CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

CHAR SYSTEM
OPERATION & TRAINING "

Module 3
Frequency Domain
Reflectometry (FDR) Testing

AT CONCLUSION OF THIS MODULE, THE
STUDENT WILL BE FAMILIAR WITH:

Understanding multiple views of FDR data
* Fundamental FDR theory

* Acquiring FDR data in WinCharm software
* Analyzing FDR data in WinCharm software
» Practical applications

» Calibrating the VNA and test lead for acquisitions
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

A
. ABOUT THE FDR TEST TECHNIQUE

* Frequency Domain Reflectometry (FDR) is an in-situ test
that locates & quantifies insulation material degradation
in a cable circuit

* FDR is more sensitive than TDR to changes in dielectric
permittivity that correspond to insulation material
degradation
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ENVIRONMENTAL STRESSORS ON CABLES

Mechanical Stress

@ ? e

Water Chemicals

Voltage
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

HEAT STRESS IS THE BIGGEST ISSUE
FOR CABLE AGING

» As cables are exposed to environmental heat stress, they
become susceptible to hardening and cracking

* Indenter and reflectometry testing are used to identify
cable aging
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EXAMPLE OF FDR DATA (IDENTIFYING
INSULATION DEGRADATION)

Test Cable
Lead Under Test

: ol Open
i —[ I O

FDR Signal

)

Test

Lead Cable Insulation
Impedance Impedance Damage
>
»>
Distance
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

EXAMPLE OF FDR DATA (IDENTIFYING KEY
COMPONENTS IN CABLE CIRCUIT)

Cable Cable Cable
Test T w End
Connection LA ~ Device
/ \ FD"\ \
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g@ TDR AND FDR BOTH USE STEP RESPONSE
IOH/ AND IMPULSE RESPONSE

+ TDR uses step response or impulse response to
perform test

* FDR determines step and impulse responses from
raw data (Su, often referred to as return loss,
represents the power sourced from and reflected
back to port 1 of a vector network analyzer. This
scattering parameter is a way to characterize an
electrical device versus frequency).

« Raw FDR data is acquired then algorithms are
used to view data in various ways (i.e., step
response, bandpass impulse response)
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

ABOUT IMPULSE RESPONSE

« Data must be acquired with a frequency range that is
harmonic (fg * Points = fg,, )

Impulse Response
IFET {Time Domain)

S11
(Frequency Domain)
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Data must be acquired using a
frequency range that is harmonic
(fstart * Points = fstop )

» Step response provides a TDR-like
display of the FDR data
(Y-axis is unitless voltage ratio
called Rho)

» This signal processing method can
be helpful for cable circuits that are
shorter in length

(i.e., <6 km)
S11 Impulse Response . Step
VNA (Frequency Domain) LAl JTime Domain) Iniegyreiiz Response
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

EXAMPLES OF STEP AND IMPULSE
RESPONSE DATA

CABLE280

Cabling Issues Step Response Impulse Response

Open Connection

Shorted Connection 1
e
7\

Resistive Connection

Mechanical Anomalies
(e.g. splice, kink, i
of conductors)

Localized Aging
(e.g. change in permittivity)

===
——
_/\/_
——
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FDR TEST METHOD THEORY

Raw data (S11, a scattering parameter representing the power reflected
from and back to port 1 of the VNA) is saved then algorithms are used to
derive ways to view the data.

A Vector Network Analyzer (VNA) transmits sine waves at various
frequencies into a cable under test and measuring both the transmitted
incident wave and the reflected wave

* The cable under test consists of two cable conductors, a conductor and
cable shield, or a conductor and ground plane.

* Reflected voltage waves occur when the transmitted signal encounters an
impedance mismatch or discontinuity in the cable.

* The reflected signals are then analyzed in the frequency domain and the
result is converted to the time domain and presented in terms of the FDR
reflection coefficient, Rho, as a function of distance along the cable.

Signal Source Insulation Damage
—
> — =
Incident \/ v Reflected v
“.____1 AMagnitude
Magnitude  Magnitude “—— Incident Rh — M
ind d ° 0= V.
Phase Phase H incident
s —/ i— Reflected
p—
APhase
Impedance Time
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

, FDR TEST METHOD THEORY (CONTINUED)

* An Inverse Fast Fourier Transform
(IFFT) is used to obtain the time
domain impulse response which is
then integrated to obtain the time
domain step response.

The time axis of the impedance
step response is converted to
distance using the velocity of
propagation (Vp) that is specific
for each cable type. The Vp of a
cable is a percentage of the speed
of light (Vs) in a vacuum (Vs = 0.3
m/ns)

Distance to fault is determined by VoT
multiplying the Vp of the cable by pistance = ——
half the time it takes for the
incident wave to travel to the n g
impedance change and get U= Velo_c't_y gipieiadaiol .

reflected back to the CHAR T = Transit time from CHAR System to the impedance change
System and back to the CHAR System
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&@ FDR TEST METHOD THEORY (CONTINUED)

Localized cable impedance changes are measured as changes in the
FDR reflection coefficient, which is expressed as a unitless impedance
ratio called Rho (p).

capLEzm0L

Open Increased Matched Decreased Short
Circuit Impedance Impedance Impedance Circuit

. : 7, = 50Q a 7, < 50Q 2 7, =0Q

0 0 0 0

7, >50Q
1 1 1 1
Vreflected ZL - ZO
Rho = = ZO = SOQ

Vincident ZL + ZO
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

VARIATIONS OF WAYS TO ANALYZE FDR DATA
IMPULSE RESPONSE VERSUS STEP RESPONSE

Test
Connections

Cable

Connections End of Cable

1.00 4
O 0.75

STEP RESPONSE T 0507

0.25 4

0.00 -

0.02
0.01
0.00
-0.01 411

IMPULSE RESPONSE

Rho

150 300 450 600

120 A
100 A
80 1

IMPEDANCE

Ohms

40 =5

60 j"'

-20

T T T T
150 300 450 600

MAGNITUDE

dB

=MW T

-120
-20

T T
150 300 450 600

BANDPASS IMPULSE 20 TN
RESPONSE

-80 4
-100 -

dB

s b

T T T T
150 300 450 600

&
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s11 Impuls(e
. Response (Time
(Frequency Domain) Domain)

FDR DATA EXAMPLE (IMPEDANCE)

Data must be acquired using a frequency range that is harmonic (fy, * Points = f; )
Step response provides a TDR-like display of the FDR data (Y-axis is Rho)

This signal processing method help determine the impedance of a cable or the
deviation in a resistive change at a key component in a cable circuit

Step Convert
— Rioto 2
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

FDR DATA EXAMPLE (MAGNITUDE)

Data must be acquired using a frequency range that is harmonic

\FET Impulse Response 20log

ST .
(Frequency Domain) (Time Domain) (Basel0) Magnitude
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FDR DATA EXAMPLE
(BANDPASS IMPULSE RESPONSE)

* More flexible with
frequencies spans since wl
data not need to be an
harmonic N W

« This signal processing AR R ATRT
method can be helpful for

cable circuits that are longer .« . x = =
in length (i.e., > 5 km) -‘* s e =
» Cannot calculate Rho or

impedance from this data

Bandpass Impulse

S11 Impulse Response 1
VNA . IFFT + H Response (Time
(Frequency Domain) Time Domain) Domain)
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

CALCULATING THE STEP SIZE (RESOLUTION)

FOR AN FDR TEST

Span = fsare _fstop

fan IS the start
frequency

fsop IS the stop frequency

Span x 1000000

Step Size =

Points
2

Step size is the distance
between each frequency
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CALCULATING MAXIMUM DISTANCE

