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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SURFACE MOUNTING TECHNOLOGY -

Part 5-1: Surface strain on circuit boards —
Strain gauge measurement applied to chip components
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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization,comp

-operation on all questions concerning standardization in the electrical and electronic fields¢ To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Re|
blicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG.Rublication(s)”).
pparation is entrusted to technical committees; any IEC National Committee interestéd’in the subject dea
by participate in this preparatory work. International, governmental and non-governmental organizations li
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizati
landardization (ISO) in accordance with conditions determined by agreement<between the two organizati

nsensus of opinion on the relevant subjects since each technical ,committee has representation frq
erested IEC National Committees.

mmittees in that sense. While all reasonable efforts are made to ensure that the technical content g
blications is accurate, IEC cannot be held responsible for‘the way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible in their national and regional publications. Any divergence be
y IEC Publication and the corresponding national @Fregional publication shall be clearly indicated in the

C itself does not provide any attestation of conformity. Independent certification bodies provide conf
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fg
rvices carried out by independent certification bodies.

users should ensure that they have the latest edition of this publication.

embers of its technical committe€stand IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn to the‘Normative references cited in this publication. Use of the referenced publicati
Hispensable for the correct application of this publication.

C draws attention®to the possibility that the implementation of this document may involve the use
tent(s). IEC/takes no position concerning the evidence, validity or applicability of any claimed patent rig
spect thereofs As of the date of publication of this document, IEC had not received notice of (a) patent(s),

b latest information, which may be obtained from the patent database available at https://patents.iec.ch
all/hot-be held responsible for identifying any or all such patent rights.

rising

national electrotechnical committees (IEC National Committees). The object of IEC is to promete international
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hy be required to implement this document. However, implementers are cautioned that this may not repfesent

. IEC

IEC
technology. It is a Technical Report.

TR 61760-5-1 has been prepared by IEC technical committee 91: Electronics asse

The text of this Technical Report is based on the following documents:

Draft Report on voting

91/1915/DTR 91/1927/RVDTR

mbly

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Report is English.


https://iecnorm.com/api/?name=9432d2e850e09f63c85efff9d822133f

IEC TR 61760-5-1:2024 © IEC 2024 -5-

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 61760 series, published under the general title Surface mounting
technology, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e withdrawn, or

e revised.

IMRORTANT - The "colour inside" logo on the cover page of this document indicqtes
that it contains colours which are considered to be useful forthe correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This Technical Report applies to electronic and electromechanical circuit board assemblies and
describes current best-practices for dealing with mechanical stress induced cracks in the body
of surface-mount ceramic components soldered onto circuit boards.

Circuit boards are becoming smaller and thinner, design margins are decreasing, and
components are becoming more sensitive to mechanical stresses. In consequence in-depth
strain control on a circuit board is getting more and more important to prevent mechanical
damage to components.

This|Technical Report is an informative document which serves to illustrate the technically
feasible options and provides a basis for customer and supplier discussions and agre€ments.
It is pased on many years of experience of component manufacturers and users,in measyiring
surfgce strain on circuit board surfaces during various assembly processes. It is not intepded
to bg regarded as a specification or standard. Formulations and data expressed in the foqm of
prov|sion such as requirements or recommendations do not claim to be pravisions and arg just
sugdested as the results of the discussion.

Related standards are gathered in the bibliography.
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SURFACE MOUNTING TECHNOLOGY -

Part 5-1: Surface strain on circuit boards —
Strain gauge measurement applied to chip components

1 Scope

This
of cr
cera
from
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For
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ISO
addr]

3.1
prin

maximum and minimum normal strains in a plane, always perpendicular to each other

orier

3.2
max

maximum valu€.of principal strain developed in the component body

Note
body

Terms and definitions

document describes examples of methods using electrical strain gauges for determin
tical mechanical stresses in assembly processes. These stresses can damage ehip
mic components, causing so called “bending cracks”. Area-array components are-excl
the scope of this document.

