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SOFTWARE UPGRADE OF THE PLC SYSTEM IN THE TEST LABORATORY

Software migration from Statement List (STL) to Structured Control Language (SCL) inside Siemens PLC

The CMS ECAL Safety System (ESS)

software was organized in Functions
(FCS) and FunCtion BIOCkS (FBS) in KILL Z Get #Cooling_Valve_Byte from the ESS_CONTROL_DB PONCTION e T
process 7/
SIMATIC STEP7. However, the software FC107() CALL "ESS_get_indirect address’
] ] ] 1 ADDR_BYTES_OFFSET :="ESS_INTERLOCK_DATA_DB".Cooling_Valve_UPOS
ADDR_STEP_NUMBER  :=0
Was ertten In STL WhICh had a IOt Of ACK':S;:;EDGE ADDR:STEP:SIZE =1 /! #COt_)l::Lng_Valve_Byte size 1n bytes CONST
disadvantages: it was not easy to FC126() i e T
. . + T #Cooling_Valve_Byte typeNTC _ 47
.rnalntaln’ to. trOUbIeShOOt. and . mOSt Ext. W_ATCH[I]G Z Check #Sensor_Intlk_Byte and #External_Intlk_Byte ;Xgig;?— z 42:
importantly, it was not written in the . o oo o o END_CONST
Sp|r|t Of ObJeCt'Onented Programm|ng PLc‘t. - #Sensor_Intlk_Byte FOR iSensor := 1 TO DB10@.NumbofEntries BY 1 DO
C ime ow ic o= . atal[iSensor].SensorlID;
(OOP). Example of STL can be found in PLC = DCS e // 3ump to the end 1f o alarm bit is set in status words U S AR
Figure 1’ Where the part Of the Old * Z Close Cooling Valv if WLD has been detected ivalue := WORD_TO INT(PTW[WhichTw]):
code is shown. [i?:g[jfirfrgr t gzzigal_mﬂkjyte SC?EN%WDE o
Relays, Groups) AW el _
. . . . rResist := _TO_ (ivalue);
All this led to the consideration of FC200() Z g ¢ protection s
141 2 Etigiﬁ CALL "ESS_status_byte_update” // write to #HV_Intlk_Byte IF tvatue = ovex.‘Shoot THEN .
rewrl.tlr.lg the software in a more Fgfm s bat e E;gggtggégcmiéamg - T
SOphIStlcated Way' TO begln Wlthl the READ Dls EEZEEE‘EziE‘the:iiigfig Vel Eie rResist := INT_TO _REAL(DB1@0.PLCDatal[iSensor].LowAlThresh - 1);
. . . - - - END_IF;
funCtlonaIItles are Separated Into ﬂ"gcfi';;"ﬁ Z Set #Cooling_Valve_Byte from the ESS_CONTROL_DB e ) )
. . . FC117() /7 DBl@O.PLCData[}Sensor].ChannelW}reBr i FALSEE
mean|ngfu| units (|n the form Of T —— DB400.PLCDataliSensor].ChannelWireBr := FALSE;
. . v ADDR_BYTES_OFFSET :="ESS_INTERLOCK_DATA_DB".Cooling Valve UPOS  // #Cooling Valve Byte start byte END_IF;
functions and function blocks), the SCL CHECK ALARMS | o .
alogue, LIgI - - = - - . .
- o pnscge, Dt e b e 1 55 0
language is used, which is clean, clear and Timers JOPRDNTEPOSTIION it enp_addr bytep $F valie = lovershont THEN
FC122() T DBB [ARl_P#(a @i DB100.PLCData[iSensor].ChannelWireBr := TRUE;
and easy to debug Example Of the SCL FBlﬂiﬂ’ DB5 o DB400.PLCDatal[iSensor].ChannelwWireBr := TRUE;
1 5 ELSE | | | |
can be found in Figure 2, where the L DESE " o 46 FLCDntal15enaer] .Chamneluireis o FALSE
map - .
logic for reading and processing FC110( ik an
. L 4 END_CASE;
analogue sensors is shown. . M rrer—— ﬁlﬁgg et ROty
Figure 3 shows the flowchart of the N =T L iResist i< DINT_TO_INT(dResist);
*I
. : nterlock "pattern": se n , u , n , Coo . atal[iSensor].SensorCounts := iResist;
Safety System PLC program located in —t o [/ nteriock TpertenT e BT (G B e (), Sontte) L AT AT e 5 E N = R P e[ 5 oSy
Organization BIOCk 1 (OB].). OB]. SToHPs {C{:;';pl.ltﬂ, FELD Qw 0 // set Cool Vlv iCount := iCount + 1;
; . . ini]:ruc ks) Al END_FOR;
contains all the control logic for entire FC104() tow 7 set Coot W R ——
system (all FCs and FBs). The operating - wlv: ser END_FUNCTION
OB1 Cycle - END
SySt.em_ of the 57 CPU executes OBl Figure 1: Piece of the old code in STL Figure 2: One of the FCs written in SCL
perlodlcally. When OB1 has been ; ) (cooling interlock logic). (read analogue sensors logic).
. Figure 3: ESS flowchart.
executed, the operating system starts °
It again.

