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SO SANH HIEU QUA NANG LUONG VA TON HAO
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KHI SU DUNG CAC CHIEN LUGC PIEU KHIEN KHAC NHAU
TRONG PHAN MEM ANSYS MOTOR-CAD

COMPARISON OF ENERGY EFFICIENCY AND LOSSES OF AN INTERIOR PERMANENT MAGNET
SYNCHRONOUS MOTOR ON THE US06 AUTOMOTIVE DRIVING CYCLE
USING DIFFERENT CONTROL STRATEGIES IN ANSYS MOTOR-CAD SOFTWARE
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TOM TAT

Su phat trién cda xe dién (EV) ddi hoi hiéu sudt ndng luong cao trén toan b dai hoat dong, ddc biét 3 trong cac chu trinh 1ai thuc té. Chién luoc diéu khién
ddng co dién dong vai trd quan trong trong viéc t6i uu hda hiéu suat nay. Nghién ctu nay tap trung vao viéc so sanh hiéu qua nang lugng va ton hao tdng cong
clia mdt ddng co ddng bd nam cham vinh ctiu 16i trong (IPMSM) cu thé khi van hanh theo chu trinh 14 US06, st dung hai chién luoc diéu khién phd bién: M-
men xodn cuc dai trén Ampe (MTPA) va hiéu sudt cyc dai (Maximum Efficiency - ME). M6 hinh ddng co chi tiét (dya trén cac thong so hinh hoc, vat liéu tir va
thong s6 xe Tesla Model 3) va cac phan tich dugc thuc hién bang phan mém Ansys Motor-CAD. M@ hinh Lab dugic xdy dung bao gdm md hinh bao hoa Saturation
Model (Full Cycle) va md hinh ton hao FEA Map (v6i hé s6 ché tao ton hao sat Ia 1,5) d€ dam bao do chinh xéc, dong thai gia dinh nhiét d hoat dong cia cudn
déy va nam cham dugc duy tri 6 mic 80°C. Két quéd md phdng chu trinh [ai US06 cho thdy chién lugc ME mang lai hiéu qua nang lugng téng thé t6t han mot chit
50 vGi MTPA, thé hién qua miic tiéu thu ndng luong dau vao thap hon (2814,42Wh so véi 2817,20Wh) va tong t6n hao thap hon (151,26Wh so véi 154,80Wh),
dan dén hiéu sudt trung binh nhinh han (96,30% so véi 96,22%). Phan tich chi tiét cac thanh phan t6n hao chi ra rang ME dat dugc lgi thé nay chd yéu nhd viéc
giam dang ké t6n hao sat va t6n hao nam cham, méc du phai chdp nhan mét sy gia tang nhd trong t6n hao déng. Nghién cu nay cung cdp co s6 cho viéc lua
chon chién lugc ME dé t6i uu hoa hiéu qua ndng lugng cho cac phuong tién dién hoat ddng trong cac diéu kién tuang tu chu trinh US06.

Tirkhéa: Ansys Motor-CAD, ddng co dién, 6 t6 dién, dong co dong bd nam chdm vinh ciu (BPM/IPM), phdn tich dién tir, phan tich nhiét, phdn ti hiu han (FEA),
bdn d6 hiéu sudt, chu trinh Idi, quan Iy nhiét.

ABSTRACT

The development of electric vehicles (EVs) necessitates high energy efficiency across the entire operating range, particularly during realistic driving cycles.
The electric motor control strategy plays a crucial role in optimizing this performance. This study focuses on comparing the energy efficiency and total losses of
a specificInterior Permanent Magnet Synchronous Motor (IPMSM) when operating on the US06 driving cycle, utilizing two common control strategies: Maximum
Torque Per Ampere (MTPA) and Maximum Efficiency (ME). A detailed motor model (based on geometric parameters, materials from, and Tesla Model 3 vehicle
parameters) and subsequent analyses were performed using Ansys Motor-CAD software. The Lab model was constructed incorporating a Saturation Model (Full
Cycle) and an FEA Map loss model (with an iron loss manufacturing factor of 1.5) to ensure accuracy, while assuming the operating temperature of the windings
and magnets was maintained at 80°C. Simulation results for the US06 driving cycle indicate that the ME strategy offers slightly better overall energy efficiency
compared to MTPA, demonstrated by lower input energy consumption (2814.42Wh vs. 2817.20Wh) and lower total losses (151.26Wh vs. 154.80Wh), leading
to a marginally higher average efficiency (96.30% vs. 96.22%). A detailed analysis of loss components reveals that ME achieves this advantage primarily by
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significantly reducing iron and magnet losses, despite accepting a slight increase in copper losses. This research provides a basis for selecting the ME strategy to
optimize energy efficiency for electric vehicles operating under conditions similar to the US06 driving cycle.

