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® LIS ORIGINAL

February 16, 1987

17045 Euclid Avenue
Cleveland, Ohio 44112
Telephone: (216) 481-1500
Telex: 241564
Facsimile:-(216) 481-8386

Mr. James Taylor Director

Office Of Inspection And Enforcement
US Nuclear Regulatory Commission
Washington D.C. 02055

Subject: 10CF21 Notification of existance of a reportable
defectyin class IE Diesel Generator.

Dear Sir:

Further to our letter-of November 24th 1986. Enclosed is a report from
our Engineering Department dated 10th February, 1987. This completes
our investigation and evaluation of this matter. )

@ Should you require any further information or assistance please contact
us.

Your sincerely,

NEI PEEBLES - ELECTRJC PRODUCTS, INC.

-. Ve

Ron"B. Politi
Vice President ¢ Ceneral Manager
RP/jj ;

cc: Cooper-Bessemer Reciprocating
Bechtel- Power Corp
Arizona Nuclear Power Project
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NEg - NE! Pecbies - Electric Products, Inc.

interoffice Memorandum

El-3313

"To: R.B. Politi . .Date: February 10, 1987

From: J.V. Pospisil

Subject: 10CFR21 - Conclusion of Investigation of Probable Causes of 8 Defect in
Class 1E Equipment Reported by El-3306. Palo Verde, Unit 3, D-C Serial
17609966 & 969.

Reference: a. Telephone Notes dated Nov. 25 &€ 26, 1986, J.A. MacKinnon of
Bechtel and J.V. Pospisil of NE! Peebles, TN-E-5168 and TN-E-5166.

b. Receiving Inspection Report dated Dec. 8, 1986, 2 pages with
attachments, NE| Peebles. )

c. Letter of Certification, Resin D-111, dated May 9, 1980, Sterling
Div. of Reichhold Chem. to Parsons Peebles, with attachments.

d. Letter EF-3308 dated Dec. 9, 1986, NEI Peebles to Reichhold
Chemicals, Inc., Sterling Group.

e. Letter dated Jan. 13, 1987, Reichhold Chemicals, Inc. (D.E. Campbell)
to NE| Peebles (R.A. Rossman) with attachments.

f. Sketch of Failed Rotor Pole, Diesel Generator 3B, Attachment to
Service Report F-1063, NE! Peebles. -

. . Low Magnification Views of Failed Coil Area, Photographic Lab
Records, Jan. 26-30, 1987, NE! Peebles.

.h. Overspeed Test Record, .Standard Test Form 2002 for Serial No.
17609964-200 dated Dec. 7, 1977, Portec, inc., E.P. Div.

Our internal correspondence EI1-3306, a copy of which was attached to your letter of
Nov. 24, 1986, addressed to Mr. James Taylor, Director of Office of Inspection and
Enforcement, U.S. Nuclear Regulatory Commission, reflected the status of our investi-
gations as of that date. As stated in El-3306, three potential causes were identifiec, |
however, one of them (a. Mechanical damage by impact or excessive overspeed) was ;
immediately eliminated from any further consideration due to a total absence of any
corroboratory evidence. Two remaining potential causes to be investigated further

were identified as: ‘

2. Improper formulation, mix or cure of the resin.
b. Improper a;ﬁplication of resin or contamination of the wirg surfaces.
!

As apparent from Ref. 3., arrangements were made by telephone with Bechtel to ship
the pole with the damaged coil promptly to Cleveland where it could be inspected in
detail and examined further by our Engineering Lab. Ref b. contains the results of
the inspection performed. As there were no dominant signs symptomatic of improper
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application of the resin and/or surface contamination, it was decided to proceed with
the verification of resin characteristics by physical or chemical testing of resin samp-
les obtained from the failed rotor pole. [f the results of these tests would confirm a
very high probability that the resin used is indeed factory-mixed Sterling formufation
of D-111A with no apparent anomaly due to its cure, the potential cause b. could be
eliminated from any further consideration. This then would confirm the potential
cause c. as the probable cause of failure by a process of elimination. (f, however,
significant anomalies would be detected by these tests, the potential cause b. must be
retained as a probable cause (either alone or combined with c.) and its generic impli-

cations must be also considered. .

