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Abstract

This smart, two-wire vibration switch is a new type of device for machinery condition
monitoring and protection. It has been designed to be a cost effective tool for generating an
alarm or initiating shutdown of small to medium-size machinery, such as electrical motors,
pumps, cooling towers, fans, and compressors. The vibration switch is designed like universal
unit, including an acceptability of any supply voltage from 24 till 265 VAC or VDC, and it is
field configurable thru the same two operation wires (pins) by using special USB
programmer. Additionally to programmability, vibration threshold of the device is adjustable
electronically by external magnet sensor activation technology (Patent and Trademark
pending). Construction of the devise provides possibility of electrical connection in series
or/and in parallel several units for different applications. The device is entirely self-contained
within hermetically sealed, stainless steel housing. The unit’s appearance is very similar to
industrial accelerometer and has the same simplicity of installation. In the same time it is
based on true RMS vibration velocity measurements switch providing virtual universal
compatibility with any type of load, relay, monitoring system, or control device.

keywords: vibration, sensor, switch, machinery protection.
1. Introduction

Rotating machinery are often subjected to damaging forces that lead to costly failures when
abnormal operating conditions or minor faults go unnoticed. A problem as simple as dirt
build-up on fan blades can result in huge centrifugal forces that are transmitted to the bearings
resulting in inefficient operation and premature failure. These damaging forces, however,
generate vibrations on the machinery that if monitored, can provide sufficient warning so that
corrective action can be taken before catastrophic failure occurs. Vibration switches are often
used to monitor vibrations and shutdown equipment before damage can occur.

2. Vibration Switches

A vibration switch is a simple protection device that senses vibration and triggers an alarm or
shuts down a machine if the vibration exceeds a preset threshold level. The vibration switch
can sense vibration due to faults such as unbalance, misalignment, looseness, worn bearings,
cracked gears, or lack of lubrication. Vibration switches or vibration switches with built in
transmitters (4-20 mA output) are often used for machinery protection.

One of the most popular switches has traditionally been the mechanical vibration switch.
Mechanical switches are popular because they are low cost, easy to install (requiring no
electrical power) and, if installed properly, provide some basic protection. These switches do,
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however, have the following problems. They can not be calibrated to accurate and repeatable
vibration amplitude. In fact, they respond better to shock than vibration, and are often tested
in the field by “dropping a sledgehammer”. Mechanical switches do not reliably trip even at
high vibration levels, require a person to climb the tower to reset the unit or change trip levels,
are often set too high to avoid false trips, and have no trip delay capability.

Other category of vibration switches is an electronic vibration switch which typically uses a
built-in precision accelerometer to accurately monitor vibration levels, although, units are
available that use external sensors. The switch consists of an accelerometer, circuit boards,
and one or more mechanical or solid state relays housed normally in a NEMA or other
environmental electronics enclosure. The internal circuitry monitors the sensor’s vibration
level and compares it to a preset threshold or alarm value. When the vibration level exceeds
the threshold, the relay is activated.

A typical electronic vibration switch has several advantages over a mechanical unit. It has no
moving parts, is more reliable, and has a much higher degree of both accuracy and
repeatability. Time delays can be used to avoid false trips during switch power up, equipment
start-up, operational changes, and chance occurrences of short term vibration increases. Signal
conditioning can be employed to integrate the accelerometer output to a more stable velocity
signal and compute a more repeatable RMS signal. The drawbacks of electronic switches are
cost (which can run about three or more times the cost of a mechanical unit), they require
electrical power, and must be wired to their respective PLC or alarming device. Additionally,
while smaller than many mechanical switches, they are still bulky.

3. Smart Two Wire Vibration Switch

A new two-wire, solid-state intelligent vibration switch (which we will call also briefly in this
article: Smart Vibration Switch) has been developed that has all of the advantages of the
electronic switch, overcomes many of their shortcomings, and includes new features to further
enhance its advantages over existing devices. This new switch will be considered on example
of cooling tower applications which accumulates issues partly we could see on other
applications like fans, motors, compressors etc. It is important to note that the following
requirements for cooling tower use, some of which can cause unwanted trips. A Table is
included at the end of this paper that compares how the various types of vibration switches
and other monitoring configurations address these requirements.

= Structurally, towers are very flexible and subject to short periods of high vibration due
to external forces such as wind.

= There are often large distances between the motor, gearbox, and fan making them
difficult to monitor with a single switch.

= There are high vibrations during start-up.

= Neighbouring fan start-ups can temporarily increase vibrations on a unit that is
running normally.

= Reversing fans in cold climates causes high vibrations for short time periods.

= Corrosion from bad pH can cause early failure of the switch.

=  Water build up in blades causes high vibration on start-up.

= Since fan speeds are often relatively slow (generally based on diameter) a low
frequency response is required to reliably monitor vibrations.

