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1. Introduction 
Among the characteristics of many kinds of materials, physical properties measurement plays an 

important role for product development and quality evaluation. 

The rigid-body pendulum free vibration technique was developed as a physical properties testing 

instrument and has been employed by many users in the field of physical properties analysis of 

various materials. 

 

Many materials change the properties when they change state from liquid to solid. The information 

about the physical property during this curing process is very useful, particularly in handling substrates 

for coating materials such as paint. Since the properties of those materials, which form cured coating 

films, are affected not only by chemical composition, but also by chemical and physical changes during 

the curing process. 

 

The rigid-body pendulum type physical properties testing instrument, RPT-3000W, offers a simple and 

accurate way to measure and evaluate the physical properties of materials, mainly, the change of 

viscoelasticity in the curing process. The RPT-3000W can be employed to evaluate the physical 

properties of composite materials and can be applied in various fields. 
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2. Principles of Measurement 

2-1 Curing process measurement 

For measuring curing properties, generally a rigid-body pendulum equipped with a knife-edge is used. 

A test piece (a substrate coated with the sample) is placed on a heating/cooling block. The pendulum 

is set so that the pendulum edge, which functions as the fulcrum of the swing, comes into contact with 

the test piece vertically.  

With application of an external force by magnetic attraction to the pendulum, the pendulum starts free 

vibration, and both sides of the pendulum edge provide compression and elongation strain to the test 

piece. As a result, the viscoelastic property of the sample creates a vibration period of the pendulum 

swing and the damping action. By measuring the variation of this period of vibration of the pendulum 

and logarithmic damping ratio in the elapsed time, the curing properties of the sample can be obtained. 

In general, the curing process results from the heat. With the RPT-3000W, the temperature of the test 

piece is accurately controlled with a heating/cooling block using liquid nitrogen as a refrigerant in the 

low temperature range and by a heater in the high temperature range. 

The amplitude of the pendulum swing is measured with a non-contact high-resolution displacement 

sensor, so that the external effects on the measurement will be minimized.  

Test conditions, set using a personal computer, are sent to the RPT-3000W controller. Using the 

conditions, the main unit performs a test. The test data, then, is sent from the controller to the personal 

computer for analysis. 

 

2-2 Physical Properties Measurement  

For measuring physical properties, generally a rigid-body pendulum equipped with a cylinder-edge 

(ISO 1522 conformed) is used. Materials measured using this method are coating materials such as 

paints and adhesives (coated on substrates in various shapes) and solid materials such as polymer 

film and plastics.  

The test piece is set on an adequate test block depending on the sample, then placed on the 

heating/cooling block. The measuring procedure is the same as that for curing process measurement. 

The cylinder-edge rolls across the test piece surface due to the swing of the pendulum. The resistance 

between the cylinder-edge and the test piece reduces the swing of the pendulum. From this 

logarithmic damping ratio, viscoelasticity of the sample can be obtained. More practical tests are 

possible by changing materials for the cylinder-edge. 
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3. Calculation 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-1 Pendulum edge and sample 

 

As shown in Fig. 3-1, set the pendulum on the test piece. The knife-edge is immersed in the coated 

sample to reach the substrate. The cylinder-edge is used for solid materials. 

 

Period of vibration “T” and logarithmic damping ratio “   ” are obtained by the following formulas. 

Period of vibration “T” 

T=(Tpx3 – Tpx1)  

Logarithmic damping ratio “   “ 

Tpyav=(Tpy1 + 2   Tpy2 + Tpy3) /4 

Yr     =(Tpy3 - Tpyav) / (Tpy1 - Tpyav) 

         =-In (Yr) 

 

Fig. 3-2 shows the vibration pattern of the pendulum. 

 

 

 

 

 

 

 

 

 

 

Fig. 3-2 Vibration pattern of the pendulum 
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4. Specifications 

4-1 General 

Swing angle Max. 0.573 deg 

Angle resolution 1.74910
-5

 deg 

Swing displacement detection Inductance non-contact type displacement sensor 

Heating system PID SSR ON/OFF 

Cooling system Liquid nitrogen 

Measuring temperature -100 to +300C (+400C) See the note below. 

