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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 in ensuring that the described products are correctly
used. These application examples do not relieve you of the responsibility
in safely and professionally using, installing, operating and servicing
equipment. When using these application examples, you recognize that
Siemens cannot be made liable for any damage/claims beyond the
liability clause described. 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 - then the
contents of the other documents have priority.

Warranty, liability and support

We do not accept any liability for the information contained in this
document.

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 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 does not imply a change in the burden of proof to
your detriment.

Copyright© 2006 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 aim is to move an object from point A to point B, e.g. by using a motor
spindle.

Figure 1-1

7777777777777777

V7l 17777777777777777777777 A7)

A B

To this end, the object is accelerated to a specified speed v within the time
interval AT. The spindle moves with the speed v, and in order to reach the
end position B, it is decelerated to zero within a second identical time
interval. We obtain the distance from A to B from the area of the v-t
diagram:

Figure 1-2

VX ----ceeeeemm o oe e 7

By specifying Vmin, Vmax, ATmax @nd the distance from A to B, we obtain the
condition for the maximum achievable velocity v and the acceleration and
deceleration time AT:

< AB 2
Vs AT ’ (Vmax - Vmin) *+ Vi
max
V—-V_.
AT =~ Tmin_ AT
Vinax = Viin
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2

Implementation

The positioning process is implemented using the pulse train output of the
S7-200 CPUs. The CPU sends a pulse train (PTO) and the directional
information (rotation direction of motor) to a servo drive. The servo drive
converts the signal into the corresponding stator three-phase voltage
depending on the frequency (proportional to the speed) and feeds the servo
motor. The servo motor returns the actual value for the speed control to the
servo drive.

Figure 2-1
P
> S
CPU Target pos.' Servo N Servo 77T
i motor
Direction R drive A B

Current positipn

The positioning conversion from the CPU pulse output into the distance
traveled by the spindle is accomplished via the reference to one motor
revolution.

Figure 2-2

Ap

s

Ap = Number of pulses required for one motor revolution

As = distance traveled by the spindle during one motor revolution

The required number of pulses for the distance from A to B can be
calculated as follows:

AB)=—-AB
P(AB) A

V1.5
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Internally, the CPU calculates with the number of pulses instead of distance
values. We thus obtain the following pulse train equivalent to the v-t
diagram (Figure 1-2):

Figure 2-3

| |
| |
| |
Acceleration i Constant speed i Deceleration
| |
| |
| |
| |

A=

The smaller the cycle time T, the higher the travel speed.

The maximum travel speed vi.x and the maximum motor speed n,.x are
thus dependent on the maximum pulse output frequency f.,.x of the CPU:

AS

Vinax = 7= Trax
Ap
f

Nax = “- 60
Ap

The following table shows the maximum pulse output frequency of the
S7-200 CPUs with 24 V DC output A0.0 and A0.1:

Table 2-1
CPU Pulse frequency (max.)
221 20 kHz
222 20 kHz
224 20 kHz
224XP 100 kHz
226 20 kHz

V1.5
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3 Positioning block library

The library “MAP SERV Q0.0”" provides the positioning blocks for the
output A0.0 and “MAP SERV QO0.1” for A0.1.

Note Both pulse output libraries can be used in one project.

Figure 3-1

E_@ Libraries

S MAP SERY Q0.0 [w1.5] N

..... {T Q0.0 CTRL

----- {T 00_0_MoveRelative

----- {T 00 0_Movetbsolute

----- T 00_0_Movevelocity

..... {T 30_0_Home

..... {T 000 Stop

..... {T 000 LoadPos

----- {T Scale EU_Pulse
Scale Pulze ELI

MAF SERY Q07 [+1.5]

..... T 90.1_CTRL

----- T 00 1_MoveRelative

----- T 00 1_Movetbsolute

----- T 00 1_Movevelocity

..... T 00 1_Home

..... T 901 _5tap

..... T 901_LoadPas

----- {T Scale EU_Pulse

----- TT Scale Pulze EU

Copyright © Siemens AG 2007 All rights reserved
SERV_MAP_e.doc

3.1 Overview
Table 3-1
Block Function
QO0_x_CTRL Parameter specification and control block

QO0_x_MoveRelative | Executing a relative positioning step

QO0_x_MoveAbsolute |Executing an absolute positioning step

QO0_x_MoveVelocity | Starting a move with preset velocity

QO0_x_Home Search reference point position

QO0_x_Stop Stopping the move

QO0_x_LoadPos Load preset position marker

Scale_EU Pulse Converting distance values into pulse values
Scale_Pulse EU Converting pulse values into distance values

'MAP SERV = Micro Automation Positioning SERVo

V1.5 11.09.2007 8/44
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3.2 General information

The block libraries enable a linear axis to be moved.

3.2.1 Setup
To best use the positioning blocks, three limit switches are required along

the spindle:

¢ one reference point switch (home) for the zero point of the pulse scale
C _Pos

¢ one limit switch in positive count direction (Fwd_Limit) and one in
negative count direction (Rev_Limit)
Note Definition of the direction:
forward: positive count direction

reverse: negative count direction

e The count value of the pulse scale C_Pos belongs to the data type
DINT and thus comprises the integer value range of 32 bits
(-2.147.483.648 to +2.147.483.647 when formatted with sign).

¢ If alimit switch is triggered by the object carrier, the object carrier will
stop and it will be accelerated in the opposite direction. Therefore, the
limit switches must be arranged so that there is still sufficient space
Asmin for the deceleration process towards the end of the travel path.

