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M.Nagaraj
ABSTRACT

A promising approach to reduce manufacturing costs, decrease vehicle weight, and improve the quality of automotive body components is through the use of Tailor-Welded Blanks. This term refers to blanks where multiple sheets of material are welded together to create a single blank prior to the forming process. The welding process creates formability concerns in a traditional forming process due to material property changes in the weld and in the heat-affected zone adjacent to the weld.

The purpose of this study is to optimize the welding parameters by the Design of experiments; Taguchi approach, Regression model and ANOVA are used. Welded the specimens by GTAW process considering the Optimized parameters and conducted Limit Dome Height test.  During the deep drawing process of these specimens, the differences of weld-line movement and thickness strain distribution are investigated by experiment and analysis

The main aim of the work is to investigate the effect of weld conditions viz., weld orientation, weld location, and weld properties on the forming behavior of GTAW aluminium Tailor welded blanks. The domain of weld conditions within which weld region should be modeled as a separate zone in FE simulations is also identified. Sheets with same quality and different thickness were used to make TWBs. Tensile behavior and forming limit strains of TWBs were monitored by performing tensile test and Limit Dome Height (LDH) tests respectively. The forming limit strains (or FLC) were also predicted and validated with that of experimental FLCs. 

TWB with weld at critical locations possess lower forming limit when compared to un-welded blanks. FLCs for varied weld conditions were predicted by thickness gradient based necking criterion. The predicted FLCs agree well (< 5% error) with experimental FLCs in drawing region of FLD, while stretching region exhibit considerable difference.
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           Chapter1
Introduction


1.1 Tailor Welded Blanks 

Tailor – Welded blanks (TWB) are comprised of two or more sheets of metal with dissimilar strength and/or thickness that are welded into a single blank before the forming operation, so that they are located precisely within a part where they are needed. The automotive industry and air craft manufacturers are working continually to develop and apply technology that reduces the cost and weight of its product, the continuously increasing requirements of the customer to high performance, the ever constricting  government environment regulations regarding safety and exhaust emissions, and increasing pressure to improve the ability of technological innovation and of the violent competitive market and fuel economy, force manufacturers  to use many new materials, including tailor welded blanks, thus minimizing the energy consumption and environmental impact of future vehicles.
 Vehicle weight reduction through the use of tailor welded blanks is of interest to all major manufacturers. A large fraction of the vehicles weight is due to the structural parts, furthermore making the structural parts lighter means that smaller engine. Lighter structural parts result in smaller wings being required in case of air craft’s. Decreasing weight of the structural parts can result in a significant weight reduction. However, designing lighter and at the same time, adequate small structures calls for optimized material distribution within the structure parts. The TWBs technology is a relatively new technology which facilitates optimal distribution of the material in the structural parts. Currently, tailor welded blanks are used for body side frames, door inner panels, motor compartment rails, center pillar, inner panels and wheelhouse/shock tower panels. Increased strength and lowered ductility requires developments in aluminium forming technology. The field of ongoing research can be divided into a) improvements in massive forming. b) Use of tailored blanks c) forming at elevated temperatures and d) super plastic forming

Economic solution can be achieved by proper material substitution, depending upon the preferential loading component has to withstand. Aluminium alloys are potential materials for light weight components due to their good mechanical properties, formability, corrosion resistance and low density, good strength to density ratio. Aluminium 1050 material has been used in this project work. The sheet thickness of 1mm and 1.5mm is selected for TWBs.
Several types of welding methods can be used to fabricate TWBs. Widely used welding methods are laser welding, friction stir welding and Gas Tungsten arc welding. GTAW process has been used to weld Aluminium sheets in this work; it creates a narrow weld and heat – affected zone (HAZ) at the junction. Welding of aluminium is a difficult task due to the reason that oxides of aluminium is always present as a surface film, which is formed when aluminium is heated, has a very high melting point, much higher than that of aluminium, and if it is not removed it would become distributed throughout the weld, resulting in weakness and brittleness. The Weldability of welds for tailor welded blanks has been measured with tensile tests, welding parameters are optimized, micro hardness test and micro structural analysis has been studied.
 Commonly used sheet metal forming process which involve large plastic deformation are Deep Drawing, stretch forming, ironing and hole extrusion. In this present work Deep drawing process has been used for forming TWB of aluminium sheets. The formability of welds for tailor welded blanks has been measured with tensile tests, limiting dome height  test and Simulative tests by using Dyna form software.
Chapter 2


GTAW process of Welding

2.1 Introduction
In GTAW, a non-consumable tungsten electrode is used to establish an arc on the base metal. The heat of the arc produced melts the base metal and produces a weld pool. In contrast to normal stick welding, when GTAW, an inert gas shields the weld area in order to prevent air from contaminating the weld. This shielding gas prevents oxidation of the tungsten electrode, the molten weld puddle, and the heat-affected zone adjacent to the weld bead. 
The gas tungsten arc welding (GTAW) and gas metal arc welding (GMAW) processes are often used for welding Aluminium. During welding, vaporization of alloying elements like magnesium can occur and this vaporization loss of any alloying elements can influence the mechanical properties of the welded joints by affecting the chemistry of the weld pool. However, GTAW process is generally preferred because it produces a very high quality welds. Distortion is the major problem in welding of thin sections; the distortion is controlled in GTAW process. Metallurgical advantages of GTAW are frequently reported in the literature includes grain refinement in the fusion zone, reduced width of HAZ, less distortion, control of segregation, reduced hot cracking sensitivity and reduced residual stresses.

In a typical GTAW setup, an AC welding machine or a DC welding machine can be used with a flow of shielding gas. The shielding gas goes through a regulator and flow meter and on to the torch. The torch has a collet/collet body combination that holds the electrode. A heat-resistant cup or ceramic nozzle surrounds the electrode and controls the gas shield. In addition, water-cooled GTAW machines are available for high-amperage welding applications. 
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Fig 2.1 – GTAW process
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Fig 2.2 - Setup of GTAW
2.2 Electrodes

Many different electrode types are available including thoriated, lanthaniated, ceriated, and pure tungsten. Some characteristics to consider in an electrode are good ignition and re-ignition properties, constant arc, long lifetime, and high current-loading capacity.

Electrodes for DC welding are normally pure tungsten with 1 to 4% thoria to improve arc ignition. Alternative additives are lanthanum oxide and cerium oxide which are claimed to give superior performance (arc starting and lower electrode consumption). It is important to select the correct electrode diameter and tip angle for the level of welding current. As a rule, the lower the current the smaller the electrode diameter and tip angle. In AC welding, as the electrode will be operating at a much higher temperature, tungsten with a zirconia addition is used to reduce electrode erosion. It should be noted that because of the large amount of heat generated at the electrode, it is difficult to maintain a pointed tip and the end of the electrode assumes a spherical or 'ball' profile. 

2.2.1  Use of Ceriated or Thoriated tungsten instead of Pure Tungsten.
Pure Tungsten melts at a lower temperature, causing it to easily form a rounded ball at the tip. When the ball grows too large, it interferes with one’s ability to see the weld puddle and causes the arc to become stable.
Ceriated tungsten can withstand higher temperatures and works very well with the new square wave and inverter machines for the following reasons:

a) Holds a point longer and starts well at low amperages.
b) Can be used on both AC and DC polarities. When welding aluminium, it has become very acceptable to grind a point on ceriated tungsten               (especially when welding on thinner materials).
c) Allows welding amperages to be increased by 25 – 30% compared to pure tungsten of the same diameter.
      Table: 2.1 Types of Tungsten Electrodes

	Type of Tungsten (Alloy)
	Colour      Code
	Remarks

	Pure
	Green
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	Provides good arc stability for AC welding. Reasonably good resistance to contamination. Lowest current carrying capacity. Least expensive. Maintains a balled end.

	Ceriated

CeO2
1.8% to 2.2%
	Orange
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	Similar performance to thoriated tungsten. Easy arc starting, good arc stability, long life. Possible replacement for thoriated.

	Thoriated

ThO2
1.7% to 2.2%
	Red
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	Easier arc starting. Higher current capacity. Greater arc stability. High resistance to weld pool contamination. Difficult to maintain balled end on AC.

	Lanthanated

La2O3
1.8% to 2.2%
	Blue
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	Similar performance to thoriated tungsten. Easy arc starting, good arc stability, long life, high current capacity. Possible replacement for thoriated.

	Zirconiated

ZrO2
0.15% to 0.40%
	Brown
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	Excellent for AC welding due to favourable retention of balled end, high resistance to contamination, and good arc starting. Preferred when tungsten contamination of weld is intolerable.


Table: 2.2 Typical Current Ranges for Tungsten Electrodes

	Tungsten Diameter
	Gas cup

( Inside Dia)
	Typical Current Range (Amps)

	
	
	Direct current, DC
	Alternating Current, AC

	
	
	DCEN
	70% Penetration
	(50/50) Balanced wave AC
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Ceriated
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Thoriated
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Lanthanated
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Pure
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Ceriated
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Thoriated
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Lanthanated
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Pure
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Ceriated
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Thoriated
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Lanthanated

	0.040
	#5(3/8in)
	15 - 18
	20 - 60
	15 - 80
	10 - 30
	20 - 60

	0.060 (1/16)
	#5(3/8in)
	70 - 150
	50 - 100
	70 - 150
	30 - 80
	60 – 120

	0.093 (3/32)
	#8(1/2in)
	150 - 250
	100-160
	140-235
	60-130
	100-180

	0.125 (1/8in)
	#8(1/2in)
	250-400
	150-200
	225-235
	100-180
	160-250


All values are based on the use of argon as a shield gas. Other current values may be employed depending on the shield gas, type of equipment, and application. DCEN = Direct current electrode negative (Straight polarity)
Table: 2.3  
2.3 Recommended Current Type, Tungsten and Gas for  GTAW
        Welding

	Metal
	Thickness
	Type of Current
	Tungsten
	Shielding Gas

	    Aluminium
	All
	AC
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  Pure
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  Ceriated
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 Thoriated
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Lanthanated
	Argon

	
	All
	AC 
Square wave
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 Ceriated
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 Thoriated
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Lanthanated
	Argon

	
	over 1/4"
	AC
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 Ceriated
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 Thoriated
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Lanthanated
	Argon

	Copper, copper alloys
	All
	DCEN
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 Ceriated
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 Thoriated
	Argon

	Magnesium alloys
	All
	AC
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 Ceriated
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 Thoriated
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Lanthanated
	Argon

	Plain carbon, steels
	All
	DCEN
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 Ceriated
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 Thoriated
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Lanthanated
	Argon

	Stainless steel
	All
	DCEN
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 Ceriated

[image: image39.png]


 Thoriated
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Lanthanated
	Argon


2.3 Shielding Gas 
In GTAW, the gas used to shield the welding arc and hot metals is an inert gas. Inert gases are gases whose atomic structures do not allow them to react with metals or other gases. Argon, helium, or an argon-helium mixture is used as the inert gas in GTAW. 

Argon is a relatively heavy gas. It has several benefits when used in GTAW. It requires a lower arc voltage than other shielding gases for a given arc length and current used (ideal for thin metal welding). It also provides easier arc starting. Its heavier weight as compared to helium provides for good shielding with lower flow rates. 

 In contrast to argon, helium is the lightest of the inert gases. Because of its light weight, about two to three times more helium is needed as compared to argon to shield the weld area. Despite this, helium has an advantage over argon in that it can be used with greater arc voltages. Because of this, helium is preferred when working with thick metal sections. 

