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RELIABILITY OF CONVEYOR CONTROL MODULES

Written By: lvan Petrov

ABSTRACT

The aim of this paper is to brief customers about the reliability of the conveyor control
modules manufactured by Industrial Software.

It provides information about the quality control and reliability evaluation methods and
procedures during the design and manufacturing phases.

The failure rate calculation is based on records obtained by monitoring of more than

100 000 modules, operating at customers sites for a period of 7.7 years.

MTTR calculation is outlined.

The above data can be used by the customers as reliable information in order to estimate
the reliability of their own conveyor systems.

KEYWORDS
Conveyor control module; reliability; exponential distribution; failure rate; MTBF;MTTR;
part count prediction; life test.

1. INTRODUCTION
Reliability is the ability of a system or component to perform its required functions under
stated conditions for a specified period of time [L4].
We consider the control modules as an extremely important component of the conveyor
systems. Therefore maintaining high level of product reliability is the basic priority goal for
Industrial Software management.
Steady work is performed at all product phases, in order to maintain high products quality
and reliability.
Advanced design techniques, careful calculations, high quality components selection, as
well as broad range of measurement and test procedures are performed throughout the
complete product design and development phases.
Each module family is subject to EMC/ESD certification by authorized laboratories.
Manufacturing is performed in an ESD (Electrostatic Discharge) controlled environment.
Each individual module is subject to comprehensive automated optical inspection, double
in-circuit tests, temperature treatment (ageing), functional test as well as repeatedly
visual inspection procedures.
Comprehensive Database records are kept for each individual module.
Regular monitoring is performed during the ‘after — sale’ period: reported claims,
analyses, conclusions, corrective actions.
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2. GENERAL CONSIDERATIONS
Every product and/or system has a failure rate A, which is the number of failures per
unit time of a product or of a system.
The time dependant failure rate A for a given population of electronic equipment is
illustrated by the familiar bathtub curve, shown in Fig. 1.
The useful life period is of primary importance for the customer - the customers intend to
receive products already after the infant mortality period.
Therefore, it is a normal practice to conduct reliability assessment for this life period of the
product.
The bathtub curve shows that the failure rate A(t) remains constant during the useful life
period.
When the failure rate is constant, the operating times between failures correspond to the
exponential distribution.
Basic terms and equations related to exponential distribution are outlined in Annex 1.
For exponential distribution the Mean Time Between Failure (MTBF) is the inverse of the
failure rate A (for details refer to Annex A), namely:

1
MTBF = = (1)
A
MTBF is typically represented in units of time (hours, years).
A Early Useful Life Failure Period ‘ Wear-out Failure Period
< (Infant Mortality) Constant Failure Rate Region ‘
o Failure Period \
& | |
(O]
=
©
L
.‘;:";/
|
| |
0 t1 ‘ 2
| S

Operation Time t
Fig.1. — The Bathtub curve showing the time dependence
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of the failure rate A throughout product life.

3. RELIABILITY ASSESSMENT DURING THE DESIGN AND
DEVELOPMENT PHASE.

The superior and most experienced part of the company’s human resources is engaged in
design and development activity in order to secure high quality and reliable product
design.
The elaboration of an operational model of the new product is the goal of the first step of
the design phase.
Repeatedly EMC and ESD tests are performed by using advanced test equipment (Fig.2
and Fig.3) during the entire design phase in order to meet the requirements of the
corresponding international standards.

Fig.2. Burst Interference Simulator — Schaffner NSG 225A, used for EMC tests.
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Fig.3. NoiseKen ESD Simulator ESS-2002, used for ESD tests.

A broad range of load-oriented test operations are carried out in order to evaluate the
control module driving capabilities.

Specially tailored, computerized Torque equipment has been designed to meet these
tests requirements — Fig. 4.
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Fig.4. Automated tester for torque-oriented test procedures.
The torque load can be smoothly controlled from O to 3 Nm.

Typical images illustrating torque-load tests
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Repeated reliability estimations are carried out during the design and development phase.
In addition, the advanced design techniques are supported by careful calculations, high
guality components selection, as well as broad range of measurement and test
procedures.

It is the usual practice (based on our professional estimation) to define MTBF in the frame
of 400 000 hours (i.e. A = 2.5 x10°) as a reliability goal during the design phase.

