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You wi l l  f ind,  in th is booklet ,  deta i ls  
about our OLTC Analyzer,  the TAP-4, 
an instrument developed in cooperat ion 
with Hydro-Québec and commercia l ized 
s ince 2009. The OTM-X, on the market 
s ince 2014, wi l l  be introduced af ter  
that .  I t  is  the only standalone v ibroacoust ic 
event recorder for  on l ine tap changers event recorder for  on l ine tap changers 
on the market.

The software and var ious cables and 
accessor ies required by these two 
instruments wi l l  a lso be presented. 
F ina l ly ,  the serv ices of fered by Zensol  
and del ivered by profess ionals,  inc luding 
data analys is,  f ie ld serv ices,  as wel l  
as t ra in ing and seminars wi l l  be 
deta i led.deta i led.

Thi  s booklet 's goal  is  to present you 
a complete d iagnost ic solut ion for  on 
l ine tap changers.  This solut ion,  
developed by Zensol  in 2009, is  in 
cont inuous evolut ion.

Zensol  is  the leader in the appl icat ion Zensol  is  the leader in the appl icat ion 
of  the v ibro-acoust ic method to tap 
changers (OLTCs).   Our instruments 
have a l lowed the implementat ion of  
th is method at  Hydro-Québec, a wor ld 
leader in hydroelectr ic i ty ,  As i t  ga ins 
in popular i ty  and respectabi l i ty ,  our 
methodmethod is spreading more and more 
throughout the wor ld.

Thanks to v ibrat ions,  we are able to 
detect many mechanica l  and e lectr ica l  
problems in tap changers,  a h ighly 
used component,  which is  responsib le 
for  more than 50% of a l l  major  fa i lures 
on h igh-vol tage t ransformers.

AdequateAdequate prevent ive maintenance 
min imizes the r isk of  grave consequences 
and loss of  revenue.

Your
OLTC Diagnosis Guide
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I t  is  a p iece of  equipment able to change the vol tage and current intensi ty 
va lues on an e lectr ica l  network.  I ts  use is  fundamenta l  to the t ransport  
of  e lectr ica l  energy.

Indeed, e lectr ic i ty  sent wi th h igh vol tage is  more ef f ic ient  than at  low 
vol tage, making i t  necessary to use t ransformers to ra ise or  lower the 
vol tage near consumpt ion centers.

In case of  fa i lure,  repai r  costs can reach severa l  hundreds of  thousands In case of  fa i lure,  repai r  costs can reach severa l  hundreds of  thousands 
of  dol lars.  That's why i t 's  necessary to prevent fa i lures before they 
happen. 

What is a transformer?
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The load on an e lectr ica l  network is  never 
constant.  The power required by consumers 
var ies according to the t ime of  day and 
according to the seasons. To mainta in a 
stable vol tage, tap changers are used.

TheyThey are e lectromechanica l  dev ices 
mounted ins ide or outs ide a t ransformer.  
They have two main parts,  a se lector and 
a commutator,  and have severa l  taps to 
a l low the t ransformer to stabi l ize the 
e lectr ica l  network by mainta in ing a constant 
vo l tage.

SomeSome equipment may soak in o i l .  Th is 
iso lates the contacts and is  a lso used as 
cool ing medium to d iss ipate the heat 
generated by e lectr ic arcs that  occur 
dur ing a tap change. The tap changer 
must be subject  to carefu l  maintenance, 
s ince the smal lest  fau l t  can damage the 
t ransformer.t ransformer.

MR

ABB UZ

What is a tap changer?
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A n o m a l i e s 
detected by the
v i b r o a c o u s t i c 

m e t h o d 

Our IEEE and CIGRÉ 
                                                                           recognized method

The innovat ive measurement technique based 
on recordings by the TAP-4 and OTM-X, as 
wel l  as the analys is of  v ibroacoust ic s ignals,  
a l low the compi lat ion of  a complete overv iew 
of  the mechanica l  and e lectr ica l  state of  an 
OLTC.

ThanksThanks to the TAP-4 and OTM-X, you can 
detect a wide var iety of  mechanica l  and 
e lectr ica l  problems:

•  Wear,  s lack ing and bouncing of  contacts.
•  Arc ing in the commutators.
•  Arc ing in the se lectors.
•  Brake fa i lures.
••  Incorrect  contact a l ignment.
•  Dr ive mechanism problems.

