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Performance support system for thermal management
engineers workplace learning

Nadezhda M. Kafadarova, Silviya Stoyanova-Petrova, Anna V. Andonova

In this paper, we describe our approach to the implementation of a DIPSEIL system to provide
performance support learning and training for thermal management engineers on their workplace. The
real demands of the newly emerging labor market, where human resources development becomes a priority
of a new order, have inspired the quick development of a Partnership between Higher Education and
Industry. The Partnership increases demand for education and training and individual motivation to learn;
improves efficiency through better guidance and intermediating, by providing new methods, programs and
resources, and by using ICT. The needs of electronic engineers dealing with the thermal management of
electronic systems to acquire additional knowledge in their workplace lead to development,
implementation and on-going evaluation of Internet-based courses. We find that workplace Internet-based
learning should align individual and organizational learning needs and connect learning and work
performance. To achieve this, a performance-oriented approach is proposed in this study. Key performance
indicators ave utilized to clarify organizational goals, make sense of work context and requests on work
performance, and accordingly help employees set up rational learning objectives and enhance their
learning process.

Ipoexmuo 6azupana cucmema 3a o0yuenue Ha uHMNCEHEPU 1A PABOMHOMO UM MACIO (Haoeacoa
Kaghaoaposa, Cuneusn Cmosnnosa-Ilemposa, Auna Andonosa). B masu cmamus onuceame nawus n00xo0
nipu npuiodicenuemo ra cucmemama DIPSEIL 3a ocuzypsgane na npoexmno Oasupano obyyenue na pa-
Bomnomo Macmo 3a undKcenepy, saHUMABAU ce ¢ MOnTUHHO ynpasienue na enekmpontu cucmemu. Pea-
HUme NOMPeBHOCMU Ha HOBOEB3NUKEaWUME NAZapU HA mpyoa, KvOemo paseumueno na woseurume pe-
CYpcu cmasa npuopumen ¢ NbpEOCIMENEHHO 3naueniie, ca 80bXHOGUNY Gupzomo passumue Ha napmuwop-
cmeomo mesicoy eucuiemo obpazosanue u undycmpusma. Toea napmusopemso yeenuiaga neobxodumoc-
mma om o0pasosanue u UHOUGUOYATHA MOMUBAYUA 3 obyuenue, nodobpasa eghexmusnocmma upes no-
dobpo pwrosodemso u nocpednuecmeo, upes npedocmassne Ha HOBU Memoou, npozpamu u pecypeu u
HPE3 USNON3EANE HA UHPOPMAYUOHHU U KOMYRUKAYUOHHY mexHorozuu, Heobxodumocmma na e1eKmpon-
HUme UNIICEHEPU, 3AHMABAIY Ce C MORAUHHO Yrpasienue Ha CICKMPORHU cCucmemu, 0a npudobueam
QOMBAHUMENHN 3HAHUA HA pabomuomo um MACMO, 600U 00 passumue, UINBAHEHUE U NO-HAMANTBYHO
oyenssane na unmepnem-Gasupanume Kypcoee. Hue sabennseame, ue Humepnem-6azupanomo obyuenue
Ha pabomuomo macmo bu credsano doa XApMOHUBUPA UHOUSUOYATHUME U OP2AHUSAYUOHHUME Hyscou om
obyuenue u 0a cevpoce 0BYYEHUEMO C UINBAHEHUEMO HA pabomama. 3a nocmueane na mesu yenu 6 Hac-
MOAWOMO usCnedsane ce Hpeodnaza unoN3LaHemo Ha npoexmno-opuenmupanua nooxoo. Kuovosume no-
Rasament 3a UsvAHEHUemo Na yelume ce UNOA36am 3a USACHAGAHE HA OP2aHUSAYUOHHUME yenu, daséam
CMUCH] HG pAGOMHUS. KOHMEKCM, KAKMO U UCKEAm USTbIHEHUE HA pabomama, u coomeemne nomazam na
cayoreumenume 0a cv30a0am payuoHanky yuebHu yenu u nosuwam ecpexmusrocmma na yuebnus npoyec.

