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1.0 OBJECTIVE

To evaluate the performance of the Raychem NMCK8(1), 8kV In-Line Motor
Connection kit when subjected to accelerated thermal aging, radiation,
electrical stress and a simulated high energy line break in accordance
with Raychem Energy Division test plans NPE-TP-81-01 and NPE-TP-81-02.

To establish the qualification of the NMCK8 kit for use on Class IE
electrical circuits outside the containment area of nuclear generating
stations in accordance with the requirements of IEEE Standards 323-1974
and 383-1974.

2.0 SUMMARY

Twelve test samples consisting of bolted in-line connections were
subjected to a test program based on the guidelines of IEEE Standards
323-1974 and 383-1974 to determine their suitability for service outside
the containment area of a nuclear generating station. The NMCK8 was
required to demonstrate functional operability after simulated 40-year
aging conditions and maintain rated voltage during a high energy line
break exposure.

The test program consisted of:

1. Thermal aging (504 hours at 150°C)

(1) NOTE:   NMCK8 is the product name given to the nuclear grade 8kV
motor connection kits. Prior to completion of qualification tests
this same product configuration was designated MCK-S-1LX or 2LX to
distinguish it from Raychem's commercial MCK-S motor connection kit.
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2. Radiation exposure (50 Mrads)

3. Electrical tests (insulation resistances at 500 Vd-c and voltage
withstand tests at 11.2kV rms a-c).

4. Simulated high energy line break - HELB (steam for 4 hours at 348°F
28 psig; samples energized at 5kVa-c phase to ground).

The splice system demonstrated satisfactory performance in the test
programs and no failures were recorded in any of the 12 splices tested.
The test sequence and the results are summarized in Table 3.

All samples demonstrated capability to maintain electrical integrity for
their installed life with up to 50 Mrads of radiation including an HELB
exposure.

3.0 CONCLUSION

The results of the test programs confirm by type testing the adequacy and
suitability of the NMCK8 motor connection assemblies under normal and
design basis event conditions for use on Class IE systems in a nuclear
power generating station where LOCA considerations are not a requirement.

4.0 SAMPLE DESCRIPTION

4.1 Cables and Connections

The feeder cable used was Okonite Company's Okoguarde 4/0 AWG tape
shielded cable. Two types of motor cables were used: (1) 6 AWG glass
reinforced silicone rubber insulated cable and (2) 2 AWG silicone
rubber.
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FIGURE 1

SAMPLE CONSTRUCTION

A - NHVT-I-A-2-00
B - BBIT - 65/25, 14" Long
C - S1024 Adhesive Tape
D - BBIT - 40/16, 14" Long
E - BBIT - 25/10, 3" Long

SAMPLE TEST CONSTRUCTIONS

CONSTRUCTION 1 - Okonite Okoguard 8kV, 4/0 AWG tape shield feeder cable
connected to a 6 AWG glass reinforced silicone rubber
insulated motor lead with shim.

CONSTRUCTION 2 - Okonite Okoguard 8kV, 4/0 AWG tape shield feeder cable
connected to a 2 AWG silicone rubber insulated motor
lead without shim.

CONNECTORS - Burndy YA6C-2N, YA1C-2N, YA28-2N
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TABLE 1

SAMPLE MATRIX

Radiation
Sample Construction Thermal Aging Exposure

1 1 X X
2 1 X X
3 1 X X
4 1 X
5 1 X
6 1 X
7 2 X X
8 2 X X
9 2 X X
10 2 X
11 2 X
12 2 X
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insulated cable. The feeder cable was terminated on both ends using a
standard Raychem 8kV NHVT termination kit.

The following hardware was used: Compression type terminal lug - 2 hole
NEMA, manufactured by the Burndy Corporation; 1/2 inch dia. x 1 inch long
bolts.

4.2 Sample Construction

The test samples were assembled in accordance with the Raychem
installation instructions (as provided in each kit) and as shown in
Figure 1. The BBIT insulating tubing was taken at random from
manufacturing stock. The test sample matrix is given in Table 1.

5.0 TESTING PROCEDURES

5.1 Functional Tests

Functional tests were conducted in accordance with Raychem Energy Division
Test Plans NPE-TP-81-01 and NPE-81-02.

5 .1.1 Insulation Resistance

The insulation resistance was measured in accordance with ASTM D257-78.
The insulation resistance measurements were taken after one minute of
electrification at 500 Vd-c. The IR requirement for this test was greater
than 2.5 megohms (Table 3). The test results are summarized in Table 2.

