Energy Efficient Hydraulics

Variable Frequency Drives as Pump Prime Movers

Presented by Dr.-Ing. Gerd Scheffel

ENGINEERING YOUR SUCCESS.
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Starting with the End in Mind

e Saving energy > only needed power for the motor
> smaller components
> higher efficiency
> less fluid cooling

* Reducing noise > noise only @ high demand

Increasing power density > higher delivery @ same frame size
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Industrial

Electric driven pump

>909% linear motion

>90% single rod cylinder

Standard patterns, cavities & ports
Productivity driven

@ng lifet@

CNC controlled

Cl\/[illiseco@

Local hydraulic component intelligence

Energy recovery potential low

Low peak energy

Electromechanical competition

Many small regional accounts

Many distributors, sometimes competing
Small quantities

Mobile

Fuel & Batteries

Diesel driven pump

50% linear motion

50% rotation incl. closed circuit
Custom cavities & ports

Fuel economy driven

Power density

Man controlled

Seconds

Vehicle electronics

Energy recovery potential high
n/a

Hydraulic competition

Few large global accounts

Few distributors

Mass production.
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Diesel Drive

RPM 1500/2000/2500 )
Fix RPM

Diesel

1 Rotation Direction _ o
1 Rotation Direction

RPM 1500/2000/2500 Variable RPM

avs

2 Rotation Directions

Diesel

1 Rotation Direction
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Electric Drive

RPM 1500

2 Rotation Directions

Fix RPM

2 Rotation Directions

RPM 1500 Variable RPM

V)

2 Rotation Directions

— M

(2 Rotation Directions)
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Electric Drive

RPM 0 - 10000 )
Variable RPM

" va

2 Rotation Directions

2 Rotation Directions

RPM 1500 Variable RPM

9 7

2 Rotation Directions

— M

(2 Rotation Directions)

Copyright © Parker Hannifin GmbH © Dr.-Ing. Gerd Scheffel 2012



Electric Drive

RPM 0 - 10000 )
Variable RPM

" va

2 Rotation Directions

2 Rotation Directions

RPM 0 - 3000 .
Variable RPM

: 0 ?

2 Rotation Directions

2 Rotation Directions
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Electric Drive - Linear Motion

RPM 1500

Fix Speed

— M

2 Rotation Directions

2 Directions

RPM 1500 .
Variable Speed

— M $

(2 Rotation Directions) 2 Directions

Copyright © Parker Hannifin GmbH © Dr.-Ing. Gerd Scheffel 2012



Electric Drive - Linear Motion

RPM 0 - 10000 _
Variable Speed

M

2 Rotation Directions o
2 Directions

RPM 1500 .
Variable Speed

— M $

(2 Rotation Directions) 2 Directions
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Electric Drive - Linear Motion

RPM 0 - 10000 _
Variable Speed

M

2 Rotation Directions o
2 Directions

RPM 0 - 3000

Variable Speed ?

M $

2 Rotation Directions 2 Directions
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Electric Drive - Linear Motion

RPM 0 - 10000 _
Variable Speed

M

2 Rotation Directions o
2 Directions

RPM 0 - 3000

Variable Speed
M { >

2 Rotation Directions

2 Directions
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Electric Drive - Linear Motion

RPM 0 - 10000 _
Variable Speed

M

2 Rotation Directions

2 Directions
RPM 0 - 3000 ]
Variable Speed
M ;
|
2 Rotation Directions 2 Directions
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Electric Drive - Linear Motion

RPM 0 - 10000 _
Variable Speed

M

2 Rotation Directions o
2 Directions

?
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Electric Drive - Multiple Motions

RPM 0 - 3000
Variable Speed

RPM 0 - 3000

—t M

]:[ \ M LR R R R

2 Rotation Directions

2 Directions

RPM 0 - 3000 Variable RPM

e

2 Rotation Directions

RPM 0 - 3000

M

2 Rotation Directions 2 Rotation Directions

=»

Variable Speed

RPM 0 - 3000

2 Rotation Directions

RPM 0 - 3000

{ M LARARERA R

—t M

2 Rotation Directions o
2 Directions

RPM 0 - 3000
Variable Speed

w o

2 Rotation Directions

RPM 0 - 3000

{ M LARARERA R

—t M

2 Rotation Directions o
2 Directions

RPM 0 - 3000
Variable Speed

2 Rotation Directions

RPM 0 - 3000

{ M LARARERA R

T W o

—t M

2 Rotation Directions o
2 Directions

[ 1
w o

2 Rotation Directions

Variable Speed

2 Directions

Variable RPM

2 Rotation Directions

Variable Speed

2 Directions

Variable Speed

2 Directions

Variable Speed

2 Directions
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Electric Drive - Multiple Motions

RPM 0 - 3000

{ M

Variable Speed

LARARERA R

2 Rotation Directions

RPM 0 - 3000

2 Rotation Directions

RPM 0 - 3000

{ M

2 Directions

Variable RPM

2 Rotation Directions

=»

Variable Speed

LARARERA R

2 Rotation Directions

RPM 0 - 3000

{ M

2 Directions

Variable Speed

LARARERA R

2 Rotation Directions

RPM 0 - 3000

{ M

2 Directions

Variable Speed

Variable Speed

X

2 Directions

Variable RPM

2 Rotation Directions

A X

Variable Speed

RPM 0 - 3000

T m W o

2 Rotation Directions

LARARERA R

X

2 Directions

Variable Speed

2 Directions

x Variable Speed

2 Directions

BOcmd

2 Rotation Directions

2 Directions
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Electric Drive - Multiple Motions

P-port

RPM 0 - 3000

2 Rotation Directions

T-port

M

Variable Speed

2 Directions
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World's steepest cogwheel railway

From Alpnachstad to Pilatus Kulm, the world's steepest
cogwheel railway winds up through lush meadows
carpeted with Alpine flowers, past sparkling mountain
streams and fascinating rock faces.

