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(71) We, T H E ENGLISH ELECTRIC COM- ably connected to a precision oscillator, and 
PANY LIMITED, of 1, Stanhope Gate, London, the arrangement is such that that the out-
W1A 1EH, a British Company, do hereby put from the coil is in the form of an A.C. 
declare the invention, for which we pray that signal whose amplitude is dependent upon 50 

5 a patent may be granted to us, and the the position of the core within the coil, the 
method by which it is to be performed, to coil conveniently being carried by the hous-
be particularly described in and by the fol- ing and the core by the weight. Movement 
lowing statement:— of the pendulum weight relative to the hous-

This invention relates to inclinometers ing is preferably damped. 55 
10 responsive to small changes in the inclina- For this purpose the housing conveniently 

tion of a body relative to a fixed datum, and supports a dashpot designed to contain a 
capable of providing an indication of such viscous fluid, and a member, fixed relatively 
changes at a remote position. to the weight so as to move with it, projects 

According to the invention an inclino- downwardly into the dashpot. 60 
15 meter comprises a pendulum weight suppor- An inclinometer in accordance with the 

ted for universal pivoting movement about invention has the advantage that it can be 
a point relative to a housing, a pair of trans- constructed to measure small inclinations to 
ducer devices disposed at positions angu- a high degree of accuracy at varying tem-
larly displaced 90° from each other about a peratures. 65 

20 vertical axis through said point when the The housing may be fixed to equipment 
housing is mounted in a datum position, such as a surveying, drilling or boring rig, 
and each comprising a pair of relatively a machine tool or other body whose inclin-
movable members one of which is carried ation relative to a fixed datum is required 
by the housing and the other of which is to be measured or monitored. Alternatively 70 

25 carried by the weight, and signal-producing the invention may be employed for monitor-
means associated with each device for pro- ing changes of inclination of the bore of a 
viding an output signal which is dependent channel, duct or pipe along its length, the 
upon the relative positions of the two mem- housing in such a case being capable of be-
bers of the device. ing passed along the bore supported by its 75 

30 By this means any variation in the inclina- walls, and any change in the inclination of 
tion of the housing will be indicated by a the bore at any point producing correspond-
change in one or both output signals, which ing changes in the inclination of the hous-
can be fed to indicator devices of any con- ing, and thus of one or both output signals, 
venient kind, and the use of suitable trans- The output signals may, for example, be 80 

35 ducer and indicator devices enables the fed from the signal producing means to a 
degree and direction of inclination of the recording or indicating device arranged to 
housing from a fixed datum position to be record or indicate the axial position, along 
readily observed and/or recorded. the length of the bore, of any changes in in-

Preferably the weight is supported from clination. 85 
40 the housing by a gimbal device which per- One inclinometer in accordance with the 

mits the weight to pivot about two mutually invention will now be described by way of 
perpendicular axes relative to the housing, example with reference to Figures 1 to 3 of 
and the transducers are in the form of linear the drawings accompanying the Provisional 
electrical transducers having a core or mag- Specification, in which:— 90 

45 netic material movable axially within a coil. _ Figure 1 represents a plan view of the 
In such a case each transducer is prefer- inclinometer, 
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Figure 2 represents a sectional elevation 
along the line II—II of Figure 1, and 

Figure 3 represents a plan section along 
the line III—III of Figure 2, on a larger 

5 scale. 
Thus referring to the drawings the inclino-

meter comprises a cylindrical housing 1 
which has supported coaxially within it, on 
a bottom plate 2, a support tube 3. To the 

10 upper end of the support tube there is fixed 
a top plate 4 formed with a central aperture 
in which there is mounted a spring housing 
5 resiliently carrying a support bar 6 which 
extends downwards into the support tube 3. 

15 Thus the part of the bar 6 within the spring 
housing 5 is surrounded by a compression 
spring 7 on the upper end of which bears a 
ring nut 8 screwed on to the threaded upper 
end of the bar. A washer 9 fits on to the top 

20 of the bar 6 above the ring nut 8, and is 
supported at its periphery "by a ledge 11 
formed within the top of the spring housing 
5, a cover 12 being screwed on to the top 
of the housing, and two Belleville spring 

25 washers 13 being compressed between the 
bottom surface of the cover 12 and the top 
surface of the washer 9. The spring 7 and 
Belleville washers 13 thus provide a shock 
absorbing mounting for the support bar 6, 

30 whilst a locating pin 10, which projects 
radially from the bar, extends into a short 
vertical slot (not shown) in the side wall of 
the spring housing and thus prevents rota-
tion of the red relative to the hous-

35 ing. 
A support pin 14 extends transversely 

through the lower end of the support bar 
6, and carries a ball bearing gimbal 15 
comprising an inner ring 16 supporting two 

40 pairs of bearings 17 and 18, the bearings 
of each pair being disposed diametrically 
opposite each other, and the axes of the 
two pairs lying at right angles as shown in 
Figure 3. 

45 The ends of the support pin 14 extend 
into the bearings 17, and two further pins 
19 extend radially inwards into the bear-
ings 18 from an outer gimbal ring 21, which 
is thus free to pivot in all directions relative 

50 to the support bar 6. The lower end of the 
outer gimbal ring 21 carries a weight 22 
which has a diameter less than the bore of 
the support tube 3 (see Figure 2). 