5.1.2 Voltage Withstand Test

Voltage withstand tests were conducted in water in accordance with IEEE
Standard 383-1974, Section 2.3.3.4, using equipment as described in ASTM
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D149-75. The voltage applied was between each sample conductor and the
ground plane. The voltage applied was 80 volts per mil of insulation
thickness of the feeder cable for five minutes. The actual voltage
applied to the samples was 11.2kV rms a-c (80V/mil x 140 mils). Note:
11.2kV rms a-c is the equivalent of 2.25 times the rated voltage phase to
ground. The requirement for this test was that there be no breakdown.

6.0 SAMPLE TESTING

All 12 samples were first subjected to 24 hours water immersion followed
by voltage withstand and insulation resistance measurements as described
in 5.0 above.

Figure 2 depicts the test set-up.

FIGURE 2

IMMERSION
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The samples were then divided into two groups. Group 1 consisted of three
samples each of constructions 1 and 2 (Figure 1). Group 1 received both
thermal aging and radiation exposure. Group 2 received radiation exposure
only.

Sample group 1 received thermal aging for 504 hours at 150°C (302°F) in
a circulating air oven (note: This thermal aging condition corresponds
to the Okonite Company's equivalent to 40 years life at 90°C for their
cable and does not represent aging conditions equivalent to simulate 40
year life for the Raychem splice materials) and radiation exposure of 50
Mrads from a Co60 source. Sample group 2 received the same radiation
exposure. This sample test matrix was in accordance with Raychem Energy
Division Test Plan NPE-TP-81-01. After thermal aging and radiation
exposure, the samples were subjected to functional testing as described

After completion of Test Plan NPE-TP-81-01, selected samples from groups

1 and 2 were further subjected to a simulated high energy line break
(HELB) in accordance with Raychem Energy Division Test Plan NPE-TP-81-02.
This test was conducted at National Technical Services test facility in
Chatsworth, California.

7.0 TEST RESULTS

7.1 Results of Test Plan NPE-TP-81-01

All samples met or exceeded the functional test requirements as prescribed
in the test plan. The results of these tests are summarized in Table 3.
The final functional testing was witnessed and verified by Energy Division
Quality Assurance personnel. The results of this test are documented in
Raychem laboratory notebook 5750-23.
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7.1.1 Inspection

Upon completion of the functional tests, the samples were visually
inspected for any abnormalities. None were found.

7.2 Results of Test Plan NPE-TP-81-02, HELB

All samples held rated voltage throughout the course of the HELB
environment exposure. At the start-up of the test, the internal chamber
temperature was raised from ambient to 384°F as the internal chamber
pressure was adjusted to 28 psig within 16 seconds (refer to NTS Report
548-9273 page 6 attached). The chamber temperature then dropped to 280°F
for 10 seconds. The temperature and pressure were then adjusted to the
requirements of the HELB profile.

The results of this test as performed by National Technical Services are
certified in NTS test report 548-9273 attached.

7.2.1 Post HELB Testing

Upon completion of the HELB exposure, the samples were de-energized and
the chamber filled with water.

After the chamber was filled with water, insulation resistance
measurements were made. IR values ranged from 6.5 x 107 ohms to 6.8 x 107

ohms. Voltage withstand tests were not performed due to test equipment
failure at NTS. Voltage withstand tests were completed at Raychem.

The voltage withstand tests were conducted in air at 5.5kVa-c phase to
ground. This is equivalent to rated operating voltage phase to ground
plus 10 percent margin.
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TABLE 3
SUMMARY OF TEST

Test Description Test Requirement Results

1. Water Immersion Samples immersed N/A
under 12 inches of
water at ambient
temp. for 24 hours

2. AC Withstand 11.2kV rms a-c for Passed
(while immersed) 5 minutes

3. Insulation Resistance Baseline measurements 3 x 1010 ohms min.
(while immersed) (see Table 2)

4. Thermal Aging 504 hours at 150°C No visible defects
(3 samples of each
constr.)

5. Radiation Exposure 50 Mrads Co60 Source No visible defects

6. Water Immersion Samples immersed under N/A
12 inches of water at
ambient temp. for 24 hours

7. AC Withstand 11.2kV rms a-c for 5 Passed
(while immersed) minutes
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TABLE 3 (cont.)

