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Configuration of sensors

1 Configuration of sensors

1.1 Configuration of pressure sensors

Operation in the open circuit

Operation in the closed circuit

For operating the pump controller various pressure sensors can be config-
ured. Generally, we have to distinguish between operation in the closed and
in the open circuit:

e  P-0-2940, Pressure feedback value 1

®  P-0-2941, Pressure feedback value 2 (optional)

e  S5-0-0803, Pressure feedback value A (pressure in port A of the pump)
e  S-0-0804, Pressure feedback value B (pressure in port B of the pump)

For acquiring the actual pressure value the pressure sensors can be connec-
ted to the various analog inputs. Alternatively, the actual pressure value can
also be transmitted over the bus. In the case of transmission over bus it must,
however, be noted that the actual pressure values have to be updated at
least 2 ms. Moreover, in the case of a bus failure, no emergency mode can
be run with pressure controls, since no valid actual pressure values are avail-
able. If an emergency mode (e.g. switching over to internal command values)
should become necessary, the pressure sensors have to be connected via an
analog input.

Filter time for analog input:

A filter time constant is assigned to each analog input for filtering the input
value with a PT1-filter. In the factory settings this filter is deactivated (filter
time = 0 ms). This filter can be used to filter out disturbance on the signal. For
this the actual pressure value can be recorded when the motor is at standstill.
If, while the motor is at standstill, disturbance is greater than ca. 1 bar, it is
recommended that the filter be activated. The common filter time is 1 - 2 ms,
since larger filter times have a negative influence on pressure control.

1.2 Configuration of swivel angle sensors

For the selection of the swivel angle sensor a predefined list is available. The
signal range for each sensor type is firmly preset. Should a sensor be used,
which is not contained in the list, another signal range may be set by means
of manual selection (P-0-2948 = 0). For filtering the swivel angle signal, one
filter is provided for filtering the swivel angle feedback value (P-0-2949.0.8)
and one filter for the swivel angle feedback value derivative (P-0-2961). The
filters are required, if disturbance on the signal becomes excessively large for
the swivel angle feedback value. Should the disturbance be greater than 1 %
while the motor is at rest (control not active), P-0-2949.0.8 can be set to a
higher value. Usual value ranges for the filter time are as follows:

e  P-0-2949.0.8, Filter time of swivel angle feedback value: 0 ms ... 4 ms

e  P-0-2961, Filter time of swivel angle feedback value derivative: 3 ms ...
10 ms.

For larger pumps, longer filter times may usually be selected.
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Selection of controller structure

2 Selection of controller structure

2.1 Controller structure

Two controller structures (parallel structure/cascade structure) can be used
for pump control. Generally, alternating pressure/swivel angle control can be
employed with both controller structures. The parallel structure offers advan-
tages in conjunction with small dead volumes and dynamic transitions from
pressure to swivel angle control. In the past, the parallel structure was used
with SYDFEx systems. The cascade structure offers advantages in conjunc-
tion with larger dead volumes and in the closed circuit. So far, the cascade
structure has been selected for VPCD. During operation it is possible to
switch between the two controller structures. To this end, bit 15 in "P-0-2950,
Pump controller control word" has to be set accordingly.

= Many applications switch between a large dead volume (normal
operation) and a smaller dead volume (operation with pump con-
trol block only) during operation. In this case it turned out to be
advantageous to switch also the controller structure over with the
signal for the shut-off valve on the pump control block. The bit for
changing the controller structure over can be connected to a digi-
tal input or assigned to the field bus control word.

2.2 Operating principle / controller optimization of swivel angle
controller

The inherent structure of the swivel angle controller is identical in both, the
parallel structure and the cascade structure. The swivel angle controller con-
sists of a PD-controller.

S-0-0883 K,

i = P-0-2953
P-0-2977 Output of swivel angle

controller

P-0-2992

Swivel angle command
value

S-0-0882
Swivel angle actual value
[%]

P-0-2958.x.1 > i:
Derivation swivel angle P-0-2978
feedback value [%/s]

DCH_SchwenkwinkelreglerStruktur2_en.des

Fig. 2-1: Swivel angle controller structure

For most applications the swivel angle controller needs not to be adjusted.
The cabinet-mounted pump controller (VT-HPC) requires a smaller P-gain
than OBE systems (SY(H)DFEF and HS5E). For this reason, the VT-HPC is
factory-set to 4 for "P-0-2977, Swivel angle controller P-gain", the OBE sys-
tems come with a factory setting of 8 for P-0-2977. To improve the dynamic
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Usual value ranges

2.3
ture

Rexroth HydraulicDrive HDx-20 Pump control

behavior, the P-gain can be slightly increased for larger pumps, and
"P-0-2978, Swivel angle controller time constant D-component” can be used
to reduce overshoots in swivel angle control.

e  P-0-2977, Swivel angle controller P-gain =4 ... 12
° P-0-2978, Swivel angle controller time constant D-component = 0 ...

0.200

Operating principle / controller optimization in parallel struc-

In the parallel structure the output of the swivel angle controller and the out-
put of the pressure controller are compared with each other. The valid value
is then passed on to output adjustment as valve command value.

Command value
Swi

Pressure sign

0-2951 Bit 9>

ivel angle 02972 )
command value -0-2072 > Swivel angle
- command
Torque limitation P-0-2952 > _value
of pump e adjustment
—_—
P-0-2092 >
\ Swivel angle
Pressure P-0-2803 >~ | controller
value / |
; -
! L P-0-2056 > Output
i Changeover adjustment of Valve
| logic of pump controller
Actual value acquistiol i pump
S a — parallel ]
wivel angle feed- act ! —» P-0-2986 ——» P-0-2914
P-0-0882 > e P-0-2954 > 3
back value 4 ! Pressure I
S a 4 controller
Derivation swivel . uac( |
angle feedback P-0-2058.x.1 : |
value i
P,
Pressure feedback S00500)> act
value /
Derivation pressure - Pact Pressure/swivel
P-0-2957.x.6>
feedback value /:I: angle controller
P-

'DCH_Obersicht_Regler_Paralilstruktu_3_en des

Fig. 2-2: Overview of controllers in parallel structure
The pressure controller in the parallel structure has the following structure:
P-0-2963 P-0-2964
S-0-0827 P-0-2806.0.2 P-0-2957.0.8
P-0-2803 >—»o— e | - —@—x‘_
Valus o sonrater [P-o-2960, i3 |
i
5-0:0009 >
focdback vale
. Ks
P-0-2957.0.6>-F I adz‘;?:fon
feodbacivnie [[Pozo | [pozssots]
P-0-2958.0.1> 5 D * P-0-2957.0.4
Derivation swivel
angle feadback vaue

Fig. 2-3:

Pressure controller structure of the pump in parallel structure

In the parallel structure, the pressure controller consists of a PD-controller
with additional feedback of the derivative of the actual swivel angle value. For
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the P-component and the D-component, there are two parameters provided
each, which are used with positive or negative input variable. Additionally, in
the P-component it is possible to activate an inflected characteristic curve
and to use another gain value for the P-component from a certain control de-
viation on.

The inflected characteristic curve is required, if, for example, a hydraulic ac-
cumulator is installed in the system. The hydraulic accumulator leads to
greater damping when charged. For this, it may be useful to provide a second
P-gain for the pressure controller. Within the pressure controller the pressure
is converted from unit [bar] into unit [%] via pressure normalization. This pres-
sure normalization (P-0-2957.0.1) results from the normalization employed in
the predecessor systems. SYDFEx systems are normalized to 315 bar, HS5
systems to 350 bar. The pressure normalization is factory-set and is usually
not changed under normal circumstances.

Generally, the pressure controller has to be adapted to the existing dead vol-
ume. For this purpose, suggested values are listed in the table below. The
suggested values are valid for systems with OBE (SY(H)DFED, SY(H)DFEF
and HS5E). For the HS5 with external electronics the gains, especially in the
case of small dead volumes, are significantly lower (in some cases, the P-
gain has to be halved for HS5).

Controller parameters iR R | gy 11 25| 51 751 101

setting)
Pressure controller P-gain 1 positive
(P-0-2963) 2.8 2.8 43 4.3 4.7 5 4.3
Pressure controller P-gain 1 negative
(P-0-2964) 2.8 2.8 4.3 4.3 4.7 5 4.3
Pressure controller time constant D-com-
ponent positive (P-0-2969) 0.19s 0.04 s 02s 0.2s 041s | 044s | 045s
Pressure controller time constant D-com-
ponent negative (P-0-2970) 0.23s 0.04 s 02s 02s 041s | 044s | 045s
Pressure controller time constant swivel
angle feedback (P-0-2971) 0.07 s 0.04s | 0.07s | 0.07s | 0.075s | 0.05s | 0.06s
Gate time derivation actual pressure val-

22.5ms 13.5ms | 13.5ms | 225 ms | 225 ms | 22.5 ms | 22.5 ms
ue 1 (P-0-2960)

Tab. 2-1: Settings for OBE control parameters for different oil volumes
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Setting the pressure controller PD-
gain

Controller parameters 1251 151 201 251 301 401
F;?g_szl;rg;):ontroller P-gain 1 positive 4.4 44 38 36 36 35
F;?g_sélgg;;ontroller P-gain 1 negative 44 44 38 36 36 35
E;isesnlirsocs‘i’t’i‘\treo'('g_'oti’;&g‘)’”Sta”t D-com- 1 0525 | 0535s | 059s | 0.68s 0.7s 0.72s
E;iii‘:r:e‘;c;rt‘it\i"g_gg‘;;g;smm D-com- | o525 | 0535s | 059s | 0.68s 0.7s 0.72s
:;lej‘;;‘Zgg;‘é’fL'gfég"gﬁ;’”“am swivel | 075 | 007s | 007s | 007s | 007s | 007s
UG:T’ (tFiTOe_ ;géi(‘)’)atic’” actual pressure val- | o) 5o | 225ms | 225ms | 225ms | 225ms | 22.5ms
Tab. 2-2: Settings for controller parameters for different oil volumes

The scaling factor for the feedback of the derivative of the actual swivel angle
value depends on the pump size. In the case of smaller pumps (< size 45
cmd) the usual values for "P-0-2971, Pressure controller time constant swivel
angle feedback" are 0.03 s to 0.04 s. For larger pumps, values from 0.04 s to
0.09 s are usually selected.