Temperature setting  Heating 0 to 60C/min 

 Cooling –15 to 0C/min 

Period of vibration 0.001 to 1.000 sec 

Logarithmic damping ratio 0.001 to 2.000  

Measuring interval 6 to 255 sec 

Measuring time 99.9 min  15 = 1498.5 min (with temperature control) 

 9999 min (with no temperature control) 

Note The measuring temperature range is from –100 to +400C. But please note that 

performing a measurement at 400C for an hour or more will cause the heater to 

deteriorate quickly. 

 

4-2 Dimensions and Mass 

Main unit  310 (W)  240 (D)  540 (H) mm, approx. 16 kg 

Controller  405 (W)  350 (D)  135 (H) mm, approx. 13 kg 

Liquid nitrogen cooling device   Cryotrol                

185 (W)  250 (D)  135 (H) mm, approx. 5.7 kg   

100VAC, 50/60 Hz, 40 W        

Liquid nitrogen vessel                           

330 (OD)  570 (H) mm, approx. 5.8 kg, capacity 10 liters, 

evaporation amount 3.8% per day 

Power supply 100VAC, 50/60 Hz, 550 VA 

 

4-3 Options 

Ultraviolet irradiation device, Infrared irradiation device (for special materials and tests)      

Standard samples  

Rigid-body pendulums 

Knife-edges, Cylinder-edges 

Coating tools 

Substrates 
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5. RPT System 
The RPT-3000W consists of the following: 

 Main unit                              
The measuring chamber in which the sensor and magnet are built. 

 Controller                                 

 Liquid nitrogen cooling device          
Consists of a liquid nitrogen vessel (empty) and a controller, Cryotrol. Liquid nitrogen is to be 
supplied by the user at the testing site. 

 Tools                 
Used for pendulum swing. 

 Data processing software MSAT0001EX 
      MSAT0010EX 
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6. Description of Each Part 

6-1 RPT Main unit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6-1 Main unit  

 

 

1. Adjustable feet           
Adjusts the level of the main unit. 

2. Magnet           
Provides the initial displacement to the pendulum. When the MAGNET button is turned 
on, the magnet attracts and releases the pendulum instantaneously to allow the 
pendulum to start vibration. 

3. Magnet position adjustment           
Adjusts the distance between the magnet and pendulum to adjust the pendulum 
amplitude. Turn the adjustment knob in the counterclockwise direction to make the 
distance smaller. Provide an appropriate distance to allow the pendulum to vibrate. 

4. Displacement sensor               
Non-contact type sensor to detect the pendulum displacement. 

5. Displacement sensor position adjustment          
Moves the displacement sensor to adjust the pendulum vibration detection position. Turn 
the adjustment knob in the counterclockwise direction to move the sensor closer to the 
pendulum. 
Be sure to adjust the displacement sensor position each time the pendulum is replaced. 
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6. Heating/cooling block            
Serves as a mount to place a test piece, and heats or cools it. For cooling, a liquid 
nitrogen canal is provided; for heating, a heater is provided. 

7. Stopper                        
Determines the position to attach the heating/cooling block. Insert the heating/cooling 
block until the inserted end touches the stopper. 

8. Heating/cooling block guide              
Guide to attach the heating/cooling block. 

9. Lift arm              
Raises the pendulum to the specified position, and lowers the pendulum and releases it. 

10. Temperature sensor                        
Thermocouple to detect the temperature of the test piece. 

11. Cooling fan          
Cools the air in the main unit and the heating/cooling block 
after measurement. Use the attached cooling fin with the 
fan for quicker and more efficient cooling. 

12. Cooling fan switch                         
Turns on or off the cooling fan. 

13. Rigid-body pendulum          
Detects the change in physical properties of a sample. Various pendulums are available 
as options. Use an appropriate pendulum for the sample or the test purposes. For details, 
see “8-1 Pendulums, Edges, Test Blocks and Coating Tool”. 

14. Liquid nitrogen inlet coupling       
Supplies liquid nitrogen into the main unit. The liquid nitrogen in the vessel is sent to the 
main unit through a Teflon tube connected to the inlet coupling. 