=+ Show Gallery

Technische Daten

Section Alpnachstad — Pilatus Kulm

Opened 4 June 1888 (steam operation)
Reopened q& May 1937 (after electriﬂcatinnD
Operating period May to Movember

Height difference 1635 m

Length of track 4618 m

Travel speed Ascent 812 kmih, descent max. 8 km/h
Travel time Ascent 30 min., descent 40 min.

Maximum passenger fransport 340 persons per hour

capacity

Railcar capacity 10 railcars, 40 persons each

Transport system Locher cogwheel railway system

Drriving power C21D P3 nr154mperlncumntiue)

Track Gauge: 0.8 m, Gradient: 43% maximum, 38% average
Manufacturers Locher General Building Contractors www locher-ag.ch O, Carriage

SLM Schweizerische Lokomotiv- & Maschinenfabrik of Winterthur
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_-ﬂ

8 MW Power ,

16 Motors x 500kW



Square Frame p .
Induction Motor Induction Motor M erm:ll:/fnt Reluctance Motor
w improved Dynamics agnet Motor

Next Generation
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Electric Drive - Linear Motion /‘ a
"-h
WITTENSTEIN | alpha

Die Revolution
N der [inearen Antriebstechnik

In 0,3 sek. beschleunige ich 300 kg
auf 360 m/min. Auf 5 ym genau.
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Electric Drive

Gearbox Elimination Conversion Rotation to Linear
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Mit neuem Automatisierungs-
konzept: die 320 Tonnen-
Servopresse von Burkhardt

w Burkhardt GmbH, Deutschland

Mit der Kraft zweier Servos

Burkhardt baut eine 320-Tc p mit zwei Torg
Motion Ci ller und Sicherhei ung von Siemens "

Indelpressen

== L — = .'.; = :

[DUNKES] pressen




App]ication examp]es Stromnetz Antrieb der Energiespeicher
Servopresse

Peak Power = 1MW

Betriehsart Presskraft Ziehtiefe [mm] | Max. Hubzahl Max. Hubzahl Steigerung auf

“ [kN] konventionell Servo

Folgeverbund 1.300 60 25 40 160 %
[ ooebund 1.200 30 30 56 187 %
m Folgeverbund 2.400 50 30 50 167 %
[ ooeobund 2,000 40 30 60 200 %
Folgeverbund 4.000 90 23 33 143 %
Transfer 6.000 190 12 17 142%
Transfer 6.300 130 8 15 187 %
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Electric Drive - Single Linear Motion

H
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Electric Drive - Linear Motion
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Electric Drive - Linear Motion
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Cylinder Ratio 2:1




A-Regenerative

——
|

© [ —Darker
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A-Regenerative
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400 bar
50 I/min
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Electricity turns our World

400 \Volt
50 Hz
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8 900 855

6 1200 1140
Revolutions Induction
[ per Minute 4 1800 1710 Motor

2 3600 3420

400 Volt

60 Hz
\
\

Cycles per
Second
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Induction Motor

# Inverter
Pole RPM
T S— 0 - 1800
6 0 - 2400
4 0-3600 1500/2000/2500 | Diesel k\
- 0-7200

400 \Volt 400 \Volt
60 Hz 0-120 Hz
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Induction Motor

Low Cost
< 1000 kw

Permanent Magnet Motor

e Turnsw Field RPM

* Higher Torque @ given Size

*  Better Efficiency

* Servo =closed Loop for highest Dynamics
e <85kW
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Displacement

ccim

10

50

100

250

Gear

Vane

Piston

External

Internal

Inline

Bent Axis

Radial

n/a
n/a

n/a

250-3000

250-2400

250-2200

250-2000

RPM @ max pressure

300-3000

300-3000

300-3000

300-2200

400-3000

400-2800

400-2300

400-1800

50-4200

50-2800

50-2300

50-1500

500-2800
500-2100
500-1800

n/a
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p [bar]

350
\ \ \ 1000Nm
300 - ‘
250 -
500NmM
200 -
250Nm
\)e
150 - «0(0\
100Nm
100 -
50Nm
20Nm
>0 7 10Nm \
0 T T T T T T T T T
0 25 50 75 100 125 150 175 200 225 250
V [ccm]
= P = Power
l:)Elect. =ne MMech. _
M = Torque
o n=RPM

p = Pressure

V = Displacement
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% Variable Speed
e <50 ccm w Motor controlling p & Q ..
- - [
* Reverse Rotation for Decompression Y e 3 Directions
e High Bearing Load
* Not repairable S Variable RPM
T
vy
[ = ] = 2 Rotation Directions
% Variable Speed
——
i N
— 2 Directions
Variable Speed

2 Directions

Variable Speed

2 Directions

_ A —Parker

Frequency Inve rter Permanent Mag net Motor Internalto@alﬁarker Hannifin GmbH ¢ Dr.-Ing. Gerd Scheffel 2012




Variable Speed

| X]

e >50 ccm w Motor controlling Q and Pressure Relief

m—

U [l
— 2 Directions
E Variable RPM
—

[ | ! 2 Rotation Directions

Variable Speed

| X]

1]

2 Directions

Variable Speed

2 Directions

Variable Speed

2 Directions

L A —Parker

Frequency Inverter Induction Motor I nternake&s@apare tamitn not - or.ing. Gera screter 202




