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January 24, 2012 oFermilab 

To: 	 Mike Lindgren 
Particle Physics Division 

From: 	 Thomas Page 
Chair, Village & Misc. Cryogenic Safety Review Panel 

Subject: MicroBoone PMT Test Stand 

Dear Mike, 

The Village & Misc. Cryogenic Safety Review Panel has completed its review of the 
modified cryogenic setup of the MicroBoone PMT Test Stand in the Proton Assembly 
Building (PAB). This is similar to the setup approved in 2010 with the exception of a 
new top plate designed to hold four PMT's instead of one. 

Our review consisted of: 
A meeting and walk-through with Teppei Katori at PAB on January 23, 2012. 
Committee members present: Tom Page, Eric McHugh, Brian DeGraff and Bill 
Soyars 

• Review of safety related documentation provided to us for our review of this setup. 
o Description of intended set-up and operation, revised 1212512011. 
o ODH calculations, dated 12/1212011. 

Based on our review and the previous PMT test experience, we are satisfied that the 
proposed operation in PAB can be conducted safely. 

Regards, 

Thomas Page 
On behalf of the Village & Misc. Cryogenic Safety Review Panel 

Copy: 	 Teppei Katori 
Panel Members (Brian DeGraff, Eric McHugh, Tom Page, Dave Pushka, Bill 
Soyars) 
Arkadiy Klebaner, Cryogenic Safety Subcommittee Chair 
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Eric D McHugh 

From: . Steve Chappa <chappa@fnal.gov> 
Sent: Tuesday, February 07/ 2012 4:50 PM 
To: Eric D McHugh; Leo Bellantoni 
Cc: Karen M Kephart; Linda F Bagby 
Subject: RE: MicroBoone PMT TestStandreview findi.ngs 

Hi Eric. Dr. Leo, 

I have completed a follow-up review of the .MicroBoone test stand; located at PAB, with Linda. Fromthts· 
follow-up (correlated with the'review findings items itstedpreviously): 

1) The panel is now secured. '--OK 

2) The caution label is placed on the front panel of the crate. -OK 

3) I have looked at a spare (and identical) interlock chassis and cross-referenced it with the now updated 
drawings in the supplieddocuinentThe fabrication and description 'in the'documentalLlooksOKThe interlocL 
and reseLoperations are not'controlled by aPLe.. . . 

4) The HV caution. labels ate noW. placed on the four RG180 cables. -OK 

5) The HV grounding' is now understood and the custom splitter boxes, cable shield connections now' match 
with the document supplied. Due to the operational requirements; the rule contained in FESHM5043-3(5) is 
mitigated through the use of external grounding braids and the. use of a· "soft" grounding 'for the cabkshidds 
using a 500-ohm isolating resistor. Rough calculations indicate that even if all four cables were to short to the" 
dewar vessel wall, the maximum voltage induced oli the .dewar metal will be about 1.5 V (3mA x 500-ohms) . 
before the BV pods would trip on an over-currenL ..~OK 

6) The AC cord is now restrained at the IEC connection. -OK 

With these concerns addressed, I can now recommend this installation be issued the ORe. 

Regards, 
Steve 

.', 

From: Steve Chappa [mailto:chappa@fnal.gov] 

Sent: Monday, January 23, 2012 7:46 PM 

To: 'Eric D McHugh' 

Cc: 'Karen Kephart'; 'Linda Bagby'; 'jamieson@fnal.gov' 

Subject: MicroBoone PMT Test Stand review findings 


Hi Eric, 

During the review of the PMT test stand at P AB this afternoon at 2:00 PM, I found: 
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1) Secure the G 10 blank front panel, for the VME crate, with screw hardware to prevent it from falling off and 
thus allow access to the interior of the crate with the HV module instaLled. 

2) Since the VME back plane, especially the J2 segment, is .customized from the standard pin out, there should 
be a sign or label indicating tliat VME modules should not be inserted !.n this crate. 

3) The custom-built interlock control chassis did go through a design review. However, being custom, I need to 
look inside to verify that "best practices" wiring methods are implemented inside the chassis with respect to the 
AC power, fusing, grounding, etc. 

4) HV caution labels are needed for the hrownRG180 cables used for the HV going into the dewar. 

5) The grounding of the cable shields seems to be confusing. Startlngwiththe rule (FESHM5045-3, . 

requirement No.5) that the HV chassis connectorshall be solidly grounded to the panenowhich,itis 

mounted. the isolating HV outputs and splitter circuit box.needs to be further understood.· 


6) Provide cord restraint for. the ACpower IECconnector goinginto . .theLambdapower.supplychassis:·Jf. 

moving the cord moves the cord connector when seated, restraint of the cord is required. 


OK. I have looked inside the interlocks control chassis and the fabrication itself looks OK. However, the circuit 

did not quite match up with the supplied. document. There.is an updated.drawing on·awebsite.that JamisonsenL • . 

-OK. 


Linda and 1will be going over the.HV shield grounding sometime. tomorrow. 


Once the corrective actions, listed above, are.complete, I will conduct a follow-up review. Once that is 

completed, Icanthen submit my recommendation. 


