Accomplishment Table
Please enter descriptions of your accomplishments. There should be at least one accomplishment per project. Please give as much detail about each project as in the example provided in this table.

	Project:

Give a title to each project. Specify in brackets how long you worked on this project.
	Situation

What was the initial situation?

What did people ask you to do?

What goal was assigned to you / did you set for yourself?
	Problem / Challenge

Why was it difficult?

What was the challenge?

What problem(s) did you need to solve to achieve your goal?

What obstacle(s) did you need to overcome to achieve your goal?
	Approach / Solution

What solution(s) / approach did you use?

Why?
	Results

What results did you obtain?

What measures can you provide to demonstrate that your solution / approach worked?

How much time / money did you save?

In what ways did you make things better / cheaper / faster?

	Example: Dam construction project – hardening rails on site (2 months)
	I was an engineer in charge of part of the construction of a dam. I asked one of my technicians to make hardness measurements of the metal rails on which the bottom outlet stop log runs. These measurements were part of a routine testing made on site of all critical parts going into the construction of the dam.
	The measurements showed that the rails had not been hardened. The specification for the rail hardness was 300 Brenils; the measured values were in the 150 to 170 range, below the hardness of the wheels of the stop log itself. Usually, the hardness of the wheels of the stop log is lower than the hardness of the rails; as a result, the wheels wear out before the rails – this is the best situation, since changing the wheels is a very simple operation by comparison with changing the rails. If I had installed the rails as they were delivered, the wheels would have worn out the rails and created a major problem in the long run for the operators of the dam, who would have had to change the rails and therefore empty the whole dam, break down part of it, etc. Such an operation would likely result in an interruption of 6 to 8 weeks in the operation of the dam and $150K in direct costs and $500K in loss of revenues.


	I held a brainstorming session with other dam engineers. There were three options: 1) Getting new rails, 2) Sending back the ones we had to have them hardened and 3) Harden the ones we had on site. I concluded that the first two solutions would result in a delay of several weeks, possibly two or three months, in the construction of this dam, because the company that made the rails was also working on a number of other parts for the dam, which would have in turn been delayed and the whole schedule would have to be modified. So I concluded that the best option was to harden the rails on site.

The next step was to determine how to harden them on site. I had to create a makeshift hardening workshop, where the rails could be taken through the whole hardening cycle. Given the stringent temperature control required to achieve a high Brinel value, I had to design this hardening workshop carefully. One of the challenges here is the size of the rails: Their outside dimensions are 4m by 6m by 2m (what is their length), so I needed a large structure to be able to take them through the hardening process.

I also determined that I could not harden the whole piece on site; that would be impractical. After some analysis and discussions with my peers and managers, I decided that the key was to harden the zones where the wheels rest when the log is in the closed position.

I created a temporary structure, with a roof to protect the part from daily temperature variations, burners and a blanket to keep a constant temperature on the six zones where the wheels are when the log is in the closed position, and water spraying nozzles to cool down gradually the rails after the hardening is complete. When the temporary hardening workshop was ready, my team took the rails through the hardening cycle and measured the hardness of the rails afterwards.
	The treatment of the rails increased the hardness of the rails from 150-170 Brinels to 215-250 Brinels. While this was below the 300 Brinel target originally specified, it was higher than the hardness of the wheels. Therefore, I ensured that the wheels would wear out rather than wearing the rails. Doing this on site rather than sending back the rails saved approximately $100K (mostly in the transportation costs needed to move the part back and forth between the dam and the company) and avoided at least a one-month delay in the dam construction.

	Motorcycle Piston Yamaha YB 100 project- Development & Technology transfer (6 months)
	I was an engineer in charge of Cast Metals Technology section. A vender requested me to help him in the production of motorcycle piston. I asked my junior engineers to survey the local market.
	The survey showed that there was not a single producer of quality pistons in the country. However, different vendors were importing and distributing pistons in the local market and had a full control on the supply and price of pistons. In the days of shortage of supply, price of piston was uncontrollable because it took nearly one month to reach the next lot.
	I had brainstorming meetings with my fellow engineers, importers and vendors from the industry. There were three options: 1) Contract with a reliable importer, 2) Manufacture locally from imported Al alloy and 3) Manufacture locally from Al alloy scrap. I concluded that the first two options will result on delay in the supply if demand changes sharply. So I concluded that the best option was to manufacture piston from the local scrap and it was explained to the vendor that recycling would be an environmentally friendly move.
Next step was to develop the piston, produce at pilot plant scale and transfer technology to the vendor. Alloy composition was used from a sister project which was developed earlier. I designed the die for the casting of piston, after optimization it was equipped with auto-ejection system for faster production. After successful production at pilot-plant scale the technology was transferred to the vender for production at his own premises. 
	The development of the piston and production locally saved about 25% of the cost of the piston. In addition to the cost saving factor, the frequent shortage periods were also eliminated because local production of pistons was easier to schedule according to the demand. The production of Yamaha YB 100 motorcycle piston resulted in a marketable product which was 25% cheaper as compared to the imported piston and 50% more durable than the locally manufactured low quality pistons in the market. It enabled the motorcycle industry to help in saving a great deal of foreign exchange spent on its import (approx.150, 000 units per year as estimated in 1993).

