Justervesenets arbeid med CMC’er i1 BIPMs KCDB
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CMC 1 KCDB MRA database

Q[25, 0.44E-06 L]
60
50
E /
Results for: Length > Dimensional metrology > Linear dimensions > End standards > ¢
"Norway" § 30
4 results ;;, 20
10
In the CMC uncertainty statements, Q[a,b] = [a® + b2 0
0 20 40 60 80 100
Unless otherwise stated the expanded uncertainties given below correspond to k=2 (at a 95 % level of confidence)
Lengde, mm
GROUP ID SERVICE PROVIDER  * 'C':)S[T"'EME SERVICE = COMMENTS SERVICE
Norway , B Dimensional _ ) .
W JV-NL-LEN-020 Display comment metrology Linear dimensions End standards Gau
Morway i Dimensional . . .
-MNL- - DO =
v JV-NL-LEN-030 Display comment metrology Linear dimensions End standards Gau
Norway _ Dimensional . ) .
_NL- o ] Wi =
v JV-NL-LEN-021 Display comment metrology Linear dimensions End standards Gau
MNorway ) Dimensional . . .
-NL- - O =
v JV-NL-LEN-022 Display comment metrology Linear dimensions End standards Gau
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CMC 1 KCDB MRA database

5 Instrument or Method of |International . Uncertainty Uncertainty NMI Service
Quantity X Parameters Measurand Uncertainty . Comments Approval date .
Artifact Measurement standard Equation Table Identifier
Central length L of .
Interferometr 25.0,50.0] nm 25 nm, 0.44E-06 Vertical
End standards Gauge block . y gauge block : steel [0.5,100.0] mm [ ] al . . 2016-09-12 |JV-NL-LEN-020
exact fractions (Absolute) L1() orientation
and tungsten
Interferometr: 20.0nm Vertical
End standards Gauge block . y [0.0,20.0] um . ! . 2017-10-10 |JV-NL-LEN-021
exact fractions (Absolute) orientation
Interferomet Temperature : 15 °C 7Kt Vertical
Endstandards | Gaugeblock | o clomety perature K 2.08-7K vertea 2017-10-10  [JV-NL-LEN-022
exact fractions to25°C (Absolute) orientation
Mechanical 0.07,0.2] um 0.07 um, 1.8E-06 Vertical
End standards Gauge block . [0.5,100.0] mm [ Iu al W . . 2009-01-30 |JV-NL-LEN-030
comparison (Absolute) L]() orientation
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CMC 1 KCDB MRA database

I.

Quantity End standards End standards End standards End standards
Instrument or Artifact Gauge block Gauge block Gauge block Gauge block
Method of Interferometry exact |Interferometry exact | Interferometry exact . .
) . . Mechanical comparison
Measurement fractions fractions fractions
International standard ISO 3650 ISO 3650 ISO 3650 ISO 3650

Central length L of

Length difference of

Thermal expansivity
Temperature : 15°Cto

Central length of

Parameters gauge block : stefel and gauge block pairs 25 oC gauge block
tungsten carbide
Measurand [0.5,100.0] mm [0.0,20.0] um Kt [0.5,100.0] mm
. [ 25.0,50.0] nm 20.0nm 2.0E-7K* [0.07,0.2] um
Uncertainty
(Absolute) (Absolute) (Absolute) (Absolute)

Uncertainty Equation

Q[25nm, 0.44E-06 L]

Q[0.07 um, 1.8E-06 L ]

Uncertainty Table

Comments

Vertical orientation

Vertical orientation

Vertical orientation

Vertical orientation

Approval date

2016-09-12

2017-10-10

2017-10-10

2009-01-30

NMlI Service Identifier

JV-NL-LEN-020

JV-NL-LEN-021

JV-NL-LEN-022

JV-NL-LEN-030

DimVIM:

2.2.1

gauge block

central length; variation in length; thermal expansivity; length
difference of gauge block pairs

https://www.bipm.org/en/committees/cc/ccl/dimvim

CMCs ‘FAIR’ (Findable, Accessible, Interoperable, Reusable)
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https://www.bipm.org/en/committees/cc/ccl/dimvim

Ny CMC for kalibrering av vater -

Sinuslinjal, L =300 mm
Passbit, L =3 mm
o =-10 mm/m

o= -10,000 5 mm/m

\/1 — (PB/L)?

