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1 About this Manual 
This manual is an addendum to the SETPOINT MPS and CMS manuals that discusses protection and 

condition monitoring of reciprocating machines.  In addition to this manual you will need to refer to 

the following manuals for further information: 

1079330 SETPOINT Machinery Protection System Operation and Maintenance Manual 

1176125 SETPOINT Condition Monitoring System Operation and Maintenance Manual 

100576   DPS Operation and Maintenance Manual 
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2 Reciprocating Machine Measurements 
SETPOINT provides a complete reciprocating machine protection and condition monitoring solution.  

Table 1 shows a summary of the SETPOINT channel types and the reciprocating machine failure 

modes that each can detect.  

Table 1:  Reciprocating Machine Measurements 
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Piston Rider Band Wear X X          

Piston Rod Bow  X          

Crosshead shoe vibration   X         

Piston rod nut looseness  X X         

Connecting rod looseness   X         

Loose Crosshead guide 

shims 

  X       X  

Main Bearing failure    X  X      

Liquid in Cylinder   X  X       

Leaking Piston Rings     X    X   

Leaking Packing     X      X 

Valve Leakage     X  X X X   

Insufficient Rod Reversal     X       

Overloading   X  X       
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Figure 1 shows the typical transducer locations for the various Setpoint MPS channel types. 

 

Figure 1: Setpoint Reciprocating Compressor Channels 

  

Impact channel accelerometers 

for each throw. 

Crankcase velocity sensors mounted 

on frame. 

Cylinder pressure.  One sensor for 

each chamber. 
Rod Position or Rod Drop 

sensors for each throw. 
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2.1 Setting the Configuration Units System 
API 618 defines reciprocating compressor datasheets in U.S. Customary Units or SI Units.  You can 
change the configuration unit system to match your datasheet following the steps shown in Figure 2.   
 

 

 
Figure 2: Setting Preferred Units 

2.2 Setting Reciprocating Machine Channels 
Set the UMM reciprocating compressor channel types as described in manual 1079330.   Table 2 

describes the reciprocating machine channel types. 

Table 2:  Summary of Setpoint Reciprocating Compressor Channel Types 

Channel Type Description 

Recip Crankcase Velocity Velocity sensors mounted on the frame. 

Recip Impact Accelerometers mounted near the crosshead or other 

locations where impact measurements are needed. 

Recip Rod Drop Single transducer rod drop measurements. 

Recip Rod Position Single or dual transducer rod position measurements. 

Recip Cylinder Pressure  Cylinder pressure and rod load measurements. 

 
You can mix channel types within a UMM.  For example, you can configure channels 1 and 2 for 
Recip Rod Position and channels 3 and 4 for Cylinder Pressure. 
 

Change the units for the throw and 

cylinder parameters by selecting 

Default Units from the File drop list.  

Select your preferred unit from the 

drop list for each parameter.  

Length, weight, and pressures are 

required for recip configuration. 
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Note:  All Rod Position or Cylinder Pressure 
measurements on a single throw must be in 
the same UMM module.  This applies to 
tandem compressors with more than one 
cylinder on a throw. 
 

Note:  Cylinder Pressure channels require a 
Phase Trigger association. 
 

Note:  Rod Position channels without a Phase 
Trigger association will only return Direct pp 
and Gap values.  
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3 Rod Position and Cylinder Pressure Channels 
The Rod Position and Cylinder Pressure measurements require information about the throw and 

cylinder.  The SETPOINT Setup software provides tools for defining throws and cylinders and tools for 

easily duplicating this configuration across channels. 

The general procedure for defining Rod Position and Cylinder Pressure measurements is: 

1. Set the reciprocating compressor channel types. 

2. Define the compressor throws. 

3. Define the cylinders on the throws. 

4. Assign the channels to the cylinders. 

3.1 Adding Throws and Cylinders 
Configuring reciprocating compressor measurements requires information about the compressor 

throws and cylinders.  Follow the steps in this section to add throws and cylinders to your 

configuration.  

Navigate to the Recip view as shown in Figure 3. 

 

Figure 3: Opening the Recip Throws/Cylinders View 

The Recip View opens as shown in Figure 3 with just the headers.  You will first need to add a throw 

to activate the configuration grid.  Click the Add button as shown in Figure 4.  You will have the 

choice to add a throw with a single cylinder or a tandem throw with two cylinders. 

From the Channels tab, select Recip 

from the drop menu. 
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Figure 4: Adding a Recip Throw 

When you add a throw the software will automatically add cylinders.  If you added a Recip Single 

Cylinder Throw one cylinder is added.  A Recip Dual Cylinder Throw will add two cylinders. 

3.1.1 Deleting a Throw and Cylinders 
You can delete an unwanted throw by clicking the box at the left of the throw to select the line and 

then pressing the delete key.  Deleting a throw will automatically delete cylinders associated with 

the throw.  You cannot delete cylinders separately from the throw. 

3.1.2 Copying and Pasting Throws and Cylinders 
If you have multiple throws or cylinders that are the same configuration, you can easily copy and 

paste the configuration as shown in Figure 5. 

 

Figure 5:  Copying a Throw 

Click the Add button to add a single 

or dual cylinder throw.  The grids 

will show the default values for the 

added throw. 

To copy a throw, click the blue box 

at the end of the throw to copy, 

select copy from the Edit menu or 

press Ctrl C.   

Next, click the blue box to select the 

throw to replace.  Select paste from 

the Edit menu or press Ctrl V. 
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You can also copy cylinders following the same procedure.   

 

 

3.1.3 Editing in Excel 
You can also edit the throw and cylinder data in Microsoft Excel.  Copy the data as described in 
Figure 5.  Then paste the data in Excel.  You can then manipulate the data in Excel and copy and 
paste back into the configuration. 
 

  

Note:  The cylinder name, horizontal channel 
name and vertical channel name must be 
unique and so are not copied. 
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3.2 Selecting the Rod Position and Cylinder Pressure Grids 
You can change the information shown for throws and cylinders to just the information required for 

the measurement you are currently configuring, for example Rod Position.  If you select the Rod 

Position View, only parameters required for Rod Position are shown.  Parameters for other 

measurements such as Cylinder Pressure are maintained, but hidden.  Throw parameters common 

to all measurements (e.g. Stroke) will change when set from any view. 