Relevant methodology of testing was discussed by our Engineering Specialist, Mr. C.J.
Moosbrugger, with the Reichhold Chemicals, Sterling Croup's expert, Mr. Ray Cushner
and it was agreed that a positive resin identification from smail samples can be made
by Infrared (IR) Spectroscopy but the Thermal Gravimetric ‘Analysis (TCA) could pro-
vide also some information on the cure of specific samples. Since our Lab lacks equip-
ment required by either method, testing was subcontracted to Sterling. In order to
eliminate any doubt about the proper resin formulation and mix, the Sterling Lab
agreecd tv prepare a2 sample batch of D-111A Polyester Compound, such as certified

by Ref. c. Further, our Lab was to provide a thermally aged specimen of D-111A in
addition to the samples obtained from the failed rotor pole winding in order to eval-
uate thermal effects of curing and aging. Ref. d. identifies the samples according
to their origin. Sample B was thermally aged for 2352 hours at 140°C after the cure.
On the other hand, samples A1, A2, A3 and C had no significant history of thermal
aging following the standard cure because of a very few operating hours accumulated
by the Train B Generator from which the failed pole was removed. Of course, the
freshly mixed compound (by Sterling Lab) called “standard" was initially uncured.

. As reported in Ref. 5., Sterling Laboratory performed the Thermal Gravimetric

Analysis (TGCA), determined the filler content of samples provided and compared the
results with those of a freshly made batch of D-111A Polyester Compound. Upon
completion of their analytical study, they concluded that:

"Comparison of the TCA indexes, shape of curve and filler content indicates
a very high probability that Samples A1, B &£ C are cured specimens of

D-1N1A."

These conclusions can be verified by copies of TCA Charts attached to Ref. e. and en-

* able us to eliminate the potential cause b. (Improper formulation, mix or cure of the

resin}, from any further consideration. Thus an improper application of resin or con-
tamination of the wire surfaces remain to be examined as probable causes of the failure

meager corroborating evidence premitting.

As apparent from Ref. f., the outer winding layer, one wire thick, separated on one
side of the pole from the rest of the coil "as a sheet" deflecting outward due to centri-
fugal forces acting on individual wires (turns) of the layer. In spite of the complete
resin bond failure between this *sheetlike" layer and the rest of the coil, resin bonds
between adjacent wires of this "sheet" remained. mostly intact. Although two outer -
layers were cut and "peeled off" from the coil before it reached our Lab, some wires
of the outer layer (with black varnish coat) remained bonded together in pairs, or
groups of three and four, giving an indication that the bond between individual wires
of the outer layer was considerably stronger than that between the outer layer ancd the
rest of the coil. This fact can be considered as conclusive evidence that the wire
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surfaces were not contaminated. Were it otherwise, equally weak bonds would have
been found on all three sides of the (square profile) wire. That is, between adja-
cent turns (wires) of the outer layer as well as between the outer (ayer and the
coil. Furthermore, even if it could be accepted that only one side of the square
wire were contaminated, this would have to happen in regular 83 foot intervals 25
times over, so that the contaminated surface could position itself in the failure area.
Of course, there is no credibility to this scenario and the hypothesis of wire surfac
contamination should be discarded. .

Relatively low' magnification (10X) microscopic examination of the outside-facing sur-
faces of a portion of second layer. (received still intact) revealed relatively large
areas in the failure zone that appeared significantly "smoother® than the remaining
surfaces. Few small irregular ®rough-appearing™ areas randomly distributed over
the large “smooth" sreas contrasted quite sharply with their general background.
Our first-hand notion that the "smooth" appearance is a resuit of mechanical polish-
ing due to a relative motion between the first (failed) and the second layer had

to be dismissed as there were no pervasive signs of abrasion, except for the “rough"
spots. Similar microscopic examination of the inside-facing surfaces of wire groups
(received separated) of the corresponding portion of the first layer revealed the
existence of like contrasts also there and again, no signs of abrasion in the "smooth"
areas. This implied that a contact between the first and the second layer in the .
failure zone was limited to the "rough-appearing" areas only and the "smooth" areas
never touched each other. Ref. g. illustrates the details.

Increased magnification (25X) confirmed that the “rough-appearing" areas were a
result of a2 "brittle fracture" of cured Polyester resin bonds while the "smooth” areas
were undisturbed surfaces of Polyester compound-impregnated fibrous wire covering
of either layer, separated by a void. Although this interpretation was consistent
with the postulated failure mechanism, there was one unexplainable discrepancy
originating in the method of pole winding and curing. With the Polyester compound
applied by brush over the entire surface of each completed layer before the next
layer is wound, the inside-facino wire surfaces of the next layer can be impregnated
only by bringing them into contact with the coating of the preceeding layer and
keeping them in place during the cure. Since the coil sides are held compressed
3gainst the pole body between two full-length clamp plates to which the pressure

is applied by a series of C-clamps distributed over the entire length of the pole,
only small (one wire wide by a8 few inches long) voids can be sustained during the
cure in either coil side. Major voids can exist only in the free coil ends where
they are benign due to their orientation relative to the forces acting on the coil.

