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1. INTRODUCTIC'

lectrical "ests were conducted on eight multiconductor
= 1000 V control cables submitted by United Engineers
T“he tests consisted of a 5.5 kV alternating-current
drement of insulation resistan:ze (iR) at 500 Vdc and
The

.om temperature for a minimum of

.rect-current voltage test. cables were immersed

24 hours prior to the
Water was not allowed to enter the ends of the cables

were s:iripped back.

as conducted at the Franklin Imstitute Research

.) dusiag April 1976.
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SPECIMEN IDENTIFICATICN

F-C44C8

The test specimens were delivered in 50-ft lengths from which 15-ft

sections were cut to perform the tests described in this report.

Identification of the test specimens is summarized in Table 1.

Cescription of Test Specimens

Cable Markings™

Table 1.

FIRL

Cable No. of Conductors

No . and Wire Size (AWG)
I 10/C #12 1972
2 3/¢ #10 1972
3 4/C z 9 '972
- 4/¢c #12 1973
5 7/¢C #i2 1973
6 12/C #12 1972
7 2/C #12 1976
8 10/C #12 1975

CJ12

cc'o

cDo9

cr

CGic

CL12

cBl12

050

Ca3

147

00!

434

383

Footage

Markings on

15-ft Specimen

00090 to
00102

00898 to
00910

00172 to
00184

0116 to
0128

00060 to
00072

01158 to
oli70

0806¢! to
08016

00070 to
00082

“Cabie markings preceeded by ''Raychem Flametrol 1000 V Control' and
number of conductors and wire size.

—
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3. TEST DESCRIPTIONS

The test program was conducted in accordance with a check list (Appendix
A) based upon instructions from representatives of United Engineers &
Constructors, Inc. This test conforms with "Completed Cable Test" of IPCEA
S-65=-524, Part 3.6.2.% Water was not allowed to enter the ends of the cables
wihere the jackets were stripped back. The qualifications of the test personnel
are provided in Appendix B. The following paragraphs provide a general

description of the test procedures.

3.1 SPzCIMEN PREPARATION

After tagging of the specimens and a visual inspection, the jackeis were
trizx . back for a distance of approximately 5 in. on both ends of the 15-ft
sections of cable. The insulated conductors were fanned out and approximately
1 ia. of insulation was removed from each conductor. The cables were coiled
iz one loose turn (of approximately 20 in. diameter) aud the coils were
izzersed in a polyethylene-lined, fiberglass tank (24 in. x 30 ia. x 36 in.
deer) filled with tap water at room temperature, with approximately 2 ft of
each cable end above the water. The temperature of the water was recorded
using a thermocouple with a stripchart recorder and by observation of a ther-
mezeter totally irmersed in the water. The tank with the immersed cables is

i.lustrated in Figure 1.

3.2 ALTERNATING-CURRENT VOLTAGE TEST

Following immersion of che specimens in tap water for 24 hours, each
conductor of every specimen was subjected to an alternatiug-current voltage
test in general accordance with Part 3.6.2.1 of IPCEA S-66-524.% A potential
cZ 3.3 kVac was applied to each conductor (in sequence) at the rate of approxi-
mately 300 V/sec. All the other conductors of the cable under test, the con-

ductors of the other cables in the water, and a bare copper pipe in the water

*PCEA Pub. No. S5-66-524 Including Revision No. 3 - September 1974, Cross-
linked-thermosetting-polvethylcne~insulated Wire and Cable for the Trans-
nission and Distribution of Electric Energy, Insulated Power Cable Engineers
Association, Belmont, Massachusetts.

3-1
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F-C4408

weére connected together and to the ground potential-side of the test instru-
=ext.* The 5.5 kVac potential was maintained on each conductor for 5 min
at waich time the charging/leakage current was measured and recorded.