The PD-gain corresponds to the summation of the P-component and the D-
component as shown in the figure of the pressure controller in the parallel
structure. The values of the P-parameters to be set ("P-0-2963, Pressure
controller P-gain 1 positive", "P-0-2964, Pressure controller P-gain 1
negative", "P-0-2969, Pressure controller pos. Factor for D-component,
parallel", "P-0-2970, Pressure controller neg. factor for D-component,
parallel") vary depending on the application at hand. In general, it is valid that
higher values lead to a faster responding control. However, excessively large
values result in unstable behavior since the fed back actual value always
changes and this change would then be excessively amplified (oscillation).
The optimum value of the entire control gain is a compromise between bal-
ancing characteristics and stability.

Notes on the setting of the individual parameters are given in the following:

Example 1:
o ° Pressure command value
5 =
g .\
— QO
o 5
7]
(7]
2
qQ
K -
EY Damped oscillation
Time
DCH_gedaempfte_Oszillation_EN.des
Fig. 2-4: Damped oscillation
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Step Behavior / result Measure
1 Overshoots (damped oscillation) Incregse D-component (P-0-2969 or P-0-2970, re-
spectively)
2 The actual pressure value still overshoots Reduce P-gain (P-0-2963 or P-0-2964, respectively)
Tab. 2-3: Measures against overshoots
Example 2:
Pressure command value
Q
>
[}
0
o g
& g
2
3
3
2
§ Slow control
3]
<
Time
DCH_langsame_Regelung_EN.des
Fig. 2-5: Slow control
Step Behavior / result Measure
1 Slow reaction Increase P-gain (P-0-2963 or P-0-2964, respectively)
5 Reaction still slow Redu.ce D-component (P-0-2969 or P-0-2970, re-
spectively)
Tab. 2-4: Measures against slow reaction
Example 3:
Pressure command value
ANVANWANANWA WA
@ VA VA VA VA
2 3
2 g
o o
7
g
qQ
I
g Unstable control
<
Time
DCH_instabile_Regelung_EN.des
Fig. 2-6: Unstable control
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Step Behavior / result

Measure

Fast, but unstable reaction

Reduce P-gain (P-0-2963 or P-0-2964, respectively)

Reduce D-component (P-0-2969 or P-0-2970, re-
spectively)

Variable-speed operation

Usual value ranges

Example 4:

Tab. 2-5: Measures against unstable reaction

Pressure command value

Pressure

Q
2
g
Q2
3
7]
9
=
@
g Good control
<

Time
DCH_gute_Regelung_EN.des

Fig. 2-7: Good control/

If the control behavior is good, no measures need to be taken.

During variable-speed operation the gain in the P- and in the D-component
has to be adjusted in order to obtain the same controller dynamics. The
adaptation factors "P-0-2806.0.18, Pressure controller adaptation, P-term"
and "P-0-2806.0.19, Pressure controller adaptation, D-term" can be used for
this purpose. These adaptation factors can be cyclically written in variable-
speed operation in order to adjust the controller gain as required. For opera-
tion at fixed speed, these factors are pre-configured to the value 1.0 (for fur-
ther information, see chapter Adaptation of pressure controller in variable-

speed operation)

o P-0-2963, Pressure controller P-gain 1 positive =2 ... 6 s

e  P-0-2964, Pressure controller P-gain 1 negative =2 ... 6 s
P-0-2969, Pressure controller pos. Factor for D-component, parallel =

0.15...0.5

P-0-2970, Pressure controller neg. factor for D-component, parallel =
0.2..05

P-0-2971, Pressure controller time constant swivel angle feedback =

0.03...0.09s

24 Operating principle / controller optimization in cascade struc-

fure

In the cascade structure the output of the pressure controller is compared
with the output of swivel angle command value processing. The valid value is
then handed over to the swivel angle controller as command value.

Bosch Rexroth AG RE 30237-2/10.2020_Edition 02



Rexroth HydraulicDrive HDx-20 Pump control

Selection of controller structure

9/39

Command value

Swivel angle com-
mand value provision

Torque limitation of
pump

Pressure command
value of controller

Derivation pressure
feedback value

Pressure feedback
value

Pressure sign

Swivel angle actual
value

Derivation swivel

/Actual value acquisition

P-0-2972 >
Swivel angle
command

P-02952 >
P-0-2803 >
/

— ]

value
processing

Changeover
logic

P-0-2957.0.6>

—— Pressure

controller

$-0-0809 >—— |

cascade

Swivel
angle
controller

Output
adjustment

Valve
controller

0-2992

P
T

| P-0-2086 [ P-0-2014
. )

r P-0-2837 >

P-0-2951, Bit éi:

3y

Pressure/swivel

5-0-0882
P-0-2958.01 >

angle controller

angle feedback value DCH_Obersicht_Regler. Kaskadenstrutur_en.dos
Fig. 2-8: Overview of controllers in cascade structure

The pressure controller in the parallel structure is structured as follows:

5-0-0827

Loading the I-component
(not with pure min/max principle)

[ P-o280602 |
P-0-2807 >——
P-0-2806.0.26)

i
1

1

1

1

1

1

i

] P-0-2814

1 e ——— e
1

1

1

1

1

1

1

1

1

1

- Conversion Conversion
-component o
poQ 05 SW +100 %
P-0-2803 >—»(¥)
» -
. O =l
[ Pozsiz_| [ Pozeas | [ Pozsis
vt
5:0-0809 > P-0-2093
[ 7
[Pozsosos ][ Po2sis | 1 [ Poesis | '
H .0- R |
H P-0-2838 EUER P-0-2835, Bit 1 [+
P-0-2806.0.6 Signaling
— Pressure controller output signal in limitation:
P-0-2806.0.11 0: No limitation
Ll 1: Output signal is limited
P-0-2812
. K
— P —
P-0-2957.0.6> . P-0-2806.0.10

DCH_Pumpe_Druckregler_Kaskade_4_en.des

Fig. 2-9:
In the cascade structure, the pressure controller consists of a PID-controller.
In addition, the derivative of the actual value is fed back to the integrator. This
feedback can additionally reduce overshoots that result from "excessively
high values" of the integrator. For this a suitable value has to be entered in
"P-0-2812, Feedback of actual pressure value derivative to integrator". In the
cascade structure, the pressure controller has also to be set to the current
dead volume. Parameter "P-0-2813, Pressure controller dead volume" is
available for this. In this parameter you have to enter the current dead vol-
ume. Similar to an increase in the P-gain "P-0-2809, Pressure controller P-
gain, cascade structure", an increase in the dead volume results in a higher
overall gain of the pressure controller. To eliminate disturbance during pres-
sure control, an integrator is used in this pressure controller. And the integra-
tion time "P-0-2806.0.4, Pressure controller integration time constant" should
approximately correspond to the swivel time of the pump from minimum limit
stop to maximum limit stop. If the integrator value is very unstable, since, for
example, the actual pressure value has a large noise component, then
"P-0-2806.0.6, Pressure controller integrator accuracy window" may be acti-
vated (value about 1 to 5 bar). The integrator is then stopped within the accu-
racy window. The limitation of the integrator should be set to the actual dis-
placement of the pump. In the condition as supplied, the limitation is set to
the nominal flow of the pump (+100 % or -100 % swivel angle). If the pump

Pressure controller structure of the pump in cascade structure

RE 30237-2/10.2020_Edition 02 Bosch Rexroth AG
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has a limit stop for the upper and/or lower limitation, the corresponding value
should be entered here. "P-0-2950, Bit 10, Pump controller control word" acti-
vates manual limiting of the integrator. In pressure control, the component of
"P-0-2806.0.12, Output pump pressure controller I-part" shows the current
disturbance variable, i.e. the component roughly corresponds to the dis-
placed flow. The D-component can additionally be used to dampen the char-
acteristics. Since the D-component is, however, required only for a part of the
systems in the field, it is deactivated in the factory settings.

