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Abstract

Subject of the present work is the study, optimization, simulation and construction of
a small axial flux core less generator with permanent magnets for grid connected wind
energy applications.

An introduction is made on the principles of appropriate technology applications
while also presenting the basic concepts of aerodynamics and turbine orientation, that
will be used.

The complete sizing process of a 3kW generator is presented, incluiéng t
determination of the nominal operating conditions and the total set of dimensions of
the generator. The dimensions of the coils and of the magnets are determined, as well
as the total weight and cost of the generator.

According to the previous apprdathe design is optimized. Thmole arce to pole

pitch ratioand the ratio of the internal to the external diameter are optimized for
lowest cost. Further more the factors of frequency and magnet thickness are
examined.

The optimized design is simulateand constructed. The generator is tested in the
laboratory and the resulting measurements are compared to the simulation results.

Further on, the DC coupling of a similar wind turbine is examined. Initially, the direct
coupling of an 850W small wind toine with batteries is simulated, and in
continuation a series inductance is added for the improvement of the annual energy
yield. The above arrangements are tested and measured in the laboratory and the
results are compared with those of the simulation.

Finally, conclusions are drawn and proposals for improvements and further work are
presented.

Key words:

appropriate technology, low cost, rural electrification, axial flux generators,
permanent magnets, optimization, microgrids, AC coupling, DC couptirgct
battery connectionnductance connectigenergy output enhancement.
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Torque/volume vs. power
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Magnet weight vs. power
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Hms( ) ) Tmech (Nm)

0.5 11.92

1.0 27.79

1.5 43.03

2.0 58.08

2.5 73.59

3.0 87.96

3.5 101.84

4.0 115.29
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Irms (A) VA (V) ViB (V) VtC (V) Vtavg (V) Pel (W)

1.00 265 266 265 265.33 794.4

1.51 262 261 261 261.33 1183.8

1.99 258 258 257 257.e/ 1538.3

2.49 250 252 251 251.00 1875.0

3.02 247 247 246 246.e/ 2234.8

3.51 239 241 240 240.00 2527.2

4.00 230 231 229 230.00 2760.0

a3z Usa U BUMeUUsoae UYOd, Ue ;Ui eU oUs d dal

280

Wt calculated
—&— Wt measured |7

275}

270+

265
260}

245

S
240+ \\
235} \
1 1 it 1 o

230
1

} Ui e

Co C

121



3000

Pel calculated
—&— Pel measured e

2500 A s

]
o
=]
[=]
1

Pelectric (V)

1500 / 1
1000 F / 1

500 | L .
1 15 2 25 <f 35 4
Irms (A)

Zcee U ¢6 .dloUelijcaege h vd ¢ 00
U'fp Uds "6

, , P ~ . o - ~ p -
A 95 aya3, Uy uudyeielU GUes Uaegoy) YUle hHU»s
- ° o ~ ~ ~ , , °
desUes3egUsled aUs dq e€had UsaaUoe g g YJeU»s
s , . . - ., < . o o
uUvaddysy GUe Ui asoag U g6 UGYaeU 0OGUds UUy eUU
- , ° - . ~ -
uds jeldesesgavid Us t Uea GdvyYeaeU auds 95 U
Tek Sl H Tigd M Pos: 2600ms  MEASURE Tek  JL.  ETiod MPos: 2600ms  MEASURE
+ +
CHa CHz2 0ff
RRAS T
EEI
CH3 ; £H3 Oif
RS i Aib3
2350
CHd
CHA Off RMS
Phase Ja5maA
CHA
Freqg
il 15H:
Il 5.00ms
CH2 200¥ M 5.00ms CHA S00MA  24-Feb—11 19:23
CH3 200¢ 24-Feb-11 1922
(U) (9)
Tek  J.. [ Tiod Pos: 250.0Hz MATH Tek L. @ Tiod Pus: 250,0H: MATH
H Operation T Operation
| FFT
i Source i Fource
! CH1 ! CH
M Mo
Window Windiow
i FFT Zoom . FFT Zoom
CHI 10008 S00Hz (1.00KS/5) Hannina CHA100d6 50,0z C1.ODKS/5) " Hannina
24-Feb~11 1324 24-Feb=11 1925

