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This repor t  presents  t he  r e s u l t s  of a series of tests comparing the  
performance of a standard Taylor 2 0 6 ~  Pressure e a n s m i t t e r  with one 
a l t e r e d  t o  overcome the  undesirable e f f e c t s  of mechanical vibration., 
The a l t e r a t i o n s  consis t  of adding a dashpot, f i l l e d  with Taylor XC-299 
f lu id ,  on the  Sensing Lever; replacing the  Overthrow Spring w i t h  a 
f l ex ib l e  metal s t r i p ;  removing the  cap i l l a ry  tubing and capacity cylin- 
der f n  the secondary bellows assembly; and feeding the  output s igna l  
d i r e c t l y  i n t o  the  secondary bellows, 

The performance of the  a l t e r e d  t ransmit ter  i s  compared with t h a t  of t he  
transmitter as o r ig ina l ly  designed. While the e f f e c t s  of vibrat ion are 
not completely eliminated, they have been reduced by a f ac to r  of three 
a t  frequencies above 60 cps, , and have been almost completely elimini-  
nated below 60 cps, 
m i t t e r  has been improved. 

In  addition, the  dynamic performance of t he  t rans-  

It i s  recommended that all new transmitter~installations be made with 
t ransmit ters  altered t o  reduce the e f f e c t s  ;of mechanical vibrat ion.  
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The preliminary study of the response t o  ex terna l  v ibra t ion  of the Taylor 
2 0 6 ~  Pressure Transmitter has been presented i n  Part I of t h i s  report .  
t h a t  $tudy, it w a s  shown that the t ransmi t te r  was very sens i t ive  t o  ex terna l  
vfbrat ion forces ,  This responsive cha rac t e r i s t i c  w a s  most pronounced i n  the  
region of 3600 cpm, and 2400-2700 cpm, It w a s  fu r the r  shown that the bes t  
correct ive method w a s  t o  i n s t a l l  a dashpot on the  Sensing Lever and t o  r e -  
move the resistance-capacitance element i n  the  secondary bellows assembly. 
For f'urther background d e t a i l s ,  the  reader i s  re fer red  t o  Par t  1 of th i s  
report  

I n  
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The r e s u l t s  of the  preliminary study were discussed w i t h  the  Taylor Ins t ru-  
ment Companies, makers of the t ransmit ter ,  who devised and furnished f o r  
t e s t i n g  various designs of dashpots, dashpot f lu ids ,  and overthrow linkages,  
These p a r t s  were t e s t e d  and evaluated and a f i n a l  s e t  of a l t e r a t i o n s  w a s  
se lected,  
of a s e r i e s  of performance t e s t s  on a t ransmi t te r  incorporating these 
a l t e r a t i o n s  

This  repor t  describes the f i n a l  design and presents  the r e s u l t s  

The Taylor Type S dashpot (see Ffg. l - B ) >  using XC-299 f l u i d ,  proved t o  be 
the bes t  p r a c t i c a l  design, 
Lever and mounted on the  ba f f l e  support as shown i n  Figure 1-A. 
XC-299 f l u i d  was found t o  be the  most e f f ec t ive  damping medium f o r  reducing 
v ibra t ion  response without introducing s t a t i c  l i n e a r i t y  and hys te res i s  
errors, 
centfs tokes)  and DC-11 compound, 
damping high frequency vibrat ions while the D C - U  compound i s  bes t  f o r  low 

high frequencies 

This dashpot i s  connected t o  the Primary Sensing 
!Taylor's 

v This f l u i d  i s  a mixture of  De-200 ( w i t h  a Viscosity of 100,000 
The IX7200 oil is most effective for 

b freqrxency vibrat ions,  The mixture i s  eff 'ect ive i n  damping both low and 

