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ABSTRACT

AT PRESENT, AS WE KNOW THAT IN AM RADIO BROADCAST
SYSTEM THE TRANSMITTER NORMALLY ARE OPERATING IN CLAS3S C, AB,
AND B AND THE MODULATION OF MODULATING SIGNAL AND CARRIER
FREQUENCY ARE ACHIEVED BY THE USE TRANSFORMER . IN THIS CASE
THE EFFICIENCY OF THE SYSTEM IS NOT SATISFIED BECAUSE OF THE
POWER DISSIPATION IN THE CIRCUITS WHICH MEANS THAT THE POWER
LOSSES WITHIN THE TRANSMITTER.

IN THIS THESIS PROJECT SUBMITTED, THE AM RADIO BROADCAST
TRANSMITTER OPERATING CLASS D POWER AMPLIFIER HAS BUILT IN
D-SEPP CIRCUIT ( DUAL SINGLE END PUSH PULL ) WHICH OPERATE IN
THE MANNER OF SWITCHING AND THE MODULATION OF MODULATING
SIGNAL AND CARRIER FREQUENCY IS ALSO OPERATING IN THE SAME
MANNER, THAT IS PWM WHICH NO NEED TO UTILIZE THE TRANSFORMER
FOR MODULATION. THIS RESULTS IN BETTER FREQUENCY RESPONSE AND
LOW DISTORTION. SO THAT WE WILL GET HIGHER EFFICIENCY THAN
THE ORIGINAL SYSTEM.
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-2

-8

-18
-26
-28
-33
-40
-52

COLOR CODE

Red/Clear
Yellow/Red
Green/Red
Yelow/MWhite
Gray/Green
Gray/Yellow
Green/Yellow
Green/fBlue

Refer to page 3 for talerances.

ID—-os

TYPICAL PART NO.

TH106-26) [/

O in 100th indws____' l *
Micromelals Mix No. . 1. 5

Letter Indicates Alternate Heigh
Code Area For Other Characteristic:

Note: For information on Mix 1, 3, 4, 6, 7,10,12,15,17,
42, and 0 see Micrometals Catalog 3 for RF applications.

MAGNETIC DIMENSIONS

MICROMETALS A oD ID Ht f A V
. Parl No. nH/N? in/nun in/mm in/fmm cm cm? cm’
7106-2 135 1.060/26.9- .570/14.5 4377111 6.49 .659 4.28
T106-8/90 45.0 st .
T106-18 70.0
¥ T106-26 93.0

T106-28 30.0

T106-33 40.0

T106-40 81.0

T106-52 95.0

T106-18A 49.0 1.060/26.9 570/14.5 L .312/7.92 6.49 461 3.00
T106-26A 67.0 .

T106-40A 58.0

T106-52A 67.0)

T106-18B 91.0 1.060/26.9 570/14.5 :575/14.6 6.49 .858 5.57
T106-26B 124.0 i

T106-408B 106.0

T106-52B 124.0

T124-26 58.0 1.245/31.6 710/18.0 .280/7.11 7.75 459 3.55
T130-2 11.0 1.300/33.0 Z80/19.8 A7/ 8.28 698 .5.78
T130-8/90 35.0

T130-18 58.0

T130-26 81.0

T130-28 25.0

T130-33 3.5

T130-40 69.0 -

T130-52 79.0

T130-26A 41.0 1.300/33.0 .780/19.8 .225/5.72 8.28 .361 299
T130-40A 34.0 3
T131-8/90 52.5 1.300/33.0 040/16.3 A37/11% 7.72 .885 6.84
T131-18 79.0

T131-26 116.0

T131-33 46.5

T131-40 93.0

T131-52 108.0

T132-26 103.0 [30/3 3.0 /178 A7 7.90 805 (I |
11.32-40 83.0 .
T132-52 95.0

T141-26 75.0 1.415/35.9 B80/22 4 A12/10.5 9.14 674 610
11a91-10 Lo

T141-52 $9.0

T150-26 96.0 1.510/38.43 845215 43711 9.38 887 8.31
T150-40 78.0

T150-52 89.0

R




§ MAGNETIC CHARACTERISTICS

PERCENT PERMEABILITY vs DC MAGNETIZING FORCE - Sce page 18

FORMULA: %}, = ((a+cH+eH?)/(1 +bHdHY)) "2 Where: %, = Percentage (ie: 90%=90)

| H = DC Magnelizing Force (Oersteds)

