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NUTTAKORN PUKSEESANG : SCALE PREVENTION IN HEAT
EXCHANGER BY USING MAGNETOSTRICTIVE TRANSDUCER.
THESIS ADVISOR : ASSOC. PROF. CHANCHAI THONGSOPA. Ph.D.,

60 PP.

MAGNETOSTRICTIVE TRANSDUCER

Magnetostrictive Transducer technology have been apply to prevention of
scale in heat exchanger in Oil and the other industries that use Heat Exchanger boiler.
The industry mentioned above often get the the problem from scale blocked and stick
coating to the surface of Heat Exchangers tube. This scale is comes from mixed of
Calcium and Magnesium substance in water or oil. When bringing mixtures water like
this to Heat Exchange causes stain on the surface of the pipe. Scale formed, caused
insulation and prevent heat to transfer to water that is exchanging. Cause of energy
wasted on Heat Exchanges boiler operation. Therefore, we, researchers have designed
a Magnetostrictive Transducer to apply for prevent and reduce scale forming to the
surface of Heat Exchangers tube. Because, the transducer vibrated the Exchangers
tube. With vibration of Magnetostrictive Transducer all the time, causes the heat of
its. Increased of temperature causes damage to the equipment from fracture.
Therefore, the development of Magnetostrictive Transducer will solve the heat
problem along with it. This will reduce the damage and make it more long lasting.
The purpose of this research is to design a Magnetostrictive Transducer circuit. And
also designed defined signal to control the Transducer. The defined model will be

compare to fine frequency and duty cycle to summarize optimize operation to vibrate



force enough. This signal input can be control the heat of Magnetostrictive

Transducer that not so high to make damage to equipment.
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Transducer No. Transducer frequency Transducer power ratings
1 18 1000

2 22 1000

3 25 1000

4 30 60

5 40 60

6 50 200
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m319% 3.1 Tasea$1s TMS-40 transducer specifications

Cross-sectional area of magnetostrictive package 16 cm’
Curie temperature 950°C
'Voltage 500 - 600 V
'Working frequency 18 -26 kHz
Maximum allowable electric power 180 W
Diameter of the ultrasonic tool 25 mm
'Waveguide material AISI 1020
'Weight 2.7kg
Dimension D65 x 265 mm
Cooling Aerial
Mode of operation streaming
Service life minimum 12 years
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A15199 3.1 TA59a319 TMS-40 transducer specifications (719)

Maximum working temperature as standard +220°C

Maximum working temperature as special +300°C
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nsmaANres s 1 a1lunmsnaaed laglddygiu PwM ienSeumeuteunagaveins
Fuaziiou N INIIunawd 9 kHz - 12 kHz azansaaulaanaud uagal Duty
1 d' Y o o g Y gl/ ° ' o oI a
cycle i 5o 19 dya1as PWM 1inauqumsauil wieunaihains e ldviudluunugi

1 d' Y1 1 = g’; dy
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d‘ % 1 1 = d‘ 1 1 d' = a
ms1ef 4.1 MmsTamiAweunage (Vp-p) 1 lalunaazsennudlumsnadgeununiilagasa
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anud Duty cycle |  @HH9 Vp-p (mv)
F1 D1 fiva 1 2 3 Vp-p 13