Any questions, please let me know. '. 

Regards, . 

Steve 
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Linda Bagby 

Engineering Note 

Date: Ll7.2012 

Rev Date: 1.24.2012 REVISED. 


Project: Microboone General Support 

Doc. No: B01l712B._Bagby]MT_TS]AB 


Subject: Electrical safety documentation required to obtain ORCl'lPproval ofPMT test stand at PAB 


Introduction: . 


The Microboone' Photomultiplier Tube (PMT) test starid.consists of one .electronics rack and a cryogenic vessel'in 
which PMTs are submerged in liquid Nitrogen. The test staridis used to characterize the operation ofthe PMTs whichwill'be 
used in the experiment. Recent gain studies have shown that the.PMTsrequirea longer amount oftime to stabilize than what .. ' 
was expected. Therefore, we seek Operational Readiness Clearance to operate the test stand unattended. 

Location: 

The MicroBoone test stand is located in the Proton Assembly Building (PAB), shown in Figure 1. 

·..~"tt<~ 
.:' ,~"'"'. .,' 

Figure I: Picture of test stand (rack and vessel). 

The electronics rack houses a VME HV crate with a mother board containing high voltage 'pods' and the supporting VME 
infrastructure. The VME HV module and pods were developed by Fermilab for DZero Run I and were once commercially 
available from BiRa Corporation, Model 4877PS. In addition to the VME HV crate, the rack contains a commercially 
available LAMBDA power supply, +5V Interlock power supply, network switch, and a fan tray. The device under test, 
Hamamatsu R5912-02, is located inside the cryogenic vessel. Specifications for the PMT are in Appendix A. 
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AC Distribution: 

AC power is provided to the LAMBDA supply, +5V Interlock power supply, network switch, and fan tray by the 
switched power sources in the SurgeX SXl120RT Surge Suppressor AC Distribution unit The specifications for the SurgeX 
can be found in Appendix B. Figure 3 illustrates the AC Distribution in the rack. The LAMBDA supply is fused at lOA and 
the +5V Lambda Interlock supply. is fused at :5A. The Network switch is a commercial unit. 

18 AWG:. Power cord: c 
to 120V120A service- ffl 
NEMA 5-20P 

20A, CB ... 
onnectS 
om wall. 

SX1120RT 
, 

15A switC:hed. 
A .j~ 

, All ptugsNEMA 5-15P 

~'2A 
+5V··PS, 

Mil Electronics 
15SA1AIT 

Network Switch 

10A 

~ LAMBDA PS 
ASSEMBLY #25156-2 

InterlOCk. 

BNC RG58 

"., ' Fan". tray .~ '.• '. 

Figure.): AC Distribution .' . 

DCDistribution: 

The' tAMBDApowersupply assembly,# 25156-2 and wiringhamessareshownin Figure 5. The commerdally 
available LAMBDA power supply assembly provides DC powerto the. VMEBV crate backplane via a wiring harness which· .' 
is designed to carry the maximum available current ,from each supply:within theasserribly. lOA WG wire. is capable of . . 
handling 35A and 14AWG cable is capable. ofhandling 20A:TheI4 AWG+5V sense lines are fused at lOA with in~line ..... . 
fuses. The. power returns for (lllmoduks are tied to the chassis ground within the LAMBDA mainframe.'· 
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I 
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Figure 5: LAMBDA Assembly and wiring harness 

I 

BOI2412B_Bagby]MT_TS]ARdoc Page 2 of 6 

mailto:J2\I@:.M


Figure 6 illustrates the fuse value and pin designations for the power rails located on the Mother Board which holds the HV 
pods. +5V and +/-12V bulk are fused with 5A pico fuses. +/-12V Analog is fused with 2A pico fuses. 

. :+12V 

...1\ .2A 12\1 ,,~-- \...J-~-.-- ,- ,.,. ~ 

:::::....E02-829 

~ ~ .-12VBLi<toHV
12V Bulk - v-­

• " _ t " • 

. : . . . . ~ 

POX-XXXrefers1OVM3:xJs' . 
rin~ 

Paraledpins_~ . 
to 12AlpOat60d3gC. 
per IEEE 1014 VI\IIE sfa1daItl 

Fgure5 

Figure 6: Mother Board Fusing 

BOI1712A_Bagby]MT_TS]AB.doc Page 3 of6 



High Voltage Circuit: 

The high voltage circuit schematic is shown in Figure 7. This schematic illustrates one of four identical circuits at 
the test stand. All four Splitter circuits are housed in an aluminum Bud box. All boxes are connected to the rack metal with 
ground braid. Figure 8is the PMT base circuit schematic, 

The output of the PMT base is connected to the vessel feed-through with a RO 180 cable. This cable is terminate on the base 
end with a pin to match the base socket (Mill-Max Manufacturing Corp., pin part #: 3117-2-00-21-00-00-08-0, socket part 
#0326-2-19-15-06-27-1 O~O): The other end is tenninated into a SHY connector which plugs into the feed-through. The 
cryogenic vessel is connected to earth ground via cryogenic piping and the level sensor ,signal conditioning electronics. 