Setting the PID pressure controller  Example 1:
o o Pressure command value
5 2
g o \/
| /g
7]
(7]
2
=
Ei -
EY Damped oscillation
Time
DCH_gedaempfte_Oszillation_EN.des
Fig. 2-10: Damped oscillation
Step Behavior / result Measure
1 Overshoots (damped oscillation) Check value for dead volume (P-0-2813) and, if nec-
essary, correct
2 Overshoots (damped oscillation) Increase P-0-2812 in order to reduce first overshoots
3 The actual pressure value still overshoots Reduce P-gain (P-0-2809) and, if necessary, in-
crease D-component
Tab. 2-6: Measures against overshoots
Example 2:
Pressure command value
Q
>
[}
0
Q
o
Slow control
Time
DCH_langsame_Regelung_EN.des
Fig. 2-11: Slow control
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Step

Behavior / result

Measure

Slow reaction

Check value for dead volume (P-0-2813) and, if nec-
essary, correct

Reaction still slow

Increase P-gain (P-0-2809) and, if necessary, reduce
D-component

Reaction still slow

Reduce integration time (P-0-2806.0.4)

Tab. 2-7:

Example 3:

Measures against slow reaction

Pressure

ANVANANANA WA

Pressure command value

o
g
S
@
>
%
2
g
I
2
S
xS

NV

Unstable control

Time

DCH_instabile_Regelung_EN.des

Fig. 2-12:

Unstable control

Step

Behavior / result

Measure

Fast, but unstable reaction

Check value for dead volume (P-0-2813) and, if nec-
essary, correct

Reduce P-gain (P-0-2809) and, if necessary, reduce
D-component

Increase integration time (P-0-2806.0.4)

Reduce parameter for the feedback of the derivative
of the actual pressure value (P-0-2812)

Tab. 2-8:

Example 4:

Measures against unstable reaction
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Pressure command value

Pressure

Good control

Time

DCH_gute_Regelung_EN.des

Fig. 2-13: Good control
If the control behavior is good, no measures need to be taken.

Changeover pressure/swivel angle  Switching between pressure/swivel angle controller can be based on various
controller  conditions: For switching from swivel angle — pressure, the condition
"min/max value and switch-on threshold" is usually used. For the changeover
from pressure — swivel angle, the "min/max value principle" is a precondition
Moreover, the switch-on and switch-off thresholds are usually referred to the
pressure differential (reference of absolute thresholds to control difference).
Alternatively, it is possible to activate the integrator continuously, and in this
case, to use a pure min/max value principle for the changeover logic. The ad-
vantage of this variant is that in this case the integrator needs not to be initial-
ized for the changeover. For this variant you have to select "min/max value
principle with active integrator”.

Initializing the integrator (not with  For changing over to pressure control it may be necessary to initialize the in-
selection "min/max value principle  tegrator with a certain value. In this case, the integrator of the pressure con-
with active integrator”) ¢ |jer is set to a certain value. The value is calculated so that the output of
the pressure controller at the time of switching over is either equal to or
slightly lower than the current swivel angle command value. This can be con-
trolled via threshold 1 and threshold 2. If the thresholds are set to high values
(>10000 bar/s), the output of the pressure controller corresponds to the cur-
rent swivel angle command value. In the case of lower values the pressure
controller output starts with a lower value, which may reduce any overshoots
in the transition from swivel angle to pressure control.

Variable-speed operation  In the pressure controller the controller output is converted from I/min into %
of swivel angle. The current drive speed is taken into account in this conver-
sion. The speed is therefore automatically adapted. This is sufficient for most
applications.

Usual valueranges e  P-0-2809, Pressure controller P-gain, cascade structure =5 ... 30 s™

o P-0-2816, Pressure controller positive factor for D-component, cascade
=0..03s

e  P-0-2817, Pressure controller negative factor for D-component, cascade
=0..03s

o P-0-2806.0.4, Pressure controller integration time constant = 100 ...
600 ms

e  P-0-2806.0.6, Pressure controller integrator accuracy window = 0 ...
3 bar
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Selection of controller structure

e P-0-2812, Feedback of actual pressure value derivative to integrator
0.0 ... 0.5 bar

e P-0-2806.0.15, Pressure controller preload integrator, threshold 1
500 ... 2000 bar/s (> 10000 bar/s threshold not active)

e P-0-2806.0.16, Pressure controller preload integrator, threshold 2
1500 ... 6000 bar/s (> 11000 bar/s threshold not active)

e P-0-2806.0.17, Pressure controller preload, pressure change filter time

=0..20ms

° P-0-2852.0.4 Pressure controller switch-on threshold, absolute = 10 ...
70 bar

° P-0-2852.0.7, Pressure controller switch-off threshold, absolute = 15 ...
100 bar

e P-0-2852.0.15, Pump changeover logic ramp time, cascade = 0 ms
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Variable-speed operation for pump controls in HydraulicDrive

3 Variable-speed operation for pump controls in Hydrau-
licDrive
3.1 Variable-speed operation

For some products with pump control we offer the order option “variable-
speed operation”. Variable-speed operation is a technology function, which is
executed in the drive-internal MLD. For reasons of simplification, these sys-
tems are collectively referred to as “pump controllers” in the following chap-
ters.

3.2 Activating the technology function of variable-speed opera-
tion for pump control (VT-HPC)

For activating the additional function in the VT-HPC the following step has to
be carried out:

1. Switch the VT-HPC off and insert the SD card with the technology func-
tion into the memory card slot of the HPC. When being switched on, the
VT-HPC reads the data from the SD card and recognizes that the tech-
nology function is to be activated. The status LED "MS" starts to blink
alternately red and green. After the technology function was activated,
the VT-HPC briefly switches all LEDs off and reboots.

The technology function is then ready for operation.

- Internal memory with
- operating data of
7 the HydraulicDrive
\\ -
W .
F \\\\\\\‘ [
® || | - - /—\
i L MLD enable
Z I
2 I
‘: - I//!!/’I'I’!L ,
w Y
. 3 I,///.’!' - "
S [ -~ ’ PLC directory
N ) Application.app
S Application.crc
S (technology function)
DCH_SD_Karte_stecken_en.des
Fig. 3-1: Inserting the SD card

2. Check for the correct version in the “Project information” dialog

RE 30237-2/10.2020_Edition 02 Bosch Rexroth AG



16/39 Rexroth HydraulicDrive HDx-20 Pump control

Variable-speed operation for pump controls in HydraulicDrive

E-lEn HydraulicDrive [1] defautt
B Master commurication
S Ads_1 [1] defaut
i Startscreen

Active project

Project name: FWS_MLDSYx_HPCn

FLC

b Functiond packages Status PLCin state RUN [x) Deleteproiect | [ Ston
- Master commuriication axds

#-E3 Scalng/unts Project information

- System pump controller File name FWS_MLDSYx_HPCn

B0 Heasurng systers Designation

-2 Controller

-0 Operation modes Version FWWS_MLDSYx_HPCn_02V01

-5 Montoring / Eor reaction Author DCIA/EHCA

+ {2 Optimization / startup Date 6/22/2018

-~ P Drive-ntegrated command value generator
v b Parameter set switching Descrption Prototype for variable-speed operation/ HPC
Lop Assignment analog inputs

b Assignment anlog outputs

o B Assignment digital inputs/outputs
-3 Valve dialogs

&-{[E] MLD

[ .
{ P Sytrorix (DFEn, H35n)

Firmwareversion FWA-HCDRV™-HDC-20V16 or higher is required

Fig. 3-2: Project information dialog

3.3 Updating the technology function of variable-speed operation
for pump control (SY(H)DFED)

For SY(H)DFED systems the additional function “variable-speed operation” is
activated in the factory, if the selection “Additional function controller: N “For
variable-speed operation™ was selected in the order. The software for varia-
ble-speed operation is already installed when the SY(H)DFED system is
manufactured. If the software for variable-speed has to be updated, follow the
steps below:

= While updating is carried out or the additional function is being re-
loaded, all parameters of the additional function (MLD parame-
ters) are set to their default values.

1. For updating the additional function you require a parameter file. This
parameter file is made available by Bosch Rexroth (contact:

support.nc-systems@boschrexroth.de).
2. Switch to the parameterization level “PM”.
3. Open the dialog MLD - Project information.

Parameterization  Commissioning ~ Diagnostics  Service  Tools  Help

O it | @Back ~ (0w %~ % -] i by | ic B 7] 9 ] o operation not actw @ @ T - |H i [rron B | % M 8| @
-8 HydraulicDrive [1] default
e b Master communication
=@ Ads_1 [1] defaul Projectname | FWS_MLDSYx_HPCn |
P Start screen
B Functional packages
) Master communication axis
{C3) Sealing/units

Active project PLC

Status [PLCin state RUN | | Delete project Stop

Project information

{3 System pump controller Fie name FWS_MLDSYs_HPCn

{2 Measuring systems Designation

g g;::t,jl‘:; modes Version FWS_MLDSYx_DFEDn_13T01
-2 Monitoring / Error reaction Author DC-H/EHC4T

{5 Optimization / startup. Date 17.102019

-~ B Drive-ntegrated command value generator
P Parameter set switching Description Prototype for variable-speed operation / DFED
P Assignment analog inputs
-~ b Assignment analog outputs
P Assignment digital inputs/outputs
=13 MLD
b
P Sytronix (DFEn, HS5n)
P Configuration
- B Display format registers Ax
P Display format registers Gix

Fimwareversion FWA-HCDRY"-HDP-20V16 or higher is required

b AxisData
-3 Locd 1O

Fig. 3-3: Project information dialog
4. Select the button “Delete project”.
5. Load the parameter file with the software for the additional function. To

this end, click the button “Load parameters” and select the parameter

file for carrying out the update. Start the download by clicking the “Load”
button.
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Load parameters n

Z:temp\FWD-PUMP-HDn-03-T-003-RS-NNNN par | ]

Parameter set from file Target address Name

1 Axis_1[1] default

The selected file only containg one parameter set.
Please select the axis/axes to which this parameter et is to be loaded.

