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0. Abstract
High fallout of projection welded studs and nuts separating from its parent material either within Gestamp Tallent, during transport or found at the customer, this issue is accumulating high cost from non-reworkable products that will end up being scrapped at Gestamps cost. Due to these reoccurring issues, an investigation was requested to find out if the hot stamping process and its dwell times is a cause for all of the concerns received at Gestamp.
The objective is to prove or disprove if the diffusion layer is the root cause of the separation of nuts and studs, and if to be proven, provide some guidance for recipes to produce products with the least amount of risk of weldability issues. This will be determined by producing Volvo A-pillar products that have Hard zone and soft zone presence in it, as produce set number of parts with various dwell times through the furnace.
Data was gathered by using the following test methods:
Pushout Test
Torque Test
Tensile Test
Microscopic Analysis
Once all of the testing was performed, distinct trendlines appeared showing and supporting the thesis that the diffusion layer has a direct affect on the weldability of the product. Other issues were identified specifically on the left hand part when studs were failing throughout the testing with no consistency, this didn’t proved a lot to support the thesis but the nuts still showed the same trends, once the left hand was identified as an issue, cross sections of the welded area were taken and it can be seen that the nuts weren’t marrying up to the material perfectly as over the years the product has lost its definition, all of the steels and tool were redress and replaced providing more definition and most importantly a flatter area for the studs to be welded on to, testing and monitoring are being performed to ensure that the definition doesn’t creep back to what it was like with all of the failures
Products were sent off to an external company to be Capacity Discharge Welded as an idea to see if the performance proved to be better and consistent compared to traditional projection welding, but this wasn’t quite the case as Capacity Discharge Welding didn’t exactly show any performance benefits compared to projection welding, if anything it performed worse. But it needs to try again on a larger number of products to really rule out as a potential increased performance.
The main limitation that was experienced was the left-hand parts being too inconsistent to get a true representation of how the data should be, but it’s recommended to retry most of the project just after new steels have been introduced to get a more trusting set of data.
If the idea was just to prove that the diffusion layer was a direct effect of the weldability of hot stamp material, then coupons would be highly suggested as it would be known that all testing performed would all be under the same conditions without and dimensional discrepancies or mounting of test pieces.
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1. Introduction
1.1 The Task
An Investigation was performed within Gestamp Tallent to provide evidence that the longer USIBOR 1500 material is in a furnace for Heat Treatment, the less weld ability properties it will gain. The task at hand was to determine at what point the material becomes non-conforming to a customer standard, and how long it was in the furnace. When USIBOR material is heat treated, the iron atoms defuse into the coating creating a diffusion layer. This diffusion layer can cause weldability problems depending on the thickness. The idea is to find out at what point the diffusion layer becomes too thick and fail the test. Another restriction that occurs with the product, It has a Soft zone designed to create a crumple zone when a collision occurs on the car, this creates difficulties due to the way the Soft zone is created, it is created by not rapidly cooling the parts down but installing heated in to the tool in specific areas, but if the material isn’t being cooled then, the soft zone will generate a bigger Diffusion later.
1.2 Gestamp Tallent
Gestamp was formed in 1997 in Spain, they have factories across 22 countries with 13 R&D facilities. They manufacture car parts for various different car manufacture but in Llanelli the main customer is Jaguar and Land rover that take up majority in their production. The highest production model they currently make is for the L550. Other high production cars are the X82 Jaguar XE, Volvo V40 and L538 Land rover Evoque. In 2018, 95,000 units were sold globally. 
[image: Land Rover Discovery Sport L550 (2014-present): Review, Problems, Spe...]

1.3 Material Used
USIBOR1500 is a material that has the intention of being heat treated to the desired microstructure to give the intended mechanical properties. USIBOR 1500 has the following chemical composition. The material is coating with AlSi to give its overall corrosion resistance giving the product a longer service life when out on in the field. The advantages of hot stamping process of the USIBOR1500 are:
· High Formability
· Ability to form complex shapes.
· High toughness
· Good dimensional tolerances
· Decent weldability if process is controlled.

[image: ]
When the material has been heat treated, the Fe atoms diffuse into the coating creating an ‘orange’ layer throughout the entire part, although the appearance of the product appears grey and dull, but if the material is in the furnace longer, the material has a pink tint to it. 
layer (IDL) and there are no voids. The subsequent soaking stage enables the formation of a four-layer microstructure in the overall coating, where L1consists of two sub-layers: L11at the coating/steel interface; and L12at the L1/L2interface (Figure.5b). The formations of L11and L12are due to the inter-diffusion of Al atoms from the coating into the steel, and of Fe atoms from the steel into the coating, respectively (Figures.5a and 5b). L11is made of the α-Fe phase (or Fe-Al ferrite,) and L12is the Fe-rich intermetallic FeAl. (Sohmshetty, 2018)
Iron and other carefully chosen alloying components make up all steels. Normal crystal structures for pure iron are either the alpha-iron with a body-centred-cubic (bcc) lattice, which forms the substance ferrite, or the gamma-iron with a face-centred-cubic (fcc) lattice, which forms austenite. The presence of carbon (C) allows for the formation of a new crystal structure, martensite, which has a body-centred tetragonal (bct) structure. This is critical because martensite, which is extremely hard, plays a big role in strengthening steel.
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1.4 Hot Stamping 
[image: Diagram
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Nowadays, deep drawing, incremental sheet forming, and hot forming become very popular in sheet metal forming. Reducing the vehicles weight and increasing strength bring use of hot stamping processes. Hot stamping is one of the most productive methods of forming processes. The process was developed and patented in 1974 by NJA, which later merged to SSAB Hardtech and is today known as Gestamp Hardtech. (GÜLER, 2013)
In Gestamp Llanelli, they have a hot stamping line that is built with the purpose of heat-treating material by heating the material up to 920°C (±10°C) to reach its austenitic phase, quenching it up to 5 seconds causing it to become Martensitic. A Martensitic microstructure gives the desired mechanical properties, the material becomes lighter, stronger and brittle. Hot stamping has many sections of the process that are vital to deliver the perfect products. First section of the process is the Destacker, the destacker objective is to pick up USIBOR blank material, take them to a little press that stamps a date. The date is significant as if a part fails out in the field, it can be traced back to the date, time and batch the material was made. The destacker then takes the material and drops it on the ceramic rollers. Material is then fed into the furnace at roughly 920°C to start being heat treated. Heating up the material causes the BCC lattice to change to an FCC. 
The phase transition to austenite may be mapped out for iron and steel. For iron, alpha iron undergoes a phase transition from 912 to 1,394 °C (1,674 to 2,541 °F) from the body-centred cubic crystal lattice (BCC) to the face-centred cubic crystal lattice (FCC), which is austenite or gamma iron. Like the alpha phase, the gamma phase is ductile and soft. However, austenite can dissolve over 2% more carbon than alpha iron. Depending on the composition of an alloy and its rate of cooling, austenite may transition into a mixture of ferrite, cementite, and sometimes pearlite. An extremely fast cooling rate may cause a martensitic transformation into a body-centred tetragonal lattice, rather than ferrite and cementite (both cubic lattices). (Helmenstine, 2018)
Austenitic material is then fed into the press with water cooling tools to form the part and quench the material. Typically, the transition time for the material to leave the furnace and enter the tool is 6-10 seconds. Press drops and forms the part; the part will be held by the tool until the material reaches 200°C to ensure the material has left the austenitic phase and will no longer change mechanical properties. 
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[image: Archivo:Iron carbon phase diagram.svg]The temperature-composition map of the two phases (ferrite and austenite) is provided by the Fe-C phase diagram. Additionally, it identifies the areas where mixes of these two phases are likely. Austenite changes into ferrite in pure iron when it cools to 912 degrees Celsius. The diagram demonstrates that adding C to Fe decreases the A3 temperature, also known as the transition temperature or A3 temperature. The eutectoid point is where the maximum lowering is found. On a phase diagram, the eutectoid point designates the temperature and chemical make-up at which a eutectoid reaction, or the conversion of one solid into two solids, takes place. Steels with compositions lower than this number are referred to as hypo-eutectoid steels since the eutectoid point in the Fe-C system has a composition of approximately 0.76% C. Traditionally, the eutectoid temperature is referred to as the A1 temperature.
In the case of the material that is being investigated, 0.2% carbon material is being used and indicated by the red line on the phase diagram, it can be seen that between the temperatures of 0°C and 727°C, the material is in a α + Ferrite + Pearlite +Fe₃C phase where the microstructure will be made up of mostly ferrite and bits of pearlite structure, once the material reaches above 727°C, it becomes an α + γ phase where it’s a mixture of ferrite and pearlite slowly become austinite. At 880°C to 910°C the entire material has reached the austinite phase causing the crystal lattice to become FCC.
During the austinite phase, the material can be cooled in various different ways to achieve the desired microstructure and mechanical properties desired, leaving the product to cool down in the open air allows for the cooling rate to be incredibly slow, this allows the carbon to return back to its position returning the crystal lattice back to a BCC, by quenching the material in oil and water, the material cools quickly giving the carbon little to no time to get in to position causing the crystal lattice  body-centred tetragonal lattice by quenching rapidly and disallowing the carbon to get back into position, BCT gives the material incredibly high mechanical properties but also makes the material incredibly brittle.

