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Abstract: For users of mobile phones is
important to have product with high quality
and assured liability of work. This research
work deals with problem to achieve higher
quality of the mobile phones with task to not
increase the price of the end product. This
can be achieved making more exact the
control set of circuit boards through better
calculation of the dimensional chain
parameters tolerances taking into account
uncertainties. This work gives theoretical
base for the calculation of dimensional
chain of the control set involving
uncertainty estimation principles and built
up the model for dimensional chain
calculation which describes also specific
corrections from the influence factors.
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1. INTRODUCTION

Use of the mobile phones is widened
progressively over the entire world. For
users is important to have product with high
quality and assured liability of work during
its life time. Production process correctness
is one of the most important factors to
assure the required quality of the end
product. For the inspection of production
process important part have measurements,
testing and inspection operations.

For the mobile phone one of the main parts
is circuit board. Important quality parameter
is exactness of the measures of circuit
board. Parameters exactness shall be
optimized but not to be exaggerated. To
much high exactness is cause for the high

price of mobile phone which is reason for
the low competitiveness of the product.
Control set of the mobile phone circuit
boards is used as calliper to inspect
measures and its tolerances. Circuit boards
shall have concrete measures that later
assembling is possible to carry out with
needed quality. Assembling shall take short
time, be accurate, carry out by automated
equipment, but have low cost as possible.
For the control set is important to design its
main parameters and tolerances using
dimensional chain calculation. Main goal
for the dimension chain calculation is fixing
of tolerances and limits to all measured
parameters in chain and they must be
optimized. Up to now calculation of the
dimensional chain is based on the
mathematical and the probability theorems.
There was no place for the uncertainty
estimation principles which are used by
measurements, testing and metrology. Use
of uncertainty principles allows to estimate
far more appropriately factors influenced in
the practice.

This research work introduce theoretical
base for the calculation method of the
dimensional chain for the control set of the
mobile phone circuit boards taking into
account  uncertainty  evaluation and
estimation principles used by
measurements. Such approximation is novel
in this field and allows achieving better
quality of the end product, but not causing
increase of the price.

Main task is to build up the model of
dimensional chain calculation describing
specific conditions in producing and
calibration of the control set. Objective is to



reduce the chain dependent link tolerance
and limit deviations.

Results of this research works are used in
practice for the testing and calibration of
control set in the Estonian plant.

2. THEORETICAL GROUND

In most cases electronic devices consist of
components and details which have
dimensional measures. Measures are
dependent on each other and they built up
dimensional chain.
Dimensional chain calculation is widely
used by design of new apparatus, machines
and mechanisms. Goal of such calculation
1S to estimate dimensional measures, its
tolerances and limits to the dependent link.
For mobile phone design, dimensional chain
calculation is used for the circuit boards and
control set linear parameters. Control set
arrangement is similar which is used for the
mechanical callipers.
However, dimensional chain calculations,
nevertheless as min-max or probability
method is used, do not take into account
directly variation of parameters which is
caused by calibration and exploitation
conditions or caused by time and structural
changes of gadget details materials.
Especially have influence environment
temperature and moisture and pollution and
also mechanical vibration and socks, which
can cause variation of parameters values
during practical use of the control set.
On Fig. 1 is shown simple dimensional
chain schema for the control set. Chain
links have tolerances assigned by designer
and prescribed on technical specification.
Dependent link, in general case expressed
as Y, value can be found through functional
dependence from the dimensional chain
other links parameters or input values X; (i
=1, 2, .., N) with its tolerances by
equation:

Y = f(Xl, Xz,.., XN) (1)
Links parameters are calculated using next
well-known formulas. Dependent link
dimension Ap is calculated through other
links dimensions A; by equation:

Lll’lk A1 >
@) d
A
@)
Fig. 1. Dimensional chain for the

elementary control set of mobile phone
circuit boards. Shown symbols are:

O - guide bars, at least two pieces;

[] - needles as contact elements for the
control of circuit board elements.
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where &; is direction coefficient.

