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NOTICES

When U. S. Government drawings, specifications, or other data are used
for any purpose other than a definitely related Government procurement
operation, the fact that the Government may have formulated, furnished,
or in any way supplied the said drawings, specifications, or other data,
is not to be regarded by implication or otherwise, or in any manner
licensing the holder or any other person or corporation, or conveying any
rights or permission toc manufacture, use, or sell any patented invention
that may in any way be related thereto.
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FOREWORD

This report was prepared by the Motor Component Development
Branch, Solid Rocket Division, Air Force Rocket Propulsion Laboratory
(AFRPL). The calibration of the thrust stand was conducted at the AFRPL
under Project 305903AMG, Solid Rocket Hardware Design and Evaluation
(SRHDE), during June 1969, with Lt John R. Ellison as Project Engineer.
The calibration was monitored by Lt Richard K. Strome.

This report has been reviewed and approved.

CHARLES R. COOKE
Chief, Solid Rocket Division
Air Force Rocket Propulsion Laboratory
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ABSTRACT

This report describes the calibration of a platform vertical
six-component Rocketdyne Rocket Motor Thrust Stand located on Pad 2
Air Force Rocket Propulsicn Laboratory, Solid Test Area (1-32).
Six-component thrust measurement is possible, but presently the stand is
used to measure only the axial component of thrust.

The thrust stand is accurate, with less than 0. 3% error measured in
the vertical direction. Two calibrations were performed. In the first,
the calibration load cell was accurately placed on the thrust stand
centerline. The second calibration was performed with the device offset
about 2 inches to determine any effect on the accuracy of the measurements.
When the calibrations were compared, it was determined that the offset
calibration had no effect on the accuracy of the thrust stand.
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SECTION I

INTRODUCTION

A six-component thrust stand was designed by Rocketdyne, McGregor,
Texas, to measure thrust and side force produced by solid rocket motors
firing vertically upward. The thrust stand was obtained as residual
hardware from a previous Rocketdyne contract by the Air Force Rocket
Propulsion Laboratory for use with a high-chamber-pressure solid
rocket test motor. Chamber pressures of 2000 psi and above produce
thrust levels up to 12, 000 lbs with a nozzle throat diameter of approximately
2 inches. The weight of a loaded motor is about 12, 000 lbs. Since the
nozzles currently being tested on this motor do not include Thrust Vector

Control (TVC) Systems, only the vertical component of thrust is measured.

This thrust stand helps fulfill the testing requirements for the high-
pressure motor. The accurate measurement of thrust is a basic require-
ment because the following parameters, essential in determining nozzle
and motor efficiency. must be determined:

1.  Combustion efficiency

2. Nozzle discharge coefficient
3. Throat area versus time

4. Total impulse

5, Propellant specific impulse

A conventional, in-place calibration was performed on the thrust stand
with the aid of a calibration device. The data from this calibration was
compared to an electrical calibration of the individual load cells, which
was conducted ir. the Laboratory. The comparison between the two

calibrations showed that they gave similar resuits.




SECTION II

THRUST STAND EVALUATION

A, THRUST STAND DESCRIPTION
The Rocketdyne thrust stand is a plaiform vertical six-component

thrust stand (Figure 1). Three vertical force transducers form an accur-

. ately measured triangle for the axial component of thrust measurement.

The three vertical load cells are connected to a triangular bridge platform,
The three 10, 000-pound-capacity load cells were manufactured by the
Alinco Company. In the load cell electrical system, two sets of output
data can be obtained by the use of two electrical bridges. These are
denoted by hridges A and B. In the calibration, data is cbtained from
both the bridges. Connected to the triangular platform is a ''basket"
which supports the motor in the thrust stand. In contrast, a conventional
six-caomponent thrust stand incorporates a thrust spider and a single
vertical load cell as shown in Figure 2. The conventional thrust stand
provides for accurate measurement of side force when a TVC system is
operating. The platform stand determines the side force, as does the
conventional thrust stand, but it resolves more accurately the vertical
component of thrust. Thus, the platform thrust stand can be used with
the high-pressure motor, which requires that only the axial component

of thrust be measured.