= Complex gearboxes (1800/120 RPM) require a sensor with a wide frequency range to
monitor all of the potential fault frequencies.

= There can be very long distances between the switch and control room.



The Smart Vibration Switch has the following features to address these requirements. Each of
them is described in detail in this paper. The Smart Vibration Switch is housed in a small
hermetically sealed stainless steel package with an embedded precision accelerometer. It is
durable in harsh environments, accurate, repeatable, and has a wide frequency range. It is easy
to install, universally powered (24 to 240 VDC or VAC), and has 2-wire operation that allows
parallel operation for cost effective use. It has three user settable delays (switch Power On,
equipment Start Up and Operational) to avoid false trips and its cost is lower than typical
electronic vibration switches.

The Smart Vibration Switch is completely self-contained (sensor, electronics, and relay) in a
robust hermetically sealed, stainless steel housing that is very similar in appearance to an
industrial accelerometer, Figures 1. It has a standard 2-pin MIL style electrical connector or 2-
wire integrated cable that is used for both normal operation and programming the unit. It is
simple to install using a single %-28 or M6 stud, and universally compatible with any type of
load, relay, monitoring system, or control device. In many cases, the Smart Vibration Switch
will be the only device necessary for permanent machinery protection.

Figure 1 — Smart Vibration Switch

The unit incorporates a piezoelectric accelerometer, signal conditioning electronics, a
microprocessor, and a solid-state switch with a 500 mA current capacity in a single housing.
This unit is quite small compared to traditional electronic vibration switches at only 2.75
inches high (~ 70 mm), a 1-1/4 inch (~ 32 mm) hex diameter, and weighing only 7 ounces (~
200 g). It has wide frequency response 180 to 60k CPM (3 to 1000 Hz) and low cross axis
sensitivity, unlike traditional units. Detailed specifications and drawings for the 686A series
of Smart Vibration Switches are available at www.imi-sensors.com/vib_switch.asp . The
Smart Vibration Switch should be mounted like an industrial accelerometer in the horizontal
direction on the motor and fan bearings at the location of highest load for the best
performance.

4. Operating Principal and Application

The Smart Vibration Switch operates over two wires and installs in series with a load and its
power source to form a loop. The load is typically the alarm or shutdown device, such as a
PLC, annunciator, or relay coil. Since the switch is mounted in series, its power is scavenged
from the load’s power source. When the vibration exceedance criteria are met, the
microprocessor changes the state of the internal relay contacts from their normal position
(normally open or normally closed). This triggers the desired alarm or shutdown action.

4.1 MAVT™

The programmed threshold value is the upper limit of acceptable vibration for a specific
machine operating at a particular condition. This value may be different for dissimilar
machines, or identical machines operating under different conditions. If an acceptable
vibration limit can be determined, then a vibration switch with a fixed threshold value can be
deployed. Often, however, this limit is not exactly known, making field adjustment of the
threshold a requirement. The Smart Vibration Switch can be provided with a smart field
adjustment option called Magnetically Adjustable Vibration Threshold (MAVT™).
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The MAVT™ option adds a magnetically actuated sensor within the housing of the Smart
Vibration Switch. The sensor is activated by touching the housing of the switch, at the proper
location, with a strong permanent magnet. This action initiates a process within the
microprocessor to change the threshold value. During this process, the vibration measured by
the Smart Vibration Switch is averaged over a fixed sample period of approximately 30
seconds. The microprocessor then sets the new threshold value to twice the measured value.

This process is entirely automatic and requires no additional calibration instrumentation or
knowledge of vibration analysis. With MAVT™ capability, the Smart Vibration Switch can
simply be installed onto a machine that is operating normally and activated with a strong
permanent magnet. About 30 seconds later, it is accurately set to protect the machine.

If a more precise set-up of the threshold value is required (e.g., per a standard), the Smart
Vibration Switch can be mounted to a controlled vibration shaker. Simply shake the switch at
Y the required vibration threshold level and use MAVT™ to reset the level. Since it sets it to
exactly two times the measured vibration level, the switch will be set to the proper threshold
level.

4.2 Installation

As previously mentioned, the Smart Vibration Switch derives its excitation power from the
power source used to energize the load that the switch it is connected in series with and serves
to restrict the amount of current passing through the switch, which is limited to 500 mA.

The Smart Vibration Switch can be powered by any source that outputs 24 to 240 volts, either
DC (positive or negative polarity) or AC (50 or 60 Hz). This permits use with most types of
loads, such as a PLC, annunciator lamp, alarm device, electromechanical relay, or solid-state
relay. With the switch in an open condition, there is a leak current of approximately 1 mA to
operate the electronics. In a closed condition, the switch can pass a current of up to 500 mA
with a voltage drop of approximately 8 volts. In circumstances where a lower voltage drop is
required, a version of the Smart Vibration Switch can be supplied that operates from 10 to 30
VDC and has a voltage drop in the closed condition of 1.5 VDC (pending).