1.5 Soft Zone 
From the Table it can be noticed that the mechanical properties requirements from Volvo have three stages, Base material, Soft Zone, and Hard Zone. In some cases, a Soft Zone is required on the parts to act as a crumple zone during a crash. To produce this, heaters are installed into the tool during the quenching operation at the hot stamping process. Typically, the process heat treats the material to gain high mechanical properties and reduce the weight of the material. This is still the case for the soft zone, but the mechanical properties are reduced compared to the quenched area (Hard Zone) but still stronger than the base material.
[image: ]

The requirements that will be focused on will be HS350Y500T-LA AS and HS950Y1300T-BORON AS. HS350 is the soft zone requirements for USIBOR material and HS950 is the quenched requirements. It can be notice that large difference between the two phases of material.
To be able to manufacture this soft zone material, Heaters are installed inside the tool during the quenching process. The heaters are set to 550°C to stop the area from being quenched and reduce the time of cooling.
[image: Hot stamping steel with tailored properties. Fig. 2. MBN testing device. |  Download Scientific Diagram]Region A has high mechanical properties within the boundaries of HS950Y1300T-BORON AS, with a microstructure entirely martensitic. 
Region C is the Transition zone where the material transitions from high mechanical properties to low mechanical properties as some of the material will be quenched rapidly and some of the material being heated to reduce how quick the material is cooled. Within this area, Hardness test show that the material starts between 500Hv reducing throughout the transition zone down to 200Hv.
Region B has Low mechanical properties and is made up of a martensitic and Bainite structure showing that the material is softer than Region A 


[image: Steel TTT Diagram | Science & Engineering | Pinterest | Steel and ...]
Isothermal transformation diagrams, sometimes called time-temperature-transformation (TTT) diagrams, are plots of temperature vs time. They are produced from percentage transformation vs time measurements, and they are helpful for comprehending how an alloy steel changes at high temperatures. These are used to demonstrate the cooling rate necessary for the desired microstructure. Cooling the product in water results in rapid cooling, which turns the material martensitic. The soft zone is instead maintained in the tool with heaters around 500°C to prevent rapid cooling and instead maintain a slow decrease in temperature. By doing this, the soft zone would fall around the upper bainite structure providing the low mechanical properties and high ductility compared to high mechanical property, brittle martensite.
1.6 Project Overview
The reasoning behind this project is because, there have been increasing number of a products being found at the customer with Nuts and Studs being detached from the material. The product is a highly complex part with the requirements set by the customer. The part has two heat treated sections:
Hard Zone – This area is a common process seen within the Heat treatment process, where material is heated up to 920 Degrees to be formed and quenched to product a zone with a High tensile strength, low elongation, High hardness, and high Yield Point.
Soft Zone - This area follows the same process as the hard zone but within the tool that forms and quenches the part, this section has heaters in running at 400 degrees to keep this area from quenching, and this zone has a low Tensile Strength, High Elongation, Low Yielding point.
From the routine testing performed on a daily basis, it can be seen that the diffusion layer within the Hard Zone measures typically around 10µm, by the soft zone typically measures between 15-20µm. That is being produced by the controls pre-set by recipes produced by Research and Development. But on some occasions, if their process is come to a halt, the blank material could be sitting in the furnace for 1000-1500 seconds rather than the pre-set of 300-500. Which if the thesis is correct, the diffusion layer would grow big enough to cause welding problems down the line and potentially at the customer.
The required amount for this project is 48 Pairs of parts to be produced, 6 pairs to be produced at each dwell time to be able to cover each aspect of testing to be performed to the parts. 
Pushout – 3 Pairs at each Dwell time to create an average of numerical values at each push out test. This test is designed to apply force over the Stud or Nut to inevitably brakes away from the parent material.
Cross section – 1 Pair will have cross sections performed across the Nuts and Studs to measure the amount of penetration, Gap and if there are any visual defects.
Torque Test – 1 Pair to be torque tested as this is a functional test to simulate the same directional force and torque that is being used at the customer to assemble the parts to the car body.
Tensile Test – To see what values will be produced with different dwell times, this process also includes microscopic analysis of the coating and diffusion layer to see how much the layer has increased.
[image: ]
It has been suggested to explore Capacity Discharge welding as it’s an alternative Solid State welding process, an external company was approached to Capacity Discharge Weld our parts to see if it has higher welding performance and weld integrity in comparison to conventional Projection welding.
Capacitor discharge (CD) welding is a form of resistance welding that pulls on energy stored in a large capacitor bank instead of drawing directly from a power distribution network. Because of this ability to rely on stored energy, these projection welding devices have welding times that are short and concentrated, around 12 milliseconds, as opposed to about 100 milliseconds on a typical resistance welding machine. In a mass production environment, such a time differential can really make an impact. (Davis, 2018)
Although Allen M.Agin and Bob Kollins have heavily promoted Capacity discharge welding compared standard Projection welding. It could potentially struggle welding into material that has been in the furnace for 1000 seconds, due to the short welding times, with the short welding times could struggle to penetrate through the high level of diffusion layer ultimately underperforming to a customer standard.
Capacitor discharge (CD) welding controls can deliver a peak current in 3 ms (see Figure 1). This fast rise to current allows for better use of the high contact resistance of the hot-stamped boron steel, resulting in total weld times typically less than 10 ms. Shorter weld times in turn allow for much higher currents and higher weld force without damaging the nut or threads. This process can produce higher-than-normal pushout and torque values at a level consistent with automotive requirements. (Agin, 2016)
6 parts were sent up to the external company to perform their Capacity Discharge Welding to be sent back to perform internal pushout testing. 3 parts that dwelled for 300 seconds and 3 parts that dwelled for 1000 seconds, the idea is to compare the difference both results to Projection welding results with the same dwell times. The comparison will be for pushout force and the repeatability throughout the 3 parts.
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2. Literature Review
To help with the investigation, a lot of research was looked in to and few discussions with a metallurgist. It is believed that the diffusion of the Iron atoms into the coating will have substantial effects when it comes to welding. Previously Gestamp has done a lot of Metal Active Gas welding and Solid State welding to heat treated Boron steel. Apparently, it is quite common to see a reduction of welding characteristics in the Boron steel compared to standard mild steel with the same parameters. In terms of Solid State welding, the same principle should be the same. Past studies show that this principle has been proven by Gestamp Hardtech.
Weldability of AlSi coated boron steel is positively affected by a high-volume fraction of Al-rich AlxFey and negatively affected by a high-volume fraction of Fe-rich AlxFeySiz. (Aldén, 2015)
This study was conducted to find out if the AlSi coating thickness has any effect on the characteristics of a spot weld. The Coating in the products tested in this report conform to STJLR 50.5176 High Strength Steel Sheet for Press Hardening standard as this is want the customer wants to test to, or if not close to, day to day production life to hopefully give a bracket of tolerance of, how long material blanks can be in the furnace before they do not conform to the standard.
A worry that was brought up in Gestamp was that would the AlSi coating get stuck between the two materials making it even harder to fuse together, their theory seemed to be good as the electrodes would have to pules through two materials and 4 coatings with diffusion layers, but this was debunked as a study has already been performed.
no presence of aluminium could be detected by EDX measurements in the nugget or at the fusion boundary. Therefore, it does not play any role in the δ-Fe formation at the fusion boundary of Al–Si-coated steel. (Sherepenko, 2019)
In the past Gestamp have always Resistance spot-welded materials together before the hot stamp process to avoid any diffusion layer problems, by welding together blanks and forming the complete part during the stamping process.
CD welding is not a new technology; fabricators and Tier 1 and 2 suppliers have been applying it to projection welding of fasteners to hot-stamped boron components for several years. High current, high weld force, short weld times, and fast follow-up mechanisms and rigid frames on the welding machines themselves all play into the process. (Agin, 2016)
Welding of boron aluminium silicon (AlSi) coated and uncoated hot-stamped material has been the topic of several research and papers, but projection welding of fasteners to these materials has received less attention. The techniques used to modify boron steels for hot stamping may provide a number of challenges for fastener welding. Base material can be strengthened by up to 250 percent as a result of the significant hardness change that occurs after quenching. Furthermore, it is difficult to penetrate an AlSi coating using conventional techniques. The heating procedure usually results in surface decarburization and oxidation if the material is uncoated.



