
Figure 1. Simplified diagram showing the 
HVDC converter transformer function at the 
interface between the AC and DC sides.

Power fulfillment with 
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By enabling high transmission voltages, large amounts of 
electric power can be transmitted over great distances at high 
efficiency. ABB has made groundbreaking developments in 
UHVDC and UHVAC transmission; today 1,100 kV DC and  
1,200 kV AC is possible.
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E
nergy demands are growing and 
a 70 percent increase in electric-
ity consumption is anticipated 
by 2040, with over half of that 

growth expected in India and China [1]. 
As renewables increasingly become part 
of power generation in these countries, 
the need to transmit energy over greater 
distances with reduced losses becomes 
ever more desirable. However, the re-
newable energy sources can be located 
thousands of kilometers away from the 
load centers where electricity is needed. 
In these extreme cases, ultrahigh voltage 
(UHV) is often the most economical 
way to transmit the growing amount of 
power, and converter transformers are 

the key technology for the essential link 
between the AC network and DC sys-
tems.

ABB has pioneered this enabling tech-
nology, working to increase voltage levels 
and developing groundbreaking com-
ponents to meet the stringent require-
ments to transmit unprecedented power 
capacity ever farther under the harshest 
field conditions. ABB’s 100 years of ex-
perience and expertise in the design and 
manufacture of transformers, along with 
a pioneering role in the development of 
HVDC transformer technology in the 
1950s, provides the basis for their scien-
tists and engineers to reach milestones in 

ABB has made ground-
breaking developments 
in UHVDC and UHVAC 
transmission; today 
1,100 kV DC and 1,200 kV 
AC is possible
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connected to high-voltage AC grids 
while the DC winding has heightened 
insulation requirements.

For this reason, dielectric performance 
is vital to the design of HVDC converter 
transformers. Converter transformers 
must not only withstand AC-stress, but 
also DC-stress generated during tests 
and service of the DC transmission sys-
tem. Designing converter transformers 
to withstand DC-stress has proven to be 
one of the most complex and formidable 
challenges undertaken by engineers who 
design this enabling technology. Thus, 
HVDC converter transformers are the 
most rigorously tested transformers in 
the entire transformer industry.

Comprehensive testing must also be ap-
plied to the bushings and tap-changers. 
ABB’s unique position to design and 
manufacture these devices in-house – 
relying on unprecedented expertise and 
experience allows ABB to develop so-
phisticated designs and deliver the most 
reliable and optimized transformers 
possible on schedule.

the development of power transmission, 
thereby establishing world records time 
and time again.

The high-voltage power transformers 
developed by ABB for 1,100 kV DC and 
1,200 kV AC utilize the most advanced 
technology available. The most notable 
advancements have been made in im-
proving dielectric performance but de-
velopments have also been achieved in 
all associated fields, such as thermal and 
mechanical performance.

The HVDC converter 
transformer
The HVDC converter transformer is 
unique in terms of the challenges it must 
overcome to function reliably and effi-
ciently. Acting as the electrical and me-

Figure 2. Power transformer for 800 kV UHVDC transmission is shown.

1,100 kV DC and 1,200 kV AC transformers 
developed by ABB utilize the most advanced 
technology available

chanical interface between the AC sys-
tem and the DC converter, such trans-
formers are exposed to the demands of 
both systems simultaneously, Figure 1.

The main function of the HVDC con-
verter transformer is to insulate the 
DC-voltage of the converter valve from 
the AC-network to which the HVDC 
system is connected. All the power that 
flows through the HVDC system passes 
the converter transformers, thereby de-
livering current at a suitable voltage level 
to the converter valve, transformed from 
the AC network voltage level.

