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I~ 1. General description of the methodology used in the re-rating

The equipment to be re-rated consists of two battery-charging rectifiers, model numberg
3MD130-300. This equipment is rated at 130 volts DC,300 amperes continuous, at an
ambient temperature of 40 degrees Celsius (104 degrees Fahrenheit). It is desired to re-
rate this equipment to an ambient of 45 degrees Celsius continuous and 66 degreesr-

| Celsius (150 degrees Fahrenheit) for two homs. The re-rating will demonstate for each
component either that the component is suitable for continuous operation at the higher

. temperature, or that a two hour period will not have an undue effect on the component
.

life.

The components to be re-rated are limited to power magnetic components, circuit'

. breakers, capacitors, and semiconductors. Ancillary items such as alarm relays are not
considered, since they do not have a safety-related function (see Appendix F).

,

Under ordinary circumstances, this re-rating would be performed by testing the device to
be re-rated under the specified environmental conditions. In this case, the equipment was '

manufactured in 1971 and the plant has been in commercial operation since 1975. '

However, there are accepted methods to predict the temperature of the various t

components, and the temperature and stress level data are all that is needed. In the case
of the voltage regulator circuit,it was fairly easy to build and test an identical unit, and
this was the approach taken.

Since the manufacture of this unit preceded IEEE-650 by several years, this standard is i

not utilized in this re-rating of the unit. The re-rating of the unit at an ambient
,

temperature of 113 degrees F continuously and 150 degrees F for two hours will be based,

on industry standards.
,

2. Magnetic components !
'

>4

At the time this equipment was manufactured, the company's standard insulation system
''

used polyester /polyamide-imide magnet wire and polyamide (DuPont Nomex) paper |
ground and phase insulation. The standard PCP design practice at the time was to design !.-

for 115 degrees C rise over 40 degrees C ambient, but this insulation system is now i,

accepted for continuous use at 200 degrees Celsius (see Appendix A). It will be
demonstrated that the magnetic components have a temperature rise of 134 degrees'

Celsius or less and they can function according to their design requirements. .

.

Therefore,it has a negligible effect on the expected life of the equipment. I

The main transformer is shown by computer analysis to have a temperature rise of 115 -

degrees Celsius at rated load. From this analysis, we may conclude that the transformer
'

m
will operate safely for an indefinite period at the stated temperature (See Attachment A- '

1). This analysis was performed at the time of the original design using a commercial'

a

''
1 .

3
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[ transformer design program, using methods similar to those employed in Appendices B
1 and C. Appendix E justifies the results by comparison with a similar transformer used in

a 400 ampere charger of similar design.,

The filter choke is analyzed in Appendix B and shown to have a temperature rise of less
than 95 degrees Celsius at rated load. We conclude that the filter choke will also performr ,

its design function at an ambient temperature of 66 degrees Celsius, since it uses the i

same Class 200 insulation as the main transformer.

The magnetic amplifier is analyzed in Appendix C and shown to have an expected '

temperature rise of no more than 70 degrees Celsius at rated load. We conclude that the
magnetic amplifier will also be satisfactory for operation at 66 degrees C ambient ,since

_

'

it also uses the Class 200 insulation system used in the main transformer.

~ 3. Circuit breakers
.

The equipment uses Westinghouse molded-case circuit breakers for input and output
1 control. The input breaker is type FB3150 and the output breaker is type DA2400. At

rated output of 300 amperes, the input current is calculated at 74 amperes.
'.4

-,

Westinghouse application data 29-160 (May,1976) assigns de-ratings as follows:
FB3150 138 amp at 50 degrees C 125 amp at 60 degrees C

'

DA2400 372 amp at 50 degrees C 340 amp at 60 degrees C j

I
Extrapolation leads to calculated ratings at 66 degrees of 118 amperes for the FB3150 '

and 321 amperes for the DA2400. There is certainly plenty of margin in the AC input
breaker, and the DC output breaker is satisfactory for operation at fullload.

4. Filter capacitors-

,

The filter capacitors originally furnished were rated 150 working volts DC (wydc),7800 :
'

uF. Our internal records indicate that they have been replaced with PCP p/n
0221215412, rated 150 wvde,12000 uF. This' part has an ESR (equivalent series,,

resistance) of.033 ohm max. 1
,,

The transformer secondary voltage is 174 volts, which will produce a DC output of 235
)

volts from a three-phase bridge rectifier (see Attachment 1). From figure 15.12 in the i

textbook Rectifier Circuits: Theory and Design by Johannes Schaefer (see attachment |
2), we see that the amplitude of the ripple voltage is about 70 volts peak, or 42 volts rms, )
at 360 Hz. 'Ile inductance of the filter choke is 1.5 mH, leading to a capacitor ripple j
current of 12 amp total or 4 amp / capacitor.

.

. .

2,

J ;
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E Ripple current of 4 amperes leads to a loss of .5 watts per capacitor. Such a smallloss
results in a negligible temperature rise in the capacitor core. Since the capacitor is rated-

. for operation with high ripple at 85 degrees Celsius, we conclude that operation at 66 (
|

degrees Celsius has little effect.

'
.

5. Power diodes |

The rectifier assembly used in these battery chargers consists of six 275 ampere rated 1
diodes (IN4052), each mounted on a standani Wakefield model 486 6.25" x 6.25" x 6"
extruded heat sink. The rating may be calculated as follows. Each diode carries 300 i

amperes peak at 1/3 duty cycle, for an average DC cmrent of 100 amperes. The loss is !

readily calculated as the forward drop multiplied by the average current.
,

t

) The forward drop of the subject diode at 300 amperes is .95 volts and the total loss is
.95*300/3, or 95 watts.

