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ABSTRACT

A DS-416 low voltage air circuit breaker manufactured by Westinghouse was mechanically cycled
to identify age-related degradation in various breaker subcomponents, in particular, the power-operating
mechanism. This accelerated aging test was performed on one breaker unit for over 36,000 cycles.
Three separate pole shafts, one with a 60 degree weld, one with a 120 degree weld and one with a 180
degree weld in the third pole lever were used to characterize the cracking in these welds. In addition,
during the testing, three different operating mechanisms and several other parts were replaced as they
degraded to an inoperable condition. Of the seven welds on the pole shaft, two were found to be the
critical ones whose fracture can result in misalignment problems of the pole levers. These failures, in
turn can lead to many other problems with the operating mechanism including the burn-out of coils,
excessive wear in certain parts and over-stressed linkages. Furthermore, the limiting service life of a
number of subcomponents of the power-operated mechanism, including the operating mechanism itself,
were assessed.

INTRODUCTION

Subsequent to the McGuire event in 1987, which was related to a failure of the centerpole weld
in one of its reactor trip breakers, activities were initiated by the NRC to investigate the probable
causes. During the last decade, NRC has issued a number of information notices and bulletins
pertaining to the problems encountered in Class IE breakers. Although failures of the pole shaft weld
were not included as one of the generic problems, the NRC augmented inspection team had suspected
that these welds were substandard which led to premature cracking.

During the seventies and early part of the eighties, these breakers, specifically the reactor trip
breakers (RTBs) were reported to exhibit problems with their undervoltage trip attachments (UVTAs).
This often resulted in failure of the breakers to trip on demand from the control room. This problem
was later diminished after adopting design changes and maintenance activities recommended by both
the manufacturer and the regulating agency. In recent years, a number of age-related problems
occurred, including cracking of welds on pole shaft levers, weld failures in the secondary contact bracket,
nonuniform wear on the closing cam segments, misalignment of the main roller, broken spring release
latch-levers, broken trip latch pivot pin, insufficient clearances between the breaker moving parts, and
loss of spring tension in the cell-switch spring-return mechanism.

Operating experience reported to the Nuclear Plant Reliability Data System (NPRDS) shows
that a large percentage of these aging problems were detected while the system was in normal operation
(Figure 1). Current maintenance activities adequately address age-related degradation of the contact
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assembly, caused by erosion and burning due to electrical arcing. However, measures which could
alleviate aging problems in the power-operated mechanism (shown in Figure 2) are lacking.
Furthermore, this component consists of a number of parts vulnerable to aging and is responsible for
charging, closing, and tripping the breaker contacts.

TEST PROGRAM

The test program involved a commercial grade Westinghouse DS-416 air circuit breaker that is
typical of the type used in nuclear power plants for class IE applications. The test breaker without
electrical load, was cycled mechanically over 36,000 cycles to accelerate the aging processes. The test
was conducted in accordance with ANSI/IEEE Standard 37.50 (1981) for the life testing of circuit
breakers. Three different pole shafts with approximate weld configurations of 60 degrees, 120 degrees,
and 180 degrees in the center pole lever were used. In addition, three operating mechanism units, along
with several other parts, were replaced as they became inoperable.

Figure 3 illustrates the sequence of major events that took place during the nine months of test.
The first 27 cycles occurred during the pre-testing period with the first operating mechanism in place.
Next, the first pole shaft with a 60 degree weld lever was installed. The shaft failed after 3000 cycles
of operation when the center pole lever was completely separated from the shaft. The test resumed with
the second shaft containing a 120 degree weld, while the operating mechanism remained the same.
After an additional 10,582 cycles, the first operating mechanism failed. The second mechanism was
installed and the test was resumed. Because of a burr on the crank shaft due to poor quality assurance
during manufacturing, the mechanism was replaced after 357 cycles with the third mechanism. After
an additional 2654 cycles, the second pole shaft developed cracks in two welds causing misalignment
between the five levers connected to the three pole contacts. A third shaft with a set of good welds at
all the levers replaced the second shaft for the next 7599 cycles, when the third mechanism was declared
inoperable. The refurbished second mechanism was then reinstalled and the test was continued for
another 11,849 cycles when this mechanism failed. The welds on two levers had developed crack sizes
of 10.5mm and 6.15mm respectively, after experiencing 19,448 cycles of operation. These cracks did not
cause any problems with breaker operation.

TEST RESULTS

The high force/torque on the center pole lever weld is the critical reason why a crack in this weld
developed first in the pole shaft with 60 degree weld. This lever was completely detached from the shaft
before transferring any load to other welds. Up until 2000 cycles, the effect of the crack in this weld
was not noticed. For the next 1000 cycles, however, several problems associated with the operating
mechanism were observed, including jamming of the trip mechanism, failure of the breaker to lock in
or trip, and sluggish operation.

