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The Study on the Speed Control of the
Induction Motor Using anEddy Current Coupling.

Yu Yung Ho

Abstract

Recently it is used that the method of adjusting the discharge quantity of
Main Cooling Sea Water as one of the countermeasures for Energy Saving on
the Diesel Ship.

For this, one example is to use the SCR and DC Motor, but this is not
generally used on the ship because of high price of DC Motor and trouble -
someness of its maintenance and reliability of large capacity SCR when used
on the ship.

So it is adopted the method which adjust revolution of pump according to
the load of Main Engine or temperature of sea water by using Induction Motor
and Eddy Current Coupling with field current adjusted.

But it seems that the speed control of this system is not smoothed accor-

ding to the On-Board Test of it reported. The reasons of these are thought

electrical characteristics of Eddy Current Coupling itself and unskilled control
of the system.

The author analizes the control characteristics of the speed control sys-
tem driven with Induction Motor and Eddy current Coupling theorectically and
proposes the optimal parameters which make the Integral Square Error (ISE)
minimized and ascertains its optimization and effectiveness through experiments
for the indicial responses and examinations for the frequency domain responses

and simulations by the analog computer.
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4 (2.11) o) RIS EHUEE R A

e=:1%vm ~0.021V.m = 0

o2 BAlatm, 4A@2.1)~(2.3), 2.6)~(2.10)% 4 (2.5) LA}

R39+R42 (R39+R¢2)Cl!'s . 1 e
Eo=— R+ S Vet TR E0S Vo) RoTR,
.............................................................................. (2.12)
CL}_—, Zf 1
Ry tr, (Ru"\" 1'2) CisS
Ras (R14+F3+P4+Ru) (R12+I‘1+r2) Ras* ClsS+I‘|+ Y2+R1z
w2hA,
S 00000000000

=R39+R4z

72 R

Tx "Cn (R9+R42)

Tso=Rsr Cis

K R,R.
M7 R, (R;RAFR:Rs)

519



520 BEWEAL A8 AL F8 @

K..—Rs R.R,
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£ TiS (I+TcS) 1+T,S) Ker
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o 51 4l (2.28)¢
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( 1 _i ........................................ (2.29)
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A AL FaolA B3l uheb ol BEEE He SHESEul HIEEBEES] 2F
ERHS HEEKE HBAsD AL R/ HEE #HRHE 2] Parameterg &5
#HES ek

J=£me—dwﬂm
A (2.18) ol A
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o| 2.2 Parsevali@ B & FiFsl=l #zE 2 FlEH J=

Belo+ dof (i ngkre) = 2 do (oK)} + 2-(dr—a K"
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o] H3 I} Bb2 sy fehas
alJ o]

K, 0 EN
2% o]
3}(? aK,,-ﬁ . e | (2'31)
: it ..
52 2% i osHive Detinite
a’ri'aKP arlz

o oo} ghei,
ek ol MHHNC 2 FlolE ol el WIEREN 0 2 el

3. HEStE H WE

3.1 EMHERER

Fig 9 = EMHAE KRl AU 7% 2 RBRNIES 440 PCBol).

£ 12 (a) b) ()& ABEET HHRKZ R/ Bx171Q Ao HEDE
BE R(S)E HA4std A AF o] s, OP Amp HHEE, SCR gates] ol 7}
== pulse®] %, Eddy Current Coupling®] field coiloll 9l7}sl= DCEE, =
Tacho — Generator ©| HHEIE-S- RilsEsr Ao},

Pulse Angle (Cal)-2 Fig2 2| o}ztalsl 3|29 ANEMo] 220Velal 22 DCE
ol Zhzh Vial 7ol A1 (3.2)0ll ol8l B3 Pulsefff& o) ot