Another difference in the two gases is their cleaning ability. Both helium and argon allow for good cleaning action when using DC. However, when using AC, argon provides for better cleaning action. Argon also provides better arc stability than helium when using AC. 

2.3.1  Proper Gas Selection
A proper gas selection is very important for GTAW. If one uses the wrong gas mixture, such as 75 percent argon / 25 percent CO2 that is common for MIG, the tungsten electrode will quickly consumed or deposited in the weld puddle. 
2.3.2  Selection of Shield gases according to the material being welded

Argon - The most commonly - used shielding gas which can be used for welding a wide range of materials including steels, stainless steel, aluminium and titanium. 

· Argon + 2 to 5% H2 - the addition of hydrogen to argon will make the gas slightly reducing, assisting the production of cleaner-looking welds without surface oxidation. As the arc is hotter and more constricted, it permits higher welding speeds. Disadvantages include risk of hydrogen cracking in carbon steels and weld metal porosity in aluminium alloys. 

· Helium and helium/argon mixtures - adding helium to argon will raise the temperature of the arc. This promotes higher welding speeds and deeper weld penetration. Disadvantages of using helium or a helium/argon mixture is the high cost of gas and difficulty in starting the arc. 

2.3.3 Gas Flow Rate 
Setting a proper gas flow rate is another important element to successful GTAW, Contrary to what may seem to be common sense, more is not better. If welding is done in a flat position, a flow rate of about 15 to 20 cubic feet per hour (cfh) is typically adequate. For overhead welding, it can be started at about 20 cfh and increase the flow by small adjustments of about 5 cfh if necessary. 
If the gas flows out of the torch at too high a velocity, it ends up bouncing off the surface being welded and starts a swirling motion parallel to the torch cup called a venturi. This venturi effect will suck air into the gas flow, creating an impure weld atmosphere. This results in pinholes in the weld. 
2.4 General procedure followed while starting up the welding

1.   Connect Torch  


When using an air-cooled torch, the adapter is used from the accessory package and plugs the torch into the front of the machine. Also connect the gas hose and regulator.
2.   Connect Work Clamp
Plug the work clamp (sometimes referred to as a ground clamp) into the machine. Clamp the other end to the work piece or work table.
3.   Select Polarity
 For aluminium welding, switch the amperage setting on the front panel to AC. For steel and steel alloy welding, switch the amperage setting to DCEN. (For Stick welding, switch the amperage setting to DCEP.)

4.   Prepare Tungsten
Grind the tungsten to a point. When welding aluminium, the tungsten will begin to form a ball. If the ball grows to the same diameter as the tungsten, re-point the tungsten. Grind in the long direction and make the point roughly   2-1/2 times as long as the diameter.
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Fig 2.3 – Electrode Dimensions

Use a 200 grit or finer grinding wheel. Do not use the wheel for other jobs or tungsten can become contaminated causing lower weld quality.

[image: image42.jpg]CORRECT  straigt Ground
Stablo Arc

/ Grnaing
A




        [image: image43.jpg]INCORRECT  Radial Ground

A Wander




Fig 2.4 – Correct grinding position

5.   Assemble Torch
Loosen the back cap and remove the 3/32" diameter tungsten from the torch (it has an orange stripe). Remove the nozzle and copper Collet pieces from the torch. Put the Collet and Collet body back into the torch and tighten. Put the nozzle back onto the torch. 
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Fig 2.5 – Torch assembly

6.   Install Tungsten
 Place the tungsten into the Collet. Leave about 1/8 to 1/4 in. sticking out of the Collet (not more than the diameter of the cup). Tighten the back cap.

      7.  Check and Connect Power
  
Make sure the power supply AC or DC, connecting to matches the rating of the machine (rating label can be seen on unit). If the machine is supplied with a plug, plug it into the appropriate power outlet. If the machine is not supplied with a plug, connect according to the procedure provided in the Owner's Manual. 

2.4.1 The weld joint should be as follows

1 Clean 

   Cleaning both the weld line area and the filler metal is an important preparation. Remove all oil, grease, dirt, paint, etc. The presence of these contaminants may result in arc instability or contaminated welds.

2   Clamp
Clamping may be required if the work piece cannot be supported during welding.
3    Tack weld
Make short 6.35mm, tack welds along the work piece to hold them together.
2.4.2  Power source

            GTAW must be operated with a drooping, constant current power source either DC or AC. A constant current power source is essential to avoid excessively high currents being drawn when the electrode is short-circuited on to the work piece surface. This could happen either deliberately during arc starting or inadvertently during welding. If, as in MIG welding, a flat characteristic power source is used, any contact with the work piece surface would damage the electrode tip or fuse the electrode to the work piece surface. In DC, because arc heat is distributed approximately one-third at the cathode (negative) and two-thirds at the anode (positive), the electrode is always negative polarity to prevent overheating and melting. However, the alternative power source connection of DC electrode positive polarity has the advantage in that when the cathode is on the work piece, the surface is cleaned of oxide contamination. For this reason, AC is used when welding materials with a tenacious surface oxide film, such as aluminium. 

AC GTAW usually uses argon as a shielding gas. The process is a multipurpose process, which offers the user great flexibility. By changing the diameter of the tungsten electrode, welding may be performed with a wide range of heat input at different thicknesses. AC GTAW is possible with thicknesses down to about 0.5 mm. For larger thicknesses, > 5 mm, AC GTAW is less economical compared to MIG-welding due to lower welding speed. 

 DC GTAW with electrode negative is used for welding thicknesses above 4 mm. The negative electrode gives a poor oxide cleaning compared to AC-GTAW and MIG, and special cleaning of joint surfaces is necessary. The process usually uses helium shielding gas. This gives a better penetration in thicker sections. DC GTAW is applicable for welding thicknesses in the range 03 to 12 mm. More and more popular is also pulsed DC GTAW, which makes it possible to weld uniform welds with deeper penetration at the same heat input. Pulse frequency is usually in the range 1 to 10 Hz. 
2.4.3  Arc starting

 The welding arc can be started by scratching the surface, forming a short - circuit. It is only when the short - circuit is broken that the main welding current will flow. However, there is a risk that the electrode may stick to the surface and cause a tungsten inclusion in the weld. This risk can be minimised using the 'lift arc' technique where the short - circuit is formed at a very low current level. The most common way of starting the GTAW arc is to use HF (High Frequency). HF consists of high voltage sparks of several thousand volts which last for a few microseconds. The HF sparks will cause the electrode - work piece gap to break down or ionize. Once an electron/ion cloud is formed, current can flow from the power source. 
 As HF generates abnormally high electromagnetic emission (EM), its use can cause interference especially in electronic equipment. As EM emission can be airborne, like radio waves, or transmitted along power cables, care must be taken to avoid interference with control systems and instruments in the vicinity of welding. 
HF is also important in stabilising the AC arc; in AC, electrode polarity is reversed at a frequency of about 50 times per second, causing the arc to be extinguished at each polarity change. To ensure that the arc is reignited at each reversal of polarity, HF sparks are generated across the electrode/work piece gap to coincide with the beginning of each half-cycle
2.5 Safety
The following are the necessary safety equipment and appropriate clothing. 
a) Dry, hole-free insulating gloves and body protection 

b) Approved welding helmet fitted with a proper shade of filter lenses to protect  face and eyes when welding or watching 

c) Approved safety glasses with side shields under the helmet 

d) Protective clothing made from durable, flame-resistant material (leather, heavy cotton, or wool) and foot protection.

2.5.1  Personal Protective Equipment 
 Although GTAW does not produce all of the metal spatter that is associated with stick welding, it still generates intense heat and light. In fact, the clearer atmosphere around the GTAW arc can cause up to twice the amount of infrared and UV rays compared to normal arc welding.

Any exposed skin will be burned similar to extreme sunburn. Welders should wear personal protective equipment such as a welding helmet, welder’s protective gloves, and clothing. Of course, fire-resistant cloth and leather clothing and accessories are recommended. A word of caution — cotton should not be used as it does not provide sufficient protection and it deteriorates quickly under the infrared and UV rays produced by the GTAW process. As a tip, dark clothing should be used to reduce reflection of light behind the helmet. 
2.5.2  Other Safety Precautions 

The following general precautions should be observed to protect the workers from the hazards associated with GTAW: 

Ensure electrical connection leads are in good condition and tight prior to use. They should be protected to prevent accidental damage from hangar traffic. 

Make sure to have adequate ventilation. Since GTAW uses inert gases to shield the weld area, if it is used in an enclosed area it can displace breathing air and can be hazardous. Ensure the work area has proper ventilation. In addition, ozone is produced during the welding process. Anyone who has been around a GTAW welder knows the sweet smell associated with GTAW. But high levels of ozone can be hazardous. The amount of ozone produced varies with the type of electrode used, amperage, and argon flow. In poorly ventilated areas, ozone levels can increase to irritating or harmful levels. Whenever possible, draw fumes and contaminated air away when welding. 

Flammable materials should not be carried in clothing pockets. Shielding curtains should be placed around all jobs so that workers in adjacent areas are not exposed to the welding arcs. 

2.6 Applications
GTAW is applied in all industrial sectors but is especially suitable for high quality welding. In manual welding, the relatively small arc is ideal for thin sheet material or controlled penetration (in the root run of pipe welds). Because deposition rate can be quite low (using a separate filler rod) MMA or MIG may be preferable for thicker material and for fill passes in thick-wall pipe welds. 

GTAW is a general purpose welding process for welding of aluminium. Especially at thinner sheet thicknesses (0.5 to 3 mm) the process is qualified. The process is widely used for welding of pressure vessels, heat exchangers and pipes, where tightness is important since the process produces welds with very low pore fractions. GTAW is also beneficial for welds with frequently starts and stops and for short welds due to excellent quality with low porosity. DC GTAW (negative electrode) could in addition also be beneficial for welding thin walled structures and profiles. 
GTAW is also widely applied in mechanised systems either autogenously or with filler wire. However, several 'off the shelf' systems are available for orbital welding of pipes, used in the manufacture of chemical plant or boilers. The systems require no manipulative skill, but the operator must be well trained. Because the welder has less control over arc and weld pool behaviour, careful attention must be paid to edge preparation (machined rather than hand-prepared), joint fit-up and control of welding parameters.

2.7 Benefits of using GTAW over other welding techniques
1. Weld more metals and alloys than any other process
GTAW welders can be used to weld steel, stainless steel, aluminium, nickel alloys, magnesium, copper, brass, bronze, and even gold. GTAW is a useful welding process for welding wagons, bike frames, lawn movers, door handles, fenders, and more. 
2. Create high quality, clean welds
With superior arc and weld puddle control, GTAW allows creating clean welds when appearances count. Because the heat input is often controlled by pressing on a foot pedal, similar to driving a car, GTAW allows, heating up or cooling down the weld puddle giving precise weld bead control. This makes GTAW ideal for cosmetic welds like sculptures and automotive welds.

3. No sparks or spatter
Because only the necessary amount of filler metal is added to the welding puddle, no spatter or sparks are produced (if the metal being welded is clean). 

