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INVESTIGATIONS OF RAD I QELE CTRIC DISTURBANCES
PRODUCED BY THYRISTOR CONTROL AN D REGULATIO N OF
VOLTAGE SYSTEMS ON SEA-GOING SHIPS

S. A. Jt anislaw Wankowicz , E ngineer

Cente r  of Snip Technology , Danzig

(extra line in Polish Introductory blurb). There are given

~onc±u sions for the purpose of lowering disturbances to a level
that accords with the technical requirements of the International
Niectrotechnical Commission and the rebulations of the classifying
societies.

- - Introduction

ih y r is t o r  vo l t age  cont ro l  and r e g u l a t i o n  s u b s y s t e m s  useu  in

~;h i p energy .~y~~tems are a source of hi gh level voltage and field

of rauloelectric disturbances , overrunning many times the

permiss able value in a broad range of frequencies. The level

of u i s t u r u a n ~~es depends on the voltage of the switching , the

amp~~i tu u o  of t h e  pulses , the angle of the conduction and the
f r equ ency  of the  pu l se  jump changes , which lead powerfully to
theli raulation . It Is conf i rmed that  t h y r ist o rs  w i t h  shor ter
times of swi tching  generate greater levels of disturbances.
S harmful nigh leve l of disturbances influences the ship ’s

environment , complicates and even frequently excludes the receipt
of radio signals and makes impossible the operation of radio

communication and radio navigation systems .
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I t i e  t echnical r e q u ix u 1 :e n t s  of the  Commi t t ee  iS~ of t he  I n t e r —
not  i~~oal J L i e c t r ’ o te cn n i ca l  Commiss ion , iii its cornpenu iurn ( s nor t

~lsis ) InC cuntaIncu In uocumerit ~32 “nlectr’ical Installat ion on

hi pbo’ iru” , Criers 1 the International Special Comrri it tOe for

t o e  ~atter of Cunuatting Rad io  u i s t u r b a ne o o  in the  cor ~iI e o u i u n
CiSi s , as w e l l  as t h e  regulations of the  C l a s s i f y i n g  Societies ,
So cn  as: ~ne Polish Register of Snips , the Sea Register of t ne  USSR ,

~.loy u ’s i egister of Shipping , suggest the permissa b le l ic i t s

of r~~uioe1ectric disturbances at the terminals of sysceins :

I. Level 4 “nigh ” for systems placed un der the main d o c k ;
I I .  Leve l  N “normal” for systems place above the main ueck;

i l l .  Level o “ l o w e r ed”  fo r  s y s t e m s  on the  cont ro l  deck and
in the  ne ighbo rhood  of a radio s t a t i o n .

The Con v e n t i o n  for  Sa fe ty  of L i f e  on the  Sea sugges t s

c o n d i t i o n s  for  r ec e i v i n g  s igna ls  for  w h i c h  an effective value

of the  f i e l d  i n t e n s i t y  of the signal at a receiver on shipboard ,

50001  c o n d i t i o n s  of r e c e p t i o n  w i th  out disturbances , must amount
at meu ium waves  50 ~ V/rn , at i n t er m ed i a t e  waves  and at shor t
waves 

~5 1.1 V / rn .

n ih e re  influence decidedly the receipt of radio signals not
on±~j t ne  value of the voltage , and the field of the disturbances ,

but above all , the ratio of the voltage of the signal use d to
the voltage of tne uisturbance at the output of the receiver.

oroier ho . 3 3)  of the International Consulting Committee for

t a u l o c o r r u n u r i l c a t i o n  Sa t t e r s , in i ts  compendium CC& R suggests
t ne  required ratio of these voltages for radio services: sea,

s and , and air.

