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Note The Application Examples are not binding and do not claim to be
complete regarding the circuits shown, equipping and any eventuality.
The Application Examples do not represent customer-specific solutions.
They are only intended to provide support for typical applications. You
are responsible for ensuring that the described products are correctly
used. These application examples do not relieve you of the responsibility
to use sound practices in application, installation, operation and
maintenance. By using these application examples you accept that
Siemens is not liable for any damages except for those specified in the
above liability clause. We reserve the right to make changes to these
Application Examples at any time without prior notice. If there are any
deviations between the recommendations provided in these application
examples and other Siemens publications — e.g. Catalogs — the contents
of the other documents have priority.

Warranty, Liability and Support

We accept no liability for information contained in this document.
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Any claims against us — based on whatever legal reason — resulting from
the use of the examples, information, programs, engineering and
performance data etc., described in this Application Example shall be

Copyright © Siemens AG 2008 All rights reserved

excluded. Such an exclusion shall not apply in the case of mandatory
liability, e.g. under the German Product Liability Act
(“Produkthaftungsgesetz”), in case of intent, gross negligence, or injury of
life, body or health, guarantee for the quality of a product, fraudulent
concealment of a deficiency or breach of a condition which goes to the root
of the contract (“wesentliche Vertragspflichten”). However, claims arising

from a breach of a condition which goes to the root of the contract shall be
limited to the foreseeable damage which is intrinsic to the contract, unless
caused by intent or gross negligence or based on mandatory liability for
injury of life, body or health. The above provisions do not imply a change in
the burden of proof to your detriment.

Copyright© 2008 Siemens A&D. It is not permissible to transfer or
copy these Application Examples or excerpts of them without first
having prior authorization from Siemens A&D in writing.

For questions about this document please use the following e-mail address:

mailto:csweb@ad.siemens.de
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Objective

The valve of a mixing tap is to be controlled according to a desired
temperature set point.

Figure 1-1
MTR_Pos (motor position; optional: can be simulated if nonexistent)

Down

Dn_Limit

Up_Limit

PV (process variable: temperature)

To do so, a three-way mixing valve with valve-actuating is used. Hot water
(e.g. 70°C) runs through one inlet and cold water (20°C) runs through the
other one. By varying the water feed between the two preset temperatures
via the valve position, the effluent water can obtain any temperature
ranging from 20°C to 70°C.

This is a three-step control:
1. The valve is set towards “more hot water” (digital input “Up”)
or
2. the valve is set towards “more cold water” (digital input “Down”)
or
3. the valve is not selected at all.

For this close-loop control the S7-200 CPU (as of release V2.0) requires
the temperature-process variable (analog input “PV”). Additionally the valve
motor position is required. The position can either be obtained using the
analog feedback signal (analog input “MTR_Pos”) or by a simulation. The
valve limit switches “Up_Limit” and “Dn_Limit” signalize the end positions of
the valve and are used as control limits and as reference points for the
valve position simulation.
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Functionality

The three-step control is implemented using the PID-controller integrated in
STEP 7-Micro/WIN (as of version 4.0) and the library ,Three_Step®. The
functionality is explained using the following figure:

Figure 2-1
PIDx_INIT Three_Step
' ‘ UD
SP| _ Delta| / PID_Out | Deviation | [T
_ Ao - Thron Down
PV PIcontroller MTR_Pos ‘

Method of Function

The temperature set point (“SP“) is compared to the process variable (“PV”)
and the control deviation (,Delta“ = ,SP“ — ,PV*“) is generated in the PID-
control block “PIDx_INIT”. The control with Pl-action (“PI controller”
necessary for this closed loop control) puts the control variable “PID_Out”
out. It provides the set point for the three-step control element

“Three_Step”. “PID_Out” is compared with the current valve motor position
"MTR_Pos" and the “Deviation” is calculated.

If the “Deviation“ exceeds the preset threshold value “ThrOn* the valve is
opened towards “more hot water” until the deviation equals zero or is less
than zero. If the “Deviation” is smaller than the preset negative threshold
value the valve is opened towards “more cold water” until the deviation
equals zero or is greater than zero.

Correction control in stationary mode

As the set point temperature is never exactly obtained due to process
behaviour between control element (valve) and temperature monitoring
point and the integral part of the Pl-controller put out every slight control
deviation in form of an summed actuating variable, the control element

V1.5
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deviation will exceed the tolerance range +/- “ThrOn” and therefore
counteract even in stationary mode.

Figure 2-2
t
B0z 5hy B0 45: 40z 3Bs 30: 2B 208 152 10s a3 Oz
?UUU ANl EEEEE FTENI AN FEEN I TN TNl SRR AN RN PR F N 320m00
PV [°C] PID_Out

BOLD0 o - = mmm = s e s s e - 25600.00

11 L 15200.00
SP =45°C

e - 12800.00

D) Gsssasssseaassassassnsassssssnsssssssssassssseassasdssssasasssanssass L £400.00

Mode: Automatic
20000 (.00

Figure 2-2 shows in what way the process variable “PV* oscillates around
the set point “SP” in stationary state without being influenced in automatic
mode (particularly distinguishable at the control variable “PID_Out”).

Switch off integral part

In order to avoid this unwanted oscillation around the temperature set point,
the block “Non_Sensitive”is used. It “freezes” the controller in a specified
range and, in doing so, switches off the I-part of the controller.

Figure 2-3

_t,

B0z 55 50: 45 40z 35z 3 25 20z 15 10z L3 0z
2000 e e Ve e e e e Covee bee b ee e L 32000,00
PV [°C] PID_Out

11 - 19200,00
SP =45°C
1 L 12800,00
1111 - 6400,00

Mode: Non-Sensitive
2000 0.00

Unlike figure 2-3, figure 2-5 shows no activity of the valve motor in
stationary state in the “Non_Sensitive” mode.

