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The decision to implement an online condition monitoring system should not be taken 
lightly. Both the pros and cons must be weighed, as well as the ultimate payoff potential. 

Which machines are the best candidates? What advantages will be gained? Is it worth the costs? 
What is the best configuration? Understanding these considerations is essential in order to 
design the most effective and economical solution for your predictive maintenance (PdM) goals.

Your ideal solution could end up being a stand-alone online system — maybe wireless, 
maybe automated — or you might prefer a hybrid online and walk-around monitoring 
approach. The data and analysis could be managed in-house, or third-party services might 
be preferred. You might even choose to forgo online monitoring altogether until any red tape 
and budget constraints are overcome. Either way, it’s best to begin the journey with open eyes 
and a clear PdM vision.

What’s driving online condition monitoring?
The motivation for online monitoring is rooted in core business challenges: safety, 
accessibility, equipment complexity, labor constraints, and insurance requirements. 
Increasingly sophisticated online monitoring solutions are able to solve problems that walk-
around approaches could not.

Safety: With online systems, hazardous equipment and locations can be monitored 
without risks to personnel or the environment. “Walk-around inspections in unsafe 
conditions require special access and lockout/tagout procedures, which are labor-intensive, 
costly, and still potentially risky,” says Laurent La Porte, director of technical services at 
Azima DLI (www.azimadli.com). An alternative is to install sensors permanently and run the 
wires out to a safe area and use a walk-around meter to access those sensors.



Equipment accessibility: Machines in distant or hard-to-reach locations are 
prime candidates for online monitoring. “If you can’t spare the time or cost of a person to 
drive 200 miles out to a pumping station to collect data every month, then it makes sense 
to hook up a system that’s automated and will report in on schedule,” suggests Joe Van 
Dyke, VP of operations at Azima DLI. Wind industry turbines are another example. They 
are commonly installed on remote land, rough terrain, challenging climates, or at sea, and 
normally no one is allowed up in a tower while it is operating.

Machine complexity: As machines become more complex and efficient, 
they require more predictive maintenance attention. “Forty years ago, the machines and 
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“ Online monitoring is becoming more 
prevalent due to the complex nature 
and running state of the machines.”



subassembly components driving process manufacturing were basic, but that is no longer the 
case. In chemical manufacturing, for example, online monitoring is becoming more prevalent 
due to the complex nature and running state of the machines,” says La Porte. “Acquiring 
more and better data, and having it properly assessed, is becoming a necessity.”

Labor pool: If there are not enough personnel at a particular site to absorb the 
testing tasks, an online strategy can fill the gap. “When your desire for machinery condition 
awareness exceeds what you can reasonably achieve from walk-around data collections, then 
an online system will be of value to you,” explains Van Dyke. “If you want to test twice a day 
but don’t have the resources available, then you need an automated system.” The industry 
trend is toward fewer personnel and more remote work, particularly in the United States, 
where labor costs are high. Online systems don’t require salaries or benefits, and they don’t 
take time off for coffee breaks, holidays, or vacations.

Insurance requirements: Insurance companies may request that certain machine 
classes be covered by an automated surveillance system, without necessarily defining the 
specific kind of system or how responsive it should be. Online vibration monitoring systems 
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OnlIne mOnItOrIng desIgn cOnsIderatIOns
•  Selectable input types: DC, 4-20mA, ICP

•  Selectable data types: Scalar or process, waveform, FFT (spectra), demodulation, 

advanced bearing detection algorithms 

•  Automation: Data collection, diagnostics, and resulting repair recommendations

•  Simple and complex logical parameters: Simple = if X, then Y; complex = if X and/or 

Y, then Z

•  Ability to set multiple alarms, thresholds, baselines, averages

•  Data buffering and/or database storage

•  Wireless or wired

•  Modular and expandable (hardware and software)

•  Fully customizable and instantly re-configurable settings

•  Ability to interface with third-party software



tend to satisfy this need. “One major pharmaceutical company permanently installed sensors 
and a dedicated monitoring system on one of its gas turbine generators just because a mutual 
insurance company required an online, automated condition monitoring system for this 
critical unit,” says Van Dyke.