4. No smoke or fumes and No slag or flux
           GTAW does not create smoke or fumes, unless the base metal being welded contains contaminants or elements such as, oil, grease, paint, lead or zinc. The base metal should be cleaned before welding. Since argon gas protects the weld puddle from contamination, no flux is required or used in GTAW and there is no slag.
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5. Use one shielding gas (Argon) for all applications
Because Argon can be used to GTAW weld all metals and thicknesses, only need one type of gas to handle all welding.
2.8 Various problems during GTAW

The following chart addresses some of the common problems of GTAW: 

	PROBLEM 1: Burning Through Tungsten Fast 

	PROBABLE CAUSES
	SUGGESTED REMEDY

	1. Inadequate gas flow.
	Check to be sure hose, gas valve, and torch are not restricted or the tank is not out of gas. Gas flow should typically be set at 95 to 227 cmh.

	2. Operating on electrode positive (DCEP).
	Switch to electrode negative (DCEN).

	3. Improper size tungsten for current used.
	General purpose tungsten size is 2.38mm diameter at a maximum of 220 amps.

	4. Excessive heating in torch body.
	Air-cooled torches do get very warm. If using a water-cooled torch, coolant flow may be restricted or coolant may be low.

	5. Tungsten oxidation during cooling.
	Keep shielding gas flowing 10–15 seconds after arc stoppage. 1 second for each 10 amps of welds current.

	6. Use of gas containing oxygen or CO2.
	Use Argon gas.

	7. Tungsten melting back into cup (AC). 
	If using pure [image: image47.png]


 tungsten, change to ceriated  [image: image48.png]
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. 

If machine has Balance Control, adjust setting towards maximum penetration      

(70-90). 

Tungsten diameter may be too small for the amount of current being used. Increase tungsten size.

	PROBLEM 2: Tungsten Contamination

	PROBABLE CAUSES
	SUGGESTED REMEDY

	1. Tungsten melting into weld puddle.
	Use less current or larger tungsten. Use ceriated [image: image50.png]
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(DC), or lanthanated   [image: image52.png]


 tungsten.

	2. Touching tungsten to weld puddle.
	Keep tungsten from contacting weld puddle. Raise the torch so that the tungsten is off of the work piece 3.17 to 6.35mm.

	PROBLEM 3: Porosity and Poor Weld Bead Colour

	PROBABLE CAUSES
	SUGGESTED REMEDY

	1. Condensation on base metal. 
	Blow out all air and moisture condensation from lines. Remove all condensation from base metal before welding. Metals stored in cold temperatures will condensate when exposed to warm temperatures.

	2. Loose fittings in torch or hoses. 
	Tighten fittings on torch and all hoses. 

	3. Inadequate gas flow.
	Adjust flow rate as necessary. Gas flow should typically be set at 95 to 227cmh.

	4. Defective gas hose or loose connection.
	Replace gas hose and check connections for leaks, cuts, or pin holes.

	5. Contaminated or improper filler metal.
	Check filler metal type. Remove all grease, oil, or moisture from filler metal. 

	6. Base metal is contaminated.
	Remove paint, grease, oil, and dirt, including mill scale from base metal. 

	PROBLEM 4: Yellow Powder or Smoke on Cup—Tungsten Discolour

	PROBABLE CAUSES
	SUGGESTED REMEDY

	1. Shielding gas flow rate too low.
	Increase flow rate. Gas flow should typically be set at 95 to 227 cmh.

	2. Incorrect shielding gas or mixture.
	Use argon gas.

	3. Inadequate post flow.
	Increase post flow time. Set at 10 to 15 seconds. 

	4. Improper tungsten size or cup size.
	Match tungsten size and cup size to joint being welded. General purpose tungsten size is 2.38mm diameter and  # 8 cup.

	PROBLEM 5: Unstable Arc

	

	PROBABLE CAUSES
	SUGGESTED REMEDY

	While DC Welding 

	1. Weld circuit polarity is incorrect.
	Check polarity switch on welder. Select DCEN (Direct Current Electrode Negative).

	2. Tungsten is contaminated.
	Remove 12.7mm of contaminated tungsten and re point tungsten.

	4. Arc too long.
	Shorten arc length. Lower torch so that the tungsten is off of the work piece no more than 3.17mm to 6.35 mm. 

	5. Base metal is contaminated.
	Remove paint, grease, oil, and dirt, including mill scale from base metal. 

	While AC Welding 

	1. Excessive rectification in base metal.
	Increase travel speed. Increase balance control toward more penetration. Add filler metal.

	2. Improper shielding gas.
	In some cases, when welding on 9.52 mm to 12.7mm thick aluminium, argon/helium is used. 

	3. Incorrect arc length.
	Use correct arc length. Adjust the torch so that the tungsten is off of the work piece 3.17mm to 6.35mm. 

	4. Tungsten is contaminated.
	Remove 12.7mm of contaminated tungsten and re point tungsten.

	5. Base metal is contaminated.
	Remove paint, grease, oil, and dirt, including mill scale from base metal.

	6. Frequency set too low.
	On welders with adjustable AC frequency, increase frequency to give proper arc stability and direction. 100 to 180 Hertz is acceptable. 

	7. Improperly prepared tungsten.
	With Square wave and inverter machines, use pointed tungsten. Point will eventually round off after welding.

	PROBLEM 6: High-Frequency Present — No Arc Power

	PROBABLE CAUSES
	SUGGESTED REMEDY

	1. Incomplete weld circuit.
	Check work connection. Check all cable connections.

	2. No shielding gas.
	Check for gas flow at end of torch. Check for empty cylinder or closed shut-off valve. Gas flow should typically be set at 95to 227 cmh.

	PROBLEM 7: Arc Wanders

	PROBABLE CAUSES
	SUGGESTED REMEDY

	While DC Welding

	1. Improper arc length/tungsten in poor condition.
	Lower the torch so that the tungsten is off of the work piece 3.17mm to 6.35 mm. Clean and sharpen tungsten.

	2. Improperly prepared tungsten.
	Grind marks should run lengthwise with tungsten, not circular. Use proper grinding method and wheel.

	3. Light gray frosted appearance on end of tungsten. 
	Remove 12.7mm of tungsten and re point tungsten. 

	4. Improper gas flow.
	Gas flow should typically be set at 95 to 227 cmh.

	While AC Welding

	1. Improper tungsten preparation.
	With Square wave and inverter machines, use pointed tungsten. Point will eventually round off after welding.

	2. Tungsten is contaminated.
	Remove 12.7mm of contaminated tungsten and re point tungsten. 

	3. Base metal is contaminated.
	Remove paint, grease, oil, and dirt, including mill scale from base metal.

	4. Incorrect balance control setting.
	Increase balance toward more penetration. Normal Balance Control setting is 70 - 90. 

	5. Improper tungsten size and type.
	Select proper size and type. General purpose tungsten size is 2.38mm diameter and ceriated  [image: image53.png]
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.

	6. Excessive rectification in base metal.
	Increase travel speed. Increase balance setting toward more penetration. Add filler metal.

	7. Improper shielding gas flow.
	Gas flow should typically be set at 95 to 227cmh.

	8. Frequency set too low.
	Increase AC frequency on machines so equipped to stabilize and direct the arc. The higher the frequency, the narrower and deeper the penetration. 

	PROBLEM 8: Arc Will Not Start or is Difficult to Start

	PROBABLE CAUSES
	SUGGESTED REMEDY

	While DC Welding

	1. No shielding gas.
	Gas flow should typically be set at 95 to 227 cmh.

	2. Incorrect power supply switches positions.
	Place switches in proper positions, either HF impulse or start HF. 

	3. Improper tungsten electrode.
	Use ceriated [image: image55.png]
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tungsten.

	4. Loose connections. 
	Tighten all cable and torch connections. 

	5. Incomplete weld circuit.
	Make sure work clamp is connected.

	6. Improper tungsten size.
	Use smallest tungsten possible. Most common tungsten size is 2.38mm diameter.

	While AC Welding

	1. Incomplete weld circuit.
	Check work clamp to assure it is securely fastened to work. 

	2. Incorrect cable installation.
	Check circuit breakers and fuses. Check and tighten all cable connections.

	3. No shielding gas.
	Check for gas flow at end of torch. Check for empty cylinder or closed shut-off valve. Gas flow should typically be set at 95 to 227 cmh.

	4. Loss of high frequency.
	Check torch and cables for cracked insulation or bad connections. Check spark gaps and adjust if necessary.

	5. Improper tungsten size.
	Use smallest tungsten possible. Most common tungsten size is 2.38mm diameter.

	6. Incorrect tungsten type.
	Use ceriated [image: image57.png]
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 tungsten


2.9 Technical Data of GTAW Machine
The test specimens have been welded by using GTAW process, the welding machine used is TRITON 220 AC / DC.
TABLE 2.4: The Technical Data of the Machine is given below.
	Parameter
	Value

	Setting range:

Welding Current / Welding Voltage
	3A(5A AC) – 220A / 10.1V – 18.8V

	Max. welding current at
	

	20°C ambient temperature:
	

	40%DC
	220A

	45%DC
	-

	50%DC
	-

	60%DC
	160A

	100%DC
	130A

	40°C ambient temperature:
	

	35%DC
	220A

	40%DC
	-

	50%DC
	-

	60%DC
	160A

	100%DC
	130A

	Load alteration
	10min (60%DC)

	Open Circuit voltage
	45V

	Mains voltage (tolerances)
	1*230V -40%; +15%

1*140V -40%; +10%

	Frequency
	50/60Hz

	Mains connection lead
	3*2.5mm2

	Max. connected power
	5.9kVA

	Recommended generator rating
	8.0kVA

	cosφ / efficiency
	1.0 / 89%

	Insulation class/protection classification
	F/IP23

	Ambient temperature
	-10°C to +40°C

	Machine cooling/torch cooling
	Fan/gas or water

	Work piece lead
	35mm2

	Dimensions L*W*H (mm)
	480*185*390

	Weight
	18kg

	Mains fuse (slow-blow safety fuse)
	1*16A

	Constructed to standards
	IEC60974/EN60974/VDE0544

EN50199/VDE 0544 Teil206 


Chapter 3

Literature review of Formability characteristics of      TWB of  Aluminium

Formability is the ability of sheet metal to be formed into a desired shape without any failure. When a sheet metal part fails by localized necking and fracture during manufacturing, a common practice is either to redesign the part or to change the processing method so that the state of strain in the critical region will not exceed the limit of deformation. Predicting such a failure is difficult largely because of the complex boundary and metal die interfacial conditions and the difficulty of describing the neck initiation and growth behavior. Significant advances have been made in the recent decades in experimental and analytical approaches for evaluating the formability. 
All such factors like material flow properties, ductility, die geometry, die material, lubrication, press speed etc contribute to the success or failure of the stamping to varying degrees in an interdependent manner. No single formability test can describe or quantify the formability for all types of stamping application.