V1.5
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2.2 Operation principle "Non_Sensitive"
Figure 2-4
PIDx_INIT
SP| ., Delta ( | PID_Out
N B Three_Ste
PV'| Pl controller — P
|
PID_Out Mem | | -Deviation |
"'/: S - Thron Down
ry MTR_Pos

_.@ |Delta] =TT :

Delta_max—

7| d, |Diff_Q|
dt <
Diff Q_max—s
Non_Sensitive

The control variable “PID_Out* is temporarily stored by the block
“Non_Sensitive* (“PID_Out_Mem?®). If the absolute control deviation
“|Deltal“ stays within the specified maximum deviation “Delta_max" and if
the absolute difference quotient of the process variable “|Diff_Q|* is smaller
than a specified maximum increase “Diff Q_max®, the last stored control
variable value “PID_Out_Mem* is adopted as the set point for the three-
step control element until the conditions for the "Non-Sensitive“-mode are
not met anylonger and the controller adopts the control value settings.

V1.5 18.01.2008 7/29



Copyright © Siemens AG 2008 All rights reserved

p_e.doc

Three_Ste

SI EM ENS Functionality

S7-200 Three-Step Control

Beitrags-ID: 18748232

Figure 2-5
_t
BO: 55 S0 45 40s 3Bs 30 25z 20z 15: 10z S 0z
TFOu0 ras s le s as b g o By s lop g lonnalassalaswplasnslysnnloasaloiag 32000.00
PV [°C] PID_Out
(=11 Ct .(.)“’E‘1 ........................................ L 266500.00
-7>Cut-Ou
N Cut-Out 2 Cut-Out 3
- B r—‘\ sTTTSS
5000 -+ = o e e e o Tz = e e e e Sz e e e e S} 19200.00
o ‘___«-“' .T \ l/"-=...== \
SP =45°C _l\\ . —
. o i b
000 Fmsnzm=dms S i s n s m s o e T TP SEemsaTal 12800.00
Delta_max = 5°C T
1111 S S L 6400.00
20,00 0.00
Diff_Q
(eq:Out 1 Cut-Out’g Cut-Out 3
________ ,___:\ A ______,.:___—_-:::.
T_ 1 \ , \ , \\. t
T ] v
_______ b\ L
. 7
Diff Q_maX.__- ot

Figure 2-5 shows the transient for a specified set point of 45°C (green) and
for a maximum allowable control deviation of +/- 5°C (orange) for the dead
band. In addition to the control deviation verification, the process variable
temperature increase must stay within the tolerance band +/- “Diff_Q_max”
(brown).

In cut-out 1 the temperature increase meets this condition, but the
temperature is not within the deviation tolerance band “SP” +/- “Delta_max”.
The control variable is still determined by the Pl-controller.

In cut-out 2 the temperature is within the tolerance band and the
temperature increase is within +/- “Diff_Q_max”. The control variable
“PID_Out" is stored until the process variable temperature increase gets too
high and the control variable is calculated by the Pl-controller again.

In cut-out 3 the conditions for the Non-Sensitive mode are met for “Delta”
and for “Diff_Q". The current setting is “frozen” and this time the
temperature stays within the preset tolerance.
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Parameter preset

This means that for an optimum loop control without activity in the
stationary state the control parameters specifications and the tolerance
band specifications are of crucial importance. The gain and the integral
time have to be adjusted to the controlled system for the purpose of a quick
transient, if possible without an overshooting.

The tolerance band values have to be determined empirically depending on
the controlled system and the control parameters assignment.

The block “Non_Sensitive“ offers the opportunity to monitor the current
absolute deviations “Delta” and “Diff_Q” during operation and, in doing so,
to adjust the limit values “Delta_max” and “Diff_Q_max” accordingly. The
same can be done for the maximum control element deviation “ThrOn”
using the signed parameter “Deviation” of the block “Three_Step”.

Three-Step control without valve position feedback

If the valve used does not possess a valve position feedback, the block
“Valve_Sim” is used to simulate the valve position.

Figure 2-6

Three_Step Valve_Sim

Deviation

MTR_Pos

Figure 2-6 shows the altered part of the block diagram from figure 2-4 in
order to simulate the valve position. The time needed for the activation the
valve control signals “Up” and “Down” is measured and, in relation to the
entire traversing time “MTR_TM” (time the motor needs to travel from one
end position to the other one) the standardized position angle covered is
summed up to the current position (for “Up” added, for “Down” subtracted).
The new position evaluated this way is used as initial position for the next
calculation cycle and is assigned to the three-step control element
“Three_Step” in form of a position feedback “MTR_Pos”.

V1.5
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Simulation of the controlled system

In order to easily check the three-step control the attached download
additionally possesses the simulation library “SYS_Sim”. Here a dead time
element (“Dead_Time®) and a low pass filter (“Low_Pass”) can be found.
Using these blocks you can emulate the controlled system between the
valve control element and the process variable temperature sensor. This
way you can check the functioning of the three-step control even without
any hardware.

Figure 2-7
PIDx_INIT

Three_Step Valve_Sim

PV Pl controller

SP|, - peyg) |/ 7 TlD_Out

Up

Pz s PID_Out_Mem Deviation | .
= Thron | |Rown

— MTR Pos :
|Deltal i

x]

Delta_max
g IDiff_Q|
i
Diff Q ma
Non_Sensitive

Dead_Time

‘DeadfTM

Figure 2-7 shows the block diagram of the three-step control with simulation
of the valve position and of the controlled system. Besides the feedback of
the simulated valve motor position to the three-step control element
(“MTR_Pos”) the process variable is generated using the dead time
element “Dead_Time” and the low pass filter “Low_Pass”. This means that
the control system behaviour is determined by the dead time “Dead_TM”
and by the time constant “tau”.
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The libraries “Three_Step® and “SYS_Sim“ are provided in the attached
download. The link to download the conversion library "Scale" can be
obtained on the same HTM-page the present document is obtained from.

