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- Core movements

- Winding deformations and displacements

- Faulty core grounds

- Partial winding collapse

- Hoop buckling

- Broken or loosened clamping structures

- Shorted turns and open windings
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1.1 Instrument Panels

1.1.1 FRAX-101 / FRAX-99

1L.1.1.1 A9 34

CEE N

@ On/Off FRAX 101 Generator %{

Frequency Response Sialyze

Reference @
e DO Input

Measure @—
—e USB

C g
A O

. e Megger.

On/Off : On/Off 29X

DC Input : 95 HQgH

Generator(l=¥+4) : Generator &% ©@x}
Reference(F-241) : Reference ¥& ©x}
Measure(f2>4) @ 4 &x}

D SAAFEE O 2 Active probe AF&

Ground : X ¢k=}



2. Quick Start Tutorial
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qkeF Load Tap Changer(LTC)Ql ®t7]= LTCO 9x]o w2} FRAS 54

FRAX H|7F H2Esks Wt SAjol fIx|olAl = wstrier 29 A

= T sfololE Algele] WAE AW Ed AAE AFHA A4

ojo} 3t 7F4 UFol HAZ A Ao 3,

. BNC @22 o] 9= HAE g =4S Generator(vellow), Reference(red),

Measure(black)ol <143k},

. FRAXE At}

PCol A FRAX AXZE9o]E AlZtslal BAEHES

rot

.



2.3 FRAX A1z 2 =4

- FRAX &XE9Jo]E Al #}ght},

- A7l A “Connect"E& AEAY F771&
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AHgate] Aad.

7d9- "Frax(Disconnected)"oll A "Frax(Connected)"= 3% A]7}

FRAX [Disconnecied)
Fil: Edt Configurstion  Windows Help
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WECTOF QRO 1—J‘
Imnp. (% ]7

DeEnergized Tap Cha...
CETC pos.: |

Air bemp; 1
Top ol temnp: 1

Mok=s:

Nameolake (AEHNY | Magniude (at+) | Phase [ali=—F] | Magnince J Phase (Sl

Designation: ’7
Year of Mip: ,7
[

Typst ’—“_

Load Tap Thanger
LTC pos.: |

TR
Tested By 1

Substation:
Serid no.:

s l_' ]— ,'_'

Tost data: |

IWeather;

~ Modals -
SFRA (8-
¥ tHagniuds
™ Phase

gl
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raph Sattings
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araph L
(Crl+)

Gtaph 2
(CIr1+2)

arach 3
(Crl+3)

Grach 4
(Crl+)

Mew Tast

(Crt)

Seleck Test
()

Conneck
(F7)
E et

(F3)

2.4 Create a New Test
HAEE “New Test"E A3}

- "New Test"&= I 7o A
bl e,

"New Test"&

&

ol

A =™

"Measurement type"doll+= o} e} Zo] 371+ A¥ Tap o]

- Quick Test : ¥3}+= Sweep TS ¢

- Multiple Sweeps

“Measurement

G, 2-wire, 3-wire W7l A

axEdel AAHoR o] Qo] HaEstud

type"ol gt

AEsEAY Ctrl+ N = “New Test"
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L oHAE $RE Adse] HAES A4 & & Ak ofd aYN 92%
o) X' FRe] BAHER SW HAE Fol YYHE o, BagE
H2E Fo) 29 XC E2 2] 9ld & vk

