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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR PARTICLE IMPACT NOISE DETECTION (PIND)
TESTING, OPERATOR TRAINING AND CERTIFICATION

FOREWORD (\

A PAS is a technical specification not fulfilling the requirements for a star ble to the

public and established in an organization operating under given procedure

IEC-PAS|62171 was submitted by JEDEC and has been processed by IE tteeM7: Senjiconductor

devices.

The text of this PAS is based on the
following document:
Dralft PAS/\ /\\ > ( Répo ton yoting
47/1471/PAS 47/]}04/RVD

Following publication of this PAS, the technical™som qubcommlttee concerned will invegtigate the

possibilily of transforming the RAS inta_an Ixnter nal Stan

An IEC-PAS licence of copyrig NERE of copyright has been signed by the IEC and JEQEC and is

recorded i

1) The | Sompiission) is a worldwide organization for standardization comprising all
nation Wational Committees). The object of the IEC is to promote interpational co-
operati antardization in the electrical and electronic fields. To this end and in addition
to oth C publishesNnternational Standards. Their preparation is entrusted to technical gommittees;
any IH d in the subject dealt with may participate in this preparatory work. Irjternational,
gover ental organizations liaising with the IEC also participate in this preparatign. The IEC
collabg choseN Wlth t e-Ihternational Organlzatlon for Standardization (ISO) in accordance with| conditions
deterr]

2) The f |ons ox agreements of the IEC on technical matters express, as nearly as possible, an ipternational
conse) the relevant subjects since each technical committee has representation from all interested
National Committees:

3) The documents. produced have the form of recommendations for international use and are published in fthe form of
standards, technical specifications, technical reports or guides and they are accepted by the National Committees in
that sense.

4) In orderteo-promote—tnterrationauatftcater—ECNatteral-CommitteesundertaketoapplytHECtnterrattenal Standards

transparently to the maximum extent possible in their national and regional standards. Any divergence between the
IEC Standard and the corresponding national or regional standard shall be clearly indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights. The
IEC shall not be held responsible for identifying any or all such patent rights.

Page i



https://iecnorm.com/api/?name=22a8c00a972f7b770d6f2efb27596cba



https://iecnorm.com/api/?name=22a8c00a972f7b770d6f2efb27596cba

Copyright © 1989, JEDEC; 2000, IEC

JEDEC Publication No. 114

GUI DELI NES
FOR
PARTI CLE | MPACT NO SE DETECTI ON (PI ND) TESTI NG
OPERATCR TRAI NI NG AND CERTI FI CATI ON

(From JEDEC Council Ballot JCB-89-36, formulated under the
cogni zance of JC-13 Conmittee on Governnent Llak*on

PREFACE
Al'l nodern systens for mlitary, space anrd s | pplicfati ons
use many electronic conponents that M X control,

: 5. Proper
s vital fto the
and equi pnent.
' conponents are
h the controlls and
wds, specificatiops and
use catastrophic device

navi gational and nonitoring functions

functfi oning of these devices without intie
success of the missions and safety /f the
Towards achieving this objective

manuffactured and tested .in a
requijrements of applicable™Nu
drawipgs. One critical facto
failyre is | oose particles—w

The focus and ixnportance
occurlred when a <catagt rophkij
Vehi ¢l e Program W
el ectroni c conpone

The 9i
el eva

: 'P devices for particles
failure in the Delta Launch
| oose bit of wre within an

eeniwg devices for particles was further
es in the manned space vehicle, satjellite

and i AS~a result, space-level devices (dass S)
and hat are wused in flight and njssile
appli particle-free.

NASA, Pougl as and Texas |nstrunents devel oped and
const _ yved techni ques of detecting particles audibly and
vi sibly hi l\device cavities. A finalized version of the audible
t echni que adopted as_a Particle Inpact Noise Detection Test
procedure /PIND'Iin ML-STD 883, Test Method 2020. (4,5, 6)
Despife progress in regard to testing concepts, PIND tester design,
met hods“and nedia of attachment. there still exists a |ack of
correlation between equi pment, inconsistency in the test results
and conditions, lack of repeatability and fal se detections.

(7,8,9,10,11) As a result, there is a general tendency by
manufacturers to question the reliability of the PIND test.
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PREFACE (Conti nued)

Still PIND testing remains the ke neasurin?_ I ndi cator for
controlling and maintaining a reliable process line relative to
particle contamnation. It is a useful tool to continuously refine

and i nprove the assenbly process.

Even though a wealth of information and know edge (about PIND test
resi deg Wt various USers and manufact arcers, 11 mted or

comunijcated in the proceedings of various synpo NASA
report,| but not in an organi zed conpl ete docunent |lect.
The maijn objective of this Publication is har e
the reljevant information on PIND testing par t|i es.
The concepts and materials presented he cal W th | nost
of the|cause factors that affect tp) Vari abilji ty
pertingnt to "PIND" and how to contrQ

This Puplication is intended i|ties
in theifr efforts to establis I ng.
| nposi tj on of these t he

provi nce of each tes
SECTION | revie
and nmanuf act uper
speC|f|cat|onéj§>
SECTION 11 50D egsentative sources of particles that| may
be genaqrat ed manuf act uri ng. However, it shoulld be

irements on el ectronic deyi ces
sfy custoner needs and mlijtary

noted fthat type and sources of particles can jvary
wi del y henent pnuf acturing facilities wth diffegrent
t echnol At er al's and processes and in no way is limted to
t hose ne (12, 13)

SECTI ON ers nost aspects of the PIND system including |test

princip|les, ealibration and maintenance, device attachnment nediuns
and soyrces—of interference and prevention methods.

