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FMCW, wavelength, antenna, reflection

2  ENGINEERING

echo budget, nozzle, geometry, solids
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uncertainty, FMEA, design verification
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Signal flow of a FMCW radar level transmitter
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Chirp generator N Antenna N Mixer N ADC
(t) sweep T/ Rx Tx x Rx beat signal
J U J J J
FFT Echo Curve Distance, Level N 4-20 mA / HART
spectrum amplitude vs R RL=E-R output
L

Governing relations used in this document:

R=cfb/(25)(E4)
S=B/T(E2)

level L = E - R (E5)

P = (E- R)/(E - F) x 100 (E6)

Product surface

f_b beat frequency, S sweep slope, B bandwidth, T sweep time,
E Empty Distance, F Full Distance (all symbols defined in the text).
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FMCW: itted and received ps; the fr y offset is the beat frequency f_b

m— transmitted sweep

= === received sweep (delayed)

tau = 2R/c : round-trip delay

f_b = S tau : beat frequency

frequency f

4
v

T (sweep time)

time t
lllustrative proportions; delay exaggerated. In practice tau is tens of nanoseconds, f_b hundreds of kHz.
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Antenna radiation pattern (sch ic) and the Beam Angle definition
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alpha: full Beam Angle Angle from the antenna axis (deg)

For an aperture D = 75 mm, theta ~ 70 lambda / D gives 46.6 deg (6 GHz), 10.8 deg (26 GHz), 3.5 deg (80 GHz): approximation only.
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(8) theta = 70 x lambda / D
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Beam Footprint D = 2 L tan(alpha/2): 4 deg shown on the left, 4 and 8 deg on the right
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Angles are assumptions; the footprint doubles when the distance doubles.
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Normal-incidence reflection from a flat dielectric interface (no losses)
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Dielectric Constant eps_r (log scale)

Gamma*2 = ((1 - sqrt(eps_r)) / (1 + sqrt(eps_r)))*2. Real eps_r varies with temperature, composition and frequency.
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Echo reserve budget for Case A (hydrocarbon, eps_r = 2, 14.65 m)
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- -3.0 dB

Reference margin MO Low eps_r Distance 14.65 m  Film on antenna Net margin, alpha = 4 deg
(water, 5 m) (2.0) alpha = 8 deg (+12 dB, G*2)

All levels in dB relative to the threshold; MO, film loss and the required margin are assumptions, not product data.
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Tank bottom Echo: apparent distance = (E - h) + sqrt(eps_r) h

A Echo Curve

bottom

surface

product surface
1
' h
1
1 l—
[

true bottom

———————————————————————————— apparent bottom
(liquid slows the wave)

Case A numbers: apparent bottom 15.36 m (true 15.15 m), 15.1 dB above the surface echo (eps_r = 2, lossless, assumed).
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B L S 5 Joramo AB 1 s temas Vol )15 ol Wy e VU oalold o gly 1) ailiul ¢ el pgles cll>

290 U jl P94 5o b

(Multiple Reflection) 6;,.uw0 > Echo 8.1

Wpdn > ECho aswis .auwp b @ )g,g) 5U 9 d9ub WL Antenna b wasw jl 6,Lg> b 5l QGG 51 G Blgie oo

1wl aliold Zaso
(13) d=kxR,k=23, ..

m k &0 Echo (g 0l dLold dk

— Ulg gm.)ub)b 9 &b.w O d.ols L.A.MS)JQLAQ) Sl k
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o g0 ol 14.0 M ) pg> Echo E = 15.15m b yjxe 9 Reference Point jI R = 7.0 m dlold )5 Jpaxo sly
) bl 698 Nilgie 9> ECho (18 «Ll) 6xied0lilb jluw pdow 9 i wadw ) . 2lg,uSejlal 5y 5> Echo g5 o
9 203y cuwd jl |y ol A8 yirawslys S| .l 0381y g yictued Vgamo 3)l> zge g B b «bgy3o b (69,5 whiuw
65051351 092wl Uas locdlo ¢ayidy il S ol 9o GBS Il WelS g ool phaww jlado 2150 |y pg> 418
a0 plul Lawlio &bl pubis g Echo Curve s loabold cuus ) b 6pumeiz ECho ) .auy0 155 @ «ellwy

