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1. Introduction

Thank you for the purchase of a LSOC/P series inclinometer from Sherborne Sensors. This manual 
offers information on the proper installation and operation. For further technical information on the 
performance of the LSOC/P series inclinometer, please see the datasheet. 

2. Notice

Please observe all proper safety rules and regulations for electrical devices when installing 
this inclinometer. In addition, please note following recommendations:  

1. Do not apply power to the inclinometer during installation.
2. Avoid applying any mechanical pressure or stress to the housing.
3. Do not operate an inclinometer beyond the maximum angular sensing range or threshold.
4. Do not exceed the maximum fastening torque for the mounting screws, as the base plate

may become warped and/or irreparably damaged.
5. Use detergents free of alcohol (IPA) or acid for cleaning of the housing.
6. Avoid direct solar radiation.
7. Hand tighten mating connector. DO NOT use pliers as damage may occur.
8. Should the inclinometer fail to operate properly, consult this manual for possible

solutions. Do not attempt to open the inclinometer, as damage may occur. For other
troubleshooting measures, please contact our service team.

3 Document History 

Ver. Date Changes Author 
1.1 13 Nov 2020 First issue K.Marschall
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4. General discription of the Inclinometer

Sherborne Inclinometers are DC, closed loop, force balanced tilt sensors with accuracy, stability and reliability 
several orders of magnitude greater than open loop types. They are ideally suited for use in the construction 
industry for setting tilt of road grading and paving machines; in the geophysics field for tilt and strong motion 
studies; in the civil engineering field for evaluation of tilt of supporting walls in dams and other structures; and 
other applications where high accuracy measurement of tilt is required. 

4.1 Description of the closed loop servo measurement principle 

The Sherborne inclinometer is self-contained and designed to operate from a DC power source. Its output is in 
the form of an analogue DC signal directly proportional to the sine of the angle of tilt. In the level (horizontal) 
position, the DC output is zero. When tilted in one direction, the inclinometer output is 0 to +5 volts full scale 
and in the opposite direction 0 to -5 volts full scale. The heart of this closed loop, gravity referenced sensor is a 
flexure supported torque-balance system; rugged enough to withstand severe shock and vibration and still 
maintain excellent accuracy. The electronics and sensor are housed within the sealed housing permitting 
operation in hostile environments. 

PRINCIPLE OF OPERATION 
As the inclinometer tilts through an angle O, the Paddle “A” tends to move in the direction of tilt due to 
gravity. This resultant motion is converted by a position sensor “B” to an error signal input to the servo 
amplifier, which develops a restoring current to the torque motor “C”. Because of the servo action, an equal 
and opposite torque to that produced by gravity is produced so that the pendulous mass no longer moves and 
is restored to its original position. The torque motor current is directly proportional to the angle of tilt; the 
current is routed through a stable resistor, R0 in order to provide a voltage signal. Stops are provided on both 
sides of the paddle to limit its travel when the inclinometer is not powered. When power is applied, the paddle 
automatically moves to its null position. 
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4.2 Ordering Information 

LSOC – specifies the Inclinometer with Connector and Voltage output 
LSOP – specifies the Inclinometer with PIN Connector and Voltage output 

C – Connector Output 
P – Pin connector 

0 – Voltage output 
L – Current output 

LSO-꙱-꙱-꙱ 

1±1° 
3±3° 

14.5±14.5° 
30±30° 
47.5±47.5° 
90±90° 

4.3 Electrical Connection for LSOC 

OPTIONAL - Six pin male socket. Mating Connector  
3CON-0009. Available w/o cable, 3m cable, 15m cable 

4.4 Power supply (Optional) 

XT-0103 Line Powered ±15 VDC Bi-Polar Power Supply Module 
 Input Voltage 85-264 VAC, 47-63Hz

Output Voltage, link selectable, bi-polar ±15VDC, ±12VDC or
single ended 12VDC, 15VDC, 24VDC,30VDC

 Din Rail Mounting

XT-0102LN ±15VDC Bi-Polar Power Supply Module 
 Unregulated, single ended DC voltage input,Bi-polar

DC voltage output
 Output galvanically isolated from input
 10-32 VDC Input voltage; ±15VDC Output voltage at ±45mA

1 Ringway Centre, Edison Road, Basingstoke, Hampshire, RG21 6YH, United Kingdom Tel: +44 (0) 870 444 0728  
Fax: +44 (0) 870 444 0729  Email: sales@sherbornesensors.com Website: www.sherbornesensors.com 

LSOC/P Series  Inclinometer 
Instruction Manual



5. Main product specification
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6 Dimensions / Mounting / Electrical Connections 
6.1 Dimensions (mm) 

6.2 Mounting Instructions 

The inclinometer is designed for horizontal mounting, meaning the base plate of the inclinometer with 
the two mounting holes needs to be placed on the horizontal plane of the object to be measured. The 
mounting surface must be smooth and free of dust and grease. Fasten inclinometer to the surface to 
be measured using two M4 screws, and torque to a maximum of 10 Nm (do not exceed!!). 