9 kHz 0.0450% 1 384.0 372.0 380.0 378.7
9 kHz 0.0450% 2 488.0 488.0 492.0 489.3
9 kHz 0.0450% 3 488.0° | 483.0 | 488.0 488.0
9 kHz 0.0450% 4 4280 | 4360 | 436.0 4333
9 kHz 0.0450% 5 456.0 460.0 460.0 458.7
9 kHz 0.0475% 1 3720 | 3720 |~380.0 374.7
9 kHz 0.0475% 2 512.0 |-»51200- 1 508.0 510.7
9 kHz 0.0475% 3 496.0 484.0 496.0 492.0
9 kHz 0.0475% 4 4520 | 4640 | 468.0 461.3
9 kHz 0.0475% 5 468.0 464.0 468.0 ~466.7
9 kHz 0.0500% 1 376.0 360.0 372.0 369.3
9 kHz 0.0500% 2 500.0 468.0 464.0 477.3
9 kHz 0.0500% 3 488.0 496.0 492.0 492.0
9 kHz 0.0500% 4 448.0 496.0 460.0 468.0
9 kHz 0.0500% 5 448.0 | 448.0 | 464.0 4533
10 kHz 0.0450% 1 396.0 396.0 400.0 397.3
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d‘ v 1 1 =) d‘ 1 1 d' a a
Ms1ef 4.1 msdamiAeunage (Vp-p) 118 luudazsennudlumsnageuuuniilaania

a 4 { 1 a 2 a 1
ﬁﬂﬂiWNﬁﬂ’Jl%ﬂﬁlmﬂﬁﬁﬂﬁﬂ’EJﬂ311]8]']’(]"11@\17151uﬁﬂ’JL¢]5EJ§LW3J%"Iﬂ“Uﬂ\3Lﬂ3J (919)

A Duty cycle | @uHHa Vp-p (mv)

F1 D1 fi¥a 1 2 3 Vpp 10y
10kHz | 0.0450% 2 464.0 | 4560 | 464.0 461.3
10kHz | 0.0450% 3 456.0 | 464.0 | 456.0 458.7
10kHz | 0.0450% 4 4280 | 4200 | 4200 422.7
10kHz | 0.0450% 5 480.0 | 488.0 | 500.0 489.3
10kHz | 0.0475% 1 408.0 | 4160 | 4120 412.0
10kHz | 0.0475% 2 496.0 | 500.0 | 496.0 497.3
10kHz | 0.0475% 3 492.0 | 496.0 | 480.0 489.3
10 kHz 0.0475% 4 436.0 436.0 436.0 436.0
10kHz | 0.0475% 5 5080 | 5160 | 512.0 512.0
10kHz | 0.0500% 1 388.0 | 388.0 | 388.0 388.0
10kHz | 0.0500% 2 500.0 | 508.0 | 508.0 505.3
10kHz | 0.0500% 3 496.0 | 504.0 | 496.0 498.7
10kHz | 0.0500% 4 4280 | 456.0 | 444.0 442.7
10 kHz 0.0500% %) 496.0 516.0 512.0 508.0
11kHz | 0.0450% 1 384.0 | 384.0 | 380.0 382.7
11kHz | 0:0450% 2 4120 | 4120 [~.416.0 4133
11kHz | 0.0450% 3 4200 |-42000 | 424.0 4213
11 kHz 0.0450% 4 408.0 384.0 380.0 390.7
11kHz | 0.0450% 5 4400 | 432.0 | 4280 4333
11kHz | 0.0475% 1 4120 | 408.0 | 416.0 412.0
11 kHz 0.0475% 2 460.0 460.0 464.0 461.3
11kHz | 0.0475% 3 456.0 | 4520 | 464.0 4573
11 kHz 0.0475% 4 412.0 420.0 424.0 418.7
11kHz | 0.0475% 5 460.0 | 488.0 | 488.0 478.7
11kHz | 0.0500% 1 4160 | 4240 | 416.0 418.7
11 kHz 0.0500% 2 500.0 496.0 496.0 497.3




32

d’ v 1 1 = ‘i’ 1 1 dl a a
ATNN 4.1 NITIAMNAUBUNAIA (Vp-p) VIVl@ﬂuLlﬁag‘lﬂiﬂ"J'IJJﬂGluﬂﬁVIﬂﬁE]‘ULLiJﬂuIﬁﬁﬂ‘iﬂ

a 4 { T a s A a 1
‘ﬁ‘v‘l‘ﬂiTuﬁﬂ’JL"B’EJ'ELL'U‘LH?]ﬁﬂ'li45]E]ﬂ’J'lllﬂ?ﬂﬂ]@ﬂﬂiWUﬁﬂ’chﬁﬂimNﬂWﬂleEN!.ﬂil (GR)

ad Duty cycle | AuHHa Vp-p (mv)

