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1. SCOPE

This report is intended to identify the various errors typically encountered in capacitance fuel quantity measurement
systems. In addition to identification of error sources, it describes the basic factors which cause the errors. When coupled
with appraisals of the relative costs of minimizing the errors, this knowledge will furnish a tool with which to optimize gauging
system accuracy, and thus, to obtain the optimum overall system within the constraints imposed by both design and
budgetary considerations.

Since the subject of fuel measurement accuracy using capacitance based sensing is quite complex, no attempt is made
herein to present a fully-comprehensive evaluation of all factors affecting gauging system accuracy. Rather, the major
contributors to gauging system inaccuracy are discussed and emphasis is given to simplicity and clarity, somewhat at the
expense of completeness.

An overview of capacitive fuel gauging operation can be found in AIR5691. This document also discusses how to analyze
fuel gauging system accuracy as a result of combining the effects of the error sources described here.

1.1 Purpose

This report identifies those sources or causes of error which adversely affect the accuracy of airborne capacitance-type fuel
guantity gauging systems.

2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of this document takes precedence.
Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been
obtained.

2.1.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or 724-776-4970 (outside USA), http://www.sae.org

ARP1870 Aerospace Systems Electrical Bonding and Grounding for Electromagnetic Compatibility and Safety
ARP5412 Aircraft Lightning Environment and Related Test Waveforms

AIR5691 Guidance for the Design and Installation of Fuel Quantity Indicating Systems

ARP8615 Fuel System Components: General Specification For

2.1.2 ARINC Documents

Available from ARINC, 2551 Riva Road, Annapolis, MD 21401-7435, Tel: 410-266-4000, www.arinc.com.
ARINC Report 611 Guidance for the Design and Installation of Fuel Quantity Systems

2.1.3 US Government Publications

Copies of these documents are available online at http://quicksearch.dla.mil.

MIL-G-26988 Gage, Liquid Quantity, Capacitor Type Transistorized, General (now cancelled, but included as a historical
reference)
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2.2 Acronyms and Abbreviations

ARINC Aeronautical Radio Incorporated
Dto A Digital to Analogue

EME Electro-Magnetic Effects

FQI Fuel Quantity Indication

FQ Fuel Quantity

K Permittivity

PSU Power Supply Unit

RSS Root Sum of Squares

TE Test Equipment

3. GENERAL REQUIREMENTS

There are numerous ways in which the contributors to gauging system inaccuracy may be classified. Parameters for such
classification may be general (e.g., temperature-induced errors, geometrical errors, etc.) or specific (e.g., tank errors, fuel
probe errors, indicator errors, etc.). Indeed, the variety of possible classifications is virtually unlimited.

For the purpose of this report, four broad categories for classification of error-causes are listed:

1. Errors controlled by the airframe manufacturer.

2. Errors jointly controlled by the airframe manufacturer and gauging system supplier.

3. Errors mainly controlled by the gauging system supplier.

4. Errors not controlled by the airframe manufacturer or the gauging system supplier.

An initial list of possible error sources is given in AIR5691. The table of errors is re-produced here in table 1 to facilitate
further discussion of those error sources. It has been modified slightly, and these modifications will be incorporated into the

next issue of AIR5691. The table is arranged to show the errors which fall into each of the 4 categories described above.

In designing a gauging system, it is necessary to combine all sources of errors. Typical ways of approaching this are given
in AIR5691, and will not be discussed any further in this document.
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