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Wait ll... Transformers ?

* What is the relationship among
Software Product Lines and
Electrical Transformers?

* |s this the right conference?



Variability
Management




Electrical
Transformers
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SIEMENS produces
electrical
transformers in
Colombia




There is a facility
located at 8,5 kms
of the center of




Siemens Transformers

+350 persons
+15000 units/yr.
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Clients across
all America

Multiple standards
and norms must be
supported

... just for Colombia,
there many national
and proprietary
standards for each
single family.
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Bid Process

| want an electrical
transformer with
Power of 15KVA
a Low Voltage of 214V
and a High Voltage of
4160V
To be installed in
Buenos Aires /

Customer Sales Engr
Customer Bid Engr
Requests Bids

Proposals



Bid Process

| want an electrical
transformer with
Power of 15KVA
a Low Voltage of 214V
and a High Voltage of
4160V
To be installed in
Buenos Aires

/

Customer
Customer
Requests

Gotcha ! W

Will it be pad-
mounted or
pole-mounted?

O
Sales Engr 8
Bid Engr O
Bids O

Proposals
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Some Issues to tackle

1es

ORRRGRR

Packing

15 Shipping

Accessor

‘.—.
OEEEE00 DEEDDEEQ
= c ©T &
m o.dlb ﬂg \_ QK o.lOlb
‘T W @ c %
v 2 N 2
Y = o
Ll
=



... for the Sales Engineers

* Detect inconsistencies in
the client’s requests
|dentify inconsistencies
with

standards

|dentify already designed
similar transformers
Complete the speciﬁcation/




... for the Engineering Design

Electrical
Design

A
A

Mechanical

Groups- Detect N

Design

inconsistencies with
decisions in other
domains Y,

Accessories

Packing
Shipping
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— of conflicy

—Early detection”
F Approach: Feature-Based

Configuration Process
(using a single feature model)
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Our First Attempt:
A Single Feature Model

Variability
Reverse
Engineering

Catalog of ‘

Products




Our First Attempt:
A Single Feature Model

Ele Electrical Transformer

Variability e
Reverse Sy

. . E’ ransiormer vpe
Engineering A e T

2 Pole Mounted
C I f = .El Electx':,calfi'}i:gz;l;;taifd Acoustic Th I S m o d e I re p re S e n ts
a t a O g O et Ele;;nri:;l

Products

the existing products...

9 5KVA

9 30KVA

=e High Voltage
A [1..1]

but we want to represent
options to specify

B ® C5oling Method C u Sto m i Z e d

AL
9 ONAN °
o
e o™ electrical transformers
Acoustic
B ® \oise Level
© NEMA TR1
B ® plechanical
B ® Tank type
2 M [1..1]
© Sealed Tank
2 Conservator Tank
B ® pTA Accessories
B ® (] Level Indicator
2A [1..1]
2 OLI Alarm
© OLI Trip
B © puchholz Relay
2 M [1..1]
2 BR Alarm
© BR Trip



Modelers

Standard

Our First Attempt:
A Single Feature Model

Ele Electrical Transformer
B O Standard
=2 M [1..71
@ NTC 3997
= e Type
B ® Transformer Tyvpe
2A [1..1]

. 2 Pole Mounted
Domaln 2 Pad Mounted
B ® pectrical Thermal and Acoustic

R e I a t e d B ® plectrical

B ® poyer

Constraints AL

9 5KVA

9 30KVA

=e High Voltage
A [1..1]

o 4160V

o 7

11400V
B® 5w Voltage
aMa [1..1]
Standard @ aqv
9 228V
Related S ® Thermal
. =e Cooling Method
Constraints A1
2 ONAN
° ONAF
B ® scoustic
B ® \oise Level
© NEMA TR1
B ® plechanical
B ® Tank type
2 M [1..1]
© Sealed Tank
2 Conservator Tank
B ® pTA Accessories
B ® (] Level Indicator
2A [1..1]
2 OLI Alarm
© OLI Trip
B © puchholz Relay
2 M [1..1]
2 BR Alarm
© BR Trip