Figure 3-2
/ ASmin 20.5 ( Vmax + Vmin ) ATmax\
! : -231 <= C_Pos <= +231-1 :
.- 0 L
P S P
v L7 /
Rev_Limit Home Fwd_Limit
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3.2.2 Permanent assignment of I/Os

The following inputs and outputs are predefined when using one of the two
positioning libraries:

Table 3-2
Name MAP SERV Q0.0 MAP SERV Q0.1
Pulse output A0.0 A 0.1
Directional output AO0.2 A0.3
Reference point input E 0.0 E 0.1
High-speed counters used HCO HC 3
HSCx_Preset SMD 42 SMD 142
PTOx_MAN_SPEED SMD 172 SMD 182
Note e Status of the directional output: Default setting: 0 = reverse / 1= forward

inversion possible using “Dir_Active_Low”=1 (see Table 3-3)

e The reference point limit switch functions to synchronize the high-speed
counter with the current position of the spindle.

o The current position can be read out via the high-speed counter.

e HSCx_Preset indicates the next target position (delay start position, target
position) where an interrupt is carried out.

e PTOx_MAN_SPEED indicates the target frequency.

3.2.3 Integrating the block library

Copyright © Siemens AG 2007 All rights reserved
SERV_MAP_e.doc

In order to use the positioning blocks, 68 bytes of memory (per library) must
be reserved for the global variables.

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

Figure 3-3
- 1§ P 8 x
@ What's New
B CPU 224xP REL 0Z.00 MaP SERY Q0.0 [+1.5) I
- Fragram Elack
i0F MalM [OB1] The instruction library 'MAP SERY Q0.0 [+1.5] requires 68
butes of global YY-memary. Specify an address where thiz
g ;:I;!Fa_ﬂ'l’[:‘;a;ﬂ[]SBHD] amount of Y-memory can be used by the library. Click "Suggest

B0 Help 2]
I8 ScarEEuCruseIErS]

8 00_0_Home [SBR4)

I8 20_0_MoveRelative (SERS)
I 00_0_LoadFos SERE)

I Q0_0_Movedhsolute (3BRT)

1 Q0_0_MoveVelocity [SERE) Suggest Address I Delete Library Spmbols |
I8 Q0_0_Stop [SBRI)

I%} Scale_Pulse_EU [SBR10] I VBD

{7 00_0_INT_Dec INT1] el

18 10_0_Home_RF INT2)
8 O0_0_INT_Stap (INT3) 0K | Abbrechen |
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The following table shows the most important global variables with address

offset.
Table 3-3
Symbol Address Comment
Default value 0 = The positioning process is
stopped when the final position is reached
even if the minimum pulse frequency has
Disable_Auto_Stop +V0.0 not been reached yet.
Default value 0 = The directional output
Dir_Active_Low +V0.1 shows 1 in forward direction
Last direction during reference point search
Final_Dir +V0.2 (default value 0)
Tune_Factor +VD1 Tuning factor (default value 1.0)
Ramp_Time +VD5 Ramp time = accel_dec_time
Maximum pulse output frequency =
Max_Speed_DI +VD9 Velocity_Max
Minimum pulse output frequency =
SS_Speed DI +VD13 Velocity SS
Status of the reference point search (see
Homing_State +VD18 table 3-8)

Slow pulse frequency during reference point

Homing_Slow_Spd +VD19 search (default value: Velocity_SS)
Homing_Fast_Spd +VD23 Fast pulse frequency during reference point
search (default value: Velocity Max/2)
Fwd_Limit +V27.1 Forward limit switch
Rev_Limit +V27.2 Reverse limit switch
Homing_Active +V27.3 Reference point search active
C_Dir +V27.4 Current direction
Homing_Limit_Chk +V27.5 Limit switch flag
Dec_Stop_Flag +V27.6 Deceleration started
PTOO_LDPOS_Error +VB28 | corresponds to Q0_x_LoadPos-Error
(16#00 = no error, 16#FF = error)
Target_Location +VvVD29 Target position
Deceleration_factor +VD33 = (Velocity_SS — Velocity Max) /
accel_dec_time (format: REAL)
SS_Speed_real +VD37 = Velocity_SS (format: REAL)
Est_Stopping_Dist +VD41 Calculated deceleration path (format: DINT)
V1.5 11.09.2007 11/44
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3.3

Positioning blocks

This programming is based on the integrated linear pulse train (PTO). This
function is used to control the velocity. Additionally, the pulses are counted
using the high-speed counter HSC. The deceleration starting point is
calculated and triggered via the HSC interrupt.

3.3.1 QO0_x_CTRL
The control block Q0_x_CTRL transfers the global positioning parameters
and must be started cyclically.
Figure 3-4
SMO.0 Q0 0_CTRL
| |
| [ EM
YD100qVelocity 55 C_PozpvD113
W01 04 4" elocity_bax
Y0084 accel_dec_time
W112. 0= Frud_Limnit
Y112 14 Rev Limit
Table 3-4
Parameter Type | Format Unit Meaning
Velocity SS IN DINT Pulse/ Start/stop frequency
sec.
Velocity _Max IN DINT Pulse/ Maximum frequency
sec.
accel_dec_time IN REAL Sec. Maximum acceleration and
deceleration time
Fwd_Limit IN BOOL Limit switch for the forward travel
Rev_Limit IN BOOL Limit switch for the reverse travel
C_Pos ouT DINT Pulse Current absolute position
Velocity_SS determines the minimum frequency at which the acceleration
process starts or the deceleration ends. The value must always be > 0.
Velocity Max provides the maximum frequency in pulses/second (important
for motor speed limitation and dependent on the maximum pulse output
frequency of the CPU -> Table 2-1 )-
accel_dec_time is limited to values between 0.02 and 32.0 seconds (should
not be set below 0.5 seconds).
V1.5 11.09.2007 12/44
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WARNING | Values outside the definition range of “accel_dec_time” are also
accepted, but they can cause erroneous positioning.

