Operational Manual

Team 13
Designing & Testing a Thermal Management System for

a SiC PV Converter

44 POWERAMERICA

Members:
Melanie Gonzalez mtgl2c
Leslie Dunn Ivd12b
James Hutchinson jrhl2c
Tianna Lentino tnl13
Colleen Kidder cmk13

Faculty Advisor/s

Dr. Hui Li & Dr. Juan Ordonez
Sponsor/s
The Center for Advanced Power Systems (CAPS)
Aero-Propulsion, Mechatronics and Energy (AME)

PowerAmerica — U.S. Department of Energy

Instructor/s

Dr. Chiang Shih & Dr. Jerris Hooker

April 7, 2017



Table of Contents

L= o] (o0 T T =TSSR ii
TaDIE OF TADIES ... v
A B S T R A T ettt ekttt e bt e e h bt ekt e e Rt e e s bt e R bt e b e e eRb e e ebeeenbe e reennneen v
ACKNOWLEDGMENTS ...ttt sttt ae et essae e b e nbeenree s vi
Lo INEFOAUCTION ...ttt b et b et nb et Vi
2. FUNCHONAI ANGIYSIS......iiiiiiiii ettt e et e e be e e nreeanes 2
3. ProducCt SPECITICALIONS ......cueiiiiiiiiiiiiieeee bbb 3
4. ProducCt ASSEIMDIY .....c.oiiiiiiieie bbbt bbb 4
5. Operational INStFUCTIONS ........c.oiiiiicieiie st sreeaenne e 6
G I 0101 o] 11 a oo A1 o SRS 7
7. Regular MaINTENANCE. .......coii ettt sttt be e beeneesteebeareesbeeneeenee e 7
8. SPAIE PAITS ...t 8
5. CONCIUSION ..ottt bbb bbbt 9
RETEIEICES ...ttt r b b 10
Appendix A: Pin Fin Heatsink Tested ON.........c.ccccoevevviieieennns Error! Bookmark not defined.1
APPENAIX B FAN .t 12
APPENAIX C: RESISTOIS ...ttt bbbttt ettt sb bbb s 14



Table of Figures

Figure 1: Functional Diagram of Heat Source Emulators with Active Heatsink .............cc.ccooueeee. 2
Figure 2: Functional Diagram of Power Modules with Active HeatSink ...........c.cccocevvveneninnnnnns 2
Figure 3: Optimized heatsink design (left) with COMSOL simulation (right) ..........c.cccccvevvenne. 3
Figure 4: Heat Source Emulator Configuration ............cccviiiiiie i 3
Figure 5: Test Setup with Heat Source EMUIALOr ..o 4
Figure 6: CAD Model of Power Module Heatsink ASSEMBIY ..........cccooiiiiiiiiiniiceie e 4
Figure 7: 2 Heat Source Emulators Side by Side..............ccccueeee.e. Error! Bookmark not defined.
Figure 8: Locations to Measure TEMPEIALUIES .........ccuveiiiiiiieiieiieesieesteesiee e e see e srae e e sreeaneens 6



Table of Tables

Table 1: Parts List for Thermal Cooling SYSem ..o

Table 2: Parts List for Heat Source Emulator



ABSTRACT

Team 13 optimized a thermal management system for a Silicon Carbide (SiC) Photovoltaic
(PV) converter that was developed by the Center for Advanced Power Systems (CAPS) after
discovering that their current cooling system was overdesigned. The team also developed heat
source emulators, designed to mimic the heat generated by the SiC power modules in the PV
converter. These emulators were used for testing heatsinks to ensure that the thermal management
systems being studied were adequate. Prior to using the heatsink and fan cooling system, as well
as the emulator, the user must know how to assemble and properly operate them. This manual
provides a functional analysis, product specifications and assembly, operator instructions,
troubleshooting, and maintenance guidelines as well as recommendations on spare parts. The user
should be thoroughly familiar with the components of both assemblies before attempting to operate
them.
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1. Introduction

The goal of this project, sponsored by Power America, was to design a cost-effective,
lightweight, thermal cooling system for a SiC PV converter being developed by researchers at
CAPS. Their goal for this converter is to have the highest power density available on the market.
However, the original heatsink that was dissipating heat from the power modules in the converter
was overdesigned, and accounting for a significant portion of the weight of the system. By
reducing the weight of the thermal cooling system, Team 13 helps CAPS increase the power
density from 2.5 kW/kg. The objective was completed by using three different approaches:
theoretical analysis, experimental testing, and thermal simulations using COMSOL Multiphysics.
A heat source emulator was developed for testing, and an optimized heatsink was designed after
simulations, calculations, and testing were verified with one another. The final solution was to
have 4 pin-fin heatsinks that housed 2 power modules each. Each heatsink has a thermal resistance
of about 0.3 K/W, and weighs 211 grams. The optimized cooling system had a 71% reduction in
weight from the original cooling system, and is designed to keep the power modules well under
their max operating temperatures. Overall, this thermal management system helps to bring the
power density of the PV converter up to 6.54 kW/kg.