 

Figure 6: Filtering the Throw Configuration View 

  

Use the view drop list to only show 

only the variables required for the 

measurement you are currently 

configuring. 
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3.3 Configuring Rod Position Measurements 
This section describes how to set the variables required for configuring a rod position measurement. 

The Setpoint UMM accepts signals from standard proximity sensors and calculates the rod position 

magnitude for each stroke.  Setpoint supports both single probe calculations and probe pair 

(horizontal and vertical) calculations.  The single probe rod position measurement only provides the 

magnitude in the probe plane with the direction as towards or away from the probe.  Using a 

horizontal and vertical pair allows the UMM to calculate the maximum rod position and the angle at 

which the maximum position occurs. 

Rod position differs from Rod Drop in that Rod Position is measured relative to centerline of the 

cylinder.   

The rod position channel measures: 

Measurement Description 

Rod Position Magnitude Measures the maximum displacement of the rod center from the 

cylinder centerline.   

Rod Position Phase The phase angle from the cylinder centerline to the point of the 

maximum rod position magnitude. 

Crank Angle The crank rotation angle when the rod position maximum 

magnitude occurred.   

Direct PP The overall peak to peak change in rod displacement. 

1X Amplitude The amplitude component synchronous to the crank rotational 

speed. 

1X Phase The phase component synchronous to the crank rotational speed. 

Gap The proximity probe gap voltage representing the average 

distance between the probe face and the rod. 

 

Figure 7 graphically shows the rod position magnitude and phase measurements along with the 

direct peak to peak measurement. 
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Figure 7: Rod Position Measurements 

  

Direct PP 

Rod Position 

Magnitude 
Rod Position 

Phase angle 
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3.3.1 Assigning Rod Position Channels to the Cylinders 
After adding the throws and cylinders, assign the rod position channels that you will use to monitor 

the given cylinders.   

 

Figure 8: Selecting the Rod Position Configuration View 

 

Figure 9: Assigning Channels to the Cylinders 

 Single Channel Rod Position 3.3.1.1
Single channel rod position measurements only measure the rod position in the vertical plane.  The 

returned rod position magnitude is the maximum amplitude measured during a crank revolution.  

The angle is the direction at the time of the maximum amplitude.  Since the single channel rod 

position only measures in the vertical plane, the angle will always be 0 or 180 (towards or away from 

the rod position probe).  If you are measuring the rod position in a single plane, set the horizontal 

channel assignment to “none”.   

 Paired Channel Rod Position 3.3.1.2
Paired rod position measurements measure the rod position in both the horizontal and vertical 

planes.  The returned rod position magnitude is the maximum amplitude measured during a crank 

revolution.  The angle is the direction at the time of the maximum amplitude. 

Click drop list to choose the rod 

position vertical and horizontal 

channels. 

Select the Rod Position 

Configuration View. 
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Both rod position channels of a pair must be the same transducer scale factor and must be 

associated with the same phase trigger. 

Refer to Table 3, Table 4, and Figure 10 when filling in the rod position configuration information. 

 

Figure 10: Required Throw Configuration Information 

Table 3:  Required Rod Position Throw Information 

Information Definition 

Piston Angle The number of degrees, in the direction of rotation, between the Phase 

Trigger notch (or projection) trigger edge and the Phase Trigger transducer 

location when the piston is at top-dead-center. 

Stroke The distance the piston travels between top-dead-center and bottom-

dead-center. 

Connecting Rod 

Length 

The distance between the crankshaft journal and the crosshead pin 

Direction of 

Rotation 

Clockwise or Counterclockwise as viewed from the driver. 
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Table 4:  Rod Position Cylinder Information 

Information Definition 

Cylinder For a single cylinder throw, the cylinder number will always be one.  For a 

tandem two cylinder throw the first cylinder number is one and the 

second is two. 

Bore Diameter The cylinder bore diameter. 

Piston Material The material of the piston.  Used to calculate the piston expansion with 

temperature.  Setting the Piston Material to N/A omits the piston 

expansion from the center position calculation. 

Reference 

Temperature 

The temperature at which the bore and piston measurements were taken.  

Typically ambient temperature of 23⁰C or 73⁰F.  

Avg Suction 

Temperature 

The average suction temperature  

Avg Discharge 

Temperature 

The average discharge temperature 

Top Clearance The clearance measured from the top of the cylinder to the top of the 

piston. 

Piston Bottom 

Clearance 

The clearance measured between the bottom of the cylinder and the 

bottom of the piston. 

Setup Crank 

Angle 

The crank angle measured when the machine is off and the setup voltages 

are read. 

Pin to Piston 

Length 

(Piston Rod 

Length) 

Distance from the crosshead pin to the piston center 

Pin to 

Transducer 

Length 

(Probe Position) 

The distance between the crosshead pin to the piston rod transducer 

when the piston is at top-dead-center (TDC). 

Horizontal Setup The horizontal rod position probe gap when the machine is off and the 
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Gap piston is resting on its bottom rider bands.  The crank angle is at the set 

setup crank angle. 

Horizontal 

Center Gap 

The horizontal probe gap value that would be read if the rod was centered 

in the cylinder. 

Vertical Setup 

Gap 

The vertical rod position probe gap when the machine is off and the piston 

is resting on its rider bands.  The crank angle is at the set setup crank 

angle. 

Vertical Center 

Gap 

The vertical probe gap value that would be read if the rod was centered in 

the cylinder. 

 

3.3.2 Setting the initial gap voltage 
The initial gap voltage is the gap voltage measured by the vertical and horizontal probes when the 

machine is off and the piston is resting on the rider bands at the bottom of the cylinder. 

Open the Maintenance application and click on the channel.  The detail view will show the gap value.  

Type this value in the setup gap cell. 

3.3.3 Rod Position Transducer Installation Considerations 
The SETPOINT Setup application will check that the transducers are installed within the following 
guidelines: 
 

1. Paired rod position transducers must be 90 degrees apart. 

2. Paired rod position transducers must be connected to the same UMM. 

3. Both paired rod position channels must be assigned to the same phase trigger. 

4. The setup gap for each transducer must be set so that the sensor is still in the OK region 

when at full scale position. 
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3.4 Configuring Cylinder Pressure Channels 
Cylinder pressure measurements are useful for determining changes in compression efficiency and 

for protecting against excessive rod loads or insufficient degrees of rod reversal that can cause 

lubrication problems.  The cylinder pressure channel type performs the measurements shown in 

Table 5. 