948 30l pglso b 59, 2L Mapping i g

Nozzle L,uu.buﬁag):\ﬂu )J' 9
5353 b amplioy8 Zzgo Jsb b o yh8 )S1.aS e wulsd juwe jl aisdu )3 1) g5y aS Cuwl diay (318 dg) S; Nozzle
oil5)8 Sjlwe HiSpgwd) ool of )5 GiHl I sy 9wl gSee Ol )> )Ll d90 Xz b zee Job iz |l
1Mo 25 bl 51 D a8 @y glopls Agl )5 (TETT) 390 ouyiomly g8

(14) f,=1.8412xc/ (pixD,)
Hz Glogls> Ayl )> aily d90 ghd uwils,s
m Nozzle l>l> )b D

- w2 dde  pi

26 GHZ sl 3.4 il 6 GHZ (gl gh (uilS)d a3 )8 (uilS)d amss aanl f, = 1.757 GHz ,laéo D, = 100 mm l,,

Olgicas Nozzle g g juiiio alg) ¢l 5> Llgise z9e wlS)8 aw o )3 Sy ‘el 45.5 ply 80 GHZ (gl 9 14.8 ulp
o3l p» Nozzle il g sl led by lodge bl 5S)j Coms ol azpo 03lw Ehow Sy @b S0 Jos pzge S
abyly aed (g9) jl W e 0lw Jesdlygiws g dwis (g9 jl | Nozzle Cb.b Jdd pues @ fcuwl JSLAVE SURN)Y)

[ MANUFACTURER-SPECIFIC DATA ]

(Ring Echo) (glail> glwEcho 9.1

&lo> 9 Nozzle gl yw zgoo il Nozzle Goc j> gl @loml L 505 )18 o)L ¢ aily dg) J>I> Antenna S

Mg 0 030> Nozzle Job plp 95 Gudo ) ol jl Ll gloECho 35S0 cuiSpgend) )b iz Antenna

(15) Aingk = kx 2 x L
m Reference Point jl k &0 (glasl> Echo (g ol dlols dringk
m Antenna &> 55 Nozzle ygo Job L
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Long narrow Nozzle: ring echoes in the measuring range (simplified geometric model)

Blocking

Product at Full: 1.15m

Echo amplitude

k=21.6m

k=324m
Threshold

1
ring echoes at k x,'z Ln
1

Noise floor

1
1
[l
1
1 1
[l
1
1

Distance from the Reference Point (m)
Dn = 100 mm: lowest-mode cutoff 1.76 GHz; f / f_c = 3.4 (6 GHz), 45.5 (80 GHz). Ln, Dn: assumptions.

NICO gzyo LuSce Glae Antenna g osbw Luwiisd Jio 5,:50j1351 5y )5 gladl> glwEcho g <Su)L g 33y Nozzle — Yo JSuis

b F=1.15m ,lp Full Distance )31 .35gi 0 yolb 2.4 m g 1.6 M 0.8 M )5 sladl> gloEcho L = 0.40 m gl
9 Blocking Distance b 5 ¢l jl 3L 0 pow g cuwl yio 0.45 ¢ 0.35 hid gladl> ECho )5cS0355 U ) pdoaw dlold

0d9luge « Nozzle (3,S5LaS L 5,56lgS tcuglgl wulyi @ wiige J>ol) .59 ) False Echo Mapping

.Mapping L loEcho y38,S62u56 (5T )5 g (Nozzle cuwlio Antenna wlsil 0355w jlxo $jlailay Nozzle ;1 Antenna

A8S uyp pd g2 pebuw gl |y Nozzle — ENGINEERING TIP

Lg » &h.u.l )» Antenna a d.’i.uu|9§b lemEChO UJ)J-.S.J.))J Lol A.USUQ W) U.ub ab.u: le)'.’ hsg |) Nozzle ijgm Ubb.b

g S glasls gloEcho b ol e 30 Blocking Distance U auisls> ¢ Full Distance ¢plplo (S oe wold) Jea=o

1920 jl Wil wlali g &S Nozzle 10

dlold > Antenna @ cuiSjh glea pdaw glail Echo wuil &S beta §jlulay adaw p dg0c 4 cuus Nozzle jg=o )3

ile 39,8 O jl S Guilz
(16) s = 2 x d x sin(beta)

