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Abstract: This paper proposes a solution for the development of microclimate monitoring for Low
Voltage / High Voltage switchgear using the PRTG Internet of Things (IoT) platform. This IoT-based
real time monitoring system can enable predictive maintenance to reduce the risk of electrical sta-
tion malfunctions due to unfavorable environmental conditions. The combination of humidity and
dust can lead to unplanned electrical discharges along the isolators inside a low or medium voltage
electric table. If no predictive measures are taken, the situation may deteriorate and lead to signifi-
cant damage inside and outside the switchgear cell. Thus, the mentioned situation can lead to un-
programmed maintenance interventions that can conduct to the change of the entire affected switch-
gear cell. Using a low-cost and efficient system, the climate conditions inside and outside the switch-
gear is monitored and transmitted remotely to a monitoring center. From the results obtained using
a 365-day time interval, we can conclude that the proposed system is integrated successfully in the
switchgear maintaining process, having as result the reducing of maintenance costs.

Keywords: electrical grid, switchgear, preventive maintenance, IoT, partial discharge

1. Introduction

Preventive maintenance and predictive maintenance are designed to reduce the
amount of reactivity to failures and to increase the reliability of assets, both being a form
of a scheduled maintenance. As is presented in Figure 1, there are four types of mainte-
nance depending on the execution time: proactive (the shortest and the cheapest), preven-
tive, predictive and reactive (the longest and the most expensive). These estimations from
Figure 1 are made by a real-life experience of the authors in the telecommunication do-
main and can be extended for all domains that involves using equipment’s and hardware
infrastructure.

Preventive maintenance is based on work orders that are well scheduled before
maintenance is performed. This type of maintenance can be compared to an annual or bi-
annual physical check, to prevent future breakdowns or emergency maintenance issues
and extend the functional life of assets. One of the main challenges with preventive
maintenance is balancing the cost with returns. Thus, in this point an experienced mainte-
nance manager is needed to take smart decisions regarding which devices require preven-
tive maintenance and how frequently is needed.

Predictive maintenance is scheduled based on the actual equipment condition or as-
set conditions and reduces material costs and labor. The main difference between the two
is that predictive maintenance is scheduled as needed, based on asset conditions while
preventive maintenance is scheduled at fixed intervals, in a regular way. Implementing a
predictive maintenance program requires resources as money and training. These costs
are often acceptable to companies that have already successfully implemented a predic-
tive maintenance program. Nowadays, many companies are on the right part of the po-
tential-to-failure curve, doing reactive work, meanwhile some companies are doing pre-
dictive maintenance to reach the proactive maintenance. According to the Figure 1, the
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reactive domain has negative effects as increasing the maintenance costs, causing the un-
scheduled downtimes, forcing the company to perform unplanned work, and spent
higher costs to shipping spare parts.
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Figure 1. Example of maintenance costs in telecommunications and potential-to-failure curve

Generally, for implementing predictive maintenance some of the main components
are necessary such as: early fault detection, fault detection, time to failure prediction, data
collection and preprocessing, resource optimization and maintenance scheduling. Predic-
tive maintenance has also been one of the driving forces for improving productivity [1].

In evaluating equipment condition, predictive maintenance use non-destructive test-
ing technologies such as: sound level measurements, vibration, infrared, acoustic (partial
discharge and airborne ultrasonic) or oil analysis, corona detection, inside camera moni-
toring and other specific online tests. In most of the applications, the site measurements
are supported by wireless sensor networks (WSN’s) to reduce the wiring cost and for easy
configuration of the measurement setup [2].

In collaborative process automation systems (CPAS) there are performed two types
of measurements: one on the actual equipment and one involving process performance
measured with help of other devices. Thus, the equipment maintenance is triggered. Pre-
dictive maintenance can evaluate the condition of equipment by performing continuous
(online) or periodic (offline) equipment conditions monitoring. Remote monitoring by col-
lecting data continuously can help preventive care and can also diagnose failures earlier
using Internet of Things (IoT) technologies. When the Low Voltage or Medium Voltage
switchgear cells (LV/MV) are involved for example, a permanent monitoring of the envi-
ronmental conditions is required. These aspects are needed to prevent electrical failures
due to partial discharges (PD) and extend the assets lifetime. These environmental condi-
tions may be temperature, humidity, dust, and ozone, aside from the PD sensor. Predict-
ing the remaining useful life of an asset using supervised machine learning (ML) is the
most common technique in predictive maintenance as is mentioned by the scientific re-
searchers in [3] and [4].