FOR AN FDR TEST

Ambiguity range (time domain) =

V, is velocity of propagation

C is speed of light
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1
Step size

Maximum distance (feet) = Ambiguity range * (V}, * ¢)
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

ESTABLISHING HARMONIC DATA
POINTS

f stop

Points =
f start

Multiple of Points = (Points *2) — 1

foare IS the start
frequency

fsop IS the stop frequency

+ Data is harmonic if fgi, * Points = fgq,
* Multiples of points can be used to increase the maximum distance for a test

+ Data needs to be harmonic for lowpass processing alternative (i.e., impulse and
step responses) because a DC component is required for analysis. Lower start
frequencies yield more accurate DC component estimates.
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DETERMINING TEST PARAMETERS BASED ON
CABLE CIRCUIT LENGTH

The span and number of points most affect the maximum distance and data
resolution (distance between each data point acquired)

Helpful to know the approximate length of the cable under test

* Abroader span can test longer cables but has less resolution between each
data point

» Alower span may be best to use low stop Frequency and obtain more
resolution between each data point

» Adjust the number of Points to be harmonic (or a multiple of the harmonic) to
ensure the entire cable circuit under test can been seen by the test signal

Example of how frequency ranges affect the maximum distance and data resolution

Equipment  Start Frequency Stop Frequency # of Points Needed # of Points used for Multiple of Max. Distance Bandpass Step Response
)

Em (MHz) (MHz) to be Harmonic Testing Harmonic or Harmonic ) Resolution (m) Resolution (m)

1 |1km-Test1 0.05 1080 21,600 21,600 Harmonic 20 0.014 0.047
2 |1km - Test2 0.05 450 9,000 9,000 Harmonic 20 0.032 0.113
3 |1km - Test3 0.05 %0 1,800 1,800 Harmonic 20 0.162 0567
4 |1km - Test 4 0.05 10.8 216 431 Multiple of Harmonic 41 1.354 4727
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

CHARACTERIZATION TAB

ACQUIRING FDR DATA FROM THE

*«On EID
Management

* Click “Customize”
to edit a
Characterization
attachment

Identification:

Equpment 1D: [FOR DATA

Equpment: (TR Cove Type: EEESTENN | vo ros N (¥ X
haracterizaton: [JlE - ODuraton: [§Mn, 1256 | Viewng Feet: [T -]  Insuiston: PR | Thidmess:[30mi = X Cancel
Uticy: [AMS Plant: = Room: T
| Clear
screen, click EID s O
then click “Edit” -
B Characterization Ef Waveform K 1V Curve B ror @ Live Cable & Sequence
Characterization Attachments (7):
Identification:
uence:| 12 ES -
 Semene e i e s
FOUENCE [4 Min, 12 Sec Ve
T Changs Al
Negative Lead: [Law Wre
Cabrer: Terminal Board: Hipn 1 Lopn:[ 2
Comments: [FOR Comments o ad
Configuration:
©INose Waveform | | [JRdc V Offset Compensation CIToR  DTDR|Auo |  Punts: cooop| ¢ Rekte
. | EB1mpedance IR Vokage:| 15V Miutes: Ui [ 2000|uA  EFast
- CIFDR  Sweep:| 1) Star Freq:[50.00 kiz Stop Freq:[300.00 MHz |  Puints:_ 600D
7 Characterization Attachments from Sequence #12

EDIT EID TO PERFORM FDR FROM
THE CHARACTERIZATION TAB
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

» Click to toggle box next
to “FDR” to set the test

» Enter Start frequency,
Stop frequency, and
Points

Attachment

EDIT EID TO PERFORM FDR FROM THE
CHARACTERIZATION TAB (CONTINUED)

Equipment ID: [FDR DATA

Attachment:

v oK

- . TerminalBoard:| | [ X Cancel
configuration Pos Lead:
Neg Lead: [ETIT R |7 Heb
Comments:

FDR Comments

Test Configuration:

Estimated Duration: 21 Sec

‘ Noise Waveform | I TDR ~ DTDR: |Au
CIRdc V Offset
Compensation
Impedance

Points: Fast

OIR Vokage: 1!

Limit: | 2( T|uA

EID Viewing Feet: Minutes: ©@1 O3 010
: « 2
° ClICk OK to Save CFDR Sequence: 7J Sweep:
ChangeS to test Start: 0.05 [= MHz Stop: 300.00 [= MHz Points: 6000 [ Harmonic
Mux Pins:
attachment S (Center Conductor): Lo (Shield):

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation
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VERIFY THE FDR TEST
CONFIGURATION IS PROPERLY SET

Identification:
qupment 10: FBR BATA cqvpmene: [EXCENE-] cabe Type Vo Fs
Characterczation: [[ME] | Duration: @M, 128ec.| Viewing Feet: [T -]  Insulation: PR ] Thickness:30mi =] [X¥ Cancel
Utdty:|AMS Plant: o | Room: = 7 Hep
E=mer| O pereines
Notes:
@ characterization £ Waveform K IV curve A R ¥ Live Cable
Characterization Attachments (7):
Sequence: 12 Identification:
Sequence 1 Descrption: Swiches and Active Loads
Duraton: 1M 129€€ | o ciive Lead: [Hih Wire
" Negative Lead: Low Wre
Cabinet: Terminal Board: HiPn:| 1 LoPn: 2
2 Unknown | L W
‘Comments: | FDR Comments
3 High Impedance
4 High Impedance ~ Configuration:
5 High Imped T ]
9 MPECENCE | 7 Nose Wavefom 1Rde V Offset Compensation FATDR__DTOR |Auto | Ponts:| 60000 1l
6 High Impedance
7 High Impedance o | Eimpedance CIR Vekage:| 15|V Mnutes Lime: | 2000 uA A Fast
oW 4 e wow GAFDR Sweep:| 1 Start Freq: |50.00 kHz Stop Freq:|300.00 MHz | Ponits:| 6000
7 Characterization Attachments from Sequence #12
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

CLICK OK TO SAVE TEST
CONFIGURATION

Identification:

Equipment

Equpment: XA -] cable Type: EESETERN - v Funs: IS

Duration: 4 M, 125ec | Viewng Feet: [JEREY --|  Insulation:|EPR

Cheractergabon

Thickness: 30 mi = X Cancel

Utity: [AMS Plant: = Room: = 7 Hep
Clear
Desarptor: U aseines
Notes:
& Characterization E2 waveform 1 v curve A or ¥ Live Cable < Sequence
Characterization Attachments (7):

m Identifical

Descrptan: Sukches 323 Actve Losds

Postive Lead: [High Wre

Sequence:
F5uence 4 pin, 12 Sec

; Cha
“ Megatie Lead: [Low Wire Syichergehl
Cabmet: Terminal Board: HiPr:| 1 LoPn:| 2
2Urkrmm D add
‘Comments: FDR Comments =
3 High Impedance
4 High Impedance  Configuration:
5 High I d: =
S et ance 1 Noise Waveform JRdc V' Offset Compensation FTOR DTOR [Auto |  Ponts:| 60000 i Delete
6 High Impedance =
7 High Impedance | & mpedance CIR Vokage:| 15V Minutes:| 1 mt:| 2000[uA  EFast
woa o« s wow EAFDR Sweep:| 1] StartFreq:[50.00kMz | Stop Freq:[300.00MHz|  Ponts:| 6000
7 Characterization Attachments from Sequence #12
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ACQUIRE FDR DATA FROM THE
CHARACTERIZATION TAB

