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Abstract

The quality of the electrical network, which includes MV panels, DBs,
MCBESs, sub-circuits with fuse units, and electrical motors for machine tools,
determines production in any sector. Most drive systems employ induction
motors. System temperature indicates health. Excess temperature is rarely
detected due to breakdown. This case study presents real-time data for a
leading coir industry from each electrical circuit and motor in several machine
tools. Every section is thermographed and compared to the allowed tempera-
ture range. Thermographic analysis is non-contact and uses fewer meters and
instruments. A harmonic analyzer measures THD using data from the full test-
ing period. Modern energy audits save 10-15% on energy. Suggestions include
modest restructuring of electrical network load distribution, little investment
in capacitor banks in each section of induction motors, and thorough analysis
and corrective measures based on customer needs.
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Introduction. Over 60% of electrical energy is used by induction motors;
therefore, they must be operated with care to have a healthy network. The anoma-
lous temperature rise affects electrical motors and networks. Electrical networks
generate extra heat as a result of loose contacts, overloaded cables, unbalanced

#Corresponding author.
DOI:10.7546/CRABS.2023.04.12

597



three-phase load distribution, and unauthorised loads.Induction motors generate
extra heat due to imbalanced drive systems, overworked motors, loose terminal
contacts, and bearing overload. Different motor capacitors allow each machine to
run at either a low or high power factor. Electrical studies examine the configu-
ration of an electrical network’s main circuit boards (MCBs), distribution boards
(DBs), medium-voltage (MV) panels, and fuse units. There are many types of
topologies proposed by many researchers for improving the power quality of the
system. Voltage injection using Unified Power Flow Control (UPFC) improves
power quality and prevents transmission system issues.

Literature survey. In this method, an enhanced voltage profile increases
transient stability [}]. THD and load voltage unbalance are reduced via a PWM-
controlled Dynamic Voltage Restoration DVR [*3]. Using different control algo-
rithms for series and shunt APFs, the UPQC architecture can correct PQ at the
load at a lower DC-link voltage [*]. It shows how STATCOM-BESS controls power
quality [?]. Single-phase to ground faults, three-phase faults, and voltage swell oc-
curred in 500-900 ms for inductive and capacitive loads, respectively. VSC and
PWM control are in D-STATCOM. Voltage is measured through PWM. Swells
of 11%, interruptions of 25%, and sags of 13% are reduced [°]. Short and long
pauses, voltage spikes, and voltage swells cause power distortions, and the PWM-
controlled autotransformer-based voltage sag compensator has been presented to
suppress them. PWM-controlled autotransformer voltage sag compensation has
been presented. By keeping load voltage within limitations, the suggested method
can detect and minimize disturbances ["°]. Control principles and solutions for
large industrial loads using a dynamic voltage restorer, an active power filter,
and a static compensator are discussed. GHG emissions and grid electricity use
decrease with DGs. PQ Control strategy selection depends on response time,
tracking precision, complexity, computing burden, resilience, and cost [1°]. Har-
monic reduction is essential for hybrid power systems. The study found solutions
for improving the power quality of advanced hybrid power systems ['!]. Air-gap
Torque Monitoring, Vibration Analysis, Acoustic Analysis, Thermography, Par-
tial Discharge, Axial Flow, and Motor Current Signature Analysis were addressed
as defect detection methods ['?]. Motor Current Signature Analysis is straightfor-
ward to apply and cost-effective ['3]. Motor Current Signature Analysis (MCSA)
and Zero-Sequence Voltage Component (ZSVC) can detect stator defects in squir-
rel cage induction motors ['4]. RGB colour space monitoring compares healthy
and unhealthy induction motor bearing defects ['°]. JEFFALI et al. [!0] discussed
thermography-based induction motor failure diagnosis, which provides insights
into the thermal health of the machine. Healthy DC motors have been com-
pared to rotors with short-circuited armature coils. Faults are diagnosed using
thermography ['7!9]. Induction machine rotor failure diagnostics use vector con-
trol. Healthy and defective motor stator currents are compared using the wavelet
transform [2°].

598 P. Naveenkumar, S. Mohanram



Materials and methods. The proposed power quality analysis is carried
out in a leading coir industry. Major recommendations are based on the field
data. The following analyses are used to make observations and recommendations:
thermography analysis and power analyzer analysis.

Thermographic analysis of electrical system. Table 1 shows the ther-
mographic analysis of the incoming point, distribution board, and decorticator
machine (I). It is found that an excessive temperature rise occurs in one phase
due to a loose connection, which causes a supply interruption. Therefore, it is
recommended to follow the precautions and connections frequently during main-
tenance. Bearing failure is caused by bearing weakness, high belt tension, and
tightness in the front cover in Decorticator Machine I, as shown in Fig. le. Care
must be taken to overcome this belt tension, and oil or creasing in the contact
points should also be checked.

Power quality analysis of electrical system. Figure 2a) shows the results
of an analysis of the system’s power quality as well as the power trend as measured
by the Fluke meter. A low power factor of 0.52 was discovered in the decorticator
I motor, which was caused by capacitor loading. In order to avoid this, bigger
values of capacitors should be connected at this point, which will lead to a high
demand in kVA and a higher active energy consumption. A capacitor with the
appropriate value should be attached in order to improve the power factor. The
power trend is depicted in Fig. 2b), ¢), d) which are found in the decorticator I
motor. Because of the power trend, it was determined that the decorticator I
motor suffers a significant amount of power loss as a result of the improper value
of the power quality assistance devices that are used together with the motor.
This not only causes thermal abnormalities in the machine, but it also results in
other losses, which may result in a decrease in the product’s quality.