Table 5:  Cylinder Pressure and Rod Load Measurements 

Measurement Description 

Maximum Pressure Maximum pressure measured over a revolution 

Minimum Pressure Minimum pressure measured over a revolution 

Suction Pressure Cylinder pressure when piston is at bottom-dead-center (head end 

chamber) or top-dead-center (crank end chamber) 

Discharge Pressure Cylinder pressure when piston is at top-dead-center (head end 

chamber) or bottom-dead-center (crank end chamber) 

Compression Ratio Ratio of absolute discharge pressure to absolute suction pressure. 

Adjust using ambient pressure if transducer measures gauge 

pressure. 

Peak Rod Compression Maximum compression force calculated during a revolution. 

Peak Rod Tension Maximum tension force calculated during a revolution. 

Rod Reversal Degrees The lowest number of crank angle degrees where the total 

combined rod load is acting in the opposite direction and has 

exceeded the minimum force % for reversal. 

 

 

3.4.1 Single-Acting Cylinders 
A single-acting cylinder compresses gas in only one direction of piston travel.  Compression can be 

on either the head or the crank end.  Single-acting cylinders have one cylinder pressure sensor with 

the other side of the piston set to a fixed pressure, typically the ambient pressure. 
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Figure 11: Single Acting Cylinder Configuration 

The ambient pressure drops as the altitude increases.  There are pressure calculators on the Internet 

that will calculate the ambient pressure for the given elevation. 

3.4.2 Double Acting Cylinders 
Double-acting cylinders compress gas in both directions of piston travel.  Double acting cylinders 

required cylinder pressure sensors in the compression chamber on the head and crank end of the 

piston.  Once you assign the head and crank end channels on a cylinder, the software assumes the 

cylinder is double acting and the constant pressure cell is not used. 

 

Figure 12: Double Acting Cylinder Configuration 

Enter other required throw and cylinder information according to Figure 13, Table 6, and Table 7. 

For single acting cylinders, assign 

the channel measuring the cylinder 

pressure and set the constant 

pressure on the other side of the 

piston. 

For double acting cylinders, assign 

both head and crank channels.  The 

constant pressure cell is not used. 
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Figure 13:  Cylinder Dimensions 

 

Table 6: Throw Information for Cylinder Pressure Measurements 

Information Definition 

Ambient 

Pressure 

The atmospheric pressure at the machine location.  SETPOINT uses the 

ambient pressure to convert from absolute to gauge pressure as required 

for specific measurements.  The ambient pressure drops as the altitude 

increases.  There are pressure calculators on the Internet that will calculate 

the ambient pressure for the given elevation. 

Piston Angle The number of degrees, in the direction of rotation, between the Phase 

Trigger notch or projection trigger edge and the Phase Trigger transducer 

location when the piston is at top-dead-center. 

Recip Frame 

Type 

The cylinder orientation: horizontal, vertical, or at an angle.  The frame 

type defines the gravitational force direction used in the inertial force 

calculations. 

Stroke The distance the piston travels between top-dead-center and bottom-

dead-center. 

Connecting Rod 

Length 

The distance between the crankshaft journal and the crosshead pin 

Direction of 

Rotation 

Clockwise or Counterclockwise as viewed from the driver. 

Crosshead and 

Pin Weight 

The weight of the crosshead and pin assembly. 

Piston and Rod The weight of the piston and rod assembly.  If this is a tandem (two-

cylinder) throw,  enter the total weight of all pistons and rods on the 
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Weight throw. 

Use Crosshead 

Pin Weight in 

Total 

If checked, the monitor will include the crosshead and pin weight in the 

calculation.  Generally, you will want to include this weight. 

Rod Reversal 

Threshold 

The magnitude must exceed the configured percentage to be included in 

the degrees of rod reversal calculation. 

 

Table 7: Cylinder Pressure Information 

Information Definition 

Cylinder For a single cylinder throw, the cylinder number will always be one.  For a 

tandem (two cylinder) throw the cylinder closest to the crank is number 1 

and the cylinder farthest from the crank is 2. 

Crank Channel The channel for the pressure transducer located in the chamber closest to 

the crank. 

Head Channel The channel for the pressure transducer located in the chamber on the 

cylinder head end. 

Bore Diameter The cylinder bore diameter. 

Crank Rod 

Diameter 

The diameter of the rod connected to the piston crank end. 

Head Rod 

Diameter 

If present, the diameter of the rod on the piston head end. 

Constant 

Pressure 

For single acting cylinders, this is the pressure on the open side of the 

cylinder.  Typically ambient pressure. 

 

3.4.3 Setting the Transducer Properties 
Pressure sensors typically come with a calibration report indicating the upper voltage where full 

scale occurs and the voltage at zero scale.   Enter these values on the properties tab from the 

channel configuration view as shown in Figure 14.  The software automatically calculates the scale 

factor and offset. 
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Figure 14:  Setting Transducer Calibration Information 

3.4.4 Cylinder Pressure Transducer Considerations 
There are several key factors when selecting the pressure transducer for cylinder pressure 
measurements.  Besides the range, which must be greater than the peak dynamic pressure 
expected, you should also consider the items listed in this section. 
 
Transducer Design 
Pressure transducers typically fall into two basic designs:  Static and Dynamic.  Static pressure 
transducers are commonly built using piezo-resistive devices, accurately measuring static pressure 
but having a finite life when subjected to large changes in pressure.  Dynamic pressure sensors are 
typically piezo-electric designs that respond well over many pressure change cycles but do not 
measure static pressures.  For cylinder pressure measurements the sensor must measure static 
pressure and have sufficient life to withstand the dynamic pressure changes. 
 
Gauge or Absolute 
Gauge pressure transducers are vented to the atmosphere and measure pressure relative to the 
ambient pressure.  Absolute pressure transducers are sealed and measure pressure relative to 0 psi.  
SETPOINT can use either gauge or absolute pressure transducers by adding or subtracting the 
configured ambient pressure when performing calculations. 
 
Life (maximum cycles) 
A typical reciprocating compressor operating at 600 rpm will subject the pressure transducer to 1.58 
x 109 cycles over a 5 year period. 
 
Diaphragm material when exposed to sour gas 
If you are mounting the sensor in a sour gas environment, the diaphragm must be made from a 
suitable material to prevent embrittlement.  Inconel 625 and gold plating have been proven to work. 

