S7-1500
Step7 TIA Portal

Code Design
Guidelines



01/29/24 8:20 PM

Table of Contents

1. CONTROL SYSTEM FUNCTIONAL LAY OUT ..ottt 3
2. AREA CONTROL AND SECURITY .otttttttttttttttitttiiteeietessssssessssssssssssssssssssssssssssssssssssssssssssssssssmmm ... 3
3. PROGRAM STRUGCTURE ... .ot assabs s ssssnsnnnns 4
4, PLC/PLC AND OI/PLC COMMUNICATIONS . ... s 7
5. FIELD EQUIPMENT CONTROL .....ouiiiiiiiiic ettt ettt et e st e e st e e e s aae e e e nte e e e snrees 9
TN\ [0 o] 23 B SV [of =X 0] N 1 2 o] E TR 9
5.2 CONVEYOR MOTOR DEVICE CONTROL....cuutuuuiiiiiiiitttttiiieeesssstuiiseestesstssiseesssssssisesesssssstieeetssssieai 15
5.3 DISCRETE VALVE DEVICE CONTROL .. .ciittttttiiiieiitttttiiiieetsisstaissseessssssssssssessssstsissessssssstsiseessessstnnsaeeasans 19
N S N ] = €7 = O] N 1 210 | TR 23
RN e =N 7y =X 0] N o] TR 27
6. SEQUENCED CONTROL.....coiiiiiiiie ittt et s st e e e st e e e s tb e e e s st e e e e s btreaesatreeeesareeeeanns 32
L ST = 1] =3 N Lol = 0] 0] =TT 32
I = 1=y N[0 2 = TSR 38
6.3 TRANSFERS WITH MULTIPLE SOURCES/DESTINATIONS ...uuvttuttuttsesssssssssssssssssssssssssssssssssssssssssssssssssssssssmmssmmmee 40
5.4 OPERATOR RESPONSE ..uvuuuiiiiiiiiitiiis e e e ettt s s e e e e st et st e e e e s e ea bbb s e eessea s bbbt eeesse e s bbb s ee s s s aa bbb s eeessessbbbbaseeesees 44
6.5 COORDINATION WITH ANOTHER UNIT ciiiiitiiiiiiiii ittt s e e s s e ettt e e e s s e et s s s e e s s ssaab s s eessesasbbba s aeaaaaes 45
6.6 DISPLAY REMAINING TIME FOR TIMED STEPS .. .ciiittttiiiiiiiiiiitiiiii e e s e eettbs s s e e s s s ettt s s e s s s sabba s s e e s s s ssabbaseaesees 46
7. CONTINUQOUS CONTROL ...ttt e e s e s e e s s s e e s esas 47
8. ANALOG INPUTS AND OUTPUTS. .. eetettttttttttttitteteeiteessssassssssssssssssssssssssssssssssssssssssssssssssssssssssssssmsrrrsmre 51
9. g I A 2 1Y, S TSR TRTTTRTRRRTRSPTT 52
10. VARIABLE NAME CONVENTIONS ...t s s s s anaaaas 53
11. REVISION HISTORY .o 56

Code Guide Step7 TIA Rev5.doc Page 2



01/29/24 8:20 PM
1. Control System Functional Layout

The control system is centered on Siemens’ S7-1500 PLCs programmed with Step7 TIA Portal
which provide the discrete device control, loop device control, sequence control, and alarm
evaluation. InTouch or WinCC running on PCs provides the operator interface (OI). The ladder
logic is described here. The operator interface standards are described in a separate document.

Figure 1 details a typical system’s communications layout. Communication between PLC’s uses
Ethernet. The Ol communicates over Ethernet.

Process Process

7y 7y

4 4

Ethernet

S7/1500 |« »  S7/1500

7} 7}

Ethernet Ethernet

4 4
WinCC/ WinCC/
InTouch InTouch

Figure 1. Overall view of control system.

2.  Area Control and Security

The Ol operator handles both control of the sequential operations and the individual pieces of
equipment. In most systems, there are three levels of privilege a particular operator has for an
area (unit in this project):

* View — operator can view critical information. The operator cannot operate individual
pieces of equipment or initiate unit sequencing with this privilege.

» Maintenance — operator can view critical information and operate individual pieces of
equipment. Sequencing cannot be initiated with this privilege level.

» Operate — operator can view critical information, affect analog loop control setpoints and
variable speed drive outputs, and initiate area sequencing in this privilege.
There is also a local/remote mode which defines the location of the operator that initiates the
sequences. In local mode, the operator is assumed to be close to the unit, at a local touch panel
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(LTP). In remote mode, the operator is at a distant control room, or possibly a supervisory
controller that coordinates the operation of multiple units. Maintenance privilege can only be
granted to a local operator.

For this project, only two levels of privilege will be considered: maintenance and operate. The
operator screen for a unit will also have a local/remote button that can toggle between these two
modes. The maintenance privilege can only be granted in the local control mode if the unit is in
Hold, Shutdown, or E-Shutdown

3. Program Structure

The program is organized into function blocks. The blocks associated with a unit are organized
into programs groups.

Program Blocks
Main [OB1]
Startup [OB100]
Duplicate_Ins [FC40]
Comms [FB30] (DB30 is instance data block)
Simulate [FB40] (DB40 is instance data block)
Comms_DB [DB30]
Simulate_DB [DB40]
Unitl Export_Data [DB1] (export info to other units)
Unitl_Import_Data [DB2] (import info from other units)
Unitl (program group)
Unitl_000Main [FB100]
Unitl _000Startup [FB101] (Note: starting Unitl.Msg number part of name)
Unitl_0400perate [FB102]
Unitl_060Hold [FB112]
Unitl _080Shutdown [FB113]
Unitl_100EShutdown [FB114]
Unitl_990Misc [FB115]
Unitl 991Abnormal [FB116]
Unitl _Analog_Scaling [FB120]
Unitl Gates [FB121]
Unitl_Motors [FB122]
Unitl_PIDLoops [FB123]
Unitl Valves [FB124]
Unitl [DB100] (of Unit_Type, holds unit-level tags)
Unitl DB [DB101] (instance data block for Unitl_000Main)
UnitlG [DB103] (contains data for Unitl's flop gate devices)
UnitlM [DB104] (contains data for Unitl's motors and slide gates)
UnitlP [DB105] (contains data for Unitl's PID loops)
UnitlS [DB102] (contains data for Unitl's sequences)
UnitlV [DB106] (contains data for Unitl's discrete valves)
Unit2 (program group)
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Unit2_000Main [FB200]
Unit2_000Startup [FB201] (Note: starting Unit2.Msg number part of name)
Unit2_0400perate [FB202]
... (continue for Unit2)
Unit3 (program group)
Unit3_000Main [FB300]
Unit3_000Startup [FB301] (Note: starting Unit2.Msg number part of name)
Unit3_0400perate [FB302]
... (continue for Unit3)
zzDevice_Control (program group)
Gate_Flop [FB1099]
Gate_Slide [FB1098]
Motor_Conv [FB1096]
Motor_Std [FB1095]
Valve_Disc [FB1097]

Note that the blocks associated with a unit are organized into a program group and each unit has
a block of 100 block numbers. Unitl has FB's and DB's numbered from 100 to 199. Unit2 has
FB's and DB's numbered from 200 to 299. In the FB and DB names above, "Unitl", "Unit2" or
"Unit3" is replaced by the shortened name of the unit, for example, "TWet_Unl", "Blend",
"React_1".

The routines before the first program group handle global functions. The Main OB1 basically
calls the following FB/FC's:

Comms

Duplicate_Ins

Simulate

Unitl_000Main

Unit2_000Main

Unit3_000Main

The “Comms” FB contains the communication-related function blocks. The Simulate FB handles
the process simulation and the Duplicate_Ins FC transfers the real 1/0 to the simulated input tags,
as shown in text section 21.5.5.

For a particular unit, the "Unitx_000Main" calls the blocks associated with a unit. For example,
for a unit named "Unitl", the FB's are
Unitl_000Startup
Unitl_0400perate
Unitl_060Hold
Unitl_080Shutdown
Unitl_100EShutdown
Unitl_990Misc
Unitl 991Abnormal
Unitl_Analog_Scaling
Unitl Gates
Unitl_Motors
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Unitl PIDLoops
Unitl Valves

Scaling for analog ins/outs is contained in the “Unitl_Analog_Scaling” FB and PID loops are
contained in the “Unitl_PIDLoops” FB. All of the control for the motor devices is combined into
"Unitl_Motors " FB. All of the valve device control is combined into the "Unitl_Valves " FB.
All of the slide and pneumatic gate device control is combined into the “Unitl_Gates” FB. The
code for each sequence associated with a unit is contained in one function block.

The following FBs handle device control:

FB1095 Motor_Std Standard motor control
FB1096 Motor_Conv Conveyor motor control (motor + speed switch)
FB1097 Valve_Disc On/off valve
FB1098 Gate_Slide Slide gate controlled by reversing motor
FB1099 Gate Flop Gate controlled by pneumatic cylinder
In addition, the following user-defined data types (UDT’s) are defined:
Unit_Type Unit-related operator control and indication
Seq_Type Sequence data
Gate_Flop_Type Flop gate sequence control and operator indications
Gate_Slide_Type Slide gate sequence control and operator indications
Motor_Conv_Type Conveyor sequence control and operator indications
Motor_Std_Type Motor sequence control and operator indications
PIDData_Type PID loop data
Valve_Disc_Type Discrete valve sequence control and operator indications
The “unit name” DB tag is of Unit_Type whose fields are as follows:
Name Type Description
Alm_Reset Bool Alarm reset
Local Bool Local/remote control indication
Maint Bool Maintenance privilege for device control
Man_StartOpen Bool Manual start/open from operator
Man_StopClose Bool Manual stop/close from operator
Man_DevNum Dint Number of device started/stopped at Ol
Msg Dint Message number for Ol
Time_Remaining Dint Remaining time (sec) in timed steps

The device data (not the instance DB's for the device FB's) is organized by the unit and contained
in the following data blocks:

DB# Name Description

x05 UnitxP PID_Loops

x04 UnitxM Motors

x06 UnitxV Valves

x03 UnitxG Gates

Where "x" is the block of 100 allocated to the unit and "Unitx" is replaced by the shortened name
of the unit, for example, "TWet_Unl", "Blend", "React_1".

The information contained in the device-related types is described in section 5 with the device
control. The information contained in the sequence-related types is described in section 6.
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4. PLC/PLC and OI/PLC Communications

Exchanging information between processors is done with TSEND_C/TRCV blocks for S7-
1200/1500 processors and AG_RECV/AG_SEND blocks for S7-300/400 processors. In general,
a processor that needs information from another processor reads the information because
multiple PLCs can read the same information from a particular PLC, whereas only one can write.
Also, it is difficult to troubleshoot writes to a processor. The information to be exchanged is
described in a separate document.

Communication between the PLCs and between the PLC and Ol are often vital, hence,
programming, which is called the Heartbeat logic, is used to verify the communications bridge.
The Heartbeat programming is located in both the PLCs and the Ol. If either the PLC or PC fails
to set their given bit within the 30 seconds, an alarm will occur and be indicated at the PLC and
the OI panels. When communications cease for more than 30 seconds, certain unit operations
may be initiated.