Innvendinger fra teknisk ekspert:
- Usikkerhetsbudsjettet ditt ser jo greit ut!
- Men hvordan kalibrerte du lengden til sinuslinjalen?

OBS: Det kan veere en forskjell pa mekanisk malt lengde og den
effektive lengden til sinuslinjalen ved ulike vinkler!

Justervesenet
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HP 5529A laser interferometer

. HP angle
Checks of alignment HPangle retroreflector
Alignmentby interferometer

rertroreflection

Angle adjustmentby shims
Side adjustment
Hight adjustment

Small plane table

| Micrometeer stage,
e e #1155 mm
S Planetables o
Justervesenet =
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(mm) AL AL/H '\, .
a(—)= = a o)1
m/  HZ —AL2 \/1 (AL/HY? - Starrelsen H ma kalibreres!
. Da er dette en primaer malemetode for vinkel.
ALl
e (mm) PB PB/L
1 \ a == =
nl m /12— pB2
|- \/ 1-(PB/LY’
& (") = 3600 - arcsin [ = | ~ 3600 - = | L=pg. l1+L
H H | a?
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l.

Lengde til sinuslinjal

Far validering: L = 300,056 mm * 0,050 mm (1 sigma) mekanisk maling

Etter validering: Ved 16 mm passbit: L = 300,086 mm = 0,026 mm
Ved 12 mm passbit: L = 300,085 mm %= 0,034 mm
Ved 6 mm passbit: L = 300,076 mm = 0,069 mm
Ved 3 mm passbit: L = 300,043 mm = 0,138 mm

Effectice length of sine bar at different lengths of gauge blocks, mm
300,3
300,2
300,1

300
299,9

ine bar

Length of s

N
©
Lo
00

299,7
-20 -18 -16 -14-12-10 -8 6 -4 -2 0 2 4 6 8 10 12 14 16 18 20
Gauge block length, mm
Justervesenet
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Ny CMC for kalibrering av vater, tidslinje "

Sendte ny CMC til TC-L, Tanfer Yandanyan (TR) oppnevnt som ekspert:
Spgrsmal om validering, Tanfer foreslar at jeg bruker HP5529A malesystem.

Kalibrert angular reflector og angular interferometer hos METAS

Ilkke samsvar med tidligere malinger av L:
Uklarhet 1) Kalibreringsfaktor K fra METAS <-> K i HP programvare
Uklarhet 2) Feil i HP programvarens visning av vinkler i um/m

Innkjgp av hgypresisjon elektronisk vater
Nye malinger av L

KCDB oppdatert, inkl
valideringsrapport

Euramet expert: OK!

MO: CMC aksepteres

Jan 22  April 22 Hast 22 Jan 2023 Var 23 Sept23Nov23 May’ish 2024

I R N s Tid for & vente pa andre
Tid til malinger
I N Tid for oppleering og dokumentasjon
Tid for ferie

Istervesenet
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Vater nr 1: Opplagsning 0,01 mm/m

_ HP angle
Checksof alignment HP angle  retroreflector

Alignmentby interferometer
rertroreflection

HP laser

Angle adjustmentby shims
Side adjustment
Hight adjustment

Small planetable

‘| Micrometerstage,
| *15mm
Plane table

Rettlinje-tilpasset modell Rettlinje-tilpasset modell
y =-0,0021x - 0,806

-0,6 -0,60
£ 0 R? = 0,9959 y = -0,002x - 0,797
g -0,65 -0,65 R*=0,9857
) _0170 S '0,70
£ <
S -0,75 £ .0,75
3 ——Usikkerhet - e Malepunkter
= -0,80 § -0,80
2 e Maledata s ——Usikkerhet
£ -0,85 . 0 -0,85 .
© ——Usikkerhet 5 ——Usikkerhet
5 0,90 —Linezer (Méaledata < -0,90 — Linezer (Méalepunkter)
‘2 -0,95 -0,95
(O]
5 -1,00 -1,00
* -55-45-35-25-15 -5 5 15 25 35 45 55 -55-45-35-25-15 -5 5 15 25 35 45 55

Avlest vinkel, mm/m Avlest vinkel, mm/m
Justervesenet =
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Korreksjon fra linjetilpasning, mm/m

Vater nr 2: Opplgsning 0,001 mm/m

_ HP angle
Checksof alignment HP angle  retroreflector

Alignmentby interferometer
rertroreflection

HP laser

Angle adjustmentby shims
Side adjustment
Hight adjustment

Small planetable

‘| Micrometerstage,
| £15mm
Plane table

Rettlinje-tilpasset modell Rettlinje-tilpasset modell

8’83 y= 'Oé?(ilg”; ;9040277 8’83 y =-0,0012x +0,0249

! o ! R?=0,9984
0,06 P € 0,06

0,05 = 0,05

0,04 _ € 0,04 .