On the vvannside ofthefeed-through, RO 180 connects the PMT. base to the Splitter box on an isolated SHY, labeled PMT., 
The high voltage, input to the Splitter, labeled +HY In, is connected to the T4High Yoltagepod (+2kY @3mA)withared 
ROS8, SHY terminated cable. The Signal pick-off, labeled Anode on the Splitter box, is connected to a scope (Tektronix 
TDS5054-NV -T) with a green ROS8, BNG tenninated cable. All connectors'on lhe Splitter box are isolated from the box 
housing. ' 

The over voitage'protec.tioritrip point is set with a potentiometer accessible from the front panel of the HY pod. Each HVpod 
also.hasan over'current tripcircuitwhich monitors the +1-12Y Bulk power supply used to generate the high voltage: 

V Circult'Common (COM)'", PMT 5 L­ 0' . 
EartliGrQund" Microboone" "T,' 'Ine,' tawing" 

Detector Ground 

Dewer,' 

Via' cryo pipesaRd.,levet. sensor., 
·' ·,••

C.old' : Warm,. 

Splitter 

Iso! " 
BNC', 

VIa braid, tied to raCk.,' 

HV 

Figure 7: HY Circuit 

Cryogenic vessel HY feed-through 
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Splitter circuit' Ground braid connecting floating Bud bOxes to. safety gro.und 

PMT Base Circuit 

0y1 F2 F1 F3 Dy2 Dy3 Dy4 0y5 Dy6 Oy7 DyB Dy9 Dy10 Dy11 Oy12 Dy13 Dy14 

'f'" l 
I 

" 'i 

'COM ' 

I 'COM Hamamatsu R59,12:02, mod 

Figure 8: PMT Base circuit schematic. 

Voltage Cable Testing:, 

The maximumvo.ltage o.n the PMTs is 2kV. They are typically biased at 1.7kV. To. insure the cable used to. co.nnect 
the PMT base to. the cryo.stat feed-thro.ugh will handle the maximum o.utput o.f the HV Po.d, 2k V, RG 180 was tested by Walt 

, Jaskierny. The detailso.fhis test are in the Microbo.o.ne Do.cDB #1806. In summary, Walt measured leakage currents less than 
'lOnA thro.ugho.ut the tested vo.ltage range, 0-8kV. Co.rona o.ccurred at 9kV. 

Cooling: 

Fo.rced air co.o.ling is pro.vided by a fan tray lo.cated under the VME crate. 

Fire Protection: 

Figure 9 illustrates the co.nnectio.ns from the Rack Pro.tectio.n System to. the AC Distributio.n SurgeX unit. The 
electronics sho.wn are enclosed within a cabinet. The unused slo.ts in the VME crate are covered with panels. Rack protectio.n 
is provided with a Rack Pro.tectio.n System (RPS) design by Jamieso.n Olsen. The Engineering,No.te documentatio.n can be 
found in Appendix C. Ifthe smo.ke sensor detects smoke, the interlock to. the SurgeX AC distribution unit is dro.pped, 
whereby AC to. the 5V po.wer supply is remo.ved and the LAMBDA power supply turns off. 
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S"lden 88442 

System Sensor 
Model #: 2W-B 

20A CB 

RPS 
Fault Out 

SX1120RT 
18 AWG Poweteord conneets 
to 12OVl2OA semce worn walL" 
NEMA 5-20P', ' ,4.H plugs NEMA's"1.-SP_'____.,' 

' ­ ____"--~_I,H8twar1<,Switch 

" LAMBDA' PS', 
A.SSeot9l Y ft51f6.2:, .... 

+5V PS ' " ... Intecl<H:li:" ' 

Mil Electronics ,'BHe I:tG5S' 
1!>SA1AfT, 

Figure 9: Rack Protection block diagram 

Shock Hazard: 

A Safety Analysis has been written by Marvin Johnson for the DO High Voltage System. This document is in 

Appendix D: According to his, references, danger from a momentaT)'currentpulse.is proportional to'i2L 1- represents the', ' 

current inamperesandcrepresentsthe,tirrie in seconds. The maximumsafe valueofetfo'r 150 Ib~manis,027; , ' 


The power supply pods used in the PMT System are typeT4whichprovide+2kVaf3mA.Ifthe output cable of the ' 
high voltage podis shorted with a 1 K ohm resistor, representative of a human ,body. thesupply trips off from' an oyercurrent 
fault. If the, over current fal.iltcircuit is disabled, an over voltage fault will occur. Using a conservative trip time ,and current of 
250ms and SOmA, the I2t value is 625 10-4 which provides a safety factor of 43. ' 

The et value due to a stored charge is represented by V2C12R. V is the pod voltage (2kV), Cis the filter capacitor 
on the pod (3nF), R is' the discharge resistance (human body lower limit is 2000bms): fr= 310'5. Combining this value witll 
the power supply value and dividing into .027 gives a safety factor of41 which includes the double fault condition of a 
disabled over current circuit and shorting the pod output With no failures the safety factor is 900. ' 

Another source, of-stored charge is in the cables connected to the pods. In the test stand, 'each pod is conriected, to' a 

single load with two types ofcable, RG58(26:5pF/ft) and RG180(17ApF/ft);Eachcehannel has approximately 5 ft ofRG58 

from the pod to the Splitter circuit. The cable length ofRGl80 from the Splitter circuit to the feed-through is 10ft. The 

RGI80 cable length from the feed-through to the base of the PMT is 5ft. The total capacitance due to"Cable is 5ft*26.5pF 

added in parallel with 15ft * 17.4pF for a value of 88pF. This is 34 times smaller than the pod filter capacitor. Therefore, the 

stored charge contribution due to cable capacitance is negligible. 


