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ABSTRACT

This project presents the study of the tests and analysis of High voltage
connector and clamp under ANSI C119.4-2004 standard. Finite element program is also
applied to analyze the heat on parallel groove clamp two bolt, size of 50-185 sq.mm.
For electrical test, CCT (Current Cycle Test) method will be applied to find out the
temperature and electrical resistance of parallel groove clamp two bolt. For mechanical
test, Torque Strength Test and Tensile Strength Test methods will be applied. The
value of heat transfer on parallel groove clamp two bolt obtained from finite element
program will be compared to the test resuit from the experiment.

The test result under ANSI C119.4-2004 standard shows that the value
of temperature, resistance and torque of parallel groove clamp two bolt is in acceptable
range. The result from finite element program is slightly different from the test result.
This is because the value of the heat on parallel groove clamp two holt occurred from
the current during the test and the resistance on parallel groove clamp two bolt's
contact are not stable; therefore, we are not able to entry the correct parameter to the

computer program.
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Aluminum or Aluminum-to-Copper Bare Overhead Conductors” l.ﬂumﬂﬁg’mﬁﬁﬂfu
nmﬁauqﬂmnfeiaLLunmuﬁt"ﬁaueim:wme'f’:ﬂ‘nagmﬁun-a:gﬁaﬁuu wia axaliilyy-
NOILA Lﬁalﬁ'pﬂ'&'ﬁmmvfaﬁa qﬂnmfﬂ'amuﬁmummﬂaauLL§11m'1u5:@i'unﬁq (mn

oo a
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2.1.1 An1snagay

asgnlaudimmaerauliiiiu 2 aufia mimasounieWiuazmmagau
nana laslugvreintmesauninatustatsznavlydan nisdeanruudusives
auUnsoldausnay (Tensile strength) ausanIakInauanlElni (Reusability) (Husiu

] [3 J LT | 0

ptsliRauzeLrazeslaTutsiiudnu lufusesnrmagaunis Wi (Current
Cycle Tests) WazninaaauusIda (Torque strength test) it

EmmaseunatWiazld mamasauigininszug ( Current cycle tests)n
FnTauliensuaaumImadaulaan 2 dizinnde i5537ua1 (Current Cycle Test
(ccTy) fvikiislanmildnisguinuiu (Current Cycle Submersion Test (CCST)) Leilu

l;’ (=] a o A o 1 4 e

minagauiidanitnmaeasulapltitsriuat Jeezdiaunsudiiosludiuseaitms
NAFOLULLITBITNAIANY

\ [V P SV | \l o s . UL 1.,

tmlummagssuigininausaziudvidanlanasiieinsaldausnaulald
aﬂutwm%ﬂagﬁhszﬁhnizuaﬁﬂaConnemor URENNILRaNITNIINA®aY Current  Cycle
Test (CCT) w38 Current Cycle Submersion Test (CCST) laganasgiulaunisaanidu 4

Uszian aauaadlua1ininz.1

El
ANT9N 2.1 TTHEIRIMINGRED

Number of Test Cycle for:

Connector Class CCT Method CCST Method
Extra heavy duty (Class AA) 500 NA
Heavy duty (Class A) 500 100
Medium duty {Class B) 250 75
Light duty (Class C) 125 50
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ﬁqﬁwﬁl'&’lummﬂaaua:'l'ﬁ“ﬁ':\ﬂnaﬁﬁLﬂuumummaﬁmﬂWﬁﬂ'ﬁnu (lafiug
YUIR) a:ﬁaoﬁmﬂua:awu’mmﬁa:é’nﬁaﬁuqﬂn'snf@iauunmuﬁwuﬂum@ (Wire
brush) iAardneanladisuuazfoiseidoudrs geanlinun ausvsssinilale
wanal3luansef 2.2 uar 2.3 FovsTurnswavssdai
qﬂnmf(n'mwnmuﬁzmumﬁa:mmnﬂaaumm:ﬁﬁhﬁﬁ'mm:uﬂlnélﬁm
3 ﬁquﬂ@iaamfnmﬁulumﬂm-ﬁ’ dahuuuiinden (Stranded  conductor)  aze el
Fanelawwas (Equalizers) iWalFlumatasrarnudiuniu wansniusidosdl a2
AILAN (Control  conductor) luNITMaaay Woldilludindeds dmsuindnizusi

Twaluamesou Ll.a:muv}uqmw‘]ﬁlﬂﬁmuﬁaami

:I bt a e
AN 2.2 ANLTTAIN VR M TUNAFDL

Exposed Length

Composite aluminum Copper or copper

P Stranded Solid

composite composite : - T

in Cm in Cm

<4/0 AWG <2/0 AWG 12 30.5 24 61.0
4/0 AWG f1a 795 kemil 2/0 AWG 19 500 kemil 24 61.0 48 121.9

2795 kemil 2500 kemil 36 91.4 72 182.9

- o o oA -y
1771491 2.3 ANMNYIVAIAIUIRTIPRIUNAFREL ('l.uvm'wm)

Exposed Length
Composite aluminum Copper or copper :
2 2 Stranded Solid
. 't ry *
Composite (mm ) composite {mm ) - om - om

<21.73 <2/0 12 30.5 24 61.0

21.73 119 402.83 34.65 019 253.35 24 61.0 48 121.9
240283 2253.35 36 g91.4 72 182.9

< ' Py . - A A - as
“fire gpninpuanANmIaY U (inch) A = TUaRunninaazaIalin
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\ e o o & y o [ -
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dabnquiizwralanitdrluaras WRasen wiosniwniseanuieau (Thermal
. R ¢ . - a o v =
stability)  fiAaduuugnIsldeusnan lavwdosmunanufauiivinliin "gund
3 A .J T -l ) [ ﬂ‘-: ﬂ‘-: 1
vzapdfidnyasuudasliiiu 2 asanaidog anmsaudzataluiats ameludraamm

liasndn 10 wd”

2. 71291781 OFF
ABULUALABTAALENATUTHINTII ON ULE7 a:gnﬁolmﬁm’haalum-:mmﬁ

ATTHIRNALINUNLTII ON

-

215 ﬂ"l‘.i:]'ﬂﬁl"lﬂ']’lNG!IJ"I%YI']HLI.ER‘QNVIQU

] L9 - 3 AJ o = e J
AIAIINAIUNIULRT qmﬂqu%:ns:ﬂﬁmu‘lmﬂanmv\uﬂ o 1‘D’Lﬂﬂ‘n

25,50,75,100,125,165,205,250,325,405 uazlmid aft 500 Tasvanavlaliiin 5 lmfa

A15197 2.4 1291787 ON-OFF luusiarlmfa

Aluminum or Aluminum Copper or Copper Current ON Period
Composite (kcmit) Composite {Hour)
<3364 <4/0 AWG 1.0
336.4 0 795 4/0 AWG {14 500 kcmil 1.5
795 0191590 500 kemil ©13 1000 kemil 2.0
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2.1.6 MFIAAIANAIRTIN

i imesausunulagezinnsiasaniuaati ofFe  lasilawly
4
nruRa s Wifin 12 A ugriadrnnusnerndlwiiatondalnlsisa s (ufluaing
-l LTS L
NRYI) 9 ' 1 aler Fuufioulvan
) \1ﬂﬂ1ﬂ’1"llll@l’1uﬂ3ui]‘m§ﬂ1 V7] n’m'numumun‘lmmnﬂmumuulnagﬂ
Pr— ar - w [ o =l a [VRE o -
annpiiiaoanu tRabisndaldnmuauBoudoudule 1w A 20aa a1 B g oo
ﬁwunm‘lﬁmngm

3 Lo “ L3 J e
‘H&I"I!JI.‘HG! ﬂ'Tﬂ']"llJﬂ"l“Yl"l'l-WlﬂﬂGlElJYI 2000 il:“’ﬂ@liﬂﬂﬂﬂ?
v

Ry =R, /[1+ o, —20)] (2.1)

]
1 v ol

A =} a L
Wa R Aa arenuaunmufiele

m

o - (o]
T, 98 amnnUYad Connector (°C)

=

4 a & P [ o
o fAa ﬂuﬂ'a':anﬁm"nmﬂauuuﬂﬂwaommmumunugnmnu

u

u —3 o w~
H'ﬂﬂ"ﬂ"lﬂ OoL=4X10 fOC FTHILYIBIUFA

a=36%X10 °/°C é’m%’uagﬁtﬁuu

2.1.7 MIINAWWY

nil
42 9 o 2 .
flafuaadii ON uazatitinatlusiiila (Thermocoupte) Wn1sia

L]

ATTIAYIUNL

amwni
q u

2.1.8 auidaiarasnonuAalRaAaUENAIY

Aranuduns Aieldasdaiiwiozmw lavasfeifiafiosnw lapezfiadnd
whninwAaaidisanusunuisalanuisanufianaia (Eror) fntnulaouulad
Lifiu =+ 5% andadnvassfialelugisasnie

- qquﬁﬂaaﬂamuﬂmai’@immnmu eTao‘lﬂLﬁuaqmm‘]ﬁmm@T'Jm

- ﬂ'nuumn@mmaaqmnqﬁ::%haéhﬁwmuquﬁ'unaw.u,ﬂLﬂa%'@iauunmu 22609
IwwduTmw Tmua:ﬁa’hﬂmﬁmmwﬁ@iaLfmmwLmnei"uwaoqmﬁqﬁﬁu'mm U0

- -] [y o 1 A 1 1
AMNHAWRNa (Error) nn’ﬂmnu 10 9@ ILTRLTAR IINANARUUDIATINITURANATIT DI

]
LYo

AUNNINIA LG BT IIEININUA

L3 a

2.1.9 gowwnd
LﬂaaaﬂnqmnqﬁLﬂud'\ﬁﬂouanﬁn:é’ummi’auﬁLﬁﬂ'ﬁuuuﬂamumma{@iauun

Cal ﬁ’"maumﬂma{@ial,mnmuLﬁﬂm'm:”augw‘rua:ﬁ"nlﬁﬂauLuﬂm G EUhGALIG

amaudannali 1w usanaunartlWeaaddudu duardanaldarnudiuniuass

= s G as A' tr 1
Awindua s usa
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2.1.10 @MW
P ' a p= a o e ¥ o - a o
maamnmmwumummﬂuﬂwUﬂmlﬂmﬂmﬁgcgLauwmmuuumﬂaumﬂ

[ ) ¥ N - = [ .:i’ r o .
Lcﬂammmnmu“lﬂaglugﬂmaamnmau Waliiaanuiautugunpiiuudinauuainaien
= &
ih muna:gwuﬁ‘aﬂ

2.2 npe)msawndguiaaionaizn1sisllsunsa Finite Element
MINagsuN1 WA w83 Parallel groove Clamp two bolt sraudawdilai
= o ' a a & e oa & o ' A d g [ .
whgsmwuszndagaiufisduiviagnasenuu uengaiunisfivia i Hot  Line
. L= -3 "A a ko =
Bail Clamp \fianifizalddiensszmansndmanlaanmsldldsunsumsinluyied
LaUa
e E o e =d o € - L3 [} ° = L3
asnudslairisnsdwindwluiiefiuudungaslunisdmwr ndineinng
n3zgAuTaRIBIIAn NARaL