In order to create larger voids in the coil sides, itis necessary to apply the Polyester
compound so sparingly over relatively large areas of the preceeding layer, so that
the inside-facing wire surfaces of the following layer do not establish a normal con-
tact with the coating when the coil is compressed by C-clamps for baking. In such
3 case, however, the fibrous covering of the inside-facing wire surfaces will not
be uniformly impregnated. That, of course, is contrary to the conditions actually
observed. On the other hand, a relatively uniform impregnation of fibrous wire
covering on the layer surfaces facing each other with a gap between them could

be achieved by using Polyester compound diluted by a volatile solvent. This would
allow 2 relatively uniform wetting of the fibrous wire coverings which would readily
wick the more fluid compound during the winding and clamping process. Thermal
cure would then drive out the volatiles leaving voids in their stead because the
"scabbed-over” surfaces of the compound impregnating the fibrous wire coverings
of both layers would no longer bond with each other. Of course, this hypothesis
does not hold for several reasons. First of all, the Polyester compound used and
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positively identified as Sterling D-111A is solventless and factory-premixed from
100% non-volatile components. Secondly, the voidy srea is highly localized, being
confined to the central section of the last layer on oge coil side only, even though
the Polyester compound must be applied to the entire preceeding layer before the
next layer can be wound over it. Furthermore, all the poles were wound on the
“day shift" by the same person, who had more than 10 years experience winding
rotor poles and was known to be a conscientious worker, who would recognize a dif-
ferent “feel" of the diluted compound being brushed on the windings.

All the above reasons notwithstanding, the hypothesis of "locally diluted" compound,
'seems to fit all the symptoms found. A probable scenariv can be constructed under
which a coating of the properly premixed compound can be applied over the entire
layer of the pole winding in 8 manner that permits its localized dilution in one con-
fined area, such as observed. 1t is only necessary to assume that the pole winding
operation was not completed in one shift and the last layer was left to be wound
during the following shift. In accordance, with the Shop Practices then in effect,
the partially wound rotor pole would have been left in the pole-winding lathe and
covered with a polyethylene sheet, the unused part of the 5 gallon can of the com-
pound mix would have been put in the "in-process" cold storage and the brush would
have been cleaned and stored in a can of Xylene (MS-10.1 - a solvent). Before
resuming winding operations on the next shift, the winder would remove the can
with partly used compound from the cold storace, allowing it to warm up and, mean-
while, would remove the brush from the Xylene can and squeeze it dry into a clean
rag or paper towel. When ready to resume pole winding process, the first operation
to be performed by the winder would consist of coating the entire surface of the
last layer aiready wound on the pole. This requires starting on one side and pro-
gressing towards the trailinc end, then advancing the pole-winding lathe by 1/4
revolution to coat the end surface and 1/4 revolution again to coat the other. side
surface. Two more 1/4 revolutions of the lathe enable the application of Polyester
compound to the entire layer surface so that the next {ayer of wire can be wound
over it. Now, let us suppose that the winder was distracted by somebody or some-
thing and did not properly dry the brush after removing it from the Xylene can
but just laid it aside.. Resuming his work, he would stir the compound in its con-

‘tainer first, then pick up the brush (no longer in the Xylene can), dip it in the

container and start brushing the compound on the coil side facing up without being
aware that the coating is diluted by Xylene released from the brush. He might not
even feel less drag on the brush because the compound is still cooler than normal
and its higher viscosity tends to compensate for the effect of solvent. By the time
the central area of the coil side is coated, nearly all solvent would have been purged
from the brush so that the coil ends and the other side are coated with practically
undiluted compound. VWhile there might be some slight difference in the visual appear
ance of one coil side and the other, they can never be viewed simultaneously, thus
making a detection of this condition by the winder or the inspector quite unlikely.

Although no claim can be made that the above scenario represents a factual account
of events resulting in an improper application of the resin being investigated, it

is justified to accept the local dilution of resin as the most probable cause of failure
based on the existing symptoms as well as the credibility of the events described
above. Manufacturing defects such as this are detectible after curing by tapping
the cvils for holliow sounds, which is a part of routine Q.C. procedures. Why such
detection was not successful defies deterministic explanations and can be considerated
only in the realm of statistical probabilities. Viewed In this perspective, the failure
can be considered a premature failure ("infant mortality") due to a random, readily
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detectible but undetected, manufacturing defect having a2 low probability of recurrence.
{t can, therefore, be treated as an isclated incident with no significant generic impli-

cations.