The subjeet of operator education, training and certification is
included in SECITON TV as a gui de To Users Tor elimnation of false
particle detection due to inproper testing by operators.
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| NTENT ( Conti nued)

A section on process control neasures for PIND testing and
references made to product quality verification is included. Wth
measur enent consi stency and reliable PIND results achi evabl e and
in control, manufacturers will be able to focus on the root causes
of particles in the products and processes and will be able to
elimnate the defects to enhance the device qual i(t/y\

JEDEC| acknowl edges that these publication m deri ved
fromjnformation fromthe list of referencég i pant
conpani es’ internal docunments and di scussions’ Gou
meetings of the JEDEC JC-13 (Governnen ) J¢-13.

(Govefnment Liaison - Hybrid Mcrocircu t ees.

»
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GUI DELI NES
FOR

PARTI CLE | MPACT NO SE DETECTI ON (PI ND) TESTI NG,

OPERATCR TRAI NI NG AND CERTI FI CATI ON

CONTENTS
Section (\ Page
SECTI ON || )
1. SPECI FI C TEST REQUI REMENTS :
2. ACCEPTANCE CONDI Tl ONS '
2.1 ML-M38510 Requirenents for eni ng %
of Cass S Devices
2.4 Mnufacturer and t )
2.3 Quality Assurance qui WFL- M 38510, i

Par agraph 3.4)

2.4 Qualificatdon
(M L-H 3851
Section |B
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1.5 _,Process Control

er -1 nposed Test and
4, Paragraph 4.3.7 and

SECTI ON 111
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1.1 Testing Principles and Phil osophy
2. SYSTEMS AND COVPONENTS
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SECTI ON |

1. SPECI FI C TEST REQUI REMENTS

Before enmbarking on the PIND issues and problens in testing, a

review of the specific test requirenents (6) anstral nts on
the electronic device is in order These rpmu -_.u-. osed

on marjufacturers through government documents b,
and end-system users. The specific test
STD- 75D, Test Method 2052 and M L- STD- 88z
Exanplles of the requirenment stipulations<fa
foll oW ng categories:

() Cl ass S device |evel
screeni ng per Test
STD- 883.

(b Class B device qevel < S Specific requirgments

(c Manuf act ur er Vcation and/ or Mor_ocess
qual ifica < i mposed  via llitary
\?%gl fica e.g. , ML-STD-976, M L-STD

stability inposed through intjerna
i audits.

ements outlined in ML-M38510, ML-H
- 19500.

2. Ad

2.1 M
Dgvi ce

equi rements for In-Line Screening of Cass s

The inspectiion |ot (or sublots) shall be submtted to 100% PI ND
testing a waxi mum of five times in accordance with Method 2020 of

M Lf STp<883, Condi ti on A Pl ND prescreenl ng shal | noft tr)]e
pertor o0l —By—De—acs epted—on—s 0 ne S the
per cent age of def ectlve deV| ces (PDA) Is | ess than 1%(or one
device, whichever is greater). Al defective devices shall be

removed after each run. Lots that do not meet the 1% PDA on the
fifth run, or cunulatively exceed 25% defective shall be rejected

and resubmission is not allowed.
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2.1 ML-M38510 Requirenments, etc. (Continued)

For hybrids, sanple devices froma |lot nust be subjected to G oup
B screening at Qutgoing Quality Control level as outlined in ML-
STD-883, Test Method 5008. For Class S devices a fixed sanple of
15 devices with Ofailure is required.

2.2 Manufacturer and Customer Required Tests

Manuf agt urer and custoner required tests ar
t hrough| specification control drawi ngs by the
B |l evel | products that are used in flight or m
The accept/reject criteria are specified iR

2.3 Quajity Assurance Requirenents (ML

test applied or
aded to any | pwer
or criteria may| not
devices or lots shall

Deviceg or lots that have failed
acceptance criteria (PDA) shall
qual i ty| assurance |evel, even t
be a requirement of the |ower
not be jaccepted.)

2.4 Qualification and Manufa pased Test and (M L-M 38510
and| M L- H 38534, Paragra 3. N\ard” Section B of ML-STD 1772)

Wien a fest detects\a Y as | oose particles), the
manuf acturer sha vices in the lot to those tgsts
to elimnat e take steps to determ ne|and

