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New Energy-saving Air Compressors

Air compressors produce compressed air and have a wide variety of industrial uses,
including as power sources in factories. Hitachi first began manufacturing air compres-
sorsin 1911, and since then its air compressors have evolved with the passing decades
to meet various needs. In recent years, Hitachi has been working in particular on energy
saving and high efficiency. Hitachi oil-free scroll compressors, which produce clean
compressed air that does not contain oil, are also equipped with an inverter, which
reduces power consumption. Furthermore, the new Hitachi screw compressor series is
equipped with an “air use point pressure prediction control” function that saves energy
by reducing waste pressure. This control technology is installed standard in the 22- to
100-kW models of the Hitachi oil-flooded rotary screw compressor series and in the 15- to
120-kW models of the Hitachi oil-free rotary screw compressor series. Moving forward
into the future, Hitachi will contribute to reducing CO, emissions and preventing global
warming while responding rapidly to customer needs through the manufacture, sale,
and servicing of air compressors.
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Accordingly, this paper begins by describing oil-
. free scroll compressors equipped with an inverter.
1. Introduction Oil-free scroll compressors offer the advantages

of clean air and low noise, and various other benefits,
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Air compressors are an essential air source used in
facilities such as factories, and the power consump-
tion of air compressors accounts for the majority of
the total power consumed in factories. Therefore, with
the growing awareness of the environment and energy
conservation in recent years, demand has also been
growing for products with high energy-saving per-
formance, including for air compressors.

'The use of inverters is a widely known method for

increasing the energy savings of air compressors.

including energy savings, can be obtained by equip-
ping them with an inverter.

On the other hand, Hitachi screw compressors have
previously delivered energy savings and high efficiency
through a variety of mechanisms and control tech-
nologies. In particular, the new Hitachi screw com-
pressor series are equipped with “air use point pressure
prediction control” which automatically reduces the
operating pressure on the upstream compressor side

while maintaining the minimum air use point pressure



in the compressed air pipe system by predicting the
pressure loss in the piping to increase energy savings
even further over previous models. This paper gives
an overview of this air use point pressure prediction

control and introduces its effectiveness.

2. Oil-free Scroll Compressors
with Inverter

Hitachi Industrial Equipment Systems Co., Ltd.
developed and began selling 3.7/5.5-kW inverter-
controlled oil-free scroll compressors in 2014, and
also began selling an oil-free scroll compressor directly
driven by an amorphous motor in March 2017
(see Figure 1). The features of these products are
described below.

2.1
Energy Savings

To increase the energy savings of air compressors, it
is important (1) to perform operation that matches

the level of air consumption (optimal volume), and

Figure 1— Oil-free scroll compressor directly driven by an
amorphous motor (7.5 kW)

This air compressor is manufactured by Hitachi Industrial Equipment
Systems Co., Ltd., which began selling it in 2017. Energy-saving perfor-
mance has been increased by using an inverter to drive the amorphous
motor, which has efficiency equivalent to IE5. Furthermore, the volume
of the product has been greatly reduced by combining the amorphous
motor and compressor into a single unit.

IE5: International Energy Efficiency Class 5

(2) to avoid operation at a compression level higher
than needed (optimal pressure). This product deliv-
ers both of the above items simultaneously by con-
trolling the rotational speed of the compressor using
an inverter. The energy-saving performance has also
been improved by installing a motor equivalent to
International Energy Efficiency Class 5 (IES), which
is being developed as the highest level of international
efficiency standards.
(1) Performing operation that matches the level of
air consumption

'The amount of air demanded from the compressor
changes moment by moment according the level of
factory operation and the time slot. However, there
are types of compressors where, for example, the
power consumption is not halved even if the air con-
sumption is cut in half (unloader-type compressors).
In contrast, if the rotational speed of the compressor is
controlled by using an inverter, then power consump-
tion characteristics can be obtained that match the air
consumption ratio (see Figure 2).
(2) Avoid operation of the compressor at a compres-
sion level higher than needed

In air compressors, power consumption also

increases as the discharge pressure increases. For

Figure 2— Air Consumption Ratio versus Power
Consumption Ratio

This graph shows an example of the power consumption ratios of
inverter-controlled compressors and unloader-type compressors. The
ratio of power consumption per unit of air consumption increases as the
amount of air consumption decreases in unloader-type compressors, but
the ratio of power consumption to air consumption remains constantin
inverter-controlled compressors.
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for unloader-type compressors
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Figure 3— Constant Pressure Control

This graph shows differences in pressure fluctuation by different control
methods. Constant pressure control can maintain a more optimal pres-
sure compared with pressure switch control.
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Figure 4 — Discharge Pressure Air Flow Rate versus Pressure
Range
This graph shows the range of pressures and discharge air flow ratios

that the developed air compressor can handle. A single model can cover
a range that would require two models of conventional compressors.

