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Improved back—EMF of 30kW Interior Permanent Magnet Synchronous Generator for
Small Hydropower Generation
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(Daekyong Kim - Hak-Gyun Jeong - Han-Seok Park)

Abstract — This paper presents the improved back-EMF of Interior Permanent Magnet Synchronous Generator(IPMSM)
for small hydropower generator. To improve back-EMF characteristics, the size and position of notch are applied to the
rotor. In addition, parametric analysis of the notch size and position was performed. Finally, the back-EMF characteristic

analysis are confirmed by the experimental results.

Key Words :

.M 8

S AAA U AALG 9] A -

AL Fge) meh AR o Ay
FFLA BAol Ttk = FA

< e A4l A=A =
o grAlel dulE = =
oy e Agede
golth, B i g 2
gold P ES

p

1
g
2, (o]
2,
EO{N
=l R

ol nE "
o
=
by
L ol
b S F
<
P

=
2> =
2

o AT rlr
St
2
it
et
on,
oo
fol
rood
=

I S b
o

rhode

EY
o
v
o
i)
=
St
2
o T
tlo
:?L_"
)
o
N o
{0
o
9
BT
o2 XN N o =2 X

o,
O
o
N
)
2

rr
N
[ R A Q=

2
o
Lo,
ol
(R = A N O T

o
o
o
oo
rob
[\
)
z
i e >

o

Y

i1

i)

=)

ol

>
NoptoH

ok
kel
i
to
)
z,
N

‘?i“
B
4
i)

1o do O p= N md X ¥0 o b ® R
N

o o
K ojft
)
u)
=

e

)

>
!
oot

X
of\
NS
%
=2
=)
i
=
9 oo

ZEEREE

o
rN
N
o
>
rr
o)
2
oft
B
of
-4
Ry
%
1z oft

ol
=

oo oR 1E o

==
)
°
o
)
o) 2 1o
N
o
_Bi
ofo
ofr
T
v

-1
Y
30

ofks

oft

N

119
b >

N

rr

K

=t

ki

2

°

Ry

T

N

rr y

Mo o

9o

SR URIN
_|>i
LA
Lo
>
ofo
lo
Ho
2
fol
o

i
Hu

Bt

o

b

o

il
i)

i o
_0|L
N
o
N

b = w

o &
o ml

N

X,
TR

39,

2
MR

_O|L
v
o
o
2
I

2,

lu
o,
ml
[Fl's
N
fo
ot

S

JiOR=)
rir

o
rr
e
o =
2L y
1o

2,
ol T
=2

* Dept. of Electrical Control Engineering, Sunchon National
University, Korea
#x Sun—-Tech Cop. Korea
¥ Corresponding Author : Dept. of Electrical Engineering,
Pukyong National University, Korea
E-mail : phanseok@pknu.ac.kr

Received @ April 7, 2014; Accepted : April 29, 2014

660

Back-EMF, Cogging torque, Notch, Small hydropower generator

Bz F U f4A g vl FEY UE WHeEs
A, ng2e] FdwAoly d7AAe] FHAMAE o)
3 52g, IAEZ EZ 971d" 55 H F 5 Qdn
[6-8]. 53], sxda & ng Aol =X (Notch)& &3t Al
Aol g3 IAEA AL R 971dE RJE N F+ A
T}H8-9]

B =g 25 2dg 3kWHE WY d7AAE B
WA zle] 71 E sl #ek o R e w2 914
92 =719 seviE WMA e T 971dE Hde
g HAAE odrh SEAEAL 22 FIFRAHS o]
gstel 54 WA A HA =X fx4 9 A
715 AL AAES AFste] AES T3] qridE A
Aol Bd S Elstdtt

a9 18 gEEM S fEasy
g FFANY FoAAse 274
WA/E e At A
geith 2rlmde oy A%
Az AgHE FEHe kW 40mpmld A o
670[Nmlolth, E 1€ w=X8 A§d x/lmade] dA A