& Variable Speed
* <50 ccm w Motor controlling p & Q L1
- - [
* Reverse Rotation for Decompression Y e 3 Directions
* No Bearings
» Easy Repair through Cartridge Exchange S Variable RPM
u
[ =} z 2 Rotation Directions
& Variable Speed
|
]
- 2 Directions
Variable Speed

2 Directions

Variable Speed

X

2 Directions

Frequency Inve rter Permanent Mag net Motor Vane Copyright © Parker Hannifin GmbH © Dr.-Ing. Gerd Scheffel 2012



& Variable Speed
* <50 ccm w Motor controlling p & Q L1
- - [
* Reverse Rotation for Decompression ==  Directions
* No Bearings
» Easy Repair through Cartridge Exchange S Variable RPM
T
vy
[ = ] = 2 Rotation Directions
& Variable Speed
L
]
— 2 Directions
Variable Speed

2 Directions

Variable Speed

X

2 Directions

Frequency Inve rter Permanent Magnet Motor Vane Copyright © Parker Hannifin GmbH © Dr.-Ing. Gerd Scheffel 2012



& Variable Speed
e >50ccm L
 Inertia of Motor + Pump Rotors limits Dynamics Y e 3 Directions
» Cavitation in Suction Line limits Dynamics
« Shaft Torque limits Dynamics S Variable RPM
T
vy
[ =} = 2 Rotation Directions
& Variable Speed
L
]
- 2 Directions
Variable Speed

2 Directions

& Variable Speed
|

—

i

2 Directions

Frequency Inve rter Square Frame Ind uction Motor Vane Copyright © Parker Hannifin GmbH © Dr.-Ing. Gerd Scheffel 2012




& Variable Speed
e >50ccm L
 Inertia of Motor + Pump Rotors limits Dynamics Y e 3 Directions
» Cavitation in Suction Line limits Dynamics
« Shaft Torque limits Dynamics S Variable RPM
T
vy
[ =} = 2 Rotation Directions
& Variable Speed
L
]
- 2 Directions
Variable Speed

2 Directions

& Variable Speed
|

—

i

2 Directions

Frequency Inverter Induction Motor




| X]

Variable Speed

e Double Pump in common Housing

. =
uJ
* Spllt FIOW s 2 Directions
% Variable RPM
VI
o z 2 Rotation Directions

| X]

Variable Speed

2 Directions

:|
|
|
c
iEl

Variable Speed

2 Directions

/F % Variable Speed

2 Directions

Frequency Inverter




X Variable Speed
e Double Pump in common Housing ..
. ]
° U e
Spllt FIOW — 2 Directions
E Variable RPM
p [bar] [ |
350 ~2000Nm i
[ | ! 2 Rotation Directions
300 o
\\ -
250 h X Variable Speed
200 m—
U [l
\\_x — 2 Directions
~_
150 ~~—
™~ Variable Speed
50 _\\_____—_\‘__‘_ 2 Directions
0 e .
0 25 50 75 100 125 150 175 200 225 250 E ariable Speed
V [cem]
——
= 3o o
— 2 Directions

Frequency Inverter

Induction Motor Vane 125 ccm  Vane 50 ccm




% Variable Speed
4 Quadrant Piston Pump g
. [
Decompression w Pump e 2 Directions
% Variable RPM
T
]
U = 2 Rotation Directions
N tnu -
X Variable Speed
o
Vo 'I.I'; — 2 Directions
—_— - -] =
Vg mm g ma
Variable Speed

—

2 Directions

-
E|
B

| X]

Variable Speed

i

2 Directions

Frequency Inverter Induction Motor Variable Piston



| X]

Variable Speed

» Pressure compensated Piston Pump

: . : —
» Decompression w joined Pressure Relief U e  Directions
E Variable RPM
Dp; S (4Dbar) 3 T
/\\// i - Pemd uJ z 2 Rotation Directions

X Variable Speed
——
U [l
- 2 Directions
Variable Speed

2 Directions

X Variable Speed

2 Directions

& —

l“ “'

=
)
¥ =— .

Frequency Inverter Induction Motor Variable Piston



Pressure compensated Piston Pump
Pump to run full Stroke down to min RPM

Efficiency, power consumption

PV140
= 250 =150 —
'é E_' vol. efficiency
=z o ovérall efficiend]
2,13 ya— /]
: 200 a 120 output ﬂOW
= 5
=3 =%
=0 C
© B / ) /
150 — 90 <
Q)
)
100~ 60 =
N3
&
50— 30 /
inplit power at df‘i‘f‘fi(_i_.—-/
0— 0
100 200 300
Pressure [bar]
[
I

Frequency Inverter

@ full Stroke

60

40

Efficiency [%] (overall, volymetric

no
o

Induction Motor

X Variable Speed
——
l-l et
- 2 Directions
% Variable RPM
]
= o 2 Rotation Directions
X Variable Speed
——
l-l et
- 2 Directions
1 I Variable Speed
2 Directions

Variable Speed

| X]

i

2 Directions

Variable Piston



Vane T7D 137,5 ccm

POWER LOSS HYDROMECHANICAL (TYPICAL)

------ 600 RPM
1 e 1000 RPM

— 1500 rPm 26 CSt
L = = 2000 RPM

0,2-0,8 kW

Power loss Ps [kW]

0.0

0 50 100 150

Pressure p [bar]

Efficiency, power consumption

200 250

300

—

IC

14 kW

@ 300 bar
2000 RPM

7 kW

Efficiency [%] (overall, volymetr

= s 100
£ 250 i 150 Vol oThgensy
: ; = o] overall efficienc
Variable Piston PV 140z _ | 3 < Y
= 200 7%120 OUUtpUt flow 80
2 2
] C
o = /
150~ 90 <5 60
b
o
100 60 &Q"’ 40
Ny
50~ 30 / 20
inplit power at d ?3‘1@3‘1_.—/
4 KW —
100 200 300
Pressure [bar]
[
I