In the Channels grid, enter the 

transducer bottom scale pressure and 

voltage and top scale pressure and 

voltage.  The software will calculate 

the scale factor and offset. 
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Frequency response 
The pressure sensor needs to measure static pressure as well as dynamic changing pressure.  The 
pressure curve is typically offset by the inlet or suction pressure.  Since this static pressure 
contributes to the gas load on the rods, the sensor must measure this static load and have a 
frequency response down to 0 Hz.   
 
Kiene Valves 
The cylinder pressure transducer is typically installed at the outlet of a Kiene valve.  The Kiene valve 
allows the pressure to be shut off for servicing the transducer.  Kiene Diesel provides adapters to 
convert from the valve threads (typically 1-1/16 x 10 British Standard Whitworth) to your transducer 
threads. 
 
O-Ring Material 
Select a transducer sealing o-ring that is compatible with the gasses or fluids present.   
 
Pressure Resonance 
If the port length is long, the diameter of the pressure port is small and the volume under the 
pressure transducer is large, a Helmholtz acoustic resonance can occur within the transducer 
frequency pass band.  Ensure that the port diameter and volume under the pressure transducer are 
sufficiently large and the port length is sufficiently short to ensure pressure resonances are above 
the transducer frequency response.  
 

3.4.5 Using the Bently Nevada  145732-01 Multi-Event Wheel 
If your reciprocating machine has a Bently Nevada 145732-01 Multi-Event Wheel installed, open the 

phase trigger channel configuration view (refer to manual 1079330) and check the Recip Event 

Wheel checkbox as shown in Figure 15. 

 

Figure 15: Configuring the Recip Multi-Event Wheel 
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3.4.6 Sources of Error 

 Sensor Temperature Response 3.4.6.1
Pressure sensors have a sensitivity shift with temperature.  This is typically listed on the calibration 

information provided with the sensor.  If the average gas temperature during operation is high or 

low, use the sensor calibration information provided at the temperature closest to the expected 

average gas temperature. 

 Field Wiring Resistance 3.4.6.2
The sensor supply current flowing through the common line will create an offset voltage that the 
monitor will measure as an error.  18 AWG wire runs of less than 150 m (500 ft) with typical sensor 
current yield insignificant errors.  Smaller wire and longer runs can introduce larger errors which 
may be unacceptable.  There are calculators on the Internet to estimate the resistance and voltage 
drop for various lengths and gauges of wire.  You can add the calculated voltage drop (sensor current 
* wire resistance) to the upper and lower calibration voltages (See Section 3.4.3)  to compensate for 
the field wiring resistance. 

 Altitude 3.4.6.3
The ambient pressure drops with altitude.  Verify that you compensated for altitude when entering 
the ambient pressure.  See Section 3.4.1. 
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4 Reciprocating Machine Impact Channel 
The Recip Impact channel provides an effective indication of reciprocating compressor health, 

detecting conditions such as loose rod nuts, loose bolts, excessive slipper clearance, worn pins, 

broken parts, liquid in the process, or rubbing. 

4.1 Impact Channel Measurements 
The Recip Impact Channel returns three measurements: 

 Impact Count 

 Maximum 

 Bias 

4.1.1 Impact Count 
The Impact Count is a count of mechanical impact events that exceeded the configured threshold occurring 

within the set time window.  The impact count measurements filters the input acceleration signal with a single 

pole (6 dB/octave) bandpass filter to remove the bias voltage and high frequency noise.  The UMM then 

continuously counts the number of acceleration peaks that occur within the configured time window, resetting 

the count at the end of each window period.  The UMM applies the configured alarm setpoints to the 

measured count value at the completion of each window.  If the count exceeds the maximum of 16 counts, the 

UMM will immediately close the window and send the count to the alarm processing. 

Figure 16 shows an example impact count.  The window is set to 1 second and the threshold level is at 3 g 

peak.  During the window shown there were three impact events which exceeded the 3 g pk threshold so the 

returned impact count will be 3. 

 

 

Figure 16: Recip Impact Calculation 

 

 Window 

Threshold 

Level 

Counted Impacts 
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4.1.2 Maximum 
The maximum peak acceleration value measured.   The maximum measurement filters the input acceleration 

signal with a single pole (6 dB/octave) bandpass filter to remove the bias voltage and high frequency noise.   

Set the Maximum measurement filters the same as for the Impact Count measurement. 

4.1.3 Bias 
DC sensor bias voltage for diagnostics. 

4.2 Impact Sensors 
The Recip Impact Channel accepts input signals from standard accelerometers or the dynamic 

output from the IT681X Impact Transmitter.  Reference manual 1079330 for information on wiring 

standard IEPE and three-wire accelerometers to the UMM.  Figure 17 shows typical accelerometer 

locations for impact measurements. 

 

 

Figure 17:  Impact Sensor Typical Locations 

4.2.1 Wiring the IT6810 Impact Transmitter 
The UMM supports impact measurements similar to the IT6810 Impact Transmitter.  Using the UMM 

provides additional features such as buffered outputs, Modbus output, alarming, and condition 

monitoring data not available on the transmitter.  You can reuse existing IT6810 Impact Transmitters 

with the UMM following the wiring described in this section.  
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Wire the IT6810 with the A terminal connected to the -24V PWR output from the UMM and the B 

terminal connected to Sig.  When wired with reverse polarity (A = -24V, B = 0) the IT6810 enters 

adjustment mode.  In this mode, the IT6810 outputs the dynamic signal along with a periodic pulse 

at the window period.  The amplitude of this pulse is equal to the IT6810 threshold setting.    The 

UMM will count this pulse resulting in a reading of “1” each window.  You can use this count to 

verify that the transducer is working and increase your alarm limits by 1.   If this is not desirable, 

adjust the IT6810 threshold to minimum so the UMM will not count this pulse.  Refer to the IT6810 

Manual for instructions on lowering the threshold. 

  

PWR  SIG 
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4.3 Impact Channel Configuration 
The Recip Impact measurement requires configuration of several parameters in addition to the 

standard parameters discussed in manual 1079330: 

Threshold Level:  The level an impact must exceed to be counted. 

Window:  The amount of time between count reset. 

These are shown graphically in Figure 16. 

