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Motor Speed Weight
Power Limit Limit Limit
Location (W) (kmvh) (kg) Other Limitations
European Union 250 25¢ No Pedal assist®
United Kingdom 200* 25¢ 40 Must have pedals and on/off
switch
Canada 500° 32 No Must have pedals and less than 4
wheels and on/off switch
Taiwan No/ 30 40
Japan No* 24 No
China 240 20 No Must have pedals
United States 750 322" No Must have pedals and less than 4

wheels

*Motor power is progressively reduced as speed increases to 25 km/h at which speed motor power must be zero
*250 W for tricycles

‘Maximum with motor power applied

Y60 kg for wicycles

“Motor power zero for speeds less than 3 kmvh.

/ Power only engages during pedaling

f Motor power equals pedal power up to 20 knvh, thereafier progressively reducing to zero at 24 kmvh

*When the operator weighs 170 Ib or less

Source: From Jamerson [4)
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24 24 250 EAB Procycle - Electron I

33 24 250 EAB Renaut — Equation

33 32 400 EAB Think mobility — Think bike Fun
24 29 250 EAB Think mobility — Think Traveller
28 24 235 EAB Yamaha — PAS XPC 26

24 29 400 EPB Zap — Bianchi

24 21.5 200 EPB Zap — Diamondback

24 29 400 EPB Zap — Smith & Wesson

29 32 375 EAB Aero Vironment — Charger

24 32 400 Bi Modal | EPS —Amigo

32 32 400 EPB EV Global motors -24v

32 32 400 EPB EV Global motors -36v

22 18 200 EAB Honda — Racoon compo

25 24 220 EAB Honda — Grand Racoon

28 24 200 EAB Peugeot — Velectron
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1+cosmL—Yt,
Gimax 5 b for y/ <y <y
Giy = < 1+n:::::s:r.t—m———-—:P‘_2;?“-}yrr
Gmax 2}"_?' for 2n-y, <y <2m-y
0 for v, <=y < 2m-vy,
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D.H' + Dm

Dy, = 5

Wmin = Min(Ws, wy,)

Win

Gmax = Hp 3

x-\Y)
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olsm 1 )T o jladie 4 sy oyl 50 a5 sl o LI SYRM 51 slics (slo b « ol i, 4y azg5 by
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Canglia 5l ¢ SVolre > sloj il 50,5 SVolre yo (Folw jokiie 4 bl o L mile ¥ (sllo ouds
O omilio py S50, Ailais 5o g, g5liul Ailais 1o le g maoges Jad o y55) g jeilinl Eg) cunbline slo
OSSabl o V-V USS S0 4 jeige () seblise Jolre Jlae gy cpl 5l 03,5 Jlas jo (ol ailass
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odds S5 Laly; degezme W e ils 5 (Soliie (550 9 Jsbo g Wgd (o0 el JLE @lge (oo a9 LS
alass atws g0 Heill sle wlais 65 5 oole plo 4 0g wales Dglate Ceand g0 (il 5l plaS o (6l
Oetle Slaseive dged pealys ) ik (edle (il dd 4 9,5 (558 (nl b Jlaiin (o0 595, )3 |, e

el 0aal Y=V Jgaz 50 () zob) ool (gilw anl

Y 2ok owiile Glascice 1 Y=Y Jous

Number of stator teeth 6
Number of rotor teeth (first group) 2
Number of rotor teeth (second 2
group)
Stator tooth width 35.31(mm)
Stator slot opening 1.858(mm)
Stator tooth length 1.49(mm)
Stator body length 10(mm)
Stator body width 19.15(mm)
Rotor tooth width (first group) 2* 33.59(mm)
Rotor tooth width (second group) 2* 12.21(mm)
Barrier width 8.1044(mm)
Barrier length 66.64(mm)
Coil turns 70
The length of machine 100(mm)
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‘_ng wsl&n& Jay).a uju) ).A).‘) 6L® ngD.A}G».DT 6[&Md).byﬁ &:) oLz.MJ LgLQMjLM 055‘_}&..4)3
1o w103 (e g 5l slo Wi 55, 45 Lt alye 4 bgrye sl uiliey axlllae ol ) bl o o2led alols
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(Y-\v)% tooth top leakage permeance gd= (o *L/m)*In(1+((m*w, )l (2*wy)))

% first part of stator tooth R1=11/ po*u, *w; *L
(Y-\Hyreluctance

% second part of stator tooth R3=13/py*u, *w, *L
(Y-\0) reluctance

(Y-\1#) % stator teeth reluctance RR = R1+R3;

(Y- V)% stator teeth permeance g=1/RR;

Y-YMRr=((wp)/( uo*((lavg)*L))); % barrier reluctance

(Y-ya)gr = 1/Rr; % barrier permeance

wlas ¢ jg3liwl wlais (oye ¢ cpdle Jsb ol p cus 5 aWp s lavg wy, wy Wy « Wi L 558 Lulg, 0 a5

o b gle 2ye g )Le wile bawgie Jsbo o jgiliul dlais wiay oye jgilial wilis oy M gilial Ll le
sl

Sges Jo e 50,5 Voo &g g0 @ (5 (oo ) 398 wile 4 (S0 STl (6 ASD il (o0 5 4SS (e

Wolae 50 el Jo 08 S¥olee By, L 1) (ouilSe)) 9,50 j5ige (gmiliony aSid Lo aslllas cpl )5 a5

18 Stator slot opening
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S 42 398 Ay ;3 MMF Gy 5o 5 il yy maile a5 0l (oo MM gt 5 ubolinio Jonslsy « uilia
R ES)

A=[g+g11+g12+g13+gl4+2*gd,-gd,gd,-g12+g14;...

-gd,g+g21+922+923+g24+2*gd,-gd,-g22+g24;...

gd,-gd,g+g31+g32+933+g34+2*qgd,-g32+g34;...

