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M IC R O P R O C E SSO R  M ETER  OF RELAYS TIME PARAM ETERS

T he construction  o f  m easurem ent instrum ent o f  tim e param eters o f  relays based on m icrocontro ller 
o f  51 fam ilies has been p resented  in this paper. M ajor technical param eters o f  this instrum ent and its 
application  are given. T he  w orkings o f  the m easurem ent device are described too. A lso, the accuracy  o f  
that instrum ent has been analyzed.

M IK R O PR O C E SO R O W Y  MIERNIK PAR AM ETRÓ W  C ZA SO W Y CH
PRZEKAŹNIKÓW

W  m ateriale p rzedstaw iono  budow ę przyrządu do pom iarów  param etrów  czasow ych 
przekaźn ików  w  oparciu  o m ikrosterow nik  rodziny  51. Podano w iększość param etrów  techn icznych  tego 
przyrządu oraz  zastosow ań. O pisano rów nież param etry  robocze urządzenia pom iarow ego, a ponadto 
przeanalizow ano dok ładność przyrządu.

I . INTRODUCTION

In spite o f  the dynam ic developm ent o f  sem iconductor technologies, relays still rem ain 
one o f  the com ponents o f  electrical circuits in m any new ly developed control devices. They 
fulfill a function o f  interm ediate elem ents between the electrical control circuit and one or 
several controlled circuits. Their basic operating param eters are am ong other operating times. 
The energization and de-energization times o f  a relay result from the required tim e o f  signal 
transm ission from the control circuit to  the controlled one. W hen selecting relays to the 
specific circuits also im portant are such tim es as closing, opening and changeover o f  contacts 
and times o f  appearance o f  contact vibrations at the changeover. The difference in the above 
m entioned tim es o f  identical relays m ay cause erroneous operation o f  controlled circuits. 
M oreover, vibration o f  relay contacts contribute to the reduced durability o f  the contacts 
them selves and m ay be source o f  noises in the electronic devices and circuits cooperating 
w ith the contacts. For this reasons, operation tim es o f  relays should no t exceed m axim um  
acceptable values.
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The m icroprocessor m eter described below  enables quick m easurem ent o f  all tim e 
param eters o f  relays, as prescribed in the PN-93 E-88612 as well as recording o f  results and 
their transm ission to  the PC  com puter for processing using statistical program s or calculation 
spreadsheets.

2. M ETH O D S O F M EA SU R EM EN TS O F RELA YS TIM E PA RA M ETER S

Tw o m ethods m ay  be used to  the m easurem ent o f  relay tim e param eters. First o f  them 
consists in recording o f  voltage betw een the contact poles using an oscillograph and 
determ ination from  the oscillogram  tim e param eters based on m easurem ents o f  length o f  
appropriate voltage signal fragm ents using the know n tim escale [4], A sam ple oscillogram  o f 
energization tim e m easurem ent for a railw ay protection relay JRB 11129 o f  ZW U S (now 
B om bardier Transportation m anufacturing) K atowice is shown on F ig .l. T his m ethod is 
labour-consum ing and no t very accurate and is no t suitable for autom atic recording o f 
m easurem ent results.
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F ig .l .  O sc illogram  o f  energ ization  tim e m easurem ent o f  re lay  JRB  11129

Second m ethod consists in counting o f  im pulses fed to the counter input w ithin a 
determ ined tim e (Fig.2). C alculated  im pulses are produced by  pattern im pulse generator and 
fed to one o f  the inputs o f  m easuring gate. A fter appearance o f  a signal inform ing about the 
beginning o f  m easurem ent, pattern im pulses are passed through the m easuring gate to the 
counter input and counted by  this counter. C losing o f  m easuring gate and term ination o f
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counting takes p lace at the m om ent o f  appearance o f  signal inform ing about com pletion o f  
measurement. C ontents o f  the counter after decoding in the decoder is transferred to the 
display as the result o f  m easurem ent. T his m ethod does not have the sam e draw backs as 
oscillograph one. It is com m only  used in the digital tim e m eter. [1,2,3],

Start/S top Zero

Fig.2. T im e m easurem ent principle

3. M ICR O PRO C ESSO R  M ETER

3.1. C O N S T R U C T IO N  A N D  M OR E IM PO R TA N T PA R A M E TE RS 

The circuit diagram  o f  a m icroprocessor m eter [1,2] is presented on Fig.3.

