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FROZEN IN TIME:
UNDERSTANDING THE MECHANICS
OF A CRYOGENIC LOSS

A liquid nitrogen cryogenic freezer failed due to a defect
in the electronics and specimens were lost due to operator
error and a failure to properly follow procedures. Through
data analysis and testing, a defect in a different supplier’s
component was determined to be the cause.

SITUATION

Acryostorage system was being used to store biological products including
sperm and testicular tissue at a medical facility. In normal operation, the
system, called a CryoSafe, is designed to store a certain level of liquid
nitrogen (also known as LN2) in a dewar; as the liquid nitrogen boils off,
the head space is kept at temperatures below ambient temperatures. The
CryoSafe was assembled utilizing multiple component suppliers including a
vacuum insulated dewar, a cabinet and an electronic control board. In this
application, the specimens are stored in the “vapor space” (primarily nitrogen
gas). The CryoSafe is equipped with an electronic liquid level control. Once
the liquid nitrogen evaporates below the low-level sensor, the dewar is filled
until the high-level sensor detects liquid nitrogen temperatures. A separate
supply cylinder, connected by a hose, provides the additional liquid nitrogen.
The CryoSafe also has the following features: a data logger, a manual fill
button, an audible alarm, a visual alarm, a remote alarm, a high-level alarm,
alow-level alarm, a high temperature alarm, alow LN2 alarm and a lid open
toolong alarm.

At one point, the subject CryoSafe’s lid was opened, and it was discovered
that its liquid nitrogen level was lower than it was supposed to be and the
biological material it contained had thawed. ESi was hired to investigate the
mechanical aspects of this failure.
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About ESi

For over 30 years, ESi has leveraged its
multidisciplinary team of engineers,
scientists, and professional technical
staff to investigate many major accidents
and disasters. Our technical expertise,
hands-on experience and state-of-the-
art facilities, combined with diagnostic,
analytical and physical testing capabilities
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identifying and interpreting the facts of
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SOLUTION

When ESi analyzed the data from the freezer the narrative of the event was
illuminated. The data showed that the freezer was operating properly over
several months. One day the temperature started steadily rising within the
freezer until it was out of refrigerant at which point the temperature sky-
rocketed. There were several hypotheses that came out of this investigation.
One hypothesis was a defect in the freezer suggesting that a hole in the
freezer allowed liquid nitrogen gas to enter into a cavity which housed the
electronics components. Those electronics components would get too cold
and create condensation on the control board and malfunction. ESi tested
that hypothesis by building an actual mock-up of the closet the freezer was
stored in, hooked up the refrigerant (liquid nitrogen) and ran it through ten
different fill cycles looking at the temperature and relative humidity on the
control board to test the hypothesis of the opposing expert. Despite all the
tests over the course of several weeks ESi was never able to replicate the
conditions the plaintiff alleged occurred on the subject board. Therefore,
because the conditions were not met, that hypothesis was ruled out.

RESULTS

After extensive testing of other components in the freezer and further analysis
ESi discovered that a different supplier's component in the freezer was at
fault for the initial failure. In particular, there was a defect in the control board
that stopped the automatic fill cycle when the electronics were subjected to
an electric surge at a precise time during its software execution. This failure
mode was repeatable and consistent with the facts of the case. Further,
operator error and a failure to properly follow procedures, including people
manually monitoring the freezer also contributed to the failure.

CRYOSAFE dewar flask features

Dewar seal
(shown out of position
for clarity)

Sensor wires to - i
control board '
i —
' : Liquid nitrogen fill tube
g
s -

Perforated tube:
thermocouple &
liquid-level
sensors

[
)
I

5"x 5”x 13 biological
storage racks

Inner flask

Space (high vacuum)

R R R e A R

Vacuum pump
out & seal

+—— Outer shell
]
I
|
I
|

| —— Bottom pan

WHY ESi.

The mechanical engineering practice
group is comprised of consultants with
backgrounds in:

» Code Compliance Analysis
+ Control Systems

* Design Analysis

* Failure Analysis

* Finite Element Analysis

* Fluid Mechanics

* Fracture Mechanics

» Heat Transfer

* HVACR Analysis

* Risk & Reliability Analysis
» Safety Analysis

* Stress Analysis

* Testing & Instrumentation
* Thermodynamics

* Vibration & Modal Analysis
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