(b) (u)
FeceeU (680)18: U0} ¢ UBsmeedd ) bYgd o0 dgieoylfid ¢ U Us &

U3 Y oFodrigro o U

Ud dyad jJ. A addd aUe (2) d ag:e
G

U (0) d Us Boufieleoscd UsyYeagld

Co

122



ZUd Gg3syeUsU, €U0 Ud beedUsU Udd e©edeUssoaed
G0lieseysrvys UGagd GdYzmdied; sUd dU g'(3&309ﬁ00
ey UaU o050 esesU@Mﬁay@u&@p@uw@d@Om fUed
eUo¥Yaae oUdit d GglGGyry UiesUUs HaU UU U
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J’ Y3

K

Y—

trms (A) Vt avg Pelectric | ¢mech Pmech | Efficiency
GUGs (W) (Nm) (W) (%)
V)
1.00 265.33 794.4 28.52 895.67 88.69
1.51 261.33 1183.8 43.52 1366.50 86.63
1.99 257.67 1538.3 57.58 1807.89 85.09
2.49 251.00 1875.0 72.22 2267.68 82.68
3.02 246.67 2234.8 87.74 2755.06 81.12
3.51 240.00 2527.2 102.09 | 3205.66 78.84
4.00 230.00 2760.0 116.44 | 3656.25 75.49
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G0 ecUedee fRerd dUjyesoay UGal.
avyad )
E (]) Va(V) Ra(q )
1,01 8,5 8,42
2,02 17 8,42
3,01 25,5 8,47
35 29.8 8,51
GYad o
E (1)) Vo(V) Rs (q )
1 8,3 8,3
2,01 16,8 8,36
3,01 25,3 8,41
3,5 29,6 8,46
oyaq
E ()) Ve (V) Rc(q )
1,01 8,4 8,32
1,99 16,6 8,34
3,01 25,1 8,34
3,48 29,3 8,42
Rave (4 ) 8.39
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n VA ViB VIC | Vtavg| lac Vdc | Idc Pac Pdc
RPM)| V) WM | A | M A M A W] W

3042 | 242 | 242 | 246 | 24.33| 0.269| 544 | 0.50| 19.6 27.2

5898 | 46.8 | 48.1 | 470 | 47.30| 0.672| 105.3| 1.00| 95.4 | 105.3

90.00 | 714 | 712 | 716 | 71.40| 1.13 | 159.6 | 1.52| 242.0 | 242.6

120.60| 96.4 | 96.2 | 96.2 | 96.27 | 1.54 | 212.3| 2.06 | 444.8 | 437.3

148.80| 1190 | 1180 | 1170 | 118.00f 1.91 | 260.1| 2.52 | 676.1 | 655.5

179.76| 1430 | 1430 | 1410 | 142.33] 2.31 | 310.3| 2.98 | 986.4 | 924.7

210.18| 1580 | 1680 | 1690 | 165.00] 2.57 | 361.5| 3.47|1272.1| 1254.4

239.52| 1870 | 1870 | 1860 | 186.67| 3.06 | 409.3| 3.96 | 1713.6| 1620.8

270.36| 2150 | 2150 | 2020 | 210.67| 3.46 | 458.6 | 4.43 | 2186.7| 2031.6

301.38| 2360 | 2370 | 2370 | 236.67| 3.86 | 519.7| 4.91| 2740.6| 2551.7
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9.1: zyUydad Udd oUsseUysUd g h GgsdeaUlUd
EUs GdeUae UgUR dU eU0U0) ddUa dDCglavgl qUdd o
UseoscUsoiosariidd AUUs GgsuyUUUs UseydyUed G
]} 690 dU e UU00ddbBae Ud sffptlggiea Uyd Uds Us
eUUjetUsd GUas3e3U0UUs GUes YaszUalU 9. 1:
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n (RPM) Efab (V) Efac (V) Efbc (V) Efavg Efavg
a9 1 (Ul 4
51.33 8.56 8.67 8.74 8.66 4.99
100 16.8 16.9 17.2 16.97 9.8
149.7 25.4 25.4 25.2 25.33 14.62
200.8 33.5 33.8 34.6 33.97 19.61
250 41.7 42.2 43.6 42.5 24.53
300.3 50.5 50.8 51.8 51.03 28.88
349.7 58.6 59 60.3 59.3 34.24
400 67.4 67.6 69 68 39.25
449.6 75.5 75.7 77.4 76.2 43.99
500.5 83.9 84.1 85.9 84.63 48.86
550.7 94.8 91.7 92.3 92.93 53.65
601.7 101 101 103 101.67 58.7
a3z UaUff 9cadaose oaUs (UGsosae ¢Amp Udd oUs
¢ Geyltd Udd ¢Ap U Usd GUyelyd h vd e0U0)ed
tUe GceeBo9.edoyyd U'deotlillemig Wdy Werddhy ¥s
eiVUaoeslliilyee e Wy a0 GUda oU0U00GaUge Ueg Ugaad
"UysaGhUU; Ud G Uay Ud oo ).
70
— EMF calculated
60 —&— EMF measured
s0f
ol
=)
=
(11] 30_
a0}
10} e
% 100 200 300 200 200 500
n (RPM)
FceeUg¢g9iBlisoe ¢Ap ¢U Udas UUeci UdUU " Uy eiaUy
UjyoUGUeyp 98 aUs A vd g esacoatlUdalU aU(d:
¢ U heasld Udd 'y qUoeddeiddd dlUh Odgdds oi ) v
"8g UOGguU0G¥)] Ui UUUs GUU U heUsU eUoydd ¢ 1 U
W TWrwYd TWEITUL Y




