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Purpose of the work

Regulation algorithm have to:

This thesis covers of implementation advanced

regulator structure to control gas system for 1. Deliver gases mixture to detector

Time of Flight (TOF) detector at Nuclotron- chambers at overpressure 3-5 mbar
based Ion Collider fAcility (NICA) relative to the current atmospheric
experiment. TOF is a type of gas detector that pressure

measure the particle's time of ﬂight at heavy

ion collisions. For proper operation, it needs a 2. Preserve appropriate composition of

gas with an appropriate composition and gases mixture 90% C2H2F4 + 5% i-
pressure. C4H10 + 5% SF6

3.Provide flows that lead to three gases
recirculation in the detector during

the day
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Operation mixture of gases:
90% C,H,F, — tetratluoroethane
5% SF6 — sulfur hexafluoride
5% i-C,H,, — isobutane

N, — nitrogen (for puritying)

N
v

70
120

Rys. 2 Mulitgap Resistive Plate Chamber
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Scheme of gas system
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Mathematical model

(ZR_1—ZR_1,)
(ZR_2 — ZR_2,)

(ZR_3 — ZR_3,) *

(KM; —

(KM, —

(KM; —

(ZR_4 — ZR_4,) *
[(KM_1— KM 1u)

(ZR7 —ZR_7,) * -

= (KM_1— KM_1,) *

4+ (KM_2 — KM_2,) *
2= 4 (KM_3 — KM_3,) *

—+SK1

+(ZR 1-ZR1,)*=

-+ (ZR5—ZR 5,) +

=== 4 P1, = P1 (1.1) | (ZR5 - ZR 5,) * 2 + (ZK_1 — ZK_1,) == + M1, = M1 (1.9)

=14 P2, = P2 (1.2) | (ZR_4 — ZR 4,) * 5=+ (ZR_7 — ZR 7,) o=+ (ZR_5 — ZR 5,) * o>+ W1, = W1 (1.10)

=24+ P3, = P3 (1.3) | (ZK_1-ZK_1,) *S2 + (ZRs — ZRs,) * o + (ZKy — ZKy,) * oo Ojf +M2, = M2 (1.11)
(1.4)

(ZR5—ZR5,) % 2+ (ZK 2 — ZK 2,) * =5 + (ZK_1 - ZK_1,) * 22 + W2, = W2 (1.12)

(1.5) | zKk_1-zK 1 )*0025 +(ZK2 - ZK_2,) » 28 4 p6, = P6 (1.13)

(16) | @K2=ZK 2.) ==+ P7, (1.14)

003 003 003 (ZK 2= ZK 2,) » 2o + (KM_4 — KM _4,) * 0—15+ PR, = PR (1.15)

+(ZR2—ZR2 )* +(ZR3_ZR3u)*10’5+1
—0,095
011 -+ (KM_3 —KM 3u) 015 +p4 = P4 (1.7) (KM_4—-KM_ 4,) * + Watm, = Watm (1.16)
= 4 P4x -+ P5, = P5 (1.8) | (ZR7 = ZR 7,) + 2 + P8, (1.17)
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Regulation object

Regulacja wielowymiarowa DMC

detektora

M2
@ @ ZFE_5® @ @ ZK_1
7 Komory
iy
F)

Wejscia n, Wyjscia ny
ul ZR_1 y1 P1
u2 ZR 2 y2 P2
u3 ER_S '1_|I"3 P3 C2H2F4 [Gi
ud ZR 4 7 P4
ub ZR 5 y5 P5 cato (€2 )
ub ZK 1 y6 M1
u7 7K 2 v7 WA1 AGD
us ZR_8 y8 M2
u9 ZR 7 y9 W2
y10 P6
y11 P7
y12 PR
y13 P8

Regulacja
wewnegtrzna

Presentation Slow Control Warsaw 09.11.2018



[%]

y1 - ciSnienie P1, wartos¢ zadana ’1u = 2.3 bar y2 - cidnienie P2, warto$¢ zadana y2“= 2.3 bar

[%]

s 8 8

[%]