2.Functional Analysis

The primary objective of this project was to design a lightweight heatsink for the power
modules contained in a SiC PV converter. The original heatsink that was used for the converter
was overdesigned. It was a plate fin heatsink with a total of 8 fans fixed on the sides and it housed
8 power modules on its baseplate. The thermal cooling system weighs a total of 6.45 kg, and was
“cold to the touch” during operation. Team 13’s solution had to meet the following criteria.

e Prevent 8 power modules from exceeding 120°C (30 degrees below failure point) at steady
state (while PV Converter produces 100 kW)

e Reduce the size and weight of the current design (6.45kg)

e Have a maximum thermal resistance of 0.792 K/W

Team 13 considered two different heatsink designs: a plate fin heatsink and a cylindrical
pin fin heatsink. After conducting theoretical analyses, simulations using COMSOL, and
experimental testing the group decided to pursue a thermal management system that consisted of
4 pin fin heatsinks with fans fixed to the bottom instead of on the sides. This configuration is
known as impingement cooling, and provides more uniform cooling throughout. Each heatsink
would house 2 power modules.

In addition to designing a thermal management 30 V Power Supply =] Resistors
system, Team 13 was tasked with the design,
fabrication, and usage of a testing mechanism to verify ‘
and compare the capabilities of both plate and pin fin Heatsink
heatsink types. Power modules could not be used in *
order to protect against damage from an inadequate >
heatsink dF:asign. Hgat source err?ulators were develqoped 7V Power Supply Fan

to mimic the SiC power modules, and were made from o0 1: Functional Diagram of Heat
high power resistors connected in series. The resistors  source Emulators with Active Heatsink
were chosen based on dimensional limitations, as well

as based on the available power supply. The DC power

supply had to provide the required amount of power Power Modules

needed to generate the amount of heat desired. Based on ;
the available resources, Team 13 was able to come up

with a solution, utilizing high power resistors with low Heatsink
resistances to simulate the emulators. A functional f
diagram of the thermal management system being tested Power Supply > Fan

with the heat source emulators is included in Figure 1.
Figure 2 has the functional diagram for the heatsink  Figure 2: Functional Diagram of Power
being used inside the PV converter. Modules with Active Heatsink




3.Product Specifications

Team 13 designed the heatsink shown in Figure 3. It’s a simple pin fin heatsink made from
Aluminum 6063 with a 15 x 15 array of 3mm diameter pins that are 10mm long. The base is
115mm x 115mm x 4.7 mm. This size allows for a 1.5 gap of separation between the two power
modules (which is their minimum separation distance) and is just thick enough for 4-40 screws to
be used for connecting the fan, utilizing L shaped brackets that the team developed. The heatsink
weighs 211 g.
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Figure 3: Optimized heatsink design (left) with COMSOL simulation (right)

A 120mm x 120mm x 25mm fan weighing 157 g is connected to the bottom of the heatsink,
providing uniform cooling throughout the array. The fan has a volumetric flow rate of 0.5 LFM
and is rated at 12V. A total of 16 screws, 4 L brackets, and 4 nuts are used in the assembly,
weighing a total of 62 g.

At their maximum capacity, each power module has losses of 52.6W. This means that the
max heat dissipation for each heatsink is 105.2 W. The max temperature that the baseplate will
reach is 31.6° C. The weight of the entire optimized system is 1.72 kg (0.43 kg / heatsink &
assembly). With this solution, the thermal management system weight was reduced by 77%, which
results in a power density increase to 6.54 kW/kg.