; Malerial a b C d e

E -2 10000 -4.99x10°3 -49.5 9.16x10® .0865
-8 10090 4.26x103 30.9 7.68x10°5 -0119
-18 9990 8.36x104 14.4 3.92x104 .0853
-26 10090 5.05x10 " 13.1 1.17x10°} 0212
-28 10140 4.68x10? -30.2 1.45x10° .0505
-33 * 10200 5.12x107? 7.39 9.62x105 .0298

j -40 10240 4.32x1073 12.8 6.26x10* 0267
-52 10240 6.71x10° 24.7 7.75x10r4 0105

PERCENT PERMEABILITY vs PEAK AC FLUX DENSITY - See page 19

FORMULA: %o = ((a+cB+eB2)/(1+bB+dBY)" Where: %jte = Percentage (ie: 90%=90)

B = Peak AC Flux Density (Gauss)
Material a b c d o e
-2 9970 5.77x104 7.29 -8.96x10°8 -1.18x103
-8 9990 4.52x10° 114 8.82x107 -8.29x104
-18 10270 1.01x104 123 . 2.70x10® -8.43x10
-26 10600 7.21x10° 37.8 -7.74x107° -3.56x1073
-40 10480 1.62x10% 40.8 -6.51x10° -3.35x1073
FORMULA: %}to =(a+bB+cB"/? +dB?)" whete: %jte = Percentage (ic: 90%=90)

B = #Peak AC Flux Density (Gauss)
Material a b C d
-28 93.4 -.0299 2.08 8.30x107
-33 92.6 -.0251 2.36 - 1.07x107
-52 92.0 0134 2.77 _=3.66x100

BH CURVES

12000 / 12000 4

P . -
-8 Malcrial b y 77 -33 Material ]
B = 12500 oS Boo OO0 poss sy T
B, = 400 gauss® B, = 30U pgauss
Hm = 500 oersteds 4w Hao= 500 oersteds oo
Ho = 9.2 oersteds 2 Ho = 5.1 oersteds
t t t > u‘\u o u‘m “3." 'jll 2 N
1 ¥0ersberht B 1erdeds)
-2 Material -28 Material
B = 5000 pauss gm = 9740 gouss
B, = 36 patss - o= 200 gouss
- 1l = SO0 onepstetls - I = OO0 ersteds
L D He = 3.5 ovisteds / fl, = 5.0 oersteds
3
ﬂ vaoo yanna
< -26 Material ; -52 Material 5
“ Bm = 13800 gauss g B = 14000 pauss 3 1o
, B, = 1750 gauss B = 1450 pauss
d MW= 250 ovisteds oo 1L 250 oerstetds e
E H, = 5.5 ovrsteds 1, = 6.3 oesteds
e o
Gt : . . ; , R ' . \ ; g / , . , )
o ) ) i S0 o 35 0 70 50 e 10 0
14t bmeatrhs 180t
’ m -40 Material ] -18 Material
@ Bm = 13800 pauss g"' = ‘Oggg 1-:’:‘“55
3 B, = 1000 gauss H' TUN256 L“’U“ed
A~ Hm= 250 ocsteds m = (’USleds
- Moo o = 4.0 veisteds H = 8.1 oersteds