,

Thermal resistance from junction to heatsink is 0.32 K/W (Kelvin / watt) and the thermal"

resistance of the heatsink is 0.43 K/W for a total of 0.75 K/W. The temperature rise j,

from ambient tojunction is 95*.75=72 degrees Celsius. At an ambient temperature of 66 |

degrees, the junction temperature will be no more than 138 degrees, which is within the :

manufacturer's rating of 190 degrees C. ;

f
,

At the maximum current limit setting of 375 amperes, the forward drop is 1.0 volt and ;

the junction temperature is calculated to be 156 degrees Celsius at an ambient -|
temperature of 66 degrees Celsius.

,

6. Voltage regulator assembly''

.

This assembly was tested as described in Appendix D, and was shown to perfonn its
'

design function at the maximum required ambient temperature.
!-

7. Conclusion :,

;

The testing and analysis has demonstrated that, since each of the components is capable i

of the desired re-rating, the entire battery charging rectifier may be re-rated for !

'

continuous operation at an ambient temprature of 113 degrees F, followed by two hours- |
at an ambient temprature of 150 degrees F.

|
- 8. Reference Material -

PCP drawing 04082 dated 10/11/11 i
,

|a
3

:

I 3 :
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PCP drawing 04083 dated 10/1191 ;

PCP drawing 04084 dated 10/1In1
i

PCP bill of materials Model No. 3MD130-300 F/O No. 04062 i
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- APPENDIX A
1 !

! !
Qualification of Polyester /Polyamide-Imide Wire at 200 Degrees Celsius |

p ,

i This wire constmetion consists of a polyester basecoat with a polyamide-imide overcoat. !

~
It was originally introduced as a Class 180 component, but further testing - and over
twenty years of successful use - has shown it to be a Class 200 material. Attachment A-1

; is extracted from PCP's UL report for Class 200 transformer insulation systems, showing ;

the use of this material with DuPont Nomex 410 as ground and phase insulation. This is i_

essentially the same system that was used in the subject transformers. |
- ,

Attachment A-2 is representative test data for the magnet wire, as shown in the Essex

{., magnet wire catalog. The catalog states " Extrapolated ASTM-D-2307 data yields a 4

temperature of 210 degrees C for copper conductor and 230 degrees C on aluminum
conductor at 20,000 hours."

q
1
'

These data demonstrate that operation continuously at 160 degrees C, with occasional
operation to 181 degrees C, is within the continuous rating of the insulation system.r-,

Therefore, magnetic components made with this insulation system will be capable of i
,

performing its design function at a temperature of 160 degrees C continuously (115
degrees C rise over 45 degrees .mbient) followed by 2 hours of operation at a
temperature of 181 degrees C (115 degrees rise over 66 degrees ambient.) '
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I APPENDIX B |
-

r

Analysis of Filter Choke Per PCP Drawing 04082 ;

!
|

'

1. The subject component is wound with four parallelled conductors of .129 x .500'

'
copper magnet wire: 48 turns are wound on a 4.5" stack of EI-287 lamination to provide

- an inductance of 1.5 mHy. ;

2. The coil form is 2.938" x 4.625" and the build (thickness) of the coil is 1.69". The
-- mean length of tum is the length of a turn halfway through the coil. It is calculated as

the circumference of the coil form plus the diameter of a circle having radius of 1/2 the i

build. In this case, the calculation is MLT=2*(2.938+4.625)+3.14*1.69. Allowing a
'

10% safety margin to account for loose winding, these dimensions lead to mean length of |
'

i turn of 22.5".,

!
.

1 3. Total coillength=48 x 22.5 or 1080 inches =90 ft. i
J !

4. At 180 degrees C, the winding resistance is calculated to be 4.61 milliohm, and the !

l total copper loss is 415 watts at 300 amperes.
'

i

.
5. The surface area is approximately that of a rectangular parallellipiped of the same !

dimensions as the core. A=2*(13.75*9.75)+2*(9.75*4.5)+2*(13.75*4.5)=479.6 sq in. [

6. Typical temperature rise for transformers is shown in a graph from the book Design
'

,

?. Shortcuts & Proceduresfor Electronics Power Transformers and Inductors, by Ordean [
'

Kiltie (Attachment B-1). In this case, the losses of.87 watts /sq inch lead to a predicted !
internal temperature rise of 75-95 degrees C when operating at design load. The |
equipment is capable of performing its design function at an total temperature of 161 !
degrees C (95 degrees rise above 66 degrees ambient).

,

!
'

.

!

'
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I APPENDIX C

'" Qualification of Magnetic Amplifier Per PCP Drawing 04083.
i

i

1. The subject component is wound with two parallel conductors of .129 x .500 magnet
^

wire wound on a c-core with cross-section 4" x 1.8125 and window area 2.25" x 8.125"
(Westinghouse p/n A-540). Each gate winding carries the current of one diode - 174
amperes rms (see Attachment 1 for this calculation). The build of the winding is 1.41"._

2. The mean length of turn (see Appendix B for discussion) is calculated as i

MLT=2*(4+1.8125)+3.14*1.41. Allowing 10 % for loose winding, the mean length of
turn is 12.75", and the total winding length is 55.25 feet.

