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EXECUTIVE SUMMARY

This report provides final recoinmendations and the pertinent data obtained during testing and
evaluatioas for the refurbishment and repair of KEPCO, Inc. Model RMX 24-D-20804 Power
Supplies.

Integrated Resources, Inc., (IRI) observed that “SAFETY RELATED" power supplies provided
by two customers for refurbishment had failed in exactly the same manner. Dunng discussions
with KEPCO. Inc., the original equipment manufacturer, [RI was advised that transistors Q15
and Q16 were "marginal". Based on KEPCO's analysis IRl reported a possible design
deficiency as required by IRI's QA Program and 10 CFR 21 1o the U. S. Nuclear Regulatory
Commission verbally on 3/24/95 and in writing on 3/27/95.

Since the notifications Integrated Resources, Inc., has selected a replacement transistor XSIS-095
and thoroughly tested the Kepco, Inc., Model RMX 24-D-20804 power supplies with the
replacement transistors installed. Integrated Resources, Inc., believes that replacement of Q15
and Q16 with XSIS-095 when coupled with replacement of the aluminum electrolytic capacitors
provides a long term solution to the original problems associated with these power supplies.

Integrated Resources, Inc., with Kepco, Inc.'s concurrence recommends that transistors Q15 and
Q16 be replaced with XSIS-095 and that al! age related aluminum electrolyuc capacitors be
replaced on all Kepeo, Inc., RMX 24-D-20804 power supphes which are returned for
refurbishment

'ntegrated Resources, Inc , additionally recommends that each individual nuclear facility with
KEPCO, Inc ., RMX 24-D-20804 power supplies installed evaluate the systems and usage of the
power supplies and based on the power supplies criticality to the systems operability determine
whether the individual power supplies should be refurbished

REVISION NO 1 ORIGINATOR'S INITIALS 2 DATE 4/26/98
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INTRODUCTION

Integrated Resources, Inc., (IR1) observed that two different customers had sent us power
supplies in which Q15 and/or Q16 had failed open and R1 (soft start bypass resistor) was open.
One unit from Niagara Mohawk Power Corporation, Nine Mile Point Unit 2, and 3 units from
Cleveland Electric Illuminating, Perry Nuclear Power Plant. Subsequently, during AS FOUND
testing 3 Perry units failed in exactly the same manner. This led to an order being placed 10
KEPCO, Inc. for replacement transistors. The replacement transistors supplied by Kepco, Inc.
were 2SD380's rather than the 2SC2507 transistors speciiied by the parts list, and therefore, were
rejected during receipt inspection. IRI contacted Kepeo, 1ac. believing that Kepco had supplied
these transistors as substitutes for an obsolete device. IRI requested that Kepco, Inc., supply IRI
with the substitute transistor information and the information on the power supply circuit
analysis which would allow IRI to dedicate the replacement parts. Kepco, Inc. called back
indicating that their preliminary analysis indicated that the transistors could sec 428 Vand 3.5 A

maximum in the power supply circuitry.

At this point IRI pointed out that the transistors were 400 V devices. and that it was possible that
the output transistors were being operated at voltages above their design specification. Kepco,
Inc . indicated that their had been some problems with these transistors and their replacements all
of the way back to the power supply production period. [RI explained that the power supplies
were used in some "SAFETY RELATED" applications at nuclear power plants and that if the
preniminary analysis were proven correct that we must issue a 10 CFR 21 notification for the
defective part(s). The Kepeo, Inc. engineer requested 24 howrs to allow further analyses and a
complete review of his calculations.

The following day, the engineer called and indicated that his preliminary investigations were
proven correct by his Chief Engineer and that the notification was required

It was later discovered that there was a typographical error in the RMX 24-D-20804 Technical
Manual, which caused IR! 1o order Kepco, [nc., part number 519-0036 (28D380) rather than the
519-0037 (28C2507).

Vv ] N AND AN

Since issuing the 10 CFR 21 Notification, on 3/27/95 Integrated Resources, Inc. with immense
amounts of technical assistance and analyses from Kepco. Inc. has analyzed the Kepeo, Inc.
RMX 24.D-20804 power supply with the following results

REVISION NC 1 ORIGINATOR'S INITIALS é . DATE. 4/26/856
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Transistors Q15 and Q16 were initially specified to be T20M40 manutactured by
Shindengen.