 [image: Image result for spot weld]
3. Materials and Production
3.1 Hot stamping
The product that will be used to conduct this investigation will be 1.7mm USIBOR 1300 after the hot stamping process, 96 parts (48 Left hand, 48 Right Hand) have been produced through Hot Stamping with various dwell times in the furnace. 6 Pairs of parts have been produced at 300 seconds dwell time, with 6 pairs made at each dwell time ranging from 300 seconds up to 1000 seconds with increments off 100 seconds. This was controlled by manually loading the furnace 6 pairs and timing the dwell time until they are okay to be released out of the furnace and pressed with a consistent transfer time from furnace to press at 3.4 seconds. The product being produced will have the dwell times written on them as identification. It can be seen that through out the different dwell times, the various different colours the products appear due to the different diffusion layer thickness. 
1000 Seconds
300 Seconds

[image: IMG_0561]

3.2 Laser cutting
The products that are produced by the Hot stamping process, are later moved over to the Laser cutting process, the Lasers objective are to cut down a product down to the desired dimensions, hole requirements and any special characteristics required. This process is required because the test products will not be able to assemble in the next process as it only will run with cut complete parts. The laser will also cut Tensile out of the material for further testing (Fig.6).
[image: ]
To be able to obtain loads of tensile across each dwell time, one pair of parts at each dwell time had tensile cut out of the centre of the Soft Zone area and Hard Zone area to be tested, Tensiles are unable to cut out during the pressing process due to the harness of the material. The Tensile dimensions are derived from ISO 6892 Tensile Testing of Metallic Materials providing tolerances of the dimensions and test speeds per material grade, in this case given the material’s thickness and hardness, 50 MPa/s will be used for test speed, young’s modulus and yield point.
[image: cid:image003.png@01D72613.675AFF90]

3.3 Assembly
Assembly cells are used to assembling and requirements to products for later functions at the customer. Common assemblies usually assemble brackets or other products together to create one complete part. A variety of processes can be used to achieve this, Resistance Projection Welding is what was used for this product. 
[image: A picture containing text, indoor
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The Products was taken to an assembly cell. The assembly cell is programmed to collect a singular part, take them away and Projection weld 7 M5 Nuts, 1 M6 Nut and 3 M6 Studs for the Left Hand, and 6 M5 Nuts, 1 M6 Nut and 3 M6 studs to the right. Prior to the first part being put into the cell, all electrodes were changed and dressed to reduce any failures due to damage or worn electrodes. The recipe to create the spot weld stayed constant though out the trial and nothing changed between each part. All parts were full assembled and contained in a pallet within the laboratory to prevent them from being mixed into existing stock or being misplaced. 
As a side project, a company was approached to perform Capacity discharge welding on the same product just to make a comparison between Capacity discharge welding and the conventional resistance welding process, 3 parts were sent up for this to be performed to the studs of the parts.
Resistance welding known as capacitor discharge (CD) welding uses energy that is stored in a sizable capacitor bank as opposed to a power distribution network. These projection welding machines feature welding periods that are short and concentrated, under 12 milliseconds, as opposed to about 100 milliseconds on a standard resistance welding machine, thanks to their ability to rely on stored energy. Such a time difference can have a significant influence in a mass manufacturing setting.
since dissimilar and emerging materials are likely to be used more frequently in the future, the use of CD welding with its unique rapid welding process, assured repeatability, and relative ease of use will continue to grow. As Gould (Ref. 10) noted, the potential use of supercapacitors for general resistance welding applications will only increase the extent to which CD welding is re viewed and considered in the years ahead. (Scotchmer, 2015)
4. Testing and examination
4.1 Tensile Test
Tensile were cut out of the product to verify that the material has been heat treated and is conforming to customer standard to replicate day to day testing. With this specific part, the material will be tested against STJLR 50.5176 High Strength Steel Sheet for Press Hardening.
[image: cid:image003.png@01D72613.675AFF90]
All properties quoted are to be tested in accordance with BS EN ISO 6892-1 in the transverse direction with 80 mm gauge length unless specifically stated otherwise. (Limited, 2016) 
[image: ]
Tensile tests will be conducted on a Zwick Z150 Tensile machine, the Zwick machine in user friendly and easy to use, 3 thickness measurements are taken across the gauge length to give an average thickness, 3 width measurements across the gauge length. These dimensions are measured by using a UKAS calibrated point micrometre. The test pieces are to be tested under the standard of BSI ISO 6892 with the relevant test speeds and loading parameters.
This product has to conform to two of the materials showing in, The Hard Zone which is the area that has been quenched during the heat treatment process requires to conform to BORON1300 with 950MPa Yield Strength, 1300 Tensile Strength and 4% Elongation. The Soft Zone that is in the heated area during the heat treatment process needs to conform to PHS450. The reason for this is because one area of the product is quenched and hardened and 100% martensitic structure because its quenched rapidly by water, where the Soft Zone is put under heaters to slow down the cooling process causing the material to be a lot softer with a more Baneite structure.
Three main mechanical properties are focused on and tested to as this is customer request to achieve these properties, Yield strength is the amount of stress needed for the shift from elastic to plastic to take place. The upper bound of elastic behaviour is represented by a constant called yield strength. Metals and other ductile materials have yield strengths that are higher than those of plastics. The highest stress a material can sustain while being stretched or pulled before breaking is known as the ultimate tensile strength in equations. While the ultimate tensile strength of ductile materials can be higher than that of brittle materials, it is commonly higher than the yield point in brittle materials. Elongation is measured by applying tensile force and stretching the material until it inevitably fractures and calculating the difference in length from the starting point. In terms of the initial length, elongation is stated as a percentage.
At Gestamp, True stress and true strain is measured from each tensile test instead of engineering stress and engineering strain. The applied load divided by the real cross-sectional area of the material which changes over time gives the true stress. Engineering stress is calculated by dividing the applied load by the material's initial cross-sectional area. Sometimes referred to as nominal stress. Engineering strain is the amount of deformation a material experiences in a tensile test per unit length. Additional name for nominal strain. The natural log of the ratio of the current length to the starting length is the measure of true strain.
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4.2 Preparation for Microscopic inspection
Further inspection was conducted, little coupons was taken from the material roughly 10mm², the samples was taken from the centre of the part. The samples were then taken to a high-pressure hot mounter that takes resin gains, melts it down and solidifies around the 10mm² pieces, this process is needed for the samples to be polished to a high standard. Then, are taken to Gestamp’s Eco met 250 automatic polishers. The samples were polished though 5 different grits of disks. The first two disks’ objectives are pure to get the sample flat and to have a decent grind. Theses require the samples to be put into the polisher at high speeds and high force and water, once that has been complete, the next disk is a 9µm polish disk that requires 9µm diamond suspension added to the disk periodically over 4 minutes. Next disk is 3µm that requires 3µm diamond suspension, finally the last stage is 1µm disk with 0.5µm diamond suspension, this disk is different to the others as this disk creates a chemical reaction that gets rid of any blemishes and any little marks left from previous stages.
[bookmark: _Hlk71733696]Once all the samples were completely polished to a high standard, the products need to be etched to be able to be inspected under a microscope. The Etchant that is being used to etch these samples is called Nital. Nital Etch, is an etchant that is used to Inspect Steel product after machining or grinding, Nital is a mixture of Nitric Acid (HNO₃) and Methanol (CH3OH) at a ratio of 5% Nitric Acid. After creating the etchant, the samples were then dipped into the liquid for roughly 5 seconds. The samples quickly become for dull looking with little to no shine to them. 
[image: cid:0FC5E5FA-18F8-4D60-925A-C94011388D5D]
4.3 Microscopic inspection
Firstly, the AlSi coating was inspected to find out what the sizes of diffusion layers is. Because of the different duration times in the furnace, this will have a big effect on the size of diffusion layer, as the Iron atoms will have more time to diffuse into the AlSi coating. The customer standard requires the coating to have 28µm - 48µm of total coating thickness and <16µm in total diffusion layer, and only requires 1 measurement of both coating and diffusion layer. The diffusion layer can be defined at the orange colour in the coating and to be measured from the material to the end of the first diffusion layer.
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4.4 Push out & Torque testing.
The key aspects of this Gestamp’s issues are identified by performing pushout testing, The destructive test entails pressing or pulling the weld nut or screw all the way off the sheet, this applies a vertical force directly onto stud or nut and continues to apply pressure until the stud or nut has separated from the parent material, the highest force applied to the stud or nut is noted as the maximum force applied. This push out testing method can be used to various welding applications, different size studs or nuts causing very little limitation in what test pieces can be performed. 
The main difference between pushout testing and torque testing is the applied force direction, pushout testing applied force directly to the stud or nut, torque testing applies the force in a twisting or torsion direction, this is found to be preferred by many customers as the force applied is more of a functional test, by applying the same force the customer will apply and the forces it’ll experience once out on the road.
When it comes to pushing out studs and nuts, two different push out procedures are used, since the stud is protruding through the material with projections on the other side, the head of the pushout tester needs to be flat to gain the most surface area contact between the head and the stud to give a direct force to push it out, but when pushing out a nut, something needs to be inserted inside the nut that is tapered to grip the inside of the nut. This is due to the fact that the nut is all on one side of the material. In testing performed, a tapered pin is used as the nuts being tested don’t have any threads restricting the use of screws or bolts.[image: Diagram, engineering drawing
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5. Raw Data
5.1 Tensile test
Tensile samples were tested to BS EN ISO 6892-1 Standard and matched customer standard for desired mechanical properties, 1 tensile cut from the Hard Zone and 1 tensile cut from the soft zone for each different dwell time, throughout the testing, 3 main mechanical properties will be recorded as this is down to customer request of properties to be controlled.
Hard Zone
[image: Chart, line chart