F1 D1 fiva 1 2 3 Vp-p 3
11 kHz 0.0500% 3 492.0 488.0 484.0 488.0
11kHz | 0.0500% 4 436.0 | 4320 | 440.0 436.0
11 kHz 0.0500% 5 5120 | 5080 | 524.0 514.7
12 kHz 0.0450% 1 3640 | 3640 | 3520 360.0
12 kHz 0.0450% 2 380.0 380.0 380.0 380.0
12 kHz 0.0450% 3 400.0 | 3960 | 396.0 397.3
12 kHz 0.0450% 4 3640 | 3760 | 360.0 366.7
12 kHz 0.0450% 5 396.0 | 400.0 | 400.0 398.7
12 kHz 0.0475% 1 396.0 | 396.0 | 400.0 397.3
12 kHz 0.0475% 2 436.0 | 4360 | 436.0 436.0
12 kHz 0.0475% 3 4440 | 4360 | 444.0 4413
12 kHz 0.0475% 4 400.0 | 400.0 | 400.0 400.0
12 kHz 0.0475% 5 4720 | 468.0 | 468.0 469.3
12 kHz 0.0500% 1 424.0 424.0 432.0 426.7
12 kHz 0.0500% 2 476.0 | 480.0 | 484.0 480.0
12 kHz 0.0500% 3 472.0 480.0 480.0 4773
12 kHz 0.0500% - 428.0 432.0 440.0 4333
12 kHz 0.0500% 5 508.0 | 5120 | 524.0 514.7

° ) < a 1 4 ° = 1
mﬂmsNﬂ1swﬂammmmﬂuaﬂmmugmma Lﬁ@ﬂWﬂ'li!lﬁEJ‘lJm&Uﬂ1 Duty

cycle 1914 0.0450%, 0.0475% 11ag 0.0500% ¢33
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WFuisuteunagavesmsduazion TS INOUAAID 8 kHz - 12 kHz 92811150
< { 4 ' ' d o o g a 4 '
du1daNA21mA 1azA1 Duty cycle i1 ls ndounuhd s liiuumugiuiaiie i

Y Y
aamsifseumeuluasail

d' [ 1 a 4:' Y 1 1 d' Y
AN 4.2 N13IAANBUNALA (Vp-p) wllﬂimmazm&mmm Iﬂﬂi“]jﬁi‘gﬂ]ﬂm PWM 4813

[ o

ANUDN 1 AU Fyayia PWM v03a2110% 2 wnegianiy

anud Duty cycle | @IUHHS Vp-p (mv)
F1 D1 fiva 1 2 3 Vp-p 10

8 kHz 35% 1 890.0 830.0 860.0 860.0
8 kHz 35% 2 1110.0 | 1130.0 | 1090.0 1110.0
8 kHz 35% 3 880.0 | 880.0 | 900.0 886.7
8 kHz 35% 4 840.0 900.0 920.0 886.7
8 kHz 35% 5 960.0 | 1000.0 | 990.0 983.3
8 kHz 40% 1 1010.0 960.0 960.0 976.7
8 kHz 40% 2 1540.0 | 1560.0 | 1580.0 1560.0
8 kHz 40% 3 1250.0 1210.0 1250.0 1236.7
8 kHz 40% 4 1000.0 | 980.0 | 1050.0 1010.0
8 kHz 40% S 1250.0 1170.0 1250.0 1223.3
8 kHz 45% 1 1170.0 1190.0 1210.0 1190.0
8 kHz 45% 2 1970.0 | 1930.0..{2000.0 1966.7
8 kHz 45% 3 1380.0 { .1430.0 | 1360.0 1390.0
8 kHz 45% 4 1030.0 1030.0 1020.0 1026.7
8 kHz 45% 5 1500.0 | 1490.0 | 1510.0 1500.0
9 kHz 35% 1 500.0 490.0 570.0 520.0
9 kHz 35% 2 760.0 760.0 770.0 763.3
9 kHz 35% 3 650.0 680.0 690.0 673.3
9 kHz 35% 4 840.0 840.0 840.0 840.0
9 kHz 35% 5 800.0 810.0 820.0 810.0
9 kHz 40% 1 580.0 590.0 590.0 586.7
9 kHz 40% 2 790.0 780.0 770.0 780.0
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4' [ a = Y 1 1 = Y o
13NN 4.2 NITIAAILBUNAIA (Vp-p) w”lﬂclmma:mdmma Iﬂﬂal‘b’ﬁﬂgi‘lﬁm PWM 83