Figure 3-1

Library "Three_Step"

Likraries

-] Modbaes Magter Port 0 [v1.2)

-1 Modbus Master Poit 1 [w1.2)
7] Modbus Slave Port 0 [+1.0)

o

] USS Protocal Port 0 [v2.3)
] USS Protocal Port 1 [v2.3)

] Scale [+1.1)

T S_ITR

{T S_RTR

{1 S_RTI

=] 5Y5_Sm 1]
{T Dead_Time
IT Low Pass

] Three_Step [+1.5)
LI Theee_Step
TT Mon_Sensitivel
T Vabve_Sim

In order to use the "Three_Step" library blocks, 65 bytes of memory must
be reserved for the global variables.

Figure 3-2
g ;l::aﬂ éu[géaqn] Scale (v1.1) Thiee_Step (¥15) | 5v5_Sim v1.0]
o INT_O(NTQ) The instruction fbram Thiee_Step [v1.5) requires B5 bytes of
=) global V-memory. Spacily an addiess where this amount of
: od Library Memory... W-memory can be used by the library. Chck *Suggest Address'
H T e to use program cross reference to locate an unused block of
i v the required size.
@ Dever
{5 Low_Pass (SER4)
{5 S_RTI(SBRE)
{8 Non_Sensitive (SBRY)
15 S_RTR [SBRE)
=) Wizard
{5 PIDO_INIT [SBRE) -
& PID_EXE (INT1) [ SugestAcdress | Delete Libary Symbols |
| VB120  through VB84
0K Abbrechen |
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3.1.1 Block "Three_Step"
The block "Three_Step" converts the control variable "PIDx_Output”
provided by the PID-controller “PIDx_INIT” into a three-step signal.
Figure 3-3
Three_Step
SMO.0—EN
FIDD_Dutput VD E=— PID_Output
MTA_Sim%D213—{MTR_Pos
ThiDn VD217 = ThiOn
Up_Lirnik: |2, 0= LIp_Lirnit
Dvr_Lirnik: 12,7 == Dr_Lirvik
Pulse_Th_deWWwW221 — Pulze_TM_ds
Break_TM_ds\WwW223=— Break_TM_d=
HYST_Difv225.0—HYST_OK
Deviation VD 226 = Deviation
Up:Q0.0—Up
Do 0.1 = Do
Table 3-1
Symbol Type of Data Comment Range of
variable Type values
EN IN BOOL | Activation
PID_Output IN REAL PID-control variable 0.0-1.0
(standardized)
MTR_Pos IN REAL Valve position (standardized) | 0.0 - 1.0
ThrOn IN REAL Threshold parameter 0.0-1.0
Up_Limit IN BOOL Upper valve limit switch
Dn_Limit IN BOOL Lower valve limit switch
Pulse TM _ds | IN WORD | Minimum pulse time in 0.1 s
Break_ TM ds | IN WORD | Minimum break time in 0.1 s
HYST_Off IN BOOL Hysteresis switch off
Deviation IN_OUT REAL = PID_Output— MTR_Pos -1.0-1.0
Up IN_OUT BOOL Valve actuation “UP”
Down IN_OUT BOOL Valve actuation “DOWN”
PID_Output
- Control variable of the PID-controller. This signal is fed with global
variables of the library of the PID-controller.
V1.5 18.01.2008 12/29
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Pulse_TM_ds

- determines the minimum activation time of a valve actuation in
deciseconds (0.1 secs). The valve is actuated for this period eventhough
the conditions for its activation are not met anylonger during operation.

Break_TM_ds

- determines the minimum break time between two valve actuations in
deciseconds (0.1 secs). This is the time that elapses before the valve is
controlled again, eventhough if the conditions for its activation are met prior
to the operation.

HYST_Off

- used to switch off the hysteresis. This bit determines the stop-condition of
the valve control.

Figure 3-4
TValve Control TValve Control
Up —= (U] —
ThrOn JL 1r o -ThrOn : o
P . Deviation ' Deviation
,,,,,,,,, - —_ ... D8 , ; ,

+ThrOn ! +ThrOn

—>—"Down —”””””;"Down
0 1

Figure 3-4 shows the valve control depending on the “Deviation” for
“HYST_Off’-states “0” and "1”:

¢ In state 0 the control is stopped when the “Deviation”-zero crossing
(equals “MTR_Pos” = “PID_Output” ) is attained.

¢ In state 1 the control is stopped when the “ThrOn”-tolerance band is
entered (equals “MTR_Pos” < “PID_Output” +/- “ThrOn”).

This means that the control activity of the valve is minimized when the
hysteresis is switched off as the temperature change is carried out time-
delayed due to the controlled system. Therefore it is more likely that the
temperature stays within the neutral range.
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The block “Non_Sensitive”allows to “freeze” the PID-controller in a

specified area.
Figure 3-5

SMO.0=—EM
tode_In'VB230— Mode_In

FIDO_FPYAVDO=— P
FIDO_SPVD4— FID_SP

MNean_Sensithve

Auko_banual = Auto_Manualb'206.0
Marwal0 utput b= b anualQutput VD 207

FID0_OutputyD 8= FID_Oukput
Delta_max VD 235— Delta_max
Diff_0)_ma VD 239 =~ Diff_Q_max
Manuall nputyD 24 3= Manuallnput
Mode_OutVB247 — Mode_Dut

DeltaVD248=— Delta
Diff_@:vD252— Ditf Q

Table 3-2
Symbol Type of Data Comment Range of
variable Type values
EN IN BOOL Activation
Mode_In IN BYTE Selector switch for operation | 0=M; 1=A
mode 2=NS
PV IN REAL Process variable 0.0-1.0
(standardized)
PID_SP IN REAL PID-set point (standardized) | 0.0-1.0
PID_Output IN REAL PID-control variable 0.0-1.0
(standardized)
Delta_max IN REAL Maximum absolute control 0.0-1.0
deviation for NS
Diff_Q_max IN REAL Maximum absolute process
variable increase for NS
Manuallnput IN REAL Control variable parameter 0.0-1.0
for M
Mode Out IN_OUT BYTE Current operation mode 0=M; 1=A
2=NS
Delta IN_OUT REAL Absolute control deviation 0.0-1.0
Diff_Q IN_OUT REAL Absolute process variable
increase
Auto_Manual | OUT BOOL Mode output for “PIDx_INIT* | 0=M; 1=A
ManualOutput | OUT REAL Control variable parameter 0.0-1.0
(M) for “PIDx_INIT”
(standardized)
V1.5 18.01.2008 14/29
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Mode_In / Mode_Out

“‘Mode_In“ specifies the desired mode (0 = manual; 1 = automatic; 2 = Non-
Sensitive). Values that are not within the domain of definition are not
adopted. This can be checked using the byte “Mode_Out”: For an
undefined parameter in “Mode_In” the present mode is maintained in
“‘Mode_Out”.