Developed compressor

0.9 S

0.8

Conventional compressor
(1.0-MPa specification)

0.65
Conventional compressor
(0.8-MPa specification)

0.4
0.3

Pressure (MPa)

100 115 130
Discharge air flow ratio (%)

Table 1 — Specifications

example, if the discharge pressure of a compressor
can be reduced by 0.1 MPa, then the electricity bill
can also be reduced by around 7% to 8%.

This product can maintain a constant pressure
even when the amount of air consumption by the
user changes. This is accomplished by controlling the
rotational speed of the motor through installation of
an inverter, delivering a high energy-saving effect by
not operating the compressor at a compression level

higher than needed (see Figure 3).

2.2

Expanding the Range of Discharge Air Flow and
Pressure

This product is equipped with a “PQ” wide control”
function that can change the upper limit of the com-
pressor’s rotational speed and increase the discharge
air flow rate depending on the pressure used. A con-
trol pressure of 0.65 MPa results in an increase in
discharge air flow rate of approximately 15% over that
of previous models.

Furthermore, this single model covers the 0.8-MPa
specifications and 1.0-MPa specifications that had
been divided into separate models depending on the

demand pressure in previous models (see Figure 4).

* P represents pressure and Q _represents discharge air flow rate.

This table shows a comparison of specifications between conventional compressors and the developed compressor.

. . Conventional compressor
Conventional compressor with . . Developed compressor
Specificati . with pressure switch s N
pecification pressure swnc'h'cor!trol control with smgl'e-unlt amorphous motor,
(0.8-MPa specification) (1.0-MPa specification) inverter control
Output (50/60 Hz)
i kw 3.7 5.5 5.5 3.7 5.5 7.5

Item/units

Maximum

pressure (control | MPa 0.8 (0.65-0.8) 1.0 (0.8-1.0) 1.0

pressure ON-OFF)
Com- Constant

0.30-0.90

pressor ngtsii;rfa‘;ogltm MPa - (Standard setting 0.65)

Discharge air . 370 (@0.9 MPa) | 565 (@0.9 MPa) | 740 (@0.9 MPa)

flow rate L/min 420 630 500 500 (@0.65 MPa) | 725 (@0.65 MPa) | 850 (@0.65 MPa)

Dew point of drier outlet air °C

15 or less under pressure

External dimensions

(width x depth x height) mm 750 x 715 x 1,150 560 x 690 x 950
Mass kg 191 219 219 177
Noise level dB (A) 47 50 50 47 50 53




2.3
Other Features
Three other features are listed below (see Table 1).

(1) An automatic electrical drain trap is installed stan-
dard in the drain outlets of each air tank and air drier.
(2) Power supply frequency is common to 50/60 Hz.
(3) Unpleasant noise while starting the compressor
is reduced by means of a soft start using the inverter.

3. Air Use Point Pressure
Prediction Control

In the compressed air pipe system running from
the air compressor to the use points where the air is
used, pressure loss occurs that increases as the pipes
become longer and narrower and as the number of
bends increases. The pressure loss also increases as the
amount of compressed air that is used (pipe flow rate)
becomes larger. However, if the operating pressure of
an air compressor is reduced by 0.1 MPa, then theo-
retically the power can be reduced by approximately
8.4% in a one-stage compressor or by approximately
7.4% in a two-stage compressor.

Conventionally, because the operating pressure
setting on the compressor side is fixed, the operat-

ing pressure setting of air compressors was set high

Figure 6 — Concept of Air Use Point Pressure Prediction Control
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in order to maintain the minimum use point pres-
sure on the usage side during maximum compressed
air consumption.