,

3. At 180 degrees C, the winding resistance is calculated as 3.47 milliohms, and the total.
,

.; copper loss is 105 watts / winding or 210 watts total. The core weighs 101 pounds and the
iron loss is estimated at 0.7 watts /lb. We thus arrive at 281 watts loss for this

"

]
component.

a

4. Using the same methods as used in the analysis of the filter choke, the surface area of
r the component is calculated as 468 sq inches. The resulting loss of 0.6 watts /sq in -

indicates a temperature rise of 55-70 degrees Celsius.

.
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i APPENDIX D

.

I Qualification by test of the voltage regulator assembly

1. General character of the test
The purpose of the test is to demonstrate that the circuit will function at the

specified ambient temperature. In the original design, germanium power transistors were
- used as the control elements. When the re-rating was proposed, PCP felt that there was a

danger of increased leakage in the power transistors causing a functional failure (thermal
runaway) of the circuit.

-

Replacing the transistors with silicon devices - which have leakage current orders
o magnitude less than germanium would assure stable operation at high temperature.r

'
This test will demonstrate that the circuit is stable at elevated temperatues. Since it is only
a static test of device characterisdes, and not an endurance test, the duration need only be
long enough to stabilize device temperatures.

,

2. Equipment required:
0-200 vde power supply Hewlett-Packard 6010A or equal'

DMM Hewlett-Packard 3468A or equal (2 required),
'

Resistor 150 Ohm 2 watt (2 required)
~

Environmental test chamber
!r

3. Test method:
a.) Install test board in environmental chamber at room temperature
b.) Connect equipment as shown in Attachment D-1
c.) Set power supply to 130.0 volts on meter M1 ,

d.) Adjust power supply to obtain +5.0 to +5.5 volts on M2.
e.) Record reading of meters M1 and M2
f.) Adjust power supply voltage to obtain -5.0 to -5.5 volts on M2
g.) Record readings of meters M1 and M2
h.) Close environmental chamber and set temperature to 70 degrees Celsius

i.) Allow chamber 30 minutes to stabilize
j.) Adjust power supply to obtain +5.0 to +5.5 volts on M2

,

k.) Record readings of M1 and M2 >

1.) Adjust power supply to obtain -5.0 to -5.5 volts on M2 '
m.) Record readings of M1 and M2
n.) Test is now complete. -

,

4. Conclusions:
He difference in voltage between the readings on M1 at the two extremes are an,.

indication of the gain of the circuit. If the voltage difference is no less at high temperature
than at room temperature, then we can assume that the rectifier will regulate at least as
well at high temperature as at room temperature. The average of the two readings can be-

considered the balance point of the circuit. The ability to obtain a balance or null indicates
,

that the circuit is functional at the specified elevated temperature.
,

~

J
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TEST RESULTS . !

7_ -j

Temperature M1 hi2 |

25 C 130.8 -5.12 i

129.64 +5.17 [
70 C 130.52 -5.28 i

129.31 +5.20
.-
,

t,

4. Equipment used: ,

P

.-_ ;

Instrument model no PCP Inst no Calibration due t

Hewlett-Packani 3468A DMM L-387 03/17 S 3 |

Fluke 87 DMM L-579 02/04/93 |

Omega 650 digital thermometer IN362 01/31/93
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1 APPENDIX E .

:

h Confirmation of computer analysis of transformer per PCP drawing 04084
,

!
-- This appendix will demonstrate that the as-built main transformer will not exceed the 115 ;

L degree C rise shown in the computer analysis; the as-built transformer differs in some i
details from the computer generated design. I

r

| 1. The subject component has a primary winding consisting of 61 tums of.129x.500
';

copper conductor. The secondary winding consists of 32 turns of two paralleled

[ conductors of.129x.500 copper. The core consists of a 6.5" stack of 3.6" 3-phase El
,

1 lamination. Winding configuration is wye-delta.

2. The coil form is 3.625 x 7.0 and the build (thickness) of the coilis 1.26". The mean 1
- length of turn (see Appendix B)is calculated as 2*(3.625+7)+3.14*1.26. Allow'mg a !

10% safety margin, this leads to MLT=27.75"
i,

I
'

3. Total primary length =61*27.75 or 1692 inches =141 feet. Total secondary ;

length =32*27.75 or 888 inches =74 feet. !-

4. "Ihe secondary current at 300 ampere output is 0.816*300/1.732=141 ampces and the f
'

p primary current is calculated as 74 amperes. !

,

5. At 180 degrees C, the primary resistance is calculated to be 28.9 r.tilliohm and the |
| secondary resistance is 7.59 milliohms. The total copper loss is the9 927 watts and the i

l iron loss at 444 watts (at 1.1 watt /lb.). ,

,

6. The transformer designer used 155 amperes as a conservative value for secondary *

current, leading to primary current of 82 amperes. The design program used .180x.330 |
^

copper for primary conductor and 2 paralleled .170x.330 for secondary. These values led . 1

to total copper losses of 1416 watts, whereas the actual transformer has calculated copper -

loss of 927 watts. The core loss calculated by the design program is approximately the,

same as calculated above, and the totalloss for the calculated design is 1875 watts for the |,

computer design compared to 1371 watts for the transfomier as built. The surface area is
;Icalculated as 2*(16.2*18)+2*(16.2*6.5)+2*(18*6.5)=1028 sq. in. and the losses are 1.33-

watts per square inch..