.20 -
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10,000 e —
IR23 SIs I BT
ETTI: Core loss Curve-fit formulas:
[T11]  -18 Material j1,=55 -
5000~ L1 M lenaljty For Frequencies < 10 KHz:
Rxth st e S Core Loss = 2,08 x 108 { v ge 7
i {(mW/cm') (Hz) (Gauss)
2000 ; For Frequencies >10 KHz:
Core Loss = 644 x 10 frmgee
oo |41 mW/omY) (12) (Glauss)
:E T
3 500 E UN (Volt-Microsecond per turn)
§ sx Ratings for 15°C rise duc 1o core loss.
3 ~~ g |,
3 Pt N CENTVAN NUGINT VR ST PP R
§ 200 137 1.0 73 45 42
§ Hi} 150 16 11 70 19
168 23 1.6 1.0 J0 ]
100 ‘ 180 2.0 2.0 1.2 o
T 194 W) 28 1.7 17
ik 1106 6.2 43 27 iy
50 1 i 1130 6.6 4.6 2.8 20
; 1157 91 63 19 77 ]
1184 14 97 o0 Iy
20 1300 23 n 10 71
N R i £49 1.4 K 01 4y
i t100 4.1 2.9 K 12
o L . E137 75 53 33 23
10 20 50 100 200 500 1000 2000 000 10000 E168 12 8.7 54 8 _
__ 1220 7 1 70 )
B - Peak AC Tux Density (Gauss) NOHE: Telaa = Gaune y 104 L1305 1) 2 [ ] (—’
10,000- st e e pase e - _
bt ) L Core loss Curve-fit formulas:
- Qe =75 .
sung 26 M‘(':'l':l Mo=75 For hiequencies < 10 K z:
it S N Core Loss = 2.07 x 10® { *n g2
e Hi {(mW/cm?) (Hz) (Gauss)
il <
2000 73] i Lor Lrequendies > 10 Kl z: ™~
‘"‘I Core Loss = 6.94 x 1010 {1 gem
1000. (mW/cm*) (Hz) (Gauss)
‘é 3
2 so E UN (Volt-Microsecond per turn)
3 | Ratings for 15°C rise due to core loss.
E b1
H T s e | sokmz | 100kHy | 250 kiz | son ki
g Pant Neo.
3 137 B, it 29 n
5 150 1.3 I A1 o
108 1.8 1.1 02 19
100~ 180 2.2 1.4 75 a7
194 3.1 1.9 1.0 e
P Tron 17 L e e
* TN NRCCTR N W k) N
1157 0. 13 21 15
il d 1104 10 6.5 3.5 2.2
20 1L AT T400 17 11 5.9 3.7
| i I i E49 1 71 38 .24
i Ail i/ i LA 130 _ tton NEEN Y ) o
0 Ti AL | il ! MRHGH! YL % Li K i
10 20 50 1on 200 S0 1nne 2000 suon 10,000 [3153:] 9.2 5.8 il 210
£220 15 9.4 X 1.2
Ba - Peak AC [l Demity (Gans)  NOTE: Beba = Garax 104 305 21 13 73 1.h

-2 -




AT A\ZAIV

Ampere - Turns (N])
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DC APPLICATIONS.
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THE EFFECT OF AC OR RIPPLE ON DC INDUCTORS

The effect of AC or ripple flux can be significantinmany
DC inductor applications. The DC enerpy storape
curves provided on pages 28-35 are based ona prak AC
flux density of 10 gauss (1 mT) which will typically
represent less than 1% ripple current. Whensignificantly
greater AC flux densily is present, it becomes necessary
to consider its effect on both core loss and permeability
(inductance).

The interpretation of core loss in DC chokes is covered
on pages 21-22. The core loss curves on pages 23-26
also include E¥/N (volt-microsecond per turn) ratings for
various core sizes at a number of frequencies for a 15°C
temperalure rise due 1o core loss.

The -26 Material is a commonly used core material for
DC output chokes. However, as switching frequencics
increase, the lower core loss characteristics of -8, -18,
and -52 Materials also make them good choices. The
-8 Material will gain an additional advantage due to its
lower permeability.

The temperature rise that will result from a given cone
loss per unit volume (mW/cm') is dependent on the
core’s effective surface area available to dissipate the
heat. Since volume is a cubed function and surface arca
is a squared funclion, a core’s capacity to dissipate heat
per unit volume varies inversely with size. Large cores

candissipate less heat per unit volume than small cores
for the same temperature rise. The winding tables on
pages 46 and 47 contain information on surface arca
and power dissipation for temperature rises of 10°C,
25°C, and 40°C.

Most DC output chokes operate with a peak AC (lux
density of less than 1000 gauss (100 mT); with a level of
200 gauss (20 mT) being more typical. The various iron
powder materials are affected by peak AC flux density
as shown by the graph at the top of page 19. The percent
initial permeability increases for all materials as the
peak AC flux density is increased from 10 gauss (1 mT)
o 1000 gauss (100 mT). The-26, -40, and -52 Materials
have the most pronounced response to elevated AC flux
density.

The -26 Material responds to the combined effects of AC
and DC magnetization as shown by the graph below.
The responses of -40 and -52 Malerials are very similar.