Results and discussion. From the name plate detail of the decorticator I
motor presented in Table 1 it is evident that the maximum power output of the
decorticator I motor is 37.5 kW.

Hence the Input power taken by the motor at full load is given by

Output power  37.5 kW

— =40.76 kKW.
Efficiency 0.92 0.76 kW

(1) Input power P; =

The power quality analyzer is placed on the input side of the motor and ob-
served for 30 min. According to the data, the motor drew a power of 37.02 kW
between 10:51:19 AM and 10:51:20 AM (just one second). As a result, during
the 30-min loading condition, the motor never reached full load power. During
the remaining time, the motor’s power consumption is close to 30-32 kW. From
Table 2, a comparison of the following recommendations may be suggested for
saving an appreciable amount on energy bills. It is recommended that the current
motor (with 37.5 kW) be replaced with a 30 kW motor from the same manufac-
turer. Even though the load is higher for a longer period of time, the motor only
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Table 1

Name plate detail of the decorticator I motor

Type Three Phase Induction Motor
Manufacturer | Kirloskar Electric. Co. Ltd., India
Power 37.5 kW Voltage 415V
Speed Not clear || Protection 1P 55
Frequency 50 Hz Duty S1
Current 62 A Efficiency 92.0 %
Insulation Class F Connection Delta

Fig. 1. Thermographic analysis. a) EB-main incoming — top, b) EB-main incoming — bottom,
¢) EB-main incoming — backside, d) Distribution board/motor side, e) Decorticator I (fibre
screener-polishing motor), f) Small motor in decorticator machine — I
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Fig. 2. a) Motor incoming point on decorticator I (fibre screener-polishing), b) Power trend

recorded on decorticator I motor (30 min recorded at 1 s interval), ¢) Power trend recorded

on decorticator I motor start point of maximum power at 10:51:19 AM, d) Power factor trend
recorded on decorticator I motor

experiences a momentary overload. As per IS 325, any standard motor can be mo-
mentarily overloaded for 15 s. In our case, the momentary load (i.e., 1 s) is within
the IS standard. In this case, the expected power saving is about 7.5 kW. Table 2
shows the bare minimum of energy-saving options for new motor installation.

Conclusion. The various machines in the coir industry are investigated in
this study for causing excessive temperature rises in the middle phase of the main
incoming panel (top). It was recorded at almost 156.60 °F at the time of measure-
ment. In addition, there is an excessive temperature rise in lines 1 and 3 (124.4°F
and 106.00 °F, respectively) after the HRC fuse of the main incoming panel (bot-
tom). A similar excessive temperature rise is found in the backside of the EB main
incoming cable joint of a specific phase. The recorded temperature rise is about
212.7°F. Also, a high temperature is recorded in the R-Phase Incoming of the
Fibre Screener Incoming Point. It is also observed that, in some places, the main
motor and auxiliary motors in the machine generate excessive temperature rises
(front cover/ bearing, and belt/pulley) varying from 138 °F to 174.0 °F. It is found
that the motor connected to the screen-polishing machine has a power factor too
low (i.e., in the order of 0.52) and is also leading. The excessive capacitor con-
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Table 2

Comparison table for better energy saving

Description Existing motor New motor Power saving
Power rating 37.5 kW 30 kW 7.5 kW
Running time 20 h (2 Shifts) 20 h (2 Shifts) -
Energy consumption/day 750 Units 600 Units 150 Units
(Cgsgs_fgg%r%{l ?Sy Rs. 4762.50 Rs. 3810.00 Rs. 952.50
Cost of annual energy Rs. Rs. Rs.

(=~ 300 days/annum) 1428 750.00 1143 000.00 285750.00 (A)
Investment cost Rs. 70000.00

of the new motor - (Inclusive of all taxes) N

Cost of Installation .
& Transportation - Rs. 10000.00 -
Total Cost (B) - Rs. 80000.00

Approx.

Simple payback period (A/B) - - 34 months®

nected at the motor side’s input causes the leading power factor. The main cables
running from the utility meter to the main incoming panel (EB main incoming)
are open and loosely rooted. This may lead to severe safety issues and may also
damage the cables, so it must be rooted properly with sufficient panel board. The
appropriate sticker (naming the loads to which it is connected) should be easier to
apply to the Decorticator machine’s distribution panel, making it more accessible
for maintenance and during faulty periods. It is good practice to connect the
capacitor banks at the input side of the individual motors with adequate volt-
age. However, if the capacitor’s kVAR rating is not properly selected, this may
result in a slight lag or a low power factor. In order to avoid the above issue, the
proper value of Automatic Power Factor Correction (APFC) must be connected
at the main incoming point with a minimum value. A 3-CT-type APFC may
be used instead of a single-CT-type APFC. This will average the PF across the
phases and take corrective action accordingly. Oversizing of the motor is found
in Decorticator I (the fibre screener and polishing machine), and this must be re-
placed with a 30 kW motor instead of the present power rating of 37.5 kW. Body
earthing should be properly maintained with minimum resistance and checked pe-
riodically. This will prevent equipment (particularly electronic equipment) from
failing prematurely.
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