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Abstract

The objective of this project is to glean information about the design of an ordinary kitchen blender through dissection.  Various engineering design aspects will be examined, and ways to improve the product will be proposed.  The outcome of this project should be to improve the product where necessary.

Introduction

The blender is a relatively simple kitchen appliance with many different uses, from pureeing fruit to crushing ice and milling grain.  To accomplish these tasks, a high-powered electric motor is used to spin metal blades at the bottom of a container.  While in use, the blades push ground food to the sides of the container.  This results in a whirlpool action that continually brings unground food into the rotating blades. We will examine certain engineering challenges present in the design of this device below, as well as related environmental, ethical, safety, cost, and market issues.

Chapters 1 through 3 of this paper provide mechanical, electrical, and industrial analyses of the blender. Chapters 4 through 6 discuss its environmental impact, ethical issues, and safety issues. Chapters 7 and 8 provide cost and market analyses. The paper ends with Chapter 9, which draws conclusions.

Chapter 1:  Mechanical Engineering Analysis

The electric motor assembly is mounted on four vibration dampers in the upper housing.  The vibration dampers allow the entire motor assembly to move slightly in order to keep the motor’s shaft aligned with the blade assembly at all times.  This prevents binding of the motor’s shaft, as well as keeping vibration to a minimum.  There is a large bearing in the motor assembly that keeps the main shaft properly aligned within the field coils while the motor is in operation.  A small slide bearing on the other end of the shaft near the brushes also helps to align the main shaft.

In order to keep the motor from overheating during a period of extended use, a metal fan is mounted on the shaft just below the brush assembly and slide bearing.  It is offset from the slide bearing by a small spacer, and secured with a locknut.  The slide bearing—when the spacer, fan, and locknut are mounted—constrains the shaft vertically, preventing the shaft from moving up and down.

To transfer power from the motor to the removable blade assembly, a four-sided output shaft is attached to the motor’s shaft directly above the large bearing.  The output shaft sticks up about a half inch beyond the upper housing, allowing it to mate with a similar socket on the blade assembly.  A small, flat, round disk is present just below the output shaft and above the upper housing.  This acts to protect the bearing from any loose food or other debris that could otherwise fall into the space between the output shaft and the upper housing.

The blades are secured into the food container by means of a retaining ring.  There are slots formed into the upper housing of the blender, into which tabs on the ring lock.  This holds the ring, blades, and food container in place on the top of the blender.  The retaining ring screws onto the bottom of a food container, thus allowing multiple food containers to be used with the blender. 

Chapter 2:  Electrical Engineering Analysis

The electric motor is a standard, wound-rotor induction motor.  Individual switches are for speed control, and vary the connections to the field coils.  The ‘hot’ lead from the plug passes through a fuse and connects directly to one of the brushes.  Current passes through the wound rotor and out to the other brush.  From there, current passes through the field coil that is selected by the switch bank and back out to the neutral wire of the plug.  The carbon brushes are spring-loaded, so as to allow a good electrical contact even in the presence of wear.

Chapter 3:  Industrial Engineering Analysis

This blender, while high quality, is designed for ease of manufacturing.  The case is molded plastic, and many of the metal parts, such as the fan, are stamped.  The most complex components to manufacture appear to be the wound rotor assembly and the switch bank.

Owing to the relatively simple design, it should be easy to maintain six-sigma levels of product quality for this blender, but there are some key quality failures. Although this blender is designed for high reliability, there are a few weak points in the design.  One such point is in the construction of the motor.  The brush assembly and slide bearing are bolted on to the stator through the use of two long, small diameter bolts.  This almost guarantees that the two bearings will never be exactly in alignment, increasing bearing wear and hastening motor failure.

Chapter 4:  Environmental Impact Analysis

Environmental issues are becoming a larger and larger aspect of the engineering process. With global warming being such a hot topic these days there is a large push to produce cleaner, more environmentally friendly products.  For this blender the environmental questions that need to be addressed are multi-faceted.

As noted above, the manufacturing process itself is very efficient, so there should be very little environmental impact in the actual creation of the product.  At worst, inappropriate mining techniques and poor chemical disposal procedures could damage the environment, but these issues are avoidable with current technology.

While there are many parts of the blender that are iron-based and will not cause environmental issues, there still remains the problem of the numerous plastic items dominating the design.  In addition, lead is most likely present in the switch bank—lead that could leach into nearby water supplies from the landfill. However, the lead becomes an relatively insignificant factor considering the extremely small amount used. 

The amount of plastic used is disconcerting, though probably unavoidable. Options to replace the plastic items such as an iron-based casing or a glass food container would almost certainly increase the price in manufacturing, as well as create safety issues.  Since this blender is designed with ease of manufacturing in mind, as mentioned in the industrial engineering analysis, these are nearly impossible changes for the current design.  Still, they are well within the limits of a new design, possibly incorporating new biodegradable plastics.

Is the blender going to wear out quickly and therefore end up in a landfill sooner than is necessary?   The industrial engineering analysis notes that the motor will likely undergo extra wear and tear that will push it into the trash quicker than need be. Reducing this wear and tear through better design will help keep these blenders from piling up in the local landfill.

Last, and perhaps least, is the concern over the blender’s energy consumption. As noted earlier, a possible design change that could be implemented is the design and use of a larger motor. While this is possible, is it needed? In this design the motor has more than sufficient power for its required tasks, so the answer here is no. However, if an industrial-strength blender were to be designed from the reverse engineering of this product, the design challenge would be to see if there would be a way to acquire the extra needed power without adding a larger, more energy-consuming motor. 