In this paper we will present the concept design, development and implementation
of a low-cost, open-source monitoring system based on the Internet of Things (IoT) archi-
tecture. The proposed system implies minimum system requirements and we attempted
to use low-cost, low-power, reliable and readily available components to achieve the de-
sired functions of a monitoring system. Analyzing the experiments performed using the
proposed monitoring architecture, we show that one of the proposed systems works well
by testing it with IoT specific modules and infrastructure.
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2. Partial discharge (PD) in LV/MV switchgear cells

Switchgear is an important element in an electrical grid that has control and protec-
tive role, respectively. Via the switchgear, it is possible to interrupt an electrical circuit of
a factory/production line or for powering a town/village, e.g., to modify/upgrade parts of
the schematic circuit or to prevent further damages of the electric grid after a fault usually
located downstream the grid. There are many different types of switchgears, one of them
being presented in Figure 2, manufactured by ElectroAlfa, a profile company from Roma-
nia. The main parts of a switchgear are listed in the Figure 2.

Secondary circuit compartiment

Detachable vacuum switch

Grounding separator

Medium voltage cable

Cable entry

Figure 2. Example of MV switchgear [5]

In electrical domain, partial discharge (PD) is an electrical discharge between two
electrical components that does not completely bridge the space between two conducting
electrodes which are at different electrical potential in medium and high voltage equip-
ment’s. The discharge may occur in a gas filled chamber, a solid insulating material, a gas
bubble, a liquid insulator, or around an electrode merged in a gas tank [6]. When partial
discharge occurs in a gas environment, it is usually known as a corona [2], [7].

According to IEC 60270 standard, PD is generally divided into two major sub-groups,
named internal and external PD, depending on their occurrence [8]. Partial discharge (PD)
occurs in gas-filled cavities or defects in the high voltage insulation and can have the fol-
lowing possible causes: proper manufacture failure, equipment installation, excessive use
of the equipment while in service, in-service damage due to external environmental fac-
tors, ageing and deterioration, particle, and dust contamination [9]. PD within solid insu-
lation system is not visible, can corrode solid insulation and eventually lead to insulation
breakdown. PD can leave visible marks such as carbon tracks, discolored lines, and odors
(metallic, burning or ozone). Also, a PD can cause damages that can be chemical, thermal,
mechanical and emits gasses and different forms of energy such as electromagnetic or
acoustic.

Due to ozone emission from PD events and because ozone is an oxidizing agent, PD
is a main cause of long-term degradation and eventual failure of electrical insulation, ul-
timately leading to complete failure. As a result, its measurement is a standard procedure
in the factory testing setup of many types of high voltage equipment. Thus, PD activity
can be tested or monitored for the in-service equipment to warn against pending insula-
tion failure.

In Figure 3 are depicted some of the PD energy emission types which we intend to
measure in this paper using IoT infrastructure. To identify environmental conditions that
facilitates the PD occurrence, continuous monitoring of gases and of electromagnetic or
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acoustic waves is crucial [10, 11]. If a PD starts, the damages of the electrical equipment
will exponentially increase and could cause safety issues, the process being irreversible.
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Figure 3. Partial discharge energy emissions

2.1. PD (Partial Discharge) Detection

For non-intrusive testing, the most practical techniques are based on the ultrasonic
and radio frequency (RF) waves detection as part of the emissions in the electromagnetic
spectrum (see Figure 3).

The acoustic method for PD detection is a very attractive alternative because acoustic
signals from a PD source are immune to the electromagnetic noises. Because the switch-
gear is grounded, acoustic sensors can be positioned in a safe way in any point of the
switchgear wall to detect the acoustic emission of any PD that can occur. Acoustic and
ultrasonic sensors with a frequency band range from 10 kHz to 300 kHz, like condenser
microphones, sound-resonance sensors, accelerometers, or piezoelectric transducers,
could detect an acoustic signal from mechanical vibration of any PD. When partial dis-
charge is approaching to equipment failure, the emissions frequency decreases sometimes
to the audible range. Another strong point of the acoustic method is that the acoustic sig-
nal has dependence upon the geometry of the DUT (Device Under Test). Thus, acoustic
method is very used in localization of PD source inside switchgear because of its immun-
ity against electromagnetic noise. There are also two problems: the acoustic wave propa-
gation and the required sensitivity of the acoustic signal (very low intensity), so, to detect
PD, sensors must be sensitive to small changes in amplitude of the measured signal. Using
the airborne ultrasonic microphone is a sensitive method of air path of PD detection. Usu-
ally, PD detection devices using ultrasonic sensors convert emissions into audible signals
so it can hear the PD activity.