;

7. A similar design for a 400 ampere charger calculates losses of 1460 watts. This unit !
had a 9" stack of the same lamination used in the transformer to be analyzed, leading to a,

'

calculated surface area of 2*(16.2*18)+2*(16.2*9)+2*(18*9)=1200 sq. in. The losses of
,

1.22 watts per square inch resulted in a measured temperature rise of 100 degrees C.-

8. Considering the relationship between losses per unit area and temperature rise to be !

linear over a small range, a temperature rise of 109 degrees C is predicted for the unit to

~; i

i

') I
a .
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g, , be qualified. We conclude that there is justification for the 115 degree rise predicted by ;
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1; APPENDIX F ;
.

!I

| Justification for the analysis of certain components i

..
,

The object of the re-rating was to demonstrate that the rectifier could deliver rated output !
-

at an ambient temperature of 113 degrees F continuously, followed by two hours at an ,

ambient of 150 degrees F. In this report, certain components were analyzed to prove that 1

~

they could perform the required function at these temperatures. Other components were
not analyzed - either because the function of the component is unrelated to the required !

!function of regulating and delivering rated load, or because the component is rated for
continuous operation at an ambient temperature higher than 150 degree F. PCP's policy
in qualification to IEEE-650 has been that components such as timers, indicators, and
alann relays are not safety-related, since fuses in the alarm circuit will prevent a failure,,

'

in an alarm circuit from affecting the charger output. That philosophy is followed here.
Following is a list of components from the Bill of material. |

~ ,

Component Comment '

AC/DC failure alarm May not function properly, but will not be damaged - not essential
|

to required function. . ,

Low voltage alarm May not function properly, but will not be damaged - not essential !;
"

to required function
;

Amplifier board Qualified by test (Appendix D),

AC Faildisconnect Within its rated ambient temperature range |
Surge suppressor D4 Within its rated ambient temperature range !
Surge suppressor D6 Within its rated ambient temperature range |

- -

Timer Within its rated ambient temperature range !

Transformer Analyad (Appendix E and Attachment 1) :

| Magnetic amplifier Analyzed (Appendix C)
Filter choke Analyzed (Appendix B)
AC pilot light Within its rated ambient temperature range :
Current transformer Negligible temperature rise
Ground detector May not function properly, but will not be damaged - not essential ;

a

,
to required function ;

Meters Within its rated ambient temperature range
Nameplates Within its rated ambient temperature range
Filter capacitors Analyzed !
Lugs Within its rated ambient temperature range :

- Instrument shunt Within its rated ambient temperature range
;

Tenninal blocks Within its rated ambient temperature nmge
;

Fuse blocks Within its rated ambient temperature range !

,

!
< s
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. . ATTACHMENT 4
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,

. Teble D: Derating Chart for Non-Compensated Therrnal Magnetic
'

Breakers Calibrated for 40*C
8erler Ampere Ratir's At Bredor Ampere Retmg At

F Ampete 75. C 50'C 60*C Ampete 25'C 50' C 67 C
fttmg (77* F) (122* F) (147 F) Reimg (77* F) (122' F) (140* F)[ ; ct 40" C et 40' C

Type EB Type LA 600 Amp Freme
250 275 235 22015 17 13 (it$f- 16 300 330 276 25220 22 18

g 25 28 23 21 350 385 325 301
30 33 28 26 400 440 372 3408

35 39 30 25 500 550 468 435

~
(0 44 37 34 E00 660 564 525
50 55 46 42
60 66 SS 52 Type M A

70 77 C5 60 125 138 115 103

90 $9 64 78 150 165 139 128

1D0 110 $4 87 175 192 163 1 51

200 220 186 170
* Type EH8 225 247 21 0 195

15 17 13 11 250 275 232 213
*

20 22 is 16 300 332 277 252
25 28 23 21 350 388 322 2S2
30 33 28 26 400 444 308 334
35 39 30 25 450 495 418 383
CD 44 37 34 500 550 468 435
b0 5$ 46 42 600 LG3 EE4 525
60 6A 56 52 700 770 E5al 613a

70 77 E5 to 800 EB0 754 704
90 99 64 78

1 100 110 94 87 Type WB

700 770 6!,8 613
TypeF8 800 680 754 704

J 15 17 13 11 900 9W L2B 749
20 22 18 16 1000 1100 900 825
2.1 28 23 21 1200 1320 1090 1000

'
30 33 28 26
35 39 30 25 Type PB

to 44 37 34 600 660 640 474

50 55 46 42 700 770 630 554

60 66 56 52 BCD BBQ 728 632
., 70 77 65 60 900 990 820 720

90 99 64 78 1000 1100 $20 800
100 110 94 E7 1100 1210 1010 891

125 137 116e 105 1200 1320 1115 972

150 165 1.48 125 1400 1540 1304 1148
1600 1760 1500 1320

Type CA 1800 1980 1690 1485,3

125 137 114 100 2000 2200 1880 1650
150 if5 136 120 2500 2750 2350 2060
175 182 159 140 3000 3300 2820 2470
200 220 182 160
225 247 205 180 SELTRONIC Breakers.

Type J8. K8 SELTRONIC breakers are insensitive to
70 79 63 55 changes in ambient temperature. However

, . .

,$ 'y [6 they include circuitry to protect the compo.'i
g s

125 140 114 102 nents from abnormally high temperatures.
, . ,

150 171 134 116
175 200 156 134
200 230 178 153,

225 252 205 183
250 281 227 2 01

'^ Type D A
250 275 235 220
300 330 276 2b2 ;

350 385 325 301 i

C00 440 372 340

Type L8 8, L B
70 65 63 55
90 107 82 73

100 1 21 90 79
125 145 116 106
150 158 132 111
175 210 159 141
200 243 180 157, ,

225 255 212 198
250 2S4 2*so 2DB q

300 364 270 236 .