The general structure of PLC-to-PLC heartbeat logic is shown in Figure 2a. Both PLCs are
assumed to be periodically reading an integer block of data from the other PLC. In each integer
block, a bit is identified as the “heartbeat” bit. Heartbeatl is a bit in the integer array in PLC 1
and read by PLC 2 and Heartbeat?2 is a bit in the integer array in PLC 2 and read by PLC 1. PLC
2 copies Heartbeat1 to Heartbeat2 and PLC 1 copies the invert of Heartbeat2 to Heartbeatl. As a
result of these operations, both Heartbeatl and Heartbeat2 oscillate between on and off. The on
and off period is somewhere between one to two times the READ_REG read period. For
example, if each TRCV in Figure 2a is executed every 1 second, the on and off period of
Heartbeatl and Heartbeat2 is between 1 and 2 seconds, depending on the synchronization
between the timers in the two PLCs. If Heartbeatl (or Heartbeat2) is on for 30 seconds or off for
30 seconds, communication has ceased and a “heartbeat” alarm should be generated. If either
PLC is disconnected from the network the heartbeat alarm for both PLCs should turn on. Also, if
either PLC is switched to program mode, the heartbeat alarm on the other PLC should turn on.
When both PLC's are restored to normal operation (connected to network and in run mode) both
heartbeat alarms should be off.

The general structure of PLC-to-Ol heartbeat logic is shown in Figure 2b and is similar to a
PLC-to-PLC heartbeat. Since it generally not possible for a PLC to read/write to the Ol, the Ol
controls the communication. A script in the Ol periodically runs to copy the integer read from
the PLC to another integer that is written to the PLC. Depending on the Ol, it may not be
possible for the Ol to do this operation.
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Heartbeat1 bit
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: L PLC lreadsPLC2 | " :
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Figure 2. Heartbeat concept: (a) PLC-to-PLC; (b) PLC-to-Ol.
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5. Field EqQuipment Control

The PLC views equipment control with one of two privileges: maintenance and operate.
Maintenance privilege means no sequence currently has control of the unit containing that device
and the unit is in local control. Otherwise, the equipment is being controlled with the operate
privilege. The operate privilege calls for PLC interlocking, maintenance privilege does not. The
maintenance privilege is usually granted for a grouping of equipment.

5.1 Motor Device Control

A motor device tag (associated with a pump) is shown in Figure 3. Example 21.1 in the text
contains more information about this device. The physical connections to the PLC are:
Physical Inputs:
EX100_Aux Auxiliary contact (on when motor running)
EX100_OL Overload trip (on when motor overloaded)
EX100_HOA HOA switch auto contact (on when auto contact is closed)
Physical Outputs:
EX100_Start Starter (on to start/run motor)

The device tag (for example, “EX100”) is of Motor_Std_Type whose fields are as follows:

Name Data Type Description

Run_Status Bool Run status

Any_Fail Bool Failure alarm

Aux_Fail Bool Auxiliary fail alarm

OL_Fail Bool Overload alarm

HOA _Fail Bool HOA-switch-not-in-auto alarm

Seq_Start Bool Device start command from sequence

Seq_Stop Bool Device stop command from sequence
EX

100

=2)

Figure 3. P&ID symbol for motor device control associated with pump.

The operator commands and indications are:

Operator Commands:
Unit.Man_StartOpen Manual Start for unit
Unit.Man_StopClose Manual Stop for unit
Unit.Man_DevNum Number of device started/stopped at Ol.
Unit.Maint Maintenance/Operate control privilege
Unit.Alm_Reset Reset alarm

Operator Indications:
EX100.Run_Status  Run status
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EX100.Any_Fail Failure alarm
EX100.Aux_Fail Auxiliary fail alarm
EX100.0L_Fail Overload alarm

EX100.HOA_Fail  HOA-switch-not-in-auto alarm

The device is started/stopped by an automatic sequence with:
EX100.Seq_Start Start
EX100.Seq_Stop Stop

The motor control uses the Motor_Std function block as shown in Figure 4. The ladder logic that
implements this function block is shown in Figure 5. The use of this block is shown in Figure 4
to control a motor with tag EX100. The inputs and outputs of the Motor_Std block are connected
to the appropriate variables. The appropriate sequence step latches the EX100.Seq_Start or
EX100.Seq_Stop variable to control the motor. These two variables are always reset at the last
part of the block code.

The parameters of the Motor_Std FB are as follows:

Name Data type Default value Description
Input
Aux_Contact Bool false Auxiliary contact
OL_Trip Bool false Overload trip
HOA_Switch Bool true HOA switch auto contact
Alarm_Reset Bool false Resets alarm
Maint Bool true Maintenance privilege
Man_Start Bool false Manual start
Man_Stop Bool false Manual stop
Select Dev_Num Int 0 Device selected to start/stop
This_Dev_Num Int 0 Number for this device
Output
Starter Bool Motor starter contact
InOut
Tag Motor_Type Device tag
Static
Start_Req Bool false Start request
Stop_Req Bool false Stop request
Mtr_Strtr Bool false Internal copy of output
Alw_On Bool true Always on for last network
Fail_Tmr TON Timer for aux fail alarm

The motor is in the manual control state when the unit is in the maintenance state. When in
maintenance mode (Maint input on), the operator is at a local touch-screen panel that has a
common start and stop button. The operator sets the appropriate motor to be controlled by setting
the "Select_ Dev_Num" variable and then presses the start (Man_StartOpen) or stop
(Man_StopClose) button to control the motor. The "This_Dev_Num" constant is the number
associated with this device. For example to start the EX100 pump in Figure 4, the operator will
select the pump, which will write the number 2 to data word, Unit.Man_DevNum. After
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selecting the pump, the operator will press the start button turning on the input bit,
Unit.Man_StartOpen.

This motor control FB is implemented in ladder logic as in Figure 5. The first network controls
an internal FB tag that is copied to the physical output. Note that the motor is turned off on the
first scan of the ladder, when there is an overload, or when any failure occurs. Though an
overload also causes the Tag.Any Fail to turn on, it is placed on the first network so that an
overload immediately turns off the motor, rather than waiting one scan for the Tag.Any_Fail.
The start and stop internal coils to drive the motor contactor are determined by the second and
third networks.

In the second and third networks, the operator generates the start and stop commands when the
control is in the maintenance state (Maint FB input). The operator is at a local touch-screen panel
that has a common start and stop button. When the control is in the operate privilege (not
maintenance privilege), the motor is started and stopped by steps in the various sequences
(function charts). The appropriate step sets the Tag.Seq_Start or Tag.Seq_Stop internal coil to
control the motor. These two variables are always reset at the last part of the block code. This
method of sequence-based control allows one to change the steps in which a particular device is
controlled by changing the ladder logic in the sequence logic and leaving the device logic
untouched.

The fourth network copies the internal output to the physical output that drives the motor
contactor (or motor starter). An internal FB tag must be used as the output of the first network in
order to use this tag as a contact and avoid a warning message.

The fifth network delays checking for the auxiliary fail alarm until 20 seconds after the motor is
started. Note that the timer is part of the static data. The auxiliary fail alarm (Tag.Aux_Fail) in
the sixth network must be latched since this failure will cause the output to the starter to be
turned off, thus disabling the conditions for this alarm. The seventh and eighth networks generate
the overload fail alarm and the indication that the HOA switch is not in the auto position. The
ninth network generates one summary failure alarm indication. All of these alarms are generally
logged by the operator interface and appear on an alarm summary screen. Network 10 resets the
auxiliary failure alarm so that another start attempt is allowed. As for the maintenance/operate
control privilege, the reset may be for a group of equipment, rather than specific to each device.
The eleventh network generates the running indication. Network 12 resets the sequential control
commands. The last network sets the ENO output.

Code Guide Step7 TIA Rev5.doc Page 11



#EX100_DB

Figure 4. Motor (pump) device control with Motor_Std FB.
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Man_Start
Man_Stop

Select Dev_Num
This_Dev_Num

Tag

ENO

Starter

— "EX100_Start"

Page 12

01/29/24 8:20 PM



01/29/24 8:20 PM

| Main control that drives motor starter contact. |
#5top_Req #Start_Req #Tag.AnyFail ~ #HOA_Switch ~ #OL_Trip  First_Cycle #Mfr_Strtr
| | | | | | | | {
L /] 1 | /] 1 | /] L/ H
#Mtr_Strtr

| Handle manual and sequence start requests. |
#Maint #Man_Start #Select_Dev_Num #Start_Req
| | | | | = |— (
2 1 I 1 | | int | ( H

#This_Dev_Num

#Maint #Tag.Seq_Start
__I/p | |
| I
| Handle manual and sequence stop requests.
#Maint #Man_Stop #Select_Dev_Num #5top_Req

| | | = | (
s— | | 1 int | ( H
#This_Dev_Num
#Maint #Tag.Seq_Stop
| | |
|/= P
| Transfer motor starter internal to output.
#Mtr_Strir #Starter

‘— | C H

#Fail_Tmr
#Mtr_Strir TON
5 | | N al
T#20s — PT ET |

| Failure: No aux after first 20 seconds, HOA switch not auto and no overload. |
#Fail_TmrQ  #Aux_Contact  #HOA_Switch #OL_Trip  #Tag.Aux_Fail

| | | | | | {
6 | /] | /] (s)H
| Generate HOA and overload failure indications. |
#HOA_Switch #Tag.HOA _Fail
| {
/ I/I \ )_l
#OL_Trip #Tag.OL_Fail

o— —— H

Figure 5. Motor_Std FB implementation. (continued)
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Any failure indication. |

#Tag.Aux_Fail #Tag.Any_Fail

| | (
9 | ( H

#Tag.HOA_Fail
| |
[

#Tag.OL_Fall
| |

| Reset alarm indication. |
#Alarm_Reset #Tag.Aux_Fail

| | (
o— ———(~rH

| Running status for Ol. |

#Aux_Contact #Tag.Running
| | ( ) |
1 1 | L

| Reset sequence commands. |

#Alw_On #Tag.Seq_Start #Tag.Seq_Stop
| | ({ ) {
2 | | (R} (RH
Set ENO bit.
#Alw_On
| | (
13 | | (sAvEH

Figure 5. (continued)

The “first scan” bit (First_Cycle in Figure 5, Network 1) is generated by OB100, which is the
first OB to be executed after a restart. This OB latches the First_Cycle bit and the last network of
OBL resets it. Thus, this Boolean is on for only one scan of OB1. The #Alw_On bit is initialized
to true by the block interface.

[ Block: 0B100 "Complete Restart” |

| Indicate when OB1 is executing for the first time. |

"First_Cycle" "First_Cycle"

1 (s )H

| Block: OB1 "Main Program Sweep (Cycle)" |

Other ladder logic

| Reset first cycle. MUST BE LAST RUNG IN OB1 |
"First_Cycle" "First_Cycle"

| | (RH

Figure 6. First_Cycle bit from processor status.

Code Guide Step7 TIA Rev5.doc Page 14



01/29/24 8:20 PM

5.2 Conveyor Motor Device Control

A conveyor motor device tag is shown in Figure 7. The physical connections to the PLC are:
Physical Inputs:
C1503_Aux Auxiliary contact (on when motor running)
C1503_OL  Overload trip (on when motor overloaded)
C1503_HOA HOA switch auto contact (on when auto contact is closed)
SS1503 Speed switch (on when conveyor running)
Physical Outputs:
C1503_Start Starter (on to start/run motor)

The device tag (for example, “C1503”) is of Motor_Conv_Type whose fields are as follows:

Name Data Type Description

Run_Status Bool Run status of conveyor (not just motor)
Any_Fail Bool Failure alarm

Aux_Fail Bool Auxiliary fail alarm

SS_Fail Bool Speed switch fail alarm

OL_Fail Bool Overload alarm

HOA _Fail Bool HOA-switch-not-in-auto alarm
Seq_Start Bool Device start command from sequence
Seq_Stop Bool Device stop command from sequence

which is the same as standard motor control with the addition of the speed switch.

Conveyor
C-1503

Figure 7. P&ID symbol for motor device control associated with conveyor.

