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Statement of Disclaimer

Since this project is a result of a class assignment, it has been graded and accepted as
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reliability. Any use of information in this report is done at the risk of the user. These
risks may include catastrophic failure of the device or infringement of patent or
copyright laws. California Polytechnic State University at San Luis Obispo and its staff
cannot be held liable for any use or misuse of this project.




Abstract

This report describes the final design and analysis of a hydraulic chassis
dynamometer as a testing tool for California Polytechnic State University, San Luis
Obispo Supermileage Vehicle Team (CPSMV). Literature review was conducted to
understand the various types of chassis dynamometers on the market as of the year
2011. After rigorous research, it was determined that a hydraulic system was the best
system for a chassis dynamometer in terms of functionality, performance, and cost.
Critical study of hydraulics, dynamometers, and data acquisition systems (DAQ) was
followed by a complete design of a hydraulic system. The chassis dynamometer
proposed in this report tests a vehicle under a load provided by a hydraulic pump. A
proportional valve imparts a load on the vehicle by restricting flow and creating a
pressure differential. A fluid conditioning loop comprising a strainer is incorporated into
the return line to maintain proper fluid cleanliness. This project combined different
principles of mechanical, manufacturing, control, and electric and computer engineering
to provide a testing tool to aid in the tuning of CPSMV’s current and future vehicles.
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Chapter 1: Introduction

The Supermileage Vehicle Team from California Polytechnic State University, San
Luis Obispo competes annually at the Shell-Eco marathon. This competition challenges
teams all over the United States to design, build, and test energy efficient vehicles. The
winners of the competition are the teams that can travel the farthest distance using the
least amount of energy. Each year the team develops methods to improve the fuel
efficiency of their vehicles. CPSMV has an incredible record of consistently placing well
in the Shell- Eco marathon, but they have never had a vehicle at competition with an
optimally tuned engine. In addition, the team began using fuel injected engines to
achieve better gas mileage and greater performance but they do not have a current
method or tool to measure the new performance characteristics of their engines.

As aresult, CPSMV has requested the design and manufacturing of a chassis
dynamometer to help them test their vehicles under normal road conditions and provide
them with engine performance data such as power and torque. The testing of the
vehicles will help the team tune their engines accordingly and/or design vehicle drive
trains that will allow them to be more competitive.

Senior project team SMV Dynomics will assist CPSMV by designing a chassis
dynamometer. SMV Dynomics hopes to provide a specialized tool that will aid in tuning
the team'’s vehicles for maximum fuel efficiency. The goal of the project is to design and
construct a portable chassis dynamometer that will test all of CPSMV’s vehicles. The
main objective of the chassis dynamometer is to measure speed, power output and
torque output.

The main constraints facing this project are design constraints, monetary
constraints, and time constraints. The design constraints are focused on the portability
of the system, the time require to set up and test the vehicles, the safety of operation, as
well as the accuracy of the measurements. The budget for this project is of $2,500 while
the time constraint is of one academic year for full completion of the project.

The full report provides a detail description of the customer requirements, the
research conducted, the ideas generated, and the analysis performed by SMV Dynomics
to design the best vehicle testing tool for CPSMV.




Specific Design Requirements
The following requirements list was provided by CPSMV to SMV Dynomics and
details the features that the chassis dynamometer must incorporate:
» Must work with 1 wheel drive vehicles
» Must work with both urban concept and prototype vehicles using the dimensions
specified in the 2012 Shell EcoMarathon Americas rules
» Needs to fit a tire radius of 6.5 - 15 inches
0 Width between 0.9 inches to 6 inches
» Works with engines between 0.25 hp and 10 hp
» Includes troubleshooting manual, user guide, and schematics
» Real time display of vehicle speed, torque, and power
0 Speed Range: 0-40 mph, resolution: 1 mph
0 Torque Range: 0-25 ft/Ibs, resolution: 1 ft-1b
0 Power Range: 0 to 5 HP, resolution: .1 HP
» Accuracy:
0 Speed:+1 mph
0 Torque: £1 ft/lbs
0 Power:+0.1 HP
» Total weight less than 100 pounds
» Collapsed dimensions smaller than 3’ x 3’ x 3’
0 Dimensions fits in cage, fits in trailer with both vehicles (collapsible)
» Drop and Go Dyno Operation
0 Removal of any vehicle components is unnecessary
0 Physical attachment of dyno and vehicle unnecessary
» Must be able to change engine loads smoothly while engine is running
» Equipped with a wide band 02 sensor and readout display
» Setup time of 8 minutes or less
» Approximately 30 min of maintenance per 25 hours of operation
» Maximum budget of $2500
» Any power is supplied by a standard wall socket (120V 15Amp AC single phase
60hz) or batteries
» Includes easy method of mounting vehicle (eg. Roll up ramp)
» Vehicle must be secured and unable to roll off the dyno while in use
» Instrumentation:
0 Possibly integrate fuel consumption measurement
» Usable Dyno by March 15t 2012. Any of the below requirements do not need to be
completed by this deadline
0 Vehicle settings memory
0 Aesthetically pleasing
* Logos for Supermileage team, Senior Project team, and
University
= All bare metal surfaces painted or anodized
0 No exposed moving parts (excluding rollers)



Design Specifications

The overall goal of SMV Dynomics is to build an effective and easy to use chassis
dynamometer for the CPSMV. Table 1provides the formal engineering specifications for
this project. The table describes the requirement or target that is to be met and how it
will be completed. The table is known as a “compliance” method table. The four different

types of methods that can be conducted are:

1. Analysis (A)
2. Test (T)

3. Similarity to Existing Designs (S)

4. Inspection (I)

The table also assesess the risk of meeting each of the engineering targets or

specifications by assigning a risk level ranging from High (H), Medium (M), and Low (L)

to each.

Table 1: Chassis dynamometer formal engineering requirements.

Spec. # Parameter Requirement or | Tolerance Risk | Compliance
Description | Target (units)
1 Due date Working design: | N/A H AT
March 2012
Final design:
June 2012
2 Weight 80 Ibs +10 Ibs H AT
3 Size 3ftx3ftx3ft +1ft H Al
4 Production | $2500 Max H A
Cost
5 Power 1-10HP Min M AT
Handling
6 Torque 0-115 ft/lbs Min M AT
Handling
7 Speed 0-40 mph Min M AT
Handling
8 Safety Not moving parts | N/A M I
exposed (except
rollers)
9 Ergonomics | No previous N/A L T, 1
experience
required for use
10 Maintenance | 1 hr maintenance | Max L AT
for 100 hr
operation
11 Power usage | 120V 15Amp AC | Max L AT
single phase
60hz) / batteries
12 Setup time 5 minutes orless | + 3 min T
13 Displays Real time display | N/A M AT
of vehicle speed,
torque, power
14 Wheel and Tire with: M AT
roller Radius: 6.5-15 in | Radius:* 2"
interface Width: 0.9 - 6in | Width: £ 1”

.
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A high risk was placed on the maximum budget of $2500. This is something that
must be kept in mind at all times because it is the limiting factor. Size, weight, and
deadline were also important requirements that had to be met in order for successful
completion of the project.

The chassis dynamometer must work with both urban concept and prototype
vehicles using the dimensions specified in the 2012 Shell EcoMarathon Americas rules.
The two vehicles are drastically different in design, so the chassis dynamometer we plan
to build must be able to adapt to both vehicles. The Prototype category vehicle is a three-
wheel car with a single rear wheel drive. The Urban Concept category is a larger four-
wheel, single wheel drive car. It must work for 1 wheel drive vehicles, and support
vehicles with 3 and 4 wheels. Due to the difference in wheels for each vehicle the dyno
must fit a tire radius of 6.5 to 15 inches with a width between 0.9 inches to 6 inches.
Both Supermileage vehicle categories use low power engines; currently the team uses a
2.5 hp Honda GHX 50 engine, and a 4 hp Yamaha 49CC C3 Scooter engine. Therefore the
dynamometer needs to work for engines from 0.25 to 6hp.

A troubleshooting manual, user guide, and schematics diagram will be made to
allow anyone with minimum vehicle testing experience to set up and test CPSMV’s
vehicles. There will be no exposed moving parts, excluding rollers. Sharp edges and
points will be rounded (1/8 in radius max). A real time display of vehicle speed, torque,
and power will allow for easy tuning. The speed will range from 0 to 40 mph, and have a
resolution of 1 mph. The torque will range from 0 to 16.6 ft-lbs with a resolution of 1 ft-
lb. The power will have a range of 0 to 10 hp with a resolution of 0.1 hp. For additional
accuracy the dyno must change engine loads smoothly while the engine is running. Also
limit slip of wheels to less than 1% is required for accuracy.

CPSMV informed us that they would like to bring the dyno to competition. This
means that it needs to be lightweight, compact (fit into cage and trailer with both
vehicles), easy to move, and fast to set up. We were given a goal of weight less than 100
Ib, collapsed dimensions smaller than 3’ x 3’ x 3’, and a setup time of five minutes or less.
For a fast setup the dynamometer will be “drop and go” with no removal of any vehicle
components and no need to directly attach the vehicle to it (except for data cables). It
must have an easy method of mounting the vehicle securely and level. Considering the
power sources at competition, any power must be supplied by a standard wall socket
(120V 15Amp AC single phase 60hz) or batteries. The dyno must have a maximum of
approximately 1 hour of maintenance per 100 hours of operations so that it does not
need to be serviced at competition.

The current competition driving strategy is the burn and coast method, where the
vehicles quickly accelerate at full throttle to 25mph or 30mph before turning off the
engine and coasting down to about 8mph. The power and speed requirements are drawn
mostly from the current competition and engine setup. SMV Dynomics plans to complete
the chassis dynamometer by June 2012.




Chapter 2: Background

This section will provide the user with information regarding the important
aspects of chassis dynamometers and existing chassis dynamometers in the market.

Chassis Dynamometers

A chassis dynamometer measures the power delivered to a vehicle’s wheel from
the engine. The chassis dynamometer collects data through the vehicle’s tire rotation.
Figure 1 shows a vehicle parked on rollers that are free to rotate as the vehicle’s speed
is increased. Chassis dynamometers provide loading to the vehicle’s wheel in order to
simulate road conditions. The vehicle’s response to this loading is what the
dynamometer measures in terms of speed, power and torque.

Figure 1: Typical chassis dynamometer.
<http://www.allstates.com/late_model_1999_dyno_with_comput.htm>

Many small engine dynamometers already exist on the market, however none of
them fully meet the basic requirements of the Supermileage team. The small chassis
dynamometers available do not have a low enough power range and are outside the
budget of the team. For example the Land-and-Sea DYNOmite Kart dynamometers seen
in Figure 2 start at $5000 and are not suited for the low power range of the
Supermileage vehicles.

Figure 2: Land-and-Sea DYNOmite Kart dynamometer.

<http://www.land-and-sea.com/kart-dyno/kart-chassis-dyno.htm>
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Another product that would work for the team’s application would be TRIK-
DYNO, LLC’s TRIK-250A portable RC Engine Dyno (Figure 3). It meets the small power

requirements for the supermileage vehicles, but it is not a chassis dynamometer. It is
also beyond the team'’s budget at a cost of $3700.

Figure 3: TRIK-DYNO, LLC’s TRIK-250A
<http://trik-dyno.com/prod01.htm>

In addition, there are many types of chassis dynamometers and they differentiate
by the component that provides the loading to the vehicle’s wheels. Figure 4shows an
eddy current load absorption unit that is used in many modern chassis dynamometers.
Even though the eddy current unit is very light when compared to the other systems of

loading and provides greater accuracy in terms of the amount of loading provided, it is
the most expensive.

Figure 4: Eddy current absorption unit.

<http://www.dynojet.com/motorcycle_dyno/default.aspx>

Another type of system used in chassis dynamometers is water-break loading.
Figure 5 shows a typical water-break loading system attached to an engine’s shaft to
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measure the engine’s power output. Water-break systems are relatively inexpensive and

versatile. However, they are not portable since a water source needs to be readily
available in order to have a working chassis dynamometer.

Figure 5: Water-break loading system.
<http://www.me.berkeley.edu/ME102/Past_Proj/f03/Proj11/discuss.htm>

The other popular type of chassis dynamometer utilizes a hydraulic system.
Hydraulics is the term used to describe the application of fluid power to produce work.
There are several advantages of hydraulics systems over other systems. Hydraulic
systems can provide variable speed, high power to weight ratios, low installation space
requirements, simple closed-loop controllability, high durability and overload safety,
and low maintenance requirements. They are commonly used in engine dynamometers
because of their versatility and because they are easy to build. Figure 6 shows a typical
engine dynamometer that utilizes a hydraulic system to load the engine.

——
-_—

ISWES, YOU CAN DISCONNEGT PUMP FOR'INEN

PUFES P, o

Figure 6: Hydraulic dynamometer with pump and valves.

<http://inertiadyno.com/inertia-dyno/inertia-dyno-with-load-sensing-hydraulics />
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Chapter 3: Design Development

The conceptual design of the chassis dynamometer was broken into major
subsystems that included the roller frame, the control system, the engine loading, and
data measurement (Table 2). Top concept models for each subsystem were selected
based on the customer requirements. The resulting final concept is the combination of
all three top subsystem designs.

Table 2: Possible concept design combinations.

Roller Frame Control System Engine Loading Data Measurement
Tube structure ramp LabView + Daq Hydraulic pump Torque and rpm
Sheet metal structure Simulink + Daq Eddy current Pressure/current and rpm

Stackable units Microcontroller Electric motor
Disk Brake

For the frame structure, the most important aspects were weight, cost, ease of
manufacturing, and aesthetics. We decided that the best frame would be a tubular
structure with a sheet metal skin based on the decision matrix show in Table 3. The
sheet metal frame was too heavy for our specifications and edges would be difficult to
precisely cut, even though it would require much fewer parts. The stackable unit was
deemed unnecessarily complex, even though it would make transportation and storage
simple.

Table 3: Comparison matrix of top ideas.

Roller Frame Weight | Cost Ease of Manufacture Simplicity Total
Importance 0.3 0.3 0.2 0.2 100
Tube structure ramp 100 50 75 75 75

Sheet metal ramp 25 50 100 100 62.5
Stackable units 50 50 50 50 50

Figure 7shows the initial two frame concept designs. The left design shows a
tube structure while the right design shows a stackable units model.

2 H

Froet bagic
Flegy macqt fir buasd

ralles Lm'-,',,

Figure 7: Tube structure ramp (left) stackable units (right).
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The most important aspects of the engine loading system were suitability, cost,
and ease of implementation. The hydraulic pump and needle valve was chosen as the
engine loading system based on the decision matrix in Table 4. The disk brake method
would be hard to control and would require constant maintenance and calibration. Most
chassis dynamometers use eddy current brakes but they are a costly implementation.
Using an electric generator would not allow to control the load with accuracy.

Table 4: Engine loading decision matrix.

Ease of
Engine Loading Reliability Cost Implementation Control Total
Importance 0.3 0.2 0.2 0.3 100
Hydraulic Pump 100 100 75 100 95
Electric generator 100 100 75 25 80
Eddy Current Brake 100 0 50 100 70
Disk Brake 50 75 100 50 65

Table 5 shows the decision matrix for the Control and DAQ system. The LabView
and computer connectable DAQ system had the highest because it was the cheapest and
easiest to use with adequate room for customization. Dr. Ridgely will provide us with the
DAQ board and give us access to Cal Poly’s license of LabView. Using Simulink to control
the hydraulic system requires us to purchase expensive equipment. There is also a limit
to what we can do with Simulink and we feel that we cannot expand or customize it as
much as we would like. Using Dr. Ridgely’s Minestrone microcontroller is not time
efficient since it would require learning and getting experience working with

microcontrollers.
Table 5: Control and DAQ decision matrix.
Expansion
Control System Cost Ease of use Capability Total
Importance 0.25 0.50 0.25 100
LabView + DAQ 75 100 75 87.50
Simulink Control 50 75 25 56.25
Microcontroller 50 25 100 50.00

We considered two methods for obtaining the power measurements; measuring
torque from the roller shaft and RPM of the rollers, or measuring pressure in the
hydraulic system and RPM of the pump. Because the efficiency of the pump varies with
fluid viscosity and speed, we determined that taking measurements from the hydraulic
or electrical system would be less precise than taking measurements from the
mechanical components. In the end, we decided to measure the RPM and torque from
the rollers and shaft.

14



Final Concept Design
The final concept design includes the following features (Figure 8):

A tubular frame structure
A hydraulic pump to load the engine
LabView to log data and control the system.

Power measurements would come from measuring torque and RPM from
aroller

Figure 8: Sample layout of final conceptual chassis dynamometer design (Top View).
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Chapter 4: Description of the Final Design

The final design consists of three subsystems, the mechanical system, the
hydraulic system, and the data acquisition system. The mechanical system includes the
frame, the rollers, and the mechanism that enables the accurate measurement of torque.
The hydraulic system is a hydraulic circuit that comprises a pump, a needle valve,
strainer, heat exchanger, and reservoir. Its purpose is to load the engine. The DAQ
system processes the rpm and torque readings and will control the load on the engine.

