The 50000-1 is the latest
generation of an Automatic
Pressure Balance which was first
introduced in the early 1980’s.

The 50000-1 is a fundamental
standard designed to operate at
the metrological level but also
providing the advantages of
computer  controlled  mass
loading and automatic pressure
generation and control.

The  combination  provides
probably the best pressure
measurement system available
today.
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Accuracy: to 20 ppm of reading
Fundamental Primary Standard
Full local or PC control
Automatic mass loading
Automatic pressure generation
Range up to 100 MPa (gas)
Ranges up to 500 MPa (oil)
Gauge and Absolute operation

100 kg mass set in Austenitic
Stainless Steel

Resolution 1 ppm



Introduction

DH-Budenberg — formerly Desgranges & Huot has
a long and renowned history dedicated to offering
pressure standards at the highest level of accuracy to
meet its customers requirements. Today we are the
world’s number ONE supplier of primary pressure
standards.

Measurement Principle

National Laboratories in more than 50 countries on
all 5 continents rely on DH-Budenberg equipment for
their National Reference pressure standards. These
include NIST — USA, PTB — Germany, LNE —
France, NPL — UK, NRLM - Japan, SIRIM -
Malavsia. NIMT — Thailand.

The 50000-1I’s measuring principle is based on the
fundamental equation of pressure P = F/A with:

e P as the measured pressure, expressed in Pa.

e A as the piston-cylinder assembly effective area
expressed in m’

e F as the force (in N) created by masses M (in kg)
submitted to gravity g (in m.s™).

Therefore P= Mg/ A
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The complete 50000-1I pressure standard
consists of four inter-connected systems
mounted into two separate standard rack
enclosures.

The Electronic Controller

The PC based Electronic module is used to
control mass loading, piston position, pressure
generation and displays current system status.

The Pressure Standard

Consists of the mass set, mounting post for the
Piston & Cylinder and the interchangeable
Tungsten carbide Piston & Cylinder assembly.
Hydraulic operation requires the model 50316
and for gas model 50212 is used.

The Pneumatic Rack

Contains the 32 solenoids which operate the
pneumatic cylinders these control the loading
of the masses.

Pressure Generation System

The automatic system uses a Priming pump,
servo controlled variable volume valve and
pressure Intensifier. A manual system is
available as an alternative.
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The Electronic Control System

The 50000-1I pressure standard can be controlled and
monitored in two ways:

1, In-built electronic control module.

2, External computer and software via RS232 or IEEE 488

The computer driven controller carries out all
monitoring, control functions and does all
metrological corrections for factors of
influence, the pressure displayed is therefore
true pressure.

The unit consists of an internal computer, a
TFT screen with a wide viewing angle and a
23 key keypad, it controls the generation of
pressure and the loading of masses. The user
can input the target pressure, the computer
will then determine the value of masses
required taking into account all factors of
influence or alternatively the user can input
directly the value of mass to be loaded. The
system can operate in one of 10 standard
pressure units or a user defined unit.

The system includes an EMM (Environmental Monitoring Module) which has sensors for ambient temperature,
humidity and air pressure these are used to determine the air density and carry out corrections for air buoyancy
effects. The temperature of the Piston & cylinder assembly is also measured and appropriate corrections completed.

The TFT screen displays all critical parameters, including: True Pressure, Piston Equilibrium Status, Piston Stability
Zone, Pressure Set Point, Mass Set Point, Calculated True Mass, Pressure Unit in use plus graphical display of
Variable Volume Position and most importantly Piston Position.

The unit can operate in absolute pressure mode with the addition of an optional DPM Barometric sensor connected
to an RS232 port, this provides high accuracy absolute pressure measurement at pressures above ambient.

The Piston and Cylinder Assembly

The PCA (Piston / Cylinder Assembly) is the heart of the pressure balance. These are
manufactured in tungsten carbide and are honed and lapped to provide critical geometry
better than 0.1 pm.