3.3.2 Scale_EU_Pulse/ Scale_ Pulse_EU

Scale_EU_Pulse

The block Scale_EU_Pulse is used to convert a position quantity into the
corresponding number of pulses. So this block allows converting a distance
into the corresponding number of pulses or a velocity into a pulse

frequency.
Figure 3-5
Sk0.0 Scale_EU_Pulze
| |
| I EM
WO 404 Input Output =01 44
10004 Pulses
S.04E Lnits
Table 3-5
Parameter Type | Format Unit Meaning
Input IN REAL mm or | Distance or velocity to be converted
mm/s
Pulses IN DINT Pulse / | Number of pulses required for one
revol. revolution
E_Units IN REAL mm / Distance traveled during one
revol. revolution
Output ouT DINT | Pulse or | Equivalent pulse number or pulse
pulse/s frequency

The following equation is used with this function:

Output = Lse_s. Input
E _Units

V1.5 11.09.2007 13/44
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Scale_Pulse_EU

The block Scale_Pulse_EU is used to convert a number of pulses into a
distance value.

Figure 3-6
SkO.0 Scale_Pulze_EL
| |
| I EM
WD186 Input Outputf=*D200
10004 Pulses
S.0-4E Lnitz
Table 3-6
Parameter Type | Format Unit Meaning
Input IN REAL | Pulse or | Pulse number or pulse frequency to
pulse/s be converted
Pulses IN DINT Pulse / | Number of pulses required for one
revol. revolution
E_Units IN REAL mm / Distance traveled during one
revol. revolution
Output ouT DINT mm or | Corresponding distance or velocity
mm/s

The following equation is used with this function:

E _Units
Output = ———- Input
ses
Note Millimeters are a good choice for the unit of the distance (any other

selection is possible, too, as long as it is identical).

V1.5 11.09.2007 14/44
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3.3.3 Q0 _x Home
Figure 3-7
SMO0 Q0_0_Home
] | EN
1 I
w1200
| | | P | EXECUTE
(14 Position Done 1202
12014 Start Dir Erorf'#120.3
Table 3-7
Parameter Type | Format Unit Meaning
EXECUTE IN BOOL Execution bit for the reference point
search
Position IN DINT Pulse Absolute position value in the
reference point
Start_Dir IN BOOL Sec. Direction in which the reference

point search starts
(O=reverse, 1=forward)

Done OuUT | BOOL Ready message (1 = done)

Error ouT BOOL

Error message (1 = error)

This function starts the reference point search in the preset direction
“Start_Dir” and increases the frequency up to “Homing_Fast_Spd”. When a
limit switch (“Fwd_Limit” or “Rev_Limit") is reached, the spindle is
decelerated and continues the search in the opposite direction. In case of a
positive edge of the reference point proximity switch (input EQ.0; with
QO0_1_Home: E0.1), the spindle is decelerated to the frequency
‘Homing_Slow_Spd”. If the current direction is identical with “Final_Dir”
(see Table 3-3 ), the spindle stops in case of a falling edge of the
reference point proximity switch. The position counter HCO is set to the
absolute value at the input “Position”.

If the current direction is not identical with the “Final_Dir”, a change of
direction is necessary. Thus it is ensured that the spindle (depending on the
“Final_Dir”) always stops at the same end (falling edge) of the reference
point proximity switch.

The reference point positioning processes and an explanation is given in
chapter 4.2.7 and 5.

V1.5
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The spindle thus stops in a negative final search direction “Final_Dir’=0 at
the left end of the reference point proximity switch and if “Final_Dir’=1, at
the right end of the reference point proximity switch.

WARNING | |f the bit “Final_Dir” changes, the reference point will be shifted by
the width of the proximity switch signal.

The status of the reference point search can be monitored using the global
variable Homing_State (see Table 3-3).

Table 3-8

Valu
e

Meaning

Reference point found

Search started

0
2
4

Search is continued in the opposite direction with Homing_Fast_Spd

(after triggering the limit switch or reference point limit switch)

(e}

Reference point found, deceleration process initiated

Search is continued in the direction “Final_Dir“ with Homing_Slow_Spd

(after reference point was found with Homing_Fast_Spd)

10

Error (no reference point found between actuation of both limit switches)

3.34 QO0_x_MoveRelative

This function makes the spindle move by a specified pulse number in a
specified direction with a specified frequency.

Figure 3-8

SM0.0 Q0_0_MoveRelative

| |

| I EM

W160.0

| | | 1

1 I 1 F I E=ECUTE
VD134 Mum_Pulzes Done
YD1 4d = velocity
120,14 Direction

1651
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Table 3-9
Parameter | Type | Format Unit Meaning
EXECUTE IN BOOL Execution bit to the relative
positioning process
Num_Pulses IN DINT Pulse | Pulse distance (must be greater than
1)
Velocity IN DINT Pulse/ Preset frequency
sec. (Velocity_SS <= Velocity <=
Velocity Max)
Direction IN BOOL Preset direction
(O=reverse, 1=forward)
Done OuUT | BOOL Ready message (true = done)

The parameter “Num_Pulses” is obtained as area under the frequency-time

diagram.

Figure 3-9
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Note The positioning comes before reaching the specified frequency!

The definition of excess parameters (more parameters must be specified
than required) can lead to a condition violation of the maximum attainable
travel speed (frequency) (see chapter 1). Figure 3-9 shows the border
case: The specified frequency “Velocity” is only just reached with the
specified area “Num_Pulses”. A higher frequency value would not be
fulfilled and would be reduced (controllable via the frequency index
PTOx_MAN_SPEED).

The following conditions must be satisfied to reach the preset frequency:

e Num_Pulses >= Velocity/650
Otherwise, the calculation time for the deceleration start position will be
insufficient. In that case:
Velocity = Velocity SS

e Error_Factor * Est_Stopping_Dist <= Num_Pulses/2
The corrected calculated deceleration distance must not be greater than half
the total distance. Otherwise: Velocity = Velocity/2

3.35 QO0_x_MoveAbsolute

This function makes the spindle move to a preset position (pulse flag) with
a preset frequency.

