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I. INTRODUCTION

This report outlines a plan for grounding and providing power to the MMT
computer room and to sense conditions that could be harmful to personnel or
equipment in the computer room. One goal is to remove the requirement of
having to unplug sensitive equipment during electrical storms by providing
protection from transients and power surges.

I1. POWER SERVICE TO COMPUTER ROOM

Power

Power to the computer room is supplied from the motor-generator (M/G) set
which provides good isolation from commercial power but which is at some
distance from the computer room. A flywheel maintains the load after a
commercial power outage until a backup diesel generator comes up and drives
the M/G set. The effect is an uninterruptible power source with no batteries.
The output of the 15 KVA generator is 120/208. A 480 v service would be
preferred; the higher voltage would result in lower currents in the feeders.
Lower currents interpret to less IR-drop induced noise. Such a change fis
simply not economical. See figure 1.

Ultra-1solation Transformer

A 3-phase 15 KVA 208/120 Elgar model 15.0 - .005T isolation transformer
has been installed on the side of the distribution panel in the computer room.
The shield, neutral, and case of this transformer must be connected to build-
ing ground (structural steel) at the transformer per NEC code (see figure 2).
Safety ground from the branch circuits is also connected to this node. The
grounding and neutral connections must be checked, to insure they comply with
this requirement, and the transformer wired into the circuit. A 3-phase
contactor needs to be installed on the primary side of the transformer to

permit dropping computer room power with safety equipment described later in
this report.



Power Distribution Panel Board

The distribution panel is a 75 amp Filtron RF shielded circuit breaker
panel board model FCB 325. The use of the RF filters should be reviewed at
some time to insure that they are not contributing to transients by presenting
a high impedance to the load or by introducing resonance in the power system.
See figure 3.

Branch Circuits

Branch circuits connect the power distribution panel to the equipment
racks. Each circuit includes a safety ground conductor (greenwire). The
circuits are enclosed in conduit and 4 x 4 to a point beneath the computer
room floor. The individual branch circuits pigtail from the 4 x 4 to the
equipment racks in the computer room where they terminate in quick disconnect
Hubbell connectors. Some of the racks include a surge suppressor at the
Hubbell connector.

The conduit and 4 x 4 should be connected to bullding ground at both ends
to take advantage of the shielding properties of the metal enclosure. The
surge protectors in some of the equipment racks are intended to bypass tran-
sients to safety ground. Bypassing the transients to buifliding ground would be
preferred, but these manufactured modules do not lend themselves to field
modification. Safety grounds for each circuit should be checked for proper
installation. See figure 4.

Grounds

Each of the equipment racks contains a vertical ground bus to which each
chassis is bonded by a ground braid. The vertical ground busses from all the
computer racks pass to a common node at the power distribution panel (figure
2). The computer room node connects to telescope ground at the west fork of
the telescope yoke by means of a 250 MCM wire. The telescope node connects to
building ground by means of a 500 MCM cable that runs down to the bottom of
the pier; the telescope node also connects to a ground node on the 0SS (shown
as instrument ground on the drawings). The 250 MCM ground wire between tele-
scope and computers currently connects to the computer rack grounds at the
mount computer rack. This wire is to be moved to the computer room node where
it will connect to the building ground used for the isolation transformer. A
large piece of ground braid must be connected from this node to the ground in
the TCS computer rack. See figure 5.

This grounding scheme complies with the NEC as well as EMI recommenda-
tions (see reference 3). The shorter connection to building ground called for
in the previous paragraph is required to provide adequate ground at high
frequencies. The building should be considered a cluster of trees with con-
nected nodes rather than one big tree (figure 6).

