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Introduction 
Although there are many different 

standard voltages and several differ
ent frequencies in use for electric 
railway traction supplies, all such 
systems belong to one of two broad 
groups — AC or DC. 

The earliest electrifications used 
DC because it was cheap and sim
ple to construct electric motors 
which would run directly off the 
lineside supply. DC is still widely 
used for suburban and commuter 
railways. 

absorbs significant amounts of en- sier to use in AC traction systems, 
For railway electrification over ergy and generates a good deal of where the alternations of the supply 

long distances, AC is preferred for heat, especially on commuter trains ensure that it switches off. 
the same reason as it is preferred subjected to frequent stopping and 
for the public electricity supply — it starting. Alongside the track are laid 
may be transmitted at a high vol- cables carrying telephone circuits, 
tage (and low current) — and trans- Thyristors offer the promise of re- signalling circuits and train control 
formed at the point of use to a low duced weight, reduced maintenance circuits. It is a feature of electrified 
voltage (and high current). and reduced cost — especially on railways that there is a need to lay 

AC systems. Additionally, there is light-current cables for long dis-
It is a feature of electric motors considerable scope for reducing the tances beside electric power cables, 

used for railway propulsion that the energy consumption of trains, both and immunisation against induced 
voltage applied to the machine must by eliminating the resistances and currents and voltage in the light-cur-
be controlled over quite a wide by permitting kinetic energy from a rent cable is established practice. 
range — typically 30:1 — to accom- train slowing down to be chan- However, thyristor traction usually 
modate the slowly changing speed nelled back to the lineside electric- comes as replacement equipment to 
of the train, and this is where thyris- ity supply for use by the other trains an existing railway, wi th all the 
tors are attractive. (regenerative braking). light-current circuits immunised 

only for conventional traction units, 
Established practice on DC sys- These benefits, which as we shall for which the problems are much 

terns is to insert variable resist- see have to be paid for, arise by vir- less severe. 
ances in the motor circuits, and re- tue of the property of the thyristor 
group motors in series and parallel of being able to switch very large It is therefore very important at 
to achieve this control. On AC sys- currents very rapidly wi th no mov- an early stage to measure and anal-
terns, motor voltage may be varied ing parts. Both on AC and DC sys- yse the audio frequency currents in-
by selecting taps on the trans- terns it controls the traction motor jected by a thyristor traction equip-
former. Both these techniques re- voltage by acting as a variable mark- ment into its supply. To a limited 
quire heavy-current switching-con- space-ratio device, switching on extent this may be done on the test-
tacts which must be very heavy and off many times per second. It is bed. However, the real test comes 
and robust to avoid frequent failure much easier to switch on than off, when the equipment gets on to a 
and maintenance. Series resistance and so thyristors are somewhat ea- train and out on the track, because 

a traction supply, with all its reson
ances and frequency-dependant 
characteristics, can influence con
siderably the distribution of harmon
ics. The ultimate test is the level of 
harmonic currents induced in the 
light-current circuits. Neither of 
these phenomena can be realisti
cally examined on the test bed 
alone. At the same t ime, track trials 
are difficult and costly to organise, 
usually calling for full occupation of 
a busy railway, so it is essential 
that all the right information is ob
tained first time round. The meth 
ods described in the following indi-

lllustration of the effects of a train wi th AC thyristor traction control equipment on track cir- Cate h o w t h i s m a y b e a c h i e v e d . 
cuits and telecomms circuits 
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TflnP RPCOrH thfi a " t h e ' n f ° r m a t ' o n a D 0 U t the test. In most cases low-level monitor-
" The temptat ion should be resisted ing devices, such as current trans-

TGStS t 0 conserve tape by reducing the formers, wi l l be installed to enable 
speed to 1,5 i.p.s. for this part of a tape-recorder to be connected 

The end product of a thyristor trac- the recording. The information to be safely to the traction circuits. 
t ion trial is to test the performance given in the introduction might run 
of the locomotive or t rain and deter- as fol lows: The Bruel & Kjaer Type 7 0 0 3 tape-
mine its effect on the telecomms recorder fulf i l ls all the requirements 
and signall ing circuits. This is 1. Identity of the commentator for this application. Here are its fea-
achieved by a process of data reduc- 2. Today's date tures: 
tion performed on a whole host of 3. Tape speed 
measurements. In other words, 4. "Tape counter set to zero — * 4-channel FM recordings to IRIG 
many measurements must be Now! " Wideband Group 1 Standard on 
taken, much data collected, and a 5. The location quarter- inch tape, so you can re-
relatively simple result obtained — 6. The vehicle being tested serve your 7 0 0 3 for trials use 
in extreme, perhaps either "Yes, 7. The identity of the signal re- and replay the recordings on big-
the locomotive may r u n " or "No, corded on each tape track ger, heavier machines kept perm-
the locomotive is not good enough 8. The sensitivity settings of each anently in the laboratory 
to r u n " . channel in terms of 40% FM car- * Flat response from DC to 10 kHz 

rier deviation (e.g., pantograph- w i th no phase shift at low fre-
A trials train — especially the current = 3 0 0 amps, train speed quencies, for correct reproduc-

cramped quarters on a locomotive = 2 0 0 k m / h r etc.) t ion of waveforms as wel l as sig-
— is not the best place to perform 9. Details of tests, e.g.: nal levels 
this process of data reduction. Fur- running-l ine and direction * The first instrumentat ion FM 
thermore, the process itself may be make-up of test train tape recorder to be designed spe-
influenced by the results obtained. traction motor current cifically for use in the f ield, only 
In other words, when one knows any special modifications to the 7,6 kg (16,8 1b) weight and 100 
more about the system, one may vehicle x 270 x 3 8 0 mm (4 x 11 x 15 in) 
want to concentrate on measuring in size 
different aspects of it. Remember also to calibrate each * 24 minutes of continuous record-

FM channel of the tape recorder be- ing at 15 inches per second, 
For this reason it is most import- forehand, because there are always w i th the facility for 4 hours con-

ant to make instrumentat ion tape-re- going to be requirements to know t inuous recording at 1,5 i.p.s. 
cordings of all the information the absolute levels of the currents and reduced bandwidth 
likely to be needed, and perform and voltages subsequently. * Versatile power requirements — 
most of the analysis in the more choice of internal rechargeable 
congenial conditions of the labora- A t the lineside it is necessary to supply, external 1 2 V vehicle bat
tery afterwards. That way, you can make recordings of telephone cir- tery supply or mains 5 0 — 4 0 0 Hz 
ensure that a costly trial conducted cuit noise, substation current and 1 0 0 — 2 4 0 V 
in the middle of the night, miles voltage, and (on DC electrified lines) * Better than 1 % DC drift 
from anywhere, isn't wasted. induced signals in track circuits. * Standard BNC signal connections 

On board the train, the most im
portant quantit ies to record are the 
traction current and traction voltage 
waveforms. It helps, too, to record 
the train speed, either by means of 
a pick-off from the driver's spee
dometer if this is available, or by 
monitoring traction motor voltage. 
However, it is not essential to re
cord speed automatically because 
the tape-recording should carry a 
voice track on which all important 
information about each part of the 
trial is recorded, including the 
speed from moment to moment. 
The tape-recorder releases the trials 
engineer from the pencil-and-paper 
routine, so he has plenty of t ime to 
voice all his thoughts. 

