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Requirements for a Twenty Pounds-Mass-per-Second Flow-Through, 
Six-Component, Force Type Balance

5.0 
Technical Specifications
5.1 
General Requirements

Design, fabricate, strain gage and calibrate a six-component internal balance.  The balance shall be capable of providing passage of high-pressure air from the non-metric to the metric side of the balance.  The balance shall be calibrated to the requested full range. The calibration shall fully characterize the balance coefficients and shall include both single component and combination loadings.  In addition, the calibrations shall be performed with no flow/pressure and at several values of pressure and flow rate up to full rated flow rate and pressure.  A separate calibration shall be completed that applies six component test conditions loads that validate the balance performance during wind tunnel testing. 
5.2
Flow Rate and Pressure Requirements

The required flow rate for the balance is 20 lbm (pounds mass) per second.  The maximum rated pressure for the balance is 1800 psi (pounds per square inch).

5.3
Static Loads

The maximum loads for the balance, applied at the balance reference center are summarized below.  Unless otherwise stated, all loads are plus or minus maxima.  Plots showing some of the expected loading conditions are presented in section 5.3.1.  The plots are to help assure that the balance will be capable of operating under the expected load combinations are not to be interpreted as indicative of the required maximum load capabilities.  If one of the component maximum load requirements dictates larger ranges in other components, the maximum loads may be adjusted upward.  

20 lbm/sec

1800 psi

	Force/Moment Component
	
	Full Request

	Normal (NF)  @ 0 Pitch
	Lb
	2000

	Pitch (PM)  @ 0 NF
	In-Lb
	4000

	Side (SF) @ 0 YM
	Lb
	1000

	Yaw (YM) @  0 SF
	In-Lb
	2000

	Roll (RM)
	In-Lb
	1000

	Axial (AF)
	Lb
	6000


5.3.1
Expected Loading Condition Plots

The following plots are the expected loading conditions for the near-term tests that will employ the balance. 

20 lbm/sec, 1800 psi balance
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5.4
Balance Size

The balance size will be dictated by the mass-flow requirement.  In general, the preference is for making the balance as small as practical to minimize the mounting interference for the models to be tested. 

5.5 
Factor of Safety

The Factor of Safety for the balance shall be 3.0 on all non-monitored sections with at least 2.1 on monitored sections. 
5.6 
Resolution

Balance resolution shall be 0.001% of full scale or better.

5.7 
Accuracy

The balance accuracy percentage is defined as 1 sigma full scale. The accuracy level of .10% of full scale on all components with the exception of rolling moment, the rolling moment bridge error shall be under 0.25% of full scale.  

5.8 
Repeatability

The repeatability of the balance shall be within 0.1% of full scale.  A repeat application of the same load condition, repeatability of the balance will be verified versus the original loading.

5.9
 Interactions

The interactions and characteristics of the balance will be fully defined and the coefficients will be derived to correctly fit the calibration data.  

5.10 
Temperature Compensation

The balance bridges will be compensated over the range of 75 to 150 degrees F. to 0.25% of full scale of milli-volt output on each bridge over the stated range. 

5.11
Deflections

Deflections will be kept to a minimum.  The deflection results will be documented and included in the calibration report. 

5.12 
Maintenance

Aside from high-pressure seals, the balance shall not require maintenance of any of the components for use in standard operating conditions.  

5.13 
Environmental Conditions

The balance will safely operate under typical wind tunnel conditions.  The balance strain gages and wiring shall be sealed with gage coatings to protect against moisture.

5.14
Calibration

The calibration of the balance will be traceable to NIST standards.  

5.15 
Dual Calibration

The balance will be calibrated for both the full scale load range and a lower load range 

5.16 
Calibration Methodology

The calibration shall be consistent with AIAA nationally accepted standards and shall conform to the standards used in state of the art balance projects. The balance shall be an AIAA format 6x96 matrix.