elimnate t



https://iecnorm.com/api/?name=22a8c00a972f7b770d6f2efb27596cba

Copyright © 1989, JEDEC; 2000, IEC

JEDEC Publication No. 114

Page 3

SECTION I

1. SOURCES OF PARTI CLES

Loose particles within electronic conponents can cone from nany

sour ces. There have been extensive studies this area to
identify the types of part|cles that may be trapo' hi n devi ces
and tg determ oy pal 0 Seg~are_general ly
l'isted under the foIIovvl ng categor|es \
1.1 Material/Handling
Parti¢cles in the formof foreign materda ntroduced into
devi ceés during preseal handling and du Al t hough sone
of thpse particles nmay appear to bé \[FI ng i nspedtion
when subjected to thermal and mecha ses, they can |oosen
and dislodged frominternal g e, devi ce.
Trays|or chip carriers used repe put proper cleanihg are
a maj or source of unattached fo erial, such as silic¢on or
ceranm|c dust. ' W thin the device during
assemyl y. Simlar , sStored and carrijed in
cardbpard or other pterial are an uncontrol | ed
source of parti S
The third exa gl ass\sphatters on netal packages. Dur i ng
the g ass-_- or oses8s, the glass may splatter, |eaving
smal | |particles noonnected to the bead, but attaclhed to
the suyrface Fai [ ure analysis has shown that |these
gl ass g detached during stresses and w || [cause
PI ND f
1.2 P
There pr‘'ocessi ng steps in device assenbly that may iinduce
partidl es. apl es of the particles and the correspondi ng pfocess
steps |are |isted bel ow

PARTI.CLE PROCESS

Fiber grass Package cl eani ng _

Silicon Scri bing/die renoval /eutectic nount

Epoxy fl akes

D e nount/di e renoval

Bond wire Wre bond/rework
Al um num gol d Wre bond/rework
Ceram c Substrate scribe
Sol der balls Sol der refl ow sea

Wl d seal

Vel d splatter
Sol der fl akes
Gol d fl akes

Eutectic nmount
Eut ecti ¢ nount
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1.3 Environnment

The environment to which the devices are exposed duri
manuf acturing can also be a contributing factor in l'oose part|cpg

contam nation in the formof dust, fibers, and other organic
material s.

Some defined sources of particles are: (/\\\\

N

St or age boxes/ cabi nets
Humam cont am nati on
Furnace at nmosphere conditions
Seal | chanmber conditions
Cure | ovens

Assenrbl y room at nosphere

1.4 Danger of Particles

Contam pation of electrong conductive | pose
particlps may result in b metal | ization in
Integratled circuits,  packa etc. , causi ng
catastrophic device failures

1.5 Progess Control g
I'n nost [cases, ol
possible to i I
or mnimze p

types gnd sourg

manuf actjuring
necessar|ily

particles are identified, it is
rols and procedures to elimnate

on. It should be npoted that |the
vles may vary dependi ng upon |the

ocesses and materials and are |[not
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SECTION |1
1. PIND TEST SYSTEM
1.1 Testing Principles and Philosophy (3, 15)

The objective of PIND testing is to detect |oose particles in

t est

el ectroni ¢ conponents by a nondestructive nethod.
| S g dlDl e QI 0 (06 - [\ [) Al el Ng d W

no roving el enents by design.

(tia88

met hod
ontain

The |equi pnent used for the PIND test detec A : | oose
partlicles within the device by sensing the ) er at ed when
partlicles strike the package or el enen ! n

An dcoustic em ssion detection trap d on a
vi brjati on assenbly (shaker), ' chnent
of tlhe device under test. C through a|series
of gpecified nmechanical s pbration cycleg while
nmoniftored and controll ed ctronics. The |shocks
are |used to dislodge |oose part ei ther mechanicglly or
electrostatically wthin \ Shocks of constaht and
repgat abl e anpl 1 tudes arle generated by a servo-|system

>’as it inpacts on an interna

contfrol ling the

_ el ocj
anvi of the s ¢

of

ting shock anplitude pmy be

di spl ayed by trhe ¢ pration is typically sinysolda

and [i s generat/ed\ a py the system el ectronics.

If g | oos he interior of the device under test
whi | g esul tant acoustic noise nay be de¢tected
by t ectrum of this noise extends into the
ultr ge. The transducer output is fedl|into a

ent er ed approxi mately 150 kHZ, passing the

acou vl e filtering out the shaker frequengy and
back The signal is anplified 60 dB and provi des i nput
to : an electronic threshold detection circuyit and
an cuit with speakers or headphones. | f the| peak-
anpl|i fi ed-stghal exceeds the specified threshold levels pt the
detegctor circuit of the PIND system or if the visual or| audio
moni tor <i*ndi cates particle noise, the device is considered a
failpre.) Some systens use a latch-up fail-indicator |anp tlhat is
trippeéd by a signal that exceeds the threshold |evel. The

threshol d detectors are typically set at levels slightly above the
syst em background noise to prevent detector l|latch-up from noise

spi kes.
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1.1 Testing Principles and Philosophy (3, 15) (Continued)

The amplitude of the acoustic signal level at the input of the
transducer is determined by the "effective" mass of the loose
particle. If a sphere has an "effective" mass of one, other
particles of the same mass, but having other shapes, will have an
"effective" mass of less than one depending on thei geometric

PIND test

shape and the angle of attack at the moment of impga

equlpme detecting e 0.2
microgram range or greater.

2. SYSTHEMS AND COMPONENTS (6)

The following equipment is typical of whé i s : form

PIND tesit. (See Figure 1.)