The basic forming characteristics of sheet metals are obtained even from simple mechanical tests such as tensile, bulge and hardness tests. A high strain – hardening exponent n, is related to the ability of material to undergo large uniform strains before necking instability. Lower yield strength gives lower spring back and better fixing of shape in lightly formed parts. A high value of the strain rate Sensitivity index, m, also improves material formability by delaying the onset of localized necking. A high level of Lankford ratio r, gives better draw ability in sheet materials by resisting thinning.
3.1 Evaluation of Formability of sheet metals

Mechanical properties like hardness, yield strength, ultimate tensile strength and total elongation were initially used as a rough indication of formability of sheet metals. The hardness readings are sensitive to surface conditions, flatness of the specimen and test procedure. The tensile properties are sensitive to test conditions, specimen preparation method and specimen geometry. To evaluate formability, some laboratory scale simulation tests have been developed [Mellor, 1981].The simulative tests subject sheet metals to the deformation that occurs in a particular forming operation. Erickson test, Olsen test, Fukui conical cup test and swift flat bottom test are examples. Swift flat – bottom cup test and Sach’s wedge draw test are used to simulate deep drawing. Combined stretching and drawing are simulated in the Fukui conical cup test and sometimes the round bottom cup test is also used. In Erickson cup test, a flat polished die plates with 27mm circular opening are used to clamp a sheet specimen, which is then penetrated by a 20mm steel ball. The height of the cup at fracture is the Erickson cup height. The Olsen test is done with a 7/8 inch ball and 1 inch die opening.
Hecker (1974) developed a modified hemisphere cup test by scaling up the penetrator size to 101.6mm, adding a draw – bead in the die plates near the die opening, and running the tests dry(without lubrication) thereby eliminating problems with the Erickson and Olsen cup test. These modified tests is known as the Limiting dome height (LDH) test

3.2 Forming Limit Diagram
The Forming limit diagram was constructed by Keeler and Goodwin, following the concept of Keeler and beckofen(1963). The FLD represents the onset of localized necking over all possible combinations of strains in the plane sheet. After the initial work of keeler and Goodwin, a large number of investigations [Ghosh and Hecker, 1975; Haim and Lee, 1978; coubrough et al., 1993; Talyan et al., 1998; zhu et al., 1998; Ravi kumar and Swaminathan, 1999; Sarkar et al., 1999] were carried out for experimental determination of FLDs of various materials like deep drawing quality steel(DDQ), extra deep drawing quality steel(EDDQ), high strength low alloy steel(HSLA), Stainless Steel and non ferrous alloys like Al, Ti alloys.
Marciniak and Kuczynski (1967) developed a theoretical model for predicting FLD based on the assumption of existence of an initial non homogeneity of the material in the form of groove. This model was formulated for sheet metals subjected to biaxial tension, when the ratio of the principal stresses lies in the range of 0.5 – 1.0. This model was extended by Sowerby and Duncan (1971) to cover all cases of biaxial tension. Many more theoretical models were subsequently formulated based on the M-K model to predict the FLDs [Tadros and Mellor, 1975; korhonen, 1978; Lu and lee, 1987; Barlat, 1989]. The effect of strain hardening exponent(n), strain rate exponent(m), and strain ratio on FLD were analyzed by some researchers [Marciniak et al., 1973; Graf and Hasford 1990; Burford et al., 1991]. Some approaches which are not based M – K hypothesis have also been proposed to predict limit strains[Jones and Gillis, 1984; Choi et al., 1989; Pishbin and Gillis, 1992]. But there has been some deviation in the theoretically predicted FLDs from the Experimental curves due to a variety of reasons. 
3.3      Factors Influencing Formability
The ability of the sheet to be formed depends significantly on the geometry of the piece and nature of forming operation along with a large number of variables, which interact in a very small number. 
Kridli et al., (2000) studied the effect of weld orientation with stretching direction and weld location on formability of aluminium alloy(AA5182) TWBs with difference in thickness. Weld orientations of 90o and 45o to the stretching direction in plane strain condition were considered. Also, the TWBs with weld line transverse to the stretching direction were offset by 33.15mm from the center of the blank to study the effect of weld location. The Limiting Dome height with weld line oriented at 90o was the lowest of all and thickness difference had played a greater role on determining the formability. No major differences were observed in the tensile properties obtained with miniature tensile test specimens and the properties obtained using test specimens.
Chien et al.,(2001) studied formability and failures of weld zone in AA5754 aluminium alloy. Shear failure in the weld metal was observed in the experiments. A failure model was proposed for the weld metal based on material imperfections.   Forming behavior of TWBs of Al and weld failure were studied by Shakeri et al.,(2001) The TWBs were prepared by butt welding using non – vacuum electrode beam (NVEB) technique and Neodymium: Yttrium – Aluminium – Garnet(Nd;YAG) laser dual beam technique. It was concluded that as a result of non equilibrium solidification and dendritic growth, there were certain structural imperfections. This cast structure of the weld made it inferior to the parent aluminium alloy 5754 sheets and hence reducing the formability of this welded blank. Mustafa et al.,(1995) studied the effect of blank holder force on the quality of deep drawn cups from tailor welded blanks of aluminium killed drawing quality (AKDQ) steel with blanks of thickness 0.8 and 1.8mm. When a constant blank holder force of 5tons was applied on both sides of the sheet, the thicker side did not draw in, so the weld line did not stay on the symmetry axis after drawing in. By increasing the blank holder force on the thinner side to 10 tons and reducing the blank holder force on the thicker side to 1 ton, better flow characteristics were obtained and the weld line was kept on symmetry axis. The thicker side of the blank was drawn easily while the thinner side was stretched more, and a uniform metal flow was achieved. In the deep drawing of welded blanks with different thickness or strength ratios, the failure occurred at the flat bottom of the punch parallel to the weld line instead of on the cup wall close to the punch profile as in the case of a non welded axisymmetric cup.
Seigert and Knabe(1995) proposed a segmented draw die with a slot for weld line of TWB. This die also took care of sheet thickness fluctuating of TWB in deep drawing. The blank had three parts with two weld lines, where one weld line was perpendicular and the other was at an angle of 20 degree to the punch corner. It was concluded that as mash seam weld thickness was more than the parent metal thickness, it was difficult to handle the weld line during deformation by only a small slot. Hence it will be more difficult to handle, when the blank shape is complex. In laser welding of TWBs this problem was avoided, but the angled weld line causes wrinkling problem in the thinner side due to in sufficient blank holder pressure in this part while the blank flows into the die cavity. 
Kinsey et al.,(2000) worked to modify the forming process to improve drawability of tailor welded blanks with 1mm and 2mm thick Al sheet. One set of opposing hydraulic controlled cylinders were used to clamp the weld line, but using multiple sets of opposing hydraulic cylinders allows the weld line to have any shape. The cylinders act as local adaptive controllers for the blank, which were activated during the process to reduce straining in the weaker side of the TWB.

Heo et al., (2001) also studied the characteristics of weld line movement and thickness strain distributions for deep drawing of TWBs with thickness combinations of 0.8mm – 1.2mm and 0.8mm – 1.6mm with and without draw beads in a square die to a drawing depth of 40mm. the maximum drawing depth and maximum drawing force decreased as the distance between the initial weld line and center point increased. Also higher the distance between the weld line and centre point, higher was the weld line movement and this movement was reduced by constraining the metal flow on thinner side by draw bead. So the weld line position as well as draw bead installations should be carefully considered in a forming process.
TWB of Al for improvement of formability was studied by Bhagwan et al., (2004). It was suggested that instead of taking any combinations of aluminium alloy sheets with gage mismatch and different strengths, proper materials can be done so that the weld line movement should be minimized as it is an indicator of lowering the formability of TWBs.

R.W.Davies et al., studied the mechanical properties of Al TWBs at super plastic temperatures, stated the weld material has a higher flow stress and lower ductility than the monolithic sheet in the temperature range from 500 to 550oc and at strain rates ranging from 10-4 to 10-2 s-1. The weld material exhibited elongations of 40 – 60% under these conditions, where as the monolithic sheet achieved elongations of 220 – 360%. The weld material also exhibited flow stress between 1.3 and 1.4 times the flow stress of the monolithic sheet at the same temperature and strain rate.

Jos Sinkee et al., studied machined Al TWBs, stated the thickness ratio does not have a significant impact on the tensile strength of machined TWBs. Displacement of the neutral axis and stress concentration cause a bending behavior in machined TWBs. The maximum deflection increases as the thickness ratio increases.   
Chapter 4

                                             Forming  Process

4.1      Forming Process – Introduction
The pressing and deep drawing operations are based on shaping sheet metal by plastic deformation. The deformation is achieved by forcing the sheet metal into a formed die using a punch. For the pressing operations the process involves relatively shallow dies with little plastic flow of the sheet. For deep drawing the die is relatively deep and significant plastic flow result.   The simplest pressing process is bending. 

4.1.1 Deep Drawing

Deep Drawing is a sheet metal forming process in which a sheet metal blank is radially drawn into a forming die by the mechanical action of a punch. It is thus a shape transformation process with material retention. The flange region (sheet metal in the die shoulder area) experiences a radial drawing stress and a tangential compressive stress due to the material retention property. These compressive stresses (hoop stresses) result in flange wrinkles (wrinkles of the first order). Wrinkles can be prevented by using a blank holder, the function of which is to facilitate controlled material flow into the die radius. The important features of deep drawing are shown in the figure below.   The pressure ring bears on the upper surface of the blank preventing wrinkling of the metal as it is drawn radially over the upper surface of the die.  There is the option of applying pressure to the base of the cup using a pressure pad. Thinning results from this process, the worst being at the bottom radius as a result of drawing the full disc diameter inward under the pressure ring.  The thinning is the least at the top of the cup
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Fig 4.1 – Deep Drawing Process
The total drawing load consists of the ideal forming load and an additional component to compensate for friction in the contacting areas of the flange region and bending forces at the die radius. The forming load is transferred from the punch radius through the drawn part wall into the deformation region (sheet metal flange). Due to tensile forces acting in the part wall, wall thinning is prominent and results in an uneven part wall thickness. It can be observed that the part wall thickness is lowest at the point where the part wall loses contact with the punch, i.e. at the punch radius. The thinnest part thickness determines the maximum stress that can be transferred to the deformation zone. Due to material volume constancy, the flange thickens and results in blank holder contact at the outer boundary rather than on the entire surface. The maximum stress that can be safely transferred from the punch to the blank sets a limit on the maximum blank size. Deep drawing has been classified into conventional and unconventional deep drawing. The main aim of any unconventional deep drawing process is to extend the formability limits of the process. Some of the unconventional processes include hydro mechanical deep drawing, Hydro form process, Aquadraw process, Guerin process, Marform process and the hydraulic deep drawing process.

If the deep drawing process cannot produce a cup sufficiently deep in one operation then it is possible to split the operation into a number of stages.   Also a redrawing operation is used.  The drawing process results in work hardening and therefore the component may need to be bright annealed between drawing operations.  The redrawing operation is shown in the figure below.   The indirect redrawing operation has the advantage over the direct one in that the material bending is all in one direction i.e. there is no bending-unbending.
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Fig 4.2 – Redrawing.

An incorrect design of the tools, the blank shape or an incorrect choice of material, lubrication and process parameters can yield a product with a deviating shape or with failures. A deviating shape is caused by elastic spring back after forming and retracting the tools. The most frequent types of failure are wrinkling, necking (and subsequently tearing), scratching and orange peel. Wrinkling may occur in areas with high compressive strains, necking may occur in areas with high tensile strains, scratching is caused by defects of the tool surface and orange peel may occur after excessive deformations, depending on the grain size of the material.