Before commencing the tr ia l , the 
engineer should tape-record an in
troduction on the voice track listing The B8tK Type 7003 4-channel FM Instrumentation Tape Recorder 
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Monitor 
what is going on 

You may not want to do much an
alysis of signals during a tr ia l , but it 
is important to know you are record
ing the right signal, and not mains 
hum or something totally unex
pected. A two-channel oscilloscope 
in the cab of the t ra in, at the substa
t ion or the telephone junct ion box 
wi l l tell you a lot of things quickly 
and keep you informed about the 
test. For example, on an AC system 
the traction voltage waveform tends 
to be sinusoidal close to the substa
t ion, but at other locations the pres
ence of a load (not necessarily the 
trials train) wi l l cause the line to 
" r i n g " electrically at quite high har-

Typical connection diagram for oscilloscope and tape recorder on board a trials locomotive 

monies of the supply, and w i th a lit- important to get a good linear dis-
tle experience it is possible to deter- play and negligible phase shift at 
mine which are the dominant har- low frequencies. 
monies. The ideal traction current 
waveform is square, but in practice The Bruel & Kjaer Type 4 7 1 4 is 
its shape quickly reveals the speed one of the smallest measurement 
of the train and its approximate oscilloscopes available, because it 
power factor, as wel l as the level of has been designed to fit into the 
harmonics. B & K Module System alongside 

other compact, portable instru-
As w i th the tape-recorder, the re- ments. It has the fol lowing features: 

quirement is for maximum portabil
ity and, preferably, independence of * 2,0 to 2,2 kg (4 ,4 to 4 ,85 lb —  
a mains supply. There is no require- depending on power source) 

The B & K Type 4714 Portable 2-channei ment for extra features like delayed weight , 133 x 105 x 2 0 0 m m 
Oscilloscope sweep or high sensitivity, but it is (5 ,23 x 4 ,12 x 7 ,88 in) size — 

easily lost in a locomotive driving-
cab! 

* Can be powered either f rom inter
nal 6,3 V rechargeable battery 
pack giving 5 hours' operation 
per charge, or an internal mains 
adaptor for 100 — 2 3 0 V 50 — 
60 Hz mains operation (a com
partment in the body of the 
'scope wi l l accommodate either 
of these items, which may be 
quickly changed over in the field) 

* DC to 5 MHz bandwidth, ± 5% cal
ibrated gains on both channels of 
0 ,03 ; 0 , 1 ; 0,3; 1 V per division 

* Calibrated time-base 1//s to 
100 ms per division w i th ful l t r ig
gering facilit ies 

* Standard BNC signal connections 
Waveform recording of the build-up of pantograph current in a 50 Hz thyristor locomotive dur
ing the first 680 ms of the application of power. Note the highly distorted waveform. 1 division 
= 24 A. The recording was made using a Type 7502 Digital Event Recorder and a Type 2307 Le
vel Recorder 
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Waveform recording of 25 kV 50 Hz thyristor 
locomotive primary current at approximately 
90° advance on second rectifier bridge (1 
div. - 24 Amps). Second bridge is indicated 
by the fact that the two 'steps' in the cycle 
are staggered by about 220 Amps. It can be 
deduced that the armature current is approxi
mately 110 Amps, multiplied by the transfor
mer turns ratio (referred to one secondary), 
divided by the number of armatures in paral
lel. Quite a lot can therefore be determined 
even f rom one waveform 
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Waveform recording (left) of thyristor locom
otive primary voltage (upper trace) and cur
rent {lower trace), made w i th B & K Type 
6302 portable two-channel Waveform Retri
ever (above) and Type 2309 Portable Two-
Channel Level Recorder (p.16). The Wave
form Retriever is an instrument for enabling 
accurate chart recordings to be made of re
petitive waveforms w i th frequency compo
nents up to 10 kHz, even when the wanted 
signal is buried in noise. In this recording 1 
division = 7,5 kV and 24 Amps vertically and 
2,8 ms horizontally. 
The current waveform shows that the locom
otive has about 80° of advance on one recti
fier bridge. This can be deduced f rom the 
fact that the current lingers at zero amps for 
two significant parts of the cycle. Further
more the marked ringing on the voltage 
waveform occurs just after each voltage 
peak. Note that commutat ion f rom thyristors 
to diodes (at the trail ing edge of each cur
rent peak) causes almost no perturbation on 
the voltage waveform. The waveforms are re
corded in their correct time-relationship w i th 
this arrangement of instruments, and the lag
ging power factor is easily observed 
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Psophometric n o i s e T h e p*°?h?™T- T Y voltage 
^ r a n g e s (at 10dB intervals, i.e., * 

if! telephone C i r C U i t S 3 , 1 6 increments of sensitivity) from 
100/A/ to 3 0 V RMS full scale def-

On AC systems the h a r m o n i c s l e c t i o n , and a bui l t- in calibration 
produced by thyristor control e q u i p - s o u r c e which may be used wi thout 
ments tend to lie at lower audio f r e - d i s t u r b i n g the range sett ing, and 
quencies than on DC s y s t e m s , w h i c h also permits subsequent in-
mainly w i th in the restricted b a n d - s t r u m e n t a t i o n (such as a level recor-
w id th used for telephone c i r c u i t s . d e r ) to be calibrated at the same 
Furthermore, the lengths of t h e s e t i m e . 
circuits are longer on inter-city 
routes (which are usually AC e l e c t r i - A versatile selection of outputs is 
fied) than on commuter r o u t e s , a v a i l a b l e for recording and monitor-
(which are generally DC electrified), ing purposes. There is an AC output 
increasing the coupling between Type 2429 Psophometer ( o n a B N C s o c ke t ) providing 3,16 V 
cables. Telephone interference is RMS out f rom a low impedance at 
therefore more of a problem when ful l scale deflection, w i th a peak 
thyristors are introduced on AC sys- sured w i th it as psophometric capability of 14 V. There is a DC out-
tems, than on DC systems. It is also noise. put (also on a BNC socket) w i th less 
worse generally on the newer indus- than 5 0 O source impedance, 
tr ial-frequency electrif ications (50 The Bruel & Kjaer Type 2 4 2 9 pso- + 3 , 1 6 V DC at ful l scale deflection 
and 60 Hz) than the older " ra i lway" phometer conforms to the require- and a peak capability of + 14 V. Lin-
frequency systems ( 1 6 - 2 / 3 and ments of CCITT P53 and DIN earity of this signal against input 
25 Hz) because the predominant 45 405 for telephone circuit noise RMS level is better than ± 2 , 3 % of 
harmonics from the latter lie at measurement. It may be used at the level between 25% and 78% of me-
lower frequencies, outside the tele- site of the tr ials, powered from a ter ful l scale deflection, and better 
phone bandwidth (usually 2 0 0 H z to pair of external batteries (18 to than ± 6 % of level between 8% and 
3 kHz) and there is less excitation of 25V) , or in the laboratory (to mea- 245% of meter ful l scale deflection. 
transmission line resonances. Be- sure the signal recorded on tape). There is a headphone outlet on a 
cause the quality of telephone powered from 50 to 4 0 0 Hz, 100 to pair of screw terminals capable of 
speech is not usually higher than it 2 5 0 V mains. Connection to a tele- accepting bare wires or banana 
needs to be for intell igibil ity, for^ rea- phone circuit is made using a 3-pin plugs. Finally there is a 7-pin DIN 
sons of economics, some interfer- plug to DIN 41 628 (B & K part no. socket carrying both AC and DC out-
ence from electric traction units is JP 0316) . The input includes a puts, battery inputs, and a line for 
generally tolerated, and the levei of transformer providing symmetry and an external capacitor wh ich may be 
immunisat ion on telephone circuits a high level of isolation from poten- connected to increase the averaging 
is chosen to provide the best com- tially hazardous voltages which may t ime of the RMS detector. 
promise between cost and intell igi- be induced in the telephone circuit 
bil ity. However, when a new elec- from the traction supply. 
trie traction unit is introduced to an 
existing system and generates a dif
ferent pattern of interference, its ef
fect on intell igibil ity must be mea
sured. 