Dependent link tolerance Tp is calculated
using min-max method through other links
tolerances T; by equation:

T :Zn:|Qi|'Ti’ 3)

where Q; is sensitivity coefficient.

Middle value MEp of the dependent link
tolerance Tp is calculated through other
links tolerances middle values ME; by
equation:

ME, =D& -ME,. @

Measurement uncertainty theory was
introduced during last 25 years combining
statistical probability methodology and
estimation of factors influence, which can’t
to be involved directly as random values.
Key introducer was National Institute of
Standards and Technology (NIST, USA).
This methodology are now used all over the
world by measuring instrument calibration,
measurement procedures and testing and
given in GUM [']. Methodology can be
used also for mechanical design
calculations with exception that pure
statistical component of uncertainty can’t to
be found in this case. Core steps of the
uncertainty estimation are as presented next.
Uncertainty is expressed as the standard
combined uncertainty U, which consists of



the uncertainty U calculated by using
statistical methods and of the uncertainty ug
found by using other methods. For the
procedure used by testing of the control set
the statistically calculated uncertainty U, is
missing because the measurements are as
rule not multiply repeated.

Combined uncertainty Ug is found through
estimation of standard uncertainties caused
by individual factors i. Combined
uncertainty Ug is calculated by equation:
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u= \/UMI +uSP +URES +uENV +uMO (5)

In the equation (5) are given main grouped
factors, where Uy is uncertainty from the
measuring instrument, Usp iS uncertainty
from the specific conditions, Uggs 1is
uncertainty from the resolution of
equipment and method, Ugny 1S uncertainty
from the environment conditions and Uy 1S
uncertainty from the object under test. Each
uncertainty has  concrete  sensitivity
coefficient. In equation (5) sensitivity
coefficients are shown as 1, i.e. uncertainty
components are estimated on the same
influence level. Expanded uncertainty U
must be found using coverage factor k=2,
which gives probability level ca 95 % for
the estimated uncertainty.

Traditional dimensional chain calculation
implement standardized tolerances values of
parameters, but do not considered the
change of parameters during production
process or during practical use of product.
More widely is under discussion to use
above two theoretical approaches in
combined form. Such methodology was
given for the chemical testing by [*]. Work
presents determination of measurement
results and associated uncertainties when
prior physical knowledge of the quantities
concerned is available and gives an example
concerning the determination of an analyte
concentration. Tolerances correction taking
into account factors influence by calculation
of dimensional chain of mechanical design
was introduced in [*].

This study work combines calculation of
dimensional  chain and  uncertainty
estimation principles. This allows to find

factors which have greater influence to the
object parameters deviations and gives
possibility to make it more minimal in
optimal way. Result is smaller tolerances
without causing increase of the price.
Taking into account both above theories
input values X can be observed as values,
which depend on other values including
hidden systematic effects and variation of
values. As results are correction factors
with sensitivity coefficients. They can be
expressed through complicated functional
dependence, but them is hard correctly to
describe mathematically. Using uncertainty
methodology, correction influence can be
estimated more suitably.

Then functional dependence from the input
values X shall be observed as combined
function including dimensional chain links
values X; and corrections C; using next
equation:

Y = (X1, X2,.., Xa , C1, Ca,.., Cp)  (6)
Because X; values are theoretical random
values with deviation and its true values
can’t to be exactly found, then shall be used
as input values its estimates X;. Estimates of
input values Xx; for the dimensional chain
can be presented as given in equation:

X; = A+ A +...+ oA (7)
where A; is nominal value of dimensional
chain link, JnA; is correction for the
measures A; depending on m influence
factors.

3. INPUT PARAMETERS VALUES
UNCERTAINTY

In practice the final quality of circuit boards
is inspected using control set. Therefore is
reasonable firstly to concretised
requirements for the control set. Essential is
to estimate more a less all factors having
influence to the control set accuracy
parameters. This allows through analysing
and proving to estimate factors which have
more influence and ways to minimize them
taking into account economical aspects.