Frequency Inverter

Square Frame Induction Motor Vane

| X]

i

A= X

| X]

i

| X]

i

Variable Piston

Variable Speed

2 Directions

Variable RPM

2 Rotation Directions

Variable Speed

2 Directions

Variable Speed

2 Directions

Variable Speed

2 Directions



@ min RPM

E Variable Speed
» Fix and variable Pump Combination ..
]
- 2 Directions
@ max RPM
% Variable RPM
T
vy
[ | = 2 Rotation Directions
E Variable Speed
o[
- 2 Directions
Variable Speed

2 Directions

X Variable Speed

2 Directions

Frequency Inverter

Square Frame Induction Motor Vanell0 ccm Variable Piston 140 ccm



DriveCreator - approach

Pressure + flow demand Hydraulic pump concept Calculation tool

Leistungsverbrauch WA _Kasgs|

10 =
o = 5 B o i — = ’
100 [ || . : »
o (1 il f b ST  e—
mr | # ] S 4
4 | \ F dd
I i T AT (I i oy 4 BT |
H | Leifste - . hNE 4 e
: il | | 1 14 : e B =
L S — - T~ i 7 L1 E= =
sy v ] 1 | - L ; = = -
§

—

Installation manual Set up tool Application

Component selection

ey
Ervesin Eniusisn
[l o
n
Termathm s oo "
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DriveCreator - approach

User input

Load cycle p/Q(t)

Pump selection

Smallest possible pump size

Motor selection

Torque, lowest energy input

Drive selection

Max. current
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DriveCreator - overview

Offline & Internet version

Wizard based

One page design

Database support (pump, motor and inverter )
Sizing of pump, motor and inverter
Plausibility check of user input

Single and double pumps

Induction Motor and Permanent Magnet Motor technology

Motor temperature calculation e

Efficiency comparison inverter vs grid R ‘
: o ee—— e
' i HHSE S iy
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DriveCreator - pump sizing

Parker Hannifin GmbH

Project Axis Extras lLanguage Help ¥ &
s ][ Controller . ][ Motor '8 ][ Pump s ]
o | Inverter 3AC wiith... o | Asynchroncus mot. - | Single pump ) p l I m p d ata base
=~ 3~
- X ASM T o M it ML U ety
3~ Name  [cm®/U] [bar] [bar] [1/min] [1/min]  [1/min] [kgm?]
Min.
~ 3~ rotation
Finish < > Displacement  Nominal  Max. pressure speed  Max. rotation
Name cemifrev  pressure [bar] [bar] Rated speed [rpm]  [rpm]  speed [rpm]  Inertia [kgm?]
ols 16 350 420 1500 300 3000
Nominal and load data Pump Load cycle diagram oo o B 500 %o zmo oo
[l — - PV180 80 350 120 500 300 2200 003
N Varble plscement o _ tom.  Curso hom. Curso T S I e
Pump Pressure - 80| 1044 Mains Output current « @) 105,68 37,357 e g yeom o T arn T
|Pump Volume flow (actual value) 0] 07| 68,82 Motor Output speed -] 2378,7] 515,72 R0 0 0 1500 oo e 00032
n 280 bar 1066200 £
M 207 limin 2.378,74 1imin
1581 s
Check o Database
nominal needed | \-
Displacement V 30 an® | _ -
Rated pressure p_b 250 bar 2 Yo
Maxx. pressure p_max 300 280 |bar { 1 | pu m p Fuacion
Rated speed n_b 1,500 1/min j \
Max. Speed n_max 3.000|| 2.378,74 1fmin o
Min, Speed n_max 300 300 1fmin
Inertia 1 0,00196 kgm? 0s 7667 5 14,3333 = 2155 26,6667 = 358333 5 43
Total efficency 0,791
~
Energy loss 172,34 ks Delivery Rate Pressure
Nr.  Time Duration  Start End Start End i
. [l ] Ofmir] ~ Dfmin]  [bar] [bar]
o Lo = EaiEie XEL o o[ 05 2 2 2 20 3
E - Mominal Load Qlp) i} 52y 73 £ ™1 0,5 0.5 2 207 0 70
- — Load cycle QOfp) -
+ Operating point CQip) ™ Ll 2 g 25 ap 27 0 7
- o | cwverload P(p) XEw 3 3,5 0,5 207 %9 70 70
1/ - | — nominelLoad Fi; (| OB 4 4 0.5 £ 9 7 7
| — Load cycle Pp) MW s 4,5 0,5 99 207 70 0
T § + OperstingpointP(p) || KFL) 6 5 05 207 207 ™ 70
TN S 7 (3 ns n7 7 an 280 2
1 1 | 3 4 T ] [
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DriveCreator - pump sizing

Parker Hannifin GmbH
Project Axis Load cycle Extras Language Help ¥ A

o]