As readily apparent from Ref. h., the inherent capability of the generator to withstand
without injury the postulated overspeed of 25% above its synchronous speed was con-
firmed by testing the first generator of this design built for Palo Verde Unit 1 at 750
RPM. This generator, identified by the Serial No. 17609964-200 was overspeed-tested
energized at its rated voltage in accordance with IEEE Std. 115, Section 2.45 while
asembled on the factory test bed with an auxiliary jack shaft and inboard bearing

for other running tests. Driven by a direct-coupled D.C. Dynamometer and excited
from an auxiliary D.C. source, the generator rotor was kept at its synchronous speed
(600 RPM) long enough to obtain stable electrical readings and a set of mechanical
vibration measurements at both its bearing housings. ([t was then accelerated to

125% rated speed (750 RPM) 3t 2 rate of 25 RPM/sec (while its excitation was reduced

‘to maintain the rated voitage at the generator terminals) and held at these conditions

with no further change for 300 seconds. Upon repeating the vibration measurements
anc obtaining a new set of electrical readings during the elapsed time, the rotor
speed was reduced back to synchronous (600 RPAM) at a similar rate and its excitation
increased again as required. Upon obtaining another set of electrical readings and
performing all vibration measurements at the synchronous speed again, the rig was
shut down for a thorough visual inspection which revealed no changes in any part,
nor any evidence of injury. Cursory examination of the vibration measurements re-
corded in Ref. h. confirms a high degree of dynamic stability of all rotating parts
and the low vibration levels at 750 RPM together with the results of visual inspection
provide conclusive evidence of the generator design integrity.

Since all Diesel Generators are run at 10% overspeed after they are installed at the
site in order to set or to verify the setting of their overspeed trip devices, it is
advisable to verify the integrity of their generator rotors by a thorougoh visual inspec-
tion following the overspeed trip setting run for each. This can be facilitated by

3 boroscope inserted into interpolar spaces upon removal of the outboard air intake
covers. Thus the effort required to perform such inspection is minimal. While it is
recocnized that a limited overspeed exposure, such as this, falls short of confirming
the specified overspeed capability of the generator, it certainly exposes the Diesel
Cenerator system to the highest speed encountered in its normal operation. f{t simply
does not verify the margin. available in the generator rotor within the speed range
normally considered unsafe for the diesel engine (  110% 125%8). On, the other
hand, centrifugal forces acting on the rotating parts at 110% of the rated speed reach -
magnitudes 21% higher than those at the rated speed and exaggerate the critical
stresses and deformations of defective parts sufficiently to permit visual identification
of significant manufacturing defects, if any. Duration of the overspeed exposure is
of 2 secondary importance as long as the time at the overspeed required to set the
overspeed trip devices and confirm their function is equal to or exceeds the time at
the overspeed experienced by the system when the trip devices actually operate. In
any case, the magnitude as well, as the duration of the overspeed condition must not
be injurious to any part of the Diesel Cenerator but, at the same time, must adequately
simulate the most severe condition the system is required to tolerate during its opera-
tiori. Arbitrarily set overspeed duration, such as 5 minutes suggested initially, is
not really applicable here even though it has been traditionally used by the electrical

industry as a typical duration of proof tests.
Summary of conclusions:

1. The wire-wound rotor pole failure is a direct result of a readily detectible but

! )

undetected manufacturing defect. )
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2. The manufacturing defect resulted from improper application of the specified
Polyester bonding compound, most probably caused by local dilution of the resin

in the area of failure.

3. The design integrity and the identity of critical materials were confirmed by test-
ing. No evidence of additional debilitating effects was found.

4. The manufacturing defect causing the premature failure of the rotor pole sppears
to be a result of an isolated incident with no significant generic implications..

S. The corrective action suggested in El-3306 appears to be adequate, however, the
arbitrary 5 minute overspeed condition de-energized shall not be considered manda-
tory.

It is recommended that the failed rotor pole be rewound with no change in the originally

specified materials or manufacturing technology. When accepted upon the specified
routine inspection and tests, it shall be returned to Palo Verde renewal parts stores

for future use.

€ ’

£ rrrad.
J.V. Pospisil, P./E.