Intell igibil ity is a subjective mat
ter. Different frequencies interfere 
more or less w i th speech, and the 
annoyance level of a given fre
quency is also dependant on the 
bandwidth of the wanted speech sig
nal. Consequently, to measure 
noise objectively in a telephone cir
cuit one needs both a measuring 
amplifier and a weight ing filter to 
weight the different frequencies ac
cording to the results of statistical 
experiments on human subjects. 
The weight ing filter used for this 
p u r p o s e is k n o w n a s a p S O p h o m e - Response curves for Telephone Weighting and Unweighted characteristics of the Type 2429 
t r i e f i l t e r a n d t h e COmDle te i n s t r u - Psophometer. Note that both the amplitude and frequency axes of this graph are logarithmic, in 

, . , x . , contrast to the spectra on pages 7 to 14. A logarithmic frequency scale is useful for frequency 
ment is a psophometer. It is also . . , + . . *i . . . . . +. . . , . . ' . ^ ,, . . K K analysis of transmission paths (of which the ear and an electrical network are t w o examples), al-
C O m m o n t o r e f e r t o t h e n o i s e m e a - though over a range of less than two decades of frequency, either linear or logarithmic scales 

may be used 
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This external capacitor facility is 
useful for el iminating low-frequency 
f luctuations of signal level, wh ich 
can occur for example when the 
psophometer is used to measure 
the level of noise on a tape-record
ing from a telephone circuit, and 
the output of the psophometer is 
plotted on a level recorder. It is of
ten difficult to eliminate mains hum 
at a low level completely from the 
circuit (even though the Type 2 4 2 9 
has a balanced input which faci l i
tates the el imination of earth loops), 
and if the tape recording is made on 
a railway electrified at industrial fre
quency, slight variations in this fre
quency and tape shrinkage Can re- L o g Qf p a n t o g r a p h current ( = primary current) and psophometric current as functions of time, 
Suit in beats w h i c h , t h o u g h no t during an acceleration at constant armature current. The time scale is 5 s/div. For the first 80s 
la rge e n o u g h to Cause e r r o r s , p ro - only one bridge is conducting 

duce a wiggly line on the level re
cording and cast suspicion on all 
the measurements! 

The traction current may be 
several hundred amps, and the pso
phometric component wi l l range 
from a few amps to perhaps 20 A in 
the worst cases. It is best measured 
on the train, at various positions on 
the railway (e.g., close to substa
t ion, remote from substation, etc.), 
but useful information can also be 
obtained by measuring it whi le the 
equipment is still on the manufac
turer's test-bed and connected to 
the factory supply. The psophome
ter has an isolated input ( 500V) , 
but it should certainly not be con
nected directly to a 2 5 0 0 0 V sup
ply, and in any case it is necessary 
to convert from amps to volts to 
make the measurements. Therefore 
a good-quality current transformer,  
or a shunt and an isolating voltage-
transformer, must be provided w i th 

_,_ « , « « ._ the necessary degree of isolation. It 
The Type 2 4 2 9 psophometer ■ u * * r»^ * x 

. o A . /-, r- , L . _i ■ is best to use a DC voltage transfor-
weighs only 3 ,4kg 7,5 1b and is , , 
, , r- • , r, o is ■*/■ m e r w i th a good frequency re

designed to fit into the B & K Mo- y H 

, . _ ■ ■ ■* L-I sponse. 
dule System, so it is quite portable 
enough for field use. 

Al though the coupling between 
the traction supply and an adjacent 
telephone circuit is notoriously diff i
cult to predict, and may include a 
differential characteristic, it is quite 
possible to measure it on an exist
ing system, and so predict the level 
of induced psophometric noise from 
new electric traction unit by measur
ing the psophometric current in
jected into the Supply by the new Arrangement of equipment for logging Line Current and Psophometric Current as functions of 
e q u i p m e n t . distance travelled 

6 



Frequency analysis 
of thyristor traction 

One of the most important data re
duction processes which an 
engineer engaged in commissioning 
or evaluating new thyristor con
trolled rolling-stock is called upon to 
undertake is the analysis of the fre
quency content of the traction cur
rent or the induced voltages in light-
current circuits. The audio-frequen
cies which are likely to be encoun
tered in the traction supply are as 
fol lows. 

On AC electrified railways: 
1. the supply frequency and its ex

act harmonics, predominantly 
odd harmonics 

2. slow transients containing a 
wide range of frequencies and 
some even harmonics of the sup
ply, caused by traction transfor
mer inrush or wheelslip correc
tion 

On DC electrified railways: 
1. the chopping frequency, usually 

a few hundred Hz, and its exact 
harmonics, predominantly odd 

2. the industrial frequency (50 to 
60 Hz) and its harmonics, mainly 
the 3rd, 6th and 12th, resulting 
from the substation rectifier used 
to provide the DC traction supply 

3. slow transients containing a 
spread of frequencies caused by 
line filter inrush at the closing of 
the circuit breakers on the train, 
or wheelslip correction 

As an AC thyristor locomotive accelerates, the level of each harmonic f luctuates cyclically. The 
upper f igure shows idealized plots, on a linear amplitude scale, of the levels of the first four odd 
harmonics as funct ions of phase advance, for a single rectifier bridge (n = harmonic number). 
The lower f igure shows the actual behaviour of eight selected harmonics, recorded as functions 
of armature voltage, on a logarithmic (dB) amplitude scale, for a two-bridge system, using a 
B & K Type 2031 Narrow Band Analyzer and a Type 2308 X—Y Recorder 

On both kinds of electrification sys
tems, some operators have vehicles 
propelled by commutatorless motors 
fed withcontinuously variable fre
quencies, usually obtained from the 
traction supply by thyristor inver
ters. These equipments can inject 
currents into the supply at harmon
ics of the inverter frequency, usu 
ally the 6th and its multiples. 

Arrangement of equipment for plott ing spectra of Line Current 
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On AC electrif ied railways the signed to have a very narrow-band On DC electrified railways the 
main problem is the psophometric characteristic wh ich rejects interfer- same kinds of problems arise but 
noise discussed above. Track cir- ing currents very effectively. How- the details are sufficiently different 
cuits used for signall ing are de- ever, there can be a risk of a false to merit discussion. Psophometric 
signed to operate either from DC, or indication arising from the passage noise is less important because the 
at a frequency not harmonically re- on an inverter vehicle if it should frequencies tend to be higher and 
lated to the supply, so they are al- happen to be travell ing at just the the distances shorter than on AC. 
most totally immune to supply-re- right speed for long enough to acti- The main problem is that practice 
lated interference. The relays used vate the relay. on DC electrified railways is to use 
for track-circuit indication are de- AC track circuits to prevent them 

from responding to currents leaking 
out of the traction supply, but they 
can respond falsely to AC induced 
by thyristor equipments because the 
level of traction current itself is so 
much higher on a DC electrif ication 
system than on an AC system. This 
is particularly true of inrush cur
rent, wh ich contains a variety of f re
quencies. 

Without going into further detai l , 
we can see that the traction supply 
carries current at many frequencies 
which can interfere w i th l ight-cur
rent circuits, and whenever the pso
phometric or unweighted level ap
pears to be excessive, it is essential 
to analyse those frequencies and de
cide what to do about the dominant 
ones. 

