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Product Directory:
High-Density Converters

13 High-Density Converters

Eric Marchese, Technical Editor
Manufacturers of de-dc converters have responded to the need for downsized
components by offering high power densities in smaller packages.

Technology Insight:
Batteries & Chargers

1 8 Hybrid Battery Systems
Jasper Hardin, Idaho National Engineering
Laboratory

One aim of hybrid battery systems is to create power sources that are more
energy-efficient and more environmentally safe. Several entities are working
to create a hybrid system that would make all-clectric vehicles a viable
alternative to the combustion-powered automobile.
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In of electronics device the trend to doumsizing has
b o o . s domn. et o o e e
Eﬂﬂmmﬁshkﬁ MWﬂmeMmmﬂnm packages. A
COTeTLET (ICIUTETS
from 15 Wi 1o 150 Wiins — and hiher — :Tml;_;mﬂﬁk Ii;
nqﬂwmpmmdepackagaﬂmaz I 5 =
series of de-dc converters and “‘Power Boosters”™™ (pictured on this month's
cover) offer densities of wp to 36 Wim3. For a te look at high-density
converters, see the Directory on page 13 of this issue. (Cover
courtesy Vicor Corporation) O
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2 8 AC Capacitors and Power Quality
Mark Carter, Sprague Electric Company

Capai:tmrs are integral components of many ac power systems, and their
performance, therefore, directly affects the reliability and quality of the
transmitted power.

Design and Technology

Systems and Instruments in Site Surveys Page 28
Francois Martzloff, National Institute of e
Standards and Technnlogv
Thomas Gruzs, Liebert Corp.

One-site power surveys ul:lllze a bewildering variety of instruments and

methods, requiring careful interpretation of results and indicating the need for
standards

Selection and Integration

Limiting Fan and Blower Noise 7

Mark E. Jacobs, AT&T Bell Laboratories
Analysis results of acceptable acoustic noise constraints in a fan-cooled shelf
can be used to assess design difficulty, spot “impossible” designs from a
thcnic}ul standpoint, and even spec such high-dissipation elements as power
supplies.
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Systems and
insiruments in site
surveys

Frangois D. Marizloff
National Imrmjiéag of StandatisM awm Technology
lfherstu'%L .
Columbus, Ohio

Every on-site survey of power quality utilizes a
variety of methods and instruments, requiring
careful inferpretation of survey resulfs. A close
examingation of underlying assumptions in nine
published surveys shows that some differences
can be reconciled, but indicates the need for
new or improved standards.

ower quality surveys have
been conducted for two rea-
sons: 1) to identify potential
problems or causes of equip-
ment disturbances at a spe-
cific site, and 2) to develop a broad
data base with the hope that the gen-
eral findings will be applicable in spe-
cific cases. This article gives a review
of nine papers reporting broad data

base surveys, the conclusions are
also applicable for site-specific sur-
veys. review shows problems that

readers encounter when different
authors use di instruments, dif-
ferent definitions, and as a result
sometimes contradictory con-

clusions. The nine surveys were con-
ducted in the United States and
Europe over the last 25 years. Power
systems have not changed much, but
the load equipment characteristics, as
well as the capabilities of disturbance
monitoring instruments, have
considerably. Table 1 shows
details of the locale, voltage,
instrument type, and connection
mode as described in the papers.

Bull and Nethercot, in a 1964 article
[1], report monitoring performed in
the mid 1960s on 240-V systems in
Great Britain with instruments of
their design. Their initial instrument
used vacuum tubes, leading to the

development of a solid-state circuic
which may be considered the forerun-
ner of modem monitors. The instru-
ment had several channels, each with
a different threshold.

The monitoring locations were
selected to include a variety of condi-
tions, with data being collected for
several weeks ar each location over a
total period of 2 years. The results do
not mention rransients above 600 V:
it seems that no channels were
provided above that level because the
authors were only concerned with the
range of 50-600 V.