On Fig. 2 is shown view of the elementary
control set. Dimensional chain schema is
given on Fig. 1.
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Fig. 2 Simple control set for testing of
circuit boards of mobile phones

Both Figures help to find main values
which have influence to the calculation of
dimensional chain links.

Influence factors for the control set,
grouped accordingly to the general equation
(5), can be presented as next:

- control set and its linear parameters;

- production and calibration procedure of
the control set;

- environmental conditions and its variation;
- object under testing (control set) quality
and its behaviour during testing;

- other specific conditions and factors.
Components of uncertainties for the above
summarized factors are as follows.
Uncertainty components of the control set
dimensional parameters are:

- tolerances of guide bar;

- tolerances of needles;

- tolerances of length measures;

- geometrical tolerances of link dimensions,
parallelism and angularity;

- geometrical tolerances of guide bars and
needles — rectangularity.

Uncertainty components for the calibration
procedure of control set are:

- kinematical factors mainly as velocity of
testing of parameters;

- dynamical parameters of testing, mainly
caused by conduct force and mass of
control set;

- calibration of standards and equipment.
Uncertainty components caused from the
environment and its variation during use of
control set are:

- change of parameter value through
changes of temperature;

- humidity of environment.

Uncertainty components from the control
set quality and its behaviour during testing:
- control set details elastic deformation;

- placement of control set;

- material temperature and humidity during
testing.

Uncertainty components from the other
factors are as follows:

- wearing of control set (dimensions drift);

- personnel individual characteristics;

- unexpected changes and variations which
can be found as pooled uncertainties.

All above uncertainties shall be summarized
using equation (5). Each factors sensitivity
coefficient shall be estimated theoretically
and approved by practical testing results.

4. UNCERTAINTY CALCULATION

Correction factors d,A; in equation (7) can
be calculated if is known concrete initial
data in form of influence factors nominal
value and its standard uncertainty with
sensitivity coefficient. All those corrections
shall be taken into account for the
calculation of value of the dependent link
using equation (2). Corrections may have
value near to zero, but always have some
uncertainty. Correlation shall be taken into
account if exists, but more often
dimensional chain links are estimated as
independent values. Practically all measures
A; of the chain links are random values and
dependent link Ap correction, caused by
factors, combined uncertainty can be found
through summarising estimates A; + 0A; +

. + OonAi combined uncertainties U(A;) by

equation:
U(A))ﬂ/ZCfW(A), (8)

where C; is corrections  sensitivity
coefficients.

Corrected tolerance for the dependent link
Tp can be found by equation:

T, =t /i/i-Ti 9)



where t is risk factor, A is sensitivity
coefficient which takes into account
combined uncertainty U(A;) influence to the
tolerance.

On Fig. 3 is illustrated dependent link drift
caused by factor influence. Through careful
analyse of the influence factors can be

achieved  dependent link  tolerance
shrinking.
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Fig 3. Dimensional chain links movement
through factors influence

On Fig. 3 are used next symbols and terms:
- measures tolerances from the
technical specification;

measures  tolerances
excluded factors influence;

ES1; ES2; EI1 and EI2 - upper and lower
deviations of dimensional chain links 1, 2.
ES3 and EI3 - upper and lower deviations
limits of dimensional chain dependent link.
Calculation of control set dimensional
chain, which takes into account influence
factors and by them caused uncertainties is
given by an example as follows.
Dimensional chain (Fig 2) has links with
values A;=100h6 (-0.022 mm),
A,=(10+£0.005) mm and dependent link
Ap=A;. Conditions by the use of control set
are temperature (20+5) °C, humidity ca 60
%, exist vibration and shocks. Factors and
its estimated uncertainties which have
influence to the mobile phone control set
quality are given in Table 1.

