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*Before starting, please read entire manual 
*Changes can be made in order for this manual to work for you 

 

3” x 6” I-Beam 
Follow all applicable sections of the attached Manufacturing Plan. 

Objectives: 

 Understand ply orientation  

 Understand and demonstrate tool preparation  

 Demonstrate pre-preg lamination 

 Demonstrate temporary and permanent vacuum bagging 

 Assemble the 3x6 I-Beam 

 

Assignment:  

Students must understand and demonstrate the proper procedures for manufacturing 

an advanced composite I-beam. These procedures include understanding ply 

orientation, tool preparation, pre-staging the work area, pre-preg lamination, 

temporary and permanent vacuum bagging, trimming the part, and assembly. Students 

must demonstrate these procedures successfully and completely. Follow the 

procedures and manufacturing plan. (See Figure 1 & 2, and the manufacturing plan on 

page 10.) 

Planning 

1. Keep the area that you are going to be working in clean. (It is recommended to 

work in a clean room.) 

2. Know the materials that you are going to be working with and locate the 

Material Safety Data Sheet if necessary. 

3. Always wear your PPE (Personal Protective Equipment) when working in the 

composite shop. 

4. Pre-preg materials should be stored in a freezer in a sealed bag to prevent 

moisture contamination but needs to be at room temperature for lay-up. Pre-

prepped kits can be thawed in 10 minutes and big rolls may take up to 6 hours. 

(It is recommended to thaw materials before the project is started.) 
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Tool Prep 

1. Obtain a tool kit and verify the tool number/description. 

2. Once you have obtained your tool kit, use a Scotch Brite® Pad and M.E.K. or 

Acetone to clean any debris from a previous lay-up or for general cleaning. 

(Depending on the amount of debris on the tool you may need to use a disk 

sander to remove the debris.) 

3. Use a Class A Wiper and M.E.K. or Acetone to remove the dust and debris from 

the tool once it has been scrubbed with a Scotch Brite® Pad. Always put the 

cleaning solvent on the wiper first and not the tool. 

4. Tape around the perimeter of your tool with masking tape. This area is where 

your sealant tape will be applied. 

Applying Frekote® 

1. Use a Class A Wiper to apply 3 layers of Frekote® Mold Release. Always put the 

Frekote® on the wiper first alternating directions when applying. (Top to 

bottom, left to right, top to bottom. Avoid wiping over the same area that was 

applied until the area has evaporated.) 

2. Allow 5-10 minutes between each coat for solvent evaporation.  

3. The dry time and coat number should be documented on the manufacturing 

plan. 

Pre-Staging Work Area 

1. Remove the masking tape from the perimeter of your tool. You should be able to 

see a haze on the tool where the mold release was applied. 

2. Apply the vacuum bagging sealant tape around the perimeter of your tool. (Area 

where the masking tape was applied.) When encountering corners with the 

sealant tape, simply tear the backing of the sealant tape and work it around the 

corners. Once you have reached the other end lift the backing up at least the 

width of the sealant tape and apply. The sealant tape should be over lapping 

each other and the backing paper should be left on. 
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3. The required vacuum bagging materials: 

a. Nylon vacuum bagging film should 

extend at least 30 percent more past 

the sealant tape. 

b. The edge breather (breather cloth 

strips) should be cut at least 1”-2” wide 

and placed along the edge inside 

perimeter of the sealant tape.  

c. The breather cloth must extend to the 

inside perimeter of the sealant over the 

edge breather.  

d. The solid parting film must be extend 

at least ¾” onto the edge breather.  

e. Nylon peel ply (bleeder cloth) should 

extend to the outside edge of the edge breather. 

f. Non-perforated parting film should extend at least a ¼” onto the edge 

breather. 

g. Probe pads (breather cloth) should be the size of a probe base, 

approximately 2 ½” x 2 ½”.  

h. The vacuum hose, probes, and gauge should be in arms reach. 

4. The part being manufactured must include a ply table. (See ply tables on page 11 

“Figure 2”) 

5. The plies in this kit have been pre-cut to size and labeled.  

6. Put the plies in order with Ply 1 being on top and Ply 10 being on the bottom. 

7. Verify that the plies and ply numbers match accordingly to the ply table. (Ply 1 

will be on the tool side; the last ply will be on the bag side.  