Without extensive knowledge of the influences of all these variables on the deep drawing process, it is hardly possible to design the tools adequately and make a proper choice of blank material and lubricant to manufacture a product with the desired shape and performance. As a result, after the first design of the tools and choice of blank material and lubricant, an extensive and time consuming trial and error process is started to determine the proper tool design and all other variables, leading to the desired product. This trial and error process can yield an unnecessary number of deep drawing strokes, or may even require redesigning the expensive tools. To reduce this waste of time and cost, process modeling for computer simulation can be used to replace the formability parameters, LDH etc  by a virtual trial and error process.
4.2    Formability
The study of deformation and failure of biaxially stretched sheets is of considerable practical interest in the area of sheet metal press forming. During biaxial stretching of sheet metal, the uniform plastic straining regime is often followed by a localised plastic straining regime which finally leads to fracture. The technique of analysing failures in sheet metal pressing through the use of circle grids and “forming limit curves” has gained considerable popularity. The forming limit curve describes the combination of the two principal surface strains of a biaxially stretched sheet metal at which a localised zone of thinning or necking is bound to occur. Forming limit curves thus provide excellent guidelines for adjusting material, tooling and lubrication conditions in the plant. In spite of their usefulness, however, in an actual forming operation, material parameters interact with the pressing process variables in a complex manner and comparison of different forming limit curves becomes difficult. Forming limit curves are strongly dependent on material parameters, such as the sheet thickness, the straining path and the strain gradients, and also on the geometry of the tooling. The type of stretching process can also influence the forming limit curve. 

In the present work, forming limit curves have been determined experimentally for  aluminium TWB sheets a  method: in-plane stretching by tensile forces lying in the plane of the sheet. It is found that this method produces higher limit strains under identical degrees of strain biaxiality and initial sheet thickness. A study of the various parameters present in this method which may influence the strain localization process indicates that the overall strain gradient across the bulged test piece is responsible for the higher strain limits.
The experimental measurement of forming limit curves (FLCs) has become common practice in the process of evaluating the formability of TWB sheet and other sheet metals. In spite of the considerable amount of time researchers have spent on the subject of FLCs, the question regarding the accuracy and precision with which a forming limit can be determined experimentally still has not been sufficiently analyzed.
The major disadvantage of simple tests is that they completely ignore the effect of processing variables (die/ punch geometry, lubrication and punch speed, etc ) on the forming behavior of the sheet metal. The important modes of deformation that exists in an industrial stamping are drawing and stretching. Several formability tests that simulate drawing and or stretching conditions existing in press – forming operations were developed: such formability tests are generally termed “simulative tests”. Some of these simulative tests are 1) The swift cup test; 2) The Erichsen and Olsen dome tests and 3) The LDH test.
To investigate forming performance in practical point of view, the modified formability tests were conducted on the high formability steel sheets for stamping, where the failure is taken as a measure of formability. Firstly, a uniaxial tensile test was performed on TWBs material with transverse weld orientation. In the tensile specimens, the weld zone was in the gauge section.
4.3      Formability issues in TWBs
Forming TWBs is a challenging due to a significant reduction of formability, to predict the forming behavior it is essential to have a clear understanding of the important changes that occur during forming. Some of them are

a) Non uniform deformation because of the differences in thickness, properties and /or surface characteristics,

b) Material property changes in the heat – affected zone of the weld.

c) Effect of welded zone on the strain distribution, failure site and crack propagation and  
d) Weld line movement during deformation.

4.4 Problem Statement
“Optimization of parameters for welding Aluminum Alloy AA1050 using GTAW process using Taguchi Technique with the help of MINITAB software. and formability characteristic of tailor welded blank of two different thickness of aluminium1050”

The scope of this work is to 

1)  Study the effect of various parameters on Welding Al 1050 alloy like welding speed, current, and Gas flow rate and optimize the parameters by strength characterization of Tailor Welded Blank using Taguchi method, ANNOVA and Regression Analysis with the help of MINITAB software.

2) Study the Formability characteristics of Tailor Welded Blank of Al 1050 like Forming limit diagram by experimental  method and by simulation through the Dyna Form Software.
4.5 Design of Experiments
Optimization of process parameters in sheet metal forming is an important task to reduce manufacturing cost. To determine the optimum values of the process parameters, it is essential to find their influence on the deformation behavior of the sheet metal. The significance of three important process parameters namely, die radius, blank holder force and friction coefficient on the deep-drawing characteristics of an axi-symmetric cup was determined. Finite element method combined with Taguchi technique form a refined predictive tool to determine the influence of forming process parameters. The Taguchi method was employed to identify the relative influence of each process parameter considered in this study. A reduced set of finite element simulations were carried out as per the Taguchi orthogonal array. Based on the predicted thickness distribution of the deep drawn circular cup and analysis of variance test, it is evident that die radius has the greatest influence on the deep drawing of Aluminium blank sheet followed by the blank holder force and the friction coefficient. Design of Experiment phases is given below.
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Planning: This is the experiment planning session, preferably facilitated by a person who is not involved in the project. All decision about the project, such as the objectives, their measurement method, and the factors that may influence the results, are made by the participating members in a democratic process.
Designing: The planning sessions conclude with all necessary information in place regarding the experimental strategy. Based on the factors and levels identified, an experiment is designed that readily specifies the number of experiments and the manner in which each experiment will be carried out.

Conducting: Once the experiments are designed, they are conducted following the exact design combination prescribed and in the order required by the layout for statistical validity.
Analyzing: In this stage the result collected from the experiments are analyzed. Analysis procedures are standardized to determine information about the project under study. Depending on the number of samples tested in each experimental condition, different analysis techniques are suggested. The primary goal of analysis is to obtain information about the new design condition and an estimate of the improvement expected.

Conforming: Generally, the best design condition predicted by the analysis is not one currently exists or one that has been tested. Therefore, to verify if improvement is really achievable or to determine how close the estimated matches actual performance, a number of samples made to the new design specifications are tested.

DOE is applicable to any situation that depends on many influencing factors that is variables, inputs, parameters or ingredients etc. It is a technique that lets us to scientifically select the best option when we are confronted with many possibilities.  

                                  Chapter 5

       

 Weldability  of TWB of  Aluminium Alloy AA 1050
5.1     Aim and Methodology

In the present work Taguchi method was employed to optimize the GTAW process parameters of AA1050 Aluminium alloy welds for obtaining maximum strength. Regression model has been developed and Analysis of variance has also employed to check the adequacy of developed models. The result was verified with Confirmation test.

5.2     Scheme of Investigation

In order to maximize the quality characteristics the investigation has been made in the following sequence:

· Selection of base material and filler material

· Identify the important welding process parameters.

· Find the upper and lower limits (i.e. range) of the identified process parameters.

· Select the orthogonal array (Design of matrix).

· Conduct the experiments as per the selected orthogonal array.

· Record the quality characteristics( the mechanical properties)

· Find the optimum condition for maximizing the mechanical properties

· Conduct the confirmation test

· Develop the regression models to predict the mechanical properties within the selected range

· Identify the significant factors

· Check the adequacy of developed models.

· Conduct Limiting Dome Height test.

· Analyses by LS DYNA Software. 

 5.2.1   Selection of base material and filler material
The base material employed in this study is 1.5 mm and 1.0mm thick Al alloy cold rolled sheet. The base metal was purchased from the market, The filler metal used Aluminium 1050 alloy under the trade name EUTECROD 190 of size 1.6mm manufactured by Larsen and Tubro limited. The selection of filler material is based on the mechanical properties and resistance to cracking in the weld. The table 5.1 shows the composition of the alloy used, the composition data is obtained by the Welding data hand book by
	S.No.
	ELEMENT
	% by weight

	1
	Copper
	0.05

	2
	Magnesium
	0.05

	3
	Silicon
	0.25

	4
	Iron
	0.4

	5
	Manganese
	0.05

	6
	Zinc
	0.07

	7
	Titanium/grain refining elements
	0.05

	8
	Chromium
	<0.01

	9
	Aluminium
	Balance

	10
	Density
	2.71gm/cc

	11
	Melting Point
	650oc

	12
	Modulus of Elasticity
	71Mpa

	13
	Ultimate Tensile strength
	90Mpa


Table 5.1  Chemical composition of the base and filler material (wt %)       as given in welding data hand book.
5.2.2    Identification of the important welding process Parameters
The most important parameters which are having greater influence on the weld bead geometry are Current, Shielding gas flow rate and Welding Speed. A large number of trials have been conducted by varying one of the process parameters and keeping the others constant. The working range of current, flow rate and welding speed has been explored by inspecting bead appearance and the full penetration. The mode was AC and frequency was set at 175 Hz. The working range of the process parameters selected under the present study and the constant process parameters are shown in Tables 5.2 and 5.3 respectively.

	Symbol
	Process Parameter
	Units
	Lower Level
	Higher level

	C
	Current
	Amp
	62
	67

	FR
	Flow Rate
	Lt/min
	8
	11

	WS
	Welding speed
	mm/sec
	2.5
	3.5


Table 5.2 Working range of process parameters

	Process Parameter
	Constant value

	Polarity
	AC

	Open Circuit Voltage
	45

	Filler rod diameter(mm)
	1.6

	Electrode material
	Tungsten(Thoriated)

	Electrode diameter(mm)
	1.6


Table 5.3 Constant process parameters
 5.2.3   Selection of orthogonal array
Orthogonal arrays have been created to help accomplish experiment designs. A number of arrays are available for the purpose. Each array can be used to suit number of experiments. The smallest orthogonal array is an L – 4, which is used to design experiments to study three or two level factors. Orthogonal array are designated by the notation L with a subscript or dash. The subscript refers to the number of rows in the table.  Number of process parameters considered under this study is 3 and the level of each parameter is 3. Each condition of experiments was conducted twice to reduce the noise/error effects. The selected orthogonal array L9 is presented in table 5.4.
	Sl No
	Current (Amperes)
	Flow Rate (lt/min)
	Weld speed     (mm/sec)

	1
	62
	8
	2.5

	2
	62
	10
	3.0

	3
	62
	11
	3.5

	4
	65
	8
	3

	5
	65
	10
	3.5

	6
	65
	11
	2.5

	7
	67
	8
	3.5

	8
	67
	10
	2.5

	9
	67
	11
	3


  Table 5.4, L9 Orthogonal Array, Factors = 3 and Runs = 9 using 
Mini Tab
5.2.4   Preparation and Welding of specimens

The base metal sheets of dimension 100 mm x 50 mm x 1.5 mm and 100mm x 50mm x 1.0mm were prepared in the sheet metal shop using shearing machine. The butt joints were made using the experimental layout shown in Table 5.4.TRITON TIG welding machine was employed for conducting the welding experiments. Before conducting the experiments the base metal sheets were cleaned with sand paper to remove the oxide layer. The sheets to be welded were kept on steel backing bar and ends were clamped to maintain the alignment and gap. Argon gas is used for shielding. The weld joint is completed in a single pass. The photograph fig 5.1 illustrates the welding performed.
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Fig  5.1:  Welded specimens
5.2.5   Making and testing of tensile test specimens   

Specimens for tensile testing were taken at the middle of all joints and machined to ASTM E8 standards(scale 1:2) using Wire EDM CNC machine (fig.5.4) in the CNC shop of Central Workshop as shown in fig. 5.2, 5.3 and 5.5. Tensile testing was conducted using a computer controlled INSTRON testing machine model No. 3363 of capacity              5 Tonnes (fig.5.5) in the Polymer Testing Laboratory of Polymer Science Department with a cross head speed of 5 mm/min. The quality characteristics were evaluated for all the conditions and are presented in Table 5.5.
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Fig   5.2.:   Configuration of plain tensile test specimen                                              (as per ASTM E8 Standards)
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Fig 5.3: The Tensile Test specimen

[image: image70.jpg]



Fig 5.4: W -EDM CNC machine
CNC Wire Cut Specifications

	CONTROL PANEL EZ-01
	

	Control Mode
	CNC close loop

	Simultaneously Controlled axis
	X,Y,U,V

	Control Panel Size (Lx W x H)
	1150 x 650x 1830 mm

	Control Panel Weight
	175 Kg

	Input program format
	G code

	Display
	15” colour CRT

	Minimum Input command
	0.001 mm

	Minimum Increment
	0.001 mm

	Interpolation Function
	Linear, circular

	Power requirement
	415V/50Hz/3 ph/ 1.5KVA max.

