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1  
1.1  

 
 

EN 954-1:  Category B, 1 - 4 
ISO 13849-1:  Performance Level (PL) a - e  
IEC 62061: Safety Integrity Level (SIL) 1 - 3 
EN954-1 2009 IEC62061 IEC62061  

1.2  

 
 

1.3 PFH  
Sinumerik PFH  

 PFH values for SIMATIC (Internet)      
 PFH values SIMATIC 

 PFH value document for SINUMERIK 840D sl (Intranet)  
 PFH values SINUMERIK 840D sl 

 PFH value document for SINAMICS 
  PFH value document SINAMICS 

1.4  
3  

 Acquire  
… 

 Evaluate  
 

 React  
 

3  10-8 to < 10-7 e 
2  10-7 to < 10-6 d 
1  10-6 to < 3 x 10-6 c 
1  3 x 10-6 to < 10-5 b 

No specific safety requirements  10-5 to < 10-4 a 

Safety Integrity Level (SIL) 
(IEC 61508-1 / IEC 62061) 

Average probability of a dangerous 
failure per hour [1/h]  (PFH value) 

Performance level (PL) 
(ISO 13849-1 (rev.)) 

Fundamental terms 
Principles for design 
General aspects 

For example, EN IEC 61508

B1 standards 
General safety aspects

B2 standards 
Safety equipment 

For example  
EN 954-1 (until Nov. 30, 2009)
EN ISO 13849 
IEC 62061 

 

Basic standards 

Group standards 

Product standards 

Type A

Type C

Type B

For example  
EN 418 (emergency stop)

Detailed safety requirements for specific machines 

 

http://support.automation.siemens.com/WW/view/de/27832836
http://support.automation.siemens.com/WW/llisapi.dll?func=cslib.csinfo&lang=de&siteid=csius&aktprim=0&extranet=standard&viewreg=WW&objid=28369234&treeLang=de
http://support.automation.siemens.com/WW/llisapi.dll?func=cslib.csinfo&lang=de&siteid=csius&aktprim=0&extranet=standard&viewreg=WW&objid=28369234&treeLang=de
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1.5 Sinumerik  
1.5.1  

 
 

 Acquire  
 Evaluate  
 React  

1.5.2 Sinumerik  

 
 

 Acquire  
 2 1. Evaluate+ React  

 

  Acquire Evaluate 

Distributed I/O 

 

 

 

React 

Automation Safety system 

Conventional bus 

Drive 

 External components (Relays, contactors,…)  
 Two-channel wiring 

Controller 

 
  

 
 
 
 
 

Safety Integrated 

Fail-safe controller 

Distributed I/O with F modules 

Fail-safe bus 

Drive with integrated safety 

Evaluate 

React 

 Control, drive and I/O modules with  2-channel processing 
 Fieldbus with fail-safe protocol PROFIsafe 

automation Safety technology 

 
  

 Acquire 

 

integrated into the 
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1.6 Sinumerik  
Sinuumerik  

 
 

 





 

 

2  
2 NC  

2.1 Sinamics S120  

 
2.1.1  

1 IO TM41  
2 Drive control Motor Module control

Dirve CDC  
2.1.2 Sinamic S120  

  
STO Safe torque off —>  
SBC Safe Brake Control —>  
SS1 Safe Stop 1 —>OFF3 STO 

  
SS2 Safe Stop2  
SOS Safe Operating Stop  
SLS Safe-Limited Speed  
SSM Safe Speed Monitor  
SAM Safe Acceleration Monitor  
SBR Safe Brake Ramp  
SDI Safe Direction  

Sinumerik Sinamic  
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2.2 Sinumeirk  

 
2.2.1  

1  IO 
Profisafe  IO  

2  SPL CDC  
NC PLC  

3  Axis CDC  
NC  

4  Drive CDC  
NC PLC

 
2.2.2 Sinumerik  

 STOP A B C D E F 
 SBC Safe Brake Control  
 SBR Safe acceleration monitoring  
 SH Safe standstill   
 SBH Safe operating stop   
 SG Safely reduced speed include override   
 N<nx 
 SE Safe velocity limit switches   
 SN Safety software cams safety cam track  
 SBM Safe brake management include SBC SBT cyclic brake test  

2.3 840Dsl  
2.3.1 840Dsl  

  
SI-Basic (including 1 axis/spindle, up to 4 SPL I/Os) 6FC5800-0AM63-0YB0 
SI-Comfort (including 1 axis/spindle, up to 64 SPL I/Os)  6FC5800-0AM64-0YB0 
SI-axis/spindle (in addition for each axis /spindle) 6FC5800-0AC70-0YB0 
SI axis/spindle package (in addition, 15 axes/spindles)  6FC5800-0AC60-0YB0 
SI-High Feature including 1 axis/spindle to 192 SPL I/O  6FC5800-0AS68-0YB0 

 
SI  

SI-Basic 500 SI-Comfort 5000  



 

 

SI-Axis  
2.3.2 PLC  

STEP7 5.5  F-Configuration-Pack Profisafe  
F-Configuration-Pack
http://support.automation.siemens.com/WW/llisapi.dll?func=cslib.csinfo&lang=en&objid=15208817&caller=vi
ew 

 
2.4 Sinumerik  

Sinumerik  EN 61800-5-2  
    

Safe standstill STOP A  SH Safe Torque Off STO 
STOP B - Safe Stop 1 SS1 
STOP C - Safe Stop 2 SS2 
STOP D - Safe Stop 2 SS2 
STOP E - Safe Stop 2 SS2 
Safe acceleration monitoring SBR - - 
Safe Operating Stop SBH Safe Operating Stop SOS 

Safely reduced speed SG Safely-limited speed SLS 
Safety reduce speed –specific 

setpoint limiting 
- - - 

Safe software limit switch SE Safely-limited position SLS 
Safe Brake Management SBM - - 
Safe Brake Control SBC Safe Brake Control SBC 
Safe Brake Test SBT - - 
Safe software cam  safe cam track SN Safe cams SCA 
n<nx - Safe Speed Monitor SSM 
Safety-related I/O SEG/SGA 

F-DI/F-DO 
- - 

Safe Porgrammable Logic SPL - - 
Safe software relay - - - 

2.5  
SINAMICS S120 Safety Integrated  Function Manual  01/2011 6SL3097-4AR00-0BP2  
SINUMERIK 840D sl /SINAMICS S120 SINUMRIK Safety Integrated  Function Manual 03/13 6FC5397-
4BP40-4BA0  
 

http://support.automation.siemens.com/WW/llisapi.dll?func=cslib.csinfo&lang=en&objid=15208817&caller=view
http://support.automation.siemens.com/WW/llisapi.dll?func=cslib.csinfo&lang=en&objid=15208817&caller=view
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3 840Dsl  
3.1  

MD36901 $MA_SAFE_FUNCTION_ENABLE  

 
 

3.1.1  
 Bit0 SBH/SG  
 Bit6 STOPs STOP A/C/D  

3.1.2  
 Bit1  
 Bit3  
 Bit4 STOP E  
 Bit5  
 Bit7  
 Bit8-15  

 
3.2  

 
   

MD 10050  $MN_SYSCLOCK_TIME  0.002 ms  

MD 10090  $MN_SAFETY_SYSCLOCK_TIME_RATIO  
 

6 

MD 10091  $MN_INFO_SAFETY _CYCLE_TIME  0.012 ms  
MD10061  
MD10091 <25ms

NCU  
3.3 SH  

SH safe standstill STO Safe Torque Off STOP 
A/B  

   
MD36960 $MA_SAFE_STANDSTILL_VELO_TOL  0 mm/min 

MD36960 SH SG  
3.4 SBH  
3.4.1  

SBH Safe operating stop  
STOP C/D/E  

SBH
 

 



840Dsl  

 3-2

  
 SBH  
 SBH STOP A/B  

3.4.2  
SBH OUTSI/OUTSIP STOP C/D/E

 
3.4.3 SBH  

1  NC  
NC—>Drive OUTSI  

   

MD36970 
$MA_SAFE_SVSS_DISABLE_INPUT  SBH/SG  

0 SBH/SG  
80000000 SBH/SG  
0401xxxx $A_OUTSI  

=0 SBH/SG  
=1 SBH/SG  

MD36971 
$MA_SAFE_SS_DISABLE_INPUT SBH  

0 SBH  
80000000 SG  
0401xxxx $A_OUTSI  

=0 SBH  
=1 SG  

Drive—>NC INSI  
   

MD36980  
$MA_SAFE_SVSS_STATUS_OUTPUT SBH/SG   

0401xxxx $A_INSI 
=0 SBH/SG  
=1 SBH SG  

MD36981 
$MA_SAFE_SS_STATUS_OUTPUT SBH  

0401xxxx $A_INSI 
=0 SBH  
=1 SG  

2  PLC  
PLC—>Drive OUTSIP  

 

 
Drive—>PLC INSIP  

 
3   
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3.4.4  
 

   
MD36930 $MA_SAFE_STANDSTILL_TOL SBH  1mm 
MD36951 $MA_SAFE_VELO_SWITCH_DELAY SBH/SG  0.1 s 

 

 
STOP A/B  

SBH  

 
SBH STOP 
A/B  

1  STOP A/B  
1.5  1.5*MD10091 <  < 2* +1* 1*MD10061  

MD36951  
SBH  

2   
SBH MD36930  

3.5 Safe Stops A-F  
3.5.1  

Safe Stop  
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 Stop C/Stop D/Stop E SBH  
 Stop A SH  

1   
STOPs      

A   SBR/SG SH  

B 
OFF3=0

Tb
STOP A  

OFF3  SBR/SG SH  

C OFF3=0  
Tc=0 SBH  OFF3  SG/SE SBH Reset 

D path 
braking Td=0 SBH   SG/SE SBH Reset 

E ESR  
Te=0 SBH  ESR  

SG/SE SBH Reset 

 
STOP STOP A/B

 
2   

 EN 60204-1  
STOP A Category 0 
STOP B/F Category 1 
STOP C/D/E Category 2 

Category 2  
3   

  
 STOP A 

 STOP B 
  

 STOP C 
 STOP D 

 STOP E 
 STOP F 

4   
  

SBH STOP B  
SG STOP A/B/C/D/E 
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SE STOP C/D/E 
SN  
SBR STOP A  

3.5.2  
   

MD 36964 $MA_SAFE_IPO_STOP_GROUP  0 
= 0  
= 1  

3.5.3 STOPs  
1   NC  

NC—>Drive OUTSI  
   

MD 36977[0]  
$MA_SAFE_EXT_STOP_INPUT  STOP A/B 

0 STOP A  
80000000 STOP A  
0401xxxx $A_OUTSI  

=1 STOP A/B 
=0 STOP A/B 

MD 36977[1]  
$MA_SAFE_EXT_STOP_INPUT STOP C 

0 STOP C  
80000000 STOP C  
0401xxxx $A_OUTSI  

=1 STOP C 
=0 STOP C 

MD 36977[2]  
$MA_SAFE_EXT_STOP_INPUT STOP D 

0 STOP D  
80000000 STOP D  
0401xxxx $A_OUTSI  

=1 STOP D 
=0 STOP D 

MD 36977[3]  
$MA_SAFE_EXT_STOP_INPUT STOP E 

0 STOP E  
80000000 STOP E  
0401xxxx $A_OUTSI  

=1 STOP E 
=0 STOP E 

Drive—>NC INSI  
   

MD 36990[0]  
$MA_SAFE_ACT_STOP_OUTPUT STOP A/B 

0401xxxx $A_INSI 
=1 STOP A/B  
=0  STOP A/B  

MD 36990[1]  
$MA_SAFE_ACT_STOP_OUTPUT STOP C 

0401xxxx $A_INSI 
=1  STOP C  
=0  STOP C  

MD 36990[2]  
$MA_SAFE_ACT_STOP_OUTPUT STOP D 

0401xxxx $A_INSI 
=1  STOP D  
=0  STOP D  

MD 36990[3]  
$MA_SAFE_ACT_STOP_OUTPUT STOP E 

0401xxxx $A_INSI 
=1  STOP E  
=0  STOP E  

2   PLC  
PLC—>Drive OUTSIP  

 

