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Energy efficiency on the electric drive

Which optimization measures affect a production machine's energy balance
and how?

Optimum drive sizing

Optimization of the movement processes
Select suitable movement rule

Apply regenerative kinetic energy to the DC bus
Energy is buffered in capacitors

Shared DC bus

Optimized starting, overlapping of movements (energy oscillates back and
forth between axes in the DC bus)

Integrated 24 V supply
Active Power Supply Modules (PSM)



Energy efficiency in real, industrial processes

Energy efficiency in motion control —
for the bottelpack® packaging machine from kocher-plastik
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Energy efficiency in real, industrial processes

The bottelpack® process

Packaging machine for liquid and paste materials
Main area of application: Pharmaceuticals industry
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Energy efficiency on the electric drive

Goals of the bottelpack® packaging machines
Increased energy efficiency during operation
Resource-saving machine production

Procedure
Analysis of the individual drive cycles
Assessment of individual axis performance
Supply and regenerative power of the entire system
Selection of the most cost-effective and energy-efficient drive solution



Energy efficiency on the electric drive

Assessment of individual axis performance

Low
simultaneousness
factor

Uneven axis loads

Power in W

Timeins



Energy efficiency on the electric drive

Todays power equipment is designed for highest efficiency
Servo equipment is mainly used in a partial-load operational range

Drives

Efficiency up to 98.5%
Low power processor
technology used

Motors
Efficiency up to 98%

Pole winding technology used,
for lower copper losses




Energy efficiency on the electric drive

Optimum sizing of drives by experienced engineers

Advantages
Optimum drive dimensioning

Less mass, lower inertias,
friction

Investment savings
Areas of use

All applications in which drives are
used

Special for higher demands on
dynamic characteristics

Energy savings
Up to 20%



Energy efficiency on the electric drive

Optimum movement profile

— Quadratic
parabola
— Modified
acceleration trapezoid

Speed Standardised

— Sin? profile

—— Modified
sine curve

Acceleration Standardised

Time Standardised
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Energy efficiency on the electric drive -

Optimum movement profile

This energy
must be
converted to
heat

during breaking
(PPSM)

Acceleration-
symmetric profiles
do not offer optimum
use of energy

Acceleration-
asymmetric profiles

offer ideal use of
energy

Time Standardised
Time Standardised

— Quadratic parabola — Sin? profile
— Modified acceleration trapezoid — Modified sine curve

Energy savings up to 25%, savings of 45% in the maximum power range



Energy efficiency on the electric drive

DC bus connection on the ACOPOS single

Advantages

Braking energy is used
for acceleration

nergy chopping  Cooler switching cabinet
- Avoidance of

Supply feed

f

Power grid braking heat
lﬂ lﬂ lﬂ Areas of use
lﬂ Energy is converted to Tension control
ggg&gggg | g neat (e.g. in printing machines)
Energy flow with g & g& Multi-axis applications

{} Deceleration Braling with simultaneous
acceleration and
deceleration on different
axes

‘ Acceleration

Energy savings
Up to 30%



Energy efficiency on the electric drive

Apply kinetic energy to the DC bus
Kinetic energy is buffered in capacitors

Ciny = 470uF, U, = 750V,
Assumptions et red. = 20kgem2, n = 4,000min- Inv HF, Yo

U, = 560V
J C
Interrelationship E. = % W E, = > >(U22 - Uf)
Result En =176 Ws E. =58 Ws

Depending on the application, up to 30% of the braking energy can be
stored in the buffer. The rest is converted to heat.



Energy efficiency on the electric drive -

Single-axis drives: Total power calculation for braking resistors

46 %

of the average
supply power!

Power in W

Average power in
braking resistor

1581 W

Time



Energy efficiency on the electric drive

DC bus coupling: Oscillation power over the DC bus

Reduced

supply power
3,142 W

Power in W

6 %

energy savings

Average power shared
in the DC bus

278 W

Time



Energy efficiency on the electric drive

24 V DC supply from the DC bus

Supply feed Advantag es
, Energy buffering with .
capacitors Part of the braking energy
IS used to generate
24V DC.

Less energy needed for

Power grid | storage in the DC bus buffer
Energy is regenerated
s directly back int? the Less energy converted
er SHUPPY to heat in the braking
ﬂ resistor.
24V
Areas of use
Energy flow with power sup I n
: All axes wit
ﬁ Deceleration 24\ DC

‘ Acceleration regeneration

Energy savings

Up to 30% of the
24V supply energy



Energy efficiency on the electric drive -

Single-axis drives: Total power calculation for braking resistors

30 %

of the average
24 V energy!

Power In W

Average power in
braking resistor

1581 W

Time



Energy efficiency on the electric drive -

Effectiveness of measures when using Passive power supply modules

Passive PSM I
Measures taken

Energy savings I

Optimum motion rule Up to 25%

Buffer regenerative energy in up to 30% 1

the DC bus
Overlapping of movements, Approx. 10% (depending on the maximum allowed
(DC bus connected) overlapping)
20-30% of the 24V supply energy
Integrated 24 V supply (this power taken directly from the DC bus reduces power

dissipation on the braking resistor)

1 Check use of capacitor modules
2 Regenerative energy is immediately sent back into the mains
3 Reduction up to 45% of the maximum power consumption!