Energy Storage Curves which take into account both the
corelossand permeability characteristics for-26 Material
with 10% and 25% ripple are provided on page 41.
Fewer ampere-turns are required for the same energy
storage than when <1% ripple is present. However,
with high tipple at high frequency this material will be
able to store less energy due to core loss limitations.

e
I [
myEEEy -26 Material i
1717 Percent Permeability g,gs : ;:a
T tatal M.q;n:;ilinr_l-mr ,hi s .ﬁ"
as a Lastion of Ripple ’;El i;!;‘ ;!a
i .:_ 4. Bl i)
220 e
} i
Ripple = 1000 G T
200 441 1 t -
180 {-H44-4+ I.‘
3 Rip, e = 500 G i :
£ o LH I \
Z 0 T i
% R pple = 250G | '
3 o -FLH I I
5 Wﬂ'ﬁj 100G JI' it
ipple = "
S 120 Y sl " i
5 i i
g o HLd |
a 100 r HiH i
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80 ahs i
EREERE I}
lits
60 —1
3 H ]
40 3 nie $
20 2l !f ' N
| 1 ' N H
i : . I
1 2 5 10 20 50 100 200

Tofal Magnetizing Tarce (Ocrsteds)
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WINDING TABLE

SINGLE LAYER WINDING TABLE

WIRL SIZE (AWG) 28 26 24 2 20 19 18 17 16 15 14 13 12 1" 10
RESISTIVITY (mevem) | 2.3 | 134 | 842 | 530 | 330 | 264 | 210 166 | 132 | 104 |.0828 | 0651 | 0521 |.0413 |.0328 101AL POWTR

: DISSIPATION (WATTS)
MAXIMUM AMPS I_O"C .64 90 128 | 183 2.62 3.12 3.72 4.45 533 | 6.35 760 | 9.03 10.8 12.9 15.4 Vvs.
Peratowant 25°C | 107 | 152 | 247 { 308 | 441 | 526 | 627 | 750 | 857 | 107 | 128 [153 {183 |217 |60 THMP KIS
TEAMP, RISE 40°C § 1.38 1.97 2.81 4.00 570 ! 6.81 8.1 a.70 116 | 138 166 19.7 235 28.1 336