 
Drive—>PLC INSIP  
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3.5.4  

1   STOP A/B  
 

   
MD36960 $MA_SAFE_STANDSTILL_VELO_TOL  0 mm/min 
MD36956: $MA_SAFE_PULSE_DISABLE_DELAY  0.1 s 

 

 
STOP B STOP A  

STOP B/A  
 

MD36956 MD36960  
2   STOP C  

 
   

MD 36952 $MA_SAFE_STOP_SWITCH_TIME_C STOP C  0.1 s 
STOP C OFF3  

STOP C SBH SBH
STOP B/A  

 
Reset  

3   STOP D  
 

   
MD 36953 $MA_SAFE_STOP_SWITCH_TIME_D STOP D  0.1 s 

STOP D  
STOP D SBH STOP B/A  

 
Reset  

4  STOP E  
 

   
MD 36954 $MA_SAFE_STOP_SWITCH_TIME_E STOP E  0.1 s 

ESR $VA_STOPSI =4 $AC_ESR_TRIGGER=1 ESR
 

STOP E SBH STOP B/A  
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3.5.5  
MD36953  

  
MD 32000 MAX_AX_VELO = 10000mm/min  
MD 32300 MAX_AX_ACCEL = 1m/s2 
MD 32431 MAX_AX_JERK = 1000000m/s3 

   
MD 36953 = ((MD 32000/MD 32300) / (1000*60) + (MD 32300/MD 32431)2) + 20%  
MD 36953 SAFE_STOP_SWITCH_TIME_D  = 0.2s 

  
MD 32000 MAX_AX_VELO = 100rpm  
MD 32300 MAX_AX_ACCEL = 10rev/s2 
 MD 32431 MAX_AX_JERK = 2777777m/s3 

 
MD 36953 = ((MD 32000/MD 32300) / (60) + (MD 32300/MD32431)2) + 20% 
MD 36953 SAFE_STOP_SWITCH_TIME_D  = 0.2s 

  
MD 32000 MAX_AX_VELO = 1000rpm  
MD 32300 MAX_AX_ACCEL = 30m/s2 
MD 35130 GEAR_STEP_MAX_VELO_LIMIT = 1000rpm  
MD 35200 GEAR_STEP_SPEEDCTRL_ACCEL = 30m/s2 
MD 35135 GEAR_STEP_PC_MAX_VELO_LIMIT = 1000rpm  
MD 35210 GEAR_STEP_POSCTRL_ACCEL = 30m/s2 
MD 35135 GEAR_STEP_PC_MAX_VELO_LIMIT = 1000rpm  
MD 35212 SPEEDCTRL_ACCEL2 = 30m/s2 

 
MD 36953 = ((MD 32000/MD 32300) / (60)) + 20%  

  
MD 36953 = ((MD 35130/MD 35200) / (60)) + 20%  

 
MD 36953 = ((MD 35135/MD 35210) / (60)) + 20%  

 
MD 36953 = ((MD 35135/MD 35212) / (60)) + 20%  
MD 36953  = 0.667s 

 
MD36953 = 0.2s MD36935 = 0.667s 

STOP C MD36952 STOP D  
3.5.6 STOPs  

 
8

PLC NC PLC STOP E/D/C/A
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3.6 SBR  
3.6.1  

SBR Safe acceleration monitoring STOP B/C  
  
 STOP B/C SBR  
 SBR STOP A/B  

3.6.2  
1   

   
MD36948 $MA_SAFE_STOP_VELO_TOL  300mm/min 
MD36946 $MA_SAFE_VELO_X  20mm/min 

 

 
2  SBR  

  
Actual speed SBR = acceleration * acceleration duration 

  
SBR tolerance [mm/min] = a [m/s2] * UT [s] * 1000 [mm/m] * 60 [s/min] 

  
SBR tolerance [rev/min] = a [rev/s2]* UT [s] * 60 [s/min] 

  
MD 32300: MAX_AX_ACCEL 
MD 35200: GEAR_STEP_SPEEDCTRL_ACCEL 
MD 35210: GEAR_STEP_POSCTRL_ACCEL 
MD 35410: SPIND_OSCILL_ACCEL  

 
a MD32300 
UT MD10091 

 MD36948  = *20% 
STOP C STOP B  
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3.6.3 STOP A  

 
 

  
t1 MD10061 
t2 MD10091 
t3  
t4 1*    < 1.5*  + 1*  

t5 2*    < 2.5*  + 1*  
t6    2ms          < 3*  + 8ms 
t7 SH  

3.7 SG  
3.7.1  

SG safety reduce speed SG  
  
  
 SG  

3.7.2 SG  
1  NC  

NC—>Drive OUTSI  
   

MD36970  
$MA_SAFE_SVSS_DISABLE_INPUT  SBH/ SG   

0 SBH/SG  
80000000 SBH/SG  
0401xxxx $A_OUTSI  

=0 SBH/SG  
=1 SBH/SG  

MD36971  
$MA_SAFE_SS_DISABLE_INPUT SBH  

0 SBH  
80000000 SG  
0401xxxx $A_OUTSI  

=0 SBH  
=1 SG  

MD36972[0]  
$MA_SAFE_VELO_SELECT_INPUT 
 
MD36972[1]  
$MA_SAFE_VELO_SELECT_INPUT 

 
SG Bit0 
 
 
SG Bit1 

0401xxxx $A_OUTSI  
SG  

Bit0 Bit 1 SG  
0 
0 
1            
1 

0 
1 
0 
1 

SG1 
SG2 
SG3 
SG4 

Drive—>NC INSI  
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MD36980  
$MA_SAFE_SVSS_STATUS_OUTPUT SBH/SG  

0401xxxx $A_INSI 
=0 SBH/SG  
=1 SBH SG  

MD36981  
$MA_SAFE_SS_STATUS_OUTPUT SBH  

0401xxxx $A_INSI 
=0 SBH  
=1 SG  

MD36972[0]  
$MA_SAFE_VELO_SELECT_INPUT 
 
MD36972[1]  
$MA_SAFE_VELO_SELECT_INPUT 

SG Bit0 
 
 
SG Bit1 
 

0401xxxx $A_INSI 
Bit1 Bit 0 SG  

0 
0 
1            
1 

0 
1 
0 
1 

SG1 
SG2 
SG3 
SG4 

2   PLC  
PLC—>Drive OUTSIP  

 

 
Drive—>PLC INSIP  

 
 

 

 
3.7.3  

 
   

MD36951 $MA_SAFE_VELO_SWITCH_DELAY SBH/SG  0.1 s 
MD36931[0] $MA_SAFE_VELO_LIMIT SG1 2000mm/min 
MD36931[1] $MA_SAFE_VELO_LIMIT SG2 2000mm/min 
MD36931[2] $MA_SAFE_VELO_LIMIT SG3 2000mm/min 
MD36931[3] $MA_SAFE_VELO_LIMIT SG4 2000mm/min 
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MD36961 $MA_SAFE_VELO_STOP_MODE 

 
5  
0 Stop A 
1 Stop B 
2 Stop C 
3 Stop D 

5 

MD36963[0…3] 
 $MA_SAFE_VELO_STOP_REACTION 
 
 [0]...[3] SG1…SG4  

0 Stop A 
1 Stop B 
2 Stop C 
3 Stop D 
4 Stop E 

2 

MD36933 $MA_SFAE_DES_VELO_LIMIT  0 
 

 
MD36951 SBH SG  

3.7.4  

 
 

  
t1 MD10061 
t2 MD10091 
t3  
t4 1*    < 1.5*  + 1*  

t5 2*    < 2.5*  + 1*  

t6 
    

STOP A     2ms          < 3*  + 8ms 

STOP B/C   2*    < 2*     
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STOP D/E:   2*    < 2*  + 2*  
t7 SH  

3.8 SBH/SG /eSTOPs  
STOP C/D/E SBH OUTSI/OUTSIP SBH/SG  

SG STOP D SBH
OUTSI/OUTSIP SG SBH  

3.9 N<nx  
3.9.1  

 
3.9.2 n<nx  

1  NC  
Drive—>NC INSI  

   

MD36985  
$MA_SAFE_VELO_X_STATUS_OUTPUT 

N<nx

 

0401xxxx
$A_INSI 

=1  
=0  

2  PLC  
Drive—>PLC INSIP  

 

 
3.9.3  

   
MD36945 $MA_SAFE_VELO_X_FILTER_TIME  0s 
MD36946 $MA_SAFE_VELO_X  20mm/min 
MD36947 $MA_SAFE_VELO_X_HYSTERESIS  10mm/min 

 

 
MD36946. MD36901 Bit16=1  

3.9.4  
 = 1*  1*MD10071 + 2* 2*MD10091  

3.10 SE  
3.10.1  

SE safe software limit switch  
SE1 SE2  
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 SE MD36901 Bit1=1  
 OEM  
 SE  

3.10.2 SE  
1  NC  

NC—>Drive OUTSI  
   

MD36973  
$MA_SAFE_POS_SELECT_INPUT 

SE  
 

0 SE1  
80000000 SE2  
0401xxxx $A_OUTSI  

=0 SE1 
=1 SE2 

2  PLC  
PLC—>Drive OUTSIP  

 

 
3.10.3  

 
   

MD36962 $MA_SAFE_POS_STOP_MODE 
2 Stop C 
3 Stop D 
4 Stop E 

2 

MD36934[0] $MA_SAFE_POS_LIMIT_PLUS SE1  100000mm 

MD36934[1] $MA_SAFE_POS_LIMIT_PLUS SE2  100000mm 

MD36935[0] $MA_SAFE_POS_LIMIT_MINUS SE1  -100000mm 

MD36935[1] $MA_SAFE_POS_LIMIT_MINUS SE2  -100000mm 

MD36944 $MA_SAFE_REFP_POS_TOL 
 

0.01 mm 

MD36962  
3.10.4  

2  
1   
2  SE  

3.10.5  
OEM  

1  201797  

 
2   
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3  STOP A/B  

  
  

   
3.11 SN  
3.11.1  

SN Safety software cams safety cam track 4  
 

 SN MD36901 Bit8~15=1  
 OEM  

3.11.2 SN  
1  NC  

NC—>Drive OUTSI  
   

MD36988[0..3]  
$MA_SAFE_CAM_PLUS_OUTPUT  0401xxxx $A_INSI 

MD36989[0..3]  
$MA_SAFE_CAM_MINUS_OUTPUT  0401xxxx $A_INSI 

2  PLC  
Drive—>PLC INSIP  

 

 
3.11.3  

 
   

MD 36936[0..3] $MA_SAFE_CAM_POS_PLUS   10mm 

MD 36937[0..3] $MA_SAFE_CAM_POS_MINUS   -10mm 

MD 36940 $MA_SAFE_CAM_TOL  0.1mm 
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  NC     PLC DB3x.DBB109  

3.12  
3.12.1  

NC CU control unit
 

 
NC CU  

NC 2 CU  
3.12.2  

1   
NC CU  

 
 ...  
 ...  

