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ABSTRACT

This study deals an estimation method of thrust measurement uncertainty in solid rocket
motors. Guidelines of the force measurement uncertainty estimation have been provided by ISO,
domestic and international organizations. However, all of them are described by focusing on the
force calibration machines and force transducers with a conceptually-driven way. Thus the
guidelines cannot be directly applicable to uncertainty estimation of calibration equation and its
linear approximation, which are critical error sources in the thrust measurement. In this paper,
the equations taking into account effects of both error sources are derived based on fundamental
concepts of measurement uncertainty. These are applied to the real thrust measurement system

where a relatively simple estimation method for the thrust measurement uncertainty is proposed.
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Nomenclature

: Sensitivity coefficient of u(x;)

: Calibration equation of the

test stand

: Calibrated force

: Estimated force
: Force of measured load cells

: Quantity of measured load

cells

: Resistance of Wheatstone

bridge in 1st position

: Shunt resistance

: Standard uncertainty of

coefficient a

: Standard uncertainty of

coefficient b

: Standard uncertainty

associated with z,

: Simulated value of shunt

calibration

: Temperature difference

: Data acquisition system effect
: Dynamic effect of the TMS

: End-load effect

: Linear approximation effect

: Time-loading profile effects

: Parasitic components effects

: Measurement system

resolution effect

: Load reversibility effect
: Sensitivity drift effect

: Temperature difference effect
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Fig. 2 The configuration of the thrust measuring part &
calibration devices.

Fig. 1 The configuration of the thrust measurement
system.
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Fig. 4 Linear model equation of thrust measurement
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Table 1. Calibration coefficients and standard errors.

Calibration Eq.|y=a+b« F),

Value Standard error
Intercept, a -1.37248 0.02136 (u(a))
Slope, b 1.01102 1.3060E-5 (u(b))

Table 2. Static error band and repeatability of
measuring load cells.

ID SEB repeatability
. u (FJm )
No. | (magnitude) | (rated output)
ML1 +0.035% +0.02% 0.040%
ML2 +0.055% +0.02% 0.059%
ML3 +0.025% +0.02% 0.032%
ML4 +0.045% +0.02% 0.049%
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Fig. 5 The deviation between the calibration force
and estimated force.
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Table 4. Compensation coefficient of data acquisition
system by shunt calibration.

Load SE,
V;im VmFa I/;l m /
cell o ) standard
(mV/V) | (mV/V) | V..,

No. error
ML1 | -4.35390 | -4.36600 | 0.99723 | 4.320E-04
ML2 | -4.35588 | -4.36717 | 0.99742 | 5.059E-05
ML3 | -4.35872 | -4.36916 | 0.99761 | 1.331E-05
ML4 | -4.34785 | -4.36366 | 0.99638 | 3.827E-05

Mormalized Thrust
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Normalized dB

08+
06| |
024 |

o Mo

T T
0.0 0.2 04 0e [1X:3 1.0
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Fig. 9 Thrust-time curve.
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Fig. 10 FFT plot of the thrust curve.
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Fig. 11 FFT plot of the pressure curve.
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Table 5. Uncertainty budget(combined standard uncertainty and expanded uncertainty).

Symbol | Source of uncertainty Value P.rob.abil.ity Divisor G u; (%) v./v, "
(V%) distribution
Uy Calibration equation 0.02127 Normal 1 1 0.02127 3
Uy Load cell 0.092 Rectangular V3 1.01102 | 0.05312 0
Uy Linear Approximation 0.300 Rectangular V3 1 0.1732 3
u, Resolution 0.025 Normal 1 1 0.01443 3
Uy Sensitivity drift 0.00 Rectangular V3 1 0.000
Ug Reversibility effect 0.00 Rectangular V3 1 0.00 0
U, Temperature effect 0.18 Rectangular V3 1 0.1039 00
g End-load effect 0.00 Rectangular V3 1 0.000 0
g Parasitic effect 0.00 Rectangular V3 1 0.000 o
Uy Time-loading 0.00 Rectangular 1 1 0.00 3
Upy Data acquisition 0.0437 Normal 1 1 0.0437 3
Uy Dynamic effect N.A. - - 1 -
Combined standard

u, uncertainty Normal 0.2036 5.67
U Expanded uncertainty 0.525 | (k=2.58)
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