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VARIABLE DIFFERENTIAL TRANSFORMER

excitation signal. The secondary coils are disposed adjacent

POSITION SENSOR WITH A TRAPEZOIDAL
PRIMARY COIL

primary coil upon electrical excitation of the primary coil.

CROSS -REFERENCE TO RELATED
APPLICATION

This application claims the benefit of India Provisional

to the primary coil, and are inductively coupled to the

The primary coil is wound on the bobbin such that at least
5 a portion of the primary coil has a cross section shape that
is a trapezoid .
In another embodiment, a linear variable differential

transformer position sensor includes a bobbin , a core , a

Patent Application No . 1355 /DEL / 2015 , filed May 14 , 2015 , primary coil, and a pair of differentially wound secondary
which is incorporated herein by reference .
10 coils . The bobbin has an axial bore formed therein , and the
core is movably disposed within the axialbore . The primary
coil is wound on the bobbin and is adapted to be electrically
TECHNICAL FIELD

excited with an excitation signal. The secondary coils are
The present invention generally relates to transformer disposed adjacent to the primary coil, and each is inductively
position sensors , and more particularly relates to a differ- 15 coupled to the primary coil upon electrical excitation of the
ential transformer position sensor with a trapezoidal primary primary coil . The primary coil is wound on the bobbin such
that at least a portion of the primary coil has a cross section

coil.

shape that is a trapezoid .

BACKGROUND
Position sensors are included in various systems, devices ,

In yet another embodiment, a linear variable differential

20 transformer position sensor includes a bobbin , a core , a

primary coil , a pair of differentially wound secondary coils ,

and environments. Moreover, various types of position sen
sors have been developed for inclusion into these various

and a housing. The bobbin has an axial bore formed therein ,
and the core is movably disposed within the axial bore . The

systems, devices , and environments . One particular type of

primary coil is wound on the bobbin and is adapted to be

position sensor that has been developed is the transformer 25 electrically excited with an excitation signal. The secondary

position sensor. A transformer position sensor typically

coils are disposed adjacent to the primary coil, and is

includes a primary coil , one or more secondary coils, and a

inductively coupled to the primary coil upon electrical

movable magnetically permeable core . When the primary
coil is electrically excited with an excitation signal, the

excitation of the primary coil. The housing surrounds at least
portions of the bobbin , the core, the primary coil, and the

also includes a primary coil, a pair of secondary coils , and

nying drawings and the preceding background .

secondary coil(s ) is (are ) inductively coupled to the primary 30 secondary coils. The primary coil is wound on the bobbin
coil and supplies an output signal that is based on the
such that the primary coil has a cross section shape that is an
position of the movable core .
isosceles trapezoid , and each secondary coil has a cross
One particularly popular type of transformer position
section shape that is a right triangle .
sensor is the variable differential transformer position sen
Furthermore , other desirable features and characteristics
sor, which includes linear variable differential transformers 35 of the differential transformer position sensor will become
(LVDTs ) and rotary variable differential transformers
apparent from the subsequent detailed description and the
(RVDTs). A variable differential transformer position sensor appended claims, taken in conjunction with the accompa
a movable magnetically permeable core . However, with

variable differential transformer position sensors , the sec - 40
tially wound coils that may be electrically coupled in series.
ondary coils are typically configured as a pair of differen

The transformer position sensors described above are

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will hereinafter be described in

conjunction with the following drawing figures , wherein like

generally reliable and robust, but do suffer certain draw - numerals denote like elements , and wherein :
backs . For example , the size , power consumption , and 45 FIG . 1 depicts a simplified cross section view of one
accuracy of presently known variable differential trans embodiment of a variable differential transformer position

former position sensors do not meet the requirements for sensor ;
some end - use applications , most notably within the aero FIGS. 2 -4 depict simulation results for an embodiment of
space industry .
the differential transformer position sensor of FIG . 1 with a
Hence , there is a need for a variable differential trans- 50 metal bobbin ;

former position sensor that can readily meet the size , power
consumption , and accuracy requirements associated with ,
for example , aerospace industry applications . The present

invention addresses at least this need .
BRIEF SUMMARY

FIGS. 5 -7 depict simulation results for an embodiment of
the differential transformer position sensor of FIG . 1 with a
plastic bobbin ;
FIGS. 8 - 10 depict actual physical results for an embodi

55 ment of the differential transformer position sensor of FIG .
1 ; and
FIG . 11 depicts a simplified cross section view of a

