
Appendix I

FPD Cartridge drawing showing high voltage connections


All MAPMT HV pins are tied together with HV coaxial cables inside the cartridge, and are connected to an SHV BNC connector grounded to the chassis. The PMT HV pin also goes to a HV BNC connector grounded to the chassis. The signal cables go out on the side opposite to the HV cables go out.

[image: image16.png]Rather than express the fusing cursent in terms of wire diameter, we
oxpress it in terms of conduotor area, A, perpendicular to the current
fiow.
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Instructional Sheet, 153001, provided by AMP Inc.. recommends a
maximum curront of 2.5 amperes por pin with 4 minimum hole

A"plated through hole of this inside diameter,
2 207. (0.0028") backplane conductor over an
arca of 0.000343 in?. From this arca, the fusing current would
calculated to be

1 = 12279+(0.000343)”¢ = 31 amperes.

Since this is considerably more than ten times the currcnt likely to
be present plus the additional cooling present due to the construction
of the backplane, I feel this method of bLringing the DC power onto
the backplane is excellent in terms of fire and safery.

Regarding the cumrent capacity of the backplane itseif, I use the
praphs illustrated on page 4 of IPC-D-949, Jan., ‘87 (copy attached)
which gives temperature rise for various combinations of conductor
shape and amperage for boh exiernal and intemal conductors.

George Krafezyk described the BLS backplane busses to me as being
conswucted of two ounce copper approximately 1" wide with an
effective width of about 0.8" due to openings etched in the conductor.
According to D. Huffman, the maximum currcnt supplicd to the BLS
crates is 20 amperes for both, the 13 volis and the -5 Valts
Assuming the worse casc of Intemal conductors, the tomperature. riso
might approach 10°C. FR-4 material has a maximum operating
temperature of 125"
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Appendix II

FPD 1:4 High Voltage Splitter
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Marvin Johnson Safety Analysis of High Voltage Power
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First, some background in the physiology of shock hazards. The
shock hazard is independent of voliage; it is only dependent on the
current, Thus, a 5 KV supply delivering 1 mA is no morc dangerous
than a 50 volt supply delivering the same current. Al that is
required is sufficient voltage 1o drive the cueat through the
resisunce of the body. Daw Indicaicl thas the median sensaton
threshold for a sample of 167 adult men to be 1086 mA. At currents
up 1o 3 mA there s only a mild sensation and currents up to 10 mA
are painful but not dangerous?, Thoe paralysis throshold whero one
canno let go of a circuit is taken 0 be 10 mA.

Shocks are dangerous to life when they cause ventricular filibration.
The current whero this oceurs for 0.5% of the population is 75 mA DC.
‘This is not the entire story for people can sustain much higher
cursents for short periods of time. Data show that the danger from
momentary curreat pulses is proportional to It where L is the
current in amps and ¢ is the ime in seconds that the current is
flowing®.  Ref 3 indicates that the maximum safe value of 1t for a
150 pound man is 0.027. Ref 3 aiso indicates that the body inernal
resistance is between 200 and 1000 ohms.

‘The normal maximum current from the DO supply is 1 mA for the 5.6
KV supply and 3 mA for the 2 KV supply. Shorting any supply with a
I K ohm resistor (representing the human body) causes the over
current trip to trip immediaicly. If the over current wip 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
soveral different supplics ranged from 86 volts 10 39 volis so this is
clearly not an overvoltage condition. What happens is that even with
the current wip disabled, there is @ 4.65 K resistor between the low
side of the transformer and ground.  All current must flow through
this resistor so when the supply.is delivering & lot of current, the

IDaleicl, Charles F., "Eleciic Shock Hazard", IEEE Specirum, Feb, 1972.
ZLee, Ralph K., “Blectrcal Safety in Indusurisl Plauis”, IEEE  Specirum, June,
1971

