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Transformer Testing 

Abstract 

5 

A method of testing a transformer prior to installation in a high-pressure environment, 

comprises the steps of: 

a) providing a transformer core comprising a stack of laminations; 

b) applying a mechanical compression force to the stack, the force being at least 

10 equivalent to the ambient pressure of the high-pressure environment; and 

c) testing the electrical efficiency of the transformer.  
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Transformer Testing 

This application claims priority from European Application No. 10167581.7 

filed on 28 June 2010, the contents of which are to be taken as incorporated 

5 herewith by this reference.  

This invention relates to a method of testing a transformer prior to installation 

in a high-pressure environment and a transformer.  

10 In underwater, for example subsea, electrical power distribution applications, 

transformers are increasingly used in pressure-compensated enclosures. The 

transformer is housed in an enclosure containing oil, and when deployed under 

water, the oil pressure is made equal to the external water pressure so the 

transformer may therefore operate in oil at very high pressures, for example 

15 equivalent to 3,000m depth or more. The magnetic core of the transformer is 

typically formed from varnish-covered core-elements, and such high pressures can 

have a damaging effect upon these. Such varnished-covered core-elements are 

typically shaped as "I" and "E" profiles, though other form-factors may be used. The 

core elements may be formed from metals such as steel, or nickel / iron alloys etc.  

20 

Figs. 1 to 3 illustrate a typical simple 50 Hz transformer construction with an 

iron / nickel alloy core. This comprises a plurality of laminations, typically between 

0.5 and 0.35 mm thick. The laminations shown comprise core-elements of the so

called the "I" and "E" profiles, 1 and 2 respectively. During the assembly process 

25 shown schematically in Fig. 2, for each lamination, the centre arm 3 of the "E" core

element 2 is passed through the centre of dual bobbins 4 and 5, which carry the 

required windings. The "E" core-element 2 is arranged to butt up to the "I" core

element 1. Each lamination is assembled in the reverse sense to its adjacent 

lamination(s), as shown in Fig. 2, where for the second layer of laminations, the "E" 

30 core-element 6 is assembled in the opposite direction to the first "E" core-element 2 

and butts up to an "I" core-element 7 at the opposite side of the bobbins 4, 5 to the 

first "I" core-element 1. The process is continued to form a stack of laminations, and 

the complete assembled stack is held together with nuts 8 and screwed rods 9 
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(shown in Fig. 3) located through holes 10 in the core-elements. An end-on view of 

the transformer when partially assembled is shown in Fig. 3.  

One of the most common pressure-related failure modes is as follows: under 

5 pressure, the core-elements may be "pushed" one against the other, such that there 

is a possibility of the varnish being damaged. This can result in short-circuits 

between the core-elements and, consequently, higher than normal induced electrical 

currents, which may cause the core to heat up. This temperature increase may 

dramatically decrease the efficiency of the transformer and could result in its 

10 destruction.  

One known solution to this problem is to use pressure-testing facilities prior to 

installation of the transformer. Here, a transformer is placed in a pressurised 

housing, the pressure being chosen to best simulate the ambient pressure of the 

15 installation environment. However, these facilities are very expensive to use and 

hire, and indeed many transformer manufacturers do not have such a facility.  

A reference herein to a patent document or other matter which is given as 

prior art is not to be taken as an admission that that document or matter was known 

20 or that the information it contains was part of the common general knowledge as at 

the priority date of any of the claims.  

It is an aspect of the present invention to provide a technique to reduce 

transformer failures in relatively high ambient pressure environments. This aspect is 

25 achieved by testing transformers to identify potential failures prior to deployment, by 

simulating the high barometric pressure that the core elements will be subjected to 

when the transformer is installed, for example at a subsea location. Unlike known 

pressure-testing facilities, the present invention makes use of a mechanical 

compression force applied to the transformer.  

30 

This simulation is achieved by the temporary application of a compression 

force on the laminations of a transformer. This may be achieved for example by 

tightening lamination securing hardware and spreading the compression force 

across the laminations to a point where the compression force is at least similar to 
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that which the transformer will be subjected to by ambient pressure at installation.  

Thus the applied compression simulates the conditions that the laminations are 

subjected to when the transformer is installed subsea. The transformer is tested 

electrically, for example during or after the applied lamination compression, to reveal 

5 any increase in losses which have resulted from any short circuits between 

laminations which have been caused by the high compression.  