Click the Characterization tab

Fie_Upiees ik

B HWID: (131041001 | Mux Online: HBrw-rnrne DEY

|Equipment " [type |cable [Insulation [Mils |c# [Wi [1v# |F2 [View Filvp |Uiiliey |Plant Room B
&) (& o TROUBLESHOOTING DUNK_ GUNKNOWN BUNKHOWN 20mi 0 7 1 000 0.6 UNKNOWN URKNOWN UNNGWN
% g HFORDATA DUNK  XSSIG B Wmi 12 7 6 7 1000 06 AMS
¥ Manage
& Daals
§) Repors
=@ -
T
B Characterization & Waveform 1 v Curve A ror @ Live Cable
normal Test Queve

B>
T Load | _|Eguipment iD Alivosmvu.ud A
B e
= [
= Delete i
& Egry §
By serciy
1 Repart
o Acgure
Pre Filtered ~
Live Cable © v

. LY [ Bes

Mo Characterization Test Quene records awailablel Double dick a record to edit
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CHAR SYSTEM TRAINING V6.0

LOAD THE TEST QUEUE BY
DOUBLE CLICKING THE EID

st

@ HWID: (31041001 | Mux Online: Heu-rwue€l@MEY
|Equipment 10" [rype|cable |insulation _|mits _|cw |we [rve |F [View v [witity |Prant e ~

[ & |_[>-TROUBLESHOOTING O-UNK G-UNKNOWN O-URKNOWN 20 mi 0 0.6 UNKNOWN UNKNOVN KNGV

B op g PFoRDaTA CUNC 25SIG R Wi 12 7 2% 7 1000 05 AMS

1) Manage

& Deais

& Reports

nlo @ .

B botes

| @ Characterization X Waveform 1) 1V Curve [  Live Cable

Normal Test Queue Archives

Buwarnudl@» g R

FDR DATA 2 LowWie 2
FDR DATA 3 HghWre T
o 0aTA o towwre §
FDR DATA 5 Shel d
FDR DATA & Hh e
FDR DATA 7 Lowwire

Characterization Test Queue - 1 of 7 Records. Double dick  record to edit
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et
@ HWID: (31041001 | Mux Online: Huw-ronuel@EY
|Equipment 10" [rype|cable |insulation _|mits _|cw |we [rve |F [View v [witity |Prant

[E[® & |0 TROUBLESHOOTING DUNK  GUNKNOWN DURKNOWN 20 mi 06 UNKHOWN URKNOWN UNKNGWH
Bl - g YFoROATA b 205516 Wi 12 7 2% 7 1000 05 AMS

1) Manage

G Detais

8 Reports

"L e

0 tioces
[ W Characterization B Wavelorm 1 v curve Frog © Live Cable

MNormal Test Queue Archives

BuwarnnglmH> a .S ED

B 50| Tron oara Hih Wre.

| FDR 0ATA 7 Lowre 7 FE[E
= @
L <

anpearo|

Pre Filtered
Live Cable ¢ >
- ,7 (O
Characterization Test Quese - 1 of 7 Records. Double dick a record to edit
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

VERIFY TEST PARAMTERES, ADD COMMENTS,
THEN CLICK “OK” TO PERFORM TEST

IDentification:
Equipment ID: [FDR DATA

FDR Comments|

X Cancel
7 Hep

Comments:

Test Configuration: Estimated Duration: 45 Sec
Noise Waveform TDR  DTDR: CIIR Voltage: Edit Comments and
Test Configuration.
= 'édc V Offset Point: Fast Limi: Connect Test Leads
OIENsann as described in the
Attachment Details,
Impedance EID Viewing Feet Minutes: @1 O3 010 acument Cetars:
Press OK button to
FDR Start: [50.00 kHz Stop: 300.00 MHz AN ocovire test data.

Attachment Details:

Posttive Lead: |H\gh Wire

Negative Lead: [Low Wie |
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CLICK THE FDR TAB TO REVIEW THE FDR
TEST RESULTS IN THE POST QUEUE

& ) s e 6 SEY O Amabyze bara
[s]_ coviowet M| Test Dote | Time [¥iLo] V| 2 [Rd Comp] TOR]Points{View 1{DTOR] IR  Voits [TimelFast] - Result Status:
Wi For caTa T omoje msER 12 B R F o000 i T Defat
v bt
. @ Regest
0 Nates £ Delete
Atachmests:
Pos Loads igh e Heg Lead: om e 7 e
Cabrer T Type: Urkaoun WO &R
Comments: FOR Comements 8
W Clarscierization Ddssign Grasacterizaton Basebnes: ] hssign FOR Baselns
Valtape Checl - 2500
Curreat Dota_ Baseline Data
Check Level [35.06m%____ 35,00 mb AAAAA AAAY v | ==
ook to Peak 1516 mi Er Ead
o o35 v N cobraton
s s v
Impesdances 10R - 60000 Pt @ 1000 Fr Plors:
CurrsatDsts__paselios Dsta S
3 13 GOhme

.—-A—/m

E
RAL 100 H ®_Toe
RACT Ky Ohne— 77aan obne | E o
RAC 10 Ktz [5556 Ots Ea e
o
T3 T Dynamic TDR - GOOH0 Prs @ 1000 Fu B foc
T |
¥ w | E op
N 7} E
1R - Nt Acquirod —=
Correut Dota_50eiak_ Basedine Data
Votage [15 Votage 15
lRom TRor
ik ot 1 off » P
i o = o
fm ot 1ot
[ mox Tk o 5 For
Charactertzation Post Quess -1 of 1 Records
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

* Click “Post” or
“Retest” to save the
data to the Archives

* Clicking “Post” will
save the data then
remove the
attachment from the
test queue.

* Clicking “Retest”
will save the data
and keep the
attachment from the
test queue

&

58 P hhe
[#]  CowipmentiD_|fue] Test Dote | Time [wilio] ¥ 2 |
i FoRoATA T Oz Gaem 12 b T

Characterization Past Quose 1 af 1 ocorts.

REVIEW THE FDR TEST RESULTS
IN THE POST QUEUE

€ EY [ Amalyze Data
[T e View Fo[OTDR| TR | ot [T Pt~ Result Satus:
@00 10m Az 151 Dt

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation %
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ACQUIRING FDR DATA
FROM THE FDR TAB
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation

Ele/ EDIT EID IN FDR TAB

Identification:
o On EID Equpment 1D: [FOR DATA Equpment: TE-] Cabe Type: ] vp Funs: IEND
characterization: [JEMMBE] - Duraton: |4Min, d25ec)| Vewng Feet: BTN |  Insuiston:|EFR | Thidness:30mi -] X Cancel
Management ) .
Utity: [AMS. Plant: - Room: = 7 Heb
screen, Click EID | oo 0
. “ 0 )
then click “Edit e
8 Characterization | [ Waveform i IV Curve & eon @ Live Cable & Sequence
FDR Attachments (7): — —
N Identification: iguration:
semence H-1 Y Desarption: [Defauk Sweep of 1 Range (~6400 Ft)
. « 0 o Pastive Lead: [Low Wre Start:|50.00 iz By Charge A1
* Click “Customize 3 g
4 1 Hih Impedance Negative Lead: [Ground O add
: 5 1 High Impedance
to edit an FDR 5Lt cabnes: Terminal Beart Sop(3000M | 55 pde
attachment Carmmeres: [FOR Comments
e o wien:[ s LoPr:[ 80 pots:|_6000
| [FDR DATA ready for cditng!