(Y-Y-) -gl2+942,-922+952,-932+g62,912+922+g32+g42+952+g62+2*qr];

oo oolitl 0,5 ST 51 a8 ool Jdo @ aS wial o (5900 55 ol S8 e MMF g 5ile aloxs 5l i
e Lod ool ilioyy Al 5585 Jolre Slawe 5l Cannls o ples

(¥-YV)MMF1=(-(N*ia)-(N*ib)+(N*ic));

Y-y )MMPF2=(+(N*ia)-(N*ib)+(N*ic));

(¥-Y¥)MMPEF3=(+(N*ia)-(N*ib)-(N*ic));

(¥-Y$HB=[g*MMF1,g*MMF2;g*MMF3;0];

5,55 o alais 51 S ya 4 bygyye punblize slo Jousily - MMEF G A G 5l olie (o9 pslas b Jl>
bgie jlade g (punblineg i1 glias avubne ¢ (S0 2801 sloygige (il a0 ol (oo dnloee LB gl
il yp Dl s SaF &y (gublising 2SI 15knS MEC (i, 30 a5 il oo jlads oy Blaal (5 oo aboz 1o ]

Dy (o0 Aoy Dygo A 598y 9 Heiliwl sl wlais pudbliae ity g agl) cuns

n o on GO _ g
T- (I3RS
Faml J‘—l d Lljl - {I}D

-Y0)

il oo (eile (gmabliiag Sl glisS suims las Y-A S

SYRM Y £,b ygliid : Y-A JsCis

FEM g, 0 oo aclome ,gliiss s 5 a0 S5, ol 9 50,8 slo Jloged c canlos YA JSS 51aS 4565 ylen
dsksll})\) Ml—‘@ﬂu}’j—h’ ’/Y?’? la).").) FEM uus)lao..\.u Ml}:o)jt.mf Ja.....:g.uo)‘d.a.o ..\.»..JL'GA MEC5
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02—
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a1l

0z

04 | 1

MEC jlw 4o USYRM Y 75b 50 (ylase 29395 1 Y-V S
b oy, adgl asgly o oglis o 4 MEC s FEM & Layg o sl S j0 glis

S 48,290 10 (6,5 )10 Cenlive dzg e 4y ool &) Ll cslag b gile Al Ll 1 aS aigS les
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Yo,b¥  Y_FoY-Y
L8 e j5ig0 0,Slas S5 Samw ¢ (T o 0978 ot g b Slaad ol L 2yl (pl o
Al o o 4] b 5l ks S edims i YOV ) S

&

%\

A

SYRM Y g,b: Y-1) Jsis

P8 (SHge & i SR e 9 Sl 0ad (b 55, 50 L0 wile Ve g jeilinl jo Ll YO slasi 25kl o
Sl 1y e, g gkl alais o ¢ 598 uiile MEC Gl jokaie 4y il oo ¢ el oas ool ylad IS
Y_Y Jsaz 0 ¥ zyb bl Slakiie iz o8+ osi3,S 5l 50 YOV S aile a4 Lo publie Jusilsy

2l (o 0929
Y ook oeilo laseice: +-) Jguo

Number of stator teeth 45

Number of rotor teeth (first group) 2
per pole

Number of rotor teeth (second 2

group) per pole

Number of barriers 30
Stator tooth width 13.163 (mm)
Stator slot opening 4.38 (mm)

Al
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Stator tooth length 1.99 (mm)
Stator body length 7.5 (mm)
Stator body width 3.5(mm)
Rotor tooth width (first group) 6.41 (mm)
Rotor tooth width (second group) 10.0026 (mm)
Barrier width 5.0088(mm)
Barrier mean length 11.7933(mm)
Coil turns 96
The length of machine 26(mm)

SYRM Y 5b 30 cumsblido slb 0,5 : Y-1Y JSi
So (gmabliae Jowily lils S5 olaw bliS 5 jho e pugblioe Jewily Gl)ls S5 50,8 blas 548 JSo 5o
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At S5 50 gl ohy Suenl Sl 2lgn Alold sla uilteyy 333 (55l Joo c 0b olas Jab lal )3 45 &S plen
S 4 Cod s (] Ceagn nd alsn Aol sl uiliey (g5ledie L bL3 1 50 gl pad bl (0 095 (55l
CLl b iz o2 0l o0 Gl 4 YL S e 4 55, 5 sl po b s ojled VAT SS o ol e
Sl Lulg, 1ol alys o Gl plo drslone 4 g0 Glyie 4 55, 9 5 glil o ailaio (s uilia

Db (0 ) Oyge 4 e, sl ailass g Hgilisl SO ailais Gl sla il

(Y-Y$) = XX14
(Y-YV)= X1, H#@W/(2*P))x12
(Y-YA)=x15 H(m /(2*P))x13
(Y-YO)=x13 +(1/(2*P))x14

VA
oS 3l 4 5, o o Logge 08 L A3l o stetie (T-YR) JIT-TP) Ly, 19 48 a8 o

T
Ao g 90 o alais le slo uilioy CumBae i jslate 4L o)l dlold 05 jole 05 L (SO T

2%P °
(Y-Y+) Laly, gy ol 5l e s (oo ety (2FPIINS) olasl a1, (Y-Y2) JI(Y-YF) ¢ 55, sl ailio b g5l
] e Cewy (Y-YT) I

(Y-Y+)=Xx11 -(2*1/NS); x5,

(Y-Y\)=X15 -(2*1/NS); x5,

(Y-YY)=x13 -(2*1/INS); x5

(Y-19)=x14 ~(2*1/NS);x74

Sl Luly) Basb ren 4 a8l (0 55, Sl wlais g, Blul ¥ ailiis lee sla il 4 bgije 355 Ll
5l (oo ) Soge s sl wliis 5 glial T ailais les sl (uiliey by

(Y-¥$)y=xp; -(2*1/INS);x3,

(Y-Y0)=X5, -(2*TINS); X3,

(Y-¥%)=Xp3 ~(2*1/NS); X33

(Y-YV)=X5,4 -(2*1/NS): X3,

@ by 0,5 b (Silse 2¥PIINS o3luil 4y jgiliasl lais ,o 4 bgyye 0,5 45 ol oo 50 358 Ll
IS8 ©j90 @ 55, sl ailais 5 ikl S alais 4y by sl Guiliayy S0 o ol alold 593 jslone alais

Db o )
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o) 50 100 150 200 250 300 350 400

3955 W 41033 g ygilil 95 Ailais ylee (il 1 Y-VF JSCS

g T T

o 50 700 150 200 250 300 350 400
19 B ailwis g yoilow! aw ailuid o il Y-10 JCo
6o 0,5 ol (2FT/NS) o5l b gl apely B YT JSE L Y-10 5 YIF lo S5 anslie )
o ple (pl . a sy eedles cwilio y aSil o pile oSS 4 dwlol jo ail oo Sgpiie jeilinl dilais o 4y by e
PaBl oo ) 9o
A=[2*gd+g+gl1+g12+g13+gl4,-gd,-gd,-g12,-g14;..
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-gd,2*gd+g+g21+922+923+g24,-gd,-922,-924;...
-gd,-gd,2*gd+g+g31+g32+933+g34,-932,-g34;...
-912,-922,-932,2*gr+g12+g922+932,0;...