Keywords: Ansys Motor-CAD, Electric Motor, Electric Vehicle (EV), Brushless Permanent Magnet Motor (BPM) / Interior Permanent Magnet Motor (IPM),
Electromagnetic Analysis, Thermal Analysis, Finite Element Analysis (FEA), Efficiency Map, Driving Cycle, Thermal Management.
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1. GIGI THIEU

Xe dién (EV) dang ngay cang tr& nén phé bién nhu
mot giadi phap giao thong bén viing. Tréi tim cda EV 1a hé
théng truyén dong dién, trong d6 dong co dién dong vai
tro trung tam. Déng co déng boé nam cham vinh cliu 16i
trong (IPMSM) dugc ua chudng trong cac ung dung EV
nhd mat d6 cong suat cao, hiéu suat tot va dai toc do hoat
déng réng [3]. Tuy nhién, hiéu suat téng thé clia hé théng
khong chi phu thudc vao thiét ké déng co ma con chiu
anh hudng I6n ti chién lugc diéu khién duoc ap dung.

Trong qua trinh van hanh, ddc biét la khi di theo cac
chu trinh l3i tiéu chudn hodc thuc té, déng co hoat déng
& nhiéu diém mo6-men xodn va téc dd khac nhau. Hai
chién lugc diéu khién ca ban thudng dugc strdung la mé-
men xoan cuc dai trén Ampe (MTPA) va Hiéu suat cuc dai
(Maximum Efficiency - ME) [7]. MTPA nham muc dich téi
thiéu hoa dong dién stator cho mot mé-men xodn yéu
cau, thudng dan dén giam tén hao déng. Trong khi dé,
chién lugc ME ¢8 gang t6i thi€éu héa téng tén hao (bao
gém tén hao déng, tén hao sat, tdn hao nam cham,...) tai
méi diém hoat ddng dé dat hiéu suat tuc thai cao nhat.

Viéc lua chon chién lugc diéu khién nao hiéu qua hon
phu thudc nhiéu vao dac diém cta chu trinh 1ai va muc
tiéu t8i uu hda. Chu trinh 13i US06 1a mét chu trinh kiém
tra khdc nghiét, dac trung bai téc dé cao va céc giai doan
tang/giam toc dét ngdt, moé phdong diéu kién 1ai xe trén
dudng cao toc va do thi [1]. Dénh gia hiéu suat clia dong
ca dudi cac chién lugc diéu khién khac nhau trén chu
trinh nay la rat quan trong.

Nghién ctu nay dat muc tiéu so sanh hiéu qua nang
lugng va tén hao téng cong clia mét déng co IPMSM cu
thé khi van hanh theo chu trinh 1ai US06, si dung hai
chién lugc diéu khién MTPA va ME. Cong cu mé phéng
Ansys Motor-CAD, ddc biét Ia module Lab, dugc st dung
dé xay dung mé hinh déng cg, moé phong chu trinh lai va
phan tich két qua.
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2.COSOLY THUYET

Doéng ca IPM c6 nam cham vinh cltu dugc gan chim
vao bén trong cac ranh cua rotor sét tur. Cau trdc nay tao
ra su khong doi xting vé tir trd gilia truc doc (d-axis, truc
¢6 tu thong nam cham) va truc ngang (g-axis, truc vuéng
gdc vai truc d). Su khac biét vé tu trd nay (Lq > La) cho
phép déng ca IPM tao ra thém mot thanh phan mé-men
tur tré (reluctance torque) bén canh mé-men tuong tac
tir (mutual torque) do tuong tac gilra tU thong nam
cham va dong dién stator.