8. Verify that your vacuum source is working properly.  
Tips 

1. Be sure to have all materials in order before you start the lay-up. 

2. Have all bagging materials, vacuum hose, probes, gauge, and other supplies in arms reach. 

3. Do a dry run to get a feel for how the lay-up will occur. 

 

Lay-Up Part One – 5” x 7” Channels (See ply table on page 11 “Figure 2”) 

Material must be thawed to room temperature prior to lay-up. 

1. Verify that your tool is clean of debris and dust.  

2. Verify Ply 1 and locate it on the center of the tool leaving the backing on to avoid 

contact with the material. Using your hands or a solid sweep, remove the air 

bubbles starting from the middle to the outside. (The material may not stay in 

place due to the mold release. Temporary bagging or a heat gun on low heat 

may be used to help the material stay in place.) 

☐ Nylon Vacuum Bagging Film  

☐ Edge Breather  

☐ Breather Cloth 

☐ Solid Parting Film (Non-Perf) 

☐ Nylon Peel Ply (Bleeder) 

☐ Perforated Parting Film  

☐ Pressure Plate (Optional) 

☐ Probe Pads 

☐ Vacuum Hose (1) 

☐ Vacuum Probes (2) 

☐ Vacuum Gauge (1) 
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(A TEMPORARY BAG MUST BE APPLIED. SEE TEMPORARY BAG SECTION) 

3. Remove the backing on Ply 1 and place Ply 2 on top. Follow the same procedure 

when applying Ply 1 and remove the air bubbles starting from the middle to the 

outside with your hands or a solid sweep. 

4. Remove the backing on Ply 2 and place Ply 3 on top. 

5. Continue with the lay-up and follow the procedures for all the plies. 

6. Once you have reached the final ply do not remove the backing. This will 

minimize the contamination on your part. Leave the backing on the ply until you 

are ready to assemble the two channels together. 

7. Follow the same procedures that were applied on the first channel and 

manufacture the second channel.  

8. Remove the backing from the last ply on both channels.  

9. Locate both channels back to back forming a capital I. (It is recommended to use 

c-clamps when forming the I.) 

10. Verify that all backings have been removed. 
Tips 

1. Remember to remove the backing from all plies before placing the next ply.  
2. Keep track of the backing once they have been removed. This will help in verifying that all 

the backings have been removed.  
 

Temporary Bagging 

1. Temporary vacuum is necessary when laying up a part with contours, radiuses, 

and honeycomb core.  

2. Always temporary bag the following:  

a. The first ply laid on the tool 

b. The last ply laid on the part 

c. All adhesive plies 

d. All honeycomb and cured details 

e. All filler plies 

f. Any ply with contours or sharp radiuses.  

3. When temporary bagging a part you will need the following 

a. Perforated parting film 

b. Breather cloth or fiberglass 7781 

c. Nylon vacuum bagging film 

d. One vacuum probe 

e. One vacuum hose 

4. Locate the perforated parting film over the part making sure that it contacts all 

exposed areas of the part and it extends at least a minimum of two inches beyond 

the largest ply.  
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5. Locate the breather cloth or fiberglass 7781 over the perforated parting film and 

extending at least an inch to a quarter inch away from the edge of the sealant 

tape. 

6. Locate the vacuum probe base on the breather cloth in one corner.  

7. Locate the nylon bagging film over part and tool. You will need to add pleats to 

the vacuum bag in order to get full compaction of the material.  

8. ***See “Creating a Pleat” in the Permanent Vacuum Bagging section to 

create a pleat. *** 

9. Once you have created your pleat, apply the vacuum probe top to the base and 

apply the vacuum hose.  

10. Repeat the process of temporary bagging as necessary. 

 

Creating the “Noodle” – 5” x 7” Channels Continued  

A “Noodle” is a void filler used to fill the void where the two channels radius meets. 

1. To fill the void you will need to use strips of unidirectional graphite starting 

with the thinnest strip at the bottom of the void and as you add plies you will 

need to increase the width of the material until you successful filled the void to 

level with the surface.  