&

Slide 35 of 104

achment Edit Form

Identification:

EDIT TEST PARAMTERS THEN CLICK
OK TO SAVE CHANGES

Equipment 1D: [FDR DATA

Attachment: Sweep:

Attachment Type:
Terminal Board: |:|
Postive Lead:
Negatve Lead:

|| o]
X Cancel
7 Hep

Comments: |FDR Comments

Test Configuration:
MHz

Mux Pins:
Hi (Center Conductor):

Stops Mz

Lo (Shield):

Points: [0 =

Harmonic

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

ARE PROPERLY SET

Identification
Equipment Equpment: [ETEN--| Cable Type: vp Fe/ns: I
Characterzaton: [JE]| - Duration: [#Mn, 125ec | Viewng Feet: [ -]  Insulation:[EPR =] Thidmess:30ml =] X Cancel
Utity: [AMS Pant: = Room: = (2 Hep
B O paaeies
Notes:
8 Characterization 2 Waveform 1 v curve ¥ Live Cable < Sequence
FDR Attachments (7):
Identification:
Custo
r Descrption: Defauk Sweep of 1 Range (~6400 Ft)
M 1 1unknown - " Cha
2 2l Unknown Postive Lead: [Figh Wre Start: 5000 kifz el
3 1 High Impedance
4 1 Hgh Impedance Negative Lead: [Low Wire G add
5 1 Hih Impedance
6 1 Hgh Impedance 5 A
Cabnet: T | Board: Stop: 300.00 MH; -
7 1 Hgh Impedance " o g z Ti Delete
Comments: FOR Comments
e o HiPn:| 1 LoPn:| 2 Points:| 6000
FDR DATA ready for ed|

VERIFY THE FDR TEST CONFIGURATION

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation

&

Slide 37 of 104

CONFIGURATION

Identification:
Equpment 10: [FBR DATA Equpment: ((XTEN--| Cable Type Vp Fi/ns:
Characterczation: [[ME] | Duration: @M, 128ec.| Viewing Feet: [T -]  Insulation: PR
Utdey: [aMS Flant: Room:
Description: |
Notes:
B Characterization E Waveform Kl v curve @ Live Cable
FDR Attachments (7):
e Identification: Configuration:
= Description: |Defauk Sweep of 1 Range (~6400 Ft)
1 Unknown
1 Unknown Postive Lead: [High Wire Start: 50.00 kHz

2

3 1 Hgh Impedance
4 1HghImpedance | Megative Lead: [Low Wire
5 1 Hgh Impedance

6 1 Hgh Impedance
7 1 Hogh Impedance

Cabiet: | Terminal Board:

Comments: [FDR Comments

Mo o HiPn:| 1 LaPr:[ 2

FDR DATA ready for ed

CLICK OK TO SAVE THE TEST

] Thickness:30mi =] [X¥ Cancel

Stop:[300.00 MHz

Points: 6000

= [F Hep

i ‘Uear
Baseines

& Sequence

me
Dy Change Al
G Add

=i Delete
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

Fin Uit bl
B HWID: (13101001 | Mux Onlines: Buaaruwug my
|Equipment 10~ [Type |cable [mils_|c# |we [1ve [Fe [view ilvp  [unitity Room n
aAn S L D-UNK OUNKNOWN GURKHOWN 20mi 0 7 171000 0.6 UNKNOWN U
il ¢ M G 6
¥ Manage
& Detabs
) Reports:
LN B
1 Hotes.
B characterization & Waveform v curve M ror @ Live Cable
Normal Test Queve Archives
= eTE»
B load | [Fouipment D [Atc]S |Positive Lo~ &,[F] 8 | [rauip
B e | X 2ize
Deete & Detas &
& Ematy & Reports. g
By serClo Mhsen =
&) Repart 7 M=
A 5
Pre-Filtered
Live Cable ¢ >
0 Motes.

Mo FDR Test Queue records availablel

drag an

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation

Slide 39 of 104

Eie_Lnites_Leip

LOAD THE TEST QUEUE BY
DOUBLE CLICKING THE EID

omal Test Quese
BMuuaeungIm>

B Lead AC|S | Positive | ~
B e
ok caTA 201 Lowiiee
=f etz | eop para 31 Hgh e
 Erry | JroRoaTA © 1 e
ok cara 51 shet
Bosech |FOR DATA 6 1 Hgh Wie
8 Report | Jron oara T
A dcgure
Pre Fitersd
Live Cable  ©
« o7 (O

B HWID: (111241001 | Mux Onlimes B ey
Equipment 10" [Type lcable [tnsulation [mits_|ce [we [1ve F# [view rilvp |mnny. [Plane toom -~
TR o TROUBERODTING U GUNKNOWN Q-UNHOWN 20 i 0 T 7 w0 06 uwowm e U
B e 5 [Hroeoata ok xssE o Wi 12 7 W 7 w0 0 ams
£ Manage
< Daas
8 Reports
nh e ~
0 tes
® Characterization 2 waveform 1 IV Carve. [ [T © Uive Cable

Huwar nnésDEC

T

FOR Test Quais - 1 of 7 Records
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

ey —

Eie ites tiep

B HWID: (111241001 | Mux Onlimes CEl ¢ @mEY

Equipment 10" [Type lcable [tnsulation [mits_|ce [we [1ve F# [view rilvp |mnny. [Plane toom -~

TR o TROUBERODTING U UMKV QUMWY T 7 w0 06 uwowm e oW

B e 5 [Hroeoata ok xssE o Wi 12 7 W 7 w0 0 ams

£ Manage

< Daas

8 Reports

nh e ~
0 tes

® Characterization 2 waveform 1 IV Carve. [ [T © Uive Cable

Nomal Test Quene Archives

BMuuaeungIm>

& Lead | _[Equipment D MiclS [Positive L ~
& e | Y
[Fok DATA .
igh wre

F
=f etz | eop para Enn
& gy | |on oAt '
ok ATA s
B 5ot 0| epn puara 61
S . i
A dcgure
Pre Filtered
Uive Cable <
< o7 (O

Huwar nnésDEC

T

FOR Test Quais - 1 of 7 Records
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IDentification:

Equipment ID: [FDR DATA

VERIFY TEST PARAMTERES, ADD COMMENTS, THEN
CLICK “OK” TO PERFORM TEST

Sweep: View Ft:| 1DDD|

[o]us i lIFDR Comments

Attachment Details:

Terminal Board: l:l

Posttive Lead: ‘ngh Wire

Negative Lead: ‘Luw Wire

Test Configuration:

Start Frequency: |50.00 kHz Stop Frequency: |300.00 MHz Points:

[v oc]
| X Cancel
7 Hep

Edit Comments and
Test Configuration.

Connect Test | eads
as described in the
Attachment Details.

Press OK button to
acquire test data.
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

« Click “Post” or
“Retest” to save - _Imﬁm : n‘n‘ : -|~ ne lzv‘ - | | Hm|mm~
the data to the ﬂ’n merfwmm 1?&11;:;3: 1::;;3 ".‘L'anmf, mosmo:dnz ::n Ff& ’fz‘::‘:a:m: Js‘gcp?nl\'/ mvam qnm | |
Archives v b

= o] @ Repest
A 0 MNotes =i Delete
» Clicking “Post”  |audmwas
. Pas Lead: High Wre Neg Lead: Low Wre 7 Heo
Wl” save the data Cabinet: 2 TE: ] Amachment Type: Unknown WO #:[FOR | 8 Er
then remove the | cammens ron commess
attachment from Test Datai Current Data Baseline Data FOR - 5000 Pts for 1000 Ft
the test queue. T o iz -
ength: 1000 1000
fp F/nS: 0.60 0.60
- - Current Data Bascline Data.