	MACHINE TOOL-
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Fig 5.5: INSTRON Testing Machine (MODEL No: 3363)

	S.No.
	Current (Amperes)
	Flow Rate (Lt/min)
	Weld Speed (mm/sec)
	UTS1 (MPa)
	UTS2 (MPa)

	1.
	62
	8
	2.5
	70.33
	71.0

	2.
	62
	10
	3.0
	74.5
	73.9

	3.
	62
	11
	3.5
	62.8
	61.34

	4.
	65
	8
	3.0
	94.6
	96.34

	5.
	65
	10
	3.5
	88.4
	87.77

	6.
	65
	11
	2.5
	99.3
	102

	7.
	67
	8
	3.5
	76.33
	74.3

	8.
	67
	10
	2.5
	90.66
	93.5

	9.
	67
	11
	3.0
	88.4
	86.1


TABLE 5.5: Quality characteristics data
5.2.6   Optimization using Taguchi with the help of  Minitab software
Minitab is leading statistical analysis software used for design and analysis of experiments to perform Taguchi technique, ANOVA and develop regression models. Minitab’s logical interface makes it easy to use and its outstanding support features makes it easy to get results. The optimization of process parameters using Taguchi method permits evaluation of the effects of individual parameters independent of other parameters on the identified quality characteristic i.e. Ultimate tensile strength (UTS).The statistical analysis of variance (ANOVA) was carried out. Based on the ANOVA, the contribution of each parameter in influencing the quality characteristic is evaluated .The ANOVA also provides an indication of which process parameters are statistically significant. Signal to noise ratios are maximized using “Larger the Better“ criteria and rank of each parameter influencing the ultimate tensile strength is found by using Taguchi method

	Level
	Current(A)
	Flow(Lt/min)
	Speed(mm/sec)

	1
	36.7492
	38.0384
	38.7726

	2
	39.5160
	38.5286
	38.6057

	3
	38.5428
	38.2409
	37.4297

	Delta
	2.7669
	0.4902
	1.3430

	Rank
	1
	3
	2


Table 5.6: Response Table for Signal to Noise Ratios-Larger is better
5.2.7     Main Effects Plot for Means (UTS) :
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Fig 5.6:  Main Effects Plot for S/N Ratios                                                                        (Current in Amp, Flow Rate in Lt/min, Welding speed in mm/sec)
5.2.8     Main Effects Plot for Means (UTS):
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   Fig 5.7:  Main Effects Plot for Means (Current in Amp, Flow Rate in Lt/min,

       Welding speed in mm/sec, Mean value of UTS in MPa) 

	Level
	Current(A)
	Flow(Lt/min)
	Speed(mm/sec)

	1
	68.9783
	80.4833
	87.7983

	2
	94.7350
	84.7883
	85.6400

	3
	84.8817
	83.3233
	75.1567

	Delta
	25.7567
	4.3050
	12.6417

	Rank
	1
	3
	2


Table 5.7: Response Table for Means (UTS)
5.2.9   Analysis of Variance for Mean UTS value, using  Adjusted SS for 
Tests:
	Source
	DOF
	Seq SS
	Adj SS
	Adj MS
	F
	P

	Current
	2
	1013.41
	1013.41
	506.71
	296.62
	0.003

	FLOW RATE
	2
	28.74
	28.74
	14.37
	8.41
	0.106

	WELD SPEED
	2
	274.37
	274.37
	137.19
	80.31
	0.012

	ERROR
	2
	3.42
	3.42
	1.71
	
	

	TOTAL
	8
	1319.94
	
	
	
	


Table 5.8 ANOVA for mean UTS
Where,

DOF=Degrees of freedom (no of independent comparisons that can be made)

Error - Error represents the unexplained variability in UTS.

Seq SS- Sequential sum of Squares

Adj SS- Adjusted Sum of Squares

Adj MS-Adj Mean Squares

F value:  F= the F-test is used to test if the variance measuring the differences between groups in a certain pre-defined grouping of observations is large compared to the variance measuring the differences within the groups: a large value would tend to suggest that grouping is good or valid in some sense, or that there are real differences between the groups.                                     

The formula for an F-test is:
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Usually the change of welding process parameter has significant effect on response when the F ratio is large for ex like current in this case.

P value: The P value, for a F- test is the probability that a value chosen at random from a particular F distribution would be greater than or equal to the value of an observed value ( the F- value )from the same distribution..For a particular confidence level, the value of P should be as small as possible for the model to be significant.
5.3     Develop the regression model
The response Y i.e. the ultimate tensile strength is the function of current, weld speed and flow rate. The response function can be expressed as,
Y= f (Current, flow rate, welding speed)

Y= f (C, FR, WS)
The regression model selected includes the effects of main factors only. It is the part of power series of the polynomial and can be expressed as,
Y= b0 + b1(C) + b2 (FR) + b3 (WS)

Where b0 is the average of responses, b1, b2, b3 are the regression coefficients (i.e. bk) that depend on respective main factors and are calculated by using the following expression:

            bk = ∑(Xik Yk ) / N (i= 1 to N and k=0,1,2,…….n).
where Xik is the value of factor in coded form , Yk is the output response    (i.e. ultimate tensile strength), N is the no of observations and  n is the no of coefficients of the model.
5.4      Results and Discussions
As per the ANOVA the optimum condition corresponds to C2 FR2 WS1 i.e. current at level 2(65 A), Flow rate at level 2(10Lt/min) and weld speed at Level 1(2.5 mm/sec) .The coefficients of variables are calculated using the above model by MINITAB software and the regression equation developed is:


          UTS  =  - 123  +  3.61 current  +  1.12 flow rate  -  12.6 welding speed
	Predictor
	Coeff.
	SE Coeff.
	T
	P

	Constant
	-123.3
	118.1
	-1.04
	0.344

	CURRENT
	3.607
	1.729
	2.09
	.091

	FLOW
	1.119
	2.849
	0.39
	0.711

	WELDING SPEED
	-12.642
	8.704
	-1.45
	0.206


Table 5.9 Regression Analysis results
                      R-Sq = 57.0%      
Where,

 Coeff. = Wt of predictor in the model

 SE =  Standard Error (Variability in estimates)

 T =  Coeff. /SE (ex: -123.3/118.1 = -1.04)

 P =  probability value for that level of T.

 R – sq = validation criteria, ie. in this case model accounts for 57% of the variance of the predictor i.e. the strength.
Analysis of Variance for testing significance of regression

Source                DF          SS          MS         F        P

Regression          3          751.7       250.6      2.21    0.206

Residual Error     5          568.2       113.6

Total                    8         1319.9
Where,

DF=degree of freedom

SS=Sum of squares,

MS= Variance or Mean square= SS/DF

From the above calculations and analysis we find that

1. The current level for maximum strength was at 65 Amperes which could be explained as that the greater the value of current the easier it becomes to penetrate the hard oxide layer of Aluminium deposited on the sheet. On the other hand increase of current further would cause oxidation of Tungsten and causing its contamination. 

2. The flow rate was found to affect the tensile strength such that maximum strength was observed at flow rate of 10lt/hr. This could be explained as the flow rate is needed to prevent oxidation and shielding but again excess flow would be detrimental as it would cause cooling and turbulence in the weld pool.

3. The speed would be optimized at level 1 i.e. 2.5 mm/sec which would facilitate proper fusion and strength.

4. The value of R sq is obtained which is measure of amount of reduction in variability of tensile strength (dependent variable in this case) that the effect of parameters is 57% and the rest is unaccounted for. The unaccounted factors could be arc gap, feed angle of filler rod etc.

5. Also there could be error in the measurements of the chosen parameters which could be beyond our control like fault in current indicator of the welding machine.

6. Of the three parameters current and weld speed seem to more significant compared to flow rate that affect weld strength.

5.5      Confirmation Test

The final step was to verify the improvement in the tensile strength by conducting experiment using optimal condition. Three specimens were tested for the set of optimized parameters and the tensile strength was found to be 85.44MPa which is within the limits compared to the calculated value of 91.35 MPa obtained from the equation

5.6     Microstructure of HAZ, Weld and Parent :

Microstructure of HAZ (lOOX): 

The structure consists of dark band of interdendritic network of aluminium silicon eutectic. Dendrites are columnar in shape. 


Microstructure of Weld (lOOX): 

The structure consists of interdendritic network of aluminium silicon eutectic. 

Microstructure of Parent (lOOX): 

The structure consists of grains of solid solution of aluminium silicon eutectic. 

Parent



100X
Fig 5.8: Microstructure of HAZ, Weld and Parent

5.7     Hardness of Weld, Parent and HAZ :



                                       [image: image80.jpg]




              Fig 5.9:  Specimen for Hardness and micro structural study

Weld :  The Structure consists of interdentritic network of aluminium silicon eutectic having the Rockwell Hardness value 56 to 57 HRB.
Parent material : The Structure consists of grains of solid solution of aluminium silicon eutectic having the Rockwell  Hardness value of 52 to 53 HRB.
Heat Affected Zone : The Structure consists of dark band of interdentritic network of aluminium silicon eutectic. Dendrites are columnar shape having the Rockwell Hardness value of 60 to 61HRB.
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       Fig 5.10: Hardness profile 









Chapter 6
Experimental and Simulation work to find the Formability Characteristics of TWB of  Aluminium Alloy AA 1050


6.1      Limiting Dome Height Test:
Two Al 1050 sheet thickness of 180 x 90 x 1.5mm and 180 x 90 x 1.2mm are welded by GTAW process. The sample is cleaned by the cotton dipped with the cleaner, gently rubbed throughout the surface. The circular gird is produced on the sheet by electrochemical process. The die, punch and blank holder is cleaned and assembled in the alignment so the punch should move inside the die without any hindrance. 
The sheet is placed on the die and the blank holder force is applied on the sheet so that there will be no wrinkling on the sheet; the punch is forced into the sheet slowly, so that sheet takes the shape of the cup or dome. Below the die, the mirror is placed so that fracture of the sheet can be observed, as soon as the fracture appears in the cup wall just above the radius of the punch, the punch further down movement is stopped and the punch is taken back to its original position. The blank holder force is released and the holder is removed. The sheet is taken and the height of the dome is measured.
One of the many issues that arise in the deep drawing of TWBs is concerned with the blank holder force. The blank holder force prevents wrinkling and tearing: the two dominant modes of failure in sheet metal forming, and allow a smooth flow of metal into the cup. Low blank holder force leads to wrinkling, while, an excessive blank holder force is essential for any deep drawing process that can be increase the draw depth and control spring back. A number of methods have been proposed to effectively control the flow of metal, restrict weld line movement and strain localization.
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Fig 6.1 :  Setup  for grid making process.
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Fig 6.2 : Setup  for grid making process.
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Fig 6.3 :  Set up for grid making process.
6.2     Procedure for making Grid on TWB :   
The Tailor welded blank is gently cleaned by the cleaner using cotton, and placed it on the supporting sheet connected to the negative terminal of the voltage stabilizer. The positive terminal is connected to the roller. The screen printing board is placed on the TWB, the flexible insulating cloth is placed on the screen printing board, and the electrolyte is poured on the cloth. Switching on the voltage regulator, adjust the knob to 4, so that the voltage supplied is 16 volts. The roller is rolled on the screen printer for 2 to 3 minutes, switch off the connection, remove the board, the grid formed on the TWB sheet can be observed.  
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Fig 6.4 :  Grid formed on the TWB (far and nearer view)
6.3     Procedure for Limit Dome Height Test on TWB: 
The set up for Limit Dome height test is as shown in Figure 6.5.