Amplified
Signal From
Sensor o

MONITOR [peneend POWER
OSCILLOSCOPE SOURCE

MONITORCRT

STUCALIB.
IMPACT SENSOR
ACCELEROMETER INPUT

A

SHAKER

SHAKER
CONTROLUNIT

POWER  hememwm |

SOURCE

FIGURE 1

TYPICAL EQUIPMENT TO PERFORM PIND TEST
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2.1 Control Unit

The unit must be progranmable with regard to tine and shock-| evel
and must have sufficient menory to allow for a sequence specified
pre-test shocks, followed by a sequence of vibration and co-shocks.

2.2 Threshold Detector

The detector m he capable of detecting pa mso e_vol tage
exceedi ng a preset threshold above the system noise—peal iIng t%e
vi brgti on node and provide both visual and &
oper af or.

to the

2.3 $haker

1y sinusoi dal

The ghaker nust be capable of pro
5 - 20 d'[s peak

motion to the device under test ovf
at the frequencies from40 Hz to i

The ghaker nust al so be <capab hig shock pulses fin the
rangel of 200 g's to 1500Q heydevi ce under test The
dur atli on of the main sho se shoutd not exceed 100 ps. In
addit|fon, if an integra C yystem is used, the [shaker
vibration may be jaterrupted bed for a period of ti{ne not
to exceed a specifl B e beginning of the |ast| shock
pul se[in the sequ duration is nmeasured at [the 50

+ 5% poi nt .

2.4 ransdQ:;%

When |conbi ontrol, the unit nust have an anplifier
gai n |of 60 ehtered at the centered frequency for| peak-
sensifiwty RV ND t ransducer . The noi se output of the
transguce éxceed 10 nV peak

2.5 \ | oscope

Thi s |shoul dzkhdve a m ni num response of 500 kHZ and a sensifivity

of 20| nV/ cm

2.6 (abling Requirenents

The <cabling between the various parts nust be of such a
construction, length and inpedance as to introduce a m ni num anount
of noise into the systemduring the vibration of the unit under
test. Cabling includes the mechanical connectors and the use of
power filter/surge protectors.
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2.7 Sensitivity Test Unit (STU)

This is wused for periodic assessments of the PIND system
performance and consists of:

a A transducer wth the same tolerance/as~_the PIND

@A e X

(b) A circuit to excite the transducer ecyf | ed
pul se.

NOTE: | The STU shoul d produce a pulse g 0. MV 1o \25 on f he

is gg‘h edyto the A ND
oIRY

osci |l | oscope when the transducer
transducer with the attachnep

2.8 Visugl Displacenent Wdge

A graduated printed-scale that,
head, measures the anplitude ©

2.9 Munting Medium
s used to nount the test

r-platform Refer to the
Medi uns" for further details.

A medi ur
speci men
section

3. CALIB EQUI T Rl FI CATI ON

3.1 Cali

Periodic|c e PIND test systemis required to ver|fy
t he capaq A 3 acy of various subsystens and controlfs.
The esse Ui reyrents are as foll ows:

(1) The system noi se (including the environnent at the

Pl ND ) as neasured at the output nust be |less than| 10
mV peak (20 mV peak-to-peak) referenced to ground when obseryed
for |a period of 30 to 60 seconds. The detector threshpld
| evel s should be set to 20 nV peak above ground reference
Si nus W C :
Hz is ver|f|ed bet ween 5 g and 20 accel erati on. The |npact-
sensor (acoustic transducer) together with the system nmust be
calibrated for a peak sensitivity of -77.5 £ 3 dB referenced
to one volt per mcrobar at a frequency wthin 150 kHz to 160
kHz. (This test is normally perfornmed by the equipnent
manufacturer. ) The anplifier section of the PIND systemis set
a%oakgain of 60 dB £ 2 dB at the peak point between 150 kHz and
1 Hz.
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3.1 Calibration Requirenents

(1) (Continued)

The frequency at which the nmaxi num peak occurs may be
determ ned by sweeping the frequency range and observing the

out put signal. (/\\\\

(2) The sensitivity test transducer (SIU)
agsessnment of the PIND system detection cdapahi
pul se of 250 nvV + 20% is applied to the ' i $ must
rgsult in a PIND system output greate 3 eak wth
the STU attached to the test transducer \vi ‘ at t aghnent
diumthat is used for testing device

pelfi odi c
51 gnal

(3) The shock calibration is nornal bet ween 800 (g and
1,(200 g to verify proper [ N shock mechani sm
ver, calibration at. othe be performed to suit
specific applicationr; esting requiremnents.

e shock pulse duratio ss than 100 s. [f an

tegral co-shock systemnis e~ shaker vibration na% bﬁ
shoc

terrupted up to 250 n§§ié Ntiation of the |ast

I'se in the sequence. eSt duration is nmeasurled at
e 50% + 5% ¢ ed and E¥p|cal specifi¢ation
| erance ofy va svare listed in Table 1 bel ow

