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Twenty-five years ago, many of our younger practitioners 
were still at school. ISO9000 [1] did not exist. HART was not 
widely known. People repaired pressure gauges. Most pressure 

transmitters were of 0,25% FS accuracy. Pneumatic calibrators had 
large multi-turn dials and had to go back to the factory for calibra-
tion. Accuracy was not really of much importance. Instruments were 
calibrated using what was available, with no needs analysis. So what 
has changed in the last 25 years? Technology certainly has, so has 
the business environment. How has technology changed? In some 
fields, incrementally. In others, almost beyond comprehension. One 
of the main drivers has been in the field of data processing. In 1986, 
personal computers were just making an appearance, and micro-
processors were just beginning to be used in industrial equipment.

National pressure standards

In the mainstream hydraulic pressure measurement range, there has 
been little change since 1986. Uncertainties around 50 ppm are still 
the norm. Where we have seen innovation has been in the develop-
ment of large piston devices for gas pressure, where the area can 
be reliably determined using direct measurement techniques like 
laser interferometry. We are seeing uncertainties around 10 ppm, 
but we have a situation where fundamental standards are probably 
the limiting factor in pressure measurement.

Industrial pressure standards

These were typically rated at 300 to 500 ppm, 0,03 to 0,05% in the 
1980s. Technology is really unchanged, perhaps some improve-
ments in lapping pastes, but better measurement, coupled with the 
use of personal computer software, has reduced uncertainties to 
about 150 ppm.

Pressure sensors

Particularly development of digital quartz pressure sensors using tech-
nologies developed in semiconductor manufacturing has seen the ar-
rival of pressure sensors with uncertainties considerably better than 100 
ppm. Industrial pressure measurement: Pressure transmitters now in 

general use are commonly specified with uncertainties as low as 0,04% 
span, which is about the level of a decent deadweight tester in 1986. 

Electronic pressure calibrators

Electronic pressure calibrators have come into their own in recent 
years, due to improvements both in sensor technology, sensor 
manufacturing techniques, and microprocessing power. Several 
controller calibrators are available aimed at the industrial market, 
with uncertainties around the 0,01% mark, 100 ppm.

Calibration software

The advent of personal computing power and digital instrumentation 
has led to the availability of automatic calibration software, which in 
the most advanced cases can effect a fully automatic calibration, and 
in simpler formats, can automate many of the calibration functions, in-
cluding scheduling, data capture, archiving and certificate generation.

Calibration accessories

We are now seeing the introduction of items like quick connectors, 
which enable pressure tight connections to be made directly to in-
struments, even via compression fittings, which can be done without 
spanners and thread tape, thus saving considerable time.

How has the environment changed  
in the last 25 years?

Probably one of the more important happenings was the release and 
adoption of the ISO9000 Quality Management Standards [1]. This has 
virtually created the demand for calibration management, and the 
need for external certification on a regular basis.

Knowledge concerns

The availability of knowledge is a vexing question. The demise of ap-
prenticeships means old-style mechanics and technicians are fading 
away, while newcomers don’t always have a thorough knowledge 
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of their disciplines. This is exacerbated by the explosion of new 
technologies.

Purchasing concerns

ISO9000 [1] has led to companies limiting their vendor base, and 
BEE has increased the number of vendors, so many small specialised 
companies are getting squeezed out. What this means in practice is 
that end users with problems often do not get to talk to specialised 
suppliers who could help them. Instead, they talk to 'reps' with little 
specialised knowledge.

Conglomerates

Large companies searching for more growth than can be delivered 
organically are gobbling up mid-size concerns at an ever increasing 
rate. This restricts competition while losing a lot of specialised know-
how and entrepreneurial passion.

Where do we need to change our ideas  
about pressure calibration?

