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Group Discussi

High temperature insulation

There seem to be conflicting opinions concerning the use of some
alternative transformer technologies at higher temperatures, especially
ester-immersed transformers. What is the experience of using alternative
transformer technologies at higher temperatures? What further work is

needed on this subject?

Ahmed Gamil-Germany

Meeting © CIGRE 2022 1

X [/
\ / Y
d L0

y

For power system expertise



A2 - PS2- Question 2.5

* Thermal degradation of insulation material is the main
influencing factor to determine the transformer w"ﬂl IEC 60076-14
lifetime. The heat generated in the winding conductors i |
Is transferred to the insulation fluid result in changing I _ S
the insulation paper properties over time. For the time C:;':;;g:';’::;?:;:ﬁ;"mms k_’_l”'“"*’m"m”'"““"""“m
of using mineral liquids, the main function of High and liguids

Temperature Insulation Materials (HTIM) is to keep the

heat inside the conductor by increasing the current | ToPOLEK Winding insulation types Insulaton Liquids
AV, wind. 63-70 K

density and at the same time decreasing the rate of hot spot. 78 K Ecter

degradation. This allows more compact design. Top Oil 90K
Av. wind. 83-125 K

i h f cli ; = o Hybrid winding types High-temperature insulation oot 100150 K
With increase the need of climate protection again the Forindings For arter and winangs ot-spot: 100-
pollution resulting from transformer leak or fire Sicone
accidents, new insulation fluids have been introduced TopOIt 115K
to the market offering biodegradability and higher AV, wind: 85-125 K
fll‘lng pomt._From transformer FeChn()IOgy pomt_of Vle_W, Semi-hybrid insulation Mixed-hybrid insulation Full-hybrid insulation ::g:;:;};?;?;‘::;:;:ﬁon tot spot-100-150K
the focus is always comparing the new fluids with High-temperature insulation | High-temperature appliedto | High-lemperature insuiation materias in windings and
mineral oll mainly based on thermal and dielectric _mat-‘antgls forlcondut:tor ::llr?;jlrrltq]!:tlg?rg:r::t?ar;;;cp Ll bt L biniers (applies for laye!
' insuiafion only ding o protec winding type where barriers
properties. locations (hot-spot region) | Topoail: 60K toucheg H]E_, e
q q Top Oil: 60K AvV. wind: 83-103 K ' -
° The advantage of using HTIM technology in WL Top Ol 60K hok-spot 100-125 K T
transformers is that there is a variety of solutions  EUENEA AV. Wind: 65 K Ay wind: 85-105 K
offering a flexibility in design for optimization between e T hot-spot: 100-125 K

thermal performance and design cost.
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Case study using “Semi-hybrid insulation”
* The specified maximum continuous temperature rise limits for transformers with

semi hybrid insulation system according to IEC 60076-14 is 60/75/90 for top |[EC 60076-14
liquid, average winding and hot spot temperature rise, respectively. Several

case studies have been done investigating the differences between the semi } S ‘

\ High-temperature insulation system I

and liquids.

hybrid, mixed hybrid und full hybrid insulation systems.

Top Oil: 60 K Winding insulation types Insulation Liquids

Av. wind. 65-70 K

Ester

Top OII: 90 K
Av. wind. 85-125 K

hot spot: 78 K

hot-spot: 100-150 K

 The most economical solution is in most of the cases was the semi hybrid o e
insulation system by using conventional insulation liquids, as the MaXiMmUuM e o e
temperature rise of the liquid is limited to 60 K. ARSI | o’ | nie

-5pof
Top O K Av. wind: 85-105 K
Av.wind: 75 K Top Gl 60 K hot-spot: 100-125 K

High-temperature insulation
H

mal
b t
winding type where barriers

e Gl EDLY touches the winding)

7 Top Oil: 60 K
hot-spot: 90 K Av. wind: 65 K Av. wind: 85-105 K

* The investigations have shown that the maximum allowed hot spot rise of 100
K of the full hybrid insulation system does not justify the additional material
costs, as the cooling system must be designed to a maximum liquid

temperature rise of 60 K in both cases. Semi-hybrid insulation
High-temperature insulation
materials for conductor

insulation only

* By using ester insulation fluid, the top liquid temperature rise can be increased
to 90 K. This would result in a considerably smaller cooling footprint, but it

. . . - : Top Oil: 60 K
would require HTIM materials not only inside the windings (OLTC at high As,pwi,'m; 75 K

temperature, winding cylinders, clamping rings, etc.). hot:Spot20: 1




Design: 63MVA, 140 kV

PO & Pk are kept the same for all variances

Based on fluid properties:
— Electrical distance was optimized
— Cooling system was optimized

Conclusion:

There is no unique solution which would
satisfy the market requirements and
offer an optimized design from safety
and cost point of view. However, there
are a flexibility in technology which
always give a chance to reach a
comprise between OEM and his client.

Design
(63MVA-

140kV)

Core [kg]

Winding
[ke]

Fluid [kg]

gr [K]
Top-oil [K]
Guar.: 60K

HS[K]
Guar.: 90K

Mineral oil
(EEE)

23839
11286

11824

LV: 23,4
HV: 24,3

57,9

89,4
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Case study results of comparing designs with different fluids

Bio based

hydrocarbon

fluid

23839
11286

11601

LV: 21,0
HV: 21,9

56,8

85,3

Synthetic
ester fluid

24700
11511

15877

LV: 23,5
HV: 24,9

57,5

89,9

Deviation
Bio based
Fluid-Ref.

0%

0%

-1,92%

LV: -2,4K
HV: -2,4K

-0,4K

-4,1K

Deviation
Synthetic
ester

Fluid-Ref.

3,48%
1,95%

25,52%

LV: +0,1K
HV: +0,6K

-0,4K

+0,5K



