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Executive Summary

Thermal interface materials (TIMs) are placed between electronic devices and their heat sinks to enhance heat transfer.  In electronics cooling design it is necessary to know the thermal resistance of interface materials.   The current testing standard (ASTM D5470-01) for measuring the value of the thermal resistance of interface materials uses a steady state heat transfer method that is not accurate for modern TIMs because it was designed for interface materials with substantial thermal resistances [1,9].   Modern interface materials have resistances approaching zero.  The purpose of this project is to design and build a device that employs a transient heat transfer method to determine the resistance value.  This method has been shown to be far more accurate than the steady state method [1].

Other technologies associated with moving heat away from electronic devices have improved considerably.   Heat sink performance has improved, heat spreaders are being built into electronic devices, and fan technology has improved.   These other technologies have become so efficient in transferring heat away from electronic devices that the thermal interface has become a major source of the total thermal resistance of cooling systems [2].   There are many companies that face the problem of increasing the performance of their electronics cooling systems.    Since their characterization of TIMs has high uncertainty (40-100%), their models of prototype cooling systems do also [9].

There is one commercially available tool for measuring TIM performance with low uncertainty (<5%) [20]. The cost for this tool starts at $30,000.   A different device made by Clemens Lasance of Phillips Research Laboratories uses the transient heat transfer method and claims to have low uncertainty, but is not being sold [1].   When contacted about their product Phillips requested $30,000 for the plans alone [2].   Using free student labor for much of the design means that the device plans offered by Portland State University could be priced very low.   If the Portland State device performs well, it could take on a large part of the market share.   The companies which should have an interest in this product are any who design or implement high power electronic devices including such companies as Intel, AMD, Motorola, NVIDIA, and Tektronix.

The device the team designed applies a constant pressure to a TIM while employing the transient heat transfer method.   The pressure is applied by pressing the TIM between the flats of two aluminum cylinders.   The pressure is applied by a pneumatic actuator in a passive control system.   Water at two different temperatures is used to cycle the boundary condition thereby creating the condition of transient heat transfer.   Thermocouples placed inside the aluminum cylinders take temperature measurements.   A computer data reduction program uses the temperature data to determine the thermal resistance of the TIM.
The goal of the design process was to create a machine which will give highly certain results.   There is a large demand from big companies for a product which delivers low uncertainty results.   Highly certain test results, large demand, and a lack of low-cost competition, have placed the PSU transient method TIM tester in a position to be highly successful.
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Introduction and Background
TIMs are placed between electronic devices and their heat sinks to enhance heat transfer.  In electronics cooling design it is necessary to know the thermal resistance of interface materials.   The current testing standard (ASTM D5470-01) for measuring the value of the thermal resistance of interface materials uses a steady state heat transfer method that is not accurate enough for modern TIMs [1].  The current testing standard is inaccurate because the test was designed for interface materials with substantial thermal resistances.   Modern interface materials have resistances approaching zero.  The purpose of this project is to design and build a device that employs a transient heat transfer method to determine the resistance value.  This method has been shown to be far more accurate than the steady state method [1].

The device the team designed applies a constant pressure to a TIM while employing the transient heat transfer method.   The pressure is applied by pressing the TIM between the flats of two aluminum cylinders.   Water at two different temperatures is used to cycle the boundary condition thereby creating the condition of transient heat transfer.   Thermocouples placed inside the aluminum take temperature measurements.   A computer data reduction program uses the temperature data to determine the thermal resistance of the TIM.

Mission Statement
The team will design a device that can accurately measure the thermal resistance of interface materials using the transient technique developed by the Phillips Research Laboratory [1], [5], [6].   The goal is to accurately measure TIM R-values between 0.84 and 0.0045°C-in^2/Watt (±5%).   This goal is based on mainstream industry’s most and least thermally resistive TIMs [7], [8].   The primary customer base for the TIM tester is the electronics industry and TIM manufacturers.   The final prototype will be delivered no later than June 2nd, 2004.   The main performance criteria are that the system has the ability to test many TIM types, test at many pressures, have removable/reusable pucks, and have an electronically controlled plumbing system.
Design Requirements
Dr.  Recktenwald and Tektronix are the main customers for this device.   Additional considerations were made for the end user operators, end user maintenance personnel, regulatory agencies, and part procurement.

Many design specifications were created to ensure the quality and accuracy of the PSU transient method TIM tester.   Many design specifications were based on input from the customers.   These led to internally generated specifications that helped guide the team to meet the customers’ specifications.   Additional specifications were added as the design process revealed additional important criteria.  The table below summarizes the specifications.
Table 1  Summary of Product Design Specifications
	Specification
	Priority
	Metric
	Target

	Working Prototype
	High
	Yes/No
	Yes

	Powered by 110VAC
	High
	Yes/No
	Yes

	Prototype Test/Verification
	High
	Thermal Resistance
	0.84 to 0.0045°C-in^2/W

	Electronic Plumbing
	High
	Yes/No
	Yes

	Removable Pucks
	High
	Yes/No
	Yes

	Safe to Operate
	Low
	Yes/No
	Yes

	Temperature Setup Time
	Low
	Time
	20 minutes

	Constant Cold Cycle Temp
	High
	Temperature
	10°C

	Constant Hot Cycle Temp
	High
	Temperature
	80°C

	Puck Removal Time
	Low
	Time
	2 minutes

	Number of Operators
	Low
	Count
	1

	Floor Space Needed
	Low
	Area
	18 Sq.  ft

	Variable Pressure
	High
	Pressure
	0-60psi

	Complete Detailed Report
	High
	Yes/No
	Yes

	Measurement Repeatability
	High
	Percent
	±5%

	Uses Transient Method
	High
	Yes/No
	Yes

	Detailed Drawings
	High
	Yes/No
	Yes

	Puck Parallelism
	High
	Angle
	<0.015°

	Water Flow Rate
	High
	GPM
	1.5-3.0

	Bill of Materials
	High
	Yes/No
	Yes

	Meets Regulatory Requirements
	High
	Yes/No
	Yes

	Tests Many TIM Types
	High
	Yes/No
	Yes

	No Patent Infringement
	High
	Yes/No
	Yes


Design Concepts

The plumbing system was designed independently of the structure and therefore remained unchanged while the rest of the system underwent major change.  The plumbing system consists of two circulating loops.  One loop is attached to a heater and the other is attached to a chiller.  During operation one loop is directed to the puck chamber while the other loop is circulating.  This looping helps keep the delivery lines at temperature.
One of the top level alternative solutions used free weights to apply force to the pucks, as shown in Figure 1.  The weights would have been set on a plate attached to a rod that transmitted force to the puck.  The operator could add or remove weight to adjust the amount of force applied to the TIM.  This concept would allow for simple operation by one individual, and would allow for variable uniform pressure on the TIM.  Some problems with this concept were in air purging of the closed loop active puck because air would settle on the interface side of the cavity and the repeatability of the applied load.
[image: image1.png][j —Weishts
| |





Figure 1: Weight System Concept Schematic

An electric actuator was also examined as a means to apply the pressure to the TIM.  This concept would have incorporated a load cell into a closed loop automatic control system that would regulate the amount of pressure being applied to the TIM.  The electric actuator would have been fixed to the bottom plate, and the active puck would have been attached to a thermally insulating manifold attached to the top plate.  The manifold would have had high thermal resistance to isolate the active puck from the top plate.  With the interface side of the active puck facing down, the air purging could be done without a problem.  This concept alternative would have been easily operated by one person, had a highly controllable range of pressure values for testing, and provided self-adjusting pressure through the control system.  The control function of the electric actuator system would have been useful to accommodate changes due to thermal expansion or vibration.  After researching electric actuators, it was found that there would be problems implementing it.  The control system would have had difficulty applying a constant pressure because of actuator friction and backlash.  The closed loop control system for an electric actuator was found to be not feasible.
Each of the previous alternative concepts was carefully analyzed along side the following concept to determine the best solution to the problem at hand.  The conclusion to the analysis was that a pneumatic actuator in the place of the electric actuator would provide the desired results.  Pneumatic actuators have significantly less friction and backlash, and can easily provide the target force of 200 lbs.  The puck will be facing chamber up so that purging is greatly simplified.  The detailed description of the final design concept follows in a couple of sections.  
The advantages to the chosen design are plentiful.  The purging and overall operation of the thermal interface material tester will be simple, quick and efficient.  There is no need for the operator to lift heavy weights, or to perform any physical activity besides flipping a switch.  A pneumatic actuator will provide the same ranges of variable pressure as an electric actuator.  However, the pneumatic actuator will be constructed with an accumulator in the air supply line.  This accumulator will enable the actuator to adjust to any interruptions during testing that may cause a pressure change.  This occurs because there is enough air in the line with the accumulator to where a slight change in pressure will be negligible with respect to the force being applied.  The pneumatic cylinder that has been selected has very little friction that the piston must overcome to change directions.   The cost of the system is greatly decreased due to eliminating the need for a load cell incorporated into an active feedback control system.  Since the actuator will be pneumatically controlled, a one-way flow restrictor can be implemented to decrease the speed at which the actuation occurs.  This will make the device safer for the user, as well as lessen the impact experienced by the test specimens.  The plumbing will be electronically controlled by a single switch as requested in the PDS.
Final Design and Evaluations
Structure Assembly 

The device structure should be structurally stable, allow for repeatable tests, use a small area of floor space, and be safe to operate as required by the PDS.  The overall structure was designed to house individual subsystems including the alignment system, puck assembly, and the force application system.  The PDS requirements that apply to these systems are listed in Table 2.

Table 2: PDS requirements for the structural assembly.

	Specification
	Priority
	Metric
	Target

	Working Prototype
	High
	Yes/No
	Yes

	Removable Pucks
	High
	Yes/No
	Yes

	Safe to Operate
	High
	Yes/No
	Yes

	Puck Removal Time
	Low 
	Time
	2 minutes

	Number of Operators
	Low 
	Count
	1

	Floor Space Needed
	Low 
	Area
	18 Sq. ft.

	Puck Parallelism
	High
	Angle
	< 0.015°C

	Tests Many TIM Types
	High
	Yes/No
	Yes

	No Patent Infringement
	High
	Yes/No
	Yes


The alignment system consists of three aluminum rods embedded with Teflon rails.  These rails are used to guide the passive puck along a line of action to mate with the active puck.  Two of the rods are bolted to the middle plate while the third is clamped using a cam lever.  The cam lever allows for one of the guide rods to be easily adjusted so the passive puck can conveniently be inserted or removed.  The accessibility of the passive puck is a major PDS requirement.  The guide rods satisfy the center on center concern as well as the parallelism requirement.  
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Figure 2:  The active puck and manifold assembly.
The puck assembly system consists of the manifold and the active puck illustrated in Figure 2.  The active puck is secured to the manifold using 6 bolts to ensure a uniform seal of the O-ring. Unfortunately the active puck requires more than 2 minutes to detach from the manifold.  Therefore the low priority criterion of puck removal time in the PDS is not fully satisfied.  The active puck is isolated from the rest of the system in order to reduce heat transfer between the active puck and the top plate. The manifold which is attached to the active puck can be seen in Figure 2. The manifold helps create the O-ring seal, guides incoming and outgoing water, and withstands the force exerted by the actuator.   
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Figure 3:  The active puck attached to the manifold.
The force application system consists of the actuating rod, load button and middle plate.  The actuating rod is constrained by a Teflon bushing located at the center of the middle plate so that it will extend straight. A load button on the end of the rod acts as an end factor.  The load button’s purpose is to satisfy the PDS requirement of puck parallelism.  The load button ensures that a point load is always applied to the bottom of the passive puck therefore eliminating any need for a parallelism control and measurement system.  The load button will supply an axial force, allowing for a constant and uniform pressure profile across the pucks.  The force application apparatus is demonstrated in Figure 4 .  
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Figure 4: Force actuating system

The overall structure occupies an area of 57 square inches and is 21 inches tall.  This satisfies the PDS footprint requirement of the structure being less than 18 square feet.  A schematic of the structure is displayed below.
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Figure 5: Overall structural assembly

The structure design met all the requirements except in the criteria of active puck removal time which is around 4 minutes. The device is safe and may be run by a single operator.  The entire test procedure has been routinely conducted a number of times to ensure that the structure will function properly.  Finite element analysis was conducted to check the structural integrity.  The structure has a minimum factor of safety of 2.3 as reported by ANSYS.  The graphical output of this simulation is depicted in Figure 6.
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Figure 6: Graphical output of the ANSYS safety factor analysis.

This structural design satisfies the PDS requirements and is relatively simple to manufacture.  The assembly of the structure is easy and can be completed by a single individual. 

Pneumatic System
The goal of the pneumatic system is to support the device function of providing constant interface pressure during testing.  The pneumatic system must also support the requirement that the applied pressure be variable by user input.  There were several PDS criteria that governed the pneumatic system design.  These criteria are summarized in the table below.  The following paragraphs will state how these criteria were all met or exceeded.

Table 3: PDS Criteria Applicable to Pneumatic System Design
	Specification
	Priority
	Metric
	Target

	Removable Pucks
	High
	Yes/No
	Yes

	Puck Removal Time
	Low
	Time
	2 minutes

	Visual Appeal
	Low
	Yes/No
	Yes

	Number of Operators
	Low
	Count
	1

	Safe to Operate
	High
	Yes/No
	Yes

	Floor Space Needed
	Low
	Area
	18 Sq.  ft

	Variable Pressure
	High
	Pressure
	0-60 PSI

	High Repeatability
	High
	Yes/No
	Yes


The first criterion in Table 3 refers to the requirement that the pucks be removable from the system.  The pneumatic system allows for fast removal time by not being physically attached to the pucks.  The only contact between the pneumatic system and the puck is at the point load between the load button and the puck.  As long as the pneumatic system is not pressing the pucks together they can be removed.

Because the pneumatic system is not physically attached to the passive puck, the removal time is low.  The longest removal time is when the system is at full load, 200 lbf.  When the system is at full load it can take up to 20 seconds to exhaust the air from the system.  Once exhausted, there is no longer a clamping force and the lower puck may be immediately removed.  The PDS criterion designated two minutes as the target time for puck removal, so the actual time of 20 seconds exceeds this goal.  Please note that this discussion is with reference to the passive puck only.  The active puck takes longer to remove.

