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Abstract

In J-PARC main ring, each of the main magnets (Bending, Quadrupole, Sextupole) has a trim-coil. The basic aim of trim-coil 1s
to correct small deviation of each magnetic field. In addition, we have used them for other purposes, for example: (1) 1n Beam-
Based-Alignment studies, (2) as flux monitors, and (3) to make a short-circuit to reduce ripples of magnetic field. At a
moment, trim-coils can be used for only one purpose. We introduced relay-switches to change trim-coil connection to a device,
which corresponds to the selected purpose. When we switch the purpose, we have to change 1,200 on-site relays manually,
distributed in three buildings.

Overview of Trim-coil relay selector

1. Trim-coils in MR main magnets

* Bending:96 Quadrupole:216 sextupole:72
* 3 power distribution buildings (D1,D2,D3)
 6(B) +11(Q) + 3(S) families
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2. Trim-coil relay selector

* There are 4 purpose to use the trim-coil.

1. To correct small deviation of each magnetic field

. Beam-Based-Alignment study

2
3. Magnetic flux monitors
4

. To make a short-circuit to reduce ripples of

magnetic field

* Switch these 4 purpose by relay control.

* 1relay and 1 purpose are one-to-one relationship.

3. Control system

* EPICS control system use PLC-IOC(F3RP61)

Photo of the trim-coil relay selector
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layout of the trim-coil relay selector

System development and configuration
1. PLC-module (YOKOGAWA)
* Consist of a CPU module and I/0 modules.

* Operate a control panel with a digital I/O module.
The panel manages power and interlock.

* Control many relays with 6 digital output modules.
2. Many relays

* Arelay unit have 8 relay (for 2 magnets).

* A summarize unit gather signal of 8 relay units.

* A system have 6 summarize units.

* So, a PLC have to control 384 relays. (at a building)
3. EPICS PVs (Process variable)

 An EPICS 10C makes many PVs.
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status power, timing
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set only 1-bit 384

reset 4-bit 96
software key 1
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Set only each 1 bit and reset any 3 bits

precautions

1. Two or more relays must not be turned ON in a magnet.

2. If a relay is OFF, no current flows to the instrument.

3. Do not change a relay when main magnet is in pattern
operation.

soft-key

* To avoid pushing the wrong button.

* To prevent erroneous operation by combining other
conditions

Conslusion

Thus, a control system for trim-coil relay-selectors have been

developed in winter, 2014-2015. EPICS tools and environment are
used to develop the system. The system comprises PLC I/O
modules with controller running EPICS on Linux. The system will
be in operation after March, 2015. By using the system, we expect
much easier switching of relay-switches than before.

Control display development

e Status of Trim-coil relay selector system

./status trimcoil relay.edl (jkjbladedd4.mr.jkcont)
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* Operator see only this display.
* If necessary, open displays below.

e Trim-coil set to “short”

Jtrimcoil_short family.edl (jkjbladedl.ccr.jkcont)

trim-coil display for coil-short

off short off shart off short off shaort off short off short off short
QFNO71 | [l oFF A0M0a0 [l T oFF GF141 | [EElmm| oFF A0 160 [EElmm 0FF GFPO04. [l short [l 54020 [Elmd oFF
QFN0es  [Emlmm| OFF 20MN093 [l 0FF QF:140 [Emlmm| OFF o167 o oFF GFPo7E| [l m oFF
QFM064 [l OFF
QFN0Ss| [l oFF
QFMOS7 [l OFF
QFN0s2| [EElmm) oFF
QFM0S0. [l | oFF
QFK045 [l oFF
QFN043 [Elmd short [l 20115 [Elmd oFF
QFN03E (el short [l Q0M121 [Ealzed OFF
QP36 [l short [l Q0N 25 [Em) oFF
QFNO31 | [l short [ Q0N 28 [mlmd oFF
aFNo28) [l o short [l Q0N 52 [El o) oFF
QFN024 (o short [l G0N135 [Ealmd oFF
aF022) [l m short [l GOM139 [EElm short [l QF<052) [Emlm| oFF
QAFM01 7| [l short B QDN 142 [l short B QF<091) [Elmd | oFF
0FM215 [ElE short [l GOM162 [Elm short [l GF<063] [Emlmm| oFF
QFM21 0/ [l short B A0 M165 [ short Bl QF<065 [Elmm OFF