	Investigation Of

The Conical Nosing Process
	As a member of staff of the Mechanical Engineering Department of the University of Technology in Baghdad, Iraq, one of my main duties was to carry out scientific research in my own area of specialization which is metal forming.  Another major duty was to supervise the research projects of the department’s postgraduate students who were mostly Master’s Degree candidates.

These two duties merged together, as they tend to do in most universities, since many members of staff do their research through their postgraduate students.

In my particular case, when I returned to the University of Technology in 1984, after completing my Ph.D. studies in the U.K., there was no current research line in metal forming which I could join in.  Thus I had to establish my own line of research.

I had, from the start, decided that I want to research actual forming processes with emphasis on experimental work.  That was my personal preference but it was also in line with the University of Technology’s policy of emphasizing applied research. 


	The challenge was to establish my own line of research within available resources.  This line had to provide a series of research projects that where suitable for Master’s Degree candidates who were allowed only one year for completion.  

Since I had to work for two years at the university before being allowed to supervise postgraduate students, I did some exploratory work on my own and through the supervision of final-year undergraduate student projects.

Through the exploratory work, I was able to identify the limitations of available resources.  This included the various testing and metal forming equipment, manufacturing facilities and materials available within the university and what might be accessible outside it.  The available sources for funding were also identified.

I found that while I personally preferred researching sheet metal forming, which was the area I was most familiar with at the time, the tooling requirements were a potential problem.  I therefore considered other alternatives. 

Besides the processes described in the literature, I took note of other, more specialized, processes that I saw during visits to industrial establishments.  One such specialized process was called “nosing”.

In the process of nosing, the end of a tubular metal part is reduced to a particular shape by pressing the part into an appropriately shaped die cavity.  This could be done by with either a hot or a cold part.

The original tubular part is typically a tube closed at one end.  The open end is nosed so that only a small hole is left.  The result is a container that can, in one application, be filled with a pressurized gas.  A cap would close the hole in the nosed end.

While I would have liked to research some of the more widely used industrial metal forming processes, the specialized process of nosing had the great advantage of requiring only minimal equipment and tooling, particularly when carried out in the cold (room temperature) condition.

In addition, a search in the literature indicated that there was very little information about nosing.  This meant that there was a wide scope for research.

Thus I selected nosing as the process to be researched.  After some successful nosing experiments with final-year undergraduate students, I undertook the supervision of a Master’s Degree candidate during 1987-88.  The objective was to carry out an experimental investigation of nosing that would provide useful information concerning the process as well as serving as a basis for further investigations.


	The investigation had to cover as many aspects of nosing as possible within the allocated time of one year.  The exploratory work had indicated that it would be best to manufacture all the tooling, as well as the tubes to be nosed, in the university’s own facilities.  All the forming tests would also be carried out using the university’s facilities.

In selecting what aspect of nosing to be investigated, I felt that the die cavity profile, which gives the nosed end its external shape, is of primary interest.  I decided to use a conical die cavity due to its geometric simplicity and its relative ease of manufacture.  For this particular profile, I expected that the die semi-angle (semi-angle of the cone) had to be relatively small to facilitate the forming operation.  A semi-angle of 10° was thus selected.  In addition, and in order to investigate the effect of the semi-angle on nosing,  two additional semi-angles of 20° and 45° were also selected; the 45° die representing an extreme case.

Thus three conical dies with semi-angles of 10°, 20° and 45° were manufactured from tool steel.  Each had a cavity with the shape of a truncated cone since there was a small hole at the exit end of the die.

The tubes to be nosed represented other aspects of the process.  One aspect was the wall thickness of the tube, since tubes ranging from very thin-walled to very thick-walled can be nosed, in principle.  I expected that, due to the nature of the metal flow in conical nosing, bending effects at the die inlet would play an increasingly larger role as the wall thickness of the tube increased.  To investigate this aspect, tubes of the same material, but with different wall thicknesses would be required.

