc d6 vi sai va hiéu suit
cao. V6i cau triic linh hoat, tiét kiém vat li¢u va
kha nang lam vi¢c bén bi, chung tré thanh lya
chon uu viét so vdi cac loai dong co truyén
théng trong 6 t6 dién, truyén dong cong nghiép
va hé théng ning lugng tai tao. Nhirng tién bo
lién tuc trong t6i wu hoa day quan va vat liéu s&
tiép tuc nang cao tinh canh tranh ciia ching
trong cac img dung hiéu nang cao.
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Bing 1. So sanh céac loai dong co AIFMs vé6i dong co KDB truyén thong.

Thong sé SSSR-AFIM DSSR-AFIM DSDR- SSDR-AFIM D(f)ng co K'})B
[7] [8-10] AFIM [13] [11-12] truyén thong
Mat do cong suat Trung binh Cao Cao Cao Trung binh
Mat d6 m6 men Thép Rét cao Cao Cao Trung binh
Hiéu suét (day tai) 83,6% 84,9% 89% 80,6~91,2% 75~80%
Trong lugng Trung binh Nhe Nhe Nhe Niang
Can bang lyc doc truc ~ Khong can bang Can bang Cén bang Cén bang Khong cin bang
Luong vat liéu st dung Cao Thap Thap Thap Cao
Daép tmg dong luc hoc Cham Rét nhanh Nhanh Nhanh Trung binh
Do gon doc truc Gon Rét gon Gon Gon Khoéng gon
Truyén dong O to dién, tuabin O t6 dién, hé DAandong visai  Truyén dong cong
Ung dung chinh cong nghiép i, truyén dong  théng cong  cho xe dién, ddn  nghiép chung, bom,

Anh huong luc doc truc
1én 6 bi
Do phtrc tap ché tao

Kha nang lam mat

cong suat thap

Cao

cong nghi¢p
Thap

Cao
RAt tot

suét 16m
Thap

Cao

Xuat sac

dong banh xe
Thap

Cao
Tt

bang tai
Thap

Thap
Trung binh




EAUT - JST, S6 2 - Tap 1, Ky 2 (2026 - Dién tir), 1-16

bong co DSDR [13] s¢ hitu mat d¢ cong
suét cao, hiéu suét 16n va thiét ké gon nho ciu
truc dbi xing kép stato—réto cing roto khong
gong. Dac tinh loai bo luc doc truc, giam khoi
luong va van hanh hiéu qua trén dai tbe do
rong khién chung dic biét phu hop cho xe
dién (nhit 1a dan dong banh xe) va cic tng
dung cong nghiép hiéu ning cao. Vi su tién
bd cua cong nghé ché tao, dong co DSDR htra
hen s€ gilt vai trd quan trong trong cac hé
thdng dién héa thé hé méi.

Dua vao Bang 1 ¢ thé thay cac dong co
AFIMs cai tién (DSSR, DSDR, SSDR) vuot
troi so voi dong co KPB truyén thong va
dong co SSSR-AFIM nho hiéu suét cao (89—
91,2%), mét do cong suat/mod men 16n, trong
luong nhe, st dung it vat li¢u, kha nang lam
mat tot va can bang luc doc truc, gitip ting
tudi tho 6 bi va do tin cay. bong co DSSR noi
bat vé mat do mé men va dap tng nhanh,
dong co DSDR can bang giita hiéu suat, cong
suat va lam mat, trong khi dong co SSDR ¢6
dai hiéu suat rong, phu hop cho din dong vi
sai. Nhuoc diém chinh ciia cac thiét ké nay 1a
cAu triic phtic tap, chi phi ché tao cao, song
chiing van dic biét thich hgp cho cac tng
dung doi hoi hiéu suat va mat do cong suit
cao nhu 6 t6 dién va truyén dong cong nghiép,
trong khi dong co truyén théng van giir loi thé
vé chi phi thap va do tin cdy cho cac ing dung
phé thong.

3.2. Dong co KDB tir thong hwéng kinh hai
roto

Dong co KPB tur thong hudng kinh hai
roto (DRRFIM) [14] 1a loai dong co KDB tu
thong hudng tdm voi1 rotor kép (trong va
ngodi) va cdu trac stato doc ddo, mang lai
nhimg 1oi thé vuot trdi vé hiéu suat, hiéu suat
va kha nang thich ing cho céc ing dung cong
nghiép va 6to.

(a) Cau trac roto trong va ngoai (b) Céu tric stato
Hinh 5. C4u tao ctia dong co DRRFIM.
Pong co DRRFIM (Hinh 5) ¢6 thiét ké hai

roto va stato ddy quén hai phia, giup rut ngin

dau day, giam dién tré va dién cam 10 so véi
dong co KPB truyén thong. Nho d6, dong co

DRRFIM dat hé s6 cong suét cao hon, hiéu

suit toi 86%, mat do cong suét 16n nho can

bang khe ho khong khi, dong thoi phan tng
nhanh va 6n dinh trudc bién thién tai ciing
nhu trong ca trang thai bao hoa va chua bao
hoa. Vi cau trac gon, mat do mé men cao va
kha ning thay thé hop sb, dong co DRRFIM
dic biét phu hop cho EVs va truyén dong
cong nghiép hiéu suét cao, trong khi dong co

KPB truyén théng tuy pho bién nhung kém

thich hop hon 6 cac tng dung yéu cau gon nhe

va hiéu suét vuot troi.