We can find no reference for a standard part number T20M40, however, a T20M40F3
was manufactured by Shindengen. This transistor had the following specifications:

{c = DC Collector Current, Rated Maximum = 20 A

Viumcwo = Breakdown Voltage, Collector-to-Emitter with Base Open = 400 V.
hee = Static Forward Current Transfer Ratio, Common-Emitter = 10 Mimimum
P, = Power Dissipation, Rated Maximum = 200 W

Package Style = TO-204

According to Kepco, Inc., records when T20M40 transistors were taken out of
production, TDK specified a substitute transistor mannfactured by Shindengen, a
28C2507. This transistor has the following specifications

1. = DC Collector Current, Rated Maximum = 20 A.

V. srxceo = Breakdown Voltage, Collector-to-Emitter with Base Open = 400 V.

h,, = Static Forward Current Transfer Ratio, Common-Emitter = 15 Minimum, 20
Maximum

P, = Power Dissipation, Rated Maximum = 200 W.

Package Style = TO-3

According to Kepco, Inc., records when the 28C2507 transistors were taken out of
production, [DK specified a substitute transistor, 25C2930-06 manufactured by Fun
Flectric Co., Ltd. The specifications for the guneric 28C2930 transistor are as follows:

Ic = DC Collector Current, Rated Maximum = 30 A

V axceo = Breakdown Voltage, Collector-to-Emitter with Base Open = 400 V.
hyg = Static Forward Current Transfer Ratio, Common-Emitter = 15 Minimum
P, = Power Dissipation, Rated Maximum = 200 W,

Package Style = 10-3

REVISION NO 1 ORIGINATOR'S INITIALS ﬁ Iy DATE 4/26/9%
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Transistor 28C2930-06 specifications are as follows:

I = DC Collector Current, Rated Maximum = 20 A.

V gaxceo = Breakdown Voltage, Collector-to-Emitter with Base Open = 400 V.
hge = Static Forward Current Transfer Ratio, Common-Emitter = 22 Minimurn
P, = Power Dissipation, Rated Maximum = 200 W.

Package Style = TO-3

As can be seen during the entire production period of this power supply Q15 and Q16 have been
specified with transistors which have a V ggyceo (Breakdown Voltage, Collector-to-Emaitter with
Base Open) of 400 V. Kepeo, Inc. has calculated that thesc transistors as used in this application
can see voltages as high as 428 V. Thus during the entire production period the power supplies
were produced using “marginal” output transistors, Q15 and Q16.

It is also believed that these problems are compounded as capacitors C4, C5, C6.C7,CBand C9
age. These capacitors arc aluminum electrolytic capacitors which have a shelf/useful hife.

Aluminum electrolytic capacitors age during storage and/or operation. The aging effect is caused
by the gradual loss of the capacitor's electrolyte by vapor transmission through the end scal. The
expected shelt/useful life of the capacitor is directly dependent on the loss of electrolytc, which is
dependent on the composition of the electrolyte, the effectiveness of the end seal. and the
operating and or storage temperatures

The effect of the loss of electrolyte initially has little effect on the electrical performance of the
capacitors. However, after about 40% of the electrolyte is lost, the Equivalent Series Resistance
(ESR) increases rapidly, capacitance decreases and ultimately the capacitors appear open.

Since the capacitors are installed in different areas of the power supply and therefore, operate
under slightly different operating temperatures and since the capacitors themselves tend to "age”
at slightly different rates. the true operating voltages impressed across Q15 and/or Q16 over the
life of the power supply will vary. 1f the capacitors age at different rates and the capacitors
control the voltage across Q15 and Q16, then the voltage across Q15 and Q16 vary in accordance
with the rate of aging of the capacitors. If the capacitors continue to age differennally 11s
possible that the voltage across one of the transistors will increase (o the point of failure of an
already marginal transistor.