PD activity which causes Transient Earth Voltages (TEV) were first discovered by Dr
John Reeves in the 1970s at EA Technology. Dr. John Reeves concluded that PD activity
and TEV signals have a direct dependence and could be an indication of the status of
switchgear insulation. If the switchgear is in service, PD activity may be detected by plac-
ing sensors on the outside of the switchgear.

Ultra-High Frequency (UHF) PD detection was mostly oriented to gas insulation sub-
station (GIS) at the beginning. After years of research, the ultra-high frequency partial
discharge detection can be used also in non-gas insulation electrical power devices such
as transformer, cables, switchgears, etc.

PD detection using optical sensors have dependence on different factors such as tem-
perature, pressure, PD intensity and insulation material. Mainly there are two techniques
of optical PD detection, surface detection and the opto-acoustic measurement. The main
advantage of the last method is high sensitivity and immunity from electromagnetic in-
terferences.

2.2. PD (Partial Discharge) Measurement
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Switchgear PD activity can be identified and saved using several methods, all de-
pending on the sensor technologies used. Below it is a brief presentation.

e Ultrasonic microphone with a center frequency of 40 kHz. Measuring devices are
available to convert PD ultrasonic emissions into audible signals, so it can detect
changes in PD activity. Data from ultrasonic sensors can also be displayed and rec-
orded locally as numerical decibel values.

e Transient Earth Voltage (TEV) sensor or coupling capacitor, from 3 MHz to 100 MHz.
In this case, TEV signals are measured, displayed, and locally recorded using the ap-
propriate instrument. The sensitivity is not likely to be sufficient to detect issues
within solid dielectric cable systems.

e Ultra-High Frequency Sensor (UHF), with a detection bandwidth between 300 MHz
and 1.5 GHz. UHF radio emissions are also measured, displayed, and locally saved
on a dedicated device. More sensitive measurements, particularly at higher voltages,
can be achieved using built-in UHF antennas or external antennas mounted on insu-
lating spacers in the surrounding metalwork.

e High Frequency Current Transformer (HFCT) with a bandwidth between 500 kHz to
50 MHz. This method is ideal for detecting and determining the severity of the PD by
burst interval measurement. The closer the bursts get to "zero voltage crossing" the
more severe and critical the PD fault is.

e Acoustic Contact Sensor with detection bandwidth between 20 kHz to 300 kHz.

e Phase resolved analysis system, which compares pulse timing to AC frequency.

e New studies present another method to detect PD by measuring the Os and NOx gases
[12, 13], which in our opinion would be a cheaper solution compared to the above-
mentioned solutions.

Theory reported in [14] and [15] explains why corona and surface discharges have
higher frequency spectra compared to internal PD. Therefore, frequency spectra of the
surface discharges are higher than the frequency spectra of the internal PDs.

2.3. PD (Partial Discharge) Monitoring

To detect PD activity in switchgear we need a continuous monitoring of the cell.
Thus, the PD activity must be recorded and the same sensor technologies as Partial Dis-
charge measurements are used for data acquisition. The sensors will monitor:

e Changes in Partial Discharge activity over time.

e Changes in Partial Discharge activity related to environmental conditions, includ-

ing vibrations, temperature, and humidity.

To record an analyze changes in PD activity over a dedicated period time, mobile PD
monitoring systems are typically used, and an example is the one from EA Technology,
named UltraTEV Monitor (Figure 4).

UltraTEV.22>

Monitor

\ Ultrasonic TEV
Node Switchgear sensor sensor

Figure 4. System layout of an UltraTEV Monitor System and an UltraTEV node [16]

These portable devices include multiple sensors which can be mounted on a various
type of assets and can be linked to several central server units for data storage and remote
access. Thus, PD data can be collected and analyzed in online or offline mode. This type
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of monitoring system is often used to provide a status regard the health of the assets which
have history events and/or where ongoing reliability is a critical issue.

