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Abstract - Regarding quality, manufacturing processes are often considered to be "in control", meaning that the quality is 

not perfect but within acceptable level. Part of imperfect quality is the formation of defective items, which are formed in 
random manners. In manufacturing processes with assemblies, certain number of each component is required in each 
assembly, but due to imperfect quality, the numbers of components' units may not match. Quality is often improved by 
inspections, which add more randomness due to errors. This presentation is of a preliminary examination of operational 
effects of imperfect quality, including demonstrations of the significance of these effects. 
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I. INTRODUCTION 

 

Stochastic elements of manufacturing systems are 

well known. Yet, most studies(e.g., Buzacott and 
Shanthikumar, 1993; Gershwin, 1994; Altiok, 1997) 

are concerned with waiting times, queue lengths, 

servers' utilization, etc. In this line, the 'wait-to-

match' concept is considered – the time each 

component waits for its mating components to arrive 

at the assembly station (e.g., Hopp and Spearman, 

2011). This work, on the other hand, is concerned 

with the yield of production/ manufacturing processes 

with assembly operations in intermittent production 

environments. Hence, quantities are of concern and 

the match, or miss-match between quantities of 
different components. To illustrate, consider a car 

maker who receives a delivery of n wheels. Suppose 

n = 4k + m and m < 4. Then, since there are four 
wheels in a car, at least m wheels will remain unused, 

more, if k is greater than the desired number of cars. 

Further, if k is smaller than the desired number, a 

shortage is created despite the fact that at least m 

wheels remain unused. The cause for these miss-

matches is the formation of defective items – 

imperfect quality, which are formed randomly. 

Operational effects of the formation of defective 

items have not been given proper attention, thus far. 

Even Li and Meerkov (2007), who considered 
defective items, examined only serial processes and, 

as noted by Hu et al. (2011), “very limited work 

exists in analyzing assembly system quality when 

multiple products are produced in the same system.” 

In the car example above, the maker may order 4·j 

wheels but some of them are defective and unusable. 

Quality is often improved by inspections. However, 

inspections fix nothing and quality is improved by the 

removal of items which are deemed defective. 

Moreover, inspections are prone to errors, which also 

appear in random manners, adding more randomness 

to production/manufacturing systems. Operational 
effects of inspection errors, too, have not been given 

proper attention. This presentation is a preliminary 

examination of operational effects of imperfect 

quality, including demonstrations of the significance 

of these effects. 

 

II. METHOD  
 

The examination is performed by following a 

simulation of an example process through several 

executions/runs. The process is portrayed in Figure 1 

and consists of 9 operations drawn as circles, 

including a couple of assembly operations: #0 and # 

5, and two inspections: #1 and #2, which are drawn as 

boxes. In each execution, the number of defective 

items in each operation is sampled. Each run is 

executed twice: once with no inspection – the 

inspections in Figure 1 are inactive and once again 
with both inspections turned on. In the second run, 

the numbers of conforming units that are falsely 

rejected – error type I, and the number of defective 

units which are missed – error type II, are sampled 

for each inspection, too. Each sampling is 

independent of all the other. During each execution, 

the process is followed step-by-step from operations 

8, 9 and 10 up to operation 0 and the joint and  

cumulative effects of the imperfect quality are 

quantified and examined, based on the following 

assumptions. 
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1. 100% of the arriving items are inspected by any 

active inspection.  
2. The operations are independent of each other. 

3. The inspections are independent of each other. 

4. The operations and the inspections are 

independent of each other. 

5. Defective units are detected only by inspections. 

6. Each defective unit is removed as soon as it is 

detected. 

Details of the calculations in the following sections 

can be found in (Eben-Chaime, 2019) and the 

references therein. 

 

III. RESULTS AND DISCUSSION 
 

3.1. No inspection  

 

 
 

The examination begins with the simplest case, in 

which no inspection is performed. The results of 15 

executions of the process in Figure 1 are presented in 

Table 1, in which there is a column for each of Figure 

1's operations and a couple of rows for each run: on 

top, the number of conforming units that leave each 

operation and below the number of defective units. 

The columns of operations 1 and 2 are empty because 

these are the inspections which are inactive. The 

stochastic nature of the system is manifested in the 

column of operation 0, which shows the outcome of 
the process. The top number of each run in this 

column is the yield – the number of conforming units, 

which fluctuate about 1,000. Assumption 5 implies 

that in this case all item make the whole pass through 

the process, since none is removed. This can be seen 

by noting that the sum of the number of conforming 

units plus the number of defective units that leave 

each operation is the same in all runs. The differences 

in the numbers in different columns are due to the 

assembly ratios on the branches of Figure 1. In the 

absence of quality assurance, many defective units 

are created. Hence, when aiming at a target quantity, 
many more should be processed to hit the target. This 

is the reason for the large numbers in Table 1. The 

target quantity is 1,000 units, as noted, but the yield 

of the process – the ratio of conforming units to the 

total number is only about 75.5%. Hence, 1,325 units 

should be assembled to produce 1,000 conforming 

assemblies, on average. 

