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The foliowing informetion and recommendations are provided for your use, if
you have Westinghouse Models DS-416, DSL-416, DS-420, DS-206 and DSL-206
swite sar installed in your plant in 1E service.

aucxsggg’nn

On July 2, 1987, it was raported that a DS-416 reactor trip breaker did not
open on demand at McGuire Unit 2 during rod drop testing following & refueling
outage. This malfunction was determined when plant parsonnel observed smoke
in the yicinity of the reactor trip switchgear. Since the breaker had not
opened ¢n demand the shunt coi) current was not interrupted rosu\t\ng in 2
damaged coil., The breaker could not be tripped manually, but did trip when
the manyal charging handle was manipulated. During subsequent cycling on the
test bench. the brezker jammed again. An inspection was conducted et the site
jointly by Hestinghousc. Duke Power and the NRC, during which the breaker was
cycled for 37-38 times. It operated successfully each time. Visual
inspection noted weur (nearly 3000 C{cles of ration) and separetion of the
weld whtch attached the center pole lever to the pole shaft. The NRC issued
Information Notice (57-35 on July 30, 1987 reporting this event.

INVESTIEATXON RESULTS

The breéker was subsequently shipped to Westinghouse where & detailed
investigation following the guidelines Jointly developed by Duke Power, th2
NRC and Westinghouse. The breaker malfunctioned after some 130 operations.
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After observing the condition 1t was found that the jamming could be repeated
by manually forcing the close cam and main drive link into & unique
constrained position. The breaker did not assume this unique position on its
own through about thirty subsequent operations.

The scenario at McGuire can be explained as follows: The roller attached to
the main drive 1ink normally rests on the outer close cam laminations. The
proken weld permitted lateral movement of the main drive link which moved the
roller close to its tolerance limits. In the jammed position, the roller had
slipped of f the outer laminate of the cam. The force exerted by “"e breaker
closing action induced & twisting motion which caused the roller _u wedge
between the close cam lamination and the side frame. Although it was
established that the stacking of part tolerances played a part in the jarming
of the breaker, it was also concluded that the breaker would not jam unless 2
broken weld was present to permit the twisting action that allowed the roller

SO M . e crmns 8 ine "

Subsequent evaluation of the broken weld revealed that the weld had about 25%
fusion. The mechanism producin? the weld separation was low cycle fatigue
with the fatigue striations indicating separation after about 2,500 cycles
(consistent with Duke's estimate of operating cycles). A conservatively
cn\cu\atpd load on the weld was determinad to be 10,000 psi. The designed
weld strength is 35,000 psi giving a "safety facter® of 3.5.

POTENTIAL SAFETY IMPACT

Westinghouse considers this malfunction of the DS-416 Reactor Trip Breaker to
be & random occurrence. DS-416 breakers have operated through many thousands
of cycles without any malfunction similar to that reported at McGuire.
Despite the quality of the weld in the McGuire breaker, it performed for
about 3,000 cycles confirnin? that the weld as designed is conservative. It
was also evident that while it 4s necessary to have & weld separation to
initiate the cccurrence it s1so reguires other part tolerances to be near

max imum.

For these reasons, m&imr‘ﬁ,‘.‘.’..._‘i@?__@gt.!!ﬁm&d,thi,t.jnl.JMdiliLlcﬁﬁasm_..—-
be taken. This, however, does not preclude recommende: actions in line with

normal_shrveillance and main tenance practices. il
BECOMMENbED ACTIONS
Primary attention has been focused on the weld separation with contributing

factors from tolerance build-up. Because Westinghouse ggrfo;EEQ & random
fnspection of the pole shafts (welds) during manufacture an cause _one
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instance of the roller rubbing the side frame ‘UE!QEQQ_%ggigiiéfiE:
fnvestigation Westinjhouse recommends the following act ;
gpplications of DS-416 switchgear:

A.  Short Term Inspection (Next Surveillance)
' Weld Inspection (On Three Pole Lever Welds)

This inspection may be performed with the breaker disconnected and
racked out fully un the cell rails, or on a bench, as 1s suitable to
the user., Minimum tools are - small mirror, fillet Yauge (1/8" and
- 3/16"), flash light, screwdriver, socket wrench and long handled

| pliers.

| Procedure

1. Trip the bresker 4f energized and closed, Rack it out on
cell rails fully extended, or transfer to bench.

2. Remove front panel.

3. Disconnect motor leads, and the link for the auxiliary
switches.

= 4. Remove the tog cover towards the front of the breczker,
| making sure that wires in the harness are not damaged.

