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ME470 - Systems Design 

Lab 4 Functional Analysis/Physical Decomposition 

Due Date: October 8, 2009 

 

Goals: 

 Use a “Subtract and Operate” procedure to develop a function tree for a cordless electric 

screwdriver. 

 Use the function tree to develop a Function Structure diagram for a cordless electric 

screwdriver. 

 

Overview:   

Functional analysis techniques in design date back to the 1920s and are most associated with engineers 

Pahl and Bietz whose book describes the comprehensive design methodology.  The goal of a systematic 

approach is to help the designer produce a product that captures all of the functional goals (doesn’t miss 

anything) and does so in an optimized manner (helps find “best” solution).  Functional 

Analysis/Functional Decomposition has proved useful enough that it is now a standard part of 

engineering curriculums from Purdue to Stanford. 

 

Functions can be determined from a customer needs list, but the technique is most easily applied to 

existing products (sometimes called physical decomposition).  Since much of the design work of 

engineers is redesign of existing parts, this is the method we will use.  We will be analyzing a particular 

cordless electric screwdriver (photographs of the disassembled screwdriver are attached). 

 

Tasks: 

Create and turn in one each 

 Subtract and Operate table 

 Function Tree diagram 

 Function Structure diagram 

Include Cover Sheet with team member names and a single campus mail box number. 

 

Subtract and Operate Table 

Use the subtract and operate procedure to generate the contents of the following table.  The attached 

example (table 5.1 from Otto and Wood) is a good model.   

Housing Battery Switch Motor Gearbox Bit Holder 

      

      

 

 

Subtract and Operate procedure (from Otto and Wood) 

1. Disassemble (subtract) one component of the assembly.  In our case we will do this conceptually 

rather that physically.  The disassembly photographs may be useful. 
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2. Operate the system through its full range.  Imagine how the device will operate (or not operate) 

with the component missing.  Imagine operation for all ranges of customer requirements for all 

the standard uses of the device. 

3. Analyze the effect.  Write down the desired functions that will not occur due to the missing 

component. 

4. Deduce the subfunctions of the missing component.  These will be functions like transport, 

contain, protect, etc.  For a list of the suggested verbs that are used in formal functional 

analysis, see attached table 3 from NIST report. 

5. Replace the component and repeat as many times as there are components in the assembly.  

6. Translate the collection of subfunctions into a function tree. 

 

Table 5.1 (Otto and Wood) 

Chamber  Seal  Slicing Blade  Shaft  Armature  

No defined way of 

holding content  
No protection against 

contents splattering  
Contents won’t be 

chopped  
Slicing blade 

won’t be 

attached  

Shaft doesn’t 

spin  

No measurable 

volume  
No protection against 

spinning blade  
No resistance to 

torque  
Contents will 

not be chopped  
Electricity is not 

transformed into 

mechanical 

energy  

No body to  measure 

contents  
Chamber can’t be 

closed  
 No resistance to 

torque  
 

No body to contain 

contents  
Impact noise will not be 

enclosed  
   

No body to hold 

apparatus  
Might not be able to 

turn on if safety feature  
   

Looks bad      

Difficult to clean 

undefined body  
    

Pour out contents      

 

Function Tree 

The Subtract and Operate procedure helps us determine the critical functions and subfunctions of our 

device.  These can be mapped to a function tree similar to figure 5.6 from Otto and Wood. 
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The block at the top of the tree for an electric screwdriver is “Turn Screws” or “Loosen/Tighten Screws”.   

The next row of blocks should be the most significant Functions.  Since these are functions they will be 

stated as verbs or verb-noun combinations.   

 

The next row of blocks would more clearly break down the specific subfunctions contained in the 

functions.  For example a desk lamp make have a desired function of “Position Light” which may include 

the subfunctions of “Allow Motion” and “Maintain New Position”. 

 

Suggested Technique for generating the Function Tree 

 Write one function or sub function on a 3x5 index card or sticky note. 

 Arrange the cards in rows until group members agree that the particular functions are in the 

correct row and column (Is it a function or a subfunction?). 

 Reproduce this arrangement electronically (Word or Powerpoint are the suggested tools). 

 

Function Structure Diagram 

The function structure diagram is a “black box” model as shown below.  In the formal system all energy, 

material, and signal inputs and outputs are considered, 

 

 

 

 

 

Energy 
Material 

Signal 

Energy 
Material 

Signal 
Function 
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This is expanded to include the primary functions and subfunctions as in the examples that follow. 
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The following steps are a simplified method for creating a function structure as outlined in Engineering 

Design by Dieter and Schmidt.  

 

Steps in creating a function structure 

1. Identify the overall function.  In our case, this is the top block in the function tree. 

2. Identify the basic individual functions that are required to accomplish this task.  We have 

already done this in the first row of functions of the Function Tree. 

3. Identify more precise functions from the basic functions determined in the previous step.  Note 

that these two steps will be iterative.  These more precise functions are the second level of 

blocks in the Function Tree. 

4. Arrange the function blocks in the order that they must occur to accomplish the desired overall 

function.  This is a flow chart of functions in which order is important.  The easiest way for us to 

do this is to take the 3x5 cards we used to make the function tree and place them in position 

until the group is satisfied. 

5. Add the energy, material, and signal flows between the function blocks as appropriate. 

6. Double check to make sure you haven’t missed a function block or flow line. 

7. Reproduce the function diagram electronically. 

 

 

 

  



6 
 

From: 
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Handheld Electric Screwdriver 

Physical Decomposition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Outer Case 

(2 pieces) 

Motor 

Gearbox 

Bit Holder 

Switch 

Battery 

Battery 



8 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Switch 

Motor with 

Pinion 

Gear Box 


