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The Motor Systems Tool

Sandie B. Nielsen (shn@dti.dk)

Danish Technological Institute (http://dti.dk)

Electrical Engineer — Motor & Drives specialist, programmer

Employments:
1996-2001 — ABB (Drives specialist)
2001-2002 — DEFU (Project manager, energy optimization)
2002- present — Danish Technological Institute

Business Manager & Head of ISO 17025 accredited testing laboratories

Sandie B. Nielsen, anno 2023

Frequency converters, Motors, Pumps, Fans etc. (Range hoods, AHU-Units)
Technical consultant for Danish Energy Agency

Ecodesign matters on frequency converters, motors, pumps & fans
IEC standardization member in several working groups

Frequency converters & motors (WG12, WG18, WG28 & WG31)
External trainer at Grundfos A/S (pumps and pump applications)
Development of data acquisition software and multiple tools in LabVIEW, MST-Tool
On-going member & task leader in EMSA since 2009
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The Motor Systems Tool

* Introduction to MST-Tool
. Basic functions
. Input screens

. Main Windows

* Some features:
*  Dynamic duty point selection
*  “Onthe fly” language select
*  Automated slip calculation

. Eco-design evaluation — water pumps, fans

MST-Tool Webinar, September 10th, 2024

Standard features:

*  Motor/Drive models:
*  PM and SynRM loss models
*  |EC reference and typical losses
* AMCA Models (ANSI/AMCA 207-17)
. 3 x power transmissions
. 5 x sets of motor/drive losses

Application calculator
. Pump & Fan
*  Hydraulic machines
. Air compressors
. Cooling compressors

A real-life example
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The Motor Systems Tool

Introduction:

“Motor Systems Tool is an impartial calculator for complete motor systems
that utilizes “neutral” models of standardized components, to determine
the efficiency at any given duty point on a complete motor system”

It was firstly introduced at EEMODS’11 in Washington D.C. and has since
appeared at several Motor Summit’s & EEMODS’ conferences as well as at
multiple workshops

Today, more than 12 years later we have registered more than 4.500 unique downloads!
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The Motor Systems Tool

* Basic function:

Selection of three essential components:

The MST-Tool by 4E EMSA - [m} X

Load  Transmission Motor/Drive unit
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The Motor Systems Tool

* Load profile:

Torque is The first group (1) consists of machines for
reciprocal of speed ywinding material under tension. This group
O includes, for example veneer cutting
machines and machine tools.

Torque is constant - Gro 5 (2) consists of conveyor belts,
cranes, positive displace-ment pumps as
O well as machine tools.

at all speeds

Torque is linear Group (3) consists of machines such as
with speed rollers, smoothing machines and other
(@) processing machines.

Torque is equal Group (4) comprises machines operating
to speed squared by centrifugal force, such as centrifuges,
® centrifugal pumps and fans.

T
et
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The Motor Systems Tool

* Transmission:

Select transmission

Worm gear
Bevel gear or
Helical gear

Select transmission

Classic V, Narrow V, Poly V
Flat belt or Timing belt

AMCA models for transmission
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The Motor Systems Tool

* Motor/Drive unit selection:

Motor & Drive selection

Asynchronous motor — 5.5 kW from nameplate

Electric Motor Systems
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The Motor Systems Tool

* Motor/Drive unit selection:

Mator & Drive selection 0,40

1 IEC 60034-30-1

200 IE2 - 5,50 kW

315
355
400
500

560 . Ok
630
710
800
900
1000

o 2 Asynchronous motor — 5.5 kW from IEC 60034-30-1 Tables
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The Motor Systems Tool

* Motor/Drive unit selection:

i|[|_[|"|
o 1!
Soft starter Tz

Direct On-line Frequency Converter
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The Motor Systems Tool

* Main window:

The MST-Tool by 4E EMSA

P4-Load Rz P2 - Motor Ets -Motor P1-Input
Output power[kiW] 62,4 Shaft power [kiW] i | 83,9 o L1
00 Socedtom:| 5 | 5,21 |
z P2 speed MNominal -
Inputknown HE : = Toraue D | 3613 ""': {
duty point: @ _ : 1454 50_: Annual cost:
7 E : P2 Ty : Maximum z
B e e e o] T
e 202 . 0= Euro [€]
0- 0- Load [%]: | 837 0= [
Load selection: Transmission selection: Drive selection:
Manual eta input Auto eta cale Auto eta cale
| =
== | 6,14
4 BrEm 50 Drive variant analysis: % Slip
ey o3 Load [%]: I 68,4 O pecrsi
: Total system efficiency [%] | 50,3