Martzloff and Hahn, in a 1970 paper
(2], report the highlights of measure-
ments made in the 1963 to 1967
period on residential, commercial,
and industrial circuits, mostly single-
phase 120 V. Waveform data were
obtained with commercial, custom-
modified oscilloscopes fitted with
motor-driven cameras. These oscillo-
scopes were installed at various loca-
tions where transient activity was
suspected, not at randomly deter-
mined locations. In addition, a peak
counter circuit was developed, and 90
units with a 1200- or a 2000-V
threshold were deployed at 300 loca-
tions where there was no prior suspi-
cinr{‘uhcf unulsua] u-ansdi::r;t activity. ‘

e oscilloscope gave one o
the first indications that the tradi-
tional unidirectional impulse, long
ﬁed for dielectric ;festing, might not

representative of surges occurring
in low-voltage circuits. The thresh-
old data indicated locations where
surges above 1200 V occur frequently
(about 3 percent of the sample),
while other locations appear far less
exposed to surges. The 100:1 reduc-
tion of an alarming failure rate of
clock motors, achieved by increasing
the surge withstand capability of the
motors from 2000 to 6000 V, is docu-
mented in that paper.

Cannova, in a 1972 paper [3],
reports the monitoring otp surges on
U.S. Navy shipboard 120- and 450-V
power systems in the late 1960s.
mmerﬁ"m used for the initial

of the monitoring program con-
sisted of oscilloscopes sin]:ilar to those
used by Martzloff. Provision was a
included for the option of measuring
the transients alone tE:z ﬂlm?}
or su mposed on ac line wolt-
age; tﬁ;option reflects the old dicho-
tomy, still unsettled to this day, as to
whether the transients should be
measured as an absolute value or as a
deviation from the instantaneous
value of the ac sine wave (see the last

34
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m#ﬁnmﬂr{ahle” ly for and 450-V
results are not reported ¥ 12{1— 4
systems; therefore, it is not possible to express them in terms

per-mttm' tage of nominal system vo
nova's statistica ummtaimatﬁttmg&mm:ﬁlidm
sients to a normal distribution and concludes that a log
normal distribution is a better fit. A bricf statement is made
on the durations of the recorded transients (without a state-
ment on how those durations are defined), citing a majority
of durations between 4 ps and 6 ps, with a few at 19 ps.

From the data base, acknowledged to be a small total num-
level of 2500 V ‘was defined. The
q:oclﬁcanun of a 2500-V L lr'ﬂ}-p.i voltage withstand by
DOD STD 1399 was derived

Tmmi&mmlmmm&pxwl‘ynmﬁmmng:
1) there was no information on the source impedance of
surges, and yet the data eventually served o i requim-
ments for surpe protective devices; and 2) a larpe difference
in frequency of occurrence was noted among ships of the
same type andcﬁ.umularmd\eulmnmtmmlardm—

é

Allen and Segall, in a 1974 paper

instruments, in the 1977 and 1979 period. The conditions of
the survey are documented, including inscrument locations
and definitions of the parameters as well as the methods of
data processing.

The findings are briefly reported with emphasis on predic-
tions for disturbances expected at specific sites. The predic-
tion is obtained by using a statistical model derived for all
sites and making adjustments reflecting specific site condi-
tions determined by a limited survey at that site. The

authors are emphatic on the point that the lack of correlation
b-er.ween sites prevents blanket application of the overall find-
ings to any specific site, but that useful predictions are
114 b g e - e
specific site data.

Wernstrom, Broms, and Boberg, in a 1984 report published
b coealatin [T resort mcitoring of Indasarial 220580
tion [7], report monitoring
"u"s',rsl:emshsrdxglm]m ultithreshold instruments, corroborated
veform recording with digital storage osclllusmpes
T{lﬁ ters to be recorded and rted are
mmm their lunnf oommnn
mode” and “differential mode” lnth:Engllshtmnsl;mondnﬂ
oocmpond:mdv to symmetrical and asymmetrical vole-
ages defined by the IEC.
The range of surges recorded extends from 200 to 2000 V.

