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ABSTRACT 

Capacitor assembling involves a series of steps and processes; this consequently makes the 

assembly process labor intensive and time consuming. The objective of this project, sponsored by 

Unison Industries - GE Aviation, is to develop a level of automation for the assembly process of 

capacitors by creating a working prototype that can reduce the assembly time by 50%. Team 6 has 

created ways to improve four of the assembly steps using both automated and manual designs. To 

accomplish the goal of reducing time, Team 6 has been in contact with Kevin Walker of Unison 

Industries. He will be providing the team with the information needed in order to develop design 

solutions. 
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1. Introduction 

Unison Industries is a subsidiary of GE, specializing in electrical components for jet engines, 

ignition systems, generators and sensors. They are the global leader for supplying products such 

as complex gas turbine engine components and electrical/mechanical systems. 80% of jet engines 

worldwide are installed with ignition systems produced by Unison Industries.  

The main objective of this project is to develop an automated process to assemble the capacitors. 

The current process is very labor intensive and requires various steps, which slows down the 

production of these products. The steps include placing tape on each section of the capacitors, 

stacking the capacitors, soldering electrical tabs, wrapping the stacked capacitors, taping the entire 

package and doing a dimensional check. The current process takes about 27 minutes and the goal 

is to reduce this time to about 15 minutes. In order to do this, the team is working on developing 

prototypes that will help speed up the overall process. The assembly will be a semi-automated 

process, meaning that some steps will be automated and other steps will remain a manual process. 

However, prototypes will be created for some of the manual steps to reduce the assembly time for 

those processes.  

 

 

2.  Project Definition 

2.1 Needs Statement 
The project requires an automated system to be developed in order to assemble the capacitors. 

The capacitors consist of the following parts: 

 4 individual capacitor sections that become stacked together 

 a layer of tape and insulator paper between each section 

 electrical tabs for connections 

 lead wires  

 insulation material wrapped around the assembly 
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The finished assembly production line needs to reduce the time and labor that is required to 

assemble the capacitor. By the end of this project, a working prototype of the automation process 

needs to be created, as well as a method to quickly do a dimensional analysis of the finished 

assembly.  

 

2.2 Background Research  
Capacitors are used to store energy as an electrostatic field [1]. There are 4 conducting plates with 

insulated paper in between each layer. Capacitors for jet engines are capable of storing anywhere 

from 30 to 300 times the energy stored in a car spark capacitor.  

 

There are several different types of capacitor assembling machines, generally categorized by 

capacitor type. There are also options for slow, medium or high-speed assembly lines. For this 

project, the goal will be to design either a medium or a high-speed assembly line. There is also the 

option of developing an automatic system versus a semi-automatic system. The automatic system 

does not require the use of an operator and is fully functional on its own. The semi-automatic 

system requires the slight use of an operator [1].After discussing it with the sponsor, Team 6 will 

develop a semi-automated system. Steps to design this system will be discussed in further detail 

later on in the paper. 

2.3 Goal Statement 
Design and develop an automated process in order to improve the manufacturing and assembly of 

the ignition exciter. 

2.4 Objectives 
 Improve the assembly time of the ignition exciter from 27 minutes down to 15 minutes 

 Create a more economical and efficient manufacturing process 

 Finalize which steps will be automated and which manual steps will be improved 

 Develop methods to improve these steps 

 Develop working prototypes 

 



Team 06  Capacitor Assembly Automation 

 

 

 

3 

2.5 Constraints and Customer Requirements  
 Machinery built must be both practical and economical 

 The process and machinery created must comply with any applicable safety regulations 

 Process must include some level of automation in the assembly steps 

 Projects needs to reduce overall assembly time from 27 min to 15 min 

 Project must be completed by the end of the Spring 2017 semester 

 

3. House of Quality 

The objective of Team 6 is to lower the production time of the assembly of capacitors from 27 

minutes to 15 minutes through the aid of an automation process, which eradicates the labor-

intensive manual process of assembly. 

 

The House of Quality (Figure 1) was created in order to know what aspects are desired so that the 

team can lead focus on that aspect. The House of Quality below indicates customer's requirements 

and technical requirements. House of Quality aids in determining the important factors necessary 

to fulfill the need statement and constraints. It displays the rank and necessity of each requirement. 

This will serve as an aid to assess priorities prior to the assembly of the capacitors. The technical 

requirements are shown with their corresponding customer requirements. 