The reliability estimation for new module under design is based on the so called “part
count reliability prediction” method:

Ay = i A (2)
i=1

where:
A, isthe failure rate of the module

A;  is the failure rate of each separate component of the module

The component failure rates are extracted from different sources such as relevant
publications (like L1; L2; L7 etc.), from manufacturers’ data base sheets, from our own
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records etc. Collecting reliable data requires a comparatively long time. Obviously, all
these data are likely to be at least 10 to 15 years out-of-date. In other words, these data
reflect the information obtained from (and are valid for) the “yesterdays” components.
The components we are using “today” usually demonstrate better failure rates due to the
technology progress. Therefore, the reliability estimations during the design phase
are rather conservative!!!

As a result, an operational model of the new product is developed at the end of the first
step of the design phase.

The next step of the design phase is to produce 5 to 30 prototypes of the new product.

The manufacturing of the prototypes is based on regular production process - refer to the

chapters below.

The prototypes are subject of comprehensive functional tests, EMI & ESD tests and

evaluation.

The final step of the design phase includes manufacturing of several hundred units of the

new product (i.e. the pilot series) in order to conduct real operational reliability test, as

well as to apply for quality certification by independent, internationally certified

laboratories in accordance with the relevant ISO/EN standards. Industrial Software

products are certified according requirements of the basic standards outlined in Annex B.

The manufacturing of the pilot series is based on regular production process - refer to the

chapters below.

The operational reliability test is performed for approximately 300 000, number of units x

test operation hours, under the following conditions:

- All units are subject to prior infant mortality training (ageing), i.e. normal function
operation at 80°C for 72 hours (refer to the bathtub curve, Fig.1).

- Ambient temperature 10°C to 30°C

- Relative humidity 32% to75%

- Atmospheric pressure 95.6 kPa to 96.2 kPa

- Power supply 24 VDC (one of the products requires 110-220 VAC)

The calculation of the failure rate is obtained from the equation:
Number of failures
A S mmmmm e e (3)

Number of units under test x Test operation hours

The failure rates obtained during such tests vary from product to product with a value
between An= 1.5 x 10° and A= 2 x 10°®.
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The above figures correspond to MTBF = 666 667 hours, resp. MTBF = 500 000 hours.
These MTBF values are better compared with the design phase target MTBF value,
due to the conservative estimation approach followed during “part count reliability
prediction” as explained above.

Anyway, these figures are more reliable because they are obtained during real functional
tests, performed with real products, assembled by using real components.

4. QUALITY CONTROL DURING PRODUCTION PHASE
The production process at Industrial Software is organized according to
ISO 9001:2008 requirements.
The company’s suppliers and subcontractors are carefully selected and regularly
monitored.
PCBs are supplied by an ISO 9001:2008 internationally certified and regularly monitored
company SET <www.set.bg>.
Automated PCB assembly is performed in an ESD—free environment by an
ISO 9001:2008 internationally certified and regularly monitored company TREMOL
<www.tremol.bg>.
All treatment, testing, and packaging procedures of the assembled PCBs and complete
products are performed in strictly ESD controlled environment at Industrial Software
manufacturing department — Fig.5.
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Fig.5. Personnel ESD checking before entering the production workshop

Actually, the production process at Industrial Software premises is concentrated on a
broad range of step-by-step test procedures in order to secure a comprehensive quality
control. The major test procedures are illustrated in Fig. 6.

Comprehensive information for each particular module is recorded and stored into the

Manufacturing DATABASE. It includes data, obtained during the test procedures, visual

inspection procedures and manipulations — refer to Fig.6. The database information is

stored on 2 separate disk drives at Production Department as well as on the Company

Server. Furthermore, DVD back-up is produced at the end of each month.

The DATABASE is used as a powerful source dur
modules or during discussions related to problems at customer sites.
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B

PACKAGING & SHIPMENT
Data saved into Product DATABASE

Fig.6. lllustration of major testing procedures during manufacturing phase
4.1. Automated Visual Control
The assembled PCBs are subject to quality control for proper soldering and assembly
guality on VISCOM high performance automated optical inspection machine - Fig.7 and
Fig.8.

Fig.7. VISCOM High Performance Automated Optical Inspection Machine

12
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Fig.8. VISCOM High Performance Automated Optical Inspection Machine Room
A sample VISCOM screen image is illustrated in Fig. 9.
In addition, each fault is carefully analyzed on an additional PCB repair station according
IPC-A-610 — Acceptability of Electronic Assemblies — Fig.10. In case no definite decision
can be made on the additional PCB repair station, then an extra inspection is conducted
on high definition microscope when and as necessary in order to identify the nature and
the cause of the fault — refer to Fig.8.
This procedure allows not only to discover and record assembly and soldering faults, but
we also conduct careful analyses, and obtain knowledge and take the relevant corrective
actions for continuous improvement of the product manufacturing. All these data are
stored as module’s history into the DATABASE.