C6 thé thdy dong co DRRFIM c6 nhitng uu
diém sau:

- Hiéu suit va hé sb cong suét cao: Hiéu
suét tGi 82—-86%, ton hao va dién cam giam,
cai thién hé s cong suat;

-Mat do cong suat va mod men 16n: Céu
trac hai roto va khe ho t6i wu cho tir thong
dong déu;

- C4u truc linh hoat: Cudn day trén ca hai
mat stato, roto léng soc lién két, thich ung véi
tdc do thay doi;

- Pép tng dong hoc 6n dinh: Duy tri mo
men khi tai thay doi, bao hoa giup 6n dinh
dong roto.

Nhuoe diém con ton tai & dong co nay la:
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- Bdo hoa tu: Gidam mo6 men khoi dong,
tang thoi gian khoi dong, gdy giam hé s6 cong
suét;

- Phtrc tap trong mo hinh hoa: Tu truong
hai lién két, can xét bio hoa va khe hd, tang
d6 kho thiét ké;

- Nhay v6i khe ho va tai: Hiéu suat phy
thudc khe ho, dong roto dao dong khi tai thay
doi;

- Ché tao phtrc tap: Hai roto va cudn hai
mit yéu cau do chinh xac cao, ting chi phi.
3.3. Pong co KDB roto dic

bong co KPB roto dac (SRIM) [15] 1a mot
loai dong co KPB chuyén bi¢t vai rotor dac
(thwong 1am bang vat liéu sit tir nhu thép)
thay vi r6to dugc ghép tu cac 1a thép nhu Hinh
6. Cac dic diém céu tric va van hanh doc do
ctia chung khién chung phu hop cho cac tng
dung tdc dd cao va yéu cau do tin cay cao.

Pong co SRIM sir dung roto nguyén khoi
bang thép tir tinh (vi du Fe52 hoic S45C),
thay cho roto ghép 14, mang lai 6 bén co hoc
cao, chiu duogc luc ly tam cyc 16n & tde d6 cao
(t6i 60.000 vong/phut) va moi truong khic
nghiét [16-19]. Két cau don gian, khong c6
day quan hay vong ngan mach, giam d6 phirc
tap ché tao va nang cao do tin cay [15]. Bé
mit réto phu dong hodc ¢ ranh/chudng soc
cai thién m6 men dién tr (tang 54-82%) va
giam ton hao dong xoay [16,19]. Pién cam
roto phu thudc truot va tan sb, véi dong truot
cao tap trung trén bé mat, lam ting bio hoa
va ton hao [17,19]. Hiéu suét toi uu dat 82%—
86%, hé s6 cong suat ~0,66, mat dd md men
cao nhd can bang khe ho roto trong/ngoai
[15,18]. Hé thong 1am mat bing khi nén ap
suit cao giam nhiét do cuc dai 1én toi 78,2%,
v6i luu luong tdi wu 0,072-0,084 m3/phit
[18]. Pong co SRIMs thich hop cho truyén
dong tdc do cao, robot cong nghiép, tua bin
gi6, may nén khi va hé thong tich trir ning

lwong banh da, hay cac linh vuc yéu cau khai
dong/dimg nhiéu va d6 tin cay cao [16-19].

Niép sau Dav qui .
y quan stato | £ G
- O bi Nap trude

Vo dong co Lai sto Roto dac =

Hinh 6. Ciu tao ctia dong co SRIM [15].

- Cac wu diém cua dong co SRIM so véi
dong co KPB truyén thong la:

-D0 bén cao: Roto lién khdi chiu luc ly
tam 16n, van hanh 6n dinh trong méi truong
khic nghiét;

- Cau triic don gian: Khong day quan hay
161 ghép, giam bdo tri, tang do tin cdy;

- Hiéu suét dién tir cao: Tang cudng mod
men va mat do cong suét, hiéu qua cai thién
6-82%;

- Hé thong l1am mat tot: Lam mat khi ap
suét cao gidm nhiét do t6i da 78,2%.

- Tuy nhién ciing ¢6 cac nhugce diém nhu
la:

- Toén hao cao: Dong xo0dy va ton hao dong
AC 16n & tbe 36 cao;

- Khéi dong kém: Dong khéi dong tang
15,42%, ty s6 mo men/dong giam;

- Nhay v6i 1am mat: Ap sudt khi anh huéng
nhiét d6 roto; can tdi wu luu luong;

- Tré khang phtic tap: Thay doi theo truot,
tan s, bio hoa va phi tuyén;

- Hé s cong suat thip: hé s6 thap tir 0,57—
0,72, can bu cong suat phan khang.