The visual appeal of the pneumatic system was a low priority criterion but was still strived for.  See Figure 7 for a photograph of the pneumatic system user interface.
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Figure 7  Pneumatic System User Interface
The pneumatic system components were mounted on sheet aluminum in such a way that the user can only see those parts which are used during system operation.  The parts that are not needed during operation are hidden from view in order to boost visual appeal.   Sheet aluminum was chosen because it matched the machined aluminum used to build the majority of the structure.   Also noteworthy is that the size of the aluminum plate was matched to the size of the plate used for the electrical system user interface.   All these efforts were done to enhance visual appeal.

Also noteworthy from Figure 7 is that the system requires only one operator.   This too was a design specification, and was met.

The product design specifications also required a high level of safety.   A safety feature that was designed into the system was an exhaust muffler.   The muffler is useful in protecting the hearing of the user.   With one exception, the system is completely safe.   If a person were to operate the pneumatic system with a body part between the load button and the active puck, this body part could be crushed.   Especially at risk are hands and fingers.   A warning has been put in the user’s manual with reference to this risk.  Since it is highly unlikely that a person would have a body part in the clamping area of the force application system, and the rest of the system is quite safe, the system will be considered safe and the safety criteria considered fulfilled.

Necessary floor space was also a criterion of the design specifications.  It was discovered that both PSU and Tektronix are plumbed with compressed air.  Therefore, there was no requirement for an air compressor or the additional floor space it would require.   The entire pneumatic system mounts to the vertical board behind the test structure.   As a result, the pneumatic system does not add any additional footprint to the overall testing system.   This design criterion is deemed met.

The remaining requirements of the pneumatic system are the ability to supply variable and repeatable loading.  Please refer to Figure 8 for the system schematic.
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Figure 8  Pneumatic System Schematic

In the photograph presented in Figure 7 a black knob can be seen.  The knob is connected to the pressure regulator seen in Figure 8.  This allows the user to select the air system pressure which is directly proportional to the applied load on the testing interface.

The only PDS requirement applicable to the pneumatic system that has not been discussed is measurement repeatability.  When the pucks thermally expand (or contract) due to changing temperatures during the test, the actuator piston must displace to maintain a constant pressure on the thermal interface.  If it were to hold rigidly, thermal expansion would cause the interface pressure to increase.

The pneumatic system has a clever feature which allows it to accommodate the aforementioned piston displacement.  When a sealed volume of gas is compressed, the internal pressure increases. If the volume is small, a small displacement can cause a significant change in the internal pressure.  If the volume is large, a small displacement doesn’t change the internal pressure much.  An accumulator was added to the system for this reason.  The accumulator can be seen in Figure 8.  An accumulator is essentially a pressure vessel that adds volume to the pneumatic system.  Now when the piston is displaced due to thermal expansion, the pressure behind it doesn’t change significantly.    As a result, the applied load is basically held constant.  The accumulator allows the system to apply a repeatable load, one that isn’t affected by the thermal expansion of the pucks.  See the appendix for details on the plumbing design.
Plumbing System
Transient heat transfer is accomplished by cycling hot and cold water through the active puck cavity.  Thermocouples are situated near the centerline of each puck to collect temperature data during the process.  The cycle is accomplished by applying the following sequence of operations. 

1) The system is first brought to low temperature equilibrium by running cold water through the active puck cavity. 

2) Instantaneously the cold water is closed off and hot water is rerouted to the active puck for a predetermined period of time. 

3) Instantaneously the hot water is closed off and cold water is reintroduced into the active puck.

4) The process is continually repeated until a sufficient amount of data has been collected.
The PDS requirements that apply to the plumbing system are as follows.

· Powered by 110VAC

· Electronic Plumbing

· Safe to Operate

· Temperature Set Up Time of Less Than 20 Minutes

· Temperatures of 10 and 80 deg C

· Floor Space of no More Than 18 Square Feet

· Test / Verification

Both water temperatures flow through the active puck cavity with a flow rate of 1.5 gpm. The heater provides water at 80 deg C and a chiller provides water at 10 deg C. Figure 9 is a cross-section view of the active puck and manifold assembly with one inlet and two outlets. The bottom part is the aluminum puck and the top part is the Ultem manifold.
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Figure 9: Section view of the puck assembly.

The flow profile in the puck chamber is similar to a traditional jet impingement system. The benefits of a closed loop plumbing system include: 

1) The system is does not involve water splashing which would require some means of recovery.

2) The inlet and outlet of the pump are situated at the same elevation. The minor losses in the system are mainly due to friction, valves, puck, change in pipe size and fittings. 

3) The water is not subjected to contact with air as is the traditional jet impingement method. This would cause the water to heat up or cool down depending on its temperature relative to the air temperature. 

Water is being used as the heat transfer medium due to the following:

1. Availability

2. Good heat transfer characteristics

3. Compatibility with available products (i.e. hose, valves, O-Ring, etc)

At any moment during testing only cold or hot water will be channeled to the puck. There will not be an instance where both water temperatures are impinged on the puck simultaneously.  Circulating loops have been implemented to keep the hose and fittings of the passive fluid near the desired temperature. 

Figure 10 shows the cold active fluid entering the puck chamber while the hot passive fluid flows through the circulating loop and back to the heater.
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Figure 10: Flow schematic showing the two flow states of the system.

Figure 10 shows the hot active fluid flowing through the puck while the cold passive fluid flows through the cold water circulating loop back to the chiller.

The majority of the supply line is in the circulating loop while only a small portion is not. It is not feasible to put the entire supply line in the circulating loop since both water temperatures share a common discharge. 

Water diversion is accomplished with user controlled electrically actuated solenoid valves that provide quick and repeatable performance. A toggle switch signals the solenoid valves to open or close depending on which fluid temperature is desired to flow to the puck. The solenoid valves can be seen in Figure 10. The solenoid valves run on 12 VDC which comes from a power supply that runs off of 110 or 120 VAC. This satisfies the 110 VAC requirement from the PDS. Since the valves are electronically actuated, this satisfies the requirement for electronic plumbing.   The system is controlled by flipping toggle switches to operate all components of the plumbing system and is therefore safe to operate.

It is important that the water temperature entering the puck be the same as when it leaves the heater or chiller. With this system there is still some piping and fittings that have to be brought from one temperature to the other when the temperature switch occurs. Thermocouples were placed in the heater and chiller supply lines and at the entrance to the puck. The thermocouples enable the user to measure the entrance temperature and compare it to the discharge temperatures from the heater and chiller. An example of this data can be seen in Figure 11.

[image: image12.png]Temp (€)

70

60

50

40

0

pil

10

R —

— Puck temp
— Cold water temp
— Hot water termp

-

50 100 150

200

250
time(sec)

300

350

400

450

500




Figure 11: Sample heater, chiller and puck inlet temperatures.
It can be seen from Figure 11 that a temperature change occurs, but the temperature does not reach its peak value for a long period of time. The temperature switch occurs instantaneously; however, the hose, valves and fittings on the entrance lines require time to come to equilibrium with the temperature that is being pumped through it. 

Figure 4 also shows that the water temperature can reach below 10 deg C. This satisfies the requirement for 10 deg C water. Figure 4 shows that the hot temperature only gets up to roughly 70 deg C. The reading between the heater thermostat and the thermocouple on the discharge line were significantly different. The heater was set for 80 deg C and the thermocouple read 70 deg C. The heater has the capacity to bring the discharge water up to 80 deg C. The limit on its heating capacity is the boiling point of water. The heater and chiller take a considerable amount of time to come to temperature. The chiller takes roughly 25 minutes and the heater takes roughly 45 minutes. This does not satisfy the PDS requirement for time to set up the device. 

It was hypothesized that using plastic fittings instead of brass fittings will lower the time to change temperatures. To compare data from different runs a dimensionless temperature difference was used. Figure 12 shows the dimensionless temperature data for the run with brass fittings and the run with plastic fittings. It can be seen from the figures that as a function of time the plastic fittings have a lower dimensionless temperature than the brass does. Since the temperature is lower that means the plastic fittings lengthen the time it takes to switch temperatures compared to the brass. The hypothesis is false. This satisfies the test / verification portion of the PDS document.
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Figure 12: Dimensionless temperature for brass and plastic fittings 

Most of the plumbing is on a vertical sheet of plywood that takes up very little floor space. The heater and chiller each take up roughly four square feet of space. This does not take up too much space relative to the 18 square feet maximum in the PDS requirements. 
Conclusions
The transient method thermal interface material tester designed by the group satisfies most of the PDS requirements.  The time required to change the active puck is much more than the two minute target of the PDS.  This is due to the necessity that plastic fittings be used.  With the brass quick disconnect fittings that were previously installed, the target puck removal time was satisfied.  The plumbing system satisfied every criterion with the exception of the length of time needed to get the heater and chiller to their operating temperatures.  This is not a design problem.  Even when the heater and chiller are run independently of the TIM tester, they take a very long time to achieve operating temperature.  The most important criteria included the ability to apply a constant pressure, electronically switch the supply water between two temperatures, and overall, generally supporting the transient heat transfer method.  These main requirements have been met and thermal resistance R-values will be tabulated in the near future.
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Appendices
Structural System

The structural assembly of the transient TIM tester refers to the design and analysis of the two aluminum 2024-T6 pucks as well as the system that supports them. The key components of the supporting system that will be discussed are guide rails for puck alignment, a manifold for puck isolation and water delivery, and a load button to provide a point load from the actuating cylinder.

The PDS requirements that pertain to the structural assembly are listed in Table 4 with the target and the level of priority.

Table 4: PDS Requirements Applicable to Structural Design

	Specification
	Priority
	Metric
	Target

	Removable Pucks
	High
	Yes/No
	Yes

	Safe to Operate
	High
	Yes/No
	Yes

	Puck Removal Time
	Low
	Time
	2 minutes

	Floor Space Needed
	Low 
	Area
	18 Sq.  ft


PUCKS:

The two aluminum pucks must be structurally sound as well as provide the necessary thermal characteristics needed for precise measurements.  Following the ASTM standard ASTM D5470-01, the surface that will contact the TIM should have a surface finish of approximately 0.4 microns.

The active puck design required the incorporation of some predetermined dimensions and standard analysis techniques.  The initial concept was then optimized for optimum heat transfer characteristics, minimal material use and waste and minimal machining time.  The main requirements of the PDS are that the pucks be conveniently removable from the system for easy cleaning, and that the dimensions set forth by previous studies are incorporated.  The final design of the active puck is illustrated in Figure 13.  
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Figure 13: Active Puck

The location where the thermal interface material will contact the active puck, the bottom of Figure 13, is a predetermined dimension of 5cm in diameter, as requested by the customer in the PDS.  The current ASTM standard suggests a surface finish of 0.4 microns.  

A chamber is included in the final active puck design because a study by Portland State University graduate student Man Dao suggested that the heat transfer will be better than with water jet impingement [24].  Man Dao’s study entitled “Transient Technique for Measuring Thermal Resistance of Thermal Interface Materials,” analyzed the flow fields for water, the isotherms in the puck, and the approximate heat transfer coefficient for the sensor side of the chamber at three different chamber depths[24].  The dimensions of the chamber inside the active puck are crucial to providing a high heat transfer coefficient from the water to the puck.  Chamber depths of 25 mm, 15 mm and 10 mm were modeled and analyzed using Star-CD, a computational fluid dynamics modeling application [24].  Man Dao’s study found that the isotherms within the puck are most uniform when a chamber has a diameter of 38 mm and a depth of 15 mm [24].  These dimensions were incorporated into the design of the active puck to ensure uniform isotherms and the optimal temperature distribution.  The illustration in Figure 14 below shows the model that was used in the CFD report [24].  
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Figure 14: Puck used in Man Dao's CFD Report [24]
Using this information, the next step was to explore various possibilities on how the active puck could be mounted to the structure while maintaining the required thermal characteristics.   An extension at the base of the active puck was considered as an acceptable solution to allow bolts to secure the active puck.  The bolt analysis is provided later.    

The active puck will enclose a water cavity with low pressure (about 10psi).  This value was obtained through the analysis of the pumps, valves and hose as shown in the plumbing section.  The seal between the puck and the manifold is vital to maintaining an air tight system with no leakage of water.  An O-ring was selected to make the seal.

To ensure that the pressure put on the O-ring is uniform, the number of bolts and their spacing must be carefully designed.  Initial locations for the bolts and the size of the flange were chosen and followed up with analysis.  The dimensions were then modified slightly so that minimal material is being machined away with the least effort from the machinist.  The following calculations are done with respect to the final values in the active puck design.

Bolts and Bolt Arrangement
The diameter of the bolt arrangement,  [image: image16.wmf]cm
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Using equation 8.30 [21] the number of bolts required can be found by:
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Where N is the number of bolts in the arrangement, d is the bolt diameter, and Db is the diameter of the bolt arrangement.  By plugging in the values above the results are:
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This meant that at least 6 bolts were required to maintain uniform pressure over the O-ring, and no more than 10 bolts could be used (to avoid interference).  Six ¼ -20 socket head cap screws were used.

The next step was to find the required preload torque for each bolt.  The data sheet for a ¼ 20 UNC bolt was obtained from Misumi of the Americas [27].  Specifically it was identified as CB6-25 full thread socket head cap screw with a tensile strength, St, of 1200N/mm2 [27].

The proof strength, Sp, was calculated using the following relationship:
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Using table 8.1 [22], the tensile area was found to be At=0.0364in2.   
The proof load, Fp, and the required bolt preload, Fi, were calculated using equation 8-24 and 8-25 [22]:
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The torque coefficient was approximated as TC = 0.2 for this situation [22].
The torque required to obtain this bolt preload can be computed:
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Therefore, the required preload for each bolt will be achieved by the application of 24.158N*m of torque.

Each of the six socket head cap screws need approximately 25 N*m of torque.

The mounting method was analyzed simultaneously with the seal design.  This was done because the seal is created by the clamping force caused by the mounting.  

O-Ring and Gland Analysis

The next steps were to specify the O-ring used for sealing the chamber and design the gland (groove) in which the O-Ring resides.  This involved identifying an O-Ring cross sectional area large enough to create a good seal.  With the selected dimensions of the active puck, there was little room between the edge of the chamber and the edge of the bolt holes.  Specifically it is about 10.325mm from edge to edge, at the shortest distance.  This was all the room available for the placement of the O-ring and its groove.  The cross section of the chosen O-Ring had to fit into the 10.325 mm width with enough aluminum on either side so as not to deform the active puck.  If the aluminum between the O-Ring and the chamber was too thin, the O-Ring could push the thin wall in towards the chamber and deform the puck when it was being compressed.  A wall thickness of 3.1 mm was selected for the material between the chamber and the inner diameter of the O-Ring gland.  To optimize the puck for size and manufacturing time, several iterations of the design were performed with modifications made each time.   The analyses illustrated in the following sections represent the final O-ring and gland computations.

