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ABSTRAKT, KĽÚČOVÉ SLOVÁ 

ABSTRAKT 

Táto diplomová práca sa zaoberá optimalizáciou validačných testov pre produkt 
firmy Robert Bosch určený na úpravu výfukových plynov vznetových motorov, tzv. 
Denoxtronic 5.x, konkrétne jeho najkomplikovanejšiu časť – Pump Module. Zhrnutím 
a analyzovaním porúch objavujúcich sa v reálnej prevádzke tak poskytuje spätnú 
väzbu pre oddelenie vývoja a navrhuje, akým mechanizmom by mali byť 
v budúcnosti validačné testy optimalizované. 

KĽÚČOVÉ SLOVÁ 

Robert, Bosch, DNOX, Denoxtronic, Pump, Module, validation, optimization, SCR, 
AdBlue® 

ABSTRACT 

This diploma thesis is concerned of optimization of validation tests for a Robert 
Bosch product designed for diesel engines exhaust gases post processing, the 
Denoxtronic 5.x, precisely of one main subcomponent – Pump Module. By 
summarizing and analysing of failures occurring in real traffic, it provides feedback 
for engineering department and suggests the mechanism how to optimize the 
validation tests in future. 

KEYWORDS 

Robert, Bosch, DNOX, Denoxtronic, Pump, Module, validation, optimization, SCR, 
AdBlue® 
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INTRODUCTION 

INTRODUCTION 
The automotive market of today is facing the challenge to adapt to the environment – 
friendly behaviour of the modern society. As the quantity of vehicles on the roads 
rises, the air pollution would increase significantly if this problem was not taken in 
account of the cars’ development and designing. The solution of the problem may 
seem very simple. If we take out the unrealistic possibility of reducing the driven 
mileage per person, three options remain: optimization of combustion process, 
exhaust gases post processing and usage of alternative fuels. All three options are 
being focused on. This thesis is the small contribution to the massive effort to reduce 
the negative impact by post processing of the exhaust gases. 

Robert Bosch GmbH, as one of the world’s leading automotive component 
manufacturers, is strongly involved in the exhaust gases post processing with a 
spectrum of products. To reduce the amount of nitrous gases produced by diesel 
powered vehicles, Bosch offers the range of “Denoxtronic” products that are 
designed for passenger cars, light duty vehicles, trucks and off-road applications. It is 
possible via selective catalytic reduction – SCR  

Of course, for such an application, robust development team and activities must be in 
place. To assure that the serial parts work correctly, appropriate procedure is set and 
must be followed during the product development. One of the steps, is the validation 
testing. The aim of it is to simulate the future working conditions of a product and find 
out what failures are possible to expect and when. Simply, if the product can survive 
working according to specification for the desired and designed timeframe. 

The results of such testing are then analyzed at many product maturity levels to point 
out the areas for improvement and to discover the possible errors. Quality 
information from field applications can be used to verify the testing results. The 
newest PCLD Denoxtronic application Bosch DNOX 5.x has been assembled to 
serial vehicles for 2 years and therefore, there are data from final customers 
available as well. Field quality data are among resulting from so called claims. Each 
of those is being analyzed to be able to confirm or reject them objectively. As the 
product is being sold to car manufacturers around the world, having a feedback from 
real traffic is a valuable input for future. 

By summarizing the data obtained during the claim analyses, a comparison of 
validation test results and real traffic (field) results can be used to determine the 
accuracy and correct sensitivity of the tests themselves. That is the main goal of this 
thesis, but in addition to that, thermal aspect of the Pump Module’s life was 
investigated deeper to provide the better image of heat distribution and stresses 
resulting from it in assembled state. 
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DESCRIPTION OF DENOXTRONIC SYSTEM 

1 DESCRIPTION OF DENOXTRONIC SYSTEM 
The Denoxtronic (or DNOX) function is based on selective catalytic reaction (SCR) 
taking place in a specific catalytic converter. This requires the presence of DEF – 
Diesel exhaust fluid, commercially named AdBlue®. Today, SCR technology is used 
in diesel powered vehicles only, mostly in trucks and off-highway vehicles, but the 
number of passenger cars and light duty vehicles equipped by this system increases. 
The aim is to fulfil the requirements of Euro 6 (Overview of Euro emission standards 
attached at the end of this section), Bin 5 and Tier 2 emission limits. Chemically-wise 
AdBlue® is a 32.5% solution of synthetic urea in deionised water. It was developed 
jointly be several companies under the surveillance of The German Association of 
Automotive Industry (VDA) that also supervises that current production of AdBlue® is 
according to ISO and DIN standards. Main characteristics of the AdBlue® are shown 
in Table 1. 

Chemical formula CO(NH2)2 + H2O 
Density at 20°C 1,09 g/cm³ 
Molar weight 60,06 g/mol 
Freezing point -11°C 
pH 9 (alkaline) 
Table 1: Main characteristics of AdBlue® [1] 

AdBlue® is colourless, slightly yellowish liquid with light smell of ammonia, however 
not toxic, and not harmful when in contact with human skin. From the technical point 
of view, it is problematic because of the corrosive effects on various metals and can 
damage several plastic materials as well. The experience from the usage of AdBlue® 
also showed its highly capillary character that requires proper sealing of the 
components and electrical harness at all relevant points as well. 

The actual chemical reaction present during the SCR process is as follows: 

PHASE 1: Oxidation of the exhaust gases 

2NO + O2 → 2NO2 
2CO + O2 → 2CO2 
4HC + 3O2 → 2CO2 + H2O 
 
PHASE 2: AdBlue® hydrolysis 
CO(NH2)2 + H2O → 2NH3 + CO2 

 

PHASE 3: Selective reduction 
 
8NH3 + 6NO2 → 7N2 + 12H2O 
4NH3 + 4NO + O2 → 4N2 + 6H2O 
2NH3 + NO + NO2 → 2N2 + 3H2O 
 
PHASE 4: Oxidation 
4NH3 + 3O2 → 2N2 + 6H2O 
[2] 
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DESCRIPTION OF DENOXTRONIC SYSTEM 

Even the catalytic converter is the component where the NOx reduction is performed, 
many more components are needed. Main parts of the DNOX 5.x system are: 

- Dosing Control Unit (DCU) 
- AdBlue® tank 
- Supply Module (incl. Pump Module) 
- Dosing Module 
- Hydraulic lines 
- Electric wiring 
- Sensors 

 

Fig. 1: DNOX 5.x overview [3] 

  

Stage 
Valid 
since 

CO HC HC+NOx NOx PM PN 
g/km 1/km 

Euro 1 07/1992 2,72 X 0,97 X X X 
Euro 2 01/1996 2,20 X 0,50 X X X 
Euro 3 01/2000 2,30 0,20 X 0,15 X X 
Euro 4 01/2005 1,00 0,10 X 0,08 X X 
Euro 5a 09/2009 1,00 0,10b X 0,06 0,005c X 
Euro 6 09/2014 1,00 0,10b X 0,06 0,005c 6,0×1011c,d

Table 2: Overview of Euro standards for passenger cars with gasoline engines [4] 
a – since 01/2011 valid for all models 
b – NMHC limit max 0,068 g/km 
c – applicable only for direct injection engines 
d - 6.0×1012 1/km within first three years from Euro 6 effective dates 
*For stages Euro 1 – Euro 4, cars over 2500kg were considered as light duty  
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Stage 
Valid 
since 

CO HC HC+NOx NOx PM PN 
g/km 1/km 

Euro 1 07/1992 2,72 X 0,97 X 0,14 X 

Euro 2 

Indirect 
injection 01/1996 1,00 X 0,70 X 0,08 X 
Direct 

injection 01/1996a 1,00 X 0,90 X 0,10 X 

Euro 3 01/2000 0,64 X 0,56 0,50 0,05 X 
Euro 4 01/2005 0,50 X 0,30 0,25 0,025 X 

Euro 5a 09/2009b 0,50 X 0,23 0,18 0,005 X 
Euro 5b 09/2011c 0,50 X 0,23 0,18 0,005 6,0×1011

Euro 6 09/2014 0,50 X 0,17 0,08 0,005 6,0×1011

Table 3: Overview of Euro standards for passenger cars with diesel engines[4] 
a – since 10/1999 identical as for indirect injection 
b – since 01/2011 valid for all models 
c – since 01/2013 valid for all models 
*For stages Euro 1 – Euro 4, cars over 2500kg were considered as light duty  

 

Stage 
Valid 
since 

CO HC HC+NOx NOx PM PN 
g/km 1/km 

Euro 1 10/1994 2,72 X 0,97 X X X 
Euro 2 01/1998 2,20 X 0,50 X X X 
Euro 3 01/2000 2,30 0,20 X 0,15 X X 
Euro 4 01/2005 1,00 0,10 X 0,08 X X 
Euro 5 09/2009a 1,00 0,10c X 0,06 0,005b X 
Euro 6 09/2014 1,00 0,10c X 0,06 0,005b 6,0×1011 d

Euro 1 10/1994 5,17 X 1,40 X X X 
Euro 2 01/1998 4,00 X 0,65 X X X 
Euro 3 01/2001 4,17 0,25 X 0,18 X X 
Euro 4 01/2006 1,81 0,13 X 0,10 X X 
Euro 5 09/2010g 1,81 0,13 e X 0,075 0,005b X 
Euro 6 09/2015 1,81 0,13 e X 0,075 0,005b 6,0×1011 d 

Euro 1 10/1994 6,90 X 1,70 X X X 
Euro 2 01/1998 5,00 X 0,80 X X X 
Euro 3 01/2001 5,22 0,29 X 0,21 X X 
Euro 4 01/2006 2,27 0,16 X 0,11 X X 
Euro 5 09/2010g 2,27 0,16 f X 0,082 0,005b X 
Euro 6 09/2015 2,27 0,16 f X 0,082 0,005b 6,0×1011 d 