. CI_|ck|ng “Retest” |r= T : 3 T 3 3 Z bel
will save the data ||pes: B por
and keep the e — B me
attachment from | Lexstiosoemeho B s
the test queue CIET==EI0
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ANALYZING ARCHIVED FDR DATA .I‘N
THE WINCHARM SOFTWARE

&
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

File UtlitiesHelp

FDR DATA CAN BE ANALYZED FROM THE
CHARACTERIZATION OR FDR TAB

& Wwin: Muax Onlines -

i Dekete & Detak
& Emory &l Reparts
B Sex iy 1 Sequen
B Report 1| [=
M Acqure 1) 1 (B,

[T

E an
[ # (& [0 TRCUBLESHOOTING
B 7|y |mKTO1GHZ 1000009 cABE  coax It}
B Mansge | |I0KTOASGHZSS00P  CABE  COMK )
© Dol || |RXTOLGZ CABLE  COAX i)
& 50K TO 10 MBiZ 10000 POIN  CABLE  COAX It}

Lo 50 K TO 200 M, 20000 KEY CABLE  COAX 3

- B

«
5] FID used for “Troubleshooting testng - cannot be deleted o edeed!
B characterization 2 Waveform i v curve @ ron
Normal Test Quene ives

B € o mE»

B Lo i I Positive Lead 55
& e M "%

wHECERY
W utility Plant. |Room -
7 .6 UNENOWN URKNOWH UNKNOWH
7 % 7 100 0eF AMs
7 % 7 w000 0&F AMS
77 10000 067 AMS
7% 7 10000 067 AMS
7% 7 10000 087 AMS
>
© Live Cable
BruuwrnudoME<
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06/24/2022 11‘3.21 Susn %

16 06/24/2022 132221 Suspedt  Nem  AMS g

15 06/24/2022 13:21:10 Susped Nem AMS =
H “ HPR |AMS
Click “Details” to s
access Archived [
=
data to plot o
=
5 06/24/2022 13:08:35 Suspect M AMS
4 06/24/2022 13:00:11 Suspect Nem AMS
e e
2 08/24/2022 12:57:53 Suspect Nem AMS

1 06/24/2022  12:56:38 Suspect Nem AMS -
.
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FDR DATA

* Clicking

CLICK “FDR” OR “ADD” TO PLOT

[EN=] s8 R [ Assign Baseines
“FDR” W|” 2 Equipment 1D 5| Test Date | Time |Hillo| Start | Stop | Pts | Feet |X0rg| CheckV | Vpeak | Vmean | vim*  Result Status:
¥ 1 FDR DATA 1 L072/2022 11:05:33 1 25000 kHz 30000 MHz 6000 1000 -26.8135.00mV  35.00mV 19.81mv 911 md Defaut -
plot current v b
data with = |
baseline (if Ll e
. Attachments:
ava||ab|e) Pos Lead: [High Wre Ne Lead: [Low Wire 7 e
TE: Aachment Type: Unknown WO #: |FDR B  E
R Commerts |
. . Current Data Baseline Data FDR - 6000 Pts for 1000 Ft
. C||Ck|ng Starts__|50.00 iz 50,00 Kz St
Stop: 300,00 MHz. 300.00 MHz
“ ’ . . . Calbration
Add” will b o
plot the . ot
current data |[e= T+ = > T3S —
or add it to an | = —
Category:
already e
opened PlOt | ron res quese -tor hocorts
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

WA WAl

| |
| | |

FDR OVERLAY OF CURRENT DATA (RED TRACE)
COMPARED TO BASELINE DATA (BLUE TRACE)
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

THE VELOCITY OF PROPOGATION
(Vp) CAN BE MODIFIED

Cables have different Vp values based on their configuration
* Modifying the Vp changes the cable length of the FDR data

« Using the proper Vp for a cable provides more accurate
distances to connections, faults, or overall cable circuit length

* To determine the Vp, consult manufacturer specs or measure
length of cable then perform TDR or FDR test and adjust the
Vp until the plot matches the actual cable length

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation % Slide 49 of 104

MODIFYING THE VELOCITY OF
PROPOGATION (Vp)

» Click “X-axis”

from menu bar Reset Zoom to Viewing Feet Ctrl+R
then select
“Modify Vp”

* These

modifications
can apply to
both TDR and
FRD data
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

ADJSUT THE Vp BY MANUALLY TYPING
VALUE IN FIELD OR USING RADIO DIALS
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EXAMPLE OF MODIFYING THE Vp FROM
0.6 TO 0.67
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

CLICK “RETURN” THEN “YES” TO
SAVE Vp MODIFICATION

ppppp

Vo pestion

Save current Vp configuration?

|
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OBSERVE THE CHANGE IN CABLE LENGTH OF FDR
DATA (RED TRACE) DUE TO Vp MODIFICATION

* Red trace
has a Vp =
0.67

e Blue trace
has a Vp =
0.6
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

THERE ARE NUMEROUS WAYS TO
ADJUST THE SCALE OF A PLOT

Double clicking on minimum
and maximum values then
manually typing in desired value

» Using the plotting tools

» Using the zoom bar

4 —
Zoom o 15% - n ; -

' \
‘ositive Lead Negative Lead Commen
Low Wire
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EXAMPLE PLOT WITH A SCALE TO BE
MODIFIED USING VARIOUS METHODS
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

DOUBLE CLICK THE X-AXIS AND Y-AXIS LIMITS
AND MANUALLY INPUT DESIRED VALUE

In this

example, the
limits were -
changed to -

+ X-Axis: -25 to o
600

)

gy vt

* Y-axis -0.10to
1.00 5
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INCHARM CONTAINS MULTIPLE PLOTTING TOOLS

1. Click and hold to drag and zoom

2. Zoom-in on the x-axis

3. Zoome-in on the y-axis

4. Zoom-out to full range of data

5. Zoome-in (approximately 2% zoom
per click)

6. Zoom-out (approximately 2% zoom
per click)
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CHAR SYSTEM TRAINING V6.0

CHANGE THE X-AXIS BY ADJUSTING THE BAR OR
MANUALLY INPUTTING A VALUE IN THE ZOOM FIELD

(a3}

Used
zoom bar

Used
. zoom field

i |
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g@ A SCALE CAN BE SAVED AND
LI/ APpPLIED TO MULTIPLE PLOTS

. Once SatISerd
with a{a
scale, the user
can save that
scale, then
appl?/ that scale
to all new plots

£ .
generated

» Scaleis used
until the -
software is f
closed or the

user turns off
the “Use Saved
Scale” feature
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

ADJUST THE SCALE THEN SELECT “SAVE SCALE”
FROM THE SCALE DROPDOWN MENU

WinCharm Plot: FDR DATA, Atc:1, 27-Jul-2022 10:52:59

LB File

‘‘‘‘‘

K-Bxis  Y-Axis

Use Scale  Ctrl+U
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CLICK “USE SCALE” TO APPLY THE SAVED SCALE
TO EXISTING (AND ALL NEW) PLOTS

FDR Gate Help ™ -

« UseScale Ctrl+U

When a saved scale is being used, the zoom bar is grayed out

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation % Slide 62 of 104

© 2022 AMS CORPORATION 31



CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

GATES CAN BE APPLIED TO A PLOT FOR
ANALYSIS

Gates are used to measure the maximum change in a viewing
window from a single point of reference

 The user sets cursors to create a viewing window,. This creates a
gated window.

 The gate normalizes the left-cursor value in the gated window to
0 then measures the maximum change observed in the viewing
window

+ Gates can be used to analyze and quantify age-related
degradation.