A f l ex ib l e  metal s t r i p  was found t o  be a better overthrow linkage f o r  con- 
necting the  Primary Sensing Lever t o  the Baffle than the  o r ig ina l  overthrow 
spring arrangement. T h i s  s t r i p  el iminates  high frequency vibrat ions of the 
Baffle,  present when the o r i g i n a l  overthrow spring was used, while s t i l l  
protect ing the  nozzle and b a f f l e  assembl3. from damage r e su l t i ng  from over- 
ranging the t ransmi t te ro  
f i n a l  design being a s t r i p  1/4 i n .  wide, 1 - 3/16 in.  long, and 0,002 i n o  
th i ck  with the width necked down t o  9/64 i n o  i n  the middle as shown i n  
Figure 1-Bo 

The Primary Sensing Lever Extension w a s  re-designed t o  permit connection of 
the  dashpot plunger and the Overthrow S t r i p .  

Various deskgne of th i s  s t r i p  were t r i e d  w i t h  the  
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- A number of the altered t ransmi t te rs  were i n s t a l l e d  i n  the  process area. 
C h a r t s  made from three of these in s t a l l a t ion ;  f o r  both non-damped and damped 
t ransmi t te rs  are shown i n  Figure 2. 

t i ons  induced by vibrat ion i n  the  non-damped t ransmi t te rs  and the reduction 
rea l ized  i n  these osc i l l a t ions  when damped t ransmi t te rs  were in s t a l l ed ,  

These c'harts were t raced  from ac tua l  - - miniature s t r ip-char t  recordings and show t h e  output pressure (Po) osc i l l a -  

Magnitudes of o sc i l l a t ions  w i t h  non-damped transnrit ters and when replaced 

i n  amplitude varies from 65% t o  100% w i t h  an average of about 9 6 .  
with damped t ransmi t te rs  are shown, tabular form, i n  Figu,re 3. The reduction 
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PERFOFWlNCE OF D W E D  AND NON-DAMPED TRANSMITTERS 

A damped t ransmi t te r  and a. non--ped t ransmi t te r  were given performance tests 
under i d e n t i c a l  laboratory condftions, 

Two types of performance tests were eondueted. 
concerned w E t h  the e f f e c t  of external. stimuli such as ambtent vibrat ion or  
shock. 
constant value and the  e f f e c t  of ex terna l  stimuli on the  output pressure w a s  
measured. 
undesirable 

The first type of tests w a s  

I n  th i s  case, the input pressure t o  the t r a n s d t t e r  w a s  held a t  a 

Any var ia t ion  En the output pressure due t o  ex terna l  causes i s  

The second type of tes ts  was concerned with the dyamic performance of the 
t ransmit ter .  
ce r t a in  pat terns ,  such as sfnusoidaJly o r  st4ep-wise, and the output pressure 
of the t ransmi t te r  was examined t o  see how e.ccurately it followed the  input 
pressure. These tes ts  were qui te  reveal ing since it m i g h t  be expected tha t ,  
w i t h  damping introduced in to  the t ransmit ter ,  t h e  dynamic cha rac t e r i s t i c s  
might suf fe r .  

Tn these tests, the input preEsuPe w a s  varied according t o  

T e s t  r e s u l t g  however, show the: converse t o  be t rue .  

The tests and tes t  r e s u l t s  were as follows: 

(1) Vibration Susceptfbi l%ty 

The two instruments were mounted back-lo-back on a beam which 
w a s  connected t o  a vibrat ion generator as shown i n  Figure 4. 
A constant input pressure (Pi] was adjusted t o  give an  output 
pressure (Po) of 50% of f u l l  scale.  The output pressures of 
both instruments were recorded on a high-speed 
recorder (see Figure 5) .  
frequencies from 1,000 t o  10,000 cpmo with a constant peak 
accelerat ion of 0.1 g. 