Table 4: Overview of Euro standards for light duty cars with gasoline engines[4] 
Cars up to 1305 kg of weight 
Cars between 1305 kg and 1760 kg of weight 
Cars between 1760 kg and 3500 kg of weight 
a – since 01/2011 valid for all models 
b – valid only for engines with direct injection 
c – NMHC limit max 0,068 g/km 
d - 6.0×1012 1/km within first three years from Euro 6 effective dates 
e – NMHC limit max 0,090 g/km 
f – NMHC limit max 0,108 g/km  
g – since 01/2012 valid for all models  
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Stage 
Valid 
since 

CO HC HC+NOx NOx PM PN 
g/km 1/km 

Euro 1 10/1994 2,72 X 0,97 X 0,14 X 

Euro 2 

Indirect 
injection 01/1998 1,00 X 0,70 X 0,08 X 
Direct 

injection 01/1998a 1,00 X 0,90 X 0,10 X 

Euro 3 01/2000 0,64 X 0,56 0,50 0,05 X 
Euro 4 01/2005 0,50 X 0,30 0,25 0,025 X 

Euro 5a 09/2009b 0,50 X 0,23 0,18 0,005 X 
Euro 5b 09/2011c 0,50 X 0,23 0,18 0,005 6,0×1011

Euro 6 09/2014 0,50 X 0,17 0,08 0,005 6,0×1011

Euro 1 10/1994 5,17 X 1,40 X 0,19 X 

Euro 2 

Indirect 
injection 01/1998 1,25 X 1,00 X 0,12 X 

Direct 
injection 01/1998a 1,25 X 1,30 X 0,14 X 

Euro 3 01/2001 0,80 X 0,72 0,65 0,07 X 
Euro 4 01/2006 0,63 X 0,39 0,33 0,04 X 

Euro 5a 09/2010 0,63 X 0,295 0,235 0,005 X 
Euro 5b 09/2011c 0,63 X 0,295 0,235 0,005 6,0×1011

Euro 6 09/2015 0,63 X 0,195 0,105 0,005 6,0×1011

Euro 1 10/1994 6,90 X 1,70 X 0,25 X 

Euro 2 

Indirect 
injection 01/1998 1,50 X 1,20 X 0,17 X 
Direct 

injection 01/1998a 1,50 X 1,60 X 0,20 X 

Euro 3 01/2001 0,95 X 0,86 0,78 0,10 X 
Euro 4 01/2006 0,74 X 0,46 0,39 0,06 X 

Euro 5a 09/2010 0,74 X 0,35 0,28 0,005 X 
Euro 5b 09/2011c 0,74 X 0,35 0,28 0,005 6,0×1011

Euro 6 09/2015 0,74 X 0,215 0,125 0,005 6,0×1011

Table 5: Overview of Euro standards for light duty cars with diesel engines [4] 
Cars up to 1305 kg of weight 
Cars between 1305 kg and 1760 kg of weight 
Cars between 1760 kg and 3500 kg of weight 
a - since 10/1999 identical as for indirect injection 
b – since 01/2011 valid for all models 
c – since 01/2013 valid for all models 
*For stages Euro 1 and 2, the weight groups were: 
- under 1250 kg 
- between 1250 kg and 1700 kg 
- between 1700 kg and 3500 kg  

 

1.1  SUPPLY MODULE 

The supply module (also referred as Standard Tank Unit) is welded to the bottom of 
the tank, so it’s always covered by AdBlue®. However, the Pump Module remains 
detachable for replacing or removing for potential failure analysis without damaging 
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the whole tank or Supply Module. The basic function of Supply Module is to fill and 
pressurise the hydraulic lines by AdBlue® pumped from the tank, but several more 
functions are implemented as well (described below). Because of that, Supply 
Module contains: 

- Carrier with level sensor 
- Heater 
- Filter 
- Connector 
- Pump Module 

Fig. 2: Supply Module of DNOX 5.x 
 

1.1.1 CARRIER 

The main role of the carrier is to hold all other components together to be fitted in the 
tank. The actual connection is done by welding on the place of welding geometry 
(shown as yellow circumference on Fig.2). Whole carrier is made of HDPE (High-
density polyethylene) which is resistant to the presence of AdBlue® for long periods. 
HDPE also allows the heater and filter to be welded to the carrier, Pump Module to 
be screwed in by three screws with dampers (to eliminate vibrations) and the 
connector to be fitted by insert moulding. The carrier also houses the level sensor 
(made and welded in by Bosch sub-supplier) that is used to evaluate the amount of 
AdBlue® in tank. Unlike the level sensor used in 1st generation of DNOX (3.x), this 
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one is capable of continuous measurement thanks to the ultrasonic pulses generated 
in the level sensor body, then directed through the plastic column, reflected by 
AdBlue® surface and sensed by the level sensor body again. If time of the pulse 
return and overall dimensions of the tank are taken in mind, accurate value of 
AdBlue® volume is easily evaluated. There are several regular measurements each 
second, then median value is calculated. By considering multiple echoes it’s possible 
to distinguish between valid measurements and echoes caused by disturbances. 
Signal to ECU is updated once per second. However, setup of the evaluation has to 
be adjusted according to each tank as dimensions and volume may vary respecting 
the vehicle manufacturer’s project (car layout). Continuous measurement based on 
ultrasonic pulses also has some negatives. Firstly, the level sensor only works if 
AdBlue® is in liquid state. Secondly, wrong values are obtained if the pulse is 
reflected by tank surface (tank 100% full) – evaluated with all consequences as 
empty; and short-term wrong values are also obtained if the pulse is reflected by air 
bubbles or waves and splashes caused by driving on poor road. 

 
Fig. 3: Level sensor working principle illustration [10] 

To assure that the level sensor pulses are reflected by the AdBlue® surface, tanks 
are equipped with the air-valve (not shown in the picture) preventing the tank from 
being 100% filled. The additional function of the level sensor is to share the PCB with 
the temperature sensor (marked red in Fig.3). The information from the temperature 
sensor is needed to prevent the Pump Module from starting if AdBlue® is frozen. 
Information from both temperature sensor and level sensor is transferred to DCU by 
a 5-pin connector. There are two types of connectors – compact connector and AK 
connector (chosen by German customers) varying on the shape, function is with no 
difference. 
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 Fig. 4: 5-pin connector of the sensors [3] 

 

1.1.2 FILTER 

The role of the filter is to prevent dust particles from entering and damaging the 
Pump Module. It consists of filter housing, thermo-conductive metal pin and a mesh 
made of synthetic fabric. The pin is used to focus the heating energy to the closest 
point of Pump inlet to make the AdBlue® injection (therefore, the SCR process) 
possible in cold ambient temperatures as soon as possible. What it takes to the filter 
mesh, there are two types of them – smooth mesh for PC (passenger cars) and 
groovy mesh for LD (light duty) to increase the total filtering surface. According to the 
choice of filter, two models of DNOX 5.x are recognized – DNOX 5.1 with PC filter 
and DNOX 5.2 with LD filter. 

Fig. 5: Comparison of DNOX 5.x filters (upside down view) [10] 
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1.1.3 HEATER 

The only function of the heater is to keep the AdBlue® in liquid state. As the AdBlue® 
freezes at approximately -11°C (depending on actual ratio of urea and water), the 
heater is operational mainly in winter season. It is made from the Positive 
Temperature Co-efficient (PTC) element; covered by a pre-over mould acting as an 
insulator between the PTC and the bus bar; ceramic insulation of the PTC element; 
thermal-conductive aluminium body designed to transfer heat to the whole area right 
above the filter (pump suction point); and the over-mould made of plastic (HDPE 
today, TPE planned in future) protecting the electrical parts of the heart from 
AdBlue® corrosive effects. 
 

Fig. 6: Heater [10] 
 

1.1.4 PUMP MODULE 

The Pump Module is the most important part of the Supply Module. Its function is to 
pump AdBlue® from the tank towards the Dosing Module (injector) and to suck the 
AdBlue® from the system back to the tank when the engine stops. Reverse flow of 
the AdBlue® is necessary to prevent the Dosing Module and AdBlue® pipes from ice 
pressure effects in case of ambient temperature below -11°C. Therefore, two pumps 
are used in the Pump Module – Main pump and Backflow (purge) pump. Overview of 
the components used is visible in Fig. 7. 
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Fig. 7: Pump module overview [3] 

MAIN PUMP 
The main pump is diaphragm – type pump operated via solenoid that uses the 
electromagnetic field to lift the magnetic hub membrane. The direction of AdBlue® 
flow is secured by a couple of non-return valves mounted in opposite direction. In 
one time, only one of the valves can be open. 

Fig. 8: Main pump supply magnet (covered by a green cap) with two non-return 
valves [3] 

AdBlue® enters the Pump Module through the inlet port, along the ice pressure 
damper and is filtered by the inlet filter. When the diaphragm moves up, negative 
pressure is being built in the pumping chamber, inlet NRV is lifted and AdBlue® flows 
into the pump chamber. When the diaphragm moves down, AdBlue® is being 
compressed forcing the delivery NRV to open and thus allowing AdBlue® to flow out 
along the pulsation damper, through strainer to the pipelines towards the Dosing 
Module. 
However, the solenoid lifting mechanism at main pump has a secondary function of 
heating the Pump Module at freezing temperatures. In such case, the solenoid is 
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permanently turned on according to the predefined mode for defrosting. The 
comparison of heating mode and pump mode is displayed on Fig. 9. 