[ [

AW 1 AU FyIa PWM 109021087 2 Mueganniu (Ap)

Ad Duty cycle | @unuq Vp-p (mv)
F1 D1 fiva 1 2 3 Vp-p 103

9 kHz 40% 3 860.0 880.0 880.0 873.3
9 kHz 40% 4 930.0 | 940.0 | 960.0 9433
9 kHz 40% 5 900.0 930.0 960.0 930.0
9 kHz 45% 1 7000 | 700.0 | 710.0 703.3
9 kHz 45% 2 840.0 920.0 910.0 890.0
9 kHz 45% 3 1090.0 | 1060.0 | 1070.0 1073.3
9 kHz 45% 4 11200 | 1130.0 | 1120.0 1123.3
9 kHz 45% 5 1040.0 | 1050.0 | 1050.0 1046.7
10 kHz 35% 1 700.0 680.0 680.0 686.7
10 kHz 35% 2 1010.0 | 1070.0 | 1090.0 1056.7
10 kHz 35% 3 11200 | 1130.0 | 1120.0 1123.3
10 kHz 35% 4 1350.0 | 1370.0 | 1350.0 1356.7
10 kHz 35% 5 1330.0 | 1340.0 | 1330.0 1333.3
10 kHz 40% 1 890.0 920.0 960.0 923.3
10 kHz 40% 2 14500 | 1430.0 | 1490.0 1456.7
10 kHz 40% 3 1480.0 | 1510.0| 1530.0 1506.7
10 kHz 40% 4 1950.0 2010.0 1970.0 1976.7
10 kHz 40% 5 1810.0 | 1830.0 | 1750.0 1796.7
10 kHz 45% 1 1310.0 | 1310.0 | 1290.0 1303.3
10 kHz 45% 2 1990.0 1950.0 1970.0 . 1970.0
10 kHz 45% 3 2070.0 1990.0 2010.0 2023.3
10 kHz 45% 4 2850.0 | 2830.0 | 2850.0 28433
10 kHz 45% 5 2410.0 2450.0 2430.0 2430.0
11 kHz 35% 1 1190.0 | 1170.0 | 1180.0 1180.0
11 kHz 35% 2 1330.0 | 1410.0 | 1430.0 1390.0
11 kHz 35% 3 1010.0 1050.0 1070.0 1043.3
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d‘ [ T a = Y 1 1 = Y o
AITNN 4.2 NITIAALBUNAIA (Vp-p) wllﬂclmmazﬁmemma Iﬂﬂi‘ﬁﬁﬂ]umﬂm PWM 4813

v

ANVATN 1 NV Fyy e PWM ¥83A1Y

S v
09 2 ynvoglaanu (99)

AE Duty cycle | @tiHa Vp-p (mv)