Introduction

In adult education, performance support learning, in
contrast to formal curriculum-driven, instructor-led
settings such as colleges and universities, suggests
greater flexibility or self-directedness for learners. In-
formal learning in the context of the workplace is the
process of learning while on the job. Informal work-
place learning encompasses activities that are origi-
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nated by employees that broaden or enhance their pro-
fessional knowledge and skills. Valuable performance
support workplace learning is taking place with regu-
larity and great magnitude. Resulting in constructive
information and processes and perspectives, informal
workplace learning must be systemized to realize its
value in enhancing or supporting organization wide
performance.
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A “Performance Support System’ or PSS refers to
any system that improves worker productivity by pro-
viding on-the-job zccess to integrated information,
advice and leaming experiences.

The four compoments of a good PSS are:

e Advisory Component - The advisory compo-
nent of the PSS usually consists of a job-aid in an
electronic form. The leamers can use the advice
without having a deep understanding of the task.
If they need to understand something in greater
detail, the leamers can access the other compo-
nents of the performance support system. The ad-
visory component is meant to provide help wher-
ever and whenever the user requires it;

e Information Component - The information
component of the PSS consists of the tools that
the learners can use to access information in the
form of procedures. regulations, company poli-
cies, specifications. images, graphics, videos and
podcasts. The information component is meant to
provide all the information the users require to do
their job;

o Training Component - The training component
of the PSS helps the user access training material
on demand:

e User Interface Component - The user interface
is the most impertant aspect of the PSS. It seam-
lessly integrates all the components of the per-
formance support system. The user interface en-
ables the learner to navigate from component to
component within the PSS. It is absolutely essen-
tial that the interface is user-centric and presents a
consistent look and feel for all the components in
the PSS.

The challenge in supporting informal workplace
learning is to develop content rapidly, make it highly
accessible and integrate it into the workflow. The first
step in meeting this challenge is recognizing that em-
ployees are a main source of creativity and organizational
improvement. Designing, developing, and implementing
performance support for informal leaming produces a
medium that enhances workplace performance.

A good performance support learning platform
provides users with a internet based environment
where they can access the training activities in the
form of videos, podcasts, eLearning courses, quizzes
and evaluation surveys and also enables them to use
their mobile device to share knowledge with others
(within or outside their team) in real-time.

Principles and concepts of performance support
learning system DIPSEIL

In this paper we represent the implementation of
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our performance support learning solution — DIPSEIL
(DIPSEIL is created acoording to the European Union
Socretes Project) in the workplace learning of elec-
tronic engineers who are responsible for the thermal
management of electronic systems (fig.1). DIPSEIL is
equipped with a comprehensive set of features that
make the management of learning for the workplace
easy and effective [1], [2]. Its right mix of traditional
and innovative features work towards giving an ex-
perience that truly surpasses place and time bounda-
ries. DIPSEIL puts training and performance support
where the actual work takes place; allows new skills or
knowledge to be immediately applied; enables training
when it is needed.

Trying to
5 remember
=

Thermal Thermal
KManagement Management
Engineers Engineers
When new
things must

be learned

Thermal
Management
Engineers

Fig. 1. Performance support learning solution — DIPSEIL

The following items summarize some of the key
principles and concepts of DIPSEIL to meet the needs
of thermal management engineers to improve their
knowledge or to fill some gaps in it:

e The focus is on learning needed to do specific

tasks;

e Individualized self-paced learning takes less time

than classroom instruction;

e Learning transfers to real work performance - it is

tied to the work;

o Materials and resources are used systematically -

job-related references and manuals; job aids;
training/learning materials.