The first step in selecting the O-Ring involved determining which cross-section would fit in the space provided, and what diameter the O-ring would need to have to prevent interference with the chamber.  All O-rings are categorized according to the cross-sectional diameter and the inner diameter.  Some modeling in Inventor allowed for easy visualization of the available room for placing the O-ring gland.  After some trial and error using several standard O-ring sizes, a suitable seal was selected for the application.  O-ring AS568-132 fit into the space allotted.

The O-Ring material that has been selected is the readily available, general purpose, black Nitrile (Buna-N).  This material reacts well with water and aluminum, is within the temperature range of 0 to 80 degrees Celsius, is widely used, and is low in cost.  The supplier used was California Seal & Fastener, Inc.  

The O-Ring width obtained from the manufacturer’s catalog for AS568-132 is OWidth=0.103in.  The O-Ring inner diameter is ORingID=1.737 in.  The O-Ring cross-section (OCS), outer diameter (OOD), and volume (OVolume) can be calculated using these two values.  
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The cross section of the O-ring was found to be 8.3323*10-3in2, the outer diameter 1.943in, and the volume taken up by the O-ring is approximately 0.0482in3.  The volume obtained from the manufacturer is 0.489in3.  These volumes are almost identical and were both used throughout analysis and compared.  The difference was negligible in all cases.  
The dimensions of the gland were carefully selected to match the O-Ring that has been chosen, O-Ring AS568-132.   The website http://allorings.com/oring_groove_design.htm provides a useful tool in designing the gland for O-rings [21].  However, it only gives a basic outline for what must be considered, and it is recommended to further research each requirement.  The further analysis follows.  The manufacturers catalog is a good place to find the suggested gland dimensions for a specific O-Ring.  Figure 15 illustrates a cross sectional view of the gland including the dimensions used in the final analysis.  
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Figure 15: Dimensions of O-Ring Gland (millimeters)

The gland depth is labeled L.  The gland width is labeled G.  

For an effective seal to be made, the following requirements must be met.

Table 5: O-Ring and gland criteria

	Criteria
	Requirement

	Squeeze
	20-30%

	Pressure versus Clearance
	See Figure 16

	Gland Fill
	75% filled,  25% void space

	Stretch
	0% - 5%

	Sharp Corners
	AS568-132:  0.005 < R < 0.015 in.

	Tolerance
	Must Consider


Squeeze
The squeeze of the O-Ring was analyzed first.  The squeeze refers to the amount the O-Ring is squeezed as a result of the compressive forces.  The acceptable range for the squeeze of a static face seal O-Ring is 20-30%.  Using the standard guidelines on designing a gland for an O-Ring, the squeeze was computed as follows: 
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The compression of the O-Ring in the designed gland is approximately 25.24%, which is within the acceptable range of 20-30%.   

Pressure versus Clearance

The pressure versus clearance relationship is important for the proper functionality of the seal.  Excessive clearance can lead to seal extrusion, and ultimately leakage.  The O-Ring that has been selected for this application has a diametric clearance of less than 0.003 inches, as obtained from the manufacturer’s catalog.  The O-Ring seal experiences pressures in the range of 10psi.  These values were used with Figure 16 to compare the application pressure to the pressure limit for an AS568-132 black Nitrile (Buna-N) O-Ring.  The figure shows that this application is safe in respect to the pressure versus clearance criteria.  
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Figure 16: Pressure vs. Clearance Gap for O-Rings [21]
Tolerance
It was important that tolerances be taken into consideration for the analysis of the O-Ring and gland in the active puck design.  The upper and lower limits were analyzed in MathCAD, and it was determined that the criterion was satisfied for both extremes that were provided by the manufacturer.
Gland Fill

It is important that the O-Ring fill the majority of the gland to create a sufficient seal.  There must also be enough space in the groove to allow for volumetric swelling, thermal expansion, and increasing width of the O-Ring due to compression.  The standard for groove design suggests that the gland be filled 75%, or that there be 25% void space.
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The chosen O-Ring and gland dimensions result in a gland fill of 76.24%.  This value is within the condition requirements for an effective seal, and should operate effectively.

Stretch

The important factor when designing for stretch is that the O-ring material is not overstressed to the point where leakage occurs.  Excessive stretching will also thin the cross section and reduce the percentage squeezed thereby making an unsatisfactory seal.  The general rule for the acceptable percentage stretched is 0 % to 5 %.  The following computations incorporate the final groove dimensions.
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The percentage stretched is within the acceptable limits of 0 to 5%.  
Sharp Corners

Sharp corners can cause damage to the O-Ring during installation and may prevent an effective seal from occurring.  As illustrated in the manufacturer’s catalog, the radius for a fillet on the outside edge of the gland is 0.005 to 0.015 inches.  A radius of 0.005 inches was used for the inside and outside edges of the gland.  
Once all of the O-Ring gland criteria were satisfied, the design of the seal was complete.  The geometry was incorporated into AutoDesk Inventor, a solid modeling application, to assist in the visualization of the part.  From the models, the group was able to observe not only how the active puck fit together with the bolts, washers, and O-Ring, but also how the O-Ring fits in the gland.

Additional design verification was enabled by creating a rapid prototype of the gland.  The O-ring was placed in the rapidly prototyped gland and pressed against a flat surface to simulate the seal mating surface.  This prototype showed all the characteristics of a good seal.  A final drawing of the active puck is given in Figure 17.  The O-ring groove, water chamber, and bolt holes are clearly visible.
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Figure 17:  Active Puck with Section View

Stress and Thermal Analysis
FEM analysis was used to determine if the active puck design would be structurally and thermally sound.   The TIM tester must be safe to operate, and therefore no failure should occur.  This includes the active puck, passive puck, and any other component within the system.   Below is the axis-symmetric result of FEM stress analysis completed using ANSYS 8.0.  An axis-symmetric simulation was used because it requires less time than a full model analysis and the results are nearly identical.
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Figure 18: FEM Structural Analysis of the Active Puck
The forces on the active puck are simulated as it would be in the superstructure with the water side cavity on top and the pressure applied through the bottom side.   The O-ring groove is located near the top-center and the flange used to mount the puck extends towards the right.   The top section is constrained and a force of 60psi (414 KPa) is applied to the interface section.   
The maximum stress occurs in the corner of the cavity where a stress concentration is located due to a discontinuity.   The maximum stress at this location is 2.1 MPa.   With the yield strength of aluminum at 345 MPa, the static factor of safety is 164.   Therefore the puck will not fail structurally.   The maximum displacement occurs at the center of the puck due to the bending of the wall.   This total displacement is only 0.67 micro-meters, which is acceptable.

The passive puck was originally going to be a 12mm tall cylinder but was changed to a 1 inch tall cylinder after problems occurred during the force application system was tested.  The shorter puck would often bind with the Teflon guides when the piston was pushing it up to the active puck.  Figure 19 illustrates the updated passive puck that is 1 inch thick.
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Figure 19: Passive Puck

To assure that these designs would satisfy the thermal requirements a thermal FEM analysis was conducted on the active puck using ANSYS 8.0.
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Figure 20: Thermal Simulation in Active Puck

A heat transfer coefficient of 1000 Watts/m^2*C on the inner surface of the cavity of the active puck was used to simulate the turbulent flow of the passing water.  The model used a temperature of 66 degrees C inside the active puck.  The rest of the boundary conditions were modeled having a coefficient of 11 Watts/m^2*C at 25 degrees C to simulate natural convection (with the exception of the flange surface).   The results in Figure 20 show the lines of constant temperature to be fairly uniform.  It is evident that heat will have a tendency to travel out the side of the active puck.  This loss could be improved by keeping natural convection to a minimum (mask the area with a material to prevent wind disturbance).

MANIFOLD DESIGN

The manifold is crucial to the operation of the thermal interface material tester because it performs several key responsibilities during testing.  Some of the duties the manifold carries out include: 

· thermally isolate the active puck, 

· enclose the chamber with a material having low thermal conductivity and diffusivity,

· provide the other half of the seal, 

· guide the incoming water, 

· guide the outgoing water, 

· allow the puck to be detached from the structure, 

· hold the plumbing fittings.
The idea of mounting the active puck to the top aluminum plate raised concern for the design team.  The concern was based on the amount of thermal mass that the top plate would introduce to the system.  The aluminum plate would act as a large sink for the heat to transfer, and would inevitably affect the data.  This created an immediate need for isolation of the active puck from the rest of the structure.  The component to provide the thermal isolation is referred to as the manifold throughout the design procedures. 

Another force that drove the group toward the utilization of a manifold was the necessity to provide water to the active puck.  The design required a ½ inch inlet and two ¼ inch exhaust paths for the water.  The puck cavity diameter is only 5 cm (~2 inches).  The fittings needed to connect the hose to the material were an inch in diameter each.  These fittings could not fit next to each other and still make their supplies fit within the 5 cm cavity.  The manifold allowed the team to mount the fittings in different locations.  The manifold then acted as the hose to supply the water to the puck cavity.  The three holes then easily fit within the 5 cm space.

The material selected for the manifold was Ultem.  It was selected because it has a low thermal conductivity, high melting temperature, high strength, and is easily machineable.  ABS plastic was first considered because of its low thermal conductivity.  Low thermal conductivity is desirable because it quickens the temperature change by not removing heat very quickly.  It was found that ABS plastic would melt at the temperatures the device will be operating at.  This is obviously unacceptable.  Ultem was selected because it had a better thermal conductivity and had an acceptable melting point.  Also, Ultem is hard enough to act as a good sealing surface for the O-ring.  Ultem has an ultimate tensile strength of 114MPa and a thermal conductivity of 0.122W/m-K, which is analogous to thermal diffusivity [28].

A requirement that was kept in mind during the design of the manifold was that the puck must be easily removable, as required in the PDS.  In other words, either the puck must quickly detach from the manifold, or the manifold along with the puck must easily detach from the top aluminum plate.  If the puck were to be removed from the manifold each time it is taken off of the system, the seal will be broken and must be resealed properly each and every time.  This introduces more opportunity for failure, leakage, or uncertainty in data.  For this reason, it was decided that the manifold and puck be removable from the top aluminum plate as a single unit.  Figure 21 shows the final design of the manifold with the water channels clearly shown.  Figure 22 shows photographs of the actual puck and manifold unit removed from the structure.
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Figure 21: Ultem Manifold with Section View

The final puck assembly is pictured below.   The active puck is fixed to the manifold using six ½-20 socket head cap screws with type B plane washers.  Threaded inserts are used so that the bolts do not screw directly into the Ultem manifold.  The threaded inserts will lengthen the lifespan of the manifold by decreasing the wear on the threads that are most often used.  The brass plumbing fittings have been screwed directly into the Ultem manifold (no threaded inserts). It is expected that the brass fittings will rarely be detached from the manifold.
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Figure 22: Final Active Puck / Manifold Assembly
The plumbing lines interface with the manifold through brass plumbing fittings as illustrated in Figure 22.  The plumbing can separated from the manifold by simply removing a hose clamp and the hose.

The Ultem manifold, along with the active puck attached, can be easily separated from the top plate with the removal of four pronged knobs that are shown in Figure 23.  The knobs are easily accessible to the user and provide a quick-disconnect feature for the manifold and puck.  
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Figure 23: Knobs Used to Attach the Manifold to the Structure

The pronged studs screw into the threaded inserts seen in the Ultem manifold in Figure 22.  The threaded inserts will enable the user to detach the manifold from the top plate repeatedly without the worry of stripping the threads.  This will allow the Ultem manifold to have a much longer operational life.  Once the plumbing lines are disconnected and the four pronged studs are unscrewed, the Teflon rod must be pulled out and the active puck can then be detached, cleaned, changed, or observed.  

FORCE APPLICATION

A pneumatic actuator is used to provide the necessary range of forces that thermal interface materials may be subjected to during use.   A spherical load button was designed to provide an axial application of a point load at all times.  The load button will screw onto the end of the actuator and was designed to fit within the puck stand. The spherical load button designed by the team is displayed in Figure 24 in solid model format.
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Figure 24: Spherical Load Button with Cut Section

The load button in Figure 24 will be used in the manner illustrated in Figure 25. The load button is pushed upwards by the actuator thereby applying a force to the puck.  The puck transmits the force and squeezes the TIM material between the active and passive pucks.
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Figure 25: Force Application Schematic

PUCK ALIGNMENT
An alignment system was designed to ensure that the surfaces of each of the pucks would mate in parallel.  The alignment system is composed of three vertical alignment rods with Teflon edges. The Teflon acts as an insulator, preventing heat transfer from the passive puck to the alignment rods, and as a low friction surface for the puck to slide against as it is moved into position. The aluminum rods slide into the middle triangular plate and are tightened with a cam lever or bolt.  A solid model representation of one of the guide rods is given in Figure 26.  The white colored material that is protruding from the rod is the Teflon that contacts the passive puck.
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Figure 26: Aluminum Rod with Teflon Insert

A 2-D representation of how these guide rods would function as rails for the passive puck during actuation is depicted below in the left side of Figure 27.  The actual view of the assembly is shown on the right hand side.

[image: image44.png]


[image: image45.png]



Figure 27: Guide Rails for Force Application System

Slots were cut into the middle structural plate for radial guide rod positioning.  The slots are sized so that if the puck diameters are changed in future versions the middle plate will still be usable.  The picture below displays how the guide rods sit in the slots.  It also shows the spherical load button and the sheet metal puck stand.
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Figure 28: Guide Rail Slots, Puck Stand, Spherical Load Button and Plastic Bushing  

A puck stand was incorporated to provide a staging level to hold the passive puck before and after actuation.  This makes it difficult to place a load on the actuator while in its relaxed state, which prevents damage to the glass cylinder.

A super structure was designed to house all of these components.  Triangular geometry was chosen mainly because three points is the minimum number of points that define a plane.  The bottom triangular plate supports the pneumatic actuator and serves as a mounting base for the leveling feet.  The middle triangular plate serves as a guide for the actuating rod, a foundation for the guide rods, and supports the puck stand.   The top plate is used to mount the Ultem manifold which has the active puck attached to it.   The solid model of the super structure is shown in Figure 29.

