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Nuctear Power Plant Diagnostics Using

Fourier Analysis Techniques

¢) modal analysis of vibrating pipes.

Summary of this Note

This note describes application of Fourier Analysis techniques to nuclear power plant diagnostics.
Reactor core measurements discussed include: a) detection of core component vibration, b) detection
of core motion, c) detection of departure from nucleate boiling. Other reactor plant measurements

discussed include: a) measurement of vibrations of rotating machinery, b) seismic measurements,
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NUCLEAR POWER PLANT DIAGNOSTICS
USING FOURIER ANALYSIS TECHNIQUES

by

MITTY C. PLUMMER
Nuclear Services Corporation
477 Division St.
Campbell, California

INTRODUCTION

This note describes application of Fourier Analysis techniques to nuclear power
plant diagnostics. Both reactor and balance of plant applications are discussed.
Reactor applications are identified separately from balance of plant and receive
greater emphasis because two recent technological advances have greatly increased
the utility of neutron noise analysis for power reactor diagnostics. The first is the
development of miniature neutron detectors that fit between the fuel channels of
large power reactor cores thus making available detailed information about spacially
dependent parameters. The second is the development of portable, high-speed
Fourier Analyzers such as the HP 5451 with miniature computers for fast manipula-
tion of the large amounts of data encountered in neutron noise analysis.

DESCRIPTION OF NUCLEAR POWER REACTORS

The United States has relied almost exclusively on Light Water Reactors (LWR's) for
nuclear production of electric power. There are two kinds of light water reactors
presently in use: the most common is the Pressurized Water Reactor (PWR), in which
high pressure water circulates through the reactor to a steam generator. In the
steam generator, heat is transferred to water at a lower pressure to produce steam
which drives the turbine-generator. The other type of reactor produces steam direct-
ly in the core and is called a Boiling Water Reactor (BWR). Figures 1 and 2! show
some of the complexities of both reactor types.

Typically, power reactors are heavily instrumented with neutron detectors, having
between thirty and four hundred in-vessel neutron detectors and ten or more ex-
vessel neutron detectors. These neutron detectors are used to determine the level
and distribution of power by detecting neutrons given off in the fission process. The
current signal from the detector is directly proportional to the number of fissions,
and so, the power level of the reactor. However, the current level contains only part
of the information about the state of the reactor. As is summarized in the following
argument 23, we shall see that much more information is available through fre-
quency analysis of neutron detector signals.

Neutrons enter the detector randomly due to their random movement and due to the
noise-equivalent source with which they are created in the reactor. The neutron
power spectral density (NPSD) observed in a reactor at power is given by
2 2 2
) 2WLQ' P +Wn Q

() én (@ = —1 — [Golw)'s [psw) + P2 )]

where
¢n(w) = Neutron spectral power density

W, = The detector efficiency, equal to number of neutrons
captured by the detector divided by the number of neutrons
produced in the reactor
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FIGURE 1. A Pressurized Water Reactor. Photo Courtesy of
Westinghouse Electric Co. (Ref. 1)
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Q = Charge transferred per neutron captured in the detector
P = The reactor power level
—NA- =Theneutron generation time. Typically on the order of 10-5
seconds, and usually available through the reactor physics
information
Gy(w) = The zero power transfer function of the reactor. This is
usually calculated, but can be measured experimentally.
It is always a smoothly varying function
953{0-’] = The noise-equivalent neutron source
¢P (w) = The neutron noise caused by external perturbation such as

core component vibrations and reactivity feedback effects
At high power operation this can be approximated

P2 WZ QZ
2 W) = — 0 —_[Gglw) |2 w)
@ n L [Go(w) I [, (W)}
Since the average detector current l4s, an experimentally observed variable, is
lgc = PWL Q

S,
Eq. (2) becomes

(3)

4)  bn W T e |Golw)l? [¢P<wn

The observed NPSD can then be normalized by dividing by I24.. Theoretically pre-
dicting |G, (w)|? one can then obtain the actual magnitude of the driving function
of external reactivity effects:

~ Pn W
5 =0 B [
(5) ¢P‘(w) ENRT

The frequency spectrum of the NPSD measured in this manner does not resemble
the zero-power measurements because ¢ (w) does not have a white spectral density
shape like the noise equivalent source wlfich dominates at zero power.

This information makes neutron noise analysis useful for monitoring the integrity of
in-core components. |If a component becomes loose and vibrates due to the hydraulic
forces of coolant flow, small reactivity fluctuations will result with attendant neutron
noise.

Reactivity disturbances measured in this manner are extremely sensitive because of
the amplifying effect of the term IGO{.:.;.;)I2 in the frequency range where many
mechanical vibrations occur. Reactivity disturbances are subject to change with
coolant flow rates, control rod positions, or fuel loading. Hence, to be certain of
diagnoses from NPSD measurements, one must acquire a library of normal neutron
noise patterns for normal operation. This effort is necessarily ongoing, and as mal-
functions are detected, their “signatures” can be added to a collection of noise
patterns from previously discovered problems.
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2.0 REACTOR CORE DIAGNOSTICS

2.1 Detection of Core Component Vibration

While there are several examples 4,58 of loose or vibrating components in nuclear
reactors, Fourier analysis has been available to characterize only a few of these. An
example of the ability to make diagnoses of this condition by Fourier analysis tech-
niques is the work? at the High Flux Isotope Reactor (HFIR).