¢ o2U3s33elUysU UGesUOUUs 30U aUsUsgjoetlUs GUU
aUeby¥se3UUs UU GUsoeshUg U U¥s Ujpst 3 ~Ga9c
9. 3 ZFUU "~ Uy UsavyUx Uasegoy Ullee UUU ~ Uy U0Udy 6-
"Ujya ' 6g 60A cU8PsVadlegdUsbyUshelUse o9sU Us;
Uy stiUBoseei GguaUeeUUsd. A aldd, GUas3UU0Us ys3
aUs U ' f Usd saaoUdFdijeeecssoayd Udd UsYegldd
Tek T Tﬂ:;’d M Pos: 2600ms MEASLURE Tek i T:irg’d M Pos: 2.600mms MEASLIRE

/\ CHe CHe
RMS FMS
35,2y 33,4y

/ \ CH3 Oft CH3 Off
L \ \/ v RS i \ RMS

CH2 500% M 5.00ms

CH2 &S00y M 5.00rms
15-Feb-11 1717 15-Feb=11 1717
(U) (b)
Telk . Trig'd Pis: 250,0Hz MATH
+*
Operation
FFT
Saurce
CH1
M
[ Windaw
| Hanning
1 | FFT Zoom
CHT 10,006 S0.0Hz £1.00kS 5D Hanning
15-Feb-11 1717
(92)

Fced® ¢ "eoasose Uvid Uddaba Usas(ebl)) seled : UV ) s o
Efbas UBsbc( o) d FEoaregdgd Uvyadd € 0OU0Usi Uxs GYaU-

FUd GgayeUsU GUd tsyUUsd ~jetiUadU0UUs Usey
("eoa99e) GU(B:aUd'Vng'a»si"Je’g];vﬁ‘ﬂ(g’e”eUS d y3eled Uesg |
Bs e¢UUjetUsd GUase3UUs GUe3 HYasUalU 9. 2:
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n Efab Efac Efbc Efavg Efavg Vdc Vdc
(RPM) V) V) V) " 8 &9 G U1l s measureq calculated

(V) (V) V) V)

50.97 8.5 8.61 8.66 8.59 4.96 11.70 11.60

102.6 17.3 17.5 17.6 17.47 10.08 22.68 23.58

149.9 25.1 25.2 25.7 25.33 14.63 35.10 34.20

200.8 33.6 33.7 34.5 33.93 19.59 45.36 45.81

250.8 41.7 42 42.8 42.17 24.34 57.11 56.93

300.1 50.4 50.7 51.8 50.97 29.43 68.18 68.81

352.1 58.9 61.8 58.4 59.70 34.47 79.65 80.60

400.6 67.47 67.7 69 68.06 39.29 91.26 91.88

450.5 76.5 73.6 79.6 76.57 44.21 102.87 103.37

500 84 84.6 86.2 84.93 49.04 11354 | 114.66

550.1 90.9 95.5 93.5 93.30 53.87 125.15 125.96

Yas Us Ude ®a 2y d IGl.ﬁMsaUchbﬂwaaa+:)eeeUxuudgag‘?‘an1;Ul1Dgﬂ UUc i
"UysaUjeled

