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What is PD Qocvces
PD (Partial Discharge) : BT ASIREMEBSIFERS, E—EINERE T RENBENES TS
AR,
REHEBNEE: BERREr LRGN, WRRA AN, SIRBIRTER, BT
SHEMBBRES, RETRE,
RESHEBMIE A M ENESAE DR, AT SIS, SLETEN, WA
4, NERRFEISARIRIES, GLETIRN, W, B, BE, SHENNE
AL,
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PD detection methods DEVICES
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Az

=r LF-20kHz

BEE 20kHz — 300kHz
HF B335 0.3MHz-30MHz
UHF 55530 300MHz-1500MHz
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PD detection methods
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Filtered PD signal characteristics analysis

| —— Orignal signal--time domain
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—— Orignal signal
—— 300M~1.5G BPF
—— 300M~800M BPF

— 1G~1.5G BPF
. —— 800M~1G BRF
\

|
|
|

g
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—— Orignal signal--frequency domain _

Rise time: 300 ps

Fall time: 10 ns

Sample rate: 10 gsps Sampling time: 1 us

National Grid requirement is as below:
7.1 tREREERESELERE

R AR RSO 5 5 Bk ETRNF300ps, BAHHERETIA (10ns=500ns) ,
(AR T CRANFB0V) il R F50H2) o

ANALOG
; DEVICES
©2020 Analog Devices, Inc. All rights reserved.

AHEAD OF WHAT'S POSSIBLE™



PD signal In Lab

PULSE INVECT ION UNIT
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KEYSIGHT
TECHNOLOGIES DS0-X 4104A, My55440301, 04.08.2016071800: Mon May 06 11:05:26 2019
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GIS UHF online PD monitor system requirement
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On-site inspection specification for partial discharge UHF coupler of gas insulated
metal-encolsed switchgear
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Rx Sensitivity
= -75dBm(DMS).

Dynamic Range
= 40dB(DMS)

= >40dB from Guangdong Grid 2018 quality
requirement on Online PD monitor

= Some customers get to 70dB.
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Vibration Sensing Signal Chain (LF-20kHZ) DEVICES

AHEAD OF WHAT'S POSSIBLE™

Single Channel Version

m Ultra-low Power ADXL1002 29.66

m Compact Size. ADA4807-1 3x2 5 1.09

= Allin One solution AD7768-1 5x4 14 5.95
S5V

3.3v/1.8Vv

— 1uF l

16.384MHz > 10kQ

V\DJD VOUT AVDD1 AVDD2 IOVDD MCLK REF+
ADXL1002 ) N AD7768-1

VSS STANDBY ST

ADC REF-

330nF
g ADAA4807-1

)
« ¢v 10kQ
4‘¢V‘V

))
({4
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({4

GPIO1
~ VCM AVSS DGND
'~ GPIO2
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Vibration Sensing Signal Chain (LF-20kHZ)

Multi- Channel Version

m High Integration.
m 24bit Resolution.
m 10Hz- 1.5Mps Configurable ODR

m Easy Synchronized with Multi Chip.
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Ultrasound Detection (20kHZ- 300kHz) DEvICES

Single Channel Version

VS+=§_.\5V REF = 5V REF_OUT VDD =1.8V
—%
0.1uF
v
PD_REF (O
3 ADI iPassives
) Vio
SDI
==173J SCK
EF”}** < SDO
CNV
V4N
ADAQ4001
180pF OUT'IQ é O O O
l: VCMO PD_AMP |[VS- MODE GND ADCIN+ ADCIN-
m High Integrated Solution.
m 16/18Dbit High Dynamic range.
m  Up to 8O0KHz Bandwidth with external anti-alaise Filter
ANALOG
DEVICES

13 ©2020 Analog Devices, Inc. All rights reserved. AHEAD OF WHAT'S POSSIBLE™



Ultrasound Detection (20kHz- 300kHz)

Multi - Channel Version

m High Integration.

m 16/18bit Dynamic range.

