MuTr FEE Safety Review

N. Bruner UNM
June 22, 2000



© 0N kWD

=
N = O

Outline

MuTr Racks

MuTr Cable Runs

MuTr FEE LV

LVHP Suppliesto-FEE Chassis
MuTr Glink/Clink LV

LVHP Suppliesto-Glink/Clink Crates
Glink/Clink Cratesto-FEE Chassis
Calibration Cables

MuTr HV

Grounding

Water and Gas Lines

Monitoring



MuTr Racks

The Front end el ectronics and HV
distribution cards are mounted near the
chambers. All other electronics are
mounted in racks on a platform
supported off the magnet’ s back plate.
(left ) houses HV power supply
and timing & fast control crates. A’
(center) houses LV power
supply and distribution cards.
(right) houses more LV
distribution cards and the calibration
and slow controls crates.
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Routing for one octant of Stations2 & 3

MuTr Cable Runs

0’ « Station 2 and 3 HV cables are routed

across octants in bundles until they reach the
main beams. The main beams are separated
into two channels. HV, gas, water, and
nitrogen are routed within one channel.
Cathode signal and LV power cables are
routed within the other.

» From exit ports at each octant, Station 2
and 3 cable trays follow the edges of the
back plate to the cable tray located below the
rack platform.

e Station 1 cabling will be routed through
trays along the 4:30, 7:30 o’ clock lampshade
panels then up to the eyebrow.



MuTr Cable Runs

South Arm cable runs:
— HV
— LV
— Signd




MuTlr FEE LV

7.5V DC, 2 channdld/card
| =125 300W/7.5V=50A

Phoenix HDFK 10 feed:
throughs & #8 AWG

vMolex header
LVHP Distribution card
10 channels FEE chassis
] vvvvvvvvy | | Phoenix CROC Berg/FCl IDC connector
| =1.25" 30W/7.5V=5.0A Combicon '
(Distribution cards have one header CROC «— i flat
5A fuse/channel.) »|  Controller
»|  Controller | ,«<LONA/chan
Alpha#12 AWG Molex ROC P +
] ' connectar < |
Single-pair CROC < Cathode Strip

Cards
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LVVHP Supplies-to-FEE Chassis

Standard :
° Chassisis electrically isolated from support structure.
° Operating Voltage and Current: 7.5V at 30A

° Connector: feed-through, UL rated for 300V at
65A

° Cable: 8 AWG single-pair, 2-6 ft
LVHP distribution cards to fan power to 10 channels each
° Operating Voltage and Current: 7.5V at 3A

° Fuses: (RGES00), I;y= OA, 1y,= 8.9A
° Cable: 5616B1201, 12 AWG single-pair shielded, passes UL
1277 vertical tray flame test, 22-64 ft

° Connectors: header, 3 pin, keyed, V= 600V, |__= 50A,
rated UL 94V-0; header, 3 pin, rated for 400V at

20A and UL 94V-2 inflammability
° Material: FR-4



LV HP Supplies-to-FEE Chassis (cont.)

FEE backplane

° Cable: 5616B1201, 12 AWG single-pair shielded, passes
UL 1277 vertical tray flametest. 2ft pigtail soldered to FEE backplane
° Connector: 3-pin locking connector (03-12-1036,18-

12-1602 and 18-12-1222), keyed housings, I,..,= 20A, V.. =600V,
withstanding 1500V, rated UL 94V-2



MuTr Glink/Clink LV

6.5V DC, 3 channels/card

Phoenix HDFK10feed-| | =1 25" 300W/6.5V=58A
throughs & #8 AWG

vMolex header
LVHP Distribution card
10 channels Amphenol —FEE chassis

| =125 30W/6.5V=5.8A Combicon #24 AWG| CROC

(Distribution cards have one | header
5A fuse/channel.) Alpha Vol ex Glink/Clink <— Controller
]
#12 AWG  header Controller
single-pair CROC

CROC




LVHP Supplies-to-Glink/Clink Crates

Standard :
° Chassisis electrically isolated from support structure.
° Operating Voltage and Current: 6.5V at 35A

° Connector: feed-through, UL rated for 300V at
65A

° Cable: 8 AWG single-pair, 2-10 ft
LVHP distribution cards to fan power to 10 channels each.
° Operating Voltage and Current: 6V at <3.5A

° Fuses: (RGES00), I;q= OA, I;,= 8.95A
° Cable: 5616B1201, 12 AWG single-pair shielded, passes UL
1277 vertical tray flametest. 17-57 ft