Description automatically generated]During the testing of the right Hard Zone, only one singular failure can be seen at the dwell time of 700 seconds during the testing of Right Hand. Although the material is out of specification, the failure is only marginal, But the Left hand produced a high number of failures specifically in the elongation, although the parameters are exactly the same as the righthand during processing, it is believed that there is an underlining issue during the pressing process on the left hand tool, it can also be seen that left hand 1000s dwell time experienced a miss calculation due to a miss typed measurement in the thickness of 1.461cm to calculate the cross sectional area of 180.04mm² causing the materials mechanical properties to perform incredibly low. Luckily raw data was captured after the testing, the raw data provides Strain percentage and Force in newtons throughout each step from the test. from that the true mechanical properties can be calculated by using basic materials maths. [image: Chart
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Soft Zone
 During the testing of the right Soft Zone, no failure can be seen, but the Left hand produced a high number of failures specifically in the elongation, this supports the idea that the Left hand has further issues causing these failures.
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5.2 Microscopic analysis
Microscopic analysis focuses on 3 main aspects of the material, Coating Thickness, Diffusion Layer and the Vickers Hardness of the material. Although Gestamp’s Process has no influence of the overall coating thickness, it is measured to verify the compliance of the supplier and/or if there is any mechanical fault during the process that could potentially strip the coating back to raw material.
The study conducted by Gestamp hardtack (Aldén, 2015) looks into how different AlSi coating thicknesses effect the weldability of the material which came to become inconclusive but some of the findings supported the idea that it wasn’t the AlSi causing weldability issues, it was suggesting that the diffusion layer thickness was the main contributing factor.

Hard zone
As to be expected, the coating thickness complies with the customer standard and has proven consistent throughout the entirety of the project samples, and as to be expected, Vickers hardness conforms consistently as the dwell time doesn’t have any effect on the materials hardness. The diffusion layer experiences changes as during the heating up of the material, Iron (Fe) atoms diffuse in to the AlSi Coating crating a layer just outside the raw material, the Hard zone conforms to the customer standard between 300 seconds to 700 seconds, but a rapid increase can be seen from 800 seconds and above cause the diffusion layer not to conform to customer standard.
Soft Zone
As anticipated, the coating thickness complies with the customer's standard and has shown to be constant across all project samples. Likewise, as anticipated, Vickers hardness conforms consistently because dwell time has no influence on the hardness of the material although, some failures can be seen during the left-hand Vickers Hardness test supporting the idea that there are some underlining issues during the pressing process. The Soft Zone conforms to the customer standard between 300 seconds and 800 seconds, but a rapid increase can be seen from 900 seconds and above causes the diffusion layer to not conform to customer standard. 
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	Hard Zone
	Soft Zone

	LH
	Coating Thickness
	Diffusion Layer
	Hardness
	Coating Thickness
	Diffusion Layer
	Hardness

	Dwell
	30-50 um
	<16um
	400-580 Hv
	30-50 um
	<16um
	180-220 Hv

	300
	36.55
	7.68
	465
	33.46
	8.09
	209

	400
	38.66
	12.42
	487
	36.1
	8.59
	205

	500
	35.97
	12.04
	493
	37.8
	12.82
	227

	600
	37.12
	12.55
	465
	40.7
	12.93
	228

	700
	37.89
	13.57
	491
	42.24
	14.11
	216

	800
	40.45
	17.42
	475
	46.34
	15.36
	218

	900
	38.93
	17.66
	502
	42.88
	16.77
	213

	1000
	48.38
	20.35
	485
	40.08
	17.92
	239



	 
	Hard Zone
	 
	Soft Zone

	RH
	Coating Thickness
	Diffusion Layer
	Hardness
	Coating Thickness
	Diffusion Layer
	Hardness

	Dwell
	30-50 um
	<16um
	400-580 Hv
	30-50 um
	<16um
	180-220 Hv

	300
	37.15
	7.72
	483
	35.33
	7.94
	190

	400
	36.35
	10.75
	485
	32.77
	11.26
	190

	500
	36.12
	11.67
	498
	34.05
	12.29
	187

	600
	39.43
	10.76
	483
	37.51
	13.51
	188

	700
	38.91
	14.98
	479
	39.05
	13.89
	218

	800
	36.61
	16.39
	477
	38.4
	14.63
	213

	900
	41.86
	17.28
	489
	42.27
	17.67
	193

	1000
	43.42
	18.31
	493
	47.36
	20.35
	187











5.3 Torque Testing
[image: ]
Torque Testing was performed using a Dial type torque wrench, this tool applies a torsion force to any nuts or studs, in this instance this was used on all the nuts and studs on the A-pillar. Customer standard states that the Torque values needs to achieve 11.5 Nm on all the nuts and 11Nm on the projection welded studs. An attachment is applied to the torque wrench to be able to grip the nut enough to apply the force in a torsion direction. 
During the testing, Torque test performed very consistent with no test coming close to the conformance tolerance, but it can be seen than the torque values drop off between 800-900 seconds causing a variety of failures not just on the studs but on the nuts as well. Due to the type of torque wrench used only has a dial meter instead of a digital, decimal points cannot be determined so values of 11-12Nm are amber. It is worth noting that the left hand experienced a failure at 300 seconds on stud 3 which is very unexpecting considering it was a one-off failure, it has been deemed as anomaly.
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5.4 Push out Testing.
Pushout testing was performed by pushing out all the M5 nuts and M6 studs throughout the products, Customer standard states that the M5 Nuts need to perform greater than 1600 N and the M6 Studs need to perform greater than 2200 N. All products were tested under the same conditions with no changes to the testing procedure throughout the testing. 
Right Hand didn’t experience any failures until 900 seconds where 1 Stud failed at 2.1kN, and at 1000 seconds on 1 Nut at 1.5kN, and all of the raw data is stable without any questionable readings.
Left hand experienced a lot of failures throughout the entire testing showing no consistency or repeatability per product, but it is worth noting that the higher the dwell time, the worse the results became by failing at 0.82 kN.
Both hands showed stability when testing all of the nuts not experiencing any failures and hardly are near failures, and right hand studs showed the same stability.


[image: ]
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6. Data Analysis
6.1 Tensile Data
To calculate the correct Yield Strength & Ultimate tensile strength from 1000 Seconds left hand hard zone, the raw data was collected after the test providing values of Strain (%) and Standard Force (N) at each step through the tensile test, stress needs to be calculated for the entire testing to be able to determine the Ultimate tensile strength of the material, this is done by dividing the force at each increment by the cross sectional area, since this is a True Stress and True Strain graph, this formular is required at each step in the tensile test(ơ = F / A). 
Stress Strain graph can be generated to show that the 0.2% Yield Strength measures just below 1000 MPa but high enough to produce a conforming tensile, it can be assumed that the Yield Strength is roughly between 980MPa – 1000MPa. From the raw data Ultimate tensile strength can be found by locating the highest Stress value throughout the test, this shows the Ultimate tensile strength measuring 1,436.04MPa 

 UTS = 1436.04 MPa

By calculating this test piece correctly, it can be seen that all the Hard zone test pieces follow a common theme of Ultimate tensile strength conforming to customer standard, Yield strength conforming except for 700 seconds for both products. The same assumption can be made for the soft zone products, again the left-hand product is showing signs of elongation issues. This reinforces the assumption that the dwell time doesn’t have any effect on mechanical properties in this process.




6.2 Microscopic data analysis 
As to be expected the diffusion layer increases the longer the product is in the furnace, this is because the Fe atoms diffuse in to the AlSi coating layer as expected, but the customer standard requirements states that the diffusion layer needs to be less than 16µm, the material fails to conform to the standard at 800 seconds and above, this provides an top tolerance of the material dwelling in the furnace until it doesn’t comply to the customer standard.
 During austenitization, the existence of the phases, initially rich in Si, which melt below the austenitization temperature (eutectic, τ5), allows a local rapid Fe enrichment. So, these phases keep their Si content by following the liquidus valley, which starts from ternary eutectic point E1, thanks to the Fe enrichment. (Grigorieva, 2011)


6.3 Torque testing
Studs
Both hand both showed quite consistent when torque testing all the way up to 800 seconds to 900 seconds where both hands began to taper downwards, but torque testing has shown how consistent the testing process is. Left hand experienced a failure at 300 seconds causing the stud 3 to sperate at 9Nm, this supports the idea that the left hand has other issues outside of the dwell time issues.
Nuts
Similarly, to the studs, both hands proved to be stable and consistent up until 800 seconds to 900 seconds where the results began to taper downwards leading the world to fail. Nut 7 and 8 on the left hand performed significantly better than the rest of the nuts, this is assumed that area is the flattest and on a side wall in relation to how it sits in the tool, the tool can scrape off little amount of AlSi allowing the component to perform a lot better when welded.