: SURFACE ]
PART cx‘l:m :\::,*) NUMBER OF TURNS 10C | 257¢ | a0
Ti6 | 80 80| 9 4 ] 27T 1 013 | 038 | 067
120 [ 86 )1.16 | 11 5 { 3| 2} 1 T 0187 055 | per
125 [119]188 | 18 | 14 [ 10| 7 | 5|4 |3 | 2% "1 ~ 030 | 089 | 157
T26 |t74|267 | 15 | 11 | 8 | 5 | 3 ] 2 1 I 042 | 127 | 223
130 [1aa{279 f 25 | 20 { 15 | 11| 7 | & 5 4 3 | 2 1 1 046 | 133 | 233
137 [ 1530377 | 37 | 290 | 22 | 17 | 12 ] 11 | o 7165 4] 3| 2 1 1 | 060 180 318
T |192]443 |31 | 24 |18 | 13|08 [ 7[5 [ a3 21 21 B R ED
T4 |-18470523 | 43 [ 34 | 26 |20 15 | w11 o | 716 "5 2 3 2 1| o83 | 249 | 437
150 {201d686 | 50 | 47 | 37 [ 28 | 22 | 19§ 16 | 14| 12| 0] @ 7 6 4 3 | 109 | 326 | 574
1508 [232{783 | 59 | 47 | 37 |28 {22 | 19| 16| 14| 2| w0] 8] 7] & 4 | 3 |25 373 659
150D [ 295 J987 | 59 | 47 | 37 | 28 | 22 { 19 | 16 | 14 | 12 | 10| 8 | 7 | & 4 3 | .157 | 470 | 826
151 [ 258 {756 | 36 | 28 | 22 | 16 | 12| 10 | o 7 6 5 4 3 2 1 20 | 360 | 633
T60 |[248 |984 | 67 | 53 | a1 {32 | 25| 2t | 19| 15 | w2 w0 8 | 7 6 | 4 | .156| 468 | 824
T60D | 368 {143 | 67 | 53 | 41 | 32 | 25 | 21 {19 | 18 |74 | 12| 018 | 3 6 4 | 228 | 881|120
T68 | 247|112 [ 74 | 59 | 46 | 36 | 28 | 2a | 21 | 18 | 6 | 12 | 12 | 10 | 8 7 | 5 | 178 ] 533 | 936
T68A [ 277 125 | 74 | 59 | 46 | 36 | 28 | 24 | 21 | 18 | 16 | 14 | 2 | 10 | ® 7 5 | .198 | 594 | 1.04
168D [ 341 | 152 | 74 | 59 | 46 | 36 | 28 | 24 | 21 | 18 | 6 | 4| 12| 10] 8 7 5 | 241 | 722 | 127
KBEI I ENERENE S RS R S G R ERCRR
T80 280155 | 103 | 82 | 64 | 51 | 39 [ 35 |30 | 27 [ 23 | 20 | w7 | 15 | 13 | 11 ] o | 246 | 736 | 130
T80B [ 344 {187 | 103 | 82 | 64 | 51 | 39 | 35 {30 | 27 |23 {20 | w7 | 53T | 5 [z eez i
780D | 4.07 {220 | 103 | 82 | 64 | 5} 39 | 35 | 30 | 27 | 23 | 20 | 17 | 15 | 13 | 11 | 9 | 350 | 105 | 154
T90 | 364 4224 | 115 | 92 72 | 57 | 44 | 39 | 34 jr_)_ _?9 23 20 3?“ R I I 5 107 | 188
T94 [ 3441220 [ 117 [ 94 | 74 { 58 | 45 | 40 |35 |31 | 27 | 24 | 20| 1@} 95 | 937711 | 300 [T iE
T106 [ 449310 | 118 | 5 | 74 | 50 | a5 | a0 | 36" 31 \727 | 24 | 20 | 18 [ 35 [T13 |71 |as2 [ Ta7 | 259
Tio6A{ 386 {268 | 118 | 95 | 74 | 59 | 46 | a0 | 36 [ 31 | 22 | 24 | 20 | 18 |95 | 13 | i1 | 427 | 138 | 228
T1068] 519 {355 | 118 | 95 | 74 | 59 | 46 | 40 | 36 | 31 | 27 | 28 | 21 | 18 | 35 | 13 | 11 | 565 | 1.69 | 257
T124 [ 395|333 [ 150 [ 120 | 95 | 75 | 59 | 52 | 46 | 40 | 36 | 31 | 27 | 24 | 21 | 18 | 15 | 520 | 158 [ 279