Each SiC power module had dimensions
known to be 108mm x 46mm x 2mm, with its max
loss assumed to be 100 W. Due to this size constraint,
only two resistors could be used to emulate a power
module. For each emulator, two high power resistors
were connected in series. Each was capable of
handling 50W. The team had access to a 30V power
supply, and using Ohm’s law, they determined a total
resistance of 10 Q was needed per emulator. Thus,
each resistor needed to be 5 Q. Figure 4 shows the
emulator configuration using Multisim.

Figure 4: Heat Source Emulator Configuration



4. Product Assembly

The overall assembly of the heatsink and fan system is fairly simple. The fan is connected
to 4 L-brackets with screws and nuts. The top of the L-brackets are connected to the sides of the
heatsink. When this assembly is used with the heat source emulators, the 2 sets of resistors are
simply screwed into the top of the baseplate. As previously mentioned, the resistors are connected
in series. The setup is seen in Figure 5. It should be noted that during experimental testing, the
team had screws that were sized for the fan attachments but not for the resistors which meant they
were too long. These screws didn’t supply the downward force needed to press the resistors firmly
against the top of baseplate, which was important for heat transfer between the materials. In order
to compensate for their extra length, the team used readily available nuts to fill in the gaps between
the tops of the screws and resistors. This was ,
an immediate solution that didn’t require extra
funds or time. It is not a permanent solution """
for the power modules, but was sufficient for
testing purposes. Furthermore, the attachment
of the power modules is similar to that
attachment of the heat source emulators. The -
2 power modules are screwed in to the top of Connector
the baseplate with a layer of thermal grease in e
between. A schematic of the setup of this

assembly can be seen in Figure 6. Figure 5: Test Setup with Heat Source Emulator

Heat Emulator
(10f2)

12V Fan

Figure 6: CAD Model of Power Module Heatsink Assembly



Heatsink & Fan Assembly:

Orient the fan on a flat surface facing upwards (fan specs label facing up).

Tightly screw all 4 L-Brackets into the holes in the sides of the heatsink, orienting them as
shown Figure 5.

Place a screw facing downwards inside the slot at the bottom of each connector bracket.
Carefully place the heatsink and bracket assembly on the fan, aligning the loose screws
with the holes on the outer edges of the fan.

Use the nuts provided to secure the screws, fastening the bottom of the connector bracket
to the fan.

Emulator Construction:

The equipment, tools, and materials needed to construct the emulator is as follows:

Step-by-step instructions:

1.
2.
3.

Four 50W, 5Q resistors = this makes two emulators
Any wire gauge capable of handling up to 5A of current (about 5 ft)
Wire cutters/strippers
Soldering iron & solder
Thermal compound

8 screws

Cut 4 wire sections of about 3 — 4 inches in length.
Cut 2 wire sections of about 2 inches in length.
Solder the shorter wire to the end of one resistor and
the end of another resistor. Do this again for the
second emulator. (1x shorter wire per emulator)
Solder the longer wire to the other end of each
resistor. Do this again for the second emulator. (2x
longer wire per emulator)

Liberally apply thermal compound to the bottom of
each resistor.

Use 4 screws to secure the emulator to the baseplate
of the heatsink. Do this again for the second
emulator. The finished emulator should look  Figure 7: 2 Heat Source Emulators Side
similar as shown in Figure 7. by Side

Once the emulators have been built, they must be tested to make sure they are in working

order. Two methods should be used to verify this. The first method is to measure the resistance
found across each resistor and the entire emulator to verify that they are in fact connected in series.
The second test is to measure the connection of the emulator through a ‘diode’ or ‘connection’ test
using a multimeter. Once both these methods have been verified, it can be safely assumed that the
emulator is in full working condition.



5. Operation Instructions

With the heatsink assembled and the emulators constructed and mounted to the baseplate,
they can be tested with a heatsink. As mentioned before, an emulator refers to two resistors in
series capable of handling up to 50W each. This gives a total power dissipation of no more than
100W. For using the emulators, at no time should the power exceed 100W.

For testing a heatsink, it is important to determine its thermal conductivity properties,
namely the thermal resistance. Although this can be calculated, it can also be observed through
testing. Since the emulators are simply resistive components that will not exceed 100W, these
resistors are capable of handling more heat than what will be generated during the testing. This
makes them safer components to use and test on a heatsink without the risk of damaging
equipment, if proper precautions are taken.

Emulator Operation:

Note: Due to the large amount of power required for each emulator (up to 100W) it may be
necessary to use two power supplies or a single power supply with two independent channels.

Warning: Do not touch the power supply or heatsink with bare hands while powered up and in
operation. Improper procedure can result in electric shock and/or burns.