6.4 Pushout testing data
LH Studs
Averages were taken from each stud and nut and as you can see, Stud 3 failed from the beginning and failed frequently with six points failing out of eight, Stud 1 conformed to the standard up until 800 seconds where it experienced two failures but it can be seen a downward trend, Stud 2 experienced a unexpected route but performing quite erratically giving a climbing trend, this is unexpected because it’s expected to see a decline but a rapid clime can be seen.
RH Studs
Right Hand outperformed the LH by not experiencing any failures throughout the entire testing, all of the stud performances could be described as erratic as there doesn’t seem to be much consistency but stud 1 and stud 2 both experienced a downward trend as stud 3 experienced an upward trend, as a process the Right hand product performs a lot more stable and capable in comparison to the left hand.
LH and RH Nuts
Both Right hand and Left hand nuts conformed to the customer standard and exceeded expectations by performing almost twice the amount as required, both hands showed consistency and reliable but the left hand’s trendlines show that six out of the eight nuts rise rather than decline as expected, the Right hand showed all constant declining trend lines except for nut 3 that showed a rising trend line.

















6.5 Capacity discharge welding
Six samples were sent out to an external company that can perform Capacity Discharge Welding to our product studs as these tending to be the main failure to this product, 6 pairs of parts were produced at 500 seconds as this is the recipe that is used normally and sent up to the external company. On arrival back to Gestamp, the studs’ appearance looked a lot cleaner with very little burn marks compared to the Gestamp’s conventional projection welding, this could suggest either the welding process is more concentrated into the intended area allowing less heat to be generated but concentrated enough to weld and more energy efficient, or it could suggest that the product hasn’t received enough heat to perform well enough for the customer standard. 
	Right hand 

	 
	Stud 1
	Stud 2
	Stud 3

	Part 1
	2.94
	6.64
	3

	Part 2
	3.34
	5.18
	2.66

	Part 3
	2.89
	4.88
	3.07

	Part 4
	4.37
	6
	2.83

	Part 5
	1.55
	4.48
	2.75

	Part 6
	2.18
	6.85
	3.75


	Left hand 

	 
	Stud 1
	Stud 2
	Stud 3

	Part 1
	2.74
	3.79
	2.15

	Part 2
	1.98
	4.03
	3.56

	Part 3
	2.03
	2.84
	3.02

	Part 4
	3.05
	2.09
	2.55

	Part 5
	3.47
	3.35
	2.99

	Part 6
	2.98
	3.21
	1.61


Capacity Discharge welding was put to the test by pushing out all of the studs that had been welded by the company, surprisingly experienced a lot more failures than expected, right hand experienced 2 failures and worryingly failed at 1.55Nm which is very low, and the left hand experienced five failures out of the six, lowest reading of 1.61Nm which strengthens the idea that left hand has other issues that need to be investigated, both hands showed declining trending lines but lefthand has a steep rising trend for stud 1

6.6 Cross section Studs and Nuts
As all the testing has been concluded, left hand is still an issue as it has shown throughout all of the testing performed more specifically on Stud 1 and Stud 3, cross- sections were performed to take a closer look at the fusion of the projection welds and see if there is anything notable that could be wrong.
Two readings were taken when inspecting the nuts and studs, Penetration to find out how much fusion is occurring in the welding process and Gap to find out if there is any separation between the nut or stud and the parent material, this can provide enough characteristics to paint a good picture of the weld performance. [image: A picture containing text

Description automatically generated]It can be noticed that majority of the projections have gaps of various degrees between the component and the parent material, this is a leading cause for lack on penetration and potential component weld failure, Stud 3 right hand actually experienced a crack develop through the Heat Affected Zone and exiting through the side of the material, this is a Cold cracking, could be caused by cooling too quick and or built up stresses in the area and distortions caused by thermal expansion the material experiences during welding. (Holden, 2023)
Specifically focusing on the studs, it can be noticed in the inspection pictures that some of the studs doesn’t mate on to a flat surface, rule of thumb with projection welding is that the initial projections of the component need to be matching the parent material’s geometry otherwise it can cause lack of fusion, Gap and bad fit up to the material.

	Left Hand
	Right Hand

	300 Seconds
	1000 Seconds
	300 Seconds
	1000 Seconds

	 
	Penetration (mm)
	Gap (mm)
	 
	Penetration (mm)
	Gap (mm)
	 
	Penetration (mm)
	Gap (mm)
	 
	Penetration (mm)
	Gap (mm)

	Nut 1
	0.15
	0.37
	Nut 1
	0.47
	-
	Nut 1
	0.33
	-
	Nut 1
	0.29
	-

	Nut 2
	0.2
	0.18
	Nut 2
	0.17
	0.24
	Nut 2
	0.26
	0.13
	Nut 2
	0.21
	0.29

	Nut 3
	0.18
	0.13
	Nut 3
	0.3
	0.26
	Nut 3
	0.18
	0.32
	Nut 3
	0.14
	0.2

	Nut 4
	0.25
	0.44
	Nut 4
	0.32
	-
	Nut 4
	0.28
	0.19
	Nut 4
	0.19
	-

	Nut 5
	0.21
	0.2
	Nut 5
	0.21
	0.23
	Nut 5
	0.08
	0.45
	Nut 5
	0.18
	0.18

	Nut 6
	0.07
	-
	Nut 6
	0.02
	0.15
	Nut 6
	0.15
	0.26
	Nut 6
	0.23
	0.21

	Nut 7
	0.08
	0.32
	Nut 7
	0.1
	0.27
	Nut 7
	0.45
	-
	Nut 7
	0.3
	0.36

	Nut 8
	0.21
	0.22
	Nut 8
	0.25
	0.44
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	Stud 1
	0.08
	0.26
	Stud 1
	0.12
	-

