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MISSION AND FACILITIE 

OF I N S T R m  DEVELOPMENT BRANCH 

The Instrument Development Branch is responsible for 

development, modification, prototype production, test, and cali- 

bration of measuring bstrumentation, necessary to support the 

Test Laboratory's mission comprising static f i r i ng  and develop- 

ment testing of launch vehicle systems, their components and 

ground equipment, providing evaluat.fon of performance and recom- 

mendation of design criteria. This task requires that the 

Instrument Development Branch advances continuwsly in improving 

instrumentation t o  keep abreast of the requirements imposed by 

the ever increasfng complexity of test programs. The advances 

in  instrumentation are accomplished through research and devel- 

opment p r o j e ~ t s  .which are carried out either in-house or through 

private industry and research institutes. 

Research, development, design, production, and cal ibrat ion 

of s p e c i a l i z e d  instrumentation can only be accomplished with the 

proper fac i l i t f e s .  Therefore, planning was initiated several 

years ago t o  develop requirements for the proper building and 

equfpment needed to carry out this function. The result of this 

planning i s  evident when one tours the Instrument Laboratory and 

views the cmplex systems contained in this facility. Some of 

these systems are unique and are available only at t h i s  Labora- 

tory. A detailed descriptton of the overall laboratory capabi l i ty  

and functions is given i n  the following text. 



The I n s t m e n t  Development Branch consists of f5ve sections: 

I. Electronics Section 

2, Flow and Level Section 

3.  Instrument Design and Shop S e c t i o n  

4. Pressure and Thrust Sect ion 

5. Temperature and Physics Section 

The following is a brdef description of the responsibilities, 

capabilities, and major facilities of each section. For easier 

understanding, the capacities of the calibratton facil it ies are 

expressed in English Units. Some calihsation facil it ies are en- 

gineered $n Metric Units and the odd numbers for English Units 

are rounded off. 

I.. Electronics Sectioa, 

The Electronics Section has the responsibil ity to as-  

sist the other sections of the Instrument Development Branch in 

sane electronic part of their work and to gevelop, test, and 

calibrate various electronic instrumentation for a l l  sections 

02 Test Laboratory. This i n s t m e n t a t l o n  includes accelerometers, 

microphones, displacem&t transducers, attitude indicators, seis- 

m i c  transducers, strQ chart recorders, amplifiers, multiplex 

systems, l iquid level readout systems, cathode followers, tempera- 

ture rise indicators, etc, 

The new Instrument: Laboratory provides for this Section an 

Acoustics Laboratory (Rm 1) with calibration facilities for 

microphones from 1-150 cycles per second (cps )  at 110-170 decibel 

sound level. The Anech0f.c Chamber (llm U) cmtained in the 

Acoustics Laboratory is an extremely quiet room having no ex- 

traneous noises which might degrade the accuracy of microphone 

calibration, Besides microphone calibrathn, the Anechoic 

Chamber is of great value for  research. Presently, it is being 

used for research t o  detemfne the effect of noise on human 

beings. 

F o r  prectsim electrical measurements, the Electronics 

Section has a shielded room (Rm 125) which i s  l i n e d  with a mte- 

r i a l  that protects  against radio frequency and other electrical 

noise influences. 

Room 126 serves the development and calibration of ac- 

celerometers or rLbration transducers, Special shakers and 

calibration systems provide the capability of c a l i b r a t h g  over 

the range from 5 cps to 50,000 cps. 

The prevrms Electronics Laboratory (Rm 123) will continue 

to serve as a general laboratory for development, manufacturfng, 

and tes t ing  of electrohic instruments and devices.such as ampli- 

fiers, cathode followers, liquid level readout systems, seismic 

instruments, etc. 

The Electronics Section is responsible for initiation and 

supervision of electronic type research contracts to private 

industry, Presently, such contracts include: damped piezo- 

electric accelerometers and high frequency calibration equipment; 



two different contracts for  development of digAtal data systems; 

and a study of cable characteristic f a  long distance data trans- 

mission. 

