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Stability of a grid Economic aspect of the operation
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Source: Seinsch, H. O. "Monitoring und diagnose 
elektrischer maschinen und antriebe." Proc. VDE 
Workshop. 2001.

Stator core 1%

Image sources
Alewine, Kevin. "Wind Turbine Generator Failure Modes." Shermco Industries (2011).
PUNCH, Power failure: Nigerians burn N17.5tn on generators in five years

Lost ball bearings Short in slot section Short-circuit
in stator windings

Difficult to maintain individual generators in microgrids
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▣How does the slight fault influences the power generation?

▣ Is it possible to connect the fault detection methods to the 
optimal power flow?

▣How can the MSO operate the microgrid in cost-optimal way in 
faulty-generator scenario?
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▣ Motivation

▣ Optimal power flow

▣ Effect of incipient fault on output power of generator
▲ ISCF and its effect on output power of generator
▲ Optimal operation of MGs in faulty-generator scenario

▣Case study

▣Conclusion



Original OPF
 Function of healthy generators

min∑𝑖𝑖∈𝒩𝒩 𝐶𝐶𝑖𝑖 𝑃𝑃𝐺𝐺𝑖𝑖
subject to

𝑃𝑃𝐺𝐺𝑖𝑖,𝑚𝑚𝑖𝑖𝑚𝑚 ≤ 𝑃𝑃𝐺𝐺𝑖𝑖 ≤ 𝑃𝑃𝐺𝐺𝑖𝑖,𝑚𝑚𝑚𝑚𝑚𝑚
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𝑉𝑉𝑖𝑖,𝑚𝑚𝑖𝑖𝑚𝑚 ≤ 𝑉𝑉𝑖𝑖 ≤ 𝑉𝑉𝑖𝑖,𝑚𝑚𝑚𝑚𝑚𝑚

𝑃𝑃𝑖𝑖 + 𝑗𝑗𝑄𝑄𝑖𝑖 = 𝑉𝑉𝑖𝑖𝐼𝐼𝑖𝑖∗

𝑃𝑃𝑖𝑖 = 𝑃𝑃𝐺𝐺𝑖𝑖 − 𝑃𝑃𝐿𝐿,𝑖𝑖

𝑄𝑄𝑖𝑖 = 𝑄𝑄𝐺𝐺𝑖𝑖 − 𝑄𝑄𝐿𝐿,𝑖𝑖

where
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▣ Inter-turn short circuit fault in stator windings
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De Angelo, Cristian H., et al. "Online model-based stator-fault detection and identification in 
induction motors." IEEE Transactions on Industrial Electronics 56.11 (2009): 4671-4680.
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𝛼𝛼𝑖𝑖 𝑃𝑃𝐺𝐺𝑓𝑓,𝑖𝑖 , 𝐒𝐒𝑖𝑖 ≈ 𝑃𝑃𝐺𝐺𝑓𝑓,𝑖𝑖 𝑎𝑎1,𝑖𝑖 + 𝑎𝑎2,𝑖𝑖𝐒𝐒𝑖𝑖 + 𝑎𝑎3,𝑖𝑖𝐒𝐒𝑖𝑖2
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Polynomial approximation

Optimal power flow
 Function of the power of heathy/

faulty generators and its severity

min∑𝑖𝑖∈𝒩𝒩 𝑪𝑪𝒊𝒊 𝑷𝑷𝑮𝑮𝒊𝒊 , 𝐒𝐒𝒊𝒊

subject to

𝑷𝑷𝑮𝑮𝒊𝒊,𝒎𝒎𝒊𝒊𝒎𝒎(𝐒𝐒𝒊𝒊) ≤ 𝑃𝑃𝐺𝐺𝑖𝑖 ≤ 𝑷𝑷𝑮𝑮𝒊𝒊,𝒎𝒎𝒎𝒎𝒎𝒎(𝐒𝐒𝒊𝒊)
𝑸𝑸𝑮𝑮𝒊𝒊,𝒎𝒎𝒊𝒊𝒎𝒎(𝐒𝐒𝒊𝒊) ≤ 𝑄𝑄𝐺𝐺𝑖𝑖 ≤ 𝑸𝑸𝑮𝑮𝒊𝒊,𝒎𝒎𝒎𝒎𝒎𝒎(𝐒𝐒𝒊𝒊)
𝑉𝑉𝑖𝑖,𝑚𝑚𝑖𝑖𝑚𝑚 ≤ 𝑉𝑉𝑖𝑖 ≤ 𝑉𝑉𝑖𝑖,𝑚𝑚𝑚𝑚𝑚𝑚

𝑃𝑃𝑖𝑖 + 𝑗𝑗𝑄𝑄𝑖𝑖 = 𝑉𝑉𝑖𝑖𝐼𝐼𝑖𝑖∗

10/15



IoT sensors

Fault

Distribution Grid

Comm. Net.
Island Mode / Grid connected Mode

Main Grid

Microgrid

DER DER DER Load

MSO

�𝐒𝐒𝑖𝑖

De Angelo, Cristian H., et al. "Online model-based stator-fault detection and identification in 
induction motors." IEEE Transactions on Industrial Electronics 56.11 (2009): 4671-4680.