REVISION NO 1 ORIGINATOR'S INITIALS _ /2 DATE 4128098
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In order 10 correct the "marginal” transistor problem, Integrated Resources, Inc., selected two
different transistors with as similar as possible specifications but with a V g, poz 500 V. as
possible candidates for replacement of Q15 and Q16. These transistors bear [RI part numbers
X518-094 and XSIS-095. The transistor specifications are as (ollows:

XS18-094

[ = DC Collector Current, Rated Maximum = 20 A,

V exceo = Breakdown Voltage, Collector-to-Emitter with Base Open = 500 V.

by = Static Forward Curvent Transfer Ratio, Common-Emitter = 15 Minimum, 75
Maximum

P, = Power Dissipation, Rated Maximum = 175 W,

Package Style = TO-3

XSIS-095

I. = DC Collector Current, Rated Maximum = 20 A,

Vsryen = Breakdown Voltage. Collector-to-Emitter with Base Open = 500 V.
hee = Static Forward Current Transfer Ratio, Common-Emitrer = 40 Minimum
P, = Power Dissipation, Rated Maximum = 175 W,

Package Style = TO-3

TESTING

Integrated Resources, Inc., refurbished two power supplies replacing all aluminum electrolytic
capacitors and placed XSIS-094 output transistors in one power supply and XSIS-095 output
transistors in the second supply. Both units were placed into burn in and the testing commenced.
During the initial phase of the burn in test the units were set for a constant veltage output of 26.4
VDC (100% rated) and cycled through the entire rangs of output amperage. Temperature of 9
points on the heat sink and both output transistor temperatures were measured at 2, 5, 12 and 15
Amp outputs. All temperatures taken during this test are conservative since all 4 side panels of
the power supply were removed, which resuits in all heat generated by the components mounted
to the heat sink having only the heat sink available for heat rejection. During the temperature
measurements ambient room temperature was 22.1 °C.

REVISION NO 1 ORIGINATOR'S INITIALS 4 OATE: 4/26/85
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POWER SUPPLY WITH XSI1S-084 INSTALLED
m m A B c 0 E F G H I J K
voC A C C C C C *C € ‘C € ‘G €
26,254 20 328 | 329 | 335 | 331 331 | a3 321 | 226 | 328 | 38 ) 77
26 328 50 368 | %8 | 37 372 | 369 | 73 | W7 | 363 | 36 411 405
26.230 120 503 | 502 | 505 | 49.7 | 500 | 500 | 486 | 480 | 404 | 684 | €61
26.302 15.0 $93 | 604 | 630 | 615 | €33 | €635 | 606 | 603 | 616 | 1073 | 920
POWER SUPPLY WITH XSI1S-098 INSTALLED
Quiput Output
Voltage Amperage A 8 c (¥) E F G H | J K
vioe A C < C € € c € &~ ‘¢ c ¢
26 427 20 320 320 323 N7 Nne 4 326 28 2232 323 Je6
26 410 5.0 370 375 369 36.8 6.9 37.0 366 37.2 %9 39.0 401
26420 120 636 | 637 | 546 | 529 | 537 | 539 | s21 520 | 527 | 667 | €83
26413 158.0 543 8§73 58 5 536 8§70 58 1 551 528 55.2 61.2 56 4

As the data shows, the power supply with the XSIS-093 transistors operated cooler temperatures
than the unit with the XSIS-094 transistors, especially at the higher load values. Both power
supphes operated successtully at 26.4 VDC and 15.0 A. (greater than 80% of rated load of 18.0
A ) for over 48 hours. At the end of the 48 hour period, additional stress testing began.

The stress testing included increasing the load applied to each power supply in 1.0 A increments

allowing the power supply temperatures to stabilize and recording the heat sink and output

transistor temperatures as before.

TEMPERATURE MEASUREMENTS AT 16 AMP LOAD.