Cfactor | 1,2
@Hmmmtl @ Load I_@ Save Ig Reset II. Stop I SeCHNOLOGICAL

INSTITUTE
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The Motor Systems Tool

Dynamic duty point selection

* Main window:

80
60~
. P4 cale : P2 Torque [Nm]: Maximum E
e e o sate.
20~ 5020 20- Euro [€]
e Load [%]: | 837 = =
Load selection: Drive selection:
Manual eta input Auto eta cale @
5
= Drive variant analysis: %% 5ip

Total system efficiency [%] ¥
-—
5 @ Load I& Save I g Reset II B s I SeCHNOLOGICAL
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The Motor Systems Tool

Dynamic language selection, switch “On the fly”

* Main window:

The MST-Tool by 4E EMSA — m] P4

=
=1 P Version: 4.21.01

Total system e

P4-Load P - Load £3 -Load Eta -Transmission P2 - Motor Etz -Motor P1-Input
Output power[kw]: 62,4 TInput power [KW]: IW Shaft power [kW]: i IW Power [kW]:
e A A T
P3 Speed [rom]: E P2 Speed [rpm]: Nominal I_ E
Input known = I— e B I— Torque [Nm]: | 38:3 & g ‘
duty point: s0- = e a5, 50- Arnual cost:
. cal : P3T : : PIT : Maximum :
o Tl e o S o
- = 0: ’ w° Euro [
0 0 Load [%]: | 837 0=
I 3,08
Load selection: Transmission selection: Drive selection:
Manual eta input Auto eta cale Auto eta cale
:: :: P nom [kw]: I 6,14

Drive variant analysis: % Slip

it Total system efficiency [%] = e
5 @ HTM.O.dput] Lﬁ Load I& Save I Reset ][ B s ] SeCHNOLOGICAL
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The Motor Systems Tool

* Main window:

Automatic slip calculator (D.O.L. machines)
| I

Euro [€]

The MST-Tool by 4E EMSA

P2 Torque [Nm]:

| 30,41

FEEA TR O N .

: B i B
- . 83, -
Auto eta calc Auto eta cale

Prom [kw]: = 6,14
E Drive variant analysis:

Al =
1,2
C factor

DAMISH
INSTITUTE
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The Motor Systems Tool

Annual cost — on the fly
* Main window:

P1-Input
Power [kwW]:

-
'

Annual cost:

The MST-Tool by 4E EMSA

-~ 8.214,.
- Euro [€]

Pump & Fan Classic V belt cogged - 2X Mator - 5,50 kKW
P4 -Load Rz P3-Load Eta -Transmission P2 - Motor Ets -Motor P1-Input
Output power[kW]: 62,4 Input power [W]: a7 Shaftpower kW ) =X Power (ki]:
. M ot
g P3 speed [rom]: e P2 speed froml: Nomioal o w3 e- }
Input known = = - Torque [Nm]: = 36:3 =
duty point: 502 [ s e | s 0= Annual cost:

© : P3 T E : P2T : Maximum _
et ol et e o sai.
20- 20- —

20 Euro [€]
- : . 83,7 -
0= 0s Load [%]: o-
Im
Load selection: Transmission selection: Drive selection:
Manual eta input Auto eta calc Auto eta cale @
== kWl 614
(= :
o = frem - Drive variant analysis: %% 5ip
Ty W
L34 - %

Total system efficiency [%] Iﬁ T
Cfactor | 1,2
;. @ HTML Output I

@ Load I-é Save Ig Reset II. Stop I SeCHNOLOGICAL

INSTITUTE
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The Motor Systems Tool

* Main window:

The MST-Tool by 4E EMSA

Visual save of setup =

100~
P3 E P2 -
s speed [rom] Speed [rpm) Nomindl .| 63 807 *
1745 : 1454 . s

PHILM: PZFILW]: Lond [%]: = 100,0 “0- I 8214

s 20 o 20- Euro [€]
E Load [36]: | 837 :

0 [}
I 308
Transmission selection: Drive selection:
Auto eta cale Auto eta cale
Prom [kw]: = 6,14

Drive variant analysis:

Slip
i e "‘

@Hmmmtl @ Load I_@ Save Ig Reset II. Stop I TECHNOLOGICAL

INSTITUTE

E Electric Motor Systems
EMSA

MST-Tool Webinar, September 10th, 2024 16




The Motor Systems Tool

Save duty points — Before situation
* Main window:

The MST-Tool by 4E EMSA

P4 -Load Eta - Load 53 - Load Eta - Transmission

Output power(ki]: 62,4 Input power [KA]: Shaftpomer T R e
A g BN . EEE S g
ol T 0 fe o a
: E load [s): | 837 E
= = =5

O
Manual eta input Auto eta calc Auto eta calc
= =]

% Prom [kw]: = 6,14

Drive variant analysis:

e =3 = ry— -
£ Total system efficiency [%] 50,3
= .

