APPLY POKA YOKE DEVICES NOW TO ELIMINATE DEFECTS

SUMMARY

How can all defects in a complex manufacturing, service, or software development operation be prevented

if no statistical process control (SPC) is used and if the engineering staff is very small? People

unfamiliar with Poka Yoke (mistake proofing devices) usually claim that this is not possible. The first

(and only) U.S. manufacturer to win the prestigious Deming Prize for Quality, Lucent Technologies

Power Systems, applies Poka Yoke devices widely throughout its operation. So do many other best in

class organizations throughout the world. This paper explains how you can design poka yoke devices and

put them to work in your operation today.

INTRODUCTION

Originally developed for manufacturing, poka yoke devices can be put to work in any type of operation;

even in your home. The basic principle behind effective poka yoke devices is prevention. Think of these

devices as “fail safe” tools that detect errors at their source and prevent the defects that could follow.

This paper will outline the basic principles of poka yoke devices, tips for their design, and successful

implementation.

PRINCIPLES OF MISTAKE PROOFING

The traditional approach to quality control relies heavily upon inspection. Inspectors look for defects after

they occur and chart them. (This type of inspection has been called “judgment inspection” by quality

control specialists.) When the number of defects becomes too high, then various actions may be taken.

Inspection as a quality tool has two inherent problems. The first is that inspectors do not catch all defects.

Some defects will escape and get into the customer’s hands. In cases where quality levels are traditionally

high, such as in passenger aircraft safety, inspectors could become bored with the situation of not finding
defects and skimming over an inspection checklist. Doing this just once in the wrong situation could result

in a catastrophic defect.

The second problem with this type of inspection is its expense. Defective units must be repaired, reworked,

or even scrapped. In the case of services, customer dissatisfaction must be corrected. Often, there

is no chance of correction because the customer of the service considers the transaction closed and will

not return because he or she expects to receive more defective service. When safety problems are involved,

there is no chance for correction after injuries are sustained.

Dr. Shigeo Shingo (Shingo, 1986) formalized a new approach to quality control. He called it “poka

yoke” which translated from Japanese, means “mistake proofing.” Shingo believed that defects could

simply be eliminated in the first place instead of relying on measures taken after-the-fact. He explained

that mistakes leading to defects can be engineered out of processes, eliminating the defects. Shingo demonstrated

that by deploying poka yoke devices, customer dissatisfaction and the high cost of defects

could be eliminated. He advocated replacing most judgment inspection with source inspection. Because

defects arise from errors, discovering and eliminating errors at their source will prevent defects later in

the process.

Poka Yoke devices are not theoretical. They are being used successfully in hundreds of companies

throughout the world. By studying the basic principles of poka yoke, you can design some devices that

can be put to work today.

FUNCTIONS OF POKA YOKE DEVICES

Everyone makes mistakes. This is why Dr. Edwards Deming warned managers to take down banners exhorting

employees to deliver products with “zero defects.” Moreover, Deming has stated many times that

processes create defects, so management must change the processes to eliminate defects. His Red Bead

Experiment illustrated this fact. (Latzko, 1995) Deploying poka yoke devices is a proven way to change

processes in order to eliminate defects.

Poka yoke devices can perform three useful operations in defect prevention. These operations are as

follows:

warning

control

shut down

When a defect is about to occur, a warning buzzer or light can be activated in order to alert workers.

This is similar to the “lights on” warning buzzer that sounds in most automobiles when the driver leaves

a vehicle with the engine off and lights on. Hopefully, the driver will notice the warning and correct the

mistake (turn off the lights) before a defect (dead battery) occurs. The driver may elect to ignore the

warning, pointing out the fact that warnings, while good, are not always the most effective poka yoke

devices that can be deployed.

Probably the most effective mistake proofing is achieved through control of operations. By deploying

poka yoke devices throughout a process in order to prevent errors, defects will not occur. For example,

lights that are automatically turned off by a timer in the car when the engine is off are controlled in
order to prevent a defect (dead battery). Good poka yoke devices can even prevent intentional errors. This

factor is especially important in the area of computer and automatic teller machine security.

A common defect found in electronic circuit board assemblies is a reversed semiconductor. Factory

managers can keep reminding employees to watch for the proper polarization when inserting components,

but errors will still occur in component placement. “Zero defects” banners hung all over the manufacturing

area will not stop the reversed component problem. By employing the poka yoke principle,

reversed components can be entirely eliminated. One way to prevent a reversal is to design one lead in a

square shape and another in a round shape so that the circuit board will not accept a component that is

improperly inserted. A larger diameter lead on one side of the component can serve the same purpose.