PID_SP / PID_Output
“‘PID_SP” and “PID_Output” are fed with global variables of the library of
the PID-controller.

PV

- is the standardized process variable and it is generated using the “Scale”-
block “S_ITR” of the analog temperature sensor signal (see chapter 3.3).

WARNING 1he standardized process variable “PV” must not be fed with the
global variables of the library of the PID-controller as it is only
updated in the specified interval “PIDx_SampleTime”. Otherwise the
condition for the increase check between these samples would be
fulfilled by mistake.

Delta_max / Diff_Q_max / Delta / Diff_Q

“Delta_max“ and “Diff_Q_max"“ determine the switch-over conditions for the

“Non-Sensitive” mode. They can empirically be determined using the

smallest occurring values of “Delta” and of “Diff_Q” (see chapter 2.3.1).
Manuallnput

“‘Manuallnput” is the standardized control variable which is available at the
output “ManualOutput” if the “Manual” mode is selected.

ManualOutput / Auto_Manual

- determine the same-named input parameters for the PID-control block
“PIDx_INIT” (see figure 4-1).

3.1.3 Block "Valve_Sim"

The block "Valve_Sim" is used to simulate the valve position.
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Figure 3-6
Walve_Sim
SMO.0—~EM
MTR_THM_s\VWw256=—{ MTR_TM_2
En_Limit" 258 0= Er_Limit
Up_Limit: 2. 0= Up_Linat
Diev_Lirnit:1 2.1 = Cirn_Linnik
Up Q00— Up
Down: Q01— Down
MTR_SimYD213={MTR Sim
Table 3-3
Symbol Type of Data Comment Range of
variable Type values
EN IN BOOL | Activation
MTR_TM_s | IN WORD | Entire motor traversing time [s]
En_Limit IN BOOL Enable correction
Up_Limit IN BOOL Upper valve limit switch
Dn_Limit IN BOOL Lower valve limit switch
Up IN BOOL Valve actuation “UP”
Down IN BOOL Valve actuation “DOWN”
MTR_Sim IN_OUT REAL Simulated standardized valve 0.0-1.0
position

MTR_TM_s

- determines the traversing time between the two end positions of the valve
in integer seconds.

En_Limit

- allows to correct the estimated valve position, if the time “MTR_TM_s”
was chosen too short. On the activation the simulated valve position
"MTR_Sim" jumps back to 0.98 when value 1 is attained as long as
“Up_Limit” is not reached, and to 0.02 when value 0 is reached as long as
“Dn_Limit” is not reached.

3.2

Library "SYS_Sim"

In order to use the "SYS_Sim" library blocks, 62 bytes of memory must be
reserved for the global variables.

V1.5
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(=)-(gl Program Block
IF MAIN [DB1)
{F SBR_0(SBRO)
£F INT_0{INTO)

= 5 [,

{5 S_RTI(SBRE)

{8 Non_Sensitive [SBR7)

{H S_RTR (SERT)
=% Wizard

{F PIDO_INIT (SBRE)

{7 PID_EXE (INT1)

3.21 Block "Dead_Time"
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Library Memory Allocation

Scale (v1.1)| Thies_Step(v1.5) SY5_Sim(v10) |

The instruction ibrary 'SY'S_Sim [1.0]' requires B2 bytes of
alobal V-memomw. Specify an addiess where this amount of

W-memorny can be uzed by the library, Click "Sugoest Addiess’

to use program cross reference to locate an unused block of
the required size.

[ SuggestAddess | Delete Librasy Symbols |

VB265  through VB 346

x|

0k | abbechen |

The block “Dead_Time” allows the time-delayed output “OUT” of the input

signal “IN”.
Figure 3-8

SMO.0—EN
MTR_SimD213—IN

Sample_TH_ms W 253 =— Sample_TH_ms
Dead_TW_ms\WwW261 = Dead_TM_ms

EBA00— Start
B_Mumber’"w263=—B MNumber

Dead_Time

OUT =DT_0UT:VD265

Table 3-4
Symbol Type of Data Comment Range of
variable Type values
EN IN BOOL Activation
IN IN REAL Standardized input 0.0-1.0
signal
Sample_ TM_ms IN WORD Sampling time in
milliseconds
Dead_TM_ms IN WORD Dead time in
milliseconds
Start IN DWORD | Memory start address
B_Number IN_OUT INT Memory size (byte)
ouT ouT REAL Standardized output 0.0-1.0
signal
V1.5 18.01.2008 17/29
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- must not be smaller than the cycle time (SMW 22). Times that are smaller
than the cycle time are not adopted (can be checked using the global
variable “Sample_Time”). The “Dead_Time"-sampling time should not be
greater than PID_controller sampling time “PIDx_SampleTime” (better:
Sample_TM_ms = 0,5 * PIDx_SampleTime/1000; PIDx_SampleTime is
indicated in seconds).

Dead TM_ms

- must only be an integer multiple of the sampling time “Sample_TM_ms”. A
maximum dead time of 65.535 seconds can be selected.

Start / B_Number

“Start* determines the pointer to the start address of the selected buffer
(e.g. “&VB0").

