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Calculating Components
Purpose:

The purpose of this procedure is to provide a guide for calculating components during the step of pre-cal.  as noted on the product traveler. This procedure also describes how to obtain sensitivities for force and acceleration transducers.

Responsibilities:

The Department Document Custodian and/or Assistant  Document Custodian are responsible to maintain this procedure.


Calibration Test Technicians are responsible to follow this procedure.

Associated Documents:

ISO10012-1,QAM,QSM
Procedure:

There are (3) three formulas that are most commonly used in the calibration department when calculating components for ICP transducers as well as determining sensitivities for force, pressure and acceleration transducers. They are as follows:


1.) f= ma
(force equals mass times acceleration )


      force = lbf


      mass = weight / gravity


      acceleration = gravity


      gravity = 32 ft / s2

SYMBOL 183 \f "Symbol"This formula is used to calculate an accelerometer sensitivity with a force transducer and or calculate a force transducer sensitivity with an accelerometer. Below are examples.



a.) The constant for calibrating a accelerometer with a force transducer is calculated as follows:



If:
The mass with the test transducer mounted on top weighs 0.40 lbs.



And:
The pre-calibrated force transducer reference sensitivity is 10.50 mV / lb.



Then:
f = SYMBOL 91 \f "Symbol"(0.40 lbs. / 32 ft / s2  )  32 ft / s2 SYMBOL 93 \f "Symbol" = 0.40 lbs.



The output from the force transducer reference for 0.40 lbs = 0.40 lbs.(10.50 mV / lb.) = 4.20 mV



For 1 g of acceleration you will get 4.20 mV output from the force transducer thus giving you a 
reference acceleration sensitivity of 4.20 mV / g. This sensitivity is then use to calculate the g 
level generated during calibration of accelerometers. The sensitivity of the accelerometer is 
simply the output of the accelerometer divided by the input g level.



b.) The constant for calibrating a force transducer with an accelerometer is calculated as follows:



If:
The mass on the force transducer weighs 0.98 lbs.



And:
The pre-calibrated accelerometer reference sensitivity is 10.20 mV / g.



Then:
1 lb.  /(0.98 lbs. / 32 ft / s2 ) = 32.65 ft / s2  = 1.020 g's   



The output from the accelerometer reference for 1.020 g's =1.020 g's (10.20 mV/g)=10.40 mV



For 1 lb. of force you will get 10.40 mV output from the accelerometer thus giving you a 
reference force sensitivity of 10.40 mV / lb. This sensitivity is then use to generate the force level 
on the shaker during calibration of force transducers. The sensitivity of the force transducer is 
simply the output of the force transducer divided by the input force level.


2.) V=Q / C
(voltage sens. equals charge sens. divided by capacitance.)


      C = Capacitance (To be added to amplifier, minus an adjustment factor.)


      Q = Charge Sensitivity. Obtained by Measuring SYMBOL 91 \f "Symbol"output of test (volts) SYMBOL 180 \f "Symbol" Charge amp. settingSYMBOL 93 \f "Symbol" SYMBOL 184 \f "Symbol" 

      input force ( lbs.)


      V = Voltage Sensitivity (As documented in the product specification book.) 


SYMBOL 183 \f "Symbol"This formula is used for calculating the capacitance necessary to obtain specified transducer sensitivities.



If :
Input force is 100 lbs. ( Example: PCB Model 208B02 force transducer. )



And:
Sensitivity spec. is 0.050 V/lb.




Output of test is 0.920 volts.




Charge amp. Range setting is 2000 units/volt.



Then :
SYMBOL 91 \f "Symbol"0.920 SYMBOL 180 \f "Symbol" 2000SYMBOL 93 \f "Symbol" SYMBOL 184 \f "Symbol" 100 = 18.4 pC/lb.( Charge Sens.)



So :
18.4 (pC/lb.) SYMBOL 184 \f "Symbol" 0.050 (V/lb.) = 368 picofarads minus 25 picofarads adjustment factor




= 345 picofarads (pico = 10-12 )


3.) TC=RC
( Time constant equals resistance times capacitance.)


      TC = Time constant as documented in specification.


      C = Capacitance to be added to amplifier.( Minus an adjustment factor.)


      R = Resistor to be added to amplifier.


SYMBOL 183 \f "Symbol"This formula is used for calculating the resistor necessary to obtain specified transducer time constants.



If :
Time constant spec. is 500 Sec.



And :
Capacitance is 345 picofarads. (obtained from formula #2)



Then 
500 (Sec.) SYMBOL 184 \f "Symbol"345 picofarads (pico = 10-12 ) = 1.5 SYMBOL 180 \f "Symbol" 1012  SYMBOL 87 \f "Symbol"

Note:  Typical values for basic models of force transducers are included in table SYMBOL 73 \f "Symbol".

	Model No.:
	Input force

( lbs.)
	Sensitivity 

(V/lb.)
	Time Constant

(Sec.)
	Adjustment Factor (Picofarads)
	Resister Value

 (SYMBOL 87 \f "Symbol")

	
	
	
	
	
	

	208B02 , 208A12
	100
	0.050
	500
	25
	1.5 SYMBOL 180 \f "Symbol" 1012

	
	
	
	
	
	

	208B03 , 208A13
	500
	0.010
	2000
	110
	1.2 SYMBOL 180 \f "Symbol" 1012

	
	
	
	
	
	

	208B04 , 208A14
	1000
	0.005
	2000
	220
	1.0 SYMBOL 180 \f "Symbol" 1012

	
	
	
	
	
	

	208B05 , 208A15
	5000
	0.001
	2000
	1100
	1.2 SYMBOL 180 \f "Symbol" 1011

	
	
	
	
	
	

	086B01
	100
	0.050
	500
	50
	1.5 SYMBOL 180 \f "Symbol" 1012

	
	
	
	
	
	

	086B02
	100
	0.050
	500
	50
	1.5 SYMBOL 180 \f "Symbol" 1012

	
	
	
	
	
	

	086B03
	500
	0.010
	2000
	170
	1.2 SYMBOL 180 \f "Symbol" 1012

	
	
	
	
	
	

	086B04
	1000
	0.005
	2000
	450
	1.0 SYMBOL 180 \f "Symbol" 1012

	
	
	
	
	
	

	086B05
	5000
	0.001
	2000
	1800
	1.2 SYMBOL 180 \f "Symbol" 1011


Table SYMBOL 73 \f "Symbol"
Referenced Documents:

TA007,TC1010, AT303-1, AT303-2, AT322-1, AT323-1, AT401-12, AT401-9, AT402-6

Unusual Conditions:

1.) Capacitance identified as an adjustment factor (fudge factor) is obtained by trial and error during the first run of a new product. This value may change as a result of process variation and or design modifications.

2.) For the step of pre-calibration noted on the product traveler,  a calibration of performance at 100% full scale and a point at 20% of full scale range of the product is all that is necessary to determine the product sensitivity and linearity necessary for calculating ICP components. In some cases a spot check of the product sensitivity by choosing a random sample ( 30% of lot size.) of test transducers is all that is necessary to provide a nominal value for calculating ICP components.
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