Load retain data Motes on how to replace the devices Load Close
Fig. 3-4: Loading parameters
I In the dialog “Load parameters” you have to tick the option “Load
retain data”. Otherwise, this may result in invalid parameters.
I After the parameter file was loaded, the new software is copied to
the internal flash. This may take up to one minute. During copy-
ing, bit 8 in P-0-1350 is set to “1“. Only go on with step 6 when bit
8 in P-0-1350 is “0.
?ﬂ
IDN P-0-1350.0.0 -GBS
& [Ais_1 [1] default | 1 2
Name PLC control waord
Status QK
Min --
Max  --
Value 000000.0001.0000.0000
Fig. 3-5: Check of P-0-1350
6. After step 5 carry out a power reset — the new software is loaded auto-
matically.
= The software for variable-speed operation cannot be installed on

SY(H)DFED systems that were ordered without the additional
function “for variable-speed operation”. These systems cannot be
retrofitted. On these systems, the pilot valve VT-DFPD has to be
replaced if variable-speed operation is required.
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If the additional option “variable-speed operation” has been uploa-
ded to SYDFED or HS5E systems, the task load is higher. Certain
functions (e.g. command call-ups for switching between PM and
OM, activation of the easy startup mode, ...) have a longer run-
time.

3.4 Loading the basic parameters for the additional function “var-

iable-speed operation”

The basic parameters for the additional function “variable-speed operation"
can be loaded via the dialog MLD - Configuration using the PLC command
“RESET cold”.

B indrawaorks Ds - HydraulicDrive [1]: Configuration

Service Tools -

Parameterization  Cemmissioning
l:lﬁ|l‘)Backv v4v1v|,,§: ;;R|;?&I_|Q?M mode is active A4 € F
=R HydraulicDrive [1] defaut Start behavior of PLC

Diagnostics Help

@ %EHE e

iz P

P Master communication
—I-{RE Avds_1 [1] default
- B Start screen
- B Functional packages
+-{(3) Master communication axis
+J Scaling/units
+J System pump contraoller
{15 Measuring systems
+J Controller
+J Operation modes
+J Monitering / Emor reaction
{75 Optimization / startup
- Drive-integrated command value generator
- Parameter set switching
- B Assignment analog inputs
- B Assignment analog outputs
.. B Assignment digital inputs ‘outputs
=3 MLD

- B Project information
- Sytronix (DFEn, HS5n)
B¢
- B Display fommat registers Ax
- B Display format registers Gx

-3 Local 140

(O) Default start behavior: PLC starts in Boot 2.9 {if before RUN)

(®) Start when booting up: PLC always starts in Boot 2.9

() Stop: PLC remains in STOP state

(O) Start in operating mode: PLC starts during transition to operating mode

[] PLC has permanert control over the drive
Motion emors at FB do not trigger any (axis) emors
[] AxisData structure supported

PLC control PLC status
& PLCisin RUN state
() PLCis at a breakpoint
STOP (D PLLC has a runtime emor
RESET warm ) PLC has loaded a project in RAM
e () PLC has temporary control Luis status of MLD

3.5

Fig. 3-6: PLC command "RESET cold"

The parameters of the additional function are within the parameter range of
P-0-13xx. However, when the standard dialog “Load basic parameters” is se-
lected in IndraWorks, these parameters are not reset to factory settings.

Functional description of real-time mode

The real-time mode is used for machines that do not feature cyclic operation.
In the real-time mode, the optimum drive speed is calculated at all times and
compared to the current speed. If a difference is detected between the two
speeds, the setpoint speed is raised or lowered as required. As against the
teach mode or the pump controller with fixed speed, in the real-time mode the
speed adjustment in the case of major changes in flows also depends on the
dynamics of the electric drive. To compensate for these lower dynamics, at
least partially, various boost functions can be activated. All command values
can be fed forward in analog form or via field bus.
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Valve com-
mand value

Pressure feed- Speed command value
back value
Opt. valve
feedback value

Logic
pump control n-calculation

<>

Pump control HydraulicDrive

Actual swivel angle value
»

Electronics

Pressure com-
mand value

_mandvalve
Flow com:
mand value

N
[ ‘II:- b

Flow/pressure

Fig. 3-7-
The optimum drive speed is calculated from the set optimum swivel angle
while motor overloading is to be avoided. The drive speed thus calculated is

then considered in swivel angle command value processing and in pressure
controller adaptation.

Real-time mode

3.6 Controlling variable-speed operation

Variable-speed operation is activated by means of bit 0 of control word DFEn/
HS5n (P-0-1370). Withdrawing bit 0 deactivates variable-speed operation,
and the electric motor then runs again at constant maximum speed
(P-0-2987). The selection between real-time (0) or teach mode (1) is made
using bit 5.

All bits can optionally be changed via digital inputs or via the field bus inter-
face.

Bit Designation/function
P-0-1370, bit 0 Variable-speed operation ON (1) / OFF (0)
P-0-1370, bit 4 Manual speed ON (1) / OFF (0)
P-0-1370, bit 8 Boost function pressure control deviation ON (1) / OFF (0)
P-0-1370, bit 9 Boost function actual swivel angle value change ON (1) / OFF

)

Boost function swivel angle control deviation ON (1) / OFF (0)

P-0-1370, bit 10

Tab. 3-1: Control word DFEn/HS5n P-0-1370

The current status of variable-speed operation can be queried via the status
word of DFEn/HS5n, P-0-1282 in diagnostics. Warnings and erroneous
states can be queried using P-0-1281 / P-0-1280.

Bit False TRUE:
P-0-1282, bit 0 Variable-speed operation inactive Variable-speed operation active
P-0-1282, bit 1 Real-time mode active Teach mode active
P-0-1282, bit 2 No warning active At least one warning active
P-0-1282, bit 3 No error active At least one error active
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Bit False TRUE:
P-0-1282, bit 7 Boost function inactive Boost function active
P-0-1282, bit 8 Ramp inactive Ramp active

P-0-1282, bit 11

Speed masking inactive

Speed masking active

P-0-1282, bit 12

Derating inactive

Derating active

P-0-1282, bit 13

Manual speed inactive

Manual speed active

P-0-1282, bit 14

Boost offset inactive

Boost offset active

P-0-1282, bit 16

Standby (partial load) inactive

Standby (partial load) active

P-0-1282, bit 17

Boost function swivel angle control error inac-

tive

Boost function swivel angle control error active

P-0-1282, bit 18

inactive

Boost function actual swivel angle value change

Boost function actual swivel angle value change
active

P-0-1282, bit 19

active

Boost function swivel angle control deviation in-

Boost function swivel angle control deviation ac-
tive

P-0-1282, bit 21

range

Current drive speed outside field weakening

Current drive speed within field weakening
range

P-0-1282, bit 23

Current drive speed externally provided

Drive speed internally calculated

P-0-1282, bit 24

Pressure controller adaptation (parallel struc-
ture) TechFunc not active

Pressure controller adaptation (parallel struc-
ture) TechFunc active

Tab. 3-2: Status word DFEn/HS5n P-0-1282
Warning | P-0-1281 | Error | P-0-1280
Condition . ) Text
Code Bit Code Bit

AF=0 B5201 0 Variable-speed operation inactive

P-0-1376 =0 B5202 1 P-0-1376 = 0: Invalid input value for speed ramp up

P-0-1377 = 0 B5203 2 P-0-1377 = 0: Invalid input value for speed ramp
down

P-0-1379 = 0 B5205 4 P-0-1379 = 0: Thresholdl for pressure C!If'f. boost "0
leads to permanently active boost function

P-0-1311 invalid B5207 6 D5207 6 _Conf_lguratlon parameter entered in list P-0-1311 is
invalid

P-0-1311 [11]= 0 B5208 7 P-0-1311 [11] = O: Thres.hold for boost.swa(dlff) 0
leads to permanently active boost function
P-0-1311 [9] = 0: Threshold for boost swa(act)