The operator commands and indications are:

Operator Commands:
Unit.Man_StartOpen Manual Start for unit
Unit.Man_StopClose Manual Stop for unit
Unit.Man_DevNum Number of device started/stopped at Ol.
Unit.Maint Maintenance/Operate control privilege
Unit.Alm_Reset Reset alarm

Operator Indications:
C1503.Run_Status  Run status

C1503.Any_Fail Failure alarm
C1503.Aux_Fail Auxiliary fail alarm
C1503.SS_Fail Speed switch fail alarm
C1503.0L_Fail Overload alarm

C1503.HOA Fail HOA-switch-not-in-auto alarm
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The device is started/stopped by an automatic sequence with:
C1503.Seq_Start Start
C1503.Seq_Stop Stop

The motor control uses the Motor_Conv FB as shown in Figure 8. The ladder logic that
implements this function block is shown in Figure 9. The use of this block is shown in Figure 8
to control a conveyor with tag C1503. The fields of the Motor_Conv block are specified as the
appropriate variables.

The parameters of the Motor_Conv FB are as follows:

Name Data type Default value Description
Input
Aux_Contact Bool false Auxiliary contact
OL_Trip Bool false Overload trip
HOA_Switch Bool true HOA switch auto contact
Speed_Switch Bool False Speed switch contact
Alarm_Reset Bool false Resets alarm
Maint Bool true Maintenance privilege
Man_Start Bool false Manual start
Man_Stop Bool false Manual stop
Select Dev_Num Int 0 Device selected to start/stop
This_Dev_Num Int 0 Number for this device
Output
Starter Bool Motor starter contact
InOut
Tag Motor_Type Device tag
Static
Start_Req Bool false Start request
Stop_Req Bool false Stop request
Mtr_Strtr Bool false Internal copy of output
Alw_On Bool true Always on for last network
Fail_Tmr TON Timer for aux fail alarm

When in maintenance mode (Maint input on), the operator is at a local touch-screen panel that
has a common start and stop button. This method of manual control is described in the section on
standard motor control.

The implementation for the conveyor device control (Figure 9) differs from the standard motor

control of Figure 5 only in the generation of the speed switch failure alarm. The remainder of the
FB block ladder logic is the same.

Code Guide Step7 TIA Rev5.doc Page 16



"Unit".Alm_Reset" —
"Unit".Maint —
"Unit".Man_StartOpen —
"Unit".Man_StopClose —
"Unit" Man_DevNum —
4

“UnittM".C1503 —

Alarm_Reset
Maint

Man_Start
Man_Stop

Select Dev_Num
This_Dev_Num

Tag

#C1503 DB
"Motor_Conv"
EN ENO |-
"C1503_Aux" =1 Aux_Contact Starter = "C1503_Start"
"C1503_OL" — OL_Trip
"C1503_HOA" — HOA_Switch
"SS1503" — Speed_Switch

Figure 8. Conveyor device control with Motor_Conv FB.

| Main control that drives motor starter contact.
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| Handle manual and sequence start requests.

#Maint #Man_Start
) | | | |

#Select_Dev_Num

#Start_Req

P [
#Maint #Tag.Seq_Start

#This_Dev_Num

] Int |

—/— |

| Handle manual and sequence stop requests.

( H

#Stop_Req

#Maint #Man_Stop #Select_Dev_Num
| | | ==
s— | | 1 int |
#This_Dev_Num
#Maint #Tag.Seq_Stop

:/I | |

| P

| Transfer motor starter internal to output.
#Mtr_Strir

( H

#Starter

'}

( H

Figure 9. Motor_Conv FB implementation. (continued)
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#Stop_Req #Start_Req #Tag.AnyFail ~ #HOA_Switch #OL_Trip  First_Cycle #Mtr_Strtr
| | | | | | | |
! /1 || /1 1 | /1 /1
#\Mtr_Strtr
| |
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Failure timer

#Fail_Tmr
#Mtr_Strir TON
| | =
T#40s — PT ET |

| Failure: No aux after first 20 seconds, HOA switch not auto and no overload.

#Fail TmrET #Aux_Contact  #HOA_Switch #OL_Trip  #Tag.Aux_Fail

[ (s

1 Time |
| Failure: No speed switchafter first 40 seconds, HOA switch not auto and no overload.

T#20s
#rail_TmrQ #Speed_Switch  #HOA Switch #OL_Trip  #Tag.SS_Fail
| |

| | | | {
1 | /] | /] (s)H
| Generate HOA and overload failure indications. |
#HOA_Switch #Tag.HOA _Fail
| {
I/i \ )_l
#OL_Trip #Tag.OL_Fail
| | {
|| ( H
| Any failure indication. |
#Tag.Aux_Fail #Tag.Any_Fail
| | {
1| — H
#Tag.SS_Fail
| |
||
#Tag.HOA_Fail
| |
||
#Tag.OL_Fail

| |
||
| Reset alarm indications. |

#Alarm_Reset #Tag.Aux_Fail #Tag.SS_Fail
| | ( R) (
| (R} (RH
| Running status for Ol. |
#Speed_Switch #Tag.Running
| | (
| ( H
| Reset sequence commands. |
#Alw_On #Tag.Seq_Start #Tag.Seq_Stop

| | ( o)\ (
| | {R) (RH
Set ENO bt
#Alw_On
| | {
11 (saveH

Figure 9. (continued)
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5.3 Discrete Valve Device Control

A discrete valve device tag is shown in Figure 10. Example 21.3 in the text contains more
information about this device. The physical connections to the PLC are:
Physical Inputs:
XV102_OpenLS Valve-open limit switch (on when valve fully open)
XV102_CloseLS Valve-closed limit switch (on when valve fully closed)
Physical Output:
XV102_Sol Viv Valve solenoid (on to open the valve)

The device tag (for example, “XV102”) is of Valve_Disc_Type whose fields are as follows:

Name Data Type Description

Open_Status Bool Open status of valve

Close_Status Bool Closed status of valve

Any_Fail Bool Failure alarm

FTO_Fail Bool Fail-to-open fail alarm

FTC_Fail Bool Fail-to-close fail alarm

Seq_Open Bool Device open command from sequence
Seq_Close Bool Device close command from sequence

The operator commands and indications are:

Operator Commands:
Unit.Man_StartOpen Manual Open/Start for unit
Unit.Man_StopClose Manual Close/Stop for unit
Unit.Man_DevNum Number of device started/stopped at Ol.
Unit.Maint Maintenance/Operate control privilege
Unit. Alm_Reset Reset alarm

Operator Indications:
XV102.0pen_Status Open status of valve
XV102.Close_Status Close status of valve
XV102.Any_Fail Failure alarm
XV102.FTO_Fail Fail-to-open alarm
XV102.FTC_Fail Fail-to-close alarm

The device is opened/closed by an automatic sequence with:
XV102.Seq_Open  Open
XV102.Seq_Close  Close

XV
102

Figure 10. P&ID symbol for discrete valve device.
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The Valve_Disc function block that implements this valve control is shown in Figure 11. This
motor control FB is implemented in ladder logic as in Figure 12. The use of this block is shown
in Figure 11 to control the valve with tag XVV102. The inputs and outputs of the Valve_Disc
block are connected to the appropriate variables.

The parameters of the Valve_Disc FB are as follows:

Name Data type Default value Description

Input
Open_LS Bool False Valve open limit switch
Close LS Bool True Valve closed limit switch
Alarm_Reset Bool False Resets alarm
Maint Bool True Maintenance privilege
Man_Open Bool False Manual open
Man_Close Bool False Manual close
Select_Dev_Num Int 0 Device selected to open/close
This_Dev_Num Int 0 Number for this device

Output
VIv_Sol Bool Valve solenoid

InOut
Tag Valve_Disc_Type Device tag

Static
Fail_Tmr TON Timer for fail alarms
Valve Bool false Internal copy of output
Alw_On Bool true Always on for last network

The first two networks in Figure 12 control the internal coil that ultimately drives the valve.
Latching outputs are used, in contrast to the motor control in the previous sections, because
failures do not automatically close the valve. For a failure, the valve solenoid control should not
change. A frequent source of valve failure is a "sticky" stem. Maintenance personnel will often
"bang on the valve" to release the stem, and then the valve will move to the desired position. The
open/close commands function in the same manner as the start/stop commands for the on/off
motor control in Figure 5. As for the motor control examples, the maintenance state shown here
is for a grouping of equipment. The third network copies the internal output to the physical
output that drives the valve solenoid coil. An internal FB tag must be used as the output of the
first two networks in order to use this tag as a contact and avoid a warning message.

The fourth network times the failure conditions so the alarms are generated after a condition
persists for 20 seconds. This delay allows time for the valve to change state when neither limit
switch will be closed. A failure is assumed when one of four conditions persists for 20 seconds:

Both limit switches closed

Both limit switches open

Valve commanded to open and open limit switch not closed
Valve commanded to close and closed limit switch not closed
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The fifth network generates the actual alarms. The sixth network generates one summary failure
indication that would appear on an alarm summary screen. The seventh network resets the failure
alarms. The open and close status for the Ol are determined and the two sequence command
variables are always reset at the end of block execution. The last network always turns on the
ENO output.

#XV102_DB
"Valve_Disc"
EN ENO =

"XV102_OpenLS" — Open_LS Viv_Sol |~ "XV102_Sol_Vi"
"XV102_CloselLS" — Close_LS
"Unit" AlIm_Reset — Alarm_Reset
"Unit".Maint o Maint
"Unit".Man_StartOpen — Man_Open
"Unit".Man_StopClose —| Man_Close
“Unit".Man_DevNum —] Select Dev_Num

5 — This_Dev_Num

“Unit1V".XV102 — Tag

Figure 11. Discrete valve device control with VValve_Disc FB.

Handle manual and sequence open requests.
#Maint #\Man_Open #Select Dev_Num #\Valve

| | | | | = | (
! 1 | 1 | | | (s)H
#This Dev_Num

#Maint #Tag.Seq_Open

| | |

I/I P
| Handle manual and sequence close requests.

#Maint #Man_Close #Select_Dev_Num #Valve

| | | | | = | (

2 | | | 1 i | (RH
#This Dev_Num

#Maint #Tag.Seq_Close
| | |
I/I P
| Transfer motor starter internal to output.
#\alve #\/lv_Sol

os— | ( H

Figure 12. Valve_Disc FB implementation. (continued)
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| If illegal condition persists for 20 seconds, set failure bit.

#Fail_Tmr
#Close_LS  #Open_LS TON

| | W

#Close_LS #Open_LS
T#20s 4 PT ET

A

#Valve #0Open_LS

H /-

#\alve #Close LS

—r

| Set appropriate failure bit. |

#Fail_Tmr.Q #Valve #Tag.FTO_Fail
| | | | {
| | (s H
#\alve #Tag.FTC_Falil
| {
/1 (s )H
Any failure indication. |
#Tag.FTO_Fail #Tag.Any_Fail
| | {
1| ( H
#Tag.FTC_Fail
| |

|
| Reset alarm indications. |

#Alarm_Reset

#Tag.FTO_Fail #Tag.FTC_Fail

| | () (
I {R) (R)H
| Valve open/close status. |
#0Open_LS #Tag.Open_Status

| —— -

#Close LS #Tag.Close_Status

e—t

Reset sequence commands. |

#Alw_On #Tag.Seq_Open #Tag.Seq_Close
| | () (
| I — R} (R)H
#Alw_On
| | (
11 —(save)H

Figure 12. (continued)
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5.4 Slide Gate Control

A slide gate device tag is shown in Figure 13. The gate is driven by a reversing motor that uses a
rack and pinion to drive the gate. When the motor runs in the “open” direction, the pinion gear
drives the rack mounted on the gate, opening the gate. When the motor runs in the “close”
direction, the gate closes. The physical connections to the PLC are:
Physical Inputs:
G121 Open_Aux Open auxiliary contact (on when motor running to open)
G121 Close_Aux Close auxiliary contact (on when motor running to close)

G121 OL Overload trip (on when motor overloaded)

G121 HOA HOA switch auto contact (on when auto contact is closed)
250121 Gate-open limit switch (on when gate open)

ZSC121 Gate-closed limit switch (on when gate closed)

Physical Outputs:
G121 Start Open  Open starter (on to start/run motor to open)
G121 Start_Clos Close starter (on to start/run motor to close)

The device tag (for example, “G121”) is of Gate_Slide_Type whose fields are as follows:

Name Data Type Description

Run_Status Bool Motor running status

Open_Status Bool Open status of gate

Close_Status Bool Closed status of gate

Any_Fail Bool Failure alarm

Aux_Fail Bool Auxiliary fail alarm

OL_Fail Bool Overload alarm

HOA _Fail Bool HOA-switch-not-in-auto alarm
Seq_Open Bool Device open command from sequence
Seq_Close Bool Device close command from sequence

o o o
BT ee

Figure 13. P&ID symbol for slide gate device.