Cfactor | 1,2
— -

@Loadlgs“elgmtll. smpl TECHNOLOGIEAL
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The Motor Systems Tool

* Main window:

Save duty points — After situation

The MST-Tool by 4E EMSA

P4-Load - P3-Load
Output power{ki]: 52,4 Tnput power [RW]:
o

: P3 Speed [rom]:
Input known = =
duty point: . | 1745
T
- 23

Eta - Transmission

Shaft power [kW]:

i
5
g

P2 - Motor

St | 145

P2 Speed [rpm]:

Nominal
s Torae B | 393

P2 Torque [Nm]:

e i | 1000

Load [%]: 837

Og 5 8 528858 gl .

Auto eta calc

Drive variant analysis:

Load selection: Transmission selection:
Manual eta input Auto eta calc
= proman: | 64
Load [%]: I 68,4
Total system efficiency [%] | ¥
s Cfactor | L2
“ﬁ - o a5 o u HTML Output I

(8 (& e [ (oo ]

MST-Tool Webinar, September 10th, 2024
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Pl The Motor Systems Tool

e Instant savings calculated

. g

e Main window:

|
| System overview | Before table | After table | Energy caleuiation | ECO-Design evaluation | Evaluation of potential | Version: 4.21.01
| Save caloulation:
| & o
Systemts| |
| Belts Gear
I Class [kw] [Hz] V] [a] FF [rpm] present? present? Known dutypoint:
‘ | IE1 Matar | 5,50 | 4poles 50 400 11,16 0,84 1448 | “ Belt |] [| |] [| P2 - P2 Power ”
|
| sysem
Belts Gear |
| Class fkwi] [Hz] v [A] PF frpm] present? present? Known dutypaint:

Curve of duration (before/after):

Before system -

7,0
’ After system -

6,5~
6,0-
5,5-

5,0-
4,5-
4,0-
3,5-

3,0

2,5
2,0+
1,5
1,0
0,5-

0,0-}
0 365

Annual Energy
Consumption - before:

kWh

Annual Energy
Consumption - after:

kWh

Annual savings:
1793 kWh

MST-Tool Webinar, September 10th, 2024 19
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The Motor Systems Tool

Main window:

Evaluation for European ecodesign, Fans

The MST-Tool by 4E EMSA

P2 - Mator i - Motor P1-Input
Qutput power[KW]: 62,4 Shaft power [kKW]: i IW Power [kKW]:
2,62 [ - Sooetlrom: | 165 o0
E E P2 speed [rpml: Nominal :
Input known 80 80 — ool g: | 338 80% }
duty point: 50 60 I 60= Annual cost:
40— P3 Torque [Nm]: 40; P2 Torque [Nm]: Ha)lin.m- T 40_2 8358,
20~ 0= 0= Euro [€]
e e Load [36]: | 838 =
l 1,92
Load selection: Transmission selection Drive selection: >
Sy @ @ Y
-1 4
Manual eta input Auto eta calc Auto eta calc T E
== Prom kW) | 6,14 =

Drive variant analysis:

% Siip
:I 68,4 [= .
Total system efficiency [%] [w,a o
Cfactor 1,2

DI Dres) (B s e ]

MST-Tool Webinar, September 10th, 2024 20
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The Motor Systems Tool

Evaluation for European ecodesign, Fans
* Main window:

The MST-Tool by 4E EMSA

Needs update!

New ecodesign regulation as of July 39, 2024

*  Reg. no.: 2024/1834

P4-Load Rz P2 - Motor Ets -Motor P1-Input
Qutput power[kW] 62,4 Shaft power [kKW]: i 87,3 Power [kKW]:
262 (P iR 530 |
: P2 speed [rpm]: Nominal -
Input known iz — Torque [Nm] I 35,8 80- ‘
duty point: 50 I 60= Annual cost:
© : P2 T : Maximum E
0= I—m'"e il Load [2]: | 100,0 e ==
20~ S0 20- Euro [€]
e Load [%]: = 839 =
I 152
Load selection: Drive selection

3 3 :
L ) %’
o7 4
Manual eta input Auto eta calc

Auto eta calc T E
ml'_ﬂ ’ .14 . 1
o A P L Drive variant analysis: 5% sip
e Load [%]: | 68,4 - :
j Total system efficiency [%] [®a O aternates

- : -
) 0 a0 &0 100 @ Hm‘m“’“t] Lﬁ gaad I_@ R I hech ][. S ] et

TECH
INSTITUTE
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The Motor Systems Tool