[image: image47.png]Top Triangular Plate

Plastic Insulator
Guide Rod
Pneunatic Actuator 1

% % Bottom Triangular Plate
Leveling Foot

Active Puck

Passive Puck

Mid-Triangular Plate

——— Support Rod





Figure 29: Structure Assembly

Finite element model analysis was used to simulate the loading conditions and determine if failures would occur.  The sections of the structure that were modeled include the triangular plates, supporting rods, manifold, and all the nuts, washers, bolts required for fastening.  The triangular plates and bolted joints were of the utmost concern regarding failure.  Below is the mesh used in the ANSYS finite element model.
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Figure 30: Mesh of the structure. (ANSYS 7.1)
The mesh was automatically generated using quad and tri shaped elements.  The pneumatic cylinder was sliced at the base leaving the minimum necessary physical geometry which interfaces with the bottom place.   This pneumatic base part was fixed in the simulation as the anchor point for the entire structure.  With a fixed geometry, a force of 200 lbs was placed against the manifold to simulate the maximum force applied by the actuator.  Maximum deformations as well as safety factors were extracted from the simulation.

[image: image49.png]Total Deformation
Xlein

028

0265
0232
0188
o168
013
0100
ooes
003

000





Figure 31: Deformation analysis performed in ANSYS 7.1.

As expected, the top and bottom plates are pushed out away from the center.  The maximum deflection is reported as 2.985*10^-2 inches or roughly about 3 hundredths of an inch.  The deformation was important for the pneumatic system design.

The most basic criterion in structural analysis is the safety factor.  The finite element model has calculated all of the safety factors in the structure.  ANSYS produces these values by comparing the stresses throughout the structure with the yield and ultimate strengths of each material.  Below is the graphical distribution of safety factors when the system is under full load.
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Figure 32: Safety factor analysis performed in ANSYS 7.1.

The majority of the structure exhibits a high safety factor, greater than 10.  The threaded rods begin to decrease in safety near their bolted joints with a safety factor of greater than 5.  Most interesting is the bolted joint between the manifold and the top plate.  A hole opening between the manifold and top plate is the location where a maximum stress of 25.1 kpsi is located.   This location reports a minimum factor of safety of 1.6179.  Evaluation of the design has included operating the device at full load.  There has been no indication of a problem at the low safety factor site.

Plumbing System Design
Hot and cold water are used to administer transient heat transfer through a system of hoses, fittings and solenoid valves.  A schematic of the system can be seen in Figure 33.
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Figure 33: System flow schematic

The goal of the following calculations is to:

· Determine the head loss of the system at the design flow rate.

· Plot a system curve and pump curve to verify the pump is adequate for the application.

The analysis will be done using the water path with the largest pressure drop.  This path is the one that takes the water through the puck and is highlighted in Figure 34.  This path is for the hot water.  An identical path exists on the chiller side.

Some modeling and testing of the ideal conditions for the plumbing system have been performed by two master degree students.    Analysis by others has been done to determine this value.  John Farley performed a master’s project about developing a transient method thermal interface material tester.  One of John’s results was an approximate water flow rate [22].  His design flow rate for the system was 1.5 gpm [22].  A second master’s degree student, Man Dao, performed a CFD analysis on the active aluminum puck for his ME 548 project [23].  His project analyzed the water flow rate, pressure loss through the puck, the isotherms within the puck, and determined the optimum chamber dimensions [23]. 

Given:
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Figure 34: System flow schematic 2

Design flow rate:  [image: image53.wmf]1
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There are two different flow rates because there are two 0.25 inch hoses coming out of the puck.  Each hose will carry half of the total flow rate.

The hose lengths will depend on the placement of the heater, chiller and solenoid valves with respect to the TIM tester.  The lengths of the hoses are approximated for these calculations.  

Fittings and losses:

1
Gate valve

5
Tee fittings

1
Exit loss

1
Entrance loss

1
Puck (
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2
Solenoid valves (Cv = 3 for each valve)

2
Check valves

Pump information:

Flow rate = 3.5 gpm
Discharge head = 0 ft wg

Flow rate = 0 gpm
Discharge head = 16 ft wg

Find:

· Head loss of the system at the design flow rate taking into account the given information and the given system flow schematic.

· Produce a system curve and a pump curve on the same graph to determine if the pump is adequate for this application.

Head Loss Analysis:

The Bernoulli equation including friction loss, minor loss, and system head is shown below.
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[24] Equation 5.84 p.264

This equation does not totally fill the requirements for this problem.  The head loss due to the puck and the solenoid valves does not conveniently fit into the friction or minor loss terms.  Two terms were added to the equation to account for this.  It is shown below.

[image: image61.wmf]22

1122

12min

22

systemfrictionorsolenoidpuck

PVPV

zzhhhhh

gg

gg

++=++-++++


Since the water is taken from and returned to the same reservoir, the pressure and elevation terms of the equation cancel.  Likewise, because the hose diameters at the entrance and exit are the same, the velocities are the same, and the velocity terms cancel.  After cancellation and rearrangement, the equation takes the form shown below.
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Using the equation above, the analysis will now be broken down into the four components that make up the system head (friction losses, minor losses, solenoid valve losses, and puck pressure drop).

Analysis of the friction losses:
The friction losses in the pipe depend on the internal smoothness of the pipe material, pipe diameter, and fluid velocity.  The Reynolds number must be determined for each pipe diameter.


[image: image63.wmf]Re

Vd

n

=


[25] Equation 3.1, p.79

Where:
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The fluid velocity can be found using the equation below.  The cross sectional area is that of the pipe diameter.
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[image: image73.wmf]
Now that the Reynolds numbers have been found, the relative roughness of the inside of the pipes can be found.  The relative roughness of the pipe can be found using the inside smoothness and diameter of the pipe.

The roughness of the pipes being used is 
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The friction factor ƒ can be found from the Moody chart in Figure 35 using the Reynolds number and the roughness value divided by the pipe diameter.
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[24] Equation 8.33, p.475
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Figure 35: Moody Chart
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The equation relating the friction loss coefficient to the head loss due to friction is shown below.  
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[24] Equation 8.34, p.475

Where:

h=head loss

L=length of pipe
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The equation above requires the fluid velocity in the pipe.  Using [image: image84.wmf]Q
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 the equation can be rearranged to arrive at the following.
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The head loss due to friction then becomes the following.
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As stated earlier, the flow rate in the half inch pipe is twice that of each quarter inch pipe. Using
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, the equation can be simplified further.
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Now that the friction losses have been found, the minor losses may be evaluated.  Minor losses are caused by anything that is not straight pipe.  This includes the gate valves, Tee fittings, entrance loss, and exit loss.  The pressure loss due to the puck and the solenoid valves will be analyzed separately from the minor losses because of the given data.
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[24] Equation 8.36, p.481

Where:

k = loss coefficient for each item that contributes a minor loss
Since almost all of the minor losses are in the 0.5 inch piping, the pipe velocity will only be calculated for that pipe size.

By substituting[image: image92.wmf]Q
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, the equation can be made dependent on flow rate rather than fluid velocity.
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The minor loss can now be written with explicit reference to the cross-sectional area of the 0.5 inch pipe.
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The following is a list of the loss coefficients for each component.

Loss:   


k value/each    
k value     
Reference 

1 Gate valve             
0.15                    
0.15          
[3] Table 8.2, p.489

5 T fittings                
2.0                      
10.0           
[3] Table 8.2, p.489

2 check valves          
2.0                       
4.0            
[3] Table 8.2, p.489

Exit loss                    
1.0                      
1.0             
[3] Figure 8.25, p.483

Entrance loss            
0.8                      
0.8            
[3] Figure 8.25, p.483

                                      Sum of k values        15.95
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The head loss across a solenoid valve can be found with the flow rate of the fluid, the specific gravity of the fluid, and the Cv value for the solenoid valve.  These are all related in the following equation.  The result of this calculation is the head loss across a single solenoid valve.
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Where:
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Q = flow rate of fluid

Cv = Loss coefficient
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To be consistent with the other system head values calculated earlier, the units need to be converted to feet of water.
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The pressure loss across the puck was determined by Man Dao [23].  Again, for consistency the pressure loss must be converted form psi to feet of water.
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The system head can now be calculated using the design flow rate of 1.5 gpm.
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Pump and System Curves:

A worst case scenario pump curve will be approximated by a straight line between the two given data points.

The system curve was plotted using an Excel spreadsheet.  The loss values for the puck and solenoid valves were assumed not dependent on the flow rate.  This assumption was made to simplify the calculations and is legitimate because the flow rates were evaluated at the operating point.
The graph in Figure 36 shows the system curve and the pump curve.
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Figure 36: System curve and pump curve

The desired operating point is at 1.5 gpm.  It can be seen that the pump can supply more head than is required and will work for this application.

Conclusions:

The pump will work for this application.

For these calculations the desired flow rate of 1.5 gpm was used to determine whether pump head is adequate for this application.  The desired operating point is under the pump curve.  Because the system can supply more head than is needed, the flow rate will be higher than 1.5 gpm.  A balancing valve will be needed to introduce additional pressure drop in and effort to bring the system down to 1.5 gpm.
Comments:

Information pertaining to the control and powering of the solenoid valves can be found in the electrical design appendix of this report.
Since the pump can supply more head than is necessary to perform the job, a balancing valve was installed.  However, it was left in the full open position.  The system operates at the point where the system curve and the pump curve cross.  The full open flow rate is higher than the desired flow rate, but the difference between them is small.  The higher flow rate improves the experiment by increasing the convective heat transfer coefficient inside of the puck.
Overall hose length and hose routing should be taken into consideration when setting up the device.  Long lengths of hose or large changes in elevation could alter the performance of the pump.  Likewise, short lengths of hose and small changes in elevation could alter the performance of the pump.

Check valves were added to the system because water was flowing across them while they were closed.  This caused the hot and cold water to mix.  This also caused one water reservoir level to rise and the other to drop.  The check valves used in the design require a minimum upstream static pressure of 0.5 psi to operate.  The reason why the valves were leaking was never determined.  Due to time and budget constraints, check valves were used as a quick solution.  For future revisions of the plumbing system, caution should be taken when selecting solenoid valves.

The solenoid valves employed are pilot operated.  They require a differential pressure to operate.  Direct acting valves would have been a better solution, but because of time and budgetary constraints the pilot operated valves were used.
Pneumatic System

The pneumatic system is the power plant of the force application system.  Many force application strategies were considered including weights and electric actuator.  The initial in-depth designs of the testing device were developed with the electric actuator incorporated.  The electric actuator would have required a sophisticated control system to accommodate thermal expansion and vibration in the system.  Once the team considered pneumatics, it was seen that a functionally equivalent system could be built without the need for a sophisticated control system.   This was the driving force behind the implementation of a pneumatic system.
There were several criteria which governed the design of the pneumatic system.   Below are the PDS criteria which were most influential in the pneumatic system design.

	Specification
	Priority
	Metric
	Target

	Removable Pucks
	High
	Yes/No
	Yes

	Puck Removal Time
	Low
	Time
	2 minutes

	Visual Appeal
	Low
	Yes/No
	Yes

	Number of Operators
	Low
	Count
	1

	Safe to Operate
	High
	Yes/No
	Yes

	Floor Space Needed
	Low
	Area
	18 Sq.  ft

	Variable Pressure
	High
	Pressure
	0-60 PSI

	High Repeatability
	High
	Yes/No
	Yes


Table 6  PDS Criteria Applicable to Pneumatic System Design

The designed system satisfies all the criteria of Table 6.   In an effort to organize the explanation of the design of the pneumatic system, the system will be described in relation to the product design specifications shown above.

As was described in the structural design section, the actuator has a spherical load button on its output shaft.   This load button allows the force to be transmitted as a point load.   Since there is no physical mounting of the dry puck to the shaft, the dry puck can be removed whenever there is no pressure in the pneumatic system.  This satisfies the removable puck design specification.   The dry puck removal time is then dependent on the time it takes to exhaust the pneumatic system.  Even when the system is running at its highest pressure, the longest it takes to exhaust the system is 20 seconds.  The criterion for puck removal is that it takes less than two minutes.  The dry puck can be removed within twenty seconds.  This criterion is fulfilled.

A photograph of the pneumatic system user interface is given in Figure 37.
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Figure 37  Pneumatic System User Interface
As can be seen in Figure 37 the visual appeal design specification of the pneumatic system was taken into consideration.   The components were mounted on sheet aluminum in such a way that the user can only see those parts which are used during system operation.   The parts that are not needed during operation are hidden from view in order to boost visual appeal.   Sheet aluminum was chosen because it matched the machined aluminum used to build the majority of the structure.   Also noteworthy is that the size of the aluminum plate was matched to the size of the plate used for the electrical system user interface.   All these efforts were done to enhance visual appeal.

Also noteworthy from Figure 37 is that the system requires only one operator.   This too was a design specification, and was met.

The product design specifications also required a high level of safety.   A safety feature that was designed into the system was an exhaust muffler.   The muffler is useful in protecting the hearing of the user.   The system is completely safe, with one exception.   If a person were to operate the pneumatic system while a body part was between the load button and the wet puck, this body part could be crushed.   Especially at risk are hands and fingers.   A warning has been put in the user’s manual with reference to this risk.   Since it is unlikely that a person would have a body part in the clamping area of the force application system during operation is very low, and the rest of the system is quite safe, the system will be considered safe and the safety criteria considered fulfilled.

Necessary floor space was also a criterion of the design specifications.   Initially it was thought that the system would require an air compressor.   This device would have taken up considerable floor space.   It was later discovered that both PSU and Tektronix were plumbed with compressed air.   Therefore, there was no requirement for an air compressor or the additional floor space it would have needed.   The entire pneumatic system mounts to the vertical board behind the test structure.   Because the pneumatic system mounts to the vertical board, the pneumatic system does not add any additional footprint to the overall testing system.   This design criterion is deemed met.