13
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Fig.9. Typical VISCOM Board Diagnostic Screen
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Fig.10.Repair Station Screen

4.2. Automated First In-circuit Test
The second quality control step of the assembled PCBs includes the first comprehensive
electrical in-circuit test on an automated, module oriented PC based testers (Industrial
Software design) — Fig.11, Fig.12 and Fig.13. The procedures are fully automated and the
results are stored as module’s history into the DATABASE.

15
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Fig.11. Automated module oriented PC based in-circuit tester

16



2748 Circleport Drive

CA) INSIGHT .
AUTOMATION Fax (859) 647-3610

www.insightautomation.cc

Fig.12. In-circuit Test Room
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Fig.13. In-circuit test sample screen image
4.3. Preliminary Functional Test
The aim of this testing procedure is to verify the operational capability of the assembled
PCBs under a MDR (motorized drive roller) load — Fig.14. The test is conducted on a
tester and is controlled by a special program (software). The results are stored as
module’s history into the DATABASE.
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Fig.14. Preliminary Functional Test Procedure

4.4. Temperature Treatment (Ageing)
The aim of temperature treatment is to ensure that products in the “infant mortality period”
are never shipped to the customer (refer to Bathtub curve — Fig.1). Ageing is conducted at
80°C for 72 hours, rated power operation mode — Fig.15 and Fig.16.

Each fault if any is carefully analyzed. The data are stored as module’s history into the
DATABASE.

Fig.15. Temperature treatment equipment
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Fig.16. Control panel of the temperature treatment equipment

4.5. Automated Second In-Circuit Test
After the temperature treatment, the assembled PCBs are subjected to a second electrical
in-circuit test on Automated PC based testers. The procedures are fully automated and
the results are stored as module’s history into the DATABASE.

4.6. Final Functional Test
After the second in-circuit test the modules are subject to so called Full Stop Overload
test. The module under test is loaded by one-to-four motorized rollers, as applicable. The
roller(s) is/are simultaneously loaded up to full-stop by friction brake(s). The module(s)
should withstand the overload current for a fixed time. The overload current and the
duration depend on the type of the module and are controlled by the corresponding
program — Fig.17. The results are stored as module’s history into the DATABASE.
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Figl7. Full stop overload test

4.7. Visual Inspection Before Housing Assembly
The aim of visual inspection is to verify that all components are correctly situated and that
there are no traces of improper mechanical manipulations.
In case everything is OK, a tick note is introduced into the Check-list.

4.8. Housing Assembly
After housing assembly, a tick note is introduced into the Check-list.

4.9. Visual Inspection of completed product

The aim of visual inspection is to verify that all labels are valid and are correctly placed.
The results are stored as module’s history into the DATABASE.

21
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4.10. Top View Photo and Side View Photo
Top view and side view photos are stored as module history into the DATABASE.
This procedure was introduced in 2010.
4.11. Packaging and Delivery
The following data are stored into DATABASE during this procedure:
* Purchase order No.
* Internal order No.
* Cardboard Box No.
* Serial No. of each module in the corresponding cardboard box.

5. FIELD OPERATION RELIABILITY ASSESSMENT
The most adequate reliability assessment can be achieved when the failure data are
collected from a large product population, deployed in the field for a long period of
operational time.
We keep a regular monitoring on our products during the ‘after — sale’ period. Reported
claims are recorded and carefully analyzed. Relevant corrective actions are carried out.
The basic findings, related to the reliability behavior of a large module population are
outlined in this section.
A comparatively large sample of module population has been carefully monitored in order
to collect realistic data for reliability behavior of our conveyor control modules.
The monitoring time covers a period from January 1, 2004 to August 30, 2011, i.e.
92 months period.
The total number of the units delivered to various customers is n; = 107 149.
The total number of thereturnedibad 0 uRiF1682. i s
The following analyzes and assumptions have been made before calculating the MTBF of
this large population of units:

5.1. Due to the similarity of the product purpose, of the basic components used, of
the design philosophy, of the manufacturing technology, the modules in the
above population are considered as “similar productso.