P-0-1311[9]1=0 B5209 8 change "0" leads to permanently active boost func-
tion

P-0-1320 > P-0-1320 > P-0-2987: Minimum speed exceeds

P-0-2987 B5103 13 D5103 13 maximum drive speed

P-0-1328 - P-0-1329 B5106 15 P-0-1328 - P-0-1329 < P-0-1320: Lower suppres-

< P-0-1320 sion window limit falls below minimum drive speed
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. Warning | P-0-1281 | Error | P-0-1280
Condition . . Text
Code Bit Code Bit
P-0-1328 ) P-0-1328 + P-0-1329 < P-0-2987: Upper suppres-
P-0-1329 <| BsS107 16 sion window limit exceeds maximum drive speed
P-0-2987 P
P-0-1320 < P-0-1320 < P-0-1385: Minimum partial speed load
P-0-1385 B5301 20 D5301 20 is higher than minimum drive speed
P-0-2944 > B5302 21 P-0-2944 > P-0-1321: Nominal speed is greater
P-0-1321 than synchronous speed
Wrong firmware ver- B5313 08 D5313 8 Erro.r. in version F:heck - firmware is too old for this
sion additional Sytronix function
P-0-1321 > P-0-1321 > P-0-2987: Synchronous rotation speed
P-0-2987 B5315 30 D5315 30 > Maximum drive speed
Tab. 3-3: Warning and error word DFEn/HS5n P-0-1281 / P-0-1280
Speed command converter P-0-1270
In variable-speed operation, the speed command value for the converter is
output in parameter P-0-1270. This speed command value can be transmit-
ted to the converter via field bus communication or via an analog output. The
example below shows the configuration of the analog output for analog
speed command value transmission.
Parameter IDN Designation Value range Unit
P-0-1270 Speed command converter | 0.0 - 6000.0 1/min

3.7
3.71

Tab. 3-4:

Speed command converter

Diive

Assignmert 1

2 Analog IO
1
XG20 — | el
E ]

Source

Assignmert 2

|% @ —¥F30
P-0-1270 . Speed command converter <) om0 Taget [Andogoutput 1+
Loweriimt Upperiimt
Ve rang 00 1 15000 V/min N
Signal rang [T 10000 V 5
g
Value rang 15000 Offet 00| - s
Source [S4-0882 : Swivel angle actual valus =] om0 Taget [Ansogoutput2 v

Fig. 3-8:
er

With analog speed command value provision the analog input in the convert-

Oulput of P-0-1270 as analog speed command value for the convert-

er has to be configured to the same speed value.

In addition, via offset and the signal range, the speed value that arrives in the
converter can be matched with the input value that is issued by the pump
controller. This allows drifts in the value ranges to be compensated for that

are caused by analog signal transmission.

Parameters pertinent to speed calculation
General information

The individual parameters described in this chapter can be accessed via the
overview dialog of variable-speed operation “Sytronix" (DFEn, HS5n). The
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links in this dialog lead to further subdialogs, in which you can configure de-
tails and supplementary functions of variable-speed operation. With the but-
tons "Next" and "Previous" you can show or hide extended settings in the pa-
rameterization dialogs.

S HycrauicDnve [1]defaut
) Vit commimeton Stetus Sytronix (DFEn, HS5n)

8- Axs_1 1] cfouit Internal command values pump control Pump.
b Stat screen Pressure command value of "{
b Functional packages controler g RUN
3 Master commurication axis bar 3 riiguration .‘f
{5 Sesling/urits it
{5 System pump cortroller % ant Controler overview =
) Measuring systems e ——— | l © Drive enabled (AF)
) Controller
s ;‘;22@““” ";DEd::rreadmn Actual values Q active
{2 Optimizaton / sartup O Manual speed setive
P Diveinteg mand value generator © Boostfurction actve

Syne set

. n:ujr'&sﬂgnrverv\ digtal inputs/outputs .
P Projectinformation
» uistion
b Corfiguration Initial parameterization
P Display fomat registers Ax Calculation of optimum
B Display fomat regiters G Input values drive speed Dive speed

- i - ) Varable-speed apersion 1/min L
T 1 U actvated
e Diive motor
" A . p . p “ -
Fig. 3-9: Overview dialog of variable-speed operation “Sytronix” (DFERn,
HS5n) in the structure free
3.7.2 Parameters of the motor

Drive motar

MNominal power 75 kW E_

Mominal speed 1500 1/min

Maximum drive speed 1500 1/min

Drive motor extended Derating of electric drive

Time constant of motor model 010 s Reduced torque at 0 pm 200 %

Torque limit {n-var) 1000 % Speed limit for dersting torque 800 1/min

Synchronous speed

{start of field weakening range) 1500 1/min

Gain of slip compensation 100 %

Fig. 3-10: Drive motor dialog

Nominal power motor P-0-1324  The nominal motor power is required for various internal calculations, e.g.
loading of the asynchronous motor, by the pump controller. The nominal pow-
er can be read from the nameplate.

Parameter IDN Designation Default value Value range Unit
P-0-1324 Nominal power motor 7.5 0.1-200.0 kW
Tab. 3-5: Nominal motor power
= In version 02V01, parameter P-0-1381 was used for the nominal

power. As of version 04V01, P-0-1381 is used for indicating the
TechFunc identifier. In older IndraWorks versions, an incorrect
parameter is therefore displayed in the dialog.

Motor nominal speed P-0-2944  To be able to calculate the slip characteristic curve of the asynchronous mo-
tor the nominal speed at nominal loading of the asynchronous motor has to
be known. The nominal speed can be read from the nameplate of the asyn-
chronous motor.
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Parameter IDN

Designation

Default value Value range Unit

P-0-2944

Motor nominal speed 1500

100 - 6000 1/min

Maximum drive speed P-0-2987

Tab. 3-6: Moftor nominal speed

The speed can be scaled using parameter "P-0-2987, Maximum drive
speed".

Parameter IDN

Designation

Default value Value range Unit

P-0-2987

Maximum drive speed 1500

100 - 6000 1/min

Time constant of motor model

P-0-1371

Tab. 3-7: Maximum drive speed

To compensate for the following error (dynamic error) of an electric motor, a
motor model is activated for the variable-speed pump control. This motor
model calculates the speed deviation of the motor when the speed changes
and considers this error in the calculation of the speed command value. The
actual speed value calculated by the motor model is written to parameter
"P-0-2993, Current drive speed" to ensure a correct calculation of the internal
swivel angle command value.

Parameter IDN

Designation

Default value Value range Unit

P-0-1371

Time constant motor model 0.1

0.002 - 10.000 |s

Motor torque limitation (n-var)

P-0-1383

Tab. 3-8: Time constant motor mode/

When the speed is reduced while the hydraulic power remains unchanged,
the current motor torque is accordingly larger. If, while the speed is reduced,
the motor is loaded with a torque higher than the nominal torque, the power
loss increases significantly in the asynchronous motor. By means of parame-
ter P-0-1383 the maximum torque in % referred to the nominal torque of the
motor can be provided for variable-speed operation. Given the drive motor
has its optimum efficiency at 80 % of the nominal torque, the torque limitation
of the drive motor can be set to 80 %, if the motor is to be operated within its
optimum efficiency range. If, however, the motor is to be subjected to up to a
1.5 fold overload, the value has to be set to 150 %.

Torque limitation can even be limited to a value of less than 100 %, if, due to
an additional pump at the motor shaft (e.g. cooling/filtration pump), it is im-
possible to use the full drive power of the motor for the control pump.

Parameter IDN

Designation

Default value Value range Unit

P-0-1383

Torque limitation motor

100.0 1.0-350.0 %

Derating of electric drive
P-0-1326, P-0-1327

Tab. 3-9: Torque limitation motor

Asynchronous motors are usually operated with an integrated fan. As the
speed is reduced, the cooling capacity of the integrated fan falls accordingly.
This results in the fact that at continuingly low speeds the nominal torque
cannot be maintained since this would excessively overheat the motor.

In addition, on some motors, especially asynchronous motors, the energy ef-
ficiency at nominal torque falls at lower speeds so that it would be energeti-
cally more favorable to operate the motor at slightly higher speed and lower
torque. In this case, derating can be activated at lower speeds. The speed
limit, at which derating is to be activated can be set by means of parameter
P-0-1327. Parameter P-0-1326 can be used to enter the theoretical torque at
speed "zero". This value is to be entered in % of the nominal torque. Should
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an external fan be used for the asynchronous motor or derating be deactiva-
ted, the value for P-0-1326 can be set to 100 %.

Field-weakening operation

Synchronous speed P-0-1321

Parameter IDN Designation Default value Value range Unit
P-0-1326 Reduced derating torque value at 0 rpm 100 0.0-100.0 %
P-0-1327 Speed limit for derating torque 800 1-6000 1/min
Tab. 3-10: Derafing
Torque
Motor derating:
Nominal torque of motor
Unit: Nm
P-0-1326 e
Derating:
Reduced torque value at 0 rpm ;
Unit: % - »>
P-0-1327 Speed
Rotation speed for
derating torque
Unit: rpm DCH_Derating_EN.des
Fig. 3-11: Derating

For some applications it may be useful to briefly activate higher speeds than
the synchronous speed of the motor. For this the asynchronous motor is op-
erated in the field-weakening range. In this context it must be noted that in
the field-weakening range the available motor torque is reduced while the
power loss increases. Moreover, care must be taken that the permissible
maximum speeds of the pump and the motor are not exceeded. The course
of nominal torque M, of an asynchronous motor in the speed range from 0
to 2100 1/min is shown with a solid line in fig. 3-12 "Example of field-weaken-
ing operation" on page 25. The dotted line represents the course of torque
limitation that is required when derating and field-weakening operation are
active to protect the motor against overloading and stalling.

