LAMPIRAN



Lampiran 1. Perhitungan rugi-rugi IGBT

1. Tegangan output 160,5V
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Gambar 42. Gelombang tegangan output 160,5V pada inverter
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Berikut ini merupakan perhitungan rugi-rugi inverter dengan parameter

sebagai berikut;

Tabel 16. Parameter perhitungan rugi-rugi switching dan konduksi pada tegangan 160,5V

Daerah Kerja Nilai

\V 0,0505
Ve 4

Eon 225W
Eotf 150W
Vcesat 3,25V
Ic 1500A
fow 200Hz
Ve 1500V
Inom 1500A
Vhom 3300V




a. Perhitungan Duty Cycle

b. Rugi konduksi

Pond =6XxVegsar x 1o xD

P

cond

=6x3,25V x1500A%x0.013

P, =0,380kW

c. Arus puncak (Ipk)

I _ VOUt

pk E;

450kW
| 160,55V

pk 3

I =934,580A
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d. Rugi switching

P —6x (Eqn + Eg )X X, XV,

SwW

”XI nom XVﬂOm

P _6x (225W +150W )x934,580 Ax200Hzx1500V

7X1500 Ax3300V

P, =6x6,761kW

P,, =40,566kW

e. Rugi-rugi total

Ptotal = F)cond + PSW
P = 0,380kW +40,566kW
P ., =40,946kW

total

f. Daya output
P.=P,-P

out — Fin total

P« =450kW -40,946kW

P

out

=409, 054kW

g. Efisiensi

n= P x100%

in

_ 409,054k
450kw

x100%

11 =90,90%
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2. Tegangan output 321 V

80

Vmotor1 Vmotor2 Vmotor3 Vmotord
1K N o o o | o o '"'

0K

AR RRRRRRNRRR
K
[1] 0.2 0.4 0.6 0.8 1

Time (s)

Gambar 43. Gelombang tegangan output 321V pada inverter

Berikut ini merupakan perhitungan rugi-rugi inverter dengan parameter

sebagai berikut;

Tabel 17. Parameter perhitungan rugi-rugi switching dan konduksi pada tegangan 321V

Daerah Kerja Nilai

\4 0,198
Ve 4

Eon 225W
Eort 150W
Vcesat 3,25V
Ic 1500A
fow 200Hz
Ve 1500V
Inom 1500A
Vhom 3300V




a. Perhitungan Duty Cycle

b. Rugi konduksi

Pong =6XVeggar x 1o xD
Pong =6x3,25V x1500A% 0.05
P, =1463kW

cond

c. Arus puncak (lg)

I _ VOUI

pk 3

(450kW j
_\ 32v

pk 3

|, =467,290A
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d. Rugi switching

P —6x (Eqn + Eg )X1 g XE( XV

sw

7Z-XI nom XVﬂOm

5 _g, (225W +150W)x467, 200Ax200Hzx1500V

7X1500 AXx3300V

P, =6x3,381kW

P, = 20,286kW

e. Rugi-rugi total

Ptotal = Pcond + PSW
P =1 463kW + 20, 286kW
P =21749kW

total

f. Daya output

Pout = I:>in - Ptotal
P =450kW —21,749kW
P =428,251kW

g. Efisiensi

n= P x100%

in

_ 428,250
450kw

x100%

1n=9517%
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3. Tegangan output 493,9 V
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Gambar 44. Gelombang tegangan output 493,9 V pada inverter

Berikut ini merupakan perhitungan rugi-rugi inverter dengan parameter

sebagai berikut;

Tabel 18. Parameter perhitungan rugi-rugi switching dan konduksi pada tegangan 635V

Daerah Kerja Nilai

V, 0,475
Ve 4

Eon 225W
Eotf 150W
VcEsaT 3,25V
Ic 1500A
fsw 200Hz
Ve 1500V
Inom 1500A
Viom 3300V




a. Perhitungan Duty Cycle

b. Rugi konduksi

Pond =6XxVegsar x 1o xD

P

cond

=6x3,25V x1500A%x 0,119

P, =3,48kKW

c. Arus puncak (lpk)