15. Gas purging coupling         
Supplies an inert gas like nitrogen into the main unit. A 4-mm outside diameter tube is 
necessary to connect the inert gas regulator to the coupling. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6-2 Cooling fin 
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6-2 Controller 

 

 

 

 

 

 

 

 

 

 

Fig. 6-3 Controller (Front view) 

 

 

① Power switch (ON)                              
Main power switch to turn on the RPT-3000W. 

② Power switch (OFF)                              
Main power switch to turn off the RPT-3000W. 

③ Over 50C indicator lamp 
Illuminates when the temperature reaches 50C. 
Upon power on, the indicator lamp illuminates for approximately 10 seconds to check the 
condition of the lamp. 
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Fig. 6-4 Controller (Rear view) 

 

 

④ Liquid nitrogen PUMP connector        
100VAC for the Cryotrol 

⑤ CONTROL connector                                      
Connects to the main unit for control signal. 

⑥ EX250 connector                      
Connects to the ultraviolet irradiation device (EX250RM). 

⑦ 100VAC connector        
Connects to an electrical outlet to supply power to the RPT-3000W. 

⑧ USB port 

⑨ RS-232C connector                       
Connects to a personal computer. (Use COM1 on the computer.) 
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6-3 Liquid Nitrogen Cooling Device 

The liquid nitrogen cooling device consists of a liquid nitrogen vessel and a Cryotrol. Liquid nitrogen is 

to be supplied by the user at the testing site. Connect the liquid nitrogen cooling device as shown 

below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6-5 Liquid nitrogen cooling device connection 

 

 

1. Insert the siphon into the liquid nitrogen vessel carefully until the rubber stopper is firmly inserted. 

2. Connect the Teflon tube to the liquid nitrogen inlet coupling located on the right side of the main 
unit. Be sure to use a 300-mm tube.  

3. Connect the siphon and the Cryotrol with a PVC tube. 

4. Connect the Cryotrol connector cable to the Liquid nitrogen PUMP connector located on the rear 
of the controller. 

Caution  Do not open the front door of the main unit at low temperature. Opening it at low 

temperatures causes frost to build up on the main unit. Be sure to return the 

temperature in the main unit to room temperature before opening the front door.  

 

Notes on low temperature measurement 

 Allow 15 minutes to lower the temperature to -50C (20 minutes down to –100C). This time is 

required to prevent moisture from humid air around the test piece from being replaced by 

nitrogen gas and from condensing on the test piece surface, and also to prevent poor 

temperature control due to rapid cooling. 
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 Liquid nitrogen consumption depends on the measuring conditions. Normally, when lowering 

the temperature, from room temperature, down to -100C in 20 minutes, approximately 0.8 

liter of liquid nitrogen is consumed. Then, when holding the temperature at -100C, 

approximately 0.05 liter is used per minute. 

 The ambient conditions also affect the liquid nitrogen consumption. 

 

 

6-4 Notes on Installation 

Install the RPT-3000W on a level surface in an environment where it is not subject to external vibration 

and to the air from an air conditioner. 

 

 

6-5 Installation 

6-5-1 Cable Connection 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 6-6 Cable connection diagram 

 

Note Use a grounding-type electrical outlet as an AC power supply. 

 

 

 



 14 

6-5-2  Assembling the Liquid Nitrogen Cooling Device 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6-7 Liquid nitrogen cooling device assembly  

 

 

Referring the illustration above, assemble the liquid nitrogen cooling device. 

1. Using a PVC tube, connect the siphon and the Cryotrol, indicated as 1 and 2 (Upper). No 
fasteners are required. 

2. Using two wrenches, fasten the fittings indicated at 3, 4 and 5 securely. 

 

6-5-3 Leveling the RPT-3000W main unit 

Confirm the level of the RPT-3000W main unit as follows: 

1. Install the heating/cooling block as described in step 6, “7-2 Measuring Procedure”. 

2. Press lightly on the heating/cooling block with a finger to confirm that the block is completely 
seated on the guide.  

3. Place the bubble sprit level (provided with the PRT-3000W) on the heating/cooling block. 

Note The bubble sprit level is made of plastics. Be sure to use it on the block at room 

temperature. 