two-channel 
The t ransmi t te rs  were vibrated a t  



Data taken from the resulting charts  are  plot ted i n  Figure 6. 
The vibrat ions caused a mxgLmum errcm ( s h i f t  i n  output pres- 
sure, Po, w i t %  a constant fripnz pressure) fn  the non-damped 
t ransmit ter  of -arc$ which cxcwred at 5,1.00 cpm. 
e r r o r  i n  the dampd instriment was -S2$ and occurred a t  6000 
cpm, 
between the bines i n  Figo 6) w a , ~  277; of f d . 1  scale and occurred 
a t  9,400 epaaz, i n  tbe ncm-damped 1asl;rment. The rslaxirmun osc i l -  
l a t i o n  magnitude i n  t,be damped cmmmitter was only 2$ and 
occurred at  a fkequency of 3,700 cptz, 

The mxim 

€!&~xirnum ssci l l a t i o n  magnitude (indicated by the spacing 

Other vibrat ion tests have shown t'att the output pressure 
e r r o r  is dependent Epon the magnft?xle o f  accelerat ion of the 
disturbing v i b r a t i o s  the damped t ransmit ter ' s  e r m r  being pro- 
port ional ly  smaller, For instance, when vibrated at  a constant 
peak accelerat ion of 8,2 go,  (xwice that i l l u s t r a t e d  i n  Fi$ure 
6) the maximum ergor of' the non-damped t ransmit ter  w a s  s l i g h t l y  
grehtter than - 5 6  a t  a freqyency of 5,100 cpm, while the maxi- 
mum error of tke damped transmitter ms -3a$ at a frequency of 
4,200 cpmb. 

Shock Reaction 

Using the same tes t  e i r e u i t  and apprtratus as that of  the vibra- 
t i o n  t e s t .  (Figo Clie t r ansmi t t e r ' s  react ions t o  shock were 
recorded (Fig, 121, Shock was prodraced by rapping the mounting 
beam with varying degrees of force. The char t  indicates  a much 
smaller shock reactdon for 'the dmpctd transmitter, 

A sfnussidsl input pt-essure signa1 o f  1.8 2 0 . 2  psLwas  fntro-  
dueed to each transmitter, Unaer a l a t i c :  csndi t fons, this  would 
produce an output pressa~~e of 10-5 psig. [5@) s1.5 psi. (16) 
me input and 8utppu3; sl,$s~a.ls were recorded s iE l t aneous ly  by 
the t w o - c h m e l  recorder, as'slt3cpwn in ~ i g w e  7, a t  frequencies 
of from 1 t o  1,600 epm, Magnitude Ratis, Phase Shif t ,  and 
Distor t ion were detemfned.from the charts  by a graphical 
method of Fourfer waveform analysis  and p lo t ted  as a f'unction 
of frequency (see notes 1, 2, 3, a 4, fippendix), 

The Magnitude Ratio curve (Fige 9) of- the  non-damped t rans-  
mitter i s  flat pm, with a peak of l-70 at about 
50 epm. and d 600 cp~a- The Phase S h i f t  curve 
(Fig, 8) has a peak of +3O0 at about 32 cpmo and drops t o  
-60° at about ~ L Q  epm, 

The Magnitude Ratio curve of the d a q e d  t ransmit ter  i s  f lat  
t o  about 30 cpm. with a peak of l.10 at, about 100 cpm. and 
drops t o  Oo31 &t 600 cpm. m e  Phase Sh2ft e u v e  goes from 0 
at L cpm, t o  -18' a t  45 cpmo9 -24' r t t  108 cpm, and -6oO at 
22Q cpa0 
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Total  harmonic d i s t o r t i o n  of the out,put signal, as shown i n  
Figure 10, reaches a m a x i m  value cif 69$ at 130 cpm. i n  the  
non-damped t ransmi t te r  and 15% at 250 cpm, i n  the damped 
t ransmi t te ro  Harmonic d i s t o r t i o n  is the  d i s to r t ion  i n  the 
output pa t t e rn  of the t ransmi t te r  a€; compared t o  the  input 
pa t te rn .  A large amoxnt of harmonic: d i s tor t ion ,  espec ia l ly  
at  low Trequencfes, would render an instrument unsuitable 
f o r  anything except s t a t i c  measurements 