The operator commands and indications are:
Operator Commands:
Unit.Man_StartOpen Manual Open/Start for unit
Unit.Man_StopClose Manual Close/Stop for unit
Unit.Man_DevNum Number of device started/stopped at Ol.
Unit.Maint Maintenance/Operate control privilege
Unit. Alm_Reset Reset alarm
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Operator Indications:
G121.Run_Status Running status of motor
G121.0pen_Status  Open status of gate
G121.Close_Status  Close status of gate

G121.Any_Fail Failure alarm

G121.Aux_Fail Auxiliary fail alarm
G121.0L_Fail Overload alarm

G121.HOA Fail HOA-switch-not-in-auto alarm

The device is opened/closed by an automatic sequence with:
G121.Seq_Open Open
G121.Seq_Close Close

The FB function block that implements this valve control is shown in Figure 14 to control a slide
gate with tag G-121. The slide gate control FB is implemented in ladder logic as in Figure 15.
The inputs and outputs of the Gate_Slide block are connected to the appropriate variables. The
appropriate sequence step latches the G121.Seq_Open or G121.Seq_Close variable to control the
gate.

The parameters of the Gate_Slide FB are as follows:

Name Data type Default value Description
Input
Open_Aux Bool false Open auxiliary contact
Close_Aux Bool false Close auxiliary contact
OL_Trip Bool true Overload trip
HOA_Switch Bool false HOA switch auto contact
Open_LS Bool false Gate open limit switch
Close LS Bool false Gate close limit switch
Alarm_Reset Bool false Resets alarm
Maint Bool true Maintenance privilege
Man_Open Bool false Manual open
Man_Close Bool false Manual close
Select Dev_Num Int 0 Device selected to start/stop
This_Dev_Num Int 0 Number for this device
Output
Start_Open Bool Open starter contact
Start_Close Bool Close starter contact
InOut
Tag Gate_Slide_Type Device tag
Static
Open_Req Bool false Open request
Close_Req Bool false Close request
Strtr_Open Bool false Internal copy of output
Strtr_Close Bool false Internal copy of output
Alw_On Bool true Always on for last network
Fail_Tmr TON Timer for aux fail alarm
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The control for the slide gate device (Figure 15) differs from the standard motor control of
Figure 5 in that the motor is reversing and has two starter coils. Also, the motor runs until the
gate has moved to its new position and then stops. The control for the open starter coil is in the
first network. Note that it is disabled when a closed command is received. The control for the
close starter coil is shown in the second network and is similar to the open starter coil. The fail
timer runs for either starter coil, and one auxiliary failure is reported for either starter coil.

#G121_DB
"Gate_Slide"
EN ENO |-
"G121_Open_Aux" — Open_Aux Open_Start = "G121_Start_Open"
"G121_Clos_Aux" — Close_Aux Close_Start |— "G121_Start_Close"
"G121_HOA" — HOA_Switch
"G121_OL" — OL_Trip
"Z50121" — Open_LS
"Z5C121" - Close_LS
"Unit".AlIm_Reset — Alarm_Reset
"Unit".Maint o Maint
"Unit'.Man_StartOpen — Man_Open
"Unit".Man_StopClose — Man_Close
"Unit". Man_DevNum —] Select_Dev_Num
6 — This_Dev_Num
“UnitiM".G121 < Tag

Figure 14. Slide gate device control with Gate_Slide FB.

| Energize the open coil. |
#Open_Req #Open_LS #Close_Reqg #Tag.Any_Fail #HOA_Switch
| | | | | |
! | | /1 /1 /1 |
#Strtr_Open
: : #OL_Trip "First_Cycle" #Strtr_Close #Strtr_Open
| | (
1 /1 /1 ( H
| Energize the close coil. |
#Close_Req #Close_LS #Open_Req #Tag.Any_Fail #HOA_Switch
| | | | |
2—— 1/ /1 /1 —
#Strtr_Close
| | #0L_Trip "First Cycle"  #Strr_Open #Sttr Close
| | (
/1 /1 /1 ( H

Figure 15. Gate_Slide FB implementation. (continued)
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Handle manual and sequence open requests.

#Maint #Man_Open #Select Dev_Num
| | | | ] = |

#Open_Req

11 1 1 Int |
#This_Dev_Num
#Maint #Tag.Seq_Open

—

:/I | |
| 11
| Handle manual and sequence close requests.

#Maint #Man_Close #Select Dev Num

( H

#Close_Req

= |
=1 it [
#This_Dev_Num
#Maint #Tag.Seq_Close

:/I | |

I 11

I Transfer motor starter internal to output. |
#Strtr_Open #Open_Start

| ———( H

||
#Close_Start

— | N Q-
-

#Strtr_Close
(
( H

| |
LI

#Fail_Tmr
TON

Failure timer.

#Strtr_Open

#Strtr_Close T#20s — PT ET

| Failures: No aux after first 20 seconds, HOA switch not auto, or overload

—( H

#Tag.Aux_Fail

#Fail_TmrQ  #Strtr_Open  #Open_Aux  #HOA_Switch  #OL_Trip
| | | | | /1 | | |
| I | || I/:
#Strtr Close  #Close Aux

| —1

| HOA and overload failures. |

#HOA_Switch #Tag.HOA_Fail
| (
/1 ( H
#OL _Trip #Tag.OL _Fail
| | (

M ( H
| Any failure indication. |

#Tag.Aux_Fail #Tag.Any_Fail
| | (
| | ( H

#Tag.HOA _Fail
| |
P

#Tag.OL_Fail
|

|

[
Reset alarm indication. |

#Alarm_Reset #Tag.Aux_Fail

N (= H

1
Figure 15. (continued)
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Valve open/close status. |

#0Open_LS #Tag.Open_Status
| | (

3 || ( H
#Close LS #Tag.Close_Status

— | —( H

| Reset sequence commands. |

#Alw_On #Tag.Seq_Open #Tag.Seq_Close
| | { b)) {
15 | | {R) (R )H
Set ENO bit.
#Alw_On
| | {
16 | | (savEH

Figure 15. (continued)

5.5 Flop Gate Control

A flop gate device tag is shown in Figure 16. The gate is driven by a double-acting pneumatic
cylinder connected to a hinged flap that diverts a gravity-fed material to one of two places, called
“left” and “right.” When the “left” direction control is on, the cylinder moves the gate to the
right, diverting the material to the left path. When the “right” direction control is on, the cylinder
moves the gate to the left, diverting the material to the right path. The physical connections to the
PLC are:

Physical Inputs:

ZSL.145 Left-path limit switch (on when diverted left)

ZSR145 Right-path limit switch (on when diverted right)

G145 HOA HOA switch auto contact (on when auto contact is closed)
Physical Outputs:

G145 _Sol_Left Left path solenoid (on to move gate to divert left)

G145 Sol_Right Right path solenoid (on to move gate to divert right)

The device tag (for example, “G145”) is of Gate_Flop_Type whose fields are as follows:

Name Data Type Description

Run_Status Bool Solenoid moving status

Left_Status Bool Left status of gate

Right_Status Bool Right status of gate

Any_Fail Bool Failure alarm

HOA _Fail Bool HOA-switch-not-in-auto alarm
FTL_Fail Bool Fail-to-divert-left alarm

FTR_Fail Bool Fail-to-divert-right alarm

Seq_Left Bool Device left command from sequence
Seqg_Right Bool Device right command from sequence
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el
P

Figure 16. P&ID symbol for flop gate device.

The operator commands and indications are:

Operator Commands:
Unit.Man_StartOpen Manual Open/Start for unit (gate diverts left)
Unit.Man_StopClose Manual Close/Stop for unit (gate diverts right)
Unit.Man_DevNum Number of device started/stopped at Ol.
Unit.Maint Maintenance/Operate control privilege
Unit. Alm_Reset Reset alarm

Operator Indications:
G145.Run_Status Moving status of solenoid
G145.Left_Status Left limit switch status of gate
G145.Right_Status  Right limit switch status of gate

G145.Any_Fail Failure alarm

G145.HOA Fail HOA-switch-not-in-auto alarm
G145.FTL_Fail Fail-to-divert-left alarm
G145.FTR_Fail Fail-to-divert-right alarm

The device is opened/closed by an automatic sequence with:
G145.Seq_Left Left position
G145.Seq_Right Right position

The function block that implements this valve control is shown in Figure 17 to control a flop gate
with tag G-145. The flop gate control FB is implemented in ladder logic as in Figure 18. The
inputs and outputs of the Gate_Flop block are connected to the appropriate variables. The
appropriate sequence step latches the G145.Seq_Left or G145.Seq_Right variable to control the
gate.

The parameters of the Gate_Flop FB are as follows:

Name Data type Default value Description

Input
Left LS Bool false Left position limit switch
Right_LS Bool false Right position limit switch
HOA_Switch Bool false HOA switch auto contact
Alarm_Reset Bool false Resets alarm
Maint Bool frue Maintenance privilege
Man_Left Bool false Manual left command
Man_Right Bool false Manual right command
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Select Dev_Num Int 0 Device selected to start/stop
This_Dev_Num Int 0 Number for this device
Output
Sol_Left Bool Left position solenoid valve
Sol_Right Bool Right position solenoid valve
InOut
Tag Gate_Flop_Type Device tag
Static
Left_Req Bool false Left request
Right_Req Bool false Right request
Valve_Left Bool false Internal copy of output
Valve_Right Bool false Internal copy of output
Alw_On Bool true Always on for last network
Fail_Tmr TON Timer for fail alarm

The control for the flop gate device is similar to the slide control, except that there is no overload
trip contact. Figure 18 shows the ladder logic for this device control. The control for the left
valve control is in network 1. Note that it is disabled when a right command is received. The
control for the right valve control is shown in network 2 and is similar to the left valve control.
The failure conditions are handled similarly to a discrete valve.