Copyright © Siemens AG 2007 All rights reserved
SERV_MAP_e.doc

Figure 3-10
SMO.0 Q0_0_Movedbsoluts
| ] EN
-
Y150.0
| | | ¢ | EXECUTE
Wh134 4 Position Done 41501
WD 144 4" elocity
Table 3-10
Parameter Type | Format Unit Meaning
EXECUTE IN BOOL Execution bit to the absolute
positioning process
Position IN DINT Pulse Absolute positioning
Velocity IN DINT Pulse/ Preset frequency
sec.
Done OuUT | BOOL Ready message (true = done)

V1.5 11.09.2007 18/44
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With this function, the area under the frequency-time diagram is obtained
from the difference of the absolute position specification and the current

position.
Figure 3-11
A
f1
Velo ity -f--------mmmmmmmee
|
1,7
/r\ 7
2 4
/// I//Y\\ //
// /Ik\ /X\
// // | \)(/ N 7/
/// /// k// \\K// \\)\//
Z L I~ N
Position ».C Pos|
// // // |// \\/_A\\ // \\ //
7 7 / 2~ A~ A
7/ 7/ 7/ VRN VRN VRN VEEERN 7/

7 7 7 Ve N4 N7/ N7 N/

/// /// //// //// EFrQT/\_\Ea/\Cg\G/r\\’\:</
7/ // 1 AN 7 N 7/ A 7/ . \\ 7 N\ 7
Ve|ocity_SS A Sl el . ,/./.f._;k?%\ﬁg.tsggiqgv%\%}""
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Hinweis  The positioning comes before reaching the specified frequency!

The definition of excess parameters (more parameters must be specified
than required) can lead to a condition violation of the maximum attainable
travel speed (frequency) (see chapter 1). Figure 3-11 shows the border
case: The specified frequency “Velocity” is only just reached with the
specified area |“Position“ — ,C_Pos*|. A higher frequency value would not
be fulfilled and would be reduced (controllable via the frequency index
PTOx_MAN_SPEED).

The following conditions must be satisfied to reach the preset frequency:

e |Position — C_Pos| >= Velocity/650
Otherwise, the calculation time for the deceleration start position will be
insufficient. In that case:
Velocity = Velocity SS

e Error_Factor * Est_Stopping_Dist <= |Position — C_Pos|/2
The corrected calculated deceleration distance must not be greater than half
the total distance. Otherwise:
Velocity = Velocity/2
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3.3.6 QO0_x_MoveVelocity

Entry-1D: 26513850

This function makes the spindle move in a preset direction with a preset
frequency. A change of frequency (but no change of direction) is possible

during the process via the EXECUTE bit.

Figure 3-12
SM0.0 T__Moveelonity
| | EM
GET
| | | P | EXECUTE
WD 1444 elocity ErmorpWEB185
%1201 4 Direction C PoslVDis6
Table 3-11
Parameter | Type | Format Unit Meaning
EXECUTE IN BOOL Execution bit
Velocity IN DINT Pulse/ sec. Preset frequency
Direction IN BOOL Preset direction
(O=reverse, 1=forward)
Error OUT | BYTE Error message (0 = no error)
1 = immediate stop without delay;
3 = execution error)
C_Pos ouT DINT Pulse Current absolute position

Note The Q0_x_MoveVelocity function can only be stopped using the

QO0_x_Stop block.

Figure 3-13

f
Velocity --

Velocity_SS--
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3.3.7 QO0_x_Stop
This function decelerates the spindle until it stands still.
Figure 3-14
SMO.0 00 0 Stop
| | EM
1 I
Y1300
| P} EXECUTE
Donef'190.1
Table 3-12
Parameter Type | Format Unit Meaning
EXECUTE IN BOOL Execution bit
Done OuUT | BOOL Ready message (true = done)
3.3.8 Q0_x_LoadPos
This function sets the absolute position counter to a preset value.
Figure 3-15
SMO.0 Q0_0_LoadPos
1 I
Y1700
| | P} EXECUTE
OqMew Pos Donep4170.1
ErmorfWB171
C PogpWD172
Table 3-13
Parameter Type | Format Unit Meaning
EXECUTE IN BOOL Execution bit for setting the
absolute positioning counter
New_Pos IN DINT Pulse Preset count value
Done OuUT | BOOL Pulse/ Ready message (true = done)
sec.
Error ouT BYTE Error message (0 = no error)
C_Pos ouT DINT Pulse Current absolute position
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Note

3.4

34.1

This function invalidates the reference point. A new reference point must
be searched in order to clearly determine the absolute position.

Calibration

The algorithm that calculates the deceleration path (pulse number) and
thus the starting point of the deceleration ramp does not correspond exactly
to the real profile of the pulse train due to the step formation of the
deceleration ramp. This fact may require a calibration under the
circumstances described below.

Tuning factor

The deviation between the calculated and the real deceleration distance
can be corrected by the parameter “Tune_Factor” (default value = 1).

The best value for this tuning factor depends on the minimum, maximum
and target pulse frequency and on the maximum deceleration time
(identical to the maximum acceleration time).

Figure 3-16

min

The bit ,Disable_Auto_Stop“=“0“ (see Table 3-3) prevents that the target is
passed over. The calculated target position B’ is after the real target
position B. If B is reached before reaching the minimum pulse frequency,
the deceleration process is aborted (default setting 0). Thus a too high
(late) calculation of the deceleration start point is compensated for.
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3.4.2 Application area

If, however, the calculation of the deceleration start point is too low (early)
(the positioning process stops before reaching the target or the minimum
pulse frequency), a recalibration must be carried out. This case, where the
real target position B comes after the calculated target position B’, is
caused by a too high tuning factor.