The v ibroacout ic method was developed and tested in the f ie ld by Hydro-Québec 
for  over 15 years.  I ts  d iagnost ic potent ia l  has been recognized in two transformer 
maintenance guides:  IEEE.PC57.143 and Cigré A2.34.
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T A P - 4 OLTC ANALYZER
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The TAP-4 is  the f i rst  portable instrument us ing the v ibroacout ic method to per form 
tests on On L ine Tap Changers (OLTC) for  t ransformers.  Just  l ike a stethoscope, 
the uni t  l is tens to the heartbeat of  your OLTC without opening i t .  I t  can create a 
complete overv iew of  the internal  state and can detect a wide var iety of  mechanica l  
and e lectr ica l  mal funct ions.

TheThe TAP-4 is  used with a s imple current t ransducer and up to 3 accelerometers,  
a l lowing s imple and precise readings of  the main components of  an OLTC, the 
motor and mechanism. I t  is  a mult ipurpose measuremnt apparatus,  able to test  
a l l  OLTC types (ABB, Federa l  P ioneer,  Ferrant i ,  MR, etc. )  I ts  portabi l i ty  and 
res istance to impacts and extreme c l imate condi tons (-40 ˚C to +70 ˚C) make i t  a 
precious and h ighly appreciated instrument.

SimpleSimple to use,  the OpenZen-TAP software dr ives the instrument and records and 
analyzes OLTC events.

What
is the  TAP-4

Key points
•  Very precise measurements (100 kHz)  a l low the very fast  sampl ing t ime       
   (10 µs)  requi red for  f ine analys is of  the v ibrat ions.

•  Adaptable to a l l  OLTC types.

•  Tests may be conducted e i ther on l ine or  of f  l ine.  

•  Non- invas ive tests.
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Data processing makes 
                                                analysis easier

Quick and Easy Connection

•  The accelerometer is  p laced as c lose as   
   possib le to the taps.

•  The AC c lamp is p laced at  the motor out let .

•  The test  p lan generator is  easy to fo l low   
   for  per forming tests.

••  A d iagnosis can be made in 15 minutes for   
   an onl ine test ,  and 1 hour for  an of f- l ine   
   test .
 

There are 2 tools to help analyze data:  convert ing raw data into HQ envelopes 
and export  to Zensol  format.
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MEASUREMENT SPECIFICATIONS

Sampling frequency: 100 kHz
Sampling time: 10 µs
Recording time: unlimited
Precision: +/- 1 mV
Signal to noise ratio: better than 80 dB

Instant data transfer to PC via USB link.Instant data transfer to PC via USB link.

Self-diagnostic function for AC clamp.
Self-diagnostic function for accelerometers.

The OpenZen software gives complete control over the 
system.

3 ACCELEROMETER INPUTS

Accelerometer type: ICP
Sensitivity: 100 mV/gSensitivity: 100 mV/g
Range: +/- 50g
Frequency range: 1 to 20000 Hz
Drive current; 4 to 20 mA

1 CURRENT INPUT

Resolution: 16 bits conversion
Voltage range: +/- 10V
FFrequency range; DC to 200 kHz
Signal to noise ratio: better than 80 dB

GENERAL 

Dimensions: 12.9 x 13.7 x 7 inches (33 x 35 x 18 cm)
Weight: 15.43 lbs (7 kg)
Operating temperature: 0 to 50˚C (32˚F to 122˚F)
Storage temperature: -40˚C to 70˚C (-40˚F to 176˚F)
PPower supply: 100-240 VAC 50/60 Hz

TAP-4 
Technical 

Specifications
www.zensol.com www.zensol.net
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TTL OUT

100-240WACVN50-60VHz
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O T M - X 
STANDALONE OLTC EVENT RECORDER
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The OTM-X is the only standalone recorder on the market us ing the v ibroacoust ic 
method and the motor current test ,  a l lowing the OLTC state to be watched in rea l  
t ime. This powerfu l  Zensol  instrument conta ins a powerfu l  autonomous computer 
that  records every tap change operat ion,  whether the t ransformer is  on l ine or  
not.

ThisThis combinat ion enables you to permanent ly  p lug in the OTM-X to your network 
thanks to an Ethernet connect ion.  Thus you wi l l  be able to access your data 
wherever you are and whenever you wish.

The OTM-X is an ideal  tool  to keep an eye on strategic or  hard to access OLTCs 
(an example has a l ready been seen in the petro leum industry ) .

The OpenZen-OTM software is  then used to process,  ca lcu late and analyze the 
resul ts.   

What is
 the OTM-X

Key points
•   The only standalone recorder us ing the v ibroacout ic method on OLTCs.

•   Able to cont inuously fo l low the evolut ion of  an OLTC wherever and whenever you  
    wish.