2   
1Vpp EnDat  

3  NC  
NC—>Drive OUTSI  

   
MD36974[0..2] $MA_SAFE_GEAR_SELECT_INPUT  8  

4  PLC  
PLC—>Drive OUTSIP  

 

 
3.12.3  

1   

   
MD36949 $MA_SAFE_SLIP_VELO_TOL 1 2  6 mm/min 
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2  NC  
NC   

MD36902 $MA_SAFE_IS_ROT_AX 
 

1  
0  

p9502 SI Motion axis type (CU) 

MD36905 $MA_SAFE_MODULO_RANGE 
 

=0  
 

MD36906 $MA_SAFE_CTRLOUT_MODULE_NR 
  

MD36912 $MA_SAFE_ENC_INPUT_NR 
 

=1  
 

MD36914 $MA_SAFE_SINGLE_ENC 
1 /  
1 1  
0 2  

p9514 SI motion absolute encoder linear measuring 
steps (CU) 

MD36916 $MA_SAFE_ENC_IS_LINEAR 
 

1  
0  

p9516 SI motion, motor encoder configuation 
Bit0 =1 Linear  
           =0 Rotary  
Bit1 =1  
           =0  

MD36917 $MA_SAFE_ENC_GRID_POINT_DIST 
 

p9517 SI Motion linear scale grid division (CU) 
=10000 nm  

MD36918 $MA_SAFE_ENC_RESOL 
 

=2048  

p9518 SI Motion encoder pulses per revolution  (CU) 
=2048  

MD36919 $MA_SAFE_END_PULSE_SHIFT 
 

=11  

p9519 SI motion fine resolution G1_XIST1 (CU) 
=11 211=2048  

MD36920 $MA_SAFE_ENC_GEAR_PITCH 
 

=10  

p9520 SI Motion spindle pitch (control unit) 
=10  

MD36921 $MA_SAFE_ENC_GEAR_DENOM[0..7] 
 

=1  

p9521[0..7] SI Motion gearbox encoder/load 
denominator  (CU) 
=1  

MD36922 $MA_SAFE_ENC_GEAR_NUMERA[0..7] 
 

=1  

p9522[0..7] SI Motion gearbox encoder/load 
numerator (CU) 
=1  

SI  
3.12.4  

1  NC CU  
 MD36914 $MA_SAFE_SINGLE_ENC =1 
 NC  

  
p9516 Bit1=1. 

2  NC 2 CU 1  
 2  

MD36901 $MA_SAFE_FUNCTION_ENABLE  Bit3=1  
 2  

MD36914 $MA_SAFE_SINGLE_ENC =0  
 NC  
 CU  

CU 1  



840Dsl  

 3-17 

SI  
 1 2  

MD36949 $MA_SAFE_SLIP_VELO_TOL 
3.13 SBC  

SBC Safe Brake Control  

 - -  
 p9602 = 1 
 p9802 = 1 

  
1   

MD 37000: $MA_FIXED_STOP_MODE Bit1=1 

 
2   

MD 37030 $MA_FIXED_STOP_THRESHOLD = 2mm  
3  20096  

MD 11411 ENABLE_ALARM_MASK Bit5=1 
4   

MD 36968 $MA_SAFE_BRAKETEST_CONTROL Bit0 = 1 
Bit0  

=1  
=0 p1532  

Bit1  
=0  
=1 PLC  

5   
MD 36966 $MA_SAFE_BRAKETEST_TORQUE 

  
MD 36966  = (r1509/ p2003) * 100 *1.3 

 
p2003 = 2.81NM 
MD36966 = ((0.25/2.81)*100)*1.3 = 23% 

r80 = p2003*MD36966 = 0.64NM <  
 

p2003 Peference torque  
r1509 Force setpoint before froce limiting  

0.25NM  
 

Motor Type Brake Holding Torque  (Nm) 
1FK701_ 0.4 
1FK702_ 1 
1FK703_ 1.9 
1FK704_ 4 
1FK706_ 13 
1FK708_ 22 
1FK7100 23 
1FK7101\FK71031\1FK7105 43 

6   
MD 36967 $MA_SAFE_BRAKETEST_POS_TOL 
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3.14 SBH/SG  
3.14.1  

SBH SG SBH/SG  
MD36933 SBH/SG  

3.14.2  
   

MD 36933 $MA_SAFE_DES_VELO_LIMIT[0..3]   

0% 

=0  

>0  

 
SBH  = 0 
SG  = SG *MD36933 

DB3x.DBX34.0…1  
DBX34.1 DBX34.0 MD35933  

0 0 0 
0 1 1 
1 0 2 
1  1 3 

3.15 SBH/SG  StopA/B/C/D  
SBH/SG  StopA/B/C/D  

 
SG2 SBH SG2

 
Trace SBH  

  
SG SBH 1s 0.2s MD36951 
$MA_SAFE_VELO_SWITCH_DELAY 0.2s SBH
StopA/B  

 
 StopC/D SBH  
 StopB SH  
 SG SBH  

3.16  
1  SBH SG

 
2  SBH SG STOP A/C/D/E  

1  
 STOP A  
 SG

STOP A/B  
2 STOP A + SG  

3  STOP A/B  
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4  SBH SG  
5  STOP C —> STOP A  

3.17  
 

1   
2  SBT  
3   
4   
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4  
4.1  

 
NC PLC  

SE SI  
 “E PLC NC  
 “I NC PLC  

 
Sinumerik  

  IO   

Safety-Related sensors  
… 

INSE Profisafe  
NC  

Safety-related actuators 
 

 
… 

OUTSE Profisafe  
NC  

NCK control MM NC  OUTSI  
PLC CU control MM PLC  OUTSIP PLC  
MM Status to NC  to NC INSI  
MM Status to PLC  to PLC INSIP PLC  

 IO—>NC NC PLC IO  PLCSIIN 
PLC  

 IO—>PLC PLC PLC IO  PLCSIINP 
NC—> PLC   NC IO  PLCSIOUT NC  

PLC PLC IO PLC—> PLC  PLNC IO  PLCSIOUTP 
 

INSE  Profisafe  
OUTSE Profisafe  
OUTSI NC OUTSIP PLC  
INSI NC INSIP PLC  
PLCSIIN PLCSIINP PLC SI … NC PLC

 
PLCSIOUT PLCSIOUT SI IO … NC PLC  

4.2  
   

MD 10050  $MN_SYSCLOCK_TIME  0.002 ms 

MD 10090  $MN_SAFETY_SYSCLOCK_TIME_RATIO 
 

 
6 

MD 10091  $MN_INFO_SAFETY _CYCLE_TIME  0.012 ms 
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MD 10092 $MN_INFO_CROSSCHECK_CYCLE_TIME 
 

 
s  

……  
 = 2 x PLC cycle time (maximum cycle) + 1 x IPO cycle time 

4.3 Profisafe  
4.3.1 Profisafe  

Profisafe IO IEC 61784 IO /  

   

IM 151
HI GH  FEATU R E

6E S7 151-
1B A02-0AB 0

PM-E
D C24V

6E S7 138-
4C A01-0AA0

P15S23-A0

6E S7 193-

4C D20-0AA0

4/8 F-D I   DC 24V
PR OF Isafe

6E S7 138-4FA04-0A B0

E30S46-A1

4/8 F-D I   DC24V
PR OF Isafe

6E S7 138-4F A04-0A B0

E30S46-A1

4 F-DO D C24V /2A
PROFIs afe

6ES7 138-4F B03-0A B0

E30S46-A1

4 F-DO D C24V /2A
PROFIs afe

6ES7 138-4F B03-0A B0

E30S46-A1
 

          
ET200S Profisafe  

 
  

6ES7138-4CA01-0AA0 PM-E DC 24V power module for electronic modules, with diagn. 
6ES7138-4FA03-0AB0 Electronic module, 4/8F-DI, DC 24V, PROFIsafe (1 pc.) 
6ES7138-4FB03-0AB0 Electronic module, 4F-DO, DC 24V/2A, PROFIsafe (1 pc.) 
6ES7151-1BA01-0AB0 IM 151 high-feature for conn. of ET200S to PROFIBUS DP 
6ES7193-4CD20-0AA0 Terminal module for AUX1 supply; screw connection 
6ES7193-4CF40-0AA0 Terminal module for electron.mod.30mm; screw term.; AUX1 

ET200S high-feature   
4.3.2  

IO 2+1
 

1  Profisafe  
Profisafe  
Profisafe  AK/SIL/Category 6/3/3  
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2  Profisafe  

Profisafe  
Profisafe  AK4/SIL2/Category3  
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4.3.3 IO PLC  

PLC  
1  DP 2ms  

 

 
DP “Activate constant bus cycle time” 
 Contant DP Cycle = 2ms MD10061 $MN_POSCTRL_CYCLE_TIME  

 
2  ET200S IO  
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IO IO  

NCU720.2 >256kb NCU730.2>512kb NCU7x0.3<1024kb  
3   

 
 

4   

 
 

   
Activated   
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Sensor supply 
Internal  
External  

Evaluation of the sensor 
1oo2 evaluation 2-channel  
1oo1 evaluation 1- channel  

Type of sensor interconnertion 
2 channel equivalent  
2 channel non-equivalent +  

Behavior at discrepancy 
Supply last valid value  
0-Supply value =0 

Discrepancy time ms  10  

Reintegration after discrepancy 
Test 0-Signal not necessary  
Test 0-Signal necessary  

Behavior at discrepancy 0-Supply value 0  
Reintegration after discrepancy Test 0-Signal necessary 0  

5   

 
 

   
Activated   
Read-back time 1ms  
Diagnostics: wire break Yes  

4.4  
Profisafe clock cycle NC PLC Profisafe PLC

OB40  
12ms<Profisafe clock time<25ms DP  

   
MD 10070  $MN_IPO_SYSCLOCK_TIME_RATIO  1 
MD 10071  $MN_IPO_CYCLE_TIME  s  
MD 10098  $MN_PROFISAFE_IPO_TIME_RATIO Profisafe  1 
MD 10099  $MN_INFO_PROFISAFE_CYCLE_TIME Profisafe  s  

MD10071 MD10070  
MD10098 Profisafe 1 Profisafe

OB40 PLC CPU PLC
PLC Profisafe  
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PLC STEP7 PLC317. Scan Cycle Time PLC

 
4.5 Profisafe  

NC INSE OUTSE PLC INSEP OUTSEP  
4.5.1 Profisafe  

 
   

MD10385 $MN_PROFISAFE_MASTER_ADDRESS Profisafe  0H 
a00bbbb 

a =5 PLC IO 
bbbb Porfisafe  

 
4.5.2 Profisafe NC  

Profisafe IO NC $A_INSE/$A_OUTSE PLC INSEP/OUTSEP 
2v2 1v1  

     
 

Profisafe 2002 
MD10385=50007D2H 
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Profisafe /  

   
MD10386[0…15] $MN_PROFISAFE_IN_ADDRESS Profisafe IO  0H 
MD13300[0…15] $MN_PROFISAFE_IN_FILTER  FFFFFFFFH 

MD10388[0…15] $MN_PROFISAFE_IN_ASSIGN $A_INSI  
 

0 

MD13308[0…15] $MN_PROFISAFE_IN_NAME   
MD10387[0…15] $MN_PROFISAFE_OUT_ADDRESS Profisafe IO  0H 
MD13301[0…15] $MN_PROFISAFE_OUT_FILTER  FFFFFFFFH 

MD10389[0…15] $MN_PROFISAFE_OUT_ASSIGN $A_OUTSI  
 

0 

MD13309[0…15] $MN_PROFISAFE_OUT_NAME   
 

Profisafe  
  --   200 = C8H  
NC  
  $A_INSE[1]…$A_INSE[4] 

 
--   MD10386 $MN_PROFISAFE_IN_ADDRESS [0] = 05 00 00C8 
--   MD13300 $MN_PROFISAFE_IN_FILTER [0]          = FFFF FFFF 
--   MD10388 $MN_PROFISAFE_IN_ASSIGN [0]         = 004 001 
--   MD 13308 $MN_PROFISAFE_IN_NAME [0]          = PS_IN_5 

IO 4 NC $A_INSE[1]…$A_INSE[4]4  
4.5.3 INSE/OUTSE  

SPL 4.6.5  

—> —>  

 
NCK INSE  

27254 profisafe  
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4.6 INSI/OUTSI/INSIP/OUTSIP  

