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STRUCTURAL INTEGRITY

A finite-element computer model s being used to ascertain the structural
integrity of existing explosion-proof enclosures. A finite-element model consists
of many small elements, each of which has stress and deflection characteristics
easily defiped by classical theory. By proper element selection and writing any
necessary constraint equations at the corners or "nodes" of the elements, a good
analysis can be obtained of the stresses generated in the enclosure by an internal
loading function, Figure 1 shows a three-dimensional, quarter model of the
explosion-proof enclosure pjctured in Figure 2.

The computer code selected to perform the finite element analysis is ANSYS.
This code is commercially available and contains all the capabilities deemed
necessary for analyzing explosion-proof enclosures. It has a library of finite
elements that includes general shells, three-dimensional beams and solids, and
gap elements. It has the capability of performing elastic, elastic-plastic,
ar thermal stress analysis and static or dynamic loading.

The first analyzed enclosure is shown in Figures 1 and 2. It was constructed
of 0.635 cm (0.24 in) A36 structural steel except for a 1.27-cm (0.50 in) 6061
aluminum alloy cover. The free-air volume of the enclosure was 0.016 m® (0.58
ft¥). The enclosure was subjected to a static internal loading of 689,5 kPa
(100 psi), and the principal stresses in the different surfaces were determined.
The results showed that the outside edge of the cover tended to seal against the
flange, and no gaps would develop unless elongation (yielding) of the bolts
occurred, Therefore, it would be reasonable to recommend the use of high-strength
bolts in the covers of explosion-proof enclosures.

The results also indicated where initial yielding of the structure would occur.
In determining the yielding of the structure the von Mises yield criterion was
used (it assumes that the structure will yield when the distortion energy equals
the distortion energy in simple tension). A combined stress, called the von Mises
stress, is defined as

|
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where oy, o5, 03, are principal stresses. The von Mises criterion expressed in
terms of stresses states that yielding will occur when

“yM ~ %
where o_ is the yield stress in simple tension. Utilizing this criterion it was
predictgd that the structure would Ffirst begin to yield on the interior of the

?ide p1§te at its connection with the bottom al an internal pressure of 565.4 kPa
82 psi).

To verify the predicted stresses in the enclosure, a hydrostatic pressure test
was conducted on the enclosure. At five different locations (see Figure 2), three-
slement. 45°, single-plane rosette strain gages were mounted to the enclosure.
Vacuum grease was applied to the flanges to minimize water leakage, and the bolts
were torqued so that no gaps larger than 0.051 mm (0.002 in) existed. The enclosure
was then pressurized in 137.9-kPa (20 psi) increments o a final pressure of approx-
imately 2,000 kPa (290 psi).

Some of the experimental strain data are shown in Figures 3 and 4. The data
from the experiment agreed relatively well with the analvii.al predictions in the
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The importance of having good weld joint design was evidenced by the computer
model of the enclosures. Figure 5 shows a stress contour plot of the side shell.
This plot shows that the maximum stress for the structure, and the Tocation of the
highest stress concentration factor, is at the corner weld. In fact, it can be
safely assumed that for most enclosure designs the corners will be the areas of
maximum stress and highest stress concentration. Thus, to achieve satisfactory
results from a performance test, the enclosure designers will need to assess their
weld joint designs.

CABLE ENTRIES

Cables that extend through the wall of an explosion-proof enclosure must pass
through a cable entry. The cable entry fulfills two functions for cables entering
an enclosure. Tts primary function is to seal the flame path around the cable
so that explosions within the enclosure cannot be transmitted to the outside along
the]cable. A secondary function is to provide a degree of strain relief for the
cable.

A cable eniry consists of three major components--the packing nut, the stuff-
ing box. and the packing material. The packing nut and stuffing box designs vary
from manufacturer to manufacturer: however, the most predominantly used packing
material is asbestos. The inherent flame retardant charcteristic, effective seal-
ing quality, and availability have contributed to its wide use. However, rscent
recagnition of health hezards associated with the manufacturing of asbestos may
soon make it difficult Lo acquire asbestcs rope for use in the cable entries.

Since cable entries using asbestos have worked so well in the past. it was
decided that performance standards 7Tor cable entries should also be developed to
aid in evaluating new packing materials. Because it was thought thst most new
packing meterials would be synthetic elastomers, the performance standards were
written with that in mind.

Obvious performence tests to be conducted on new packing materials are for the
determination of theiy potential toxicity hazard and flammability characteristics.
Thess material tests will be conducted utilizing existing test criteria,*

Another test would be the explosion performance of the entry. This would be accom-
plished hy installing the new cable entry on the enclosure during the explosion
testing of the enclosure. An undersiinding of cable variations on a mining machine
and how miners presently enter cables into the asbestos cable entry was required
bafore any more performance standards could be written.

Typice] cahle sizes used on mining machinery rangz from 0.97 cm (0.38 in) to
6.07 em (2.29 in) in diameter. The zmaller cables are used on-board the machine
for controis. lighting. and other Tunctions; larger ones are used for trailing
cables. In addition, a variety of cable jacket materials including braided
asbestos, neoprene, polyvinyl chloridz, and others must be accommodated. Typical
diametey variations between the minimum and maximum 21lowable values vary about
0.76 mm (0.03 in) for small cables and up to 2.54 mm (0.10 in) or more for the
larger sizes. Morenver, Lhe cable cross sections are not round, and Lhis condition
can be prenounced in muiticonductor cables.

[n interviews and observations of personnel entering cables inic a conventional
gzhestus antry, fne folloewing Mndings were made:

* Mine Zarety and Healch Administration, "Tnterim Fire and Toxicity Criteria for
Pocentznce of Products Taken [nte Underground Mines," Draft Mo, 2, March 22,
107
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(1) Packing a cable entvy is very labor intensive and may require
as much as 30 minutes.

(2) Proper packing of the entry is highly dependent upon the care
and skill of the assembler.

(3) The torque applied to the packing nut is primarily a matter of
feel or judgment.

The above findings on cable variations and packing procedures led to the devel-
gpment of two additiopal performance standards. One test is a minimum torque test,
and the other is a pull-out test.

The torque test was developed through observations of personnel packing cable
gntries. Measurements were made of the amount of torque applied to the packing nut
to give what the assembler felt was adequate compression of the asbestos. The torque
test, therefore, requires that a packing material must be capable of supporting a
compression nut seating torque of 20.34 nt-m (15 ft—]bf} minimum for all cable sizes,

The purpose of the pull-out test is to determine the force required to pull
the cable out of a properly packed entry. The tests were conducted on the conven-
tional tensile testing machine shown in Figure 6. The cable is inserted into the
entry and then the entry is attached to the tensile machine. The entry is pulled
at a constant rate of 0.33 cm/min (0.13 in/min) until the cable slips in the entry.
At this time, the pull-out force is recorded, Based on tests conducted on various
cable sizes and jackets, a minimum acceptable pull-out force of 155.7 nt (36 1bf)
is recommended when the cable is pulled at the constant rate of 0.33 cm/min
(0.13 in/min).

CONCLUSTONS

Research to develop performance standards for explosion-proof enclosures will
continue. The results to date have been promising, and they have revealed much
about the mechanisms of containing an explosion. Other parallel areas that are
in the early stages of developing performance standards include potting compounds
(both solid and 1iquid). adhesives, and epoxy resins.