The set up consists of Die, Blank holder, Punch, hydraulic unit, Four equally spaced hydraulic piston through which the load is transferred to blank holder, main piston through which the load is applied to punch, hydraulic pressure controlling levers both for punch and blank holder, pressure gauges.

The machine is hydraulically operated; the blank holder is fitted to horizontal platen in turn connected to the equally spaced four bar. The piston at the four corners of the platen is moved up and down through hydraulically. The movement can be controlled by the lever provided. The punch is also driven hydraulically, its movement can be controlled by another lever provided.

The sheet with grid is placed on the die, the blank holder is placed on the sheet, the two small projections are made on the die and two blind holes are provided on the blank holder. These blind holes on blank holder should come in contact with the projection made on the die. Slowly the lever ‘S’ is operated to apply the load on the sheet through blank holder. The holding pressure is fixed to 12KN, and the lever is stopped at that position.
Slowly the lever ‘M’ is operated to move the punch down and the force is applied through the punch on the sheet, the load in deep drawing is applied by the punch to the bottom of the cup and is then transmitted to the side wall of the cup. Usually failure occurs in the narrow band of material in the cup wall just above the radius of the punch which has undergone no radial drawing or bending but is subjected essentially to tensile straining. In this annular ring between the die wall and the punch the metal is subjected essentially to plane – strain stretching and thinning. Failure occurs by necking at a stress approximately equal to the tensile strength, increased by the plane – strain factor.

Pmax = (2/√3) SuπDp h 

Some of the practical considerations which affect draw ability are :
Die radius – should about 10 times sheet thickness.

Punch radius – a sharp radius leads to local thinning and tearing.

Clearance between punch and die  – 20 to 40 percent greater than the sheet thickness.

Hold – down pressure – about 2 percent of average of so and su
Lubricate die side to reduce friction in drawing.
If the clearance between the punch and the die is less than the thickness produced by free thickening, the metal in these regions will be squeezed, or ironed, between the punch and the die to produce a uniform wall thickness. In commercial deep drawing clearances about 10 to 20 percent greater than the metal thickness are common. Ironing operations in which appreciable uniform reductions are made in the wall thickness use much smaller clearances.

The force on the punch required to produce a cup is the summation of the ideal force of deformation, the frictional forces, and the force required to produce ironing 
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Fig 6.5:  Set up for Limit Dome Height Test. (Front view)
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Fig 6.6 : Set up for Limit Dome Height Test. (Rear view)
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Fig 6.7 : Set up for Limit Dome Height Test. (Rear view, before applying load)

Conducted in Metal Forming Lab at IIT Delhi
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Fig 6.8  : Set up for Limit Dome Height Test. (Pressure applied Through blank 







holder)
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Fig 6.9 : Set up for Dome Height Test. (Load applied through punch on TWB)
6.4    Samples 
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                      Sample 1                                                   Sample 2
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                     Sample 3                                                   Sample 4
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                     Sample 5                                                     Sample 6
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                Sample 7                                                    Sample 8
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                     Sample 9                                               Sample 10
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                                      Over View of all the Samples
Fig 6.10  : Samples after conducting LDH test .
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Movement of weld line  in  Samples
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 No Movement of weld line  in  Samples

      Fig 6.11: Samples showing movement and no movement of weld line.
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                                    Segmental View of a Failure Sample
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                                       Closer View of the failure
Fig 6.12: Samples showing clearly the Failure after the LDH test.

	
	
	
	Experimental Result
	Simulation Result

	Sl No
	Thickness Ratio
	Sample
	Limiting Dome Height in mm
	Average Limiting Dome Height in mm
	(e1%)

Major Strain
	(e2%)

Minor Strain
	Total Displacement mm
	Effective Plastic strain
	Maximum Principal Stress  MPa
	Maximum Principal Strain
	Maximum Shear Stress  MPa

	1
	1 : 1.5
	Sample 1
	22.12
	23.87
	35.567
	16.571
	23.3946
	0.2927
	331.02
	0.1646
	176.35

	2
	1 : 1.5
	Sample 2
	21.44
	
	33.748
	14.943
	
	
	
	
	

	3
	1 : 1.5
	Sample 3
	21.32
	
	26.718
	11.653
	
	
	
	
	

	4
	1 : 1.5
	Sample 4
	21.06
	
	22.614
	10.857
	
	
	
	
	

	5
	1 : 1.5
	Sample 5
	22.32
	
	34.389
	14.701
	
	
	
	
	

	6
	1 : 1.5
	Sample 6
	21.38
	
	27.480
	9.264
	
	
	
	
	

	7
	1 : 1.5
	Sample 7
	21.23
	
	33.696
	15.151
	
	
	
	
	

	8
	1 : 1.5
	Sample 8
	20.02
	
	23.376
	10.753
	
	
	
	
	

	9
	1 : 1.5
	Sample 9
	20.98
	
	27.134
	8.536
	
	
	
	
	


Table 6.1:  Dome height of the samples
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Fig 6.13: Figure showing an Forming Limit Curve
6.5      Forming Limit Diagram 
Simple Mechanical property measurements made from the tension test are of limited value. Over the years a number of laboratory tests have been developed to evaluate the formability of sheet materials. The Swift bottom cup test is a standardized test for deep drawing. The draw ability is expressed in terms of limiting draw ratio. In the Olsen Erichsen tests the sheet is clamped between two ring dies while a punch, usually a ball, is forced against the sheet until it fractures. The depth of the bulge before the sheet fractures is measured. These tests subject the sheet primarily to stretching, while the swift test provides nearly pure deep drawing.

A useful technique for controlling failure in sheet – metal forming is the forming limit diagram. The surface of the sheet is covered by a grid of circles, produced by electrochemical marking. When the sheet is deformed, the circles distort into ellipses. The major and minor axes of an ellipse represent the two principal strain directions in the stamping. The strain in these two directions is measured by the percentage change in the lengths of the major and minor axes. These strains, at any point on the surface, are then compared with Keeler – Goodwin diagram for the material.  The Forming Limiting Diagram (FLD), introduced by Keeler and Goodwin is probably the most widely used method for representing sheet metal formability. Strain states above the curve represent failure, those below do not cause failure

Experimentally, FLDs, are determined by tests that follow approximately linear strain paths, such as the tensile test and the bulge test. However, if deformation paths are close to balanced biaxial stretching or to simple shear, ductile fracture due to void formation can be induced before the onset of localized necking. Besides, in case of materials with low ductility, fracture often occurs without any obvious necking phenomenon also for other paths, A more useful definition of FLD can be given as the locus of onset of failure means: necking, if necking occurs: fracture, if necking does not occur.
An FLD cab be obtained only after etching a regular grid onto an undeformed sheet blank and by measuring the strains on the deformed grid after a formability test. More particularly, FLDs are determined by measuring the deformation of the etched grid closely at the fracture location. Each ‘failed’ point will be plotted on the e1 – e2 Cartesian plane and labeled accordingly. However the deformed grid can be measured also on the safe areas of the deformed specimen, thus providing a set of ‘safe’ data points on the e1 – e2 plane. For industrial purposes, the knowledge of the average shape and position of FLD does not usually provide enough information. Due to uncertainty the users are generally more interested in knowing the width of a forming limit band(FLB).
Friction coefficients at the interface of tool entities and the blank material
	Material
	Blank holder
	Die
	Punch



	Aluminium
	0.195
	0.16
	0.21




Table 6.2 Friction Coefficient
       Aluminium Strength from 150MPa up to 530MPa, but strain from 30% down to 10%.
6.6 Application of numerical Methods for TWBs
Computer based mathematical modeling of forming processes is now capable of giving outstanding improvements in economy of manufacture and product quality if it can be applied using sufficiently accurate representation of material behavior and of boundary conditions in the process. Due to complex nature of deformation behavior of tailor welded blanks and also because of large number of variables affecting formability, FEM analysis of deformation of TWBs would be very useful for selection of materials and thickness, design of tools and draw beads, reducing the trial experiments and predicting the effect of important variables on formability of tailor welded blanks during stamping. 
Finite element analysis of clamping of weld line movement in deep drawing of tailor welded blank was attempted by Kinsey et al.,(1999) to improve formability of TWBs. Simulations were conducted on FE based software, ABACUS/standard to explore the ability of clamping mechanism to hold the weld line in place during forming and not severely deform the blank in the area of the clamping.

Investigation of weld line movement in deep drawing of tailor welded blanks with difference in thickness by a square punch was carried out by choi et al., (2000) using Dyna 3D. To account for thickness difference in TWB, the punch was modeled to have a step. It has been found that the weld line movement depends on its position and the original shape of the TWB blank. In a circular blank, the weld line movement was less compared to square blank.
Meinders et al.,(2000) simulated deep drawing of tailor welded blanks using DiekA finite element to study the weld line movement in deep drawing. The minimization of weld displacement could be achieved by placing the weld in a region with low strain perpendicular to the weld line. An analytical 2D model was proposed by Kinsey and Cao for tailor welded blanks with difference in thickness to calculate weld line movement and forming height using uniform binder force. This analytical model provided good correlation with numerical simulations.
The effect of thickness ratio on LDH in stretch forming was studied by Raymond et al.,(2004) by modeling the weld zone with solid elements and blank with shell elements using dynamic explicit FE code, LSDYNA. The punch travel at failure was found to decrease with thickness ratio.

In a similar study using swift round bottom cup test, chan et al., (2005) found out that higher the thickness ratio, lower the level of forming limit curve and lower the formability of the TWBs. The finding also showed that minimum major strain decreases with increase in thickness ratio. The effects of different thickness ratios on TWBs were also analyzed by the FLCs which were obtained from the experiments; however the weld in TWB in the simulations was simply treated as a thickness step without the presence of weld zone. Simulation results showed stress concentration in the weld region and it became more pronounced as the thickness ratio increased.