@ Fn208| [l short [l Q0N 1 69z short [l AF+062 [Eolom OFF
GFN203 [l short [l QDM 72 [EolEm short [l GF:081 | [EOlED OFF
aFH201 | [mlE short [l G0N 76 [EElm short [ QF<055! [Emlm| oFF
QFM 196 [l ol short [l G0M1 79 [Emlm short [l QF<054) [Emlmm| oFF
aFM1 54 [mle short [l G0M1 63 [EElmd short [l QFA046) [Emlm
QFN1239 W short [l G.0M156 [ Elmmd ) short [l QFx047 [Ealmm] OFF
QFK157 (Gl short [l QCN190 [EElm short [l QF<041) [EElEd| OFF
aFM152 (e short [l G0M1 93 [Elm short [l GFA040) [Emlm
QFK150 [l short [l (QCN197 [EBlED short [l QF<034) [EElEE| OFF
QFM1 75| [l short B A0 M200 [Emm short B QFH033 [EElm OFF
QFN173| [l short [ Q0 M204 [Elmd short [l AF<027 [Emlmmd| OFF
QFH168! [l o short I A0MN207 [l short B QF<026 [Elmm oFF
aFM 166 [mlE short [l G0M211 iz short [l QF<020/ [Ealmd| oFF
aFM161 | [mElE short [l G0M214 [z short [l QF<018] [Emlmm| oFF
QFN143 [EllE sthort B Q0 M01S [Elm short [ QF3213 e short
QFK135 [l short [l GCN021 [ERlm short [l QF<212) [l short [
QFN136 [l short B Q0 N025 [Elmm short [ QF<206 [EmElo short B
QFN131 | [ short [l (G0 N02s [EEE short [l GF<205 [l short [
QFr128 [l short [l Q0 N032 [ERlE short [l QF<199) (S short [
QFN124 [l short [l 20 N03S [l short [l GF:195 [0l short [l = =
0FN122 [l short [l 0DN039 [l short [l 0F#192) [l short [ comss [ e SDA133 l—ﬁ aFF
QFN117 (ol short [l QDN0s2 [l short [l 0F%191 [l short [l QD149 [alodshort lll =0ooes e
@Fn115 [l short [l QOM046 [l short [l QF185 [l short [l apriss o short B0 e o | pioe-magecios tme
@Fn1 10 [l short [l 20 N043 [mald short [l G+ 54 (el short [l Qo105 [l mlshort =0 [l oFF 1506104 21:41 40
QFM 106 [ElE short [l A0 M0S3 [Elod short [l GFR1 75 (Rl short [ Q003 [l e short 504177 [mlad OFF

QFM103 [l short [l Q0 M056 [Elmd short [l GF177) [Emlmm short [ OFT157 [maled short M 50154 [l oFF pioc-mag-d203 time
aFN101 | [l short [l 20 N0E0 () short [l GF:1 71 (Ealm short [ QFT147) [l short B S0 a1 91 (oo oFF ST 21 5 20
QFN03E (o short [l GO0 NOGS [Elm short [l QF1 70/ [z short [ FTOBS |_l7 OFF ol

aFr0sd [l short I Q0 N067 [Emlomd short [ QFA164 [Emlomd short [
aFMoES) [l e short [ Q0NO?0 [ m snort [ GFR163 [Emlom short [

SFADZY [l OFF

QF#134 [lom| oFF
QF:1 33 [l oFF
QF#127 [l oFF
QF:1 26 [l oFF
QF#120 (ol oFF
QF#119 (ol oFF
QF:1 13 [l oFF
QF#112 (ol oFF
QF:106 [l oFF
QFx105 (ol oFF
GQFA099 [l OFF
QFx095 (ol oFF

GFP1 46/ [l oFF SFa034 [mmlmm| OFF
QFF156 [l short [l SFA041 [Ealomd| OFF
GFPOG4| [l | oFF SFan46 (el OFF
QFF01 2 (el oFF 5Fa05s| [Emlmd oFF

00174 [l oFF

Q0181 [l oFF

00158 [Emlm oFF

A0x195 [malord OFF

Q0 x202 [Ealm oFF

Q0xR209 I_IT OFF
L ok

LDN097 [ElE| oFF
a0 00 [l oFF
QDM 04 [z OFF
a1 07 [l o oFF
BCN111 [Em 0FF
Q0114 [l oFF