3.4. Pong co KPB siéu din nhiét df cao
bong co KPB chiu nhiét d§ cao (HTIM),
dic biét 1a loai siéu dan nhiét do cao (HTS-
ISM) nhu Hinh 7 [20], c6 kha nang van hanh
trong dai nhiét rong tr moi trudong siéu lanh
(77K) dén nhiét d6 phong va trén 130K. Nho
vat liéu siéu dan (Bi-2223, YBCO), dong co
dat hiéu sut rat cao (t61 99,7%), mat do cong

7
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suat 10n va van duy tri hoat dong an toan khi
hé thong 1am mat gip su cb [21]. Ciu tric
roto lai két hop diy quan siéu dan va dong
gitip giam t6n hao, ting d bén co hoc; stator
dung day dong va cach dién gbm cho phép
chiu nhiét téi 350°C [22-23].

bong co co thé hoat dong & ché do déng
b (siéu din) va khong dong bo (din thuong),
tu dong chuyén ddi theo tai va nhiét do [24].
V& ton hao, ddng ting theo nhiét do trong khi
st giam; ton hao AC & cudn siéu dan duge
giit & muc rat thap nho thiét ké toi uu [22-23].
Hé thong 1am mat st dung cryostat va nito
long két hop vat liéu khong tir tinh bén co hoc
dé dam bao do tin cay [22]. Nho d6, dong co
HTS-ISM dugc tng dung trong hang khong
vil try, hat nhan, dong luc tau thuy va luu triv
ning luong, mic du van ton tai han ché vé mo
men va dong khaéi dong khi nhiét d6 cao [21].

AN |
1 LY

f Thanh dan réto siéu dan i

Vanh ngan mach _ \ Thanh din dong
siéu dan \ 5 N

\. \ 11

——
N

(a) Chu trc roto dong co HTS — ISM
Hinh 7. Bong co HTS-ISM.

- Cac vu diém cta dong co HTS-ISM nhu
Sau:

- Dai nhiét d0 rdng, van hanh lién tuc ngay
ca khi hé théng lam mat gap su cd;

- Hiéu suét cao trong trang thai siéu dan,
duy tri cong suat 6n dinh & tai thap va téc do
thap;

- Mat d6 cong suat 16n, phi hop tng dung
can nhe va gon;

- Cau triic day quén lai 6n dinh, giam t6n
hao, tang do bén co hoc va hd trg lam mat.

- Nhuoge diém cua dong co nay 1a:

- Phu thudc hé théng lam mat, [am tang chi
phi va d6 phuec tap;

- Hi¢u nang giam khi nhiét dg cao;

(b) M5 hinh lip rip dong co HTS — ISM

- Han ché vé& vt liéu va thiét ké, tén hao
AC van ton tai khi tai bién déi;

- Chi phi va do phtic tap cao, day quén lai
khoé ché tao;

- Nhay cam véi nhiét d6 khi dan thuong,
t6n hao ddng ting, anh huong dén 6n dinh dai
han.

Pong co HTS-ISM cung cép hiéu sut
vuot troi, mat do cong suit cao va van hanh
dang tin cay trong trang thai siéu dan, vdi cac
ché d6 linh hoat va kha ning thich tng nhiét
d9, nhung van gip phai cac thach thic do phu
thudc vao lam mat, hiéu suat giam ¢ nhiét do
cao va chi phi cung d¢ phtic tap cao.

3.5. Pong co KPB thay d6i s curc

Pong co KPB thay doi sé cuc (VPIMs)
[25] 1a loai dong co KPB tién tién, c6 kha
nang diéu chinh s cuc stato dé cung cap hiéu
suat moé men—toc do linh hoat ma khong can
hop sb6 co hoc. Bing cach chuyén doi giita
nhiéu cu hinh cyc nhu Hinh 8 [25], dong co
VPIMs tao mé men 16n & toc do thép va van
hanh hi¢u qua & tdc do cao, mo rong dai mo
men—tdc do va téi wu hoa hidu suit ning
luong. Thiét ké diy quan dic biét, nhu
toroidal hodc phan tan, két hop véi bo bién
tan da pha, cho phép chuyén cuc chinh xéc,
giam t6n hao va tiang kha niang chiu 15i. Kich
thudc nho gon va mat do cong suét cao dat
duoc nhd diéu chinh ciu hinh cuc theo tai.
Céc chién lugc diéu khién tién tién, bao gdm
phan tach mat séng hai, va giam tur thong,
dam bao chuyén d6i muot ma va hiéu suat tdi
uu. Bong co VPIMs ciling c6 do tin cay cao
nhd bao vé diy quin chic chin va kha ning
chiu 18i cua bién tan da pha, thich hop cho
ung dung xe dién [26-28].

- Uu diém ctia dong co VPIM:

-ba dang mo men—téc do: bPong co
VPIMs c6 thé chuyén doi gitta nhiéu cau hinh
cuc, cung cap mo men 16n ¢ toe d6 thap va
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van hanh hiéu qua & téc do cao, phu hop véi
nhu cau xe dién;

- Hiéu suit cao va giam t6n hao: Viéc diéu
chinh ciu hinh cuc theo tii giip mo rong
vung hoat dong hiéu qua va giam ton hao
dién;

- Kich thuéc nhd gon, mat do cong suét
cao: bong co VPIMs dat cung dai mé men—
tbc dd véi kich thude nhé hon dong co cd
dinh nho t6i wu héa ciu hinh cuc;

- Thiét ké day quén linh hoat va kha ning
chiu 18i: Day quén toroidal cho phép chuyén
cuc linh hoat, giam ton hao déng va 161; bo
bién tan da pha duy tri hoat dong ngay cé khi
o su ¢d pha;

- Cong suét toi wu: Piéu chinh cau hinh cuc
va dién ap DC bus gitp tang kha nang cung
cép cong suat & dai toc do cao, cai thién hiéu
suit xe dién.

