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LONC TERM THERMAL AGING
ARRHENIUS PLOT
80 YEAR LIFE

CENERAL: The following information outlines our approach and technique
in verifying the 40 year service life of our cross-linked
polyethylene insulation, Brund-Rex designation T-162,

PURPOSE: Teo establish the aging temperatures, failure criterien and
Arrhenius plot for our cross-linked polyethylene insulation
such that a minimum 80 year life at $0°C (rated temperature)
can be verified.

ARRHENIUS TECHNIQUE: Tha arrhenius squation is genera!ly considered
to be the best method of approximsting the relatienship
between insulatien life and temperature applicable to the
service life of an insulsted conductor., By selecting sging
temperatures well above the expected normal oparating
temperature and establishing a failure criteria, » set of cata
points can de plotted. From this point, an indication of

insulation performance can be extrapolated by shorisr term
agings.

BRAND-REX APPROACH: Sumples were prepersd in two ways. Ten groups
of tnree samples were prepared Ry stripping the insulation
from the conductor to make standard specimens for tengile
and elongation measurement,  Secondly, four gampies 8 feat

long were made into 6 inch coils for dielectric strength
measureneris.

Aging - Aging was accomplished by placing sampies of tha
insuiation in ovens at four different temperatures and aging
until failure occurred.

Three Siue 'V' forced draft ovens were used in this test,
All three ovens satisfied the r :~uirements of ASTM-D-2436.
The air flow was acjusted to e approximately 160 air
changes cer nour, The four test temperatures were 113°C,
121°C, 136°C ang 150°C.
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BRAND-REX CABLE SYSTLME DIVIRION

BRAND-REX APPROACH ~ cont'd.

Failure Criterion - Testing for failure was accomplished by tw2
methoas. At specific intervals one group of three tensile sampies
was removes from the ovan, cooled fer 24 hours gt room temp-
ersture anc lested for tensile and elongation according to siandard
industry praciices. Secondly, spproximatsly 18 inches were cut
from each of twe coils and coolad for 28 hours at room tamperature.
Each coil was then asttached to & mandrel whose diameter was aight
times the diameter of the insulation while 8 1.5 pound weight was
attached to the other end. The sample was then weund on the
mandre! both clockwise and counter=clockwise, twice in @och
direction. Upon remeval from weight and mandrel, the sample

was examinpgd for cracking; If none ware cbserved, it underwent

a diglactric test.

The dielectric test consisted of @ one hour geak in @ 18 NaCl-Water
so''tion. \While the sample wes still immersed, 8 KV AC was
appied for § minutes, The voltage wes applied at & rata of 150
volts/seconid. [f no failure was obsarvaed, the veltage was In-
creased at 500 volts/second until the sample broke down, The

wall thickness was then measured st point of fallure.

Feilure was considered to be the failure of the lnsulation to with=
stand the & KV-AC fer § minutes or I{ cracking was ebserved

in the mancirel test., The tensile and glongation measurements
were made 2nly to corralata with the dislectric tast.

The failure times for this compeund are as follows:

Test Temperature Voitsge Failure Time

150°C 394 Hr,
136°C 1068 Hr.
121¢C 4320 Hr,
113°C 15684 Hr.
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ARRHENIUS PLOT: The above temperature and fallure times were used on
an Arrhenius plot in which the log of time to failure is plotted
against the reciprocal absolute temperzture., The point st which
this plot crosses the rated tempersture line is consicdered the

thermal life of the material.

It should be noted here that the Arrhenius technique is valid
if onily one chemical reaction is controlling the Insulation aging
process. Cur cross-linked polyethylene is formulated with many
ingredients, each reacting differert'v with respect to time and

temperature. On this basis, t* - . t aging peints are the
ciosest representation of 30°C ‘sequently our piot is
a point to peint and not a8 ber - . 3ht line,
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LONG TERM THERMAL ACGING
ARREENIUS PLOT
40 YZAR LIFT

1,000,000
8

6
b
3
2

100, 000 L

L

L S S S SO SN e
® AGING FAILURE POINTS
% SHORT TERM AGING POINT
FOR 40 YR LIFT

R |

o |

Ll
|

l ; :
\ l\;.wc, 1068 B
—
T ,

5
!

400

(RECIPROCAL ABS \ TURE SCALE)

—

Blrwese T arame evor Owessgrry
ATDOR B14N0-AG) Tae SMemE 21 T Aan T aettven ungiaeny Gveeme. Brans. Rel imeos
BAABeADs N aia e EOIVORGL oM S Meliens LeraTD SOME ESeEOny | oo




- -

- “rme me o we mee Ts Tar
- el (D=Ll Ael *TB.l00

Ad. B

COMPANY
An Aftiliate of Cables Corporation
\.vumm:é%mm"é’ﬁcsé?won»1 126
203/456-£500 FAX 2034561305
page_L_ oF.L. nxc@[@ AR AL Y/

vo: S ET arrention: L2081 B G whE
enom: STEVE S Inp LBEEC

DATE: ._#17_2 ce: i

MESSAGE:
LEF. 7\/041,1 FAX oF {/;,/90

ACTiL AT on !/f;éﬁ/q FIR  QOuRr

—QuakiFito XCPE e o A £

LAsEs  pw TFm/ﬂﬂﬁruttr V. & it

13, (2] A 126 °c




BRintec

ation

BRAND.REX CABLE SYSTEMS DIVISION
1800 west Main Jiree!

Wikmante CY 06226-1128

203 456-8000

June 25, 1987

American Electric Power Service Corp.
P.0. Box 16631
Columbus, OR 43216~663)

Attention: Mr. Robert Heurich

Reference: Indiana & Michigen Electric Co.
Donald C. Cook Generatimg Plant
Pa°c '02655‘041'5!
Control Cables

Subject: Brand~Rex Nuclear Qualified Crosslinked Polyethylene Insulation
Arrhenius Plot/Activation Energy

Dear Sirs:

As a follow=up to your telephone request of June 25th, Brand-Rex states
that the Arrhenius Activation Energy for cables on the above referemced
Purchase Order is 2.13 electron volts. }

Trusting this information is satisfactory, we remain,

Very truly yours,

BRAND-REX CABLE SYSTEMS DIVISION

Utility Industry Manager

kmw
cc: Rich DeHay
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