Figure 3-17

min

Note If the calculation of the deceleration start position is not corrected
(Tune_Factor=1), the target position will be passed over if
“Disable_Auto_Stop”=1. The default setting “Disable_Auto_Stop”=0 will
cause the deceleration ramp to be cut off upon reaching the target
position.

3.4.3 Determining the tuning factor

N A recalibration does not require the servo drive to be connected to the
o' cpu

Set the bit "Disable_Auto_Stop".
Set the “Tune_Factor” to the value 1.

Set the absolute position counter to 0 using the function Q0_x_LoadPos.

e Dnh =

Carry out a relative positioning process with the desired parameters
(minimum, maximum, target pulse frequency and maximum deceleration
time) and with sufficient pulse steps to meet this specifications
(Q0_x_MoveRelative).
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Check the achieved target position. The wanted tuning factor
“Tune_Factor” is obtained from the target position of the high-speed
counter “HCOQ”, the target specification “Num_Pulses” and the estimated
deceleration distance “Est_Stopping_Dist” (global parameter + VD41):

HCO — Num _ Pulses + Est _ Stopping _ Dist
Est _ Stopping _ Dist

Tune _ Factor =

Velocity® —Velocity _SS®  accel _dec_time

Est _ Stopping _ Dist =

Velocity _Max —Velocity _ SS 2
6. Insert a network after the network that calls Q0_x_CTRL where the new
determined value is passed to the symbol variable “Tune_Factor” (absolute
address). (It must be the absolute address (+VD1) since you can not use
the symbolic address.)
Figure 3-18
M1 MOV_R
| | EN END f——y]
1 000218 ouT ko
7. Reset the bit "Disable Auto Stop".
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4

Software examples for positioning via pulse interface

Preliminary remark

Download

Hardware

Copyright © Siemens AG 2007 All rights reserved
SERV_MAP_e.doc

If you need support for positioning via the pulse interface, you can
download the software demo project “MAP SERV QO0.0.mwp” including test
code and test parameters. The software example supports you during the
first steps and tests with the positioning library “MAP SERV QO0.0.mwl”. It
allows you to quickly test the function blocks and possible applications.

The software examples are available on the HTML page from which you
downloaded this document.

The download is a ZIP file which can be extracted using any unzip
program. The zip.-file contains the following files:

Table 4-1

File name Content

MAP SERV Q0.0.mwl! | Positioning library for the output A0.0
MAP SERV QO0.1.mwl | Positioning library for the output A0.1

MAP SERV QO0.0.mwp | Demo project for the library “MAP SERV QO0.0.mw/”

The example has been tested with a CPU 224XP (6ES7214-2AD23-0XB0).
Transmission rate of the interfaces:

Table 4-2
Interface Transmission rate
Port 0 187.5 kbps
Port 1 19.2 kbps
Figure 4-1
iz
EO0.0 <—E|Home
CPU ao0o0 »|Input
Ax.x »>|Enable
Servo
drive
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You only have to connect the servo drive to the pulse train output A0.0 and
the reference point input E0.0 must be connected. It may also be necessary
to enable the drive (see network 1).

Figure 4-2
Hetwork 1 Enable the drive

Crive_Enable_Bitw210.0 Crive_Enable_Out:00.4
| l r )
| | L%

Operation

The sample project is operated via the status table.

Action 1. Open the sample project “MAP_SERV_QO0_0” in STEP7 Micro/WIN and load
it into the CPU by clicking — .
2. Open the “Operation” status table and activate the table status by clicking

&,

3. Set the “Drive_Enable_Bit’="1" (V210.0) and apply the settings with Y to
enable the drive (optional).

Response The “Drive_Enable_Out” output is set (“A0.4” = “1”) and enables the servo drive.

Note e For a simple check you can also use a function without
drive and motor.

e The inputs of the limit switches “Limit_Fwd” and
“Limit_Rev” are also simulated via the status table.

e All EXECUTE bits are defined as push buttons and have
to be reset before they can be actuated again.

e All Done bits must be reset before they can generate a
new Done message.
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4.1

Task
A positioning process shall be carried out from point A (absolute position:
120 mm) to point B (in 1500 mm distance from A in positive direction).

Then start a move in negative direction in jog mode with a preset speed,
stop after any time and determine the traveled distance.

The acceleration and deceleration time (to reach the target speed) shall be
AT =1 s, the travel speed v = 100 mm/s and the minimum pulse frequency
shall be 10 mm/s.

The nominal motor speed of ny = 3000 1/min must not be exceeded.

A CPU 224 XP with a maximum pulse output frequency fnax = 100 kHz is
used.

1000 pulses (Ap = 1000 pulses/revolutions) are required for one motor
spindle revolution and the pitch of the spindle is As = 5 mm/revolution.

4.2 Description of the demo project “MAP SERV Q0.0.mwp”
The next chapter describes the individual networks and their functions.
4.2.1 Overview of the demo program “MAIN”
Table 4-3
Network Description

1 Enabling the servo drive

2 Converting the minimum speed into the minimum frequency

3 Calculating the maximum frequency in dependence on the nominal

speed of the servo motor and output of the corresponding speed

4 Converting the target speed into the target frequency

5 Calculating the maximum acceleration and deceleration time

6 Calling the control block “Q0_0_CTRL”

7 Changing the default values

8 Calling the reference point search “Q0_0_Home”

9 Converting the distance into a pulse number

10 Calling the absolute positioning “Q0_0_MoveAbsolute”

11 Calling the relative positioning “Q0_0_MoveRelative”

12 Resetting the absolute position counter (“Q0_0_LoadPos”)

13 Calling the traversing operation with preset velocity

14 Stopping the traversing operation (“Q0_0_Stop”)
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Network Description
15 Converting the pulse number into a distance
4.2.2 Calculating the minimum frequency “Velocity_SS”

The minimum frequency is calculated using the block “Scale_ EU_Pulse”.