T130 [ 475 [422 [ 165 [ 133 | 105 | w3 L a5 | sn | e | a5 foan doas [ oo | o7 23 | 20 | 17 | 671 | 201 | 383
T130A[ 367 | 332 [ 165 | 133 [ 105 | 83 | 65 | w8 | 50| a5 | a0 | 3 | w1 | 27 | 23 | 20 | 17 | 520 | 158 | 2.78
7131 [ 641 {421 [13a | 107 | 85 | 67 | 52 |46 | 41 | 36 | 32 | 28 | 2a | 21 | 16| 16| 33| a9 [ 200 [35>
T132 (495|422 [ 147 [ 118 | 93 [ 74 | 58 | 51 | 45 [ 40 | 35 | a1 | 27 | 23 | 20 | 18 | 15 | 671 | 2.01 | 259
T1a1 [475)468 | 188 [ 150 [ e | on [ 75 Lo f oo | 52 | a6 a0 | on | m | 27 | 24 | 20 | 744 | 223 | 202
T150 [ 528 532 | 180 | 145 | 114 | ov | 71 | 63 | 56 | a0 | 45 | 3 | 34 | 20 | 26 | 22 | 19 | e4s 253 | 445
7157 [ 589 | 632 | 204 | 164 | 129 [ 103 | 81 | 72 | 64 | 56 | 50 | a4 | 39 | 34 | 30 | 26 | 23 | 101 | 3017 539
T175 [ 658 | 79.1 | 230 | 186 | 147 {117 | 92 { 82 | 73 | 64 | 57 | 50 | aa | 39 | 3a | 30 | 26 | 12637 | et6
T184 | 7.54 {892 [ 202 | 163 | 120 [ 102 | 81 | 72 | 63 | 56 | 50 | 44 | 38 | 3a | 29 | 26 | 22 | 142 | 425 | 7.47
7200 [ 650 {90.9 | 270 [ 217 | 172 {137 [ 108 | 96 | 86 | 76 | 67 | 60 | 53 | a6 | a1 | 36 | 31 | 1.45 | 433 | 769
T2008| 8.78 | 120 | 270 | 217 | 172 | 137 [ 108 { %6 | 86 | 76 | 67 | 60 | 53 |Tas | 41 | 36 | 31 | 391715721303
T201 | 890 | 111 | 202 | 163 | 129 | 102 | 81 | 72 | 63 | 56 | 50 | 44 | 3 | 34 | 20 | 26 | 22 {176 52 [s28"
1225 [6.93 | 109 | 305 | 245 | 195 | 155 1 123 [ 109 | 97 | 86 | 76 | 6o | 60 | 53 | 46 | 41 | 36 | 174 | 521 | 9,16
72258 9.21 | 143 | 305 | 245 | 195 [ 155 | 123 | 109 | 97 | 86 | 76 | 68 | 60 | 53 | 46 | 41 | 36 | 227 | 679 | 119
7250 | 10.4 | 166 | 270 | 217 | j72 | 137 1 108 | 96 | 86 | 76 | 67 | 60 | 53 | a6 | 41 | 35 | a1 | 263 | 785 | 139
7300 [ 7.95 | 173 | 422 | 341 | 271 [ 216 | 171 | 153 | 136 | 121 | 106 | 96 | 8 | 75 | 66 | 58 | 52 | 275 | 823 | 145
1300D| 10.5 | 223 | 422 {341 | 270 {216 | 170 | 153 | 136 | 121 [ 1o | on | 85 | 75 | 66 | 58 | 52 | 355 | 106 | 187
7a00 | 119 | 301 | 494 | 399 | 317 { 254 | 201 | 179 | 160 | 142 | 126 | 113 | 100 | 88 | 78 | 60 | 61 | 479 | 143 ] 252
400D} 14.4 | 384 | 494 | 399 | 317 | 254 | 201 | 179 | 160 | 142 | 126 | 113 | 100 | 88 | 78 | 69 | 61 | 610 | 162 | 323
1520 | 13.7 | 496 | 680 | 550 | 437 | 350 | 278 | 248 | 221 | 197 | 176 | 156 | 139 | 123 [ 109 | 97 | 66 | 7.88 | 236 | 415
15200 17.7 | 629 | 680 | 550 | 437 | 350 | 278 | pan {220 {197 | 176 | 156 | 139 | 123 {109 | 97 | 86 | 100 | 300 527
T