& vhehit,

ol dZsE dHE e
o =

202 =x B HEe o47|HY A9

A7 W A4 ArlNe] Bxol ue} we JFL @
om Fax& THD 59 o) m24 £3 97xee] w
AstEz od@ A/HMe) pEE xAFonA or|1Y
2 QT & Atk =AAE PRe o APae B
E£8 zAste] ZYEA APl wol Agso AT
B oERelAE 4rdengel §%S vE THDE Zol
L oggoR X8 Aggos 9/4de AN F 9



BT\ I

—
;

&by %
ol 1 [
¥

£l PWM inverter 3-0 Grid
(b)
I8 1 25 LN A2 Y FTRAMY S7|wHT|

(@) 2D 2 (p) & UMI| AlA”H FHE

Fig. 1 Interior Permanent Magnet Synchronous Generator
for Small Hydropower Generation (a) 2D-Model (b)
System configuration of small hydropower generator

Hx 1 MAHALE
Table 1 Specifications of design

—oL% Zﬂ%
34 &9 kW 30
44 £ rpm 450
=9 Ast Vac 220
374 B4 Nm 670
e % 95
Ga 2o oju] X Hgo] EAS dolry] 93 ER
Qo] FF U= AQ)H 2o, ¥ NAY 5 4
D# F= FAuAdx 5 A@QRFEH 7+ 5 glrh
o)=L B0) (1
Ho
Po) =" (o) )
g
Wa)=—— [ Fo,a) « POSAV (3)
2uy J
=5 [ B0 - clorav
2py Sy
L, N 2
=—(R~ 3) 2 — R?) / Bl0,a) « G(0)*do
dpy " Yo
I
Ma) = —(R% — R?) EBV AV sin (nV,a)
4p’O n=20 " "
wWE 7 FAE, FE I 71AE 5, pE 33 9|
Az, BE ALUE, ¢ AUFT Andzs, L 134
o A% Bel, B aAA A, R,& GTFAAE] WA el
thoolu), A R w=XE HE&SA HWH Ad F
o] Aol utH A i, 1E o] AXA =B A&
ste] 1z G FAA T 5 Aok 1Y 2@ =AE A

453 $HE WS HALTRAE S7|ww|el ofrlme Hu

Trans. KIEE. Vol. 63, No. 5, MAY, 2014

b b
2w
N,
C
A
Magnet
(a)
i c s c
_ < 4 <
N, 2 N, 2
1
05
ol ~ T <, T c b T a
N, 2 N, 2 2 N, 2 2 N, 2
T ¢ b - T, e, b 27
N, 2 2 N, N, 27 2 N,

-
a2
I~
I~

A @& (@) 2[TA @& (b)

SEA
et

O3 2 =X & HE¢s =
of HoldA

Fig. 2 Rotor shape applied notch (a) Rotor shape (b)
Relative permeance function

T oop

o 3 Ax F4s JdepAek 238 209 0~ (7/Np—a/2),
/Np—a/2)~ (27/N;) ) & 022 IPMEP A 31319
Apdro] mA Aol ZE2A Hakal 3@z Wyl NS S
= Abolel] Ap&ado] Ao R AP AH& el o] 0
o Zhgtta ®a Ak shgith

o714 (A=a)x= & =9 Zo], 2n/N = 3HA @59 =
& W9, be =3 Aol ¢ =X =X Abolo Aot}
5 AnAds T w22 Foizt RS T2 =X
o] oJgg wol 057F Hrhka sbgsta a9 3% 2e
A 5

Fgoletn & uf, Ad HAvdx FE Fed g5 A
=
=

Ag

7r 7373
:’w f * cosnN, 0d6 +
N, 2
Nt
. coan 0do +
_ s /\_71’75 E
GnNL_ our r_a
N, 2
o booanL0d0+
Ny
m_c,b
N, 22
2/” ., cosnV0do
N2 2
T/AV/’* c/2=b/2
[sinniV;6] wiNe—afz T
W/AVP+C/27b/2
[sinnV, 6] /Ny /24 b2 (4)
2 N 7—/A\',fr1/2
TNy | [sinnV,0] 7/ Ny c/2+ b2
7/ Np—c/2+b/2
[sinnV,6)" ) No— /2~ b)2
_ cosnN, — smnN b}
7mNL b2 2
A7A /N @ 3% mEHe ol b wAe A7),
ct WA 9 wmAApel o] Aol
661