m <220KHz Bandwidth

14
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5V 5V 1.71V TO 5.25V
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AVce | REGCAP ;; AVcc | REGCAP g VDRIVE
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I I
D==4733 I I BUSY
ittEl.F':' }7|<7k \ PROGRAMMABLE FRSTDATA
wee | ! DIGITAL FILTER |
T I | S ——|
| OPTIONAL | [_SERIAL DoutA TO Doyt
| RC FILTER | ADC, PGA, AND «——sDI
REFCAPA L o «—YscLk
O CONFIGURATION N PARALLEL/ ot
.. 0 b || SERIAL cs
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R
i +2.5V 'LfEﬂWEEfPEII\ i REPEREWGE E < M
|
| % 100nF [ N 2.5V ! DIAGNOSTICS 4 PAR
! $ | "| REF : AND SENSOR G S
| REFSELECT| e e 4 DISCONNECT
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| I\J
L v .
ACND i - -
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HF Detection (300KHz-30MHZz)

Dual/Quad Channel Version

)

INH (

HFCT

MODEO —
CONTROL
MODE1 CIRCUITRY
PM

VCM
BIAS
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+2.5V  +2.5V

01|.q 01pq 01|q

\ //vcM  vDD1  VDD2
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AD9528

N T

GND

+2.048V
AD8031
Y +7.25V
l 77 T 0.1pF
|
[5]¢ |7 s'l%
0dB TO 23dB 14dB '
TO 100Q R6 A
Y. 26dB C 4990 1| _rB +Vs
1 | +4.096V
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LOGIC 2| +IN 11 330
-+ A"'.'
;]’\ —ouT cs L
—O— 9 | Vocm 55pF$
$ 0.1pF ADA4932-1
[ Vivip | i R9
N Sl - +0uT |10 330
ATTENUATOR R7 / S(B:GF L
-48dB p
+4.096V
[TTTITT ,_J% PAD
veABIAS AND | fe i il | cLamp

INTERPOLATOR [

= High SNR.

AD8331 l
O O O
ENBL ENBV GAIN

m External High HD performance over Octal Band.

m 100 MSPS ADC provides up to £3 meters resolution

15
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UHF PD detection SEVCES
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UHF PD detection: #GlI300MHz~1.5GHz $F=MEMIKES, MEERAK, A5 FHES2TH
=20, XRFhEREES IEHPDIISURE, MR EE DL LpC.

) 5 BT R 04 ) R B LS FZE AR SRR O R bt

CIGRE WG 15-03 dB (m)

dB (m) Sensitivity to loose particles
15 UHF
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Partial Discharge: Online Multichannel UHF Monitor DEvIcES
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__J __J

LDO regulator LDO regulator
n ADP151 n ADM7170
72 SN ’,’ """" "\\
H 1
Y [ UHF to HF conversion 1 :
. 11
Y | 1 ;
1 v v 11 I
| M) S Tl :
Y : T :
] Analog LPF : : |
I RF 800 MHz RF [
Y I - » » switch switch H » ! [
! i —__ )
: |
Y : Analog BPF LNA DSA Analog BSF RF detector : : ADC driver 1 ADC Measurement unit
| 0.8 GHz to 1 GHz ] |
\ i 7 e » St B 2os::6 H » Pl - P
| E ; :
Y 1 1 GHz HPF : : :
¥ : — — | '
1 1
11
: X8 n HMC7992 n HMC7992 'I I‘ X 2 :
7
\\ _______________________________________________ f’ \§ ________ -

ANALOG
DEVICES

18 | ©2021 Analog Devices, Inc. All rights reserved. AHEAD OF WHAT'S POSSIBLE™


https://www.analog.com/en/products/adl5610.html
https://www.analog.com/en/products/hmc1122.html
https://www.analog.com/en/products/hmc7992.html
https://www.analog.com/en/products/hmc7992.html
https://www.analog.com/en/products/ad8318.html#product-overview
https://www.analog.com/en/ada4930-2
https://www.analog.com/en/products/ad9681.html
https://www.analog.com/en/products/adp151.html
https://www.analog.com/en/products/adm7170.html
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ADI signal chain proposal AR