NC $A_INSI[n]/$A_OUTSI[n] INSI/OUTSI PLC DB18
INSIP/OUTSIP NC PLC PLC  

4.6.1 OUTSI/OUTSIP  
OUTSI 3 840Dsl  

   
MD36970   $MA_SAFE_SVSS_DISABLE_INPUT           SBH/SG  0H 
MD36971   $MA_SAFE_SS_DISABLE_INPUT  SBH  0H 
MD36972[0]   $MA_SAFE_VELO_SELECT_INPUT SG Bit0 0H 
MD36972[1]   $MA_SAFE_VELO_SELECT_INPUT SG Bit1 0H 
MD36973   $MA_SAFE_POS_SELECT_INPUT  SE  0H 
MD36974[0]  $MA_SAFE_GEAR_SELECT_INPUT gearbox       0H 
MD36974[1]  $MA_SAFE_GEAR_SELECT_INPUT gearbox        0H 
MD36974[2]  $MA_SAFE_GEAR_SELECT_INPUT gearbox        0H 
MD36974[3]  $MA_SAFE_GEAR_SELECT_INPUT gearbox       0H 
MD36977[0]   $MA_SAFE_EXT_STOP_INPUT  STOP A/B 0H 
MD36977[1]   $MA_SAFE_EXT_STOP_INPUT  STOP C 0H 
MD36977[2]   $MA_SAFE_EXT_STOP_INPUT  STOP D 0H 
MD36977[3]   $MA_SAFE_EXT_STOP_INPUT  STOP E 0H 
MD36978[0]   $MA_SAFE_OVR_INPUT SG Ovr Bit0  0H 
MD36978[1]   $MA_SAFE_OVR_INPUT SG Ovr Bit1 0H 
MD36978[2]   $MA_SAFE_OVR_INPUT SG Ovr Bit2 0H 
MD36978[3]   $MA_SAFE_OVR_INPUT SG Ovr Bit3 0H 

abbccddee  8 16  

a 0  
8 1 

bb 04  

cc 01 $A_OUTSI  
02 $A_INSE  

dd 01 32  
02 32  

ee  
OUTSI  
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NC OUTSI PLC OUTSIP NC PLC
OUTSIP NC PLC  
1  STOP E 1 STOP E  

NC  
MD36977[3] = 800000000H 

PLC  
SET 
= DB3x.DBX32.5   // STOP E 

2 $A_OUTSI[1] STOP A 
NC  

MD36977[0] = 04010101H 
PLC  

A DB18.DBX62.0   //PLC OUTSIP[1] 
= DB3x.DBX32.5 

4.6.2 INSI/INSIP  
INSI PLC INSIP INSI  

   
MD36980   $MA_SAFE_SVSS_STATUS_OUTPUT         SBH/SG 0H 
MD36981   $MA_SAFE_SS_STATUS_OUTPUT  SBH 0H 
MD36982[0]   $MA_SAFE_VELO_STATUS_OUTPUT  SG Bit0 0H 
MD36982[1]   $MA_SAFE_VELO_STATUS_OUTPUT  SG Bit1 0H 
MD36985   $MA_SAFE_VELO_X_STATUS_OUTPUT       n<nx  0H 
MD36987   $MA_SAFE_REFP_STATUS_OUTPUT         Safely Ref 0H 
MD36988[0]   $MA_SAFE_CAM_PLUS_OUTPUT SN1+  0H 
MD36988[1]   $MA_SAFE_CAM_PLUS_OUTPUT SN2+  0H 
MD36988[2]   $MA_SAFE_CAM_PLUS_OUTPUT SN3+  0H 
MD36988[3]   $MA_SAFE_CAM_PLUS_OUTPUT SN4+  0H 
MD36989[0]   $MA_SAFE_CAM_MINUS_OUTPUT SN1-  0H 
MD36989[1]   $MA_SAFE_CAM_MINUS_OUTPUT SN2-  0H 
MD36989[2]   $MA_SAFE_CAM_MINUS_OUTPUT SN3-  0H 
MD36989[3]   $MA_SAFE_CAM_MINUS_OUTPUT SN4-  0H 
MD36990[0]   $MA_SAFE_ACT_STOP_OUTPUT STOP A/B 0H 
MD36990[1]   $MA_SAFE_ACT_STOP_OUTPUT STOP C 0H 
MD36990[2]   $MA_SAFE_ACT_STOP_OUTPUT STOP D 0H 
MD36990[3]   $MA_SAFE_ACT_STOP_OUTPUT STOP E 0H 

4.5.1 
INSI  
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1 $A_INSI[1]  

NC  
MD36985 = 04010101H 

PLC  
A DB3x.DBX110.5   // N<nx  
= DB18.DBX54.0   //INSIP[1] 

4.7 PLCSIIN/PLCSIINP/PLCSIOUT/PLCSIOUTP  
PLC  

4.7.1 PLCSIIN/PLCINSIP  
PLC NC $A_PLCSIIN  

I3.7 SI  
PLC  

A I3.7 
= DB18.DBX132.0   //PLCSIIN[1]  

NC $A_PLCSIIN[1] I3.7=1 NC $A_PLCSIIN[1]=1. 
4.7.2 PLCSIOUT/PLCSIOUTP  

NC PLC NC PLC SI  
MARKERSI[1] PLC Q5.5 

NC  
IDS=10 DO PLCSIOUT[1] = MARKERSI[1] 

PLC  
A DB18.DBX128.0   //PLCSIOUT[1]  
= Q5.5 

4.8 MARKERSI/MAKERSIP  
64  

NC $A_MARKERSI[1…64] PLC DB18.DBX110.0…DBX114.7 64  
4.9 TIMERSI/Txx  

NC 16  
4.9.1  

$A_TIMERSI[n]=0   
$A_TIMERSI[n]=-1  
NC  

4.9.2  
2s  
NC  

DEFINE SI_Timer1 AS $A_TIMERSI[1] 
IDS=10 WHENEVER MI_Door_Open_Req == 0 DO SI_Timer1 = -1 MI_STOPD_Sp_OpenDoorReq = 0 
IDS=20 EVERY MI_Door_Open_Req == 1 DO SI_Timer1 = 0 
IDS=30 EVERY (SI_Timer1 >=2) DO SI_Timer1 = 0 SI_Timer1 = -1 MI_STOPD_Sp_OpenDoorReq = 1 

 
MI_Door_Open_Req  SI_Timer1 MI_STOPD_Sp_OpenDoorReq 2s
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PLC  
A      MI_Door_Open_Req 
L      S5T#2S 
SD     T     20 
A      T     20 
=      #MI_STOPD_Sp_OpenDoorReq 

4.10 SIRELAY/FB10  
16 NC SIRELAY PLC FB10

 
4.10.1 NC SIRELAY  

1   

 
1  

 Q1  
 Q2  
 TM1  
 E1 1  
 E2 2  
 E3 3  

2  
 A0 0 
 A1 T1 0 
 A2 T2 0 
 A3 T3 0 

3  
 T1…T3 s  

2   
E1~E3 1 A0~A3 0 Q1 1. 

E1~E3 0 A0 0 A1~A3 0. 
3  NC  

4  
1 SIRELIN 

SIRELIN No. tmpInt “Q1 “Q2 “E1 “E2  
 No  
 tmpInt  
 Q1...E2  

2 SIRELOUT 
SIRELOUT No. tmpInt “A0 “A1 “A2 “A3  

 No  
 tmpInt  
 Q1...E2  
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3 SIRELTIME 
SIRELTIME No. tmpInt TM1 time1 time2 time3  

 No  
 tmpInt  
 TM1  
 time1...time3  

4  
tmpSi = SIRELAY No  

 No  
 tmpSi  

DO SIRELAY tmpSi MARKER  
 

 

 
5  SIRELAY  

SIRELAY MARKERSI  
4   

; ==========SI Relay=============================== 
; Define SI relay variable 
DEF INT R_IN, R_OUT, R_TIMER 
DEFINE R_ST AS $AC_MARKER[1] 
; SPL: EMG and EMG_ACK============================= 
IDS=80 DO M_E1=IE_POWERON AND IE_EMG1 
IDS=81 DO M_E2=IE_POWERON AND IE_EMG2 
IDS=82 DO M_Q1=IE_POWERON AND IE_EMG_ACK 
;Setting  SIRelay 
SIRELIN(1,R_IN,"M_Q1","M_Q2","M_E1","M_E2") 
SIRELOUT(1,R_OUT,"M_A0","M_A1","M_A2","M_A3") 
SIRELTIME(1,R_TIMER,0.3,3,5,8) 
;Run SIRelay 
IDS=83 DO R_ST=SIRELAY(1) 
R1=R_ST     //  

4.10.2 PLC  FB10  
FB10  
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SIRELAY  

FirstRun  
 

      CALL  "SI_Relais" , DB300 
       In1        :="SPL".SPL_DATA.M_E1 
       In2        :="SPL".SPL_DATA.M_E2 
       In3        := 
       Quit1      :="SPL".SPL_DATA.M_Q1 
       Quit2      :="SPL".SPL_DATA.M_Q2 
       TimeValue1 :=T#3S 
       TimeValue2 :=T#5S 
       TimeValue3 :=T#8S 
       Out0       :="SPL".SPL_DATA.M_A0 
       Out1       :="SPL".SPL_DATA.M_A1 
       Out2       :="SPL".SPL_DATA.M_A2 
       Out3       :="SPL".SPL_DATA.M_A3 
       FirstRun   :="NC".E_FirstOB1  //DB10.DBX104.6 

 
FB10 FirstRun  

4.10.3  
NC SIRELAY PLC FB10  

4.11 NC PLC  
NCK  PLC  PLC  DB18   

 
$A_INSE[1…64] INSEP[1…64] DBX38.0...DBX45.7  
$A_OUTSE[1…64] OUTSEP[1…64] DBX46.0...DBX53.7  

 

$A_INSI[1…64] INSIP[1…64] DBX54.0...DBX61.7 Drive ->NC 
$A_OUTSI[1…64] OUTSIP[1…64] DBX62.0...DBX69.7 NC->Drive  

Markers timers  
$A_MARKERSI[1…64] MARKERSIP[1…64] DBX110.0...DBX114.7  

$A_TIMERSI[1…16]  FB10  

NC->PLC 

$A_PLCSIOUT[1…32] PLCSIOUTP[1…32] DBX128.0…DBX131.7  

PLC->NC 
$A_PLCSIIN[1…32] PLCSIINP[1…32] DBX132.0…DBX135.7  
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5 SPL  
SPL Safety Programming Logic NC PLC CPU

 
5.1 SPL NC-PLC SPL CDC  

 
 

 
 
 
 

 
NC-SPL  
PLC-SPL PLC  

5.2 NC-SPL 
NC SPL  

5.2.1 NC-SPL  
 INSE/OUTSE/INSI/OUTSI  
 IDS  

 MD 28251  $MC_MM_NUM_SAFE_SYNC_ELEMENTS  
4 $AC_SAFE_SYNA_MEM

 
        SI-Basic 500  
        SI-Comfort 5000  

  
 
 
Drive 
Control 

 
PLC IO 

 
PLC    SPL 

 
NC    SPL 

 
 
 
Profisafe

 

 
NC  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     NC  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     DB18  

INSE 

OUTSE INSI 

MARKERSI 

INSEP 

OUTSEP

OUTSI 

OUTSIP 

INSIP 

PLCSIIN 

PLCSIOUT 

PLCSIINP 

PLCSIOUTP 
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 SAFE.SPF  
 MD20108 $MC_PROG_EVENT_MASK, Bit 5=1 SAFE.SPF  

 
 MD11602 $MN_ASUP_START_MASK Bit1=1 

 
5.2.2 NC-SPL  

 
 

 
; ==========SPL_SBH/SG================================ 
IDS=60 DO OI_SBH_SG=0 
 
; ==========SPL_Door closed_SG1====================== 
IDS=61 WHENEVER IE_DOOR_CLOSE==1 DO OI_SG=1 OI_SG_Bit0=0 OI_SG_Bit1=0 

 
 DO IDS=60. 
 WHENEVER WHEN FROM EVERY IDS=61. 