1. Turn on the fan by connecting the positive and negative ends to the positive and negative
ends of the 7V power supply, respectively.

2. Proceed to test the emulators.

3. Make sure the 30V power supply is off and turned down to 0 V.

4. Connect the power supply to the emulators by attaching the positive to one end of the

emulator and the negative end to the other end. Do this for both emulators.

Turn on the power supply.

6. Starting with OV, use an infrared temperature reader to measure the temperature of the
baseplate in the 5 locations shown in Figure 8. Record the temperatures.

7. Increase the power output of the power supply by 15W. Be sure to keep the power supply
the same for both emulators. Wait for steady state temperatures to be reached (about 5
minutes).

8. Using the infrared gun, measure the temperature of the baseplate in the 5 locations shown
in Figure 8. Record temperatures. These will be averaged later.

9. Repeat steps 5-6, ranging the power from OW-90W with increments of 15W. (The power
supply team 13 used could not exceed 90W.)

10. After the final temperatures have been recorded, turn
both power supplies down to OV, and then turn it off.

11. Allow the heatsink to cool (2 hours).

12. Disconnect the power supply from the emulators and
fans.

o

Figure 8: Locations to Measure
Temperatures



6. Troubleshooting

Due to the nature of this project, only a few complications can arise during testing. The
first complication would be from overheating if a fan is not used in conjunction with the heatsink
while testing with the emulators. The emulators cannot endure temperatures exceeding 200C and
if a fan is not used, the heatsink will not be able to dissipate the needed heat quickly enough to
avoid overheating. If overheating does occur, the integrity of the emulators may be compromised.
Using the test methods for operational use of the emulator as outlined in the product assembly
section, one can verify the condition of the emulator. If the connection is broken, either the cabling
or the resistors or both must be replaced, depending on the results shown from the multimeter
connection test. One must also consider the situation where the fan fails during operation. This
will likely be a product of a using the fan at max speed for prolonged periods of time which causes
faster wear-and-tear. In an internal fault with the manufactured fan occurs, a new fan would need
to be ordered. When the heatsinks are used in conjunction with the power modules, care must be
taken to ensure that the fans have a reliable power source and do not exceed the rated voltage.

Another complication to consider for testing is if the emulators are in working condition
but are not producing heat. This is most likely due to the power supply not supplying the required
amount of power. It is important to know that if the power supply is at or near its maximum
capacity, the power supply may have an overvoltage or overcurrent protection. If a test has
triggered one of these protection schemes, the power supply voltage must be returned to zero,
turned off, and unplugged from the power outlet for 5 minutes. This will essentially ‘reset’ the
power supply and allow for use again. Of course, each power supply maker has different protection
schemes and thus, consulting the operation manual of the power supply will yield the best
troubleshooting methods.

Prior to testing and use of the thermal management system and the heat source emulators,
connection in wires should be checked. In the event that a connection between the power supply
and fans is severed via the connector falling off, the power should be turned off immediately to
the entire system, including the emulators.

7.Regular Maintenance

There is not much regular maintenance that must take place for the thermal management
system. The heatsink and brackets are not prone to rust because they are made from aluminum.
The same goes for the screws, as they are made of zinc. Aluminum can be corrosive, so occasional
visual check-ups can occur to ensure they’re in good condition. Upon being used in conjunction
with the power modules, care should be taken to ensure that the fans are working well and not
being run at their peak capacity all the time. The fans should only be used up to their expected life
cycle as well.

With regards to the heat source emulators, it is important to make sure there is plenty of
thermal grease used between them and the heatsink. When they are being stored, they should be
wiped clean and kept in a closed off environment away from dust.



8. Spare Parts

Heatsink:

To avoid operation interruption, it is recommended to have 1 extra fan in inventory. The
following table is list of parts provided in the package.

Table 1: Parts List for Thermal Cooling System

Part Name QTY
Pin Fin Heatsink Body 4
12V DC Fan 4
L-Bracket Connector 16
4-40 screws 64
4-40 Nuts 16

Emulators:

1 testing unit is provided. To avoid operation disruption it is recommended to have 1 extra
resistor.