4. Use the four adjustable feet to level the main unit. 

 

6-5-4 Filling the liquid nitrogen container with liquid nitrogen 

Fill the liquid nitrogen container with liquid nitrogen. 
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6-5-5 Inserting the siphon into the container 

Insert the siphon into the container, while taking the following precautions. 

 Do not insert the siphon into the liquid container vessel when the portion to be inserted has frost or 
moinsture on it, or the valve in the siphon will not work.  

Wait for the siphon to dry. Or you may dry it using a blow-dryer. In this case, allow the siphon to 
cool down to room temperature before inserting the siphon. 

 Use much care when inserting the siphon. Liquid nitrogen will come out of the siphon’s lower hose 
connection.   

 Do not force the siphon from above to insert. The rubber stopper may be broken. Insert the siphon 
as shown below. 

 

 

 

 

 

  

Fig. 6-8 Siphon rubbe stopper 

 

 Excesss nitrogen will cause the rubber stopper to harden. Remove the excess liquid nitrogen. 

 

6-5-6 Installing the ultraviolet irradiation device (EX250RM) 

Install the ultraviolet irradiation device (option) as follows. 

1. Confirm that the EX250RM power switch is turned off. 

2. Connect a cable specified by A&D to the terminal strip 
on the rear of the EX250RM. 

 

 

 

 

 

Fig. 6-9 EX250RM terminal strip 

3. Connect the other end of the cable to the EX250 
connector on the rear of the RPT-3000W controller. 

4. When the UV software, sold separately, is used, set 
the EX250RM in manual mode. 

 

 

         Fig. 6-10 EX250RM operation panel 

Note  For details on using the EX250RM, refer to the EX250RM instruction manual. 

  The EX250RM lamp, once turned off, can not be turned on again immediately. At  

this time, the POWER LED and LAMP LED are flashing. Wait for 5-10 minutes. 

Then, turn on the power switch and turn on the lamp again. 
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7. Measurement 

7-1 Sample Preparation 

When preparing a sample, take the sample characteristic into consideration. 

1. Clean the substrate with a low residual, quick-dry solvent such as Acetone and dry it. 

2. Apply the sample evenly, for a given width, with the coating tool. 

Caution When coating the substrate, use much care not to apply the sample on the 

substrate bottom and the temperature sensor contact area. 

 

7-2 Measuring Procedure 

1. Confirm that the cables are connected correctly as shown in Fig. 6-6. 

2. Press the Power switch (ON) located on the front of the controller. 

3. Start up the MSAT010 software. 

4. Open the front door of the main unit. 

5. Using the temperature sensor moving arm, raise the temperature sensor. 

6. Aligning the longitudinal groove on the bottom of the heating/cooling block to the heating/cooling 
block guide protrusion, insert the heating/cooling block until it reaches the heater contact spring. 
Insert it further to place the stopper in the lateral groove on the heater bottom. 
Press lightly on the heating/cooling block with a finger to confirm that the block is completely 
seated on the guide. 

7. Place the test piece on the notches provided on top of the heating/cooling block. 

8. Lower the temperature sensor moving arm to allow the temperature sensor to come into contact 
with the sample. Confirm that the temperature sensor surface is in contact uniformly with the 
sample surface. 

9. Confirm that the lift arm is in the raised position. If not, click the Lift up/down button on the display 
to raise the lift arm to the specified position. 

10. Suspend the rigid-body pendulum on the V-notch of the lift arm so that the model name 
impressed on the the pendulum faces to the front (with the displacement sensing  plate, to the 
rear). Use much care that the pendulum edge does not touch the lift arm. 

Caution The pendulum position on the lift arm is critical for outputting the displacement. 

11. Close the front door. 

12. Turn the displacement sensor position adjustment knob so that the center of the swing is 
positioned in the center of the indicater. 

13. Move the magnet with the magnet position adjustment to set the initial displacement. Turning the 
adjustment knob in the clockwise direction will increase the displacement value. 

14. Press the MAGNET button to attract the pendulum. Confirm the center and displacement value of 
the swing.  

15. In the measurement mode, perform a test run to obtain trial data. 

16. Start a measurement. 

17. For low temperature measurement: Prepare the liquid nitrogen cooling device as described in 6-3. 
Allow the temperature to lower to the test start temperature. Then, start a measurement. 