The vehicle’s drive wheel will be placed on the roller assembly, while the rest of
the vehicle is tied down to other blocks. One of the rollers is connected to the hydraulic
pump through its shaft by a shaft coupling. When the vehicle applies power to the drive
wheel, the hydraulic system places a load onto the vehicle. This load is meant to simulate
the vehicle’s acceleration and road load under operating conditions.

The rollers are supported by roller bearings on both sides of each roller. The
bearings are mounted to the frame.

The power the vehicle delivers to the drive wheel is computed from the measured
torque and the measured rpm. RPM measurements are taken by a hall-effect sensor
detecting a set of metal plates attached to the rollers. The signals are fed to the control
system, where it is processed to give a power reading.

The torque measurements are obtained from the torque the pump exerts onto the
rollers. The pump and the pump mount are constrained such that it can “free rotate”
about its shaft axis. A load cell is attached to the pump mount such that it constrains the
“free rotation” of the pump. This way, the force transducer resists all of the torque
provided by the pump. The torque is the calculated by multiplying the force reading
from the transducer by its distance to the shaft axis. The load on the engine is controlled
by restricting the flow of hydraulic fluid through the hydraulic system.

Final Design

Figure 9 shows the full view of the all in one ramp Dynamometer. The 6 inch
rollers are represented as the two black cylinders in the center of the ramp. The ramp
design will allow vehicle to be rolled onto the Dynamometer for easy roll on roll off
operation.

Figure 9: Close view of pump cradle.
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Figure 10 shows the exploded view of the drive shaft assembly. The pump is
mounted to a free rotating plate, which is attached to the frame. A shaft coupling
connects the pump and the roller shaft.

Figure 10: Exploded view of pump and pump cradle.

Figure 11 represents the chassis dynamometer, showing how the parts fit inside
the ramp enclosure.

Figure 11: Front view and isometric view of chassis dvnamometer.

Figure 12 shows the exploded view of the chassis dynamometer, including all of the
hardware that holds the frame together. Figure 13 shows the full and section view of the
chassis dynamometer. Figure 14 shows the exploded view of the roller assembly, which
includes the components used to make each individual roller.

17
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Figure 12: Exploded view of chassis dynamometer.
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Figure 13: Full view and section view of chassis dynamometer.
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Figure 14: Exploded view of roller assembly.

Figure 15 shows the measurement of the forces and the dynamic effect that the
working fluid provides. The torque and power at the wheels is obtained by measuring
the pump torque and the RPM of the rollers. Easy access panels are located on both
sides of the ramp and above the pump for easy maintenance.

‘ Hall Effect
Sensor

Torque
measurement
Load Cell

Figure 15: Roller assembly operation.
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Hydraulic Loading

One of the subsystems of the chassis dynamometer is the loading subsystem that
will simulate normal road conditions by providing a load to the vehicle’s wheel. A
generic hydraulic system was developed to show how the loading system would operate.
Figure 16 shows the integration of all hydraulic components into a hydraulic circuit.
The hydraulic circuit consists of a hydraulic gear pump (1), a pressure gauge (2), a flow
control valve (3), a temperature sensor (4), a strainer (5), and a reservoir (6).

PRESSURE GAUGE
P ;
£

FLOW CONTROL VALVE

omse (H=Lerouer
TEMPERATURE SENSOR —@

1

5

6 D STRAIMNER

RESERVOIR

Figure 16: Generic hydraulic system that will simulate road conditions.

Figure 17 shows the basic operation of the hydraulic system, in the correct
sequence, at maximum operating conditions.
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Valve

and Hoses

~\
¢ Vehicle is mounted on rollers and is run at wide open throttle
¢ Rollers reach the maximum rorational speed
S
N
e Pump draws fluid from reservoir and discharges at a specific flowrate
J
. e - )
¢ Valve is slowly closed to provide fluid restriction and create a
pressure differential
HENACCElN o The pressure differential at the pumps outlet provides a torque load
at the pump's shaft, which in turn loads the vehicle
J
N
¢ Provides fluid conditioning by capturing any debri left by normal
wear
J
N
¢ Contains all fluid and dissipates heat to maintain fluid temperature
Reservoir below 150° F
J

Figure 17: Basic operation of generic hydraulic system.

In addition to the main hydraulic components, a pressure gauge upstream of the
flow control valve will allow the user to monitor the pressure. A temperature gauge
downstream of the flow control valve will monitor temperature to make sure that

temperature stays below 150°F.

The operating conditions of CPSMV’s vehicles were analyzed before specifying
each hydraulic component. Table 6 shows the assumed maximum operating conditions

for the current vehicles of CPSMV.

Table 6: Performance characteristics for Capax and Prototype vehicles.

Specification Capax Prototype
Max Power (HP) 3.0 2.4
Peak Toque (Ibf-ft) 3.5 2.0
Max Speed (mph) 35 40
Total weight with driver (1bf) 450 339
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Using the maximum speed of 40 mph as the limiting factor, we determine that the
maximum rotational speed of the rollers is 2244 rpm. Since the rollers will be directly
coupled with the pump’s shaft, we can say that the maximum speed the gear pump will
operate at is 2244 rpm also. Refer to Appendix F: for sample calculation of rotational
speed.

Next, the required output flow must be calculated from the pump’s operating
speed. Utilizing the smallest pump possible (fluid displacement of .40 in*3/rev) in order
to achieve the lowest possible output flow, we calculated the actual output flow to be
3.89gpm. Refer to Appendix F: for sample calculation of output flow.

In order to calculate the maximum loading required, the maximum weight of the
vehicles must be considered. Utilizing 4501bf as the limiting factor, the maximum torque
than can be applied to the wheels before slipping occurs is 161bf-ft. For this calculation a
static friction of 1 between tire and rollers was assumed. It was also assumed that there
is no slip from the belt connecting the rollers at this load. Refer to Appendix F: for
sample calculation of maximum torque required.

From the maximum shaft torque of 16lbf-ft, the required pressure loading at the
pump’s outlet was calculated to be 3016psi. Refer to Appendix F: for sample calculation
of maximum pressure loading required.

The maximum fluid horsepower developed, which can be calculated from the
pressure and flow rate, turns out to be 6.85HP. This translates heat generation of 17,729
Btu/hr. Refer to Appendix F: for sample calculation of horsepower developed and heat
generated.

Temperature Control

An important consideration of hydraulic systems is heat generation. Flow
restrictions create a pressure differential and also increase fluid temperature
significantly. Maximum working fluid temperature should not exceed 150°F. Operating
temperatures above 150°F will change the properties of the hydraulic fluid. This could
lead to oxidation of the oil, deterioration of seals, and changes in viscosity. A drastic
change in viscosity could lead to metal-to-metal contact and damage would occur.

The greatest pressure drop in the hydraulic system is across the flow control
valve. The equivalent heat generation at this location is of 17,729 Btu/hr, or 6.85HP at
continuous operation. However, since the dyno will only be operating at two minute
intervals, the operating heat generation that the dyno will see is only 590 Btu/hr. Figure
18 shows the heat generated in the hydraulic system. See Appendix F: for sample
calculation.
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Figure 18: Heat generated by restriction of fluid control valve.

Table 7 shows the total heat generated by the system. A total of 9.98HP is
produced by the losses in the system. The reservoir alone is only able to dissipate
759.23Btu/hr, or 0.298HP. See Appendix F: for sample calculations. A heat exchanger
with a dissipation capacity of 35,897.4 Btu/hr, or 14HP was used in order to keep fluid
temperature under 150°F.

Table 7: Total heat generated by system.

Component Heat Generated (Btu/hr) (HP)
Pump outlet 17420 6.85
Needle Valve 200 .079
Filter 109 0.04
Total 17729 6.97
Total at Operating Conditions 590 0.23
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Structural Integrity of the Frame, Roller, and Pump Mount:
All of the frame and roller components are structurally sound for the intended loading.

The frame has yield safety factor of approximately 5 and a maximum deflection of 0.019
inches. This was found by assuming a vehicle and driver weight of 600 lbf. The weight is
equally distributed onto the two rollers, which are supported by two bearings. Each side
of the frame sees 300 Ibf of loading. Since the structure is statically indeterminate, the
problem was simplified by removing the bottom bearing flange support beam. This
makes the analysis analogous to a beam supported on two ends. (see Appendix F:)

The 1” roller bearings will support a maximum load of 150 Ibf. Each bearing is rated to
for 500 Ibf for a dynamic radial load.

With the stresses induced by the vertical load and the torque, the one-inch roller shaft
has a yield safety factor of 4 with maximum designed loading conditions. This was
calculated by applying a 150 lbf shear force and adding an 30 ft 1b torque (see Appendix
F:).

The pump mount was analyzed as a cantilevered beam with a point load attached to the
end. This effectively represents the anchoring force of the torque transducer. This part
has yield safety factor of 3.6 and a maximum deflection of 0.015 inches. This was found
by assuming a 30ft-1b torque on the pump shaft (see Appendix F:).
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Material, Geometry and Component Selection for Chassis Dyno Frame:
Material, geometry and component selection for the dynamometer was determined
based on structural integrity, assembly time, and cost (Table 8).

The frame needed to be welded together and have flat surfaces to mount bearings and
hydraulic components to. The A513 steel square tubing met those requirements and was
also a low cost material. Even though a low weight was a requirement and a thinner wall
tube, 0.035”, could have been used, we felt that due to time limitations, we did not have
time to TIG weld the thin walled tubes, so a thicker 0.065” wall thickness was chosen.
The thicker wall tube allows us to MIG weld the frame together.

The bearing flange mount plates needed to be welded to the frame, so a similar steel was
chosen.

The pump mount needs to be CNC machined, so we chose to make it out of 6061-T6
aluminum. This material is cost effective, strong enough for its application, and easy to
machine.

The bearings were selected based on the shaft sizes and expected loads. The housed
bearings, McMaster part 6494K330 was selected to support the roller shaft because it
was the lowest cost housed bearing that met the load and shaft diameter requirements.
We decided to use housed bearings because they are easy to install onto the frame. A
custom bearing mount was not required.

The 2.5” inner diameter bearing part used to support the pump mount was selected
because it was the cheapest bearing that met the dimensional requirements.

Geometry selection:

The roller diameter of 6 inches was decided because the rotation rate of at a surface
speed of 40 mph worked well to drive the selected hydraulic pump. The 40 mph surface
speed is the maximum vehicle speed our dyno is designed to simulate.

The roller length of 8.5 inches was specified because it gives clearance to the widest tire
of 6 inches that the dyno is designed to work with.

Table 8: Material selection for frame.

Component Material Justification
Frame ASTM A513 1”7 0.065 WT Low price, good weldability,
square tube sufficient strength
Bearing Flange Mount 1018 Steel 0.125 plate Low price, good weldability,
sufficient strength
Pump Mount 6061-T6 1.25” aluminum Low price, good
plate machinability
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Sensors and Data Acquisition:

On the dynamometer three temperature sensors, a speed sensor, and a load cell
are used to gather data. The power is calculated by P=wF. The rotational speed is
measured by the speed sensor and the force is measured by a load cell. A Cherry
geartooth speed sensor was chosen for simplicity and its rugged design. It is easily
mounted with an adjustable housing. It is also immune to rotational misalignment,
which allows for mounting inaccuracies. The housing is hard coated anodized aluminum.
The sensor can operate at 4.5 to 24 volts DC as shown in the appendix, which works with
both of the data acquisition systems the team was looking at. The data acquisition
system was originally going to be selected according to the projects minimal budget, but
the project has since been sponsored by National Instruments Corporation®. The hall-
effect geartooth sensor senses the motion of ferrous geartooth targets. The threads on
the aluminum housing of the sensor will allow for easy adjustment. It will be mounted
very close to the rollers on the dynamometer. A ferrous material (steel) screw is drilled
into a roller. Using a digital input/output on the DAQ, every time the ferrous material
passes the sensor, a pulse will be displayed in LabView®. From these pulses and the
roller diameter of the system LabView converts the signal into revolutions per minuets.

For the temperature sensors, Omega® RTD pipe plug probe sensors were chosen,
the specification sheet is attached in Appendix D:. An RTD was chosen because it is
much more accurate and linear than thermocouples. RTD probes are made for high
pressure vessel applications and are rated for up to 2,500 psi. While the maximum
pressure in the dynamometer will be 3,000psi near the pump, the temperature sensors
will be in the reservoir and near the heat exchanger where the pressure will be minimal.
The mounting threads on the probes allow for a simple attachment point ata T in the
hose or to be screwed into the side of the reservoir. The RTD probes have a maximum of
450 degrees Fahrenheit which is well above the maximum temperature of the system of
150 degrees Fahrenheit. The force measurement is taken by an S-beam load cell. The
load cell was chosen because it was donated by Dr. Joseph Mello and it met the
specifications of 1001lb from the max torque of 360 Ibin in the appendix calculations.

The data acquisition system is a modular compactDAQ donated by the National
Instruments Corporation®. The DAQ was selected for our specifications and the sensor
specifications. Expansion of the data acquisition is much easier with the 2-24 bit analog
input modules. The analog input comes with USB, Ethernet, and wireless connectivity. It
also has built in quarter, half, and full-bridge support. A built in current and voltage
excitation is perfect for strain gages and load cells. However the excitation for the speed
sensor is three 9 volt batteries in series. This is because the maximum excitation voltage
the analog module can provide is four volts. RTD measurements are also supported by
the analog inputs. The load cell and the temperature sensors will use 1 channel each and
each analog module has 4 channels. Therefore there will be 4-6 channels for additional
analog sensors, depending on how many temperature sensors are used. The sinking
digital input module has 8 channels and is 12 to 24 V logic. The speed sensor will use one
digital channel on the digital module. All specification sheets are attached in Appendix
D..
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LabView is used to manipulate the incoming signal from the DAQ Figure 19. The
figure below shows the block diagram for the LabView setup. The right side and lower
half is the digital input. The bottom half calculates the frequency of the roller, using a
sample clock in the DAQ and the counter on the dynamometer. It is then algebraically
manipulated to the speed of the wheel on the dynamometer using the fact that the wheel
and the roller are at the same tangential velocity. The signal from the analog module 1
comes out of the block DAQ Analog and is separated into the four channels the module
physically has. The temperature sensors go to read outs on the front panel, while the
load cell uses the calibration best fit line to get the force output. The DAQ assistant for
the analog and the digital modules stores the data in a file if needed for later
manipulation. The grey border represents the while loop, as this is only a screen shoot.
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Figure 19: Block Diagram of LabView Torque and RPM Readings
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Chassis Dynamometer Costs

One of the requirements for the project was that its total cost should not exceed
$2500. Research for sponsor donations was conducted in order to minimize costs. The
search was successful since we estimated a total cost of $925.35 for the project (Table
9). The final total cost is below the maximum allowable cost of $2500.

Table 9: Total projected costs for chassis dynamometer.

Frame Tubing $73.60
Pump Mount plate $49.39
Bearing Flanges $11.49
Roller axles $13.39
Roller Body $74.80
Roller ends/bearing mount $32.84
1in. collar clamps $14.60
Mounted bearings $158.96
Ring Bearing $69.95
7/16-14 nylon locknuts $8.81
7/16-14 x 7/8 screws $12.58
Cutting Fee $9.00
Shipping $50.03
Pump $0.00
Needle Valve $0.00
Reservoir $100.00
Strainer $0.00
Hoses $0.00
Gauges $0.00
RTD Probes $208.00
Speed Sensor $37.91
Load Cell $0.00
Regulated Power $0.00
DAQ $0.00
Total $925.35
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Safety Considerations

Extreme precautions should be taken when operating the chassis dynamometer.
The chassis dynamometer has rotating parts that can trap and pinch fingers, hands, and
feet. Long hair must be tied back and anything loose must be put away. Before the dyno
is used, make sure that any body parts are outside of the dyno frame.

Care must be taken to secure the vehicle before running the dyno. If the vehicle
isn’t secured, and the rollers suddenly stop, the vehicle will be thrown off of the dyno.

The hydraulic system can reach pressures up to 1000 psi. It is critical to the safety
of nearby people that the safety panels are attached in case the hydraulic system leaks.
Use the dynamometer only in a well-ventilated area. Car exhaust can build up and be
harmful to people.

Maintenance Check-Ups

Minimal maintenance will be required for the chassis dynamometer. However,
regular check-ups should be performed before each test. The maintenance check-up list
includes:

e Checkreservoir level on hydraulic system. Reservoir should be filled to
about 34 with standard SAE hydraulic oil.

e Check fasteners and connectors for tightness

e Check that all sensors are tightly secured to the frame and that they are
properly connected to the DAQ.

e Check that all sensors are receiving the proper amount of electrical power.
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Chapter 5: Design Verification Plan

Once the chassis dynamometer was built, the hydraulic system was run to test for
leakage or loose parts. The Supermileage Team’s prototype vehicle was placed on the
rollers and run at full-open throttle. The needle valve was slowly closed to change the
pressure across the needle valve and the change in temperature across the heat
exchanger shall be monitored to make sure they don’t exceed their limits. If at any time
the temperature or pressure exceeded 175 degrees Fahrenheit or 3000 psi, the needle
valve will be opened and the car stopped. A thorough inspection of the chassis
dynamometer revealed that the system had leakage or loose parts.