Fig. 3 shows three sets of NPSD data taken at different times. The spectra before
failure and after repair of an upper control guide bearing are similar. The spectrum
taken while the bearing was broken shows a change in noise level, particularly at a
frequency of 5 hz. The frequency is significant in that it is possibly the vibration
characteristic of the control rod.
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FIGURE 3. Change in HFIR Neutron-Fluctuation Spectrum as a Result
of Rod Bearing Failure During an Early Fuel Cycle (Ref.2)

Several fuel cycles later, a different guide bearing failed with the result shown in
Fig. 4. Note that the NPSD’s are different for Figs. 3 and 4, and also that the increase
in noise level was most pronounced at 5 hz. These results indicate the conclusion
that it may be possible to detect bearing failures more quickly at HFIR with neutron
noise monitoring than with any other instrumentation installed at that reactor.

The consequences of failure to detect and repair vibrating components in the core
become more apparent with reactor operating experience. At the Muhleberg reactor
in Switzerland, a poison curtain installed in the reactor for reactivity control, cracked
loose and vibrated in the coolant flow. The vibration remained undiscovered until
the pressure vessel was opened for refueling. The poison curtain had by that time
damaged the surrounding fuel channels. The additional work of replacing the
damaged fuel channels quite possibly increased the length of that reactor outage.
Similar problems, now resolved by design changes, have been observed at the
Vermont Yankee and the Pilgrim One reactors in this country?.
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FIGURE 4. Change in HFIR Neutron-Fluctuation Spectrum as a Result
of Rod Bearing Failure During a Later Fuel Cycle (Ref. 2)

2.2 Detection of Core Motion

Core barrel motion has been detected on two occasions in modern PWR’s. The first
occured in 1969 at the Trino reactor in Italy.

This section describes the application of a Hewlett Packard (HP) Model 5451A Fourier
Analyzer to diagnose core barrel motion in the second occurrence at the Palisades
reactor in 1973.

The first indication of core barrel motion at Palisades came when operating person-
nel noticed low frequency oscillations in the power level indication of the ex-vessel
detectors. Similar variations were not present in the in-vessel detector signals.
Engineers were called in to perform measurements to determine if core motion was
in fact presentt. Their equipment included the Hewlett Packard Model 5451A
Fourier Analyzer.

Fig. 5 shows the equipment used to perform the measurements. A more detailed
description is available in Reference 8. The rolloff frequencies of the anti-aliasing
filters were set at 0.4 times the Analog to Digital sampling rate.

Digitized Signals were Hanning-windowed using the Fast Fourier Analyzer. Data
collection times were up to 2 hours to yield a standard deviation of not more than
2% on NPSD's. Cross-power spectral densities (CPSD's) were also computed between
signals of different detectors. ’

The phase relationship between signals was computed from the measured data
using
{6) S(f} = tan~' IMCPSD

RECPSD

Where IMCPSD = Imaginary part of the CPSD
RECPSD = Real part of the CPSD
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FIGURE 5. Signal Conditioning and Analysis for Detection of Core
Motion of Palisades (Ref. 8)

The other variable used as a diagnostic aid was coherence, which is a measure of
the commonality of two signals (A and B). In this application it is computed as

|CPSDAB (f)|

(7)  COH(f)=y?= 5eoa (f) + PSDB (f)

Two perfectly correlated signals would have a coherence value of 1 and two com-
pletely unrelated noise signals would have a coherence value of 0.

The signals used in the measurements were taken from detectors whose locations
are shown in Figure 6. Both in vessel and ex-vessel detectors were necessary to
this analysis.
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FIGURE 6. Neutron Detector Locations (Ref. 8)



Many tests were performed to assure signal quality. Fig. 7 shows the effect of an
electrically noisy data logger on the signal. This source of extraneous noise would
have contaminated all data had it not been detected and turned off during measure-
ments. Hence, one of the real advantages of immediate data processing becomes
apparent. It would have been very difficult to determine the cause of other peaks in
the contaminated spectrum if frequency analysis had been performed offsite.
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FIGURE 7. Effect of Data Logger on Detector Noise Signal (Ref. 8)

Fig. 8 shows the coherence and phase of the two ex-vessel detectors located dia-
metrically opposite one another. Note the high coherence and the fact that the two
signals are 180° out of phase.

Fig. 9 shows two NPSD's. The NPSD of the ex-vessel detector has a much higher
content of low frequency noise that is not coherent with the in-vessel detector as
shown in Fig. 10.

Upon opening the pressure vessel for inspection, significant wear was found on
some restraining components, indicating that motion had indeed taken place.
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This code accepts use of portable survey instruments which measure only the dis-
placement of vibration as valid. Unfortunately, much information about the possible
deterioration of internal components is contained in changes that can be small with
respect to the total amplitude but that are relatively large with respect to the vibra-
tion amplitude at a particular frequency. Hence, a frequency analysis of the vibration
is a much more sensitive means of detecting incipient failure. Also, frequency analy-
sis is useful as a diagnostic tool in the event that excessive vibration is found.

Trade literature indicates that detection of impending failure in rotating equipment
is important because rotating equipment failures accounted for 65% of all forced
outage in the first quarter of 197413, The second greatest cause of forced outage
(24%) was repairs to reactor components damaged by excessive vibration.