2.5[mm]
analysis

[mm] (c) r

characteristics

=3[mm]

back-EMF
2.5[mm] (d) r

) (@) =&l Z7| b)r

[mm]
of

7258
(d) r=
2lmm] (c) r

Fig. 5 Results

according to size of notch (a) Size of notch (b)

r

analysis

characteristic

(d)

TimeTms]

back-EMF

2| x[of
of
according to position of notch (@) ©=6.25 (b) ©=7.25

6=6.25 (b) 6=7.25 (c) 6=8.25 (e) ©=9.25
(c) ©=8.25 (e) ©=9.25

STFET XURTT WTTEER P ; : 3
o,oamﬂ.o_bﬂﬂ;ﬁoAﬂ Mo Ty, M B \
® - 2
ﬂrmﬂwﬂoﬂoﬂoﬂu wo T T W .
%M%Wﬁ%uﬂ@ ﬂm_,&%%w : F F
¢Ew xTrod zdTeg "
%Mﬂﬁ%ﬂimﬂmﬁ MﬂMﬁ%ﬂ : : m
Enlmg X T q " Do EE
oy ® S I
_ o g K o— o | o & B g W g 3 3
A RO R B CEE ; ; ;
55 ™our XX B~ 2 o bl B
=K H . 3 T oo o H . 2 -
oy B 0 X 3
T o~y T M RE U (CIPATS G 2 £33
e A R s e & = %t S
o0 = e Q@ m_% T ﬁ XA
o N o jall ._me i zt .;lo_n M
_ m g o = ,.Mu mri = ,ﬁo o) X = N E i " :
z T oo . DIRCAR I o, bl
" o= ® KA o Br o 9 \
ur H 1% o oF o orﬁ. m,l * ) Mm o Mrm = mm 1 2 2 2
| . o)
Ty sEaw g T ow
Wi?wiao%@limﬂulﬂﬂoimﬁ 2 2 g
B oL al) Bo <n Lok ~ M o —
— ol ° nl o el - X
[=! T ™ o Njo Nk o @ m— ®
K 5 O#E adl =n OE B T = %u ZE Et e e 1=
G R KR o W : o Iy
ﬂ/;A AL o HL N \.L_Uﬂ © o A
mE S w oo A v x - i i
W BDE ~x BT FHIpT
oln T W LR
- re) \ \
M ‘.ﬂu LE \ @ @ 2 @
~ ~X AT \ = o £ =
w W
" X :
= )
N e
W b
=z ) 3 3 3 3
a3 5 A
L S 7~ T~ 2~
Rlg o =B° 33 ) EH0) 3
- ol — e oF 5
i —__ o &l =
™ N RO 2 g 2
s Wy oz B < - ) )
o o) W )
w__ LT TR S
& T = o = 3
K W o S
™ = )
™ _-_I S ~ — c
° P o X 2 2 2 2 2
" _ R R a
4 ol ® o
o = K M < ™ 12 3 T S
wr . Ho R AR . £ g 8 o 3§ €
ﬂ ™ — N mv ! [l 1A ! !
"l o ™ =

a3 4 x|
Fig. 4 Results

662



Trans. KIEE. Vol. 63, No. 5, MAY, 2014

& golngnh. 4NN A3} 0 :
M b B 54 dEe e s,

Torque [NevtonNeter]

S48 Ry A9 A% 9 end-tunTAd 14
HMag 238 ¥, 9744 57 was)e) 4ud 54
AN s FEa2WS olgste] AR 249 FEL
& AN ST, vk A SHHNL Askel 9F
szet B S FAsart
T3, 544 Bael 4 ek PHe J¥Ea
We Abgstel Poht WEd FYS T F Bew "
& datel A Fae T b WHel Ak B =R
Ae QEEaE 982 AN dgor JPEAD ARG
A WA} AYTEe] Wi HALEE AErE
A Aok @ 4 G)sh 2tk o}7M EHe A