29l 0 yio 1.74 9 1.05 udiay 5° 9 3° 6lp 9 230 Ll g§|)2.3| 0.35m 93> =S Az Sy, d=10m slp
Glasgly Bl 5l Ll wlali gly LwglS Jxe .3iloo 495 Antenna jl ECho wgui yibiuy gl &) glaid jl Blyzuil ¢l idg

1DI0 yj Y W Gy (OUL g jl 9o

(17) A, =24 x (beta / alpha)?
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dB (U,wglg L_U).QJ) té|)_’>.3| 51 b dl AP
deg w2 d9ac 9 gy j9zo o dugly  beta
deg

giy JolS dyl;  alpha

Inclined surface: the Echo leaves the antenna and the pointing loss grows with beta

loss = 24 (beta/alpha)"2 dB
] v 2
- - |
l-!- 5 = alpha = 4 deg
== alpha =8 deg
= alpha = 15 deg

specular Echo path
20

| beam axis

Pointing loss (dB)

1
1
1
1
1
1
ibeta

1
B
o 1

1

beta (deg)

inclined surface
Dashed grey line: surface normal. The reflected ray deviates by 2 beta from the beam axis.

beta: angle between beam axis and surface normal; Gaussian-beam approximation, REQUIRES VERIFICATION per antenna.
Gl 630 CS a.b.uu hid (&0 U,uS.c LgJLb.c Antenna ¢Echo .l 9 Jl)g..}.ﬁ) a.b.w -1 ds..u)

Fuwbus =S plp )5 50,0 9y S «dB 13.5 plp alpha = 4° 6l 9 cuwl dB 3.4 «él alpha = 8° 9 beta = 3° slp

Bl )JLS/))J U;Lmuéb_‘)_ﬂ 30 9 Gl w8i alayl) 590 dB 54.0 Py 4° slpg dB 13.5 Py 8° slp gl beta = 6° L .l

[ REQUIRES VERIFICATION | 3,135 <185 a>)> iz

AS 0 Cuwyd |y 920 alhazo yAilsy> — CAUTION
2Wol L hid joxo =S .2iSai yooc | Antenna jo=o IS (6399 b ,Suinles plocugs gly SuwguSUl dhdxo (3l

zWol jl Ly Echo dol> Xles b 2l g dgube s (augly pubais bl L Antenna b «euais dxauo ild) Ssle

g alojl il

K]
Molz g ubo :Jgrazo b Awdi 11
t.S_'>95 lemab.w :U.)b)g L ﬂ.)ag.o &:Lo &b.w ..Ub)gu.o).) Antenna Cuouw @ [, OG;L 9 Cuwl L5|c1.1:gT iu)m ‘o|)T &JLO ab.w
2w 35S e lwgs ECho dinls ¢ 355lwye Antenna 4 | QUL oyl jI iy hiéd ojlw e blite glocud b disie
wanl o) 625 31 e (ands5 6395 b Uiy bgye) O LIS Ui Lol (a0 0338l WL 9 cawl iks Ugamo dol>

S0 i ) QUL gz mhw o o 1)

U3y daglj b glaw 11.1
9 970 )3 bgyke glas)l bl R gluw gled g Phi iy digly 51 .5jlwie boyso S glaw jSp0 55 kg I Gy Jol>

ki Wl (o2 Glas b ailgiuwl gloay bgyo) pbhw oz Jsleo gls)|
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(18) h, = R x tan(phi) ; heq =h. /3

m 0)lou> xhaw ) i j9zo )3 bgyRe glas)l g
m (ghiio g y puwiil bg)ke px> ) bgyo ez Jolze gl hyg
m obuw gley R
deg (6,8) 2ol> iy, &gl phi

»lr Joleo glas)l a4y s U§.XAJLN sl g cuwl 6)lgus 51 G5YL 4j ab.gl) il Gxo o g0 I T alols P s dhas )»
el ol G|

(19) hr=hc><(1—r/R);bias:hr—heq

Silo: the angle of repose tilts the local surface and biases the point reading

specular path:
70 deg off axis

,+ local ngrmal

i
.
.

.

.

.

— :
.

.

i

.