Normative references

e are no normative references in this document.

he purposes of this document, the terms and definitions given in IEC 60194-2 ang
wing apply.

and IEC maintain terminological databasésJofor use in standardization at the follo
BSses:

EC Electropedia: available at https://www.electropedia.org/

50 Online browsing platform: available at https://www.iso.org/obp

cipal strain

ted in directions for.which the shear strains are zero

mum principal strain

to entry:” Failure of a material or component will occur when the maximum principal strain developed
exceeds the limiting value of strain for a certain component.

ation

type
Ided

the

wing

and

n the

4 Damaging mechanisms of chip type ceramic components

4.1

Surface strain by board bending

When a board is bent, lands are pulled outwards and generate mechanical stress on the solder-
joints, electrodes or components (Figure 1, Figure 2). This mechanical stress causes defects,
for example a bending crack in a ceramic capacitor (Figure 3). The root cause of this defect is
the local strain at the surface on which the component is mounted.
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Tension Tension
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Figure 1 — Mechanical stress by board bending

™
N4
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Reprqduced with the permission of Murata Manufacturing Q-.
Figure 2 — Strain simulation, (,
\Z
.\Q)
Reprqduced with the permission of Murata MaTr\lfacturing
. xS . : .
Figure 3 — Ty&{cal bending crack at a ceramic capacitor
N
4.2 | Typical cracking mqg)es
Bending stress can r in any direction, see Figure 4 and Figure 5. The cracks were made
visibje by grinding@rpm the board side. The position and shape of cracks can be usgqd to
estimate the dir%‘ion of stress. The local strain at the position at which the componegnt is
moupted cau he cracks. Therefore, even if a board does not look bent, this defect gould
occur by Ité@urface stress or short time impact.
N

IEC

Reproduced with the permission of Murata Manufacturing

Figure 4 — Longitudinal stress
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4.3

Locql strains can occur in any direction, see Figure 4 and Figure 5. 3-axes strain ga

prov
prov

5.1

To pfrevent bending cracks described in 4.1 and 4.2, strain control on a PCB is needed.

Figure 5 — Diagonal stress

Measurement of local strain

des limited information on the strain state.

Crack prevention

Strain control

iges

de a full assessment of the strain state. The use of 1-axis or 2-axesi-measurenjents

The

bending strength of SMD for example can be determined.by the so-called substrate berjding

test,
com
PCB
mea
proc

5.2

ponent depends on various design and process factors (e.g. land size, solder quantity/

surement accuracy, measurement repeatability, and irregular stresses in asse
bsses, a certain safety margin is needed,(See Figure 6.

Margin !

Iy

Y

1

1 Various design.and
i process factors

]

Irregular stress J,f
~ > 4

.'f"

4

as provided in IEC 60068-2-21. However, the realmechanical strength of a surface mount

ype,

material/type, Cu foil thickness, strain rate,\etc.). Furthermore, considering the strain

mbly

N
1 1
Strain (control Bending
cfiterion strength

Figure 6 — Strain control and bending strength

IEC

Critical board design factors

5.21 Distance from circuit board cutting position

Components mounted close to a cutting or singulation position are at risk. A slit can reduce the
cutting stress if it is placed between the component and the cutting line. Also, a deep v-groove
can reduce the cutting stress.

5.2.2 Distance from screw clamping position

Com

ponents mounted close to a screw clamping position are at risk.
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5.2.3 Mounting direction

Risk can be reduced, if a components’ longitudinal axis is oriented perpendicular to the
maximum principle strain.

5.2.4 Warpage

Warpage can be the cause of surface stress when a circuit board is flattened when fitted into
the housing.

5.2.5 Orientation of the component related with the loading point

The [mechanical load to components is influenced by their orientation relative to the 'fqrces
applied to the board.

5.3 | Critical assembly process factors
5.3.1 General

In ggneral, an assessment of all processes which involve mechanical loads applied to populated
circuit boards is needed. This implies that such an assessment ne€ds to start after the| first
reflow cycle. All process steps, including solder paste printing for the second reflow side|(top
side], conveyor movement, pick-and-place etc. occurring after the first reflow cycle need {o be
consfidered. Further information on such processes is gathered’in Clause A.1.

5.3.2 Circuit board singulation

Stresses depend on the singulation method.

The |strain levels depend on various factors-For example, in the cutting process, the gtrain
levels depend on the wear of the blades, the-quality of V-groove and the machine settinggd. On
the gqther hand, in the milling process, the'strain levels depend on the tooling geometry angl the
machine settings.

5.3.3 Circuit board fitting inte the housing

Locdl stresses or short time.impacts can occur in this process, and these kinds of stresg are
sometimes overlooked. These stresses and impacts could generate strain on a circuit boalrd.