6.3 Measurement 

Tilt angle measurements are made in the ‘X’ axis’ (longitudinal), with the reference being the 
horizontal plane. 

The Inclinometer incorporates a reference surface feature to aid in achieving optimal alignment with 
the sensitive axis. This reference surface is precision machined, and is parallel to the inclinometers X 
axis. When mounting the inclinometer, it is imperative that this reference surface be positioned 
exactly parallel to the axis of the object to be measured. Failure to do so will introduce 
measurement inaccuracies and cross sensitivity. 
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6.4 Electrical Connections 

A 
B 

C 
D 

E 

F 
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6.5 Calculating the angle from voltage output of inclinometer. 

Issue. A
Date 15/02/2019

Change No -
Name JRK

From the 'typical' Calibration Certificate below:
Output at  Positive Full Range Output (+FRO) = 4.995 Volts

Output at zero angle (ZERO) = 0.006 Volts ZERO
Output at Negative Full Range Output (-FRO) = -4.980 Volts

From this SPAN can be calculated (+FRO)-(-FRO) = 4.995 - -4.980 = 9.976 Volts SPAN

Calibration Data Sheet

Serial Number 123456 To calculate angle from inclinometer output: 

TYPE
Range (deg) + 30.0 Range

- 30.0

Calibration temperature 18.3 °C
Calibration excitation voltage ±15 Vdc
-3dB frequency response 36.36 Hz nom
Scale factor 9.973 V/sin of angle
Cross axis sensitivity <0.20% FRO max
Linearity 0.023% FRO max
Non-repeatability 0.002 FRO max 9.974960333
Output impedance < 10 W

Zero Offset 0.008 Volts
Thermal zero shift <±0.005% FRO/°C
Thermal sensitivity shift <±0.006% Reading/°C

Applied
Angle

Input Actual output
Linear

regression
output

Deviation

(Deg) (sin) (Volts) (Volts) (%FRO)
30.00 0.5000 4.995 4.995 -0.008% Output at +FRO
24.00 0.4067 4.065 4.065 -0.007%
17.00 0.2924 2.925 2.924 -0.010%
12.00 0.2079 2.082 2.082 -0.005% SPAN = 9.976 Volts Output 1 = 0.100 Volts

6.00 0.1045 1.050 1.051 0.006% Range = 30 Output 2 = 0.556 Volts

0.00 0.0000 0.006 0.008 0.018% Output at zero ZERO = 0.006 Volts
-6.00 -0.1045 -1.036 -1.034 0.020%

-12.00 -0.2079 -2.067 -2.065 0.016%
-17.00 -0.2924 -2.908 -2.908 0.005% Angle 1 0.53988°

-24.00 -0.4067 -4.047 -4.048 -0.013% Angle 2 3.16045°

-30.00 -0.5000 -4.980 -4.978 -0.023% Output at -FRO Change of angle 2.62057°

30.00 0.5000 4.995 4.995 -0.004% Equivilent to 45.722 mm rise in 1 metre

24.00 0.4067 4.065 4.065 -0.006% 4.227 mm over length of LSO

17.00 0.2924 2.925 2.924 -0.011%
12.00 0.2079 2.082 2.082 -0.007%
6.00 0.1045 1.050 1.051 0.005%
0.00 0.0000 0.006 0.008 0.017%
-6.00 -0.1045 -1.036 -1.034 0.020%

-12.00 -0.2079 -2.067 -2.065 0.015%
-17.00 -0.2924 -2.908 -2.908 0.004%
-24.00 -0.4067 -4.047 -4.048 -0.012%
-30.00 -0.5000 -4.980 -4.978 -0.021%

Sheet 1 of 124566Document
Number: Calculation of angle from voltage output of inclinometer

Output versus Angle Calculator
If this file is an excel file, below is an excel calculator

LSOC-30
Angle =   Sin -1 Output - ZERO

(SPAN/2) / Sine(Range)(           )
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Typical output signal proportional to the input 
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6.7 WARRANTY 

Sherborne warrants that: 
I. all standard products listed on the Company’s website, manufactured by the Company and

supplied to the Buyer by or on behalf of the Company, will be free from material defects in
workmanship and materials on the date of their first shipment from the Company for a
period of 24 months from such date.