5.2.3  
WHENEVER FROM WHEN EVERY  

 

 
5.2.4 SAFE.SPF  

1   
MD10095 $MN_SFAE_MODE_MASK Bit2=1  

 

 

WHENEVER  

FROM 

WHEN 

EVERY 



SPL  
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2  MD20108 $MC_PROG_EVENT_MASK Bit5=0 SAFE.SPF  
3  MDA SAFE.SPF  
4  MD10095 Bit2=0 MD20108 Bit5=1. 

5.3 PLC-SPL 
PLC SPL PLC PLC SPL NC SPL

 
5.3.1 PLC-SPL  

PLC NC-SPL DB18.DBX137.5 NC-SPL PLC-SPL 
PLC  
DB18 SPL  

PLC    
DB18.DBX136.0 SPL_STATUS[1] NCK--SPL interfaces parameterized 
DB18.DBX136.1 SPL_STATUS[2] NCK--SPL program file exists 
DB18.DBX136.2 SPL_STATUS[3] NCK waits for the PLC to boot 
DB18.DBX136.3 SPL_STATUS[4] NCK and PLC in cyclic operation 
DB18.DBX136.4 SPL_STATUS[5] Call FB4 processing for SPL 
DB18.DBX136.5 SPL_STATUS[6] Exit FB4 processing for SPL 
DB18.DBX136.6 SPL_STATUS[7] Call FC9 processing for SPL 
DB18.DBX136.7 SPL_STATUS[8] Exit FC9 processing for SPL 
DB18.DBX137.0 SPL_STATUS[9] SPL start implemented using PROG_EVENT mechanism 
DB18.DBX137.1 SPL_STATUS[10] Crosswise data comparison started, NCK 
DB18.DBX137.2 SPL_STATUS[11] Crosswise data comparison started, PLC 
DB18.DBX137.3 SPL_STATUS[12] NCK--SPL checksum checking active 
DB18.DBX137.4 SPL_STATUS[13] All SPL protective mechanisms active 
DB18.DBX137.5 SPL_STATUS[14] End of SPL program reached 
DB18.DBX137.6 SPL_STATUS[15] SPL start via Safety--PowerOn 
DB18.DBX137.7 SPL_STATUS[16] Not connected 

5.3.2 PLC-SPL  

 
 

 
 

 
 

 
 

 
 

 
// IDS=60_SPL: OUTSIP_SBH/SG process 
      SET    
      R     "SPL".SPL_DATA.OI_SBH_SG  DB18.DBX62.7  OUTSIP_08 
 
// IDS=61_SPL: OUTSIP_Door closed_SG1 
      A     "SPL".SPL_DATA.IE_DOOR_CLOSE DB18.DBX38.0  INSEP_01 
      S     "SPL".SPL_DATA.OI_SG   DB18.DBX63.0  OUTSIP_09 
      R     "SPL".SPL_DATA.OI_SG_Bit0  DB18.DBX63.1  OUTSIP_10 
      R     "SPL".SPL_DATA.OI_SG_Bit01  DB18.DBX63.2  OUTSIP_11 

5.4 NC-SPL PLC-SPL  
PLC LAD  PLC STL

 
NC  

End 
 

PLCSIOUTP DB18—>PLC I/O
OUTSIP DB18—>  

PLC-SPL SI  

PLC-SPL  
DB18.DBX137.5 
 

PLCSIINP PLC I/O—>DB18  
INSIP —>DB18  
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A I1.0 

A I1.1 

= Q4.0 
IDS=10 DO OUT4 = IN1 AND IN2 

 

O I1.0 

O I1.1 

= Q4.0 
IDS=20 DO OUT4 = IN1 OR IN2 

 

ON I1.0 

O  I1.1 

=  Q4.0 
IDS=30 DO OUT4 = NOT IN1 OR IN2 

A I1.0 

A I1.1 

NOT 

= Q4.0 
IDS=40 DO OUT4 = NOT IN1 AND IN2  

 

X I1.0 

X I1.1 

= Q4.0 
IDS=50 DO OUT4 = IN1 XOR IN2 

 

A #IN1 

S #OUT4 

A #IN2 

R #OUT4 

IDS=80 EVERY IN1==1 AND IN2==0 DO OUT4=1 

IDS=81 WHENEVEY IN2 == 1 DO OUT4 = 0 

 

IDS=82 DO OUT4 = IN1 OR OUT4 AND NOT IN2 

 

A #IN1 

R #OUT4 

A #IN2 

S #OUT4 

IDS=80 EVERY IN2==1 AND IN1==0 DO OUT4=1 

IDS=81 WHENEVEY IN1==1 DO OUT4=1 

 

IDS=82 DO OUT4 = IN1 OR (OUT4 AND NOT IN2) 

5.5 SPL  
5.5.1 NC-SPL  

IDS  
 

   
MD11500[0] $MN_PREVENT_SYNACT_LOCK ID  0 
MD11500[1] $MN_PREVENT_SYNACT_LOCK ID  0 

SPL 27095 “NCK-SPL  
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SAFE.spf  

 
5.5.2 PLC-SPL  

PLC  DB18.DBX36.0 = 1  

 
SAFE.Spf 27093“Checksum error NCK--

SPL, %1, %2, %3  
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6  
8  

3  
  
  
  

6.1 SBT Safe Brake Test  
 

 
6.1.1  

  
  
 100% 

6.1.2  
r80 MD36966  

FB11  
1  FB11  

CALL  #_FB11                            //Brake test module 
       Start           :=#FB11_Start        //Start brake test 
       Quit            :=#ack                    //Acknowledge error with reset key 
       Bclosed         :=#BrakeState         //Feedback signal brake not open DBX92.5 
       Axis            :=#AxisNo              //Axis number of axis to be tested, Z axis 
       TimerNo         :=#TimerNo            //Timer number 
       TV_BTactiv      :=S5T#200MS        //Monitoring time value: Brake test active DBX71.0 
       TV_Bclose       :=S5T#1S 
       TV_FeedCommand :=S5T#1S 
       TV_FXSreached   :=S5T#1S 
       TV_FXShold      :=S5T#2S 
       CloseBrake      :=#CloseBrake 
       MoveAxis        :=#MoveAxis 
       Done            :=#FB11_Done 
       Error           :=#FB11_Error 
       State           :=#FB11_State 
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2  FB11  

 
3  PLC  

FB80  
      CALL  "BreakTest" , DB80 
       SBT_Start:=I7.7 
       quit     :=I3.7 
       condition:=TRUE 
       AxisNo   :=3 
       TimerNo  :=T22 

4  FB11  

 
6.1.3  

 

TV_BTactiv SBT  

Start I  

ClosedBrake O  

TV_FeedCommand  MoveAxis O  

BClosed I  TV_Bclose  

Done O  TV_Bclose  

TV_FXShold  r80 
 

p1532 
 

MD36966 
 

TV_FXSreached  
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6.2  
6.2.1  

 

 

 
 

 

 
 

   
MD36957 $MA_SAFE_PULSE_DIS_CHECK_TIME  0.2s 
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6.2.2  

 
 

 
6.3  
6.3.1  

 

 

 
 

 

 

N 

N 

Y 

Y 

  
qidong 

 
DB3x.DBX93.7=1 
? 

DB3x.DBX23.7 = 1 

? 
DB3x.DBX108.2=1 

DB3x.DBX23.7 = 0 
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6.3.2  

 
 

 
6.3.3 PLC  

PLC FC79  
1  STOP E  

3 8 PLC  
 STOP E  

//StopE     S      [AR2,P#1.2] 
//          S     #Test_StopE  
 
// StopE   S      [AR2,P#0.2] 
      S     #NC_TST_StopD 

 STOP E  
//StopE     S      [AR2,P#1.2] 
         S     #Test_StopE  
 
// StopE   S      [AR2,P#0.2] 
//      S     #NC_TST_StopD 

2  FC79  
FC79 PLC FC510  

      CALL  FC    79 
       start        :=I7.4 
       reset        :=I3.7 
       num_axis     :=1 
       test_axis_1  :=1 
       test_axis_2  :=0 
       test_axis_3  :=0 
       test_axis_4  :=0 
       test_axis_5  :=0 

DB3x.DBX32.4 = 1 
DB3x.DBX32.3 = 1 
DB3x.DBX32.2 = 1 

N 

N 

Y 

Y 

  
qidong 

 
DB3x.DBX93.7=1 
? 

PLC STOP D/C/A 
DB3x.DBX32.4 = 0 
DB3x.DBX32.3 = 0 
DB3x.DBX32.2 = 0 

? 
DB3x.DBX111.6=1 
DB3x.DBX111.5=1 
DB3x.DBX111.4=1 

 

Y 

N 

PLCSIIN PLC
NC STOP D/C/A 

$A_OUTSI[x] = 0  STOP D 
$A_OUTSI[x] = 0  STOP C 
$A_OUTSI[x] = 0  STOP A 
 

? 
DB3x.DBX111.6=1 
DB3x.DBX111.5=1 
DB3x.DBX111.4=1 

$A_OUTSI[x] = 1  STOP D 
$A_OUTSI[x] = 1  STOP C 
$A_OUTSI[x] = 1  STOP A 
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       test_axis_6  :=0 
       test_axis_7  :=0 
       test_axis_8  :=0 
       NC_TST_StopE :=M500.0 
       NC_TST_StopD :=M400.2 
       NC_TST_StopC :=M400.1 
       NC_TST_StopA :=M400.0 
       PLC_TST_StopE:=M500.1 
       PLC_TST_StopD:=M400.5 
       PLC_TST_StopC:=M400.4 
       PLC_TST_StopA:=M400.3 
       Done         :=Q7.7 
       AxisInStops  :=Q7.6 
       AxNumError   :=Q7.5 
       aux_dword    :=MD410 
 
      CALL  FC   510 
       NC_TST_STOPA :=M400.0 
       NC_TST_STOPC :=M400.1 
       NC_TST_STOPD :=M400.2 
       PLC_TST_STOPA:=M400.3 
       PLC_TST_STOPC:=M400.4 
       PLC_TST_STOPD:=M400.5 
       EMG_Ack      :=I3.7 
       ref          :=MW600 

3   
SinuCom NC  

 
SGE  
SGA  

PLC NC
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7  
7.1  

 

 
 

 
 

 
 

 
 

 
  

 
 

 
7.2  

 
 

 
   

 
SBH/SG  

EMG  
X/Y/Z  STOP D 2s >STOP A 
SP  2s >STOP C 2s >STOP A 

   STOP C 2s >STOP A 

  
X/Y/Z SG1 10m/min   
SP SG1 3000rpm   

 — — STOP D X/Y/Z 2s >STOP D SP  

 
— SP SG3 2rpm  STOP A 
Enable Key = off X/Y/Z SBH  
Enable Key = on X/Y/Z SG3 2m/min   

 
1   

 STOP D 2s STOP D 2s STOP A  
 STOP C 2s STOP A  

2   
 SG1  

3   
  
 STOP D 3s STOP D  
  

4   
  
 STOP A/SG3  
 SBH  
 SG3  

7.3  

 

SPL  

 

 

 

Profisafe IO  
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M63 4 SPL I/O 1  
M64 64 SPL I/O 1  
C70  

7.4  
7.4.1  

NC PLC  
NC PLC  

 
 INSE   IE_  
 OUTSE   OE_  
 INSI   II_  
 OUTSI   OI_  
 PLCSIIN  IP_  
 PLCSIOUT  OP_  
 MARKERSI  M_  

PLC NC SAFE.SPF  
1  PLC  

Toolbox UDT18 PLC  

 
DB18 UDT18 PLC UDT18  
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2  NC  