Converter transformers are typically 
large in terms of physical size due in part 
to the high power ratings, and because 
both windings necessitate a high degree 
of insulation; the AC winding is often 
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The ability to transmit huge amounts of 
power over thousands of kilometers led, 
in 2011, to the next major HVDC trans-
mission development – 1,100 kV UH-
VDC. In 2016, ABB was awarded a con-
tract to supply the world’s first 1,100 kV  
DC converter transformers, for the 3,000 km, 
12,000 MW Changji-Guquan UHVDC 
link, inaugurating the commercial devel-
opment of 1,100 kV DC, Figure 3.

The rapid development of HVDC tech-
nology over the past five years, from  
800 kV DC to 1,100 kV DC, is both 
noteworthy and remarkable considering 
that the step from 600 kV DC to 800 kV 
DC took 25 years, Figure 4.

Recently, two further groundbreaking 
developments have been achieved in the 

networks that can handle substantially 
more than 3,000 MW. China has access 
to energy resources, increasingly from 
renewables, with transmission distances  
far from load centers – i.e., 2,000 km. 
The possibility of such a large power 
infeed and the enormous distances to 
the load led to the investigation of a 
new voltage level of 800 kV DC– ultra-
high-voltage DC (UHVDC). Thus, an 
even higher power transmission rating 
was feasible; a rating that is required 
by the Chinese electric energy market. 
The Xiangjiaba- Shanghai HVDC pro-
ject was thus the first 800 kV UHVDC 
transmission system to go into com-
mercial operation with a power rating 
of 6,400 MW and a transmission volt-
age of 800 kV DC; it has operated suc-
cessfully since 2010 [1], Figure 2.

Development of UHVDC 
converter transformers 

The Itaipu HVDC power link in Brazil, 
developed and installed by ABB in the 
early 1980 ’s, was a complex megapro-
ject that pushed the limits of voltage lev-
els and power capacity beyond the then 
established norms. The system reached 
an outstanding power transmission 
level of 3,150 MW and a voltage level 
of 600 kV DC– a world record voltage 
level that remained unsurpassed for 
25 years. Nearly all devices and com-
ponents used for this HVDC project 
were designed and developed by ABB. 
Viewed in retrospect this project ush-
ered in the modern era of HVDC tech-
nology within ABB.

The first Chinese HVDC transmission 
systems were rated 3,000 MW and  
500 kV DC, delivering an Itaipu-type 
transmission power and voltage level. An 
important outcome of these early HVDC 
projects was the realization that it is 
possible to have single infeed points in 

ABB has developed the ability to interconnect 
all existing DC-transmission voltage levels 
to all existing AC network voltage levels
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The same motivation was used to drive 
gains in AC voltages to facilitate the effi-
cient long distance transmission of elec-
tricity.

Although ABB has been producing UH-
VAC transformers for many years, a ma-
jor breakthrough was achieved in 2016 
when ABB delivered the world’s first 
commercial 1,200 kV AC transformer 
to a substation in India. Fully assembled, 
this single-phase 333 MVA, 1,200 kV 
autotransformer weighs 270 tons and 
is over 9 meters in length, more than  
8 meters wide and more than 18 meters 
in height. ABB’s HV bushing extends 
11.5 meters from the top of the trans-
former tank, which weighs up to 6 tons,  
Figure 5.

Case study – the 1,100 kV 
DC project
Major load centers are located in the 
eastern region of China, while a signifi-
cant amount of its energy resources, such 
as hydropower, are located in the west 
and northwest [1]. The expansive ge-
ography and increased energy demand 
experienced over the last decade have 
prompted the buildup of ultrahigh- volt-
age capacity to transmit larger amounts 
of power over greater distances with 
minimum losses. One example of this is 
the 1,100 kV Changji-Guquan UHVDC 
project that will transmit 12 GW from 

Figure 4. The advancement of HVDC converter transformer technology has led to flexibility in HVDC transmissions — almost any conceivable rating 
combination is possible.