I _ VOUt

pk E;

450kW
| 493,9V

pk 3

I =303,705A
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d. Rugi switching

P =6x (Eon + EOﬁ )XI kafSWXVdc

SwW

”XI nom XVﬂOm

P _6x (225W +150W)x303, 705Ax200Hzx1500V

7X1500 Ax3300V

P, =6x2,197kW

P, =13,182kW

e. Rugi-rugi total

Ptotal = Pcond + Psw
P =3, 48kW +13,182kW
P . =16,662kW

total

f. Daya output

POUI = Pin - I:)total
P =450kW -16,662kW
P =433,338kW

g. Efisiensi

n= P x100%

in

_ 433,338KW
450kW

x100%

1 =96,3%
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4. Tegangan output 635V
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Gambar 45. Gelombang tegangan output 635 V pada inverter

Berikut ini merupakan perhitungan rugi-rugi inverter dengan parameter

sebagai berikut;

Tabel 19. Parameter perhitungan rugi-rugi switching dan konduksi pada tegangan 635V

Daerah Kerja Nilali

V, 0,793
V¢ 4

Eon 225W
Eotf 150W
fsw 200Hz
VcEsaT 3,25V
Ic 1500A
Ve 1500V
Inom 1500A
Vhom 3300V

Inverter VVVF IGBT terdiri dari enam buah IGBT, sehingga besarnya
rugi konduktansi dan switching di kali kan dengan jumlah IGBT yang digunakan.



a. Perhitungan Duty Cycle

b. Rugi konduksi

Pong =6XVegsar x1c xD
P..q =6x3,25V x1500A% 0,198

P, =5,792KW

c. Arus puncak (Ipk)

I — VOU'[

pk 3
(450kW j
635V

I, =236,220A

pk
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Rugi switching

P —6x (Eqn + Eg )X1  XE, XV

sw

ﬂXI nom XVnom

5 _g, (225+150)x236,220Ax200x1500

7x1500x3300

P, =6x1,709W

P,, =10, 254kW

Rugi-rugi total

I:)total = I:)cond + PSW
Poa =9 792kW +10, 254kW
P =16,046kW
Daya output
Pout = I:>in - Ptotal
Pu= 450kW -16,046kW
P =433, 954kW
Efisiensi

= E x100%

_ 433,958 o

450kW

n =96,43%
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5. Tegangan output 645 V

Vmotor1 Vmotor2

Vmotor3

Vmotor4

89

1.9K

1K HH IH IH HI HI H H ) A I ) - - dj” - | } E
ol BB NN
! ! RMS Value
BN
BN AR REANR RN NRNE

Time (s)

0.8

Gambar 46. Gelombang tegangan output 645 V pada inverter

Berikut ini merupakan perhitungan rugi-rugi inverter dengan parameter

sebagai berikut;

Tabel 20. Parameter perhitungan rugi-rugi switching dan konduksi pada tegangan 645V

Daerah Kerja Nilai
V, 0,8222
V¢ 4
Eon 225W
Eort 150W
Vcesat 3.25
lc 1500A
lok 500A
fow 200Hz
Ve 1500V
Inom 1500A
Viom 3300V




a. Perhitungan Duty Cycle

b. Rugi konduksi
F)

vond = 0XVegsar X 1o xD

P

cond

=6x3,25V x1500A %0, 206

P, =6,026kW

c. Arus puncak (lpk)

I _ VOUt

pk 3

(450kwj
| A 64V )

pk 3

|, =232,558A
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d. Rugi switching

P —6x (Eqn + Eg )X1 g XE( XV

sw

7Z-XI nom XVﬂOm

5 _g, (225W +150W)x232, 558 Ax200Hzx1500V

7x1500 Ax3300V

P,, = 6x1,682kW

P,, =10,092kW

e. Rugi-rugi total

Ptotal = F)cond + PSW
P = 6,026kW +10,092kW
P =16,118kW

total

f. Daya output

POUY = Pin - Ptotal
P = 450kW -16,118kW
P =433,882kW

g. Efisiensi

n= P x100%

in

_ 433,882
450kW

x100%

1 =96,42%
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Lampiran 2. Perhitungan rugi-rugi dioda