.

.

.

h_c heap height at the axis
h_eq volume-equivalent level (h_c/3)
h_r local heightatr=1m

< >

N 2R=4m

phi = 35 deg, R = 2 m: h_c = R tan(phi) = 1.40 m; h_eq = h_c/3 = 0.467 m; h_r(r = 1 m) = 0.70 m; bias = 0.233 m (assumed geometry).
o A <ae e I . . . .. E H N &
_))b @)3 o> d)l&o E_LQ.:)| L) 6|Qbm ELQ.J)I 9 .MSUA a)b )90 )| |) LTJLJ)L) ab.w k_,l:zn [WUEVY} 5U.u),g) ngb LJ 91.A.w — ¥ dS.w

b r=1m ;> Antenna ,SI .l heq =0.467 m Joleo glas)l g h, =1.40 M bg,%o glas)l phi=35°gR=2m{
) e gl L)l (paBiy Aol (6,S6jlxl Sy i iy el 0.233 M Saiglas las g h = 0.70 M loxo prhaa
hsd 80 Wyxio jo2e I 2 phi=70° glaul GUjL g cunl az)s PO e i glojasd a0 Uas ay ojlxl ¢l U
» Giire hid lodzoel) .l gile jl icaisis HLuw Echo ¢ 35,5, Antenna @y silgie opins haw 83iSly QUL
6350j1351 b bgyRe jomo Cuow 4 gz b8 b Antenna easjl wigkivo b cawlio gleid )3 wuas xlhb
51> 8° dygly L dB 3.4 593> ;> idl 3° 9 dB 9.4 593> ;5 a8l 5° 635l 8L Whssl (Lodeng I Gy 505 g, jl px>

.(( REQUIRES VERIFICATION | « 915 «uy585)
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b aw )5 Echo Curve U gjlaslel, 12

9 E=10.15m U ,5)8 yio Sy W S 2394 65lgs bauw 2z ) aSil by 4y cuwl paasai ol il Echo Curve
7.4m ;> 295 9 5.2m )5 alg) 3.0 m > b 0.3 m )5 Nozzle :a25,0 plis xbuw aw ) | eyl Echo jle=
.(ASSUMPTION)

Echo Curve at commissioning: fixed Echoes vs the moving product Echo

Nearly empty (5 %) - product Echo at 9.65 m

° product
S
2
=
§ Nozzle 0.3 Ladder 3.0 Pipe 5.2 Coil 7.4
Threshold
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Noise floor | _ J \___
0 2 4 6 8 10
50 % - product Echo at 5.15 m
o
S
2 . . .
£ collision: separation 0.05 m is below
a N N
5 resolution 56 mm window
<
Threshold
5 5 R A VR £ S ——— A W Noise floor _________
0 2 4 6 8 10
Nearly full (95 %) - product Echo at 0.65 m
° product
S
2
=
£
<
Threshold
LV R A W ——— A W A W Noise floor _________

Distance from the Reference Point (m)

Fixed Echoes (assumed): Nozzle 0.3, Ladder 3.0, Pipe 5.2, Coil 7.4 m; Empty Distance 10.15 m. Mapping must be recorded with the vessel NOT at 50 %

Sgi0 Se ag ECho ) Jguazo ECho Lilwe xhaw )5 fjlaslel) o aw > Echo Curve — W (Jsi

(56.2 mm Llac 2gidg) wul sloEcho b Jauazo ECho 3,951 Ly — & Joaz

<wuls ECho ¢y 505 (m) Jguazwo Echo dlold

I3 2.25 Coil 9.65 0.50 I b

2909 j| y5aS aliold :5)95 0.05 Pipe 5.15 5.00 J0)> Bo
lx> 0.35 Nozzle 0.65 9.50 2 yd

Cunl Gloe paidg jl yieS 0.05 M alold )15 1,8 5.20 m > alg) Echo g cuuwl 5.15 M Jgaxe dlold 3us)> Bo phuw >
Oleps (3.0m )5) ybsp Echo b Jgame ECho wuwy 7.15mM @ abuw S| Guizes gdue 630> S ald g5 g
Echo g 59y Jpazo aS >9i plil idg 3L False Echo Mapping wud :@upSie jlailely gl azuis 95 .ogi0
0SS 9 1) bgr wsall Wygod Lk 395y Gloasl jl ahuw jore g (Jbio o2l )3 10)> Bo )> @) Abl eslias il

g JLis Echo Curve > (el
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Build-up ¢ ¢yleso (Foam 13