[ Mains ' ][ Controller s ][ ' ][ Pump 1 s ][ Pump 2 4 ]
3aC + | Inverter 3AC with... o | Asynchronous met... | Doublepumpleft o | Double pump right
~ 3~
S K
~ 3~
Finish
(2] Database Pump ==
_99.2em> | Hominal and load dataPumpt [Py [—_m p— ~
_10.8acm? State @) Descending
J Criteria 2 Ascending
;\111_11 Type Descending
1 Criteria 3 Ascending
| Rated pressure p_b [ bar] Descending [ Propose: ) [ Sort ] [ Insert ][ Cancel ]
(- State Type vVar, Displ. ... Displaceme... Ratedpres... Max. press... Ratedspee... Max. Spee... Min. Speed... Inertia J[k... Total effid...
sitable PVO15_ohn... |1 16.0 350 420 1500 2800 300 0.00430 1.000 -
Displacement v nominal  needed suitable V045 1 4.0 350 420 1500 2300 300 0.00430 0.797
Rated pressure p_b Displacement ¥ 10.8 m? sitable V045 _ohn... |1 46.0 350 420 1500 2300 300 0.00430 1,000
[ premslimE Rated pressure p_b 240 bar suitable PV0I2 1 32.0 350 420 1500 2300 300 0.01800 0.795
RrEsin Mz, pressure p_maz 275 254.5 bar | = ||l sitable PV180 1 180.0 350 420 1500 2200 300 0.03000 0.894
:;’T‘Sﬁ:dn"fj“:? z::d;ﬂ:dnﬂll;:ax ;-;zg S La’::: suitable TIASWR17 |0 7.2 275 300 1500 3600 300 0.00026 0.637
— Y Is;;:eed i '300 = :;.00 P sitable T7ASWR22 |0 22.5 275 300 1500 3800 300 0.00025 0.728
Total effidency ot —— i suitable TPASWR2ZS |0 24.5 240 275 1500 3800 300 0.00026 0.743
Eneray loss Total effidency = sitable TFASWR26 |0 6.0 275 300 1500 3500 300 0.00032 0.788
- T suitable T7ASWR23 |0 23.0 275 300 1500 3500 300 0.00032 0.780
QP sitable T7ASWRIO |0 30.0 275 300 1500 3800 300 0.00032 0.772 B
suitable TPASWR32 |0 318 275 300 1500 3800 300 0.00032 0.771 =
— owverload Qip) 3
—— Hominal Load ||| 52Dl T7ASWR34 O 34.0 240 280 1500 3000 300 0.00032 0.777
Load eyele Qfp) suitable T7ASWR3E |0 36.0 240 280 1500 3000 300 0.00032 0.791
+ Operating point Q| (| suitable T7ASWR4D |0 40.0 240 280 1500 3000 300 0.00032 0.793
_ E;;:Ei;é?p(p sitable TD*B028x | 0 0.0 250 300 1500 3000 300 0.00156 0.791
Losd cyels P(m) || Sutzble T/D*B28... |0 180.0 250 300 1500 3000 300 0.00392 0.791
+ Operating point P{p)| || unsuitable _100em? 0 100.0 160 210 1500 2500 300 0.00196 0.813
unsuitable _132.3am* |0 132.3 210 240 1500 2200 300 0.00196 0.801 il
o
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DriveCreator - pump sizing

Parker Hannifin GmbH
Project Asis Load cycle Extras Language Help ¥ &

Axis

Mains o  |[ Controler & [ Motor o [ Pump ¢ |
3AC | Inverter 3AC wiith... | Asynchronous mot.. | Sinale pump -

ASM

010]0)

Finish

Load cycle diagram

Morm. & i
_326.3am? Variable displacement pump orm.  Curso

Pump Volume flow {setpoint) 0T el P arker Hannifin GmbH
— [Ei[Pump Pressure ® a5 Project Auis Load cycle Extras Language Help ¥ &
. R s | Wisara |
M [ Mamns o | Coboler & | Mowr o | Pumpl « | Pumz & |
\ 3aC w | Inverter 3AC with... + | Asynchronous mot... + | Double pump left w | Double pump right  +
™ o —
[\ )
T ASM
LS 3~
nominal  needed )\j
Displacement V 32.3 | / f 3~ KI./ ==
Rated pressure p_b 210 bar
Max. pressure p_max 240 25/ bar J
Rated speed n_b 1,500 1min a9.36ms Norm.  Cursor Norm.  Cursar
Max, Speed n_max 2,200/ 1,956.67) 1fmin 0 - — [][Pump 1 Volume flow (actual value)  + |@)] 433 185,574 Pump 1Pressure ~ @ 2546[ 846
Min. Speed n_max 300 300 | 1/min —— (7] Pump 2 Volume flow (actual value) @) 432.9| 423.46 Pump 2 Pressure ~ @ s 78
Inertia 1 0.00625 kgm? os 3s6¢ 7725
Total efficency 0.801 433 lmin 2548 bar
Creaylons T ke P — e
Delivery rate Pressure
——————— 1 — Overload Alp) N, Time Duration  Start End Start
| s B B Dl e Eed / \ I
| — Loadcyceafpy I AP 0 [i] 0.5 [} 0 10
« Operating paink Ofp) || B P il 1 0.5 0.85 0 250 1 nominal  needed
| — Owerload P{p) XEw 2 135 3.1 450 450 95| || Displacement v 99.2 an? | [ \./ Il \ / \
| — riominalLoad Pis; ®EL 3 245 157 450 2165|7506 || Ratedpressurep b 250 bar | s Vi \
| | — Loadcycle Plp) X P 4 602 035 265 265 0 || Max. pressure p_max 300| 2546 bar N i %
p * OperatingpantP®) || oo om0 638 071 2165|3667 0| Il Rated speedn1b 1,500 1jmin /
7l = | » P Max. Speed nl_max 3.,000|| 1,965.63 ] 1fmin [
Min. Speed ni_max 300 300 1/min T
Inertia ] 0.00196 kgm? os 606867 = 121333 = 182s 242667 5 303333 s ELEE
Total efficiency 0.791
Energy loss 0 kws XL o 1] 0.5 10 10 0 0 10 10 fl
MW 1 0.5 0.85 10 95 0l 31368 10 95 i
QP — verbosd Qp) XEw 2 135 31 95 7596 31368/ 313.68 95 75.96
— Wominal Load Qp XEw 3 4.45 3.3 75.96 0| 31388| 150.78 75.96 [ &
Load cyce oy || BIPIE[ 4 7.75 0.35 0 ol 1s0.78|[ 150.78 0 [}
+ Operating point Q{p} MW s 8.11 0.71 0 75.96 | 150.78 [ 255.33 0 75.96 L
Overload P{p) XEL s 8.82 238 75,96 7596 25533 25533 75.96 75.96
—— Mominal Load P(p} XPe 7 11.2 1.04 75.96 0| 25533 0 75.96 0
Load cycle Pip) MNP 8| 1204 0.84 0 24 o] 42311 0 24
p ¢ OperatingpointP() || saemi g 13.08 158 24 78| 42311 a1 24 k) il
« i ] D i ] ¢
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DriveCreator - motor sizing