HARDWARE UPGRADE OF THE ECAL PLC SAFETY TEST SYSTEM
Installation and upgrade of the PLC system for the supermodule 36 (SM36), cooling unit and dry air system

The setup in one of our laboratories is
updated accordingly in order to satisfy all
requirements for the extensive tests. The
idea was to place the additional
temperature (48 pt1000) and humidity
(20 HYT271) sensors all over the
supermodule so that we could monitor
trends of the temperature, humidity and
dew point through the entire space
inside the supermodule in order to
assess whether lowering the
temperature of the supermodule from
18°C to 8°C is safe for the electronics (in |
the sense that it would not be ' Ao JART O T e
condensation inside the supermodule) I e
and to adjust high and low thresholds to

fulfil the requirements.
Along with the upgrading of the PLC Let's briefly explain how the ECAL safety system is working at the moment. In principle, one supermodule consists

and additional PLC modules (see Figure of four parts — called “modules”, each of which houses the front-end electronics. As the front-end electronics is the
4), we also needed a dry air system main cause of heating, powered by low voltage (LV), there are two NTC temperature sensors in each module directly
installed next to the supermodule for the  wired to ESS PLC. If one of the sensors exceeds the critical temperature, the system will react by interlocking the LV
tests. Finally, the cooling system is wired  and sending the signal that overheating has occurred. This system works independently of any other and its main
to send and receive interlock signals to  function is to ensure that in case of any problem, the system will react in the right and safe way.

ensure that the safety system will react Figure 5 shows the installation of the additional pt1000 temperature sensors both from the electronics and the
properly in case of the cooling problem. thermal screen side in module 1 (the other three modules inside the SM36 are also arranged in a similar manner).
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Figure 5: Additional pt1000 temperature sensors: electronics side (left) and thermal screen side (right).

Figure 4: PLC rack.

RESULT AND FINAL COMMENTS

You can see in Figure 6 the full period of the Test results and explanatlons The obtained results are different compared to the
performed cooling tests, where the following side of the supermodule 36, which was expected
capabilities and limits of the supermodule 36 T AT TR YT because the electronics side is more "open" than the
were tested: S " April 11, 18:25 ' thermal screen side (due to the fact that the dry air
* Cooling of SM36 to 8°C (in small steps of a g oo e e pipes are located on the electronics side) and
couple of degrees Celsius) g:: Apr 20, 19:09, 17C Apr 28, 18:24, 20C 9degC accordingly the changes in temperature, humidity and
e Cooling in a single step from 21°C to 9°C and S AT 21’ 18:49. 60 [ Apr 28, 13:37,14C /""-"'-"-"l dew point are much faster. On the electronics side, it
vice versa E \ Lowerinstu\n \ took approx. 2 days to extract all the water from the air,

* Drying of supermodule 36 using one injection 5; Apr 13, 09:50, 18C Apr 22, 11:07, 16C while on the thermal screen side, it took about 10 days.
pipe of the dry air - APY 13,18:16, 220 W[ ghr9 08 \ Cooling of SM36 to 8°C and in the single step from 21°C

e Safety system reaction in case of different :: April 12, 11:48, 18C H ' to 9°C and vice versa were successful and the ESS
errors g2 April12,20:00, 140 Apr 25 C{S'OI;-’L | 2odege followed all the changes without a single error. During

« Monitoring the accuracy and the activation of . Cooine unit ALARM | APr 27,00:837,8C_ . Cooling unit #V the tests, we had a couple of situations where the
interlocks for two different temperature -Ilrll|lll|lll|lll|lll |||||||||||||||||||‘||||||||||||||||||| |||||||||||||||||||‘||||||||||||||||||| ARNERRR RN IR RN cooling system failed, and the temperature was too
sensor types independently — NTC and 4/11/2022 12:00:00 AM____ 4/21/2022 12:00:00 AM 5/1/2022 12:00:00 AM high or too low, but every time the safety system
pt1000 Figure 6: Time scale of the extensive tests on SM36. reacted in the right way.