5.17 
Calibration Check

The balance will be supplied with calibration equipment and shunts to properly apply check loads in the wind tunnel.  The calibration equipment shall allow the precise application of loads to the balance. 

5.18
Calibration Report

The calibration report shall contain the results from the calibration of the balance in both hardcopy and electronic format.  The report shall also contain the all of the documentation for the balance.

5.19 
Calibration – Factory Service

Calibration services shall be available for future calibration following delivery of the balance.  

5.20 
Acceptance

An acceptance plan shall be presented for the supplied equipment following award. NASA Personnel may do an acceptance visit for the final delivery of the balance.  The cost of shipping is to be covered by the manufacturer of the balance and the balance is to be delivered FOB destination.

5.21 
Documentation

The documentation shall include the user interface drawings and files.

5.22 
Warranty

The balance performance shall be warranted for the period of one year.  The warranty shall not include misuse or damage caused by overload conditions on the balance.

5.23 
Visitation of the Calibration Lab

NASA personnel may visit during the calibration process to become familiar with the calibration process and equipment. 

5.24 
Additional Items

5.24.1 
Storage Cases

Storage cases shall be supplied for the balance and the calibration equipment.  The storage cases will protect the contents from damage and provide a safe, waterproof environment.  Each case will be clearly labeled with the equipment that is stored inside.

5.24.2 
Electrical Characteristics 

The excitation of 5.0, 6.0 or 10.0 volts may be used for the balance. The voltage shall be specified following award of contract.  

5.24.3
Sensitivity 

The minimum output of each component will be 5MV @ 5VDC or better; any exception shall be noted. 

5.24.4 
Zero Offset

The zero load output of each component shall be less than 1MV@ 5VDC. 

5.24.5 
Resistance to ground

The components shall be electrically independent from each other, and isolated from ground by least 100 megohms at 15 volts. 

5.24.6 
Strain Gage Resistance

All stain gages shall be a minimum of 350 or greater Ohms foil type.  The gages shall be modulus matched to the balance material (karma type).

5.24.7 
Balance Cable 

The cable shall contain 4 Teflon coated 32 ga. wires per bridge. 

5.24.8
Balance Color Code

The wires shall be color-coded by function and each bridge shall have a unique identifier wire. 

5.24.9 
Non-Metric Taper 

The non-metric connection to the wind-tunnel sting will be a taper.  Details of the taper will depend on the diameter of the individual balance and any existing flow-through stings in the NASA inventory.

5.24.10 Model to balance attachment

The balance-to-model attachment is to be accomplished via two pins from the calibration / model block to the balance. The holes are located at the center of the balance at 0 and 180 degrees and at 90 and 270 degrees.  The two-pin design allows for a better transfer of loads from the model to the balance and results in improved balance performance.  The two-pin approach provides rigidity, redundancy, and reduces concerns of fretting wear. 

5.24.11 Balance Calibration Body

A calibration body will be supplied with each balance to facilitate accurate and repeatable calibrations and check loadings.

 5.24.12 Balance Calibration 

The balance shall be calibrated with either manual loads or an Automatic Balance Calibration System (ABCS).  The calibration shall consist of incrementally applied loads of approximately 1000 load points for a complete matrix of single component loadings, and a combination of two component loadings, to fully define the characteristics of the balance.  The calibration shall also include six-component wind tunnel test condition check loads, a generic load schedule utilizing 500 load points to verify test conditions performance. If the balance is calibrated in an ABCS machine, a dead weight check calibration will be performed on the balance and the deliverable calibration equipment.  The manual load schedule shall include loading of the balance in both positive and negative directions for each of the primary load components.  The normal force and pitching moment will be loaded along the length of the balance at fixed positions.  The application of the normal force will generate a resulting pitching moment for each position.  The same loading procedure will be used for the side force and yawing moment components. Pressure tares will be performed as part of the calibration for static conditions up to full mass flow in 10 increments.
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