HVDC transformer domain that contin-
ue to demonstrate ABB’s leadership role 
in transformer innovation and customer 
commitment. One such advancement 
concerns the power rating for 800 kV 
DC transmission links, which was in-
creased from 8,000 MW to 10,000 MW. 
To raise the power rating by 25 percent, 
ABB redesigned the thermal system to 
cope with the increased current for the 
converter transformer. The technical 
challenge of increased physical size and 
scale due to the power increase was also 
successfully addressed. Consequently, 
ABB supplied converter transformers 
for the world’s first 10,000 MW, 800 kV 
UHVDC transmission project and oth-
er similar projects.

Another breakthrough concerns the 
AC-voltage level of HVDC convert-
er transformers. ABB has developed 
the ability to interconnect all existing 
DC-transmission voltage levels to all 
existing AC network voltage levels. The 
LingShao project was the first commer-

cial application of this new technology. 
ABB’s converter transformers facilitat-
ed the interconnection of 750 kV AC 
network with an 8,000 MW, 800 kV 
HVDC-transmission. The successful 
type testing of this technology resulted 
in a contract award – the JiuQuan-Hu-
nan project. The supply of leading edge 
converter transformers and components 
facilitates long distance transmission of 
electricity with reduced losses and show-
cases the ability of HVDC to reinforce 
the AC grid.

In the first commercial application of 
1,100 kV UHVDC-transmission, ABB’s 
converter transformers are also connect-
ed to a 750 kV AC network; this demon-
strates the trend of UHVAC to UHVDC 
interconnection.

UHVAC transformers
Lately, ABB has been able to raise the 
voltage level of AC networks and signifi-
cantly improve transformer capabilities. 

Domain expertise and experience, coupled 
with the most modern test facilities and in-
novative simulation tools, make ABB the 
world leader in the development of HV power 
transformers
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erate at such high powers and voltages 
is critical. To ensure that operators are 
alerted in case of any problems, de-
vices that monitor temperatures and 
transformer oil status are essential and 
therefore installed.

In the near future, ABB will extend 
this monitoring capability with the de-
velopment of the ABB AbilityTM Power 
Transformer. This package of integrat-
ed devices will enable sophisticated 
aggregation, analysis and management 
of transformer health data – ensuring 
customers have access to the most reli-
able and efficient product possible and 
providing the means to incorporate all 
advances in the emerging digital revo-
lution to come [2].

Domain expertise and experience cou-
pled with the most modern test facilities 
and innovative simulation tools make 
ABB the world leader in the develop-
ment of high-voltage power transform-
ers – a market position that allows it to 
develop the most powerful transformer 
solutions for its customers.
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to meet the needs of a megacity larger 
than Shanghai.

The single-phase HVDC transformers 
developed by ABB have a power rating 
of 607 MVA and an installed weight of 
more than 800 tons. The DC-side bush-
ings of this transformer are 40 percent 
longer, three times heavier and have 
a 30 percent larger diameter than the  
800 kV DC bushing. The technical inno va-
tion required to design and build com-
ponents of this size and scale challenge 
even the world’s most advanced produc-
tion and testing facilities to the limit.

ABB AbilityTM

The ability to monitor and control the 
performance of transformers that op-

the Xinjiang region in the Northwest to 
Anhui province in eastern China and 
will set a new world record in terms of 
distance, voltage level, and transmission 
capacity – a 50 percent increase in trans-
mission capacity compared to the exist-
ing 800 kV 8 GW UHVDC currently in 
operation [1].

The giant converter transformers de-
veloped for this project are essential 
because the transmission distance will 
be extended from around 2,000 km to 
over 3,000 km, thereby playing a key 
role in integrating remote renewables 
on a large scale. Power can then be 
transmitted over greater distances; this 
will facilitate a more interconnected 
grid. When fully operational, this UH-
VDC link will deliver enough power 

ABB Reviewpdf edition of ABB 
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Edition Transformers 
2018.

This article was first published in ABB Review, 
Special report on Transformers, 2018.

Figure 5. ABB’s 1,200 kV AC transformer was developed, manufactured and tested at 
ABB’s Vadodora facility in India and currently supports India’s central transmission utility, 
at Bina India.
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