o0 aUsUegjoalU eU UseydyUe GUsd e3ceUlUs
Uasegoy)j Ullee UUU Udd ¢ A o Urburigt aUs d Us UalGU
Tek L. @ Trsd M Pos: 2600ms  MEASURE Tek L. TT;‘I:I M Pos: 2600ms  MEASURE

cHe B

AMS

35,5 o
: 35V

S CH3 0if

| A
| / / \\ \\/ / \

CH2 5004 M S.00ms
15-Feb-11 1313 CH2 50004 b 5.00ms

( U ) 15-Feb-11 1319

(b)
Tek . Trig'd Pos: 250.0Hz MATH
b Operation
FFT
Source
CH1
s
F Window
N
A_mk i FFT Zoom
CHT 10.0dE S0.0Hz C1.00kE /53 Hannina
15-Feb-11 13:20
(2)
FceelU Yedosoe ¢Ap Udd oUsseU) oUdbodksdy Uscy dv!
(b) o E£fhabYistcé d) d FEoaredgdd UYaddd € U0UUUsi Uxs

aUs .
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A R ep B o> BN & B o BN el

AR SN Cc©

Uy 00dyjeiel O h UO "0Up0 v3xy hUs d diszul
geUUesesy le }qus”wgcpcuu@q ol‘]saggyegiaagﬁqgo
cUUAhR3 alld eU UgUe "68g "~}Jeai UUs U UJd duU:
2 zyUyddd Udd edeUsseed e ed, Uddg |
htelddd g h veosah UpsliUlseah Geyj Uaae
~9UsselUysU GGgaslyUUUs @G0ejUWameiUliBeh,0UpdY
Uy UseUasegs GUUdUypyd 0GUds e6s3eelUlUsan Uegd
64 Uade 1 GUU 30 gU0UUbYaaUUUs Us 4 UieU isU
3eeUlUsafh dU aUeby¥YsUUUs eyUydqidd Udd edeUs
UsseUysU eyly Usg 46 eseyUjeg. A Uste Us 0
UoYaUd ()jYeoeyUJU dU g UsidyjyeesUUs GU gUUyedl
Uedey lUdaUle j Ui elUU). Bes eUUyelUsgd o290 U
aUe "t yydUeyUdleyd Hh " vd UgUe "~ Jeai " UUs U R Us
jeleesarlid GUasUUUs aUe GeceelU 9. 5.
Irms (A) Tmech (Nm)
2 5.74
2.5 7.68
3 9.92
3.5 11.18
4 13.02
4.5 14.59
5 16.19
5.5 18.02
6 19.51
a3z UoaUff 9d8Uszsoee ;6 © 258U tsUlGe) UUs o ¥
20 al
Tmech calculated % xe
—&— Tmech measured A 1851
515-
gm-
5A L L L L L L
2 25 3 35 4 45 5 85 6
Irms (A)
FceeU % Heyld Udd je ' ed g0 Ue j Uiel h vd
aUs h vd "31eyeagyU U Uds "~ jeleeaa
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g GGYacecU G g UjegloaYesUUUs GUd 368 © UasUs

3 g jeai UUs U Usd Uy oULdkdy sUsyd eUUyed

o8 J0 T O
U oatse ~UayUeU €00 YUOUs UUgUReye3U d Ul
beedUsU Ueg "~ UeceoyYlieg 295U e3seUlUsayd Gl
basUaU 9.4 hH 6g UUgUheyesU g epsewme0U0bd ol
oUsselUysUd. FKEUd UGgsycUsU o2a3U0UUs d o) Ulisas:
deyadd €U0 Ue 3 UieU (GoeeeU 9.6) oaUs Udd daU
(GeeeU 9.7) A 8g GUases3UUs oaUs 69 U3z UsUshe!
tms (A) | Vab (V) | Vac (V) | Vbc (V) Vt avg Vt avg Pelectric
“8a9| GGUGS (W)
V) V)