There is, however, a further di f f i 
culty scarcely touched on hitherto. 
A power engineer measuring the 
currents in a traction supply would 
normally feel some confidence that 
if he added up all the currents 
taken by all the trains fed from one 
given substation, the sum would be 
almost equal to the total current de
livered by that substation. At DC 
and 5 0 / 6 0 Hz this would be a rea
sonable expectation. At higher fre
quencies nothing could be further 
from the t ru th . 

This is because at higher f requen
cies the supply network must be 
treated as a network of trans
mission lines, w i th lumped induct
ance and capacitance, resistance 
and leakance, to which the telegra
phy equations must be applied. Its 
transmission characteristics are 
rather poor by telegraphy standards, 
and it suffers f rom all sorts of reson 
ances because at some frequencies 

These two figures show spectra of primary current wi th psophometric weighting (lower trace) t n e r e w i l 1 be l i n e s e c t i o n s c l o s e t o 
and unweighted (upper trace). Note that the strongest harmonic in the psophometric current is t h e q u a r t e r - w a v e l e n g t h . A l l t h e s e 
the 7th (350 Hz). These plots are actually averages of nearly 1000 spectra made at 200-ms in- f a c t o r s a r e c o m p l i c a t e d by a s p e c t s 
tervals throughout the same acceleration at constant armature current. Like most of the figures 0 f c o n s t r u c t i o n of t h e c a t e n a r v a n d 
in this section, these spectra were recorded using a Type 2031 Narrow Band Analyzer and a ,. , , . 
T OOAO V v n J +u -n * * +1. * i J . * * .u ™o« * J- . +L influenced by components such as 
Type 2308 X—Y Recorder; they illustrate the useful ability of the 2031 to display the average r K 

of a large number of spectra, as well as instantaneous spectra. The Type 2429 Psophometer b o o s t e r t r a n s f o r m e r s . 
was used to perform the weighting 
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At higher frequencies the 
engineer who has measured zero 
amps at the t ra in, and zero amps at 
the substation, can still not state 
wi th complete assurance that he 
would measure zero amps in a track 
circuit or a telephone circuit some
where between the two. It is a rea
sonable assumption, but when lives 
are at stake it is a good idea to go 
and confirm it. 

There is therefore a need for a lot 
of data and a lot of analysis. What 
is more, every railway and every 
stretch of railway is different, be
cause no stretch of line is built for 
the S & T engineer's benefit. So a 
lot of experience is necessary be
fore predictions about the effects of 
thyristors can be made wi thout any 
measurement or analysis. 

Because frequency analysis is a 
major part of sound and vibration 
work, Bruel & Kjaer make a wide 
range of equipment for tackling dif
ferent kinds of frequency analysis. 
Many of these could be used w i th 
advantage to f ind out something 
about the effects of thyristors on an 
electric railway. However, to do the 
job thoroughly one needs a spec
t rum analyser, and to do the job 
wi thout occupying all the engineers 
available all the t ime, one must use 
a real-time narrow-band analyser, 
such as the B & K Type 2031 Nar
row Band Spectrum Analyzer. 

It is not difficult to understand 
why. Suppose you have a tape re
cording of a signal, and you have 
measured the psophometric content 
and found that for part of the t ime 
this exceeds the permissible thresh
old. The chances are that one or T U ,. iU. , ._ . „ „ . , _. ■ * * 

The figures on this page and pages 10 and 11 show the waveform and instantaneous frequency 
t w o p a r t i c u l a r h a r m o n i c s a re c a u s - spectrum of locomotive primary current at six stages during an acceleration at constant arma-
ing t h e t r o u b l e , SO y o u ge t a SUi- ture current. In the stages shown on this page only one rectifier bridge is conducting. Use is 
t a b l e n a r r o w - b a n d f i l t e r o r a n a l y s e r made of the facility of the Type 2031 Narrow Band Analyzer to display spectra or waveforms; 
a n d p lay t h e t a p e t h r o u g h it o n c e ^ is not essential to record them on the same p lo t as here 

for each harmonic, recording the 
output on a level recorder. You 
may, after five or six runs, f ind 
what you want , but equally wel l 
you may f ind that all the harmonics 
f luctuate considerably (as the train 
accelerates), and none of them indi
vidually would account for the pso
phometric level. 
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The next possibility to consider 
would be the use of a swept-fre-
quency analyzer. This consists of a 
narrow-band filter (with a 3 dB 
bandwidth B Hz, say), sweeping at a 
rate of S Hz per second through the 
frequency range from 0 Hz to 
nmax f Hz (where nm a x is the order 
of the highest harmonic analyzed 
and f is the fundamental fre
quency). The output of the filter is 
detected by a rectifier, and the DC 
from this rectifier is smoothed by an 
RC filter. The output from the RC f i l 
ter is logarithmically converted and 
fed to a graphic level recorder or ca
thode ray tube having a horizontal 
sweep facility synchronized wi th the 
sweep of the filter. 

The filter bandwidth B should be 
narrow enough to resolve adjacent 
harmonics differing in amplitude by 
more than 10dB. This means that 
B should be about one-third of the 
interval between peaks. If it is re
quired to resolve only odd harmon
ics (which is all an ideal assymmet-
ric half-controlled bridge rectifier 
generates in the supply), 

2f 
B = Hz 

3 

To resolve even harmonics at a low 
level, such as 30dB lower than ad
jacent odd harmonics, the band
width would have to be more than 
proportionately narrower and the 
sweep rate much slower. 

When a harmonic enters the pass-
band of a narrow-band filter, the 
output of the filter does not instan
taneously build up — it takes a f i 
nite t ime tR of the order of 1/B sec
onds. Analysis shows that for a typi-

■ - ,-.. In these two plots, both rectifier bridges on the thyristor locomotive have begun to conduct. 
y ' Note that the Type 2031 provides a logarithmic (dB) amplitude scale, but a linear frequency 

scale. The advantage of the former is the wide range of measurement possible - the 35th har-
_ ^ ' monic, for example, is 60 dB below the 500-Amp reference level in the lower f igure, i.e., 0,5 

R a p p r u x . X Amp, which would be insignificant on a linear scale. The advantage of a linear frequency scale 
is that it gives uniform spacing of harmonics; in these figures the frequency range is 0 to 
2000 Hz 

= — x — 
3 2f 

2 
=—sec 

f 

In order to permit the RC filter to 
build up to maximum level, each 
harmonic must remain wi th in the 
passband B a further length of t ime 
depending on the time-constant RC. 
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To get an accurate and undisplaced 
display, the total t ime for which 
each harmonic lies wi th in the 3 dB 
passband B (which is known as the 
dwell t ime, tD ) should be about four 
times tR : 

t D = approx. 4 t R 

8 
= — s e c ; 

f 

B 
but t D =—7 by definit ion, 

2f 
= sec; 

3S 

2f 
therefore S = 

3 t D 

2f f 
= x 

3 8 

12 

Duration of one sweep = 

nmax' 

S 

12 

~~ nmax' x
 f 2 

'^ nmax 
= __ sec. 

f 
Suppose the signal being anal

yzed is the supply current from a lo
comotive or EMU on an AC electri
fied system, and the train is accele 
rating uniformly from rest. You can 

Although the primary current waveforms in these two figures are very similar, the dip in the See f r o m t h e d i a g r a m of t h e p a t t e r n 
11th harmonic in the upper trace indicates that the second bridge had not quite reached full of o d d h a r m o n i c s g e n e r a t e d by a n 
conduction (i.e., phase-advance). The lower figure shows full full conduction on both bridges, i dea l r e c t i f i e r t h a t as t h e Dhase of 
i.e., diode operation of the locomotive , . 

one thynstor bridge is advanced 
from 0° to 180° the harmonic am
plitudes fluctuate periodically be
tween zero and a maximum level de
pendant on harmonic number, n. 
The total number of complete f luctu
ation cycles is n / 2 , for each har
monic (by inspection). Thus if the 
train takes tF seconds to advance 
from 0° to 180° , 

duration of one fluctuation cycle = 

= 2 t f 

n 
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To prevent aliasing (spurious sam
pling effects), the duration of one 
sweep must be significantly shorter 
than the duration of one fluctuation 
cycle for the highest harmonic ob
served n m a x f. For example, if the 
sweep rate were only twice the fluc
tuation rate, it would be possible for 
each sweep to coincide wi th identi
cal levels on the " u p " and " d o w n " 
portion of the same fluctuation, and 
the display would indicate no f luctu
ation at all. It is advisable to sweep 
at a rate about four times faster 
than the fastest fluctuation rate re
quired to be observed, so 

1 2 n m a x _ 2 t F 
4 x f n 1 "max 

therefore 

2 _ 2 f t F 
nmax 4 g 

24 ' 

i.e., 

nmax = 0,2 V f t F 

approx. 