POWER SUPPLY WITH XS5I8-094 INSTALLED AT 16 0 A LOAD

Qutput Output l
Voitage Amperage A B Cc D £ F G M | J K
vDC A “© . L L C ! L © £ «C ©
64 160 538 &6 2 8§72 558 491 $3€ $13 58 84 81.2 79.2
REVISION NO 1 ORIGINATOR'S INITIALS 23 DATE: 426/95
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POWER SUPPLY WITH XS!5-005 INSTALLED AT 16.0 A LOAD
Output Output
Voltage Amperage A 8 C D 3 F G H ! J K
voC A C *C «C C e = L ¢ ™ oC b - ‘C
264 16.0 586 595 | 600 | 586 | 583 | 604 57.6 7.3 56 8 798 774
TEMPERATURE MEASUREMENTS AT 17 AMP LOAD.
POWER SUPPLY WITH X815-004 INSTALLED AT 17.0 A LOAD
Qutput Output
Voltage Amperage “ B C D E F |} G ol | J K
vOC A «C C € L < < C £ C €© | €
264 17.0 633 63.5 &7.7 633 846 638 617 633 64 6 1088 | 9513
POWER SUPPLY WITH XS15-095 INSTALLED AT 17 0 A LOAD
Quiput Output
Voitage Amparage A B - D € F G H | J K
VvOC A ) c G C € o b <C ) € =
264 170 64 6 659 69 4 €318 858 66.9 640 66.0 650 1016 | 985

At approximately 17.5 Amps the power supply with XSIS-094 transistors failed. The failure was

consistent with other failures observed, Q15, Q16 and R had all failed open. Stress testing
continued on the power supply with X818-095 installed. Final testing for the unit was at 26 4
VDC and 19.0 A the following temperatures were recorded

POWER SUPPLY WITH XSIS-095 INSTALLED AT 19.0 A LOAD

Output Output

Vonage Amperage A 68 c D E F G H | J K
vDC A £ C . > . L L C - < . €
26 4 150 76.7 815 846 766 815 B& S 757 124 78.9 1306 | 1273

[R] believes that the excessive heat observed for the unit with XSIS-094 1s due to insufficient
drive available coupled with the low gain hgg of the transistor, as was predicted by preliminary
testing and Kepco, Inc., analyses.

REVISION NO. 1

ORIGINATOR'S INITIALS __ /5

DATE 426/85
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RECOMMENDATIONS

Integrated Resources, Inc., with Kepco. Inc.'s concurrence recommends that transistors Q15 and
Q16 be replaced with XS1S-095 and that all age related aluminum electrolytic capacitors be
replaced on all Kepeo, Inc., RMX 24-D-20804 power supplies which are rewurned for
refurbishment.

Integrated Resources, Inc., recommends that each individual © uclear facility with KEPCO, Inc,,
power supplies installed evaluate the systems and usage of the power supplies and based on the
power supplies criticality to the systems operability determine whether the individual power
supplies should be refurbished.

Integrated Resources, Inc., (IRI) observed that "SAFETY RELATED" powe. supplies provided
by two customers for refurbishment had failed in exactly the same manner. During discussions
with KEPCO, Inc., the original equipment manufacturer, [RI was advised that transistors Q15
and Q16 were "marginal”. Based on KEPCO's analysis IRI reported a possible design
deficiency as required by IRI's QA Program and 10 CFR 21 to the U S. Nuclear Regulatory
Commission verbally on 3/24/95 and in writing on 3/27/95.

Since the notifications Integrated Resources, Inc., has seiected a replacement transistor XSIS-095
and thoroughly tested the Kepco, Inc., Model RMX 24-D-20804 power supplies with the
replacement transistors installed. Integrated Resources, Inc., believes that replacement of Q15
and Q16 with XSIS-095 when coupled with replacement ot the aluminum electrolytic capacitors
provides a long term solution to the original problems associated with these power supplies.

REFERENCES

I Fax of memo dated 3/24/95 from Mr ] Kiviranna, KEPCO, Inc., Senior Applications
Engineer, to Integrated Resources, Inc , concerning voltage ratings of Q13 and Q16.

2. Fax of memo dated 4/6/95 from Mr. J. Kiviranna, KEPCO, Inc ., Senior Applications

Engineer, to Integrated Resources, Inc., concerning review of IRI testing.

Fax of Shindengen T20M40 and 2SC2507 transistor data sheet from Data Digest.