(Y-¥A) -014,-g24,-934,0,2*gr+g14+g24+934];

(65l 50 WU Sy 285 o3l 4y 425 L Ll 60,5 o abns YL Ly, aiile G 5 90 Y-TA ala, 4o

IS o pmled (oo el ¢ Col 00l o0ls lis KK o ax ol asbe 4 B an a1 LS Kl ol (LS &l
Coglae « S, dewle 5l G a5 Al (o0 (60 8 pazin cwnblon Cwglae glyls ouls eols lis glo Ceond
IS 52 o 39 (omaboliio slo Joslly 55l 4 425 b 45 il (oo 58 bl -l (o dmlons |y o 51 Jola

3953 s glo Jolro sl Cuoglio : Y15 ST

oo s AUEMME & 50 40,8 5067 51 cpitle slo 0,5 cmablins (slo Josl duwlns jglate 4
alais ;o 4 bgye sla MMF ¢ ol o ools (yLis Y-1Y JSa 40 a5 pile (60 o 0950 43 a5 b a5 qoled
20,5 (oo drmlne S y90 @

(¥-YOMMF1=N*(+ib-ic+ia);

(v-f- )MMF2=N*(ib+ic-ia);

(Y-FVH)MMF3=N*(-ib+ic+ia);

g Jolae Jlae e anil ol mte ¢ sl (oo e 40 S92 50 mlie ol 0,5 ST o a5 ol 1 S
walyz 5 Syge 4 MMF 5l laa b gl G ile 0T 40 425 L 5 oyl (o0 St | (nile (puailio y oS
D9

(Y-fv)B=[g*MMF1;g*MMF2;g*MMF3;0;0];

@ ol ol 1 Cenl 00l 3ls Heilial ¥ 5 ¥ ) wiliis b 6,5 4 MMF sl ciile 05,55 Jobas e o
15, 30 & MMFE aio a5 cpl @ a5 b ol oo MME o5l 0 (7)) 5 (V) « (,) slo alys & 50
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Preliminary Design  Min Max Search  Winding Materials Results

Ind dents D dents

Parameter Value Unit Parameter Value Unit
14 Bry 1.5000Tesla  Maximum flu~ [ 33 |wry2 2.7412mm ~
15 |Isw SA/mm"2  Stator wind: [ T34 |wry3 2.7412 mm
[ 16 |ki @.9800 Iron factor [ 35 |wry4 2.7412mm
17 [ar 2.4319 Aspect ratic [36 |dbl 4.0877mm
13 [skew 0.5000 Skew [ 37 |db2 4.0877 mm
[ 19 |bse 1.3000 mm [ 38 [db3 3.4746mm
[ 20 |nse 1mm [ 39 |ba1 8.2670 rad
[21 |hs1 9.500@ mn [0 |pa2 8.1869 rad
[ 22 [g wst 0.9000 wstl/ust2 [ 41 |pa3 9.1215 rad
[ 23 |g_emf 0.9400 Eph/Vph [z |pta1 9.267@ rad
[ 24 Jurib .7000 nm Width of rit [ &3 |pta2 8.1869 rad
[725 |urribl 1.200@ mm Width of rac [a |bta3 8.1215 rad
[ 26 |wrrib2 1mm Width of rac ["a5 |bmal 9.1055 rad
27 |wrrib3 .8000 mm Width of rac [ 26 |bma2 0.1122 rad
[ 28 |g_db2 i db2/dbl [ a7 |wml 12,8972 mm Width of mag
29 |g_db3 @.8500 db3/dbl (28 |wm2 13.0893 mm Width of mag
(30 [g_wry2 0.8a00 wry2/fwryl ["a9 |pd1 3.4746mm
[ 31 [gwry3 0.8000 wry3 furyl [ 50 |bd2 3.0658 mm
[ 32 [gwrys 8000 wryd/uryl [ 51 |pa3 2.0847 mm
[ 33 |g_bal @.8500 bal/(pi/p) 52 |Lmt 179.5366 mm Coil mean ti
[ 34 |g_ba2 0.7000 ba2/ba2 [ 53 |Lspan 49,5760 mm Span length
[ 35 |g_ba3 Eee ba3/bal) [ 54 [Reh 0.3181 chm Phase resist
[36 |g_btal i btal/bal [T55 |Pcu 241.7448W Stator wind:
[ 37 |g_bta2 1 bta2/ba2 [ 56 |As1 1.289. .. mm"2 Area of stat
[ 38 |g_bta3 1 bta3/ba3) 57 Ar1 1.117... o2 Area of rotc
[ 39 |g_bmal @.3950 bmal/bal | se [KgRotor  2.6484Kg Weight of rc
20 |g_bma2 @.6000 bma2/ba2 [ 59 [KgStator  3.8560Kg Weight of s1
[ a1 |g_bd1 @.850@ mm [ 6o [KgWin... 3.4379Kg Weight of wi
22 |g_bd2 0.7500 mm [ 61 |KgMag... 0.3207Kg Weight of me
|23 |g_bd3 @.6000 nm S [ e [KeAct... [IEREERKs Weight of ac.,

< 2> Sketch < >
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Preliminary Design Min Max Search Winding Materials Results

Tt Dependents
Parameter Value Unit Parameter Value Unit

1 @.550@ kil Rated outpula 33 |wry2 2.7412 mm "
[ A [RPM 24@ RPM Rated speed [ 34 Jury3 2.7412 mm
E B 38V Line-to-line [T35 |wry4 2.7412mm
[ 4= 2 TR 0751 |36 [db1 4.0877 mm
s |p 1@ Number of pc [37 [db2 4.0877 mm
(6 g @.4500 mm Air gap leng [ 38 [db3 3.4746 mm
7 Kair 9.5000 Sum(db_i)/ (¢ 30 |bal @.267arad
& |dEFF 0.7000 Desired eff: ["ap |pa2 @.1869 rad
g |dPF @.750@ Desired powe [ 41 |pa3 0.1215 rad
[T10 [Bav @.5e@@Tesla  Magnetic lo: [ a2 |ptal @.267a rad
11 |ac 18 kA/m Electrical ] [ & |pta2 @.1869 rad
12 [Bst 1.500@Tesla  Maximum flu) [ a4 |pta3 @.1215 rad
13 [Bsy 1.50eaTesla  Maximum flw 25 |bmal 2.1055 rad
14 [Bry 1.50@@Tesla  Maximum Flu [ 26 |bma2 @.1122 rad
[ 15 |Jsw 5A/mn"2  Stator wind: [a7 |wm1 12.8972m Width of mag
16 |ki @.9800 Iron factor (23 |vm2 13.0893 mm Width of may
17 |ar @.4319 Aspect ratic a9 |bd1 3.4746 mm
[ 18 |skew 0.5000 Skew [ 50 |pd2 3.0658 mm
|19 |bse 1.3000 nm [51 |bd3 2.0847 nm
[ 20 |hse 1 mm 52 |Lmt 179.5366 mm Coil mean tu
[21 |hs1 .5200 nm 5 |Lspan 49,5760 mm Span length
[ 22 [g wst @.9000 wstl/ust2 [ 54 [Rph ©.3181 ohm Phase resisi
[ 23 |g_emf @.9400 Eph/Vph 55 |Peu 2417448 W Stator wind!
[ 24 |wrib 0.7000 mm Width of rit [ 56 |As1 1.289... mm"2 Area of stal
25 |wrribl 1.2000 mm Width of rac 57 |arl 1.117... "2 Area of rotc
[ 26 |wrrib2 1 mm Width of rac |53 [KgRotor 2.6484Kg Weight of r¢
[ 27 |wrrib3 ©.8000 mm Width of rac 5o KgStator  3.056@Kg Weight of s1
[ 28 |g_db2 1 db2/dbl [ 6o |KgWin... 3.4379Kg Weight of wi
[0 |g_db3 2.8500 db3/dbl |61 KgMag... ©.3207Kg Ueight of me
(30 [g_wry2 0.8000 wry2furyl [ e [Keact... EREERKs Weight of acy
[« > | Sketch < >