The HP Model 5451B Fast Fourier Analyzer with a rotating equipment package
should find widespread usage in reducing the impact of these problems. The wide
dynamic range (80dB) and high frequency response (up to 100 khz) make it possible
to perform measurements with greater sensitivity and over a greater frequency
range than with previously available instrumentation. The portability of HP analyzers
makes application of turbine diagnostic procedures such as those developed in
Europe' both practical and convenient.

The 5451B Fourier Analyzer extends the ability of machine problem analysts to
gather complete vibration data during the normal startup of plant equipment with
minimal interference in plant operation. Data such as that shown in Fig. 13 can be
useful in diagnosing transient problems in the startup of a pump or turbine. The ad-
vantage that the Hewlett-Packard system offers over previous methods is the ability
to collect and organize data at each motor speed during a single continuous pass
from zero to full operating speed without stopping to establish constant speed, a
requirement for traditional swept-frequency-type measurements.
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4.0 SEISMIC ANALYSIS OF NUCLEAR POWER PLANTS

Nuclear power plants are built to demanding seismic requirements’s and are in-
strumented to confirm that the operating basis of the design is not exceeded in the
event of an earthquake. Presently, the design and placement of instrumentation is
primarily based on expensive calculated response spectra.

An alternative to the calculated placement of earthquake instrumentation is now
available through measured response spectra based on impact tests and modal
analysis available with the Model 5451B Fourier Analyzer. While this technique has
been applied only to small-scale machinery'® at this point, the potential of the
application to nuclear power plants is clear.

An HP Fourier Analyzer is being employed for structural vibration measurements by
the John A. Blume Earthquake Engineering Center at Stanford University, but to date
these techniques have not been directly applied to nuclear power plant construction.
Determination of structural integrity by remote, rather than visual inspection, is es-
pecially valuable because access to some areas of a nuclear power plant are limited
after initial operation due to buildup of radioactivity.

5.0 PIPING ANALYSIS OF NUCLEAR POWER PLANTS

Another potential application is the modal analysis of vibrating pipes. Ideally, a
piping designer would prefer to place pipe hangers and hydraulic snubbers (there
are typically 8,000 - 10,000 in a nuclear power plant) at points of maximum vibration
to reduce the possibility of fatigue failure or excessive wear of piping. The modal
analysis package of the Model 5451B is well suited to this application. While it is
unlikely that the piping designer could wait for measurements of this sort, the tech-
nique is useful for analysis of any problems that emerge from “as built" configura-
tions, or in selecting hanger and snubber locations for piping which is modified
after initial operation of the plant.

6.0 CONCLUSIONS

With proper application, the Hewlett Packard Model 5451B Fourier Analyzer offers
the possible early detection of incipient failure. Early detection of problems can aid
the reactor owner by increasing his plant reliability through knowledge of additional
options in scheduling preventive maintenance, by finding alternate modes of opera-
tion, or in cessation of operation before more serious damage results.

Thus, the Fourier Analyzer contributes to the reliability of a nuclear power plant
not only by measuring the operability of a given piece of hardware, but also by
giving quantitative information about its status so that intelligent choices can be
made with regard to the operation of the power plant system as a whole.
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Tel: [403) 452-3670

TWX: 610-831-2431

Hewlett- Pulmrd {Canada) Ltd.
915-42 Avenun S.E.

Calgary T2G 121

Tel: {403) 2624279

COMNECTICUT
12 Lunar Drive
Hew Haven 06525
Tel: (203) 385-6551
TWX: 710.465-2029

FLORIDA

PO, Box 24210

2806 W, Oakland Park Blvd
Ft. Lawderdale 33307

Tel: (305) 7312020

TWK: 510-955-4009

P.0. Bex 13910

6177 Lake Ellenor Dr.
Orlanda, 32809

Tel: {305) 859-2900
TWX: 810-850-0113

450 Interstate Morth
Allanta 30328

Tal: (4D4) 436-6181
TWX: 810.766-4850

HAWAL

2875 So. King Street
Honalulu 95814

Tel: (R08) 955-3455

ILLINDIS

5500 Howard Street
Skokle 60078

Tel: {312} 677-0400
TW: 910:223-3613

INDIANA

3839 Meadows Drive
Indianapalis 45205
Tel: (317) 5464891
TWX: 810-341-3263

1OWA

1902 Broadway
lowa City 52240

Tel: {319) 338-5466
Night: (319) 338-9457

LOUISIANA

P. 0. Box 840

3239 Willlams Boulevard
Kenner 70062

Tal: (S04} 721-6201
TWX: B10-955-5524

CENTRAL AND SOUTH AMERICA

Hewlett-Packard Do Brasil
1.E.C, Lida,

Aua da Matriz, 29

20000-Rio de Janeire-GB

Tel: 266-2643

Telex: 210079 HEWPACK

Cable: HEWPACK Rio de Janein

CHILE

Héctor Calcagni ¥ Cia, Lida.
Casllla 16.475

Santiage

Tal: 423 96
Cable; CALCAGHI Santiago

Instrumentacidn

Henrik A. Langebask & Kier 5.4,
48-55

Carrera 7 Mo,
Apartado Aéreo 6287
Bogota, 1 D.E.