SFADE2 I_IT OFF

o ot

GRS I_IT OFF

art
GO RO0S |_IT OFF
GFRO10 |_l1 aFF
o hart

SFA120 I_IT OFF
SFi127 l_l_ OFF

off Ehort
SOE100 [malm oFfF
SDEB093 (molmrd oFfF
SDEB070 [l oFF
S0E063) (el OFF
SDE0SE [l oFF
SDE049 [malm oFF
SDB042) [z OFF
SDE03S [mmlmm oFF
S0E02S (el OFF
s0DE021 [l oFF

soft-key

locked

pioc-rmag-c303 time
1500604 21 :41:39

* The top is close to the power supply for each family
* The magnet pattern of “short” is stabled.

e Trim-coil set to “BBA”

./trimcoil_bba.edl (jkjbladed4.mr.jkcont)

trim-coil display for BBA .1 cois10

D3 off BEA off BEA

QFM117 [l oFF A0R153 [eml=ml oFF
aDm1 18 [el=ml oFF AFR154 [eml=ml oFF
aF%119 [zl OFF 20T155 [mal=l oFF
aF120 (el oFF AFF156 [mal=al oFF
Qo121 [l oFF
QFM122 [zl oFF
00x%123 [zl oFF
GOFH124 [zl oFF
oDM125 [zl oFF
GOF %126 [zl OFF
aFx127 [zl OFF
aDM1 25 [elzml oFF
QFM129 [zl OFF
Q0130 [el=ml oFF
QFM131 [zl OFF
Q0132 [zl oFF
QF:133 [l oFF
QF 134 [ElEnl oFF
QDM135 [zl oFF
GOFN136 [zl oFF
a0#137 [zl oFF
GOFN135 [zl OFF
aDM138 [elzml oFF
QF %140 [Ealznl OFF
aFs141 [Emlznl OFF
QDM 42 [zl oFF
QFM143 [zl OFF
a0y 144 [zl oFF

D2 off BEA off BE&

GFM045 [emlzml oFF A0R0S1 [zl 0FF
Q0Mo4e [Emlzml oFF AFR0E2 (el oFF
GFA047 [zl oFF A0T0E3 [l oFF
GF =045 [zl oFF AFF0E4 [zl oFF
QD M049 [l =l OFF
QFMOS0 [l =l OFF
G0x051 [Emlzml OFF
GFM0S2 [zl OFF
GOM0S3 (el zml OFF
GF 054 [Emlzml OFF
GFX05S (el =ml OFF
G0MOSE (el zml oFF
GFM0S? [emlzml oFF
Q0x055 [Emlzml oFF
GFM0SS [zl oFF
G0 Mos0 [l =l OFF
GF =061 [Emlzml oFF
GF =062 ezl oFF
G0MNOE3 [zl OFF QOFX099 [Eal=nl oFF
GFM0G4 (el OFF GCM100 [Eal=m oFF
G0 #065 (el zl OFF GFN101 [ElEml OFF
GFM066 [Emlzl OFF GO0#102 [l = 0FF
G0MNOE7 (el =l OFF QOFM103 [l oFF
A0M104 [El=ml oFF
AF105 [zl oFF
AFK106 [l 0FF
A0 M107 [Eal=l oFF
QFM108 [EalE oFF
Q0%109 [Eal= oFF QF5145 [l

aFM110 [EalE oFF 05146 [l

GCM1 11 [El=m oFF GOFT147 [Elznl oFF
QF:112 [ElEl oFF GOFF145 ezl oFF
QOF113 [ElE 0FF G0T149 [Elznl OFF
QDM 1 4 [l 0FF QFR150 [zl OFF
QFM115 [l oFF QDR151 ezl oFF
a0y 16 (mlEl 0FF

pioc-mag-d203: 50104013 16:25:32

D1 off BB off BEA

AFM189 [eml=ml oFF QDRO00A [El=ml oFF
Q0 M190 [l=al 0FF AFR010 [zl OFF
AF191 [ealEml oFF A0T01 1 [zl OFF
aF#192 [malEml oFF AFF01 2 [l OFF
Q0N193[El=n aFF QFT 3 [l oFF
QFM154 [l OFF Q05014 [zl oFF
Q0195 [mlEm oFF aFs0 s [l