TR TR R A uq\:z\;) L
E 0 14—
Parker Hannifin GmbH u__\\ NN o i
, o
Project Axis Load cycle Extras Language Help ¥ & . \ \\\ ,/—“‘3
?‘ = x L = -
MS \ \ —12
. i -
[ Mains W ][ Controller o ][ Motor W ][ Pump 1 W ][ Pump 2 W ] [y \ \\ i —1 -
b i i i i ! - _
3AC w | Inverter 3AC with... - | Asvnchronous motu. « | Double pump left o | Double pumo right & | S \ i —=t
[T T g M= -
- ., B g
-~ 3~ m_ un--\\u R "M — -
= X ASM \ e —
3~ [ -
= 3~ \
Finish < = \ —T
03— p— -
=
U, I B Load cycle diagram [y - \ \ i
—_— - MNorm. Cursor Morm. Cursor \ ".I '*,‘ —
| —_ Pump 2 Volume flow (setpoint) - @] 432,9 | 325.84 B Motor Qutput speed - @] 1,965.63 | 1,458.45 01— e Y \55 éb ,/-‘"’_ -
R —— [7] Pump 2 Volume flow (actual value) - @]  432.5| 32554 —— [7] Motor Pawer loss - @] 10,6581 5.36431 ”? ki K \ i|I i
‘ | J - - o | /I I [ | |
T T T t T T T
432 9 lmin 3 186563 1/min v ood ®» w9 N W W ® W
432.8 Fmin 10,6581 kil
s n pe
Check Database 74
nominal needed
Rated voltage U_b 400 v e " \ A P
{}
Rated currentI_b 132 A V \
Power factor cos{phi) 0.87
Inertia J 1.3 kgmz
Rated frequency f_b 50 Hz - \
Rated speed n_b 1,485|| 1,353.34 1fmin
Max, speed n_max 4,200 1,965.63 | 1jmin 0
Min. speed n_min 300 | 1fmin
Rated torque M1_b 482 330,973 Nm 0s 5295 1058 s 1557 5 2116 s 2645 s 3174
Stalling Torque M1_k 3.374 MNm
Max. torque M1_max 3,374 779.993|Nm Load cycle editor =
b L et DA Pressure pump 1 Delivery rate pump 2 Pressure pump 2
Thermal tme constant 55 min Nr.  Time Duration  Start End Start End Start End £
Max. over temperature 80 66.2746 K [s] [s] [bar] [bar] [ljmin] [lfmin] [bar] [bar]
ErEm = EESEINES W o [ 0.5 10 10 [l 0 10 10 b
XL 1 0.5 0.85 10 95 0| 31368 10 95
G - _\ — overload —Ml X 2 1.35 3.1 35 75.96| 31368 313.68 95 75.96
3 — MNarinal Laad ¥ 3 4.45 1.57 75.96 10| 31368 150.78 75.96 10
% Load cycle MW 4 6.02 0.36 10 10| 1s50.78| 150.78 10 10
~ * Operating point XL s 5.38 0.71 10 7596 150.78| 255.33 10 75.96 | e
< n | 3 4| n | 3
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DriveCreator - motor sizing