State of Ohio License E-039040
{anager of Engineering

cc: NDNM, CIM

Attach Ref. a. through h.
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. o NV ARAVOTIWYIETNT M1 ‘

. _ TELEPHONE NOTES FOQOSKZ7OTR-E~5168
. DISTRIBUTION

D. R. Anderson

[

G. A. Hierzer
“Fe=Petorveher—

oy: J. A. MacKinnon or Bechtel PHONE (602) 932-5300 T: L. Mack

Joe Pospisil NEI-Peebles . (216) 481-1500 R. R Stiens
oF .PHONE - ~H~H—Weber——

November 25. 26' 1993. NO 10”07 riLE M,11.048 7. G. Ballves
~Fr—h—Heckinnon—

Danmaged Rotor Coil in Unit 3 Diesel Generator Ray Miklos

vo:

DATE

SUNIECT

NOTLS Talked with Joe both days regarding the coil status and proposed disposition

for releasing the machine to APS. The following points were discussed:

1. Joe wants to pursue the chemical analysis of the coil resin to rule

out the probles with the compound. The coil is to dbe forwarded to

the following:

NEI-Peebles Electric Products, Inc,

17045 Luciid AVeEnue

leveland, Ohio 44112
Attencion: PBr. FIChars RosSsman, PBahaper Of Feceria-S

. Yy - 2T Joe Goes ot have 3 Probiel WITH TEp-uCINg ThE ColiwasterornTie

spare cColl anc reilurning 4t 0 Spares Ll Lhc WelClioUse€.

" 3. The spare coiis and the Unit 3 (Irasin K dnd B) ¢OIlS Were Irec wne

sacie balch Of resin,

\ , K, Joe will anspect the cOll when recelvec, conSuIt'uI!ﬁ'tﬁ?‘f?!fﬂ""“"

manhujacturer to determine the course ol &cvidh, periorn an

anaiysis, review the results, lhis eliorl 15 Jorecast Ior one o

LWO wWeeks,

I indicated to Joe that next week (Decendber 13t) Norwalk Home Ullice

Engineering will contact hiz regarding support jor the DER resolution.

Recorded by: iﬁm%

v Kifnon

Reviewed by:

{
/A.CZ M.’herbst

@ PULsNDRe JAMenh

13
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DISTRIBUTION

@ | ' TELEPHONE NOTES FOCOS2%77 TN-E-5166

D. R. Anderson
G. A. Hierzer .
‘ D —toocher—
J. A. MacXinnon/ or Bechtel (602) 932-5300 T. L. Mack

8Y: PHONE

D. K. ABQErssn » —gxt et S etvrie——
r0: Joe Pospisil or NEI-Peebles PHONE (216) 481=~1500 R: R Stiens
DATL Novepber 26, 1986 ;08 NO 10407 e M¥.11.04 7. G. Ballyeg
susscephelease "B" Train Diesel Generator to APS ) Ray. Miklos
NOTES Joe concurred with releasing the Unit 3 train "B" diesel generator to APS to

cooplete stari-up testing based on the following reasons:

1. Trzin "A™ has been run on site for over 140 hours, energized and

urenergized, and has perforoed the overspeed trip verification,

2. Trzin "B" has been rurn on site for three hours unenergiéed. (It

wa2s not discussed during the télecon. but was verified that "R"

diesel has verified the overspeed trip setting.)

3. nan and "E" train generators' coils and spare coils were wound

using the same resin batch.

Eased on the above and the concur}ence of Fred Lamcha of NEI-Peebles that

the generator is in satisfactory condition, the diesel generator train "B"

can be released to APS.

Recorded by:

Reviewed by: g g itcan~
A;C. M. Herbst
4

CMH:DRA:JAM: b
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NE] Pecbles - Electric Producis, Inc.

1704€ Euclig Avenue
_Cievelanc, Chio 445 1z

RECEIVING INSPECTION REPORT ATTACHMENT-B

December 8, 1986

CUSTOMER: Cooper Energy Services

SITE: Arizona Public Services
Palo Verde Nuclear Station

RECEIVEDC FROM: General Electric Co.
Apparatus Service Shop
6 Anderson Drive
Albany, New York 12205

PART: One Wound Pole Assembly A-64665-50
From Synchronous Generator 17609966

REFERENCE: Customer Order CES 3621D6493 .
) Portec, Inc./Parsons Peebles-Electric Products No. $.0. 1760996u-69

DATE: 12/4/86

PROBLEM: Outer Two Layers of Rotor Coil Reported to be loose.

~eceived.

:) Condition pf parts.

\

1 hipping container.
' JBcking of parts

Received in skidmounted wood crate, condition - fair.

One Wound Pole Assembly with two outer coil layers and bottom
pole washer removed.

Wound Pole Assembly was loosely braced in center of crate. No
additional damage. The two outer coil layers, cut from top to
bottom turn, were packed on each side of assembly.

3) Pole stack was tight.

b) One end ring tab was bent.

¢) Insulation washer (bottom) was in good condition - no cracks
or brakes.

d) Coil winding, which remained on pole assembly, appesrs to be
bonded and tight.. There are voids in between layers on one
side of pole only. These were .010 to .015 wide and one wire
deep. Location of voids per sketch below:

- BET &ng_w TyoEs Laves
94 ade sfe - X1 8yY9 Si&s LED

\ | /

o %.!Ej e : _L/_J'I.‘ )
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NE] Peebles - Electric Froducls, Inic.