Overall shields on muliticonductor wires should be grounded at both ends,
but individual shields for twisted pairs should only be connected at one end.
Shields for high frequency coax should be grounded at several points along the
path (reference 2). Optical isolators for signals to separate grounds are
probably a good idea for sensitive low voltage signals such as the encoder
information. Because the bond between telescope ground and computer ground
acts as a shunt, connecting signal grounds at the telescope to signal grounds



in the computer room in many cases will not result in noise problems. I[f
noise occurs, the more effective thing to do is to provide a highly conductive
short connection (ground braid) between the chassis and the nearest ground

bus.

Loads

All the computer equipment power in the computer room should be connected
to the isolation transformer. The computer room power should not be taken
outside the computer room. Other computers not in the computer room should be
connected to the M/G power through separate transient protection. The derota-
tor control, the telescope control rack, the various spectrograph high voltage
and solenoid power supplies, and the public address system should not be
connected to the isolation transformer. The derotator and telescope control
circultry should eventually be moved to the drive room and connected to the
quiet transformer along with the drive ampiifiers. In the mean time, grounds
for this equipment should avoid computer room ground but connect to structural
steel where the isolation transformer is grounded.

Spectrograph power supplies should be connected to the M/G set and the
P.A. system to the same power until it is moved. The ground from this rack
should connect to structural steel where the isolation transformer is
grounded. The telescope encoder power should be connected to the M/G set and
the rack grounded to building ground.

All equipment in a single rack should be powered from a single power
source and the power source and circuit breaker number and location posted for
safety and convenience. Again, equipment not in the computer room may not be
powered from the isolation transformer.

Lightning Suppression

The M/G set is not a complete answer in itself. Although it can provide
excellent isolation if the signal-grounding system is designed and installed
such that the noise is not allowed to bypass the device, the M/G set may be
off-1ine for maintenance in which case the computer system will be connected
to utility power. Moreover, the distance from the M/G set to the computer
room causes susceptibility to induced spikes and large potential gradients
between the M/G and the computer room.

A surge protection device should be installed at the entrance to the
telescope building and at the primary to the isolation transformer. These
devices bypass energy from an over-voltage to building ground. Several
devices are being investigated as of this writing. In addition, surge
suppressors are also installed in several of the more sensitive racks.

Bonding the computer room ground to structural steel in the computer room will
also help reduce the chance of building up damaging potentials between equip-
ment and ground. Signal lines that connect to other rooms in the building
must be protected with silicon avalanche type diodes, and lines leading to
anything outside the buiflding must be protected with gas tube suppressors at
the entrance to the building in addition to silicon avalanche diodes at the
chassis connection. Optical isolation is not adequate, since the fisolator can
be damaged by only a few thousand volts.




11. SAFETY SYSTEMS

nSafety" in this context means safety for both personnel and the computer
system. It is provided for by an integrated system of sensors and must be
considered at the same time as the power distribution system, because some of
the alarm conditions cause automatic shut-off of the computer and/or HVAC
(heating, ventilation and air conditioning).

The sensors fall into the following categories:
a. Fire: Smoke/heat sensors for personnel and computer safety.
b. Environment: Temperature and humidity sensors for computer safety.

c. Power: Under/over voitage and under/over frequency sensors for
computer safety.

d. Manual "panic" buttons for manual shutdown of all computer and HVAC
power and a manual fire alarm.

Safety Panel

The computer room is unmanned most of the time, and the building may be
unmanned for long periods, which dictates automatic shutdown in certain alarm
conditions in order to protect the equipment. The safety system should be
centralized in one panel box which contains the circuitry for power anomaly
detection, accepts inputs from fire and environment sensors and from the panic
button, and has audio alarms and a status display of LED’s to identify the
problem. The panel should be located close to the computer room door for
personnel safety. The power for this panel should be provided by a low
voltage trickle-charged battery to avoid the possibility of a building power
fallure knocking out the safety systems and in order to maintain the status
1{ght operation.

Some indication that a status problem exists should be repeated in the
console room and preferrably to the outside world by means of an automatically
dialed phone call. An alarm should sound; the smoke detector should prefer-
ably connect to the building fire alarm system.