Measurement type X

Quick Test Multiple Sweeps | Use Measurement as Templatel

—Sweep groups. —Sweep names,

Sweep groups; £ Sweep names; e
Auto without tertiary [YNa] X Verification test [FTB-101] -
2-winding [YNd] X 1u-1n [open, LTC=Max] e
2-winding [Dd] x 1v-1n [open, LTC=Max] s
2-winding [YNyn] X Tw-1n [open, LTC=Max]
2-winding [Dyn] X Tu-Tn [open, LTC=0ut] i
| 3-winding [YNdd] X 1v-1n [open, LTC=0ut] -
3-winding [YNdyn] X 1w-1n [open, LTC=0ut] e
3-winding [YNynd] X 2u-2v [open]
3-winding [YNynyn] X 2v-2w [open] g
3-winding [Dynyn] X 2w-2u [open] -
3-winding [Dynd] X 3u-3v [open] e
3-winding [Ddyn] > 3v-3w [open]
3-winding [Ddd] X 3w-3u [open] R
PAX Transformer Demo Box i X 1u-1n [short 2u-2v-2w, LTC... =
Copy Add | Delete Add | Delata
g | #e
A
- Use Measurement as Template @ Z AF&-3F F21S 7h& 9 2183 = Qloh



“Multiple Sweeps"e] 4% "lg] AolH HXZE 5
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“Measurement type”o|A] ¥s}i= E& A8 & g9l
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Folm, AlHell=

@ 5 9
X nen ~ 2016-11-21 2= 8.31.04.frax ~
I ~ -2016-11-21
! Company: I Designation: | Substation: |
Mfr.: I _:j Year of Mfg: | Serial no.: |
Vector group: I _:j kv | MVA: | |
Imp. (%): I Type: | Cooling: | ﬂ

De-Energized Tap Changer

Load Tap Changer

DETC pos.: I LTC pos.: | Test date: iz{]lﬁ,—ll-zl
Air temp.: I %RH: | Weather: |
Top oil temp: i Tested by: | L!

| Notes:
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Cable strain relief
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Company: | Aeme Inc

Vector graup: |

Trp. (%]: |

Mo Lasd Tap Changer
NLTC pos.: |

Bir temper | qg

Top il temps |

Motes:

LU e Year of iy

ks |

Designation: | ann

' | 1998

Type: |

Load Tap Charger

LTC pos.: |

GRH:

Tested by:

Beach - AQO - 2007-10-22

Graph Satfings
{chl

i

Gragh |
{col+1)

Substation: [ geach ===

seralnot [4711 Graph 2
(CHi+2)

M T T —
Cadling: | —__] Graph 3
{ctl+3)

|
Teee mmen Gl

Weathar: | Cloudy

Greph 5
{Ctrl+5)

{——
Differance
[Al+D)

~Modelz
i SFRAWE) K|
[¥ Megritude

Flvall2]

j [¥ Phase

Dielete Sheen

Add Sweep
{Ctri+)

{Chrl+4)

New Test
(Ert)

i

Salect Test
{Ctl4F)

Edit Memeplate
{CHi+E)

Connect
(F7)

Al

Start

2
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4. FRAX Software

AN E

i BN —

FRAX

FRAX (Disconnected)]

sloje] w9l she olzle} 2,

File Edt Configuration Windows  Help

mmmrﬂ‘

[ Nameplzte (NEHN) | Magniude (ALHM) | Phase (Alt+P] | Magritucs | Phase (Alt-+B)

1 Dieslanabion: 1
WFr. S Wear of MFo: 1

Wector group: ] J I | ] |

g, {ai Tykei
Load Tap Changer
LTC pos.;
PeRH: 1
Tested by 1 _]

Compas:

De-Energized TapCha.. .

CETC pos,:
Air bernp.t
Top oil bemg:

Makss,

“Models -
- SFRA (8]

W Hagniude
W Phase

=}

Substation:

Graph S=ttings
(Chr3)
faraph L
(b1

faraph 2

Serid no '7 {iTke -2}
MY | ] ] Graph 3
flaladFRci]

Cavlng; |

Graphi 4

- T

Testoae (Gcr;ﬁs%

Westher: ’7

Pew fest

(CFEHHAD

Select Test
(CEE)
Conneck
(F72
n atert
(F9)

FRAX A& E9ol= 3744 Ao = A gt

- AF Fulo] 9l FELS SAE 5F5E AYsiAY SAHE 558 dYste
Fitolt), ek S RE 558 ol £ 9o AR oy i HES
2 EES A AY F7F & 72

- ZFd YAg 7Y H5e Ft> Nameplate, 132 3459 HlO R o] Fof
Z 9Tk

- Mg o2Z% RBO nle . ZEo ART 4 9lom I E]l~4H HES
ALk BE HES gdvrolA] duEd = gl



4.1 3 3

MNew Test, ..
Load Test...
Select Test...
Close Test

Report...