Thus for f = 50 Hz and tF = 25 
seconds, n m a x = 7, which is 
350 Hz. Although a locomotive 
might accelerate as slowly as this, 
an EMU would normally advance 
from 0° to 180° on one rectifier 
bridge much more quickly, so the 
number of harmonics which may be 
usefully observed with a swept-fre-
quency analyzer is very restrictive. 

Primary voltage waveforms and spectra, showing the effects of a thyristor locomotive drawing 
T h i s IS b e c a u s e t h e S i g n a l f o r a n a - no current (upper figure) and 180 Amps (lower figure) 

lysis from an accelerating train is 
what is known (quite logically in 
this instance!) as a Non-Stationary 
Signal. 

It does not help to play the tape 
more slowly, either, since the band
width of the filter has to be reduced 
in proportion and so does the 
sweep rate. 

Example of the inrush current waveform in a 50 Hz AC traction transformer. The initial peak is 
500 Amps 
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The 2031 wi l l also give you a 
very informative picture — literally 
— of transients such as the inrush 
current on a DC chopper or AC trac
tion transformer. It has all the faci l i
ties you would expect for versatile 
tr iggering, and to save you having 
to repeat an event, it stores all the 
information about the event for as 
long as you want . You can display 
not just a precise, calibrated spec
trum of the transient, but you can 
also look at the waveform itself (us
ing the 2031 as a high-quality stor
age-oscilloscope) and move an elec
tronic cursor across it to make 
measurements of its characteristics. 
You can switch from one to the 
other at w i l l , and decide whether 
the level of dangerous frequencies 
is enough to matter or not. You can 
do it for as many transients as you  
have bothered to tape-record, w i th -

Primary current waveform and spectra recorded at the same instant as the lower of the two vol- OUt t a k i n g u p h o u r s Of v a l u a b l e 
tage records on the opposite page. Note that all three have 0-5000 Hz frequency scales. It can t i m e . 
be seen that the 11th harmonic is much more pronounced in the voltage trace than in the cur
rent trace, indicatinq a network parallel-resonance at around 550 Hz y-^L. L I I ■ I , 

y K Other features which you might 
want to know about the 2031 are: 

* 400-channel frequency resolu
tion over eleven ranges from 0 to 

The best that can be done when weak ones, to better than 10%, 10 Hz to 0 to 20 kHz in 1—2—5 
the only spectrum analyzer avail- w i thout changing any of the set- sequence 
able is a swept-frequency analyzer t ings. * Facilities for displaying time-aver-
is to contrive a stationary signal by aged spectrum and difference be-
making a tape loop of each part of How can the 2031 achieve what tween two spectra, one of which 
the signal, or, rather less labor- is impossible for a swept-frequency may be inputted from an external 
iously, by introducing a B & K Type spectrum analyzer? The answer is memory such as a desktop calcu-
7 5 0 2 Digital Event Recorder, which that it is almost all digital in its oper- lator, or held in the 2031 's inter-
can perform the same function w i th - ation. It divides the signal up into re- nal memory 
out moving parts. cords of manageable length, calcu- * Averaging is user-selected, l in-

lates the Fourier transform of each ear or exponential, over 1 to 
However, a much faster, and record length mathematically using 2 0 4 8 spectra 

more informative analysis may be the Fast Fourier Transform algor- * Alphanumeric indication of all 
performed using a Type 2031 Nar- i thm, and displays the transform on relevant settings displayed along 
row-Band Real-Time Analyzer. This its screen, whi le the next record is the top of the 11-in low-reflect-
instrument wi l l display all the har- being stored. It is in effect a dedi- ance screen, including line-selec-
monics you are interested in cont in- cated digital computer. Because it tor (cursor) position and level 
uously, on a big, calibrated display, takes account of all the signal, it * IEC/IEEE Std. 4 8 8 interface 
and you have to play the tape only can operate in real t ime, whereas a * Electronic graticule for parallax-
once. It w i l l communicate through a swept-frequency analyzer can only free readings 
standard interface wi th any one of a sample the signal and in fact disre- * Analogue outputs to level recor-
number of desk-top calculators, and gards most of the information avail- ders-and X-Y plotters: a complete 
can be remotely controlled from this able. The 2031 is real-time only up spectrum can be plotted out on a 
calculator. It can output the t ime- to 2kHz, but this is normally plotter such as the B & K Type 
varying spectrum on a suitable hard- enough for traction work, since it 2 3 0 8 X-Y recorder in 45 sec-
copy unit. The display is linear in wi l l analyze faithful ly all the har- onds, and the same goes for con-
frequency, so there is no bunching monies of 60 Hz up to the 33rd t inuous or transient t ime-wave-
of the higher harmonics where so w i th a 5 Hz bandwidth. forms 
many line resonances occur, and it * Can be used as a storage-'scope 
is logarithmic in amplitude, w i th a A t the same t ime, the 2031 is a and transient recorder 
choice of 20, 40 or 8 0 d B ( x 1 0 , remarkably compact instrument. It * Power requirements 1 0 0 — 2 4 0 V 
x 1 0 0 , x 10000 ) ful l scale deflec- is all contained wi th in a single case 5 0 — 6 0 Hz, 1 2 0 W approx. 
t ion, so you can measure the ampli- weighing 22 kg (48,5 lb) and may 
tude of any harmonic, even the be used on site if required. 
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An ideal method of predicting rel i
ably the effects of a new thyristor 
equipment still on the test bed 
(especially on AC electrified rail
ways) uses the 2031 Narrow Band 
Analyzer. The technique consists in 
going out and recording both the 
traction supply current (at the train) 
of an existing traction unit — not ne
cessarily a thyristor vehicle — and 
the corresponding induced signal in 
the associated l ight-current track-
side circuits. Recordings should be 
made at all the locations of interest, 
including at least one w i th the vehi
cle close to the substation (where 
its behaviour wi l l be similar to test-
bed behaviour when it comes to har
monics). Back in the laboratory, the 
recordings are fed into a 2031 Nar
row Band Analyzer, which is used 
to evaluate and display difference-
spectra between the traction cur
rent and induced signal. These 
spectra are in effect transfer-func
tions of attenuation, from catenary this w i th advantage. The next step each location by the new thyristor 
to S & T circuit, against frequency. is to record and analyze the traction traction unit. 
Since all the trackside components current of the new thyristor equip-
are strictly linear, the spectra re- ment under test on the test-bed. The reason this method is more 
present the absolute characteristics This analysis wi l l produce quite a suited to AC electrif ication applica-
of the electrif ication system at good picture of the "harmonic signa- tions is that conventional diode roll-
those locations, independent of the tu re " of the equipment — and by ing-stock generates most of the har-
type of vehicle used. The spectra subtracting from it the difference- monies likely to occur, but at differ-
may be plotted very quickly on the spectra obtained previously, either ent level from thyristor equipment. 
Type 2 3 0 8 X-Y recorder for subse- visually or digitally (with the help of The 2031 Analyzer has a 70 dB dy-
quent use. If a desktop calculator the calculator), it is possible to see namic range (with a 9dB overload 
w i th a reasonable size store is avail- what level of each harmonic might margin), so it can readily display the 
able, the spectra may be fed into be induced in the S & T circuits at amplitudes even of very weak har