The Flow and Level Section has the responsibility of 

development, selection, procurement, modification, test, and 

callbration of flow and liquid level measuring instrumentation 

far Test Laboratory fn support of all development and test pro- 

grams. 

The new Instmefit Laboratory p r w i d e s  considerable in- 

crease and hprovement to the development and calibration facili- 

ties of the Flow and Level Section. !The liquid flow calibration 

facilZty in the High Bay uses as standards some discrete lltquid 

level gages In 27 feet high cy l indr ica l  tanks. Three ranges 

for  125 gal lons  per mlnute (GPM), 750 GSM, and 3000 GPM are a- 

vailable. The readout and con t ro l  console for  this facility 

is in the main Flow Laboratory (Rm 12). 

For less precisian and more routine calibratfon, romn 12 

has a l so  a completely self-contained commercial calibration 

system, using the time-weight principle. This calibrator has 

the capability of calfbration at different temperatures, cw-  

trolling the temperature of the f l u i d  within *I"F over a range 

of 5 0 " ~  to 1 5 0 ~ ~ .  The capacity of this calibrator is .6 GPM 

t o  300 GPM and its accuracy is *.I%. 

For gas calfbration, the main Flow Laboratory eonthins two 

small Prover Tanks with -42 cubic feet (ft3) and 5 ft3 volume 

fo r  flowrates of ,00035 cubic feet per minute (m) to 8.8 GFM. 

A larger Prover Tank of 200 ft3 for flawrates up t o  350 CFM i s  

going to be added in the High Bay. A special gas calibration 

system in a sound and explosion proof room (Rms 13 and 13A) 

will provide calibrations up to 5000 CF'M at 3,SOQ psi pressure. 

This facility will use c r i t i c a l  flow nozzles as standards and 

additional measurements will be p r w i d e d  by turbine type gas 

flowmeters, pressure-volme-temperature (PVT) measurement in 

the supply tanks, and a water displacement method. 

The accuracy of the Prover Tank systems is about 1/4 per- 

cent, The large gas calibration facility will be for a i r ,  

nitrogen, and helium. Its accuracy will be about 112 percent 

and it is expected that: the multiple sampling method, using 

several standards, will increase the accuracy to better than 

114 percent. 

In addi t ion  to the calibratfon facilities in the new 

Instrument Laboratory, a calibration stand for water, LOX, 

and LH2 a t  Elowrates up t o  40,000 GI% and line sizes of 18 

inches and 24 inches are being prepared in the test area. 

The Flow and Level Section gnitiates and supervlhses re- 

search contracts to private industry and the National Bureau 

of Standards. These contracts include several contracts for 

the development of mass flowmeters; l iqu fd  level and quantity 

-instrumentation; atudy of thermodynamic and transport proper- 

ties of gases; and correlation of low pressure calibration for  

use in high pressure application.  



3 i  Instrument Desim and Shop Section 

- The Xnstrmnent Design and Shop Section is responsible 

for the design, fabrication, installatiw, and maintenance of 

special instrumentation and devices developed by t he  different 

sections of the Instrument Development Branch and used at test 

stands or for other research and development work 05 Test 

Laboratory . 
The installation of the instrumentation in missiles, test 

stands, and laboratories is often very complex due to the sen- 

sitivity of the instruments and the critical locations of 

installatiou. Sometimes up to a hundred instruments, including 

resistance thermometers, thermocouples, ca lor imeters ,  and 

level gages have t o  be installed in missile tanks. Some of 

these tanks are up to sixty feet long. Many special adaptors 

and devZces have to  be designed and made for such 5nstallations. 

The new b u i l d h g  prwiaes for the Instrument Makers Shop 

(Rm 2) the tools  and machinery which are necessary for pro- 

ducing such Znstrumentation, devices, and facilities. Some 

of the major equipment contained in the Instrummt Makers Shop 

includes: three precision 10" too l rom lathes, one 16" ppre- 

cisfon lathe, three universal rnillhg machines, one toolroam 

surface grinder, precision high speed drill presses, jewellers 

lathes, and high precision measuring equipment used in insuring 

accuracy for  manufacture of instruments. 

b 

The Instrument Design and Shop Section a l s o  supervises the 

mechanical design type research contracts with prTvaee industry. 