Tabel 21. Parameter perhitungan rugi-rugi dioda

Ve 2.2V
I 1500A
Vee 15V
Re 1Q

Rugi konduksi
Pcond =V, x|,

Pcond = 2.2V x1500A

Pcond = 3, 3kW

Daya recovery reverse

V 2
Erec = =&

Erec = 1—
1
Erec = 225W

1. Tegangan output 160,5 V
a. Rugi-rugi reovery reverse

Tabel 22. Parameter perhitungan rugi-rugi dioda

Erec 225W
Lok 934,580A
fow 200Hz
Ve 1500V




Tabel 23. Parameter perhitungan rugi-rugi dioda (lanjutan)

Daerah Kerja Nilai

Inom 1500A

Vhom 3300V

E,. X ka x f, %V,

P o ios = —

rec.dioda

5 _ 225W x 934,580 Ax 200Hz x1500V
rec.dioda 7 x1500Ax 3300V

P

rec.dioda

=4,057kW

b. Rugi-rugi total

Ptot = 6 x ( I:)cond + I:)ret:.dioda)
Py =6 (3,3kW +4,057kW )
P, = 44,142kW

tot

2. Tegangan output 321V

a. Rugi-rugi recovery reverse

Tabel 24. Parameter perhitungan rugi-rugi dioda

Daerah Kerja Nilai
Erec 225W
Lok 467,290A
fow 200Hz
Ve 1500V
Inom 1500A
Vhom 3300V




E,.c X ka x f, xV,

P o iogs = —

rec.dioda

. _ 225W x 467,290 Ax 200Hz x1500V
rec.dioda 7 x1500 Ax 3300V

P

rec.dioda — 21 028kW
b. Rugi-rugi total
P Pond + P

tot — T rec.dioda

Py = 6%(3,3KW +2,028kW )

P

ot = 31,968kKW
3. Tegangan output 493,9V

a. Rugi-rugi recovery reverse

Tabel 25. Parameter perhitungan rugi-rugi dioda

Daerah Kerja Nilai
Erec 225W
lpk 303,705A
fow 200Hz
Ve 1500V
Inom 1500A
Vhom 3300V

E,. X ka x £, %V,

Prec dioca = —
rec.dioda T X Inom Xvnom

5 _ 225N x303 705Ax 200Hz x1500V
rec.dioda 7 x1500Ax 3300V

rec.dioda



b. Rugi-rugi total

Ptot = Feond + Prec.dioda
Py = 6%(3,3kW +1,318kW )
P, =27,708kW

tot

4. Tegangan output 635V

a. Rugi-rugi recovery reverse

Tabel 26. Parameter perhitungan rugi-rugi dioda

Daerah Kerja Nilai
Erec 225W
lok 236,220A
fow 200Hz
Ve 1500V
Inom 1500A
Vhnom 3300V

Eec x ka x fsw dec

P e ioa = —

rec.dioda

o _ 225W x 236,220 Ax 200Hz x 1500V
rec.dioda 7 x1500 Ax 3300V

P

rec.dioda

=1,025kW



b. Rugi-rugi total

Ptot = Pcond + Prec.dioda
Py = 6(3,3KW +1,025kW )
P =25,95kwW

tot

5. Tegangan output 645V
a. Rugi-rugi recovery reverse

Tabel 27. Parameter perhitungan rugi-rugi dioda

Daerah Kerja Nilai
Erec 225W
lpk 232,558A
fsw 200Hz
Ve 1500V
Inom 1500A
Vhom 3300V

E,.. X ka x fg, xVy,

P o giogs = —

rec.dioda

5 _ 225W x 232,558 Ax 200Hz x1500V
rec.dioda 7 x1500 Ax 3300V

P

rec.dioda

=1,009kW

b. Rugi-rugi total

Ptot = Pcond + Prec.dioda
Py = 6(3,3KW +1,009KW )
P =25,854kW

tot



Lampiran 3. Perhitungan rugi-rugi inverter VVVF IGBT

Tabel 28. Hasil rugi-rugi IGBT dan Dioda
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Tegangan Output | Pinput inverter Prugi IGBT Prugi Dioda
(V) (KW) (kW) (kW)
160,5 450 40,946 44,142
321 450 21,749 31,968
493 450 16,662 27,708
635 450 16,046 25,95
645 450 16,118 25,85