Table 2: Parts List for Heat Source Emulator

Part Name QTY
5 Q, 50W Resistor 4
5A Wire Gauge 1
Thermal Grease 1




9.Conclusion

Team 13 customized an active heatsink to be used for dissipating the heat from power
modules within the SiC converter developed by CAPS. The team also created a testing system for
it that included heat source emulators made from high power, low resistance resistors. This manual
includes a functional analysis of both systems, as well as product specifications and assemblies,
operation instructions, troubleshooting, maintenance, and recommended spare parts. With the
knowledge provided in this manual, the user is now equipped to use both systems. A reminder that
caution should be taken during assembly and testing, as shocks and burns can result in improper
use. For more information about the thermal management system for a SiC PV Converter, visit
http://www.eng.famu.fsu.edu/me/senior_design/2017/team13/



http://www.eng.famu.fsu.edu/me/senior_design/2017/team13/
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Appendix A: Pin Fin Heatsink Tested On
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SPARSE CONFIGURATION | ALUMINUM

SPECIFICATIONS
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= Provides outstanding cooling power = Material: Pure Aluminum = Footprint (length and width)
= Omnidirectional » Mfg. process: Cold forging = Height [pin length & base thidkness)
= Recommended airspeed range: 0 o » Plating opdons: Black/clear anodize, = Single or multiple pins can be
800 LA (D to 4 mis) chemical conversion coating eliminated
= RoHS% compliant - Base finish: Lapped = Comprehensive machining (holes,

RAatness: Better than 0,001 infin threads, clearances, etc.)
Surface roughness: 16 RMS
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Appendix B: Fan

B[ =

Product Overview

Digi-Key Part Humber

258-1478-ND

Guantity Awvailable

632
Can ship immediately

Manufacturer

Sunon Fans

Manufacturer Part Number

EECD251B1-000U-AZD

Description

FAN AXIAL 120:25MM 12VDC WIRE

Lead Free Status / RoHS Status

Lead free / RoHS Compliant

Meisture Sensitivity Lewel (M5L)

1 (Unlimited)

Manufacturer Standard Lead Time

14 Weeks

Documents & Media

Datasheets

Product Training Modules
Video File

RoHS Information
Featured Product

nline Catalog

EECD25181-0000-A99 Spec Sheet

LR Maglev Fan Series
Sunon DR Maglew
BoHS Certificate

E Series Fans

LR {E) DEMaglev® Series

12



Product Attributes

Select All

Categories

Manufacturer
Series

Part Status
Voltage - Rated
Size | Dimension
Width

Air Flow

Static Pressure
Bearing Type
Fan Type
Features

Noise

Powwer (Watts)
RPM
Terminaticn
Ingress Protection
Operating Temperature
Approvals
Weight

Current Rating
\oltage Range
Material - Frame
Material - Blade

Lifetime {@ Temp.

Fans, Thermal Management
DC Fans

Suncn Fans

CR Maglevd®

Adtive

12vDC

Square - 120mm L x 120mm H
25.00mm

108.2 CFM (3.08m*min)
0.280 in H2O (89.7 Pa)
Ball

Tubeaxial

AutocRestart

44 5 dB{A)

5.30W

3100 RPM

2 Wire Leads

14 ~ 158°F {-10 ~ 7O*C)

CE, CUR, TUV, UL

0.346 |b {156.94g)

0.4454

&~ 13.8vDC

Paolybutylene Terephthalate (PBT)
Polybutylene Terephthalate (PBT)

100000 Hrs @ 40°C

@\ O

5 T T R T T o A o R R
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Appendix C: Resistors

HS Aluminium Housed Resistors

Manufactured in line with the requiremeants of MIL
18545 and IEC 115, designed for direct heatsink
maaunting with thermal compouwnd to achieve mesximum
performance.

High Powwer to wolume

Wound to maximise High Pulse Capability
Values from RO0E to 100K

Custom designs welcome

RoHS Compliant

Characteristics

Tolaranoa (Codal:
Tolaranoa for low 0 wakues:
Tamperatura cocfficiants:
Iresulation resistanoa: (Dingl:
Powser dissipation:

Ohmic valuas:

Lavew mductive (NHS!:

MHS ohmic valua:

10,000 M minimam

MHS working volis:

Standard +5% 1l and 210% (K). Also available 1% iF), 22% 1G) and £3% (H
Typicaly = A0G £6% < RI4T £10%
Typical waluas « 1K 100ppm Std. = 1K Z5ppm Sid. For lowar TCR's pleasa contact Arcal

At high ambiant temperature dissipation derates ineary to zeno at 200°C
From ADDE to 100K dapending on wattage sza

Spacfy by addng N bafore HE Serias coda, eg. HHESD

Drada standard HS meximum value by 4

Drada standard HE maamum working woltage by 1.414

Temp. Rise & Power Dissipation
Surface temparaturs of rasstor ralated to powar disspation.
Tha resistor is standard haatsink mounted using a propristany
hat=ink compound.