	Stud 1
	0.11
	0.29
	Stud 1
	0.15
	-
	Stud 2
	0.24
	0.21
	Stud 2
	0.19
	-

	Stud 2
	0.05
	0.29
	Stud 2
	0.52
	-
	Stud 3
	0.48
	0.37
	Stud 3
	Crack
	 

	Stud 3
	0.01
	0.09
	Stud 3
	0.22
	0.28
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From the inspections conducted on Stud 1 and 3, it can be seen that the stud doesn’t match the geometry of the material. Notoriously in the past Hot stamping tools receive a lot of wear and tear due to the high amount of pounding and heat it receives on a daily basis, so it is common for the tools to lose definition to some radiuses especially if they are sharp bends and turns. (TWI - Global, 2023)
				Stud 2
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7.0 Discussion
All of the data analysed show significant signs of declining trends supports the idea that diffusion layer affects the weldability of the material, this could be because the heat conductivity and/or electrical conductivity, since Steel’s conductivity and resistivity is almost doubled compared to Aluminium suggesting that it is harder for the electrical current to conduct and travel through to the steel, also Silicon’s melting point is either matches or is higher than steel dependant on the material grade. Another suggestion could be that cracking, and voids seen in the welded area and in the Heat Affected Zone area could be a contributing factor to the number of failures, built up stresses in the welded area from the quenching process could lead the material to crack when projection welded just by shock and intensive heat. Although all of the supporting papers for Capacity discharge welding claims to outperform when using on Hot stamp material, testing performed didn’t reflect what others have claimed. This might be due to the various thicknesses in the process or in this case, it was performed on the Soft Zone area of the part. To definitively find an answer if Capacity Discharge welding outperforms projection welding, testing will need to be performed at a higher magnitude of test pieces and segregated to what zone of the material is present. In order to improve the process, it would be suggested to only run material that has been in the furnace for 300 seconds to 600 seconds to reliably produce products that won’t have weldability issues due to the diffusion layer, it would also be suggested to perform some work on the tools to regain all of the products definition to prevent any weld failures due to components not meeting parent material perfectly, and to be controlled by SPC data on Pushout testing and microscopic analysis to prevent any future failures.
Over the past few months, 131 samples have been pushed out and recorded for the left hand, in comparison to the pushout results initially found where a high volume of left hand studs failed no matter the dwell time, improvements have been made to the tool and SPC has been conducted to conduct further improvements when needed. Stud 1 and Stud 3 have improved in comparison, and their max push out strength has heightened, but the process shows more reliable as the mean push out results are stud 1 = 3.326, Stud 2 = 3.307, Stud 3 = 3.414.
Another suggestion would be to perform pushout testing and torque testing again but on products that have had the area that is intended to be welded, filed back to bare material to see if there is much of difference of welding performance, in theory the welding performance would be better as the electrical current doesn’t need to penetrate through the AlSi coating and the diffusion layer that occurs during the hot stamping process.
Especially in hot stamping applications, fasteners are extremely soft as compared to the base material, causing the fastener projections to collapse before a good weld is achieved. In addition, hot stamped materials develop an AlSi coating in the furnace, with the resistive qualities of the coating inconsistent across the hot stamped part. On top of that, the short weld times called for in projection welding bring difficulty in delivering enough heat to the base material. (Kren, 2019)
Kren mentions that the material of general fasteners tends to be incredibly soft in comparison to the Usibor 1500 and how the projections collapse as its welding, if that is true then another suggestion would be to experiment with different material grade nuts and bolts more specifically harder material to see if a harder material outperforms the current used material. If proven then how would the energy consumption differ from the original material to the harder material, and would the harder material induce more frequent cracking and disconnection due to the increased hardness. 
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8.0 Conclusion
Throughout this project there are some notable facts and figures that support the thesis that the diffusion layer has a direct effect on the weldability of the material, all of the testing performed showed that the likely hood of failures and non-conformities occurred around 800 seconds and get worse the further the dwell times go on, but the lack of stability and reproducibility of the process and product showing failures, inconsistencies and erratic results skew the data enough to appear harder to see understand the extent of the weldability issues. The main two testing that provided the most valuable data were Pushout Testing and Torque testing as these are the forces the product will need to withstand at the customer and out in the field, these testing showed a decline in trends over time to inevitably failing around 700 to 800 seconds. But from Gestamp’s main perspective, the lack of definition presented in the product have a direct affect in the performance of the studs due to the lack of direct flat surface area for the studs to be welded onto. It also identified that some defects can be found under a microscope when cross sectioning the studs like cracks and lack of fusion that need to be addressed and corrected to be able to produce products that are repeatable and reliable. 
9.0 Further Work
To be able to definitively conclude if this thesis is accurate or reliability of it, it would be suggested to perform the same or similar experiments on coupons or a more controllable product rather than hard and soft zone, every single test should be exactly the same and under the same conditions when using coupons as this used products that have various geometry, varying coating and diffusion  layers and a smaller sample to perform testing on. 
After identification that the radius on the area where the studs join on to, major improvements have been made by redressing all of the steels on the tool to revive some of the definition that had once been lost, once this had been done, the left hand testing performed incredibly well in comparison to testing performed before, tensile tests performed a lot better due to the better contact the tool had to the material applying more cooling and heating into both areas, the definition improved allowing areas of projection welding to become flatter and more uniform to the projections on the stud and because of this, pushout testing and torque testing performed a lot more repeatable and reliable but most of all conforming to the customer standard. If this project was to be conducted again, brand new steels in the tools would be recommended as this change in the tool has affected the mechanical properties and testing massively, it would provide a truer reflection on the decline of weldability if the project was done when the tool steels are new or dressed back.
Although Capacity discharge Welding didn’t show its potential with the material that was provided, it would be suggested to perform the welding process again but on a larger scale and with different products of different geometries and material thicknesses, this would build more support for the welding process or show that it isn’t suitable for the material used here, as other reports have provided data and information supporting capacity discharge welding, it would be worth diving deeper into the process. But if welding process is incapable of welding 1 product, then it wouldn’t be worth being used by Gestamp in some regards.
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Stress [MPa]
Elongation (%) Hard Zone 

Elongation Hard Zone RH	
300	400	500	600	700	800	900	1000	8.1	8.73	9.43	8.66	9.17	8.49	8.32	8.9	Elongation Hard Zone LH	
300	400	500	600	700	800	900	1000	3.76	5.51	4.79	3.8	4.04	4	4.29	4.25	Dwell Time ( Sec )


Elongation (%)




Yield Strength (MPa) Hard Zone 

Yield Strength RH	
300	400	500	600	700	800	900	1000	1042	968.8	955.6	1044.4000000000001	925.3	979.4	996.1	1017	Yield Strength LH	
300	400	500	600	700	800	900	1000	1027	950.1	973.8	963.7	923	1010	1063	Dwell Time ( Sec )


Yield Strength (MPa)




Ultimate Tensile Strength (MPa) Hard Zone 

Ultimate Tensile Strength RH	
300	400	500	600	700	800	900	1000	1507	1494	1488	1482	1475	1475	1464	1470	Ultimate Tensile Strength LH	
300	400	500	600	700	800	900	1000	1462	1429	1433	1425	1438	1440	1429	Dwell Time ( Sec )


UTS (MPa)




Elongation (%) Soft Zone 

Elongation RH SZ	
300	400	500	600	700	800	900	1000	24.89	23.18	20.52	26.09	40.5	14.57	27.87	24.95	Elongation LH SZ	
300	400	500	600	700	800	900	1000	12.49	27.74	10.52	11.83	7.97	8.57	8.68	13.09	Dwell Time ( Sec )


Elongation (%)




Yield Strength (MPa) Soft Zone 

Yield Strength RH	
300	400	500	600	700	800	900	1000	436.5	427.9	425.6	423.9	439.9	427.3	415.5	420.1	Yield Strength LH	
300	400	500	600	700	800	900	1000	417.1	411.6	416.5	406.1	429.8	430.4	423.5	426.5	Dwell Time ( Sec )


Yield Strength (MPa)




Ultimate Tensile Strength (MPa) Soft Zone 

Ultimate Tensile Strength RH	
300	400	500	600	700	800	900	1000	610	615	617.5	621.29999999999995	620.79999999999995	621.1	626.1	617.20000000000005	Ultimate Tensile strength LH	
300	400	500	600	700	800	900	1000	602.20000000000005	613.9	617.70000000000005	622.6	626.4	632.29999999999995	644.6	633	Dwell Time ( Sec )


UTS (MPa)




Diffusion Layer Hard Zone

LH HZ	
300	400	500	600	700	800	900	1000	7.68	12.42	12.04	12.55	13.57	17.420000000000002	17.66	20.350000000000001	RH HZ	
7.72	10.75	11.67	10.76	14.98	16.39	17.28	18.309999999999999	Dwell Times (Seconds)


Diffusion Layer (µm)




Diffusion Layer Soft Zone

LH SZ	
300	400	500	600	700	800	900	1000	8.09	8.59	12.82	12.93	14.11	15.36	16.77	17.920000000000002	RH HZ	
300	400	500	600	700	800	900	1000	7.94	11.26	12.29	13.51	13.89	14.63	17.670000000000002	20.350000000000001	Dwell Times (Seconds)


Diffusion Layer (µm)




Left Hand Studs

Stud 1	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	15	14	14	19	14	16	15	15	Stud 2	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	15	15	15	14	14	11	14	16	Stud 3	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	9	16	14	15	15	16	11	8	Dwell Time (Seconds)


Torsion Force (Nm)




Right Hand Studs

Stud 1	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	15	14	13	15	14	16	16	15	Stud 2	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	14	16	16	15	13	15	14	13	Stud 3	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	14	17	13	16	15	15	10	8	Dwell Time (Seconds)


Torsion Force (Nm)




Left Hand Nuts

Nut 1	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	18	19	18	16	13	20	20	16	Nut 2	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	15	15	15	18	15	15	19	16	Nut 3	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	12	20	21	18	16	20	18	10	Nut 4	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	23	20	18	16	14	19	18	19	Nut 5	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	25	20	19	17	15	18	10	11	Nut 6	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	16	17	15	15	19	17	18	18	Nut 7	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	31	38	39	33	30	38	31	32	Nut 8	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	30	34	34	32	31	37	32	35	Dwell Time (Seconds)


Torsion Force (Nm)




Right Hand Nuts

Nut 1	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	18	17	16	17	16	17	17	16	Nut 2	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	16	18	17	18	17	15	16	12	Nut 3	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	17	18	17	18	16	16	18	17	Nut 4	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	18	16	19	15	17	18	18	15	Nut 5	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	19	15	21	14	18	13	10	15	Nut 6	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	15	17	17	16	18	15	10	16	Nut 7	
300 seconds	400 seconds	500 seconds	600 seconds	700 seconds	800 seconds	900 seconds	1000 seconds	24	21	19	20	21	18	17	21	Dwell Time (Seconds)


Torsion Force ( Nm)




LH Studs Average


Stud 1	
300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	2.58	3.0266666666666668	3.1	2.5966666666666671	2.5566666666666666	2.0833333333333335	2.19	2.8000000000000003	Stud 2	
3.6333333333333333	2.86	2.52	4.3933333333333335	3.773333333333333	4.8666666666666663	3.3966666666666665	3.2433333333333336	Stud 3	
1.5199999999999998	1.7333333333333334	2.8766666666666669	2.0299999999999998	2.1066666666666669	2.4300000000000002	2.09	1.4766666666666666	Dwell Time (seconds)


Force (kN)