This summary is provided to describe select concepts in
a simplified form that are further described in the Detailed

primary coil wound on a bobbin and that may be used to
implement a variable differential transformer position sen

Description . This summary is not intended to identify key or 60 sor.
DETAILED DESCRIPTION
intended to be used as an aid in determining the scope of the
claimed subject matter.
In one embodiment, a transformer includes a bobbin , a
The following detailed description is merely exemplary in
primary coil , and a pair of secondary coils . The bobbin has 65 nature and is not intended to limit the invention or the
an axial bore formed therein . The primary coil is wound on
application and uses of the invention . As used herein , the
the bobbin and is adapted to be electrically excited with an word “ exemplary ” means “ serving as an example , instance ,
essential features of the claimed subject matter, nor is it
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or illustration .” Thus, any embodiment described herein as
or advantageous over other embodiments . All of the embodi

The cross section shapes of the primary and secondary
presently known differential transformer position sensors .

“ exemplary ” is not necessarily to be construed as preferred

coils 106 , 108 provide several distinct advantages over

ments described herein are exemplary embodiments pro -

Specifically , the trapezoidal cross section shape of the pri

vided to enable persons skilled in the art to make or use the 5 mary coil 106 allows for a relatively higher number of
invention and not to limit the scope of the invention which
primary coil turns , which provides a higher input impedance

is defined by the claims. Furthermore, there is no intention

to meet input power requirements. The triangular cross

to be bound by any expressed or implied theory presented in
the preceding technical field , background, brief summary , or
the following detailed description .

section shape of the secondary coils 108 provides improved
inductive coupling with both the primary coil 106 and the

10 core 112, which improves output voltage and phase shift .

Referring first to FIG . 1 , a simplified cross section view

These cross section shapes also take up less space, which

of one embodiment of a variable differential transformer
position sensor 100 is depicted . The depicted sensor 100
includes a housing 102 , a bobbin 104 , a primary coil 106 ,
and a pair of secondary coils 108 ( 108 - 1, 108 - 2 ), and a core 15

allows for relatively shorter form factors (e.g., smaller space
envelope ) to be achieved . Lower gage (i.e., thicker ) wire can
be used , which allows for better manufacturing control and
thus to better yield .Moreover, for a given package size ( e.g .,

bobbin 104 , the primary coil 106 , the secondary coils 108 ,

linearity can be achieved .

The bobbin 104 has an axial bore 118 formed therein . It
will be appreciated that the bobbin 104 may be formed of

differential transformer position sensor exhibits an improve
ment in linearity by about 3 times over that of presently

112 . The housing 102 surrounds at least a portion of the

space envelope ), relatively higher sensitivity and improved

and the core 112 . The housing 102 preferably has an opening
To provide some specific examples of the above improve
114 in at least one end, through which a rod 116 or other ments , it has been shown that when primary coil 106 is
suitable device extends and is coupled to the core 112. 20 wound such that it has a trapezoidal cross section , the
any one of numerous known materials. For example , it may known sensors . The size envelope can be reduced by around
15 % , input power consumption is reduced by about 200 % ,
alloys , or it may be formed of any one of numerous known 25 input DC resistance and impedance is improved by about
plastic compositions .
50 % , and the overall manufacturing process time is
The primary coil 106 is wound on the bobbin 104 and is
improved by about 10 % . Examples of the improvements in
adapted to be electrically excited with an excitation signal linearity, input power, and phase shift are illustrated in FIGS .
from a non -illustrated excitation signal source . The second
2 - 10. It should be noted that the graphs depicted in FIGS.
ary coils 108 are disposed adjacent to the primary coil 106 30 2 -4 are simulation results for a differential transformer
such that each secondary coil 108 is inductively coupled to position sensor 100 with a metal bobbin 104 , the graphs
the primary coil 106 when the primary coil 106 is electri - depicted in FIGS. 5 -7 are simulation results for a differential
cally excited . As a result, when the primary coil 106 is
transformer position sensor 100 with a plastic bobbin 104 ,
electrically excited with an excitation signal, the secondary and the graphs depicted in FIGS . 8 - 10 are actual physical

be formed of any one of numerous known metals or metal

coils 108 supply an output signal to a non -illustrated load . 35 results for a prototype differential transformer position sen
The core 112 is movably disposed within the axial bore
sor 100 with the primary and second coils 106 , 108 wound
118 and, as noted above , is coupled to the rod 116 ( or other as described herein .