=1

3r 3
= 2 r—\2
] &
2 =)
ul - zawor r ZR, ie u2 - zawor r ZR, 1 | 1
60
0 0
0 100 200 300 400 500 600 [ 100 200 300 400 500 600
40 H chwila prébkowania chwila probkowania
S . ¥3 - ciénienie P3, wartos¢ zadana y3, = 2.3 bar i ¥4 - ciénienie P4, wartos¢ zadana y4_ = 1.5037 bar
20
- -
0 & &
100 200 300 400 500 600 0 100 200 300 400 500 600 1 = 0.5
chwila probkowania chwila prébkowania ;3”
u3 - zawor r jiny ZR, u4 - zawor r ZR, 0 0
20 0 100 200 300 400 500 600 ] 100 200 300 400
chwila prébkowania chwila prébkowania
0
e ¥y5 - cisnienie P5, wartos¢ zadana y5,, = 1.5037 bar ¥6 - ciénienie M1, wartos¢ zadana y6,, = 1.0071 bar
el 2
-40 15 Fof ==
L L L L 60 . . . . . g
100 200 300 400 500 600 0 100 200 300 400 500 600 05
chwila probkowania chwila prébkowania
u5 - zawor r ZR, u6 - zawor y ZK, 0
40 - [ 100 200 300 400 0 100 200 300 400 500 600
chwila probkowania chwila probkowania
r 20 y7 - przeplyw W1, wartosé zadana y?w =104 em®ls y8 - ci$nienie M2, wartos¢ zadana yﬂw =1.0071 em®ls
15
£ o 100
20 2 o
b =
§ @ s
| | | | 40 ; = - 05
0 100 200 300 400 500 600 0 100 200 300 400
’ £ . ” b " o o
chwila prébkowania chwila prébkowania A 00 200 200 w00 500 500 o 00 200 200 w00
chwila probkowania chwila probkowania

Sterowanie uB - zawdr regulacyjny ZR, ¥9 - przeplyw W2, wartos¢ zadana y9_ = 103 em’is y10 - cinienie P6, wartos¢ zadana y10,, = 1.0037 bar

S ie u7 - zawdr k Iny ZKZ
T T T T 0
— 100
I ] ) ==
— |\ 2 Tos
4 & -40 \ E. 50 3
-60 . []
== — o
L L L T 80 L L L [ 100 200 300 400 500 600 0 100 200 300 400 500 600
100 200 300 400 500 600 0 100 200 300 400 500 600 chwila probkowania chwila prébkowania
chwila probkowania chwila prébkowania y11 - cisnienie P7, wartos¢ zadana y1 1“] = 1.6037 bar ) y12 - ci$nienie PR, wartos¢ zadana 12’p= 1.6037 bar
u9 - zawdr reg yiny ZR, i
15
T~ —3 -

/ ] E, g
| ! 05
a i o

i 0 100 200 300 400 500 600 o 100 200 300 400

chwila probkowania chwila probkowania
= : = y13 - cisnienie P8, wartos¢ zadana 13_ = 1.5037 bar
0 100 200 300 400 500 600 P
chwila prébkowania
15—~
g
05 ¥13
—emr¥13,y
0
[ 100 200 300 400 500 600

chwila prébkowania

Presentation Slow Control Warsaw 09.11.2018



Predictive regulator DMC

PID controller continuously calculates an error value L. L A FUTURE

e(t) as the difference between a desired setpoint (SP) and o —
—s— Reference Trajectory
o Predicted Output
Measured Output
Predicted Control Input

Past Control Input

a measured process variable.

DMC regulators predict behave of the system in advance

on prediction horizon.

To proper work it needs: |

P Prediction Horizon >
- model of the process : I I I I I I I : >
- past control values ' ' ' ' ' s:?: ' '
ampile lime
- cost function | ki k+1 k+2 - k+p
N Nu—1
\ zad 0 A o YE 2
J(k) = " |ly*** (k + plk) =" (k + plk) =Ly (k + plk) ||, + > [[Aulk + plk)|[3
p=1 p=0
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Modular technology

10

Rys. 3 A]read)/ existing control-measure irﬁastructure at JINR

Rys. 4 Modular Platform Components (MPC)
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Block scheme for modular technology

1 MODUL MIESZANIA 2 MODUL DYSTRYBUCII
Zrodio gazu: ——p{ KomoraTOF —p
C,H.F, Przygotowanie Mieszanie Przygotowanie Dzielenie »| Komora TOF Kontrola
i C,H —®  ckladnikéw —» gazéw »  mieszaningy [®| mieszaniny mieszaniny
-LaH10
SFs mieszaniny —®» Komora TOF —
N2/ CO. —» Komora TOF —
| 4 ?
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pompq
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Modular scheme

12
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Rys. 6 Scheme created at MPC
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