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I. INTRODUCTION 

This report discusses the performance of those XECF strain, vibration, 

temperature, and pressure data channels for which Aerojet-General Corporation 

(AGC) had the sole transducer provisioning responsibility. 

Investigation of the causes of data anomalies revealed engine operating 

realms and data-system characteristics that were not known or were not properly 

accounted for prior to the test. The observed anomalies were primarily induced 

by unsatisfactory instrumentation installation and inadequate measurand range 

predictions. Information obtained from this test is being used to minimize the 

appearance of similar anomalies during future tests. 

II. SUMMARY 

A total of 127 data channels was reviewed to determine the quality of 

data acquired during the cold-flow tests of the XECF engine. Data reviewed 

included the thin digital data, multiplot CRT data, light-beam oscillographic 

data, wide-band tape data, and the pre- and posttest electrical checklists. 

Data anomalies reported in the EP-I and EP-II SPEAR memoranda and 

anomalies subsequently reported by data users were investigated to determine 

the causes. Available information did not permit all data anomaly causes to 

be ascertained with confidence, and, in several cases, the most probable 

causes are presented on the basis of past experience. 

No transducers are known to have failed during the test series. The 

observed anomalies can be classified into the following cause categories: 

a. Installation Design 

Improper installation designs, erroneous pneumatic connections, 

and erroneous electrical connections. 
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TABLE 1 

SUMMARY OF DATA-CHANNEL ANOMALIES 

Measurement Anomal ies 

I n s t a l l a t i o n Ranging System 
Measurement E P - I E P - I I E P - I E P - I I EP- I E P - I I 

RTTs 1 1 1 1 

Strain gages 1 1 

Pressure t r a n s d u c e r s , 6 3 1 
absolute 

Pressure transducers, 1 4 1 
differential 

Thermocouples, 4 
surface 

Thermocouples, 1 
immersion 

Accelerometers, 
piezoelectric 
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II, Summary (cont.) 

b. Measurement Channel Ranging 

Measurand exceeded transducer setup range. 

c. Data System 

Faulty performance of channel signal-conditioning components and 

excessive system noise. 

d. Data Reduction 

Improper raw data to engineering-unit conversion and presentation 

in digital or CRT multiplot format. 

Table 1 summarizes the observed anomalies within each cause category. 

III. TECHNICAL DISCUSSION 

A. RESISTANCE TEMPERATURE TRANSDUCERS 

A total of 17 RTT data channels were used on the XECF engine, of 

which three experienced data anomalies. Immediately before and after each 

cold-flow run in each EP, TT105..E, the pump inlet temperature, indicated 

between 49 and 54°R, while TT103..E, located in the same plane 90° away, 

indicated a temperature in excess of 60°R. However, during the run, TT105..E 

and TT103..E were within +1°R of each other for temperatures below 45°R. No 

transducer or system malfunction could be found to explain this anomaly. 

The erratic output observed on channel TT109..A during both EP-1 

and EP-II indicates that no useful data were present. However, a rerun of the 

EP-II data produced valid temperature data for this channel. Apparently, the 

problem was in the data-reduction technique. EP-I data were not rerun. 
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Ill, A, Resistance Temperature Transducers (cont.) 

Thrust chamber RTT channel TT138.AE appeared to saturate at 171°R. 

The cause was originally attributed to a bad amplifier, which was subsequently 

changed. The channel, however, had been ranged from 360 to 560°R; so all data 

below 360°R should be considered erroneous. The 171°R saturation temperature 

was approximately equal to -100% of range, and data below this range are not 

reduced. 

B. STRAIN GAGES 

No anomalies were observed in the seven strain-gage data channels 

during EP-I and EP-II, except in channel MG115L.A, which showed a negative 

lull-scale offset throughout the test series. The cause is attributed to the 

inability of the system signal-conditioning mode card to compensate for the 

excessively large zero offset of this particular strain gage. The mode cards 

have since been redesigned to increase the zero-balance range capability to 

preclude a similar occurrence on XE-P. 

C.- DIFFERENTIAL-PRESSURE TRANSDUCERS 

Ten differential-pressure transducers were used during the test to 

monitor pressure differentials across various system components. Anomalies 

wpre observed in the data of six transducers. 

The most common anomaly detected was exceeding of the pressure-

measurement range established for channels PD133..A, PD163..A, PD205..A, and 

PD802..A. Comparison of the pressures obtained from the absolute-pressure 

transducers at various locations confirmed this problem. The data obtained 

are valid except for the overscaled time periods. 