Even with the best lubrication, a nosed tube tends to stick to the die.  The exploratory work had confirmed this.  In industrial practice, where the tube is usually closed at one end, an ejector rod is used after the nosing operation is completed.  The rod is pushed, in the direction opposite to that of the nosing, through an opening in the die, at its exit, and through the hole left in the nosed end of the tube until it presses against the closed end of the tube thereby ejecting it from the die.

To facilitate ejection, I decided that it would be best to use tubes with a closed end for the present investigation.  These tubes were to be machined from commercial bar stock.  While this involved more work, compared to using commercial tube stock, it gives a great deal of flexibility in selecting a variety of wall thicknesses for the tubes.  The machined tubes were to have an outer diameter of 50 mm with one of four wall thicknesses of 1.5, 3.0, 4.5 and 6.0 mm.

Another aspect of the tubes was their material.  Due to its widespread use, steel was the preferred choice and I selected a medium-carbon steel.  For comparison purposes, a commercially pure aluminum was selected as a second material.  For the present investigation, I decided that it would be best to avoid the potential effects of anisotropy, or directionality of properties, by annealing each of the two materials.

Tensile specimen were machined from both materials and tested to obtain the uniaxial stress-strain diagrams for each.

In order to carry out the forming tests, a special “sub-press” had to be designed and manufactured, again using the university’s facilities.  This consisted of a rigid frame, which holds the die in position, and a rigid moving section that holds the tube in proper alignment with the die.  This alignment is critical to the success of the process. 

The sub-press was installed in an instrumented universal testing machine so that the machine pressed down on the moving section thereby pressing the tube into the nosing die.  The design of the sub-press made the die easily detachable so that the nosed tube, which usually stuck to the die, could be ejected, using a separate arrangement with an ejector rod, by employing a technique similar to that used in industrial practice and which has already been described here.

Before each forming test, the tube was lubricated with a graphite-oil mixture.  This lubricant was selected on the basis of some preliminary work which showed its effectiveness.

During the forming test, the testing machine’s instrumentation continuously recorded the applied load versus the tube displacement.  In addition, the test was stopped at various stages in order to examine and measure the development of the deformation occurring inside the die cavity.  The amount of nosing being achieved was defined as the reduction in diameter of the extreme nosed end of the tube, relative to the original tube diameter.

Care was exercised in maintaining the same displacement speed throughout all the tests to minimize strain-rate variations.
	The results of the forming tests gave valuable qualitative and quantitative information regarding the process of conical nosing for different combinations of die semi-angle, tube wall thickness and tube material.  

Nosing reductions of the order of 40% were achieved for all combinations.  It was observed however, that in all cases, a stage was reached where the tube wall started to “bulge out” at the die inlet before entering the die cavity.  Eventually this became so severe that it resulted in instability where the wall material stopped moving into the die and just folded outwards at the die inlet, effectively ending the nosing process.

The onset of bulging was found to occur earlier as the die semi-angle increased and as the wall thickness decreased.

When the forming load was plotted against the amount of nosing reduction an initial “step” in the diagram appeared for all the tubes nosed with the 45° die.  It also appeared with the 20° die but only for the thickest walled tubes.

Based on my own theoretical stress analysis of conical nosing, I concluded that the “step” was due to bending effects as the material of the tube wall changed its direction of flow upon entering the die cavity.  These same effects seem to contribute directly to the onset of bulging.

The theoretical analysis also gave reasonable correlation with the experimentally determined forming loads for the different combination of parameters.

While there were some differences in the results of the two tube materials, they were judged to be of secondary in importance.  The main difference was the expected higher forming loads required to nose the steel compared to the lower strength aluminum.

The investigation provided valuable experience regarding testing equipment, tooling, procedures, precautions and measurements, as well as valuable information regarding the forming loads required, the deformation behavior and the limitations for nosing.

I myself gained further hands-on experience and insight into metal forming.  The investigation, which was my first as a supervisor of a postgraduate research project, was successful for the postgraduate student involved.  He completed his graduation requirements in 1988, within the time allocated for him.

This investigation formed the basis for a further six research projects.  All the postgraduate students who worked on these projects were successful in completing their graduation requirements.  They also gained hands-on experience and insight into metal forming and metal forming research.  This has always been one of my personal objectives as well as being part of my duties as a research supervisor.

This investigation, as well as the six that followed it, were all carried out at minimal cost to the university and without placing any undue burdens on any of its facilities.
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