To configure the Recip Impact measurement Threshold Level and Window, open the SETPOINT Setup 

application and navigate to the Measurement Configuration View (See manual 1079330.)  Click on 

the Impact measurement to see the Impact measurement properties. 

 

Figure 18: Setting Recip Impact Count Threshold and Window 

 Setting the Threshold Level 4.3.1.1
When the compressor is running the Setpoint MPS will show a maximum peak value on the More 

View (See manual 1079330).  Assuming a smooth running compressor, set the threshold level to 2 

times the maximum value read.  If the machine is not running smoothly, and spikes appear on the 

buffered output when viewed with an oscilloscope, set the threshold lower. 

 Setting the Window 4.3.1.2
Set the Window time for the reciprocating compressor machine speed according to Equation 1.  

Table 8 shows values for some typical machine speeds. 

On the Measurements 

Configuration View, Click on the 

Impact Count measurement and 

open the properties list. 

Set the Threshold Level and Window 

in the Properties List 
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𝑊𝑖𝑛𝑑𝑜𝑤 𝑇𝑖𝑚𝑒 𝑖𝑛 𝑆𝑒𝑐𝑜𝑛𝑑𝑠 =
960

𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝑆𝑝𝑒𝑒𝑑 𝑖𝑛 𝑟𝑝𝑚
 

Equation 1: Recip Impact Measurement Window Configuration 

Table 8: Example Recip Impact Window Times 

Speed Range Speed Window Time 

Low 300 rpm 3.2 seconds 

Medium 600 rpm 1.6 seconds 

High 1200 rpm 0.8 seconds 

 

 Impact Measurement Filters 4.3.1.3
Impact measurements look for short, fast, impacts that excite the machine resonance.  If the pin is 

loose, when the forces change direction it will impact the machine similar to tapping the machine 

with a hammer.  This causes an initial spike and then rings down at the machine resonant 

frequency.  The rate that it rings down is determined by the machine damping. 

When measuring impacts, we want to filter the signal to the region of the machine resonance 

frequency, filtering out the lower rotation-related frequencies and the higher frequencies caused by 

the accelerometer mounted resonance. 

Set the high-pass filter approximately 10X the operation frequency.  For example, if the machine 

speed is 600 rpm (10 Hz), set the high-pass filter to 100 Hz. 

Set the low-pass filter above the machine case resonant frequency and below the accelerometer 

mounted resonance.  A permanently mounted accelerometer will typically have a resonance > 15 

kHz so set the low pass filter less than 10 kHz. 

 Setting Recip Impact Alarms 4.3.1.4
Unless otherwise known, the alert set-point should be set to 4 impacts and the danger set-point set 

to 8 impacts.  Operating experience may provide data supporting higher or lower impact counts 

alarm set-points. 

 Recip Impact Fault Operation 4.3.1.5
A transducer fault event does not invalidate the Recip Impact measurement.  In the event of a 

transducer fault, the system will place an event in the event list but impacts greater than the 

configured threshold are still counted.  The “Timed Fault Defeat and Non-Latching” option performs 

the same as “Non-Latching for the Recip Impact” channel.  
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5 Crankcase Velocity Measurements 
The Crankcase Velocity channel type is the same as a standard velocity channel except that the Not 

OK defeat function is disabled.  The default filter settings are also lower according to the lower 

typical operating speed of reciprocating machines. 
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6 Temperature Measurements 
The SETPOINT TMM module has powerful features for monitoring reciprocating compressor valves.  

This section describes considerations when configuring a SETPOINT TMM for reciprocating 

compressor measurements. 

6.1 Suction and Discharge Temperature Measurements 
Calculating the average temperature of a group of valve temperature measurements will 

compensate for ambient temperature as all sensors rise or fall with the changing ambient 

temperature.  Calculating the difference from average will indicate if a valve temperature 

measurement is deviating more or less from the average and indicating a possible fault. 

6.1.1 Difference from Average Temperature Measurements 
Follow these steps to add a difference from average temperature measurement: 

From the Measurements View add the average measurement to the temperature channel as shown 

in Figure 19. 

 

Figure 19: Adding the Average Temperature Measurement 

The new measurement will initially show an error because you will need to configure the 
temperatures to average.  To configure the inputs, click the new average measurement to select it 
and click the properties tab on the right side of the screen as shown in Figure 20. 
 

Click Add.  Select the TMM module 

and channel you want to add the 

average measurement to. 
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Figure 20: Opening the Properties for the Average Temperature 

 
Fill in up to six temperatures to average as shown in Figure 21.  All the averaged temperatures must 
be measured by the same TMM. 
 
 

 
Figure 21: Setting the Temperatures to Average 

 
Next, you will need to add differential temperature measurements to each temperature channel you 
want to calculate the difference from average for as shown in Figure 22. 

The measurement shows an error 

until you configure the inputs.   

Click the Properties tab to set the 

inputs. 

On the Properties tab, choose the 

inputs to average from the drop 

lists. 
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Figure 22:  Adding Differential Temperature Measurements 

As with the average measurement, the differential measurement will show an error until you 
configure the measurements to difference.  Open the difference measurement properties as shown 
in Figure 23. 
 

 
Figure 23: Differential Temperature Configuration 

 
Figure 24 shows how to set the difference inputs to calculate the difference from the average.  You 
will need to create difference measurements for each channel you want to calculate the difference 
from the average for.  In each case, set Input 1 to the Direct measurement for the channel and Input 
2 to the calculated average temperature. 
 

The measurement shows an error 

until you configure the inputs.   

Click the Properties tab to set the 

inputs. 

Click Add.  Select the TMM 

module and channel you want to 

add the difference measurement 

to. 
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Figure 24: Setting the Differential Temperature Inputs 

  
 
 

  

To create the difference from 

average, set Input 1 to the channel 

Direct measurement and Input 2 to 

the Average Temperature. 
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7 Reciprocating Machine Rod Drop Measurements 
The rod drop channel uses the position signal from the Piston Rod Transducer along with several 

reciprocating machine parameters to calculate the piston drop or rise as shown in Figure 25.   

SETPOINT uses the configured length parameters to convert the change in measured probe 

displacement to piston movement. 

 

Figure 25: Rod Drop Triangulation 

The machine parameters include (See Figure 26): 

Parameter Description 

Pin to Transducer Length The distance between the crosshead pin to the piston rod 

transducer when the piston is at top-dead-center (TDC). 