2. These voids will need to be filled on both sides of the channel. Repeat the 

process on the opposite side of the channel after you have added the base (See 

“Lay-up Part Two – 3 1/8” x 7” Base and Cap) and continue with the lay-up. 

3. A temporary vacuum bag will need to be applied when creating the noodle. The 

temporary vacuum bag will compress the material more into the void. 

Lay-Up Part Two – 3 1/8” x 7” Base and Cap (See ply table on page 11.) 

Material must be thawed to room temperature prior to lay-up. 

1. Now that your channels have been successfully laid up it will need a base and a 

cap.  

2. Start on either side of the I-beam. Locate Ply 1 for your base on one side of the 

channel. Using your hand or a solid sweep, remove the air bubbles starting from 

the middle to the outside.  

3. Remove the backing on Ply 1 and place Ply 2 on top. Follow the same procedure 

when applying Ply 1 and remove the air bubbles starting from the middle to the 

outside with your hand or a solid sweep. 

4. Remove the backing on Ply 2 and place Ply 3 on top. 

5. Continue with the lay-up and follow the procedures for all the plies. 

6. Once you have reached the final ply remove the backing and locate the channel 

with base down and on the center of your tool.  
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7. Repeat the process and lay-up the cap. The base must remain on the tool side 

surface.  

8. Verify that all ply backings have been removed from the material. 
Tip: Do not forget to temporary bag the first ply and every five plies after that. 

 

Permanent Vacuum Bagging  

1. Verify that the backing on the final ply is removed. 

2. Place the perforated parting film on the part (must contact all exposed areas of 

the part) and verify that it extends onto the edge breather at least ¼” of an inch. 

Remove any wrinkles in the parting film. 

3. Place the nylon peel ply (bleeder cloth) over the perforated parting film. This 

bleeder cloth must extend to the outer edge of the edge breather. 

4. Place the solid parting film (non-perforated parting film) over the nylon peel 

ply. The solid parting film should extend at least ¾” onto the edge breather.   

5. (Optional) – A pressure plate may be placed over the top of the solid parting film 

for a smooth bag side surface. 

6. Place the breather cloth over the solid parting film and verify that it reaches the 

inside perimeter of the sealant tape.  

7. Place the probe pads on opposite corners of the tool on top of the breather. 

(Make sure it is not touching the part.)  

8. Remove the probe bases from the probe tops and place the probe bases on each 

of the probe pads. 

(Creating a Pleat) 

9. Your sealant tape should already be placed on your tool.  

10. Cut a separate piece of sealant tape that is 2x the height of your pleat, plus extra 

on each end. The extra sealant tape will be used to adhere the cut strip to the 

sealant tape on the flange. The height of the pleat should measure at least half 

the height of the mold.  Leave the protective paper on. 

11. Lay the cut piece of sealant tape, protective paper side down, in the determined 

location.  

12. Take the cut vacuum bagging film and lay it on top of the cut piece of sealant 

tape. Press firmly to create a solid bond. Make sure no creases or wrinkles have 

formed. 

13. Once the vacuum bagging film has been adhered to the cut piece of sealant tape, 

remove the protective paper.   

14.  Take your finger and place it on the underside and in the center of the cut piece 

of sealant tape. This will become the top of the pleat.  
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15. Using your free hand, pinch the sealant tape over your finger, creating a small 

point. Make sure they create a solid seal. 

16. Now, begin pressing the two ends of the cut piece of tape together. Firmly press 

to create a strong bond.  

17. Once the pleat is the desired height, as previously determined, stop pressing the 

two ends together. Press firmly to create a bond. Once completed, the tape will 

stand tall. The excess tape on either side will be used to adhere the cut piece to 

the sealant tape already attached to the flange. 

18.  After all pleats are created, it is time to attach the vacuum bagging film to the 

sealant tape on the flange. Drape the bagging film over the entire part. 

19. Starting at a corner of the mold, peel the protective paper from the sealant tape. 

Press the edge of the bag onto the sealant tape while pulling the bag taut enough 

to avoid wrinkles. At first, press with light pressure until the whole part is 

enclosed to insure no wrinkles have formed. If a wrinkle has formed, peel back 

the vacuum bagging film, pull taut and replace. 