Tel: 45.78-06, 45.55-46
Cable: AARIS Bogota
Telex: 44400INSTCO

COSTA RICA

Lie. A[I'I'!UG Gallegos Gurdidn
Apartado 10159

San l!li

Tel: 21-86-13

Cable: GALGUR San José

BRITISH COLUMBIA
Hewlett-Packard (Canada) Lid
B37 E. Cordova Streel
Vancouver VEA 3R2

Tel: (604) 254-0531

TWX: §10-922.5059

UNITED STATES

MARYLAND

6707 Whitestene Road
Baltimare 21207

Tel: (301) 944-5400
TWX: T10-862-5157
20010 Century Bivd,
Germantown 20767
Tel: (31) 428-0700

P.0. Box 1648

2 Chake Cherry Road
Rockville 20850

Tel: (301} 948-6370
TWX: 710-828-9684

MASSACHUSETTS
32 Hartwell Ave,
Lexington 02173
Tel: (617) B61-8560
TWX: 710-326-6904

MICH|

23855 Research Drive
Farmington 48024
Tel: (313) AT6-6400
TWX: 810-242-2000

MINNESOTA

2459 University Avenue
5t, Paul 55114

Tel: (512) 645-8461
TWX: 010-563-3734

MISSOURI

11131 Colorado Ave.
Kangag City 64137
Tel: (816) 763-8000
TWX: 910-771-2087

148 Weldon Parkway
Maryland Meights 63043
Tel: {314} 567-1455
TWX: 910-764-0830

*NEVADA

Las Vegas

Tel: {702) 382-5777
MNEW JERSEY

w 120 Century Rd.
ramus 07652

tel {201} 265-5000
TWX: 710-990.4951

ECUADOR

Laberatorios de Radio-Ingenieria
Calle Guayaguil 1246

Posl Office Box 3199

Quite

Tel: 212-496; 219-185

Cable: HORVATH Quite

EL SALVADOR

NEW MEXICO

P.0. Box 8366

Station C

6501 Lomas Boulevard H.E.
Albeguerque BT108

Tel: (505) 265-3713

TWX: 910-989-1665

156 Wyall Drive
Las Cruces BE0OL
Tel: [505) 526-2485
TWX: 510-983-0550

NEW YORK
& Automation Lane
Computer Park
Albany 12205
Tel: (518} 458-1550
TWX: 710-441-8270

1219 Camaville Road
ar

ical
Tel: (607) 754-0050
TWIG 510-252-0850

New York City

Manhattan, Bronx

Contact Paramus, NI Dffice
Tel: (201) 265-5000
Braoklyn, Queens, Richmond
Contact Woodbury, NY Dffice
Tel: {516) 921-0300

B2 Washinglon Street
Poughkeepsle 12601
Tel: {914) 454.7330
T 510-248-0012
39 Saginaw Drive
Rochester 14623
Tel: (716] 473-9500
TWX; 510-253-5981

5858 East Melley Road
Syracuse 13211

Tel: [315) 454-2486
TWX: 710-541-0482

1 Crossways Pa(k West
Woa

Tel: (516) 5214 Dm
TWX: 510-221-2168

NORTH CAROLINA
P.0. Box 5188

1923 North Main Street
High Polnt 27262

Tel: (919) 885-8101
TWX: 510-926-1516

NICARAGUA

Roberto Terdn G.
Apartado Postal 689
Edificio Terdn

Managua

Tel: 3451, 3452

Cable: ROTERAN Managus

PANAMA

Apartado Postal 1682

Centro Comerclal Gigante

San Salvador, El Salvador C.A,
Pasto Escalon 4648-4° Piso
Tel: 23.44-80, 23-32-37
Cable: ELECAS

GUATEMALA
IPESA
Avonida La Reforma 3-48,

na
Guatemala

Tel 63527, 64730
Telex: 4192 TELTRO GU

MEXICO
Hewletl-Packard Mexicana,
S.A.de C.V.
Torees Mllld No. 21, 117 Piso
Cal. del Vi
llnlun 12 D F.

54

Tilln 07 '.I'-! 507

Baltoa, 5.4
P.0. Box 4529

Ave. Manuel Esplnosa No. 13-50
Bldg. Alina

Panama City

Tel: 230833

Telex: 3481103, Curunda,
Canal Zone

Cable: ELECTRON Pamama City

PARAGUAY

Z. ). Melamed S.R.L.

Division: Aparatos y Equipos
Medicas

Division: Aparatos y Equipos
Scientificos y de
Invest acl.on

£.0. Box

Chile, 482, tnlrh:m Victorla

Asuncion

Tel: 4-5069, 46272

Cable: RAMEL

CANADA

MANITOBA
Hewlett-Packard (Canada) L1d
513 can'lm 5t

St. Jam

\!rlmlll] R3H OL8

Tei; (204) 785-7581

TWX: B10-671-3531

MNOVA SCOTIA
Hewlett-Packard (Canada) Lid.
2745 Dutch Village Rd.
Halifax B3l 467

Tel: (902) 455-0511

TWX: G10-271-4482

SOUTH CAROLINA
6941-0 N. Trenholm Road
Calumbia 29260

Tel: (803) 782-6493

OHIO

16500 Sprague Road
Cleveland 43130
Tel: (216) 243-7300
Night: 243-7305
TWK: B10-423-9431

330 Progress Rd.
Dayton 45445

Tel: (513) B59-8202
TWX: B10-458-1925
6665 Busch Blvd,
Celumbus 43229
Tel: (614) BA6-1300