° Connectors: header, 3 pin, keyed, V= 600V, | .= 50A,
rated UL 94V-0; header, 3 pin, rated for 400V at
20A and UL 94V-2 inflammability; Glink/Clink header: , 3

pin, keyed, V, = 600V, |

, 1= 50A, rated UL 94V-0
° Material: FR-4
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NOTES:

UNLESS OTHERWISE SPECIFIED:

1. ALL RESISTORS ARE 1/4 W CARBON FILM WITH VALUES IN OHMS.
2. FOR FABRICATION DETAILS SEE DRAWING 002-0312-100-02,

3. FOR ARTWORK SEE DRAWING 002-0312-100-03.

4. FOR ASSEMBLY SEE DRAWING 002-0312-100-04.
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LV Distribution Card Part List

BILL OF MATERIALS

MEW | REF. DES. | QTY. CESCRIPTION FART WO, MFE.

1 C1 1 CAPL, 1@ uF, 16 WA, TANTALLIM ECS—F1CE1BE6K FANASOMIC

2 c2 1 CAP., 22 wF, 16 WY, TANTALLIM ECS—F1CE22E6K PANASOMNIC

& o1—-D2e 24 RECTIFIER, &, 4Q¢ 1Ma4R4 MOTOROLA,

4 DS1-D51 | 14 DISPLAY, LED, R. A, GREEN 53d8H1 ChL

b’ 511 1 OISFLAY, LED, R. A, RED 1% ) ML

& F1—F12 14 FUSE, PTC RESETTABLE, B& RGESEE RATCHEM

7 HS1 1 HEAT SIME, TO—228, LOW PROFILE | 5878 AEVID

B J1—118 1a HEADEF, TERMINAL HLOCK 1757488 FPHOENX CONTACT

| J11 1 HEADEF, TERMINAL HLOCK 42831 WO LEX
18 J12 1 HEADER, LATCH EJECTOR, 14—PIh 33145882 3M
11 JMPY, IMPE( 2 HEADER, 2—FId - -
12 L1—L2@ 28 INQUICTOR, FERRITE BEAD BLEZ2RNZ—RE MURATA
13 R1—F11 11 RESIZTOR, CF, 1/°4W, 3k, S21@ QHM | CFR—Z5JB S18R TAGED
13 R12 1 FRESISTOR, CF, 174w, 5%, 280 OHM | CFR—25JB 28BER YAGED
14 U1-uie 1d RELAY, 55, OC, BB W, 18 A CMXBED1& CRYDOM
15 11 1 LG, VOLTAGE REGULATOR, LDOG, & V| LT108BCT-5 LINEAR TECHNWGLOGY
16 U1z 1 COMNVERTER, DC-DC, ISQOLATED, 5 V| MMLBSESS MEWPORT COMPONENTS
17 — 1 KIT, FROWT PAMEL, WME, SU X 4HF [ 3287@ APW
18 — 2 EJECTORE LATCH, LONG 30UE—-5 JM
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LV Distribution-to-FEE Pigtall Cable

ITEM #|QTY| PART# MANUFACTURER DESCRIPTION
1 1 18 28 25 2 [PHOENKX CONTACT [Plug, 3 pin, UL ratedl for 400 V, 20 Amps, UL94 inflammability, w/screw locking feature, for AWG 24—10
2 1 5616B1210 ALPHA WIRE 12 AWG Pdair w/foil shield and 18 AWG Drain wire, UL1277 Tray Cable, 36" CD
3 1 103—-12-1036 MOLEX Receptocle, HCS —125 Power Connectar, UL 94V—2, 660 V, 20 Amps
4 |2 [18—12—16@2 MOLEX Tarmmal, Female, for 10—14 AWG wire,
5 1 18—12-1222 MOLEX Terminal Female, For 16 —18 AWG wire,
= -
Eno View [©Q©
—
17.98 mm 23
[0.71 inch] : 17 99 mm
| . — t—
[@.71 inch]
s I 3/®
S 52 [ .
Pin 1 e 1
Pin 1

MuTr Grounding & Shielding G Hart P-25 LANL

13



FEE Backplane Pigtail Cable

ITEM #QTY| PART # MANUFACTURER DESCRIPTION
1 1 | 561681201 | ALPHA WIRE 12 AWG Pair w/foil shigld and 18 AWG Drain wire, UL1277 Tray Coble, .36™ QD
2 1 [03-12-2036 MOLEX Plug, HCS—125 Power Connector, UL 94V-2, 60@ V, 2@ Amps
S [2 [18-12-2602 MALEX Terminal, melle, for 10—14 AWG wire,
4 1 18-12-2222 MOLEX Terminal mcale, for 18—18 AWG wire,
Length = 2 ft g
ES g
51mm ©J E‘
[02inch] | =
2 places
END VIEW @\ "HH
o0 ) o’ I *
[T [
I 2 3 %-p’m 1 =
! . 180mm WHIT Eg
[0.7inch] o g
BLACK =