The mechanical components of the dyno were tested for operational smoothness
and strength. The frame was tested by applying 600 Ibf on the top, which resulted in no
perceptible deflection. The roller, bearing, and pump assembly was tested for consistant
smoothness of rotation. This was simply done by rolling the rollers by hand and
detecting any irregularities in the rotation. When the Dyno was assembled with a
smooth-working pump, the rollers spun freely with no perceivable interruption in the
rotation.

To test the sensors many different tests can be run and a few will be run over the
summer. The speed sensor can be calibrated against a bicycle speedometer mounted on
a bicycle. The bicycle will be run on the rollers at a constant rate at several speeds. By
comparing the speed sensor readings to the bike speedometer readings, the sensor can
be calibrated. A plot of speed against counts/min can be used to determine the
appropriate correction factor for the speed sensor. The plot will consist of an upscale
test, and a downscale test. For the upscale test, speed is increased in each increment. For
the downscale test, the speed is decreased for each increment. The purpose of this is to
find and correct for any system hysteresis.

The temperature probes can be tested against a thermometer or a thermocouple
that is calibrated by using a cup of water or oil. A plot of temperature against sensor
output voltage can be used to find the appropriate calibration gain. The test will include
an upscale test and a downscale test to find and correct for hysteresis.

The load cell can be calibrated by applying several weights to the load cell and
creating a plot of applied against output voltage of the load cell. The slope will give us the
sensor gain. An upscale and downscale test will also be performed to find and correct for
any hysteresis. To calibrate torque readings, a torque wrench will be used to apply
torque to the drive shaft. A plot of torque applied vs voltage out can be used to fine-tune
the load cell’s calibration by taking that slope and dividing it with the slope of the load
cell force vs voltage graph to get the lever arm distance.
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All of these tests will be checked using an output to LabView from the DAQ and
Measurement Automation. Further calibration and filters are needed as the torque
measurement has a lot of noise, as shown in the testing results screen shot (Figure 20).

Figure 20: Screen Shot of LabView During Testing of Dyno
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Chapter 6: Project Management Plan

Responsibilities of conduct for team members of SMV Dynomics are outlined in the team
contract. For each individual, project manager responsibilities were as follows below.

* Testing and Development Project Manager: Tim Lui

* Research and Design Project Manager: Jose Garcia

* Fabrication, installation, and quality assurance Project Manager: Kyla Purvis
* General Project Manager: Steve Janning

Each person was responsible for setting deadlines and requirements
corresponding to their project responsibilities, based upon the best of their knowledge.
The general project manager will organize the other project managers. Work groups
included all group members for a collaborative system. However, project managers
could delegate specific tasks to an individual. This will gave group members a sense of
what needed to be done to motivate continual progress rather than slow beginning with
arushed and frantic end. This organization structure helped us keep up with our
compact schedule and presents a tight system of checks and balances.
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SMYV Dynomics Project Timeline

The following Gantt Chart shows the overall scope of the project and the

milestones and deadlines that had to be met in order to complete the project

successfully.
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Chapter 7: Conclusions and Recommendations

The main components needed for proper dyno operation were assembled and
tested. The mechanical and hydraulic systems work as intended and passed their
respective tests. The data acquisition system is capable of reading speed, torque, and
power delivered to the rollers. The data acquisition system is also still capable of many
more sensor inputs that may be added in the future.

Note that there are several small issues with the dyno. First, the rollers have a
perceptible wobble, and at high speeds, this results in a lot of vibration. Also, the force
transducer shows a lot of noise. The vibration due to the wobble may be the main source
of the noise and the noise needs to be filtered out. The rollers should also be remade
with less wobble.

35




Appendix A: Sponsors and Vendors

The following table lists all of the sponsors, as well as the vendors, that were
contacted for project funding. Thanks to their generosity and/or product service SMV
Dynomics was able to complete the chassis dynamometer.

Sponsor/ Name of
Vendor Person Location Position Contact Information
Supermileage - Sa.m Luis School Club calpolysupermileage@googlegroups.com
Team Obispo, CA
Lovejoy Carol Palmer Customer Service Manager cpalmer@Ilovejoy-inc.com
McMaster- hi.sal
Carr - Elmhurst, IL - chi.sales@mcmaster.com
National Los . .
Instruments | Peter Flores | Angeles, CA Field Sales Engineer (213) 973-7356
San Di
- Ingo Foldvari an CAego, Academic Program Manager (760) 691-0877
Omega - - temp@omega.com (888) 826-6342
Otay Jose San Diego,
. o 0] 619) 690-7577
Hydraulics Hinojosa CA wher (619)
Anaheim, .
VXB - ”ac :'m info@vxb.com (800) 928-4430
Perco - leua.na, - Tijuana, Mexico
Mexico
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Appendix B: Quality Function Development

The purpose of the Quality Function Deployment (QFD) is to realize the most
important requirements and compare existing requirements. The QFD shows that the
most important is to make sure the dynamometer is easy to use. Using the list of
requirement three dynamometers are compared with the specific needs and given a
total score. The three dynamometers are the old SMV dyno, DYNOmite Kart, and TRIK-
Dyno. The old SMV dyno is an engine dynamometer made for Supermileage as a senior
project. One of the main problems with it is that no one knows how to use it and it gives
a wide range of results. This is why it scored so low in the QFD. The DYNOmite scored
low because its price of $5000 is over the $2500 budget. Also it isn’t made for low power
vehicles. The cars Supermileage builds are unique in the fact that they use a 5hp engine
or lower. The TRIK-Dyno scored highest because it is built for karts, and those have low
power engines. It is still out of the budget and it is not a chassis dynamometer. Overall
the QFD shows that the few products that are close to what is required won’t work for
Supermileage and the chassis dynamometer will build will be unique.

37




» L LI R Sl A R A -
et
& AL L L — —— ]
E A l‘ [ I | IR LR T 5 [t} lﬁ
Q
LR : 3
b4 |ufl‘“‘j”|ju—l'\ln—rﬁr\sn’)n:u—u;g a.l][\‘:,f:;
1] N
T T = e R
m oie momi-im ] 8
a
CIHVETVW 2
T (SR A
T "
momi-ieis] 0 Of @i ]
[SRE=]
I iey
VT T
I i I
mmie m m ol0omim
TTIp YUy AT v O U U
- o 0ol e o - - - - h’!
-
]
TV g 1o
i1 e R e
CIE BRI B I R ) "?:i
‘m®
ATV Wiuiy
m om0 0 o miml Ole
R (R TS
= mme ] mom Cie|®
=
URRBEEARE P g p—
&
m omime ] mlm ole
c
W iuy
CET VTR GIETE
4 Climi- W omeiE mE
=
(&)
T RN IR RN @ ST
& Climicieimic)im omm]
= =
{.% i\lull;‘li'lilu |N|r] B[A\I‘—ﬁ fab]
5 “liclie m mis m mim -g
o7
f‘;’, ey L L ALl 1
é’] [N R I E‘“"""
£ o;mimie . omom om air
8 L]y
Iai|tt|r|eqiua}|uyn|) O ol o
L‘I;:I <l oimin mim I;
<[
) = Wit §
Tl m mi] e mom ] "f%
i1\||l\|ll|{|lllll1ll\ VU — vt wF
Clmie i mimi 0lmi]io
Fll?l'll.'l‘ﬂli'itw —iv 0y
=
* mie m . e ¢imic]im #r‘;
T
TTOr ] [ 7ot 7] a:r;q"_"" —
m s momimin min|S5i0
=
a0y
KRR N =2 i K
- o em-mmoEm -
4
rnll-\.vvlfiﬁ\.] At b TS A TS
~ L)
LI R BRI TR ER R N
T
AR R R EYITEE NP
A3
- mme]mmome :ﬂi__.
= =
LR ST
- omimie mimome {ih
E
Eir
HIEAHEAR E R EEEES T
: g
- 3 L= =4
o £ E E L21% 5
(&% = —4 . H B
o Bl R o W EELE
@i r= e ] § Elol®ls
Ll BT Eib:id o z 8 &1 q %
oo Flm C ’
2 218IBlal wifisl #lZBI2) |of52)5
S| izidiBieis gl8io it 5?‘“0
wlwaimioi oo v el i - 2|2 Ele
pzle il GimiEloia|SiioiEia] [blS]|a]=
EG‘)
- \ l
£ ol S i1
1 RN LT
]
- 2
=4
oy L o] o] |m

38




Appendix C: Chassis Dyno Frame and Roller Assembly
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Appendix D: Hydraulic System

Displacement cm®/r [in‘/r] 6.6
[.40]
Max. Intermittent Pressure bar [PSI] 241
[3500]
Rated Speed (RPM) 3600
Minimum Output Flow at 207 bar [3000 PSI] 20,1
and Rated Speed LPM [GPM] [5.3]
Input Power at 207 bar [3000 PSI] and 9,1
Rated Speed and Cont. Pressure kW [HP] [13.0]

Hydraulic Gear Pump
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6,56-19,68 cm?*/rev [.40-1.20 in*/rev] -
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Needle Valves — 3000 psig, 1/4 NPTF Connections

General Data Ratings Standard Graphical Symbol
These valves may be used in hydraulic  Maximum operating pressure is 210 bar  for Fluid Power Diagrams
circuits as a shut-off valve in pressure (3000 psig). Minimum burst pressure is
gage lines or other small capacity lines. 552 bar (8000 psig). The cperating
The body and handle of the valves are temperature range is =40 to 149° C (-40 [} %

made of brass, and the stem of stainless  to 300° F). Flow rates are shown in the

steel. The packing is Teflen”, so the Manual Shut-off  \ariable Restriction
valves are suitable for use with all
commonly used fluids.

following chart.

Approximate Flow at Maximum Open
(Based on Light Oil)

* Rogiztered trademark of DuPont Co. Pressure Drop
bar {psi) Flow = Limin {USgpm)
0,34 (5) 416 (1.1)
0,89 (10) 5,68 (1.5)
1,38 (20) 8,33 (2.2)
2.76 (40) 11,73 (3.1)
4,14 (80) 14,01 (3.7}
5,52 (80) 16,28 (4.3)
Needle Valve
KEY SPECS
Capacity (gal.) T
Suction Port {in.) 2
Return Port {in.) 1
Mount Type 2 bolt
Material Type Powder-coat steel
pimensbnsLxWxH 155 10x10 172
{in.}
Ship Weight 27.01bs
Hydraulic Oil Reservoir
KEY SPECS
Accessory Type Suction strainer
GPM 25 0orless
Port Size {in.} 2MPT
Suction Port {in.) 11/4
Length {in.} a
Material Type 149 Micron mesh stainless steel screen
Ship Weight 1.0lbs
[tem# 7786349

Hydraulic Strainer
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Appendix E: Data Acquisition System

NATIONAL Technical Sales
ﬂnmmms' Urited States
infofEni.com
(BOD) 531-5068
Dyno DAQ
Prepared by Kyla Purvis

NI 3213 4 Ch-Ch Isolated, 24-bit, £60V, 1005/s Univeral Al Medule
Trare1-o

» Bundle includes measurement module and 1-slot Ml CompactDAG) chassis
» LISB. Ethemnet, and 80211 Wi-Fi connectivity
= 280 Virms channel-to-channel isolstion

» Built-in quarter-, ha'f-, and full-bridge support
= Built-in voltage and cwrent excitation
» Thermmacouple, RTD, resisance, voltage, and cument measurements

M1 3972 Backshell for 6-pos connector block (gty 4)
196720-01

» 250 Vs channel-to-channel isolation
= Built-in quarter, half, and ful-bridge suppornt
= Built-in voltage and cwrent excitation

= Thermocouple, RTD, resistance, voftage, and cument measurements

= CUIC per channe! for accurate thermocouple measurement
= 100 Sfsfch simultaneous inputs (S05/=/ch for Thermocouple)

NI 2421 B-Ch 24 V, 100 us, Sinking DI Module
Troon2-01

» Bchannel, 100 us digital input

= 12 to 24 V logic, sinking digital inputs

= D-Sub or screw-terminal connector options
» Hot-swappablis operation

= Extrems industrial certficatons/ratings

= <40 to 70 °C operating range

NI 2532 Backshell with 10-pos connector block (gty 1)
Tra017-01

» Connect signal wires directly to the moduie
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= Drder 25 3 spare or for muliple devices
= Direct connect terminal modules incede connectons)
= Wi 9932 shown in imags

cDAG-9174, CompactDAG chassis (4 siot USB)
781157-01

= Choose from more than 50 hot-swappakble 1O modules with inegrated signal
conditoning

= Access the 4 general-purpose 32-bit countertimers built into the chassis through the
digital module

= Run T hardware-timed operations simultanecusly from analog, digital, or countentimer
channels

= Stream continuous waveform measurements with patented M Signal Streaming
technology

= Take zdvanage of Windows 7 05 support

= Measure in minutes with NI-DACmx softeare and automaric code generation using the
DAD Assistant

Power Cord, AC, U.S., 120 VAC, 2.3 meters

TE3000-01
Pricing Table
Pt Numbar brascriptinn Est Uit Prices aty Lina Total
Ehip
T Ml BZ1E 4 Ch-Th Isolaed, 24-bE £800, 30058 Univesal Al Moduls 1-2 § 1,028 1 § 1,029
Gl PR Ml Ef?ﬂmwﬂpﬂlmm{m 4] b= 400 §30 1 R
RO Ml BT B 24 W, 100 us, Sinking O Moduls b= 10 599 1 598
el - Nl 5533 Backstad with 10-pos ponmesclor block [gby 1) 1-2 i ] 1 530
TEVIE-D oOAD-31 74, CompaciOAD chasnis [4 skt LIEE) 1-3 5 Ga 1 5 hen
PO Powar Cord, AC, WS 120 YAC, 2.3 meders 10186 50 1 549
Total; § 1,885

Al salas ane sulyect ko the National lnsfrivnants Terms and Conditions of Salks. National instrumends shall nof be bovnd by any conflicling or
addiffonal Ierms and condilions. Siipming deles are sstimated and sulyed o diange withoul nolice. AT rices ae selvect (o wification by MaBooa!
Insiruments
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VNATIDNAL e States
INSTRUMENTS o) s

NI 9219 Measurement System

4 Ch Universal Module for USB, Ethernet, or 802.11 Wi-Fi

+  Bundiz Ingludes Measurement mogule and 1-5kt MI CompaciDAQ chassks
+  USE, Ethemet, and 80211 WI-FI connactivity

+ IS0 Wrms channei-lo-channed Isalaton

+  Bultn guartar-, half-, and ful-bridga supapet ‘,

o
v Bultdn voitage and cument exciiation sl . =
+  Thermocouple, RTD, reslstance, vallage, and cument messurements . EE

Overview

The MWl 5219 Measuwremant Systam measures 4 universal channels at 100 56 Wit 24-bit resoluthon, sending data 1o a host PC aver
USA, Ethernet or 1211 WI-FL

Meazurament Bundle Overview

The hardware for an M1 CompastDAQ single measuwement bundie consists of 3 UISE, Ethemsat, or EOZ.11 WI-FI chassks and one of
the ower 50 Ml C Seres measurement-sp=cifiz modules. These small nugged obundes are Ideal Tor poriable or dstrbuted
me3suraments.

Chassla

The chassls controls the fming for the module and handies communizaton wih the PC over the USS, Ememet, or 2.11 WI-Fl bus.
Agdrionally, all NI CompaciDA chassls Inciuge four countenimers that you ¢an access through 3 digital 100 modue like the NI 9401,

Module

The Wl 5218 Is a 4-channel universal © Sarles module deslgned for mutpwpose besting In any M1 CompasDA or CompactRIc
chassis. Whh the MI 9219, you can measure several signals from sensors 5WCh as 5Waln gages, resislance temperaiure detectors
{RTDE), tharmocouples, [oad cells, and other powerad sansors. The channels are Individualy ssleciable, 50 you can perfom &
differant measuramant 1}'|}E on each of the four channels. Measurement ranges l]ﬂEI'TIH'ER:ﬂT]'PE af measurement and Include IJP'ID
+E0 'U'TEI"MIEDE and +£25 m& Tor cument See the manual far getalad EPEI}I'H[‘.H"HHS- and ranges.

Eecauss of the driver design, the Wi 5219 does not ImA e overall speed of an Ml CompactDAQ system when wsed with faster
sampling modul=s.

With 250 Vims of channel-lo-channel ksolation, the NI 5219 protects not only the sumounding modules, chassls, and connecied
COmputer sysiem bul aiso the other channels within the same module. In addiion 1o Increased safety, channekio-channe [salaton
elminatss probiems associated with ground [aogs.