OKLAHOMA

P.0. Box 32008
Oklzhema City 72132
Tel: [405) 721-0200
TWx: 910-830-6862

17890 SW Boones Ferry Road
Tualatin 97062

Tel: (503) 620-3350

TWX: 510-467-8714

PENNSYLVANIA
111 Zeta Drive
Pittsburgh 15238
Tel: (412) 78240400
Night: 762-0401
TWH: 710-795-3124

1021 Bth Avenue
KIII of Prussia Industrial Park

TWX: 510-660-2670

RHODE ISLAND
873 Waierman Ave.
East Providence 02914
Tel: (401] 4345535
TWX: 710-381-7573

*TENNEZSEE
Memphis
Tel: (501) 2747472

Compafia Electro Médica 5.4
Ave. Enrique Canagal 312
San lsidre

Casiila 1030

Lima

Tel: 22-3300
Cable: ELMED Lima

PUERTD RICO

San Juan Eleclronics, lnc,
P.0. Box 5167

Ponce de Leon 154

Pda. 3-PTA de Tierra

San Juan 00905

Tel: (809) 725-3342, 722.3342
Cable; SATRONICS San Juan
Telex: SATRON 3450 332

ONTARIO

Hewlett-Packard (Canada) Lid.

1785 Woodward Dr
Ottawa K2C 0F9
Tel: [613) 2256530
TWX: 610-562-8968

Hewlett-Packard {Canada) Lid.

BB77 Gareway Drive
Mississauga L4V 1L9
Tel: {416} 678-9430
TWX: 610-452-4246

P.0. Bex 1270

201 E. Arapaho Rd.
Richardson 75080
Tel: (214) 231-6101
TWX: 910-867-4723
P.0. Box 27409

6300 Westpark Drive
Suite 100

Housten 77027

Tel: (713) 781-6000
TWX: 910-881-2645
231 Billy Mitchell Road
San Antonle 78226
Tel: (512] 434-4171
TWX: 910-871-1170

UTAH

2890 South Main Street
Salt Lake City 84115
Tel: (801} 487-0715
TWX: 910-925-5681

Tel: .
TWX: 710-956-0157

Bellefield Office PK.
1203 - 114th SE
Bellevue 98004

Tel: (206) 454-3971
TWX: 9104432446
"WEST VIRGINIA
Charleston

Tel: (304) 345-1640
WISCONSIN

9431 W. Balolt Road
Sulte 117
Milwaukee 53227
Tel: (414) 541-0550

FOR U.5. AREAS NOT
LISTED:

Conlact the regional office near-
est you: Atlanta, Georgia ...
Morth Hollywood, Callfornia ...
Paramus, New Jersey . .. Skakie,
INinols.  Their complete  ad-
dresses are listed above.
*Sarvice Only

URUGUAY
Pablo fl ando S.A.

a
cunu de Correo 370
Manteviden
Tel: 40-3102
Cable: RADIUM Montevideo

VENEZUELA
Ilewlelt-?acmd de Venezuala

J\nﬂrhm 50933

Edificio Segre

Tercera Transversal

Los Ruices Norte
Caracas 107

Tel: 35-00-11

Telex: 21146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT LISTED,

CONTACT:
Hewlett-Fackard
Inter-Americas

JZ00 Hillview Ave.

Pala Alto, cuifnrnlu 94304
Tel: {415} 493-
TWX: BIU-JTJ 128?

Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-8483

QUEBEC
Hewlett-Packard (Canada) Ltd.
275 Wymus Boulevard

Painte Claire HIR 167

Tel: (518) 561-6520

TV 610-422-3022

Telex: 05-821521 HPCL
Hewlelt-Packard (Canada) Ltd.
2376 Galvanl Street

Ste-Foy GIN 4G4

Tel: (418) 688-8710

mn CANADIAN AREAS NOT
ISTED:

conlacl Hewlett-Packard (Can-
ada) Lid. in Mississauga
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AUSTRIA
Hawk ckard Ges.
Hamdelska 52/3

.0. Box
A-1205 Vienna
Tel: (0222 33 66 06 to 09
Cable: HEWPAR Vienna
Telex: 75523 hewpak 3

BELGIU.
H!vdm-\?ﬂ kard Beneluz

leo de Col \f!rl L
iGroenkraa,
B1170 lnmlll

Tel: (02) 72 22 40

Cable: PALOBEN Brussaly
Telex: 23 454 paloben bru

DENMARK
Hewlett-Packard A/
Datave) 38

DH-34E0 Blrkerod
Tel: (01) Bl 65 40
Cable; HEWPACK A%
Talox: 166 40 hp a5
Hewlatt-Packard A/S
Tarve

DK-B500 Silkeborg
Tel: (06) B2-71-66

% 166 40 hp a3
Cable: HEWPACK A3
FINLAND
Hewlett-Packard Oy
Bulevardi 25

P.0. Box 12185
SF-D0120 Heluinkl 12
Tel: (90) 13730

uar!
Baite Postale No. 6
F-91401 Orsay

Tel: (1] 907 78 25
Cable: HEWPACK Orsay
Telex: G0048

P
Agenes Regional

4 Qual des Etrolts
F-69321 Lyom Codex 1
Tel: (78] 42 63 45
Cable: HEWPACK Lyon
Telex: 31617

ANGOLA
Telectra-Empresa Tecnica
de Euulvmrnus Electricos

m d! !arbnu Fodrigues,
21

Pu BM B-IB'.'

l:ahlr TELECTRA Lusnda

AUSTRALIA
Hewlett. Packard Australia
Py, L.,

J] 51 Jﬂl«!ﬂl} Streel
Vicleria, 3130

Tel: 89 6351

Cable: HEWPARD Melbousne
Teina: 31 024

Hewl)
Pty. Lid.