@18819n 3Nl UINITNIEZAMNTOBUUUADINANI Finite Element [7]
[ 1 L. d W X Al ar v A
@799 2.2.1 FUMS3 Finite Element Agi1a3uy lapdsmsudsldu sansnlsunywn

FOAARDIN U AAIAIBENT

Ky K Ky [T Fy
Kyy Ky Ku W r=3F
Kar Kz a3 || Ts Fs

[k]) {3 = () 2.2)
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u‘.o' ﬁ{ a ] Qe ruL- - o
21N 2 FinTRenanmsWInTun T s Aol ue S iuue MFUMIAINEINalvAe

ANBUENIINTEILY sdganniuniadiud
T1
(2.3)

T(x,y):[N1 N2 N3 T2
TS

'N & o ‘1J ~ ﬂ- J G | ~ [T a
AMITWIWINTRULTNW J D839 WL Luﬂdﬁ]"lﬂﬂ'l]ﬂﬂTl'ﬂwlﬂ%W%ﬁﬂaﬂLﬁdlﬂWﬂEN

I
24N 3 ¥
Haywil e
62T+ 9t a
— o= (2.4)
ax2 ayz k
= - a ' w O - o au
laeft T= Tlxy) wnunInTzTIsralgmnpdsunIainasaaadanuaiounlsdu J
ﬁa;ﬂ,uzﬂ
2 2
1
()= 1(91) oY 9 by (2.5)
2\ Ox 2\ Oy K

w - - A a ' '™ Vw8 ' a a
winilBladuudauniouii 3 yada landliifsvnedada T, T,, T, Souaasnsgl
o " a & & ' e & o o P
# 2.3 imazldrumaafuuanmua 3 sunsnnminiadgarasiTLlIEL J A

Py w - e v oo . -
mm'ﬂaanum'lugmwgmmmmuqm
T(x,y T3

T1

T(x,y)

2

317 2.3 SNBUENINTZIILYBINGLAR slaudszurmmululafiuud
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F\. a r l; I'-.-' B A A * A L
muThmmwaddgavasiaitunlsdu J ivheadaaiu 7, a2l

6J(T) I&ra(arj orafor) ora
xor\ox) eyor\ay) omx | @O

-
Liiagann
T(x,y) = N1T1 + N2T2 + N3T3
AINU
Or _ON,_ 0N, ON,
—= T1 + T, + T3
Ox  Ox X
WAL
0 [GTJ _ 0N,
oT, \ Ox Ox
luvuansoanu
or  ON, ON, ON,
— =T 2T, + 2T,
Oy Oy Oy Oy
_a_[g] Lo
o \ov) o
oT
Uas — =N,
aT1

& g " - & w X w , a e d °

dwh 4 savanTuud s uiigvsundaziafiund aavisovldlagunugunisnis
. -~ an - - o A

ﬂamtu,muhu,aaLuu@'{aaluaummaqﬁaﬁmuﬂmu wazarlawWarmuulseu J ﬂag'l.ugﬂ

mmamvmu T1 ) T2, T ‘Yl"ﬂﬂ@'lﬂﬂx‘lﬁ"]lﬁ]ﬂ

ou(T) ON ON ON, YON, [ ON ON, ON, YON, Q
=I LT, + 2T2+ 31ty LT+ T, + — —N, pdxdy
ar, Ox Ox Ox / Ox Oy Oy d ) O k

Q ON, ON,  ON, ON, ON, ON,  ON, ON,
— JNdxdy = | + dxayT, + [ + dxdyT,
AL Ox Ox Oy Oy AL Ox Ox Oy Oy

k A

. I{am ON, N ON, c’ﬁr~13:|mm3

Ox Ox Oy Oy 2.7)
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Huft 5 Fnasveng Warsuusdu J Tawdnagasns fiflaad 3
windgauasWaituilaiu J lawnsatasiuguwgdfiyeds T, T, 7, 99

1 W e - J w
ralifaszuusuniseduudfidisnausae 3 sunas

K11 K12 K13 T1 F1
K21 K22 K23 T2 = FZ
K31 K32 33 T3 F3

KT} = (1O

o GN. N, &N, 6N
K. = 1 L+ ! ! xdy 2.8
"ollax ax o ay oy 28

F=2 [N, dxdy (2.9)
k A
v - '3 al P o o
sunIansundzoanme e iwudmumasunin ldadouiudife
1
N, = —(a1 +b,x+ c1y) (2.10)
ZA
o & aN.' b1 aNz C1 - -
gt —=—"1 war —==— ununsuadlugums il
Ox 2A 2A
b.b c.C
Ky = J|:'1_;_ + 1—;]‘1"‘13’
A 4A 4A
b,b, +c.c b.b, +c,c
K,y = ———"" [dxdy Ky, = 11 (2.11)
4A A 4A
ATuadtauanu

b.b c,C
= 22852 by
AL 4A 4A

bb, +c.c b,b, +¢,c
K,, = 102 21 2 Idxdy : K12=L_J__2_
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L&
b.,b c,C
N
AL 4A 4A

b,b, +cc, b1b3 +c,c,
Tha 2 Idxdy S T
4A A 4A

K

o o o . Q & ' o .
Turnwadldpanu d1 — lugumaudiaanasle
K

F = % [N, dxdy
A

F= 9- _[-l-(a._ +b,x+ c1y)dxdy
k A2A

QA
Fp=— (2.12)

)
k3
x - .
WAZTINITIENTOWIEUMT  Finite  Etement 2adniafiumualugil2.4 o) 1d winn
ren ] - A d s 1 o A @
Arsonediudi 1 dalsznaudissedawanoias 1,24 ta@wnsalisunns seld
WNBLAITAGENIATIM 1,24 ansFusumIWludiediwuinesafiuudilanig

] A
wmsmmngﬂﬂ 24

b
' - '

_3“\\_‘ WNULIVIAED
I N PUUL UWIR M
; .

- ® —x
” 2.2
.3 |
n) MNLLATIAADTI ) Mmr.uamqmia'luﬂun'ﬁ(2.12)

a - ol o , &
EIJYI 2.4 LoRLuuanN 1 T'IUHN"IUW‘U?]BJ‘Q@G’IGYIJE‘TIJ

o
IMBUNITIN (2.10)

N, =—(a, +bx+c,y)
i(xy) ~ a1 1Y
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o -
lan A = AufinaeRudmumany
A==y =y ) 5,53 = )+ x5 (v, =v,)]
Sl =y )+ xily, —va )+ by, —, (2.13)

ay=Xp¥3 T XY, by Ty, Ty, Ci— X3 — X,
8; TX3¥y T XYy by Ty; Ty, Ca =X 7 X
a3 XYy TX¥y by Ty, Ty, C3 =Xy = X%y (2.14)

VINEUNINYBIIARBYIFIUURZANNTT (2.14)

1

1
x|=OY|=0b|:“3‘ CI:_Jg
2 1 1
S
1 l 2
wef BTy hlesg

g d H H - a = - - .
LESTHUTEEEY A = 1/3+/3 3miuialdanms 2.11 s nefuuewaing 1ila i=2
. v a &

i=3 1z ladulsefins

Bo+(-5)5)
_bybytce;  \3 NEVIYEY
ko = - -
4A 4(_1_] 24/3
34/3

o W » o & - ol Lot
1uau Ltﬂzﬂ’lﬂf‘iﬂ LNATNYEN] JLaIDALIUNY 1 Ufna

2 1 —3
1
<] .., = 1 2 -3
elel 2‘\/5
-3 -3 6
war
1
1 Q
(Fla =21
elel 9‘\/5 K

71944
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dauu aun T udofiuudenaofwudn 1 1 ag

2 1 —allT, 1
1 1 Q
— 1 2 —3ldT t=—T{4 (2.15)
2~/3 9-/3 k
-3 -3 6 ||T, 1

2 1 —3[(T, 1
1 1 Q
— 1 2 —3[KT t=——=<1 (2.16)
23 9+/3 k
-3 -3 & |{T, 1
sazrunT W ivWudediuudvasadiuudd 3 An
2 1 —=3]|T, 1
1 1 . sl o 1 Q 1 (2.17)
==
2~/3 9+/3 k
-3 =3 86 ||T 1

& L a & - ¢ v oW o ) [
AUN 6 HITTINENNIT {2.15-2.17) mnmmmamuuﬂmeununa‘lw.nﬂaun*m:uu

320 il
[ 2+2 1 1 -3-3 |(T, 1+1
y 1 242 1 -3-3 |[T, 1 gl 1+1 | (218)
23| 1 1 242 —3-3 || [ ovak] 1+
—-3—-3 —3-3 —-3-3 6+6+6||T, 1+1+1
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mnuuﬁamnwnmuwﬁaﬂwaum mmawmimwmnzﬂ Nn24n uaz

92 4TITZWLAN

Iada famumil AMUTOUIMNNIDUAN
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2 T=0 Q,
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4 T=7 0

- =3 L7 i 1 a a st IJ
lanQ,,Q,, Q; luhuwmanuibuiilnasaniingada 123  arwdrauduiitasinan
weiulanzHianinuiouldlas aaduaunty 2.18 a=nangNdn

4 1 1 —=6]{0) (2] [qQ,)]

—_— 3 =———94 7+

asl 1 1 a4 —ellof ovzxl2[ ol (2.19)
-6 —6 —6 18 [|T, 3 0
L 0 J v L J

=Y

1 s w d ., .
"mﬂu%lﬁ'lﬂﬁl.l'l?ﬂl‘ﬂﬂ&lﬂﬁiﬂ;ﬂﬂ’m'ﬂD\ﬁ:‘uuﬂllﬂ’li 2.19 mqmw;m T4 NOEATLAKINEN

weinlans 1o
1 1 Q
——(o+o+o0+18T,)=——=—(3)
2+/3 ) 9+/3 K
1Q
T,=—-
27 k

LAZNNUBTANFNNITUINYBITEUURNNNTTIN 2.19 mﬂ‘%mmm']u‘?auﬁimaanmnqm

da 12,3 vasurulansild

Q.=q,=Qq, =———T = g
T2 L3t o3k
_1a
343 k

d ar 1 31 [ wamd 6‘3 d A -~
afty lgmidnetnaftldgnuidnasuRenidnsuznminszasgunniivu
uwlanzlooldlwWludiodinudaauiiaaslusunty laoldinuiuiafiuwerinny 3 14
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2.3 nouijvsiauias

2.3.1 vilaudaalugaaad (Ideal Transformer)(d)
'lummammuaﬁmuauﬂaﬂﬂﬁ’mLﬂumaawmmumlnumamLatm:u