12 ()= ®AM] Aol (b) ¥ (o) AMIEE 1,800rpm (o] = g
B HOVEE ] AR 60Hz) Yol AL 2H7 440V, 15A9F 440V, 37A7} 5
E5 KEH AME ¥t FEAE B R(S) & Wdskd 4 fliEs Aol
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FIAS wMEmse] HEHNE BT e

e R() | 11,07 | 9.59 | 7.66 | 5.97 | 1.92 | 0.64 |DC. V
AN () | 2158 | 1958.8 | 1608.4 | 1337.6 | 728.3 | 552.3 | rpm
OPAmpt JJEE Eo | —3.74 | —3.11| —3.56 | —3.75| —3.26 | —2.91| DC. V
SCR gate /bpuleZE | 140 | 140 | 152 | 155 | 160 | 163 | &
Pulsefaf¥ (Cal.) | 143.9 | 146.7 | 144.7 | 145.1 | 162.1 | 163.3 | &
Field coll@H. Vi | 95 | 8.12 | 91 | 89 | 2.4 | 2.1 |DCV |
Tacho-Gen H7EE, Vel 49.6 | 44.6 © 35.8 | 29.0 | 13.7 | 9.28 | AC.V ‘
* 1. minimum speed
(b) A7 440V. 15A (60Hz 1)
A, R (1) 1062 | 8.2 | 6.44 | 232 | 0.9 |DC.V |
A RS N (0 1966. 8 | 1636.3 | 1329.6 | 764.2 | 537.2 | rpm
OP Amp MWW, Eo | -5.19] —4.8 | =5.0 | =3.71| -3.72| DC.V|
SCR gate l7lpulefdls | 135 | 120 | 120 | 157.5 | 170 | & |
Pulse % (Cal.) 130.7| 124.9] 124.6| 158.3 | 165.9 | &
Field coill L, Vi 172 | 212 | 214 | 3.5 | 15 | pCv
| Tacho—Gen HIJEIE. Vae| 44.8 | 36.5 | 28.8 | 14.6 | 8.9 | AC.V
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(c) BT 440V, 37A (60Hz K¥)

REREBE, R(1) 10.62 | 8.2 6.48 | 2.32 0.9 DC.V
Bl N(t) 1966.8 | 1636.3 { 1329.6 | 764.2 | 537.2 | rpm
OP Amp B, Eo —57(—6.1]1—-59| 37| —3.6 | DC.V

SCR gate <17} pulseAE 100 95 112.5 160 159 &

Pulse A (Cal.) 109.3 | 107.6 | 108.9 | 155.4 | 159.6 -3

Field coll EHE, Vi 33.1 | 34.5 | 33.5 4.5 3.1 DC.V

Tacho—Genth JJEE, Ve | 44.8 | 36.5 | 28.8 14.6 10.7 | AC.V

(1) Eonc
By L2 OP Amp HAOEE S £12] (a)ollA
Eopc =2.91
(2) Kar  Avpunc
# 12| SCR gate 917} pulse S SCRE% ME e 3hilete 34 2pEyio
= T34

Appy =15, 19E— 18. 61 +-vrvrevvesmeaseenmnmmimieniammmniaiearriineseiaeainnns (3.1)

(3) Ka, Vroc
Fig. 39 21214l |24 oj&dxiqto] 220V =
Vf=49_ 52( 1+cosa) ............................................................ (3‘2)
tl ae= pulseBE,
pulseE as SCREFAE Awm 2 w73 FHEENA A B L
Vi=0.7633 A —20. 11 cevrererrerermmimmuiiiniiiceineeineeieanes {3.3)
o] xch

(4) Ko, Ki, Ly, Ty

Fig 11-& o| SRBE T3l71 913 3120l Fig.2:= Fig 112] Block4l £ o]t}




AT AZe AR BNEBRe] EEHEN MY HRX 529

r—==--"
SW 100 p
00
H "
L RCD | R ‘ l
Vi = 1V | 1KO RCD | -
] | o] [ keD |
| Le
1 |
N |
] |
\d
b =d

E. C. Coupling

Fig 11. K, K, L, T, Z53s|2

Vie(S)
Vf(s) 1 iy Kp(1—L+S) T +

K'N'.
Ry+LcS 1+T,S -

V TCDC

Fig 12. Figin2l Blockiil

G, G C,
Vre(S) =g+ RIS T T35S

ghZels Gdstehd

Ve (1) =C, +C= - ‘t +C= ................................................ (3.4)

gk Cy= Vf‘l}ic.KD Kp=K.-Ke
T
C =Vf'K1‘c,‘KD'LC (Lc+ LTRT)
? RT (RTTT“_ Lc)
C.= Vi ’KTG’KD'TT (TT+LT)
: LC_RTTT

Kol A BKES 20.1VACol 2=

lim ()= YK Ke 90 14 Vige
t v Ry

KD= QB3 25ZQB e eeevrrrereranran aanat ettt sttt st e (3 . 5)
&A% 4346 HAST B ASYoL BEFE

