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Abstract

Modern electronic production lines rely on automated testing for their products.
These tests are performed to ensure the quality of the product and play an impor-
tant role in the production processes of printed circuit boards. One of the systems
that offers these tests is National Instruments whose PXlIe-1078 chassis can be
outfitted with different modules and inserted in a platform to test printed circuit
boards or other electrical components. Currently no dedicated fixture exists to en-
sure and validate the functionality of these modules. This work aimed to solve this
problem by developing a platform test rig that would remove the need for manual
verification of a platform’s modules. This test rig performs an automated self test
on all modules inside the platform and returns a report on the state of the plat-
form. To achieve this, three printed circuit boards were designed. In combination
with a test sequence developed in TestStand and National Instrument microcon-
trollers to control the test process. The resulting platform test rig was fitted into a
G12 Virginia Panel Corporation box and offers a way to quickly and reliably ver-
ify the state of a platform along with a method of logging test result for tracing
and presenting the user with a user-friendly report on the state of the platform
with any faults displayed. The platform test rig reduces production downtime by
eliminating the need for manual troubleshooting of a potential faulty platform
and lowers labour costs by creating a more efficient manufacturing process and
reducing waste.

Keywords Platform test rig (PTR), automated self-test, custom PCB test cards,
TestStand, DAQ PXIe-6345, relay YAV90132, PSU PXI-4110, RS-232 PXI1-8430/8432
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Sammanfattning

Moderna elektroniska produktionslinjer dr beroende av automatiserad testning av
sina produkter. Dessa tester genomfors for att sdkerstélla produktens kvalitet och
spelar en viktig roll i produktionsprocessen av monsterkort. Ett av de system som
erbjuder dessa tester dr National Instruments, vars PXIe-1078-chassi kan utrustas
med olika moduler och monteras i en plattform for att testa monsterkort eller
andra elektriska komponenter. For nirvarande finns det ingen dedikerad fixtur
for att sikerstilla och validera funktionaliteten hos dessa moduler. Detta arbete
syftade till att 16sa detta problem genom att utveckla en plattformstestrigg som
eliminerar behovet av manuell verifiering av plattformens moduler. Testriggen
genomfor ett automatiserat sjilvtest pa alla moduler i plattformen och genererar
en rapport 6ver plattformens status. For att uppné detta konstruerades tre mon-
sterkort, i kombination med en testsekvens utvecklad i TestStand och National
Instruments mikrokontroller for att styra testforloppet. Den fardiga plattform-
stestriggen monterades i en G12-box fran Virginia Panel Corporation och erbjuder
ett sétt att snabbt och tillforlitligt verifiera plattformens tillstand samt en metod
for loggning av testresultat for sparbarhet och presentation av en anvandarvén-
lig rapport med fel. Plattformstestriggen minskar dotid i produktion genom att
eliminera behovet av manuell felsokning av en potentiellt felaktig plattform och
sinker arbetskostnaderna genom att skapa en effektivare tillverkningsprocess och
minska sloseri.

Nyckelord Plattform testrigg (PTR), automatiserat sjilvtest, anpassade mon-
sterkorts, TestStand, DAQ PXIe-6345, reld YAV90132, stromforsorjningsenhet (PSU)
PX1-4110, RS-232 PX1-8430/8432
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Chapter 1

Introduction

1.1 Background

The Industrial partner is an industrial technology company headquartered in Halm-
stad, Sweden, specializing in industrial communication and Internet of Things

(IoT) solutions. The company’s primary focus is the development of products that

facilitate data exchange between a wide range of industrial devices and networks.

The Company outsources the manufacturing of its printed circuit boards (PCBs)

to external partners, the surface-mount technology (SMT) and final assembly pro-

cesses are carried out either in-house or by external manufacturing sites (EMS).

During the assembly process, every PCB undergoes thorough testing to detect
potential faults with the board or its components. These tests use automated test
systems based on National Instruments (NI) hardware and software, which to-
gether make up what will be referred to as “the platform”, a physical container
for NI-based hardware; see figure 1.1. The systems by NI allow a comprehensive
range of diagnostic checks, from basic continuity measurements to complex func-
tional verifications.

During the test of a PCB the platform is connected to a test fixture that is
unique to the device under test (DUT). Since the company has a large number
unique client products, these test fixtures can vary greatly in both physical dimen-
sions and how they are connected to the platform, as well as which modules they
utilize within the platform. This creates an environment where eventual faults
could arise from three different sources: the DUT, the test fixture, and finally the
platform itself, were several modules could potentially be faulty.



When a failure occurs during the testing stage, it is generally assumed by en-
gineers that the fault lies with the DUT rather than with the platform or the test
fixture for that DUT. However, this assumption does not always hold true, and it
can be challenging to determine whether the fault lies with the DUT or the testing
platform, especially since there is currently no straightforward way to rule out
issues with the platform’s functionality.

A faulty platform can create a bottleneck for the entire production process due
to the limited availability of test platforms. Due to the nature of the test, when a
fault occurs, it may cause delays in the production chain. Resources are allocated
to resolve the issue and correct the fault, during which time the platform cannot
be used for production. This may lead to further delays, not just in production
but across the entire schedule, as orders may need to be rescheduled or adjusted.
Since there are only a limited number of these platforms, it is not always possible
to reassign the order to another platform, which can exacerbate the delays. This
highlights the importance of an effective and quick method that can reduce the
time required for troubleshooting

1.1.1 The Platform

Monitor

Modules
needing
testing

VPC
interface

Tray
for fixture

Figure 1.1: Platform without a test fixture connected

Figure 1.1 show the platform which is based on a National Instruments PXIe-
1078 chassis and is controlled using NI's TestStand software. The platform uses
a VPC interface to connect to external equipment such as a test fixture. The VPC
G12 interface is divided into different slots, with each slot containing one type of
module. All platforms are built in the same way and use the same interface, mak-
ing both test fixtures and internal platform components interchangeable between
platforms.
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Name VPC Location | Description Quantity | Category

NI PXlIe-6345 DAQ X Series PXIe-6345, 80 Analog Inputs, 2 Modules
500 kS/s, 24 DIO, 2 AO

