CHAR SYSTEM TRAINING V6.0 IR MEASUREMENT

CHAR SYSTEM
OPERATION & TRAINING

Module 4

Insulation Resistance Measurement

LEARNING OBJECTIVES

At the conclusion of this module, the
expectation is to:

— Understand Insulation Resistance (IR) fundamentals

— Evaluate IR data collected using the CHAR System

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation E@g Slide 2 of 22

© 2022 AMS CORPORATION 1



CHAR SYSTEM TRAINING V6.0

INSULATION RESISTANCE (IR)

* 80% of electrical maintenance involves IR testing of electrical wiring

* Aconstant DC voltage is applied between isolated conductors by the
CHAR System while current is measured over a period of time

» Commonly used DC test voltages for AC rated equipment:

Insulation_in Good
Rated Cable Voltage | IR Voltage Applied W S
100 VAC 100 to 250 VDC '<Z_(
100-500 VAC 500 to 1000 VDC 2
1000-2400 VAC 1000 to 2500 VDC & S
2400-4160 VAC 1000 to 5000 VDC of Repar

TIME
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CHAR SYSTEM TRAINING V6.0

Dielectric Absorption Current

IR CURRENTS

/Total Current

75 ||

Leakage Current -
Current (uA) | /<= current through insulation
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Capacitance Charging Current \
I\ \ Dielectric Absorption Current -
3t | \«— charging current of insulation
Insulation Leakage Current ) it Chioing cotan
o = charge to voltage level
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Time (sec)
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INSULATION RESISTANCE RATIOS

IR at 60 sec

IR at 30 sec
If <1.25, suspect moisture intrusion

DAR =

_ IR at 10 min
IR at 1 min

Motor Testing typically uses the PI test

If PI < 1.0, suspect moisture or corona

_ IR at 3 min
" IR at 1 min

If PR < 1.0, suspect moisture or high leakage current
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CHAR SYSTEM TRAINING V6.0 IR MEASUREMENT

FB¥/ SELECTING IR TEST VOLTAGE

— Defaultis 15 VDC
— Protects solid state circuitry

— Recommend testing to Manufacturer's
specification
— Low voltage (<600V) electrical systems

(without electronics) can safely be tested to
~ 150% of peak operating voltage
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m&g SELECTING IR TEST VOLTAGE (CONT’D)

« 2012 System IR tests are not intended to stress
insulation

— Increasing voltage is sometimes necessary to reduce
noise interference
* Itis possible to break down a cable’s insulation with a
DC High Voltage test (such as withstand and patrtial
discharge tests):

— Exceed the withstand voltage
* Instantaneous
— Create partial discharges and let the leakage current
damage the insulation until it breaks down
» May take minutes or hours
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CHAR SYSTEM TRAINING V6.0 IR MEASUREMENT

Would you use a cable after you just broke
down the insulation?
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gg VOLTAGE STRESS ON THE INSULATION

The high potential test stress on the
insulation is a function of:

— Voltage level

— Distance between conductors

— The dielectric

— The shape of the conductors

— Polarity of the charge
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CHAR SYSTEM TRAINING V6.0 IR MEASUREMENT

JE8Y/’ CORRELATING IR DATA WITH
LEY - \pACITANCE DATA

Increasing C — Wet insulation

Decreasing C — Insulation may be baking out
(drying)

Decreasing DF* - Insulation may be baking out

Increasing DF* - wet or resistive film on
conductor to ground

*Dissipation Factor
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&@ EVALUATING IR CURVE

* Increasing slope - good, dry insulation

 Flat slope - resistive or possible moisture
intrusion

» Decreasing slope - ionization effects of
moisture or partial discharge
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CHAR SYSTEM TRAINING V6.0 IR MEASUREMENT

AB EXERCISE: IR MEASUREMENT ON
POWER CABLE

Perform IR Test at: 10, 100, and 1000 Volts, using
the three listed conditions:

* Dry Cable
» Wet-Jacket Cable
* Wet-End Cable

(See Lab 2 "Insulation Resistance" in Lab
Handout)
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PLOT RESISTANCE vs. VOLTAGE

DRY & WET CABLES

Resistance Mega-Ohms
10000

10003\

10: \
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10 100 1000
DC Voltage
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CHAR SYSTEM TRAINING V6.0

COMPARE CAPACITANCE AND IR

TO IDENTIFY MOISTURE INTRUSION

Description Capaﬂtg;ce @l oo l(?oesirsllsi;nce Resilgtse:::;m@n 100
VDC (Ohms)
Baseline (newly installed cable) 410.67 pF 988.67 M 1.77G
Middle of cable (water submergence present) 436.85 pF 820.79M 122G
Cable end in water (failed PM test) 496.96 nF 754.84k N/A