Presently, such contracts include: Lead-thrwghs for  electrical 

connections i n t o  l i q u f d  hydrogen (TX2) tanks or lines; design 

and construction of a high pressure tank with windows and optjcs 

far photographic studles of the 'L;H2 surface and the function of 

level gages at tank pressures above 2,000 psi; plummet, dead 

weight calibration and mounting of an internal weighing system 

f o r  quantity measurements in an LH2 tank; and improvement of the 

pressure balance and extending i t s  range to a higher pressure. 

4. Pressure and Thrust Section 

The Pressure and Thrust Section i s  responsible for 

development, selection, modificatlun, procurement, test and cali- 

bration of instrumentation xequired to measure pressure, force, 

weight, m a s ,  stress and strain in support of the various test 

and development programs of Test Laboratory. 

The evaluation of the many new pressure and force transducers 

produced by fndustry, combined with the acceptance testing and 

ca l ibra t ion  of the large number of transducers, necessitated auto- 

matic test and calibratlun as rrmch as possible.  These automatic 

caltbrations must still maintain precf sion in order t o  guarantee 

best  accuracy and reliability of measurements. In a continuous 

R&D Program, test and calibration was accomplished with automatk ,  

multichannel calibrators and automatic IBM Card Punch Systems 



combined with high accuracy readout instrumentation and high 

speed data processing by the Computation Laboratory. 

The Pressure and Thrust Section maintains the cal ibrat ion  

standards f o r  pressure and force measuring instrumentation and 

consfdesable other equipment and f a c i l i t i e s  for research, devel- 

opment, and testing. 

The High Bay provides  t w o  new dead weight machines fox 

testing and calibration of load cel ls  or other force measuring 

devices. One unit has 500,000 lb .  dead weights and the possi- 

bility to calibrate up to 5 million pounds, using load cel ls  a s  

transfer standards. The dead weight callbration has an accuracy 

of-,006X and the load cell calibrator an accuracy of -02%. The 

use of two or three sets of load cells will Increase this ac- 

curacy according to the multiple sampling theory. The other 

dead weight machine has a capacfty of 50,000 lb. 165,000 lb. of 

portable mass in 20,lb. units are available for ca l ibra t ion  or 

test of scales, cranes, elevators, etc,  Other standards in the 

Hlgh Bay are: The o l d  60,000 lb. Tinius Olsen t e h t i ~ . g  machine, 

using Proving RZngs as secondary standards; a 120,000 p s i  

Barwood dead weight pressure calibrator and a 4" pumping station 

vacuum system. For testing and evaluating instrumentation a t  

simulated working conditions, the High Bay provides the following 

environmental t e a t  equfpment: An environmental t e s t  chamber with 

a temperature range of -150'~ to +SOO"F, a humidity range of 20 to 

95% relative humidity and an ambient pressure  variation,  simulating 

altitudes up to 150,QUQ feet; a 6,000 force pound vibration 

system, capable of operating i n  the environmental chader; a 

shock tube; and a sinusoidal pressure generator for pressure 

modulation of ' 4 0 0  p s i  within a pressure range of 0-1000 p s i  

at frequenctes up to 1,000 cps. The generator works up to 

10,000 cps but with lower amplitudes a t  higher frequencies. 

The general laboratory (Rm 8) provides: The readout 

instrumentation for  shaker and sinusoidal pressure generator; 

an automatic pressure ca l ibra tor  with a small environmental 

chamber; strain gage app l i ca t ion  and general pressure cali- 

bration facil it ies.  

R o a n  4 includes: A 12,000 p s i  Rusks dead weight: tester; 

a 100 lb. equal arm balance; two mercury manometers; t w o  air 

dead weight pressure testers and a precision differential 

pressure sensor using a f loa t ing  p i s t o n  with air  bearings. 

In addition t o  the abwe equipment in the new Instrument 

Laboratory, cmsidezable ins tmenta t ion  for test and ca l ibra t ion  

of pressure and force transducers is operated .by support cmtrac- 

tor personnel in Building 4746. 