Additional constraints
must be included

to represent domain-
and standards-related
constraints



Our First Attempt:
A Single Feature Model

Ele Electrical Transformer
B O Standard
=2 M [1..71
@ NTC 3997
= e Type
B ® Transformer Tyvpe
2A [1..1]

2 Pole Mounted

Omaln 2 Pad Mounted

B ® pectrical Thermal and Acoustic

e I a t e d B ® plectrical

B ® poyer

Constraints AL

9 I5KVA
9 30KVA
=e High Voltage
SA [1..1]
e 4160V
Modelers o trsoov

11400V
B® 5w Voltage

an [1..1]
Standard o sy
9 228V
Related & ® Thermal
. =e Cooling Method
Constraints BA ()
% ONAN
° ONAF
B ® scoustic
B ® Noise Level
© NEMA TR1
& ® ©echanical

Standard 2e Tank type

aAa [1..1]

© Sealed Tank
2 Conservator Tank
B ® pTA Accessories

For a single family, with a single standard, we ended
with +400 features and +120 cross-tree constraints

2 BR Trip




Our First Attempt:
A Single Feature Model

Ele Electrical Transformer

B O Standard
= M [."1

® NTC 3997
S ® ype

B ® Transformer Tyvpe
2A [1..1]

2 Pole Mounted

Omaln 2 Pad Mounted

B ® pjectrical Thermal and Acoustic

e I a t e d B ® plectrical

B ® poyer

Constraints AL

9 5KV
9 30KV
=e High Voltag;
1.1
o oV
Modelers - N
/dltage

Standard °
Related S ® Therma
Constraints

Standard SRRy
Any Standard .

TA Accessories

Because each standard imposes different constraints on
branches, adding a new standard was a challenge

2 BR Alarm
© BR Trip
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Trying to create
a single feature model
did not help us
to define, review and analyze
the features in each domain,
the inter-domain constraints and
the cross-cutting constraints defined by
the diverse standards.
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A Revisited Approach:
Using Multiple Feature Models
to represent the configuration options
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A Revisited Approach

Separation of
Domains

Model each domain

Model inter-domain
relationships

Model standards

Merge the Models

Analysis and User
Validation

£ =

e
B ® Transformer Type
aAa [1.1]
© Pole Mounted

© Pad Mounted

ELW Elccirical Thermal and Acoustic

B ®Electrical
@ Power
@ J1igh Voltage
®ow Voltage
& @ Thermal
Se Cooling Method
BA[
° ONAN
© ONAF
B ® s coustic
® Noise Level

e
B @54l Level Indicator
aa [1.1]
© OLI Alarm
@ OLI Trip
B © Buchholz Relay
BA [1.1]
© BR Alarm
@ BR Trip

sl
B ®Tank Type
BA 4]
© Sealed Tank
© Conservator Tank

sl
B ®Tank Ty pe
BA 4]
9 Sealed Tank
© Conservator Tank

Bh Eilcctrical Transformer

B O standard
BAL
? NTC 3997
=De Type
S ® Transformer Type
A [1..1]
2 Pole Mounted
2 Pad Mounted

5 ® Electrical Thermal and Acoustic

2 ® glecirical
=2 ® poywer
BN g
e 15KVA
e 30KVA
2e High Voltage
BN 1
o 4160V
o 11400V
2 1 ,w Voltage
BAA

i 214V

9 228V
5 ® Thermal
se Cooling Method
BN
° ONAN
© ONAF
B ® scoustic
5 ® Noise Level
© NEMA TR1
5 ® \echanical
2@ Tank type
BN

9 Sealed Tank

2 Conservator Tank

5 ® ETA Accessories
B ® (] Level Indicator
BN
2 OLI Alarm
© OLI Trip
B © Buchholz Relay
BAMA
2 BR Alarm
© BR Trip