BREDRBg

,lppopQ@

il .
(a) MG hinh thye nghiém dong co VPIM ~ (b) Céch quén day stato cia dong co VPIM

Hinh 8. M6 hinh dong co VPIM.
Nhuge diém cia dong co VPIM:

- Cu tao stato phirc tap: Day quan phai hd

tro nhiéu ciu hinh cuc, tang do phuc tap va
chi phi san xuat;

- Phu thudc vao diéu khién bién tan: Can
bién tan da pha va chién luoc diéu khién phirc
tap dé chuyén cuc, ting yéu cau vé diéu chinh
dién &p/dong;

- Han ché hiéu suit & cau hinh cuc cao:
Cuc nhiéu yéu cau dong kich tir cao, han ché
mo men va c6 thé gy bio hoa tir;

- Thay d6i day quin va bién tan: Day quéin
don gian hon giam chi phi nhung ting ton
hao; dy hai 16p c6 thé giam hiéu sut & mot

s6 cu hinh. Bién tan nhiéu pha ting chi phi
va quan 1y nhiét;

- Nhay cam véi bao hoa tir: Cau hinh cuc
thap dé bi bdo hoa tir ¢ stato/rto, lam ting
tdn hao 16i va gi61 han mo6 men ¢ tde do cao.

- Tém lai, d6ng co VPIMs cung cép d6 linh
hoat, hiéu suét va mat do cong suét vuot troi
cho xe dién, nhung gip cac thach thic vé do
phtc tap trong ché tao, phu thudc vao hé
théng diéu khién va sy danh d6i hiéu suét
giita cac cau hinh cuc.

3.6. Pong co KDB da pha

bong co KPB da pha (MPIMs) s& hiru
nhiéu dic tinh k¥ thuat ndi bat so véi dong co
KPB ba pha, cht yéu nho cdu hinh diy quan
ddc thu, chién luge diéu khién tién tién va
nguyén 1y van hanh cai tién. V& kha nang chiu
161, dong co MPIMs c6 tinh du thira pha cao,
cho phép duy tri hoat dong khi mat mot hoic
nhiéu pha nho cac cdu hinh diy quan dic biét
va thuat toan tai cau hinh thich Gmg [29-32]
v6i cau trac nhu Hinh 9. V@ hiéu sut va mat
d6 cong suét, viéc phan bd cong suit trén
nhiéu pha giup giam dong mdi pha, han ché
t6n hao dong va cai thién quan 1y nhiét, dong

thoi tin dung song hai dé nang cao mo men;
mot s6 thiét ké dat hidu suat trén 94% [29, 31-
33].

) Réto Diy quin stato
Vong ngan mach dong co dapha  Ring stato
-

Nghich luu
m pha 1

(a) Chu triac thyc nghiém dong co KPB da pha [32] (b) M5 hinh diéu khién dong co KPB da pha [34]

Hinh 9. M6 hinh dong co KPB da pha.

Vé diéu khién, dong co MPIMs cho
phép tach biét mdé men va truyén cong suat
nho cac phuong phap phan tich khong gian
vecto va diéu khién thich ng, dong thoi van
c6 thé tich hop véi bo diéu khién ba pha hién
c6 [30,31,33,34]. Ngoai ra, dong co MPIMs
dat dugc m6 men ém va it song hai nho
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truong quay dong déu cung cac giai phap triét
tiéu hai bac thap [29,32,33]. Vé céu trac,
dong co MPIMs da dang véi céc bién thé 5,
6, 9 hodc 12 pha, rotor ngoai cho mat d¢ cong
sudt cao, cling nhu rotor quan kép cho phép
truyén cong suat khong tiép xuc; nhiéu thiét
ké c6 thé tai cau hinh tir khung stato ba pha
nham t6i wu chi phi [32,33]. Mot vu diém dic
thu khac 1 kha ning truyén coéng suit khong
tiép xuc, loai bé vong truot va giam yéu cau
bdo tri trong cac ing dung quay lién tuc [34].
Nho céc déc tinh trén, dong co MPIMs dac
biét phu hgp véi tu dong hda cong nghiép,
giao thong van tai dién, hé thong nang luong
tai tao va truyén dong hai quén, noi yéu cau
do tin cdy va cong suit cao [29-33]. Thong
qua cac tai liéu tham khao trén c6 thé thay
duoc dic diém cua cac dong co KPB da pha
s0 voi dong co KB truyén thong nhu trong
Bang 2.
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Bing 2. So sanh céac loai dong co KDB da pha v6i dong co KB truyén thng.

Thong s0 KDB 3 pha KDB S5 pha KDB 6 pha KDB 9 pha KDB 12 pha
Cao, mit 1 pha van giii Rat cao: cau hinh 4
ao, mzi p av?n giir Cao: thibt ké bit ) ‘ at cao AcauA in cgfm
. . ) R ~96% mo men, mat 3 pha o, . Rat cao: duy tri 3 pha dgc 1ap cho phép
Kha néang Kém, dung khi mat . L1 doi xung duy tri R fogg . O %
L x. con ~90%; dau hinh sao— o~ . ~T10% cong suat khi  ¢0 lap 10i tirng cum; mat
chiu 161 pha - . ~66% tai khi mat , x R
ngll gidc gidm mat can 1 oha hong 1 pha. 1 cum van gilt 75% cong
béng. pha. sudt.
Cao: tuong

Hiéu suat va
hé so
cong suat

Do gon
mo6 men

Khir song
hai

Hé théng
diéu khién

Ung dung
chinh

Trung binh: h¢ )
cong suét khong tai
~0,125; hiéu suat
giam manh khi ban
tai.