5.2.  The delivery is assumed as to equal one batch per quarter, i.e.

Total number of delivered units 107 149
One batch = g = =-=-m=m e T s 3 = 3494 units/quarter
92 months / 3 92

5.3. The delivered units have been installed for normal operation 9 months after the
delivery.
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5.4. The units have been in normal operation for 50% of each 24 hours.
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Based on the above assumptions, the accumulated operational time for each batch of
units is shown on the graph above.

The figures in Table 1 lead to the following conclusion:
The total number of the accumulated operational “unit x hours” (AOH,p) is

28
AOHu» = q ty=q Z ti = 3494 x 1190 units x months =

23



2748 Circleport Drive

CA) INSIGHT g
AUTOMATION Fax (859) 647-3610

www.insightautomation.cc

=1

= 3494 x 1190 x 30.5 units x days =
=3494 x 1190 x 30.5 x 12 units x hours =
=1521 776 760 units x hours

5.5. The returned “bad” modules have been thoroughly inspected.
Only 30% of the returned modules were really “bad” due to some electronic components
breakdown.
Other 32% have been broken due to misuse. The rest of the modules were found in good
working condition, with no signs of any operational defect.
Therefore, the actual number of the really failed units is reduced to:

Based on the above assumptions the failure rate of the module population is
calculated:

Rfreduced 481
N — = = 0.316 x10° failures/hour (4)
AOH,, 1521776760

Respectively,
MTBF, = 1/A = 1/ 0.316 x 10° = 3 164 57 hours = 361 years (5)
6. MEAN TIME TO REPAIR (MTTR)

Mean Time To Repair (MTTR) is the time taken to repair a failed module. In an
operational system repair generally means replacing the module.

Thus MTTR could be viewed as mean time to replace a failed module i.e. the time
required to conduct the Corrective Maintenance Tasks.

The definitions of the Corrective Maintenance Task Times may be outlined as follows:
1). Localization — Time (t1) associated with those tasks required to be performed to
localize the troubled conveyor zone.

Typically t; = 5 min.
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2). Fault module identification — Time (tz) associated with those tasks required to

identify the fault module.
Typically t; = 2 min.
3). Disassembly — Time (t3) associated with disassembly of the failed module.
Typically t3 =1 min in case of DIN rail fixation, or

t3=3 min in case of four screws fixation
4). Access to spare module — Time (t4) associated with gaining access to the spare
module.

Important Note: In order to minimize as much as possible the time t4 it is strongly
recommended to keep several modules stock on site, to be easy accessible to the
personnel-in-charge.

Typically t4 = 10 min.
5). Reassembly — Time (ts) associated with assembly of the spare module
Typically ts = 1 min in case of DIN rail fixation, or

ts=3 min in case of four screws fixation

6). Alignment — Time (ts) associated with switch settings (such as Node ID and/or Baud
rate, Install button self configuration etc.).
Typically ts = 1 to 3 min.

Thus, MTTR = ty+t+ta+i4+t5+tg =20 to 26 min.

7. INTERPRETATION OF RELIABILITY DATA

The failure rate of 0.316 x 10 (i.e. MTBF= 3 164 557 hours = 361 years) may sound too
optimistic even non realistic.

In order to avoid any misjudged interpretations it is worth considering some examples
(hereinafter reference is made to equations outlined in Annex 1).

The above failure rate A=0.316 x 10°® is valid for a single module only.

However, a large number of modules are installed in a real conveyor system.

Assume an average conveyor system, involving n=100 modules.

Example 1.

What is the failure rate of a network system population of 100 modules?

The cumulative failure rate (Ay) for 100 module population, operating in a network system
is calculated as follows (refer to eq. A3b):

As =100 X An = 31.6 x 10°°,

resp. MTBFys=MTBF / 10 = 31 64 5.57 hours = 3.61 years

The above figures read:
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The expected cumulative failure rate of a module system population of 100 modules
is Ay = 31.6 x 10°.

The expected mean time between failures of a module system population of 100
modules is MTBFy = 3.61 years.

Example 2.

How likely is it that a system of 100 modules will remain operational within a period
of time t=MTBFs?

The answer is given by eq. Al, related to reliability: R(t) =e™

If t:MTBFZ:'I/)\L

then R(t)=exp( - Ay / Ay) = e™'= 1/e=1/2.718=0.368=36.8%

The above reads:

The probability that the system will be operational without failures within 1.5 year
is 36.8%.