The Pressure and Thrust Section i n i t i a t e s  and supervises 

research contracts to private industry and research instfitutes, 

including the following: Automatic pressure calibration system; 

automatic thrust calibration, system; d i g i t a l  pressure transducers; 

ultra-high vacuum calfbration system; sinueoidal. pressure generator; 



different load c e l l  and thrust measuring studies and developments; 

weighing systm; and part of a contract to study instruments and 

computers for determining the mass of space vehicles at take-of f 

and durhg  flight. 

5 ,  Temperature and Physics Section 

The Temperature and Physics Section is responsible 

for development, selection, procurement, modificatton, test 

and calibration of instrumentation t o  measure temperatwre, 

heat flux, humidity, density, acce l era t ion  of gravity, cm- 

position of gases and other physical phenomena not included 

in the activities of the other'sections. 

To accomplish the above tasks and 5nsure best measurement, 

accuracy and reliabilltty, the Temperature and Physics Section 

maintains primary and workhg standards traceable  t o  the 

National Bureau of Standards and numerous instrumentation and 

equipment required f o r  research, development, and testsng. 

In the Temperature and Physjcs Laboratory (Ilm 119) are: 

Freezing po in t  standards ~ 5 t h  tin, lead, zinc, a lminm,  silver, 

and copper, covering the range of 300 to 1800'~ with an accuracy 

of . k " ~ ;  automatic thermocouple cal ibrat ion faci l i t ies  with 

printout, cwering the range of ambtent to  2 5 0 0 ~ ~ ~  u s h g  an 

NBS thermocouple as transfer standard with an accuracy of 1'~ 

below 1500'~ and increaslng to about 3'~ at higher temperatures; 

2 
and a gravity meter with a repeatabil ity of ,0001 c d s e c  . 
This pi-ecision gravity meter was used to determine for  the 

Instrument Laboratory the true value of the local  acceleration 

of gravity, referring to the station at the hfversfty of 

Alabama in Tuscaloosa, which had been established with the 

pendulum method by the D. S. Coast Geodetic Survey. 

In Room I10 are: A heat flux calibration f a c i l i t y  for 

calorimeters and radiometers providing a blackbody source for 

primary calibratfon and grey body for comparison in a range 

of 0 to 200 3TV/ft2 sec ~ 5 t h  a r e p e a t a b i l i t y  of f3%; a humid- 

ity generator which facilitates calibration of water vapor 

monitors wer the range of -100"~ to 7 2 " ~  dewpoint temperature; 

bridges far  calibration of Platinum Resistance Thermometers 

a t  ice p o h t  and liquid nitrogen boiling po in t ;  and electronic 

instruments for nuclear measurements. Room 112 is specially 

prepared for storage of radioactive sources, Room 111 pro- 

vides a hood fo r  coating hunddity measuring electrolytic c e l l s .  

About 525 feet behind the Instrument Laboratory is a small 

cell specially designed for use of liquid hydrogen. This cell 

contains the following calibration equipment: An IJI2 cryostat 

providing continuously adjustable temperatures from -440'~ to 

- 2 8 0 ~ ~  with an accuracy of . 0 5 * ~ ;  boiling point systems for 

liquid oxygen, lfqufd nitrogen, and subltmation temperature 

of carbon dioxide, providing f k e d  po in t s  standards at  tow 

temperatures with an accuracy of .OlO??. The LR2 cel l  is a l s o  



used for testing level detectors in liquid hydrogen. 

The Temperature and Physics Section initiates and super- 

vises research contracts including: Development of point density 

gage for LHZ; development of cryogenic temperature measuring 

system; x-ray density gage for LH2; nuclear type density gages 

for cryogenics; automatic thermocouple calibration system and 

automatic readout systems for resistance thermometers. - 

8 %  4~ 

E 
g 
W "k 

a 

G Z  
W m +a W 

4 2 
Ej 

02 
m.! $ 2  
$ 5  a 8  
g g  ( Y o  M U  . 

o ;$ 

J d  3; 

.. g 
!$ :g 