1. Tegangan output 160,5V
a. Rugi total
P,=P

tot rugi.IGBT

+P

rugi.DIODA

P, = 40,946KW + 44,142KW

P, =85,088kW

b. Daya output (Pout)
P.=P —-P

out in tot

P

out

= 450kW —85,088kW

P, =364,912kW

c. Efisiensi

Pt
:&X].OOO/
=75 0

in

_364,912kW
~ 450kW

n=811%




2. Tegangan output 321V
a. Rugi total

Pot = Prugi.IGBT + Prugi.DIODA

P

tot

=21, 749kW + 31,968kW

P, =53, 717kW

tot

b. Daya output (Pou)
Pout = I:)I - I:?[Ot

P, =450kW —53,717kW

out

P, =396, 283kKW

c. Efisiensi

n= h><100%

in

396, 283KW
450kW

5 =88,06%

3. Tegangan output 493,9V
a. Rugi total

Ptot = Prugi.IGBT + Prugi.DIOD/—\

P, =16,662kW + 27, 708kW

P, =44,37kwW

tot



b. Daya output (Pou)

Proc =P =P
P = 450kW —44,37kW
P =405,63kW

c. Efisiensi

n= %xlOO%

in

405, 63KW
450kW

5 =90,14%

4, Tegangan output 635V
a. Rugi total
P,=P

ot — MrugiiceT + Prugi.DIODA

P

tot

=16,046kW + 25,95kW

P,, = 41,996kW

b. Daya output (Poy)
P.=P,—P

out in tot

P

out

= 450kW —41,996kW

P, =408,004kW
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c. Efisiensi

n= ﬁxloo%

in

408, 004KW
450KW

5 =90,67%

5. Tegangan output 645V

a. Rugi total
Pot = Prugi.IGBT + Prugi.DIODA
P =16,118kW + 25,85kW

tot

P, =41,968kW

tot

b. Daya output (Pou)
P.=P,—P

out in tot

P,,, = 450KW —41,968kW

P

out

=408,032kW

c. Efisiensi

Pt
= %100%
n=2 b

in

_ 408,032kW
450KW

5 =90,67%
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Lampiran 4. Perhitungan rugi-rugi motor traksi dengan lima kondisi

1. Kondisi Pengujian I (Tegangan Input 160,5V)

Tabel 29. Parameter kondisi pengujian |

Daerah Kerja Nilai Daerah Kerja Nilai

P 44,95 KW P 23,84 W
\Y 160,5V Ls 0,921 mH
f 9,1Hz Lr 0.422 mH
. 247,64 A Lc 22,567 mH
| out 68,9 A Rs 0,04581 Q
M 1800 Rr 0,04080 Q
cosé 0,87 Rc 108,621 Q
n 74,76 P 4
N 238

a. Daya Input (Pin)
P =+/3xV, xI_xCos@

P = J3x160,5V x 247,64Ax 0,87

P. =59,893kW
n

b. Rugi Tembaga Stator (PSCL)
_ 2
IDSCL _3'|in Rl

_ 2
Pocy =3:(247,64)".0,04581

PSCL =8,428kW
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c. Rugi Inti Stator (PCORE)

3v. 2

p _"in
CORE
RC

_3.(160,5)°
CORE 108,621

PCORE =0,711kwW

d. Total Rugi Stator

Prugi — stator :PSCL M PCORE

P . =8,428kW +0, 711kW
rugi — stator

P . . =9,139kW
rugi — stator

e. Daya Input Rotor (Pin-rotor)