31 Bridge Strast

Fymble,

Hew !wlh Wales, 2073

Tel: 449 6365

Telex: 215681

Cable: HEWPARD Sydney

Hllwloll Pnurd Australia

hard Australia

9? l:lmr:nlil Road
Praspect 508
Scuth Australia

Tel: 44 8151

Cable: HEWPARD Adelaide

Hewleft-Packard Australis
Fiy, Ltd,

y. Lid.
Casablanca Buildings
196 Adelaide Terrace
W.A. 6000
‘el 25.6800
. HEWPARD Perth

Hewlalt-Packard Australia

Ply. L4,

10 Woolley Street

Cables HEWPARD Canbarra ACT
Nwlllln?xhrd Australia

m rloor' 49 Gregory Terrace
Brishane, Queensiand, 4000
Tel: 25 1544

CEYLOM

United Elltlfl:ﬂi Ltd.
P.0. Box &
B0, P

b a'

Tel: 26696

Cable: HOTPOINT Colomba
CYPRUS

19 Geegorios & Xenopoulos Road
P.0. Box 1152

Cy-Micasla

Tel: 45628
Cable; I!’&?NIR PANDENIS

Hewlett-Packard France
Zone Aéranautigue
Avenue Clement Ader
F-31770 Colomiers

Tel: (61) 86 81 55

Tel 1957

Boite Postale No.
F-12100 Luynes
Tel: (47) 24 00 B
Telex: 41770

Hewlett-Fackard France
Agency Régionale

63, Avenue de Rochester
F-35000 Renmes

Tel: (99) 36 33 21
Telex: 74912 F

Hewleil-Packard France
Agence Régionale

74, Allke de |3 Roberisay
FET000 Stra

Tel: (38) ]5 23 W21
Teler; 8914

Cable: Hmilﬂl STREG

GERMAMN FEDERAL
REPUBLIC

Hewlett-Packird GmbH
Vertrieherentrale Frankfurt
Bernersirasse 117

Postiach 560 140

D-6000 Frankfurt 56

Tel: (D611} 50 04-1

Cable: HEWPACKSA Frankiurt
Telex: 41 32 48 fra
Hewlett-Packard GmbH
Vertriebshro Biblingen
Herrenbergarstrazse 110
D-7030 Bdblingen, Wiirttembasg
Tel: (07031) 85 72 87

Cable: HEPAK Bablingen

Telex: 72 65 739 bbn

Hewlett-Packard GmbK
Vertriebsblre Ddsseldori

el {0211) 63 B0 31/38
Telex: 85/86 533 hpdd d

& Agency
Private LI!. Ca,
P. 0. Box 718
58/59 Cunningham 5t.
Ababa

Cable: ASACO Addisababs

HONG KONG

Schmidt & Co. (Hong Kong) Lid.
P.0. Bax 267

Connalight Centre

39th Floar

Cnmnuhl Road, Central

Hong

I|!| NBIBB. 232735
Telex: K.
Cable: SEHMJOTCO Hong Kong

INDIA

Blue Star Ltd.
Kasturl Buildings
lamshedji Tata Rd.
Bombay 400 020
Tlll b2 50 2l

l:-lbll SI.IJEFWSI
a|llﬂ Sllr Lid

dlﬂ;z ¥ir .s.urllr Marg
Prabhadev!
Bombay IIG
Tel: 45 78 87

ex: 4093
Cable: FROSTELUE
Blue Star Lta.
Band Box House
Prabhadevi
Bombay 400 (25
Tel: 45 73 01
Teler: 3751
Cable: BLUESTAR

Bloe Star Lrd,
14/40 Civil Lines

Tel: 6 48 82
Cable; BLUESTAR
Bloe Star, Ltd.
7 Hare Street
P 0. Box 506

655
BLUESTAR
Blue Star L1d,

Tel: 62 32 76
Telex: 2463

Cable: BLUESTAR

Blue Star, Lid.