If only a small amount of compressed air was being
used, then the pressure loss in the compressed air pipe
system was also relatively small, so the compressed
air pressure at the use point would greatly exceed the
minimum pressure and waste pressure was applied
(see Figures 5, 6, and 7). Therefore, when the amount

of compressed air used differed greatly, for example,

Figure 5 —Schematic of Installation of Air Use Point Pressure
Prediction Control in Factory

The outlet pressure P1 of the air compressor is supplied through the
compressed air pipe via a pressure loss AP to the air use point pressure
P2 thatis consumed. Air use point pressure prediction control predicts AP
from changes in the air consumption ratio and adjusts the operating pres-
sure in order to control the air use point pressure P2 so that it is constant.

Compressor pressure PI: Variable

AP: Predicted

" Airuse point pressure P2:
Constant

Whereas pressure loss occurs between the compressor outlet and use point due to the increased air consumption ratio in (1), in (2) this air use point
pressure is predicted and controlled to be constant, thus reducing waste pressure. In the calculation example, an energy-saving effect of 7.2% is obtained

at an air consumption ratio of 60%.
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* Because of the prediction control, air use point
pressure varies depending on the usage conditions
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Figure 7— Control Schematic of Air Use Point Pressure Prediction Control
Compressor outlet and use point pressure loss increase during high load and decrease during low load. Whereas conventional compressors operated at

a wastefully high pressure during low load because of the air compressor outlet

pressure standard, air use point pressure prediction control operates by

reducing the compressor outlet pressure while maintaining the air use point pressure.

During low load
During high load (When not using air use point

pressure prediction control)

Cut-out pressure Cut-out pressure

During low load

(When using air use point
pressure prediction control)

Operates by automatically
predicting the decrease in
pressure loss and

Cut-out pressure reducing the pressure

Cut-in pressure Cut-in pressure Pressure loss
AP
Pressure loss
AP i - i
Operatesat | ; Cut-in pressure Pressure loss
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i | high pressure |
. L ot e ST
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during the daytime on weekdays and on weeknights 3.2

and holidays, this was conventionally handled by the

user changing the pressure setting to some degree.

3.1
Predicting Pressure by Air Use Point Pressure
Standards

'The amount of compressed air being used can be pre-

dicted in real time from the discharge air flow rate
from the compressor itself, the volume of the com-
pressed air piping system (total pipe capacity), and
variations in pressure over time for fixed speed com-
pressors, and from the speed ratio of the compressor
tor variable speed compressors. Furthermore, Hitachi
has developed air use point pressure prediction control
that automatically increases or decreases the operating
pressure of the air compressor to keep the use point
compressed air pressure within a fixed range by also
focusing on the fixed relationship between the amount
of compressed air used and pressure loss in the com-

pressed air pipe system (see Figures 5, 6,and 7).

Energy-saving Effect

The energy-saving effect when the pressure loss in the
compressed air pipe system is 0.15 MPa and the air
consumption ratio is 60% during use of the air use
point pressure prediction control function is 7.5%
for the model OSP-37VAN2 oil-flooded compressor
and 7.2% for the DSP-37VATN?2 oil-free two-stage

compressor (see Figure 8).

Figure 8 —Rotary Screw Compressors Equipped with the Air
Use Point Pressure Prediction Control Function

In 22- to 100-kW models of the Hitachi oil-flooded rotary screw com-
pressor series (55/75/100-kW models shown in the figure) and in 15- to
120-kW models of the Hitachi oil-free rotary screw compressor series,
(one-stage 22/55-kW and two-stage 22/30/37/55/75-kW models shown
in the figure) the air use point pressure prediction control function is
installed standard.




4. Conclusions

'This paper has described the installation of inverters in

oil-free compressors and air use point pressure predic-
tion control that reduces operating pressure.

An oil-free scroll compressor directly driven by an
amorphous motor introduced in this work successfully
obtained even higher energy savings by installation of
inverter control in a press switch-type air compressor
that already offered excellent energy-saving perfor-
mance. Hitachi Industrial Equipment Systems per-
forms in-house manufacturing, sales, and servicing of
inverters and motors installed in air compressors, and
will continue to contribute to reducing CO, emissions
and preventing global warming by quickly proposing
and applying these components.

Furthermore, Hitachi air compressors achieve
energy saving and high efficiency through various
mechanisms and controls in addition to air use point
pressure prediction control, and Hitachi will continue

to respond quickly to customer needs.
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