N10 PROC SAFE ;SBLOF DISPLOF 
;Automatic creat IDS Number 
N20 DEF INT IDSNR = 20 
N30 DEFINE  NEXT_IDS AS IDSNR = IDSNR+1 
; ========== Define INSE as IE =============== 
N40 DEFINE IE_EMG   AS  $A_INSE[1] 
N50 DEFINE IE_Door   AS  $A_INSE[2] 
N60 DEFINE IE_Enable_Key  AS  $A_INSE[3] 
N70 DEFINE IE_DoorOpenReq  AS  $A_INSE[4] 

3  NC PLC  
NC SAFE.SPF  PLC  

; === Group 1 SBH/SG=== 
N1180 IDS=IDSNR DO OI_SG_1 = IE_Door OR ( NOT IE_Door AND 
IE_Enable_Key)      ; FeedAxis 
N1190 NEXT_IDS 
 
 
 
; === Group 2 SBH/SG=== 
N1200 IDS=IDSNR DO OI_SG_2 = 1   ; SP 
N1210 NEXT_IDS 
 
; ===SG1..SG4=== 
N1220 IDS=IDSNR DO OI_SG_Bit0_1 = IE_Door OI_SG_Bit0_2 = 
IE_Door  
NEXT_IDS 

// Group 1 SBH/SG 
      A     "SPL".IE_Door 
      O      
      AN    "SPL".IE_Door 
      A     "SPL".IE_Enable_Key 
      =     "SPL".OI_SG_1 
 
// Group 2 SBH/SG 
      SET    
      =     "SPL".OI_SG_2 
 
// SG1..SG4 
      A     "SPL".IE_Door 
      =     "SPL".OI_SG_Bit0_1 
      =     "SPL".OI_SG_Bit0_2 

 
NC PLC  

7.4.2  
 

INSE\OUTSE 
 PLC NC 
IE_EMG INSEP_01 $A_INSE[1] 
IE_Door INSEP_02 $A_INSE[2] 
IE_Enable_Key INSEP_03 $A_INSE[3] 
IE_DoorOpenReq INSEP_04 $A_INSE[4] 
……  
INSI\OUTSI 
 PLC NC 
OI_StopA_1 OUTSIP_01 $A_OUTSI[1] 
OI_StopC_1 OUTSIP_02 $A_OUTSI[2] 
OI_StopD_1 OUTSIP_03 $A_OUTSI[3] 
OI_StopE_1 OUTSIP_04 $A_OUTSI[4] 
OI_SBH_SG_1 OUTSIP_05 $A_OUTSI[5] 
OI_SG_1 OUTSIP_06 $A_OUTSI[6] 
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OI_SG_Bit0_1 OUTSIP_07 $A_OUTSI[7] 
OI_SG_Bit1_1 OUTSIP_08 $A_OUTSI[8] 
OI_SE_1 OUTSIP_09 $A_OUTSI[9] 
……  
MARKERSI 
……  
PLCSIIN\PLCSIOUT 
……  

 
7.5  

3  
7.5.1 SPL 

SPL SPL SPL  
7.5.2 Profisafe  

1  PLC Profisafe  
2  Profisafe NC  
3   

7.5.3 SBH/SG+ ……  
N36901 $MA_SAFE_FUNCTION_ENABLE[x]=f43 

7.5.4  
 

 
N36971 $MA_SAFE_SS_DISABLE_INPUT[X]=4010106 
N36972 $MA_SAFE_VELO_SELECT_INPUT[0,X]=4010107 
N36973 $MA_SAFE_POS_SELECT_INPUT[X]=4010109 
N36977 $MA_SAFE_EXT_STOP_INPUT[0,X]=4010101 
N36977 $MA_SAFE_EXT_STOP_INPUT[1,X]=4010102 
N36977 $MA_SAFE_EXT_STOP_INPUT[2,X]=4010103 
N36977 $MA_SAFE_EXT_STOP_INPUT[3,X]=80000000 
….. 

7.5.5  
…… 

 
N36930 $MA_SAFE_STANDSTILL_TOL[AX1]=4  
N36931 $MA_SAFE_VELO_LIMIT[0,AX1]=500  
N36931 $MA_SAFE_VELO_LIMIT[1,AX1]=1000  
N36931 $MA_SAFE_VELO_LIMIT[3,AX1]=4000 
N36933 $MA_SAFE_DES_VELO_LIMIT[0,AX1]=90 
N36933 $MA_SAFE_DES_VELO_LIMIT[1,AX1]=90 
N36933 $MA_SAFE_DES_VELO_LIMIT[2,AX1]=90 
N36933 $MA_SAFE_DES_VELO_LIMIT[3,AX1]=90 
N36934 $MA_SAFE_POS_LIMIT_PLUS[0,AX1]=400 
N36934 $MA_SAFE_POS_LIMIT_PLUS[1,AX1]=410 
N36935 $MA_SAFE_POS_LIMIT_MINUS[0,AX1]=-400 
N36935 $MA_SAFE_POS_LIMIT_MINUS[1,AX1]=-410 
N36936 $MA_SAFE_CAM_POS_PLUS[0,AX1]=100  
N36936 $MA_SAFE_CAM_POS_PLUS[1,AX1]=200  
N36937 $MA_SAFE_CAM_POS_MINUS[0,AX1]=-100 
N36937 $MA_SAFE_CAM_POS_MINUS[1,AX1]=-200 
N36953 $MA_SAFE_STOP_SWITCH_TIME_D[AX1]=0.4  
…… 

7.6 SPL  
NC PLC  
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7.6.1 PLC  
 

 
7.6.2 NC  

SAFE.SPF NC  
7.6.3 NC PLC  

 

 
7.7 NC  

NC  
7.7.1 SI  

SI  

NC SAFE.SPF
DB18.DBX137.5 = 1? 

PLCSIIN PLC  
      A     #NC_TST_STOPA 
      =     "SPL".IP_TST_STOPA 
      ...... 
      A     #EMG_Ack 
      =     "SPL".IP_EMG_Ack 
      …… 

INSIP —>INSIP  
$A_INSI PLC  

N36985 $MA_SAFE_VELO_X_STATUS_OUTPUT[x]=H4010101  
      A     "X".E_n_nx 
      A     "Y".E_n_nx 
      A     "Z".E_n_nx 
      =     "SPL".II_Low_Speed    //INSIP_01  

 
SI  

INSIP OUTSIP—>  
$A_OUTSI PLC  

N36985 $MA_SAFE_VELO_X_STATUS_OUTPUT[AX1]=H4010101  
      A     "SPL".OI_StopA_1     //OUTSIP_01  
      =     "X".A_extStopA 
      =     "Y".A_extStopA 
      =     "Z".A_extStopA 
      =     "B".A_extStopA       

 

N 



 

 7-6

- -  

 
7.7.2 SI  

 

- -  

 
NCK  

7.7.3 SI  
 

SI NC  
7.8  

>  

7.8.1  

 

7.8.2  
 

 

SBH  

SG  
SV level SG 

 

 

 

SE  
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7.8.3  

 

7.8.4  
 

 
INSE/OUTSE….. 

NC
PLC  

 
DB3x.DBW22 
DB3x.DBW32 
 

 

 

 
DB3x.DBW108 
DB3x.DBW110 
…… 
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SN 4   
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8  
SiniCom NC  
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9  
9.1 Sinumerik  

Sinumerik  EN 61800-5-2  
    

Safe standstill STOP A  SH Safe Torque Off STO 
STOP B - Safe Stop 1 SS1 
STOP C - Safe Stop 2 SS2 
STOP D - Safe Stop 2 SS2 
STOP E - Safe Stop 2 SS2 
Safe acceleration monitoring SBR - - 
Safe Operating Stop SBH Safe Operating Stop SOS 

Safely reduced speed SG Safely-limited speed SLS 
Safety reduce speed –specific 

setpoint limiting 
- - - 

Safe software limit switch SE Safely-limited position SLS 
Safe Brake Management SBM - - 
Safe Brake Control SBC Safe Brake Control SBC 
Safe Brake Test SBT - - 
Safe software cam  safe cam track SN Safe cams SCA 
n<nx - Safe Speed Monitor SSM 
Safety-related I/O SEG/SGA 

F-DI/F-DO 
- - 

Safe Porgrammable Logic SPL - - 
Safe software relay - - - 

9.2 SI  

 

 
9.3 SI  
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9.4 DB18  

 

 
 



 

  9-3
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9.5 INSI/OUTSI  

  $A_OUTSI  
MD36970   $MA_SAFE_SVSS_DISABLE_INPUT           SBH/SG    
MD36971   $MA_SAFE_SS_DISABLE_INPUT  SBH    



 

  9-5

MD36972[0]   $MA_SAFE_VELO_SELECT_INPUT SG Bit0   
MD36972[1]   $MA_SAFE_VELO_SELECT_INPUT SG Bit1   
MD36973   $MA_SAFE_POS_SELECT_INPUT  SE    
MD36974[0]  $MA_SAFE_GEAR_SELECT_INPUT gearbox         
MD36974[1]  $MA_SAFE_GEAR_SELECT_INPUT gearbox          
MD36974[2]  $MA_SAFE_GEAR_SELECT_INPUT gearbox          
MD36974[3]  $MA_SAFE_GEAR_SELECT_INPUT gearbox         
MD36977[0]   $MA_SAFE_EXT_STOP_INPUT  STOP A/B   
MD36977[1]   $MA_SAFE_EXT_STOP_INPUT  STOP C   
MD36977[2]   $MA_SAFE_EXT_STOP_INPUT  STOP D   
MD36977[3]   $MA_SAFE_EXT_STOP_INPUT  STOP E   
MD36978[0]   $MA_SAFE_OVR_INPUT SG Ovr Bit0    
MD36978[1]   $MA_SAFE_OVR_INPUT SG Ovr Bit1   
MD36978[2]   $MA_SAFE_OVR_INPUT SG Ovr Bit2   
MD36978[3]   $MA_SAFE_OVR_INPUT SG Ovr Bit3   

 
  $A_INSI  

MD36980   $MA_SAFE_SVSS_STATUS_OUTPUT         SBH/SG   
MD36981   $MA_SAFE_SS_STATUS_OUTPUT  SBH   
MD36982[0]   $MA_SAFE_VELO_STATUS_OUTPUT  SG Bit0   
MD36982[1]   $MA_SAFE_VELO_STATUS_OUTPUT  SG Bit1   
MD36985   $MA_SAFE_VELO_X_STATUS_OUTPUT       n<nx    
MD36987   $MA_SAFE_REFP_STATUS_OUTPUT         Safely Ref   
MD36988[0]   $MA_SAFE_CAM_PLUS_OUTPUT SN1+    
MD36988[1]   $MA_SAFE_CAM_PLUS_OUTPUT SN2+    
MD36988[2]   $MA_SAFE_CAM_PLUS_OUTPUT SN3+    
MD36988[3]   $MA_SAFE_CAM_PLUS_OUTPUT SN4+    
MD36989[0]   $MA_SAFE_CAM_MINUS_OUTPUT SN1-    
MD36989[1]   $MA_SAFE_CAM_MINUS_OUTPUT SN2-    
MD36989[2]   $MA_SAFE_CAM_MINUS_OUTPUT SN3-    
MD36989[3]   $MA_SAFE_CAM_MINUS_OUTPUT SN4-    
MD36990[0]   $MA_SAFE_ACT_STOP_OUTPUT STOP A/B   
MD36990[1]   $MA_SAFE_ACT_STOP_OUTPUT STOP C   
MD36990[2]   $MA_SAFE_ACT_STOP_OUTPUT STOP D   
MD36990[3]   $MA_SAFE_ACT_STOP_OUTPUT STOP E   