 
Fig. 9: Comparison of pump modes (approximate curves) 

 
BACKFLOW (PURGE) PUMP 
The function of the purge pump is to suck the AdBlue® from the pipelines back to the 
tank to prevent them from cracking because of the freezing process. Backflow pump 
is also a diaphragm-type one operated by the solenoid with magnetic membrane. 
When the diaphragm moves back, negative pressure is built in the pumping 
chamber, therefore the AdBlue® returns back and fills the chamber. AdBlue® is then 
pushed along the ice pressure damper to the AdBlue® tank. 

Fig. 10: Position of the backflow pump in Pump Module (shown in blue) [3] 

 
As stated above, both pumps use the so-called ice pressure dampers. The basis of 
their function is that it partially fills the spaces vulnerable to the ice pressure; 
therefore it prevents big volumes of AdBlue® from freezing and expanding in the 
critical chambers. All the pressure resulting from the ice formation is neutralized by 
the rubber-like material of the damper. 
 



BRNO 2015 

 

20 
 

DESCRIPTION OF DENOXTRONIC SYSTEM 

1.2 DOSING MODULE 

The function of the dosing module is to inject delivered AdBlue® into the exhaust 
pipe next to the mixer and SCR catalytic converter. It’s therefore assembled directly 
to the exhaust pipe behind the DPF (Diesel particle filter), tight fit is secured by a V-
clamp. There are two main model types – air cooled (3.1 and 3.2) and water cooled 
(3.3; 3.4; 3.5 – not in production yet). Their usage in particular vehicle type is not 
dependent on a DNOX generation, therefore all dosing modules can be fitted to both 
generations, and they can even work with supply modules from different 
manufacturers. Technically, the Dosing modules are based on Bosch fuel injectors. 

 
Fig. 11: Assembly of the Dosing Module (air cooled) in Mercedes-Benz R-class 

 

 
 
 

Fig. 12: Dosing module water cooled 
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Fig. 13: Overview of the air-cooled Dosing module [3] 

Hydraulic connector acts as AdBlue® inlet and leads it towards the injector through 
the courtesy of pressure built by the main pump. AdBlue® then enters the injector 
unit where further compression is present until the injection. Injection itself is initiated 
by electronic signal from DCU which starts the electric current in the coil causing the 
electromagnetic valve needle ending with the ball to lift. In steady state the valve ball 
sits in valve seat blocking the injection orifices of the orifice plate because of the 
spring force. When sufficient pressure is built, the ball lifts and injection of AdBlue® is 
possible. Injection frequency may vary in the range of 50Hz, whereas the desired 
flow rate can be obtained at all frequencies. The time of open needle varies in a 
range of milliseconds. 
The cooling body (heat sink) made of stainless steel is used to dissipate heat to the 
environment and to hold the injector unit in place. It consists of valve housing, cooling 
ribs, connecting rib, holding jacket, intermediate piece and connecting flange. 
Holding jacket serves as a basis to hold all other components of the heat sink 
assembly; contains the socket inserts that are pressed in. Valve housing is used to 
hold the injector unit in place. It’s made of stainless steel and has several holes on 
circumference to ensure proper air circulation for cooling of the injector. Five cooling 
ribs are present to conduct heat from injector to atmosphere. All of them have 10 
holes to reduce the noise level. The connecting rib helps to hold and assemble the 
intermediate piece. Intermediate piece connects the flange with other parts of the 
assembly. It has to have minimal contact with the heat sink to avoid the heat transfer 
from the exhaust. Connecting flange is an interface to connect the Dosing module to 
the exhaust flange. It is crimped to the intermediate piece and contains three legs to 
ensure correct connecting position on the exhaust. 
Clip arrests axial movement of injection valve and holds the hydraulic connector and 
the tab washer on the heat sink. Tab washer is present to eliminate axial movement 
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of the injector valve. Sealing disk is inserted on the connecting flange. Its function is 
to prevent untreated exhaust gases from entering into the dosing module. Protective 
caps (shipping caps) are present to prevent dust particles or other unwanted material 
from entering the dosing module during transport and handling. They are made of 
low density polyethylene. 
 

Fig. 14 Thermal model of the dosing module in critical working conditions (DPF 
regeneration active) [3] 

 

1.3 SELECTIVE CATALYTIC CONVERTER 

In the catalytic converter, the actual SCR reaction takes place through the courtesy 
of the ammonia-based DEF (AdBlue®) acting as a reagent and the material of the 
catalytic converter itself acting as catalyst. The mixture of AdBlue® and exhaust 
gases (NOx gases) flows through the tubular micro-canals of the converter, so the 
surface for possible reaction is maximized. From the chemical point of view the 
converters consist of a ceramic carrier – often also made of Titanium dioxide and 
catalytic materials such as: 

- Oxides of base metals: vanadium, molybdenum or tungsten 
- Precious metals 
- Zeolite 
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For mobile usage, therefore in passenger cars, trucks and tractors the Zeolite and 
vanadium based converters are used in majority. 

 
Fig. 15: Cut through a Zeolite-based catalytic converter with tubular canals visible [9] 

Zeolites can be described as microporous, aluminosilicate minerals with high 
capability of accommodating cations such as Na+, K+, Ca2+, Mg2+ and others. As of 
today, there are 206 known frameworks of Zeolite, ca. 40 of which are of natural 
origin, others are made synthetically. For industrial purposes, solely the synthetic 
frameworks are used. For automotive SCR catalysts, mainly copper-based ones are 
used due to their long-term resistance against high temperatures generated by DPF 
regeneration (ca. 600°C). Compared to the vanadium-based catalysts the conversion 
efficiency is even higher. There are several types of synthetic zeolites that form by a 
process of slow crystallization of a silica-alumina gel in the presence of alkalis and 
organic templates. One of the important processes used to carry out zeolite synthesis 
is sol-gel processing. The product properties depend on reaction mixture 
composition, pH of the system, operating temperature, pre-reaction 'seeding' time, 
reaction time as well as the templates used. In sol-gel process, other elements 
(metals, metal oxides) can be easily incorporated. The silicalite sol formed by the 
hydrothermal method is very stable. The ease of scaling up this process makes it a 
favourite route for zeolite synthesis. 
Apart from SCR catalysts they are used for water softening and purification, for 
petrochemical purposes, in biogas industry as the storage medium, as an ecological 
constructional material, etc... 
 
Vanadium-based catalytic converters were introduced for heavy duty engines in 
2004, at the time of Euro IV validity and further to Euro V in 2008. The main 
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advantage was the high efficiency – up to 90% in the wide temperature range up to 
500°C. Combined with the DPF often in one component these catalysts were 
successful to eliminate both NOx and particles (also referred as diesel soot) while 
reducing the fuel consumption thus reducing the CO2 emissions as well. These 
converters are also sulphur tolerant, so they are still very popular for stationary 
purposes and because of the presence of SOx in marine fuel vanadium-based 
converters are still widely used for large vessels (e.g. Johnson Matthey’s SINOx 
system). However, as mentioned above, for trucks and passenger cars, they were 
replaced by copper-zeolite or Fe-zeolite based ones. [5] [6] [7] 
 
Generally speaking, the requirements for the SCR converters are as follows: 

- High reactivity at low temperatures and on wide spectrum of temperatures 
- High selectivity – low values of SO2 transformation to SO3 
- Chemical resistance against SO2, halides, alkali metals and heavy metals 

such as As 
- Mechanical resistance 
- Minimal pressure loss 
- Low price 
- Long service life 
- Recyclability 
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2 COMPARISON OF FIELD FAILURES TO THE FAILURE 

CATALOGUE OBTAINED BY VALIDATION TESTS 
As described in the chapter above, the pump module consists from numerous 
subcomponents, failures of which are being monitored during validation in all stages 
of development. Even after validation tests at Bosch side, new failure modes were 
observed in real life conditions and can be divided in three groups: production line 
failures, 0-mileage failures and field failures. Production line failures are related 
mainly to the process of manufacturing and a connection to product development is 
rare. 0-mileage failure is the non-conformity or dysfunction observed by Bosch 
customer, therefore the OEM - (car manufacturer; original equipment manufacturer) 
or company producing AdBlue® tanks in combination with Supply Module welding. A 
part claimed as 0-mileage has not been driven in the car not even on test track. 
These claims indicate unspotted mistake during production process – faulty 
purchased part or random manufacturing error, both in combination with insufficient 
end-of-line check. A field failure occurs when the product is assembled in a vehicle 
that was sold to the end customer and the function is negatively affected or sensors 
indicate so. Both 0-mileage and field claimed parts are then sent to Bosch for further 
analysis. Generally, claims from Europe and Asia are sent to the Bosch Czech 
Republic and the claims from American continent are analysed in the labs of two 
Bosch sites in USA. This thesis is concerned of field claim analysis, therefore its 
overview can be found in this chapter. 

Generally, the claimed parts are categorised by analysis results in three groups. First 
category is the group of failures of Bosch responsibility, no matter whether it is for 
faulty design, production process or mishandling at Bosch. For Bosch, these are the 
most important to avoid. In the second category, there are the claims of customer’s 
responsibility. The failure was found on them during analysis, but it was found out 
that this failure was not caused by Bosch. The last category is the parts in 
specification, or “No trouble found” parts. The claim is referred as “No Trouble Found” 
(NTF) when visual check and full functional check is performed without finding any 
non-conformity. Nowadays, the majority of claimed parts are evaluated just as NTF. 
The cause of this phenomenon may be various: troublesome signal evaluation on 
DCU – Dosing controlling unit, difference between factual product specification and 
customer’s need, inappropriate failure assessment of customer – OBD (on-board 
diagnosis) messages misunderstanding, testing procedures at Bosch not sensitive 
enough, etc. Finding the way how to minimize the number of NTF claims may be a 
subject of continuous improvement process, probably in cooperation with OEMs. As 
an input for such an activity key data from functional and visual checks were 
collected and put in several graphs in the next parts of the thesis. 
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2.1 OVERVIEW OF FAILURE MODES 

2.1.1 SUPPLY MAGNET ANCHOR WELDING CRACKED 

From chronologic point of view, it was the first claim and it was of engineering 
character. Customer claimed the Pump Module which was unable to build pressure 
in AdBlue® system, even after the AdBlue® refill. After the delivery of the tank with 
Supply Module, no damage, crack or untightness could be observed by visual check. 