4. Fax of Fuji Electric Co., Ltd data sheets for 2SC2930 and 28C2930-06 transistors from
Collmer Semiconductor.

',"’
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F Ax Campany Intagrated Resources, Corp. F KEPCO, INC., NEW YORK “
MEMO T | Name John &%ﬁm g Nama John Kiviranna “
No. (1/1) 0 CC Bavkis Nun!ﬂm Vi | Fax No. 718-767-1102 “
Dete 03/24/35 Fax No. (402) §73-6809 Tel. No. 718-461-7000 ﬂ
-..-—-*’b:- T
3 ,vté
Attantion: John Brosemar 2 ?‘g‘f
o
Re: Our talaphone conversations of i and 24 March, 1998
e

Subjact: Main power switching transisiors for moadel RMX 24-D-20804

It has recently come (o my mnﬂorg at thare have been random failure of tha power switehing transistors

in the RMX 24-D-20804. é :

£
L el

In discussing this mater with Serkis Neéfgessian, our Chief Electronics Engineer, it has been cor.cludec that the

voltage rating of transistors Q15 & Q18 ere marginal. The calculated voitage strass inay reach 428 Vdc et high

ling. The calculated current stress mg{?nch 4.6 Adc at low line.

s
The calculations are based upon the Etfuﬁptar on Half Bridge and Full-Bridge Converters in SWITCHING POWER
SUPPLY DESIGN, published by Mcaé'uy—ﬂm.

B b
We therafore recommend that you lnsgtuto a policy of replacing all the non-2SD380 transistors at the earliest

possible opportunity. N 4x
The voltage ratings of cepacitors CQ‘ .od CS antirely adequate for the task.
F E‘
10
A S
%
St. t f80L e l&‘
v .
John Kiviranna 5 o
Senior Applic ations Engineer 'x_i:,
" :[
2

CC Fronk Toleh
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FAx Company Integrated Resources, Corp. i KEPCO, INC., NEW YORK
MEMO T | Neme John Brosemer 8 Name John Kivirinna
No. (1/1) 0 CC Saerkis Nercesgian M | FaxNe. 71B-767-1102
Date 04/06/95 Fax No. (402) B73-5809 i Tel. No. 718-461-7000
P R e e

Artention: John Brosemar

Subject: RMX 24-D-20804

We have reviewed the results of your fax dated 4 April 1995, We concur that the X515-090 RIS oo ol
suited to this task.

Best regards,

~p ot ISt
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High speed switching darlington transistors

* These are of darlington type and are provided wth a higher hee.
* Switching speed iy it the un?o of te lus.
« Bast suited to switching regulator and motor control applutuons

“Device Vo S'Veto . Vae fo - Pe hee : -| Switching tme (Max.) | Pockage Net  |Equivalent
typo PR St ieu) ‘gont. . min, Kk -’ Vc: W oty W o ) " weight | cireuir H
Voits  Volts . Valts  Amps. Wang Amps. VAt | usec. psec. . usec. Grams | Poge 40 |
ETGI6-040C | SO0 8500 400 20 17§ 50 10 $ oe 25 10 7103 17 __|Fp. B8
ETG36040D) 500 800 400 20 175 | s0 10 5 08 2§ 10 |TOa 17 | Fig. B9

Note: Thase sre ov2ilable in two ve. §ions - Le. with built-in 1951 cacovery 4i0de or withowt, Please select the version best swited 1or your purpase.