 

3.2. The effects of Inspections 

 

 
In Table 2, the results of the second executions are 

presented. The same random numbers that were used 

to sample the numbers of defective units in the first 

round, were also used in the second execution. In 

addition, four more numbers were sampled in each 
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run: the numbers of false rejections and missed 

defective units in each of the two inspections that 
were activated in this execution. The yield, top rows 

in the column of operation 0, fluctuates, again, 

around the same target – 1,000 units, but the 

fluctuations are much smaller. Furthermore, the 

numbers of defective units in this column are even 

more smaller, by  more than an order of magnitude, 

compared to Table 1.  

Actually, all the numbers in Table 2 are notably 

smaller than their counterparts in Table 1. All these 

reductions are the contribution of the removal of 

defective units found by the inspections. Without 

inspections, many assemblies come out defective 
because defective components are assembled in them. 

This is the mutual effect between the components 

which has been noticed by Eben-Chaime (2015) and 

which is reduced significantly by the inspections and 

the removal of defective components' units.      

 

3.3. Discussion 

It should be noted, however, that the contribution 

above depend on when the inspections are performed. 

In the process of Figure 1, the inspections precede the 

assembly. The contribution is much less significant 
when an inspection follows the assembly, despite the 

need for only a single inspection. In this case, more 

units should be assembled than with no inspections, 

1,359 on average, because some additional units will 

be falsely rejected. Of these, 1,025.64 units are 

conforming and 333.33 units are defective, on 

average. The inspection falsely rejects 25.64 

conforming units and misses 8.33 defective units, on 

average. Accordingly, the mean yield rate is 1,000/ 

1,008.33 > 99%, compared to 1,000/1,017 ≈ 98.27%, 

with two inspections.  Nevertheless, this result is 

obtained at the price of 35.9% waste, while the waste 
with two inspection is only 8-12.5%.   

Even more interesting, and certainly more special and 

an innovation in this presentation is the ability to 

examine the systems' dynamics. An example is 

provided in Table 3, which contains a row for each 

run.  

 

Consider the yield, first. On the second and third 

columns of Table 3, the total number of units that 
were assembled and the number of conforming units 

that were assembled, in each run are listed. While 

more than 1,000 units were assembled in each run, 

the number of conforming units is smaller than 1,000 

in 9 of the 15 runs. Without additional inspection(s), 

there is no way to know the exact result. On the other 

hand, if 1,000 units are required and more are 

produced, the surpluses can be saved and used to 

replace defective units when such are detected.    

Next, consider both columns on right side of Table 3.  

In these columns the numbers of units that were left 

unused of each of the two components, which are 
assembled in operation 0, are listed. These are the 

consequences of the miss-matches which are 

mentioned in the introduction of this paper. Two units 

of the left component and three units of the right 

component are used in each unit that is assembled in 

operation 0. In the first run, for example, 3,028+7 = 

3,035 units arrive from inspection 1 and 2,046 from 

inspection 2. [3,035/3]- = 1,011 < 1,023 =2,046/2. 

Hence, 1,011 units are assembled in this run – as 

indicated in the second column of Table 3, leaving 2 

unused units of the right component and 2,046-
2·1,011 = 24 units of the left component. Similar 

calculations apply in the other runs, where usually, 

the component with the smaller residue determined 

the number of units that were assembled in the 

corresponding run. The presence of the residues 

raises questions like what happens to the unused 

items and how are these units handled.   

 

The term residue is used to reflect the fact that the 

amounts are very small compared to all other known 

quantities (the numbers of defective units, false 

rejections and missed defective units are not known). 
Being so small strengthen the questions because it 

makes it easy to neglect the residues. However, even 

small numbers accumulate over time, creating work-

in-process (WIP). Further, if managed properly, the 

residual units can be used in later runs thereby 

increasing the output of, or decreasing the load on the 

system and in general, reduce waste.     

 

IV. CONCLUSION 

 

This presentation is of a preliminary examination of 
operational effects of imperfect quality. First, the 

stochastic nature of manufacturing systems with 

assembly operations in intermittent production 

environments was demonstrated including operational 

effects on loads and material requirements. Then, 

inspections were added and some effects of the 

additional randomness were examined and discussed. 

Finally, the miss-matches in quantities, due to the 

independent randomness of different constituents of 

the system, was considered. The following have been 

observed: 
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1. Total production may exceed the required 

amount, yet shortages may exist due to imperfect 
quality. 

2. The behavior is not uniform across the system. 

While shortages appear in some parts, surpluses 

occur in other parts. 

3. As a result, small amounts of various items – 

residues my accumulate. These WIP should 

better be managed to avoid unnecessary costs 

and improve performance.    
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