Export...
Import., .,
Print...

Add Sweep. ..
Delete Sweep

Edit Mameplate. ..
Difference

Connect
Disconnect

Start Measurement
Stop Measurement

Recent files

Exit

Chrl+h
CErl+L
Ckrl+F
Chri+I

Alt+E
alt+1
Ctrl+P

Chrl+A
Chrl+D

Chrl+E

Ale+D

Alt+F4

TE QA7)

x.cov HE xtxt AR W37
2 9d g2 5897

e 37

Sweep(&F5) F7135}17]

Sweep AHA|38}7]
Nameplate 7 3s}7]
T MY A3 ez zfo] AAEsH|

PCe} An] a4
AA &7

vpA et kel 7]

2ZE ] W]




4.1.1 Select Test...(Ctrl+ F)

Find file
Testdate
North Quays T102 1UIT031038 Laura McCartney 2007-05-01
SALO Tl 3329880 Jari Lukkarinen 2005-10-07
Beach A00 4711 sv 2007-10-22
Plats Benamning 4711 Jag 2007-06-15
2007-03-01
Customize | Nemeplate | | oK | cancel |
Y
"Select Test"= SFRAZ HXAEZ3S do|HHo]|AE 7|[Wto g HAES AiE 7}
- o -
AL o A3t 9 28-S By SFRAZ HAEZ ojgo] yehs Ha ¢ 2
5SS 85 1 o H2ES 295 B8 4 vt 37] “Customize" WES
= le) =] - (o) =
et ofel oy 9 gol rhesE Uk sehily g Selshel Au
1=} = o 2~
of g TEAE ke Sk ek
Selection > | by ‘
kv r
e Date - | | Designation |Comp.. © |Serlal number File name Tested by Test date
w3 " tfgjh) CHuserswshi., 2016-11-21
itepas 55 cWusersishi. 2016-10-18
Manufacturer kepca3 CWusersishi., 2016-11-21
i kepco c#usersshi. 2016-10-24
MVAZ kepco CWusersishi., 2016-11-21
MVAS S5_TEST1 c¥usersi¥shi.. 2016-10-18
nlkepos Response test  FTB-101 Pax c¥Wprogram ., Pax 2008-09-18
e KEPCO cWuserswshi.. 2016-10-24
Phase SE= m = 10054xx cWprogram . Peter Wereli.. 2005-12-07
- nmr 10054%x cWprogram .. Peter Werell.. 2005-12-06
————— T — 100540 c:¥program ... Peter Wereli., 2005-12-06
- mr e 10054x%x c¥usersirshi.. Peter Wereli.. 2016-11-21
cHfusersishi., 2016-06-08
Customize Nameplate oK Cancel
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1\ Available Report templates
t"":‘é Select a template and press Generate for a report

~ Select a template

Report Template Analyzer.doc

Report Template w Magn Graph_A4.doc

Report Template w Magn Graph_US_Lir.doc

Report Template w Magn&Phase graphs_A4.doc
Report Template w Magn&Phase graphs_US_Ltr.doc

Modify

Generate

4.1.6 DobleAl dloE] B8 Q7] / Hul7]
H2E7F €% & FRAX Ho]HE DobleAl 213X o] &
% 913l DobleAl Hlo]E|E FRAX AZEdolME ¢S F
- DobleAl TR ARE . sfra SHAE zh=t), w778 Eol A "Export
to File"& A8t sttat 2 AAdsh= shwo] vt o714 3kl &4
< “Doble SFRA (x.sfra)'= MElsto] #A3H Doble AZEojoA] ¢]of