,Appendix A: Hamamatsu Photomultipler Tube Specifications 

Appendix B: SurgeX Specifications 

Appendix C: Rack Protection and Engineering Design Review Report 

AppendixD: Safety Analysis of the DO High Voltage System • 
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LARGE PHOTOCATHODE AREA 

PHOTOMULTIPLIER TUBES 


_'c'_"_~_'_' ~ ~_,-'1 

Aep!JCAIION~_,l' 
.Neutrino Physics 

.Large Photocathode Area 


.Fast Time Response, 


.High Stability 


.Less Dark Coont' 


R7081 
R708"!-20 

R8055 R3600-02 
R7250 

R5912 
~1Jl~ 

' -
" 

Mihimum" . 
Type No. Dia,,"eter E.ffective ' " 

Area 
" ,',' (mm) r (inc!:!); , "';',,'{mmL' -j-"' 

R5912 ! 202/8 ,/,>190 

R5912-o2 202/8 
I 

.,1c9Q 
-'" 

R7081 253/10 '/'>220 

R7081-20 253/10 '/'>220 

R8055 332/13 '/'>312 

H3600-02 508/20 '/'>460 

R7250 508/20 '/'>430 

" 

,i _., 

, Surface Area I. Dynode , 
, ' 

Number, ; 

'Min~" " 
. ' WeightTyp. . . Structure of ' " 

'.,' " 

(ctn2) ,(cm2), 
, 

'~ " StaQes 
(g),. ? 

.­ '," : 

330 380 Box & Une 10 approx. 1100 

330 380 Box & Line 14 approx. 1100 

470 530 Box & Line 10 appl 1400 
" 

470 530 Box & Line 14 approx. 1400 
-­t----­

960 1080 Box & Line 10 approx. 3000 

2030 2410 Venetian blind 

I 
11 approx. 8000 

1680 1740 Box & Line 10 approx. 8000 

' . 

I 

Spectral Response 300 nm to 650 nm 

Peak Wavelength 420nm 

Photocathode Material Bialkali 

Window Material Borosilicate glass 

; S~bie~ t;-I;cal te~h~;al req~i~e~enls-a~d ~eg-ulati~;s~ aV~~;bility of P~Od~~S in~l~did-in this-PromotiOj;~1 ~alerial-~~y vary~ Please co~;uit "with ~~ r-s-ales ~fij~e, -: 
'-liiiOrmation furnished -by HAMAMATSO is"believed to be- reijabTe~ However. no responsibility-is as-surned for possfbieinaccuracies or omissions, SpecifICations are ­
subject to change without notice. No patent rights are granted to any of the circuits described herein. ©2008 Hamamatsu Photonics K,K 
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SPECIFICATIONS 

·Luminous~ : iRadiant 
· ; (28561<). . at 42,O,nr:!l 

NOTE: Anode characteristics are measured with the voltage distribution ratio shown below. 
( ): Measured with the special voltage distribution ratio (Tapered Divider) shown below. 

. Maximum Ratings 

Supply Voltage ; ", ~ , -' Operating Storage' . 
.~~ . Aver~ge .Ambient" i.···.Temp ••..... 

Type No. ~nodtf' > Anode' I', Anode.: I:, Temp. '.' ·eratureto to.Last· . Current. eratureCathode Dynode 
(V) (V) (rnA) '. (00)., eel 

R5912 2000 300 '. 0.1 -30 to +50 -30 to +50 

~9U.02 .~ .~ i \QAT' .~{l,w.+Bet lf30-';\flli~ 

R7081 2000 300 0.1 -30 to +50 -30 to +50 

R70S1-20 2000 300 ! 0.1 -30 to +50 -30 to.+50 

-­

,Ambient', 
Pressun( 
(Gauge) . 

(MPa) 

0.7 

'O~J 

0,7 

0.7 

¥otR8055 2500 i 300 0.1 -30 to +50 ·30 to+ 0.15 

R3600-02 2500 300 0.1 ·30 to +50 ·30 to +50 0.6 

R7250 2500 300 0.1 -30 to +50 ·30 to +50 0.6 

Oi.reefIl"!tE!rel~pfto~.
'" .Capacltances 

· AnciQeto,'.Ari6c:f~tb 
· ~ast .·A,~W!l.er. 
DYlnOde,.Dm.~.~~;; 

. (pF) ':-~ 
approx.3 a . 

faj!lpl'l!OO;S{ a~~&"ill 

approx.3·.. approx.7 

approx.3 approx.7 

! approx.10 ,approx.20 

appr<:>x.36 i apprQx. 40 

approx.10 approx.15 

" 

, 

." 