ﬂd“”ﬂ“ﬂﬂﬂR’ﬂ(ﬂ'a‘.ﬂﬂﬁﬂ']ﬂﬂdﬂﬂ) mummmnuuaLLﬂaa‘lwﬂqmwmﬂmmumaa

'Lumaﬂguml.muuauﬂaawﬂwmmlumq wrfdrguidvluwnumdnuazaaaintan

muua*n’muﬂluwuaLtﬂaa‘lﬂﬁmwm-sm'nﬂuaﬂuﬂm (ideal transformer) mauﬂmﬁuum

De

TR
1.fnnuaunuasvasalsuniiussndoniiddannansaanlal
dunda (LitfedanuggiEsainaiansund)
2.|.é'uu.nu.ﬂm§na:ﬁmﬁqa‘u:'lmmumjmﬁnua:ﬂﬁawmmmﬁu'a 2 ALy
sanudelifaunuuiindnia (Leakage Flux)
3.amugaEoluwnwmanidmaoinnislibhanga
4.6 Permeability [ uaaunwminidgenin gaanunszuanszduisidian
1N
mngﬂﬁ 2.5 Lﬁatﬂwﬁ'auﬂaqmaqmmﬁa:tﬁu‘lﬁh V,=E, U8z V,=E,
sntuazlddnsananuussanwlni (Voltage ratio)

E1
=—=—=a (2.20)
E

I, N, (2.21)
= =—--=2
I, N,
— % ]
- o ~—— e
O < O
<] . ™
() v & j N N ™ Vs Z.
fal ™
‘ TP ’ - Load
O i O

a4 . n
sUn 25 uuauﬂaaluqmuﬂm

[~

NNEUNTH (2.20) uaz (2.21) wldanuduiutuasiasiWilnai



21

VIR AVALH (2.22)
o 22LﬂuﬁhﬁmﬁLmeﬁ'maqmi:'l.Nﬁ'lﬁ']uqauqﬁ azlddraaTidiuduRuaud
{impedance ratio)
V. 1V 1 (2.23)
_ Ve _ 1_
z,=2=—-1=—z
I2 a | a
2 2 (2.24)

2.3.2 1vsauyazasvsianlasivih (Equivalent Circuit of Transformer)

nm TR wasmdawlsstddt lapiirualdidunlaulas
qmmaﬁfua:ﬁnlw“lﬁﬂqwé'uﬁ‘uf'uaomé’mwshmmﬁ'ﬂﬂﬁ'l SATEIWNIELA TN LA
e 1 - o -8 d o ¥ -y 7]
daTaIuduALaus mmmmmu'\'l'nﬂﬂ'[umﬂumiwa'nm'\m’mwﬁam&ama'kﬂﬂ']
a s W A [ - A L -
dwiundaudad Wi niiuads (actual  transformer)  laluntduiladasfafisnwaaal

mnizLLanim:uld) aawIyLwanTILazaaua W n Wil 1veInaa® lunigins

] = - g a ' - - o 1 =
TJQTE&IHQH’N‘lNﬂWLWGB'D"lﬂUﬂdNﬂﬂlﬂ@]'ﬂﬁﬂﬂ'ln‘itLLﬂﬂ'i:GJu'il:L%uvL(ﬂT]ﬂ’lﬂizLLﬂ|c il

]
A -

* s i a Y - ) = d =)
fuilaznauney nIzuanIzguly arliidadggdsluunumdnufetundulgugl

= a
drdmuald Re udianudumuliiauyssesmagyidsluunumdn (equivalent

. [ LV ™) “ o
core loss resistance) 3= ldanuguNuiaail
| =—T (2.25)

dinszug | iludiudiznavuesmwiunizgu |¢ﬁﬁ'11ﬁ't,ﬁm¢h
. [ = ' o a & o w = |
aunndndndefansasiduainnumioin Wi didmuald X udiaanw

ﬁT’lumu'LNﬁ'naﬁauﬁugammmmf”wammmmﬁn (equivalent magnetizing reactance)

A léi
| =— (2.26)

L A A [
INANUFUWUTTEIFUNTA (2.25) uay (2.26) anansnudasiluuuuuessvsauys

IddazL 2.6
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E| - ° w“ d e -
31]71 2.7 wwuitasanmiiniwsadndawlsd IWiniuat

()

o v oo A4 o o w
i]'lrlzl]'ﬂ 2.7 ﬂ) “ﬂ@ldl“L'HuﬂqlLUUﬂ']Ti]"]ﬂE]Gﬂ'lﬁn'ld’]u'ﬂﬂd“llﬂuﬂﬁq

F‘ L= L] - [ “-‘ i -, L]
Wi fdueSwnziionsz Wiz Tasfinmsifiaswinwaiingnia ¢, ilefeisnazaasii

awunimaniazaanudunmuiniivodrasia wausowsanuiuuitsadlaas

31]171 2.7 U) uax f)

- . w
i]’lTIELIYl 2.6 unr 2.7 mmmuamLﬂmwmugamﬂﬂﬁﬂmmunua

{ < a \ . . v <
utlad IR TIua3e (exact equivalent circuit) 1daazifi 2.8

Rc : core loss resistance
R, : primary resistance

R, ! secondary resistance

X, ' magnetizing reactance
X, :primary leakage reactance

X, : secondary leakage reactance

LR, X, I,
+Oo— — | —b———-c;
A

IC ¢'1F | |
Vi vsSR, ) v E
; l
o S C
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Ry Xy Gl e Ryl
T LT r
l c Im + +
Vi = mé& E3EE, v,
l el l
e e ‘ —0 -
_____________ ideal
)
R,
oI AN

—

04— < —»

f)

4 W l:‘ W =3
51 2.8 Namugama‘lﬂﬁwamuaLLﬂm"Lwﬁ'mLﬂuaﬂ
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o . -
17U 2.8 wlarunisda

E,=aE, =E',=V,+, (R, +ix',) (2.27)

v, =€, +1,(R, + ix,) (2.28)

2.4 N3 Ingmuni
2.4.1 wanniiwazuvuzaanaiinalidlaz-3]
a o | - A -l w ' a W 2 \
nannitmadluddiflafie nasfisnalan: 2 1&u d e uuTausa
Uanpidndsiy drdaugesdensaeslamnndarin azfanizualwilnalursasdu
x 4 - X - .
AIaIFaInNgUN 2.9 TagSuramtivanasnszug Wi dazddsuudasldaumads
- . - o . . ar 4 . @ o
ﬂaaqqumnﬂmuqmamaaa Lm:n’nﬂmﬂmquamunmaan v ldifie
] A -~ - i - ' o =
ursafanlwindsosutle utaeiau Wi mESendt “ fidaliaee

6, = QLAT (2.29)
d.. a 1 byl = J 3 . ) 1 AJ
\Wa o fa fmaNdssAniuasfilia ( Seebeck Coefficien ) tufnn
- . -
AT A2 HaNIVIgUNNA
-l A 4=' e e
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amunnivadudaz Channel (°C)

1281

CH1 CH2 CH3 CH4 CH5
18:19 27.3 273 27.1 27.1 27.9
18:24 40.9 39.6 39.9 40.4 41.1
18:29 52.1 50.1 51.0 51.4 52.1
18:34 60.4 57.7 58.8 50.0 59.5
18:39 67.6 64 65.7 66.4 66.7
18:44 7258 68.5 706 71.1 715
18:49 76.0 715 737 74.3 74.3
18:54 79.9 756 77.7 78.5 79.2
18:59 82.9 78.0 80.5 80.9 81.6
19:04 85.0 794 82.4 82.7 83.2
19:09 86.6 813 84.0 84.5 85.0
19:14 86.9 81.8 83.4 84.4 83.9
19:19 87.9 82.1 85.2 85.7 85.9




38

o s e daRE e e

H ﬂA - :
31]ﬁ 3.8 aWVUVINAAULIU Parallel groove clamp two bolt
A AJ ) : b 1
mn;ﬂﬂ 3.8 n‘nﬂqmv«qumnm-ﬂuuu Parallel groove clamp two bolt 32&ILNAIN
-l
i

- J o “: L= a g2 0‘:
ammnﬁuama@ muulumm@ FAaUITIENTINITANR

. & o &
a‘@m@mmaﬂuﬂmﬂan CH1 2z

L] 1

e &
wailudldaly o gait

3.3 193T@BINITNAAAL
. o o - - . & '
Aaunaziinimagaualy doavini1ss1saddaTniTnasauiuuinau laod
" ¢ o
mqﬂs:mmwa
d L) e e Us 1 s
LiReliiavinuzlumldnunssalniniusiazan
o - o a & A -
2. WaraaM R ENa1RzIia T ullaNIINagauadd
A o e wat - .- - a & 2 s
3.Lwa'na:‘lmmugmﬂmumu.a:anmmnﬂm_,wmawa:mmu‘l@nummmﬂau'lv.
139799

gﬂuuuﬂmqamﬁmm
o W , o« o [ a A =
'lmaﬁmsmaaw:mqﬂmmﬂ'lummmaanummmaaulmwwn aaovaztu
cd 5 v 6¥ ° . o= @ & a
qﬂmmﬂmumﬂmmmumn‘lm '[mumqﬂnsmmmaLﬂufﬁﬂmumnumm:auua’mdm
4 . - - do X oo d
MMARBUANNIATINU INOWIFANGUUIUUBZAMIUATUN TN MINATUNLIITNATEY T
o o & o A o
TN InaaauI1 T8I ns DY INUNUNTINATAULANIVAN NMINATILRIIANY
- A
aunaNgIngatad Parallel groove clamp two bolt Uszn1INa&DL Ta Temperature

Recorder



dy ~ N o [ N A = . 5 ' N ) N o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

lunnsdilas visdu Snvamuiilusaudadiien wagnotondeiisaiveaenalsynasaninistiluly



wnansiidwenarsianubdmsunislynuienisnwiniiu lweygislmilulsdsslesuaunisan

luansdlla visdu Bnvamuilndaudadiien wazmetonsdeisaivadenaisynasaninisilvly



wnanstduenansianuhdmiunslsanuiionisfnwimituy lweygslniluleyssloguaiunism

lunsdlla visdu Bnvanuiilusaudadiien wazmetonsdsdaaivaenaisynasaninisiluly



dy ~ N o [ N A = . 5 ' N ) N o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

lunnsdilas visdu Snvauiilusaudadiien wagnotondedisiveaenalsynasaninistiluly



& P ¥ o [ N A =2 'Y i ¥ o N o N
wnansiiduenasianubdmsunislynuienisnwiniu lueygislmhlulsysslosuaunisan

lunsalla iy Bnnsnuiludnuaailon uaznedenddaaivesonalsvnaseniinisiiliuly



wnanstduenansianuhdmiunslsanuiionisfnwimituy lweygslniluleyssloguaiunism

lunsdlla visdu Bnvanuiilusaudadiien wazmetonsdsdaaivaenaisynasaninisiluly



& a ¥ o [y N = =2 ' ' ¥ o N o N
wnansiidwenasianubdmsunislsnuionisnwiniy lweygslmhluladsslosununisen

lunsdllas visdu dnnamuiilndnudadilen wagnedendisaivesenaisynasaninisilvly



wnanstuenansianubidmiunislenuiionisfnwimituy lweygslnilulyssloguaiunism

lunnsdllas vsdu Snvisnuiilusaudadiion waznetosdsiuaivaenaisynasaninisiiluly



47

2 HaN1INAFAD
21 uamaaqmﬂgﬁ

®15191 3.2 NROMUDHTAY Parallel groove clamp two bolt SIZE 50 -185 sq.mm. No. 1

OBJECT NO. 1 Parallel groove clamp two bolt
NUMBER OF CYCLE 25 50 75 100 125
CURRENT (A) 407.23 | 405.13 | 403.60 | 40630 | 401.92
AMBIENT (°c) 27.10 27.10 27.20 26.70 27.00
TEMP.CONTROL CONDUCTOR (°cC) 130.38 | 129.07 | 128.05 | 131.29 | 130.95
TEMP. TEST OBJECT (°c) 60.94 77.97 76.58 76.63 77.19
TEMP. DIFFERENCE (°cC) 49.44 51.10 51.47 54.66 53.76
MIN. ALLOWED AVERAGE TEMP.DIFFERENCE - 10 (OC)
TEMP. DIFFERENCE (°C) 52.08-10 = 42.08