A schematic of the pneumatic system is shown below.
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Figure 38  Pneumatic System Schematic

A description of how the pneumatic system works is necessary before the criteria of variable pressure and high repeatability can be discussed.   The following description is in reference to Figure 38.   The air supply must have a pressure of at least 85 PSI.   The first task of the system is to clean the air.   The filter/separator removes particulate and liquid from the system.   The next component is the on/off valve.   This valve either allows the downstream plumbing to receive supplied air or not.   The air is then sent to the pressure regulator.  The pressure regulator has a knob on it which allows the user to specify the downstream pressure.  The pressure gage gives the user a visual readout of the pressure to be supplied to the actuator.  Since the actuator is made of glass, it shouldn’t be subjected to impact loading.   A flow control valve was installed to ensure that the pressure supplied to the actuator does not increase too rapidly.  A rapid increase in pressure would make the piston move with such great speed that the dry puck would meet the wet puck in an impact fashion.  The flow control valve is essentially a pin hole sized section of pipe.  It allows a very low flow rate to pass it.  Once the dry and wet pucks have met gently, the flow control valve is unnecessary.  The bypass valve may then be opened to circumvent the slow flow rate of the flow control valve.  Opening the bypass valve allows the downstream pressure to come up to the regulated pressure much more quickly (20 seconds vs.  10 minutes).   When the test is complete the system on/off valve is closed and the exhaust valve is opened.   The accumulator plays a passive role in the system and can be thought of as just a pressure vessel.

By viewing Figure 38 and reading the description of the pneumatic system above, it can be seen that the user may specify the applied pressure they desire.   This criterion of the design specifications was met.

The nominal air pressure supplied from the wall of the PSU lab was 100 PSI.   This pressure was used to select an air cylinder capable of delivering the necessary pressure to the TIM under test.   The diameter of the pucks is 5 cm.   This gives a testing surface area of 19.635cm2 (3.043in2).   The product design specifications specify that the machine should be able to apply 60 PSI across the testing surface area.   Using the following elementary equation:
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where:

F is the necessary force

P is the pressure on the TIM

A is the area of the testing surface

The necessary force can be found:
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The force supplied by the actuator must be at least 182.6lbf to satisfy the range of testing pressures outlined in the product design specification.

It is now appropriate to size the actuator.   The force applied by an air cylinder is simply the supplied air pressure times the surface area of the piston.
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where:

F is the necessary force

P is the pressure inside the air cylinder

A is the area of the piston

The necessary piston area can now be found:
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The piston area must be at least 1.83in2 to satisfy the criteria for the range of applied pressure.

Another important criterion for actuator selection was friction.   This was important with reference to the measurement repeatability requirement.   The air cylinder should have very low friction.   The pucks will thermally expand during the test.   When they expand, they will exert force on the actuator rod.   If there is high friction in the actuator, it will resist the force and the TIM pressure will increase.   A low friction air cylinder would allow for thermal expansion by not resisting the movement of the piston.

These criteria were used to select an air cylinder.   The selected air cylinder has a piston area of 2.405 in2, has very low friction, and can accommodate 100 PSI supplied air.   The low friction is accomplished by using a graphite piston that rides in a honed glass cylinder.   The specifications sheet for the actuator can be seen on page 92.   In selecting this air cylinder, the design specification of variable pressure from 0 to 60 PSI across the TIM has been satisfied.

One design specification satisfaction remains to be explained.   It is measurement repeatability.   The pneumatic system can contribute to overall measurement repeatability by using a repeatable pressure transducer and keeping a constant pressure during testing.

As for the pressure transducer, a low cost pressure transducer was purchased because of budget constraints.   The team has not had time to evaluate whether the low-cost pressure transducer makes a large contribution to overall testing repeatability.  If necessary, a better transducer (higher repeatability, better accuracy) could be easily implemented.   The product specification sheet for the low cost pressure transducer may be seen on page 94.

Keeping a constant pressure during testing was important for the pneumatic system design.   The system was designed so that the most the pressure applied to the TIM would deviate would be the amount necessary to overcome the static friction of the air cylinder.   The pressure required to overcome the static friction of the air cylinder is reported by the manufacturer to be 0.05 PSI.   This pressure can be converted to force if it is applied to the piston area.
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where:

F is static friction force

P is the pressure inside the air cylinder

A is the area of the piston
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Since the static friction of the air cylinder was used to find the limit for allowable pressure deviation, all other factors which could create pressure deviation must not exceed this value (or add to it).   A free body diagram of the forces acting on the piston reveals these factors.
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Figure 39  FBD of Piston in Air Cylinder

It can be seen that there are only three forces influencing the pressure applied to the TIM.   There is a force transmitted through the rod, a friction force, and the force due to air pressure inside the cylinder.   The force transmitted through the rod should be equal to the air pressure force (± friction force).   The air pressure is maintained by the pressure regulator, but the pressure regulator can only supply air, it can’t remove it.   If the piston is deflected against the direction of the air pressure force, the pressure regulator can’t adjust the pressure.   Since there is a fixed volume of air below the piston and the pressure regulator cannot remove air, the pressure increases.   This scenario can be avoided by adding additional air volume to the system.   In the case of infinite system volume, a displacement of the piston would create no change in pressure because the volume is so large.   In the case at hand, it is only important to ensure that the change in pressure due to a displacement of the piston causes a change in applied force that is less than the frictional force.

It is now necessary to determine the system volume necessary to ensure that the friction force is the limiting factor in the uncertainty of the pressure applied to the TIM.   After a long brainstorming session, it was concluded that there are only two ways the piston could be deflected during operation.  The first is vibration.  It can’t be easily measured or controlled, so it will be assumed to be small.  The second is thermal expansion of the aluminum pucks.

The aluminum pucks combine for a total length of 2.25 inches.   The worst case scenario was used to determine the necessary system volume to accommodate the thermal expansion of the pucks.   It is assumed that all the displacement due to expansion will be taken by the piston, or in other words, the structure is rigid and does not deform to accommodate any of the displacement.   The temperature swing is assumed to be ΔT=90°C.   The only volume in the system is assumed to be the volume below the piston in the air cylinder (the plumbing is assumed to have negligible volume).   The equation for linear thermal expansion is shown below.
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where:

δ is the displacement
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 is the original length of the puck column

α is the coefficient of thermal expansion of aluminum

ΔT is the change in temperature

The original length of the puck column is measured to be [image: image119.wmf]0

L

 = 2.25 inches.   Efunda.com reports that α = 24.0x10^-6/°C for aluminum [29].   The change in temperature in the aluminum puck column was said assumed to be ΔT=90°C.
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The maximum displacement of the piston due to thermal expansion would be 0.0049 inches.   As was stated earlier, the area of the piston of the air cylinder is A = 2.405in2.   This corresponds to a volume change of air in the air cylinder due to thermal expansion of:
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The ideal gas law may now be utilized to determine the minimum air system volume necessary to ensure that the friction force governs the deviation of the pressure applied to the TIM.   The equation was simplified by assuming that the same number of mols of air are present before and after, the air temperature is constant, as is the gas constant.
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Equation 1
where:
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 is the pressure before piston displacement
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 is the pressure after piston displacement
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 is the necessary volume before displacement
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 is the volume after displacement

It is known that the difference in pressure corresponding to the friction force is 0.05 PSI.
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Equation 2
Similarly, it is known that the reduction in volume corresponding to the thermal expansion is 0.0117 cubic inches.
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Equation 3
Combining Equation 1, Equation 2, and Equation 3 yields the following.

[image: image129.wmf](

)

1

3

1

2

1

1

0117

.

0

05

.

0

P

in

V

in

lbf

P

V

-

÷

ø

ö

ç

è

æ

+

=


It is also known that the maximum initial pressure is 100 PSI.
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The minimum air system volume to ensure that the friction force governs the deviation of the pressure applied to the TIM is found to be 23.39 cubic inches.

It may now be checked whether the air cylinder alone has sufficient volume.   The standard operating distance of the piston is L = 5.0 inches.   The area of the bore is A = 2.405 square inches.
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The air cylinder alone was found not to have sufficient volume.   Additional volume was added to the system in the form of an accumulator.   An accumulator is essentially an inline pressure vessel.   As long as the accumulator is attached to the same node as the air cylinder, it acts as additional volume for the system.

Tektronix donated an accumulator to the team.   The product specification sheet for it can be found on page 93.   It has a volume of 74.7 cubic inches.   This is much larger than the 23.4 cubic inches necessary.

The addition of the accumulator ensures that deviation in the pressure applied to the TIM will be governed by the friction of the air cylinder.   This is the best that can be done with this air cylinder.   The product specification of high repeatability will thus be considered met.

The last several pages have explained how the design specifications associated with the pneumatic system have all been met.

Electrical System

The electrical system on the thermal interface material tester provides control for the water flow system as well as powers the pressure transducer.  A pressure transducer enables the user to monitor the pressure that is introduced to the pneumatic air cylinder.  A 10 VDC supply of power is required for the selected pressure transducer.  
The remaining responsibility of the electrical system is to control the six solenoid valves in the plumbing system.  The plumbing system must be electronically controlled, as requested by the PDS.  Six 12 VDC, 11.6 Watt Solenoid valves from Askow need to be controlled by a single switch.  However, only three valves will be powered at a time.  This is because either hot or cold water will be impinged on the puck, not both.  The selected valves are normally closed pilot operated valves, which means they require no power if they are to be closed.  The primary objective in the design of the electrical system is to provide, as best as possible, an instantaneous transition from the extreme temperatures.  This is accomplished by closing three valves and opening another three valves as close to instantly as possible.  The wiring diagram is illustrated in Figure 40.
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Figure 40: Wiring Schematic for Plumbing System
The 12 Volt power supply for the valves and the 10 Volt power supply for the pressure transducer can be connected to the thermal interface tester by the use of banana plug wires.  This ensures a clean and convenient interface for the supply of voltage to the fore mentioned systems.    

An on-off push button switched is used to govern the entire plumbing system.  All the valves are normally closed pilot operated, and therefore should not allow flow when they are not powered.  A SPDT toggle switch determines which of the extreme temperatures, hot or cold is impinging upon the puck.  While power is provided through the on-off push button, either a red or green LED will light up to display which valves are powered and opened.  A red LED signifies that the hot valves are powered, and the heater can pump hot water to the puck.  The cold water, being the passive fluid at this setting, would then be circulating back through and chiller, thereby keeping the lines at the desired temperature.  A green LED corresponds to the cold valves being powered.  At this setting the cold water is able to contact the puck while the hot water is forced to circulate.  
Both the push button and toggle switch need to have power rating high enough to handle the power required to open three valves.  The load observed by the switches will be 

P = (Valve Power)*3 + (LED Power) = (11.6Watts*3) + (4V*12mA) = 34.848 Watts.   This value comes out to be approximately 35 Watts.  The selected switches have ratings of 5 amps at 125 VAC, both of which will handle the power load with ease.

The LED’s purchased from URS electronics require 4 V at 12mA each.  Since the supply voltage required by the solenoid valves is 12 Volts, a resistor is required for each of the LED’s to prevent them from overloading.  The voltage fed to the diode must be reduced by at least 8 volts when a 12 Volt supply is going through the system.   The resistor value required for such a reduction in voltage can be calculated as follows:
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The resistor value required to reduce the voltage to within the range of the diode is found to be no less than 666.67Ω.   To ensure that the diodes do not get blown, a resistor larger than the minimum value should be implemented.  A 1k Ω resistor will be introduced for each of the diodes.  The included resistor can be put on the positive or negative side of the diode.  For the sake of similarity, the resistor is put on the negative side for each diode.  The chosen LED’s can be flipped around to emit the opposite color.  In other words, the supply voltage connected to the yellow will emit a red light, while power to the blue wire results in a green color emission.  Figure 41 shows the plumbing system user interface while the system is running hot water to the active puck.  The red LED is activated as a result.  
[image: image134.jpg]



Figure 41  Plumbing System User Interface
A possible future update for the electrical system consists of a relay that would interface with the computer. Introducing a relay to the electrical system would enable the temperature switching to be performed at equal intervals. It is believe that this would provide more uniform data. 

Operation Manual
Safety Issues:
· Do not open the air supply on-off valve when the bypass valve is open. This will cause the actuator to hit the puck with large impact. 

· Make sure not to have finger, hand or anything else besides a TIM between the pucks during operation.  The system is capable of loads that could easily crush bones.

· Do not touch the pucks, valves, or hose during operation. The may be extremely hot or cold. 
· Be careful with the water from the heater, IT IS HOT!!! (Up to 80 deg C). 

· Do not touch the electrical wires or the wiring harness. 

· Do not bend the thermocouple wires.  This could bring them out of calibration.

How to operate the TIM Tester:

1. Before connecting the power supplies to the system, turn them on and set the power supply for the 12V plugs to 12V and the power supply for the 10V plugs to 10V.  Turn the power supplies off.

2. Connect the power supplies to the appropriate plugs.

3. Turn both power supplies on.

4. Ensure that the air hose is connected to the wall and the heater and chiller are plugged in.

5. Push the on/off switch on the valve control panel to activate a set of valves. (The powered valves are indicated by red for hot and green for cold).

6. Set the system to hot.

7. Turn on the heater and chiller and set them to the desired temperatures.

8. Prepare the test specimen.  If you are testing an epoxy or paste, apply to the passive puck now. If you are testing a sheet of material, cut the specimen to size. It must be less than 5 cm in all directions. Set the specimen on the passive puck.

9. Pull the Teflon rod radially outward by adjusting the cam below the middle triangular plate.

10. Place the passive puck with the test specimen on the puck stand. 

11. Readjust the Teflon rod so that the puck is secured, but not overly tight. Tighten the cam lever.  

12. Log into the computer and open the Data Logger program.
13. Open or create a data acquisition scheme in the Data Logger program.  Refer to the Agilent software manual for how this is done.

14. Make sure the pneumatic system exhaust and bypass valves are closed on the pneumatic system control panel.  FAILURE TO HAVE THE BYPASS VALVE CLOSED WHEN THE AIR SUPPLY IS TURNED ON MAY RESULT IN THE SHATTERING OF THE GLASS AIR CYLINDER!
15. Open the air valve at the wall. 

16. Close the exhaust valve.

17. Open the system on-off valve on the top of the pneumatic control panel.   (The piston rod should begin to rise and will raise the passive puck to meet the active puck.)

18. Set the pressure regulator to the approximate pressure that will provide the desired force for the experiment. (There is a power factor of 2.4 from the cylinder, i.e. Force≈2.4*Pressure) The pressure can be more accurately read from the computer through the data acquisition unit. 

19. Once the passive puck reaches the active puck and the TIM has been squeezed, open the bypass valve to increase the rate in which air enters the system. The system will reach equilibrium. Leave the bypass valve open. 

20. Wait until the heater and chiller are at the desired temperatures.

21. To begin the transient heat transfer, allow the pucks to reach thermal equilibrium with the active fluid (whether it is hot or cold). 