NI PXIe-8245 VTAC NI 8234 Dual Gigabit Ethernet Con- 1 Modules
troller for Windows

NI PX1-4110 PSU NI PXI-4110 Triple-Output DC Power 1 Modules
Supply, 0-+6V, 0-+20V, 0-20V, 1A

NI PXI-8432/4 | VTAC PX1-8432/4, 2000V Isolated RS232, 4 1 Modules
Port Serial Interface

NI PXI-8512/2 | CAN 2-Port HighSpeed/FD NI-XNET CAN 1 Modules
Interface

NI PXI-8430/16 | RS232 16 16 Port, RS232 Serial Interface 1 Modules

YAV90132 RELAYS CAN bus board, 32 relays 1 Interface

Figure 1.2: Modules Connected to the VPC Interface

g

DAQ

VTAC ink.
RS232 IS0,

CAN, PSU

RELAYS DAQ

Figure 1.3: Photograph of VPC G12 interface

Below follows a brief explanation of all the modules contained within the

platform and their locations on the VPC G12 interface of the platform.

1.1.2 RS232 PX1-8430/16 Al

The NI PXI 8430/16 is a 16-port asynchronous serial communication interface
module based on the RS232 standard, which is commonly used in data acquisition
systems. The PXI 8430 allows the platform to send and receive data from the DUT,
enabling operations such as software downloads and configuration transfers [1].




1.1.3 DAQ NI PXIe-6345 A4 & C4

The NI PXIe-6345 Data Acquisition unit is an 80 I/O port measurement tool that
allows for both analogue and digital signal processing. The PXIe-6345 allows en-
gineers to acquire different data, such as voltage signals from the DUT, as part of
their test sequence [2].

1.1.4 RELAY Card YAV90132 B4

The YAV90132, unlike all other modules, is not made by NI but is instead a stan-
dalone module developed by 6TL [3]. It is used by engineers to control where the
DUT gets its power supply from or to change the state of different input signals.
This can vary between the internal PSU of the platform and power over ethernet
(PoE).

1.1.5 CAN NI PXIe-8512 & DC NI PXI-4110

The NI PXIe-8512 is a PXI Express Ethernet Interface Module designed for high-
speed networking and data transfer applications [4]. It provides engineers with
the function to communicate between modules and other systems over Ethernet.
This module is connected to the VPC G12 via the same interface, along with the
NI PXIe-4110 a configurable DC power supply used to control both current and
voltage to the DUT during to verify power consumption. This is later disconnected
and the platform’s own PSU is used to supply the DUT [5].

1.1.6 Ethernet Port NI PXIe-8245 & RS232 ISO PX1-8432/4

The PXlIe-8432 is built on the same principle as the PXI-8430, except it has four
ports that are electrically isolated from the rest of the platform [6]. This isolation
is required for certain tests. Meanwhile, the NI PXIe-8245 is a regular Ethernet
port that has no specific usage [7].

1.2 Problem Statement

The problem for test engineers is that there is currently no effective method or
tool to run diagnostics on the NI platform’s hardware. So when a potential fault
occurs in either the platform or a testrig, engineers cannot determine which of the
systems is faulty without spending lots of time troubleshooting. This approach is
not only extremely time consuming but also incurs additional costs, as resources
must be allocated to troubleshooting.

1.3 Purpose and goals

To support test engineers in identifying platform faults more efficiently and with
higher precison, a dedicated platform test rig (PTR) was developed. The PTR uses
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the platform’s own VPC interface to run automated self-tests on its modules. This
is supported by custom-designed PCBs and TestStand sequences which enables
accurate fault detection and reduces the need for manual troubleshooting.

This approach led to the definition of three primary project goals:

¢ Design and construction of the PTR Develop a complete platform test rig
with dedicated PCBs for all modules in the NI platform. The goal is to verify
the functionality of all modules

e Automated testing in TestStand: Implement test sequences in TestStand
with the goal of presenting the user with a comprehensive report detailing
the platform’s functionality.

e Reduce troubleshooting time and resource waste: Minimize platform
downtime to minutes and reduce the time required for platform fault di-
agnostics below 15 minutes.

1.3.1 Faults with current solution

The project is a continuation of a bachelor’s thesis by Ericsson Grimberg and
Forsler Mott from 2024 [8] based on the same notion that the PTR should be
able to test and verify the functionality of the different modules inside the plat-
form. It is necessary to make it clear how the current project will improve and
extend upon the work done last year. The current solution is able to verify and
test the PXIe-6345 and the YAV90132 with the remaining modules such as the
PXIe-8512 and PXI-4110 having no test. The solution is also constructed on lab
breadboards, making the system fragile with lots of exposed cabling, see figure
1.4. While the solution works, the results from a test are not displayed in an easy
manner, requiring in-depth knowledge to understand what’s potentially wrong.

Figure 1.4: Current Solution by Grimberg and Mott



1.4 Requirements

To be able to determine whether the project has been successful or not, a number
of requirements should be defined. These should clarify parameters regarding how
the PTR is supposed to function and can therefore be categorized in two sections;
hardware and software.

the Platform Test Rig should be:

e able to present faulty AIO pins, DIO pins and GND pins of both DAQ NI
PXIe-6345 modules

e able to measure contact resistances on the relays of the YAV90132 module

e able to present faulty CAN-interfaces and voltage supplies of the NI PXIe-
8512 & NI PXI-4110 respectively, as well as RS232 of the PXI-8430/16 mod-
ule

e all test sequences should be implemented in TestStand to ensure compati-
bility with the company’s standards and ease of use

e constructed in accordance to the G12 VPC platforms’ layout

e able to present the user with important information such as faulty pins or
connections

1.5 Related Work

1.5.1 Testing through comparing pins with reference values

This project builds on the work of a previously conducted bachelor’s thesis project
based on the same test platform, by Jonathan Ericsson Grimberg and Pontus
Forsler Mott [8]. The previous study aimed to create a test rig capable of find-
ing faulty pins on the platform’s DAQ and relay modules. The essence of their
work is that a reference point for each of the DAQs was taken and verified. This
reference was then used when checking each of the DAQ’s pins by comparing the
expected value with the measured one and saving the result. This includes, with
some modifications, the DAQ’s ground and digital pins as well as their analog
counterparts. For the relay module, twp solid state relays (SSRs) was used to sup-
ply one of the relays two terminals at a time. This was done individually to test
each relay separately and then checking for any deviating resistance values [8].