0 Separation of Domains

System

Installation ETA Accessories

Electrical, Thermal

Mechanical

Mechanical
Accessories




GModeI each domain

=g i siccvical Termal and acousic AL nicelanical

E @ Transformer Type © ®Electrical B ®Tank Type
B[] ® power BA [1..1]

© Pole Mounted ® High Voltage 9@ Sealed Tank
o
- T
Pad Mounted Low Voltage 9 Conservator Tank
=e Thermal
3 ® Cooling Method e @ |
BAL © ® (il Level Indicator
S ONAN BAL
9 ONAF 9 OLI Alarm
B ® Acoustic ? OLI Trip

& © Buchholz Relay
B A [1..1]

© BR Alarm
9 BR Trip

® Noise Level

They were easier to build, understand and review by modelers

29



GModeI Inter-domain
relationships

= & gy Sl Ficctrical Thermmal nd Acoustic SR MER Mcchanical

B ® Transformer Type E ® Electrical
B[] ® power
9 Pole Mounted ® High Voltage
© Pad Mounted ® L ow Voltage

E @ Thermal
ze Cooling Method
BAL -
© ONAN

© ONAF
@ . Arnmiiotin

B ® Tank Type
BA [1..1]

9 Sealed, Tank
9 Consefvator Tank

= E ETA Accesscries

Sealed tank => ~buchholz_relay
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QModeIing of Standards

e vve e lcctrical Thermal and Acoustic S AR Mechanical

B ® Transformer Type © ®Electrical B ®Tank Type
B[] ® power BA [1..1]

© Pole Mounted ® High Voltage 9 Sealed Tank
© Pad Mounted ® L ow Voltage © Conservator Tank
E @ Thermal
& @ Cooling Method e
BA- . & @ 5l Level Indicator

Nt => pad ted =
c_3997 =>pad_mounte © OLI Alarm
Ntc 3997 => Power = 15KVA V 30KVA © OLITrip

Ntc 3997 => High Voltage = 4160V V 11400V 8 O guchholz Relav
Ntc_3997 => Low Voltage = 214V V 228V SAL
Ntc 3997 => ONAN
Ntc_ 3997 => NEMA TR1
Ntc 3997 =>sealed tank

9 BR Alarm
9 BR Trip
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GMerge Feature Models -
Domains

s & s & e & sk
& ® Transformer Type & ® Elactrical B ®T 1k Type B @ (il Level Indicator
BA[L1] + ® power + BA [1.1] + BALL
© Pole Mounted ® High Voltage 9 Gealed Tank © OLI Alarm
© Pad Mounted ® . Voltage © Conservator @ OLI Trip

20 .
© @ Thermal Buchholz Relay

=
@ ® Cooling Method [1.1]
=)\ [1..%] © BR Alarm

9 BR Trip

® ONAN
© ONAF
Acoustic
® Noise Level

=2e

32



=g
B @ Transformer Type
= [1.1]

@ Pole Mounted
© Pad Mounted

eMerge Feature Models -
Domains

Root (Electrical Transformer)

e 8 & ok
B ® Electrical B ®Tank Type & ® (il Level Indicator
+ ® Power + B[] + BA |:]:.'..1]
@ High Voltage © Sealed Tank . OLI Ak““n
® Low Voltage © Conservator OLITrip

E @ Thermal
ze Cooling Method
BA
® ONAN
© ONAF
& ® Acoustic
® Noise Level

& O Bychholz Relay
EBA [1..1]