monics. It might appear that if the 
signal to be analysed has been re
corded on a tape-recorder w i th 
4 4 d B dynamic range (i.e. the Type 
7003) , most of this benefit is lost. 
However, the noise on the tape is 
mainly spread out uniformly over 
the 12 kHz of its bandwidth, and if 
we effectively pass this through a 
narrow-band fi lter — as the 2031 
does when it performs harmonic an
alysis — the noise level in any 
given narrow band falls dramati
cally, making it entirely possible to 
extract individual harmonics 30 dB 
(one-thirtieth) below the level of  
broadband noise. 

Example of primary current waveform and psophometrically-weighted frequency spectrum, re
corded just after the start of conduction of the second rectifier bridge 
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Log the tape 
recordings 

A tape recorder always records in 
real t ime, and a sensible and syste
matic commissioning team who re
cord all the tests they carry out, on 
the test-bed and on the track, wi l l 
end up w i th a lot of tape. To remain 
useful over a period of months or ye
ars, this tape must be systemati
cally logged — and on the basis 
that one picture is wor th a thou
sand words, it is much more useful 
to produce a sequence of plots of 
what is going on on each tape, than 
to wr i te out a long description on 
the tape box. 

Briiel & Kjaer manufacture gra
phic hard-copy units for both of the 
principal duties likely to be encoun
tered in this kind of work. For t ime-
varying funct ions such as traction 
current, train speed, and psopho-
metric current, three level recorders 
are available, Types 2 3 0 6 , 2 3 0 7 
and 2 3 0 9 . For plotting two related 
variables such as harmonic ampli
tude against harmonic frequency, or 

. . Extracts from tape recording of thyristor locomotive trial, logged using a Type 2307 Level Re-
p s o p h o m e t r i c c u r r e n t a g a i n s t c o r d e r . The upper trace records RMS pantograph current over a period of about 2 minutes, and 
Speed , a n X -Y r e c o r d e r , l y p e ^ o U o , the lower trace records current in one armature during the same period. Note the application of 
is a v a i l a b l e . T h e l a t t e r is a l s o b e t t e r electric rheostattc braking (zero pantograph current) at the end of the record 
(because of its paper size) for mak
ing permanent records of t ime-wave
forms, for subsequent comparison. the train, these pulses may be used Type 2 3 0 6 : 
To some extent, of course, either to regulate the paper throw in pro- * Fully portable battery operation, 
kind of instrument can be used for portion to distance travelled along from buil t- in dry or rechargeable 
both purposes. the track, instead of logging the sig- NiCd cells, or operation from se-

nal at a uniform t ime rate. parate mains supply such as 
The advantage of the B & K level Type 2 8 0 8 or 6 — 1 2 V DC 

recorders is that they may be used Al l the B & K level recorders wr i te 5 0 0 m A max. 
for recording DC or AC signals, w i th disposable fibre pens on cont in- * Weight only 3,5 kg (7,7 lb), di-
since they all incorporate true RMS uous calibrated paper from a roll. mensions only 180 x 245 x 
detectors to convert an incoming The Types 2 3 0 6 and 2 3 0 7 also of- 1 10 mm (7,1 x 9,6 x 4,3 in) 
AC signal into a pen deflection. The fer the option of wr i t ing w i th sap- * Built- in meter to monitor supply 
2 3 0 7 also has peak and average de- phire styli on wax-coated paper. condition 
tectors as alternatives. Al l recorders These techniques result in high-con- * 8 fixed paper speeds 0,01 to 
also provide for logarithmic record- trast, instantaneous records requir- 30 m m / s , plus external TTL 
ing to give constant resolution over ing no subsequent processing. pulse train or voltage ramp (us-
the whole dynamic range. If linear Other features of the recorders are ing Type WB 0 2 2 8 paper drive 
recording is required of AC signals set out below. unit) 
(such as traction current on AC e l e c - * 4 wr i t ing speeds 1 6 m m / s to 
trif ied equipment), it is necessary t o 2 5 0 m m / s 
use an external measuring i n s t r u - * Can interface w i th Type 4 4 2 6 
ment (such as the psophometer i n N o i s e Level Analyzer for, e.g. sta-
its unweighted mode) in c o n j u n c - t i s t i c a l analysis of telephone in-
t ion w i t h the Types 2 3 0 6 a n d t e r f e r e n c e 
2 3 0 9 . * Remote paper stop/star t 

The Type 2 3 0 6 and 2 3 0 9 have 
their paper throw controlled by step
ping motors. If speedometer or ta
chometer pulses are available on Type 2306 Portable Level Recorder 
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Type 2307 Level Recorder 

Type 2307: 
* Very versatile recorder w i th maxi

mum of facilities for laboratory 
use 

* 12 fixed paper speeds from 
1,08 mm/hour to 1 0 0 m m / s , 
plus external voltage ramp, T y p e 2 3 0 8 X .Y R e c o r d e r 

250 mm max. continuous throw 
* 2 chart widths, 50 or 100 mm re

cording space * Built-in ramp and calibration sig- * Very large wri t ing area 185 * 
* 15 different wri t ing speeds: nal 270 mm (7,25 x 10,6 in) 

4 m m / s to 2 m/s (100 mm * Automatic stop after 250 mm * Fast pen displacement rate 
width) or 2 m m / s to 1 m/s paper advance if required 1,0 m/s and acceleration 
(50 mm width) * Operation from 6 dry cells or re- 100 m s - 2 w i th less than 1 % 

* Remote control of paper start- chargeable cells, mains conver- overshoot 
/s top, automatic stop, external ter Type 2808 or external 6,5 to * 1 5 calibrated X and Y input sensi-
automatic stop, pen lift and 1 5 V DC supply tivities 20 /yV/mm to 1 V / m m 
event marking * 9 calibrated sweep rates 0,2 to 

Type 2 3 0 8 100 m m / s from internal sweep 
Although the B & K level recor- generator wi th ramp voltage out-

ders are all suitable for plotting fre- put 0 to 10V having ± 10V con-
quency spectra, and also wave- tinuously adjustable offset 
forms in conjunction wi th a suitable * Floating, reversible inputs wi th 
means for slowing down the time 1,0 MO impedance and continu-
scale (such as the Type 7502 Digi- ously variable offsets 
tal Event Recorder or the 2031 Nar- * Electrostatic paper hold 
row Band Analyzer), larger plots * Versatile remote control and syn-
wi th greater resolution may be ob- chronisation, including pen lift 
tained from the Type 2308 X-Y Re- (the latter automatic at power-
corder. This instrument offers the off) 

Type 2309 Two-Channel Portable following features. * Disposable fibre pens 
Level Recorder 

Type 2309: 
* Two-channel two-pen recorder 

for simplified logging of mult i 
channel tape recordings — plot 
both train speed and traction cur
rent as functions of t ime, for ex
ample 

* 8 fixed paper speeds 0,01 to 
30 m m / s , plus external paper 
control 

* 4 writ ing speeds 16 m m / s to 
250 m m / s 

* 50 mm writ ing-width per chan
nel 
e x t e n s i v e r e m o t e C o n t r o l t a c i l l - Typical tract ion supply voltage waveform during the passage of a thyristor locomotive, showing 
t i e s , i n c l u d i n g p e n l i f t the presence of line resonance. Frequency = 50 Hz. 1 division = 5 kV 
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AC or DC signals from measuring in
struments such as psophometers, 
and at the end of each sampling pe
riod (user selected from 0,1 to 10 
seconds) it grades them according 
to level and stores the result of the 
grading in a digital memory. The me
mory is large enough to accommo
date 6 5 0 0 0 samples — up to 180 
hours — and the instrument may be 
interrogated manually at any t ime 
wi thout interrupting the sampling 
and recording process. 