1' WINDING TABLE
.
] “4EULL WINDING” TABLE (35% TOROID ID REMAINING)
WIRE $IZE (AWG) 28 26 24 22 20 19 18 17 16 15 14 13 12 n 10 AMPERE TURNS TOTAL POWER
-xu—n;m—u: (ml—x;-—-:) 2t|-3. l‘..:!-d ;;2_ ‘".5—3—04 “530 264 | 210} 166 | 132 | 104 10028 1 06511 0521} 0413 0328 m\n-.\ﬁ;l ot l"\\ll‘l\ll;): IWALLS)
hUREAC TO COPPER LOSS TEMP. RISE
aa! Lmitarn Autr NUMBER OF TURNS 10-C ] 25°C | 40°C Joec [ 2s:c [ 40 C
716 | 80| 80 13 5 |32 111 10 ] 17 | 23 |.013|.038 | .067
a720 | 96 1.16] 16 at22] v v 12 | 21| 20 }.018].0s5] 097
125 119 tesf 30 20 2|8 | s |4 i3 22|10y 19 | 34 | 45 | 030 089 | .157
‘126 |174]267) 23 {15 ] 9 | 6 | 4 | 3 | 2 | 2} vt | 1|1 16 | 29 | 39 |.042{.127 | 223
730 |144)279] a8 |32 {20 |13 8| 6| 5| af{3|2i2|1v]|1]n 27 | 47 | 62 {044 133} 233
737 75313770 90 | 80 | 37 1 24 | 15 | 12| 9] 7 | 6| 5| 4 | 3|21 2] 1 ]42][72]96 [060].180}.31G
1138 {192|aaales | a3 |27 |97 vl o {7 s | afa}2j2] | | t[34]60]79 |071)211]3N
T34 J18als23) 12 ) 73 |46 ja0 {19 52| 9| 7| 6|5 ]| 3|3 | 2| 2]|so]| 87 |10}.083].249;.437
Yrso | 201]686] 196 {128 {81 | 52 ]33 |26 ]2t | 17| 13]w}e |6 |5 |4 | 3| 73]120]160].109}|.326].574
151C} 258 /7L BY 50 35 23 14 1 i / U 4 3 ) 2 1 i 4.4 /7 100 120 | .360 | .63
T60 | 248964 241 | 156 [ 100 | 65 | 41 | 33 | 26 | 21 | 16 | 13 | 10 | 8 | 6 | 5 | 4 | 87 | 150 [ 200 |.156 | 468 | .824
te8 [2a7]|112] 203 | 192 | 12278 |50 [ 40 |32 | 25 | 20 | 16 | 13 | 10| 8 | & | 5 | 100|170 230|178 533 936
172 315}1a3] 68 {11063 | a5 | 28 | 22 | 18|14l | o | 75 4|3 75 | 130 | 170 | 212 | 634 | 1.11
lveo | 280|155 525 [ 343 {28 | 1av | 8o | 70 | 57 | ao | u6 |20 [ | ow s | n 150 | 260 | 340 | 248 | 736 | 1.30
lvoo | 364|224] 648 | 424 | 269 | 173 | 110 88 | 70 | s6 | 45 | 36 | 28 | 22 { 18 | 13 | 11 ] 170 | 300 | 400 | 356 | 1.07 | 1.88
{793 | 344|220 672 | 440 | 279 | 180 | 114 | 91 | 73 | 58 | 46 | 37 | 29 | 23 | 18 | 14 | 11 | 180 | 320 | 420 | .350 [ 1.05 | 185
1106 | 449]310] 696 | 455 | 289 | 187 | 118 | 95 | 75 | 60 | a8 | 38 | 30 | 20 | 19 ] 15 | 12 | 190 | 330 | 440 | 492 | 1.47 | 2.59
Jt12s| 395|333 1080 | 707 { 449 | 290 | 183 { 147 | 117 | 93 | 75 | 60 | 47 | 37 | 30 | 23 | 19 | 260 | 460 | 610 ]| 529 | 1.58 | 2.79
|v130| 475|422} 1303 | 853 | 542 | 350 | 222 | 177 | 142 | 113 | 90 | 72 | 57 | 45 | 36 | 28 | 23 [ 300 | 520 | 690 | 671|201 | 353
Yt Toav|a27] 677 574 | 365 236 {129 | 119 95| 76 | 61 | 48 | 38 | 30 | 24 | 19 | 15 | 240.| at0 | 550 | 669 | 2.007 3.52
Ti32| 4.95] 422 ] 1050 | 687 | 437 | 282 | 179 | 143 | 114 | 91 | 73 | 58 | 46 | 36 | 29 | 23 | 18 | 260 | 460 | 610 | 671 | 201 | 3.53
1131} 475|468 ) 1650 [ 1006 | 690 | 446 | 283 | 226 | 1o | 144 115 w2 | v3 | 57 | 46 | 367 29 | 360 | 620 | B20 | .744 | 2.23 | 3.92
T150 | 5.28{53.2| 1530 | 1002 | 636 | 411 | 261 | 208 | 166 | 132 | 106 | 85 | 67 | 53 | 42 | 33 | 27 | 350 | 600 | 800 | 846 | 2.53 | 4 45
T157 [5.89 | 632 | 1933 | 1266 | 805 | 520 | 329 | 263 | 210 |- 168 | 134 | 107 | 85 | 67 | 53 | a2 | 34 400 [ 700 | 930 | 101 301 529
1175 | 656 | 79 1| 2353 [ 1606 | 1021 | 659 | 418 | 334 | 267 | 213 | 170 | 136 | 108 | 85 | 68 | 54 | 43 | 4807] 830 | 1110126 [3.76 | 6.16
T184| 7.54 | 89.2 ] 1903 | 1266 | 805 | 520 | 329 | 263 | 210 | 168 | 124 | 107 | 85 | 67 | 53 | 42 | 34 | 420 | 730 | 970 | 1.42 | 4.25 | 7.47