Practical accuracy

What we are seeing is better and more accurate sensors coming 
through, as technology expands and competitive pressures force sup-
pliers to offer better and better specifications. End users need to make 
some hard decisions on practical accuracy requirements. Perhaps the 
best way to look at required accuracy is in terms of ‘Rands and sense’, 
which throws the question across to production management who 
must answer: What effect will instrument inaccuracy have on plant 
efficiency and product quality? I always ask calibrator enquirers what 
accuracy they require, and they often answer ‘The best!’ … to which 
I respond that they probably cannot afford it.
These are some examples of the cost of calibration accuracy:
o Mechanical standard test gauge, 0,25% FS, 250 mm dial: R 6 000
o Simple digital pressure gauge, 0,1% FS accuracy: R 8 000
o Digital indicator, full temperature compensation, 0,05% FS: R 12 000
o Digital calibrator, fully compensated, 0,025% reading + 0,01%  

FS: R 22 000
o Digital indicator, full temperature compensation, 0,01% FS: R 50 000
o Deadweight tester 0,015% of pressure generated: R70 – 130 K
o Controller 100 ppm: R 150 K

o Controller 50 ppm: R 400 K
o Hybrid Digital Standard 11 ppm precision: R 500 K
o Pressure balance better than 50 ppm: R 700 K
o Automated absolute pressure balance 5 ppm: R 6 M

Calibration requirements

In a proper calibration management system, each tag should have a 
required accuracy defined, derived from plant requirements not new 
instrument specification. If users are going to use new instrument 
specification they are going to need an awful lot of money. State-of-
the-art instruments will require state-of-the-art calibrators which may 
need state-of-the-art operators. Remember that a ‘Test Uncertainty 
Ratio’ of at least 3 is preferred, which for state-of-the-art pressure 
transmitters will require a calibrator accuracy around 100 ppm which 
includes both pressure error and current error!

Equipment requirements

Equipment choice is going to be defined by accuracy, and ease of 
use, and operating range. Manufacturers of high accuracy instru-
ments often use highly customised automated systems incorporating 
automatic pressure controllers and data loggers. These produce large 
volume high accuracy calibrations with minimum human interven-
tion, but this is not relevant to today’s instrument workshop. What is 
relevant to today’s workshop is simplicity. There just aren’t enough 
skilled people to go around. I believe the main pressure calibration 
instrument will become the electronic pressure calibrator, for the 
following reasons:
o True pressure readings: Modern calibrators use information 

technology to correct for just about everything, but mainly 
temperature, and are not affected by local gravity, barometric 
pressure or humidity.

o Continuous range: Deadweight testers make available a range 
of incremental reference pressures. Some transmitters require 
a specific ranging pressure to be input. Such pressures may not 
be available from a deadweight tester, but pressure calibrators 
have no such limitations.

o Ease of Reading: Instead of counting weights, and making sure 
make-up weights are in use, the user simply reads from the digital 
display. Multiple units in the display eliminate problems with 
conversions.

o Connectivity: Software interfaces allow data capture and auto-
mated archiving and certificate generation.

ppm - Parts per million. Used as measure 
of uncertainty when the use of percentages 

involves too many zeroes. 1 ppm is 0,0001%.
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o Portability: A digital calibrator, excluding pressure generation, 
will weigh about a kilogram.

o Dynamic Range: New models are coming out with error mostly as 
a percentage of reading, and with multiple sensors. One can thus 
calibrate a full range of pressure gauges with a single instrument, 
although more accurate instruments to be calibrated will require 
more calibrator ranges.

o Multi-functionality: Electronic calibrators usually include current 
or voltage inputs to read the output of electronic sensors. Modern 
units may include temperature measurement options, and some, 
with the ability to handle multiple sensors of mixed absolute and 
gauge mode, coupled with temperature sensing, are highly suited 
to flow computer or multi-variable transmitter calibration. Finally, 
many workshops with existing deadweight testers can improve 
their functionality by retaining the pressure generating base and 
fitting a digital calibrator in place of the measuring piston, thus 
providing the advantages of electronic calibrators while retaining 
the ability to access the primary standards of accuracy and stabil-
ity when necessary. Deadweight testers will remain the standard 
of choice for highest accuracy work, where staff is sufficiently 
trained to understand uncertainty budgets and corrections. South 
African users must be aware of gravity errors.

Conclusion

Change is always difficult to accept, but every now and again we have 
to stop and think about where we are and where we are going. Anniver-
saries such as 25 years of Electricity+Control provide such a stimulus.
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Figure 2: Electronic calibrator and 
pressure transmitter mounted on 
pressure comparator, and connected 
to calibration software on laptop. 
Cost of comparator and calibrator 
about R50 000.

Figure 1: Automated pressure balance, accuracy 
to 10 ppm, cost about R1 500 000.