The Type 4 4 2 6 has a built- in digi
tal display, but in most applications 

— — - it is used to output data to a hard 
Noise Level Analyzer Type 4426 and Alphanumeric Printer Type 2312 combined in a water- c o p y u n j t | t c g n | Q t c u m u | a t j v e d i s 
proof carrying-case KA 2000 -. • , . . . . . .. 

tr ibut ion curves and probability dis
tr ibution histograms on the Type 

Statistical analVSiS n 0 i S e w h i c h ' " t e ^ P * conversation 2 3 0 6 level recorder, or print them 
y but do not prevent it. There is no out in accordance w i th a user-pro-

of psophometric sense in trying to reduce the level grammed routine on the alphanum-
• of train-induced noise, which f luctu- eric printer type 2 3 1 2 . 

I lUloc a t e s considerably as trains come 
and go, below the statistical level of A l l these instruments are battery 

The annoyance caused by any noise from other sources. operated and very portable, so they 
kind of noise experienced in a hu- can easily be used on a test-bed. It 
man environment (as opposed to Bruel & Kjaer manufacture a is a common contractual require-
say, an electronic circuit) depends Noise Level Analyser, Type 4 4 2 6 , ment, for mult iple-unit rolling-stock 
not only on its level and quality, but wh ich has been designed for pre- especially, to put the traction equip-
on its statistical properties — the cisely this kind of task. Al though its ment through tests on the manufac-
proportion of time for wh ich it ex- main use is the analysis of commu- turer 's premises which include a si-
ceeds the acceptable level, for exam- nity noise out in the field — for mulation of loading conditions expe-
ple. This applies to psophometric which purpose it is made very por- rienced on the actual railway, and 
noise in a telephone circuit, once it table (with battery operation) — it is these tests include evidence of the 
reaches the subscriber's handset. no less suited to the analysis of pso- psophometric component of line cur-
Any telephone network is subject to phometric noise in a telephone cir- rent in the case of AC EMU's. A 
occasional bursts of interfering cuit or a traction supply. It accepts good way to obtain or supply that 

evidence is to connect up a Type 
2 4 2 9 Psophometer, a Type 4 4 2 6 
Noise Level Analyzer and a Type  
231 2 Alphanumeric Printer. 

Arrangement of equipment for logging statistical properties of psophometric current 

Recording of Cumulative Distribution curve and Probability Distribution histogram made on the portable Level Recorder Type 2306 
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SnPPIril nrnhlpm^ erase-head, it can be arranged to re- Bruel & Kjaer manufacture for this 
\ " cord and erase continuously, and purpose a Digital Event Recorder, 

With DC ChoppGTS stop a second or so after the event Type 7 5 0 2 . This is an all-solid-state 
to be studied. There is then avail- device which nevertheless behaves 

When thyristors are used to con- able a record of what happened like a tape loop w i th a wide range 
trol the traction motors on DC elec- both before and after the event, on of record and playback rates and re-
tric trains, the electronic circuit on the tape-loop, which may be played cord lengths. Incoming analogue sig-
the train has to produce its own back through a storage oscilloscope nals are converted into 8-bit digital 
switching cycle. Because it 'chops' to give a continuous trace of the words and stored in a 2048-word 
the traction current on and off very event for display and measurement. digital store (up to 5 such stores 
fast — faster than the correspond- Furthermore, the display may be ex- may be incorporated in the same 
ing commutat ions of an AC thyristor panded at w i l l , and the tape loop re- cabinet, and any number of addi-
equipment — it is known as a tained for subsequent analysis such tional 7502 ' s slaved together for 
"chopper". As mentioned in the In- as output to a graphic plotter, such extra channels, extra record length 
troduction, thyristors are harder to as the B & K X-Y Recorder Type or extra dynamic range). The stored 
turn off than to turn on, and extra 2 3 0 8 . signal may subsequently be played 
circuitry known as the c o m m u t a t i o n b a c k through a digital-to-analogue 
circuit is needed. If this c o m m u t a - c o n v e r t e r , at the same rate or a dif-
t ion circuit fails to funct ion, the c u r - f e r e n t rate, as many times as re-
rent in the chopper wi l l build u p q u i r e d . Like a tape loop, the store 
very rapidly until either a f u s e c a n continuously update. 
blows or all the thyristors fai l , or 
both. No matter how much care i s B e c a u s e it has no moving parts, 
taken at the design stage, there a r e t h e 7 5 0 2 can be left running unat-
always variables which are not e a s y t e n d e d indefinitely for recording and 
to predict, and consequently t h e c a p t u r i n g very rare events. For ex-
early test-bed weeks in the life o f a m p l e , a major aspect of the design 
any DC thyristor equipment are dom- of thyristor converters of all kinds 
inated by transient events asso- illustration showing the use of a tape-loop for traction duties is the rating of 
ciated w i th switching on and swi tch- cassette with the Type 7003 Tape Recorder the voltage-surge wi thstand, but 
ing off. Furthermore, even when all especially on DC systems. These 
is working we l l , the main feature of A tape loop cassette is included surges are generally developed ac-
DC chopper circuits is that for much w i th the B & K Type 7003 tape re- ross the supply inductance during 
of each chopping cycle nothing hap- corder. It holds 0 ,85 to 2,5 m of current shedding by other trains, 
pens, and when it does, it happens tape, giving 2 ,23 to 6,56 sec of though on overhead collection sys-
quickly. storage at 15 i.p.s. tape speed. Any terns they can also arise through 

of the channels of the Type 7 0 0 3 lightning strikes. They are a charac-
These characteristics make it dif f i- may be converted from FM to Direct teristic of the particular wayside 

cult to measure and investigate recording and reproduction, by supply system, and have to be pre-
what is going on using an ordinary means of plug-in cards ZE 0 1 8 9 dieted reliably to ensure adequate 
oscilloscope. Even a storage-'scope and ZE 0 1 9 0 , giving a frequency re- design of the thyristor circuit. One 
wi th a long-persistence phosphor is sponse of 100 Hz to 5 0 k H z ( ± 3 d B ) . way to obtain detailed information 
of l imited use because the event to Because of its independence of about surges is to connect a Type 
be studied has to be repeated mains, the 7 0 0 3 may also be used 7 5 0 2 to a suitable voltage-monitor-
several t imes to get the trigger le- in this way on trials or even in ser- ing device coupled to the supply. If 
vel, Y-channel gain and sweep rate vice, for recording unpredictable the trigger level of the 7 5 0 2 is ad
just right — and this is not at all fault conditions, power line distur- justed to some appropriate multiple 
easy when the event is not repeti- bances and inrush waveforms. of the nominal maximum supply vol-
tive. Even when you have captured tage, the first voltage surge to ex-
the event, the only way to expand For some applications it is helpful ceed that multiple wi l l be recorded 
the trace is to record it again w i th to have a recording-loop w i th more and stored for subsequent measure-
different settings. control over the record length and ment. However, the integrity of the 

record/replay speed ratio than is mains supply to the 7 5 0 2 must be 
One way round this problem is to possible w i th the tape cassette. assured, so if it were used on a 

tape record the event and keep play
ing it back through a storage-
'scope. This is more flexible, but 
nonetheless a clumsy procedure. If 
the event occurs unpredictably, the 
tape-recorder has to be kept run
ning all the t ime. For recording and 
displaying such events, what is 
needed is a short tape-loop which 
records only the last few seconds. 
P r o v i d e d t h e t a p e - r e c o r d e r h a s a n Arrangement of equipment for capturing and measuring line voltage surges 
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The versatile 2031 Narrow Band 
Analyzer can also act as a storage 
oscilloscope wi th a real-time dis
play. It can store one previous event 
for comparative purposes. Further
more, its large display screen en
ables accurate measurements to be 
taken of the shape of parts of the 
waveform, such as the rate of 
change of cu r ren t in t h e c o m m u t a  
t i o n c i rcu i t of a Chopper, fo r e x a m -

Arrangement of equipment for plotting inrush waveforms . 