O 0C 535 O

A\

PARANEN% TYPICAL LIMTS UNIT
(A S%M E <10 mv pK

Threshold-Li m t 20 nV pkK
(B)| TOLERANCE 0

1. _Mbration frequency <8 %

2\ M bration tine + -1 5eco d

3 Vibration anplitude peak +/-10 0 W

4, Shock +/-200

5. Anplifier gain -5 ds
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3.1 Calibration Requirenents
(3) (Continued)
In addition to periodic equipnent calibration, the PIND system
must be verified at the test site at I_east once per shift
(conti nuous oper ati on) or pI’IOI’ to initia 3, of test
(nongs he , M 22 f or
proper Eerauon (wth the shaker deenerg|z t he
STU |cal i bration on the platform The ST at ed
sevefal times and the detector response o,
el ecironic and visual neans.
In addition, system background noise n ery
low | evel s to achieve reliable tes
3.2 Detalled Calibration Steps
For exanples of detailed call rocd@e for Dunegean Moydel
4501 and|B.W LPD2000 PIND tes et , >refer to manufacturefs’
manual s. | Calibration steps ng ¢gen nodel s and equi pnent
manuf act yrers.
Manuf act irers  reco aetory calibrations for [he
critical itens S em ssion transducers [and
accel eroneters. d that the user should refer|to
t he caIiaratio@ ed in the manufacturer's manual .
3.3 Calipration
(a) ervals of 6 to 12 nonths
(b) repair or nodification of the equipnept.
(¢c) pperation of the tester is suspect.
The calibration(setup is configured depending upon the parameters
of calibfation’/such as acoustic emssion, gain, threshold, audio
vibratiop sijgnals and excitation, shock, etc. (Refer to the
equi prent .Seal 1 bration manual .)
A representative calibration checklist includes:
(a) Accel eroneter sensitivity . pc/g @100 Hz.
(b) | npact sensor sensitivity . -77.5 +/- 3 dBre
1 V/ubar @155 kHz
(¢c) STU test sensor sensitivity . 177.5 +/- 3 dB re

1 V/uybar @155 kHz
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3.3 Calibration Intervals (Continued)
(d) Keyboard Test
(e) Di splay Test
(f) Acoustic Emssion Gain . . . . . . . 60 dB +- 2 dB @155 kH
(9) threshott—————————————————————————— 200V
(h) (1) 200 g shock with a test |oad tjo the
t est speci nen nmass (| ow end e
(2) to the
() (1) 10gand20g
(2) 10 g and 2079
(3) 10 g and 20 g
3.4 Cgntrol Sanple Verificati
A cont]r tinme the machine is set up
condi tji the operator is away fromthe
machi n of tine (e.g., lunch break).
The co S ! be a metal can, sych as a TO 5| t hat
cont ai S size and naterléf t hat produges a
consi s under vibration during test. Al gol d
sphere pter wor ks wel | .
The cq .S attached to the transducer using the|sane
medi um '-|no used for the STU and the devices being tepted.
The PI s cycled and the peak output voltage off the
control ' not ed. The peak is then conpared to the
“standitd’_output for that specific control sanple. | f the peak
val ue Wt hin 20% of the standard value, the test equipnent is
oper at ed sat|sfactorlly If not, the reason(s) shoul|d be
deternfned and corrective action taken.

4. THRESHOLD VOLTAGE W NDOW LEVELS

This procedure may be used when threshold voltage |evels are set
negatjve
mhlé% t he

with reference to background noise. Positive _and
threshold levels are the two critical paraneters wth

emtted signals are conpared during PIND testing.
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4.1 Low Threshold Requirenents

For low threshold requirenments, it is very inportant to ﬁroperly
calibrate these settings taking into account tactors such as the

actual internal noise energies of the preanplifier gain sections,
internal tolerances of the conponent, voltage offset differences
in the wndow conparator of the detector sectiqn and the
elimnation of any subjectivity in the calibratigf procedure and
t he perponner. N

4.2 Functional Threshold Calibration Techni que

The fol|llow ng functional threshold tech stiggested to
satisfy| the above while simulating ce tedting
condi t1 @ns. In this case, the PIND gCti on syistem
itself [is used to detect the interns :?e | evel of| the
el ectronics. The actual threshold ) is typidally

set at RO nV peak

The systemis set-up for c lon with the inpact
sensor |and cable connected~to 3 ensor" input of|the
controlller. The systemis 1 a specified acceleration
and freguency (e.g.,~10 @ and for 3 seconds vibrat|on.
The PIND equi prment< sk operated in the manual [pode
wi t hout | a devi ce.

The dc [refer e
noni t orled (éﬁ?%
t hreshol d pote 3

i mpact
determ
Wth fur

nput of the first conparatofr is
Voltneter) while adjusting|the
} detections can be observed on|the
e’front panel.  The dc vol tage |pvel
W.background noise | evel of the system
gter adjustnment, an offset voltage leve| is
per the PIND test nethod specification
the actual detection threshold levell. A
procedure is followed for the second conparfator
and its eter to set the opposite polarity level. The two
vol t age asured may not be the same magni tude of vol {age
val ue due to(possible differences in the input offset voltagef of
the conparators.

This calibration techni que properly conpensates for the offset
differences in the detection circuitry, thus allow ng detection of
particle generated signals symretrically. Al'so, note that since
the calibration is an active adjustnment, all dynamc responses are
al so verified. The threshold calibration nust be done with the
PIND equi pnent | ocated at the test site to reflect the exact noise
of the test environnents.
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4.2 Functional Threshold Calibration Technique (Continued)

It is %enerally a good practice to mnimze the internal input
noise of the anplifier section. This can be acconplished with the
use of |ow noise operational anplifiers for the preanplifier gain
stages of the anal og board.