..m =
E ) = mg,r"'
3 Fi P L
F = 1 i
A T 0 e ol
3 i I
3 i
3 ﬁ.ﬂ"
leI m = s W 150 A0 o m

FOMGE DISSFANON (WATTS

Heat Dissipation

Haat disspation: Whilst the usa of propriatary haat sinks

wiith kowsar thermal resistancas is aocaptable, uprating is not
racommended. For maximum heat transior it is recommanded
that a heat sink compound be applied batwean the resistor
basa and haat sink chassis mounting surfaca. It is assontial that
tha maximum hot spot temparatura of J00°C is not exooeaded,
tharaiona, thea resisior maust be mownted on a haat sink of
comect tharmal resistanca for the powsar baing dissipatad.

Ordering Procedure
Standard Besistor. To specify standard: Serigs, Watts, Ohmic
Valug, Tolaranca Code, @.g.: H535 IRZ J
Hon Inductive Basistor. To spaciy add M, c.g: NHEIDD 108 J

AACOL UK Lirnitesd
Threemilastons Ind. Extats,
Trero, Cormwall, TR4 SLG, LK.
T +44 100 1972 277421

F 44100 1972 222002

E sales@arcolresisiors com

www.arcolresistors.

The information contained harein does not form part of

a comtract and is subject to dhenga without notice. Arcal
aperaie a policy of contrual product development, theralora,
spaofisations may changs.

His tharesponsbilityof thecustomar toansura that the-component
solectad from our anga is suitablefor theintanded application. ifin
doubt plaasa ask Arcal.

Paga 1 of 2 JITRF X
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HS Aluminium Housed Resistors

Electrical Specifications

-:‘::l: ":"'I‘"_':_ Fosis- Limitivg | Yoltage | Volage | Approx lrﬁ:;l Ftancard heatari

Sro an =id :;::l-l'l-k tanoa slomertt | proof AC | proat AC | weaight riza HS —

1;.;IE=|EL et g woltage Faar rms gmes mountad | g T
HEN AE &0 10 ] FOOE- 0K 160 1400 1000 1 58 415
HS15 AE 65 15 7 FOOE-10K i Mo 1000 7 5.1 415
HSIE AE 70 25 g RON5-JEK 2] 3600 2500 14 41 2
HSE0 AE 75 5l 14 AO-BSK 1260 3600 2500 1 3.0 B35
HSTE 75 24 AO-EOK 1400 B3E3 4500 B 11 == 1

=
]

LD Ea5

RDN-TOK 1300 E3E2 4500 E

g
-

A ||
=1
&

| o) oo | || w| =] =] ==

Bl AD- 100K 600 B3E3 4500 176
H5200 200 50 ROM-E0K 100 7070 5000 47 a7 3750
HS2ED 2] 55 ROM-EDK 20 00 5000 800 08 47EE
H5300 200 80 RIMEEK 2500 er] 5000 700 0.8 &7

Carerm hole n
£ Targe &N
130 Wais only

Dimensions {mm)

] A M B Max CMa | DMax E Max F+03 Ge0.3 HMax | JMax KMax | L+DF5" | M Max
HS1D 1EE 200 EE g5 15.9 1.2 124 45 4 18 2.4
HEIE .0 EE 1La 132 13.9 143 158 1 24 18 24
HEZE izl ] 51.0 WE 4] 72 183 19.8 73 47 Ig 13
HESD M7 725 ue 1.7 431 |7 4 s 52 b 13
HETE 47E 720 M 2 4.7 a0 a0 na 04 27 4.4
H5100 475 R0 FLN 72 BE.Z 36D a0 18 164 27 4.4
HS1ED 475 1210 M. 2 a7 EB.O a0 18 0.4 27 4.4
HEIDD 725 WET 418 4EE g7 ] 512 2.5 0.4 11 E1 1024
HEZSD 725 670 418 455 097 B3.0 T 2.5 04 1] E1 1224
HE200 725 =L ¥ 418 14 1237 04.0 54.0 2.5 124 55 EE (LEF]
¥ HE200-HE00 Watts is = D46
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