ACT No.: ACT4101

Date: 19" November 2013

Classification: II

Prepared By: W. Holness

Distribution: B. Johnson
A. Bulza

- TE

connectivity

TEST REPORT
(READ)

Copper ShearBolt Connector
Catalogue Number CSBS 2-250
P/N 1974136-1

502-47404(T)
REV. A

CONTROLLED DOCUMENT
This report is a controlled document per
Tyco Electronics specification 102-21,
It is subject to change and Tyco Electronics Canada ULC
Document Control should be contacted
for the latest revision

Markham Energy
Utility Products
Test Laboratory




12l
1.2
1.3
1.4
1.5
1.6

2.1
2.2
2.3
24

3.1
32
33
34

Table of Contents

502-47404(I) Rev. A

Page

Introduction
Purpose

Scope

Conclusion

Product Description
Test Specimens
Test Sequence

Summary of Testing

Examination of Product

Installation Torque

Termination Resistance — Specified Current
Ten-Severe Heat Cycle Test

Test Methods

Examination of Product

Installation Torque

Termination Resistance — Specified Current
Ten-Severe Heat Cycle Test

Validation

Representative photograph of Copper ShearBolt Connectors Test Loop

Set-up during the Ten-Severe Heat Cycle Test (Fig. 1)

Representative photograph of a typical Copper ShearBolt Connector before the
Ten-Severe Heat Cycle Test (Fig. 2)

Representative photograph of a typical Copper ShearBolt Connector after the
Ten-Severe Heat Cycle Test (Fig. 3)

CONTROLLED DOCUMENT
This report is a controlled document per
Tyco Electronics specification 102-21.
It is subject to change and Tyco Electronics Canada ULC.
Document Control should be contacted
for the latest revision

W W W W W RO DY B —

A



502-47404(1) Rev. A

Engineering Test Report
COPPER SHEARBOLT CONNECTOR

15

1.1

1.2

Lok

Introduction

Purpose

Testing was performed on the Copper ShearBolt Connectors, Catalogue # CSBS 2-250, P/N
1974136-1 to determine their compliance to the ‘Ten-Severe Heat Cycle Test’ in accordance with
Con-Edison document, EO-5407-2, dated 11/1/85 using 250 kemil Copper bare (19 str.)
conductor. Four Copper ShearBolt Connectors were considered for testing.

Scope

This report covers the electrical performance of the Copper ShearBolt Connectors, Catalogue #
CSBS 2-250, P/N 1974136-1.
The testing was performed between 9" December and 14™ December 2011,

Conclusion

The Copper ShearBolt Connectors, Catalogue # CSBS 2-250, P/N 1974136-1 complied with the
‘Ten-Severe Heat Cycle Test’ requirements in accordance with Con-Edison document, EO-5407-
2, dated 11/1/85 incorporating 250 kemil Copper bare (19 str.) conductor.
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1.4

1.5

Product Description

502-47404(I) Rev. A

The Copper ShearBolt Connectors, Catalogue # CSBS 2-250, P/N 1974136-1 gets its name from
the four shear head bolts that come with it and from the application it is used on. The material
used to manufacture the connector is electrolytic tough pitch (ETP) copper, C 11000. Its inner
surface is grooved to provide best electrical contact with the conductor strands to be connected.
The center stop inside the connector ensures proper conductor insertion with cable entries
chamfered to provide easy cable access.
The connector is supplied with 2 copper inserts assembled to the connector body to
centralize position on small conductor sizes. For sizes equal to or greater than 4/0 AWG
compressed, inserts are not required and therefore must be removed. A copper-to-copper oxide
inhibiting joint compound (neutral grease) will also be found in the connector barrels. CSBS 2-
250 is a range taking connector that will accommodate a wide range of copper cables, from #2
AWG Compact Copper Conductor to 250 kemil compact stranded.
Each connector is installed with 4 brass alloy shear head bolts for one time installation,
two on each side of the center stop.

