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Please refer to the attached article: The Yuppie Car Wash Company. %A P X ¥ X 4= LA F 4 -
1. Based on the settings in the case, answer the following questions:

a. The cycle time of the first stage (automatic car wash machines).

b. The cycle time of the second stage (the interior cleaning centers — ICC).

c¢.  The production rate (number of cars washed per hour) of the system.
2. If Dow schedules three workers in each ICC, answer the following questions:

a. The cycle time of the second stage (the interior cleaning centers — ICC).

b. The production rate (number of cars washed per hour) of the system.

Case - The Yuppie Car Wash Company.

Jane Dow (known by her friends as "the Dow") recently opened a new carwash in an affluent suburb of a
major metropolitan area. Dow decided to cater to the high-priced segment of the car-wash market and to try
as much as possible to service expensive cars that are highly pampered by their owners. The Yuppie Car
Wash, as Dow chose to name her enterprise, uses a two-stage wash and cleaning process. In the first stage,
cars are washed using state-of-the-art automatic car-wash machines with brushes that are "baby-bumper
smooth" The second-stage of the process involves the cleaning of the interior of the cars.

Yuppie has two automatic car-wash machines, each of which costs $150,000. To be cleaned, a car need only
go through one of the machines. Both machines are identical and can process cars in parallel. These
machines are fed from a single common waiting line. They are imported from Italy and use extremely fine
brushes that are guaranteed not to scratch even the most delicate paint finishes. Each machine requires 130
seconds to wash a car. It also takes an additional 20 seconds for one car to exit the machine while another car
simultaneously enters it. This standard is set sufficiently high so that there is comfortable spacing between
the two cars.

The second stage of Yuppie's process, which concentrates on cleaning the car's interior, is labor intensive and
is performed in one of two interior cleaning centers (ICC). Each ICC is staffed by at most three employees.
In each ICC the cleaning process for a car requires a total of 6 labor-minutes; that is, this job can be
performed by one person in 6 minutes, by two persons in 3 minutes, and so on. (This standard includes the
time required to move the car into and out of the ICC) Dow has found that four or more persons tend to get
in each other's way and do not save a proportional amount of time.

Yuppie's production process is illustrated in Figure using what is commonly referred to as a process-flow
diagram. The diagram illustrates the general flow of product or service from input to final output. In addition
to showing the different stages of the production process (shown as rectangles), the diagram includes the
various kinds of inventory designed into the process (shown as inverted triangles). The inventory of cars that
have driven up to Yuppie and are awaiting service is directly comparable to the inventory of raw materials
typically encountered immediately prior to the initial stages of a manufacturing process. This analogy
extends to the work-in-process (WIP) inventory of cars that have been washed and will soon enter one of the
two ICCs. This is much like the WIP inventory found between work centers in a manufacturing process.
Finally, there is the finished-goods inventory of cars that have been cleaned and parked, and await being
picked up by their owners.

There are two stages to Yuppie's process, so we refer to it as a multistage production process. The first stage,
which is performed by a relatively expensive machine and requires very little direct labor, is capital intensive,
whereas the second stage is labor intensive. Whenever a process involves multiple stages, it must be

designed and managed to take into account the relationship between product flows in each of the various
stages. For example, the time required for each car—that is, the cycle time of a car in each automatic
car-wash machine—is equal to 130 + 20 = 150 seconds, or 2.5 minutes. Thus, the capacity of each automatic



car-wash machine is 1/2.5 = 0.4 car per minute, or equivalently, 24 cars per hour. Since there are two
automatic car-wash machines, the capacity of the first stage of Yuppie's process is 2(24) = 48 cars per hour.
In this manner we see that capacity provides a measure of potential rate of production.

Similarly, we se e that the cycle time per car in each ICC is 6/n minutes, where n is the number of people
assigned to work in the ICC. Thus, if Dow schedules two workers in each ICC, the capacity of each ICC is
one car every 3 minutes, or 20 cars per hour; since there are two ICCs, the resulting capacity of the interior
cleaning process is 2(20) = 40 cars per hour. In this case the capacity of the two ICCs is less than that of the
first stage; thus, the ICCs are the limiting (or bottlenecks resource. Therefore, the capacity of the total
process is 40 cars per hour, the capacity of the bottleneck process.

By increasing the number of workers assigned to each ICC, Dow can increase the capacity of the second
stage of the process. This gives her the capability to manage the bottlenecks. For example, if three workers
are assigned to each ICC, the capacity of the second stage increases to 60 cars per hour. Now the first stage is
the bottleneck process, and the capacity of the system is 48 cars per hour.

Even if Dow schedules enough workers in each ICC to achieve a theoretically perfect balance between the
two stages of the process, it is important to realize that at times either work-in-process inventory will occur
between the two stages or the ICCs may be waiting (or starved) for work even though one or both automatic
car-wash machines may be running. This is due to the variability in processing times. Because it is automatic
there will be relatively little variability in automatic car-wash service time. There will, however, be greater
variability in ICC service time because of the inherent nature of the interior cleaning process, which is a
function of the type and size of the car (sports car versus full size), type of interior, the state of the interior
(has it been one week or one year since the last cleaning?) and the efficiency of the particular crew assigned
to the ICC (how experienced are they? how rigidly are their jobs defined by management? will they be as
fast on Saturday at 7:00 A .M. as they will be in the early afternoon?) Dow can reduce the average level of
work-in-process inventory by scheduling the capacity of the ICCs to be greater than 48 cars per hour.
However, if she plans the capacity to be too large, she then incurs the tangible and intangible costs of idle
workers. These intangible costs include the carryover of inefficient work ethic, as well as the potential cost
of irritating customers who are waiting seemingly long periods of time for their cars to enter the first stage of
the process while seeing workers standing around doing nothing!

]

In the process -flow diagram for the Yuppie Car Wash Company, we see three different types of queues (that
1s, waiting lines) corresponding to the various types of inventory occurring in this system. The effective
management of queues is an essential part of the study of production systems. This applies to planning for
queues, which addresses issues such as the physical location of the queue and the capacity of the queue. It
also applies to controlling the queue, for which we must determine in what order goods will be produced or
customers will be served, and manage the flow of information about products (or customers) in the queue.
Although the process flow for Yuppie Car Wash is straightforward, it enabled us to consider important
aspects of the process and to understand better the way in which the various components of the process
combine to produce the service. The systematic application of "combine, simplify, and eliminate” to
process-flow analysis of large-scale operations has vast potential to increase overall process effectiveness
and efficiency. It is the management of the production process that is the topic of this course. For now, let us
continue to focus on the basic types of production processes.
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