P =P -P_
In—rotor In rugl — stator

P. =59,893kW —9,139kW
in—rotor

P. =50, 754kW
in—rotor
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f.  Rugi Tembaga Rotor (PRCL)

120f 120x9,1
P 4

N, =273

Ng—Ne 273238
N 273

=0,128

PreL = (Bin ~PscL ~Feore )

Pocp = (59,93KW —8,428KW —0, 711kW)x0,128

Pocy = 6:497kW

g. Daya Mekanik ( Pm)

P = Pin—rotor ~FReL

P =50,754kW —6,497kW

P =44,257kW
m

h. Rugi Gesekan ( PW )

PW = 0,0238kW
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. Rugi stray (T
Prnay =1.5%x (P, —R,)

Porray =1,5%x (44, 257kW —0,0238KW )
Perray =1,5% x 44, 233kW

Pyreay =0, 663KW

- Daya Output (Pout)

POUt = Pm - PW — Porgay

Pout =44,257kW —0,0238kW —0, 663kW

P_ . =43570kW
out

k. Efisiensi (77)

P t
= x100%
n P 0

in

_ 43570KW

n= 100%
59,893kwW

n="72,75%



2. Kondisi Pengujian 11 (Tegangan Input 321V)

Tabel 30. Parameter kondisi pengujian 11
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Daerah Kerja Nilai Daerah Kerja Nilai

out 98 kW Prw 95,34 W
\Y 321V Ls 0,921 mH
f 18,2 Hz Lr 0.422 mH
I 2244 A Lc 22,567 mH
| 68,9 A R1 0,04581 Q
M 1800 Rr 0,04080 Q
cosé 0,89 Rc 205,038 Q
n 88,47 P 4
N 518

a. Daya Input (Pin)

P =/3xV, xl, xCosf

P = J3 %321V x 224, 4A% 0,89

P. =111 04kW
n

b. Rugi Tembaga Stator (PSCL)

_ 2
Pecy =3(224,4)

PSCL =6,92KW

.0,04581
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c. Rugi Inti Stator (PCORE)

3V, 2
In

p____in_
CORE
Re

_3,321)2
CORE "~ 205,038

PCORE =1,508kW

d. Total Rugi Stator

IDrugi — stator :PSCL * I:)CORE

P . =6,92kW +1,51kW
rugi — stator

P . =8,428kW
rugi — stator

e. Daya Input Rotor (Pin-rotor)

P P P .
In—rotor In rugl — stator

P. =111,04KW —8,43KW
In—rotor

P. =102,612KW
in—rotor



h.

Rugi Tembaga Rotor (PRCL)

120f 120x18,2
P 4

=546

NS

Ng—N:  546-518

N 546
S

S = =0,051

PS ) xS

Prel =(Fin ~PscL ~Feore

PRCL = (111,04kW —6,92kW —1,508kW ) x 0,051

PRCL =5,233kW

Daya Mekanik ( Pm)

I:’m B I:,in —rotor F)RCL

Pm =102,612kW -5, 233kW

P_ =97,379kW
m

Rugi Gesekan ( PW )

PW = 0,095kW

107
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i Rugi Stray (S
Parmay =1.5%x (P, —R, )

Porray =1,5% x (97, 379kW -0, 095kW)
PSTRAY = 11 5% x 97, 284kW

P.asy =1 459KW

- Daya Output (Pout)

POUt - Pm - PW — Porpay

Pout =97,379kW —0,095kW —1,459kW

P =95825kW
out

k. Efisiensi (77)

P t
= x100%
n P 0

in

_ 95,825KW

n= x100%
111, 04kW

n =86,30%



3. Kondisi Pengujian 111 (Tegangan Input 493,9V)

Tabel 31. Parameter kondisi pengujian 111
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Daerah Kerja Nilai Daerah Kerja Nilai

o 153 kW P 225,66 W
\Y 4939V Ls 0,921 mH
f 28 Hz Lr 0.422 mH
. 217,9 A Lc 22,570 mH
| 68,9 A Rs 0,04581 Q
M 1800 Rr 0,04080 Q
cosé 0,89 Rc 297,478 Q
n 92,47 P 4
N 813

a. Daya Input (Pin)