This project uses Grimberg’s and Mott’s solutions as a foundation to build upon
where issues will be improved upon. For example, they state that a problem arose
when one of the AIO measurements failed which caused a discrepancy in the rest
of the measurements.

They also state that the number and lengths of the cables could cause issues
through thermal noise and higher resistances distorting measurements. Thus this
project will strive to minimize the number of loose cables by keeping solutions
on dedicated PCBs instead of Grimberg’s and Mott’s usage of breadboards. This
should make the measurements more reliable.
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1.5.2 Improving Hardware Quality Measurements Using Automated
Testing

Another study conducted in similar essence of the current project is to use a form
of semi-automatic testing through a dedicated setup. Alisan Sar1 and Mahmut
Emin Celik created a test platform using a test computer, DC power supply, digi-
tal multimeter, oscilloscope, electronic load, test fixture and switching unit to set
pins to values that are distinguishable on the oscilloscope to compare them with
expected values [9]. Of note is that this setup allows for a specified type of PCB,
however this is still applicable to the current project since both perform tests on
connection pins. It is also important to note that this study is very much a pro-
totype to evaluate the impact of automatic testing in itself, through creating a
semi-automatic test fixture. Although this is not the aim of the project at hand,
Sar1 and Celik’s work is still a valuable source of inspiration in regards to how the
test platform could be constructed.

Comparing Sar1 and Celik’s solution to what Grimberg and Mott accomplished
makes it relatively clear that the latter is more refined. The former utilises manual
configuration since the operator has to manually plug in

banana plugs from oscilloscope to test platform, which presents an unneces-
sary workload, albeit small. Grimberg and Mott on the other hand can connect
the PTR to a malfunctioning platform by aligning the predetermined interfaces
with each other and then pushing them together with a lever, presenting fewer
instances of human errors. Both solutions utilise LabVIEW to collect data, pointing
to its relevance to the current project [9].

1.5.3 Utilising TDR to pinpoint faulty components

A study conducted by Jiahao Liu et al. sought to investigate how time domain
reflection (TDR) could be used to detect faulty connections or components in
PCBs [10]. They concluded that TDR can be used to determine whether a resistive,
capacitive, or inductive load had failed and formed an open circuit. Essentially, an
electronic signal was sent through both healthy and defect components to simulate
how the signal would behave when passing through each of them. The tests were
conducted on boards representing two stages of assembly, one being just the PCB
and the other printable circuit board assembly (PCBA). The difference between
these are that PCBA has components soldered to the circuit board, either using
surface mount technology (SMT) or through-hole technology (THT).

Liu et al. noticed that the TDR analysis for both the PCB and PCBA was sim-
ilar, pointing to the likely cause being a failure in the PCB. They also compared
the TDR plots to that of a healthy PCB, noticing a significant discrepancy. The re-
sults pointed to that an open circuit would cause the signal to spike significantly,
effectively confirming that TDR can be used to identify faulty components. Of
note is that even something like a different resistance value would be detectable
with this technique since slight discrepancies in values would give an unexpected
reading on the TDR [10]. This can naturally be used in the practice and theory



of the current project whose main purpose is the identification of faulty pins and
components. Even though this will not be evaluated in the current project, infor-
mation in this section will hopefully serve as a starting point for anyone looking
to implement TDR into the project.

1.5.4 Design of Automatic Test Equipment for Control PCB of Micro
Flywheel

Yangchen Li, Danfeng Sun, Huajun Zhong, and Qiuxuan Wu has designed auto-
matic test equipment for control PCBs of micro flywheel [11]. Although their work
is in a significantly more advanced area, being space technology, their methods
are still applicable with similar uses of data acquisition units and tests of various
voltage supplies, CAN interfaces as well as signal speeds. Furthermore, the envi-
ronment where the flywheel is supposed to operate allows for miniscule margins
of error. While errors in this project will not result in catastrophic failures, it is still
a valuable source of information to make measurements as accurate as possible.
Li’s, Sun’s, Zhong’s, and Wu’s setup has a capacity for testing six PCBs which
are tested one at a time. To test them, they apply a “black box” test method where
they send signals into the control PCB and measure what it outputs through a
computer program. It is unclear what the control PCB is supposed to output, but
the tests they conduct are sending in 5V DC voltage and expecting a return value.
Same goes for a CAN-test where they send a frame from the ATE to a PCB and
check the speed at which the message was received. The third test is a test of a
motor drive control signal where variables such as frequency and waveform are
measured and stored. A common denominator for each part is that the data is
gathered by a data acquisition unit. Each test’s result is stored in a PDF [11].

1.5.5 An automated, low complex end to end resistance measure-
ment system for multi-channel slip-rings

Ahmet Karakaya and Muharrem Tiimcakir have developed an automated system
which measures a slip-ring’s end-to-end resistance which includes both dynamic
and static contact resistance [12]. The slip-ring is a means to transfer power and
signal different parts of a system. While this is an entirely different component
compared to a relay, the method for measuring contact resistance could still be
applied to the current project. Karakaya and Tiimgakir utilize a 4-wire measure-
ment method, which is specifically needed for their measurements on a slip-ring.
What is of note is that they supply a constant current of 100 mA which is applied
to one of 158 contacts. This is made possible by a MUX. The current is then ap-
plied to a contact and a dynamic signal analyzer takes a voltage measurement,
which is then divided by the current to get the resistance [12].

While this is a test for an entirely different component, the procedure is very
similar to Grimberg’s and Mott’s testing and certainly relevant to the current
project. The procedure of course meaning supplying a constant current and mea-
suring a voltage over the contact resistance.