Design has been updated successfully, ‘
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Total MMF | Phase MMF ~ SWG & AWG
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Kw =0.933, THD = 14.40%
T T

100 150 200 300
Mechanical Angle [Deg]

Parameter Value Unit C
1 8. 4666 Fill fact
2 |kw .9330 Winding F
3 Np 1 Number of
4 |Lend 16mm Length of
5 [Tw 120 C Maximum t
& |connection ) Winding c
7 |span 5 Coil span
< >
Phase A Phase B Phase C
i 1 5 3 "
[ 2] 2 3 -4
3 | -7 11 9
| 4| -8 -12 10
|5 | 13 17 -15
[ 6 | 14 18 -16
7| -19 -23 2
| & | -20 24 2
[ o | 25 29 27
[ 0] 26 30 -28
Kl 31 -35 33
|12 | -2 -36 34
[ 3] 37 il -39
[ 2| 38 2 -48
15 | -43 -47 a5
v
Design has been updated successfully.
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Preliminary Design Min Max Search  Winding  Materials Results
Parameter Value Unit O Total MMF Phase MMF  SWG & AWG
El'< 3 L0005 Eill fact
2 kw 9.9339 Winding I
. — — Kw = 0.933JTHD = 24.35%
15
— L 1 | T T
4 |Lend 1@ mm Length of
5 [Tw 126¢C Maximum t
6 |connection [ Winding c ’ o \ /—\
7 |span 5 Coil span I\ ! Wy " R
* U T \
¢ Vo o
osp 1 o
P [ I
[ | | | I 1
[ [ [
[ [ [
3 g [ [ [
ol
PhaseA | PhaseB | PhaseC [ [ (.
1 1 5 -3 A ‘I I ‘l ! : !
2 2 6 a4 - I o
3 -7 -11 9 [ [ [
4 -8 -12 10 05 ,\'«L\«v‘; [a%] i)
5 13 17 -15 i "
5 14 18 -16 | 1
7 -19 -23 21 | |
8 20 -24 2 4 .._.,\,.-’if,........ - [ — P —
| 8| T 3
- ’
9 25 29 27 \ ., ., S
10 26 30 -28
11 31 -35 33
12 32 -36 34 s | | | | | | |
13 37 a1 -39 0 50 100 150 200 250 300 350
14 38 42 -40 Mechanical Angle [Deg]
15 -43 -47 45
= v
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Preliminary Design Min Max Search Winding Materials  Resuts
Rotor & Stator

Grades

Grade Active | Loop
M1600_168A
M1008_65A
M235_35A
M250_35A
M258_S8A
M270_35A
M270_S0A
M290_SeA
M360_35A
M310_SeA
M310_65A
M330_35A
M330_S0A
M330_65A
M350_S0A
M358_65A
Mage_sen
M480_65A
M470_S0A
M470_65A
1M536_56A
M530_65A
MeBe_1004
MeBe_SeA
M6B0_65A

UM»MN‘A

=

B [Tesla]

8 m‘r‘m‘m S g‘

27
28

M768_100A
M708_50A
M708_65A

HB Curve  HB Curve (log) Loss

25

0.5

sl o M530-50A oas 4t 5 5 10 5,9 59

-

M530-50A

0.5

H [A/m]

25
x10°

x

1000000000000 000C00000000o00onon
jo0o0oo0ooooooooooooooooooooooon

29 [M308_100A
R SA4

Design has been updated successfully,
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Min Max Independents Valid Designs
Parameter Min Value = Max Value  Counts | Enable Pout RPM Vt Ns. P g Kair dEff dPF B

T e 6.3060 0.6000 3 O Al 8.5560 248 38 68 18 0.4500 ©.2000 0.7000 2.7508 ~
[ 2 [Kair 0.2000 ©.8000 3 2] 8.5580 240 8 68 10 0.4500 0.2000 0.7000 0.7500
[ 3 |aEff 0.9000 ©.9200 3 0 | 3 | 0.5500 240 38 60 10 ©.4500 .2000 .7000 0.7500
[ 4 |orF 8.7000 3 g o] 8.5560 248 38 66 10 2.4500 2.2600 2.7600 .7500
[5 |sav 0.4000 3 s | 8.5500 248 38 68 10 0.4500 2.5000 0.7000 0.7508
[6 Jac 15 3 6 | 0.5508 240 38 60 10 0.4500 ©.2000 0.7000 8.7500
[ 7 |Bst 1.3880 3 O [ 7| .5580 240 38 60 10 8.4500 ©.5000 ©.7000 ©.7500
[ s [Bsy 1.3000 3 0 | s | 0.5500 240 38 60 10 ©.4500 .2000 0.7000 .7500
s [Bry 1.3000 3 O B 8.5560 248 38 66 16 2.4500 2.5600 2.7600 .7500
[0 [3sw 3 5 3 [0 | 0.5508 240 38 60 10 0.4500 ©.2000 0.7000 8.7500
[11 |ar 1.5008 s | [ 1| 8.5580 240 38 ) 10 0.4500 0.5000 0.7000 0.7508
[ 12 |gwst 1 3 0 | 12 | 0.5500 240 38 60 10 ©.4500 .2000 0.7000 .7500
[ 13 |g_enf 8.9560 3 O 3] 8.5560 248 38 66 16 2.4500 2.5600 2.7600 .7500
[ |g_db2 8.7000 1 3 O e | 8.5500 240 38 =) 10 0.4500 2.2000 0.7000 0.7500
o2 a_2aan a = =5 | 8.5580 240 38 68 18 .4580 0.2000 0.7008 .7508
(i [ Dlpaniines 6 | 0.550@ 20 38 60 10 0.4500 2.2000 2.7800 8.7500
- | poremeter | WinVoluc | Mo Vale | pase 7| 0.5500 20 3 60 10 0.4500 2.2000 0.7000 0.7500
e B e 18 8.5500 248 38 66 10 2.4500 2.5600 2.7600 .7500
e 0 170 s | 8.5508 248 38 68 10 0.4500 0.2000 0.7000 0.7508
e T o [0 | 8.5508 210 8 68 10 0.4500 0.5000 0.7000 0.7500
b1 ) — |21 | 0.5500 240 38 66 18 0.4500 ©.2000 .7000 .7500
3353 - it [2 | 8.5560 248 38 66 10 2.4500 2.5600 2.7600 .7500
b3 3 — 2| 8.5508 248 38 68 10 0.4500 0.2000 0.7000 0.7508
e - z [2a | 8.5508 210 8 68 10 0.4500 0.5000 0.7000 0.7500
a2 0 o 25 0.5500 240 38 66 18 0.4500 ©.2000 .7000 .7500
2% 8.5500 248 38 66 10 2.4500 2.5600 2.7600 .7500
27 | 8.5500 248 38 68 10 0.4500 0.2000 0.7000 0.7508
| 28 | 8.5580 240 8 68 10 0.4500 0.2000 0.7000 0.7500
| 29 | 0.5500 240 38 66 18 0.4500 ©.2000 .7000 .7500

[ 30 | 0.5500 240 38 68 18 0.4500 0.2000 .7000 0.7500 .