Dimensional chain calculation with min-
max method gives dependent link
dimension Ap = A; + (-1)A2 = 90 mm,
tolerance Tp = T; + T, = 0.032 mm and
middle value of the tolerance MEp = ME;
+(-1)ME, = -0.011 mm. This gives
dependent link as A, =907 .

with

Table 1. Influence factors and its
uncertainties
Nominal Standard
Factor value, uncertaint
mm y, mm

Control set dimensional parameters

tolerances of guide bar | ¥5+0.003 | 0.0013
tolerances of needles | ©0.3+ 0.0008
top 0.002

tolerances of length | 100-0.022 | *
measures 10+0.005
geometrical tolerances | 0.010/100 | 0.0020
of links distances -

parallelism and

angularity

geometrical tolerances | 90°+0.1° 0.0006

of guide bars and
needles — rectangularity

Calibration procedure of control set

kinematical factors 0.0005**
mainly as velocity by
testing

dynamical parameters 0.0015%*
of  testing, mainly
caused by conduct force

and mass of control set

calibration of standards | 0.002/100 | 0.0010

and test equipment

Environment and variation during use of
control set

variation of temperature | +5 °C 0.0020

humidity of | 20 %rel | 0.0001

environment

Control set quality and its behaviour during test

control  set  details 0.0010**

elastic deformation

placement of control set | 0.002/100 | 0.0010
Other factors

wearing of control set | 0.001/100 | 0.0005

(drift of parameters)

testing personnel 0.0005%*

individual

characteristics

2Uu(A)=0.0039 mm; U=0.0078~0.008 mm

Remarks: * included in dimensional chain
calculation; ** by experts estimated value.

This method adds corrections to the found
dependent link dimensions taking into
account influence factors given in Table 1.
Correction influence to the dependent link
tolerance is involved through combined
uncertainty value which is multiplied with
sensitivity factor. Sensitivity factor should
be found through mathematical equations



but usually this is hardly be done and
widely are used experimental data.

For example, correction factor for the link
measure A; through change of temperature
can be calculated using equation:

AA= a (20 °C - ty) Ai (10),
where o is temperature factor for linear
expansion of the material and t, is working
temperature. Combined uncertainty of
linear measure related to the temperature
and linear correction factor variation can be
estimated using equation (10). Sensitivity
coefficients are found through partial
derivatives. U(AA)=

factors for the users. On Fig 1 is shown new
tolerance for dependent link in pointed
structure. For the link 3 in our case the
tolerance can be made with less value ca
(10-20)%  than was initial  value.
Economical losses for the control set
assumed to be staying the same as were.
Exact economical data are companies’
confidential property.

5. CONCLUSION

Mobile telephone circuit plate control set
parameters tolerances can be corrected

Jut(a)-20°C—t) - A7 +uP () o - A2 +ul (A )-a? -(20°C -t

(11)
Standard uncertainty from the temperature
+5 °C is estimated by equation:

UAt) =5/4/3=2.9°C (12)
Uncertainty  from  measurement  of
temperature =1 °C is u(Atm) =1/4/3= 0.6 °C.
So, combined standard uncertainty from
temperature U(t;) = u(At) = 2.9 °C.
Uncertainty for linear expansion correction
factor for details made from Trolitax with
a=10"°C" is:

u@=10"/43=03-10°°C"  (13)

For the link A 1 the combined uncertainty of
linear size change depending on
temperature and linear correction factor
using equation (11) is U(AA))= 0.002 mm.
Analogically are calculated or estimated
through experimental approve all influence
values of factors. Table 1 data shows that
estimated  expanded  uncertainty @ is
U=+0.0078 mm, or as tolerance fields value
2 U=0.016 mm. Tolerance by calculation
was Tp=0.032 mm, i.e. uncertainties gives
ca 50 % for the tolerance field. Found data
shall be deeply analysed to present key
influence factors which can be reduced
more economically. Analysing above
uncertainties issue, realistic is to reduce
them by (10 —20) %.

If concrete systematic deviation values
can’t be calculated or they have some
variation, then they must be analysed taking
into account as uncertainties or limiting

taking into account influence factors as
ncertainties. Excluding factors influence
by deep analyse, dependent link tolerance
can be minimized up to 20% without rising
economical expenses.
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