Chapter 1: Introduction 9

1.5.6 Universal platform for PCB functional testing

A paper regarding testing of PCBs through the use of a dedicated platform is highly
relevant to the current project. Marian Serban, Yuriy Vagapov, Zheng Chen, Reg
Holme, and Sergey Lupin has developed a testplatform through the use of NI
modules and 1labVIEW [13]. Similarly to Li’s and colleague’s work, Serban and
colleagues send input into a “black box” and compares the output with theoret-
ical values. To test the PCBs, a computer system is used as a means to control
the instruments which are mounted in a“rack and stack” manner. To measure and
send voltages, instruments such as DC and AC voltage supplies and DMMs are
used and a relay array allows for satisfactory control over which instruments are
used, and where they measure. Present are also PCle and PXI buses which sup-
plies connections between the internal and external PC. They also highlight that
their system is easily reprogrammable and reconfigurable, making it a significant
improvement compared to manual testing [13].






Chapter 2

Technical Background

This section will explain the concepts and give a more detailed and in depth
overview of the different parts of the project

2.1 DAQ

2.1.1 Main Components and functionality
Analog Inputs & Outputs

The PXIe-6345 consists of 40 DMM (Digital Multimeter) channels or 80 individual
single-ended channels. The difference lies in the measurement technique, as the
40 pairs are used for differential measurements across components, while single-
ended channels measure voltages relative to ground, giving a potential reading.
These channels have a sample rate of 500 kS/s and an ADC (Analog to Digital
Converter) resolution of 16 bits [2].

An ideal DMM has an infinite amount of internal resistance so as not to draw
any current from the circuit being measured. This is to avoid changing the signal
by loading the circuit and drawing current from the circuit [14]. In the case of
the DAQ card, this input impedance is above 10 G2, which is far greater than any
load this project will apply. The DAQ card consists of two analog outputs with a
16 bit DAC (Digital to Analog Conversion). These two channels can deliver both
non-periodic and periodic waveforms up to an amplitude of 10V and 4 mA [2].

Digital Inputs & Outputs

The DAQ card consists of 24 configurable Digital Input & Output channels used
for digital logic control. These channels follow standard TTL logic, where an input
or output can either be high (1) or low (0), by converting an analog value to a
digital one. The card uses 5.25V > Vy; > 2.2V for a digital high and 0.8V > V;
for a digital low. These channels can be configured as either inputs or outputs.

A common method for controlling a DIO is through external software or a
microcontroller. In the case of the DAQ, the DIO channels are controlled by the
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NI DAQmx driver. A widely used technique for regulating digital outputs is open-
drain coupling, where the source of a NMOS transistor is connected to the open-
drain output of the DO, with an internal or external pull-up resistor connected to
a VCC source, depending on the logic used. The drain of the NMOS is connected
to ground. Thus, a HIGH signal on the gate of the NMOS results in the 5V being
pulled down to ground, producing a LOW output, while a logical LOW on the gate
results in a HIGH output due to the open circuit.

On the other hand, a digital input can be constructed using the same principle
but using an optocoupler and phototransistor. For DI, the current can either sink or
source depending on the input type (NPN or PNP). The optocoupler is connected
between ground and the input pin; when current flows through it, the phototran-
sistor begins to conduct, allowing current to flow from its source to ground on the
source side. This is the fundamental working principle of DI and DO [15].

Analog Ground & Digital Ground

The DAQ card uses both an analog and a digital ground. There are a total of
11 analog ground pins, with 2 of them reserved for the analog output channels,
and 8 digital ground pins. The different grounds are separated due to the higher
frequency content in digital signals, which helps to reduce noise on the analog
ground caused by digital signals [16]. The ground pins are also used as reference
points during single end measurements for the DMM or as return paths when
sending signals via the Analog Out or Digital Out.

2.2 Single-end and differential measurements

The DMM can make two kinds of measurements relevant to the project: - single-
end and differential. Single-end measurements are taken at a point which can be
compared to an established ground while differential measurements are taken on
two points where the difference between them are measured. In the case of the
project, they are both used by the DAQ-card when taking measurements. As for
the relay and CAN/PSU, differential measurements are made.

2.3 Relay-card

Relays are in general an easy way to control and secure circuits as they can be
configured to close or open depending on inputs from operators or automatically
through detecting short circuits. The relay is either in its normally open (NO) or
normally closed (NC) states. This is simply an indication for the relay’s default
state to know which state it will switch to when prompted to.

The relay-card used in the project is a YAV90132 developed by 6TL. Present
on this card are a total of 32 relays, numbered from K1 to K32. K1 to K28 are
single pole double throw (SPDT) meaning that the relay’s pin can switch between
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NC to NO. The remaining K29 to K32 are single pole single throw-normally open
(SPST-NO), see figure 3.3 for a schematic view of both types [3].

These relays act as a way to apply voltage to the DUT with great control,
through software such as 6TL's own or TestStand, as each of them can switch
up to 24 VDC and 5A. For the purpose of testing DUTs, the voltages used are
5V, 6V, and 24V which are also the voltages that need to be verified by the PTR
[3]. When the relays close the circuit and allow various levels of voltage to pass
through, there is small but significant mechanical wear on the pins caused by the
switching. Because of frequent switching during tests of DUTs this can accumu-
late to a substantial amount of wear on the pins which in turn will diminish the
reliability of tests. Too much wear on a relay can cause entire batches of DUTs to
be deemed faulty by the test platform which can be avoided by replacing the card
before it fails completely.

2.4 RS232

RS232 is a communication standard for serial communication transmission of
data. This communication is, compared to more modern forms such as RS485
or USB, lacking in noise-cancellation and speed but makes up for it with a reli-
able signal. Thus it is widely used as a means of communication in environments
which require a dependable form of communication, such as in lab environments.
To make use of RS232, connectors for transmitter, receiver, and ground must be
present [17].

2.5 Software

2.5.1 KiCAD

KiCAD is a free open-source PCB design tool offering interfaces suitable for both
hobby-projects and professional PCBs. For this project it competed with OrCAD but
due to the perceived simplicity, KIiCAD was chosen. It’s features such as schematic
editor, PCB editor and calculator was used to create the test-cards and generate
the files needed for manufacturing.

