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The temperature control system of the accelerator provides thermal stabilization of the two accelerating sections
and the injector. The system consists of 7 temperature-sensitive elements, up to 8 transducers of water flow through
the objects being cooled and the detector of the water level in the tank. The microprocessor complex ADAM 5511
and the commercial thyristor controllers are used for analysis of signals from the transducers and for temperature
control. Information of the process parameters is displayed on the local control desk, as well as, via the RS-485 port

is transferred to the accelerator control room.
PACS: 29.17 +w

The LU-40 temperature control system (Fig.1) is
made for the stabilization of the accelerated section op-
timal size. Unlike the previous developments, the de-
scribed system is able to accumulate data and to carry
out the control action using the consistent with personal
computer (PC) ADAMS5511 controller. The MERA6052
terminal is used for the data representation and for the
thermostatic system regime change. There are 7 temper-
ature-sensitive elements, 3 transducers of water flow
through the objects being cooled and the detector of the
water level in the tank.
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Fig.1. Thermostatic system functional diagram of the
LU-40 accelerator

The system hydraulic block diagram is presented in
Fig.2.

During temperature control the proportional integro-
differential (PID) law is used to maintain the optimal
sizes of the accelerated sections. This enables to main-
tain accelerated section temperature accurate to +0.5 de-
gree when linac operation regime changes stepwise. Un-
der slow disturbance accelerated section temperature is
kept accurate to +0.2 degree. After accelerator is turn
on, the operating conditions of the thermostatic system
are set within 15 minutes.

The mode conditions of the LU-40 thermostatic sys-
tem are completely automatic without operator partici-

pation and a blocking signal is sent to other accelerator
systems if a malfunction occurs. The accelerator opera-
tor can change the work regime of the thermostatic sys-
tem using the local console (the MERA6052 terminal)
or the central control board of the accelerator. To do this
operator’s PC is connected to the RS-485 serial port of
the controller. For the information transmission between
the thermostatic system and operator’s PC MODBUS
standard protocol is used.

Fig.2. Thermostatic system hydraulic diagram of the
LU-40 accelerator. R — water flow relay; RL — water
level relay; P1,P2 — manometers; T0...T6 — thermocou-
ples; AS1,AS2 — accelerating sections; TW — tank with
water; W — external cooling water; PW — main pump;
RW — stand-by pump,; HE — heat exchanger; AV — actu-
ator valve; HI,H2 — heaters; V1,V2 — voltmeters;
RA — accelerating resonator

The system service routine is written in C++ lan-
guage. It starts to run automatically when electric power
is turned on. Then the starting routine checks and per-
forms an initialization of peripherals of the ADAMS5511
controller (modules of 5000 series, RS-232 serial port,
RS-485 serial port, etc.). If an emergency event is deter-
mined, the program execution is suspended if the occur-
ring equipment malfunction can be removed on-line;
otherwise it exits. If the check and the initialization are
executed successfully, there exists an opportunity to
perform the following procedures: analog date reading
from the module of 5000 series, discrete date reading
from the module of 5000 series, output data forming
from the module of 5000 series for the control of the ex-
ecute analog devices, output data forming from the
module of 5000 series for the control of the execute dis-
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crete devices, the communication between the controller
and MERAG6052 terminal or emulator computer terminal
through RS-232 port for the thermostatic system control

ator’s PC. An example of the temperature change at the
accelerator turning on is shown in Fig.3. The thermo-
static system has been operating successfully for more

and for operation mode display (by symbol-by-symbol  than year.
swapping), the communication between the (.:ontroller Object T change
and PC or other peripherals for the thermostatic system
control and for operation mode display (by network -
MODBUS protocol). 50

For PID algorithm realization the following formula o /[ Tmmmmeres TapeINmmmmmmmmmmm s S
[2] is applied: e o ropeg IR
CO= KP*((TP- SP)t (Sn_0+ (I/Ti)*(TP- SP)*Ts)t KD*(TP- PV _0)/Ts), %40::;)/' T e e TR T s
where KP is a proportional factor; KD is a derivative s ,: el —T
factor; 7i is a time interval of integration; 7P is mea- 2; M //
sured temperature; SP is a temperature setting; 7Ts is 30 o,
sampling time; Sn_O is a integral component value for 333883399 55538888
preceding step; PV_O — the temperature value for pre- I8IL88208F3858833
ceding step. | T T T 7T Time(min) ~ ~ T T T 7

Below is the code fragment using this formula, it en-
sures the stable work under changes of input and output
signal value.