TEMPERATURE MEASUREMENT No.1

1409 == TEMP. TEST OBJECT (°C) ‘
- —— - el— a
5 1204 —=— TEMP CONTROL CONDUCTOR (°C}
w1004 == TEMP. DIFFERENCE (°C}
g —i— MIN. ALLOWED
£ 804 - . . o .
& * *> *> +
50 o
% *>— o P e "]
w 40 A m—ners i e ’
w
20 o
¢ v
25 50 75 100 125

NUMBER OF CYCLE

RESULT : PASSED ( FOLLOWED UP ON ANSI C119.4-2004 )
All value of Temperature Difference (°C) more than Min Allowed of Temp Difference

(°C)

31]17‘1 3.23 nﬂﬂqmﬂgﬁmao Parallel groove clamp two bolt SIZE 50 -185 sq.mm. No. 1
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A =
@1579n 3.3 ATLNIJTDY Parallel groove clamp two bolt SIZE 50 -185 sq.mm. No. 2

OBJECT NO.2 Parallel groove clamp two balt
NUMBER OF CYCLE 25 50 75 100 125
CURRENT (A) 398.60 | 396.20 | 396,10 | 397.30 | 395.60
AMBIENT (°C) 2795 27.77 27.95 28.25 27.98
TEMP.CONTROL CONDUCTOR (°c) 130.38 | 129.07 | 128.05 | 131.29 | 130.95
TEMP. TEST OBJECT (°C) 97.22 90.66 90.32 91.06 92.48
TEMP. DIFFERENCE (°c) 33.16 | 38.41 37.73 | 4023 | 3847

MIN. ALLOWED

AVERAGE TEMP.DIFFERENCE - 10 (°C)

TEMP. DIFFERENCE (°c)

37.60-10 = 27.60

TEMPERATURE MEASUREMENT No.2

I —e—TEMP. TEST OBJECT (°C)

-

| _a—TEMP.CONTROL CONDUCTOR (*C)

—e—TEMP. DIFFERENCE (°C)
—— MIN. ALLOWED

|

140 4
[ - -~ — 4
o 1204
T100] e . . .
o ¢ + 14 h
2 80
1
g 801
5 o] oo o~ o
L = Ty & - -k
20 4
0 v v v v v v v v
25 50 75 100 125
NUMBER OF CYCLE

RESULT : PASSED (FOLLOWED UP ON ANSI C119.4-2004)

All value of Temperature Difference (°C) more than Min Allowed of Temp Difference

(°c)

gﬂﬁ 3.24 natangiiues Parallel groove clamp two bolt SIZE 50 -185 sq.mm. No. 2
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A -
AN 3.4 AU AYDY Parallel groove clamp two bolt SIZE 50 -185 sq.mm. No. 3

OBJECT NO. 3

Parallel groove clamp two bolt

NUMEBER OF CYCLE

25 50 75 100 125
CURRENT (A) 398.60 | 396.20 | 396.10 | 397.30 | 39560
AMBIENT (°C) 27.33 2777 27.95 28.25 27.98
TEMP.CONTROL CONDUCTOR (°¢) 12098 | 129.07 | 128.05 | 131.29 | 13095
TEMP. TEST OBJECT (°C) 96.95 97.38 9843 | 100.31 | 9968
TEMP. DIFFERENCE (°c) 33.02 31.69 29.62 30.97 31.27

MIN. ALLOWED

AVERAGE TEMP.DIFFERENCE - 10 (°C)

TEMP. DIFFERENCE (°c)

35.15

- 10

25.15

‘ 140 4

TEMPERATURE MEASUREMENT No.3

» .. a —a -
120 4
"'y 100 4 . - . -
| 80 /

:

4] v r

40 « —,
04 * il T

—e—TEMP. TEST OBJECT (°C}
—a~ TEMP.CONTROL CONDUCTGR (*C)
—e—TEMP. DIFFERENCE (*C}
—a—MIN, ALLOWED

]

25 50 75 100

NUMBER OF CYCLE

RESULT : PASSED ( FOLLOWED UP ON ANSI C119.4-2004 )

All value of Temperature Difference (°C) more than Min Allowed of Temp Difference

(°c)

gﬂﬁ 3.25 nWanin)uD9 Parallel groove clamp two bolt SIZE 50 -185 sq.mm. No. 3
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M3 MN 3.5 qm‘nnﬂﬁ'ﬂm Parallel groove clamp two bolt SIZE 50 -185 sq.mm. No. 4

OBJECT NO. 4 Parallel groove clamp two bolt
NUMBER OF CYCLE 25 50 75 100 125
CURRENT (A) ; 398.60 | 396.20 | 396.10 | 397.30 | 395.60
AMBIENT (°c) 2795 | 27.77 | 27.95 | 2825 | 27.98
TEMP.CONTROL CONDUCTOR (°C) , 130.38 | 129.07 | 128.05 | 131.29 | 130.95
TEMP, TEST OBJECT (°c) } 78.16 | 97.38 98.43 | 100.31 | 99.68
TEMP. DIFFERENCE (°c) " 5222 | 3169 | 2062 | 3097 31.27
MIN. ALLOWED (AVERAGE TEMP.DIFFERENCE - 10 (°C)
TEMP. DIFFERENCE (°c) 35.15-10 = 25.15

140 4
120 4
100 o
80 4
60 <
40 4

TEMPERTURE {°C)

20 4

TEMPERATURE MEASUREMENT No.4

- ... a5 —e—TEMP. TEST OBJECT (°C)
—8— TEMP .CONTROL CONDUCTOR (°C)

—e— TEMP. DIFFERENCE (°C)

> . . *
— | —a—MIN. ALLOWED
25 50 75 100 125

NUMBER OF CYCLE

RESULT : PASSED ( FOLLOWED UP ON ANSI C119.4-2004 )

All value of Temperature Difference (°C) more than Min Allowed of Temp Difference

(°c)

gﬂﬁ 3.26 N3 Wgmunnilu ey Parallel groove clamp two bolt SIZE 50 -185 sq.mm. No. 4
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?11571971 3.6 AWEIUNIUUDS Parallel groove clamp two bolt

SIZE 50 -185 sq.

mm. No. 1
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RESISTANCE( {0

OBJECT No.l Parallel Groove Clamp Two Bolt
NUMBER OF CYCLE 25 50 75 100 125
TEMP OBJECT (°C) 27.30 27.40 27.50 27.50 27.50
RESISTANCE (n€)) 56.36 54.76 55.12 56.52 54.72
RESISTANCE AT 20 °C (u£) 54.57 53.02 53.37 54.73 52.99
AV.RESISTANCE AT 20 °C (p.) 53.74
MAX ALLOWED (n{0)

56.42
RESISTANCE( p{2)
MIN ALLOWED

51.05

RESISTANCE MEAS UREMENT No.1

RESI STANCE (1)
o
th o
'Y
[ §

—e— RESISTANCE {(p0)

—=—— RESISTANCE AT 20 °C (uf})

e AKX ALLOWED (U2}
®  MINALLOWED (uQ)

25

50 75 100

NUMBER OF CYCLE

RESULT : PASSED ( FOLLOWED UP ON ANS| C119.4-2004 )

3ﬂﬁ 3.27 NINANUAIUNIUT A Parallel groove clamp two bolt
SIZE 50 -185 sq.mm. No. 1




AN3WN 3.7 ANEUNIUTBY Parallel groove clamp two bolt

SIZE 50 -185 sq.mm. No. 2

52

RESISTANCE( u&h

OBIECT No.2 Parallel Groove Clamp Two Bolt
NUMBER OF CYCLE 25 50 75 100 125
TEMP OBJECT (°C) 27.30 27.40 27.40 27.50 27.50
RESISTANCE (HQ) 83.93 76.29 83.65 £3.65 76.70
RESISTANCE AT 20 °C (n Q) 81.24 73.84 80.97 80.97 74.24
AV. RESISTANCE AT 20 °C (o) 78.25
MAX ALLOWED (u$})

82.16
RESISTANCE( p€)
MIN ALLOWED

74.34

—+—RESISTANCE (p0)
—a— RESISTANCE AT 20 °C (uf)
i MAX ALLOWED (1)
® MINALLOWED (u)

125

RESISTANCE MEASUREMENT No.2

S0 =

88
g 86 4

84 4
g 82 4 o b < > A

B8O
® 784 \/ \
D 76 4
E o724d. & Y . .

724

70 - - v v v v

25 50 75 100
NUMBER OF CYCLE

RESULT : PASSED ( FOLLOWED UP ON ANSI C119.4 -2004 )

Eﬂ‘ﬁ 3.28 NTNAIINFIUNINYOY Parallel groove clamp two bolt
SIZE 50 -185 sq.mm. No. 2



@151911 3.8 AIWFIUNTUYAS Parallel groove clamp two bolt

SIZE 50 -185 sq.mm. No. 3

RESISTANCE( u{d)

OBJECT No.3 Parallel Groove Clamp Two Bolt
NUMBER OF CYCLE 25 50 75 100 125
TEMP OBJECT (°C) 27.20 27.20 27.30 27.30 27.30
RESISTANCE (PQ) 57.38 55.88 57.84 54.16 56.57
RESISTANCE AT 20 °C (u{) 55.54 54,09 55.99 52.42 53.25
AV. RESISTANCE AT 20 °C (uQ2) 54.26
MAX ALLOWED (u§})

56.97
RESISTANCE( u€d)
MIN ALLOWED

51.55

60 -
59 J
58 4
57 4

RESISTANCE (u(3

52 -
51 4

RESISTANCE MEASUREMENT No.3

56
55 4 .
54 ]
53 J

75

NUMBER OF CYCLE

—e— RESISTANCE (u0))

—a— MAX ALLOWED {uf)}
e  MINALLOWED (u0)

—=— RESISTANCE AT 20 °C ()

RESULT : PASSED (FOLLOWED UP ON ANSI C119.4 -2004)

31]ﬁ 3.29 NIWAMUEUNIULDI Parallel groove clamp two bolt

SIZE 50 -185 sq.mm. No. 3




E v
A139N 3.9 AMNVATUNIUDDY Parallel groove clamp two bolt
SIZE 50 -185 sq.mm. No.4

OBJECT No.4 Parallel Groove Clamp Two Belt
NUMBER OF CYCLE 25 50 75 100 125
TEMP OBJECT (°C) 27.30 27.40 27.50 27.50 27.50
RESISTANCE (p) 55.90 55.22 56.38 55.22 55.00
RESISTANCE AT 20 °C (p{2) 54.13 53.47 54.59 53.47 53.25
AV. RESISTANCE AT 20 °C (u£)) 53.78
MAX ALLOWED (u2) '