. ,

350 412 322 2P1 i

(00 471 368 333 4

!, ,

1

J
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,

12 E S C R 1 Z T 1 9 !!

PRODUCT COVERED:
.

Component - Systems, Electrical Insulation; Class 200(N)
transformer designated PCP2OOR.

.

: See Page 3 for limitations.
1

.

.

- GENERAL CHARACTER:
,

The insulation systim covered by,this Report is for a
transformer, see Page 3. -

,,

The limit of thermal endurance of the insulating system was
~

determined by subjecting samples of the submitted system and a
,

presently acceptable system (control) to a specific set of '
'

,- functional testing procedures and securing " limit of thermal -

endurance" points for all the samples at certain specified
temperatures which are above the normal expected operating class ;

,
,

rating.

,

f:jd The system performances were then analyzed by using the
w/ least squares method of regression analysis. A continuous ;,

re.lationship of thermal endurance and temperature was assumed and
a regression line equation was calculated. This ecuation was i

used to predict the thermal endurance expected for a certain -

temperature class rating.

J FACTORY LOCATION:
-

t

See Procedure Authorization Page (Sec. Gen.). ;

9

MARKING:
." n.
..m) System designation on frame, coil, or core.:2;,

- ENGINEERING CONSIDERATIONS (NOT FOR INSPECTOR USE):
'

Use - For use only in products where the acceptability of
. the combination ~is determined by Underwriters Laboratories Inc.

L

(
. .

.

..

t_,

-

1 DAK/JRT:SEF
j lbry

'
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) @ 19S6 Underivriters Laboratories Inc.-

_" hileE71836(Sp) Vol. 1 Sec. 3 Page 2 Issued: 8-8-86'

|, and Report

i~

j Conditions of Acceptability - The,following are among the
considerations to be made in judging the use of this sysrem in an
end-use product.r-

I
l. The use of these insulation systems shall be employed'

in applications wherein the limitations as set forth in Table A
,

are not exceeded.
,

2. The acceptable constructional features of the motor
[ , transformer, or coil assemblies, such as spacings, insulation.

i thicknesses (greater than those specified under " Construction I
'

Details"), thickness and voltage rating of lead insulation (if
- applicable), etc., shall be determined in the end-use

application.

~

3. The sui ~tability for use when exposed to oil, chemicals,
refrigerant, soaps, X-rays, ultra-violet light and the like, has

- not been determined by this investigation.

'

. 4. Acceptable combinations of niaterials are covered as
separate tables under " Construction Details".

'}
TABLE A |

OutdoorInsulation Maximum -

^

Class Temperature Indoor (Enclosed) Maximum V*

'~

200(N) 200 C hot spot + Yes Yes 600
,

- '

The maximum (hot spot) temperature is the highest+-

. temperature this insulation system can be operated at ,

_
without decreasing the design life This limiting
temperature is made up of the ambient temperature, an.
observable temperature rise, and a hottest spot4

_

temperature allowance. Each of these may vary some for

.E[19$.7 the application and type of equipment, but their sum ;

'

.
should not exceed the ms.ximum temperatures for the
insulation system. The relationship among the ambient,

i hot spot allowance, and observable temperature rise is

| to be established in the end-product category.

1

&

a

, $

v

s .d

.

] DAK/JRT:SEF
*
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'
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,
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p. File E71836(Sp) Vol. 1 Sec. 3 Page 3 Issued: 8-8-86
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. ,

I CONSTRUCTION DETAILS: !

!

TABLE I
,

*
CLASS 200(N) TRANSFORMER INSULATION SYSTEM

- Insulation thicknesses indicated below are minimum.
|

'

The use of this insulation system is limited to the
combination of materials specified below._.

I
Insulation Function Insulating Material

'

1. Magnet Wire Copper or aluminum, round or rectangular or
sheet.

2. Magnet Wire Recognized Component - Magnet wire (OBMW2), i

Insulation single build or greater. '

A. Polyester basecoat with a polyamideimide !
'

,

topcoat (ANSI MW35 type).
a

1. "Anaclad A," marked AC-A,Anamag.
').) 2. "Anaclad A(AL)," marked AC-A(AL), '

t

Anamag.
3. "Anaclad-MR," marked AC-MR, Anamag.

--

4. "Anaclad-MR(AL)," marked AC-MR(AL), :

Anamag.
5. "Anamid-A," marked A-A, Anamag.

- 6. " Polyester Imide," marked HPI or
SPI, Chicago Magnet Wire Corp.

7. "GP-200," marked GP-200, Essex i

Group !
8. "MR-200," marked MR-200, Essex !

Group.a
;

~
9. "Esterimide/A1," Gcneral Electric. |~k<7;) 10. " Armored Poly-Thermaleze 2000,"

marked APTZ or Armored APTZ or ,

Armored Poly-Thermaleze 2000, ;
- Phelps Dodge Magnet Wire Co. '

11. "M/R Thermaleze," marked M/R TZ,
Phelps Dodge Magnet Wire Co. '

12. " Therm-Aimid," marked TAI, Rea
Magnet Wire Co.

13. " Super Hyslik 200," marked TAIH, |
~

Rea Magnet Wire Co.. ;
14. "Polyklad II," marked PK II, i

Westinghouse Electric Corp..,

() Table continued. I
!

|"

. BKS /JRT:SEF
lbry wj
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i'
.