9.6  
9.6.1 Alarm 27040 axis sp waiting for module 
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MD36906 = MD30110 

9.6.2 Alarm 27010 Axis SP1 tolerance for safe standstill exceeded 

 
MD36960 $MA_SAFE_STANDSTILL_VELO_TOL  0 mm/min 

STOP A SH
 

 
STOP A  

9.6.3 Alarm 27095 NCK SPL protection not activated 

 
SPL  

9.6.4 Alarm 27132  201680 27004  
X1 Y1 Z1 Y1 Z1 X1 NX 10
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   27132     201680  

 
27004   

 
 Safety -> Activate drive startup 
 Safety -> Deactivate drive startup 
 Copy SI data 
 NCK Reset 
 Confirm SI data 
 NCK Reset 

9.6.5 Alarm 27013  
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N36948 $MA_SAFE_STOP_VELO_TOL[AX1]=800 

9.6.6 Alarm 27010 

 
 

 
N36930 $MA_SAFE_STANDSTILL_TOL[AX1]=5 

9.6.7 Alarm 201041 
NX10 RDY  

 
 

 Safety -> Activate drive startup 
 Safety -> Deactivate drive startup 
 Copy SI data 
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 NCK Reset 
 Confirm SI data 
 NCK Reset 

9.6.8 Alarm 27003 
NX10  

 
 

 
 N36902 $MA_SAFE_IS_ROT_AX[AX4]=1 

 
N36906 $MA_SAFE_CTRLOUT_MODULE_NR[AX4]=7 

 

9.6.9 Alarm 201711 
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9553 =5000ms 

 
 

 Active drive startup  
 Deactive drive startup 
 Copy SI data 
 NCK reset 
 Confirm SI data 
 NCK reset 

9.6.10 Alarm 27004 

 

 
%2 =SP SP NC PLC  

 
1  IPO 6ms Profisafe I/O 12ms  
2  Copy Confirm /  
3  SE NC PLC  

9.6.11 Alarm 22001 
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MD11415 Bit13=1 
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9.7 SI  
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9.8  
7.2 SAFE PLC  
PLC  NC SAFE.SPF  

FUNCTION FC 510 : VOID 
TITLE = 
{ S7_language := '9(1) English (United 
States)  05.09.2013  15:16:14' } 
VERSION : 0.1 
 
VAR_INPUT 
  NC_TST_STOPA : BOOL ;  
  NC_TST_STOPC : BOOL ;  
  NC_TST_STOPD : BOOL ;  
  PLC_TST_STOPA : BOOL ;  
  PLC_TST_STOPC : BOOL ;  
  PLC_TST_STOPD : BOOL ;  
  EMG_Ack : BOOL ;  
END_VAR 
VAR_OUTPUT 
  ref : WORD ;  
END_VAR 
VAR_TEMP 
  aux : ARRAY  [0 .. 15 ] OF BOOL ;  
END_VAR 
BEGIN 
 
 
NETWORK 
TITLE =  
 
//Safe  
      CLR   ;  
      =     "SPL".SPL_READY;  
 
//  
      L     #ref;  
      T     LW     0;  
 
// Safe.spf  
//aux[1] FB10  
      A     DB18.DBX  137.5;  
      FP    #aux[0];  
      =     #aux[1];  
 
      AN    DB18.DBX  137.5;  
      JC    END0;  
 
NETWORK 
TITLE =  PLC signal-> PLCSIIN 
 
//  
      A     #NC_TST_STOPA;  
      =     "SPL".IP_TST_STOPA;  
      A     #NC_TST_STOPC;  
      =     "SPL".IP_TST_STOPC;  
      A     #NC_TST_STOPD;  
      =     "SPL".IP_TST_STOPD;  
      A     #EMG_Ack;  
      =     "SPL".IP_EMG_Ack;  
 
      A     I      7.3;  

; SAFE_CHECKSUM = 00068afcH 
;840D sl Intergrated function test program 
;Data 2013-2-21 
;dg 
N10 PROC SAFE ;SBLOF DISPLOF 
;Automatic creat IDS Number 
N20 DEF INT IDSNR = 20 
N30 DEFINE  NEXT_IDS AS IDSNR = IDSNR+1 
; ========== Define INSE as IE =============== 
N40 DEFINE IE_EMG AS $A_INSE[1] 
N50 DEFINE IE_Door AS $A_INSE[2] 
N60 DEFINE IE_Enable_Key AS $A_INSE[3] 
N70 DEFINE IE_DoorOpenReq AS $A_INSE[4] 
; ========== Define OUTSE as OE ============== 
N80 DEFINE OE_Door_Relay AS $A_OUTSE[1] 
; ========== Define INSI as II =============== 
N90 DEFINE II_Low_Speed AS $A_INSI[1] 
N100 DEFINE II_StopA_B AS $A_INSI[2] 
N110 DEFINE II_StopC AS $A_INSI[3] 
N120 DEFINE II_StopD AS $A_INSI[4] 
; ========== Define OUTSI as OI ============== 
; ========== Define Feed axis OI ============= 
N130 DEFINE OI_STOPA_1 AS $A_OUTSI[1] 
N140 DEFINE OI_STOPC_1 AS $A_OUTSI[2] 
N150 DEFINE OI_STOPD_1 AS $A_OUTSI[3] 
N160 DEFINE OI_STOPE_1 AS $A_OUTSI[4] 
N170 DEFINE OI_SBH_SG_1 AS $A_OUTSI[5] 
N180 DEFINE OI_SG_1 AS $A_OUTSI[6] 
N190 DEFINE OI_SG_Bit0_1 AS $A_OUTSI[7] 
N200 DEFINE OI_SG_Bit1_1 AS $A_OUTSI[8] 
DEFINE OI_SE_1 AS $A_OUTSI[9] 
; ========== Define Spinde OI =============== 
N210 DEFINE OI_STOPA_2 AS $A_OUTSI[12] 
N220 DEFINE OI_STOPC_2 AS $A_OUTSI[13] 
N230 DEFINE OI_STOPD_2 AS $A_OUTSI[14] 
N240 DEFINE OI_STOPE_2 AS $A_OUTSI[15] 
N250 DEFINE OI_SBH_SG_2 AS $A_OUTSI[16] 
N260 DEFINE OI_SG_2 AS $A_OUTSI[17] 
N270 DEFINE OI_SG_Bit0_2 AS $A_OUTSI[18] 
;DEFINE OI_SG_Bit1_2 AS $A_OUTSI[19] 
; ========== Define MARKERSI as MI =========== 
N280 DEFINE MI_Q1_1 AS $A_MARKERSI[1] 
N290 DEFINE MI_Q2_1 AS $A_MARKERSI[2] 
N300 DEFINE MI_E1_1 AS $A_MARKERSI[3] 
N310 DEFINE MI_E2_1 AS $A_MARKERSI[4] 
N320 DEFINE MI_E3_1 AS $A_MARKERSI[5] 
N330 DEFINE MI_A0_1 AS $A_MARKERSI[6] 
N340 DEFINE MI_A1_1 AS $A_MARKERSI[7] 
N350 DEFINE MI_A2_1 AS $A_MARKERSI[8] 
N360 DEFINE MI_A3_1 AS $A_MARKERSI[9] 
N370 DEFINE MI_DoorOpen_S1 AS $A_MARKERSI[49] 
N380 DEFINE MI_DoorOpen_S2 AS $A_MARKERSI[50] 
 
N390 DEFINE MI_StopA_NC_1 AS $A_MARKERSI[33] 
N400 DEFINE MI_StopA_NO_1 AS $A_MARKERSI[34] 
N410 DEFINE MI_StopC_NC_1 AS $A_MARKERSI[35] 
N420 DEFINE MI_StopC_NO_1 AS $A_MARKERSI[36] 
N430 DEFINE MI_StopD_NC_1 AS $A_MARKERSI[37] 
N440 DEFINE MI_StopD_NO_1 AS $A_MARKERSI[38] 
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      =     "SPL".IP_SE; N450 DEFINE MI_StopA_NC_2 AS $A_MARKERSI[41] 
N460 DEFINE MI_StopA_NO_2 AS $A_MARKERSI[42] 
N470 DEFINE MI_StopC_NC_2 AS $A_MARKERSI[43] 
N480 DEFINE MI_StopC_NO_2 AS $A_MARKERSI[44] 
N490 DEFINE MI_StopD_NC_2 AS $A_MARKERSI[45] 
N500 DEFINE MI_StopD_NO_2 AS $A_MARKERSI[46] 
; ==========Define PLCSIIN as IP=================== 
N510 DEFINE IP_TST_STOPA AS $A_PLCSIIN[1] 
N520 DEFINE IP_TST_STOPC AS $A_PLCSIIN[2] 
N530 DEFINE IP_TST_STOPD AS $A_PLCSIIN[3] 
N540 DEFINE IP_Door_Open_Req AS $A_PLCSIIN[4] 
N550 DEFINE IP_EMG_Ack AS $A_PLCSIIN[5] 
DEFINE IP_SE AS $A_PLCSIIN[6] 
; ==========Define PLCSIOUT as OP================== 
N560 DEFINE OP_EMG AS $A_PLCSIOUT[1] 
; ==========Define SI Timer ======================= 
N570 DEFINE SI_Timer1 AS $A_TIMERSI[1] 

NETWORK 
TITLE =SPL -   
      A     "SPL".IE_EMG;  
      =     "SPL".MI_E1_1;  
      SET   ;  
      S     "SPL".MI_E2_1;  
      A     "SPL".IP_EMG_Ack;  
      =     "SPL".MI_Q1_1;  
      CALL "SI_Relais" , DB   300 ( 
           In1                      := "SPL".MI_E1_1, 
           In2                      := "SPL".MI_E2_1, 
           In3                      := TRUE, 
           Quit1                    := "SPL".MI_Q1_1, 
           Quit2                    := "SPL".MI_Q2_1, 
           TimeValue1         := T#3S, 
           TimeValue2         := T#5S, 
           TimeValue3         := T#8S, 
           Out0                     := "SPL".MI_A0_1, 
           Out1                     := "SPL".MI_A1_1, 
           Out2                     := "SPL".MI_A2_1, 
           Out3                     := "SPL".MI_A3_1, 
           FirstRun               := #aux[1]); 

; ========== SI Relay return parameter ============ 
; Define SI relay variable 
N580 DEF INT R_IN, R_OUT, R_TIMER 
N590 DEFINE R_ST AS $AC_MARKER[1] 
N600 DEF REAL TST_Time, Delay_T1, Delay_T2, Delay_T3 
; ========== Setting SI Timer delay times ========= 
N610 TST_Time = 0.3 
N620 Delay_T1 = 3 
N630 Delay_T2 = 5 
N640 Delay_T3 = 8 
; ========== SI Relay ============================= 
N650 SIRELIN(1,R_IN,"MI_Q1_1","MI_Q2_1","MI_E1_1","MI_E2_1") 
N660 
SIRELOUT(1,R_OUT,"MI_A0_1","MI_A1_1","MI_A2_1","MI_A3_1") 
N670 
SIRELTIME(1,R_TIMER,TST_Time,Delay_T1,Delay_T2,Delay_T3) 
; ========== EMG and EMG_ACK ====================== 
;IP_TST STOP A/C/D function test 
N680 IDS=IDSNR DO MI_E1_1 = IE_EMG MI_E2_1 = 1 MI_Q1_1 = 
IP_EMG_Ack 
N690 NEXT_IDS 
N700 IDS=IDSNR DO R_ST = SIRELAY(1) 
N710 NEXT_IDS 
; R1=R_ST 