5.3.4 Screw clamp

In alscrew clamp*process, misalignment of screw holes, misalignment of the screwing topl or
an ekcessive tightening of screws (e.g. if screwing torque is not well controlled) might gengrate
a deformation and strain of the circuit board. In this case, strain occurs near a screw holg and
on a|ridgeline linking screw holes, see Figure 7. Special care needs to be taken if the sygtem
is mechanically over-determined (i.e., number of dearees of freedom of a system is less fthan
the number of constraints, e.g., if more than two screwing points exist along a straight line), as
bow and twist of circuit boards as well as mechanical tolerances of clamping surfaces can also
result in strains at circuit-board level.

In addition, if a sealing, thermal interface material or similar connection is established during
the screwing process, the compression of such material can also result in deformation and thus
strain on the circuit board.
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5.3.5

In ha
man
on ¢

irregular stresses on components. Furthermore, processes such as (removing a mounte
ted component might generate high irregular stresses to components. That is why gtrain

inse
man
is n¢g

5.3.6

Com
need

the fnost critical area on a circuit board and to. understand the stress levels in such a

Whe
com
streg

simuflation, etc. are needed.

6

6.1
6.1.1

The
to p
exps
requ

Figure 7 — Strain during screwing

Manual handling

ndling processes (e.g. manual connector insertion to circuit board, snap.into the hou

ircuit-board assemblies can occur due to different operators, and that might gen

hgement, considering such variations or irregular stresses, as well as worst-case scen
eded.

ICT (In-Circuit Test) / FT (Functional Test) / Programming on assembly level

plex strain states can occur in these processes,where a few of multiple (‘bed of nails’
les, touch an assembly at designated contactpoints. It is particularly important to esti

re support pins or many contact pins ¢entact the underside of an assembly bern

bonents on the opposite side, the possibility that these components are subjected to
s is high. To estimate such unexpected strain areas, experiential know-how or s

Fxample of an instructioh-on board preparation for strain measurement

General
Introductory statement

following 6.2%and 6.3 provide information on how to position and attach the strain ga
erform the strain measurements. It constitutes the example of an instruction base

rement; alternative methods can be used as well.

lal mounting of a large component or a heat sink, etc.), a wider variation’of loads exIrted

5ing,

rate
d or

Arios,

test
mate
eas.
eath
ocal
ress

Liges
0 on

rience.and best practice. The imperative mood used in some cases does not constitlite a

6.1.2

___Theory of sirain-gauge-measurement

An external tensile force (compressive force) increases (decreases) the electrical resistance by
elongating (contracting) a strain gauge. The change in electrical resistance can be measured
precisely. Normally, for strain measurement, a Wheatstone bridge is formed, see Figure 8. The
output voltage Ej (V) is calculated by Equation (1). The output voltage is proportional to a

change in resistance, i.e. a change in strain. Thus, strain is calculated by measured output
voltage, applied bridge voltage, and gauge factor.
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5
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Figure 8 — Resistor bridge for strain measurement

E :%xKxexE (1)

wheile
s the output voltage;

E |s the bridge voltage;
K |s the gauge factor;
e s the strain.

6.1.3 3-axes strain measurement

Wheh it is difficult or impossible to predict the angle of the maximum principal strain, a 3-pxes
straip gauge can be used to determine the maximum principal strain and the direction in which
it ocpurs. See Figure 9. The maximum pringipal strain ¢,,,, and the angle 6 are calculatgdd by

rosefte analysis, using Equations (2) and (3):

€max

IEC

Figure 9 — 3-axes strain gauge and maximum principle strain

1
Emax :E|:81 +é&o +\/2‘(81 —33)2-1-(83 —& )2 ‘ :| (2)
Den —q—
gzltan_1 M (3)
2 & —&

A 1-axis strain gauge measures the strain along the direction of the gauge. The use of a 1-axis
strain gauge can for example be related to space constraints in the surroundings of the
component to be analysed (see Annex A).
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6.2 Position of strain gauges (example)
6.2.1 General

Place the strain gauge at the same position as the component to be investigated. If it is placed
on the opposite side of the circuit board, the strain values measured will be significantly different.
For selecting the most suitable position of the gauges, all critical steps of the assembly process
need to be considered.

If a uniaxial strain gauge is used, the axis of the strain gauge needs to be aligned with the axis
of the component. The measurement grid of the strain gauge needs to be present on both

soldgrimgpadsof the componentandthe size of the straimgauge grid Teeds to be adapted to

the dize of the component.