"

Insulation Function Insulating Material

15. "Omagaklad," marked OK,
Westinghouse Electr Corp.'

16. "Hydroshield" marked OHS,
,

Westinghouse Electric Corp.
17. "Omagaklad II," marked OK II,

Westinghouse Electric Corp.;

18. "Hydroshield II," marked OHS II,'

' Westinghouse Electric Corp._-

-

3. Ground and A. Aramid paper,10 mils nominal, 8.5 mils
Interwinding minimum thickness, "Nomex 410, 411, 414,
Insulation 418, 424, 425 and E59", aramid

pressboards, "Nomex E93 and E94,"
- Du Pont.

~

B. Moldable polyethylene terephthalate,,,. ,

40 mils minimum thickness,
"Rynite FR-530", Du Pont. .

.
;

4. Layer A. Series 2100-Friction coated polyester"

c., Insulation films (2100-FCF), Chase Foster, Keene.
,

di Corp.
.

*

B. Series 2000-Estermat 02F-353 (2000-DMD),
saturated polyester mat la.minated to
polyester film, ghase Foster, Keene
Corp..

C. Series 5000-Esternat 03K-454 (5000-K
'

CMC), Cal-glass laminated to polyester
film, Chase Foster, Keene Corp.2

' . g. D. Series 4000-Astromat IV: 04J-353,
. , . :1) nonwoven aramid mat Iaminated to'

polyester film, Chase Foster, Keene
J. Corp.

E. Mica No. 77520, NEMA Grade 6, flexible''

mica plate with epoxy binders, G.E.
.

F. Copaco 125, cotton rag - no binders,
Cc ttrell Paper Co.

,

Table continued..

o

..
,k *

a
,
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4 . ages |ATTACHMENT A-2 1
-

ESSEXr.
1. , ..

l' .

. . ,

i ''

GP-200' "
- -g
IPRODUCT AND APPLICATION DATA

,_

!
Class 200

~'. Copper or Aluminum;
Round, Square or Rectangular Conductors;-

}
Polyester /polyamide imide coated magnet wire

.

!

. j

-
,.;

,,_

K
: W./

.,

.

1

:

!
*

a

;
'

. -.
,

,

,

+- OPEN |-

-

|

Qualin- |

uYas crs ]

..

J
.

|
1

|
n,

J |



.. . . =~

mcosa - i

magnet wire 1
'

,

"~T - PRODUCT AND APPLICATION DATA I
' " '

.

:

Performance Data /ESSEX/GP-200 - #18AWG HEAVY BUILD !

'

PROPERTY DESCRIPTION OF TEST
. !

.

,

i

THERMAL PROPERTIES ;

Thermal Stability NEMA - ASTM D2307 - Unvam;shed specimens in air- 20,000 hours ;,

extrapolated cndpoint with 5000 hours at 20'C above rating. *-

Thermoplastic Flow NEMA- 2000 grams on crossed wires with 5'C/ minute temperature rise.-
' ~

Heat Shock Resistance NEMA- Elongation and rrandrel *. 30. n hour bake at temperature.
Overload Resistance - Figure of Merit NEMA- Stepwise current-time res: stance heating of twisted pair, ;

- Rapid Collette Resistance heating of bif;Iar coilette w.th intema! thermocouples. j

[ - Hermetic Collette Bifitar coilette conditioned 72 hours in R-22, resistance heated to 300*C ,

and tested for breakdown voltage.

f PHYSICAL PROPERTIES ,

Adhesion and Flexibility- NEMA Elongation followed by mardret wra: j

i - Slit Twist Specimen twisted until fdm loses ac .es;on at slit down one side. ]
Abrasion Resistance - Unidirectional NEMA - Scrape test with increesh; load to penetration with a .009" nee:Te. ;

?

i - Singte Scrape Load on .05" needle necessa y to pe",etrate film 8 times out of
j (| 10 at 12" per second.

,

j (,/ Coc'ficient of Friction Tentative NEMA - Dynamic S;ngle L'ne Tester,450gm load at 50 ft/ min.

3 Springback NEMA - Restoration on re' ease in de;. per tum from 3% ~ mandre! wrap
i Conductor Elongation NEMA - Percent increase in leng:h :n 10" to break, at 12" per minute. '

Conductor Tensile Strength Stress to break specimen. !
*

q Conductor Yield Strength Stress to cause permanent e:ongation at 0.2% offset

I ELECTRICAL PROPERTIES -,

; Die!ectric Strength - Room Temperature NEMA- Twisted pair breakdown vo'tage, rms AC. I

- Rated Temperature NEMA -Twisted pair breakdown at 200*C.

Continuity NEMA - 1500VDC applied to 100 ft wire length by grooved rotiers.

I CHEMICAL PROPERTIES
( ,

So! vent Resistance - NEMA 30 minute immersion at 60'C in xyler.e, perchlorethylene, and 50/50 ethyl !

Cellosolve/ xylene, followed by scra;e with .016" needle. j
- - Other Solvents Petroleum naphtha,3' toluene, ethar.ot,5% su!! uric acid,1 % potassium !

hydroxide, butyl acetate, acetone for 24 hours at room temperature.

,

Refrigerant Resistance - Extraction NEMA - 6 hours reflux cycling in R-22. residue as percent of film weight. |
7 - B!istering R-22 conditioned specimens rapidly transferred to oven at 125'O for 10 mini !

j . - Softening 16 hour immersion in liquid R-22 at room temp., scrape with .016"needie.