 LH Nuts Average


Nut 1	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	5.8566666666666665	6.9899999999999993	5.503333333333333	7.5166666666666666	5.94	5.746666666666667	6.9266666666666667	6.1433333333333335	Nut 2	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	5.8133333333333335	5.9366666666666674	6.4233333333333347	5.6999999999999993	6.5966666666666667	5.9533333333333331	6.6166666666666671	7.4266666666666667	Nut 3	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	7.04	5.9066666666666663	5.7899999999999991	5.9133333333333331	6.7100000000000009	7.5933333333333328	5.5266666666666664	6.53	Nut 4	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	5.8299999999999992	7.55	6.05	7.3733333333333322	6.9026666666666658	7.1566666666666663	6.919999999999999	7.746666666666667	Nut 5	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	3.7166666666666663	4.3133333333333335	5.8533333333333326	5.1766666666666667	4.5666666666666664	6.2233333333333336	5.8299999999999992	4.2	Nut 6	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	7.0433333333333339	4.01	5.8633333333333333	4.4766666666666675	6.2166666666666659	4.1833333333333327	4.6366666666666667	3.8633333333333333	Nut 7	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	6.166666666666667	5.8533333333333344	4.996666666666667	6.1466666666666674	4.3899999999999997	4.9400000000000004	6.6733333333333329	7.163333333333334	Nut 8	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	3.9299999999999997	5.330000000000001	6.3499999999999988	4.9333333333333336	5.59	5.6166666666666671	5.29	3.6799999999999997	Dwell Time (seconds)


Force (kN)




RH Nut Average


Nut 1	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	6.84	6.5233333333333334	5.8233333333333333	4.2766666666666673	4.29	5.72	5.3833333333333337	4.7299999999999995	Nut 2	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	6.05	5.5666666666666664	8.3566666666666674	5.0599999999999996	5.3833333333333329	6.9266666666666667	5.8466666666666667	5.416666666666667	Nut 3	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	4.6333333333333329	4.2333333333333334	4.0766666666666671	4.3	5.3366666666666669	5.8866666666666667	5.3566666666666665	5.1100000000000003	Nut 4	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	7.6099999999999994	5.1733333333333338	6.583333333333333	5.4433333333333342	4.8833333333333329	3.8533333333333331	6.456666666666667	6.0900000000000007	Nut 5	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	3.6999999999999997	6.9033333333333333	5.6933333333333342	4.5866666666666669	3.5	4.1633333333333331	4.456666666666667	4.2333333333333334	Nut 6	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	5.95	5.4133333333333331	7.4866666666666672	5.3166666666666664	5.5533333333333319	5.2433333333333332	5.586666666666666	6.44	Nut 7	300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	1000 Seconds	7.123333333333334	6.9633333333333338	6.25	5.6599999999999993	6.0533333333333337	5.1366666666666667	6.63	6.4266666666666667	Dwell Time (seconds)


Force (kN)




RH Studs Average


Stud 1	
300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	3.39	2.8166666666666664	3.0133333333333332	4.0333333333333341	2.5500000000000003	2.9066666666666663	2.83	3.2833333333333332	Stud 2	
300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	4.3933333333333335	4.3866666666666667	3.6500000000000004	3.2766666666666673	3.2166666666666668	3.9666666666666663	4.3999999999999995	3.4966666666666661	Stud 3	
300 Seconds	400 Seconds	500 Seconds	600 Seconds	700 Seconds	800 Seconds	900 Seconds	2.57	3.3966666666666665	3.1199999999999997	2.93	3.3333333333333335	3.1999999999999997	3.99	4.3	Dwell Time (seconds)


Force (kN)




Left Hand Capacity Discharge Welding

Stud 1	
Part 1	Part 2	Part 3	Part 4	Part 5	Part 6	2.74	1.98	2.0299999999999998	3.05	3.47	2.98	Stud 2	
Part 1	Part 2	Part 3	Part 4	Part 5	Part 6	3.79	4.03	2.84	2.09	3.35	3.21	Stud 3	
Part 1	Part 2	Part 3	Part 4	Part 5	Part 6	2.15	3.56	3.02	2.5499999999999998	2.99	1.61	Part Number


Force (Nm)




Right hand Capacity Discharge Welding

Stud 1	
Part 1	Part 2	Part 3	Part 4	Part 5	Part 6	2.94	3.34	2.89	4.37	1.55	2.1800000000000002	Stud 2	
Part 1	Part 2	Part 3	Part 4	Part 5	Part 6	6.64	5.18	4.88	6	4.4800000000000004	6.85	Stud 3	
Part 1	Part 2	Part 3	Part 4	Part 5	Part 6	3	2.66	3.07	2.83	2.75	3.75	Part Number


Force (Nm)
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Parts/ time Pushout Cross sectionTorque Tensile total parts

300 seconds 3 1 1 1 6

400 Seconds 3 1 1 1 6

500 seconds 3 1 1 1 6

600 seconds 3 1 1 1 6

700 seconds 3 1 1 1 6

800 seconds 3 1 1 1 6

900 seconds 3 1 1 1 6

1000 seconds 3 1 1 1 6

Total Parts 24 8 8 8 48
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Shorthand Code Yield Strength Tensile Strength Elongation Elongation (A5)
MPa MPa % %
Min Max Min Max Min Min
BORON1300 950 - 1300 - 4 6
BORONS550 400 500 550 650 15 20
PHS450 370 425 450 550 15 20
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Print date: 16.12.21

Zwick I Roell

Gestamp Tallent Limited

Heading : Gestamp Tallent Limited

Customer : Volvo

Teststandard : 57304 Performance of AlSi coated hot formed sheet steel
Material : Usibor 1500

Specimen type : Flat Dog Bone

Machine data : Zwick/Roell Z150 with Hydralic Grips

Pre-load : 2 MPa Test speed : 50 MPa/s
Speed, Young's modulus : 50 MPa/s Comment :
Speed, yield point 1 50 MPa/s
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Part 1 Part 2 Part 3 Ave Part 1 Part 2 Part 3 Ave Part 1 Part 2 Part 3 Ave Part 1 Part 2 Part 3 Ave

Nut 1 7.24 6.41 6.87 6.84Nut 1 6.39 6.31 6.87 6.5233Nut 1 5.42 5.81 6.24 5.8233Nut 1 4.32 4.14 4.37 4.2767

Nut 2 6.49 6.25 5.41 6.05Nut 2 5.46 5.51 5.73 5.5667Nut 2 8.31 9.04 7.72 8.3567Nut 2 4.27 5.24 5.67 5.06

Nut 3 3.92 3.01 6.97 4.6333Nut 3 4 4.89 3.81 4.2333Nut 3 3.66 4.85 3.72 4.0767Nut 3 3.87 4.76 4.27 4.3

Nut 4 8.01 7.33 7.49 7.61Nut 4 7.41 4.12 3.99 5.1733Nut 4 6.75 6.86 6.14 6.5833Nut 4 5.98 5.24 5.11 5.4433

Nut 5 3.54 3.59 3.97 3.7Nut 5 5.1 8.37 7.24 6.9033Nut 5 5.9 5.31 5.87 5.6933Nut 5 4.08 4.92 4.76 4.5867

Nut 6 5.44 6.74 5.67 5.95Nut 6 5.91 6.88 3.45 5.4133Nut 6 7.61 7.21 7.64 7.4867Nut 6 5.14 5.67 5.14 5.3167

Nut 7 8.14 7.5 5.73 7.1233Nut 7 5.34 7.24 8.31 6.9633Nut 7 5.42 6.34 6.99 6.25Nut 7 5.97 5.34 5.67 5.66

Ave 6.1114 5.8329 6.0157 Ave 5.6586 6.1886 5.6286 Ave 6.1529 6.4886 6.3314 Ave 4.8043 5.0443 4.9986

Stud 1 3.01 2.79 4.37 3.39Stud 1 2.49 3.17 2.79 2.8167Stud 1 3.08 2.42 3.54 3.0133Stud 1 3.49 2.58 6.03 4.0333

Stud 2 2.78 6 4.4 4.3933Stud 2 4.24 3.75 5.17 4.3867Stud 2 4.19 3.43 3.33 3.65Stud 2 3.06 2.66 4.11 3.2767

Stud 3 2.94 3 1.77 2.57Stud 3 3.54 3.04 3.61 3.3967Stud 3 3.98 3.13 2.25 3.12Stud 3 3.2 2.66 2.93 2.93

Ave 2.91 3.93 3.5133 Ave 3.4233 3.32 3.8567 Ave 3.75 2.9933 3.04 Ave 3.25 2.6333 4.3567

Results (kN) Results (kN)

400 Seconds 500 Seconds 600 Seconds

Results (kN) Results (kN)

300 Seconds

300 Seconds 400 Seconds 500 Seconds 600 Seconds

Part 1 Part 2 Part 3 Ave Part 1 Part 2 Part 3 Ave Part 1 Part 2 Part 3 Ave Part 1 Part 2 Part 3 Ave