Benefits of online versus walk-around monitoring
Taking an online approach under the right conditions yields compelling process and cost 
advantages, such as greater operational efficiency, downtime avoidance, extended asset life, 
simplified training, and system scalability.

Process efficiencies: Data collection can account for 80% of the labor involved in 
a walk-around vibration monitoring program. With an online, automated program, the labor 
burden is near zero because users can remotely command tests, modify test frequencies, and 
run special tests when needed. “It’s also easier to get online condition system data into other 
enterprise systems and in front of more people,” says Dave Geswein, director of engineering 
development at Azima DLI.

Early fault detection: Online systems can detect mechanical problems much 
sooner than walk-around systems. Delivering notifications and expert diagnostics within 
seconds allows the equipment to be taken off production and repaired before greater harm is 
done. “We monitored an air separation unit at a commercial air product company for several 
years and noticed the compressor pinion’s bearing clearances open up to the point that the 
OEM had to become involved. The OEM did an in-field, low-cost bearing replacement, 
avoiding a catastrophic failure of the machine,” says La Porte. “If the unit had gone down 
catastrophically, it would have cost in the $1 million range for repairs and downtime, or 
possibly multi-millions for replacement.”

Lifecycle extension: Some machinery operators have equipment with known, common 
flaws, but they still need to run them. Installing an online system can allow continued use of 
the equipment while covering them against a fault. If the equipment exhibits signs of the failure 
mode, it can be addressed right away. “A government agency had a certain class of marine 
reduction gears with a design flaw operating in four locations. They implemented an online 
system to look at that gearbox and check for signs of the fault. If detected, they could turn the 
gearbox down or off, or use a companion unit. This allowed them to maintain operation of the 
units until a redesign could be instituted a couple years later,” explains Van Dyke.
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Interference
Industrial wireless condition sensor 

technologies fall into two general 

technical categories: mesh technology 

or a direct-node-to-access-points (APs) 

arrangement like regular Wi-Fi 802.11. In 

either case, they typically use ISM band 

frequencies such as 2.4GHz typical.

Mesh devices form their own self-

healing network and can theoretically 

survive the temporary introduction of an 

electromagnetic interference source or 

sink that interrupts a communications 

path between elements of the mesh. 

This model is indeed robust, but not 

failure-proof, since a node that has only 

one connection can get disconnected, 

and interference can affect more than 

one pathway.

Node-to-AP-based arrangements 

rely on a robust array of receivers and/

or repeaters for reliability. While the 

set of APs can be designed to provide 

redundancy, many wireless devices will 

lock onto a preferred wireless access 

point and, even when it is weakened or 

unreliable, will continue to use it rather 

than switch to a temporarily stronger 
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more constant access point signal. This 

can introduce reliability issues.

Sources of interference or wireless 

signal problems can be as simple as 

an object or structure placed between 

a transmitter and a receiver, or a 

strong magnetic field like having a 

transmitter or receiver too close to 

an energized motor or other wireless 

device. Sometimes having the devices 

themselves too close to each other 

can cause problems. To remedy this, 

there are Wi-Fi surveyor companies 

and tools that are available on the 

market. Use of these services or tools 

can help identify persistent issues, 

but don’t always capture intermittent 

interference, which can be the most 

common type of interference.

When sensors, surveyed assets, or 

access points are subject to intermittent 

strong EMF, a wireless system that 

transmits only small amounts of data 

will be more robust. A system that 

must transmit long sets of readings will 

have more trouble because the longer 

time required is more likely to span an 

interference event.
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suPPOrt mOdels

Remote/distance support models cover the spectrum and differ widely but can be divided roughly into three definitions.

1.  Data and systems stay in the plant and with remote access allowed via secure connection. This is more common for plants 

with restrictive corporate data policies.