Six sizes of metric PCA are available (PCAs are also available in psi units), these are
mounted in four types of mounting post as shown in the table below. PCAs are
interchangeable within the same type of mounting post and can be exchanged very easily
in less than five minutes.
The mounting post also holds the 30 rpm drive motor for optimum piston rotation, the
RTD temperature probe and the fibre optic piston position sensor.

Range Resolution Pressure Medium .PCA Kn Mounting Post *
Diameter Factor

MPa Pa ( 5&‘; o | 552";2) mm | MPa/kg| Oil(50316) | 552"‘152)
0.2to 10 10 yes yes 11.2 0.1 RE REG
0.4 to 20 20 yes yes 7.9 0.2 RE/FDI REG

1to 50 50 yes yes 5.0 0.5 RE /FD1/FD2 REG
2t0 100 100 yes yes 3.5 1 RE/FDI1/FD2 REG
4 to 200 200 yes 2.5 2 FD1/FD2
10 to 500 500 yes 1.6 5 FD2

* Mounting posts types are dependant upon operating medium and PCA size, options are: Oil — RE(re-entrant), FD1(Free deformation 1) & FD2(Free deformation 2). Gas — REG(re-entrant)
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The Mass Loading System

There are a total of 30 masses as detailed in the table below, the initial mass is 2 kg; this
is the piston assembly and the mass carrier. Masses are made of Austenitic non
magnetic stainless steel (AISI 304 L), the density of which is 7920 kg/m’.

The resolution is 0.1g (1 ppm) and because of the unique specification of binary mass
values any mass value in the range of 2kg to 100 kg can be achieved in steps of 0.1g.

The small masses from 0.1g to 512¢g are carried on a plate at the top of the assembly;
these are generally loaded in pairs to maintain the centre of gravity.

Qty

Piston 5 1 1

AR

Mass
g

2,000 | 16384 | 8,192 | 4,09

2,048

512 | 256 128 64 32 16 8142 1 0.8 04 ] 02 0.1

Metrological Specifications

Measuring Range:
Intrinsic Accuracy:
Mass Resolution:
Pressure Resolution
Piston Sensitivity:
Hysteresis:
Repeatability:
Stability:

Piston Float Time:

0.2 to 500 Mpa

< 20 ppm of rdg

0.1g

1 ppm

from 1 Pa

Negligible

<5 ppm of rdg

< 2 ppm of rdg per year

> 20 Mins @ Max P

Global Uncertainty*: ~ S2 Class <=+ 50 ppm of rdg

S Class

Pressure Medium:

<4 100 ppm of rdg

Oil — Sebecate Oil
Gas — Clean & Dry N*

* This uncertainty includes the uncertainty of reference standards uncertainty, transfer
errors, the uncertainty on the determination of the piston-cylinder assembly effective
area, the uncertainty on the masses, the intrinsic performance of the instrument, stability
over time, and the influence of environmental conditions. In accordance with prevailing
rules and standards, it is expressed in two standard deviations (K=2). These

uncertainties are those achievable in our own COFRAC accredited laboratory, calibration

at the LNE will result in much lower uncertainties.
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Technical Specifications

Pressure Generation System

Maximum Operating Pressure: 500 MPa

Time to se-point#*: 60 secs
Internal Reservoir: 1000 cc
Priming Pressure: 20 to 200 bar

General Specifications
Computer connection: IEEE 488 or RS232

Barometer Connection: RS232

Electrical Supply: 8510264 VAC - 50 & 60 Hz
Air Drive: 7 bar, filtered to 5 um
Air Connection: Festo KSV-PK2 plug

Floor Area Required: 600 x 600 x 1800 mm &
600 x 600 x 1100 mm

Packed Weight: 250, 215 & 135 kg, approx

** Time to produce a 70 bar pressure step with a volume under test of 100 cc.

Due to our policy of continuous improvement and product development our
specifications are subject to change without notice.
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