Evaluation for European ecodesign, Pumps
* Main window:

The MST-Tool by 4E EMSA

Eta - Load

P4 -Load P3-Load Eta - Transmissior

i
5
g

P2 - Motor B P1-Input
Output power[kw]: I 78,4 TInput power [KW]: Iv Shaft power [kW]: ) IW Power [kW]:
00 o0 Socedtom:| 1650
E P3 Speed [rom]: : P2 Speed [rom]: Nominal :
tknown iz 80 P £ | 35,8 80- ‘
mmu 502 i e I LT crace il 60 Annual cost:
w-; R B Y Cam
»- = ENE ! - Euro [¢]
: : Load [%]: = 838 E
0 0 [} =
Load selection: Transmission selection: Drive selection: >
3
Q @ @ AS
Manual eta input Auto eta cale Auto eta cale 05
== Prom [kW]: | 6,19 =
2

Drive variant analysis:

% Siip
:I 68,4 Ol aernat
Total system efficiency [%] a2t o

_ - Cfactor | 1,2

e S R T R W N I

E Electric Motor Systems
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The Motor Systems Tool

Evaluation for European ecodesign, Pumps
* Main window:

The MST-Tool by 4E EMSA — m] P4

Expected update on water pumps!
* Ongoing review

*  Expected feedback from MSA’s Q4

* Adoption & publication by mid 2025

P4 -Load Rz P3-Load Eta -Transmission P2 - Motor Ets -Motor P1-Input
Output power[kW]: 78,4 Input power [W]: a7 Shaftpower kW ) [ 873 Power (ki]:
- 420 [ vt ST 550 |
g P3 speed [rom] e P2 speed froml: Norninal a0- }
Input known 80 : Torqee s | 358 :
duty point: 50 | s 60 | aan 50- Arnual cost:
£ P3 T g Z P2 T : Maximum z
W mm Ol e g ol e
20 20- - 20- Euro [€]
= Load [%]: | 832 =
0 i 0 =
Load selection: Transmission selection: Drive selection: >
- €@ €@ 3
i 4.
Manual eta input Auto eta cale Auto eta cale 05
% Prom [kw]: | 6,14 ) . . >
s Drive variant analysis: % Slip
= | =
g Total system efficiency [%] 52,1 O aternates
o Cfactor | 1,2
o (, m D ML Ou t] ﬁ —_— I’& o I Reset ][. s ] L
0 20 40 &0 100 2 Ve 00 s I
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i e The Motor Systems Tool

47 VP
e
sidzserys
ey vpezs —~ —
o Motor/Drive unit selection: , T
i) Asynch. Motor | PM - Motor | SynRM - Motor | IEC 61800-9-2 | AMCA Models |
Input nameplate data:
. . Motor Si;;[kW]: 1 I EC
Input directly from the motor nameplate Nomwashaftponer: | 55 o A
Nominal Voltage: 400 | Wolt g;{eﬁt“g - CI?;sl:mmr | | i€C 60034-30-1]
Mominal Current: 10,6 Ampere \’ Mo. of Poles:

4 poles b |

Mominal Cos phi: 0,84 8=
Mominal Frequency: 50 | Hz

SIEVIENIS IE30 € € R SR aw
D-90441 Made in Czech Rep. c € o

1V13 B_ILE10031CB022AA4 |UD 1910/2199927-001- 001

| Motor - 5,50 kW

Asynchronous motor — 5.5 kW from nameplate

8= Electric Motor Systems
EMSA
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The Motor Systems Tool

Motor/Drive unit selection: = \
Asynch. Motor | PM - Motor | SynRM - Motor | IEC 61800-9-2 | AMCA Models |
Input nameplate data:
Motor Size [kWW]:
Input directly from the motor nameplate B IEC. |
S oo e |
\' Mo, of Poles:
apoles  — |
SIEMENS 3O C € -
D‘m‘ m .l\ Czed'l Rm. | Mator - 5,50 kW
0T 13 B_1LE10031CB022AA4 |UD 1910/2199927-001- 001
:. ok

Warning based on calculated efficiency

Electric Motor Systems
EMSA
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i e The Motor Systems Tool

it
1Ty “E“!'E - —— — — ———
i Motor/Drive unit selection: T
Asynch. Motor | PM - Motor | SynRM - Motor | IEC 61800-9-2 | AMCA Models |
Input nameplate data:
. . Maotol 55 SD(U] I EC
Input directly from the motor nameplate Norialshftponers | 55k ' *
Nominal Voltage: |—4CIU Volt gaec't“ﬁc" y CI?;sl:motor =
Mominal Current: 10,6 Ampere \’ Mo. of Poles:

4 poles

Mominal Cos phi: 0,84 -
Mominal Frequency: 50 | Hz

Calculated

0-90441 Made in Czech Rep.