- Dielectric Strengh NEMA - Retention of dielectric strength after R-22 conditioning for 72 hovs.

- Overload See Hermetic Collette test listed with Tnermat Properties above. -|
'- Crazing Specimer;s anneated after 8% elongation immersed 1 hour in liquid R-22

and 10 minutes in boiling R-113.
.
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COPPER CONDUCTOR ALUMINUM CONDUCTOR
p

TYPICAL REQUIRED TYPICAL REQUIRED.j
PERFORMANCE * PERFORMANCE PERFORMANCE * PERFORMANCE

- 210*C 200*C, minimumt 220*C 200*C unimumt

'

340*C 300*C, minimumt 415'C 300 C ninimumt
- 20%,1X D no cracks 20%,3X D, no crackst 15%,2x D, no c acks 15% 3x D, no crackst

8.5 Fig. of Merit 6 8 Fig. of Merit, minimumt 11.4 Fig. of Merit 6 8 Fig :f Merit, minimum
570*C 525*C, minimum 610*C 525 C minimum
4300 vatts 2500 volts, minimum 6400 volts 2500 v:is, minimum

20%,1X D, no cracks 20%,3XD, no crackst 15%,2X wrap 15%,3X D, no crackst

| 45 turns 35 turns, minimum 45 tums 35 tums. minimum
;. 1300gm, avg 980gm, minimum; 1230gm, avg 590gm minimum;
' 1150gm, minimum avg.t 690gm. minimum, avg t,

'

.

~ ~ 28 tbs. 20 lbs. minitr; m Wire breaks be':re No req'mt. es'abhshed
I penetration

~| 01.13.15 No rea'mt. established Oil: .14 .16 No refmt. established
j 54 degrees 58 degrees, maximumt 38 degrees 58 de; ees, maximum
i_ 38 % 32%, minimumt 22 % 15%, r aximumt
'

35,900 psi, avg. 35.000 psi, maximum 16.500 psi. ag 15,00C :si, minimum,

16,800 psi, avg 21.000 psi, maximum 10,100 psi, an 8.000 :si, minimum

15,700 volts, avg. 5,700 volts, minimumt 10.500 volts, avg. 5,700 vits, minimumt

8.850 volts, avg. 4,275 volts, me:mumt 7.200 volts, avg. 4,275 vrts, minimumt

No faults /100 ft. 5 fauf ts/100 f t., maximumt No faults /100 ft. 10 faul:s/100 ft. maximumt
4 .

) Passes 580gm scrape, minimumt Passes 340gm scrape, minimumt
I'

"i Passes 580gm scrape, minimum Passes 340gm scrape, minimum

i 0 07 % 0.25%, maximumt 0 07 % 0 25%. maximumt

j Passes No blistering Passes No bFstering

Passes 580gm scrape, minimum Passes 340gm scrope, minimum
i 12,300 votts 5,700 volts, minimumt 9,200 votts 5.700 vers, minimum
1

j, 4.300 volts 2.500 volts, minimum 6.400 votts 2.500 vita, mininum

jf~ Passes No crazing at 10X Passes No cez ng at 1CX
i rnagnification magn f ;ation

* The values s*cwn represent typica! aveuge results and are not entended to be used as 6 sg1 data or s;cf.caton kmits.
tRequirements of NEMA MW 1000, Secto, MW 25 C, MW 35-A. or MW 73.C. as appicwe

.
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APPLICATION
,

GP-200 is recommeaded for a acc cadons where modifed pogeste'. G -200 is recommended for var.c, s e c .ses as ': cas-
- polyester-imide or pchester awce We wires ha/e been used and in

hermetic applicator's Ahere 29 mct.ed Constructon over the be met.c ::tating Machines *

grade Formvar e oesirable. Fracional and integral HF Met: s
,

Hemetc Motors-

The improved thermal Cha a:ter>st.cs of GP-200 have proven most DC Motors,

.i, benefcial in extreme duty acctcate s such as poAer tool armatures Power Toots ,

Windabitity of GP 200, as ;"ed:cted by the Essex Needle Test. anc
verifed by years of exper.eece on hgh speed stator and a mature Nnsformers"

winders, is excellent. No mi o ng acchcation is too tough for Essex All dry type. Class *05 througn 200
,

GP 200. Control type !2

: etronics !

All types of coils. C ass 105 th cugn 200

ENGINEERING HIGHLIGHTS

,'' ' 1. What is the thermal rating of GP-200? Extrapoeted ASTM-D-2307
data yields a temperature of 210'C fe' copper conductor and 230'C on F: Cower temperature systems. whe e GP-20 s 5:e: ted for added *

aluminum conductor at 20.000 hoves. the NEMA classifcatons for the sa'stj. materials of the desired thermat rann; aj tt . sed.
; constructons are Class 200 and Class 220 respectively. However, most
7 high temperature apphcations have te en limited to Class 180 because of 9. How can GP-200 be connected? Insu!atc : e ce; terminais, hot ;

I total systems capability, sta< rg and direct ftame welding prccesses ca* a Te used with GP-200.
,a

. If tre :onnecton is to be soldered.the .nsJatc- Nst te emoved prior
2. What improvement has teen rea'ized in the heat shock? GP-200. to s: cering. It is recommer ded that mechat:1 met *:Os be used to

stretched 20%, then wound on a 3X dia neter mandret not heat shock at re :,e or strip GP-200. t
,

,

temperatures as great as 250*C M56'F) GP-200 has been improved by'

nearfy 100*C over rnodihed po yeste's with regard to beat shock 10. .*/Il GP-200 be adaptable to oil fmed traas': e s? Laboratory tests 1'"
; bace <ndcated this material does possess t*e s tai e: performance ;3. Is the thermoplasic flow resistance of GP-200 substant.aP The cha atterishesin oil filled apphcatons H:weve castc''*ust be used. '

< thermoplaste flow point of GP-200 as determined by constant pressure d t*e outer topcoat of amide-imide s f acture:: s: a:ed of' as may 4

,
'

; and increasing terry e'a!ure methocs has been found to be near!y 30' oc ,.o winding, the base pofyester is espcse: ; # ate.er elements of -

~!
. higher than modifed polyes'e and soproximately 100'C higher than deg dation may be present in the system.