2.3 INSULATION RESISTANCE MEASUREMENTS

Thne insulation resistance (IR) of each insulated conductor was then
=2asurec In accordance with Part 3.6.2.2 of IPCEA S-66-524. The IR was
z2asured with 500 Vdc applied for one minute between each conductor and
a_l other conductors (and the water) at ground potential. The water

texjerature was measured as in Section 3.1 above.

3.5 CIRECT-CURRENT VOLTAGE TEST

After the IR measurements of Secction 3.3, and while still in the
tans of water, a direct-current vcltage test was conducted in accordance
w-i- Part 3.6.2.3 of IPCEA S~-66-524. A potential of 16.5 kVdc was applied
* tne rate of approximately 3500 V/sec to each conductor, in sequence,

thoall o

¥,
'

I 25.5 kVdc was maintained on each conduccor for 5 min at which time the

o

n

1
-

drage current was measured.

*a Zescription of the instruments used is provided in Appendix C.

3-3

ther conductors (and the water) at ground potential. The potential
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4. TEST RESULTS

4.1 ALTERNATING-CURRENT VOLTAGE TESTS

The results of the alternating-curvent voltage tests are summarized
in Table 2. Original data are included in Appendix D. All of the speci-

mens withstood the applied potentials of 5.5 “Wac for 5 min.

4.2 INSULATION RESISTANCE MEASUREMENTS

The resu.ts of the IR measurements are presented in Table 3. Original

data are in:luded in Appendix D.

The resi:tance constant for the specimens was calculated using the

lowest measurzd IR (6.2 x 10-* Ohms) and the following equation from IPCEA

S-66=324:
D
R = K lo ——
“%810 4
Where R = Insulation resistance (IR) in

megohms=-1000 feet

K = Constant for the insulation (to
be calculated) in megohms-1000 feet

D = Diameter over the insulation

d = Diameter under the insulation

The calculated value of K (Appendix E) was 31,000 megohms-1000 feet which

exceeds the cinimum value of 10,000 needed to meet the acceptance criterion

of IPCEA S-66-524, Part 3.6.2.2 and the more conservative value of 20,000

used by the Razychem Corporation.

4.3 DIRECT-CURRENT VOLTAGE TESTS

The results of the direct-current voltage tests are summarized in

Table 4. Original data are included in Appendix D. All of the specimens

withstood the applied potential of 16.5 kVde for 5 min.

4=1
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Table 2. Summary of 5.5 kV Alternating-Current Voltage Test“'Z)

Leakage’
IRL Charging
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Summary of Insulation Resistance Measuremnnts(]’Z)
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Table 4.

TIRL

"~

(
Summary of 16.5 kV Direct-Current Voltage Test:®

.u?e

F-C4408
1,2)

Leakage

Zanducter Curress

Color aA) ) Test Results

81ck 25.0 ]

White 42.0

Red 29.5 l

Gree. 12.5

Orange 17.5

8lue 2.2
«hite/Black 21.5
Red/Black 29.0
Green/Bilack 20.0
Jranga/Black 16.5

Slack 4.0

Mite 3.0

Rea 2.0

Black 4.2

white 8.0

Res 4.0

Gree~ 13.0 i

Black 5.9

white 38.2

aec 16.0 i

Grzen 20.0

8lacs 1§ 2 l

white et + i | - cadves . itnstoce

fec 0.2 > @ perentiai of 16.5 xede

Graen i5.0 ; szpliee for 5 min.

Jrange 15.0

8lue 15.3
white/Black 25.0

8lack 16.5

white 23.5 i

ieq 23.5 ‘

Sresen 18.8 |

Qrange 14.0 !