(4) Step Response 

Step-wise changes were in+,roduced in to  the input pressures 
of both transmitters while output pressures were recorded 
on the  two-channel recorder as shown i n  Figure U - A 0  Figure 
11-€I shows the  output pressures of the t ransmit ters ,  f o r  a n  
increasing and a decreasing s tep,  p lo t ted  on an extended 
time scale., 

The non-damped t ransmi t te r ' s  output overshoots the  t r u e  
pressures by 5% i n  the increasing st8ep and 1746 i n  the  de- 
creasing s t ep  while the damped t rans ,mit ter ' s  output overshoots 
the t r u e  pressures by l e s s  than 1% i n  the increasing s t ep  and 
'2% i n  the decreasing s tep.  
from the  chart ,  a r e  0.30 sees ( increasing s tep)  and 0.06 see. 
(decreasing s tep)  f o r  the nsn-damped t ransmi t te r  and 0.14 seco 
( increasing s tep)  and 0.06 sec. (decreasing s t ep )  f o r  the 
damped t ransmit ter .  

The t i m e  constants, as measured 

It may be seen tha t  the damped t ransmi t te r  i s  not a "slower" 
instrument when compared with the ncn-damped t ransmit ter .  
Instead, its outpyt ac tua l ly  approaches a new pressure l e v e l  
more quickly than does that of the f!on-damped t ransmit ter .  
This f a s t e r  response is  predictable  from the frequency re- 
sponse curves. The f a s t e r  response i s  achieved pr inc ipa l ly  
by the  removal of  the  cap i l l a ry  tubing i n  the secondary 
bellows assembly. The tubing was necessary i n  the standard 
design t o  obtain a steady output pressure and was a form of 
pneumatic damping. With the more optimum damping, obtained 
with the changes described herein, t h i s  pneumatic damping 
w a s  no longer n e c e s s a q  and i t s  removal resu l ted  i n  the 
b e t t e r  response shown by these r e s u l t s o  

( 5 )  Output Error vso  'In3ut I Frequency 

Using the t e s t  c i r c u i t  and apparatus of the Frequency 
Response tes t  (Fig. 7 )  with a s inusoidal  input s igna l  of 
5 6  42,5$ of the  range of the t ransnf t te r ;  the output error 
(see-fiote 5, appendix) of the t ransmi t te rs  w a s  measured a t  
input  frequencies of Trom 0 t o  7,20Ci cpm. 
data a r e  p lo t ted  i n  Figure 13.  

The r e su l t i ng  
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The maximum value of the non-damped t ransmi t te r ' s  error i s  
- 3 6 - 6  and occurs at an input frequency of 4,500 cpm., while 
the  maximum e r r o r  of the damped transnlit ter  i s  -3.8% and 
occurs a t  4,020 cpm, 

If the  amplitude of the  input signal i s  increased, t he  
magnitude of the t ransmi t te r ' s  e r r o r  a l s o  increases.  An 
input si-1 of 50% +4,0$ produces a maximum output e r r o r  
o f .  -48.8% i n  the  nonzdamped t ransmit ter  and -22.7% i n  the  
damped t ransmit ter .  

CONCLUSIONS APJD REC3MEfIENDATIOEJS 

The addi t ion of a Taylor !Type S dashpot wi th  XC-299 f lu id ,  a f l ex ib l e  
overthrow s t r ip ,  and the removal of the ca:?i l lary tubing and capacity 
cylinder from the secondary bellows assemb.ly comprise a p r a c t i c a l  and 
e f f ec t ive  method of reducing the Taylor 206R Pressure Transmitter 's  
response t o  mechanical vibrat ion.  These a:Lterations do not e f f e c t  the 
s t a t i c  accwacy, and the speed of  response i s  increased by the removal 
of the cap i l l a ry  tubing. 