The MI 5219 uses G-position spang terminal connecions In each channel for direct signal connecihily. You can purchase addidonal
CONNECIoNs 1o reduce Gignal connection time for muRiple test units. In addfon o Exira cONNecions, & stain relief kR Is avaladle 1o
sagure the signal wirss.
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-Sirain relet Dackshels for signal wire saguty and Nigh-voltage probection gty 43 NI 0572

-Exira connecions for 6posiTon sonnechor madules [qty 10): Wi 9873

Specifications

Specifications Documents

+ Spacificallons (4

Specifications Summary

Ganeral

Product Hame

Product Family

Form Fachor

Part Humbar

Crperating SystemiTarget

Measurament Typs

RoHS Compllant

Signal Condltioning

Analog Input

Channals
Single-Ended Channela
Diffarantial Channals
Resoluticn

Sampls Rats

Max Voltage

Maximum Voltage Rangs

Maximum Veltage Range Accuracy

Minimum Voltage Rangs

Minimum Voltage Rangs Accuracy

Maximum Current Range

Maximum Current Range Accuracy

Simultanaous Sampling

Excitation Voltage

Wl 5219 Measurament Eundle

ndusiral 1o

CompaciDAQ , Ethemnet , USE |, Wireless
00a0ao-0o

Rea-Tima , Windows

Temperaturs , Reslstancs , RTD , Brdge-based sensar,
Themocounle , Voltage , Current

Yes

Cument exctation , Cold{uncilon sompensation , Voltage
axciation , Sridge completion , 3-20 mA curment Ingut

I
[=]

Is

24 bits
100 =6

&0

£V, 60

243 mv
D428V, D128V
71
D025 A, DLOZEA
152 pA

Yes

25V
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Eridge Configurations

Analog Output

Channals

Digltal VO

Eldirectional Channals
Input-Only Channals
Cutput-Only Channsals
Humibkar of Channsala
CounterTimers

Counters

Phy=ical Specillications

Length

Width

O Connecior

Minimum Cperating Temperature
M mwm Oparting Temparabura
Minimum Storage Temperature
Maximum Storags Temparatura
TimIngITriggering'Synchronization

Triggers cDAQ Chasels

Half Erldge , Full Bridge . Guarter Bridge

9 cm

2.3cm

MINI-COMEBEICON, 3.31 mm |5-Posifon )
=40 "C

TotC

=40 "C

ot

Ho

Pricing

Ml 5219

Bundle Contants

Estimated Shipping Days :1-3  Price : § 1,288

¥ Chooss a communlcation mathod betwaen your PC and modula.

NI cDAG-9171, 1-3at USB Chassls 751425-01 (Inciuded In price)
Hl cDAG-9151, 1-Hot Ethernet Chassls 76145501 Add & 100
Ml cDAG-9191, 1-3at WI-FI Chassls (U.E.) TE1497-01 Acd 5 200

HI cDAG-9191, 1-30l WI-FI Chassls (Inlemational) TE1497-02
Add 5 200

50

.
@

/z
7

5
B
¥-iL

/

)
g;

A

—/



¥ Analog Input Module

Wl 5219 4 Ch-Ch Isoiated, 220l 260V, 100555 Unlveral Al Module
T19731-01 {Included In price)

¥ Powar
Power Cord, AC, ULS., 120 VAL, 2.3 meters T63000-01 Add § 5
Power Cord, 240, 104, Narth American TE3068-01 Add § 19
¥ Soffware
LainWIEW Full Development System, Windows, English, Include 1
Year S5P 7raE70-35 Aod 5 2,699
Estimated Shipping Days : 1-3  Price: $ 1,268
aty: 1

¥ou have selacted United Stales as the couniry whare you wil use the producis) (changa).

= Wiy haee selecded e Unibed Shales o oo iliy whens youwll v D poofod]s) Priong ey e cheoged siroe pou pdibed e decuranl en CA012 Plessa vl
AL b el Cuiient piong

Place Order or Obtain Quote

Crder Online or by Fax

1. Navigate to nloomproducts and salect "Order by Fart Mumiber” fsaund under he Business Cemter saciion.

2 . Onee you have added your li2ms bo your cart, see the 7Your Cart Opilors™ secilon 1o place your onder, obialn a quats, or paint a fax
form.

Crder oy Fnone
Cal (8E5) 531-626E 1o placa your order or obtaln a quats.

Resources

Additional Product Infoermation

v Manuas [15)
+ Dmensiona Drawings (4)
+ Product Cerficatons (4)

Related Information
+ Widaos: Leam How 1 Take Your First Measurement With NI CompactDaG Cut of the Box

£ 2012 National Instruments Corparation. All rights reserved.
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Teshnioal Zalec
FHMIDNAL

INSTRUMENTS United Saates

[B65) E31-5285

Infod@nlcom

i Fent | Elm-mai tris Page | 4 cpen Documert az =os

Raquirements snd CompadblEy | Ordening information | Detlled Spacicsbiors | Pinouts/Front Pamel Connecions.

i nd J07T 00818 77040
NI 9421
8 Ch, 24 V Logic, 100 ps C Series Sinking Digital Input Module

= Bcharrel, 100 ps digital npat = 12 10 24 W logic, sinking digital inpats

u Hob-saappable cperation u Exirame imdusiial cefficabionairabngs

= =40 by 70 " operating range = D=Buih or screa-berminal connecir options:
Owerview

The Ml 3421 |5 an sight-channel, 100 ys sinking dgial input moduls for amy Nl CompesciDAG o CompaciRED chassis. Each chanmes] s compaiibie with 1290 24 ' sipnais and
features ansient cvenoiage profecton of 2,300 Wirrs betwesn the Input channets and sarth ground. Each channe] siso has an LED that indicaizs: the stis of that channed. The
Nl CRI0-5421 works with indusirial logic levels and signals for dirsct connecSon 0 2 wide amay of Indusirial switches, ransducers, and devices. There are wo connecdor option:s
for the NI 5431 - 3 1-posBon sores-terminal onnscior and & 25-position D-5ub onnecior. This Indusiry-siandam 25-position C-Eub connector provides for low-oost cabiing o a
wide varisty of accessories from M or offer vemdors. A number of vendors with cusiom D-Eub cable fabricafion sendoes can dellver cables wifh a pinout that mabches your exact
applcaton nesds. NI recommends the NI 9932 stain-redel connecior aooessory for the M1 59424 for soew-berminesl connectivity and S NI 9334 aocessory for 2Z5-position D-Sub
comnecEvity.

Eack b Top
Requirements and Compatibility
OF Information Dertver Information Software Compatiplitty
» Rea-Tie 05 » NRDATmE » LabyiEw
» Windows » NHRID  LabWIEW SignalEwmness
= LabWINdowsASVI
= \isual Studia
n isual Studio NET
Eack b Top
Comparison Tables
Product Mams  Signal Lewals  Mumbsr of Channals Connectivity Spasd Speclal Featurss
8211 SV g 15-pin C-Eab 500Rs  Deersntialsinge-snded dgial input, dfferensal quad encoder
8221 12oHY B Ecew-ermingl, D-Gub 100 ps Snking dgial nput
BaIT MpEv 8 Ecrew-terminal 250 s Einkingsourding dighal nput
84T MEp@Y 8 Ecrew-terminal 1ps Snking digkal input
Ba2E 12,24 W a2 37-pin D-Eub Tes Snking digkal input
178 WWW.LLcom
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3425 =W 32 37-pin D-Eub TS Siourcing digial IRput

Eack b Top

Application and Technology

Highrperiormance digital cutput and swhohing moduses for Nl CompactDAG: sysiems, CompaciRic ambadded systems, and R Sarfes sxpansion chassks provide sxisndad
voitage ranges and high-cumeni-swtching capacity for dirsct contml of & wide amay of industrial and automaotive sctustors. Exch moduls Seatures an intsgrated connecior jurction
b with screw-terminal or cabie opfons for fNexibie, iow-cost Sgnal wirng. A1 modules fesfune: CompactlD exreme industrial cersfications and ratings Including ~40 1o 70 °C
operating f=mperafunes and SO0 0Q shook.

When usad In CompaddfRi0, G Seres dgial ouput moduies connedt direcly o reconfigurabie 10 [RIO) feid-programmabie gaie amy (FPGA) hardware 1o ceals
higFrperioranos smbedded systems. The reconfigumabie FPEA hardwars within CompactRIC provides a variety of options for iming, Friggerng, synchronizafion, dgital
waweform generaton, o dighal communication. For instanoe, with CompadRiC, wou can Impiement & oncull o penerate pulse-wid® modulation (PW) cutputs for contrcling
moiors, heaters, or fans as well as o perfiorm pulse code modulabon encoding (PCME) for wirsess isemeiny appicabions.

C Sarles Compatibiity
The O Sariss Fandwans famiy featunes mone than 50 messunsment moduies and seyers| chassls and camiers or deployment. Wi this varety of modulss, you cam mix and raich
sauch & ier acceeration, fiow, pressune, srain, acousdc, woiage, curent, digial, amd mone 1o creaks a custom system. Iesial e modules In one of

several camiers i reate  singls moduis LSS, Eftemet, or Wi-A systam, or combine e in chazsis st as M CompactDAS and Compactio i oese 3
miyRc-mEsTUNEmEnS Syster WS SyNChronized Measunements. Yiou Can instal up i sigit moduies In @ Simpls, complete NI CompactDAG USE data acquisition system to
synctronize &l of S anaiog oupt, ansiog INput, and dgital 10 from the moduses. Fora system witholt s PC, Compacti0 Beids Up 1o sight moduies and featores 3 bul-n

processor, FRAM, and storage for an embedded data logger or confrol unit. For higher-spesd control, CompactRIC chassls Incomponte an FPGA that you can program with NI
LAt AEW sofwans bo achisve sllcone-spesd processing on U0 dats from © Seres modues.

Eack o Top
Ordering Information
For a complebs list of aocessories, visi e product page om nloom.
Producis Part Humber Recommended AcCeasorles Part Humber
Ml BE3 Counter Input with Sonsw Terminakc
il B421 with Zorew Teminalk TTRO002-01 Mo accessones required.
Eack i Top
Software Recommendations
LabVIEW Prafesalonal 1 Agvanced sofwars fools for large progest. NI LADWIEW FRGA Moouls 1 Craate your wn 10 hardwars withaut VHOL

Dewvelopment Systam for dewmiopmens coding or boand design

» Aytomafic oode generation using DA . -5« Graphicaly configure FPGAS on HI
Assistant and InsTurent G fssisant reconfigurabie 13RI hardwars tangets

= Tight IRf=gration with & wide range of = Defne your own conbol sigorims with ioop
nardware maies up io 200 MHz

» Advanced mearareTent analysis and digial = Ewerute mutiple tasks simutaneous'y and
sigral processing et isticaly

» ‘Open connectiviy with DLLs, Actve), and ' » Impéement cusiom dming and nggering iogic,
MET chjects digtal profocnés, and DSF sigorms

= Capasbiity I bulkd CLLs, execuiabies, and » InCoporake existing HOL code and Sind-party
ME! Instaibers IF induding Xlink COSE Genemabor funciors.

HI LabVIEW Real-Time « Diesigr determnishc reak-te appications
‘with LacVIEW graphical programming
- Diownioad to dedicabed NI or third-party
hardware for relable sxecution and a wide
seiesction of V2
« Take advantage of bult-n FID ontrol, signal
F=s |F® processing, and analysis fancions
o = Aybomatically take advantsge of muiticons
CPUs or set processor aifinity manusly
-5 » Inciudes reai-ime operbng system (RTOE],
deveiopment and debugging support, and
B suppar
« Furchase indhvidusily or 2= part of an NI
Dieveloper Sube burde

Eack b Top

e WWW I com
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Support and Services
System Assurance Programs

NI Sysiem assurance programs an designed io make [T even sasker for you o own an Ml sysiem. These prograr:s: indude configurabion and deployment sendozs for your NI P,
CompaciRIS, or Compact FleidPoint sysiem. The Nl Basic Eysiem Assuance Frogram provides a simpie inbegrabion b==f and ersures that your system s delvered compleiely
assembled in on= box. When you comigune: your sysiem with B Kl Efandand Sysiem Assuance Frogram, you can sslect from avaliabies Ml sysiem driver sefs and applcalion
development erdironmenis b creafe cusiomized, reonderable sofwars configumabions. Your sysiem amives fully assembied and fesi=d In one box with your sofwans preinstaled.
WA o onder wour Syeshem with the Standard program, you Sis0 redeive sysiem-speciic dooumantation induding @ Nl of materias, an intsgration bt neport, & recommended
maint=namoe pan, aned frequenty xsked question documents. Fimally, e stndam program neduces e fotal cost of owning an N1 sysi=m By providing thres years of wamanty
ooverage and callbraion sendce. Use e oniine product advisors at nloom'advisor io find & system assurance program o meet your nesds.

Callbration

NI mexsurement hanfware 5 callbrated 1o ensune measurement aocurncy and verty Tal the devics meets = publshed spedfications. NI offers a number of callbration serddces o
heip mainiain the ongoing accuracy of your meEasurement fandwans. Thess sendoes allow ¥ou o be completedy oonfident in pour measurements, and heip you maintain
omplance o standards lke B0 S001, ANSUNCEL Z=40-1 and IBGAEC 17005, To keam mone abowt Nl callbrafion sendoes or 1o locale 3 qualfed sendics CEnder Ry you,
ooniad your local sales offics or wiskE nl.mmécalbrabion.

Technlcal Support

52t answers o your Echnical guesons uzing the folowing Natonal Insamefmls nesourTes.

» Bupport - Visk rl.com/support 1o acoess the NI KnowiedgeSase, sxaeple programs, and hriorisls o o contact our appications enginears who are locabed In NI saies
ofpes around the workd and speak e local Bnguage.

1 Disssccion Forume - Yist forums nlcom fora dverse setof decussion boamds. on fopics you care about
1 Oinllines Cosmunity - VisE communEynloom b find, conbibui=, or collaborais on cusiomer-conirbubed fechnical conbent with users. B you

Rapalr
WAk pou Ay mever nead pour Fandwans nepained, MI understands at uneypeched svents may lead boneosssary repains. M offers repalr sendces partored by higity trainsd
bz bobas whio SUicKy FRRU pour device e the guarasbes that i wi pasfoen to tactony soscFcatons. For mons Sfommaton, vt nlooeyrepar.

Training and Certfcations
Thee Ml training amd cartfication program dedivers e fastest, most certain rouls o Inmessed proficency and productyEy using Nl sofwane and hardwares. Taining bulids e sclls
o meore eficieniy develop robest, maintsinabie appiications, while cerfification validabes your knowidedge and abily.
1 Elessroom tralndng In offtes workdwids - 5= most comprehensive hands-on training taught by enginesrs.
1 OncHe fraining o your Faclifty - an svcelant spfion 1o rain muibple smployees ot the sxme Hme
» Ol Incbnsobor-ted fraining - iwer-cost, remobs rining ¥ Ca=snom o oresiE courses e not possibis
1 Cource kit - lowesttost, seffpaced training fat you can use a5 reference guides.
1 Tradning mamberchipe. and fraining cedis - o buy now and schaduie raining kaber.
Wiskt nLoomfraining for more Information.

Extended Warranty

Nl offers options for exiendng e stanoand product wamanty o mest e e-Cyoe requiresmems of your project. In acdition, because NI umdersiands that your requinsmenis may
Craange, e ptended warranty 1S fizxibe in length and =asly renswed. For mone imoemsson, wisk nl.comewarmanty.

OEM

Hl offers design-in consuting and product inkegration assisiance ® you need Wl producs: for CERM applicaions. For information about spedal pridng and services for GEM
Cursinmer s, visit nl.omioem.

Alllanca
Crr Professional Servoes Team s comprised of Ml applcabions engineers, Nl Consufing Services, and a worldwide Mafonal Insrumenks Allance Fariner program of mone than
600 Indespendent consuftsnts and Integraiors. Eervices mnge from stat-up assistance o tumikey System integration. Vist nlcomfaliance.

Eack o Top

Detailed 5pecifications

The following spediications are frpical for the range -4 fo 70 "5 uniess ofensise noied. The specfimbons are e same for he B 532 and the W 3423 uniess otheraise
noi=d. Al voliages are relabive o0 SO0 unibess offerwise noied.

Input Charactenstics
Number of channeis 8 digial Input crannsis
Inpiut Bype Sirking
Cigital logic Ieveis
OFF stale
Input voltage: =W
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Irput current (N1 S424)
Irput current (NI 3423}
ON shes
rput voitage
Input corrent
10 protection
Inpet woitage
[T
13423
Fimverss biased voitags
Inpett current
[T
13473
Inpie celary e
Wl 3421
Ml 3423
MTEF

-l

I3

300 A

=150 A

i+-30v

=3 mA

40V may
35V max

=30V max

T/mA max, internaily Imibed

B.5 mA max, infemailly limitesd

100 p= max

1 us max

2,086 204 howrs at 25 "C; Bellcome [ssue 2, Method 1, Case 3, UmBed Part
Strezs Method

573,623 hours at 25 "C; Beloore Issue 2, Method 1, Case 3, Uimiied Part
Siress Method

R Mobs Contact M for Belicone MTES specificalons at other iempemaberes or for MIL-HDSK-217F specificalions. Go o aloomererificafion and search by module number or

b product Ine for more Information about MTES and other product cerffications.

