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Experiment 2: Compression Molding 
 
Objectives:  
 
· Observe and interpret force transients in constant rate compaction of 2 plies 

of sheet molding compound (SMC) down to 1/8" under non-isothermal 
conditions over a range of closing speeds(2"/min to 10"/min) and platen 
temperatures(3000F – 3200 F)  

 
· Observe and interpret temperature transients at different 

locations during compression molding of 4 plies of SMC for a 
1/4" thick plaque varying platen temperature (3000 F - 3200 F).   

 
 
Background: 

Compression molding is a technique used to form thermoplastic and 
thermoset materials into simple geometric shapes by placing a mold on a 
heated platen.  The material is then placed in the mold.  Thermoset 
materials may start to cure as soon as they are exposed to heat resulting 
in no heat up time before compression.  The next step is to compress the 
material in between the heated platens.  For thermoset materials, the 
material is heated a sufficient amount of time for the material to solidify or 
cure.  The platens are then opened and the sample removed.  Our 
thermoset material comes in the form of layers of sheet molding 
compound. 

 
 
Experimental Guide: 
 

The compression molding lab is broken up into two sections.  In the first, 
you will observe how adjusting the platen temperature, closing speed, and 
pressure effects the force transients generated as the samples cure.  In 
order to do this, you will have to make a total of nine different runs.  You 
will have to adjust the variables according to the following ranges: 
�� Temperature: 300-320oF 
�� Closing Rate: 2-10 inches per minute 
�� Pressure:  2-20 tons 
You will adjust each variable three times while keeping the other two 
variables constant (for example, make three runs with the platen 
temperature at 300oF, 310oF and 320oF with the closing rate at 10 inches 
per minute and the pressure at 20 tons). 

 
 

For the second section, you will make three runs at different platen 
temperatures in order to observe the temperature transients inside the 
SMC samples as it cures.  
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Materials 

A thermosetting sheet molding compound containing an unsaturated 
polyester resin with 28 wt. percent chopped glass fibers.  
 

 
Equipment: 

Wabash hydraulic press 
Omega (type “J”) thermocouples 
Brabender chart recorder 
Computer with HPVee software for data acquisition 

 
Operation of the Compression Molder: 

Machine Set-up 
1. Pull out the green "power" button on the front panel.  A light 

within the button will signify that the power is on.  The press 
force will then display on the Newport controller, which is in the 
upper left corner of the front panel. 

2. Pull out the orange "heat" button on the front.  A light within the 
button will signify the heat controller is on.  The platen 
temperatures will be displayed on the two "West 2800" 
temperature controllers on the front right side of the machine.  

3. To set temperatures, push the FUNC button on the controller 
once (an “SP” will appear) and adjust with the up and down 
arrows to the proper set point.  Press FUNC again when the set 
point is at the desired value (the “SP” will disappear). 

4. Adjust the pressure settings.  Use the "manual pressure 
adjustment" knob to change the maximum force delivered to the 
press. This may be set between 2 and 20 tons.  Slide the lever 
under the knob to the left to free the knob and to the right to lock 
it.  See calibration chart on the side of the machine. 

5. Adjust the platen closing speed by using the knob underneath 
the row of buttons (see equipment diagram for location).  The 
calibration curve is located on the side housing of the machine. 

6. Make sure that the press is set to “manual” operation (should be 
a switch on the front of the machine).  The manual setting 
indicates that the opening, closing (after the slow down point is 
reached), and the time taken while the press is kept closed (i.e. 
the cure time) must be manually performed.  The cure time for 
any SMC sample should be between 2 and 5 minutes, 
depending on the temperature used. 
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  Pressure/force calibration procedure: 

1. Turn on the computer 
2. Double click the “Pressure” icon on the desktop and a folder will open. 
3. Double click on the “Volt Program” file (the one with the HP VEE program 

extention).  This will open the pressure/force monitoring program. 
4. Click the “play” button on the computer screen to start recording data. 
5. Close the platens by pressing the two green “clamp close” buttons on the press.   
6. Once the platens close, the voltage readings on the computer will start to change 

and you will see a yellow line go across the screen. 
7. Adjust the pressure settings on the Wabash press by using the “manual pressure 

adjustment” knob on the front of the press. As the pressure is increased, the 
voltage readings on the computer will increase, the yellow line will show an 
upward slope before stabilizing at a higher value. 

8. Once the yellow line stabilizes, record the voltage displayed in the “Comp. 
Molder Voltage” window. 

9. Repeat steps 7-8 for each pressure.  Test and record the voltages for the 
following pressures: 2, 4, 6, 8, 10, 15, 20, 25, 30, 35, 40, 45, and 50 tons. 

10. Plot the voltages versus pressure.  
 

 
Force/Pressure objective 

1. Turn on the computer 
2. Double click the “Pressure” icon on the desktop and a folder will open. 
3. Double click on the “Volt Program” file (the one with the HP VEE 

program extension).  This will open the pressure/force monitoring 
program. 