The buffer size in bytes is calculated as follows:
B_Number =4 *Dead _TM_ms / Sample_TM_ms

WARNING = Make sure the selected storage area exists and is not reserved.

p_e.doc

Three_Ste

3.2.2 Block "Low_Pass"

The block “Low_Pass” simulates the function of a low pass filter.

Figure 3-9
Low_Pass
SMO.0—EM
DT_OUTNVD2ES—IN OUT =LP_OUTVDET3
tau_s VD29 —{tau s
Table 3-5
Symbol Type of Data Comment Range of
variable Type values

EN IN BOOL Activation

IN IN REAL Standardized input signal 0.0-1.0

tau_s IN REAL Time constant in seconds

ouT ouT REAL Standardized output signal 00-1.0

tau_s
- must be greater than zero. The smallest possible time constant can be
1*e”(-37) seconds (can be checked using the global variable “tau”).
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Conversion library “Scale”

The controller “PIDx_INIT” works with three different value ranges:

1. the actual physical value range (in this case: the temperature range
from 20 to 70 °C)

2. the standardized parameters in the value ranges from 0.0 to 0.1 and

3. the analog input parameters of the temperature sensor (adjustable with
the PID-wizard in Micro/WIN) and of the value position feedback (both
in INTEGER format)

For the conversion between these value ranges you also need the library
“Scale”.

The link to download the conversion library "Scale" can be obtained on the
same HTM-page the present document is obtained from.

Further information on the application of these library blocks can also be
found in this link.
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In addition to the libraries “three_step.mw!” and “sys_sim.mwl!” the attached
download contains the three following exemplary projects concerning the

three-step control:
Table 4-1

Name Function Chapter
Three_Step_Sim.mwp Only simulation (valve position simulation 4.1
and path simulation)
Three_Step.mwp For valves with position feedback 4.2
Three_Step NFB.mwp For valves without position feedback 4.3

These are used either as templates or for the direct use.

, Three_Step_Sim*“

The exemplary project “Three_Step_Sim.mwp” is only used as a simulation
(including the controlled system) of a three-step control with the ready-

made blocks.

Figure 4-1
S_RTI
SMO.0—EN
> PUND23I{Input 8 Duipul [~ PV_vw200 Three_Step_Sim.mwp
1.015H - -
no—{ist
32000=~0SH FIDO_INIT
0—{0sL SMO0—EN
Nor_Sensilive PV Vw200 = PV Output=PID_Out_1VWw211
SMO.0—EN Setpoint_R:VD202— Setpoint_R Thiee_Step
Mode_|mVB230—{Mode_In Auto_Maruall= Auto_ManualV206.0— Auto_Manual SMO.0—EN
¢———» PVAVDZIT—{PY M arual0 utput = ManualDutput VD 207 —{ ManualDutput F——>PID0_Output VD8 ={ PID_Dutput
— FIDO_SFVD4—FID_SP —— MTR_SimVD213—|MTR_Pos
PIDO_DutputVDE—{ PID_Output ThiOnYD217 = ThiOn
Deka_maxVD235=—{ Delta_max Up_Limit12.0= Up_Lirnit
Diff_0_maxVD233—{ Diff_0_max Dn_Limit12.1 — Dr_Limit
M anuallnput VD 24 3= M anualinput Pulse_TM_ds:\\221 = Pulze_TM_ds
Mode_OutVB247 —{Mode_Out Break_TM_dsvw223— Break_TM_ds
DeltaVD248— Delta Stop_MoveV225.0— Stop_Move
Diff_Q:VD252—Diff O DreviationVVD 226 —| Deviation
————— UpQ00—Up
Dowr:00.1={ Down
Vahve_Sim
S_RTR SMO.O—EN
W\?gg?— ‘EN 10 MTR_TM_s\Ww256—|MTR_TM_s
= nput Quiputi=FV_R:VD281 En_Limitv258 0—{ Er_Limit
r‘ T :2[’ Up_Limit12.0=f Up_Limit
: N Din_Limit:| 2.1 = Dn_Limit
7l -— 0SH > UpD0.0—Up
0o0—{osL L— DownQ0.1—{Down
MTR_Sim¥D213—{MIR Sim
Dead_Time Low_Pass ADD_R
SMO.0—EN 4 SMO.0—EN 5 SMO0—EM 6 EMO f=2|
TR_SimVD213—IN OUT =pT_ouT vD2Es—{IN OUTE  LP_OUTHD273—{INT OUT ~PYD231
§ample_TM_ms:\w253~ Sample_TM_ms tau_s VD269 —{tau ¢ Distusbance: VD 277 ={IN2
Dead_TM_ms:vVw261 — Dead_TM_ms
EVB400= Start
B_MNumber\\W263—{B_Number

Figure 4-1 shows the block structure of the project “Three_Step_Sim”.
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The numbers in the blocks represent the network number. In network 1,
which is not depicted here, the parameter initialization is made.

Figure 4-1 is equivalent to the block diagram in figure 2-11. Additionally the
scaling block “S_RTI” (network 8) is required. It converts the simulated
standardized temperature “PV” into the analog signal of the virtual
temperature sensor for the PID-controller “PIDO_INIT” (network 9).
Furthermore the block “S_RTR” (network 10) is required in order to check
the temperature value “PV_R”.

“Disturbance” (network 6) is in this case used to check the disturbance
correction.

Configuration of the operating mode of the PID-controller

The three-step control is based on the conversion of the control variable
calculated by the PID-control loop integrated in Micro/WIN. This PID-
controller has to be configured in advance.

The following describes the configuration of the PID-controller in Micro/WIN
(as of version 4.0) using the instruction wizard.

1. Open the instruction wizard for the PID-controller
Figure 4-2

I-__ STEP 7-Micro/WIN - Projectl - [Symbol Table]
E3) Fie Edt View PLC Debug | Took
lawmém 3 oM |

Trxh
I ||— Instruction Wizard

Thiz 57-200 Instruction wizard vl allow configuing complex operations quickly and easily, The
wizard will present a series of oplions for the requested formula. Upon completion, the wizard will
generate the program code for the selected configuration.