Zhao et al., (2001) found that modeling of TWB with shell elements had the advantage of much less computing time and fairly good accuracy compared to           3 – D solid elements. Inclusion of weld region (modeled by shell elements) improved the forming results of stretch – bend test (OSU formability test). Cheng et al., (2007) evaluated the weld properties of heterogeneous tailor welded blank by real – time microscopic recording system. These weld properties and parent metal properties were then employed for the FEM simulation of TWB forming. There was a satisfactory agreement between experimental and simulation results on strain distribution.
6.7 Simulation of Stretch forming using Finite Element Method.
Finite element analysis was done for stretch forming of tailor welded blanks in biaxial stretching without incorporating weld properties. The effects of differences in thickness, properties, surface condition and orientation of the weld were studied from the analysis. FE analysis was done by a commercially available code LSDYNA 5.5. LSDYNA is an explicit time integration dynamic solver which can handle material, geometrical and contact nonlinearities in solving the quasi – static sheet metal forming [Hallquist, 2003]. In the software Dynaform, the pre – processor and the post – processor (LS – POST) are integrated with LSDYNA.
6.7.1 Analysis by LS DYNAFORM :
The release of DYNAFORM Version 5.6 contains many enhancements that certainly improve stamping design and development capabilities. 
eta/DYNAFORM Version 5.6 software is an LS-DYNA-based sheet metal forming simulation solution package developed by Engineering Technology Associates, Inc. The specialty CAE software combines the analysis power of LS-DYNA Versions 971 with the streamlined pre- and post-processor functions. These analysis codes and interactive functions are uniquely integrated to service the sheet metal forming industry in tooling design and development. The program also maximizes traditional CAE techniques to reduce prototyping costs and lead time for product development.

eta/DYNAFORM’s analysis engine is LS-DYNA, which is developed and currently supported by the Livermore Software Technology Corporation (LSTC) of Livermore, California. It is a general purpose, non-linear, dynamic, finite element analysis code utilizing explicit and implicit capabilities for solving fluid and solid structural problems. The code has been developed for applications such as automobile crashworthiness, occupant safety, underwater explosion, and sheet metal forming.

The bottleneck of the metal forming development cycle is the hard tooling design lead-time. The eta/DYNAFORM CAE approach simulates this tooling process and thereby reduces the tooling tryout time and the associated cost for producing high quality stamped parts. eta/DYNAFORM effectively simulates the four major design concerns in the tooling process: Binder Wrap, Draw Die, Spring Back, and Multiple Stage Tooling. These simulations enable engineers to conduct feasibility studies of a product design early in the design cycle.

eta/DYNAFORM features well-defined tooling surface data to predict the performance of a stamping for areas such as tearing, wrinkling, and thinning, in addition to predicting skid mark and spring back effects.

eta/DYNAFORM is available for all UNIX workstation platforms including DEC(Alpha), HP, IBM, SUN, and SGI.  It is available on PC for Windows and NT operating systems of 1998 and above. For LINUX, the Red Hat version 7.2 and above is supported.

 

6.7.2 Special features of eta/DYNAFORM Version 5.6 include
A process oriented module- AUTOSETUP
This module has been greatly improved in the eta/DYNAFORM 5.6.  The multi stage simulation setup provides a complete scheme for solving stamping problems and allows the user to set up line die simulation. This module is process oriented and enables user to easily set up all types of simulation. 

AUTOSETUP allows the user to define stamping direction, forming simulation of tailor welded blanks, hydro forming simulation, multi stage simulation and trimming operation. In addition, Super plastic forming simulation and thermal forming simulation are added to this module. The enhanced material library in Auto Setup module allows the user to add the standard material library for corporations to the program interface for easier selection of common used materials. 

 

SCP module
Springback Compensation Process (SCP) is a new module in eta/DYNAFORM 5.6 for die compensation of sprung sheet metal parts. Springback is one of the crucial issues for sheet stamping industry. The springback compensation based on finite element technology is utilized to alleviate the severity of springback phenomena. SCP is used to modify the original die face with the springback quantity generated from springback simulation to make the part dimension to fall within the tolerance of intended part design after springback. The eta/DYNAFORM also provides some practical tools for the user to repair the compensated die face and improve the efficiency for die face design. 

Update Drawbead function
The Drawbead function is updated in eta/DYNAFORM 5.6. The  drawbead and operation style is overhauled to facilitate easy drawbead definition and modification. All operation in drawbead generation, including property definition, create, edit and restrain force definition, can be easily performed without advanced training.

 
6.7.3  Modeling of Tooling and TWB

 The tools (die, punch and blank holder) and the blank were created by surface modeling. A typical FE model of the tools and the blank used for simulation of stretch forming is shown in Figure 6.24. In order to capture the details of the surfaces of the tools and blank, surface auto mesh option was used. The following guidelines were followed in mesh generation [Dynaform manual].
1.      Aspect ratio should be less than 10.

2.      Internal angle should not be less than 30 degrees.

3.     Warpage should not be more than 20 degrees.

4.     Quadrilateral elements preferred over triangular elements.

5.     Consistent element normal vectors on part.
6.     Part boundaries to be checked.

7.    Duplicate elements to be checked.

8.    Extremely small elements to be avoided.

Tools (hemispherical punch, die and blank holder) were modeled as rigid bodies to avoid deformation of the tools during stretch forming. In the present work, belytschko-Tsay thin shell elements were used for the blank and tools because of lower computational time. For example, 4 – noded  Belytschko - Tsay shell elements require 30 – 50% less processing time than the others [Hallquist, 2003]. Despite being robust for large deformations and saving extensive amount of computer time, the one point (reduced) integration shell elements used in LSDYNA are prone to zero – energy modes. These modes, commonly referred to as hour glassing modes, are oscillatory in nature. They typically have no stiffness and give a Zigzag appearance to a mesh known as hour glass deformation. To suppress the hour glass deformation modes that accompany one – point quadrature element, hour glass control was implemented in these elements  by adding hour glass viscous or stiffness based stresses to the physical stresses at the local element level. Adaptive mesh generation methodology was used in simulations to obtain greater accuracy. In this method, the elements are subdivided into smaller elements wherever an error indicator shows that subdivision of elements will provide accuracy [Hallquist, 2003].
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       Fig 6.14:   An exploded view of the model of tools and the TWB used in FE simulation of stretch forming.
The experimental values obtained for n,K,Ro,R45 and R90 in tensile tests were used to define the material parameters of the blanks. When the weld was considered as a separate zone instead of a line, then its properties were defined from the data obtained in the longitudinal tensile tests on sub – size TWB specimens. But it was considered as isotropic. This assumption is due to the following reasons:

a) The weld zone was formed by heating beyond melting point and then cooling of a narrow zone of material and hence it would have removed the earlier crystallographic structure.

b) The width of the weld zone was too small to measure its isotropic properties. Hence anisotropic in that small region can be neglected by defining   R0 = R45 = R90 = 1.0.
6.7.4  Boundary conditions
Defining the correct boundary conditions in FEM simulation is important to get successful results. The following are the boundary conditions implemented in the simulation of conventional stretch forming.
1. Constrained force for draw bead: A semi circular draw bead was created in the die for constraining the material flow from the flange. The draw bead radii are very small compared to punch and die dimensions. 
2. Contact between tools and blanks: Blank is defined as the master surface and all other tools are defined as slave surfaces. The contact between the master and the slave surface in this work was defined using the                                    * CONTACT_FORMING_ONE_WAY_SURFACE _TO_SURFACE  card in LSDYNA [Hallquist, 2003]. This handles the contact problem efficiently and damps out oscillations normal to the contact surface during simulation. The initial contact penetration was avoided by defining the gap between the master tool and all the slave tools. This is done to avoid severe numerical problems when execution begins. So they should be corrected by giving a gap of an amount equal to half of their total shell thickness (half of sum of shell thickness of master surface and the slave surface coming in contact with master surface). During deformation the contact penetration was avoided by numerical modeled springs attached at nodes to push off the contact surface. The friction between the blank and rigid surfaces was modeled using coulomb’s friction. The coulomb’s friction model assumes that there is a tangential force applied along the tool work piece interface proportional to the normal force as described by the equation[ david. 1998]:
       ft  = - µ fn t

where ft  is the tangential force, µ is the coefficient of friction, fn is the normal reaction force and  t is a tangent unit vector in the direction of the relative velocity given by the relation:

where Vr is the sliding velocity of the work piece relative to the tool.The coefficient of friction between the blank and tools for conventional stretch forming was taken as 0.23[ Gupta and Ravikumar, 2006].
3. Tool Motion: The die and blank holder were considered fixed entities and the punch was moved down with a velocity equal to 1000m/sec in negative Z direction, where as in actual experiments, the punch velocity was 2mm/sec in conventional stretch forming. This was done to reduce the simulation time. As the effect of strain rate has not been considered in defining the deformation behavior of the materials, this would not affect the simulation results. The punch was considered using a trapezoidal profile as shown in fig 6.25 for a punch travel 50mm in down ward direction.
Modeling of tailor welded blank without defining a weld zone and  Modeling of tailor welded blank with defining a weld zone  is shown in the fig 6.26 and 6.27 respectively.
Animation of Punch movement is shown in the fig 6.28 to 6.31.
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Fig 6.15:  Punch velocity curve with respect to time.
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Fig 6.16:  Animation of Punch movement 1.
[image: image113.png]STEP 5

TIME = 1.8909091E-002 Dran
™ Indhidual Frames

K

fit T

current part:_|ENEE

RDE  (DOUBLE ACTION)

l:ﬂ start E8€ >

= eta/DYNAFORM 5, view of simulation Deskton > @) 2:08PM




Fig 6.17:  Animation  of Punch movement 2.
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Fig 6.18 :  Animation  of Punch movement 3.
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Fig 6.19:  Animation  of Punch movement 4.
6.7.5   Simulation Results of Tailor Welded Blanks  of Aluminium 
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 Fig 6.20:  Result for Total Displacement.
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Fig 6.21:  Result for Max Shear Stress.
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 Fig 6.22:  Result for Max Principal Strain.
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Fig 6.23:  Result for Max Principal Stress.
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Fig 6.24:  Result for Thinning.
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Fig 6.25:  Result for Mean Stress.
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Fig 6.26:  Result for Max Von Misses
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Fig 6.27:  Result for Effective Plastic Strain.
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Fig 6.28:  Result for Thickness.

Simulation Result:
a) Total Displacement = 23.3946.mm
b) Max Shear Stress = 176.35.MPa
c) Max Principal stress = 331.02.MPa
d) Max Principal strain = 0.1646.

e) Thinning = 23.2982.mm
f) Mean Stress = -39.98.Mpa
g) Effective plastic Strain = 0.2927.
h) Thickness = 0.74.

Experimental Result:
Original Grid Diameter = 5.767mm
Major Strain = 35.567 %
Minor Strain = 16.571%
Average Limiting Dome height = 23.87mm.

 Result  and Conclusions

The present investigation was performed as a fundamental study of incremental forming. During the course of the investigation, a forming tool containing a Punch is applied to the form shape. Finite element analysis was successfully performed and helped to understand the deformation characteristics of incremental forming. The result of the present investigation can be summarized as follows:
GTAW process is suitable for welding TWBs of Aluminium alloy AA1050.  Its main advantages are that, it is clean spatter free but at the same time high skill is required. The main parameters that affect the weld are found to be the weld speed, current and the gas flow rate. Fusion welding is very important process in manufacturing industry especially in automotive sector and the formability of the sheets would be affected by the weld quality. Optimization using Taguchi method is easy to apply and saves the time of conducting numerous experiments for optimization. ANOVA and Regression analysis could be used for successful analysis of Taguchi design matrix.
The deformation developed by incremental forming is confined to the vicinity of the contact area with the tool.

Cracks occur mostly at the Thinner plate. This is due to the fact that the less deformation susceptible.
It is evident from the simulation results that Al – sheets TWBs are capable of being deep drawn. The depth of the drawing limit is 23mm.

The application of the incremental forming technology is restricted to simple shapes at present. However, the restriction will be overcome by the intelligent enhancement of the forming apparatus. More complicated shapes will be tried, based on the finite element analysis, in future study.
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