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Abstract

Following the successful presentation of the Motor Systems Tool at the EEMODS ’11 Washing-
ton D.C. and the presentation and workshop held at Motor Summit ’12 in Zirich Switzerland,

December 2012, this paper presents the latest developments of the Motor Systems Tool at the
EEMODS ’13 Rio de Janeiro, Brazil.

IEA 4E-EMSA
The main goal of the task: Capacity Building in the 4E EMSA project is to upgrade the capacity

of motor system users all over the world, by utilizing tools and guides etc. making everything
easy accessible as online content. This is done by the Motor Systems Tool.

The task has, in conjunction with Danish public means, produced an impartial calculation tool in
which the efficiency of complete motor systems is calculated. The aim was to create an easily

accessible tool which gives good technical support for choosing the optimal motor system and is
available for a broad audience.

Since EEMODS ’11 a lot of development of the tool has taken place. Of the more vital im-
provements developed a few will be mentioned here: Fully implemented models for gears
(worm, bevel and helical), fully integrated interface for dynamic application (table input etc.) and

optimized models for both motors and/or converter driven systems (Asynchronous, PM motors
etc.)

This paper demonstrates the next generation of the Motor Systems Tool with a few calculation
examples combined with illustrations of the models used.

Main screen of the Motor Systems Tool, spring 2013:
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The Motor Systems Tool is available for download for free
— registration required — at the EMSA website: http://motorsystems.org
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Introduction

Optimizing motor driven systems is about choosing the right components and getting them to
work well together - thereby achieving maximum energy efficiency of the entire system.

In the Motor Systems Tool a system is defined as the entire system from the wall outlet to the
power delivered by the application, for instance a pump that delivers hydraulic power such as
P, in Figure 1.

By definition a motor driven system consists of the following four components:
* The driven machine — load (pump, fan, compressors, conveyor belts etc.)
 The transmission — if any (belt, gear, gear motor etc.)

* The motor — that’s a given
* A possible drive (soft starter, frequency converter or other VSD equipment)

System overview l Snapshots |

Load: Transmission: Motor & Drive:
| — . o
b . <&~ | S
l Converter
| . Const. flux
@ |
o Pumps &Fans o Worm gear Calc. o Motor - 5,50 kW
—m s master _—mﬂuem&ﬁve

Figure 1 — Potential components of a motor driven system

Basic build up

The heart of the MST-Tool basically consists of simplified models of standard components all
giving the efficiency at a specific duty point based on the input speed and load, Etaspeed, torque)

Most of the models used are based on real life measurements during the last decade in former
energy projects, carried out at the accredited laboratories of the Danish Technological Institute,
in combination with the known theory of certain components, anonymous data from manufac-
turers, legislation rules, actual compliance testing, etc.

In many cases a variable speed and torque input makes the basis for a mathematical 3D
“plane” which can be “simplified” and described as a certain equation with a number of variables
involved. All of these mathematical models for each component are handled and calculated
inside the MST-Tool dynamically.

This build up allows the possibility for very easy documentation and extraction of existing mod-
els (for use in spread sheets), verification of models, and optimization and improvement of all
the models. It has also proven valuable — in retrospect, to be able to extend the valid bounda-
ries of the models.

This method also keeps “the door” open for implementation of new models (e.g. new motor

technologies, new components and so forth). If a component can be described by Etaspeed, torque)
it can easily be implemented in the MST-Tool.

Speed

> Effici
; j/_;;_ iciency
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Figure 2 — lllustration of a standard model
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Structure of the MST-Tool

A simple flow chart was carried out to define the program structure:

Define key components: Input one known dutypoint:

- Calculations dynamically
- Load 5 kW and d on load
oa and speed on loaq, —

- Transmission on shaft or from wall
- Motor (Drive) outlet?

- Basic economics
- Direct result!

Figure 3 — MST flowchart

When selecting load and motor — suggestions are provided by the tool if you're in doubt regard-
ing your system. Quite often in real life the available information is limited.

In this way you can get a very good estimation of your system performance — even with very
little knowledge about your actual system.

Describing the MST-Tool

Step 1 — Selecting key components
First step of the tool is to pick the key components of the system. This is, as a minimum, a load
and a motor, but it can also be a transmission (belt or gear) and a VSD-drive.