4.3 Electromechanical Relay Considerations

Vibration switches are often used in conjunction with electromechanical relays for machinery
shutdown. These relays operate with a drop-out current that is less than their pull-in current.
For some relays, the drop-out current can be close to or even less than the 1 mA leak current
required by the Smart Vibration Switch for operation. In this case, even though the Smart
Vibration Switch is open (off) the 1 mA leak current prohibits the electromechanical relay
from resetting. The special 100 ms current cut used to reliable operating in such condition.

4.4 Large Distances between Components

Some machinery, in particular cooling towers, often have large distances between the motor,
gearbox, and fan making them difficult to monitor effectively using a single vibration switch.
Vibrations due to a fault condition on one component may not be seen on another because of
this physical separation. Ideally, it would be better to have vibration switches on each of the
critical machinery components to better monitor them. For example, in order to monitor all of
the bearings in the system, gears problems, and fan unbalance in a typical cooling tower with
a long motor to gearbox shaft, a minimum of two switches would be recommended. Due to



the small size, easy mounting, and wide frequency response of the Smart Vibration Switch, it
will do an excellent job of monitoring all of the normal faults encountered in cooling towers.

This scenario is handled easily and economically with the Smart Vibration Switch since
multiple switches can be installed in a parallel circuit arrangement as shown in Figure 8.
Since multiple switches can be connected to a single, two-wire cable, the installation is
relatively easy and very cost effective. This single cable can be routed to a control area, and
for hazardous areas, only one protection barrier is required. Using this arrangement, an alarm
from any switch will cause a common alarm, annunciator, or shutdown of all the machinery in
the loop simultaneously.

4.5 Delays

Transient vibrations or electrical signals can cause unwanted trips of normally operating
equipment. To guard against this, the Smart Vibration Switch incorporates three delays: Start
Up, Operational, and Power On.

After the Start Up Delay period, the Smart Vibration Switch begins normal vibration
monitoring of the machine. The switch can be set to trip immediately after the vibration
exceeds the threshold level or can be programmed with an Operational Delay. The
Operational Delay can be factory preset or programmed by the user to 3, 6, 9, 12 or other
number of seconds. If it has an Operational Delay, the vibration level must remain above the
threshold level for the entire delay period before a trip occurs. If the vibration drops below the
threshold level before the Operation Delay period is up the switch will not trip. Further, once
it exceeds it again, it must remain above for the entire period before a trip occurs.

When the vibration exceeds the threshold level for the required period of time, the switch
closes which in turn energizes the load (for example, electromechanical relay coil). This
action causes the normally closed relay contacts to open and shut down load, for example
magnetic starter along with the corresponding motor. Since the Smart Vibration Switches in
this example are latching, the coil will remain energized even when the vibration amplitude
drops below the threshold level after shutdown. When the RESET button connected in series
to vibration switch is pushed, power is removed from both the switches and relay coil. This
causes both the switches and relay to reset to their normal conditions. When the RESET
button is released, power is returned to the switches; however, they will not be sensitive to
vibrations until after the Power On Delay period.

4.6 Vibration Coupled Machine

Machinery often operates in very close proximity to each other resulting in vibration cross
effects between them. In cooling towers, this condition is exacerbated since there is often
more than one fan in a single cooling tower. Thus, starting a fan can cause vibrations in
nearby units that are high enough to shut them down even though they are operating properly.
Smart Vibration Switches could be operated in a parallel circuit arrangement that eliminates
this problem.

5. Features and Specification

The following are key performance features of the Smart Vibration Switch. Some are user
selectable and some are factory set based on application requirements.



5.1 Main Features

= Universal Power: 24 to 240 volts, either DC (+/— polarity) or AC (50/60 Hz)
* Housing: Stainless Steel, Hermetically Sealed

= Velocity Threshold: selectable 0.25 to 6.0 ips pk (4.5 to 112 mm/s rms)

= Relay Action: Latching or Non-Latching

= Switch Contacts: Normally Open or Normally Closed

= Operating Delay: selectable 3, 6, 9, and 12 seconds

=  Power-On Delay: 20 seconds

= Start Up Delay: 0 or 20 seconds

= Frequency Response: 180 to 60,000 CPM (3 to 1000 Hz)

= Transverse (cross-axis) Sensitivity: <3%

5.2 Optional Features

= Magnetically Adjustable Vibration Threshold (MAVT™)

= User programmable via the 2-pin MIL connector to a PC (requires a special USB
programmer)

= Raw Vibration Output: 100 mV/g analog vibration output signal for FFT analysis and
diagnostics. This unit will have a 3-pin connector pin and will require 24 VDC power

(pending).
6. Conclusion (Switch Comparison)

Table 1 shows a comparison of how the various types of vibration switches and other
monitoring configurations handle the particular requirement for cooling tower monitoring as
one of main typical applications. The left column describes the requirements of cooling
towers. The regular type is the specific cooling tower requirement. The italic type is the Smart
Vibration Switch feature that addresses this requirement.