F1 D1 fiva 1 2 3 Vp-p g
11 kHz 35% 4 1710.0 | 1670.0 | 1750.0 1710.0
11 kHz 35% 5 11900 | 1210.0 | 1190.0 1196.7
11 kHz 40% 1 15700 | 1530.0 | 1490.0 1530.0
11 kHz 40% 2 1810.0 | 1870.0 | 1870.0 1850.0
11 kHz 40% 3 1510.0 1530.0 1530.0 1523.3
11 kHz 40% 4 2110.0 | 20700 | 2130.0 2103.3
11 kHz 40% 5 1630.0 | 1650.0 | 1630.0 1636.7
11 kHz 45% 1 21100 | 21300 | 2150.0 2130.0
11 kHz 45% 2 2890.0 | 2630.0 | 2630.0 2716.7
11 kHz 45% 3 22100 | 22700 | 2250.0 22433
11 kHz 45% 4 2890.0 2870.0 2877.0 2879.0
11 kHz 45% 5 21500 | 2130.0 | 2210.0 2163.3
12 kHz 35% 1 7200 | 700.0 | 720.0 713.3
12 kHz 35% 2 840.0 860.0 840.0 846.7
12 kHz 35% 3 860.0 860.0 880.0 866.7
12 kHz 35% 4 9200 | 920.0 | 940.0 926.7
12 kHz 35% 5 800.0 800.0 780.0 793.3
12 kHz 40% 1 1070.0 1030.0 1050.0 1050.0
12 kHz 40% 2 10500 | 1150.0 | 1110.0 1103.3
12 kHz 40% 3 1370.0 1350.0 1330.0 . 1350.0
12 kHz 40% 4 12100 | 1170.0 | 1170.0 1183.3
12 kHz 40% 5 1150.0 | 1130.0 | 1150.0 1143.3
12 kHz 45% 1 1310.0 1300.0 1310.0 1306.7
12 kHz 45% 2 1380.0 | 1380.0 | 1390.0 1383.3
12 kHz 45% 3 1450.0 | 1470.0 | 1460.0 1460.0
12 kHz 45% 4 1300.0 | 1340.0 | 1330.0 1323.3
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q’ [ 1 a d' Y 1 1 d' Y o
M13197 4.2 N13IaAEUNAYA (Vpp) N 14 luudazsenmud Taglddyaia PWM ves

AW 1 AU dyyIe PWM ¥83AIWAT 2 MwBgIaani (Av)

AN Duty cycle | GUHHS Vp-p (mv)
e p
F1 D1 n3a 1 2 3 Vp-p 1ade
12 kHz 45% 5 1460.0 | 1470.0 | 1470.0 1470.0
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1
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F ' 1
nAaeIlaza T UAAT Duty cycle 1AgIaAN 45% SuNuNINAINNa Ve dIna 1
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Lﬂﬂﬂ?1ulﬁﬂﬁ1ﬂﬁ@q1’ﬂim

a ] 1

13U 4.4 - 4.6 nsfSeuneuaweunayaid a1 lusie Duty

U
1

o v Y s a Ayy A o v a4

cycle 35%, 40% L1 45% ﬂ?ll'sﬂﬂ’ﬂ%ﬁ]g‘lj %zuﬁﬂﬂwmuuauwagw"lﬂmamenmummaw
1 @ <3 A a 1 a 1 o A o v o

uan@iy szt 18319a108 11 kHz Haweundgaveaazdumiaimms tadyaail

A1gaga

1 a d' Y v = a d
423  msvinwennagaielidyaaveqanlunistuuuniilaaniadivl
a [ Ao P a [ q'
nuaduvesuuusuungslilanennuenvesnsuadiwesneiy
Py g’/ 4;1 ya o Y o [
1919139 4.3 lumsnaaedluaseligide laiinisdanisdieuves
a I v Y o o { 4
nuaAuresiies 2 arlunisnases Taelddygyia PWM umegEaf Y0 2 LA tile
1R suisuueNNAAV0INITAUALINONIIFIINITTNUAAND 8 kHz - 16 kHz 38a1159
< Yt A = ' 1 9 2 o A 1 A Y1
a1 1aanA1W8 uaza Duty cycle i 13 wFeunnidmimsialinduunugiuiaiieldie
Y 4
aansufTouienlunsil
Y o o