2.00 88.9 89.9 91.8 90.20 52.08 312.46

2.52 88.0 89.1 90.9 89.33 51.58 389.92

3.02 87.6 88.7 90.5 88.93 51.35 465.19

3.52 87.0 88.3 89.9 88.40 51.04 538.96

4.01 86.4 87.7 89.5 87.87 50.73 610.28

4.52 85.7 87.3 88.8 87.27 50.38 683.20

5.03 85.1 86.7 88.3 86.70 50.06 755.35

5.54 84.3 85.9 87.4 85.87 49.58 823.94

6.03 83.8 85.5 87.2 85.50 49.36 892.98

a3z Ua U @UMeUUsoe UYOd. Ue ;Ui eU aUs d del

60

—&— WVt measured
Wt calculated |7

56 1
54 \

58

Vtu(:/)
|
#
/

40 1 1 1 1 1 ) 1
2 25 3 35 4 45 5 85 B

Irms (A)

o

e Uyvyadd Udd oUsszseUysUd (0
}

Uy eU0Uso ] ]
L°J 500U0d) sUse oaUs “jeleesaxid).
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1000

—&— Pel measured
900 Pel calculated
o
800 /’o@'
%700— /}J
ﬁ 600 | /2//
500 - /
400 /
300"/' L
2 25 3 35 45 5 55 6
Irms (A)
FceelU ¥ HaUoaU slecid GUds ysaselie Udd oU
(U} o sUse aUs “"jeleecgarld).

ge 0GYoewU Ulg @ Olp oeliclvalild U8 a3 B8g Uzt o290 Uds
stei UasUs “"Uja'eg alle U 7.7% ¢ oUzzel
836eUlUsayd GUjelyd oaUs (ejUas 6 AUU "~ jeya
Tek T T:ifl’d M Pos: 2.600ms MEASURE Telk S Tig’d M Pos: 2.600ms MEASURE
Y, o 1 & CH2
N CH3 Off . CH3 Off
- l\ RMS - / / \ RS
CHZ 50.0 1 5.00ms CH2 20.0Y M 5.00ms
15-Feb-11 1707 15-Feb-11 1708
(V) (b)
Tek Sl Pos: 250.0Hz FAaTH
T Operation
FFT
Source
CH1
My
— Window
LJJJ R m | FFT Zoom
CH1 10.0dE S0.0Hz C1.00kE 52 Hannina
15-Feb-11 1711
(2)
Fced® zyU) Jige0dgored UYivdds agh Al el Usatiel & of oK)
Uy dVitabd Owac.  ( b) \dtbmo Uwibéallsf ( o) FRburiera ¥8gld3

Uy diha
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Tek I Tria'd M Pos: 2600ms  MEASUR Tek I Tria'd Pos: 250.0Hz MATH
+ -+

Operation
FFT

CH2 011 Source
RS

P
CH3
I RkAS
B0

Lyd Window

5422332‘ Hanning
m ' Ll FFT Zoom

1 5.00mms CH3 10,00 5S0.0Hz C1.00k55) Hannina
CH3 1.004 15-Feb—11 17:03 15-Feb—11 17110

(U) (b)
FeceeU(9) 9¢e J UieU Udd UgBdideabpgdUdieg Uney oda
U3 Y aEolridr

o

BU; UUdyeiel0 HAUs o950 aUsUcsgzedfsyg U 860U
Uj ecadlfhdliyed G Uds Uyad hHGe aUs aUe ;Ui el Udd.
gyosgdy Us 30 g  eaeos 30l sd)dU ofpie GedUslldsdy ) 2@
RPM. G3v)ases3lUUd Ud sdeUseee Jje e 25U a¥vYdU
g eacoalieagel Ud e£decUssoe oldci G0ds Ualasils
y3elUe yecUs elid g 6260250 U0Ua G&escotealUUE 8U4
U Risad.

tms (A) Vt avg Pelectric | ¢mech Pmech | Efficiency

GUGs (W) (Nm) (W) (%)
V)