MuTr Grounding & Shielding G Hart P-25 LANL

14



Glink/Clink Crates-to-FEE Chassis

*Glink/Clink crates are mounted on the back of the magnet plate for Stations 2 &
3 and on the lower lampshade panels for Station 1. FEE chassis are mounted by
the tracking chambers.
° Cable assembly: , 24 AWG shielded parall€
pairs, flammability rating: CL2, 30 ft
° Operating Voltage and Current: 3.3V a <3.5mA
° Cables are routed with LVPS cables from LV Distribution to FEE
chassis.

15



LV Distribution Cable Lengths

oustide
inside magnet magnet to rack slopinrack Lengthinmeters = Lengthinfeet #of FEM | #of Glink = Total length needed
Octant 1 Station 1. 3.0 14.1 2.0 191 63 25 0.0 157
Octant 1 Station 2: 40 6.7 2.0 127 42 8.0 25 438
Octant 1 Station 3: 3.0 6.7 2.0 117 38 100 25 480
Octant 2 Station 1: 3.0 14.1 2.0 191 63 25 0.0 157
Octant 2 Station 2: 4.0 18 2.0 7.8 26 8.0 25 269
Octant 2 Station 3: 3.0 18 2.0 6.8 22 100 25 279
Octant 3 Station 1. 3.0 14.1 2.0 191 63 25 0.0 157
Octant 3 Station 2: 4.0 24 2.0 84 28 8.0 25 289
Octant 3 Station 3: 3.0 24 2.0 7.4 24 100 25 303
Octant 4 Station 1: 3.0 14.4 2.0 194 64 25 0.0 159
Octant 4 Station 2: 4.0 7.0 2.0 130 43 8.0 25 448
Octant 4 Station 3: 3.0 7.0 2.0 120 39 100 25 492
Octant 5 Station 1: 3.0 14.4 2.0 194 64 25 0.0 159
Octant 5 Station 2: 40 10.3 2.0 16.3 53 8.0 25 562
Octant 5 Station 3: 3.0 10.3 2.0 153 50 100 25 627
Octant 6 Station 1: 3.0 14.4 2.0 194 64 25 5.0 477
Octant 6 Station 2: 4.0 134 2.0 194 64 8.0 25 663
Octant 6 Station 3: 3.0 134 2.0 184 60 100 25 755
Octant 7 Station 1. 3.0 14.4 2.0 194 64 25 0.0 159
Octant 7 Station 2: 4.0 13.0 2.0 190 62 8.0 25 655
Octant 7 Station 3: 3.0 13.0 2.0 180 59 100 25 738
Octant 8 Station 1. 3.0 14.1 2.0 191 63 25 5.0 470
Octant 8 Station 2: 40 10.3 2.0 16.3 53 8.0 25 562
Octant 8 Station 3: 3.0 10.3 2.0 153 50 100 25 627
10086

D. Fieldsand J. Boissevain 16



Octant 1 Station 1:
Octant 1 Station 2:
Octant 1 Station 3:
Octant 2 Station 1.
Octant 2 Station 2:
Octant 2 Station 3:
Octant 3 Station 1.
Octant 3 Station 2:
Octant 3 Station 3:
Octant 4 Station 1.
Octant 4 Station 2:
Octant 4 Station 3:
Octant 5 Station 1.
Octant 5 Station 2:
Octant 5 Station 3:
Octant 6 Station 1:
Octant 6 Station 2:
Octant 6 Station 3:
Octant 7 Station 1:
Octant 7 Station 2:
Octant 7 Station 3:
Octant 8 Station 1:
Octant 8 Station 2:
Octant 8 Station 3:

Glink Cable Lengths

oustide magnet

inside magnet tocrate
30 14.1
40 29
30 2.9
30 14.1
40 21
30 21
30 14.1
40 21
30 21
30 14.4
4.0 25
30 25
30 14.4
40 25
30 25
30 14.4
40 24
30 24
30 14.4
4.0 2.6
30 2.6
30 14.1
40 3.0
30 30
D.