2.5.2 TestStand

Teststand is a test sequence manager developed by National Instruments (NI) fea-
turing database logging capabilities as well as sequence editing. The sequence
editing can be done with programming-languages such as C, C#, Java, Python or
NI’s own LabVIEW. The code is divided into steps, or modules, where code can
either be written or implemented through pre-established modules.
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2.6 Hardware Testing of PCB

Automated Test Equipment (ATE) is widely used in the electronics industry across
the globe to verify the feasibility, reliability, and performance of PCBs. These sys-
tems are especially important in high volume manufacturing, where they give
repeatable test coverage while significantly reducing manual labour and test time
[18].

A typical ATE system provides a wide range of tests including short detection,
continuity measurements, voltage measurement, and component level diagnostic.
These test often utilize digital multimeter, functions generators, variable voltage
sources, and relays in order to enable the ATE to conduct theses type of tests [13].

2.6.1 Continuity Test and Short detection

Continuity and short circuit tests are standard electrical tests. These tests are ap-
plied during the early manufacturing stage of PCBs. The continuity test is used as
a method to confirm the existence of an unbroken electrical path on the board,
known as traces. Continuity tests are done by measuring the differential voltage
or the resistance of the traces on the PCB and comparing this to a reference value.
An open path results in a higher value than the reference. These opens could be
the result of poor soldering or broken traces.

Short detection tests are performed to find potential hard or soft shorts, with
the hard being a complete short created by solder bridges or misplaced compo-
nents and manufacturing errors, while soft shorts refer to possible leak currents
created by conductive debris. This test is conducted by applying a small voltage
between two test points on a PCB that are supposed to be electrically isolated from
each other and measuring the current drawn [19].

2.6.2 ICT & FCT

In-circuit test and Functional circuit test are both essential parts of PCB testing
with them being applied during the later part of the manufacturing process. ICT
aims to verify that individual components are present, correctly placed, and their
electrical values while the board is not powered on. The ICT test measures val-
ues such as capacitance, resistance, or the orientation of diodes. This could be
done with a bed-of-nails solution allowing for direct access onto the PCB’s test
points.[20]

FCT (Functional circuit test) aims to verify the functionality of the PCB as a
whole by simulating real-world applications or environments. While ICT verifies
on a component level, FCT evaluates the PCB as a complete system. This typically
involves applying power to the PCB and introducing an input stimulus. This could
be a communication signal or control commands. The test then measures the re-
sponse from the PCB in order to verify the logic execution. Other parts tested here
are often voltage level, and heat generation as to mimic real-world applications.
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2.6.3 Testing of ATE

In order to ensure the reliability and accuracy of an ATE, there is a need to validate
the instruments of the ATE before active use in production. Testing a test system
involves several processes such as verifying all subsystems of the tester, such as
signal generators, measurement instruments, communication instruments, and
power supplies.

Measurement systems need to be calibrated and tested in order to ensure cor-
rect voltage, current, and signal measurements. This can be done by creating mea-
surement tests on known loads with high precision and introducing intentional
faults and testing the system’s response.

Signal generation can be tested by verifying the output waveform character-
istics such as frequency, amplitude, and shape against predefined specifications.
A digital oscilloscope or other reference measurement can be used to verify the
electrical characteristics.

Communication interfaces such as Ethernet, CAN and RS232 need to be ver-
ified. This can be done by simulating data exchange scenarios, were both trans-
mission and reception are tested.

Power supplies must be tested to ensure that they can provide stable and ac-
curate voltage levels under various load conditions. this can be done by loading
the supply and putting it under some stress in relation to their specified output.
[21].






Chapter 3

Method

3.1 Development Process

The first step was to establish a theoretical foundation that addressed the chal-
lenges each module faced during verification. This was done early in the devel-
opment process to allow for a potential redesign in case of unsatisfactory results.
By analysing each module in depth, it was possible to determine which parts of
each module could and could not be tested with the current solution and how the
requirements set in place by could be met.

When designing the DAQ and relay tests, previous work by Grimberg and Mott
was analysed and taken into consideration. This was helpful in identifying areas
of improvement, such as making the PTR more robust by minimizing cables, and
verifying Al with resistances in series rather than parallel. What also became ap-
parent by comparison was the lack of testing solutions for modules CAN/PSU,
RS232, and VTAC which required formulating new solutions.

The initial solutions formulated for the current project’s test-cards had to be
toned down significantly to bring them in line with the requirement of easy main-
tenance. While these were ultimately scrapped for the simpler alternatives present
in the report, the key concepts are still the same.

To support the solution’s development and implementation, National Instru-
ments USB-series devices (models 6001 and 6525) were used to externally acquire
and generate both analog and digital signals such as voltage measurements and
control bits. By offloading I/O duties to these easily swappable external modules,
the test rig itself remained simpler and any faulty unit could be replaced without
disrupting the setup of the PTR’s PCBs.

3.2 Technical Design

3.2.1 DAQ Tester

As described in the technical background, the NI PXI 6345 interface consists of
many different pins with different functions. To verify the functionality of these,
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each different type of pin and function was broken down to its core concept on
how can the functionality be verified. The primary focus will be on solutions re-
lated to the verification of Al, AO, DIO, and A/D ground.

Power Supply solution

To power the DAQ tester, a local onboard power source was used, primarily the
two 5V 1A voltage sources coming from the DAQ card. To separate the DAQ test
card from the platform and make it floating, a DC-DC converter was chosen as a
solution. This would create a local floating ground and 5V net, which would be
used exclusively to power the DAQ card. Additionally, a 12V step-up booster was
added to the circuit to power other components requiring more than 5V and to
separate the 5V logic from components requiring an analog 5V supply to minimize
the risk of component damage.