Trm=0.25 SEC wererrererrrnnutomtamnimietarecrtiii sttt -+ (3.6)
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19 WBRR A BIHYS} T-GO| BEMFS Hixoyos Folal
me0.025112 N—-4'59 ............................................................ (3.7)

(6) KSy KTy Kst KTS

Fig3 ¢| MIgKM@+ Feed Back #1434 7124 22l™ Fig 135 7t}

E —L. /? i’j Ve 3 R
\',ISD
R)l
YaVa AV, Wk AN
Ry
Fig13 &= Feed Backn} Damping3|g
Fig 130 4
E= 2V V‘ra N (3.8)
(Rist Vap Ry Rig) iy —i5 (Rigt Vgt Ryg) = E  coovvevererssrnnmrmnannnnen. (3.9)
(R“-}— Ver+ R,-,) (iz_il> +i, (Ru+vnsb+Ru) P I (3. 10)
V= (i,—i,) (R“+V”+R”) ...................................................... 3.11)
Vs=i2(R11+Vnsn) .................................................................. (3.12)
R;;+R
1 Ts e teetenieteeinnsteccactsstancnsarosncnnseernnacnnnenses )
Vis= —l——R,,-i-V"—FR” Vi (3.13)
— Ryt+R SV eeererer et a e
Vsp—m Vs ((%14)
4(3.9), (3.10)%& o] 4 (3.11) (3.12)ol] wHelstd

V=0.82E |

} ........................................................................ (3_15)

Leivt AABIEEA A Vis, Vool s A R7 Sei7t22 AdaE Feln=



RER A 23S FAYT BREDHR HEWEA W FE

V;=0.79E
Vm0.68E  }  coeeerrrerorsmnrmi s (3.16)
E =0.78Vy

4 (3.16) 7} EIk 9] EHEES 4 (3.13), (3.14)° fRAS

Vis=0.4V;
........................................................................ (3 . 17
Vs|)==0 .84Vs )
el A T3 e Helshd £ 2ok el
*2. EMHERERER
tﬁ 7‘ j‘ EODC KA ALPHDC .KR VFDC KC LT KD TT TC

®  #| 2.91 {1519] 18.61 {0.7633]20.11] 0.1 0.8 |983.25633 | 9.25 | 1.925

EWI 2 Kre Vrene Ks Krs Z1s | Ksp Ks T« Ty

E # 10.025112| 4.59 0.62 0.4 | 0.9;0.8410.53( 0.306 | 0.046

3.2 WEEN
(1) 5% Parameter ;1E
3 . 19 FEHT KRAA T & A4E 4 (2.16)d] aldste & AFE T
R

ol

do—17. 81T,

d,=11. 18T, —5.11Ti"Ky
d;—Ti+6.3842T,-K;—5. 11K
da = 6 3842Kp ................................................ (3 . 18)
20— —912.03K, T,

a,=1140. 04K, T: —912.03K,

a,=1140. 04K,

A1(3.18)& A1(2.30) 0l it Aelsd
K (2025. 04T: — 1620. 87) +K, (1909. 06T: —14. 26T:*) +31. 19T
K,*(930.04— 1161. 92T +K,*(2360. 54T: —6084. 965) +398.23T. Ko

531



532

REWEAR KB RE B

FHEEHE Jo RAMEE 45 HEPo 24 34 Uo] Direct Method9F Gra-
dient Method 7} 21 2 v} A%t ol 4= Direct Method 5= Hooke and Jeeves'Method
ol k&l 4 (3.19)F fb = Ko T2 2o

Ke=0.79
Tim21.2 ] e e (3.20)
=2.976
o] Hr}.
2) AEMEENR

3. 1olA T8¢ EME 4 (2.23)0 HJebsd N, (
--67.381S%+79. 93S+5.375

N (S) = 51870.25035750 504S 0.0301) 7T 3.21)
it HEAY Be
$,=0 0611
S2=0.0946 — 0653 § -+ revrvreteereiiiiiiariieeeneer et aae e (3.21)
S4—0.0946+j0.6953
4(2.26) 9l RA3ZHA
Ne (1) = 178 .66—8.097¢ ®*"4217 59sin (0. 69531451, 6210 s
................................................................................. \’322)