22. While taking data, flip the valve control toggle switch to the opposite setting to create the temperature swing. 

23. Once a desired period of time has passed, flip the toggle switch again. This can be repeated as many times as necessary for the experiment.  The results should appear similar to the illustration in Figure 42. 
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Figure 42: Plot of dimensionless temperature versus time.  Typical results.

24.
After the test is finished, turn the system on/off valve to off.

25.
Open the exhaust valve.

26.
Close the bypass valve.
Service Manual
Structure:

Pucks: Inspect before every test. Replace as necessary with like kind.


Over all structure: Inspect regularly and replace any irregular parts with like kind. 
Electrical:


Wire and connectors: Replace as necessary with like kind.


Switches: Replace as necessary with like kind.


LEDs: Replace as necessary with like kind.


Power supplies: Replace as necessary with like kind.


Solenoid valves: See manufactures data sheet below.

Pneumatics:


Hose and fittings: Replace as necessary with like kind.


Ball valves: Replace as necessary with like kind.

Flow control valve: Replace as necessary with like kind.

Air cylinder:
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ACTUATOR HANDLING

ADE FOR
EACH OTHER.

Every Airpot? piston/cylinder combination is
perfectly engineered for just the right fit to prevent
teakage and excess friction. So please don't.
interchange pistons and cylinders.

N OPEBATION,

AIRPOT NEVER NEEDS CLEANING. o

Keep the piston in the cylinder, where ubelongs
and it won't get dirty. But if you should take it-out
and oil, grease or even fingerprints ~ yes, even
fingerprints. = should get on the piston, just wipe it
with a clean tissue.

Anm MOUNTS EASILY
DON'T OVERTIGHTEN,

Insert actuator mounting stud through your
mounting plate and attach lockwasher on the same
side as the nut. For models supplied with belleville
lockwashers, the 1D (convex side of the washer)
shiould be against the nut when tightening.

Your Airpot has a large mounting nut for its site
so please take care not to tighten the nut too. much
or you'll damage the cylinder,

We rec d using a torque wrench and -
tightening to the following mounting rorques:’

.220 bore models (series 56P) - “ indb,

375" bore models {series 95P).- 4-8 in-b.

625" bore models (series 160P) - 4.8 in-db,
945" bore models (series- 240P) - 4-8 in-lb,
1.281" bore models (series 325P) - 4060 in-lb,

4 1.750" bore models (series 444P) - 4060 in-b.

'OU NEVER HAVE TO
LUBRICATE AN AIRPOT.

We.took care of that for you during the

-manufacturing process. So please don’t lube the
Airpot - ever.

HE AIRPOT
PRECISION FIT.

Mount the ‘Airpot so that the plston is always
completely inside the cylinder. That way you're sure
of getting the specially designed Airpot Precision Fit
and you'll be keeping the piston free of dirc.

iE RETAINING.CAP
18 FOR USE DURING HANDLING.

" The retaining cap at the rod end of the cylinder

s designed to keep the piston in the cylinder

during handling and should never be used as a stop

- under pressure.

CAUTION:
Cylinder made of glass, Comply with mountmg instructions. Do not steike |-
with tools, drop onto hard surfaces, or -pressurize beyond' indicated limits. -}
- A'damaged cylinder can shatter under pressire and miay cause bodily | injury.

Do not pressurize Airpot Actator prior to tastallation. i in cqu!pmcm )

B lt y&u follow ouse suggestions, we think you'll be very happy with the way
Airpot performs. But please call us immediately if you have any questions

_er problems We'll be glad to help you.

'Phone (203) 34&2021 * Fax: (203) 849-0539 o wwwairpotcom
Airpot corporatlon, Norwalk, cometleut 06851

A103 10O FL





Figure 43  Air Cylinder Specification Sheet

Accumulator:
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Figure 44  Accumulator Specification Sheet [30]

Pressure transducer:
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SPECIFICATIONS
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230 psid PX26-030DV. 35 | DP25-5, DP460-S, DP41-S
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Gomes with complete operator's manul.

“See Section D for compatible meters

Ordering Example: PX26-030DV has a bidirectional range of 30 psid, $35.
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Figure 45  Pressure Transducer Specification Sheet [32]
Pressure Regulator:
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[} T
Relieving Non refieving
ALE5-2 (@) NORGREN Liteton, CO USA Phone 3037842611 Fax 302-785.0487
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Technical Data
Fluid: Compressed air
Maximum pressue: 300 psig (20 bar)

S
X
NS

Operating temperature: -34° to 150°F (-35° 10 65°C) * Typical Performance Characteristics

e formaton at

* Air supply mst be dry enough perstures below 2°C (35°F).

Typical flow at 150 psig (10 bar) inlet pressure, 90 psig (6.3 bar) set pressure and FLOWCHARACTERSTICS
2 croop of 15 psig (1 ban) from set: HEir=ram
118" ports: 14 scim (65 ds) e
114" ports: 15 scfm (7 dm? e "
Gauge ports: LT
112" PTF with PTF main ports £ e ]
1/2° 180 Re wi IS0 Re main ports H
118" 180 Re wi 1SO G main ports £l
Materials g« ]
Body. Zinc E e
Bomnet Acetal TR =
Valve: Brassinitiie o b
Valve seat. Acetal = T
Elastomers: Niile Lo ———
Service Kits
Tem Tipe Part mumber
Rellvig 0702
Serce kit Non relleving Ta0701

‘Service i includes sip ing, daphrage, stancard vaive seat Wi

oing, vale, valve spring.

All Dimensions in Inches (mm)

a3,

T o0s
o) @

1500m |

213054

15740

©.128)

Ig
:I N

anel mounig e dsmete 116 G0y
i pane tiness 022 3 )

@ NORGREN  mem 0o UsA  Proseaneizmn | Facaosresent
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Figure 46  Pressure Regulator Specification Sheet [31]

Air filter/separator:

[image: image141.png].

"~ The air then passes thru the filter

COMPRESSED AIR FILTERS

® 1/4” THRU 1-1/2°° PORTS
® VANUAL OR AUTOMATIC DRAIN
OPERATION

A filter i§ used ina compressed
air system to remove most |IqUId )
and solid particles from the com-:. . e
pressed air. Air entering the filter 3~
is guided into a swirling pattern :
by the louvers (1). Coarse solid par- {
ticles and liquids are forced to the : A
bowl wall by’ centrifugal force and 4
drop to the bottom. Baffle (2) & ‘
creates a quiet zone at the bottom 7
of the bowl and prevents air turbu-
lence from picking up liquids and
returning them to the air stream.

P

AUTOMATIC
DRAIN

“element -(3) where most finer solid
particles are retained.

A drain {manual or automatic) is
provided to drain accumulated
liquid. The liquid level must be
maintained below baffle (2) or

~ligid will_be carried. dowr
simple petcock at the bottom of the bowl. The automatic
drain {4 and 5) is a float operated mechanism at the bottom
of the bowl which automatically expels any liquid that accu-
mulates above a certain level. An over-accumulation of liquid
in the bottom of the bowl causes float (4) to rise. This admits
bow! pressure into the drain mechanism (5), opening a bleed
valve and allowing excess liquid to be expelied under pressure.
When the liquid level drops sufficiently, the float drops and
draining stops. A screen (6) traps large particles which would
not pass thru the drain mechanism. The automatic drain is
normally open when the filter is not pressurized and any liquid
that collects drains by gravity. The automatic drain closes
when the bowl is pressurized to approximately 5 psig. Mini-
mum operating pressure is 10 psig for the automatic drain.

MANUAL
DRAIN

WARNING

THESE UNITS ARE INTENDED FOR USE IN INDUSTRIAL
COMPRESSED AIR SYSTEMS ONLY. THEY MUST NOT BE USED
WHERE PRESSURE OR TEMPERATURE MAY EXCEED MAXIMUM
RATED OPERATING CONDITIONS. SEE SPECIFICATIONS.

THE POLYCARBONATE PLASTIC BOWLS USED ON THESE
UNITS CAN BE DAMAGED AND POSSIBLY BURST IF EXPOSED
TO SUCH SUBSTANCES AS CERTAIN SOLVENTS, STRONG
ALKALIES, COMPRESSOR OILS CONTAINING ESTER-BASED
ADDITIVES OR SYNTHETIC OILS. FUMES OF THESE SUB-
STANCES IN CONTACT WITH THE POLYCARBONATE BOWL,
EXTERNALLY OR INTERNALLY, CAN ALSO RESULT IN DAM-
AGE. CLEAN WITH WARM WATER ONLY.

USE METAL BOWL IN APPLICATIONS WHERE A PLASTIC
BOWL MIGHT BE EXPOSED TO SUBSTANCES THAT ARE INCOM-
PATIBLE WITH POLYCARBONATE.

THESE FILTERS ARE NOT DESIGNED FOR USE WITH FLUIDS
OTHER THAN AIR, FOR NONINDUSTRIAL APPLICATIONS, OR
FOR LIFE SUPPORT SYSTEMS.

NNM-126
October 1987
Supersedes February 1984

BASIC 1/4"
BASIC 1/2”
BASIC 1”

SPECIFICATIONS

AT

is_dcu .

MAXIMUM RATED OPERATING CONDITIONS —
" Polycarbonate (Transparent) Bow!: 150 psig {10.3 bar);
125°F (52°C)
Metal Bowl: 250 psig {17.2 bar); 175°F {79°C)
FLUID: Compressed Air
PORT SIZES —
Basic 1/47:1/4", 3/8", 1/2" PTF (G 1/4, G 3/8 ISO optional}
Basic 1/2: 1/4”,3/8",1/2" or 3/4" PTF (G 1/4, G3/8 or
G 1/2 1SO optional)
Basic 1”: 3/4”,1", 1-1/4” or1-1/2" PTF (G 3/4,G 1 or
G 1-1/4 iSO optional)
DRAIN: Automatic with 1/8” NPTF connection or manual
FILTER ELEMENT: 50-micron (5, 25 or 75-micron optional)
BOWL: Metal with sight glass (Metal without sight glass and polycar-
bonate are optional. The Basic 1’ is not available with polycar-
bonate bowl.)
MATERIALS OF CONSTRUCTION -
Body: Zinc on Basic 1/4 and Basic 1/2”; Aluminum
on Basic 1"
Bowl —
Transparent: Polycarbonate Plastic
Metal: Zinc on Basic 1/4” and Basic 1/2";
Aluminum on Basic 1"’
Sight Glass: Pyrex
Elastomers: Neoprene and Buna-N
Element. —

5,5 BOiCTon = e ot
Basic 1/4" and Basic 1/2" Porous Polypropylene {Plastic)
Basic 1”: Sintered Bronze

75-micron: Stainless Steel Screen

NOTE
These filters will remove most liquid and solid particles from the
compressed air. Water vapor, however, will pass through the
filters and could condense into liquid form downstream. Install
an air dryer if water condensation will have a detrimental effect
on the application.

INSTALLATION

1. Air line piping should be same size as filter ports.

2. Install filter vertically {drain at bottom) in air line. Locate filter
upstream of regulators and lubricators as near as possible to the air
supply and away from any heat source.

3. Air flow must be in direction of arrow on top of body. Connect
piping to proper ports using pipe thread sealant on male threads
only. Do not allow sealant to enter interior of filter.

4. Automatic drains are ported 1/8” NPTF to aflow piping away of
expelled liquid. Use flexible tubing or nonngad papmg {1/8" mini-
mum [.D.) for the drain line.

5. Before applying air pressure, position sight glass for best visibility
(see step 6 of REASSEMBLY).

SERVICING

Filters with manual drain must be drained as frequently as necessary
to keep liquid level in bowl below baffle. 1f liquid level rises above the
baffle, liquid will be carried downstream. Clean or replace filter element
when plugged or dirty.




[image: image142.png]METAL BOWL WITH SIGHT GLASS (TYPE A)

Basic 1/4" & 1/2”

METAL BOWL WITH SIGHT GLASS (TYPE B)tt
Basic 1/2" Basic 1"

_-28A

29
T30 3

32
33

NNM-126/10-87

BASIC BASIC BASIC
PARTS 1/4" 12" 1
5. Filter Elements
B-micron . ... ... .. 3161-13 2992-18 5311-01
25-micron . ... ..o e e 3161-14 2992-19 531102
BO-micron ... ... .o 3161-15 2992-20 5311-03
75-micronscreen . ... .. ... ... 536101 3793-01 5656-01

9. Basic 1/4” & 1/2"” Transparent Bowl
With manual drain {items 9, 17 thru 20). . 3155-53 5229-50 -

With auto drain {items 9, 13 thru16) ... 3154-68 5229-56 -
10. Basic 1” TransparentBowl . . ... ... ... — - *w
11. Bowl Guard (items 11,12) .. ... ...... 517602 5270-50 —
12, Retainer . . ... ... v e 5177-87 5177-88 -
13. Auto Drain {items 13,14,15) .. ....... 3000-10 3000-10 3000-10

21. Basic 1/4” & 1/2” Metal Bowl Without Sight Glass
With manual drain (items 21, 17 thru 20} . 3201-561 5403-51 -
With standard auto drain (items 21,
13thru1B) ... .. .. ... ... 3201-52 540363 -
22. Basic 1" Metal Bow! Without Sight Glass
With manual drain (items 22, 17 thru 20) . - - 539065
With auto drain (items 22,13 thru 16) . . sds_— 539066
23. Basic 1/4 & 1/2" (Type A) Metal‘Bowl With
Sight Glass
With manual drain {items 17 thru 20,
23thru27) . .. .. 3200-561 5860-51 -
With auto drain (items 13 thru 16,
23thru27) ... oo 3200-52 5860-52 -
23A.Basic 1" {Type A) Metal Bow! With Sight Glass
With manual drain (items 17 thru 20,
23Athru27) . ... ... - — 5390-32
With auto drain (items 13 thru 16,
23Athru27) ... ... ... ... - - 5390-33
28. Basic 1/2" (Type B) Metal Bow! With Sight Glass —
28A. Basic 1 (Type B) Metal Bowl With Sight Glass - — tt

[
-+
&

REPAIR KITS

Sight Glass (Type A)
{items 24,25,26) . ... ... ... ... ... 227313 227308  2273-15
Sight Glass (Type B)
{items 29,30,31,32) ... ........... - 227306 2273-05
0-rings & Gaskets
(items 2, 8, 18); Basic 1/2" kit also contains
item 4; Basic 1'’ kit aiso contains items 4
and B ... 3163-01 301908 557805
Element {5-mjgron — contains items _— L

4andB) ... TR 299209 -
BASIC  BASIC BASIC
ACCESSORIES 1/4" 1/2" L
3/4" & 17 1-1/4" & 11/2°
PORTS PORTS
Mounting Brackets . . . . . . . 520302 553204 6212-50 6212-51

PARTS DESCRIPTION FOR EXPLODED VIEW

1. Body 22. Basic 1" Metal Bowl Without
2. 0O-ring Sight Glass
3. Louver 23. Basic 1/4” & 1/2" (Type A) Metal
4. Gasket Bowl With Sight Glass
5. Filter Element 23A.Basic 1" {Type A) Metal Bowl With
6. Gasket Sight Glass
7. Baffle 24, Seal (2 required)t
8. O-ring 25, Gauge Glass
9. Basic 1/4” &1/2" Transparent Bowl 26. O-ing
10. Basic 1’ Transparent Bowl™** 27. Retainer
11. Bowl Guard 28. Basic 1/2" (Type B) Metal Bowl
12. Retainer o _ANith Sight-GlasstT e - -
13. Auto Drain {items 13, 14, 15) = 28A.Basic 1" (Type B) Metal Bowl With
14. Float Sight Glasstt o
15. Gasket 29. Film
16. Nut 30. O-ring
17. lInsert 31. Gauge Glass
18. Gasket 32. O-ring (2 required for Basic 1/2";
19. Nut 3 required for Basic 1"')
20. Drain Petcock 33. Screw (2 required for Basic 1/2";
21. Basic 1/4" & 1/2"" Metal Bowl 3 required for Basic 1”')

Without Sight Glass 34. Retaining Ring

*Used with 5, 25 and 50-micron elements only.
**Transparent bowl for Basic 1"’ is no longer available. Order item 22 or 23A.
tSight glass seals may be cup shaped {(current models) or flat (previous models).
These seals are not interchangeable. Cup shaped seals must be replaced with cup
shaped seals, and flat seals with flat.
+tThese bowl assemblies are obsolete and are no longer available. Order item 23
or 23A.
t11Used with 5-micron element only.
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. Shut off inlet pressure and reduce pressure in bowl to zero. Filter

may be disassembled without removal from air line.