Tk, @ Mowwer rate

a
5
I

Cariostinl

2 1

= =
Hlarmonic order

)
N
u
h
3
o
[
i

(d)

a8 7 =xl2del ACHESI SM5HA 30kw) (@) E= (b)
£8 MF (0 28 ©¢ (d) THD

Fig. 7 AC load characteristic of notch model (a) Torque (b)
Current (c) Voltage (d) THD

E: 2 ACH st SMsi4A (30kwW)
Table 2 AC load characteristics (30kW)

3 = ¢ 9 27159 | =X Erd
: w2 Cower rate 71 [Vrms] 223 229
s 1 4 (W] 31,101 31,902
e il e (W] 29,421 30,682
B o | A% [ [VimsLLI| 210 215
o ! R [Arms] 46.7 4757
ol M W e ] Zx [rpm] 450 450
(d) T EA [Nm] 660 677
a8 6 27 RHe| ACTSH SHHMEIKW) @) £3 (b) & & [l 046 %1
H M7 (0 &8 @2 (d THD
Fig. 6 How to Apply notch size and Back-EMF
characteristic (a) How to Apply notch size (b) Win, = Lo ¢ {(zm><w)/60} ®)
r=2[mm] (c) r=2.5[mm] (d) r=3[mm] Wout = Vour X dous (6)

S2 WHE WE HAYTAMY ST wHII S M 663



HM7|&s=gX 63 55 20144 58

>
@)
-z
%

)

(=}
22

= i

ol oX

L2 o

XX

(o3

L
ol
ol
2
o
to
B
>,
ol
ol
2
PN

12

tlo

BN offt
ot

4
e roh

o2
0O
o
3R
o ox

Jr o o N
I ox oo |o

o
o oo
P
2
P
3

S
Kl
o
I
(e]

Fig. 8 Test set-up of small hydropower generator (a) Rotor

o THD, &% =X4§ Zdnth "ojg< 3 & 5
itk ARl 54L& Bote] wAHES o g3to] o
NAEe ARG F gom 4714 AN B ACT3
54 AN BEE 45 AL S 9SS FA ¢ 5 An

O% 82 wAE A 0kWH &5 w8
Aok nAAE dede 54488 96 TAE 5449
X g ebdt

a9 9% =X 2l dfF vy Hgs Yeh
o gQen sixdet ddarh A As I 3
oo 10 # 32 i) 9TAE sl 54
AR AdE BolFa low AAaTA & AT
& < 5k

—es= —@y —FR —=8

250  ss.00

\ - e6.00

200 -

- sd.00

H
n
El

- sz2.00

BN X

b c0.00

W
g

88.00

50
/—/_/ b s5.00

84.00

Q
5.063628 10.09503 15.04608 20.2215 25.05969 267111639 30.15201

==

O3 10 28 U4Hd7| MsAIE 24
(b} Stator () Test set-up Fig. 10 Performance test results of small hydropower
. generator
AT AT AT T AT AT A .
T R S AR \ E 330kWE &5 Wy dF SN
] ‘\ / ‘\ f \ { \ '[ ~\ / \1 Table 3 Experiment Characteristic of 30kW small hydropower
AR U A TR AR R A U R T generator
v ] b / | -
N T AR N O AR O A JT ] 29 | == | 29 | A7 | 5%
\/ / \ \ \ %[ \/ kW] | [kW] | [kgfm] | [V] (Al | [%]
ST R STl RIS . ZRER. G Rt ER=E0 - - 232.9 - -
(a) 5.67 5.0 12.3 228.4 7.39 89.19
11.07 10.0 24 226.6 1485 | 91.13
A " \ A 16.20 15.0 35.1 223.9 22.4 92.87
1 i M A 21.50 20.2 166 221 305 94.01
[ S SR B A 2640 | 250 | 572 | 2181 | 383 | 9491
\\ " \\ /,r’ \‘ \ { \\ ‘\ 31.52 30.1 68.3 214.3 46.9 95.64
Vo I L L L |
,,,,, \ 1 r/ \"\ f" \\ /"’ \\ / \‘\\ //” \\ /’
\/ : 4, 2 B
(b R o=EOAE 30kWH 25 BHE WY G
a8 9 ¥7|ME (a) A™IE(100V/Div) (b) AlE2lolM e SRRV ANAEE eI flste] =X 9% o
(100V/Div) A7l devg WA A4S Sl 971dES sk
Fig. 9 Back-EMF (a) Experiment waveform(100V/Div) (b) o g =25 HEedqE B SA4de dFo] s
Simulation waveform(100V/Div) gelstsitt.