3. 3 BERRB

Figlts F581 4 MEREEES 5V BBANOD 3 K, T.% 2l7shd 4
Tacho —Generator ¢ AEM§ s Ao}

Figlss ERHKEL A 220V, 20A7} 5|55 Water Resister Loads #e] 3
HEEREBES 5VREEAN L 317 K, T.% #7239 4 Tacho- Generator
o] MIEE-S MET Ao}

7141 Tp, Ta Ts, 0S¥ 27 Delay time, Ricing time, settling time, Over-

shoot &, Kp, Tit= Kp, T /b BBl Q) a2 %57 (ot



WK AZ9e AT BREDHRY TEHEC WY Fx 533

A F1 - 5 T
=t
i
R R Ot
S T e ook A ol A e S -
{1Kp=1.09, Ti=18.88_
1' T 13ec g ot
4 1 |Te=1.2sec
. : Ts=5.28ec i T
ft—jit—{0S =16.3% 1
S=16.3% __ _ .
1 - [ ks +— i 44 4+ 4 4 -
p r —+ + e ot A S 1
i kB o), - o o= oo o s s e o +—
A . \A
Kr=1.027, Ti=16.2 | ; : ++-K,-0.81, Ti=22.64
3 Ta=1.1sec To=1 sec
] Ta~1.2s0c = Ta=1.3s6c
1" Te=5.1sec Ts=5.4sec
A 0S = 14. 44% t 0S —13.33%
JI_F1 L | T —Tr—Tr—v -+ -1 ! ¥ J v v e 1T 1 7. 1
J |
1 [ i I FUINE N S -
4—} i > 1 | . 190 -
ZEN - 1 ¥ - | W S S |
= R ), &
=y 7
y 4
I
T
f I -
K,=0.76, Ti=18,84 1 ~0.542, Ti=%.8
i
1
To=1.13sec { Te= 1sec
11 Ta=1.25ec Te=1.7sec
} FI T, =5.3s6c i il i o Ta=7.6sec
o o f g e 0S=14.07% ] : 0S-12.08%
. -ttt 1 o o e T s i s
- s e ) o 1 i St e
1 ] el 1 H
T P W
(H) e oo
' ~4—4
: f i et o s Sl B o
To=0.52, Ti= 1 i {Kp=0.475, Ti=30.88
T It o
) l
1Te= 1 sec EFETY {1 To=1sec
Ta=1.5sec 4 . _iTe=1.5sec
Ts=7.58ec ‘_b ﬁ_* I -1 “iTse7.Tsec V]
0S=13.33% H 4 ] LT Tl 08=11.85% R
RN EEE R [T A0k R o el HSE b s i S B
T T 1L H i N :
- ’ S S O S Y | R 2ol
0 N SR S SR T I DA A L A " 10sec/PULSE ' '
1111 :

Figla. 5VHEH 220 Ciet MEEIM KR



534 WBEBT RS KB A% £ 8

SRS PR N R SR T
B \lt T O s s SR SR s
—(A)— A Lt =SS SESE SO
BiEETIS0 Ui, B
__7; I 1 1
- _»" P S ,_.___w_rﬁ_,._..
i
T TR, =0.79, Ti=21.2 [
= — To— 1 sec
‘f T1 T 1T Ta=1sec 5
’;’ Ty =3. 2sec
o " 0S=-14.5%
l l -
e
T8 1o
I
J 4
] K,=0.475, Ti=30.88) 1—
]
I.'L -To= 1 sec \
T.-l.4sec
Ts=5.1sec }
- 0S=16. 13%
! -
1
(). 717
J 4
y =
; —t
1 K,=0.52, Ti=60.75 _:‘j
i A : -
e 111t 11 - Tp-lsec “+—
¥ ~T <+
{ . Ta=1.3sec :
T.-S.Osec -E
0S=17.88% -
] foe) (11T 1T . ]
Sl U L 11 1T 1T 1171
O P A " A O O O
T 1 & 1 LN L LR O O I AR N OO
1Csec/PULSE

Load : 220V, 20A
Fig 15. 5 VAT 240 CHEI AW &2



BER A D¢ FIAY BARHAS REHE 0L HR

4. BE Y KR BE

4 .1 Qicjyd S B

Figlol A Kp7t Blfnc} 22 EES 23 w2 fEE] »2 el 13
Overshoot 7 25 Kerl BfERH 20w Overshooty Foj=vt ofel s K
BEEEL oA 258 ¢ 5 A