W t1 2

WE2> J - J

Fig.3. Schem atic d iagram  o f  a m icroprocessor m eter

The structure o f  this m eter is based upon a m icrocontroller SA B80C517 o f  SIEM EN S. 
This m icrocontroller contains w ithin the system , am ong others, a counter T2 that m ay  realize 
time m easurem ent function and a CRC  unit provided w ith registers w here the m om entary 
value o f  T2 counter m ay  be w ritten.
The m om ent o f  w riting is m arked by external signals P1.0 and P I .4  o f  port P I. Selection o f 
an active slope o f  im pulses is softw are selected.
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To the m icrocontroller M K  the keyboard KL, display W S, sw itch-on relays WL1 and 
W L2 are connected along w ith  their active contacts W L 11 and W L21. The tested relay  PB is 
controlled by  active contacts W L12 and W L22 o f  switch-on relays WL1 and W L2, and its 
contacts PB1 and PB2 are connected to the inputs P1.0 and P I .4 o f  m icrocontroller MK, 
where the change o f  signal level results in w riting the m om entary contents o f  counter T2 to 
CRC register.

K eyboard KL, consisting o f  our keys, enables selection o f  m eter function and 
m easurem ent param eters, such as type o f  relay tested, m easured tim e param eters and num ber 
o f  m easurem ents. M enu o f  the m eter is show n on the Fig.4. D isplay W S serves the purpose o f 
displaying the nam es o f  m eter functions, param eters and results o f  m easurem ents. In order to 
display any character (characters and num bers) fully understandable to  the user, an LCD 
display w as used.

The m eter enables m easurem ents o f  all relay tim e param eters determ ined in PN-93 E- 
88612 independent o f  type o f  pow er supply current and type o f  relay  operation, and namely:
- relay energizing tim e,
- relay de-energizing tim e,
- tim e o f  contact vibration,
- tim e o f  contact operation,
- interruption tim e at change over o f  contacts.

T he m ost im portant param eters o f  the instrum ent are follows:
- m easuring range 0.1m s to 232-l ps
-accu racy  0.1ms
- m icrocontroller type SA B 80C 517 by SIEM EN S,
- external resonator frequency 12M Hz,
- pattern im pulse frequency 1MHz,
- m axim um  control pow er o f  sw itch-on relays 30W  D C/60VA AC (60W  D C/120VA  AC),
- m axim um  control voltage o f  sw itch-on relays 220V  D C/250V  AC,
- m axim um  control current o f  sw itch-on relays 1A D C/A C,
- keyboard 4x 1,
- indicator display LCD,
- pow er supply -2 2 0 V + 1 0% , 50Hz,
- pow er consum ption about 4VA.
In order to enable m easurem ent resu lt processing using statistic softw are and spreadheets, the 
instrum ent m ay be connected to  the PC com puter and data are fed by serial interface.
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Fig.4. M enu o f  the m icroprocessor m eter

The instrum ent m ay be used to  m easure quality o f  m anufactured relays, verification 
tests and others used in laboratory techniques. General layout o f  the m icroprocessor 
instrum ent is show n on Fig.5.
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Fig.5. G eneral layou t o f  m icroprocessor contro ller

3.2. PR IN C IPL E  O F O PE R A T IO N

The principle o f  operation o f  m icroprocessor instrum ent will be explained on the basis 
o f  an excitation tim e o f  a re lay  w ith m agnetic rem anence. The overall netw ork o f  m easuring 
program  is show n on Fig.7. T he characteristics o f  voltages at the excitation tim e m easurem ent 
is show n on Fig.6. A fter selecting the m easurem ent param eters from the m enu, and then 
function PO M IA R  (m easurem ent) the m icrocontroller M K determ ines the active slope o f  
signal from  P1.0 input, w here the active contact PB] is connected, m arking the m om ent o f  
w riting the m om entary value o f  counter T2 to the unit register CRC, unblocks interrupts, 
resets (zeroes) counter T2 and energizes the sw itch on relay  W L1. A t the m om ent when the 
anchor o f  WL1 is attracted, the active contact W L b  will close the circuit o f  pow er supply for 
energization coil F o f  tested  relay  PB. M icrocontroller M K, after recognizing the closing o f  
active contact W L 1 1, inform ing about the beginning o f  m easurem ent w ill start up the counter 
T2 counting the internal clock pulses o f  known and fixed frequency. A s a result o f  status 
change o f  the tested relay  PB its contacts PBi and PB 2 are changed over. C losing o f  active 
contact PBi causes the change o f  signal status at input P1.0 o f  m icrocontroller M K and as a 
consequence w riting o f  m om entary  value o f  the counter T2 to  the CRC  register associated 
w ith this input. The w riting function is realized each tim e after closing o f  active contact PBi. 
In the case o f  T2 counter overflow , the additional counter is increm ented. A fter elapse o f  
assum ed tim e (ca. 2s), m easured from  the m om ent o f  last closing o f  the active contact PBi 
m icrocontroller M K blocks the w riting function, stops counter T2 and m em orizes the contents 
o f  CRC  as energizing tim e value. This value, after digital calculation is displayed on the WS 
display. A fter displaying o f  m easurem ent resu lt and de-energizing the sw itch-on relay  W L1, 
and subsequent energizing o f  sw itch on relay  W L2 in order to de-energize the relay PB under 
test, m icrocontroller M K  is ready to m ake the nex t m easurem ent at the sam e param eters as in 
the previous one or revised.