« Software has aging categories built in for various polymers.

* Up to 3 gates can be applied to each FDR plot
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GATES CAN BE APPLIED TO A PLOT FOR

ANALYSIS
m File -Axis Y-Axis Scale Help
‘ =23 Show Gate Ctrl+G -
” e  New Gate 1 Fi
New Gate 2 F2
100 New Gate 2 F3 /
O TO Set g ate'  Show Category Markers Ctrl+T
click “FDR ™ . Save Current Gate Ctri+E
Gate” then ¢
“Show Gate”
from the
dropdown .
menu e o oo e Wn
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

DRAG THE CURSORS TO CREATE
GATED WINDOW

o
Gated
window
|
Gt . el v 037628 g tagry 3 o P 30
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ONCE THE CURSORS ARE SET,
CLICK “SAVE CURRENT GATE”

File X-Axis V-Axs Scale Help
+ Show Gate Ctrl+G
 New Gate 1 Fl
New Gate 2 F2
New Gate 3 =]

+/ Show Category Markers Ctrl+T

* Repeat this
process for
up to 3 gates - ' v Eeee
for an FDR =
plot g

(Gate 1 Dol Ao 0031428 Aga Categury: 1

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation % Slide 66 of 104

© 2022 AMS CORPORATION

33



CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

GATE DETAILS CAN BE VIEWED IN
THE ARCHIVES

[ Notes
Attachments: 2 Edt
Pos Lead: High Wire Neg Lead: [Low Wre =
Cabinet: B: Attachment Type: Unknown WO #: [CHAR S s
Comment: FDR Comments @ Load Quevs
Test Data: CarrentData Baselina Data FDR Current vs Bascline - 6000 Pts for 1000 Ft
Start: [50.00 kHz 50.00 kHz @ Status
Stop: [300.00 MHz 300.00 MHz \, Cabraton
Length: __[1000 1000
Vp Fns:[0.67 0.60
Current Data Baseline Data Z Exeel
Gate: 1 2 1 2 3 B pOF
LeftX:  [203.34
Right i |250.73 B g
ARho:__|0.0314
Category: |3 B FOR
Max aRho: [562.20 uRho B add
=
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Each of these ways to
view FDR data has
unigue advantages

Step response (Rho)

Impulse response
(Rho)

Magnitude (dB)
Impedance (Ohms)

Bandpass impulse
response (dB)

THERE ARE FIVE WAYS TO VIEW
FDR DATA

B WinCharm Plot: FOR DATA, Atc:1, 27-Jul-2022 11:05:33

File  X-Axis

-15.00

Scale FDRGate Help
Step Response (Rho) Ctrl+4
Impulse Response (Rho) Ctrl+5

Ctrl+6
Ctrl+7

+ Magnitude (dB)
Impedance (Ohms)

Bandpass Impulse Response (dB) Ctrl+8

/

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation

Slide 68 of 104

© 2022 AMS CORPORATION

34



CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

EXAMPLE OF FDR DATA
(STEP RESPONSE)
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EXAMPLE OF FDR DATA
(IMPULSE RESPONSE)
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

EXAMPLE OF FDR DATA (IMPEDANCE)

Ll £ L
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e

o

Magninedo (5]

00
mon-

e
w6

Had ]
oy |
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

EXAMPLE OF FDR DATA (BANDPASS
IMPULSE RESPONSE)

a0
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‘ 5) SOME VIEWS OF DATA CAN BE ENHANCED
T1H/ BY SMOOTHING DATA POINTS

* Click “Y- n
axis” then .
“Smooth (M
Data” then
“Points” -
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

* 10 points or -
below are
recommended .

* Higher
volumes of
smooth points
can filter out
details in the
FDR data

TYPE IN NUMER OF SMOOTH POINTS

& Enter Smooth Points ®

Enter number of points for smoothing:

Smoath Points
o=

[ ]
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PRt

1) N

e =
|
| H .
\ Smooth points: 80
=~
| g N A / ~—
NPNPVAN ]
M ',r“\/"
e — =
N
Vo N \ | \'\_\
i
UL TL T
[} ‘ |“|| I (W ‘lm,
| i |
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

PRACTICAL APPLICATIONS OF FDR TESTING

Locating thermal ‘hot spots’
* Trending insulation material degradation
 ldentifying global insulation degradation

» Identifying and locating impedance changes such as key
components in a cable circuit (i.e., connections, splices,
transitions)

+ Identifying anomalies in a cable circuit (i.e., short or open
circuit, degraded connection)

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation % Slide 77 of 104

FDR LOCATES THERMAL ‘HOT SPOTS’
DEGRADING INSULATION MATERIAL

Non-destructive

In-situ test
@l Baseline @ Cable Thermal Aging

End of Cable

Connection Performed remotely from

one end of the cable

Insulation Damage

End Device can be
connected

Amplitude (dB) )

Identify and trend
insulation aging

Also used to locate

mechanical damage and

o 2 o Py % moisture degradation
Distance (ft)
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

FDR TRENDS POLYMER DEGRADATION AS A RESULT OF
THERMAL AGING OVER TIME COMPARED TO A HEALTHY
BASELINE (LIGHT BLUE TRACE)

The aging of cable insulation changes the permittivity of the polymer
which can be identified with the FDR technique.

* The FDR test has demonstrated increased sensitivity as compared to
other reflectometry methods for detecting subtle impedance changes
that occur in insulation properties that result from aging

Test Analysis Trending Aging Degradation End of
Connection Window

FDR Signal (Rho)

Distance (ft)
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EXAMPLE FDR AGING CATEGORIES USED FOR
QUANTIFYING THE DEGRADATION OF CABLE
INSULATION MATERIAL

* AMS has performed extensive aging research on a variety of cable polymers
used in commercial power plants in the U.S. and worldwide.

» The results of these tests have shown that FDR can identify and locate age
related degradation.

» The age-related degradation for polymeric cable insulation types have been
categorized by AMS based on the percent of their aged life to define general
acceptance criteria that can be used when performing in-plant testing. These four
FDR aging categories for cable insulation are divided as shown Each category
represents a “Percent (%) Aged” estimation for the cable under test as it relates
to its end-of-life condition.

Category Category Category
1 3 4

10

Category 4 (>99% Aged)
Cable insulation is at or near its

08 - end-of-life condition

°
& Category 3 (66-99% Aged)
< 06 Cable insulation has significant aging
° butis expected to function normally
2

8

é 0.4 Category 2 (33-66% Aged)
s

z

Initial indication that age-related
degradation occurred

0.2
Category 1 (0-33% Aged)
Little to no indication of age-related

0 33 66 99 100
Percent Aged
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

FDR TRENDS GLOBAL INSULATION
DEGRADATION

Frequency domain data

i e
12-| 804 hours [
N ;?_ 1211 hours [
2105 hours [/
0 / 33 hours [
é 06 3980 hours [/
5282hours [
6599 hours [
7294 hours [
b=
—
- IS ] 5 10 15 20 25 3‘0 35 40 45 50 55 60 ’_
Distance (ft) [~
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GLOBAL AGING AFFECTS THE VELOCITY OF
PROPAGATION (VP) AND CAPACITANCE OF THE CABLE
F 0.7065
Hours Distance AV, (%) c (p /iTlCh) = 2s s gr
Aged @) P2 In=
d
0 40.3 0.0 0.630 0.00 &, - Relative Permittivity
804 4058 05 0.621 -1.37
1211 418 16 0.606 -3.85 1
2105 434 32 0581 7.83 Vp = — feet/sec
VLC
3309 242 4.0 0.568 9.81
3980 445 43 0.563 -10.56
Hours Vp L (nH) C(nF)
5282 45.1 4.9 0.554 -12.05
0 063 | 27 | 0931
6599 454 52 0.549 -12.80
7294 456 53 0.547 1317 72947054 | 2.7 125
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

WINCHARM SOFTWARE SHOWING GATES USED
TO QUANTIFY AGING DEGRADATION

080
060
X e X 4029
. 0 ! ¥:283.28m ‘v 218 10m
) ..___r\

—

40
Foat
FOR Gato 1
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REFLECTOMETRY TESTING CONSIDERATIONS

* The cable configuration must have parallel transmission lines such
as multi-conductors, conductor and shield, or conductor and ground
plane.