18. The measurement ends. Raise the temperature sensor moving arm. Remove the test piece and 
the pendulum.  
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19. Clean the pendulum edge with solvent immediately. If the sample will not come off, remove the 
edge from the pendulum and immerse it in solvent or use a soft object such as wood. Do not use 
a hard metallic object to remove the sample.  

Using a pendulum edge with residual sample or scratches will result in generating faulty data. If 
the sample is difficult to remove, burn it off. 

20. Quit the MSAT0010 software. Press the Power switch (OFF) located on the front of the controller. 

Note  Do not leave the Power switch ON for five days or more. 

  For details on the MSAT0010 software, refer to the MSAT0010 instruction 

manual. 

 

 

8. Appendices 

8-1 Pendulums, Edges, Test Blocks and Coating Tool 

8-1-1 Rigid-body pendulums 

Gives the moment of inertia appropriate to the detection of the sample’s physical properties. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note Attach the weight only when necessary. Remove it for regular use. 

Fig. 8-1 Pendulums 
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8-1-2 Edges 

 Flat type knife-edges  Generally, used for dry, curing process measurements. 

 

 

 

 

 

 

 

 W-cut knife-edges  Used for dry, curing process measurements, performed on the DSM-030 test 

block. 

 

 

 

 

 

 

 Needle type knife-edge  Used for samples containing large solid particles, on which a flat type or 

W-cut knife-edge does not sit uniformly, or for samples which require great 

stress.  

 

 

 

 

 

 

 Pipe edges  Generally, used for physical properties measurements of solid materials. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8-2 Edges 
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 W-cut pipe edges  Used to measure changes in physical properties of solid materials, which are 

placed on the DSM-030 test block and liquid is poured on them. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8-3 Edges (continued) 

 

8-1-3 Moment of inertia for the combination of a pendulum and an edge 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8-4 Pendulums and weight attaching positions  

 

Rigid-body pendulum: FRB-100 Weight: 1 piece 

Weight 
position 

               Edge type RBE-130 RBE-160 RBP-006 RBP-020 RBP-040 RBP-060 RBP-080 

None Mass (g) 15 15 15 13 13 14 19 

Moment of inertia 640 640 640 610 600 670 490 

100 mm Mass (g) 21 21 21 19 19 20 25 

Moment of inertia 1250 1250 1250 1230 1060 1090 1130 

130 mm Mass (g) 21 21 21 19 19 20 25 

Moment of inertia 1670 1670 1670 1530 1520 1670 1520 

160 mm Mass (g) 21 21 21 19 19 20 25 

Moment of inertia 2130 2130 2130 2010 2010 1880 1980 

Refer to Fig. 8-4 for the weight positions. 
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Rigid-body pendulum: FRB-200 Weight: 2 pieces (1 each on the front and back of the pendulum) 

Weight 
position 

               Edge type RBE-130 RBE-160 RBP-006 RBP-020 RBP-040 RBP-060 RBP-080 

None Mass (g) 47 47 47 45 45 46 50 

Moment of inertia 2400 2400 2400 2200 2300 1900 2000 

1 Mass (g) 58 58 58 56 56 57 61 

Moment of inertia 3400 3400 3400 3200 3300 3300 3400 

6 Mass (g) 58 58 58 56 56 57 61 

Moment of inertia 4000 4000 4000 4100 4100 4000 3800 

12 Mass (g) 58 58 58 56 56 57 61 

Moment of inertia 5000 5000 5000 4900 5000 4500 4500 

Refer to Fig. 8-4 for the weight positions. 

 

 

Rigid-body pendulum: FRB-300 Weight: None 

Weight 
position 

               Edge type RBE-130 RBE-160 RBP-006 RBP-020 RBP-040 RBP-060 RBP-080 

None Mass (g) 54 54 54 52 51 53 57 

Moment of inertia 3600 3600 3600 3100 3000 3100 2700 

 

 

Rigid-body pendulum: FRB-400 Weight: See the weight position column. 