The following is a list of the instruction formulse that the wizard supports. ‘What instuction formula
would you ke to configure?

Configure the operations of a PID instruction.
NETR/NETW
HSC

To begin configuring the selected formula, click Next.

I P

STEP 7-Micro/WIN -> Tools -> Instruction Wizard... -> PID -> Next

2. Select the PID-control loop to be configured (0 - 7)
Next >
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3. Loop Setpoint Scaling and Loop Parameters
Figure 4-3
instruction wiardpio £

-~ Loop Setpoint Scaling

Specify how the loop Setpoint should be scaled. The loop Setpaint is & parameter that pou will
provide to the subroutine generated by the wizard.

Specify the Low Range for the Loop Setpoint: 200

Specily the High Range for the Loop Setpaint: 700

1~ Loop Parameter

Gan[ 115 Integyal Tine 02 min.
Sanple Tine[ 07 sec Devalive Time [ 0.00 min
<Prev Newt> Cancel |

Specify the low range temperature and the high range temperature and
select the loop parameters. A Pl-control behaviour has to be selected here.
Specify the gain, the integral time and the sample time. Later you can
adjust the loop parameters to the derivative time.

Next >

4. Process Variable Scaling
Figure 4-4
]

- Loop Input Dptions
Specily how the loop Process Varniable [PY] should be scaled. The Loop PV is & parameter you
specify for the subroutine generated by the wizad

Scaing
LwchgeI 1]
™ Use 20% Dffset High Range [ 32000

- Loop Output Options —

Specily how the loop Output should be scaled The Loop Ouwlpud = a paramelter pou specify for the
subroutine generated by the wizard.

Dutput Type. Scaling

|Am|09 > Uripalat 'l Low Range I 0
I~ Use 20% Offset HighRange | 32000

<Prev I Next> I Cancel

Set the scaling according to the signal of your temperature sensor. The
scaling of the control variable can be adopted unaltered as the
standardized control variable signal from the global library memory of the
PID-controller is converted into a three-step signal by the block
“Three_Step”.

Next >
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5. If necessary specify peril points (not required)

Next >

6. Allocation of Memory
Figure 4-5

Instruction Wizard PID x|
r~Allocate Memary for Confi
The loop table stores the parameters used for controling the Ioop operalion. The table is 80
bytes in size. Additionally, the options you have selected require 40 bytes of data for calculation,
Please specily a Y-memaory byte addiess where 120 bytes can be aliocated for the PID table and
calculations aea.
The wizard can suggest an address that represents an unused block of Y-memory of the comect
Suggest Address
| VBO through VE113
<Prev Newt> Concel |
Specify the variable memory for the PID-controller.
Next >
7. Allow manual control of the PID-controller
Figure 4-6
x|

The wizard wil create a subroutine for initislizing the selected PID configuration.

What should the initisization subroutine be named? |FIDO_INIT

The wizard will create an intenupt routine for the PID loop execution. This routine vAl also implement
any enor checking that was requested.

What should this Intermupt routine be named? |FID_EXE

Manual control of the PID is allowed and may be selected. When in manual mode. the FID calculation
is not executed, and the loop output i under program conlicl

[¥ Add Manual Contiol of the PID

<Prev Next> Cancel

Activate the checkbox for the manual mode.

Next >
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Finish
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9. Do you want to stop the configuration in the wizard?

Yes

Variable table

The handling and monitoring of the three-step control is explained using the

variable table of the project "Three_Step_Sim".

For the projects “Three_Step” and “Three_Step_ NFB” equivalent variable

tables do exist. These are equally designed.

Figure 4-7
[ | Address Foimat Curent Value
|| Setpoint_R:VD202 Gleitpunkt 0.0
PV_R:VD281 Gletpunkt 200
MitVorzeich
PIDO_SP:vD4 Gleitpunkt 0.0
5 |PvvD2R Gleitpunkt 0.0
B FIDO_Output VD& Glepurikt 0o
7 MTR_SimvD213 Glefipunkt 0.0
8 DT_OUT:VD265 Gleitpunkt 0.0
19 |LP_OUTVD273 Gleitpunkt 0.0
10 | Distwbance VD277 Gledpurikt [ili]
il Hi Vorzei
12| ThOn VD217 Gleitpunkt 0.005
13 | DeviationVD226 Gledtpunkt 0.0
14 Mit Vorzeick
15 | Delta_maxVD235 Gleitpunkt 0.01
16 | Delta’vVD248 Gleitpunkt 0.0 |
7 Mit Worzeichen
B | Diff_0_max¥VD239 Gleftpunkt 0.0 h
19 | Diff_Q:vD252 Gleitpunkt 0.0 |
20 | MitVorzeichen h
21 |Mode_InVB230 orzeichenlos 2
22 |Mode_OutVB247 Yorzeichenlos 2
23 |Auto_Manuat206.0  |Bit 240
24 | MitWorzeichen
25 |ManuallnputVD 243 Gledipunkt i} -
26 |ManualOutput VD207 |Gleitpunkt 0o |
(27| MitVorzeichen
28 |PIDO_SampleTime VD 16| Gleitpurkt
29 |PIDD_GainVD12 Gletpunkt
30| PIDO_I_Time:VD20 Gleitpunkt
(31 |PIDO_D_Time:vVD24 Gledpunkt
32 Mit Vorzeict
33 |Pulse_TM_dsVw?221  |Vorzeichenlos
34 |Break_TM_dsVwW223  |Vorzeichenlos
135 |HYST_DifV225.0 Bit
36 Mit Vi
37 |MTR_TM_sVw256 Yorzeichenlos
138 | En_Limit:v258.0 Bit
39 MitWorzeichen
A0 | Sample_TM_mz\V\W259 |Vorzeichenlos
4 |vwagl Yorzeichenlos
42 |Dead_TM_ms\VW261  |Vorzeichenlos
43 |B_MNumber\w263 Vorzeichenlos
44 Mit Vorzeick
45 |tau_sVD26EI Gleitpunkt 5.0
46 |VD3N Gleitpunkt 5.0
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All parameters with a blue rectangle in the “New Value” column can be
modified. All the other values display elements for checking purposes. The
parameters are divided into blocks and separated by a blank line:

Table 4-2
Line Block Function
1-2 Temperature Specified setpoint / process variable
checking
4-10 Standardized Intermediate parameter output / disturbance
intermediate parameters | parameter
12-13 | Control element Max. deviation parameter / deviation
deviation checking
15-16 | Control deviation Max. deviation parameter / deviation
checking
18 - 19 | Process variable Max. deviation parameter / deviation
increase checking
21-23 | Operating mode Parameter / adoption / PID implementation
25-26 | Manual INJOUT Parameter / PID-input
28 - 31 | Control parameters At/P/1/D
33 -35 | Three_Step-Parameter Pulse parameter / break time parameter /
hysteresis
37 - 38 | Valve_Sim-Parameter Motor running time / correction option
40 - 43 | Dead_Time-Parameter At-parameter/ -checking / tyeaq / memory
size
45 - 46 | Low_Pass-Parameter Tau-parameter / checking

4.1.3 Graphical check

For S7-200 CPUs as of release-version 2.0 STEP 7-Micro/WIN (as of
version 4.0) offers the function “PID Tune Control Panel...” (menu item:

"Tools").
Figure 4-8

[=/STEP 7-Micro/WIN - Three_Step_Sim - [Status Chart]
File Edit Wiew PLC Debug | Tools Windows Help

lnsa|am| s m
55 |as] 45 i
B '@E‘_ 1D Keiypad Designet...
B ( FPosition Control Wizard,
® gyt EM253 Control Panel...
B ¢ Modem Expansion Wigard:..
* _n]; et Y
=
m HE ¢
M §
i % {
EE R
Status Chart = _;Jﬁn Customize
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Figure 4-9
PID Tuning Control Panel x|
PID Tuning Control Panel
Select a PID loop or configuration to tune from the Current PID drop-down list. Click the Start Auto Tune button to begin the tuning algorithm, Click the Cloge button to exit
Remote Address: 2 CPU 224XP REL 02.00
(- Process Yariable [~ Current Values
e BO0: 55¢ S50s 45 40s 35 30: 25 20s 15 105  5s 3
5
32000 etpoint 450 70.00 1 N 1 L ! 1 1 1 h 1 1 32000.00
— Sample Time: 01
Gain: 1.1
LT T - 25600,00
Minutes ]
Integral 02 1 e T ML 1]
Denvalive: 00 _
T
Qe T 40004 - ----/-/f-----uamm
0 — | e
Value: 21637.0 1 NP =2 3 ) 3
Output /__,,./
Scaled: 53.8 Value: 18520.00 T
20000 = 0.00
SP 142351 Out
1~ Tuning P [Minutes] ~ Curent FID - 1~ Sampling Rate (Seconds/Sample) ~Legend
Gain Integral Time Derrvative Time ‘ .
[ T 02 [ 00 [PID Configuationfor o@D 0] >| || [ 12 Sel Time ?I;:
| Pause | Out:
C Auto Tune | : .
& Manual
Update FLE |
© Click for Help and Support Close

Using this control panel, the changes in terms of time of the regulator
variables can be monitored: Process variable (red), setpoint (green) and
control variable (blue).

Additionally the parameters gain, integral time and derivative time (not
required for this control) can be tuned, either manually or automatically.

In order to tune the parameters automatically you have to switch the
“Non_Sensitive” block to automatic mode (“Mode_In" = “17).

In order to influence the automatic parameter tuning in terms of disabling
single parts:

e Set gain to “0.0” (disable P-part)
e Setintegral time to “+INF” (disable I-part)
e Set derivative time to “0.0” (disable D-part)

The adaption (“Update PLC”) and the confirmation (see figure 4-11) when
the control panel is closed saves the parameters permanently. Changes
are not saved permanently when carried out in the variable table.
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Figure 4-10

STEP 7-Micro,/WIN x|
"j ‘fou have made changes to the PID Configuration. Do you want ko save these changes to the project?
‘You must download the Data Block ko the PLC to make PID buning parameters permanent.

I Ja | Mein

Further information on the Micro/WIN — PID-controller and on the control
panel can be found using the Micro/WIN-F1-Help and in the S7-200 System
Manual.

4.2 "Three_Step"

The exemplary project “Three_Step.mwp” is used as a model for three-way
mixing valves with valve position feedback.

Figure 4-11
FIDO_INIT
I_' SMO0—EN 4
Non_Sensitive PY_LAMO— PY_| Outputf—PID_Out_|%w211
SMO.0—EN 3 Setpoint_R:VD202— Setpoint_R
Mode_InVB230— Mode_In Suto_Manual Auto_Manualv206.0=fAuto_Manual
> pv\D231 =Py ManualOutput p ManualOutput VD 207 —{ ManuslOutput
—— PIDO_SPYD4—{PID_SP
PID0_Output VDS — PID_Output i
Delta_maxVD235— Delta_max SIR sMoo—en -
Difl_0_maxc VD233 = Difl_Q_max SMO.0—EN 5 PIDO_Output VD8 —| PID_Output 6
Manuallinput VD 243 = Manualinput MTR_Pos_l:AW2 —] Input Output——"> MTB- PosvD213— MTF!- Pos
Mode_0utVE 247 — Mode_Out A 12000—15H TEIUn'VDZ‘I 7 ThlUr-'r
DeltaVD2i5 =] Dela o-fist > Up_LimitI2. 0| Up_Limit
DILOVDZ2DI D 1.0={0SH » Dn_Lirit2.1— Dn_Liri
0.0=0sL Pulse_TM_ds' Vw221 —{ Pulse_TM_ds
Break_TM_ds\VwW223— Break_TM_ds
| HYST_OMv225 0—JHYST_Off
Deviation VD 226 = Deviation
Up:Q0.0—Up
Dove:00.1—{Down
20°C
S_ITR
SMO.0—EN
> Py_LANMWO—] Input 2 Dutputp= PV VD231
32000=—11SH
1—I5L
1.0—0SH
00— 0sL
SR
SMOO—EN 7
&> £y |:Alw0— Input Outputf=FPY_R:VD281
S e Three_Step.mwp
0—ISL
70.0—0SH
20.0—0SL

Figure 4-11 shows the block structure of the project “Three_Step”. The
numbers in the blocks represent the network number. In network 1, which is
not depicted here, the parameter initialization is made.