Figure 4-3
Metwork 2 Convert the Velocity_55 from mm/z into a frequency in Hz

SO0 Scale_EU_Pulze

| |

1 I EM

Welocity S5 mm_s WD 70 Input OutputYelocity SSAVDI00
10004 Pulzes
5.0-E Units

Action 4. Enter the value “10.0” for the variable “Velocity SS_mm_s” (VD70) (task:

minimum speed of 10 mm/s) and apply the setting by clicking on X,

The converted minimum frequency is output as the variable “Velocity SS”
(VD100) with the value “2000” pulses per second.
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4.2.3

Calculating the maximum frequency “Velocity_Max”

Figure 4-4
Network 3 Calculate the Welocity_Max in pulsesds by a given motaor ratation speed in rpm and caloulate the
Welocity_bax in mmzec
SM0.0 f_maw
| |
| I EN
rpm: YD 7E 1pm Welocity_bax"Velocity_MaxvD104
10004 Pulses
Scale_Pulze_EU
EM
Welocity_ban D104 nput Outputelocity M ax_mm_s VD80
1000 Pulzes
5.04E Units
fmax

The maximum frequency is calculated using the sub-program “f_max”. The
nominal speed of the servo motor “rpm” (revolutions per minute) is
converted into the corresponding frequency and multiplied with the number
of pulses required for one revolution.

The following equation is behind this function:
. rpm
Velocity Max = g— Pulses

The parameter “Pulses” is already preset with the value “1000” from the
task.

Scale_Pulses_EU

The function Scale_Pulses_EU is used to convert the maximum speed into
the maximum frequency.

Action 5. Enter the value “3000” for the variable “rom” (VD76) (task: The nominal
motor speed is 3000 1/min) and apply the setting via W,
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424

1. The calculated maximum frequency is output as the variable “Velocity Max”
(VD104) with the value “50000” pulses per second.

2. The converted maximum velocity is output as the variable
“Velocity Max_mm_s” (VD80) with the value “250.0” millimeters per second.

Calculating the target frequency “Velocity”

The target frequency is calculated using the block “Scale_EU_Pulse”.

Figure 4-5
Hetwork 4 Corvert & velocity in mm/ds in a frequency in Hz

Sk0.0 Scale EU_Pulze

| |

| I EM

elocity_mm_z W01 404 [nput Outputelocity p_ D144
10004 Pulzes
R O0-E Units

The calculated target frequency is output as the variable “Velocity p_s” (VD144)

6. Enter the value “100.0” for the variable “Velocity_ mm_s” (VD140) (task: The
target speed is 100.0 mm/s) and apply the setting via %&.

with the value “20000” pulses per second.

Calculating the maximum acceleration and deceleration time
“accel_dec_time”

You have to adjust the maximum acceleration and deceleration time
“accel_dec_time” for a specified minimum velocity (network 2), maximum
velocity (network 3) and target velocity (network 4) and the acceleration
and deceleration time until reaching the target velocity of one second
(task). This calculation is carried out by the sub-program “delta_ Tmax”.
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Figure 4-6

Metwork b Calculate the accel_dectime by 3 given delta T

Sk0.0 delta Tmax
|} EN

Welocity Max VD104 Velocity_Max  accel_dec timep accel dec_timeD108

Yelociy 5501004 elocity 55
Welocity p s WD 44 - Velocity
delta TWDE04dela T

The equation for the calculation is derived from chapter 1 and is as follows:

Velocity _Max —Velocity _SS
Velocity —Velocity _SS

accel _dec time= -delta_ T

The maximum acceleration and deceleration time is limited additionally:
0,5s < accel _dec_time <32,0s

Action 7. Enter the value “1.0” for the variable “delta_T” (VD9O0) (task: AT = 1s) and

apply the setting via 3

The calculated maximum acceleration and deceleration time is output as the
variable “accel_dec_time” (VD108) with the value “2.667” seconds.

4.2.6 Parameterizing the control block “Q0_0_CTRL”

The calculations in the networks 2 to 5 have returned all parameters for
calling the control block “Q0_0_CTRL".

Figure 4-7

Hetwork b A0 _0_CTRL must be called every zoan for the ather functions toowork,

|
SMO0.0 QO0_0_CTRL
|} EN

Welocity SSWDT004Velocity S5 C_PoszpCTRL_C_Pos=ND113
Welooby b awtD1 044 Welocity b ax
accel_dec_timeD108 -4 accel_dec_time
Fuad_Limit:44 1120 Frad_Limit
Few LimitW11214Bew Limit

The actuation of the limit switches that limit the spindle is simulated via the
variable bits V112.0 (“Fwd_Limit") and V112.1 (“Rev_Limit").
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4.2.7 Changing the default values (optional)

If you want to change the preset parameters of the positioning library, this
has to be done after Q0_x_CTRL has been called.

Figure 4-8

Metwork 7 Optional: How to change default values

| Thig network must be called after Q0 0 CTRL iz called if it iz desired to change any of the default values

SM0.0 MOw R
| | EM ENDp———
I
1.00024 1M ouT Fyvon
WMOW_Dw
EM ENDf——
500004 1M outbvD2a

In the example, the parameter “Homing_Fast_Spd” (+VD23) in network 7 is
set to the value “50000” pulses per second (equals the max. pulse
frequency) and the “Tune_Factor” (+VD1) is increased to 1.0002 (the
deceleration ramp is started earlier).

WARNING = The absolute variable addresses must be used here (see table 3-3).

The variable table “Operation” allows you to verify that the values have been
applied by calling the absolute addresses (“VD1” = “1.0002” and “VD23” =
“50000").