ER=TP-SP;

Sn=Sn_O0+ER*Ts* (KP*(1/T1));

if (Sn > 4095) Sn=4095;

if (Sn < 0) Sn=0;

if (Ts ==0.0) Ts=0.1;

DPV=(TP-PV_0)/Ts;

if (Ti==0) Ti=10;

CO=KP*ER + Sn + KP*KD*DPV;

Sn_0=Sn;

PV _0=TP;

if (CO >=4095) CO=4095;

if (CO <= 0) CO=0;

out5024=CO.

There also exists an opportunity to accumulate data
of the controlled object temperature change on the oper-

Fig.3. Temperature change diagram for the accelerat-
ing sections (T0,T1), for the accelerating resonator
(T5), and for water at heat exchanger exit (T3) during
turn on of the LU-40 accelerator
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CUCTEMA TEPMOCTATUPOBAHUA JIBYXCEKITMOHHOI'O J1Y3-40

B.H. bopuckun, H.B. /lemuodos, A.B. Heaxnenko, C.II. Jlesanoosckuii, B.A. Momom, I E. Tapacos,
C.B. Illenenko

Cucrema TepmocrarupoBanusi yckoputens JIVD-40, obecrieunBaeT TEpMOCTAOWIN3AIMIO OBYX YCKOPSIOMINX
CEeKIMH M MHXKEKTopa. B cucreme TepMocTaTHpOBaHMsI UMEETCs 7 IaTYMKOB U3MEPEHHUS TEMIEpaTyphl, 10 8 AaTdu-
KOB ITPOTOKa BOABI YEPE3 OXJIAKIAECMBIC 00BEKTHI U JaTYUK YPOBHSA BOJBI B Oake. JIJ'ISI aHaJIn3a CUIHaJIOB OT AaT4YH -
KOB W PETYJIUPOBaHUS TEMIEPATyphl UCIIOIb3YeTCs MUKporpoleccopHbiil komieke AJITAM 5511 u tupucropHbie
perymsitopsl POT-63. Madopmanus o mapaMeTpax MpoIecCOB BBIIASTCS HA MECTHBIM MyJIbT YIIPABICHUS, a TaKXkKe
yepe3 opt RS-485 B PC omeparopa yckopurens.

CUCTEMA TEPMOCTATYBAHHSA JIBOXCEKIIIHHOTI'O JITIE-40

B.M. Bopuckin, M.B. /lemioos, O.B. Heaxnenko, C.I1. Jlesandoscvkuit, B.O. Momom, I.€. Tapacos,
C.B. Illlenenko

Cucrema tepmocTaryBaHHs mnpuckopioBada JIIIE-40, 3a0esmedye TepMocTadili3amio IBOX HPUCKOPIOIOUHX
CeKIi Ta iHKeKTopa. Y CHUCTEMi TepMOCTaTyBaHHs € 7 HaTYMKIB BUMIPIOBaHHS TeMIIEpaTypH, 10 8 HaT4HKIB
MIPOTOKY BOAM KPi3b OXOJOMKYBaHI 00 €KTH Ta NATYUK PiBHSA BOAM y Oami. J{JIs aHaNi3y CHTHANIB BiJl NATYMKIB Ta
PeTYIIOBaHHS TEMIIEPaTypd BHKOPHCTOBYETHCSA MiKporporecopanii kommiekc AJJAM 5511 Ta THpHCTOpHI
perymsitopu POT-63. [ndopmanis o mapamerpax HMpoLeciB BUIAETHCSA Ha JOKUIBHUN IyJBT YHPABIIHHS, a TaKOX
yepes nopt RS-485 y PC oneparopa npuckoproBaya.
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