•  Tests a l l  OLTC types or any other mechanica l  equipment.

•   Powerfu l  memory capaci ty (over 200 GB).

••  Very accurate measurements thanks to a h igh sampl ing rate (10 µs/100 kHz)  on  
    s ix  para l le l  inputs.
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Analys is Tools

Data Transfer
                                                

Exportable Reports

courant d’appel

rat io HF/BF ACC 1

Zensol  t rending report  he lps you plan,
pr ior i tze,  and target your intervent ions

In ternet  

Ethernet  output  Network of  your  choice Analys is team Zensol

secure c loud

to your  network 

Sending data

by 3G /  LTE 
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MEASUREMENT SPECIFICATIONS

Sampling time: 10 µs to 26 ms
Sampling frequency: 38 Hz to 100 kHz
Recording time: 10 ms to 30 min
A/D conversion: 16 bits
Local storage capacity: 64GB/200GB

VIBRVIBRATION (ACCELEROMETER) INPUTS

Number: 3
Accelerometer type: ICP
Resolution: 16 bit A/D converter
Frequency range: 1 Hz to 20 kHz
Signal to noise ratio: better than 80 dB

MULTIPURPOSE ANALOG INPUTS

Number: 3Number: 3
Resolution: 16 bits conversion
Frequency range; DC to 200 kHz
Accuracy: +/- 0.3 mV
Input voltage range: +/- 10 VAC (compatible with all transducer 
types)

COMMAND OUTPUTS

Number: 3Number: 3
Type: solid state, optoisolated
Voltage range: 0-200 VDC
Maximum load current: 3.5 Amps
Turn-on time: 75 µs maximum
Turn-off time: 750 µs maximum
Can be independently turned on and off

REMREMOTE ACCESS

Uninterrupted control over data, test plans, programs, etc.
Able to perform remotely controlled tests.
Data is easily accessed via your network.
Completely automated scheduled tasks.

                        OTM-X 
Technical 

Specifications
www.zensol.com www.zensol.netwww.zensol.com www.zensol.netwww.zensol.com www.zensol.net
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T R A N S D U C E R S
C A B L E S
C A S E S 
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TRANSDUCERS

Dynamic Resistance
Combined with v ibroacoust ic tests,  contact dynamic res istance 
measurements can help to precise ly synchronize contact 
mot ion.  

AC Current Clamp
Référence: CT-CLAMP-AC 
Measures AC currents f rom 
20 to 200 Amps

Accelerometer ICP 10g
Référence: ACC-10g
For on l ine tap changers
Measurement range: 
+/-  500 mV/g +/- 10g 

AC/DC Current Clamp
Reference: 
CT-CLAMP-AC/DC  
Measures AC or DC currents 
up to 30 Amps

Accelerometer ICP 50g
Référence: ACC-50g
For on l ine tap changers
Measurement range:
+/- 100 mV/g +/- 50g 

Accelerometer base
Reference: TAP-BASE 
Mount ing base for  
accelerometers
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Ground cable
Reference: GND-25\
Grounding cable
Length:  25 feet  (7.62 m)

Power supply cable
Reference: CAB-ALIM

Cable reel 
Reference: BNC-REEL-4X50
Reel  wi th four 50 foot BNC extensions

Coaxial extension cable
Reference: C-BNC-BNC
Male-to-male wi th female adapter
Lengths:  25 feet  (7.62 m) and 50 feet  (15.24 m)

Accelerometer Cable
Reference; C-BNC-03
Includes 10-32 to BNC connectors

USB Cable 
Reference: USB-CAB
Length:  3 feet

CABLES
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Reference:  Z-BAG 

Bag for  carry ing cables and accessor ies for  the TAP-4.

Reference: Z-VAL-3 and Z-VAL-7

Sturdy,  waterproof  and easi ly  carr ied,  i t  protects your 
products f rom impacts and the e lements.

Reference: Z-VAL-3

Rig id t ransport  case with wheels for  TAP-4 cables and 
accessor ies.
Dimensions:  35" x 14" x 36" (88.9 x 35.6 x 25.4 cm)

Reference: Z-VAL-7

Rig id t ransport  case with wheels for  TAP-4 cables and
accessor ies,  i t  may a lso be used to protect the OTM-X.
Dimensions:  22" x 17" x 10" (56 x 43.2 x 25.4 cm)

CASES AND BAGS

19                                                                                                
     

www.zensol.com    www.zensol.net 

S O F T W A R E 
OLTC ANALYZER
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S O F T W A R E 
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OpenZen is a universa l  recording and analys is software.  I t  dr ives the TAP-4 and 
OTM-X f rom a s ingle graphica l  user inter face.