Fig.16: View on a) the tank from top b) Supply Module mounted from bottom side 

As the claim was focused on the Pump Module, it was disassembled for further 
investigation. From visual point of view, no damage was observed; slight 
crystallisation of AdBlue® on the hydraulic connector was OK behaviour. The pump 
module itself also showed no damage in visual check, however functional check was 
performed to confirm the error messages from the vehicle and therefore the 
customer’s claim. 

Fig.17: View on the Pump Module after demounting 

On the test bench, a pressure build-up test was performed for both pumps – main 
supply pump and backflow pump - as well as electrical check of accessories on 
Supply Module (heater function check, level sensor check). As expected, electrical 
test were OK, but the pump pressure build-up test confirmed the claim description as 
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no pressure was built at all by the main pump. Function of purge pump showed no 
deviation (this particular backflow pump generated volumetry of 48 mm3 / stroke, 
while the limit is 45 mm3 / stroke; no trouble found on any other backflow pump 
regarding this issue either). Expectably, the pressure pulsations were zero. To find 
out the root cause of the inability to produce pressure, a CT scan of the main pump 
was performed.  

Fig. 18: CT scan of supply pump focused on supply magnet rod 

When focused on main magnet, the CT scan revealed an irregularity in the area of 
anchor rod welding. This fact was then proved by teardown analysis. Breakage was 
visually observed along the welding seam which caused the magnet with the 
membrane not to move, therefore build no pressure. 

Fig. 19: Breakage visible along the welding seam of the magnet anchor rod 

The analysis showed “hot cracks” of the seam which was being weakened rapidly 
during cyclic load of this high stress zone. Character of damage pointed on the badly 
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set parameters of welding. The power of laser had to be reduced and focus of the 
beam was relocated. Apart from changing the welding parameters, the geometry of 
the anchor was redesigned to provide greater robustness, thus greater strength in 
pull-off test. 

Fig.20: Comparison of old (left) and new (right) anchor weld design 

To verify the new welding strategy and design, the validation pull off force tests 
(tensile tests) were performed as well as tests with dynamic load. 

Structural static testing BEFORE AFTER 
Break force [N] 2500 - 3000 2500 - 3000 

Minimal requirement [N] 1500 1500 

 
Dynamic load testing (cyclic) BEFORE AFTER 

Cycles of 300N 2.000.000 10.000.000 
Minimal requirement 400.000 400.000 

Table 6: Overview of corrective action proof 

Apart from these, validation by pump endurance tests, defrosting cycle test and 
fatigue test was performed and passed.  
 

2.1.2 SHEARED O-RING 

This failure mode was observed in USA in a vehicle of an American customer, first 
time after very short distance driven. The failure code from diagnostics stated 
“Reductant system performance”. After the claimed tank unit was delivered back to 
Bosch, there was visible crystallisation of AdBlue® found on the outer side of the 
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Supply Module and inside the electrical connector all around the pins. This was also 
the cause of blue and green corrosion of the connector pins. Liquid AdBlue® dripped 
off the electrical connector right after disconnecting the electrical harness. 

Fig. 21: View on the supply module after delivery with AdBlue® deposits visible 

The Pump Module was demounted from the Supply Module to perform the visual 
inspection first. Liquid AdBlue® was found in the space for Pump Module as the 
claimed Supply Module was shipped upside down. On the edge of the pump carrier 
plastic body, in the area of valve plate welding, heavy urea crystals were formed 
which were another proof of the leakage. Plastic pump cover was also dislodged 
from its position. Simple electrical check showed short-circuit of pump contact strip. 

Fig. 22:Details of urea crystallisation formed on the Pump Module 
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As the source of the leakage was not clearly visible, the CT scan was set up. Non-
conformity of the O-ring was easily discovered on its edge causing it not to seal the 
pump valve area against AdBlue®. 

Fig. 23: CT scan of the valve plate with O-ring abnormality visible 

This abnormality was further analysed by a tear down with exact focus on the main 
pump O-rings. It was found out, that one of them was sheared allowing the unwilling 
AdBlue® flow. The problem was not only the urea crystallisation, but mainly the 
inability of the pump to hold the desired pressure. As was discovered, the sheared O-
ring was badly positioned in its seat. The O-rings are positioned and handled by an 
air under pressure arm which was also suspect for damaging the O-rings made of 
rubber. Later, it was discovered, that purely bad position aspect is the root cause of 
the problem. 

Fig. 24: O-ring position on OK / NOK part 
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Fig.25: Photo of the sheared O-ring in position  

As the immediate countermeasure, it was agreed to start the on-production-line 
visual check of all valve assemblies with O-rings applied. Actual application of O-
rings was being done manually. To trace the suspected parts, manufacturing server 
data were inspected and potentially pre-damaged parts were identified. As 
permanent countermeasure new O-ring automatic loading system was introduced, 
along with colour camera system to better check the position of the O-ring (before, 
only the presence of O-ring was checked). There was also software monitoring the 
pressing force implemented. This entire modernised loading jig was the object of a 
new maintenance system that has been in place until today for all Pump Module 
production lines within the plant. To exclude the possibility of damage by under 
pressure loading completely, a new loading mechanism was designed using clamps 
instead. 
 

2.1.3 LOW VOLUMETRY OF PUMP MODULE / SUPPLY MAGNET CAP CRACKED 

The claimed Pump Module reported failure at mileage near to claim average driven in 
a vehicle of a German customer. The problem was supposed to be with insufficient 
volume delivered, however not specified whether by the main or backflow pump. 
Actual Pump Module was delivered to Bosch (CZE) demounted from the Supply 
Module (no info regarding the visual status of Supply Module or tank). The visual 
inspection easily pointed out on three major problems: Supply magnet cover was 
significantly cracked, backflow pump outlet was entirely covered by urea 
crystallisation and lots of urea crystals were found on the hydraulic connector groove 
(used for securing the shipping caps). All these three problems were signs of 
mechanical damage. 
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Fig. 26: Supply magnet cover crack 

 

Fig. 27: Backflow pump outlet heavily crystallized 

 

Fig. 28: Hydraulic connector groove crystallized 

Even the Pump Module showed evidence of inappropriate handling or usage, the 
functional check was performed. Results are given in the table below: 
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Parameter 
Value 

measured 
Limit for field 

parts 

Main pump volumetry at 4.5 bar [mm3/stroke] 29.61 >28.06 
Main pump volumetry at 6.6 bar [mm3/stroke] 28.52 >29.21 
Main pump volumetry at 8.5 bar [mm3/stroke] 27.42 >30.36 
Maximal AdBlue® flow [l/h] 1.74 <2.61 
Backflow pump volumetry at 6.6 bar [mm3/stroke] 1.58 >38.00 

Table 7: Overview of functional check performed   

The NOK function of the Pump Module was confirmed. However, this claim was 
rejected and closed as failure in customer’s responsibility because of the obvious 
mechanical damage. 
 
Similar issue was reported by an American customer (mileage near claim average). 
Claim stated insufficient pressure build-up. The visual check discovered significant 
crack of the supply magnet plastic cover. Apart from that, the Pump Module was 
delivered with shipping caps missing. The electrical resistance of both magnets was 
in specification, but the functional check result was NOK. The pressure build-up was 
insufficient and the supply volume per stroke was below limit. However, the pressure 
pulsations were within limit. Function of backflow pump was far above minimal limit, 
therefore OK. 
 

Parameter 
Value 

measured 
Limit for field 

parts 

Main pump volumetry at 4.5 bar [mm3/stroke] 26,80 >28.06 
Main pump volumetry at 6.6 bar [mm3/stroke] 25,89 >29.21 
Main pump volumetry at 8.5 bar [mm3/stroke] 25,14 >30.36 
Maximal AdBlue® flow [l/h] 1.57 < 2.61 
Backflow pump volumetry at 6.6 bar [mm3/stroke] 66.85 >38.00 

Table 8: Overview of functional check performed   

The next of the analysis was the CT scan, which didn’t reveal any internal damage of 
the main magnet, nor of the other parts of the main pump. To find out the reason of 
insufficient pressure and volumetry, the stroke height measurement was set up as a 
part of teardown analysis. The results show low pump elevation which means that 
the membrane of the pump has insufficient track where the pressure is being built. 
The biggest elevation measured was 0,434 mm, the lower limit is 0,490 mm. 
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Fig. 29: Supply magnet cover cracked and bent 

Due to the mechanical damage of the part, the claim was rejected as customer 
failure. Similar issue was recorded among validation parts, where also the metal 
cover of the magnet was bent. Mishandling was judged to be a root cause of such 
failure. This conclusion supports also the conclusion of field part analysis that the 
Pump Module suffered major mechanical stress or impact during handling. 

2.1.4 CONTACT STRIP CRACKED 

The reported Pump Module came from an American customer with near-average 
driven mileage. The reported failure was insufficient amount of AdBlue® dosed, pre-
confirmed by swapping the new pump. As usual, the visual inspection was done after 
delivery to Bosch. From outer view, a crack on the contact strip was observed – 
approximately half of the width of the contact strip. Rest of the strip material was bent 
over. No impurities or AdBlue® crystals were seen. Possibility of mishandling during 
transport to Bosch was excluded as the packaging included shock-absorbing 
materials. 