SKleronomos, Chrls C. and Cantwell, Edward C."A Practical Approach 1o
Esublish Effective Groundiag for Personncl Frotection”, TEEE Coaforcnce
Record Paper, CH460-5/19/0000-49. 1979,
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Marvin Johnson Safety Analysis of High Voltage Power
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Marvin Johnson Safety Analysis of High Voltage Power

[image: image6.png]How does this shock hazard compare with our everyday experience?
A good example is the shock from walking on a carpeted floor and
then touching a door knob. The voltage that can develop is 2
function of many things including the humidity and the carpet
resistance. The maximum voliage that can be developed is around
20 KV and the capacitance of a human is about 120 pF4. Putting
tiese values into the above formula for 1% gives 1t = 12 10 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 &
carpet.

When the supplics we comccted (o long cable runs, the dangor from
the charge stored in tho cablo increascs groatly. The DO high voliage
cable has a capacitance of 30 prfoot, Cable leagths of 135 fect are
used throughout the detector. I the worst cased 3 single. supply
feads up 10 20 cables through two levels of (anout. Twenty 135 foot
cables gives 3 capacitance of 81 nF or 27 times the supply
capacitance. _This reduces the safety factor from 115 w0 4 which is
sl safe, This safety factor is for the maximum supply voltage
(5600 V). The detector usually runs at 2500 V and the maximum
allowed voltage (voltage limit pot on the HV supply) is 3000 V. Since
the shock hazard goes as V2, this increases the safety margin by a
factor of 4 giving a totl safety margin of 16. Note that the
contribution from a failed current wip s small (10%) compared to the
cable capaciance for this case.
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DZERO / FPD Power Box Diagram
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FPD Driver Box, or PCB
FPD Driver Box is a modification of the DZERO Power Box.  It requires two DC commands to turn on the solid state relay instead of one of the original Power Box.  It is intended to allow Driver to be frozen by switch operated from the Control Room when one of the command lines has its voltage down 1 Volt or less. In this way the driver can be powered if the RMI output is at +5V, indicating that the Smoke Detector is not turned on and there is no 1553 command from the RMI to disconnect the driver. The schematic for the FPD Driver Box is the following:
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Appendix V

Amplifier & Shaper Boards Fuse Protection 


[image: image9.png]1

£99222-03-881 0 LE

b 40 T 133HS

QY902 YFHIOH ¥3dBHS

MINDUNL WHIND 00

.

Lonra om0 s o
SR HOLONITIo0S THOTIEN 1) R

RCEI

)

ST

FIERs

o3 0

LS17 5149d

|

3215 80 MOTdT¥053

170 Ow NI Y3104 drid CANHO

SaowH0 wors

NOL141¥0530






Appendix VI - Page 1 of 3

Document for Electrical Safety Review of the

Amplifier & Shaper Backplane 

[image: image10.png]November 26,1990

To: A Visser RD/EED
From Merle Haldeman RD/EED/DES
Subject DO Electrical Review

As 2 member of the DO Elccirical Review Commitics, I was asked to
look at the current handling ability of the conmection between the
Amp Power Distribution Taps aad the associated backplanes for
the Base Line Subtracter (BLS) and Shaper crates. The two areas
where concern was focused were.

1. The interface between the plated throvgh holes, into which
the power taps are pressed, and the backplane buss, and
2. the backplanc buss current handling ability.

For the arca of interface between the plated through holes and the
backplane conductor, I start by calculating the approximate fusing
current and attempt o keep the operating curent at least an order
of magnitude below that value.

According to page 4-55 (Sth edition) of the "Reference Data for Radio
Engineers”, published by Howard W. Sams and Co., *The current I in
amperos at which a wire will melt can be calculated from;

1= k02
where  d = wire diameter in inches
k = a constant that depends on the metal

used in the  conductor.
From table 39, on page 4-54, k for copper is equal to 10244,

Flated Through Holo.