Thanks to a v ibroacoust ic s ignature,  the user may interpret  the recorded events.  
I t  is  thus possib le to per form ef f ic ient ,  targeted maintenance on OLTCs and issue 
a quick intervent ion d iagnosis.

 
TAP and OTM Software
OPENZEN

Characteristics of OpenZen-TAP
•  Helps in decis ion-making thanks to 
   interpretat ion methods based on actual       
   cases.

••  Appl icable to a l l  OLTC types (ABB, Federa l   
   P ioneer,  Ferrant i -Packard,  GE, Huaming,    
   Reinhausen, West inghouse…).

•  Quick ( less than 10 minutes)  and automated  
   test  sequence.

•  S imple and min imal  operator act ion.

•  Del ivers indiv idual  resul ts for  each tap.

••  Abi l i ty  to compare tests between each other.

Caracteristiques of OPENZEN-OTM
•  Complete and cont inuous contro l  over data,   
   test  p lans,  and programs.

•  Inc ludes a l l  the necessary tools to analyse  
   test  resul ts in the f ie ld or  in the lab.

••  Used for  processing,  ca lcu lat ion and 
interpretat ion of  test  resul ts,  and on l ine help 
needed for  t ransformer maintenance 
profess ionals.

•  Very easy management of  thousands of  test   
   resul ts.

•  Easy access to automat ic fo l low-up f i le .
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Achieve accurate resul ts

The software enables you to accurate ly zoom in on your 
data,  both vert ica l ly  and hor izonta l ly .  The extreme precis ion 
of  the uni t  a l lows the software to see sampl ing t imes down 
to 5 µs for  compar ing impact and mot ion t iming.

Export ing raw data to envelopes

The software g ives you re l iab le recorded data.  I t  a lso g ives The software g ives you re l iab le recorded data.  I t  a lso g ives 
you the possib i l i ty  to extract  your raw data to envelope 
curves,  a l lowing you to f i l ter  them. Var ious opt ions are 
of fered to make test  analys is eas ier ,  such as data superposi t ion 
for  a better  understanding of  the resul ts.

Excel  Reports

Once your data is  v isual ized, the software of fers you to 
export

What the software
                                    allows you to do

The software g ives you re l iab le recorded data.  I t  a lso g ives 
you the possib i l i ty  to extract  your raw data to envelope 
curves,  a l lowing you to f i l ter  them. Var ious opt ions are 
of fered to make test  analys is eas ier ,  such as data superposi t ion 
for  a better  understanding of  the resul ts.

Excel  Reports

Once your data is  v isual ized, the software of fers you to 
exportexport  them to an Excel  f i le  that  summar izes your tests in 
a s ingle table.  You wi l l  see the currents in Amps, operat ion 
t imes, impact forces,  etc.  I t  wi l l  a lso help you to s ingle out 
any t roublesome taps.  Moreover,  graphics i l lustrat ing the 
deta i ls  are inc luded in the software.  

Achieve accurate resul ts

The software enables you to accurate ly zoom in on your 
data,  both vert ica l ly  and hor izonta l ly .  The extreme precis ion 
of  the uni t  a l lows the software to see sampl ing t imes down 
to 5 µs for  compar ing impact and mot ion t iming.

Export ing raw data to envelopes

The software g ives you re l iab le recorded data.  I t  a lso g ives 

Signal  du courant

Signal  de l ’accéléromètre
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Overview of our OLTC seminars

A tap changer is  the part  of  a t ransformer that  is  the most used. I t  adjusts the load funct ion 
of  the network without interrupt ing serv ice.  The tap changer is  the source of  50% of major 
t ransformer fa i lures.  Thus i t  is  v i ta l  to mainta in i t ,  because poor maintenance can cause grave 
consequences and lead to a major loss of  revenue.

Diagnost ics us ing the v ibroacoust ic technique on tap changers is  a re lat ive ly  new technique, 
wi th i ts  f i rst  developments occurr ing just  15 years ago.

ThisThis seminar makes a quick introduct ion to the method a l ready used by many e lectr ic i ty  
companies,  because i t  can detect a wide var iety of  problems and avoids major fa i lures.

Zensol  is  not only a manufacturer  of  test  instruments.  Our team regular ly  organizes technica l  
seminars in the f ie ld of  h igh-vol tage substat ion maintenance for  c i rcu i t  breakers,  t ransformers 
and OLTCs in part icu lar .