For activating field-weakening operation of the motor, the maximum drive
speed P-0-2987 has to be greater than the synchronous speed P-0-1321 as
shown in fig. 3-12 "Example of field-weakening operation" on page 25. In
the converter the corresponding settings have to be made too in order that
the selected maximum drive speed can also be provided by the converter.
Further notes can be found in the operating instructions of the converter.

Parameter P-0-1321 specifies the synchronous speed of the drive. The syn-
chronous speed is determined by the mains frequency and the number of ter-
minal pairs. With 50 Hz mains and a 4-pole motor, the synchronous speed is
1500 1/min.

To operate a motor exclusively within the basic speed range, the synchro-
nous speed P-0-1321 and the maximum drive speed P-0-2987 have to have
the same value. Within the basic speed range from 0 to synchronous rotation
speed the torque limitation motor (n-var) P-0-1383 is used for calculating the
speed.

If the maximum drive speed P-0-2987 is set higher than the synchronous ro-
tation speed P-0-1321, the motor can be operated within the basic speed
range and field weakening range. For speeds above the synchronous speed
in field-weakening operation, the permissible torque can be limited with pa-
rameter P-0-1384 in order to prevent the motor from overloading.
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= When variable-speed operation is not active (P-0-1370, bit 0 = Q)
or an error is detected and variable-speed operation is therefore
exited, the synchronous speed is output as command speed.

Permissible torque at max. speed In order to activate torque limitation within the field weakening range as
P-0-1384  shown in figure fig. 3-12 "Example of field-weakening operation" on page
25, the permissible torque at maximum speed P-0-1384 has to be less than

the motor torque limitation P-0-1383.

The limitation is realized as illustrated in the graphic with the help of exempla-
ry values with 1/n? of 80 % at 1500 1/min to 50 % at 2100 1/min.

Parameters P-0-1383 and P-0-1384 are percentage values and refer to the
nominal torque M, of the asynchronous motor.

Torque
M [%]

1 Basic speed range | Field-weakening range

100 — — — — — - - =4

| N
o
80 T
| >~
~® P-0-1384.0.0
Derating | |
|
] B | |
20 ¥ P-0-1326.0.0 | P-0-1327.0.0 | P-0-1321.0.0 | P-0-2987.0.0
. . v v AN
300 900 1500 2100 rev [1/min]
Speed
DCH_FeldschwaechbetriebV02.des
Fig. 3-12: Example of field-weakening operation
P-0-1327 Speed limit for derating torque P-0-1326 Reduced derating torque value at O rpm
- 800 [1/min] 20 %
P-0-1321 Synchronous speed -1500 [1/min] P-1383 Motor torque limitation - 150 [%]

. ) . P-0-1384 Permissible torque at max. speed
P-0-2987 Maximum drive speed - 2100 [1/min]

110%
P, [kW]-9550 P, [kW]-9550
M, [ Nion) = Dl KW 19 M, [ Nim) = Dl V]
ny,,,[1/ min] n[1/ min]
Tab. 3-11: Example of field-weakening operation
Parameter IDN Designation Default value Value range Unit
P-0-1321 Synchronous rotation speed 1500 1-6000 1/min
P-0-1384 Permissible torque at max. speed 100.0 0.0-100 %
Tab. 3-12: Field-weakening operation

Gain slip compensation P-0-1311  Since the slip of the asynchronous motor has an effect on the actual dis-
[10]  placement, the pump controller features an additional function to compensate
for the slip of an asynchronous motor. The gain of this slip compensation can
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be adapted by means of parameter P-0-1311 [10]. If the converter features
integrated slip compensation this value has to be reduced or set to 0.

3.7.3

Parameter IDN Designation Default value Value range Unit
P-0-1311 [10] Gain slip compensation 100.0 0.0-150.0 %
Tab. 3-13: Gain of slip compensation

Parameters of speed calculation

Speed calculation

Minimum speed 300 1/min

Acceleration ramp slope 1875.00 1/min/s

Deceleration ramp slope 650.00 1/min/s —

Speed calculation, extended Boost

Speed reduction threshold 30 1/min Boost function p{diff) activated

Deceleration mmp delay D s Gain p(diff) feedforward n{comm} 00 %
ggtgégrgzrﬁ;gsnt;rﬁaﬁgnding. increasing 0.008 s g’r:r:;ggﬁ:or boost, pressure 5 bar
Fitter time: constant rounding. falling 02 s

speed command value Boost function swiact) change activated

Speed masking window Fitter time constant for sw(act) 001 s

derivative

=

Speed masking: center speed 1/min

Threshold for boost, swizct) change 400 %ss

=

Speed masking: window 1/min

Boost function swidiff} activated
Partial load
Minimum speed under partial load 250 1/min Threshold for boost. sw(dif) 5] %

Activation of partial load threshold 3 Gain swidiff} feedforward nicomm) 0 %
refered to nominal output -

Manual speed
Manuzl speed activated

Manual minimum speed, realtime
operation

=

1/min

=

Manual speed, realtime operation off 1/min

Fig. 3-13: Speed calculation dialog

Minimum speed (P-0-1320 / Mini-  Parameter P-0-1320 can be used to determine the minimum speed. For

mum

P-0-1385 / threshold, from which
partial load is active, referred to
nominal power P-0-1311 [4]

speed, partial load  drives, which are operated with U/f characteristic curve, the manufacturers
specify a minimum speed, up to which the nominal torque is briefly available.
For partial load operation of the machine, a second, minimum partial load
speed P-0-1385 can be specified. This speed limit is active, when the torque
in the cycle is below 3 % (P-0-1311 [4]) of the nominal torque. Due to the
second minimum speed it is, for example, possible to reduce the magnetiza-
tion of the asynchronous motor in partial load operation of the machine in or-
der to reduce power losses. More details can be found in the data sheet of
the motor and converter manufacturer.

Parameter IDN Designation Default value Value range Unit

P-0-1320 Minimum rotation speed 300 50 - 2000 1/min

P-0-1385 Minimum speed stand-by 250 50 - 2000 1/min

P-0-1311 [4] Power threshold standby active 3 0-100 %
Tab. 3-14: Minimum rotation speed

Ramp time / speed adjustment  The ramp slope for speed ramps can be adjusted by means of parameters

(P

-0-1376, P-0-1377)  P-0-1376 and P-0-1377. The ramp slope is set in 1/min/s. The acceleration
time should always be determined taking into account the possible minimum
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acceleration time of the drive. The deceleration time should be selected so
that the motor is not actively decelerated and thus does not regenerate ener-

ay.
In order not to affect the control behavior of the pump controller with the

speed adjustment, a delay (P-0-1311 [7]) and a tolerance threshold can be
set for the speed adjustment (P-0-1311 [1]).

Parameter IDN Designation Default value Value range Unit
P-0-1376 Speed ramp slope, accelerating 1875 0-10000 1/min/s
P-0-1377 Speed ramp slope, decelerating 650 0--10000 1/min/s
P-0-1311 [7] Delay deceleration ramp 0.000 0.000-10.000 |s
P-0-1311 [1] Speed lowering threshold 30 0-500 1/min

Filter for rounding the speed com-
mand value (P-0-1311 [2],
P-0-1311 [3])

Tab. 3-15:

Ramp time / speed adjustment

Due to the noise on the analog actual values of swivel angle and pressure,
oscillations may occur on the speed command value. This oscillation may be
dampened with the help of a filter for rounding the speed command value.

Parameter IDN Designation Default value Value range Unit

P-0-1311 [2] PT1. ramp gp (filter time constant for rounding 0.008 0.002 - 1.000 s
the increasing speed command value)

P-0-1311 [3] PT1 ramp dovyn (filter time constant for 0.2 000.2 - 1.000 s
rounding the falling speed command value)

Speed suppression window
(P-0-1328, P-0-1329)

Tab. 3-16:

In order to minimize any possibly existing points of resonance a suppression
window may be defined. Speed command values within the suppression win-
dow are not continuously activated. If the optimized speed is within the de-
fined window, the upper limit of the speed suppression window is to be aimed
at.

Filter for rounding the speed command value

Parameter IDN Designation Default value Value range Unit
P-0-1328 Speed suppression window center 0 0-6000 1/min
P-0-1329 Speed suppression window 0 0-1000 1/min

Tab. 3-17:

Speed suppression window
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Drive speed
7 N

P-0-1270 Speed command value

Speed command value of preferred sw%

Y T
TN, 7/

P-0-1328 Speed masking:
Center speed

* P-0-1320 Speed masking: Window
S 1 /
/"*s._/ » P-0-1329 Speed masking: Window

/ P-0-1372 Preferre‘d swivel angle

N S-0-0882 Swivel angle actual value

>
»

Time

DCH_Parameterization_of_speed_masking-2.des

Fig. 3-14:
The real-time mode offers two possibilities of influencing the speed manually
by entering values. While variable-speed operation is active (P-0-1370, bit O
set), a further minimum speed may be set via parameter P-0-1316. This func-
tion can be used shortly before a large flow requirement, e.g. start of a cylin-
der after standby, to raise the speed and thus to significantly increase the dy-
namics of the pump controller.