17045 Euclid Avenue Page 2

 ATTACHMENT-3

Liase .

-

Electrical Check :

fnsulation Resistance at
500 V, 1. minute.

Winding Resistance

AC Volt Drop

30 060 = M Ohms.,

L g

0. 395 Ohms at 21.5 °C.
/0% Voits at _ 2. 00 A.

Tested by: R.w. c,(,';r /2-8.9

Inspected by: Zpé:é /2/7/36
Approved by: % F Prl
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DIVISION OF REICHHOLD CHEMICALL, INC.

Parson Peedbles
Electric Products, Inec.
1725 Clarkstone R4.
Cleveland, Okio 44212
Atteation: Purchesing Ageat
Geztlezen:
@ This is to certify that the 10 - § gel. pails of D-111 fusnished
against your order 5029-3 were manufactured in accordance with
and peet the resuirements of our standard manufacturing

specification for this itex.

Yours very truly,

C51 E satpy

C. G. Frost, V.7,
Manufacturing
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FOLYESTER RESIN

1.0 Description:

Polyester resin Varnish for use in “Wet Windirg" of poles per insulation
Spec EI-1,5.0, Two part compound mixed by veador prior to shipment
Displa;s high strengch and cohersfon, Faints on'easily.

, 2.0 Fhvsical Fropertes:
2.1 Viscosity: €3,000 Cps at 20 RFi, 520,000 Cps at 2 RPM,

2.2 Color Crey

2.3 Composition: 237 Styrene Monomer , 737 curing agent
2.4 Evaporador rate: Essendally 1007 ron - Volatile

2.5 Flash Foint: 93%fsezaflash method

2.6 Nor. - explosive

2.7 TLV: 100 ppm

2,8 Shelf Life: 3 )Months at 35° F,

2.9 Gel Time: 10 Minutes at 150° C,

.10 Weight per gallon: 9.6 Founds

(3]
| 3

3.0 Curing Crcle: 2-6 Lours at 290- 325° F, depending on weight and shape
of work p piece. ‘

4.0 Cuz'ed Properties
4.1 Fardress: 85 Shore D
4.2" Insuladon Class: F ( 155° C)
4.3 Feat Deflection Temperature: 140°C
4.4 Water A»sorpdon: 0.41% (7 Davs at R.T.)
4.5 Weight Loss: 1.03% (7 Days at 180° C)

" 5.0 Approved Sources .
Manufacterer - .t Catalog No.
Sterling Varnish D-111A
Thermoset Tlastcs Inc. DC-9 or DC-529

oMcOraw Edisbn.Service 2A353 Varnish

® | o 7

e Rev. 7/21/80-PMS
PORTEC INC., ELECTRIC PROSUCTS DIVISION, 1725 CLARKSTONE ROAD, CLEVELAND 44117
PREPARFD RY: DATE: APPROVED BY: DATE: _ APPROVED BY: DATE:
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INEEE  NEI Peebles - Electric Products, Inc.

t
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D
-

17045 Euclid Avenue
Cleveland, Ohio 44112
Telephone; (216) 481-1500
Telex 241564

- ATTACHEENT-D

December 39, 1986

Reichhold Chemical Company
Sterling Group

Route 65 .
Sewickley, PA 15143

Attention; Ray Cushner

Dear Mr. Cushner:

As we discussed in our telephone conversation of December 8, 1986, we have
enclosed resin samples, labeled Al, A2, A3, B, and C. Please determine by
IR or TCA analysis, whether one of the A samples, the B, and the C are

DiNA.

A1, A2, and A3 are ail from the same side of one pole. A2 may have polyester
mat imbedded in it. One sample from this group is sufficient. Sample B is
an aged sample. |f the samples are not identical, we would be interested in

learning what the difference in them is.

Your reply is urgently needed. If there is 38 cost for expediting the answers,
please contact our Purchasing Manager, Mr. Richard Ressman.

Thank you for your assistance.

YAours truly,
NE| PEEBLES - ELECTRIC PRODUCTS, INC.

Charles Moosbrugger
Engineering Specialist

CM/jmr

Enclosures
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¢ Reichhold Chemicals, Inc.
Steeng Grocp

: Poue €2
- Sew.crey Senngpvang *5123
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REICHHOLD

January 13, 1987

Mr. R. A. Rossman
Manager of Materials
NEI Peebles - Electric Products, INc.
17045 Euclid Ave
" €leveland, OH 44112

Dear Mr. Rossman: GRAVIIETE 1

In aczorcdance with/the request of your Purchase Order No. 14935, we have performed
Therma1 (Gravameig Analysis (TGA), determined filler content of the samples and
compared these results with a freshly made batch of D-111A Polyester Compound.