Pin to Piston Length Distance from the crosshead pin to the piston center. 

Connecting Rod Length The distance between the crankshaft journal and the crosshead 

pin. 

Stroke The distance the piston travels between top-dead-center and 

bottom-dead-center. 

Piston Angle The number of degrees, in the direction of rotation, between the 

Phase Trigger notch or projection trigger edge and the Phase 

Trigger transducer location when the piston is at TDC. 
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Trigger Angle The number of degrees, in the direction of rotation, between TDC 

and where the triggered rod drop position will be measured. 

 

 

 

Figure 26: Rod Drop Configuration Parameters 

The rod drop channel makes these measurements: 

Measurement Description 

Average Piston Pos The average piston position calculated as a time average over the 

stroke. 

Triggered Piston Pos The piston position measured at a configured crank angle. 

Average Gap The average gap voltage calculated as a time average over the 

stroke. 
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Triggered Gap The gap voltage measured at a configured crank angle. 

Rod Runout A dynamic peak to peak measurement. 

 

   

These values are entered from the Rod Drop channel Properties list as shown in Figure 27.  You can 

also open the throw drawings shown in Figure 26 from the setup software. 

 

Figure 27: Rod Drop Channel Properties list 

 Conversion Factors 7.1.1.1
The properties list shows two calculated conversion factors:  The Average Conversion Factor and the 

Instantaneous Conversion factor.  The UMM uses these factors to convert the measured probe 

displacement to the piston displacement.  These factors are only used for measurement validation. 

 Transducer Calibration 7.1.1.2
The accuracy of the rod drop measurement is improved by performing a custom calibration.  

SETPOINT Vibration recommends using the Metrix MX2033 or MX2032 Digital Proximity Systems and 

performing a field calibration prior to setting the zero position in the Setpoint configuration.   Using 

NOTE:  Triggered Position and Triggered Gap 
measurements require a Phase Trigger 
association. 
 

Click on the Recip Throw or Trigger 

Angle buttons to see drawings 

showing the machine parameters. 

Set the machine parameters in the 

Properties List 

From the Channels view, select the 

rod drop channel and click the 

Properties tab. 
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a calibrated Metrix Digital Proximity System eliminates the need to enter calibration values into the 

Setpoint monitoring system.  Refer to the Metrix Digital Proximity Manual for more information on 

performing field calibrations. 

 Rod Drop Fault Operation 7.1.1.3
A transducer fault event does not invalidate the Rod Drop measurement.  In the event of a 

transducer fault, the system will place an event in the event list but will continue to calculate the 

piston position and will alarm if the position exceeds the alarm set-points.  The “Timed Fault Defeat 

and Non-Latching” option performs the same as “Non-Latching for the Recip Impact” channel. 
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8 Validation 
This section describes how to verify the recip measurements and alarms using function generators, 

power supplies, and digital multi-meters (DMM).  Refer to manual 1079330 for information on 

connecting to the rack and starting the Display software. 

 

 

 

Set up the test equipment as shown in Figure 28.  You can use the function generator sync output for 

your phase trigger input if you change the phase trigger transducer type to “+24 V Proximity Switch”.   

Swap the power supply “+” and “–“ leads when simulating positive bias sensors.  You will use the 

function generator DC offset to simulate the static position or pressure and the AC value to simulate 

the varying component. 

IMPORTANT: Test input signals will generate fault and alarm 

conditions.  Bypass relays before performing tests. 

 

NOTE:  Validation tests may require configuration changes.  

Save a copy of your configuration before making changes. 

 

NOTE:  When using a function generator to validate an IEPE 

two wire sensor, change the configuration power option to 

High-Z Input (refer to manual 107933) to prevent the constant 

current from back-driving the function generator and 

distorting the signal. 
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Figure 28: Recip Validation Test Setup 
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8.1 Verifying Rod Position Measurements 
Follow these steps to verify the rod position measurement for reciprocating compressors.  
 

1. Connect the test equipment to the channel under test as shown in Figure 28. 
2. Set the DC voltage for the horizontal channel to the horizontal center gap voltage shown on 

the Recip Configuration View (See Figure 29 and section 3.3.)  Set the DC voltage for the 

vertical channel to the vertical center gap voltage. 

 
Figure 29: Horizontal and Vertical Center Gap Voltages 

With the voltages set to the center gap voltages, the rod position magnitude should read zero as 

shown in Figure 30.  With a DC input, the 1X Phase, Crank Angle, and Rod Pos Phase will be invalid. 

 

 
Figure 30: Rod Position Measurements at Cylinder Center 

Set the horizontal channel input to 

the horizontal center gap voltage 

and the vertical channel input to the 

vertical center gap voltage. 

Setting the vertical and horizontal 

probe gap voltages to the calculated 

center value will result in a rod 

position magnitude of zero. 
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You can increase or decrease the DC value in the horizontal or vertical directions to verify the probe 
orientations.  In the example below, the probe orientation is at 0 degrees.  The probe gap was 
changed by -1 V with a 7.87 mV/µm sensor resulting in a movement of 126 µm away from the probe 
at 180 degrees.   

 
 
Move the DC voltage back to the center gap voltage and add a 1 Vpp sinusoid signal to one of the 
two channel inputs (5 mils pp at 200 mV/mil sensor or 126 µm pp for 7.87 mV/µm sensor).   The 
measured magnitude will be will be half the peak to peak input (e.g. 63 µm for 7.87 mV/µm sensor).  
When the sine wave is added to the horizontal probe the rod position phase will be at either 270 or 
90 degrees.  If added to the vertical probe, the rod position phase will be at either 0 or 180 degrees. 

 

Increasing the vertical probe gap 

causes movement away from the 

probe.  With the probe at 0 degrees, 

the movement is at 180 degrees. 
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8.2 Verifying Cylinder Pressure Measurements 
The total rod load is a combination of the gas load and the inertial load.   

The simplest method for verifying a cylinder pressure channel is to verify the gas and inertial loads 

separately by setting one of the loads to zero. 

8.2.1 Verifying the Gas Load 
You can verify correct configuration of the gas load parameters by setting the Crosshead and Pin 

Weight and Piston and Rod Weight to zero.   This will reduce the inertial load to zero and the rod 

tension or compression values will reflect only the gas load. 