NI 3421 Powar Requirements

Power consumption from chassis
Actiee mode

Slman mode

Treral dssipabion (ak 70 "2
Acthee mode

Elmsp mode

HI 3423 Power Requirsments

Power consumption from chassis
Acthee mode

Elesp mode

Treral dssipabion (ak 7 “C)
Actve mode

Slesp mode

Physlcal Charactanstics

If you nesd bo dean e moduie, wipe & wilh @ dry fowsl,

240 mi¥ max

T mW max

1.3'W max

1.1'W max

250 M max

TimiW max

1.5'W max

1.3'W max

.__7":'.;"‘. Mobe For two-dmensional drawings and three-dimensional models of the © Senes modle and conneciors, Wsit nloomidimensions and search by module Rumber.

Scres-ierminal winng
Tongue for screw Eminals
Famruies
Wsight
HI 34215223 with sorew ierminal

NI 3421 with DEUE

Safsty

1210 24 AWG copper conduchor wire with 10 mm (0.39 In.) of insulation
sripped from e end

DS 0EN -mifd4 o 53k-n)

025 me® o 2.5 e

150 953 o)

145 951 03)
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Ml BEZ1/942% withi Sorew Terminal Safety Wolages
Connect only wolages that are within the following Imits.

Channe-o-CO 0V max
Iscéation
ChanreHerchanne! Hone

Continuous 2=1 v’m. Measuremerns Category 1l
e tand 2300, _, verifed by & 5 5 dhesechic withstand best
Mezsurement Cabegory 1 Iz for measurements performed on cncults dinecty conmected b the siectticsl distibution system (MAINE | L This catagory refers o ocaHevel secrical

distribuSon, such as that provided by & standand wal outet (for exampie, 115 AC vwoitage for ULE. or 230 AC voltage for Europs]. Exampies of Mexsursment Caksgory |l ans
measurements performed on househoid appilances, portabie focis, and similar hartware.

& Caution Do mot connect the NI S421/5473 with sorew bzrminal to signais or use for measuements within Mesxsurement Categorizs Il or B,

HI'B&Z1 with DIUE Safety Voltages.
Connect only wolages that are within the following Imits.

Channe-o-C0M 0V max
Isoiation
ChamraHo-crannel Mone

Continuous B0 VDT, Measurement Category |
WitFestand 1.m‘fm.mdh;assm:wmu

Measuremen: Cabegory | IS for measurements performed on cncults not drecty connected to e slecirical distibution system nefemed io 25 MAINS © volage. This category Is for
messurements of volages from spacially protectsd secondary cirouts. Such voltage measuremants Include signal ievels, spacial Randwane, imBac-ansngy parts of Ramivare,

dircults powered by reguiated low-voltage scues, and secronics.
&_ Caution Do mot connect the NI 3421 with DSUE o signals or use for measurements within Measunement Cabegonies 11, 01, or IV

Hazardous Looations

WLE. fuLy Ciass I, Division 2, Groups A, B, ©, D, T4; Class | Zone 2, AEx nC I1C T4
Canada (C-UL) Ciass I, Division 2, Groups A, B, ©, D, T4; Class |, Zone 2, Ex nC BC T4
Eurps (DEMKG) EExnC NG T4

Zafety Standands

This product | designed bo mest the requirements of the iolowing stndands of safely for sieciical equipment for measurement, control, and Iaborsiony wse:

= [EC 51001, EM 5404801
= UL B1010-1, CEA S0

E Mobe For UL and other safety cerifications, refer io the product iabed or T CGniine Procwc! Cerffication secfon.

Elsctromagnstic Compatibiity

This product | designed o mesf the requinements of the folowing siandands of EMC for sledinical equipment for measurement, control, and [aboraiony uss:

= EM 61328 (IEC 513261 Class A emissions; Indusial Immunily
= EN E50H 1 (CISFR 1 Group 1, Cless A emissions

= ASMES CISPR 11; Groug 1, Class A emissions

= FOC 47 CFR Part 158: Claess A emissions

m ICEEAD0T: Class A emissions

[} Mote mor s stancars appiied in assess the EMC of s procuct, reter i the Cnine Froduct Cemfcarion secian.
5} vote morEMc compiance, aperate i device win doubie-snieided cabies

CE Compllance

This product mests the sssenbal requirsments of appicabie European Directives, as amendsd for GE marking, a5 folows:

= JN0ESSEC,; Low-Yoltage Diredive [satety)
= LM DB/ELC; Elechromagrestic CompafiblBy Dinsciive (EAC)

,ﬁ Mobs For e standands applied 1o assass he EMC of Sis procuct, nefer 5o the Oiniine Froduct Cemfication secion.
Online Product Cartification

FRisfer i S product Decambon of Canformity (Dot for addtional reguisony complance Information. To obiain product cartfications and the Do for this product, visa
nicomicertttcaton, search by module numiber or product line, and dlick the approprate [ink in the CertScsbon coumn.

Shock and Vibration
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A

—

T meet fese specicaions, you must parel mount your sysiem. [ you ane using e Ml 34215423 with sorew erminal, you alzo must sthier aff fermues o e ends of e
il wires or use the Wi 9532 hackshsl KR o protet the connschions.

Cpering whrmson

Random (EC S0058-244) Eg_ 10D Sk

Sinuzoidal (IEC S0068-26) Sg, 10500 HE
Operaing shock (IEC E0058-2-17) 309, 11 ms hak sine, 50 g, 3 ms hat sine, 18 shocks at 5 orentadons
Envircnmental

Mational Insruments © Senes moduies ane intznded for indoor use on'y bat may be used outdoors If Installsd In & sulabiz enciosure. Referio e manusl for the chassls you are
using for mione: Imiormiaiion about mesting hese speciioations.

Opeeraing temperature (IEC S0068-2-1, |IEC SD0ES-2-2) =300 70 "G

Siorape emperature (IEC S00658-2-1, IEC 60058-2-2) -4 55 °C

Ingress proiechion IP 40

Opeerafing Famidity (IEC 60085-2-55) 10 1o 50%: RH, noncondensing
Storage humidity (EC 60028-2-35) £ o 25% RH, noncondensing
Maximam aiftude: 2,000 mi

Poilution Degres (IEC 50854 2

Envirenmental Management

Mational Insruments |5 commitied o designing and manwiaciuring producs in an snvironmentaly nesponsibie manner. MI Frecognizes that eiminadng cerain haradous
substances from our producs ks benefidal mot only bo e smdirnment bl s by Ml cusiomens.

For sddiional environmenial information, referio e MY and the Emvironment Web page at nl.comemroneent. This pge contains the envronmental regulabions and dirsctives
Wit which Ml complies, as well a5 other emdnonmental informaton nof incuded in fis document.

Wasts Electrical and Electronic Equipment (WEEE)

E EU Cusinmsrs AZ the emd of their e cyde, all products ms be sent D a WEEE recycing center. For mone Information about WEEE necyding centers and Matioral
- Insinuments \WEEE inBatves, vishnl.comvenvironmentwess i

ATE B R TR s (SE RoHS>

EE  PEEF  marionol instuments B E LT AR BB LRSS R RoHs).
#%F Mationol Instramnends | B RoHS fHREL . S8R nd . comsenvizemment/ robo_shina.
(Feor Infarmratikon about Chirna oHS complanca, go fo ol . com/ envd rovoent frons_shina’

! MAME |5 defned as & hazanous Ive siechical suppiy sysiem Sat powers hardwane. Suitabiy rai=d measuring crouls may be connecied i the MAINS for measurng purposes.
“ MANE |5 oefned a5 3 hazamous Ive sieciioal suppiy System at powers haniwane. Sutabiy raisd measunng crouls may be connected i e MAINS for measarng purposes.
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Pinouts/Front Panel Connections

Fin assignments (25-pink
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NI CompactDAQ
USB Data Acquisition Systems

= Mix sEnsor measuremens with analog and dighal I'C in the same instrument = HF-Epezed UES communication with NI Signal Sreaming echnology

= Armuire fom anaiog input modules at dfferent mkes with Fulipis Hming =ngines = LabVIEW SignalSxpress LE data-ogging softwane: inchuded

= AN up to seven 0 tasks simuibnecesly = Four 32-bit genemi-purpose counters bullt Into chassls (acress through dgitl module
= Wndows: 7F support or BN Figgers)

= BNC frigger conraciions on fe cOAC-317E for up o 1 MH2 cioscks snd Miggerns

Crverview
The Ml cO%G-5178 ks an sight-shot NI CompadDAR chassls designed for small, portable, mived-mexsurement test systerms. Comibine the tD&G-317E with up o sightt NI G Series
1A moduies for & ocustiom analog input, analog oufput, digkal UCy, and counderSmer measurement sysbem.

Mdodules ane avaliahie for & varisty of sersor messunments induding themocoupies, RTDs, siain gages, load and pressune ransduers, iomue o=k, Socssome s, Sow
meters, and micropiones. Kl CompaciDAGH SySiems combine Sensor measurements with voliage, oament, and dighsl signais o oreate custiom, mired-measunement systems with
asingle, simple UEE cable back I fe PC, apion, or nethook.

The cDAS-3175 has four 32-bE gensrapurposs ourierfimens ballk in. You can acosss these counbers Srough an installed, hardwars-teed dighal moduies swch as Be NI 34801
or NI 3202 for appications that Invohe quadratur: encoders, PWH, event couniing, pulse train genestion, and period o frequency measunsment.

Lise the two bultHn BMC osnnections fo share clocks or riggers upo 1 MHE
The cDAS-91TE chassls Is shipped with Be folowing:

- AQDC conyvemer That plugs dnecly Inlo e chassis

= LISE cabie with 3 thumbsorew lock for strain rellet

Power tomd scid separately.

The HFDAGmy driver shipped with every thassis nciudes he folowing:

- Laby"IEW ElgnalExpress LE for simple data-iogging applcabons

- AP fior I LabVIEW, ANEH TG+, G, Visual Basic NET
- DAG Assisiant code gensmtion for M1 LabVIEW, Labiindows ™01, and Measurement Shudio

- Exampée programs for all suppored anguages
- Ml Mezsurement & Automation Expiorer (MAX) for sysiem configuraton and best

Eack o Top

Comparison Tables
Maodsl Slota Countars HNumbsar of Simultansous Tasks Hurnbsr of Al Timing Englnas
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cDACH-ITE B 4 T 3
cDASH-H1TS 4 4 T 3
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Application and Technology
Mix Analog, Digital, and Sensor Measurements in the Same System

Many Sevices can mEasune tempersture, vokage, or bridge-based sensors, but NI CompaciDAS can Inegrats all of these massuremants and mone o 3 singie device St
outputs Al of the data via the same bus inierdface, sach as 'UES. An Nl CompacdDiaAS syshem can mix mulipieae=d wiage input signals, smuiansously sampied accserometiers,
low-spead Sammocoupies, and TTL digial 1D 3l In the same 4- or S-siot chassis using the same driver, NFDACMT. NI CompactDAS makes programming sasier becase e
sy griver |5 used for all mexsunements. This solulon saves spaie and simplifies service and support. With NI CompacdiDAG, thene |5 only one box on your [ab bench, and, If
there are probiems with any of the: messurements or agquipment, ssard-winning Mabional Instruments support ks your contact for all your Insrumeniabion nesds.

Figure 1. Nl eDAQ-9174 with Three Analog and One Digital Module Connected fo a Laptop

C Series Modules

Wou Fave more than 50 C Series modules, most of which work with NI CompacDaG, o choose from for diferent measurements incuding thermocoupis, voliage, esistance
temperatune detector (RTDY, oament, resistance, srain, digiksl (TTL and ofter], scosiemmeters, and microphones. Chanmsl counts. on S Indwidua moduies range fom Sres b
32 channeis o aocommodale & wide ange of system equirements. G Series modules combine signal condBoning, conneciivity, and data scquisiton into a small module for =ach
speciic measurement fype. You can insert Fese modules info any of e C Series chassls fo oeale a varisty of sysierms. You @n oeale a mix of chamne! counis and
meEasUrement Bpes within one sysiem by seiecting the desired modules and insialing them imlo one of several G Series sysioms. For this reason, systems bult on he C Serles
plafor ane highly cusiomizabie See nloomyoric/osenes for the O Senes compabbity bbis.

dpEppdanbasi

Figure 2. Three High-Speed Analog (nput Modules

Rugged Design

NI CompactDAS and al C Saries modules are constructed from A3S0 cxst slUminum for 3 FUgged SyTtem that can withstand operafing tamperatures from 2010 55 °C, and up b
30 g of shock. Kl CompactDAG was bulltto be used in the iab but not 1o necessarty sty there. WER a ngged, Sexibie sysiem such as NI CompactDaGR, yow can necomgun: and
move 3 singie test system from piace b piace without having i punchase different squipment for svery @b or test stand. © Saries moduies ans squaly nugged and designed with
spring loaded lakches bo lock Info piace when Inssalied In the chassis. The shock and vibmtion specfcations are ail bested on an MI CompactDaE system win moduies Instaled,
50 Moduies do not 3 out o come UnGccked Under The specTisd conditions. For cabss STAR neie, 3 iocking USE cabie wih thumbsorew Is Includad bo prevent accidentsl
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disoonnection during wse. The rugged fesborss of kI CompactT&G help ywo quickly begin tesiing becawse you nesd l=ss Gme o prepars e Instnementsfion for e rigors of isld

testing. For added system poriability, or to help ook multiple sysiemes around e b, purchase e CASE-D7S0 rugped camying case that has room for chassls, modules, poser
supplies, and shgral wies.

Figure: 3. The camying case has removahls foam bincis for-fafher .
Multiple Timing Engines to Acquire from Different Modules at Different Rates

With the cOAQ-SA74TE chassls, you can insiall & Senmocouple module nest tooan o t medule and acquiee froem both simeitaneously a8 diferent rabes
“The cDAR-51 74/7E chassls have mutiple analog inget tming engines, which means you can group all of your ansing Input modules Inoup fo three s=is of modules. Thes= sebs,

kmoan a5 tasks, can il non ot dfferent rokes becauss eack one hes B own Sming engine In e chesels backplsne. This sllesistes fue need b decimate or parse lower-spesd
dits from the higher-speesd data & you nesd to do In the orginal c0A2-5 72 chassls.

Pl Cormpas ik Ghaszis

PR

Figure 4 Fun snaiog inpst modules af diferen? mies with muitinee A7 Sming engines.
Four 32-Bit General-Purpose Counters Built In

The cDAG-S1 74/7TE chassls bof have four 32408 counters Dol In. These couniers ane acoessed fhroegh an inshied heardwsre-tmed dighsl B0 modele {sold separaisly) such =z
he M 540 or M1 5400 Once you hawe Insialied fhe diginl module, you can cresis & cosnter sk In sof for i such as t nder, perod and ]

messurement, or finke pulss fesin and P gensrsion. For some opecsfions, you can access ihe couniers in the o005 T8 chasshs. theough the: buli-n BMC conneciors on the
chassis.

Flexible P ower Oplions

“The upgraded chassis fectures a new physical conneciion for powsr supplies. Each chassts ks shipped wih an ACDE comverier that plugs dirsdlly Inbo the chassis. (Mol hat e
pesr cond to go-from the ACDE commerter to the wall Is soid s=parsisty.} For other powsr opfions, sach &5 a power supply with eads for ¥2C, an ouiomothe: sleciical system, or

on of-he-shel batiery pack, purchase the sorew-terminal socessony for he chassls fo enable sxsy connecion of a V and C lesd o the chassls. Ml CompactD®G: nequieess 3 3 o
30 VIO power sspply and wses 8 maximum ioad 15 W af poser

Included Data-Logging Software

310
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Nl =hips MI CompactDAC, and every ofer Ml dat acguison (DAQH) device, Wit & driver Kt that includes the foliowing:

= Meazsurement & Sutomation Explorer (MAX]) — This configuration ulity = for quick measunsment debugging or system diagnostic test via the device sef-test.
= K-DACx — Driver amd AP for all NI data scquisibion devices. This insialier incudes Inksrfaces o LabViIEW, ANSE GG+, CF, Visual Basic MET, and humdreds of exsmpls
programs for LabyviIEl and textbased languages.

= LanyIEW SigralExpress LE —With confguration-based daba iogging, ¥ou can get up and running out of the box without programming. Using LabvIEW SignalExpress LE, you
can acguine dats oo the hardwares, bulid) 3 custorn user inderface, and iog daia io Technical Cal Maragement Streaming (TOME) fies o o Miorosoft Exosl for graphing and
posiprocessing. LabV1EW SignalExpress i avaliabis for purchase and Includes amalysis and processing biocks for use within the dala-iogging environment.