Téng mo-men dién ti (Te) cta dong co IPM c6 thé
dugc biéu dién nhu sau [2, 4, 6]:

3 . .
T, = Ep[)\pmlq + (Lg — Lo)iqig] (M

Trong do: p 1a s6 cap cuc tl; A\pm la tirthéng lién két cuc
dai do nam cham vinh c(tu tao ra trén cudn day stator;
ia/iq [a thanh phan dong dién stator trén truc d va truc q
(trong hé toa d6 quay déng b vai rotor); Lg,Lq 1a dién cam
doc truc va ngang truc cla stator.

Hiéu qua nang lugng clia dong co dugc quyét dinh béi
cac dang tén hao xdy ra trong qua trinh hoat dong. Cac
tén hao chinh trong déng co IPM bao gém:

Tén hao dong (P.): La tén hao do dién trd clia cudn
day stator khi c6 dong dién chay qua [2, 4, 6].

3. . .
P, = 2 R, (i3 + ia) (2)

Trong d6: R; la dién trd mét pha clia cudn day stator;
Hé s6 3/2 xuat hién do viéc chuyén déi tir hé ba pha sang
hé toa d6 d-q.

T&n hao sat (Pr): Bao gom tén hao do dong dién xody
(eddy current loss) va tén hao tur tré (hysteresis loss)
trong 16i sat ti clia stator va rotor do su bién thién cua
tU trudng. T6n hao sat phu thudc vao tan sé dién
(fe=p-wm/(2m)) va bién do6 ctia mat do tu théng [2, 4, 6].

Pre = Physt + Peddy = kpfeBm + kefe2 Brzntl2 3)
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Trong d6: kn,ke la cac hang sé tur tré va dong xoay; B, la
bién d6 mat do tu théng dinh; xla s6 ma Steinmetz
(thudng tur 1,6 dén 2,5); tla d6 day cla la thép.

Tén hao ¢ khi (Pmeen): Bao gém t6n that do ma sat &
8 bi va tén that do suc can cta khéng khi (windage loss)
khi rotor quay [2, 4, 6].

Pmech = Kfoo + kW‘J‘)i,n (4)

Trong dé: ke la hé sé ma sat; ky la hé s6 can khéng khi;
y 1a s6 mQ, thuong tu 2 dén 3.

Téng tén hao déng co (Pioss) [2, 4, 6]:

Ploss = Pcu + Pfe + Pmech('l'Pstray) (5)

Hiéu suat déng co (nm) [2, 4, 6]:

Pout — Pout — Te(*)m (6)
IDi Pout + PlOSS Te(*)m + 1310SS

Chu trinh [di US06 (con goi la SFTP US06 hoac
"Supplemental Federal Test Procedure") dugc thiét ké dé
mo phong diéu kién lai xe & téc d6 cao, gia téc I6n va cac
hanh vi 13i xe "aggressive" han so vé&i chu trinh FTP75.

Mm =

Yéu cau luc kéo va cong suat trén chu trinh US06

Dé phan tich, chung ta can xac dinh yéu cau luc kéo va
cong suat tai banh xe tai moi thai diém cua chu trinh
US06, dua trén do thi téc do V(t) ctia chu trinh va cac
théng s6 clia xe (khoi lugng M, hé s6 can lan f,, dién tich
can chinh dién Ay, hé s6 can khi dong hoc Cy).

Luc kéo tai banh xe [4, 6]:

Fun(t) = f..Mg + %pAdeV(t)2 + 6M % (7)
Cong suat tai banh xe [4, 6]:

Pyn(t) = Fyn (D) - V(1) 8)
Khi % <0 (gidm t&c), Fun(t) c6 thé am, dai dién cho

luc phanh. Phan nang lugng nay cé thé dugc thu héi
thoéng qua phanh téi sinh.