The gas load is given by: 

𝐺𝑎𝑠 𝐿𝑜𝑎𝑑 𝐹𝑜𝑟𝑐𝑒 = (𝐴𝑟𝑒𝑎𝐶𝑟𝑎𝑛𝑘𝐸𝑛𝑑𝑥 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒𝐶𝑟𝑎𝑛𝑘𝐸𝑛𝑑) − (𝐴𝑟𝑒𝑎𝐻𝑒𝑎𝑑𝐸𝑛𝑑𝑥 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒𝐻𝑒𝑎𝑑𝐸𝑛𝑑 

Where the Areas are the piston areas minus the areas of the rods. 

Set the head end pressure transducer input to the zero position voltage (See Figure 32).  Set the DC 

voltage input on the crank end pressure transducer input to a non-zero level.  With pressure on the 

crank end but not the head end the rod will be in tension. 

Example: 

Bore diameter = 300 mm (0.300 m) 
Crank Rod Diameter = 50 mm (0.050 m) 
Transducer Scaling: 0.5V = 0 kpag, 10.0V = 5000 kpag 
Crank end sensor input voltage set to 4V 
 
The transducer scale factor is 1.9 mV/kpag.  Since zero is at 0.5V, the 4V input is 3.5V higher (4V – 
0.5V) so the measured pressure should be (3.5V * 1000 mV/V) / 1.9 mV/kpag = 1842 kpag 
 
You can verify the pressure reading by opening the details view and opening the “more” view to see 
all the measurement bargraphs (see manual 1079330).  The Suction Pressure, Discharge Pressure, 
and Maximum pressure will all read the value calculated above as shown in Figure 31. 
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Figure 31: Cylinder Pressure Measurements 

From Figure 31 you can also see that the peak rod compression force is zero and the peak rod 

tension force is 126 kN. 

The areas are calculated from using the equation area = πr2. 

Subtracting the crank rod area from the crank end piston area results in:  π * (0.3 m /2)2 – π*(0.05 

m/2)2 = 0.0687 m2  

The head end has no tail rod so the area is: π * * (0.3 m /2)2 = 0.0707 m2 

𝐺𝑎𝑠 𝐿𝑜𝑎𝑑 𝐹𝑜𝑟𝑐𝑒 = (0.0687 𝑚2 𝑥 1842 𝑘𝑝𝑎𝑔) − (0.0707 𝑚2𝑥 0 𝑘𝑝𝑎𝑔) = 126.5 𝑁 

Increasing the head end pressure input signal and setting the crank end pressure signal to zero will 

result in a rod compression force.    

 

8.2.2 Verifying the Inertial Load 
The total rod load is a combination of the gas load and the inertial load.  You can verify that the 

configuration values entered for calculating the inertial loads are correct by inputting zero pressure 

signals.  This causes the calculated gas load to be zero, so the monitor will only display the inertial 

component. 
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Figure 32: Setting the Inputs to Zero Pressure 

  

 

Figure 33: Reading the Inertial Force 

The equation for reciprocating machinery inertial force is: 

𝐼𝑛𝑒𝑟𝑡𝑖𝑎𝑙 𝐹𝑜𝑟𝑐𝑒 = 𝑚𝑎𝑠𝑠 ∗ 𝑟 ∗ 𝜔2 ∗ [cos(𝜔𝑡) +
𝑟

𝑙
𝑐𝑜𝑠(2𝜔𝑡)] 

With the discharge and suction 

pressures set to 0 gauge pressure, 

the rod compression and tension 

shown are only due to the inertial 

forces. 

Setting the input sensor voltage to 

the zero position value will cause 

the suction and discharge pressures 

to read zero. 
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Where mass is the reciprocating mass including both the Piston and Rod Weight and the 

Crosshead and Pin Weights.  Note that if you are using English units of lbs, to get the mass 

you will need to divide by 32.17 ft/s2  to remove the acceleration due to gravity. 

The crank radius “r” is ½ the stroke length. 

The length “l” is the connecting rod length. 

“ω” is the radian frequency equal to 2*π*speed/60 or 0.1047*speed. 

The peak value will occur when t = 0 and the cosine values equal 1.  This simplifies the 

equation to: 

𝑃𝑒𝑎𝑘 𝐼𝑛𝑒𝑟𝑡𝑖𝑎𝑙 𝐹𝑜𝑟𝑐𝑒 = 𝑚𝑎𝑠𝑠 ∗ 𝑟 ∗ 𝜔2 ∗ [1 +
𝑟

𝑙
] 

Example:   

In Figure 33 the total mass is 453.6 kg. 

The stroke length is 254 mm, so “r” is 127 mm or 0.127 m. 

The connecting rod length is 609.6 mm or 0.6096 m. 

The speed is 600 rpm. 

𝐼𝑛𝑒𝑟𝑡𝑖𝑎𝑙 𝐹𝑜𝑟𝑐𝑒 = 453.6 ∗ 0.127 ∗ (0.1047 ∗ 600)2 ∗ [1 +
0.127

0.6096
] =  274𝑘𝑁 

As shown, this matches the peak rod tension. 
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8.3 Verifying the Recip Impact Measurements 
Follow these steps to verify the impact measurement for reciprocating compressors.  Connect the 

test equipment to the channel under test as shown in Figure 28. 

1) Set the power supply to the bias voltage expected for the input accelerometer.  

2) Set the function generator for: 

a.  Burst output.  

b. The time between bursts equal to the configured window. (See Section 4.3.1.2) 

c. The burst amplitude > the configured threshold (See Section 4.3.1.1) 

d. Set the burst count between 4 and 16. 

The resulting input signal should look like Figure 34. 

 

Figure 34: Recip Impact Test Signal 

The measured impact count will correspond to the number of pulse within the window 

time. 

 

  



 
 

Document 1342889  Setpoint™ Reciprocating Machine Manual Addendum Page 50 of 57 
Rev. A (Jan 2015)   

8.4 Verifying Rod Drop Measurements 
Follow these steps to verify the average and instantaneous rod drop measurements.  Connect the 

test equipment to the channel as shown in Figure 35. 

1) Start by adjusting the power supply to the zero position voltage.  You can find the zero 

position configuration on the Position Configuration View (See Figure 27).   

2) Increase or decrease the power supply voltage to change the average rod position.  Calculate 

the expected rod position using the Average Conversion Factor shown on the Properties List 

(See Figure 27) and the equation below. 