Method and Solution for Analog Input

To verify the functionality of the analog input, it is necessary to test its differen-
tial pair DMM function as well as its single-ended capability. Multiple identical
resistors was put in series between a known voltage source and ground which
made it possible to calculate the theoretical voltage drop with Ohm’s law across
each resistor. The differential voltage across each resistor is then measured to be
compared with the theoretical value, thus the functionality of the 40 differential
pairs can be verified. Since each pair measures across one resistor and all resistors
are connected in series, a short circuit or an open circuit in one of the resistors or
pairs will not affect the other measurements.

This solution addresses the issues encountered with the previous test fixture
designed by Grimberg and Mott [8]. In their design, DMM pairs were connected
in parallel directly to a 5V supply and ground, which, as noted in their report,
resulted in a critical measurement flaw: a short in any one DMM pair would impact
all measurements. This configuration rendered the test results invalid, as a single
faulty DMM pair or pin would cause every pair to appear defective by preventing
the expected voltage drop from being achieved.

To test the solution, an experiment was conducted to see how far the differ-
ential pair resolution goes. This experiment showed that the resolution was more
than sufficient for the measurement.

As seen in figure 3.1, a simplified diagram of the Al test is present. In reality,
the resistors are coupled in four parallel series of ten resistors. This was to mini-
mize the risk of an open or shorted Al pair affecting the entire test if all 40 were
in series with one another and to keep the differential voltage drop over a resistor
in the millivolts. This solution has the risk of giving rise to the same problem of
the previous test fixture but at the resistors, not the Al pairs. The reasoning being
that the risk of a resistor breaking during non concurrent use is much less than
that of the Al pair.
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Figure 3.1: Illustration of the Al measurement. Note the figure is only a small
model to better explain the concept of the test

Method and Solution for Analog GND & Digital GND

To verify the different ground pins all grounds are drawn out from the VPC inter-
face and sorted between analogue ground and digital grounds. The requirement
set is to verify that there is a ground and not measure a value on how well the
path to ground works. This gives a binary relation with the ground either work-
ing or not. To solve this a solution involving a MUX was chosen to detect faulty
grounds. By connecting the 5V via a pull up resistor on the common in pin of the
MUX and using the USB6001 to read the digital value on the common in pin. The
NI USB6001 is also used to control the state of the MUX by setting of selector bit
signals to select which ground shall be coupled to the common in. If the ground
is functional the 5V will be pulled down to ground and the DIO would read OV,
In the case of a faulty ground, the reading will remain at 5V since there would
be no closed circuit, and the DIO would read a 1. For this solution two 16:1 MUX
are utilized with the analog ground being separated on one and the digital on the
other with the USB6001 and TestStand used to control the test.
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Figure 3.2: Illustration of the concept behind the A/D GND Test

If a differential pair works in the analog test and the ground test is successful,
then it’s reasonable to assume that the single-ended measurement would also
work since both components are working as anticipated. Thus the need for a
single-ended test is unnecessary.

Digital Input Output

This solution is similar to the one designed by Grimberg and Mott [8], as the
DIO can function as both inputs and outputs. A loopback test is implemented by
coupling the 24 DIOs into 12 pairs, where one is configured as an input and the
other as an output. Through software control, the output is set high, and if the
input registers as high, the pairs swap I/O roles, and the test repeats itself.

3.2.2 Relay tester

The PTR needs to check if the relays’s resistance when active has been altered due
to oxidation. To check this, a predetermined current of 100 mA from the CAN/PSU
module is sent through either the NC or NO terminals on the relays. This current is
incremented in steps of 0.1A up to 1A to get a more accurate representation to how
the relay responds to different currents. The voltage across the relay contacts will
then fluctuate depending on what resistance the current encounter in the relays.

Note that since the relays essentially work as a short circuit while closed, the
presumed oxidation will lead to a miniscule increase in resistance. The voltage
difference between a healthy relay and their counterpart will therefore be in the
milli-volts, thus even other subtle factors such as details of the routing on the
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PCB could affect the measurements. To accommodate for this, the resistance from
routing to measuring tools have to be established and taken into consideration
when calculating the voltage.

The voltage in question is measured by a NI USB6001 connected to either NC
or NO and ground. The USB6001 features eight single-end, and four differential
analog inputs of which two differential inputs is used [22].

Whether the current is applied to the NC or NO terminals is determined by
a USB6525 where two outputs correspond to either the NC or NO terminals. De-
pending on whether the current should supply NC or NO, one of two SSRs will
open and supply those channels.

The relays in turn are set through TestStand ensuring that each relay can be
tested separately. Due to this, each relay’s NC and NO terminals are connected to
each other as can be seen in figure 3.3 which makes the design relatively simple.

NO

SHESENEEN

VLAY

K1 K2 K3 K4 K5 K6 K7 K8 K9 K2g K28 K30 K31 K32

—-O—> USB6525 TestStand USB6001

CAN/PSU
Ch1

Figure 3.3: Block diagram for relay test-card

3.2.3 CAN/PSU

The CAN/PSU test is, in essence, a check to make sure that the voltage output from
the module is present, meaning that it can be seen in TestStand. If the supply of
voltage has failed, it would be seen as zero in TestStand. This voltage is either a
variable, meaning that it can be set or be dependant on a set current, or a constant.
These are in the ranges 5, 6, 20, and 24 volts and each passes through a USB6525
which has eight digital inputs, eight solid state relays (SSR) outputs and a counter
[23]. Depending on which voltage the tester should verify, a relay corresponding
to that output is set. Since there are six different voltages that needs to be verified,
six out of eight relay ports on the USB6525 are used.
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To make sure that the voltage measured are correct, each output will, after the
USB’s SSRs, meet set resistances depending on the voltage. For the 5 volts, the re-
sistance is set to 10 ohms, for 6V it’s 12 ohm and for 20V and 24V it’s 40 and 48
ohms respectively. Each resistance is also capable of managing a minimum of 3W
since the current will be set to 0.5 A. It is important to note is that the constant
24V needs to be voltage divided to not damage the USB6001 which cannot mea-
sure more than 10V, The voltage measured for the 24V are thus taken on a 120
resistor in series with three more 120 resistors to get a measured voltage of 6V.
Furthermore, the constant voltage supplies does not feature a VI for in-platform
measuring as is the case with the variable voltages. The constant 5V will therefore
also be measured with a USB6001.