4. Adjust the pressure and temperature settings to the appropriate 
values for each run. 

5. Request samples from the TA and stack two plies of the sample to create 
a 1/8" thick plaque.  

6. Place a steel plate on the lower platen, then a sheet of aluminum foil, then 
a Teflon sheet over this, and then the 1/8" thick mold.   

7. Put the plaque down on top of the Teflon sheeting and make sure there is 
another sheet of aluminum foil and Teflon ready to be placed in the press. 

8. Position the stack on the lower platen directly in the middle of the mold.   
9. Cover the stack with a large piece of Teflon, and then the aluminum foil on 

top of that.  (Important: The sheets are needed so the sample doe s 
not cure and stick to the platens).  This step must be done fast, as the 
SMC stack will begin to cure as soon as it is placed within the press. 

10. Before beginning the test, record the following information on a separate 
sheet of paper: 

a) Name 
b) Sample I.D. 
c) Run # 
d) Platen temperatures 
e) Pressure settings 
f) Initial size of the sample 
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11. Click the "play" button on the computer. 
12. Press the green "clamp close" buttons on the front of the machine, 

simultaneously, to close the press.  The press will close rapidly until it 
reaches the slowdown point set in Machine Set-up, step 6.  At this point, 
the press slows to closing speed set in Machine Set-up, step 5 and the 
orange "clamp sealed" light will come on.  After slowdown, release the 
green buttons. 

13. Watch the pressure/force readout closely.  Make sure to keep the platens 
pressed between two to five minutes in order to cure the SMC sample.  As 
soon as the platens are closed and the maximum force is reached, click 
the "stop" button on the computer.  After five minutes, the SMC sample 
should be cured and can be removed from the press.  

14.  The computer creates a text file for the pressure data inside the pressure 
folder.  You will be able to tell which one is your data by looking at the 
date and time (the most recent one will be your data).  Once a run is 
complete, the created file must be renamed (to whatever desired) and 
then saved to floppy disk (the a:/ drive).  This has to be done, since the 
computer will overwrite the files once a new run is started. 

15. You will also need to figure out how many data points a second are taken 
via the computer.  This has to be done by using a stopwatch; While a run 
is being performed, start the stopwatch at a given pressure, and then a 
certain time later (e.g. one minute), another pressure reading was taken 
and the stopwatch stopped.  Accessing the data (text) file in a 
spreadsheet, the inital and final pressures should be found, and the 
number of data points between them should be determined.  Dividing the 
total number of data points by the total time will give the number of 
pressure readings per second.  This should be done at least three times, 
and the final values averaged.  

16. Press the yellow "clamp open" button to open the platens and end the run. 
17. Record all the following information at the end of the test: 

a) Closing rate 
b) Platen height gap 
c) Height between the platens during the cool down 
d) Final settings 
e) Final size of the sample 
f) Final pressure. 

18. To cool the platens, change the temperature set points to room 
temperature and pull out the blue "water button" on the front of the press 
(this should be done only at the end of the laboratory period, unless 
otherwise instructed). 

19.Once platens are cooled to below 100oF, the machine can safely be shut 
down. 
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Temperature Objective 
1. Request samples from TA and stack four plies of this charge for a 1/4" 

thick plaque. 
2. Preparing the Temperature Probes (this is done for the 1/4”, 4 SMC ply 

plaque): 
a) Using the red and white Omega (type “J”) thermocouple wire, 

cut strips long enough to reach the platen from the computer.  
(approx. 4 feet)   

b) Strip one end of the wires to get two bare leads 
c) Twist the wires together and wrap a small piece of aluminum foil 

around them.  The aluminum foil will decrease the possibility of 
the thermocouples breaking during pressing.  The twisted end 
should be put into the SMC samples.  The other end (non-
twisted), if not already hooked up, should be attached to an 
adaptor plug which will be connected to another plug (with wires 
attached) that is connected to the computer.   

3. Set-up the computer 
a) Turn on the computer  
b) Open up the folder “Program Files”, and click on the lower of the 

two “HPVee” program files.  This should open up a program file 
that shows a box for each of the thermocouple readings, labeled 
“TC1”, “TC2” and “TC3”, as well as two graphs, one for the 
compression molding experiment, and the other for the SRIM.  
These labels should also be seen on each of the thermocouple 
hookup wires running from the computer.  (Note: Do not worry if 
the initial thermocouple readings are very high at first;  As soon 
as the hookups are in place and the run begins, the readings 
should be normal (starting around room temperature).  If this 
does not occur, or if any other error occurs, make sure that the 
thermocouples are properly connected, and consult the TA.)  