"Unit" Man_DevNum —

7

“Unit1G".G145 —

Select Dev_Num
This_Dev_Num

Tag

#G145_DB
"Gate_Flop"
EN ENO
"ZSL145" - Left_LS Left_Sol
"ZSR145" —| Right LS Right_Sol
"G145_HOA" — HOA_Switch
"Unit" AIm_Rst — Alarm_Reset
"Unit".Maint o Maint
“Unit".Man_DevStrt =] Man_Left
"Unit".Man_DevStop — ManRight

— "G145_Sol_Left"
— "G145_Sol_Right"

Figure 17. Flop gate device control with Gate_Flop FB.
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#left Req #left LS #Right Req #Tag.Any_Fail #HOA_Switch
| | | | |
1 1 | /1 /1 |
#\/alve_Left
| |
I "First_Cycle" #\/alve_Left
—{
1+ ( H
Energize the right coil. |
#Right_Req #Right_LS #eft Req #Tag.Any_Fail #HOA_Switch
| | | | |
2 1 | /1 /1 |
#Valve_Right
| |
P "First_Cycle" #Valve_Right

o

Handle manual and sequence left requests. |
#Maint #Man_Left

#Select_Dev_Num

|1 |1
3 | | |

#\aint #Tag.Seq_Left
| | |
I/I [

| Handle manual and sequence right requests.

| = |
1 Int
#This_Dev_Num

#Maint #\lan_Right #Select Dev_Num
4 | | | | | = |
. | LI
#This_Dev_Num
#\aint #Tag.Seq_Right
| | |
I/: ||
| Transfer valve internal to output. |
#\/alve_Left #Sol_Left
| | {
5 1 | ( H
#Valve_Right #Sol_Right
| | {
6 | | ( H

If illegal condition persists for 20 seconds, set failure bit.

( H

/1

#Fail Tmr
#Right_LS #eft LS TON
| | | | N
7 1 | 1 | IN Q
#Right_LS #left_LS T#20s — PT ET
/1 /1
| |
#/alve_Left #left LS
| | |
|| I/l
#Valve_Right #Right_LS
| |

Figure 18. Gate_Flop FB implementation. (continued)
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Failure check. If any illegal condition persists for 20 sec, set failure bit.
#rail_Tmr.Q #Valve_Left #Tag.Left_Fail
| | | | (
8 | | | | (s)H
#Valve_Right #Tag.Right_Fail
| | (
| | (s)H
| Generate HOA failure indication. |
#HOA_Switch #Tag.HOA_Fail
| (
9 I/I \ H
| Any failure indication. |
#Tag.HOA_Fail #Tag.Any_Fail
| | (
10 1 | ( H
#Tag.Left_Fail
| |
P
#Tag.Right_Fail
| |
I
| Reset alarm indications.
#Alarm_Reset #Tag.Left_Fail #Tag Right_Fail
| | ( R) (
M | {R) (RH
| Gate left/right and solenoid moving status to Ol. |
#eft LS #Tag. Left_Status
| | (
12 | I ( H
#Right_LS #Tag Right_Status
| | (
13 | I — H
#Sol_Left #Tag.Run_Status
| | (
1 | | ( H
#50l_Right
| |
P
| Reset sequence commands. |
#Alw_On #Tag.Seq Left #Tag.Seq_Open
| | () (
15 | I —R) (RH
Set ENO bit.
#Alw_On
| | (
16 | | (savEH
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6. Sequenced Control

A sequence is initiated in one of two ways: operator request via Ol sequence control or a request
from this or another PLC due to process conditions. The local/remote mode defines the location
of the operator that initiates the sequences. In local mode, the operator is assumed to be close to
the unit, at a local touch panel (LTP). In remote mode, the operator is at a distant control room,
or possibly a supervisory controller that coordinates the operation of multiple units.

All sequenced control logic is programmed in the PLC. In addition, the PLC performs all
interlocking. Sequenced loop control is programmed in the PLC. Sequence requests for device
control are latched during a sequence. In order to keep the operator abreast of sequence
activities, message numbers are passed to the Ol via integers. Corresponding conditional text
messages are displayed in the lower portion of each major graphics display. In similar fashion,
the PLC conveys the time remaining in a timed sequence activity for display in the lower left
corner of a graphic screen.

The Seq_Type user-defined data type (UDT) holds the data associated with a sequence. The
Seq_Type fields are as follows:

Name Data Type Description

Step_Num Dint Current step number

Running Bool Running indication

PC_Start Bool Sequence start request from PC
LTP_Start Bool Sequence start request from LTP
Ons Bool One-shot storage to start
Auto_Start Bool Auto-start request

Auto_Ons Bool Auto-start one-shot storage

The UDTs for the sequences in a unit must be contained in a data block. For example, for a unit
named "Unitl,"” that contains "Startup,” "Operate,” Hold," "Shutdown," and "EShutdown"
sequences, the data for the sequences is contained in a data block, "Unit1S," could be defined as

Name Data Type Description

Static
Startup Seq_Type Startup sequence data
Operate Seq_Type Operate sequence data
Hold Seq_Type Hold sequence data
Shutdown Seq_Type Shutdown sequence data
EShutdown  Seq_Type E-Shutdown sequence data

6.1 Sequence Code

There are four sections in a PLC sequence and these parts are standard for the different
sequences implemented in the PLC:

1. Grant maintenance privilege for unit device control.

2. Initiate sequence.

3. Automatic start for sequence.

4. Transitions between steps and device control from sequence
Parts 2 to four of a sequence are contained in one function block.
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Figure 19 shows the first section of the sequence. This network handles the granting of
maintenance privilege to the unit. In maintenance privilege, the motors and valves are
started/stopped manually by the operator rather than automatically by a sequence. Maintenance
privilege is granted when the Local indication is set and the “Hold”, “Shutdown”, or “E-
Shutdown” sequences are in their last steps. Maintenance privilege may be granted in other
sequences, but these are nearly universal. This network is in the Unitl_990Misc function block.

| Unit device manual control allowed when local confrol granted and in safe state. |
“Unit1".Local  "Unit1S".Hold.Step_Num “Unit1" . Maint

| | | == | {

f | | 1 Dint [ ( H
1
"Unit1S".Shutdown.Step_Num
1 Dint |
9
"Unit1S".EShutdown.Step_Num
1 Dint |
5

Figure 19. Granting maintenance privilege for unit devices.

The second part of the sequence (Figure 20) initiates the sequence, generates the message
number, and sets the indication that the sequence is in progress. The sequence is initiated one of
three ways:

1. By the operator from the PC (when not in local mode), or

2. By the operator from the LTP (when in local mode), or

3. By an internal PLC start request (“auto-request”), which is the third part of a sequence.
An “auto-request” is a programmatic start of a sequence. For example, abnormal conditions may
“auto-start” the shutdown sequence. Note the use of the ">=" comparison contact to seal around
the start requests. The reason for this method of sealing is explained later.

The start request is blocked if any other sequence in the group is auto-starting. When the
sequence is initiated, its step number is set to one and the step numbers for the other unit
sequences are set to zero. The output logic also adds a constant to the sequence step number to
calculate the message number and also generates an indication that the sequence is in progress.
The message number and sequence-running indication is for the operator interface. Each
sequence in a unit adds a different constant to calculate the message number such that each step
in each unit sequence has a unique number.

Note that a ">=" comparison is used to seal the sequence start request. Using the ".Running" bit
for a sequence does not work in this case. A sequence is turned off when its step number is
zeroed due to another sequence starting. If the ".Running" bit is used for the seal, the seal is not
broken if this sequence’s step number is zeroed due to a request to start another sequence. The
use of the greater-than-equal to seal the sequence start request also handles the case where one
set of steps is used for multiple sequences. A common case of this situation is for material
transfer from one source tank to one of multiple destination tanks. As far as the operator is
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concerned, each transfer is a separate sequence. Each of the transfer sequences has an individual
".Running" bit but all share the same set of steps. Since the only difference among these
sequences is which valve is opened/closed in a few steps, it is reasonable to combine all of these
transfers in one sequence and use the individual ".Running" bits to open/close the appropriate
valves in the steps.

The use of the == compare after the P_TRIG handles the case where one wants to start at another
step other than step 1. This happens when the hold sequence functions as a “pause” and does not
reset this sequence’s counter. When the operator exits the hold sequence, this sequence
automatically resumes the suspended step. The step number is not zero and there does not need
to be a transition into the first step or zeroing of steps in the other unit sequences. This method of
pausing also requires a "Hold.Running” NC contact in series with the auto-start contacts on this
rung. This method of pausing is not normally used in this project.

| Startup - Operator requests and auto sequence starts. Maintain message number for Ol. |
“Unit1".Local "Unit1S". Startup.PC_Start "Unit1S".Operate. Auto_Start

| | | |
2 /= . /] (>
“Unit1" Local  "Unit1S" Startup.LTP_Start
| | | |
| |
"Unit1S" Startup.Auto_Start

"Unit1S". Startup. Step_Num
| >= |
| Dint |
1

"Unit1S".Hold.Auto_Start "Unit1S".Shutdown.Auto_Start "Unit1S".EShutdown.Auto_Start

2 4 4 P

P_TRIG "Unit1S". Startup.Step_Num MOVE

| = |
> 2k a { oint | EN ENO [3>

“Unit1S Startup.

"Unit1S" Startup. 0 1IN ourt = sep N
Ons -
MOVE

E— EN ENOf
“Unit1S Operate

0=IN OUT1 |~ Step_Num

“Unit1S Hold
OUT2 |~ Step_Num

“Unit1S Shutdown.

ADD QOUT3 |~ Step_Num
Dint o o
Unit1S EShutdown.
] EN ENOI— OUT4 |~ Step_Num
"Unit1S". Startup. OUT |~ “Unit1".Msg
Step_Num = IN1
0 —IN2

“Unit1S".Startup.Running

—( H

Figure 20. Initiate sequence.

Code Guide Step7 TIA Rev5.doc Page 34



01/29/24 8:20 PM

The third section is the logic that handles all of the “automatic start” start sequence requests.
Associated with the “automatic start” logic are the rungs that delay various failures (Figure 21)
that cause a certain sequence, commonly Hold, Shutdown, or E-Shutdown to be started. These
are contained in a separate function block, called "Unitl_Abnormal”.

| EX100 Failure to Shutdown. |
#EX100_FailSdwn_Tmr"

“UnittM".EX100.Any_Fail PN
I I N me Q

2 —

T#s — PT ET |-

XV102 Failure to Shutdown.
#XV102_FailSdwn_Tmr"

“Unit1V". XV102.Any_Fail PN
| NQ

3 —

T#s — PT ET |-

Figure 21. Failure conditions that invoke a sequence.

Figure 22a is the automatic start for the Unit_Operate sequence. This sequence is automatically
started when the Unit_Startup is in the last step (step 7). The series conditions at the beginning of
the network prevent the sequence from starting if another sequence in the unit is already auto-
starting. There is also a condition that prevents an auto restart of the Unit_Operate if it is already
running. A transitional contact for the start condition turns on the auto start bit, and a timer is
used to hold the auto start request bit on for 5 seconds (to allow time for other logic to be
resolved). Figure 21b is a sample automatic start for the Unit_EShutdown sequence. The
conditions that start the sequence are the parallel combination of the done bits from the device
failure delay timers. Note that the failure delay timers are static data in the instance data block
for the "Unitl_991Abnormal” FB.
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"Unit1S" Startup. "Unit1 S".Hold. "Unit1S" Shutdown. "Unit1S" EShutdown.
Auto_Start Auto_Start Auto_Start Auto_Start
| | | |
2 /] /] /] —/H1>
| Condition to initiate auto-start |
"Unit1S".Operate. ’“Un|t1 S". Startupa‘/
Running |/ Step._| Num l P TRIG
. | == | /
> /1 *—1 Dint ———1CK Q (2>
e S~ -7 "Unit! " Operate.
Unit1S .Oplerati:.Auto_Start Auto_Ons
—
"Unit1_Operate_ARTmr".Q "Unit1S".Operate.Auto_Start
| /1 {
22—/ ( H
#Unit1_Operate_ARTmr
) TON
"Unit1S".Operate.Auto_Start Time
3 | | N al-
T#bs — PT ETH
(@
=
| Automatic Start for EShutdown. |
"Unit1S" Startup. "Unit1S" Operate. "Unit1S".Hold. "Unit1S".Shutdown.
Auto_Start Auto_Start Auto_Start Auto_Start
| | | |
2 /] /] /] H >
) —-——— Condltlons to initiate auto-start |
"Unit1 S".EShutdown. umm _DB”.Abnorm R o
Running / G102 FailESdwn TmrQ \ P_TRIG
i -
\ "Unit!_DB"._Abnormal_DB. |! "Unit1S".Shutdown.
C105 FailESdwn_Tmr.Q 4 Auto_Ons
\ | | R
~__ 1 =
"Unit18" EShutdown Auto_Start
| |
—
#Unit1_EShutdown_ARTmr.Q "Unit1S".EShutdown.Auto_Start
| /1 {
22] |/ ( H
#Unit1_EShutdown_ARTmr
) TON
3 "Unit1S".EShutdown.Auto_Start Time
I I N al-
T#os — PT ET
(b)

Figure 22. Sequence automatic starts: (a) Unit_Operate sequence; (b) Unit_EShutdown

sequ
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The fourth section (Figure 23) is the “meat” of the Startup sequence. Each network evaluates the
transition condition. If the transition condition is satisfied, then the step number is changed to the
next step. This figure shows only one transition. Network 3 demonstrates a step that commands
G-102 to open. In general, if a step commands a valve to open/close, a motor to start/stop, then
the appropriate bit is set. This bit will be cleared by the valve/motor/etc. device code. The
command must be on a branch parallel to the transition condition and move block, or the
command will not be executed.

| Step 1 - Open G-102. Done when open.