2.00 52.08 312.46 5.74 330.25 94.61

2.52 51.58 389.92 7.68 442.03 88.21

3.02 51.35 465.19 9.92 571.26 81.43

3.52 51.04 538.96 11.18 643.62 83.74

4.01 50.73 610.28 13.02 749.39 81.44

4,52 50.38 683.20 14.59 840.01 81.33

5.03 50.06 755.35 16.19 932.17 81.03

5.54 49.58 823.94 18.02 1037.24 79.44

6.03 49.36 892.98 19.51 1123.39 79.49

a3 Uoa UK 9UBd Udd U RAuetdd 95U aUsUsgy)oal

9. 3 zyUydadd Udd oUssz3eUypsUd g h e83cGU0S
ZUe GdeUae UgUR d oUszeUy sU ugsuyOUUs aUs
UsxU000GdU0a d aCJsUGg;oaD Udd 9963 zwldjed LUJGE’»QQQ
es3ceeUtUsayd Udd GUyeilyd oaUs eUUUbBYaaasgel
s3de U0 Usah ;UisAlCeL;D@)L"Jg’eLdscblgUYeﬁJUﬁsngL:tLIJUgwssUUs
GUe3 " UesceowgpeYilseceBdsyd Udd UU; eUUssaed UYOdc
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"8 i Uaa»e:sweweﬁlg’oaa;dxule aUs (GUas3e3UUs GUe
U3 Y aplrigr e tUac3 Us hte ye6eg3 UgaddUa e8s U,
Tek  .fL | Trig'd M Pos: 2600ms  MEASUR Tek  .fL Pos: B25.0Hz MATH
+ -
Operation
FFT
CH2 011 Source
RMS CHT
CH3 Off Window
Mean Hanning
CHY 0fr i ! | | FFT Zoom
RhS
M S.00ms CH100dE 125Hz C250KS/5) " Hannina
Push an option button to change its reasurement 15-Feb-11 21:01
(U) (b)
Tek ... Trig'd M Pos: 2.600ms MEASURE Tek L. Pos: 625.0Hz MATH
* b Operation

CH2 Off fource

RS CH4
M
a4
1
CH3 DOff ‘Window
I hdean | Hanniing
I

CHY “

FFT Zoom
=y |
M 5.00rms CH4 10.0dE 125Hz C250k5S5) Hannina
CHA 500mA  15-Feb-11 20:39 15-Feb-11 2101
(2) (a)
FeceeU FI .30dad UsasydyUe oaUs e83acGUlsaai ((a) (
UvGdd aUs (b)(28)s dUjecgeeslblbeyeds jUided U g 4 Ui e UUGg C
Us g .
EUs GdeUae UgUh Ueg "~ Usy YeUUesed eUUy YUUs Us
aUsUe gy oadl] ollddd o330y a” Uvlid_ ~ag DGGO UgUh
Udd (UGUyeeoe dyjyelUsadd). OUas aUUusUaY¥Y ¢
UrvyiGUsd Ueaoay¥Y oUs LAUf]deaJieU[éCﬂlbL”l‘Ina;eY 0 (@dsoUsse
"UyeglaltU dhygbe UWiha Bgd 9320 cDWve Gyl U
iUa3e3UUs G ksst Hhlbglbhls j9.360 g sasoasUUUs d
Gdeyadd €U Usd GUyeliyd Udd dq o3 Ulisee ~UyyauU
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n Vtab | Vtac | Vibc Vt lac Vdc | Idc Pac Pdc
(RPM) | (V) V) V) ?Vg A M AW (W)
V
50 784 | 792 | 815 | 797 | 0.35 | 9.70 | 0.63| 4.83 6.11
100 15.5 156 | 159 | 15.67| 0.93 | 199 | 1.37| 25.24 | 27.26
150 23.0 | 238 | 23.3 | 23.37| 153 | 295 | 2.11| 61.92 | 62.25
200 309 | 31.2 | 31.8 | 31.30| 2.18 | 40.1 | 2.87|118.18| 115.09
250 385 | 395 | 38.6 | 38.87| 2.75 | 49.7 | 3.60| 185.13| 178.92
300 46.2 | 46.3 | 47.3 | 46.60| 3.40 | 59.7 | 4.41| 274.43| 263.28
350 558 | 546 | 56.0 | 55.47| 4.03 | 69.5 | 5.13| 387.17| 356.54
400 614 | 63.1 | 61.8 | 62.10| 457 | 79.1 | 5.89| 491.55| 465.90
450 70.2 | 66.7 | 71.9 | 69.60| 5.07 | 89.2 | 6.59|611.19| 587.83
500 76.6 | 76.8 | 78.4 | 77.27| 570 | 98.9 | 7.35| 762.83| 726.92
550 87.1 | 815 | 81.6 | 83.40| 6.13 109 | 8.04 | 885.50| 876.36
das3 UaUff Ovied .y Ui eU aUs d sideid Udd
29U G00UdU; h vesoh Gey Uas 15.
900
800~
g700~
%600‘
é 500
%400‘
E300‘
éZOO‘
100 -
050 160 léO 260 zéo 360 3&0 460 45:0 560 550
n (RPM)
FceeU ¢9.olileii d Udd oUs3eUysUd GU Geyld

® M

CoQ

O Co O
[y

3

QR C( Co
Q @«

}

C((Q o

¥ 6
ud
oa

S

rr

.u

U
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U
B

g
3
B

Gde) Uaag.