Fig. 30: View on the cracked PM’s contact strip 

Even with the contact strip significantly broken, the functional check was performed 
to confirm the error description of the customer. All electrical functions of the Supply 
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Module remained untouched – level sensing and temperature measurement OK. 
Also in specification were the resistance values of both pump magnets and the 
heater. However, volumetry was negatively affected as seen in Table 8. 
 

Parameter 
Value 

measured 
Limit for field 

parts 

Main pump volumetry at 4.5 bar [mm3/stroke] 24.68 >28.06 
Main pump volumetry at 6.6 bar [mm3/stroke] 25.00 >29.21 
Main pump volumetry at 8.5 bar [mm3/stroke] 25.81 >30.36 
Maximal AdBlue® flow [l/h] 1.43 <2.61 
Backflow pump volumetry at 6.6 bar [mm3/stroke] 16.62 >38.00 

Table 9: Overview of functional check performed   

The final step of investigation was a teardown analysis, on which another non-
conformity was observed. Inside the pump, there was an unknown liquid organic 
substance found. Main traces of white material were found on the ice pressure 
damper. 

 
Fig. 31: Unknown organic contamination on ice pressure damper 

Based on both functional check and teardown analysis observance, this claim was 
rejected and referred as customer responsibility. However, the NOK function was 
proven. 

2.1.5 ADBLUE® CONTAMINATION 

The claimed Pump Module came from an American manufacturer with below-all 
claim average mileage. The initial service inspection reported moisture on the 
electrical connector – visible, but not of big quantity. The visual inspection of the 
Pump Module after shipment was OK. The investigation focused on the moisture 
source. As there was no trace of urea crystallization anywhere on the pump, the 
moisture must have been of different character. Therefore, the AdBlue® 
contamination analysis was performed. It proved the theory of contaminant presence 



BRNO 2015 

 

36 
 

OPTIMIZATION OF BOSCH DNOX 5.X PUMP MODULE TESTING MATRIX 

on oil strip test and also by getting separate layers of AdBlue® sample in a 
transparent cup. 
Based on these facts, the claim was closed as customer failure  

 
Fig. 32: Three layers of AdBlue® sample after relaxing period 

 

2.1.6 PUMP CONTAMINATION 

Another part from American customer was claimed for OBD information (on board 
diagnosis): Reductant Pump Performance. The Pump Module was delivered to 
Bosch without Supply Module and the first visual inspection showed no non-
conformity.  

Fig. 33: OK status of Pump Module on visual check 

As for all claimed parts, also with this one, there was a functional check performed to 
prove the OBD message. It showed that the pressure build-up was insufficient and 
pressure holding was not OK either. What’s more, the volumetry was below limits. 
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Parameter 
Value 

measured 
Limit for field 

parts 

Main pump volumetry at 4.5 bar [mm3/stroke] 27,29 >28.06 
Main pump volumetry at 6.6 bar [mm3/stroke] 26,98 >29.21 
Main pump volumetry at 8.5 bar [mm3/stroke] 26,66 >30.36 
Maximal AdBlue® flow [l/h] 1.63 <2.61 
Backflow pump volumetry at 6.6 bar [mm3/stroke] 28.47 >38.00 

Table 10: Overview of functional check performed   

As usual, if the functional check is NOK, further testing is performed – a teardown 
analysis followed. It showed the blockage of pump valve filters by an unknown white 
greasy material. The same material contamination was found inside the pump in 
bigger quantity. 

Fig. 34: Foreign material inside the Pump Module 

Since the presence of foreign material, the claim had to be rejected as customer fault 
(why?). The OBD message was confirmed, dosing volume and pump pressure was 
decreased. 
 
Later, similar issue was recorded on another American vehicle with below-all-claim-
average miles driven. The description only stated “Check engine light on”, therefore 
full testing procedure was performed. Visual check after delivery was OK, resistance 
of both magnets was also OK, however the Pump Module failed the functional check 
showing insufficient dosing performance on both pumps. During the teardown 
analysis, the filters of pump valves were blocked by similar greasy material of organic 
origin, but also fibres were found. In addition, the solvent-like smell was noticed 
proving non-AdBlue® fluids sucked into the Pump Module, possibly by improper 
refilling or mishandling. Based on this, the claim was rejected as customer 
responsibility. 
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Fig. 35: Contaminants inside the Pump Module 

Similar, but probably most critical issue regarding contamination was reported on 
another American vehicle, with above-average miles driven. This time, pure visual 
inspection of the pump showed severe contamination by foreign material – big 
particles of unknown origin stuck on the backflow pump outlet port filter. At this time it 
was already clear that the claim could not be accepted, but the teardown analysis 
followed and functional check followed anyway. As expected, the backflow volumetry 
was out of specification, but the supply function remained unaffected. The teardown 
analysis revealed the same greasy substance on the valve filters, however in much 
lower quantity. 

Fig. 36: Heavy particle contamination 

Even the claim was rejected and referred as customer responsibility, it is (together 
with previous pump contaminations) an input for development of future generations 
of  Denoxtronic to inform on one side the customer of the consequences of misuse 
thus unallowed media contamination and on the other side to consider if the design 
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of the filtration system could be adapted either on Bosch side or on the side of tank 
manufacturing company.  
Since all contaminated pumps came from same vehicle model which means that also 
an application at OEM might be a subject of analysis and further improvement. 

2.1.7 HYDRAULIC CONNECTOR BROKEN 

The first claim of that kind came from German customer vehicle (below-average of all 
claims mileage) - The customer claimed “Check Engine” light on with the suspicion 
on SCR Pump pressure build-up failure. After the delivery to Bosch, the visual check 
quickly found a severe damage to the Pump Module body. The hydraulic connector 
was broken and missing, so neither AdBlue® delivery, nor purging function was 
possible. The visual check also found another groove (sign of damage) on the pump 
holder. No leakage or tightness problem was observed along the seams and welds. 
Urea crystallization on the rubber dampers of pump inlet/outlet port was only the 
result of missing connector and resulting uncontrolled AdBlue® flow. The functional 
check was not done since it was not possible to do so because of the connector 
damage. According to the procedure, the electrical resistance of main and backflow 
pump magnets was checked – values were according to specification. 

 
Fig. 37: View on the broken pump body with the hydraulic connector missing 

To analyze the character and origin of the breakage, the crystallographic study was 
done at Bosch. The detailed picture using light microscopy was obtained that proved 
the mechanical damage – excluded heat damage, material fatigue, etc… However 
further investigation of the break origin was not possible using this technology. 
Following fractographic analysis proved the brittle character of the crack without any 
sign of plastic deformation. This acknowledgement supports the theory of part being 
broken by impact, collision or excessive stress applied by final customer. 
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Fig. 38: Microscopic picture of the broken area 

Due to the mechanical damage, the claim was rejected and referred as customer 
failure, because of signs of severe mishandling or crash. 
 
Later, other pumps with similar problems were reported mostly by vehicles from the 
same customer. Some of the Pump Modules received showed the same kind of 
damage with the hydraulic connector missing, but some had only the slight crack in 
the affected area. One of the cars reported a pressure build-up error at 6208 km 
driven. The pump after delivery was heavily covered by urea crystallization near the 
hydraulic connector base – sign of a crack or untightness. 

Fig. 39: View on the cracked hydraulic connector after delivery and after cleaning 

When the Pump Module was cleaned, the crack was easily visible, however, less 
radical than the previous case. Even for crack of this scale, the functional test was 
not possible to be performed because of major AdBlue® leakage. The claim was 
rejected as customer responsibility again. 
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Unlike the case of Pump contamination, this one is not customer-specific as other 
OEMs vehicles were affected as well. To sum the case up, the place of the hydraulic 
connector base showed to be the most fragile part of the product. This phenomenon 
is even multiplied by the fact that it’s exposed to the outer environment of the whole 
tank assembly. For next Denoxtronic generations, it would be advantageous to 
redesign or reinforce the Pump Module outlet to prevent such customer 
inconvenience from occurring. 
 

Fig. 40: Electron-microscope view of the crack area on hydraulic connector. Broken 
fibers of fiberglass are visible proving the brittle character of the damage 

Based on the direction of fibreglass debris it is possible to determine the vector of 
impact causing the failure. This can be an input for development departments in 
Bosch and OEMs about possible application change. 

2.2 STATISTICAL OVERVIEW OF CLAIM ANALYSIS DATA 

Graph 1: Overview of the Pump Module claims analysed at Bosch 
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The graph above shows the distribution of claim asessments since the start of DNOX 
5.x production in 2013. It might appear that there is a huge number of problems 
caused by Bosch on vehicles from American continent. However, this graph is 
negatively affected by large quantity of claimed Pump Modules with the issue of 
defective welding on supply magnet anchor. In total it makes 801 claims out of 813 
Bosch responsibility failures. Individual claim graph is therefore given below. Apart 
from this, also the significant amount of NTF claims is visible. Since the production 
start until the end of April 2015, total number of ca. 900000 Supply Modules (incl. 
Pump Module) was sold, thus giving the failure rate of Pump Module 901ppm. 
However, thanks to the continuous improvement and all long-term countermeasures 
in place, the failure rate is improving significantly. 

 
Graph 2: Individual claims – not respecting the qty. of claimed parts at one claim 
 

Graph 3: Comparison between total claimed parts and individual cases divided by 
failure modes 
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Graph 4: Overview of parts sold since the start of production until spring 2015 

The above overview of sold parts reflects the difference between the demands of 
customers, but is also affected by different start of production of vehicles equipped by 
DNOX.  
As previously mentioned, the data from all parts analysed in Bosch Czech Republic 
were collected and summarized as the part of this thesis. The figures on the graphs 
are based solely on parts delivered and tested in the plant. 
 

