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You can’t use
line balancing
to optimize a
flow line

ecently in Phoenix, a helicopter and a hand-

ful of firefighters were dispatched to save

a young man who fell ill during a hiking

trip. This man, who was from a cold-

weather state, assumed the hike was 

going to be like many he had taken.

Unfortunately, he underestimated the heat

factor: It was 110 degrees that day. The

moral of the story is that even though some-

thing can be done well under a given set of

conditions, it doesn’t necessarily work in

other conditions. 

Line balancing
Even though line balancing works well for

paced assembly lines, it is not appropri-

ate for flow lines, which are unpaced. In

paced assembly lines, conveyors determine
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the speed of production; in flow lines, each

workstation finishes subassemblies at its

own pace. The reason line balancing is not

suited to flow lines is the combination of

dependent events and statistical fluctua-

tions that exist. The performance measures

of a workstation in a flow line — WIP, cycle

time, and throughput — are influenced

considerably by the performance of prior

workstations. The performance measures

are also affected by process variability.

The commonly cited benefits of line bal-

ancing are improved efficiencies, greater

utilization of resources, and reduction of

worker resentment for uneven workloads.

However, theory of constraints creator

Eliyahu Goldratt said, “Most of the time,

your struggle for high efficiencies is taking

you in the opposite direction of your goal.”

He also noted that “A plant in which every-

one is working all the time is very ineffi-

cient.”

Goldratt showed that increasing the effi-

ciency and utilization of non-bottleneck

stations causes an increase in inventory

and operational expenses and a decrease

in throughput. Wallace Hopp and Mark

Spearman, authors of Factory Physics, show

through mathematical analyses the nega-

tive effects of increasing utilization of non-

bottleneck stations: Cycle times, quality,

and services degrade depending on the

level of variability. Counter to the tradi-

tional industrial engineering emphasis on

line balancing, the authors recommend

unbalancing the flow line to improve its

performance. 

Figure 1 contrasts traditional and mod-

ern views of capacity planning. Mathe-

matical proof and empirical evidence

support the validity of the modern view.

According to the modern view, cycle time

increases considerably as resource utiliza-

tion gets closer to 100 percent. 

The other benefit of line balancing —

reducing worker resentment of uneven

workloads — can be handled with proper

communication and assurance by man-

agement.

We are bombarded by so many buzz

words and manufacturing concepts that

it is easy to lose sight of terminology’s rela-

tionship to the real world. Some companies

have indicated that they would like to

increase the utilization and efficiencies of

machine and labor resources (not men-

tioning bottlenecks) while at the same time

applying the theory of constraints. The con-

fusion is propagated in part by 40-plus years

of research on and industrial applications

of line balancing. Many companies, con-

sultants, and professors still talk about the

value of line balancing. About 20 percent

of industrial engineering job postings indi-

cate that companies seek to improve uti-

lization and efficiencies through line

balancing. 

Let’s look at two examples of the misuse

of line balancing in manufacturing.

Case study #1
This case study illustrates the effort of a

mixed-mode manufacturer of solids han-

dling systems and accessories to increase

capacity in its urethane parts molding

department. This department has a flow

line that consists of mixing, mold filling,

and curing operations. Prior to the process

improvement effort, the company operated

at almost 100 percent of its demonstrated

capacity level, using three shifts, seven days

a week. In addition to increasing capacity,

the company sought to maximize through-

put, minimize inventory, and minimize

resources. The company claimed to achieve

these goals by applying line balancing,

scheduling, and mold mix optimization. 

Minimizing resources means optimizing

the efficiencies and utilization of labor and

equipment. According to the theory of con-

straints, when utilization of resources is

increased, excess inventory increases, which

may cause throughput to decrease. Already,

two of the project goals — minimize inven-

tory and minimize resources — collided

with each other. 

What the company really meant by min-

imizing inventory was synchronization of

production supply with demand. This is

contrary to the theory of constraints, which

discourages matching capacity of every

resource with market demand. Jonah, a

character in The Goal, put it this way: “The

closer you come to a balanced plant, the

closer you are to bankruptcy.”

The company reported results such as

a decrease in total unit cost, an increase

in return of assets, a 20 percent increase in

labor efficiency due to elimination of non-

value-added activities, a 50 percent increase

in throughput due to proper balancing of

operator activities, a 60 percent reduction

of parts inventory, and a 10 percent to 15

percent reduction of cycle time. 

These kinds of results are impressive, but

they become questionable when viewed

under the light of TOC. To be fair, the com-

pany did well to eliminate non-value-added

activities, reduce the number of parts han-

dled per cycle, and eliminate the need to

make time-consuming changes to the mold

mix during the run. However, many com-

panies strive for local rather than global

optimization. It is possible for the manu-

facturing department to achieve its goals
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Figure 1. Traditional versus modern views of capacity planning
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while the company is losing money. What

we need is key performance measurements

such as throughput, cycle time, inventory,

and operational expense from the point

of view of the company, not the manufac-

turing department. 