Xac dinh diém lam viéc cta déng co

TU yéu cau tai banh xe, ching ta can quy déi vé yéu
cau tai truc déng co:

Mo-men xodn yéu cau tai truc déng co [4, 6]:

Fon(t) - r
Te(t) = wh() w
ltotal * Ttrans

(khi kéo) 9)
Fun (t) *Tw *Ntrans
itotal (10)
(khi phanh tai sinh)
Téc dé goc cia dong co [4, 6]:

V(1) * itota
wm(t)=¥ (11)

w

Te ®=
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Trong doé: ry 1a ban kinh banh xe; iwtl la téng ti s6
truyén ti dong co dén banh xe; Neans la hiéu suat ctia hé
thong truyén luc.

Tai méi thoi diém t ctia chu trinh US06, chung ta c6
mot cap (Te(t),wm(t)) 1a diém lam viéc ctia dong co.

3. PHUONG PHAP NGHIEN CUU
3.1. M6 hinh dong co

Do6i tuogng nghién cdru la mot dong co IPMSM dugc mo
hinh hoéa trong Ansys Motor-CAD, dua trén cac théng so
hinh hoc, vat liéu va cau hinh cuén day. Cac théng s6
chinh dugc thé hién trén bang 1,2 va3va hinh 1 = 3.

Béng 1. Cac thong s |ap rap stato va rdto cla dong co

Théng sd Gia tri
(6ng sudt danh dinh 200 (kW)
Kiéu dong co Ddng co dong bo nam cham vinh

ctu I6i trong

Phuong phap lam mat Lam mat bang dau
Tdc do toi da 15000 (vong/phdit)
S6 ranh stato 48
Duding kinh ngoai 13 thép stator 198 (mm)
Duding kinh trong |4 thép stator 142,54 (mm)
S6 cuc 8
Khe h& khong khi 1(mm)
Duding kinh rotor 140,54 (mm)
Dudng kinh truc rotor 46,91 (mm)
Dudng kinh dau truc phia trudc 20 (mm)
Dudng kinh dau truc phia sau 20 (mm)

Chiéu dai dong co dién 260 (mm)
Chiéu dai la thép Stator 150 (mm)
Chiéu dai nam cham 152 (mm)
Chiéu dai la thép Rotor 152 (mm)

Bang 2. Thong s6 cudn day

Théng sd Gia tri
Kiéu quan day Wave
Kiéu béi déy Ki€u kep t6c (hairpin)
S6 pha 3
Budc (Throw) 6
S6 16p quan day 6
S6 mach nhanh song song 2
Kiéu chia l6p Overlapping (Chong lan)
M&é hinh ném (6 ném
Bang 3. Thong sd vat liéu

Thanh phan Vit liéu
La thép stator NO18-1160
Cudn day phan ting Pong (Nguyén chat)
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Ld thép rotor N018-1160 3.2. Xay dung mé hinh

Nam cham (Magnet) N42EH Dé mo phong hiéu suat trén toan bo dai hoat dong va
Truc rotor Stahl 37 chu trinh 13i mot cach hiéu qud, module Lab ctia Motor-
e —————— » «  CAD dugc st dung. M6 hinh Lab

B e S A — -

D Liwos Comeim D | D inmn Wi v o wme O v

S e o dugc xdy dung véi cac cau hinh
i sau dé& dam bo d6 chinh xéc, dic
biét Ia vé tén hao:

- Loai mé hinh (Model
Type): Saturation Model (Full
Cycle) - M6 hinh nay tinh todn béao
hoa dua trén mo phong FEA qua
mét chu ky dién hoan chinh tai
cac diém dong dién & goc pha
khac nhau, cung cap dé chinh xac
cao nhat vé lién két tu théng va
moO-men xodn.