20. To attach the pleat, pull the protective paper just past the pleat. Press one side 

of the pleat to the sealant tape of the flange. Make sure the two pieces line up 

and that they are firmly pressed together. 

21. Make sure the two pieces line up and they are firmly pressed together. 

22. Do the same on the opposite side of the pleat.  

23. Once the whole part is enclosed, make sure no wrinkles have been formed. 

Press firmly along the sealant tape to complete the seal. 

24. To apply the probe tops to the probe bases you will need to cut two slits in the 

vacuum bag. These slits are located right at the hole of the probe base. (It is 

recommend to make an X or cross the slits so the probe top can be connected 

without force.  

25. Once the probe top is in the slit it will need to be tightened with a quarter turn. 

(Do not over tighten the probe top as it could stretch the vacuum bag and cause 

a leak.) 

26. Only attach one probe top first.  

27. Attach your vacuum hose and verify that you are pulling vacuum and adjust 

pleats as necessary.  

28. Attach a vacuum gauge. 

Tips 

1. Use a bagging sweep to sweep over the sealant tape and vacuum bag to ensure that there 

are no leaks.  



 
 

 Rev A1 Pacific Coast Composites | sales@pccomposites.com | 1.888.535.1810 | www.pccomposites.com   © 2017  

 
8 

H
o

w
-to

 M
a

n
u

fa
c

tu
re

 a
 C

o
m

p
o

s
ite

 I-B
e
a
m 

2. Make sure to always use a functional vacuum gauge. Any broken or worn vacuum gauges 

may need give you the correct reading. 

 

Vacuum Bagging Leak Check 

1. A minimum of 22”Hg is required.  

2. At sea level you should be able to pull 29”Hg.  

3. To perform a vacuum bagging leak check you will need to remove the vacuum 

hose from the probe. You should not lose more than 2”Hg in five minutes.  

4. If you are noticing that the vacuum is dropping fairly slow or rapidly apply the 

vacuum hose and use the bagging sweep to sweep over the sealant tape and 

vacuum bag to remove any creases or leaks.  

5. Remove the vacuum hose again to see if there are any leaks left.  

6. If there are no leaks your part is ready to be cured and can be placed in the oven 

staging area.  

7. Your part will need to be marked on the vacuum bag with your Name, Date, 

Project, and Cure Profile.  

 

Cure Profile-Oven Curing 

 All parts will have a cure profile specific to them.  

 The cure for this part will need to be cured at 250°F ±10°F for 90 minutes. 

 That doesn’t mean that you set your oven to 250°F and it will be fine. The ramp 

up and ramp down of a part will affect the part integrity.  

 To find the ramp up rate we will need the Target Temperature (a°) - Ambient 

Temperature (t°) = (e°) ÷ 3° = (r) minutes to ramp up to the target temperature.  

 Once you have reached your target temperature (250°F) you may start the cure 

time or soak time. 

 Once your cure time has been complete you may start ramping down your 

temperature. You will need to ramp down 3 degrees a minute. When you have 

reached 130°F you may remove your part from the oven and debag your part. 

Debagging 

 When debagging your part you will need to remove the vacuum probes. To 

prevent misplacing or throwing away your probe bases cut the vacuum bagging 

film around the vacuum probe and set the probes to the side.  

 Now cut around the inside perimeter of the sealant tape on the vacuum bag.  

Example: Cure at 260°F±10° for 90 minutes. 

260°-68°=192° ÷ 3° = 64 minutes to ramp up to 260°F 
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 Remove the vacuum bag and peel back each layer one by one. (Breather cloth, 

solid parting film, etc.)  

 When removing the part from the tool be aware that there is resin flashing on 

the edges of the part. This resin flashing is very sharp and can cause injury. (To 

avoid injury use masking tape and tape the edges or use sand paper and start 

deburring the edge.) 

 Your part is now ready to be trimmed and sanded.  

 

Trimming and Sanding 

 It is always good to have a final trim template for any composite part. You can 

use a piece of wood, aluminum, and even a piece of paper.  

 The I-Beam must be trimmed down to 3” wide x 6” long.  

 When tracing out your part tape off the area that is going to be traced with 

masking tape. (A color tex pencil can be used to avoid using masking tape.) The 

masking tape helps prevent fiber breakout.  