P,= \/§va Xl xCos®

P = J3x493,9V x217,9A%0,89

P. =165,9kW
In

b. Rugi Tembaga Stator (PSCL)

_ 2
PSCL _3'Iin Rl

Peny =3.(217,9) 0,04581

SCL

PSCL = 6,525kW
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c. Rugi Inti Stator (PCORE)

3v. 2

p _""in
CORE
RC

| 3.(493,9)2
CORE 297,478

PCORE = 2,46kW

d. Total Rugi Stator

I:)rugi — stator :PSCL * PCORE

P . =6,525kW + 2,46kW
rugi — stator

P . =8,985kW
rugi — stator

e. Daya Input Rotor (Pin-rotor)

P =P —P .
In —rotor In rugi — stator

P. =165,9kW —8,985kW
in —rotor

P. =156,915kW
in —rotor
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f.  Rugi Tembaga Rotor (PRCL)

120 12028
P 4

N, 840

Ng—N: 840813
N 840

=0,032

PreL = (Fin ~PscL ~Feore)*s

PRCL = (165,9kW —6,525kW —2,46kW ) x 0,032

PRCL =5,021kW

g. Daya Mekanik ( Pm)

P =Fin—rotor ~PreL

Pm =156,915kW —5,021kW

P_ =151,894kwW
m

h. Rugi Gesekan ( PW )

PW =0,227kW
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i. Rugi Stray ( IDSTRAY)
Porray =1,5%x ( P.—R, )

Porray =1,9%x (151, 894kwW —0,227kW )
Pyray =1,5%x151,667KW

Psrray = 2, 26KW

J.  Daya Output (Pout)

Pout = P~ Ry~ Formay

Pout =151,894kW —0,227kW —2,26kW

P_  =149,407kW
out

k. Efisiensi (77)

P t
= x100%
n P 0

in

n= w X 100%
165, 9kwW

n =90,06%
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4. Kondisi Pengujian 1V (Tegangan Input 635 V)
Tabel 32. Parameter kondisi pengujian 1V
Daerah Kerja Nilai Daerah Kerja Nilai
- 200 kW P 373,03 W
\Y 635V Ls 0,921 mH
f 36,38 Hz Lr 0.422 mH
L. 2176 A Lc 22,569 mH
| ot 68,9 A Rs 0,04581 Q
M 1800 Rr 0,04080 Q
cosé 0,89 Rc 365,442 Q
n 93,97 P 4
Ng 1064
a. Daya Input (Pin)
P =/3xV, xI _xCos6
P = \3x635V x217,6Ax0,89
Pin =213kW
b. Rugi Tembaga Stator (PSCL)

2
PscL =30in Ry

_ 2
Pocy =3:(217,6)°.0,04581

PSCL =6,5kW
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c.  Rugi Inti Stator (PCORE)

3V. 2

P —_In_
CORE
Re

_3.(635)°
CORE ™ 365,442

PCORE = 3,3kW

d. Total Rugi Stator

Prugi — stator :PSCL * PCORE

P . = 6,5kW + 3,3kW
rugi — stator

P . =9,8kW
rugi — stator

e. Daya Input Rotor (Pin-rotor)

P. P -P .
In—rotor In rugi — stator

P. = 213kW —9,8kW
in—rotor

P. =203, 2kwW
in—rotor



g.

h.

f. Rugi Tembaga Rotor (PR

CL)

120f 120x36.38

N
P

=1091,4

Ns—Ne  1001,4-1064
N 1091, 4

. = 0,025

PreL = (Fin ~PscL ~Feore)*s

PRCL = (213kW —6,5kW —3,3kW)x 0,025

PRCL =5,08kW

Daya Mekanik ( Pm)

I:)m B Pin —rotor IDRCL

Pm = 203, 2kW —5,08kW

P_ =198,12kW
m

Rugi Gesekan ( PW )

PW =0,373kw
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Rugi Stray (Psgay)

Porray =1,5% % ( P —R, )
Pirray =1,5% x (198,12kW —-0,373kW )
Pirray =1,5% %197, 747TkW

Pyrray = 2,966KW

Daya Output ( POut

)