Characterization Summary Report

Equipment ID: IR DEMO (ORANGE CABLE) Device Type: CABLE Cable Type: 2C-FWR ‘Sequence: 33
Deseription: 10° power cable Frequency: 1KHz
Atc TestDate Time _ Type Rac uc an Rdc IR PR v Ck Positive Lead Negative Lead
[C] 2 &mi018 121546 OpenCircut | 321k 41067pF 629m  S8867M 177G 214 o278 my_ White Wire Black Wire
TCT Comment: 1007 Baselineinewly installed cable (@)
ic1 5 &212018 12:17:31 Open Circuit 327k 43685pF BSTm  B2079M 122G 182 167.39 my__ White Wire Black Wire
ICT Comment: 100V .
(1 8 e12018  12:21:07 Open Circuit 110k 496.96nF 345 75484 K 6295my__ White Wire Black Wire
[C] Comment: 100/ Cable falled PM test (ends in water).
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ARCHIVES

OVERLAY TDR PLOTS AT 15 VOLTS FROM THE

Select attachment 1 in list. Click <TDR>

e e o sy o
SN DR ORI 2 O TR F T ——
3 onr o 257 v C =
, one o T

She wmooweony  onr zom T amoa e w v [T #
e In Gan | a xew oweamn 7 3 m 1y we e ™ F— o
it Ty Cpen Gt Wk G - ot LT
s 0 b et - e can
WOwwimone Efincun  DNOne
et s g & e

" € m> AR AR AR ARAAR N | mm

AL AL

) ot e TIPSt
aa ;
e T s 1m0
Vow
Becy
S
Aran

Proprietary / Duplication Prohibited / Copyright 2022 by AMS Corporation E@g

Slide 16 of 22

© 2022 AMS CORPORATION

IR MEASUREMENT



CHAR SYSTEM TRAINING V6.0 IR MEASUREMENT

ELECT ATTACHMENTS 4 AND 7 THEN CLICK
“ADD”

« >
0 Notes 8 pe
Atachments: 5
Pastwe Lead: 'Whie Wre Negatre Lead: Black Wre 5]
Cabret Termia Buard Type: Cpen Gro Wark Orter #: [CHAR @ 023 Quese
Comments: M secton n water - 15V
& Characterization A ror
Vaoltage Check - 2500 Pts:
Current Bata__ Baseline Data 4, Soeen
Check Lewel [208.37 mV___ 20837 m. s
[ Peakca peak 20837 miv W7 | B
Mean .88 i 288 v (S Cobration
R o808 i 5909 v
Impesdance: TOR - 60000 Prs - 1000 Fr Plaes:
Current Data TS
ROC 904,69 MOhms_904.69 MO = Sty
RAC 100tz |36.88 kOhms 38,88 kOl
RAC 1 Kitz 2,64 kOhms 2,64 kDhms | B Add kTR
RAC 10 KH_[275.31 Chrs 27531 Ot B E OTOR
UC 100 K 14324 of 3.2 51 B Hose
L/C 1 Kbz 400,66 pF 408,66 pF Eadd [ B Rac
UCiowi st et -
D 100Hz __ [10.83 m 10.83m L
D1KH: (677m 6.7 m Add LT
/D 10Kz [5.47m Eaid E ®
Insulation Resistance: Reports:
Current Data_ GDelsks _ Baseline Data o
Vokage |15 iotsge 15
DSec |739.45 Mohms | 0 Sec |730.45 Mobms
Ssec 107 GOtms | ssec [127Gotms | A B
15 Sec |15 GORms | 15 Ser [1.54 GOhms.
15 Sec |1.54 GOhms 15 Sec_|1.54 GOhms
B pach
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MOISTURE INTRUSION LOCATED
USING TDR COMPARED TO BASELINE

TDR
0.40- TDR impedance change
o
H
230
Increase in capacitance
o102 T o and cable length "
o] Vet Date | Yout i | P
B REEE
o Tesug e o sss— e |
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CHAR SYSTEM TRAINING V6.0 IR MEASUREMENT

Lo/ PERFORM LAB EXERCISE

 OBJECTIVE:

— To understand the effect of moisture on a
cable, and to use the archives as a baseline
to see changes in cable characteristics.

IR Lab Sessions

— Each group will perform the exercises in the
Lab Procedure Manual.
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QUESTIONS

How did moisture affect the capacitance?
How did moisture affect the TDR plot?

What is the difference between resistance
and capacitance on a TDR plot?

How do characteristic impedance changes
affect TDR?
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CHAR SYSTEM TRAINING V6.0 IR MEASUREMENT

Thank You!

Questions?
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