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In April 1963 ELSAM, the Danish organization for coordinating the

porver supplies in Jutland and Funen, and the Srvedish State Pol'ver

Board signed contracts of building and utilizing a high voltage direct
current transmission link betr'veen the region of Aalborg in Jutland
and Gothenburg on the Srvedish west coast. The link should have a
nominal polver of 250 MW at 250 k\r single pole transmission using

the sea as return.
The link is to be used for interchange of energy betrveen the system

in Jutland, rvhich is connected to the European netrvork through the

Nordrvestdeutsche Krafnverke's system, and that in Su,eden, rvhich is
connected to the other Scandinavian countries. The installed capacity

(thermal) in E,lsam's area as per 1965 is over 1200 N.{W and in the

Hamburg area over 3000 MW. The installed capacity of the inter-

connected Scandinavian system is 25000 NIW, 20000 MW in hydro
units and 5000 N{W in thermal units.
Prolonged as rvell as short occasional power exchanges are foreseen

on the link. During a period of 6 years from 1965 a fixed delivery of

250 MW supplied at the Danish-German border for at least 6 hours

per rveekday has been agreed upon. In average years thermal po'rver

in the order of I00 GWh is expected to be delivered to Srveden from

Jutland. - Generally the link'ivill reduce power requirements in the

systems on either side and'lvill enable a more rational use to be made

of all the production resources.

Before the d. c. scheme lvas agreed upon, several a. c. alternatives rvere

investigated and found to be technically feasible. A d. c. scheme,

hor,vever, would offer better stability and operating conditions in the

netr'vorks of the two polver blocks. D. c. would also eliminate the

technical problems involved in synchronous operation of trvo large

a. c. networks. Another advantage of the d. c. scheme is that it lends

itself better to being built out in steps. This 'lvas an irnportant and

decisive factor in vier'v of the magnitude of the investment and the

uncertainties in the economics fol the scheme, one being the random

character of the ability to deliver surplus hydro po'r,ver.

The d. c. Iink is connected to a ner'v 150 kV station in Vester Hassing

near Aalborg on the Danish side an to an existing 400 kV station in
the Gothenburg region on the Sr,vedish side. Each converter station

contains t'lvo 6 pulse converter units for 125 kV, 1000 A, the rating
of the complete link in 12 pulse operation being 250 NIW at

250 kv.
The d. c. transmission is regulated on constant power in either

direction. Constant current regulation can be used as standby. A
telecommunication link between the stations consisting of seven two"

\,vay channels including trvo spares is provided for setting the porver,

for tapchanging operation and for certain remote indications. One

of the channels is used for teleprinter communication.
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400 kV torvers r,r,ith 2 X 635,5 sq mm
area). 9 solid-core porcelain insulators
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The photographs show a sectiou

of the 400 kV line ar,d 220/750
kV transformer at Tange $rhich
are part of the primarY ELSANI
network connecting the d. c.

station in Vester Hassing with
the netr,vork of tire Nordwest-
.leutsche Kraftwerke and there-
by the interconnected EuroPean
system.

300/300/100 NIVA, 2201164 + 17,1Ta120

Insulation leve1 900/650 kV.
kV auto-transformer. y/Y/ L connccted'





I : (')lr\ rl'(('r tt'itn![Ol rllrl'
2: cortverter trarslornler
3: filter capacitor bank

(l3. ancl hieher-Ireqtrcncv
4: filter capacitor bank

(5.,7. and II. harmonics)
5: insulating transforrners
6: svnclrronrius condenscr
7: r'alves
B: iightnins arresteri
9: irr.pass isol:rtors

10: ripple choke
I1 : poteltial clivicler
12: current rrreasuring- transducl(lrs
13: carrier frerluencv line trap
14: speci:rllv clesigned liglitnine arrester
li: Irielr-frequerrt r d:rrrrpirrg t irt uit
l6: coupling cap:rcitor lor the por.er: linc

carrier equipment
l7: rrp:ttitor [ol ]iclrrnine iurge l)rr)te(liou

cornbinecl rrith a 600 Hz damping circuit

harmonics)

r-



Jo SurtEr tln)rll trorls
iaql 'rJIEerq Surldnor
-su?Jl reuaÅuo) åq] roJ

'Y^l\ 000s
E rl r.\. sre{BeJq IsEIqrIe 'aeIJ aIIIIS-eI eIE SJJTEaJq lIn)JIl
eqt JoJ I pup Tu"q rotrttdur ateredas € JoJ I 'sreuuoJ