Exck b Top
Ordering Information
For & complebs list of accessorkes, vish @ product page om nLoom.
Products Part Mumbsar Recommended Accessonias Part Number
HI CompeotDad Chacole
20AG-8174 4 clot chacclc TEET Mo accessones reguined.
s0AR-B1TE & clot chacslc TEMsE0d Mo ancessones neguinsd
Agvtttoriac
[Fugged Carying Cace (CASEOTEN oo oy | Mo accessonies reguinsd.
[Filler Moduls for Empty Zlots 125 Mo accessones reguined.
Replyamant' Epares Powsr Eupply TEOTD3OA Mo accessornes reguinesd
Deckiop Mounting Ki [ac cesn In imagec) TTSATIO Mo accEssories reguinsd
Sorew Terminalks Tor ARsrmais Power Supply TEOTO201 o BCEssOies neguinsd
Powar Corde
Japan, 100VAC Te3E34 o accessories reguined.
Ewitzariand, 230 VAC TE30ES04 Mo ancessones neguinsd
[Europs, 280 VAC TeIneT-0 Mo accessones reguinsd
Auciralla, 280 VAC Te3neeI1 Mo aocessonies reguined
Haorih America, 240 VAC Te3nea11 Mo accessones reguined.
B 120VAC Te3000-04 Mo accessones reguined.
U, 240 VAT TEI0ES01 Mo accEssories reguinsd
Eack b Top
Support and Services

System Assurance Programs

Kl sysiem assurance programs. ane desigred fo make it even easkerfor you fo own an NI sysiem. These program:s. indude configuration and deployment sendoes for your NI P,
CompaciRIC, or Compac FleidPoint sysiem The Kl Basic Sysiem Assumance Frogram prosides a simpie inbegration test and ensures that your systerm b5 delvered compiefely
assembied In one box. When you oomigure your sysiem with Be NI ESandard Eystem Assurance Program, you can select from avaliable NI system driver sets and appication
development envdronments bo create cusiomized, reorderabie sofware confgurabions. Your system amves fully assembied and tesied in ons box with your sofwanrs preinsiaed.
When you order your system with the standard program, you aiso recelve system-speciic dooumentation induding @ bill of maferiais, an imegration fest report, a recommended

wom pian, and frequenty asked question doruments. Finally, Fe shndan program neduces e iotal costof owning an Ml syst=m by providing three years of wamanky
cowerage and callbration sendce. Use e oniine procuct advisors at nloomiadvisor 1o And & Sysiem assurance Drogram o meet your nesds.

Callbration

Kl mexsurement handwane s callbraded fo ersune measurement aocuracy and verty Faf the device meets e publshed specifications. M offers a number of callbration sersices b
heip maniain the ongoing acuracy of Your measurement fardwans. These senioss allow you io be compistely confident In your measarements, and heip you mantain
complance o standards lke 50 3001, ANSUNCEL Z540-1 and IECAEC 1T02E. To leam more about NI callbrafion sendoes or o locaie a qualfled senvice cenfer mear you,
coniact your local sales office or wisk nl.comécalbration.

Technlcal Support

Gt answars 10 your Echnical questons using the folowing Matonal Instruments resouroes.

» Bupport - Visk nl.comsupport 1o access the NI KnowiedgeSase, exampls programs, and hriorials or o contact cur apoicabions enginesrs who are locabed In NI ssies
ofmres around e workd and spesk the local Bnguage.

» Dicowsccion Forume - Wist forums nLcom for s dverss sef of discussion boams on Bopics you canes about
» Onlime Community - Visk commenEynloom to find, contribute, or collaborate on customer-contribubed technical content with: users Boe you

Repalr
\While pou may Rever nesd your Rardwans nepained, M understands at unespected sverts may lsad b nacsssany napains. M offers repair sandoes periored by highty rained
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echnickares who quicky rebum your device wih the guaranitee thai | will pesform o faciony specficaiions. For mone information, visi nlcomdrepalr.

Tralning and Certifications

Thee NI training and certfication program defivers e fashest, most cortain moute b0 increassd proficency and product®y using NI sofwan: and hardware. Training bulids e sclls
o miore = Tcleniy deveiop robust, maintsinable appliications, whike cerfification valldates pour knowledge and ablify.

» Classroom fraining In offles workdwide - 5= most comprehenshve hands-on training Saught by enginesrz.

» Onciils fraining at your Taolify - an excedlent opSon fo rain muitpie emplopess at the same Hme.

- Cnllre Inctrsstarded raining - oser-cost remone ramng © CRSIrOom or on-Ti couras ' Nt possble.

= Courcs kits - lowesi-cost, seff-paced taining Fat you can use as reference guides.

» Training mambarchips and raining oedits - o buy now and scheduie rRining laker.
Wist nLcomtraining for more infomation.

Extended Warranty

Hl offers options for exiending Fe standand product wamanky fo mest fe Feoyde requinemenis of your profect. In addiion, because NI undersiands thad your nequirements may
crange, e extended warmanty s fexibie in =ngth and =aciy renswed. For mons mormation, ws nlcomasaranty.

OEM

Hl offers design-in corsulting and product Inkegrabion assistance B you need MI producs for OEM applicaiions. For information about spedal pridng and services for B
Cusinmars, vish nl. comioem.

Alllanca

O Professional Sardces Team s comprised of M applcations enginsars, M1 Consuling Senvices, and & wordwide Natonal Instrurants Allance Sartnar program of mone than
600 Indepandent consutants and Intagrators. Servioss range from stad-up assistancs 1o tumikey system infegration. Wist nlcomislkance.

Eack b Top

Detailed Specifications

These specications are for the Ml cOAC-317151725178 chassls only.
These speciications are fypical at 25 "C wnless othenwise nofed. For the © Beries W0 moduils specifications, refer fo fhe documentaion for e C Beries B0 moduis you ars using.

Enalog Input

Input FIFC stze 127 sampies per siot
Manimum sample rae | Cetermined by the © Series 1D moduleis)
Timing acouracy 2 50 pipr of sampes e
Timing resoiufon = 12.5ns
Humber of channeis supported Delrmined by the © Seres 1O moduleis)
Enalog Cutput
Mumbers of channss supporied
Harmware-timed sk
Dniboard repeneralion g
Morregeneraion Debrmined by the & Seres 1O moduleis)
Mom-hardwsre-ted tazk Determined by the © Series /0 moduisiz)
P e upsdate: raie
Onboard negerarstion 15 MSis | muit-channsl, sggregabe)
Mom-megEnaraton Determined by the © Series /0 moduisiz)
Timing acouracy E[ jppr of s=ample i
Timing resciuton i125ms
Cwiput FIFO size
Regeneraidon B,151 sampies shared among channels used
Mom-megenaration 127 sampies per siot
Honperodic waresform, periodic waresform regeneration mode from onboard
AD wavefom modes memory, pErodic wavetors negensration from hast bussr inciuding dynamic
update
Digital Waveform Charactsrstics
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\Wareform scquisiton (D0 FIFO 127 sampies per siot

Wareform generabion (D) FIFD

NI cDAR-2171 2,047 sampies
NI COAG-3174

Siots 12 2,047 sampies
NI cDAG-31TE

Shots 14 2,047 sampies

Stz 58 1,023 sampies

s Mobs (Il cDAG-S1TE) When modules ane instailed In sicts 1 Soagh £, FIFO |5 2,047 sampses par siot for al siots. Wien any module |s inssalied i sioks 5 through 2,
=¥ AFD K 1,003 sampias par skof for all sight siots.

Digital Inpt sample ciock frequency
Streaing io applcabion memeny Systes-dapendens
Finite O'io 10 MHz

Cigital oulput sampie dock TFreguency

Efreaming from applcaton memory Sysierrdependeni
Regereraie from FIFO O'io 10 MHz
Finite O'io 10 MHz

Ay PRI, analog sampie oF comvert ciock, analog output sample ciock, Gir i

Cigital ouiput or digial Input sampie Cock souncs | . and -

Gansral-Purposs Counterimears
Number of counkenamers 4
Resacluton bz
Courer measurements Edge counting, pulse, semiperiod, period, tac-edge separation, pulse wids
FosBon measarements X1, X2, ¥4 guadrature encoding with Chanre] Z reloading, two-puise snooding
Cusput appications ﬁ.ﬁummmn:m.mmwm equivalent me
Ini=mal base docks B0 MHz, 20 MHZ, 100 kHE
External base ciock fraguency 4o 20 MHz
Base dock acoaracy E0 ppm
Cuput frequency O'io 20 MHz
Inputs Ceate, Sourte, HW_f&m, A, A, B, Z, Up_Down
Routing opfons for nputs Agry moduie FFI, chassis PF] BNC, anakog igger, many ini=mal signals
FIFQ Dedicaled 127-sampies. FIFO
Frequency Gensrator
Humiber of channels 1
Base clocks 10 Wz, 20 MMz, 100 k4
Divizors 10 1€ (nizgers)
Base Cock aonarecy S0 ppm
Ceiput
NI cOAR-31T1E174 Axaliabie on module FF Eminals
Ml tOAZ-317TE Axalabée on any chassis PR EMNC minal o module FFI Eminais
Module PFI Characierstics
Funcionalky Siafic dpial Input, static dpial cutput, Bming Input, and bming output

Timing ouput scumes Many anaiog input, aRsiog output, counter, dgial input. and digkal outpat

Hming siorals
Z = T E
Dibounce TBer setings i::ﬁﬂ:perhp.t 125 ns, 6.£25 ps, 2 E6 ms, disable, high and low
Timing Input frequency 0- 20 MHE
Timing output frequency O-20MHE
10 WWW i com
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Chassgle PFI Charactenstice (Ml cDAR-31T8 Only)

Max Inpat o cutpet eguency 1 MHz
Cabiz length 3im {10
Cabie Impadanoe soo
TRIG O (PFI &), TRG 1 {FF1 1] connechors EHNG
Powar-on shate High Impadance
Inputloutput wolage proiechon
Yolags Mindmum Maxhmum
Inpet =20 25W
Cuput =15 20wV
MaximuT opersting condiions
Laved Eindmum Macherium
|y pat o curment - 8 mA
|3y DURPRLE i CrmET - —8 mA
DG Input crarsderistics
L Eindmum Maximum
Fostive going threshaokd 142% 228V
Megative going neshoid 0se Y 153 W
Hyshenesis 048y 08T W
DG putpet charactsnshics - Lewe] High
Conditionc Eindmum Maximum
- - EXE W
Sicurcing 100 pA LEE Y -
Earcing 2 mA. AenY -
Soucing 3.5 mA 144 -
DG putpet characiershics - Level Low
Conditionc indmum Maimum
Srking 100 pA - Liow
Sirking 2 mA - 06 W
Sinking 3.5 mi - oaw
Digital Triggsrs
Soure

Ml cOA&S-21T18174
Ml eOA&2-2178
Foiarity
Ansiog Input functon
Arog cup Tumction

Courierfimer funchions

Moduls 1D States

AL poser-an

Aury moduie PRI erminal
Ay chasmsls PR BNC terminsl or module PFIbemeinsl

Sotwars-seisctibie for most signals

Start Trigger, Refenence Trigper, Pause Trigger, Sample Clock, Sample Clock
Timebase

Siart Trigger, Fouse Trigger, Eampie Clock, Sampie Clock Timebase
G, Sourre, HW_ %, Aam, &, B, Z, Up_Down

Mduie-deperdent. Refr io he documentabion Included with the C Beries FO
moduiEs )

ﬁ. Hobe: The Chassis may nevert the Inputioutput of the modules 1o is power-on siabe when the USE cabie s emoved.

Power Requirsments

AL_ Caution You must usz 3 Matonal ERciric Code (MEC) Ciass I power Sourte Wi the: NI cOAG-SIT7R1 TS crassls.

Iﬁ Mobs Some U0 modutes have acddtonal powsr equireents. For mons imormation about C Sarles 100 moduieis) powss nequirsments, nafer i documentasion Incuded

Wit the: C Baries W0 moduisis)

lﬁ Hobe Sizep mode for C Senes 0 moduies k5 not supporiesd in e N oDAo-91 7.

Nl cDAC-S1T

Fower consumpdon fom LS8, 4 TS0 525 W

Suspend mode

SO0 mA maxierem

2.5 mA maximum
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Kl cDAS-31TAEATE
Inpest voitage ranpe
Maximum nequined input powsr
Poswser Input connecion
Fower Input mabing connedhor

Power consumption fom USE, 41010 S35 W
Bus Interface

USE spacication
Higrrparisrmancs dats sreams
HI cOAC-21T1

M tAC-2174317TE

Data stream fypes avaliabie

S-30W
isw

2 posifons 3.5 mm pich pluggabde sonew ierminal with sorew locks: similar bo
Saurs CTWHORDFS-0M00

Sauro CTFOZIVE, Froenly Contact 1714577, or equbvalent

SO0 WA maxdma

USESE 2.0 H-Epeed

B

T

Anslog input, anals] output, digital Inpt, digial culput, countenSmer input,
oounbent mer cutpud

E Hobs I you ans connecing e Ml cOAC-317x 1o & USE hub, the Rul must be sxiemaily powered.

Phyzlcal Charactaristics
NI cOAS-S1TY chassls
Weight {urioadad)
Dimensions (unioaded)
NI COAZ-3174 chassls
Waight {Umioadad)
Dimensions (unkaded)
NI COAC-31TE chassls
Weight {urioadad)
Dimensions (unioaded)

I you need by dean e chassls, wips fwith a dry towel

satsty
Zafety 3{andardc

I you nesd bo dean e dhassls, wips [twith a dry bowel

This product |5 designed bo meet the requirements of the olowing sbndands of sately for deciical

= |[EC §10M0-1, BN &1090-1
= UL B, CBA S0

Agprow. 353 g (125 o)

13.2mm ¥ BBE mm X 333 mm {517 In. £ 2490R X .31 In.)

Approw. 5749 (20.20x)

IEScmyBBlcme B omE2E N x35In.x 23 In.)

Approx. BT g (31.000x)

A cmEBE I cmESEIom (100N ¥ 3.5IN. ¥ 2.30n.)

ok Tor control, and ¥ Lses

Mobs For UL anad other safety carffications, refier o the: product isbed or visk nl comioerificaion, seanch by mode] number or product ine, and oick the appropriste Bnk in

¥ the CerEfication column.

Envircnmantal

Temperatrs
Cperating
Storage
K1 CDAZ-31T4/3 T8 Ingress protection
Humidity
Cperating
Storage
Mavimum altude
Pailution Degres (IEC B1654)

Indoor use only.

Shock and Vibration

-2 "C i 55 "C | EC-S0068-2-1 and IEC-S0058-2-2)
=40 °C o B5 °C {EC-S0068-2-1 and IEC-50068-2-2)

IP 30

1010 S0%: RH, noncondensing (IEC-50068-2-56)
£ 1o 95% RH, noncondensing (IEC-SD068-2-S6)
2,000 m

2
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Tio meet iese spacioations, you must parel mount the NI cDAG-S17r sysem, use an N iocking UES cable, and afy Saruies o the ends of e Erminal e,
30 g p=ak, Fatt-sine, 11 ms pulse (Teshed In accondance with IEC-S0068-2-07.

Cperaing shock Test proflle devwsioped In sccordsnce with MIL-FRFZ5800F.)
FRandom vibration
Cpemtng 4o SO0 Hz, 0.2 grms
Si0 SO0 Hz, 2.4 grms (Tested In acoordance with IEC-50085-2-54.
Momoperaiing HKonoperating est profie exceeds the reqguinemenis of MIL-FRE-ZB500F, Class
3.
Safsty

This product mests. the reguinements. of S folowsing siandands of safety for sledrical sguipment for messunemend, coniml, and abormaiory wse-

= [EC 51001, EM 10401
u UL EVMC-1, CRA S0

I-\E_; Hobe: For UL and other safety carifications, refer io the product label or e Online: Product CertSioalion section.

Electromagnatic Compatiblitty

This product Is designad o mest the requinsments of the DEowing Sndands of EMC for sieciical equipment for measunement, contro, and |aboratory uss-

= EM 51336 EASC requinemenis; Minimum mmunity
= EN 25011 Emissions; Group 1, Class A

u ARREE CISPR 11: Group 1, Cass A embkssions
= FOE 47 CFR Part 158: Class A emissions

= [CEE-I0T: Class A Emissions

&q. Mot In the Unik=d States iper F0C 47 CFR), Class A equipment IS intended for use in commeencial, lght-industrial, and heavy-indusirial locations. In Eusope, Tanada,
= Ausiala and New Zealand (per CEPR 11) Cass A eguipment |5 miended for use only in heavy-indusirial noabons.

Eq, Nobe Group 1 eguipment iper CIEFR 11 )s any iIndusrial, scienthic, or medical sguipment that does mot indsntiorally penemies do frequency energy for the reatment
L» of maferial or nspecfion'araliss puposes.

Eq Nobe For EMC dedarations and cerfficatons, and addfonal irormation, refer io the Cnilne Product Cerfication section..