M5N 4.3 AsIaY Vpp N 1dluudazseanud Taelddyana PWM vesanudi 1 fu

Yoyl PWM 1839AI407 2 muagiaany

o U

amd dutycycle | @MnHg Vp-p (mv)

F1 D1 fiva 1 2 3 Vp-p e
8 kHz 35% 1 5430 | 5470 ‘{95430 544.3
8 kHz 35% 2 5430 | 547.0-°| 551.0 547.0
8 kHz 35% 3 454.0 450.0 450.0 451.3
8 kHz 35% 4 4940 | 4780 | 498.0 490.0
8 kHz 35% 5 474.0 470.0 478.0 474.0
8 kHz 40% 1 630.0 620.0 630.0 626.7
8 kHz 40% 2 7440 | 7300 | 750.0 741.3
8 kHz 40% 3 631.0 639.0 611.0 627.0
8 kHz 40% 4 490.0 478.0 474.0 480.7
8 kHz 40% 5 507.0 490.0 499.0 498.7
8 kHz 45% 1 720.0 740.0 750.0 736.7
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mm?; duty cycle AU Vp-p (mv)
F1 D1 fiva 1 2 3 Vp-p 1nag

8 kHz 45% 2 1060.0 1060.0 1010.0 1043.3
8 kHz 45% 3 780.0 770.0 790.0 780.0
8 kHz 45% - 640.0 590.0 560.0 596.7
8 kHz 45% 5 650.0 660.0 650.0 653.3
9 kHz 35% 1 770.0 770.0 730.0 756.7
9 kHz 35% 2 540.0 490.0 500.0 510.0
9 kHz 35% 3 660.0 630.0 620.0 636.7
9 kHz 35% 4 520.0 510.0 510.0 5133
9 kHz 35% 5 790.0 810.0 770.0 790.0
9 kHz 40% 1 880.0 880.0 870.0 876.7
9 kHz 40% 2 610.0 630.0 630.0 623.3
9 kHz 40% S 760.0 720.0 700.0 726.7
9 kHz 40% 4 660.0 610.0 620.0 630.0
9 kHz 40% 5 1060.0 1050.0 1040.0 1050.0
9 kHz 45% 1 1060.0 1060.0 1050.0 1056.7
9 kHz 45% 2 770.0 730.0 740.0 746.7
9 kHz 45% 3 970.0 970.0 900.0 946.7
9 kHz 45% 4 790.0 790.0 760.0 780.0
9 kHz 45% 5 1210.0 1190.0 1220.0 1206.7
10 kHz 35% 1 590.0 590.0 570.0 583.3
10 kHz 35% 2 530.0 530.0 550.0 536.7
10 kHz 35% 3 600.0 590.0 610.0 600.0
10 kHz 35% 4 550.0 550.0 550.0 550.0
10 kHz 35% 5 680.0 740.0 730.0 716.7
10 kHz 40% 1 670.0 640.0 690.0 666.7
10 kHz 40% 2 690.0 710.0 700.0 700.0
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mm?; duty cycle AU Vp-p (mv)