Test Specimens

The test specimen was supplied to the lab by New Product Development Engineering, Energy
Division, Tyco Electronics, Canada ULC and the following part number and quantities were

used:

Group

Copper ShearBolt
Sleeve Connector,
Catalogue Number

Copper ShearBolt
Sleeve Connector,
P/N

Quantity

Insert

Conductor Combination

CSBS 2-250

1974136-1

None

250 kemil Cu. Bare (19 str.)
cable — 250 kemil Cu. Bare
(19 str.) cable

1.6

Test Sequence

TEST OR EXAMINATION

TEST GROUP

1

Examination of Product 1

.

Installation Torque

2

Termination Resistance — Specified Current

3

Ten-Severe Heat Cycles

4

Note: Number indicates sequence in which tests were performed.
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Summary of Testing

Examination of Product

All specimens submitted for testing were inspected and accepted as being representative of a
standard production unit. They were supplied to the Test Lab. by New Product Development
Engineering, Energy Division, Tyco Electronics, Canada ULC.

Installation Torque

The installation torque ranged between 16.7 — 18.5 ft-1bs.

Termination Resistance — Specified Current

All termination resistance measurements taken initially and during the ten-severe heat cycles met
the Con-Edison document requirement by not varying more than +/- 5% from the average of the
measured values taken between the 1% to the 10™ cycle interval.

All measurements were corrected to the resistance at 20°C.

Ten-Severe Heat Cycle Test

There was no evidence of physical damage to the test specimens after Ten-Severe Heat Cycles.
The temperatures of the specimens did not exceed the temperature of the control conductor and
the temperature difference between the control conductor and the specimens was stable between
the 7" and 10" cycle. Stability was achieved when the temperature difference between the control
conductor and the specimen, including allowance for measurement error, is not more than 15°C
from the average of the measured temperature differences in this interval.

(Representative photographs of a typical connector before and after the test can be seen in figs.2 —

3).
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3.4

502-47404(1) Rev. A

Test Methods

Examination of Product

The specimens were supplied for testing by New Product Development Department at Tyco

Electronics Canada ULC.
They were examined visually for physical damage and functionally for conductor

accommodation,

Installation Torque

Each Copper ShearBolt Connector, Catalogue # CSBS 2-250, P/N 1974136-1 was installed onto
bare 250 kemil copper, bare (19 str.) cable as per IS 408-10327. Each ‘ShearBolt” was initially
tightened by hand, and then a digital torque wrench with appropriate sized socket was applied to
each bolt head until it sheared off. This process was repeated for each bolt.

Termination Resistance - Specified Current

Termination resistance was measured using a test current of approximately 12 amperes dc.
Measurements were taken initially and after each cycle until 10 cycles were completed.

Ten-Severe Heat Cycle Test

Four Copper ShearBolt Connectors, Catalogue # CSBS 2-250, P/N 1974136-1 were installed in a
series circuit using approximately 2 %2 feet lengths of bare 250 kemil copper bare (19 str.) cable
between any equalization point and connector. The control conductor was of the same size and
was 4 feet in length. Bolted Terminal Lugs were used to connect the conductor to the power
supply, with a minimum of 6 feet between the equalization point and the power supply. Prior to
installation into either the connector or bolted termination lug, the end of each length of
conductor was prepared by brushing with a dry stainless-steel brush to remove surface oxidation.

The equalizers were comprised of the same material as the conductor. Each one was 2” x
4 47 x %7 with a hole drilled to accommodate the conductor. In each case a pair of conductor’s
was brazed to an equalizer. The conductor was inserted into the connector and the ‘ShearBolt’
was tightened until the bolt head sheared off. Thermocouples were applied to each connector and
in the middle of the control conductor. Voltdrop leads in order to determine the resistances were
applied to each connector and to each equalizer either side of each connector.

The connectors were energized with a current of approximately 820 amps, which raised
the temperature of the control conductor to approximately 250°C.
The cycle time throughout the test was 4 hours ‘CURRENT ON’ and 4 hours ‘CURRENT OFF’.
The connectors were subjected to a total of 10 cycles. The temperature of the control conductor
and the connectors were taken during the cycles preceding the termination resistance
measurements.
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Validation
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CSBS 2-250,

f, > o ; P/N 1974136-1

Representative photograph of the Copper ShearBolt Connector, Cat # CSBS 2-250, P/N
1974136-1, test loop set-up, before the Ten-Severe Heat Cycle Test as per Con-Edison
document, EQ-5407-2, dated 11/1/85.
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Fig. 2