L

CE Compllance

This product mests the sssenbal requinsmants of applicabie Europsan Dirsctives, a5 amendsd for CE marking, 2 Sollows:
» JD0SSSED; Low-voioge Drectve sty
= 2D04MDS/EC; Elsctromagratic Compathisy Dinsctie (EAC)

Oniline Product Carfification

Feferio e product Cedambon of Comormity (DoC) for additional repuiatony complance: IRformation. To citain product cerifications and the Do for this product, vist
nicomicertitcadon, search by moduie number or product ik, and dick the appropriaie link I the CertfSoation column.

Envirenmental Managsment
National Insiruments Is commitisd o designing and manusaciuring producs in an envinnamenily responsibie manner. Bl recognizes that slimiradng ceran hazanous

substances from our products ks beneldal not only fo the emvironment bug also o NI ousiomers.

For addiional environmental information, refer fo S A and the Emvionmeant Web page at nl comierronment. This pepe contains the anvironmental reguiations and dirsctves
withi which NI complies, as well as other environmenial informaton not induded ik his dgotument.

Wacts Elscirizal and Elsotronic Equipmsnt (WEEE)

E EU Cuclomers Af the =nd of their B oyde, all products mes be s=nt b a WESE recyciing center. For more Information about WEEES recyding cenfers and Maboral
- Instnumenis WEEE nBatves, vish nl.comvemionmentiwe s mim.

RF BB~ &FREMEEDE (FE RoHS>

@- E} BEEA  raonol Insnaenends P E TR R VRLBEEAE AL AR (Roms) .
#F Motionol Inginarmands |« B RoHS friREEITE, W pl. conemriremment /rake_ahina.
(Far Infamrat ko n about China RoHS complancss, o 1o ol . com/ envircoment/rohs_china}

! Performance dependent on by of installed C Series IO modules and number of chanmsis in e sk,
? Does not include group delay. Refer 1o C Seres K0 moduis documentation for mone information

Exck b Top

EXX0 Harbors! Inst-orrenie. S0 Sphis ressresd. Compec® 0, O, FeidPoind, LesWIEW, Messorsment Shoic, heSons | imrumenis, keSioms| ineirumsis Sissos Periner, HI 5ooom, W Compsc0A80, snd
hi-U& 0 are twdermres of heborsl iretomests The merk Leb\Sincdoras is ussd unosr s losres Fon [= L = of Cormeribon in Be Unfed Sbeise snd
ofer countren. Other pocuct B coTpeTy e mes beisc s Dede T or Tedes names of e seoeches companes. & hetions ! neruments Almnos Ferirer &8 bomnsss sntty nospe-cent tom Netons

] WWW.0i com

68




Teohnloal Falee |
YT rs et

[B88) £31-5255
Infogni.com

b Fent | ERlmm s Page | E open document as =or

fequiremenis and CompadbiEy | Drdering information | Detsllsd Speciications | PinoutsFront Panel Conneciions

L wisod: 20700303 TE08:21.8

24-Bit Universal Analog Input

= 250 s channei-io-chanme isoiation = Themoooupis, RTD, resistance, vokage, and cument messunsmenis
= Bulli-n guarber-, Fat-, and full-bridge support u CLEC peer chanrmed for acoumate thermotoupie measunsment

= Bt voitage and cument sxciaton = 00 Sisich simuitansous Inputs (S0 E/s'ch for hermocoupie)
Owerview

The NI 59219 Is a four-channed universal C Eearies moduls designed for muBpupose testing In any NI CompadDaG or CompeciRIC chassis. \With the NI 5219, you can measure
several signals from sensors such as sirain gages, RTDs, thermocoupdies, ioad czils, and other powered sensors. The chanmeds ans indhvidusily selectabie, 50 you can perfor a3
dffzrent measurement fype on each of e four channels. Measurement manges dfer for sach fype of messurement and InCiude up io £50 W for voltape and =25 mA for cument.
Piease sex the marwal for detaled specificatons and ranges.

Eack ko Top
Requirements and Compati
0% Informaticn Dirtvar Information Software Compatiblitty
= Rea-Time 05 " NDACmE » LabvEW
= \indows = MR = LabyiEW SigraiEmmess
= Labwindows/Cl
= Meazursment Studic
 Vizual O
» Visual Studio
= Visual Studo MET
Eack b Top
Comparison Tables
Thermocoupls Moduls Channels Sample Rats Resolution Faature
NI 5213 18 1,200 5is 24-bat Lowest costichanns
NI 5215 4 50 Sisich 24-bt Cranne-io-cranne oition
NI =211 4 1 B 24-bat Low-chanme] count
Eack o Top
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Application and Technology

Because of T driver design, the I 5219 does not Imi the overall speed of an Ml CompeTiDAG syshem when used wilh fasier sampiing modules. Wit 250 Virns of
cranneHc-channg isoiabion, the N1 9215 pokscts mot only the sumounding modules, chassis, and conreried compulsr syshem but also the offer channels within e same
module. In addiion fo Ineased saf=fy, chanmmeHo-channe! Isclzfon diminaies problems asmodaied with ground loops.

Connsotivity Asssccorisc

The Wl 5219 uses siy-postion spring beminal onnecios ineach channs for direct signal connectvty. Yo cn purchase additional connechors o reduce signal connecion Bme
for mutipie =gt unis. In addiion o exia conreciors, a siain redef bt s aalable io secuns the sigral wines. NI remmmends:

= Ml 5972 - strain rele? backshedts for sipral wine securty and high-voltage profeciion (ghy 4]
= Ml 3973 - axtra connectors for shy-position conmacior modules (gty 10)

HI C Saries Compatiblllty

The Ml & Savies handwan= famity features mone tham S0 measurement modules and s=veral chassls and camiers for deployment. Wih this varety of modules, you can mb and
maich mexsuremenis such as Eempemiune, acceiemtion, fiow, pressune, simin, acoustc, voliage, cument, digial, and more o oeaie a custom sysiem. install the modules In one
of seversl carriers to oreabe & single module LESE, Ethemet, or Wi-F system, or combine B 0 chassis such as NI CompaciDAS and CompactRIC o create 2
miFed-messunement sysiem with Synoronized mEasurements. You can instal up o sight moduies In 3 simpie, compiete NI CompadDAG UEB data acquisition system 1o
synchronize all of T anaiog cutpedt, anaiod input, and digital 0 from the moduies. For a system without a PC, CompactRiO hoids up 1o sight moduies and features 3 bullt-in
processor, RAM, and storage for an embedded dals logger of coninod unit. For hipher-spesd control, CompactRIC chassls Incomanabe 3 SelcHorogrammable gate amay (FPOA)
that you can program with NI LabWIE'W softeans to achieve slicon-<pesd professing on O dats from C Seres modules.

Advanced Featuras

When uwsed with CompacRiO, NI C Series analog input modules conrect direcly o reconfigurabie UG (RI0H FPGA hardware o creale high-performance swbedded sysisms. The
reconfigurabie FPGA hardware within CompactRIC provides a variety of options for cusiom Eming, igoenng, symchronizaton, Therng, sonal processing, and high-speed
dedsion making for all © Seres analog modules. For inskance, wih CompaciRIG, you can Implement ousiom iggering for any anaiog s=nsor {ype on a per-channe! baslis using
the fexibiEy and performance of the FRGA and Be numerous arfmetic and comparizon function blocks Dull imo Se LabVIEW FRGA Moduls,

Key Features

= Higiracouracy, high-performance analog measunsments for any CompactRIC embedded system, R Sares sypansion chassis, or NI CompaciDaS chassls
u Sorew iemminals, BHC, D-8ub, spring terminails, Srain relef, high volizge, cable, soider cup backshel, and ofher connedivity oplions

= Analiabie channeHo-=arth ground doubie-isolation barrier for safety, noise immunily, and Righ common-mode wolage ange

= CompactRIC Extreme Industrial Certiications and Ratings

= BuliHn signal ocondiioning for direct connediion fo sensors and Indusiral devices

YWiskt nlcom'compescirio or nl.mméompactdag for ep-io-dafe Information on module avalabilly, sxample programs, applicaiion nodes, and other deveioper Dols.

Eack in Top
Ordering Information
For a compieiie [kt of accessones, visi S product page om nLoom.
Products Part Humber Recommendsd Actessories Part Humbsr
HIBZ1®
Ll et ] TreTE1-M Mo acoessores reguired.
Eexck b Top
Software Recommendations
Lm“mmmlmmmmmmm « Advanced softaane toois for angs project daveiapment
1 Aginmatic code penermtion using 0AG Assisiant and Insrument VS Assistant
1 TighE integration with a wide ange of harowane
= Acheanced messurement anatysis and gt signal processing
» Open connecEy wi DLLs, ActveX, anad MET objects
1 Capabity bobuld DLLS, sysrutabies, and MS! Rstalers
Esck o Top
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Support and Services
System Assurance Programs

NI sysiem assurance [rograms ane designed fo make [teven sasier for you 1o oan an NI sysiem. These programs Incude configuration and deployment sendoes for your NI PXI,
CompactRIC, or Compact FlsidPoint sysier. The NI Bxsic Eysiem Assuance Frogram provides a simpie Inkegration tess and ensures that your systerm i delvensd completely
aszemiied In one box. When you confgune your Syskm with Fe Nl Standand Sysiem Assurance Frogrm, you Can seiect from avaliabie M system driver sets and appication
development environments b create customized, reorderabie sofware comigurabions. Your system amves Sully assembied and tesied In ons box with your Sofwars preinsiaied.
\When you onder your system with the: standand program, you aiso recefve sysiEem-speciic dooumentation Induding a il of maieriais, an miegration lest report, 3 Frecommended

woe plan, and freg y ashed question dotuments. Firally, B sbndand program reduces Be iotal cost of cwning an Ml sysk=m by providing three years of wamanty
coverage and callbrafion sendos. Use B onine product advisors al nl.ocomdadvisor to find & Sysoem assurance program o meel your needs.

Callbration

Kl meassurement handwane ks callbrsted io srsure messurement aocuracy and versy Fal the device meets s publshed spedfications. NI offers a number of callbration s=rices bo
help maintain the ongoing accuracy of your measuement fandwane. Thes: seniozs allow you io be completedy confident In your measarements, and heip you maintain
complance by slandards [ke 50 5001, ANSUMCEL Z=40-1 and ISCIEC 17025, To l=am mone abowt Ml callbrafion sendoes o 1o locate 3 quailFied Senvics CEmber Rear you,
oontact your local sales office or wisk nl.comicalbrabion.

Technical Support

(Gt answers. 1o your =chnical queston:s using the folowing Natonal Instruments rESOUrTEs.

» Buppart - VisE Al.ocom/support 0 access the M KnowisdgeSass, sxapls programs, and hriorisls or o contact our appications enginears who are iocabed in NI saiss
oioes around the worid and speak the local Bnguage.

» Dissucsion Forume - Vist forums nlcom for a dverse set of discussion boamds on fopics you cane about.
= Dnllres Community - VisE commanEynloom bo find, contribute, or coilaborate on fustomer-Conirbuted tschnical conbent with users Boe you

Repalr

il Uy maser s pour ardwane repained, M1 understands Sat unevpeched svents may s b nacsssany repairs. I offers repalr sardices parforad by higinty trainsd
becinicianes who quickly retumn your device with the puarantes that | will perform o fsciony specificalions. For mone iInformation, visit nloorinepalr.

Tralning and Certifcations
The M training and cerffication program delivers Be fashest, most certain moude o Inoessed proficlency and productEy using MI sofware and hardwares. Training bulids Se skils
bo meore eficlendy deveiop robus, maintainabie applications, whike cerification validabes your Enowizdge and abiiy.
» Classroom training In offles worldwide - B most comprehenshe: hands-on training taught by enginesrs.
« Omsiie traindng at your faolifty - an sxoaikent option to rain muitpls smployess at the same ime.
« Oinlime Instnectorded training - lower-cost, remote taining ¥ classroom or on-sie courses are nok possibie.
= Cource kibc - lowest-cost, s=if-paced training ek you can ust a5 reference guides.
= Training mamberchipe and raining oedits - o buy now and schedules ining lsber.
Wist nLcomfraining for mone information.

Extanded Warranty

Ml offers options for exiendng e standand product wamanty o mest e He-Cyde requinsments of your project. In addition, because Nl undersiands, that your requirements may
change, fie extended wamanty 15 fiexbie In length and easiy renewsd. For mons iImformaiion, wisk nl.comswarmanty.

OEM

Nl offers design-in corsuling and product integration assistance I pou nesd NI product for OEM applications. For information about spedal pridng and services for OB
ousiomers, visi nl.oomdoem.

Alllancs

Our Frofessional Services Team ks comprised of NI appications enginesrs, NI Corsuling Services, and a woridwide Natonal Insrurmenk Allance Farner program of mone than
500 Indeperdent consulnts and Integrators. Services Ange from shart-up assistance o umkey system Infegration. Wist nloom/allance.

Eck o Top

Detailed Specifications
The folowing spedfications an= fyrpical for the ramge —£0 fo 70 "C unless oferwise noted.
Input Charactariatics
Mumiber of channels 4 analog Input channeis
ADC resolution 24 bis
Type of ADC. Deka-sigma (with anaiog pretRering)
Sampiing maods SiLtaneous
Type of TEDS supporissd IEEE 14£51.4 TEDE Class Nl {Inferfsce)
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Moo Inpaut rangsc
Wods Hominal Rangsis] Ahual Rangss]
Wolage 280 Y, £15%, 24V, 21 V, 125 mi |80V, 215V, 24 V, 21V, £ 125 miv
Caarent 25 mA =35 mA
4-iire and J-Wire Resistance |10 kD, 1 kD 10.5 ke, 1.05 kX
Theammocouple +125 mh =125 mif
4ilre and 3-ire RTD Pt 1000, F% 100 SOE kD smEO
Cuarier-Bridge 350 0 120 42 390 4, 150 0
Haif-Bricoe =500 mhTY =500 i
Ful-Eridge +62.5 mhTY, £7.8 i =625 MmN, =7.8125 miviy
Digital I - o0V
pen Contact - 105D
Conversion e, no channeis in TC mode
High speed 10 ms for al channes
Bt 80 Hz njection 190 ms for all channeis
Beest 50 Hz njecion 130 me for all channeis
High resoiution 00 ms for 2l channeis
Conversion e, one or more charrels in TS mode
High speed 20 ms for all channsis
Ee=s1 B0 Hz rejecion 120 ms for all channeis
Bt 50 Hz nejeciion 140 ms for all channeis
High: resoiution 40 ms for 2l channeis
Crenaitage profecion
Temimals 1 and 2 =30
Temimals 3 through &, across amy combination =50V
Input impedance
Voitage and Digial In modes (=50, =15 W, =3 ] 110
Cument mode =400
Al other modes =1 @0
Anourany
Moda, Rangs Calni Emor (Percent of Asading] | Offcat Emor (ppm of Raange]
TYR (28 °C, 26 “C), Max (80 fo 70 )
Winkage, =50V =03 =04 230, =50
‘Wolkspe, 215 W 203, 0.4 =0, 120
‘Wiolkage, 24 W 203, 0.4 =240, =720
‘Wolkage, =1 W =01, 018
Wolsge Thermocoupie, £125 mi' 01, 018
Curent, 235 mA 201,06
4-Wire and 2-iiee ' Resistance, 100 | 201, £0.5
4-Wire and 2<ire " Resistance, 4 pn (201,205
4-Wire and 3-Wire RTD, Pt 1000 #11, 0.5 =240, =540
4-Wire and 3-Wire ATD, PR 100 0.1, 0.5 =2400, =5400
Quarer-Snidge, 3500 201, £0.5 =2400, =5300
Quarer-Snidge, 1200 0.1, £0.5 =2400, =5300
Haif-Biridge, +500 iy =003, 007 =300, =450
Ful-Bridge, 52 5 my\h 20103, +0.08 =30, =000
Ful-Bridge, 272 my 0103, +0.08 =320, =8000
43 WWW I Com
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Btabiity
Muode, Fangs Galn Drift ippm of Read-ing®C) | Offced Dot (ppm of Ranga=c)
Vinkage, 50V =2 =02
Vintage, =15V =20 =08
Vinkage, =4 =20 =32
Vintage, =1 =10 =02
VnkageThemmocoupie, £125 i =10 =18
Curent, =25 mA, =18 =04
44ine and 2-9re Resistance, 1060 | =13 =3
4-4ine and 2-4re Resistance, 1k | =13 =30
4-44fire and 3-#re ATD, Pt 1000 =15 =5
4-44iire and 344 ATD, Ft 100 =15 =50
Quari=rBrdgs, 3500 =15 =120
CQuarisrBrdge, 1200 =15 =340
Haf-Erdge, 500 MmN =3
FulbEridge, =525 M =30
FulbEridge, =78 MY 23 =20
Inpt nolse In ppm of Rangs,_
Mode, Range Convarsion Time
High cpesd | Best 80 Hz reJeotion | Bect B0 Hz re-jection | High recciution
iodage, S50 Y TE 1.3 13 os
olage, 215 W 108 1.8 13 o7
olage, 24 W 108 27 27 13
Wolage, 21 W TE 1.3 13 os
VodageiThamocoupie, 125 mh 108 1.8 K] 10
Carment, 26 mA 108 1.8 E] 10
4-Mine and 2-Wire Sesistance, 10 k2 (41 1.3 0.8 o3
2-Mire and 2-Wre Resistance, 182 [T 1.8 12 7
4-Mire and 3-Wire FTD, FT 1000 TE 1.7 11 o4
4-Mire and 3-Wire FTD, FT100 108 1.8 13 os
Cuarier-Eridps, 350 0 s4 1.0 10 7
Quarier-Hridgs, 120 0 s4 1.0 10 7
Hadt-Birdige, 500 MWV ] .= 05 oz
=ull-Eridge, =525 MY s4 1.0 10 =1
=ull-Erdge, =7 8 MV 0 47 a7 23
Input blas ooment =1 nA
INL £15 ppm
GMRR [, = 50 Hz) ~100 42
KMAR
Best &0 Kz reiecton 5048 ats0 Hz
Best 50 Kz neecton B0 dE at S0 Hz
High resaiution £5 dE at 50 Hz and 50 Hz

