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Monitoring and Control system of MPD solenoid
satellite refrigerator

(or how to run facility without docs by reverse engineering)
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* The superconducting solenoid is a
backbone of multipurpose
detector

4 The superconducting solenoid
must provide a homogeneous
magnetic field of 0.5 Tesla

< ),
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Infrastucture for coolinc

Two heaters LN2 Tanks

o O e G G GGG

L )
-

Alushta-2023 Smolyanin T. 4 / 30




Refrigerator

'\ AYY YA g" ILK braked a contract of refrigerator
§ § HEERE assembling and integration in to solenoid
0 =4 = =
2 E system!

- No drawings and instruction for assembly
- No correct software (not signals from
gauges, valves can’t regulation...) for
operation

- No electrical scheme

- No calibration data for cernox
temperature gauges
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Refrigerator CS block scheme
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YCTpOUCTBA CONPSIXXEHUS C COObEKTOM
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YCTpOUCTBA CONPSIXXEHUS C COObEKTOM
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Refrigerator CS block scheme
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Ready to run...
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The run failed...
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) RX . ™
PLC Omron RS485 YCO
®
JTX RX \
RS485 to USB
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Serial Port Monitor

&R rtu with responses (master) - Serial Port Menitor = O x
RX X ! Session Edit View Monitoring Window Help
PLC Omron Rs485 vCo IDEMB 2000 HEEE _Qlﬂ?@@lloui
—
™ R =] Modbus view Dump view EIE
Checksum: 50837 (OK) -~ 00 00 Q0 00 00 00 Q0 12 3  eeaaeaan h -~
i - - - - - - - S [30/01/72017 18:04:07] Written data (COM2)
[30/01/2017 18:04:11] 01 03000000 0acSed  aaeaa. EH
RS485 1o USB Modbus Response (COM2) [30/01/2017 18:04:07] Read data (COM2)
Address: 1 01 03 14 00 2c 00 00 00 37 00 00 00 42 00 00 00 T T - e
Function: 3 (0x03) - Read Heolding Registers oo 00 Q0 00 0Q 00 Q0 12 9= e h
Byte Count: 20 [30/01/72017 18:04:08] Written data (COM2)
WValues: 00 2c 00 00 00 37 00 00 00 42 00 00 00 00 00 00 0O OO0 00 OO 010300000W0&c5ecd ... EH
RegisterQO: 44 [30/01/72017 18:04:08] Read data (COM2)
Registerl: 0 01 03 14 00 2c 00 00 00 37 00 00 00 42 00 00 00 wennprasfasaBaas
Register2: 55 00 00 Q0 00 00 00 Q0 12 3  eeaaeaan h
Register3: 0 [30/0172017 18:04:09] Written data (COM2)
Registerd: &6 0L 03000000 0acs5ed aeaaa EH
Register5: 0 [30/01/72017 18:04:09] Read data (COM2)
Registerf: 0 & 01 03 14 00 2c 00 00 00 37 00 00 00 42 00 00 00 wewwswon TewuB... &

Terminal view EH Table view

= Jg. ... ~ & Time | Fundtion Direct... | Status
O [vs R
T Jg 311 30/01/2017 18:04:09 [RP_MJ_DEVICE_COMNTROL (IOCTL_SERIAL_PURGE) UP STATUS_SUCCESS
0 Fg.eo.- 312 30/01/2017 18:04:05 IRP_MJ_WRITE DOWN
- Jgeen.. 313 30/01/2017 18:04:09 [RP_MJ_WRITE up STATUS_SUCCESS 0103000000 ...
= Jg. ... 314 30/01/2017 18:04:09 IRP_MJ_READ DOWMN
Eﬁ """""""""""" G 315 30/01/2017 18:04:09 [RP_MJ_READ up STATUS_TIMEOUT
.EH ....................... :_g ..... 316 1m171&04:m |RP_MJ_READ M
EH . e e e PG ... 317 30/01/2017 18:04:09 [RP_MJ_READ up STATUS_SUCCESS 01031400 2c
- FY =T 318 30/01/2017 18:04:09 [RP_MJ_READ DOWM
- FY =T 319 30/01/2017 18:04:09 [RP_MJ_READ up STATUS_SUCCESS 0000003700 ...
EH. e T L3..-.e 320 30/01/2017 18:04:10 IRP_MJ_DEVICE_CONTROL (IOCTL_SERIAL_PURGE] DOWN 0c 00 00 00
Eﬁ ot _rorrmrrrrees iz """ 321 30/01/2017 18:04:10 [RP_MJ_DEVICE_CONTROL (IOCTL_SERIAL_PURGE) UP STATUS_SUCCESS
R T S S S 322 30/01/2017 18:0410  IRP_MI_WRITE DOWN
EH.... - = 273 /M INAT AGALIN IBD RAL WEBITE 1o CTATIIC RUIIFCERE  nim2 annnnn Y
e - - T v = 5
Send dialog (available in Professional version only) a =
Port: ~| Baudrate: v|  Datsbits: |8 v|
Open
Parity: |No parity i | Flow control: |pgne o | Stopbits: | 1 stop bit i |
Send
String Hex Dec Oct Bin
Send file Loop this command sending every | 1000 zl ms Start loop
For help press F1 |'rP:0 | Read: 0 | written: 0 ([EEVESEY] | @ rTs| @ crs|@ DSR| @ DD | @ DTR| @ RI| 4
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Data stream example