Porseeing the Level of Disturb ances at the
lime of Planning of the Ship

in t h e  case of processing an electrical Installation ,
especially with use of thyristor subsystems for control and

I
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r e g u l a t i o n  u i  v~~l tagts , the  p l a n n e r  sar i  d e t en n ’ nr e  a f o r e se e r  l e ve l

of s i st u r b a nc e s .  In t he  p l a n n i n g  pha se  of a sh ip  i t  is p o s s i bl e

to use So  I taule m ean s indeed , 1e~~u i r e u  fo r  th e s u p p r e s s i ng  of

u~~cess lye  u i st u rb a n c e s .  ~ thyrist or v o l t a g e  r e g u l a t o r  ac t s  in

a r : 0000r not  inte n ded as a genera to r  of n o i se  of h igh  frequency

suj l y in ~~~~i L n  no i se  energy uirectly tne  sni p ’ s e l ec t r I c  n e t w o r k .

J i s t u r U a n c e s  from thy r i s t o r  noise  sources  on the  o u t s i d e  of

a systen penetrate by two routes. The voltage of the disturbances

is car r ~~eu t h r o u g h  the  feed wi res  of the  e l e c t r i c  n e t w o r k . t h e
i b id of t~~e u i s tur b a n c es  is rad ia tea  d i r e c t l y  on to  the  ou t s ise
of t r i o  sy s t em  from the  t h y r i s t o r  s u b s y s t e m .  E l i m i n a t i n g  th e

c a r r y in g  t h rou g h  of the  d i s t u r b a n c e s  on only  one of th e  rou t e s

S ue s  not  lu a u  to t h e i r  comple t e  s u p p r e s s i o n .

th e  p i an n er  of a sh ipboard  e l e c t r i c  i n s t a l l a t i o n  in w h i c h
tnere are used t h y r i s t o r  s u b s y s t e m s  for  con t ro l  and r e g u l a t i o n

of v o l t a g e , of genera to r s , of e l eva to r  moto r s , of a ca thode

I rotectien station etc. must possess uiscrimination in the

area of:

the permissable level and tue character of disturb ances ,

depending  on the  region of the ship the  e l e c t r i c a l  and

electronic systems are installed;

the means of defense used against the foreseen disturbances

in order to insure correct operation of t he  radio , radio—

navigation , hydroaccoustic systems and the system for the
conversion and registration of digital data;

of native and international regulations having to do with

noise matters and of measuring methods . The planner must
determine in a program of tests the places of measurement
of disturbances (noise) on the prototype ship at the time

of tests at sea.
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Investigations and Seas u r o n i o nt  n i l
oaoioelectiic ijsturba nn es

i.
n
~~~~1, y o u r s tOe Center icr’ oi p lechniology nas been car ’r ; J ir ig

out  in v e s t i g a t i o n s  unu  r n e a s u r e n i e n i t s  on t hy r i st o r  s y s t e n n i s  fo r
r e L u l a t i on  and co n t r o l  t h at  arc used in t he  sh ip  i n d ust ry  as
soil  us in e l e c t r i c  n e tw o r k s  on p r o t o t y p e  s h i p s , f i ’e i g n it ,

f i s n  i n - , a o l  r e sea rch  ( s n i p s )

by in v e s t ig at i on s  of g en e r a t e d  h a r m f u l  d i s t u r b an c e s  w i t h

tne  p r e c o c e r  of sys te r r i s the re  are in c l u d e d  th y r i s t o r  s u b s y s t e m s
us in c ip-ure  1. It I l l u s t r a te s  the r e su l t s  of m ea su rement s

u n . : t ; n ~~~ r i is s .Ls t s m u a n c u  voitage b ef o r e  filters of the

toyristor subsystem , as a function of frequency .

- a; Figure 1. Voltage of disturb—
:~ ~ -

~~~ ances (noise) from a thyristor
:- ~~~~ :- •: :~~~~~~~~
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The investigated subsystems for control and regulation

are supplied with varied types of thyristors , they differed moreover

In their parameters of voltage , current , and time of switching .