In the case of a rosette gauge, the first layer of the rosettes needs to be aligned with the
longitudinal axis of the component.

6.2.2 Determination of critical positions on a circuit board
6.2.2.1 By experiment or experience
Fronp experience or experimental assessments, critical strains gould be generated:

¢/ near a cutting position and during insertion of the panel‘to the cutting blades,
¢/ near a screw hole,

¢/ on aridgeline linking screw holes,

¢/ near the back side of support pins or many.contact pins, and

o[ near alarge component.

6.2.2.2 By simulation

at thle position of the componentsat’least along the axis of the component as well as in the
perpendicular direction and at an angle of 45°, so that a full analysis of the strain stafte is
possiible. Simulation results need to be verified by experiments before use. Without addit|onal
simuflations and/or experimental assessments, a 3-axis strain gauge measurement needs {o be
dong in order to reliably detect critical strain levels.

Critigal positions can be determined byisimulation. The simulation needs to determine the ajl:rain

6.2.3 Rules for determination of sample size for performing the investigations

Expgrience had*shown that it is sufficient to measure at the most critical position using 3-pxes
straifp gauge\.if there is enough space to use a rosette gauge. If space does not permit thg use
of a fosette.gauge, the strain state (direction of maximum principal strain) needs to be assepsed
basdd ©n-additional measurements with uniaxial gauges or mechanical considerations, e.g. by
simullations  In deciding the number of circuit boards to be tested, the process variationl and

operator influence needs to be considered.

NOTE The number of samples will be different in case of a process qualification or of a failure investigation, where
a higher number of samples can become necessary.

6.3 Attachment of strain gauges (example)
6.3.1 Step 1 — Remove components

Removal of components within the attachment area, e.g., by de-soldering. Remove solder
residues carefully to achieve a flat surface. See Figure 10.

NOTE The removal of components within the attachment area generally affects the strain state at the measurement
location. Component removal needs thus to be restricted in as far as possible.
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6.3.2

Figure 10 — De-soldering of components

Step 2 — Polish the attachment area

Gring an area larger than the size of strain gauge either by sandpaper or fibre-glass p¢n to

remd
sand
grit n

Remove grinding residues from the surface by polishing with-a piece of cloth wetted
acetpne or isopropyl alcohol (IPA). See Figure 11.

Che

spedification.

Reprd

6.3.3

MarK
Figu

ve solder residues and make the board surface smooth. Select type’ and grit o
paper following the recommendations provided by the suppliers of strain gauges. Com
umbers are #300 or #400.

k the smoothness of surface whether it complies te’the requirements in strain g

IEC

duced with the permission of Murata Manufacturing

Figure 11 — Polishing the attachment area

Step 3= Indication of attachment point

the attachment point and orientation of the strain gauge, e.g., by use of a pencil.
e 12.

the
mon

with

huge

See

[1 axis]

— Base

Match each center of the
mark (above picture) and l_ Lead
strain gauge (right picture) IEC

| 1

Strain detectable
direction

Reproduced with the permission of Murata Manufacturing

Figure 12 — Marking of the attachment point
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6.3.4

Step 4 — Application of instant glue

Cyanoacrylate instant glue can be used for strain gauge attachment. There are different
procedures for applying glue to strain gauges:

— Apply glue to a polyethylene sheet. Then the strain gauge is taken by its leads and a thin
layer of instant glue is applied to the reverse side of the strain gauge as shown in Figure 13.

— As an alternative procedure, glue can be directly applied to the strain gauge already placed
near the measurement location (see Figure 14).

As there is a variety of make and types of strain gauges, specifying a default glue volume and

thickessTs ot possibte—The Stralm gauge Suppier Teconmmendation regarding straim_g
attaghment needs to be taken into consideration (see 6.3.5). (1/
r\.

Reprg

Key:

5\0‘ ’ IEC
%

duced with the permission of Murata Manufact&@@;

Figure 13 — Application %@ﬁe by transfer from polyethylene sheet

a) Direct application of glue b) Attachment to board

GA: Gauge
GL: Glue

Reproduced with the permission of Robert Bosch GmbH

Figure 14 — Direct application of glue

huge
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6.3.5 Step 5 — Attachment of strain gauge

Attach the strain gauge at the position marked in step 3.