Blue 3.3 ‘
Black/White 1¢.0 |
white/Slack 235
Red/8lack 19.¢ i
Green/Black 16.5
Orange/Blacx 16.2
B8lue/8lack 18.¢

Slack 10.¢

white 13.5

3lack 18.0

white 7.0

Red 26.0

Green 70.0

Orange 65.0

8l ue 100.0
white/Black 15.0
Rec/8lack 20.0
Green/3lack 15.C
Orange/8lack 20.0 J

Ail canies were ‘™mersed in tap .ater 3t -oo~ temperature for a
minimun of 24 hr orior to apc! cation 3f the test potential. The
temperature of the tap water was 24 = ' C

The potential of 16.5 kVde .as aopliec to each conductor with all
othcr conductors and the water at zround potential

Leakaze current measL-ed at the ana oF e Se=in tesi seriod.

b=4
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5. CONCLUSIONS

Eight multiconductor Raychem Flametrol cables successfully withstood
37 alternating-current voltage test of 5.5 kVac for 5 min and a direct-
anrrent voltage test of 15.5 kVde for 5 min.

All measured values of insulation resistance satisfied the IPCEA

sww

é.ceplance criterion (K 3% 10,000 megohms-1000 ft) and the more conservative

triterion used by the cable manufacturer (K 2 20,000 megohms-1000 ft).
——

5-1
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6. CERTIFICATION

The undersigned certifv that this report constitutes a true account
of the test conducted and results obtained.

.
\ v / ( .
b L I (;ss S0y
D. V. Paulson
Project Engineer

APPROVED BY:

i //’ i
__\L\((eﬂ\'bff_“_,J:(‘fi;r' /;//’N /-:L 2 gt
Zenons Zudans, Vice President S. P. Carfagno, MAnag
Engineering Performance Qualffica¥ion Laboratory
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DOCUMENT C4408-1 Rev. 0  Date___4-/11/'/le
¥ s
Eaiﬁﬁiinr ATE PAGE |
D. V. Paulson /) 6 THE FRANKLIN INSTITUTE 1 of 2 B
C)“)C;l. “BY DATE RESEARCH LABORATORIES PROJECT !
/// “4/20) ¢ PHILADELPHIA. PA. 1910) 021~ C4408 01 |
Tme/ ' AC DIELECTRIC, IR .ud DC DIELECTRIC TES'S el ZS,\
LECT ’ “w D Yhaf C)/;ﬁa
PERF REVIEkED
TEP DESCRIPTICON
Cable Specimens:
i FIRL No. Type Reel Tag Yo.
1 10/C #12- CJ12-050
2 3/Cc #10° CC10-003
3 4/c # 9 CD09-016
4 4/C #12 CD12-079 :
5 7/C #12 CG12-147 <
b 12/C #12 CL12-001 S e
7 2/C #12° CB12-434 ’
8 10/C #12 CJ12-383 .+; 1
i 4! 7
. | IR
: | General: This check list is a general procedure to be ’ |
: | used on completz cable samples (15 ft lengths) as here- ;
| | after described. 7 f ! |
: 1 '7:on the cables described above cut a 1l5-ft section. ; E ; i
| | Provide terporary identifving tags for each section. . ' ¢ ,
! Record footage marks. Prepare ends by cutting back l t STV l Jﬁr |
| | jacket approxirzately 53 in. and flaring out con- i !ésvﬂ I oy, !
! | & rs seric off i f conductor iasulscion. /1
%7 !b"tﬁ_ , Striz off 1 in. of con 2 tion ‘ IW'%ﬂt | .
| i \ ~ I
i - i
! p: Perform a brief visual inspection of each section. {33\ el !
5 | !

Immerse the 15-ft se:tions of

cables 1,

-~ =
2, 6 and 7 in

!
‘ : : . b e/ ?
tap-water at room temperature {or 24~hours. Keep eazch | lu'G;‘ w7
b ]
‘cable end approximately 1.5 ft above water. lLtﬂu
{Cables 3, 4, 5 and § are to be placed in the tap water V GG 'V‘qéb
| approximately 18 hours later. 1 €L Sve
: .
, |

<
3
9

a
! -
| Prepare an AC
| brated
1
|

should be readable to 1 mA.

all other conductors and
! of appreximately

o

Hold at 2.5 &V for S min.