V1.5 18.01.2008 27/29



Copyright © Siemens AG 2008 All rights reserved

p_e.doc

Three_Ste

SIEMENS

Exemplary projects

S7-200 Three-Step Control

Note

4.3

Beitrags-ID: 18748232

The initialization is used as a default. The parameters can be changed to
the runtime via the variable table. Nevertheless you must consider that,
on the event of a voltage recovery after a grid failure, the initialization is
recalled and modifications of parameters will be reset.

Figure 4-11 is equal to the block diagram in figure 2-4. Additionally the
scaling block “S_ITR” is required. It converts the analog input signal of the
temperature sensor into the standardized parameter “PV” (network 2) and
into the temperature value for checking purposes (network 7). Furthermore
it converts the analog input signal of the valve position into the standardized
parameter “MTR_Pos” (network 5).

In contrast to figure 4-1 the path simulation (network 4 — 6) is replaced by
the three-way mixing valve and by the temperature sensor. The block
“Valve Sim” was eliminated as the valve possesses a position feedback.

"Three_Step_NFB"

The exemplary project “Three_Step NFB.mwp” is used as a model for
three-way mixing valves without valve position feedback (non feedback).

Figure 4-12

Mode_InVB230=— Made_In
M TpPvvoza—{rv
— FIDO_SP:VD4—{FID_SP
PIDO_Output:VD& = PID_Output

PIDO_INIT

SM0.0
PY_LAIWD

Setpoint_RYD202
Auto_ Manualp Auto_Manual'206.0
ManualOutput f ManualOutput VD207

Mon_Sensitive Output = PID_Out_I w211

SMO.0—EN Thiee_Step

SMO.0—EN
PPID0_Output VD8 =4 PID_Dutput
—— MTR_SimYD213—MTR_Pos

ThiOnVD217 —{ ThiOn

Delta_max VD235 = Delta_m.

ax

Diff_0_max VD239 = Diff_0_max
Manuallnput VD 243 — Manuallrput
Mode_Out:VE 247 — Mode_Out

DeltaVD248— Dela
Diff_0:vD252 = Diff O

> Up_Limit12.0— Up_Limit

>Dn_Limit12.1={Dn_Linit
Pulse_TM_ds Vw221 =4 Pulse_TM_ds
Break_TM_ds\VW 223 — Bresk_TM_ds
Stop_Maowe:¥225.0  Stop_Move
Deviation'VD 226 = Deviation
UpQ0.0=Up

SR

&> Py |AWO—] Input 2

Dutput

S_ITR

&> oy |-ANwD—]Input 7

32000—]ISH

O=—I5L
70.0=—0SH
200—0sL

Output

L PV_R:VD281

—PYvD231 -

DowniQ0.1 — Down

Walve_Sim
SMO.0—EN 6
MTR_TM_s\w256— MTR_TM_s
En_Limit’V258.0= En_Limit

» Up_Limit12.0— Up_Limit

» Dr_Limit:12.1 = Dry_Limit

» LUpQ00—Up

L—— DownQ0.1— Down
MTR_SimVD213—{MTR Sim

Three_Step_NFB.mwp
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Figure 4-12 shows the block structure of the project “Three_Step_NFB”.
The numbers in the blocks represent the network number. In network 1,
which is not depicted here, the parameter initialization is made.

The initialization is used as a default. The parameters can be changed to
the runtime via the variable table. Nevertheless you must consider that,
on the event of a voltage recovery after a grid failure, the initialization is
recalled and modifications of parameters will be reset.

In contrast to figure 4-11 the scaling block “S_ITR” used for the conversion
of the analog input signal of the valve position “MTR_Pos” is not required in
figure 4-12, as the valve position is calculated via the block “Valve_Sim”
(network 6).

Three-step control quality

The quality of the three-step control depends on the following parameters:
e Behaviour of the controlled system (can hardly be influenced)

e Control parameters (P downsized / enlarge | for a slower control
behaviour)

e Tolerance range parameter ( can empirically be specified by
determination of the smallest occurring deviations in automatic mode
“Mode_In" =*1")

e Three-way control element settings (,Pulse_TM_ds*/ ,Break_TM_ds*/
"HYST_Off")

V1.5

18.01.2008 29/29



	Table of Contents
	1 Objective
	2 Functionality
	2.1 Correction control in stationary mode
	2.2 Operation principle "Non_Sensitive"
	2.2.1 Parameter preset

	2.3 Three-Step control without valve position feedback
	2.4 Simulation of the controlled system

	3 The Libraries
	3.1 Library "Three_Step"
	3.1.1 Block "Three_Step"
	3.1.2 Block "Non_Sensitive"
	3.1.3 Block "Valve_Sim"

	3.2 Library "SYS_Sim"
	3.2.1 Block "Dead_Time"
	3.2.2 Block "Low_Pass"

	3.3 Conversion library “Scale”

	4 Exemplary projects
	4.1 „Three_Step_Sim“
	4.1.1 Configuration of the operating mode of the PID-controller
	4.1.2 Variable table
	4.1.3 Graphical check

	4.2 "Three_Step"
	4.3 "Three_Step_NFB"
	4.4 Three-step control quality