4.2.8 Reference point search

The reference point search is activated using the function “Q0_0_Home".
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Figure 4-9
Metwork 8 Searching the reference point
| |

Sw0.0 G0_0 Home
| EN

Home_EXECUTE:V120.0
| | B EXECUTE

(14 Pozition DonefHome_Done’d120.2
Direction\¥120.1 4 Start_Dir ErorfHome_Ermor120.3

In order to explain the reference point search, the traversing diagram
(Figure 4-10

) is used to simulate the following case: The start position “Start” is located
to the right of the reference point “Home” The start direction “Start_Dir” and
the final direction “Final_Dir” (+V0.2) of the reference point search are both
set in negative count direction (“0”).

Figure 4-10
777777777777777777777777777777777777777777777777777777777 + Homing_Fast_Spd

fffffffffffffffffffffffffffffffffffffffffffffffffffffffff + Homing_Slow_Spd

Spindle

l Rev_Limit Home | Start | | Rev_Limit
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falling edge

- Homing_Fast_Spd

T

rising edge

8. Activate the reference point search by setting the bit “Home EXECUTE”
(V120.0) and apply the setting by clicking on .
The servo motor starts with the frequency “Homing_Slow_Spd” (+VD19) and
accelerates to the frequency “Homing_Fast_Spd” (+VD23). The negative sign in

Figure 4-10 indicates the negative travel direction. The spindle will move with
that frequency until it reaches the reference point.

9. Trigger a positive edge via the circuit of the reference point input bit E0.0
and maintain this status (“1”).
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The spindle is decelerated to the frequency “Homing_Slow_Spd” and moves with
this frequency until it reaches the negative edge of the reference point input bit
EQ.0.

10. Trigger a negative edge via the circuit of the reference point input bit E0.0
(status “0”).

The spindle will stop immediately at the left end of the reference point Home*.
The high-speed counter “HCO” is set to the “Position” parameter value (“0”) and
the Done message bit “Home_Done” (V120.2) is set.

Note This traversing diagram (Figure 4-10) shows the case where deceleration
to the frequency “Homing_Slow_Spd” is completed before reaching the
negative edge of the reference point input bit E0.0. Additional traversing
diagrams can be found in Chapter 5.

4.2.9 Converting the position data of point A (120 mm) into the
corresponding pulse position

Network 9 is used to convert a distance into the corresponding pulse
number by means of the function “Scale_EU_Pulse”.

Figure 4-11
Metwork 9 Corvert a zection it mm to a number of pulses

SM0.0 Scale EU_Pulze
| | EN

tillimeter 01 304 Input Output = Pulzes VD134
1000 Pulzes
B0-E nits

11. Enter the value “120.0” mm into the status table for the variable VD130
“Millimeter” and apply the settings by clicking X

The variable VD134 “Pulses” will then show the value of “24000” pulses.

4.2.10 Moving to point A

The move to point A is accomplished via the function
“Q0_0_MoveAbsolute”.
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Figure 4-12

Network 10 Move abzolute

Entry-1D: 26513850

SMO.0
| |

Q0.0 Movedbsolute
EN

Abzolute_EXECUTEN150.0

EXECUTE

PulsesvD1344

Pasition Done

Welocity_p_=WD1444

F Abzolute_Done150.1

Melocity

The values for the parameters “Position” and “Velocity” are taken from

networks 4 (chapter 4.2.4) and 9 (4.2.9).

at point A.

Moving to point B

12. Set the bit ,Absolute EXECUTE* (V150.0) and apply the settings via X,

The spindle is started in positive direction (“A0.2"="1", “HCO” increases) and is
accelerated to the frequency “Velocity _p_s’="20000” (“SMD172”) per second.
The spindle is decelerated before it reaches the target position and it stops with
the value of the high-speed counter “HCO” at the target position “+24000” pulses

Since the position data of point B refers to point A, we use the relative
positioning function “Q0_0_MoveRelative” to move to point B.
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Figure 4-13
Network 11 Move relative
| |

SO0 G0_0_MoveRelative
| | EM

Relative_EXECUTEV1E0.0
| | B EXECUTE

PulzesD1 344 Murm_Pulzes Donef Relative_Done169.1
WVelocity_p_=WD1444Velocity
Direction’y120.1 4 Direction

Num_Pulses
The distance is converted into the pulse number “Num_Pulses” in

network 9.

13. Enter the value “1500.0” mm (B=A+1500mm) into the status table for the
variable VD130 “Millimeter” and apply the settings via 3

The variable VD134 “Pulses” will then show the value of “300000” pulses.

Velocity

The converted travel speed “Velocity” is taken over unchanged from
network 4.

Direction
Point B lies in positive count direction from point A.

- 14. Set the directional bit “Direction” (V120.1 = “1”) and apply the settings via
S

EXECUTE

15. Set the bit “Relative EXECUTE” (V160.0 = ,1“) and confirm the settings by
clicking on X

The spindle is started in positive direction (“A0.2"="1", “HCO” increases) and is
accelerated to the frequency “Velocity p_s"="20000” (“SMD172”) per second.
The spindle is decelerated before it reaches the target position and it stops with
the value of the high-speed counter “HCO” at the absolute position of point B
“+324000” pulses (= +24000 + 30000).
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4.2.12 Resetting the position counter

The position counter is reset in network 12 using the function
“Q0_0 LoadPos”.

Figure 4-14

Metwork 12 Load position

| |
SM0.0 Q00 LoadPos

| |
1 I EN

LoadPos EXECUTEA170.0
| |

1 I 1 EXECUTE

=

HMew Pos DonefLoadPos_Done170.1
ErmorfLoadPos_EmorB171
C PogkloadPos_C PosvD172

Action 16. Set the bit “LoadPos EXECUTE” (V170.0 = “1”) and confirm the settings via
A:Y

The position counter “LoadPos_C_Pos” (VD172) is set to the “New_Pos”
parameter value (“0”) and the Done message bit “LoadPos_Done” is set
(*V170.1” = “17).