Channel PD209..A, the diluent venturi, Indicated a negative differ

ential pressure during EP-I; however, a physical check indicated that the 
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Ill, C, Differential-Pressure Transducers (cont.) 

pressure connections to the transducer had been reversed during installation. 

The pneumatic-plumbing error was corrected, and valid data were obtained 

during EP-II. 

The pre- and postcalibration data for PD810..A indicated that the 

channel zero had drifted -2.33 psid during the test. The cause was attributed 

to a faulty amplifier. 

D. ABSOLUTE-PRESSURE TRANSDUCERS 

A total of 38 absolute-pressure transducers was used to monitor 

engine-system pressures during the test series. The observed anomalies were 

as follows: 

Data for channels PTllO.AE, PT112.AE, and PT864..A indicated 

negative pressures throughout EP-I. Subsequent examination of 

the system revealed reversal of transducer output polarity for 

all three channels. The polarity problem was corrected prior 

to EP-II. All data are considered valid because the negative 

EP-I data can be corrected. 

Channel PT226..A provided erroneous data during EP-I. The cause 

was a faulty amplifier, which was replaced prior to EP-II. 

Nozzle-chamber-pressure channels PT148.AE and PT149.AE exhibited 

negative pressures during portions of the EP-1 and EP-II tests. 

Subsequent investigations indicated that a temperature-induced 

shift in transducer response was the cause. Of the three trans

ducers monitoring chamber pressure, one was a Taber (PT151..A) 

and the remaining two (PT148.AE, PT149.AE) were Standard Controls 
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Ill, D, Absolute-Pressure Transducers (cont.) 

transducers. The three transducers are designed to operate between 

490 and 640°R. However, the nozzle-mounted transducers were cooled 

below 490''R during the test. Because the Standard Controls trans

ducers were more sensitive to temperatures below the compensated 

range than the Taber unit was, they experienced a large negative 

shift whenever the nozzle wall temperature cooled below 400°R. 

Channel PT882..A data, turbine exhaust duct, were observed on the 

CRT plots to be higher than data indicated by redundant channels 

PT880..A and PT882..A. Examination of the digital data indicated 

that the PT882..A data were correct and that an error had been 

introduced in processing the CRT multiplots. 

E. IMMERSION THERMOCOUPLES 

Fifteen immersion thermocouples were used to obtain temperature 

data during the XECF test series. Only one channel, TE844..A, turbine exhaust, 

showed an anomaly. The data indicated temperatures below 0°R during portions 

of the test. The actual temperatures at the time of the anomaly were approxi

mately 100°R, The sensitivity and millivolt output of a chromel-alumel 

thermocouple at 100°R are very small and can cause large measurement uncertain

ties during conversion of the millivolt data to engineering units. Also, the 

chromel-alumel thermocouple used for this measurement was not calibrated below 

140°R; so the proper extrapolation of the thermocouple calibration curve from 

140 down to 60°R for conversion of data to engineering units is questionable 

and could account for the appearance of erroneous engineering-unit data. 

F. SURFACE THERMOCOUPLES 

A total of 28 surface-temperature measurements was made. Anomalies 

noted on four channels invalidated portions of the data. 
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Ill, F, Surface Thermocouples (cont.) 

Data anomalies on three channels (TE112..R, TE160..A, and TE161..A) 

apparently resulted from nitrogen condensing on the thermocouple junction, as 

these channels indicated a constant temperature of 140°R, the boiling point of 

nitrogen, which was not the expected surface temperature. 

A fourth channel, TE900..A, which measured the UTSM environment 

temperature, exhibited an erratic output during EP-II. The anomaly was attri

buted to intermittent grounding of the thermocouple junction. Thermocouple 

TE900..A was an ungrounded, exposed-junction thermocouple. 

G. ACCELEROMETERS 

A total of 12 piezoelectric accelerometers was used to monitor 

vibrations during the XECF test. Several anomalies occurred singly or in 

combination to invalidate portions of the data from nine of the accelerometer 

channels. The observed anomalies included system noise from the use of grounded 

oscillograph galvanometers and amplifier-induced signal oscillations. Data 

channels HT820L.A, HT821R.A, and HT822T.A did not contain these sources of 

anomalies and provided valid data. 

7 