9 BR Alarm
9 BR Trip
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Ntc_3997
=> pad_mounted

=> Power = 15KVA V 30KVA

=> High Voltage = 4160V V 11400V
=>Low Voltage =214V V 228V
=> ONAN

=> NEMA TR1

=> sealed tank

Standards

QMerge Feature Models -

Sy lccirical Transformer

=Ze Type
& ® Transformer Type
B A [1..1]
© Pole Mounted
© Pad Mounted
8 @ Electrical Thermal and Acoustic
+ B @ plectrical
B ® power
ae High Voltage
B0 ,w Voltage

B ® Thermal
=e Cooling Method
B[
© ONAN
® ONAF
B ® Acoustic
B ® Noise Level
O NEMA TR1
& ® Mechanical
2 ® Tank type
A [1..1]
@ Sealed Tank
® Conservator Tank
E ® ETA Accessories
B ® (i] Level Indicator
A [1..1]
© OLI Alarm
® OLI Trip
& © Bychholz Relay
A [1..1]
® BR Alarm
® BR Trip
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Add an standard

Standards

QMerge Feature Models -

R crical Transformer

2.

Ntc 3997 —/

=> pad_mounted

=> Power = 15KVA V 30KVA

=> High Voltage = 4160V V 11400V
=>Low Voltage =214V V 228V
=> ONAN

=> NEMA_TR1

=> sealed tank

& ® Transformer Type
B A [1..1]
© Pole Mounted
© Pad Mounted
8 @ Electrical Thermal and Acoustic
+ B @ plectrical
B ® power
ae High Voltage
B0 ,w Voltage

B ® Thermal
=e Cooling Method
B[
© ONAN
® ONAF
B ® Acoustic
B ® Noise Level
O NEMA TR1
& ® Mechanical
2 ® Tank type
A [1..1]
@ Sealed Tank
® Conservator Tank
E ® ETA Accessories
B ® (i] Level Indicator
A [1..1]
© OLI Alarm
® OLI Trip
& © Bychholz Relay
A [1..1]
® BR Alarm
® BR Trip
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Introduce constraints

Ntc_3997

QMerge Feature Models -

Standards

ek Electrical Transformer
®
= Iype B ® Thermal
& ® Transformer Type =e Cooling Method
A [1..1] (= [1.%]

9 Pole Mounted
> © Pad Mounted

ONAN

=> pad_mounted
=> Power = 15KVA V 30KVA

=> High Voltage = 4160V V 11400V
=>Low Voltage =214V V 228V

® ONAF
B ® Acoustic

B ® Noise Level
NEMA TRa
® Nechanical
2 ® Tank type

B ® glectrical Thermal and Acopfi
+ B @ plectrical
S ® power
ae High Voltag

"ow Voltage

=> ONAN

A [1..1]

=> NEMA_TR1

¥ Sealed Tank
—_— 9 Conservator Tank

=> sealed tank

E ® ETA Accessories
B ® (i] Level Indicator
A [1..1]
@ OLI Alarm
@ OLI Trip
& © Bychholz Relay
A [1..1]
9 BR Alarm
® BR Trip
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Add values and constraints

Ntc_3997
=> pad_mounted

Standards

QMerge Feature Models -

Sy lccirical Transformer

=Ze Type
& ® Transformer Type
B A [1..1]
© Pole Mounted
© Pad Mounted

B ® glectrical Thermal and Acoustic

<+ B @ Electrical

=> Power = 15KVA V 30KVA

—> e Power

=> High Voltage = 4160V V 11400V
=> Low Voltage =214V V 228V_|
=> ONAN

=> NEMA_TR1

=> sealed tank

—_ = e High Voltage

e SO ow Voltage

B ® Thermal
=e Cooling Method
B[
© ONAN
® ONAF
B ® Acoustic
B ® Noise Level
O NEMA TR1
& ® Mechanical
2 ® Tank type
A [1..1]
@ Sealed Tank
® Conservator Tank
E ® ETA Accessories
B ® (i] Level Indicator
A [1..1]
© OLI Alarm
® OLI Trip
& © Bychholz Relay
A [1..1]
® BR Alarm
® BR Trip
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eMerge Feature Models -