Exgitation kevel Tor HaB-Bridge and Full-Eridge modec

o Load Recicianos () Exoitation [¥)

Haif-Eridge | 700 25

LA
=

WWW i com
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240 20
Ful-Eridge | 350 iy
120 z22

Exgitation level for Recistance, RTD, and Guarier-Exidge modet
Load Recictanos () Exoftation [mv)

120 =

asg 150

1k ']

10k T

= 384 71E hours at 25 "C; Belcon: Issue 2, Method 1, Case 3, Limied Part

Siress Method

5} Mobe Contact NI for Belicons MTEF specificatons at other impermtunes o for MIL-HDSH-217F specificasions.
Power Requiraments
Powear consumption from chassis

Acthee mode TS0 Ml max

Elesp mode: 25 UW max
Thermal dssipation (=t 70 "C)

Acthee mode E25 mil max

Elesp mode: 25 UW max

Phy=slcal Charactaristics

._\_&-;. Mobe For two-dmensional drawings and three-dimensional models of the & Sedes module and conneciors, visit nLocomddimensions and search by moduls rumiber.

nal wiring 118 10 25 AWG copper conductor wire with 7 mm (028 IR of insulation sifpped

from the end
Weght 155 g {5.5 o)
If you nesd o dean e moduie, wipe Wil a dry fowed.
Zatedy Vollagec
Connect any wolages that are within the following Imits.
Channe-o-channe]
Confinuous 250 VAC, Measurement Calegory |1
Withstand 1,390 VAL, vertled by a 5 5 dizieciric withstnd et
Channs~o-=arh ground
Continuous 250 VAT, Messurement Category |l
Withstand 2,300 VAT, wested by a S 5 disleciic withsiand st

Zone 2 hezardous locations appications In Europs channeHo-channe] and

n B0 VDT, Measurement Category |

Mexsurement Cabegory | 1= for measuresments. peformed on drcults mof directy connecied o §e elecirical distibution system refemed fo as MAINS 2 wolage. This cabk=gory Is for
measurements of wolages from specially probecisd semondary circults. Such volage measurements include signal ievels, spedal equipeent, lImfed-snergy parts of equipment,
dircults powerned by reguiated low-voitage scues, and secronics.

& Caution Do nof connect o Signals or use for measurements within Measurement Cabegories 11, 1, or IV,

Measurement Categorny Il IS for measuements performed on drouls diredly commecied bo the siecinical disirbution system. This categony refers bo locai-evel siecirical
distribution, such as that provided by & standand wall outet (=.0., 115 ¥ for LLS. or 230V for Europe]. Exampies of Measurement Catsgory Il are measurements performed an
househoid appilances, portbie foois, and simiar products.

& Caulion Do not conrect o signals or use for measurements within Messurement Categaonies 11 or .

Hazardous Looationt

ua. fuLy Class |, Dhvislon 2, Groups A B, ©, D, T4; Clazs |, Zone 2, AEY A G T4
Canada (C-UL) Class |, Divislon 2, Groups A, B, ©, D, T4; Class |, Zone 2, Ex nA I T4
Europe {DEMKC) ExnABC T4

[ WWW I com
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Eafety 3tandardc

This product |5 designed b mest the nequinsments of the folowing sndands of saiefy for secrical equipment for measunsment, control, and laboralony use-
= IEC 51001, EM S1090-1

= UL E4MM0-1, C2A SA09H-1

‘53‘ Mobs For UL and other safety carffications, refer bo the product lsbed or fhe Oniine Proguct Cerffication secion.

Eleciromagnstic Compatiblity

This product meets the requiements of e folowing EMC standards for ecirical equipment for measunsment, confrol, and laboralory wse-

= EM 61328 (IEC 61338 Class A emissions; Indusiral mrunky

= EM S50 1 [CISPR 111 Groug 1, Class A emissions

u AEMZE CISPR 11: Growp 1, Class A amissions

= FCC 4T CFR Part 158: Class A smissions

= |[CEE-D01: Class A emissions

& Mot For B shandarcs applied 1o assess the EMC of Bhis product, nefer o the Online Proguct Cemfcation secion.

L_ﬁ;"‘, Mobe For EMC complance, operabe this device wih shieided cabies.

CE Compliance
This product meess the essental requinements of applicabie Egropean Directives, a5 amended for CE marking, 2s follows:

n IOESSED; Low-Voltege Directive [safefy)
» 20040E/EC; Eleciromagretic Compashilly Dinsctive (EAC)

5; Bobs For e shndands applied 1o assess the EMC of fhis product, nefer o the Ol Product CemBoation secion.

onling Product Certifcation

Referio e product Dedamtion of Conformity (Dol for addiional reguiatory complance iInformation. To obiain product cerifications and the Do for this product, vis
nlcomicertt cafion, search by module numisar o peoduct line, and click the appropniate (ink in the Certfesbon column.

Shock and Vibration

To meet fese spectications, you must pansl mount the system.
Operafing wibralion

Fandom (EC S0058-264) 5q_. 1010 500 Hz
Einusoidal (IEC S00658-25) 59,10t 500H
Cpseraiing shock (IEC S0058-2-17) 30 g, 11 ms hatf sine, 505, 3 ms haif sine, 18 shocks 8t § centatons
Envircnmiental

National Irsruments C Series moduies ans intended for Indoor use onfy but may be used outdoors [T instaled in & sulabée enciosuns. Refer o T manual for the chassis you are
u=ing for miors Informadion about mesting these specifcabions.

Cperading temperature (IEC S0088-2+1, IEC S0088-2-2) —40 o 70 "G

Stormge emperatre (IEC S00S5-2-9, IEC ED065-2-2) —40 0 55 °C

Ingress protection P40

Cpeeraing Fumidty (120 50058-2-55) 10 1o 0% RH, nonconderesing
Storage humidty (EC §0058-2-55) £ 10 95% FH, noncondensing
Maxi mum astude 2,000 m

Pilution Degre= (5 50554) 2

Envircnmisntal Management

National Instruments |s commitisd io designing and manatachring products In an envirosmentaily responsibis manner. B recognizes that eliminating cerain hazardous
substances from our producks ks benefdal not only B0 the emironent but siso bo NI cusiomers.

For sddional emvinsnmental irformation, refer io e S and the Environment Web page af nl comisrironment. This pege containes the snvinonmental reguiations and dirscthes
Wit which NI comples, as well as other envinsnmental irformaton nof incuded In his document.

Wasshe Elsotrical and Electronio Equipmant (WEEE)

? EU Cusiomers Af the end of their e cyde, ail products mist be sent o a WEEE recyriing center. For mone information about WEEE recyding oembers and Mabional
- Insinumants \WEEE inBaives, vish nicomienironmentiwess mim,

RFES SR ERsE (hE RoHS)

G EEF noionol nememons o LT LG ELBLEASTS WES @oms) .
#*F Mational Instnarmands |7 B RoHS friRELTML. iP5 nl . com/enriremment /roho_shina.
(Far Infammation abaut China RoHS cormplanca, go 1o ol . com/ emvi rooment/roho_ghina}

Callbration

Ta WWW .0 com
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Wou can obinin the callbrabion cerificsbe for this device af nl.com/cal brabon.
Calbration: interaal 1 year

! 24¢dre Fesistance mode aCCUTACY depends on the ead wire resisnce. This table assumes [0 of mad wine resisance.

? MAME Iz defined as the (hazandous Ive] gecrical supply sysiem o which equipment |5 designed ko be conneched for B purposs: of powering the equipement. Sultabiy raded
measuring crtuks may be connecied to the MAINS for measarng pPUDISEs.

Eack b Top

g9 WWW i com
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PinoutsiFront Panel Connections

Chi
Ch1
Cha
Chd
Eack i Top
ean = 0, £V, FisiciPoing, LesWEW, HaSonsl Hatsamal Efimncs Parirer, M1 numm, M CompecEDAl, and Signail somem aes.
Fafonsi The e L 'm lioerms e Microso 't of Micouct i e L Ui
Chhwr prodiuct mnd oompmny i ke Bre Eecemmrkn o ece reemes of i £l Almros Parter s s o Madorsl wrd b
o agecy, parberhip, o pimtventure with hmSonsl
My Profie | RES | Privacy | Legal | Contact M1 & 3012 National Insrumenis Comporaion. All iights neserved.
o9 WWW icom
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Dual Element RTD
Pipe Plug Sensors

Starts at

= ldeal for Use in Pressure Vessel F £26 AWG stranded
Applications, 172 bar (2500 psi) Max ey BEA
= PFA Insulated Lead Wires _.“"r Ji::m and a . ®

= High-Accuracy, 100 2, Thin-Film
Class “A” DIN Platinum Elements
= 3-Wire Construction for Connecting
to Most Handheld Instruments

“NPT  MTP connectors (with
J mating connectorl

RTD-NPT-T2-E-DUAL-MTP, §115,
[_1MOST POPULAR MODELS HIGHLIGHTED!

shown smaller than actual size.
% NPT

% NPT

To Order (Specify Model Number)

Model Number Sensing Element |Cable Thread Size] Max Temp |Price

RTD-NPT-T2-E-DUAL-MTP 100 2 Class “A" DIN 72" L PFA insulated with 4 NPT 230°C (450°F) | $115
MTP connaclors

RTD-NPT-T2-E-DUAL-1/4-MTP [100 2 Class A" DIN [72" L PFA insulated with W NPT 230°C (450°F) | 116
MTP connaclors

RTD-NPT-T2-E-DUAL-1/4-MTP-HT | 100 @ Class “A" DIN [72" L fiberglass insulated 4 NPT 480°C (B26°F) | 134
with MTP connactors

RTD-MPT-T2-E-DUAL-MTP-HT-5|100 @ Class "A" DIN[72" L 55T braided fiberglass| 4 NPT 480°C (Bo6°F) | 134
insulated with MTP connactors
Ordening Exampies: RTD-NPT-7 2-E-DUAL-MTP, 0Us] 100 & (555 A~ DiN FIStRum Sin-fim elemenis, 3-Wre Cormectbns, ¥ NPT mouring freed,

72" ong PFA insuBied cabies Wil MTP commeciors, §115. ATO-NPT-72-E-DUAL-14-MPT-HT, dual 100 o Ciass A" IYN Fiaiinum fin-iim elemenis, 3-wire
connecions, NPT mountng thread, 72° bng Mbergiass hsuated cabies with MTP conneciors, 134

Options: Sensoms supgpled Win MTP comecions standa. For OTP comecions sid “-0TF” o model number and $14 to pace. For NO' comectons remove

< MTF" from modsl number and subiract £14 hom price (Taacs wiil be srgped). For 2 3-0n sudio comector, 200 “TAZF™ i the model number 2nd $24 fothe
|vice. Specity ' o' NPT mouniing fesd 5t no S0mions chage.

Popular Options Include:

e X CH1A, iDRMADAN DRF-ATD
1 ‘ 3 E184, signal Eé?.;“'
EEE 3] conditiener. conditicner,
hl F-S]". £250, visit £180, visit
DP461-ATD meter, omega.com' omega.com’
£365. see page M-63. idrn-idrx diri-rid

How are OMEGA's Model Numbers Constructed?

Mounting Thread: Temperature Range:
Cabia Length: |Ela.nk|:-|q= % NPT rBImplE =230°C n-?ax
InInches E=Y NPT HT = 480°C max

t ¢ ;
RTD — NPT —| 72 —@_DUAL— 1/4|—|OTP |—| HT —@
Y

Temperature Coafficient: Tarmination Oiptions: Cable Opbons: |
- ; TA3F = Awdio Connectora 5 = Steel Overbraid
E = European (.00385 oiaFC EFF = T2 Doty TElack) = Moo
(MTP) = MTP Connechors _

{Biank) = Stripped Leads

Orderimg Example: ATO-NPT-72-E-14-DUAL -14-0TP-HT-8, two 100 0 class W47 DN, 72" fitergiass insulated, ¥ NPT, 480°C (B96°F],
and OTF connecior, 134 + 7= 8141, C-T1

115 @ 0 gild .
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Pipe Plug RTD Sensor

RTD-NPT Series

Starts at M IH
$64 UsA pidireiclP
1= |deal for Use in Pressure Vessel ‘ @ . "r"{

Applications, 172 bar (2500 psi) Max ., 228 AW sirandad
» 6 mm (0.24") Diameter, SST Probe “. 4> nickal-plmd'gp&m
1 Steel Braided, PFA Insulated \ e and steal

Lead Wires e\ : overbraid.

+ High-Accuracy, 100 O, Class “A” DIN @
Thin-Film Platinum Element
(European Curve)

+# 3-Wire Construction for Connecting RAIDNCT-72E, $8e,
to Most Handheld Instruments with than sctual size.

Red/Red/'White Per ASTM-E-1137

Strain relief
spring.

[_1 MOST POPULAR MODELS HIGHLIGHTED!

To Order (Specify Model Number)
Model Number Sensing Element] Cable Thread Size| Max Temp Price
RTD-NPT-72-E 1002 Class *A” DIN| 72" L PFA insulated (siipped laads] % NPT 230°C (450°F) | $64
RTD-NPT-T2-E-MTP  [1002 Class “A” DIN| 72" L PFA inzulated ¥ NPT 230°C (450°F) ™
| ATD-NPT-TZ-E-T76-MTP 1002 Class “A" OIN| 72" L PFA insulafed ® NPT 23070 [450°F) 71
RTD-NPT-72-E-MTP-HT |1002 Class “A” DIM| 72" L fiberglass insulated % NPT 480°C (BOE°F) 84
RTO-MPT-T2-E-18-MTP-HT | 10002 Class “A” DIN| 72" L fiberglass insulatad % NPT 480°C (B06"F) a4
Ordering Exampies : RTO-NPT-72-E-TASF, 100 o Olass “A” EL cunve, single siament, wilh b NPT mounting fread, 72 long PFA Inswafed cabie win
Sudio CoNneCior, $84 + 17 = $81. RTO-NPT-72-E-MTP-HT, 100 Class A" ELImpean culve, single siement, wilh '« NFT moun d 7.2 rmﬁbrgggsa
Insuiated cabie with stedl oveDiEid, S84, RTD-NPT-72-E-1/8-MTP-HT, CESS “A” damant, EUmpasn cuive, Win % NPT mouniing fresd, 727 long

insuiated cable with 55T Draid, $84.
Options Avalialbie: Sensors suppied with MTP comectons, 200 “-0TP" o modal number and £7 Io price for each hesvy-duty comector, 2od “TA3F™ o
moda mumber and £17 fo pice ior each sudio comecior. For stipped lesds (no comectn) remove “-MTP ™ rom Mool R , & suXEct §7.

Popular Options Include:

-

: ":'_',. —
S

=1

SPATK, 4 to 20 mA

CMN3271-R1 highflow limit DP25B-ATD % DIN panel meter, tranemitter T A Tiaz tmnﬂnitm..tl a8,
controller, §220, see page P-101. £245, see page M-24. £75, see page . see page N-30.
How are OMEGA’'s Model Numbers Constructed?
Muourtting Thread Temparature Hanga:
Cable Length: %= NPT aﬁf = 230°C max
In Inches {Blank) = % NPT HT = 460°C: max
RTD—NPT—| 72 |—| E |—| 1/8 |—|OTP|—| HT

Temination Options:
Temperetune Coafiicient: TA3F = Audio Connector
E = Europesan 0.00365 oi~C OTP = OTP Connechor
MTP = MTP Connecior
(Blank) = Strippad Leads

Ordering Example: ATD-NPT-72E-OTP-HT, 100 2 Class ‘4" Eumpean curve, with % NPT, 72° L fiberglss insulaied cabie, heavy-duty
connecior, $84 + 7= S8, c-72
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Appendix F: Hand Calculations
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Heat Exchanger Disspation Requirement
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Hydraulic calculations to determine system components
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