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line. Whenever there is idle time, or the difference between the total time available and the total time 
used to complete a process, between workstations, a line is said to be unbalanced, and bottlenecks 
occur. Line balancing also helps minimize the number of workstations a firm needs.

Achieving a perfectly balanced line is easier said than done, though. In part this is due to precedence 
relationships, which require some tasks to be done before others. Space restrictions on a plant’s floor 
can create precedence relationships that have the potential to constrain a system. More often, however, 
they are a result of the sequential nature of a line process. For example, prior to being painted, cars 
on an assembly line have to be inspected to ensure any dents and scratches on them are detected and 
fixed. Similarly, for safety-related reasons or to prevent contamination, some operations done have to be  
performed sequentially. For example, the painting operation can’t be combined with any other operation 
that involves silicone-based materials because silicon contamination can cause craters, or defects, in the 
paint on cars.

Cycle time is another constraint that can make it difficult to balance a line. Cycle time is the 
time required for the line to produce one unit to achieve an output rate that allows a firm to meet its 
demand requirements.

To understand precedence-relationship and cycle-time constraints better, look at Figure 9S.7, 
which shows some tasks involved in assembling an automobile. The precedence constraint means 
the order in which the four operations in the figure can be done cannot be violated. For example, 
the hood can only be installed after the engine has been installed. Now let’s look at the cycle time. 
Assume that the cycle time for this assembly line is 30 minutes. This means that the firm’s goal is 
to have one car coming off the assembly line every 30 minutes. If we assume that we use a separate 
workstation to perform each of the four operations, it takes 50 (9 + 25 + 6 + 10) minutes for each 
car to be processed. This time is referred to as flow time, which is the time required to produce an 
item completely if only one unit is being produced at a time. Obviously, 50 minutes exceeds the 
desired cycle time.

Nevertheless, in an assembly line, it is usually common for work on several items to take place 
simultaneously, not one at a time. In our example, by having four different workstations, four dif-
ferent cars can be produced at the same time, each one at a different assembly stage. Thus, in the 
assembly line in Figure 9S.7, after completing the work of frame installation on the first car in the first 
workstation, workers in that station can begin the frame installation on the second car. In the mean-
time, the crew in the second workstation will be working on engine installation on the first car. After 
completing engine installation, the first car can be moved to the third workstation for hood fitting and 
then to the final station to be fitted with wheels. Accordingly, once the frame has been installed on the 
second car, it now moves to a second workstation for engine installation, and so on. Assuming no time 
is lost in moving a car from one workstation to another, the throughput or flow time of the assembly 
line is determined by the operation that takes the longest time in the assembly line. In this example, 
it is 25 minutes—the time spent on engine installation. Therefore, after assembling the first car in 50 
minutes, each subsequent car can be assembled every 25 minutes. Note that the flow time may or 
may not be equal to the cycle time desired by managers. Note too that the cycle time also dictates the 
maximum time available for a workstation to complete its tasks. So, in this example, for the line to 
be balanced, no workstation can take longer than 30 minutes or bottlenecks will occur. Example 9S.3 
will explain in more detail how the cycle-time constraint works.

STEPS IN LINE BALANCING
The process of line balancing involves the following steps:

1.	 Compute the desired cycle time (C), which is given by:

C = 
Daily productiontimeavailable

Unitstobe produced daily

2.	 Draw a precedence graph based on the precedence relationships among operations.

Precedence 
relationships: the 
relationship between 
two or more tasks that 
requires certain tasks to 
be done before others

Cycle time: the time 
required for the line 
to produce one unit 
to achieve an output 
rate that allows a firm 
to meet its demand 
requirements

Flow time: the time 
required to produce 
an item completely if 
only one unit is being 
produced at a time

FIGURE 9S.7: Some Tasks in an Automobile Assembly Line
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