HRRRES] AR AN ASuc) EahA vehd AL MERUT BE
et 2o 742 OP Amp 12 BBo2 slof SCRE Awtsm Axbe  FA7
WRES ST, BRCE REHBS st A s AR AAdsh

£ il oll = off set® EEs o2 41(2.14) 2 7o Controller7} il o
BFS 3y dlEel Ao A4

4 . 2 StEMEO| #E B

%32 K, T BML3ool SRS SHREARERE ebdoh $#IEE = Ke
4 HLaZ T7b 4% 47 Jehdeh. 2% Processhol 4 s+ 1.874
wwolu] ol A Ky, Tt BBE LA HIFEE 160824 o WEd ol B
EES atE@n) 522 REHEEAAE F3¢E ¢ F Utk
#£3. Kp, Tio| o2 stiko| WL

TR No. Ke T Mo a
@ K=k 0.79 21.2 1. 608 0.51
(b) 1.09 18. 88 2. 602 0.62
(c) 1.027 16.3 2.435 0.6
@) 0.81 22. 64 1.64 0.52
(e) 0.76 18. 84 1.568 0.49
(f) | 0. 542 30.8 1.064 0.38
@) 0.52 60.75 1.0 -
(h) 0. 475 30.88 1.0 -

535



536

REEEAR AP Bk oW

4 . 3 Analog ComputerZ FJF &t Simulation0l] k5 #&=¢

Hitachi 505E Analog Computer (Hitachi Electronics LTD., CO. Amp Gain =
10°) & Figl6zl 7o| #5423} o] Simulations}= Figl7s} e},

Figl7ell A Simulation®] fE% o] HAMEE B et Ty, Te Ts7} b7 Im, o] &
BHOE EBol &) EREsIA) S #HE a2 2917 a5 Aoz A zbE
BE 252 a2 g2t o + 9ot

Ke7b A3 Tizk & 749 (Figl7¢l G.H) &= HE52-8 Ao ahx ¢ome  off
seto] BAESI T, Kezb Hof Over shoot & #4ekx) 0w, Ky, Tz} Ke, T, o

a} o] grto] s oks 3} Ao B vhERe)

Fig 16. Analog Simulation?| #5432



RER AEY S FIRT SATHRS] HEHH WS FHE 537

, B I ;
A G — 4]
1 — | O .
T 37 % : J TS N U G (O T
+ ] -
} i | B [ -
L - + inj—+
: } +-
i

K =0.79, =212 -
- —

1~ To=1.5sec

-:ix,—l.os,”fi'-"la.ss“ S O

I To=1.2sec

~+— Ta=2.5sec

i
i Ta= 2 sec

Eij"}_"_ J47p b 10 [ Ts=6.8sec ! i | i’r,-s_asec t =
TR TR I : i ! B
-1 T"0S=1083% T ! 0S=15% 1t
"] T~ T . Pl ] S
b IENSNERY LT T
T S S R . : ! 1 T I
L N i bRt T 4 deded s e
i T 1_1 | :L:_/' ™SO _4 pusgl B o
o -: . qf B 4 d _"5 - : . :
| @ ; ' T -1 T
’l I I t T - B S S MR B S P i I
] T HKe=1.027, Ti=16.3 -1 T ,A_l J LPITTF Ke=0.81, Ti=22.64
' ] 7 To=1.2sec i j - To=1.5sec
F - 3T, = 2 sec | : Ta=2.6sec
1 ; N i o
[ 1 ITs=6.4sec 1 7 I # 111 Ts=6.8sec
- los —15.33% sl b os~10.83% -
L TR b e
I Y~ B Y LR A IR P B S S

BEE; I8
—A(E C1 s T S

il

1187 ]

T I F 1K, ~0.542, Ti=30.8

] Ke=0.76, Ti=18.84 § }

Tty

To=2. lsec

HH R

To=1.7sec

Tx=3. 3sec
[T =2.5sec

171 11 O ) 17 1Tg=6. 7sec
Ts=7.2sec Ao d ]

B A B & ,2 1+ tos=5.1% i

vy

-1 1-08-10.83%  } i | 1 S - il i 8 I i s s
= e | ] e
A L L T T 1 L

' S UG T O R T T

4 S e s Y -

n

Sl e et TR R

d o+ - ¥

e 4

Kr=0.475, Ti=30.88 '« [~

R

i o A (R
K,=0.52, Ti=60.75 .