Because, as described above, 
train to capture the conditions lead- nections, the 2503 may be con- chopper circuitry is full of fast-rising 
ing up to, say, unforeseen failure of nected to an external transducer of edges involving changes of hun-
a string of thyristors, a separate bat- any kind, or an external electrical dreds of amps, a DC chopper can be 
tery and inverter would be needed circuit, for recording and reducing a very powerful generator of acous-
(the basic 7502 consumes 85 W ap- data on any kind of transient or tic noise. This is a peripheral pheno-
prox.). surge, provided the user takes care menon, often overlooked at the de-

to ensure correct electrical match- sign stage, and because the noise 
Although the 7502 is the right in- ing. This is normally a matter of con- is generated at harmonics of the 

strument to use for recording and necting a 1 nF capacitor in series chopping frequency, it is largely a 
reproducing single surges, enabling wi th the lead to one only of the matter of chance resonances 
the waveform leading up to the three inputs, and (for line voltage whether the level is likely to be suf-
surge to be studied in detail, it is surge recording) providing a sui- ficient to cause annoyance when 
very useful to be able to gather data table voltage transformer wi th an the equipment is installed in a 
about the amplitude and duration of output of about 1 0 mV to 1 V. train. 
all the surges which occur on a trac
tion supply over a prolonged p e r i o d , M a n y of the components used in 
i.e. at least one working day. In t h i s a thyristor circuit can act as acous-
case what the design e n g i n e e r t i c transducers, but the worst offen-
needs to know is the peak v o l t a g e d e r s are the chokes used to control 
and energy in any surge which c a n t h e rate at which current increases 
occur, so that the train-borne c i r c u i t a n d decreases in thyristors and di-
can be equipped wi th filters w h i c h o d e s . These small chokes carry 
wi l l either absorb or ride t h r o u g h h e a v y currents and are always 
the surges safely, without c a r r y i n g w o u n d on a magnetic core. In many 
around more weight of chokes a n d p a r t i c u l a r s , the most suitable mate-
capacitors than are really n e c e s - r i a l for this core is transformer 
sary. An instrument which can b e s t e e l , but it is very hard to stop 
readily drafted into this duty, de- steel laminations from vibrating in 
spite its unlikely name, is the B & K Type 2503 Bump Recorder sympathy wi th the flux. For many 
Type 2503 Bump Recorder. applications it is possible to substi

tute cores which are no worse elec-
The main purpose of the 2 5 0 3 is trically but which generate far less 

to travel inside a shipping consign- The Bump Recorder should then acoustic noise. 
ment recording any bumps which be calibrated by applying a known 
exceed a preset level, as well as the voltage and adjusting this to get a To measure the noise emitted by 
time of day, the date, the amplitude print-out. The data printed by the a DC chopper, a sound level meter 
and the bump velocity. Al l this data Recorder consists of peak accelera- should be used. Quite useful analy-
is printed on a roll of paper, alpha- tion and peak velocity, for which sis of the harmonic content (which 
numerically, and the instrument the electrical analogues are peak is often a function of the chopper 
can go on working for days on end voltage and voltage time integral. case resonances rather than the 
(its batteries wi l l power it for 18 Since the print-out is in SI units, chopper on-time) can be made wi th 
days). At the end of the journey the the duration of each surge recorded octave and third-octave filters in the 
consignee who finds his shipment can be obtained directly by dividing meter circuit. Although an octave f i l 
ls damaged can identify when it the velocity value by the accelera- ter-range is not suitable for separat-
was bumped and consequently de- tion value. The sensitivity of the ing higher harmonics, its logarith-
cide who to claim against. 2503 to surges of less than 1 ms mic frequency scale can give quite 

duration is reduced, but in general useful information about structure-
The bumps are converted to elec- such fast transients are easy to f i l - dominated resonant behaviour. A 

trical signals by a built- in three-axis ter out on a traction supply. It is the sound level meter coupled to a tape 
accelerometer, but because access slower ones which cause the prob- recorder or graphic recorder should 
is provided to the accelerometer con- lems. be used when experimenting wi th 
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different choke cores to minimise 
acoustic noise. 

Bruel & Kjaer manufacture seven 
sound level-meters. The most sui
table Types are 2203 , 2209 , 2210 
or or 2218, plus a Type 1613 oc
tave filter, or Type 2215 (which in
cludes an octave filter). All these 
meters include A-weighting ne
tworks to take account of the sensi
tivity characteristics of the human 
ear. 

Each sound level meter incorpor
ates a precision condenser micro
phone acoustically mounted on top 
of the case; a preamplifier; a mea
suring amplifier (with attenuator 
and moving-coil meter); and an out
put for a recorder. All work off bat
teries and may be held in the hand, 
even with Type 1613 attached. 

Measuring the vibration modes of 
the magnetic cores which generate 
most of the sound is not as difficult 
as it m i g h t a p p e a r , pa r t i cu la r l y if a T y p e 2 2 0 9 S o u n d L e v e | Meter, attached to Type 1613 Octave Filter, and connected to Type 
sound level meter is already avail- 2306 Level Recorder 
able. All that is needed then is an 
accelerometer. 

Bruel & Kjaer accelerometers are 
all precision measuring-transducers 
using the piezoelectric effect to gen
erate electrical analogues of the vi
bration to which they are subjected. 
A wide range is available for many 
kinds of application, but most are 
very small — less then an inch ac
ross and an ounce or so in weight. 

In t h e c h o p p e r app l ica t ion t h e a c 
c e l e r o m e t e r W o u l d be a t t a c h e d by a Arrangement of equipment to measure the vibration spectrum of iron-cored thyristor current-
m a g n e t or w a x to d i f f e r e n t par ts of control choke in a DC chopper 

the choke core, in different orienta
tions, and the output connected via to observe the waveform, or to an For vibration and sound measure-
the cable provided, and an integra- analyzer, to determine the spec- ments Bruel & Kjaer make a wide 
tor Type ZR 0020 (to measure dis- trum. The orientation of the acceler- range of conditioning and analyzing 
placement or velocity) to the micro- ometer can also indicate the direc- instruments and equipment besides 
phone socket of the sound level me- tion of the vibration, which ought to the items mentioned. For further in
ter. The latter could then be used to enable a distinction to be made be- formation on these or any other in-
measure the level of vibration, and tween magnetostrictive and eddy- struments in the B & K range, con-
its AC output fed to an oscilloscope current induced forces. tact your local agent. 

The thyristor locomotive recordings used in 
the preparation of this note were generously 
provided by GEC Traction Ltd 