5. TRANSM SSI ON OF ACQUSTI C SI GNALS (f\\\\

For rleliable particle detection, the device 3 mist be
subjected to the defined stimuli (sinus§idak W bration and
mechapi cal shock); and the resulting acoustigal 3 romthe
devicle nust be transmtted to the acoustic det gction
transducer with a m ni mrum anmount of atten i G d.'d'st ortijon

In orgder to acconplish this, the fol R I t&ons nmust be met:

(1) There should be intimate t'He device/pl atform
(}raooed air or rellative

nt erface wi thout an

Tl

[

mpvenent .

(2) There should be m ni ‘ coupling medium to effect
transfer of signals fro particles within the device

tp the i mul i ginpulse shock  and
vijbration) , he devi ce, w|t hout

any spring

Pr opef cargggy _ the nounting of the devices| the
fixturing, and”sel ection of the transducers, |for a
gi ven | appl i catd

St udi ¢
desi gn
can ol
the pa

Instruments on two different trangducer
the maxi mum particle detection effecfivity

e particle is bouncing in that portijon of
| ocated over the center of the transducer.

These | stud
transm ssi bid
platfaorm .size. Table 2 and Figures 2 and 3 how the
transnissihility response as a function of distance fromthe denter
for and 2“ dianeter platformns. 100% r esponse was_ achj eved
w thina’distance of 0.25” fromthe center for both platfornﬁ.

also show that the sensitivity and _  3ignal
response cannot be inproved by increasinpthe

b4

Figure 4 show ng STU sensor transmssibility indicates the response
of the transducer when the output of the STUis used as input. It
shows that the transducers are nore responsive to the distributed
STU output than to the localized output resulting fromthe inpact
of a single particle.
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Table 2
PIND Test - Standard Transducer
PRCFI LE OF TRANSDUCER SURFACE
Test Location Vol ts Peak Transmssibility
.
Cent e 2.7 (

. 050" off/c 2.2
. 100" offf/c 1.5
150" offf/c 0.8
. 200" off/c

A@

TEST CONDI Tl ONS: thod 2020 Notice 5

Response|with . 002"

9,

ose particle in TO5 package.
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lameter Of Test —-'{
Platform
Transmissibility Response
100% = 0 - 0.5 IN DIA ARHA
68% = o B O—"F—FN—DFAARFA
36 = 0.7 - 0.9 IN DIA AREA
27% = 0.9 - 1.0 IN DIA AREA
FIGURE 2

TRANSMISSIBILITY RESPONSE OF A STANDARD
ONE INCH DIAMETER TEST PLATFORM
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—

-1.0-948-7-6-3
e
I

Transmigsibi esponse

100% = o0 -\0.5 IN DIA AREA
60% = 0.5~=0.7 IN DIA AREA
47% = 0. = 0.9 IN DIA AREA
23% = 0.9 = 1.0 IN DTA AREA
7% = 1.0 - 1.2 IN DIA AREA
5% = 1.2 - 1.9 IN DIA AREA
3% = 1.9 - 2.0 IN DIA AREA

FIGURE 3

TRANSMISSIBILITY RESPONSE OF A 2V
DIAMETER PIND TRANSDUCER PLATFORM
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_1:0-

STU -

Transmji

100%
83%
77%
67%
17%

0%

N DIA
IN DIA
IN DIA
IN DIA
IN DIA
IN DIA

AREA
AREA
AREA
AREA
AREA
AREA

B +.9+1.0

Of Test —_—y
atform

FIGURE 4

TRANSMISSIBILITY RESPONSE OF 2"
PIND TRANSDUCER TEST PLATFORM
USING STU OUTPUT AS SIGNAL SOURCE

NOTE: The STU sensor 1is approximately 1" in diameter. The data
was taken with the STU centered and then moved incrementally
until the outer edge of the STU transducer was even with the
outer edge of the transducer platforn.
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6. COWPARI SON OF ATTACHVENT MEDI UMS (14, 16)

There are several types of attachment mediums available for
nmounting devices onto the PIND test equipnent.

One of these nediuns is an acoustic couplant-gel that has shown

repeatable results in testing. However, the anL%iftion and

cleaning of the material is very tinme consum ng. Further, it is

messy ahd 1T handled |eroper|y can damage the PI nt.
e

Care mlst be exercis I n cleaning the equi pne as| t he
devices|after PIND testing, adding a second g g oxthe [Pl ND
test cylcle. The results of the testing nay ! by
consi stency of coating between the transdus nder
test. JA controlled dispensing unit may uSett o-8psure that a
measur efl anount of couplant is used.