B. THRUST STAND CALIBRATION

The calibration wag perforraed to correspond with the maximum
moior weight and thrust produced by the high-pressure motor, which was
about 24, 000 pounds. The calibration equipment consisted of a highly
accurate calibration load cell and electrical readout box installed in
series with a two-way hydraulic ram. The object of the calibration was
to apply a force of 24,000 pounds against the motor ""basket'' as shown in
Figure 3. To accomplish this, a calibration fixture was fabricated. The

fixture consisted of three I beams bolted to two flat plates at the center.
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The I beams were welded to three large pipes which were used as legs.
To apply a downward force to the thrust stand suggested that an upward
force would be applied to the calibration fixture. Therefore, the legs were

both welded and bolted to rails embedded in the test pad.

Calibration loads were applied in 20% steps from 0 to 24, 000 pounds
and back to 0 by the use of the hydraulic ram. The calibration load cell
coupled to the electrical readout box was used to deferm.ine the different
input loads, At each step (registered on a readout box and controlled
manually by the hydraulic power supply) the force measured by the three
load cells were simultaneously recorded by the digital data acquisition
system. The '"up'" and '"down' run was repeated three times to determine
data reproducibility. The calibration was performed twice in its entirety,
The first calibration was performed with the hydraulic ram and load cell
centered as closely as possible on the thrust stand centerline, The second
calibration was performed with the equipment offset about two inches to
determine if this had an effect on the accuracy of the data, The offset data
could not be distinguished from the centered data, which implied that the
calibration equipment did not have to be accurately aligned on the thrust
stand. Output data for bridges A and B were obtained.

C. THRUST STAND EVALUATION

An error analysis was performed on the data from the calibration of
the Rocketdyne platform thrust stand. The 3-sigma error was determined
with the help of a computer. The data is summarized in Tables | through
IV and is described below.




Column 1

The catz in column 1 are the forces applied using

the hydraulic ram and calibration load cells.

Columns 2 - T} data in these columns are the computed

3 and 4 forces derived f; )m *'- tape recording made at
the time .I the test,

Column 5 - The data in this column are the simple percent

of point errors.
Column 6 - The figures in this column are derived in the
same manner as those in column 5, except that

the difference is divided by the full scale value.

Accuracy of Primary Standard (PSD) - The primary standard is
located at the Bureau of Naval Weapons, Pamou:, California. Documen-
tation discloses that the errcr of the applied loads, used in calibrating the
secondary standard or calibration load cell, did not exceed 0. 01%. Thus,

the accuracy of the primary standard is 99. 99%.

Accuracy of Secondary Standard or Calibration Load Cell (SSD) - The
seccndary standard is a calibration load cell. The manufacturer
guarantees an accuracy of 99. 949% when calibrated by the primary

standard,

Standard Deviation of Thrust Data Cuannel - This figure represents

the error of the thrust stand load cells, Sigma is calculated from the

following equation:




g

Fd denotes the difference between the force values in columns 2, 3, and 4
with column 1. Subscripts 1 through 33 represent the 33 individual

differences.

The o percent full-scale error is

Precision = 100 o = Prec.

Frs

where F.  denotes the full-scale calibration force. Accuracy of the
Thrust Data Channel - This is a single number which can be used to
represent the entire system accuracy. It is related to the precision
and also takes into account the uncertainty in the standards. The value is

obtained in the following manner:
2 2 2,7
% Accuracy = 100 - error = 100 - (9(PSDj) "+9(SSD)"+9(Prec) )2
The nines that are used are a result of the 3-sigma errors.

A summary of the data is shown below

3-0 Accuracy %

Bridge A Bridge B
Run 1 (centered calibrator) 99, 798 99. 273
Run 2 (off-center calibrator) 99. 809 99. 313

The above data shows that the second calibration gave results almost

exactly the same as the first, Also, Bridge A gave more accurate results,
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SECTION III

SUMMARY

The evaluation of the data from the calibration of the Rocketdyne
platform six-component thrust stand, Bridge A, gave excellent results.
Over a 24, 000-pound range in the vertical direction the accuracy was
about 99. 8%. A second calibration was perfcrmed with the calibration
load cell offset about 2 inches from the thrust stand centerline. This
data could not be distinguished from the first calibration. Bridge A was
the most accurate of the two bridges and should be used for all future

firings in the determination of thrust.
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Figure 1. Platform Vertical Six-Component Thrust Stand
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Figure 2,

Conventional Vertical Six-Component Thrust Stand
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Figure 3. Thrust Stand With Calibration Fixture
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