< >

Design has been updated successfully.
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Min Max Independents Valid Designs
Parameter | Min Value | Max Value | Counts | Enable h Peu Asl Arl KgRoter KgStator KgWinding KgMagnets KgActiveParts span
1 e 8.3000 3 O Al 1 p.1768  129.7939 1.6986e+84 1.8583e+84 2.6654 4.2781 5.1273 8.6931 12.1638 5 A
[2 |Kair 6.2000 ©.8000 3 | 2 p.1463  106.6310 2.1838e+64 1.1330e+84 2.6854 4.9862 4.2123 0.0942 11.9781 s
[ 3 |dEfF 6.9800 ©.9200 3 O | 3 p.2053  156.0879 1.581@e+84 8.8547e+83 1.9855 3.8972 6.1628 6.0688 12.1143 s
[ 4 |aPF 0.7000 0.8000 3 0 | 4 p.1680  127.6705 1.5227e+@4 8.7436e+03 2.0008 3.4844 5.0434 0.0696 10.5982 5
[ 5 [Bav 8.4800 3 | 5 p.1688  127.6785 1.5227e+84 1.8425e+84 2.3855 3.4844 5.0434 8.2883 11.2016 5
[6 Jac 15 3 | 6 p.1486  112.9551 1.2690e+64 9.3618e+03 2.0160 2.7327 4.4621 6.0704 9.2812 s
[7 st 1.3600 3 O | 7 p.1486  112.9551 1.2698e+84 1.8996e+84 2.3678 2.7327 4.2621 6.2935 9.8561 s
[ s [Bsy 1.3000 3 0 | 8 £.2029  154.2300 1.@68le+@4 6.9462e+03 1.5895 2.4440 6.0926 0.0549 10.1810 5
[ fpry 1.3000 3 O | 9 P.2029  154.2300 1.868le+64 8.4141e+83 1.9254 2.4449 6.6926 8.2258 10.6879 5
[T10 [Isw 3 s 3 |10 p.1748  132.5856 7.6638e+03 7.5467e+03 1.6619 1.6279 5.2376 7
[11 |ar 1.5600 s 3 0O | 11 p.1744  132.5856 7.6634e+83 9.8081e+83 1.9119 1.6279 5.2376 .2299
[ 12 |gwst 1 2 3 0 | 12 .1542  117.2018 5.463@e+@3 8.0741e+03 1.6140 1.0921 4.6299 8561
[ 13 |g_emf 8.9500  ©.9900 3 O | 13 p.1542  117.2018 5.4630e+63 9.4942e+03 1.8979 1.0921 4.6299 .2348
|14 |g_db2 8.7800 1 3 0O [ 14 p.2386 181.3405 1.4377e+84 1.8583e+04 2.6654 3.6211 4.8295 8931 Sort vs This Column
Doe o dn3 2 7000 1 2 o “1s p.2067  157.0707 1.6767e+84 1.1330e+84 2.6854 3.9739 3.4902 .0942 Pick Design
AHDNE ABEDENCENES | 16 B.2973  225.9896 1.2413e+84 8.8547e+03 1.9855 3.0597 5.0216
; Itpm”‘m' M‘”VE'“EB M”V"“; '”‘g‘e |17 p.2456  186.6892 1.5431e+04 8.7436e+03 2.0008 3.5312 4.1483 . .
stk B I 18 B.2456  186.6892 1.543le+Bd 1.8425e+84 2.3855 3.5312 4.1483 6.2883 16.3533 s
o 0 270 | 19 2.2059  156.5257 1.6482e+@4 9.3618e+03 2.0160 3.5491 3.4781 0.0704 9.1135 5
e 5 e | 20 p.2659  156.5257 1.6482e+B4 1.8996e+84 2.3678 3.5491 3.4781 8.2935 9.6885 5
b1 5 of O |21 p.2949  224.1466 1.3946e+04 6.94620+03 1.5895 3.1912 4.9807 6.0549 9.8163 s
o > ™ O 22 P.2949  224.1466 1.3946e+84 8.4141e+03 1.9254 3.1912 4.9807 0.2258 16.3232 s
—ibs 5 i | 23 2.2433  184.8866 1.2970e+@4 7.5407e+03 1.6019 2.7552 4.1083 0.0555 8.5208 5
= - T 24 p.2433  184.8866 1.2978e+84 9.0801e+03 1.9119 2.7552 4.1083 8.2299 9.0053 5
a2 0 o0 |25 p.2153  163.6695 1.0780e+04 B8.8741e+03 1.6140 2.1550 3.6368 6.0561 7.4620 s
26 P.2153  163.6695 1.8780e+84 9.4942e+03 1.8979 2.1550 3.6368 6.2340 7.9238 s
| 27 p.3845  231.4399 1.3177e+84 1.0583e+04 2.6654 3.3189 3.2913 0.0931 9.3687 5
| 28 P.2668  202.7695 1.4822e+84 1.1330e+84 2.6854 3.5129 2.8836 8.6942 9.1761 5
|29 p.3827  290.8833 1.1144e+64 8.8547e+83 1.9855 2.7471 4.1367 6.0688 8.9381 s
| 20 p.3243  246.4643 1.2954e+64 8.7436e+83 2.0808 2.9644 3.5850 6.0695 8.5398 5.
< >

Design has been updated successfully,
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— Adjust "ar" for "De_max" ol Dependents
Adjust "Bav" for “Lstkmax” || Parameter | Value Unit

LW initialize Rotor Sketch dJoutputa | 33 [wry2 2. 7412 mm "
L4 Adjust "Kair' for Dsh_min dfspeed | 34 wry3 i
" A AdjustBry for Dsh_min Jo-Lin | 35 Juryt 2.7412m