Foam 13.1

Ly f @alo omm juuS b g 315 )3 2ilo 9 lgo oy 0T 80 SuyiSllisd wupd il galo 9 Iy WL I bglie Foam

(Ajeel J3o) d9:80 391 2 03U s dbyl, i
(20) eps,;~ 1+ (eps, - 1) xf

f=5% sl t30)3 2.09 630LjL ¢lg5 jwS 9 €pSe = 1.79 jlado =1 % g (5)9) eps, = 80 L T &b » Foam ly
230 i6ed WL S JBe Foam )05 5929 Joly 93 .300)> 24.8 9 8.9 jlade f =10 % sl g t30)> 14.4 9 4.95 )lsbe
2 2550 598 OF 3l Z90 9wl Blad Loyds s QUL b JBzeS Foam g ojluy gilo slzay |y 393 ECho lgie 9
58 a9 0.30 M crolius U 1aiSue waneids |y zgo FOAM «olijl 5 sole .)l> ahw glas jhs wll> g

b Echo d2395 A¢ )5 3L aS <l 3.0 dB ad,bg> wél 5 dB/m

STV g plaso 13.2
bl azgiblB 2oe Job @ s o SupiSl cuolius aS 3)ls jil idg Nozzle é)lgy> L Antenna gg) plese ;L &V
80 GHz ,> 0.0267 ¢ 26 GHz ,> 0.0087 6 GHz ;5> 0.0020 zgo Job & wrolius s 0.1 MM Libyd T &V (gly
a4 Vb sy Cuwlns clply ccunl Gl GuilSy8 51 5138551 ply 63w 393> YU GuilSyé ;> Al plas iy !

aid)S s ;> L=hb ) ) Sol Uigy jlo Wyguo )3 9 wlio Ll «Slo xbuw L Antenna g cuwl kg 6,h8 g gl

[ MANUFACTURER-SPECIFIC DATA | 5950

Build-up 13.3

a8,bg> OWI izl 131> dely 93 iSue Jee adldl Sy ystled &Y Sy Jio Nozzle L Antenna g, osimuz wigus,
diol> 2)35 GiolS pausin Colle . AiSe sl i woli Echo aS ¢lamecSosis o8] s 9 (ECho d=sg: )5 Af)

Gl LSS W)ygo ) 9 gl «6l6)9d w)ib ol Ll Antenna ay Sudjs jugs xbw 0i8; Vb 9 Jera=o Echo
.l Purge jl eslasiuwl b 02> (5939 9 Lo xbuw L Antenna

wgw) (59, Mapping — COMMON MISTAKE
9 310 3929 guglimuiy I Lug aS AS e wud wbiwl > |y GECho «)l> wgw) Antenna i8g False Echo Mapping elzil

), Mapping &)U 51355 4ol 53 g 35S juad Mapping jl Giww |, Antenna .assie GiolS Judsis |y (6l Sl duil>

Js g Lod L 1)Liisl o glas 14

oS N oSl o pd 350 15 53 090 Dl Us )5 )95 cucpw (2)8 b OLpd (il b cuiSygend) ploj jl aliold
o pd lgdands )lf Gy dgbe y=8lg alols 5l Ui g0l alold el ¢/ n Too Wacypw 9wl Syl )JS))J
0 5 Al jl abold slas g AS e s Ghs Lid b Lo yis j5 Spsdlsd
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(21) dd =d x (sqrt(eps,) - 1) =d x (eps, - 1)/ 2;eps,- 1=Kk, xp

1/atm

atm

& )Lid )3 58 Sppislle> copd  eps
(013) yinal S 53 Iy (sl 5.36 x 1074 1g)Lid oy K

8 §lbo Lis  p

131 mm plp 50 bar(a) ;> 26.4 mm .l 10 bar(a) > ad>,0 Uas 2.64 MM >35> @lho ;Lid )L o d =10 m gl

ugb).o )lg L Sow 0.3)59).\‘.5@ ;)L">_g lSI)'.’ 9 Gl 6300 lgo (SI)'.’ kp o .(\\C dS.w) cowl 2617 mm Pl 100 bar(a) )29

iz |y copb Blgie p)S 0ie > JUs L 6iagay { REQUIRES VERIFICATION | Al cauwd @y (6515651351 | jiiso 330 j1 30U