'. 
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SURGE ,ELIMINATOR~:;'rif11·20_A & POWER 
CONDITIONER 

With Advanced Series Mode® Surge 
Protection 
Impedance To/erant® EMI/RFIFiltering. 
SurgeX ICE® Inrush Current Elimination,and 

couvS® Catastrophic Over/Under-Voltage 
Shutdown,'. 

Switched receptacles can be controlled with an Switched 
receptacles can be controlled with an applied voltage (5-30 
vdc) or contact closure switch connected to the Phoenix 
connector on the back panel. The connector can also be used 
to cascade multiple units"or provide status to a'.centraf/ 
controller. 

The SX1120RT provides guaranteed surge protection and power conditioning for 
audio, video, broadcast and computer equipment The units are 20-amp load­
capable and have 8 industrial grade grounded AC. receptacles (6 switched, 2 . 
always qn) plus'a front paDel Courtesy receptacle .. 

The unit features' both cOR;lmon... mode and normal mode Impedance To/~rant 

EMIIRFI filtering, SurgeX ICE ·Inrush Current Elimination and COUVS .. 
Catastrophic Over/Under Volfage Shutdown for a complete power conditioning 
solution. 

SurgeX Advanced Series Mode technology ·is soperior to conventional MOV 
circuitry or MOV -Hybrid designs and is completely non-sacrificial. Our zero let- .. 
through technology provides,themos! reliat>1e Pl'otedlie,n available. II Slops all 
surges up 10 6,000 volts (unlimited surge currenl) wittlout producing harmful side 
effects such as ground contafl'lillalion' or commorHnode disturbances. 

INSrAUATION GUID.E' 

The SX1120RT ha~' remot'e control capability 'or use' in 
AC power distribution systems and can be interfaced 
with a sequential controller such as the SurgeX SEQ. 

SPECIFICATIONS, 
Load Rating:20.amps @ 120. vQlts 

Power Requirement (no load): 15 watts 

Surge Let-Through Voltage (GOOo-volt surge): 0 volts 

UL 1449 Adjunct Classification Test Results: 
1000 surges, 6000 volts, 3000 amps, B3 pulse. 

Measured suppressed voltage: 170 volts, no failures 


Federal Guidelines:, Grade", A. Class" 1. Mode " 1 ,(CIDA-A-. 

55818) 

EMI/RFI Filter, Normal Mode (50-ohm load): 
40 dB @ 100 kHz; 50 dB @ 300 kHz; , 

50 dB @ 3 MHz; 50 dB @ 30 MHz 


EMltRFI Filter, Common Mode (50-ohm load):' 
18 dB @ 300 kHz; 30 dB @ 1 MHz; 

50 dB @ 5 MHz; 50 dB @ 20 MHz 


Maximum Applied Surge Voltage: 6000 volts' 


Maximum Applied Surge Current: 

Unlimited, due to current limiting' 

Maximum Applied Surge Energy: 
Unlimited, due to current limiting* 

Endurance (C62.41.1991 Category 83 pulses): 
1 kV>500,OOO; 3 kV>10,000; 6 kV>1000 


Undervoltage Shutdown: 90 volts (resume at 100 v) 


Overvoltage Shutdown: 145 volts (resume at 135 v) 


Maximum Load Inrush Current During Power-up: 
1000 Joules 

Remote Turn-on Applied Voltage Range: 5 to 30 volts 
DC 

Remote Tum-on Current Draw: 
Contact Closure: 1.5 rnA 

FEATURES 
Magnetic shielding steel enclosure 

" 9' grounded 3·wire #12 line cord 

8 grounded AC outlets on rear panel (6 switched,. 
2 always on) 

" Front panel courtesy receptacle 

Advanced Series Mode surge protection 

Advanced Impedance 'Tolerant EMI/RFI filtering 

,,! SurgeXICE inrush current:elih1ination technology, 

COUVS catastrophic over/under-voltage shutdown 

Remote turn-on 

Thermal circuil breaker overload protection 

Self·test circuit with visual indicator 

1 a·year warranty 

Made in U.S.A. 

TECHNICAL DESCRIPTION 

The SX1120RT shall be a one-rack-space unit in a magnetic 
shielding steel enclosure. It shall operate from 120 volts AC and 
ttave a 9-foot, grounded, 3-wire #12 line cord. There shall be 8 
grounded AC receptacles on the back panel, with 6 switched and 
2 always on. The unit shall have a front-panel courtesy 
receptacle and remote-control capability with a visual indicator. 
Overall dimensions shall be 1.75" H x 19" W x 10.5" D. Weight 
shall be 11 pounds. 

The SX 1120RT shall have a load rating of 20 amps at 120 volts, 
a self·test circuit with visual indicator, and provide EMIfRFI 
filtering. inrush current elimination and catastrophic over/under­
voltage shutdown. It shall meet Federal Grade A, Class 1, Mode 
1 guidelines for powerline surge suppressors and withstand at 
least 1000 occurrences of surge pulse voltages up to 6000 volts. 