Thermal Modeling and Characterization of
Electronic Systems — course overview

Over the last decade, design practices have pro-
gressed from basic analytical and semi-emperical cal-
culations, applicable to simple systems, in tandem with
extensive physical prototype characterization, to a high
reliance on virtual prototyping using numerical
predictive techniques. Their application, now wide-
spread within electronics industry, has been enabled by
increases in computational power, and contributed to
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significantly reduce both prototyping costs and de-
velopment cycle times. The use of Computational
Fluid Dynamics (CFD)-based methods that simultane-
ously solve the appropriate governing equations for the
solid and fluid domains is the most realistic approach
for the prediction for the conjugate heat transfer in
electronic equipment.

Powerful 3D computational fluid dynamics (CFD)
software that predicts airflow and heat transfer in and
around electronic equipment, from components and
boards up to complete systems is the commercially
available FloTHERM®. FIOTHERM ecnables engincers
to create virtual models of electronic equipment, per-
form thermal analysis, and test design modifications
quickly and easily before any physical prototypes are
built,

Thermal management engineers need Jjust-in-time,
Just enough and at the point of need support in order to
deal with complex authentic tasks in the context of
their everyday job needs. The tasks for performance
used for the presentation of the learning content and
the other different tools for performance are found by
the the engineers as very important because of the high
complexity of the objects and technological process,
rendering difficult learning of corresponding concepts,
facts and particularly, principles.

We created a four-module course that covers the
application of numerical methods to electronic equip-
ment thermal design, from component to system level.
The name of the course is ,, Thermal Modeling and
Characterization of Electronic Systems* [3], [4]. The
course provides guidance on optimizing the applica-
tion of CFD analysis to electronic system thermal de-
sign, from the selection of a cooling strategy, refine-
ment of the thermal design by parametric analysis, to
providing perspective on the use of temperature pre-

dictions as critical boundary conditions in electrical
performance- and thermo-mechanical behavior analy-
ses. The course covers the fundamentals of ther-
mofluid measurements to characterize electronics
thermal performance. Specific methods for character-
izing important system elements, such as PCBs, micro-
contact connections, power LEDs and LED devices are
outlined [5].

The application of the techniques presented permit
the thermofluid phenomena in a given application to
be understood, guide the thermal design process, and
ultimately permit product thermal performance to be
qualified.

Practical case workplace studies dealing with the
modeling and thermal characterization of electronic
products are presented throughout the course, involv-
ing the analysis of system-, board- and component
level heat transfer.

Each module consists of two to four tasks, The
modules and the tasks are listed bellow:

® Module 1: Building and Solving a FloTHERM

Project. It consists of four tasks — a) Basics of
FloTHERM; b) Creating a new project; ¢) Adding
grid; d) Solving the project in steady-state or
transient mode.

® Module 2: Thermal management of 3D micro-

contact connections. It consists of two tasks — a)
Microcontacts of pin-ring type; b) Ball Grid Ar-
ray Package.

® Module 3: Thermal management of PCB. It con-

sists of four tasks — a) Calculation of the effective
therma conductivity of PCBs; b) Influence of
source size in the calculation of effective
conductivity; ¢) Influence of layer placement in
the cculation of effective conductivity; d)
Influence of source location in the calculation of
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Fig.2. Task: Thermal management of RGB power LED devices — Task description
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effective conductivity.

o Module 4: Thermal management of RGB power
LED devices. It consists of four tasks — a) Calcu-
lation of the transition temperature and thermal
resistance of LED and its comparison with the set
of technical characteristics; b) Calculation of
thermal resistance and maximum operating tem-
perature of the blue, green and red LEDs

LED devices; d) Basic concepts for a choice of a
radiator for LED devices cooling.

On fig.2 there is given the “Task description” of a
task from Module 4.

Fig.3 shows the screen of the “Task specific train-
ing” for a task from Module 2. Fig 4 represents how
the “Instructions how to perform™ screen looks like.

On fig. 5 one can see other examples of “Reference

LUXEON Rebel: ¢) Thermal modeling of power  Information™ screens for different tasks.