YU )Lid pj2e 5> pay 338Se Oz culi jLid 3959 b badd b 3iiSes gl | Uas ool loyieuslys jl g)buwy 35S plp

(az>9) Jgaz) by azsgs > 2L

Swgwlyidgl yisoawsilyi L auwlio 14.1

SLSuilw doys a T L asli p yio ¢(T) = 331.3 x sqrt(1 + T/ 273.15) :cuwl aiuwulg @lbo glod a5 55 Weuo cacyum

bs d= 10m)_> 9 w0 asl o yie 354.7 ay 343.2 )'| CUACyuw (DGl rol_‘_k.ﬂ o> U|):A:?939)g 40°Ca 20°C 1 Les )§|

) )lg sled Ol yow Swgwlydgl glas rcuwl ¢l Gwlwl wglai . pglS o glp 0.169 % 393> iy uwl 325 mm

300

200

100

Distance error at 10 m (mm)

2528500 |) (A L) )55 s Ly p Gl 6 o2l o )15 6y b)) Lkl o

Propagation-medium error: radar vs uncompensated ultrasonic (10 m)

400

Radar (air-like gas, assumed) Ultrasonic, uncompensated
261 mm
325mmat 20 K
€
g 300
€
o
®
131 mm 5 200
5]
@
o
c
8
2 100
a
10 bar: 26 mm
1bar: 2.6 mm 0
25 50 75 100 0 5 10 15 20
Gas pressure, bar(a) Temperature deviation, K

Radar: (eps_r - 1) = 5.4e-4 per atm assumed -> 2.64 mm/bar (REQUIRES VERIFICATION). Ultrasonic: ¢ = 331.3 sqrt(1 + T/273.15), 0.169 %/K.
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055 S5 5o Lo uwilSyd duulde 15

9 Ylawlio lp b3 slacl .l 60l 1) dgdz o Hlud GLQUD)B Ole U Nozzle 9 ylzwo iy B Ua.uls)s il (G R

g 505 0315 s NICO Jao gasd a

(75 MM (16,8 &lo> ,b8) g2y0 Glouils)d dunlie — ¥ Jgaz

100 mm glys f/ f, Cananss 0.1 mm &V Su,iSUl caolsud (m) 10 m ;> asJ (deg) g3y gz
3.4 0.0020 8.62 46.6 6 GHz
14.8 0.0087 1.88 10.8 26 GHz
45.5 0.0267 0.61 3.5 80 GHz

&}LO L \5.995 Gl o)L 9y as k:"99 »VL U»J'S),Q £l aliuwo 23b Nozzle b U"S*‘*““ ulzwe [Foam as 5> forcgy UAQQ )Ju,ub U»JlS),Q LS VNY=Y) 3acld
[ ENGINEERING RECOMMENDATION ]Dgwun Lr.’L")TL;‘-*"’l) Cuai Jxo (5900l) Wljyso g 6355w (18 3§H L 2o paoual yo .31 cuglgl Sudp

Jicl 3> 9 pasdlao JUSaw Gbjlayy 16

Wl usige Sl a2 (59 o GSikine eanlie biib (Xgdiel Lol Xiw al )3 9 Nlobaisl ox5jlu o Gl pieS)

Cowl o.\.oT

bl 9 (65 Silo 0y 16.1

9 Glol gl paduer Of digjo 1o @S Caub LAl Glowg) U dgie wpd iy So 5o JUSw g8 Jaad I iy
L GOobas plwgs JSI.3g0 6)SuSile Glgie o)l diz Guw (3w 2l )3 1.5 68 06) Cuwl zody Lol
9 N =tau/TOSC =5 Jsiuwwo é.:gm shasi b 25 glwgs 3)9.3 9 10s o Liloj wuli g el asiul> 30 mm &iol>