- Mé hinh tén hao (Loss

- Model): FEA Map - M6 hinh nay

Hinh 1. M8 hinh hinh hoc theo huéing hung kinh ciia dong cg xéy dung ban dé tdn hao (sét,

— . . namcham, ACdbng) dua trén cac

T e ———————— két qua FEA, cho phép tinh toan

== = tén hao chinh xac hon so vdi viéc

bo qua hodc st dung cac mé hinh

don gian. Cac hé s6 ché tao (Build

Factors) cho tén hao sat stato va
roto dugc datla 1,5.
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3.3. Chu trinh l3i va théng sé xe

Chu trinh 13i tiéu chuan US06
dugc chon dé mé phoéng. Céac
théng s6 cua xe 6 t6 (bang 4)
dugc st dung dé Motor-CAD tinh
toan yéu cau vé mo-men xodn va
: téc d6 dong co tlr téc do xe theo
*-=*=  thdigian cla chu trinh.

i

Hinh 2. M@ hinh hinh hoc theo hudng huéng truc cla dong co
Béng 4. Thong sd cla xe Tesla model 3 [5, 8]

Thong s6 Gia tri
Khdi lugng xe khi day tai 2192 (kg)
Hé s6 can lan 0,007
Dién tich can trudc 2,22m’
Hé 56 can khdng khi 0,23
Ty s6 truyén 9,03
Ban kinh banh xe 0,334m
Hinh 3. M@ hinh 3D clia dong co Chu trinh l3i xe 6 t6 US06 thé hién trén hinh 4.

Vol. 671 -No. 11 (Nov 2025) HaUl Journal of Science and Technology | 123



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

@ Ansys Motor-CAD v2024.1.1 (EV_4_Lab_EfficiencyMap_e10.mot)*
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Hinh 4. Chu trinh 3i xe 6 t6 US06
3.4. Chién lugc diéu khién

Trong tab "Calculation" ctia module Lab, hai chién
lugc diéu khién dugc cdu hinh va mé phong riéng biét
cho chu trinh US06:

- Maximum Torque/Amp (MTPA): T6i uu hoa dong
dién va goc pha dé dat mé-men xodn yéu cau véi dong
dién bién dé thap nhat.

- Maximum Efficiency (ME): T6i uu héa dong dién va
géc pha dé dat mo-men xodn yéu cau vdi téng tén hao
thap nhat tai diém lam viéc dé.

3.5. Thiét I1ap mé phéng va phan tich

Mé phdng chu trinh 13i dugc thuc hién trong module
Lab (Duty Cycle -> Calculation). Tuy chon "Thermal
Transient Coupling" dugc dat 1a "No Coupling" dé tap
trung so sanh hiéu qua dién ti cda hai chién lugc ¢ nhiét
dé hoat dong giad dinh khéng déi (dugc dinh nghia trong
tab Calculation: nhiét d6 cuén day va nam cham la 80°C).

Hai mo phong riéng biét dugc chay:

- M6 phoéng US06 vai chién lugc diéu khién MTPA.

- M6 phdng US06 véi chién lugc diéu khién ME.

Két qua tir moéi moé phong dugce phan tich théong qua
clia s6 "Lab Results Viewer", tap trung vao cac chi sé sau:

- Nang luong dau vao tong (Electrical Input
Energy): Téng nang lugng dién tiéu thu trong suét chu
trinh (Wh).

- Téng tén hao (Total Loss): Téng ning luong bi tén
hao trong chu trinh (Wh). Motor-CAD ciling cung cap chi
tiét tén hao déng (Copper Loss), tén hao sat (Iron Loss),
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tén hao nam cham (Magnet Loss), va ton hao co khi
(Mechanical Loss).

- Hiéu suat trung binh (Average Efficiency): Ty lé
gitta nang lugng co dau ra va nang lugng dién dau vao
trong sudt chu trinh (%).

4, KET QUA VA THAO LUAN

Sau khi thuc hién mé phéng chu trinh 13i US06 cho ca
hai chién lugc diéu khién MTPA va ME biang phan mém
Ansys Motor-CAD, cac két qua chinh vé ndng lugng va tén
hao dugc thu thap va trinh bay chi tiét trong bang 5. Cac
mo phdng nay dugc thuc hién dya trén mo hinh déong co
IPMSM da dugc xay dung, bao gom cac moé hinh bao hoa
Full Cycle va ban dé t6n hao FEA Map, d6ng thai gia dinh
nhiét d6 hoat déng clia cuon day va nam cham dugc duy
tri @ muc 80°C.