3.2.4 Method and Solution for RS232 Tester

In order to verify the state of the total 20 RS232 ports inside the platform. The
state of both the RX and the TX needed to be tested. A simple test could be con-
structed by using a loopback test, similarly to the one in the DAQ DIO. By coupling
together these pins on each port and sending a frame containing a string from TX
and reading it on RX the functionality of the port could be determined. However
since the port are spread out on 2 different modules with 16 being on the PXI-
8430/16 and 4 being on the PXI-8430/4. This presented a challenge since the
PXI-8430/16 could simply be looped with wires via the QUAD paddle interface
see 1.3 while the PXI-8430/4 used the VTAC interface making the implementa-
tion more complex.

3.2.5 The platform-tester (PTR)

Below follows a depiction of the PTR itself where the aim is to visualize how the
PTR should look like. Note that the figure illustrates the PTR when connected to
the platform. Connecting the two is as mentioned the VPC G12 interface which is
also present in this diagram. The blocks inside the platform (left) are the modules
being tested when the PTR is attached through this interface. In the PTR itself
(right) are PCBs, depicted with green blocks, and USB modules from NI which
is the rightmost blocks. These USBs are connected to their respective test-cards
which can be seen by the arrows. Two of the tests did not require individual PCBs,
thus they are described as test-units and their blocks are white. The pictures below
the blocks are examples of an NI module (left) and a NI USB (right). In this case,
these are a PXI-8512 and a USB6001 used in the platform and the PTR respectively.
A refinement compared to [8] is therefore the use of PCBs instead of bread-
boards to house the solutions. This will minimize cables and make it easier to
manage the PTR. Furthermore, the modules which were not tested by Grimberg
and Mott will get dedicated tests as well. Difficulties that Grimberg and Mott state
for their DAQ and relay tests will be taken care of as new designs are made.
Additionally, changes will be made to how measurements are taken on the
DAQs and relay cards to make sure that the operator can rely on correct data. Also,



Chapter 3: Method 23

those modules which did not previously have any way of testing their functionality
from the previous project, will receive dedicated PCBs such as the CAN NI PXIe-
8512 & NI PX1-4110.

Platform
Testplatform Tester (PTR)
USB6001_1
USB6001_2
I3
&
TestStand g USB6001_3
=
CANIPSU
USBE525
VTAC Test-unit
RS232
Modules internal to Dedicated test-units Standal Ni-modul
the testplatform internal to the PTR andalone Nl-modules
CAN/PSU UsSB6001

v/

Figure 3.4: Graphical illustration of the PTR when testing a testplatform
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Implementation

4.1 Hardware implementaion

The hardware, as previously mentioned, was created using KiCad’s schematic and
PCB layout tools. For all test cards that required a PCB, a schematic was drafted
and constructed based on the solutions from the theory section 3.2 with the only
exception being the RS232. All subsequent schematic symbols were downloaded
from open libraries such as UltraLibrarian or SamacSys, or were already included
in KiCad’s standard library, such as resistors, capacitors, and other simpler com-
ponents. However, for more complex components, such as the connector between
the PCB and the platform, custom symbols and footprints were created using Ki-
Cad’s symbol editor and footprint editor to fit the need.

With the schematics completed, a Bill of Materials (BOM) listing all required
components was created, and the subsequent parts were ordered. Some basic
parts such as resistors were available on site and were not ordered. After the
schematics were finalized, the project moved on to the PCB design of all the cards.
It was decided that the PCBs would be two-layer designs for simplicity, as there
was no real need for additional layers. Both layers would be used for routing,
without dedicated layers for VCC or GND, as this was considered unnecessary.

The PCB layout was constructed to minimize track length and unnecessary
placement of vias. This was achieved by routing all top traces horizontally and all
bottom traces vertically, which also helped minimize dead space on the PCBs.

After the individual cards were constructed, they were imported onto a single
board to create the panel. These panels were later used as the manufacturing base
for PCB production, with each card separated by small V-cut grooves made into
the board to allow easy separation after manufacturing. Each panel consisted of
two DAQ cards, one Relay card, and one CAN/PSU card and a total of 10 panels
were ordered via the company.

In order to meet production standards, the minimum trace width was set to
0.2 mm to ensure reliable electrical characteristics while minimizing space occu-
pation. Although a smaller trace width would have been preferable, it would have
placed higher demands on the manufacturer and increased production costs. This
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minimum trace width was applied to all signal tracks but was increased to 0.3 mm
for power and ground traces. Exceptions were made for the CAN/PSU and Relay
cards, where higher current flows needed to be considered to avoid overheating
or damage to traces.

Similarly, a minimum via hole diameter of 0.6 mm was selected. For com-
ponent sizing, 0805 packages were chosen, as the components would be hand-
soldered onto the PCBs. As for the schematics of the DAQ, relay, and CAN/PSU
test-cards, please see appendix B.

4.1.1 Non PCB

For the non-PCB solution, the implementation was done manually according to
the technical design. With the 16-port RS232 where TX and RX were coupled
together see A.2 , the remaining four ports belonging to the VTAC interface first
needed to connect a female VTAC connector to a VTAC-to-RJ45 plug see A.1 that
could be spliced, allowing access to the inner wiring for soldering them together.
This created a loopback between RX and TX. The reason for using RJ45 was that
the cost of the VTAC cable was too high in relation to its usage in this project.

4.1.2 Test and verification

The first batch of PCBs was intended to be used as prototypes. A test case was
designed for each subtest on the DAQ with a deliberate error. These deliberate
errors were from disconnecting wires or scraping off copper from traces in order
to verify the fault detection of the PCB.

Some major and minor faults were detected early with the PCBs, most of the
minor being typos in the schematic which didn’t result in total system failure but
more specific faults on specific pins, such as false positive measurements. These
were the result of some pins being wrongly connected or simply not connected at
all, while others were caused by erroneous datasheets, from pinouts to electrical
characteristics.