 For large frequency spans, the test signal is attenuated over the
length of a cable circuit, which results in a lower resolution (distance
between data points).

» The test results of a cable circuit are normally very repeatable over
time. Impedance changes from an unexpected short or open
connection are obvious and easily located on an FDR plot relative to
baseline. However, smaller changes in impedance from a baseline
are subtle and can be difficult to identify. These small impedance
changes can be caused by localized degradation such as corrosion,
loose or damaged connectors, resistive connections, cuts and
gouges, moisture intrusion, or localized aging of the cable insulation.
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

. PERFORMING A FULL VNA CALIBRATION

« Afull calibration must be performed for every frequency range used in an
EID (i.e., 50 kHz — 300 MHz with 6000 points)

» Software will not allow user to acquire data if full FDR calibration is not
present in the database

» Tools needed include a Philips screwdriver, calibration tee, N-to-SMA
adapter, torque wrench, test lead, and test clips to create a short circuit
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TO PERFORM A CALIBRATION, GO TO THE
“FDR” TAB

B HWID: [131041001 | Maox Onlines Brwerwudé FEY
| _|Equipment 1D~ [Type _|cCable |insulation _[Mils _|c# |w# [1ve [Fe [View Felvp  [uritity |Plant |Room J*
(% /% & _|oTROUBLESHCOTING GUNK  D-UNKNOWN O-UNKNOWN 20mi 0 7 1 7 1000 0.6  UNKNOWN UNKNOWN UNOWN
[ 5% g HFORDATA OUNK 58I EPR Jmi 12 7 2 7 1000 06 AMS
2 Manage
& Dejab
18} Reports:
N h o
B Notes
B characterization £ Waveform I IV Curve. B ror @ Live Cable
Normal Test Queue -
L} ¢ CmE> a € e <
S i———— 00 e Bt
# Ede | M “tiral
=i Debte @ Detais g
& By o5 Repurts %
By SexCly MhSequen
SR = [
- By
Acqure
Pre Filtered
Live Cable <
Y DNoes
Mo FOR Test Queue records available!
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

CLICK THE “CALIBRATIONS” TAB AND CLICK
“CALIBRATE”

B HWID: (31041001 | Mux Online: Brow-roneoMBY
|Equipment " [type |cable [Insulation [Mils |c# [Wi [1v# |F2 [View Filvp |Uiiliey |Plant | Room

& B & o TROUBLESHOOTING DURK_ GUNKNOWR OUNKROWN 20mi 0 7 17 1000 06  UNKNOWN UNKNOWN UNVGIN
% g HFORDATA DUNK  XSSIG B W iz 7 26 7 000 06 AMS

¥ Manage

& Dataks

§) Repors

u e

O betes

W Characterization & Waveform v curve M ror @ Live Cable

Normal Test Quene Archives

Y € CE» a8 " & EE» YLk 7
B Load mn |Ate]S |Positive Le~ | Calibrated | Sweep [V Lead| Hardware | ~ |2
& e | J\ Date” | Time™ [M Start™ | Stop” [Points"| Type" |0ffFt| Serdal® | Target  [Ervor|Duration | C1
0

5 Delete

& Emry

B St Cig

) Repont

M Acqure

I\:ahau I <o Detals paseines =i Dekte &) Repots

Ho Calibrations recards available!
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VERIFY CALIBRATIONT YP EIS “FULL” THEN MODIFY
THE PARAMETERS AND CLICK “OK”

Calibration Options:

Calibraton Type: Ful X Cancel

Start Frequency: lilMHZ
Stop Frequency: lilMHZ
Points:

Harmonic:

Harmonic Points = 6000 for 0.05 MHz to 300.00 MH:
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

FOLLOW THE PROPMPT TO CONTINUE
CALIBRATION

* Remove front panel to
access the VNA

» Using the torque wrench,
remove cable from Port 1
of the VNA

The FDR Calibration process requires a connection to the
131041001 instrumentation!

With the test lead disconnected, open the hardware
system front panel to CONMECT THE SHORT of the FDR
Calibratien standard directly at the VNA connection.

Start the Calibration?
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INSTALL THE “SHORT” CONNECTOR OF THE

CALIBRATION TEE AND ADAPTER ONTO PORT 1
OF THE VNA
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CHAR SYSTEM TRAINING V6.0

FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

CALIBRATION

* Once properly
connected to Port 1,
click “Yes” to continue
calibration process

a connection to the

The FDR Calibration process requires
131041001 instrumentation!

With the test lead disconnected, open the hardware
system front panel to CONMECT THE SHORT of the FDR.
Calibration standard directly at the VMA conne ction.

Start the Calibration?

e

FOLLOW THE PROMPT TO CONTINUE
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CALIBRATION

* Remove the
calibration tee and
connect the “Open”
connector to Port 1

* Click “Yes” to
continue the
calibration process

FOLLOW THE PROMPT TO CONTINUE

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation

With the test lead disconnected, CONNECT THE OPEN
of the FDR Calibration standard directly at the VNA
cennection.

Continue the Calibration?

e

% Slide 92 of 104

© 2022 AMS CORPORATION

46



CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

FOLLOW THE PROMPT TO CONTINUE
CALIBRATION

* Remove the
calibration tee and
connect the “Load”
connector to Port 1 Wi e test e cisconnected, CONNECT THE 50 CHU

of the FDR Calibration standard directly at the VNA
connection.

Continue the Calibration?

* Click “Yes” to o [
continue the
calibration process
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FOLLOW THE PROPPT TO CONTINUE
CALIBRATION

 Remove the calibration tee

* Install the cable to Port 1
using the torque wrench
(turn until hear a click)

o Disconnect the FDR Calibration standard from the VNA
and restore the original hardware system configuration.

CONMNECT the desired Test Clips to the Test Cable and
SHORT the Test Clips to perform the Normal Calibration

Continue the Calibration?