=9 S dolH= e



K Export to File X I
4+ E>»UWrc > BM ~ O 24 EY »
I+ AEG = @
~ . AT A L " = P
» U pc ol +HT W 8d 37|
s CHRE2E DELTA Measurement Logs 2016-11-02 2F 1. ImE 84
P GRETECH 2016-06-18 2Z 6. WY B4
2 8M install_powerdb_11.0.3 DRIVER_UPDATE.. 2016-06-17 2% 2. Tt &5
- HIE B Megger 2016-11-03 2= 2, Iig 20
o AT Outlook T+ 2016-11-22 2% 5. oY 8§49
SO PowerDBv10 2016-08-20 2% 7, I S0
ba% PowerDBv11 2016-11-02 @8 1. T EH
- 2R 023 @) PowerDB.vTrunk 2016-09-01 2% 2. Iig &O
~ M EE D) XMLView 2016-06-12 22 1. Ity £G4
kel sl b e o T e = il I i
@ Y=g o il ko o0 : - - H o £ =
4 olE ;| v
B! HAI(T): Doble SFRA (*sfa) i
~ B 2717 | #Ee || &2
- DobleAl & ¢l W2 wWwolAl “Import..."& Aegit}y, AestA =H

et ea} go] Tele MElebs swo] Ul H1 Doble #0] e
Ro% ARE olEdtel BUL HHsA HW HolEE glo] & = vk
3 import File » |
4 B HeC 2 M ~ O BMEY »p
& 24 ~ o . ST 2 2 37|
& A% DELTA Measurement Logs 2016-17-02 27 1. M B
W U pC GRETECH 2016-06-18 2% 6. WY B4
% Oe=c install_powerdb_11.0.3_DRIVER_UPDATE.. 2016-06-17 2% 2. Iig 80
— Meagger 2016-11-03 25 2. MY EG
2 aM Outiook I} & 2016-11-22 2% 5. Tt g4
i = PowerDBy10 2016-08-20 25 7. Oy 8O
iy B e PowerDBy11 2016-11-02 2% 1. TY E5
= AP PowerDBATrunk 2016-08-01 2% 2 I &5
S 2 XML View 2016-06-18 2% 1. Iy 24
L 2PH23 @ Y ¢e oy 2016-06-07 2% 9.. T Fo
-~ M BE D)
uh WEDT A 2
T Ol <| Al Supported files >
[ #2720 ||

He



4.1.7 &4 AA..(Ctrl+ M)
718 S gL o] thatitrte] HAET. “Use Measurement as Template"ol

71 FEa AR RE AR 54 52 27 o AAs et

g T M=o “Start Frequency"$} "Stop Frequency" o8] W=7} 2182

“P/D": 22AY, "Points/Decade" (P/D)E 74 A H Foj, Z2axAld=
10017 ¥4 02 wix|gt}. o 200 10Hz~1000Hz Atele] “P/D" & 40070¢] =
4 AFE AFstH 10Hz~1000Hz Alelell FoIXth208]4). A8 Aol A,
"P/D"e AdEeom Exd 5A AFe Folth. ¢ 10Hz~1000Hz¢] 200P/D+ A

Por FxHE 2009 548 A Aegrt. 10 /D nvke A%stA| getth

“Min skip time"¥} "Min skip cycles"= SH& AlZst7] Ao HE&E = Alol=

F= AHosltl, “Min time"® "Min cycles"s =3 Alo]E F£E A3t} d:
100Hz, “Min time"=0.1s ¢} "Min cycles"=12 oA SAo] 38 #r}t 12cycles
= 10 cycles=0.1Ht} 22 A~ 100Hz, 12cycles oA =A 3}l 1000Hz
oAl T HAHL 0.1s=100cyclesi= 12cyclesRt} 7] wfFol] A]x=Elo]