Since the e f f e c t s  of vibrat ion are not completely eliminated, t he  
recommendations set f o r t h  i n  Pa r t  'I of t h i s  report  should s t i l l  be 
followed; especial ly ,  i n  fns t a l l a t ions  whei-e severe v ibra t iona l  forces  
ex i s t .  Br ie f ly ,  these recommendations were t h a t  t ransmi t te rs  should be 
mounted on r i g i d  steel racks w i t h  vfbratfori i so l a to r s ,  A l l  mounting 
b o l t s  should be i n s t a l l e d  w i t h  lock washers and drawn up t i g h t l y .  
Copper tubing l i n e s  should be clamped by means of f e l t  tubing clamps 
f o r  a dis tance of 15  t o  20 feet from the t ransmi t te r  rack. 

It i s  fu r the r  recommended t h a t  a l l  t ransmi t te rs  i n  fu ture  i n s t a l l a t i o n s  
be equipped w i t h  damping since no instal la tLon i s  completely free 6f  
vibrat ion o r  shock and a damped transmittej .  has better measuring cha-- .LEK!-  

t e r i s t i c s .  The approximate cos t  of equipping a t ransmi t te r  w i t h  damping 
is  $15.00 fo r  labor and material. 

The r e s u l t s  6'hown i n  th i s  report  are based pr inc ipa l ly  on the  tests of 
one t ransmit ter  w i t h  a 2 p s i  range. 
s l i g h t l y  from u n i t  t o  n n i t  i n  t he i r  response t o  vibrat ion.  The amount 
of var ia t ion  i s  s l igh t ;  howeverg when compared t o  the var ia t ion  between 
non-damped and damped t ransmit ters .  

Wanslljitters are known t o  vary 
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DEFINITIONS 

(1) Magnitude Ratio 

The r a t i o  of the amplitude of the f’undamental component of the 

frequency 
- output signal t o  the amplitnde of the input s igna l  a t  the same 

(4) 

Phase Sh i f t  

The amount, expressed i n  degrees, by which the fundamental 
component of the output s ignal  leads o r  lags  the input s ignal  
on the time scale.  

( 3 )  Distortion 

The amount by which the ordinates of the ac tua l  output pressure 
wave d i f f e r  from the ordinates of the fundamental output compo- 
nent, usual ly  expressed as a percentage of the fundamental 
component amplitude. 

-sis (as used herein) 

A graphical method of deteminfng the amplitude and phase angle 
of the fundamental sine-wave componznt of a waveform by dividing 
a complete cycle in to  twelve equal parts and performing a s e r i e s  
of calculat ions with the lengths of the twelve ordinates. See 
Reference D a t a  f o r  Radio Engineers, 3rd ed., New York, Federal 
Telephone and Radio Corpora t i~n ,  p o  291 - 6. 

( 5 )  Output Error 

The differencg expressed as.& percentage o f  the full scale  range, 
between the measured output pressure and w h a t  the  output pressure 
should have been,as calculated from the measured input pressure. 



PRIMARY SLNSlNG 

Figure 1 ,A  
TAYLOR PRESSURE TRANSMITTER - DAMPED 



Figure 1-B 
DAMPING PARTS 

F O R  T A Y L O R  206R PRESSIJRE TRANSMITTER 
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N O N - D A M P E D  

INSTALLATION A DAMPED 

N O N - O A M P E D  

1 NSTALLATION B DAMPED 

N O N -  D A M  CEO 

INSTALLATION C DAM PE 0 

Figure 2 
TAYLOR PRESSURE TiRANSMl TTER 

F I E L D  TEST CHARTS 
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OSCILLATION MA3NITDDE - 
PERCZNT OF FULL SCALE REDUCTION IN 

CGCIILA!rIOEJs - 
m m m  

IISTALLATI ON 

~ 

18.8 1 2.0 

13.5 I 1.0 

11.6 1 1.0 

6.6 1 0.6 

90 A 
i 

B 95 

C 90 

90 

85 

D 

10.3 1.6 E 

F 9.8 1.3 90 

0 1.4 

6 06 

I 

100 0 
- 

2.4 65 

5.2 I 
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Figure 3 
DAMPED TAYLOR PRESSURE TRANSMITTER 

F IELD TEST RElSULTS 
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M O U N T I N G  BEAM ----9 

Js - . 