A second attachnment nmediumis double ] APES Grcular [tape

dots arge somewhat difficult
nmust bel taken when nounti
transduger platform  Consi de
IS much easier to work wit
| nstrunents perfornmed a st
mounting nediuns. sunmar

backi ng, and [care
application to|the
e pros and cons, the [tape
acousti c coupl ant. Tlexas
conparing eight diffefent
gsults are:

MATERI AL COMMVENTS

Best results

Good

(1)
(2)
(3)
(4)

Thi ck, attenuates

Messy cl ean-up of
equi pnent and devi ces

(5)

Smearing effect

(6) Scofch #443 H gh Tack Tape Too strong/inadequate
cont act

(7) Scotich”#415 D. C. Pol yester Tape Too thin/inadequate
cont act

(8) Permacel P-50 Vari abl e adhesi on
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6. COWPARI SON OF ATTACHVENT MEDI UMS (Conti nued)

In addition to Scotch #447, Scotch #411 al so showed favorable
results in the study, even though sonme variations in signal
anplitude were noted during the repeated STU test verification.
However, all signals tripped the threshold detector indicating
proper operation. (The signal deviation is postul ated due to the
tﬁ]ﬁfness of the tape. #411 is . 015" thick and #2447 is .010"
t hi ck.)

The stludy showed that Pernmacel P-50 could
because the adhesive thickness is not un|fy d

manuf a¢t urer. This causes inconsistent sig
the deyice to the transducer and frequeny s

QY
N
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Average output in tenths of volts
35

20

—
2
\ 4}

10

X
7

0 ! ! 1 1 | ! | ! |
O—5 1012025683085 40 45 50

Cycles on Attachment Medium

FIGURE 5 (a)

TRANSMISSIBILITY FOR VISCOUS COUPLANT
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Average output in volts

<§§§;::\\\ | ! ] ] ] L
107

15 20 256 30 35 40 45 50
ycles on Attachment Medium

Attachment Mediums
—— 3M-411 —+ 3M-412 ¥ 3M-416 - 3M-443
—%— 3M-447 == 3M-465 =—#— P-50/B —¥ P-50/G

FIGURE 5 (b)

PARTICLE IMPACT DETECTION
COMPARISON OF ATTACHMENT MEDIUMS
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7. SENSITIVITY TEST UNI T

The follow ng Table 3 shows the signal output a STU on the first
test-cycle-run with new attachnent nmedium  An evaluation of thjs
type followed by the nmeasurenent of output voltage re?at|ve to the
nunber of "use" cycles of the nedium may be used to determ ne the
best nmediumto use for a particular application.

Table 3

Qutput in Volts P-P (\x‘ xb
ATTACHVENT  MEDI UM Wﬂ Y
N

Scotich #411
Scotich #412
Scotich #415
Scotch #447
Scotch #465
Scotch #552
P-50/ B T

P-500 G T
Vi scpus Cbuplant<fiﬂ\(,\\\\ <:z>
N \J

8. EQUI PMENT P
The PIND test

rone to danage due to m suse| or

I mpr oper I f such damage occurs, the equi pnent
may have he manufacturer for repair.

Equi prrern \ITE 5 pe mnim zed by follow ng the guidelipes
listed bg

(1) Keep test area and equipnent free of dust and debr|s.
(2) Do not use)high pressure bl ow of f-nozzles near the equipnept.

(3) Make sure all cables are tightly and properly connected prjor
to egui‘pnent use

(4) Make sure all connecting cables are in good repair, and are
handl ed and stored properly when not in use.
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8. EQUI PMENT PREVENTI VE MAI NTENANCE ( Conti nued)

(5) Take extreme care not to hit or damage the accel erometer and/or
I npact sensor connection to shaker during nounting of devices
or cleaning of the transducer and/or shaker.

(6) If water soluble couplant is used as a nounting nedium
restrict the couplant to the top (platform o?fthg\transducer

drgat Nal [cfi nes.

(7) Keep the shaker and transducer base clean ap

(8) Always cover the shaker when not in use
9. REASONS FOR MAI NTENANCE AND SYMPTOVS

I f wafer or water-sol uble couplant
si des |[of the transducer or onto the
sensor| connection, it wll
typicgl synptom of this
shock”| or uncontrolled vikrati

o drip down the
el er onmet er/ ijmpact
> the equi pngnt. A
registering df "no

sj-de the shaker assenblly and

Dust particles may work t
al | ure.  The shaker mjst be

cause [the equi pment to indica
over hgul ed when thirs I S,

di sassenbl e the shaker ijn any
'Teversi bl e danage may occur |if an
attenpts to disassenble the ghaker

NOTE:

| npr of pl es during the use of the pPND|test
equi pn di cated by a “no shock” registratijon or
uncont | This condition can also cause irrevelsible
damage

10. TH

There |are varibous types of interference that can cause falsg PIND
test rlesul ts. These can be fromexternal as well as internal
sourcels and nmust be mnimzed in order to achieve reliable rdsults
when qerforning PIND test.

10.1 External
10.1.1 Electrical

External electrical interference may create spikes that wll
falsely trip the detection indicator during testing.
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10.1.1 Electrical (Continued)

The problem may be caused by other equipnment |ocated in the sane
general area that share the same electrical power supply as the
PI ND equi prent . Unwanted signals may be el ectronmagnetically
coupled to the PIND detection system corrupting the desired
particle detection signal levels. Gound loop conditions in the
same el ectrical suppIY system conduct and produce unwanted noise
to the systemas well. | nproper signals are alSo~{ransnitted
through C U ) DOWE i ES, DA i (0 a V<IWITE a | ne
filtering/conditioning is inadequate.