4 ef of si 36 |dbl 4.@877 mm
— Optimize Rotor Geometry |

= el OF pC 37 |db2 4.0877 nm

6|8 @ 4500 mm Tar gap lemy [ 38 [db3 3.4746 mm
7 Kair 9.5000 Sum(db_i)/ (¢ 30 |bal @.267arad
& |dEFF 0.7000 Desired eff: ["ap |pa2 @.1869 rad
g |dPF @.750@ Desired powe [ 41 |pa3 0.1215 rad
[T10 [Bav @.5e@@Tesla  Magnetic lo: [ a2 |ptal @.267a rad
11 |ac 18 kA/m Electrical ] [ & |pta2 @.1869 rad
[ 12 [Bst 1.5000 Tesla  Maximum flw [ a4 |pta3 0.1215 rad
13 [Bsy 1.500@Tesla  Maximum flw [ 45 |bmal @.1055 rad
14 [Bry 1.50@@Tesla  Maximum Flu [ 26 |bma2 @.1122 rad
[ 15 35w 5A/mm"2  Stator wind: [a7 |wm1 12.8972m Width of mag
16 |ki @.9800 Iron factor (23 |vm2 13.0893 mm Width of may
17 |ar @.4319 Aspect ratic [ a9 |bd1 3.,4746 mm
[ 18 |skew 0.5000 Skew [ 50 |pd2 3.0658 mm
| 19 |pse 1.3000 nm [751 |bd3 2.0847 mm
[ 20 |hse 1 mm 52 |Lmt 179.5366 mm Coil mean tu
[21 |hs1 .5200 nm 5 |Lspan 49,5760 mm Span length
[ 22 [g wst @.9000 wstl/ust2 [ 54 [Rph ©.3181 ohm Phase resisi
| 23 [g_emf 0.9400 Eph/Vph 55 |Pcu 241.7448W Stator wind:
[ 24 |wrib 0.7000 mm Width of rit [ 56 |As1 1.289... mm"2 Area of stal
25 |wrribl 1.2000 mm Width of rac 57 |arl 1.117... "2 Area of rotc
[ 26 |wrrib2 1 mm Width of rac |53 [KgRotor 2.6484Kg Weight of r¢
[ 27 |wrrib3 @.8000 mm Width of rac [se [KgStator  3.@56@Kg Weight of st
[ 28 |g_db2 1 db2/dbl [ 6o |KgWin... 3.4379Kg Weight of wi
[0 |g_db3 2.8500 db3/dbl |61 KgMag... ©.3207Kg Ueight of me
(30 [g_wry2 0.8000 wry2furyl [ e [Keact... EREERKs Weight of acy
[« > | Sketch < >
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& EMDLAB - X
File Design Advisor| FEATools  Help
Preliminary Design SynRM -> Calculate Magnetic Loading
SynRM -> Calculate Static Torque Dependents
Parameter SynRM -> Calculate Flux Linkage vs Current Parameter | Value |  Unit
1 SynRM -> Calculate Torque Map | 33 |wry2 2.7412 mm "
| 2 [RPM SynRM -> Run Steadly State Analysis | 3¢ wry3 2.7412 mm
| 3 vt PMaSynRM -> Calculate Magnetic Loading | 35 Juryt 2.7412m
|4 [Ns PMaSynRM -» Calculate Static Torque | 36 |dbl G
| 5 [P PMaSynRM -> Calculate Flux Linkage vs Current | 37 |db2 A.0877m
| ¢ & = PMaSynRM -» Calculate Torque Map / idbs BATI]
7 |kair 3 |bal 0.267arad
— PMaSynRM -> Run Steady State Analysis >
5 |dEFF 20 |pa2 0.1869 rad
5 |dPF Generate & Run Script > o |ba3 0.1215 rad
[ 10 [Bav FEA Settings [ a2 |pta1 @.2670 rad
1 lac T Trectrrea 13 |pta2 @.1869 rad
[ 12 [Bst 1.5000 Tesla  Maximum flw [ a4 |pta3 0.1215rad
13 [Bsy 1.500@Tesla  Maximum flw [ 45 |bmal @.1055 rad
14 [Bry 1.50@@Tesla  Maximum Flu [ 26 |bma2 @.1122 rad
15 [Isw 5A/mm*2  Stator wind: (a7 [wml 12.8972 mm Width of mag
16 ki 0.9300 Iron factor T4z |jwm2 13.@893 mm Width of mag
17 |ar @.4319 Aspect ratic [ a9 |bd1 3.,4746 mm
[ |skew @.5000 Skew [ 5o |bd2 3.0658 mm
[ 19 |pso 1.3000 mm [51 |ba3 2.0847 mm
20 |hs@ 1 mm 52 |Lmt 179.5366 mm Coil mean tu
[21 |hs1 .5200 nm 5 |Lspan 49,5760 mm Span length
E&wst @.9000 wstl/ust2 [ 54 [Rph ©.3181 ohm Phase resisi
| 3 [g_enf 0.9400 Eph/Vph [55 |Peu 241.7448W Stator wind:
24 |wrib 0.7000 mm Width of rit [ 56 |As1 1.289. .. mm"2 Area of stat
25 |wrribl 1.2000 mm Width of rac 57 |arl 1.117... "2 Area of rotc
Ewr‘r‘ibl 1 mm Width of rac |53 [KgRotor  2.6484Kg Weight of r¢
| 27 |wrrib3 @.8000 mm Width of rac [se [KgStator  3.@56@Kg Weight of st
28 |g_db2 1 db2/dbl [ 6o |KgWin... 3.4379Kg Weight of wi
[0 |g_db3 2.8500 db3/dbl [ 61 [KeMas. - - 207 Kg. Ueight of me
E&wr‘yl @.8000 wry2furyl [ e [Keact... EREERKs Weight of acy
< > Sketch < >

Design has been updated successfully,
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&% EMDLAB - X
File Design Advisor | FEATools Help

Preliminary Design ~ Mj SynRM -> Calculate Magnetic Loading

SynRM -> Caleulate Static Torque di
Parameter SynRM -> Calculate Flux Linkage vs Current Paremeter | Value Unit

1 SynRM -> Calculate Torque Map 33 [wry2 2.7412mm A
[ ][ SynRM -> Run Steady State Analysis [ 34 [ury3 2.7412mm
I PMaSynRM -> Calculate Magnetic Loading | 35 Jury4 2.7412/mn
L]k PMaSynRM -> Calculate Static Torque | 36 [db2 ELET
g L T o A P e 0/ oo oo]) | 37 |02 A4.0877/nn
L& PMaSynRM -> Calculate Torque Map / | 38 [db3 EEt

7 [Kair 39 |pal 0.2670 rad
e PMaSynRM -> Run Steady State Analysis b2 YT
"y |apr Generate & Run Scri ANSYS Maxwell -> Update Project Variables et loa3 6 1215 rad
[0 [Bav FEA Settings NSOl dCens st SR oo | a2 |ptal 0.2670 rad
11 fac 18 kA/m Electrical ] DRl SRR | a3 [pta2 0.1869 rad