800MHz -I
low pass
Filter
Fast response;
1GHz wide envelope bandwidth
high pass
i Bandpass
LNA Bandpass LNA DSA SPAT Filter SPAT ,:”tzr RF detector
—> Filter —> > — B N AD8318
ADL5611 ADL5611 HMC1122 HMC7992 Notch  Filter HMC7992 ~
0 soou-vse 300M~1.5GHz
- <. 0.5dB Step 800M~1GHz I
Gain =22 dB 31.5dB range
Extremely flat gain
Direct through
- - = . X8,
r L
Rx Sensitivity: -75dBm iy ADC driver
_ ADC Anti-alias |
Dynamic Range: 68dB AD9ESL Filter || ADA4930-1
High PD location resolution by using high speed ADC and algorithm .
8ch, 125MSPS ultra low noise DFA
| X 8
ANALOG
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Frontend board

DL561 tlm'

O

el T Ae™ e ea ‘- et

‘Il

.u --'

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

)

——a. 1 } e |
-

20

’

..
o

. w - -
;oo:.'.... s

.

> -
. 5

»

b
A

.

300M~1.5G BPF

‘

2

"m

it

...’.

Vil

(S
= v

i
Tl ™

S ke B

2° 2ol "N

-

X" Y
Wa¥

©2020 Analog Devices, Inc. All rights reserved.

j HMC7992 00 15G BPF
' 800M 1G BRF : _

A

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™



ANALOG

Test setup
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Frontend board
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RF detector video bandwidth impact DEVICES
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OUTPUT INTERFACE VOUT (Pin 5)
OUTPUT INTERFACE VOUT (Pin 6) Voltage Swing Vs = 0V, RFIN = open Vpos — 0.1 v
Voltage Swing Vger = 0V; Py =—10dBm, no load’ 49 v Vser =17V, RFIN =open 10 mY
_ D __ 1 Output Current Drive Vsr = 0V, RFIN = open 10 mA
. Vser =2.1V; Py =~10dBm, noload » mv Small Signal Bandwidth RFIN =10 dBm, from CLPF to VOUT 140 MHz
Output Current Drive Vigr =1.5V; Pyy=-50 dBm 60 mA Output Noise RFIN =22 GHz, 10 dBm, frxose = 100 kHz, %0 nV/Hz
Small Signal Bandwidth P, = —10 dBm; from CLPF to VOUT 60 MHz Cor = open -
Video Bandwidth (or Envelope Bandwidth) 45 MHZI Fall Time Inputlevel =no signalto —10dBm, 90% to 10%, 18 ns
- C\_pr =8 pF
Output Noise Py =2.2 GHz; 10 dBm, fye = 100 kHz, C 5 = 220 pF 90 nV/yHz Inputlevel = no signal to —10 dBm, 90% to 10%, 6 ns
Fall Time P,y = Off to —10 dBm, 90% to 10% 10 ns Cir = 0pen, Rour =150 O
Rise Time Pw=—10dBm to off 10% to 90% 12 ns Rise Time Inputlevel =—10 dBm to no signal, 10% to 90%, 20 ns
- Cier =8 pF
Inputlevel =—10 dBm to no signal, 10% to 90%, 10 ns
Cier = 0pen,Rour =150 Q
AD8318 Video Bandwidth (or Envelope Bandwidth) 50 MHz
lLog l
> vour_, P
lLoc
3.13kQ2 CLPF
1.5pF _L vourt
CrLr % 1.5kQ $3.5PF cLpr
g § Crur %
Figure 41. Lowering the Postdemodulation Bandwidth g 3
Crr is selected bY Figure 34. Lowering the Postdemodulation Bandwidth
C _ 1 —1.5pF Crrr is selected by
T ™ . . M
i (ﬂ.’ x 3.13 kQ) x VzdeoBandwzdth) 1