𝑅𝑜𝑑 𝐷𝑟𝑜𝑝 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 ∗
𝑍𝑒𝑟𝑜 𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 − 𝐼𝑛𝑝𝑢𝑡 𝑉𝑜𝑙𝑡𝑎𝑔𝑒

𝑇𝑟𝑎𝑛𝑠𝑑𝑢𝑐𝑒𝑟 𝑆𝑐𝑎𝑙𝑒 𝐹𝑎𝑐𝑡𝑜𝑟
 

Example: 

The zero position voltage is -9 V. 

The input voltage is -8 V. 

Upscale Direction is away from probe. 

Transducer Scale Factor is 100 mV/mil (0.1 V/mil) 

Average Conversion Factor is 2.05 

𝑅𝑜𝑑 𝐷𝑟𝑜𝑝 = 2.05 ∗
−9 𝑉−(−8 𝑉)

0.1
 = 20.5 mils 

3) Apply a phase trigger signal to the phase trigger input to verify the instantaneous rod drop.  

The instantaneous rod drop is given by: 

𝑅𝑜𝑑 𝐷𝑟𝑜𝑝 = 𝐼𝑛𝑠𝑡𝑎𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 ∗
𝑍𝑒𝑟𝑜 𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 − 𝐼𝑛𝑝𝑢𝑡 𝑉𝑜𝑙𝑡𝑎𝑔𝑒

𝑇𝑟𝑎𝑛𝑠𝑑𝑢𝑐𝑒𝑟 𝑆𝑐𝑎𝑙𝑒 𝐹𝑎𝑐𝑡𝑜𝑟
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Figure 35: Rod Drop Test Equipment Set Up 

 
  

8 V 
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9 General 

9.1 Reciprocating Machine Modbus Registers 
Refer to manual 1079330 for information on the Modbus map. 

Table 9 shows the measurement for each channel type that is placed in the primary measurement 

registers region.    Other measurement values are placed in the recip registers region. 

Table 9: Reciprocating Channel Primary Measurements 

Channel Type Primary Measurement 

Recip Crankcase Velocity Direct Velocity 

Recip Impact Impact Count 

Recip Rod Drop Average Piston Position 

Recip Rod Position Direct PP 

Recip Cylinder Pressure  Discharge Pressure 
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10 CMS 
Reciprocating machines are compatible with SETPOINT CMS (Condition Monitoring System).  This 

section lists additional information that applies to reciprocating machines when using CMS. 

10.1 Licensing 
  The plates clash channel  OSIsoft PI System tag requirements are listed in Table 10. 

Table 10: CMS Tag Usage 

Universal Monitoring Module 

Channel Type 

PI Tag Consumption 
Data Returned 

Measurements 
Available 

Waveform1 Non-WF 

Max Min Typical Sync Async Static2 

Recip Rod Drop 15 6 15 ● ● ● 5 

Recip Rod 
Position 19 4 19 ● ● ● 7 

Recip Cylinder 
Pressure 21 16 21 ● ● ● 8 

Recip Impact 
Acceleration 11 6 11 ● ● ● 3 

Recip Crankcase 
Velocity 9 4 9 ● ● ● 2 

Rack3 

System4 

Notes:  
        1. Waveform Data Tag Consumption 

   

 
2 tags for each sync waveform per channel 

  

 
2 tags for each async waveform per channel 

  

 
1 tag for interestingness index per channel (waveform-capable channels only) 

2. Static Data Tag Consumption 
    

 
2 tags for each measurement (1 for value, 1 for status) 

  3. Rack Tag Consumption 
     

 
1 tag per rack 

      
4. 

System Tag 
Consumption 

     

 
SETPOINT-to-PI adapter 

     

 
1 tag per adapter 

      
* Denotes configuration selection that uses two sensors and consumes two UMM 
channels.  Measurement count is combined total for channel pair.  If sync and/or async 
waveforms are indicated as available, they are available from each channel individually.  
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Notes:  
      1. Waveform Data Tag Consumption 

 

 
2 tags for each sync waveform per channel 

 
2 tags for each async waveform per channel 

 
1 tag for interestingness index per channel (waveform-capable channels only) 

2. Static Data Tag Consumption 
  

 
2 tags for each measurement (1 for value, 1 for status) 
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10.2 Reciprocating Machine Plots 
 

10.2.1 Rod Position Plot 
The rod position plot (Figure 36) is XY plot using the two rod position transducer signals.  The plot 

origin (0,0) corresponds to the cylinder centerline and the plot orientation represents looking down 

the rod towards the piston.  The plot signals include DC and AC information and so the plot shows 

both the static offset and the dynamic change.  The cursor measures from the plot origin to the 

point selected and displays the magnitude and the angle. 

 
Figure 36: Rod Position Plot 

 

  

NOTE:  The rod position plot is only available for dual channel 

rod position measurements. 

 

Origin (0,0) corresponds to 

cylinder centerline. 
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10.2.2 Pressure vs. Volume and Rod Load Plots 
The pressure vs. volume plot shows the measured cylinder pressure as a function of the displaced 
volume.  The rod load plot shows the rod inertial load, the gas load, and the combined rod load.  The 
rod load reversal as seen in this plot provides important information on lubrication. 
 

 

Figure 37:  Rod Load and Pressure-Volume Plots 

 
 
 

10.2.3 Variable vs. Crank Angle 
 
The variable vs. crank angle plot plots the synchronously sampled waveform data in terms of 
degrees of crank rotation, from 0 to 360 degrees.  This plot is useful for correlating changes with 
events happening at specific times during the stroke. 
The Variable vs. Crank Angle plot will be available in a future CMS software release.  

Markers indicate the points 

of rod load reversal. 
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11 Appendices 
 

11.1 UMM Wiring for the BN 165855 Cylinder Pressure 

Transducer 
The Bently Nevada 165855 Cylinder pressure transducer uses a three-wire, positive-voltage interface 

at 18 to 30 Vdc and up to 15 mA.  While the UMM can accept the positive signals from the 165855, 

the UMM cannot provide the positive power supply and you will need to provide an external supply. 

Wire the 165855 transducer to the UMM as shown in Figure 38. 

 

 

Figure 38:  BN 165855 Wiring 

Connect Power to External +18 to 

+30 Vdc power supply and Common 

to both UMM COM and the external 

power supply common. 

 