Copper ShearBolt |
f Connector f

L

Brass allpy Shea}'Bolts _ Voltdrop lead used for
after installation | N | resistance calculation

Thermocouple
location
250 kemil Cu
(19 str.) Cable

Representative Close-up photograph of a typical Copper ShearBolt Connector, Cat # CSBS 2-
250, P/N 1974136-1, (Specimen # 1) after installation, but before the Ten-Severe Heat Cycle
Test as per Con-Edison document, EQ-5407-2, dated 11/1/85.
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Fig. 3

Note :- Discolouration of
connector and cable

Representative Close-up photograph of a typical Copper ShearBolt Connector, Cat # CSBS 2-
250, P/N 1974136-1, (Specimen # 1) after the Ten-Severe Heat Cycle Test as per Con-Edison
document, EO-5407-2, dated 11/1/85.

CONTROLLED DOCUMENT
This report is a controlled document per
Tyco Electronics specification 102-21,
It is subject to change and Tyco Electronics Canada ULC,
Document Control should be contacted
for the latest revision

Page 8



(114 6l-0LF1L

f

MH7 u‘_(uw—

>#__ g.a , 113us

ONINVYO BIWOLSND

01 Q313161534

- 9 17L61=T)6LL00/C Y

LHOLIM

JNON

Wod 338

HEINLS

I¥IEI LV

"ON LYvd

0N ONIMVHO | 3003 39%3 35

YIS QLS TIKIY 062 OL Ldd oMy Z#

2345 KOLLVII1ddv

"d01S 110 41708

334S 139044

‘434402 "HOLIINNOD LI1CHYYIHS

JH¥N

NOSWAD

110243862

d

QAdv

Kpiatgaavuey 3)

AL

110243862

Ji

¥HI

“031313145 JSIMYIHLO

S$53IN0

FEREL
33d
2
214
31d
3d

=6

HHHHH
R R

ON 90YLYD |

[-9€Ivi6l

05¢ -

¢ SBSD

[HONT]

SIIRVHITOL

ww

SSNDISNINIG

dl=

L1074dY

ﬂﬂ_ MW

[(

Nad

TLK3IWNI0J 03ITT0ULNOD ¥ SI

ONTMYHA STHL

LS17 Slyvd

ALO

QN
W3l

: NOILd 142830

4 =

43dd03 413 "AQCH HOLDINNOD

¥3dd0D 413 "L1HISNI

IYHLIN3N “3S¥3IYD LIOVLINOD

y/v

ZIW "SSYHE 1708 dVIHS-I1LINW

Id¥L ZAISvVYHEY

LEE0 ! -80Y
NOT LY TIVLSNI

"L33IHS NOIL2NYLSNI

(Iv1Q [sLg”
(v

“13M208
HLIM S1708 TIYLSNI

TAINO 32N3¥3IZ3H
404 3J¥Y¥ SNOISNIWIQ 1TV

([VIQ 21571 00 €1 )

GNOD Q3SS3¥dWOD OMY 0/7 OL T¥NO3
80 NYHL H394Y1 S3ZIS HOLONANOD
404 Q3A0W3Y 38 17¥HS LY3SNI

[N191Y0 40 AELINNODY NI 3QVW
[3002 31va]
062 - 2 SHS8D

"X3H HONI 2/

“SYOLONANGD ¥34d0D
41S QLS TINW2Y¥ 062 Ol
12°9@) LOVJWOD oMy 2%
*S3LYOIOWWOIDY

“s

B

4

€

e

Q| 110223050 005%20-11-003 /

11-1§10-0221 g

rg

WO | 1i02diss2 I11-€600-0231 ¥3d

T34 WILINI ki

-\
=
=
=
m
=
[}
=}

o
=
=
m
o
o
o
L

()]
o

c—
[a—
| e—

0sz-Z

) =

V-v

NOI1L33S

([2°¢]

SRR

s ]

andv

aivg NO11d %3330

SNOISIAIY

i/v
((0G"]

"dAlL
L= &1

COIANTSTY TIHATH 1Y

-8 02 14919403 (D)

[:rd NO[ 121780 HO4 378¥717H

SOTHSIIANANA 51 ONTMYHO STHI

4