NETWORK 
TITLE =SPL ( ) 
//StopA-1  
      A     "SPL".MI_A2_1;  
      =     "SPL".MI_StopA_NC_1;  
//StopA-1  
      A     #PLC_TST_STOPA;  
      =     "SPL".MI_StopA_NO_1;  
//StopC-1  
      SET   ;  
      =     "SPL".MI_StopC_NC_1;  
//StopC-1  
      A     #PLC_TST_STOPC;  
      =     "SPL".MI_StopC_NO_1;  
//StopD-1  
      SET   ;  
      A     "SPL".MI_A0_1;  
      =     "SPL".MI_StopD_NC_1;  
//StopD-1  
      A     #PLC_TST_STOPD;  
      O     "SPL".MI_DoorOpen_S1;  

; =========== FeedAxis eSTOPs ======================== 
N720 IDS=IDSNR DO MI_StopA_NC_1 = MI_A2_1 
N730 NEXT_IDS 
N740 IDS=IDSNR DO MI_StopA_NO_1 = IP_TST_STOPA 
N750 NEXT_IDS 
N760 IDS=IDSNR DO MI_StopC_NC_1 = 1 
N770 NEXT_IDS 
N780 IDS=IDSNR DO MI_StopC_NO_1 = IP_TST_STOPC 
N790 NEXT_IDS 
N800 IDS=IDSNR DO MI_StopD_NC_1 = MI_A0_1  
N810 NEXT_IDS 
N820 IDS=IDSNR DO MI_StopD_NO_1 = IP_TST_STOPD OR 
MI_DoorOpen_S1 
N830 NEXT_IDS 
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      =     "SPL".MI_StopD_NO_1;  
NETWORK 
TITLE =SPL ( ) 
//StopA-2  
      A     "SPL".MI_A2_1;  
      A     "SPL".IE_Door;  
      =     "SPL".MI_StopA_NC_2;  
//StopA-2  
      A     #PLC_TST_STOPA;  
      =     "SPL".MI_StopA_NO_2;  
//StopC-2  
      SET   ;  
      =     "SPL".MI_StopC_NC_2;  
//StopC-2  
      A     #PLC_TST_STOPC;  
      =     "SPL".MI_StopC_NO_2;  
//StopD-2  
      SET   ;  
      A     "SPL".MI_A1_1;  
      =     "SPL".MI_StopD_NC_2;  
//StopD-2  
      A     #PLC_TST_STOPD;  
      O     "SPL".MI_DoorOpen_S2;  
      =     "SPL".MI_StopD_NO_2;  

; =========== Spindle eSTOPs ========================= 
N840 IDS=IDSNR DO MI_StopA_NC_2 = MI_A2_1 AND IE_Door 
N850 NEXT_IDS 
N860 IDS=IDSNR DO MI_StopA_NO_2 = IP_TST_STOPA 
N870 NEXT_IDS 
N880 IDS=IDSNR DO MI_StopC_NC_2 = 1 
N890 NEXT_IDS 
N900 IDS=IDSNR DO MI_StopC_NO_2 = IP_TST_STOPC 
N910 NEXT_IDS 
N920 IDS=IDSNR DO MI_StopD_NC_2 = MI_A1_1  
N930 NEXT_IDS 
N940 IDS=IDSNR DO MI_StopD_NO_2 = IP_TST_STOPD OR 
MI_DoorOpen_S2 
N950 NEXT_IDS 
 

NETWORK 
TITLE =MI -> OUTSI( ) 
      A     "SPL".MI_StopA_NC_1;  
      AN    "SPL".MI_StopA_NO_1;  
      =     "SPL".OI_StopA_1;  
      A     "SPL".MI_StopC_NC_1;  
      AN    "SPL".MI_StopC_NO_1;  
      =     "SPL".OI_StopC_1;  
      A     "SPL".MI_StopD_NC_1;  
      AN    "SPL".MI_StopD_NO_1;  
      =     "SPL".OI_StopD_1;  
      A     "SPL".MI_StopE_NC_1;  
      AN    "SPL".MI_StopE_NO_1;  
      =     "SPL".OI_StopE_1;  
      A     "SPL".MI_StopA_NC_2;  
      AN    "SPL".MI_StopA_NO_2;  
      =     "SPL".OI_StopA_2;  
      A     "SPL".MI_StopC_NC_2;  
      AN    "SPL".MI_StopC_NO_2;  
      =     "SPL".OI_StopC_2;  
      A     "SPL".MI_StopD_NC_2;  
      AN    "SPL".MI_StopD_NO_2;  
      =     "SPL".OI_StopD_2;  
      A     "SPL".MI_StopE_NC_2;  
      AN    "SPL".MI_StopE_NO_2;  
      =     "SPL".OI_StopE_2;  

;=========MI -> OUTSI (eStops) 
N960 IDS=IDSNR DO OI_StopA_1 = MI_StopA_NC_1 AND (NOT 
MI_StopA_NO_1) 
N970 NEXT_IDS 
N980 IDS=IDSNR DO OI_StopC_1 = MI_StopC_NC_1 AND (NOT 
MI_StopC_NO_1) 
N990 NEXT_IDS 
N1000 IDS=IDSNR DO OI_StopD_1 = MI_StopD_NC_1 AND (NOT 
MI_StopD_NO_1) 
N1010 NEXT_IDS 
N1020 IDS=IDSNR DO OI_StopA_2 = MI_StopA_NC_2 AND (NOT 
MI_StopA_NO_2) 
N1030 NEXT_IDS 
N1040 IDS=IDSNR DO OI_StopC_2 = MI_StopC_NC_2 AND (NOT 
MI_StopC_NO_2) 
N1050 NEXT_IDS 
N1060 IDS=IDSNR DO OI_StopD_2 = MI_StopD_NC_2 AND (NOT 
MI_StopD_NO_2) 
N1070 NEXT_IDS 
 

NETWORK 
TITLE =  
      A     "SPL".IE_DoorOpenReq;  
      FP    #aux[2];  
      S     "SPL".MI_DoorOpen_S1;  
      A     "SPL".MI_DoorOpen_S1;  
      L     S5T#2S;  
      SD    T     20;  
      A     T     20;  
      S     "SPL".MI_DoorOpen_S2;  
      AN    "SPL".IE_Door;  

; ========== Set Open Door Request ==================== 
N1080 IDS=IDSNR EVERY (IE_DoorOpenReq == 1) AND IE_Door DO 
MI_DoorOpen_S1 = 1 
N1090 NEXT_IDS 
N1100 IDS=IDSNR WHENEVER MI_DoorOpen_S1 == 0 DO 
SI_Timer1 = -1  
N1110 NEXT_IDS 
N1120 IDS=IDSNR EVERY MI_DoorOpen_S1 == 1 DO SI_Timer1 = 0 
N1130 NEXT_IDS 
N1140 IDS=IDSNR EVERY (SI_Timer1 >=2) DO SI_Timer1 = 0 
SI_Timer1 = -1 MI_DoorOpen_S2 = 1 
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      R     "SPL".MI_DoorOpen_S1;  
      R     "SPL".MI_DoorOpen_S2;  
      A     "SPL".II_Low_Speed;  
      A     "SPL".MI_DoorOpen_S1;  
      A     "SPL".MI_DoorOpen_S2;  
      =     "SPL".OE_Door_Relay;  

N1150 NEXT_IDS 
N1160 IDS=IDSNR WHENEVER IE_Door == 0 DO MI_DoorOpen_S1 
= 0 MI_DoorOpen_S2 = 0 
N1170 NEXT_IDS 
N1060 IDS=IDSNR DO OE_Door_Relay = II_Low_Speed AND  
MI_DoorOpen_S1 AND  MI_DoorOpen_S2 
N1070 NEXT_IDS 

NETWORK 
TITLE =SBH\SG\SG1..4 
// 1 SBH/SG  
      A     "SPL".IE_Door;  
      O     ;  
      AN    "SPL".IE_Door;  
      A     "SPL".IE_Enable_Key;  
      =     "SPL".OI_SG_1;  
// 2 SBH/SG  
      SET   ;  
      =     "SPL".OI_SG_2;  
//SG1..2 
      A     "SPL".IE_Door;  
      =     "SPL".OI_SG_Bit0_1;  
      =     "SPL".OI_SG_Bit0_2;   

; ========== Group 1 
SBH/SG============================== 
N1180 IDS=IDSNR DO OI_SG_1 = IE_Door OR ( NOT IE_Door AND 
IE_Enable_Key)      ; FeedAxis 
N1190 NEXT_IDS 
; ========== Group 2 
SBH/SG============================== 
N1200 IDS=IDSNR DO OI_SG_2 = 1   ; SP 
N1210 NEXT_IDS 
 
; ==========SG1..SG4======================= 
N1220 IDS=IDSNR DO OI_SG_Bit0_1 = IE_Door OI_SG_Bit0_2 = 
IE_Door  
NEXT_IDS 
 

NETWORK 
TITLE =SE 
      A     "SPL".IP_SE;  
      =     "SPL".OI_SE_1; 

;===============SE====================== 
IDS=IDSNR DO OI_SE_1 = IP_SE 
 

NETWORK 
TITLE =OUTSI->  
//  
      A     "SPL".OI_StopA_1;  
      =     "X".A_extStopA;  
      =     "Y".A_extStopA;  
      =     "Z".A_extStopA;  
      =     "B".A_extStopA;  
      A     "SPL".OI_StopC_1;  
      =     "X".A_extStopC;  
      =     "Y".A_extStopC;  
      =     "Z".A_extStopC;  
      =     "B".A_extStopC;  
      A     "SPL".OI_StopD_1;  
      =     "X".A_extStopD;  
      =     "Y".A_extStopD;  
      =     "Z".A_extStopD;  
      =     "B".A_extStopD;  
      SET   ;  
      =     "X".A_extStopE;  
      =     "Y".A_extStopE;  
      =     "Z".A_extStopE;  
      =     "B".A_extStopE;  
//  
      A     "SPL".OI_StopA_2;  
      =     "Sp".A_extStopA;  
      A     "SPL".OI_StopC_2;  
      =     "Sp".A_extStopC;  
      A     "SPL".OI_StopD_2;  
      =     "Sp".A_extStopD;  
      SET   ;  
      =     "Sp".A_extStopE;  
//SBH/SG/SG1..4  
      CLR   ;  
      =     "X".A_SG_SBH;  
      =     "Y".A_SG_SBH;  

N1230 MSG("NC-SPL Finished") 
N1240 M30 
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      =     "Z".A_SG_SBH;  
      =     "B".A_SG_SBH;  
      A     "SPL".OI_SG_1;  
      =     "X".A_SBH;  
      =     "Y".A_SBH;  
      =     "Z".A_SBH;  
      =     "B".A_SBH;  
      A     "SPL".OI_SG_Bit0_1;  
      =     "X".A_SGselect0;  
      =     "Y".A_SGselect0;  
      =     "Z".A_SGselect0;  
      =     "B".A_SGselect0;  
      CLR   ;  
      =     "X".A_SGselect1;  
      =     "Y".A_SGselect1;  
      =     "Z".A_SGselect1;  
      =     "B".A_SGselect1;  
//SBH/SG/SG1..4  
      CLR   ;  
      =     "Sp".A_SG_SBH;  
      A     "SPL".OI_SG_2;  
      =     "Sp".A_SBH;  
      A     "SPL".OI_SG_Bit0_2;  
      =     "Sp".A_SGselect0;  
      CLR   ;  
      =     "Sp".A_SGselect1;  
//SE ( ) 
      A     "SPL".OI_SE_1;  
      =     "X".A_SE;  
      =     "B".A_SE;  
NETWORK 
TITLE =  -> INSI 
      A     "X".E_n_nx;  
      A     "Y".E_n_nx;  
      A     "Z".E_n_nx;  
      A     "Sp".E_n_nx;  
      A     "B".E_n_nx;  
      =     "SPL".II_Low_Speed;  
NETWORK 
TITLE =END0 
END0: NOP   0;  
      L     LW     0;  
      T     #ref;  
END_FUNCTION 
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