On modeils equipped with polycarbonate bowl and bowi -guard,
rotate bowl guard (11) around body (1) to ‘wind out’ bowl guard
retainer {(12) through slot in guard. Slide guard off body.

Disassemble the filter in accordance with the appropriate exploded.’
view. DO NOT REMOVE CENTER POST FROM BODY, AS .

DAMAGE TO THREADS COULD RESULT.
Automatic drain assembly (13, 14} is a sealed unit. Replace if non-
operative.

CLEANING

. Clean polycarbonate bow! using warm water only. Clean other parts

using warm water and soap.

Dry parts and blow out internal passages in body (1) using clean,
dry compressed air. Blow air through fiiter element (5} from inside
to outside to dislodge surface contaminants. Replace filter element
when plugged.

Inspect ali parts carefully. ’ b

Replace damaged parts. If polycarbonate bowl shows signs of
cracking or cloudiness, replace with a metal bowl.

REASSEMBLY
1. Prior to reassembly, lubricate the following items:
Item Lubricant
2,824,260 ,........ Generous coat of Dow Corning 44
{O-rings, seals}) grease (or equivalent).
21,23, 34 (threads) . .. .. Smail  even amount of Armite

Laboratories anti-sieze compound
Led-Plate 250 {or equivalent).

. Assemble filter as shown on the appropriate expioded view.
. Screw baffle (7) onto center post until initial contact is made with

element, then tighten 1/4 to 1/2 turn,

Tighten drain retaining nut (16 or 19) to 20-t0-25 inch-pounds
torque.

Tghten retamer {27) to 7-t0-10 mch pounds torque (Baslc 1/4" an;;l
ilters).

WARNING o
DO NOT OVERTORQUE RETAINER (27) AS DAM-
AGE TO GAUGE GLASS (25) CAN OCCUR.

Assemble the bowl to the body as described below:

ITEM PROCEDURE
9,21,36 ... ... ... .. Turn into body until stop (approx-
imately 5 turns).
10,22,23A,28A . ... ... Turn into body until stop. Arrow-

head on reservoir must be to right
of arrowhead on body:

23 Turn into body until stop (approx-
imately S turns), then unscrew no
more than one full turn to position
sight glass for best visibility.

Reinstail guard (11), if so equipped, on body (1) with retainer

bead in guard in line with groove in hody. Insert several inches of

retainer (12) into body groove through slot in guard. Rotate guard
around body to ‘wind in’ retainer.

BODY ASSEMBLIES
Basic 1/4”

Basic 1/2”

TRANSPARENT BOWL

Basic 1/4” & 1/2”

DRAIN ASSEMBLIES

MAN,
DRAIN

-—20

METAL BOWL WITHOUT SIGHT GLASS
Basic 1/4” & 1/2”

Basic 1"

-—22
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All dimensions in inches (millimeters).

— A ——

}
MAN.
DR. H
4.33 l
{110 -
b
SHORT BOWL
BASIC 1/4” BASIC 1/2"
INCHES (Millimeters)
s A B c D
R MAX, AUTO. MAN.
TYPE DIA. DRAIN  DRAIN
Basic 2.75 2.86** 89 5.46 5.84
1/4" (70 77 (18) {139) (148)
Basic . 3.501 67 6.31 6.69
- - vz o T ] (90 (17) (160) . {170) - S
’ Basic 4.75 5.52 1.25 10.06 10.44
1" (121) | (140) (32) (256) {265)

*3.62 (92) for 1/4’* and 3/8" ports.
3.91 (99) for 1/2" and 3/4" ports.

**2.86 (77) metal bowl with sight glass.
2.48 (63) plastic bow! with guard.
2.32 (59) plastic bowl.

13.50 (90) metal bowl with sight glass.
3.16 (80) plastic bow! with guard.
3.01 (76) plastic bowt.

WALL MOUNTING ERACKETS

Distance from weti

to centeriine of

ports is approximately
3.19 (81).

=75 .33
gy '8 .34 (9) DIA,

BASIC 1/4” BASIC 1/2”

\ rd
BASIC1” -




Figure 47  Air Filter/Regulator Specification Sheet
Plumbing:

Hose and fittings: 
Replace as necessary with like kind. Teflon is

recommended as sealant on all male threads.

Avoid hose to hose contact when system is                                      reassembled.

Water: Replace the water if it becomes soiled or otherwise contaminated. 
                       Add anti-corrosion agents as necessary. Fill water between minimum and 
                       maximum level according to marks inside reservoir.

Check valves: 
[image: image145.png]CAUTION

T 1S THE INSTALLERS ANDOR SYSTEM DESIGNERS RESPONSIBILITY TO
ENSURE THAT THESE VALVES ARE INSTALLED IN ACCORDANCE WITH
APPLICABLE AND CURRENT ANS! B31 STANDARDS. (61-800 SERIES
SOLDER END CHECK VALVES ARE DESIGNED TO BE SOFT SOLDERED.
APPLY HEAT WITH THE FLAME DIRECTED AWAY FROM THE CENTER OF
THE VALVE BODY. EXCESSIVE HEAT CAN HARM THE EPR SEAT)

INSTALLATION : _
1. 61 series check valves are designed to be installed horizontal or vertical {

ZMmﬂplmmwmmmmﬁdedm
3. Apply pipe sealant(pipe dope, Teflon® tape, Loctite® etc.) 10 the male i
end pipe prior to installing the vave. '
the flow is going in the direction ofthe arow on the check

Mmmp(pa.rwﬁsvnlva.andawremhwﬂhm
jews which properly fit the valve flats. A pipe wrench I for pipe, never
~for vaives. Fit vaive wrench over vaive hex flats atthe end whers
comection is being made. Never apply an installation torque through the
valve. Valve bodies may be twisted out of shape by using the wrench on
the hex opposite the joint being tightened or by using a wrench which is
too large. DO NOT OVER TIGHTEN! With proper application of thread
sealant, a pipe joint sealcan be achieved without using an excassive
amount of tuming effort.
6. Check the system for leaks prior to putting the valve(s) in service.
MAINTENANCE
1. 61 series chack valves are designed to be virtually maintenance free.
2. ¥a problern srundarisedonotdsassemblemevdvamnumehm
is under pressure. (\
3 Wmmmmmmmmmuum
need replacing. /
FREEZING
1. Provide means to protect the vaive from freezing and bursting when
FLUID COMPATIBILITY
1. Consider the corrosive, erosive, and adhesive effacts of fiuids on the |

vaive and piping P kis your Mty to ensure that
thevdvsisoonwﬂblswmthemﬂ(s)wedht!wsysm i
OPERATION |

1. No manual operation I8 required, of the check vaive, once Ris in the ;
pipe line.

NOTE: Not recommended for use with reciprocating pumps and

similar applications which may induce repetitious vibrations. Low

flow rates, which do not fully open the valve, may result in undesirable

noise and premature vaive faiiure. Upstream flow disturbances, which

create turbulence, may also resultin rapid wear. Therefore it is !
recommended thata minimum of10damsm:sofslralohtplpabe

provided between the check vaive and any up
such as pumps, control valves, elbows, elc.
WARNING: This product contains lead, a chemical known to the state of
Califomia to cause cancer or birth defects or other reproductive harm.
(Plumber: California iaw requires that this waming be given to the

consumer) :
- BN - Conbraco incustries Incomporsted +8535-00
%i BRa&®) P.O, Bax 247
Matihows, North Carolna 28106 Made in USA
.

-
A
AR





Figure 48  Check Valve Specification Sheet

Solenoid control valves:
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GENERAL INSTALLATION AND
MAINTENANCE INSTRUCTIONS

Nate: These Generai instailation and Maintenance fnstruc-
tions must be read in with the | Sheet

INSTRUCTIONS GENERALES
D'INSTALLATION ET D'ENTRETIEN

Nota: Ces d'entretien

for the specific product.

INSTALLATION
ASCOLOUCOMATIC components are intended to be used only
within cified on the namepiate
Changes to the equipment are only allowed after consulting the
manufacturer of ds representative. Before instaliation depressu-
rize the piping system and clean internally.
The equipment may be mounted in any position if not otherwise
indicated on the product by means of an arrow.
The flow direction and pipe connaction of vaives ars indicated on
the body.

The pipe connections have to be in accordance with the size
indicated on the nameplate and fitted accordingly.

Caution:

# Reducing the connactions may cause improper operation or
maitunctioning.

For the protection of the equipment install a strainer or fitter
suitable for the service involved in the mlet side as close o the
product as possible.

It tape, paste, spray or a similar lubricant is used when
tightening, avoid particles entering the system

Use proper t0ols and iocate wrenches as close as possible to
the connection point.

To avoid damage to the equipment, DO NOT OVERTIGHTEN
pipe connections.

Do not use valve or solencid as a lever.

The pipe connections should not apply any force, torque or
strain to the product

ELECTRICAL CONNECTION

In case of slectrical connections, they are only to be made by
trained personnel and have 1o be in accordance with the local
regulations and standards.
Caution:
Tum off electrical power supply and de-snergize the electrical
circuit and voktage carrying parts betore starting work.
All electricat scrow terminals must be proparly tightened ac-
cording 10 the standards before putting into service
Dependent upon the voitage electrical components must be

i and satisty local

p with
and standards

The equipment can hava one of the following electrical terminals:

Spade plug connections according to 150-4400 or

3 x DIN-46244 (when correctly instafled this connection pro-

vides IP-65 protection).

Embedded screw terminals in metal enclosure with "Pg" cable

gland.

Spade terminals (AMP type).

Flying leads or cables.

PUTTING INTO SERVICE
Bafore pressurizing the system, first carry-out an efectrical test. In
case of solencid valves, energize the coil a few times and notice
a matal click signifying the solencid operation,

SERVICE
tinuous duty service, T prevent

du produit.
MONTAGE

Les composants ASCOJOUCOMATIC somt congus pour les
domaines de fonctionnement indiqués sur la plaque signalétique
ou la documentation. Aucune modification ne Ppeut étre réalisée
sur le matériel sans I'accord préalable du fabricant ou ge son
representant. Avant de procéder au montage, dépressunser s
canahisations et effectuer un neloyage interne.

A moins qu'une flache ou la notice nindique un sens de montage
spécifique de la 1éte magnétique, i produit peut étre monté dans
nlimporte quelle position, - - -
X e y

(2 notice spé

e corps
et dans la documentation.
Ladi les d
indiqué sur le corps, Yétiquette ou la notice
Attention
® Une restriction des tuyauteries peut entrainer des dysfonc-
tionnements,

Afin de protéger le matériel, installer une crépine ou un filtre
adéquat en amont, aussi prés que possible du produrt.

En cas d'utilisation de ruban, péte, aérosol ou autre lubrfiant
lors di ge, veiller acaqu' Siranger ne pénatre
dans fe circuit.

Utiliser un outiltage approprié et placer iss clés aussi pres que
possible du point de raccordement.

Afin d'éviter toute détérioration, NE PAS TROP SERRER les
raccords des tuyauteries.,

Ne pas se servir de la vanne ou de ta téte magnétique comme
d'un fevier.

Les tubes de raccordement ne devront exercer aucun effort,
couple ou contrainte sur le produit

RACCORDEMENT ELECTRIQUE
Le raccordement slectrique doit atre réalisé Ppar un personnel
qualifié et selon les normes et féglements focaux
Attention :
Avant toute intervention, couper |'alimentation #lectrique pour

avant ta misa en service. -
Selon fa tension, les compasants électriques doivent étre mis
4 1a terre conformément aux normes et réglemants locaux.

Selon les cas, le raccordement #lectrique s'effectue par :
Connecteur débrachable 1SO4400 ou 3 x DIN4E244 avec
degré de protection IP65 lorsque le raccordement est correc-
tement effectue,

Bornes A vis solidaires du bobinage, sous boitier métalique
avec presse-étoupe "Pg - .

Cosses (type AMP)

Fils ou cables solidaires de ka bobine.

MISE EN SERVICE
Avant de metire le circuit sous pression, effectuer un essai
électrique. Dans fe cas d'une dlectrovanne, mettre la bobine sous
tension plusieurs fois et écouter le "clic” métallique qui signale le
fonctionnement de la téte magnétique.

FONCTIONNEMENT

ALLGEMEINE
BETRIEBSANLEITUNG
i A il it 2us;

menhang mit der jewelligan Betriebsanisitung tiir die spe-
zielien Produkte.