On the basis of measurement results it is confirmed that

pulse thyristor subsystems produce too much radioelectric noise

vol tage  in a broad band of f r e q u e n c i es  up to  30 Ski s , w h i c h
overruns  many t imes the  noise  levels  ac c e p t e d  uy the  in t e r n a t i o n a l

E le c t r o t e c h n i c a l  Commiss ion  IEC . Tine level of disturbances

is the  greater  the lower the  f r e q u e n c y .

on i n t e r n a t i o n a l  danger f r equenc ie s  and 500 kllz cal l  f r equenc ie s
as well as in the range of lighthouse frequenc ies 285—325 khz ,
given in the Radiocommunication Regulation of the International
nin eleco~~iunication Union UIT — the permissable “lowered” level

of radioelectric disturbances foreseen for a radiocabin and a
navigation cabin is overrun 1000 times (60 dJ3). The “normal” level

of uisturbances (noise) foreseen for the systems installed on the
deck of the ship is overrun 100 times (140 dB). Moreover the “high”

level provided (foreseen) for systems installed in engine rooms

and machine control centers is overrun 30 times .

Next there were carried out investigations of radioelectric

disturbances produceu by thyristor subsystems under conditions

of use: on the research vessel Professor Siedlecki of capacity

3000 ET and the hunting trawler Zwieroboj . The first of them

has a combustion—electric prime mover of power 3 x 700 kW with a

control thyristor in a DC current loop . The regulators are from

the ~-ilemens firm . The regulator of the propeller (screw ) motor

is of the type ObtJGL—L)± 1400/150 Mer 2D, input 3 x 250 V/58 A ,
output ± 330V/70 A. Current regulator A type GbUG—400/lOO Mer 2D,
input 3 x 175 A , output ±210 V/66 A. On the ship there were

installed three converter regulators of the same type GbUS—D ±1400/100

- - -
~~~ 
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5cr 20 o , input 3x 175 V 32A , output ±210 V/38A. The ZWIEROBOJ

on c a p a c i t y  1971 St has a c o m b u s t i o n  e l e c t r i c  pr i m e mover , of
p o w e r  3x750 kW , 1200 5/625 V w i t h  t h y r i s t e r  use in a DC cu r ren t

s y s t e m .  un -i t i n e  sh ip t he re  are i n s t a l l ed  regula tors  from the
Siemen is  f i r m . The r egu la to r  of propel le r  motor  A and the

regulator of the 2nd propeller (screw ) B is of type E 1414070—

14030 , inpu t  3x 15 0 V , load 70 A , output ±300 V. The current

r e g u l a t o r  ( o f )  A t y p e  B ~4~4 0 7 0 — A  14031 inpu t  3x2 50 V , o u t p u t

± 300 V load 120 A.

The measuremen ts were carried out on the Baltic sea at a

d i s t a n c e  of more than  two  n a u t i c a l  miles  f rom shore . There was

measuren the noise voltage on the main gear boxs bars without

anti—noise filters . The gearbox has been placed in the machine

control central CI1K. There was measured the level of noise in

the radio cabin after using filters on the cables feeding the

gearbox of the radio systems . There were installed filters

of the FA type with an attenuation of 100 dB in a band of

frequencies 0.15—500 MHz.

- The results of measurements of noise in the electric network

on the ships has been presented in Figure 2.

Investigations of Radioelectric Disturbances

After the installation of an anti—noise filter there followed

a lowering of the noise voltage below the permissable level

“lowered” provided for a radio cabin. From the point of view

of the necessity for correct and not disturbed operation of the

radio , navigational , and radar systems , installed on sea—going

ships , one must currently use on the feed cables of the system

anti—noise filters , which is associated with the selection of

suitable filters . Well known firms , for instance Siemens or ASEA
are not in a position to insure (guarantee) thyristor systems

6 
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I . i o n  Figure  2 .  Vol tage  of d i s—
1 1 n ~ t urbance~ (no i  e )  In n d

I ~~ sh ip ’ s e l e c t r i c a l  n e t w o r k
- H I u n f i l t e r e d  e lec t r ica l

I 
1 1! ~ I l  H - 

network in the control-
~

R
E - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 . 5: i ,~, s t ee r ing  on the  ship
~ 

- -  H - H  ~
: t ’ - PROFESSOR SIEDLECKI ;

;-
~L!~4 ~~~~~~~ ~~~-V ~~~ ~ unfilter’ed electrical network