[4] report the monitoring of several
types of power disturbances at com-

puter sites, o mrtuhd T:ulhi
scopes, oscillographs, a ta
instruments, in the I?ﬁ?-l??l
period. Details of the instrumenta-
tion were described in a separate
paper [5] Dlsturhanccs ar:
described

J=765 Volts of 17 AC line |

vnltagwes, n-sc:llamqr
vnittgt splkﬁrt::ﬁaamu,

and uu terms sag and
“surge” {"s‘-e!l"} had not yet made 14

phases. In a first reliminary
information was m on rania e
of disturbances, leading to the

development of a generation
of monitors deployed in the next

Tiree Domain Data (lin)

Typical duration: 4-6 us
Longest olwerved: 19 ps H

phase. The recorded disturbances | 7 Tt
are described by plots and histo- )

2001 B
{c) wd)

{nl:hcs:condphaﬂ:.dwmmtm;

grouped all surges into three catego- h o

ries, the highest having a range of
100 percent (of line voltage) to

+ 3000 v

infinity, so that no detailed informa- b\;’" BT

ided to describe high
peak values. The survey does report ol

{-s00v Vr —1000 V

wlagsand cvervoags, provdin
VO OVEIVO (=}
a basis for the comparisons with the

Goldstein-Speranza results.

GoHnmmdSpﬂmm,inalgﬂl

“Typical
Mmﬂkﬁf&],
rcpmtd\:nwmmmlguf by Cannova

" waveforms

(c)
cdesmpmn

Figure 1.
surges recorded

reported urveys include three e
ﬁmﬁr&r@mGo&Hmd,mafmfm

mwfarmbyﬂdmba'g

(d); mddtrcccmnpks
by Wernstrom, Broms and Boberg (e

disturbances at a
mmns in the Bell sys-
tem, wu:h digital multiparameter
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In a summary tabulation, rise times are shown as

ﬁmlﬂtﬂlﬁmmddumﬂmfmﬂlmlips Tl'u:'

results show a wide difference of surge activity among sites
tjtimlazwelfmmntslupe of the rate of occurrence versus
ve

Aspmes, Evans, and Meritt, in a 1985 paper [B], report a
survey of the power quality in rural Alaska at isolated power
E:Emum facilities. monitoring instruments are identi-

as one of the contemporary commercial digitizing moni-
tors. A very comprehensive summary of the recordings is
presented including frequency deviations (a unique situation
in these isolated systems), sags and “surges” (“swells™),
bemncn?tﬁe lbﬁ:l P that built-i “Tux
possibility -mmgc in
monitors might have attenuated the surpes E
debergmdﬂrﬂ:h&u, in a 1985 paper [9], report the
monitoring of computer and h\dmuhlmumunsmﬁ
ﬂﬁmﬂ ar:imbkddwﬂ% upal:ull ﬁ:n.'
tage surges current surges new ty
rciamgmltag:mdmtmts!magmwlgmnfﬂm
need to monitor current surges — an improvement over pre-
vious surveys limited to the measurement of voltages.
, the SUCpe Curments are of a current
toward m}dd'md Iuads downstream from the instrument;
the'fdﬂnntmdmlemymeamremmtufdnammt:hm%
a shunt-connected surge diverter, a measurement that
have provided new i mnonthcmum:unpodmocof
the surges.

The digital pmcmmg applied by the instrument yields two
points of the sutge: the peak value with the time to reach
peak and the time elapsed until decay to 50 percent of the
peak value. From these two points, a “waveform”
is proposed without any other information on the actual
250,000 evenc), o saring inding 5 clook 90 pevck of e

events) a startling is cit percent
mnotdadmgﬁhavc&wrﬁﬂ-pementpomtmanmm
AL T
ing wi 1 tions report surveys
not been successful.