100cyclesE =AdS onm|att), <! Min cycles=12+ 9% 10%9F 5 A&}
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Measurement Settings

Basic Settings

Sweep Name

Measurement Cverview:

ID |StartFreq |StopFrea  |P/D |MnTime  |MinCydes | Min Skip Tme | Min Skip Cy... | Mode |
o | 200 50 0.03 2 0.01 1 Logarithmic
1 |200 2000 100 0.03 2 0.01 1 Logarithmic
2 |2000 20000 200 0.03 12 0.01 1 Logarithmic
3 | 20000 200000 300 0.03 12 0,01 1

E F30000 s 0.0

[T Reversed frequency sweep

Band Settings
StartFreg  StopFreg  P/D Min Time Min Cycles  Min Skip Time  Min Skip Cycl.. Mode
l'zu 2000000 |' 200 0.03 12 ﬁm II |Logarithm |
Delete I Set band I
e |
=4 Fue A FAsy] PuA, Fe T W9 34 Ahe) AE Ex

X
M

AlZH*Min cycles")e #Ho2A ¢4 & 5 vk s g FEf ool

*



ol 7lell thFet 54 Al B3t o7k 9l

P/D T34 19 Hz) A AA eEf 54 A1)
FRAX 7]& 50 20~200 50

100 200~2k 100

200 2~20k 200

300 20~200k 300

400 200k~2M 400

Total : 1050 64

FRAX fast

40 20~200 40

60 200~2k 60

80 2~20k 80

100 20~200k 100

160 200k~2M 160

Total @ 440 37

Fixed P/D
setting
Example 100 20~2M 500
Omicron default 160 20~2M 800 76
Doble default 200 20~2M 1000 93
Omicron max 320 20~2M 1600 145
Doble max 360 20~2M 1800 163

FRAX max 6400 20~2M 32000



4.1.8 2= AA...(Ctrl+ G)
aZ A4 g3} Al Abs 2 i Fo Weet 1t4S A3 ggk A
Aol = Magnitudeol] ™3k ¥} 3}l Phaseol] sk =1 s}vbe} Magnitude/Phased]

Zatol @ Wol Atk sl wE agEe] dFS F= w4 e 4es

rr

ghel o] Sk,

Graph settings

Change graph settings
Changing the sattings for the Graph view buttons

Magnitude Ir‘-‘hase 1 Magnitude [ Phase ]
r—(Graph Setting 1
X! Frequency (Hz)
¥: Magnitude {(dB)

Graph Setting 2
X: Frequency (Hz)
¥: Magnitude (dB)

[~ Graph Setting 3
¥; Frequency {Hz)
¥: Magnitude {dB)

—Graph Setting 4-
X: Frequency [Hz)

¥: Magnitude (dB)

i Graph Satting 5
¥: Frequency (Hz)
¥: Magritude (dB)

W Use same frequency settings for all Graph Types




4.1.9 1= B7]..

R w] e A s @ adnE EEe) WoE T4 @ & 9
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718 Ael Abeko obgje} 7+o] Magnitude, Phase 2 Magnitude/PhaseS 33}

o =g dusted o§ A%e] Felde Ay mi Hxseh

Graph Views

_ Available Graph Views
Add/Remove or Edit Graph Yiews

- faraph Views

| Mame Description
X Magnitude Magnitude in dB

X Phase Phase in degrees

X Magnitude | Phase Magnitude in dB and Phase

Magnitude Magnitude linear scale

Phase Phase in degrees

Magnitude | Phase Magnitude in inear scale and Phase
Impedance Impedance

Tram [k s Pl wmm Fmse Trmmmd mmmm

add...