Pout - Pm - PW — Psrray

Pout =198,12kW —0,373kW —2,966kW

P =194,781kW
out

Efisiensi (77)

P t
= ot 100%
=3 6

in

_194,781kW

x100%
213kW

n =91,45%
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5. Kondisi Pengujian V (Tegangan Input 645V)
Tabel 33. Parameter kondisi pengujian V
Daerah Kerja Nilai Daerah Kerja Nilai

- 200 kW P. 2331,44 W
\% 645 V Ls 0,921 mH
f 90 Hz Lr 0.422 mH
L. 197,28 A Lc 25,326 mH
| ot 25,09 A Rs 0,04581 Q
M 740 Rr 0,04080 Q
cosé 0,87 Rc 667,490 Q
n 93,44 P 4
N 2634

a. Daya Input (Pin)

P =/3xV, xI xCosé

P = J3 %645V x197,28Ax 0,87

Pin =191, 744kW

b. Rugi Tembaga Stator (P,

_ 2
I:)SCL _3'Iin F{1

Poc =3(197.28)

PSCL =5,349kW

2

SCL)

.0,04581




118

c. Rugi Inti Stator (PCORE)

3V. 2
N

P _ i
CORE
Re

_ 3.(645)°
CORE 667,490

PCORE =1,870kW

d. Total Rugi Stator

Prugi — stator =PSCL * I:’CORE

P . =5,349kW +1,870kW
rugi — stator

P . =7,219kW
rugi — stator

e. Daya Input Rotor (Pin-rotor)

P. -Pp_-P
In—rotor In rugl — stator

P. =191, 744kW —-7,219kW
In—rotor

P. =184,525kW
in—rotor



h.

Rugi Tembaga Rotor (PRCL)

120f 120x90
P

N, = 2700

Ns =N 2700- 2634
N, 2700

S=

=0,024

s

PreL = (Fin ~PscL ~Feore)*s

PRCL = (191, 744kW —5,349kW —1,870kW ) x 0,024

Pocy = 4429kW

Daya Mekanik ( Pm)

P = Fin—rotor ~FReL

P =184,525kKW —4,420kW

P_ =180,096kW
m

Rugi Gesekan ( PW )

PW =2,33kW
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i. Rugi Stray ( Foraay )
Porray =1,5%% ( P.—-PR, )

Porray =1,5%x (180, 096kW —2,33kW )
Perray =1,5%x177, 766kW

Pyreay = 2,667KW

J.  Daya Output (Pout)

POUt - I:)m B PW — Psrray

POut =180,096kW —2,33kW —2,667kW

P =175,099kW
out

k. Efisiensi (77)

P t
=2 x100%
n P 0

in

_ 175,0006W

n= x100%
191, 744kW

17 =9132%



Lampiran 5. Hasil pengujian motor traksi 200kW
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Daerah Kera S1 11 12 14 21
[Qperating area)

P...-_ KW 200 44,85 BE 153 200
Tegangan ] B35 160.5 321 4838 G645
[Woltage)

Frekuensi Hz] 38,38 8.1 82 28 80
[Frequency)

Arus [&] 2176 247,84 2244 2178 197.28
[Current)

Putaran [rem] 1064 238 518 813 2634
(Speed)

Momen [Mm] 1800 1800 1800 1800 740
(Moment)

Cos phi 0,88 0.87 0.88 0.88 D.87
Efisiensi %] 23,87 74,78 BB.47 pz.Aa7 53,44
|Efficiency)

Pow W] 373,03 23.84 05,34 225,66 233144
Gesskan

[Friction)

!, Al 62.9 68,9 68.2 68,2 25,08
¥ig [ 0.21332 0.08880 0.11488 0,16839 0.52288
K2 [ D.10388 0.04741 0.06321 0.08475 024223
*h [ 5,10502 1,.28032 2,53064 3,97066 14,32132
g m\/s 48,05 48,05 48,05 48,05 18,52
Lic [mH] 0,821 0821 0,821 0821 0.821
L'z [mH] 0.422 0422 0.422 0.422 0.422
Lh [mH] 22,569 22 567 22,567 22,570 25,326
Rc [ 365,442 108,821 205,036 20T ATE GET.480
R1 {1157 C) [ 0.04581