suitable device ). The core 112 may be formed of any one of

numerous known magnetically permeable materials and , in

It should be further noted that the dimensions of the

trapezoidal cross section shape of the primary coil 106 may

response to movement of the rod 116 , translates axially 40 be varied to achieve desired and / or optimal performance . In

within the axial bore 118 . As is generally known , axial

particular , and with reference once again to FIG . 1, it may

translation of the core 112 causes variations in the output

be appreciated that for a given length of the longer parallel

in the output signal can , for example , be representative of the

varied to achieve a desired and /or optimal performance . Any

is wound on the bobbin 104 such that it has cross sectional

It was noted above that the primary coil 106 is preferably

has two parallel sides — a longer side 122 , and a shorter side

embodiments, be wound on the bobbin 104 such that only a

signal supplied from the secondary coils 108 . This variation

side 122 , the length of the shorter parallel side 124 may be

position of a device that is coupled , via the rod 116 , to the 45 variation in the length of the shorter parallel side 124 will,
of course , vary the appropriate dimensions of the triangular
core 112 .
Still referring to FIG . 1 , it is seen that the primary coil 106
cross section shapes of the secondary coils 108 .

shape that is a non - parallelogram . More specifically, the wound on the bobbin 104 such that it has cross sectional
primary coil 106 is wound such that it has a cross section 50 shape that is a non -parallelogram , such as a trapezoid . It will
shape that is a trapezoid . As is generally known , a trapezoid be appreciated that the primary coil 106 may , in some
124 — and two non -parallel sides 126 , 128 . Although the

portion of the coil 106 is wound such that its cross section

cross section shape may be various trapezoid shapes, in a shape is a non -parallelogram , such as a trapezoid . Such an
particular preferred embodiment the cross section shape is 55 embodiment is depicted in FIG . 11, in which the primary coil
that of an isosceles trapezoid . This, as is also generally
106 is wound on the bobbin 104 such that a first portion 1102

known , means that the non -parallel sides 126 , 128 are equal
in length .

In addition to the primary coil 106 being wound such that

has a cross sectional shape that is a parallelogram , such as

a rectangle , and a second portion 1104 has a cross sectional

shape that is a non -parallelogram , such as a trapezoid .

it has a non -parallelogram shaped cross section , the second - 60 The differential transformer position sensor 100 described
ary coils 108 are wound such that each has a triangular cross herein exhibits improved linearity , phase shift, power con
section shape. Preferably, as FIG . 1 further depicts, the sumption , and accuracy relative to known sensors , while still

secondary coils 108 are wound around a different one of the

meeting the size requirements associated with various aero

non -parallel sides 126 , 128 of the trapezoidal cross section space industry applications.
of the primary coil 106 .Moreover, each secondary coil 108 65 In this document, relational terms such as first and second ,
is preferably wound such that the cross section shape of each
and the like may be used solely to distinguish one entity or
is a right triangle.
action from another entity or action without necessarily
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requiring or implying any actual such relationship or order
between such entities or actions. Numerical ordinals such as
" first," " second ,” “ third ,” etc . simply denote different singles

9 . The transformer of claim 1, wherein the primary coil is

wound on the bobbin such that:
a first portion of the primary coil has a cross section shape
that is a rectangle ; and

of a plurality and do not imply any order or sequence unless

specifically defined by the claim language . The sequence of 5

a second portion of the primary coil has a cross section

shape that is a trapezoid .

the text in any of the claims does not imply that process steps

must be performed in a temporal or logical order according

10. A linear variable differential transformer position

to such sequence unless it is specifically defined by the
language of the claim . The process steps may be inter -

changed in any order withoutdeparting from the scope of the 10
invention as long as such an interchange does not contradict
the claim language and is not logically nonsensical.

Furthermore, depending on the context, words such as
" connect” or “ coupled to ” used in describing a relationship

between different elements do not imply that a direct physi- 15
cal connection must be made between these elements . For

example , two elements may be connected to each other
physically, electronically, logically, or in any other manner ,
through one or more additional elements .
While at least one exemplary embodiment has been 20
presented in the foregoing detailed description of the inven
tion , it should be appreciated that a vast number of variations
exist . It should also be appreciated that the exemplary
embodiment or exemplary embodiments are only examples ,

sensor, comprising :
a bobbin having an axial bore formed therein , wherein the
axial bore is positioned to extend in a direction of a
longitudinal axis of the bobbin ;

a core movably disposed within the axial bore ;
a primary coil wound on the bobbin and adapted to be
electrically excited with an excitation signal; and
a pair of differentially wound secondary coils disposed
adjacent to the primary coil, each secondary coil induc
tively coupled to the primary coil upon electrical exci
tation of the primary coil,

wherein the primary coil is wound on the bobbin such that
a portion of the primary coil between the bobbin and
the pair of secondary coils has a cross section that is of
a trapezoid shape, wherein the cross section is parallel
to and passes through the longitudinal axis of the
bobbin .