Reecord amweter reading ac

1£f failuie oceurs,

'--~.¥2i::gv and time.

s
.

tecord

.
.
F

ap

‘of 5

dielectric test set with cali-

voltmeter and nmilliammeter. The milliammeter

a. Apply veltage between each conductor and
water at a rate
300 V/s up to 5.5 kV.

5 min.

roximate
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"¢ DIELECTRIC, IR AND DC DIELECTRIC TESTS

[ COMPUTED aY DATE PAGE
D.V. Pau'son THE FRANKLIN INSTITUTE 2 of 2
CHECKED BY DA E RESEARCH LABCRATORIES PROJECT
PHILADELPHIA. PA . 19103 021-C4408-01
TITLE

to the Projz2ct Engineer.
A-2

STEP DESCRIPTION PERF |REVIEMEL
by by
. -~
5 Insulation Resistance Test //594 <f33
A -
" -
a. Perform on -onductors that withstood ac voltage te~ E;Q
b. Measure water temperature pric. to 'R test, to i?,
nearest °T.
¢c. Apply 50C Vde from megohmeter, with negative termi-
nal on tes: conductor and positive terminal
(ground) tied to all other conductors and water.
d. Hold for 1 2in, then record insulation resistance.
! e. After corc.usion of all =iectrical measurements,
| Project Ingineer is tc verify that IR measurements
comply wi:s: acceptance criterionm ver IFCEA
S-66-524, zara. 3.6.2.2.
!
|
6 | DC Dielectric Test
P Wy
o | i ]
, Prepare 4: dielectric test set with calibrated _ PP 40\
i ammeter and vo.tmeter. 4/
E a. Perform -~ conductors that withstood ac voltage (?2
; test.
| & Apply ve._.zge between each conductor and all other
! conductors plus water at a rate of approximately
1000 V/s (sut not less tham 450 V/s) up to a value
of 16.5 kVdc.
| ¢. Hold at 16.5 kV for 5 min.
|
| ¢&. Record a=mater reading at end of 5 min.
e. 1f failure occurs, record approximate voltage
and time.
7 Consult (he Project Engineer for disposition of the 27 (@%9
cables. : -
8 Verify tha® -1l data acquisition instruments and their .J;)
calibrat ¢« cites have been recorded W €
—
' !
. YD 1
9 Revicw the cata sheets for completion and submit Chem 5¢F’ (;7f(?

I
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APPENDIX B

QUALIFICATICNS OF KEY TEST PERSONNEL

1. SALVATORZ P. CARFAGNQ, MANAGER, PERFORMANCE QUALIFICATION !.ABORATORY

As manager of the personrel and facilities ut: { in this prugram,
ne is responsible for the proper direction and admi....tration, according

to FIRL policy and the requireuents of the ciient.

Dr. Carfagno nas a Ph.l. in physics, and has engaged in a broad ra. e
of studies during his more than 25 vears at FIRL. For the pa:: 7 years,
he has been heavily involved :ia jualification testing and analysis of
equipment and coroonents for Lse in nuclear power generating stations. He
is the FIRL representative to Subcommittee 2 of IEEE and an active partici=
pant in working groups for IZII Standards on valve actuators and the general

qualification guide IEEE 132:.

2. DAVID V. PAULSON, CHIEF, INVIRONMENTAL TEST SECTION

He 1s responsible to the 'lanager, Performance Qualification Laboratoryv.
for the performance of assigne: Programs, including compliance with QA
requirements. M-, Paulson has a B.S. in phvsics and is a registered

vania. He has had a varied, 25-year back-

b

professional engineer in Penas~
ground, strongly accenting rthe problems of apolied research, development
and hardware evaluation. For :he past three years, he has been a program
manager on a variecty of nuclear qualification test projects at FIRL. He
is a member of IEEE working group drafting 2 nuclear radiation test guide,

and an 3alterna“e member to Subcommittee 2 of IEEE.