.

Formvar. *

.! ~

At a constant temperature of 250*C and an increasing load. GP-200
>

wem's and polyester will flow at a tcading of 36 pounds: Formvar f6ows at 8 ,.m'

' ;
pounds. 07d57" '

"4. What does GP-200 ofter in the a ea of bumout? Bumout is a result of,-

- high temperatures and exposu e titre to these temperatures 1.aboratory 6 '

9 testing of single twsted pairs. tyfilar tested pairs and coils have shown !,'

that GP-200 is 50% better than mod f4d polyester and 100% better than
'k ;T

. |
], Formvar in burnout resstance. ,j |

'

,

5. Why should GP-200 be conside ed for hermetic appbcations");f <

GP-200 has a lower extractab'e levelin R-22 as compared to formvar. ' t 4 '-
.

Also, laboratory testing has shown that pre annealing of GP 200 ehmi- k\,'j , nates R-22 blister poelems when the wire is heated either internally or
; externalty after exposure to the retrgerant. The R-22 resistance of |8" -

g.(
'

. ; ,

| ,k .,J GP-200 coupled with the first tou propertes discussed have correctfy .: 4

i predicted its widespread use in hermenc applications. !- '

u
.

6. Can GP-200 be wound en automade equipment? The Essex Needle != \' '
*

j Test has indcated ths Constructon to be one of the nest windable
4

-e" magnet wires avaitable today This laboratory data has been substan-
# ! g

J taaled by day-in-day out use of GP 200 on the very latest high speed se

i'* automate winding equ;pment. k
t i w.

7. Does GP-200 resist hydrofys s? After four hours at 18G*C in a sealed,;

tube containing three parts of water to one part of film insutaton by . i
" weight. GP-200 retains a de ectrc strength of 3000 votts per mit, and 4

'does not soften, espand or tute
I '

' .
8. Can GP-200 be used in exsting insutaton systems? In applicaton. |

the thermal rating of the system wal t.e established by the totat system 1,,

specifed. For operaton at Class 200 temperatures. the components of .. m a w -u m -r. . ::- u- o m w..

the system must match the rating of :he wire. wwe se ,

a-
"'
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One other method often used ar.d to be considered for the subject of
1

ym

p
? AT is:

AT = K (Cu losses + .65 fe losses)
-,

|3, '
a --
I

Acid Ac2 + 1.5

.]'
-<

Act
2,

Where Act = Area of square core stack in CM ,-

j ,
2

Where Ac2 = Area of actual core stack in CM |
--2

1 Where Cu losses = Conductor losses at amb. temp.
_.

p
Where K = Constant for type construction, impregnation,

_

}. encapsulation and physical size oflamination
;}. with level ranging from 30 to 58.

i

$O
Examples for K:

__

38 for epoxy or polyester encapsulationy -

43 to 50 for El-1 to El-1.5" core and coilimpregnation
~|i

.

i 46 to 58 for El-1.75" to 2.25" core and coilimpregnation .,

K levels may be established from pertinent types of construction and
n

.

i

~[ ;1 impregnation used from experience and practices.
_ . , .
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ATTACHMENT 2 TO JPN-93-019 ;

Documentation of Changes to Analysis

PAGE/ LOCATION CHANGE REMARKS

NYPA Cover Sheet New Provides documentation of
NYPA approval and NYPA
Transmittal Number

Title Page Revision History Editorial change

Title Page Deletion of "@" and "All Deleted to allow placernent
Rights Reserved" statement of analysis in NRC PDR

Title Page Deletion of documentation of Now provided on NYPA
NYPA approval Cover Sheet

Index (2 pages) All Editorial changes

Section 4, Page 3, Addition of first two lines First two lines inadvertently
First Paragraph left out in Revision 2

Section 8, Pages 3 and 4 All Editorial changes

Appendix D, Section 1, Deletion of description of Editorial change, description
Pago 1, Second Paragraph silicon devices of silicon devices immaterial

to discussion of test

Appendix D, Section 2, Deletion of * Digital Editorial change, >

Page 1 Thermometer" thermometer is pm of the
environmental test chamber

Appendix D. Section 4, Section 4 moved forward Editorial change
Page 1 from Page 2

Appendix D, Section 4, All Providing calibration
Page 2 information, remainder of

changes are editorial

Appendix F, Attachment 1 Deletion of title Editorial change

Appendix F, Attachment 4 Deletion of title Editorial change

Appendix F, Attachment A-1. Modification of title Editorial changes
Pages 1 thrcugh 4

Appendix F, Attachment A-2, Modification / deletion of title Editorial changes
Pages 1 through 4

Appendix F, Attachment B-1 Replacement page Wrong page provided in
Revision 2

.
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