Poka yoke devices that have originally been designed as warning devices can often be replaced by

those that control a process. Considering reversed components, a manufacturing operation can install expensive

optical sensing equipment that warns of reversals. The result will be that the reversed components

will be found, the boards will be sent back for repair/rework, and defective units will be prevented

from reaching the customer. What is the problem with this? Expense is a major factor. The detection

equipment is expensive and the rework adds even more expense. Shipments are delayed while the repairs

are being made. There is the risk that boards can be damaged in the process of being repaired or that repairs

will be skipped.

A simpler poka yoke device can prevent errors from occurring in the first place. There will be no expensive

detection equipment to buy and there will be no repairs, because all defects will be prevented.

Component costs may be a little higher because of the lead shape, but this will be a minor cost compared

to the expense connected with reworking defective circuit boards.

Another function that can be performed by poka yoke devices is shut down. When an error is detected,

an operation can be shut down, preventing defects from occurring. Missing screws in chassis assemblies

are a common manufacturing headache.

Workers can be told to make sure that all screws are installed. Banners and quality signs can be hung;

however, missing screws will still be a problem. Poka yoke can come to the rescue!

One way to prevent the missing screw problem is to install a counter on the power screwdriver used

to put in the chassis screws. The counter will register the number of installations performed on each unit.

When the required number of screws have been installed, a switch in the conveyer assembly can be

closed, allowing the chassis to move to the next work position. The conveyor is “shut down” until all the

screws have been put in.

Another illustration of an effective shut down feature can be found in maintenance applications. If a

machine is designed for 400 hours of operation using a single tool, a poka yoke meter can be designed

into the machine to count the hours of operation and signal the machine to shut down if the machine has

gone 400 hours without a tooling change. The same concept can be used for test equipment calibration.

A combination of poka yoke devices can be very helpful. For the machine tool example, a poka yoke

warning light can operate when the machine has gone 380 hours without a tooling change. This will allow

the operator to alert maintenance personnel before the other poka yoke device shuts down the machine

at 400 hours without a tooling change.

POKA YOKE DESIGN TIPS

The most difficult part of the poka yoke process is getting started. After that, deployment is usually easy

because workers and management can see immediate benefits.

To spark ideas for designing poka yoke devices, Shingo suggested three elements. They are as

follows:

Characteristics

Process deviations or omissions

Value differences

Characteristics can include measurable or descriptive factors such as weight, shape, or dimension. In

fast food operations, weight standards are established in order to determine if portion size is defective.

For instance, a six ounce serving of ice cream can be established as the standard for a $1.50 size cone. A

customer paying $1.50 and getting only three ounces of ice cream would probably be dissatisfied and

consider the serving size to be defective. Therefore, all cones can be weighed by the servers before they

are given to customers. Conversely, cones that weigh eight ounces can also be labeled defects because

too much ice cream for $1.50 depletes profits or may fall off the cone, causing customer dissatisfaction in

the form of a cleaning bill.

Weight standards can also be used in electronics manufacturing. For example, if packers constantly

forget to put an owner’s manual in the box with electronic assemblies, the weight of the manual can be

determined and detected before the packed boxes leave the shipping area. Before they are shipped, packages

usually are weighed to determine shipping cost. Of course the manual must be heavy enough to be

detected in this way.

The shape of a physical component can be used for error detection. Some assemblies can be inserted

into punches or other machines upside down, causing junking of the entire assembly when the defect occurs.

To prevent this, guide rails or jigs can be deployed to prevent insertion of the assembly into a machine

if it is not positioned correctly.

The idea of making component leads in different shapes to ensure proper positioning falls within

this category.

Dimension is another characteristic that is a good basis for poka yoke ideas. Automobiles that accept

only unleaded fuel have a fuel port that will not accommodate a fueling nozzle from a leaded fuel source.

The fuel port is too small to accept the leaded fuel nozzle, preventing leaded fuel from being pumped into

the car.

Now, consider the topic of process deviations as you search for poka yoke opportunities. When

shipments must be made quickly, many workers assume that they should “go around the system” and

take shortcuts to decrease processing time. These good intentions often cause errors, resulting in defects.

Final test is an important part of most power supply manufacturing operations. Testing is a type of

inspection and should be eliminated whenever possible; however, the final unit test is usually a necessity.

Workers wanting to cut processing time can avoid putting units through final test, shipping these units

with possible defects. The temptation to do this rises as test yields go up.

A test stamp, placed on a completed power supply, is a traditional indicator that tests have been

completed. This method is flawed for several reasons. Testers “save time” by stamping a group of units

at one time instead of waiting until each one has passed test. When breaks or lunches occur, it may be

difficult to remember which units have been tested, especially if someone has moved the units around. In

other cases, units may be packed without the final test stamp and this has not been noted by inspectors.