Graph 5: Histogram of the mileage (in km) of all parts analysed in Bosch Budweis 
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As it is possible to see in the graph, the most critical age of the Pump Module is 
below 1000km. It is therefore possible to state that most failures have had the weak 
point with very short lifetime. If we bear in mind the logic (described previously in the 
text) of 0-mileage claim creation, there is an idea that most of the claimed part could 
have been identified as NOK or potentially NOK even on the production line. 
Theoretically, more profound end-of-line check would therefore prevent the customer 
issue. However, the functional check on the production line ensures that the part is 
assembled correctly. 
This phenomenon is corresponding to the known bathtub curve, generally describing 
the quantity ratios in the different stages of the product from timely point of view. The 
Denoxtronic 5.x is in production for ca. 2 years and according to the graph 4, it 
appears to be near the border between “decreasing failure rate – early infant 
mortality failure” and “constant failure rate – random failures” areas. 
 

 
Fig. 42: Bathtub curve 

As the “below 1000 km” category was identified as the most critical, deeper insight of 
this interval is given in Graph 4. 
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Graph 6: Histogram of claimed parts below 1000km of mileage 

The detailed histogram proves the situation with field claims to be near to the 0-
mileage character. Majority of cases happened in the earliest kilometres driven by 
the particular vehicles. Higher failure rate at low mileage is confirmed by the Table 11 
which shows that Bosch responsible failures have the lowest average mileage. 
 

Claim conclusion Average mileage 

Bosch responsibility 3708 km 
Customer responsibility 5792 km 

No trouble found 9745 km 

All 8818 km 

Table 11: Average mileage of each type of claim 

Apart from the visual check, the parts analysed at Bosch Budweis undergo the 
complete functional check if it’s possible due to the physical status of the particular 
part. This consists of: 

- Pressure build-up and holding test 
- Volumetry at 4,5 bar (lower operating limit) 
- Volumetry at 6,6 bar (nominal value) 
- Volumetry at 8,5 bar (upper operating limit) 
- Maximal flow rate at 8,5 bar 
- Pressure pulsation at 6,6 bar 
- Pressure pulsation at 8,5 bar 
- Backflow pump volumetry 
- Electrical resistance of supply magnet 
- Electrical resistance of backflow magnet 
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Graph 7: Overview of visual check results 

As possible to see on the Graph 7, the majority of received claimed parts show no 
visible failure or non-conformity. However, the urea crystallization is quite often to be 
seen on pumps received because of the shipping caps missing. Residual AdBlue® 
from the inside of the Pump Module drips out and it forms crystals on the outer 
surface. This is possible complication and source of possible misleading during 
analysis. What’s more, without the shipping caps, the risk of damaging the part 
during shipment rises. Such a situation would harm the analysis and affect the 
conclusion. The parts which are OK according to the graph were delivered with the 
shipping caps on place and no problem was spotted. “Shipping caps missing only” 
means that the Pump Module was received in OK status despite the lack of shipping 
caps. No other problem was observed. In the correlation graphs below, this category 
is counted within OK parts. NOK means that the Pump Module had damage or non-
conformity visible without the need of a teardown analysis or dismantling. The visual 
check was not performed only in six cases. It was because of incorrect placement of 
the claim by customer. In other words, the description of the failure and the part 
received didn’t match – these claims were immediately rejected and referred as NTF. 
Parts were shipped back to the OEM. 
 
Regarding the functional check, there is an opportunity to build a correlation between 
several parameters. Having the statistical data, it will be possible to identify a 
“strange” behaviour of the analysed Pump Modules in future even if they are in 
specification. This can help to improve the testing methods, thus possibly reduce the 
amount of NTF claims. 
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Graph 8: Relation of volumetry at upper limit and maximal flow rate 

As shown on graph 8, the relation of the Volumetry at maximal pressure and maximal 
flow rate has the linear character. It is possible to say that the bigger amount of 
AdBlue® is possible to be pumped in one stroke, the bigger capability of overall 
volume dosing per hour is present. The abnormalities were observed in NOK parts 
and one of the OK parts. In the case of OK part, the claimed pump proved to be OK 
since a hole was observed in the AdBlue® tank. 
Based on the values given, it is possible to state that the analysed parts are not only 
in specification, functionally very similar to each other. That is the evidence of stable 
production parameters and overall process. 
 
On the graph 9 (below), the relation of volumetry and pressure pulsation at upper 
pressure limit proves small diversity of OK Pump Modules. The parts whose pulsation 
values appear to be zero were not monitored for this parameter (if OK) or were not 
able to build up the pressure at all (if NOK) – therefore no pressure pulsation is 
possible. The OK part with extremely low volumetry is the one assembled to the tank 
with a hole. 
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Graph 9: Relation of volumetry and pressure pulsation at upper pressure limit 

 

Graph 10: Relation of maximal flow rate and pressure pulsation at upper pressure 
limit 

The relation shown in the graph 10 is an analogy and “confirmation” of the 
information acquired from the graph 9 as the relation of volumetry and maximal flow 
rate is almost linear. Again, the stable values of maximal flow rate are obvious. 
Interesting fact is, that even the NOK parts show good pressure pulsation values if 
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measured. Apart from one Pump Module, all show the pulsations to be within the 
small interval of 0,4 mbar. The only part that is standing aside – the one with flow 
rate of 1,89 litres / hour and pressure pulsation of strangely low 0,27 mbar was 
claimed by an American customer in July 2014 with just a modest problem 
description – Check Engine Light on. Its mileage was very low. After the complete 
visual and functional check, the case was referred as “no trouble found” and sent 
back to customer. 
 

Graph 11: Relation of volumetry and pressure pulsation at nominal pressure value 

The graph expressing the relation of volumetry and pressure pulsation at nominal 
pressure value is another and probably the most adequate confirmation of stable 
production process. The only part standing “out of the group” was produced in the 
beginning of the Denoxtronic 5.x project (July 2013) for a German customer. The 
claim stated short circuit in the system, but was not proved by the tests. The 
particular Pump Module was referred as No trouble found. When it comes to NOK 
parts, the pressure pulsation was measured only three times, however this parameter 
is within specification. 
 
The last graphs show the electrical resistance of the both magnets of the parts 
analysed in Czech Republic. None of the parts was out of specification. Based on 
this, it is possible to conclude homogeneous quality of magnets in this aspect. The 
correlation of magnet resistance with any of the failure modes is also highly 
improbable.  
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Graph 12: Relation of volumetry at nominal pressure and electrical resistance of both 
magnets 
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Graph 13: Overview of electrical resistance of both pump magnets 
 

 

 

2.3 RESULTS OF VALIDATION TESTS 

The validation tests are run and designed by development departments of Bosch in 
Germany and Czech Republic. The failures observed are then put up in the tables 
and compared to the failure catalogues. If there is a new failure mode found, the 
failure catalogue is enlarged. All failures are categorised based on their severity. 
Severity 1 (green) means the failures that have no influence on function. Severity 2 
(yellow) means failures with potential of breakdown or with an influence on function. 
Severity 3 (red) means failures, where breakdown occurred. 
 Currently, four catalogues exist: 

- Pump body (codes starting with “1”) 
- Supply pump (codes starting with “2”) 
- Backflow pump (codes starting with “3”) 
- Functional non-conformities (codes starting with “4”) 
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The examples of test results are given in tables 12 and 13 with different design status 
than summary based on visual evaluation for warm storage and pump endurance 
test with the most tested components. 

Warm storage test –  
Failure 
code 

Failure description 
Qty 

Sev.1 
Qty 

Sev.2 
Qty 

Sev.3 

12.1 zinc corrosion of heat sink screws 64 26 0 
15.1 Heat sink sleeve and strainer corroded 28 26 9 
11.18 High Voltage test - breakdown on the contact strip 0 34 0 
21.4 Spring and Spring Clip covered with corrosion residue 12 22 0 
31.13 blisters on the Backflow Pump (BFP) membrane 13 10 0 
30.15 tension crack because of corrosion 13 0 9 
11.13 Blue corrosion of the contact pins 4 17 0 
30.6 Crevice between spring contact not completely filled 21 0 0 
22.3 blisters on main pump diaphragm 7 3 10 
11.16 Blue corrosion of main solenoid pins 16 4 0 
31.24 BFP-membrane detached from armature 16 4 0 
16.5 pulsation damper deformed 9 10 0 
30.21 Blue corrosion of Backflow pump contact spring 7 8 3 
31.5 pressure marks on BFP membrane 11 0 3 

11.2 
Bronze contact pins, blue corrosion of material (by 

ammonia gas) 
10 3 0 

16.1 AdBlue® crystals inside pulsation damper 12 0 0 
21.1 suction valve spring discoloured black 8 3 0 
12.2 black discoloration of heat sink screws 10 0 0 
30.31 resin similar material at/in BFP 10 0 0 
22.1 pump diaphragm separated from connection rod 3 0 6 
11.15 tension crack corrosion on main solenoid pins 5 4 0 

30.5 
Wire between BFP coil and its contacts not fully 

imbedded 
9 0 0 

31.11 Blisters on the BFP membrane 9 0 0 
21.21 deposits on the suction side valve and seat 0 8 0 
31.9 BFP armature discoloured / corroded 4 4 0 
31.4 BFP-membrane detached from armature 8 0 0 

33.2 BFP armature system deformed 8 0 0 
30.7 washer brittle after testing PBT 0 4 3 
20.19 black deposits on main solenoid washer 3 4 0 
30.10 corrosion on BFP body 3 4 0 

15.3 Filter mesh dissolved 7 0 0 
16.14 Corrosive deposits on pressure damper 3 3 0 
12.3 moisture on heat sink 5 0 0 
16.3 abrasive wear on pulsation damper 5 0 0 