0,03 Usikkerhet g 0,03 e Malepunkter
0,02 o e Maledata '*;3 0,02 —— Usikkerhet
001 — Usikkerhet £ 0,01 —Usikkerhet

! ~

0,00 —— Lineaer (Maledata) 0,00 —— Lineaer (Malepunkter)
-0,01 -0,01
-0,02 -0,02

-22-18-14-10 -6 -2 2 6 10 14 18 22 -22-18-14-10 -6 -2 2 6 10 14 18 22
Avlest vinkel, mm/m Avlest vinkel, mm/m
Justervesenet =
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Vater nr 3: Opplgsning 0,001 mm/m

_ HP angle
Checksof alignment HP angle  retroreflector

Alignmentby interferometer
rertroreflection

HP laser

Angle adjustmentby shims
Side adjustment
Hight adjustment

Small planetable

‘| Micrometerstage,
| £15mm
Plane table

Rettlinje-tilpasset modell Rettlinje-tilpasset modell
g g:gé y= —0,20011x - 0,045 8'8; y =-0,0009x - 0,0494
€ -0,01 R"=0,9454 001 R? = 0,9614
£-0,02 ° £ 002
c €
S -0,03 \ —Usikkerhet £ -0,03 e Maélepunkter
= -0,04 . 5 -0,04 _
£ -0,05 ® e Maledata 48. 0,05 —Usikkerhet
£-0,06 o ——Usikkerhet g -0,06 - ——Usikkerhet
E -0,07 ¢ —Linezer (Maledata) > -0,07 — Linezer (Malepunkter)
£-0,08 -0,08
§-0,09 -0,09
-22-18-14-10 6 -2 2 6 10 14 18 22 -22-18-14-10 -6 -2 2 6 10 14 18 22
Avlest vinkel, mm/m Avlest vinkel, mm/m
Justervesenet =
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.
g = 9.780318 (1 + 0.0053024sin* ¢ — 0.0000058 sin” 2¢) — 3.086 x 10~°h

Lille g i ulike byer
9,827

9825 e Tromsg
9823 e Bodg

..... o Trondheim
- *Alesund
9819 _o® Bergen

-2 0slo
9,817 _..~® Stavanger

Kristiansand

Lille g, m/s?

9,815
9,813
9,811
9,809

9,807 e ZUrich 408 m over havet
45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70

Breddegrad, °
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Korreksjon for lokal g

: Ical .
Acorr = arcsin(—— - Sln(aDisplayed))

.gMeas

Kalibrert og innregulert i Zirich, maler i Oslo

2,5
€ 2,0 .o.
= °
€ 1,5 o®
g o®®
> ®
95‘ 1,0 ......
S 00®®

> M

0,0

0 200 400 600 800

Avlest vinkel, mm/m
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0,10
£ 0,08
€ 0,06
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X 0,04
2
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0,00

.o
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.
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To nye prosedyrer | kvalitetssystemet

JV-NL-LEN-112 Kalibrering av vater ved sinuslinjal

JV-NL-LEN-112.01 Maleprotokoll og usikkerhetsbudsjett
JV-NL-LEN-112.09 Oppleeringsskjema

CMC claims:

Clinometers, resolution > 10 um/m,
Straight line fit to all measurement points on the scale, range 53 mm/m,
U(95%) = 0.020 mm/m (4.1”), k = 2 for a normal distribution.

Checksof alignment

HP laser

Small plane table

Plane table

JV-NL-LEN-017 Kalibrering av elektronisk vater

ved laserinterferometri
JV-NL-LEN-017.01 Maleprotokoll og usikkerhetsbudsjett
JV-NL-LEN-017.09 Oppleeringsskjema

However, poor repeatability and a poor fit of a straight line to the
calibration points will increase measurement uncertainty.
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