Béng 5. So sanh hiéu suat ndng lugng va ton hao trén chu trinh US06

Chisé Chiénlugc | Chién lugc Do vi
MTPA ME :

Nang lugng dau vao tong 2817,20 2814,42 Wh
Téng ton hao 154,80 151,26 Wh
- Tén hao déng 67,00 69,19 Wh
- T6n hao sat 77.21 71,61 Wh
- T6n hao nam chdm 0,42 0,29 Wh
- T6n hao ca khi 10,17 10,17 Wh
Hiéu sudt trung binh 96,22 96,30 %
Ty 18 hoat dong ché do 67,02 67,02 %
déng co
Ty 18 hoat dong ché do may 32,98 32,98 %
phét
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Dt liéu mo6 phéng trong bang 5 cung cap cai nhin chi
tiét vé hiéu qua cda hai chién lugc diéu khién trén chu
trinh US06:

- Hiéu qua nang lugng tdng thé: Chién lugc ME cho
thay mét chat uu thé vé hiéu qua nang lugng so véi
MTPA. Ning lugng dau vao téng cong clua ME
(2814,42Wh) thap hon moét chat so véi MTPA
(2817,20Wh). Diéu nay dan dén hiéu suat trung binh ctia
ME (96,30%) nhinh hon khéng dang ké so vGi MTPA
(96,22%). Mac du su chénh léch vé hiéu suat téng thé
khong 16n, nhung no cho thay tiém nang téi uu héa clia
chién lugc ME.

- Téng tén hao: Téng nang lugng tén hao trong suét
chu trinh clia chién lugc ME (151,26Wh) thap hon so véi
chién lugc MTPA (154,80Wh), cu thé 1a gidm dugc khoadng
3,54Wh. Day la yéu t6 chinh déng gop vao su cai thién
nho vé hiéu suat cia ME.

- Phan tich thanh phan tén hao:

+ Tén hao Béng: Mot két qua tha vi 1a tén hao déng
clia chién lugc ME (69,19Wh) lai cao han so vGi MTPA
(67,00Wh). Diéu nay cho thdy rdng dé dat dugc téng tén
hao thap nhat, chién lugc ME c6 thé chadp nhan mét muc
dong dién (va do d6 la tén hao déng) cao hon mot chut &
mot s6 diém van hanh so vai MTPA. Su danh déi nay dugc
thuc hién dé gidm thiéu cac thanh phan tén hao khac, dac
biét 1a tén hao sét.

+T6n hao Sdt: Day la thanh phan ma chién lugc ME thé
hién su vuot trdi rd rang. Tén hao sat cia ME (71,61Wh)
thap hon dang ké so véi MTPA (77,21Wh), gidm dugc
5,6Wh. Chu trinh US06 véi cac dac diém téc do cao va thay
déi tai lién tuc lam cho t6n hao sat trg thanh mot yéu té
quan trong. Chién lugc ME, bang cach t6i uu héa dong
dién va goc pha dé gidm téng tén hao, da thanh céng
trong viéc gidm thiéu ton hao sat hiéu qua hon so véi
MTPA, von chitap trung vao viéc giam bién d6 dong dién.

+T6n hao nam cham:Tén hao nam cham cta ME
(0,29Wh) ciing thap hon so véi MTPA (0,42 Wh), cho thay
ME cling ¢ anh huéng tich cuc dén viéc gidm ton that do
dong xody trong nam cham.

+T6n hao co khi: Tén hao ca khi la nhu nhau (10,17Wh)
cho ca hai chién lugc, diéu nay la hgp ly vi tén hao co khi
cht yéu phu thudc vao toéc dé déng co va cac yéu té co
hoc ctia 8 bi, ma chu trinh t8c dé 1a giéng nhau cho cé hai
trudng hop.

- Ty 1&é hoat déng ché dé déng co/may phat: Ca hai
chién lugc déu co cung ty 1é hoat déng & ché d6 dong co
(67,02%) va ché do may phat (32,98%) trén chu trinh
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US06. Diéu nay cho thay chién lugc diéu khién khong lam
thay déi cach dong co dap Ung vdi yéu cau nang lugng
cta chu trinh 13i (khi nao can cung cap nang lugng, khi
nao tai tao nang lugng), ma chi thay déi cach téi uu héa
dong dién va goc pha dé dat dugc cadc muc tiéu cu thé
(MTPA vs. ME) tai méi diém lam viéc do.