2.4. Ozone measurements in PD (Partial Discharge)

Ozone (Os) is a highly reactive gas consisting of three oxygen atoms with an unstable
temperature dependent connection between atoms. Its half-life in the air is of 3 days at
+20 °C and can go to 3 months at -50 °C. Inside buildings, the indoor Os half-life is usually
less than 30 minutes and its typically value is between 5 to 20 ppb (parts per billion). This
gas can be a natural product in the stratosphere (Os layer being at 15 km to 45 km above
sea level) or can be man-made in the troposphere (ground level).

The stratospheric Os is formed naturally by interaction of sun’s ultraviolet rays (UV)
with oxygen (Oz). The Os layer reduces the volume of harmful solar UV radiation on the
Earth surface like a shield.

O:s at the ground level can be found also naturally in small concentrations of 20 to 35
ppb or because of human activity when is formed from photochemical reactions (UV) on
polluted air with two major pollutants, nitrogen oxides (NOx) and volatile organic com-
pounds (VOC). Nitrogen oxides can result primarily from combustion at high tempera-
ture from industrial boilers and furnaces, electrical powerplants and combustion motor
vehicle. Within the last decade, higher ambient Os concentrations have been observed in
the presence of sunlight and heat in summer months, and in cold months, when temper-
atures are below or near freezing point and snow is on the ground. Os contributes to the
urban “smog” which manifests especially in the summertime and sometimes in mountain
regions, and it is an important element in the measurement of the Air Quality Index (AQI).

When external PD occurs in electric LV/HV switchgear cells, the chemical reaction
can produce Os, because electrical discharges usually have sufficient power to convert Oz
from the air into Os. Following the mentioned, the switchgear could be a potential source
of O3 and can be an indirect measurement parameter to prove the PD presence. Because
Os is a powerful oxidizing gas, its reaction with oxidizable materials such as polymeric or
ferrous metal leads to their consumption and to decrease of Os concentration. In the air,
Os reactions with other contaminants also consume Os through oxidation and environ-
mental conditions such as temperature and moisture can facilitate these reactions [17].

To compare the air in an LV/MV switchgear cell after PD, it is very important to an-
alyze the initial values of Os and NOx in absence of the PD. It is important to note that
different times of the same day have various background data for Os and NOx. According
to [13], some studies were performed regarding online monitoring of PD by measuring
the air chemical structure. The experiments are conducted in different air humidity level
conditions (30% and 60% RH) at different gap distances (15, 20, 25 and 30 mm). Their
results showed that after a PD, the average value of air decomposition by-products is 5 to
10 ppb higher in case of low humidity depending on gap distance as compared with high
humidity conditions when constant voltage is applied (4 kV). Finally, the study’s conclu-
sion was that PD could be easily detected in case of low humidity conditions, as compared
with high humidity conditions. This gas analysis method could be an effective way to
easily monitor PD.

The best solution is to use ultrasonic discharge counters in association with humidity
and temperature sensors. New studies relate Os sensors that could replace the ultrasonic
discharge counter in some situations [17]. The number of this sensor devices could be: one
ultrasonic discharge sensor because it is expensive and more than one humidity and tem-
perature sensors, because they are cheap. Using a cheap integrated humidity and temper-
ature sensor like DHT22 or DHT20 could be a very good solution. Another sensor like
BME680 from BOSCH offers integrated multiple purpose sensors in the same chip, like
temperature, humidity, ambient pressure, and gas. Dew point calculation using filtered
and mediated data from the above sensors could provide good information regarding the
possibility of the occurrence of PD conditions. Below is a color code for BOSCH's recom-
mended air quality, colors that we intended to use in the software monitoring for the vis-
ual identification of the air quality.
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Figure 5. BME680 Indoor Air Quality (IAQ) and Color Coding according with the datasheet

3. Proposed microclimate monitoring architecture for LV/MV switchgear cell stations

To provide some data to analyze the PD discharge event in an LV/MV switchgear
cell stations we use a hardware flowchart (Figure 6) and the architecture from Figure 7.
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Figure 7. Base schematic proposal for microclimate monitoring in LV/MV cells
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Because the proposed devices will work in very harsh environmental conditions (ex-
cessive temperature, humidity, and dust values), the main components for this project
must work with industrial or automotive performances. Therefore, our proposal for the
hardware components is:

e Data Acquisition System (a dual band G5M router with Linux Embeded and RS-

485 interface).