{r200 | 650 | 90.9 | 3348 | 21921393 ] 933 | 571 | 456 | 365 | 200 | 232 | 186 | 148 | 116 | 93 | 74 | 59 | 6107|1050 | 1400 | 1.45 | 4.33 | 7.61
{7201 {890 | 771| 1933 [ 1266 | 605 | 520 | 320 [ 263 | 210 | 168 | 134 | 107 | 85 | 67 | 53 | 427|734 | 430 [ 750 | 1000 | 1.76 | 5.28 | 9.28
|r22s {6931 103 | 4230 [ 2770 | 1760 | 1137 | 721 | 577 | 461 | 367 | 294 | 235 | 186 | 147 | 117 | 93 | 74 | 720 | 1260|1670 | 174 [5.21 | 9.16
{7250 | 10.4| 166 | 3348|2192 | 1393| 900 | 571 | 456 | 365 | 200 | 292 | 186 | 148 | 116 | 93 | 74 | 59 | 650 | 1120|1490 | 263 | 7.88 | 13.9
[1a00 | 795 | 173 7981|5227 [3322 [ 2146 | 1361 | 1089 | 870 | 693 | 554 | 443 | 352 | 278 [ 221 [ 176 | 140 [ 1170|2030 {2690 | 275 | 8.23 | 14.5
1100 | 11.1] 301 |10:8K| 7104 | 2515 | 2016 [ 1850 | 1480 | 1182 942 | 754 | 602 | 479 | 378 | 301 | 240 | 191 | 1530|2650 {3510 | 4.79 | 14.3 | 252
1520 | 13.7] 496 [20 3K 13 3K{ 8461 | 5465 | 3467 | 2773 12261 1765 113 1129 498 | 708 | 5G4 | 450 | 358 [ 2420 | 4180 | 55501 7.88 [ 236 | 41.5
E CORES
E39 |254]S509f100| 71 [ 45 | 29 | 18 | 15 | 12 ] 9 | 7 | 6 | 4 | 3 | 3 | 2 | 1 |41 | 72| 96 | 081 242] .426
E75 561 1121239 157 99 64 40 32 24 20 16 13 T3] ] 6 5 4 10! 120 170 178 | 5321 936
€100] 508) 161 | 950 | 220 [ 146 | 94 | 59 | 47 | 38 | 30 | 24 { 9] 15{12] 9| 7 | & [100]170] 220|289 864]1.52
EM8) 538|296 | 553 | 362 | 230 | 148 | 94 | 75 | 60 | 48 [ 38 | 30 | 26 | 19 | 15 | 12 | 9 |150 | 270 | 360 | 470 | 1.41 | 2.48
E125| 6.42| 344 | 594 | 389 | 247 [ 159 [ 101 | 81 | 6a | st | 41 { 33| 26 | 20 | 16 | 13 | 10 | 150 | 270 | 360 | 547 | 164 | 28
€137 6.99| 36.4 | 658 | 430 | 273 | 176 | 112 | 89 | 71 | 57 | 45 | 36 | 29 | 22 | 18 | ta | 11 | 160 | 260 | 370 | 579 | 1.73 | 3.05
E145)7.38[ 451 | 802 | 525 | 334 | 215 | 136 | 109 | 67 | 69 | 55 | 44 | 35 | 28 | 22 | 17 | 14 | 190 | 340 | 450 | 717 215 3.77
E162| 826|500 | 739 | 483 | 307 | 198 | 126 | 100 | 80 | 64 | 51 | 41 | 32 | 25 | 20 | 16 | 13 | 190 | 320 | 430 | 809 | 2.42 | 4.26
E168| 885 | 66.7 [ 1247 817 | 519 | 335 | 212 | 170 | 136 | 108 | 86 | €0 | 55 | 43 | 34| 27 | 22 |270 | 470 | 620 [ 106 318 | 558
ecaa) 935|731 | 1247 817 | 519 [ 335 | 292§ 170 | 136 | 1os | we | 60 | 85 | a3 | 34 | 27 | 22 | 278 | 400 | 630 [ 116 | 348612
E187| 950674 | 841 | 551 | 350 | 226 | 143 | 114 | o1 | 73 | 58 | 46 | 37 | 29 | 23 | 18 | 14 | 210 | 370 | 500 | 1.07 | 3.21 | 5.64
€220 | 115| 1131780 | 1166] 741 | 478 | 203 | 23 | 194 | 154 | 123 ‘98] 78 162 33 | 39 | a1 | 370 | 640 | 850 | 1.81 | 540 | 950
£225[ 11.4| 97.6 | 1210 792 | 503 | 325 | 206 | 165 | 132 | 105 | 8s | 67 | 53 | 42 | 33 | 26 | 21 | 280 | 490 | 650 | 1.55 | 4.65 | 817
E305 ;g.g 208 13523 | 2307 | 1466 | 947 601 | 480 | su4 306 | 244 195 | 1hh o1l 97 78 62 G10 {10601 1400|3301 9.88 | 17.4
E305a] 16.3] 226 [3523 12367 ] 1466 947 | 601 | 480 | 384 | 306 | 245 | 195 | 155 | 122 97 78 62 620 {1070 1400359108189
E450| 228| 384 |5511| 3609|2294 | 1481| 940 | 752 | 600 | 478 | 383 | 306 | 243 | 192 | 153 | 122 | 97 | 850 | 1480|1970 [6.10 | 18.3 | 32.1
gasod] 21.1| 328 | 55113609} 2294 | 1481 ] 940 | 752 | 600 | 478 | 383 | 206 | 243 | 192 | 153 { 122 | 97 | 820 | 1420 | 1800|521 | 156 | 27.4
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