Load
Load is at this point in the program selected as a torque profile
(One of four different speed/torque relations)

Transmission

Transmission selection has proven to be somewhat impossible to simplify completely. The user
has to have some knowledge of the transmission chosen. There are default values in the tool,
but if not selected carefully, calculated values can be quite inaccurate. Included are transmis-
sions (as of spring 2013), many different belt types, and three gear models (helical, worm and
bevel)

Motor (drive)

If known the user can input the actual motor nameplate data but when such information is not
available, the user can choose a standard size motor. As of spring 2013 the table from the pre-
sent IEC 60034-30 definition of IE1, IE2 and IE3 can be selected (1 through 500 horsepower,
50 Hz).

After the motor selection screen the user must input the method by which the motor is connect-
ed. The possibilities are: direct on-line (D.O.L.), soft starter and frequency converter either con-
stant flux or automatic energy optimization (AEO).

Step 2 — Input of a duty point

All calculations inside the MST-Tool are based on only one known duty point. The user is free to
choose this duty point, based upon equipment design and operating criteria, anywhere from wall
outlet P, to actual load P, but it’s vital to emphasize that all calculations originate from this one
point.
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Step 3 — Main Screen of the tool
Having overcome these few steps the user is now presented with the main screen of the Motor
Systems Tool and already by now a qualified “guess” of the total system efficiency:

Figure 4 Main screen of The Motor Systems Tool

The top third of the main screen is merely a representation of the choices previously made and
the rest are the calculated efficiencies of the respective components, the kilowatt powers in all
of the split points of the entire chain, P, through P,4, and finally a presentation of the total system
efficiency in the duty point selected.

In this case the total efficiency is calculated to approximately 43 %. (This is calculated from the
known duty point P; = 7.2 kW)

Below the kilowatt indications values like speed, torque and load percentage are also shown. If
desired the calculated efficiency of a certain component can be overridden manually.

From this screen it’s possible to calculate and document both before and after situations when
for instance a user wants to see the difference between an IE1 and an IE3 motor in a given
application.

From the main screen of the MST-Tool a lot of different features and functions are available.
Input and ideas on how to fill out these, can be found in both formerly published papers on the
tool and also on the 4E EMSA web page:

References:
[1] — Paper from EEMODS’11
[2] — Paper from Motor Summit 12
[6] - 4E EMSA webpage
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The motor model

The model for standard 3 phase cage induction motors used inside the
MST-Tool was originally a simplified mathematical description of a standard
shape for efficiency in the whole range of motors (0.75 kW through 375 kW)
The Danish Research Institute — DEFU have made a mathematical expression based on the
motor nominal efficiency, the nominal power and a constant (alpha) which is dependent on mo-
tor size. This gives the following shape of efficiency as function of load where maximum effi-
ciency is achieved somewhere around 70 — 80% load:

Std. shape of motor eta

Figure 5 — Standardized shape of motor efficiency vs. load

Danish compliance testing — EU regulation

In the years 2011 and 2012 the Danish Technological Institute performed compliance testing for
the Danish government, regarding the European motor regulation. This regulation (640/2009)
turned into force on 16" June 2011. A total of 41 motors (sizes 0.75 kW — 18.0 kW) have been
tested and it was decided that these test results should form the basis for a new model for the
smaller motors in the MST-Tool.

The outcome of this was a model directly calculating the losses inside the motor as function of
speed and torque:

o I~12 o AZ
Ploss:0’396@§ Qpl,nom- I:’Z,non*)-'—o’GGS@g C“QP:I.,nom_ I:)Z,non')
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Verifying this new motor model proved successful using it also on other motor measurements:

Smaller motors TR
07 1 Verification of algorithm for losses. ——P losses cakculated

13 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71

Figure 6 — Comparison between measured and calculated losses
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The converter mode

The model inside the MST-Tool for frequency converters is based on a Ph.D.
study from Aalborg University, 2000 [3], where the impact on efficiency on con-
verters was investigated when using automatic energy optimisation (AEO) vs.

scalar mode.

Converter
Const. flux

The study clearly shows the advantage of AEO mode on partial loads on all sizes of motors

investigated:

22 kW standard motor drive, 1500 rpm.
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Figure 7 — Example of measured and calculated losses by Abrahamsen, anno 2000

For the purpose of the MST-Tool the same methodology as for the motor model was used.
Losses were calculated as a function of nominal losses, partial speed and partial load. The
nominal values used in the equations are both taken from the motor name plate.