Cao: nhay voi song
hai bac thép

Han ché: chju anh
hudng 16n bdi hai 5
va7

DPon gian nhung han
ché: chu yéu dwa
FOC/DTC

Truyén dong cong
nghiép phd théng,
méy cong suat nho.

Cao hon: hé sb cong suét
khong tai ~0,24 (gap 1,92
1an 3 pha); 78-81% khi
mét 2-3 pha; tén hao ddng
gidam nhd phan b dong.

Thép: ti s6 vong day thay
dbi giam 36,1% gon md
men so v&i quin 5 pha
théng thuong

Hi¢u qua: tiém hai bac 3
tdng mo men,; quén sa0—
ngil giac tri¢t hai bac ba

Tach biét: VSD phan tach
dg (m6 men) va xy (hai).

EVs, gia cong siéu am
quay, hé théng chiu 15i

duong (~90%)

nhung hé s6 lap
ddng cao hon,
cach dién don

gian hon.

Rét thép: dich
stator triét hai
khe; giam gon
song mé men.
Vuot trdi: cau

hinh D3P giam

hai trong khong
gian xy; P6P
tang tro khang

phu

Trung tinh don
gian hoa, tan
dung dién ap tdt
hon; twong thich
PWM chuén.

EV banh xe,
bom cong suat
16n

Cao: cai thién hé sb
co ban thém 5% so
v6i 3 pha; ton hao
hai bac cao nhit
thip.

Rét thép: quin ddi
xung véi dich pha
20° giam manh gon
mo6 men.

Xuét séc: thiét ké
117 ranh/36 cuc
triét hai bac 1/5/13

Thich ung: A-DMS
giit didu khién 3
pha (DFVC) trong
moi diéu kién,
khong cin phén
clg bd sung.
Truyén dong
trung—cao ap (tau
thiy, may nén
dau/khi)

Cao: nghich luu 3 pha
mo-dun t6i wu chia sé
cong sudt; thich hop tng
dung cong suét 16n (>10
kW) vé6i higu sudt ~90%.

Rét thép: nhiéu cum 3
pha cén bang dong, gon
<5%.

Xuét sdc: nhiéu b quén
I&ch 15° triét hai bac
thap; diéu khién VSD ¢
1ap khong gian hai

Md-dun: mdi cym 3 pha
didu khién doc lap, hd trg
chia sé cong sut.

K¢éo tai ning (d4u may,
tuabin gio)

Nhu viy, c6 thé thdy nhitng wu diém cua

dong co MPIMs nhu sau:

- Kha ndng chiu 16i cao: Duy tri mé men va

van hanh khi mét pha hodc cudn day;

- Giam mat can bang khi sy c6: Cau hinh

- Hi¢u suat cao, gon mo6 men thap: Thiét ké

cudn day tdi wu, dich cuc stato va phan phéi

pha giam ton hao va dao dong mo6 men;

- Giam dong mdi pha: Phan bd cong suat

trén nhiéu pha 1am giam ton hao dong;

cudn day han ché dong khong ther tu va gon
mo men;

- Diéu khién tach kénh va linh hoat: Bo diéu
khién cho phép diéu khién riéng timg khong
gian con; hd tro truyén coéng sudt va mdé men
dong thoi;

- Tuong thich diéu khién 3 pha: C6 thé ap
dung céc thuit toan chuan (FOC, DTC) trén
tung bd ba pha;

- Ung dung chuyén biét: Truyén cong suat
khong tiép xtc, va tan dung khung stato 3 pha
dé giam chi phi ché tao.

Tuy nhién, dong co MPIMs con c6 nhirng
han ché:

- Két cdu va ché tao phirc tap: Yéu cau két
hop khe ranh-cyuc chinh xac, cuon day dac thu
va thiét ké roto ngoai kho bao tri;
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- Chi phi va phu thudc nghich luu: Can
nghich luu da pha (5-9 pha), dit hon va doi
hoi bd xtr 1y tinh todn cao;

- Han ché van hanh: Truyén cong suat dya
trén song hai bi gidi han theo tde do; udc luong
tdc d6 cam bién-less khé & ché do khoi dong;

- Kha nang tich hop han ché: Cau hinh da
pha khong truc tiép tuong thich hé truyén dong
3 pha cii, can thay doi phan cimg/phan mém;

- DbJ nhay tham s6: Hiéu suat phu thudc
vao ti s vong ddy va do chinh xac thong sb
dién; sai léch gay suy giam cong suat, hé sb
cong suét, va sai sd quan sat.

3.7. Pong co KPB tuyén tinh

Pong co KDB tuyén tinh (LIMs) 14 thiét
bi dién tir chuyén dung chuyén doi truc tiép
dién nang thanh chuyén dong thang (Hinh 10),
loai bo nhu cau vé cic co cau truyén dong co
khi nhu banh ring hay day dai. Véi ciu trac
don gian gdm phan so cip chtra 151 thép va
cudn day da pha, két hop voi phan thi cap (tim
dan nhom hodc dong gan trén thép tir), dong
co LIMs c6 kha ning thiét ké mo-dun, dé mo
rong cho hanh trinh dai nhu bang tai hay tau
maglev [35-36]. Pic diém nbi bat ciia dong co
LIMs 1a lyc dy phi bam dinh, cho phép hoat
dong trén doc 16n, ban kinh cong nho, hoic
trong diéu kién khic nghiét nhu tir trudong
manh (3.3T), nhié¢t d6 cao (250°C) hay moi
truong chan khong [35], [37]. Tuy nhién, hi¢u
sudt ctia dong co LIMs thuong thap hon so voi
dong co tuyén tinh nam chdm vinh ciru, do ton
tai ton hao dong & cudn day, ton hao dong xoay
trén tam thir cdp va hién tuong bién lam giam
lre day tir 4-15% [35-36]. Cac nghién ctru di
d8é xudt giai phap cai thién nhu thay nhém bang
ddng cho phan thir cip, t6i wu hod thiét ké ong
nham giam hiéu ing bién va nang cao mat do