When variable-speed operation is switched off (P-0-1370 bit O cleared), a
manual speed can be set by means of P-0-1317, e.g. for the setup mode.

Parameterization of speed suppression window

In the factory settings, the value 0 rpm is entered for parameters P-0-1316
and P-0-1317.

The manual provision of speed values can be activated via bit 4 of parameter
P-0-1370. This bit can be activated via both the field bus interface and a free-
ly configurable digital input. In the factory settings, bit 4 for the manual speed
selection is deactivated. At a value of 0 rpm, manual speed selection is also
deactivated, irrespective of the state of bit 4.

Bit Designation/function
P-0-1370, bit 0 Variable-speed operation ON (1) / OFF (0)

Boost functions and feedforward

of speed command value

(P-0-1317, P-0-1311 [8], P-0-1311
[9], P-0-1311 [11], P-0-1311 [12],

P-0-1378, P-0-1379)

P-0-1370, bit 4 Manual speed ON (1) / OFF (0)

Tab. 3-18: Control word DFEn/HS5n P-0-1370
Parameter IDN Designation Default value Value range Unit
P-0-1316 Manual min. rotation speed - real-time on 0 10 - 6000 1/min
P-0-1317 Manual speed - real-time off 0 10 - 6000 1/min

Tab. 3-19: Manual speed input

In real-time operation, the boost functions can be used to enhance dynamics
when the system is turned up. While boost is activated, the speed command
value is raised according to the maximum speed ramp. For this, the boost
functions evaluate various process variables in pressure and swivel angle
control. The individual boost functions can be activated via bits 8-10 of pa-
rameter P-0-1370. With the factory setting, all boost functions are deactiva-
ted. The most common boost function is “pressure control deviation”, be-
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cause it can be used to realize a clearly faster reaction of the pressure con-
troller to pressure breakdowns.

Bit Designation/function

P-0-1370, bit 8 Boost function pressure control deviation ON (1) / OFF (0)

Boost function actual swivel angle value change ON (1) / OFF
0)

Boost function swivel angle control deviation ON (1) / OFF (0)

P-0-1370, bit 9

P-0-1370, bit 10

Tab. 3-20: Control word DFEn/HS5n P-0-1370

This function monitors the magnitude of the pressure breakdown in pressure
control. When a defined threshold value (P-0-1379) is exceeded, the boost is
activated. While the boost is activated, the deviation from this pressure differ-
ential is multiplied by a gain of (P-0-1378) and added to the speed command
value as feedforward value. This boost is active only with active pressure
controller.

Pressure

A

Boost active

A\ |

\

Pressure o
Boost activation

Pact
S-0-0809 Pressure feedback value with
boost P threshold
S-0-0800 Pressure command value Peorn f 7 ressure thresho
P-0-1379 Threshold for pressure diff boost
Pact
without
boost
Time t

Speed

P-0-1376
Speed ramp up

P-0-2987 Maximum drive speed

Speed command value

Time
DCH_Boost_Druckregler_EN.des

Boost actual swivel angle value
change (P-0-1311 [8], P-0-1311

[9]

Boost swivel angle controller
(P-0-1311 [11], P-0-1311 [12])

Fig. 3-15: Boost pressure controller

This function monitors the change in the actual swivel angle value. When the
change rate exceeds a defined threshold value (P-0-1311 [9]), the boost is
activated. To smooth the swivel angle change rate an additional low pass
with defined filter time constants (P-0-1311 [8]) can be applied.

This function monitors the magnitude of the control deviation in swivel angle
control. When a defined threshold value (P-0-1311 [11]) is exceeded, the
boost is activated. While the boost is activated, the deviation from this swivel
angle difference is multiplied by a gain (P-0-1311 [12]) and added to the
speed command value as feedforward value. This boost is only active with
active swivel angle controller.

angle actual value

Parameter IDN Designation Default value Value range Unit

P-0-1378 Gain for pressure control deviation boost 0 0.0-250.0 %
feedforward

P-0-1379 Threshold for pressure diff. boost 5 1-315 bar

P-0-1311 [8] Filter time constant for derivative of swivel 0.01 0.000 - 0.100 s
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P-0-1311 [9]

Threshold for boost in case of swivel angle
actual value change

400 0 - 4000 %ls

P-0-1311 [11]

Threshold for boost in case of swivel angle
control deviation

5 0.0-100.0 %

Gain for swivel angle control deviation boost

P-0-1311 [12] feedforward 0 0.0 - 250.0 %
Tab. 3-21: Boost function
3.74 Parameters of the pump
Pump I“_E;‘
Pump displacement 2500 cm? 1%
Optimum swivel angle {n-var) 700 % III

Optimum swivel angle (n-var)

P-0-1372

Activation of conversion of intemal swivel angle

command value related to drive speed Y

Fig. 3-16: Pump displacement

In variable-speed operation, the optimum swivel angle can be provided via
parameter P-0-1372. The pump controller reduces the speed until this opti-
mum swivel angle is reached to displace the required amount of fluid. Gener-
ally, the efficiency of the pump improves as the swivel angle increases. In or-
der to minimize power losses in variable-speed operation, the speed should
be reduced until the swivel angle comes close to its maximum. To get a suffi-
cient control reserve for the swivel angle controller, the optimum is between
65 % and 95 % (depending on system).

Parameter IDN

Designation

Default value Value range Unit

P-0-1372

Optimum swivel angle (n-var) 70.0 50.0-98.0 %

Conversion of swivel angle com-
mand value (P-0-2950 Bit 4)

Tab. 3-22: Optimum swivel angle

= For real-time operation, common settings range between ca. 65
and 80 %. This ensures a sufficient control reserve in order to
compensate for minor changes in flow with the swivel angle of the
pump.

In the operation mode of pressure/swivel angle control, the box “Activation of
conversion of internal swivel angle command value related to drive speed”
has to be checked, if the given swivel angle command value refers to the
maximum drive speed. In this case, the selected swivel angle command val-
ue is converted via this function according to the current drive speed.

Pump
Pump displacement 2500 cm?
Ciptimum swivel angle {n-var) 700 %
Activation of conversion of intemal swivel angle s
command value related to drive speed Y
Fig. 3-17: Pump displacement
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In the operation mode of pressure/flow control, this box needs not to be
checked, since here the flow command value in I/min is automatically conver-
ted internally to the swivel angle command value in % using the current drive
speed.

For variable-speed operation the pump controller needs to know the size of
the main pump, to which the high-response valve of the pump control is
mounted. In the case of several closed-loop controlled pumps (pressure con-
troller of master/slave system), the total of all control pumps which displace
fluid into the hydraulic system is to be entered. This value is already queried
within the framework of initial parameterization of the pump controller.

Parameter IDN Designation Default value Value range Unit
P-0-2943 Pump displacement 100.0 0.1 -6553.3 cmd
Tab. 3-23: Selection of the size of the main pump
3.7.5 Pressure controller adaptation (parallel structure)
Internal command values Adaptation of pressure controller (parallel structure)
Pump control -
e Lower speed limit for P-controller 250 1/min
controller adaptation !
50.000 bar Pump controller configuration —— Upper speed limit e Corilien 1200 1min
Swivel angle command adaptation !
value, intemal Controller overview ) -
00000 Adaptation of pressure cortrolle Gain factor at lower‘ speed limit for 215
: P-controller adaptation
T T Lower speed limit for D-controller 250 1/mi
adaptation bt
Upper speed limit for D-controller e
adaptation 1200 1/min
Gain factor at lower speed limit for 32
D-controller adaptation ’
Factor for disturbance feedforward for 00
pressure controller =
DCH_Adaption_Druckregler_EN.des
Fig. 3-18: Pressure confroller adaptation

Input of characteristic curve for
adapting the PD controller

At reduced speed, the control behavior of the pressure control of a control
pump differs from that at nominal speed. By adapting the PD pressure con-
troller the pump controller can achieve a largely similar control behavior,
which is independent of the current speed.

Lower barrier adaption proportional term P-0-1311 [13] / P-0-1311 [16]

These values can be used for setting the lower limit value of the characteris-
tic curve. Below this speed limit the PD pressure controller is no longer adap-
ted.

Upper barrier adaption proportional term P-0-1311 [14] / P-0-1311 [17]

These values can be used for setting the upper limit value of the characteris-
tic curve. Above this speed limit the PD pressure controller is no longer adap-
ted.

Gain factor, lower speed limit P-0-1311 [15] / P-0-1311 [18]

By means of P-0-1311 [15] and P-0-1311 [18] the gain factor for the lower
speed limit can be set. The gain factor for the upper limit speed is firmly set to
1.0. Between the upper and the lower speed limit the gain factor is linearly
increased depending on the speed. The example below therefore results in
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the following course of the gain factor. From speed 0 - 250 1/min a gain fac-
tor of 2.15 is active in the adaptation of the P-controller. Between 250 and
1200 1/min the gain factor falls linearly to 1.0. Above 1200 1/min, the gain
factor is constant at 1.0.