Length in meters
171
6.9
5.9
171
6.1
51
171
6.1
51
174
6.5
55
174
6.5
55
174
6.4
54
174
6.6
5.6
171
7.0
6.0

Fields and J. Boissevain

Length in feet
56
23
19
56
20
17
56
20
17
57
21
18
57
21
18
57
21
18
57
22
18
56
23
20

17



MuTr HV

LeCroy 1469P HV Power Supply
24 channels

LeCroy HV pl ug,lS channels

1.25° |

max

|

|

HV filter HV filter HV filter
8 channel 8 channel 8 channel

=1.25" 98uA
=123pA

=Y

HV Distribution Card
12 inputs & outputs

HV Distribution Card
12 inputs & outputs

5kVDC rated wir
direct solder

0 T

Octant Diagramfor Station 1

| nsulated
box

18



HV Power Supplies-to-Anode Cards

HV Power Supply
° Crate mounted, grounded to earth
° Voltage: Max. 3.5 kV

° Current: Max. 98 pA/channel, |,; ) programmable from 5 pA to
98uA/channel

° Connector: LeCroy HV plug (part #455 220 009)

° Material: FR-4
° Housed in an insulating box, rated UL 94V-0
° Plugged directly into HV power supply

° Cable: BNL stock A30304 RG-59 cable, 12-66 ft, direct solder inside box -
direct solder to HV distribution boards

° HV tested to 4kV

19



HV Power Supplies-to-Anode Cards (cont.)

° Housed in an insulating box, rated UL 94V-0, mounted on the Cross-Rib
Assemblies for Stations 2 and 3 and on the FEE plate for Station 1

° HV tested to 4kV
° Cable: stranded wire, rated 5kV DC, twisted pairs, ~2ft
Anode cards
° Direct solder of stranded twisted-pairs, 5kVDC rated, to cards
= Vo= 1790V, 1, ~10nA/card
- Station 1 HV wires insulated with (3M epoxy, volume resistivity
=24 104?-cm)
° Material: FR-4
° Comply with IPC-D-275 specification of 0.00012"/V separation.
° HV tested: prototype passed 4.4kV, production cards pass 3kV.

20



HV Plug/Filter Box Schematic

Ta Letroy
Powar Supply

Dukput

Lird gy I B Cavior wirea
: LR =
- :_..“IE.‘E.,‘"'“' o3
_ BT ¢ a
. R =
_ gt o 3
= “-"-.-E'-.?hm' o B
= E_.-,‘E;er o 7
_ ™ g =
=T =1 gl ol
117
s

Enclesad in an ineulating bax

/

Fram High Yaltoge
DCist. Box.
(RG—58 Coaxlal Cobles)

Cables solder directly to PCE

Lo Algrmos MNobonal Laboratary

TrHn: LaCroy HY Flug’Filar bow, & Choreml

SCHEMATIC

S8 |futn Orignabed: 23 Fueb 2668

[Logt Revtomd: 5 Apr SEde

LML D f:  B3T208853

lpproved By, Sondhaim

PHEME, & 185—B313—2 B

G Hart P-25 LANL

|Brgan b 8. Hort
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HV Plug/Filter Box Assembly

Son BT H WM ¢ 106—0F 26312
e H Cam: Galla Dreing

Top e, skoedsg bolnm oord Mmelde plosfo boc

24" Lang

B =) S

Slde Ve, showing botn canss Inytaled In box

5 20 30

it 1
F] Top Cord [4)
T
1. 20U
5f ™
"E;F% E " Cobla and wem
Heh
_ aa@;‘
., |
=
2.4% Lang

1. dezambla and So

3, Apply aerylic conformal coating [1 mil minimum thicknaas)

to both pides of ass

Aug o view

ldar par IPC—E5312, Cloas ||

smbled boards

ASSEMBLY DRAWING

Lag Alarnca Matiomnal Laboratar,

Thim

PHEM MuTr HS Dotributian 9ymiam

Leray HyY Mug/Fiker bar, B hannal

Clerlas Grigincber: 3 PR 1008

B
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Lehl NAY F  ASTIMI AR

o By W

G Hart P-25

LANL
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High Voltage Distribution Box Schematic

(Thisisan insulated box located on the chamber support structure)