56.47
RESISTANCE( p )
MIN ALLOWED

51.09
RESISTANCE( p ()

RESISTANCE MEASUREMENT_I;IOA

— e RESISTANCE (u0)

l & ~—a&— RESISTANGE AT 20 °C (uf1)
= 58 —— A X ALLOWED (p())
2 gg - —— - " ® MINALLOWED ()
: 55
E 54 L\.’/.\-\.
9 53
g =2
51 ] - . - LJ
50 r v v v r v v - r
25 50 75 100 125

NUMBER OF CYCLE

RESULT : PASSED (FOLLOWED UP ON ANSI C119.4 -2004)

gﬂﬁ' 3.30 nTWANNEIWNTULRY Parallel groove clamp two bolt
SIZE 50 -185 sq.mm. No. 4




2.3 HaVDINIITA

o -
A131N 3.10 WIILAUDI Parallel groove clamp two bolt

SIZE 50 -185 sq.mm. NO.1 - 4

55

. Test result
Test description Spec.
No.1 No.2 No.3 No.4
Dimension - Passed | Passed | Passed | Passed
_ Aluminum
Assembled with bare conductor Passed | Passed | Passed | Passed
95 sq.mm.
Torque Strength Test with
24 |b ft. Passed | Passed | Passed | Passed
threaded fastener size 11.1 mm.
Gl'l‘s'l\‘.l‘ﬁ 3.11 u59d3laau09 Parallel groove clamp two bolt
SIZE 50 -185 sq.mm. NO.1 - 4
Test result
Test description Spec.
No.1 No.2 No.3 No.4
Dimension - Passed | Passed | Passed | Passed
Assembled with bare Aluminum
Passed | Passed | Passed | Passed
conductor 95 sq.mm.
Tansile Strength Test with
14,469 N. Passed | Passed | Passed | Passed

Aluminum 25 sgq.mm.
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4. a
A157191 n.1 Fuwanlamdstnldlunmnaasy

Connector Class

Number of Test Cycle for:

CCT Method CCST Method
Extra heavy duty {Class AA) 500 NA
Heavy duty (Class A) 500 100
Medium duty (Class B) 250 75
Light duty {Class C) 125 50

A = J 1 W - Qs s
WWa  CCT Method fis Finmasauivsaulisqnarauidudiaslasldainmarey g

- A [] L7l = -1 Qe 1 :’
CCST Method fa 1'1's'mmﬂaaunﬂaau1mac»]nmaauLuum1aaTﬂun17Lt-nu1

c' ) -
A1379N N.2 AULTHNUA

Threaded Aluminum Galvanized steel,
Fastener Fastener Stainless Steel
Size or Silicon Bronze Fastener
in mm Ib in Nm Ib in Nm
5/16 7.9 - - 180 20.3
3/8 9.5 168 19.0 240 271
13/38 10.3 204 23.0 288 32.5
718 1.1 240 27.1 360 40.6
172 12.7 300 339 480 54.2
9/16 14.3 384 434 576 65.0
5/8 15.9 480 54.2 660 74.5




Threaded Aluminum Galvanized steel,
Fastener Fastener Stainless Steel
Size or Silicon Bronze Fastener
in mm Ibin Ib ft Ib in Ib ft
516 7.9 - - 180 15
3/8 9.5 168 L 14 240 20
13/38 10.3 204 | 17 288 24
7116 1.1 240 20 360 30
1/2 12.7 300 25 480 40
9/16 14.3 384 32 576 48
5/8 15.9 480 40 660 50

Gl'l‘a"la‘ﬁ N.3 Conductor lengths for current cycle tests

Composite Copper or Exposed Length
aluminum copper compaosite Stranded Solid
composite in Crn. in Cm.
Up through 4/0 AWG Up through 2/0 AWG 12 30.5 24 61.0
Over 4/0 AWG Over 2/0 AWG 24 61.0 48 121.9
Through 795 kcmil Through 500 kemi
Over 795 kcmil Over 500 kcmil 36 914 72 182.9




A 1 Fl ° B Qo A o w
™13 n.4 evasnszusiunsilldlumstlaulwiusendarin v control Conductor

- J i -y e
ﬂqmwgugwumnnnqmm‘]maumaﬂ's:mm 100°C

Aluminum or Aluminum Composite

Copper or Copper Composite

Conductor (AWG)

Current (Amperes)

Conductor (AWG)

Current (AWG)

6 90 8 95
4 125 6 130
2 170 4 180
1 200 2 245
1/0 230 1/0 340
2/0 270 2/0 400
3/0 320 3/0 470
410 380 4/0 550
(kcmil) (kemil)
266.8 450 250 615
336.4 525 300 700
397.5 590 350 780
477 670 400 850
556.5 750 500 990
636 820 750 1300
795 955 1000 1565
a54 1085 - 3
1033.5 1150 - -
1113 1220 - -
1192 1275 - -
1272 1350 - -
1351.5 1390 - -
1431 1450 - -
1590 1560 - -




< , .
A71779N N.5 ‘ﬂ‘NL"Jﬂ'WI‘I-Lﬂ'}W'? P HANR:

Aluminum or Aluminum Copper or Copper Current ON Period
Composite (kemil) Composite (Hour)
Up through 336.4 Up through #4/0 AWG 1.0
Over 336.4 through 795 Over #4/0 AWG through 1.5
500 kcmil
Over 795 through 1590 Over 500 kcmil through 20
10000 kemil

AN n.6 °1hmm'lumﬁmFi'rm'mﬁmmmm:qm‘ngﬁ

Current Cycle Current Cycle Submersion
Test Method (CCT) Test Method (CCST)
25-30 5-7
45-55 8-12
70-80 18-22
95-105 28-32
120-130 38-42
160-170 48-52
200-210 58-62
245-255 68-72
320-330 78-82
40-410 88-92
495-505 98-102




Table | Rate tensile strength of conductor

Use in mechanical test process

Conductor size
2

Rate tensile strength ( N )

mm Aluminum conductor | Copper conductor

16 2,734 6,805

35 5,591 14,310

50 7,313 20,545

70 10,420 28,645

120 18,518 49,690

185 28,974 75,640

240 37,506 101,685

400 56,992 159,615

500 72,195 201,095




Table Il MEA ‘s installed aluminum and copper conductor

. . 2
Nominal size( mm’ )

As specified in

Conductor size

Diameter rang ( mm )

description of supplies (mm®) Aluminum Copper
conductor conductar
25 25 1.6-20 1.8-21
4 4 22-25 22-286
6 6 31-32 31-3.2
10 10 35-41 4.0-41
16 16 46-52 47-52
25 25 56-95 64 -6.6
35 35 6.6 —-75 74-78
50 50 7.7 -86 8.9-91
70 70 9.3-10.2 10.6 - 10.9
95 95 11.0-120 126 - 129
120 120 12.5-135 13.4 - 145
185 185 15.5-16.8 17.6 — 18.0
240 240 17.8 - 19.2 20.2-20.7
400 400 254 -259 256 —26.2
500 500 257 -2786 288 —29.4
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NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by the consensus of persons
engaged in the development and approval of the document at the time it was developed. Consensus

does not necessarily mean that there is unanimous agreement among every person parlicipating in the
development of this document.

NEMA standards and guideline publications, of which the document contained herein is one, are
developed through a voluntary consensus standards development process. This process brings together
volunteers and/or seeks out the views of persons who have an interest in the topic covered by this
publication. While NEMA administers the process and establishes rules to promote fairness in the
development of consensus, it does not write the document and it does not independently test, evaluate,

or verify the accuracy or completeness of any information or the soundness of any judgments contained
in its standards and guideline publications.

NEMA disclaims liability for any personal injury, property, or other damages of any nature whatsoever,
whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the
publication, use of, application, or reliance on this document. NEMA disclaims and makes no guaranty or
warranty, express or implied, as to the accuracy or completeness of any information published herein,
and disclaims and makes no warranty that the information in this document will fulfill any of your particular
purposes or needs. NEMA does not undertake to guarantee the performance of any individual
manufacturer or seller’s products or services by virtue of this standard or guide.

In publishing and making this document available, NEMA is not undertaking to render professional or
other services for or on behalf of any person or entity, nor is NEMA undertaking to perform any duty owed
by any person or entity to someone else. Anyone using this document should rely on his or her own
independent judgment or, as appropriate, seek the advice of a competent professional in determining the
exercise of reasonable care in any given circumstances. Information and other standards on the topic
covered by this publication may be available from other sources, which the user may wish to consult for
additional views or information not covered by this publication.

NEMA has no power, nor does it undertake to police or enforce compliance with the contents of this
document. NEMA does not certify, test, or inspect products, designs, or installations for safety or healtr_l
purposes. Any certification or other statement of compliance with any health or safety-relatfed information
in this document shall not be attributable to NEMA and is solely the responsibility of the certifier or maker
of the statement.
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A MERIC AN Approval of an Amgrican National Standard requires verification by
ANGSI that the requirements for due process, consensus, and other

NAT'ONAL criteria for approval have been met by the standards developer.

STANDARD consensus is established when, in the judgment of the ANSI Board of
Standards Review, substantial agreement has been reached by directly
and materially affected interests. Substantial agreement means much
more than a simple majority, but not necessarily unanimity. Consensus
requires that all views and objections be considered, and that a
concerted effort be made toward their resolution.

Th_e use of American National Standards is completely voluntary; their
existence does not in any respect preclude anyone, whether he has
approved the standards or not, from manufacturing, marketing,
purchasing, or using products, processes, or procedures not conforming
to the standards.

The American National Standards Institute does not develop standards
and will in no circumstances give an interpretation of any American
"National Standard. Moreover, no person shail have the right or
authority to issue an interpretation of an American National Standard in
the name of the American National Standards Institute. Requests for
-interpretations should be addressed to the secretariat or sponsor whose
name appears on the title page of this standard.

Caution Notice: This American National Standard may be revised or
withdrawn at any time. The procedures of the American Mational
Standards Institute reguire that action be taken periodically to reaffirm,
revise, or withdraw this standard. Purchasers of American National
Standards may receive current infermation on all standards by calling or
writing the American National Standards Institute.
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1300 North 17th Street, Rosslyn, VA 22209

® Copyright 2005 by National Electrical Manufacturers Association.

All rights reserved including translation into other languages, reserved under the Universal Copyright
Convention, the Berne Convention for the Protection of Literary and Artistic Works, and the International
and Pan American Copyright Conventions.

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the
prior written permission of the publisher.
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Foreword (This Foreword is not part of American National Standard C119.4-2004.)

This standard describe;s_current cycle and mechanical tests used to establish performance characteristics
of connectors used to join aluminum-to-aluminum or aluminum-to-copper bare overhead conductors.

