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As technical systems become more complex, engineers are required to e Failure mode was traced back and discovered that the gate drivers (Fig 4:

have a deeper understanding of various electrical engineering topics Universal Energy Conversion System middle) and the MOSFETs (Fig 4, top and bottom) were damaged.
such as: Electronics, Controls, Communications, Power and Signal K-ECS AM256

Processing. 24 Volt, 300-500W
8-Bit Embedded Controller

e When troubleshooting the failure mode 5 Volt spikes at the low side gate
driver was detected to cause damage to the MOSFETs (Fig 3).

e To protect the DC-DC converter MOSFETs from burning out again, a
O bootstrap was designed (Fig 5).
I

To train engineers of the future, conversant in these multi-disciplinary
and diverse fields, it is required to have a flexible laboratory platform
that supports teaching of multidisciplinary areas.

. . . o . | e New tests were conducted to verify the functionality of the platform (Fig 6
This research project focuses on practical hands-on training of differ- il — - and Fig 7). As it can be observed from the figures the new protection al-
ent multi-disciplinary fields using a unique development platform. 0 E lowed a faster, more aggressive switching of the gates and the capability
Furthermore, the platform enabled to test, validate and extend its op- r g % E of surviving highly oscillatory systems.
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erating limits to enhance the quality/{lexibility of the product. 5 £ E e Finally, Kylowave adopted the newly designed protection for the K-ECS
E S 2 1B module.
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e Chosen platform to perform testing was the Kylowave’s K-ECS unit. r °_-‘; - '
To verify the overall functionality of the module, each individual sub- = E
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e Operational limits of the platform where found when implementing a o g S o ool i — e '
DC-Motor Speed Control system (Fig 1). The system used a discrete PI ao A} : LoRE | A~ | " B e 1098
controller to adjust the duty cycle of a DC-DC Half bridge converter in = """; ; . . o
order to drive an DC-Motor. Also, a First Order LPF was used to filter E g eSS — |E | Fig 6: High speed swiiching test
the speed values measured by the optical encoder, and then the fil- r 2 I BiEmE [ GP ‘j' Fig 4: Damaged components, so
tered signal was fed back to the controller to close the loop. Moreover, E O S\ Txo | ¥ bootstraps were added. to protect
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data from the K-ECS to a plotting software tool (Fig 2). =& “E‘é’l: Loy ;
e A failure mode was detected when the PI gains of the controller were E =i "‘.’..= 4
increased in the search of an oscillatory step response. r S e 1 RIS LN y 0
| 2 5 | g
T & oty 3= "}- + 4 DRIVER H
S cren cells g U1 PI Controller P Actuator Process > Shaft-Speed # g £ o P °>’ -J-' ‘g
Speed '\“j i Modilator Y ﬁ g > s S E j ot
) x IEHDIE DC Motor ; = % :ll 1
Converter ﬁ E‘ 2 j —C_Boot_L - --
Sampling Time ld A j DRIVER L | 200
Clock Generation A o - R_Boot_L t i i |
g | E j 25:53
< ol nad 3 ..r..r.r..r..!"J — Time
First-Order Low | Feedback | o 4, ,.I'"‘ o
Pass Filter | Sensor SyStem | -—J'__I'__l"_l'_l__l"_l"_l—_l"_l_—l__l—_l'_l__l-_l'J‘J‘J‘J‘J‘J‘—l"—l‘.l‘-l'—l'—l__l__l—.l—_l__rJ'J__l'_l__l-_l__l__l'j Fig S:Addition OfBOOtStrap Fig 7: OSCillatory SyStem teSt

Optical Encoder

Fig 1: Block Diagram of Failure Mode
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e Undergraduate laboratory manuals for e For future research enhancements, the platform is now being utilized for in-

Control Systems, Power Electronics and corporating renewable energy capabilities.
Electric Machines are being developed.

Target Speed [RPM] Speed [RPM]

S

Data Value

e Also, an electric vehicle powertrain prototype is now being designed using
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e Platform can also be used to help grad- two K-ECS units and a Wi-Fi communicated external DSP board.

- uates students in their research. e Finally, more laboratory manuals will be developed with Kylowave for dif-

Mtoows e Quality & reliability of product has ferent undergraduate courses.
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Fig 2: Time Plot of Failure Mode

been improved.
Fig 3: Noise at the ground gate for DC-DC

Converter when set as Half-Bridge