F1 D1 fiva 1 2 3 Vp-p 103
10 kHz 40% 3 830.0 810.0 800.0 813.3
10 kHz 40% 4 7100 | 710.0 720.0 713.3
10 kHz 40% 5 900.0 | 920.0 | 920.0 913.3
10 kHz 45% 1 870.0 840.0 840.0 850.0
10 kHz 45% 2 910.0 | 890.0 870.0 890.0
10 kHz 45% 3 1090.0 | 1060.0 | 1040.0 1063.3
10 kHz 45% 4 970.0 990.0 980.0 980.0
10 kHz 45% 5 1210.0 | 1160.0 | 1150.0 1173.3
11 kHz 35% 1 560.0 | 570.0 | 570.0 566.7
11 kHz 35% 2 460.0 | 4700 | 470.0 466.7
11 kHz 35% 3 560.0 | 5300 | 520.0 536.7
11 kHz 35% 4 5200 | 5300 50.0 366.7
11 kHz 35% 5 690.0 | 6700 | 690.0 683.3
11 kHz 40% 1 870.0 870.0 860.0 866.7
11 kHz 40% 2 640.0 | 6500 | 630.0 640.0
11 kHz 40% 3 760.0 770.0 760.0 763.3
11 kHz 40% 4 750.0 730.0 740.0 740.0
11 kHz 40% 5 770.0 800.0 800.0 790.0
11 kHz 45% 1 1150.0 | 1130.0 | 1130.0 1136.7
11 kHz 45% 2 1040.0 1040.0 1060.0 . 1046.7
11 kHz 45% 3 1180.0 | 1170.0 | 1140.0 1163.3
11 kHz 45% 4 1070.0 | 1090.0 | 1050.0 1070.0
11 kHz 45% 5 1330.0 1300.0 1280.0 1303.3
12 kHz 35% 1 7300 | 7200 | 720.0 723.3
12 kHz 35% 2 680.0 | 6700 | 670.0 673.3
12 kHz 35% 3 820.0 790.0 800.0 803.3
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mmﬁ' duty cycle AU Vp-p (mv)

F1 D1 fi¥a 1 2 3 Vp-p 10
12 kHz 35% 4 610.0 600.0 620.0 610.0
12 kHz 35% 3 610.0 580.0 610.0 600.0
12 kHz 40% 1 1120.0 1140.0 1130.0 1130.0
12 kHz 40% 2 900.0 840.0 850.0 863.3
12 kHz 40% 3 1270.0 1210.0 1160.0 12133
12 kHz 40% - 820.0 830.0 840.0 830.0
12 kHz 40% 5 880.0 890.0 900.0 890.0
12 kHz 45% 1 1510.0 1520.0 1510.0 1513.3
12 kHz 45% 2 1100.0 1060.0 1070.0 1076.7
12 kHz 45% 3 1470.0 1450.0 1410.0 1443.3
12 kHz 45% 4 1170.0 1090.0 1130.0 1130.0
12 kHz 45% 5 1100.0 1130.0 1090.0 1106.7
13 kHz 35% 1 2430.0 2470.0 2410.0 2436.7
13 kHz 35% 2 2000.0 1990.0 1950.0 1980.0
13 kHz 35% 3 2910.0 3040.0 3020.0 2990.0
13 kHz 35% 4 1930.0 1970.0 1970.0 1956.7
13 kHz 35% 5 2550.0 2610.0 2570.0 2576.7
13 kHz 40% 1 3120.0 3200.0 3100.0 3140.0
13 kHz 40% 2 2410.0 2470.0 2430.0 2436.7
13 kHz 40% 3 3500.0 | 3460.0 3320.0 .| 3426.7
13 kHz 40% 4 2030.0 2070.0 | 2030.0 2043.3
13 kHz 40% 5 3320.0 3280.0 3320.0 3306.7
13 kHz 45% 1 3680.0 | 3660.0 3620.0 3653.3
13 kHz 45% 2 3020.0 3120.0 3080.0 3073.3
13 kHz 45% 3 3780.0 3780.0 3780.0 3780.0
13 kHz 45% 4 2430.0 | 2400.0 2430.0 2420.0
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mm?; duty cycle AU Vp-p (mv)