R (115° C) [ 0.04080




Lampiran 6. Datasheet IGBT 5SYA 3300V/1500A

Vee = 3300V
lc = 1500 A

Ultra low-loss, rugged SPT+ chip-set
Smooth switching SPT+ chip-set for good EMC

AlSiC base-plate for high power cycling capability

AN substrate for low thermal resistance
Improved high reliability package

Maximum rated values "

Parameter Symbol Conditions min max Unit
Collector-emitter voltage Vees Vee=0V,Ty225"°C 3300 v
DC collector current. Ie Te =100 °C, Ty = 150 °C 1500 A
Peak collector current lew | tb=1ms 3000 A
Gate-emitter voltage Vees | -20 20 v
[ Total power dissipation Pt Tc=25°C, Ty=150°C 14700 ™
| DC forward current Ie 1500 A
[ Peak forward current | t=1ms [ 3000 A
Surge current Iesu [ i e | 13500 A
i Vec =2500 V, Vamene < 3300 V H
IGBT short circuit SOA e [ Vs 15V, Tys 150 °C 10 ™
L Isolation voltage Visal 1 min, f =50 Hz ‘ 6000 v
Junction temperature Ty 175 {7
Junction operating temperature Toiiop) -50 150 p S|
Case temperature Tc -50 150 °C
| Storage temperature Tag -50 125 =%
: M Base-heatsink, M6 screws 4 6
} Mounting torques Mey Main terminals, M8 screws 8 | 10 Nm
‘ | M Auxiliary terminals, M4 screws 2 | 3 {

"I Maximum rated values indicate limits beyond which damage to the device may occur per IEC 60747
¥ For detailed mounting instructions refer to ABB Document No. 5SYA 2039

ity

r world
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Electrical configuration

-n
[elle}

(o :] o}

Outline drawing 2

615403 61.5+03
ing depth
screwing dept - 13£02 max. 16
max. 8 |
: o
3
b = LI
N
o
H
[Te]
190405
1712015
57401

29.5+0. "
+05 4 _—.]2 I 5 4 /—6 M8

15+0.2
20
-
©
-
)
-

of 5| &
A I
o g JI9
o -l -
2« 3.5 deep—| . -¢ 13 ¢- . -¢
1 ke |
3* M4— l
P 1,;0-" L @
& M 4 R S 5
Y 20.25+02
28405 41.25+02
79.4+02

Note: all dimensions are shown in millimeters
 For detailed mounting instructions refer to ABB Document No. 5SYA 2039

This is an electrostatic sensitive device, please observe the international standard IEC 60747-1, chap. IX. i
This product has been designed and qualified for Industrial Level. |

\
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0.1

0.001 V4

Zwe<) [KW] IGBT, DIODE
\,
N
AN

0.0001

0.001 0.01 0.1
t [s]

10

Analytical

function for transient thermal impedance:

Zo oo =D R,(1-6"%)

i=1

i

1 2 3 4 B

k| RiCK/kW) | 5.854 | 1.375 | 0.641 | 0.632
o

i(ms) | 207.4 | 30.1 | 7.55 | 1.57
8 Ri(K/kW) | 11.54 | 2.887 | 1.229 | 1.295
8| ims) | 203.6| 301 | 7.53 | 1.57

Fig. 16  Thermal impedance vs. time

Related documents:
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5SYA 2043 Load - cycle capability of HiPaks
5SYA 2045 Thermal runaway during blocking
SSYA 2053 Applying IGBT

5SYA 2058 Surge currents for IGBT diodes
5SYA 2093 Thermal design of IGBT modules
5SYA 2098 Paralleling of IGBT modules

5SZK 9111 Specification of environmental class for HiPak Storage

55ZK 9112 Specification of environmental class for HiPak Transportation
55ZK 9113 Specification of environmental class for HiPak Operation (Industry)
5SZK 9120 Specification of environmental class for HiPak
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