2.  Data stored/hosted off-site with access to the hosted data for analysis via Web apps, websites, or dashboards. This is 

becoming a very common model, with the availability of highly secure hosted data and data services. In this scenario, 

systems for acquisition of data communicate their information off-site for secure storage and management and analysis. The 

plant personnel access the data via applications running on workstations or corporate servers or as Web applications.

3.  Mixed, with remote access to components in place at the plant, and hosted cloud components with some data on-site and 

some off-site. This is generally the most flexible solution, offering the best plant systems integration options while still allowing 

for good distance support.
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Training savings: Walk-around data collection can be taught in a couple of hours, 
but becoming expert in data analysis can take months or years of ongoing training. On the 
other hand, automated acquisition tools eliminate data-collection training altogether, and 
outsourcing data analysis to a third-party service provider eliminates analytical training and 
turnover concerns.

Scalability advantage: Online condition monitoring systems should be modular 
and expandable in order to accommodate additional sensors and greater data volume as 
new requirements or opportunities are identified. “A maintenance team used a condition 
monitoring system for walk-around inspections and later added an online system to one of 
their gas turbine generators. Because the existing monitoring system was scalable, they were 
able to collect the online data in the same database where the walk-around data resided, and 
no new training or software systems were required,” says Van Dyke.

Understanding the cost factors
A hybrid approach of both online and walk-around monitoring is often the best and 
most economical course of action. “It’s usually not practical to put online systems on all 
machines,” says Geswein. “I normally recommend putting online systems on the most 
important equipment and continuing manual monitoring on the rest of the plant.” Over 
time, additional classes of machines may be added to the online system if the walk-around 
program reveals a need for better coverage.

Implementing an online condition monitoring system is usually expensive compared to a walk-
around system, and the price can be a hurdle for some organizations. Typically, about 40% of 
the cost is sensors and cable, 30% is installation labor, and the remaining 30% is the monitoring 
system itself. Additional costs may include the infrastructure (software, network), training, 
outsourced monitoring, extended warranties, and future hardware and software upgrades.

Getting permission to install the system carries costs, as well. The approval process can be 
particularly difficult if significant modifications are required to an existing plant. In industries 
such as nuclear power, the red tape can be considerable, even if the business justification is solid.

Another often unexpected cost pertains to the role of the information technology (IT) 
department. “Many companies don’t include IT people in the decisions until the day of 
the install,” explains Geswein. “The data won’t get from Point A to Point B if a firewall 
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is blocking communications; it’ll have to be configured to allow the data through. At one 
nuclear facility, getting the firewall modified took two or three months to complete because 
no procedure existed for doing so. They had never done that type of change before.”

Wired systems have higher installation costs. “I would budget about an hour per sensor to 
install it and run conduit. That’s the biggest cost of field installation,” says La Porte. Using 
wireless monitoring devices can reduce installation costs by reducing the amount of cabling 
and red tape involved, although the associated batteries introduce maintenance and reliability 
costs and can limit the data quantity and/or quality.

An online system can be up and running within 30-45 days, 
depending on the number of machines involved. After that, they 
generally require little maintenance. Sensors and wires can be damaged, 
acquisition devices have a finite lifetime, wireless components can 
be less than robust, and anything that needs batteries requires 
maintenance. Calibration requirements can also add to the cost. “If 
you have 100 sensors, you could average a half hour every two months 
troubleshooting them remotely. For in-plant troubleshooting, I’d 
estimate about an hour every two months,” adds La Porte.

Calculating the value
The true value of an online monitoring system is recognized over the 
remaining life of the facility. Avoiding machinery failures, eliminating 
data collection labor time, and preventing safety or environmental 
incidents can easily and very quickly produce bottom-line benefits. 
“Given enough time, the system’s benefits will outweigh its costs. 
For instance, if a power plant receives early notification of a turbine 
problem and takes quick action to prevent further damage, it can be 
worth millions of dollars,” says Geswein.