Weight 
position 

               Edge type RBE-130 RBE-160 RBP-006 RBP-020 RBP-040 RBP-060 RBP-080 

None Mass (g) 111 111 111 109 109 110 114 

Moment of inertia 16700 16700 16700 17000 16200 15700 14300 

1 

2 pieces 

Mass (g) 121 121 121 119 109 110 119 

Moment of inertia 18200 18200 18200 17800 18400 17200 17200 

2 

2 pieces 

Mass (g) 121 121 121 119 109 110 119 

Moment of inertia 19600 19600 19600 19100 18800 17900 14300 

6 

2 pieces 

Mass (g) 121 121 121 119 109 110 119 

Moment of inertia 21000 21000 21000 19800 21000 19800 17300 

1 

3 pieces 

Mass (g) 126 126 126     

Moment of inertia 18500 18500 18500     

2 

3 pieces 

Mass (g) 126 126 126     

Moment of inertia 20400 20400 20400     

6 

3 pieces 

Mass (g) 126 126 126     

Moment of inertia 23300 23300 23300     

1 

4 pieces 

Mass (g) 131 131 131     

Moment of inertia 20100 20100 20100     

2 

4 pieces 

Mass (g) 131 131 131     

Moment of inertia 21400 21400 21400     

6 

4 pieces 

Mass (g) 131 131 131     

Moment of inertia 25600 25600 25600     

Refer to Fig. 8-4 for the weight positions. 
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8-1-4 Test blocks 

Blocks to place a test piece and change the sample temperature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8-5 Test blocks 

 

 

 

 

 

 

 

For general use 
Temperature changes available 

For samples with a thickness of 
5 mm or greater 
Temperature changes available 

For general use 
At room temperature only 

For samples with a thickness of 
5 mm or greater 
At room temperature only 
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Used to hold textile or film 
samples securely. 

Used to cool the hot test block 
after measurement 

Used to measure changes in 
physical properties of solid 
materials in liquid. 

Used to measure changes in 
physical properties of a 
cylindrical sample’s surface. 

Used to measure viscoelasticity of various materials such 
as metals, wood and  glass.  
Cylinder edges made of the various materials are to be 
prepared by the user. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8-6 Test blocks (continued) 

 

 

8-1-5 Coating tool 

The coating tool is provided to apply a sample to a small substrate. 

 

Coating tool type Sample thickness 
when set 

PCT-020 20m 

PCT-040 40m 

PCT-060 60m 

PCT-080 80m 

PCT-100 100m 

Coating tools for applying a thickness 

of sample other than shown above are 

available when ordered. 

 

 

 

Fig. 8-7 Coating tool 
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8-2 How to read data 

8-2-1 Curing process measurement 

1. Notes on measurement 

Apply the sample as thick as practical. Select a pendulum with an appropriate moment of inertia to the 

sample material. Generally a pendulum with a knife-edge whose radius is 0.6 mm (RBE-160) is used. 

Replace the knife-edge according to the surface characteristics of the sample. For a sample with a 

thickness of 1 or less, the RBP-006 knife-edge is appropriate. A sharper edge will decrease the 

detecting sensitivity. If the test data has the same period throughout the test, it indicates that the 

moment of inertia of the pendulum is too big. It must be decreased. If the logarithmic damping ratio is 

approximately 1, increase the moment of inertia to obtain better data. 

 

When a larger swing amplitude is applied to the knife-edge during measurement, the knife edge tends 

to detach from the sample as the curing process proceeds. Thus, the swing amplitude must be small 

enough. Further, if the swing amplitude is too large, the sample, when cured, may be peeled off from 

the substrate by the knife-edge. In such a situation, the period of vibration increases while the 

logarithmic damping ratio decreases rapidly.  

 

Many users want an immediate temperature rise right after a measurement starts. This is not practical. 

Setting a holding period before starting to raise the temperature is recommended. About the 

temperature rise rate, the PID setting must be adjusted, as the adjustment function depends on the 

substrate.  

Use the same pendulum for each sample to compare the data quantitatively. 
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2. Curing behavior data 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8-8 Curing behavior curve 

 

Change the temperature as shown in the figure above. In the hold duration of “A”, raise the 

temperature slowly from the room temperature to a temperature that does not affect the curing process. 