and are not intended to limit the scope , applicability , or 25 11 . The linear variable differential transformer position
configuration of the invention in any way. Rather, the
sensor of claim 10 , wherein each secondary coil has the

foregoing detailed description will provide those skilled in

cross section shape that is a triangle .

the art with a convenient road map for implementing an

12 . The linear variable differential transformer position

exemplary embodiment of the invention . Itbeing understood
sensor of claim 10 , wherein the trapezoid shape is an
that various changes may be made in the function and 30 isosceles trapezoid shape .

arrangementof elements described in an exemplary embodi-

13 . The linear variable differential transformer position

ment without departing from the scope of the invention as

sensor of claim 11 , wherein each secondary coil has the

set forth in the appended claims.
What is claimed is:
1 . A transformer, comprising:

a bobbin having an axial bore formed therein , wherein the

cross section shape that is a right triangle .
14 . The linear variable differential transformer position
35 sensor of claim 10 , wherein :

the trapezoid shape has two parallel sides and two non
parallel sides ; and

axial bore is positioned to extend in a direction of a

longitudinal axis of the bobbin ;
a primary coil wound on the bobbin and adapted to be
electrically excited with an excitation signal; and
40

each of the secondary coils is wound around a different
one of the non - parallel sides .

15 . The linear variable differential transformer position

a pair of secondary coils disposed adjacentto the primary

sensor of claim 14 , wherein each secondary coil has a cross

primary coil upon electrical excitation of the primary

16 . The linear variable differential transformer position

coil, the secondary coils inductively coupled to the

section shape that is a triangle .

sensor of claim 14 , wherein the trapezoid shape is an
wherein the primary coil is wound on the bobbin such that 45 isosceles trapezoid shape .
a portion of the primary coil between the bobbin and
17 . The linear variable differential transformer position
the pair of secondary coils has a cross section that is of sensor of claim 16 , wherein each secondary coil has a cross
coil,

a trapezoid shape, wherein the cross section is parallel

section shape that is a right triangle.

to and passes through the longitudinal axis of the
18 . The linear variable differential transformer position
50 sensor of claim 10 , wherein the primary coil is wound on the
bobbin .
2 . The transformer of claim 1 , wherein each secondary bobbin such that:
a first portion of the primary coil has a cross section shape
coil has the cross section shape that is a triangle .

that is a rectangle; and
4 . The transformer of claim 3 , wherein each secondary 55
shape that is a trapezoid .
coil has a cross section shape that is a right triangle .
19 . A linear variable differential transformer position
sensor , comprising :
5 . The transformer of claim 1, wherein :
the trapezoid shape has two parallel sides and two non
a bobbin having an axial bore formed therein , wherein the
axial bore is positioned to extend in a direction of a
parallel sides; and
3 . The transformer of claim 1 , wherein the trapezoid shape

a second portion of the primary coil has a cross section

is an isosceles trapezoid shape .

each of the secondary coils is wound around a different 60

one of the non - parallel sides.

6 . The transformer of claim 5 , wherein each secondary
coil has a cross section shape that is a triangle .

7 . The transformer of claim 5 , wherein the trapezoid shape

is an isosceles trapezoid shape.

8 . The transformer of claim 7 , wherein each secondary
coil has a cross section shape that is a right triangle .

65

longitudinal axis of the bobbin ;

a core movably disposed within the axial bore ;

a primary coil wound on the bobbin and adapted to be
electrically excited with an excitation signal;
a pair of differentially wound secondary coils disposed
adjacent to the primary coil , each secondary coil induc
tively coupled to the primary coil upon electrical exci
tation of the primary coil; and
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a housing surrounding at least portions of the bobbin , the
core , the primary coil , and the secondary coils ,

wherein :

the primary coil is wound on the bobbin such that a

portion of the primary coil between the bobbin and the 5

pair of secondary coils has a cross section that is of an
isosceles trapezoid shape, wherein the cross section is

parallel to and passes through the longitudinal axis of
the bobbin , and
each secondary coil has a cross section shape that is a 10

right triangle.
20 . The linear variable differential transformer position
sensor of claim 19 , wherein :
the isosceles trapezoid shape has two parallel sides and
two non -parallel sides; and

each of the secondary coils is wound around a different
one of the non -parallel sides .
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