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Unfortunately, there are problems with this “unleveled” schedule. First, customers do not always buy 
predictably. The plant will manufacture a certain number of each type of shoe based on forecasted 
demand. But, as you know, forecasts aren’t always accurate. Suppose, for example, the purchases of 
sneakers unexpectedly jump in one month. Obviously, we don’t want to run out of sneakers for cus-
tomers to buy because it will result in lost sales. If we have not scheduled to handle this increase in 
orders, we will be forced to produce a larger number of the sneakers and hold them in inventory until 
they are sold. This increased production of sneakers and the resulting inventory will increase our costs 
and leave us less time and money to produce sandals and dress shoes. One approach that companies 
use to handle this predicament is to use safety stock. Safety stock is the minimal level of inventory 
that a company seeks to have on hand at all times to act as a buffer against the mismatch between 
forecasted and actual demand.

A second problem is the risk of unsold goods. If we cannot sell all the sneakers we produce, we 
must continue to maintain them in inventory. Third, the use of resources becomes unbalanced. There 
are different work requirements to make sneakers as compared with sandals (perhaps sneakers take 
more labor time and materials to produce). So, the plant may need more workers and materials ship-
ments. Our suppliers now must carry larger inventories as well to accommodate our uneven orders. 
As you can see, even a small change in the demand for sneakers by consumers has a bullwhip effect on 
the entire system. That is, the last-minute change in consumer demand affects so many processes that 
it gets magnified throughout the production line and the supply chain.

The way to resolve this problem is to have set monthly output rates for all three types of foot-
wear and then make small adjustments to them at the end of the process based on updated demand 
numbers. Toyota pioneered this practice of a mixed-model production cycle. The same mixture of 
products is produced every day in small quantities. The advantage of a mixed-model production cycle 
is that several models can be produced initially without a changeover of equipment. The mixed-model 
production cycle helps smooth out the demand that upstream suppliers face too. An example of a 
mixed-model production cycle is shown in Table 14.2.13

A mixed-model production system may complicate line operations to some extent. Nevertheless, 
stabilizing the labor requirements for the production process, streamlining and simplifying upstream 
operations, as well as the inventory, scheduling, and transportation that connect the line with these 
upstream operations, far outweigh this minor inconvenience.

Faster Setup Times
The changeover of equipment, tools, fixtures, and cleaning—all of which must be done to produce one 
product or service versus another—reduces a firm’s throughput. One way to shorten setup times is to 
differentiate between internal setups and external setups. Internal setups are activities that require 
machinery to be stopped or the process to be shut down for the setup work to be completed. External 
setups refer to work that can be completed outside of the process and do not require machinery to be 
stopped or the process to be shut down.

Converting internal setup activities into external setup activities can significantly reduce the 
amount of downtime. This conversion requires some preparation, however. For example, for in an 
injection molding process, workers could preheat the dies and set the controls for the plastic injec-
tion molding machines as an external setup activity. This will reduce the internal setup time. A rule 
of thumb for setup times is to aim for a change that takes less than 10 minutes. As an example, it 
takes a race team at the Indianapolis 500 less than one minute to change all four tires and fill a car’s 
fuel tank. This kind of efficiency can only occur after hours of practice. Yet, it also requires a logical 
flow of all equipment. All tools and materials must be laid out in an orderly way and be sequenced 

Takt time: the cycle 
time needed to match 
our production rate to 
demand for the product
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Mixed-model 
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a production method 
where the same mixture 
of products is produced 
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quantities

Internal setups: 
activities that require 
machinery to be stopped 
or the process to be shut 
down for the setup work 
to be completed

External setups: 
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completed outside of the 
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require machinery to be 
stopped or the process to 
be shut down

TABLE 14.2: Production Cycles and Quantities for Three Types of Footwear Produced at 
the Same Plant

MODEL
MONTHLY QUANTITY 

(IN UNITS)
DAILY QUANTITY  

(IN UNITS)
MODEL CYCLE TIME  

(IN MINUTES)

Sandals 4,000 200 3

Dress shoes 2,000 100 6

Sneakers 2,000 100 6