ST 1AV3130B 1LE10031CB022AA4 [UD 1910/21
R T 2199927-001- 001

SIEVIEINIS IE3® C e | == =

| Motor - 5,50 kW

Asynchronous motor — 5.5 kW/from nameplate

Calculated
Torgue [Mm]: Eta [%]

I 35,7 I 89,2

| Motor - 5,50 kW

Ly Electric Motor Systems
EMSA
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The Motor Systems Tool

Maotor & Drive selection X

* Motor/Drive unit selection:

-~ Permanent magnet &

Synchronous reluctance motors

Models from Ghent University

:

Motor & Drive selection 920
B

Permanent magnet motor

L

*  Models validated in:
- Shaft power
= 0.25-250 kwW
- Nominal speeds
= 1.000, 1.500 & 3.000 rpm

E Electric Motor Systems
EMSA
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The Motor Systems Tool

Maotor & Drive selection X

* Motor/Drive unit selection:
~ Loss models from IEC 61800-9-2

I EC IEC 61800-9-2
Annex D - Informative

-~ Annex A, Reference losses for Power Drive System (PDS) (Y Typical IE2 machine
= 0.12-1.000 kW, 4 pole machines

Motor & Drive selection

I EC IEC 61800-9-2
Annex A - Normative

® Reference losses

-~ Annex D, “Typical” losses when driven by VSD
= 0.12-1.000 kW, 2&4 pole machines, IE2

|

E Electric Motor Systems
EMSA
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The Motor Systems Tool

Maotor & Drive selection

* Motor/Drive unit selection:
~ Loss models from IEC 61800-9-2

IEC 61800-9-2
Annex D - Informative

-~ Annex A, Reference losses for Power Drive System (PDS) Typical IE2 machine
= 0.12-1.000 kW, 4 pole machines

Motor & Drive selection

21,32 86,8 118

Expected update/add on!
1EC 61800-9-2 *  Newly released interpolation models in:

* |EC60034-2-3:2024

Reference losses

21,99 84,1 118
-~ Annex D, “Typical” losses when driven by VSD
* 0.12-1.000 kW, 2&4 pole machines, IE2

E Electric Motor Systems
EMSA
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The Motor Systems Tool

Maotor & Drive selection

* Motor/Drive unit selection:
~ Loss models from AMCA 207-17

(7
: ) ANSI/AMCA
~ AMCA models include: _ Standard 207-17

= EPCA nominal motors 60Hz (Hp)
= EPCA nominal motors 60Hz (kW)
= |EC 60034-30-1, 50Hz tables
= |EC 60034-30-1, 60Hz tables

o) Epca Nom Ela -+ (50 Ha]
d7s g+ C D Jeo  Jss o ms

= GB 18613 -2012

-, 97810 _l},. 02530 _—l}, 00040

Select transmission

~ AMCA models also include:

= 3 variants of belts
(8 nchvonous beitpower transmson |

H <1kW,n; =094 H,>5kW,ns =098

1kW < H, <5 kW,n, = 0.01 H, + 0.93

E Electric Motor Systems
EMSA
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The Motor Systems Tool - Pump example

An example with a pump application

* An asynchronous motor with known nameplate
* No transmission

* Measurements available:

— Flow, head & input power

Electric Motor Systems
EMSA
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The Motor Systems Tool - Pump example

Application Number / Name

Driven application (Pump, Fan, Compr., Other) Pump Pump Pump Pump Pump Pump Pump Pump
) . - muMliple vanves multiple valves multiple valves multiple valves
Control method [throttle/valve; on/off; hydraulic; VSD) (manua|+con:ro\| (control) valve none (control) (control) valve none
Annual running hours (hoursfyear) @ 4250 4250 6570 4250 8500 8500 8000
Duration curve *) (PID; bell curve; 80%) 60-80% 710% control valve 100% bell bell 90% 100%
ATEX y/n) N " n n n Cxpall TZ Cxpa ll TZ
Redundant (y/n) 1002 1002 1002 3004 1002 n n n
Motor Power (nameplate in kW) @ 45 110 315 37 22 11 160
Motor nominal speed (rpm) 297 2955 2900 1500 2950 2931 1460 1486
Motor current A) 48 112 328 39,4 22,9 17,1 282
Motor cosphi I load) 0,89 (full load) 0,90 (fullload) 0,87(fullload)  0,89(full load) 0,91(full load)),84 (full load)),86 (full load)
0,91 0,89 0,9 0,87 0,89 0,91 0,84 0,86
Motor efficiency (%) 95 93,5 94.8 96.7 92.8 92,1 88,3 96
Motor age [years, or year of built] (years or year of built) 19987 19987 19987 98/047 19987 20047 19937 20047
Rewoundings {y/n)
Motor Voltage (400V, 500V, 690V, other) 660V 660V 660V 660V 660V 500V 600V
Hot spot for improvement (y/n, e.g. Maintenance) running atf:gx
Number of similar applications (#)12 (=redundancy) 2 (=redundancy) 2 (=redundancy) 4 (=redundancy? 2 (=redundancy? 1 1 1