 

As a whole, the house of quality (HOQ) shows that the primary Engineering requirements are 

Production time (our priority in this project), the reliability, dimensions. Having this in mind, it is 

germane to remember that although a large portion of the project time must be spent pursuing these 

goals, the others will not be neglected.  Those three characteristics were ranked most highly 

because of their direct effect upon how much time it will save during assembly of this capacitors, 

reliability, and ensuring that we stay within the specified dimension range (4.25”H x 2.6”L x 

1.38”W). The HOQ displays that some Engineering characteristics can be addressed with less 

urgency than other characteristics. This is evident in the conceptual designs displayed by Team 6 

in this report. The designs focuses mainly on the three earlier stated technical requirements because 
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we have to start with a technically sound design that addresses key requirements, which are 

paramount to the success of this project 

 

 

Figure 1. House of Quality showing the relationship between Customer Requirements and 

Engineering Characteristics 

 

4.  Concept Generation 

To design a semi-automated system, the steps for assembly need to first be analyzed. Unison 

Industries have provided the following assembly steps [2]: 

1. Select 4 capacitor sections and attach clipped tabs together and verify capacitance is within 

range. If not select different capacitors to meet capacitance range (Figure 2) 
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Figure 2: Individual Capacitor section approx. 4”L x 2.5”W showing tabs used for electrical 

connection [2] 

 

2. Cut a piece of tape and place between each capacitor section. The clipped tabs must line 

up on one side.  

3. Form capacitor tabs and solder 

4. Attach and solder  wire to clipped tabs and wire to unclipped tabs 

5. Assemble sleeving wires 

6. Assemble tape over both soldered tabs (Figure 3) 

  

Figure 3: Assembly of 4 sections, electrical connection tabs soldered and lead wires attached [2] 

 

7. Form safety loop in both wires shown 
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8. Wrap a piece of insulation around sides of pack 

9. Secure insulation and wires in place using Tape in 3 places (Figure 4) 

 

Figure 4: Assembly wrapped with insulation material [2] 

 

10. Final Inspection  

a. Using Vernier’s, check the following dimensions: 

i. 4.25” max, 1.38” max, 2.60” max 

b. Visually inspect the following: 

i. Correct and complete assembly 

ii. Damage to wires or assembly 

iii. Paperwork complete  

Not all of these steps need to be automated because they are simple steps, or developing an 

automated process would be too difficult. For example, the stacking of the capacitors is a simple 

and quick step that could remain as a manual process.  
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5. Design and Analysis 

5.1 Tape Rolling Design 
The steps that will become automated in this design are steps 2, 8 and 9. For step 2, a rolling 

mechanism ( Figure 5 & 6) will be use to roll the tape over the top of 4 capacitors.  

 

Figure 5: Top View of Tape Roller 

 

Figure 6: Side View of Tape Roller 

 

The roller arms will be powered by a motor and roll down the tracks. As the roll of tape moves 

down the tracks, it will place a layer of tape on all four capacitor sections. The operator will then 

have to cut the tape in between the capacitors with a scissor since a Xacto knife is not allowed to 

be used. To ensure the capacitors do not move during this process, the green plate has small cutouts 

that each section will sit in. This design will save time because the current process requires the 
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operator to unwrap each piece of double-sided tape, and place it on 4 of the capacitors, one at a 

time.  

5.2 Stacking Designs 
To improve step 3 (stacking), an L-gauge has been created. The green plate will slide out from the 

tape roller and into the gauge (Figure 7). From there, the capacitor sections will be picked up one 

at a time and placed into the gauge (Figure 9). This will help align the parts and eliminate any error 

in the x and y directions.  

 

 

 

 

Figure 7: Plate sliding into L-Gauge 

 

 

 

 

Figure 8: Top View of plate in the L-Gauge 

 

 

 

 

Figure 9: Angled View of stacked capacitors 

 

An alternative design for the stacking process is a “Pick and Place” robot (Figure 10). The robot 

picks up each capacitor one at a time using a claw-like mechanism. It requires computer 
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programming and costs anywhere from $2,000 to $8,000. This option will most likely not be used 

in the final design due to the high cost and the difficulty of programming the robot.  

 

Figure 10: “Pick and place” robot 

5.3 Wrapping Design 
Wrapping the assembly in insulation paper is step 8 of the assembly process. We are looking to 

automate this step using the wrapping machine design shown below (Figures 11 & 12). 

  

Figure 11: Wrapping Design 

 

Figure 12: Wrapping Design 
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The capacitor will be loaded into the clamps with the insulation paper attached to the front (Figure 

11). The arms will then spin 1.5 revolutions in the clockwise direction using the tension from the 

tape as well as the red pressure plate to ensure that the insulation paper is wrapped tightly. After 

the arms spin for 1.5 revolutions, they will then continue to move toward the tape roll while 

continuing to spin for another 1.5 revolutions in order to get rid of the excess tape that would 

otherwise be in between the tape roll and capacitor. Once the arms get close enough to the tape 

roll, they will then move backwards cutting the tape on a blade behind the roll. The newly wrapped 

capacitor assembly will then be ready to be unloaded and reset. 

