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Backlash, lost motion } Ambient temperature }

Overpressure history

Each branch is a separate uncertainty component; only independent components may be combined by root-sum-of-squares.

Temperature of tube Pointer fitting
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PROCESS P

static + dynamic

ACCESSORY

snubber, seal, siphon

BOURDON TUBE

tip displacement
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MOVEMENT

link, sector, pinion

POINTER + DIAL
—>

angle to scale

pulsation, spikes

lag, elevation, T

hysteresis, set, T

backlash, friction

parallax, resolution

Pressure is converted three times (force to deformation, deformation to rotation, rotation to reading); every conversion adds its own error terms.
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ERROR TREE OF A POINTER GAUGE READING

READING ERROR

I | 1

[ ELEMENT

MOVEMENT

[ ENVIRONMENT [ PROCESS AND INSTALL [ CALIBRATION

Hysteresis

Backlash, lost motion

Elastic after-effect

Friction, wear

Mounting position Seal fill elevation Reading resolution

Permanent set

Linearity of gear train

Vibration

Snubber lag Repeatability

Ambient temperature } Pulsation, spikes } Reference uncertainty }

Temperature of tube

C JC J JUL J W

Pointer fitting

C J L J JUL J W J

Overpressure history

Each branch is a separate uncertainty component; only independent components may be combined by root-sum-of-squares.
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FROM PROCESS PRESSURE TO TIP DISPLACEMENT AND POINTER ANGLE (CONCEPT)

tip motion drives the link

\4

LINK

force F to sector

v

SECTOR GEAR

rotation by angle phi

v

PINION + POINTER

gear ratio i amplifies

tip displacement
(small)

. SOCKET (fixed)

Pointer angle = gear ratio x sector rotation; the displacement is small, so linkage geometry sets both sensitivity and linearity.
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TEMPERATURE ERROR WITH THE SAMPLE COEFFICIENT 0.4 % FS PER 10 K (MANUFACTURER EXAMPLE)

2.4%

Temperature error (% FS)
~

20 40 60 80 100 120

Temperature of the pressure system (deg C)
Reference temperature 20 deg C. The coefficient belongs to one data sheet and is shown only to rank the effect; use the coefficient of the actual model.
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FATIGUE SENSITIVITY TO RANGE (PARAMETRIC MODEL, ASSUMPTION)

i 1000
3
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o
=100
o
S
2
8
1
2 10
°
&

1

0-10 0-16 0-25

Range, full scale (bar)
Same pulsation amplitude (+-0.5 bar). Relative life = (FS / 10)*m. The exponent m is unknown and must come from tests or the maker.
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SECOND-ORDER POINTER RESPONSE TO A SINUSOIDAL PRESSURE (ASSUMPTION: fn = 10 Hz)

3| dashedline: r = 1 (natural frequency fn);

= zeta - 0.05 (light damping)
m—zeta = 0.3

= zeta = 0.7 (heavy damping)

Amplitude ratio [H|
B

1.5 2 2.5 3
Frequency ratior = f/ fn

Near r = 1 a lightly damped gauge amplifies pulsation; above r = 1 the pointer attenuates it. Damping changes this window.
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Pressure at the tube (bar)

Attenuation [H|

SNUBBER AS A FIRST-ORDER LOW-PASS FILTER (ASSUMPTION)

1
0.1
0.01
m— tau = 0.05s (195 =0.15s)
e tau = 0.2's (195 = 0.6 s)
m—tau =15 (195=35s)
0.001
0.1 1 10 100
Pulsation frequency (Hz)
More attenuation always costs response time: t95 = 3 tau. The time constant tau depends on restriction and trapped volume.
31> (658 Fanly yidin Wasidl o {5lo) ol aw (gl ol s pluwl Wasds — V S
SIMULATED PRESSURE AT THE TUBE WITH AND WITHOUT A SNUBBER (ASSUMPTION)
process: 6 bar +- 0.5 bar at 5 Hz, 1.2 bar spike
s gfter snubber tau = 0.05 s
= after snubber tau=0.2's
7
6
5
0 1 2 3 4
Time (s)

Numerical first-order filter. The mean pressure is unchanged; amplitude and spike are reduced and the spike is spread in time.
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kg/m?
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(rho = 960) 10...0 &j) ;I % (rho = 960) 6...0 i) jl % (bar) rho = 1100 (PA (bar) rho = 960 PA h (m)
0.47 0.78 0.054 0.047 0.5
0.94 1.57 0.108 0.094 1.0
1.88 3.14 0.216 0.188 2.0
2.83 4.71 0.324 0.283 3.0
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OgawldS g i8> Joo 18

il s (Adjustment) padiss tcuwl Uas ol 9 g2y b auglio (Calibration) ¢guwludS :3iley 13> 3L 2 Mool aw