"8260asUU0U0s
3eUy sUd ey 3
ges Wyoe &Il Yasz Us U
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lac (A) Pdc (W) | ¢#mech Pmech | Efficiency
(Nm) (W) (%)
2.18 118.18 6.68 1399 84.46
2.75 185.13 8.62 2257 82.4
3.40 274.43 10.83 3402 80.66
4.03 387.17 12.97 4754 81.43
4.57 491.55 14.81 6203 79.5
5.07 611.19 16.51 7779 78.57
5.70 762.83 18.65 9765 78.12
6.13 885.50 20.11 11584 76.44
a3z Ua U W .fFuselGd Udd oUszszeUyslUd osU GUUdUy f
y 36 UG .
9. 4 zyUypdidd Udd UsUaGUUGdd Ueg UgeaoeUU
ZFUes GdeUae UgUR o3 a300Us Goeh sea8 3U 00y (
oUsz3elU}; sUd RAUU3s UgUe UVas3Us ecUGUe. |  elGgs3ly
UjyetisaticUsafh Uaszegel a¥ 65U ;Ui e lOUU U avydU
Us U UiUéGWg cliictiBUdotigsycUsbGhmg Us &eo schld U sU cxyg:
aYdU0 Gyadd d UsUaGUUGd. Bs eUUjeaUsd GUases
UsUatUUGdY UasUs aled U 1.2 q ¢ Usee “ag
avyGUOabd
E (1)) Vas (V) Rae ()
1.6 1.30 1.23
2.4 2.01 1.19
3.6 3.02 1.19
4.9 4.04 1.21
avyale€d o
E (1) Vac (V) Ra-e (q )
1.2 1.01 1.19
2.4 2.01 1.19
3.6 3.00 1.20
4.8 4.01 1.20
avyauU<d |
E (1) Vac(V) Ra-e (q )
1.2 1.00 1.20
2.4 2.00 1.20
3.6 3.00 1.20
4.8 4,01 1.20
Rave (4 ) 1.20

Ybas Ua Ugy @) 80d Udd UsUaGUUGd(
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9.5: zyU;diod Udd aUsUsgjyoaUd Udd oUsseUy sU

FUds y3eite Uecg Use) dvUd YdagpdyiygeadlUss 34) Ul g o (5
i G0de U Vivideddd c4ig¥ d e UUUbBYaae3 UUs GUUDSUGY €
Ue Gi GUdeU tGasUs Usyj;oUsU GUsdg e  OUUyald o
eUUyddUa Ue 63ceUBUsafh ;Ui el Udd oUsszeUy sU
9.9:

n Vtab Vtac Vtbc | Vtavg | lac (A) | Vvdc |Idc (V)| Pdc (W)

(RPM) | (V) V) V) V) V)

51.3 8.5 8.63 8.83 | 8.65 | 0.01 48.1 0.06 2.89

100.3 17.0 17.1 174 | 17.17] 0.05 48.1 0.06 2.89

150.0 | 25.3 25.8 253 | 25.47| 0.04 48.1 0.06 2.89

200.0 | 33.7 33.9 34.6 | 34.07| 0.05 48.1 0.06 2.89

203.0 | 33.9 34.0 35.1 | 34.33| 0.05 48.1 0.08 3.85

206.0 | 34.3 34.3 35.8 | 34.80| 0.05 48.1 0.15 7.22

210.0 | 34.9 34.7 36.7 | 35.43| 0.13 48.1 0.35 16.84

2140 | 354 35.1 37.3 | 35.93| 0.18 48.1 0.48 23.09

221.0 | 35.6 36.3 38.4 | 36.77| 0.61 48.2 1.08 52.06

231.0 | 36.7 36.7 39.0 | 37.47| 1.37 48.4 2.13 103.09

239.5 | 374 37.4 39.2 | 38.00| 2.10 48.7 3.08 149.00

249.0 | 38.3 38.5 39.2 | 38.67| 2.98 49.0 4.28 209.72

260.0 | 39.3 39.0 39.8 | 39.37| 4.04 49.5 5.70 | 282.15

270.0 | 39.7 40.7 39.3 | 39.90| 5.03 49.9 6.80 | 339.32

280.0 | 40.0 41.2 406 | 8.65 | 5381 50.2 7.96 | 399.59

285.0 | 40.2 41.4 40.7 | 17.17| 6.07 50.4 8.57 431.93

291.0 | 40.5 41.7 40.3 | 2547 | 6.49 50.5 9.01 | 455.01

Ba3 Usa UHU 9). BiesUW¥,aUsd aUs s stcecUad Uesg Ug
Gisulad a0 aguodayy UgUyd.