Sim ilarly the contac t PBi (PB 2) tim e operation is m easured upon energizing the relay. 
The difference consists only  in the stopping o f  T2 counter directly after the first closing 
(opening) o f  contact. W hereas during m easurem ent o f  duration o f  contact PBi (PB 2) 
vibrations upon energizing o f  the relay the counter T2 is started up at the m om ent o f  first 
closing (opening) o f  the contact. M easurem ent o f  tim e param eters at de-energizing o f  relay 
are realized sim ilarly  as m easurem ent o f  analogical param eters at energizing.
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Function W Y ŚW IETLA N IE (D isplay) enables display o f  param eters and results o f  
m easurem ents, w hile the results are displayed w ith accuracy up to 0.1m s

Function A R C H IW IZ A C JA  (A rchivizing) enables sending o f  m easurem ent data to the 
PC computer. Before being sent, the byte is converted into hexadecim al code, w hich m eans 
that only four least significant bits m ay be used from each byte. First the code o f  re lay  being 
tested is being sent (1 - neutral, 2 - rem anence), occupying one byte in RAM  m em ory and the 
number o f  m easurem ents from the range o f  1 to 50 (1 byte), and then the code o f  m easured 
time param eters, being a num ber from 1 to 14 (1 byte) and m easured values and m ean value 
(4 bytes each). A fter sending o f  all data the $ (dollar) sign is sent to  inform  the PC about end 
of transmission.

Function T EST O W A N IE  (testing) serves the purpose o f  verification o f  correct 
operation o f  the instrum ent.

Fig.8 show s the m ethod o f  connecting a rem anence relay to the instrum ent. The stand 
for m easurem ent o f  relay  tim e param eters is shown on Fig.9.

—►
t

Fig.6. R esponses o f  vo ltage during  fo r m easurem ent o f  re lay  energizing  tim e
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Fig.7. O verall netw ork  o f  p rogram  operation  fo r m easurem ent o f  re lay  energ iz ing  tim e
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Fig.8. M ethod o f  connecting  the rem anence re lay  to the m icroprocessor instrum ent

Fig.9. Stand fo r m easurem ent o f  re lay  tim e param eters using the m icroprocessor m eter



44 M arek BA RTCZA K

3.3. A C C U R A C Y

A ccuracy o f  the m easurem ent is lim ited by the m icrocontroller speed. For higher 
frequency o f  external resonator and longer tim es the error is lesser. D uring m easurem ent o f  
short tim es the error is higher. A possibility  o f  im proving it exists, how ever. For this purpose 
it is sufficient to use resonator w ith higher frequency. The m inim um  frequency o f  resonator 
should be 12M Hz. This m eans that duration o f  one m achine cycle o f  the m icrocontroller will 
be equal to lp s , and the frequency o f  pulses counted by the counter T2 - 1MHz. Q uartz 
resonator ensures high stability  o f  frequency.

In order to determ ine the m easurem ent accuracy tests have been perform ed consisting in 
m easurem ent o f  tim e param eters o f  selected railw ay protection relays and com paring them 
with the values obtained w ith those obtained using digital oscilloscope m ethod. The tests 
perform ed have show n that the accuracy o f  m easurem ent using the m eter is no t w orse than 
the accuracy o f  oscilloscope m ethod. R esults achieved using the instrum ent and the 
oscilloscope are close, w hich proves the correct operation o f  the m eter and possib ility  o f  its 
practical application, m ain ly  because o f  speed and accuracy o f  the m easurem ent.

4. SU M M A RY

C onstruction o f  a m icroprocessor m eter for m easurem ent o f  tim e param eters o f  relays 
is based upon m icrocontro ller o f  51 family. M ethod o f  m easurem ent consists in counting o f 
internal clock im pulses fed to  the m icrocontroller counter in the tim e determ ined by the 
signals from the contacts o f  tested  relay. D ue to the hardw are readout o f  m om entary value o f 
the counter, the m eter features h igh accuracy o f  the m easurem ent. A dvantages o f  the 
instrum ent are: autom atic m easurem ent o f  any com bination o f  m easured relay  tim e 
param eters, possib ility  o f  program m ing o f  num ber o f  m easurem ents and large m easurem ent 
range, as well as easy operation.
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