Parker Hannifin GmbH

Project Axis Extras language Help ¥ &
Axis
[ Mains o | controler & ][ Motor Il load ]
3AC ~ | Inverter 3AC with... | Asynchronous mot... | Displacement pump
= 3~
= x ASM
e L2 )\ 3=
| £| Database Motor - - ‘ ﬂ
— =
0 d load d=|{ Mominal and load data Motor Criteria 1 Ascending
Motor 127 Motor 172 Self cooling |State » | (7) Descending
U, II Ul F:riteriaz Ascending
| Rated torque M1_b [MNm] - Descending
D n M2 Criteria 3 Ascending
\Inertia J [kgm?] + | (0) Descending [ Propose i Sort i Insert i Cancel ]
State  Type Rate. Rate. Rate Ther. Vendor
[ Check « Jlill [ Checc & ] o 20 -
= @ suitable |Moto... |1 400 |50 1440 |0,83  [820 27,00 (81,00 |0012 (4200 |[8L00 |22 100 112 157
Rated voltage U_b Rated voltage U_b 350 v suitable |Moto... |1 400 (S0 950|076 (7,20 (30,00 (66,00 (0,015 |3600 |[66,00 |26 100 132 169
Rated current I_b Rated current I_b 10 A suitable |Moto... |0 343|358 (1000 (0,82 (10,00 |3500 |70,00 [0,017 |9000 (70,00 |20 100 100 187
Pawer factor cos{phi){ f| Power factor cos(phi) 0,74 suitable |Moto... |1 400 50 1455 (0,81 |11,40 |35,00 |111,60 |D,018 |4200 |111,60 |26 100 132 229 E
Inertia J Inertia 1 0,017 kgm? suitable |Moto... |1 00 |50 2040 (0,88 [20,00 (3800 |104,40 |0,034 [s000 |10440 |32 wo |60 325
Rated frequency f b | | Rated frequency f b ae e suitable [Mota... |1 00 |0 715 |0,72 |10,00 53,00 |137,80 |0,036 |3000 |137,80 |32 w0 [160 195
Rated speedn_b Rated spesdn_b Lo 765 2fmin 1 ftobie [Moto... | L 200 |50 |2940 |0,88  |39,50 |7L,00 |227,20 |0,077 |6000 |227,20 |36 w0 180 457
Max. speed n_max Max. speed n_max 9.000 1.500 | 1fmin —
A —— e ——— T suitable |Moto... |1 400 |50 1450 |0,84 |21,50 72,00 (12440 0,043 (4200 [194,40 |32 100 160 324
Rated torque M1_b P L = o suitable |Moto... |1 400 |50 950  |0,74 [17,00 (7500 (187,50 (0,045 |3600 [187,50 |32 100 160 268
Staling Torque M1 k | || staling Torque M1_k a3 Nm suitable |Moto... |1 400 |50 2345 |0,89 (53,00 (97,00 (271,60 (0,14 (6000 |271,60 |40 100|200 534
Masx. torque M1_max | || Max. torque M1_max 48| 26,8304 |Nm suitable |Moto... |0 33 348 (1000 |08 30,00 |11500 |230,00 [0,076 |8000 |230,00 |26 100 132 339
Min, torque M1_min Min. torque M1_min 0|Nm suitable |Moto... |1 400 |50 1460 0,83 |35,50 121,00 (363,00 |0,13 (4200 [363,00 |36 100 130 420
Thermal time constant{ || Thermal tme constant 20 min suitable |Moto... |1 400 |50 2960 (0,89 [78,00 14500 (493,00 (0,2  |6000 [493,00 |45 100|225 655
Max. over temperatur} | Max. over temperature T Termiais suitable |Moto... |1 400 |50 725 |0,75 (2450 |14500 (313,00 (0,21 3000 [313,00 |3 100 130 324
suitable |Moto... |1 400 |50 970|077 [31,50 |148,00 |355,20 (0,15 |3600 [355,20 |36 100 130 373
b AT — ovetload suitable |Moto.., |1 400 |50 2870 |0,89 (96,00 (177,00 (548,70 (0,4 6000 [548,70 |50 100|250 725
E 3 — Maminal Load suitable |Moto... |1 400 50 a75 0,77 (38,50 |181,00 |506,80 |0,24 3500 |200,00 |40 100 200 420
- 1 \ N op::ﬂ‘:jn;yi:nt suitable |Moto... |1 EEE 1465 |0,86 |5500 |196,00 |627,20 |0,24 |4200 |627,20 |40 100|200 536
! X suitable |Moto... |1 40 |50 725 |0,78 (31,50 |198,00 (435,60 (0,37 3000 [435,60 |40 100|200 379
IlI b suitable |Moto... |0 274 143|400 [0,88 30,00 |227,00 |454,00 [0,185 |6500 |454,00 (32 100 160 301
— sitable |Moto.., |1 40 |50 1470 |0,87 |66,00 240,00 (763,00 |0,32 (4200 |768,00 |45 100|225 594
n suitable |Moto... |1 400 |50 2978 |0,87 (133,00 240,00 |768,00 (0,71 |6000 |768,00 |56 00 |280 845
suitable |Moto... |1 400 |50 725 |0,79  [38,00 (24400 |53,80 (0,37 3000 [536,80 |45 00 |22 421
—
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DriveCreator - drive sizing

Parker Hannifin GmbH

Project Axis Load cycle Extras Language Help ¥ &

[ Mains s ][ Controller s ][ Motor s ][ Fumpl ][ Fump2 ]
(3aC « | Inverter 3AC withu | Asynchrancus met.. w | Double pump ket o | Double pump richt |
STy Y s
ASM
— ‘lK 3~
~ 3~
Finish < >
Nominal and load data Controller Load cycle diagram
E600-433145F ) Maorm. Cursor ) ) Norm, Cursor
—_ Pump 2 Volume flow (setpoint) - @ 432,9| 325.84 —_ Controller Output current - @ 197.048 || 128,41
— - — [/][Pump 2 Volume flow (actual value)  » ) 4325 325.54| —— []Mains Output power - @] 145.801 | 75.4625
U, 1 I_b
f_b ™ Bt T K - I_max 4329 l/min 157048 4
— - 432.9 limin 146,801 kit
Prb =0 1 /]
Pr_max=10 ~— /
Check o Database \\L /
Mo f t \ t
nominal needed _} \
Min. input voltage U_min 400 400 |V L
Max. input valtage U_max 460 400 |V
Rated frequency f_b 50 Hz \
Effidency n 0.98
Rated output current I_b 145 110.52 (A o
Max. output current I_max 261 197.048 (A
Rated braking power Pr_b 0 kw 0s 5295 058 s 1587 5 2116 s 26455 31745
e ek o e -
oad cycl
Energy loss 46,6701 |kWws Y —
Pressure pump 1 Delivery rate pump 2 Pressure pump 2
] == = = = = = = = = Nr.  Time Duration  Start End Start End Start End 3
— Ovetload . )
Nominal Load [=] [s] [bar] [bar] [fmin] [/mir] [bar] [bar]
Load cycle L Ml o i 0.5 10 10 i 0 10 10
e + Operating point ML 1 0.5 0.85 10 35 0| 313.68 10 95
M| 2 1.35 3.1 35 7596 313.68| 313.68 35 75.96
ML 3 4.45 1.57 75.96 0] 313.68| 150.78 75.96 10
— T M| 4 6.02 0.36 10 10| 150.78] 150.78 10 10
@ XL s 6.33 0.71 10 75.96| 150.78] 255.33 10 75.96 o
< [ | r «T . 1, | b
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DriveCreator - drive sizing