Blue Star Howse
117114 Magarath Road
Ban, 560 025

C!hl'! BLUESTAR

HEWLETT+-PACKARD

ELECTRONIC INSTRUMENTATION SALES AND SERVICE
EUROPE, AFRICA, ASIA, AUSTRALIA
EUROPE

Hewlett-Packard GmbH
Vertriehsblivo Hamburg
‘Wendenstr, 23

02000 Hamburg 1

Tel: :ND} 24 13 93

Cable: HEWPACKSA Hamburg
Tebex: 21 63 032 hphh o

Hewlett-Packaed GmbH
Vertriebsblivo Hanmover
Mellandorfer Strasse 3
0-3000 Hanmover-Kleefeld
Tel: (0511) 55 06 26

Hawlett-Packard GmbH
Vartriebshuro Nuremberg
Hersbruckerstrasse 42
D-3500 Nuremberg

Tel: (@911} 57 10 65
Teles: 623 850

Hewlatl-Packard GmbH
Vertrlebsbiro Minchen
Unterhachinger Strasse 28
15AR Canter

0-8012 Ottobrunn

Tel: |089) 6O 30 61,7
Telex: 52 49 85

Cabie: HEWPACKSA Mbchen

(West Barlin)
Hewlatt-Packard GmbH
Vertrisbsblro Berlin
Wilmersdarier s1nu| 113114
0-1000 Berkin W. 1

Tel: (030 31310#5

Telex: 18 34 05 hpbln d

GREECE

Kostas Karayannis
lS Ermou Street
GR-Athens 125
Tel:

7, 8080359,
5080429, 8018693
Cable: RAKAR Athens
Telox, 21 59 62 riar gr

Hewlett-Packard 5.A.

Mediterranean & Middle East

Oparatians

35 Kolokotronl Streel

Platia Kofallarion

Gr-Kl thens

Tel: B0BOII7, BOBOISE,
BOB0429, BOIBEAI

IRELAND

Iluwlill.-ﬂchnl Ltd.

224 Bath Road

GB-! IIHI‘I 51 4 D5, Bucks

Tel: Slough (D753} 33341

Cable: HEWPIE

Telex: 845413

Hewletl-Packard Ltd,
The Graftons
S!m{nrd New Road
trincham, Cheshire
m. (061) 928.9021
Telex: EGE0GE

ITALY
Hewlett-Packard [taliana S.p.0,
Via Amerige Vespucel 2
1-20124 Milan

Tel: (2} 6251 (10 lines)

Catie: HEWPACKIT Mitan
Taiex: 12045

Hewlett-Packard Italiana S.pA.
Vicolo Pastori, 3

1-35100 Padava

Tel: (491 66 40 62

Teles: 32046 via Milan
Hewlett-Packard Italiana 5PA
\'u Mldulle d"0ro, 2

Tel mm mm

Hewlelt-Packard Italiana 5p.A.
Via Calll, 24

1-10129 Turia

Tel (11) 53 82 64

Telex: 32046 via Mitan

LUXEMBURG

mwult Fackard Benelur
SAN,

Aveaue u Col-Vart, 1,

Tel: (03,/02) 72 22 40
Cable: PALOBEN Brussels
Telox: 23 494

NETHERLANDS
Hewlett-Packard Benotux/N.V.
Weerdestein 117

P.O. Bex 7825

NL-Amsterdam, 1011

Tel: 5411522

Cable; PALOBEN Amsterdam
Telex: 13 216 hepa ni

NORWAY
Hewlelt-Packard Morge A/5
Nesveien 13

Hox 149

N:1344 Haglum

Tel: (02) 53 83 60

Talex: 18621 honas n

AFRICA, ASIA, AUSTRALIA

Blue Shr. Ltd,

Tel: 76301, 7 ?893
Cable: HUJEFIUST
Telex:

Bhee § Ld.
2324 Sleond Line Beach
600 001

Cable: BLI!ESTMI
Blue Star, L.
Mathraj Mansions
2nd Flaor Bistupur
Jamshedpar 831 001

Tel: (]
Cable: HLUESTAR
Telex: 240

INDONESIA

Bah Bolon Trading :oy NY.
Dislah Merdeks

Ban,

ng
Tal: 4915; 51560
le: ILMU
Telex: 08-800

IRAN

Multl Carp International Lid
Avenun Soraya 130

P.0. Box 1212

IR-Tahersn

Tel: 83 10 35-39

Cable: MULTICORP Tekras
Teler: 2893 MCE TN

ISRAEL
ﬂ«hﬂe‘l [

fllﬂ 2A2-2024YHF
Cable: YHPMARKET TOX 23-724

Yokogawa-Hewlelt-Packard Ltd,
Nisel Ibaragl Bldg.

5
Tel: (0726) 23-1641
Telex: 5332-385 YHP OSAKA

Yokogawa-Hewlatt-Packard Lid.
Nakamo Bullding

No. 24 Kamisasazima-cho
Nakamura-ku, Mageya City
Tel: (052) 5715171

Yokogawa-Hewlett-Packard Ltd.
Mitte Bidg.

2.42 Skinohara-Kita

Haohoku-ku

Yekohama 222

Tel: 045-432-1504

Telex: 382-3204 YHP YOK

Tokogawa Hewlolt-Facksrd Lid,
Chuo Bidg.
Rm. 603 3,

Tel: 0252.25-7470
KENYA

OREA
Muriun Trading Company
L

orea,
1.P.0. Box 1103
Dan Kyung Bidg., Bth Floor
1D:‘ sewu

rcl 4 Iln!s]“rt‘ﬂl-?

Cable: AMTRACO Seoa!