In accordance with a first aspect of the present invention there is provided a 

method of testing a transformer configured for installation in a high-pressure 

.0 environment, the high pressure environment comprising a subsea installation, 

comprising the steps of: 

a) providing a transformer core comprising a stack of laminations; 

b) applying a mechanical compression force to the stack of laminations, the force 

being at least equivalent to the ambient pressure of the high-pressure environment, 

.s wherein the mechanical compression force is applied using a plurality of distribution 

elements that overlay the plurality of laminations and distribute the force uniformly 

across the laminations; and 

c) testing the electrical efficiency of the transformer; 

wherein each lamination comprises a plurality of core elements.  

.0 

It is to be understood that the term "high-pressure environment" encompasses 

any environment which is at an ambient pressure higher than a normal surface air 

pressure range.  

25 In accordance with a second aspect of the present invention there is provided 

a transformer suitable for testing using the method of testing a transformer prior to 

installation in a high-pressure environment, as described, comprising: 

a transformer core comprising a stack of laminations; 

means for applying a mechanical compression force to the stack; and 

30 distribution means for at least partially distributing the compression force about the 

extent of the stack.  

The present invention provides various advantages over the prior art. Most 

particularly, the reliability of the transformer can be determined, so that the likelihood 

35 of post-installation failure is much reduced. This in turn may save the substantial 
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costs often incurred shortly after a conventional transformer fails or becomes 

unacceptably lossy after it is installed subsea. The invention also provides a 

cheaper alternative to currently employed pressure testing facilities, with a small 

increase in production costs from consideration of the transformer design.



The invention will now be described with reference to the accompanying 

drawings, in which: 

5 Fig. 1 schematically shows in exploded view a portion of a known transformer; 

Fig. 2 schematically shows a method of manufacturing the transformer of Fig.  

1; 

Fig. 3 schematically shows an end view of the partially assembled transformer 

of Figs. 1 and 2; 

10 Fig. 4 schematically shows a transformer tested in accordance with the 

present invention; and 

Fig. 5 schematically shows a plan view of the transformer of Fig. 4.  

Figs. 4 and 5 illustrate a transformer suitable for testing according to an 

15 embodiment of the present invention, where, as far as possible, similar items have 

retained the numbering previously used with respect to Figs. 1 to 3.  

In a generally similar manner to the transformer shown in Fig. 3, the 

transformer comprises dual bobbins 4 and 5, surrounded by a plurality of laminations 

20 comprising "I" and "E" core elements 1, 2, 6 and 7. The laminations are stacked and 

held together by a plurality of threaded rod members 9 which sit within apertures 11 

provided within the core-elements. The transformer has additional apertures 

compared to the known transformer of Fig. 3, to improve compression force 

distribution as will be described below.  

25 

Each rod member 9 is in co-operative engagement with fastening means, in 

this case a nut, 8 which is provided at each end of each rod member 9, such that the 

stack of laminations is held together.  

30 Distribution elements 12 are placed between the stack and the fastening 

members 8. Each element 12 is a rigid member being dimensioned so as to 

substantially overlie at least one axis of the plane of the laminations in use. As 

shown, each element 12 is a beam of "L"-shaped cross-section, the length of the 

beam being generally similar to either the length or width of the laminations such that 
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the compression force is at least partially distributed about the extent of the stack.  

Additionally, spacers 13 may be provided between elements 12 and the stack in 

order to ensure consistent pressure transmission between the element and stack, as 

will be described below.  

5 

Prior to installation of the transformer in a high-pressure environment, the 

following steps are performed: 

i) A mechanical compression force is applied to the stack.  

10 Here, the nuts 8 are tightened, i.e. moved relative to the rod members 9, to a 

specified torque calculated for the particular mechanical arrangement, to apply a 

mechanical compression force to the stack. The compression force is evenly 

distributed across the extent of the laminations by virtue of the additional apertures 

and rod members 9 compared to the prior art transformer, the provision of 

15 distribution elements 12 and spacers 13.  

The force applied is at least equivalent to the ambient pressure of the high-pressure 

environment in which the transformer will be installed. Ideally, the force applied is 

greater than the pressure, to allow for errors and for more robust testing.  

20 

ii) The electrical efficiency of the transformer is tested.  