Case study #2
The next case study is about the applica-

tion of a line balancing heuristic for auto-

mated surface mount assembly line setups.

The heuristic was designed to assist the

process planner in allocating machine com-

ponents to balance an assembly line. This

flow line consists of a screen printer, an

epoxy dispenser, a chip shooter, two pick-

and-place machines, two hand stations, and

a reflow oven. 

The reported results on the chip shooter

and two pick-and-place machines resulted

in saving 2.95 hours of assembly line time

over the expected lifetime of five weeks.

One of the main objectives of the project

was to maximize line capacity. The authors

of the case study suggest that the nearly

three hours of assembly line time that was

saved could be used to process other prod-

ucts. This reflects the traditional thinking

shown in Figure 1 — to get as much effi-

ciency and utilization as possible. 

It is not clear how the nearly three hours

of assembly line time savings will impact

the key performance measurements

(throughput, work-in-process, cycle time,

and operational expense). It also seems the

goal of the project is to gain local opti-

mization, which may not translate into ben-

efits for the company as a whole. 

In this case study, factory management

wanted a tactical solution for better line

balancing. Though management sought the

best interest of the company, it is not ask-

ing for the right thing. 

This kind of thinking is quite typical

among managers and engineers. It is exem-

plified in Alex Rogo, the character in The

Goal who believed that if a line is left unbal-

anced, precious line capacity is lost. Early

in the story, Alex is obsessed with maxi-

mizing utilization of the company’s robots

to achieve a reduction in the cost per part.

He didn’t want to “waste” any of the expen-

sive investment in the robots. Later, Alex

learns that to improve productivity, the

company needs to identify and exploit the

bottleneck, which may not necessarily be

the robots. 

Good applications of TOC
The current literature does offer examples of

companies that applied theory of constraints

successfully. Virginia Semiconductor, for

example, applied the five-step theory of con-

straints process to realize dramatic results of

a 90 percent drop in work-in-process, a 27

percent reduction in power consumption, an

82 percent reduction in cycle time, a 26

percent increase in on-time delivery (to 96

percent), a process yield improvement of

4.5 percent, savings of raw material and

scrap costs, and a 23 percent increase in

organizational productive capacity. 

Another example is Flow International,

which successfully combined the applica-

tion of the theory of constraints with finite-

capacity scheduling. Management there

realized that aiming for 100 percent labor

efficiency does not equal productivity and

that the philosophy of a balanced plant was

costing the company money. 

Conclusions 
Line balancing has a place in paced assem-

bly line manufacturing, but not in flow line

situations. The theory of constraints is a

wholesome approach for productivity

improvement since it is concerned with the

welfare of the company, not just the opti-

mization of the manufacturing department.

The key performance measurements such

as throughput, inventory, and operational

expense help us check whether we really

are making productivity improvement.

Industrial engineers and managers have

the responsibility to inform their colleagues

about the proper tools for productivity

improvement and help steer the company

from investing in the wrong thing. 

For further reading
Gadbois, Michel, “Shipments Flow

Smoothly at Flow International,” IIE

Solutions, Institute of Industrial

Engineers, March 1996.

Goldratt, Eliyahu M. and Jeff Cox, The

Goal, 2nd Revised Ed., North River

Press, 1992.

Hopp, Wallace J. and Mark L. Spearman,

Factory Physics: Foundations of

Manufacturing Management, 2nd Ed.,

McGraw-Hill, 2000.

Miller, Brad, “Applying TOC in the Real

World, IIE Solutions, Institute of

Industrial Engineers, May 2000.

Veleris, John and Jeff Park, “Maximizing

Capacity at Martin Engineering,” IIE

Solutions, Institute of Industrial

Engineers, June 1998.

Watkins, Ronald E. and Jeffery K.

Cochran, “A Line Balancing Heuristic

Case Study for Existing Automated

Surface Mount Assembly Line Setups,”

Computers and Industrial Engineering,

Sept. 1995.

Luke D. Cheng has three years’ professional

experience in manufacturing and indus-

trial engineering. He has worked in the

aerospace industry for Honeywell and 

the electronics industry for Electronics

Navigation Industry. He received an M.S.

in industrial engineering from the Georgia

Institute of Technology and a B.S. in indus-

trial engineering from the State University

of New York - Buffalo. 

The current literature does offer
examples of companies that applied

theory of constraints successfully.
Virginia Semiconductor, for example,

applied the five-step theory 
of constraints process to realize

dramatic results.