2 e 1
Gur 215 S0% wommarzor | Dwrl 16 KOMIAXT of Memon
| ez AQT N PRI ® TPRCTER PR
{ paxTrTE= Ha

pscren. us medTa A TPOCTPANCTBOTD sekay Tx) ca eraren. Prinioa ce adenn §
pern eayd TpW i BMCPR ¥ g 1 opscres. Tosa € Dopi smcoi
u - METTNHA, DOIYHERL MCKTY THX, KDETO

oF czox crpama JoBesT

n cucTesa  EEmOTBL

m 12 OpexO:IITE KOMTIONERT ~ OKOIHA CPET
R, Konnoneas - wopuys (Raxc), oxomma cpesa — xoprye. (Ro) ¥ Kosmosert — nmamad
Rasx)

Fig. 3. Task: Thermal management of 3D micro-contact connections of pin-ring type — Task specific training
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Fig. 4. Task: Thermal management of RGB power LED devices - Instructions how to perform
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Fig. 5. Task: Thermal management of PCB — Reference information

MPOSKTHPAHE HA NEYATHH NJATKH 4pes

As described above the course is primarily designed 4. Sufficient number of exam-
for Thermal Management Engineers. The test learners ples was provided for each of | 10 5 4.0
are employees from a small electronics research and the tasks.
development company in Plovdiv, specializing in em- 5. For each of the tasks a pro-
bedded communication systems. cedure how to perform was 10 5 42
To evaluate achievement of learning goals in the provided.
“Thermal Modeling and Characterization of Electronic . Thomanbenchitorme
Systems” course, we administered course question- from this course is the under- | 10 5 3.9
naires. The responses were on a Lickert scale of 1 to 5 standing the learning content.
where 1 = strongly disagree and 5 = strongly agree T main Benet forme
(Table 1). Ten workers responded to the survey. Seommihis couise s the ability
The complexity of the knowledge and skills neces- {0 solve reallife muthentic 104 5 ek
sary to perform successfully the tasks they have as problems.
workers in their job, determines the learners’ needs of 3. 1 have the impression that
“practical learning™. by using DIPSEIL it takes less
time to complete learning 10 |4 |5 44
Table 1 ::lsis than without such a sys-
Results of Course Survey 1 =
9. I believe that without DIP-
Statements No | Min | Max | Mean SEIL it would cost me more 10 5 45
: mental efforts to accomplish
1. The sequence of learning ;
tasks was well structured. 103 5 43 leseming GO0
- 10. Overall, I am satisfied 10 5 43
2. The leamning tasks were with the quality of this course.
Presented in the context of a 1003 5 4.2 T Orceall A aie sutiaiad
Job. with the DIPSEIL environ- | 10 5 |43
3. Sufficient theoretical infor- ment.
mation was provided foreach | 10 | 4 | 5 | 44 12. Iwould recommend this |10 |4 |5 |46
of the tasks. course to others. j
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In the histogram (Fig.6) we can see, quickly, the
high evaluation given by the workers to the course.

r

Statistics: Mean

Values (1-5)

Fig.6. Histogram. Results of Course Survey

Conclusion

The theory and practice at DIPSEIL Laboratory at
Plovdiv University include implementation of innova-
tive approaches for Internet-based performance-cen-
tered learning and development of new instruments in
instructional design of task-performance-centered
courses for professional education and training. We of-
fer a new approach of thinking up the vocational
learning process and its presentation system, as a per-
formance-centered task-oriented educational system.
This is highly effective as a means of providing work-
ers, timely and relevant information.

The course provided for the thermal management
engineers covers full CFD analysis in the thermal de-
sign process of electronic equipment. By the end of the
course learners are able to perform analysis on:

e Early to intermediate thermal design phase, in-
cluding selection of cooling strategy and refine-
ment of thermal design by parametric analysis;
emphasis on the productivity of design analysis;
predictive accuracy requirements for component
junction temperature of measurement.

e Final design phase.

Definitively we can conclude that the engineers,
who have attended the course, are satisfied with how
the DIPSEIL platform works. The usability and func-
tionality of the DIPSEIL system, according with the
workers answer, is considered very easy to learn. Our
conclusion, having in mind the results, is to recom-
mend the use of DIPSEIL for professional education
and for workplace learning.
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