Conclusions of analytical study: '
TGA Index = Filler

Stancard (D-111A made in Laboratory) 163.5 26.35
;@ Resin Sample A 1 : 163.5 ‘ 29.85
Resin Sample B ‘ 162.6 33.35
Resin Sample € . 164.5 28.90

Comcarison of the TGA indexes, shape of curve and filler content .indicates a very
hich probability that Samplies A1, B & C are cured specimens of D-111A.

TGA Charts are attached for your use and reference.

We have enclosed the original and one copy of our Invoice No 1101-10388, covering
the reported analysis

If you have any additional questions, do not hesitate to contact us.

Very truly yours,

4 .’((4':( :%Gu 6‘46'/

onald E. Campbell
Product Manager

DEC/rmn
Enclosures
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TWX, 7106E83€77






-]

, LAB MADE D-111A WT:  9.9860 mg RATE:  S.00 deg/min
L i -

}-<100.00 o T D
‘L’f 8. 80X i, M
Ly . 85. 15%

¥ ‘ e
L‘u.. cl
L FROM 31.73
Q T0:-590.69 . j;
:1_: WT X CHANGEs 73.82
— FROMs 31,73 ,° 2.5%
< 70, 382.33 ' ‘

WX~ CHANGE—14:82:

- ,

T FROMs 31.73 _

= ooy 4T 41182 ot

tu "1 T X CHANGE: 37.47

~ ) . i

f.
26. 35%
|
|
. V6A - 163,95
0000 4y + -.|i af - me——— T T T o n o ermmes e aremvmt—— — Jor— '
40.00  110.00  160.00  250.00 Y2000 . 340.00  460.00  530.00 600,00  670.00 740,00
CF FILE:QSAVE. TG TEMPERATURLE (0D TG
- DATE. 7701707 TIME: 08 20 PERKIN-ELMER al Analysis







NEI SAMPLE Al

. |

LK 9. 3621 mg  RATL. 5. 00 deg/my

en mu suy ESEm— . % emm—

icl
]

1..100.00

. -J)

12 e g. 98%

L ]

“ FROMy 31.72 g
t. 0, 599.69 , !
;;% .1 W7 Z CHANGEW 70.13
cen T
— FROMy 31.72 ; -
< 101—383 42—

WT X CHANGE: 13,8,

~ A 7!

SRRl FROM» 31.72 .y .y

L T0: 408.55 4'@

000 T g CHANGE« - 34, 73

i e . ﬂ!%
]
{
l []
"y
: s
0,00 Lv - -« -y . o
" oo T oo 1do.do

CF  FILE: OSAVE TG
DATE:  7/D1/06  TIME,

29. 85%

|
-

Ll ToN— 1b3.5

' - ' . ‘ : . . “ § - -
250,00 30,00 3poo  460.00  SI0.00  600.00  610.00 740,00

TEMPERATURIET (0) TG
07 20 d |PERKIN-ELMER[V  al Analysis







sur ATTACHMENT-E

-

E

100.00

90,00 T

iNEI SAMPLE B

|9.

e—

v

.
R
"

81X

—fe - -

'.“‘ . ’!vl .
FROMy 31.72% %%
.- T0h 599.68

FROMy 31,72 . - of¥

Lm0 -

T X CHANGEs 13.08

FROM: 31,72 jjj:i ™
T0, 416.18 |,
WT % CHANGEy, 33.15

;: ‘- )

il .
) | 4
!i.’ A ] (3 ':'ili

i -

*0.00 +»

CF

.00 "7 rio.oo " iglgion

Filts ISAVE. TG,
87/01/06 TIMEs 09

-—em'vecmms = "re = s peams Emm— san =

230, 00

33. 35X
]

32000 390, 00

TEMPERATURL

160. 00

530. 00

)

THN- Lk

600.00  670.CO

PERKIN ELM.

S. 00 uweg.m

\n
\A

¢
740,00

16

nal Analy




-




~»
o mn

NEI SAMPLE C vl LLLant

ATTACHMENT-&

B
O!‘!o

"..-
“
.
-
T

-
l

9.96% \as. -

....\{\

FROM: 31.72 \
T0: 593.13 . 3
WT. X CHANGEs 70.06

[ .
FROMs 31.72 ?4.6%
L 70, 385.61 S
A

WT X CHANGEs 14.11

FROMs 31.72
T0: 410.73
WT % CHANGE: 35. 36

-
-"

— et e ¢ e e i o l

|
16 - 107
T R ) : : St '
AR Tt N PRI e o

0, ol ey L,
PERKIN ELN

. — — —

~-e oo

s O

. nenal A




age .