Sonme typical exanples of noise generating ec tlest
equi pment, conputers, radio/TV transmtter: ‘ or escent
lights, air conditioning systens, conp hgavy
machi nes| equi prent novers (e.g., forkli

i pnent rmnust | be
PIND test will| be
rence to deternine
[ proper power |fne

The power source to be used for
noni torgd continuously for a peri
perfornmed during nornmal conditigns
I deal equi prent | ocation
i solatiop, shielding and fil

\/

berface, such as a l|ne
to elimnate electrigal

The use|of an electrica
condi tigner is
i nterfergnce.

10. 1.2 Acousti cal

QNS created by various equi pnent [can
during testing. This is due to fthe
of the acoustical transducers and [the
ain of 60 dB) of the system  Sone
Interference are conpressors, pressurifzed
oven doors opening and closing, air guns
en when acoustic-waves are weak and/or | ocated
RYND tester in the same open area, this noise |can
I ndi cati ons.

Sound-wayes and’ R
also indicate f@

extrenely sens
associ at ed elestron
condi tions :

t anks bg
bei ng uée
renmotel y|frc
of ten cause

10. 1. 3 Mechanica

Traffic [nareas where PIND test is performed is a source of [the
mechani cal” Noi S€ 1 nterference. Fans, air conditioning units,
various equi pment in operation, and personnel in the vicinity
generate nechani cal vibration noise. Sonme exanpl es of operator-
generated interference are talking, sneezing, coughing, keys, coins
or jewelry jingling, slanm ng doors, etc.

Due to the high-sensitivity of the transducer, sharp sounds may be
detected by the PIND test equipnent.
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10. 1.3 Mechanical (Continued)

In sonme cases, to prevent acoustical or nechanical noise from
interfering with the proper operation of PIND test, the equi pnent
may have to be located in an isolated room which has been insul ated
agai nst extraneous acoustical, EM and RFI noise.

The PIND test equi pnment should be placed on a bhench free from
nonessential objects and equi pnent. The equi pment/ nust{ be nounted
on a stfable base. The roomior PIND testing sho 5i ons
for stlorage of devices, |1ogs and records, bsary
materidls, separate fromthe bench of the Pl )

The test devices should be free of
particlles. Leads of certain nass
undesi rlabl e resonance, but | ead dress s
not todch during test.

Ici ng
may produce
that |eafls do

10. 2 | nternal

Sone ngise is generated from the self, fromthe digita
circuitry, mcroprocessor and Qm ¢t Aal og systens, suc¢h as
amplifilers, preanplifiers @ ) Qrs, detectors, etc.

proper grounding, and the
in the preanplifier [gain

The noise |evel
use of | | ow noi sg
section

The int woni tored on the continual basig, to
deterg_ as threshold, or correcting inpfoper
gr oundi

10. 2.1

The fol
is fred

gd-may be used to determ ne whether a test |area
ence. The PIND equkfnent shoul d be operat¢d in
a manudl node for an extended period of time at 0.1 g @
60 Hz t y ion. Any threshold voltage change exceeding the
set leyels isyan indication of excessive interference.
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SECTION |V

CPERATOR EDUCATI ON AND TRAI NI NG

1.1 Introduction

Expertise in the various device-nounting-techniqu care and
handl i ng of equi pnent and know edge of the operatiQps 'ofk_the PIND
system p@re primary requisites tor an operator (4)< ° di tijon,

his or her background know edge of the reasons fx and
reject fidentification requirenents is alsg t he
reliabiljty of PIND testing.

The traiping of operators to perform Pl ND 4 sive. This
may requjre approximately 10 to 20 hours this may be
cl assroom i nstruction) dependi ng upgn Ui poent  set up and
experience | evel of t he operator and\the/indivitual's ability to
grasp copcepts and denonstratg prof{ chenc gpator selection is
al so an [inportant factor, sgincectt : ical requirenmgnts
regardi ng vision, hearlng ang

The foll pwi ng paragraphs outl{in chyof training, testing|and
certification of operators to\p M\PNND t est Peri odi ¢ on-t|he-

job traipning and aud] t \clhiecks st results and perforngnce
may be done to provindeNf eedbask t@ Yoperators to inprove their
know edge and test| ng ' pf ocedures and traini ng nmethods
are suggest ed S i nements and changes nmay be mnade
to suit|a gi6§§> S based on work environnent fand
internal| practiCe

| nstruct ficient know edge on nost aspects| of

PIND teg set-up and should possess dood
conmuni ¢ Cami liarity with related assenbly processes
and basi waS|s steps are also desirable.

1.2 Part|i Noi se Detection Test Training

The fol ljlowi ngctraining nethod may be used to certify operators|to
perform [Pl ND-test in order to establish a nethod of docunentat| on
and traijnkng standards of this operation. | nformation materj al

from manufiacturer’s equi pnent operation manuals, test nethods fjrom

mlitary specifications and references listed in this Publication

wll be
and proc

1.3 Mate

)

2

Pa
Eq

useful in the preparation of operator training materi

edures.
rials and Equi pment Needed

Noi se Detection (PIND) Operator

rticle Inpact
Pr ocedur e.

ui pment as referenced in PIND Qperator

al s

Pr ocedur e.
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