Example 3. What is the expected number of failures of a system of 100 modules
within one year of operation (working 12 hours daily)?

The failure rate of the system for one hour of operation is Ay = 31.6 x 10°®.

The expected number of failures for one year of operation (working 12 hours daily) is:
Nraiures = Ay X 365 x 12 = 31.6 x 10°x 365 x 12 = 0.138.

The above reads:

Much less than one failure (exactly 0.138) can be expected for the above system of
100 modules within one year of operation (working 12 hours daily).

Example 4. What is the expected period of operation of a system with 100 modules
in order to reach one failure?

From the equation Ay x Ty =1 we obtain

Tx =1/ Ay = MTBFy = 3.61 years

Example 5. How likely is that a system of 100 modules will remain operational (i.e.
without failure) within a period of one year, working 12 hours daily?

The accumulated operational time under these conditions is:

t=365 x 12 = 4 380 hours

The reliability is calculated as follows (refer to eq.Al):

R(t)= exp(-Ast)=exp(-31.6 x 10 x 4 380)=exp(-0.1384) =~ 0.871= 87.1%.

The above reads:

The probability that the system will be operational without failures within 1 year
(working 12 hours daily) is 87.1%.
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The above examples illustrate the fact that the failure rate and MTBF values obtained
from approximately 100 000 modules life test are realistic and trustworthy.

CONCLUSIONS

The proper design methodology and comprehensive testing procedures applied by
Industrial Software are aimed at the development of reliable prototypes.

Thoroughly organized testing and monitoring procedures during the manufacturing phase
result in the production of reliable products.

Detailed description and illustrations of quality control procedures during the
manufacturing process are outlined.

A failure rate A = 0.316 x 10° is proved, based on data, collected from 100 000 modules
deployed in field operation at customer sites during a 7.7 years period.

Mean Time To Repair MTTR = 20 to 26 min is outlined.

Practical examples are discussed, in order to show how to interpret and how to use the
reliability data in real industrial conveyor systems.

The customers can rely on the above data for estimation of the reliability of their conveyor
systems.
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Annex A
Basic terms and equations related to exponential distribution (Wikipedia)

1. R(t) denotes the reliability,
or the probability that one particular module will be operational, i.e will survive, at
operating time t,
or the probability that a certain percentage of the module population will be

operational, i.e will survive, at operating time t.

Because the reliability is expressed as probability, it is always a value
between 0 and 1 (i.e between 0% and 100%).

R(t) = 1-F(t) = exp(-At) = e™ (for A>0) (A1)
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2. F(t) denotes the probability of failure,
or the failure distribution function,

or the probability that one particular module will fail after T hours of operation,

or the probability that a certain percentage of the module population will fail after {
hours of operation.
F(t) = 1-R(t) = 1- exp(-At) = 1- e™ (for A>0) (A2)

3. A(t) denotes the failure rate,

or the number of failures of a particular single module per unit time,
dF (t)

—dlnf RO _ —@ _ _fO) _ .y _
A(t) = B LR PG A = const. (refer to bathtub curve) (A3a)

For an electronic device or a system, consisting of ‘n different components, each
component with its failure rate A; the resultant failure rate Ay, is given by the following

iithl

equation (also referredtoas6 parts counté re)iability predict
n
P Z A (A3b)
i=1
where:
A, Is the failure rate of the module
A;  is the failure rate of each separate component of the module

4. MTBF =T = 0 denotes mean-time-between-failure.

MTBF =0 =1/A, assuming A = const. (A4)
The above equation is valid assuming that the average time-to-repair is negligible,
compared with the MTBF, which is true for the control modules.

Note: Actually MTBF = MTTF+MTTR,
where:
MTTF denotes the mean time to failure
MTTR denotes the mean time to repair
If MTTR<<MTTF, then MTBF = MTTF

5. f(t) denotes the probability density function,
f(t) = dF(t)/dt = A exp(-At) = Ne™ (AD)
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Annex B

Industrial Software Control Modules are certified under requirements of the
following Basic Standards:
*EN61131-2:2004
*EN61131-2:2008

* EN61000-4-2+A1+A2:2004
* EN61000-6-2:2006

* EN61000-4-3:2006

* EN61000-4-4:2006

* EN61000-4-11:2006

* EN61000-4-5:2007

* EN61000-4-6:2007

* EN61000-6-4:2007

* EN61000-4-3/A1:2008

* EN55014-1:2007

* EN55016-2-1+A1:2006
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