"Unit1S". Startup.

Step_Num "Unit1M".G102.0pen_Status MOVE
| == | | |
3 ; EN ENO[-
] D|1nt e Vo _ “Unit1S Startup.
2={N OUT1 = Step_Num

"Unit1M".G102.Seq_Open

—(s H

Figure 23. Step transition.

The next-to-last step in the E-Shutdown sequence (Figure 24) delays 15 seconds before
transitioning to the last step. This delay allows equipment to finish closing, stopping, etc. before
maintenance privilege, and therefore local control of the devices, is granted. In the E-Shutdown
sequence, the steps command the devices to go to a safe state without waiting for the device to
get to the safe state.

E-Shutdown Step 4 - Wait 15 sec before granting maintenance mode.

#Unit1_EShutdown_Tmr

"Unit1S" EShutdown. —
|St?£)"|\lum Time MOVE
6 1 Dint | IN Q EN ENOf-
) TS APT BT 5N our —sLtJQmQEmShUtdOWH'

Calculate step time remaining for Ol.

7 IF "Unitls".EShutdown.Step Num = 4 THEN

"Unitl".Time Remaining := ((#Unitl EShutdown Tmr.PT -
#Unitl EShutdown Tmr.ET) / 1000);
END IF;

Figure 24. E-Shutdown next-to-last step transition.
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Sequence diagram branches are handled by a parallel ladder branch with a MOVE block to set
the step number as needed. The skip of Figure 3 of the “Sequence Diagram Guidelines” is
implemented in the transition networks as shown in Figure 25. If the level is < 20, then the step
number is set to 13. If the level >= 20, then the step number is set to 16.

The more general branching of Figure 4 of the “Sequence Diagram Guidelines” is implemented
in the transition networks as shown in Figure 26. If the level is < 20, then a MOVE block sets the
step number to 25. If the level >= 20, then the next step is set to 28. Note that the transition out
of step 27 (network 29) changes the next step to 31 and thus implement the right-hand branch.
The transition out of step 30 (network 32) is handled normally.

| Step 12 - Check tank level. If >= 20%, skip to step 16.

"Unit1S".Example.

Step_Num "L101" VOVE
I [;Iﬁt I I R:al I =N ENO _"Unit1S” Example
20.0 - . _
* BN ourt|- Step_Num
Lot MOVE
| ceal | EN ENOf
20.0 16— IN ‘Unit1S” Example.
OUT1 | Step_Num

Figure 25. Code for sequence skip.
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26

27

28

29

30

31

32

| Step 24 - Check tank level. If >= 20%, skip to step 28.

"Unit1S".Example.

"101"

Step_Num MOVE
1 Dint I I R;al I EN-ENO _“Unit1S” Example
24 200 BN ouTtf-sepNum
"L101" MOVE
I R>e=al I EN-ENO _“Unit1S” Example
20.0 — ) )
28— N OUT1 |~ Step_Num
Step 25 - Open XV105. Done when open.
"Unit1S".Example.
Step_Num “"Unit1V".XV105.0pen_LS MOVE
I == I I l
i EN ENO|-
| %gt | [ “Unit1S” Example.
26N oury — Step_Num

“UnittV" XV105.Seq_Open"

Step 26 - Spare step.

"Unit1S".Example.

(s)H

Step_Num MOVE
| ==
; EN ENOf=
I [?Zlgt ! 27 IN “Unit1S” Example.
OUT1 | Step_Num
Step 27 - Open XV107. Skip to step 31 when open.
"Unit1S".Example.
Step_Num "Unit1V".XV107.0pen_LS MOVE
== | |
; EN ENOI-
I [g?t ! P 31 IN “Unit1S” Example.
OUT1 |~ Step_Num

“Unit1v".XV107.Seq_Open"

(s)H

Step 28 - Open XV106. Done when open.

"Unit1S".Example.

Step_Num “Unit1V".XV106.0pen_LS MOVE
| = | | |
i EN ENOI~
! [ggt : o “Unit1S” Example.
29— N OUT1 |~ Step_Num

Step 29 - Spare step.

"Unit1S".Example.

“Unit1V".XV106.Seq_Open”

(s)H

Step_Num MOVE
I ==
; EN ENOI-
' %gt ! Sy “Unit1S” Example
OUT1 |~ Step_Num
Step 30 - Open XV108. Done when open.
"Unit1S".Example.
Step_Num "Unit1V".XvV108.0pen_LS MOVE
| == | |
; EN ENO-
! Dslgt ! o 31N “Unit1S” Example.
] OUT1 |~ Step_Num

“Unit1V" XV108.Seq_Open"

(s)H

Figure 26. Code for sequence branching.
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6.3 Transfers with Multiple Sources/Destinations

There are two ways to handle these sequences: (1) one start button for the transfer, with the
source/destination selected with a separate operator response, or (2) separate start buttons, one
for each source/destination. The second method is used when there is only one source or only
one destination. If there are multiple sources and destinations, the first method is used.

For the first method, Figure 27 shows the network that starts the transfer sequence of Figure 5 of

the “Sequence Diagram Guidelines.” Note that
permitted to start. The fifth step, shown in Figu

if a transfer is running, another one is not
re 28 opens the appropriate valve, depending on

the actual transfer. The appropriate Unit_T210x_Dest has already been set by the operator.

| Transfer - Operator requests and auto sequence starts.

Maintain message number for OI. |

——— — g’

“‘Unit1".Local  "Unit1S". Transfer.PC_Start

= Unit1 S" Transfer Running ~ N
{

| | 1

|/I — I
“‘Unit1".Local  "Unit1S". Transfer._LTP_Start

| 1 | 1

~ 4

——

>

| |
"Unit1S". Transfer. Auto_Start

"Unit1S" . Transfer.Step_Num
| >= |

| Dint |
1

"Unit1S". Hold.Auto_Start

"Unit1S".Shutdown.Auto_Start

"Unit1S" EShutdown Auto_Start

2

4

"Unit1S" Transfer.Step_Num

4 P

—( H

P_TRIG MOVE
> 2k a | ot | EN ENO [3>
P 0 “‘Unit1S.Transfer.
Unit1S". Transfer. 1IN ouT4 L Step_Num
Ons B
MOVE
ZI— EN ENO=
“Unit1S Hold
0=IN OUT1 |~ Step_Num
“Unit1S.Shutdown.
OUT2 |~ Step_Num
“Unit1S EShutdown.
ADD OUT3 |~ Step_Num
Dint
EN ENO-
"Unit1S" Transfer. OUT |~ “Unit1".Msg
Step_Num = IN1
0 —IN2
"Unit1S". Transfer.Running

Figure 27. Start rung for common transfer sequence with one start.

Code Guide Step7 TIA Rev5.doc

Page 40
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"Unit1S" Transfer.
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Step_Num "Unit1_T101_Dest" “Unit1v" XV101.0pen_Status MOVE
| == | | | | 1
| Dint | || 1 | EN ENO
5 “Unit1_T102_Dest" “Unit1V" XV102 Open_Status 6— IN OUT!
| | | 1

“Unit1S Transfer.
— Step_Num

o
"Unit1_T103_Dest"
| |

“Unit1v" XV103.0pen_Status

"Unit1_T101_Dest"
| |
I
"Unit1_T102_Dest"
| |
I
"Unit1_T103_Dest"
| |
I

“Unit1v".XV101.Seq_Open

(s)H

“Unit1V" . XV102.Seq_Open

(s)H

“Unit1V" . XV103.Seq_Open

(s)H

Figure 28. Conditional valve open for step 5 of transfer sequence with one start.

For the second method, Figure 29 shows the rung that starts the transfer sequence of Figure 6 of
the “Sequence Diagram Guidelines.” Note that if a transfer is running, another one is not
permitted to start. The fifth step, shown in Figure 30 opens the appropriate valve, depending on
the actual transfer.

Note that for this method, the "Unit1S".T101_Trans, "UnitlS".T102_Trans, and
"UnitlS".T103_Trans variables are of type Seq_Type, and must be created even though only the
running and auto-starts are used. Also, logic to generate the auto-starts needs to be added.

Code Guide Step7 TIA Rev5.doc Page 41



| Transfer - Operator requests and auto sequence starts. Maintain message number for Ol.

"Unit1" Local

"Unit1§".T101_Trans.PC_Start
| |

"Unit1S" Transfer.Running

:—/1

"Unit1" Local
| |

P
"Unit1§".T102_Trans.PC_Start

P
"Unit1§".T103_Trans.PC_Start

I
"Unit18".T101_Trans.LTP_Start

I
"Unit18".T102_Trans.LTP_Start

I
"Unit1S".T103_Trans.LTP_Start

/1

[
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||
"Unit1S".T101_Trans.Auto_Start
| |

||
"Unit1S".T102_Trans.Auto_Start
| |

||
"Unit1S".T103_Trans.Auto_Start
| |

||
"Unit1S". Transfer.Ctr_Acc

>=

] Dint |
1

"Unit1S".Hold.Auto_Start

"Unit1 S".Shutdown.Auto_Start

"Unit1S".EShutdown.Auto_Start

2

/1

/>

P_TRIG "Unit1S" Transfer.Step_Num MOVE
> 2 J—{clLk Q | i | EN  ENO
—— 0 “Unit1S.Transfer
UnitS". Transfer.Ons 1—IN 0UT1 |~ step_Num
MOVE
> 3f————en ENof
“Unit1S Hold
0—IN OUT1 |~ Step_Num
“Unit1S Shutdown.
OUT2 |~ Step_Num

=
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Figure 29. Start rung for common transfer sequence with multiple starts.
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=
1 ADD
Dint
EN ENO|—
"Unit1S" Transfer.Ctr_Acc — IN1 OUT |~ "Unit1".Msg
0 —IN2

"Unit1S" Transfer.Running

( H

"Unit1S".T101_Trans.PC_Start "Unit1S".T101_Trans.Running

| | (
| ( H

"Unit18".T101_Trans.LTP_Start
| |

|
"Unit1S".T101_Trans.Auto_Start

|
"Unit1S".T101_Trans.Running
| |

||
"Unit1S".T102_Trans.PC_Start "Unit1S8".T102_Trans.Running

| | (

| | ( H
"Unit1S".T102_Trans.LTP_Start

| |

|
"Unit1S".T102_Trans.Auto_Start

|
"Unit1S".T102_Trans.Running
| |

||
"Unit1S".T103_Trans.PC_Start "Unit1S".T103_Trans.Running

| | ( H

"Unit18".T103_Trans.LTP_Start
| |

|
"Unit1S".T103_Trans.Auto_Start

|
"Unit1S".T103_Trans.Running
| |

Figure 29. (continued)
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Step 5 - Open appropriate valve depending on fransfer. Done when open.