., 5. Inspect the weld(s) visually to the criteria given below.
6. Reinstall all {tems removed or disconnected.
Criteria and Actions
1 1. Weld Separation

Action: If separated welds are found, remove from service
_as main or bypass breaker,

2. Cracked Weld

For checking the presence of weld cracking, exclude the ends
' which may show evidence of cold start.

’ Action: If cracks are found, use only _as bypass breaker
i until weld condition can be corrected.
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3. Sixc:nnd Length of Weld : |

Exclusive of the ends of the weld, which may show evidence
of cold start, the weld should have at least 3/16" fillet
for 90° continuously around the pole shaft. If the fillet
is under 3/16", then the weld must be at least 1/8" fillet
for 120° continuously around the pole shaft. Either size
weld provides a "safety factor" in excess of 1.5.
' |

Action: If dimensions are not met, use only as bypass
breaker until weld condition can be corrected.

B.; Long Term Inspection (Next Refueling) |
1. €xamine Welds for Separation, Cracks or Size
; Inspect remainder of pole shaft welds with the exception of stop
levers which do not perform a safety function. Replace pole
shaft if necessary.
2. Alignn.nt of Breaker Mechanism :
kefer to Figure 1. This tolerance check should be performed on |

the bench with the closing springs disconnected from the
cam-shaft (common shaft going through the close cam).

Procedure
1. Remove front pane! of the breaker.

2. Disconnect the closing springs from the cam shaft. The
§ other end may be left undisturbed. .

3. De-energize control powers to the breakers, if wired to
power supplies. Breakers should be open with springs
discharged.

4, Rost;uin the UVTA with & wire loop so that the breaker is
not §n.a trip-free mode.

5. Simulate manual charge of the closing springs to the charged
position, to turn the cluse cam to the "Ready to Close”
position.
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6. With pressure applied to roller as indicated in Figure 1,
slowly turn the closing cam manually by the spring charging
handle. (Note: To release the cam to turn, depress both
manua)l trip and close buttons simultaneously.) Continue to
tur?t:ho cem until the breaker contacts reach the closed
position.

At this time, the maximum lateral play of the roller is in
‘ff‘icto “

7. Through the front of the breaker, sight the close cam, the
rol1:g and the side frames. Using a flashlight, check to
see that -

a. roller is making contact with the two outer laminates of
t?e c;ose cam, It 4s not required to be centrally
pleced. 4 : SRR R NG

b. there is visible gap between the side frame and the
rolier side at each end of the mechanism.

If either of the two checks are not satisfactory, contact
Westinghouse.

8. Reinstall all components removed.
' Dther Switchgear Models

Other switchgear models which utilize the fdentical pole shaft and
mechanism should also be inspected.

1. DSL-416 and DS-420

Inspection schedule should be fdentical to that outlined
above for DS-416.

2. DS-206 and DSL-206

Since the stresses on these welds are considerably less than
those on the DS-416 application, (resulting in a much larger
*safety factor®), it is recommended that all the above
inspections be accomplished at the utilities’ convenience in
a time frame not to exceed the next refueling outage.
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CONCLUSIONS

Hestingﬁouso believes that the above cctioni are prudent and when accomplished

on a one-time basis will provide assurance that & similar circumstance will
not be rppeatod.

Sincerely,

| H. C. Walls, Manager
: : Mid-America Region
. Projects Department

Attac ;nt -“F{g;rolll
HT/32??3

!
ce: 6. . Plim) T. A. Rieck

F. G. Lentine J. A. Johnson W
E. . Fuerst L. Farrar

D.
J. A. Usem ¥ J. Marfanyi WOG Rep.

i
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September 18, 1986

To: J. P. MoVicker
From: D. A. Wright .