Energy efficiency on the electric drive

Regeneration of braking energy in the ACOPOSmulti

Active supply feed
A Advantages
0N Energy buffering with _ _
capacitors Braking energy is

fed back into the network
Cooler switching cabinet

Co

9nsy.

B ;49N
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Areas of use

Power grid o
lﬂ lﬂ Handling of loads
lﬂ lﬂ Required braking power
with high simultaneousness
factor

Energy flow with
{} Deceleration Energy savings

3 Acceleration Up to 90% in the drive
complete braking energy
can be regenerated.

-> only friction energy
is lost



Energy efficiency on the electric drive -

DC bus coupling with active regeneration: Regenerative power

42 %

energy savings

Power in W

Average power
regenerated

1303 W

Time
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Power and energy monitoring on the ACPm

Integrated "Power Meter" on the aPSM (active Power Supply Module).
The following power and energy consumption values are determined:

Effective, apparent power and reactive power, cos | , i, U

phase

Motoric-, regenerative energy, in the form of average values, peak values

Motoric-, regenerative energy, cycle-related
Not a calibrated measuring instrument!

MC_BR_PowerMeter
UDINT — Axis Done
BOOL — Execute Valid
UINT — Mode Busy
MC_POWERMETER_CFG_REF — Configuration CommandAborted
Error
ErroriD
PowerData

— BOOL
— BOOL
— BOOL
— BOOL
— BOOL
— UINT
— MC_POWERDATA_REF




Power and energy monitoring on the ACPm

Knowing the effective power can be useful for additional optimization
Manual optimization of the machine settings for minimal effective power

loss from the mains

Data concerning effective power consumption from the mains can be used

in PDA systems for additional optimization

MC_BR_PowerMeter
UDINT — Axis Done
BOOL — Execute Valid
UINT — Mode Busy
MC_POWERMETER_CFG_REF — Configuration CommandAborted
Error
ErroriD
PowerData

— BOOL
— BOOL
— BOOL
— BOOL
— BOOL
— UINT
— MC_POWERDATA_REF




Energy efficiency on the electric drive -

Effectiveness of measures when using Active power supply modules

B Active PSM

Measures taken _
I Energy savings

Optimum motion rule Up to 25% 3

Buffer regenerative energy in

N

the DC bus Negligible

Overlappi f ts, .
verlapping of movements Nl ®

(DC bus connected)

Integrated 24 V supply Negligible 2

1 Check use of capacitor modules
2 Regenerative energy is immediately sent back into the mains
3 Reduction up to 45% of the maximum power consumption!



Energy efficiency on the electric drive

Total Power Factor TPF = 1 with ACOPOSmulti through
Power Factor Correction (PFC)

Advantages
Reduction of wire cross Tea=
section fuse power
supply comp(F))nents W ..I
Savingsof S
Infrastructure costs
1IPE=06

Areas of use

Total palette for
electr. drive technology

Resource savings

Up to 50% in the power
supply




Energy efficiency on the electric drive

ACOPOSmulti "cold-plate" installation

Advantages
Cooled Y _ _
switching cabinet back wall Switching cabinet remains cool
All drive losses Heat exchanger

! Safe operation and
are directed through .
fluid-cooled back wall longer lifespan

Easier to re-use

Dissipated heat
=> Avoid

accumulating reduction of
effectiveness

Areas of use
High total drive power ratings
When cooling circuit is present

Energy savings

Cooling expenditure is
significantly reduced



Energy efficiency on the electric drive

Summary - bottelpack® packaging machine

Active regeneration average power 1,303 W 42 %
Power factor correction  Supply line cross section, Reduction by
fuses, etc. a factor of 2
Cold-plate installation Climate control system No longer
Cooling capacity for necessary
- braking resistor approx. 770 W
- drive dissipated heat approx. 700 W 1 100 %
(direct feed in the existing cooling Cooler
circuit) switching
cabinet

LInstalled power 140kW

Summary: ACOPOSmulti is the ideal drive technology for bottelpack®




Energy efficiency on the electric drive -

Amortization of investment for new bottelpack® drive concept

Energy savings 1 pa

Active regeneration Approx. 9,400 kWh 940 € 1,450 €
Power factor correction  Power supply components - 250 €
Cold-plate installation Climate control system - 1,000 €2
Cooling capacity for - 200€
- braking resistor approx. 5,500 kWh 550 €
TOTAL Approx. 14,900 kWh 1,490 € 1,000 €

1 Three-shift production on 6 days = 7200 h/year, energy
costs 0.10 € per kWh

2 The losses have to be dissipated either in an existing amortization
cooling tower or a dedicated climate control system period
Savings: 720 € p.a. for each saved kW of average
performance

8 month




Energy efficiency on the electric drive

Summary: B&R ACOPOSmulti offers energy-saving technologies
such as:

DC bus connection

Active power regeneration

Integrated 24 V supply from the DC bus
Power factor correction (TPF = 1)
Cold-plate installation

This makes it the most cost-effective and energy-efficient choice for all
multi-axis drive demands
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