Gain factor
P-controller

3 T .~ P-0-1311[13] =250 1/min
© - P-0-1311[15] =2.15

+ P-0-1311 [13] = 1200 1/min

»

1500 Speed n

1000

DCH_Adaptionskennlinie-V2_EN.des

Fig. 3-19: Example of the adaptation characteristic curve of the P-component
of the pressure controller

Parameter IDN Designation Default value Value range Unit

P-0-1311 [13] Lower barrier adaption proportional term 250 10 - 6000 1/min
P-0-1311 [14] Upper barrier adaption proportional term 1200 10 - 6000 1/min
P-0-1311 [15] Gain lower barrier adaption proportional term |2.15 0.00-10.00

P-0-1311 [16] Lower barrier adaption derivative term 250 10 - 6000 1/min
P-0-1311 [17] Upper barrier adaption derivative term 1200 10 - 6000 1/min
P-0-1311 [18] Gain lower barrier adaption derivative term 3.20 0.00-10.00

Factor disturb. feedforward pres-
sure controller (P-0-1380)

Tab. 3-24: Parameters of the adaptation characteristic curve of the PD-control-

ler
Any change in speed acts like an external disturbance variable. To compen-
sate for this disturbance it is possible to feed forward an additional factor,
which is calculated in relation to the change in speed, to the controller output
of the pressure controller. This factor can be scaled using parameter
P-0-1380.

Parameter IDN Designation Default value Value range Unit
P-0-1380 Factor disturb. feedforward pres- 0 0.0 -250.0 %
sure controller
Tab. 3-25: Factor for disturbance variable feedforward
3.7.6 Reserve for revving up the motor at low speed - breakdown protection

With the help of torque limitation of the pump you can ensure a torque re-
serve in order to be able to rev up the motor optimally even at low speeds. In
addition, this reserve acts as breakdown protection at low speeds. This is re-
quired, because at 300 1/min the breakdown torque is <50 % of the nominal
torque and the motor could thus be easily stalled at low speeds. At higher
speeds, this torque reserve allows faster speeding up and hence a better
speed increase behavior of the pump control.
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4.1

Description of special functions

Description of special functions

Torque limit

To protect the drive motor against overloading, the maximum torque can be
limited. The settings always refer to the maximum torque of the pump. The
torque limit is active in every operational state, i.e. at both constant speed
and reduced speed. When the speed is reduced while the hydraulic power re-
mains unchanged, the current torque at the shaft is accordingly larger.

Since the power loss of the asynchronous motor increases significantly when
it is operated above its nominal torque, the speed should be reduced only to
the extent where the nominal torque is not exceeded. To this end, the limita-
tion for speed calculation during variable-speed operation can be set by
means of parameter P-0-1383.

However, at nominal speed, the current torque may be briefly significantly
larger than the nominal torque of the motor. For this reason the torque limit
has always to be set by means of P-0-2952 to a value higher than the limita-
tion in P-0-1383. "

= This function "torque limitation" corresponds to the "power limita-
tion" function of control systems SY(H)DFEE and SY(H)DFEC.
However, since power depends on the current speed, this func-
tion is used to limit the torque for HydraulicDrive pump controllers.

=l HydraulicDrive [1] HPCn
P Master communication

—-@ Ads_1[1]HPCn
P Start screen
P Functional packages
(L) Master communication axis
) Scaling/units
() System pump controller
() Measuring systems
) Controller

P Controller overview

1)@ E-F-E

P Swivel angle command value processing

P Swivel angle controller
=)-{3) Controller in parallel structure

P Pressure controller (parallel structure
P Pump changeover logic (parallel st

+-{3) Controller in cascade structure
P Output adjustment
() Operation modes
) Monitoring / Ermor reaction
() Optimization / startup

#

)

s

p Drive-integrated command value generator

P Parameter set switching
P Assignment analog inputs
P Assignment analog outputs
D Assignment digital inputs/outputs
() Valve dialogs
=-{[E] MLD
P Project information
P Sytronix (DFEn, HS5n)

]

Swivel angle command value controller

Leakage E:
compensation

Pressure feedback value

o

Qutput of swivel angle command value
Torgue + processing

Torque limitation of pump, relative limitation

Derivation pressure feedback value Feedback of

actual pressure
value derivative

Leakage compensation Feedback of actual pressure value derivative
Calibration value 009 % Fiter time 5 ms

V| Activate leak: Time constant 0.000 s

Activate feedback of actual pressure value derivate
Torque limitation

Pump, relative
V| Activate torque limitation

DCH_Relative_Drehmomentgrenze.des

Fig. 4-1. Torque limit
Relative torque limitation

To protect the rotary drive motor against overloading, the maximum torque of
the pump can be limited. Parameter "P-0-2952, Torque limitation of pump,
relative" is a relative variable in percent and refers to the maximum torque of
the pump at standard pressure (P-0-2957.0.1). The permissible maximum
swivel angle command value for the pump is calculated from the current ac-
tual pressure value p,y and the setting for the relative torque limitation ac-
cording to the following calculation rule:
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Max. permissible swivel angle command value = torque limitation of pump,
relative (P-0-2952) XPstandard / Pact

The max. permissible swivel angle command value is shown in parameter
“P-0-2958.0.3, Correction value: torque limitation”.

A min/max value comparator switches between the permissible maximum
swivel angle that results from torque limitation and “P-0-2958.0.4, Swivel an-
gle command value after leakage compensation”. By means of the pump
controller control word “P-0-2950, Pump controller control word” bit 6, 7, the
min/max value comparator can be firmly set to the swivel angle command
value, which deactivates the torque limitation function.

The value range for torque limitation P-0-2952 is 0 %...125 %.
Example:

Calculation of the maximum torque of the pump (A10 NG71)

Pump size VG = 71 cmd
Reference pressure of the con-
trol 2 P Pmax = 315 bar
Efficiency Neon = 1 (theoretical value)
Nominal motor torque MnomMotor = 191 Nm
Tab. 4-1:
P 30kW 30.000W
MMotor = Motor . — = = 19 le
2-m-n 2-m-1500rpm 2-m-25rev/s
1,59V, - 1,59-71cm’ -315bar
M o0, = : G Proax _ > =355Nm
n_ 100 100
DCH_Berechnung_Drehmomentgrenze_Motor_EN.des
Fig. 4-2: Torque limitation

Calculation of torque limit (p-a)
Overloading of asynchronous motor by 200 %

(p'(x‘)max MMOTO" 200% = 191Nm

o0 355Nm

-200% =107,6%

DCH_Ueberlast_Asynchronmotor.des

Fig. 4-3: Calculation of forque limit

" When comparing the torque limit, take into account that the two parameters
are subject to different normalizations. Parameter P-0-2952 refers to the
maximum torque of the pump, P-0-1383 to the nominal torque of the motor.

2) For A10 pumps it is always 315 bar, irrespective of the settings for the PT
or the nominal system pressure.

4.2 Backup/restore with pump control

It is possible to make a complete backup (parameter setting + firmware) of
the VT-HPC and to store it on the SD card. This backup can be used to re-
store the current condition or, in the case of a replacement of the VT-HPC, to
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transfer the complete configuration. The backup/restore function is called via
the following dialog:

B3 |ndraWorks Ds - HydraulicDrive [1] : Backup/restore function
Parameterization ~ Commissioning  Diagnostics  Service  Tools  Help

O D[ Qteck ~ 0~ ¢~ -] i | i B [ @ b0 anatog smput, wire @ Q@2 -[Hadenor w@|MHE 0

=E =] HydraulicDrive: [1] g )
_____ b Master comm Functional packages Status of backup./restore function
-8 fodis [1] defaul IP settings |Machine archive does not match the backup device data | Refresh
Device language » Commands Conrfiguration

=0 Master cq Parameter » | 7 Parameter editor LrE (® Tolerant mode: Machine archive is not monitored
+-{5) Scaling/A .
+..j System p Firmware management... |_| Parameter group Log file 9] Strig mo_de: Mo;’rtoring makes sure that machine
+..3 Measuring Systems — Log fle archive is upto-date
-0 Controller SD card type: Bosch-Rexroth
£ Operation modes Load... lommand execution
+-{ ) Menitoring / Emor reaction . .
+..j Optimization / startup Backup/restore function

Do Update
p Drivedrtegrated command value generator o z

b Parameter set switching Download device data archive from drive Upload device data archive to drive
P Assignment analog inputs

b Assignment analog outputs

b Assignment digital inputs/outputs | |

+-3) Local 10

Fig. 4-4: Backup/restore function

As of version HDx20V20 the backup/restore function also makes a backup of
the calibration values for the VT-HPC. However, when the VT-HPC is re-
placed, the electronics has to be re-calibrated to achieve the same accuracy.

4.3 Calibration of pump controller

The calibration functions of the pump controller improve the precision of the
system. An uncalibrated pump controller system is generally operable, but it
will not achieve the accuracy specified in the data sheet. It is therefore gener-
ally recommended that calibrating be carried out during commissioning.

= When a parameter backup (par file) is loaded, the calibration val-
ues are not transmitted for any pump controller. Pump controller
systems with integrated electronics in the pilot valve are calibra-
ted in the factory. Hence, calibration values are already stored
when the system is delivered. However, when the valve is re-
placed, calibrating has to be repeated also in this case to ensure
the high accuracy. When case drain oil compensation is used,
calibrating has generally to be repeated during commissioning.
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