Goedbloed, in a 1987 paper [10], describes in detail a
custom-built automated measurement system monitoring
220/380-V netwarks in Europe. The automated measurement
system reflects the progress made in digitizing techniques
since the days of vacuum tubes. By combining two commer-
cial recorders with a custom interface, the developers
obtained detailed recordings with a 10-ns samp!mg interval
and 20-ps window on the first recorder and a 1-ps sampling
interval and 2-ms window for the second recorder.

_ The system included a provision for automated data reduc-

tion, yielding raw data as well as statistical information on
am.pll.md: rate of rise, ENCTEY Mmeasure, :pemnldmm and
conversions from time domain to frequency domain. ith a
relatively low threshold of 100 V above the line voltage, the
distribution of occurrences is weighted toward low ampli-
tudes; nevertheless, occurrences are reported above 3000 V.

Relative Occurrence of Different Types of
Disturbances

Two of the surveys reviewed in this have been
wiciei{t:ited.nne in the early Im
Segall (A-S for short) [4], and&wnd\crpﬂf

1970s by Goldstein and Speranza (G-5) [6]. However, the
findings do not at first appear to be in agreement; a detailed
comparison of these two surveys provides a pood illustration
of the pitfalls of supcrﬁr.:al interpretation of survey results.
A cursory comparison of the res.'u.'[ts might lead one wo
conclude that a significant in power disturbances at
mmputer sites occurred between 1972 (end of the A-S study)
and 1979 (end of the G-S ). AS B8.3 percent
ofgbwvnddumbama:é ? es, impu arduaéwlmu,
11.2 percent as sags, .47 percent as outages. G-5, on
other reported 87 percent of the observed distur-
bances as sags, 7.4 percent as impulses, 0.7 percent as
surges"lf“mlk"}} mdi?perc.enxasmrmgﬁ[whmhdwf

power fai
aking a more careful look at the monitoring thresholds
in each study helps to explain why the number of
to have decreased and the number of sags
furg mﬂkﬁsﬁmﬁﬂﬁmamﬂmﬂn{' —4
sags use —10 percent, one can expect
G-S study to indicate a higher percentage of sags,
hctwem*—*iard—lﬂpementmmthchdad
-5 study. Oscillatory decaying disturbances are not
ﬁmilysdmﬂﬁﬁimﬂ'uﬂ-ﬂsuﬂrbmmmhdedundu
catepory of lses. The threshold for impulses used by
G-5 (200 V for 120-V lines, or 118 percent) is higher than
&mxmedbyﬁ-ﬁ[+1ﬂp¢mmﬂ Because the rate of occur-
rence increases steeply for lower amplitude disturbances, one

can expect a drastic reduction in the of lses

WMMGSMYHW-SS pr-,r
The increase in percentage outages

G-5 may be ined by the shift in the number of distur-

bances dmmudmﬁlrﬁhuldchangﬁ Percentages

4

%L-

'”f?ﬁﬁ

magnitude apart; A-S report 0.6
occurrence per month while G-S report 0.4 occurrence per

When the disturbance rates at the same thresholds are
mparedﬁtﬂleA-SdamandthtG-Snmdd[fm?S per-
cent probability), the results are surprisingly similar.
conclusions nfl(t.’huc two studies are ﬁatm sags mum’bute
about 61 percent of the power system lems which are
related to normal disturbances, severe impulses are

ible for 21 percent, outages for 14 percent and “surges”
("swells") for 2 percent.

Differences in Surge Amplitudes

The amplitudes of the surges reported in the surveys vary
over a wi mngta:dmmpamnmmd:ﬁ'imlthemumﬁe
data are not presented in a uniform format. An was
maﬂe o g:l: a quantltatwe comparison of the amplitudes

ver, the exercise was quickly
ﬁ:a.mcl to br: Funle becausc of the following two main reasons.