20.6 
weld in the main solenoid between anchor and guiding 

anchor broken   
5 0 0 

30.4 Corrosion traces on BFP spring 0 4 0 
30.8 Backflow magnet anchor corroded 0 4 0 
30.24 friction scar on washer 0 4 0 
31.18 pressure marks on BFP membrane 2 2 0 
11.3 moulding mark from fixation pin not completely shut 4 0 0 
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11.7 (beginning) crack of fork 4 0 0 

14.1 
AdBlue® crystal in air space of the ice pressure 

compensation element 
4 0 0 

21.6 Suction valve sieve deformed/damaged 4 0 0 
30.11 greenish corrosion on BFP contact spring 4 0 0 
31.14 Corrosion deposits on the BFP membrane 0 0 3 
10.15 Corrosion deposits in pulsation damper bore 0 3 0 

11.17 
High Voltage test - breakdown in overmould on top side 

of electrical connector 
0 3 0 

11.20 
High Voltage test - breakdown in overmould on bottom 

side of electrical connector 
0 3 0 

16.11 AdBlue® crystals inside pulsation damper 3 0 0 
22.2 flash at pump diaphragm 2 0 0 
16.10 Cast on pulsation damper 0 1 0 
31.28 BFP membrane sealing edge deformed 0 1 0 
11.19 High Voltage test - breakdown on the electrical connector 1 0 0 
13.1 Blisters on ice pressure damper 1 0 0 

16.7 Pulsation damper damaged 1 0 0 

16.9 Abrasive wear on spring 1 0 0 
21.12 wear marks on pressure valve piston 1 0 0 
21.14 pressure valve spring corroded / broken 1 0 0 
30.1 mark in the inside solenoid area 1 0 0 
30.3 BFP pins bent 1 0 0 
30.9 corrosion on the bottom of the BFP anchor bearing 1 0 0 
30.13 metal particles in BFP magnet overmould 1 0 0 
30.14 shaving inside purge pump magnet area 1 0 0 
30.32 BFP spring contact tarnished 1 0 0 

Table 12: Results of Warm storage test 

 
 
 
 
 

Pump endurance test  
Failure 
code 

Failure description 
Qty 

Sev.1 
Qty 

Sev.2 
Qty 

Sev.3

23.1 Abrasion between Main Pump anchor and metal cover 45 5 0 
31.13 blisters on the BFP membrane 10 18 3 
23.2 black deposit on main solenoid armature 20 0 0 
12.1 zinc corrosion of heat sink screws 4 11 0 
12.3 moisture on heat sink 3 11 0 
30.6 Crevice between spring contact not completely filled 13 0 0 

20.19 black deposits on main solenoid washer 0 12 0 
22.3 blisters on main pump diaphragm 4 8 0 
22.4 deposits on the shaft inside main solenoid 0 11 0 

31.10 wear on guiding rib of BFP armature 7 4 0 
16.2 abrasion on pulsation damper 10 0 0 
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10.14 Moisture in pump housing (BFP area) 0 0 8 
32.2 moisture on BFP plate 0 0 8 

30.38 fluid/ moisture in the BFP behind membrane 0 1 7 
30.10 corrosion on BFP body 8 0 0 
20.17 deposits on main solenoid washer 0 7 0 
30.39 corroded deposits on/at BFP washer 4 3 0 
30.7 washer brittle after testing PBT 0 5 0 
30.8 anchor corroded 0 5 0 

30.11 greenish corrosion on RSP contact spring 2 3 0 
30.28 High Voltage test - breakdown on the BFP weld 2 3 0 
30.5 wire between BFP coil and its contacts not fully imbedded 5 0 0 
11.3 moulding mark from fixation pin not completely shut 4 0 0 

30.19 corrosive deposits in BFP anchor bearing 4 0 0 
31.5 pressure marks on BFP membrane 4 0 0 
32.3 moulding defect in valve plate 4 0 0 
33.3 armature system) - material structure change 4 0 0 
33.5 pressure mark on armature system 4 0 0 

20.22 fissurred main solenoid washer, 1 0 2 
11.18 Flash in ice pressure damper cavity 0 3 0 
11.22 moisture on contact strip 0 3 0 
20.16 fissurred main solenoid washer 0 3 0 
22.7 main pump diaphragm stuck to solenoid pole piece 0 3 0 
30.9 corrosion on the bottom of the BFP anchor bearing 0 3 0 
22.2 flash at pump diaphragm 3 0 0 

31.11 blisters on the BFP membrane 3 0 0 
22.6 pressure mark on the pump diaphragm 0 2 0 
11.5 green corrosion on contact fork / pins 1 1 0 
10.8 Crack in the welding bead at the stroke solenoid 2 0 0 

16.10 Cast on pulsation damper 2 0 0 
30.41 dark, brittle deposits at BFP armature bottom 0 1 0 
31.32 delamination of BFP membrane  0 1 0 
33.8 blister at armature system 0 1 0 
11.7 (beginning) crack of fork contact pin of contact strip 1 0 0 

21.22 Beta-Mesh not completely overmoulded 1 0 0 
30.12 corrosion in inside area of purge pump magnet 1 0 0 
31.21 BFP armature discoloured 1 0 0 

Table 13: Results of supply pump endurance test 

The list of all validation tests in respect to the clustering is as follows: 
 
Dynamic-Mechanical tests:  

- Low pressure pulsation test 
- 3D vibration test 
- Swing test 

 
Static test: 

- Test of interchange ability in service 
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Endurance test 
- Pump endurance test (results above) 
- RGM endurance test – 15 years, 6000 engine hours and 300.000 km of 

mileage 
- Backflow pump endurance test 
- Combination of backflow endurance test and defrosting test – for 1000 hours, 

up to 23°C 
- RGM endurance test in combination with heater switching 
- RGM endurance test in combination with 600 hours at 80°C 
- Dirt endurance test 

 
Climatic tests 

- Warm storage test (results above) 
- Temperature shock test 
- Freeze-thawing test 
- Test of 10x freezing and pumping of 1200 litres of AdBlue® 
- Cyclic test by humid air 
- Constant test by humid air 
- Splash water test 
- Test of leakage on flooding 
- Test at maximal temperature 
- Salt spray test 
- Maximal ice build-up test 

 
To make the comparison between failures at validation tests and failure from field, 
the field failure modes were given the codes according to the failure catalogues from 
development. If the failure had not been in the failure catalogue, failure code is 
named “New n”. Summary is provided in table 14. 
 

Field issue 
Failure 
code 

Failure meaning 
Revealing validation 

test 

Quantity 
and 

severity 
in test 

Sheared O-ring 

11.23 AdBlue® on the contact strip 
Low pressure pulsation 2 
Temperature shock test 1 

11.6 
Green corrosion / AdBlue® 

crystals on pins inside 
electrical connector 

Test of 10x freezing and 
pumping of 1200 litres 
of AdBlue® 

1 

Test at maximal 
temperature 

3 

Salt spray test 3 

21.7 
Extrusion mark on O-ring; 

backflow valve 

Test of 
interchangeability in 

service 
1 

BFP endurance test 1 

New 1 
Blue corrosion of electrical 

connector pins 
None None 
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Anchor welding 
broken 

20.6 
Weld in the main solenoid 

between anchor and guiding 
anchor broken 

Warm storage test 5 

BFP endurance test 6 

Low volumetry / 
Supply magnet 

cap cracked 
20.26 Metal cover damaged None – vehicle test only None 

Contact strip 
cracked / broken 

11.9 Contact strip broken Cyclic test by humid air 1 

Pump 
contamination 

10.9 
Backflow filter blocked by 

dust 
None – customer dust 

test only 
None 

Hydraulic 
connector broken 

/ and missing 

New 2 Hydraulic connector cracked None None 

New 3 Hydraulic connector broken None None 

Table 14: Correlation of field failures with validation tests and failure catalogues 

It has to be noted that range of damage in field was different than described in the 
failure catalogues in these cases: 

- 21.7: O-ring shear was more destructive in the field, damage more visible in 
teardown analysis 

- 10.9: Various particles of bigger size were observed in the field 
- 11.9: Contact strip broken severely in the field (see picture in the failure mode 

description of this document), in the failure catalogue only the slight cracks are 
reported 
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3 TESTING MATRIX DESCRIPTION AND POSSIBLE 

IMPROVEMENT 

The validation testing matrix or EPAB (from German Erprobungsauswahlblatt) is a 
possibility to set up testing plans based on historical development data. Today, its 
input is the Technical Customer Documentation and the list of tests available at the 
testing facility that are physically able to reveal the possible failure modes (the tests 
that are sensitive for the particular failure mechanism from physical point of view). 
The output is the list of tests that are adequate to confirm the OK function and 
physical behavior (according to specification) of the particular product. The final list of 
tests to be used is based on the mainly historical input data about the desired 
conditions from the applicant.  
 
The list of requirements for DNOX 5.x Supply Module according to technical 
customer documentation is as follows: 

Requirement 

Cold starts 
Driving cycles 

Normal current Supply Pump 
Maximal current Supply Pump 

Nominal current BFP 
Maximal current BFP 

Operational temperature 
Lifetime 

Lifetime engine hours 
Lifetime mileage 

Operational pressure 
Supply mass flow 

Supply Pump frequency 
Stroke volume supply pump 

Stroke volume Backflow pump 
Backflow pump frequency 

Backflow volume 
Lifetime supply volume 
Ambient air pressure 
Relative air humidity 
Media temperature 

Operational voltage for DEF Supply 
Operational voltage for defrosting 

Operational BFP voltage 
Table 15: Technical customer documentation requirements for Pump Module 

To sum it up, there is an overview of validation test results (made by Bosch 
Germany) that makes it possible to determine the sensitivity of all tests to the 
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particular failure. If table 14 is taken into consideration, further tests’ relevance 
information is obtained. The tests that revealed the failure which occurs in field are 
supposed to be of high informative value. If such a table is regularly updated, the 
more and more precise validation tests will be performed in the end. In ideal state, 
every validation test of the EPAB should show at least one real field failure and 
altogether should determine the statistical distribution of field claims during product’s 
lifetime. The tests that do not reveal any of the field failures after the lifetime of last 
produced part, would be considered as totally insensitive and inappropriate. 
The benefit of that is visible when the engineering changes are being developed. 
Before the engineering change of the product is implemented, the appropriate 
validation tests must be completed. With the right choice of the tests, the results have 
higher information value. The more precise tests we have, the better evaluation of 
engineering change benefits and effects we can do in planning phase. 
It is therefore possible to conclude that the scheme of the EPAB optimization process 
should follow scheme 1: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme 1: Suggestion for EPAB optimization process 

 

New field claim 

Failure 
confirmed? 