~ Baciplana

Conductor
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Document for Electrical Safety Review of the 

Amplifier & Shaper Backplane 
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Document for Electrical Safety Review of the 

Amplifier & Shaper Backplane 

[image: image11.png]Ken Bourkland and 1 looked at the artmasters for tho Shaper
backplane, plus and minus 12 volt busscs which, according to D.
Huffman, may carry up to 30 amperes. This 30 amperes is brought to
cach buss via thres of the, ten pin, Amp Power Distribution Taps.
This distribution of cument allows 1 ampere per pin which, as
indicated above, is plenty safe. The width of the buss is about 075"
This current may produce a temperature risc of about 20°C which is
stll safe. The 15 volt, , 5 amp busses will run with less than 2 10°C
rise: again safe.

In summary, I belicve the construction of tho backplanes for both
the BLS and Shaper crates are adequately designed for the stated
voltages and currents. The actual temperature riscs should be
considerably lower than stated since sl the current does not run the
length of the buss but is instead injected at several points on the bus,
Also the large amount of copper in the backplane for circuits other
than power, will obviously conduct heat to be dissipated over a
larger area lowering the temperature of the buss.

Copies:
K. Bowkland ~ AD/EE  MS308
R. Hance RDEED ~ MS 222
D. Huffman  RD/D0 MS352

M Johmson  RD/DO  MS3S7
G Kufozyk  ADEE  MS308
s.om RDEED  Ms222
T Ryk ADEE  MS308
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D0 Forward Proton Detector Low Voltage Power Supplies

Pierrick Hanlet

University of Texas Arlington, Arlington, TX 76019-0059

Approved by D. Wolff & W. Jaskierny December 2001

The Amplifier/Shaper, or A/S, cards are located in a 9U X 280mm VME crate.  A full crate of electronics will contain 14 A/S cards for each quadrupole station; the dipole station will only contain 7 A/S cards.  Each crate will have 1 Test Pulse Generator, or TPG.  Table VII-1 gives the current drawn by each card for each voltage.  In the TPG, -5.2V is produced using the -15V supply and a regulator which is on the card.  The 10V voltages are produced using 12V supplies and regulators which are on the A/S cards.

Voltage (V)
TPG (A)
A/S (A)
Dipole (A)
Quadrupole (A)

+5
0.41
0.06
0.83
1.25

+10
0.00
1.60
11.20
22.40

-10
0.00
1.50
10.50
21.00

+15
0.10
0.10
0.80
1.50

-15
0.53
0.10
1.23
1.93

Table VII-1 -- Currents drawn by D0 A/S cards and crates

We have purchased low voltage power supplies for each station.  A drawing of how that power individual power supplies are wired is shown in Figure VII-1.  The individual power supplies will be mounted in boxes which can be mounted in 19'' relay racks.  All wire has insulation rated at 90 C.  The wires to the A/S crate are gauged at 12AWG.

For each voltage supplied to the A/S crate, we will monitor the voltage using a Rack Monitor Interface, or RMI.  To limit the current to the RMI, we have 2k resistors in series.  For the power supplies over 10V, we also have a voltage divider to half the voltage to the RMI so that the measured voltage remains within the dynamic range of the RMI.  All of these resistors are 1/2W values, and the wire used is 22AWG.

The power supplies will also produce power for the PIN/Amps of the Light Mixing Boxes, or LMBs.  There is one LMB at each detector station.  The PIN/Amp serves to monitor the light of the LMBs, and requires very low currents (7mA at -12V and 12mA at +6V).  The +6V source is produced using the +12V supply and a 7806 regulator; this circuit will be mounted inside the power supply box.  For both the +6V and the -12V, 1A fuses protect the PIN/Amp; these wires are 22AWG.
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D0 Forward Proton Detector Low Voltage Power Supplies
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FPD Electric Power Schematic
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*** Note that the LVPS power supply is correctly documented in Appendix VII ***
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FPD Power Control Schematic
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FPD Control  Lines Schematic
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Appendix IX

Control Circuit Diagram
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