The power shutdown is by actuation of a contactor mentioned earlier.
Once off, the contactor stays off until manually reset.

Fire Sensors

Two smoke detectors should be sufficient for the computer room, one in
the TCS/Mount computer area and the other in the instrument computer area. A
manual pull station should also be provided, but this should be done as an
upgrade to the existing buiiding fire alarm system. The vendor 1iterature for
the detectors typically contains more specific detail about instailation. If
additional detectors are provided as part of the existing fire alarm system,
auxiliaries can be provided to signal alarms to the safety panel as well.

Normally, a fire alarm turns off the HVAC to avoid blowing smoke all over
the buiiding. In the case of the computer room, there is only a closed air
conditioning system. The exchange of air with the outside world only occurs




when someone opens a door. The air conditioning for the computer room should
atill be turned off in the event of fire for no other reason than one of the
blower motors might be the source of the fire. This could be accomplished by
controlling the air conditioning power source from an auxiliary on the fire
alarm system or the computer room power contactor.

Extinguishers

Small computer sites such as the MMT computer room do not warrant the
expense (and hazard) of a Halon or sprinkler system. Two Halon type hand
extinguishers are currently in the computer room, one by each door. A barrel
of water with a bucket is placed Jjust outside one of the doors for non-—
electrical fires. Signs are required adjacent to each extinguisher indicating
the type of fire for which it is intended. All personnel who may be called on
to use them should be instructed in the proper use of the extinguishers.

Environment Sensors

These sensors monitor temperature and humidity in the computer room. The
temperature detectors should be two-stage. The first stage triggers at 80 -
85°F and sets off alarms in the computer room and console room and nothing
else. The second stage is the more important sensor. It triggers at about
90°F and causes an automatic shutdown of computer power. Two sets of detec-
tors are required for the computer room, located for convenience next to the
smoke detectors. :

A simple gauge showing the computer room humidity should suffice.

These environmental safety devices may seem like "frills", but as the
computers are unmanned, an air conditioner failure can cause very high temper-
atures and/or temperature cycling which can result in severe fmmediate and/or
long-term system reliability problems. The devices are quite simple and
should be included.

Power Sensors

This system monitors the quality of the power supplied to the computer
power distribution panel. It is designed to react to relatively long-term
power anomalies and does not react to transient phenomena {(which should have
been removed or minimized by transient suppressor devices).

These sensors are built into the safety panel and detect under- and over-
voltage, and under- and over-frequency conditions. (Over—current problems are
dealt with by the normal action of the circuit breakers.) The voltage and
frequency tolerances, and the reaction time of the system to them, are deter-
mined by reviewing the specifications for equipment in the computer room, the
disks being the critical element in our system. Detection of an error condi-
tion causes alarms in the computer room and the console room and automatic
shutdown of computer power.

Note that a three-phase supply to the computer room complicates this
function as it must be extended to cover each phase, and particularly impor-
tant, must detect single phase outages.

An indicator that permits reading voltage in each leg is suggested.




The Panic Button

The panic button is an NEC requirement (Section 645-3) and a National
Fire Code requirement (section 75 7-3). Its actuation must shut-off all power
to the computer room (except to lighting and safety systems) and to the HVAC,
It does not summon help or activate alarms - although an alarm or indication
that it has been pressed would be useful in the console room, together with a
status light in the computer room.

A panic button must be located at each exit. In the proposed site, this
also satisfies the Code requirement that it be easily accessible to the opera-
tor. It should be installed on the same side of the door as the door handle,
and must not be obstructed by cabinets, etc.

A distinctive button should be used (i.e., nothing like a l1ight-switch!)
and 1t should be guarded. A ring guard or hinged clear plastic flap can be
used, but "break glass" enclosures should be avoided. Since the computer room
has emergency lighting, no il1lumination of the button seems necessary.

Notices and labels should accompany the panic button and safety panel
specifying what each does and does not do (such as summon help, etc.).
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