 You can now start trimming your part using a tile saw or band saw. 

 Once you have trimmed your part you will need to sand the edges and round the 

corners. Use a 150 grit sand paper when sanding your part. When sanding on 

the edges do not sand against the fibers; sand with the fibers. (Sanding against 

the fibers can cause the part to delaminate.) 

Final Assembly (optional) 

The final assembly of the I-beam will consist of manufacturing a sandwich panel and 

bonding the I-beam to the sandwich panel.  
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FIGURE 1: 
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FIGURE 2: 

 



Manufacturing Traveler

Name ________________ Date __________ Project ________________

Objective: ___________________________________________________________________

Tool Prep

Verified

Applying Frekote®

Coat Time Dry Time

1

2

3 Verified

Pre-Staging Work Area

Roll  Serial #: ______________

Roll  #: ______________

Material Type: _________________

Verified

Lay-Up
Resin System ____________________ Mix Ratio ________

Pot Life ________ Resin Weight ________

Cure Time ______________________ Hardener Weight _______

Mix Start Time _________ Total ______

Weight of Fabric _______ Mix Time _________ Verified

Vacuum Bagging 
Vacuum Bag Leak Check  (Min. 22"Hg)

Vacuum Pressure ____

Vacuum Lost within 5 Minutes (no more than 2") ____

Verified

Curing
Cure Temperature ______ Hold cure temperature for ____ minutes

Cure Time ______ Ramp up rate   3°  a minute for __ minutes. Ramp down rate _3°  a minute.

Target Temp  a°   - Ambient Temp  t°    =    e°   ÷    3°   =  r  minutes to ramp up to    a° Verified

Obtain a tool of your choice. Tool #/Description ______________________________________________________________

Once you have obtained your tool use a cleaning solvent and a Scotch Brite Pad to clean any debris. 

Use a Class A Wiper to clean the leftover debris. 

Tape around the perimeter of your tool with masking tape. This area is where your sealant tape will be applied. 

Use a Class A Wiper to apply 3 layers of Frekote® mold release. 
Note: Move the wiper with a steady 

motion alternating from top to bottom 
and left to right after each coat. Avoid 
wiping over the same area that was 

applied until the solvent has 
evaporated.

Allow 5-10 minutes between each coat for solvent evaporation.

Cut and gather the required bagging materials. Nylon Vacuum Bagging Film 

Non-Perf and Perf Parting Film 

Nylon Peel Ply 

Breather Cloth 

Remove the blue masking tape and apply vacuum bagging sealant tape around perimeter. 

Note: Do not remove backing on sealant tape until the final bag. 

Create a ply table for the part being manufactured.

Cut and label plies according to ply chart with the ply number and orentation.

Obtain two vacuum probes, a vacuum gauge, and a vacuum hose.

Verify that your vacuum source is working properly.

Layout the required vacuum bagging materials in the order of operation.

Vacuum Probes, Guage, Hose

Locate the first ply on the tool.

Remove any debris from the plies.

If applicable remove the backing on one side of the material. 

Continue to lay-up the part according to the ply table. 

Verify each ply is laid-up. 

Apply a 1" wide edge breather continuously around the perimeter of the part.

Apply perforated parting film onto part. 

Apply non-perforated parting film over perorated parting film. 

Apply nylon peel ply.

Apply breather cloth and probe pads.

Apply vacuum probes and nylon vacuum bag. Apply vacuum hose and vacuum pressure.

Note: Vacuum can be removed once 
part temperature drops below 135°F.
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Manufacturing Traveler

Cutting and Deburring
Tool/Equipment Used to Cut ______________________

Is the equipment working properly? __________

Verified

Assembly and Seal

Note: When applying the resin use a "Class A" Wiper and wipe the resin onto the part until there are no streaks. 

Verified

Ply # Material Orentation Notes/Sketches Final Verification

Date

Verified

Deburr the edges of the part

Place masking tape over the area needed to be cut (Optional) 

If applicable use a template to trace the part with a sharpie 

Cut the part

Verify the part matches the template

If applicable accuire the parts necessary for assembly

Use a two part epoxy resin system to seal the part where the fibers are exposed

Cure the resin seal for the oppropriate cure time

Assemble the part correctly
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