Ay 13.4 mm 835k ,8L @y sqrt(N) = 2.236 s b glwgs GiusS

(22) sigma,_, = sigma, / sqrt(N) ; lag = v x tau
mm adgl plwgs dinl>  sigma,
mm E3S0Sle jl pay 025l 8L plwgs  sigma

- wiloj el )5 Jdtiwo diges dlasi N

m/s ab.w A acyw VY
S oo Hloj i tau
m L=Blg b @ Cus Liinled Hlade sl lag
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9 0.5 glp fcwwl cade 0.167 M Ligles jlado tau =108 g TmM/mMIn Gakyy cepw gl 1wl ).*:;L; w2 sl
1 objee hao Jlacl )15 28 )il DCS > g yisouwilyi )3 alhae g0 yie 0.333 ¢ 0.083 Cuiyiay 2 m/min

D350 Gl Judo 1) adls s g cuwl guly oliuil Sy DCS )5 g yiremslys

Loy 2b>) 9 Echo wlkiil 16.2

L asliw 1 5YL &8 oyl cald (pyiis9d 23S0 ) @ Jguamo 1S Ll sly |) Woylmo ol jl S Ygoso siuowilys
Echo (g9) wauioJad I uy (Echo Tracking) Loy b3y -3)15 3018 a4y (i Gl ¢ ixio yj o ¢25S)j b glald
Jlocl |) b s jloxe cucyun SiSIA> g A0 gm0 CuuBgo (ST Blbl )5 Syl 82y @ |) s2gcume (Jaazo
Echo So sl &b.,w )fl 1wl «oloul Echo 59y VS ):S)) UT Lue 9 bis GLQEChO Rl (5)|),g|,3 QT Cojo XS0

vy ol )licl 3> — NOTE

AJ|OAJ)'Lw o3> (LﬁL.‘.")) )lan Cac « Echo ulau| JLJ.mo ‘L,JQ)[? Slas Oy &9.1) U9§|9 lem)i‘obl:g

) oiws Jo=lhgiws gl> g awl pggbo o wdigo il hdd oaol uw (ul j> azul [ MANUFACTURER-SPECIFIC DATA |

=

S

Sudj dasb g Blocking Distance 17

DS Jize |y gilwySuil Nozzle g ailas glowlil o dlessis laz joid il o LJlw)l zge Antenna a; Susp
Jro plo Lid 85y jl bhad ol jlade .35 b Blocking Distance sl ¢yielao (68651351 o )3 yisoawilys aS glaxsU

olas BD I > as auil> L F-BD >0 :cuwl o5lw >hb byd [ MANUFACTURER-SPECIFIC DATA | Sguin,e 6lgs

bl Full Distance jl pousg jl yioS dlold )> (dringk akyl)) Nozzle dsl> gloEcho ,3I .cuwl Blocking Distance
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Error tree of a radar level loop (from the displayed level back to its sources)

Error of the level shown at the DCS
total, to be bounded by U

N\ \ N\
[ Distance R [ Datum / geometry [ Signal path

measured by the radar E, F, reference point mA, DAC, DCS, scaling

Instrument accuracy Empty Distance error
stated, reference conditions measured vs actual

DAC / output trim
16-bit: 0.24 UA

pressure, temperature, vapour tank, nozzle 12-bit: 3.9 uA

Echo-position bias Reference point
foam, motion, multi-path flange face vs datum

Scaling / damping
LRV, URV, lag

“\ s N\ a
Gas propagation Thermal expansion <[ DCS input

Wrong Echo tracked
collision, false Echo

e B ——

Errors combine statistically (GUM) once each source is assigned a distribution; large, systematic errors (datum, wrong Echo) are corrected, not combined.
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Standard-uncertainty budget at 10 m (rectangular limits, GUM-style RSS)

Instrument (stated accuracy) . 1.73 mm

Empty Distance / datum - 2.89 mm

Tank thermal expansion (residual) . 1.73 mm

Gas propagation (residual) - 2.89 mm
Echo-position bias - 5.77 mm

4-20 mA, DAC, DCS, scaling - 2.89 mm

Combined u_c (RSS) _ 8.02 mm

Every limit is an ASSUMED value for illustration; u = a / sqrt(3). The verification reference is added separately at the acceptance step.
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Dy, (4) = 2 x 14.65 x tan(2°) = 1.02 m
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