O L e S Tae M




R | ATTACHMENT.

SERVICE REPORT . ¥ |

O -~ : : F-1063._. *

Sketch of the failed rotor pole coil,- Serial Number 17609966

Date of service: 11-18-86 thru 12-8-86 ° Service Engineer: F. Lamcha

.-_'é-t::.‘-.‘ - A ’ ._;\l:;_. . . - R . S
——piT . BT N T ST Tl Retr T L e LI s -
S - - T er eellil = -

THIS SIDE LOOKS
\(*— GOOD - NO MOVEMENT,

\ NO SEPARATION

@'ER LAYER
E WIRE THICK)

CAME LOCSE AND
LIFTED AS A SHEET

% THE SPOT
VISUAL INSPECTION
“*"1IGCESTS POOR BONTING

. TWEEN THESE TWO LAYERS

.

o
~L_ COIL LEADS

TWO OUTER LAYERS WERE .
CUT HERE AND PEELED OFF
AFTER REMOVING THE POLE‘—.'—'J

FROA THE ROTOR IN PLACE '
' THIS IS OUTBOARD END

WITH SLIP RINGCS

Note: EBottom washer was removed in G.E. Regair Shop. Inspection from the botiom
indicates voids and spaces all around, moure noticeable un the ends. Two suter
layers were cut and peeled off intact 2s sheets. Wires did not separate.
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Protoarach Ne.

1. (approximately 1/2 actual size)
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Ceneral view of the 2nd layer of the wire-wound rotor pole (received separated
from the 1st laver and from the rest of the rotor pole coil but with incividual
turns still bonded) showing the beginning of the area of failure (2ppea~ing 2s
2 darker spot) under the letter "C" which becomes wider and wider towards
the right side of the picture (towards the center of pole).
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So.no 17609966 and 969
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NE! PEEBLES—ELECTRIC PRODUCTS. INC.
17638 EUCLID AVENUE ¢ CLEVELANC. OHIO 44112
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Photocraph No. 2. (approximately 5§ times actual size)

2nd layer and the inside of the 1st layer (removed).

background typified by Photograph No. 3.
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Macnified view of a 1 x 1.5 in, area located under the numeral “2" in Photo-
grach No. 1 showing 2 nearly total lack of bond between the outside of the

Note the “smooth"

appearance of the fibrous wire covering where the resin was diluted. Also
note "pinhead" formation in'the areas adjacent to poorly bonded contact im-
prints resulting from driving out volatiles during the cure. This view is

typical of approximately 30t of the total area of failure interspersed in the
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Photoaraph No. 3 (approximately 5 times actual size)

' Magnified view of a2 1 x 1.5 in., area located under the letters "AY" in Photo-

' araph No. 1 shewing a nearly total lack of bond between the outside of the
\ ! 2nd laver and t* 2 inside of the ist layer (removed) even though 2 relatively
|
i

utiiform contact ver a wide area was established. Note the "smooth" appear-
ance of the fibr. us wire covering and “scabbed over" contact areas which

did not bond. Note also the same *pinhead" formation.in the vicinity of con-
tact imprints as observed in Photograph No..2. This view is typical of the
genera! appearance of the area of failure and forms a background in which
spots depicted by Photograph No. 2 are randomly distributed. Cereral appear-
ance of the failure area changes into that typified by Photograph No. 4 on
both ends of the pole.
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Nc. ! showing the typical appearance of cither enc of
¢ more normal bond begins to become evident. Thare

the 1st layer was being "peeled off" from the coil.

|

anc during the cure.

Photogragh No. & (approximately 5 times the actuzl size)

Magnified view of 2 1 x 1.5 in. 2rea loc2ted outside the field of Photecrapgh

the area ¢f failure where
are still some signs of

resin dilution to the left but "brittle fracture" of the resin layer is becominc
roticeable to the right even though the bonding still lacks uniformity.
the presence of "“craze lines" where a relatively good bond was broken while

Also note a few "pinheads”
stil! evident next to the void zones indicating some presence of a solvent before

Note

o™~

SVESST ENGINEERING LABORATORY RECORD

sz no 17609956 and S&¢
WwW-1037

o NS

-
s = swmmms @

NEI PEEBLES—ELECTRIC PRODUCTS, INC.
17928 EUCLIS AVENUE o CLEVELAND OwIC 42112

NEI]

CIM ' JVP.,.. 1-26 to

av
Sare 1230 1987
srEE~ne M _oe A

ATTAA~AttEE" R



[ 4