This testing is used in particular to identify losses associated with inter-lamination 

insulation failure. Current or voltmeters may be used, and additionally temperature 

25 sensors may be used to identify locally warm regions of the transformer, which may 

be associated with insulation failure.  

The testing may be performed while the compression force is applied. Alternatively, 

testing may take place after the compression force has been removed, i.e. by 

30 loosening the nuts 8 (see below).  

Advantageously, the similar testing may be carried out before the compression force 

is applied, the results of the pre- and post- compression tests may be compared.  
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If the test results indicate that the transformer is damaged or compromised, then it is 

rejected.  

iii) The compression of the laminations is relaxed to the normal level specified for 

5 the minimisation of vibration of the laminations during transformer operation.  

As noted above, electrical testing may take place after this step.  

The above-described embodiments are exemplary only, and other possibilities 

10 and alternatives within the scope of the invention will be apparent to those skilled in 

the art.  

Although transformers usually have a single bobbin to hold the windings, a 

split bobbin design, as shown in the figures, is preferred for this invention as it allows 

15 for additional holes in the E laminations to provide more mechanical load spreading.  

However, the invention may still be used with single bobbin transformers.  

While a transformer having "I" and "E" type core elements has been 

described, the invention is not so limited, and any type of lamination may be used.  
20 

Different ways of applying the compression force may be employed. For 

example, the rod members may be bolt-like, such that they have a flange at one end.  

In this case, only one nut is required per rod. Alternatively, other compression 

techniques may be used instead of the screw threading previously described, e.g.  

25 using clamps.  

Different forms of distribution elements may be used, for example plates.  

Alternatively, depending on the transformer design, the distribution elements may be 

omitted completely.  

30 

Where the terms "comprise", "comprises", "comprised" or "comprising" are used in 

this specification (including the claims) they are to be interpreted as specifying the 

presence of the stated features, integers, steps or components, but not precluding 
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the presence of one or more other features, integers, steps or components, or group 

thereto.  
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The claims defining the resent invention are as follows: 

1. A method of testing a transformer configured for installation in a high-pressure 

environment, the high pressure environment comprising a subsea installation, 

5 comprising the steps of: 

a) providing a transformer core comprising a stack of laminations; 

b) applying a mechanical compression force to the stack of laminations, the force 

being at least equivalent to the ambient pressure of the high-pressure environment, 

wherein the mechanical compression force is applied using a plurality of distribution 

.0 elements that overlay the plurality of laminations and distribute the force uniformly 

across the laminations; and 

c) testing the electrical efficiency of the transformer, 

wherein each lamination comprises a plurality of core elements.  

.s 2. A method according to claim 1, further comprising the step of removing the 

applied compression force.  

3. A method according to claim 2, wherein the step of removing the compression 

force occurs subsequent to step c).  

.0 

4. A method according to claim 2, wherein the step of removing the compression 

force occurs prior to step c).  

5. A method according to any one of the preceding claims, wherein each of the 

25 plurality of laminations comprises at least one aperture, and step a) comprises 

stacking the laminations such that the aperture of each lamination is positioned 

around a rod member.  

6. A method according to claim 5, wherein a fastening member is placed in co

30 operative engagement with the rod member, and step b) comprises moving the 

fastening member relative to the rod member to apply the compression force to the 

stack.  

9



7. A method according to claim 6, wherein the rod member is threaded, and the 

fastening member comprises a nut for engagement with the thread of the rod 

member.  

5 8. A method according to claim 7, wherein a distribution element is placed 

between the stack and the fastening member, such that the compression force is at 

least partially distributed about the extent of the stack.  

9. A method according to claim 8, wherein the distribution element comprises a 

.o rigid member being dimensioned so as to substantially overlie at least one axis of the 

plane of the laminations in use.  

10. A method according to any one of the preceding claims, wherein the 

compression force applied to the stack is greater than that equivalent to the ambient 

.s pressure of the high-pressure environment.  

11. A transformer suitable for testing using the method of any one of the 

preceding claims, comprising: 

a transformer core comprising a stack of laminations; 

o means for applying a mechanical compression force to the stack; and 

distribution means for at least partially distributing the compression force about the 

extent of the stack.  

12. A transformer according to claim 11, comprising first and second bobbins.  

25 

13. A method according to any one of the preceding claims, wherein the testing of 

the transformer occurs prior to installation in a high-pressure environment.  

10
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