5 V DC Applied Voltage: 0.1 rnA 
12 V DC Applied Voltage: 1.5 rnA 
24 V DC Applied Voltage; 5.0 rnA 

Auxiliary Relay Contact Rating: 30 Volts at 1 Amp 


LED Output: 12 volts DC, maximum 20 mA (resistor required) 


Dimensions:·1:75".H·x.19" W x to.5" D (4.5 x 48.3 x 26.7 em) 


Weight: 11 Ibs (5 kg) 


Temperature Range: 5°.to 35° C 


Humidity· Range~' 5% to 95% R.H., non-condensing' 


Agency L,istings:ETl and .. cETl (Ul 1449, 

2nd.edition;'CSA C22;2 No.8-Mr1986, R2000) 

'" 12 x.50 }.lS pulse, Industry standatd' combination wave surge, as per IEEE C62.41 

Specificati<ms· subject .to "change -withou.f notice .SUl-geX >is ,a· division'of Electronic Systems 

Protection. Inc. 


This product. jp,ciuding its components ,aadior "pf~sses carried ~'J! _thereby. am, eo.vered b~. 


one or more 0.\ tho following: U.S. Pat No. 4,870.534. 4,B70,526. 6,728~089:6,744.Q13. 
7,068,487, G:an. Pat. NQ. 1;3M, f9~: 1.332',439. O!hli;r Patents' PGMing. 

CERTIFIED 

'U·SURGE PROTEatON' 
TE(HNOlOGY 

c~us 
c:c:xNS" 
·SURGroeE· 

All SurgeX® prpductsar.e backed by. a 1.1'Ye~.warranty! 

Home I Products I Media Center I Knowledge Base I About SurgeX I Where to Buy I Link to Us 
News I Site Map I Testimonials! links I Contact Us 

Contact our Web master 
@.1996·c2009··Elec!r'onlc Systems" P.ro·te'nt.fo.I'}',: tn,,,·..!liH'·Rig,,,.tSl\~e&E!rve.d,;' 
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Smoke Detector Interl.ock 

Jamieson Olsen 

14 March 2011. 

Introduction .' 

Thereis'~a needf6r'asimple, low cosUack protection system~(RPS1:that will'interface'toasmoke', . 

detector,and:,.contro:1' anc:i nterlocf(; signal., If'smoke~isdetected in. the; l7ack the,RPS'boK witl drop the,' 

interiock·anda1s=ep.ar:ateAC power distribution unit wiWdrop powerto'rack:comptlnents.· Insomer.ach 

an.uninteJTuptable".PGwer.'supply(l:JPS):'is~aISo.usedrso,theproposed',R9Slnterfaf'e,unit>mllstalso' ;,' 

provide a contact closure output that will force the UPS to immediately power off and disconnect if 

smoke is detected. 

System Requirements.· 

.No progr:ammable.. logic, CPU,or ,software may be. used .• ' . 

• Uses,a standard'2~wiresmokedetector (photometric' or ionization type,) 

•. Trigger alarmifthe'smokedetector wiring isdisconriected 

• Support multiple ..smoke'detectorson the same circuit 

• Powered from 120VAC 

• " nY-DC interfockoutput ' ' 

•. Pbwer; Alarm; and "WiffngOK" LED indicators 

• UPS Emergency Power Off (EPa) contact closure output 

• lU rack mounted chassis 


.' Push button reset, . 


• Audible alarm indication 



Theory of Operation 

Modern smoke detectors have moved away from employing a contact closure arrangement and use just 

two wires for power and alarm notification. Normally the smoke detector draws less than ImA from a 

12VDC supply. If smoke is detected the unit closes a transistor switch pnd the: power supply.current 

increases to a maximum of 2S0mA. Anend~of-line'{EOL) resistor {typically4.7k.ohm) is installed after 

the last detector. This resistor draws a .small current to indicate that the wiring loop is intact.' 

Therefore, by monitoring the loop current the control circuit can differentiate between normal, alarm, 

and open loop status. AsketchoUhe·controlGircliit is shown below:. 

Window 

c·~ ... UPS EPO,;' 

···-·---I~ Interlock 

Comparator 
. -···t.Lr- .'...; ...................•....'-. 


resetshunt·+ ~ EOl Resistor
I>·) ,12VDC 
l;iJ4.7k ohm .. 
,rjiJ 

Smoke 
Detector( s) . 

A shuntresistorandcurrentser:lse amplifier produceaNoltagepwportionat:the.detec.tor,loop:current; 

Resistors on the window compactor circuit define thresholds for"wiring OK" and alarm status. If the 

voltage output of the current sense amplifier is between these thresholds the system is in a normal state 

and the relay remains off. If the loop current fails below the lower threshold (open circuit) or above the 

uppenhreshold~(alarm status) the.relay is energized, closingtheUPS.EPQ connections and dropping the 

interlock voltage. 