Table Key:

* Indicates the relative cost of the units, thus ** is about twice the cost of *

+ The unit has this feature

- The unit does not have this feature
+/- Some units have the feature and some do not

Table 1 — Comparison of Vibration Switches to Cooling Tower Requirements

Mechanical | Electroni Smart ICP” 4-20 mA Output
. . echanic CCronIC | yribration Accelerometer |Vibration Sensor
Cooling Tower Requirement Vibration | Vibration . . )
Switch Switch Switch & Transmitter | & Transmitter
(New) w/Relay w/Relay
Cost * *kk *% *kkd *kk
Towers are very flexible causing high
short periods of high vibration - + + + +
Operating Delay
Large distance between fan, gear box &
motor requires multiple switches + - + - -
Easy paralld or in series hook up
High vibration during start-up
Power On Delay - +/ - + - -
Sart UP Delay +
INeighbouring fan start-up effects
normally operating fans +
Parallel switch operation WEM Relays = = = =
blocks coupled vibrations
Reversing fans in cold climates
Operating Delay - + + + +
Corrosion from bad pH
SS housing, Hermetically sealed - - + + +
Water build up in blades
High Threshold Level + - + + +
Speeds are slow and based on fan
diameter
Monitor vibration velocity & wide = + + + +
frequency response
Complex gearbox (1800/120 RPM)
with high frequency faults
High frequency response of switch and - - + + +
mounting configuration
Long distances from the switch to the
control room
+ + + - +/-

High level signal in the cable allows
long cable runs




Figure 1 — Smart Vibration Switch
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What are the divisions of PCB?

PCB Piezotronics, a member of the PCB Group families of companies, has five major divisions, all of which offer targeted sensor technologies. These
divisions are supported by an active outside direct sales force of Field Application Engineers, as well as international direct sales offices throughout the
world. Individual PCB Piezotronics divisions, locations and their primary product specialties include:

a Depew, NY, USA - www.pch.com — Piezoelectric, ICP®, piezoresistive & capacitive
WPCB P/EZOTRON/[S w pressure, acoustic, force, torque, load, strain, shock & vibration sensors.

P

DPAEROSPACE & DEFENSE o o S S oo o

A PCB PIEZOTRONICS DIV.

Novi, MI, USA - www.pch.com/auto — Sensors & Instrumentation for automotive
testing, including modal analysis; NVH; component durability; powertrain testing; vehicle
dynamics; safety and regulatory testing.

QAUTOMOTIVE SENSORS

A PCB PIEZOTRONICS DIV.

!‘
e}, Depew, NY, USA - www.imi-sensors.com — Industrial vibration sensors, bearing fault
IMISENSORS @ A detectors, mechanical vibration switches, panel meters, cables & accessories for

A PCB PIEZOTRONICS DIV. predictive maintenance and equipment protection.

Depew, NY & Provo, UT, USA www.larsondavis.com — Precision microphones, sound
level meters, noise dosimeters, audiometric calibration systems.

@LARSON DAVIS

A PCB PIEZOTRONICS DIV.

San Clemente, CA, USA - www.pch.com — Research & development engineering
center for special technologies.

Seattle, WA, USA - www.pch.com — Process development and fabrication of
MEMS sensors.

BPCB PIF70TRONICS

MEMS ADVANCED DESIGN CENTER

PCB Group Companies

Farmington Hills, MI, USA - www.pcbloadtorque.com — Designs and manufactures
& high quality, precision load cells, wheel force transducers, torque transducers, telemetry
PCB lOAD & TOHQUE systems, and fastener torque-tension test systems.

A PCB GROUP COMPANY

|
- Cincinnati, OH, USA www.modalshop.com — Global leader in dynamic calibration
a \ offering a complete line of automated calibration systems and recalibration services to
4 support dynamic vibration, pressure and force sensors in applications such as: national
TMSDWVAI’!{,Q!’!&’J!Q&,\QEN’: standards, commercial labs, government/military research, consultancies, and

industrial/plant floor operations.

Rochester, NY, USA - www.sti-tech.com — Mechanical engineering consulting firm

° specializing infinite element analysis, advance analytical techniques, experimentation,

stl technology development, &design optimization for turbo machinery, industrial machine
systems & mechanical structures.

technologies

A PCB GROUP CO

BPCB PIFZ0TRONICS

Toll-Free in USA 800-828-8840 m 24-hour SensorLine®™ 716-684-0001
E-mail info@pch.com m Website www.pch.com
IS0 9001 Certified m AS9100 Certified m A2LA Accredited to ISO 17025