1) Locking ar “maximum wvalues,”" one finds that in some
surveys the quoted maximum is actually a value in excess
of the range of the instrumentation, while for others it is
the value. There are too few points and infor-
mation is insufficient to a statistical treatment of
this truncated data base. Furthermore, the quoted value
in some surveys is the total voltage (instantaneous value of
ac sine wave plus surge), while in others the sine voltage
hasbccnﬂtcmim%mmrgﬁmmﬂwmngeﬂf
several thousand volts (the concemn being damage), the
difference between the two definitions i

however, are in the range of a few hundred
volts (the concemn being ), the difference is
significant.
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1) Because the lower threshold of the recorders varies among
surveys, and the frequency of occurrences increases dra-
matically with lower thresholds, the labels of average,
madnn, most frequent, t\rpical efc., mnntmnmgﬁ;l

amplitudes. ing discussion of
A-S G-S rﬂults has 1l|uma pfofomd effect of
threshold selection on reported results when they are

expressed in percentages.

A general explanation of differences in ampli
in the various surveys might be the observation by some of
dwuﬂm:of&:hckdmlambetm
thermore, some surveys include sites where equipment
s maﬁm wled E&tﬁtl:aﬂmpmﬂum
were atﬂtﬁmtﬂng out
Thus the differences in overall results of various surveys

eral in these low-voltage circuits.

Martzloff and Hahn were among the first to report ring
waves. Their reported measurements were incorporated into
the data that resulted in the eventual selection of a 100-kH:z
mWauwithaljﬂ—mim-mﬁxﬁmcfartthﬂ.Smn-

MFMDMIWH[H]ME’EQS-}H]W—
kHz Ring Wave of the IEEE Guide sﬁvm[u]

While Cannova does not detailed descriptions of
the waveforms, the statements “4 to 6 ps” and “up to 19 ps”
muldbcmtctprccdei&nuasatmtohalfwa]m as the
t:mhﬂmdmtntmlmmddwﬁmmmmofa
ringing wave. Interestingly, that data base led to the
iaﬂ;& of m&mn%{ longer impulse, thf:.f c ::::i‘:c

1L i conservative rating i-
{hx:ampmmmdwmmbeumﬂndmdwdupbumd
mw Bmms.aniﬁobugdnwduumplﬁof

ermstrom,
mdm%huuﬂwdamwawmd\a&wmq
of about 500 kHz and a rise time of 200 ns. The second
:nmphiubwstdmmmmdfdmﬁmumimu,smdu

m:gfulwpfybeﬂmrmkufd}:dtﬁﬂmtnu:gccxpmuat to the proposed IEC/TC65 Electrical Fast Transients
the points of monitoring. This explanation implies that sur- [H] third example is (of all things) a
veys will still be needed where specific information is desired. (almost) impulse.
The data reported by Odenberg and Braskich are different
Dlg?::ﬁmﬂhefmm ﬁ'umtheo&mmdntmﬂrmdpdnuufd\c are
those surveys made with waveform recording reported: peak and 50 percent of peak amplitude. As such,
qﬂbﬂmﬁvﬁpm b\fmhautl'mhnw this description is not a wa ; E
been col in re 1. The of ringing waves, as their report that 90 percent of their 250,000 show
opposed to the traditional unidirect impulses, seems pen- the 50-percent point occurring between 900 and 1100 ps is
-
4 Frequency
System System Connection Filtered
Survey Period Locale Voltage Type* Instrument** Mode Out
BN | Cira Great 240 | Industrial & | Analog multithreshold Not Yes
1962-1963 Britain residential stated
M-H 1963-1967 UsA 120240 | Residential & Analog single-threshold LN No
2771480 | industrial Oscilloscope and Camera '
Can Circa U5, 120 Shipboard Oscilloscope and Camera L4 Mo
1969-1970 Mavy 450 {ungrounded)
AS | 19691972 | USA Mot | Computer Screen storage oscilloscope Not Not
Stated sites Oscillograph stated clear
Digital multiparameter
G5 19771979 usA 120208 | Telephone Digital multiparameter L-M Yes
facilities
wee Circa Sweden | 220380 | Industrial Digital mutiparameter Commaon Yes
19821943 Digital storage oscilloscope (unclear)
AEM 1962-1983 USA 120240 | Isolated Digital multiparameter LM Yes
(Alaska) systems
OB | 1982-1983 USA | 120240 | tndustrial & 2-point digital V & I: LNV No(V)
120208 | computer Peak amplitude & time Series(l) Yes
2771480 | sites Time to 50 percent of peak
Goe circa Europe | 2207380 | Industrial & Two digital waveform LG Yes
1983-1984 miscellaneous recorders (fast & slow)
*Principal type stated first. :
+*See description in text.
; ; Table L. s
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unique among all the surveys.