luc [36]. Bong co LIMs hién dugc trién khai
da dang tr giao thong db thi (tau dién ngam,
tau maglev), hé théng bang tai cong nghiép,
dén céc thiét bi chuyén dung trong 10 phan tmg
nhiét hach, minh ching cho tinh thich trng cao
cua cong nghé nay trong moi trudng van hanh
khic nghiét [35-37].

L&i thép

Hinh 10. M6 hinh dong co KPB tuyén tinh
[35].

Céc vu diém cta dong co LIMs la:

- Sinh lyc day phi bam dinh, hoat dong tot
trén doc 16n va ban kinh cong nho;

- Phan thir cép thu dong, két cau don gian,
dé mé rong mo-dun va giam bao tri;

- Bién thé khong 13i sit (ironless LIMs)
hoat dong trong mdi truong khac nghiét: tir
truong manh, nhiét do cao, chan khong;

- Dung sai khe ho 16n, phu hop voi sai 1éch
lap dit va rung dong.

Cac nhuge diém con ton tai cla dong co
LIMs:

- Hiéu suét thip hon so v6i dong co tuyén
tinh NCVC; ton hao dong va dong xody cao;

- Heé sb cong suét thap;

- Anh huéng bién giy giam luc day 4—
15%, mo hinh héa phirc tap;

- Mat d6 luc day thap, can kich thudc so
cép 16n hon dé dat cung luc voi dong co déng
b tuyén tinh;

- Chi phi cao & bién thé ironless do sir
dung cap dan dién va tim dong day.
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Tir cc phan trén nhom tac gia tong hop ra
Hinh 11 vé6i diém tinh tir 1 dén 5 diém (trong

d6 5 1a t6t nhat va 1 1a kém nhat).

Dong coAFIM M Dong co MPIM M Dong co LIM
DPong co DRRFIM M Dong co SRIM M Dong co HTS-ISM
Dong co VPIM

5.0

Higu sudt Kha nang Mjtdo  Kha nang Chi phi Chi phi
dinh muc chiu 16i cong suat  van hanh ché tao bao tri

Hinh 11. So sanh cac thong s6 ki thuat va
chi s6 kinh té cua cac loai dong co KDB dac
biét.

Dua trén Hinh 11, ¢6 thé nhan xét nhu sau:
dong co HTIM dat diém cao nhit (3,8), thé
hién hiéu suit, kha ning chiu 16i va mat do
cong suat vuot troi nhung chi phi cao; cac
dong co AFIM va SRIM cung dat 3,7, ndi bat
& hiéu suat va kha nang thich img van hanh;
dong co MPIM dat 3,5 nho kha nang chiu 16i
t6t, phtt hop tmg dung can db tin cdy cao; dong
co VPIM & muc 3,2, can béng gitta hi¢u sut,
chiu 16i va van hanh; dong co DRRFIM dat
2,7, nho dy phong réto kép; dong co LIM thip
nhat véi 1,7 do hiéu suét, mat do cong suat va
kha nang chiu 16i déu kém.

4. KET LUAN

Céc dong co KDB dac biét hién nay, bao
gdbm cac dong co AFIM, MPIM, LIM,
DRRFIM, VPIM va HTS-ISM, dugc phat
trién theo xu huéng ting hiéu suat, ning cao

kha nang chiu 161 va t61 uvu mat do cong suat.

Cac dong co AFIM va SRIM thich hop cho
ung dung tde do cao, dong co MPIM ndi bat
vé do tin cay trong hé théng da pha, dong co
LIM uvu thé cho truyén dong tuyén tinh khong
ma sat, cac dong co DRRFIM va VPIM can
bang giita hiéu suat va kha niang chiu 16i, trong
khi dong co HTS-ISM dat hiéu suat va mat do
cong sudt cuc cao nhung chi phi 16n. Nhin
chung, xu hudéng tng dung tdp trung vao
truyén dong cong nghiép tién tién, phuong tién
dién, hé thong nang luong cao va cac ung dung
dic thu yéu cau do tin cay va hiéu suat tbi wu.
TAI LIEU THAM KHAO
[1]. Amrolia, H., & Badgujar, K. (2024). An
overview of techniques for detecting

mechanical anomalies in induction
motors, Transactions of the Indian National
Academy of Engineering, Vol. 9, No.1, pp. 71-
86.

[2]. Agamloh, E., Von Jouanne, A. &
Yokochi, A (2020). An Overview of Electric
Machine Trends in Modern Electric Vehicles,
Machines, Vol. 8, No.2, pp. 20.

[3]. Liu, C., Chau, K. T., Lee, C. H., & Song,
Z. (2020). A critical review of advanced
electric machines and control strategies for
electric ~ vehicles, Proceedings of  the
IEEE, Vol. 109, No. 6, pp. 1004-1028.