Condition loop Current Status Relay UPSEPO Interlock 

Open OmA Alarm ON closed OV 

Normal -SmA OK OFF open 12VDC 

Smoke 25 mA Alarm ON closed OV 

LED indicators for power, "wiring OK", and alarm are provided. A normallY-dosed pushbutton is used to 

reset the smoke detector(s). 

http:l;iJ4.7k


Circuit Board and Chassis Wiring 


The control circuit is laid out on a 2"x 4" 2 layer PCB shown below: 


The' control boardis',powe red ,by .a ,smal [12VDC sWitch;mode power supply, (TDK'~[amb:daZPSA20-1Z),:,/. 

which has a maximum output currenfof2.7A; The 120VACinputto the'supplyisprotectedby alA'fuse .' 

integrated into the power receptacle;. 

1A fuse 

120' 
VAG 

'470 ohm 
Yz W resistor 

resetpower wiring alarm 
buttonok 

Wring between the AC power receptacle and the power supply is 16AWG and all other wiring is 20AWG. 

A 470 ohm current limiting resistor has been added in series with the smoke detector. 

http:currenfof2.7A


The control board, power supply and other connectors are mounted in a lU rack mount enclosure 

shown below: 

The' interlock'output is a BNC typeconnector,.'12VDC cent-er positive ..UPS EPOand smoke detector 

connections.. usetwo:piritermrnal block connectors .on the rear panel. 



Safety Analysis Voltage System 
h11 johNSoN 

June 1991 

First, some background in. the physiology of shock hazards. The 
shock hazard is independent of voltage; it is.only dependent on the· 
current. Thus, a·5· KV supply 'delivering 1 rnA' is. no more dangerous 
than a 50 volt supply delivering the same current. All that is 
required is sufficient voltage to drive: the current through the 
resislallce of the' body. Data" indicate 1 that the median sensation· 
threshold for a sampleo! 167 adult. men to be 1.086. rnA. At currents 
up to 3 ·mA.there is only amild.;serlsation and currents. up to.l0 rnA 
are .. painful but not dangerous l • .The, . paralysis, threshold where one, ..... 
cannotJet 'go' ofa circuit is taken to be, :10 mA.' 

Shocks are dangerous to life when they cause ventricular filibration. 
The current where this occurs for 0.5% of the population is 75 rnA DC. 
This is not the entire story for people can sustain much higher 
currents. for short periods, of time. Data show·thatthe danger from" 
momentary current pulses is proportional to I2t where I is the' 
current in amps ·and t is the time in seconds that the current. is 
flowing3• Ref 3 indicates that the. maximum safe value of I2 t for· a . 
150 pound man is·0.027. Ref 3 also indicates that tho body internal 

;- resistance is between 200 and 1000 ohms. 

The normal maximum current from the DO supply is 1 rnA ·for the5~6 
KV supply and 3. rnA for the 2 KV supply. Shorting any supply with a 
1 K ohm. resistor (representing. the human body} ca~ses the over. ,'" . 
current trip .to' trip':immedia,te.1y.. If,theover"c~ent, trip> circuit is: 
disabled and the supply shorted with a 1 K resistor. the supply trips 
on overvoltage. The measured voltage across the 1 K resistor for 
several different supplies .ranged from 8 ..6 volts to 39 voltS so this is 
clearly'notan.overvoltage condition.. ' Whatbappens is that even witb 
the current trip disabled,. there is a 4.65' K resistor between the l()w . 
side of the transformer and ground. All current must flow through 
this resistor so when the supply is delivering a lot of current, the 

1Dalziel, Charles F.. "Electric Shock HazaRt". IEEE Spectrum. Feb. 1972. 
2 Lee. Ralph H.. ~Elcctricai Safety in Industrial Plants". IEEE Spectrum, June. 
1971. 
3Kleronomos. atri! C. and Cantwell, Edward C.,"A Practical Approach to 
Establish Effective Grounding for Personnel Protection" • IEEE Conference 
Record Paper. CH460·5/79/0000·49, 1979. 

http:trip':immedia,te.1y


transformer is foreed below ground potential which in tum forces 

the voltage readback to the comparator to go negative. The 

comparator's normal operating voltage is from -0.3 to 36 volts so 

when it sees a negative voltage less than 0.3 volts. it trips. This trip 

works on all 3 supply types. The typieal trip time is around 200 mS. 

Using a conservative value of current as SO rnA .and a trip time of 

250 mS gives 'I2 t = 6~2S' l0-4-Dividing this into' 0.027 gives. a safety 

factor· of 43. While these cutTents can cause a painful sensation. they, 

are not at all dangerous.. Note that ,this involves a double failure '- a 

failed, current' trip circuit and a person ,touching 'a high voltage lead. 


A second . area of," concern -, is . .the '. storedchatge., " . This' . is what' normally. 

causes the painful- sensation wbe'none. touches a:- high. voltage, supply ~ ,... 