Cover the strain gauge with a polyethylene sheet and push the attachment area down using
finger pressure, following the recommendations by the supplier of strain gauge for the degree
of pressure and application time. It needs to be assured that there are no entrapped air bubbles
present under the strain gauge and that glue being displaced during the attachment process
from underneath the strain gauge is present all along the perimeter of the strain gauge (see

also

Fix t
deta

Ensy

7

7.1

Poor

If so
surfg
than

7.2

Unle|
from
dete
statg

7.3

Use

Whe
is al
depe
defo
circu

Typical mistakes and faults occurring in practice

6.3.4. and recommendations by strain gauge supplier).

ne leads to the circuit board by use of a tape to prevent movement of the leads, which
Ch the strain gauge.

re the instant glue is fully cured (above 1 hour) before performing the measurements

Strain gauge attachment

attachment of the strain gauge can be the cause of low stfain detection.

me area of the strain gauge is not attached properly~to the surface (e.g., contamin
ce, insufficient instant glue, insufficient curing timeyetc.), the measured strain will be
the actual strain.

Wrong type of strain gauge used

ss the strain state and in particular the'direction of the maximum principal strain are kij
experiments or simulation, 1-axis_or 2-axes measurements involve a high risk o

s on a populated circuit board, the use a 3-axes strain gauge is beneficial.

Circuit board without. components is used

pf a circuit board without other mounted components can result in poor measurement

h a strain gauge measurement is carried out in an assembly process, a circuit board w
eady assembled up to that process step needs to be used. Measurement accuracy
nd on previously mounted components. For example, a large component tends to in

mferepce of a large component could not be detected.

7.4

Irfeqular stress is not considered

The strains which occur in processes are roughly divided into the two types below:

steady strain caused by working methods;

can

ated
less

own
not

'mining the maximum principle strainvwhich could cause a failure. To assess complex gtrain

hich
can
hibit

‘mation dnhya circuit board. As a result, if the component is missing, a large strain i the

unexpected strain caused by irregular works (rework, retouch, manual adjustment,

change of tools, etc.).

Especially during handling processes, there can be a wide variation in how operations are
undertaken by each operator, and these could generate irregular stresses to components.
Therefore, it is necessary when investigating the causes of strain, to assume various irregular
operations.
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7.5

Insufficient measurement settings

Strain measurements are sensitive to sampling frequency as well as data signal bit width and
strain signal limits. The following considerations regarding the sampling rate are important:

The

o For low strain rate assembly processes, e.g., mechanical assembly by screwing in a

housing, a minimum sampling frequency of 500 Hz is needed.

e For high strain rate assembly and testing process, e.g., in-circuit testing on a bed of
nails or single-pin insertion in compliant press-fit technology, an assessment of the
required sampling frequency needs to be undertaken. Sampling frequencies of 2 000

kHz are typical.

to investigate if strain excursions related to high-frequency events could occur:

signal. The data reading frequency normally is at least 2 times the Nyquist freqUency.

8

Evaluation of data and report

The maximum principal strain and the angle can be calculated by‘roesette analysis. See 6.

The measurement results can be used to estimate the risks of'‘assembly processes as desc
in Clause 9 with consideration of the following:

a)

b)

o/ type of board material,

o] shape of solder fillet,

o/ solder material,

o/ land pattern shape and dimensions,
o/ thickness of land pad, and

o/ the board design surrounding the measurement point.

D

if the angle.between the longitudinal axis of a chip type component and the directi
maximum principal strain is 90°, the actual stress to the component terminations is
low, but

inrcase the angle is different to 90°, the strain is transferred into the component.

o/ If measured data appears to be truncated, the measurement frequency can be incregsed

sample rate can be determined using fast Fourier transformation analysis™of the gtrain

.3.

ibed

Tlhis method is measuring the tensile stress on_the surface of a circuit board withouf the
sjpecific component attached. But the actual strain force applied to the component bofy is
transferred by the soldering fillet. Its value is.mainly determined by the following factois:

Tlhe orientation of the\component axis relative to the angle of maximum principal strgin is
ssential to estimate 'the actual strain force applied to the component body. For example,

bn of
very

The‘factors listed under a) and b) above determine the value and the point, wherg the

maximum stress iIs located Inside the body (trigger point for component crack).

hus,

unfortunately, it is not possible to calculate the actual stress to the component body by use

of the simple Equation (4):

€comp =¢€max XCOSa (4)
where
ecomp IS the actual strain applied to the component;
e€max IS the highest measured strain;
o is the angle between the direction of highest measured strain and the component

longitudinal axis.
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See also 4.1 and 4.2.