MST-Tool Webinar, September 10th, 2024
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The Motor Systems Tool - Pump example

Application Number / Name

Driven application (Pump, Fan, Compr., Other) Pump B - T 1 Pump
mumtiple vaves multi I‘r 1
Control method [throttle/valve; on/off; hydraulic; VSD)] (manual+control P | Asynch. Motor | PM - Motor | SynRM - Motor | IEC 61800-9-2 | AMCA Models | none
m— a4 |
|
Annual running hours (hoursfyear) 4250 Input nameplate data: i 8000
Mator Size [KW]: ——
Duration curve *) (PID; bell curve; 80%) 60-80% Naminal Shaft Power: 90 R = ! 100%
Select IEC IE Class: |
Nominal Voltage: 660 | Wolt Std, motor e — | n
ATEX (y/n) n |
MNominal Current: 92,0 Ampere \' Mo. of Poles: x na I 13
4 poles |
Redundant (y/n) 1002 . sV . n
Motor Power (nameplate in kW) @ s FamarEs 50 He Lo 160
Torque [Mm]: Eta [%] [r—
Motor nominal speed (rpm) 297 Nominal Speed: 270 I | 29,4 | 94,0 ! 1486
Motor current (A) - ] i 282
— @ | Motor - 30,00 kW I ——
Motor cosphi I load) 0,89 (f| | (full load)
0,91 ) 0,86
H o —
Motor efficiency (%) 95 96
Motor age [years, or year of built] (years or year of built) 19987 o ———mreTT————omoT oo oo 20047
Rewoundings (y/n)
Motor Voltage (400Vv, 500V, 690V, other) 660V 660V 660V 660V 660V 500V 600V
Hot spot for improvement (y/n, e.g. Maintenance) running atf:gx
Y ¥
Number of similar applications (#)12 (=redundancy) 2 (=redundancy) 2 (=redundancy) 4 (=redundancy) 2 (=redundancy) 1 1 1

MST-Tool Webinar, September 10th, 2024
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The Motor Systems Tool - Pump example

* Inputs in MST-Tool:

The MST-Tool by 4E EMSA

P4 - Application calculator

g o g e
Pa— ‘xR
mmP:p—an';d few]: mﬂ? P3 - Speed [rpm]: mfﬁp&;va;ad few]: P3-Load
[e0s | oot | 2074 | N[ 7722 | BN P
- P3 Speed [rpm:
t 60_3 | 2974
. 2 Paclc 0° P3 Torque [Nmj:
~ Duty point: x: 247
= Input power, 82 kW ir
(<N
* Output power Manual eta nput
© 120 m3/h, 141 m head -
Total system efficiency [%] 1562
* Running time 4.250h p.a. m
= =348.5 MWh x 0.18€ = 62.730 €/p.a. e

MST-Tool Webinar, September 10th, 2024

Eta - Transmission

100,0

P2 - Motor
Sba&power:

mmlt [em

s Nominal
et
P2 Torque [Nm]: Maximum
sor oad [o4): | 100,0
Load[%]:l S35

(0 o]

B ot & s [& e ]|

34
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The Motor Systems Tool - 12 duty points

Another example, 12 points in application calculator

* A standard IE2 asynchronous motor with VSD
* No transmission

* Fan application with detailed curves available

Electric Motor Systems
EMSA

A
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The Motor Systems Tool - 12 duty points

* Application calculator
~ Input of motor & VSD:

Maotor & Drive selection

[ | |I|l ||
AL

Electric Motor Systems
EMSA
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The Motor Systems Tool - 12 duty points

* Application calculator:

The MST-Tool by 4E EMSA

P3 -Load Eta - Transmission P2 -Motor

P1-Input
Input power [KW]: 100,0 Shaft power [kW]: Power [kW]:
-
& P3 Speed [rpmil: e P2 Speed [rpmil: }
: w- | um - | um Al costs
. P3 Torque [m: e P2 Torque [Nmi: | 18507,
(40 ek | o e T
20- 20 Euro [€]
0- 0-
Load selection:
Auto eta calc
- {Lock on 65%)
==
7t
- Total system efficiency [%] (a5

|m HTM.O.ﬁputI @ Load l@ Save Ig Reset II. Stop I TECHNOLOGICAL

INSTITUTE

E Electric Motor Systems
EMSA
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The Motor Systems Tool - 12 duty points