[4]. Chau, K. T., Li, W., & Lee, C. H. (2012).
Challenges and opportunities of electric

machines for renewable energy, Progress In
14



EAUT - JST, Sé 2 - Tap 1, Ky 2 (2026 - Dién tir), 1-16

Electromagnetics Research B, Vol. 42, pp. 45-
74.

[5]. Giri, F. (2013). AC electric motors
control: advanced design techniques and
applications, 1st Edition, John Wiley & Sons,
Hoboken, New Jersey, USA.

[6]. Gupta, V. K., Samanta, P., Sahay, P. K., &
Srinivas, V. L. (2025). From Conveyor Belts
to Crushers: A Review on Radial and Axial
Flux Induction Motor Advances and
Applications in Industrial Mining Operations,
In 2025 IEEE 1st International Conference on
Smart and Sustainable Developments in
Electrical Engineering (SSDEE), Dhanbad,
India, pp. 01-06.

[7]. Kahourzade, S., Mahmoudi, A,
Roshandel, E., & Cao, Z. (2021). Optimal
design of Axial-Flux Induction Motors based
on an
model, Energy, Vol. 237, pp. 121552.

[8]. Wang, Q., Wang, J., & Geng, W. (2024).

Equivalent Two-Dimensional Finite Element

improved analytical

Analysis of Axial Flux Induction Motor with
Double Stator and Single Rotor, In 2024 27th
International Conference on Electrical
Machines and Systems (ICEMS), Fukuoka,
Japan, pp. 2556-2562.

[9]. Ergun, B. E., Ozmen, T., Akyildiz, A.,
Goksun, B., & Gulbahce, M. O. (2025). Meta-
Heuristic Based Design and Optimization of

Double Stator-Single Rotor Axial-Flux

In 2025 IEEE
International Electric Machines & Drives
Conference (IEMDC), Houston, TX, USA, pp.
1323-1327.

[10]. Mei, J., Zuo, Y., Lee, C. H., & Kirtley,
J. L. (2020). Modeling and optimizing method

Induction Generator,

for axial flux induction motor of electric
vehicles, IEEE Transactions on Vehicular
Technology, Vol. 69, No.11, pp. 12822-
12831.

[11]. Banchhor, D. K., & Dhabale, A. (2018).
Design, modeling, and analysis of dual rotor
axial flux induction motor, In 2018 IEEE
International ~ Conference on  Power
Electronics, Drives and Energy Systems
(PEDES), Chennai, India, pp. 1-6.

[12]. Sinha, S., Deb, N. K., Mondal, N., &
Biswas, S. K. (2007). Design and performance
of a single stator, dual rotor induction motor,
In 2007 7th International Conference on
Power Electronics and Drive Systems,
Bangkok, Thailand, pp. 1163-1166.

[13]. Mei, J., Lee, C. H., & Kirtley, J. L.
(2019). Design of axial flux induction motor
with reduced back iron for electric
vehicles, IEEE Transactions on Vehicular
Technology, Vol. 69, No. 1, pp. 293-301.
[14]. Bobade, C. M., Mohod, S. B., & Singh,
S. K. (2024). Robust Analysis of Dual Rotor
Radial Flux Induction Motor Used for

Industrial Application, Indian Journal of
15



EAUT - JST, Sé 2 - Tap 1, Ky 2 (2026 - Dién tir), 1-16

Science and Technology, Vol. 17, No. 5, pp.
457-464.

[15]. Wang, P., Sun, Y., Si, J., Nie, R., & Xu,
S. (2024). A Novel High-Speed Solid Rotor
Induction  Motor  with
Toroidal Rectangular Winding, In 2024 27th
International Conference on Electrical
Machines and Systems (ICEMS), Fukuoka,
Japan, pp. 562-567.

[16]. Ortiz, F., Nerg, J., Gronman, A., Degano,
M., Lindh, P., Toleukaiyr, T., ... & Pyrhonen,
J. (2024). Analysing the performance of a

Equidirectional

high-speed solid rotor induction machine with
In 2024

Conference on Electrical Machines (ICEM),

copper  coating, International
Torino, Italy, pp. 1-5.

[17]. Xu, H., Zhao, J., Yan, S., & Wang, H.
(2025). Magnetic field and rotor impedance
analysis of solid rotor induction motors using
the multilayer analytical method, IET Electric
Power Applications, Vol. 19, No. 1, pp.
e70004.

[18]. Qiu, H., Cao, M., Lu, J., & Zhao, Q.
(2024). Investigation on Heat Transfer
Characteristics of High-Speed Solid-Rotor
Asynchronous Motor Cooled by Different
Pressure Natural Gas, Journal of Electrical
Engineering & Technology, Vol. 19, No. 7,
pp. 4159-4168.

[19]. Xu, H., Zhao, J.,, & Yan, S. (2025).

Parameter Calculation and Rotor Structure

Optimization Design of Solid Rotor Induction
Motors, Sensors, Vol. 25, No. 9, pp. 2929.
[20]. Nakamura, T., Yoshikawa, M.,
Terazawa, T., Matsuki, K., Gao, Y., & Kiss, T.
(2023). Development of 50-kW-class high-
temperature  superconducting  induction/
synchronous motor with continuous drive
characteristics from room temperature, IEEE
Transactions on Applied
Superconductivity, Vol. 33, No. 5, pp.
5200205.

