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Subj ect: Whircamtesting

Bel ow are the results of a series of tests performed on whircamto try
and derive a cause for the charring of constantine wires in the clock
harness in the detector housing.

These tests were based on the assumed ohnic heating of all or some of
the 18 conductors sufficient to cause conplete | oss of the enane
i nsul ation and charring (through evaporation) of the silk protection thread.

The tests were carried out in an attenpt to discover the source of the
current by creating fault scenarios and then trying to elimnate these
possi bl e causes.

1.0 Starting with the known, final conditions we have:

1.1 Wiircamfailed when it was noticed that the inmages in novie node

where no | onger produced. No whircamerror was reported by the system
cooling, electronics, software were all shown as nor nal

1.2. At the tine of the failure, the tel escope was | ow on the horizon and
was in the process of instrunment rotation limits testing. After

the failure the tel escope was noved to zenith.

1.3 The instrunent was left in normal node for a period of at least 4

hours after the fault occurred, at which tinme the detector tenperature

had risen fromnonmnally 30K to 114K and the cold shield from 70K to 85K

At this point the instrunent was shutdown normally.

1.4 After disnounting whircam and during subsequent inspection it was found
that the constantine portion of the 18 conductors in the array clocks cable
| eading fromthe optical table thrust plate to the detector array pch

where charred bl ack. These wires did not appear to be shorted to either the
det ector housing or to each other

1.5 Two bond wires on the InSb array where also found to be lifted from
their bond pads (Fast phase 1 clock and fast sync). They did not show the
normal ball ends that occur from fusing through over current.

1.6 It was observed that the clearance hole in the optical table was small
enough to all ow the second stage cold finger too touch the optical table.

Suppositions that can reasonably be derived fromconditions 1.3 and 1.4. are:
1.7 That the fault is persistent

1.8 That the danage caused by heating in the array clocks cable was the
cause for the el evated tenperatures observed before shutdown.

2.0. Electronic Testing

2.1. Concl usions

Wt hout considering influences external to whircam the only sources of
current that could be dissipated through the ar ray clock cable are fromthe
clock drives thenselves, the bias supplies, or the preanp sub assy. A

of these have been tested and found functi onal

Consi dering influences external to whircam the possibility of causing a
potential difference between the cryostat and el ectrical ground exists,
however, the path of any current delivered would not include the array
clock cable. It would flowin the | ow inpedance paths of the cable shields.

No cause of the danage observed to the array cl ock cable can be found at
this stage.



W await the report from SBRC detailing the condition of the array before
attenpting any further anal ysis.

2.2 Testing

2.2.1 Fault Scenario 1

That the cold finger did touch the optical table causing a current to
flow, froma difference in potential of the cryostat with respect to

the alice clock ground, through the cold finger to the array to the array
pcb and to the alice controller clock board ground.

2.2.2 Modifications to the ground wiring that tie the alice / whircamcable
shi el ds together at the preanp box assure that there can be no difference
of potential between cryostat and alice.

2.2.3 Although it is likely that the cold finger touched the optical table
due to the displacer sagging at the tel escope altitude when the fault
occurred, and this would lead to the array warming up, this condition
woul d not have persisted when that tel escope was driven to zenith. This
woul d have renoved the heat [oad and so cannot explain the el evated
tenmperatures found at shut down.

2.2.4 Fault Scenario 2

That one or several clock drivers in the alice controller failed causing,

at worst case, +15v DC drive to the array. This potential would lead to

a current flowfromthe alice clock driver, through a 91 ohmresistor, through
the (approx) 1 ohmconstantine portion of the clock cable, on to the array
pcb, through a zener di ode, back through the constantine ground return, to the
power supply ground of the clock driver board.

2.2.5 The max current to flowin this scenario is 170 ma which woul d have
caused over 2.5 watts to be dissipated in the 91 ohmresistor. This would

have caused destruction of this resistor which is not the case.

2.2.6 The clock drives where checked and verified to be their correct val ues.

2.2.7 Fault Scenario 3

That one or nore of the bias supplies to the array becane, at worst case,
+15v thus forward biasing the protection zener on the array pcb and feeding
current to the clock ground via the clock cable ground portion of the array
clocks cable. (this is possible via the nodificati on to the groundi ng schene)
2.2.8 The bias supplies pass through a | ow pass filter on the array pcb which
requires that the 170 ma current would pass through a 100 ohmresistor, thus
distroying this. This was not apparent.

2.2.9 The ground return conducters in the array clocks cable are in parallel
so the | oad woul d be shared by 9 separate conducters thus m ninizing any
ohmi ¢ heati ng.

2.2.10 The bias voltages were checked with the alice controller functioning
and found to be at their correct val ues.

2.2.11 Fault Scenario 4

That the nornmal dynanmic |oad on the clock drivers creates ohnic heating in
the constantine portion of the array clocks cable which cannot be thermally
di ssipated via conduction to the array pcb. This would lead to a
tenmperature rise of sufficient degree over tinme to cause degradati on of the
wi re insulation enanmel and silKk.

2.2.12 A nunerical analysis was done to determine if a short circuit current
of 170ma (worst case clock driver failure) could damage the wire. It was
found that for a sinple nodel of pure thermal conduction through a 5cmlength
of constantine wire a tenperature rise of 614K can be achieved in 4

hours, sufficient to cause the observed danage. This is a dissipation of
approx 30mw which puts this finding is in sone conflict with the

di ssi pation measured in the next paragraph

2.2.13 A destructive test was carried out on a representative portion of
constantine wire to determne the tenperature and dissipation required to



cause the degree of damage observed. The tenperature reached was approx

570K to achieve charring in free air and approx 300 nw in vacuum for the

begi nni ng of degradation to occur. The nornal dissipation was cal cul ated

for a 0.5 sec novie node readout and found to be approx 7nw considering 100pf
pnos gate capacitance which is nagnitudes short of the required val ue

(this value shoul d be checked !).

To the best of our knowl edge all auxillary circuits (tenp nonitoring,
di spl acer drive electronics, filter wheel drives, etc) have been
tested for galvanic isol ation fromthe array el ectronics.
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