This revision includes an alternate, accelerated current cycle test method, henceforth referred to as the
current cycle submersion test (CCST). The CCST method differs from the traditional current cycle test
(CCT) in that test conductors are rapidly cooled by immersion in chilled water at the beginning of the
‘current-OFF' cycle and requires fewer total current-ON and current-QFF cycles. Comparative tesling has
demonstrated that the CCST method will provide essentially the same performance test results as the

traditional current cycle test (CCT) in fewer test cycles. The current cycle test remains the preferred test
method recommended for qualification of a connector.

This revision includes an additional current cycle test method (CCT) utilizing elevated temperature testing
for an extra heavy duty connector category, Class AA. The intent of elevated test temperature in Class
AA testing is to provide a better performing connector.

This standard was initially developed under the direction of the Transmission and Distribution Committee
of the Edison Electric Institute (EEI). Tentative performance-type specifications for electrical
characteristics were issued in joint report form in 1958 by a steering committee of EEl and an advisory
committee of manufacturers on the aluminum conductor research project (EEI Pub. No. 59-70, Tentative
Specifications for Connectors for Aluminum Conductors).

Experience gained from extensive trial use further confirmed the performance criteria and test conditions
of the tentative specifications and led to the development of Standard TDJ 162 in October 1562 by a joint
committee of EEI and the National Electrical Manufacturers Association (NEMA}. TDJ 162 was )
subsequently superseded by this document.

The Subcommittee an Overhead Connectors of the Accredited Standards Committee on Connectors for
Electric Utility applications, C119, in its constant review of the publication, continues to seek out the views
of responsible users that will contribute to the development of better standards.

Suggestions for improvement of this standard wili be welcome. They should be sent .to the National
Electrical Manufacturers Association, 1300 North 17th Street, Suite 1847, Rosslyn, Virginia 22209.

This standard was processed and approved for submittal to ANSI by the Accredited Standarqs
Committee on Connectors for Electrical Utility Applications, C118. Committee approvgl of}hls standard
does not necessarily imply that all committee members voted for its approval. At the time it approved this
standard, the C119 Committee had the following members:

Douglas Harms, Chairperson
Ronaid Lai, Vice Chairperson
Vince Baclawski, Secretary

Organizations Represented: Name of Representative:
Aluminum Association Jean-Marie Asselin ,
Edison Electric institute Warren Hadley

Douglas Harms
James Haris

Harry Hayes

Curt Schuitz

Gerald Wasielewski
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Tennessee Valley Authority
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David West
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David Dembowski
Ronald Lai
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Carl Tamm

Carl Taylor
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Trung Hiu
Jeffrey Nelson
Jake Killinger

Stanley Hodgin

The C119.4 Subcommittee on Connectors for Use Between Aluminum-to-Aluminum or Aluminum-to-
Copper Conductors, which developed the revisions of this standard, had the following members at the
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AMERICAN NATIONAL STANDARD ANSI C119.4-2004

Connectors for Use Between Aluminum-to-Aluminum
or Aluminum-to-Copper Bare Overhead Conductors

1 Scope and Purpose

1.1 Scope

This stapdard covers connectors used for making electrical connections between aluminum-to-aluminum
or aluminum-to-copper conductors used on distribution and transmission lines for electric utility.

This stam?ard establishes the electrical and mechanical test requirements for electrical connectors. This
standard is not intended to recommend operating conditions or temperatures.

1.2 Purpose

The purpose of this standard is to give reasonable assurance to the user that connectors meeting the
requirements of this standard will perform in a satisfactory manner, provided they have been properly
selected for the intended application and are installed in accordance with the manufacturer's
recommendations. The service operating conditions and the selection of the connector class is the
responsibility of the user.

Although there are 12 possible combinations of electrical and mechanical classes listed in this standard, it

is intended that four to six combinations will meet the usual requirements for a given range of conductor
sizes. This does not, however, prohibit other combinations.

1.3 Definitions

bolted-type connector: A connector in which the contact between the conductor and the connector is
made by pressure exerted by one or more clamping bolts.

conductor: Conducting material used as a carrier of electric current.

connector; A device joining two or more conductors to provide a continuous electrical path.
range-taking connector: Connector designed to accept multiple conductor sizes.

run conductor {(main): A continuous conductor from which other conductors branch.

splice: A connector joining two conductor ends.

tang (pad): The flat portion of a connector used for electrical connection.

tap conductor: A conductor that branches off from the run conductor.

tap connector: Connector joining a tap conductor to a run conductor without breaking the run conductor.

terminal connectors: A connector that joins a conductor(s) to an electrical device.
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2 Applicable Standards

This staqdard is intended to be used in conjunction with, but not limited to, the foilowing standards in their
latest edition:

ASTM B1-01, Hard Drawn Copper Wire

ASTM B2-00, Medium-Hard-Drawn Copper Wira

ASTM BB-99, Concentric-Lay-Stranded Copper Conductor, Hard, Medium-Hard, or Soft

ASTM B228-02, Concentric-Lay-Stranded Copper-Clad Steel Conductors

ASTM B229-02, Concentric-Lay-Stranded Copper and Copper-Clad Steel Composite Conductors
ASTM B230/B230M-99, Aluminum 1350-H19 Wire for Electrical Purposes

ASTM B231/B231M-99, Concentric-Lay-Stranded (AAC) Aluminum 1350 Conductors

/(’-‘:qSTMRI)BZSZIB232M-O1e1, Concentric-Lay-Stranded Aluminum Conductors, Coated, Steel-Reinforced
CS

ASTM B341/B341M-00, Aluminum-Coated (Aluminized} Steel Core Wire for Aluminum Conductors, Stee/
Reinforced (ACSR/AZ)

ASTM B396-00, Aluminum-Alfoy 5005-H19 Wire for Electnical Purposes

ASTM B397-85 {1999), Concentric-Lay-Stranded Aluminum-Alloy 5005-H19 Conductors
ASTM B398/B398M-99, Aluminum-Alloy 6201-T81 Wire for Electrical Purposes

ASTM B399/B399M-99, Concentric-Lay-Stranded Aluminum-Alloy 6201-T81 Conductors
ASTM B400-01, Compact Round Concentric-Lay-Stranded 1350 Aluminum Conductors

ASTM B401-99, Compact Round Concentric-Lay-Stranded Aluminum Conductors, Steel Reinforced
(ACSR/COMPF)

ASTM B415-98, Hard-Drawn Aluminum-Clad Steel Wire
T:EASTM B416-98, Concentric-Lay-Stranded Aluminum-Clad Steel Conductors

-:;ASTM B498/B498M-98, Zinc-Coated (Galvanized) Steal Core Wire for Aluminum Conductors, Steel
Reinforced (ACSR)

ASTM B500/B500M-98, Metaliic coated Stranded Steel Core for Afuminum Conductors, Steel-Reinforced
(ACSR)

ASTM B502-02, Aluminum-Ciad Steel Core Wire for Aluminum Conductors, Aluminum-Clad, Steel-
Reinforced

ASTM B524/B524M-99, Concentric-Lay-Stranded Aluminum Conductors, Aluminum Alloy Reinforced
(ACAR and 1350/6207)

ASTM B549-00, Concentric-Lay-Stranded Aluminum Conductors, Aluminum-Clad Steel Reinforced
(ACSR/AW)
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ASTM B606-98, High-Strength Zinc-Coated (Galvanized) Steel Core Wire for Aluminum and Aluminum-
Alloy Conductors, Steel! Reinforced

gSTM BE09/BE0IM-99, Aluminum 1350 Round Wire, Annealed and Intermediate Tempers, for Electrical
urposes

ASTM B701/B701M-00, Concentric-Lay-Stranded Self-Damping Aluminum Conductors, Steel Reinforced
(ACSR/SD)

ASTM B778-97, Shaped Wire Compact Concentric-lay-stranded Aluminum Conductors (AAC/TW)

ASTM B779-96, Shaped Wire Compact Concentric-fay-stranded Aluminum Conductors, Steel-reinforced
(ACSR/TW)

ASTM E4-01, Practices for Force Verification of Testing Machines

3 Test conditions
3.1 General

Connectors shall be installed and tested for current-carrying and mechanical performance in accordance
with the conditions noted in clauses 5 through 7.

3.2 Current cycle tests
Tests shall be conducted in accordance with clause 6 and shall be of the duration listed in Table 1,
depending on the current class of the connector and the choice of test method (Current Cycle Test (CCT)

or Current Cycle Submersion Test (CCST)).

Table 1 — Test duration

Connector Class Number of Test Cycles for:
CCT Method CCST Method
Extra Heavy duty (Class AA) 500 NA
Heavy duty (Class A) 500 100
Medium duty (Class B) 250 75
Light duty (Class C) 125 50

3.3 Mechanical tests

Tests of tensile strength of the connection, reusability of the connector, and effect on the st.rength of the
in-line conductor shail be conducted in accordance with clause 7 for the strength class as listed below:

Class 1 — Fulil tension

Class 2 — Partial tension
Class 3 — Minimum tension
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4 Performance
4.1 General

Connectorg shall conform to the appropriate performance requirements in 4.2 through 4.7, when installed
and tested in accordance with the methods specified in clauses 5 through 7.

4.2 Resistance

The resistance of the connection tested in accordance with clause 6 shall be stable. Stability is achieved
if any resistance measurement, including allowance for measurement error, does not vary by more than
+5% from the average of all the measurements at specified intervals during the course of the test.

4.21 CCT resistance

The resistance of the connection tested by the Current Cycle Test method in accordance with clause 6
shall be stable between the twenty-fifth cycle and the completion of the number of current cycles required
in 3.2 for the connector class tested,

4.2.2 CCST resistance

The resistance of the connection tested by the Current Cycle Submersion Test methed in accordance
with clause 6 shall be stable between the tenth cycle and the completion of the number of current cycles
required in 3.2 for the connector class being tested.

4,3 Temperature

The temperature of the connector tested in accordance with clause 6 shall not exceed the temperature of
the control conductor. The temperature difference between the control conductor and the connector shall
be stable. Stability is achieved if any temperature difference between the control conductor and the
connector, including allowance for measurement error, is not more than 10°C below the average of all
temperature differences in this interval.

431 CCT temperature

The temperature of the connector tested by the Cumrent Cycle Test method shall be stable between the
twenty-fifth cycle and the completion of the number of current cycles required in 3.2 for the connector
class being tested.

4.3.2 CCST temperature

The temperature of the connector tested by the Current Cycle Submersion Test method shall be stable
between the tenth cycle and the completion of the number of current cycles required in 3.2 for the
conductor class being tested.

4.4 Tensile strength and rated conductor strength
-4.41 Tensile strength

The tensile strength of the connections tested in accordance with 7.3.4.1 shall be equat to or greater than
the values listed in 4.4.3.
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4.4.2 Rated conductor strength

Rated conductor strength, as used in this standard, shall be determined in accordance with the applicable

ASTM standard listed in clause 2, or as furnished by the conductor manufacturer for nonstandard
conductors,

4.4.3 Classes of tensile strength

4.4.3.1 Class 1, full tension

The tensile strength shall be equal to or greater than 95% of the rated conductor strength of the weaker of
the conductors being joined. A conductor shall be considered as a failure when at ieast cne strand
breaks. For connectors of the type that do not have separate gripping means for the different metals of
composite conductors or that use nonferrous means on ferrous conductors or cores, they shall first be
tested in accordance with 7.3.3.1 without slippage or breakage.