[21]. Takahashi, Y., Hanzawa, M., Fujimoto,
Y., Takao, T., Nakamura, K., Sakamoto, O., &
(2025).

uninterruptible power supply using high

Tsukamoto, O. Flywheel-type

temperature  superconducting  induction
machine, In IOP Conference Series: Materials
Science and Engineering, Vol. 1327 No. 1, pp.
012187.

[22]. Mhaske, P., Ghosh, S., Birajdar, R., &
Gosavi, K. (2024). Effect of High
Temperature on Electromagnetic Performance
of Canned Induction Motor, In 2024 3rd
International Conference for Innovation in
Technology (INOCON), Bangalore, India, pp.
1-6.

[23]. Liu, B., Badcock, R., Shu, H., & Fang, J.
(2018). A superconducting induction motor
with a high temperature superconducting
armature: Electromagnetic theory, design and

analysis, Energies, Vol. 11, No. 4, pp. 792.
16



EAUT - JST, Sé 2 - Tap 1, Ky 2 (2026 - Dién tir), 1-16

[24]. Dias, F. J. M., Sotelo, G. G., & de
Andrade Junior, R. (2022). Performance
comparison of superconducting machines with
induction motors, IEEE Transactions on
Applied Superconductivity, Vol. 32, No. 7, pp.
1-5.

[25]. Libbos, E., Ku, B., Agrawal, S., Tungare,
S., Banerjee, A.,, & Krein, P. T. (2019).
Variable-pole induction machine drive for
electric vehicles, In 2019 IEEE International
Electric Machines & Drives Conference
(IEMDC), San Diego, CA, USA, pp. 515-522.
[26]. Raj, R., Subramaniyane, P., & Peretti, L.
(2022). Design of a variable phase-pole
induction machine for electric vehicle
In 2022
Conference on Electrical Machines (ICEM),
Valencia, Spain, pp. 976-982.

[27]. Nisar, H., & Bazzi, A. M. (2024).

Investigating the effect of inverter dc bus

applications, International

voltage on variable pole induction motor
performance in electric vehicles, In 2024
IEEE Transportation Electrification
Conference and Expo (ITEC), Chicago, IL,
USA, pp. 1-5.

[28]. Libbos, E., Krause, E., Banerjee, A., &
Krein, P. T. (2023). Winding layout
considerations for variable-pole induction
motors in electric vehicles, IEEE Transactions
on Transportation Electrification, Vol. 9, No.

4, pp. 5214-5225.

[29]. Varma, P. S., Rao, K. P., Ravikumar, C.
V., Pau, G., Sathish, K., & Nelapati, R. P.
(2023). Development and performance
analysis of five phase induction motor, IEEE
Access, Vol. 11, pp. 112515-112525.

[30]. Rubino, S., Mandrile, F., Armando, E.,
Bojoi, I. R., & Zarri, L. (2022). Fault-tolerant
torque controller based on adaptive decoupled
multi-stator modeling for multi-three-phase
induction motor drives, IEEE Transactions on
Industry Applications, Vol. 58, No0.6, pp.
7318-7335.

[31]. Yu, J., Shen, H., Wang, H., & Wu, X.
(2022). Speed estimation of multiphase
induction motor using rotor slot harmonics
with limited SNR and dynamic load
conditions, IEEE Transactions on Industrial
Electronics, Vol. 70, No. 7, pp. 6618-6631.
[32]. Metwly, M. Y., Abdel-Khalik, A. S.,
Hamad, M. S., Ahmed, S., & Elmalhy, N. A.
(2022). Multiphase stator winding: New
perspectives, advanced topologies, and
futuristic applications, IEEE Access, Vol. 10,
pp. 103241-103263.

[33]. Rezazadeh, G., Tahami, F., Capolino, G.
A., Nasiri-Gheidari, Z., Henao, H. &
Sahebazamani, M. (2021). Improved design of
an outer rotor six-phase induction motor with
variable turn pseudo-concentrated
windings, IEEE Transactions on Energy

Conversion, Vol. 37, No. 2, pp. 1020-1029.
17



EAUT - JST, S6 2 - Tap 1, Ky 2 (2026 - Dién tir), 1-16

[34]. Ismail, A., Abdel-Moneim, M. G,
Abdel-Khalik, A. S., Hamdy, R. A., & Ahmed,
S. (2025). Contactless Power Transfer to
Shaft-Mounted Loads via Multiphase
Induction Machine With Decoupled Torque
and Rotor Power Control, IEEE Transactions
on Industrial Electronics, Vol. 72, No. 8, pp.
7839-7849.

[35]. Cao, R., Lu, M., Jiang, N., & Cheng, M.
(2019). Comparison between linear induction
motor and linear flux-switching permanent-
magnet motor for railway
transportation, IEEE Transactions on
Industrial Electronics, Vol. 66, No. 12, pp.
9394-9405.

[36]. Sari, M., Quazir, Y., & Mezani, S.
(2023). New  2-D  Quasi-analytical
computation of eddy currents in
axisymmetrical problems: Application to
tubular linear induction motor, I|EEE
Transactions on Magnetics, Vol. 59, No. 3, pp.
1-13.

[37]. Fang, J., Khodak, A., & Titus, P. (2024).
Preliminary Design of Ironless Linear
Induction Motors for ITER MSE Shutter
Actuators, IEEE Transactions on Plasma
Science, Vol. 52, No. 9, pp. 4096-4102.

18