Even \ small, capacitances.' can. deliver substantial<amountsof.' current, 

through. the. low, resistance of. Jhe. human, body.,';Since this is'-a. pulsed\ .. 

shock. one can calculate I2 t for this' case. Tbe current from a 

capacitor is 


VO" t-

I = If exp[~~] • 


whereVO is the applied voltage'~ 'R .iithe discbargin'g resistance and C 
is tbe capacitance. Since lis a function of time we compute 121' -by 
integrating 12dt from 0 to This gives, .00 

2. " v02e 
, . I t = 2"R- . . ­

For VO = 5.6 KV. c= 3 nF and R= 200 Ohms (lower limit of body 
resistance) we get I2t =2.35 10-4. Adding the supply value from 
above. to this gives 8~55 104 . Dividing this result into the maximum 
safe value for this quantity (0.027) gives a safety factor 32. One . 
must increase tbe capacitance by a factor of 100 before approaching 
the lower limit of the a health hazard. Again, this is the safety factor 
with a failure in the current trip circuit. With no failures. the value 
of I2t = 2.35 10-4 and the safety fa.ctor is 115. The 3 nF capacitance 
is the output filter capacitor. The other 3 nF capacitors have 100 K 
resistors in the current path so they make a negligible contribution 
to I2t. 



How does this shock hazard compare with our everyday experience? 
A good example is the shock leam walking on a carpeted floor and 
then touching a door knob.. The voltage that can develop isa 
function of many tbings including the humidity and the carpet 
resistance. The maximum voltage that can be developed is around 
20 KV and the capacitanceofa human is about 120 pF4. Putting 
tbese values into the above formula for I2t gives :£2t = 1.2 104 which 
is about one half of the value for the power supply . with no failures. 
In other words the maximum shock: from a normal·· power supply is . 
about twice. as large as the maximum' shock from walking on a . 
carpet.. 

When the . supplies are'· connected to.lorig,:,'cable'runs, the 'danger 'from '. 
the . charge., ,stored in thecableincreases,.. greatly~,The DO high<voltage 
cable has, a ,capacitance of 30 pF/foot~: Cable lengths, of ;135" feef are, 
used throughout the detector. In the worst cased a single supply . 
feeds up to 20 cables through two levels of fanout. Twenty 135 foot 
cables gives a capacitance of 81 nF or 27 times the supply 

. capacitance.~ This reduces, the··,safetyfactor'·from.l1Sto4,which;~is. :, . 
still safe. "; This safety factor'is Jorthe .. maximumsupply voltage 
(5600 V). The detector usually'·runs at 2500" V and the maximum 
allowed voltage (voitagelimitpot"on the HVsupply}is 3000 V .. Since 
the shock hazard goes as V2, this' increases the safety margin bya 
factor of 4 giving a total safety margin ofl6. 'Note that the 
contribution from a failed 'current bip is small' (10%) compared.to the 
cable capacitance for this case. 
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Microboone PMT Test Stand at PAB pORe Review responses provided 

by T. Katori, L. Bagby. 

1) Secure the G 1 0 blank front panel, for the VM~ crate, with screw· 
hardware to' prevent it from falling off and thus allow access to the . 
interior of the crate with the HV module· installed. 

2) Since the VME back plane, especially. the J2 segment,is customized 
from. the standardpin'ou~, there should be· a .signor label indicating that . 
VME modules should not be inserted in this.crate. 

Response: The panel is secure with two screws. Label is affixed to 
panel. 

L. Bagby 1.25.12 




3) The custom-built interlock control chassis did go through a design 

review. However, being custom, I need to look inside to verify that "best 
practices" wiring methods are implemented inside the chassis with 
respect to theAC power,fusing, grounding, etc. 

Response: Engineering Design review report included in pORC 
Appendix~ Identical unit provided for inspection. Updated Engineering 
Note.andschematic added to pORe Revision document .' .' 

4)HVcautionlabels are needed for the brown RG18 0 cables' used for ..•.. 
the HVgoing into the dewar. 

Response: HV Labels attached to both ends of RG 180 cable. 

L. Bagby 1.25.12 




--

• • 

5) The gro d· t' h 
T. un . lng 0 t e cable shields seelns to be confusing. Starting 

wlth the rule FESHM 5045-3, requirelnent that the HV chassis 

connector shall be solidly grounded to the panel to which it is mounted, 
the isolatingHVoutputs and"splitter circuit box needs to be further 
understood. 

Response: Reviewed grounding scheme with Steve identifying where 
and how all ground connections are Inade in the circuit Wegenerated an .. 
updated schetnaticand addedit. t{),theRevised . pORe: docUlnent. ,." 
Componentfunctions ofthe,SplitteLwereexplained~Fourjdentical' . 
Splitter circuits have been built per the following schematic. 

Circuit Common (COM) ··'·Microboone',.P'MTTS;L.in'e:Drawing'.,.. ,'· ..
1, Earth Ground>'


1Detector Ground, . 


PMT, RG'180', 
~S-'Pf"-~-',--' 

l' > --~-~.--~ 

H

H
'-~ 

[)ewer' , .,' .'. 

Via braid tied to rack.Via cryo pipes and leVel sensor: : 

, 

·••1·' : 

• ? ·'. 

>',",' 

Splitter' 

Isol
SHe 

HV

121.... ·.·. 
+,.~~ 

Cold:• Warm 

1.25.12L. Bagby 



6) Provide cord restraint for the AC power lEe connector going into the 
Lmnbda power supply chassis: Ifmoving the cord moves .the cord 
connector when seated. restraint of the cordis required. 

Response: AC line cord restrained with tie wrap. 

L. Bagby 1.25.12 