“The heightened awareness of a machine’s status gives you the 
opportunity to make more saves and avoid more failures and 
unplanned downtime,” explains Van Dyke. “Timeliness is paramount. 
A wind turbine operator detected signs of a gearbox bearing failure 
while the gearbox rebuild was still under warranty, so the rework was 
conducted for free. Had the fault been discovered outside of warranty, 
a $20-30,000 bearing replacement would still be far more economical 
than a $200,000 gearbox replacement.”
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“ the heightened awareness of 
a machine’s status gives you 
the opportunity to make more 
saves and avoid more failures 
and unplanned downtime.”



Standardization and compliance advantages
Automated online monitoring programs facilitate data collection, testing, reporting, 
insurance, and warranty compliance. Online monitoring systems allow for standardization 
of how condition data is collected, stored, and presented. “I’ve seen fingers point to vibration 
analysis as being ineffective after a critical equipment failed, when it was actually a lack of 
compliance in data collection that hindered the analysis process,” remarks Van Dyke.

“When you remove people completely from the process and let computers do the work, 
you get consistent results every time,” explains Geswein. “In vibration analysis, all you 
are really looking for 
is a change. If you have 
consistency from the ground 
up and a change is detected, 
then you know it’s real and 
not some outside influence.”

A corporation that 
standardizes its predictive 
maintenance and risk reporting practices and systems will benefit from a larger knowledge 
base, better history for compliance, and centralized decision making. Other companies 
prefer their plants to be autonomous and make decisions that are best for them. “Larger 
organizations like power or paper companies usually let their individual sites determine 
which technology resources to use for vibration monitoring and analysis,” says Van Dyke.

Technology and tool considerations
“A lot of people get caught up in the specifications of the online systems,” cautions Geswein. 
“To me, what’s more important is whether the software and system that is receiving the 
data is able to handle the volume that will be collected. People who go from all-manual data 
collection to even just a few online systems are suddenly swimming in more data than they’ve 
ever had before. You’ll need the system to screen the data and flag the machines that require 
attention.”

Maintaining data security is essential. A company may not want its data to go up to 
someone’s cloud-based server if they fear it falling into the hands of a competitor or 
hacker. In that case, containment of the data and isolation of the systems come into play. 
Government agencies with tight restrictions on IT fall into this category, and steel plants 
sometimes do, as well.

Is an online monitoring system right for you? | 11

Increasingly sophisticated online 
monitoring solutions are able to 
solve problems that walk-around 
approaches could not.



Security concerns also drive some companies to purchase the online system, install it 
on their own or with some assistance, and then they run and analyze the data internally 
or put it in the hands of the consultant in charge of the facility. “We call this an ‘inside 
the fence’ solution when they want to keep all of their data inside. It’s a fairly common 
model,” says Van Dyke.

The adoption of wireless 
sensors in vibration 
monitoring is growing but 
not particularly widespread. 
While less expensive to install, 
wireless technology usually 
comes with batteries, which 
require maintenance and can therefore cause the sensors themselves to be less reliable. 
Additionally, because wireless systems usually transmit the data over radio waves, they try 
to reduce the data down to a few single parameters rather than the high-definition data that 
an analyst may prefer to have on every measurement. “Rather than complete high-resolution 
spectra and waveforms, the analysts may only receive overall measurements. If they detect 
any changes in an overall measurement, they’ll need to reconfigure the system to collect the 
spectral data if possible,” adds Van Dyke.

Conclusion
Weighing the pros and cons of online monitoring will help you decide if it’s right for you. 
Each company’s business case is unique, but the flourishing predictive nature of online 
monitoring systems is simplifying their justification. Automated solutions, enhanced data 
capture, rapid analytics, and early warning of potential failures are among the compelling 
features designed to solve operational and budget challenges. Organizations that incorporate 
online monitoring with or without a walk-around program are empowered to operate more 
efficiently, reliably, and safely, with fewer mechanical failures and costly unplanned outages.
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“ acquiring more and better data, 
and having it properly assessed, 
is becoming a necessity.”
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