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Present apparatus in the new laboratory

New force comparator,
vacuum compatible

Laser source for
interferometers

New mass
lifting device
- HT

« Modifications made o accommodate the apparatus

« Also some new components
« Fully operational in air

Bureau International des Poids et Mesures




New components for the watt balance

most mechanical

In-situ arts available
calibration of P
weighing cell l
M to be integrated into
ass suspension
exchanger l
Dynamic ready for
alianment measurements in
J 2014
system

New magnet vacuum: < 0,01 Pa
no air convection; no air buoyancy

no air refractive index correction
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Fabrication planning for the new magnet

\ Contract with Fraunhofer IPT

2l kmall parts = from B

si&;.:; Pre-machining of $2-41:b
| .

FM-Al: Dimensional
control by IPT

Twriches

Purchazse SmCq from VAC

ver Trizl assembly at EIPM
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New magnet: fabrication of parts

g ner. cover
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' parts now at BIPM

All components meet the specifications
* Trial assembly (without the magnets) and
uniformity of the gap width verified ( <1 ym)
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New magnet: verification

Measurement setup for gap detection (assembly without magnets)

Halter

N

Sensor 1

N

2 capacitive sensors

Sensor 2

in opposition

direction
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New magnet: verification

profile at 30°

up up
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New magnet: assembly nearly finished

magnetic force
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Some problems with too tight tolerances: now solved
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Sources of the surrounding vibration noise (1)

r> "20130515_CombineZ.gcf" - Scream 4.5 File View C=rerx=
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* Three noisiest units identified
« To be replaced or removed by October 2013
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Sources of the surrounding vibration noise

Acceleration (m/sz)
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Red: air conditioners ON

Blue: air conditioners OFF

28-29 Hz
18 Hz \ 34 Hz

65 Hz
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Periodical non-linearity error (1)

A 4 IM
IA(D ——=Polarizer
R fof PBS ¥/
1 "2
Laser [t N {)
Nl
Af =20 MHz ®
Mice=—
1:2
Heterodyne interferometer VI Al
Ap=4rn Al 14,
1 c 700
IR — E ‘EO2 [COS(Zn(fZ = fl)t) = AQ)O] g 600
1 §500
Iv=3 Ey* [cos(2T(f, — f)t) + Ady + @ AD(AD)] i
Extra phase term: periodic deviations
(optical quality & alignment) .
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Periodical non-linearity error (2)

Example of the observed

non-linearity errors
(sampling rate of 25 kHz)

FFT vitesse mean 1st order non-linearity
1062 Doppler frequency of
about 600 Hz

LIE3- — A 1st axis"
| Significant 2"d order | [\ '
L0E4- non-linearity R | /
. lLenm |
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*108- A A . 2" axjs
10E8- [ P
: 10 nm \
L0E9-
\7
HE10+ [ [ | [
10 10 100 1000 10000 -
Frequency R S 3\rd axis,
short term: - better alignment | vl
- mathematical reduction e .
long term: - new interferometer (2014) MY 6 nm
with physical separation of beams VY
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Reduction by mathematical methods

averaging

»

polynomial

« Various methods evaluated

« Two of them (averaging and
polynomial fitting) used

* Gave similar results in the present

position to be measurement conditions

measured

B _ Relative std. dev.
Averaging (averaging method):

Caeon | method
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Voltage-to-velocity ratio

voltage-to-velocity ratio —=BL U(z) A+ g'l\l 2))
Vv
V(@) (L+£,(2)
0.9986 - o= 2 X 10—4 — 1.0102
0.9984 —(normal coil Ulv = 500 V.s/m) — 1.0100 Further reduction
"g 0.9982 — . — 1.0088 b ¢ 28 Hz peak
S LYY l | E -> stiffer coil (Macor)
> 0.9980 — | — 1.0096 Q
2! “ ‘ 'li“ Ny “ l = | ¢ residual non-linearity error
S |
= 08978 ,U |'l | l B E -> new interferometer
> | o
£ 0.9976 - ‘ \ . - 1.0092 E e vibration noise
S o=8x10 = : L
= (bifilar coil Ul = 250 V.s/m) |- 1.00s0 -> investigation under way
single up measurement * phase resolution
el T | | | T | | — LR b .
8 6 4 2 0 2 4 6 8 -> better phase deTeCTIOH
Position in air gap / mm « ..efc.
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Force measurement

“7 . black: old location m

o i . red: new locatipn F (Z) (1+ & Z))

20 mg > 2 x 10 (100 g test mass)

Bk acceleration (vibration)
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Progress on the BIPM watt balance  [wacuum opertion

*primary quantum electrical standards
*mass exchanger: from 100 g to1 kg

'‘move to new lab — less vibrations

continuous improvements

rairtight enclosure Improved apparatus ‘measurement campaigns Target
new magnet ulh) = 2x10%
dynamic alignment coil
rinterferometer *alignment B, g, L )
1axis — 3 axis end 2018
Type A: wpalh) = 1x103
end 2015 Type B: uglh) < 5108

Type A: ups(h) = 1107
end 2014 Type B: uglh) = 5x107
Type A: upa(h) = 5107
Type B: ug(h) = 1x10%

present | time

end 2013
Type A: upa(h) = 1x10%
Type B: uglh) = 6x10-3

2008
First Uiv & FiI
2005 measurements

Beginning

2011
Type A: upalh) = 2x105

o0z construction 2010 Type B: ug(h) =5x10°
e First h
First idea measurements

Brainstorming Type A: upa(h) = 5x10°%

Type B: uglh) = =103

Next steps
- assembly of the new magnet done
- integration of new measurement facilities
- vibration reduction (repl. of air cond.)
- hew stiffer coil done
- new alignment reference
- next/A measurements spring 2014
- new interferometer (2014)
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BIPM watt balance team

Full-time
Hao Fang Adrien Kiss Thomas Lavergne
. rincipal physicist engineer engineer
Pal"[-tl me ’ R J (mechanics, since May

2013 for 2 years)

-

y

Michael Stock Lennart Estefania de Stéphane Solve Régis Charamy
(project leader; Robertsson Mirandés (IVS) (JVS)
magnet) (interferometry) (coil alignment,

gravimetry)
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