12 [Bst . 5000 Tesla  Maximum flur a4 |bta3 0.1215 rad
[ 12 [Bsy YUY T YT e 45 [pma1 0.1055 rad

14 [Bry 1.5000Tesla  Maximum fluw 46 |bma2 0.1122 rad
|15 [psu SA/mm*2  Stator winds 27 fuml 12.8972mm Width of mag
|16 [k 0.9800 Iron factor 8 [um2 13.0893 mm Hidth of mag
[17 | 0.4319 Aspect ratic 49 [bd1 3.4746mm

18 |skew 0.5000 Skew 50 [bd2 3.8658 mm
|19 [bse 1.3000 mm |51 [bd3 2.0847 mm
[ 20 |hs@ 1mm [ 52 |Lmt 179.5366 nn Coil mean tu
[ |hs2 ©.5600 mm ['53 |Lspan 49.5760 mm Span length
[ 22 Jg_ust 0.9000 wstl/wst2 54 |Roh 0.31810hm Phase resist
23 |g_enf 0.9400 Eph/Vph 55 |Peu 24174484 Stator wind:
|24 |urib 0.7000 mm Width of rit ["s6 |As1 1.289. Area of stal
[25 [wrribl 1.2000 mm Width of rac [ 57 [ar1 1.147. Area of rotc
[26 |wrrib2 1mm Width of rac [ 58 [KeRotor  2.6484Kg Height of rc
["27 |wrrib3 6.8000 nm Width of rac ["s0 |[kgStator  3.e560Kg Weight of st
| 28 |g_db2 1 db2/dbl [0 |kguin... 3.4379Kg Weight of wi
| 29 |e_db3 ©.8500 db3/dbl 61 [KgMag... 0.3207Kg Weight of me
[ 30 [g_ury2 0.8000 wry2furyl Weight of ac,

< > Sketch 4

Design has been updated successfully.
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Static-Torque SynRM-Static-Torque 4

! Curve Info max
| —— Torque'Sistk10

Setupl : LastAdaptive | 182197

20.00

Torque*$lstk 10
*
~ 5
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g 8
L
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PMaSynRM-Static-Torque 4

25.00
— Curve Info max
20.00 — —— Torque*10*$istk
| Setupl : LastAdaptive 23.7505
15.00 —
] -
2
il -
S
%10.00 —|
> -
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S -
5.00 —
0.00 —
-5.00 —— —— —7T— T —T— —— T
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alpha [deg]
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Linkage Flux [Wb]

0.33
Msynrm = E =1.74
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0.33
nSynRM = E = 253 Y-%)

d-flux = 0.33, q-flux = 0.13
0.35 T T T T T

Linkage Flux [Wb]

0 01 02 03 04 05 06 07 08 09 1
Is (pu) [A]

PMaSynRM (¢ il Jsoi ails : ¥-Y$ IS

)9'« & S/ &oste V_A_a
gy D yg0 4y JS (pl 50 Ll 2 ams o Lid |y, SYNRM (gl ool dlre jolisd acis o
Ol s o 00.iS [ jete Ceomw 4y b,z HolliS IBI L Heige ) 0ed co 0us aF jshailen it

29,5 5o gy Rl ey ol

AA



92050 3 (ilSe) Hoige diged S colu g (Blb (S8 IS (g

DOI: 10.30503/nripress.2020.352 . . .
2% 98 Sr 9095 1000 Gly

29.4059
~
N
25.7243
AN

N AN
N 22.0427 i
N \

1, (PU) A]
. /
o
/\ b

1, (PU) A]
SYNRM (gl jelcid ali : ¥-YV i
I ool o 1.3).2.6—‘ oo,S adlal Jlaes o plas | PMaSynRM |g590 slp ,olied aca &
o0 090wiS 0 jgmme Cooms o ,9liiS (slo,gilS Lyual 0,5 aBlol b ogd o oaus a5 jshilen ol dgpuino
23,5 (o0 ,5liS 5 Ol po SRl el el cnl g
Sk (plaS 09l (oo 0yd JSS 4y azgi b el e (5 VY Ry (nl 50 Bas j5ige (ol jglias
ool Jlazeial BB Cogp V(o Gl po ,sliaS

A4



92050 3 (ilSe) Hoige diged S colu g (Blb (S8 IS (g

DOI: 10.30503/nripress.2020.352 . . .
2% 98 Sr 9095 1000 Gly

l, (PU) [A]

Iy (Pu) [A]
PMaSyNRM (sl ygleS aitdi : Y-V A JS

W15 cdlo 65l dums F-A-F

Ly seoe, ole dad cpl jo ol solawl jgige (ool Slastin dwlxe sl pils S (g5lw ancs
0055 B B e e @3B A Gl g ol cull cs

Sgds oo 00y &S jelailen a2 o olii |y SYNRM s cdl> g3l anss 5l Jol> s S
ol OlP mpd eizmed el do 0 A dgus jgliiS ) g Sl e Gigs VP (2gy5 yglidS (Sl
5t Sile w0 o L |, PMASYNRM 5l acis 3l Jol> ol IS ol oo+ 7 ply 9950
Sk oo VYl S 0 Gl o pd izres Sl 00,0 VYl jglisS oy g e (g V00

& eSlee HsliS 5 5 pd (Rl el Lpial 08 Lol a5 0gh e 0 i 4 4z g L
ol 258 1 (gile s (l 50 00,5 (o0 5 ot oy il el Lytal 0,5 Aol izeen 09
el 00 T oSl Ll gl caal ojlul 4y giliw] dlis aS

2 Skew



Phase Voltages [V]

Phase Back EMFs [V]

30

20

10

30

20

10

DOI: 10.30503/nripress.2020.352

2130 9 (il gly jeige Aiges SO cSlw g (b (S8 WIS o gus
Tz 90 S 90095 ol sy

Phase Currents [A]

Voltage & Current of Phase A [pu]

N
18 36 54 72
Rotor Angle [deg]
18 36 54 72

Rotor Angle [deg]

2 Pcu = 247.23 [W], Pfe = 1.04 [W]

10

.30 . . .
0 18 36 54 72

Rotor Angle [deg]

PF = 0.60

0.5

-1 L
0 18 36 54 72
Rotor Angle [deg]
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Phase Flux Linkages [Wb]

Electrical Torque [Nm]
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Rotor Angle [deg]
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Ave = 15.96, Ripple = 0.08
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36
Rotor Angle [deg]

54
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Voltage & Current of Phase A [pu]

36 54 72
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% Pcu = 247.23 [W], Pfe = 1.06 [W]

201 1

-30 ' : :
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IRV P CRP VWIS IECT. DU T FYRTN 1 IR I ULA S VIR L SR PO g