11/15

Current, voltage, speed sensors



IoT sensors

Fault

Distribution Grid

Comm. Net.
Island Mode / Grid connected Mode

Main Grid

Microgrid

DER DER DER Load

MSO

�𝐒𝐒𝑖𝑖 sends severity factor to MSO

De Angelo, Cristian H., et al. "Online model-based stator-fault detection and identification in 
induction motors." IEEE Transactions on Industrial Electronics 56.11 (2009): 4671-4680.

11/15

Current, voltage, speed sensors



IoT sensors

Fault

Distribution Grid

Comm. Net.
Island Mode / Grid connected Mode

Main Grid

Microgrid

DER DER DER Load

MSO

�𝐒𝐒𝑖𝑖

Adjust optimization problem by using
�𝐒𝐒𝑖𝑖

sends severity factor to MSO

De Angelo, Cristian H., et al. "Online model-based stator-fault detection and identification in 
induction motors." IEEE Transactions on Industrial Electronics 56.11 (2009): 4671-4680.

11/15

Current, voltage, speed sensors



IoT sensors

Fault

Distribution Grid

Comm. Net.
Island Mode / Grid connected Mode

Main Grid

Microgrid

DER DER DER Load

MSO

�𝐒𝐒𝑖𝑖

Adjust optimization problem by using
�𝐒𝐒𝑖𝑖

sends severity factor to MSO

De Angelo, Cristian H., et al. "Online model-based stator-fault detection and identification in 
induction motors." IEEE Transactions on Industrial Electronics 56.11 (2009): 4671-4680.

MSO solve OPF using faulty information
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▣ Concerned the tertiary control of microgrids in a faulty-generator scenario

▣ Investigated how the inter-turn short circuit fault affects to power generation

▣ The optimal power flow problem in a faulty-faulty generator scenario is 
formulated as a function of generation of faulty generators and its severity 
factor

▣ The proposed optimal power flow algorithm provides less operation cost 
compared to the original one in faulty-generator scenario
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Thank you for listening!
Q&A



Wind Turbine Components and Descriptions
R. Nolan Clark, in Small Wind, 2014
Synchronous generators are not normally used on small wind 
machines because of the additional equipment needed to make 
them operate efficiently.

Energizing Renewable Energy Systems and Distribution 
Generation
T. Adefarati, R.C. Bansal, in Pathways to a Smarter Power 
System, 2019

2.4.3 Diesel Generator
Diesel generators can be utilized as standalone, emergency, 
standby, and peak shaving units because of the following 
characteristics: availability, quick start up, reliability, fast 
ramp up, durability, etc. [8]. The diesel generators have high 
operating cost and generate electricity on demand when 
compared with renewable DERs.

Direct Current Microgrid Power Modeling and Control
Manuela Sechilariu, Fabrice Locment, in Urban DC 
Microgrid, 2016
3.6 Diesel Generator Operating Mode Modeling
The diesel generator is used as a backup source only in 
the off-grid mode of the DC microgrid.

https://homesteady.com/how-12055415-
make-own-3phase-converter.html

https://www.sciencedirect.com/topics/engineering/wind-machines
https://www.sciencedirect.com/science/article/pii/B9780128037362000049
https://www.sciencedirect.com/book/9780128037362
https://www.sciencedirect.com/topics/engineering/dc-microgrid
https://homesteady.com/how-12055415-make-own-3phase-converter.html


▣ Image sources
▲http://engineering.electrical-equipment.org/electrical-

distribution/electric-load-forecasting-advantages-challenges.html



▣ Motivation
▲ Needs and operation of Microgrids

 정의
 Microgrid실증사례
 Operation of microgrids

▲ Generator faults, statistics
 What kind of fault exists?
 How many times does the faults occurs?
 What happened if generator fault occurred?
 Relation between generator fault and optimal power flow
 Recent study on economic dispatch regarding generator fault
 We’ll focus on ISCF of induction generator

▣ Effect of fault on output power of generator
▲ ISCF and its effect on output power of generator
▲ Fault index

▣ Optimal power flow regarding fault
▲ Original optimal power flow
▲ Optimal power flow regarding faults
▲ Polynomial approximation
▲ results

▣ Conclusion
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