Yes Ne
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

FOLLOW THE PROMPT TO CONTINUE
CALIBRATION

» Connect the yellow test lead
to Channel 1 on front of the
CHAR System

» Connect the test adapter
onto the test lead and short
the wires

e Click “Yes” to continue the
calibration process O s e

CONNECT the desired Test Clips to the Test Cable and
SHORTthe Test Clips to perform the Normal Calibration

Continue the Calibration?
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B ce

Calibrated | Sweep |7 Lead| Hardware | Voltage Check | ~
Date” | Time” M| Stat™ | Stop~ [Points’| Type~ |Off-Ft| Serial- | Target [Error| Duration | CheckV | Vmean | vpkpk | vims |
_[07/26/2022 16:25:38 N 50.00kHz  300.00 MHz 6000 50 Chm  -26.81 131041001 6.0.2.15 0  45ec  22.90mV 16.94mV 22.90mV 5.32mV *i Delete
7(]7,‘16/2[92 16:25:38 N 50.00 kHz 300.00 MHz 6000 Open -26.81 131041001 6.0.2.15 0 4 Sec 23.06 MV 1693 mV 23.06 mV 5.39 mV
_|om26/2022 16:25:38 N S0.00KHz  300.00MHz 6000  Shot 2681 131041001 6.0.2.45 0  4Sec  25.51mV 16.94mV 25.51mV 5.37mV
¥07/26/2022 16:25:38 N 50.00 kHz  300.00 MHz 6000  Testlead -26.81 131041001 6.0.245 0  4Sec  17.35mV 17.35mV 10.14mV |1.39 mV 4 Baseine
Calibrated: FDR - 6000 Pts
Baseline
Current Baseline Assigned!
on:[07/26/2022| @ [16:25:38 [07/26/2022) @ [16:25:38
HW:[131041001 | Mode: [N (131041001 ] Mode:[N This is a
typical curve
Test Lead
Offset: [-26.81 | Feet |-26.81 for a
3 Excel
successful
o o POF
calibration
FDR Calibrations - 4 of 4 Records
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B HWID: (13101001 | Mux Onlines: HBruwarnwue o MEY
|Equipnwent 10~ [rype |cable |msulation |mits |c# [w [1ve |Fe [view rijvp  |urility |Plant. |Room
(%) B |8 _[o-TROUBLESHODTING DUNK GUNKNOWN GUMKMOWN 20mi 0 7 1 7 1000 0.6  UNKNOWN UNKNOWN UNKNCWN
g MFORDATA BUNK  2cSSIG ER w1z 7 6 7 1000 06 AMS
¥ Manage
& Detaks.
§) Reports.
L)
(]
B characterization & Waveform v curve M ror @ Live Cable
Normal Test Quene Archives
B e ZE» “Normal = C e 6 EE > Alns 7
B Load m [Mte]S [Positive L~ || Calibrated | Sweep [V Lead] Hardware | -8
& e | Date” | Time™ | Swar® [ Stop” [Pois’| Type” |0fiFt| Serial” | Targer [ErorDuration | Chec &
. [07/26/2027 16:2538 M_50.00 kHz _ 300.00 Miz 6000 50 Obm 26,81 131041001 6.0.2.15 @ dsec 2290
5 Delete 071262022 162598 N S0.00 Kz 00.00MHr 6000  Open 26,81 D001 6.0.2.15 0 4% 706
& Ematy 07/26/2022 16:2538 N S000 Kz 00.00MHz 6000  Shot 3681 131041001 60215 0 4see 2551
077262022 162538 W 5000 otz 30000 MHz 6000 Testlesd 2681 131041001 60215 0 ase 1735
B Ser iy
&) Repurt
Al Acgure
. Galbeats < Detais i Basines =i Delte 1 Regonts
Mo Calibrations records svailable!
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PERFORMING A TEST LEAD
CALIBRATION ONLY

Atest lead calibration should be done if the CHAR System
has cycled power or if the user has changed test leads

» Atest lead calibration determines the length of the test lead
and compensates its length and electrical parameters from
the acquired FDR data.

* The test lead calibration skips the short, open, load portions of
the full calibration; therefore, is not impacted by the frequency
span or number of points set in the EID.

* Tools needed include the test lead and test clips to create a
short circuit
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TO PERFORM A CALIBRATION, GO
TO THE “FDR” TAB

& WWID: (131041001 | Muoc Onlines ~ Hewernue FOY
Equipment 1D° Type _|cable |Insulation lox |we [ive [ [View Filvp  |utility Plant |Room I~
&) 0 § [o-TROUBLESHOOTT IHK KNOWN 20mi 0 7 1 7 1000 0.6  UNKNOWN UNKHOWN UNKNOWN
B & ¢ PFORDATA MK 205516 EPR Wmi 12 7 2 7 1000 06 AMS
8 Manage
& Desals
A Reports
-k S -
Dloes
8 Characterization £ Waveform 1 IV Curve © Live Cable
Mormal Test Quese:
L) €CmE>» a € ER<
® Lo mcls |Positive L~ & [ #  |quipment ID” | At | TeSEDaR Time™_|status_|Acg_|unility Plant -
#® e | M "t Y
=i Dekte & Datals g
& Empy I Reponts §
B secciy A sequen
& ¥ "y E
At By
Acgure
Pre Filtered v
Live Cable € :
g L7 D
Ho FOR Test Queue records availablel
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CLICK THE “CALIBRATIONS” TAB
AND CLICK “CALIBRATE”
& W ID: (131091001 | Mux Omline: T BuuwarnusIMEY
Equi I~ [Type |cable |nsulation  |Mils |c# |we [1ve [Fe |view rrlvp  |utility [Prant. Room )
(5] ® & [0 TROUBLESHOOTING OUNK_ OUNKNOWN OUNKHOWN 20mi 0 7 1 7 1000 0.6 UNKNOWN URKNOWN ey
7 g HFoROATA DUNK  2csSIG R Wi 12 7 6 7 100 06 AMs
8] Manage
& Degaks
81 Reports
@ v
0 Hotes
& Characterization B Waveform v curve. B ror @ Live Cable
ormal Test Queue Archives
LY €cmE> *Normal a P e c e SEE> Ares i
™ m |aacs [Posttive e~| (| colibrated | — g
& e X Date” | Time” M| Stan” | stop” [Poimts | Type” Target _[Ervor| Duration | Chec
. 162598 N 5000 Kz 30000 MHz G000 50 Obm 26,81 1310A10G1 60215 0 dsec zw
=i Dekete 16:2538 M 50.00 kz  300.00 MHz 6000  Open 2681 131041001 60215 0 45e 2206
& Emgty 16:25:38 M 50.00 kHz  300.00 MMz 600D Short 2681 131081001 60215 0 asec 2551
B 162505 N 000Kz J00.00MHZ GO0 Testlead 2681 131081001 60215 0 s wx
& Repon
o hegure
< > I . Calbeate I & Detals i Baseines 7 Dekte ) Repers
Mo Calibrations records available!
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CHAR SYSTEM TRAINING V6.0

VERIFY THE CALIBRATION TYPE IS
“TEST LEAD” THEN CLICK “OK”

FDR Calibration Options

Calibration Options:
Calibration Type: v X Cancel

Start Frequency: MHz

Stop Frequency: MHz

Points:

Harmonic:

Harmonic Points = 20000 for 0.05 MHz to 1000.00 b
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FOLLOW THE PROMPT TO CONTINUE
THE TEST LEAD CALIBRATION

o CONNECT the desired Test Clips to the Test Cable and
SHORT the Test Clips to perform the Normal Calibration

Continue the Calibration?

[ Ve No
/f
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CHAR SYSTEM TRAINING V6.0 FREQUENCY DOMAIN REFLECTOMETRY FDR) TESTING

REVIEW THE TEST LEAD CALIBRATION RESULTS

Click “Close” to return to the main screen in WinCharm software

L Cose
Voltage Check L)

Calibrated
9 == = T Type == n
60215 [0  7Sec 18.08 MV 1808 mV 981 mV 143 mV i Delete

Stop
M07/26/2022 16:32:10 N 50.00 kHz  1.00GHz 20000 Testlead -27.92 131041001

%4 Baselne

Calibrated: FDR - 20000 P1s
Current Baseline

[o7r26/2022] @ [16:25:38°

On: [07/26/2022] @ [16:32:10

(131041001 | Mode:[N

HW:[131041001 | Mode:|N
Test Lead
Offset: [27.92 | Feet 26.81
| 2 bxeel
B POF

FDR Calibrations - 1 of 1 Records
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