4.4.3.2 Class 2, partial tension

The tensile strength shall be equal to or greater than 40% of the rated conductor strength of the weaker of
the conductors being joined.

4.4.3.3 Class 3, minimum tension

The tensile strength shall be equal to or greater than 5% of the rated conductor strength of the weaker of
the conductors being joined but not less than the values in Table 2. -

Table 2 — Tensile load

Wire Pullout
Size
{AWG) Copper | Aluminum | ACSR
Ib¢ N* Ib; N* ib; N*

16 30 133* 15 67* -— -
14 50 222* 25 111* —- -—
12 70 311* 35 156" --- -
10 80 as56* 40 178* -—- -—
8 90 400* 45 200" 100 445
<] 100 445* 50 222 100 445*
4 140 623* 70 311~ 150 667"
3 160 712* 80 356" 150 667*
2 180 801* S0 400" 200 890"
1 200 890* 100 445* 200 890"

* For reference only

4.5 Reusable connectors

s

Upon completion of all tests, a connector that is designated by the manufacturer to be reusable shall still
function as originally designed. Reusable means that the connector may be removed from service and
installed again. Prior to reuse, any reusable connector shall be reconditioned in accordance with
manufacturer's instructions. -
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4.6 Tap connector

A tap connection satisfies the mechanical requirement if, after performing the conductor damage test in
7.5, the run conductor retains at least 90% of its rated breaking strength.

In a separate test, tap wire connection{s) shall meet the tensile requirement as stated in 4.4.3.3.
4.7 Torque requirements

A bolted connector shall withstand 120% of the manufacturer's tightening torque or, in the absence of

such, those shown in Table 3 without damage to any component part. Damage is defined as a crack,
detected by visual means (see 7.4).

Table 3 — Tightening torque™*

Galvanized
Threaded Aluminum Steel, Stainless
Fastener Fastener Steel
Size or Silicon
Bronze Fastener
in. mm* tb in. N m* Ibin. Nm*
-——— |
516 7.9 - - 180 20.3
-"3/8 9.5 168 19.0 240 271
13/32 10.3 204 23.0 288 325
7116 111 240 271 360 40.6
172 12.7 300 339 480 54.2
9/16 14.3 384 43.4 576 65.0
5/8 15.9 480 54.2 660 74.5

* For reference only.
'For use only in absence of the manufacturer's recommendation.
2Connectors to be instalied as supplied by the manufacturer.

5 Test Procedures, General

51 Test connectors
5.1.1 Description

A complete description of the test connectors, conductors, and inhibiting compound shall be included in
the test report (see clause B).

5.1.2 Family sample set

To qualify a family of connectors (group of connectors using similar design criteria), a minimum of three
sizes (largest, smallest, and intermediate) shall be tested. When only one smaller-size connector of the
same design parameter is added to a previously tested family, additional testing is not required.
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5.2 Test conductors

The conductors used in these tests shall be unused bare conductors. Flat bars to which terminal
connectors are bolted shall be considered conductors. The flat-bar conductor shall be the nearest size
that can be bolted to the terminal and have a current capacity closest to that of the maximum conductor
accommeodated.

5.3 Test assembly methods
5.3.1 Installation details

All installation details, including methods and tools, not specifically defined or required in clauses 5
through 7, shall be completely described in the test report.

5.3.2 Conductor preparation for electrical tests

The outer surface of the conductors in the contact area shall be mechanically cleaned using a wire brush
until the entire contact area of the conductor is clean.

5.3.3 Conductor preparation for mechanical tests

The portion of the conductor that is to be inserted into the connector shall be wiped with a particle-free
cloth coated with petroleum jelly, unless the connector is used with an inhibiting compound.

5.3.4 Connector preparation

Connectors shall be prepared in accordance with the manufacturer's recommendations.
5.3.5 Connectorinstallation

The methods and tools used to install the connector shall be in accordance with the manufacturer's
recommendations. Installation shall take place in an ambient environment between 15°C (59°F} and
35°C (95° F). When clamping fasteners are used, they shall be tightened in accordance with the
manufacturer's recommendations. In the absence of a recommended torque, the values specified in
Table 3 shall be used.

6 Current Cycle Test Procedures

6.1 General

Current ¢cycle tests shall be conducted on conneclors assembled in series in a loop in accordance with
clauses 5 and 6.2 through 6.12.2. An accelerated current cycle test method, referred to as the current
cycle submersion test (CCST) is offered as an alternate test method used primarily to quickly assess
connector performance. The current cycle test {CCT) remains the preferred test method recommended
for the qualification of a connector.

NOTE—The CCST method differs from the traditional current cycle test {CCT) in that test connectors are rapidly cooled by
immersion in chilled water at the beginning of the “current-OFF”* cyde, Comparative testing has demonstrated that the CCST
method will provide essentially the same performance test results as the traditional current cycle test (CCT) in fewer test cycies.
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6.2 Testassembly

6.2.1 Conductors

6.2.1.1 anductor combinations shall be selected to maximize current through the connector. If the
ponnector is recommended for use between aluminum-to-aluminum and aluminum-to-copper conductors,
it shall be tested on bhoth combinations.

6.2.1.2 For_C!ass AA connectors where the conductor selected limits the current, the other conductor
should be sized as close to but not less than the limiting conductor current rating.

NOTE~—In both 6.2.1.1 and 6.2.1.2 additional conductor combinations and current values may also be used if agreed to by both the
manufacturer and user.

6.2.2 Connectors

Four co_nneclors of the same size and type are required for each combination of conductors, as
determined in 6.2.1. Terminal connectors may be connected 1o flat bar conductors or tang-to-tang (pad-
to-pad).

6.3 Equalizers

To provide equipotential planes for resistance measurements and to prevent the influence of one
connector on another, equalizers shall be installed in stranded conductor on each side of each connector
inthe current cycle loop, except where two terminal connectors are tested tang-to-tang (pad-to-pad).
Equalizers are not required on solid conductors. Any form of equalizer that ensures permanent contact
among all the conductor strands for the test duration may be used.

6.3.1 Welded equalizers

A welded equalizer is recommended for aluminum conductors. Welded equalizers are made from
aluminum

6.3.2 Compression sleeve equalizers

When the connectors to be tested are identical, a continuous piece of conductor may be used between
the connectors, with an equalizer in the center. If a compression sleeve is employed as an equalizer with
aluminum conductors, the conductor in the contact area of the equalizer should be prepared as in 5.3.1
and 5.3.2.

6.4 Conductor lengths

The exposed length of stranded conductor between the connector and the equalizer, or between the
connectors of solid conductors in the current cycle loop, shall be in accordance with Table 4. If a flat bus
bar is used between terminal connectors, its length shall be twice that shown in table 4 for the stranded
conductor size being used in the terminal, or the same length of the solid conductor being used in the
terminal. The conductor length in Table 4 does not include the length within the connector or equalizer.
In addition, where connector design permits, the conductor end shall project 1/2 inch (12.7 mm) beyond
the connector contact groove. The equalizers at each end of the current cycle loop shall be joined to the
power source with additional lengths of the test conductor to be not less than the lengths specified in
Table 4.
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Table 4 - Conductor lengths for current cycle tests

. Exposed Length
Aluminum or Copper or
Aluminum Composite Copper Composite
Stranded Solid
_ in mm* in. mm*
— ————— T
Up through 4/0 AWG Up through 2/0 AWG 12 305 24 610
Over 4/0 AWG Over 2/0 AWG 24 610 48 1219
through 795 kemil through 500 kcmil
Over 795 kcmil Over 500 kcmil 36 914 72 1829
* For reference only

6.5 Control conductor

A control conductor, for determining test current, shall be installed in the current cycle foop (between two
equalizers for stranded conductors), The control conductor shall be the same type and size as the
conductor in the current cycle loop that would be at the highest temperature. Its length shall be twice that
given in Table 4. For Class AA, when the contro! conductor is copper, see 6.5.2.  ~

6.5.1 Equivalent aluminum/copper conductors

At the manufacturer's option, the size of the control conductor may be determined by selecting from Tabie
5 the conductor in the current cycle loop that has the least current for equivalent aluminum/copper
conductors.

6.5.2 Multiple control conductors

6.5.2.1 If the test loop includes different conductors, and a question arises as to which conductor causes
the highest temperature rise, a control conductor of each type is required. The test current shali cause
the higher temperature rise in one of the contro! conductors to meet the requirements of 6.8.

6.5.2.2 For Class AA, if the conductor for determining test current is copper, then a second control
conductor of aluminum shall be included for the purpose of evaluating stability. The second control cable
shall be of the closest ampacity and chosen based on the values shown in Table 5. However, the copper
control conductor shall be used for establishing the current within the first 25 cycles.

6.6 Loop configuration and location
6.6.1 CCT method

The current cycle loop may be of any shape provided the connectors and the control conductor are
installed in the same horizonta! plane, with at least an 8 in. (203 mm) separation between conductors and
located at least 1 ft (305 mm) from any watt and at least 2 ft (610 mm) from the floor and the ceiling.

NOTE—This assures that the control conductor and the connectors begin the next current-ON period at the same temperature.

© Copyright 2005 by the National Electrical Manufacturers Association g

myright Nationsl Elecirical Marmfacturen
wiced by TS undar kcanse with NEMA
“eproduciion or networking panmitied withcar licanss from IHS Nol lor Resale



ANSI C119.4-2004

6.6.2 CCST method

The control conductor shall be instalied on the same horizontal plane as the test connectors. During the
current-ON period, no part of the circuit shall be less than 8 in. (200 mm) above the surface of the chilled
water. At the beginning of the current-OFF period, the connectors and the control conductor shall be
submerged to a minimum of 4 in. {100 mm) below the water surface.

NOQTE—This assures that the control conductor and the connectors begin the next cumrent-ON period at the same temperature.

Table § - Suggested initial test current to raise control conductor temperature 100°C

Aluminum or Copper or
Aluminum Composite Copper Composite
Conductor Current Conductor Current

{AWG) {Amperes) {AWG) (Amperes)
6 90 8 85
4 125 6 130
2 170 4 180
1 200 2 245
10 230 1/0 340
2/0 270 210 400
310 320 30 470
a0 380 40 550
{kemit) (kemil)
266.8 450 250 615
336.4 525 300 700
397.5 590 350 780
477 670 400 850
556.5 750 500 980
636 820 750 1300
795 955 1000 1565
954 1085 - -
10335 1150 - -
1113 1220 - -
1 1Q2 1275 - B
1272 1350 - ' -
1351.5 1380 - -
1431 1450 - -
1590 1560 - N
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6.7 Ambient conditions

Current cycle tests shall be conducted in a space free from forced air currents or radiated heat striking

(directly or indirectly) any portion of the test loop during the current-ON period. The ambient temperature
shali be held between 15°C and 35°C.

6.8 Testcurrent

The current values in Table 5 are the suggested initial test amperes for this standard for Class A, B, and
C and have been selected to simplify current selection in order to achieve the required temperature rise in
the control conductor. For conductors larger than those shown in Table 5, the current is determined by
reaching a stable temperature. These currents are not intended to suggest current values for use in
actual service. Class AA test currents are established by obtaining the proper temperature rise.