zU0 byid UU utUteeyaU Ueg U; U ysWyYGadygUa U &

Ueg } Ui e0OUed oaUs Udd stGeciaed U Geyld U Us

jeldeescavidd.
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Yt calculated
—&— V't measured
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= 15} —
2
>
Q 10t . 4
ol 4
D 1 1 1 1 1
0 50 100 150 200 250 300
n (RPM)
FceeU¢ncl®add "~ J o3 Uess UseydyUe o290
GUe UjoUlUeyse aUs A vd g eaeo2alUds
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7L lac calculated
—&— lac measured
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=
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n (RPM)
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EceeU ¢9
eUuy} e

m
N
n

5k Vdc calculated
—&—Vdc measured
515
51+
<
@ 50.5
% 50+
° 495
49
4851
48 — X i .
0 50 100 150 200 250 300
n (RPM)
Ol DgUVHdd GUesgd GgGary OgUyd U U
ddeaU GUe UjoUGUeyse aUs f[ xd ] By ¢
12
ldc calculated
10k —&— ldc measured
St

DC Current (A)
o

50 100 150 200 250 300
n (RPM)

o

FceelU ¢9.01e5:DC) UBgUUesd eU Usd GUjeliyd A rvd

Uy

oUOUe)se6 aUs A vd "~ jJeyoagyU aUds
600
Pdc calculated
500 —&— Pdc measured
400

DC Power (W)
w
)
o

200+
100 +
0 » £ <5
0 50 100 150

n (RPM)

lc6y:0@s Wwided ~eg Usly) eUUUs GUesggd
¥*d e¢UUjeddalU GUes UjyoUGU =
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P o °
FUd UGgsycUsU
~ o o -
U UgdUaUd
Tek . Trig'd 14 Pos: 2.600ms MEASUIRE
+
CHz2 Off
Fikd5
CH3 Off
Iean
CH4 Off
Rk3
14 10.0ms
Push an aption button to change its measurerment
(U)
Telk L. M Pos: 2.600ms MEASLIR
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| ‘Window
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"3 8aUseysaeag 3U bUaUfudld deglzslpgalevdta d.
Gi elivy3U 18,03 UsyqdegeU oaUs bUaUarld Udd ogeU
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"Uy Ua¥Ur "~ as3UaU:

n Vtab Vtac Vtbc | Vtavg | lac (A) | Vdc | Idc (V)| Pdc

(RPM) | (V) W) V) V) V) (W)

51.0 8.60 8.62 8.84 | 8.69 0.15 48 0.16 7.68

1000 16.9 17.0 173 | 17.07| 0.16 48 0.17 8.16

1490 25.0 254 25.0 | 25.13| 0.17 48 0.17 8.16

2000 33.5 33.6 34.3 | 33.80] 0.05 48.1 0.06 2.89

221,6 36.1 36.2 38.6 | 36.97| 0.25 48.1 0.44 | 21.16

239,5 38.0 37.6 39.5 | 38.37| 1.02 48.2 1.47 | 70.85

2590 39.6 39.5 39.9 | 39.67| 1.90 48.6 271 | 131.71

280,5 40.7 39.7 40.5 | 40.30| 2.81 48.8 3.97 | 193.74

300,5 41.5 41.4 419 | 41.60| 3.56 49.3 5.04 | 248.47

3190 41.6 42.5 42.1 | 42.07| 4.34 49.6 6.07 | 301.07

341,6 41.5 43.4 42.2 | 42.37| 5.13 50.0 7.14 | 357.00

3610 41.4 42.2 442 | 42.60| 5.66 50.3 7.93 | 398.88

3800 42.1 43.7 425 | 42.77| 6.14 50.4 8.55 | 430.92

4000 42.9 42.7 43.2 | 42.93| 6.55 50.5 9.21 | 465.11
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