Independents Dependents
Pout-Rated [W] ‘ Speed [RPM] | Do [mm] | Lstk [mm] — Efficiency [%] | Power Factor | T-desired [N*m)] ‘ [l ‘ Litviagnets ‘ KgActiveParts [Kg] | Pcu [W] —
[nvml] ] [iNml] 6] |
350 200 260 25 60.61% 0.76 16.71 12.6 75.40% 4.11 24.60% 7.7 217
350 220 260 23 61.03% 0.75 15.19 119 78.33% 3.29 21.67% 7.2 213
350 240 260 21 61.57% 0.75 13.93 10.8 77.55% 3.13 22.45% 6.8 208
450 200 265 32 63.60% 0.74 21.49 17.2 80.05% 4.29 19.95% 9.35 243
450 220 265 45 64.42% 0.73 19.53 156 79.87% 3.93 20.13% 8.7 235
450 240 265 26.6 64.98% 0.73 17.90 143 79.87% 3.60 20.13% 8.2 229
550 200 270 375 66.07% 0.72 26.26 213 81.11% 4.96 18.89% 10.9 266
550 220 270 33 67.20% 0.72 23.87 195 81.68% 4.37 18.32% 10 252
550 240 270 30 67.86% 0.71 2188 178 81.34% 4.08 18.66% 9.4 244
650 200 275 40 68.67% 0.71 31.04 255 82.16% 5.54 17.84% 12.2 277
650 220 275 36 69.41% 0.71 2821 23.1 81.87% 5.11 18.13% 11.4 267
650 240 275 33 70.01% 0.7 25.86 21.2 81.97% 4.66 18.03% 10.6 259
750 200 280 44 70.06% 0.71 35.81 29.2 81.54% 6.61 18.46% 13.7 298
750 220 280 40 70.79% 0.7 3255 265 81.40% 6.05 18.60% 12.7 287
750 240 280 36.8 71.39% 0.7 29.84 243 8143% 5.54 18.57% 11.9 278
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Parameter Symbol Unit Value
Rated Power F W 500
Battery Voltage V V 48
Rated Speed N rpm 200
Efficiency il %o 65-70
Torque Ripple - Yo =10
Stack Length Loy mm <30
Rotor Outer D, mm <270
Diameter

Sl 555, 45 o o325 4 el 5 5 oo 5152 o, (350 5 552 FEA Sl aolin
FEA 51 Y-YY S 50 sods (53l ool PMaSYNRM (gl al> o g0 1k 0] ,8 08 oo 0,26 1y (oo

STEP 1
(e I
| Determine stator Set motor I
. Stator
| discreet parameters . N parameters I =
3 dimensional 3 =
| (number of poles, N (nominal | 73
o ) design )
| winding turns, ..) values) |
| o e e o e e A o |
STEP 2
I | e ——— = T |
I Set rator Design rotor Check the !
! dimensional barriers (number of mechanical |
I constraints barriers, PMs, ..) constraints :
| NO NO |
YE
I il
= I\'l N e-bike Calculate acceptable |
'E P2 requirements are dependent variables (Power, !
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Design ID: SynRM_PMaSynRM_205031

11-Jul-2020
Parameter Unit Value Description

Pout kW 0.55 Rated output power

RPM RPM 240.00 Rated speed
‘ Vit ” \Y% ” 38.00 || Line-to-line terminal voltage |
‘ Ns ” ” 60.00 || Number of stator slots |

p 10.00 Number of poles

g mm 0.45 Air gap length

Kair 0.50 Sum(db_i)/(Sum(db_i) + Sum(wry_i))

dEff 0.70 Desired efficiency

dPF 0.75 Desired power factor

Bav Tesla 0.50 Magpnetic loading
[ac [kam [ l1800 | Electrical loading |
‘ Bst || Tesla ” 1.50 || Maximum flux density in stator tooth |
‘ Bsy || Tesla ” 1.50 || Maximum flux density in stator yoke |
‘ Bry ” Tesla ” 1.50 || Maximum flux density in rotor yoke |
‘ Jsw ” A/mm”2 | 5.00 || Stator winding current density |

kf 0.45 Fill factor

kw 0.93 Winding factor

Np 1.00 Number of parallel path

Lend mm 10.00 Length of coil before bending

Tw ” C ” 120.00 || Maximum temperatue of winding

ki 0.98 Iron factor

connection 0.00 Winding connection: 0 for Star and 1 for Delta

ar 0.43 Aspect ratio

VOY



DOI: 10.30503/nripress.2020.352

2150 9 (iliSgly joige diged S CElw g 2k (S8 lo (g

Tz 90 (S 90095 ol sly

skew 0.50 Skew

bs0 mm 1.70

hs0 mm 1.00

hs1 mm 0.50

g wst 0.90 wst1/wst2

g emf 0.94 Eph/Vph

wrib mm 0.70 Width of rib

wiribl mm 1.20 Width of radial rib 1

[ wirib2 [mm | 100 || widih of radial rib 2 |
| wirib3 [mm  Jos0 || Width of radial rib 3 |
g db2 1.00 db2/dbl

g db3 0.85 db3/dbl

g wry2 0.80 wry2/wry |

g wry3 0.80 wry3/wryl

g wryd 0.80 wry4/wry |

o bal I 0.85 | balpifp)

g ba2 0.70 ba2/ba2

g bal 0.65 ba3/bal)

g _btal 0.50 btal/bal

g_bta2 0.30 bta2/ba2
|2 bta3 I [ 0.60 | bta3/ba3) |
\ ¢ bmal || || 0.40 || bmal/bal |
g bma2 0.60 bma2/ba2

g bdl mm 0.85

g bd2 mm 0.75

g_bd3 mm 0.60

Pin kW 0.79 Input Power
1t A [1592 | erminal current |
‘ Tout " Nm ” 21.88 " Rated output torque |
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vyl em Jss | |
S [ B |
ECSR o R |
T o |
I o |
| db2 [mm [ 400 I |
db3 mm 3.47

bal rad 0.27

ba2 rad 0.19

ba3 rad 0.12

btal rad 0.13

bta2 rad 0.06

o e Jor | |
‘ bmal ” rad ” 0.11 ” |
bma2 rad 0.11

wml mm 12.90 Width of magnet 1

wm2 mm 13.09 Width of magnet 2

bd1 mm 3.47

bd2 mm 3.07

bd3 mm 2.08

Lmt mm 181.78 Coil mean turn length

Lspan mm 50.70 Span length

Rph ohm 0.32 Phase resistance

Pcu W 24476 Stator winding copper loss

Asl mm”2 12230.83 Area of stator lamination

Arl [mm2 | 1144921 | Area of rotor lamination

KgRotor Kg 2.71 Weight of rotor core

KgStator Kg 2.90 Weight of stator core
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KgWinding Kg 3.48 Weight of winding copper
KgMagnets Kg 0.32 Weight of magnets
KgActiveParts || Kg 9.41 Weight of active parts
span || ” 5.00 || Coil span
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