LEBANON
Constantin €. Macridiy
P.0. Box 7213
FL-Beirat

297 Wegon Mo

wel

Teh 5—59

Telex:

Cable: HMM’.I Wellington

Hewletl-Packard (M.Z.) Ltd.
Pakuranga Professional Centre
267 Pakuranga Highway

Bex 51052

Fakurangs
Tel: 560-851
Cable: HEWPACK, Auckland

NIGERIA

The Electranics Instruments.
tions Ltd, (TEIL)

144 lom Motor Rd., Mushin

P.0, Bax

Lages
Cable: THETEIL Lagos

PORTUGAL
Telectra-Empresa Técnica de

Equipsmentos Eléctricos Sarl,

Rua Redrigo ds Fomseca 103

P.0. Box 2531
“Lisbon 1
Tel: {19) 68 60 72

Cable: TELECTRA Lisbon
Telex: 1598

SPAIN
Hewlett-Packard Espadola. 5.8,
Jerez No 8

T
Telex: 23515 hpa

Hewlelt-Packard Espadioia, 5.4,
Milanesado 21-23

E-Barcelona 17

Tel: (31 203 62 00

Telex: 52603 hpbe &
Hewlelt-Packard Espanoia S.A.
A Ramon y Ca

Wlﬂzln Seviila ), planta *9

SWEDEN

Hewlett-Packard Sverige AR
Enighetsvigen 1.2

Fack

8
5-161 20 Bromma 20
Teh {08} 730 0550
able: MEASUREMENTS
sluhhohm
Tetex: 10721

Hewlatt-Fackard Sverign AB
Hagakersgatan ¢

5431 41 Mblndal

Tel: (031} 27 68 DO/OL
Telex; Via Bromma

SWITZERLAND

Hewlett Packard (Schweiz) AG

Zircherstrasse 20

P.0. Bax 64

CH-8952 Schiieren Zurich

Tel: (011 54 18 21./24
+ HPAG CH

Telex: 53933 hoag ch

Hewlett:-Packard (Sch

9, Chemin Louis-Pictet

CH-1214 Vernier—Geneva

Tel: (022) 41 4950

Cable: HEWPACKSA Geneva

Telex: 27 333 hpsa ch

i} AG

The Efeclronics Instroments-
tions Lid, (TEIL}

16th Floor Cecon Hosse

P.M.B. 5402

Abdullsh Mergos Roas
3
Tel: 511027, 12637
Cable: COOPERATOR Karacad

Muhic L Comeany, Lt
HB, Satiite Towe
Rrwaigne

Tel: 41504
Cale: FEMUS Baapigens
PHILIPPINES
Diectromes, lee
£18 Flsee, Ampigmmates
Deveipmuet Cor. By
Lya Sevnee, Maast b
CCPrO Bes 29

Makati, s

T 86-1887. ELTE-TT,
TN §7-1848, S8.81.TT
| Ban, e

SINGAPORE
e tpeay B Comboriios
qul:—nh_
18712, fias Wimg
Red 0 Ladaytrisl Extate

Tel: §4715] (7 Henay)
Cadie MECOME Singacore

Far Eaat
Area Dffice
PO Bex 47
Algxsadra Post Office
3

Simgazere
Tei: 633022
Cadle: HEWPACK SINGAPORE

SOUTH AFRICA
Hewlett Packard South Africa
(Pty.], Lid.
Hewlett-Fackard Ho)
Daphne sum. mum
nsvaal 2001
Tal: 40'.'551 Nln lines)

Hewlett Packard South Africa
(Pty.J,

Cabla: HEWPACK Cape Town

Telex: 0006 CT

Hewlelt Packard South Africa
iPty.), Ltd.

(11} liﬂu l'lulﬂ. Durban

TURKEY

Telekom Engineering Bureau
Saghik Sok No. 1571
Ayaspasa-Beyoghs

F.0. Box 4!? Beyogly
TR-Itanbal

Tel: 49 40

Catle; TEIEM.IIIDH Istantisl

UNITED KINGDOM
Hewmlett: Pﬂlllﬂ L.

224 Bath R

GE-Slough, SL! 4 D5, Buchs
Tel: Slough (0753) 33341
e: HEWPIE Slough
Telex: 838413
Hewlell-Packard Lid,

“The Graftons'

Stamford New Road
GB-Altrincham, Cheshire
Tel: (061} 928-9021

Telex; 668068
Hewletl-Packard, Ltd.

c/o Makro

South Service Wholesale Centre
Amber Way

Halesowen Indusirial Estate
GB-Weres.

Tel: Birmingham 7860
Hewlet-Packard Lid's registerss
acdress for VAT, porposes
only

70, Finsbury Pavermant
Londan, EC2A15X
Registored No- 630557

SOCIALIST COUNTRIES
PLEASE CONTACT:
Hewlett-Packard Gesmb i
Handelskal 52/3

P.0. Box 7

A:1205 Viensa

Eai rozm o 5 Dé e 09

Tthl 25973 hmlh Ll

ALL OTHER EUROPEAN

COUNTRIES CONTACT:

Howlett-Packsrd S0

Roa du Belydo-lan 7

P.0. Box 85

CH-1217 Meyria 2 Gasemn
Svlllﬂ |U5!

TATWAN
Hemiatt sl
3 Dhamy Shia Sew doac
Sec. 1

Ower:

: HEWPACKSA Athens
Telex: 215588

OTHER AREAS NOT
LISTED, CONTACT:
Hewlett-Packard

Export Trade Campany
3200 Hillview Ave.

Palo Alta, Califernia 94304
Tel: (415) 493.1501

TWX: 910-373-1287

Cable: HEWPACK Palo Allo
Telex: 034-8300, 034-8453
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