[22/12/2022 15:089:25]

Modbus Response (COM4) [22/12/2022 15:09:25]
dd ' 61 Modbus Response (COM4)
A PEE.;S' . . Address: 18
Function: 3 (@x@3) - Read Holding Registers Function: 3 (@x@3) - Read Holding Registers
Byte Count: 16 Byte Count: @
Values:

Values: .BB 0@ 10 45 fa 3d 03 20 3b 93 05 43 60 @6 fc 42 Checksum: 39670(BAD)
Register@: @

Registeril: 4165 [22/12/2022 15:09:25]
Modbus Response (COM4)

Reg%ster‘z. 64061 Address: 19
Reglster3: 8ee Function: 3 (@xe3) - Read Holding Registers
Registerd: 15251 Byte Count: 16
Registers: 1347 values: 20 0@ @4 43 bb 13 @3 @3 00 00 80 3f 00 20 00 00
. Registere: o
Reglster6: 24582 Registerl: 1091
Register?7: 64578 Register2: 47891
Checksum: 2463@(BAD) Reglster3: 776
Registerd4: @
""""""""""""""""""""""""""""""""""""""""""""""" Registers: 32831
[22{12}'2622 15:99:25] Register6: @
Modbus Response (COM4) Register7: o
Address: 62 Checksum: 49514(BAD)
Function: 3 (@x@3) - Read Holding Registers [22/12/2022 15:09:25]
Byte Count: 16 Modbus Response (COM4)
. Address: 2@
Values: .BG 8@ 10 45 c9 3e ©3 20 82 eB8 @0 43 3b Se e6 cl Function: 3 (0x03) - Read Holding Registers
RengtEPG’: @ Byte Count: 48
Registerl: 4165 Values: @0 @@ 40

. . Registere: @
Register2: 51518 Checksum: 18943(0K)

Register3: 80@ .

Registerd: 33512 [22/12/2022 15:09:25]
REgiStEPS: 67 Modbus Response (COM4)
. Address: 2@
Reglster6: 15198 Function: 3 (ex@3) - Read Holding Registers
Register?7: 59073 Byte Count: 128
Checksum: 16969(BAD) values: 19 da 8f 43 d3 7b 8f 43 00 00 @0 00 00 00 00 00 00 00 00 00 00 Q0 00 00

Registere: 6618
Registerl: 36675
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Modbus protocol

Device Sddess

Function Code

— EnptBt T
— Daks Bytes  —

Etor Check \ TCPfIP

Send Request X

o’ \< Read Response

Master \ Slave

Device Addess

Function Coide

— ERftBt
— Dals Bytes —

Enmnr CHech

Alushta-2023 Smolyanin T. 22 [/ 30




E;' v
= » Programimer

CX-Programmer

@ TRIAL - CX-Programmer - [MewPLC1.MewProgram.5ection1 [Diagram]]

. File Edit View Inset PLC Program Simulation Tools Window Help

FHh SR SR A A

1ﬂ"

TN |[asn|m &L

nNBEAR(BLPEDRDE

Iu_u|ﬁa |

aqQd e smEmEaE R rnrw —ogEEEL KX |||

B %e %5 BEEE

m@n,g:ﬂab,,,[@ L vxs|@BS saranprend||orgEoe||emaar s |
(=5
S 4% %% |
== o 0 [Program Name : NewProgram1] =
E--% MewProject =
= MNewPLC1[CP1E] Offline [Section Name : Section]
-4 Symbols
| Settings 1 0.00 1 0.03 W0.00
—1 | } {J—— RELAY
4 Memory EMERGENCY . LIGHT SENSOR
-84 Programs
5 Newp 100 1 vi0.00 1 0.02 WO.01 Tooo Q: 100.00
= ; ewProgram 3 } |} 14 {/‘I }— ROOF OPEN
1 Symbols RELAY LIMIT SWITCH REL&Y 1 NIGHT TIMER
fg Section! 2 £ 0.04 W0.01
i END 8 — | {—— RELAY 1
RAIN SENSOR
3 0.0t 1 0.05 @ 100.01
10— | .} {_—— ROOF CLOSE
RELAY 1 LIMIT SWITCH 1
4 L 0.05 Tooo Wo.02
13 | —1 | | {O— RELAY 2
LIMIT SWITCH 1 NIGHT TIMER
5 wo.02 @ 100.02
16— } {{——— ROOF CLOSE AT NIGHT
RELAY 2
[ Wo.00
18 ! H
RELFI\Y TIM 100ms Timer (Timer) [BCD Type]
000 NIGHT TIMER
Timer number
#0130 Set value
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Modbus register map

sensor_devices:
v2_fb:
_ modbus_id: 61
control_devices: start_register: 4096

Ve: . num_registers: 2
modbus_id: 61 V3_fb:

start_register: 16399

num_registers: 2 start_register: 4098

V8: num_registers: 2
modbus_1id: &1 V4_fb:

start_register: 16397

num_registers: 2 start_register: 4106

V7: : num_registers: 2
modbus_1id: 61 Vo_fb:

start_register: 16395

num_registers: 2 start_register: 4162

Vb: _ num_registers: 2
modbus_id: 41 V6_fb:

start_register: 16393

num_registers: start_register: 41064

VS: _ num_registers:
modbus_1d: 61 V7_fb:

start_register: 16391

3 « 9 "
num_registers: start_register: 4186

Va4: - num_registers: 2
modbus_1id: 61 v8_fb:

start_register: 16389

num_registers: 2 start_register: 4108

V3: : num_registers: 2
modbus_1d: 61 Vo_fb:

start_register: 16387
num_registers: 2

modbus_id: 41

modbus_id: 61

modbus_id: 61

modbus_id: 61

N

N

modbus_id: 61

r

modbus_id: 41

modbus_id: 61
start_register: 4116

v2: _ num_registers: 2
modbus_ldf 61 vie_fb:
start_reglster: 16385 modbus_id: 62
num_registers: 2 start_register: 4096

num_registers: 2
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GUI application for refrigerator
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GUI application for refrigerator
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Conclusion

Was: Became: Will:

- ILK braked a contract of refrigerator * Mechanically assembling refrigerator; - Electronics units will be
assemt:l.ing and integration in to solenoid  Developed software and got signals replaced;

TSI, for gauges and valves; - Implement Tango Controls.

- No drawings and instruction for assembly; .
- No correct software (not signals from gauges, * Provide leak tests;
valves can’t regulation...) for operation; * Pumping started;
- No electrical scheme;

- No calibration data for cernox temperature

gauges;

whlE
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Connecting end devices. Valves

Input: air

1
’ }4 2 v Valve control
15 3 Shielded cable
o ", - o 4 Output: n 2 GHND
/ u — o \ ) Set press.Y?2 ; e
2] - x 6 Choke Y1
- - 3] g —®» 61 ChokeY1*’ 4 pot
4] 6.2 Choke Y2 ** ' oS
® 5 | @ g Silencer 5
(51 Gear i -
" H 1 Mission 6DR5910-ONG00-0AAQ
8 | - < sw!tch_ _ 6 MNe
] a © © © 9 gﬂ]tzitmg wheel slip \ 7 Abl o
.l 10  Terminals \
33 | LA 11 Temminals \ 8 ol valve
/ R S S/ S I Pot \ 9 [
12 O\ J i LY X O 12 Dummy plug 10l L]

| / [ —
13 Screw cable gland
14 Switch plate
5 Oncover
6.1 6.2 5 Purge air switch

11 10 9 8 7 6 **) in double action drives
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Valves

[1pn OTCYTCTBMM TOKA B KaTyLKe NPYXMHaA 13, onnparoasaca Ha 3arnyLwky 14,
NPUXMMaAET HUXKHUM KnanaH 12 K BTyNKe 11, nepeKpbliBasa AOCTYN CXKaToro
BO3A4yXa M3 KaHana A K nHeBmonpueoay (KaHan b). MockonbKy npu sTom
BEPXHWIM KNnanaH 3 oTKaT BBepX (OTKPbIT), BO3AYLIHAA NOAOCTb
NHeBMONPMBOAA Yepes KaHanbl b u B coegnHeHa c atmocdepon. Korga Ha
KaTyLWKY nogaeTcA HanpAXxeHue, BO3HMKAKOLWanA 3SN1eKTPOMarHMTHaa cnuna
BTArMBaEeT AKOPb BHYTPb KaTyLWwKKW. [log aencTtBuem akopa nepemeLLatoTca BHU3
KnanaHol 3 1 12. BepxHee oTBepcTUe BO BTY/IKe 11 3aKpblBaeTcA, a HUXKHee —
OTKpbiBaeTcA. CxKaTbl BO34YX M3 KaHana A nocTynaeT B KaHan b K
NMHEBMOMPUBOAY, a CBA3b KaHana b ¢ atmocdepoit npepbiBaeTcA.

[Mpn OTKNOYEHUM KATYLIKN BEHTUAA KNanaHbl NOA4, AeNCTBUEM NPYKUHbI 13
BO3BpPaALLAOTCA B UCXOo4HOE NnosioxKeHue. [LoCcTyn CKaToro Bo3ayxa K
NHEBMONPMBOAY NPEeKpaLaeTca, a UMeoLWMca B HeM BO34yx No KaHany b,
yepes BepxHee oTBepcTue BTY/IKM 11 n KaHan B BbIXOAUT HAPYKY
(nHeBMONpMBOA, OTKAIOYAETCA). XoA4 KnanaHoB — 1 mm. 3a30p mexXay AKopem
N cepaevyHUKOM B NPUTAHYTOM cocToAHMM — 0,8 mm; B oTnyweHHom — 1,8
MM.
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