664

o ot



Trans. KIEE. Vol. 63, No. 5, MAY, 2014

ZAte 2 |

of wEE VAUSE A& SEd T (20134) A 2D A7

o sk ATE S | 1 P& 1
References

4o 33 & XBE

197213 9¢€ 2794, 2001 <Hko ot
[1] Young-Han Gwon, Ji-Young Kim, “Environmental A ANTEY =Q(AAD. 2007d E o)
Consideration  for  Small Hydro Power  Plant stel AR A A A =T = (ut
Development Projects”, KEI, WO-14, 2006. A, 2001 ~2005% AP AR PR AT
[2] Kyun-Nam Kim, Bum-Soo Kim, Jeong-Ho Kim “Status Aol el 2005~20114 MAR T T
and challenges of small hydropower in Gangwon AuiE AN A AT AE AEHF. 2011
Province”, Research Institute for GangWon, 2010. U~dA Agstn A7) Ao sy =

[3] Bum-Soo Kim, Kyung-Nam Kim, Research Institute for s

Gangwon, “Issues that should be considered when
introducing and Small Hydro Power Generation
characteristics”, 2009.

[4] G. B. Lee, E. W. Lee, “Overview and Trend of Small
hydropower Development in Korea”, Korea Water

s o (8 2 1)
1986 4€ 18¢A. 2012 <+=Hd o
ioAZ A F e Eel 20124~ A
Sadetm detg dAr)Ee AsE

(HA1). 2014 ~ @A) A A7

Resources Corporation, 2005.
[5] Anuradha Wijesinghe, Loi Lei Lai, “Small Hydro Power
Plant Analysis and Development”, IEEE International

Conference on Electric Utility Deregulation and
Restructuring and Power Technologies, July 2011.

[6] S. K. Jeon, S. H. Lee, H. R. Cha, K. S. Kim, J. H.
Lee, "Study of 1kW Multi pole and High Efficiency
Synchronous Generator for Wind power”, KIEE,
14-17, Summer, 2009

[71 A. Dietz, A. Groeger, C. Klingler, “Efficiency
improvement of small hydroelectric power stations

g ot o (& B )
1955 3€ 2394Y. 1981d 4o 77
o3 FA(FSAD. 19839 B deke
A71E o E(F A, 19964 B
sFthet A7 B EY(FIA,

19861~ Al F- et A7)kt age

with a permanent magnet synchronous generator’,
IEEE International on Electric Drives Production
Conference, 93-100P, Sept. 2011.

[8] H. G. Jeong, D. H. Chung, J. Y. So, C. H. Cho, D.
K. Kim, "Improved back-EMF of 30kW Interior
Permanent Magnet Synchronous Generator for Small
Hydropower Generation ”, KIEE Electrical Machinery
& Energy Conversion Systems Society Annual
Autumn Conference 2013 , 2013

[9] Y. U. Park, J. Y. So, D. H. Chung, Y. M. Yoo, J. H.
Cho, K. S. Ahn, D. K. Kim, "Optimal design of
stator shape for cogging torque reduction of
single-phase BLDC motor”, The Transactions of the
Korean Institute of Electrical Engineers, Vol. 62, No.
11, pp. 1528 ~1534, 2013

23 UM 30kWE WAL TFAMY ST|UxT|el H7|1MY N 665




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