Gle @ 3956395 (gl S Ll 3> SH L Gl ) (Verification) alojlsiwly 9 ol bas GiuslS (glp

plzul Lodais (Sl g g i la> 2L (As Left) «pubass I uw» g (As Found) «pudais jl Giwon Hladoe s pudais
sl £0.10 bar) MPE = (Class / 100) x Span :aJ,0 wuwsas Accuracy Class jl jlxo glas 3> .og4b Lol agls 6auis

hélxo duils U opdy b (lel = MPE) o5Llw W2y 190 (st 09o)l jl vy 2L puoun 3acld (i oyl &0

.(lel < MPE - U)

(i lw 8315) gawluds Jbo 19

25 im0 olis |y auslxe Gbgy hiid g Akiws ( SYNTHETIC DATA, ASSUMPTION) (Sislw V Jgaz gloosls

il 8360wy Sy j95 Sy g id) 59 dw b alads i > 1.0 (wUs 0...10 bar

()93 Aw L).SJL»O :C,«é)) Ug_ol.w Ogrwludls 2L g oosl> =V Joi>

A

(bar)
0.01
0.01
0.02
0.02
0.02
0.01

14/ 24 éxdio

L) lmnasd Sy glas ) glas Sy cihd 0sSibe aid) wilyd &0
(bar) (bar) (bar) (bar) (bar) (bar)
0.027 0.03 0.003 0.03 0.003 0
0.037 0.08 0.043 2.08 2.043 2
0.040 0.11 0.070 411 4.070 4
0.030 0.11 0.080 6.11 6.080 6
0.010 0.07 0.060 8.07 8.060 8
0.003 0.03 0.033 10.03 10.033 10

CALIBRATION CURVE: ERROR VS PRESSURE (SYNTHETIC DATA, ASSUMPTION)

outside +MPE
__________ e
010 === mmmmmm e e A - B ittt ettt
- S~
=" B -~
- -
- —_—
+0.05 "
-
[ 4 )
+0.00 ¢
MAGENTA: rising pressure (mean of 3 runs)
-0.05 BLUE DASHED: falling pressure
0,10 == = = = -
0 2 4 6 8 10

Reference pressure (bar)
Gauge 0 to 10 bar, class 1.0, MPE = +-0.10 bar. The gap between the two curves is hysteresis.

+MPE

(GSabn 8315) 255V jloro 35 51 Sy pmmo A 93 (eaiyy 9 ) o Gl U amn > ko — 9 JSds
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.0.02 bar ;S5 [SauSly ¢ iy €0.04 bar Guj s
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S ei Byby |y o Lgis yuo eubiis 9 cuwl ejl5e jl Uas jl Le2gidild Lindy 330 i (gawl

(Measurement Uncertainty) ¢guwludlS cushdeic d>5gs 20
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VI VIV
9) u.=a/Vv3 (rectangular) ; u =U_./k (normal)
- 2 2 2 . —
(10) u =v(u2+u2+..+u?); U=kxu,
bar Ghbiume gujgi b adlio Sy glb> 2> gligzes @
bar i dalgo 3)llianl cusbdpse U
bar (33loais 488 e >ai)§o) LasSy Hlbul cushdere U,

- (% 90 93> ASSUMPTION) k = 2 (jivioes wups kK

bar o35S cuzhdere U

J)9T).3 L il (gpipsSasas ‘(U")‘Q ¢tk =2) U=0.02bar L &0 luliwl 1w ol gope YorwldS glp oaslge
10K/ FS 0.4 % o L +2 K Ug,g.wb,xzdls LgLo.) 9V dgp j| UM Jausd g Lg),gi;g)|)5.’3 0.1 bar (59) Ermud] {o.a.uuSJ
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(a0l 42)9) 0..10 bar 28 Yol cushdpic d>de — A Jgaz

0.0100 2.000 0.0200 (k =2) Jloy 220 3135wl
0.0058 1.732 0.0100 B (6 0SS

0.0058 1.732 0.0100 RIRRY

0.0046 1.732 0.0080 (K ¥4) Lo>

i
olibie

0.0115 1.732 0.0200 Gl U j peaansd
Gl

0.0179 Wleipo £gozo )i

U oaSy Cushdplc

0.0359 U (k = 2) 6558 cushdpas

UNCERTAINTY BUDGET: STANDARD UNCERTAINTY OF EACH COMPONENT (ASSUMPTION)

Reference standard 0.0100 bar
Reading resolution 0.0058 bar
Repeatability 0.0058 bar
Hysteresis 0.0115 bar

Temperature (+-2 K) 0.0046 bar

Combined u_c 0.0179 bar

Combined by root-sum-of-squares of independent components; expanded uncertainty U = k x u_c with k = 2.

Caowl U ) JJoard 9 250 J)l_\.itb.ul )l g U_:)Jks)).: fJ)DJUuwl um_bsro_u: ) d.oJé.o JD pgw — o dS...u
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MPE = 0.10 bar ‘A Jgs> gloaslée 103l

u, = v(0.01002% + 0.00582 + 0.00582 + 0.01152 + 0.00462) = 0.0179 bar
U=2x0.0179 = 0.036 bar (0.36 % of span)

MPE /U =0.10/0.036 = 2.8 ; guard-band limit = MPE - U = 0.064 bar
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