For the second and third shafts, where the weld lengths were larger, cracks were found to
develop in two pole lever welds simultaneously. On the second shaft, both cracks grew at almost the
same rate. After reaching a size of one-fourth their original weld length, misalignment between the five
levers connecting to the three poles occurred. This misalignment later caused the phase A pole pin to
fracture. Other problems included failure of the first mechanism and burning of the charging motor.
Similar symptoms were noted in the third shaft. However, in this case the, the cracks never grew large
enough to cause misalignment problems. Nevertheless, both these shafts functioned satisfactorily for
the first 10,000 test cycles.

The cam assembly, stop roller, oscillator, drive plate, and ratchet wheel and holding pawls
performed satisfactorily up to 10,000 cycles, beyond which they exhibited severe wear at the contact



surfaces. The ratchet wheel started slipping from the holding pawls, while the oscillator surface was
found to be grooved by the motor crank and handle. All parts were badly worn prior to being replaced.

Each time the charging motor is energized, the oscillator pawl reset spring goes through a
number of expansions and contractions. The original unit had a smooth transition bend in the neck of
the end hooks, while that of a newly procured unit did not. The new spring, with a sharper bend, failed
after 2286 test cycles, while the original unit never failed even after experiencing over 10,000 cycles.

The stator insulating system of the charging motor burned out twice; first after 13,609 cycles,
and then after 10,715 cycles. In between, there were several problems associated with the carbon
brushes, including cracking, uneven wear, and excessive carbon deposits on the armature contact surface.
Throughout the test, the springs holding the brushes were adjusted, and the armature surfaces were
cleaned as part of the 500 cycle maintenance program.

Three different operating mechanism units were used in the test; the first one failed after 13,609
cycles, the second after 10,253 cycles and the third after 12,206 cycles. Thus, the life of the operating
mechanism was assessed to be above 10,000 cycles.

The closing coil of the spring release device burned out after it had been through 20,724 cycles.
Within another 468 cycles, a newly replaced coil also burned out. These incidents were further
investigated to determine the root causes. Both incidents occurred when the currently installed
operating mechanism was showing significant aging and was running sluggish or was jammed. Examining
the trend data pertaining to the coil conditions, it is concluded that these coils failed due to jamming
of the mechanical linkage attached to them.

SUMMARY AND CONCLUSIONS

Pole shafts used in this test program were found to have substandard welds. Examination of a
fractured trip shaft lever suggested inadequacies in electroplating techniques. Newly purchased reset
springs had sharper bends at the neck of the hooks than an older design, which led to early spring
failures. Testing of the hardness of the oscillatory surface showed a 30% reduction for the newly
procured units.

Wear, fracture, distortion, and normal fatigue dominated the aging process with wear being the
largest contributor. Excessive wear was evident in the ratchet wheel, holding pawls, oscillator, drive
plant, motor crank and handle, cam segments, irain roller, and the stop roller. Structural components
and contact assembly parts indicated that there was little aging due to mechanical cycling. A pole shaft
with a reduced size weld could fail at a cycle as low as 3000.

The ultimate life of various breaker parts was found to be 10,000 cycles, except for the newly
procured reset spring, which was 2000 cycles. One commercial grade lubricant was found to perform
better than those recommended. The current plant maintenance practices need to incorporate the
experience of aging problems associated with the power-operated mechanisms. The scheduling of the
breaker maintenance should be dependent primarily on the number of cycles experienced by the breaker,
with some consideration given to time in service.

The maintenance and manufacturing recommendations, obtained from the test results, should
help mitigate aging problems. When procuring a new breaker or spare parts, careful attention should
be given to their design adequacy. For the indicator and reset springs, it is recommended that a smooth
transition bend should be made instead of a sharp bend to minimize the damage to the surface, and to
reduce the tensile stresses on the inside surface of the bend area of the end hooks. For the pole pin



connecting Phase A of the breaker contacts, smooth corners should be machined, free from surface
defects. Improper welding practices at the pole shaft levers should be avoided. Assuming a factor of
safety of 2, the life of a DS-416 (or DS-206) breaker is estimated to be 5000 cycles. Based on an
assumption that a breaker, such as reactor trip, is typically subjected to 250 cycles annually; this
translates to a breaker life of 20 years.
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Figure 1. System Operating Status at the Time of Breaker Failure



1. SHUNT TRIP DEVICE
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Figure 2. An Exploded View of Power Operated Mechanism
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Figure 3. Sequence of Major Events



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
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