I 'seurl Suro8tno ro3 6's(eq g rltr.lt pre(qrtr^4.s AI gql aql



i: ii:r:i!,iriåii::: ! i i: :: : :-::i

The photograph shows part of the filter capacitor bank which is installed to limit
harmonic gencration and to produce reactivc power. 'I'he capacitor bank consists
of five star connected three-phase resonant circuits. Four of the circuits are series
resonant circuits for the 5.,7., 11. and I3. harmonics, thc fifth is a high-pass filter
for higher-frequency harmonics. The reactive power required by the converters,
about half of the actir.e power transmitted, is partly generated in the filtcr capaci-
tor bank, the rating at fundamental frequency being 70 NIVar. - The "three-
armed<< installation in the foreground of the photograph is one af the reactors Jor
the scrie resonant circuits.
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The synchronous condenser rated at B0 N'IVar (65 N{Var under exited), 12 kV
nominal voltage. The condenser is hydrogen-cooled and is, as can be seen, erected
out-of-doors. A synchronous condcnser rather than additional static capacitors
har.e bcen chosen in order to increase the available short circuit power af the
netlvork thus reducing the momentary voltage variations on thc a. c. network on
load dropping and during valve disturbances. The regulator of the machine also
helps to restore the voltage after certain types of valve disturbances.
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.I.lrepliotcluraphslrclu,stlrectlnclettsc)rt\]Pervlrllllrrslrings.rr-ithlluilt.irlcurlellt

trirnsformers, for the coDncctions from the valye hlLll to [he outclror st:ttiott '\]str

Seenaretlreil.rsulatirlgtl2usf()Illlelslortransferringauxilierrlltlrr.erandContlol
prrlsesfromealthPotel]tialtcltlrel.righpotcntia]orlther'alres..rlreirlsulati<lrl
]er,elclftlrcapp:rratuscorresprltltlstothe]e\'e]ofthcr.esllectir'er.alres,i.e.tt1lt.t
I 050 k\1.

Thc he art ol the convcrter 'installations' the valves"-f hev can t:ottduct about

1000 -\ ancl block ancl irrsulate against a recoler! r'oltage uith a.peak valuer ol'

.l50 kv. 'l'hc insulation 1er,el to c..tl, ol the §r'o sctics connectecl Yaive grouPs

areT50kvancll050kvrespectivelvattaineclblplacingthe.r'alvesoninsul:rtor-
supportecl platforms. 'fhe ]rorizontol 'teel 

cabinei tontains the mercurr cathode

liri a steel c,vlincler) ancl its auxiliarl equiprnent (ignition atrcl arc nlritltenetttt

elcctr.cles ctc.). I'he f.ur p.rcelain t,bei ha'e intermediate electrodes connectctl

to external 'oltage 
cli'irtcri, the lo'tr'cr electrocle se.'ins as c()ntr()l grid' -I'irc Iour

parallelarroclesaleattlrerop.I.hetankandCåthodearcctlolccl.ruitlrcomplctell,
dcsaltecllvaterbroughttot}rellatforrntlrrclughthecoiledplastictulltssectrin
the foregr.u,cl. f'he anocles arc aircoolecl. In the backgrouncl (top) is scen the

u,-r,,de .åuctor $ith a built-in p;rrallel resistance' rt'hich is provided to attenuate

thc high frecluenc,v oscillations generatecl w'hen a lalve i-^nites'

$i.,t,-#i.i..:;;
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f'he c1. c. reactor in the outgoing d. c. Iine. Thc reactor reduces the ripple in the

d. c. current anci limits the rate of change oI the current. In the background (Ieft)

the lightning arrester connected across the reactor.

§r 49!3

View of the control room with rerrrote contro] switches, indicators and instruments
for the a. c. equipment on the Panels to the left and Ior the d' c' on the panels to

the right. The indicator lor the power-setting step-devise is seen in the centre

under the clock. On the panel to the right is an oscillograph for displaving the

voitage wave-shapc at various points in the converter installation.
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Vier'v of the bay for thc outgoins d. c. 1ine. In the centre is the capacitor for light-
ning surge protection and to thc left of it, the carrier line trap. In the bay is also
a coupling capacitor for the powerline carrier cquipment, a high-resistance type
protential divicler in oilfilled porcelain insulators, current measuling transductors,
damping circuits and a specially designecl lightning arrcstcr.
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-flie photograph shorvs the electrocle statioll :rt Sori-r on tire I)zrnish cast coasr.
Irrom the main cl. c. line tlie clectrocle linc is strung c_rrr stccl torrers to the coast.
The electroile statior) has been placecl at somc clistance frorr the nurin cable
terntinal to te(luce the return current in thc cable she:rth to a rninimum. 

- 
I'o

rniuirrtize the maenctir: colnpass errors the (urrent in thc cable is kept flon'ing
frotl Srvcclcn torvarcls Dcnrnark, the clircction of porver [lou' being changeci br,,

rhangirte the polaritv. The I)arrish clcctro(le statiolr is thcrclore alrvavs irnocle and
r.lue to thc cottosion problerns special attenti()rl l'as gilen to the choice of anocle
rnatcrial. f'he electrorle consists o1.2:1 graphite rocls ear:h placecl in a 5 rn rleelr
l'ell. Purnping ecltripment lrtr salt $atet' circulation is prnviclecl.
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Cable-laying under u,ay rvith Henry P. l,ading.

Cross sections of A: the solid
tr,veen Læs/ and Sweden and
between Jutland and Læsø.

type, oilimpregnated cable (625 sq mm Cu) laid be-

B: the oil-filled flat type cable (2 X 310 sq mm Cu)
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