6.8.1 CCT temperature conditions

The current cycle test current shall be adjusted during the current-ON period of the first twenty-five cycles
to result in a steady-state temperature rise on the control conductor of 100°C to 105°C over ambient
temperature for Class A, B, and C. The Class AA rise will be 175°C to 180°C over ambient temperature.
This current shall then be used during the remainder of the test current-ON periods, regardless of the
temperature of the control conductor.

6.8.2 CCST temperature conditions

The current cycle submersion test current shall be adjusted during the current-ON period of the first five
cycles to result in a steady-state temperature rise on the control conductor of 100°C to 105°C over
ambient temperature. This current shall then be used during the remainder of the test current-ON
periods, regardless of the temperature of the control conductor.

6.8.3 CCT method elevated temperature current stabilization

The current cycle test current shall be increased from that shown in Table 5 to achieve the appropriate
elevated temperature within the first twenty-five cycles.

6.8.4 CCST method elevated temperature current stabilization

The current cycle submersion test current shall be increased from that shown in Table & to achieve the
appropriate elevated temperature within the first five cycles.

6.9 Current cycle period

Each test cycle shall consist of a current-ON and a current-OFF period. The time required to make
resistance and temperature measurements is not considered a part of the current-ON or current-OFF time
periods.

6.9.1 Current cycie-ON period
The length of the current-ON period shall be as listed in Table 6, depending on the size of the control
conductor. For conductors farger than those shown in Table 6, the current-ON time is determined by

reaching and maintaining thermal stability in the connector. Thermal stability is defined as not more than
a variation of 2°C between any two of three readings taken at not less than 10 min intervals.
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Table 6 — Current cycle periods for control conductors

Aluminum or Aluminum Copper or Copper Composite Current-ON Period
Composite (kemil) {Hour}
—— |

Up through 336.4 Up through #4/0 AWG 1.0

Over 336.4 through 795 Over #4/0 AWG through 500 1.5
kemit

Over 795 through 1590 Over 500 kcmil through 1000 2.0
kcmil

6.9.2 CCT current cycle-OFF period

Connectors tested by the Current Cycle Test (CCT) method shall cool in ambient temperature air. The
time length of the current-OFF period for connectors tested by the CCT method shall initially be the same
as the current-ON period. The time length may be reduced by forced air cooling after the first twenty-five
cycles. With the manufacturer's concurrence, forced air cooling may be initiated during the current-OFF
period after the first cycle. The time length for the reduced current-OFF period shali be established by
adding 5 min to the time required for the four connectors to reach ambient temperature.

6.9.3 CCST current cycle-OFF period

Connectors tested by the-Current Cycle Submersion Test (CCST) method shali be immersed in still,
chilled water (5°C + 4°C) within 30 seconds of the start of the current-OFF period. The connectors shall
remain immersed in the chilled water for a minimum of 15 min after the temperature of the connector is
reduced to the temperature of the water. The connectors shall be removed from the water before they
are energized at the beginning of the next current-ON cycle.

6.10 Measurements

Resistance and temperature measurements shall be made according to Table 7, depending on the choice
of test methad. When the number of measurement datums exceeds those specified in Table 7, the
measurements nearest each specified cycle shall be used to evaluate performance for Class A, B, and C
connectors. For Class AA connectors, resistance and temperature measurements shall be taken a
minimum of once every twenty cycles.
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Table 7 — Resistance and temperature measurement intervais*

Current Cycle Test Method (CCT) Current Cycle Submersion
(Cycles} Test Method (CCST)
. {Cycles)
o 25-30 5-7
45 - 55 8-12
70 - 80 18-22
95 - 105 28-32
120 -130 36-42
160 =170 48 = 52
200 -210 58-62
245 - 255 68-72
320 - 330 78-82
400-410 B8 -92
495 - 505 98 - 102

* Does not apply to Class AA Connectors.
6.10.1 Resistance measurements

Resistance measurements shall be made at the end of a current-OFF period with all connectors thermally
stabilized at the room ambient temperature. Thermal stability is defined as not more than a variation of
2°C between any two of three readings taken at not less than 10 min intervals. Resistance
measurements shall be made across each connector, between potential points located either on the
equalizers a maximum of one conductor diameter from the edge adjacent to the conductor or at the
midpoint of a solid conductor. A low magnitude direct current not to exceed 12A shall be used for these
measurements. Ambient temperature shall be measured within 2 ft (610 mm) of the test loop at a
location that minimizes the effect of thermal convection. The ambient temperature shall be recorded at
the time of each set of resistance measurements. The resistance of each connector assembly shall be
corrected from the measured temperature to 20°C. The cormrected resistance values shall be used to
evaluate the performance of the connectors.

NOTE—The resistance values abtained shall be corrected to 20°C with the following formula:
Rz =Rn/[1 + a (Tm-20)]

Where R, is the measured resistance, T, is the temperature (°C) of the connector and ¢ is the resistance
variation coefficient with the temperature. This coefficient can be taken equal to:

a = 4 X 10°/°C for copper and ACSR

a = 3.6 X 10°C for aluminum

6.10.2 Temperature measurements

Temperature measuremenis of the connectors, control conductors, and ambient air shall be made at the
end of the specified current-ON cycle, immediately before the current is turned off. The temperatures
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shall be measured by means of thermocouples that have been permanently installed for the current cycle
tests. At least one thermocouple shall be installed in the current path of each connector at a point where

the gighest temperature is anticipated. One thermocouple shall be installed at the midpoint of the control
conductor.

6.11 Maximum number of current cycles

The number of cycles specified in 3.2, Table 1, to complete the test may be extended to permit taking the
final measurements during normal working hours.

6.12 Evaluation interval

The evaluation of the connector performance, as specified in 4.2 and 4.3, shall be made on the basis of
. resistance and temperature measurements.

I 6.12.1 Evaluation by the CCT method

The resistance and temperature measurements taken in accordance with 6.10 shall be used to evaluate
connectors tested by the Current Cycle Test (CCT) method.

6.12.2 Evaluation by the CCST method

The resistance and temperature measurements taken in accordance with section 6.10 shall be used to
evaluate conneclors tested by the Current Cycle Submersion Test {CCST) method.

7 Mechanical test procedures

71 General

Mechanical tests shall be conducted in accordance with clause 5 and 7.2 through 7.5.
7.2 Test connectors

7.2.4  Three samples of each connector-conductor combination shall be subjected to each mechanical
test described in 7.3, 7.4, and 7.5.

7.2.2 Both deadends and splices shall be tested unless it can be shown that the same design
parameters and materials are used for both devices. If only one device is tested, it shall be the deadend.

7.3  Pullout test

7.3.1 Pullout strength tests shall be performed on the following two conductor combinations for which the
connector is designed:

(1 The highest rated tensile strength conductor and
(2) The smallest diameter conductor of the highest rated tensile strength.

NOTE-If the conductor core has been grease-filled, special joining techniques may be required and the connector manufacturer
should be consulied.

7.3.2 If the connectors can be used on different construction and/or materials, the test shall be run on
each conductor category such as ACSR, AAC, AAC/TW, etc.
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7.3.3 Tensile strength

The same samples shall be used for both the sustained load testing and maximum load testing.
Relaxation of tension between tests is permissible.

7.3.3.1 Sustained load

7.3.3.1.1 Class 1, full-tension connectors of the type that do not have separately installed gripping means
for the different metals of composite conductors, or which use nonferrous means on ferrous conductors or
cores, shall first be tested by installing the connectors in assemblies as described in 7.3.3.1.2. A constant
tensile load equal to 77% + 5% of the rated strength of the conductor, as determined in 4.4.2, shall be
applied and maintained on the assemblies for a minimum of 168 hours.

7.3.3.1.2 The length of the exposed conductor in the test assembly between each gripping means and
each connector shall be at least 12 ft (3.66 meters). The gripping means may be any device capable of
securely gripping all strands without slippage for the duration of the test. If another connector of the same
type as the connector being tested is used, it may alsc be considered as a test connector.

7.3.4 Maximum Joad

7.3.4.1 When conducling the tensile strength test, care shall be taken to ensure that all strands of the
conductor are loaded simultanecusly.

7.3.4.2 The load shall be applied at a cross-head speed not exceeding 1/4 in. per min per ft (20.8 mm per
min per m) of the total length of the exposed conductor between jaws.

7.3.4.3 The length of the exposed conductor between each gripping means and each connector shall not
be less than that given in Table 8.

7.3.4.4 The tensile strength shall be determined as the maximum load that can be applied. This load
shall be measured to an accuracy of 1% for Class 1 connectors and 5% for Class 2 and 3 connectors with
instruments calibrated according to ASTM E4. The mode of failure shall be recorded.

7.3.4.5 Minimum values indicated in 4.4.3 are required.

7.4 Torque strength test

7.41 The torque strength of the bolted connector shall be measured using conductors of the largest
and smallest diameters for which the connector is designed (see 4.7).

7.4.2 Tightening torque values shall be measured using a measuring device that is accurate within 2%.
7.4.3 The torque strength of a bolted connector is the threshold value of the bolt tightening torque at

which rupture or permanent distortion of any connector component occurs that impairs its proper
functioning on any of the conductor combinations for which the connector was designed.

7.5 Conductor damage test

7.51 The conductor damage test for the tap connector shall be performed on maximum-run and’
minimum-run conductors of each type for which the connector is designed. In all tests, the maximum-
diameter tap conductor of the hardest temper for which the connector is designed shall be used.

7.5.2 A tap connector shall be installed on a run conductor whose length between gripping means is as
specified as Class 1 in Table 8, and is under a tensile load of 20% of its rated strength as determined in
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4.4.2. Relaxation of the load shall not occur during connector installation. The conductor shall then be
stressed to the breaking point.

Table 8 - Length of exposed conductor

Connector Description Length
Class
Inches Meters
_— = — ————————— |
Class 1 Intended for single metal or single ailoy 24 0.61
(a) conductors with 19 strands or less.
(b) Intended for single metal or single alloy 144 3.66"
conductors with more than 19 strands
(c} Intended for multiple metal or multiple alloy 144* 3.66*
conductors
Class 2 24 0.61
Class 3 10 0.25

*Exception: For conductors 4/0 AWG and smaller, the length of the exposed conducter may be shortened from 144 in.{(3.66 m) to
24 in. (0.61 m), if procedures ensure simuftaneous loading of al strands.

8 Test report

The test report shall include the necessary data to support conformance or nonconformance to the
requirements of this standard, and also the following:

Date of test

Description of test assemblies

Description of connectors and inhibiting compound before testing to ensure traceability
Description of conductors, including rated conductor strengths

Description of connector installation procedure

Current cycle amperage

Description of the condition of connectors after testing

Electrical: Class AA, A, B, C

Mechanical: Class 1, 2, 3

Method: CCT, CCST

Name and address of the test facility and the names of the technicians performing the test

All options used in performance of the test including the mounting method (drilled or surface mounted) of
the thermocouples (diagrams or photographs of the test setup are desirable)

Other pertinent information, such as installation details not specifically defined or required in this standard
Certification (if required)
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