No 

No action 

Yes

Table 14 update, 
determining the 

revealing tests with 
details 

Re-evaluate the 
sensitivity and 

relevance of the 
particular tests 

Update of EPAB

New failure 
mode? 

Yes

No 



BRNO 2015 

 

59 
 

OPTIMIZATION OF BOSCH DNOX 5.X PUMP MODULE TESTING MATRIX 

4 FEM ANALYSIS 
 

The climatic tests are an important cluster of validation. Moreover, having an idea of 
heat flow inside the Pump Module may be very advantageous to the claim analysis 
team. Respecting the scheme 1, correct claim analysis is not only crucial for 
customer satisfaction, but also for validation test optimization. 
Therefore, as the last point of this thesis, an FEM method was used to evaluate: 

- Temperature distribution within the Supply Module when DEF defrosting 
- Normal stress that is present because of the temperature 
- Deformation caused by thermal expansion 

 
As the first step a simplified model of Supply Module was created. Analysis based on 
the full 3D model of Supply Module was not possible due to the capacity / hardware 
difficulties. 

Fig.41: Simplified model of Supply Module 

The model consists of: 
-  HDPE simplified carrier with a space for Pump Module (green) 
-  Heating element (red) with HDPE surface 
-  Pump Module simplified model 
 - Plastic body (HDPE) 
 - 2 steel magnets 
-  AdBlue filling the space (visible as grey/transparent “cylinder”) 
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Fig. 42: Pump Module model visible inside the carrier 

After the 3D models were done, the thermal analysis was performed in ANSYS 
software.  
Before the actual simulation, several assumptions must have been done: 

- According to the development team experience, the temperature of the heater 
surface is oscillating near 40°C and this temperature is obtained within 
seconds after engine start 

- As the flow of AdBlue® in the tank is extremely slow and shows laminar 
behavior with about 0,009 l/d, the heat transfer from heater is supposed to be 
a natural convection. The Reynolds number was evaluated as: 
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Reynolds number of very low value proves that the natural convection due to 
negligible flow is the right assumption. 

- Heater surface was idealized to be planar (3 perpendicular planes) 
 
To make the evaluation possible, material characteristics of AdBlue® (thermal 
conductivity, specific heat capacity at constant pressure, dynamic viscosity and 
density) were filled in, steel and HDPE were chosen from the material library of 
ANSYS, but the heat transfer coefficient for heat transition between the heater and 
AdBlue® had to be calculated. 
 

,
.

L

Nu    where 

α – heat transfer coefficient [W/m2.K] 
Nu – Nusselt number [-] 
λ – thermal conductivity of AdBlue® [W/m.K] 
L – specific length [m] 
 
The Nusselt number for natural convection is evaluated from Grashof number and 
Prandtl number based on the criterion equations. The lengths of the planes of heater 
are: 80 mm, 80 mm and 100 mm. Values found for AdBlue® are given in Table 16 
 

λ 0.57 W/m.K 
β 0.30 
ρ 1090 kg/m3

cp 3510 J/kg.K 
μ 0.0014 Pa.s 

Table 16: Characteristics found for AdBlue® 

 


 ..

Pr pc
 , where 

Pr – Prandtl number [-] 
ρ – density of AdBlue® [kg/m3] 
cp - Specific heat capacity at a constant pressure [J/kg.K] 
υ – kinematic viscosity of AdBlue® [m2/s] 
λ – thermal conductivity of AdBlue® [W/m.K] 
 

and; 

  , where 

υ – kinematic viscosity of AdBlue® [m2/s] 
μ – dynamic viscosity [Pa.s] 
ρ – density of AdBlue® [kg/m3] 
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Therefore 62,8
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Grashof number for flat plate is obtained from the formula: 

2

3...


 LTg

Gr diff
L  , where 

GrL – Grashof number [-] 
g – gravitational acceleration [m/s2] 
β – volumetric coefficient of thermal expansion [-] 
Tdiff – temperature difference [K] 
L – specific length [m] 
υ – kinematic viscosity of AdBlue® [m2/s] 
 

Therefore 12
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2

32

10599,1
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).0014,0(

)26,0.(51.30,0..81,9
x
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According to the Prandtl number, the right criterion equation is selected to evaluate 
the Nusselt number: 

  25,0Pr.464,0 GrNu  , therefore: 

  04,89462,8.10599,1464,0
25,012  xNu  

 
Skipping back to the equation for alpha coefficient, it is obtained the final heat 
transfer coefficient α: 

KmW
m

KmW

L

Nu 2
11

/1960
26,0

..57,0.04,894.


  

 
With all the necessary data collected, firstly, the temperature static map was 
simulated to get a picture, which part of the whole Supply Module should be affected 
the most and the least by the forces from ice buildup. For this reason, the map was 
done in the moment when the lowest temperature of AdBlue® is -11°C, therefore, the 
melting point. If the simulation shows the “coldest place” to be near the Pump 
Module, it might affect negatively the overall lifetime of the pump exposed to freezing 
temperatures. Therefore, this would be another input for EPAB optimization. 
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Fig. 43: Temperature distribution in the time of complete Supply Module defrost 

From the Fig. 43., it is possible to state, that thanks to the heater design, the pump 
module, especially its bottom part is defrosting sooner than areas on outer sides of 
the heater body. In the Fig. 44, it is clearly visible, that the heat is transferred more in 
direction to the Pump Module than behind the filter, so it defrosts sooner than 
remaining parts of SM – proof of an appropriate design from this aspect. 

Fig. 44: Section through the middle of the Supply Module with mesh visible 
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Another simulation was performed to check the temperature situation when the 
AdBlue® reaches 0°C. Again, it is obvious that the Pump Module is being heated well 
and what’s more, in the close vicinity of the real suction point. 

Fig. 45: Side view of the Supply Module without heater, when 0°C is the coldest 
point 

 
To perform the stress analysis, ANSYS Structural was used instead of the ANSYS 
Fluent for previous case. 
Apart from the assumptions for the first simulation, another two had to be identified: 

- Welding geometry of SM to the tank will be used as static interface without any 
movement. 

- After defrosting, the highest stress values will be at the time when the heater 
warms the whole supply module on the same temperature, therefore 40°C. 

 
The results in the fig. 46-47 show that the nominal stress of all components caused 
by maximal temperature of the heater is almost zero. More stressed area is just on 
the circumference of the magnets, however, sharp edges are natural stress 
concentration points. This phenomenon in real product is reduced by chamfering of 
the edges. Therefore, it is possible to assume that it is not necessary to update the 
EPAB with stricter focus on heat coming from heater in respect of mechanical 
damage to the Pump Module.  



BRNO 2015 

 

65 
 

OPTIMIZATION OF BOSCH DNOX 5.X PUMP MODULE TESTING MATRIX 

  
Fig. 46: Normal stress (in MPa) of all components at 40°C 

 

Fig. 47: Normal stress (in MPa) on the simplified supply magnet 
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As the last step of FEM analysis, overall deformations were assessed. The 
temperature taken in account was 40°C again. 

Fig.48: Deformations (in mm) of all components 

As it is possible to see on the Fig. 48, the welding geometry is set to be fixed, 
therefore show no deformation. Positive observation is that the maximal deformation 
is just 0.3 mm, which should not lead to any position conflict with other components; 
however this can be input information for application in new vehicles. As it is possible 
to see on Fig. 49 and 50, the biggest deformation appears on the bottom part of SM 
carrier, exactly on the thinnest area. However, no cracks are expected to occur due 
to the deformations like these. 
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Fig. 49 and 50: Sideview and bottomview of the Supply module 
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CONCLUSION 

Over the chapters of this thesis, the reader is introduced to the principle of 
Denoxtronic system function at first. Brief overview of Bosch supplied components is 
given with the explanation of the working principle of each subcomponent. After 
reading the chapter through, the reader is capable to understand the content of 
following chapters and to get the adequate image of failures described. 
 
Next, overview of failure modes observed in field is given. The classification of the 
claim decision is provided, also with statistical overview of each category. At each 
failure mode, the performed investigation procedure with its output is described. If the 
failure mode is assessed as Bosch responsibility, also the corrective action is 
presented. Meanwhile, analysis values of functional parameters were collected and 
graphs were built to identify the correlation of selected values. 
 
After the pairing of field failures to the failure catalogue topics, the table of successful 
validation tests was set up, that identified the overlay between validations and real 
traffic. In addition, new failure modes were observed in the field, therefore, output for 
validation test update was given. Based on experience gained throughout this 
project, the scheme of possible practice of regular EPAB update is offered. 
 
At last, but not least, the temperature map of Supply Module during defrosting is 
simulated and provided. Based on the knowledge gained, also the analysis of stress 
and deformation caused by temperature was performed and therefore, a valuable 
information is given to both development and claim analyst team was given. 
 
For future, it is suggested to maintain the scheme of regular EPAB updates and to 
enlarge the matrix as much as possible. It will be also interesting to follow the bathtub 
curve, whether it really fits to the product and to compare the designed and factual 
life of products at the end of the product life time.  
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