At  Zensol ,  we l ike shar ing our knowledge. Dur ing our seminars,  we of fer  theory and technica l  
t ra in ing in our f ie ld of  expert ise.   

Anywhere in the wor ld
On demand, according to each of  our schedules
Del ivered by h ighly qual i f ied specia l is ts

These seminars are held   :
•  
•
•  
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 •  

 
 • 

 •

Presentat ion of  v ibroacoust ic d i-
agnost ics,  recording methods 
and data processing

Using the TAP-4 and OTM-X test  
instruments

Using the OpenZen TAP and 
OTM software

Cases studies and s imulat ions

 •

 •  

 • 

 

A complete and deta i led expla-
nat ion of  the ent i re process,  
f rom the measurements to the 
interpretat ion of  the resul ts.

Why, how and when to use the 
v ibroacoust ic mehtod.

Examples of  analys is and actual  
cases.

Example analys is made by the v ibro-acoust ic method

 

Subjects
 presented

What you
  will learn

www.zensol.com    www.zensol.net 
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Our experience at YOUR service
Our d iagnost ic team has ta l l ied tests on more than 1000 transformers wor ldwide, thus
acquir ing the largest database of  d iagnost ic cards and problems observed on var ious tap 
changers of  var ious manufacturers.  We of fer  analys is serv ices,  t ra in ing and f ie ld test ing. 

Notre expérience à votre service

Aimed at  superv isors and maintenance teams, we analyze your data recorded by the TAP-4 
/OTM-X. Our serv ice team wi l l  de l iver  a profess ional  analys is report ,  easy to read, inc luding the i r  
recommendat ions.

Our h ighly specia l ized team wi l l  g ive you peace of  mind over your f ie ld tests.   We fu l f i l l  your 
needs by supply ing the equipment,  per forming the tests and a deta i led report .  A t rending f i le  is  
a lso avai lable and updaed at  every test .

WeWe also of fer  basic and advanced tra in ing on our instruments and software,  for  both new and 
long-t ime customers.

Level  1:  How to use the system and the software to per form tests.
Level  2:  How to use the d iagnost ic tools and f lag problems.
Level  3:  How to make an in-depth d iagnost ic and plan maintenance us ing the Zensol
                  fo l low-up f i le .

Services
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Fol low-up f i le
This easy to use f i le  quick ly compares your OLTCs and the i r  t rends. 
This tool   wi l l  he lp you PLAN, PRIORITIZE, and TARGET 
your intervent ions.

Motor current
Our analys is made with a current c lamp a l lows the observat ion of  the 
motor's condi t ion,  the dr ive mechanism, lubr icat ion of  the gears,  
se lector operat ion and, as shown, eventual  re lay problems.

Arc ing
When used on l ine,  our analys is can detect e lectr ica l  arcs which are 
the main cause of  d issolved gases in the o i l .  The more the arcs 
occur of ten,  and the h igher the i r  v ibroacoust ic ampl i tude, the more 
the o i l  wi l l  be affected.

T iming problems
A defect ive dr ive motor,  worn parts,  or  poor maintenance can com-
promise OLTC t iming and i ts proper operat ion.

Contact wear
We analyze the rat io of  h igh to low f requencies recorded by the 
accelerometer,  a l lowing us to determine when to change the f ixed and 
moving contacts of  the OLTC.

Exemples of diagnostics 
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Do you have problems with your OLTC or do you wish to make a simple 
preventive analysis? Zensol gives you the possibility to test its instruments, 
which are compatible with all OLTC types and other vibroacoustic mechanisms:

Dynamic Resistance
MeasuMeasurement of the dynamic resistance is an off-line test performed on 
OLTCs. This measurement is performed when operating the OLTC while 
injecting currents and voltages in order to record variations in resistance. Our 
service team knows how to perform dynamic resistance testing at the same 
time as vibroacoustic tests. The correlation of the signals of these two types 
of test allows our team to detect any anomalies in your OLTC.
 

TAP-4
Our vibroacoustic experts will be pleased to meet you and issue a report on 
the condition of your OLTC, with their recommendations.

OTM-X
Our team can install the OTM-X to keep watch over your OLTC for a few 
weeks. After that, a follow-up will be made on the OLTC's operations.
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OLTC tests? vibro-
acoustic?

Event

recorder
Tap

Changer

www.zensol.com/en/sharing-knowledge

Share your knowledge on tap changers (OLTCs) with us. 
Submit your articles for eventual publication 

on our web site.

To know more about tap changer diagnostics, please visit 
our web site, where you will find many articles.

Sharing 
KNOWLEDGE
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