Toém lai, mac du su cai thién vé hiéu suat téng thé cla
chién lugc ME so vGi MTPA trén chu trinh US06 trong
trudng hop nay la khiém ton (khoang 0,08%), phan tich
chi tiét cac thanh phan tén hao cho thay ME dat dugc diéu
nay chi yéu bang cach gidam dang ké t6n hao sat va tén
hao nam cham, ngay ca khi phai chdp nhan mét su gia
tang nho trong tén hao déng. Piéu nay nhan manh tam
quan trong cla viéc xem xét tat ca cac thanh phan tén
hao khi lua chon chién lugc diéu khién, dac biét déi vai
cac chu trinh 1ai phurc tap.

5. KET LUAN

Nghién cttu nay da sir dung phan mém Ansys Motor-
CAD dé thuc hién so sanh dinh luong hiéu qua nang
lugng va cac thanh phan tén hao ctia mét déng ca IPMSM
cu thé khi van hanh trén chu trinh 13i US06 duéi hai chién
lugc diéu khién khac nhau: Mé-men xodn Cuc dai trén
Ampe (MTPA) va Hiéu suat Cuc dai (ME). M6 hinh dong co
chi tiét, bao gébm mé hinh bao hoa Full Cycle va ban dé
tén hao FEA Map (v3i hé s6 ché tao tén hao sat 1a 1,5), da
dugc xay dung va md phéng trong module Lab, véi giad
dinh nhiét d6 hoat dong clla cuon day va nam cham duogc
duy tri & muc 80°C.

Két qua mo phdng cho thdy chién lugc Hiéu suat Cuc
dai (ME) mang lai hiéu qué nang lugng téng thé t6t hon
mot chdt so vdi chién lugc MTPA khi van hanh trén chu
trinh 13i US06. Cu thé, chién lugc ME gitp gidm téng ndng
lugng tiéu thu (2814,42Wh so vai 2817,20Wh) va téng tén
hao (151,26Wh so vé&i 154,80Wh), dan dén hiéu suat trung
binh cao han mét cach khiém tén (96,30% so véi 96,22%).

Phan tich chi tiét cac thanh phan t6n hao da lam ré co
ché dang sau sy cai thién nay. Mac du chién lugc ME dan
dén tén hao ddng cao han mét chut so véi MTPA, Igi thé
chinh clia né dén tur viéc gidm dang ké tén hao st va tén
hao nam cham. Diéu nay déc biét quan trong trong chu
trinh US06, von c6 nhiéu giai doan hoat déng & toc d6 cao
va tai trong thay déi lién tuc, nagi tén hao sét tré thanh
mot yéu t6 dang ké. Kha nang cla chién lugc ME trong
viéc téi uu hoa dong dién va goc pha dé can bang va giam
thiéu téng thé cac loai tén hao da chiing td su uu viét hon
5o vGi chién lugc MTPA, vén chd yéu tap trung vao viéc
giam thi€u dong dién stator.
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Nghién ctu nay cung cap bang ching dua trén mo
phdng cho thay viéc lua chon chién lugc diéu khién ME
c6 thé la mét huéng di phu hgp dé t6i da hoa hiéu qua
nang lugng cho cac phuong tién dién hoat déng trong
cac diéu kién van hanh phuc tap va doi héi cao tuong tu
nhu chu trinh US06. Madc du su cai thién vé hiéu suat téng
thé c6 thé khéng qua I6n trong trudng hgp cu thé nay,
viéc hiéu rd cach cac chién lugc khac nhau anh huéng dén
ting thanh phan tén hao la rat quan trong cho viéc thiét
ké va t6i uu hda hé théng truyén dong dién. Cac nghién
ctru sau han, bao goém phan tich anh huéng tuong hé cuia
nhiét d6 va xac thuc thuc nghiém, sé can thiét dé khang
dinh hoan toan cac két qua nay.
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