C. .= —3.5pF
BT (27 x 1.5 kQx Video Bandwidth) P

AD8318 video bandwidth AD8317 video bandwidth

ANALOG
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RF detector video bandwidth impact
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DEVICES

Lol ‘ | ' } { !H ‘ |” \‘\ | \VJ .1\|; ‘ ’ Ll “ R I ST ETISY R TRRTOOR T W
-75dBm pulse -45dBm pulse
Channel 1. CLPF is open
Channel 2: CLPF = 15pF
CW signal frequency = 300 MHz
Pulse width = 50nS
ANALOG

23
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ANALOG

ADC sampling rate impact — Channel 2
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~ —— 300MHz -75dBm 31.25MSPS — 300MHz -75dBm 62.5MSPS

11111

"

300MHz -75dBm 125MSPS

11l

Nyquist SRFEEIE

DEVICES

AHEAD OF WHAT'S POSSIBLE™

m | j 1A Hm

i \

A ‘ |‘ ANALOG

24




PD location algorithm: example 1
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CH1 coarsed sync to CH2
~—— CH2

 an |
‘ Coarse sync .
|
|
| |
Zoom in |

d
<

"~\ Fine synced CH2
N\
&

Fine sync

—— CH1 coarsed sync to CH2
~—— CH2

*: fine sync 1.83ns

25 ©2020 Analog Devices, Inc. All rights reserved.
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What is GIS

AHEAD OF WHAT'S POSSIBLE™

GIS (Gas Insulated Switchgear) E5A%ZeIAASHEENEETR, GISHITISEE. RBEFAX. EtHX. BREE. BEES. 8%, EHEENBRinEEam,
XEGEEEME P ATES BRI, EEASRTE—EENINSF6(NEMm)BESR, tthFfRSFeeTIIHEEHES.

SEMEGTZRIEEL, GISEERREEENNAETERRE. OER\ RS, BERE. TRLE. TR, NENEIRE, 4R TEER)N, B
FEEBHRILEIZEFRA/NVT 204,

GISESMEFT REEABABB, K2, =%. HiZ. ATF. WRENESE, EREST REEF. e, F8. &FF,
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GIS PD Classification

Bi& A GIS BEHeB AR ANEE

28

Particle
i
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4% fzemwm AIR GAP
i ’i&[ﬂl!’lﬁﬁ% /Ji"‘ﬁff;m
GIS %]
TIPS

©2019 Analog Devices, Inc. All rights reserved.

2. BERIETREUNRF B -

sem B 156 RIS SR PSS
SEHE NS BT “

BB, £ E% L

EHLERS | BHSESHENE 'V -rm lfh

e ey Nl
HEBIRIE S WA EER TR, RN RER . A TR
R A RS 25 o
thhe BB AR - :

SEC TS Al ’ M

B i ! «-\;MW}f < MW}

e o
FEBFCHIRERE B4R BERES K - S8 Y B TRH
ERERINIE SE R ES.

Bl BE BT = . ’
B SBR[ RIS 1 4 [ & B

B P *'\%Mhi{ﬁmﬂ-

B, o=
FERED, A B o FESIRIE S B (ORISR, X0
SARM T -

BEEESERES . :
BEREES SR 1. 1y N

AmEE | B ] Wﬁﬂwfﬁ%ﬁ
MR S B Bk e AR . AR R B o
2 F R (o A ‘.

IS E R B Il _
FeipEt, FEM f | = j!%ﬁ;

BRI | or g i - T

HERANES » HEBIRESTL D A3 EERRIIS o HeL AVR Y AR

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™



ANALOG

Test environment
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PD due to particle (&

A\ 4

12000

10000
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*: (1) BRF path is chosen.

(2) Real PD signal is of 20ms period. Visual Analog can only capture 1mS ADC data.
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*: Direct through path is chosen.
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PD due to air gap (PERSH
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Direct through path
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