The top plate 4 also carries the coils 23 
55 of a pair of linear transducers 24, 25, the 

latter being accommodated in cylindrical 
housings 26 extending vertically downwards 
from the plate 4, but angularly offset one 
from another by 90° with respect to the plate 

60 axis. The transducer cores 27 are carried 
by rods 28 fixed to the weight 22 so that 
tilting movement of the housing 1 produces 
a movementh of one or both of the trans-
ducer cores 27 within the respective coils 

65 23. 

The latter are connected to a precision 
oscillator, and the output from each is in 
the form of an A.C. signal whose amplitude 
is dependent upon the position within it 
of the respective core 27. The output from 70 
each coil is fed through a rectifier and de-
tector to an indicator of any convenient kind 
from which changes in the inclination of the 
housing relative to a fixed datum may read-
ily be observed. A continuous record of any 75 
changes may also be obtained by utilising 
a recorder of any suitable kind. 

If desired the signals can be fed to a 
computer arranged to process the informa-
tion received and to produce an output 80 
from which the direction and angle of in-
clination can be read off directly. 

In addition the signals may be arranged 
to actuate a warning device if the inclination 
exceeds a predetermined value. 85 

Damping of movement of weight rela-
tive to the surrounding housing is achieved 
by providing, beneath the weight 22, a dash-
pot 29 fixed to the centre of the bottom plate 
2 and containing a viscous fluid 31, and a 90 
dashpot rod 32 fixed to the base of the outer 
gimbal ring 21 so that it projects downwards 
therefrom into the viscous liquid. 

The device is arranged to be mounted in 
a unit designed to be traversed along the 95 
fuel channel of a nuclear reactor core, and 
of such dimensions that it remains suppor-
ted by the walls of the channel. Any devia-
tion of the channel from the vertical at one 
or more positions will then produce a 100 
change in the inclination of the housing and 
a corresponding change in one or both out-
put signals, these being fed by means of 
leads to an indicator or recorder at a remote 
position where any changes can readily be 105 
observed or recorded. The spacing of the 
support tube 3 from the periphery of the 
weight 22 in the example illustrated enables 
changes in inclinations of up to +3° to be 
readily measured to a high degree of accur- 110 
acy, but by the use of larger spacings the 
measurement of greater inclinations can be 
achieved. 

The device can also be used to monitor 
the variations of inclination along the length 115 
of other channels or bores. In addition the 
unit can be fixed in position to any piece of 
equipment or structure so that changes of 
inclination of the part of the equipment or 
structure to which the unit is attached can 120 
be observed and/or monitored. 

WHAT WE CLAIM IS:— 

1. An inclinometer comprising a pen- 125 
dulum weight supoprted for universal pivot-
ing movement about a point relative to a 
housing, a pair of transducer devices dis-
posed at positions angularly displaced 90° 
from each other about a vertical axis 130 
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through said point when the housing is 
mounted in a datum position, and each com-
prising a pair of relatively movable members 
one of which is carried by the housing and 

5 the other of which is carried by the weight, 
and signal-producing means associated with 
each device for providing an output signal 
which is dependent upon the relative posi-
tions of the two members of the device. 

10 2. An inclinometer according to Claim 
1 wherein the weight is supported from the 
housing by a gimbal device which permits 
the weight to pivot about two mutually per-
pendicular axes relative to the housing, and 

15 the transducers are in the form of linear 
electrical transducers having a core of mag-
netic material movable axially within a coil. 

3. An inclinometer according to Claim 2 
wherein the coil of each transducer is con-

20 nected to a precision oscillator, and the 
arrangement is such that the output from 
the coil is in the form of an A,C. signal 
whose amplitude is dependent upon the posi-
tion of the core within the coil. 

25 4. An inclinometer according to Claim 
3 wherein the coil of each transducer is 
carried by the housing and the core by the 
weight. 

5. An inclinometer according to any 
30 preceding claim wherein movement of the 

pendulum weight relative to the housing is 
damped. 

6. An inclinometer according to Claim 
5 wherein the housing supports a dashpot 

35 designed to contain a viscous fluid, and a 
member, fixed relatively to the weight so as 

to move with it, projects downward into 
the dashpot. 

7. An inclinometer according to any 
preceding claim for monitoring changes of 40 
inclination of the bore of a channel duct or 
pipe along its length, wherein the housing 
is of mainly cylindrical shape capable of be-
ing passed along the bore supported by its 
walls. 45 

8. An inclinometer according to Claim 
7 in combination with means for feeding the 
housing along the bore and means for feed-
ing the output signals from the signal pro-
ducing means to a recording or indicating 50 
device arranged to record or indicate the 
axial position, along the length of the bore, 
of any changes in inclination. 

9. An inclinometer according to Claim 
7 in combination with a computor arranged 55 
to process the information received and to 
produce an output from which the direction 
and angle of inclination can be read oil 
directly. 

10. A combination according to Claim 60 
8 or 9 incorporating a warning device ar-
ranged to be actuated when the inclination of 
the bore from the normal exceeds a predeter-
mined value. 

11. An inclinometer constructed sub- 65 
stantially as shown in and as hereinbefore 
described with reference to Figures 1 to 3 
of the drawings accompanying the Provi-
sional Specification. 

For the Applicants: 
H. V. A. KIRBY, 

Chartered Patent Agent. 
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