e DC/DC power supply (from 48VDC - 230VDC to 12VDC) with a backup battery
with minimum autonomy of 24h in case of the main power supply loss. The lack
of the power must be transmitted to the SysLog server and to a mobile terminal
at the permanent maintenance service.

e Miscellaneous atmospheric and gas sensors with RS-485 interface for outside
(room) and inside (LV/MV switchgear) measurements.

e GPIO’s from Data Acquisition System to ensure relay commands for power con-
trol of the miscellaneous sensors.

Each LV/MV switchgear cell has integrated sensors for dust, temperature, and hu-
midity. The sensors from the LV/MV switchgear cells transmit data using RS-485 BUS.
Between the LV/MV switchgear cell stations and the Data Acquisition System is placed a
galvanic isolator to protect the system from eventually faults that can occur with the com-
munication lines. The role of the DAS (Data Acquisition System) is to provide enough data
to be analyzed in the monitoring center. Some external sensors are mounted as well in the
LV/MV cell station room to have a proper overview of the environment atmospheric val-
ues (temperature, humidity, gas, and air pressure). The room environmental parameters
are important because they will provide functioning conditions of the switchgears and
can predict eventually faults of the entire station. The communication with the monitoring
center will be made through the GSM network, using GPRS (2G) or 3G/4G technologies,
depending on the coverage from the area where LV/MV cells are in the field. GSM meas-
urements need to be performed before installing the equipment, to determine if the net-
work operators have the best coverage and the proper bandwidth for data transmission.
For communication redundancy, a dual SIM GSM module modem is proposed. In case if
some faults are detected, the monitoring center can transmit data to the LV/MV cell station
and using some GPIO’s from the DAS and some relays, the cell can be disconnected from
the grid. The monitoring center architecture is listed in Figure 8. All the LV/MV switch-
gear stations from the field will transmit data and according with the Figure 8, the moni-
toring center will analyze the received data and will display using a GUI (graphical user
interface) important information about the collected parameters.

——— -

= .y
— N .

~—~  GUI for controlls
and alarms

LV/MV
cells

(« )) e - (©)
g B w9

LV/MV Monitoring center LV/MV
cells cells

Figure 8. Communication flowchart proposal for microclimate monitoring in LV/MV switchgear
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In the next section it is briefly described data transmission between devices-server,
devices-cloud platform or between IoT devices. For our scenario only two transmission
protocols are used, named ModBus and MQTT (Message Queuing Telemetry Transport).

ModBus protocol technology in our proposed architecture is used for connecting the
LV/MV switchgear sensors to the acquisition system. There are currently a lot of sensors
on the market using the ModBus protocol and open-source software that includes a rich
palette of development languages such as: C, Java, Python, Node.js and Go.

MQTT is a lightweight publish/subscribe messaging protocol that can be used for
M2M IoT (Machine to Machine) communications [18]. The main characteristics of MQTT
are low power consumption, small code size, minimized data packet size, and the possi-
bility to distribute different packets to multiple applications almost at the same time. Any
network-wired or wireless device that provides a bi-directional connection can support
MQTT. This MQTT protocol was specifically designed for high latency networks or low
bandwidth resource constrained devices.

The monitoring interface was designed to be available in two places: locally (SW mi-
croSCADA PLC) and remotely on more than two separate servers and using information
security protocols.

3.1. Local monitoring of LVIMV switchgear

For local monitoring, a minimum SCADA will be created in DAS to observe the query
of the sensors and to make a statistic for the local ModBus packages. A more likely SCADA
system web page is made on the GSM router, where are related the LV/MV cells together
with the sensors. This page must be low RAM memory consumption, to not affect the

GSM router OS performances.
MV CELL No. 02 of 20

MV CELL No. 01 of 20

ll- mn
13.00 J.""
“*l

MV CELL No. 03 of 20,

=
=
= f
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Figure 9. Example of locally microclimate monitoring using SCADA web page with sensors for 3 cells

Thus, with the obtained counters for serial ModBus packages, a local QoS (Quality of
Service) statistic can be created that can be sent later to the server. The sizes obtained after
interrogating the sensors should be stored locally for at least 7 days, which leads to the
need for adequate sizing of RAM and circular buffers in the GSM router.