Standards

S Giccirical Transformer

& © Standard
B[
9 NTC 3997
=2e Type
@ ® Transformer Type
A [1..1]
9 Pole Mounted
9 Pad Mounted

=e Elecirical Thermal and Acoustic

B ® Llectrical
2 ® power
2 A [1..1]
9 15KVA
o 30KVA
=e High Voltage
2 A [1..1]
9 4160V
9 11400V
2@ ,w Voltage
2 A [1..1]

9 214V

9 558V

E ® Thermal
=e Cooling Method
B
° ONAN
© ONAF
B ® Acoustic
B ® Noise Level
© NEMA TR1
2 ® pechanical
E ® Tank type
= A [1..1]
@ Sealed Tank
@ Conservator Tank
© ® £TA Accessories
& ® (il Level Indicator
& A [1..1]
© OLI Alarm
9 OLI Trip
& O Bychholz Relay
& A [1..1]
© BR Alarm
© BR Trip
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GAnaIysis and User Validation

ontinuous Validation/Testing of the Models

— Peer-review '

Ha - 2 s
5 ¢ 5 £ F = 5 (-
1 BASE DE DATOS PORTAFOLID DE TRAR: sar Versibe 051 Feck wioH08
o = 2 : ; T
l l .
y l
5 e S TR
° H toetioraataLle e o
H e v Wrzes e heormd
ase 100312230 Emmvans dasmiaies
— s e
5 s
00016558 Mo Picnicss
e s aata

53 Disico
100216297 Flor taita
SCHENCK

76 Proleche

from the existing
catalogs

1001400

moT ]
2050 2051 2052 2053 2054 2055




Tool Support

Our tools use/extend

SPLOT... .

[ Siemens - Web Configur= % Y& Y
« (N [E . O &8Ok =

Siemens

B Create Feature MOdelS Electrical Transformers
from standards e

— Merge Feature Models | %>

. =R XY iransformer J = Confignration Steps [reset ] [Undo Last ]
[EE X X System ] .y
— ANalyze sSingie an e e
o . 1 ‘ & Transformer

[ER XL Fixed Frequency i Auto-completion: Less Features | More Features

merged Feature MOdelS &% Consolidat “tl

Feature Model [EE X ¥ Standard ]

MDT Convencional

MDT SUT 2% e

— Configure multiple R

? @« ¥ o IA1000 nc_&1 -NTC3997 or PedestalRadial

? @ o ¥ o IAZ600 nc_60 PedestalRadial or NTC3907

feature models Partial Mod ity

I~PedestalRadial or ~Standardtransformer

Feature Model LA ne-137 Welded_to_tank
nc_132 [-PedestalRadial or ~Standardtransforme
— e O rl I l te StS a n nc_131 -PedestalRadial or Skidding
Electrical_Thermal_Acoustic_81_02_05

20

. . [Electrical_Thermal_Acoustic_81_92_09_

Va I a tl O |’ l S . Electrical_Thermal_Acoustic_81_02_08
[Electrical_Thermal_acoustie_g1_62_89_

canstraint_92|-PedestalRadial or None

SR e sancarairansiomer TSR YR VCE whvebiu e oA

l » ' 3

ttp://www.splot-research.org/
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Some Lessons Learned
and Conclusions
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Lesson Learned

— Using a single feature model is tough

— Multiple feature models facilitates the modeling
— The separation of domains is an iterative process
— Each standard can be modeled independently

— Incremental modeling facilitates the we-"
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Lesson Learned

— Incremental modeling = Continuous Testing

— We can test the models using product catalogs and
reviews

— Existing tools has limited support to multiple FMs

— Partial configurations can be used to lead the
process

— This allowed engineers to define and enforce
standards in the company
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Questions?

Jaime Chavarriaga, Uniandes

ja.chavarriagago8@uniandes.edu.co

Universidad de

los Andes
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