E Power darlington transistors

* The OC current gain is very high.
* Highly versatile

Oevice Voo " FV N Equivalent
s “}\-{'-'—:a,:‘:.,.&gm R oircuir 1
_{ \103 olts I’Volg “Amps.’ Wams : obts | s : i Poge 40 .
2501797 60 0 $0 7 3 | 800 3 1.8 | o — — LTO220F 25 !Fig. 82
a5083: | s 80 80 7 e | 2000 3 3 16 80 10 [TO-220AB 2 [Fig Ba-
250918 ) 80 ___7 0 | 1000 3 5,10 86 10 |T0220a0 2 'Fig B4
2501726 | 150 100 80 3 25 | 400 & 2 20 1% 20 TO-220F 25 !Fig. B3
290834 280 200 180 & 2% W0 2 2 1 37 % 8 17022048 2 |Fig 82
290173 1 a0 2% 290 ¢ an YO0 ¢t 3 % __w  [To2mas : kg B1
\ »e00 %) 20- 300 30 6 _ay w0 4 2 - s - TO-220¢ 23  Fig BE
20171 ) 450 450 300 ¢ 4 | s0o 4 3 1510 [ 1022048 2  [fig B¥
450818 400 400 380 & a0 | 400 4 18 | 30 120 60 [ TO-zz0nE 2z |Fig B4 *
2501672 500  $00 380 & 60 | %0 3 15 | 15 120 60 'TO.220a8 2 |rig. 83
ET360 60 60 80 ? 40 | 4000 3 3 - - — | TO-220F 25 |Fig.B4*
ETars WO 100 w0 16 B0 | 1000 e 2 - = = ' TQ.3P 6 | Fig Ba*
ET30 300 100 100 18 w0 | 1060 8 3 - - = ' TO.3F § e
ET293 %0 100 100 10 s | oo 3 4 | = == TTowF 6 Fig®
\f&?m 1 300 250 250 4 0 | 1000 2 2| = = | TO.220F 28 IFiwg &
€To0S | 480 a0 300 & e | S0 & 2 [ = = - TO-220F 26 'Fig 88
€728 400 400 380 & 40 | 400 4 18 | 10 120 60 | T0.220F 28 |Fig B4*
E1378 850 450 480 1% 8 | 100 18§ [ 10 120 20 To3P. g Fig 87 °

* Withaur BO terming!

m Large current speed switching transistors

* The ic can handile large curront (30 Arnps) i
’ yet the switching spaed 18 very high.
* EMicient parallel operation e e it

- Motor speed controls, inverter and chopper use

g;".‘“ 1’ Vato " Vao e Pc e Swiching tme (Max.) | Package Net

| (sus) conL min, .k Ver 1 ) oy v walght
E | Vohe Vohs vohs Amps. Warns Amps. Vot | peec. usec. usec. | Grams
BN [ 9% w6 w0 30 30 % 1o s 110 30 10 Toa 19
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1. Outline Drawings

2. Absolute Maximum Rnui:: "?;é-gg*@)

Iten i Symbol Rating | uait
Collector-Base Voltage Veno 500 v
Collector-Ealtter Voliage -Vm 400 v
Collector-Bmitter Voltage Vexe sum 400 v
Enitter-Base Voltage Veve 10 Y

| Collector Current le 20 A
Base Currentl ls 8 A
Coliector Disspation 29 200 w
Oporating Teaperature 1i +1560 -

 Storage Temperature Tstg -85 ~ +150 T o
2. Electrical Characteristics (TceZ3T) .

1ten Symbol Conditlons Hin | Max | Unit
Collector-Base Voltage Vewo lege » 1mA 500 v
Collector-Emitter Voltage Veeo lezo » 10mA 400 v
Collector-Emitter Voltage Verosun | le = 1A 400 y
Bnitter-Base Voltlage SR Viso lese = 1mA 10 )
§1. 9301 CJ’.~o‘.‘—f‘ Currant -3:. ° i ch-' SO0V 1.01 nA
Baitter Cut-off Current [eso Vero = 10V 1.0} =A
DC Current Caln hre le « 108 Ver = 3V 22
Collector Saturation Vel tage Veraw | le = 204 .01 V
deitter Saturation Voltage Vertsaty | Inw 4@ 1.25] V
ton le « 204 Ru = 1082 1.0 &
Switching Time tstg %:I.: 22 P Sy 3.0 #s
i ok T 1.0 s

B ]

DATE NAME  |AP -
DRawN| £2 -1/ -6 | i, '::m | Fujl Electric Co,ltd
CHEXED uw.a% E | G, gs MSSBO“, %o




APRAPR 267795 {0:@9 INTEGRATED_RESOURCE 402.873 SBSY TQ 14228735609 F.18/18
Iten Sytbol ~ Condltions Min | Max | Unit
Therma! Reglstance Rth(J-¢) | Junction to Case 0.62] T/

* Qutline Drawings
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