An example of local monitoring (local minimum SCADA) is presented below where
the connection between the decrease of atmospheric pressure, the appearance of storms
and the subsequent increase of the relative humidity in the atmosphere is observed.
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Figure 10. Example of Romanian weather warning, from 30-june-2021 to 01-july-2021

Increasing the air humidity leads to the increase of the soil humidity also. This aspect
will have the effect of increasing the humidity in the cable compartments for the LV / MV
cells located in the field, especially for those located in high altitude geographic areas
(mountains for example). Increased humidity in the cable compartment can lead to Co-
rona discharge phenomena, especially on the surface of the insulators in the cable com-
partment. Corona discharge or PD (Partial Discharge) lead to the release of gases includ-
ing ozone (Os) and nitrogen dioxide (NO2). NO2 gas in the presence of the water vapors
and oxygen (Oz2) leads to the appearance of hydrochloric acid (HNOs). Both ozone (Os)
and hydrochloric acid (HNOs) are oxidizing elements that can irreparably destroy over
time the insulation of cables and other insulating materials in the compartments of an LV
/ MV cell.

An example of this measurement is performed, and the results are depicted in Figure
11 and Figure 12, respectively.
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Figure 11. Local microclimate monitoring in LV/MV switchgear cells, indication of imminent storm: sudden drop in atmospheric
pressure in 01-july-2021 before 12:00 PM
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Relative Humidity Rise after storm
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Figure 12. Local microclimate monitoring in LV/MV switchgear cells, increase in humidity after the storm of 01-july-2021

3.2. Remote monitoring of LV/MV switchgear

For the server side, the PRTG application (www.paessler.com) is currently being
tested and some collected data are listed below. In the future the Zabbix application will
be also tested (https://www.zabbix.com/) due to the advantages offered on the monitoring
side for the MQTT protocol in the IoT plugin package in Zabbix Agent 2 [19].
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Figure 13. PRTG Server data for temperature, humidity, dew point and SysLoad
For collecting data, a free version of the mentioned software is used that can integrate
100 sensors only. In the Figure 13 is performed a 365-day filter, filter applied for sensors
with temperature, relative humidity, dew point or SysLoad for the proposed architecture.
The spikes from the figure are for alarms testing purpose only and to test if everything in
the proposed architecture is working. In Figure 14 some data are depicted for the same
data and the same filter but is added the DownTime of the system.
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Figure 14. PRTG Server data for sensors and DownTime
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Figure 14. Microclimate monitoring in LV/MV switchgear using PRTG Server - 365 days filter, Sensor UpTime filter checked, name
05_Upt

DownTime intervals are for server time stability tests. The UpTime meter called
05_Upt was reset for each voltage failure at the sensor, and you can see on the graph how
many voltage interruptions there were at the measurement sensor.

4. Conclusions

If a PD starts, the damages of the electrical equipment will exponentially increase and
could cause safety issues, the process being irreversible.

The LV/MV switchgear cells monitoring systems are important in optimizing the mainte-
nance costs of the Electric Grid distribution points. Using partial discharge as a health
indicator in electric power assets is somewhat like listening heart rate or blood pressure
monitoring in human health. While high levels can be useful to diagnose a problem, they
need to be looked at in context and trended over time. While partial discharge analysis is
not easy and is often confusing, it provides an early warning on asset failure, and as such,
should be included in any comprehensive asset health monitoring program.

There is a tradeoff between very expensive and complicated diagnostic tools and sim-
pler, low-cost sensor devices. The simple, low-cost devices are:

- Intended for deployment in every LV, MV and HV asset.

- Require some form of confirmation before action is taken.

- Are best used to signal a need for professional diagnostic services unless an obvious root
cause is found on visual inspection.

Partial discharge alarms are informative, have the role of prediction, and should not
be a distraction from main operations. Normally, these alarms should be routed to asset
management teams. The life of the switchgear can often be extended by incorporating
appropriate predictive and preventive maintenance.

In this paper is presented a low-cost and efficient platform for IoT monitoring the
LV/MV switchgear cells. The proposed architecture is defined after the real-life problems
meet at ElectroAlfa company and its current implemented to optimize the maintenance
costs of the sold developed products.
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