At point “B”, the logarithmic damping ratio may not change or increase as shown in the figure. This 

increase is due to the increase of viscosity, which results from an increase in the solid portion of the 

sample as the volatile contents of the sample evaporate. At this time, the period of vibration does not 

change (C). If there is a decrease in the period, it may be due to the crosslinking of the sample 

components. 

 

When the temperature starts to rise, the logarithmic damping ratio starts to decrease. This is due to the 

decrease of viscosity caused by the temperature rise. At this time, the period does not change. In the 

case of a sample containing a material that melts with heat, the logarithmic damping ratio increases as 

shown in “D” as the temperature rises and starts to decrease at a certain point as shown in “E”. During 

this behavior, if the period does not change, the melting point of the particle material of the sample can 

be obtained (point F). 

 

Once the curing and drying process due to the crosslinking starts, the logarithmic damping ratio starts 

to increase (G) while the period starts to decrease (H). If the crosslinking process occurs rapidly, the 

apparent molecular weight increases tremendously due to entanglement. On the contrary, the heat 

tends to release the entanglement. Thus, a difference occurs between the two phenomena. The 

difference is the strain in the curing process.  

 

Chemical crosslinking will soon reach a balanced point and the crosslinking decreases by peeling and 

heating. Thus, the period increases. The entanglement, which is a physical crosslinking, will dissociate 

by heating. Thus, the entanglement will decrease. Because of this, a peak labeled “I” (occurred from 
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the balance between the crosslinking and the releasing force) in the curve appears. If the rate of 

crosslinking increase is adequate and the stress difference between the crosslinking and the releasing 

force reaches zero, the logarithmic damping ratio follows the curve as shown in “J”. The difference 

between “I” and “J” is the magnitude of strain in the curing process. This strain can be experienced, for 

example, as the astringent feeling on the face given by cosmetic products. 

 

The decrease in the period as shown by the curve “H” indicates the curing rate. The “K” and “L” 

portions, where the curing is balanced, correspond to respectively the elastic modulus and viscosity of 

the sample in the crosslinking process. If the sample is composed of multiple curing substances, 

peaks as many as the substances will appear. 

 

When the temperature falls after curing, the point N appears if Tg (Glass transition point: The 

temperature in which the glass transition takes place) exists at temperatures lower than the curing 

temperature. At this area, the period either decreases (M1), increases (M3) or does not change (M2). M1 is 

due to the increase in apparent crosslinking density by density contraction. M3 is due to peeling from the 

substrate by density contraction. Then, when the temperature rises, the period increases (P). This 

corresponds to the dynamic modulus of elasticity of the solidified sample on the substrate. At this time, the 

peak (Q) appears in the logarithmic damping ratio. “Q” indicates Tg. If the temperatures of “N” and “Q” are 

the same, curing process is finished and no effect occurs from the heat generated by the measurement. If 

the temperature of “Q” is higher than that of “N”, curing process proceeds further by the heat. If the 

temperature of “Q” is lower than that of “N”, the sample peels off from the substrate. 

Note For the RPT-3000W, a knife-edge is used. Its contact area on the sample is so 

small that the substrate material will not affect the data. 
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8-2-2 Physical properties measurement 

1. Notes on measurement 

Apply the sample as thick as practical. Select a pendulum with an appropriate moment of inertia to the 

sample surface characteristics such as thickness. Generally a pendulum with a cylinder-edge whose 

radius is 0.2 mm (RBP-020) is used. For a sample with high viscosity, use a pendulum with a smaller 

radius and a greater moment of inertia. If the logarithmic damping ratio is zero, it indicates that the 

pendulum moment of inertia is inadequate. It must be larger. If the logarithmic damping ratio is 

approximately 1, increase the moment of inertia to obtain better data. 

 

The swing amplitude of the pendulum must be a little larger than that for the curing process 

measurement. If the sample surface is very hard and slippery, the pendulum’s position may be shifted. 

Use the lift arm to return the pendulum to the specified position. 

