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Objective

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.

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. 

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.

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.  Key failure points are noted below.

Reliability Analysis

While this blender is obviously designed for high reliability, there are still a few weak points in the design.  One such point is in the construction of the motor.  The brush assembly and slide bearing is 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.

Environmental Impact Analysis

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.

We must also consider what happens once the product ends up in a landfill.  Owing to the age of the product, we may assume that lead was used in the construction of the switch bank.  This will leach into the water supply over time, although most likely in such small quantities as to be insignificant.  Most of the metal components are iron-based, and as such will reduce to iron oxide without damage to the environment.  The plastic casing, however, will remain in the landfill upwards of 50 years without degradation.  This is an unfortunate byproduct of designing the product to last a long time, and is the main source of environmental damage with this product.

Ethical Issues

There are several ethical issues with reverse-engineering this design.  If we were to place this product into manufacturing without any improvements, we would be stealing the design without consent from the original designer and as such would be subject to possible legal action.

However, if we were to improve on the design in significant and novel ways, we would be able to place the modified product into production without issues, provided that the parts of the original design that are still in use are not patented or have been sufficiently improved so as to fall outside of the original patent.

Safety Issues

It is possible for the operator to injure him/herself in many different ways.  Fingers could be placed inside the blender while it is running, food could splash up into the operator’s eyes due to an inappropriately attached lid, and it is even possible for the operator to cut his or her fingers on the blades when they are removed from the food container.

Many of these issues can and must be dealt with by prominently placed warning labels, both on the product and in the instruction manual.  However, as noted in the Possible Improvements section, it is possible to simply prevent operator contact with the blades when the blender is off, instead of risking operator injury and possible legal action.

Cost Analysis

For the purposes of this analysis, five comparable blenders were selected from the WalMart website.  The lowest cost was $29.72, and the highest was $39.67.  Many of these more modern blenders have more speeds and more power compared to the older blender, but this is expected due to the age of the older blender.

Possible Improvements
In this design, there is a chance of the operator becoming injured when removing the blades from the food container.  It might be a good idea to make the blades permanently affixed to the retaining ring, so that the operator would never need to come in close proximity to the exposed blades.  Also, as noted above, it would be a good idea to have a more precise and rigid shaft / bearing alignment system, possibly 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 very long time.