Supject: CONPP 480 Volt Breaker No. 52-1108 = NCR 3894

During routine maintenance of the subject breaker, it was discovered that the
weldment comnecting the ocenter pole lever arm to the pole ghaft was broken. The
pole shaft with the broken wealdmant and a pole shaft removed from ancther breaker
Were sant to the Materials Engineering amd Aralysis Unit (MESAU) for evaluation.

A visual examination of the falled breaker indicates that the failure occurred
on Arm No. 3 shown in Figure No, 1. At higher magnification, ehown in Figure No, 2,
it is acbserved that the fillet weld separated from the lever arm at all but a gmall

erea at the start of the wald. The fillet weld remained attached to the pole shaft
side along its ertire langth,

Banination of the separated surface reveale that epproximately 70 percent of
the weld had not fused to the lever arm. 'Ihesem:uudamshaveaﬂat, amooth
and relatively featureless gurface. The remaining 30 pervent represants the areas
that fractured during operstion of the breaker. Macroscopic examination of the
fractired areas reveals & rough woody texture characteristic of an mverload fracture
in a weld. All tract\nadmhavoasmnuwmw&mhmwiwm
of beach marks indicative of a fatigue fracture. Therefore, we assume that the
fracture of the fused areas was the result of overload, Since the cyclic operating
loadsofthhhtnakermwtohomisuntthetaummmw
occwred during the first Cycle(s) of cparation. The failed lever arm was connected
to the antie-rotational lever arm beside it, tharefore, the load was transferred to
mnwummmnumwmbmmmmmw.

Aulmmotmtulotlmunicututmtmhqmﬁ\opoloﬂnrtoido
mo.:ohmrdﬂuhgmtholmrm-unmo.lom. This mismmatch of leg
of an arm side indicates an improper
walding technigque umtm.hmmmmammlogymﬂmtm

shaft in production using Gas Metal Arc
Walding (GMAW) process., It appears tﬂ‘nnl&rdidmtmlymitimthe

alectrode in the joint. m.locuvdompmitiandmwmpolcﬂatt
gaunmmlqmmxmotmimmmzwmcm (s@e Figure No.

pole mhaft to lever arm
mmmmonamlmmumm. The NLE oonsisted of visual
wanination and wet fluorescernt magratic particle wamination, Results of these
mm“mmmumuo.as-msm as Attachmant No. 1, and

2. Visua)l examination aleo indicates that in general a fillet leg mismmatch
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3. Magnetic particle examinaticn indicates that with the exception of the
start, the welds appear to be fused to the lever arm gide,

The condition of the unfailed welds were probebly adequate for intendad service,

however, flaws present including the failed weld indicates that there was inadequate
control of welding during produstion. “

To further investigate the problem of welder technigue a section was removed
from the center of all unfailed welds, The sections were ground to a 240 grit
finish and the welds were macroetched with ammonium persulfate to reveal the depth
of fusion. Depth of fusion measurements were made for all sactions and the results
recorded in Table No. 1. A photograph representative of welds exarmined is ghown in
Pigue No. 4. These results reveal that the depth of fusion on the pole ghaft was
significantly greater than the depth of fusion on the lever arm. It is irportant
note that the depth of tmiondoasmtdourmimmnd-quawofthogoint. It
camplete fusion is present the joint is adaquate. The results indicate that the

welder's technique was poor, butinmstcausthtnwasadoquaumsicnwumeot
the start of the weld.

We cornclude from the analysis that the failure was causad by lack of fusion of
the wald as a result of irproper welding technigque. Inspection of the welds on both
assendblies sent to MEGAU indicates a potential exists that mere failures may have
ocourred or will cocur on the pole shaft assanblies now in service. MEGAU recom-
mmtmiwummmmmvuywwmmuulm

cc: C. H, Cruse . J. 1d
J. A, Cninkleton K. A.
G. R. Ruumen T. L. Sydnor

rile No.: 86-30-038
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Figure No. 1 Photogreph of Pole Shaft Assenbly
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Depth of Fusion Measuremrents

Depth of Fusion
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