Parker Hannifin GmbH

Project Axis Load cycle Extras Language Help ¥ &
Axis
[ Mains s ][ Controller s ][ Motor s ][ Fumpl ][ Fump2 ]
3AC « | Inverter 3AC withu | Asynchrancus met.. w | Double pump ket o | Double pump richt |
STy Y s
ASM
— ‘lK 3~
~ 3~
r —
,| Database Controller
Nominal and load data Controlier - —
Nominal and load data Controller N criteria 1
F690-433145F =il )
F550V-433145F State -]
U ] N 1 | Criteria 2
% el N B S 1 T I Tvpe -
= n b (L Criteria 3
Prb =0 » :Max, input voltage U_max [v] v: (7) Descending I Fropose ] Sort I Insert ][ Cancel ]
Pr_max=0 Prb =0 ]
e e Pr_max=0 State Min, inputv... Max, input... Rated frequ... Effidency Rated outp... Max, outpu... Ratedbraki... Max, brakin... Vendor
(L Chedc .y ][ Dabase ] suitable 400 430 50 0,98 155,0 232,5 0 0 Parker ~
nominal |f|
Min. input voltage U_min 400 )| nominal needed
e 460 || Min. input voltage U_min B =i suitable F650V-4331,.. 400 460 50 0,98 180,0 324,0 0 0 Parker —
Rated Fequency Fb <0 | | Max. input voitage U_max a0 00|V suitable F650V-4331,.. 400 460 50 0,98 180,0 324,0 0 0 Parker
Efficency n - 0,98 | [| Rated frequency £ b 50 Hz ||| suitable F690-433145F |400 460 50 0,98 145,0 261,0 0 0 Parker =
Ratedoutput axrenk it 145 [l Efficency n 0.98 suitable F690-433156F |400 460 50 0,98 180,0 324,0 0 0 Parker i
Max. output current I_max 261 ||| Rated cutput current I_b 145 110.52 | A suitable FE90-433180F |400 460 50 0,98 180,0 324,0 0 0 Parker
Rated braking power Pr_b || Max. output current 1_max 61|| 197.048|A suitable F690-433216G |400 460 50 0,98 216,0 388,8 0 0 Parker
Max. braking power Pr_max Fasl b s g B Ll suitable F630-433250G | 400 460 50 0,9 250,0 450,0 0 0 Parker
Energy loss R PR R el suitable F630-433316G | 400 460 50 0,9 316,0 568, 0 0 Parker
Energy loss 46.6701 ks
suitable F690-433361G |400 460 50 0,98 361,0 §99,8 0 0 Parker
L —: - - ____. suitable F690-433375H |400 460 50 0,98 375,0 675,0 0 0 Parker
E = Bl suitable F690-433420H |400 460 50 0,98 420,0 756,0 0 0 Parker
i — Mominal Load
Load cycle suitable F690-433980H |400 460 50 0,98 480,0 864,0 0 0 Parker
J . —_
W e + Operating point suitable F690-433520H | 400 460 50 0,98 520,0 936,0 0 0 Parker
] f suitable F690-433590G |400 460 50 0,98 590,0 1062,0 0 0 Parker
- - o o o o || unsuitable 65L3224-0B... |380 480 50 0,97 1,3 2,6 1] 1] Siemens
n T T T T T T unsuitable 65L3224-0B... |380 480 50 0,97 1,7 34 1] 1] Siemens
n
‘ T || <lunsuitable  |6sL3224-08... |380 430 50 0,97 2,2 4,4 0 0 Siemens -
'S
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DriveCreator - packages

R e F690p / AC30F / Compax3 - drive
i;i.. = with hydraulic function
e Induction motor
* Permanent magnet motor

Pump + valve

Assembled

e Tested




DriveCreator - set up tool

-
. Hydraulic-FU-Setup-Tool

=

(5] ) |

File = Help..
Edlem

]

Home page | Configuration |Accumu\atcr charging settings

eInput motor data according to name plate

eTest of direction atlowspeed =™ ———— |

!

L

eComponent selection of pump

and pressure relief valve

eProgram function:

J Accu charging

. p/Q control

Motor data
Motor current

Motor voltage

Motor frequency

Motor rotation speed
Power factor Cos ?
Motor power

Motor pale / Motor type

Motor connection

Components
Pumpe type
Pressure relief valve pump
Pressure reliefvalve system

Program function

Special Settings
Max rotation speed
Stop ramp
Max. power

Timeout for min. rotation speed

30
400
50
1430

0.85
15
4 -
STAR -
PVD16R hoooodMMC -
REQEMO5T 20cFac -
REQEMOST2ocFoc -

1700
2
140
200

Al

[Hz]
[RPM]

[kW]
Pole

[RPM]
[s]

1%1

Is]

Q Ister & Ce GmzH | e
[Ge 1oLl |

| RS T | TR |
LAy ammmgnw |l awiz 2

51 15 B |[ceso o8s

EETITT T
B | W | I
o ECAATL 0530 |

eConfiguration download /




Application examples

w
[
N
el
L
18
w
w
=




Starting with the End in Mind

e Saving energy > only needed power for the motor
> smaller components
> higher efficiency
> less fluid cooling

* Reducing noise > noise only @ high demand

Increasing power density > higher delivery @ same frame size
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Energy Efficient Hydraulics

Variable Frequency Drives as Pump Prime Movers

Presented by Dr.-Ing. Gerd Scheffel

ENGINEERING YOUR SUCCESS.
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