* Application calculator:

— Includes standardized models for:

*  Pump, Fan, Hydraulic pump

P4 - Application calculator

m3 k. g /
Air,- & Cooling compressors o= ] o [8] o (2] SR BT
ar— o 95,2 ol 5,516
P4 - Application calculator — O
P4 -Load Mew calculated P3-Load
Output power [kW]: Efficiency [%]: P3 - Speed [rpm]: Input power [KW]:
= EE EE () (2o
== -
Pump input page
P4 -Load Mew calculated P3 - Load
Output power [kWW]: Effidency [%]: P3 - Speed [rpm]: Input power [kWW]:
(253 1B [eo.26 R 1745 N[ .20 ) S EE"0N)

Fan input page

E Electric Motor Systems
EMSA
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The Motor Systems Tool - 12 duty points

* Application calculator: o - /‘@P - /@? \fge
N R N .
- Includes standardized models for: L A NE, | NN <
*  Pump, Fan, Hydraulic pump J ;"\\\\h / \}7(\ A
Air,- & Cooling compressors 2o f\%\\\ i \,Q\\ \\ I&
. i
[ B SNAR . W
For the “opposite direction” of calculation, - - &’Q AN \/ /\\@
both pump & fan have the possibility to input = 12 NI NN\ ><‘\ N\ %
the pump/fan curve for automatic calculation 000 Y ’/\V 'nl\\\\ \\; N\, \u
of duty point. \.Z____ AN & ):/ AUERAN YA N \i’%’sr)
LA N R R
7 |
Fan example: fiy Ii Qbﬁ/ 1 AN ll\\ t%l\
00 S AN N DN\
Sa SN DS ANIRWNNAN
N A N AN AN
S \|g BN NN II\\ \}',\m_ _5,\;%
— |is'f'a Red NN ‘;L"F_ >,
r :&______\__ — — N |
P e i [z K
5 10 15
av [ms]

Electric Motor Systems
EMSA
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iy The Motor Systems Tool - 12 duty points

* Application calculator: . | e & & o
N S NN M,
~ Includes standardized models for: L A NE, | NN %
*  Pump, Fan, Hydraulic pump s ;"\\\\h /\}7(\ N
Air,- & Cooling compressors P A VAR 7 \‘\\ N\ ,.f?a
1500 7‘%% ANl NN
BENAV.S0wa e
For the “opposite direction” of calculation, - > &’Q NN \/ /\‘\@
both pump & fan have the possibility to input L 12 ke N\ )<‘\ N\ %
the pump/fan curve for automatic calculation 000 L, ’/\V ® I".\‘\\#)\%\ N \%
of duty point. \.Z____ JASN ¢ )'. NN N \;: "sr%
L LA Q"‘\* AR E
: ‘1@4 | LN
Definition of 12 representative duty points: x\y li.\J!\ ’><t/ | \ || \g t%l\
SRR
H,,-« S \|g | E\\ NN ||\\ ‘\_,}',\m_ 5,\;%
RSN T,
d=t—t 1T T 1" 2 K
5 10 15
av [ms]

Electric Motor Systems
EMSA
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The Motor Systems Tool - 12 duty points

* Application calculator: vesow & & &
T VAN M
- Inclu N, M& &
. P NN Y \
DN NN NI
1500 if"w \:\ =] A\ >
g_{}/ V. \\‘\\\
~<]
O T N AR TN IEONEORAR
. P T A < %7%’& Q’E%V)}Q\\\Qib N
—T HICS S @ A BN N BN
FEN T [ I L AN INEAASNNXR &
R FETI | %‘ AN IIN A NAVAN
e NI A SR EINA D
15 Jfso oo 2 | % O :Q‘“ N =S N
~. PR N INUEND2N
T DCENEN BN NE NS
f#ﬁ:é\{ I J‘ﬁ““"yf <
5 o e R 2
: N av [ms]

Electric Motor Systems
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iy The Motor Systems Tool - 12 duty points

* Application calculator: N & &
2000 - 9
N S NN M,
- Includes standardized models for: . Nz NI %
*  Pump, Fan, Hydraulic pump ) ;"\\\\h /\}7(\ A
Air,- & Cooling compressors A VAR \‘\\ N\ <8
S TPV N AN R N
LRI
For the “opposite direction” of calculation, - < &’Q NN N \/ /\‘\&
both pump & fan have the possibility to input L 12 >4 oM N XN N2
= N