5.4 Dimensional Check 1 
One requirement of the project is to develop a way to check all three dimensions at once. To do 

this, a functional gauge has been created (Figure 13). 

 

Figure 13: Gauge block with cutout of the capacitor dimensions 

 

The way the gauge works is that it has a cut-out of the maximum allowed dimensions of the 

finished part, which are 4.25” x 1.38” x 2.60” (Figure 14). If the part is able to slide into the gauge, 

it passes the dimension check. If the part does not slide into the gauge, the part is too large and 

therefore it fails.  
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Figure 14: Capacitor sliding into gauge block  

By creating this gauge, the overall process will speed up. The current method is the check each 

dimension one at a time using a caliper, which can be time consuming. This design is functional, 

easy to machine, and will make the dimension check more efficient. 

5.5 Dimensional Check 2 
An alternate gauge design was also created to compare with the first design. The second gauge 

design aimed to have more access to the capacitor assembly when checking the dimensions and is 

shown below (Figure 15). 

 

Figure 15: Gauge block without capacitor 

 

This gauge works by laying the finished assembly on the side with the largest surface area and 

sliding it into the front gateway of the design which is 4.25” wide and pushing it to the back of the 

gauge. The capacitor is then pushed through the top doorway in order to check its height and width, 

which are supposed to be 1.38” and 2.60” respectively. This process is illustrated in the pictures 

below (Figure 16). 
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Figure 16: Dimension check process for second gauge block design  

This design was created with the intention of improving the speed of the dimension check by using 

a quicker and more efficient process. With this design, the assembly does not have to be pushed 

out unless it is the wrong dimensions. If the assembly gets stuck in the gauge, the cutout on the 

bottom should aid in quickly removing the part. Otherwise, the assembly is pushed in two 

directions with the latter removing it from the gauge. The base was designed to be flat and wide 

so that it can bolted down onto a table for added stability, but the part is also small enough (8.25” 

x 6.60”) to be easily transported around the shop. 

5.6 Dimensional Check Decision Matrix 
A decision matrix (Table 1) was created in order to decide which dimensional check to use.  

 

Table 1: Decision Matrix 

As seen in the matrix, Design 1 scored the highest. This was due to its high scores in the cost and 

manufacturability categories. If later on, the team has issues with design 1, design 2 will be used. 

The two designs scored relatively close to each other, so they both are good options.  
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6. Gantt Chart and Project Planning 

A Gantt Chart (Figure 17) was created to lay out the different tasks needed to complete this design 

project and the amount of time each task will take. The chart only extends to the end of this 

semester, and will be re-evaluated in December once there is a better idea of how far along the 

team is. The prototype designs have been completed, and now the next step is ordering material 

and building the prototypes. The goal is to have to prototypes finished by mid-February.   

 

Figure 17: Gantt Chart 

This will allow plenty of time for mistakes and errors. The team will be able to brainstorm and 

redesign any prototypes, if needed, before the final deadline in April.  

 

7. Conclusion 

The purpose of this project is to develop an automated system that will make the assembling of 

capacitors of faster and more economical. If an automated capacitor assembling system is 

developed, this will increase the overall production of the company at a reduced time and rate. The 

team had the options of choosing between fully automated assembly design or semi-automated 

assembly design, but the team has decided to go with the semi-automated design. This will require 

the help of an operator along the assembly line process; however, the added automated steps will 

still improve the assembly time by 50%.  
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Part of the assembly steps that will be automated is the cutting and placing of the tape between 

each capacitor, wrapping of 8.31” insulation material around the assembled capacitor and the one 

time dimensional check of the capacitor. The current design idea is to develop a rolling mechanism 

that would roll the double sided tape over the top of the three capacitors at once, a functional gauge 

that will guide the operator by maintaining the dimension of the capacitors while stacking them, a 

mechanism to quickly wrap the insulation paper around the capacitor stack, and also a final 

dimensional gauge with a cut-out section of maximum allowance for a one time dimensional check 

of the assembled product. 

Team 6 planned to send the CAD designs to the machine shop to have the fabricated prototype 

ready before the end of January 2017 to test each automated steps and determine the time it will 

take each step to be completed and make necessary modifications where applicable as the main 

goal of this project is to reduce the assembly time of the capacitors. After successfully testing the 

automated steps, the team plans on coming up with automation of other assembly steps. 
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