[ Tp=2.3sec

1
ey
it iy

\I !

. R i

s 4

. . i

- i

+ -
: L
1
R
s b 4

1 Tp=2. 3sec

© + Ta=4.0sec R 3
. Ts=24sec ©|At S S

1 Te=4.0sec {_.[q_ 1

i Ty=15sec E‘m - -
0S =NIL R -4 +-1-10S=NIL :t

s
s
|
4
—_
——

L L e T T T T T D Ll In

",.; S it IO BN i
o : o T

1 inl
P T T T T T T T T T T 1 T geec/PULSE

Fig 17. Analog Simulation0l| 2|3} & EER#R




538

WEWERR KB Rk £ 8

5. & iR

ol g3k zto] Dead timed sukshe 2 ALABHES] HIME Lol tslod BE 2 i
Be PR mME EHT o) FHAEHE KA 2 a1 Kp, Tio) 248 Fobm i
BRI HEE Y Analog Simulationol] &kste] AK B0 2 T8 Ke, Tivh B
fEd& BRs D chesl 22 kS d247} ok
(i) AR B2 MAMIES Z$uct ald o] 2o BEMB A 2
o2 47hsm,

(i) BB £ off setE FEste o A Controllerst Fl W5 BfEL sl
Aol 71elske A2 4 2tslo} EfR HEE 17547] 915+ 4= Controller
T EREY B 815 5158 448 R8s} gow,

(iii) Dead timeo] F-4k5]& 2Kk Aol 4 Dead timeo] B 2% dead timeS i
sl o] BHstE 2 B Parametero] #i o] AlfEs)

(iv) e} (FRERE HTS $lal A& ERY & BUEE 5} dead time®| 7)o whe} 2
KHE U Lo 272 28 BES} 9o},



10.
11
12,

BRI AE3S AT BUEHWS) REHE W HR

2 % X W

. TR, BRERZE @ 2 kRl HISIE SR B PIHIEIS o BB BARE B

%.

. FMEE, &CF ! SmithflflRe] BEE A Wy B BREERE K8k

WLE FELE pp. 334

. 0.J.M. Smith : Closer Control of Loops With Dead Time, Chemical Eng -

ineering Progress, Vol.53 No.5 pp.217~219(1957).

. TEECER D SmithZRONELCHT O HIEE o E, A EBRASE KUk

#19% % 3 5% pp. 187 (FAFI58).

o TIENE, FER 2 eAu 2 BEH S BENG Hritd B R 8

B AR KRBT W CE %-E@ pp.437.

. A. Senoo, M. Itoh, T. Arie :Deve lopement of the Speed Control System

of Main Engine Cooling Sea Water Pump, The 3rd International Symposi-

um on Ship Operation Automation. pp.215~221.

. G.R.WALSH ! Methods of Optimzation, A. Wiely-Interscience Publication.

pp. 74~140.

. DAVID. E. Johnson, V. JayaKumar : Operational Amplifier Circuit Design

and Application.

. PEEEUN, IHIEX, RREE ¥, ANEE F aBHsA Y, BrE ULt

pp. 240~255, pp. 190~194.

i | BEHIE IS, BEBE MK, pp. 277~279.
BEHE . BHHE s A7 2 T8 BIUE, pp. 139~14.
ZFEH | =FAS MotorfURFAE.

539



540

gig NI 24 9] dajold 2 etk =t
JER A o B S W%
5 % %

A Study on Non-Destructive Inspection and
Impedance Characteristic Analysis of inner

Coill in Steel Pipe

Lee Tae— soo

Abstract
- |
CH AR K
. 29 Aol Kkl A3 AlEw ol
. BREE 3 BRI
4.1 AmE
4.2 MEfBAEAILY
4.3 FREE
5. EBRER 2 BE.
5.1 299 Ao w2 Il g
5.2 Lol o9t 2 ol Bl
2

= W N -

g 2

5.3 PyEMeol 98 29 Qsjoldla mE
5.4 AEEA o7 29 Avlolnle #ibel aUel AF
5.5 REEREMEl Bzl A #z

6.4
BEH