3. GERALD D. GUSKE, STEVEN MAZZONE AND GUY J. VACCE (TECHNICIANS)

These personnel are responsible to the Test Bay Supervisor (LeRoy
E. Witcher) or to the Progra=z Manager (as chey may be assigned) for the
implementation of detailed tasks in accordance with written and oral

instructions. They perform their duties using theii extensive experience,

B-1
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knuwledge and laboratory skills.

Mr. Guske has cver 16 years experience in electricity and electronics

and was a supervisor of an electronic calibration laboratory for RCA, Inc.

¥r. Mazzone has participated in electrical testing in the FIRL Per-~
formance Qualification Laboratory fo. eighteen months. Prior to joiring
FIRL, he served the U.S. Navy in a nuclear submarine as a missile techri-

cian which required 26 weeks of eleccronics scheoling.

*r. Vacca has been with FIRL for aimost 9 years during which most of
his experience has been with qualification testing of equipment for nuclear
power gererating stations. Mr. Vacca is taking evening courses at Drexel
University wich the goal of obtaining a B.S. in Engineering.

A,

GUNTHER CO=N, MANAGER, QUALITY ASSURANCE

i

#8 manager of the FIRL Quality Assurance (QA) functlon he is responsible
to the Presidea: of FIRL and to the client for the proper direction and
imple_entation of QA policiass and practices according to the contracted needs
of the program.

“r. Cohn has a M. S. in mechanical engineering and is a registered
professional engineer in Pennsvlvania. He has served as nroject leader on
a varisty of engineering prajects and has published sixteen books and manuals
~lus over 150 technical reports, arcicles and papers. He has been uith FIRL
for 29 years.
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THE FRANKLIN INSTITUTE

RESEARCH LABORATORIES
PHILADELPHIA, PA. 19103
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c4408

INSTRUMENT & CALIBRATION
/8-27¢ £ /8-253

TEST P-ASE S

o For. SOAK
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HIGH-POTENTIAL TEST DATA

TEMPERATURE (WATER)
24 °C
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APPENDIX E
CALCULATION OF INIMUM RESIST-\CE CINSTAN

From Ref. 1, Part 6.15.2

R= K log, , -%-

or K = 2 5
1og)0 T
where R = Insulazion reristance (IR, in megohms~1000 feet
K = Constazt for the insu.ation (:0 be calculated)
D = Diametzr over the ins.lation
d = Diametsr under the i-:ulation

a. Lowest measured IR was 6.2 x 10!! QOr=s for Cable 3, lack
conductor, which was 15-ft long. Ccrrecting for a 1000-ft
length, R = ph3s x 6.2 x 10} = 9.3 « 107 Ohzs-1300 fe.

b. For Cable 8, d = 0.0915 in., based o~ a stancard diameter

for concentric lay of a 7-stranded .2 AWG (2e?. 2).
y

0
.

For Cable 8, D = 0.1:815 in., based c¢= & (aso e, :lus twice

the thickness of insu.ation, or 2 x ..043 in. (Insulation
thickness of O.Qfs in. was reported :y the cliien:z.)

The measured value of R can be corrected (multiplied by a temperature
correction fector for water temperature :bove th: reference level of
15.6 C. Based on the tap water temperat.re of 24 = 1 C, a correcticn
factor between 1.47 and 6.85 could be se.ected from Ref. 1, Table 6 -
10. For worst-case analviis, a value of 1.0 i{s used, i.e., no

correction is made.

E-1l
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9.3 x 10°
1°'1oZB'. 0915 )

3
or 31,000 megchas-iC00 ft

IPCZA S-66-524, Revision No. 3 - Septamber 1974,
Cross-linked-thermosetting-polvethvlerne~-ins lazad
Wire and Cable for the Transmission and Discrie-
bution of Electric Energy, Insulaced Power Ca:le
Engineers Association, Belmont, Massaznusetts.

Table 4-14 of Standard Handbook for E_ectrica.
E:. gineers, Fink and Carroll, Tenth Ed<:tionm,
McGraw-Hill Book Company, New York.