F1 D1 fiva 1 2 3 Vp-p g
13 kHz 45% 5 5190.0 5150.0 5150.0 5163.3
14 kHz 35% 1 1450.0 1410.0 1450.0 1436.7
14 kHz 35% 2 1650.0 1690.0 1650.0 1663.3
14 kHz 35% 3 1610.0 1650.0 1570.0 1610.0
14 kHz 35% - 1330.0 1250.0 1330.0 1303.3
14 kHz 35% 5 1890.0 1690.0 1810.0 1796.7
14 kHz 40% 1 1970.0 1930.0 1930.0 1943.3
14 kHz 40% 2 2210.0 2250.0 2210.0 22233
14 kHz 40% 3 2000.0 1970.0 2010.0 1993.3
14 kHz 40% 4 1690.0 1610.0 1650.0 1650.0
14 kHz 40% > 2400.0 2410.0 2450.0 2420.0
14 kHz 45% 1 2850.0 2770.0 2770.0 2796.7
14 kHz 45% 2 2850.0 2930.0 2810.0 2863.3
14 kHz 45% 3 2800.0 2770.0 2730.0 2766.7
14 kHz 45% 4 2100.0 2170.0 2210.0 2160.0
14 kHz 45% 5 3180.0 3300.0 3220.0 32333
15 kHz 35% 1 1610.0 1610.0 1610.0 1610.0
15 kHz 35% 2 1290.0 1250.0 1290.0 1276.7
15 kHz 35% 3 1530.0 1610.0 1650.0 1596.7
15 kHz 35% - 1250.0 1210.0 1210.0 . 12233
15 kHz 35% 5 1050.0 1050.0 1090.0 1063.3
15 kHz 40% 1 1810.0 1990.0 1810.0 1870.0
15 kHz 40% 2 1770.0 1650.0 1650.0 1690.0
15 kHz 40% 3 2170.0 2050.0 2010.0 2076.7
15 kHz 40% B 1570.0 1650.0 1570.0 1596.7
15 kHz 40% 5 1530.0 1610.0 1410.0 1516.7
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M3aR 43 fusadn Vpp 718 lundazdend Taolddyanu PWM vosarwdi 1 iy
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anud duty cycle | #uwug Vp-p (mv)

F1 D1 fi¥a 1 3 3 Vp-p nas
15 kHz 45% 1 2230.0 | 2290.0 | 2290.0 2270.0
15 kHz 45% 2 1880.0 1890.0 1970.0 1913.3
15 kHz 45% 3 21300 | 21700 | 2130.0 2143.3
15 kHz 45% 4 1770.0 | 1810.0 | 1770.0 1783.3
15 kHz 45% 5 1450.0 | 1450.0 | 1490.0 1463.3
16 kHz 35% 1 920.0 | 9200 | 880.0 906.7
16 kHz 35% 2 1850.0 | 1770.0 | 1850.0 1823.3
16 kHz 35% 3 14100 | 1450.0 | 1330.0 1396.7
16 kHz 35% 4 760.0 | 7200 | 7200 733.3
16 kHz 35% 5 11300 | 1130.0 | 1130.0 1130.0
16 kHz 40% 1 1130.0 | 1170.0 | 1130.0 1143.3
16 kHz 40% 2 2050.0 | 2010.0 | 1970.0 2010.0
16 kHz 40% 3 1610.0 | 1650.0 | 1610.0 1623.3
16 kHz 40% 4 1010.0 1010.0 960.0 993.3
16 kHz 40% 5 1450.0 1410.0 1490.0 1450.0
16 kHz 45% 1 1210.0 | 1210.0~ " 1210.0 1210.0
16 kHz 45% 2 2000.0 . 2090.0 | 2050.0 2046.7
16 kHz 45% 3 1650.0 | 1690.0 | 1610.0 1650.0
16 kHz 45% 4 1130.0 | 1170.0 | 1130.0 1143.3
16 kHz 45% 5 1610.0 1570.0 1610.0 . 1596.7
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R | DI 0 ¥% 3017 | 60117 | 9017 | 120 017t | 150
10 kHz 45% 25 27 29 31.6 31.5 31.6
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