Set the same value as the measurement start temperature for all samples to be compared. Raise or 

lower the temperature slowly from the room temperature up to the start temperature. Then, raise the 

temperature at the specified rate.  

 

Use the same pendulum for each sample to compare the data quantitatively. 

 

 

2. Physical property data 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8-9 Physical properties curve-1 

 

Perform a measurement while changing the temperature continuously. The logarithmic damping ratio 

follows the curve as shown above: starting with the balanced state, increases gradually, then starts to 

decrease at a certain point. The peak point is the glass transition point. (Glass transition point, Tg: The 

temperature in which the glass transition takes place. Glass transition is a change in the material from 

a hard glass-like condition to a soft and rubbery one. Tg is not the second order transition point.) 
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Take a look at this phenomenon using a single structural material as an example. As the heat energy 

increases, the material structure starts to move and the viscosity starts to change (A in the curve). 

Accordingly there is a change in the logarithmic damping ratio. When the heat energy increases, or the 

temperature rises (B in the curve), the material structure continues to move and the logarithmic 

damping ratio increases. When the whole part of the structure moves, the viscosity decrease due to 

the heat as indicated by the following equation and the logarithmic damping ratio decreases. Thus, the 

peak “D” appears.  

=klne
/t 

 

As the temperature rises further, the viscosity decreases to reach the minimum value. This state is 

maintained until the decomposing temperature is reached. Thus, the logarithmic damping ratio is 

balanced as shown in “E”. If the sample is composed of multiple curing substances, peaks as many as 

the substances will appear according to the glass transition point of each substance, as shown in 

points “F1”, “F2” and “F3”. 

 

 

 

 

 

 

 

 

 

Fig. 8-10 Physical properties curve-2 

 

The peaks indicate the crosslinking state of the curing substances. The wider the crosslinking 

disperses, the greater the peak width is. The crosslinking state is closely related to the logarithmic 

damping ratio. If the crosslinking volume is large, the network becomes finer and the viscosity 

increases to stop the vibration. As a result, the logarithmic damping ratio increases. 

 

If the main chain structure is rigid, movement by the heat hardly occurs and the viscosity changes at a 

high temperature. Thus, from the temperature, at which the peak logarithmic damping ratio is obtained, 

and the logarithmic damping ratio, the viscoelasticity of the sample can be evaluated. 

 

Note With this measurement, other material exists under the sample. The 

characteristics of the material must be taken into consideration.                     

This measurement is to evaluate the sample surface characteristics. So, use much 

care to keep the sample surface clean and free from foreign matter. 
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9. Troubleshooting 
Phenomenon Probable cause Solution 

No waveform is obtained. The pendulum is set in the 
wrong way. (front side back) 

Set the pendulum properly. 
(With the model name 
impressed on the pendulum 
facing to the front) 

The magnet does not 
attract properly. 

The strength of the magnet has 
decreased. 

Use a magnet with an intensity 
of 50 or greater. 

The data is not 
reproducible.  

The edge has residual sample 
from the previous 
measurements. 

Remove the sample material 
from the edge completely 
before using it for another 
measurement. 

Perform a measurement under 
the same vibration and the 
same amplitude. 

The temperature is 
unstable. 

The temperature sensor surface 
is not in contact uniformly with 
the sample surface. 

Allow the temperature sensor to 
completely come into contact 
with the sample. 

The cooling function does 
not work. 

The Cryotrol connector cable is 
not connected to the Liquid 
nitrogen PUMP connector 

Connect the Cryotrol connector 
cable to the Liquid nitrogen 
PUMP connector located on the 
rear of the controller. 

The liquid nitrogen vessel does 
not contain liquid nitrogen. 

Fill the liquid nitrogen vessel. 

The data at low 
temperatures are 
unstable. 

Liquid nitrogen ejected causes 
the data to be unstable. 

Perform a measurement below 

-7C/mm 

The over 50C indicator 
lamp Illuminates even 
when the temperature is 
not rising. (Not when the 
power is turned on.) 

The temperature sensor cable is 
not connected to the SENSOR 
port on the main unit.    

See Fig.6-6 Cable connection 
diagram 

Check the yellow connector for 
loose internal wiring. 

 

 

 

 

 

 

 

 

 

 

 