QFM1595 [El=nl OFF G0 X016 [zl oFF
Q0 M197 [l Enl OFF GFN017 [zl OFF
OF:195 [ElEml OFF om0 8 [zl OFF
QF #1389 ([mal=l 0FF QOFX01 9 [zl OFF
A0 M200 [El=al OFF aFX020 [zl OFF
AFM201 [eml=ml oFF
a0x202 [eml=ml oFF
2FM203 [malEml oFF
Q0 N204/[El=ml aFF
QFx205 [Eal=nl OFF
QFx206 [Eal=nl OFF
00M207 [Eal=nl OFF
QFN208 [Eal=nl OFF
G0 %209 [l Enl OFF
QFN210 [l Eml OFF
A0M211 [l oFF
AF%212 [eml=ml oFF
2F%213 [eml=ml oFF
a0M214 [l 0FF
aFM215 [ealEml oFF
Q0%216 [l OFF
QFs001 [elEnl OFF
G0 S002 l_l_n QFF

aFoss [EalEml oFF
Q05056 [l =l oFF
QF5087 [El=nl oFF
GO0 %083 [El=nl oFF
GOFN05S (el =l OFF
G0 M090 [l = 0FF
OFX081 [l oFF
aOFX082 [l oFF
Q0 MN0a3 [El=ml oFF
AFM094 (el oFF
Q0 %095 [Eal= oFF
QFN09E [EalEml oFF
QA0 MN0S7 [l oFF
QFx09% [Eal=ml oFF

QFT157 [Eal=nl 0FF
105153 [Eal=nl | 0FF
1F5159 [l OFF
Q0# 160 =l | OFF
GQFN161 [Eal=nl | OFF
Q0M1 62 [l =l | 0FF
QOF#163 |[mal=ml 0FF
QF#164 [mal=nl oFF
A0 M1 65 [l 0FF
AFM166 [Emlzml oFF
20167 (=l oFF
QFN16S [l OFF
Q0N &9/ [al=ml oFF
QF:170 [mal=nl | 0FF
OF:171 [l OFF
QoM 72 [l =l OFF
QFN173 [l =nl | OFF
Q0#174 [l Eml | 0FF
QFM175 [zl oFF
Q0N 76 [l 0FF
AF#177 [eml=ml oFF
AF#175 [zl oFF
a0M1 79 [l 0FF
QFM1E0 [Eal=nl OFF
a0x181 [l 0FF
OFM152 [l OFF
a0M1 83 [l =l | OFF
OF:154 [malEml | OFF
OF:1585 [malEml | 0FF
Q0N 56 [l =al 0FF
QFM187 [zl oFF
0188 [eml=ml oFF

pioc-mag-cd303: 1501013 16:25:32

Q0M02 1 [zl oFF
AFM022 [zl OFF
Q0 %023 [l oFF
QFN024 [l oFF
QA0 N02s [zl oFF
QFx026 [E=nl oFF
QFx027 [zl oFF
oo M023 [zl oFF
GOFN029 ezl OFF
G0 %030 [zl OFF
QOFM03 [zl OFF
Q0 MN0E2 [zl oFF
AFX033 [zl OFF
AFX034 [zl OFF
a0 MN0Es [zl oFF
QFN03E [l oFF
Q0 x037 [zl oFF
QFN03E =l oFF
G0 M033 [El=nl oFF
GFx040 [Elznl oFF
GOFx041 [Elzml OFF
QDMN042 [l =l OFF
QOFM043 [zl OFF
Q0 %044 [zl oFF

pioc-mag-d1 03 1510013 16:25:32

GF #0658 [Eal=nl OFF
QF %069 [Ealznl OFF
G0MO70 (el oFF
GQFMO71 [l OFF
Q0x072 [l =l OFF
GF5073 [zl oFF
G0s074 [zl OFF
GFT07S (el OFF
GFPO7E [Emlzml OFF
GOTO77 ([Emlzl OFF
GFR07S [l =ml OFF
G0R07S (el =l OFF
GFR0S0 [Eal=nl OFF

GQFFO04 l_l_a OFF
QOTo0s (el = OFF
LFRO0G [zl OFF
L0 RO07 ([ alEm| OFF

QFR00S [Eal=nl OFF QFR152 [Elzml oFF

soft-key

locked

trim-coil mode
OFF mode

* Button placement is ascending address order of
quadrupole magnets.
* Don’t select 2 or more “BBA” relays in a building.

e Trim-coil set to “Trim-coil correction”

Jtrimcoil_harmonic.edl (jkjbladed44.mr.jkcont)

trim-coil display for harmonic ... o1

D2 pioc-mag-t203: 510113 168:27:00 | | T3 pioc-rag-o303: 151013 16:27:00

soft-key
SFAD48 OFF QFR154 OFF lock

SFADSS OFF QDT155 OFF open

SFADBZ OFF QFP156 OFF locked
SFADES | off Jhsonic||OFF

* Select 7 magnets only.
* These magnets don’t use “short”.
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