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Exercise 2 
 

Processes, Process Flow Diagrams, 
and Throughput by Process 

 
 
As you have learned in the On-Line lessons, a process is a physical location where a logical grouping of 
resources performs “like work” – that is, molding, or wiring harness, or final assembly.  Each of these 
constitutes a separate process for line design purposes.  Likewise, fabricate, weld and paint would be 
three separate processes, not one.  In manufacturing, a process may include both labor and machine work.  
All resources in a process must have the same takt time. 
 
Processes are the main building blocks in a Value Stream – the sequence of work steps which create the 
required value in a manufacturing, administrative or service enterprise. Your first step in designing pTool’s 
Mixed Model Flow line is to consider the questions below: 
 

• What products are to be included in the design scope?   (All nine power tools.) 

• Shall we run all nine models through one Mixed Model line?   (See “3 Commonality Criteria”.) 

• What processes will be needed to build all products?   (See Process Flow Diagrams, following.) 

• How do the processes relate to each other in sequence?   (Again, see Process Flow Diagrams.) 

• How do we organize the process data to design the Mixed Model line?   (Follow steps in Exercises.) 
 
When building a Mixed Model Line Design in an actual company, you and your team will need to prepare 
a Process Flow Diagram for every product, model or configuration being considered in the design scope.  
This will seem like a daunting task:  “But we have hundreds of models . . . “  True, but you will find that 
many of them fall into groups or patterns according to process commonality; i.e. following a largely 
common sequence through common processes.  You’ll see that as you work on Step 1 in this Exercise.    
 
Step 1:  Study the four Process Flow Diagrams.  These are on the following page, labelled PFD-1 through 
PFD-4.  Look first at PFD-1, which illustrates the processes and linkages for building the three drills:  DR12, 
DR54, and DR11.  That suggests that the three drill models, though they may have different features, 
generally follow the same work steps.  Next, On PFD-2 for orbital sanders OS31 and OS32, start at the final 
process “Pack” and look upstream:  identical through “Test” and “Final Assembly”, with one difference 
above.  Continue to study PFD-3 and PFD-4, looking for commonalities and differences.   
 
Step 2:  Create a Mixed Model Process Flow Diagram.  After studying the four PFDs provided, combine 
all of them into a single Mixed Model Process Flow Diagram that incorporates all the processes and 
process relationships.  Be aware that not all products will go through all processes.  We suggest starting 
with the most complex PFD (incorporating the most processes) and overlaying the others, working 
upstream.  It is frequently the case that the less common processes occur upstream; think of them as 
tributary streams flowing into a large river.  We suggest working with a Post-It note labelled for each 
process, laid out on a large sheet of paper.    
 
Step 3: Create a Process Matrix. Once the Process Flow Diagrams for all products have been created, and 
you have developed the Mixed Model PFD from the individual PFDs, you must organize the information 
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related to the process-product relationships.  You will develop and use a Process Matrix to organize the 
PFD data; with this tool, you will then be able to quantify the amount (or lack of) of process commonality 
among products, as well as build the spreadsheet to calculate resources required for each process of the 
Mixed Model line.   
 
Complete the Process Matrix form provided below.  Column 1, “Part #”, and Column 2, “Description”, have 
been populated with data on the nine products.  Column 3, “VOL”, should already be filled in with the 
Designed Daily Volume for each product as calculated in Exercise 1.  Column heads have been inserted for 
the remaining nine columns with process names in the order of flow.  The last column head on the right 
is obviously “Pack”. Then proceeding along each product’s row, place an “X” in the process column if that 
product requires that process.  For example, the product DR12 will have an “X” for Mold, Wiring, E-Test, 
Motor Assy, Final Assy, Test, and Pack.    
 
Step 4: Calculate Throughput by Process. You now know the VOL per product, and the volume of finished 
units to be produced at the end of the Mixed Model line. However, in order to design individual processes 
you must understand the volume at the process level. This is the Throughput by Process. 
 
Calculate the throughput for each process:  going down each column, sum the VOLs for all products with 
an “X” in that column, and enter that sum in the Throughput by Process row on the Process Matrix form. 
Remember that if the product does not require a process, that VOL must not be included.  Here is the 
Excel formula;  it reads “for all cells in Process Column D containing an “x”, sum the VOL in Column C.” 
   

=SUMIF(D5:D13,“=x”,$C$5:$C$13) 
 

Read across the Throughput by Process row and note the wide range of volumes for the nine processes.  
We calculate resources by process in order to achieve a balanced flow for mixed model production.    
 
Step 5: Transfer “Throughput by Process” Data to the Mixed Model Process Flow Diagram.  You will want 
to design your Mixed Model Line to optimize the flow of work and material along the highest volume path.  
This path will become clear once you have annotated each process on the Mixed Model PFD with the 
calculated Throughput for that process.  So, write the Throughput for each process onto its Post-it note 
on the Mixed Model PFD, and determine the highest volume path.   
 
Step 6: Transfer data to the Excel Mixed Model Line Design Workbook. In a real Line Design project for 
your facility you will be using an Excel spreadsheet to perform your line design calculations and store 
much of the data that you have  gathered manually. Now complete the blank worksheet in your Excel 
workbook using the data just completed and verify your work.  As you continue through the remaining 
Exercises you will be building out this spreadsheet, so be sure to have each section in place correctly 
before moving on. 
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PROCESS MATRIX / Resource Calculations        

            

P/N DESCRIPTION VOL Mold Grind 
Wire 
 Assy 

E-Test Mandrel Motor F Assy Test Pack 

DR12 Drill  56.0 x    x  x    x  x  x  x  

DR54 Drill  84.0                   

DR11 Drill  65.0                   

SD04 Belt Sander  3.2                   

CS87 Circular Saw  64.0                   

OS31 Orbital Sander  76.0                   

OS01 Orbital Sander  8.0                   

CH96 Chain Saw  54.0                   

CH09 Chain Saw  46.0                   

Total Volume 456.2          
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