Chapter 5:  Ethical Issues

Any reverse-engineering projects come with specific ethical issues that must be addressed.  When reverse engineering is performed, any design obtained from the reverse-engineering project must stand alone as an individual design. For example, even something as common as a blender has unique design features that make it different from other blenders.  In our blender, items such as the square, rounded corner shape, the size and shape of the motor, button layout, and even speed settings help to make this item unique and must be respected.

Reverse engineering this blender could create an ethical conflict in another way. Suppose during our reverse engineering of this blender we were to have found unethical practices in the blender’s design, such as the use of a component that was stolen from a copyrighted design or even something as simple as an obvious neglect of a safety feature.  We would have to expose the ethical issue so as not to create an even larger problem by concealing what was found.  In this way, reverse engineering serves as a way to ensure ethical activity amongst product competitors.

While these ethical issues could arise, we did not find any unethical practices during the manufacturing of this blender. To ensure that ethics are not compromised in a new design of our creation, many different things could be done. Designing a blender with a larger motor, a cylindrical container, four blades, and only three speed settings would be one possible option that could be derived from the reverse-engineering of this blender; it would be able to stand on it’s own as an original design.

Chapter 6:  Safety Issues

It is possible for the operator of this blender to injure himself or herself in many different ways.  Examples are fingers being placed too close to the blender’s blades while the unit is running or food splashing up into the operator’s eyes due to an improperly placed lid. It is even possible for the operator to cut his or her fingers on the blades when they are removed from the food container for cleaning.

Many of these issues can and must be dealt with by prominently placed warning labels, both on the product and in the instruction manual.  It may also be possible to minimize operator contact with the blades through redesign, reducing the risk of operator injury and possible legal action.

Chapter 7:  Cost Analysis

Many factors determine the cost of a product. First, there is design cost, including overhead. Second, there is raw material cost, which includes not only the material but also the suppliers’ profit.  Third, there is the actual cost of manufacturing the product and the manufacturer’s profit. Fourth, the distributors add cost to the product as it moves through the supply chain. And, of course, the retailer who sells the product, must add cost to the item in order to make a profit. All of these groups pay a certain amount and sell for more in order to gain a profit. So, if you start off with inexpensive parts from the supplier, then everything will be cheaper.

Today, a good basic-purpose blender costs around $25.00. Depending on features, cost rises from there. Our reverse-engineered blender is an older one, a 10-speed, cycle-blend “Osterizer Liquifier-Blender,” manufactured in 1988. It has the basic functions a normal household of today would want. By today’s standards, this blender is easy to manufacture. An equivalent blender manufactured in 2007 would likely range between $25 to $30. To make the blender cost-effective to manufacture, it has only slightly upgraded basic functions and normal power.  Strong but inexpensive plastic was used for the housing around the base that covers the internal components. The food container is also made of heavy-duty plastic; this makes the food container break resistant if accidentally dropped and the blender lighter overall. Plastic is also less expensive than glass.

Most households have a blender. It is a common, relatively inexpensive shower or wedding gift. As such, most people expect blenders to have reasonable prices. Some average prices for blenders in United States discount stores follow: K-Mart, $38.60; Wal-Mart, $29.91; and Target, $27.72.

Chapter 8:  Market Analysis

In the past couple of years, blender sales have seen an increase.  This is due to the rugged construction and increased wattage—even though many times the wattage has nothing to due with the true power of the blender.  Manufacturers like to say, “The more wattage, the more power,” but the periodical Consumer Reports has found otherwise.

In the last decade, blender appearance has also become a hot issue. Studies show that blenders are increasingly left on countertops as both a functional and decorative kitchen item. This is why  consumers are willing to spend more money for blenders that are stainless steel or a particular color to match the décor of their kitchens. In this respect, blenders can actually range from $25 to over $100.

  Most blenders are expected to be able to puree soup, crush ice, and make fruit smoothies. One of today’s key features is the ability to quickly and effectively crush ice. If a consumer wishes to spend a little more, he or she can get touch-pad controls, which easier to clean than buttons. More money can also get the consumer extra speeds and power.  The average blender has anywhere form 3 to 16 speed settings.  Three speeds are usually adequate. Twelve or more speeds may actually be too many as they become hard to distinguish among on the selection pad.  The pulse setting allows a consumer to fine tune blending.

For blenders,
usual power ranges are between 300 and 500 watts, but more doesn’t always mean better. While Stainless steel and colored food containers may look prettier and cost more, they also keep a user from seeing what’s inside.  Glass containers are heavier and prove to be more stable in testing, along with being easier to clean.  Plastic containers scratch easier and are more likely to absorb the smell of whatever is blended.  An average container will hold between 5 and 8 cups.  Big, easy-to-read markings are helpful in making accurate measurements.  Wide-mouth containers make food loading and cleaning easier.  Blades that are permanently attached to the container are easier in the short run, but are harder to clean than removable blades.

The average consumer has expectations for a reasonably priced “dream” blender.  It should:  cost less than $100; crush ice; have 5-6 speeds with a pulse option; have a touch-pad; have a wide-mouth glass container; have markings for measurement; have a removable blade; hold approximately 8 cups; and fit the kitchen’s décor. 

Chapter 9:  Conclusion

The reverse-engineered blender we studied has a chance of the operator becoming injured when removing the blades from the food container.  If this blender were redesigned, it might be advisable to permanently affix the blades to the retaining ring, so that the operator would not need to come in close proximity to the exposed blades.  Also, as noted earlier, it would be a good idea to have a more precise and rigid shaft / bearing alignment system—possibly one using ball bearings instead of the cheap and failure-prone slide bearings currently in use.

Other than those two issues, this seems to be a powerful, well-constructed blender, designed to last a long time.
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