EINBAU
Die ASCO/JOUCOMATIC-Komponenten dirfen nur innerhaib
der auf den Typenschildern angegebenen Daten eingesetzt
werden Verénderungen an den Produkten sind nur nach Rick-
sprache mit ASCOLOUCOMATIC zuldssig.

geschattet und innen gereinigt werden. — —

Bie Eindauiage aer Produkte st generell beliehig Ausnahme:
Die mt einem Plei gekennzeichneten Produkte mussen ent-
sprechend der Pfeilrichtung montiert werden

Die BurchfiuBrichtung und der Eingang von Ventilen sind
gekennzeichne

Die Re soliten
auf den T mip
durchgefuhrt werden. Dabei ist folgendes zu beachten:

Eine Reduzierung der Anschiisse kann zu Leistungs- und
Funktionsminderungen fiihren.

Zum Schutz der Ventle soflten Schmutztanger oder Filter so
dicht wie magiich i den Ventileingang integriert werden,

Be) Abdichtung am Gewinde ist darauf zu achten, da kein
Dichtungsmaterial in die Fohrleitung oder das Ventil gelangt
ZurMontage dart nur geeignetes Werkzeug verwendet werden
Konische sind sorgféltig Esist
daraut zy achten, daB beim Anziehen das Gehduse nicht
beschadigt wird

Spule und Fiihrungsrohr von Ventilen diirfen nicht afs Gegen-
halter benutzt warden

Die Rohrieitungsanschliisse sollen fluchten und diirfen keine
Spannungen auf das Ventil ubertragen.

ELEKTRISCHER ANSCHLUB
Der elektrische Anschiufi ist von Fachpersonat entsprechend den
geltenden VDE- und CEE-Richtinien auszufihren Es ist
besonders aut folgendes zu achten:

* VorBeginnder daRall

den

Mettre hors tension les composants. Leitungen und Netzteil o
Toutes ies bomes & vis doivent étre Serrées, wKiemmen sicd nach Beendigung der Arbeden

vorschiiftsmaiig entsprechend den geienden Regein anzuziehen,
» Jenach Sp;
Regein einen Schutzieiteranschlul erhalten

Der Magnetantrieb kann je nach Bavart folgende Anschiusse
haben:

Anschiuf fir Gerdtesteckdose nach DIN 43850 Form AISO
4400 oder 3x DIN 46244 (durch ordnungsgemane Montage
der Gerdtesteckdose wird Schutzklasse {P 65 erreicht)
Anschliisse innerhalb aines Biechgehauses mittels Schraub-
klemman. i h P

Offene Spulen mit Flachsteckern (AMP-Fahnen) oder mit
engegossenen Kabelenden

INBETRIEBNAHME
Vor Druckbeaufschlagung des Produktes sollte eine elekinsche
Funktionspriifung erfoigen:
Bei Ventilen Spannung an der Magretspule mehrmals ein- und
ausschalten. Es muB ein Kiicken zu héren sein,

2

perty
hot under normal operation conditions.

La plupast des e BETRIEB
Most of the solenoid vaives are equipped \.n_nh c'oils for con- POUF M Pour viter Ulure,ne  Die meisten Ventile sind mit Spulen fiir Dauerbatrieb
o i i il vermi , dadie
tepule bei I trieb sehr hei
BRUIT DE FONCTIONNEMENT Magnetspule bei [ingerem Batrieb sehr heif ‘werden kann.

SOUND EMISSION
The emission of sound depands on the application, medium and

Le bruit de fonctionnement vane selon ['utilisation, Ie fiuide et e
type de matérie! employs. L utilisateur ne pourra déterminer avec

nature of the aquipment used. The exact of the

Sound level can only be carried out by the user having the valve
instalied T 1S systom. T————

MAINTENANCE
Maintenance of ASCO/JOUCOMATIC products is dependent on
it Periodic cl gis i, the timing

of which will depend on the media and service conditions., During
s8nvicing, components should be examined for excessive wear. A
complete set of intemal parts is avaiiable as a s$pare parts or

qu'aprés avoir P
sur linstaliation.
T ERTRETIEN
Lentretien nécessaire aux produits ASCOJOUCOMATIC varie
avec litions ¢ . Dest i a
un nettoyage périodique dont lntervalle varie suivantla nature du
fluide, les contions de fonctionnement et le milieu ambiant. Lors
de lintervention, les composants doivent 8tre examinés pour
detecter toute usure excessive. Un ensemble de pieces internes
est propose en pisces de rachange pour procéder A la rétection.
E 5 i do d

rebuitd kit. ¥ & problem oceurs duning or
in case of doubt pleass contact ASCONOUCOMATIC or author-
isad representatives.

veuillez contacter ASCO/JOUCOMATIC ou ses représentants
officiets.

mchm“ahMmmmm
mMMmmwwuﬂdnunMdm
concemed.

The product compiies with the essential

C & 1a directive CEE Annexe Il B, une
Déclaration d'incorporation peut étre fournie sur demande.
Veuiliez naus indiquer ie numéro d'accusé de técoption (AR)
¢t len rétérences ou codes des produits concemés,

GERAUSCHEMISSION
Diese hangt sehr stark vom Anwendungsfall, den Batriebsdaten
und dem Medium. mit denen das Produkt beauischlagt wird, ab.
Eine Aussage iiber die Gerauschemission des Produktes mui3
deshalb von demjenigen getroffen werder. der das Produkt
innerhalb einer Maschine in Betriep nimmt

WARTUNG
Die Wartung hingt von den Einsatzbedigungen ab. In
entsprechenden Zeitabstdnden muB das Produkt geotinet und
gereinigt werden. Fiir die Ubecholung der ASCO/JOUCOMATIC-
Produk d werden. Treten Schwie-
rigkeiten bei Einbau, Betrieb oder Wartung aul, scwie bei
Unklarheiten. istmit ASCO/JJOLUCOMATIC Riicksprache zuhalten.

(ASCO/JOUCOMATIC Produkte sind entsprechend der EG-Richt
finie 89/392/EWG geertigt

Eine separate Herstettererklirung im Sinne der Richtlinie 891392/
EWG Anhang B ist aut Anfrags erhahtlich, Geben Sie bitte fiir die
Produkie die Nummer der Auttragsbestitigung und die

EMC Directive 89/338/EEC and amendments and the Low
Voltage directives 73/23/EEC and SMS8/EEC. A separate Dec-
* laration of Canformity Is availstle on request. Please provide
product identification number and serist numbers of the

basse tension 73/24/CEE et SUBM/CEE. Une déclaration de

Dieses Produit entspricht den grundiegenden Bestimmungen
der EMV-Richtlinie 8936/EWG, cinschi. Nachtrage, sowie den

Indiquer le ruméro d'accusé de réception (AR) ainsi que les

Sie die Auftra ¥ und die der
products concerned, numéros de série des proguits concernés. betreftenden Produkte an,
ASCH 1“‘8; bla High ASCS’ SCI;NTIF!C .
50 Hanover Road 561 Columbla Wi 50 Hanover Road
Florham Park, Now Jersey 07932 Aiken, South Car&lnn 801 Fiorham Park, New Jersey 07932 Asco MMl Al Rights Reserved. Form No, V6950R5
Tel. (973) 9662000 Tel. (803) 641~9200 Tel. (973) 236—6160
Fax (973) 066 2628 Fax (803) 8419290 Fax (973) 966 6461

50 Hanover Road, Florham Park, New Jersey 07932 www.ascovalve.com
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Figure 49  Solenoid Valve Specification Sheets

Heater/chiller: 

[image: image151.png]A\

Service Contracts

Condenser

A

Section V Maintenance

To avoid electrical shock, disconnect the mains cord prior to removing
any access panels or covers.

NESLAB offers on-site Service Contracts that are designed to provide .
extended life and minimal down-time for your unit. For more information,
contact our Service Department (see Preface, After-sale Support).

For proper operation, the unit needs to pull substantial amounts of air
through a condenser. A build up of dust or debris on the fins of the
condenser will lead to a loss of cooling capacity.

Periodic vacuuming of the condenser is necessary. To access the condenser
the front grille must be removed.

The unit must be turned off before the front panel is removed.

RTE-111 units have a one-piece grille assembly. Pull forward to remove.
RTE-211 and RTE-221 units have a two piece grille assembly. First remove
the left (blue-colored) section by simply puliing it forward. Pull forward on the
remaining (white-colored) section to remove it.

The frequency of cleaning depends on the operating environment. After initial

installation, we recommend a monthly visual inspection of the condenser.
After several months, the frequency of cleaning will be established.




[image: image152.png]Reservoir Cleaning
Routine cleaning can be achieved by simply sponging down the seamless
stainless steel tank with tap water. (Dish washing detergent may be used
but the tank must be thoroughly rinsed.)

To gain access to the entire reservoir the pump box and reservoir cover
should be removed.

| . Refrigeration Cable

5 ————— ——— Cable Strap

Remove the line cord from the rear of the unit and then remove the four
screws (two on each side) securing the reservoir's cover.

To get slack on the refrigeration cable, remove the cable strap. The cable
itself does not need to be disconnected.

Turn the cover assembly over and carefully place it on a supporting plat-
form.

Algae
To restrict the growth of algae in the bath, we recommend the bath cover be
kept in place and that ali circulation lines be opaque. This will eliminate the
entrance of light required for the growth of most common algae.

NESLAB recommends the use of Chloramine-T, one gram per gallon.




Figure 50  Heater/Chiller Specification Sheets

Bill of Materials
	ITEM
	QTY
	PART NUMBER
	DESCRIPTION

	1
	4
	1/4-20 UNC - 0.5
	Wing Knob

	2
	1
	Bottom Triangle
	Aluminum

	3
	1
	Mid Triangle
	Aluminum

	4
	1
	Top Triangle
	Aluminum

	5
	3
	Tube Stock (Lower)
	Steel

	6
	3
	Tube Stock (Upper)
	Steel

	7
	3
	Threaded Rod
	Steel

	8
	1
	Wet Puck
	Aluminum

	9
	1
	AS 568 - DASH # 133
	O-Ring

	10
	1
	Manifold
	Ultem

	11
	6
	1/4 Regular. Carbon Steel
	Helical Spring Lock Washer

	12
	6
	1/4 - 20 - 1
	Hexagon Socket Head Cap Screw

	13
	6
	1/2 - 13
	Hex Nut

	14
	6
	1/2 - Regular - Type B
	Washer B

	15
	1
	Spherical Load Button
	Aluminum

	16
	1
	Passive Puck
	Aluminum

	17
	1
	Puck Stand
	Sheet Metal

	18
	3
	1/4-28 UNF - 0.5
	Hex Cap Screw

	19
	6
	1/4 - 20 x 3/8
	Spline Socket Set Screw - Cone Point - UNC

	20
	3
	1/4 - Regular - Type B
	Washer B

	21
	3
	Teflon
	Teflon insulation part

	22
	3
	Guide Rod
	Steel

	23
	2
	1/4-20 UNC - 1
	Hex Bolt - UNC

	24
	1
	cam eye bolt
	Steel

	25
	1
	cam lever
	Steel

	26
	3
	2G380
	Grainger Leveling Feet

	27
	1
	Airpot - 106602-1
	Actuator: 6" stroke, 240lb max force

	28
	1
	
	Pressure regulator: manual w/ gauge 5-125psi

	29
	1
	
	Exhaust valve

	30
	100
	
	Hose

	31
	5
	
	Fittings

	32
	1
	
	Electronic Pressure Regulator

	33
	1
	PX26-100DV
	Omega Pressure Transducer

	34
	1
	CX136-4
	Omega 4-pin connector

	35
	1
	
	Fitting 

	36
	7
	PC5/32-N2U
	Straight male fitting:  1/4 NPT to 5/32 tubing

	37
	4
	PCF5/32-N1U
	Straight female fitting:  1/8 NPT to 5/32 tubing

	38
	5
	PV5/32M
	Elbow union:  5/32 tubing x2 

	39
	2
	PE5/32M
	Union tee:  5/32 tubing x3

	40
	1
	PZA5/32M
	Union cross:  5/32 tubing x4

	41
	1
	109CS-B
	C/S plug:  1/4 NPT

	42
	1
	110A-DB
	Bushing:  1/2 NPT to 1/4 NPT

	43
	1
	ASP-M
	Muffler:  1/8 NPT

	44
	2
	027-4F-4F-BT
	Inline ball valve (mini):  1/4 NPT

	45
	6
	ASCO Red Hat - 8210693
	Solenoid valve 2-way 3/8"NPT 12VDC N/C 

	46
	4
	Gate valve 1/4" NPT
	

	47
	2
	Mini ball valve 1/8" NPT
	

	48
	10
	Hose 1/8" ID 1/4" OD clear
	

	49
	20
	Hose 1/2" ID clear braided
	

	50
	2
	Coupler 1/4" brass
	

	51
	1
	Coupler 3/8" brass
	

	52
	2
	90 deg 1/4"NPT to 1/4" hose
	

	53
	13
	3/8"NPT to 1/2" hose
	

	54
	6
	1/2" hose barb T
	

	55
	9
	1/4"NPT to 1/2" hose
	

	56
	4
	1/8"NPT to 1/8" hose
	

	57
	2
	1/4"NPT to 1/4" hose
	

	58
	2
	1/4"NPT to 1/8" hose
	

	59
	1
	1/4"NPT brass T
	

	60
	2
	1/4"NPT brass T
	

	61
	4
	1/4" hose clamp
	

	62
	52
	1/2" hose clamp
	

	63
	4
	1/2"NPT to 1/2" hose
	

	64
	6
	Check valve 1/2"NPT female
	

	65
	2
	1/4" NPT coupler - donated
	

	66
	5
	Hose 1/4" ID clear braided - donated
	

	67
	1
	NESlab - 134103200103
	NESlab RTE-111 Water Chiller

	68
	1
	NESlab - 16703200700
	NESlab RTE-111 Water Heater

	69
	3
	Electrical Wire
	16 Gauge

	70
	1
	SPDT switch
	Temperature switch

	71
	1
	On-Off push button switch
	System On

	72
	2
	4 position terminal block
	Positive Terminals

	73
	1
	12 position terminal block
	Negative Terminal

	74
	2
	LED
	Red/Green LED

	75
	2
	470 ohm Resistor
	


Detailed Drawings

The following pages have the detailed drawings of each part.



Ø 50 mm Al Bottom “Plate”, 


Plate Thickness 12 mm


Wall Thickness 6mm





Interface with TIM under test – Constant temperature across the entire surface is desired
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