STRIP P I V O T  I- 

PRESSURE TRANSM lTTER5 

(BACK-TO- BACK) ' J  
I VI 6 RAT 1 0 N 

M B  TYPE I24 I PICKUP 

I 
V I B R A T I O N  

METER 

'M 6 
MODEL M 3  

i 

CON N EC7 OR 

J M 6  

M O D E L  C 31 H 

I 

Figure 4 
TAYLOR PRESSURE TRANSMITTER 

VIBRATION TESTING A P P A R A T U S  
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10.5 PSIG 131AS 

TRANSDUCER RECORDER TRANSDUCER 

i 

----- N O N  -DAMP€ 0 t TRANSMITTER 
L 

VI I3 R AT I O N  

I 

I PO 

1 . 0  PSIG IhllPUT I 

R A N G E :  0 - 2  PSI 

INPUT 6 OUTPUT LINES: ~A;'I.O.TUBING, rco" LONG 
ACCELERATION : 0.1 G.  I 

Figure 5 ,  
TAYLOR PRESSURE TRANSMITTER 

VIBRATION RESPONSE TEST C I R C U I T  
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1 . 0  PSI6 
---b 

BIAS 

I 
I 

1 
SANBORN 

W O -  CHANNEL 

RECORDER 

1 
I 

I TAYLOR 

PRESSURE 
TRANSMITTER 

22 P S l G  

P L I R  SUPPLY 

t I 

STATHAM 
PRESSURE 

TR A N S O U C C R  - 4" c 

1 I 
ELECTRO- 

e---- PN EU M A T l C  -- --.- SIN E -WAVE 
GENERATOR 

15 PSIC 
AIR SUPPLY 

RANGE:  0 - 2  PSI 

INPUT : 1.0t0 .2  PSI (SINUSOIDAL) 

OUTPUT VOLUME : 1 CU. IN. 
INPUT OUTPUT L , I N E S  : 3/16" 1 . O . T U B I N G  

Figure 7 
TAYLOR PRESSURE T'RANSMITTER 

FREQUENCY RESPONSE T E S T  C I R C U I T  
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.t r t ,  

Figure 9 
MAGNITUDE RATIO 

T A Y L O R  206R PRESSURE TRANSMITTER 

INPUT:  1.0 f0.2 PSI (SINUSOIDAL) 
RANGE: 0-2 PSI 

t--‘ 
a3 
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Figure 10 
MAX I MUM DISTORT I ON 

TAYLOR 206R PRESSURE TRANSMITTER 

INPUT:  1.0 k 0 . 2  PSI (SINUSOIDAL) 
RANGE: 0-2 PSI 



TEST CHAR7 

7- 1, 

TEST CIRCUIT 

- NOTE- 
0.6 P S l G  i.4 P S l G  

1W-T 4 OUTPUT U N E S  

W " O F  **I.eC TUBING LO PSI 6 

Figure 11-A 
STEP RESPONSE 

T A Y L O R  206R PRESSURE TRANSMITTER 
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Figure 1 1  -B 
STEP RESPONSE 

T A Y L O R  206R PRESSUF!E TRANSMITTER 
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THIS CHART tNDICP\TES THE OUTPUT PRESSUR€ REACTION 

TO SHOCK PROOUCEO BY RAPPING THE MOUNTING B E A M  

WITH VARYING DEGREES OF FORCE. VIBRATION TEST 
CIRCUIT A N D  APPARATUS WEF!E USED. 

Figure 12 
SHOCK REACl'ION 

T A Y L O R  206R PRESSURf: TRANSMITTERS 
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