Only by an in-depth investigation including trials and physical analysis of the components, e.g.
by cross sectioning, it can be determined, if the highest measured strain and direction is critical
for a specific component. That is why a large safety margin between strain control criterion and

bend

A me

9 Assembly process control

9.1

Wheh a machine or process is set up, the strain needs te_be measured at the most cr
posifion on a circuit board and confirmed to be below the specified control criterion. Experi
had shown that periodical strain measurements, especially after process or tool changes
esselntial to ensure that assembly stresses remain within the control criterion.

9.2

—Partumber mvestigated;

ing strength is setin 5.1.

asurement report needs to contain at least the following information:

Process and equipment investigated,;

Sampling rate and analysing electronics used;
Strain gauge type used;
Measurement results;

Location of gauge (including photographs).

Machine/Process capability

Machine maintenance

tical
Bnce
are

Process control regarding all processes affecting the strain state of circuit boards is a key factor

tom

key factor to mitigate risks. For example, in the circuit board cutting process, blades need

tigate risks. This typically involves-machine maintenance within appropriate periods

is a
o be

charlged after a specific number of Cuts before getting blunted. In the ICT/FT process, support

and measurement pins need to-be periodically checked in order to prevent the occurren
damaged or jamming pins.

ce of

Wheh performing a risk,_evaluation to consider all the factors which have influencé on

measurement resultsyarisk analysis check list of machine parameters affecting strain co

is hg

Ipful.

ntrol
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A1

Annex A
(informative)

Examples and relevant processes

Typical measurement results — Press-fit operation, Example 1

Clause A.1 shows an example of good practice in achieving measurement results. Figure A.1
shows a dosing control unit for the exhaust treatment system of passenger vehicles consisting

of a
inse
exer

ing considerable stresses on the circuit assembly and thus an analysis of the strain

pr is

ted prior to assembling the housing. The insertion of the press-fit connector is a-process

state

is mandatory to assure that strain levels on multilayer ceramic capacitor (MLCCs) comporjents

don

Reprd

The
pote
and
the
gaug

bt surpass their bending strength.

IEC

duced with the permission of Robert Bosch-GmbH

Figure A.1 — Dosing contro] unit for exhaust treatment system equipped with a
connectorusing compliant press-fit technology

op and bottom sides of\the populated circuit assembly are shown in Figure A.2. MLC

Liniaxial gauges with*different orientations (parallel and perpendicular) to the long ed
Circuit assembly ;and the connector footprint have been attached. The positions o
es are color coded.

Reproduced with the permission of Robert Bosch GmbH

Cs in

htially critical locations:in the proximity of the press-fit connector have been de-soldered

e of
the

Figure A.2 — Top and bottom side of circuit assembly of dosing control unit with strain

gauges replacing passive multilayer chip capacitors
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Sampling frequency: 1 KHz
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plor dots indicate the positions of the gauges as shown in Figure A.2

Figure A.3 — Strain measurement evolution for the different
strain gauges during the press-in process

measurement results obtained for the different strain gauges at a sampling frequen
press-fit pins come into contact with the-gircuit assembly after roughly 1.2 s. The pre

ending strength of the MLCCs usedin this assembly.

Typical measurement results — Press-fit operation, Example 2

es and gauge placements during the insertion of a press-fit connector into a popu

syst

presg-in operation, only a uniaxial gauge can be placed exactly in the position of the compag
investigated'due to its small size. The readings from a triaxial gauge mounted as clq

bein

it board. Figure A-4:is showing the populated circuit board of a control unit for the a
m of passenger;vehicles. Due to keep-out zones related to the tooling required fo

z are shown in Figure A.3 by plotting the measured strains (y-axis) versus the time (x-4

ation is completed within about 1 s. Theshighest measured strain of 600 ym/m is well W

Cy of
Xis).
5S-in
ithin

se A.2 shows an example of good practice in achieving measurement results with diff¢rent

ated
rbag
r the
nent
sely

as ppssible toythe component locations are lower than the readings from the uniaxial ggquge,

whic

indicates that the strain decreases with the distance from the press-fit connector

valugs in_Table A.1). Even lower values are obtained with a triaxial gauge mounted nea
component investigated. The use of a uniaxial gauge is therefore preferable in this parti

(see
r the
cular

situafion (with tight space constraints) for obtaining the final reading tor releasing the process

after

a preliminary investigation of the directional and spatial strain distribution.
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