AgA Aol e AYSAY AAstE, BS54 1drg Aed 0 4

:
&
N
v
rd
)
mlo
=
ot
o,

$27h A,



Graph Yiew Settings

Graph View Settings
Add/Remove or Edit the views Graphs

Settings
MNams:

Graph Type Settings

Description:




4.1.10 71¥ gy MHA

File Format Settings

Default filename
Ij Select the default flename format
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Output windave  Chil+0

w7 T %o vy
=4 % (Ctrl+0) =9 = BolAy w1u

4.2.1 9 F(Ctrl+ 0)
PC¢ FRAX H] 1o EE S

“Last row"HES Y3 A% &

Output Window

Entered IDLE state (starting connection alive tests) )
Loading Standard Views:

Loading Standard View File: IMagnitude. view

Loading Standard View File: 2Phase. view

Loading Standard View File: SMagnitudePhase. view

Finished loading standard views

Graph Settings
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Grapn 1
(ol 1)
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Croph 3
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Graph Settings
(Ctri+G)
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iGraph 3
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4.3.4 N2 HXE

tﬂ]}ﬁ_-@o],%_ }\H i‘{% EﬂiE‘:—f O]—ﬂ]&]— 6‘]']:]‘ (Ctrl+ N)

Mew Test
{Cri-+)

435 HXE A9
w3 gl AE MEle olgel EAstth (Ctrl+ F)

4.3.6 Nameplate +3

S

w37 &+ Nameplate 4> ofefet Fdstth. . (Ctri+ E) o] HES ghdo] e
e

4912w 7hssi,

1o

Edit Mameplate
(Ctrl+E)




437 42

Connect

(F7)

4.3.8 A&

® =

HE ofel &

mo
!

sElo] 17 ergivhe ojult,

= A

o] olo]&E

el A vk

1.

X
<0

N

ok @

E%
=

4.4

1

)

HE bAoA A Fe

e e

—
file)



~ B -
. — .
o) oo T o
0} + 0 Moo LLm
i Lo of AR o
o 1dr| To T W o
S oo o B
oF w_m x o g W
W ; iy w % W
=
o T 5 LI
T n 2 = A
«: > £
sa| © T ,ﬁ g
L ~  a T
@ W o > = T o5
A S| o P o o
o a 70 < 3 o Xl M
o - ol
=1 K ofn Ak
=N o co e = H + — i
= of o W= e L
| o ojo = o
oBlH - v .| - 3 o ©
R EGE O [T ~ - ﬂ»# )
o 2 ¥ BB I
| Tl n e o) o oX e~ i
5| K 88| oo < F F W
X P | = B X
X1 ] T K KT
— i~ 1 S
= ok & A~
=3 = R oo R
Noow s o =
B rooso= ~ X
G =T o CE
= = o g A vv = 9
K HO - <X o — B
) off & o o
do iSRRI T o w
—~ <
<o _,
T O <~ 9
oo < X



=]
i
i
=
|
|
|

b Sweep (0)

Bd sweep (1)

&

Sweep (2)

,.mo

oW

-

3} 5l ol

E
4%

s H

= 3789 7]

e S

HE

=
¢}

Y 7]

~
o
e
~
~
~
o
o P
g Z
.ﬂu.o 7o
o o
B
TR
5 5
oF oW
R

W
ol

,ﬂn_ﬂ

,.mo

Hr

L.OO

Sweep (0)




Logarithmic

Bahd Setings

StrtFreq  StopFreq  PJD MnTime  MnCydes  MinSkipTime MinSkip Cydes Mode
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Cosxial cable, BNG, 2 m

BMC Adapter, chock polarity
BME female to 2 x banana plug

Sarial cabla
3 x Coaxial cable
BMC. 1m

USH cable

FRAX Calibration Software

FRAX Serial Number 070145 Bbout...
Last Calbration Date 090402 Detedt instruments
Calibration Date (YYYY-MM-DD) | 20090402

FRAX

DMM COM31




FRAX Calibration Software
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