Two sets of equations were developed, one for standard mode and one for AEO mode. Both
have been tested and compared to actual measurements and found lying within the demands

for precision in the MST-Tool.
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Figure 8 — Equation for using standard scalar mode drive
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Figure 9 — Equation for drive with automatic energy optimisation (AEO)

In the time to come there are plans to develop and improve even further on the models for drive

efficiency.
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The gear models

The models for the gears inside the MST-Tool have up until spring of 2013 been
quite simplified and based on relatively few actual measurements.

During a former Danish energy project about systems optimisation [9] a number of gear
motors were tested for efficiency both as a total unit and afterwards after dismantling and test-
ing, the “isolated” motor.

The behaviour of efficiency for three different gear types: helical, bevel and worm gears were
then deducted and put in to a very simplified linear “plane”, where relation of both speed and
load vs. efficiency were defined.

The outcome of this in all three cases was an equation where efficiency is depended on patrtial
load and speed as well as the nominal efficiency and a constant:

o

/7 =a g Loadactualg+ b Speegctual§+hnom+ C0n31
c I-Oa'dnom - c Speedom -

Figure 10 — Standardized equation for gears

When illustrating these equations as 3D planes the linearity of the equations becomes very
clear. It also becomes clear that there’s a potential problem with the calculated efficiency when
approaching both zero speed and zero load.

Inside the MST-Tool the user will be warned by a flashing light when coming “close” to this area
when calculating.

Figure 11 — 3D illustration of gear equations

During spring and summer 2013 a series of further measurements on gears and gear motors
with and without VSD-drives are to be undertaken and these results will be implemented in the
coming generations of the MST-Tool, ensuring even better efficiency calculations on gears.
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Final comment

The MST-Tool has been available for download from the EMSA web page since September
2011. According to Google statistics the tool has been downloaded close to one thousand times
by unique downloads.

This fact underlines the interest and necessity of an impatrtial tool helping users to understand
relations between components in a complete motor system.

The MST-Tool is by no means “perfect” or “finished” and many users will probably argue against
the models used, the precision of the calculated efficiencies and the lack of inputs to make eve-

rything more exact. In spite of this the tool still is capable of providing a useful “guess” on a giv-

en efficiency in a given system which will be valuable to many.

There is room for improvement — for sure — and the on-going project in both Denmark [7] and
the 4E EMSA project will ensure further development of the MST-Tool in the years to come.
Furthermore Danish Technological Institute has started co-operation with the Belgian University
Howest which have done — and still are performing — quite a few measurements on gears, belts
and drives. These results are also to be implemented in the MST-Tool.

Bullets:

The Motor Systems Tool is impartial using “self — made” standardized models for all implement-
ed components, thereby helping to ensure that no specific products or manufactures are being
favoured over others. This also means that results are general rather than exact.

The Motor Systems Tool is the obvious choice to use to inform and train not only engineers
working in industrial plants but also energy consultants, original equipment manufacturers,
trainers and teachers at schools and universities as well as government officials responsible for
creating policy instruments.

Finally — best of all - The Motor Systems Tool is free of charge and it can be downloaded from
the EMSA web-page http://motorsystems.org

The software comes in a self-extracting zip file and installs itself with a just a few clicks.
The only thing required is a registration on the EMSA page — for statistical purposes only

Summary of calculation models:

The present version of The Motor Systems Tool includes the calculation models below. The tool
can handle any combinations of these.

Load:
4 variations of torque vs. speed: Ty ~n™, Ty ~ n°, Ty ~ n* and T ~ n°

Transmission:
Direct coupled, belt drives and gear motors.

Motor & Drive:
AC squirrel cage asynchronous motors 50 Hz models, D.O.L., connected through soft starters,
VSD constant flux and VSD with automatic flux optimization.
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Appendix A: Screenshots from 4E EMSA exercise solved

The following screenshots are from the downloadable exercise “Exercise for a fan installation”
which can be found on the 4E EMSA web page: http://motorsystems.org. Please download the
exercise for elaboration of numbers illustrated.

Before situation — Calculating right to left, existing motor running at 93 % load, eta fan deducted
from datasheet: 78 %. Situation saved in line two below.

E3
E

o
=}

2

igl3]
0

-
]

e

SERERERERE RSN ENE

After situation — Calculating left to right, from very little input, annual savings potential are re-
vealed provided the duty of the fan is unchanged.
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