“Unit1S" Transfer.
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|
"Unit1S".T103_Trans Running
| |

|
“Unit1v" XV103.Open_Status
| 1

|
"Unit1S".T101_Trans .Running
| 1

Step_Num "Unit18".T101_Trans Running ~ “Unit1V" XV101.0Open_Status MOVE
8 | ot | | | | | EN ENO|-
5 ; . o o “Unit1S. Transfer.
"Unit1S" T102_Trans.Running ~ “Unit1V" XV102.0pen_Status 6— IN OUT1 |~ Step_Num
| | -

“Unit1v" XV101.Seq_Open

I
"Unit1S".T102_Trans Running
| 1

(s)H

“Unit1V" XV102 Seq_Open

(s)H

I
"Unit1S".T103_Trans .Running

“Unit1v" XV103.Seq_Open

(s)H

Figure 30. Conditional valve open for step 5 of transfer sequence with multiple starts.

6.4 Operator Response

The ladder logic that implements the sequence diagram of Figure 6 of the “Sequence Diagram
Guidelines” is shown in Figure 31. The sequence clears the operator-entered value and then turns
on a Boolean (Unit_Oper_Req_Path) that is the signal to the Ol to display the prompt and the
value field. Note that Unit_Oper_Req_Path is not latched. When the operator enters a non-zero
value, the sequence transitions to the next step.

| Step 17 - Clear operator response. |
"Unit1S".Example.
Step___Num MOVE MOVE
19 | oine | EN  ENO EN ENO}-
17 0 IN "Unit_Oper_ _ “Unit1S Example.
_ OUT1 |= Response" 181N oyrty — Step_Num
Step 18 - Solicit for and wait for operator response.
"Unit1S".Example.
Step_Num "Unit1_Oper_Response" MOVE
| == | | < |
20 1 Dint | oint | EN ENO[—
18 0 19N Unit1S Example.
OUT1 |~ Step_Num
"Unit_Oper_Req_Path"

( H

Figure 31. Code for soliciting and receiving operator response.
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Figure 8 of the “Sequence Diagram Guidelines” is implemented as shown in Figure 32. The
appropriate sequence step-in-progress bit waits for the CIP_Recycle indication from the other
unit (Figure 32a). In the Comms block, the appropriate step-in-progress bits turn on the Boolean
Unit_Req_CIP_Recycle command that is communicated to the other unit (Figure 32b). The
command to the other unit is not included in the transition logic so that this command can be
issued by more than one step (and avoid a repeated output). Note that Unit_Req_CIP_Recycle is

not latched.

| Step 7 - Wait for CIP in recycle.

"Unit1S".Example.
Step_Num

CIP_Recycle

(@

| Request CIP in recycle in appropriate steps. |

"Unit1S".Example.
Step_Num

"Unit_Req_CIP_Recycle"

"Unit1S".Example.
Step_Num

( H

(b)

MOVE
EN ENO

N oyt

“Unit1S Example.
— Step_Num

Figure 32. Code for sending request to another unit: (a) in sequence code; (b) in

Communications (Comms block).
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6.6 Display Remaining Time for Timed Steps

For steps that are timed, the remaining time in the step should be calculated so that it can be
displayed on the HMI as shown in Figure 33a. The PT and ET connections to the TON are TIME
types and hence the need for MOVE blocks to convert the data type to DINT. The destination for
the calculation is the same for all sequences in the unit. Depending on the length of the time,
either seconds or minutes should be calculated, but it should be consistent for the unit. The code
shown here calculates time in seconds.When not in any timed steps, the remaining time should
be cleared, as shown in Figure 33b. The network that clears the time should be the "Unit_Misc"
FC block.

| Example Step 10 - Wait for material to clear off conveyor.
#Unit1_ConvCln_Tmr
"Unit1S".Example. TON
ISt_e_p_ll\lum Time MOVE
6 . IN Q EN ENOI-
I Dint | “Unit1S Example
10 T#30s = PT ET M= IN" 6Tt |- Step_Num
Calculate step time remaining for Ol.
7 IF "Unitls".Example.Step Num = 10 THEN
"Unitl".Time Remaining := ((#Unitl ConvCln Tmr.PT -
#Unitl ConvCln Tmr.ET) / 1000);
END_IF;
@
Clear time remaining to HMI if no timed step. |
"Unit1S".Example. "Unit1S".Shutdown.
Step_Num Step_Num MOVE
| <> | | <> |
5 1 Dint | 1 Dint I EN  ENO
10 23 R .
0 —IN OUT1 = "Unit".Time_Remaining
)

Figure 33. Display of remaining time: (a) calculation in step transition logic; (b) clearing time.
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7. Continuous Control

A simple PID loop, FIC101, is shown in Figure 34. FT101 is the tag for the analog input sensor
(flow in this example) and FY'101 is the tag for the analog output channel connected to the final
control element (valve). The PID loop is executed every 0.25 second. If implemented on the S7-
300/400, one can use "Fic_Tic".Q in place of "Fic_Tic_Q" and the coil attached to the timer
output can be deleted. The sequences interact with the loop via the following locations that
located in a UDT (UDT94) named PIDData_Type and defined as:

Name Type Description

SW_Auto Bool Operator-set mode (1=Auto, 0=Manual)
Loop_Auto Bool Loop mode (1=Auto, 0=Manual)
PV_LO Real Low range value for PV

PV_HI Real High range value for PV

SP Real Operator-adjusted setpoint

PV Real Scaled PV for operator display
Man_Out Real Operator-adjusted output when in manual
SPS Real Setpoint scaled to percent

ManO Real Manual output to CONT_C
Loop_LMN Real Controller output, in percent

If the PID data block is named "FIC101 Data", the block is used as follows
"FIC101_Data".SWAuto Latch to set mode to auto; unlatch to set mode to manual
"FIC101 Data".Man _Out  Copy (MOVE) the desired output value (0-100) to this location

when the loop is in the manual mode (when SWAuUto
unlatched)
"FIC101_Data".SP Copy (MOVE) the desired setpoint to this location.

Note that the PV_LO and PV_HI locations in the data block should be set to the proper values.
The sequence commands of Figure 9 of the “Sequence Diagram Guidelines” are implemented as
shown in Figure 35.

An operator manual station (text Figure 10.65) is assumed present. The operator manual station
sets the FY101_Md bit and the FIC101_Tiebk value (as in text Figure 10.65). The FIC101_Tiebk
value is copied to the controller manual input (MAN) when FY101 _Md is off. If
"FIC101_Data".SWAuto is off (and FY101_Md is on), the "FIC101_Data".Man_QOut is copied to
the controller manual input (MAN). The FY101_Md bit overrides the "FIC101_Data".SWAuto
bit. In order for the sequences to control the controller mode, the FY101_Md bit must be on. If
an operator manual station is absent, then the NC contact controlled by FY101_Md is absent on
the MAN_ON input of the CONT_C blocks and "FIC101_Data".Man_Out is tied to the MAN
input of the CONT_C block.

Since the SP_INT input to the CONT_C block must be scaled into the range of 0 to 100 to match
the units of the PV_PER input. The internal scaling of the CONT_C block assumes that zero
corresponds to the lowest value of the analog input. For 4 to 20 mA analog input signals, the 4
mA signal corresponds to an analog input value of 5530 (not zero) and the
"FIC101_Data".PV_LO and "FIC101_Data".PV_HI values must be set accordingly. For
example, if the flow sensor range is 0 - 2000 gpm, then "FIC101_Data".PV_HI = 2000.0 and
"FIC101_Data".PV_LO = 0 - 0.25(2000-0) = -500.0.
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Flow totalization is used when one needs to know how much material is being transferred. The
totalization can be done on a flow measurement, or may augment a PID controller. The flow
measurement is mathematically integrated to order to obtain the totalization. Ladder logic for a
totalizer, FQI101, is shown in Figure 36. In this case, the flow from the PID loop of Figure 34
(FT101) is being totalized. Note that the analog input is scaled to the proper units since the
CONT_C block does not provide this scaling. The totalization is performed with rectangular
integration, executed every second. The totalizer may be reset by the operator through the
FQI101_Oper_Reset variable, but only when the unit is in the maintenance mode. Sequences
reset the totalizer by moving a zero into the totalizer (for example, FQI1101=0.0).

If implemented on the S7-300/400, one can use "FQI101_Tmr".Q in place of "FQI101 Tmr_Q"
and the coil attached to the timer output can be deleted in Figure 36.

[ FIC101 Example flow loop. |
#FIC_Tic
) TON )
#FIC_Tic_Q Time #FIC_Tic_Q
|
ab—LF—n a—( H
T#250MS— PT ET |-
#FIC101_DB
#F||07TI|07Q CONT_C
"FIC101_Md" "Int_Reset" = COM_RST LMN —"FY101"
I [ MAN_ON LMN_PER =
“Unit1P" FIC101 . SWAuto — PVPER_ON QLMN_HLM =
/1 ¥ ¥
Vol < p_seL PV
FIC101_DB T#250MS — CYCLE ERF
Configuration “Unit1P".FIC101.SPS =] SP_INT
System deviation creation — PV_IN
Process value Per. PV On "FT101" = PV_PER
gca:ing (F)?cfcstotr (1) 8 “Unit1P" FIC101 ManO =] MAN
caling Offse . |
Sys. Deviation 00 _ (T3|AIN
Controller
Structure Pl =1 1D
Prop. gain 117 i i
Int. action time 100s —'rD|Sv T
Init. int. action No
Hold int. action No
Der. action time 0.0
Manipulated Variable
Hi Limit 100.0
Lo Limit 00
Scale Factor 1.0
Scale Offset 00

Figure 34. Simple PID loop (continued).
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34

35

36

Scale FT101 for operator display and accumulation.
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SCALE
EN ENO |-
"FT101" — IN RET_VAL |~ #Ret_Val
"Unit1P".FIC101.PV_HI — HI_LIM OUT |~ "Unit1P".FIC101.PV
"Unit1P".FIC101.PV_LO — LO_LIM
False — BIPOLAR
| Scale FIC101 operator setpoint to 0-100 required by PID.
"UnitlP".FIC101.8PS := (("UnitlP".FIC101.SP - "UnitlP".FIC101.PV_LO)/
("UnitlP".FIC101.PV_HI - "UnitlP".FIC101.PV_LO))* 100.0;

| Set manual oufput depending on whether manual station or program is setting manual.

"FIC101_Md"

4

"FIC101_Md"  “Unit1P".FIC101.SWAuto

SCALE
EN ENO |~
"FIC101_Tiebk" = IN RET_VAL |~ #Ret _Val
1.000000e+02 — HI_LIM OUT |~ "#r1C101_DB.ManO
-2.500000e+01 — LO_LIM
False | BIPOLAR
MOVE
EN ENOF—

| —1

“Unit1P".FIC101.Man_Out —

IN OUT1}— #FIC101_DB.ManO

Figure 34. (continued).
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Step 16 - Set FIC101 to auto mode, SP=40.

"Unit1S".Example.