Test Description Test Requirement Results

8. Insulation Resistances > 2.5 megohms after 8.2 x 101° ohms min.*
(while immersed) 1 min. at 500 Vd-c (see Table 2)

9. HELB Exposure Samples exposed to Passed
28 psig and 348°F
for 4 hours while
energiz to 5kVa-c

phase to ground

*Sample number 4 insulation resistance value of 6.0 x 107 was attributed to the
motor lead/end cap assembly and not to the test sample itself.
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The samples were wrapped tightly with copper gauze to constitute a ground plane.
All samples maintained 5.5kV phase to ground for five minutes.

Dielectric breakdown tests were conducted in air. The rate of rise was 500
Va-c/second. Breakdown voltages ranged from 18kVa-c to 64kVa-c. Table 4
summarizes the results.

The breakdown tests were conducted for engineering purposes and were not part of
the qualification requirements.

TABLE 4
VOLTAGE WITHSTAND AND DIELECTRIC BREAKDOWN

POST HELB

5.5kVa-c Withstand Dielectric Breakdown Voltage, kVa-c
Sample 5 Minutes 500 Va-c/Sec Rise Time

1 Passed 56
2 Passed(1) 18
3 Passed(1) 40
4 Passed 49
5 Passed(1) 56
6 Passed(1) 58
7 Passed 66
8 Passed(1) 64
9 Passed(1) 42
10 Passed 54
11 Passed(1)(2) 60
12 Passed(1) 60

(1) Denotes samples subjected to HELB test. (2)
Tested at 8kVa-c phase to ground.
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7.2.2 Inspection

Upon completion of the HELB exposure and insulation resistance
measurements as described in 7.2.1, the samples were removed from the
chamber and examined for any defects. No visible defects were observed.
After the inspection, the samples were returned to Raychem.

Upon arriving at Raychem, the samples were again visually examined. This
examination revealed cracks in samples 2 and 3 over the bolted area 0.3
inches long. These samples were subjected to the testing described in
7.2.1. Both samples passed the 5.5kVa-c phase to ground voltage withstand
for 5 minutes. Further examination of the cracks were conducted after
completion of testing to determine the extent of damage. The cracks in the
outer sleeves were carefully cut away to determine if the inner sleeves
were affected. The area immediately under the cracked outer sleeve showed
no signs of damage. Further examination of the inner sleeve was conducted
by removing the remainder of the outer sleeve. The inner sleeve was
completely intact and no signs of damage were visible.
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APPENDICES

Data Acquisition Instruments

Certification of Radiation
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ATTACHMENT 1

Environmental Test Plan for Raychem
MCK-5 In-Line Motor Connection

NPE-TP-81-01, Rev. 2
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ENVIRONMENTAL TEST PLAN FOR
Raychem MCK-5 IN-LINE
MOTOR CONNECTION

1.0 Objective

To evaluate the performance of the Raychem MCK-5, 5-8Kv In-Line Motor
Connection Kit when subjected to accelerated thermal aging, radiation and
electrical stress in accordance with the requirements of Gibbs L Hill,
Inc. Specification 2323-ES-100, Append1x 3, page 7, paragraph 1.4.1a.

2.0 Materials and Sample Construction

2.1 Materials

2.1.1 Raychem test materials shall meet the requirements of
Raychem Material Specificat10n PPS 3010/4.

2.1.2 The cable shall be supplied by Comanche Peak Steam
Electric Station and shall meet all the requirements set
forth by the Comanche Peak Steam Electric Station Quality
Assurance Program.

2.2 Sample Construction (figure 1)

2.2.1 Samples shall be constructed per the standard installation
instructions for the kits used in this test. Figure 1 illus-
trates the construction and lists the materials to be tested.
There shall be six samples each of two constructions. Three
samples of each construction shall be given the full test
sequence and the other three of each construction shall be
tested to all parts of the sequence except thermal aging
(Table 1).

NPE-TP-81-01   Rev. 2 Page 1 of 5
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ATTACHMENT 2

Radiation Requirements for
The Raychem MCK-5 In-Line

Motor Connection Kit
NPE-TP-81-01S
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ATTACHMENT 3

Test Plan for HELB Qualification Test of
Raychem MCK-5 In-Line Motor Connection Kit

NPE-TP-81-02
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ATTACHMENT 4

HELB Test Certification
National Technical Services

Report No. 548-9273
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Test Data