To eliminate final inspection for a test stamp and to ensure that only tested units get shipped, this

process can be mistake proofed by programming the test set to signal the shipping label printer when the

test has passed. Labels will be printed only when the test has passed. To make an even more robust poka

yoke, the serial number of the unit can be scanned into the test set to ensure that the label is printed only

for that particular unit.

In addition to eliminating shipment of untested units, the result of this poka yoke device is elimination

of stamps and ink (technicians appreciate the no-mess environment) and extra labor steps. Poka yoke

devices often have many side-benefits.

Another consideration in poka yoke design is finding differences of value. An example of this is

packaging kits of parts for each unit assembled. In complex power supplies, components may be omitted

in hand assembly operations. (Components are sometimes omitted in machine insert operations as well,

but a different type of poka yoke device can be employed in cases of machine insertion.)

The result of parts kitting is that if any components are left over after assembly is complete, this is an

indication that they were omitted. Visual inspection of the completed board is not required.

A variation of this method can be used to ensure that tools or fixtures are removed from power supply

assemblies. For example, a tray that has compartments for all loose tools used in the assembly operation

can be used to indicate a problem if all compartments are not filled when a chassis is closed. If a

screwdriver is missing from the tray, the operator can check the assembly area for it. If it is not found, the

chassis can be opened to check for the screwdriver. Surgeons have employed this poka yoke effectively,

using it to indicate if all instruments (scissors, clamps, etc.) have been removed from patients prior to

closing an incision.

POKA YOKE IMPLEMENTATION: WORKER INVOLVEMENT

Poka yoke devices are not things that are imposed on workers. The most effective devices are those designed

by the workers who perform the operations to be mistake proofed. Since they work with the process

every day, they know the most about it. They are aware of the defects that arise from errors and they

experience the frustration of producing these defects.

Engineers have a key role in helping workers to develop poka yoke devices. The engineer can function

as a coach, helping employees to implement their ideas. In many cases, jigs and fixtures will have to

be built. The engineer can facilitate this process.

Engineers can also design poka yoke devices and cooperate with workers to implement them. An effective

power supply design should have poka yoke devices built right in.

WHEN SHOULD IMPLEMENTATION OCCUR?

Waiting for defects to occur before installing poka yoke devices is not advisable. Using mistake proofing

when setting up an operation is the best strategy because defects will be prevented.

If your operation does not have poka yokes at this time, deploying them where the most defects are

occurring is one way to start. Another method is to determine where defects are costing the most, and

then measure your efforts by the amount of cost reduction achieved. This method should be used with

care, because some of the biggest benefits of poka yoke devices cannot be costed. Frequently the defects

that cause the most customer dissatisfaction are not the ones that have heavy cost reduction potential. For

this reason, input from customers is particularly valuable.

Some practitioners claim that the use of control charts and deployment of poka yoke devices is not

compatible. The poka yoke philosophy can be integrated nicely with control chart use if the devices are

targeted at reducing process variation. Shingo had commented that control charts are like mirrors that

show how many defects a process is producing. He emphasized that mirrors are passive instruments that

change nothing. Shingo added that poka yoke devices are elements that act to prevent errors and thus defects

from occurring.

With enough well-designed poka yoke devices, control charts can be eliminated from processes because

there will be no defects to chart.

When use of poka yoke devices is suggested, people in technical work groups typically ask “So

what’s new about this? Don’t we already have mistake proofing?” In every operation, some mistake

proofing exists if one looks hard enough. It just needs to be fully developed. Introducing poka yoke devices

is easier when the concept is presented to work groups as an enhancement to the current process

rather than something completely new. Perhaps the most important element is making sure that poka

yoke devices are used throughout each process. Breakthrough opportunities for defect elimination can be

identified and the poka yoke devices that achieved elimination of the defects can be publicized to motivate

all members in an organization to design and deploy mistake proofing.

A proven method that can be used to focus attention on mistake proofing is simple promotion. A

poster board showing a photograph of the device, a photograph or description of the product or service

before and after mistake proofing, and a photograph of the poka yoke designer is a powerful tool for generating

interest in mistake proofing. Another valuable function it performs is promoting replication of a

device into other operations throughout an organization. People will pass by the poster and think “That

device will probably work in my area, too.”

CONCLUSION

Finding errors at their source and preventing their conversion to defects is the fundamental principle behind

poka yoke. Mistake proofing builds quality into processes, so it is a proactive approach to quality

control. Traditional methods have been reactive, allowing rework and repair as a solution to defect problems.

Large problems can be reduced quickly by applying mistake proofing principles. One such problem

is the U.S. health care budget. Prevention can save misery and money.

Mistake proofing is a powerful concept because it is so simple and effective. One may be tempted to

look for more expensive and sophisticated methods to prevent defects, overlooking the poka yoke
principles. Most poka yoke devices are economical and simple to build, so why not start designing them

right away?
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