Step_Num MOVE
I == |
18 1 Dint | EN ENO
18 17N our
“Unit1P".FIC101.SWAuto
MOVE
EN ENOf—
400 4IN oum™
=
| Step 21 - Set FIC101 to manual mode, Out=0.
"Unit1S".Example.
Step_Num MOVE
I == I |
23 1 Dint | EN ENO
2 227N oury

“UnitP".FIC101.SWAuto

(=

MOVE
EN ENOp—
0.0 1IN ouT1

Figure 35. PID sequence commands.

| FQI101 inlet flow totalizer.
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“Unit1S Example.
— Step_Num

— “Unit1P".FIC101.SP

“Unit1S Example.
— Step_Num

— “Unit1P".FIC101.Man_Out

#FQI101_Tmr"
TON
#FQM01_Tmr_Q Time #FQI101_Tmr_Q
|
57 /] N a—( M
T#15— PT ET =

58 IF #FQI Tmr Q THEN

"FQIL101" := "FQI101" + ("UnitlP".FIC101.PV / 60.0);

END_IF;

“Unit1".Maint "FQI101_Oper_Reset" MOVE

58 I J, EN ENO}—
0.000000e+00 =} IN ouT

— "FQI101"

Figure 36. Flow totalization.
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8.  Analog Inputs and Outputs

The SCALE function block scales an integer (INT) from an analog input module to the desired
engineering units. Note that if an analog value is used by a CONT _C function block, the
CONT_C can perform the scaling. A typical scaling (for FT101) is shown in Figure 37. The
example shown in Figure 37 assumes that the transmitter measures temperatures in the range of
90 to 700 °C and has an output range of 4 to 20 mA, but the analog input range is 0 to 20 mA.
Therefore, one must artificially lower the LO_LIM by 25% of the normal range to account for
the 4 mA low value of the transmitter corresponding to 90 °C. Hence, the LO_LIM of Figure 37
is 90 — (700-90)/4 = —62.5. With this change, when TT101 is 5530 (4 mA), T1101 is 90.

In a similar manner, the values for an analog output channel may need to be de-scaled to the
units of the actuator (if not driven by a CONT_C block). The UNSCALE function block scales a
real number in engineering units to an integer (INT) for an analog output module. Except for the
IN and OUT data types, the UNSCALE function block has the same input and output
connections as the SCALE function block. The IN real number is scaled to the OUT integer. An
example de-scaling (for FY101) is shown in Figure 38. As for the scaling example, if the analog
actuator has a range of 4 to 20 mA, the LO_LIM must be lowered by 25% of the normal range.

SCALE
EN ENO |-
"TT101" — IN RET_VAL |~ "Ret_Val"
7.000000e+02 — HI_LIM ouT = "THo1"

-6.250000e+01 — LO_LIM
False = BIPOLAR

Figure 37. Example SCALE function block.

UNSCALE
EN ENO |-
"TIC101_CV" — IN RET_VAL |~ "Ret_Val"
1.000000e+02 — HI_LIM OuT = "FY101"

-2.500000e+01 — LO_LIM
False = BIPOLAR

Figure 38. Example UNSCALE function block.
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9. Alarms

This section deals with generation of alarms by the PLC. Alarm display and management is
handled by the HMI package. The PLC evaluates and masks all alarms based upon current
process conditions. The HMI monitors the resulting alarms and generates the alarm displays.
Alarms may also be displayed on the process graphic displays. Certain alarms may cause an
alarm horn to sound. In this case, the operator must press a “horn silence” or an “acknowledge”
button to silence the horn. In this case, a PLC is responsible for generating the signal driving the
horn and for handling the button to silence the horn.

Alarms due to a motor or discrete valve failure are described in section 5 of this document. Other
types of alarms are described in this section. In general, an alarm should only be generated if it is
an actual alarm. For example, a pressure sensor on the discharge side of a pump will have a low
pressure alarm. But the alarm is not generated unless the pump has been running long enough to
pressurize the discharge piping.

The density alarm shown in Figure 39 is generated only when the tank fill sequence is in a
certain range of step numbers. The density alarm has an upper and lower alarm limit. In certain
cases, it may be desirable to have separate alarms for the density above an alarm limit and for the
density below an alarm limit. Figure 40 shows alarm logic that is more complicated than the
density alarm logic. The level alarm is only active when the tank is not in the shutdown
sequence. The logic also includes deadbands for the upper and lower alarm limits to prevent
alarm “jitter,” where the alarm transitions rapidly between the on and off states as the level
bounces around the alarm point (levels are rarely constant). The level alarm in Figure 40 will be
on when the level reaches 90% and will stay in alarm until the level falls below 85%. Also, the
level alarm will engage when the level falls below 5% and will not reset until the level rises
above 10%.

DI12732 Density Alarming Logic
High Alarm = 1.31 Low Alarm = 1.14

"Unit1S".Fill. Step_Num  "Unit1S" Fill. Step_Num "'D12732" "DI2732_Range_AIm"
| >= | | <= | | <= | (
24 ] Dint | ] Dint | | Real | { )—l
10 28 1.140000e+00
"D12732"
| >= |

] Real |
1.310000e+00

Figure 39. Density range alarm logic.
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LI2174 Level Alarming Logic
High Alarm =90 Low Alarm =5
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"LI2174_Range_Alm"

25

A~

H

"L12174" "L12174" "Unit1S".Shutdown.Running
>= | >= | |
| Real | | Real | |/=
9.00000e+01 8.50000e+01
"LI2174_Range_AlIm"
| |
o
"L12174" "L12174"
| < | | <= |
] Real | ] Real |
5.00000e+00 1.00000e+01

"LI2174_Range_Alm"

Figure 40. Level high and low alarm logic with deadbands.

The temperature alarm in Figure 41 checks both the upper and lower limits when the device is
not in the clean and feed in sequences. The alarm logic uses a delay timer to prevent alarm jitter
as the temperature crosses the alarm limits. After the delay has timed out, the alarm will turn on.

26

27

10.

TI12735 Temperature Alarming Logic
High Alarm =155 F Low Alarm =80 F

"TI2735_Range_Cond"

"T1273%" "Unit1S".Clean.Running "Unit1S".Feedin.Running
| <= | | |

| Real | |/= I/I
8.00000e+01

"T1273%"

| >= |

] Real |

1.55000e+02

"TI2735_Range_Cond"
| |

#T12735_Alm_Tmr

A~

H

TON
Time
IN Q

T#bs — PT ET

"T12735_Range Am"

—( H

Figure 41. Temperature alarm logic with debounce timer.

Variable Name Conventions

Supporting installed projects becomes easier with increased software structure and convention.
In addition to the structure and convention discussed above, adoption of naming conventions
eases project maintenance.
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PLC variable names shall describe the functionality of the device and have the device tag
number included. However, note that if the equipment designation has a hyphen in it, the hyphen
must be omitted in the PLC variable. The comment associated with the variable name is not
displayed with the program, however, it should be descriptive. For example, a pump, with a tag
number P-2700, used in a cooling tower operation in the reactor area shall be commented as:

“P-2700 Reactor Cooling Tower Pump A”

Other variable naming conventions:

Sequences

The sequence-related tags are:

Code Guide Step7 TIA Rev5.doc

Unit_Tag + "S." + Seq_Name

Unit_Tag +"S." + Seq_Name + ".Step_Num"
Unit_Tag +"S." + Seq_Name + ".Auto_Start"
Unit_Tag +"S." + Seq_Name + ".Auto_Ons"
Unit_Tag + "S" + Seq_Name + ".Req_Tmr"
Unit_Tag + "S." + Seq_Name + ".Running"
Unit_Tag + "S." + Seq_Name + ".Ons"
Unit_Tag +"S." + Seq_Name + ".PC_Start"
Unit_Tag +"S." + Seq_Name + ".LTP_Start"

Unit_Tag + ".Msg"

Unit_Tag + ".Local"

Unit_Tag + ".Maint"

Unit_Tag + ".Man_DevNum"

Motors

Commands:
"UnitlM". + Equip_Tag + ".Seq_Start"
"UnitIM". + Equip_Tag + ".Seq_Stop"
Unit_Tag + ".Man_StartOpen"
Unit_Tag + ".Man_StopClose"
Indications:
"UnitlM". + Equip_Tag + ".Run_Status"

Conveyors

Page 54

Defined as UDT91

Sequence step number

Sequence auto start bit

Sequence auto-start one-shot storage bit

Sequence auto-start timer

Sequence running indication

Sequence transition storage to start

Sequence start request from PC (remote)

Sequence start request from LTP (local)

For a group of sequences, holds the message
number

For a group of sequences, on when
controlled from LTP; off when
controlled from remote PC.

For a group of sequences, on when in
maintenance privilege: devices
started/stopped at Ol.

For equipment group, when in maintenance
privilege: number of device
started/stopped at Ol.

Start motor with sequence step
Stop motor with sequence step
Start motor by command from operator screen
Stop motor by command from operator screen

Running status of motor
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Commands:
"UnitlM". + Equip_Tag + ".Seq_Start" Start conveyor with sequence step
"UnitlM". + Equip_Tag + ".Seq_Stop" Stop conveyor with sequence step

Unit_Tag + ".Man_StartOpen" Start conveyor by command from operator
screen
Unit_Tag + ".Man_StopClose" Stop conveyor by command from operator
screen
Indications:
"UnitlM". + Equip_Tag + ".Run_Status"  Running status of conveyor
Valves
Commands:
"UnitlV". + Equip_Tag + ".Seq_Open" Open valve with sequence step
"UnitlV". + Equip_Tag + ".Seq_Close" Close valve with sequence step
Unit_Tag + ".Man_StartOpen™ Open valve by command from operator screen
Unit_Tag + ".Man_StopClose" Close valve by command from operator screen
Indications:
"UnitlV". + Equip_Tag + ".Open_Status”  Open status for valve
"UnitlV". + Equip_Tag + ".Close_Status" Closed status for valve
Slide Gates
Commands:
"UnitlM". + Equip_Tag + ".Seq_Open" Open slide gate with sequence step
"UnitlM". + Equip_Tag + ".Seq_Close" Close slide gate with sequence step
Unit_Tag + ".Man_StartOpen" Open gate by command from operator screen
Unit_Tag + ".Man_StopClose" Close gate by command from operator screen
Indications:
"UnitIM". + Equip_Tag + ".Open_Status" Open status for gate
"UnitIM". + Equip_Tag + ".Close_Status™ Closed status for gate
"UnitlM". + Equip_Tag + ".Run_Status"  Running status of motor
Flop Gates
Commands:
"UnitlG". + Equip_Tag + ".Seq_Left" Move flop gate to divert left with seq. step
"UnitlG". + Equip_Tag + ".Seq_Right" Move flop gate to divert right with seq. step
Unit_Tag + ".Man_StartOpen™ Move gate left by command from operator screen
Unit_Tag + ".Man_StopClose" Move gate right by command from operator screen
Indications:
"UnitlG". + Equip_Tag + ".Left_Status”  Left position status for gate
"UnitlG". + Equip_Tag + ".Right_Status” Right position status for gate
PID Loops
Commands:

"UnitlP". + Loop_Tag + ".SWAuto" Set: loop set to auto mode
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Reset: loop set to manual mode
"UnitlP". + Loop_Tag + ".Man_Out" Set loop output in manual mode
"UnitlP". + Loop_Tag + ".SP" Set loop setpoint
Indications:

Totalizers
Indications:
Tag Totalization

Notes:
Equipment tags are all upper case and cannot have hyphens (for example P-1000
becomes P1000)
Use indicator tags for sequencer code (L12000 instead of LT2000)

11. Revision History

Rev 0 2005 May 31 First release

Rev1l 2010 Sep 26 Added Motor_Conv device. Revised sequence standard

Rev2 2011Jun19 Added AG_SEND/AG_RECV to FCs. Moved PID_Loops FC to FC7.

Rev 3 2014 Jly 05 Changes for Step7 TIA

Rev 4 2016 Jan 07 Changed to use TSEND_C/TRCV_C for S7-1200/1500 communication.
Code using timers corrected for S7-1200/1500.

Rev 5 2024 Jan 29 Revised to use move-based sequencer and only for S7-1500
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