Nut 1 6 6.3 5.27 5.8567Nut 1 7.72 6.26 6.99 6.99Nut 1 4.95 6.55 5.01 5.5033Nut 1 7.94 7.41 7.2 7.5167

Nut 2 5.44 4.93 7.07 5.8133Nut 2 6.61 4.13 7.07 5.9367Nut 2 5.41 5.53 8.33 6.4233Nut 2 4.3 8.01 4.79 5.7

Nut 3 8.4 6.44 6.28 7.04Nut 3 6.14 7 4.58 5.9067Nut 3 3.51 6.55 7.31 5.79Nut 3 7.92 4.51 5.31 5.9133

Nut 4 6.51 5.34 5.64 5.83Nut 4 7.99 6.8 7.86 7.55Nut 4 5.88 7.46 4.81 6.05Nut 4 7.64 6.56 7.92 7.3733

Nut 5 2.98 5.79 2.38 3.7167Nut 5 7.12 3.33 2.49 4.3133Nut 5 3.89 7.06 6.61 5.8533Nut 5 5.83 3.16 6.54 5.1767

Nut 6 6.78 7.34 7.01 7.0433Nut 6 4.61 2.4 5.02 4.01Nut 6 4.97 6.61 6.01 5.8633Nut 6 6.34 4.19 2.9 4.4767

Nut 7 6.34 6.11 6.05 6.1667Nut 7 4.18 6.39 6.99 5.8533Nut 7 5.85 3.47 5.67 4.9967Nut 7 5.24 5.63 7.57 6.1467

Nut 8 4.17 4.07 3.55 3.93Nut 8 6.71 4.41 4.87 5.33Nut 8 6.14 7.14 5.77 6.35Nut 8 3.7 6.4 4.7 4.9333

Ave 5.8275 5.79 5.4063 Ave 6.385 5.09 5.7338 Ave 5.075 6.2963 6.19 Ave 6.1138 5.7338 5.8663

Stud 1 2.5 3.31 1.93 2.58Stud 1 2.6 2.11 4.37 3.0267Stud 1 2.42 4.29 2.59 3.1Stud 1 2.85 2.88 2.06 2.5967

Stud 2 3.54 4.17 3.19 3.6333Stud 2 2.8 3 2.78 2.86Stud 2 1.76 3.61 2.19 2.52Stud 2 4.05 5.82 3.31 4.3933

Stud 3 2.21 1.18 1.17 1.52Stud 3 2.06 1.86 1.28 1.7333Stud 3 2.36 3.88 2.39 2.8767Stud 3 1.49 2.29 2.31 2.03

Ave 2.75 2.8867 2.0967 Ave 2.4867 2.3233 2.81 Ave 2.18 3.9267 2.39 Ave 2.7967 3.6633 2.56

Results (kN) Results (kN)

LH 

Results (kN) Results (kN)
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Part 1 Part 2 Part 3 Ave Part 1 Part 2 Part 3 Ave Part 1 Part 2 Part 3 Ave Part 1 Part 2 Part 3 Ave

Nut 1 4.74 4.12 4.01 4.29Nut 1 5.77 6.05 5.34 5.72Nut 1 5.72 5.99 4.44 5.383333333Nut 1 4.63 4.93 4.63 4.73

Nut 2 3.67 6.59 5.89 5.3833Nut 2 6.54 7.37 6.87 6.926666667Nut 2 5.55 5.37 6.62 5.846666667Nut 2 6.61 4.77 4.87 5.4167

Nut 3 6.16 4.44 5.41 5.3367Nut 3 5.99 5.42 6.25 5.886666667Nut 3 5.25 5.51 5.31 5.356666667Nut 3 5.69 5.53 4.11 5.11

Nut 4 5.27 4.49 4.89 4.8833Nut 4 3.46 3.98 4.12 3.853333333Nut 4 6.11 6.83 6.43 6.456666667Nut 4 3.74 7.2 7.33 6.09

Nut 5 3.03 3.8 3.67 3.5Nut 5 3.94 4.01 4.54 4.163333333Nut 5 4.89 3.11 5.37 4.456666667Nut 5 5.07 1.5 6.13 4.2333

Nut 6 5.31 5 6.35 5.5533Nut 6 4.76 5.73 5.24 5.243333333Nut 6 5.28 5.64 5.84 5.586666667Nut 6 6.52 6.68 6.12 6.44

Nut 7 6.44 5.72 6 6.0533Nut 7 5.14 5.61 4.66 5.136666667Nut 7 6.91 6.76 6.22 6.63Nut 7 5.37 6.89 7.02 6.4267

Ave 4.9457 4.88 5.1743 Ave 5.0857 5.4529 5.2886 Ave 5.6729 5.6014 5.7471 Ave 5.3757 5.3571 5.7443

Stud 1 2.31 2.51 2.83 2.55Stud 1 3.18 2.75 2.79 2.906666667Stud 1 4.48 1.91 2.1 2.83Stud 1 3.07 3.4 3.38 3.2833

Stud 2 2.72 4.5 2.43 3.2167Stud 2 3.4 4.62 3.88 3.966666667Stud 2 3.94 4.16 5.1 4.4Stud 2 3.33 3.1 4.06 3.4967

Stud 3 2.66 4.51 2.83 3.3333Stud 3 3.28 2.78 3.54 3.2Stud 3 3.96 4.04 3.97 3.99Stud 3 5.19 3.61 4.1 4.3

Ave 2.5633 3.84 2.6967 Ave 3.2867 3.3833 3.4033 Ave 4.1267 3.37 3.7233 Ave 3.8633 3.37 3.8467

Results (kN)

700 Seconds 800 Seconds 900 Seconds

Results (kN) Results (kN) Results (kN)

1000 Seconds

700 Seconds 800 Seconds 900 Seconds 1000 Seconds

Part 1 Part 2 Part 3 Ave Part 1 Part 2 Part 3 Ave Part 1 Part 2 Part 3 Ave Part 1 Part 2 Part 3 Ave

Nut 1 6.04 6.67 5.11 5.94Nut 1 5.9 5.68 5.66 5.746666667Nut 1 7.2 7.39 6.19 6.926666667Nut 1 5.05 6.32 7.06 6.1433

Nut 2 7.31 5.65 6.83 6.5967Nut 2 3.75 5.78 8.33 5.953333333Nut 2 6.79 7.55 5.51 6.616666667Nut 2 8.6 7.65 6.03 7.4267

Nut 3 6.1 6.54 7.49 6.71Nut 3 7.6 7.96 7.22 7.593333333Nut 3 4.22 6.25 6.11 5.526666667Nut 3 6.92 6.65 6.02 6.53

Nut 4 8.04 6.11 6.558 6.9027Nut 4 7.74 7.18 6.55 7.156666667Nut 4 8.03 6.05 6.68 6.92Nut 4 8.41 7.33 7.5 7.7467

Nut 5 6.69 2.71 4.3 4.5667Nut 5 5.06 6.99 6.62 6.223333333Nut 5 5.37 6.9 5.22 5.83Nut 5 3.04 3.15 6.41 4.2

Nut 6 5.31 6.31 7.03 6.2167Nut 6 5.27 3.78 3.5 4.183333333Nut 6 5.33 4.81 3.77 4.636666667Nut 6 4.34 3.02 4.23 3.8633

Nut 7 4.01 5.21 3.95 4.39Nut 7 6.23 4.47 4.12 4.94Nut 7 6.94 6.21 6.87 6.673333333Nut 7 4.34 8.72 8.43 7.1633

Nut 8 6.02 6.17 4.58 5.59Nut 8 4.25 4.29 8.31 5.616666667Nut 8 5.27 5.11 5.49 5.29Nut 8 4.76 3.87 2.41 3.68

Ave 6.19 5.6713 5.731 Ave 5.725 5.7663 6.2888 Ave 6.1438 6.2838 5.73 Ave 5.6825 5.8388 6.0113

Stud 1 3.61 2.23 1.83 2.5567Stud 1 2.23 1.76 2.26 2.083333333Stud 1 2.1 2.34 2.13 2.19Stud 1 3.01 3.4 1.99 2.8

Stud 2 4.11 4.43 2.78 3.7733Stud 2 4.56 5.19 4.85 4.866666667Stud 2 4.13 3.05 3.01 3.396666667Stud 2 3.3 2.59 3.84 3.2433

Stud 3 2.13 2.28 1.91 2.1067Stud 3 1.86 3.1 2.33 2.43Stud 3 2.59 1.52 2.16 2.09Stud 3 0.85 0.87 2.71 1.4767

Ave 3.2833 2.98 2.1733 Ave 2.8833 3.35 3.1467 Ave 2.94 2.3033 2.4333 Ave 2.3867 2.2867 2.8467

Results (kN) Results (kN) Results (kN) Results (kN)
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Table 1: Chemical Composition (wt %)

Shomand [ C [ W [ ST P | S [ G [ W | §
Cose (max) | (max) (max)

ER R T g
Boronta00 | (201 | 190 (0755|005 | 025 | 10| 02s |0000E