- ~~~~~~ 
- in the c o n t r o l — s t e e r i n g

I 

~~~~~~~~~ ~~~~ 
I 

~ cen t ra l  on the ship Zv ~IERObO J ,
- :  

- 
~~~~~~~~~~~~ - 9 ‘ ;~ ; ; ~~ o :  — . .— .. f i l t e r e d  e l e c t r i c

• .‘~~~• ~~-- -~~~~~ ~~— --~~~ ne twork  in the radio cabin on
1 

L ~~ the  ship PR OFuo SOR SIELLE CK I ,
I 1 ~~: ; ~ 

1 l 1  Hu -‘ I .~ H — — filtered electrical
- 

: ‘5: \~ , : - 

~~
-
~

-
~-J ~~~~ network in the radio cabin

~~~ 
- 

. ~~~~~~~ ~~< ~fl 
I~9n~ 

T~~~ ~ - on the ship ZW IE RO B OY .
3 ~~~~~~~~~~~~ ~

- - 1 1 - -r~ 11 25

,~ ~~~4 ~ for  con t ro l  and r e g u l a t i o n,- -
- -  against harmful side

ir flu- , . -1nich appear as an unintended generat ion of rad io—
electric noise disturb ances. This matter appears all the more

glaring in the next period as a result of the development of

thyristor systems which will be used in an armature circuit

the prime mover of a ship of many powers (motors?) above 2000 kVA .

Cu A C ~U S ION S

1. In the stage of planning of a ship it is necessary  to
provide security for the electric network against radioelectric

disturbances (noise) and especially of a ship with a combustion—

electric prime mover supplied with thyristor subsystems for

regulation and control.

2. The simplest and most economical currently is the

securing of the feed cables that feed the radio cabin the navi—

gation one , the hydroacoustic one and the computing center with

anti—noise filters of an attenuation of 100 dB , installed on the

outside wall of the cabin in the place of input of the cable into

I
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t i n e  cab in .  On research ships it is necessary  to use inid iv idual
separated ga lvanized  e l ec t r i ca l  circuits (networks) that supply

t he  elec t ron ic  radio , navi gat ional , hydroacous t i c , and ca lcu la t i n g
s y s t e m , in order to insure  them against  d i s t u r b a n c e s  p r o c e e d i n g

from t h y r i s t o r  subsys t ems  for  regula t ion  and c o n t r o l .

3. Special a t t en t ion  must  be turned to the level of di .3t5n-u—

ances appearing on the in te rna t iona l  danger f r e q u en c i e s , call
f reque ncies , and navigat ional  radiogonomiometr ic  ones , in agr eor ; .e:it
w i th  the requi rements  conta ined in the Convent ion  for  S a f e t y  of

~i t e  at Sea , and of the In ternat ional  Consu l t ing  Com m i t t e e  for
R adiocommunica t ion  Mat te rs  CCIR.

14 • on each p ro to type  of ship it is necessary  to carry out
measurements  of the d i s turbances  ( n o i s e )  in the radio and navi-
aation cabins during sea tests in the presence of a r ep resen ta t ive
of the Polish Regis te r  (Reg i s t ry ) of Ships , of e skippe r , and
of the shipyard , in agreement wi th  the requi rements  of the regula—
tions of the c lass i f i ca t ion  soc ie ty .

5. It is necessary to develop research Model (ling) operations
connected w i t h  the use of a prime mover w i th  t h y r i s t o r s  in an
armature c i rcui t  of power around 2500 kVA , tak ing  in t o  considera-
t ion  s imul taneous ly  means of insuring against  excess ive  radio—
electric disturbances.

_ _ _ _ _ _ _ _ _ _ _ _  
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