c) Attach the thermocouple adapter plugs. 
d) Place each thermocouple within each stack (so that there is a 

thermocouple between plies 1-2, 2-3, and 3-4).  Stagger the 
placement of the thermocouples, so that there is less of a 
chance of them touching when the plies are pressed (which will 
reduce the chance of the thermocouples shorting out). Once a 
run has started, the computer creates a text file in the “Program 
Files” folder for each of the thermocouples.  Once a run is 
complete, the created files must be renamed (to whatever 
desired) and then saved to floppy disk (the a:/ drive).  This has 
to be done, since the computer will overwrite the files once a 
new run is started. 

e) You will also need to figure out how many data points a second 
are taken via the computer.  This has to be done by using a 
stopwatch; While a run is being performed, start the stopwatch 
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at a given temperature, and then a certain time later (e.g. one 
minute), another temperature was taken and the stopwatch 
stopped.  Accessing the data (text) file in a spreadsheet, the 
inital and final temperatures should be found, and the number of 
data points between them should be determined.  Dividing the 
total number of data points by the total time will give the number 
of temperature readings per second.  This should be done at 
least three times, and the final values averaged.  

3. Place a steel plate on the lower platen, then a sheet of aluminum foil, 
then a Teflon sheet over this, and then the 1/4" thick mold.   

4. Put the plaque down on top of the Teflon sheeting and make sure 
there is another sheet of aluminum foil and Teflon ready to be placed 
in the press. 

5. Position the stack on the lower platen directly in the middle of the mold. 
6. Cover the stack with a large piece of Teflon, and then the aluminum foil 

on top of that.  (Important: The sheets are needed so the sample 
does not cure and stick to the platens).  This step must be done 
fast, as the SMC stack will begin to cure as soon as it is placed within 
the press. 

7. Before starting the test, note the following information down: 
a) Name 
b) Sample I.D. 
c) Run # 
d) Platen temperatures 
e) Pressure settings 
f) Initial size of the sample 
g) The closing rate 
h) Platen height gap 

8. Start the temperature recorder by pressing the “play” button on the 
computer. 

9. Press the green "clamp close" buttons on the front of the machine, 
simultaneously, to close the press.  The press will close rapidly until it 
reaches the slowdown point set in Machine Set-up, step 6.  At this 
point, the press slows to closing speed set in Machine Set-up, step 5 
and the orange "clamp sealed" light should come on.  After slowdown, 
release the green buttons. 

10. Wait until the maximum temperature has been reached and there is a 
noticeable decrease in the overall temperature of the plaque while 
being pressed.  At this time, the SMC sample should be cured and can 
be removed from the press.  

11. Press the yellow "clamp open" button to open the platens and end the 
run. 

12. Remove the sample, disconnect the temperature probes and press the 
“stop” button on the “HPVee” program (if necessary).  Don’t forget to 
save the files (labeled “Compress1”, “Compress2” and “Compress3”) 
to a floppy disk.  
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13. Record all the following information on a separate sheet of paper: 
a) Height between the platens during the cool down 
b) Final settings 
c) Final size of the sample 
d) Final pressure. 

14. To cool the platens, change the temperature setpoints to room 
temperature and pull out the blue "water button" on the front of the 
press (this should be done only at the end of the laboratory period, 
unless otherwise instructed). 

 
Notes: 

· Wear insulated gloves (for working with the press) 
· Wear vinyl gloves when working with the unpressed/uncured 

SMC 
 

Theory and analysis: 
Interpretation of temperature profiles 

What is the effect of closing rate and platen temperature on the 
pressure and temperature transients?  If you have completed 
Experiment 1, try to relate these observations to the kinetic data 
and exotherm determined from that laboratory.  
 

 
Analysis of force transients 

Plot log [F/(-dh/dt)] vs. log h  
 

Where: 
F = Force 
h = Platen height 
dh/dt = closing rate 

 
for various closing rates and platen temperatures. 

  
See Castro and Tomlinson's paper for a discussion of the effect of 
preheating and closing rate on the closing force for compression of 
SMC. 

 
Discussion Questions 

Besides the questions mentioned above: 
1. What defects or problems did you see with the final SMC molded 

samples when any parameters are varied?  What variable do you think 
makes the most difference in whether a molded sample is “good” or 
not?  Why? 

2. Should the samples be preheated, as discussed in the Castro paper?  
Why or why not? 

3. What can be said about the plots from the force transient analysis?  
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What effects do changes in closing rate, temperature, and maximum 
force have on the plots?  Does a proportional increase/decrease in a 
variable have a proportional effect on the values on the plots?  For 
example, does doubling the closing speed increase the plot values 
two-fold? Why or why not? 

4. What are the effects of varying the platen temperature on the curing 
time for SMC samples?  Does the trend(s) seem linear, exponential, 
logarithmic, or a combination?  Does this follow what you intuitively 
expect, as well as anything found in literature? Why or why not? 
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