One major fault found was that the MUX on the DAQ card’s VCC affected the
logic level on which it operated. This caused an error where the logic of the MUX
operated at 12V logic levels instead of 5V, rendering it uncontrollable because
the USB used 5V logic. Another fault was the incorrect reading of the source and
drain pins of the NMOSFETs used, which caused errors on all cards by shorting
the NMOSFETs and making them always conduct regardless of the gate voltage.

A second revision of the PCBs was made which corrected faults and made other
small improvements such as bigger pads for soldering and more test points. The
new versions were sent for manufacturing and are currently used in the system.

These initial tests were not meant to simulate the system as a whole but more
on the individual PCB level. A more comprehensive test was done when the whole
PTR was assembled together
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4.2 Software Implementation

The software was implemented by using TestStand sequence caller by creating
one sequence for each individual test and then calling the sequences from one
main sequence with each sequence testing and logging results.

Setup CAN/PSU
Parameters Test

Relay Test

Clean Up
& Create
Report

RS232 &

Other DAQ Test

Figure 4.1: Software Flowchart of the Testing sequence

4.2.1 DAQ

To test the DAQ card, a sequence was created and programmed in TestStand with a
sequence for each part of the test. These steps, in combination with the hardware,
created the basis for the PTR test sequence. In the case of the DAQ test card, one
USB-6001 was used as the controller for the sequence. As the test program goes
through each step, a different instruction is sent to the USB unit. This together
with the limits set in place decides if the individual test was a pass or fail.

For the DMM test, since all the resistors were the same value, the same voltage
drop would occur on all. This was done in TestStand by going through each and
every Al differential pair and measuring and comparing to a limit.

The DIO was created by assigning one of the DI channels in one pair as group
1 with the other becoming group 2, with each of the pairs being coupled together
for the hardware design. The program sets all channels in group 1 as inputs first
and group 2 as outputs. By looping through each pair, the output is set high and
the input value should be read. This is done for all 12 pairs, then the inputs and
outputs are swapped to ensure at the communication works both ways.

For the GND test, the USB unit is used to cycle between the different truth
states of the multiplexers with the selector bits S4, S3, S2, and S1 all set to 0.
These are then set to count binary from 0 to 16 and the USB reads the value in
Sense. For code listing, see listing C.2

4.2.2 Relay

To perform the relay test, a similar approach to the DAQ test was used. The layout
for what the sequence was going to do was created and each step in TestStand
was given a purpose reflecting the knowledge at the time. For example, one such
step could have an associated comment saying “Relay power to NC” to which the
appropriate VI would be assigned. The sequence then continued to evolve as more
effective solutions were discovered.
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The sequence starts with setup steps renaming modules to correct variables
used in the code. The code is then segmented into three for-loops responsible for
iterating over the relays. The first loop is responsible for tracking which relay is
currently being tested. The other for-loops are tasked with setting the relays to
the opposite state of the one currently being tested, first to NO and then to NC.

When testing a relay’s pins, a current is sent to either NC or NO by opening
either one of two SSRs from a USB6525. This current is incremented in steps of
0.1 amps from 0.1 A to 1 A. The current is applied to every relay’s NC or NO
since they are all connected, see figure 3.3, while the one where measurements
are desired is in the opposite state. For code listing see listing C.3

4.2.3 CAN/PSU

Regarding CAN/PSU, the aim is to confirm that the different PSUs are outputting
the correct voltages on its six terminals as well as confirm that the CAN interface
correctly communicates with two ID-cards. Three of the channels for voltage can
vary from OV to either 6V or 20V and thus a VI for separately measuring voltage
output on channels can be used. This eliminates the need for external devices such
as another USB6001 for analog inputs. As for the remaining three outputs, these
voltages are supplied as soon as the PSU powers on without manual interaction.
Due to the USB6001 being limited to measuring 10V, the constant 24V are voltage
divided over four 12 resistors meaning that the USB6001 should measure 6V.
Finally, a VI is used for verifying the CAN interface. If a connection was established
then the VI outputs the ID-card’s assigned ID and if there was no established
connection then it outputs UNKNOWN. For the sequence in its entirety see listing
C.4

As for the sequence in TestStand, only one thing had to be considered. As soon
as the platform is turned on, the PSU begins outputting voltage on its constant
channels. This means that if something is faulty on the PCB, 5V and 24V could
cause issues if wrongly connected. Therefore, a USB6525 is used which provides
six solid-state relays (SSRs). By setting one of these SSRs at a time, only one
set of resistors is loaded. This ensures that the sequence has total control over
when each voltage is fed to its corresponding coupling on the PCB, making the
procedure even safer. Additionally, since the power generated is around 3W, only
allowing one channel at a time to be active minimizes the otherwise substantial
heat generation.

4.2.4 RS232

The software to validate the RS232 communication was implemented similarly to
the DAQ DIO test with a loopback test of the different COM PORT RX & TX Pins.
A message is sent from a TX port to its dedicated RX port and if the transmitting
exceeds a time-limit, then the TX or RX port is deemed as faulty. Granted, there is
no way of knowing which port is faulty however it points the company’s engineers
in a very specific direction.



Chapter 5

Results

To validate the PTR against the requirements set up in section 1.4, a series of
tests were performed against platforms used in the production department of the
company. Man-made errors were added, when possible, to verify the PTR’s ability
to detect faults and measure values on the modules. The PTR was first tested
against a golden sample platform with no known faults and used as a reference
platform. The PTR correctly passed this platform and did not detect any faults
and thus verified the functionality of the modules. To test fault detection, a test
was conducted on a platform with known faults of a broken GND pin and non
functional RS232 port. The reports created from these tests are used as the results
from which conclusions can be drawn of the project’s success. Not all data from
all pins and measurements from these reports could be displayed in the results
section as this would take up too much space.

Also part of the result are the PCB’s created as these were an important part of
the from project and the main improvement from previous project. These will be
displayed and conclusions drawn later in the report. See appendix B for completed
schematics, and for Gerber output see [24]

Table 5.1: Test Runtimes

PCB Runtime (s)
DAQ TEST 22s

RELAY 390s
CAN/PSU 10s

RS232 2s

Total Runtime | 424s
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