The position counters “CTRL_C_Pos” (VD113), “LoadPos_C_ Pos”
(VD172) and “Velocity C_Pos” (VD186) are identical to the high-speed
counter HCO.

Note

4.2.13 Realizing the jog mode

The “Jog_Function” bit (V180.0) calls the block “Q0_0_MoveVelocity” in
network 13 with a rising edge and stops the positioning by calling the
function “Q0_0_Stop” in network 14 with a falling edge.
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Figure 4-15

Metwork 13 Move with a digired velocity

SMO.0 GQ0_0_Moverelociy
] |
1 I EM
Jog_Functiony180.0
] | ] |
1 I 1 Pl EXECUTE
WVelocity_p_=VD144 - Velocity ErrorfYelocity_EmorVB185
Diirection:¥120.1 4 Direction C Pospelocity C_PosvD186
Metwork 14 Stop movement
| |
Sk0.0 G0_0_Stop
] 1
1 I EM
Jog_Functiony180.0
] | ] |
1 I 1 M| EXECUTE
Donef Stop_Done130.1

Velocity

The converted travel speed “Velocity” is taken over unchanged from
network 4.

Direction

Positioning should be carried out in negative count direction.

17. Reset the directional bit “Direction” (V120.1 = “0”) and apply the settings via
Ay

EXECUTE

18. Start the jog function using the “Jog_Function” bit (V180.0 = “1”) and apply
the settings with k3

The spindle is started in negative direction (“A0.2"="0", the count value VD186
“Velocity CPos” decreases) and it is accelerated to the frequency
“Velocity p_s"="20000“ (,SMD172%) per second.

19. Finish the jog function using the “Jog_Function” bit (V180.0 = “0”) and apply
the settings with .

The spindle is decelerated until it stands still within the time “delta_T” (VD90) and
the Done message bit “Stop_Done” is set (“V190.1” = “1”).

4.2.14 Determining the traveled distance

The pulse position “Velocity C_Pos” (VD186) is converted into the path
position “Velocity_Position_mm” (VD200) using the function “Scale_
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Pulse_EU” in network 15. This value is identical to the traveled distance
because the position counter HCO was reset (chapter 4.2.12)

Figure 4-16
MNetwork 15 Calculate the reached poszition in mm

Sk0.0 Scale_Pulze_EL
| |} EN

Welocity C_Pos D186+ Input Output = elocity_Position_mm: D200
10004 Pulzes
5.04E Units

millimeters. The sign is negative due to the specified direction.

- The variable “Velocity Position_mm” (VD200) indicates the traveled distance in
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5

Positioning diagrams for the function “Q0_x_Home”

When the reference point has been found, the spindle will always stop due
to the negative edge of the reference point signal. This causes the object
carrier to stop at the right or the left end of the reference point depending
on the direction “Final_Dir".

Furthermore, a case discrimination is made every time the deceleration
process is triggered by the reference point limit switch in the target direction
“Final_Dir”. This case discrimination verifies whether the deceleration to the
frequency “Homing_Slow_Spd” is completed before reaching the negative
edge of the reference point limit switch signal. The spindle will either stop
immediately if the edge of the reference point signal is negative or it is
accelerated in the opposite direction.

Overview

Table 5-1
Start_Dir | Final_Dir Start (x Stop (x Case discrimination

from from
Home) Home)

0 0 right left yes
0 0 left left no
0 1 right right no
0 1 left right yes
1 0 left left no
1 0 right left yes
1 1 left right yes
1 1 right right no

The case that the start position is located within the reference point limit
switch signal is covered by the mentioned cases, since a response will only
take place to the positive edge of the reference point limit switch (see
Figure 5-1).

Figure 5-1

Rev_Limit Start (Home

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

This case corresponds to the same positioning diagram as in Figure 5-4.
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5.1 Start_Dir=0, Final_Dir=0
5.1.1 Start position: to the right of the reference point

Case A: Deceleration to “Homing_Slow_Spd” has been completed
before reaching the negative edge of the reference point input

Figure 5-2
Rev_Limit Home Start

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Case B: Deceleration to “Homing_Slow_Spd” has not been completed
before reaching the negative edge of the reference point input

Figure 5-3

Rev_Limit

5.1.2 Start position: to the left of the reference point

Figure 5-4

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Rev_Limit Start | Home
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5.2 Start_Dir=0, Final_Dir=1
5.2.1 Start position: to the right of the reference point
Figure 5-5
Rev_Limit Home Start

5.2.2 Start position: to the left of the reference point

Case A: Deceleration to “Homing_Slow_Spd” has been completed
before reaching the negative edge of the reference point input

Figure 5-6

Case B: Deceleration to “Homing_Slow_Spd” has not been completed
before reaching the negative edge of the reference point input

Figure 5-7

[

Rev_Limit
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5.3 Start_Dir=1, Final_Dir=0
5.3.1 Start position: to the left of the reference point
Figure 5-8
Fwd_Limit
5.3.2 Start position: to the right of the reference point
Case A: Deceleration to “Homing_Slow_Spd” has been completed
before reaching the negative edge of the reference point input
Figure 5-9
Home ,;m | Fwd_Limit
Case B: Deceleration to “Homing_Slow_Spd” has not been completed
before reaching the negative edge of the reference point input
Figure 5-10
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5.4 Start_Dir=1, Final_Dir=1
54.1 Start position: to the left of the reference point

Case A: Deceleration to “Homing_Slow_Spd” has been completed
before reaching the negative edge of the reference point input

Figure 5-11

,Eirt ] Home Fwd_Limit

Case B: Deceleration to “Homing_Slow_Spd” has not been completed
before reaching the negative edge of the reference point input

Figure 5-12
,Em ' Home ‘ Fwd_Limit
5.4.2 Start position: to the right of the reference point
Figure 5-13

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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