The Goedbloed data presentation reflects concerns
addressing interference rather than damage; hence, the
emphasis was given to amplitude, rate of rise, and energy
o e e
cal” is nted in Figure 1, a ring wave with a
about 800 kHsz. Ny

Thus, the ambiguities plaguing the field of site surveys
have become apparent to many interested workers, resulting
in the formation of a new Working Group Monitoring Elec-
trical quality sponsored by a new [EEE Standard Coordinat-
ing Committee on Power (Quality. Stay tuned in this area;
contributions to the development of a new standard by this
working group are invited and welcome, and further informa-
tion may be obtained from the authors.

A ; of Li conducted the
review of power quality site surveys over
hsttwmtyvmmcal' ing facts, and close examina-
tion of the results can dispel some fictions and fallacies.

1) Considerable progress has been made in the recording
capabilities of monitoring instruments, mostly as the result
of progress in the hardware and software in digitizing
systems. Among the many improvements are multichan-
nel synchronized recording 1'cl:?juzlil:ﬁ:ﬂent parameters, fast
dal:al acquisition, automated data reduction, and improved
resolution.

2) With the steady progress and expanded capability of
instruments, it becomes increasingly important to achieve
greater consistency in definitions of the disturbance
parameters and the methods of application of the monitor-
ing instruments.

cise predictions for a specific site an overa

base, but useful predictions can be by adjusting the
overall data base only slightly by limited data collection at
the site of interest.

3) Site-to-site variations in e res E:;ludc mahnf re-
1 Eam
made

4) The steady increase in the number of surge protective
devices being installed in low-voltage power circuits in the
last several years can be expected to continue. The result
might be a lowering of the mean values of observed surges
but not necessarily the extreme values of the distribution.

5) Differences among results indicated by a cursory com-
parison can in many cases be resolved by a closer examina-
tion of the conditions under which the surveys were
conducted. However, some differences appear less likely
to be explained if raw data have been processed and the
initial parameter measurements are no longer available for
considera utﬁ)n.. and:‘u‘fng greater detail in the published
TepOrts sharing experiences at technical meetings
might help overcome this difficulty.

6) A ncw IEEE Wocking Growp on Monitocing Electrical
Qm]ityhasbcmfammdwiﬁabrmdmmtcnm-

passes this process of improving consistency in the defini-
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tions and interpretation of power disturbances. In addition,
the IEEE Working Group on Surge Characterization is also
attempting to obtain a broader data base for the revision of
the Guide on Surge Voltages. These two groups are ready to
provide counsel and forum to any would-be surveyor in plan-
ning and reporting the collection of new data on distur-

, thus avoiding later difficulties in incorporating the
results in a shared data pool. O
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to uncompromising quality and service.
- Because when it comes to customer support,
we're nol afraid to go the distance.
Discover how Powerex IGBTs can keep your
power on the right track. For more on, Con-
tact your Powerex representative or call
1-800-451-1415. For application assistance, call
412-925-7272, or write Powerex, Inc., Hillis Street,
Youngwood, PA 15697,

JOWEREX

Joint Venture Corpacation of Westinghouse, GE and Mitsubishi.
Circle 318 on the reader service card