‘“5<
:_.:(7
/1
y/
5

the pump/fan curve for automatic calculation 1000

; N

of duty point O NI RN
7 '7\‘1 X AN
Specific duty point (8 m3/s, 900 pa): i%,\{\b{ /1 AN ||\\§ ‘33;;
e QD SR ¢ \“%‘
SN PR N NG TN BN\
T ISCTEN BN NI\ NE N
RS W) PANAS

111 1" K2 K

5 10 15

ay [m3/s]

Electric Motor Systems
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The Motor Systems Tool - 12 duty points

2000 1= 80% /é*’ & \(cs?"
\ e \\\ 7o
N M‘t N
P NN Y .L
7 AN INEANI I
N NP NN
K AN NN
< AN
i, NN AR
muf:pnﬁdm gsﬁwa;d;?ﬁf]d P3 -Speed [rpm: mrwm s loadprofie: - G £ 2 N \, )‘\\ N\ %
[ 720 Bl o136 [ 1153 JIN( oa5 | RN 1000 = \Q\\ N \\/\%
L DN N 2 NN NS N
%ﬁ Al NAVAN
Specific duty point (8 m3/s, 900 pa): LS ,\lll P \\ 2\
e QD S IANIR NN
~. PR N INUEN\ NN
T DCENEN BN NE N
e RN, e Y
e s 73 e A
5 10 15
ay [m3/s]
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The Motor Systems Tool - 12 duty points

* Application calculator:

—~ Complete system calculated:

MST-Tool Webinar, September 10th, 2024

The MST-Tool by 4E EMSA

P4 -Load E= == P3-Load
Output power{lki]: 81,4 Tnput power [ ]:
-
- P3 Speed [rpm]:
Input knawn e B rem]
duty point: B Sh
A
. _ 71,44
o=
Load selection:
Manual eta input
=] ]
=
Total system efficiency [%] | 70,9
[i} 20 40 60 30 100

Eta - Transmission

100,0

100-12

a0-

&0-=

0=
202

o=

o2 - Motor ~Motar &Drive
Shaft power [lit]: ) 87,2
mm]: |72 100-
o Toaepm: | 713 w0
I 60-
p -
Load [%s | 1001 o
Drive speed [rpm] Drive selection:
Auto eta cale

|D HTM_CuiputI

@Load Ié Save Ig Reset II. Stop

DAMNISH
TECH
INSTITUTE

44
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The Motor Systems Tool

* The Motor Systems Tool, MST-Tool
— A dynamic tool under continuous development
= Published ecodesign regulation on fans
= Upcoming ecodesign regulation on pumps
= Interpolation / extrapolation models from IEC 60034-2-3:2024

— A part of a family of tools calculating:

= Air compressors, Vacuum systems, Hydraulic systems and soon Ventilation systems

* Find 4E EMSA Tools at: https://www.iea-4e.org/emsa/

—~ Updated versions of tools soon to be released!

* Including updated guide, examples etc.

* Hotline (Hotmail) for MST: mst@iea-4e.org

Electric Motor Systems
EMSA

A
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The Motor Systems Tool

 Sign up for our newsletter

~ B News-Electric Motor Systems . X+

€« > C 23 iea-de.org/emsa/news/

Technology Collaboration Programme
byleQa

Electric Motor Systems
Platform EMSA News Publications Our Work v About v Q

4E Home » Electric Motor Systems » News

Need help with the Motor Systems Tool?
SEPTEMBER 9, 2024

Search ...
Check out our freshly updated Quick guide!

READ MORE
SUBSCRIBE TO OUR
. . R NEWSLETTER
Webinar upcoming on EMSA’s Motor Systems Tool
|,.;ﬁ< SEPTEMBER 9, 2024

Sandie B. Nielsen, the developer of the Motor Systems Tool will hold a webinar on 10 September 3 PM

CEST to show the Tool to interested users. A great opportunity to try the Tool and ask questions from
its developer!

READ MORE

Digitalisation in motor systems — what value does it bring?
AUGUST 13, 2024

EMSA just released a new Policy Brief, summarising the key findings of four recent EMSA publications
on digitalisation in electric motor systems. These explain in detail the benefits of digitalisation.

READ MORE

MST-Tool Webir

Newsletter

Iar, oTpyLcIivct 1V, ZUZssS =<V

ctric Motor Systems
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R The Motor Systems Tool

Thank you for listening

.} Sandie B. Nielsen

DANISH Representlng Den-mark |n-4E EMSA
TECHNOLOGICAL Danish Technological Institute
INSTITUTE sbn@dti.dk
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