= RZ = R6 B R1@
WNZ e_] 2306 NN WNa e_] 206 AN W N 10 e_] 206 AN
wouts ok R1 wouta ok RE woutTim el RO
WN1 o8 28 AN WNS DoR 209 AN WNa Dod 228 AN
wWouTiA [ woutoa 1@ wouTer [
R4 R8 R12
WNe Dot 2688 NN WNe Dol 2808 AN Wz pol 2808 AN
woli# o) R3 WouTes @ . R7 W OUT124 1Oy 25a¢ R11
W N3 G_I NN\ W N7 G_I AN\ NN G_I = AN\
WouTm ot WouT7A et HOUT1A et
W ouTiB W ouTsE & W ouTOR
W oTE W ouT R &-;—] W OJTED
H ouT2B H OUT6B Q5 W OUT18B
W ouT2C HV QUTEE @-,—l W ouT1EC
B8 12
H OUT 38 W oUT 78 Q; HQUT 118 Q;
W aUT 3¢ WouT7e &,—I WUT1IC &,—I
H oUT 48 H ouTas &__] HouT 128 &__]
H QUT 4C WOUTBC |6 WoUT1ZC ] 6
W PREECR—N W PRSER—V W FRSER—N
= = = = = =
+2 v © ol <
xS S & gS & &
R - =
H N 1 SHELD HV N 5 SHELD H NQEHED
W N 2 SHELD W N & SHELD W N 10 SHELD
W N 3 SHELD W N7 $HELD W N 11 $HELD
WV N 4 BHELD IV N 8 EHED W N 12 BHED
- L b - - L la e b L la e
(Tarmm o o Tarw o e TarCw o e
LSS NSNS \\‘!\\Q\ Q\\%‘ \\Q\\Q\ Q\Q
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12 Channel Distribution PCB (Stution 25)
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HV Distribution Box
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Octant 1 Station 1:
Octant 1 Station 2:
Octant 1 Station 3:
Octant 2 Station 1:
Octant 2 Station 2:
Octant 2 Station 3:
Octant 3 Station 1.
Octant 3 Station 2:
Octant 3 Station 3:
Octant 4 Station 1.:
Octant 4 Station 2:
Octant 4 Station 3:
Octant 5 Station 1.:
Octant 5 Station 2:
Octant 5 Station 3:
Octant 6 Station 1:
Octant 6 Station 2:
Octant 6 Station 3:
Octant 7 Station 1:
Octant 7 Station 2:
Octant 7 Station 3:
Octant 8 Station 1:
Octant 8 Station 2:
Octant 8 Station 3:

HV Cable Lengths

oustide magnet

inside magnet to crate
3.0 16.1
19 123
16 123
3.0 16.1
19 8.7
16 8.7
3.0 16.1
1.9 3.8
16 3.8
3.0 124
19 1.0
16 1.0
3.0 124
19 5.0
16 5.0
3.0 124
19 8.3
16 8.3
3.0 124
1.9 114
16 114
3.0 16.1
19 150
16 150

D. Fieldsand J. Boissevain

insiderack Lengthin meters

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

2.1
152
149
2.1
116
113
2.1

6.7

6.4
164

3.9

3.6
164

7.9

7.6
164
112
109
164
143
140
2.1
179
176

Lengthin feet

EEBSEILBLYLIRBEIREERRNBEUBRE SR
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Cdlibration Cables

*Used to pulse anode wires for
*Operating Voltage and Current: 10V max pulse at low current

«Cable: Alphawire (part # 58604), 24 AWG multi-pair, individualy foil
shielded, plenum rated, type CL 2P, passes Steiner tunnel test. 12-66 ft

sConnectors. Amp circular plastic connectors (A1363-ND, A1358-ND and
A1332-ND), keyed, rated 94V-1

26



Grounding
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Water and Gas Lines

3/8" tubing will be used outside the magnet for water and
non-flammable gas.

Outer manifold-to-inner manifold routing:
«3/8” tubing
*3 hoses required for service: water in, water out, air in
«|ength requirements inside the magnet
estation 1. 5 ft/quadrant
estation 2: 9 ft/octant
estation 3: 6 ft/octant
stotal = 3hoses * 8oct [9ft + 6ft] + [5ft * 3hose*4qd] = 420 ft
stotal weight = 20 |bs
spart number : TYNY -12375 [3/8 D * 1/2 OD]

Inner manifold-to-chassis routing:
1/8” tubing
stotal = 8oct * [100ft +100 ft] + 4qd *[100ft] = 2000 ft
stotal weight =50 |bs
spart number: TYNY 14126 [1/4 OD * 1/8 ID] 28



Monitoring

Smoke Detection near the Muon M agnet:
Notifier Fire Systems, SDX-751 connected into PHENIX readout system

Cooaling:
Water flow ? Anaog flow meter attached to main manifold outside magnet

Water temperature ? Thermocouples attached to
three input manifolds (one for each station)

exterior manifold returns
FEM temperature ? Controller cards measure 6 output voltages, 1 current,
3 temperatures
Readout cards measure 4 voltages, 2 temperatures

has detailed fault monitoring with corrective actions.
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