II. all other products not covered by the warranty at clause (a)(i) above and manufactured by
the Company and supplied to the Buyer by or on behalf of the Company, will be free from
material defects in workmanship and materials on the date of their first shipment from the
Company for a period of 12 months from such date.

Please see the General Terms and Conditions of Sale and Delivery as listed on our website at 
www.sherbornesensors.com 

RECEIVING INSPECTION 
Every Sherborne sensor is carefully inspected and is in perfect working order at the time of 
shipment. Each instrument should be checked as soon as it is received. If the unit is damaged in any 
way or fails to operate properly, a claim should immediately be filed with the transportation 
company. 

REPAIR / CALIBRATION SERVICE 
Whenever a Sherborne sensor requires service, the nearest Sherborne representative should be 
contacted. If it is determined that the unit does require repair / calibration service a Return Material 
Authorization (RMA) number will be assigned. The following information is necessary to obtain an 
RMA number: 

• Model Number
• Serial Number
• Quantity
• Short description of the problem with the unit

If under warranty: Original Purchase Order number or Sherborne’s Order acknowledgement number 

All inquiries regarding operation or application should be addressed with the nearest Sherborne 
Representative or Distributor. A list of all Sherborne partners is available on our website at  
www.sherbornesensors.com 
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DEFINITION 

ACCURACY 
Accuracy is how close a reported measurement is to the 
actual true value being measured. The value of accuracy 
is calculated and requires resolution, hysteresis, zero-
offset tolerance, non-linearity, repeatability and cross-
axis error. Combined absolute accuracy means the 
compositive value of sensor’s absolute linearity, 
repeatability, hysteresis, offset and cross-axis sensitivity 
error. (in room temperature condition) as : 

∆= ± Absolute linearity2 +  repeatability2 +  hysteresis2 +  offset2 +  cross − axis sensitivity2 

The operational temperature might vary in a particular environment. That means the sensor 
accuracy will vary slightly with the temperature change. Environmental conditions might change 
during the measurement which is why it is not easy to specify accuracy on a datasheet. 
All Sherborne Sensors are calibrated at a controlleld temperature of 20°C.  

RESOLUTION 
This specification is the smallest detectable incremental 
change of input parameter that can be detected in the output 
signal. Resolution can be expressed either as a proportion of 
the reading (or the full-scale reading) or in absolute terms.  

NON-LINEARITY 
is a term used in statistics to describe a situation where 
there is not a straight-line or direct relationship between an 
independent variable and a dependent variable. In a nonlinear 
relationship, the output does not change in direct proportion 
to a change in any of the inputs. 

NON-REPEATABILITY 
is the maximum difference in output when the same input 
signal is applied, consecutively, under the same conditions 
and approaching from the same direction. 

SENSITIVITY 
The inclinometer has a linear transfer function. The sensitivity 
is then defined as the ratio between the output signal and 
measured property. The sensitivity is constant with the units  

SCALE FACTOR 
The scale factor is the change in output per unit of input. A ±1° 
full range inclinometer with ±5 Volts output will have a scale 
factor of 5 Volts/°. 
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BANDWITH 
(frequency response) indicates how sensors respond at different frequencies. Higher bandwith 
sensors can measure higher frequency motion and vibration. Electrical noise is generally broadband, 
which means it contains a wide spectrum of frequencies. 

-3db FREQUENCY
The -3dB point is very commonly used with filters 
of all types (low pass, band pass, high pass...). It is 
just saying the filter cuts off half of the power at 
that frequency. The rate at which it drops off 
depends on the order of the system you are 
using. Higher order can get closer and closer to a 
"brick wall" filter. Brick wall filter being one that 
just before the cutoff frequency you are at 0dB 
(no change to you signal) and just after you are at 
-∞ dB (no signal passes through). 

SENSITIVE AXIS TO CASE MISALIGNMENT 
The misalignment error angle ,, due to the base 
of the sensor not being perfectly parallel to its 
sensitive axis. This causes an output signal V, 
proportional to the misalignment angle. 

CROSS AXIS SENSITIVITY 
Cross-axis sensitivity is the maximum sensitivity in the plane perpendicular to the measuring 
direction relative to the sensitivity in the measuring direction. It is calculated as the geometric sum 
of the sensitivities in two perpendicular directions (Sx and Sy) in this plane. 

ZERO OFFSET 

Zero Offset is the amount of deviation in output or reading from the exact value at the lowest point 
of the measurement range. The zero offset can be expressed in measurement or signal units, or as a 
percentage of the full scale range. 
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